WO 03/ 057914 PCT/ GB03/00034 1 METHOD FOR DETECTI NG HUVAN PAPI LLOVAVI RUS
MRNA Field of the invention The present invention relates to in vitro

met hods WoaB/os®i€eni ng hunman subjects in order to assess PCTaiB03/00038k of
devel opi ng cervical carcinonma. Background to the invention Cervical
carcinoma i s one of the nost common. 10_mal i gnant di seases worl d-w de and
is one of the |I|eading causes of norbidity and nortality anong wonen
(Parkin DM Pisani P, Ferlay J (1993) Int J Cancer 54: 594-606; Pi sani P,
Parkin DM Fer| aymhHold ¥R IDMTEET NG $OMARS PSS 11 ANV IRYS, Hd@Anew cases of
i nvasi ve 15 cervical cancer were predicted 1n the United States in 1996,
and the annual world-wi de incidence is estinmated to be 450,000 by the

Wrl d Fbaltth&anb&a&m@nl@kggﬁﬁon The annual incidence rate differs in
different parts %, t he morld rangr]fo L gn17 6 er 100 000 in stern 20
I

Asia to 46.8 per 166 GFGSRsdiRE A BPafRi et/ 1 t4P. "°18835 bi d) .
The current econeeptdeoringf hoeav cabjeate namarder tbabssEsestaemmltlstage

di sease, often e%&'%@k@ %%%r c%%vﬁc@ﬁthQCQBo%g 25 years. lnvasive

squanous- cel I"*&ar ¢i'ndia of rvix is represented by penetration
through the basal |am na and |nvad|ng t he strona or epithelial |amna

propria. The gl caln LW $€0fi nveditMibgal carci noma shows considerable
variation. 3 rognosr s een related to clinical stage, |ynph node
i nvol venent , prlngﬁy'1&ﬁﬂuFaﬁ§§§°mﬁ|é?oPBSyOFyﬁée m@sht FOBFOnvasi on and

| ynphatiice pemrfatygnam t( Iaqls@a@esaworea -alide €h99QF Opeeodl t@ecol 38:
352-357). So C@Flents with less f urable t uno characterls%hcs 35

.
have a rel ati &o&@ugﬁtc mqﬁﬁl 8t8893m§6FP ltg afgt'dl "8ltCone of an
initially i niPtaedkighi §&Bs@;sﬁhusPWDHB3AGS791419@3AGBOBI0003¢C62 Séhows a

clear need f%b4w¥8éﬂﬁyggnin%ﬂk%%§kﬁﬂ tht@@Elay J (19983) Int J

Cancer 55: 891-903). 15,700 new cases of invasive

15 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 the world, ranging from 7.6 per 100,000 in western

20 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

25 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.

30 Prognosis has been related to clinical stage, lymph
node involvement, primary tumour mass, histology type,
depth of invasion and lymphatic permeation (Delgado G,
et al., (1990) Gynecol Oncol 38: 352-357). Some
patients with less favourable tumour characteristics

35 have a relatively good outcome, while others suffer a

fatal outcome of an initially limited disease. This



characterise newy diagnosed cervical carcinomas, in order to adm nister
ri sk-adapted therapy (lkenberg H et al., Int. J. Cancer 59:322-6. 1994).
5 The epiwemBos®yy of cervical cancer has shown strong a®svaBRBOO34W th
religious, marital and sexual patterns. Al nost 100 case-control studies
have exam ned the relationship between_HPV and cervical 10 neopl asia and
al nost all have found positive associations (IARC nonographs, 1995). The
association 1is strong, consistent and specific to a limted nunber of

viral types (Musiaz a!\l,cl%e&cme@ﬂ (fb%%)ddrﬂwomq ﬁ@rr\kie&@ tReTRirasica: revi ew of
case-contr ol %nd cohort ud .eS. Sci_,Pu 251-.261 AnDng t he nost

i nformative Stdidde %ﬁ%%nﬂfw &ngpﬁﬁ \ﬁ%ﬂYlﬁﬁ £8 T BRATREve Been
observed mﬁthnkﬁﬂamkabbmunmmnextensw—h@aptemvahemepqandeenandghHgh gr ade

CI N | esi ons, ek}ulllgg s 5he(§5§§§g%§g .t zt%atlggés associ ati on can be

expl ai ned 20 idnce, ‘bias or confoun nDnographs 1995).
Indlrect5eV|dence suggested that HPV DNA detected in cancer cells is a

good marker for thgd @Iﬁdeeifldﬂp\éy Rfre ¢l QN 8ar kblaglceln Hhlke gkl nogenesi s.
Dose-response rel ati onship has béen reparted between 25 increasing viral

| oad and ri sk GeRAFSCAl At Mk r@ﬁ&ﬁdfuéndm86§€ﬁl 2662 SEFU@L. I n sone
| arger seri epatiferins 10@%m@%tth@Otum&@F&owemelpesmﬁuwe harveHPV but  the

exi stence of V|rus n tive.cervical carcinaona st|II table (Meijer
CJ, et al., efg% & it dogﬁ%ﬁ§han papi | gﬁi@lrus Fﬁqg%?V|cal scrapes
by thelibolynemﬁgkasﬂamamdwaimmsﬁnald helvat ifomnto poptidlivgy:  possi bl e

i nplications | oS hg. 19ARC Seh, Pulls 2411281, Das BC,
et al., (199§#£%§%%g¥' ?@? gﬁ%g%%% Tﬁe nos?cfrei:entsﬁPV types found
in squanous-igel3t i @@Insé-élt@lnﬁo@é}éi &PE CHIB\C1 6 O 21 %1863 INDUTBEE57914

PCT/ GB03/ 00034 virdl types (Munoz N, Bosch FX (1992) HPV and

cervical neoplasia: review of case-control and cohort

15 studies. IARC 801 Publ 251-261). Among the most
informative studles, strong associations with HPV 16
DNA have been observed with remarkable consistency for
invasive cancer and high-grade CIN lesions, ruling out
the possibility that this association can be explained

20 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

25 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

30 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).

35

The most frequent HPV types found in

squamous-cell cervical carcinomas are HPV 16 (41%-86%)



and 18 (2% 22% In addition HPV 31, 33, 35, 39, 45, 51, 52, 54, 56, 58,

59, 61, 66 and 68 are also found (IARC, nonographs, 1995). In the HPV2000
| nt er nat iwoaB/osonf erence in Barcel ona HPV 16, 18, 31 andP43/GBesmoB4defi ned
as high risk, while HPV 33, 35, 39, 51, 52, 56, 58, 59, 68 were defined as
internediate risk (Keerti V. Shah._-P31). The 13 high risk plus
internmediate risk HPVs are together often referred to as cancer-associ ated
HPV types. 10 A nunber of studies have explored the potential role of HPV

EﬁStln? InfC%hw!q®l @%LFF%IHQ faeedQuziek Hev all, &3$y35en39|c4BeVIew/0f
erole o papl mayl.ru i I a_ceryical eenln 15
progr anme. Hgi ﬁzTegﬁnoP% ég g% 35 géang ggdaEF 8¥ fﬁel R, e? al .
(1991) AmJ QuRel, nGyverapbht64192861- IAG@hemﬁ@W@OOheIhtesnatQOU@thstrate
a rolefor HEYLRSLLNG L B.96Le8AbndpgoRkexts THIS 20 gbudy pas carried

out on hi gh- FPSK Swomen from sexua di sease C|InICS and
speci al st gpfdecdl egi dtigh andkusebidesERYi BBve 3k owdst Pingéhey) Sout hern

bl ot hybrld'%@tl%@ f@@ H%v @%&ecab@@ne& a§0&ﬁke9ﬁeaQ58ew@mBn were enroll ed,
and cerV|cograp was _ al so_consi dere osslgle adj unct to cytol ogy.

s
Twent y-t hr ee éﬁﬁrFP/Vllspégloﬁg %ereTP8uﬁ§ QFE g&th&r P1UBut only 12 were

detected by ewtelrogyiGsensiikkvHPys 52%6tsgeChEKCbEyeﬁ2®¢feHEtheet|ng f ound
16 high-grade IeS|ons by2 Bauer HM et al., (1991) JAMA 265:
472-477) repbrt <& HcgérF§SB€ha§8§e§ gt Gy u5|ng MY09/ 11 primers (Manos M

et al. 101990) Lancet 335: 734) in young wonen attending for routine snears

(col l ege 35 student ey, ¢f PAsLEI ¥&oH 8 %dOEhé LBn¢641 wonen,
whi ch was much hlah%L %§n$€ QHQQIQB assa§ VE%03?057914
pCT/G303/0003@1e4of HPV testing in cerv1cal screenlng (see Cuzick

et al. A systematic review of the role of human
papillomavirus testing withing a cervical screening
15 programme. Health Technol Assess 3:14. 1999).

Reid et al., (Reid R, et al., (1991) Am J Obstet

Gynecol 164: 1461-1469) where the first to demonstrate
a role for HPV testing in a screening context. This

20 study was carried out on high-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

25 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.

30

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

35 students). They found a positive rate of 46% in 467
women, which was much higher than for dot blot assay
(11%) .



In a study using PCRwith G°5/6 priners (Van Den Brule AJ, et al., (1990)
J din Mcrobiol 28: 2739-2743) van der Brule et al. (Van Den Brule AJ, et
al ., (199%p oBns7934 Cancer 48: 404-408) showed a very 5 str@eag/Gesoedsati on of
HPV positivity with cervical neoplasia as assessed by cytol ogy. In ol der
wonmen (aged 35-55 years) with negatiye_cytology the HPV positivity rate
was only 3.5% and this was reduced to 1.5%if only types 16, 18, 31 and 33
were considered, 10 while wonmen with histological carcinoma in situ were

al | HPV-p?s:tlve I%n@b%Q%HQ?QfQH@ @thPQtBOGPgaboﬁglmbY§e$VaMbU§ﬂ with less
severe cytol o abnormaliti si ty rates in a
graded way, % n§Ja Elted éﬁ§98§ JRgggan& H§El8ﬁ ZF (Roda Housman AM

et al., (1924B9F2t743) C&ﬁ@eﬁeBGBrama 806xlexppsindedenhhBseleoBder vt i ons by
| ooki ng at a furt 7 bn e his dy al so
confirnmed |ncreé5|n99§g §8§O yE?aég gpgalgggegé?ﬁegsévgg%Yy of snear

resul ts5 Theyptabsg n@meelahapnthé HéVepogﬁtHPVtYh@ﬂéhog§ﬁ§ﬂ€9ldecreased

from 22 typesqh ﬁasqg'graggse§g§ér§ tgyteiog P'ghIﬁ'%EdeEYQ6ﬁe50r hi gh grade
snears. This paper. did not |nclude any cytologically ne ative 25 wonen,

nor was cytolé@ﬁéaﬁ5dﬁ§ea§ér§anFFﬁe&egﬁF§Y8lSQFEéPBY zflEK et al.
(CQuzick J, ebo@htavﬁ£992htbanagton3903 $42- 343; tRuEi eksIredticall. £o(1994) Br

J Ca 171 ' h
or ovi ded usefub i AfoPRAtl GHEPOr Jthe 'Pr i A3 B Soyl'aF Borear BLerml it s

det ect a@ durwngleamdmﬁn wdmeehﬁagolbglaaitudycmhom331moﬁenu weferral for
col oposcopy LAY LU §t99§'té¥8 gbedhsa'ggﬁVBEU@hefféér4g%%v$hlch was

simlar to t erate skaryosr's e results were nost striking
for HPV 16, tw@@ﬁe @9m@n WthPWeﬁé ségﬁfﬁvéyﬁeﬁ@alﬁe#e found to WO

03/ 057914 PCLLEBRR-09034s Bad lower HPV positivity rates in a
graded way, showing a clear trend.
15
Roda Housﬁan 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
abnormal smears. This study also confirmed increasing
20 positivity rate with increasing severity of smear
results. They also noted that the level of HPV
heterogeneity decreased from 22 types for low-grade
smears to ten "high-risk" types for high grade smears.
This paper did not include any cytologically negative
25 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:
30 167-171) 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
35 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 hi gh-grade CIN on biopsy. This study pointed out the inportance of
assessing viral load and only considered high |levels of high-risk types as
positive.wboGox79et al. (Cox JT, et al., (1995) Am J Cbst etPCT@&BIBOI34172
946- 954) denonstrated a role for HPV testing using the Hybrid Capture(err)
system (DI GENE Corporation, Gaithershurg, MD, USA) for triaging wonen with
borderline snears. This test was performed on 10 217 such wonen from a
college referral service, and a sensitivity of 93% was found for CINII/I1I

conpar ed mjEQVE3%QP9Lg&§B@atIQYEQ|BgMps? gbnvir akubgagonasedf eudd to
further inprove perfornmance ?y reduci,n als$ ég@altlves Wen 5 RLU was

taken as a cUPSoffPPOXtPPYe18 FS§85F6R nat Ef wa89 80Ad with no | oss of
sensitivity. consiakret aligh(Ceretk df Pightriskl99beslLancpbsiBibe.
1533-1536) evaluated HPV testing in a primary 20 screening context in 1985
wonen attending for routine screening at a famly planning clinic.
Sensitiwity usingokypé-epeciiEpg PCR tbrathe fd8P5¢oAmpd PPYteypes (75%

exceeded thahgﬁ%c%it9b99y9@%6%%4 aHQmBh@tPEVéBOB r81Bosbki MpyHPV test (42%
was simlar for 25 noderate Xs aryosis (43% . WD 91/08312

descri bes metB&84nPorsdbgethenivgrife aEFBﬁﬁ F¥55?mlﬁBF§ﬁHEals i nfect ed
with HPV whi ¢Brpeearibse Gﬁdﬁuékﬁgukbe Meyetisef HPY aetbawihy bym30

detecting tran a _por and/or .E7 HPV genes in
a sanmpl e and¥ &gﬁpbgF§§r§ﬁ8€ ﬁ@&éﬁ?enehb oge?évwgétp$ yEWEh®a previously
est abl il®hed eélasiiohshbpehetfwemnaactiliegy aaferirsk eéercegresélan to
serious cervi I 23 argj 0 es net hods
for the asseggﬁenngﬁkg F35$gf4§§%T%égg§7386g§&gz#;g§9kﬁgﬁﬁg¥%§t|on based
on the nmeasurélBni3andoanarpsps cytodens- expiessvoralevers. W particul ar,
WO 99/ 29890 rdgsar ikbesupehBedsmphbech peerbasgdcenppeasdnkidgt helse
positives. When 5 RLU was taken as a cut-off, a PPV

15 of approximately 24% was found with no loss of

sensitivity.

Cuzick et al. (Cuzick J, et al., (1995) Lancet
345: 1533-1536) evaluated HPV testing in a primary
20 screening context in 1985 women attending for routine
screening at a family planning clinic. Sensitivity
using type-specific PCR for the four common HPV types
(75%) exceeded that of cytology (46%), and the PPV for
a positive HPV test (42%) was similar to that for

25 moderate dyskaryosis (43%).

WO 91/08312 describes methods for determining the
prognosis of individuals infected with HPV which
comprise measuring the level of HPV activity by

30 detecting transcripts of all or a portion of the E6
and/or E7 HPV genes in a sample and comparing the
measurements of HPV activity with a previously
established relationship between activity and risk of
progression to serious cervical dysplasia or

35 carcinoma.

WO 99/29890 describes methods for the assessment



| evel s of expression of two or nore HPV genes (e.g. 5 HPV E6, E7, LI and
E2) and then conparing the ratio of expression of conbinations of these
genes to woasios™i4 an i ndi cation of the stage of HPV-basedpdirTaamsmoisa a
patient. 10 The present inventors have determned that it is possible to
make a clinically useful assessnent -ok -HPV-associ ated di sease based only
on a sinple positivel/negative determ nation of expression of HPV L1 and
E6 nRNA transcripts, with no requirenment for 15 accurate quantitative
measur ement s off HEXPrETTE@A1on Bt oh folke deleFef@hitornal adifii/eignces in

th I I f f. t t hi

ochni cal 1y Sl oo 4 o aFered —anpoammt are MRenatre s

aut omat i on i nlegs cmidbetsontaitgno d20 wihhirobu glrpu o afsednen. mEusmhemmomée on the basis

of results qQ%@h_e%fu%%gge%gqomp ?oqwgf e raverts aahe (o gventors have
e

defined a nov l'assi fication of patient’s on the basis of risk
of devd opi AiFVcdibvi &l ddr dinsoi ) wiingh theny goaped ing ZhedirgéaseOfel evant

mol ecul ar  changes J drh@ PId®iha@fi onsHBY %@%eex;@h%%s it@n p3Reits
i ndependent of CI N, classification. Ther%f%Pe %Iflrst aspect the
invention 3GpAddigesian iof e §TREENG sPFé@ ﬁdsﬁ&ﬁﬁnlnsﬁbjects to

assess their patskmf. devel opi ng cervical carci noma which conpri ses
screening for expression of nRNA transcripts fromthe Li gene and the E6
gene of human papill omavirus, wherein subjects positive for 35 expression
of L1 amd/ or fuIIﬂh@nguwSE@tnRNNeaﬁ@r§cbﬁ§@ dgg elsgiing datheitsk tof sdevel opi ng

cervical car DHASTSLLIRCTLG03/ Q0034) LooPaRRsnki ve soreeni ng

result in th neth of t invention i$S indicated positive expre55|on
of L1 nRNA ﬁﬁﬁ?@@sEGl@ﬁNQ i sEaisies e ehender ¢irx 2 Pé@@@ﬁve expr essi on of
ei ther one OfpotshQiezeWR%%tqrveb@telterfﬁmﬁatiohs offalkeeprassavni Bdi gavi on t hat

the subject Eﬁ nd E6 mRNA transcripts, with no requirement for

15 accurate quantitative measurements of expression
levels or for determination of differences in the
levels of expression of the two transcripts. This
method is technically simple and, in a preferred
embodiment, is amenable to automation in a mid-to-high

20 throughput format. Furthermore, on the basis of
results obtained using the method of the invention the
inventors have defined a novel scheme for
classification of patients on the basis of risk of
developing cervical carcinoma which is related to

25 disease-relevant molecular changes in the pattern of
-HPV gene expression and is independent of CIN

classification.

Therefore, in a first aspect the invention
30 provides an in vitro method of screening human
subjects to assess their risk of developing cervical
carcinoma which comprises screening for expression of
mRNA transcripts from the L1 gene and the E6 gene of
human papillomavirus, wherein subjects positive for
35 expression of L1 and/or full length E6 mRNA are scored

as being at risk of developing cervical carcinoma.



ri sk" for devel opment of cervical carcinoma. Wnmen who express E6 nRNA are
at high risk of developing cell changes because oncogenic E6 and E7 bind
to cell wopaBesmegul atory proteins and act as a sw tch forcraiBo3h@34
proliferation. Cear expression of E6 nRNA provides a direct indication of
cell changes in the cervix. Expressign-of L1 nRNA, with or w thout
expression of E6 nRNA is also indicative of the presence of an active
HPV. 15 In the wi der context of cervical screening, wonen identified as
positive for L1 armd/pgysiR6i weRNA retires Siedyu Iy rbe e lneatred fodr thar t her

investigation, _far. exanple usi t ol ogy... .Thus, at one |evel .the 20

net hod of thelr?‘ﬁ%trﬁ?rbﬁ%%rco 'dgba?' P& YA eﬁprﬁ?lsesmr?eaoﬁfg Ldi

pr e- scr eeni ngnENAdopul Atn dib ofRNAonen dealler der thteo dedemitd.f y BR\tpos ti ve

subj ects who - - t her . nvestd iQn. pecific
t%%?%%%ﬁ%ﬁlgfégﬁgﬂg¥ Jﬂg_JFEtHéyéfﬂﬁﬂﬁg 6¥1b6¥%lﬂﬁ s

enbodi ment, t] e invention may be used to classify subjects
into fou? difd eradfn AasFesinsiiqatsion dghadevdicoFiuRy edr viiscal2t car ci nona on

the basis of pogiting/ NAGALIMeTRONd NGBy i RNPIRSH iR, Livoare E6 nRNA. 30
Accordingly, in a further etas ect the in;{e,nthiro ravides an.in vitro nmethod

n
of screening 'HMAEHPLED] & SR e dd Tisd OFf WRH B cer vi cal
car ci noma whi@dl r ashrigees soraaesd nghddyersivbjEgctanfdE 73 iexprtes siedrd of nRNA
transcripts of the Li_ gene and r}@\l}% ranscrips. f e gene of
HPV, and sorcf¥cnlgjet eglgluagﬁoerg{ Fg_iﬁci\éoelg{nge % é:fjtr(’jélc%atcaegjc’g;rl“lscecg1 oftfor}\l\ﬁ%g/057914
PCT/ GBOBJ 000308 fanadii dror dehed omramesoflogeodi ¢ nédcinrova dssséd on

expressi on ofgy il and/pr; G NG Acandididge < he @l lwing cl assification:
5 Risk category 1: subjects negative for expression of L1 nmRNA but
positive for QIS Bh Ielg TG FHGHM OF Without expression of

E6 mRNA is also indicative of the presence of an
active HPV.

15

In the wider context of cervical screening, women

identified as positive for L1 and/or E6 mRNA
expression may be selected for further investigation,
for example'using cytology. Thus, at one level the

20 method of the invention may provide a technical simple
means of pre-screening a population of women in order
to identify HPV-positive subjects who may be selected

for further investigation.

25 In a specific embodiment, the method of the
-invention may be used to classify subjects into four
different classes of risk for developing cervical
carcinoma on the basis of positive/negative scoring of
expression of L1 and E6 mRNA.

30

Accordingly, in a further aspect the invention
provides an in vitro method of screening human
subjects to assess their risk of developing cervical
carcinoma which comprises screening the subject for

35 expression of mRNA transcripts of the L1 gene of HPV
and mRNA transcripts of the E6 gene of HPV, and

sorting the subject into one of four categories of



at | east one of HPV types 16, 18, 31, 33, 35, 39, 45, 52, 56, 58, 59, 66
or 68. Those individuals positive for expression of E6 nRNA from at | east
one of HPWVOMO/s¥pes 16, 18, 31 or 33 are scored as bei ng &CTHERPBMO034r i SK,
for exanple in conparison to individuals negative for these types but
positive for expression of E6 nRNA-fiBom at | east one of HPV types 35, 39,
45, 52, 56, 58, 59, 66 or 68. 15 R sk category 2: subjects positive for
expression of L1 nRNA and positive for expression of E6 nRNA from at
| east one of HRk taqresieklobhendl o B33 erdb,cad9 cadrindhd, BGedb®n 59, 66 or
68. Those indivi dual.s ve for expressi f ERNA f.rom at | east
one of HPV t essf6l r}l)épsflg% %% raréa%sc%lgreda%s% (}edllng at” hi gher risk, for
exanple in cdhﬂdmwmm@1QiaaﬂmﬁMQﬁnﬂQ§ negative for these types but positive
for expression of E6 nmRNA from at |east one of HPV types 35, 39, 45, 25
52, 56 58, 59, 66 or 68. Risk category 3: subjects positive for_ expression
of L1 rMRNA HitSkeddadps i dr é%’rléscgﬁsoﬁle@fa LEF SRR erehResSsHen of
fcancer-assocualt erdzNﬁP%dtymlt(lemg fdiegatpme;sfl@rn 3F eXE eRIL0IT rokh 56 m)?NA
rom HPV types 16, 18, 39, 45, 52, .56,,.58,, .59, 66 an 68
Ri sk categor y? & 4]199.%‘ é’@tes Oﬁfzég}tl o5t T priesidn oF’ LT 'nANA 4 and negati ve
for expressi d?,0f5&6 58RNA9,3% 4 mra §8r.ef hoeed emdddiidertls posiitiive
expression i i ndj. cat the ESRAC r ey of WO
03/057914 P /é%%%%%%ﬁ%ﬂ'ag i?héﬂ{ranscgfgb'%grqe%g? cg%bggf vol ume of the
sanpl )10 and tEss iMe & Sdsiagn 33 a|r@d|5§e§>tr@di By fied ngr edefdghedt | ess than

1 copy of the ftdiansgyy rétxar?@ﬂemlr{ Qordirdlsonv @lounR @y il 1sanpl ) . 5 The
above classification is based on nol ecular events which are relevant to

ri sk of devePE&ﬂ%ﬁjve for these types but positive for expression
of E6 mRNA from at least one of HPV types 35, 39, 45,

52, 56, 58, 59, 66 or 68.

15
Risk category 2: subjects positive for expression of
L1l mRNA and positive for expression of E6 mRNA from
at least one of HPV types 16, 18, 31, 33, 35, 39, 45,
52, 56, 58, 59, 66 or 68. Those individuals positive
20 for expression of E6 mRNA from at least one of HPV

types 16, 18, 31 or 33 are scored as being at higher

risk, for example in comparison to individuals

negative for these types but positive for expression

of E6 mRNA from at least one of HPV types 35, 39, 45,
25 52, 56, 58, 59, 66 or 68.

Risk category 3: subjects positive for expression of
L1 mRNA but negative for expression of E6 mRNA from
the cancer-associated HPV types, (e.g. negative for

30 expression of E6 mRNA from HPV types 16, 18, 31, 33,
35, 39, 45, 52, 56, 58, 59, 66 and 68).

Risk category 4: subjects negative for expression of
L1l mRNA and negative for expression of E6 mRNA.
35
In a preferred embodiment, positive expression is

indicated by the presence of more than 50 copies of



cervical carcinoma and is independent of the CIN status of the subjects.
Thus, this nethod of 10 classification may provide an alternative to the
use of cwoaBoegwi4n the routine screening of wonen to i dedtri¢Bostohisge at
potential risk of developing cervical carcinoma. The nethod may al so be
used as an adjunct to cytology, for- exanple as a confirmatory 15 test to
confirma risk assessnent nade on the basis of cytol ogy. Wnen positive
for expression of high risk E6 nRNA fromone of HPV types 16, 18, 31 or 33
but 20 negat imee fofarexdrBssSigyr oafl Lbmrtal thd uieghestcHeesaimplef) ri sk of
devel opi ng severe cell. changes and cel|l .ﬁgyggggglgn %?Ediﬂ%%eh%edue to the

fact that a #& arf‘?%tjr"éemﬁ B i N 0= V- exXpressi o rectly ~indicative
of i ntegrat ecoHP\gsantharmer efarye o Hilghdir a2t qurighalpidnd ml dforhitgivadnd

const ant exprfgﬁ;r@d&f & angdoiEA4.. Integration of a virus in the hunman
Ir i rrp:fc

genone has also a ect t ‘'on the stability of the cells.
| nt egrat? on of HPV al so reduces the possibility of regression of cell

cgangg& 330 W)ggn mge%iama«fé f&raf@imim'i@h afs mfsma\ve»rﬂ‘ ETQJII;]eQim&arOf hHP%/ typﬁs
16, 18, 31 or and positive r expressi,on of . L1 nRNA.have a "high risk"”
HPV expr essiOFH Vf}{)“f's% %S Iqeol;?ov ‘%Itéj ] i< He qlgly\?lﬁé)smé% been

i ntegrated. Howexiargl tdeer dirsineofarichase iwggrendentnatf dhassédl as hi gh as

t hose who are ive : osi-tjve, .Si:nc re IS a reasonabl e
probability V#%%;%g%lt}%%%(ﬁg%sgoo Aﬁus-’ f%il%t ﬁlaeg?lt Ggff?io not have

i nt egr at@d HRM assperrateigat imay fosrovebdsr edsiadit sgmad ieRNR f5hémuseY  t ypes

16, 18, 31 ory 33 1 ARSIt M d Qo @NESH R g B EGJHRNA thr om anot her HPV
type, e.g. 35, 39, 45,752, 56, 58, 59, 66 and 65?, are still considered "at

risk" and meyAeMerief dreS5e 35 REETH AL K g seVEdoPiRY 2 (as defined
above) dependidwg ofn Wheihemdniey ar®e method may also be used as an

adjunct to cytology, for example as a confirmatory
15 test to confirm a risk assessment made on the basis of

cytology.

Women positive for expression of high risk E6

mRNA from one of HPV types 16, 18, 31 or 33 but

20 negative for expression of L1 are in the highest level
of risk of developing severe cell changes and cell
abnormalities. This is due to the fact that a
negative result for L1 mRNA expression is directly
indicative of integrated HPV, and therefore a higher

25 probability of high and constant expression of E6 and
E7. Integration of a virus in the human genome has
also a direct impact on the stability of the cells.
Integration of HPV also reduces the possibility of

regression of cell changes.

30
Women positive for expression of E6 mRNA from one
of HPV types 16, 18, 31 or 33 and positive for
expression of L1 mRNA have a “high risk” HPV
expression and it is still possible that the HPV has
35 been integrated. However, the risk of these women is

not classed as high as those who are L1 negative and

E6 positive, since there is a reasonable probability



positive or negative for expression of L1 nRNA. 10 Wonen positive for LI
MRNA but negative for E6 nRNA are scored as being at noderate risk. There
may be hWwohisni®iks HPV types in the sanple and L1 expressi @eaT/GB3iondicat i ve
of lytic activity. There nay al so be 15 integrated HPV types but only with
viruses that are rare. However, detegfi-on of lytic activity may show that
the cell may soon devel op sone changes. In the w der context of cervica
screening the 20 nethod of the invention may be used to classify wonen

accordi ng to gHa3k tofe ydeiehepi Rgveerviealragatcpoma and therefore provide a
basi s for decisions concerning treatnent and/or further screening. By way
of exanple: wonen in risk category 1, particularly those 25 who exhibit
posi tive expressi olmeh BEgaRilkef fom akplkeastioanefoE6HRRNAY pesm18PV18, 31 or

33, mght be_ jdentifi as I equizki " Late tLon: i
coni sation oF“%%%b&é%oé%/ ?%eﬁgdpggggtngggg&g%dfg%i%?gfgsgﬁagoegbnen in
ri sk catSegor EQ mRd@ defomeaoabeve HPNi §hipe,be-Scoréd é@rréguiﬁ?ng i mredi at e

attention, meani g el pPeICARY 8BONGrar s€3hposeaRY dbpekudingraskiropsy and
hi stol ogy. 35 Wonen in'risk category 3, as defined above, ght _be scored
as requiring ANhE@Yatdereteas: PenbAnrag WO 63P6578139PETPERO3PH0034 - 11
recal |l for a (i tdedrineeStabbee ) HBYpexdiagsoanwhenhedi aheyyaae after a
relatively short. i.nterval, e.qg. i X months. . i hsk category 4, as
defi ned abov&®CSHitght Oﬁé“Fgéﬁgﬁsd%PS Fﬁ@rngé§HY§geg%o§F§%f to be re-tested
for HPMOexpression at a later date. In a further embodi ment the invention
provides an 10 i jopdy @om8Ed ebrsenerRNRAILINMRB aYRLECES f BB the

mRNA are scored as being at moderate risk. There may
be high-risk HPV types in the sample and L1 expression
is indicative of lytic activity. There may also be

15 integrated HPV types but only with viruses that are
rare. However; detection of lytic activity may show

that the cell may soon develop some changes.

In the wider context of cervical screening the

20 method of the invention may be used to classify women
according to risk of developing cervical carcinoma and
therefore provide a basis for decisions concerning
treatment and/or further screening. By way of
example: women in risk category 1, particularly those

25 who exhibit positive expression of E6 mRNA from at
-least one of HPV types 16, 18, 31 or 33, might be
identified as requiring “immediate action”, meaning

conisation or colposcopy, including a biopsy and

histology.
30
Women in risk category 2, as defined above, might
be scored as requiring immediate attention, meaning
colposcopy alone or colposcopy including a biopsy and
histology.
35

Women in risk category 3, as defined above, might

be scored as requiring immediate re-test, meaning



presence of integrated HPV or a nodified episomal HPV genone, which nethod
conpri ses screening the subject for expression of nMRNA transcripts from
the L1 gewe o3asthid he E6 gene of hunman papil |l onavirus, whePeiTrGHIB/08wB] ect s
negative for expression of Li nRNA but positive for expression of E6 nRNA
are scored as carrying integrated HPM. The term"integrated HPV' refers to
an HPV genone 20 which is integrated into the hunman genone. The term

"nodi fied epi somal HPV genone"” is taken to nmean an HPV genonme which is
retai ned withigtaaceldr oOffuirtediurertsibjrecipvas xpreepiisame, i.e. not 25

integrated into the human genone, and. whi.ch.carries a__modification as
conpared to f%ﬂ?%ﬂ%ﬁtﬁﬁﬁbﬁFgﬁ&ﬁﬁft?péelﬁﬁﬁvééﬁo OF H@ﬁe§88§ri§aﬁron | eads
to constitutisiex momtber.si stent expression of transcripts of the E6 and/or
E7 genes. The "nodification" will typically be 30 a deletion, a
mul ti nerisation or concaternerisation of the episonme, a re-arrangenent of
the episonme etc &fofreat iimg rtilsd cegelatyord  ob SEGREL nexprbSyRENMigET
aforesa!d,_tg% HRIENER oo icegiated i HEVpRb @ am3® (#odkf iredcepisamal  HPV
genone is indicated by a negative result for L1 nRNA expression, together
wi th WO 03/ 05PF1 A BSCEERE3s00034t @ 12tex F§sPrive result for expression of
E6 nRNA in cells of the cervix. Therefore, the ability to predict the
presence of integrated HPV or a i.fie i somal HPV genone in_this assay
P or Lt cal |y dendndent i ite SEPRHITELY L8 ooebVEns B RErYatrasar for La
MRNA  ed(pr essimomvi thu setégul o6fs sardenecyi anmgecsabdeetshifoln thas naxi mal
sensi ti vi ty, el raduces Ainjarleof 8900 Ne0RLLYS LS UL Sonkh AphY of erT ed

I ved by usi ng npl

embodi ment tRI'si's “Tachi eve a sensitive a cation and real 10
ti me det ecti @enogshnivuieh sesdodegonpricke prasendéadoitheabybnestof L1 mRNA

The most prefeyr ed heGhNicue f sirnae@kahkse® i WASBA B3RPk ¢at haReUsi Ng
nol ecul ar beacons "probes, as descri bed bX eone et al., Nucleic Acids
and the E6 gene of human papillomavirus, wherein
15 subjects negative for expression of L1 mRNA but
positive for expression of E6 mRNA are scored as

carrying integrated HPV.

The term “integrated HPV” refers to an HPV genome

20 which is integrated into the human genome.

The term “modified episomal HPV genome” is taken
to mean an HPV genome which is retained within a cell
of the human subject as an episome, i.e. not

25 integrated into the human genome, and which carries a
‘modification as compared to the eguivalent wild-type
HPV genome, which modification leads to constitutive
or persistent expression of transcripts of the E6
and/or E7 genes. The “modification” will typically be

30 a deletion, a multimerisation or concatermerisation of
the episome, a re-arrangement of the episome etc

affecting the regulation of E6/E7 expression.

As aforesaid, the presence of integrated HPV or a
35 modified episomal HPV genome is indicated by a

negative result for L1 mRNA expression, together with



Research., 1998, Vol 26, 2150-2155. Due to the 15 sensitivity of this
techni que the occurrence of false- negative results is mnimsed and a
result ofwo'maegmti ve L1 expression” can be scored with grearaBo3owsii dence.
20 In a further enbodi ment, a nethod of screening hunman subjects for the
presence of integrated HPV or a nmodifjd ed epi somal HPV genonme nay be based
on screening for expression of E6 nmRNA al one. Thus, the invention relates
to an in vitro nethod of screening human 25 subjects for the presence of

i ntegrated HRVRJsid i viDdidae QQkS@&@keHBYOQEBQ”E6 wirivah ietbedsconpri ses
screening the subject for ex res |on of pts,.f t he E6 gene

cri
of human papidfl digvicegyix- °§§bj§@? S&%&FNVZOfBFGQ%S?eg§|on of E6
nRNA 30 are @Q@ﬁﬁﬂmﬁscﬁaumye@gam@ﬁegmated BPY{ oo fd epp@pfiisedalegP¥onmal HPV

genore. Nor eguer., i i, uals Jray ;be Skl ed 1kt 8008 ke LAOLRA! egories of

risk for dev@F&b Sht- of Cer Viocal carcino on an "on/off"
det er mi rfat i omkdfl igwprtes sicoreole E@IARNACalr6re L tTHorefdr 8RNBhe i nventi on

provides an igyuidd0 I Nag of 1364298kN BURRE VB-03L0RAILACPERAGRO3/ 00034

- 13 subjects %0 assess their risk of develo pi ng cervical ar ci nonma,

whi ch et hod hésnpraxsds Ls easrditiy ithe Y?ijpéé’fjuf:&S Bipieedi 6AL6f " nRNA
transcripts Qlfegtaite_v@ regene sof Iﬂlﬁvaa@demfrtrneaigetnhedsmlamcthustmsone of two
5 categories of .risk for devel opne f cervi rC|non% bggﬁd on

expressi on ofr 6 SHRAALYWEAS I & PRESH IS §7B %Fﬁf@ 0r “8Xpression of E6
MRNA arl® scariec mguaqupmu}eqmmeguated H@Veen dorodthei padesepcsomal HPV

genome and arlgJdRleld ¢.10hagalll eleatold | Q'eqlarr'egio fc%lgﬁgehgpnent of

cervical carcin whéreas i ndi vi dual's n ative expr essi on of E6 nRNA
are scored age@drt@mer WASRA mr@@,rlétl@étmpv élSlég F?@dleﬂuéérebie%ﬁﬁﬁ HPV

genonme and arg ddier,efQr @le seirasld bgdrasnenetdatieGt ablcgefiicskcitier

devel opment %Lsearch 1998, Vol 26, 2150-2155. Due to the

15 sensitivity of this technique the occurrence of false-
negative resulés is minimised and a result of
“negative L1 expression” can be scored with greater

confidence.

20 In a further embodiment, a method of screening
human subjects for the presence of integrated HPV or a
modified episomal HPV genome may be based on screening
for expression of E6 mRNA alone. Thus, the invention
relates to an in vitro method of screening human

25 subjects for the presence of integrated HPV or a

-modified episomal HPV genome, which method comprises
screening the subject for expression of mRNA
transcripts from the E6 gene of human papillomavirus,
wherein subjects positive for expression of E6 mRNA

30 are scored as carrying integrated HPV or a modified

episomal HPV genome.

Moreover, individuals may be sorted into one of
two categories of risk for development of cervical
35 carcinoma based on an “on/off” determination of
expression of E6 mRNA alone. Therefore, the invention

provides an in vitro method of screening human



15 cervical carcinoma. Subjects are sorted into one of two categories of

ri sk for devel opnent of cervical carcinoma based on an "on/off"

det er m nawvporos®di1expression of E6 nRNA in 20 cells of thePCeGE03/00034

I ndi vi dual s positive for expression of E6 nRNA are scored as carrying
integrated HPV or a nodified episomallHPV genone and are therefore
classified "high risk"” for devel opnent of cervical carcinom, whereas

i ndi vi dual s negative 25 for expression of E6 mRNA are scored as not
carrying i ntsegpjatord WRV azsmsdi frihed repiisénelf HEVedepomeg ardvacel therefore

classified a%ar%qn s,y ectVﬁHI 21 He% ';)df QU mp@gggl OBE}%%rﬁfnﬁc‘%?&éi cal car ci nona.

30 In the context dervical screening. classificatio subj ects into
the two groupshig@dtngor isxgiresissien @f MRYAJEreasabiets k" ther E§evel opment

of Ceerca|g%%kﬁb&om@vp%ﬁM!@@&t@n@a%h% %ijé%%lihQQSo%%n%Qfﬂwag treat ment
and/ or further screening._ For bjects in the high risk

cat egor y5 y B eI9TdrEd Oés risdui fpr &evﬁ]n@&f“&f‘%} Phr CREV1SAA ysis, e.g. by
hi st ol ogi cal COldioseephaswhi losit cxpaeesiont b€ E6 YWRANG3/ @5&94nPCT/ GBO3/ 00034

- 14 detect ablgg rdSk|l\c;°'2te gt vz )ééP\b?; ng ?%nb%%kﬁ: o the .$&reening

program at t ods are particularly
useful for assessidhgs rqaxlryaﬁlgde\mélmpﬂahgdc&l?&f poma medddbedct s known to be

5 infected widf 4 ﬁ\él G %31% Lest RG RASiHkiryef o JERY £ BNAsOr subj ects
who have previously manifeste cervical abnormality via cytol ogy or pap

smear. 10subj edighpirdedd ifen KevelordenscPibrerviisrl Eéffééﬁroiﬁa'on the basis

of E6 nRNA emre&%%lsorlnrmmla@\aqSHB\ég@Mvéofp&e%@@trel@@tlohhefnegatnm resul t
for E6 expression cates that HPV is_unrel %t d tE’& oncogene activity at
the tinme of t%¥& |Sr‘fé°r E5pPedeEe Tdr Mont-BGFIr 84 SAPYESr ©4 fodified 15

epi sonmal HPVrgeridied apiisediadatied hgnamposinti weer eédelirefofrer E6 mRNA
expre55|0n,léi£§§§¥féd %@'Q%%'%%tggﬁgbﬁgerisk” for development of

15 cervical carcinoma.

Subjects are sorted into one of two categories of
risk for development of cervical carcinoma based on an
“on/off” determination of expression of E6 mRNA in

20 cells of the cervix. Individuals positive for
expression of E6 mRNA are scored as carrying
integrated HPV or a modified episomal HPV genome and
are therefore classified “high risk” for development
of cervical carcinoma, whereas individuals negative

25 for expression of E6 mRNA are scored as not carrying
-integrated HPV a modified episomal HPV genome and are
therefore classified as “no detectable risk” for

development of cervical carcinoma.

