0 6 OCT 2006 WO 03/057914 PCT/ GB03/00034 - 1 METHOD FOR DETECELNG.HUMAN ...
PAPI LLOVAVI RUS =RNA Field of the invention The present invention relates to
invitro nethods 5 of screening human subjects in order to assess their
risk of devel oping cervical carcinoma. Background to the invention CG@f\JiC¢ahs
carcinoma i s one of the nost coomon 10 malignant di seases world-wide and is
one of the WO RHWHE causes of norbidity and nortal ity amoRGTABARI034( Par ki n
DM Pisani P, Ferlay J (1993) Int J Cancer 54: 594-606; Pisani P, Parkin DM
Ferlay J (1993) Tnt J Cancer 55: 8%-1963). 15,700 new cases of invasive 15
cervical cancer were predicted in the United States in 1996, and the annual
wor | d-wi de i ncidence is estlnated to be 450 000 by the Wrld Health

Organi zation (199®E h F'ORN DES ‘ BN PRI TAOMB A f erent parts
of the world, ranging front? 6 per 100 000 in mestern 20 Asia to 46.8 per
100,000 in southern Africa (Parkin et al., 1993 ibid). The current
conception of Eldofl the doNgaBies that it is a multistage disease, often

devel opi ng over 23 rgerelse@ttotn&@neﬁoryemetelsnteslnsevaarmé@m@tI
-carC|nong of tge cervi.x |% esgnted b¥1 etr tion thr€b§%$the basa

| ani na and i nvadi Hg THE "G FEHa ?u Eprthe Fﬁnlﬁaaﬁ?%ﬁ?l e clinical
course of cervighaloftalesieiopanghoasvtonisicdecdbbaavari ati on. 30 Prognosi s has
been related to clinical stage, |ynph node involvenent, primary tumour

mass, histolog_ type dept h_of invasion and |ynphatic perneatlon ( Del gado
G et al., (124U IQKAECHPO Ehgolngen t""-357). Some patients with |ess

favour abl e t umour QT&W&.@&QI’ kcatteBomBSidave aff ehat nyetycgansh out come, while
ot hers SE&D f at al. out come of gﬂd ‘uflall Jimted dtggase This 0 6 O
o3} pd

CT 2006 RS AR (RGP 0D e 8nd is one of

leading causes of morbidity and mortality among women
{Parkin DM, Pisani P, Ferlay J (1993) Int J Cancer 54:
594~606; Pisani P, Parkin DM, Ferlay J (199%3) 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 dissase, often develaoping over

25 a period of 10-25 years. Invasive squamous-cell
-carcinoma of the cervix is represented by penetratioen
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



shows a clear need for additional markers to further characterise newy

di agnosed cervical carcinomas, in order to adm nister risk-adapted therapy
(I kenberg H, et al., Int. J. Cancer 59:322-6. 1994). 5 The epi deni ol 8§y0(df006
cervi cal CE\Q@%?{ ?73 shown strong association with religious, marital and
sexual pat VAL ™4 nost 100 case-control studies have ePSHGRIFOS0GE

rel ati onship between HPV and cervical 10 neopl asia and al nost all have found
positive associations (IARC nmonographg, -1995). The association is strong,
consi stent and specific to a limted nunber of viral types (Muinoz N, Bosch
FX (1992) HPV and cervi cal neo%)cli ia: review of case-control and cohort 15

studi es. | ARC §&°W§uﬁlc§%i¥2Ei ARGt hdoRdltmar ke ey kg i W teEdi es, strong
associ ati ons widharieEYel bse Diw havd depeseabaervesh M ¢ ¢igtoddegblia consi st ency
for invasive r.an i ghs | N_.Lesion ruling.,ou the possibility
that this assoc%iqsgf%?oﬁac%cri\Iﬁ rgfse% ?ﬁgdggag%gc a%lf:ae[,’y b&a{%enzbrer@oﬁfoundi ng

(1 ARC nonogr apte¥, @al199Bnt. | hdi fataeeviddéReetsubyRéted that HPV DNA detected
in cancer gells is a good marker for the role of HPV infection earlier in

t he carci nogenesis. . Dose;:respanse rel ati onshjp has been reported between 25
increasing viral |oaf%afid*es qH%”Eé&VF@éVlEQ}C??RﬁﬁF s ¥and Bosch, 1992
i bid). In sonestarcggr aseocbstiap widhl@eYiglothe maminuls amt segagilti ve for
HPV but the ex] of a /i - i-Le i r Cl s is stil

debat abl e (Nei [ ey Ser. APhest IR0 Mast et RE b S Gt M o0 1 1 omavi rus i
cervical scrap&XapyneflethporsdalrigdehdraPrtreaetidn dnd amticed to cyt ol ogy:
possi bl e 107l | G@bb0asih0snd eAMic] 20aANBATeSESRRNI Pk itIvARC Sci Publ 271-281;

Das BC, et al., (1993).Canc 2: 147-153). The st frequent HPV types
found in squaﬁﬁuSP&%%Fo%%rGﬁggf“EEPEFHBaﬁs 5%%”HPV1¥%’€%¥W§%88&OB 6 OCT -
2006 WO 03/ 057814tPoig BOMDIINE and specific to a limited number
of viral types (Munoz N, Bosch FX (1992) HPV and
cervical neoplasia: review of case-control and cohort
15 studies. IARC Sci Publ 251-261). Among the most
informative stﬁdies, strong associations with HBV 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
-{Muncoz 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., (19%2) Detecticn
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%)



3 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
International conference in Barcelona HPV 16, 18, 31 and 45 were 5 d@figrgdygs

as high ri i HPV 33, 35, 39, 51, 52, 56, 58, 59, re defined as
internediaﬁgoﬂﬁgtﬁﬁkkeerti V. Shah. P71). The 13 high risSQB%§§Bmmm4

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
testing in cervical screening (see Cuzick et al. A systematic review of the

rol e of human pt L1 VifUS testi W t hi eryj cal. screening 15

pr ogr amme. Fbaﬁﬁﬁ #éc %%1é%@%eS§%3?§§?%§359§§VEéﬁﬁ d ésf,%€Re?§'R, et al.,
(1991) AmJ héiet 52Gyhecol6, 168, 546161469% amered tdee falsst foondenonstrate
a role for HPV (ggki qgohélg@a&ﬁ,eqrglg@g.cgﬂt% -Hﬂ_@(ﬁ)@olﬁite‘iﬂlét‘ﬂ@ﬁaﬁar ried out

on high-risk wonen trom sexual |y transnltéed di sease clinics and speciali st
gynaecol ogi st sCOBARTEREY W Karsedrre AFwt 8t ribgeticydnd $SutRERn bl ot

hybri di sats on HBefikl¥W aetiedH aiskA whatal HBY 3191233y0men sareseprol | ed, and
cervi cogr aphy 0 .dered. a_ possi dj,unct. to cytol ogy.
Twenty-t hree Cﬁ%’?ﬁ?!?#§1é%?gﬁgghggglﬁgan%paffééﬁéééééeé %&Fkonly 12 were
detected by cytBeegyl ($enthali.vifty) .520heshadifgleizislordps HPV testing found

16 hi gh-gradeihesi088ia0 Baenrds ake (SgeieMr@ln Hoferklf9dd JAVA 265:
472-477) report _an early PCRnbasedﬁﬁgud using MY09/11 priners (Manus M et

al ., (1990) Lan@&t ©338°r7335°957ted, P attending for routine smears
(coll ege 18 students). They found a positive rate of 46%in 467 wonen,

whi ch was much hi ghgr f -hl.o S ) 6 WO
uhi ch_vas mich hi gher. 40an, {6y 30k11BL0kad35@Ip1 drbkerd BoPkRe 200
role of HPV testing in cervical screening (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
(11s).



4 -. In a study using PCRwith GP5/6 primers (Van Den Brule AJ, et al.,
(1990) J din Mcrobiol 28: 2739-2743) van der Brule et al. (Van Den %{ule
A), et at., (1991) Int J Cancer 48: 404-408) showed a very 5 strong 98 UCT 2006
correl ati on,of ositivity with cervical neoplasia as assessed by

cyt ol ogy. I‘r?%oq:i}c@'g} IﬁDITEI’l (aged 35-55 years) with negati vePyeBI3888%4t he 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 #hile wonen with histol ogical
carcinoma in situ were all HPV-positive, and 90% had one of the four above
types. Wnen with | ess _severe cytolgical . abnorpmalities had | ower HPV
positivity rates in?H a g7 BRY 'g fﬁﬁwﬁﬁﬁhaGggé%rp¥#¥ﬁﬁf (MHrRE5&8 Housnman et
al. (Roth Hous®enlAMpJetetlal., ((1934) UnClinQaheesboHl 28Q2- 806) expanded
these observathggssh i t further 1 Wit h, -abnor mal

snears. This stugy al g%5 gg%# :E?errrgc?r?%gr ggs?%g %ig)\cl)%rﬁei%\ﬁ lf rA t'ee\%ith

i ncreasi ng sevéti-ty (6P95hekrt § &Ances. 4¥ne§04t 408 hothavachat velsy | evel of HPV

heterogens ty @egbagSedrié iR L PPV pbsl O OF AR 15 BRARY R ten

"hi gh-risk"” types Eor.hlzghv%ride srTEars. This paﬁgr lgid not include any
cyt ol ogi cal |y AEFBLFE%25° SEHLPYWGEERYPBY ngi Tl AT ¥OBBonf i r med

hi st ol ogi cal | y.(ag@adi 3k-8% wears)Cwdicbk ndgatival cytq@h2)theaiést 340:
112-113; Cuzic ; al, . § ce g 67- e the
first tor eporFO%ﬁgg{rll—&/ %aeés%?%és) Srﬁ(%\yi]aécggUsée?cg?u?lnﬁsgqra#atéieééé%g\r/\@§he triage
of cytol ogi catt-aBndf neRlY iedratetidet df- dati #rd r&hdwne sonsédengd In a study
of 133 waen, whikerabnéorviolHipestegychheyafouisha ROSitivaepeedi ctive

0 . g .
esul ts were mtt DETTRI MG EBY O08. FARPES S dhe £ oM AE Buer t 1 ve wonen
were found to Oypes. GIam2006LthNDe63166¥9td BTG IENIA3Y100034
abnormalities had lower HPV positivity rates in a
graded way, showing a clear trend.
15
Roda Housﬁan et al. {(Roda Housman AM, et al.,
(19%4) 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 neot include any cytologically negative
25 women, nor was cytological disease confirmed
histoclogically.

