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WO 2005/ 083129 PCT/ GB2005/ 000774 DETECTI ON OF HUVAN
PAPI LLOVAVI RUS Field of the invention The present

WO poosfgilen relates to in vitro nmethods 5 of SPCEEBRIVG000774

human subj ects for the presence of human

papi | |l omavirus (HPV) which exhibits |oss of regulation
of E6/ E7 nRNA expression and | oss of replication

and/ or expr eSBETECTION QF JNAY RARFLLOMAAIRYE odi ng
full I'ength E6 protein. In particular, the invention
10 provides jn vitro _nethods of screening for

peFestent ERSnIPEEREAGEHPY i nfecti on equi val ent to
per si st Eheé prekknabnovenkibthesedrtper siostientviting mMethods

| e3E0BS e ﬁﬁ?ﬂgehuhansbhﬁ @EtB'ﬁBrQ%ﬁ@ep&%%@%%%Sof human
intrae

usEFBFf}ﬂmﬁﬁérEﬁnﬁgéy?1§th CS%@FP&| gzﬁ@§r9§aﬁ§§%%? ion

BackgE6/Ad tBNAhexpmeestoona@dr vossl ofarepddratii®mone
Ofaﬁa?ofvék Eegggen 8@ aagtaaam&z@asgﬁ@e%mmmﬂéﬁﬂﬂdxhg

one | eadi ng causes, of t
nmoFtati t ?nﬁﬁ% EGMBHBHel Erar anﬁﬁFlEPgEﬁP %%eyépwngfon
(1993yidlat dnCarcer BéthoB840606cResaiinoP forapensiByent

FeELQMsg £$98§)Hbvt1Afe@€&6ﬁreéﬁlv%§én%0%b-pE%éﬂE%éﬁﬁN
cases_of I nvas cervi cal, can ecgwegglpredlcted in

th%e%%i?QBOEWQhé§lFﬁ ¥ 9BBT SARGCF Wi 'de
inchﬂeerelhsseSU|m&tbdghtgrbée45QUa@@U§ylmﬁ@EWMﬂhﬁellal

Fb?%EEOEEQQHS%@AIOnTﬁé9%gkhodéhgr@nﬁ@@&uﬂnqmﬁeﬂﬁﬁ<ﬁﬁﬂﬁéxt
ers in er ent garts .of the world, ranging from

7.8 p%?riééagoﬁaPﬁeﬁe FEFf™38%Asi a to 46.8 per 100, 000
in southern Africa (Parkin et al., 1993 ibid). The

CUBLERL-6ARGERLI @ReOfinGBhYlieal carcinoma is that it
I s—a HUILISIage drsease, often devel oping over 35 a

period of 10-25 years. |nvasive squanous-cel
car ci no@erefcthe ceeriinrmas isepnes oft &dehynosdnommdrion

thpoug ?n&ﬂ@ 9@%@58@%”%6%1@0@15€Vﬁ@ﬂngst@%eskﬂpﬁﬂmﬂr
ep |t | am na %@ a...Ihe cI|n|c

ce?@? A9 SPEPRENE lé&ﬁ¥.88ﬁaHP &ﬁlgiﬁﬂanﬂyomen
Pr ¢gaokin bMs PBeeaniePat Egrileycli MilO&R)stlage I IGpmsier 54:

594-606;Pisani P, Parkin DM, Ferlay J (1993) Int J
Cancer 55: 891-903). 15,700 new cases of invasive
cervical cancer were predicted in the United States in
1996, and the annual world-wide incidence is estimated
to be 450,000 by the World Health Organization (1990).
The annual incidence rate differs in different parts
of thé world, ranging from 7.6 per 100,000 in western
Asia 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
a period of 10-25 years. Invasive squamous-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 considerable variation.
Prognosis has been related to clinical stage, lymph
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et al., (1990) Gynecol Oncol 38: 352-357). Sone
patients with | ess favourable #uhour characteristics 5
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neo sl a_and %ﬁ % PRS
assBE gt BHsa?WAﬁés Rogrs ﬁ?daﬁ?gg ) . ?ﬁ@pé(ss déseaaese B
i s etrahg, iﬁnh5| §t efbnapd SpedRRi-€.t 3984)i.mi t ed nunber
of viral types (I\/Unoz N, Bosch FX (1992) HPV and 20

[ evi ew_of case-control and cohort

cervi cal F R%p % ﬁ)
studies. T SEPMBRLPIPS LB EF VI KRN GOPAET SH3n
i nf stmahgvessbodrespnswibhgraddgdpuasi omgniitel ERE Bexual
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et POPEXORSrPYOLAE B5ERon SBar FPEFLERSL FE & 11Rited nifmber
car oEnugeatstypre80 (Musezr §spBasehr EKat(iL8Aghi PPVasriseen
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ConBtharger (BRRocetyiuB] 280580t neAToRBLI waPst

positEvembbivelPythdiest heterngt ssgecodhitiongs widdatifve 16

CerMNﬁahaQQrBé@ﬁ”@%sb%vgé %ﬁth'réﬁﬁ%kégh% cMRidigh by Ffor

oL niap i, aheecs apfoRioR oRadB" cRAPLELITRY, "Y'

cer VI¥aF1¥E  §pBSShy apfeligh-g S ’ g out
the possibility that this association can be explained
by chance, bias or confounding (IARC monographs,
1995). Indirect evidence suggested that HPV DNA
detected in cancer cells is a good marker for the role .
of HPV infection earlier in the carcinogenesis.
Dose-response relationship has been reported between
increasing viral load and risk of cervical carcinoma
(Munoz and Bosch, 1992 ibid). In some larger series
up to 100% of the tumours were positive for HPV but
the existence of virus-negative cervical carcinomas is
still debatable (Meijer CJ, et al., (1992) Detection
of human papillomavirus in cervical scrapes by the
polymerase chain reaction in relation to cytology:
possible implications for cervical cancer screening.
IARC Sci Publ 271-281; Das BC, et al., (1993) Cancer

72: 147-153).
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40 72: 147-153). WD 2005/083129 PCT/ GB2005/ 000774 3
The nost frequent HPV types found in squanus- cel
cervical carcinonmas are HPV 16 (41% 860) and 18

