WD 2005/ 083129 PCT/ GB2005/ 000774 DETECTI ON OF HUVAN PAPI LLOVAVI RUS Fi el d of
the invention The present invention relates to in vitro nethods 5 of
screeni ng hunan subjects for the presence of human papillomavirus (HPV)
which exhibits |oss of regulation of E6/E7 nmRNA expression and | oss of
replicati oWGHEIBB128xpression of a stabilized pre- mRNA BEEEHNWF0HH | | ength
E6 protein. In particular, the invention 10 provides in vitro nethods of
screening for persistent transformng HPV infection equivalent to persistent
cell abnormalities or perS|stent CINI i y S gr in situ or

hi gh- gr ade squanous i nt rd&g : HS ] met hods are usef ul
in the context 15 of cervical cancer screeni ng. Background to the invention
Cervi cal car0|ﬁ§ggal5§(yﬂé(yhvggglggst common 20 nalignant diseases
wor | d-wi de and—Ts gneof—the 1 causes of .norhidity and rtality
anong wonen (Par k| %Mrelﬁie?&nllnﬁengg?fla? FRAHIS A he VS J&ﬁ[@&mg

594- 606; PBsamofP s Raardti imoDMuniEer lsab:lactlag@@; the PrefCnwseoH3unge] - 903) .

15, 700 _neW 10f1 dniaMAS e %‘@v@ewm@m eﬁl@:ﬂ@ﬁs Vs piredicthaditiiont he United
States in GM&,}HMWM wor | d %1 nC|d nce 4.8 %stl mated to be
450, 000 by the QPGERTISR DR (1¥50 HEFPe *Afnual. i nci dence rate
differs in di fédut/em gmuessison pﬁeaméwallq@@@mge-rw:ﬁ ESQEMI100, 000 in
western 30 Asig,110 145@19&@@6 1@%1:@9:@ i nTsop e AL IAfF | Gehd Rardentighn al ., 1993

i bi d) current, conce [VLC c th s a

mul ti stagg di S¥a¢ eldf:c?ft vdlevéjl Bneﬁﬁggl%v(g%r §%§é{&%§ f §f I%(L)Lgffnl%ars

| nvasi ve squaﬁﬁﬁﬁﬁﬁﬂﬂmhﬂﬁwﬁﬂﬁb#ﬁféﬁ the %@WMW@@@%FrQﬂnR%ﬁﬁﬁ%&? By penetration
through the bassll |aaMdimaand iicav ag pgréh@t@ttfomm arII amstﬁwls al | am na

propria.- The . e of e[elygct i;dgrabl e
vari ation. r%lg;tgm s t% O% hl %ét Eﬁl ni ca \%ﬁ%{é‘i g

legions SIL The methods are useful e context
15 of cerv1ca1 cancer screening,

Background to the invention

Cervical carcinoma is cne of the most common

20 malignant diseases world-wide and is one of the
leading causes of morbidity and mortality among women
(Parkin DM, Pisani P, Ferlay J (1993) Int J Cancer 54:
594-606;Pigani P, Parkin DM, Ferlay J (1993) Int J
Cancer 55: 891-9203). 15,700 new cases of invasgive

25 cervical cancer were predicted in the United States in
1296, and the annual world-wide incidence is estimated
to be 450,000 by the World Health Organization (1290).
The annual incidence rate differs in different parts
of the world, ranging from 7.6 per 100,000 in western

30 Asla to 46.8 per 100,000 in southern Africa (Parkin et
al., 1993 ibid). |

The current conception of cervical carcinoma is
that it is a multistage disease, often developing over
s a period of 10-25 years. Invasive sgquamous-cell
carcinoma of the cervix is represented by penetration
through the basal lamina and invading the stroma or
epithelial lamina propria. The clinical course of
cervical carcinoma shows congiderable variation.
40 Prognosis has been related to clinical stage, lymph



WO 2005/ 083129 PCT/ GB2005/ 000774 2 node involvenent, primary tunour nmass,
hi st ol ogy type, depth of invasion and |ynphatic perneation (Delgado G et
al ., (1990) Gynecol Oncol 38: 352-357). Sonme patients with [ess favourable
tumour characteristics 5 have a relatively good outcone, while others suffer
a fatal owoocwoessefz9an initially limted di sease. Thi s PGHGBEIZ0GIdar need
for additional markers to further chara%terise new y di agnosed cervi cal
carcinonmas, in order to adm ni'ster risk*adapted therapy (lkenberg H, 10 et
al., Int. J. Canclr i590322uént]9pnimafhe wisivdemasisogpisetodeayi salPecancer has
shown strong agsegl ald QRveEl Bnr Qh&iglﬁgﬁzaﬂ?i&:f idedineaind cseXBall gagat Gerns. .

Al nost 100 case-co troH é%g?lﬁsngav ncg¢qﬁyn%% Lg%gﬁela%b%gshlp bet ween
HPV and cervi cdl édpl& ra’ and™arnost ar ave Foun positive associations
(1 ARC nonogr aplesit iE995) withelgsgobradperbls $uiovghghagersiesieht C8nd specific
to a limted nudher a ekluciekliypesd’ dMuwze NwhBasclbrh¥rl 99ZFeHPY and 20
cervical neopl asi.a;; reyi of -case: I . rd. di egs.;: LARC Sc

Publ 251-261). iﬁ%ﬁgoﬁﬁg%ﬁ%st ?ﬁf%ﬁ%@%%%@?g?%hﬁq%?pdgﬁﬁ%%%'as?gé%ations W th
HPV 16 DNA hahidber Beervagedi LT radhitdanad aerdediteey tH8ERnvasi ve
cancer and hi ghitgrade cclibNel asivdpsdi sgthosel mervialhespedsiohali t ynt hat this .
associ ation ca | ai ; C e i I

nonogr aphs, 1 Fe?%a?r§§9183¥ e%gggéﬂﬂ é%%% &$%%@&ﬂg@@%%%eggégg;ted in
cancer celfs i €ta3jood 'RErkdr FBRCERe®T 0ief F HPV4/nfection earlier in the
carci nogenesis. 30 Dose-response relationship has been reported between

increasing viral |oagc.and;besio@bqfesyi &alvGa1CidaemR,r (HMiNezgRd Bosch, 1992
ibid. In some |arger serl t%, 00%.0of the tunoyrs w%%§ %osit've for HPV

es .y I

but the exist Ik a@is.o&g.aﬁééat Ve R VA S a P S es EXER{ |
debat abl e (Mei jyeartt@knset almpst1902)cdet ewiritorwl efcuddesnbpagi | | omavirus in
cervical sgrapes;dirdelethe relationship between HPV and cervical

neoplasia and almost all have found positive

agssociations (IARC monographs, 1995). The association

is strong, consistent and specific to a limited number

of viral types ‘(Munoz N, Bosch FX (1992) HPV and

20 cervical neoplasia: review of case-control and cohort
studies. IARC Sci Publ 251-261). Among the most
informative studies, strong associlations with HPV 16
DNA have been obgerved with remarkable consistency for
invasive cancer and high-grade CIN lesions, ruling out

25 the possibility that this association can be explained
by chance, bias or confounding (IARC monographs,

1995). Indirect evidence sguggested that HPV DNA
detected in cancer celle is a good marker for the role
of HPV infection earlier in the carcinogenesis.

30 Dose-responge relationship has been reported between
increasing viral locad and rigk of cervical carcinoma
 (Munoz and Bosch, 1892 ibid). In some larger series
up to 100% of the tumours were positive for HPV but
the existence of virus-negative cervical carcinomas is

35 gtill debatable (Meiljer CJ, et al., (1992) Detection
of human papillomavirus in cervical scrapes by the
polymerase chain reaction in relation to cytology:
posgible implications fox cervical cancer screening.
IARC Sci Publ 271-281; Das BC, et al., (1993) Cancer

40 72: 147-153),



pol ymerase chain reaction in relation to cytology: possible inplications
for cervical cancer screening. |ARC Sci Publ 271-281; Das BC, et al.,
(1993) Cancer 40 72: 147-153). WD 2005/083129 PCT/ GB2005/ 000774 3 The
nost frequent HPV types found in squanous-cell cervical carcinomas are HPV
16 (41% 860Y02¢0a@831Y (2% 229 . In addition HPV 31, 33, IET/@ER2sAB)776 51, 52,
54, 56, 58, 59, 61, 66 and 68 are also found (IARC, nonographs, 1995). In
the HPV2000 International conference in Bafcelona HPV 16, 18, 31 and 45
were defined as high risk, while HPV 33, 35, 39, 51, 52, 56, 58, 59, 68

were defined as intefpedigde fdetucl} GRCCEybeY. £SBAR. 1K71). The 13 high risk
plus internediate risk HPvs are .together .often rgfeéﬁﬁd 0 @é“ o
cancer-associatagu?$RP?§&ﬁa. CE MY eF?ﬁFIEPUa?eE Rave e%%lg% d %iﬁg
potential 15 rahé B8 HPRY2a8ti ndn addatdprealiP¥citen?hg $secdTuATk et al.
A systematisc rewigwssf tde 3ol &of shyman, paphhlopBviresali@stidgndd thing a

cervical screeni pro .. Heal Techn 44, 1 ) 0 Reid et
al., (Reid R, eéfg$¢ﬁ T@%%%%E%ﬁ$Jq€%§3ét&Hc§h8£%?€§§%& %ﬁ%ﬁfﬁ%ﬁ%ﬁ“%%ere t he
first to denonsepafererce ol Begicefipya: ESVi A§. i h8a 3kraedi vy ¥t ext. This

study was carri@gfomkd ofe Mighh mislk , wet®lef Hon sexuab | y3sfrensmd ted di sease

Ctringency) Saffhersy gt Ty carrond: AP LI EAERE AR 1PN o 1012

I
stringency Sout het 0’ bl ot r ;
wonen wer el%enr of Kegrthnd: B cdgraphy Thfad 3 altdsl chhek det'édl as a possi bl e
adj unct to cytoliogyrmedierd =itk Vel Nrkl tbethesi ofisenereféxsil tad t oget her
30 but only 12 r ( t nsitivity 52% specificity
9299 . HPV testi%% ?%%%%?%%ﬁgﬁgéﬁggf§%2g¥g§?§hs. Bauer et al. (Bauer HM et
al ., (1991) JAVA 265: 35 472-477) report an early PCR-based study using
MY09/ 11 A number of studies have explored the potential

15 role of HPV testing ir cervical screening {(see Cuzick
et al. A systematic review of the role of human
papillomavirus testing withing a cervical screening
programme. Health Technol Assess 3:14. 19299).

20 Reid et al., (Reid R, et al., {19291} Am J Obstet
Gynecol 164: 1461-1469) where the first to demonstrate
a role for HPV tesgting in a screening context. This
study was carried out on high-risk women Ffrom sexually
transmitted disease clinics and specialist

25 gynaecologists, and used a sensitive (low stringency)
Southern blot hybridisation for HPV detection. A
total of 1012 women were enrolled, and cervicography
was also considered ag a possible adjunct to cytology.
Twenty-three CIN II/III lesions were found altogether,

30 but only 12 were detected by cyvtology (sensitivity
52%, gpecificity 92%). HPV testing found 16
high-grade lesions.

Bauer et al. {(Bauer HM, et al., (195%1) JAMA 265:
35 472-477) report an early PCR-based study using MY09/11
primers (Manog M, et al., (1990) Lancet 335: 734) in
young women attending for routine smears (college
students). They found a positive rate of 46% in 467
womern, which was much higher than foxr dot blot assay
40 (11%) .



prinmers (Manos M et al.,(1990) Lancet 335: 734) in young wonen attending
for routine snears (college students). They found a positive rate of 46%in
467 worren, which was rmuch hi gher than for dot blot assay 40 (11%. WO
2005/ 083129 PCT/ GB2005/ 000774 4 In a study using PCRwith GP5/6 priners
(Van Den Brautoes/#s3jzget al ., (1990) J Cin Mcrobiol 28:PCRGB2Z2UMNIM van der
Brule et al. (Van Den Brule AJ, et 5 al., (1991) Int J Cancer 48: 404-408)
showed a very strong' correlation of HP¥ positivity with cervical

neopl asi a as assessed by cytology. In older wonen (aged 35-55 years) with

negative cytol ogy ”i% ':;{P!tu{&?;h%ﬂf%t Yok af S Wase 0 Yor3m¥s aRdnt Bes was
é'n

reduced to 10 1.5% i onl es 8 1 and 33 were considered, while
wonen with hi stfoldG &l onél?%oéiqugﬁvﬂé'f@“%qbwgv-zﬁdsi tive, and 90%
had one of the F1as-2alddle vaty des. B¥vherewialh. | €55 Swrefaudyt 8egetal

abnormal ities had | owejo hPY ROF EhMELY 4df efod Tuod) ]s'ilcﬂfe@d%dv\é@gh)srow 5‘9 a
-

clear trend. Roda Housman et  al . oda. Housman AN, et .al .. (1

Cancer 56: 802-%6’63“%)&5’55&3&@%5%5 Ig]gge??féﬁr%&]bv tyb?”ﬁt&lﬁeﬁréfl%fﬁa further
1373 wonen wi t me2fplamier e assearsd Thi eysrhety al do cdfezr medeincr easi ng
pgsi ti \éi tly ralt E(a}cgég;\;}ig‘lﬁr@%ia@g)S@y@ﬁhﬁygéﬁi ! tolrc@qz Ml H“ﬁ:cvey al so noéed
that the level of HPV, hetérogeneit rease fr m t ype r. Low grade
smears to ten BRTGHIATER: Wﬁegaﬁo?xw(ga%%?’acfgl ergle{Tss.%"a‘fér 0 scggakﬁgr di d not
i ncl ude afy cytlol=yiidaldnl ynéyaepves. wetrerdl mord \ids e lcogicd deratisease
confirnmed  histglio@ sy wtal Bksebladicd CuzHdmli nbmaetinalsitu( ¥822) ;_ancet
30. 340: 112-113; i C : a 994 J r . -171) were
the first to reaég'r %bt%}hgigsélﬁ%ft%és F%ggéb%bgvcli ?e%e l?g%%%% if% Sr r?%’?’izfgn for the
triage of cyt dlvRfiscalWoasRoMfEh LFes MRYVE <& dlA%H§atandom

abnormalities had lower HPV positivity rates in a
15 graded way, showing a clear trend.

Roda Housman et al. (Roda Housman AM, et al.,

(1994) Int J Cancer 56: 802-806) expanded these
observations by looking at a further 1373 women with

20 abnormal smears. This study also confirmed increasing
positivity rate with increasing severity of smear
results. They also noted that the level of HPV
heterogenéity‘decreased from 22 types for low-grade
smears to ten "high-risk" types for high grade smears.

25 This paper did not include any cytologically negative

" women, nor was cytological disease confirmed

histcoleogically.