Cuzick et al. (Cuzick J, et zl., {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 38 of 42 HPV 16 positive women were found to



5 have high-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. 5 Cox et al. (Cox JT, et al., (1995 AmJ Costet Gynecol 188:0CT 2006
946-954) d ed arole for HPV testing using the Hybrld Capturetm
system (DI %E%{:% poration, Gaithersburg, MD, USA) for trPCé[é‘i} &B‘hen W th
borderline snmears. This test was performed on 10 217 such vvorren froma

coll ege referral service, and a sen3|'§|V|ty of 93% was found for CINII/III
conpared with 73%for repeat cytology. High viral |load was found to

further inpro erformance, by reduc fal s ositjves n 5 RLU was
t;ken asI gpcu;/-ﬁ‘?)?? highsgrade &Iraﬁlér b%%rﬁ'elﬁ”?ﬁ%t\lﬁé’g’vﬂ%ﬁg\gaﬁ PHEno 1 oss of
sensitivity. Cﬂlaeckn;e@rtadnce( Qiziasleedsing wlral (1i@@blridapadly 345: 1533-1536)
eval uated HPV ESﬁEi&‘&ré&‘}% RN s ? #r‘?eﬂ[ annﬁ@;@ eré Ple e WOITEN

attending for routine scre Ing at a n5|t|V|ty
using type-specific PCR for the four common HPV types (75% exceeded that

of cytology (469, @ung éﬁ1ea1PP\4cfer JT<’;1 posdl ve 1)t est 7 6R%etas simlar to

that for 25 no erat 8312 .descri met hods for
det er mi ni ng t h&¥ ‘gjgd%ﬁ( %%S gg’él vi é%%rll%lg%feégtaedf%et %gﬁlm ch conprise
neasuring the tes’einwfuﬁdl?\gatéta Viyby i8yCREE wist™e ety stgmt r(@ﬁ§ENE‘.pjts of all or a
portion of theck Q&@M&{ %él%%\érgsasg 'bﬁbatﬁﬂm'f%rariqlﬁﬁ‘ﬁg@%&ﬂeﬁ he

measur enents of V activity with a pfeviousl establis rel ationship

bet ween acti vi Y’%/t%ﬁ?Plf‘il"s’khd“fe sHedgresstivhs t@%l"‘i%?%’éPﬂ“@Ql oRlyspl asi a or
35 carci noma. Y07 994D 88ihade Falombas cakl dipsl srd fyr ridle sasvesepesad 6 OCT 2006

10887213 TRV o, i I AL A ez e
w1th 73% for repeat cytology. ngh viral locad was
found to further improve performance by reducing false
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 fcour common HPV types
{75%) exceeded that of cyteclogy (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



descri bes nmethods which are based on neasuring the |evels of expression of
two or nore HPV genes (e.g. 5 HPV E6, E7, LI and E2) and then conparigg fhe
ratio of expression of conbinations of these genes to provide an 06 BET 2006
indicationﬂgﬁihgg‘gtage of HPV-based disease in a patient. 10 The present

i nventors Rave 'dettrmined that it is possible to make a RETEBBANY usef ul
assessnent of HPV-associ ated di sease based only on a sinple

positive/ negative determ nation of éxﬁréssion of HPV L1 and E6 nRNA
transcripts, with no requirenent for 15 accurate quantitative measurenents

of expression s qr for determ nation of differences in . the |I|evels of
expr essi on of C{gnz'l\ﬁs)vv&“?%rﬁéeﬁlﬁ?%‘? H §henﬁ’ﬁﬁ58r?’§ef’5c§‘?ﬁ$c%ﬂq19’s§isnpl e and,
in a preferredf genederpressisnabersEld.e ﬂo_aatnmaulmn,iWDeﬁQﬁ%?BQO-high 20
throughput f Orf@leriBUG! REEABAS Wil N eDBELRGOLn hESUL e PR Ned usi ng the
met hod of the _invention the 1nventors have defined a novel schene for

cl assi fi cati on&LFarieREBrERSt PR Vadiv® 6F MPER BPYV genes off ¥y cervi cal

carci noma? whi aipvi €6, eEat ed1t an@5eH) ?&ﬁisehém @Mﬁg&rﬂ@é]‘?@}%& éhfatqlfaaa'we? in the
pattern o - HRV e expression and is _i.n endent O I N classification.
Therefore, i nggpfri%%gﬁogsggc%g le“‘Ella‘-‘rllvoenr?'t iogngﬁgﬁep?%?%legc’ aE?F?and\a?i tro method

of screening Madmdigabjient ¢ft bhasyege iheHPVrbakedfdilmaadopgiong cervi ca

carci noma whi ¢f3+GpRr.i ses screening for expression of nRNA transcripts from
the L1 gene and the E6 gene of human papill omavirus, wherein subjects
positive for 35 expression of L1 and/or full length E6 nRNA are scored as
bei ng ati®i sk of dewel ppesgnteiwadlorcahavaotateOmbnédd GHa2G@6isWO 03/ 057914

PCT/ G003/ 00034 -_ %A pasl.Live.s j r [ h of the
invention is i ﬁdﬁségtlgdggyh%jéésl@ i%ﬁ%ﬁ?&ﬁ%ﬁ%? %F;Q%gﬁ}ta% /or E6 mRNA in
cells of the détWriagsopésteflv@isedgn dssiednoblyeprhersimelef these nRNAs or

both mMRNAs  positive/negative determination of expression of HPV

L1 and E6 mRNA transcripts, with no requirement for

i5 accurate guantitative 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 carcinema which is related to

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

Thexrefore, 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.



5 is taken as an indication that the subject is "at risk"” for devel opnent
of cervical carcinoma. Whnen who express E6 nRNA are at high risk o

devel opi ng cell changes because oncogenic E6 and E7 bind to cell di@ﬁgszﬁ
regul atory, §09}g§*9 s and act as a switch for cell 10 prollferatlon Cl ear
expr essi on" o provides a direct indication of cAGU/CHIAYEL in the
cervix. Expression of LI nRNA, with or without expression of E6 nRNA is

al so indicative of the presence of an’ active HPV. 15 In the wider context
of cervical screening, wonen identified as positive for LI and/or E6 nmRNA

expression may be selected for further |nv a for e | e using
cytol ogy. Thus, %‘Hgsﬁggg? ?ﬁﬁe%RfQﬁﬂﬁﬁ§ éh?ﬂ@%ﬂ?? r?ﬁggﬁ%prOV|de a

t echni cal S|rnﬂnyemh@@nslaflpdecst¢¢xhulmyaatpapuéapremsbdnvmﬁnai| n order to
i dentify HPV- pasidt e /8¥PEECHANNND, mlgeo%ekﬁgtegr%m fégémr

investigation. 25 In a specific enbodi nent -|nvent|on
may be used t GXALESSLPY §§bFéElE‘%r|?ﬂ% Orfo&Pesamb%r@rctP%sé@W risk for
devel opi n§y cerdd aalkencakcanoibddeaititm hagitsthé papiétveiseygai i ve scoring of

expressi on Oth.&@Q%OEGdgﬁ ?$§%%{\ (gfygkgl 8%F§ furéher a ect the

i nvention provi scre Piitran jects to
assess their rWhﬂ<Q@Drﬁéveﬂépmﬁﬁﬁcﬂ#&n&ﬁﬂhlgbaréshoﬂé.d@weﬁpnmmmprlses

screeni ng the b %%Enb@é §5c§%§@ nak EB“@narEﬁsﬁiﬂdnﬁ% leﬁhe LI gene
of HPV and nRNA transc ene of HPV, anfgligrtln t he subj ect

o]
into one of fcﬁ}iﬂlceatréaaﬁﬁggrlsf%‘“@’dlsc? S086t D B3FHLS 031 00034 -
8 risk 1or deusllddesntioh.cetiexale:garecisionnobak e R pmqumaﬂy an of L1

and/ or E6 RNAQeear dhAgcho: Lheor ol 0vhigaeLansi Lheakl a5 R sk category

1: subjects nﬁgatlve or “expres
xpression of L1 mRNA, with or 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/cr E6 mRNA
expression may be selected for further investigation,
for example'using cyteology. Thus, at one level the

20 method of the invention may provide a technical simple
means of pre-screening a populatiocn of women in corder
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 cerwvical
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 methed 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



L1 nRNA but positive for expression of E6 nRNA from at |east one of HPV
types 16, 18, 31, 33, 35, 39, 45, 52, 56, 58, 59, 66 or 68. Those ,

i ndi vidual s positive for expression of E6 nmRNA from at | east one of Hik/ 0£d 2008
types 16, 33 are scored as being at higher risk, for exanple in
conpari son 80?/%5&%% duals negative for these types but pd&H{GRPE/O4GS
expression of E6 nRNA from at Ieast_oge_of HPV types 35, 39, 45, 52, 56,

58, 59, 66 or 68. 15 Risk category 2: Subjects positive for expression of

Li nmRNA and positive for expression of E6 nRNA from at |east one of HPV
types 16, 18, I 3 , . , . 66 Or . ose
i ndi vi dual s pogﬁﬁﬁvgoﬁoé?%éﬂ@%%ggé§?§ﬁegﬁlgg§n$§§%%?éﬁﬁz§g§%3a§? one of HPV
types 16, i8, BXpgessionref sebrayl/sy bEOngRER #eewding itk thieor exanple in
conparison to imdlvidyal s1aseoRtdae dner these types but positive for
expression of ES nRNA from at | east one of HPV types 35, 39, 45, 25 52, 56,
58, 59, 66 or 68. R sk category 3: subjects positive for expression of L1
MRNA but rfegat Riekf ortegpreski cubglecEd nRiAt{ivenfot hexprarsedonasgoci at ed HPV
types, (e.g. negat.i | [Wo] ; fr s 16, 18,
31’ 33, a8, 3G %5@5%,9{ 5, %W%?%%@%ﬁ%@‘?ﬁ%sk&g]ﬁq\ﬁo?@ﬁ: subj ect s
negative for e@pré§aPbnoRt of HEWRNAPRSd1Aeghli vEL f 0?r3rex35rreg§iroﬁ5of E6 nmRNA.
35 In a prefersed eghosih s, Ot i68e exXn6eSsSividud digeatedviy the

presence of nore_than 50 copie 0.6.0.CT 200 03/ 057

PCT/ GBCB/ 00034 fprgex?ﬁ%sﬂ%rgsoctfi % Blgganfr‘(’%ratf glteaﬁvggvdzlrl?né’fg#ﬂ?he sanpl e)
and negatie expressibn 1% iTldicat’@daby shered eseripsingfat édghehan 1 copy of
the transcript ek, Meof OhxdMl 1rVQloHPRreboh Ne SAMMElauaa sThe above

classification is based_on rY_PI ecul ar . .
negative 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 cor 68.

15
Risk category 21 subjects positive for expression of
L1l mRNA and positive for expression of E6 mRNA from
at least one of HPV types 1o, 18, 31, 33, 3%, 39, 45,
52, 56, 58, 59, 66 or 68. Those individuals positive
20 for expression of E6 mRNA from at least one of HEV

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 FE6 mBNA from at least one of HPV types 35, 39, 45,
25 52, 56, 58, 539, 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
L1 mRNA and negative for expression of E6 mRNA,
35
In a preferred embodiment, positive expression is
indicated by the presence ¢f more than 50 copies of



events which are relevant to risk of developing cervical carcinoma and is

i ndependent of the CIN status of the subjects. Thus,
classification may provide an alternative to the use

this nmethod of 10
of cytology in the0dCT 200

routi ne screening of wonen to identify those at potential risk of
devel opi ngW&®Bf0§7% 4l carci noma. The nethod may al so be uskCI/@B3M034adj unct
to cytology, for exanple as a confirmatory 15 test to confirma risk

assessnent made on the basis of cytolbgy. Wnen posi

tive for expression of

high risk E6 nRNA from one of HPV types 16, 18, 31 or 33 but 20 negative
for expression of Li are in the highest |level of risk of devel oping severe
cel | changes aHeE deianscainGr RAFi 11 ebor TitsL]i yoduymet oft Hee f 2anpldiat a

negative resuldnd afedak iWBNAxpXPEE56H Ofk | indidz@etl ¥y tREi saddar-of integrated

HPV, and therefgpre a higher 25 pro ility of high and constant expression
of E6 and E7.°T Myt Bftl"i%(:r)‘nlof:oﬁgv?fi%?ﬁ aﬁlgcﬁﬁﬁgnpﬁﬁn%fre(%gmtéﬁso a direct
i npact on the welbid jafy the shwptells. Integration of HPV al so reduces the

possi biligy of regression of cell changes. 30 Wnen

positive for expression

of E6 nmRNA from one_ of HPV thes,16, 18, 31 or 33 and positive for

expressi on of L1 niNE RRPESaC

PHRTIFRUEONBY PaSFReRR | BALEFHEA%R is still

possi bl e that éhentiPWhia$ 3bebeebevaritegratrddk bewa¥eelopiegri sk of these

wonen i s not S Is S 0Sg 4 L1l negatl v nd E6 positive,
si nce there'is&%gggggbgéﬁpgggygb% ?I%fiﬂg%p%é%eﬁgogg 6&%d§?§57914