30 In the context of cervical screening
classification of subjects into the two groups having
“high risk” or “no detectable risk” for development of
cervical carcinoma provides a basis for decisions
concerning treatment and/or further screening. For

35 example subjects in the high risk category may be
scored as requiring immediate further analysis, e.g.

by histological colposcopy, whilst those in the no



subj ect has abnormal cell changes in the cervix. Therefore, the invention
also relates to an in vitro nethod of identifying human subjects having
abnor mal WO os@b191£hanges in the cervix, which nmethod conprPCIaEBI3E3eeni Ny
t he subject for expression of nMRNA transcripts of the E6 gene of HPV,
wherein individuals positive for expression of E6 mRNA are identified as
havi ng abnornmal cell changes in the cervix. 25 The term "abnormal cell
changes in the cervix" enconpasses cell changes which are characteristic
of nore ?\e?/e:[iﬁceliﬂtmséa ﬁlwlda(ﬂ/é@f@d@a@elbd calf dresicdonm ok td awesquanous

i ntraepit elia e5|ons i ncl udes cel | swhl | haracteristic
of di sease of %rqelﬁ'ﬁ p&geraa[ erecset\%lerl y tﬁgﬁf%g grag Iléglil(\s(defi ned as a
neopl asti c eX]b‘mf\ﬁ are tdfods aarsf grared cweldEy, LGIeI‘ﬁuJ( derrviasale sisitngaepi t hel i al
neopl asi a) r pist-hel il 160 j ll) ,

i ncludin es]?oon{l O\g\%]v % () Oﬂld(}tr{o%% 6&0% D«? % Fklrrngjl%:ngrtlzgtnrtg )CI N

| esi ons th 4%@@3@&%#%@ rwe%f\%%ésestmr@n pPosditdeift 98 &FV
DNA- aneupl oi dyw@and 2. b l@gteaewrftg l’Bav{ee%)r\éQlQﬁ{Sq 7 ¥k iRCHER03/ 00034 - 15

(Hansel aar et al., 199 A Pat h%[ 1 15-324; Rihet et al., 1996,
J. din Pathdter%gago AR 31VtVIZ’Jéarr‘Fé’ ° é’tgyalor PAGHPIMSE - 3. bst et
Gynaecol . 10%1&2}3}(:&255)pl£cﬂrm dale Mmo alepietdtelola Nedd asitzJoalybr evi at ed
"CIN'), also caI l.ed I’VI SI er I q{;ﬁ; n caused
Human Papi | | ofa r\ﬂ rt})s%e a@p’y %Sam% \élyc%avlel I etr[)jg%’dl ng on its

severi tyd) 10 presentcdnsi cté?eedleegé}irlé’-ec&‘”rﬁiselrléusfoa\fbrﬁ&r PEARepsSioR not  an

actual cancer;fihe ¢dd deste frmi O de1 sty ord@RErRWa- AR iiths own,
al t hough rare]I |t can prosgress . to cancer. The nore severe forns, CIN I

and CIN 111, a‘i’rﬁé‘te Srimen of 4P T HE ' %ane or get worse with time. They 15 can
becone a cancer, but al nbst never do if treated

The presence of integrated HPV or a modified

15 episomal HPV genome, as indicated by a positive result
for E6 mRNA exbression, is itself indicative that the
subject has abnormal cell changes in the cervix.
Therefore, the invention also relates to an in vitro
method of identifying human subjects having abnormal

20 cell changes in the cervix, which method comprises
screening the subject for expression of mRNA
transcripts of the E6 gene of HPV, wherein individuals
positive for expression of E6 mRNA are identified as
having abnormal cell changes in the cervix.

25

The term “abnormal cell changes in the cervix”

encompasses cell changes which are characteristic of
more severe disease than low-grade cervical lesions or
low sguamous intraepithelial lesions, includes cell

30 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

35 lesions with multiploid DNA profile and “malignant”
CIN lesions with increased mean DNA-index values, high

percentage of DNA-aneuploidy and 2.5c Exceeding Rates



adequately. HPV has been identified as a causative agent in devel opnent of
cel lular changes in the cervix, which 20 may |l ead to the devel opnent of
cervi cal weargiofoma. These cel l ul ar changes are associ at ed PQirtdBo3/00034
constitutive or persistent expression of E6/E7 proteins fromthe HPV viral
genone. Thus, it is possible to conclgde that subjects in which expression
25 of E6 nRNA can be detected, particularly those subjects who exhibit
persi stent E6 expression when assessed over a period of tinme, already

mani fest cel gl pge chanaes 4 n theoer vingl Tease wharges nmay have taken
place in only of the 30 cervix,. and not be detectable

f | 1s
by conventi on%ﬁ/{;r/%/% 'gé\%/lche%\fetrt I'e§399% thy t%%f@%lsenm tive,

specific and a@cwal@thMduyrndﬁw@ﬂ &l .of IE®MRIEA. id. iCbspessi ble to
identify thos(gésubgéelc % exhi bit cellular changes in the cervix
at a nuch 35 2A11T%? an uI d be possible using conventional

cytol ogital screening. Th| s will allow earlier intervention with

treatnents aimed &, J}é\g@a?ﬂ./ 05 AL nﬁ@e@%@! %%ﬁas a G\Ibgrpe%%tt'e@g the

devel opnent of cer VI carci no r esul Integratiqn into the
human genone' ©kN'As aakexswallsd e virfsdi fE]yCSaha@?r}aq 52 35 Cr%d’lﬁaéd epi somal

HPV genone, rk%r{@itic&md’éﬂsé?f Hddan \Qarpaﬂll%ﬁlaEX/mfsogm titsAnscription is
| ost (Durst et al.

Gen Vir 66( Pt .7 151 1522: P ter and
Pater, 1985 \Fraidigyt Czsa%ll:a 3s: Orsé%/éardze %t“ ’? SRYEIr&Y314:
111- 114],0 Par |<Itetl§.|cqn5139:937ned B Pre-Harae roorst raazmtormal'llmyerrwwtgmrtt | esi ons

and HPV-i nf ect ed. _.nor hel.i u i ir r ein
"unnodi fi ed" aerblas%tnuaaflnaca eII h?ﬁceem&ﬁ%£§ 5&5/ @)%S Iprgl%gl?rl S%l on nmay be
absent or effdedemiay adovit s @g\mlataelcﬂ(o\]mhnsf@weéty alt. capgrodre&sn Virol ,

15 71(Pt 7): J473570459; I'??é I ldelrlformsd9% 1 Ve ndMidT® .1 140:

261-265). Integration of human
most often stay the same or get worse with time. They

15 can become a cancer, but almost never do if treated

adequately.

HPV has been identified as a causative agent in

development of cellular changes in the cervix, which

20 may lead to the development of cervical carcinoma.
These cellular changes are associated with
constitutive or persistent expression of E6/E7
proteins from the HPV viral genome. Thus, it is
possible to conclude that subjects in which expression

25 of E6 mRNA can be detected, particularly those
-subjects who exhibit persistent E6 expression when
assessed over a period of time, already manifest
cellular changes in the cervix. These changes may
have taken place in only a very few cells of the

30 cervix, and may not be detectable by conventional
cytology. Nevertheless, with the use of sensitive,
specific and accurate methods for detection of E6 mRNA
it is possible to identify those subjects who already
exhibit cellular changes in the cervix at a much

35 earlier stage than would be possible using
conventional cytological screening. This will allow

earlier intervention with treatments aimed at



papil |l omavirus type 16 DNA into the human genonme is observed to lead to a
nore unstable cell activity/genone, and increased stability of E6 and E7
20 mRNAs woaonsand Lanbert, 1995, Proc Natl Acad Sci USA PEI/GEGHd631658) .
Thus HPV integration, typically found in cervical cancers but only
infrequently found in CIN |esions {Cagnody et al., 1996, Mol Cell Probes,
10: 107-116), appears to be an inportant event in cervical 25 A
carci nogenesis. The present nethods detect E6/E7 viral nRNA expression in
the cervix inst&eashtoindNhe B VEL dprealt EXpeassicerl idneemadreal cells is a
much nore accurate 30 assessnent of the risk of devel opi ng cancer than
sinply showing that the HPV virus is present. Furthernore, the detection
of HPV oncogene tr%sacrﬁe;mslt ey HRY al morgy adeirsil tiinke ithdi darm@an of t he

direct invol %n{r&Q% r [ 8 e 35 et al.
1994, Gynecolé/ co &IS éaa egéllgocggc}g?k!eéq &ﬂ%gcg%@ngggls Oncol , 56:

239- 244)5 DetMl%#ﬁ@feFE@CEPW%/W Fﬁ@m@éosmmm of fhe transcripts
by anplifi catyprs angk det egtd s Braisrftlpt idmanosidsx t@lrtoretr i sk

Cervical  carbr: Ele iﬁ%’pe.vﬁf s e TRV Do Bl o % Tpaticent s wi th

ASCUS and Cl I\Pdte{150t19385 etimdlagyl 996 : 3164l Satsalrz 6 dll4- 121; Sel i nka

et al., 1998, est, 7 ) a T Xpressi on 6/ E7: ranscripts
of HPV-16/18 1%%? L}rf or3 Zf; clglrlre la E}Lﬁaﬁ hej Bhy 1§9c-}ezll % C{us of HPV

DNAs (P k etIraIcqnti:QQSE @}hmma@?@ﬂant\/dle.wn_’s) andlZﬂEVlenﬂaﬁitrﬁﬁst
cervical carcl Ceeg't%éﬂ%rﬁg; 0 1 il o3¢ Of 1SRRG hunan

papl | I omavi I'USGS are transcri I'OI’T'I viral sequences I nt qu{r ated into host

15 cel | chronvssmsl {issh’ KRR aPo iz hancg oncpsene EMNat| Acad Sci

US A Vol:88AnsdAlderidn mMdy de dathtangd idHragrialitay has been eval uat ed

in alarge series of CINIeS| ns (Piets oet %I 2002, J |n
down-regulated (Johnson et al., 199 'J Gen 'Viro

15 71(Pt 7): 1473-1479; Falcinelli et al., 1993, J Med
Virol, 40: 261-265). 1Integration 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

20 mRNAs (Jeon and Lambert, 1995, Proc Natl Acad Sci USA
92: 1654-1658). Thus HPV integration, typically found
in cervical cancers but only infrequently found in CIN
lesions (Carmody et al., 1996, Mol Cell Probes, 10:
107-116), appears to be an important event in cervical

25 carcinogenesis.

The present methods detect E6/E7 viral mRNA
expression in the cervix instead of DNA. E6/E7 viral
expression in cervical cells is a much more accurate

30 assessment of the risk of developing cancer than
simply showing that the HPV virus is present.
Furthermore, the detection of HPV oncogene transcripts
may be a more sensitive indicator of the direct
involvement of viral oncogenes in carcinogenesis (Rose

35 et al., 1994, Gynecol Oncol, 52: 212-217; Rose et al.,
1995, Gynecol Oncol, 56: 239-244). Detection of E6/E7



M crobiol, Vol:40(3), 886-91). Only one sanple 20 contai ned exclusively

epi somal HPV16 DNA, and this |esion regressed spontaneously. Seventeen of
37 invaswoa3mstord cal carci noma sanples were identified mpoaxirnIg®bos4as
containing the conpletely integrated HPV16 genone by using PCR covering
the entire ElI/E2 25 gene, and this wasyconfirned by rliPCRin 16 cases.

One case, however, showed a | ow | evel of episonmal deoxyribonucleic acid in
addition to the predomnant integrated form O the remining 20 carci nona

sanpl es showi i i S gﬁﬁikﬁO%W@luﬁlb@Q1@he&h@uae%%c%a@hyabsa l4evane found
to contain integrate sing rliP our cotaln%ggrrultlrrerlc

nd
(nodi fied) &PidBmRat chortr?gﬁ 'Ifr?ﬂfsr S tegtaélzua% 3PNSt TP 10He “"Ear ci nomas
(84% showed ddiieﬂgj’p’:ﬂeﬁ’d: HRVIIi’Ngemln&tsm/plrbgreastsienceooﬁ:eirnuegliati on could
not be detected. 35 (K l;. I, Vol : 10(1),
46-54) WD 03/TB7914 /%1%(5@/%3@4%@”‘ éqg%hél?é’a gb 5&5%*3.8?t ual Iy no
obser vati ons pdtdtentcemiitdalRScarSc ianoing 1e Ll dS@Xllgtr witt Rdut LAL8gr at ed HPV

or nodifi ed Q{Hﬁ' di 1DN%9( Kahantani; &k18hxa2QQl;,; Pi qu@@rolLab al .

2002, ibid). as furt been’5 shown that E6 and E7 may only be
transcri bed fIrrbifﬂSﬁ:nﬂ@gragté@ or nodified episomal HPV DNA (von Kieben
Doeberitz et al., 1991, ibid). Therefore, the inventors surm se that

detection of E6/E7 expression pr es..a _direct .indi cat tegrated
HV or 10 modi 11 6T e s 00 Gd SRV B SHeOg6ndPagt Po 157-a6d Bconct ude
that inmo cl |1n; Qﬁilmnth»(tcodeteaeﬁzlednwdfthEﬁhe( EﬁlyE'i):aexplte$$1|sonfal one is

sufficient t ﬁﬂg\)tl fy rLll(bjefetcg L 1'r'T1I%7ghG OfOn%%\ligl gglln grw cal

car ci noma. pressi on dfected in
a cervi cal sélrail-é) th|I<:1 imosdi ceewligali ﬁdm@&ﬂpm@ ckldel tbba%abﬁdr mal ities

in the cervixandndhese d ﬁ%celf\i%r xsumaahpabﬁli1%fna%\f%ls%en§% of cervical
carci noma due to persistent oncogene activit
transcribed from viral sequences integrated into host

15 cell chromosomes (von Kleben Doeberitz et al., 1991,
Proc Natl Acad Sci U S A. Vol:88(4), 1411-5). Viral
load and integration has been evaluated in a large
series of CIN lesions (Pietsaro et al., 2002, J Clin
Microbiol, Vol:40(3), 886-91). Only one sample

20 contained exclusively episomal HPV16 DNA, and this
lesion regressed spontaneously. Seventeen of 37
invasive cervical carcinoma samples were identified
previously as containing the completely integrated
HPV16 genome by using PCR covering the entire E1/E2

25 gene, and this was confirmed by rliPCR in 16 cases.

-One case, however, showed a low level of episomal
deoxyribonucleic acid in addition to the predominant
integrated form. Of the remaining 20 carcinoma
samples showing episomal forms in the previous

30 analysis, 14 were found to contain integrated forms
using rliPCR, and four contained multimeric (modified)
episomal forms. Thus, in total, 31 of 37 of the
carcinomas (84%) showed integrated HPV16 genome, while
absence of integration could not be detected.

35 (Kalantari et al., 2001, Diagn Mol Pathol, Vo0l:10(1),
46-54) .



Therefore, detection of E6/E7 nRNA in a human subject 20 indicates that the
subj ect has a very high risk of devel oping cervical carcinom and shoul d
undergo woms@smie further screening, e.g. by col poscopy. PCT/GH09/0BGAE7 nRNA

expression is not detected, the 25 subject may still have an HPV
i nfection. However due .to absence-ofgifategration and oncogene activity,
it may regress spontaneously (as observed by Pietsaro et al., 2002, ibid).

30 In a clinical context the performance of nmethods which rely on
screening for expreEsst®mafe EedrRNA rtaladiey irso abddmwaddiyordepdredent on t he

ability to score .a negative result,far,. q;ﬁl% rqg:g% ]
confi dence. T%?%V%%%?ngar%%hrf?"gas c;é ldlest eec)illEsgCn ec Oﬁlﬁgule t:@ci Pz;]s maxi mal
sensitivity, yetmeibfieesepsunel HEAIBR ndgatante riexll tas-- 140 ipreferred
enbodi ment VG 03/ 057914 T/ GBAA(00084; . 191 WilS A cadll exgh by using a
sensitive anplification and real-tine detection technique to screen for

the pre3enceshpwrabsent EbfarEb IRURY THE it teissiiided tfedhi que i s
real -ti me NASBf: apdidd cat iy iusi v &p ingdrecul By eac ons rprrakessn as
described by Leone et al.,_ Nucleic ACiJEf? Resear ch. , 1995%1, Vol 26,
2150- 2155. DRCRYFite ferdt i Vit ofihifs t i hdSccurrence of

fal se-negati venvestdts s$srnmgd misad dattbctaiaresufl tEQOFE7' regatd sad dE6
expression" can be scored. 10 with, . t f |.de This,is. extrenely
important i fp]f%‘él%%ssa%/scgﬁrg‘eec o elq{Jagcglcﬁl{ v hqer{tgeo(%égcxetd Q*P%.]a osrcI i ni cal
screeni hy progrdified emiesonshdtRY Fasbd iah deteagdnen asft IF6 tBWRNA TS al one it

Is preferred i é’f&&&t%@éﬂﬁﬁ% AR AP fbextlBleRbe i3h A 45, and in a
preferred enbodi nent the assay may detect only these HPV types. DNA from

HPV types 16({E@EE731e%R%e S5 Hhe I58th Hetthfdd s thore 1981 179 of

cervical carcd sanpl esh{dfard s eif alove2pikP&Gerkyiddin M crobi ol ,

34: 2095 2100), GLhef st ud) 3, 1aVe, SHRW LD B, A %, 205 A5

15 can be detected in a cervical sample, this is directly
indicative of cellular abnormalities in the cervix and
there is a very high risk of development of cervical
carcinoma due to persistent HPV oncogene activity.
Therefore, detection of E6/E7 mRNA in a human subject

20 indicates that the subject has a very high risk of
developing cervical carcinoma and should undergo

immediate further screening, e.g. by colposcopy.

If HPV E6/E7 mRNA expression is not detected, the
25 subject may still have an HPV infection. However due
-to absence of integration and oncogene activity, it
may regress spontaneously (as observed by Pietsaro et
al., 2002, ibid).

30 In a clinical context the performance of methods
which rely on screening for expression of E6 mRNA
alone is critically dependent on the ability to score
a negative result for E6 mRNA expression with
confidence. This again requires a detection technique

35 which has maximal sensitivity, yet produces minimal

false-negative results. In a preferred embodiment



retained in cervical cancers, as their expression is likely to be
necessary for conversion to and naintenance of the malignant state (Choo
et al., 1980302014d Med Virol 21:101-107; Durst et al., 1998T/GIanomerss Genet
Cyt ogenet, 85: 105-112). In contrast to HPV detection systens which are
based on detection of the undanmaged genene or the L1 gene sequence,
detection of HPV nRNA expressed fromthe E6/E7 area may detect nore 30
than 90% of the patients directly related to a risk of devel opi ng cervi cal
carci noma. | nthhe téim&nleﬂeﬁhbﬂSume@dbcsemhﬂmiﬁécnmpﬁlf&batﬂ%MA are

preferred for yge, Lo, Dosh: SGreehi Mgy {eGnARIWINL a0 psi SRl

i ndi vi dual s havi ng I ouS™ ~diagnosi s of
met hod may bpraserdce oosealeeenccehoeé % tohRNA hi g'IPherum(sbfpm:f@Gv%mM

PCT/ GBO3/ 0003d cpn 2Que UBY €L ORI N £EN VA S %H@é@tf&?rﬁ@{wgﬁ the group
of 1 ndividuals having a previous d| agnosi s, of ASCUS, CIN 1 or Condyl oma.

ASCUS, Candy| BEbeaRtR Tl RFICHRY BECOeS | Hodl et ed drY 11R% HRE sane

di agnosi s duealo, vxeudlélct omcm@rwwamm tylgIHWE'\&m dM feregu-xy3%l ogi sts
err err nt J. Gyn Path.

and dlffereng cyto ﬁ%lca deg rtgent %ﬁ C %é

12: 186- 192. 1883)t¢ ouid THAT L ohY Y- 4rDund 1% o? rflh% G‘CI 9 cases may
progress to cecumnaencar@fnﬁmhse ﬁé@&ﬁlvdmnesuktsi;ﬁnmunmmxﬂﬁﬁjdmﬁ an

ef ficient net f j ;§#Q§§; wi M th ASCUS,
Condyl ona or %Jﬁ?%gmﬁ o%?gﬁé éyi st%ﬁﬁ% i Sk éH cgﬁ%vé?o pi ng cerV|caI
carci nokf. Oneibh wt%eeorl%lderlcse 31Thoirs %mstm@cx e’dnH’CﬁfW% of the

cervical car CEnonB £8585s Si Halyc Hyokard&en eterd .cod96 &y 45 inclusion of
HPV 45, nearlé%90@60f the cervical carcinona sanples are found to be

related to thesEN1F3VeSHRARYPRPTAHARf ore, cal cul ated fromthe data
provi ded by Gstor (Int J Gyn Path 12:186-192. 1993) nore than 99.9% are

det ect ed cases vm'tf A§ A me O%Ss o0 0‘151 Ocnoq:gégo are l-féerﬁjRI\PAY our

HPV- Proof er Kkit. &'t nvent i on p05| ive
15 alone it is preferred to detect at least types HPV 16,

18, 31, 33 and‘45, and in a preferred embodiment the
assay may detect only these HPV types. DNA from HPV
types 16, 18, 31 and 33 has been detected in more than
87% of cervical carcinoma samples (Karlsen et al.,

20 1996, J Clin Microbiol, 34:2095-2100). 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,

25 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 L1 gene sequence, detection of
HPV mRNA expressed from the E6/E7 area may detect more

30 than 90% of the patients directly related to a risk of

developing cervical carcinoma.

In the clinic, methods based on detection of E6
mRNA are preferred for use in post-screening, i.e.
35 further analysis of individuals having a previous
diagnosis of ASCUS, CIN 1 or Condyloma. The method
may be used to select those with a high risk of



expression” of an nRNA is taken to mean expression

above background. There

is no absolute requirenent 25 for accurate quantitative determ nation of

t he | evel woaB/HORRNA expressi on or for accurate determ nati @CTEGEBO3 WSS

relative | evels of expression of Li and E6 nRNA. In certain enbodi nments,
the nethods of the 30 invention nmay-cohpri se a quantitative determ nation
MRNA expression. In a preferred enbodinent in order to
provide a clear distinction between "positive expression" and "negative
expressi on” adewkﬂdpiﬁgmﬁéﬁvudﬁl"qxxﬁﬂdoma exmeSﬂﬁdnﬁsﬁnnhawgmdume the 35

presence of nof €, 1v1 %lc%q]ae%neci ataQDeffr | evant; %}%n Ofeir rgcu%f sanpl e or

of |levels of

per total vol

UI’TE O et ermn negati 've

expressi on" N VD@B/COBRQ;ZMOIM}T/ GEE3I0063ndyloxe araliite &t WayYpkesence of
less than 1 copy; Qfy tgke méleé ed’r.arltes@?%e( ReImdTq 10 gAY & Rerdrat al

vol unme of sarrpl e). he rretho s of the |nvent|on wi | | referabldy

screeni ng forl®s W%#@l TR WHitderand gt iddtedd
speci fical |y &6t fdiN r@n&mt_ﬁejal afmmtateeftdﬂPVdsmﬁcs Irfnfej peafrer abl y

enbodi ment ¢ HOAHot ML i e ‘Sia Hergic o0 A 2 iy T4 Cohni que
whi ch i s abl eclt® TBEN el tcadste sy fgmgrdﬂvuwmvﬁ&all&a@rmn@ 33, and

ﬁ&ém eSt'éjraefqeérﬁpere ne@%f rFotpé\}% V@f_'f'l Regl figaldy det ect

preferably al
expressi on of
preferably al

omat 1east one o 16, 18, 31,

i nvol ve

33, and

&l Entady sk ttherafsadblaf dindifi atkﬁpévsltm&ﬁé?@@n, wonen
positive forcmmténvae Sorcexpr egsd oy ofa tEG Jysammatihar Aiess than 16, 18,

be "at

31, 33 and 45 .35, 39, 45, 52, 56, 58, 59, 66 still

ri sk" of devéi%‘b?]rf@glz‘tg GHEV G SRGIHGRE - TS Otfhe',dagﬁgtth‘f’c?c?smﬁf'encorrpass
screening forl@&x@esst @B ofaEGadhdd dm @Ve @f e cefvitdedse HPV types,
nost pref erabla}/rl n addition t cree ar}qsfe%r 6%6 anﬁ’\,lAlf9r9%n.1 H%\{/ types 16,

18, 31, 33
15

20

25

cinoma cases study by
inclusion of HPV 45, nearly 90% of the cervical
carcinoma sampies are found to be related to these
five HPV types. Therefore, calculated from the data
provided by Ostér (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.

In the methods 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

.of mRNA expression or for accurate determination of

30

35

the relative levels of expression of L1 and E6 mRNA.

In certain embodiments, the methods of the
invention may comprise a quantitative determination of
levels of mRNA expression. In a preferred embodiment
in order to provide a clear distinction between
“positive expression” and “negative expression” a
determination of “positive expression” may require the
presence of more than 50 copies of the relevant mRNA
(per ml of sample or per total volume of sample),

whereas a determination of “negative expression” may



and 45. Certain HPV types exhibit a marked 25 geographi cal / popul ation
distribution. Therefore, it .may be appropriate to include priners

speci fi c worozam9tHPV type known to be prevalent in the PCT/GB03/00034

popul ati on/ geographi cal area under test, for exanple in addition to
screening for HPV types 16, 18, 31,-3831 30 and 45. For the avoi dance of
doubt, unless otherwise stated the term"E6 nRNA" as used herein ,
enconpasses all naturally occurring nmRNA transcripts which contain 35 all
or part of thedtfi perhe eadisegder arfe,ldssclthdinng cotyurdl Iheoccurring splice

ST or WD 03/ PER 08 000 O 200 art BFU K6 ) GRaN Fegding {1 ame

(and i ndeed faame) - open reading frames). The terns "E6/E7 nRNA", "E6/E7

transcripts" etc are used interchangeably with the terms " E6 rrRNA " E6
transcripts” and al so encorrpass 5 naturally occuring %ranscrl pts whi ch
containAall or pattt FEHRESESLofER FEIGNTS O Hie ) lpﬁ(?lfl?&l ¢Y natural ly

occurring splirte & istteniaRd floramec MRMAS usdhigch cerbhaiinual Whdehpart of

t he E7 open r.eadi fra he ter. ressi on nl_ess 10

ot herwi se staftecf‘bq% s rdreTf%gr-E Sgeﬁégdrcgﬁﬁygoccu%g Eﬁsr’r’lfﬂl\l/gfapr %I’ISCI’I pts whi ch
contain all ersgwaritatefd HY EFpespemoreadived einedly, “highudiisg “nat ural |y
oceurring  spi ggs%%%te@n%pv UYREI Pt S RGN e QR B rRlleor  part of

the E7 en rea rame. 15 Four NA speci es have so far been
descri in Qj‘élqumlerﬁftedﬁtf@d mﬂtmdl%PVnY@lVﬁaﬁélrﬁeélﬁngurf§|§l E6eHRES transcri pt

and three splyji tar&r&;@lrnl WhaRe! 8¢ E@’ile t56’a|e|te@|%dE%6 RNR (f$asmt kin D,
et al., J 20 \f : 39 r %(iLS baéé §D8 t ki_.n D stellg Proc
Nat| Acad Sci PLYSA?YWB 3ull8g3P13 PN s 42n9pREehSFakl yet":l 5P 43 roI ogy.
1990 Sep 178Mpst2-cF2rabTgr, nelhies sen hida, w&tllalspeﬂn@&m:a\][llyoldetﬂsgﬁO May 71(Pt
expression of E6 mRNA from at least one of HPV types
15 16, 18, 31, 33, and preferably also 45, and most
preferably all five types. However, women positive
for positive for expression of E6 from other types
than 16, 18, 31, 33 and 45, e.g. 35, 39, 45, 52, 56,
58, 59, 66 and 68 may still be “at risk” of developing
20 cervical carcinoma. Thus, the method may encompass
screening for expression of E6 mRNA from one or more
of these HPV types, most preferably in addition to
screening for E6 mRNA from HPV types 16, 18, 31, 33
and 45. Certain HPV types exhibit a marked
25 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
30 and 45.

For the avoidance of doubt, unless otherwise
stated the term “E6 mRNA” as used herein encompasses
all naturally occurring mRNA transcripts which contain

35 all or part of the E6 open reading frame, including
naturally occurring splice variants, and therefore

includes transcripts which additionally contain all or



5):1243-6; Johnson MA, et al. J Gen Virol. 1990 Jul 25 71(Pt 7):1473-9;
Schnei der-Maunoury S, et al. J Virol. .1987 Cct 61(10):3295-8; Sherman L,
et al. | mvodso€emcer. 1992 Feb 50(3):356-64). Al four traIaBopso34ar e
transcribed froma single pronoter (p97) |ocated |just upstream of the
second ATG of the E6 ORF. 30 In one-eabodi nent the nethods may conprise
screening for E6 transcripts which contain all or part of the E7 open
readi ng franme, This nmay be acconplished, for exanple, using priners or
probes 35 spegattcof othéd he7 E?pe:mdmtgdim@lmmén (and uirideesd efdoodiemwent , t he

met hods may co rlse 03f057914 P 2 £ 8 for t he
presence of PR T‘ erah ég‘arz‘d?ransccirr}l4 pt e3{“IQ e/%%s"gm\(]) ?@1 the term
"full Iengt htE®n$¢JaIE81I:$T ptse aed eﬁ%edolmtmﬁqﬁéiomlwhdﬁ?ﬁal n all of

the region f1opLucteotigent NEOT: & flp@BO ddk Ldes E& (Finpd il usi ve of

nt 97 and 880. Nucl| eotide positions are nunbered accord |ng to st andard

HPV nomefcl at B BurakhY FREEHE Pagi TR irelvt $UECT ins et Giin ST HE! 34Aai | abl e

via the intergetport idr pRoensfosen f e ihg [laztaﬁba,sem&@jdllrﬁg op K710, Los 10
Al anos Nat i onal Lab](s)j;at or

gd Los Al a:go NM 87545, ds% eC| f| £ det ecti on
of full |engtPEPEASLY | Prer Mg beP beconpt i wHew” 1 T & RISt ng primers
or probes whwichclareostpetn fakl for pdwet regiore vitil odpers repada‘sr@t only in full

length E6 trapscri pt é‘lO{elLIHI %?%éﬁ%\% f@gglson,[)i f HPV types

exhibit differen er ns of expr essi on. ranscri pt maps for

var i ous1®PV t?’@@%rwlﬁ%l%‘d@?@jjklmﬂs@ ypRECIS BT Ak P FRE 1Y used to

assist in themaﬁﬁ%%ﬁrpé@@%p&h pémf@ﬁl for: det ged#on oftib/de 20
transcripts are ubI i ai |l abl e a t he Human api | | omavi rus Conpendi um

(as above). ‘é Fefe pri % e M bR T T %hi ch are
sui table for $IISE1¢€EI wapl dft catamod ofatisegtiptss which contain all or

part of the E7 open reading frame.
15
Four E6/E7 mRNA species have so far been
described in cells infected with HPV 16, namely an
unspliced E6 transcript and three spliced transcripts
denoted E6*I, E6*II and E6*III (Smotkin D, et al., J
20 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., 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 Gen Virol. 1890 Jul
25 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.

30
In one embodiment the methods may comprise
screening for E6 transcripts which contain all or part
of the E7 open reading frame, This may be
accomplished, for example, using primers or probes
35 specific for the E7 coding region.

In a further embodiment, the methods may comprise



25 of the E6 nRNA from various HPV types by NASBA or PCR In a preferred
enbodi nent net hods which involve screening for L1 nRNA expressi on nmay
conpri se weaseenithg for L1 nRNA expression using a techni qua/cG3mbi3eh is
able to detect Li mRNA from substantially all known HPV types or at | east
t he maj or cancer- associated HPV types3 (e.g. preferably all of HPV types
16, 18, 31 and 33) . Li prinmers and probes are described herein which are
capabl e of detecting L1 35 nRNA from HPV types 6, 11, 16, 18, 31, 33, 35

and 51 in ceyiiali A e TheBrR30289 4 PET1EBAINRA34Ee- 24 Detection

of L1 transcripts can be said to detect PV " vi Ience",“ ing the
presence of N§ARG P %ﬂﬂl%ﬂtﬁ? BétEc o H &f égﬁé Féﬂécgeg s can be said

to detect HPVeématthaenasirscrdiptee exjfeessiton tm‘iantsh:e&@tﬁ wRN&s is
i ndi cative onqu: gquy eﬁgggl %%é%%'a%?%m‘ﬁuéle tiﬁeOf g2v§bo

carcinoma. Ina 't Was possible t ect aII except
one casé of CIJtNSISIQ Jlrle§|h@n§360tORF10 l@@d@@rlvl@sprfgné @étl@@d B&8ed on screening

for expressi éﬁeoﬁqoﬁéﬁ d<ki TRNA GS8e ngBRIRANKICRG rdEraRbes) . In further
enbodi nent s, e above-descri bed 15 nmet hods of the inveéention may conprise

screeni ng foﬁtﬁﬁéﬁ%% o "OMERIRNA tHEEn S S Ao hePRe LRERHEA THE6I nk4a

gene, in addlddn@iértdluﬁtcrceﬁﬂln@g fa@ralQ)&M%SS’IJ.Qn tok HRVYerhttand/ an E6

transcri pts. sitive It f% essi Qn of gl%in§4a MRNA i s taken
58T b E“a a

as a furtherﬁ%ﬁﬁr Oam1§ﬁOWISk t@FVl car€i noma
P16i nk4®, and\ltse s éladtieh aflamiabp rasswirer, s LOﬁa%laZ@Sf,uNMt B3R 4be regul ate the

phosphoryl at i and 1%¥5”Mé %%RBBG%%I%%lQCH%% E% ef. 5 gggﬁgg§glnoblastona

gene product ). suppo £ hi i's, it has bee foun there is an
i nverse relamﬁbh§ﬁiGQQﬂmm&aﬁhe@hef@%pﬁé@@@éﬁroﬂsﬁpelﬁ%4&65§09é|n and t he

presence of propes which are specific for the region which is
present only in full length E6 transcripts, not in
15 splice variants. Different HPV types exhibit
different pattérns 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
désign of probes or primers for detection of E6/E7
20 transcripts are publicly available via the Human

Papillomavirus Compendium (as above).

E6 oligonucleotide primers are described herein
which are suitable for use in amplification of regions
25 of the E6 mRNA from various HPV types by NASBA or PCR.

In a preferred embodiment methods which involve
screening for L1 mRNA expression may comprise
screening for L1 mRNA expression using a technique

30 which is able to detect L1 mRNA from substantially all
known HPV types or at least the major cancer-
associated HPV types (e.g. preferably all of HPV types
16, 18, 31 and 33) . L1l primers and probes are
described herein which are capable of detecting Ll

35 mRNA from HPV types 6, 11, 16, 18, 31, 33, 35 and 51

in cervical samples.



30 normal RB in selected cancer cell lines; pl6inkda protein is detectable
when RB is mutant, deleted, or inactivated, and it is markedly reduced or
absent i rwo®alos79lid nes that contain a nornmal RB. Kheif et &iICT(Q808i06038N et
al., Proc. Natl. Acad. Sci. USA 35 93:4350-4354. 1996), found that
pl6(err) protein is expressed in hundn €ervical carcinoma cells that
contain either a nutant RB or a wild-type RB that is WD 03/057914

PCT/ GB03/ 00034 - 25 functionally inactivated by E7. They al so show that
the inactivation detREtcion elfatids umatdsmptmegm alel @@ idoftop teitek4a

confirmng a dback I 00D J nvol.v d angosch et
al. (MIlde-La gosc %l erf ! Imean(lggqog:) %%'oe\/?/;%%AO@EHXyQ lq@gl%l) f ound
that there wertelwignifilsdectdon @Ifatﬁﬁfrfg ttetam@mlpttﬁoﬁ:@np,b@ s@éisr essi on
and HPV16/18 { nfeatd gn @A %tt%%rén%tsrl@gsﬁ%% eSeiiom @t tHRV 16/ 18

E6/ E7 oncogene expression. Klaes et al (Klaes R et al 2001) Int 10 J

Cancer 92: ZWW)l%MWld%ﬂfoﬁ@l@\%@areﬁﬁ%é &S SO 13k 9l 6i nkda gene

product in 15@itwf AdXk dJ¥ gevlags nidy sflrasihictacervical lesions (CIN I to

i nvasi ve cancer), whereas nornmal cervical epithelium or inflanmtory or
met apl astic | esions were not 15 stained with the pl 6i nkd4a specific

nmonocl onal anti bodyn E£E6HAUdYAIdE @9 I woemed t ezsaisorwsa;s;@d@i aced with LR HPV

types di spl ayoeeclC oa{lloqelxyce qcal, Or- %%Or&d:ﬁ tlle\él s Miereas all but

two CIN | score esi ons soci at ed wi th ypes owed strong and
di f fusel0 20 sraigRIFigrg @ @lemb@éi bﬁ?@ddl%’clsﬁ@@r@@lgeémrng met hods may be

carried out Sib A S RRATA I 9fd MUChEING aGld 1a3QloatRehfimgm a clini cal
sanpl e or biopsy containing cervical cells 25 taken fromthe subj ect under

test. Suitabl %)s whi ch may be used as a source of nucleic acid
i nclude (but not excl usi vel y) cervical swabs, cervical biopsies, cervical

fsg; ﬁg: ingsé)r skin bilorpsf-uersf!hvemir tesrdboaallmse%tpsa;r % fei %b%%e—%%%%rtiib%%i'“les’ and
15 methods of the invention may comprise screening for
expression of mRNA transcripts from the human ple"™*®
gene, in addition to screening for expression of HPV

L1 and/or E6 transcripts.

20 A positive result for expression of pléi"™*® mRNA
is taken as a further indication of risk of developing

cervical carcinoma.

Pl6i"™2  and the related family members, may
25 function to regulate the phosphorylation and the
. growth suppressive activity of the restinoblastoma
gene product (RB). In support of this, it has been
found that there is an inverse relationship between
the expression of pléi™! protein and the presence of
30 normal RB in selected cancer cell lines; pléink
protein is detectable when RB is mutant, deleted, or
inactivated, and it is markedly reduced or absent in
cell lines that contain a normal RB. Kheif et
al. (Kheif SN et al., Proc. Natl. Acad. Sci. USA
35 93:4350-4354. 1996), found that pléi"™@ protein is
expressed in human cervical carcinoma cells that

contain either a mutant RB or a wild-type RB that is



30 nethanol fixed cells. The preparation of nucleic acid to be screened
using the disclosed nethod must include nRNA, however it need not be a
prepar at iwo osfospusi fi ed poly A+ mRNA 35 and preparati ons ®CTIGRBI00ERMA or
crude preparations of total nucleic acid containing both RNA and genom c
DNA, or even crude cell |lysates are-a%o- suitable as WD 03/ 057914

PCT/ (B03/ 00034 - 26 starting material for a NASBA reaction. Essentially
any technique known in the art for the isolation of a preparation of
nucl ei ¢ aci d ﬁmmmmmmmmw Ef/e 'rl‘mt/ataésrmucsh@iwc theitd from a

doscri bed | n ‘08 ATESIY RS B B350 2083, s nueEod Akt oh can be
used to isol atfe rd GUIE eﬂoc‘lfa(,fﬂdngprae[f@leﬁlﬁaéﬂf é@ﬁpallﬁN@éVb@thﬂzﬁA“ and DNA, is

based on theRuUdrI ¢ vaAiE Biardidae hprer@uthmlqaesmlah@@@cﬂl @xi de 10
parti cl es in the presence of the cha trg 3gent f%uanl di ne f'gl ocyanate

(GUSCN) .2 The dethddd s e ShAren e =8 1dn Fo4LEe S8RENEEF Cact i ve
transcri pti owedfe tsh@d:dlzf\ic@elrtolmrrb&altnoner ble&&lee@eblt&on]jh@lﬁet hods are not

limted with respect. to_th hni ue usdt te

expr essi on. ﬁﬁ?%fpetséc’clr?ﬁ}l &ﬁlgngFy d/slt edt ﬁgﬁth% sp e%l % %ﬂN%\ squAnces are
known in the gt exapd asmyi doe amsle d BVn 16dd§o£@a(ﬂdeow0t>lqemlee i nvention. For
exanpl e, Spefé;{dr%s%qo'{‘i'?'\‘%a@sy e et eqkqgelgy Rhygrt' dijsatiiopoianmphification

or sequenci ng echni ques is nost ‘preferred’to deteét nRNA expression by
nmeans o0 an ah‘&%nfqeé”aﬁzon 2t7@c’lﬂ?r$|4dué’bsﬁéé’?dpﬁeﬁélré?ﬁlgy0"?5 an i sot her nal

anplificatior s&%nN@ffB/E,he' foravser igeheoprdadicat ed aspl bffi g¢abi on,
sponal e ated, Al |£aLan, MR engl au, ! SpgfiengeLosol vtion
Mor e pref er alingazRNe exproessi,onheételas detrmefledebyianli sptihbeidlm
anplification,in,SoghlRatlon Wkl Heakit LM debaet |,QR0hothe
15 stained with the pléi*2 gpecific monoclonal antibody
E6H4A. All CIN I scored lesions associated with LR-HPV
types displayed no or only focal or sporadic
reactivity, whereas all but two CIN I scored lesions
associated with HR-HPV types showed strong and diffuse
20 staining for pleitka,

The disclosed screening methods may be carried

out on a preparation of nucleic acid isolated from a
clinical sample or biopsy containing cervical cells

25 taken from the subject under test. Suitable samples
which may be used as a source of nucleic acid include
(but not exclusively) cervical swabs, cervical
biopsies, cervical scrapings, skin biopsies/warts,
also paraffin embedded tissues, and formalin or

30 methanol fixed cells.

The preparation of nucleic acid to be screened
using the disclosed method must include mRNA, however
it need not be a preparation of purified poly A+ mRNA

35 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



anplification product. The nost preferred conbination is anplification by
NASBA, coupled with real-tine detection of the anplification product using
nol ecul arwBd3bgmeons t echnol ogy, as descri bed by Leone et par/GBo3MuGkei c
Aci ds Research, 1998, Vol 26, 2150-2155. WD 03/057914 PCT/ GB03/00034 - 27
Met hods for the detection of HPV in-aéest sanple using the NASBA
technique will generally conprise the follow ng steps: (a) assenbling a
reaction nmediumconprising 5 suitable primer-pairs, an RNA directed DNA
pol ynerase, sdithionyclaasa dlhadorhydNelSpRes clahoe iIRNA stEsartitabldly RNA- DNA
hybrid w thout_ hydraql ysing single or.double tranded : an RNA
pol yner ase t ety rteecchi%as%s knsoé‘?]d%ﬁlr (J)Cr}r%t élr},t éfr? I’tl %ﬁ&@&?@éﬁaﬁe%& 10
deoxyr i bonucl|mosiake trdrphos phatles,c @9id dogdading mRYA eact Pen usedi um wit h
a preparation, ofs gl eirf, A id 1:30latedd L0Ma tt @3hp13anphe suspected of
contai ni ng HPV under reaction caonditions which permt a NASBA
anpl i fi cati orPRef 918RS iterehrafie )5 FéecBoRy "andrde tdeantetiervel v
rznoeangri ng arH/efsliWh‘kﬁélﬂCiirf }us@r@dg@tz;,@fo)% b}@dl%@&ﬁ-gmlgi,foi@ati Q‘Ihi(sr eacti on.
tection of t speci.fic product of, the NASBA reaction (i.e. sense
and/ or anti sé?%@%cgpiv@?@f ctaﬁg & éﬁﬁgg ERNAP oAy S é LEEdS 85t % n a nunber
of differentpmyepescat oo raEimdach Holtd RNBBAngr diidct (s) basey ba det ect ed
with the use P\- 0§ ri di JQ.QN : ahl;
specifica||y‘%%%32Fﬁﬁ§‘§E§§‘{ﬁ§“ﬁ2§%X96?§ ggéégTﬁg %ggﬁﬁgﬁsgﬁﬁggggrobe may
be attkthed Rartiqlasedln id g dFelsencer cdx&msl ehaotiiopdcesdent, | uni nescent,

radi oactive QfyafheMd WHiNRSARR CQERGeRd .or an enzyne | abel or any 30
I

ot her type of” | abel known to those of ordinary skill in the art. The
preci se nature of the label is not critical, but it should be capable of
produci ng a The methods of the invention are based on

assessment of active transcription of the HPV genome
15 in cervical cells. The methods are not limited with
respect to the-precise technique used to detect mRNA
expression. Many techniques for detection of specific
mRNA sequences are known in the art and may be used in
accordance with the invention. For example, specific
20 mRNAs may be detected by hybridisation, amplification

or sequencing techniques.