(Zqézzo)ggé” ggg'gkgg%éﬁg ﬁ%v %gg §5fo§%d 4%, 5 51,

52, 54 are al sg_found
(|A@@Pamﬁﬂ§gngksceEEQS§ FﬁrFﬁeomP€2666 FVerlRat (tdai86%)
conéﬁdenee pa-Bakrel oba EBNit6GEnl18PV3Bland34538er 89, 45,
def {5‘ 5% E%ghsé'sgs Wabl es'I'PV6§3an€i5683%re5]a’1s%2'found
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as &é@£§§aa§§0ﬁ%§heﬁlbﬁv %%E?é Hpﬁ @@ﬂbgg Oh oSt udi g5,
have exg ore ot enf é e of "HPV tésting in
cer¥fca sc?%enﬁﬁgw?§%ed 3P a@tlﬁFerﬂeQ§§F@mﬁﬁs
revikgeptittie sbhak. oP7humanThpapBl haghviries tdstsi ng
mﬂtghagrﬂsafayé09£s§0ﬁﬁﬁglage EaggEﬂggeofH%al&%ferred to
sess 3.1 § % et (Reird R
et af.capgey1FSAATIaEpdt BFY H@éol 164. 1461- 1469)
where the first to dennnstrate a role for HPV testing

'n a SCfgeﬂhHEefoafeéEudIQFSha%&ug&pm@§eaa&hbegd®@hﬂya1
gh-ri wonen from sexua nsmtted dlse

0l Pfobs AREReEPariEs 38 GyANAERTogreeen Lad (Gea uzick
sensttaye AIeyssemahgenrgyleﬁoufheha pboe of human
N iff5h991£€% t@@%gﬁéeﬁﬁtﬁﬂn A E@E@Ecgﬁ %@%%enlng

n-were enro VI CO

ConeFagtainas Hepbshi BPEDAREUAGECPD CYRar oy oS

Twenty-three CINII/I11 lesions were found al toget her,
30 but ol 131:"‘&![9 d‘?ﬁé&&eﬁ bétcé{&o' 0QX9©§‘?”§M vidbtet
52% spec] | estin

o rabath, L6k ShERT BARGD) cihare PRboEi ot tey dgmonstrace
(1981FoI&MPOR6BPV 86s87R2947) ar epueendngeaphyext. This

PCR; 088§ dwsL udYr 8L 8IoMY08A1high-risk women from sexually
transmitted disease clinics and specialist
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 as a possible adjunct to cytology.
Twenty-three CIN II/III lesions were found altogether,
but only 12 were detected by cytology (sensitivity
52%, specificity 92%). HPV testing found 16
high-grade lesions.

Bauer et al. (Bauer HM, et al., (1991) JAMA 265:
472-477) report an early PCR-based study using MY09/11
primers (Manos 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
women, which was much higher than for dot blot assay
(11%) .
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worren, whi ch was nuch higher than for dot blot assay
40 (1196 WD 2005/ 083129 PCT/ 2005/ 000774 4 In a
study using PCRwth GP5/6 prinmers (Van Den Brule AJ,

et al 1990 C 8 3
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tyQ§§o§§a81§ a8laspds38dvbyecgoaibderedin wiidee womesn

Wit eatsgoggcggagg CliePnbDagt il WBEE1 0Bl che npv

HPV: Posit T ve one~o our
tyﬂ@381W%WEﬁYmFﬁhe|@§§ gBY¥r 8- 8§t ofBgi ERLs was reduced to
abnpr ol i £i ea1hadypevers HPYsposit kit g3r abes kbnaifiered,

gfagﬁd %Oméggﬁ*gﬂ ﬁlg£8§5 ggggch§8§gOQ§uaﬂagégh Bere

Shan
80233b6§P¥x99ﬁé5§V?he§@d 8B§eh9§tpaﬁ306ytPSo£PH§ gboxe
f urgiess 13iSmenmwithi 1bs20sabapenaltsiregisalThis st udy

a'895889£5£E§9egn§58a§59gr BB bLULLYERLE LR 3

I NCT'@asST Ng Seve ey al so noted
t hadraged| oK} §FOWFNG ﬁe?é?%ﬁeﬁE?P? decreased from 22
types for Iom#grade snmears to ten "high-risk" types

for high .ca??gﬁ ZnghkﬁoangEughgnngM i pel ugde

i Ve’ wonen, nor was cytol ogica

d.séh§%4bo RE ¢ e anﬁ?§t%ﬁog§@%r?96 CRxPaRdgs hpese
( Cuzhskrvat ebnal by I&BBQﬁgLaﬁCetfﬁﬁtBé@ 13%22- ¥dBen with

C“%é %%gm?f @E?rs(1%§4% 5& y Sfc§8f1r$éé 1ﬁé}8a81ng

wer e O repor testing praovi
us Bl F hY bEVmEAbA wththQCF?aagagoﬁeV6yﬂ6Vo@ﬁcsmear
abnesgml t &i esTHeyesl ed fotédAgthabdohe level of HPV

heterogenéityAdecreased from 22 types for low-grade

smears to ten "high-risk" types for high grade smears.

This paper did not include any cytologically negative
" women, nor was cytological disease confirmed

histologically.
Cuzick et al. (Cuzick J, et al., (1992) Lancet
340: 112-113; Cuzick J, et al., (1994) 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
coloposcopy they found a positive predictive value of
42%, which was similar to that for moderate
dyskaryosis. The results were most striking for HPV
16, where 39 of 42 HPV 16 positive women were found to
have high-grade CIN on biopsy. This study pointed out
the importance of assessing viral load and only
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dyskaryosis. The results were nost striking for HPV
16, where 39 of 42 HPV 16 posidti-ve wormren were found to
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serm&mtx/l”\reﬁ 157lven o8 / g3 1we gl ez e eds ndt Bobscféy a PPV

detgr @&?Mirﬁ@tew oD ShSs of ol wi€ilahs ioEgched
with HPV which conprise nmeasuring the |level of HPV
actiSHIYF b “Het ecting transcripts of all or a portion
of the E6 20 and/or E7 HPV genes in a sanple and

conpari g t@ﬁ/o@?ﬁt&@é@ﬁil@egfméﬁb@@tf&rtaeweﬁalﬁlng the

previ ousl #ab' she | ati nshl activity
ané’?c?gslko SETON 10 Jsrérel%%% cerV| caFIV Bl :

asi a
or cmmmsﬁarmsa%rm goite ggB(e Heak riiBé sa@et abE grs
thQi@cse?ﬁcsﬁf@rﬂra&écffb{:é; rtﬁ@vdlprblba@eﬁoﬁmcbﬁeof the E6

neasu ne anal ysi s e e e
SR LS Sote . iR Te SR ESneRE Bl
ar @%@tﬁwma@%rﬁm‘g wfewlty with a previously
established relationship between activity and risk of

progression to serious cervical dysplasia or

carcinoma.

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
describes methods which are based on measuring the
levels of expression of two or more HPV genes (e.g.
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.