Cuzick et al. (Cuzick J, et al., (1992) Lancet

30 340: 112-113; Cu=zick J, et al., (199%4) Br J Cancer 69:
167-171) were the first to report that HPV testing
provided useful information for the triage of
cytological abnormalities detected during random
screening. In a study of 133 women, referral for

35 coloposcopy they found a positive predictive value of
42%, which was similar to that for moderate
dyskaryosis. The results were most striking for BPV
16, where 39 of 42 HPV 16 positive women were found to
have high-grade CIN on biopsy. This study pointed out

40 the importance of assessing viral load and only



screening. In a study of 133 wonen, referral for 35 col oposcopy they found a
positive predictive value of 42% which was simlar to that for noderate
dyskaryosis. The results were nost striking for HPV 16, where 39 of 42 HPV
16 positive wonen were found to have high-grade CIN on biopsy. This study
poi nt ed ouWO4msikB29 nport ance of assessing viral |oad 2¢F/EGHIPNET
2005/ 083129 PCT/ GB2005/000774 - 5 considered high |levels of high-risk
types as positive. Cox et al. (Cox JT; ®tal., (1995) AmJ Cbstet Gynecol
172: 946-954) denpnsérad adhgh nehelizonfHRVgh-tesk i tigpersiang pdwel tipter.i d
Capture" system (DI GENE Corporation, Gaithersburg, MD, USA) for triaging
wonen w th borderline snears. This tes s performed on 7_such wonen
it

2
froma coll ege ref &FaISseki cO%ad a®sBhsit 14713 AMIBBREEY ound for
CINLL/TTT conpayeskdD Wit h oedar) depenstrytefogyroke ghowidRN | oad was

found to furth i ..her b N, e g i ves. When 5
5 @éswg%g}/%frggf i TGS gbyabedueh ngyfebs e (pRoa

3 )
055 of | sensi CPUEYAL L8 W BLFESEF TactPt DL het W e ST LU ng ¢ he
prognosi s of iwtililoederlirfecmeans.t hTHPY Whdthvaeap@rieeneayuring t he
6 20 andl or B LB e e oot (hG. 1 e Teasl et of LRV
activity with SCRFd yOPe%%amrgl%sﬁganr e %T@%@ﬂ?ﬁiﬁt%\éﬂﬁ%ﬁfi vity and
risk of 1frogressh o3 of seriangntcen¥réadydyspiaki virvrl keadivim. 25 WO |
99/ 29890 descr ibesa ' hadscHay it csespesiBtaned bP\kédienid anlased on the
09120800 desorPBLe Wt nodl oAy BoBaseit B bebatt T et 2r 10
of approximately 24% was found with no loss of
sensitivity.
15
WO 91/08312 describes methods for determining the
prognosig of individuals infected with HPV which
comprise measuring the level of HPV activity by
detecting transcripts of all or a portion of the E6
20 and/or E7 HPV genes in a sample and comparing the
measurements of EPV activity with a previously
established relationship between activity,and rigk of
progression to seriocus cervical dysplasia or
carcinoma.
25
WO 99/29890 describes methods for the assessment
of HPV infection based on the measurement and analysis
of gene expression levels. In particular, WO 99/29890
degcribes methods which are based on measuring the
30 levels of expression of two or more HPV genss (e.q.
HPV E6, E7, L1 and E2) and then comparing the ratio of
expression of combinations of these genes to provide
an indication of the stage of HPV-based disease in a
patient,.
35
The present inventors have previously determined
that it is possible to make a clinically useful
assesgment of HPV-associsted disease based only on a
gsimple positive/negative determination of expression
40 of E6/E7 wRNA transcripts, with no requirement for



30 | evels of expression of two or nore HPV genes (e.g. HPV E6, E7, L1 and
E2) and then conparing the ratio of expression of conbinations of these
genes to provide an indication of the stage of HPV-based disease in a
patient. 35 The present inventors have previously determned that it is
possi bl e t womk#0sa128l i ni cal |y useful assessnment of HPWEHEEBZIA0WT4di sease
based only on a sinple positive/negative determ nation of expression 40 of
E6/ E7 nRNA transcripts, with no requiremént for WO 2005/ 083129

PCT/ GB2005/ 0007k urate agetdtacquanits itameBasis ety =Qbnexpr essi on

|l evel s. This methodd s ni ' N, 7 4i referred_egbodi nent,
is anenable to 1aut onéa'ti tgﬁ%gnh%%&l%&d?%g?%?%ﬁ%ﬁ%ﬂg pr)ng;ief g%r%t an%Jlos met hod

is 5 descri bed B5fiGeTEd SMpoChEeEpp| 18 aMPERe P fh G Rtk omakiern &y 8nal
appl i cati on WOmMi31-Z0 M ghThéroethpdt désomathed Thi PG} B/9E4 is preferably

carried out usifuLdNgeRr enTeekakPViRr ORE exp M dddnt Wikl 18 elgs conmercial Iy
avai |l abl e from Ngrchi p AS. _.The HRV Proofﬁ S provi des three | evels of
information: (‘B qﬁﬂ?ﬁﬁPF@&aFPQﬁlS?tﬁ?$#\éréﬁéﬁ%&%?'specific di fferent
HPV-types (16, 18, 31, 33 and 45); (2) Determ nation of the presence of
Fnco?ﬁnEGsz 15 Eﬁhﬁg_%BF&bdﬁ%@sé@ib%@%fﬁfﬁd“ﬁﬁﬂ@?Q@h F@epQ%Q%%aﬁﬁy?L ful
eng nRNA .i ndi cating_dysyegul atj on. sanpl g, tnder goes ree
duplex NASBA 2GS SHE. "B BE ksl fa HEE bare Hhnofiba. PUEoBach
sanpl e. Nagat i Viee commegicd adiy euehlaebe ebiedn Nanshiee Afoni fibve E8Nt-ami nat i on.
Posi tive contr ahscicg ia@‘é'a?ﬂ@@ovﬁ@ésa’&ﬂlréf\iévﬂ%s 0 MFdh Ak i baagent

o or o (o ARG kel 44 0 el 26 housekeenin
different HPV-types (16, 18, 31, 33 and 45);
(2} Determination of the presence of oncogene HEV
15 E6/E7 mRNA; and
(3) Determination of the presence of full length E6/E7

mRNA indicating dysregulation.

Each sample undergoes three duplex NASBA
20 reactions, therefore six results are reported for each '
gample. Negative controls are included each time to
monitor contamination. Pogitive controls are included
for all HPV types to monitor reagent performance.
Intrinsic cellular control UlA mRNA (cellular
25 housekeeping gene) monitors entire test procedure to
eliminate possible false negatives. It is not
possible for the HPV-Proofer assay to detect HPV DNA.
PreTect Analygis Software (PAS) is used for automated
routine data analysis, interpretation and reporting.
30
The utility of the HPV-Proofer assay has been
evaluated in at least 12 clinical studies.

The present inventors have now determined that
35 the Pre-Tect HPV-Proofer™ assay does not detect HPV
virionsg, even though it detects HPV-mRNA from HPV 16,
18, 31, 33 and 45. Rather, presence of E&/E7
transcript, as may be determined with the HPV-Proofer
assay, ig indicative of a loss of transcriptional
40 regulation and logs of ability to replicate, and/cr



el imnate possible false negatives. It is not possible for the HPV-Proofer
assay to detect HPV DNA. PreTect Analysis Software (PAS) is used for
automated routine data analysis, interpretation and reporting. 30 The
utility of the HPV-Proofer assay has been evaluated in at |east 12 clinical
studi es. TR POEEEHY i nventors have now determ ned that PCBEBLISIRIE- Tect
HPV- Proof er' M assay does not detect HPV virions, even though it detects
HPV-nRNA from HPV 16, 18, 31, 33 and 457 Rather, presence of E6/E7
transcript, asectBycbeidatefnknethiviIdieddhed/RY- PreofiRNA aRday, is indicative

of a loss of tr LPE],pna |.at i nd k.o replicate,
and/ or WO 2005F§%§§%§ E%#?ég%%%g§%ﬁg%%ﬁhggjgxpggsgéogkgggghg%éb???sed EG E7
pre- "RNA whi ch thEnE68adefhl FPY efeRPf G O Geéeht FREFECLRBEs¥EblE for the
Pre- Tect HPV- PHRYT partbclies ecsimed ddie alisus casnoEHPYrpdntecirésjiosence t he
virus cannot produce ¥hiEeDS:e PodIEN-dhANRGUHPLEE0N8L LT 88H! 8hE0Bik-8sl OSt' and
the virus 1is Lntegrated e viruses I nsi.de .the ﬁells.get cted S positive
for E6/E7 exprdSsiohCHSFhge HPVERS obretsesh e 1081 FRERERF Lo REFCFRTe- cycl es
and | ost their asr ggaibtiivenfof &6 {RieretpramsdonptiedonacBAVrBkooferhe 10
promoters frompaklk therEBAEYr tAGRRLT IBlf% - Q1k@stnlineossPtheipg capability,
| eaving the E6/E7 ﬁrgnscrlgL .qghlqg ar eLs%.expEes§ a St§b£ ised form of
the full | engtRIPFBEHRRAC T EH EnCodds THE F-af °P8 §th B Fotein. 15 The
i nvent or slhavepabsotebsefved 2hhtthah&s/EpiassreniptsE6pE7IARNALRRanscri pt s
in HPV-infectedpieekhy eapael pies, iiddvier] lthkarcghangesnsbaipeterised as

the presence of SOLAT g0 ceL| camclel - ansunhaidy 20.Lxpicall yugpre than 5

or 9 centroneres per ce al so m 1 oSI ar e p05|tive for
E6/ E7 length pre-mRNA which encodes the full length E6
protein.

15
The inventors have also observed that the

expression of E6/E7 mRNA transcripts in HPV-infected
cellas .correlates with cellular changes characterised
ag the presence of enlarged cell nuclei, aneuploidy

20 (typically more than 5 or 9 centromeres per cell) and
also mitosis. Cells that are pcsitive for E6/E7
expregsion (e.g. using the PreTect HPV-Proofer test)
have something wrong, they exhibit cell abnormalities
or have large maturated cell nuclei. These results

25 also correlate with cytological and histological
characterisation of cervical lesions. Cytologically
or histologically defined low-grade lesions lacking
cells with enlarged cell nuclei and with less than 9
centromeres do not give positive results for

30 expression of E6/E7 mRNA expresaion with HPV-Proofer.

Therefore, the inventors have determined that
expression of E&/E7 transcripts of human
paplillomavirusg can be used as a molecular indicator of

35 the presence of cellular abnormalities associated with
the presence of a persistent infection with human
papillomavirus. Detection of E6/E7 expression may
therefore be used to distinguish between high and low
grade cervical lesions. In particular, detection of

40 EG/E7 expression can discriminate between



expression (e.g. using the PreTect HPV-Proofer test) have sonething wong,
they exhibit cell abnornmalities or have |arge naturated cell nuclei. These
results 25 also correlate with cytol ogi cal and hi st ol ogi cal
characterisation of cervical |lesions. Cytologically or histologically
defined | oWQR08H®3128si ons | acking cells with enl arged BEGBHASPWI74and with
| ess than 9 centroneres do not give positive results for 30 expression of
E6/ E7 nRNA expression with HPV-Proofer.’ 8Tﬁerefore, the inventors have

det er ni ned t hathisexpreisidnyoflcEbne? EFENEEY i P lers MlvdeUtpapi | | omavi rus

can be used as zhR1RGWHRN ceNdkcaher tREsSShd LRl idf cc ekllilsar

abnormalities associated w.th f rsj stent- hRfection with
human papilloﬁﬁwgﬁﬁ?.pﬁgﬁg&yfoﬁggfﬁégﬁﬁg e%%f%ggﬁﬁﬁihgﬁ% Fﬁé?efore be used
to distingui sh lseokéeEohbghtans RE% SEPEIR 2RMAGEY 1FESUWBHOLIHR parti cul ar,
detection of 4Q0H8FF£7 eepeessbanceans dis caipiaatiomhetaneen 40 2005/ 083129

PCT/ GB2005/ 000144, 5,0, 118! l0gLeal hyasfdaed N dddi raaimelues vt bout.
aneupl oi dic celTs and those havi ng aneuploidic “cells; sanples positive for
E6/ E7 mRNA encédithd it HESTH FasPEngPRSES phaf dit M $ErEF=ad™Ravi ng

aneupl oi di ¢ 5 agrldse ibetwdihotnbécESHE 7pexgmt€ssicon prayrasses ;di sti ngui sh
bet ween histolqgg kﬁy Q%EE@%Q E%y #&ym?rmaﬁﬂféﬂéodﬂﬂé l.ycAases) cases that go
n ithosg in which in

into regress a n , ection persists Or praqgresses; sanples
positive fbr EG/EELIRER EFESEFRgSTRSFUTTY 10° INGHY B8 &-1“4re scored as
havi ng an i nf edtiik@ly ltickelpatrespr bfr bsst i dinfwefataght reat ed. The present

i nventors have still further concluded that: 15 (1) Incidence of expression
from E6/ E7 oncogenes_ increases.with the severi of th%e&esion. (2)

. t,
Det ecting HPV oncogéﬁFtF%EF?QFt§nﬁ§n53§%s§ﬁﬁﬁns§#il furt

concluded that:
15
(1) Incidence of expression from E6/E7 oncogenes
increases with the severity of the lesion.
(2) Detecting HPV oncogenic activity by assessment of
E6/E7 expression, opticnally in combination with HPV
20 typing, is a powerful predictor of high-grade lesions.
(3) The significant majority of cervical cancers (96%)
contain at least one of the five main carcinogenic
HPV-types (HPV 16, 18, 31, 33 and 45).
(4) Those whe tested positive for E6/E7 expression
25 with Pre-Tect HPV-Procfer™ were significantly more
likely to maintain a persistent infection than those
without pogitive HPV-Proofer results.

Accordingly, in a first aspect the invention

30 provides an in vitro method of screening human
subjécts for the presence of human papillomavirus in
at least cne cell or tissue, wherein the human
papilliomavirus exhibits loss of regulation of E6/E7
mRYNA expression and loss of replication and/or

35 expression of a gtabilized pre-mRNA which encodes a
full length E6 protein, the method comprising
detecting the presence of mMRNA transcripts of the
E6/E7 gene of a human papillomavirus which encode full
length E6 protein in a test sample comprising mRNA

40 derived from the cell or tissue, wherein the presence



E6/ E7 expression, optionally in conbination with HPV 20 typing, isa
powerful predictor of high-grade I esions. (3) The significant majority of
cervical cancers (96% contain at |east one of the five main carcinogenic
HPV-types (HPV 16, 18, 31, 33 and 45). (4) Those who tested positive for

E6/ E7 expr ©gxi003083258 Wi th Pre- Tect HPV-Proofer"” were siBal/6tB2@Nt0§74nor e
likely to maintain a persistent infection than those w thout positive

HPV- Proofer results. Accordingly, inaf ir St aspect the invention 30

provi des an in of tewrhvetd/®y oRNScrzensayipieain tthejsonsld de tiakepr esence of

human papi | | omeyd rds sidds aft ileast eRe8 Sfbbeie td S IHMmariRAIIN ddde human

papi | l omavi rus exhibits | Q%_JS} of regul 1gtlé)n fft E6/ E7 e ession and

| oss of replicatio B 38% kPR ST oh~9f H ESEYCLE PrE-fRNA whi ch
encodes a f ul leduerapsicEs amcotlein, of hsephkt tddl worigtd /Sih EXRFeEEdting t he
presence of NRN¥ t4 atsMi1RRObrehRrRNEC R odene Af11a tuHem wapi | | omavi rus
whi ch encode full c l'%n%tnht % %re%ei n H}ng%est sanpl e conprising NMRNA 40
derived from t H&CE™ or 19 SsUs, erérn the presence WD 2005/ 083129

PCT/ GL12005/ 000774 9 of such E6/E7 nRNA transcripts in the sanple is taken
as an indication of the presedcaspbchunan papidd o prowidksexhi it i ng | oss

o ol ot o0 S5 O GL P IRLEN Y Al S floseotbion o
the cell df tis¥irsendae #iecdRdlagpebingde THAARLIIH FHDRYIEFIEFIRA vitro
nmet hod of screerdlng rusTri suldj eellsular ameudibiphesencs dfeasel loumear changes
one. cel 1 or i ann el et g oD Sbs A e T pradtice of MRNA
transcripts of RIRSEEEEPTYERIPof reRaFaP PR T IRaia/ds Wiseh %ncode a ful |
| ength E6 15 prinimeim papid loestyisaapilel clomprdcsiang MRNA demioréd EEr om
15 protein in a test sample comprising mRNA derived from
the cell or tissue, wherein the presence of guch E6/E7
MRNA transcripts in the sample is taken as an
indication that the cell or tissue under tegt exhibits
the cellular changes.
20
In a third aspect the invention provides an in
vitro method of screening human subjects for the
presence of persistent transforming infection with
human papillomavirus in at least one cell or tigsue,
25 which method comprises screening the subject for
expression of mRNA transcripte of the E6/E7 gene of
human papillomavirus which encode a full length E&
protein in a test sample comprising mRNA derived from
the cell or tissue, wherein subjects positive for
30 expression of such mRNA transcripts of the E6/E7 gene
of human papillomavirus are scored as having a
persistent transforming infection with human
papillomavirus in the cell or tissue.