It is most preferred to detect mRNA expression by
means of an amplification technique, most preferably
25 an isothermal amplification such as NASBA,

. transcription-mediated amplification, signal-mediated
amplification of RNA technology, isothermal solution
phase amplification, etc. All of these methods are
well known in the art More preferably mRNA expression

30 is detected by an isothermal amplification in
combination with real-time detection of the
amplification product. The most preferred combination
is amplification by NASBA, coupled with real-time
detection of the amplification product using molecular

35 beacons technology, as described by Lecone et al.,
Nucleic Acids Research, 1998, Vol 26, 2150-2155.



signal detectable by external nmeans, either by itself or in conjunction
with one or nore additional 35 substances (e.g. the substrate for an
enzyme) . womsesm®is ed detection nmethod is so-called "real WOTEBBRSIBL4

PCT/ GB03/ 00034 - 28 tinme NASBA' which allows continuous nonitoring of the
formation of the product of the NASBARTeaction over the course of the
reaction. In a preferred enbodi nent this nmay be achi eved using a

"nol ecul ar beacons" probe 5 conprising an HPV-specific sequence capabl e of
anneal i ng to the NASBAJw dductthea dtemtdupl exX HEVniing a dleisgomagipdst i de

sequence and a pajr fdyor enghar IeL] Qun i the art
and descri be‘g_}lﬁgdr eﬁh%].c qﬁ‘ééﬁ]g%%g'l Cﬂ"lléarvpﬁblga ong%lgrlg ecr%z[1 ?8 added to the
reaction m xtiglelpting stepdiplification it may be possible to nonitor the

formati on of the SB@@&@;&% R ealcttiiore n{eldQ_Qllﬂﬁ Rhpdlisinyucl eic Acids
Research, 1998, Vo 26, 2150-21 Reagent ts and_instrunmentation for

perfor mhg reHitahke PF IGRIBR ectarnoﬁ éil&\‘?&rtle&lbIDe“B‘C(IJj FEEECFy (e. g.
Nucl i SensTM Easm(bc&yﬁﬂ@asef roratOhyairel ybelsnitha) RNAI & taahdr ifemnappr oach,

the ol eoul ar BeaGANS, ASSHNGlG ToY be IDGALROLAL S ANO B r | er 2 20

ol i gonucl eot i feal-time reaction
wi t hout the rdecarfded éil\@ep?err A&,  layb RN @@tlrym@r@rsebehaltn rgcoEniisetur t her

approach the 1Q9 et Nen 2% 1NASBA 118G H0R RY be nonitored using a
generic _|abe etection probe which hybridi-ses to a nucleotide

sequencd i n tq'%”ﬁ’rlt@r“hﬁcﬂr@é’%@et & IpNOFRa%e56] | gonucl eotide. This is

equi val ent to the (p)NuGlHco®sTMy Qelteecitera@mls;ylstneml&mpmllltad aby Organon 30
Teknika. In this stems cificiity far E gducts erlvedfromthe
w%;a 508,

target HPV niRNE Gen f“é’rcrléi& 7S Age &Sture probes
conpri si ng prabheld igepecdteat icdesoas adesog BPY hedeirn reatttacohed to a solid

support such ég%&iﬂg%yyﬂdﬁich permit a NASBA amplification
15 reaction; and
(c) deteeting and/or quantitatively measuring
any HPV-specific product of the NASBA amplification

reaction.

20 Detection of the specific product(s) of the NASBA
reaction (i.e. sense and/or antisense copies of the
target RNA) may be carried out in a number of
different ways. In one approach the NASBA product(s)
may be detected with the use of an HPV-specific

25 hybridisation probe capable of specifically annealing
.to the NASBA product. The hybridisation probe may be
attached to a revealing label, for example a
fluorescent, luminescent, radiocactive or
chemiluminescent compound or an enzyme label or any

30 other type of label known to those of ordinary skill
in the art. The precise nature of the label is not
critical, but it should be capable of producing a
signal detectable by external means, either by itself
or in conjunction with one or more additional

35 substances (e.g. the substrate for an enzyme).

A preferred detection method is so-called “real-



35 microbead. Most preferably the generic |abelled detection probe is the
ECLTM det ecti on probe supplied by O ganon Tekni ka. NASBA anplicons are
hybri di zed€otos/05¥103/ 057914 PCT/ GB03/ 00034 - 29 the HPV- eoauGBO3®0@sapt ur e
probes and the generic ECL probe (via a conplenentary sequence on pri nmer
2). Follow ng hybridization the bead?@anplicon/ ECL probe conpl exes may be
captured at the nagnet electrode of 5 an automatic ECL reader (e.g. the
Nucl i Sens(err) reader supplied by O ganon Tekni ka). Subsequently, a

vol tage pul seird i NFRRS” tvheLcEECLaTI'ldv&aQidrminu'Ehfs deiregitdrdmg)foﬂ—ll%\bierrRl\lA is

al so of cli nltf %%%g?réel vahgece 4 ncoefr schot WSéA a}_,r%accetrlvglcaoveq_,ar ci noma
n

i ncl udi ng, carcinommsg, tongue
carci nomn, skile carwrswone tdrmlrmhmgl ndn acgrmsifrromed Retsctine®tof  HPV

MRNA may  al Sgﬂiﬂl Vel pdSEit e ddl the Y %gn%l%cq{]la@ HYu®hast 338ped n | ynph

15 nodes in part of the body. Hence i nvention al so
cont enpl &t es Wﬁé@rﬁlﬁ%ra%d@%\éﬁﬁ%l{ﬁ%cy sqa e f9RAelg Sifed cancers based

on screeni ng {iHea Xy assiae ofadiRY drbcand EG tgtanseudilek 23 nimgaccor dance
with a further as ect. of tc&sslnventlon here |sé3&rovi ded a kit for use in
e

the det ectlo‘ﬁhogf AR BHIHE 12 %fd 886 Tyéites of HPV, the kit
conpri sing atfleastsone/ Qremerepaiaietsigst, akalse ldrmwmsxm itheargadti fainciat i on of a

region of L1 &5, {{F@%H@J%Jrorﬁ@ttrlee%tle'f\iary%ee%éo ol jand 33, and

preferably als one or nore pri Whirch enabl e
anmpl i fik@ti orﬁctsieda &@@ftm rsfaplon mn@clrriepwmrommwmﬂfeszaraonls 31 and

33, and prefgrahly @l §4H% 145t ShorRiidei-rRaifo rrAkeh 0¥ Men are pair of
prinmers WhICh magl be used in conbination to anplify a speC|f|c regi on of

the L1 or WY I Gyt k&L THddicei (Eeoas & i QWEL94F preferred
embodi ment s tmdylmeaa&mallrgegs noidadeds i 2 1t3ve-2Kids )W | IRdeeyesiti t abl e for
use in kits and instrumentation for performing real-time
15 NASBA detection are available commercially (e.g.

NucliSens™ EasyQ system, from Organon Teknika).

In a further approach, the molecular beacons
technology may be incorporated into the primer 2
20 oligonucleotide allowing real-time monitoring of the
NASBA reaction without the need for a separate

hybridisation probe.

In a still further approach the products of the

25 NASBA reaction may be monitored using a generic
- labelled detection probe which hybridises to a
nucleotide sequence in the 5' terminus of the primer 2
oligonucleotide. This is equivalent to the
“NucliSens™” detection system supplied by Organon

30 Teknika. In this system specificity for NASBA
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

35 microbead. Most preferably the generic labelled
detection probe is the ECL™ detection probe supplied
by Organon Teknika. NASBA amplicons are hybridized to



NASBA anplification or simlar isothermal anplification techniques. WO
03/ 057914 PCT/ GB03/00034 - 30 The individual prinmers making up each

pri mer - pawpo o3joswhiauded in the kit nmay be supplied separ at elPgT(GB0g/00E4
separate contai ner of each prinmer) or, nore preferably, may be supplied
mxed in a single 5 container. Conb+nagiens of two or nore priner-pairs
may be supplied ready-m xed in a single container wthin the kit. It may
be convenient to supply two or nore priner-pairs in a single container
where the twotherHpPvFepaapfid i gt e reeatid Onendirtend aydeerlidc "HAN ti pl exed"”,
meani ng perfo sioul tan | v 1 sl eaction v | . The

pri mer - pai r(sé%?t gaY)Jrée ?aockeo seélnllénrpcagrr?[pl%%eg}({eo?\oglofp%;l%egr;iszgn' of E6
transcripts shollewilng enadbtediagsl idn dard dread fasep lorc ot/ B ERIORS r om at

lleast the meioy Pé@&§rm%_\§96@ic?éﬁglﬂé°&/éﬂ&%§e Hagnd: Adbds3drs and
preferably also HPV 45. There are several different ways in ich this can
be achi eved. 20 At Ehifddr nesides ne 19+ ThE I\B%frﬂtlasier?%ep‘ﬁaéig;
primer-pairs speciféd bproepatorofTdiM Ka)pes sihselfientlly and @3, t sayed

preferably al so, HPV_45. Thes rimer- pairs my be supplied within the kit
'n separate  QoHiai NErdISTY whoy May BE <o

dacC - !
supoﬁ}led as mxtures of two 25 or
nore primer-pairs in a single container, for exanple to enable

mul ti pl exi ng of thﬁé%\r@éﬂg Lcat ] gﬁ%ﬂb@p%%lﬂ% 4 {l%rnieégl()di ment, the

t
kit may contain a single primer-pair capable of anplifying a region of
the E6 Héne f¥ohHMLE yescamgens otdryidiadB cefith Cor efaaraBiqfaal so HPV 45,

whi ch thus enghlesdimgpl fd Cé%@ein_?tﬂé%f rddd faoid dduefenabinedd vejrdlypes in a
single anplification reaction. This could, for 35 exanple, 6 be achieved with
the use of a P& rEPIUY A prikidt TP &R V2Ieilon of the
E6 nRNA whi chcascivgid y cstsserviech adf 0 HRNA ypas.also be very

useful in the diagnosis of micrometastases in lymph

15 nodes in the lower part of the body. Hence, the
invention also-contemplates screens for susceptibility
to the above-listed cancers based on screening for

expression of HPV L1 and E6 transcripts.

20 In accordance with a further aspect of the
invention there is provided a kit for use in the
detection of transcripts of the L1 and E6 genes of
HPV, the kit comprising at least one primer-pair
suitable for use in amplification of a region of L1

25 transcripts from at least HPV types 16, 18, 31 and 33,

-and preferably also HPV 45, and one or more primer-
pairs which enable amplification of a region of E6
transcripts from HPV types 16, 18, 31 and 33, and
preferably also HPV 45.

30
“Primer-pair” taken to mean are pair of primers
which may be used in combination to amplify a specific
region of the L1 or E6 mRNA using any known nucleic
acid technique. In preferred embodiments the primer-
35 pairs included in the kit will be suitable for use in

NASBA amplification or similar isothermal

amplification techniques.



WO 03/057914 PCT/ GB03/00034 - 31 The E6 primer-pair may correspond to any
region of the E6 nRNA, an nay enable anplification of all or part of the
E6 open rwadsngrdfis ame and/ or the E7 open reading frane. PCTHaBBIobo3aRYy
further include prinmer-pairs suitable for use in anplification of E6 nmRNA
fromHPV types other than types 16+ 318,-31 and 33, and preferably also
HPV 45. For exanple, the kit may be supplenented 10 with E6 priners for
detection of an HPV type which is endemic in a particul ar geographi cal
area or popul ati arme Thelipriidu]- padin(e)s swikialy eif efadis@rdimekSpair
anplification, of, a, region of cri ld b C bl e of
anplifying a Jrré%]iuodne&(;gnl_lnchrﬁ?l\%&]tf ?‘%‘?Zﬁe ﬁ%teoés%%%%ﬁg%ﬁﬁ%&tecgﬁc(éer'-géssaoci at ed
HPV types 16,sg@r@le conda@dermmd meaferatingrd| oo  HM@4S, and wil |
preferably b i f [ F;%ﬂgl' [ j of ; regi on of L1 nRNAs
from subst anﬁ%%ﬁ%%'k%&%gﬁmﬁ typeég H\F}V@%ér?ogﬁe au?el%%fleguch primers it is
possi bl ©to FUERAHNFL -actGP NHSES R i oo IL PARRNR TR MAULSpl e HPV
types in a simg} ao@rguéip‘lii@iiwadﬁm&w.inza Isti nig9 eP@BsitRligdro design
prinmers capabl e of - ete.ctltin L1 transcripts .fr(%m mul tipl.e IEIPVt es by
sel ecting redl oAb ¢ FdndE gie W PSR RIehddVEd. 30 1n a
further approacty mpecf-paitnys fior amdinigdlee cadRY ingpesshreene deachioeved wit h
t he use of de qﬁ%aet &n qLii%%Ltq_loqlotrie%%tgroinrgera%eortoc%lgpl ex m xtures of

pol ynucl eoti des ich Exhi DIt 11 nor sequence - variati ons, preferably

corr esphdi ng' Ml tsinlexest”, IBafddige Mo fegimest isdMUBEAREON SHRV igefot ypes. The
rational e behdngythe dige ify suEsdegenerate primers or mxtures is that

the m xture nmay contain at | east one WO 03/057914 PCT/ GB03/00034 - 32
The primer-pair(s) suitable for use in
amplification of a region of E6 transcripts should
15 enable amplification a region of E6 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.

20 In one embodiment, the kit may contain separate
primer-pairs specific for each of HPV types 16, 18, 31
and 33, and preferably also HPV 45. These primer-
pairs may be supplied within the kit in separate
containers, or they may be supplied as mixtures of two

25 or more primer-pairs in a single container, for

- example to enable multiplexing of the amplification

reactions.

In a further embodiment, the kit may contain a

30 single primer-pair capable of amplifying a region of
the E6 gene from HPV types 16, 18, 31 and 33, and
preferably also HPV 45, which thus enables
amplification of all four (preferably five) types in a
single amplification reaction. This could, for

35 example, be achieved with the use of a pair of
degenerate primers or by selection of a region of the
E6 mRNA which is highly conserved across HPV types.



prinmer-pair capable of detecting each HPV type. In a still further
approach specificity for nultiple HPV types may be achi eved by

i ncor por aWPY/059int o the primers one or nore inosine nucl @OTiIGRHS3/00034
preferably at sites of sequence variation between HPV genotypes. The E6
and L1 priner-pairs may be supplied-ipL10 separate containers within the
kit, or the L1 prinmer- pair(s) may be supplied as a m xture with one or
nore E6 prinmer-pairs in a single container. The kits may further conprise
one or nore probesthdEsUyitaide-goir uss idodetigeindrtofadhequrieduct s of
anplification reactions ried out usi t he .pri.ner-. pairs Jj;ncluded within
the kit. The Opisr 0 ?s’%)gr%@%e ar&d‘baﬁ ieenc?b;i% aams?elplafrla(iaetlrognagoetﬁtalvqﬁ tOH:ldn t he
kit. Alternagtanelyf the FF obyesrs)ramlinge g ieadl/asc &H20 BA xpghe with one
or nore pri ”Efézf’cﬂr(f-fr]_ primers and probes included in the kit are
preferably single stranded DNA nol ecul es. Non-natural synthetic

pol ynucl®oti des which retain the ability to 25 base-pair with a

conpl enentary nuclgi& i dndpl ot r iYL RleS @ tigndisgeh i dNGuddiahg esynt het i ¢
ol i gonucl eoti des which incorporate rquﬁjef'e.)ed se anq{ﬁy thetic
ol i gonucl eot i YiferEt rARE 1Y Yet Lﬁh i i%@é‘} nuci*&Ssi des i ncl ude
bonds ot her tdwarephasphodimst er6 30 dhordds .anbthe& Jr iaret pragfbyadlyes may be
produced  accol gl Ny 01 d eCALAUSS 8l Oewmi'en&%ﬁbaerts e eV

th & p r ot ocol or

chem cal synthésis using standar pdr at us and ) _

ol i gonukd eot iviet ks Bt heesimee r S5 orhedgdraaidron @fd gy dds twidg whyisincdls y be

i solated singlessis anded polyinycl 80tdLRs-pfhiRG1med han 100  bases in

| ength, nore typically less than 55 bases in WO 03/057914 PCT/ GB03/00034 -
33 length. FRAPYHHEEERMI dance of doubt it is hereby stated that the terms

“primer” and "probe" exclude naturally occurring full-length HPV genones.
5 Several general ’E}Yé)eSrionﬁeP—lplagioranc)l %%ftdaebl%rlfrgerr Suse in
15 amplification of a region of L1 transcripts should be

capable of ampiifying a region of L1 mRNA from at
least the major cancer-associated HPV types 16, 18, 31
and 33, and preferably also HPV 45, and will
preferably be suitable for use in amplification of a
20 region of L1 mRNAs from substantially all known HPV
types. With the use of such primers it is possible to
test for active transcription of L1 mRNA from multiple

HPV types in a single amplification reaction.

25 It is possible to design primers capable of
- detecting L1 transcripts from multiple HPV types by
selecting regions of the Ll transcript which are

highly conserved.

30 In a further approach, specificity for multiple
HPV types may be achieved with the use of degenerate
oligonucleotide primers or complex mixtures of
polynucleotides which exhibit minor sequence
variations, preferably corresponding to sites of

35 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



and probes incorporating HPV-specific sequences may be included in the
kit. Typically, such priners and probes may conprise additional, non-HPV
sequenceswofoans79ekanpl e sequences which are required for 20TAB03/00034
anplification reaction or which facilitate detection of the products of
the anplification reaction. The first32ype of prinmers are priner 1

ol i gonucl eotides (also referred to herein as NASBA P1 15 priners), which
are oligonucl eotides of generally approximtely 50 bases in | ength,

contai ni ng arpr aver-agei ofcahoite 20 hkgestding kac3! HIW thyipst. are
conplenentary to a region of the target mRNA. O igonucl eotides suitable
for use as NASBA P1 priners 20 are denoted "PI/PCR' in Table 1. Pl priner
ol i gonucl eoti des havea tdiel gerforrdihest rapmnpae X e £ iaitker dia¥ SEQ represent s

an HPV-speci f ¢ SEOUENes; anthetl ndys 1 SRIURRGR TN Sirdd rathk ter that
IS recogni ze({h ]by a specific RN,&n Bfgl ynerase. Bacteri opﬁgg)e ZSHg?grmt ers, .
for exanpl e tHETZTLhrPEHESPE QRIS 1098 N5 eMslieed 11955 use in the

ol i gonucl eot iglesr fag e ati BAaY T e ddey firavidie krdvarhagey of hi gh

| evel transcrirlloti on which is dependent only on binding of the appropriate
RNA pol yner as& "9 RESr ef erred 30 enbodi ment, sequence "X1" may conprise

t he sequence AATTCTAATACGACTCACTATAGSG or the sequence

AATTCTAATACGACTCA T% hese cantains A 1K/ pronoter,
i ncl udi ng the tragkgé}i pti oﬁcﬁ%%at |.oﬁ%§%ég@f% r b%7%§l@lgo%l yr_%er ase. 35 The
HPV- spekd f i ¢ srRpieree scott aine o5 iwidtsl nddist éd Girn OrTdiice Ll & 1MeTPCR' nay

al so be adaptgd f o) S ﬁ@l@@oﬂ FCR priiveire WMhen drkese sRgeences are
used WD 03/ 057914 PCT/ (B03/00034 -, 3 as the basis of NASBA Pl priners

they have theéQeei™ir RAYR T & RESEE K %defiSTed above. The pronoter
sequence X1 is essential in a NASBA P1 primer. However, when the sane

sequences are Used o e B8 £% Ol SALLRP MRS brlpelet
15 suitable for use in detection of the products of
amplification reactions carried out using the primer-
pairs included within the kit. The probe(s) may be
supplied as a separate reagent within the kit.
Alternatively, the probe(s) may be supplied as a

20 mixture with one or more primer-pairs.

The primers and probes included in the kit are
preferably single stranded DNA molecules. Non-natural
synthetic polynucleotides which retain the ability to

25 base-pair with a complementary nucleic acid molecule
-may also be used, including synthetic oligonucleotides
which incorporate modified bases and synthetic
oligonucleotides wherein the links between individual
nucleosides include bonds other than phosphodiester

30 bonds. The primers and probes may be produced
according to techniques well known in the art, such as
by chemical synthesis using standard apparatus and

protocols for oligonucleotide synthesis.

35 The primers and probes will typically be isolated
single-stranded polynucleotides of no more than 100

bases in length, more typically less than 55 bases in



X1. A second type of prinmers are NASBA prinmer 2 oligonucleotides (also
referred to herein as NASBA P2 10 priners) which generally conprise a
sequence wb approaxi mat el y 20 bases substantial ly identi calPdrsGro3/onedi on of
the target nmRNA. The ol igonucl eotide sequences denoted in Table 1 as

"P2/ PCR" are suitable for use in betB3NASBA P2 prinmers and standard PCR 15
prinmers. digonucleotides intended for use as NASBA P2 prinmers may, in a
particular but non-limting enbodinent, further conprise a sequence of

nucl eoti des 20em§tH he Bor etk ihiraiddrcaurgfeldatdd tia tie Hearegst MRNA - but

which is capable o bridi si,ng to.a generic etection pr The

det ecti on pro?)%aﬁc; It%teftg}eabﬁ%msbe Htgbmeﬁﬁ ecim?orpreo aerrplegxc\%ﬁ T a

fl uorescent, natudaklscentcwrrieny yiltlicl dregidl HAVh gemeomerebodi nent t he 25
detection probe is labelled with a |label that permts detection using

ECL(err) technol ogy, although it will be appreciated that the invention is
in no way |inited Y97eRdt 9%kl vdesetthed igorgeleatiisle D™ LS ef erred

enbodi ment t hgn®' pesb Of i A dd IBIMP HEhvi-gruGlraet i Hrdmmagomer i se the
sequence GATG CgGTCGCATATGA . Thi s.ec% nce i s capable of hybridising to
a generic ECLTMIHIShe tomfertitl | iry i ire S48 oh ni ka having

the fol | ow ngossiser tierye: c@ip R P BH-BAT , GBANABBVT GB DAR&EG AGr3' I n a

di fferent enmbodi ment t i er 2. 7914 P 00034 - 35
ol i gonucl eot iedxeém' y? isn%gfeg%gf%ew%ﬁco\q)ea%u% %%O%égcegﬁgp@%g(chnol ogy, which is
known i 10t he amplihidateisyr i fratt 1idroroexdrsihe faay MO ad®y IB38F WY Tyagi and

Kramer, Nature ot Q0% e 3031308.cak9%% A Alilow for 5 real -tine
nonitoring of the SBA reaction. Target-specific probe oligonucleotides

may al so be included within the kit. Probe oligonucleotides generally
conprise a sequenceneff ot axip@ted Yr2theds are primer 1

oligonucleotides (also referred to herein as NASBA Pl

15 primers), which are oligonucleotides of generally
approximately 50 bases in length, containing an
average of about 20 bases at the 3' end that are
complementary to a region of the target mRNA.
Oligonucleotides suitable for use as NASBA Pl primers

20 are denoted “P1/PCR" in Table 1. Pl primer
oligonucleotides have the general structure X,-SEQ,
wherein SEQ represents an HPV-specific sequence and X;
is a sequence comprising a promoter that is recognized
by a specific RNA polymerase. Bacteriophage

25 promoters, for example the T7, T3 and SP6 promoters,
-are preferred for use in the oligonucleotides of the
invention, since they provide advantages of high level
transcription which is dependent only on binding of
the appropriate RNA polymerase. In a preferred

30 embodiment, sequence “X;" may comprise the sequence
AATTCTAATACGACTCACTATAGGG or the sequence
AATTCTAATACGACTCACTATAGGGAGAAGG. These sequences
contains a T7 promoter, including the transcription
initiation site for T7 RNA polymerase.

35 The HPV-specific sequences in the primers denoted in
Table 1 as “P1/PCR" may also be adapted for use in

standard PCR primers. When these sequences are used



10 bases substantially identical to a region of the target nRNA, or the
conpl enent thereof. Exanple HPV- specific oligonucl eotide sequences which
are suit aWbe3/0f14 use as probes are denoted "P0" in Tabl e PCT/GHva/00q34 obe

ol i gonucl eoti des may be used as target-specific 15 hybridi sation probes for
detection of the products of a NASBA%r- PCR reaction. In this connection
the probe oligonucleotides may be coupled to a solid support, such as

par anegnetic beads, to forma capture probe (see below). In a preferred
enbodi nent t he &heemdsak ZﬁfNMSer®bep@ﬁmgmBuchegthdeenmyebgehabeﬂled with

biotin. The additiaqn iotLn f t of the
probe to a so%’gcgﬁﬁﬁbg{ §E§ aggb?% %st%%§ %v?%ﬁg égéiﬁﬁng/aV|dln
| i nkage. 25 Tﬁmg@ﬂmspéh|iscep$©bésaéne®laﬁbA$%%JPl|pm&meﬁetect|on of

a”D"f'Cat'0@0&%@%%Ct%h%QYt%%C%%R%r%E%ue EB%GEEEath%aEQH% et ggBngl ogy
which is knowmn in the art and described, for exanple, Tya | nd Kramer,

Nat ure B ote@ﬁhéﬁ@@@arf4PC@O@r36§r519§615n80t n@Eﬁ§§a§5/ §39§ &npl e
HPV- speci fi c xoli gonucl eotide sequences suitable for use as nol ecul ar
beacons probes are denoted "MB" in Table 1. The term "nol ecul ar beacons
probes" as used 35 herein is taken to nean nol ecul es having the
structure: WO 03/@5%@b¢nﬂCﬁ@@BO@ﬁ0©@3mers 36e NRASBAnprimergét -a r M2_X3

wherein * taf%el&gon%%ﬁ%%%q A (LA0CLL3RPCEN! €oSRAVERGCS SOlARYE! got i des,

"Xi" and " X3 resen Iuor esc noi ety an guencher noiety
capabl & bf sﬁﬁ§ﬂ@ﬁﬁlaMP}Cho@e@@ﬁﬁﬂéﬂep9maﬁéﬁéhPnﬁeﬂﬁénﬁﬁuéfescence fromthe

fl uorescent r&@ip%mwmréltyh@otms@rsesngg@ah@qamgr 1U€nt§b@§et6r9><| mty and
"arm" and "arng" repreig conpl ntarg guences g aﬁe of formng a
stem 10 dupl®&9198r el Ed LG5It gher gl AgongfRgeoLt sequences are
as follows, hewerelcesheseocare iint @addéd 1 as “P2/PCR" are suitable
for use in both NASBA P2 primers and standard PCR

15 primers.

Oligonucleotides intended for use as NASBA P2
primers may, in a particular but non-limiting
embodiment, further comprise a sequence of nucleotides

20 at the 5' end which is unrelated to the target mRNA
but which is capable of hybridising to a generic
detection probe. The detection probe will preferably
be labelled, for example with a fluorescent,
luminescent or enzymatic label. In one embodiment the

25 detection probe is labelled with a label that permits
detection using ECL™ technology, although it will be
appreciated that the invention is in no way limited to
this particular method of detection. In a preferred
embodiment the 5' end of the primer 2 oligonucleotides

30 may comprise the sequence GATGCAAGGTCGCATATGAG. This
sequence is capable of hybridising to a generic ECL™
probe commercially available from Organon Teknika

having the following structure:
35 Ru (bpy) 4**~GAT GCA AGG TCG CAT ATG AG-3'

In a different embodiment the primer 2



to be illustrative rather than limting to the 15 invention:

cgcat g- SEQ catgcg ccagct-SEQ agctgg cacgc- SEQ gcgtg 20 cgat cg- SEQ cgat cg
ccgt cg- SBQoegasyw cggacc- SEQ ggtccg ccgaagg- SEQ cctt cgg PCT/GB03/00034

cacgt cg- SEQ cgacgtg 25 cgcagc- SEQ gctgcg ccaagc- SEQ gcttgg

ccaagcg- SEQ cgcttgg cccagc- SEQ gctgggs €caaagc- SEQ gctttgg 30

cctgc- SEQ gcagg ccaccc- SEQ gggtgg ccaagcc- SEQ ggcttgg ccagcg- SEQ cgct gg
cgcat g- SEQ catgcg 35 The use of nol ecul ar beacons technol ogy allows for
r ea} -ti rr;s mor 1 iafd g IfoAe infayC dtnicair poradisl 0n®,1e\MR163/ Beaebhs"

PCT/ GB03/ 00034 .- 37 for examl e NASBA. Lificati - e et al.,
Nucl ei ¢ Aci ds eF?ergbogﬁTocﬂ?'.’, Wﬂﬁg{ l\/solk:no;%‘, l%%fﬁ%%l@%% (j%%é:llﬁ(%llaécul ar
beacons probegeramalle, iimclWide S /AP % antTaryg is eqde Ke@meft, anki ng t he
HPV- speci fic t d .hepal y b notat i r and arng,
which are caé\gqbi e Qﬁoﬁfbercir}ﬁ]l@gl t gqéa?r?%c;{} r?le%r' 1][9 %r6r'_n tg%stag%ogug}o ex .
struct ur®e. THerddinge meadieidey off temN2258 &e3Etdre -not material to the

i nvention, except for the requirenent that these sequences nust 10 be

capabl e of form ng,a stem duplex when the .probe.is, .not bound.to a target
HPV sequence. Mol grciﬁgfrt_l?éjf drfs RSEEE glﬁslgan‘f&lﬁﬁélgesf FFdr 8488nt noi ety
and a quenchdre nioicgltuyded heithin the kit. Probe oligonucleotides

generally comprise a sequence of approximately 20-25

10 bases substantially identical to a region of the
target mRNA, or the complement thereof. Example HPV-
specific oligonucleotide sequences which are suitable
for use as probes are denoted “PO” in Table 1. The
probe oligonucleotides may be used as target-specific

15 hybridisation probes for detection of the products of
a NASBA or PCR reaction. In this connection the probe
oligonucleotides may be coupled to a solid support,
such as paramagnetic beads, to form a capture probe
(see below). In a preferred embodiment the 5' end of

20 the probe oligonucleotide may be labelled with biotin.
The addition of a biotin label facilitates attachment
of the probe to a solid support via a

biotin/streptavidin or biotin/avidin linkage.

25 Target-specific probes enabling real-time
-detection of amplification products may incorporate
“molecular beacons" technology which is known in the
art and described, for example, by Tyagi and Kramer,
Nature Biotechnology. 14: 303-308, 1996 and in WO

30 95/13399. Example HPV-specific oligonucleotide
sequences suitable for use as molecular beacons probes
are denoted “MB” in Table 1.

The term “molecular beacons probes" as used
35 herein is taken to mean molecules having the

structure:



15 fluorescent and the quencher noieties being represented herein by the
notation X2 and X3. As will be appreciated be the skilled reader, the
fl uor escewo oang7oguencher noi eties are sel ected such that tread/GrRpaemsher
noiety is capable of substantially or 20 conpletely quenching the
fluorescence fromthe fluorescent fo3@ty when the two nDieties are in
close proximty, e.g. when the probe is in the hairpin "cl osed"
conformation in the absence of the target sequence. Upon binding to the
target sequengeariher 2hgdt wormesxent and quencher noieties are held apart
such that the fluorescence of the fluorescent noiety is no |onger
quenched. Many exanpl es of suitable pairs of 30 quencher/fl uorescer

noi eti es whi oﬁﬁermirbé‘tlmti"n regresreddisce Wiatretthe pervénici eeaae8Ccknown i n
the art  (Seo¥Q09A390. Tvagh and KKp(Eiopddid): oA A0 adainge of

quorophores |n man fferent ‘col ours made be used, |nclud|n% for exanple
35 5-(2'2am MW) W’&lreﬁ@lleté’ulcﬁlﬁ’éﬁnlé 8& FubeEBRNSPLL
fluorescein, JAMM ctex: ey bhagifl uoBegenaerd fikoamtehe 1998 Nat ure

Bi ot echnol o 16, 49 WO 03/ 57914 P 3/ 00034 The e of
p:obes Iabe?%ék?%ﬁ%ﬁ?<ﬂth§P§%t iﬁfb8$?G§VPUSF8p98}QS% ﬁ§§%§§ *Rurfiplex"
detection of clowe grroxvome tdi faher e@trmpl obed Tarm,"sinegiresegdct i on  vessel . A
preferred quqﬂ%gﬁtn{ né,%%qgg th¥Jggbqug%n¥o§ﬁﬁkgegzgkg aci d (DABCYL),

a non-fluoresc |ch erves as a |versa guencher for
a mjde3thgedﬁpkqﬁxwophores The fluorescer and quencher noieties may be
covalently attached to the probe in either orientation, either 10 with the
fluorescer at or near_the 5 end and the _quenchg Qr near the 3 end or

vice versa. Prot cGREFE (RFRIPRHHEOLSs O r:?ﬁF“@acu‘T‘%ﬁ5 beHBon probes are
known in trmagﬁquen%e@ekakied;ﬁkﬂﬂmm&l fhowe veynthesies are phaended i n a paper

entitled Nblec%e illustrative rather than limiting to the

15 invention:

cgcatg-SEQ-catgcg
ccagct-SEQ-agctgg
cacgc—-SEQ-gcgtg
20 cgatcg-SEQ-cgatcg
ccgtcg-SEQ-cgacgy
cggacc-SEQ-ggtccg
ccgaagg-SEQ-ccttegg
cacgtcg-SEQ-cgacgtg
25 cgcagc-SEQ-gctgceyg
- ccaagc-SEQ-gcttgg
ccaagcg-SEQ-cgcttgg
cccagc-SEQ-gectggg
ccaaagc-SEQ-gctttgg
30 cctgc-SEQ-gcagg
ccaccc-SEQ-gggtgg
ccaagcc-SEQ-ggcttgg
ccagcg-SEQ-cgectgg
cgcatg-SEQ-catgcg
35
The use of molecular beacons technology allows

for real-time monitoring of amplification reactions,



15 Beacons: Hybridi zation Probes for Detection of Nucleic Acids in
Honogenous Sol utions” by Sanjay Tyagi et al., Departnent of Mol ecul ar
Geneti cs,wBbublos®iHeal th Research Institute, 455 First AveowaBoBeoesyor k, NY
10016, USA, which is available online via the PHRI 20 website (at

www. phri . nyu. edu or www. nol ecul ar- -bexrons. org) Suitable conbinations of
the NASBA P1 and NASBA P2 priners nay be used to drive a NASBA
anplification 25 reaction. In order to drive a NASBA anplification
reaction the flord Rearb landiAsEATRMP2 idliicgtivel éskledeésoneust bé.capabl e of

prim ng synt hgshs. ol 25 foublg-sthandad BhNA LM, ! 3p0sh 5hegi 88, of MRNA
For this to occur the pri mer £ and primer 0 ol'i"'gohucl eot i des nust
conpri se tar §éte spdeichilar SegqeoncedprabeshJanereddyl amsavgdey to regi ons of

the sense ang tfie Ahti-3§segihrRd @f shignbarget ypNALcchegpectively. 35
In the first phase of thé NASBA an‘g‘llfl‘catlon cycle, the so-called «
"non- cydl i c" SSRASEChE PHEFENTEY HRT§IRULYeSPPIBOEANE]NSs 2L B £ATd

conpl ement ar y\ragURREEN T Ar¥\-834054 944 Y (IB031 A§084 eacBDotide target
MRNA and its 3" end i s ext eﬂded ?ryr t he act n _RNA- dependent DNA

3 |T n of a
pol ymerase (&°™ % &F&EFSEUPrERs SFTHEESES t o ?‘Sr & ors oS8P ang ScDNA
synt hesi s. The RNA,sandnarof aree nogs mlatieng sSRNACDNAS imptgmitd ons t hen

digested, e gy b 12,28H00 0L sBIRASRE cnbe kAgKe 2c3BAkesShianded DNA
The prinmer 2 oltgonucl eotide 'anneals to a conplenentary sequence towards
the 3' khd ofoe iiapadilgglod Foraiasd aDRACSENEUPLSX FhegnghpsPERPEndéd (by t he

action of revwiseoldd ranschiapigasenpvl aeguBgca.doubl e stranded DNA. RNA
pol ynmerase is then able to transcribe nultiple RNA copies fromthe now

transcriptionally active pronoter sequence within the doubl e-stranded DNA.
This RNA transcriMptledthiach bezcanti pepbest altbe iacilgideak target 15 nmRNA,

can act as afﬁ%%%%%%%ﬁko%o%eggr%%%rar%%ggcggr moiety, the

15 fluorescent and the quencher moieties being
represented herein by the notation X, and X;. As will
be appreciated be the skilled reader, the fluorescer
and quencher moieties are selected such that the
quencher moiety is capable of substantially or

20 completely quenching the fluorescence from the
fluorescent moiety when the two moieties are in close
proximity, e.g. when the probe is in the hairpin
“closed" conformation in the absence of the target
sequence. Upon binding to the target sequence, the

25 fluorescent and quencher moieties are held apart such
that the fluorescence of the fluorescent moiety 1s no

longer quenched.

Many examples of suitable pairs of

30 quencher/fluorescer moieties which may be used in
accordance with the invention are known in the art
(see WO 95/13399, Tyagi and Kramer, ibid). A broad
range of fluorophores in many different colours made
be used, including for example

35 5-(2'-aminoethyl)aminonaphthalene-1-sulphonic acid
(EDANS), fluorescein, FAM and Texas Red (see Tyagi,
Bratu and Kramer, 1998, Nature Biotechnology, 16, 49-



NASBA reactions, with prinmer 2 annealing to the RNA and primng synthesis
of the first cDNA strand and priner 1 primng synthesis of the second cDNA
strand. Wbe3genet al principles of the NASBA reacti on arePa@ldB0200dsmown in
the art (see Conpton, J. Nature. 350: 91-92). The target-specific probe

ol i gonucl eoti des described herein +&38 at so be attached to a solid

support, such as nmagnetic m crobeads, and used as 25 "capture probes" to

i mmobi |l i se the product of the NASBA anplification reaction (a single
stranded RNA):3. ThHmiangekﬂSp&wbbSclﬁweué@dlaﬁthedddﬁs%epmobes descri bed

herein may be Lf%ﬁ%é el bq%s”%%%E ngmuﬁEle% é@%ec%ﬁ%h'%@ 30 Kits

accor di ng to the Tnvention a°sS arnclud a p03|t|ve control
cont ai ni ng E6-wnd/omdre dﬁﬂﬁ@rﬁménpéobﬁéwﬂnHPVSﬂWQée SERCABIE control s
include, for yexamle, nygsl éﬁé&r@gl@ugﬁkh@gtgsprepared 35 fromcell |ines

bCT o 000 (& i R A OR B n ZB O RERR R SFn e all DSR2

anplificati omgu-fRickhesteht @hm@mb$h®meCIMhdcho%eh&@&nasUhA RNA. 5 Kits

cont ai ni ng pn;ners d, opt i onal Rr bes), suitable for i SBA
anplification §Hy urqheﬁgq€5§5r ?8 a%nﬁﬁgﬁrgagg% O% ggs ?% &F?g “for the
NASBA react iThg ﬁiqyr&wmwnEDM|mw@m@h@gnm@uﬁmngSamaRNAedCDQ@ﬂéat@MA

pol ynmer ase ( NSCfr i ) | e at
vl of vace { o TR T hraor S e RUA. DR Ry br T d T Raar” hedr aFyei ng si ngl e

or doubl® st rérded hrRNA lao rER&SEe 2. 0RN§§§H¥t§ﬁd5aneRﬂAanﬁo¢96erase The RNA
pol ymerase shpurtkg one oMinelr keeogni s b&evrirc@mte%asequence present in
(e S 15, terdn el eatan o, e MASHA 2L L et SUPRLLed B hhe 1 eagen
ri bonucl eosi des dgmbwn in the art. A detailed protocol for
synthesis is provided in a paper entitled “Molecular
15 Beacons: Hybridization Probes for Detection of Nucleic
Acids in Homogenous Solutions” by Sanjay Tyagi et al.,
Department of Molecular Genetics, Public Health
Research Institute, 455 First Avenue, New York, NY
10016, USA, which is available online via the PHRI
20 website (at www.phri.nyu.edu or www.molecular-

beacons.orq)

Suitable combinations of the NASBA Pl and NASBA

P2 primers may be used to drive a NASBA amplification

25 reaction. In order to drive a NASBA amplification
reaction the primer 1 and primer 2 oligonucleotides
must be capable of priming synthesis of a
double-stranded DNA from a target region of mRNA. For
this to occur the primer 1 and primer 2

30 oligonucleotides must comprise target-specific
sequences which are complementary to regions of the
sense and the antisense strand of the target mRNA,

respectively.

35 In the first phase of the NASBA amplification
cycle, the so-called “non-cyclic" phase, the primer 1

oligonucleotide anneals to a complementary sequence in



deoxyri bonucl eosi des required for RNA and DNA synthesis. The conposition
of a standard NASBA 20 reaction buffer will be well known to those skilled
in the awDoesemial so Leone et al., ibid. Table 1: E6-spe®cTicBsmosences
for inclusion in NASBA/ PCR prinmers and probes 25 SEQ ID Primer Sequence
HPV nt /probe Type type 1 P2/ PCR CCACACGAGCGACCCAGAAAGITA 16 116 2

P1/ PCR X1- ACGGTTTGITGTATTGCTGTITC 16 368 3 P2/ PCR CCACAGGAGCGACCCAGAAA 16
116 30 4 P1/PCR X1- GGTTTGITGTATTGCTGITC 16 368 5 P1/PCR

Xl/ ATTCCCAT CTHHA TAIAfSHA iR Sbhd 61t / PCR XL -IECAGGECEAGAAGHET 16 208 7
P1/ PCR X1- TTGCT TGCAGT, 191 TCAGTACACACATTCTA 16 186
55 6 Pl POR Y AT G e g DN, o aiss IXTGCACAGAGCT 16
142 11 P2/ PCRWT%TTW&EI‘GMEME Nedgrrma F2/RER STAGMATENETGTACTGC 16

185 13 P2/ P %t%rﬂc?%f"@t@’&?ﬁ%ﬁﬂ@%@mm - 41
SEQ I D Priner equence HPV nt probe Type type 14 PO ACAGITATGCACAGAGCT
16 142 95 P yIART tfairlsezg 1P e ASATET SIGRAGESHE 16 185

17 PO GAATGT GIGSTAGRCAAG 1y 1188s thr st 20 SNEL T CThEN KIGHeAT PTATGC 16 235 19
PO TATGACTTTGCITTT % 16 230 20 MB X2-ar ml- TATGACTTTGCTTTTOGGGA- ar n2- X3

16 230 21 PXPE® TAGEA SR8 ST 2 1 /R P

Xl-CI¥K¥VKII¥¥%§IEHK¥KH&JK¥K§ﬂdid@HtMiB2§1dgméT@G&@AAE%%@M%KX&E@MDMSAGC 16

687 3' end is extended (by the action of reverse

10 transcriptase), forming a double stranded DNA. RNA
polymerase is then able to transcribe multiple RNA
copies from the now transcriptionally active promoter
sequence within the double-stranded DNA. This RNA
transcript, which is antisense to the original target

15 mRNA, can act as a template for a further round of
NASBA reactioné, with primer 2 annealing to the RNA
and priming synthesis of the first cDNA strand and
primer 1 priming synthesis of the second cDNA strand.
The general principles of the NASBA reaction are well

20 known in the art (see Compton, J. Nature. 350: 91-92).