The present inventors have previously determined
that it is possible to make a clinically useful
assessment of HPV-associated disease based only on a
simple positive/negative determination of expression
of E6/E7 mRNA transcripts, with no requirement for
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an indication of the stage of HPV-based di sease in a
patient. 35 The present invent@rs have previously
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acc [ n ,heas XRr-essi.qn

CHLaLe; guant Ll aLLyE, Measurent pgile Lp2iar 28 e
prei@??é@aéhﬁﬁélnﬁﬁpllp§taﬁﬁnﬂﬁl@ {678&ﬂenat|on in a
m d-to-hi gh throughput format. This nethod is 5

descr beghl nodehak oLOCLIBCAPRL] 8739 5BUR! 0% e reranty

| nt er nat 1 onal’ I catron
des@@?ﬁé@dlﬁuV[ﬂ63P979h@ Psepilefrer BBVyPreaferédkagty which

usmg tbemErei ety HPNiPaBDEECFTMnkNbrewhbchAs . 10The HPV-

GetaL | Joaup! Labl eabLonDarchLp £ PEpornggmgﬁlon

Pro er assa eve n
(1)<1Heﬁ@$$¢é5¥¢@ﬁl@ﬂ ARNIRNA 0¥ PRy EL¥pespprdfic

di fdef eatediP\VHPYPESPES6,(148, 18], 383 aBdad8) 45(3)
g iR R e R T e S R

f ul 6 {BhgERVES/ #79 nRNA i ndi cating dysregul ation. Each
sanpt e DegergDest 1 bheerf dune eyrdb&SiAe 2051 €atli 0Bsgth E6/E7

th%ﬁﬁﬁﬁrfnéi% $§glais?%§?igggéﬁed for each sanple.

Negati ve con s”ar éd éach tine to nonitor
contani nation. Positive controls are included for_al
HPV typ%d‘l@ SRNbl Or uh€8pedé s PeEfos N Bex NALBANSI C

cel}%g A4 [t f@ﬂle]tul reP?'\?}icﬁééHit‘?é %? h»?é'ﬁS%ESB' Pdr each

gene ors en roced
POSTATRES § al NROReHER | vBLTe s|%r%o¢ncluded cach time to

monitor contamination. Positive controls are included
for all HPV types to monitor reagent performance.
Intrinsic cellular control UlA mRNA (cellular
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 Analysis Software (PAS) is used for automated
routine data analysis, interpretation and reporting.

The utility of the HPV-Proofer assay has been
evaluated in at least 12 clinical studies.

The present inventors have now determined that
the Pre-Tect HPV-Proofer™ assay does not detect HPV
virions, even though it detects HPV-mRNA from HPV 16,
18, 31, 33 and 45. Rather, presence of E6/E7
transcript, as may be determined with the HPV-Proofer
assay, is indicative of a loss of transcriptional
regulation and loss of ability to replicate, and/or
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30 The utility of the HPV-Proofer assay has been
eval uated in at |east 12 clini’‘cal studies. The present
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I ndl.cati.ve O a 1.0SS 10 . u :
ndat iR n Ol AAUREELBL oS0 JAQULAL §rus
200i57 0881 e GBZUDS/ 0ooryas ingidexphresgebhsofiefected
SEE &y lﬂt&eeﬁt_ iE% Eflopries miNAe m@ési@mcmmgngV-bgagtbr

Io I N 1S | (O] e 0 - .
PR Tt 15 et &8 e glcjtj?éoh Y (\:/% ?%sgﬁﬁﬁﬁgér FerEs,
si reegulat von f HmRY proneeriptionsconwieh of the
t r 3NSsHid A D Bdon egUl HRONEES fET Ostamsiclr ipes Vi 6HSlok8 the

i ntegrated. The.vi S 4 t -
o i, R U AL O ORF L RLER 08
| efhehined rome e eXgreess cd extalpil 19d foiaprof the full

r et 10 e - ngNA evh T dlanstdbdé s othe€ ofi1 DI 1@figt herd0

prorrrocgteeris fromall the E6/E7 transcripts, or |lost the
splH*ciHy ‘tapabi lity, |eaving the E6/E7 transcript

behi nd or el se express a stabilised formof the full
l engt h pries RNAY Y6 IeReDdessd hebdattved efighth he

0 Sl NE L gl e lop Sl el et oLl
celdsl lorqanglet s t tdel $e il ah g enarerart sedsed
as atéﬁ&:lrlﬂﬂ! gseiih ceﬂﬂa{mﬁbé?@d:em%@ileﬁneamf@fpﬁ@igg
(AR LR TP Wy L 5L RGR5 08 a8l €
explasimitqelyy. EHE tHR Prae ROHL R obperEe 4BY)
expression (e.g. using the PreTect HPV-Proofer test)
have something wrong, they exhibit cell abnormalities
or have large maturated cell nuclei. These results
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
expression of E6/E7 mRNA expression with HPV-Proofer.

Therefore, the inventors have determined that
expression of E6/E7 transcripts of human
papillomavirus can be used as a molecular indicator of
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
E6/E7 expression can discriminate between
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characterisation of cervical |esions. Cytologically
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HPV-types (HPV 16, 18, 31, 33 and 45).

(4) Those who tested positive for E6/E7 expression
with Pre-Tect HPV-Proofer™ were significantly more
likely to maintain a persistent infection than those
without positive HPV-Proofer results.

Accordingly, in a first aspect the invention
provides an in vitro method of screening human
subjécts for the presence of human papillomavirus in
at least one cell or tissue, wherein the human
papillomavirus exhibits loss of regulation of E6/E7
mMRNA expression and loss of replication and/or
expression of a stabilized pre-mRNA which encodes a
full length E6 protein, the method comprising
detecting the presence of mRNA transcripts of the
E6/E7 gene of a human papillomavirus which encode full
length E6 protein in a test sample comprising mRNA
derived from the cell or tissue, wherein the presence
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carci nogenic HPV-types (HPV 16, 18, 31, 33 and 45).
(4) Those who tested positive $or E6/E7 expression 25
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pappkéesnaver us whilthlerncotdenbekl chekeagtleriGepr atyeiemliarged

t?éilsﬂﬂBmEefQHHrbéi@ﬂlH?Nénégﬁtﬁﬁgge? f%%”ﬂ%%%tcgﬂe

I ssue resenc
PCT?@%%OGS/@G@??&r ghigp BEER 6FEWPHRﬁEStﬁ%%$9HHHQsthe
i n phessanpl efi sRNAkemanasraptendifcaheoB6dET kene of

pfeﬁ RSE ggggwggpgeaeug'wﬂachvgheéd%xa'guﬁunqelg%%.%%

regu atio expression and_| 0ss. 0

repPF@B?FBanna/EFSEXEPQQ%FoﬁogpaﬂséngtEBN%I?@Elved from
pr eenBNAehcodi hdsbukl, WwbagthnE6heppeteiencen dfheucd [E6/E7
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pre ence O Suc
human papillomavirus in at least one cell or tissue,

which method comprises screening the subject for
expression of mRNA transcripts of the E6/E7 gene of
human papillomavirus which encode a full length E6
protein in a test sample comprising mRNA derived from
the cell or tissue, wherein subjects positive for
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.