35 A “persistent transforming infection” with one of
EPV types 16, 18, 31, 33 or 45, identified by the
presence of E6/E7 mRNA transcripts encoding full
length Eé protein from one of thege HPV subtypes, is
considered to be eguivalent to persistent cell

40 abnormalities or persistent CIN III lesions, cancer in



the cell or tissue, wherein the presence of such E6/E7 nRNA transcripts in
the sanple is taken as an indication that the cell or tissue under test
exhibits the cellular changes. 20 In a third aspect the invention provides
an in vitro nethod of screening human subjects for the presence of

per si st entWOZeRIBPENI ng infection with human papi | | omeRETER20PH08T74| east one
cell or tissue, 25 which nethod conprisg% screeni ng the subject for
expression of nRNA transcripts of the E6/'E/ gene of human papil | omavirus

whi ch encode asftlil okehgth-E8adpronsnrisn iatraspishapiel coaptPadsng mRNA
derived_fromf t(h@fz}ﬁ?' lc‘lsOéséé§§é@,byl\lf't%ftﬁi@g?ubjrel%ﬁ.étbmsgﬂVe for 30
expression o c t ranscr.ipt t he n
papillomavirus§§%e 85?éd£§%.%39$ﬁ%'é¥ ﬁ%%rgﬁg%gn?ggggﬁs?%rﬁﬁﬁg i nfection
with human paphveshbenrBsovhdene deihast ofi §sueensBIALoBer si st ent
transformang i pkestbpant Wtineferming HiM eoypea dGrh1Bumdd, 33 or 45,
identified by the. o) o JRNA LpLs oding full length
E6 protein froﬁ?gﬁ%géﬁsﬁgggg %%§¥%%aﬁypes,b%ggﬁggﬁg%dgggg to be quivalent
to persistent ébrPrualibhesnaliRsesideieldNstént LBFROTFI FRIFShsi M cancer in
WO 2005/ 083129 ¢PEE/ EB2ROGH0804dd squahbussiintraephthbi geadiesioasous
intraepitheliakﬂgﬁﬁsons (HSIL) as assessed by cytol ogy or histol ogy.
Therefore, the 'method of the third aspect of the invention provides a
met hod of ¥Screening for 5 persistent transformng i nfection with human
papi | | omavi rus equi pakehttéot persisieminge PV abfiechiabnt aesdefiped si st ent
|C' N 1I1 Tesiong, canCEL kst &ht tb:_ﬁgssérﬂc@p&r ad ESQH?VDHﬁNAnéﬁ@@@%ﬁ@eg' al
eS|ons. (HSIqul}O ershségnt tran ornln%eg Yf'goeCtngeaﬁigﬁ i ne

lengt protein may di rre
persistent CIN II+ and therefore serve as a prognostic
15 marker in the cervical gcreening program. In

particular, the method of the invention may be used in
the triage of women identified as having atypical
squamous cells of undetermined significance (ASCUS) or
low-grade squamous intraepithelial lesion (LSIL) on

20 the bagis of cytology/histology. Management of such
patients ig problematic because only a small
proportion will progreés to cervical intraepithelial
neoplasia (CIN) III and invasive cervical carcinoma
(ICC). Follow-up testing by cytology/histology fails

25 to identify all those women at higher risk of CIN II+.
In the clinical studies reported herein detection of
expression of full length E6/E7 mRNA encoding full
length E6 protein exhibited marked specificity for
high grade cervical lesions, indicating that the

30 presence of such transcripts provides a useful
prognostic marker. ‘

A positive screening result in the methods of the
invention is indicated by detection of expression of
35 E6/E7 mRNA transcripts which encode a full length EHé
protein. A positive result for E6/R7 mRNA expression
indicates that the subject carries virus which
exhibits logs of regulation of E6/E7 expression and/or
which expresses a stabilised pre-mRNA encoding a full
40 length E6 protein and is further indicative that the



by the persistent presence of E6/E7 HPV nRNA encoding full length E6
protein may directly correlate with persistent CINII+ and therefore serve
as a prognostic 15 marker in the cervical screening program In particular,
the nethod of the invention nmay be used in the triage of wonen identified
as havi ng so/ppgesiz9squanous cell s of undeterm ned si gnPET/CBRB&OABCUS) or

| ow- gr ade squanous intraepithelial lesion (LSIL) on 20 the basis of

cyt ol ogy/ hi stol ogy. Managenent of such” gjat*l ents is problematic because
only.a smal |l pnopecti daswebhopmagr essl tehangad.cal i ntraepithelial

neoplasia (CIN) Il and invasive cervical carcinoma (1CC). Follow up

testing by cytol ogy/histol ogy-faLls i if, I _th wonen at hi gher
risk of CINI1I+. | rﬁtehtgeg i ni-es gfﬁ?}eﬁ; r%g{]ouﬁltaé% ,erea‘lsn%%gtdecti on of
expression of fhfueinefgeRsSES/ EPSARNA BREGHRHET @fl eitdsd h E6 protein

eﬁhi bi L ed gar kegd-aspeaibitdoby cbatrobi gh ’@E@Qﬁcﬁ{mtbix@alfﬁo];&siaaﬂs thiendi cati ng

that the 30 pr 3 anscri rovi \pragnosti c

mar ker. A posi %‘%ee sg%g%#%gptrc%éu?% %ﬁic?%ée) %Vett%%zggﬁghgblil%&%%ﬂ on is :
i ndi cat ed by deteRaiddtaT 1BxpREsEF GR7 PP IBSIEY FRRRSEranscri pts whi ch |
encode a full length E6 protein. A positive result for E6/E7 nmRNA expression

i ndicates that the syhj }qé&mca Eﬁﬁﬂﬂéa‘ Wi g ve ikl ts loss of regul ation
of E6/ E7 expression and/or i ch expresse stabilised pre-nmRNA encoding a
full 40 | éhgt h BBt 864 EAnG=PESFLiPher %‘ﬁ“dﬁ@ét & H@Frﬁﬁ’éle\/\én2’0051083129

PCTI GB2005/ 000 %#A icing &Yensubjfebinhbise dimanesl reeldinghdmges. afilde term "1 oss

of E6/E7 regul atd i’ 2%cueeda REIEI D@L t0$S 20 Hegulatl QRagficei ther 5
transcri ptl on C ,ntrol

ranscri ption i ool e iotolers iy Guall e 0 EL Liatagrpls, or @
The term "st abigdised'y graspRiaed) eEefB7 thrapscript encoding full

15 length E6 protein expressed by a native or wild-type
human papillomavirus of the same HPV sub-type. Native
or wild type human papillomavirus refers to virus
which has no genomic modification associated with
persistent infection of a human host and is not

20 integrated into the human genome. BSuch native and
wild type viruses are also characterised in that the
gplicing of E6/E7 pre-mRNA or full-length mRNA
transcripts occurs very soon after transcription, such
that the full length pre-mRNA does not accumulate

25 within the cell to any significant extent. Thus, the
pre-mRNA ig generally not translated to give full
length E& protein in cells infected with native or
wild type virus because the pre-wRNA is processed by
the splicing apparatus before translation can take

30 place. However, in a cell with zbnormalities
assoclated with persistent transforming HPV infection-
the pre-mRNA is stabilised and/or not spliced and can
therefore accumulate within the cell to a level that
1s not observed in normal cells or normal

35 proliferating cells, e.g. cells infected with
replicating HPV.

Relative to primary E6/E7 primary (unspliced)
transcripts expressed in native or wild type virus,
40 the stabilised pre-mRNA may be modified, for example



10 primary E6/E7 transcript which has not undergone any splicing event
within the E6 open reading frane and hence encodes a full length protein
and is nore stable (i.e exhibits a longer half-life) than any equival ent
primary (unspliced) E6/E7 transcript encoding full 15 length E6 protein
expressed BNO ZHOFBESIe or wil d-type hurman papil |l omavi r ugCofGBzins/vgame HPV
sub-type. Native or wild type human papillomavirus refers to virus which
has no genonic nodification associ ated wtfh™ persistent infection of a human
host and i s notby2@dditreégabddmRNRos tlyeehesmnt germome.beSudhramattivve and wil d

type viruses angalsecthaacken s6dulp shafitde i fgx@tri%rpfoxEGyE? pr e- TRNA
or full-I engthﬁlg\etﬁ. trar%ﬁ%rrglkpts occurs very soon a %%anscrl ption, such
that the full | OBy & GEELECHGY® actnl e 25 Wt i n the cell to any
signi ficant extternscHips, ouligidpref nFNA ¢reyyarradilng frstmet eaesidaned to give
Lul | |etng§ h EGHY @feeighoriael |§§hgée§1ﬁﬁdst\!&}fﬂirbﬁd Y eOnRNM |m%y]£ yRe Vvirus
ecause the pre- s _processed by e_spl.icing apparatus,.before
translation caﬁ%%ﬁe%ta%e?gu%ﬁ%vae?@ Ef’t-ﬁr‘gctcue]ﬁ q’xﬂ %%@#&%ﬂal ities
associ at ed wi t Prp@egiysteepl i gast oF FRRICHMES rfractsseiRd tiffe MBI VIeRNA i S
stabilised andhgrndetpephiiged Bag eall shErefal@Rceumyial e athi Bst he cel |

to a | evel thatgircgtsei ot observed in normal cells or normal 35 proliferating
cells, e.g. cel'sinfécted with replicating HPV. Relative to primary E6/E7
primary (dhspliced) transcripts expressed in native or wild type vi rus, 40

the stabi.lised pre- mENAteEn bebnodhil ecel X arhaayy endOnP@eee83429
PCT/ (B2005/ 0007&1%11?%% w?&ic?dgiréi ?Haf?éc SRAUENGRS. o rs%%gei bed fromthe
esult o

human genone as_ a viral i ntegratiqon or by deletion of HPV
sequences, in &%gisen tHANt AEW-FFANR cFFHYI Gtk SitFe B Ofe l6Fen reading frame
encodi ng 5 t he fchigaooikzeiintrideptehtheabtbdnidrsed iprod-uiRNg ey 1be
15 changes which are characteristic of disease of equal
or greater severity than high-grade CIN (defined as a
neoplastic expansion of transformed cells), CIN
~(cervical intraepithelial neoplasia) III, or high
squamous intraepithelial neoplasia (HSIL), including
20 legions with multiploid DNA profile and “malignantV
CIN lesions with increased mean DNA-index values, high
percentage of DNA-aneuploidy and 2.5c¢ Exceeding Rates
(Hanselaar et‘al., 1992, Ana1‘Cell Pathol.,
4:315-324; Rihet et al., 1996, J., Clin Pathol
25 45:892-896; and McDermott et al., 1997, Br. J. Ohstet
Gynaecol. 104:623-625).

Cervical Intraepithelial Neoplasia (abbreviated

"CIN"), also called Cervical Dysplasia, is a cervical

30 condition caused Human Papilloma Virug., CIN is
classified as I, II or III depending on its severity.
It is considered a pre-cancerous abnormality, but not
an actual cancer. The mildest form, CIN I, usually
goes away on its own, although rarely it can progress

35 to cancer. The more severe forms, CIN II and CIN III,
most often stay the same or get worse with time. They
can become a cancer, but almost never do if treated
adequately.

40 HPV has been identified as a causative agent in



of different sequence and structure to the E6/E7 primary (unspliced)

transcripts expressed in native or wld type virus but will still encode a
full length E6 protein. 10 The term "abnornmal cell changes" enconpasses
cell changes which are characteristic of nore severe disease than

| ow- gr ade &0 91058$312%si ons or | ow squanous i ntraepit helPcalGH2ewi 000754

i ncluding cell 15 changes which are charigteristic of di sease of equal or

greater severity than high-grade CIN (defrned as a neoplastic expansion of
transforned celdsysl@imény cef veddulpnt rFhapgeheln athmeophasiawhidy or hi gh

squanous i ntraepi hﬁd@'td‘ﬂﬂ@ %L%kf@lfabﬁéht\_,of “@éfkgiékﬂl 20} esigqms, with
mul tiploid DNA profile gg esions wth increased nean

DNA- i ndex val ueS**%f ¢t Bt aﬁﬁlAai?‘l%%JpﬁLto? YW HHY 2. 5¢ Exceeding
Rates (Hansel mn@z@twelm,pemasteﬁtlemxwwnm@ﬁﬁ@m Ri het et al.

1996, J. Gin ?ﬁ@ﬂélr@ A8 VrB 8BV amﬁlamgaﬁ@mt efgd, ,it19%7, Br. J.
(abbrevi at e RGTFILLGI % SR aEEPaE Pl 0P L Sl A [BARSRAY
condition cauself HW%? Fﬂ@iém ICGa 9 ﬁasecwwursazetrﬂﬁsiarlﬂe&d weae 11 or |11

dependi ng on i tsushyEld twho d:ihibdtcpastdet et arpiEr? oafmmrsnmrabnﬁamal ity,
but not an act s@élfec!ver%e %‘r'lgﬁséffﬁ’g@% AN-dag ey-'%%} idegtJ0€S away on
rar t

its own, althoug y it Cal progress 0 canc € nore severe
fornms, CINOII aﬁﬁiﬂe}]ﬁm |qhanggss tnoF PBNCSF Bl t hel 3R GraniEsts WiYse with ti ne.
They can becoree caloar pladte ahrmslynavwerylofevf daldat ext w@dequately. 40

HPV has been i fje at.LVv
PCTI GB2005/ 000?‘%’%IH 1k, darﬁls 3’6%5% %gta % 5 cha es@%jr%ﬁ'e cervi X,
whi ch may I eaoCXQPJtCP%’ de\;\@"@ﬁﬁ@ RLEBE: c‘éjrt?/lFl cé‘l‘e AT iHofensttive,

specific and accurate methods for detection of E6/E7
15 mRNA it ig possible to identify those subjects who
already exhibit cellular changes in the cervix at a
much earlier stage than would be possible using
conventional cytological screening. This will allow
earlier intervention with treatments aimed at
20 preventing the development of cervical carcinoma.

As a result of HPV integration into the human

génome cr as a result of the "modification” in a
modified episomal HPV genome, normal contreol of the

25 viral E6/E7 oncogene transcription is lost (burst et
al., 1985, J Gen Virol, 66(Pt 7): 1515-1522; Pater and
Pater, 1985 Viroclogy 145:313-318; Schwarz et al.,
1985, Nature 314: 111-114; Park et al., 1997, ibid).
In contrast, in premalignant lesions and HPV-infected

30 normal epithelium papillomaviruses predominate in
“unmodified” episomal forms, hence oncogene (E6/27)
transcription may be absent or efficiently
down-regulated (Johngon et al., 1990, J Gen Virol,
TL{Pt 7): 1473-1479; Falcinelli et al., 1993, J Med

35 Virol, 40: 261-265). Integration of human
papillomavirus type 16 DNA into the human genome is
observed to lead to a more unstable cell
activity/genome, and increased stability of E6 and E7
mRNAs (Jeon and Lambert, 1995, Proc Natl Acad Sci USA

40 92: 1654-1658). Thus HPV integration, typically found



These cel lul ar changes are associated wth constitutive or persistent
expression of E6/E7 5 proteins fromthe HPV viral genone. Thus, it is

possi bl e to conclude that subjects in which expression of E6/E7 nmRNA can be
detected, particularly those subjects who exhibit persistent E6/E7

expr essi on Whe508BEWessed over a period of tine, alreadPCRiGH2005600710 |
cel lul ar changes in the cervix. These ghf@gnes may have taken place in only |
a very fewcells of the cervix, and may nhot be detectable by conventional

cytol ogy. Neverirheleaws cadi chnchesubet ofnikengifijemientdpyed dndCalcurat e
rreL_hods f\% dEtliéCdiic@l@ afcalEeoly &2 ARNA 1494 s mpassidille Hrebeentliof:y thoscra] |
subj ects o] r-e ex [ elLLular hﬁﬂggg t er\v| ; muc

earlier stage '?ﬁ)aﬁ?%&l’d%%e%g%s%%l%gu%I?ng coré\}{ell’nt%q%r?a l\ély;ég gfgllefa:%ll

screeni ng. Thi FARQECYT'&FL5earlier intervention with treatnents ainmed at 20
preventingsthe devel opnment of cervical carcinoma. As a result of HPV

integration into th : e osmdi-hisgation” in a
nodi fi ed epi somal, H %g%gr%g,g%%gpgngﬁf%}@%t%ﬁ %y%?k@a%évior aI7 E%/ g% oncogene

transcription "l el Ps SEFeeRIDI SYBLXRFIES % 8 Fodé
1515-1522; Pat exlcaned isPateticdd8% Yepahdent btb 133 -2348;itSchwaszoee al .,

1985, Nature 314, LL1~1l4-cBahk ebrake/nadShn Idifhessildh GARK ast, in
premal i gnant | esianis, and HPV-i,nfected 30 nornmal epitheliumpapillomaviruses
br edor nat® i n COMAEAF-ed neHi SOTEF TTRHES héh B GHEdGEnt SO BB EYS

ge
transcription néyidbe halssentxionlegéneiehirity . dmm-p'@gmcwsedliémhﬂason et al.,
1990, J Gen Vi ralige-GbRE 10k r&4d8t347%n Ralgidmlide®lentlodind883, J Med 35
Virol, 40: 261%6_%) 'isl nt egrat ido 01131 hurraa[l o alitlilv%r’r%vi U, L %01116 DNA into
the human genomd s oﬁ‘sg‘g\%& tgyl B30 ¢ & TorTe Unstabl e cefyil
acti vi ty/ genomandage¢alntiagsdatsebbet i tscBiicEs &ed seresmrRNAY theon and
Lambert, 1995, fPreeenNat brAcddeboe &5/ 0D ARNEE54-THeS GbatThtts FEPYed
integration, t%@c %ﬁb&efggngeal—time NASBA amplification using
molecular beacons probes, as described by Leone et
al., Nucleic Acids Regearch., 1998, Vol 26, 2150-2155.
Due to the sensitivity of this technique the
20 occurrence of falge-negative results ig minimised and
a result of “negative E6/E7 expression” can be scored
with greater confidence. This is extremely important
if the assays are to be used in the context of a
clinical screening'program.
25
It is preferred to assay for expregsion of EE6/E7
mRNA transcripts from any one or more of (and more
preferably all of) HPV types 16, 18, 31, 33 and 45.
In one embodiment the assay may detect only theze HPV
30 types. DNA from HPV types 16, 18, 31 and 33 has been
detected in more than 96% of cexrvical carcinoma
gamples in a Norwegian study population. Other
studies have shown that ES and E7 are almost
invariably retained in cervical cancers, as their
35 expression is likely to be necessary for conversion to
and maintenance of the malignant state (Choo et al.,
1987, J Med Virol 21:101-107; Durst et al., 1995,
Cancer Genet Cytogenet, 85: 105-112). In contrast to
HPV detection systems which are based on detection of
40 the undamaged genome or the Ll gene sequence,



WO 2005/ 083129 PCT/ GB2005/ 000774 14 in cervical cancers but only
infrequently found in CIN Ilesions (Carnody et al., 1996, Ml Cell Probes,
10: 107-116), appears to be an inportant event in cervical carcinogenesis.
5 1n a clinical context the performance of nethods which rely on screening
for expres$i@wiglssEd/ E7 nRNA alone is critically dependensBenspdersability
to score a negative result for E6/E7 mRNA expression with 10 confidence.
This again requires a detection techn|QU%5 Whi ch has maxi mal sensitivity,
yet produces nidetealtichabseaBygaRiieerpsasdesd finvoa three fis/iB5d aeebodi ment

this is achievegd.by égyc@gm%r§6955hly@,a@p|ﬂﬁé(ﬁﬂﬂﬂ@hlﬁa@grg%%h i me detection

technique to screen for th sence, or, absence o . The nost
preferred tecHff G &or afrl Fknﬁg BN SIS [EEATISG FEETdRORB ecul ar

beacons probes, as described by Leone et al., Nucleic Acids Research.
1998, Vol 26, 2150- ZkéﬁtheDe@:Lh@ct hﬁe@m tl:!a\éle@’o@zf de@e%ttl%hafque the 20

occurrence of Zﬁgfﬁ§ tive %esu $ 'E sed a result of "negative
E6/ E7 expressi a Yeer 88 “Gr hlﬁrgaﬁ er onFﬁE@h@E'tfﬁﬁgels extrenely
inportant if the .adyapdesr anpdybés ugkdladitiskiadentewtingf aarrevinbeal

screeni ng progréifgnde ikt olfSABcefsercml 1 vassadyflemaexprressiernheti E6/ E7 mRNA

transcripts frqom.an one P f rabl aII of ) HPV types
16, 18, 31, 33 "4Hd ﬁ t8 ﬁ%%déﬁgg%rqagi %% % %étect only these

HPV 30 tyﬁ@es. [@weflp@mnapvewp)@@l 1earqiomy féfmﬂ‘ @@Onﬁ% Féengrg@ebect ed in
more than 96% off GeiMivGdlatar bhROAR = Seweplies:d diachoEwegiodn Astudy

popul atf.on. Ot ek 1Stdesclaus, SO c Ry ANREL A Bafl BORLy bpvariably

retained in cervical cancer as'th ession 1.s
necessary for afieesi g5 mgre or less the same diagnosis due to very

low reproducibility between different cytologiste and

15 different cytological departments. Ostdr (Int J. Gyn
Path. 12:186-192, 1593) found that only arcund 1% of
the CIN 1 cases may progress to cervical carcinoma.
Thus, there is a genuine need for an efficient method
of identifying the subset of individuals with ASCUS,

20 Condyloma or CIN I who are at substantial risk of
developing cervical carcinoma. Cne of HPV types 16,
18, 31 or 33 was detected in 87% of the cervical
carcinoma cases study by Karlsen et al., 1996. By
inclugion of EPV 45, nearly 90% of the'cérvical

25 carcinoma samples are found tc be related to these
five HPV types. Therefore, calculated from the data
provided by Ostdr (Int J. Gyn Path. 12:186-192. 1993)
more than 99.9% are detected cases with ASCUS, CIN I
or condyloma are missed by our HPV-Proofer kit.