The target-specific probe oligonucleotides
described herein may also be attached to a solid
support, such as magnetic microbeads, and used as

25 “capture probes" to immobilise the product of the
NASBA amplification reaction (a single stranded RNA).
The target-specific “molecular beacons" probes
described herein may be used for real-time monitoring
of the NASBA reaction.

30
Kits according to the invention may also
including a positive control containing E6 and/or L1
mRNA from a known HPV type. Suitable controls
include, for example, nucleic acid extracts prepared
35 from cell lines infected with known HPV types (e.q.

Hela, CaSki).



24 P2/ PCR CAGAGGAGGAGGATGAAATAGA 16 656 25 PI/PCR

X1- GCACAACCGAAGCGTAGAGTCA 16 741 26 PO AGCAGAACCGGACAGAGCCCATTA 16 693 27
P2/ PCR AGROTGASATAGATGGAGTT 18 702 15 28 P1/PCR X1- CACGGAGACABWAGBACAG 18
869 28 PO AGOCGAACCACAACGTCACA 18 748 30 P2/ PCR GAAAACGATGAAATAGATGGAG 18
698 31 PI/PCR X1- ACACCACGGACACACAAAGIACAG 18 869 32 PO
GAACCACAACGTCACACAATG 18 752 20 33 MB X2- ar mil- GAACCACAACGT CACACAATG ar ne- X3
18 752 34 P2/ PCR TTCCGGTTGACCTTCTATGT 18 651 35 Pl/PCR

X1- GGTOGTCTGCT GAGHTHECTr 18 187 mA3P R RGR GGARGAGATAGMMTAACCTG 18 179 37
Pl / PCR X1- ACCCAGTGTITAGITAGTT 18 379 25 38 PO TGCAAGAC%%T&QTTGGAACT 18 207

39 P2/ PCR GoAMrAdCeaicstr axpdass 1 ¢z 9 4@ PIBER SeL ERACEEFEFTTGACA 31
423 41 PO ATAGCGAGGACACACCACACGGAG 31 268 42 P2/ PCR
GGAAATACCCTACGATGAACTA 31 164 30 43 P1/ PCR X1- CTGGACACAACGGTCTTTGACA 31 423
44 PO TAGGGACGACACACCACACGGA 31 269 45 P2/ PCR ACTGACCTCCACTGTTATGA 31 617
46 P1/ PCR X1- TATCTACT GIETGOTOTGT BUMss @ndo CACATC 31
687 35 48 P2/ ROR FCACGROCACISTTATGREBABRE 13 481 49 1BY PR tner

X1- TGCGAATATCTACT TGIGTGCTCT G 31 766 CCGGACACATCCAA 31
686 51 MB xﬁ%%lwmmmu@f%é@r amfe NeeBSy p2/ pCR
ACTGACCTCCACT(TIAT: &, 67y . 4h BandPHiRER D6l -CACGATECGAMTGAGCCCAT 31 809 54
P2/ PCR TATW T 33 618 55 P/ PCR X1- TTGACACATAAACGAACTG 33
763 56 PO 594 C Y 52/ TECTGAACCAACTGACCTAT 33
620 45 B8 P1/RCR ¢r GECNANAGRAGTIGITCIAR B3 83k IBQIRAyses the RNA

gggmwm%%%r?%@ DA h N P2 A Hs EAFNTATATHAAC 33
or double stranded RNA or DNA (e.g. RNaseH) and an RNA
polymerase. The RNA polymerase should be one which

recognises the promoter sequence present in the 5'

15 terminal region of the NASBA Pl primers supplied in
the reagent kit. The kit may also comprise a supply
of NASBA buffer containing the ribonucleosides and
deoxyribonucleosides required for RNA and DNA
synthesis. The composition of a standard NASBA

20 reaction buffer will be well known to those skilled in

the art (see also Leone et al., ibid).

Table 1: E6-specific sequences for inclusion in
NASBA/PCR primers and probes

25
SEQ ID Primer | Sequence HPV nt
/probe Type
type
1 P2/PCR | CCACAGGAGCGACCCAGAAAGTTA 16 116
2 P1/PCR | ¥,-ACGGTTTGTTGTATTGCTGTTC 16 368
3 P2/PCR | CCACAGGAGCGACCCAGAAA 16 116
30 4 P1/PCR | X,-GGTTTGTTGTATTGCTGTTC 16 368
5 P1/PCR | X,~ATTCCCATCTCTATATACTA 16 258
6 P1/PCR | ¥,-TCACGTCGCAGTAACTGT 16 208
7 P1/PCR | X,-TTGCTTGCAGTACACACA 16 191
8 P1/PCR | X,-TGCAGTACACACATTCTA 16 186
35 9 P1/PCR | X,-GCAGTACACACATTCTAA 16 185
10 P2/PCR | ACAGTTATGCACAGAGCT 16 142
11 P2/PCR | ATATTAGAATGTGTGTAC 16 182
12 P2/PCR | TTAGAATGTGTGTACTGC 16 185
13 P2/PCR | GAATGTGTGTACTGCAAG 16 188




arn- X3 WO 03/ 057914 PCT/ GB03/ 00034

/ probe Type

42 SEQ ID Pri mer

type 61 P2/ PCR GACCTTTGTGTCCTCAAGAA 33 431 62 P1/PCR
X1- AGGTCASD DGBT/PCAGGATA 33 618 63 PO AGAAACTGCACTGTGACGT BCTR 30348034 64

P2/ PCR ATTACAGCGGAGIGAGGTAT 35 217 5 65 P1/PCR X1- GTCTTTGCTTTTCAACTGGA 35
442 66 PO ATAGAGAAGGCCAGCCATAT 35 2781 67 P2/ PCR TCAGAGGAGGAGGAAGATACTA 35
655 68 P1/PCR X1- GATTATGCTCTCTGIGAACA 35 844 69 P2/ PCR ,
CCCGAGGCAACTGACCTATA 35 610 10 70 P1/PCR X1- GTCAATGTGIGIGCTCTGIA 35 770 71

Sequence HPV nt

PO GACAAGCAAPREEADATALEIL CRAedene®2 72 PO GACAAGCAAAACCAGRBACC 3bt692 73
P2/ PCR TTGTGIGAGGTGCT, GAAT . 52 144 74 P1/PCR X1- CCCTCTC AATGITT 52
358 15 75 PO| GTGCCTA TTTTATCTA 52 296 76 P2/ PCR GIGCCTA TTTTATCTA 52
296 77 P1l/ PCR-X1-( CAACACTICTGAACA-52 507 78 PO TAEAAACAACGCGATTTCA
52 461 79 PRAPCR. TCABGOGTIEEREAPTGACARACHY -0 g0 pl/poR | 10
X1- AGCAATCGT AEPAPAPFORQ 30 $W3j$ S T ST AT CAAATOCAA L8 17018%2
P1/ PCR X1- A "& A(‘"ET"EP‘ATA{* GTIGSAE%K TCAAATCCCTFCAATFCLA 58 J%ﬁ 84~ PO
TTGCA TCTP FAT ¥ 5 58 7¢€Kﬁﬂﬁ§@r ACTGCRRG TACACTCCTGGACA iﬁ? B(l?$§414 86
P1/ PCR “+F:FJTCT(‘k§'”TV. BT T SHA IR e T ACACTGET COACARERTGCA
B( 11) 514 8 11 P J? 1 i ;\TC;G A DPL11\ L0 1 oO—D m
O L1 T OIj\ AW Mappw § | vg\ Rr%w \ _J.J. _ ao-,-,lﬁi,\rn 2§Q
GTAGGGTTACAT] FATGA g?%i\ H ek IIHuHIIUbIAIT@Ub &44 590
91 P2/ PCR TG 'GTT?’E‘}?, gt"(gsl,;“};tﬂ\ctégAAG%EfAGAﬁchﬁAc"m 16 741
( oA T H 1
Xl'TA(xﬂ¥yVNFJf3‘**1”j§ B &4 AGCAGAACCGGACAGAGE 16 687
24 P2/PCR | CAGAGGAGGAGGATGAAATAGA 16 656
25 P1/PCR | X,-GCACAACCGAAGCGTAGAGTCA 16 741
26 PO AGCAGAACCGGACAGAGCCCATTA 16 693
27 P2/PCR | ACGATGAAATAGATGGAGTT 18 702
15 28 P1/PCR | X,-CACGGACACACAARAGGACAG 18 869
28 PO AGCCGAACCACAACGTCACA 18 748
30 P2/PCR | GRAAACGATGAAATAGATGGAG 18 698
31 P1/PCR | X,-ACACCACGGACACACAAAGGACAG 18 869
32 PO GAACCACAACGTCACACAATG 18 752
20 33 MB X,—arm,-GAACCACAACGTCACACAATG-arm,~X; | 18 752
34 P2/PCR | TTCCGGTTGACCTTCTATGT 18 651
35 P1/PCR | X;-GGTCGTCTGCTGAGCTTTCT 18 817
36 P2/PCR | GCAAGACATAGAAATAACCTG 18 179
37 P1/PCR | X,-ACCCAGTGTTAGTTAGTT . 18 379
25 38 PO TGCAAGACAGTATTGGAACT 18 207
39 P2/PCR | GGARATACCCTACGATGAAC 31 164
40 P1/PCR | X,-GGACACAACGGTCTTTGACA 31 423
41 PO ATAGGGACGACACACCACACGGAG 31 268
42 P2/PCR | GGARATACCCTACGATGAACTA 31 164
30 43 P1/PCR | X,-CTGGACACAACGGTCTTTGACA 31 423
44 PO TAGGGACGACACACCACACGGA 31 269
45 P2/PCR | ACTGACCTCCACTGTTATGA 31 617
46 P1/PCR | X,~TATCTACTTGTGTGCTCTGT 31 766
47 PO GACAAGCAGAACCGGACACATC 31 687
35 48 P2/PCR | TGACCTCCACTGTTATGAGCAATT 31 619
49 P1/PCR | X;-TGCGAATATCTACTTGTGTGCTCT GT 31 766
50 PO GGACAAGCAGAACCGGACACATCCAA 31 686
51 MB X,-arm,~GGACAAGCAGARCCGGACACATCCAA- 31 686
arm,—X;
52 P2/PCR | ACTGACCTCCACTGTTAT 31 617
40 53 P1/PCR | X,-CACGATTCCARATGAGCCCAT 31 809
54 P2/PCR | TATCCTGAACCAACTGACCTAT 33 618
55 P1/PCR | X,-TTGACACATARACGAACTG 33 763
56 PO CAGATGGACAAGCACAACC 33 694
57 P2/PCR | TCCTGAACCAACTGACCTAT 33 620
45 58 P1/PCR | X,-CCCATAAGTAGTTGCTGTAT 33 807
59 PO GGACAAGCACBACCAGCCACAGC 33 699
60 MB X,-arm,-GGACAAGCACAACCAGCCACAGC- 33 699
arm,-X,




93 PO ATWGTGTGTCCCATCTGC B(11) 794 94 P2/ PCR CATGCCATAAATGTATAGA C(18 295
39 45) 35 95 P1/PCR X1- CACCGCAGGCACCTTATTAA C(18 408 39 45 96 PO
AGAATTAGAUOATINFAGA C(18 324 39 45 97 P2/ PCR GCAGACGACCACPATASKDAN#389 210
98 PI/ PCR X1- ACACCGAGTCCGAGTAATA 39 344 99 PO ATAGGGACGGGGAACCACT 39 273
40 100 P2/ PCR TATTACTCGGACTCGGIGTI 39 £44 101 P1/PCR
X1- CTTGGGTTTCTCTTCGTGITA 39 558 102 PO GGACCACAAAACGGGAGGAC 39 531 103

P2/ PCR GAAATAGATGAACCCGACCA 39 703 104 P1/PCR X1- GCACACCACGGACACACAAA 39

886 45 105 POsEA Gﬂ&IKIE'EGAAGGACAGC 39 749 r 106 P2/ PCRev nt
AACCATTGNNJXJKXJK%V 4 430 WO 03/057914 PCT/ GB03/ 00034 |—1yd3 BEQ IID
Pri mer Sequence HPV F obe Type type 107 P1/ PCR
X1- TCTTTCTTGECGE 108 PO CCGACCOCAGTFSFAATA 451 5008
P2/ PCR AACCA 168:AAm~VQ~%Q8A NS LTI er N | AN Wt
53/ pon | EARKECA: 4 ARG ICAETTCOTEGhGERTE )5 g 1 4 o “hifnen [ 018 1
45 527 5 111 ID(‘D VAN T 5 A2Q 112 PEHPCER
X1- TTGCTATACTESTET T EECTACE g E AL GCACTFRLAGAT Ammsm ATA #5590 114
10 116 P/ POR 1 CACCAERT A ACREGIIIEER R, Shes 117 Poi AR
PP (IS e 270
CTGTTGACCTGT TGEGHACS S 45 FERTES CCACCGACACACAARCGACARAG 45 868
5 2/ PCR P TCAGAGGRGCAEGARCATACTA VBN
119 P2/ PCR G EGACCTG iﬁéﬂu F @%@%—W@C“‘”%@AG
45 868 15 12% 65\9 GAGLGAGH A RARCES thrdar oo —122-PO 3 €10
N ALIA £ AT
ACGAAAAGCAT GRAECAGA R +§ B96AATGTGTGTGCTCTGTA 35 770
71 PO GACAAGCAAAACCAGACACCTCCAA 35 692
72 PO GACAAGCAAAACCAGACACC 35 692
73 P2/PCR | TTGTGTGAGGTGCTGGAAGAAT 52 144
74 P1/PCR | X,~CCCTCTCTTCTAATGTTT 52 358
15 75 PO GTGCCTACGCTTTTTATCTA 52 296
76 P2/PCR | GTGCCTACGCTTTTTATCTA 52 296
77 P1/PCR | X,~GGGGTCTCCAACACTCTGAACA 52 507
78 PO TGCAAACAAGCGATTTCA 52 461
79 P2/PCR | TCAGGCGTTGGAGACATC 58 157
20 80 P1/PCR | X,-AGCAATCGTAAGCACACT 58 301
81 P2/PCR | TCTGTGCATGAAATCGAA 58 173
82 P1/PCR | X;-AGCACACTTTACATACTG 58 291
83 PO TGAAATGCGTTGAATGCA 58 192
84 PO TTGCAGCGATCTGAGGTATATG 58 218
25 85 P2/PCR | TACACTGCTGGACAACAT B(11) 514
86 P1/PCR | X,-TCATCTTCTGAGCTGTCT B(11) 619
87 P2/PCR | TACACTGCTGGACAACATGCA B(11) 514
88 P1/PCR | X;-GTCACATCCACAGCAACAGGTCA B(11) 693
89 PO GTAGGGTTACATTGCTATGA B(11) 590
30 90 PO GTAGGGTTACATTGCTATGAGC B(11) 590
91 P2/PCR | TGACCTGTTGCTGTGGATGTGA B(11) 693
92 P1/PCR | X;~TACCTGAATCGTCCGCCAT | B(11) 832
93 PO ATWGTGTGTCCCATCTGC B(11) 794
" 94 P2/PCR | CATGCCATAAATGTATAGA c(18 295
39 45)
35 95 P1/PCR | X,~CACCGCAGGCACCTTATTAA c(18 408
39 45
96 PO AGAATTAGAGAATTAAGA c(18 324
39 45
97 P2/PCR | GCAGACGACCACTACAGCAAA 39 210
98 P1/PCR | X,~ACACCGAGTCCGAGTAATA 39 344
99 PO ATAGGGACGGGGAACCACT 39 273
40 100 P2/PCR | TATTACTCGGACTCGGTGT 39 344
101 P1/PCR | X,~CTTGGGTTTCTCTTCGTGTTA 39 558
102 PO GGACCACAAAACGGGAGGAC 39 531
103 P2/PCR | GAAATAGATGAACCCGACCA 39 703
104 P1/PCR | X,-GCACACCACGGACACACAAA 39 886
45 105 PO TAGCCAGACGGGATGAARCCACAGC 39 749
106 P2/PCR | AACCATTGAACCCAGCAGARA 45 430




123 PO ACAACTACCAGCCCGACGAGCCGAA 45 730 124 P2/ PCR GGAGGAGGATGAAGTAGATA 51
658 125 P1/ PCR X1- GCCCATTAACATCTGCTGTA 51 807 20 126 P2/ PCR
AGAGGAGGAUBOATBFAGT AGATA 51 655 127 P1/ PCR X1- ACGGGCAAACCRGEGEBIAQIN3S1 829

128 PO GCAGGTGITCAAGIGTAGTA 51 747

130 P2/ PCR TTGGGGTGCTGGAGACAAACATCT-563549 25 131 P1/PCR
X1- TTCATCCTCATCCTCATCCTCTGA 56 665 132 P2/ PCR TGGGGTGCTGGAGACAAACATC 56
520 133 PI/PCR X1- CATCCTCATCCTCATCCTCTGA 56 665 134 P2/ PCR

129 PO TGGCAGTGGAAAGCAGIGGAGACA 51 771

TTGCGEEGETGCTGCH CAEiR6r DE8quehdd P1/ PCR X1- CCACAAACTTACABPCACAAGA 56 764
30 136 PO AAAGTACCA/% LCAAGACGT 56 581 137 PO AGAACTAA(;A}Q@'CAAACAGAAAT
56 610 138 PO AGTAC CGCTGCAAGACGTT 56 583 139 P1/PCR
Xl TTC{EACAC{:' AGACG 56 65 140 P2/ PCR PATTTTC,C-!_TAT'TACTCT‘_;
141 P1/ PCR X’lﬁz%ATPf%+%E%\ "?%?qﬁgﬁcqﬁﬁtéﬁygﬁ%F\PACTAT?? FTCTA'EZAQE72635
348 143 PO r“ﬁﬁ*rm\ T CTRGCEAGGGLAGT TBaeN 144 NB XD Erm
CAACTG"A\YCTM ’/_l‘ \(:TT -\rﬁkxg Ay JEA 'I‘ bAqCIA\G 1AL PO 4% 430
CAANCAR 9SS 7S N L TR e L e 5527
A ALy e R SRRRCERTT A coRt AR 45 428
X2- ar mL- GAAM; FGA(C 52-58—147-PO
AAGACATTATTCAGAGTE -G A 4 B g TG A a CATTATT CAGACTE 21l 2~ X3
C (18 45 39 ﬁﬁ&L03/£b7914 EL&ii CBRAAARYATE 44—Fabte—2: ﬁ??; et F@&L
11%’ o GEACARREGARGRTY PICACA N 157 SPEL3EY
sequences f o 5Ib| S IPlél/lPd:Rl G MTHTTA@%A@CP%‘I‘U Propes v ;91 J656
Pri mer/py obe r§§guent® 1,/ b¥iP® x -CACCACGGACACACARAGGACAAG 15 868
117 P2/PCR | CTGTTGACCTGTTGTGTTACGA 45 654
118 P1/PCR | X,~CCACGGACACACAAAGGACAEAG 45 868
119 P2/PCR | GTTGACCTGTTGTGTTACGA 45 656
120 P1/PCR | X,-ACGGACACACABAGGACAAG 45 868
15 121 PO GAGTCAGAGGAGGAAAACGATG 45 686
122 PO AGGAAAACGATGAAGCAGATGGAGT 45 696
123 PO ACAACTACCAGCCCGACGAGCCGAA 45 730
124 P2/PCR | GGAGGAGGATGAAGTAGATA 51 658
125 P1/PCR | X,-GCCCATTAACATCTGCTGTA 51 807
20 126 P2/PCR | AGAGGAGGAGGATGAAGTAGATA 51 655
127 P1/PCR | X,-ACGGGCAAACCAGGCTTAGT 51 829
128 PO GCAGGTGTTCAAGTGTAGTA 51 747
129 PO TGGCAGTGGAAAGCAGTGGAGACA 51 771
130 P2/PCR | TTGGGGTGCTGGAGACAAACATCT 56 519
25 131 P1/PCR | X,-TTCATCCTCATCCTCATCCTCTGA 56 665
132 P2/PCR | TGGGGTGCTGGAGACAAACATC 56 520
133 P1/PCR | X,-CATCCTCATCCTCATCCTCTGA 56 665
134 P2/PCR | TTGGGGTGCTGGAGACAAACAT 56 519
135 P1/PCR | X,-CCACAARACTTACACTCACAACA 56 764
30 136 PO AAAGTACCAACGCTGCAAGACGT 56 581
137 PO AGAACTAACACCTCAAACAGAAAT 56 610
138 PO AGTACCAACGCTGCAAGACGTT 56 583
139 P1/PCR | X;~TTGGACAGCTCAGAGGATGAGG 56 656
140 P2/PCR | GATTTTCCTTATGCAGTGTG 56 279
35 141 P1/PCR | X,~GACATCTGTAGCACCTTATT 56 410
142 PO GACTATTCAGTGTATGGAGC 56 348
143 PO CAACTGAYCTMYACTGTTATGA A (16
31 35)
144 MB X,-arm,—~CAACTGAYCTMYACTGTTATGA~arm,-X, | A (16
31 35)
145 PO GAAMCAACTGACCTAYWCTGCTAT A (33
52 58)
40 146 MB X,-arm,;-GAAMCAACTGACCTAYWCTGCTAT- A (33
arm;-X; 52 58)
147 PO BAGACATTATTCAGACTC C (18
45 39)
148 MB X,-arm,;-AAGACATTATTCAGACTC-arm,-X, C (18
45 39)




149 P2/ PCR AATGGCATTTGITGGGEGTAA 150 P1/ PCR X1- TCATATTCCTCCCCATGIC 151 PO
TTGITACTGITGTTGATACTAC 152 P2/ PCR AATGGCATTTGITGGSRHAA 10 153 PI/ PCR

X1- TCATAWGAOIGFMBATGEC 154 PO TTGITACTGITGITGATACYAC 15FCPGB03/00034
TTGITACTGITGTTGATACCAC 156 P2/ PCR AATGGCATTTGITGGSI | AA 157 P2/ PCR
AATGGCATTTGITGAE | HAA 15 158 P2/ PCR -AAUGGCATTTGITGGSRI AA 159 P2/ PCR
AATGGCCATTTGITGGGEGTAA 160 P2/ PCR AATGGCATTTGITGGGGAAA 161 P2/ PCR
AATGGCATTTGITGGCATAA 162 P2/ PCR AATGGCATTTGITGGGGCAA 20 163 P2/ PCR
AATGGCATTTGITGGCACAA 164 Pl / PCR X1- TCATATTCCTCM CATGEC 165 Pl / PCR

X1- TCATATT CAACA 166 P1/ PCR X1- TCATAITCCTCI | CATGIC. 167 PI/PCR

X1- TCATATT?F@H%A%%%@%@%E/ BERURLCTEA R’FT&&?E:PFE:%?G&E 3' 169 P1/PCR
X1- TCATATTCCRAISBEXPGRCp3'imeref endegrpbeser s suitable for use in detection
30 of HPV L1 and E6 nRNA by NASBA are listed in the follow ng tables.

However, these are nmerely illustrative and it is not intended that the
scope of WO P37/ 05791 Pbl/bﬁug/U)Ud4 — 45 The itnvention should fe limted
to these spetfFR P npPEEEFEEP? n| SATSGPI owi ng Tabl es the NASBA P2 primers
(p2) 5 inclyude the sepeence GATGECAAGGTCGCATATGAG at the 5° end; |t he NASBA
Pl prinmers ( Jﬂgl ncl UP;/Ptcge sequqaggﬁchﬁfﬁEqé&%%ACTCACTATAGGGAGAAQG at
the 5 end. lgonucl eot des—sultable tor use as—probes—are—idedtified by
"po". The P2| psd mers| getreral |y cpHi-GCATAITCEHIVZCSaTATENCes from t he posti ve
a)
strand, mher,ﬁglthe pL, Priners ggggﬁ%hggmﬁgﬂﬁgh@mgfv sequences frljomthe
negative stra nt-refers to nucleotide posiiion Ih
152 P2/BCR AATGGCATTTGTTGGSRHAA
10 153 P1/PCR X,~TCATATTCCTCMMCATGDC
154 PO TTGTTACTGTTGTTGATACYAC
155 PO TTGTTACTGTTGTTGATACCAC
156 P2/PCR AATGGCATTTGTTGGSIIAA
157 P2/PCR AATGGCATTTGTTGGI IHAA
15 158 P2/PCR AATGGCATTTGTTGGIRIAA
159 P2/PCR AATGGCATTTGTTGGGGTAA
160 P2/PCR AATGGCATTTGTTGGGGAAA
161 P2/BCR AATGGCATTTGTTGGCATAA
162 P2/PCR AATGGCATTTGTTGGGGCAA
20 163 P2/PCR ARTGGCATTTGTTGGCACAA
164 P1/PCR X,-TCATATTCCTCMICATGIC
165 P1/PCR X, ~TCATATTCCTCAACATGIC
-l 166 P1/PCR X,~TCATATTCCTCIICATGTC
167 P1/PCR X,-TCATATTCCTCIICATGGC
25 168 P1/PCR ¥X,-TCATATTCCTCIICATGAC 3'
169 P1/PCR X,-TCATATTCCTCIICATGCC 3'

Preferred primers suitable for use in detection
30 of HPV L1 and E6 mRNA by NASBA are listed in the
following tables. However, these are merely

illustrative and it is not intended that the scope of



the rel evant HPV genom ¢ sequence. 15 Table 3-Preferred E6 NASBA priners
and probes Priner nane Sequence HPV nt Type HAe6701p2
GATGCAAGCVOGEATATLAGCCACAGGAGCGACCCAG 16 116 AAAGITA HAe @O AGH03/00034
AATTCTAATACGACTCACTATAGGGAGAAGGACGGIT 16 368 TGITGTATTGCTGITC 20 HAe6702p2
GATGCAAGGTCGCATATGAGCCACAGGAGCGACCCA46-116  AAA HAe6702pl .
AATTCTAATACGACTCACTATAGGGAGAAGGEGGTITTG 16 368 TTGTATTGCTGITC HPV16p!
AATTCTAATACGACTCACTATAGGGAGAAGGATTCCC 16 258 ATCTCTATATACTA HAe6702Ap1l
AATTCTAATACCAGICAGTATAGGHAGAAGETEA L 61 1208 e CELCRHAGIAAGKGT: HAe6702Bpl
AATTCTAATACGACTCACTATAGGGAGAAGGTTG 16 191 CTTGCAGTACACACA 25 HAe6702Cpl
AATTCTAAT ACGARS X ANCCGAGAAGGTGC 16 186 AGTACACACATTCTA HAe6702Dp1l
AATTCTAATACGACTCACTATAGGGAGAAGGGCA 16 185 GTACACACATTCTAA H16e6702Ap2
GATGCAAGGTCGCATATGAGACAGTTATGCACAGAGCT 16 142 H16e6702Bp2

GATGCAAGGT CGCATAT GAGATAT TAGAKTGTGT GRAG €6 th82 NASE e 670 a0piners (p2)

GAT GCAAGET CGCATATGAGTTACAAT GIGTGT AGHRES i 8T 30 ATORS 102N 5
GATGCAAGGTCGCATATGAGGAATGIGTGTACTGECAAG 16 188 H 6e6702Apo
ACAGTTATGCACARECT e SBAMIRE 709 ARATT AGSAHSeGTEmE I ofgs

H 6e6702Cpo  TANGANTKATACTRSTCKS 6T A@SGANBAEY Qf/ Xe PCT/&A30.3/ 00034 - 46
Primer nane ?g uence HPV n Type q%gégyoz 0 GAATGIGIGTACTGCAAG 16 188
HAe6701po CT %@Pﬁﬁ%%ﬁ’l‘%eﬁx B HAEE7 2h & TATGACTTTGCTTTTCGGGA 16
230 HAe6702ndend2t Tigdt gy ATRACT T TIBCT TPRT CREGEATa qsed3 1ley 28Mmtagin
10 HPV sequences from the postive strand, whereas the pl
primers generally contain HPV sequences from the
negative strand. nt-refers to nucleotide position in

the relevant HPV genomic sequence.

15 Table 3-Preferred E6 NASBA primers and probes
Primer name | Sequence HPV nt
Type
HAe6701p2 GATGCAAGGTCGCATATGAGCCACAGGAGCGACCCAG | 16 116
AAAGTTA
HAe6701pl AATTCTAATACGACTCACTATAGGGAGAAGGACGGTT | 16 368
TGTTGTATTGCTGTTC
20 HRe6702p2 GATGCAAGGTCGCATATGAGCCACAGGAGCGACCCAG | 16 116
AAA
HAe6702p1l BATTCTAATACGACTCACTATAGGGAGAAGGGGTTTG | 16 368
TTGTATTGCTGTTC
HPV16pl AATTCTAATACGACTCACTATAGGGAGAAGGATTCCC | 16 258
ATCTCTATATACTA
HAe6702Apl | AATTCTAATACGACTCACTATAGGGAGAAGGTCA | 16 208
CGTCGCAGTAACTGT
HAe6702Bpl BAATTCTAATACGACTCACTATAGGGAGAAGGTTG | 16 191
CTTGCAGTACACACA
25 HAe6702Cpl | AATTCTAATACGACTCACTATAGGGAGAAGGTGC | 16 186
AGTACACACATTCTA
HRe6702Dpl | AATTCTAATACGACTCACTATAGGGAGAAGGGCA | 16 185
GTACACACATTCTAA
H16e6702Ap2 | GATGCAAGGTCGCATATGAGACAGTTATGCACAGAGCT | 16 142
H16e6702Bp2 | GATGCAAGGTCGCATATGAGATATTAGAATGTGTGTAC | 16 182
H16e6702Cp2 | GATGCAAGGTCGCATATGAGTTAGAATGTGTGTACTGC | 16 185
30 H16e6702Dp2 | GATGCAAGGTCGCATATGAGGAATGTGTGTACTGCAAG | 16 188
H16e6702Apo | ACAGTTATGCACAGAGCT 16 142
H16e6702Bpo | ATATTAGAATGTGTGTAC 16 182
H16e6702Cpo | TTAGAATGTGTGTACTGC 16 185




HAe6702nb2 X2- ccagct TATGACTTTGCTTTTCGGEGAaget gg- X3 16 230 HAe6702nmb3
X2-cacgcTATGACTTTGCTTTTCGGGAgegt g- X3 16 230 10 H16e6702nb4
X2- cgat cgWANGAEPTI GCTTTTCEGGAcgat cg- X3 16 230 HAe6703p2 PCT/GB03/00034

GATGCAAGGTCGCATATGAGCAGAGGAGGAGGATGAA 16 656
AATTCTAATACGACT CACTATAGGGAGAAGGGECACAA 4 6- 741

TGGACAAGCAGAACCGGACAGAGC 16 687 15 HAe6704p2

GATGCAAGGT CGCATATGAGCAGAGGAGGAGGATGAA 16 656

ATAGTA HAe6703pl
CCGAAGCGTAGAGTCACAC HAe6703po

ATAGA HAe6704pl

AATTCTAATACGAGTLALT SeBGRAGTCCACAA 16 741  CCGAAGCGTAGAE CA 6704po
AGCAGAACCGGACAGAGCCCATTA 16 693 H18e6701p2 Type
GATGCAAGGT CGEATAT GATEGA18 702 —GFTHI8e6703pt 135
AATTCTAATACGRACICAGTET ACEEAGHA %MT%ﬁTgtﬁu CACACAAACEACAG 20 5t8¢6701po
gAegceL\AGCMgC,GTACGwm TRV ST i Te Lo
2P ‘
AATTCTAASTACGACTCACTATAG%A %@T?@t@g@%%@& %AA,&%GACAGZ H18e6702po
GAACCACAACGTCACACAATG 18 752 H18e6702nbl
X2- cgcat g GAACCACAACGTCACACAATGeat geg- X3 18 752 25 H18e67Q02nh?2
X2- ccgt cgGAACEAENACET EACKCASTIR JAETRYT KEECIR T TEFFCRAGEET 0 nh 3 230
X2- cggacc GAACEACAATSITCACACAATGIBE AT X TI8 TTBBAG$4ReB7 02 2 230
X2- cgat cgGAACCACAACGTCACACAATGegat cg - X3 18 752 H18e6708p2
GATGCAAGTCGCATATGAGTTCCGGTTGACCTTCTA 18 651  TGT H18e6703pl
AATTCTAATACGAGT €T XAGANI ST 1A 183 7CGCAI LA TTIET 30| bHBe6704p2
GATGCAAGGT CCCAR AF TARRCANCAL X PAGEPYS EAPA TEB GENChGCRETASCHEIBRE Y WEPT | 656
AATTCTAATACGACTCACTATAG GGACCCAG 18 379 TGITAGITAGIT H18eb704po
TGCAAGACAGTA—\T{Q’Q?V%@@ 18 287 TR ARG A A TATAGGGAGAAGGGCACAA | 16 741
GATGCAAGGTCGLCATATGA Q"?%Mﬁ%&cﬁé 164
HAe6703po TGGACAAGCAGAACCGGACAGAGC 16 687
15 HAe6704p2 GATGCAAGGTCGCATATGAGCAGAGGAGGAGGATGAA | 16 656
ATAGA
HAe6704pl AATTCTAATACGACTCACTATAGGGAGAAGGGCACAA | 16 741
CCGRAGCGTAGAGTCA
HAe6704po AGCAGAACCGGACAGAGCCCATTA 16 693
H18e6701p2 | GATGCAAGGTCGCATATGAGACGATGAAATAGATGGA | 18 702
GTT
H18e6701pl | AATTCTAATACGACTCACTATAGGGAGAAGGCACGGA | 18 869
CACACARAGGACAG
20 H18e6701lpo | AGCCGAACCACAACGTCACA 18 748
H18e6702p2 | GATGCAAGGTCGCATATGAGGAAAACGATGAAATAGA | 18 698
TGGAG
H18e6702pl | AATTCTAATACGACTCACTATAGGGAGAAGGACACCA | 18 869
CGGACACACAAAGGACAG
H18e6702po | GAACCACAACGTCACACAATG 18 752
H18e6702mbl | X,-cgcatgGAACCACRACGTCACACAATGcatgeg-X; | 18 752
25 H18e6702mb2 | X,-ccgtcgGAACCACAACGTCACACAATGCgacqgg-X, | 18 752
H18e6702mb3 | X,-cggaccGARCCACAACGTCACACAATGggtccg-X; | 18 752
H18e6702mb4 | X,-cgatcgGARCCACAACGTCACACAATGcgatcg-X, | 18 752
H18e6703p2 | GATGCAAGGTCGCATATGAGTTCCGGTTGACCTTCTA | 18 651
TGT
H18e6703pl | AATTCTAATACGACTCACTATAGGGAGAAGGGGTCGT | 18 817
CTGCTGAGCTTTCT
30 H18e6704p2 | GATGCAAGGTCGCATATGAGGCAAGACATAGAAATAA | 18 179
CCTG
H18e6704pl | AATTCTAATACGACTCACTATAGGGAGAAGGACCCAG | 18 379
TGTTAGTTAGTT
H18e6704po | TGCAAGACAGTATTGGAACT 18 207
H31e6701p2 | GATGCAAGGTCGCATATGAGGGAAATACCCTACGATG | 31 164
AAC




AAC WO 03/ 057914 PCT/ GB03/00034 - 47 Prinmer nane Sequence HPV nt Type
H31e6701pl AATTCTAATACGACTCACTATAGGGAGAAGGGGACAC 31 423 AACGGICTTTGACA
H31e6701p@ OABASBGGACGACACACCACACGGAG 31 268 H31e6702p2 PCT/GB03/00034
GATGCAAGGT CGCATATGAGGGAAATACCCTACGATG 31 164 AACTA H31e6702pl
AATTCTAATACGACTCACTATAGGGAGAAGGCTGCGACG B1- 423 ACAACGGTCTTTGACA 5 H31e6702po
TAGGGACGACACACCACACGA 31 269 H31e6703p2
GATGCAAGGTCGCATATGAGACTGACCTCCACTGITA 31 617 TGA H31e6703pl

AATTCTAATACGABT Gz T AdRTRRSALESTATCTA 31 /66 CITGIGIGCTCEST H31e6703po
GACAAGCAGAACCGGACACATC B1 687 H31e6704p2
GAT CCAAGGT COCAT AT T AR ORACT R FATE 3k 1O AT O] hETo6704p1
AATTCTAATACGACTCACTATAG g%L 31 766 TATCTACTTGTGTGCTCT GI
H3166704p0 G':A(‘I\I\f:f‘l\f‘l\l\ tT‘ A ’)1 a0a L1670 A1
) 7 G.G!A MY LT U7 U'—HIIJ @gﬂ
X2- ccgaaggGH NCCLTARERE c T ) T BLe6704ap2
X2- ccgt cgGGAC g&éﬂ?@%ﬁ §Tu§§§ g cgacqgg %?Qﬂ ie6704ng
X2- cacgt cgGGACAAGCAGAACOESA -XQ 15 H31 ﬁ;ﬂ1nb4
X2- cgcage GACAAS A GANCONCACRT CRRRC 3 B85 oG g XE AR a6 7045
X2- cgat c g GGACAAGCAGAACCCEXEACATRIEABAY 686 cgatcg - X3 HBl e6705p2
GATGCAAGGT CGLAT A AR TCIRSCRA MCRETIREAR9C 517 H31e6705n0 31 269
AATTCTAATACGAETESC P ATAGCANSAARES ILCERTA TSR CBETREACTRSEARR TIAGCAEAT H38E6T0I p2
GATGCAAGGTCGCATATGAGTATCBIRGAACCAACT A 33 618  CCTAT
H31e6703pl | AATTCTAATACGACTCACTATAGGGAGAAGGTATCTA | 31 766
CTTGTGTGCTCTGT
H31e6703po | GACAAGCAGAACCGGACACATC 31 687
H31e6704p2 | GATGCAAGGTCGCATATGAGTGACCTCCACTGTTATG | 31 619
AGCAATT
10 H31e6704pl | AATTCTAATACGACTCACTATAGGGAGAAGGTGCGAA | 31 766
TATCTACTTGTGTGCTCT GT
H31e6704po | GGACAAGCAGAACCGGACACATCCAA 31 686
H31e6704mbl | X,-ccgaaggGGACAAGCAGAACCGGACACATCC 31 686
AAccttcgg ~X;
H31e6704mb2 | X,-ccgtcgGGACAAGCAGAACCGGACACATCCA 31 686
Acgacgg —X;
H31e6704mb3 | X,-cacgtcgGGACAAGCAGAACCGGACACATCCAA 31 686
cgacgtg —-X;
15 H31e6704mb4 | X,-cgcagcGGACAAGCAGAACCGGACACATCCAA 31 686
gectgeg —X%; .
H31e6704mb5 | X,~cgatcgGGACAAGCAGAACCGGACACATCCAA 31 686
cgatcg -X;
H31e6705p2 | GATGCAAGGTCGCATATGAGACTGACCTCCACTGTTAT | 31 617
H31e6705pl | AATTCTAATACGACTCACTATAGGGAGAAGGCACGAT | 31 809
TCCABATGAGCCCAT
H33e6701p2 | GATGCAAGGTCGCATATGAGTATCCTGAACCAACTGA | 33 618
CCTAT
20 H33e6701pl | AATTCTAATACGACTCACTATAGGGAGAAGGTTGACA | 33 763
CATAARCGAACTG
H33e6701lpo | CAGATGGACAAGCACAACC 33 694
H33e6703p2 | GATGCAAGGTCGCATATGAGTCCTGAACCAACTGACC | 33 620
TAT
H33e6703pl | AATTCTAATACGACTCACTATAGGGAGAAGGCCCATA | 33 807
AGTAGTTGCTGTAT
H33e6703po | GGACAAGCACAACCAGCCACAGC 33 699
25 H33e6703mbl | X,-ccaagcGGACAAGCACAACCAGCCACAGCgct 33 699
tgg %,
H33e6703mb2 | X,-ccaagcgGGACAAGCACAACCAGCCACAGC 33 699
cgettgg -X;
H33e6703mb3 | X,-cccagcGGACAAGCACAACCAGCCACAGCgCt 33 699




20 H33e6701pl AATTCTAATACGACTCACTATAGCGAGAAGGTTGACA 33 763 CATAAACGAACTG
H33e6701po CAGATGGACAAGCACAACC 33 694 H33e6703p2
GATGCAAGGVOGEATATLAGT CCTGAACCAACTGACC 33 620 TAT H33e67020IiT/GB03/00034
AATTCTAATACGACTCACTATAGGGAGAAGGCCCATA 33 807 AGTAGITGCTGTAT H33e6703po
GGACAAGCACAACCAGCCACACC 33 699 25 H3886703nbl :