A “persistent transforming infection” with one of
HPV types 16, 18, 31, 33 or 45, identified by the
presence of E6/E7 mRNA transcripts encoding full
length E6 protein from one of these HPV subtypes, is
considered to be equivalent to persistent cell
abnormalities or persistent CIN III lesions, cancer in



MRNA transcripts in the sanple is taken as an
i ndication that the cell or tissue under test exhibits
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i nvention provides an in vitro nethod of screening
human subjects for the presehfe~of persistent
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transcr'p%ﬁﬁfgeggtngrgﬂgkorh§ﬁgtﬁpﬁﬁlﬂfegeaenf5g"ag@gned

of these I'S cons
0o By che ! BAESLRL LR CPEBRBRAI PE, BS/BY BEVSPENBnEnePrLng
|11 £0EBI DEsgtBanReeprbne W 28054088429y correlate with

PClLSF000LA004 14 1:+1Qndsté§f§509é9§e95éd 539UBPBHRost ic

aepi [ s assessed by
cyt%@%@?ro%nhF§?0F6§V10a¥h§F€?%Pén9tHéoﬁﬁﬁﬁod & the
t hi palrespeTar pf thbemethwéndtonher duivdasianmetijotbeotised in

SCf@ﬁ@'@§1£ éfpﬁéﬁéﬁtfﬁénE Eﬂé&°5§1ﬂgvhﬂ egti g wht h
vede

human mavl r us eaU|va per si stent
abn%q%%m@wﬁegeéisp@?sve @E?r@$NF@|?lgaéﬁaﬁenceaﬁééFUﬁﬁ or
si t Lowrghh@d- gragdeosquanousepithagpal heesabnl ¢s8ans on

( er si HP.
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en h%nts 1s prob ematic because only a small

proportion will progress to cervical intraepithelial
neoplasia (CIN) III and invasive cervical carcinoma
(ICC). Follow-up testing by cytology/histology fails
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
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
E6/E7 mRNA transcripts which encode a full length E6
protein. A positive result for E6/E7 mRNA expression
indicates that the subject carries virus which
exhibits loss of regulation of E6/E7 expression and/or
which expresses a stabilised pre-mRNA encoding a full
length E6 protein and is further indicative that the



full length E6 protein may directly correlate wth
persistent CINII+ and therefore serve as a prognostic
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particular, the nethod of the_invention may be used in
the triage of wonen identifiedtas having atypica

squanbtisctehds abnondelervwilhedhangasti cance (ASCUS) or
| ow- grade squanous intraepithelial lesion (LSIL) on 20
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Pri PRENEPL Bt 68BEEET PErYhieBnhasr 8Pt t YRASEGIPE 18R, such
that the full length pre-mRNA does not accumulate
within the cell to any significant extent. Thus, the
pre-mRNA is generally not translated to give full
length E6 protein in cells infected with native or
wild type virus because the pre-mRNA is processed by
the splicing apparatus before translation can take
place. However, in a cell with abnormalities
associated 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
is not observed in normal cells or normal
proliferating cells, e.g. cells infected with
replicating HPV.

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



splicing event within the E6 open reading franme and
hence encodes a full length protein and is nore stable
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Cervical Intraepithelial Neoplasia (abbreviated
"CIN"), also called Cervical Dysplasia, is a cervical
condition caused Human Papilloma Virus. CIN is
clagsified 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
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.

HPV has been identified as a causative agent in



primary (unspliced) transcripts expressed in native or
wld type virus but will still encode a full |length E6
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opnment of cervical carcinoma. These cellul ar
changes are associated with
As a result of HPV integration into the human

genome or ag a result of the “modification” in a
modified episomal HPV genome, normal control of the
viral E6/E7 oncogene transcription is lost (Durst et
al., 1985, J Gen Virol, 66(Pt 7): 1515-1522; Pater and
Pater, 1985 Virology 145:313-318; Schwarz et al.,
1985, Nature 314: 111-114; Park et al., 1997, ibid).
In contrast, in premalignant lesions and HPV-infected
normal epithelium papillomaviruses predominate in
“unmodified” episomal forms, hence oncogene (E6/E7)
transcription may be absent or efficiently
down-regulated (Johnson et al., 1990, J Gen Virol,

71 (Pt 7): 1473-1479; Falcinelli et al., 1993, J Med
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
92: 1654-1658). Thus HPV integration, typically found



constitutive or persistent expression of E6/E7 5
proteins fromthe HPV viral genone. Thus, it is
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of E6/E7 nRNA can be detected, particularly those
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It is preferred to assay for expression of E6/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 these HPV
types. DNA from HPV types 16, 18, 31 and 33 has been
detected in more than 96% of cervical carcinoma
samples in a Norwegian study population. Other
studies have shown that E6 and E7 are almost
invariably retained in cervical cancers, as their
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
the undamaged genome or the Ll gene sequence,



- 14 in cervical cancers but only infrequently found
in CIN lesions (Carnody et al., 1996, Ml Cel
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event in cervical carcinogenesis. 5 1n a clinica
context the performance of metRods which rely on
SCT?@ﬂéFFléﬁroﬁxﬂPﬁsﬁRﬂn ekpEBLEZANRNAm aheng6i/E7 area
critica P n 3 : € 5.
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confelehed. tqhasragbuﬁfréawﬁieglagdeﬁgsﬂpaﬁ FaERATNGHE -
whi ch has maxi mal sensitivity, yet produces m ni nal

false-negall Vel EPEhS, &Qtﬂoageﬁggéadoﬁnpgg GRbn of

this is achi éved % 8 a sensitrve a |ca I'on
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L ecQILoNSsts LEAhsthEe BARDL gﬂf%bﬁggg&@gn U8h80method

eacons probes,
aI maxmbﬁeu%eicF@sS€é§@5rEhoselggéh %bhlgb r2f500§155
Duedévelbgingnseirvbay obrtbhnsmbhethonqamohbet2@he group
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ressi on score
mnt%I@rba@érC@% Yig@nce. A&ﬁU%llgoﬁQYigﬁél?nﬂnﬁéNténWaY be
i f 4beinsgays aveet Oorbkessetdhénstihe ddagextief dae to very

cI|f5§a£eggg§§gigglg{ggﬁégyﬁﬁﬁ5ﬁ££ﬁé§eHEeE £6885l8ts and

for-expres trapsc |pts rom
anydbﬁ€e6¢nhn¢ﬁt@10$aﬁalné@@arbmﬁmg%ab|9SSPF JEptHPy Gyn
typestio, 12818611933 apd3A5fouhd thet eohbdi aeptintihe$ of
ass t n t \
typgps{e g@iﬁq e §ke8 nggsgﬁégrg@ 39 dlé%égg%g?’\'éa%%bh@
t haRhoB9, Bheker ¥F cal JeBrEnRoRacdshnbl 88 FRTACAERRefriiod
st ugly pepnt atyong €hbesubstudbEsihaveidhatn whah ESCUS,
ande Sl afl §nd! OPSEry| PVARLARLY Le!BLBefahs GEMYLER! of
cancers 5 expression is
nec@%%%i9p¥@9 @%ﬁVéF%Foﬁa¥61nﬁﬂﬂ na@ﬂ?eﬁgnggvoFYPﬁé 16,
malignant stat® f&BoQetéched, in 87% of the cervical

carcinoma cases study by Karlsen et al., 1996. By
inclusion of HPV 45, nearly 90% of the cervical
carcinoma samples are found to 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.