30
The high sensitivity and specificity of the
present method means that it may find utility in
primary screening, reflex-testing kit or routine
diagnostics for detection of women with a high or very
35 high risk of developing cervical carcinoma.

In the method of the invention “posgitive
expression” of an mRNA is taken to mean expression
above background. There is no absolute requirement

49 for accurate quantitative determination of the level



and mai nt enance of the malignant state (Choo et al.,

21:101-107; Du

rst et al., 1995, Cancer Cenet Cytogenet, 85: 105-11

1987, J Med Virol

2). In

contrast to HPV detection systens which are based on detection of 40 the

me or the L1 gene sequence, WO 2005/083129 PCT/ GB2005/ 000774
- 15 det e®0 y5/03129PV nRNA expressed from the E6/ E7 arear/Geagpsdersct nore
than 90% of the patients directly related to a risk of devel oping
n the clinic, methods basedéon detection of E6/E7 nRNA may be

undamaged geno

carcinoma. 5 |

used in post-seyfe@s/ By GRNA bAgeessioe. further anal ysis of individ
havi ng a previous diagnosis of ASCUS, CIN 1 or Condyl oma. The neth

be used to sel
from anongst t
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| ess the sanme
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diANRSIE dHAAL ngﬁé‘é’siéﬁ’w PO iy RERRGRAEI

d 15 fferent cytological departnents. Gstbr (Int J.
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fferent
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progress to cerdosdltiver ekposasiohusnd t herantisren egemgissd oméead f or an
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Ghargargi.tivity and specificity of the

The methods of the invention will preferably
involve screening for E6/E7 mRNA using a technique
which ig able to detect specifically E6/E7 mRNA from
cancer-associated HPV types, more preferably “high
risk” cancer-agsociated HPV typeg. In the most
preferred embodiment the methods involve screening for
E6/E7 mRNA using a technique which is able to detect
E6 mRNA from HPV types 16, 18, 31 and 33, and
preferably also 45. Most preferably, the method will
specifically detect expression of E6/E7 mRNA from at
least one of HPV types 16, 18, 31, 33, and preferably
alsc 45, and most preferably all five types. However,
women positive for positive for expression of E&/E7
from other types than 16, 18, 31, 33 and 45, e.g. 35,
39, 45, 52, 56, 58, 52, 66 and 68 may still manifest
cellular abnormalities. Thus, the method may
encompasg screening for expression of E6/E7 mRNA from
cne or more of these HPV types, most preferably in
addition to screening for E6/E7 mRNA from HPV types
16, 18, 31, 33 and 45. Certain HPV types exhibit a
marked geographical/population distribution.
Therefore, it may be appropriate to include primers
specific for an EPV type known to be prevalent in the
population/geographical area under test, for example
in addition to screening for HPV types 16, 18, 31, 33

cal
f the
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present nethod neans that it may find utility in primry screening,

reflex-testing kit or routine diagnostics for detection of wonen with a

hi gh or very 35 high risk of devel oping cervical carcinoma. In the nethod

of the invention "positive expression” of an nRNA is taken to mean

expr essi on WaH¥esibhckgr ound. There is no absol ut e r equiPCEIGBACOSHAD7fOr

accurate quantitative determ nation of the |evel WO 2005/ 083129

PCT/ GB2005/ 000774 16 of E6/E7 nRNA exp¥ession. In certain enbodinents, the

nmet hods of theandnventi on nay conprise a quantitative determination of 5

| evel s of nMRNA expression. In a preferred enbodinent in order to provide a

clear distinction between "pqQsitive expression” and "negative expression” a
5t PoEhBaRr et oFn 4

det ermi nation of "pdSft PGERRYEr 8BSt 9§§PW%RHH%;? PRESUpPBsence of nore
t han 50 copi es deftechid onebévani 1 nRAMOIO §qes7 mRNGf tgamplceiptspef total vol une

?L sanpl e)s %ﬁ%a%raaiﬁt%E”kﬁétH@@tﬁﬁpéé“ﬂﬁﬂth%n%éﬂée%5Eﬁm%1"Hy requre
e presence of le an copy o e relevant nRNA (per of. sanple or
per total vqu%@n@%%‘égnBFgf?l§5 T%% ﬁhﬁ%ﬁxﬁﬁ%ﬁaﬁﬂﬁgtﬁnpggFFBSemf%I
preferably inublevéudér denohl FofETGIRE iRNAaksinngsaat polhbgue which is
abl e to detect speeklihgak-kyuEe,/ E7 nRNA from cancer-associ ated HPV types,
nore preferably "high 20 risk" cancer-associated HPV types. In the nost
preferred enbodi nent the nmethods involve screening for E6/E7 nRNA using a
t echni quelthich i s Fbeetesmddfett 1BEHRESAomRNRYtEgpesriptsis, 31 and 33,
gnd pref er abl )éx@'l&@eég;‘in%’bst‘ ph@fﬁamamllyt he:cmethiod wolhcad5 specifi (1:gl | gl

etect expression. ; . S 3, :
33, and prefergﬁfﬁgkggéOEHE?Egﬁgéééégé%n%ﬁé?%ﬁﬁé%qglﬁgﬁﬁggrgéggsFﬁ%%meverr
wormen positi ve S6PdgosHERPFECORBE Bkbl esEH & BEFER7 proteins.

Four E6/E7 mRNA species have so far been described in

15 cells infected with EPV 16, namely an unspliced E6
transcript and three spliced transcripts denoted E6*I,
E6+*II and E6*III {Smotkin D, et al., J Virol. 1989 Mar
63(3) :1441-7; Smotkin D, Wettstein FO. Proc Natl Acad
Sci USA., 1986 Jul 83{13) :4680-4; Doorbar J. et al.,

20 Virology. 1990 Sep 178(1):254-62; Cornelissen MT, et
al. J Gen Virol. 1990 May 71{Pt 5):1243-6; Johnson MA,
et al, J Ge;l Virol. 1990 Jul 71 (Pt 7) :1473-9;
Schneider-Maunouxry 8, et al. J Virol. 1987 Oct
61(10):3295-8; Bherman L, et al. Int J Cancer. 1992

25 Feb 350(3):356-64), All four transcripte are
‘transcribed from a gingle promoter (p%7) located just
upstream of the second ATG of the E6 ORF. In the case
-of HPV 18, the term “full length E6/E7 transcripts”
refers to transcripts which contain all or

30 . gubstantially all of the region from nucleoctide (nt)
27 to at 880 in the E6 ORF, inclusive of nt 87 and
880. Nucleotide positions are numbered according to
standard HPV nomenclature (see Human Papillomavirus
Compendium OnLine, avallable via the internet or in

35 paper form from HV Database, Mail Stop K710, Los
2lamos National Laboratory, Los Alamos, NM 87545,
Usa) .

In relation to EPV types other than HPV 16, "full
40 length® E5/E7 transcripts may be taken to include



fromother types than 16, 18, 31, 33 and 45, e.g. 35, 30 39, 4S, 52, 56, 58,
59, 66 and 68 may still manifest cellular abnormalities. Thus, the-nethod
may enconpass screening for expression of E6/E7 nmRNA from one or nore of

t hese HPV types, nost preferably in addition to screening for E6/E7 nRNA
from HPV t yyemosessi®, 18, 31, 33 and 45. Certain HPV typesaasehishboir7e  mar ked
geographi cal / popul ation distribution. Therefore, it may be appropriate to
include primers specific for an HPV typ&8known to be prevalent in the

popul at i on/ geogt-aphicalpta edivhdebnt 8sh, sé@iemai@ndibdousadd then to

screening for HEY Jynes 16, 18,31, 33:00:2008 Q W79 ECURANSLO00TTS -

17 and 45. The i'nventron are on of full

| ength E6/ E7 niNA 5aisks ifft SPdfcesvaphdiis- aIVa%lfo%%egEIWr{cfpes whi ch
encode a full |«ngrimefEeprodt eiRV. tipethese putblod e rdwa jdreésdenceaotthet he ful

| ength E6/E7 ShbhM&nd result. 10 The term
TP HAIAN AR A R85 Lbinena S6F QN gk |

"full 1engt h ranscripts” excludes any of the naturally
occurring splice variants, but enconpasses bicistronic transcripts that
encode functi onal fLElpedlehg:t ldeE@candn EFL piot ki lmngifo 86 /67 BRNARNA speci es

have 5o far beeifestriied sy piSaEeblsli es! athi diaidIX 16 ingrrel v an
unspliced E6 transcri [Tced tran CHG%( enot ed E6* | EG* 1 |

and E6*111 (SnotKimF4s Oé% %ObesJ %’FFEI arq oF® 4 £E97-TSpt ki n D,
Vet t st ei n i1FO. PriviciNdtd pAcsdntSconlySin 1985 lnngiﬂB(E.L@/)EMGBO 4: Doorbar J. et

al., 20 Virol og¥-3nk290 LE8( 3 2pf: 62, vdaPeraneld ssen M, et al. J CGen
Virol. 1990 May 71(Pt ) : 1243-6; Johnson MA, et al. J Gen Virol. 1990 Jul

71(Pt 7):1473-9; Schneider-Muunoury S, et al. J Virol. 1987 Cct
61(10): 3295- 8; Sher e [E6%t talnspnipy osvdeyts loge o5 FelsBO{3) : 356- 64) .

Al four transcddiiencd ®etween nucleotides 226 and 409 (in HPV type
15 16} and the E*6II transcript exhibits loss of the
coding seguence between nucleotides 226 and 526 (in
HPV type 16). It is therefore preferred to use at
least one primer or probe from the region located
between nucleotides 226 and 409 of HPV type 16 or the
20 homologous region f£rom cne of HPV types 18, 31, 33 or
45, Specificity for full length transcripts can be
achieved by the use of a primer-pair in which one
primer isg specific for a sequence located within this
region and the other primer is specific for a sequence
25 located outside of this region or wherein both primers
are specific for sequences within this region,
preferably in conjunction with a probe specific for a
sequence located within thisg region. In other
embodiments it may be possible to use a primer-pailr in
30 which both primers are specific for sequences outgide
this region in combination with a probe specific for a -
seqguence within the region in order to confer
specificity for mRNA encoding full length ES.

35 Different HPV types exhibit different patterns of
E6/E7 mRNA expression. Transcript maps for various
HPV types, including HPV types 16 and 31, which may be
used to assist in the design of probes or primers for
detection of full length E6/E7 transcripts are

40 publicly available wvia the Human Papillomavirus



transcribed froma single pronoter (p97) |ocated just upstream of the
second ATG of the E6 ORF. In the case .of HPV 16, the term"full length
E6/ E7 transcripts” refers to transcripts which contain all or 30
substantially all of the region fromnucleotide (nt) 97 to nt 880 in the E6
ORF, incl usY@z0gps3py? 97 and 880. Nucl eotide positions BEEGRAMBEHSTH
according to standard HPV nonmencl ature (see Human Papil | omavi rus
Conmpendi um OnLi ne, available via the intefnet or in 35 paper formfrom HV
Dat abase, Ml Ginpenkil®, (kesabdiahps National Laboratory, Los Al anps, NM
87545, USA). In relation to HPV types other than HPV 16, "full 40 | ength"
E6/ E7 transcripts na b%-ta en to include WO 2005/083129 PCT/ GB2005/ 000774
- 18 transcri h sequences honol ogous to the above-stated
region of the HPV 16 E6/E7 transcript and to exclude E6 splice variants.

Various seguence alingngerbedaf oEPVht yoeseiiompubhicihy avakkabhg via the 5

Human Papillo ir Conpendi um I Specj fi.c..det.ect i 0 f..full length
E6/E7 nRNA trd c&%ﬁt?ggﬁﬁnﬁs 8%2%%%?75?%§f§ ﬁpt§x§§pﬁg,aﬁgﬁ%ggn5riners or
probes whi ch arldper tilsstier Bhé wele apRrEUREdl 18 gr és8®teonly in ful

| IeR_gL h E6{ E7 trc?ﬁ@ﬁriisﬁh@, RNA! £irBmSAt | CeasardNticesl1The: E@.’élzsubr.an&‘ﬁéi pE ey
exhibits loss o caodi ng . sequence u .des in

type 15 16) aﬁﬁ:?ﬁgsg*g%f FFggngi%¥§%¥%ﬁ%ﬁ¥§%%§§%h%% F%egggggnéggequence
bet ween nuél eotdatesczdocerd 5262( FWPe HEVL ¢y e Eoysceptibd e keérefore preferred
to use at |easihfreiph WeEhohupbAbeaft Dioride megi dn d.ocatedcaket ween

nucl eoti des 226 of type 16 or the 20 honol ogous regi on from one
of HPV types 1§¥%g%%ﬁgglofewigf Specificity for full length transcripts can

be achieved by the use of a priner-pair in which one priner is specific
for a sequence |ocatiee disbilpstlfi screening methods may be carried

15 out on a preparation of nucleic acid isolated from a
clinical sample or biopsy containing cervical cells
taken from the subject under test. Sultable samples
which may be used as a source of nucleic acid include
{(but not exclusively) cervical swabs, cervical .

20 biopsies, cervical scrapings, samples removed with the
uge of brushes and tampons etc., skin biopsies/warts,
also paraffin embedded tissues, and formalin or
methanol fixed cells.

25 The preparation of nucleic acid to be screened
using the disclosed methods mugt include mRNA, however
it need not be a preparation of purified poly A+ mRNA
and preparations of total RNA or crude preparations of
total nucleic acid containing both RNA and gencmic

30 DNA, or even crude cell lysates are also suitable as
starting material for a NASBA reactiomn. Essentially.
any technique known in the art for the isolation of a
preparation of nucleic acid including mRNA may be used
to isolate nucleic acid from a test sample. A

- 35 preferred technigue is the “Boom” igolation method
described in US-A-5,234,809 and EP-B-0389,063. This
method, which can he used to isolate a nucleic acid
preparxation containing both RNA and DNA, is based on
the nucleic acid binding properties of silicon dioxide

40 particles in the presence of the chaotropic agent



region and the other primer is specific for a sequence 25 | ocated outside of
this region or wherein both prinmers are specific for sequences within this
region, preferably in conjunction with a probe specific for a sequence

| ocated within this region. In other enbodinents it nay be possible to use
a primer-pair in 30 which both priners are specific for sequences outside
thi s regi owoiznosgen® nati on with a probe specific for a PEGRMMEBITHENIN the
region in order to confer specificity for nRNA encoding full length E6. 35
Different HPV types exhibit different pad®erns of E6/E7 nRNA expression

Transcript nmapgukerdiael edscctiVaty pesesanicl udi ng HPV types 16 and 31, which
may be wused to assist in the design of probes or prinmers for detection of

full length E6/E7 transcripts are 40 publicly avail able via the Human

Papi | | omavi rus WO 2805/ @8§§‘2@SPﬁ/‘@?%ﬂ%ﬁmﬂﬁba@&ﬁpé’ﬁdi um (as above).