X2- ccaagc GGACAAGCACAACCAGCCACAGCget 33 699
X2- ccaagcgGGACAAGCACAACCAGCCACAGC 33 699

tgg - X3 H33e6703nb2
cgcttgg - X3 H33e6703nmb3

X2- cccagc GGA (RACAMLCAGHARASCgCt 33 699 WO 03/ 057914 PE%Y GBOBAO00O34 -
48 Primer nanme Sequence HPV nt Type 999 -X3 H33e6703nmb4ype
X2- ccaaagc CAAGCA“**“:Q&kH@uAuLg 33699 —ctttgg - X3 H3Beb703mp5S
X2- cct gc GGACTVHSEAGHES S hﬂﬁhi& C AgégHSSc £93mb67 253
X2-cgatcg(I¥KJV¥XJKJV¥JJAGtCACA Ccga 33 699 tcg -X3 H33e6702p2
GATGCAAGGT CGCATATGAGCGACCTTIEEGRCCTCAA 33 431 GAA H33e6702pl ‘
AATTCTAATACGAGEBAT P ATAGESACAALSGARERCAA B CHIB CAGTTEEERCACGATA H3B3686702po
AGAAACTIRCACT (GHGAEXI3DGIb &3 B X548 a t ¢48EBGGLACRACCAGCCACAGCega 33 699
GATGCAAGGTCGCATATGAGATT&A GTGAGG 35 217 TAT 35 H35e6701pl
AATTCTAATA CTICACTATA A A NCCCTCTTT 25 4 éC = ‘Ttbt’é\ﬁCFMA H3Ee5601p0
ATAGAGAAGGOCAGCEATAT 35| 9707 FBaB oD CORCCTTTETG
GﬁTGCAAGEWCETﬁIATCﬂFTFﬂ-ﬁﬁkﬂﬂfﬂCGAAGA%&&iﬁﬁi-JJ&JIF#BRﬂ1702pL
AATTUAATAC@\@?E?\%?A&%G%H&E&%&?’F&?C%AWGAW&?“&?PGA&EA H3588%703p2
GATGCAAGGT CGLATATGAGCCCGREFICARECAGATET 35 610
H33e6702po | AGAAACTGCACTGTGACGTGT 33 543
H35e6701p2 | GATGCAAGGTCGCATATGAGATTACAGCGGAGTGAGG | 35 217
TAT
35 H35e6701pl | AATTCTAATACGACTCACTATAGGGAGAAGGGTCTTT | 35 442
GCTTTTCAACTGGA
H35e5601po | ATAGAGAAGGCCAGCCATAT 35 270
H35e6702p2 | GATGCAAGGTCGCATATGAGTCAGAGGAGGAGGAAGA | 35 655
TACTA
H35e6702pl | AATTCTAATACGACTCACTATAGGGAGAAGGGATTAT | 35 844
GCTCTCTGTGAACA
H35e6703p2 | GATGCAAGGTCGCATATGAGCCCGAGGCAACTGACCT | 35 610
ATA
40 H35e6703pl | AATTCTAATACGACTCACTATAGGGAGAAGGGTCAAT | 35 770
GTGTGTGCTCTGTA
H35e6702po | GACAAGCAAAACCAGACACCTCCAA 35 692
H35e6703po | GACAAGCAAAACCAGACACC 35 692
H52e6701p2 | GATGCAAGGTCGCATATGAGTTGTGTGAGGTGCTGGA | 52 144
_ AGAAT
H52e6701pl | AATTCTAATACGACTCACTATAGGGAGAAGGCCCTCT | 52 358
CTTCTAATGTTT
45 H52e6701po GTGCCTACGCTTTTTATCTA 52 296
H52e6702p2 | GATGCAAGGTCGCATATGAGGTGCCTACGCTTTTTAT | 52 296
CTA
H52e6702pl | AATTCTAATACGACTCACTATAGGGAGAAGGGGGGTC | 52 507
TCCAACACTCTGBRACA
H52e6702po | TGCAAACAAGCGATTTCA 52 461
H58e6701p2 | GATGCAAGGTCGCATATGAGTCAGGCGTTGGAGACATC | 58 157
50 H58e6701pl AATTCTAATACGACTCACTATAGGGAGAAGGAGCAAT | 58 301
CGTAAGCACACT
H58e€6702p2 | GATGCAAGGTCGCATATGAGTCTGTGCATGAAATCGAA | 58 173
H58e6702pl | AATTCTAATACGACTCACTATAGGGAGAAGGAGCACA | 58 291
CTTTACATACTG
H58e6701lpo | TGARATGCGTTGAATGCA 58 192
H58e6702po | TTGCAGCGATCTGAGGTATATG 58 218
55 HBe6701p2 GATGCAAGGTCGCATATGAGTACACTGCTGGACAACAT | B(11) 514
HBe6701pl AATTCTAATACGACTCACTATAGGGAGAAGGTCATCT | B(11) 619




ATA 40 H35e6703pl AATTCTAATACGACTCACTATAGGGAGAAGGEGTCAAT 35 770
GIGIGIGCTCTGTA H35e6702po GACAAGCAAAACCAGACACCTCCAA 35 692 H35e6703po
GACAAGCAAROGEASEACACC 35 692 H52e6701p2

GATGCAAGGTCCCATATGAGI TGTGTGAGGTGCTGEA 52 144
AATTCTAATACGACT CACTATAGGGAGAAGGECCCTCT4 $2- 358

GIGCCTACCCTTTTTATCTA 52 296 H52e6702p2

GATGCAAGGTCGCATATGAGGTGCCTACCCTTTTTAT 52 296

PCT/GB03/00034

AGAAT H52e6701pl
CTTCTAATGITT 45 H52e6701po

CTA H52e6702pl

AATTCTAATACGABT GAGT AdrCES8ARGECEEGTC 52 507 TCCAACACTCT@AACA HeRe6702po
TGCAAACAAGCGATTTCA 52 461  H58e670I1 p2 Type
GATGCCAAGGT CCEATATGAGTCA GACATC 58 157 —50H58e6701Ipt
AATTCTAATACGAGECAGTATA S AT TGRS H58E67IRD?2
GATGCAAGGTCGCATATGAGICTG TGAAATCGAA 58 173 H58e6702p(
AATTCTAATACG I\T,_\ /\r‘r\/\r\r\/\r\/\ O 2504 r‘-r-r-- T |u-o 701 Y0
TGAAATGCGT TGW’% WW RF‘IUL&F& L ATK‘[@ 518 55
HBe670I p2 GA] GCAAGGTCGCATE ;&%ﬁfﬁ&rMAhAAhAT B(11) 514 HBe6704p!
AATTCTAATACGASFERCTRTAGES T 93/ 05734WDPT5 03/ 00034
. 49 mer LHBRS 0LR2 o nGEAq_CrS?/TASAT? J o2l >
@T&AA%TCG.&%?@K@?AOA@%W% ﬂ?ﬁ%’fﬁw L E‘i ol | ¢°
AATTCTAATACGACTCACTATAGEEAYSRAGGGTCACA B(11) 693 TCCACAGCAACAGGTCA
HBe6701po GTA@E%@PAE:JATTﬁWWﬁ?T%AT‘&?Gﬁ%‘B@F@QB@G B(I1) ] 832
GTAGGGTTACATTGCTATGAGC BRAATCTEOBCARHBe6703p2
GATGCAAGGT CGCAFAAOACST GACETWGIFIRTOCTEIRGB( 11)__ 693 TGIGA B(11) 794
HCe6701p2 GATGCAAGGTCGCATATGAGCATGCCATAAATGTATAGA | C(18 295
39 45)
65 HCe6701pl AATTCTAATACGACTCACTATAGGGAGAAGGCACCGC | C(18 408
AGGCACCTTATTARA 39 45
HCe6701po AGAATTAGAGAATTAAGA c(1s8 324
. 39 45
H3%e6701p2 GATGCAAGGTCGCATATGAGGCAGACGACCACTACAG | 39 210
CARA
H3%e6701pl AATTCTAATACGACTCACTATAGGGAGAAGGACACCG | 39 344
AGTCCGAGTAATA
H39e6701po ATAGGGACGGGGAACCACT 39 273
70 H39e6702p2 GATGCARAGGTCGCATATGAGTATTACTCGGACTCGGTGT | 39 344
H39e6702p1 AATTCTAATACGACTCACTATAGGGAGAAGGCTTGGG | 39 558
TTTCTCTTCGTGTTA
H39e6702po GGACCACAAAACGGGAGGAC 39 531
H39e6703p2 GATGCAAGGTCGCATATGAGGAAATAGATGAACCCGA | 39 703
CCA
H39%e6703pl AATTCTAATACGACTCACTATAGGGAGAAGGGCACAC | 39 886
CACGGACACACARA
75 H39e6703po | TAGCCAGACGGGATGAACCACAGC 39 749
HPV45p2 GATGCAAGGTCGCATATGAGAACCATTGAACCCAGCA | 45 430
GAAA
HPV45pl AATTCTAATACGACTCACTATAGGGAGAAGGTCTTTC | 45 527
TTGCCGTGCCTGGTCA
HPV45po GTACCGAGGGCAGTGTAATA 45 500
H45e6701p2 GATGCAAGGTCGCATATGAGAACCATTGAACCCAGCA | 45 430
GARA
80 H45e6701pl AATTCTAATACGACTCACTATAGGGAGARAGGTCTTTC | 45 527
TTGCCGTGCCTGGTCA
‘| H45e6702p2 GATGCAAGGTCGCATATGAGGAAACCATTGAACCCAG | 45 428
CAGAARA
‘H45e6702p1 AATTCTAATACGACTCACTATAGGGAGAAGGTTGCTA | 45 558
TACTTGTGTTTCCCTACG
H45e6701po GTACCGAGGGCAGTGTAATA 45 500
H45e6702po GGACAAACGAAGATTTCACA 45 467




HBe6703p1 AATTCTAATACGACTCACTATAGGGAGAAGGTACCTG B(11) 832 AATCGICCGCCAT
HBe6703po ATWGTGIGICCCATCTGC B(11) 794 HCe6701p2
GATGCAAGOVOGEATATLAGCATGCCATAAATGTATAGA C(18 295 39 45) @BETHING/HOBI

AATTCTAATACGACT CACTATAGGGAGAAGGCACCGC

HCe6701po AGAATTAGAGAATTAAGA C(18 324589-45 H39e6701p2
GATGCAAGGT CGCATATGAGGCAGACGACCACTACAG 39 210 CAAA H39e6701p1
AATTCTAATACGACTCACTATAGGGAGAAGGACACCG 39 344 AGICCGAGTAATA H39e6701po

C(18 408 AGGCACCTTATTAA 39 45

ATAGGCACCCCEAARZGALT nalle 2 BAquddEeH39€6702p2 HPV nt
GATGCAAGGTCGOATATGAGTATTACTCGGACTCGGT GT 39 344 I-|3966702pilmge
AATTCT AAT ACCAGT AR T A A ARG EE T A PR 3 Sh B BoACE T a Rz b 60| @6 1 A HB3YEH702p0
GGACCACAAAACGGGAGGAC 39 %2&% H%9e6703p2
GA\T(I:AA%TC(I‘ TI\T("A(':("I\I\I‘ A CI‘Z'}A 20 N1
AATTCTAATACGACTCRETATAGH %WC%M%EGGA%&@&MXA 75| £8%9d6703p0
TAGCCAGACGGGAT.GAACCACAGE “88CA% HEB '
Mmewﬁﬁ@%aﬁ?@@&éé&%ﬁé&A S HRIT TRRAR TSV £ 654
AATTCTAATACGACT CACTATAGETAGMNGGTICTTTC 45 527  TTGCCGT -TGGTCA _HPV45po
GTACCGAC{{;CACH‘I-G‘PAAM pA5 %@TC%@%@?@TﬁQCTATAGGGAGAAGGCCACGG 45 868
GATGCAAGGT CCCATATGAGAACCATEGACESRGBAG 45 430 GAAA 80 H4%e6701pl
AATTCTAAT ACGACTGACTYRBAGCGGAGARBGECIGCRCAIGAGE2 TGACL TGS ECETGRSTCA | 1H4666702 p2
GATGCAAGGTCGIATATGAGGAAACGATTGAACCCAG 45 428 CAGAAAA HA%e6702pl
AATTCTAATACCAGIGAETAEA CAAGEETACABTACAET 25 8GGAEARIANGEGAT [ GECTACGsK5e6701po
GTACCGAGGGCAGTGTAATA 45 |50QcaA#4586482p0 GGACAAACGAAGATTTCACA 45| 467
Hi5¢6703po | GAGTCAGAGGAGGAAAACGATG 45 686
H45e6704po AGGAAAACGATGAAGCAGATGGAGT 45 696
H45e6705p0 | ACAACTACCAGCCCGACGAGCCGAA 45 730
10 H51e6701p2 GATGCAAGGTCGCATATGAGGGAGGAGGATGAAGTAG | 51 658
ATA
H51e6701pl AATFCTAATACGACTCACTATAGGGAGAAGGGCCCAT 51 807
TAACATCTGCTGTA
H51e6702p2 GATGCAAGGTCGCATATGAGAGAGGAGGAGGATGAAG | 51 655
TAGATA
H51e6702p1 AATTCTAATACGACTCACTATAGGGAGAAGGACGGGC | 51 829
AAACCAGGCTTAGT
H51e6701po GCAGGTGTTCAAGTGTAGTA 51 747
15 H51e6702po TGGCAGTGGAAAGCAGTGGAGACA 51 771
H56e6701p2 GATGCAAGGTCGCATATGAGTTGGGGTGCTGGAGACA | 56 519
AACATCT
H56e6701pl AATTCTAATACGACTCACTATAGGGAGAAGGTTCATC | 56 665
CTCATCCTCATCCTCTGA
H56e6702p2 GATGCAAGGTCGCATATGAGTGGGGTGCTGGAGACARA | 56 520
ACATC
H56e6702pl AATTCTAATACGACTCACTATAGGGAGAAGGCATCCT 56 665
CATCCTCATCCTCTGA
20 H56e6703p2 GATGCAAGGTCGCATATGAGTTGGGGTGCTGGAGACA | 56 519
AACAT
H56e6703pl AATTCTAATACGACTCACTATAGGGAGAAGGCCACAA | 56 764
ACTTACACTCACAACA
H56e6701po ARAGTACCAACGCTGCAAGACGT 56 581
H56e6702p0 | AGAACTAACACCTCAAACAGAAAT 56 610
H56e6703po AGTACCAACGCTGCAAGACGTT 56 583
25 H56e6703pol | TTGGACAGCTCAGAGGATGAGG 56 656
H56e6704p2 GATGCAAGGTCGCATATGAGGATTTTCCTTATGCAGT 56 279
GTG
H56e6704pl AATTCTAATACGACTCACTATAGGGAGAAGGGACATC 56 410
TGTAGCACCTTATT
H56e6704po GACTATTCAGTGTATGGAGC 56 348
HPVAPOlA CAACTGAYCTMYACTGTTATGA A (16




WO 03/ 057914 PCT/ GB03/00034 - 50 Prinmer nanme Sequence HPV nt
HA5e6703p2 GATGCAAGGTCGCATATGAGGTTGACCTGITGTGITA 45 656 CCAGCAAT
HA5e6703pWOABITBTAATACGACT CACTATAGCGAGAAGGCACCAC 45 868 BCAGATAMHIBAGGACAAG
HA5e6704p2 GATGCAAGGTCGCATATGAGCTGITGACCTGITGIGT 45 654 TACGA H45e6704pl
AATTCTAATACGACT CACTATAGGGAGAAGGCCACS:45-868  ACACACAAAGGACAAG 5 H45e670Q5p2
GATGCAAGGTCGCATATGAGGTTGACCTGTTGTGITA 45 656 CGA H45e6705p1
AATTCTAATACGACTCACTATAGGGAGAAGGACGGAC 45 868 ACACAAAGGACAAG HA5e6703po

Type

GAGT CAGAGGAGCHEAMAR AL 45c688nceHA5e6704p0 AGGAAAACCAT GAAGBAGATTGAGT |45 696
H45e6705po ACAACTACCAGCCCGACGAGCCGAA 45 730 10 H51e6701p2TYPe
GATGCAAGGTCE{ﬁJﬁJCi«ii#KXEKXBKTGHHu1Au 5% 050 ATA H51e6701pl35)
AATTCTAMT A A AT AR SEEE FeAE P MR LT re6702p2
GATGCAAGGTCGCATA GAGAGAGG%\ GGATGAAG 51 655 TAGATA H51¢6702n1
AATTC"'AATA I‘("’I'("I\("’l'I\TI\GY‘ EAACCA ANCCA f'Y'Y'T 61)166"7()1})0
GCAGGTGTTCAAGTGTAGIA™EY | ?ﬂfcgﬁ%g%?%%g“ GLAGICGAGACA |51 771
H56e6701p2 C¥JC£M¢(IHTIIA@#$@AGWTGEEEWGCTGEAGACA 56 519 |ARACKRICT H56e6701pl
AATTCTAAT ACGAGPEAEST ATA (G SSACSTREATE YSBBE BGTIBTGAICCT CATBCTBIGA H56e6702p2
GATGCAAGGTCGTATATGAGT GGGG};GCT gﬁﬁGACAA 56 520 ACATC H56e6 3025l
AATTCTAATA “T“ﬁ;IAqﬁ I %ﬁ? uﬁlUCRbtﬁF 20
H56e6703p2 CATEIANCETCORATATG ' 8%& 58%, o ae)
tcg -¥%;
HPVAPO4A GAAMCAACTGACCTAYWCTGCTAT A (33
52 58)
35 HPVAPO4Ambl | X,-ccaagcGARMCAACTGACCTAYWCTGCTATgC A (33
ttgq %, 52 58)
HPVAPO4AmMb2 | X,-ccaagccGRAMCAACTGACCTAYWCTGCTAT A (33
ggcttygg X 52 8]
HPVAPO4Amb3 | X,-ccaagcgGAAMCAACTGACCTAYWCTGCTA A (33
Tcgcttgg -¥; 52 58)
HPVAPO4Amb4 | X,~ccagcgGAAMCAACTGACCTAYWCTGCTATCY A (33
ctgg -X, 52 58)
HPVAPO4AmbS5 | X,-cgatcgGARMCAACTGACCTAYWCTGCTATCYg A (33
atcg -X; 52 58)
40 HPVCPO4 AAGACATTATTCAGACTC C (18
45 39)
HPVCPO4Ambl | X,-ccaagcAAGACATTATTCAGACTCgcttgg —X; C (18
45 39)
HPVCPO4Amb2 | X,-cgcatgAAGACATTATTCAGACTCcatgeyg X, c (18
45 39)
HPVCPO4Amb3 | X,-cccagcAAGACATTATTCAGACTCgctggg —X; C (18
45 39)
HPVCPO4Amb4 | X,-cgatcgAAGACATTATTCAGACTCcgatcy -X; C (18
45 39)

45
Pairs of P1
(e.g. HAeb7
in combinat

be used, as
50 33 and 45.

and P2 primers having the same prefix
Olpl and HARe6701p2) are intended to be u
ion. However, other combinations may al

summarised below for HPV types 16, 18,

sed
SO
31,

Suitable primer-pairs for amplification of HPV 16 E6

mRNA are as

follows:



AACAT H56e6703pl AATTCTAATACGACTCACTATAGGGAGAAGGCCACAA 56 764
ACTTACACTCACAACA H56e6701po AAAGTACCAACGCTGCAAGACGT 56 581 FH56e6702po
AGAACTAAGKOGIOAAAMCAGAAAT 56 610 H56e6703po AGTACCAACGCT GEaA@XDIGT03856 583
25 H56e6703pol TTGGACAGCTCAGAGGATGAGG 56 656 H56e6704p2
GATGCAAGGTCGCATATGAGGATTTTCCTTATGCAGE 56- 279 GIG H56e6704pl
AATTCTAATACGACTCACTATAGEGAGAAGGGACATC 56 410 TGTAGCACCTTATT F56e6704p0 .
GACTATTCAGTGTATGGAGC 56 348 HPVAPO1A CAACTGAYCTMYACTGITATGA A (16 WO

03/ 057914 PCHrAEBOI1Q2034 HAcHT02BRI tepthame $equencehHRReA701Fyper 31 35)

30 HPVApol A e%%o‘"z%‘i @%%ﬁél{géwmmﬁmmcat gcg A (16 -X3 31 35)

HPVApol Anb2 ccgt GHTATG%cga A (16 31 35) «cgg -X3
HPVApolAnb3 X2- ccacccCAACTGAYCTNNACTGWTATGAgg A (16 gtgg - X3 31 35)
HPVApol1lAnb4 X2- C%ﬁ CAACTGAYCTMYACTGTTATGAC (16 tc X3.31 35)
HPVAPO4A GAAVBSA GR%CPAY\V@F@@’?AWA P§§h 55 gé? 3581 HpVA E&ﬁ%l nt ,
X2- ccaagc GAAMBAACTGACCTAYWCTGCTATge A (33 52 58) ttgg - X3 HPVAPO4AND2
X2- ccaagcc GAAMCAACTGACCTAYWCTGCTAT A (33 ggcttgg -X3 52 58) HPVAPO4AMH3
X2- ccaagcgGAAMCAACTGACCTAYWCTGCTA A (33 52 58) Tcgcecttgg - X3 HPVAPO4ANh4

X2- ccageg GAAM AR C T GG AYNET G A TC R 18c6982Bp2 (nt 182),
H16e6702Cp2 (nt 185) or H1l6e6702Dp2 (nt 188) with
HAe6701pl or HAe6702pl (both nt 368).

10
HAe6701p2 or HAe6702p2 (both nt 116) with HAe6702Apl
(nt 208), HARe6702Bpl (nt 191), HAe6702Cpl (nt 186) or
HAe6702Dpl (185). These combinations are suitable for
amplification of all E6 splice variants.

15

HAe6703p2 or HAe6704p2 (both nt 656) with HAe6703pl or
HAe6704pl (both nt 741). These combinations are
suitable for amplification of all transcripts
containing the E7 coding region (at least up to nt

20 741) .

The following primer-pairs are preferred for
amplification of HPV 18 E6 mRNA:

25 H18e6701p2 (nt 702) or H18e6702p2 (nt 698) with
H18e6701pl or H18e6702pl (both nt 869).

H18e6703p2 (nt 651) with H18e6703pl (nt 817).
30 H18e6704p2 (nt 179) with H18e6704pl (nt 379).

The following primer-pairs are preferred for
amplification of HPV 31 E6 mRNA:



52 58) ctgg - X3 HPVAPO4AAnNDS5 X2- cgat cgGAAMCAACTGACCTAYWCTGCTATcg A (33
atcg -X3 52 58) 40 HPVCPO4 AAGACATTATTCAGACTC C (18 45 39) HPVCPO4ANDI

X2- ccaagcwa@@PTATTCAGACTCgettgg - X3 C (18 45 39) HPVCP@®EANdH)3/00034

X2- cgcat gAAGACATTATTCAGACTCcat gcg - X3 C (18 45 39) HPVCPO4ATDH3

X2- cccagcAAGACATTATTCAGACTCgct ggg -X354 (18 45 39) HPVCPO4ANh4 _
X2- cgat cgAAGACATTATTCAGACTCcgatcg -X3 C (18 45 39) 45 Pairs of P1 and P2
prinmers having the same prefix (e.g. HAe6701pl and HAe670l p2) are intended

to be used igsgoginatian Hﬁ@m@r 2 OtRfh GANMIgIdt ians: MY «¥79Q p1be used,
as sunmari sed bel ow for HPV ty 18, 31, 50 33 and 45. Suitable

e 6
pri mer - pai rs ord3fA] |C¥%F€at(|b(?rj£bf“tl—|ll4\?316 E6 nRNA are as follows: WO
03/ 057914 PCT/ GB03/00034 - 52 HAe670l p2 or HAe6702p2 (both nt 116) with
HAe6701pl or HAe6702pl (both nt 368). HAe670l p2 or HAe6702p2 (both nt 116)
wi th HPV16pl H3ite 6 REB) (ntHIBSH7,0H&I2 d pPA2nt 141666 202 B3 o6 5082) |

H16e6702Cp2 ( JA ( 1 W 1pl7 6@ 6702pl
(both nt- 368) 00" HReGT0Tn3 e TAGEI0BS (GUH & Tr) it h KAdevozapd —(nt
208), HAe6702fBblle6(7rﬂ5m191)nt 144€87:02Cp1 (nt 186) or HAe6702Dpl (185). These
conmbi nations are suitable for anplification of all E6 splice variants. 15
HAe6703p2 or HAe6704p2 (both nt 656) with HAe6703pl or

The following primer-pairs are preferred for

amplification of HPV 33 E6 mRNA:

10
H33e6701p2 (nt 618) or H33e6703p2 (nt 620) with
H33e6701pl (nt 763) or H33e6703pl (nt 807).
H33e6702p2 (nt 431) with H33e6702pl (nt 618).
15
The following primer pair is preferred for
amplification of HPV 45:
HPV45p2 (nt 430) with HPV45pl (nt 527)
20
Table 4-E6 PCR primers
Primer name Sequence HPV nt
type
HAe6701PCR2 CCACAGGAGCGACCCAGAAAGTTA 16 116
25 HAe6701PCR1 ACGGTTTGTTGTATTGCTGTTC 16 368
HAe6702PCR2 CCACAGGAGCGACCCAGAAA 16 116
HRe6702PCR1 GGTTTGTTGTATTGCTGTTC 16 368
HAeb6703PCR2 CAGAGGAGGAGGATGAAATAGTA 16 656
HAe6703PCR1 GCACBACCGAAGCGTAGAGTCACAC 16 741
30 HAe6704PCR2 CAGAGGAGGAGGATGAAATAGA 16 656
HAe6704PCR1 GCACAACCGAAGCGTAGAGTCA 16 741
H18e6701PCR2 ACGATGAAATAGATGGAGTT 18 702
H18e6701PCR1 CACGGACACACAAAGGACAG 18 869
H18e6702PCR2 GAAAACGATGAAATAGATGGAG 18 698
35 H18e6702PCR1 ACACCACGGACACACAARGGACAG 18 869
H18e6703PCR2 TTCCGGTTGACCTTCTATGT 18 651
H18e6703PCR1 GGTCGTCTGCTGAGCTTTCT 18 817
H18e6704PCR2 GCAAGACATAGAAATAACCTG 18 179




HAe6704pl (both nt 741).
of all transcripts
741) . ThewbaBloswisag priner-pairs are preferred for
E6 nmRNA: 25 H18e6701p2 (nt 702) or

These conbinations are suitable for anplification
containing the E7 coding region (at least up to nt 20
anpl i fPicradtBooas HPV 18
H 8e6702p2 (nt 698) with H18e6701pl or

H18e6702pl1 (both nt 869). H18e6703p25{ nt 651) with H18e6703pl (nt 817). 30
H18e6704p2 (nt 179) with H18e6704pl (nt 379). The followng priner-pairs
are preferred for anplification of HPV 31 E6 nRNA: WO 03/ 057914
PCT/ GB03/ 0003%rimeD3and ISIEL §E8Aj24cOI H31€67/02p2 (both hhapd64)[ M th
H31e6701pl or H31e6702pl [both nt 423). H31e6703p2 (htygl7)|, H31ep704p2
(nt 619) or H3le&/M%pek1 5 [ AEcABETTTAGTIRGHB1e6703pl (nt1466),| H31e6[704pl
(766) or H3le6YOHpPIrdat 8D8¢araThecdratdrawhmy priner-paBrs arelggreferred for
anplificationHoleddPVr&R E6| oGINACAAGGHEEBE6ECIp2 (nt 61831 or H3886708p2 (nt
620) with H33ebsdybpic Nt [/6GAAACRCI3BeBICBPIrA(nt 807) | 31 H33e6¥32p2; (nt 431)
W th H33e6702p31{4M026d8) . | CBGGRAACAAGLETIATRGAGA | ner pal Blis pré&ferred for
anplificationHofeddPYPds: HPMIBPRCTITRCAGURTGR t h HPVASp| 31 nt 52¢)7 20 Table
4-E6 PCR pri neBsePOBRER! nanEABHGOBIFRGETHIVTER  t ype HA@B701RCRP
CCACAGGAGCGACBCNERAATTRPA 16 TAAB TOGAGHARBTGATERTT ACGGT TT&I TGTATHECTGITC 16
368 HAe6702PERR: COATAGGAGCTATCBENIAAACTIF TEIE TCHAEL 702PER1 766
GGITTGIIGTATTEGETGITPEPARE 36 8ACTHAEETTAPTRIACAGAGGAGGAGCATGAAATIAGTA 16 656
H31e6705PCR1 CACGATTCCARATGAGCCCAT 31 809
H33e6701PCR2 TATCCTGAACCAACTGACCTAT 33 618
H33e6701PCR1 TTGACACATAAACGAACTG 33 763
H33e6703PCR2 TCCTGAACCAACTGACCTAT 33 620
15 H33e6703PCR1 CCCATAAGTAGTTGCTGTAT 33 807
H33e6702PCR2 GACCTTTGTGTCCTCAAGAA 33 431
H33e6702PCR1 AGGTCAGTTGGTTCAGGATA 33 618
H35e6701PCR2 ATTACAGCGGAGTGAGGTAT 35 217
H35e6701PCR1 GTCTTTGCTTTTCAACTGGA 35 442
20 H35e6702PCR2 TCAGAGGAGGAGGAAGATACTA 35 655
H35e6702PCR1 GATTATGCTCTCTGTGAACA 35 844
H35e6703PCR2 CCCGAGGCAACTGACCTATA 35 610
H35e6703PCR1 GTCAATGTGTGTGCTCTGTA 35 770
H52e6701PCR2 TTGTGTGAGGTGCTGGAAGAAT 52 144
25 H52e6701PCR1 CCCTCTCTTCTAATGTTT 52 358
H52e6702PCR2 GTGCCTACGCTTTTTATCTA 52 296
H52e6702PCR1 GGGGTCTCCAACACTCTGAACA 52 507
H58e6701PCR2 TCAGGCGTTGGAGACATC 58 157
H58e6701PCR1 AGCAATCGTAAGCACACT 58 301
30 H58e6702PCR2 TCTGTGCATGARATCGAA 58 173
H58e6702PCR1 AGCACACTTTACATACTG 58 291
HBe6701PCR2 TACACTGCTGGACAACAT B(11) | 514
HBe6701PCR1 TCATCTTCTGAGCTGTCT B(11) | 619
HBe6702PCR2 TACACTGCTGGACAACATGCA B(11) | 514
35 HBe6702PCR1 GTCACATCCACAGCAACAGGTCA B(11) | 693
HBe6703PCR2 TGACCTGTTGCTGTGGATGTGA B(11) | 693
HBe6703PCR1 TACCTGAATCGTCCGCCAT B(11) | 832
HCe6701PCR2 CATGCCATAAATGTATAGA C (18 | 295
39 45
HCe6701PCR1 CACCGCAGGCACCTTATTAA C (18 | 408
39 45
40 H39e6701PCR2 GCAGACGACCACTACAGCAAA 39 210
H39e6701PCR1 ACACCGAGTCCGAGTAATA 39 344
H39e6702PCR2 TATTACTCGGACTCGGTGT 39 344
H39e6702PCR1 CTTGGGTTTCTCTTCGTGTTA 39 558
H39e6703PCR2 GAAATAGATGAACCCGACCA 39 703
45 H39e6703PCR1 GCACACCACGGACACACAAA 39 886
H45e6701PCR2 AACCATTGAACCCAGCAGAAA 45 430
H45e6701PCR1 TCTTTCTTGCCGTGCCTGGTCA 45 527
H45e6702PCR2 GAAACCATTGAACCCAGCAGARAA 45 428
H45e6702PCR1 TTGCTATACTTGTGTTTCCCTACG 45 558




HAe6703PCR1 GCACAACCGAAGCGTAGAGICACAC 16 741 30 HAe6704PCR2
CAGAGGAGGAGGATGAAATACGA 16 656 HAe6704PCR1 GCACAACCGAAGCGTAGAGICA 16 741
H18e6701 PEBD3ASEGAI GAAATAGATGGAGIT 18 702 H18e6701PCR1 CAGCHEBAGAWIAAGCGACAG
18 869 H18e6702PCR2 GAAAACGATGAAATAGATGGAG 18 698 35 H18e6702PCR1
ACACCACGGACACACAAAGGACAG 18 869 H18e6y03PCR2 TTCCGGTTGACCTTCTATGT 18 651
H18e6703PCR1 GGTCGICTGCTGAGCTTTCT 18 817 H18e6704PCR2
GCAAGACATAGAAATAACCTG 18 179 WO 03/ 057914 PCT/ GB03/ 00034 -

54 Prinmer nane

Sequence HPV[BEindrYREne HIBESI/RARERT ACCCAGIGI TAGI TAGITus8 3
GGAAATACCCTACGATGAAC 31 164 H31e6701PCR1 GGACACAACGGTGBETGA

%ht H31p6701PCR2
CA 31 423

H31e6702PCR2 | GiAHA T ASEC T ACGATIGAACTEATBTlc ThBdc AschiB e 6 7/ 0 2PCR1

656

CTGGACACAACGR (Tl AéR 131 A8 Ccatihe8CABRERACAEE GACCTC

CACTGITARGA 31 617

H31e6703PCR1 | iAGLTACHIRGT GTIGCIATTGICCBET TBE TTA4IERe 6 704 PCR245

654

TGACCTCCACT G TATLAGARIT 31cBLOcAdABAACSRCRE TGCGAATATICTACT

"TEGBGTCCTCT GT

31 766 B0 H31ebTOHPORR2ACTIGANCCACOACTAGIARCEH. 617 H31e6r05PCRS6

CACGATTCCAAAT GARCCCAACK31 SI0ACGCAIBRERRATRERRACI AT CCTGAACCHRACTGAGGEAT B3 618

H33e6701PCR1 | FTRACAUARAAACHHGCTSBICIBIAGHIZe 6703 PCR2| FICCT GAXGEAACTGACCTAT

33 620 15 H3B&BVI3PURRICCCATAACTRETATIFGCTATR 33 807

H38e6702

PR

GACCTTTGT GTCCEERRGEAAPE3 43

1AGHASBERFORTHERE T MBTECAGT TGETAICAGEH

\T%8533 618

H35e673PPCR2 | AT TACATBEAGTIGHGEFRPASSAGELT TA¢35e6 701 PCRISIGTCT

TRECTTTITCAACT GGA

35 442 20 H3HEBFFIPURR2T CAGKGCACYACERIGAAFACPACES 655 | #35e67102PCR1
GATTATGCTCTCTETGRACN S 844TTARERIS POSEIORICEXEEAGGCAAGTBACCTATH 535 610
H35e6703PCR1 | &TCRATEIRBEGT G ENFCTSAPLHAAHTSe 6701 PCR296 520
TTGTGTGAGGT GLHiRACAICR152 |1 @A CCTCATCCTCATCCTCTGA 56 665
15 H56e6703PCR2 TTGGGGTGCTGGAGACAAACAT 56 519
H56e6703PCR1 CCACAAACTTACACTCACAACA 56 764
H5626704PCR2 GATTTTCCTTATGCAGTGTG 56 279
H56e6704PCR1 GACATCTGTAGCACCTTATT 56 410
20
Preferred PCR primer-pairs for HPV types 16, 18, 31
and 33 are analogous to the NASBA primer-pairs.
Table 5-Preferred L1 NASBA primers and probes
25
Primer Sequence
name
Onc2A2 5' GATGCAAGGTCGCATATGAGAATGGCATTTGTTGGGGTAA 3'
|- Onc2Al 5' AATTCTAATACGACTCACTATAGGGAGAAGGTCATATTCCTCCCCATGTC 3'
30 Onc2PoA | 5' TTGTTACTGTTGTTGATACTAC 3'
Onc2B2 5' GATGCAAGGTCGCATATGAGAATGGCATTTGTTGGSRHAA 3
Onc2B1 5' AATTCTAATACGACTCACTATAGGGAGAAGGTCATATTCCTCMMCATGDC 3'
Onc2PoB | 5' TTGTTACTGTTGTTGATACYAC 3'
Onc2PoC | 5' TTGTTACTGTTGTTGATACCAC 3'
35 Onc2C2 5' GATGCAAGGTCGCATATGAGAATGGCATTTGTTGGSIIAA 3!
Onc2D2 5' GATGCAAGGTCGCATATGAGAATGGCATTTGTTGGIIHAA 3!
Onc2E2 5' GATGCAAGGTCGCATATGAGAATGGCATTTGTTGGIRIAA 3!
Onc2F2 5' GATGCAAGGTCGCATATGAGAATGGCATTTGTTGGGGTAA 3!




25 H52e6701PCR1 CCCTCTCTTCTAATGITT 52 358 H52e6702PCR2
GIGCCTACCCTTTTTATCTA 52 296 H52e6702PCR1 GGGGTCTCCAACACTCTGAACA 52 507
H58e6 701 PEBRA3NEAGECGT TGGAGACATC 58 157 H58e6701PCR1 AGCAATCTGEBMGWIECACT 58
301 30 H58e6702PCR2 TCTGIGCATGAAATCGAA 58 173 H58e6702PCR1
AGCACACTTTACATACTG 58 291 HBe6701PCR2s TACACTGCCTGGACAACAT B(11) 514
HBe6701PCR1 TCATCTTCTGAGCTGICT B(11) 619 HBe6702PCR2 TACACTGCTGGACAACATGCA
B(11) 514 35 HBe6702PCR1 GTCACATCCACAGCAACAGGTCA B(11) 693 HBe6703PCR2

TGACCTGTTGCTGI TGTGA, B T ; STGCGCCAT B(11) 832
HCe6701PCR2 G ATPAATE é%ﬁ;céﬂﬁgﬁggf%Aiﬁ%ﬁlﬁéﬁ 1
CACCGCCAGGCACCDBRATHAA 63' (Gh&@éﬂ&@T&Q:MéTG@@AkB&Eﬁ?ﬂ&;@@E@:A@A@\CGACCACT ACAGCAAA
39 210 H39eG70TPCRI|ACACCGAGICCGAGTAATA 39 3472 ~H39€06 702PCRZ
TATTACTCGGACTEESTET é §MGC%’§’§E%GF@WWF$&%‘E§FF&@?GTTA 39 554
H39e6703PCR2 GﬁéﬁﬁG%Gﬁ&%@éﬁﬁﬁ@E&@%ﬁmmﬁ;d@@ﬁﬁ@m 3
GCACACCACGCGACACACAAAT 3988656701 PCR2 AACCATTGAACCCACCAGAAA 4 43
HA5e6701PCR1 | FETCT TECCAT e PR R T 9AC TASACC R IR GS F AR TAERGCTCMICATGIC 3
GAAACCATTGAA?%%S:QAG%A&A‘}5cﬂ%8m@4:5@zﬁ:%@¥f@%keﬂh£@%ﬂpﬁ%&ﬁ£@ﬁ E@@CJAOG 45
558 V\O 03/ 05 n14 IDG- r\nnqlnouol_'_ T'I LA = Ilalll:' chUCIIbC ﬂI'V IIL e
H1566703PCR? | QTFRNCCT &1 PET ETTPACERRBCARIC TASA G50 CAARPS ERTATIPETEE ICATGIC 3
CACCACGGACACA%@AQGAM%%c%%méﬁ%ﬁ%ﬁ’c%e%m&%@ TG LAGEACHA 45 654
HA45e6704PCR1 FCCACCSALA HA5e6/05PCR2
GITGACCTGITGI GREATGA &51@@6CWVWB@EE@§F@F@A@%%i?KQKW%WWVMXWQyVW¥%$ 869
H51967CE%PCR2 Q§%§9§¥K339Igﬁﬁﬁ%ﬁ%ﬁﬁﬂ%ﬁﬁé}cﬁgF%TAGGGAGAAGGTCATATTCCTCIICATGCC 3!
Table 6-Preferred L1 PCR primers
15 Primer name | Sequence
Onc2Al-PCR 5' AATGGCATTTGTTGGGGTAA 3'
Onc2A2-PCR 5' TCATATTCCTCCCCATGTC 3'
Onc2B1l-PCR 5' AATGGCATTTGTTGGSRHAA 3!
Onc2B2-PCR 5' TCATATTCCTCMMCATGDC 3
20 Onc2C1l-PCR 5' AATGGCATTTGTTGGSIIAA 3°'
Onc2D1-PCR 5' AATGGCATTTGTTGGIIHAA 3'
Onc2E1-PCR 5' AATGGCATTTGTTGGIRIAA 3'
Onc2F1-PCR 5' AATGGCATTTGTTGGGGTAA 3'
Onc2G1-PCR 5' AATGGCATTTGTTGGGGARA 3'
25 Onc2H1-PCR 5' AATGGCATTTGTTGGCATAA 3'
Onc2I1-PCR 5' AATGGCATTTGTTGGGGCAA 3'
Onc2J1-PCR 5' AATGGCATTTGTTGGCACAA 3!
Onc2K2-PCR 5' TCATATTCCTCMICATGIC 3'
Onc2L2-PCR 5' TCATATTCCTCAACATGIC 3'
30 Onc2M2-PCR 5' TCATATTCCTCIICATGTC 3'
Onc2N2-PCR 5' TCATATTCCTCIICATGGC 3'
Onc202-PCR 5' TCATATTCCTCIICATGAC 3'
onc2P2-PCR 5' TCATATTCCTCIICATGCC 3




H51e6701PCR1 GCCCATTAACATCTGCTGTA 51 807 H51e6702PCR2
AGAGGAGGAGGATGAAGTAGATA 51 655 10 H51e6702PCR1 ACGGGCAAACCAGGCTTAGT 51 829
H56e6701 PVEBRD3NTBHEGT GCTGGAGACAAACATCT 56 519 H56e6701PCRPCT/GB03/00034
TTCATCCTCATCCTCATCCTCTGA 56 665 H56e6702PCR2 TGGGGTGCTGGAGACAAACATC 56 520
H56e6702PCR1 CATCCTCATCCTCATCCTCTGA-567 665 15 H56e6703PCR2
TTGGGGTGCTGGAGACAAACAT 56 519 H56e6703PCRL CCACAAACTTACACTCACAACA 56 764
H56e6704PCR2 GATTTTCCTTATGCAGTGIG 56 279 H56e6704PCR1 GACATCTGTAGCACCTTATT
56 410 20 Preferrmg Rﬁw{gﬂMfmig@d@md@\mm TI6,NCkB, 1431 ar@nd 33 are

cnal ogous 10 11E NISEA DY 0ELZ08) 0 TOULE UG 9 b HSTRA e

@T&AAWC%@TWW@TWWM@B tl”@"ld’m type 16 genomic

AATTCTAATA T TAT c2PoA 5'
AT AR G SRR 1506
GATGCAAGGT GRPEGCAPRIGT ROCSRHRR PosGidam &/29 to 6747 (SEQ

AATTCTAATACEAQTGﬁQﬁﬁh%3@3&3&%}5ﬁ3ﬂ@§3&ﬁﬁCWWCATGDC 3' Onc2PoB 5’
TTGITACTGTTGITGATACYAC 3' Onc2PoC 5' TTGITACTGITGITGATACCAC 3' 35 Onc2C2 5

GATGCAAGGTOGCATATGAGAATGGCATTTGTTGGS! | AA 3' Onc2D2 5
GATGCAAGGTCGCATAT TTTGITGS | 3 »
@T@A@C&ATATW%%?S qugg% l\g}s.152 and 153

GAT GCAAGGT CCOATARBEGANTGEIATCRGETCGEOBTAR 1300 BR3/RIRN0 B cPOURIGBO3/S00034 -
56 OncggR 5' 'E'E'E%‘E@C{Ii@%u% C2H2 5
GATGCAAGGTCGCATATGAg GAA% aTgGGCA-éééT%Tr s Qé%§ &9 2 ind

GATGCAAGGTCG@@WM@M@H%WP@%@CA&E@IGW?M@S of the
GAT CCAAGGT COAS TR AA IR gl el HEECATAY dﬁudiéaﬂiaéldilecules

AATTCTAATACGACTCACT AGGGAGAAGGT TAT c2L1 5'

AATTCT AAT ACGACTRYACERT AGSEAGAASET ML% fg}

AATTCTAAT ACCAGEGAGRABAGCEAGAAGHT CATAETCETQ; | @eamccg H=A,T,C;
15 D=G,A,T; K=G,T; S=G,C;W=A,T; M=A,C; Y=C,T; R=A,G.