PCT/ G903/ 00034statip afhahet Repidetnot Thase ithtiegmatbddHPl/, Wonen negative
for expregsi on.ofsds6 iZNAhr RBY HMoviddem HotelBat3deOfo thdUlsdoosi tive for

expressi on of anot her BPV ty

35, 39, 45, 52, 56, 58,

E6 NA tron% %e, e.g
59, 66 and 68,°%ArY A CBnENTFRYINR S9EERN NG gL nEYME et R ore be pl aced
in risk categordesifyrthdse at potential risk of developing

cervical carcinoma. The 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 Eé
mRNA from one of HPV types 16, 18, 31 or 33 but
20 negative for expression of Ll 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 & virus in the human genome has

also a direct impact on the stability of the cells.
Integration of HPV alsc 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 Ll negative and
E6 positive, since there is a reasonable probability



(as defined above) depending on whether they are positive or negative for
expression of L1 nRNA. 10 Wbnen positive for L1 nRNA but negative for ESJHQ
NRNA are scored as being at noderate risk. There may be high-risk HPVUYt 52006
in the sa 1 expression is indicative of lytic activity. Th may
al so be lgn+ﬁ?%%ﬁ%%ed HPV types but only with viruses thaPCQF@“¥W@¥%.
However, detection of lytic activity may show that the cell may soon
devel op sone changes. In the w der cohtext of cervical screening the 20

met hod of the invention nmay be used to classify wonmen according to risk of
devel opi ng ceryjcal, _.carcjng nd therefaqre vi de a basis for decisions
concer ni ng tr“é‘é%?reﬁeyan ﬁf aﬂ’ﬁe?'ng%?%ace}chei%g{&l?)y way of exanple: wonmen in
risk category 1, particularly those 25 who exhibit positive expression of E6

MRNA fromat | eastygng feddRYvEYRES dforddbiodl off E33mrith9RLobSpy dentified

as requiring "imed ate acti_.on”, peaning conisation or col poscopy,

i ncluding a bi bYRSS sl 8gy33 IR TS oK eBPEYBFYCR Ofas defi ned
above, m ght be mRNA efkaas aheqhiti PPV i tyedi at.g.aBBenBbpngs Mesmi ng

col poscopy al o c 0SCO i pgl udin i gpsy .and .hjsitology, 35 Wnen
in risk cat ego??’ 85,8’agﬁeiﬁngﬁdagg(/egr?ngsgﬁtﬁ ﬁg%&g?ﬁﬁdasgé eﬁlw i ng

i mredi at e re-tasd naedifiargiore e Flaosb inDiGl €810¢4rPETI GBOSLD0034 - 11

recall for a fugshelriiRd ahekelPYeSXMASRE RN whetiBY ahelYapL after a
relatively short jnterval, e six months. 5 Wonen_ 1 n_risk category 4, as

defined above, PRFghtVe IF P@Hﬁgﬁgﬁ £Or tHPIESSEOR RG prodR¥h to be re-tested
for HPV @Rpression at a later date. In a further embodi ment the invention
provides an Women positive for L1 mRNA but negative for E6
mRNA are scored as being at moderate risk. There may
be high-risk HPV types in the sample and Ll expression
is indicative of 1lytic 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



10 in vitro nethod of screening human subjects for the presence of

integrated HPV or a nodified episonal HPV genone, which nmethod conpri T
screening the subject for expression of nRNA transcripts fromthe L1 @gﬁleﬁ 2006
and the E6 ‘gﬁra% 5% human papi |l | omavirus, wherein 15 subjects ne?atl ve for
expressi on 0 PR8N but posi tive for expression of E6 FRULBY%tor ed as
carrying integrated HPV. The term"integrated HPV' refers to an HPV genone

20 which is integrated into the human ‘gefone. The term "nodifi ed epi sonal

HPV genome” is taken to mean an HPV genone which is retained within a cell

of the hunan sgghgﬁ as.an ﬁﬂ_"t% T % efoPC}-th\?5 |%t’e rated into the hunan

genome, and which Carries a 83 i Oh as co t he equi val ent
wild-type HPVigeadhetelhich aﬁ@lrf ﬁcael@)ﬁl‘#‘@e&dsﬁhqﬂcmamahve gor
persi stent expgegShorcf. transcripts of the E6 and/or E7 genes. The
"nodification" will typically be 30 a deletion, a nmultimerisation or
concaternerisation of the episone, a re-arrangenent of the episonme etc

affectingsthe regul @men of rE.&'kEZ:aeé@beﬁsAi,Oms /&ﬁgﬁfr@rcpawode,t,hggm esence of
i ntegrated HPV, grrgt 31_158 |f|hed egésogg HPV eno hS |ndt by a
negati ve resul £SfBF O xpr 8SEToN, Y FPR e with °§ 8¢ 6 WD
03/ 057914 PCTI @Oﬁmmremomaposllaw rgsifit for expression of E6 mRNA
incells of the cervix. Therefore, the ability to predict the presence of

integrated HPV or a_nodified episomal HPV genonme in this assay is
critically dependent™dh 1HESTapPPPEymERE s’%ll:?r dnyendgan; P§°Fé§%ﬁtaq or L1 nRNA
expressi @l This venud mestirodetfestirosnieg mingie S\Mbljféh:tshQSrrTﬂm mal

o houi ot i ny Bte QLRGeS UNBLhAT oSO HIAT IS DL Sona I @ &1 ° 1 =

enbodi nment t hi usirng a $erisi't and real 10
ti me detectionderehni gifelalo medhedncooprisrs ;ﬂ@ﬁ@mgortheabsbm@@t of L1 nRNA

The nost pref egpede Ul (e JfS mrigAL 24 B NASBA RAPIHE 83t O USi NG
nol ecul ar beacong
the E6 gene of human papillomavirus, wherein
13 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 intc 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 inte the human genome, and which carries a
‘-modification as compared to the egquivalent 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 episcmal HPV genome is indicated by a
negative result for L1 mRNA expression, tegether with



probes, as described by Leone et al., Nucleic Acids Research., 1998, Vol

26, 2150-2155. Due to the 15 sensitivity of this technique the occurrenge 0%%2005
fal se- negative results is mnimsed and a result of "negative L1 i
expressi on” “ﬁ%}n’?ﬁl?wr ed with greater confidence. 20 In a _further

embodi ment, 'a nethod of screening human subjects for the PrESBHIL03;
integrated HPV or a nodified episomal: HPV genone may be based on screening

for expression of E6 nRNA al one. Thus,1¥he invention relates to an in vitro
met hod of screening human 25 subjects for the presence of integrated HPV- or

a nodified episaonmal. HPV genone, -whi ch nmet hod c IS screening the
subject for expt &S st %ﬁﬁﬁgg PR RS S554 O 8%\nghem gthEt hunan

papi | | omavi rus,of wher icavdeb] Boesepusi t ithe Rbiléxpreospoadiit EhenRNA 30 are
scored as carryngdiiegiral fleFEY QI mvedi i & di??ééoéﬁiséﬂ%\i ggrone.

Mor eover, individuals _ma)é be sOrted into gne_o two categories of risk for
devel opment of ¥R TE5ScaPERViorh WddddadnYarersnrent "onydthér ni nati on of
expressi onsof EpiiRNA aboseordheredqiteive hesulvesbronl wrlvi des an in vitro

met hod of screep h n o 1057914 PCTI GBO31 - 13
subj ects to asgég@s}%tsﬁegi%%'ri gﬁ%:f%fgf\}gﬁegx\gng%ggﬁzﬁgﬁl Ee%lérrl%?uneoqrr%g%\%hi ch
met hod conpri sé®ss@eEdnpAgsensitsvibjectysttopredpresshbnimdl fA&erT anscri pt's

of the E6 genefathR¥ 2Bdu3esti Nfh thereulireeltl bAbOI PREnOTciwD i3 cat egories
of risk for devel o,prreg]{j of cervical car.ci noma bgsed on e%s& on of E6
R¥s dibh

MRNA, wherein ITHAVE U508F t T VO 1R ARE CRFLeD &r'e scored as
carryi ng 1ot egrigimed ddR¥éctioca tedhiiqee tepisserah EFY geaosmresarteare t herefore

classified as 10, ANl $K" bRk . do NpQkEELY! Calp AN QM. wher eas
0

i ndi vi dual s negative for exgr ession : A" "are_scored as not carrying
i ntegrated HPV &2 latimedNRAPBY apptbbiedatipy yeapgemahecalar thaaceonsr e

probes, as described by Leone et al., Nucleic Acids
Research., 1998, Vol 26, 2150-2155. Due to the

15 sensitivity of this technique the occurrence of false-
negative results is minimised and a result of
“negative L]l 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
nodified 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



classified as "no detectable risk"” for devel opnent of 15 cervical

carci noma. Subjects are sorted into one of two categories of risk for

devel opment of cervical carcinoma based on an "on/off" determ natio®fACT 2006
expression of E6 nRNA in 20 cells of the cervix. Individuals positive for
expression -3fZNA are scored as carrying integrated dified
epi somal Hsgbggﬁzne and are therefore classified "high r?@%ﬁﬁ@yﬁmgp

devel opment of cervical carcinoma, whereas individuals negative 25 for

expression of E6 mRNA are scored as not carrying .integrated HPV a nodified
epi somal HPV genone and are therefore classified as "no detectabl e ri sk”
for devel omm@tm?éc@g% C@ésé‘@é @HRQRBri3R A ddiRe KPIRX caefiegL Vi cal

screening classification of su cts into,the tmo r.oups haV|ng "hi gh
ri sk® or "no dgﬁéﬁfﬁﬁ?%'rYQﬂFh1W%£i&8vgpﬂﬁﬁ%§ﬁs(ﬁcr?éi%ﬂgg €car ci noma
prOV|des a baSBBbﬁectdE@IEHXHEESEMEMCGEHMR@AttEEﬂSﬂEﬂpt&ﬂdﬁbtthEﬁher

screening. For | e Iy ¢ygy be scored
ﬁneglgﬁe @ §3¥ﬁin th@ sG%fgb%y Isto%g%f PB

as requiring i er anal SIS ogi cal col poscopy,
whi | st those i RatREOREER %fems lodos derebaPnsTD of MEMVEEEd/ 00034 - 14

det ect abl e ri skagaleees Yod8ud s regbeesedobhask Eo li, %&b@%ﬂhng program at
three or five egr i@te{va S, £ These net hods are‘ﬁgE%%S&#ﬁ{ useful for
assessing ris DGt YRR %rﬁ%@l dArci ﬁ5nﬁx?ﬁe§%‘?%c Be 5 infected
with HPV, e.g. sthoed asstamgyyipusiinitegrabed IRV dNA modididledect s who have
previously man| ‘f%xﬁﬂlaﬂlﬁ?%éﬂo‘}@ 2AANALLRLALYe A (A Br aRAP STEar,