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
high risk of developing cervical carcinoma.

In the method of the invention “positive
expression” of an mRNA is taken to mean expression
above background. There is no absolute requirement
for accurate quantitative determination of the level
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40 t he undamaged genone or the L1 gene sequence, WO
2005/ 083129 PCT/ GB2005/ 00077416--15 detection of HPV

MR\GE ex@) €3 SavA rempies EGAE7 area may detect nore
than 90% of the patients directly related to a risk

of devel oping cervical carcinoma. 5 In the clinic
met hods bhe edeBia Hat SEbP@HISRE S EGF e WRIACHEY Obe thSed
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r ep(etel Ghbi daftsfarb@léve@ﬂ seffeseal cylahmegbst saapdel’
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t her &I e cee sPFRseRRro P bskess EbaDi EaFOBXr efnéhE.
Thuﬁeléxl"&ﬁ'@ hENA geatine cfedafipleanrepéircteptlmebhathe of
Iqﬁ§£+ ying t he subset of individuals wth ASCUS,
oma or CIN 1 who are at substantial risk:of
developlng cervical carcinoma. One of HPV types 16,

18, 31 orhd3n¥Eisodiet €Lt ide i NG DEnt WelTepretakrably

carcin C 199 .
CnCTEeTTe CReeRRi e Y M RTOIREA, Bhing B bertlique
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hiGHLSBﬂSﬁEMNImQEﬁ@daS@@@hﬁiqméywbichhﬁs abkeenb detect

et Dod MERANS- SR pY Lo B 189 ¥41148Yah8 33, ang
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
also 45, and most preferably all five types. However,
women positive for positive for expression of E6/E7
from other types than 16, 18, 31, 33 and 45, e.g. 35,
39, 45, 52, 56, 58, 59, 66 and 68 may still manifest
cellular abnormalities. Thus, the method may
encompass screening for expression of E6/E7 mRNA from
one 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 HPV 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



primary screening, reflex-testing kit or routine
di agnostics for detection of wonen with a high or very

w@200kigf129 i sk of devel opi ng cervi cal carci nonaPCT/GB2G08800774

10

15

20

25

30 .

35

40

met hod of the invention "positive expression” of an
MRNA i s taken to nean expressidn- above background.
Thefgy iss no absol ute requirenent 40 for accurate
quantitative determ nation of the | evel WO 2005/083129
PCT/ GB2005/ 000774 16 of E6/E7 nRNA expression. In
cert ai n Brboudtreeds, of hehereiWogRt &¢nt #ee bagedt PBn may
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1o e e 5 1t T P FPBEE ETRER, SBdoge 7, 00
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of {1ROSHtT Vel SXPFIeSSs N/ mmyA I efUtsiRehhgs Qreseneevef
nor e than.SO:gqgkgs of the relevant nRNA 10 (per nl of
sattEFH PR T otar - vol une of sanple), whereas a

determ nation of "negative expression"” may require
the presgnce-fml ess11 eandricopy/0f dkea teheyani ptRNA

( per f sanpl e_or, per_tot vol une S . 15
Thenmitr Y 1 Tad et Sy P e R AL 12

s crvaarii angt § orbEs/ |TComNIE s e @l sleedmi querapprERPES that
ablg dudet et shecl fHerl | Yelmpt IE R RN f EDPMbroteins.

s FEOT 8k et ey Bl e thEb gt il un
pr efedr s dinfeodedentth FEPVel hoda ey ¥ Yesebhrag Eér
Eg/@arré%%\ifiop@i ék%d A ek r&;ﬁ[Llﬁcé\eﬂJg@baﬂ@cﬁégﬁest Qeflet €6t E6+ 1T,
pr é#ge}r'\@bl ?lng]l ﬁgg* ﬁgpﬁi@?]t%jf%%’r a%tf %ﬁt heJ ng%g%%i' vvllﬁ39 Mar
25 &pedi fi4kl 1Y denrediindpr diat oot 11 HOP E7TPRANANRE dnfrcad
at SdieaﬁflﬁA.on@@é J}W 4y pES) ﬂ/?68d84; ooBBarand et al.,
P SLELbldy, 5% S (PEL B! el Lo, <
exprlessT cfemfVEGE7 1330 May het (Riypek: thhk-G6, Jaknsgr MA,
33 ANth 5,7 &dh Whrol. 1990 Jul 71 (Pt 7):1473-9;
Schneider-Maunoury S, et al. J Virol. 1987 Oct
61(10) :3295-8; Sherman L, et al. Int J Cancer. 1992
Feb 50(3):356-64). All four transcripts are
‘transcribed from a single promoter (p97) located just
upstream of the second ATG of the E6 ORF. 1In the case
of HPV 16, the term “full length E6/E7 transcripts”
refers to transcripts which contain all or
substantially all of the region from nucleotide (nt)
97 to nt 880 in the E6 ORF, inclusive of nt 97 and
880. Nucleotide positions are numbered according to
standard HPV nomenclature (see Human Papillomavirus
Compendium OnLine, available via the internet or in
paper form from HV Database, Mail Stop K710, Los
Alamos National Laboratory, Los Alamos, NM 87545,

USA) .