It is also possible to use wvariants of the HPV-
specific sequences SEQ ID NO:152 (Onc2B2/0nc2B1-PCR)
and SEQ ID NO:153 (Onc2B1/0nc2B2-PCR) wherein any two

20 of nucleotides “SRH” towards the 3' end of the

sequence are replaced with inosine (I), as follows:

5" AATGGCATTTGTTGGIIHAA 3'
5' AATGGCATTTGTTGGSIIAA 3'
25 "5' AATGGCATTTGTTGGIRIAA 3'

The HPV-specific sequences SEQ ID NOs: 156-163
(present in primers Onc2C2, Onc2D2, OncZ2E2, Onc2F2,
Onc2G2, Onc2H2, Onc2I2, Onc2J2, Onc2Cl-PCR, OnczDl-
30 PCR, Onc2E1-PCR, Onc2F1-PCR, Onc2Gl1-PCR, Onc2H1-PCR,
Onc2I1-PCR and Onc2J1-PCR) are variants based on the
HPV-specific sequence SEQ ID NO:152 (Onc2B2/0nc2Bl-
PCR), whereas the HPV-specific sequences SEQ ID NOs:
164-169 (present in primers Onc2Kl, Onc2Ll, Onc2Ml,
35 Onc2N1l, 0Onc20l, Onc2Pl, Onc2K2-PCR, Onc2L2-PCR,



Onc2N1 5' AATTCTAATACGACTCACTATAGGGAGAAGGTCATATTCCTCI | CATGGC 3'  Onc201 5'
AATTCTAATACGACT CACTATAGGGAGAAGGTCATATTCCTCI | CATGAC 3' 10 Onc2P1 5'
AATTCTAATWOGAETEACTATAGGGAGAAGGTCATATTCCTCI | CATGCC 3' TablpeTRHos0b084r ed L1
PCR priners 15 Primer name Sequence Onc2Al - PCR 5° AATGGCATTTGITGGGGTAA 3!
Onc2A2- PCR 5' TCATATTCCTCCCCATGIC 3- 5@ne2Bl - PCR 5' AATGGCATTTGTTGGSRHAA 3'
Onc2B2- PCR 5' TCATATTCCTCMMCATGDC 3' 20 Onc2d - PCR 5' AATGGCATTTGITGGSI | AA
3' nc2D -PCR 5' AATGGCATTTGITGG | HAA 3'  Onc2El - PCR 5 '
AATGGCATTTGT IBERIAPR, EReAR ~ERGR $n ASTCEOXT BFHAT TEEAGRARCR arenc2d - PCR
5'  AATGGCATTTGIT. 25 ne2 T TTT

Onc2l 1- PCR 5' w%&%%&%wg ﬁAACP%‘@ &%WQTTGGCACAA
3" Onc2K2- PAR St 5 T CAATRICTEM 2BRFAR ) 3! T@mmrsfs I@NMITECCTCAACATG C
3" 30 Onc2M2- PR 5 T@%TT&CT% %@9&5111@06_%2 rpgio%e

Th
TCATATTCCTC! I CATAE 37 Onc202- |  CATGAC 3' 0nc2P2 PCR 5'
TCATATTCCTCl | IHEES B' V%W%WWT/O@BW:?&tL eé? The HPV- speci fi ¢

aiqgilnfeOi Egzlsggﬂ&f@uﬂégckfwd/ﬁrh@lé rydqwn;sce@lct%ﬁ%@mc?d& PCRIan

c c ar ntica ragnren S 0 € genomi ¢
sequence fr oﬂ%@?%%ﬁ%%&%S ( NS NG F4o chs “&02“&;&%@ -PCR), and
from positi orwiBAR2hyhor BVXHISEQ &rid NO 1165@ ben c24l Yudee A2 RGRESs ‘ﬁfe
HPV-speci fi ¢ &F;L%{&a &5 R ddR '}QS‘V e@qnl%%de(ro?;@%%%%%% BCR and

Onc2B1/ Onc2B2- re variants above sequences, r espectl vely,
i ncl udi ¥y seve?%sezféfé}e%er%ﬁléﬂ%s?@sle R@p@é\éhtta?t imoHs 167l et WPV $a@@dnces of

degener ate ol igonucl eotide nol ecules provided herein use the standard | UB
code for mxed base sites: N=GAT,C V=GAC B=GT,C HAT,C
Any one or more of primers Onc2A2, Onc2B2,

Onc2C2, Onc2D2, Onc2E2, Onc2F2, Onc2G2, Onc2H2, Onc2I2
and Onc2J2, may be used in combination with any one or

15 more of primers Onc2Al, Onc2Bl, Onc2Kl, OncZ2Ll,
Onc2M1, Onc2ZN1l, Onc201 and Onc2Pl, for NASBA
amplification of HPV L1 mRNA.

Any one or more of primers Onc2Al-PCR, Onc2Bl-

20 PCR, Onc2C1l1-PCR, Onc2Dl1~PCR, Onc2El1-PCR, Onc2F1-PCR,
Onc2G1l-PCR, Onc2H1-PCR, Onc2Il1-PCR and Onc2J1-PCR, may
be used in combination with any one or more of primers
Onc2A2-PCR, Onc2B2-PCR, Onc2K2-PCR, Onc2L2-PCR,
Onc2M2-PCR, Onc2N2-PCR, Onc202~PCR and Onc2P2-PCR for

25 PCR amplification of HPV L1 mRNA.

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

figures in which:

30 Figure 1A shows the results of a single reaction
real-time NASBA assay using a FAM molecular beacon for
HPV 16 on a patient sample while figure 1B shows
multiplexed real-time NASBA assay using the FAM
molecular beacon of Figure 1A and a molecular beacon
35 labeled with Texas red for UIA,



15 =G AT, K=GT;, SS=GCWA T, MAC Y=C T, RRAG It is also possible to
use variants of the HPV- specific sequences SEQ I D NO 152

(Onc2B2/ wo2BIsBCR) and SEQ | D NO 153 (Onc2Bl / Onc2B2- PCRpCmtGB8i0n03any two
20 of nucl eotides "SRH' towards the 3' end of the sequence are replaced
with inosine (1), as follows: 5 AATEECATTTGITGAE | HAA 3' 5
AATGGCATTTGITGGESI | AA 3' 25 5° AATGCCATTTGITGA RI AA 3" The HPV-speci fi c
sequences SEQ I D NGs: 156-163 (present in primers Onc2C2, Onc2D2, Onc2E2,

Onc2F2,  Onc2@&, Q‘h AN GHols @GN r@%ﬁ:%@lonp%alqtcﬁt@ll@&mm
Onc2E1- PCR, Onc

PCR, Onc2l | - d Onc2Jl - PCR
are variants ‘bd on% Weecwiw ?ﬁ@éﬁoﬂ cﬁ'@?&@ §I?((:Qal Iﬁaﬁb > : )
(Onc2B2/ OlCZ&ampH@?)whWaaerfe@méweZH-lB\V}cemu friud tsgduerece 7eSEQanD NOs:

neoPL, OncoR PO CHL 2 SO0 o/ R oA PCH @68 0500 . "Bg

Onc2Me- FCR, Gt NR2- ml@ﬁﬂqumfc@némfﬁm are variants based on
the HPV-specifi o seauence,SEQ1D NS (QNGARY QIG3BR-ECR)y These

vari ants incl ude ases AlI'$E S mosi ne dues. This 5
sequence var |va1ttlkorHEéh83iJ ésnd"blllagmitﬂd eutliegas an beaqeoy athiidg thiguwgr i ant

seduences Lo i nchd LI IPY dunes RasidiaPanes Mo daglad nterfor e

with hybridization an e inc at sites of wvariation between
HPV types in lﬁ?cﬁekakt@%bﬁsqlrwlaé fl?aq%hsensus" priner able to bind to

mul ti pI HPV type n fo 2, C nn Onc2C2,
Oncz2D2, c2E2 %lﬂféry(@ %&ngw &éa;&%f%ngr%%%{gﬁ tzlgazé ﬁ%B e used in
conbi nati on Wit dHBV ciie ERM ﬂ@bfﬂ)lreed &0 s urkars bercpaL Wf@i(?zéﬂgu@rﬁ?czm

Onc2Ll, 01024@,19@%1@1,1;191% a}B:l:sQ&QPlnclfu@rm SBAex@®lddd cation of HPV
L1 mRNA. Any one or nore primers Onc2Al - PCR, c2Bl- 20 PCR, Onc2Cl- PCR,

Onc2D1- PCR, dﬁ@@leqbéﬁ éf?czflﬂlquelalar beacon,
Figure 5A shows single reaction real-time NASBA

15 with HPV45 FAM-labeled molecular beacon while figure
5B shows the multiplexed version including HPV 45

Texas red labeled molecular beacon and a FAM labeled

HPV 31 molecular beacon, and

Figure 6 shows HPV detected by PreTect HPV-
20 Proofer and PCR compared to cytology or histology.

Example 1-Detection of HPV mRNA by NASBA-based nucleic
acid amplification and real-time detection

25 "Collection and preparation of clinical samples

Pap smears and HPV samples were collected from
5970 women in the cervical screening program in Oslo,
Norway. Samples intended for RNA/DNA extraction were
treated as follows:
30
Cervical samples were collected from each women
attending the cervical screening program using a
cytobrush (Rovers Medical Devices, The Netherlands).
The cytobrush was then immersed in 9 ml lysis buffer
35 (5M Guanidine thiocyanate). Since RNA is best



Onc2d - PCR, Onc2H1- PCR, Onc2l 1- PCR and Onc2Jl -PCR, may be used in
conbination with any one or nore of prinmers Onc2A2-PCR, Onc2B2- PCR,
Onc2K2- PGRO i@0sBL- PCR, Onc2M2- PCR, Onc2N2- PCR, Onc202- PERT&HRI3OM32P2- PCR
for 25 PCR anplification of HPV L1 nRNA. The invention will be further
understood with reference to the foldpwi ng experinental exanples and
figures in which: 30 Figure 1A shows the results of a single reaction 4
real -ti me NASBA assay using a FAM nol ecul ar beacon for HPV 16 on a patient

sanpl e whil e i gue B ishaws Y iJurlngxeder @alioldy @ NASBA aggay using the
FAM nol ecul ar beacon of_Figure TIA agg a nol ecul’ar beacon 35 _|abeled with
Texas red forTIYAL Vd ¢F (50 14 tPET/ERESL006352MP 169 Wag §5°8 SR shows

si ngl e react icith ealttddm NASBANAW t ThEAMamplleculiar 1iedcobuffderHPV 18 on a

patient sanple while fjqure 2B ws a mul tiplexed versign iL.th a Texas
red | abel ed r‘?’[ﬂr&lﬁté%reé;e%con %Orcs:}‘o 1§ Bnogﬁdl% aﬁAﬁqeaggle%d lt):gggon for HPV
33, Figuwe 3AtshoMs Giurglid riesadtdatdonr edl DNANE RANSBA with HPV 31 FAM

| abel ed nol ecul ar beacon while figure 3B shows nultiplexed version
i ncluding HPV 45 Texas red | abel ed nol ecul ar beacon, 10 Fi gure 4A shows

single reaction redlx tidfe ONASEA r Malult oilBY 133 1FAMilsahelted raloacaBan beacon
while figure 4B is a nultiplexed version including a Texas re | abel ed

: d
HPV 18 ol ecFehede e Filgite TONTShOfis SSTRGICE 2P8ac iR e8- £ERE NASBA
15 wi th HPVAGHeAMdtahelethpind ecdulsarl headgs iwhiblue feirgur RNASBnshoWa t he
mul ti pl.exed version . includjng HPV, .4 e o | akel. l.ecul ar beacon
and a Igii/l | al¥&"ed e)ﬁ—tllf\?%fdnoﬁ%é:&fldalrn bé:;éc)éﬁ,% a% Oﬁ%gurlg%é'ggﬁg&vs HPV det ect ed
by PreTect HRAtI20 Froof érr gandrPAR kodipar(@d geo ooy TelkogykaoB -Ni-st ol ogy.

Exanpl e 1- Dets%§élq%q0flédp\é.r8?'\'%o@y gHASBAghased pauelai,c rhaci d anplification
and real -tine detection R _

Netherlands; now Biomérieux, 69280 Marcy l’Etoile,

France) using the Nuclisens™ extractor following the

15 protocol for automated extraction.

Cell lines
DNA and RNA from Hela (HPV 18), SiHa (HPV 16) and

CaSki (HPV 16) cell lines were used as positive

20 controls for the PCR and NASBA reactions. These cells
were also used as sample material in the sensitivity
study (Example 2). SiHa cells have integrated 1 - 2
copies of HPV 16 per cell, whilst CaSki cells have
between 60-600 copies of HPV 16, both integrated and

25 in the episomal state. HeLa cells have approximately
10-50 copies of HPV 18 per cell.

HPV detection and tvping by PCR

Isolated DNA from cervical scrapes was subjected
30 to PCR using the consensus GP5+/6+ primers (EP-B-0 517
704). The PCR was carried out in 50 pl reaction
volume containing 75 mM Tris-HCl (pH 8.8 at 25°C), 20
mM (NH,),SO,, 0.01 % Tween 20™, 200 mM each of dNTP,
1.5 mM MgCl,, 1 U recombinant Tag DNA Polymerase (MBI
35 Fermentas), 3 pl DNA sample and 50 pmol of each GP5+



25 Coll ection and preparation of clinical sanples Pap snears and HPV
sanples were collected from 5970 wonen in the cervical screening program
in Csl o, whimsmsrp14 Sanpl es i ntended for RNA/ DNA extracti onPagrGBo3nemsat ed as
follows: 30 Cervical sanples were collected fromeach wonen attending the
cervical screening programusing a —cyiobrush(Rovers Medical Devices, The
Net herl ands). The cytobrush was then imersed in 9 m |lysis buffer 35 (5M
Guani di ne thiocyanate). Since RNA is best WD 03/057914 PCT/ GB03/ 00034 - 60

protected in e SMoyaniine thi ocyanaie AldenfGradilon bodp eft the total

vol ume of sanple was used for each extraction round.. The samples in lysis
buffer were $%dr tf Rt QR b P& hifids S5ar o R CAHER q’gti“[ a.70C
until isol atimR drdNSsdoRNRriRNG @6 BIYA Wwaree kgutMNTat icealdanyi)sol at ed from
5300 wonen in the first. roun f_extractiaon, using | fr e total
sanpl e of 9mé15fcnhl(§/5§(flse b C?leuraéecgzﬁA&;eﬁl q%ﬁ& 1 et ea>r<{1t rlag][q(ralq t%%’éor ding to
the "Boons" is@uminen aretdrdinfg arhe® gandid “Tekivik® dnydeen anek@i ka B. V.,

Bosel ind 15, B0, Bolodifec AZ8Q AR Baxielsc T N3 Rerhands: haw Bi omer | eux

69280 Marcy 1' Etolle, rance) using the NuclisensTM extractor follow ng
the 15 prot ochinglore lndet @ sHah s AFolandigd Qvhds M EETd BRNA fr om Hela

(HPV 18), Si HandHRY d&omintktLader(dHAV 1) el lanlgines saemmaised as

positive 20 controls for the PCR and NASBA reactions. These cells were
al so used as sanple material in the sensitivity study (Exanple 2). SiHa

cel L5 haye |1t oar shed dec. fo. OSSN JEMAS RELCObs Ml plecCat cel 5
epi somal st atRRV Hetre cledd s3hare aghrE$ macdioro 180-a80 fedgicess :of HPV 18 per
cell. HPV detf?l’:?\}iloé], a3nld a;[r}/cplfgg %eP%R was carried out in 50 pl
containing 75 mM Tris-HCl (pH 8.8 at 25°C), 200 mM
each of dNTP, 1.5 mM MgCl,, 2.5 U recombinant Taqg DNA
15 Polymerase (MBI Fermentas), 3 pl DNA sample and 25
pmol of each primers. A 2 minutes denaturation step
at 94°C was followed by 35 cycles of amplification
with a PCR processor (Primus 96, HPL block, MWG,
Germany). Each cycle included a denaturation step at
20 30 sec, a primer annealing step at 57°C for 30 sec and
a chain elongation step at 72°C for 1 minutes. The
final elongation step was prolonged by 10 minutes to
ensure a complete extension of the amplified DNA. The
protocol for HPV 33 had a primer annealing step at
25 52°C. HPV 18 protocol: Primers were designed to
'identify HPV type 18. The PCR was carried out in 50 pl
containing 75 mM Tris-HCl (pH 8,8 at 25°C), 20 mM
(NH,),S80,, 0.01 % Tween 20, 200 mM each of dNTP, 2.0 mM
MgCl,, 2.5 U recombinant Tag DNA Polymerase (MBI
30 Fermentas), 3 pl DNA sample and 25 pmol of each
primer. A 2 minutes denaturation step at 94°C was
followed by 35 cycles of amplification in a PCR
processor (Primus 96, HPL block, MWG, Germany). Each
cycle included a denaturation step at 30 sec, a primer
35 annealing step at 57°C for 30 sec and a chain

elongation step at 72°C for 1 minutes. The final



| sol ated DNA from cervical scrapes was subjected 30 to PCR using the
consensus GP5+/6+ prinmers (EP-B-0 517 704). The PCR was carried out in 50
pl reactiwoo3wstomre containing 75 nM Tris-HCL (pH 8.8 at 26T)GB02O003aM ( NH4)
2541 0.01 % Tween 20Tm 200 nM each of dNTP, 1.5 mM Mgd 2, 1 U reconbi nant
Taq DNA Pol ynerase (MBI 35 Fernentas), -3 pl DNA sanple and 50 pnol of each
GP5+ WO 03/057914 PCT/ GB03/00034 61 and GP6+ prinmers. A 2 mnutes
denaturation step at 94C was followed by 40 cycles of anplification with a

PCR prOcesSO%l@%@b@H%n9§tebPkaQ|EQ&AON@GH E@rm@nmlnutggcbocgﬁb@rencluded a
denaturation step at 1 m nutes i mer eallgg step at 40C for 2

m nutes and & QQWﬁlﬁtéléﬁéépFéﬁnsPép 5 ??@ F +€4 BNfinutes. The fina

el ongati on step n u u cguoph ebenext ensi on
of the anpllfled %QT%EQ Bxfécgbaoégéﬁégtsgﬁélggmagrgngubjegted to

HPV type 16, 98Dheai@S39SPER3pr 8t 668EE°AsOf o NBWENA APYLiBY 31 and 33: The
585 ﬁﬁffﬁarLlQ%e§ﬁ$éh@ %Qo@bdu@%?é@h%h@9525y”Nbgphﬁaﬂc¥riQH 8. §5a; ESCD

each o ol ynmer ase
( MBI FernentQvaegsﬁFeBNA gg%ggédémd Eg BﬁgﬁegE géh ?ﬂﬁi%@R A%3 m nut es
denat ur at i on csitrep edabu@4Cnwa® f@l comedibyng576ynMeSrok- aﬁwllpHcatBon with
a PCR proces%%rZ%Brlnu§3§6§HHPECQI8%deWpG,1 gb&ﬁagé Eqpnjcycle i ncl uded

a denaturation ste primef ahne sfep at 57C for 30 sec
and a ChaInR§QQW@aﬂﬁ@ﬁ §eaap DA PotymeraseniMBL eEermpatas) nab elongati on

step wag pr0b®@9%%m91elgn@lQ@tgﬁo&oofeegehepalﬁeﬂpleAezemaﬁaﬁégn of the
anplified DNA. The "protocol for HPY 3

grlner ealng p at 25
52C. HPV 18 [eSesesRtipni séeP ﬂér§4dgswaﬁeéoié W?ﬁeﬁv|§§ $p8 18 The
PCR was carriagglauticati®8 plithcantarnppgcé@bsoM TPrsmt€196pHHBL8 at 25C), 20

mM (NH4)28 0 01 9% Tween 20 200 each 0 0 mM Cl2, 2.5 U
r econbi nant Mﬁ%y“ﬁgfgggy (vBI = FSVﬁ%%téE?qu§e§| DNA sg%ple and 25

prol of eachdenaturatlon step at 94° C for 1 minute, a primer
15 annealing step at 55°C for 1 % minutes and a chain
elongation step at 72°C for 2 minutes. The final
elongation step was prolonged by 4 minutes to ensure a
complete extension of the amplified DNA. HeLa was used
as positive controls for HPV 18, while SiHa or CaSki
20 were used as positive control for HPV 16. Water was

used as negative control.

Primers used for HPV PCR:

Type Prim | Primer sequence Position Length
) er : (bp)
25 HPV16 Prl 5" TCA AAA GCC ACT GTG TCC TGA 3’ 421-440 119
Pr2 5 CGTGTT CTT GAT GATCTG CAA ¥’ 521 -540
HPV18 Pri (5 TTC CGG TTG ACC TTIC TAT GT 37) 651-670 186
Pr2 (5 GGT CGTCTGCTG AGC TTT CT 37) 817-1836
HPV31 Prl 5’ CTA CAG TAA GCA TTG TGC TATGC 3’ 3835-3875 | 153
Pr2 5' ACG TAA TGG AGA GGT TGC AAT AACCC 3’ | 3963 —3988
30 HPV33 Pri 5 AAC GCC ATG AGA GGA CAC AAG ¥ 567 - 587 211
Pr2 5’ ACA CAT AAA CGA ACTGTG TGT 3’ 758 — 778
Gp+ Gp5+ | 5 TTT GTT ACT GTG GTA GAT ACTAC 3’ 6624 - 6649 | 150
Gp6+ | 5° GAA AAA TAA ACT GTA AATCATATTC 6719 — 6746
BGPCO3 | Prl 5' ACA CAA CTG TGT TCA CTA GC
35 BGPCOS5 | Pr2 5’ GAA ACCCAAGAGTCTTCTCT




primer. A 2 mnutes denaturation step at 94C was followed by 35 cycles of
anplification in a PCR processor (Prinus 96, HPL bl ock, MAG Gernmany).
Each cycWwe mnsidmded a denaturation step at 30 sec, a pri Wmer/Gd3amseal i ng
step at 57C for 30 sec and a chain elongation step at 72C for 1 m nutes.
The final WO 03/057914 PCT/ GB03/00034¢3--62 elongation step was prol onged
by 10 mnutes to ensure a conplete extension of the anplified DNA A
prinmer set directed against the human (3-globin gene 'was used as a

control of the DNA/qualj{5i dRSY AHNSAN QM@ s Wi/ ictid YrHespi tal
Vrije Universiteit, Ansterdamy The Netherlands). The PCR was carried out

in 50 pl contihiH @i BIisterd 9 logigs 285A) ARFIHRAELIT Of dNTP,
1,5 MM MyC121t He {4 Regord nardie Tap YA Palsgenaser d MYalkergentas), 3 pl 10
DNA sanmpl e and 25 | of each priner. A 2 .mnpytes . denaturati tep at
94C was fol | o%e‘?ftb&r@?rc%ﬁsesw% U8 ek idc:e;{‘e\/ﬁﬁilr?r’aqﬁﬂitprogg@séor ‘
(Prinmus 86, HPO ook, TMAG re@GaritenyereEdchi eoyolet dchelsiiderd tdhe denat ur ati on
step at 94C fyor ' : rd 22 anneald to PG f@fsad m nutes
and a chain e ooaglng%]%%%lreszt%op@agig%wc f.o(ra( %e% rrlltrjctgerrsSet T e%glslnal' el %ngati on
step was prolonged by 4 mnutes to ensure a conplete extension of the
anplified DNA. HeLa was used as sitive controls for HPV ]ﬁ%é \Myj e Si Ha
or CaSki 20 were USEd LIERg V& PO G BREES Wastt Wds Prised as
negati ve contraH .irPrpaeirentusatnglers HA RAQichtes RddbtRrdnadr po®quence

Position,Length er h 25 HPV16 l,.5" SECA CT T, 3" 421
P01 C P An il shadm R Eo R as AR ST 5 o Sal e ey (5
TTC CGG TTG AQQIITC TAT GT 3') 651 - 670 186 Pr2 (5 GGT CGT CTG CTG AGC
TTT CT 3') 817 - 836 HPV3L1 Pri 5' CTA CAG TAA GCA TTG TGC TAT GC 3' 3835
3875 153 Pr2 5' ACG TAA TGG AGA GGT TGC AAT AAC CC 3' 3963 - 3988

PCR primers for detection of HPV.

Type Primer  Primer sequence Position Length (bp)
15 HPV 6/11 Prl 5’ TAC ACT GCT GGA CAA CAT ¥’ 514 -531 123
Pr2 5’ TCATCT TCT GAG CTG TCT 3’ 619 - 636
HPVI16 Prl 5" TCA AAA GCC ACT GTG TCC TGA 3° 421 —441 120
Pr2 5 CGT GTT CTT GAT GAT CTG CAA ¥’ 520 - 540
HPV18 Prl 5" TTICCGG TTG ACCTTC TATGT 3’ 651 -670 186
Pr2 5" GGT CGTCTGCTGAGCTTITCT 3’ 817 - 836
HPV3l1 Prl 5" CTA CAG TAA GCATTG TGC TAT GC 3° 3835-3857 155
20 Pr2 5’ ACG TAA TGG AGA GGT TGC AAT AACCC3” 3964 —3989
HPV33 Prl 5" AAC GCC ATG AGA GGA CAC AAG 3’ 567 — 587 212
Pr2 5° ACA CAT AAA CGA ACT GTG GTG 3’ 758 — 778
HPV 35 Prl 5’ CCCGAGGCAACTGACCTATAY 610-629 231
' Pr2 5" GGG GCA CACTAT TCC AA ATG 3 821-840
HPV 39 Prl 5' GCA GAC GACCACTAC AGC AAA Y 210-230 153
- Pr2 5’ ACACCG AGTCCG AGT AATA Y’ 344 - 362
25 HPV 45 Prl 5" GAA ACC ATT GAA CCC AGC AGA AAA Y 428 — 451 154
Pr2 5' TTG CTATAC TTG TGT TTC CCT ACG ¥’ 558-581
HPV 51 Prl 5’ GGA GGA GGA TGA AGT AGATA 3’ 658 - 677 169
Pr2 5’ GCCCATTAACATCTGCTGTA 3’ 807 - 826
HPV 52 Prl 5" GTGCCTACGCTTTITATCTA 3 296 — 315 233
Pr2 5" GGG GTCTCCAACACTCTGAACAS ©507- 528
HPV 58 Prl 5’ TCA GGC GTT GGA GAC ATC 3’ 157-174 162
Pr2 5" AGC AAT CGT AAGCAC ACT ¥’ 301-318
Gp+t Gp5+ 5 TTT GTT ACT GTG GTA GAT ACTAC 3’ 150
30 Gp6+ 5 GAA AAATAA ACT GTA AAT CAT ATT C
BGPCO3 Prl 5 ACA CAA CTG TGT TCA CTA GC

BGPCOS  Pr2 5° GAA ACCCAA GAG TCT TCTCT




30 HPV33 Prl 5 AAC GCC ATG AGA GGA CAC AAG 3' 567 -587 211 Pr2 5 ACA CAT
AAA CGA ACT GIG TGT 3' 758 -778 Gp+ Gp5+ 5° TTT GIT ACT GIG GTA GAT ACT AC
3" 6624- 648/03BA4 G p6+ 5 GAA AAA TAA ACT GTA AAT CAT APTTGEBD0034 6746
BGPCO3 Prl1 5" ACA CAA CTG TGI TCA CTA GC 35 BGPCCb Pr2 5° GAA ACC CAA GAG
TCT TCT CT WD 03/057914 PCT/ GB03/ 000344 - 63 Visualization of the PCR
products was done on a DNA 500 chip (Agilent Technol ogi es, USA) according
to their manual. The DNA chip uses mcro scale gel electrophoresis with

an optimal dejecid oA idHd118 i Q3 on -50 ng/ M. The results were interpreted
using the Bioanalyzer software (Agilent Technol ogies, USA). The

foll owi ng taeecorfioms o mems digwd doort aEPViaR@RNi:n pati ent sanpl es and

i ndi cates addjtion PCR 10 priners useful far HPY.35, .39, 45, 51, 52, 58
and HPV 6/ 11-- PO 15 ere o &ectlé‘itrie 3 mﬁ@.@%&@%ﬁnﬁer Priner
sequence Posidnmin fiergtion/ggtects ddP\ n6/skpalrelt e5'1 aPACaACE YGEFe@8A CAA CAT
3" 514 - 531 123 Pr2 5° TCA TCT TCT GAG CTG TCT 3'. 619 - 636 HPV 16 Pril 5'
TCA AAA TCC ACT BRETEBITEASPR T AR 513607 PrEISICeaFIGTT CTT GAT GAT
CTG CAA 3' 52tedw) HRAIGHHrdn 2ndl BE@pIGE i TEG1AGE JEEECTABNGEL3'thesl - 670

186 Pr2 5 OGT. CTG CTG AGC TTT ' 817-. HPV31 Pr.l. 5'..GIA CAG TAA
GCA TTG TGC C&f‘%"ryssaﬁ%-ss rf5§‘gcz%l|5r %%%Siééa\é%kﬁéoi&& TGC AAT
AAC CC 3' 3962nd 3089l i HRVE3 dPr/ldet e AACNGRECEATG ABAPEBACCREIAAG 3' 567 - 587
212 Pr2 5 AGA CAT AAAGGA ACT GIG GTG 3' 758- 778 HPV 35 Prl 5 CCC GAG
GCA ACT GAC CTATTA 3' 6T0-629 231 Pr2 5 GGG GCA CAC TAT TCC AA ATG 3'

821- 840LHPV 3D. Pfders'alGCA (BAG GAC GAG IFACIAGEJANASR nRL0 i23Gei53 Pr2 5'
ACA CCG AGT CCG AGT AAT A 3' 344 - 362 25 HPV.45 Prl 5 GAA ACC ATT GAA CCC
AGC AGA AAA F- Bipetises pi O%h?%'eqﬁf(@“@?& ¥/§é§3ﬁé" GPePTCUEET AGG 3' 558
- 581 HPV 51 ditd EibdiaA 3GA <GBA TEAtAGBtAGE TAc8! iB58he ®TReX69 Pr2 5 GOC

CAT TAA CAT CaTr%aCsT.G TA 3' 807 - 826

5. Use a fresh pipette or pipette tip for each

15 pipetting action.
6. Use pipettes with aerosol resistant tips for fluids
possibly containing nucleic acid. Pipetting of
solutions must always be performed out of or into an
isolated tube that is opened and closed exclusively

20 for this action. All other tubes and vials should be

kept closed and separated from the one handled.

7. Use disposable gloves when working with clinical
material possibly containing target-RNA or amplified
material. If possible, change gloves after each

25 pipetting step in the test procedure, especially after

contact with possibly contaminated material.

8. Collect used disposable material in a container.

Close and remove container after each test run.

9. Soak tube racks used during nucleic acid isolation
30 or amplification/detection in a detergent (e.g. Merck
Extran MAQOl1l alkaline) for at least one hour after each

test run.

The following procedure was carried out using reagents

35 from the Nuclisens™ Basic Kit, supplied by Organon



HPV 52 Prl1 5 GIG CCT ACG CTT TTT ATC TA 3" 296- 315 233 Pr2 5 GGG GIC
TCC AAC ACT CTG AAC A 3' 507- 528 HPV 58 Prl 5 TCA GGC GIT GGA GAC ATC 3
157- 174 WO23/0PM™24 5° AGC AAT CGI AAG CAC ACT 3' 301 -318 @®o¥/GBySH0B4 TTT
GIT ACT GIG GTA GAT ACT AC 3' 150 30 Gp6+ 5' GAA AAA TAA ACT GTA AAT CAT
ATT C BGPCO3 Prl 5 ACA CAA CTG TGI-TgA CTA GC BGPCOb Pr2 5 GAA ACC CAA
GAG TCT TCT CT WD 03/057914 PCT/ GB03/00034 - 64 NASBA RNA amplification
Precautions for avoiding contamination: 1. Performnucleic acid rel ease,
i sol ation andrejagiypld fication/detection in separate |aboratory areas. 5 2.
Store and prepare reagents for nucleic acid rel ease, isolation and
anplification/detection at the |aboratory areas where nucleic acid

rel ease, isolation, and anplifjcati detection are to be perforned,
respecti vel y.é’;‘l’ﬁfe\’gu ralq_]tdubseasfnpgnryds ‘vials cl osed when not in use. 4.

Pi pettes and ot her equi pnent that have been used in one |aboratory area
must not be used in the other areas. 5. Use a fresh pipette or pipette tip
for each® 15 i pRuadans &dtdyme BR1UWEODi pettes with aerosol resistant tips

for fluids iy co inj .cl. €] j Ripattd g -of Ql utions nust
al ways be pe&?%?r%d “oluto%%nozryr}%n%ﬁal%ncﬁ %%me tu léf'Jét}%at Eias opened and
cl osed excl usfitel @t Figrs tenirpidetl dm aMUeamsheao tuien)arfd \Aadhs ohoul d be

kept closed and, zepanatRd fdpmddes g dandi et Nheldselissprsall e gl oves
when working wit'h 'clinical _material possibly containing target-RNA or
amplified mdtdri gfoniFinpdd oIk, diife fyl Ve SNr tp@rlyé‘g“c‘r?%%i etting
step inghe tesh) priecadurthi £spesindd |splaftien atorteacit dh J0ossi bl y
contam nated naterial. 8. Collect used di S%oﬁt bel e tr;pet eernizalmei n a contai ner.
d ose and r eV cThidi AStO bt SP Eat i t%st FUn- - Y

solutions in one tube, mix well by flicking the tube
with your finger, spin down briefly and use within 1
hour. Final concentrations in the enzyme mix are 375
15 mM sorbitol, 2.5 pg BSA, 0.08 U RNase H, 32 U T7 RNA
polymerase and 6.4 U AMV-reverse transcriptase.

2. Prepare reagent sphere/KCl solution.

For 10 samples: add 80 ul reagent sphere diluent (from
20 Nuclisens™ Basic Kit; contains Tris/HCl (pH 8.5), 45%
DMSO) to the lyophilized reagent sphere (from
Nuclisens™ Basic Kit; contains nucleotides,
dithiotreitol and MgCl,) and immediately vortex well.
Do this with 3 reagent spheres and mix the solutions

25 in one tube.

Add 3 ul NASBA water (from Nuclisens™ Basic Kit) to
the reconstituted reagent sphere solution and mix
well.

30
Add 56 wul of KCl stock solution (from Nuclisens™ Basic
Kit) and mix well. Use of this KCl/water mixture will
result in NASBA reactions with a final KCl
concentration of 70 mM. Final concentrations in the

35 reagent/KCl solution are 1 mM of each dNTP, 2 mM of



9. Soak tube racks used during nucleic acid isolation 30 or
anplification/detection in a detergent (e.g. Merck Extran MAO1l al kal i ne)
for at | ewetososmihour after each test run. The fol |l ow ngPeTeGEId00ES4WaS
carried out using reagents 35 fromthe NuclisensTM Basic Kit, supplied by
Organon WO 03/ 057914 PCT/ GB03/ 00034 66 65 Teknika. Procedure for n=10
sanples:- 5 1. Prepare enzyne solution. Add 55 ,ul of enzynme diluent (from
Nucl i sensTM Basic Kit; contains sorbitol in aqueous solution) to each of
3 | yophi | i zedTénz Wi spieC8P, (flr-dmNuETPseasAMOBEs I IKPy; Ocont¥i ns AW- RT
RNase H, T7 RYAQumErase andol0kB3A) 12Ladvegthl s enzyerspd Wdon at | east
for 20 mnutes at roomtenperature. Gather the enzyne solutions in one
tube, mx wel(PH-Mi-cking the tube with your finger, spin down briefly
and use within 1 hour. Final concentrations in the enzyme mx are 375 15
mM sorbitol, 2.5 pg BSA, 0.08 U RNase H, 32 U T7 RNA pol ynerase and 6.4 U
AW-revey se ty.anms@papiaseimndr /Brepar eoleadent ceopheieikgl taebati-on. For 10

sanpl es: add 80 ,.ul. reagent sphere dil from 20 clisensTM Basic Kit;
cont ai ns Tri§¥¥¥i¥%ﬁﬁ43§im%§5 F“E5&$q5ﬁ§§§&t%eFﬁ8“|ééﬁ%%rized reagent sphere
(from) Nugl [ wdwcaa&ia&g@tt ;re(é@lftlti@hHS:rﬁuﬁEéQt i9c1ﬁ$¢1 odi ﬁ:hieotrée'tﬁéﬁt andOI
MyCl2) and i i at vortex well. Do thi,s wt reagent eres and m x
t he soIutionggﬁ%ﬁ§%4?d§néOﬁﬁ%épnAd§r§prfdNA@Bitﬁgtg? @P?8n€N§§FFéenSTM
Basic Kit) taukiche Adec @istilt uifedrieagerimodpheiaersbkeacoonpanteni x well. 30
Add 56 of tQc ol ytj.on.:(fro [ si.g 1Kt d mx well.
i O Eheslack R0HlOR Chnomehisars I Basle 1Khly an

Use of water mxture w result in N reactions_wth a final
KC1 concent re@dhowfofthe) semseriang) assicenseaPirémerisnapRe~ 15-70
pmol molecular beacon probe per reaction). Mix well

by vortexing. Do not centrifuge.

15 In case less than 10 target RNA amplifications are
being performed refer to the table below for the
appropriate amounts of reagent sphere solution,
KCl/water solution and primers to be used. Primer
solutions should be used within 30 minutes after

20 preparation.

Reactions (n) |Reagent sphere|KCl/water (ul) Primer mix (ul)
solution (ul)
10 80 30 10
9 72 27 9
25 18 64 24 8
7 56 21 7
6 48 18 6
5 40 15 5
4 32 12 4
30 3 24 9 3
2 16 6 2
1 8 3 1
4. Addition of samples
35 For each target RNA reaction:

In a 96 well microtiter plate pipette 10 wl of the

primer/probe solution (prepared in step 3) into each



35 reagent/KCl1 solution are 1 nM of each dNTP, 2 nmM of WO 03/057914

PCT/ GB03/ 00034 66 ATP, UTP and CTP, 1.5 nM GIP, and 0.5 mMI TP, 0.5 nM
di t hi ot r ewbal3/057@4 M KC , 12 nM MgCd 2, 40 nmM Tris-HC  ( pHCE/CEB03/006343.
Prepare priner/probe solution containing target- specific prinmers and

mol ecul ar beacon probe. For each target teaction transfer 91 ul of the
reagent sphere/KCO solution (prepared in step 2) into a fresh tube. Add
25 (err)l of priners/nolecul ar beacon probe 10 solution (to give final
concentrati omfofld GellE.5 dd Saed olcisdcsawdd gxdrasti $OnséChrimers and -

15-70 prol  RRlecul@c REAGOR HR Ghe RRN tgaghia@r) foM % wehlitely avort exi ng.
Do not centrifuge. 15 In case |ess than anplifications are

0O target RNA
bei ng per for fed ¥ éf et 0o R bl el dwlror £hdOragpfapHitate anounts of
reagent sphermaolad icdth KTV walders $al ehizgmeand 1ptiiver.s to be used. Primer

solutio shaqul d he used within,30 mnutes after . 20 preparation. Reactions
(n) Reagmjtsant g“%ﬁ'éerogal@sl/ymﬁﬁﬁ&ce( i E‘rlic%é’%l%ef eﬁia)te &8 Gtion I 10 80 30 10
9 72 27 9 251810 2Arg def@cZion i6s48ul@nd (8.40 Mec3iS¢nd2 12 4 30 3 24
93 2166 %a%ﬁ?ﬂﬁé%ﬁyi@r)Agﬂﬁt%Q%r%ft%%ﬁ%h??i%?gggﬁoﬁ@Ch target RNA

reaction: Ina mcrotiter plate pipefte | of the prinmer/probe
solution (prepared in step 3) into each WO 03/057914 PCT/ GB03/ 00034

Results from clinical stud

10 Table 7 shows the distribution of real-time NASBA
HPV positive (L1 and/or E6 expression) and PCR HPV
positive cases related to cytology results. PCR
amplification was carried out as described by Karlsen
et al., J Clin Microbiol. 34: 2095-2100, 1996. The

15 figures for expected histology are based on average
results from similar study on CIN III lesions (Clavel
et al., Br J Cancer, 84: 1616-1623, 2001). The

results from several example cases are listed in Table

8.
20
Table 7:
Normal Benign Condyloma | CIN III
Cytology | 4474 66 16 15
PCR 9.0% 44.6% B7.5% 73.3%
25 Real-time | 1% 24.6% 37.5% 73.3%
NASBA
Expected 0.2% 5-15% 15-20% 71%
Histology
30
Table 8:
Internal No. Cytology PCR L1 NASBA | E6 NASBA

84 Neg Neg Neg 31




67 of 10 wells.
| ncubate the mcrotiter

C for 4 nwouB®s7914 Then to each wel |
| medi ately place the mcrotiter plate in a

Add 5 (err)l
plate for 4 mnutes at
add 5

, ul

65 1 C

Cool

nucl eic acid extract to each well.

to at 41 0.5
enzyme sol utPiCarGB3/00034

fl uorescent detection

instrunment (e.g. NucliSensTM EasyQ@ A®lyzer) and start the anplification.