Subj ect's place 1Nt tectable ris category on the basis of E6
mMRNA expridssi onhig) Fhee” HRF Sexeloppresent TRAVItRD fég&ineBaresult for E6
expression ingheaées imgividdalss negaelasefbi e gnengarn aEt B¢ hgnaat the

time of testing. The sence of i nt eqr at HP\, o dified 15 epi sonal
HPV genonre, asgfﬁd?%%f% %?ﬁx§|rf¥§egr%§%#qrateé HbVTRY

modified eplsomal HPV genome and are therefore
classified as “no detectable risk” 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 medified episomal HFV 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



for E6 nRNA expression, is itself indicative that the subject has abnornal
cell changes in the cervix. Therefore, the invention also relates to g% 007 200
vitro method of identifying human subjects having abnormal 20 cell changes

in the cervigp g3tesh method conprises screening the subj ression
of MRNA transcripts of the E6 gene of HPV, wherein IndIVI§6%F8&m%§§ItIVE

for expression of E6 nRNA are identifi g as having abnormal cell changes in
the cervix. 25 The term "abnormal cell changes in the cervix" enconpasses
cell changes which are characteristic of nore severe disease than | ow grade

cervical |esionge@ctdNW %qgﬁnaaﬁe?aqumtd&elﬂe% rr@a' 898k tocipdes cell 30

changes which are characteristic o | sedse of equal greater severity
t han hi gh- gr adeS €9 d¢r ipredrad gt ﬁ%ﬁﬁﬁeﬁﬁlﬁév€x§§ﬁ§léﬁt6¥vf}%nsforned

cells), CIhNI (f:'Bhie/SeC&{eUH’didEsaemEt battﬁd:une:ﬂ@l gﬁ%le@).ll' Fbx @ésﬁsgﬂ?g Sqramd)us
intraepithelia n esions with mul.tiploid DNA
profile and " ?%ﬁgﬁﬁik%€ﬂﬁgﬁhé c%gghﬁ gﬁh%b%@?& ﬁe%ﬂOERwF?HH%x val ues,
hi gh percéntag@nfﬁcﬁﬂdAwaﬁ@uﬁPHVd§ gnd-ioBe testéadi ngsRaies fDESHBW:'T 2006

WO 03/ 057914 PCh£BEY %@%éc‘tslﬁho(mﬁhﬁﬁoﬁslﬁl maniP@drednal Cel |
Pat hos. 4: 315- 324 t a Clin Pathol 49: 892 896; and

t
McDer nott et alcerﬁkﬁ?} poryaﬁéﬁgtg{a QXﬁﬁiﬁﬁﬂ Or193Pe538855). 5 Cervi cal
Intraeplthel|aJSﬁkxqﬁtampia@abbnevthmeﬁho'ﬂaﬂﬁﬁﬁababsmlshrledtégﬁmgcal
Dyspl asia, is dizki qg&ﬁ% n p . CNis
classified as %ﬁeclrh\g %%Isllls gg gﬁdﬂﬂmgon |tsslggg®efng? hgkgnﬁ? IS considered a
pre- cancetBus aDFRI DM, tBGt“ﬁB@tl%ﬁlﬁﬂﬁQkﬁ f@ﬁn@érexﬂﬁ%5ﬁ4¢@est form CIN

I, usually goesndwalte@N thias G, 18l iheigh sdatel ¥ncbgeAl REOFESS tO
cancer. The noreg_ s vere forgsteCLN II and CINII1l, nost often stay the sane

or get worse with t1he

The presence of integrated HPV or a modified

15 episomal HPV genome, as indicated by a positive result
for E6 mRNA exéression, 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 cervizx.

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 squamous 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



15 can becone a cancer, but alnost never do if treated adequately. HPV has
been identified as a causative agent in devel opnment of cellular change8§idtT 2005
the cervix, which 20 may lead to the devel opnent of cervical carcinona.

These cel lu es are associated with constitutive [ nt
expression g‘?oé% E . proteins fromthe HPV viral genone. C'@Ef’@@&’

possible to conclude that subjects in ﬁ@ich expression 25 of E6 nmRNA can be
detected, particularly those -subjects~who exhibit persistent E6 expression
when assessed over a period of time, already manifest cellular changes-in

t he cervix. Thezﬁ%gggﬂgs§ qg%l haxg?ﬁakfh%fkggﬁv ﬁ8 y a very few cells of

the 30 cervix e déteciable cytol ogy.
Nevert hel ess, V\ﬁlthll'ﬁ’l'%?‘lfsé‘lldlf?tselﬁsﬁﬂbve3,99%.peTol ﬂlanaﬁdtlaoﬂ;urat e net hods for

detection of EGigfi¥h-dde| anpOfRbBLRLE0 LAGNL] ! ¥ bhosg 2ubl eghseatho al ready

exhi bi t ceIIuIar gggﬁz cervix at a earlier stage than would
be possi bl e usi b“a Hﬁﬁoﬁgp é??btoglcal screening. This wll allow
earlier |n6ervent|on with treatnments ainmed at O 6 OCT 2006 WD 031057914
PCT(GB03/ 00034 - reven t he. dev. p ery rcinoma. As a
result of HPV int egraliv&r?al ;[Bglrﬁgpﬁgrﬁ%ﬁl %ggf? ﬁ&ag?aa iﬁgfﬁgﬁaﬁ C‘of t he

"nodi fication" V&IMFE;rﬂiﬁOfcedlegl@@nﬂic&ﬁﬂﬂxyﬂi@ﬁEﬁ,nosnalcexwmqaﬂ of the

viral E6/E7 onceaﬁ@pcfarar&%%eet HgfaahsL»éﬁﬁloﬁﬂauw&tru@t 151985, J Gen
Virol, 66(Pt 7):_ 1515-1522; Pater and__Pater, 1985 |ro ogy 145: 313- 318;

Schwarz et al.,€ %@%Bfl%taﬁr@ 314 051311 Fepepglipgapnafts 3SeLity, d). 10 In
contrast, 10n pretmis gnamlcﬂee&uoESpa@dchFaéndmfseamdmamwyl ept trived | um
pap|IIOHBV|ruse p t nggﬂg " _epi forns hence oncogene
(E6/ ET) transc% p%ftgu%ﬂl K %e abse%t ks %&rglht gﬁag\’/\nu‘?’%gulr%t ed (Johnson
et al., 1990, Jg@&® m‘ia@blon its W(nptalrl)homgm?mmig iFatennetdgreas al ., 1993,
J Med to cancer. The more severe forms, CIN II and CIN III,

most often stay the same or get worse with time. They

i5 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 conventiocnal
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



Virol, 40: 261-265). Integration of human papillomavirus type 16 DNA into

t he hunan genone is observed to lead to a nore unstabl e cel

activity/genome, and increased stability of E6 and E7 20 nRNAs (Jeon an@if 0CT 2006
Lanbert, 1995, Proc Natl Acad Sot USA 92; 1654-1658). Thus HPV|nt egration,
typi cal I y f @ughpshdia cervi cal cancers but onI y inf requent |y (fé EB6s/dopssC N

| esions (Carnody et al., 1996, Ml Cell Probes, 107- E appears to be
an inportant event in cervical 25 carqlnogene3|s "The present met hods
detect E6/E7 viral nRNA expression in the cervix instead of DNA E6/E7
viral expression in cervical cells is a nmuch nore accurate 30 assessnent of
the risk of devgk@%:@&rﬁf% defanopmefP! ¥r ShowiRg it hat.cti RenkPY virus is
present. Furthernore e detection of HPV oncogene transcripts may be a
nore sensitive indicator of the direct involvenent of viral oncogenes in
carci nogenesi s (Rosea8mm a:tem:l],t ofoaay Gyf@sjﬁﬂtl(aﬁﬂ(i|n,to52he2ﬁﬁm3ﬂ7; Rose et
al., 1995, C©& On ; 244) i f E0/ E 50 CT 2006
WO 03/ 057914 PC&%%B%/%%&& rﬁﬁ?ﬁéﬁ&??ﬁ‘%@oc{) fg%a% i ca |on and detection
is a usefuP dizghbSied apdsionegdr HPVsﬁeWué‘tqr@ﬁd lcegézlrdﬂngfthlee devel oprrent

?f CI'N ?ndtl g 5591@?1 essimn otne l’&%ls easns@@%@ﬁr%n esPeeisal l(pukst g%gg ri a,k HPV|
ype-infecte at i an r a neco
oncol, 69: 114-2 i%ﬁffnﬁa §F 01198%8’% %&é’ 115%%8 l?’§’°%‘L%)"=‘“drhe

expr essi on of_ EBéEe?r,t r}aaﬁcrvilpmogy HPY: 363188 ;1 @chsautizi t2ar ally, correl at ed

wi th the physi ceg?gf ﬁ‘t"‘i‘ﬁl HFVlli)lilAflg Paﬂ&]gtetalal, 1%%3,7 chg)ol Oncol ,

Vol : 65(1), 121 cerV|caI carci noma cell’$ E7 genes of
specific Adnan pap¢¢¢tﬁﬂﬁﬁrrG@e@raméllgm%nﬁxﬂﬁﬁyamsfﬁodlHPVaiﬂﬁ%@U%hces

|t egrated i nt onbpsiy Ipiaaid) 1 pEREOTES: (A BaeAcReRResi 1z at al., 1001,
Proc Natl Acad Sci 88(4), 1411- 512 Viral | oad anpl I ntegration
has been evaIuat%Hm?QFg%qqarGleo 'forms, hen E7

transcription may be absent or efficiently

ce oncogene (Eb

down-regulated {Johnson et al., 1990, J Gen Virol,

15 71(Pt 7): 1473-1479; Falcinelli et al., 1993, J Med
Virol, 40: 261-265). Integration of human
papillomavirus type 16 DNA into the human genome is
observed to lead to a more unstable cell
activity/genome, and increased stability of E6 and E7

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 21., 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. E&/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 E&/ET7



series of CIN lesions (Pietsaro et al., 2002, J din Mcrobiol, Vol:40(3),
886-91). Only one sanple 20 contained exclusively episomal HPV16 DNA, ah&10CT 205
this |lesion regressed spontaneously. Seventeen of 37 invasive cervical

carci noma sa R e identified previously as containing (/Ehe conpl etely
i nt egr at ed genone by using PCR covering the entire EX TE‘EB%O%E@ne, and
this was confirnmed by rliPCRin 16 cases. ,One case, however, showed a | ow

| evel of episomal deoxyribonucleic acid’in addition to the pr edom nant
integrated form O the remaining 20 carcinoma sanples show ng epi sonal

fornms in the previous 30 analysis,.14 were foun o contain integrated forns
using rli PCR and 5t Eot g’%éﬁp%h?é\l’fﬁﬁ% %%ﬁ}:pgﬁ}oneﬁ%m ug‘rm;.
Thus, in total, @lagroFioftopie focartsnormmslu@@4dsshegedding egrat ed HPV16
genone, while I nt-egragt | I etec : (Kal antari
at al.., 2001, u?‘gégsné%”gﬁ’éﬁ %tcﬁ ,a&%o_‘??of%] ﬁo%%%gg .Ogl Fgégg"bé%r 2066 WO
031057914 PCT/ GEeEER03£sPerdalifete gl Wadn BFVy tuaprinfeceser vati ons

t hat cFrLLgal prf?ﬁnxmawqghlAsers&nﬁychﬁg ds&&@g&ab@d?hfﬁf193;,ngiaie?

epl sona al antari .et .gl. . t,saro et - o 0D Tt
has further b([a)sﬁc %Wajlwr?ant%d‘t’ ég'a%ﬁgtézjrmfegr’n”%abg%t ?Zns&r%%%d 3% m

i ntegrated or noth¥esd &fi:sé@rdB)HPV DNA (von Kl eben Doeberitz et al., 1991,
ibid). Therefore, the inventors surm se that detection of E6/E7 expression
provides a direct indication of integrated HPV or 10 nodified epi somal HPV
and hi gh oncogene actihf ¥Praggion o BRIE, kapneRraPESi af RV Tdtidkt
detection of E6 i{ BG{iFHrmaxpeessedaced anah sheupbhiysiesl seatwerdd fy