Assay net hodol egyessthatnef hadsivoé tiensanigrtiioon ofnvhlkev#@rycpeenmag for the

presence 0{ E6/EL 1RRSALIRES Lo aliheast NG L8bkcer <L $sue, and nore
particularly in a sanple _conprising RNA fromat | east one.cell_or tissue.
The at |east éﬁ@cééﬁltSFhP?ggﬁeuﬁﬁgtt% e MY EXBESERECT0 YBMYi cal cel

of a type whi chachnsgseeptobl detoctiod exd ispeodiftih hBifén spapehktesavirus, i.e.

cervical epithgld ahoggl 8. tbeadh sehPsed, H egeingnmatbeds nay be carried

15 out . of I id.isolated f . i.nical I
oi opsy contal NG eETS) EareRbI PR 1 PP Bilcy nePea A6 "ONBr CEst

Sui t abl e $anpl &= detechedalyy beylred 2t iprsodned 16 cagébai eraci d i ncl ude

(but not excl ugeely 168" ¥berhigWeds, cervical 20 biopsies, cervical
scrapi ngs, sanples renoved with the wuse of brushes and tanpons etc., skin

bi opsi es/warts, also paraffin enbedded tissues, and formalin or
It is most preferred to detect mRNA expression by

means of an amplification technique, most preferably
15 an lsothermal amplification such as NASRA,
transcription-mediated amplification, signal-mediated
amplification of RNA technology, igothermal solution
phase amplification, etc. All of these methods are
well known in the art More preferably mRNA expression
20 ig detected by an isothermal amplification in
combination with real-time detection of the
amplification product. The most preferred combination
ig amplification by NASBA, coupled with real-time
detection of the amplification product using molecular
25 beacons technology, as described by Leone et al.,
Nucleic Acids Research, 1998, Vol 26, 2150-2155.

Methods for the detection of HPV in a test sample
using the NASBA technique willlgenerally comprise the
30 following steps: .
‘ (a) assembling a reaction medium comprising
suitable primer-pairs, an RNA directed DNA polymerase,
a ribonuclease that hydrolyses the RNA strand of an
RNA-DNA hybrid without hydrolysing single or double
35 stranded RNA or DNA, an RNA polymerasge that recognises
sald promoter, and ribonucleocside and
deoxyribonucieoside triphosphates;
(b) incubating the reaction medium with a
preparation of nucleic acid isclated from a test
40 sample suspected of containing HPV under reaction



met hanol fixed cells. 25 The preparation of nucleic acid to be screened
using the disclosed nethods nust include nmRNA, however it need not be a
preparation of purified poly A+ mRNA and preparations of total RNA or crude
preparations of total nucleic acid containing both RNA and genonm ¢ 30 DNA,
or even cr Wge2008P¥31%ysates are al so suitabl e as starti RGT/EBRE@SHNT7H or a
NASBA reaction. Essentially any technique known in the art for the

i solation of a preparation of nucleic at¢td including mRNA may be used to

i sol ate nucl ei @cagiidibhemvaitaspesanpl € NFSEDS dafierirced ibachni que is the
"Boom' isol ati %a@%ﬁ%ﬂd ggscri bed in US-A-5, 234,809 and EP-B-0389, 063. This
nmet hod, whi ch c¢an be uéeg to isolate nucl ei ¢ aci.d _preparation containing
both RNA and DNA, iéCBaséﬁtSHtlFﬁea%@g¢%i%P%Rﬁ%fQ§%Wﬁlﬂgmﬁﬁéﬁ€ﬂ?9es of
silicon di oxi dard0Hpar-tpekesicnptrbéupr esende: ofadRre aapddtfieptdoagent WO
2005/ 083129 PCT/..GB20@5/000774 - 20 guanidine thiocyanate (GQSCN). The

net hods of the invention are based on assessnent of active transcription of
the HPV genone. 5 The nethods are not limted with respect to the precise

t echni que used to d@etettnBNAcExpnesspam fivamprodvedhs) qods ther Nd8Bact i on of

Wth the | nventean e el A e D b et ched by o
hybri di sati on, S %@éﬁiwﬁ ore %%ﬁﬁﬁﬁ%fﬁgﬁﬂgiﬁni T Pt i s nmost preferred
to detect INRNAdEXSegssitonaby . nbansnafappresgdl ithiecARiS8A pechnigde) nost
preferably 15qar beohBeeRBEganPth fikatian such adviNASBAL fic

ranscr P on Sediatedo Bl keal! oy Sion Jedied: omalyLisgbon of A
met hods are wéld tlesolWASPA phedast . Mo¥ke grefrddisiay LeRNAXeRpr B8¥i 88 20 is
detected by anitsethenamab anpkiéicald abdl, for example a
15 fluorescent, luminescent, radicactive or
chemiluminescent compound or an enzyme label or any
other type of label known to those of ordinary skill
in the art. The precise nature of the labkel is not
critical, but it should be capable cf producing a
20 gsignal detectable by external weans, either by itself
or in conjunction with one or more additional
gsubstances (e.g. the_substrate for an enzvme).

A preferred detection method is go-called “real-

25 time NASBA” which allows continuous monitoring of the
formation of the product of the NASBA reaction over
the course of the reaction. 1In a preferred embodiment
this may be achieved using a “molecular beacons” probe
compriging an HPV-gpecific sequence capable of

30 . . annealing to the NASBA product, a stem-duplex forming
oligonucleotide sequence and a pair of
fluorescer/quencher moieties, as known in the art and
degcribed herein. If the molecular beacons probe is
added to the reaction mixture prior to amplificaticn

35 it may be possible to monitor the formation of the
NASBA product in real-time (Leone et al., Nucleic
Acids Regearch, 1598, Vol 26, 2150-2155). Reagent
kits and instrumentation for performing real-time
NASBA detection are available commercially (e.g.

40 NucliSens™ EasyQ system, from Organon Teknika) .



conbination with real-tinme detection of the anplification product. The nost
preferred conbination is anplification by NASBA, coupled with real-tine
detection of the anplification product using nolecular 25 beacons

technol ogy, as described by Leone et al., Nucleic Acids Research, 1998, Vol
26, 2150-21852005/M3t¥ods for the detection of HPVin a teBCT/s®abe000%i ng t he
NASBA technique will generally conprise the 30 follow ng steps: (a)
assenbling a reaction medi um conpri sing 2%uitabl e prinmer-pairs, an RNA

di rected DNA pol ynerase, a ribonuclease that hydrol yses the RNA strand of

an RIA-DNA hybri d v Rouh. RydcObyst Becr] L 81 datihl,e g aifanded RNA or ;

DNA, an RNA pol ynerase recognises sald pronoter, and ribonucl eosi de |
and deoxyri borkRIEHSIQH YRGS pREPERCTIHFY | WMfibatheh HHREYT dact i on medi um
with a prepar ail igroraofcletieiec adtbding ot et btk freomaenittestinA @ £s &gl e

suspected of C%&%Pﬂi&%dﬁgén;m%%%k@a@% o M0 2005 Q8329 RCT/ GB2005/ 000774

21 conditions h_perm anplification reaction; and (c)
det ecti ng and/ SFRUEHEAEHEN 5P PReasuri ng  -any HPV-specific product of the
NASBA anplification 5 reaction. Detection of the specific product(s) of the

NASBA reaction (i.e; S£R3E 1aNG,QEhant iSRS AL DA didtey drarget RNA) may
be carried out in z}hnunb r, of 10 |ffere€1t v&ys.. | n onenfaeiprproach t he NASBA
pr oduct (s) may}\y%gee WK Phe"tde-of S an HAE $héd © hybri di sati on
probe capdbl e dfalspldeEd idealeoy iannpabbagvhiah thNASBAprtedect . The
hybridi sation ppabedm@¥ideeqichached tRe a5 r ev@akiie lAbelhe fRimexanpl e a 15
fluorescent, lu .nescerl'he, & di oac%r ve or chen‘;lL Ieurg nc%scc%nt conpound or an
enzyne | abel oror?alrﬂpnuéjt &f J%?pe of M AbeY FRAGWTIE™ HS5&H5F ordinary skil |

“WucliSensg™” detection system supplied by Organon

Teknika. In this system specificity for NASBA
15 products derived from the target HPV mRNA may be

conferred by using HPV-specific capture probes

comprising probe oligonucleotides as described herein

attached to a solid support such as a magnetic

microbead. Mogt preferably the generic labelled
20 detection probe is the ECL™ detection probe supplied

by Organcn Teknika. NASBA amplicong are hybridized to

the HPV-gpecific capture probee and the generic ECL

probe (via a complementary sequence on primer 2).

Following hybridization the bead/amplicon/ECL probe
25 complexes may be captured at the magnet electrode of

an automatic ECL reader (e.g. the NucliSens™ reader

supplied by Organon Teknika}. Subsequently, a voltage

pulse triggers the ECL™ reaction.

30 Preferred embodiments of the method rely on
amplification of E6/E7 mRNA from at least the major
cancer-associated HPV types 16, 18, 31 and 33, and
preferably also HPV 45. There are several different
waye in which this can be achieved.

35

Irn one embodiment, separate primer-palrs specific
for each of HPV types 16, 18, 31 and 33, and
preferably also HPV 45 may be used to amplify
transcripts from each HPFV type individually.

40 Alternatively, mixtures of two or more primer-pairs in



in the art. The precise nature of the label is not «critical, but it should
be capabl e of producing a 20 signal detectable by external neans, e

itself or in conjunction with one or nore additional substances

substrate for an enzyne). A preferred detection nethod is so-called
25 time NASBA200M4BTRS al | ows continuous nonitoring of thectfeyzowtooons of the
NASBA reaction over the course of the reaction. In a

product of the

preferred embodi ment this may be achi-evéd using a "nol ecul ar beaco
conprising an HP\sSRAG fddnhsequengeycppahbed ofo Mhasineahiing glexdikey NASBA
product, a sten}ﬁqﬂ{eﬁﬂg Jgfg%tf%b ggggggggélde sequence and a pair

quorescer/quen

e art and described he

t he nol ecul ar beacons probe is added to the reaction m xture prior
anplification 35 it Imy Eumissi khdotiomenn)j torsimkel d grmnaid©pedlc t he

product in.real

NASBA detectlo
system fromO
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bl IR SSaSS 'a'crag?egﬁfotﬁy% V5t em suppl i ed by Orga
s system specificity for NASBA 15 products derived f

target HPV nRNA may & E6/E7 primer-pair may correspond to any

15

20

25

30

33

40

region of the E6/E7 mRNA, and may enable amplification
of all or part of the E6 open reading frame and/or the
E7 open reading frame. Preferably it will enable
amplification of full length transcripts which encode
a full length Eé protein.

In a further apprecach, specificity for multiple
HPV types may be achieved with the use of degenerate
oligonuclectide primers or complex mixtures of
polynucleotides which exhibit minor seguence
variationsg, preferably corresponding to sites of
seguence variation between HPV genotypes. The
rationale behind the use of such degenerate primers or
mixtures is that the mixture way contain at least one
primer-pair capable of detecting each HPV type.

In a still further approach spec¢ificity for
multiple HPV types may be achieved by incorporating
into the primers one or more inosgine nucleotides,
preferably at sites of sequence variaticn between HPV
genotypes.

Lists of suitable primers and prcbes which may be
used for the detection of E6/E7 mRNA from various HPV
types may be found in WO 03/057914 and in WO
03/057927. There entire contents of both WO 03/057914
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conferred by using HPV-specific capture probes conprising probe

ol i gonucl eoti des as described herein attached to a solid support such as a
magneti c m crobead. Most preferably the generic |abelled 20 detection probe
is the ECL'" detection probe supplied by O ganon Tekni ka. NASBA anplicons
are hybri di¥@aos§ssizthe HPV-specific capture probes and trlag/gpenerner7ECL
probe (via a conplenentary sequence on prinmer 2). Follow ng hybridization

t he bead/ anplicon/ ECL probe 25 conplexészﬁay be captured at the magnet

el ectrode of aanAHDMR/I0GTERD readéncéepgratdi MNurdirSdns'refieemaer. supplied
by Organon Tekni ka). Subsequently, a voltage pulse tri ggers the ECL' m

reaction. 30 Preferred e ime of .the nethod re npllflc tion of
E6/ E7 MRNA from at. st q%%ﬁ‘é’dnﬁfa- P AientEl o aﬁe%f Py pEET HE% 18 31
and 33, and preiterebing dbso PMRYT48E HR¥rRrepferbvsagly difd &idnt  ways in

whi ch thisscan hea,aedy evedis3%ol BeoNggerbOshIBHat LeRAN R sPai 'S
specific for each .of HPV p§%§16 18 1. and 33,..and referably al so HPV
tr

45 may be used O amt cHPBt 8Tt Fohs SRFTHPY AR5EY 'ndi vi dual |y, 40

Alternatively, m xtures of two or nore priner-pairs in W 2005/083129
PCT/ GB2005/ 000774  2%he anctindgl ©FfCORE j{ﬂ@éem}ﬁrﬁﬁaﬂtﬁ@l @ 1anaica-enul ti pl exi ng

of the aml i1icalian react) onsy Lo golurther amedienga single

priner-pair 5 ca
types 16, 148, sqeré?ﬁﬁes@ab&ff@ ﬁﬁ@?éfeabﬁy%l@%ﬁ M@l DnmpBe ¢ded, which thus
enabl es anpl i figattion aforpalsl cikgand( phef esabidalf icalt.ym@sd n a si ngl e

ampl 7 catl on rEAgtidn, T SucaUbdaihg! sSXAE AP Enal0 i2allieved i th the

use of a pair egenerate ection of a regiaon of the
E6/ E7 nRNA whi dFSEEChitiv fré’&%’ér v@Hea‘éf‘ot‘s}ée PP & pFeEising Prlmary

goreening methods ever developed.
15
The specificity of using PreTect HPV-Proofer™
alone for diagnostics of women at risk of developing
cervical carcinoma has been proved to ke independent
of age and works with more than three times higher
20 gpecificity than a commercial DNA-based assay alone.

Detection of E6/E7 transcripts has the potential
to identify which high-risk infections may persist
without having to perform repeat testing. Incidence

25 of expression from E6/E7 cncogenes increases w1th the
severity of the lesion.

The methods of the invention may be performed in
combination with HPV genotyping by any suitable
30 method. The texrm "HFV genotyping" refers to any
technique which enables identification of the HPV
subtvpe (g) present in a given individual. Assessmént
of HPV oncogenic activity by detection of E6/E7
~expressgion in combination with HPV typing promises to
35 be a powerful predictor of high-grade lesions.

The invention will be further understood with
reference to the following experimental examples.

40



The E6/E7 prinmer-pair may correspond to any 15 region of the E6/E7 nRNA, and
may enable anplification of all or part of the E6 open readi ng frame and/or
the E7 open reading frame. Preferably it will enable anplification of ful

| ength transcripts which encode a full length E6 protein. 20 In a further
approach, %gewo$Isizy for nultiple HPV types may be achieeschosmndonrst he use
of degenerate oligonucleotide priners or conplex m xtures of

pol ynucl eoti des whi ch exhi bit m nor sequ&hce 25 variations, preferably
corresponding to sites of sequence variation between HPV genotypes. The

rational e behlgg tQgcgsEP9f£§ggpageg§ﬂgﬁpte prinmers or mxtures is that the
m xture may co pair capabl e of detecting each HPV
type. 30 In a still further approach specificity for nultiple HPV types may
be achi eved by incoFparallngxpéerdmetitel piamiesondich wefexi hosthe
nuCl oot ! 05|, S PEB! BEAY Btestias wiv Samuanee: wak abloasbetueen i, 35

a r

genot ypes. Llsts o sult e pripers, an p obes ed for the

det ecti on of EGFERYnIRE PEHRPTETTH JHAI PV w&g@emaﬁéw aﬁﬁalﬁlﬁf% 03/ 057914
and in WO 40 03AB853823rdTher eo ertte renmonteehtisisaf-ubatibn®O 0BLOBESE4 WO

2005/ 083129 PCI&@B%QQ@AQHOZZ&ce:?n nfh N ﬁ%?t/a%%%?%fa‘cﬁe' QEQ&?%@&GO' herein

by reference. ; &H%entlc)q¥ referab % rrlﬁd out using
the Pre-Tect HPG? rﬁépﬁr Et%§§H?“ HloWwster eyt bpsIpyrfetinder st ood
that the lnveniOoA3/§57Ab%, | ting tett e tdumbwse sobft Wheckperefic assay. The

nethod of the phesepbrhP¥ENh&AR M) SoQ@nJegative for real histological
negative and 10 representative sanples fromthe whole or parts of cervix,

corpus or/and the cervical canal. This
The following experimental section summarises

c¢linlcal data obtained usging the Pre-Tect HPV-Procfer™
15 assay and kit.



provi des the outstanding specificity that nmakes the PreTect HPV-Proofer”
one of the nost prom sing primary screening nethods ever devel oped. 15 The
specificity of using PreTect HPV-Proofer'' alone for diagnostics of wonen
at risk of developing cervical carcinoma has been proved to be independent
of age and works with nore than three tinmes higher 20 specificity than a
conmer ci al WONROBESEE assay al one. Detection of E6/E7 tPEREBRIPIHTHas t he
potential to identify which high-risk |§gect|ons may persist without
having to performrepeat testing. |Incidefice 25 of expression from E6/E7
oncogenes i ncr éaswe g thh t B agiely E7 | THBf expeessig *9Phe net hods of the

i nvention may %Mﬁ@éﬁ@ |mma@10@‘apﬁ]aldam@vmm§1 HENr)genptamEeng by any

sui table 30 netrgg%léIL ?&ifes Pglggggéapffgh éﬁ#éﬂéhéé{éy&y t echni que which

enabl es i dent i ffeattorn—oitheHPY——stubt ypets)—presert—t—a gi ven i ndi vi dual .
Assessment  of Hﬂﬁmﬂdﬁﬂdgbnlc activity by detection of E6/E7 expression

in' conbination with HPV typing prom ses to 35 be a pomerful predictOr of

hi gh-grade | esiogns. The inyvention will be furt her erstood with _ reference

to the fol | owi mg%éiet iTerrdis SxaAyl B85 - PRESPEFEGR2005/ 000774
25 Pre-Tect HME MDA absk DFAFIR aYt0bm$Ena1mH&&mLkﬁ&ﬂﬁds&mpha&ﬂrrefer to

the 5 use of tggﬁ#%fhé&ugy.MPgthg@§er'" kit and assay, the assay was

performed usin e comercially available kit according to the supplied
i nstructions. Further i nformation concerning the operation of the assay for

real-tinelgeteqwaggkiglIﬂﬁ@ ERtELGERNA may be found in 10 WO 03/057914, the
entire contents are |ncorEorat qfhereln %J_reference The follow ng

experi nent al séEWQCﬁ?@ﬂﬁﬁﬁmWe§@sC°1 ccfed from screened

outpatient population, including women older than 30
yvears of age (n=4136). E6/E7 transcripts from each of
the high-risk HPV types 16, 18, 31, 33, and 45 were

15 detected by the PreTect HPV-Proofer assay (NorChip AS,
Klokkarstua, Norway), based on real-time multiplex
NASBA. The presence of HPV DNA was investigated by
Gp5+/6+ consensus PCE, and HPV DNA positive samples
were then subjected to type specifc PCR for HPV types

20 16, 18, 31, 33 and 45. Women with a cytological HGSIL
diagnosis were referred to biopsy and histology.