In relation to HPV types other than HPV 16, "full
length" E6/E7 transcripts may be taken to include
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one or nore of these HPV types, nost preferably in
addition to screening for E8/ EB MRNA from HPV types 35

16 t£§ns§£1 83 ﬁHQF?5coﬁFéiﬁlﬁehﬁ&hb&éehombhb@bhsato the
eogr ca opul-a n S | t
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nethods of the invention are based on detection of
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| ergt bnesE EFrnRAPES Whkeh a§eaSEQ§FfP9ef°§cF@§nFﬁ@1°n
res#ﬁichlgsTBEeb@hﬂ1oﬁmy|1heﬁglh E6hEZ hTREAE7

LroEREiLpLsLcqexabyies gt al Loeugatucally oceurring

onpasses bicrstronic
transcripts that encode functional full length E6 and
57 proLegné EEemrtEéhEarmﬁbmexhebhes hexe sd harcodden
escribed in h Y
unepPdgicecrebRatl hicl BoEShER 92k s Hﬁcéé@t r@%ic,*%ﬂﬁ’pt?lo
denb@édaﬁé*the E86LL EﬁanEEfFPF FBHE kEH BOS&t o4l b

V'r@bdlﬂ§§g?&héncg3batwééﬁ1nﬁclsaﬁ&aen Izewahﬁssemn(ln
Dodgg oggpe # Fa IEOE%i ére§8§§gégégé§9é§) 30804 at

178%Q§SQSQD€2Pr€ﬁ?ﬁePFs§éﬁbﬁW ren the r3odeR Vecgted
1990 Mayerd LARE18)t1348- B26JahaSa09MAf HEV alpel 16epr the

Vi rol

h?moﬂggguéﬂkeé}&§g§%$@b§Z§6§ 18 3gg§g§r1 UBQUV%3 or
et 4%. |ppegitandéby. fTeyodudy k@ﬁgé §¥a§§€r6EFS ﬁPP
fOuéchiéﬁé@rb?tﬁhérﬁset6ﬁnSCprbﬁdrﬁpaﬂralﬂlW@heh one

pronntgér(Eg7épE8E§£8dfbysg sequence located within this
region and the other primer is specific for a sequence
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 this region. 1In other
embodiments it may be possible to use a primer-pair in
which both primers are specific for sequences outside
this region in combination with a probe specific for a
sequence within the region in order to confer
specificity for mRNA encoding full length E6.

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
publicly available via the Human Papillomavirus
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substantially all of the region from nucleotide (nt)
97 to ht 880 in the E6 ORF, -i h8l usive of nt 97 and

88 oA enlh deaPoshéi&ns are numbered according to
standard HPV nonencl ature (see Human Papil | omavi rus
Conmpendi um OnLi ne, available via the internet or in 35
papessdyormefhohe g Pat abase, Mail Stop K710, Los -

Al anpbs National Laboratory, Los Al anbs, NM 87545,

USA). In_relation.to HPV. ty V.
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splice variants.. The E6*] ' hibit gl
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HP\owlypen 4 5Spuepasnabienecb Bugleiandeifptseftprt §rom a
ng@1%%1%§? @@@%yf §§Q%§6p§yb@©meannﬂu?|eetﬁdealZEélls
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PrinElydSoPPECLLEC EPT 2 sequence

The preparation of nucleic acid to be screened
using the disclosed methods must 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 genomic
DNA, or even crude cell lysates are also suitable as
starting material for a NASBA reaction. 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
preferred technique is the “Boom” isolation method
described in US-A-5,234,809 and EP-B-0389,063. This
method, which can be used to isolate a nucleic acid
preparation containing both RNA and DNA, is based on
the nucleic acid binding properties of silicon dioxide
particles in the presence of the chaotropic agent
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specific for a sequence located within this region.
In other enbodinents it may B® possible to use a

pri geEnRakhel Bh38cyAnaRbQidhgpmiimers are specific for
sequences outside "this region in conbination with a

probe specific for a sequence within the region in
order toTeenmeehodgeeiff Lot ynventaRrNAaEec bdisay fart |
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met bedge@bct B8 bRVERLIOAikAYObYE sapeefiinatifler dihe
presgnce of EGégzhtranscrlpts in at |east one «cell or

tissud; “and" fore par P%ﬁlarly in a sanple conprising
RNA fromat | east one cell or tissue. The at |east

one cellTeritiasye pyéteﬁeaartaedatebea&RNQnéxy%ess1on by

CerVI gé gfl%ﬁ %m§a£¥98a%FP%htééhﬁgaugpthgg% yreferably

|nfec omavi rus,* i
ep.@he%ﬁ@th@ém@% amﬁélﬁﬂ§@Fé§§dS§€heéﬁlNésﬁébhods may
be @@aﬁs@ﬂlpﬂ5oﬂume@maaearamgnatn@ateannuehghélaﬁealated

i so f a tal
corbeEfelipman Sk RELoBRIBI G BLOERK AT 300 on
SU|Pb@$@ %@ﬁb#@%caVMP@h fhy - beA&ée@fa§haS§omﬁ@@odﬁ are
nucyelt nﬁ@ﬁnlnﬁluﬁé atbut MBok pxeFushBelyNRNAr exgalession

swabs, gl ¥1 6l 20, bi 00SLAS 68T Y63l +$CEPLROS,
b+ PhH TR BPush

es renove se of es an tanpon
etccomgkmﬁtb@@p@iﬁg/ﬁﬁ@@stlmﬁl@@tEQFaPﬂlﬁfeﬁbédded

ti ssueBif avgc {on mproduet . nehbanektf pxedeeeblS combination
is amplification by NASBA, coupled with real-time
detection of the amplification product using molecular
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 willtgenerally comprise the
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
stranded RNA or DNA, an RNA polymerase that recognises
said promoter, and ribonucleoside and
deoxyribonucleoside triphosphates;

(b) incubating the reaction medium with a
preparation of nucleic acid isolated from a test
sample suspected of containing HPV under reaction
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and preparations of total RNA or crude preparations of
total nucleic acid containingezboth RNA and genom ¢ 30

DNAy o194 1 €V S CliliEen Csdimi ¥ SAt RASBACaRAbSOFSUht aBhe as
starting, material for a NASBA reaction. Essentially
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preféerred technique is the "Boont isolation nethod
desTtPetP?n Us A-5, 234, 809 and EP- B- 0389, 063. Thi's
nmet hod, which can be used to isolate a nucleic acid
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HPV e ite St -0 Tt hodd® aPRendt F1E it LaSRETHELC

r edpdutidisationprrdke caodpl guet useect bidel byt aprRRAling
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0 ARATRRCE i TR THE TV ERT b, Ty CERARDE o

spedivaresaRiNs, naymige seenfet eca@Horyt hydr i sat i on,

anTdH dnh CRn e Sents g deCcini aegme | 1abs1 MBSt any
prefﬁ{re to deée_ﬁtegﬁﬁ \ X
am$lGHS T R Fechit 35