Tt Eb/ £7 mRNA ety bl on (P8 Raf CoB! ot B d RSSOt UF oM N v hi & {5
directly indicat2le®lof dal hobarcabniorataldatricéscina thélsethve xE@rhd
E7 genes of specific human papillomaviruses are
transcribed from viral seguences integrated into host
15 cell chromosomgs (von Kleben Doeberitz et al., 1981,
Proc Natl Acad Sci U & 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
Microbiel, Vol:40(3), 886-91). Only one sample
20 contained exclusively episomal HPV16 DNA, and this
lesion regressed spontaneocusly. Seventeeh of 37
invasive cervical carcinoma samples were identified
previcusly 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
;i deoxyribonucleic acid in addition to the predeminant
:r integrated form. Of the remaining 20 carcinoma
samples showing episomal forms in the previous
| 34 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
_r absence of integration could not be detected.
" 35 (Kalantari et al., 2001, Diagn Mol Pathol, Vol:10(1),
| 46-54) .
|



there is a very high risk of devel opnent of cervical carcinoma due to
persi stent HPV oncogene activity. Therefore, detection of E6/E7 nRNA i(§ 8CT 7005
human subj ect 20 indicates that the subject has a very high risk of

devel opi ng carci noma and shoul d undergo i medi at
screeni ng, §ﬁg&m%%;colposcopy | f HPV E6/ E7 nRNA expre55|0§C£§&hgﬁﬁﬁktected

the 25 subject may still have an HPV ﬁ fection. However due .to absence of
i ntegration and oncogene activity, it “rmay regress spontaneously (as
observed by Pietsaro et al., 2002, ibid). 30 In a clinical context the

alone is crltlcallg dependent on th e ab |% to score a negatlive result for
E6 nmRNA expressFBRYiFdh caumfmagencellsheil algdi i huguiinéeszadeseld?y on
t echni que 35 whiehmbast De i afelsom@ns eV VDY, (PS/ae]Iarﬁiaaﬁ.U(éQSam nzoel ;

fal se-negative pr red, enbodi t T.2006 WO 03/057914
PCT/ GB03/ 00034 ?§§g££€%ls ﬁg'dc%ﬁ B§HBS|HQFQI é%rgpﬁg gﬁﬁpification
and real -t e deheumlbmatdﬁhﬁuqh§7tmascoek¥lantndnscqpbedeﬁcemor absence of

E6 nRNA. The nosgh.pgeiesd est ﬂd%%@&bﬂuépi§oﬁé¥“Hﬁv'ﬁﬁANQ$§ﬁ giebefi cation
using 5 nol ecul ar beacons praobes described by Leone at al., Nucleic

Aci ds Resear ch. Pogloenitz/Hit 2 - ,2}§§ 215§1d){1K?QQ¥ﬁﬁ%§eseﬁ§PtlV|ty of this

t echni que the Qﬁﬁﬂmt@wuxsuﬁmﬂhal$Eaﬂeget¢®%ndﬁ¥ﬂﬂ t£%/ES akpresseshand a
result of "negajilyv p i,.0 be scor h eater confidence.
This is extrene{‘jk slg%%t£(4f¥%%ﬁ ?Hdgéggégn %?e %%E%%ge b 81%he cont ext of
a clinicdd scr@@ﬂif@ﬁ@w@gﬂ%ﬂﬂallHPFhéﬂﬁehhﬁﬁsﬂba§E@60ﬁC@eFQCYbo®ﬂ®f E6 nRNA

15 alone it is ppgtendedr def @ct]ahib8RSEor RS dél%\éc%ﬁon 48,581, 33 and
45, and in a pr?ferr$d enmbodi nent the ass%%fnﬁé det ect onl¥éthese HPV

types. DNA fromER(ET} prRresgiongalane iy Fteroddt&BEEEYi n nore than
87% of cervi cal scgafect®nzet saniphesi6Kar bfedevdlading cervical

carcinoma. In other words, if E6/E7 mRNA expression

performance of met hogige - Lh %%EM 92 rBh ffg'ﬂ&léﬂgéf%éQ 1658 PRaPT E6 MRNA

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 1s 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 Pletsare 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 E& 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



20 1996, J din Mcrobiol, 34:2095-2100). O her studies have shown that E6
and E7 are alnost invariably retained in cervical cancers, as their 06 0CT 2006
expression is likely to be necessary for conversion to and maintenance of

t he maligna (Choo at al., 1987, 25 3 Med Virol 21: -107° rst et
al ., 1995, 0n(('czsge']r%]}ﬁ‘.‘Genet Cyt ogenet, 85: 105-112). In contﬁgéf;ﬁ%émgg{]/

detection systens which are based on d E@gtion of the undamaged genone or
the L1 gene sequence, detection of HPV'MRNA expressed fromthe E6/E7 area
may detect nore 30 than 90% of the patients directly related to a risk of

devel opi ng cervicgak §§r§%ﬂf’é’%d Ikﬁ’ 38 ng! gnggnsi@@daznpgg?%aqqoget ection of

E6 nRNA are preferred I use in post-screening, urther anal ysis
of individual s R&di Fgah pHes i iectdicrgheshrigie Astgaseery or §hecondyl oma.
The net hod n’ayp}QesQﬁ?Q &0 gaiatde tghtoge MRIA. a 'ﬂ‘ﬂegfhclréts%.:r_@ffe@rﬁci? C T 2006
WD 031057914 P 03/00034 - 20 . .dev LN rvi cal, carci.noma from anongst
the group of Egsgg?ﬁ%%?sl?uﬁﬁ%%;E%mﬁrgégg%s ci%ﬁ%ﬁéﬁf?ﬁ UiSeBs, CaN 1 or
Condyl| oma. SASCUSeleontyt opeacards Qrkbesrags bdesadsfietkdyad.crmeeetr | ess the

sanme di agnosi s due tQuVeLYy: R RRREQIUSI Pilddy, Brjves) aihfhepess,
cytologists and_ different cgt,ol,o%l}cal depart nents. Ast%r (I'nt J. Gyn Path.

12: 186-192. 1993yt banth¢ RO &¥oahd 188 FECRHHAYS PP cases may progress
to cervical carekbofBencdhuS, fdler-acoat avgerns ule: haed nfiovimdsedf &hdi ent

met hod 10 of identfying.th FRE Lndj Vi S W ih A Condyl onma or
CIN 1 who are a?’ éé%é%gn?#aﬁle? S Q’%f %dggg{f%%%;%{ cec\rlg\ﬂ (l:jén'l ?’gg?‘%finorm: One of
HPV types 16, #8th3grentay el igienset edThis 8ot nae lyedvibedtantar ci nona

cases study by Karigenadda@d arcl330peBisd® i 0nEs i Qht@ixtHBY 45, nearly 90%
of the cervical carC|£orra sanples are found to be related to these five

HPV types. Ther ELOPECALFTRAEYW PEOFFERe data provided by (Astor (Int J.

Gyn Path. 12:186-192. 1993) nore than 99.9% are detected cases w th ASCUS,
CIN | In the methods based on detection of E6é mRNA
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). 1In contrast to HPV
detection systems which are based on detection of the
undamaged genome or the Ll 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 c¢clinic, methods based on detection of Eé
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



20 or condyl oma are m ssed by our HPV-Proofer kit. |In the nethods of the
invention "positive expression” of an MRNA is taken to mean expressiong (T 205
above background. There is no absolute requirenment 25 for accurate

guantitative determ nation of the | evel of nMRNA expression or for accurate

det ermi nati SYP B05™ihe relative | evel s of expression of LI BEHGBSMHIA. | n
certain enbodi nents, the nethods of the 30 invention nmay conprise a
quantitative determination of level$ 8P WRNA expression. In a preferred
enbodinent in order to provide a clear distinction between "positive

expressi on” andd" neﬂgtj ve exIpr.esii on" a determination of "positive
expressi on" nmay T EGtTRE e HE*35 FreSBAEE YRA nﬁ?‘@‘ AFIRISE EBBI BECHP t he
rel evant mRNA ¢peinddvicfuslaanplagioy peprévials \dlagmesdk sdnpEeys, whereas a

det er mi nati on ofrynegating, gss| ﬁg&UﬁayC%q@éLgngﬂ[ %91916551%?60%%1?5%%;4

PCTI GBBG3100034 - 21 require the presence o ] han {

rel evant nRNA (BRfimgd S d0HR &roreper thotHny Slipgaostis duppte)very The

met hods of 5}1 he imwem;bﬁdqmiilhliblfift@rf BESWEYN dim@ﬂé]gl_t%me@mbggstgrarf& MRNA
using a technique_which i e t tect specifically rom cancer -
associ at ed HPV %{)%%‘fer%h)rcéﬁfﬁéaﬁéfﬁgl agp%rl%e %k Osgéfr‘fcér'ls'pﬁggyg%‘f ed HPV
types. In the nBathprBleifted 220 éfbodi heumd tietneniedarbordl ¥& streeni ng for
E6 nRNA  using gnfeehni aug bl 6l rabk&sd & ARlB5Y ] 1 HPV types
16, 18, 31 and 33, and preﬂerablg gfsg 45.  Most pfgﬁegggélﬁ&? e nmethod wll
specifical ly detfRed, ‘digfeds énIsPuiEne ieed ffBmast eféasieBhematheby types 15
16, 18, 31¢ 33,ofﬂﬁhéﬁﬁﬁﬁ¥ﬂﬂ@ thal s0b46t @afdmuistiduanefl eiahl xseds, five types.
However, wonen i £ 4 or, itive for_ exnression_of E6 from other types
than 16, 18, 31§8§%§%§§?lﬁ§ 9&%8& had g%?eﬂg?ﬂgﬁﬁﬁg Lalgt2kebP 6 and 68° mmy
still be "at rid&velbipiduy @egyilegl2oaceinienl OaeciofoRY Thpes lhe net hod may

enconpass screeg Ny fr BXRERS8LOBPEd B IMNA Jf @Me0Be QL cHDr €
carcinoma cases study by Karlsen et al., 1996. By
15 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
20 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

25 for accurate quantitative determination of the level
.of mRNA expression or for accurate determination of
the relative levels of expression of Ll and E6 mRNA,

In certain embodiments, the methods of the

30 invention may comprise a gquantitative 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

35 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 expressiocon” may



of these HPV types, nost preferably in addition to screening for E6 nRNA
fromHPV types 16, 18, 31, 33 and 45. Certain HPV types exhibit a nmar R§dFIps
geogr aphi cal / popul ati on distribution. Therefore, it .nay be appropriate to

i ncl ude pri ific for an HPV type known to be prev j he
popul ati on/ S‘F‘&)gjﬁ%gﬁ?cal area under test, for exanple in agéﬁ?;%giﬁ&?%

screening for HPV types 16, 18, 31, 332139 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 the Eoqepan sirAdiRghEanss 1064 udidg 2 hbg{jgk' ¥h@ceurring splice

variants, and thefefore _includes transcripts whi cr&% rtionally contain all
or 0 6 O CT 2008S18¥5%3/ 8P {RPeBCT CRERIHYSU OF BT FREELoVOL WS I open
readi ng frane (aadplendeed further open reading franes). The terms "E6/E7
MRNA", "E6/E7 transcripts" etc are used interchangeably with the terns "E6
MRNA", "E6 transcripts" and al so enconpass 5 naturally occuring nmRNA
transcri pt§ whi ch cofftaimetéiods ef phetloventiorEyidpenreéadahlyfrane,

i nclt udi ngI | nat Ui@*irdt:l/véf)%ﬂt x ereiggagsebkcge \é@mﬁﬂ%sﬁbnga%djlz_b&ﬁ?i%ﬁé Pgicphi ch
contain all or part, 0 e pen readi r : e term "oncogene
expressi on”, untes¥®PiR W ﬁ@lt\ﬁcgesgf’ﬁi‘gﬁ?&g'iys@ég&@%?FanS?ﬁ?%ﬁy occuring
MRNA transcri pt asswaeitdi b P nyakb, omoparpreaffe tahd yEGhigheniskadi ng frane,

i ncl udi ng natur gz?cg.g I spbi;C i ant.s,...an a i whi ch
contain all or é%)llé‘%/{%l_oo toﬁéggsdoggﬁ ?%%%fng ratrtr%. H?EEFQEEEE‘%}% MRNA

speci es hafe soemagdiest thesmetbedsi hneelvs sofesaing KPEREMPRNE, nanely an

unzp:EiGCIefll E?st ragsed i Ptr b ibheeqnsohi LehiIansCepber genakes £&3d , E6* 1|
an * no