Results fromclinical study 10 Table 7 shows the distribution of real-tine
NASBA HPV positive (L1 and/or E6 expression) and PCR HPV positive cases
related to cy ogy results anpl i kicatiop s carr out as
descri bed by E%*%qpn et _al Nggriﬂiﬂ Adn}nhnnl ng- 2095 g*og, 1996. The 15
figures for expected histologygare base@eqn aveeage resulitts fromgsimlar
study on Cl NfH+—estons—(Gavel—et—al——Br—JrCancer,—8#—1616-16p3,
2001). The nd4dits fronlsev@eang@xanpl@eéases Hee |isted3Pn Tablel 8. 20
Tabl e 7: hbrng} eni gn Condy[oma CI NI 1 Cyto ggg 4474 2616 15 PCR 9. 0%
44.6% 87.5% 1 b 25 Real -] 1B 19824, 60487, 50 73°3% Expected 0. 2%
5- 15% 15 20% AL%; Hi st ol ogy §QHI§QIe 8 Nggternahebb. Cyt)h@gy PCR L1 NASBA
E6 NASBA 84 [Neg—Neg—Neg—31+-WE-03/-05791H4PCH-CBB3/-006034 289 Neg 31
Pos 31 926 NegpIseg Pos 16 | B4BiBeni gn|l€g Neg| B3s 1512 3§nggn 16 Pos 16
2043 Condyloma |16, 51 | Pos 16
3873 Condyloma |16, 51 | Pos 16
3634 CIN II 33 Neg 33
10 4276 CIN III Neg Neg 18
4767 CIN III 18 Neg 18
1482 CIN ITI Neg Pos 16
5217 1 CIN III 31 Neg 31
4696 CIN III Neg Neg Neg
15
Example 2-Sensitivity of real-time NASBA on control
cell lines
20 Cervical cancer cell lines, CaSki, SiHa and Hela were
diluted in lysis buffer either before automated
extraction of nucleic acids using the Boom's
‘extraction method from Organon Teknika/bioMerieux
(parallels 1 and 3), or after nucleic acid extraction
25 (parallel 2). Real-time NASBA was performed using
molecular beacons probes labelled with Texas red (16,
Ll and 18) or FAM (UlA, 33 and 31) following the

protocol described above.

30



5 3437 Benign Neg Neg 18 3696 Benign 16 Pos Neg 2043 Condyloma 16, 51 Pos
16 3873 Condyloma 16, 51 Pos 16 3634 CIN Il 33 Neg 33 10 4276 CIN 111 Neg
Neg 18 4wO603@sM1411 18 Neg 18 1482 CINIIl Neg Pos 16 PRI/GHEIBMoA3M] 31
Neg 31 4696 CIN II1 Neg Neg Neg 15 Exanple 2-Sensitivity of real-tine
NASBA on control cell lines 20 Cervigal-cancer cell lines, CaSki, SiHa and
HeLa were diluted in lysis buffer either before automated extraction of
nucl eic acids using the Boom's extraction nmethod from Organon

Tekni ka/ bi oMIakeex 9:(parallels 1 and 3), or after nucleic acid extraction
25 (parallel l'

probes | abel ettt : ST TR TR
fol |l ow ng th(,sets%@t (0] %I ’Ug iLLf)ade_; hboye. |39 WO (L);% 0l5
69 Tabl® 9: |fralki CaSKi La Priper |16 1U1 |16 1

31 18 31 18 3Aerallglet $§ and! B62 HE2 | 3EP 3Elh B¢ B £ E6 B6
Parallels - Parallells 3 311 U 212 3 nbdr df dell
10 10000 - +|Numpecofi 1Q00 (- H -|+ 1 +| 100 - + | H -
Cells

100 000 + + + |+ + ] + + - + Z +

10 10 000 + + + |+ | + + + - + - +

1000 + + + + + + + - + - +

100 + + + + + + + - + - +

10 + + + + + + - - - - +

1 - - + - + - - - - - -

15 0 | -1 -1 - 1-1-1-l-1-1-1-1-

Thus, it is possible to detect HPV E6 mRNA in less
than 1 cell using real-time NASBA.

20 Real-time NASBA was tested both as a multiplex assay
and as single reactions. The results from the
following sensitivity study are based on parallel runs
of CaSki, SiHa and Hela cell lines, and on three
parallel runs on synthetic DNA oligos for HPV type 16,

25 18, 31 and 33. The definition of the detection limit
is that both of the samples in the parallel are
positive. The number in the brackets (x) indicates
that the specified amount of cells also have been
detected in some runs. Sensitivity is defined as the

30 .amount of cells necessary for detection of HPV in two
parallel runs. The HPV types are determined from PCR
and the specificity is based on NASBA compared to PCR.

Sensitivity
35 PCR: the HPV consensus PCR using Gp5+/6+ detected only
down to 10¢ SiHa and Hela cells, and down to 10° CaSki
cells. However, the type specific PCR primer-sets were
more sensitive, detecting 103 (10?) SiHa cells and 0.1
CaSki cells for HPV 16 type specific PCR primer-set,
40 while the HPV 18 type specific PCR primer-set detected



10 - + - +- +1 +- +- - - +- +4+ 1510-' - - - - - - - - Thus, it is
possible to detect HPV E6 nRNA in less than 1 cell using real-tine NASBA
20 Real - tWom3BBPSBA was tested both as a nmultiplex assay aod/GBI3®I03gl e
reactions. The results fromthe followng sensitivity study are based on
parallel runs of CaSki, SiHa and HeL&Ocell l|ines, and on three parallel
runs on synthetic DNA oligos for HPV type 16, 25 18, 31 and 33. The
definition of the detection limt is that both of the sanples in the
paral l el are lpodidliaveelllse nunber in the brackets (x) indicates that the
speci fied amount of cells also have been detected in sone runs.
Sensitivity is defined as the 30 -anmount of cells necessary for detection

?L HPV i DfFV\DRe@ﬁI@%ﬁ\@%AM Ng%ﬁiﬁ\ﬁlé mmm@et@rme&ef dg mﬂ;éa?P andt )
e specifici s. based on co ed sitivity e
HPV consensus%%@:\”%i N a6+ Cﬁ@t gﬁp%&‘ C@C% 4 ﬁ)gar§’ Ha and HelLa
cells, afid doMsLi ocdDB jGaSi«e xed d sl orHomiemerre t o wWiee sqmtilfd ¢ PCR
prinmer-sets g t|v e ) .S e ls and 0.1
CaSki cells V\%é ?—ﬁﬁGpl? e s eC| C&&%&&%éﬁ%ﬁé%g%mg miﬁc ]tcﬁe HPV 18
type specific(PCR ﬁrl@eﬁas@ﬁldété@ﬂed0M®1®3F©§kglﬂeP¢$/GBQSﬁQ@OBhe - 70

102 HelLa cel | gpyReal 5 S&éé&efll\%%mﬁ%al tHd r@ee\é%i%mltﬂm&rlmsl specific for
UlA, detected 10(1) Ha and ki cells and 5 HelLa cell in the reaction

m xture. For thel HRRL® calecithe P kel tIHe RISt et @S St 1i%it was
(10) (102, 1}aSkHacerids myrch el Labldimeldesllandidrey ide HPV 18

specific priners the detection |imt HeLa cell. The universal
L1 prinmers defetEedo'1d* it rb]e\’fqrss% pcré1nfe)sr and SiHa cells were not
detected with the universal L1 priners. Real-tine nmultiplex NASBA with the

U A specific
Real-time multiplex NASBA with the UlA specific

primers, had a lower detection limit of 10%(10) SiHa
15 cells and 10(1) CaSki cells when combined with the HPV
16 specific primers, which had a lower detection limit
for 10(1) SiHa and 10(1l) CaSki cells. The L1 specific
primers in combination with the HPV 33 specific
primers detected 10°(102) CaSki cells. There was no
20 competing HPV 33 sample in the reaction. For the HPV
18 specific primers, the lower detection limit was 1
(0.1) HelLa cell when combined with the HPV 31 specific
primers. There was no competing HPV 31 sample in the
reaction. Sensitivity of the HPV 31 and HPV 33
25 specific primers were not tested, due to lack of cell
lines harbouring these HPV types. They were tested
against samples containing HPV 31 and HPV 33, but the
amount of cells and the copy number of HPV 31 and HPV
33 in these cells were unknown and most probably

30 varied in different samples.



priners, had a | ower detection [imt of 102(10) SiHa 15 cells and 10(1)
CaSki cells when conbined with the HPV 16 specific priners, which had a

| ower detwotoBosrod mt for 10(1) SiHa and 10(1) CaSki cel IP€T/GHva/001B4
specific prinmers in conbination with the HPV 33 specific priners detected
103(102) CaSki cells. There was no -20lcenpeting HPV 33 sanple in the
reaction. For the HPV 18 specific prinmers, the |ower detection limt was 1
(0.1) HeLa cell when conbined with the HPV 31 specific primers. There was
no conpeti ng HRASIl Ganprsititiey gfeartdlotin®en#idBA iaomaErachdeHPV 31 and
HPV 33 25 spegific prinmers were not tested, due to lack of cell lines

har bouring these HPV types. They were tested against sanples containing
HPV 31 and HRV 33, butl NAlSBA anpunt of cells q®rdRt he copy nunber of HPV 31
and HPV 33 i[rrivkese ¢a&iHas wef @asunknowWrHeand 1sgia pr opedsky 30Hetarijed in

di fferent samamse+ WO|03/ 0579114 PCT/ GBO3/ 000340¢ - 71] 107abl ¢ 00: sensitivity
of real-tinme [MASBA cofpared tijoio* @ER NASBA PCR- Prinef- Si Ha [GaSki HelLa Si Ha
CaSki HeLa 5 usg5+/ 6+[410q109 U010kD3 103- LI -[103(102)-- - -]- - UWUIA 101(10)
10(1) HPV 16 [H#VI610 1G8(1J02)[ . 1 - HRV 18 - [10°k(d), 1)o.r - U102 10| Real -tine
NASBA was per/fgpvi@d ofi-sanpl es. from wgnreyy) adm tted fo Ostflojod Central
Hospitajgfor treatnent of CINin the period of 1999-2001 (see exanple 3).
Mol ecul ar beacon probes | abeled with FAM or Texas red 15 were used toget her
wi th the nuclkReal-deimne SASEFetvWash P MESBApreatd el s fdewe mawed above. The

results are shptdd dd BYEHIL @t AR HRY AT RA Ieda W &f
CIN in the period of 1999-2001 (see example 3).
Molecular beacon probes labeled with FAM or Texas red

15 were used together with the nucleic acid extraction
and NASBA protocols described above. The results are
shown in figures 1A and 1B (HPV 16 - patient sample
205), figures 2A and 2B (HPV 18 - patient sample 146),
figures 3A and 3B (HPV 31 - patient sample 236),

20 figures 4A and 4B (HPV 33 - patient sample 218) and
figures 5A and 5B (HPV 45 - patient sample 343). In
each case, the “A” figure is a single reaction while

the “B” figure is the multiplex assay.

25 Specificity: Cross reactivity of Real-time NASBA.
Real-time NASBA primer combinations were tested
~against 490 cervical samples from the Oslo study

positive with PCR for HPV 6/11, 16, 18, 31, 33, 35,
39, 45, 51, 52, 58 or HPV X to check for cross

30 reactivity between HPV types using NASBA. All samples
have been typed by consensus PCR and type specific PCR
for the respective HPV types, except for HPV type
39(2), 52(1) and 58(2). These samples are added to
test against PreTect HPV-Proofer. HPV X are positive

35 for consensus Gp5+/6+ PCR but negative for HPV6/11,
16, 18, 31, 33, 35, 45 and 51 by type specific PCR.
Results are shown in table 14. No cross-reactivity

was shown. Sequence confirmation of a selected number



205), figures 2A and 2B (HPV 18 - patient sanple 146), figures 3A and 3B
(HPV 31 - patient sanple 236), 20 figures 4A and 4B (HPV 33 - patient
sanpl e 218P oana7914i gures 5A and 5B (HPV 45 - patient sanplpe€TAABB003A each
case, the "A" figure is a single reaction while the "B" figure is the

mul tiplex assay. 25 Specificity: Cros&reactivity of Real -tinme NASBA.

Real -ti me NASBA prinmer conbi nations were tested against 490 cervical
sanples fromthe Oslo study positive with PCR for HPV 6/11, 16, 18, 31,
33, 35, 39, db,cdEles FXxonb8adrleHR X st showeckinf draldreosdg!a30 reactivity

bet ween HPV types using NASBA. All sanples have been typed by consensus
PCR and type specific PCR for the respective HPV types, except for HPV

type 39(2), gpH:1)a 8&1&%&8(029 771§h%%e:va%rap_l %%n@ﬂ%sa%% Q@ stl@styidgai nst
PreTect HPV-Proofer. HPV positive for nsensuiﬁﬁ}SH 6+ PCR but

negative for B9vendy th d?relT§Ct3fPV3’oPr°§§er45( L5y &Pdf&cific PCR
Resul ts sare Nx®BR)i N drable tb%alN@ch@s@«r a0 ATITt3y) swa@l@isomreSequence

confirmation of § sel ect.ed 0 7914 P / 42 of
cases fromtable 149 &% 0\/1\:nhe| n %18 ?EQ’% %23,15 EE{[RO % %19[% celr vi cal
sanpl es were t8estleld® ) vvmefre F‘t’.@@e@lndOt lve EPYTEE, HPE- Férlé')dflérZ (Ré’é(l 18irme

mul tiplex 5 NASBA) /qand @wtxptsél' a%l 4%4 6301@@%?7@9\;8@@plﬁ%m&%gposl tive

with the Gp5+/ 6+ consensus priners. were typéd to be

HPV 16, 13% (ME/tipde HRY f@fecn%n(swﬁli?)taﬁp\vfsﬂOénéam%eél@ﬁflz) HPV 33
including  myitdqalee cliP\ﬁum;f td QIS 1AfteQﬂ:a|on@sf 123 &qrrp)l/eswhaclow single or

mul tiple HPV infections, % ad . anl
i nfection. ENHPY 3 r?flé‘@t %‘ﬁ’ uenC é(?)nl %87 ?3 %‘/P%O ril%]“C%tlﬁélssanpl es.
Al | sanpl es omeneddd sitn tsestted IILOR )t lé ¢0I&S$HS@Q€®35+A6-E BE@Rppeisners. The

HPV PCR / th tested
W Lh 5l obi N Com ol SITRer ol S Sor T eaan B il At TDNA. The EPV

PCR posi ti ve pyamsitss \EélreeHr’fPé’t P§|BbP@@taédvteoStaﬁW§eS from the

15 consensus Gp5+/6+ were then tested with fB-globin
control primeré for a verification of intact DNA. The
HPV PCR positive samples were not subjected to this
DNA control. The HPV negative samples'in this study
were all positive with PB-globin control PCR primers.

20 Only DNA samples positive with Gp5+/6+ PCR were
subjected to HPV type specific PCR. HPV types of
interest were HPV 16, 18, 31 and 33.

Real-time multiplex NASBA: For the real-time NASBA
25 reactions, the primers and probes for the UlA gene
product were used as a performance control for intact

RNA. Samples negative for UlA were rejected.

A total of 14.2% (110/773) of the samples were
positive with at least one of the HPV type-specific

30 NASBA primers including samples showing multiple HPV
infections. From these samples 54.5% (60/110) were
positive with HPV 16 NASBA primers, 13.6% (15/110)
with HPV 18 primers, 21.8% (24/110) with HPV 31
primers and 13.6% (15/110) with HPV 33 primers. A

35 total of 45 samples were positive with the L1

consensus primers and usually together with HPV 16



DNA control. The HPV negative sanples in this study were all positive with
3-globin control PCR priners. 20 Only DNA sanples positive with Go5+/ 6+ PCR
were subweaBesie HPV type specific FOR HPV types of i mcarcas/omsee HPV
16, 18, 31 and 33. Real-tine multiplex NASBA: For the real-tinme NASBA 25
reactions, the priners and probes fer 78he UlA gene product were used as a
performance control for intact RNA Sanples negative for UlA were
rejected. A total of 14.2% (110/773) of the sanples were positive with at

| east one of EBEEHPWhtypenspecpfeesi@O NASBA p31/5)s. | Tiod uckhmgersangpl es

showi ng mul tiple HPV,in Lons., F5o e 4. 5% 0) were
positive wt hBIIL—P\'Fg)Gd%\ﬁ%%%%r?ﬁne% sé 2}3{}8@?)( 1@ e vﬁxﬁ'jt%{l—é’% rimers,
21. 8% ( 24/ 1108PWi i &, HPV &1d 33 i respeanvaly 6% M5 9 10) sav A4t e B3 pri ners.

A 35 total Ofaffénéa{rzﬁ"@59%’\’9%@/4)9)3iééé/@s,\’\ﬁérﬁbltﬂ?e |21 COpsENSHSR pri mers and
usual ly together with HPV 16 WD 03/ 057914 PCT/ GB03/00034 - 73 _ E6/E7

oncogene? expree&i bhVE Y Do (@I 16yt BRENEohsehstt et P a0 Y FREF in 2. 2%
(1/45) toget headwsifges tdermu HAMW 18, HB1 otk 33isrespenid vad y1z L1 was al so

detected alone.in % (4/ 45) cases n ey all_were P ositive with
o5 60 pr ot SOSALTRE 4o nbe S el i B o e

i nfections, anBNB8edPtefdDGi 108)uhaed oimh yl 9%i Ry OHP\O T nfleeti ons. Doubl e
nMRNA expr essi %%nlgfgg_rred in 1.9% (2/108) of the sanples. 10 Real -tine
mul ti pl ex NAS onpared to PCR a total of 87 sanples showed presence of
HPV 16 DNA or RNA with HPV 16 PCR or PreTect HPV-Proofer. 64.4% (56/87)
were determned to be positive for HPV 16 with both PCR and 15 r;al-ti me

NASBA. 39. 1% {831 873MGethel ohP 42 FUIFY E MRIF S PER iR 3. 205757 ver e
posi tive onl ygsw §&mpeed -dhoeed NASEBfend®ro HMP W8, 6 apNOtad RfA 201 tsanpl es

showed  presepso pf EY 8 P&l UV LI ALE NS, IR 6 )8R were
determined to be positive for HPV 16 with both PCR and
15 real-time NASBA. 39.1% (34/87) were only positive with
PCR and 3.4% (3/87) were positive only with real-time
NASBA. For HPV 18, a total of 20 samples showed
presence of HPV 18 DNA or RNA with either PCR or real-
time NASBA. From these 20 samples, 50% (10/20) were
20 positive with both tests, and 35% (7/20) were only
positive with PCR and 15% (3/20) were only positive
with real-time NASBA. A total of 27 samples showed
presence of HPV 31 DNA or RNA with either PCR or real-
time NASBA. Out of these 27 samples, 59.3% (16/27)
25 ~were positive with both tests and 11.1% (3/27) were
"positive only with the PCR test and 18.5% (5/27) were
only positive with the real-time NASBA test. For HPV
33, a total of 18 samples showed presence of HPV DNA
or RNA with either PCR or PreTect-HPV Proofer and
30 55.6% (10/18) of the samples were tested positive with
both tests. 16.7% (3/18) were only positive with PCR
and 22.2% (4/18) were only positive with real-time
NASBA.

35



time NASBA. Fromthese 20 sanples, 50% (10/20) were 20 positive with both
tests, and 35% (7/20) were only positive with PCR and 15% (3/20) were only
positive waiBlsmeal -ti me NASBA. A total of 27 sanpl es showed/Grsmessmce of
HPV 31 DNA or RNA with either PCR or real tine NASBA. Qut of these 27
sanples, 59.3% (16/27) 25 were posrtirge-with both tests and 11. 1% (3/27)
were positive only with the PCR test and 18.5% (5/27) were only positive
with the real-time NASBA test. For HPV 33, a total of 18 sanples showed
presence of HPAb DAL 1 or s BRNAL 1 £ ¢ i d hetrr RER: iovn Ry 2 THEY -HP\sPrlafser and 30
55. 6% (10/ 18), t S I positive with both tests. 16. 7%
(3/18) were on?{’/ p%gl t%\[l;@e) %?ﬁ%ﬁé e”f{%] 2.2% (4/18) were only positive
with real-tine NASBA. 35 WO 03/057914 PCT/ GB03/00034 - 74 Table 11:
statistical distribution of HPV in sanples with PCR and real-tine NASBA
PCR % NASBA % 5 Total @GR ed %73 779 NatBl positive 190%24.6 110[14.2
sanpl es §PV1§ ﬁ,%a|ZAnp1e HBd.5 | HPV18 157713 15 13.6 10 HPV31 19 17|24 21.8
HPV33 13 12 15 ,““"1" 78 6".6’ —Ti3 Fabte—t2+—cor M.ucuw et ween
PCR and real - ﬁﬁ%"“w&éw Rt at] B8t h %|APy % % only % % Pt POR| ( PCR)
(Total) NASBAshASIBA (totial ) PV 16 87 56 64.4 34 41.0 39.1 3 5 3.4 20 HPV
18 20 10 50.Q Apvi6. 7 35.333 2&7)}5.0 HRY 31 27 16 59.3 3 5.8 11.1|/5 20.8
18.5 HPV 33 [I¥pvifl 55.6{3523. 1 136. 7 4 (26. 7 22.2 25 Tabll|e13k3: Real {tine

NASBA regul t S {831 19 17 24 218
HPV33 13 12 15 13.6
HPVX 78 69.6 - -
15 Table 12: correspondence between PCR and real-time
NASBA
Total Both | % Only % % Only % %
tests PCR+ | (PCR) | (Total) | NASBA | NASBA (total)
HPV 16 87 56 64.4 34 41.0 39.1 3 5 34
20 HPV 18 20 10 50.0 7 46.7 35.0 3 20 15.0
HPV31 | 27 16 59.3 3 15.8 11.1 5 20.8 18.5
HPV33 | 18 10 55.6 3 23.1 16.7 4 26.7 22.2

25 Table 13: Real-time NASBA results for L1

Total | %
L1 (NASBA) | 45 100
L1+HPV 16 | 37 822

30 L1 alone 4 8.9
L1+HPV1S8 | 1 2.2
L1+HPV31 | 1 2.2
L1+HPV33 | 1 22

35



Total % LI (NASBA) 45 100 L1 + HPV 16 37 82.2 30 LI alone 4 8.9 L1 + HPV
18 1 2.2 LI+HPV31 1 2.2 L1 + HPV 33 1 2.2 35 WD 03/057914 PCT/ GB03/ 00034
- 75 TabWwe 034s579Genetic specificity of real-tinme multipl epCTNESBAIGOMPar ed
to PCRNASBAHPY (PCR Total 5 Primers Nunber 6/11 16 18 31 33 35 39
45 515258 X1622810110050®2 181118010001001 .31
101131501100010331202122012001 452111110
17 1 0 01 Sumtested 43 71 36 32 25 23 2 23 31 1 2 201 490 15 Table 1l4a:
DNA sequenci Mad YoM PS5cePERL prspecsf{abtytof bealrcimndeduiniphexarticl e)
Int No HPV t PCR HPV, t PreTect HPV type by Sequencin

HPV- Pr oof er %%E%§¥) 1%g%¥%¥ 20 152 35 35 2655y58 28 2922 33 33 33
2942 18 18 18 2987 16 16 16 25 3016 33 33 33 3041 35 35 3393 35 35 3873
16 16 16 4767 18 18 18 30 5707 18 18 18 845 X 39

NASBA HPV (PCR) Total
5 Primers Number
6/11 16 18 31 33 35 39 45 51 52 58 X
16 2 28 1 0 1 1 0 0 5 0 0 2
18 1 1 18 0 1 0 0 0 10 0 1
31 1 0 1 13 1 5 0 1 1 0 0 0
10 33 1 2 0 2 12 2 0 1 2 0 0 1
45 2 1 1 1 1 1 0 17 1 0 0 1
Sumtested 43 71 36 32 25 23 2 23 31 |1 2 201 490
15 Table 1l4a: DNA sequencing from Gp5+ PCR primers (not to
be included in the article)
IntNo HPV type by PCR HPV type by PreTect| HPV type by Sequencing
HPV-Proofer (BLAST)
1272 16 16 16
20 152 35 35
2655 58 58
2924 33 33 33
2942 18 18 18
2987 16 16 16
25 3016 33 33 33
3041 35 35
3393 35 35
3873 16 16 16
4767 18 18 18
30 5707 18 18 18
845 X 39
Discussion
35 Sensitivity of real-time NASBA was generally

better than the sensitivity of PCR. The general
sensitivity of real-time NASBA for all the markers
were between 1 and 10? cells, which is considerable
better than for the PCR reaction with a sensitivity
40 range from 10% to 10%. As expected, the sensitivity of

the specific primers and probes were better than the



Di scussion 35 Sensitivity of real-time NASBA was generally better than the
sensitivity of PCR The general sensitivity of real-tine NASBA for all the
mar kers werog/obmineen 1 and 102 cells, which is consider alvica/Gryaivaess t han
for the PCR reaction with a sensitivity 40 range from 102 to 104. As
expected, the sensitivity of the speebf+c prinmers and probes were better

t han the WD 03/ 057914 PCT/ GB03/00034 - 76 sensitivity of the universal
prinmers and probes. Real-tinme NASBA was just as sensitive or nore

sensi tive tharenssa i-wtiite afulthepluex WASBA. 5 iReals- tainge pNaASBA -pri ners and

mol ecul ar beagan —prpbeudiseched fanards JiA (a umnpouse keeping  gene)
were used as a perfornmance contrc? sanple material in the real-tinme
NASBA r eact i 0¥t tehiurtdan W@ta]{‘ﬁfelwqﬁltﬂiéxséw@l% ‘material was intact. A
10 positive signal fromthis reaction was necessary for a validation of
the real -tinme NASBA reaction. The sensitivity of the universal real-tine
NASBA wth L1 (th‘&amimrmecamﬂﬂk @fmm@irrs efndHRY)L ewad amutleatonbet t er t han
for the uni Vers 5+/ a Cct, g t

sensitivity dat* %ﬁecqeda%e‘{qraelj 5 Ul%bB% 2 %gl?ss clek:elegwn'igﬂese t wo
priner sets qRCR a«rﬂjfel\lAM avaee ptelreﬁorrntam@etcmtrrqlh@fsé;ﬁr@ se@gilen of the
conserved L1 of1 dif fgfente HRPVY 120 taReS. ERe cdiff @IeRe@iren sensitivity

may be due to e fact that there iIs usually aqne copy of each gene per

cell, while tbﬁbatcdﬁsﬁ M SRRy N5 eddddr #1325 RifdEdsP® The real -time
NASBA Lio pri redssi vk noilgndet@en SnHs QfeaHQh@nCGlldsS naselshe rgpFoi64a PCR

primers 25 did dlcatl lLack of L1 ex ion in.these cell lines.
Gp5+/ 6+ PCR p‘fal]ﬁé:ras TRt & ézﬁlei(ffaél :gaWL T£89% Neonsi deri ng t he
anount of HPV copies in each cell, it rrakes sense that the CaSki cells

were detected in 1/10 the anount of cells from Si Ha and 30 HeLa since
CaSki cells have G6GENHERAYigdgivefpdhme universal real-time NASBA

with L1 (the major capsid protein of HPV) was much

15 better than for the universal Gp5+/6+ PCR, also
directed against L1, with a sensitivity of 10 cells
compared to 10%® (10%) CaSki cells. These two primer
sets (PCR and NASBA) have their targets in the same
region of the conserved L1 gene of different HPV

20 types. The differences in sensitivity may be due to
the fact that there is usually one copy of each gene
per cell, while the copy number of mRNA may be several
hundreds. The real-time NASBA L1 primers did not
detect SiHa or Hela cells as the Gp5+/6+ PCR primers

25 did, indicating lack of L1 expression in these cell
lines. Gp5+/6+ PCR primers detected 10 SiHa or Hela
cells. Considering the amount of HPV copies in each
cell, it makes sense that the CaSki cells were
detected in 1/10 the amount of cells from SiHa and

30 HeLa since CaSki cells have 60-600 HPV copies per
cell, both integrated and episomal, while SiHa cells
have 1-2 HPV copies integrated per cell and Hela cells
have 10-50 HPV copies integrated per cell. The L1
primer set detected only CaSki cells, with both

35 integrated and episomal forms of HPV, and not in SiHa
or Hela cells, with only integrated forms of HPV. This



cell, both integrated and episomal, while SiHa cells have 1-2 HPV copies
integrated per cell and HeLa cells have 10-50 HPV copies integrated per
cel |l . ThewbDDb3opmidsrer set detected only CaSki cells, wth porlcE3/00038egr at ed
and episomal forms of HPV, and not in SiHa or HelLa cells, with only
integrated forns of HPV. This WO 03¢ 067914 PCT/ GB03/00034 - 77 m ght
indicate that the L1 gene is only expressed in episonmal states of HPV
infection, and therefore L1 may be a valuable marker for integration and
persi st ence nafghtiP\ richifeentd drhath thiee LAPYengpe-ss pediyf iexpd&SBAdpLinner s ar e
directed ag e t SCLipf i r ressed in
| ar ge anount ae%ﬁr}%coz;&r15{:lergttg\%elg %(ﬁ[\ﬁq Ec%l?tt f“@er’%\@%’regg)ﬁt %lTﬁér})’r eal -tine
NASBA 16 typ&®el® spdaiable prantkars fgat é@ttéafrfGepp Sinda Pea1si$ tERES10( 1)

CaSki cells camaned 4ad#B\Vnl6 PCR priners that detected 103(102) SiHa
cells. The explanation for this mght be the different anount of HPV

copi es in each ceII Iine The CaSki cells have both integrated and 15
epi sonal forns of | e SiHa h i,ntegrated_ forms of HPV. This
may be due to hig he%<61 qy(?ﬁe OF°S r‘}%s A%B éqf—_ng/rl‘% AJ&Ends e Sreﬁdet ection

of CaSki celdggindte et efaﬂllorlelngmht Ef6dlE7t NeaNASBApIHPVWb@chpairﬁer s wer e

10(1) CaSki \r e Ki; 12 || M st kg eH
prinmers. Thi ;é‘?!lﬂsr%sgsgﬁ:’al A ahcde l Sarth Isce(hs IaEjat @}éh% CaSkl cells

I ar, ut an exp anation %
contain frorﬁ%@%(ﬂ?%pﬂr@w HEre1 g epNAt 188 NASBA tL6 $YPSossible to
detect {h1 C%%@c:@@'d Mirtdy 5-RA dd¥dl6 0 (DINASGERI @21 1Ehenower 1gensi tivity

of real-time BA ared to P i cate that the expressi on of
E6/E7 in the ?31]155 WRAFFE é:togﬁlpg}sv?i%%g%‘aé’étlim&ﬁs (ﬁmt%he Enstabl e mRNA
may al so be ateteleahadtG’omn0?) Tl Hanmiints .ofTHdP\é xpdpirest iiom tiver GaSld cel | s
may be in the . order, qf, 6%1%‘}%1:5&@9%{11%‘}1‘% %Jl}a@{P'Vnco%%egl Hg eghhs, 30 which

i's shown by tnhl nore senS| i've
cell line. The CaSki cells have both integrated and

15 episomal forms of HPV, while SiHa has only integrated
forms of HPV. This may be due to high expression of
mRNA from the E6/E7 genes. For detection of CaSki
cells, the detection limit for the NASBA HPV 16
primers were 10(1l) CaSki cells compared to 0.1 CaSki

20 cells for the HPV 16 PCR primers. This is peculiar,
but an explanation may be that the CaSki cells contain
from 60-600 copies of HPV 16 DNA, so that it is
possible to detect 0.1 CaSki cells with 6-60 HPV 16
DNA copies. The lower sensitivity of real-time NASBA

25 compared to PCR may indicate that the expression of

"E6/E7 in the CaSki cells is moderate/low. Degradation
of the unstable mRNA may also be an explanation. The
amount of HPV copies in the CaSki cells may be in the
order of 60-600 times more than in the SiHa cells,

30 which is shown by the more sensitive detection of
CaSki cells. '

The type specific HPV 18 PCR primers detected 102
Hela cells. This is a magnitude of 100 better than the
35 HPV consensus Gp5+/6+ primers and states that specific

primers are generally more sensitive than consensus



CaSki cells. The type specific HPV 18 PCR priners detected 102 HelLa cells.
This is a magni tude of 100 better than the 35 HPV consensus (p5+/ 6+
prinmers awoososmes that specific priners are general |y noPeT&BISI0G3Ye t han
consensus WD 03/ 057914 PCT/ GB03/00034 - 78 priners. The sensitivity of
the type specific HPV 18 NASBA pritret® was 1 (0,1) HelLa cells, indicating
high expression of E6/E7 in HeLa cells. 5 The sensitivity of UlA NASBA
primers was 10 SiHa or CaSki. The target for the ULA primer set is a human
housekeepi ng @ﬂnmndmatThes seqwidgdsed vi o fevérey thpeaspecdlfiic HEVTRE

sensitivity gGA q?é%s%qu“ %Slf orerd feanent iRGivRN 198t highd sanpl e
mat eri al , gener a )éfs)eE/EﬁpeCI | C pI’IrTEI’S are nore sensitive than
aiif!

consensus prlﬁ?ﬁ?%escﬁ}é?rt @ﬁo {+dsn  consensus prinmer sets. The
anneal ing tenperature for 15 the prlrrers in-the PCR reaction can be
optimsed, giving optimal reaction condition for the prinmers. In contrast
to the apneal i ng t'lem)es"éﬁswtaviﬂtyP@:f Ulhre NAsRAe glriimg rise mper 410uiSé Haor t he

NASBA pri ners i a 4 C bilit
20 rrayprrake tHe A p{rk} n&%srq es;f%sre-r%et |Ulv12‘ g (c}ffmegre%g gtSU{ ﬁgfrl]ﬁnt%ﬁ' boR

priners. PCR reonde{aasidpuysne sthednded eBPRA ese h@ eaeget humgnysual | y
present as ong copy per cell and this nakes 25 it vulnerable to the nunber
of cells in the sanple material. The target for the NASBA reaction i s RNA,
and mRNA may be present as nultiple copies per cell, dependi ng on the

o S o L 1° TS ORI o SEE Bl L3 g exr eosed, the
to detect. dsdiV¥¥drerntelmtines settsalirel isantdie oelterdrd ,t ked materi al stays
o 2Ot ool o RGP ¢ YU i inidt 1A PBNB 95007 21 Y ot
than consensus primers due to base pair mismatch in
consensus primer sets. The annealing temperature for
15 the primers in-the PCR reaction can be optimised,
giving optimal reaction condition for the primers. In
contrast to the annealing temperature in PCR, the
annealing temperature for the NASBA primers must be
fixed at 41°C. This lack of temperature flexibility
20 may make the NASBA primers less sensitive and specific

than the PCR primers.

PCR amplifies double stranded DNA and the target

is usually present as one copy per cell and this makes

25 . it vulnerable to the number of cells in the sample
material. The target for the NASBA reaction is RNA,
and mRNA may be present as multiple copies per cell,
depending on the expression of the genes. By choosing
a gene that is highly expressed, the mRNA copy number

30 may be several hundred per cell and therefore easier
to detect.

dsDNA is relatively stable in the cell and the
material stays intact for a long time. In contrast to
35 dsDNA, mRNA is generally not very stable and



WO 03/ 057914 PCT/ GB03/00034 - 79 degradation of nRNA is rapid dependi ng
on the cell. There is no detected DNase or RNase activity in the |lysis
buf f er sowbaths®sDNA and ssSRNA shoul d be stable. Autocat CTtGRo3@a03iHVity
may degrade both DNA and RNA. 5 The DNA/RNA fromthe cervix sanple should
stay intact, when stored in the lysi®buffer, for 24 hours at 15-30C, .7
days at 2-8C or at -70C for long term storage. 10 Alimtation in the
real -time NASBA reaction is the concentration of the nol ecul ar beacon
probes. The daynatta tgforprodd RN iisl Iragicle dérendiognoentthat iced lof  t he

mol ecul ar Priabes, Q%ctetcl?: L TNR ¢ torV“RlNlas'%OtactQ%l‘%‘ilt 8¢t gfebecause a

hi gh nol ecul a eacon concentration w | make the reaction m xture

more conpl e ¥ iR s dsiiasinen Slsgél@t iSHRULldNGE® e48Pd€s may al so
be a limtat |Pthdc%ttafle_{ﬂcl|d1Q1|ct1arrﬂtl§ﬂﬁna@'f dteb@aa@pholofchchoran@r ednct , bot hin

the PCR _ and th reacti on. The final tration.of 2 he
anpl i fi et pr%l?ctDM%értogbl S T Pﬁfnpﬁgr 3 8 & Fitéat (1o 25 éause of
t he amount ofwhEroducireahd it e domplsebitfyfeaf, tfloe Rdatiiuars ritxt ure. During a

NASBA reacti he, enge ~0of, ecul.ar -he rgbe m ght
conpete with ]?:ﬂejogr%l [ f:%{: t %ﬁ\t 7% 8Z?hyblré:tdl g:angcggﬁt %tg?l{%e%%l glt e, making it

unavai |l abl e fggrorafgsi-l owi ng RNA synt hesis. In this way, RNA is subtracted
as substrate for the reverse transcription steps and further RNA synthesis
by T7 RNA pol ynerase. This conpetition is not significant with | ow amounts
30 of npd ecul ar beaadmi tard om tik &hléi g@aanrmumte ol sBapIreeudtdionbéacon this

b on S D YRR O 3. DUATRD DUISET, RLoBOR SY Rl ML A The
ti me-to-posi taimmlrs: gxfalpnmcttesstwadl iex caetiethkolcdnsenitada tdionuifons  of
different HP%&%?Hofggéﬁy %%% SEQ%QQS ggo%ﬁeréf%Qe it will not
be detected because a high molecular beacon probe
15 concentration will make the reaction mixture more

complex and inhibit the amplification reaction.

Nucleotides may also be a limitation to the final
amount of the amplification product, both in the PCR
and in the NASBA reaction. The final concentration of

20 the amplified product may in itself inhibit further
amplification because of the amount of product and the
complexity of the reaction mixture. During a NASBA
reaction in the presence of molecular beacons, the
probe might compete with the amplification by

25 hybridising to the template, making it unavailable for
following RNA synthesis. In this way, RNA 1is
subtracted as substrate for the reverse transcription
steps and further RNA synthesis by T7 RNA polymerase.
This competition is not significant with low amounts

30 of molecular beacon, and with a high amount of
molecular beacon this inhibition can be overcome by a

higher number of copies of input RNA.

The linear relationship between the amount of
35 input RNA and the time-to-positive signal was tested

in a ten-fold serial dilutions of different HPV cell



lines. There was a clear indication that a positive signal was dependent
on the anount of input RNA and tine. The nultiplex reaction needed nore
ti me t harwOha/os®ifgl e reaction to show a positive signal. PChiGBogiogiss 5 be
due to conpetition in the nore conplex mxture in the multiplex reaction
vessel and also to the fact that thesdndtiplex reaction has a different
and | ower concentration of primer and probe. The relationship between
anount of target RNA and tinme to positive 10 signal opens up for a

real -time nulltindsex Therd ivadt iaveleanplindicattiion rtéadt imoposiitth vient er nal RNA
standards in _.each react] V. el . | -t A Si N mul ti pl ex.
Real -ti me NASH: 3?5 w\/\a/}s CJge%n%enr a%l%y oﬁor%zl%sgwgglﬁt\%%ﬁgﬁ%ﬁg%%t :él?rrig mul ti BI ex
NASBA. This Weisneas Thepeutlad deragse obfiogomeeded o risetbwden thanndhs and

probes in theMyitd e RAF P Rhow! e gsnali veORagpENat iTgA sOfilhitmer s and
nol ecul ar beacon probes were optimsed in the nmultiplex reaction 20 so
that foro at IRastuede fompst ifriioRerl faftdSproBse SOM®lerhBi&sNEENtFati on wer e

| ower than i nHheuslitigex eadidion veisemlt kingl iall sholdoowset fatctwi th a | ower
concentration of priners, the |less sensitive the eactiqn,, or._at |east the
less rapid t arteg:c,kﬁ &Jifltlltqué‘ WiA© tlé%le&ﬁagnﬁefi%fifrﬁget“% PESCAOF %é:

exponenti al staagentofattive afplhrfineat isowd peadbiei.oThend etla¢riehshépl onger tine
to detect th ct rath@n .00 %h&e R PBILS tWhil not be a
limtation tg)%"}e&ﬁ na ou_qc}gr??gﬁt%‘r tion of al?ihe pr(()_educ(:)t IE;:ar? t he NASBA reaction
30 becdifse t e dublaredts Al P DRA reéfdattdder Frhttiipd eXpaugditd tRitHVecont i nue

to serve as N idlA ff At iBNAWRRhY TRias® Qv @iNpaReE a9¥a-ddgainn in a
| oop. The sen3|t|V|té of nmultiplex real-tine NASBA was the sanme for HPV

16 and HPV 1§ 49 Si9Tg1% ‘real -time 35 NASBA, but the sensitivity
for L1 decreased drastically froma detection limt of 10(1) in the WO

03/ 057914 PCT/ GB03/00034 - 81 single reaction to 103(102) CaSki cells in
t he Real-time NASBA: single vs. multiplex. Real-time NASBA

15 was generally more sensitive than real-time multiplex
NASBA. This was as expected because of competition
between primers and probes in the multiplex reaction.
The final concentration of primers and molecular
beacon probes were optimised in the multiplex reaction

20 so that for at least one of the primer and probe sets
the concentration were lower than in the single
reaction. From this it follows that with a lower
concentration of primers, the less sensitive the
reaction, or at least the less rapid the reaction. It

25 will take longer time to reach the exponential stage
"of the amplification reaction and therefore longer
time to detect the products. The concentration of the
primers will not be a limitation to the final
concentration of the product in the NASBA reaction

30 because the double stranded DNA created from the
primers will continue to serve as a template for the
RNA polymerase over and over again in a loop. The
sensitivity of multiplex real-time NASBA was the same
for HPV 16 and HPV 18 compared to single real-time

35 NASBA, but the sensitivity for L1 decreased
drastically from a detection limit of 10(1l) in the



mul tiplex reaction. For ULA NASBA prinmers, the sensitivity decreased from
10(1) to 102(10) SiHa <cells, while the detection limt remained the sane
for 5 thewOaSls7oe€l | s. This decrease in detection |imt negT/dBE3t0003A0r €
conpl ex conpetition of prinmers and nolecul ar beacon probes in the

mul tiplex reaction. The final concen8tation of prinmers and nol ecul ar
beacon probes may not be the best and the different prinmers 10 and

mol ecul ar beacon probes in the multiplex reaction may interfere with each
other. The U #AimNASBA qurdtnens talet®@dfel) ICa#ta oells Oneché ght expect the

same detect I@Sléﬁf%] ngaaég 1ddhe E“tg ly1d %Bpp'ﬂrltr%ﬁrds Caecg[:é tivity of HelLa

cells were 1/ tection | evel cells. These
cell |ines areenginceittadereni®d HesPilghtl )hdwe 1P AL8) eftHRnpact on the

gel Lls SO tga;?éiues e)@mﬁ:%s"&ﬂ? Qicetléi]el%llo% Q.l]cnflﬁ:r &fimainEe tgié fﬂn@q]gﬁ» may al so
e ue t | erent _anou (0] ce n eac reacti on, cause o0 count i ng
o i

errors dur iy TR eLs qesaS%eHﬂ SRS INASR Yo cross
reactivity et weemdiRV/ ddmp c&hmpmﬂit&:bmroﬁmmm% @ndl, 35, 39, 45,

51, 52, 58 or @V Xlar2]§o Thceonsg%col fl Clt tn{he_L R arge C%quyﬁ better

t han the spem?l cit y o A‘reac cause the SBA
reaction is ahinasbtdmraest radaictr (ﬂf panlmar@ \mt%nme@slﬁrblbqatqcéls t o change

t he anneal i ng, 30,4 &gy e}w & g U MBI thEQUR ARG YamRas cally
designed the sanme way "as for the PCR prinmers. In a PCR reaction, you have

t he posk{ bi | 1384 theP kg tf?@coéhtﬂé%ﬂkier?g e AU PLe¥ FERATESX to t he
NASBA reactimdy anekiherehorm crosewreanmer g Imdsmeariaidise that is

Speci 11 c. ‘”Thte 6 05 b SR P oS T0g3A"s. FPe RO et where. ¢
vi sual i zed widdraetiel detwadphior eslils.theButeltlhd imelsscidwr thwacon probes in
the real-tirm%£#§¥%ivity of Hela cells were 1/10 of the detection
15 level of SiHa and CaSki cells. These cell lines are

cancer cells and they might have different impact on

the cells so that the expression of UlA is different.