g E3L 80, Bl B8l ina
| satrhérmlantipl i The @Tem suck BeraASBAhe label is not
tr ansicdiddil orpuredi At bhd | EAb4PNe SF gpRbINEIHG! 8d
ampl.ificatiqn of .RNA.technol o |sotherma#1 sol LoD 15
PhaS I 1 RO X AT HELe (it Hods Af el 0o
weldr Kinowrenvundiel e twiNbt o ederary afNAL epRbssi on
20 dup Al Ld(dyy an s Whes et anpdi f g adh Hpné N,
conbination with real-tinme detection of the
A preferred detection method is so-called “real-
time NASBA” which allows continuous monitoring of the
formation of the product of the NASBA reaction over
the course of the reaction. In a preferred embodiment
this may be achieved using a “molecular beacons” probe
comprising an HPV-specific sequence capable of
annealing to the NASBA product, a stem-duplex forming
oligonucleotide sequence and a pair of
fluorescer/quencher moieties, as known in the art and
described herein. If the molecular beacons probe is
added to the reaction mixture prior to amplification
it may be possible to monitor the formation of the
NASBA product in real-time (Leone et al., Nucleic
Acids Research, 1998, Vol 26, 2150-2155). Reagent
kits and instrumentation for performing real-time
NASBA detection are available commercially (e.g.
NucliSens™ EasyQ system, from Organon Teknika).
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25 beacons technol ogy, as described by Leone et a
Nucl ei ¢ Aci ds Research, 1998, 2%l 26, 2150- 2155.
Met hods for the detection of HPV in a test sanple

o 1O | oirng ERsbEERILONENEL]  DRECHA1 LY. GATPHLSE e

conmclgn%ogzumﬁﬁbb@ pﬂFﬁﬁP%ﬁF?é 1nRoRNBEd PraEE&Ed 2DNA
pol y1egas8cl edt i 8B0AUTLRAREG Fbal-byseohpaesotieigRNA the

str f an RNA- hybr u r

R A e e T e
polwﬁb¥a@é8@hapnréé©§ﬁlses sai d- pronoter, and
ri bonucl eosi de and deoxyri bonucl eosi de tri phosphates;

(b) |ncupating, e kaachban-BEdbURh: hgogroeﬁﬁegf%%'%%e

of nucl el ¢ aC| |so
susPReBRdrefcEbALalAY nge HPYN LReERdr BEARPOA venerlc

20004988129 RETLEBROASHO6PE 7¥hich2hybeaddistions whi ch
Dot b 8 NASEALBIRLILL R o0 ESACLLATn Nl Ehe primer 2

quan
HPVD%p@@nﬂcbegtééact oThiﬁelﬁwSB%}Xﬁ%?PFlEQthﬁ 5
reaﬁmu@nlséﬁéﬁctdéﬁeetlbhesgseemfsappnaédcbysprghnbhe

““f¥“kn ﬁsctkﬁg éhls 598088 Qg%é?fléﬂEys%B§n§ﬁ%%A¢S

d.fpé¢@w@tﬁa?@erﬁdoﬁéO@pbh%aEﬁrEﬁE N@gstHﬁoaéatééa
nHyc@ﬁféﬁféﬁtBﬁ wiihgt Hevuspeoifan tRYtapecplbbes

O eb AL BEgBE, Sehahie %éoé?éé%fé%ah%ﬁczﬁggé’Eggeln
att@%ﬁ@@hﬁé EOrév§al%ﬁgSPEB@Ft PBF e%ﬁnﬁl@agnfélc
f|LmE@@@B@&d |UMbBeSpﬁéferahﬁyoahélgenerlc labelled

&éé%&%ﬁ&ﬁgﬁ?& Egoyﬂg BELANGERZYME ohapﬁbbgr aBY1 i ed

other ype 0 hose of ordrnary. sk
in wemag@norrh'éebné@ise NAGER c2BP 1 RENPaBEF F¥DRGEIZed to
the HPV-specific capture probes and the generic ECL

probe (via a complementary sequence on primer 2).
Following hybridization the bead/amplicon/ECL probe
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.

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
ways in which this can be achieved.

In one embodiment, separate primer-pairs specific
for each of HPV types 16, 18, 31 and 33, and
preferably also HPV 45 may be used to amplify
transcripts from each HPV type individually.
Alternatively, mixtures of two or more primer-pairs in
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substances .(e.g. the substrate for an enzyne). A
preferred detection nethod rs23o-called "real- 25 tine
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Nuchigehsi amEeeydyaceassf FBh &YBafon Tekni ka). WD

2005/ 083129 PCT/ GB2005/ 000774 - 22 In a further
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In still further ach c .-t h BA
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seqwengEl i TehdenSket proteus. of the primer 2

ol i gonucl eotide. This is equivalent to the

"Nucl i SensTM' detecti on system supplied by Organon. |,
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pr ogipig t &1 vgg beogrhbevéar gethHENe riRbA olly dbgenerate

conf eI L 80, EY88188 HRYRERECLE EofBPLK! fiREARES of
polynucleotides which exhibit minor sequence
variations, preferably corresponding to sites of
sequence variation between HPV genotypes. The
rationale behind the use of such degenerate primers or
mixtures is that the mixture may contain at least one

primer-pair capable of detecting each HPV type.

In a still further approach specificity for
multiple HPV types may be achieved by incorporating
into the primers one or more inosine nucleotides,
preferably at sites of sequence variation between HPV

genotypes.

Lists of suitable primers and probes 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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E6/ hi'ghl'y conserved across HP
types. The E6/E7 priner-pair may correspond to any
Detection of E6/E7 transcripts has the potential

to identify which high-risk infections may persist
without having to perform repeat testing. Incidence
of expression from E6/E7 oncogenes increases with the

severity of the lesion.

The methods of the invention may be performed in
combination with HPV genotyping by any suitable
method. The term "HPV genotyping" refers to any
technique which enables identification of the HPV
subtype (s) present in a given individual. Assessment
of HPV oncogenic activity by detection of E6/E7

~expression in combination with HPV typing promises to
be a powerful predictor of high-grade lesions.

The invention will be further understood with
reference to the following experimental examples.
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metdaRpwfandeitwention is preferably carried out
using the Pre-Tect HPV-ProoferTM assay and kit. 5
However, it is to be understood that the invention is
not limted to the use of this specific assay. The
met hod of the present invention will score negative
for real histological negative and 10 representative
sanpl es fromthe whole or parts of cervix, corpus
or/and the cervical canal. This provides the

out standi ng specificity that nmakes the
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HPV PE9RES  dMyere referred to biopsy and histology.

Histologically confirmed cases were registered at the
Norwegian Cancer Registry. In Norxrway, cytological
HGSIL can be divided into HGSIL/AGUS, HGSIL/ASC-H,
HGSIL/CIN2, and HGSIL/CIN3.