Wettstein FO (r:]t*%’a%ﬁetl cle&’?sgP%%A\@r%éélng I%r%/%%fggg‘gé% éélllqg smotkin b
Most preferably, the method will specifically detect
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, wcmen 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 additien 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 additicnally contain all or



Doorbar J. et al., Virology. 1990 Sep 178(1):254-62; Cornelissen M, gt 3I
3 Gen Virol. 1990 May 71(Pt 5):1243-6; Johnson MA, et al. J Gen Vi rop.' Uf g@ﬂﬁ
Jul 25 71(Pt 7):1473-9; Schnei der-Maunoury S, et al. J Virol. .1987 Cct

61(10): 329%Pososgiman L, et al. Int J Cancer. 1992 Feb ?@é@%ﬁﬁ §5464) . Al

four transcripts are transcrl bed froma single pronoter cated |just
upstream of the second ATG of the E& GBF._ 30 In one enbodi ment the nethods

may conprise screening for E6 transcripts which contain all or part of the
E7 open reading frame, This may be acconplished, for exanple, using priners

or probes 35 spagtfoe fid theden c:@eluma r eghed. (drH %_rfdéretdh@fhrgfi@,@d' ment, the

met hods may conprise 057914 ,00Q
screening for gﬁgon%%%m%amqssl ‘| V\Qg {:ﬁm%G E‘?&Bn?@%pt’ %%AE? he case of
HPV 16 the termrahattiptehgtc B& maaslcmnpelsdharej@}:ﬂﬁ orifthahger | pts which

contain all of g?ﬁsre@s%ﬁpr@m@acl&%sém&) a4 %#bc%ﬁgagg the E6 ORF,

i nclusive of nt 97 and 880. 'Nucleotide positions are nu according to
standard HPV nBAEHER I NIrCFEeaHRIA PARRFFOHREA ik chosepdadnuatbnli ne,
avai l abl e vi a blaepaﬁt esNetheIEd rmpepaaeradi@g g faree) Hviddaddabagse, Mail Stop

K710, Los 10 AI i onal . Labhor I anos, , NM_ 87545 USA) .
Speci fic det ecfll ﬁ# u‘ﬁcqrerr%é‘[ %r’lg éc‘r"f1 ar@%;ﬁr@e t&@@&ﬁﬁﬁpgﬁ for
exanpl e, usi nng!Li:hefF@nttﬂin prldbey Wﬁﬁfthoér’ehesrfeklcfpm‘t fremding regi on which is

present only irphpb! |BNOtd &P RYEREPERpr& i ddY, 151:151%' isce variants.
D fferent HPV t¥ges exhibit differeéent erns of 'E6/ E/ mRNA expressi on.

Transcri p@ mapStPeFvisE i Tt adpy &lygeset gﬁ%l%l’?ﬂf’ﬂﬁ\}lﬁ PFEYTEB%and 31, which

may be used t omBEAI stansciirts dédichncohtpiobelsl arir paintes the Het ecti on of

20 L AnSBELR! 2o 5 W, AR 20k ol Yy WRRcaRgP! || omavi rus

splice variants, and transcripts 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 HBPV 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. 1850 Sep 178(1):254-62;
Cornelissen MT, et al. J Gen Vircl. 1990 May 71(Pt
5):1243-6; Johnson MA, et al. J Gen Virocl. 1980 Jul
25 71(Pt 7):1473-9; Schneider-Maunoury 8, 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 (p%7) 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



E6 ol igonucl eotide prinmers are described herein which are suitable for use
in anplification of regions 25 of the E6 nRNA from various HPV types B§ 0CT 2006
NASBA or PCR In a preferred enbodi nent nethods which involve screening for

L1 nmRNA exprgggigiis ey conprise screening for L1 nRNA exp J ing a
t echni que 30 %ch is able to detect L1 nRNA fron1substant?§?@%ﬁgw#§£knomn

HPV types or at |east the mgjor cancgr-Bagsociated HPV types (e.g.
preferably all of HPV types 16, 18, 3%3and 33) . L1 priners and probes are
descri bed herein which are capable of detecting LI 35 nRNA from HPV types 6,

11, 16, 18, 31, | .64 - saqples,. O Zoos WO
03/ 057914 PCTI G@gg‘?ﬁgg%ﬁ%‘g}hﬁfég%%{%% o TR e Fi%pt 58 an be said to
detect HPV "vi Fafeseelptsreadim@henheapeesEftRV of6 He [oprc “fadtivity.

Det ecti on of ESAB{gERaMEOriRlsiaphsheratiss {0 dalARl:iBRY iipathogenesi s”
Sl nce expression o

t hese 5 is.indLcative of nol ecul ar _events
associ at ed mﬁtﬁo?Fﬁknoﬁl%éﬁgﬁﬁﬁfﬁ@géSPc%?ﬁﬂnﬂuq¥?9§¥9ﬁud9tbf9i5§@ women it
was possi blbe tontd@s@cin alie &6cEBF, ohectaseveofofClY 19171 ahesBeas or 10 cahcer

using a method Rase °§§*§ﬁ%§§ﬁ??%gfQEGeﬁ%ﬁﬁg¥gd”5%ﬁé§%§g§”g°Ll MRNA (see

acconpanyi ng Exanple r “enbodi nment s ibove-described 15
met hods of the Fhye@RTSHERNESHELREBLS e IO FapdlgrBagiews of NRNA

transcripts ;roﬁbhﬁ@n@uﬁglmdﬂi@d}ka&ai@ﬂﬁe +iha %dﬁi tiin%rhetsefeﬁ:ai n}g for
expression of HPV. L1.an r E anscr i pt . osi-tive_result for
expression of pPBPFkai R 1 3“%?%2%8%2895#%ﬁ%r§%5% ﬁﬁﬁSatFSE of risk of
devel opi nd0 cerilands datcionenn Labteatonn, dms temosl, atdd8f7aAbl y menbers, may

25 function to pegyl at%é&%i@%ﬁ@@ﬁ%é“&@”ﬁfﬂ? F%tg)?)%tlhgrtg%gcwp@é essive

activity of the restinoblastoma gene produc n support of this, it

has been may be accomplished, for example, usSing primers or

probes which are specific for the regicen 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
design 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 cof 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) . Ll 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.



found that there is an inverse relationship between the expression of
pl 6i nk4a protein and the presence of 30 normal RB in selected cancer cel8 (CT 05
| ines; pl6iak4a protein is detectable when RB is nutant, deleted, or

i nacti vat edyw@pfoshdial S markedly reduced or absent in cel | {:T!&% y&ogﬁt
contain a normal RB. Kheif et al.(Kheif SN et al., Proc. Sci .

USA 35 93:4350-4354. 1996), found that,plOkaa protein is expressed in
human cervi cal carcinoma cells that contaln either a nutant RB or a )
wild-type RBthat is 0 6 OCT 2006 WD 03/057914 PCTI GB03100034 - 25

functional l'y inactivaéesetyrEes thezrahger%wvcté?ﬁtbe tsReal RBchby¥att on of RB
correl ates mﬁthng \pre ul ation Bé6hnk flrnln%Ea f eedback Ioop
c

i nvol vi ng p16"" enq qe FEARY etPLfsenaq PdeHFYNd85LR K, at 5 al .,
(2001) VirchowsagtthidB9: Eie@ljiohoufidE6hET timrsecripessecanghef sabat

correl ations betyegn: st G PLA che¥Bhession Al HRYLGL19 b ection, and

bet ween strong g expressio HPV oncogene expression.
Kl aes et al., (RRHRS %ﬂdkﬂath@29§1T°1%¥U%§¥\PW§ﬂ¥§eP592ClQ?Gd284) obser ved

a strong over @xpresssrpdiddvie ophfynkdac pesiea .or oduct in 150 of 152

hi gh-grade dyspl astic cervical lesions (CONII to invasive cancer), whereas
normal cervical epithelium or inflanmmtory or netaplastic | esions were not
15 stained with the phelrkaalyspéchbBPE wonen|dnalasapoisbotye E6H4A. Al CIN |

scored | esions aggsoet aled éeecte@tLBnb'PMaséy@fsCﬁJ %@zayua@leas%ronl y focal or
sporadic _reactivity, whereas all but two CIN | scqred |esions associated

W th HR- HRY typ@gngﬁBWéﬂugi@bﬁﬁtéﬁﬂ HF??%S%P SFesdingi A§%f or pl6i nkda. The
di scl osed screeakpges®idrodst mdy ahe CarnRied (8 zwroapphepagati on of nucleic
acid isolated f %ﬁé I|nical sanpl e or biopsy containing cervical cells 25
taken fromthe su ¢¥-Under test. Sui t abl e sanples which may be used as a
source of nucleic aC|d i nclude (but not exclusively) cervical swabs,

cervi cal In further embodiments, the above-described
15 methods of the invention may comprise screening for
expression of MRNA transcripts from the human plginkaa
gene, in addition te screening for expression of HPFV
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.

Pl6™™¢, 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 expressicn of pléi"™? protein and the presence of
30 normal RB in selected cancer cell lines; pleirk
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 plé™™? protein is
expressed in human cervical carcinoma cells that
contain either a mutant RB or a wild-type RB that is



bi opsi es, cervical scrapings, skin biopsies/warts, also paraffin enbedded
tissues, and formalin or 30 methanol fixed cells. The preparation of nQGélHTg)
acid to be screened wusing the disclosed nethod nust include mRNA, however

it need nothespspigraration of purified poly A+ mRNA 35 aﬂg”ﬁ#%g%@gti ons of
ntal

total RNA or cruae preparations of total nucleic acid co th RNA
and genomic DNA or even crude cell _Iysates are also suitable as o F CC
Zoos WD 03/057914 PCT/ GB03/00034 - 26 starting material for a NASBA
reaction. Essentially any technique known in the art for the isolation of a

preparation of fyl8ichaaghdihaet vdl figh HNATTRYLBE YB8d st igate nucleic

acid froma test sanple., 5 greferred technique’is the "Boonml' 1solation
met hod descri bt iiMAG5iRa51984080%F LRFFEPARSHIBILBEAD UBFRIUIRERED, which
can be used to ifsqgllateieacoutl emtn@ci Fedubepar AbbpniGeal¢ing g dotth RNA and
DNA, is based g e n IL.C ' | ndi pr L of_siljcqn dioxide 10
particles in tﬁgu%kﬁgenggth %%@égﬂgkggéggé égggﬁé g%%ﬁéslnght%?ocyanate
(QSCN). The nethodd2801¢ hEirahews dirhardéobadédobh fasnesthmintthetreactive

transcription gfeddheigRYrg8RAFECo AR 14t i68kYbedkeER! é&ﬁ?epl@t hods are not
limted with respect to the prgctéf t echni gue used to detect nNRNA
di 8PV iRt ¥ thing e

expressi on. MarfiPREESHAPGUES foBpREHfPRtVERINS ILOHFences are
known in the argitrtpregsthenused REV 16/G6r 8arE: snhtdgéde i nvention. For

exanpl e, specif] b t ect ybridjsati Lfication
or sequenci ng tele ﬁ%‘%qs@g%f‘?&?% ?rtogiel'ﬂr e{?(g?rgédﬁt oé%e‘lf'%'c't ﬁ%@&e}g%?essi on by
means of &% anpl (CENESE 87t 8¢An? fle, ohfssvepr af BEBONY OVE- an i sot her nal

anplification sigteasibASBA thérgngend pehenprediat edh amgy idd aaki on,
si gnal - medi at eq_gtg%qpl ifi cgtl og og. RNA techioio% i Sﬁ%%ﬁrﬁl sol ution phase
anplification, —ORPHe o HY PRERR I tGRFddCat e Lo RAPTS K %he art More
pref erabl y nRNAmepriesscencer), whereas normal cervical epithelium
or inflammatory or metaplastic lesions were not
15 stained with the pléi™2 gpecific monoclonal antibody
E6H4. 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
assoclated with HR-HPV types showed strong and diffuse
20 staining for pleirkia,