The differences may also be due to different amount of

cells in each reaction, because of counting errors

20 during harvesting of the cells.

Real-time NASBA showed no cross reactivity
between HPV 16, 18, 31 and 33 or with HPV 6/11, 35,
39, 45, 51, 52, 58 or HPV X.

25

The specificity of the PCR reaction may be better
than the specificity of the real-time NASBA reaction
because the NASBA reaction is an isothermal reaction
at 41°C with no possibilities to change the annealing

30 temperature of the primers. The primers are basically
designed the same way as for the PCR primers. In a PCR
reaction, you have the possibility to change the
annealing temperature, in contrast to the NASBA
reaction, and therefore choose an annealing

35 temperature that is optimal for the two primers. This

makes the annealing of the primers more specific. The



reaction is an additional paraneter conpared to PCR and therefore may give
the overall NASBA reaction a 5 better specificity. It is also easier to
find two woiBfsrent regi ons on the DNA sequence for prinmercCTaBmabisag
because there is nuch greater flexibility in the length of the PCR
product, than for the NASBA product,82htch should be | ess than 250 bp. It
is 10 inportant for the specificity of the NASBA reaction to choose a
uni que area that is not conserved anong the different HPV types. A couple
of base pair RiRsmEstHes wisrestiilduadiivedaw idimplgefli edtsiagr ophobrglsrisdi sat i on

of  Lhe targthye kDGl Add ool %a%%'ra o201 @4, A0 qmtwgams(ehat e)

cells with the univers rs an
i ntegrated) mBagfiien df dmdddittionalh R raned@ratcennamedddes R show any LI

20 expressi oyndWiHS HRVEd md gy i8Rl so@Blovalaha MesHavRaddio@xaressi on. In
summary, _an identification assay has baﬁfot devel o ed for HPV type 16, 18,

31 and 33 th&etdEET BPeddirHtely itdert i ﬁés&ﬁ odénifd PEB/HE? expr essi on of
these HPV typRSfeHntassay cvan ol she et iskyjuehee eor gediner of the maj or

capsid proteln Ie3Frther c udy ts
Patients/ d i (i ¢: a]llélrgpl%e Soepsﬁll!léasref FSm L %(51 %e%tteq: fll%xj‘é%qll%%'le stf oI d
central - hOSpltth'ﬁ Yeorgtitr et et BSR @rduett héhger ifod theoQASEA]. The mean

age of the 190 yopen inglyded il Bpe hes%t lt@ksénwe%o%pfl yeans (range 22-74
years). Biopsies WO '03/ 057914 PCT/ GB03/ 83 were frozen in -80C

i medi 2®ly MEaTtesll oy dhe Segﬁ':dlf&@lééa Oéxérlhené’ﬁs&%\ Frasiipred CThe
routine cytolo@eal o epdidue Wi ued tie MeEordnse rédolaagingakhki ndi ngs. No

attenpt was rga(%eferent %ng%lylf)%tse t73xh%o§1|pll%lae%f %acsbe %%%roklts%%@clhndl cated a

may still give an amplification or hybridisation of
the target.

15 '

Detection of CaSki (integrated and episomal

state) cells with the universal L1 NASBA primers and
not SiHa or Hela (both integrated) may give an
indication that integrated HPV doesn't show any Ll

20 expression, while HPV in the episomal state may have

L1l expression.

_ In summary, an identification assay has been
developed for HPV type 16, 18, 31 and 33 that can

25 accurately identify the oncogenic E6/E7 expression of
‘these HPV types. The assay can also identify the

expression of the major capsid protein, L1.

Example 3-Further clinical study in 190 patients

30

Patients/Clinical samples

Biopsies from 190 women admitted to @stfold

central-hospital for treatment of CIN in the period

1999-2001. The mean age of the 190 women included in
35 the study was 37.4 years (range 22-74 years). Biopsies



CINII-111 condition, i.e. a high grade dysplasia or HSIL, which was the
basis for hospital adm ttance, col poscopy and bi opsy. 10 Hi stol ogi cal
exan nat i wo 3fosmaspl es A bi opsy, here ternmed biopsy 1, waecrakes/oedier a

hi gh-grade cytology report. If it confirmed a high-grade lesion (CINII or
I11), the patient was 15 again admitt&8¥ to hospital, this tinme for

col poscopi cal ly gui ded coni zati on. Before the conization, but after |ocal
anest hesia was applied, a second biopsy (biopsy 2) was taken froman area
of portio wherre o mypl dgi a 8046 mosedipkely abtbe 20llechipsed, judged
fromthe gross findings. This biopsy (2 x 2 nm was frozen within 2
mnutes in a -80C freezer. Biopsy 2 was split in two when frozen and half

25 was used fQFt%i%\gﬁ dhAGdtAbdn Ufes@#reshalf was fixed in 10%

buf fered formal dehyde and processed for I st opat hol ogi cal exam nati on.
Sone | esi ons Tes eeqdtina emitedtdgy cerli &reRed tisn welre  pdea ftion 1siceé and had to
be reord ent edQf1 ErdAl SeehiinRed N 2l Qa3hawdche 30 rel evant surface
epithelium Consequently, it cannot _be guaranteed that exactly the sane
tissue was userS¥oiuatife e sdddcon ERE o R AiheopatRersGe Al

eval uati on. T cone Speen@n,idn, ndl.ley, avas gdvajraatieedy sy atsha loacal

pat hol ogi st in.all cases,could.35 confirm.the presence of dysplasia.

It was not al \)@1(%7 6’??9%5’% /Sélioﬁ)(foélffpl-tag4adf%§t§§r?%’grade as in

t he origi nal dunlgpsscomndnd mim@sy . cases, not the sane as in biopsy 2.

Extractjon of nucleic acids 5 Nucleic acids were isolated using the
aut omat’¥  Nucl i sens Extractor as previ ously described (Boomet al.,

1990). Each mi%q%%aqutega%ﬁmi@ne%qs,sa%qmesi nt ended for histol ogical
exam nati on and the ot her a or anal'ysis. The material intended for
RNA A biopsy, here termed biopsy 1, was taken after a
high-grade cytology report. If it confirmed a
high-grade lesion (CIN II or III), the patient was
15 again admitted to hospital, this time for
colposcopically guided conization. Before the
conization, but after local anesthesia was applied, a
second biopsy (biopsy 2) was taken from an area of
portio where a dysplasia was most likely to be
20 localised, judged from the gross findings. This biopsy
(2 x 2 mm) was frozen within 2 minutes in a -80°C

freezer.

Biopsy 2 was split in two when frozen and half

25 "was used for DNA/RNA extraction. The other half was
fixed in 10% buffered formaldehyde and processed for
histopathological examination. Some lesions were not
correctly oriented in the paraffin block and had to be
reoriented or serial sectioned in order to show the

30 relevant surface epithelium. Consequently, it cannot
be guaranteed that exactly the same tissue was used
for the extraction and for the histopathological
evaluation. The cone specimen, finally, was evaluated
by the local pathologist, who in all cases could

35 confirm the presence of dysplasia. It was not always



10 analysis was divided into smaller pieces while kept on dry ice (-80C
and put into 1 m of lysisbuffer (as above) followed by 20 seconds of
honogeni swDiodn051984 ng di sposabl e pestles. 100 m of the saeplGBodasosfiurt her
diluted 10 fold in lysisbuffer and 100 mMl was then 15 extracted for

DNA/ RNA. The extracted DNA/RNA was -ef4ted with -40 m of elution buffer
(Organon Tekni ka) and stored at -70C. Al nolecular beacon probes used in
this study 20 enploy the fluorophore FAM (6-carboxyfluorescein) at the
5'end of the ©te wotng arafd Sads! thoumd igd na lvadiossive sinen Iidopladgquence
coupl ed to the g ve{salenAuenehels 4« 4.¢ .| am nophenyl azo) benzoi ¢ acid
(DABCYL) at the 3''end. The probes were delivered by 25 Eurogentec, Bel gi um
Fi nal concentration of MBs used in the reaction was 2.5 nM For the

real -time NASBA we rrade se_af the Nu | i Sens Basic Kit (Organon Tekni ka,
Net her | ands) ,=4Atenrdes aicaavicaacy rent of user-defined RNA .

anplification ass%le-m,'e M%%Av?&eamdlfalt@@t 3N 4R S HeAlhitRthaled i N a
vol une of ZOé&@?T e priner-sets and pr.obes were di rected a a| nst

full-1ength SHRNA FPTTT A Thidgh HhHeIK oY Y1 6leps T ibefl (Bog
performance cantralgod)o @t Hzﬁipﬁa@ wa@g&mitvanresml s edhess, t@n@laegr adati on of

nucl eic acid S A t the human
Ul snall nucllen:}r eb%n%c ée}“olpro %lc %%%Qg?%%li%&%% 3/00034 -
85 specifichlfy dicen rRI\(PUBdnaiRNBc)S (Nrélla gedierélalintengiet) forARNAsanpl es
Were rufgin dypl nggtse WS SERATRIE lwlsar%al t@qure%lsamlrl%a%ﬁ far

measuring fluore nce and absorbance, Bi o- 600 FA from MAG). nRNA 5
i sol at ed frofaSkd Si180°6) RedaPBEl L8teetvBY a8 LpossPriEeEohifol s for HPV

16 and HPV 1&yddwascdiNiced n@,smctse\&inws NeFg ailoimery e@@Riafalos, usielguded for

ever?/ ZO r eacéllsoprgsacbolnempset&cl r ea(‘lt QN t%%ntsgalmrfl)llng Waalsl furr%%%%nt S except

diluted 10 fold in ly51sbuffer and 100 ml was then

15 extracted for DNA/RNA. The extracted DNA/RNA was
eluted with ~40 ml of elution buffer (Organon Teknika)
and stored at -70°C.

All molecular beacon probes used in this study
20 employ the fluorophore FAM (6-carboxyfluorescein) at
the 5'end of the structure. This was bound to a
variable stem-loop sequence coupled to the universal
quencher 4-(4'dimethylaminophenylazo)benzoic acid
(DABCYL) at the 3'end. The probes were delivered by
25 _Eurogentec, Belgium. Final concentration of MBs used
in the reaction was 2.5 mM. For the real-time NASBA we
made use of the NucliSens Basic Kit (Organon Teknika,
Netherlands), intended for the development of
user-defined RNA amplification assays. The NASBA
30 amplification was carried out in a volume of 20 pl.
The primer-sets and probes were directed against
full-length E6/E7 mRNA for the high-risk HPV 16,18,
31, and 33. As performance control, to avoid false
negative results due to degradation of nucleic acid,
35 we used a primer set and probe directed against the

human Ul small nuclear ribonucleoprotein (snRNP)



HPV DNA anal ysis; Pol ymerase Chain Reaction The sanme extracts and anmounts
as used in the NASBA reaction were used for PCR The L1 consensus priners
Go5+/ Gpowamsessed to detect all sanples 15 contai ni ng HPUTONA3/0TI3e PCR
anplification was carried out as described above. The first DNA
denaturation was done for 2 minutes & 94C, then 40 cycles of PCR were
run: denaturation 1 mnute at 94C, annealing for 2 mnutes at 40C, ,
extension for 1.5 mnutes at 72C, 20 foll owed by a final extension for 4

mnutes at 72Recifig fy poUEW vidd Fpaiér nediedyl sseimgtPer -ty e dpeci fi ¢
primers agai nst] Hdi® s 3@ r3kurdng 3Ridib/chke 39 APpara?d maehiddk, as

descri bed above. 25 Results Oiginally 190 patients were biopsied after
being given {HEWRAGIGIEANT T MeEsSUEHing NYoresyensg 6RGgy. A
hi gh- gr ade | esi syrbv@sc<,orf gtk - d0ostFel dgicealMns)examryat i on, 150 sanpl es

di agnos as 30 CIN I 7 99.., Bi.ops t.aken .bef ore coni_zation, was.
used fo(rastNA ]a%%éi/tseiés.gﬁﬁfg?/\g{}%ﬁl/rﬁlﬁol%g%ce&la Cée;(lalns”’l ﬁ'z‘ftrivt()eﬁ1 6 this bi opsy
di agnosed onlpe$iX iseaes radfs thve difVgiltaldnd HRY 48 CrrHnisicrip54.were gi ven

no diagnosi I ; e AN | N n
HPV/ condyl onjsf.e%ﬁée&nlmy' ofe%%lt%v:gl éggr%%égs' ?ﬁc%rlggggd%foﬁo%@fgzg, 4% to 30

(15, 8% [by HAGIGYYy ICONSigegbPS14 PERCEE0Y Goo341ningsalds di agnosed as

CANIIl, 4 assdPddds kaprcarmmom and 1 as CINIT. 12 CIN Il cases from
Hi stology | were given a |ower diagnosis in Histology Il1]. The degree of
CIN | iHtreased from6 sanples (3.2% to 32 sanples 5 (16.80). The 2

squanous cel IHEg:Var | QTS vere i lHimstr%Is%g Ial. di ag CES_L%% as CINIII, the
adenocar ci nom%%ﬁ%%?r%%—w ; S de lesions were
not detected. 10 HN¢ anaRgeNtaINA W@l delretted alsh us@d( 36%thef the 190
?ghhgnzg'(gg Zﬂ§g§§§§gﬁ§&§§d&%%%%s%da%%gs%%RﬁsT%%NLlIE%n%gngh%t0|09y T, we
primers Gpb+/Gp6+ were used to detect all samples
15 containing HPV.DNA. The PCR amplification was carried
out as described above. The first DNA denaturation
was done for 2 minutes at 94°C, then 40 cycles of PCR
were run: denaturation 1 minute at 94°C, annealing for
2 minutes at 40°C, extension for 1.5 minutes at 72°C,
20 followed by a final extension for 4 minutes at 72°C.
Typing of HPV was performed by using PCR type-specific
primers against HPV 16, 18, 31, and 33 (6/11, 35, 45,

51, 52, 58), as described above.

25 ~Results

Originally 190 patients were biopsied after being
given the diagnosis CIN I, CINII, or CIN III by
cytology. A high-grade lesion was confirmed by
histologically examination, 150 samples diagnosed as

30 CIN III (78.9%). Biopsy 2, taken before conization,
was used for RNA analysis. However, histological
examination of this biopsy diagnosed only 53 samples
of the originally 150 as CIN III [54 were given no
diagnosis, 24 diagnosed as CIN II, 18 as CIN I, and 4

35 as HPV/condylom]. The number of CIN II samples
increased from 16 (8,4%) to 30 (15,8%) [by Histology I



HPV 16, 18, 31, or 33 oncogenic expression. In addition, we found
oncogeni ¢ expression in 9 of 30 15 cases (30% of .CINI1I, in 4 of 32 cases
(139 of WDN3/057914 n 14 of 71 cases (209 not show ng cel | PCaleBIBHBILLI es,
and in 2 of 4 (50% sanples diagnosed as HPV/condylonma. 20 HPV 16 RNA was
found in 42 of the 190 patients, HPMA8 was found in 7 (3.7%, HPV 31 in
15 (7.9%, and HPV 33 in 8 (4.20). One patient had mxed infection wth
HPV 16 and HPV 18, and one with HPV 16 and HPV 31. 25 Using the consensus
Gp5+/ Gp6+ pr idverds aginosetdechs &g At t He als1 Cg&ind I, edcedi wgrchaomaj or capsi d
protein. POR gt qoted HRV i n 181 iy trhe L9Q<Coryhal o chhepsi s 642 . O the
119 cases given a 51 iagnosis in 30 the second hi st ol ogi cal”"exam nation (115
di agnosed as 9igeN, 4 layeP@icsh@picmiy 63 SkeleIoddd -t o TESNEEPRSAPY  DNA.

The addi ti onaif k&bﬁ@sﬁ%di%ta%@cﬁcfr\@f% @@tnpgle%erw @l%y oS 130! @gim@ales

di agnos o% t he 8%@2%2% wer e H\keEt ect.ed NASBA;,, 7 out of these
were gi n th%1 $3i-a i“s SEIRMAYS, Cf Fé‘r&rl&&%éeef%? erN 11, 4

di agnosed as HildNdlo@nd I7 ddiaveroseal disagidsiIgI, \Phe3AaETo b4 rRCRAEB03/ 00034

- 87 Type- speci i,c -PCR det C GcQn P avi ng HPV
16, 10 HPV 13? fffl\fllg\} 3 ﬁ-ﬁ\%‘%ﬁés q?%ésiskﬁgg‘ %‘%Iaﬁgpl\{gsﬁn Ié‘l'ctl on:

with HPV 16+¥8red nog tdﬁﬁtﬁla\tem+33, 5 with HPV 16+31. 20 no di agnosis. 5
Exanpl e 4 HPV detected by PreTect HPV-Proofer and PCR conpared to cytol ogy

and histol ogy: 10 Nornmal and ASCUS sanples (including borderline snears)
wer e deteer m ned byjpoy toRlce@en id |RI\B‘ama|se$je\G@E:Qedt est &9 wisth )comfsensus PCR

by POR | The KAINBF e anCdr oS BHLE AL DA Regopysce B Clfer @ [YPed
III in Histology II, we found 40 (76%) cases showing
HPV 16, 18, 31, or 33 oncogenic expression. In
addition, we found oncogenic expression in 9 of 30
15 cases (30%) of CIN II, in 4 of 32 cases (13%) of CIN
I, in 14 of 71 cases (20%) not showing cell
abnormalities, and in 2 of 4 (50%) samples diaghosed

as HPV/condyloma.

20 HPV 16 RNA was found in 42 of the 190 patients,
HPV 18 was found in 7 (3.7%), HPV 31 in 15 (7.9%), and
HPV 33 in 8 (4.2%). One patient had mixed infection
with HPV 16 and HPV 18, and one with HPV 16 and HPV

31.
25
Using the consensus Gp5+/Gp6+ primers directed
against the L1 gene, encoding the major capsid
protein, PCR detected HPV in 81 of the 190 cervical
biopsies (43%). Of the 119 cases given a diagnosis in
30 the second histological examination (115 diagnosed as

CIN, 4 as HPV/condyloma) 63 were found to contain HPV

DNA. The additional 18 cases detected were not given

any histological diagnosis. 20 of the 81 cases were

not detected by NASBA; 7 out of these were given the
35 diagnosis CIN III, 2 were diagnosed as CIN II, 4

diagnosed as CIN I, and 7 given no diagnosis.



the sanples were tested with all three nmethods. The
results are shown in Figure 6. Concordance between real-tinme nultiplex
NASBA anawBG@Rosohpared to cytol ogy or histol ogy is shownPCh/GEIBl0@0315

bel ow. 20 Tabl e 15: Concordance between real-tinme multiplex NASBA and PCR
conpared to cytol ogy or histol ogy Cyt®Vogy/Hi stol ogy Concordance' (Nunber)
Concordanceb (Nunber) 25 Nornal 98.2% 4043) 42.8% 138) ASCUS 94.5% (55)
78.6%14) CIN 3 94.3% (53) 93.2% 44) Cancer 99. 0% 196) 98.8% 170) 30 Only
sanpl es positive byygspsepdsi FACR AR eldfemt ad/ddd.cased nudnddi img. RCR and

real -time mnul | e 1V, [ Saples. ludi ng onl
PCR and / or IIr”!:a\gl é(? Nﬁ%??&p\f elxéNA@I;%%ggﬁl &:4 sanpl 323 7 S%!L‘Jé jéggcl udi ngy

borderline snbare2sss ol 08110570 IPERAEEE3Y00034 th HRY I6ddisl ¢ 5 The

invention proyidesymy kid+3pr glafiaqt ivyv ofcdINA 20 ransbifdgitssifg.om the E6
gene(s) of HPV the kit 5 conprising one or nore of, two or nore of and .

preferabby all of the followi ng priner pairs and accorrpanyi ng

15 histol ogy and all

identificati r HPV 16: HPV 16.txt 7905 b.p 10 HPV 16P2: p2:116 (20)
GATGCAAGGT CAGGAGCGACCCAGAAA 16 pl (no7)
AATTCTAATACGATTRCATTAT: ’lfé-Ert R -AEo ek ATA PAR tArdakedl5 baser)

HPV 16PQ2: po; 230

) £ cngZlOggJAaTn TTGCTTTTCGGGA  HL6e6702po 20

istology:

10 Normal and ASCUS samples (including borderline

smears) were determined by cytology. All samples were
tested with consensus PCR and PreTect HPV-Proofer but
only the consensus positive samples were typed by PCR.
The CIN 3 and cancer samples were determined by

15 histology and all the samples were tested with all

three methods. The results are shown in Figure 6.

Concordance between real-time multiplex NASBA and PCR

compared to cytology or histology is shown in Table 15

below.
20

Table 15: Concordance between real-time multiplex NASBA
and PCR compared to cytology or histology

Cytology/Histology

Concordance® (Number)

Concordance® (Number)

25

Normal

98.2% (4043)

42.8% (138)

ASCUS*

94.5% (55)

78.6% (14)

CIN3

94.3% (53)

93.2% (44)

Cancer

99.0% (196)

98.8% (170)

30

Only samples positive by GpS5+/6+ PCR have been typed.

@ Including PCR and real-time multiplex NASBA positive
®Including only PCR and / or real-
¢ ASCUS excluding

and negative samples.
time multiplex NASBA positive samples.

borderline smears.

35



HPV 18: HPV 18.txt 7857 b.p HPV 18P2: 2 5 p2:698 (22)

GATGCAAGGT CGCATATGAGGAAAACGATGAAATAGATGGAG  Hi 8e6702p2 HPV 18P4: pl: 817
(20) AATWGTAATACGACT CACTATAGGGAGAAGGGGT CGTCTGCTGAGCT TTCT PEU/GHIS061303p 1
(Mul tiplex) HPVIBPOR2: po:752 (21) GAACCACAACGTCACACAATG 3 5 H18e6702po
HPV 31: HPV31.txt 7912 b.p 40 HPV31P3ggp2: 617 (20)

GATGCAAGGT CGCATATGAGACTGACCTCCACTGTTATGA WO 03/ 057914 PCT/ GB03/ 00034 - 89
H31e6703p2 pl: 766 (20)

AATTCTAATACGAGT: TEAGGGAGAAGGTATCTACTTGTGTGCTCTGT  H31e6703pl 5 HPV31PO4:
po: 686 (26) GAACCGGACACATCCAA H31e6704po 10 HPV 33: HPV33.txt 7909
b.p HPV33PL: p2:618 (22) GATGCAAGGTCGCATATGAGTATCCTGAACCAACTGACCTAT 15

H33e6701p2 pl:.763.(19 AATTCTAAT W CGAACTG
H33e6701pl 2 0 HPV33P®3 “Po:f6dy’ %%GA%% Gg% €6703po As
alternative tuxatﬂfe:qamﬁﬁes fsrmwm tdisoveE G haekigt (say oR25 WPt i dried | ykiitnel ude
one or npre of, {18 19l QWG ADLECH Al REBGORNOCPECHESand preferably

all of the following primer pairs and accompanying

identification probes.

HPV 16:HPV16.txt 7905 b.p
10
HPV16P2:
p2:116 (20) GATGCAAGGTCGCATATGAGCCACAGGAGCGACCCAGAAA

16 pl (no7)
AATTCTAATACGACTCACTATAGGGAGAAGG ATT CCC ATC TCT ATA TAC TA (51
15 baser)

HPV16PO2:
po:230 (20) TATGACTTTGCTTTTCGGGA
H16e6702po

20

HPV 18:HPV18.txt 7857 b.p

HPV18P2:

25 p2:698 (22) GATGCAAGGTCGCATATGAGGAAAACGATGAAATAGATGGAG
H18e6702p2
HPV18P4:

pl:817 (20)
AATTCTAATACGACTCACTATAGGGAGAAGGGGTCGTCTGCTGAGCTTTCT

30 H18e6703p1 (Multiplex)

HPV18PO2:
po:752 (21) GAACCACAACGTCACACAATG
35 H18e6702po

HPV 31:HPV31.txt 7912 b.p

40 HPV31P3:
p2:617 (20) GATGCAAGGTCGCATATGAGACTGACCTCCACTGTTATGA



Mol ecul ar Beacon Probes: 30 H 16e6702nb2- FAM

ccagct TATGACTTTGCTTTTCGGGAaget gg Hi 8e6702nmb 1- TxR

cgcat g GAALCAGA#FCBHEI CACACAATCcat gcg 35 H31e6704nmb2- FAM PCT/GB03/00034

ccgt cgGGACAAGCAGAACCGGACACATCCAACgacgg H33e6703nbl- FAM

ccaagc GGACAAGCACAACCAGCCACACgettgg- gweferably the kit of the invention
al so includes the 40 followi ng prinmer pair and probe. WO 03/057914 ,
PCT/ GB03/ 00034 - 90 HPV45: HPVA45.txt 7858 bp (X74479) HPVA5P 1: p2:430

(21): GAT TATGAGAACCATTGAACCCAGCAGAAA 5 HA5e6701p2 pl: 527 (22):
AATTCTAATACGAC ATAGGGAGAAGGTCTTTCTTGCCGTGCCTGGTCA H45e6701pl 10
HPVASPOL: po: SAAMELARPRIOCAGAMSHAA THERE Prtiire cThecHPY 45 probe

above may befhe(\é)&?gc?d by an HPV 15 nol ecul ar beacon probe as foll ows:
H45e6701 nb CgGTACCGAGGGCAGTGTAATAcgat cg I n addition the kit may

i ncl ude bne or nore of the 20 followi ng primer pairs and acconpanyi ng
identificati diPVipithes dependi ng on the geographical area of use of the
kit. HPV52: He¥ER6)Xt TEIMCANGAAGAMETCACAEAHRYBAP 1: p2: 144 (22):
GATGCAAGGT CGGATAT6ET TGTGTGAGGT GCTGGAAGAAT  H52e6701p2 pl: 358 (18):
AATTCTAATACGACTCACTATAGGGAGAAGGCCCTCTCTTCTAATGITT 30 H52e6701pl HPV52POL:
Po: 296 (20): GIGCCTACGCTTTTTATCTA H52e6701po 35

HPV 33:HPV33.txt 7909 b.p

HPV33PI:
p2:618 (22) GATGCAAGGTCGCATATGAGTATCCTGAACCAACTGACCTAT
15 H33e6701p2

pl:763 (19)
AATTCTAATACGACTCACTATAGGGAGAAGGTTGACACATAAACGAACTG

H33e6701pl

20 HPV33PO3:
po:699 (23) GGACAAGCACAACCAGCCACAGC
H33e6703po

As alternative to the probes shown above the kit may
25 optionally include one or more of the following

molecular beacon probes:

Molecular Beacon Probes:

30
H16e6702mb2-FAM ccagctTATGACTTTGCTTTTCGGGAagetgg
H18e6702mb1-TxR cgcatgGAACCACAACGTCACACAATGcatgeg

35 H31e6704mb2-FAM ccgtcgGGACAAGCAGAACCGGACACATCCAAcgacgg
H33e6703mbl-FAM ccaagcGGACAAGCACAACCAGCCACAGCgcttgg

Preferably the kit of the invention also includes the

40 following primer pair and probe.



HPV58 HPV58. t xt 7824 bp (D90400) WO 03/057914 PCT/ GB03/00034 - 91

HPV58P2: p2:173 (18): GATGCAAGGTCGCATATGAGTCTGIGCATGAAATCGAA H58e6702p2 p
1: 291 (180 05/038T4d CTAATACGACT CACTATAGGGAGAAGGAGCACACT TTACATAGEB3/ 06386 702p 1
HPV58PC2: po: 218 (22): TTGCAGCGATCTGAGGTATATG 10 H58e6702po HPV51
HPV51. t xt 7808 bp (Ms2877) HPV5 | PAP:.- 15 p2: 655 (23):
GATGCAAGGTCGCATATGAG AGA GGA GGA GGA TGA AGT AGA TA H51e6702p2 pl : 807
(20): AATTCTAATACGACTCACTATAGCGAGAAGG GCC CAT TAA CAT CTG CTG TA
H51e6701pl 2QpkvVEbLe¥x: 1888 bh(k74424) : TGG CAG TGG AAA GCA GIG GAG ACA
H51e6702po The probes shown above may be replaced in the kit by the 25

fol |l ow ng nol ecul ar beacon probes: H52e6701nbl

cgat cgGTGCCTARBEPTTTTATCTAcgat cg H58e6702nb1l

ccgt cgTTCCACEASIEIGACCEALAL R gatgtTc A AdohetGAR0bIAcat €A GG CAG TGG AAA

GCA GTG{GAG AGhAcaatreg 35 WO 03/ 057914 PCT/ GB03/00034 - 92 CLAIM5S 1. An
. . p . . . .
in vitrd nmethod of screeni ng human subjects to assess their risk of

devel opi ng c@¥W7¢&): 5 carci noma whi ch conprises screening the subject for
expr essi on OfAATRNAA A TACEATTQACTATAGOGABRAGGTQETIE TACACGTGECEG TRANe of human
papi | [ omavi r ys,. M@r ein subjects positive for expression of L1 and/or E6
MRNA ar e scoreg as being at risk of devel opi ng cervical

10 HPV45PO1:
po:500 (20): GTACCGAGGGCAGTGTAATA
H45e6701po

The HPV 45 probe above may be replaced by an HPV

15 molecular beacon probe as follows:
H45e6701mbl  cgatcgGTACCGAGGGCAGTGTAATAcgatcg

In addition the kit may include one or more of the

20 following primer pairs and accompanying identification
probes depending on the geographical area of use of the
kit.

HPV52: HPVS52.txt 7942 bp (X74481)
25
HPV52P1:
- p2:144 (22): GATGCAAGGTCGCATATGAGTTGTGTGAGGTGCTGGAAGAAT
H52e6701p2
p1:358 (18): AATTCTAATACGACTCACTATAGGGAGAAGGCCCTCTCTTCTAATGTTT
30 H52e6701pl

HPV52PO1:
P0:296 (20): GTGCCTACGCTTTTTATCTA
H52e6701po

35

HPVS58 HPV58.txt 7824 bp (D90400)



10 carcinoma. 2. An in vitro nethod of screening human subjects to assess
their risk of developing cervical carcinom which conprises screening the
subj ect fwp 03B5mxpressi on of NMRNA transcripts of the L1 geas/GHo3lensan

papi |l omavirus (HPV) and nRNA transcripts of the E6 gene of HPV, and
sorting the subject into one of fow gicategories of risk for devel opnent of
cervical carcinoma based on expression of L1 and/or E6 nRNA 20 accordi ng
to the following classification: Ri sk category 1: subjects negative for
expressi on ofgpykdp2MRNA but positive for expression of E6 nmRNA from at

| east one of H pes 45 . 25 56, 58, 59, 66
and 68; Ri skp%'zll:;%ge(E Ty ﬁ%l%gﬁ%cj%gcgg éTAE)%%FF?@{aG?%GA&ApTng%é on of Li nRNA and
posi tive for HE&gr®E8%i on of E6 nRNA fromat |east one of HPV types 16, 18,
31, 33, 35, 392914m): 52, 30 56, 58, 59, 66 and 68; R sk category 3:

subj ect s posi,ti i ERNAC [ or expression. of
£6 NRNAD 35 Agﬁgé%ﬁ@%@@?%gggﬁé%ééggatI Vgéég?ﬁ%%gégg{ion of L1 mRNA
and negati ve FP#07@Rbr essi on of E6 nRNA. WO 03/ 057914 PCT/ GB03/ 00034 - 93
3. A nmethod according to claim1 which further conprises screening for
expression ohxp}ﬁjdgMa, wherein subjects positive for expression of L1
and/ or E6 and positive for expression of pl6ink4a are scored as 5

bei ng at ri sk @avel JPPRCCHMIFTEHOTA A Homa. 4. An in vitro nethod of
screenillg humase67®@pdj ects for the presence of integrated HPV or a nodified
epi somal HPV genone, which nmethod conprises 10 screening the subject for
expression of NnRNA transcripts fromthe L1 gene and the E6 gene of human
papi | | omavi r B8V WARYWieH 7898 bp 8@%77P1egati ve for expression of L1 nRNA but
positive for expression of E6 nRNA are scored as carrying integrated HPV
or a i5 nodi jped;pl.somal HPV genone.

15 p2:655(23):  GATGCAAGGTCGCATATGAG AGA GGA GGA GGA TGA AGT AGA TA
H51e6702p2 '
pl:807(20):  AATTCTAATACGACTCACTATAGGGAGAAGG GCCCATTAA CAT CTG
CTG TA H51¢6701pl

20 HPVS51POA:
po:771 (24): TGG CAG TGG AAA GCA GTG GAG ACA

HS51e6702po

The probes shown above may be replaced in the kit by the

25 following molecular beacon probes:

H52e6701mbl  cgatcgGTGCCTACGCTTTTTATCTAcgatcg
H58¢6702mbl  ccgtcgTTGCAGCGATCTGAGGTATATGcegacgg

30
H51e6702mb1 cgatcgTGG CAG TGG AAA GCA GTG GAG ACAcgatcg

35



5. An in vitro nethod of screening human subjects for the presence of
integrated HPV or a nodified episomal HPV genone, which nethod conprises
20 screemnwog3bsmisubj ect for expression of mMRNA transcri pC3/dgBosmotsihe E6
gene of human papill omavirus, wherein subjects positive for expression of
E6 nmRNA are scored as carrying i nteggated HPV or a nodified episomal HPV
genone. 25 6. An in vitro nethod of screening human subjects to assess
their risk of devel oping cervical carcinoma, which nethod conprises
screening therasMy ect for expression of nRNA transcripts of the E6 30 gene
of HPV and sorting the subject into one of two categories of risk for
devel opnent of cervical carcinoma based on expression of E6 nRNA, wherein
i ndi vi dual s posi tive famn expressiomehods ofRNArake ingCti@@nas carrying

i ntegrated HPV or di fied 35 i.somal_,HPV genonme _and are t.herefore
classified as" iegqi:sr% afsosresc?e\}:g{é&ﬁnﬁﬁtﬂo \fcgire\‘/’iegglplélgr (ﬁeﬁc‘)’r%é:%l wher eas.

i ndi vi dual s nregatiineee othietpresgidrsesf sk eeRNAGWONE3/s05T¢LA BOT/ GB03/ 00034
- 94 are sc .not RNANG e ated AW Qhed 1,1MdiNd ecigepi somal  HPV
genone and a%%&gﬁggggg}éﬁagﬁ§¥§?¥#% _aéiho éggectagle nisﬁ'fqr devel opnent
of cervical W dharme 37 hugen pagillemietifgd of Niededti SyIGhdman

subj ects haviqg janer iy ldrLhanges i Nit BedyerVips mrRMA ehemet hod
conpri ses screening the subject for ion of nRNA transcripts of the

expres
E6 gene of HPRFORY AteRSGIRg fdi \chfﬁ‘alog&? ieﬁio\Pénﬂor‘:eéYﬁrC@&si on of E6 nmRNA
are iderdgifiethmsrma.ng abnormal cell changes in the cervix. 8. A nethod
according to any one of clains 5 to 15 7 wherein the human subjects are

subj ects previously identified as infected with hunman papil | onmavi rus DNA
2. An in vitro method of screening human

subjects to assess their risk of developing cervical

carcinoma which comprises screening the subject for
15 expression of mRNA transcripts of the L1 gene of human
(HPV) and mRNA transcripts of the Eb6

gene of HPV, and sorting the subject into one of four

papillomavirus

categories of risk for development of cervical
carcinoma based on expression of L1 and/or E6é mRNA

20 according to the following classification:

25

30

35

Risk category 1l: subjects negative for
L1 mRNA but positive for expression of
least one of HPV types 16, 18, 31, 33,
56, 58, 59, 66 and 68;

Risk category 2: subjects positive for
L1 mRNA and positive for expression of
least one of HPV types 16, 18, 31, 33,
56, 58, 59, 66 and 68;

Risk category 3: subjects positive for
L1l mRNA but negative for expression of
Risk category 4: subjects negative for

L1 mRNA and negative for expression of

expression of
E6 mRNA from at
35, 39, 45, 52,

expression of
E6 mRNA from at
35, 39, 45, 52,

expression of

E6 mRNA;

expression of
E6 mRNA.



in cells of the cervix. 9. A nethod according to any one of clains 5 to 20
7 wherein the human subjects are subjects having a previous diagnosis
ASCUS, CIwob3losmions or condyl oma. 10. A nmet hod accor di ng PCo/GBUg/0003e Of
claims 4 to 9 wherein individuals positive for expression of E6 25 nRNA
fromat |east one of HPV types 16, 18331, 33 or 45 are scored as carrying
integrated HPV. 11. A nethod according to any one of clains 1 to 4 which
conprises screening for L1 nRNA expression 30 using a technique which is

abl e to detect L1 37RNA A rihoslRSHJidly X oaldl akpown wHRYht ¥Reshek2. A
met hod according to any one of clains 1 to .11 icg cQmpri ses screening
for E6 nMRNA &P ST SRRG 4 e SRRIGIE TR OF Pdlabl e '5°4EM8ct E6 mRNA
gron13at |ea&ﬂﬂgﬁﬁﬂﬁﬁﬁﬁﬁﬁi&&@o&b&tedeE#sﬁpmehWDlO%h@Bb&l&6P@FNGBOS/00034
5 13. A nmethod accarding to ¢laim [ ¥ e1140] Y] r i.ng for E6
nMRNA expr essiaonnéjfsqsﬁguaye t%é)crhr?’%é]%eesv?ﬁj%%cm@fggégfeﬂ?gr%et%gége‘éggm from HPV
types 16 18,be8iing 33, mmsk mrfeldevallopiqg. ceryicald wetrigddoaécordi ng to any
one of clainms 1 to 13 wherein screening for L1 and/or E6 nRNA expression
is carried using an anplification reaction to anplify of a region of the

MRNA, toget her wi th redin thhe 1fF A EREEoR Lo TRENBIGAHETS Pof  the
anplificationsudRaatd abr the prideihed aECandiedgattedcHavmokd anher ein
screening for Li. and/or E6 nR pression is carried 15 usLn% real -tine
NASBA. 16. A“E&C{lf? Wéﬁoﬁ‘aﬁwgpgfétgg&o%n 8’?“1 etﬁf’ nSEFPPESSSt the L1
and E6 lgenes safreditM ng HsheKistub jeanprfiosi rgpatesiseast odneRYIA mer - pai r sui tabl e
for use 20||%é§?g%£#p tlfy%mpgh% F@??%ﬁfo%gbéﬁ %a@%cgkggso%r%ghgh | east

HPV types 16, 3, "and pre one”or nore primer-pairs
whi ch enabl e pamlli ¥dmeatiizms ,ofwherein subjects negative for

expression of L1 mRNA but positive for expression of
E6 mRNA are scored as carrying integrated HPV or a

15 modified episomal HPV genome.

5. An in vitro method of screening human

subjects for the presence of integrated HPV or a
modified episomal HPV genome, which method comprises

20 screening the subject for expression of mRNA
transcripts from the E6 gene of human papillomavirus,
wherein subjects positive for expression of E6 mRNA
are scored as carrying integrated HPV or a modified
episomal HPV genome.

25

6. An in vitro method of screening human

subjects to assess their risk of developing cervical
carcinoma, which method comprises screening the
subject for expression of mRNA transcripts of the E6

30 gene of HPV and sorting the subject into one of two
categories of risk for development of cervical
carcinoma based on expression of E6 mRNA, wherein
individuals positive for expression of E6 mRNA are
scored as carrying integrated HPV or a modified

35 episomal HPV genome and are therefore classified as
high risk for development of cervical carcinoma,

whereas individuals negative for expression of E6 mRNA



a region of E6 transcripts fromHPV types 16, 18, 31,
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are scored as not carrying integrated HPV or a
modified episomal HPV genome and are therefore
classified as no detectable risk for development of

cervical carcinoma.

7. An in vitro method of identifying human
subjects having abnormal cell changes in the cervix,
which method comprises screening the subject for
expression of mRNA transcripts of the E6 gene of HPV,
wherein individuals positive for expression of E6 mRNA
are identified as having abnormal cell changes in the

cervix.

8. A method according to any one of claims 5 to
7 wherein the human subjects are subjects previously
identified as infected with human papillomavirus DNA

in cells of the cervix.

9. A method according to any one of claims 5 to
7 wherein the human subjects are subjects having a

previous diagnosis ASCUS, CIN 1 lesions or condyloma.

10. A method according to any one of claims 4 to
9 wherein individuals positive for expression of E6
mRNA from at least one of HPV types 16, 18, 31, 33 or

* 45 are scored as carrying integrated HPV.

11. A method according to any one of claims 1 to
4 which comprises screening for L1 mRNA expression
using a technique which is able to detect L1 mRNA from
substantially all known HPV types.

12. A method according to any one of claims 1 to
11 which comprises screening for E6 mRNA expression
using a technique which is able to detect E6 mRNA from

at least one cancer-associated HPV type,

33, and preferably

PCT/GB03/00034
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13. A method according to claim 12 which
comprises screening for E6 mRNA expression using a
technique which is able to detect E6 mRNA from HPV
types 16, 18, 31, 33, and preferably 45.

14. A method according to any one of claims 1 to
13 wherein screening for L1 and/or E6 mRNA expression
is carried using an amplification reaction to amplify
of a region of the mRNA, together with real-time
detection of the products of the amplification

reaction.

15. A method according to claim 14 wherein
screening for L1 and/or E6 mRNA expression is carried

using real-time NASBA.

16. A kit for use in the detection of mRNA
transcripts of the L1 and E6 genes of HPV, the kit
comprising at least one primer-pair suitable for use
in amplification of a region of Ll transcripts from at
least HPV types 16, 18, 31, 33, and preferably 45 and
one or more primer-pairs which enable amplification of
a region of E6 transcripts from HPV types 16, 18, 31,
33, and preferably 45.