Results:

Oof 25 cytological HGSIL cases, 14 were by histology
confirmed as CIN2+. Two histological CIN2+ cases were
by cytology diagnosed as HGSIL/ASC-H and HGSIL/CIN2.
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
cytological HGSIL cases not verified by histology. The
numbers for Gp5+/6+ PCR are 64% (16/25), 93% (13/14),
and 27% (3/11), respectively. The one histological
CIN2+ sample positive by consensus PCR, yet negative
by PreTect HPV-Proofer, was identified as HPV 35. The
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NPV=Negative Predictive Value

Discussion and Conclusion:

There was a good agreement between cytological
HGSIL/CIN3 and histological CIN2+ cases, with only one
cytological HGSIL/CIN3 not confirmed as CIN2+ by
histology. In histologically verified CIN2+ cases, the
detection grade for both HPV DNA and mRNA were high,
and nearly identical. In cytological HGSIL cases not
verified by histology, the detection grade for:PreTect

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

In conclusion, HPV E6/E7 transcripts from the five
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 is
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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
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
cytology were selected for further studies. All the
cytological or histological 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
selection of samples was tested by Hybrid Capture II
(HCII) and cytology (N=127) and cytology alone (N=112)
after 4 months. They were compared with histology from
LEEP biopsies (N=126) after 7 months and with PreTect
HPV-Proofer (N=240), HCII and cytology after 12 months
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revealed a higher positive predictive wvalue, and
higher specificity (46% and 85.3% respectively) than
the DNA test (31% and 51% respectively). However, the
DNA test revealed a higher sensitivity (91%) than the
RNA based test (81%). 19% of the cases treated with
LEEP conization showed aberrant cytology 5 months
after treatment, 0.5% were found to be CIN II+. HPV
DNA was detected in 24% and HPV RNA was detected in 6%

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
analysed (57%) analysed (24%)
Pretect Not 56/240 Not 14/231
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Discussion and conclusion

The higher positive predictive value and higher

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 is required for

development and maintenance of the malignant

phenotype.

The risk of missing CIN II+ in women with
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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 proportion 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
Gp5+/6+ consensus PCR, and HPV DNA positive samples
were then subjected to type specific PCR for

the same 5 HPV types.
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specifc PCR in 2/3 cases, while HPV E6/E7 mRNA
expression was detected by PreTect HPVProofer

in only 1 case.

Discussion:

The presence of HPV in women younger than 30 years of
age is higher than for older women. This is also the
case for the prevalence of the five carcinogenic HPV
types 16, 18, 31, 33, and 45 compared to other types.
Lack of E6/E7 transcripts may reflect an episomal
state of the virus and hence a controlled 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
function as regulator of E6/E7 transcription.

Conclusion:

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

| esdeppghments and gynaeécologists 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™ vial (Cytyc
Corporation). Testing for high-risk 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 transcripts from HPV 16, 18, 31, 33, and 45 with
‘the Pre Tect HPV-Proofer assay (NorChip AS), a real-
time NASBA technique.

Biopsies were taken when HPV test was positive or
cytology revealed HSIL. Histology was regarded as the

"gold standard".
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Both HPV tests showed significant association with
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).

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

Sensitivity (%) Specificity (%)

DNA RNA DNA RNA
Age
< 30 o8 82 20 70
years ‘
(n=102)
= 30 93 76 40 81
years
(n=281)
Cytology
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The RNA 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 persistence 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 cytological assessment 2 ‘
years later. Detection of HPV transcripts - of known
HPV oncogenes E6 and E7 using the HPV-Proofer assay
was .also performed at both time points.

Materials and Methods:

Liquid based 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 wvial

. containing a cellular preservative solution, rather

than depositing it directly on a slide as is performed
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persi stence 10 The course and persistence of HPV
infection was anal ysed in 543komen who were HPV
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consi aere common g
extraction was performed u81ng a BloRobot 9604°%

(QIAGEN Ltd., Crawley, UK) using the reagents supplied
with the QIAamp® 96 DNA Swab BioRobot™ Kit whereas RNA
extraction was performed by application of RNeasy
columns (QIAGEN Ltd.) following the protocol for
isolation from animal cells, according to the
manufacturer's instructions. Nucleic acid was stored

at -70°C prior to HPV detection.

HPV DNA genotyping was undertaken by linear array
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 f-
globin control probes, 18 high-risk HPV (HR-HPV)
probes; 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 55,
56, 58, 59, 68, 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
supplied by Roche Molecular Systems, Inc. (Alameda).
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(P<0.001). The presence of HPV mRNA E6-E7 transcripts
was less sensitive but more specific for the detection
of disease at follow up. Moreover, women who were DNA
positive and also positive for mRNA transcripts at
baseline were significantly more likely to harbour
persistent infection compared to those in whom DNA
only was detected at baseline (P<0.013). This study
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
infections may persist, even when detection is
performed at only a single time point without repeat
testing. Detection of E6/E7 mRNA transcripts
identified which infections were more likely to
persist.
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detection
DNA 10/11 90.9% 19/43 44 . 2%
RNA 8/11 72.7% 35/43 81.4%
Example 6

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-
specific PCR in samples from an African out-patient
population. Samples scored as histology (+) were
assessed as CIN II+ on the basis of histology.
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The results of thisg study illustrate the specificity
of an assay based on detection of E6/E7 transcripts
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
IT+ on the basis of histology. The RNA assay has a
similar specificity to histology but higher
sensitivity.
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exhibits the cellular changes. 3. An in vitro method
of screehi ng Aunbm vitro method of screening human

subjects for the presence of cellular changes
characterized by enlarged cell nuclei and cellular
aneuploidy in at least one cell or tissue, which
method comprises detecting the presence of mRNA
transcripts of the E6/E7 gene of human papillomavirus
which encode full length E6 protein in a test sample
comprising mRNA derived from the cell or tissue,
wherein the presence of such E6/E7 mRNA transcripts in
the sample is taken as an indication that the cell or
tissue under test exhibits the cellular changes.

3. An in vitro method of screening human
subjects for the presence of persistent transforming
infection with human papillomavirus in at least one
cell or tissue, which method comprises screening the
subject for expression of mRNA transcripts of the
E6/E7 gene of human papillomavirus which encode a full
length E6 protein in a test sample comprising mRNA
derived from the cell or tissue, wherein subjects
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presence of mRNA transcripts of the E6/E7rgene 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 expression of mRNA transcripts
of the E6/E7 gene is carried out using an
amplification reaction to amplify of a region of the
mMRNA, together with real-time detection of the
products of the amplification reaction.

8. A method according to claim 7 wherein
detection of expression of mRNA transcripts of the
E6/E7 gene is carried out using real-time NASBA.

9. A method according to claim 8 wherein
detection of expression of mRNA transcripts of the
E6/E7 gene is carried out using the Pre-Tect HPV-
Proofer™ assay kit.
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12. A method according to any one of claims 1 to
10 when used for primary screening of individuals who
have no previous diagnosis of cervical abnormalities
by cytology.