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 methancol 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



30 is detected by an isothermal anplification in conbination with real-tine
detection of the anplification product. The nobst preferred conbi nationfEi%T 2006
anplification by NASBA, coupled with real-time detection of the

anplificatiapopsi@degt using nol ecul ar 35 beacons technol og i bed by
$AEgeRst

Leone et al., Nucleic Acids Research, 1998, Vol 26, 2150- OCT 2006
WO 031057914 PCT1GB03100034 - 27 Methaogs for the detection of HPV in a test
sanple using the NASBA technique will generally conprise the follow ng

steps: (a) assenbling a reaction nmedium conprising 5 suitable priner-pairs,
an RNA direct ed sptpabydRf&sta) @ bbARsBheassct Mg, hd=ehysasiihe RNA
strand of an RNA- DNA ﬁgrid Mﬁthout hﬁdrolgs£qg %%g | e or_,doubl.e stranded
RNA or DNA, an RUX j&F BRSNHE PeEBGnRERsT oL AT &P 8hd?

ri bonucl eosi de gweépadatiomyof bomicicosicdd inehimbisphatRds: maly) bencabdti ng t he
reaction nediunkMﬁggogatgrgﬂ@gégd<y&igffggﬁlgi§e§@i§34?¥$_atgg froma test
sanpl e suspected of containing HPV under reaction conditions which permt a
NASBA anpl i¥i caPr8he5erebeehimifiueadd tBf akeer?t ihaplatdiosy mgEhALI tati vel y
measuring any ke¥Ycspbetfins -G 3af s0heaNASBA-BHIAS 063t omhigeacti on. 20
Detection of th i f)c.product(s f e, A reaction (i.g. sense

and/ or anti sensgegggﬁéshg &f‘h‘gan tb(gr %jlesf%deg)l‘l'\n%wga e Tatts &}Coéf;ilgn a nunber

of different wiysparatboe epprajadhgt hetNADEN and i, (s basgdbendet ect ed

with the use of tae HEY18P8CAdI S ARNBN hbebSati Al RIORS 162RALE R de
speC|f|cah%% anneal i n . e roduct . hybr i di sati on probe may

] .10 the NASBA B The _
be attac topﬁrFéggﬁ?lh@ fhih Aresegreerhinphe chagy @8RPT | uni nescent,
radi oactive or gohetiline tesssrinatengceuadipr an enzyne | abel or any 30 ot her
type of | abel known to those of ordinary skill '
The methods of the invention are based on
assessment of active transcription ¢f the BPV 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, iscthermal solution
phase amplification, etc. All of these methods arxe
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 Leone et al.,
Nucleic Acids Research, 1998, Vol 26, 2150-2155.



in the art. The precise nature of the label is not «critical, but it shquld
be capabl e of producing a signal detectable by external neans, either0By0ET 200
itself or in conjunction with one or nore additional 35 substances (e.gqg.

t he substra enzyne). A preferred detection nethod -cal | ed
"r eal oc%ﬁ}%dé’ﬁ Y0 03/ 057914 PCTI GBCOB100034 -28 tinme mﬁéﬁﬁg WP al | ows
continuous nmoni toring of the fornmation-of the product of the NASBA reaction

over the course of the reaction. In a preferred enbodinment this may be
achi eved using a "nol ecul ar beacons” probe 5 conprising an HPV-specific

sequence capabl e of MG Ifa ket BE:MUPH REOHAL 1 n2,SLER dbphgie f ormi ng

ol i gonucl eoti de sequence and a pair  of quorescer/ uencher nol eti es, as
known in the artS&p9 Qﬁﬁﬁﬁqa@e&eﬁ@PéHHe Y113 rEenes HI&PmBééE6n%h%robe is 10
added to the reg@oliowimg xueps:prior to anplification it may be possible to

nonitor the formatiop of t AP al-tine (Leope at al.
Nucl ei ¢ Aci ds Reseap%¥| eéﬁ%@b@@ﬁﬁ §6£8%%%5n£f§§$umR§§885§ ? ts and
|nstrunentétlonSﬂetan#fﬂﬁmﬁaﬁypﬁéaﬁftammﬁﬂﬁid@&ﬁ&kedeﬁﬁétpohyaeea%malIable
comerci al l'y (eagrleﬂe%%stthEasugmaﬁ £48 fHeOomNG %QQHdTeknazka) In a

further approach th | ecu] ar. echnol o may ncor orated into
the prinmer 2 20RBRT Eé%dﬁ§9£ﬁq gt gmﬁﬁ%r?¥%ﬂlQQ %énﬁoﬁlPSrgﬂﬂ 8% the NASBA
reacti on w t housttamedent A @r @Nﬂepanamﬂﬂ pyibmieciasat khatprebegnises still
further approac N%ﬁ re@ction may be nonitored
using a generlcg %@ﬁ%ﬁﬁﬂﬁﬂﬁétgg?lkgﬁon@ ¢ %éh h?brldlses to a nucleotide
sequence iR thedgoxfﬁﬁbﬁQ“ﬂiQQﬁ1ﬁﬁetﬁiPh%§P§PtQﬂrlgonucIeotlde This is
equivalent to the "Nl Ilmfaz't'ingetestt@bt&m eleuauﬁpmeﬂ y Organon 30

Teknika. In this stanggﬁﬁjflcht% for ¢ %ucts derived fromthe
target HPV nRNAPﬁﬁéa%% * ePP&d®HY ﬁ§+qu54§@ ?ﬁe rPMcachpPhre probes

sample suspected of containing HPV under reaction

conditions which permit a NASBA amplificaticn

15 reaction; and
{c} detecting and/or quantitatively measuring
any HPV-specific product of the NASBA amplification
reaction.

20 Detecticon 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 cone 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-



conpri sing probe oligonucl eotides as described herein attached to a solid
support such as a magnetic 35 m crobead. Mst preferably the generic

| abel l ed detection probe is the ECL'" detection probe supplied by cxgﬁﬁ&wfzms
Tekni ka. NASBA anplicons are hybridized to 0 6 O CT 2006 WD 03/057914

PCT/ GBO3/ 00Qpd 031053814 t he HPV-specific capture probes and t?ﬁTﬂﬁﬁﬁ&%ﬁtECL
probe (via a conplenentary sequence on prinmer 2). Follow ng hybridlzation

t he bead/ anplicon/ ECL probe conpl exes y be captured at the nagnet
el ectrode of 5 an automatic ECL reader (e.g. the Nucli Sensmreader supplied
by Organon Tekni ka). Subsequently, a voltage pulse triggers the ECL' '

reaction. The detjgetiRsnof HRHTRMAGKE 8b80iMiofd inHtidlorike bel eMance in
cancers other than cervica .@§§CIHOHB égpludln | e, head and neck
i

%g for exa
car ci noma, oral TO5R8+8H ATONEE ki e HerRfokeasdtan 288 vagi nal .
carci noma. Det ethieonocofsdRE NRNA reaytdbso bEn vermrefseafad embotibeedt agnosi s

of mcronetasta i Wi LN.thew f e Hence,
the invention 2@8 lg%. tlge@n% %@eésq%gﬁrﬁe?%gg orlh%%%uel%%l’ tt%eI%lCP b@ t§9?i¥|eé _
above-|istéd cafeBpsiphreEniBers@esiifdgcs spquengs erfiadieoftfHPY L1 and E6

transcripts. 20ahReACCRy daNGEhaNATEA bUbaker, aspacin-ofudike fopMeRyi on there
is provided a kit,for use in, the detectlgn of transcripts of the L1 and E6

genes of . HPV, OtHEORVEIEYnilS SSRyrelre 8ad® Btpfver-pair  suitable for
use in anplific&luonester/quegidrenicidtPest ransarawt sirf thim atrtl eadt HPV

types 16, 18, ﬁ%eéﬁf’iﬁé% ne G Pr &fretabl Yo Al S Pk, %”gr%é P5 more
primer- pairs I.ch enabl e anplification of a region or E6 transcripts from
HPV types 1%, 18ddsd BRdts, reattiopr BAEFAES PRI%0 B9Pvnpdifdgatppp ner - pair
taken to nean afe RaYrb&fpdddirles tovhbeDtoBRYERE ftSethtidnCofbitpation to
anpl i1y a spect {LegnTSELQMO 18aLeOhe FL RN HP1200 A Cfagun nucl el e

Acids Research, 1998, Vol 26, 2150-2155). Reagent

kits and instrumentation for performing real-time

i5 NASBA detection are available commercially (e.q.

NucliSens™ EasyQ system, from Organon Teknika).

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

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
cligonucleotide. This is equivalent to the
“NucliSens™” detection system supplied by Crganon

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 a2 magnetic

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



acid technique. In preferred enbodi nents the prinmer 35 pairs included in the
kit will be suitable for use in NASBA anplification or simlar isotherpgIQfT 206
anplification techniques. 0 6 OCT 2006 WD 031057914 PCTI GB03/ 00034 - 3C

The individ LJter s maki ng up each primer-pair include kit may
be supplied sepaégﬁgly (e.g. a separate container of eachggpgﬁggﬁo r, nore

preferably, may be supplied mxed in _a,gngle 5 container. Conbinations of
two or nore priner-pairs may be suppliéd ready-m xed in a single container
within the kit. It may be convenient to supply two or nore primer-pairs-in

a single contaipgp M@Qrﬁ%éper n@gh néftgggléﬁﬁcgﬂé(E%“G%E%%Feﬂs are to be

10 "mul ti pl exed”, neani aneouslTy 1 h*a Singlé reaction
vessel . The prlﬁﬁp ﬁalY{%)as%m%&@m@nﬁéFYu§%Q¢¢ﬁCQﬂﬁﬂ|Hrhm§¢| of a region of

E6 transcripts sBoubdidd wpehla arBbhf tﬁatb@aiupanﬁgfagc%/@tLE rGBRBA from at

| east the najorpﬁsfcer assog}ated HPV .t E)e@l_ll ﬁéﬁﬁnd 33, .and
preferably al so® GECS THLY P LEPLETER o ?f@ﬁ%ﬂﬁt SHERAGNPER thi s can
be achi eved 20ahnavhenamboddfeneadehe (kig. rmnﬁ(ﬂnukmamns@paeader

primer-pairs Sp@EE%ﬂ§eQQ%£Qﬁ&En%5 REVnL¥RES 1§hb§§§ué%%lyan§ tﬁgﬁgthe ki t

preferably also ese priner- pairs may suppltie
in separate coﬁPé?ﬂeF%lgﬁﬁr§IF§@ ey bEe’ehithed as mi xtures of two 25 or
nore primer-pairs in a single container, for exanple to enable nultlpIeX|ng

of the anplification cli . t he may
contain a 30 single ?ﬁléﬁﬁ éi%qp 82p§8§ %$§ an ”3 giFBéFS of the E6
gene froml@PV t gpésvasse 18 Shcarg BBheanﬁhaquﬁnﬂmﬁﬂh/aarscnmﬁw 45, whi ch

thus enables —agRblhiedd] Ofbdlexdb1boUneARr Al @AY dirthokupes hn a  singl e
anplification reaction. ~This could, for 35 exanple, be achieved with the use
of a pair of and tongue carcmnoma, skln carc1noma, anal and vaginal

carcinoma. Detection of HPV mRNA may 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 Ll

25 transcripts from at least HPV types 1€, 18, 31 and 33,

-and preferably also BPV 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 HEV 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. 1In preferred embodiments the primer-

35 pairs included in the kit will be suitable for use in
NASBA amplification or similar isothermal

amplification techniques.



degenerate priners or by selection of a region of the E6 nRNA which is

hi ghly conserved across HPV types. o 6 0 C T 2006 WO 03/0579x4 ne aCT 2006
PCTI GBG3/ 00034 - 31 The E6 priner-pair may correspond to any region of the
E6 mMRNA, an o8Pl € anplification of all or part of t BERGE54 readi ng
frame and/or the open reading frame. 5 The kit may fur er I'nc ude
primer-pairs suitable for use in anplg ication of E6 nRNA from HPV types

ot her than types 16, 18, 31 and 33, and preferably also HPV 45. For

exanple, the kit may be supplenmented 10 with E6 priners for detection of  an

WPV ype which |5 SfeTnGaRapapHL bl S0y 2BhLGRh BEEfePIpa HOPUI AT oM.