ﬂ

Histologically confirmed cases were registered at the

Norwegian Cancer Registry. In Norway, cytological
25 HGSIL can be divided into HGSIL/AGUS, HGSIL/ASC-H,
HGSIL/CIN2, and HGSIL/CIN3.

Regults:
Of 25 cytological HGSIL caszes, 14 were by histology
30 - confirmed as CIN2+. Two histological CIN2+ cases were
by cytology diagnosed as HGSIL/ASC-H and HGSIL/CINZ2.
PreTect HPV Proofer detected 52% (13/25) of the
cytological HGSIL cases, 86% (12/14) of the
histological CIN2+ cases, and 9% (1/11) of the
35 cytological HGSIL cases not verified by histology. The
numbers for GpS+/6+ PCR are 64% (16/25), 93% (13/14)
and 27% (3/11), respectively. The one histological
CIN2+ sample positive by congensus PCR, vet negative
by PreTect HPV-Proofer, was ildentified as HPV 35. The



clinical data obtained using the Pre-Tect HPV-Proofer'"' 15 assay and Kkit.
WO 2005/ 083129 PCT/ GB2005/ 000774 - 26 Exanple 1 - E6 and E7 nRNA expression
from carcinogenic human papillomavirus (HPV) in 4136 cervical sanples
collected froman outpatient population 5 The aimof this study was to
identify twe piegmsnse of E6/E7 nRNA and DNA in cyt ol ogpCRGRHESBIdIE N3
sanples . confirnmed by histology. 10 Material and Methods: The sanples were
collected froma well-screened outpattedit popul ation, including wonen ol der
th _haR 30 kyag{/ stquevaq%geezg,@ﬁ?szgﬁéﬁh twaaswsprzw'ﬁgfzr@{ﬁz%?canaf t%rﬂﬁhep Tect
igh-ris es , an re gl y e PreTec
HPV- Pr oof er as fv?&SFEﬁiBfAé}étRﬁ%%ﬁggg#%ﬁ&ﬁkﬂFﬁbﬁ%f 3&&2%5 n real-tine
mul tipl ex NASBaAnsIkhevptgsespecdiidRy DNV siiiest iagat edagbyivEpS+ 6+
consensus PCR, and;HRY NG ROSET EyE BAm @S rpRie-JJdren Ul ected to type
specifc PCR for HPV t&geg %0 16, 18, 31, ;%.i%g 45. Wnen with a cytol ogi cal
HGSI L di agnosic® REFE FeFERr e B oS bTTpsi* iP5 t'ol ogy. Hi st ol ogi cal Iy
confirmed cases were registered at the Norwegian Cancer Registry. in
Nor way, cytologgﬁzé 5 HGSIL can be divided into HGSIL/ AGUS, HGSI L/ ASC- H,
HGSI L/ CI N2, an IC/CIN3. Results: O 25 cytological HGSIL cases, 14 were
by histology 30 confirnmed as CIN2+. Two histol ogi cal CI N2+ cases were by

ot oct ot 5200(13125) of tHE Gyt Foraal HES L| CYSSaoURe0e 1o T of the
hi stol ogi cal I N2+ cases, |1/ 11) of the|35=@yfol ogi cal HGSIL |cases
not verified hy histol ogy.| chhelogdmbers for GoSehBpoReR akecddds €d6/,25), 93%
(13/14), HGSTL/CIN3 CINZ+
HPV consensus | HPV congensus
Prcofer BCR Procfer BCR
gensitivity 75.0% 83.3% 85.7% 92.9%
gpecificity 97.2% B89.9% 90.9% 72.7%
PPV 7.3% 2.3% 92.3% 81,3%
NPV 97.2% 99.9% 83.3% 88.9%

PPV=Positive Predictive Value

10 NPV=Negative Predictive Value

Discusgion and Conclusion:

There was a good agreement between cytological
HGSIL/CIN3 and histological CIN2+ cases, with only one

15 cytological HGSIL/CIN3 not confirmed as CIN2+ by
histology. In histelogically verified CIN2+ cases, the
detection grade for both EPV DNA and mRNA were high,
and nearly identical. In cvtological HGSIL cases not
verified by histology, the detection grade for  PreTect

20 HPV-Proofer was lower than for consensus PCR.
Together, cytolegical HGSIL/CIN3 and PreTect HPV-
Procfer detected all histological CIN2+.

In conclugicn, HPV E6/E7 transcripts from the five

25 most frequently found carcinogenic HPV types, HPV 16,
18, 31, 33, and 45, seem to be present in nearly all
histoldgical CIN2+ cases. The high specificity and
positive predictive value for PreTect HPV-Proofer ig



and 27% (3/11), respectively. The one histol ogical CI N2+ sanple positive by
consensus PCR, yet negative by PreTect HPV-Proofer, was identified as HPV
35. The WD 2005/ 083129 PCT/ GB2005/ 000774 27 preval ence of HGSI L/ Cl N3 was

0.29% (12/4136) and the preval ence of histological Cl N2+ was 56% (14/25).
sensitivitWwOapWpeesfiidcity, and positive and negative predieszvsonaraues for
PreTect HPV-Proofer and 5 consensus PCR, .are given in Table 1. Table 1:
Total (n=4136) Cytol ogical HGSIL endpoi ?\g (n=25) cytol ogi cal endpoi nt

cytol ogi cal HGS! ladaNg@eNin HPV donsensuscHRNE drerares uNAPr oof er  PCR

Proof er PCR Sed@iiéciﬁ/idry 185.20%:83 28%85uddh SRt S RBAI Syt YarY . 20 89. 9%
90.9% 72. 7% PRV, 71 3V¢§,3®692.3@681.3@b NPV 97.20 99. 9% 83. 3% 88. 9%

PPV=Posi ti ve Pr%d'3 et Val ue 10 NPV=Negative Predictive Value Discussion
and Concl usion: There was a good agreenent between cytol ogi cal HGSIL/CI N3
and histol ggi cal CI N2+ cases, with only one 15 cytological 11GSIL/CIN3 not
confirnmed as Cl N2+ by hi stol ogy. in histol ogl cally veri f| ed ClI N2+ cases, the
detection grade R ¥ VDA RN :
I n cytol ogi cal Mﬁdns:amew@otmemghfg@ﬂa@cyomﬁdalogacrédm:@et ection grade
for PreTect 20 EE Ea ofer was Tower than for consensus PCR  Toget her,

cytol ogi cal H and PreTect HPV- Proofer detected all histol ogi cal

CI N2+. In conclusion, HPV E6/E7 transcripts fromthe five 25 nost frequently

found cargj, nogre_f[‘g %‘Hﬁ\é,{ WREFroxThtlly 2481083 ly o Cabas $oEMyLAbE

resent in nea
P sﬁew aberrationg which needs follow-up. Most cases

regress spontaneously but some progress if not
treated. There is alsc a problem of low sensitivity
for cytology in the fcollow-up procedure. In detection

15 of pre-cancerous legions, both specificity and
gsengitivity has been found to improve drastically when
HPV testing is performed after detection of
cytelogical ASCUS or CIN I.

20 The main objective was to evaluate the respective
roles of HPV RNA and DNA tests in relation to cytology
and histology in the Swedish screening program.
Another important objective was to estimate the risk
of missing CIN II+ in women with CIN I or ASCUS but

25 negative with either HPV RNA or DNA tests.

The tested material stems from 15000 women following
the normal screening program in the central part of
Sweden. All women positive for ASCUS or CIN I with

30 cytology were selected for further studies. All the
cytolegical or histologlcal material was re-evaluated
blindly by an experienced pathologist. The samples
positive for ASCUS and CIN I (N=240) were evaluated
with PreTect HPV-Proofer (N=240), and a randomised

35 selection of samples was tested by Hybrid Capture II
(HCII) and cytology (N=127) and cvtology alone (N=112)
after 4 months. They were compared with histology from
LEEP bicpsies (N=126) after 7 months and with PreTect
HPV-Proofer (N=240}, HCII and cytolegy after 12 monthe



hi st ol ogi cal CI N2+ cases. The high specificity and positive predictive
value for PreTect HPV-Proofer is WO 2005/083129 PCT/ GB2005/ 000774 - 28 an
advant age in HPV di aghostics and hence nRNA detection is a suitable

suppl ement to cytology and histology. 5 Exanple 2 - HPV detection as a

fol |l ow up &0 208W0GEAde |esions in the Swedi sh gynaecol 8gricakoiseigani ng
program 10 I n Sweden approximately 40 000 cytol ogy cases pr. year show
aberrations which needs fol |l owup. Mst #ases regress spontaneously but
sonme progress ifraidte A)reaflédsamhies witlalBICES prabl@EN f Wegw sensitivity
for cytology indded ¢ld.Onzua . pl‘:BESSHE@o 'ﬂiﬂ?éc@féd akskb HiogRfiexcancer ous

| esi ons, both specificity and senS|t|V| been .found tq inp
drastical |y mheﬁqjﬁﬁv t*% fG<FE PErfoPRHE %‘%?ﬁ%ﬂ cﬁé%&ﬁﬂ?ﬂ? %P @§3olog|cal

ASCUS or CI N | .we@IThe. timien ebjottha¥ecwasloqy elisaraiss st ked/egpective rol es

gf QPVhRNAsand ttle;% @Iplvnnml a&s@n apt@%ltzpln&g%thsﬁ)tnd H}"\ﬁtI@dAO%sl? thte .
wedl S SCreeni ortan (0] ectl : | hat e e
risk of n155|ﬁ§g€f ysaﬁgwﬁﬁg ﬁéf#ng%f$¥l L é#%%ﬁ “iegative with
ei t her HPV RNA TﬁA)DNﬂLdte@§tl§lc$héone@1tl@dlm@rd%1 $varR S cEmEEZEI0 wonen

followi ng the nﬁmma;lraslc‘src@@z@tagfpb@gﬂavn i, the, cant rad, pard 46f wagweden. Al
wonen positive fq&uA toﬁsghg tﬂgﬁ% ?éééé%ﬁﬁ¥‘¥¥e [e %%I cted for further

studies. Al th& it ol0gi ¢a naterl e- eval uat ed

ca
blindly by%an e@ﬁéﬁﬁ@ﬁb rpé@ﬁbk@@ﬁ%ﬁarﬂﬁ%r Wl es p05|t|ve for ASCUS and

CIN I (N=240) were evaluated wth PreTect HPV-Proofer (N=240), and a
random sed 35 sel ection of sanples was tested by Hybrid Capture Il (HCI)
and cytol ogy ( nd cytol ogy alone (N=112) after 4 nonths. They were
conmpared wi th hitsd ale@@y thr o HPV tests have been compared with
cytology 4 and 12 months after and with histology
13 diagnosgis 7 months after positive cytology diagnosis.
Freguency and distribution of HPV types is presented

in table 3. Concordance between cytology and histology
was found in 19% Cytology and the DNA test
ware considerably more cften posgitive in benign and

20 low-grade lesiong by histology than the RNA test. With

the RNA test
revealed a higher positive predictive value, and
higher specificity {46% and 85.3% respectively) than
the DNA test (31% and 51% respectively).

25 DNA test revealed a higher sensitivity (91%) than the
RNA based test (81l%). 19%
LEEP conization showed aberrant cytology 5 months
after treatment, 0.5% were found to be CIN II+. HEV
DNA was detected in 24% and HPV RNA was detected in 6%

of cases,

histology as the "golden standard",

However, the

0f the cases treated with

30 of these cases {(Table 2},
Table 2: Overall results
0 month 4 month 7 month 12 month
Cytology |240/240 93/217 Not 30/160
(100%) (43%) analysed (19%)
HCII Not 64/113 Not 41/169
analyeed (57%) analysed (24%)
Pretect Not 56/240 Not: 14/231




LEEP bi opsies (N=126) after 7 nonths and with PreTect HPV-Proofer (N=240),
HCI I and cytology after 12 nonths WO 2005/ 083129 PCT/ GB2005/ 000774 29
(Table 2). Al sanples with ASCUS and CIN | were tested for nmRNA

Col oposcopy directed LEEP bi opsies (N=126) were taken as a part of the

fol | ow up WOR@IR3120men with an abnormal cytol ogy di adiédsFB NG 5
positive HPV DNA test (after 4 nonths). HPV DNA was detected using the HC I
assay (D gene, _Gatesburg, NMD  USA) rddftification and individual ypi ng of
E6/ E7 nRNA trapscripts fai@emlHFéd 16,(2[%) 31, 33naanded5 wdsz)carried out
using the Pr eTgf(]I)OJL_-@/ Prioof er assay 10 (NorChiip AS, Kl okkarstua, Nofway).
Results The rgesu PV tests—hagve—been—<o rH—eytoloty and 12
mont hs af ter AHS whIeawi @ﬁ@ﬂi ogy 15 |(di%¥gnosi s 71REAEAS af1 Epﬁposi tive

cytol ogy diagnosis. Freguesicysand jdirgillidedt | oneshk)HPV typasliseqr esent ed
in table 3. ordance petweerr cyt ol ogy and firstotogy was found 1Th 19% of
cases. Cytology and the DNA test were considerably nore often positive in
beni gn and 20 | ow grade | esions by histology than the RNA test Wth

hi stol ogy as t o] d ndar ds, .th est e@kf r positive
predictive val ﬁ%’l% 5351 ° lﬁé’%l %cﬁ%BIE\IAX% naﬁ%g respe :H\iel y) than
the DNA test (@ﬁb/@ml@ﬁlb/olf%%ﬁé'@tl vely) . Hovvever, the 25 DNA test reveal ed
a hi gher gensitivi ty (9199 than the RNA based test (81%. 19% of the cases

treated w t h —tEEP—<ontzatton—showed—aberrant—ecytotogy-5Snont-hs—aft er
treatment, 0.5%WetegiethdAE6Ube O [lqﬂl\h.l HPV | BRA Whs defatt édlim Da% and
HPV RNA was dedesgeseis 690 30 of these cases ([Table 2). |[RaskiUe-B: Overall
Eigg%s(g3$n%{’1]£2t?1é£mn 12 month Tyt ol pgy 2407 247 937 217 pt 30/ 160

HPV 18 2 1 0 3

HPV 31 it 2 1 1

HPV 33 - 3 2 1 2

HPV 45 3 _ 0 0 1

HPV-Proofer | 14/49 9/27 5/8 (63%) |6/6

total (29%) (33%) ' (100%)

HCIT 20/26 11/1% 3/3 2/2

(77%) (73%) (100%) (100%)

Histology 3/23 3/12 4/5 (80%) 13/4 (75%)

CIN II+ (13%) (25%) '

only cyt

Histology 7/20 1/11 (9%) | 3/3 2/2

CIN II+ cyi | (35%) {100%) (100%)

& HCIZT

Histology 12/45 4/217 7/8 (88%) {5/6 (83%)}

CIN II+ all} (27%) (14%)

gamples -

Discusgion and conclusion

The higher positive predictive wvalue and higher

10 specificity of the RNA based method compared with the
DNA based method may be explained by the fact that
expression of the E6/E7 oncogenes ig required for
development and maintenance of the malignant
phenotype. The risk of missing CIN II+ in women with




HCIl Not 64/113 Not 41/169 analysed (57% analysed (24% Pretest Not

56/ 240 Not 14/231 WO 2005/083129 PCT/ GB2005/ 000774 - 30 HPV- anal ysed
(23% anal ysed (699 Proofer Histology Not Not 100/118 Not anal ysed

anal ysed (85% analysed Table 3: Histological results versus HPV DNA . RNA
and cytol 9§ ¥8108888ults 5 Cytol ogi cal ASCUS CIN | CI N FG¢T/GBNIANIT4di agnosi s
ASCUS-H HPV 16 6 4 4 2 HPV 18 2 1 0 3 V310211 HPV 333212 HPV
45 3 0 0 1 HPV-Proofer 14/49 9/27 5/8(63% 6/6 total (29% (33% (100%
HCl 1 20/ 26 11/ 1518/ & 25CURY) bLT39padi009)witlocRthat SIR G§W 23 3/ 12 4/5

(0% 314 (7590l b3k 2biyonby cy1adf SlchbfmyendlRD ehill (908/9(% % |
+ C ) ) ) , i ol .o 0 .
5/6 (83% Cl Nya}dfgre%{?a]é’ﬁ%@ F%M%%ﬁ%?@ HAEh é‘%& co;éé:l ésllﬁf)n The |

hi gher positivel predictive value and higher 10' specificity of the RNA based
met hod conpared withithé DNA based nethod may be eXpl ained by the fact that
expression of the E6/E7 oncogenes is required for

Example 3 - High-rigk HPV infections without oncogene

expression in women younger than 30 years of age

10 Human papillomavirus {(HPV) is a common virus infection

among women, particularly in younger age groups,
although most infections are transient and
agymptomatic. In the Scandinavian countries, the HPV
prevalence in the women population above 30 years of

15 age varies between 5 and 15% and the HPV prevalence in
younger women may be as high as 30-40%. Also, 70 -
80% of the sexually active women will, at some point
in their lifetime, acquire an HPV infection. However,
the majority of the infections will spontaneously

20 clear out, and only a small proporticon will persist
and give rise to cervical intraepithelial neoplasia
(CIN) .

The aim of this study was to compare the detection of
25 E6/E7 transcripts and the detection of HPV DNA in
women younger than 30 years of age.

Material and Methods:

A total of 282 cervical samples from women younger

30 than 30 years of age (mean age 26.9) were tested. RNA
and DNA were extracted using the NucliSens Extractor
and E6/E7 mRNA expression from the carcinogenic HPV
types 16, 18, 31, 33, and 45 was detected by the
PreTect HPV-Proofer assay (NorChip AS, Klokkarstua,

35 Norway) . The presence of HPV DNA was investigated by
Cp5+/6+ consensus PCR, and HPV DNA positive samples
were then subjected to type specific PCR for

the same 5 HPV types.



devel opment and mai ntenance of the malignant phenotype. The risk of m ssing
CIN 11+ in wonmen with WD 2005/ 083129 PCT/ GB2005/000774 - 31 CIN I or
ASCUS, but negative with either HPV RNA or DNA tests was extrenely | ow
(0.20), confirm ng the added value of HPV testing in cytol ogi cal ASCUS or
CIN . 5 ESxmopessBI- High-risk HPV infections w thout DAT/GHWS0ERPr ession
i n wonen younger than 30 years of age 10, Human papi |l omavirus (HPV) is a
common virus infection anong wonen, par??cul arly in younger age groups,

al t hough nost iBdsdtisons are transient and asyrrptomatl c In the

Scandi navi an cq_yrggeaqs,oft I@«% Igl? ngggyaé rw}éﬁie_1 @glratgpqn above 30

years of 15 -age varies preva ence in younger
wonen may be ad¥ft g & 53(5640‘?0CRAI §pd %) 8@'% ) (RF s HAHd FOalfi ve wonen
will, at sone pof ntypesn itsheils,| Biiet Bae, amd gif r EGIEHRENANfeoti ahe However,

the majority ofsipe flraﬁee@atpxpr&%p\eﬂsl lva § POBLSRRQYS] Y o%ﬁych]%arzﬂ Yh-s3pd only a

smal | proportlonvm ersi st d give rise to cervica |ntraep|theI|aI
neopl asia (Cl N 'ﬁ‘?e iScof th| s study was to conpare the detection of 25
E6/ E7 transcripts and the detection of HPV DNA in wonen younger than 30

years of age. te and.__Met hods ot aI of er.Nic I from
women younger %’1? &W%Gafgépgggplgg@% é 3:11376 g‘ t'e rT@dﬁgRNA and
DNA were extraciesbuwsieny fiohe 7NEC|(78¢08) Fxi riahﬁ (HPV aimi& EGET7 iwBNA expressi on

from the ggrci nogenict Hﬁz‘lélltey%%SE%@E’i 18ryR loxpide At 4R RS cdetegt ed by the
PreTect HPV- Proof € assat;?gé] 6 f’ﬁ AS, Kl okkarstua, 35 Norway). The presence
'b

of HPV DNA was 1hvest i (¢ 837 65 % Bhsensus PCR. and HPV DNA positive
sanples were then subjected to type specific PCR for

A cytological positive result was obtained in 8/282
cases (2.8%), of which ASCUS was observed in 5/8 cases

15 and HPV condyloma in 3/8 cases. For the ASCUS cases,
HPV DNA was detected by GpS5+/6+ consensug PCR and typs
gspecific PCR in 4/5 cases, whereas only one sample was
found to contain HPV mRNA. For the HPV condyloma
cases, however, HPV DNA was detected by Gp5+/6+

20 congsengusg PCR in all the samples (n=3), and by type
gpecifc PCR in 2/3 cases, while HPV E6/E7 mRNA
expresgsion was detected by PreTect HPVProofer

in only 1 case,

25 Discussion:

The presence of HPV in women younger than 30 years of
age is higher than for older women. Thig is also the
case for the prevalence of the five carcincgenic HPV
types 16, 18, 31, 33, and 45 compared to other types.
30 Lack of E&/E7 transcripts may reflect an episomal
state of the virus and hence a contrclled regulation
of the transcription process. These infections may be
more likely to clear out. Integration of the virus,
however, may disrupt the E2 gene, and thereby also its
35 function as regulator of E6/E7 transcription.

Conclusion:

In this young outpatient population, HPV infection
with an oncogene expression, is detected in less than



the sane 5 HPV types. WD 2005/083129 PCT/ GB2005/ 000774 32 Results: A
total of 32.6% (n=92) sanples were positive for HPV DNA by G5+ 6+ PCR, and
24.8% (n=70) were found to be of types 16, 18, 31, 33, and 45. E6/E7 nRNA
fromthe 5 sane five HPV types was observed in only 15.20 (n=43) of the
cases. The W@ ys8%8A¥ nogeni ¢ HPV types 16, 18, 31, 33, a&ad/cEBosgecounted for
76% (70/92) of the HPV DNA positive 10 sggples, whi |l e an E6/ E7 nRNA
expression was detected in 61% ( 43/ 70) fhese cases. A cytol ogi cal
positive resul t 5Qhsobbitle mathdansg2&ZR pasésive. s¥plesd. Whwh ASCUS was

observed in 5/ %@@ﬁwflﬂg@ @ydzvl*@éneoe@kmh:eaamﬂ BB maxs dor14 het ASCUS
cases, HPV DNA gftgﬁ#(%% %y G@%} $aiaggfgsg%a$; tak a|ﬁﬂﬂﬁﬁ§peC|flc PCR

in 4/5 cases, ef eas onty one sa nRNA.  For

t he HPV condyl onddlilekedo Wké%lé’tgy HP’@NME‘G'\B%’CH@? e‘t’zfﬁiéda%y“ﬂﬁ'ﬁ/ 6+ 20
consensus RCR i g e&flrﬁﬂ?amlf%% EFo3kesande yi dydes ﬁpe@ Rfdd 2/ 3
cases, while HPV EG E7 expression was detected by PreTect HPVProofer
inonly 1 case. 25 D scu35|on The presence of HPV in wonen younger than 30
years of age is higher than for older wonen. This |s al so the case for the
preval ence of the f|ve car o-enlc H' and 45
conpared to ot hefr e & 3@ e+ ect an

epi somal st at eteftime virus and hence a controlled regulatlon of the
transcriptjon process. These infections muy be nore |likely to clear out.
Integratlon of the virus, however, may disrupt the E2 gene, and thereby
also its 35 funBesonies qledilist 6tuey FEFE7Ce remsidatR ity Concl usion: In
this young out padivedtic ROy akiadn abiBVakBieet fON HPV testing in order

to investigate the prevalence of high risk HPV

infections in women with negative and positive
15 cytology and to evaluate the outcome of DNA-based and
RNA-based testing compared to cytology and histology.

Material and Methods

The study population was selected from ocutpatient

20 departments and gymnaecologists in private practice.
Included in this study were 628 women with median age
40 years (range, 19-85). A conventional Pap smear was
taken first, and the remaining material was
transferred to a PreservCyt™ wvial (Cytyc

25 Corporation). Testing for high-rigk HPV DNA (type 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68)
was performed with the Hybrid Capture II assay (Digene
Corporation) and individual identification of E6/E7
mRNA trangcripts from HPV 16, 18, 31, 33, and 45 with

30 ‘the Pre Tect HPV-Procfer assay (NorChip AS), a real-
time NASBA technique,

Bicopsies were taken when HPV test was positive or
cyvtology revealed HSIL. Histology was regarded as the

35 "gold standard".



wi th an oncogene expression, is detected in |less than WO 20051083129

PCT/ GB2005/ 000774 - 33 50% of the consensus PCR positive sanples. Thus,
nonitoring E6/ E7 gene expression for HPV types 16, 18, 31, 33 and 45 nay be
a val uabl e diagnostic test in addition to cytology. nRNA detection may be
nore 5 di s&v( mofre3oxdy for progressive disease in young romem2005Bxampl e 4 -
DNA versus RNA based nethods for HPV testing 10 The ains of this study were
to validate two conmercially avail able %’ésays for HPV testing in order to
i nvestigate thegereral ence of high risk HPV inf ectl ons in wonmen with
negative and p It v c 0 19 eval t.e .the outcone of DNA-based
and RNA- based élgtci nggnégggag%{oc%y?o?%y angnh ot WemI\/taterl al and

Met hods The st udyngopul aBikonfwasssel ediein-Jraom duiqtaﬂc@m (CZU @epartnents
and_gynaecol ogi als de@eegigﬁa&ﬁ eia%fC@he %?‘ME Bdflis, study were 628

wonen wi th nedi_an convent i onal Pap snear
was taken’ fi rsltowgéﬁﬁlet Fr‘é’tpéﬁﬁiz’nl %ﬁ@?%t’\é%%% Wiss O t3r]an?fl§|fre§&n fo a
Preser vCyt TM V|cajtc(o®¢tgyof25h€otwor‘adassﬂom)weﬁ'eestnemy%mnhngl%- ri sk HPV DNA

(type 16, Qbo /338)38¢ B3sehd(taied 56, 58, 59, and 68) was
per f or med W|th %h /Hybr)lg Capfﬁre( a?ss%)y (Di gene Corporation) and

i ndi vidual identification of E6/E7 nRNA transcripts fromHPV 16, 18, 31;
33, and 45 W t 530 <t ke B Eé@&lhgvrglé)@é&rt@ﬁﬁ%to(lwmcégbs areal- tinme

NASBA t ech | que i.es positive or cytol ogy
reveal ed “ﬁtéBjt %1%5?3:\?& ra %?ra%domgetr}f% WOBEﬁJ't'V \éélﬂﬁtgt andard". WD
2005/ 083129 PCT/ GB2005/ 000774 - 34 Results

Histclogy
HPV test < CIN 2 = CIN 2 Total
DNA+ /RNA- 40 59 99
RNA+ /DNA-~ 1 9 10
Total 41 68 109

Both HPV tests showed gignificant association with

135 grade of the lesions (p<0.001). The DNA test was more
often positive in benign and low-grade lesions. The
DNA test revealed higher sensitivity but lower
specificity compared to the RNA test (Table 5).

20 Table 5: The performance of HPV testing for detection
of histological confirmed CIN 2+

Sengitivity (%) Specificity (%)

DNA RNA DNA RNA
Age
< 30 o8 82 20 70
yvears '
{n=102)
z 30 93 76 40 81
yeard
{n=281)
Cytology




Concor dance between cytol ogy and hi stol ogy were
Hi gh-grade histology (CIN 2+)
or 5 | owgrade cytol ogy. Kappa value was 0.31. Different
tests were present
testing r eVa28E/BH2Hi st ol ogy i n cases
H stology HPV test < CIN 2 z _CIN 2 Tot al

HPV tests

RNA+/ DNA- 1 9
associ ati on w
often positiv
hi gher sensit

5). 20 Table
hi st ol ogi cal

RNA Age < 30
Cytol ogy WO 2

Low grade 96

10

15

20

25

30

found in 53% of cases.

was detected in 6la of the wonen with benign

out cones of the two
(109/628) of cases (table 4). Table 4: HPV

10 with differemCTHBBOIOGE t he two

DNA+/ RNA- 40 59 99

Both=HRPV t ests—showed-si-gnificant

in 17%

10 __Total 41 68 109

Wardbdl gr adegdf the | gsidons (p<0./0@1l). The DA iest was nore
The

ed

e(hglggpign and | ow grjade | esi ong. DNA |t est revea

vy—ptt—-pwer—spectf rcirty—conpared—tothe RNAtest

5Lowharp@e f pPhance of |HBV testing 4%r detectli’®n of

cont7eped O N 2+ Sensiltivity (a) |[Specificity (%9 DNA RNA DNA
8220 70, _ye€ars (n=102) a 3( 76 40 ¢ years (n=281)

5%%31683129 Pt/ GB2005/0%13774 - 3% Nor mal 8%062 79 87| (n=105)

Tabl e

rarage72 (n=73) High |96 83 67 5(
(n=182)
Conclusion

The RWA test revealed a higher prognostic value and
higher specificity than the DNA test.

Example 5 - HPV type specific DNA and RNA persistence

The course and pergistence of HPV infection was
analysed in 54 women who were HPV positive and free of
any cytological disease using HPV genotyping with a
linear array assay.

The impact of HPV infection on development of cervical
cytological abnormality (dyskaryosis) was monitored by
repeat HPV genotyping and cytoleogical assessment 2
Detection of HPV transcripts  of known
HPV oncogenes E6 and E7 using the HPV-Proofer assay

vears later.

was .also performed at both time points.

Materials and Methods:

Ligquid baged cytology (LBC) samples were obtained in
2,000 from more than 3,000 women as part of an ongoing
study designed to assess HPV persistence (baseline).
LBC involves rinsing a cervical specimen into a vial

- containing a cellular preservative solution, rather

than depositing it directly on a slide as is performed



grade (n=182) Conclusion 5 The RNA test reveal ed a higher prognostic val ue
and hi gher specificity than the DNA test. Exanple 5 - HPV type specific DNA
and RNA persistence 10 The course and persistence of HPV infection was

anal ysed in 54 wonen who were HPV positive and free of any cytol ogical

di sease uswpgoddResigenotyping with a |inear array assayCTIGBZIptppact of
HPV i nfection on devel opnent of cervical cytological abnormality
(dyskaryosis) was nonitored by repeat” H® genotypi ng and cytol ogi cal
assessnment 2 yeatisgl aher coRebfeldmdl ddagdfM chlans etiept-s obrknewn 20 HPV

oncogenes E6 and E7 usipg-Lhe. g@’ylé’é%%@ﬁ 3“6‘%@ 1@@9@6%% ged at both

time points. Nhterl s an cytolo C) sanpl es
were obt ai ned iHAY®Z, ééédﬁﬁoﬂ?ﬁ%r%r?%%ﬁiéﬁb ewg RFESPpaPFbF4he ongoi ng
study designedand agte3sgbHP¥lpgrsisi@ence [Esadelrined) accbB@ingvobves rinsing a

cervical speci genciBhosacybel 20 coNtRidNgRoceLhuLAL Rl gAREYathve

sol ution, rather ositing it directl de.as LS performed WO
2005/ 083129 PC?P&%?BO%FO%@?‘Yﬁmenqé%f 5%% gH@eht”‘F’bﬁaP Papani cal ou

snear. Prinmaryhayvang perybahepically ed:m@tl gpeviltentcbrbettinonhutl at - | ayer
slides were creabedeoby amgoTﬁwHﬁzezp(ﬁaswl%e%&eataméa@yt ghegbeatnhgr adi ng

vmspeﬁonmd rding (0.5 Britis |et ic ol ogy

gui del i nes. EE8W%ngf'§ﬁgQDﬁﬁﬁkng§P aFs tedﬁgh hﬁe ggsfggo?n having a

cytol ogi c#l | y #&r maPneéderedathdanatt metwnlywhouwdr bighsol#RVEDNS posi tive

for at |east one efirbhe ahal tayiieatdd ghr Biosk” ofPYahypes. lfemd8, 31, 33 and
were recalled for a follow up LBC smear 2 years after

baseline when cytological assessment and both HPV DNA
and RNA testing was performed.

15
After cytology, residual cells in the LBC gample were
centrifuged at 3,500 rpm for 10 min and stored as
split cellular pellets at - 70°C pricr to nucleic acid
extraction and HPV detection. Automated DNA

20 extraction was performed using a BioRobot 26049
(QIAGEN Ltd., Crawley, UK) using the reagents supplied
with the QIAamp® 96 DNA Swab BiloRobot™ Kit whereas RNA
extracticn was performed by application of RNeasy
columns (QIAGEN Ltd.) following the protocol for

25 igolation from animal cells, according to the
manufacturer's instructions. Nugleic acid was stored
at -70°C prior to HPV detecticn.

HPV DNA genotyping was undertaken by linear array

30 hybridisation assay (LA) which involved the
hybridisation of a 450 nt PCR amplicon generated by
the PGMY primer set to nylon strip containing
immobilised probes [Gravitt et al., 2000; Coutlee et
al., 2002]. The strip contained two levels of §-

35 globin control probes, 18 high-risk HPV (HR-EPV)
prrobes; 16, 18, 26, 231, 33, 35, 39, 45, 51, 52, 55,
56, 58, 59, &8, 73, 82, 83 and 9 low-risk HPV (LR-HPV)
probes: 6, 11, 40, 42, 53, 54, 57, 66, 84. PCR
reagents, probe strips and developing reagents were

40 supplied by Roche Molecular Systems, Inc. (Alameda).



10 45, considered the nost comonly found high-risk types in Europe and
inplicated in >90% of cancers. Wnen were recalled for a follow up LBC
snear 2 years after baseline when cytol ogi cal assessnment and both HPV DNA
and RNA testing was perfornmed. 15 After cytol ogy, residual cells in the LBC
sanpl e wer &0 yeFeFsIPuged at 3,500 rpmfor 10 min and st BEBGBAWSOWPH t
cellular pellets at - 70C prior to nucleic acid extraction and HPV

det ection. Automated DNA 20 extraction”was performed using a Bi oRobot 96040
(Q AGEN Ltd., CGmaeynpleKihasi ngsthé 6ealsntrs rsagmm:w@d waniltch behe Q Aanp(r)

96 DNA Swab B| r.ved by
application of %e‘ﬁ E:fr}ggle ﬁg& Q e@ﬁa&% ol | % %?{%% protocol for 25
i sol ati on from &t dcéflllas,a gF f"ﬁ‘@a &%hst ruct i ons.
Nucl ei ¢ aci d wasyrst @pegifdre dEGGGplLDDrWEﬁ%) MQWte@cmmg kR eDNA agenot ypi ng
was undert aken gyadde@n)a &%ﬁes3@19¥@fé@'é§ﬁﬂd§% %%QQ%l hW@' [z nvol ved

Set 10 ny Shsiiwﬁﬂk?&ﬁtﬁ( GPeFriBhi 17 ¢ A Bl ol 2000,

Coutl ee et al .xezu30RpE. rEquisedi ﬁOCoNA%\IﬁfhemﬂRMHO@t@JO@ eind 3PY5 gl obin
control probes,3ei&dHi@hr klesk BR¥pL HEA HEY)palt! 3 Thel ®ret®ct@6mpdl, 33, 35,

39, 45, 51, 52, 55,  56,,58,.59. 68, 3 and 9 I wrisk HPV (LR-HP
probes: 6, 11, %df %% éﬁlgrgylPGGIZf@ﬂ{a%é% rgnggen probe strl(ps an?j/)
devel opi nd0 r eagBitarafseatsdesasshpedobya RIEHE aliside @RNEr DSPSEHS Wagnc.
fé\l alrregla) VO 20 A83E29 nPCELCB2005/ @901y 4 MEl iAwnsSs aaplye that tested

gl obin negatiya yayl %q%eﬁi\gé%gssﬁ%fé%@m £3lesy BB Lhigal | on vas

achi eved .via an’i cation i'C detection
was per for med d%li%%la@@&ﬁ’éll%sﬁéé‘&%e pN%@l@I)r ‘ect ed agai nst

full-length E6/E7

15 Resultg:
A total of 11/54 (20%) women developed dyskaryosis
after 2 years with 31/54 and 23/54 women exhibiting
transient and persistent infections respectively, as
monitored by DNA genotyping. Women who maintained

20 type-specific pergistent HPV infection were
gsignificantly more likely to develop dyskaryosis
compared to those who exhibited a transient infection
(P<0.001). The presence of HPV mRNA E6-E7 transcripts
was less sensitive but more specific for the detection

25 of disease at follow up. Moreover, women who were DNA
positive and also positive for mRNA trangcripts at
baseline were significantly more likely to harbour
pergistent infection compared to those in whom DNA
only was detected at baseline (P<0.013). This study

30 highlights the importance of detecting persistent type
specific HPV infection to identify those women more at
risk of developing cervical abnormalities. Detection
of E6/E7 transcripts encoding full length E6 protein
has the potential to identify which high-~risk HPV

35 infections may persist, even when detection is
verformed at only a single time point without repeat
testing. Detectlon of E6/E7 wRNA transcripts
identified which infections were more likely to
persist.

40



nmRNA f or

HPV types HPV 16, 18, 31, 33, 45. All

reagents required for

NASBA

anplification and HPV detection were supplied as part,of the PreTect HPV-
10 Fl uorescent detection of

Proofer Kit, (NorChip,
accunul at ed nRNA product was

software (PAS, NorChip). 15 Result

dyskaryosi s

Kl okkar st ua,
performed in rea
Anal yzer anD tiogressedcent profil es analysed using t he

after 2 years with 31/54 an

Nor way) .
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L 9L2)
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“BBLTor TRy
walshiA é%@l%teﬁ@artg Ve BEVTBNE SPeRferEPt oPetert et ecti on 25 of
wonen who were DNA p05|t|ve and al so

pOSItIVGfOI’ MRNAtFanseripts at haseHnre—were olglufl\,alt y—of€ |.ke|yt0
har bour  per si sE¢FR1eFHwE | Ba- cofpated ©8 t hoSid-n Gahom Do - otfy was
get ected at basgiiaerd<0. Dddges fTh| PeFisudyedl |Hghighis [ berd@osinance of
etecting persj type t specific HRV ig t|i t o) Monmen
nore at risk $£§§%%V%ging cervi cal g'¥CE9EE% t%g£§dﬁﬁetect%%$%${% E7
transcripts encd®ing full Jength E6 FBlein Haf¥PHe potent?® %% |dantify
whi ch high-risk HPV 35 infections nay persist,| even when defZzcti on i s
performed at only a single tine point w thout {repeat testing. Detection of
E6/E7 nRNA tr entifiediwhich infegtions were nore likelylto
persist. 40 PET/ . GR203%/(B80% 4 |6 B - S¥anl o B0\ ¥ oblart| on of
Det ect abl e Persiistwetit HPV | 43 13 (30.2) 5(11.6) 15(34.8)

Table 7. Comparison of DNA Genotyping and RNA
Transcript Detection for the Detecticn of 11 Cases of
10 Dyskaryosis
Method of Sengitivity Specificity
detection
DNA 10/11 90.9% 18/43 44 .2%
RNA 8/11 T72.7% 35/43 81.4%
Example 6
15
The following tables summarize detection of full
length E6/E7 mRNA transcripts by PreTect HPV-Proofer
versus detection of HPV DNA by consensus and type-
gpecific PCR in samples from an African out-patient
20 population. Samples scored as histology (+) were

assessed as CIN II+ on the basis of histclogy.



Infections in individuals Wth and Wthout Concurrent Evidence of

Dyskaryosis on Foll ow Up as Detected by DNA Genotyping and HPV RNA

Transcri pt Detection 5 Cytol ogical No. of No. of No. of No. of assessnent

cases persistent persistent persistent on follow infections infections

I nfecti onsWUPHITBRRY (RNA) (DNA or RNA)  Abnorrmal 11 10¢QUGE00G(®2745)

10(90.1) Normal 43 13(30.2) 5(11.6) 15(34.8) Table 7. Conparison of DNA

Genot ypi ng and jon $9dr the Detection of 11 Cases of 10

Dyskaryosi s Mefhod of ﬁ@g}@[@iﬂi ty Spegcificity detection DNA 10/11 90. 9%

19/ 43 44.2% RNA-8/1HE +%-35/-43—81-44% Exanple 6 15 The follow ng tables

summari ze deteg¢tionf of fub Ien&t’l‘rotEG/ E7 nRNA' transcripts by PreTect

HPV- Proof er  vér shs detgTIOF APVIDNA by consensus and type- specific PCR
AFFi ¢ah at’beit 20 popul ation. Sanples scored as

r assess aNalil+ on the basis of histology. WO

/ €@32005/ (ot 39 uJHi stology + - Tot z U. +1 Q? 3 13;

L [Toht 24 : <] HPV-DNA + - Tot

in sanples fro
hi st ol ogy (+)
2005/ 083129 P
0 - 16 .312 32

+ -~ | Tot

ABojo3siH

HPV-DNA High-Risk
+ - | Tot

AGojoisiH

Tot | 82 |'2597 34t

HPV
Proofer

Sensitivity

Specificity
PPV
NPV

HPV-DNA

Sensitivity

Specificity |-
PPV Rty
NPV

10



S= 0 - 193, 237 3280 Tot 341:' HPV-DNA High-Risk + - Tot + '"113 o - 69
;259 32,8 ,; Tot 82" 25:9 341 5 HPV Proofer Sensitivity Specificity 95
fos4."i,? PPV NPV HPV-DNA Sensitivity 1'00':(a Specificity ,r72__ PPV 1;
20 NPV 1'00 % 10 WD 2005/083129 PCT/ GB82005/ 000774 - 40 HPVDNA High

ri sk SensM(agpids3Bpecificity 79 % ;.iy PPV NPV 100% ' PAOHEB?@SUIES of this
study illustrate the specificity of an assay based on detection of E6/E7
transcripts 5 wmhich encode full length = Pprotein fromany of HPV types 16,
18, 31, 33 or 45 (e.g. PreflectPWPNA Prjoofer) for sanples exhibited cell
abnormalities gcored as CI N Highrigh the basis of histology. The RNA assay

has a simlar sp@é}isﬁﬁmytyg; y but hi gher

Specificity |
PPV
NPV

The results of this study illustrate the specificity
of an assay based on detection of E6/E7 transcripts

5 which encode full length E6 protein from any of HPV
types 16, 18, 31, 33 or 45 (e.g. PreTect HPV-Proofer)
for samples exhibited cell abnormalities scored as CIN
I+ on the basis of histolcgy. The RNA assay has a
similar sgpecificity to histology but highex

10 sensitivity.




10 sensitivity. =41- CLAIMS: 1. An in vitro nethod of screening human
subjects for the presence of cellular changes characterized by enl arged
cell nuclei and cellular aneuploidy in at |east one cell or tissue, which
met hod conprises detecting the presence of nRNA transcripts of the E6/E7
gene of human. papi.llomavirus which encode full length E6-protein in a-test
sanpl e conprising nMRNA derived fromthe cell or tissue, wherein the. presence
of such - E6/E7 nRNA transcripts in the sanple is-taken as an indication that
the cell .or-tissue .under test exhibits the cel.l ul ar ‘changes. 2. ‘An in vitro
met hod of “screeni ng human subjects for the. presence of. per5|stent >
transfornlng i nfection with human papuiJonBV|rus in at |east one cell or

ti ssue, - which nethod conprises screening the subject for expression of MRNA
transcripts of the E61E7 gene of human papillonmavirus which encode a ful
length E6 pr&teiMPiin a test sanple.conprising nrRNA derived fromthe cel

or tissue, wherein subjects positive for- expression of such mRNA °

transcripts of the E6/E7 gene. o unan irus are scored as héV|ng
a persi st ent traﬁsfor Ry Or‘ﬁeg]c?%?%ﬁewnlgﬁ“fﬁaﬂ%bﬁe%i |ﬂ?elp6?sﬁn°$/?ffus inthe cell
or tissue. ceﬂulan%hmtmaammwulen]grgecbcenhlalehanti c@]ulactraupmﬂy mhailedat conpri ses

detecting the, B SIEAE Sunfth RN S 0S Gl tnefesbEERREL BROGOT human

papi | | omavi r us usi ng ec niq eto
| east one cavfd@rﬁﬁéﬁﬂg@m céb@uanmmﬂlomaywé which gncods fpkbleratitEGRIeloindi #igstt o cl.ai m 3

whi ch conpri ]quﬁl[lﬂﬁﬁlk RN AR PSR ﬁlriﬁ‘e%el%r tis TR et AR sk RE St 50 t he E6/ E7
gene. of human papillomavirus using a technique which'is. able to detect

E6/ E7 nmRNA f ESRT BRYAtppedptsig the pgnplejq takag gs @Sﬂ diggtionthaghegllords¥er di ng t o cl ai m

3 which conpmm&a&ta@mﬁgmbagukm&mﬁﬁﬁsence of i nRNA transcrlpts of the E6/E7
gene ‘of --human papill omavirus using a.technique which is. able-to detect

E6/ E7 nRNA from HPV types 16,18, 31, 33 and 45. II, 1 - 42 6. A nethod
according to claikm 3 Arhih eivo creripd mfsersenﬁhgbmnﬂrmmtgsceiq:rt@ws@moﬁ -MRNA

transcripts E t wo of nor e
o "o PypeliaidifgRoihlahtic LT AN ERALAL ALK LRIBIM AL 0 OF T8
of . the E6/ E?whlglemﬂhqﬂfcomwmcpamglﬂne@nmw fouexpfessmobmiNrienssfipts ¢fdhet est ed HPV

types in.the &@%@oﬂhﬁmﬁ %Efﬁem@v%msawrm%héouy@fuﬁ Akt b6 prbreir/n fRLNOA according to
any one of clalns 1to erein detection of
samp]e comprising mRNA derived from the cell or tissue, wherein SubJGCtS positive for

expression of such mRNA transcripts of the E6/E7 gene of human papillomavirus are
scored as having a persistent trénsf§rming infection with human papillomavirus in the

cell or tissue,

3. A method according to claim 1 or claxm 2 whxch compmses detectmg the
presence of MRNA transcripts of the E6/E7 gene of human paplllomawrus usmg a
technique which is abI_e to detpct E6/E7 mRNA from at least one cancer—assomated HPV

4 A method according to claim 3 which compnses detectmg the presence of
'mRNA transcripts of the E&/E7 gene of human papﬂlomawrus using a techmque wlnch is
able to detect E&/E7 mRNA from HPV types 16 18, 31 and 33.-

5. A method. accordmg to claim 3 whxch cempnses detecung tbe plesence of _
'mRN A transcr 1pts of the B6/E7 gene of human papﬂlomavnrus usmg a techmque wh1ch i8
_ 'able fo detect EﬁfE? mRNA from HPV types 16,18, 31, 33 and 45 ‘




expression of nRNA transcripts of the E6/E7 gene is carried out using an
anplification reaction to anplify of a region of the MRNA together, wth

real -tine detection of the.

met hod according to claim7 wherein detecti on of expression of

products of the anplification reaction. 8. A

MRNA

‘transcripts of the-E6/E7.gene is carri:ed our using real -time NASBA:- 9. A
nmet hod accordlng to :anyone-of. clains |' to '8 wherein.the hurman
subj ects previously identified.

subjects are

“as’infected wi'th human papillonmavirus DNA,

preferably in the cell or tissue under test. 10: A method according to any

one of claims.1to 9 wherein t he hunan‘

subj ects are subjects having a

previ ous di agnosis of ASCUS, CIN. | l.esi ons “or . condyl-oma. 11. A nmethod

according to any one of clainms 1 to 9 when used for primry

i ndi vi dual s who have no %reV|ous di agnosi's of cerV|caI ~abnor mal i
t

cytol ogy.

A method according to claim 3 which comprises detectmg express:on of

screeni ng of

ties by

mRNA transcripts of the E6/E7 gene from any ohe or anry combination of two or more of -

" HPV types 16, 18, 31, 33 ar 45, wherein the presence of mRNA transcripts of the E6/E7

gene of human papillomavirus from any one of the tested HPV types in the sample is

taken as a positive result,

7. A method according to any one of claims 1 to 6 wherein detection of

_ expressmn of mRNA transcnpts of the E6/E7 gene is camed out using an amphﬁcatlon
- “redction (o amphfy of a region of the MRNA, together. w1th real—l:lme detecnon of the

- products of the amphﬁcatmn reaction,

8. A method accordmg to claim 7 wherein detection of expressxon of mRNA

' "'transcnpts of the EG/E7 gene is camed our using real—tlme NASBA

R A A method accordmg to any- one Df clalms 1 to 8 wherein the human
Sub_]@CtS are sub]ects previously identified as infected with human pap]llomawrus DNA,

prefe_rably in the cell or tissie under test.

10; A method accmdmg to any one of clalms Ito9 whercm the human

subjects are subjects havmg a prevmus dlagnos1s of ASCUS CIN:T lesions or

. condyloma.,

1. A method accordtng to any one of clauns 1 09 When used fory pnmary

-screerung of mdmduals who have no pl‘eVlOllS dlagnoms of cervlcal abnormalmes by

cytology