The prinmer-pair(s) suitab for use In 15 at1on regl.on of L1
transcripts shobf@lued é&péﬁ?eka BAPI 9 ﬁ%l&eﬂeéﬁﬁﬁré‘ﬁeu ARG & om at
| east the naj or sgeefie asneaiabedorPadly prainks) 38, Bdreand 33, and

preferably also_H and_w || ref er e SU|tabIe for use in
anplification dQIEﬂ%ﬁﬁygblgﬁy F Li&%ﬁhﬁgﬁgl sﬁBs?aﬁ%P%}?y all known HPV
types. Wth thecersmigfersuchopbiingtsons 9% Pyosoirbimereoprimsr-pairsacti ve
transcription Otﬁayubem@}lﬁgl 5 em Bh'&&y%ffxed'":’\é taye%gne BogtAgh&-anpl i fication

reaction. 25 It |§ possible to desi riners ga et ecting Li
transcripts froftiin iThee kiby t§5e‘§§%ﬁ s‘iﬂ”é"@ﬁlﬁgtréﬁl BHEPgY RYR Q11
transcri pt whi choms @rﬁe@hbymsnmra{eshnga& ldonaafnerheheapptioacivo

specificity for onué% &P&H@ychpgg Egghg§%n%c§&gvg§ g@th t he use of

degenerate ol i ¢ ners or co urés of polynucleotides
whi ch exhilBi t rnmnﬁt¥R%$&§ﬁce m@aﬁlﬁglﬁﬁﬁioqmaﬁfé#@BﬂPaééﬁﬁéhbdﬁuﬁhg to sites

of 35 sequences¥iati-arthehweess&PV genotypes. The rational e behind the
use of such degenerate primers or
The primer-pair(s) suitable for use in
amplification of a region of E6é transcripts should
15 enable amplification a region of E6 mRNA from at least

the major cancer-associated HEV 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 mizxtures 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 2

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.



m xtures is that the mxture may contain at | east one 06 OCT 2006 WD
031057914 PCT/ GB03/00034 - 32 primer-pair capable of detecting each HﬁV* ETZ%G
type. In a still further approach specificity for nultiple HPV types

be achi eved porating 5 into the prinmers one or nor
nucleotldes‘augygggﬁably at sites of sequence variation be?ﬁggﬂah@@b4
genotypes. The E6 and L1 priner-pairs_ be supplied in 10 separate
containers within the kit, or the Li priher- pair(s) may be supplied as a

m xture with one or nore E6 priner-pairs in a single container. The kits

may further conprlseT EeEgr L0 1§O§yédﬁgﬁg g@rré; ég&ertectlon of

the products of a i catton re Ctions carrie ut usin rimer- pairs
i ncl uded wit hi nohé El E6 nR¥Apryhdiay) epablBeamBhibpl catiais of ddpaPdt e reagent
within the Kit. paitt @EnaheVes yopdherdaidabg( §ran8yane/stiptd e apea 20 m xture
Wi th one or nore BRI er —pai ['s. The prinmers and probes included in the kit
are preferably S|népg g ﬁﬁed DNA nol ecul es. Non-natural synthetic

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

conpl enentary nucl ei @haCkgtrméf%U&he@xnehﬁa bsr Hzed. alﬂcé %@u@gbwt hetic
ol i gonucl eoti des, which incorporate nodif %ases an&) hetic

ol i gonucl eot i de<OfnBFEI ANt AEPH} #ﬂ&?qﬁﬁﬁmﬁén nARNA dtgm cﬁ@@@?des i ncl ude
bonds ot her thanthkesphedi egpes ﬁ@, hendsl 3he PBj r@m mref quaplgs may be

produced according gyt gehni Q%ﬂlle QH@ kftt t(ﬂﬂﬁ%gﬁigpggtegy

chem cal s nthe5|s using stan ar d ap arat us and

ol i gonucl |dewgyhtﬁéspslm35s1fﬂ¥[ﬁﬁtﬂsﬁsoan@fpa@b%gvvﬁMHeIprﬁbaLBy be
i solated singl @nekhapnded Qoi%é/ﬁb?éﬁ%tz' @@&g%p@pcérpraerédﬂ% 100 bases in
han 55 bases’in OCT 2006 WO 0 310 5791 4

| engt h, nore tyggcaag¥igg§s
PCTI GB03/ 00034 By
The primer-pair(s) suitable for use in
i5 amplification of a region of Ll transcripts should be
capable of ampllfylng 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
2Q 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 rmultiple HPV types by
selecting regions of the L1 transcript which are
highly conserved.

30 In a further approach, specificity for multiple
HPV types may be achieved with the use of degenerate
ocligonucleotide 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



| ength. For the avoidance of doubt it is hereby stated that the terns

"prinmer" and "probe" exclude naturally occurring full-Ilength HPV genongggﬁﬁzms

Several general types of oligonucleotide prinmers and probes incorporating

HPV- speci fi c wwepi@egs My be included in the kit. Typicalb&ncﬁ&ﬁﬁmgginers
and probes may conprise additional, non-HPV sequences, for ~exanple

sequences which are required for an 1Q_$@pLification reaction or which
facilitate detection of the products of the anplification reaction. The
first type of priners are priner 1 oligonucleotides (also referred to

herein as NASBA Bl;imd-piiFedsdab1ehioghagtecolAguumd ek @9§le general |y
approxi mately 50 bases in |length, containing an average O0f about 20 bases

at the 3' end that are conplenentary to a region of the target nmRNA
ol i gonucl eoti des suitahle $orluserabedASBAr2dchprigemyisiZQ rar €codenot ed

"P1/PCR' in Tablg .. | | | e0t | t al struct
X1-SEQ . wher of nitit P PARE yoek WATHE S04 RS M Bt glRAREAY, St Lt ure
sequence corpr i SENgoathe drbiRsrs eae P meceghiowe byicleopddebic RNA

pol ynerase. Bact gik@RBalPy 2t PY ARt 8FS sch@éncX argd i tig Hetwddnangy SP6
pronoters, -are greferred for use in the oligonucleotides of the

i nvention, since9ERBYYBFYvi de advantages of high level transcription which
i s dependent only on binding of the appropriate RNA polynerase. In a

preferred 30 enbodi ne £ G9 ¥i; PS8, neg
RATTeT ARTACCACTOACT AT AL 8 CE e 58 ufé‘ﬁg’?‘ aﬁA%T{@PAA#A%EE%?%%\%FATAC{SGAGAA%
These sequéifces SEBAFAFMsCANtRANSESEERID| B¢ Utk thg Ahd&her dAsBELBEFON
initiation site batr(#) RNy pod Wwipdsed 35 dheiHRMspainf baesegurpees in the
primers denot ed Eé I@ble_l a%;TE;IPgR' gay algo.Qg adapted for use in
standard PCR pri figr 8- fierPi et e s 8qdéndas a7 e-ed D 6 ocT 2006 WO
031057914 PCT/ GB03/00034 - 34 as the basis of NASBA P1 priners they have
the general The kits may further comprise one or more probes
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 technigues 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



structure X1-SEQ as defined above. The pronoter sequence X1 is essenti al
in a NASBA P1 primer. However, when the sane sequences are used as the Jda8L%s2006
5 of standard PCR priners it is not necessary to include Xl. A second type

of primers ggedNASRA prinmer 2 oligonucleotides (also refe rein as
NASBA P2 10 priners) which generally conprise a sequence %ﬁ%{?‘ﬁ?%@:ﬁrmtel y

20 bases substantially identical to a gsegion of the target nmRNA. The
ol i gonucl eoti de sequences denoted in Table 1 as "P2/PCR' are suitable for
use in both NASBA P2 primers and standard PCR 15 prinmers. digonucl eotides

intended for usgcgg:NASBA, P2 hdIdRERNERY of | dodbdald |1GUhaRyt non-limting

embodi ment, furtherf conprise a sequence of nucleqtides 20 at the 5 end

whi ch is unrel af&gted %ttg}eggtermgmprb@grm% IREERG e L5Aehybr i di si ng
to a generic deteatadhy pseherrithe fd@leléngth HBbeyakdresnr ef erably be

| abel  ed, for exanple with a fluorescent, |um nescent or enzynatic |abel.

I n one enbodi nent the 25 detection probe is |abelled with a | abel that
permts detection uB¢vRrECIIRNaradhioregyst a0 imuyielisotiie pbémesppr eci at ed

that the inventkgl pSobds nPnd’@fzc!ria@fiihgdHP@—sﬁéﬂiSfiR.arstéqQﬂéh%!’es”ﬁégOge of
detection. In a.grg%red ”bd'”e”E-theﬁjc e%d&l&&khe pri nmer

ol i gonucl eot i ded"S6YF8T Torps <& t-he TERYGRNLY GBFEECATATGAG. Thi s
sequence i s capalbbbeofndy brongirsiseg atdiaigeakr irorE@PY' seguehesspnfier ci al |y
avail able from i havi.ng e | QW ucture: 35

Ru( bpy) 32' - GAT %%\‘?‘EA]%% %ﬂé&%%@\i&% %I;Ql %écghd‘fgfé_gf er}%éf\{aq’lenbodi ment the
priner 2 00 0 emrrbbbcatipryasstden PETYERYS/Fo0d4 tatgsde§prgdac] eot i de

nmay i ncorporat ectnph&cpitsdud@AGI N She hﬂgmﬂic%ﬁ,ome%tii%nknom in the art
and described, for exanple, in W 95/13399 by Tyagi and Kraner, Nature

Bi ot echnol ogy. 14: 303-308, 1996, to allow for
The first type of primers are primer 1

oligonucleotides (alsc referred to herein as NASBA Pl

15 primers), which are oligonuclectides 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 Tabkle 1. Pl primer
cligonucleotides 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 promeoters,
-are preferred for use in the oligcnucleotides 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 dencted in
Table 1 as “P1/PCR" may also be adapted for use in
standard PCR primers. When these sequences are used



5 real-time nonitoring of the NASBA reaction. Target-specific probe
ol i gonucl eotides may al so be included within the kit. Probe 06 OCT 2006
ol i gonucl eotides generally conprise a sequence of approxinmately 20-25 10

bases subst 4identical to a region of the target
conpl enent t qﬂ%reé# Exanpl e HPV- specific oligonucleotide Sgﬁcnﬁ§m%9vhl
are suitable for use as probes are dengted "P0" in Table 1. The probe

ol i gonucl eoti des may be used as target-specific 15 hybridi sation probes for
detection of the products of a NASBA or PCR reaction. In this connection

the probe oliggougheqtddes JryaRaACeURb L ach%fg,' m%vﬁuenerbenefé@h as

par amagneti c beads to forma capture probe (see below). In~a preferred
embodi ment t he BLTSRHER 205ERe ‘?J'T‘ o%%f%ﬁdgéﬁﬂﬁﬁeo?b%epﬁ%?o%f | abel | ed with
biotin. The addegquenceoiX,aibi ebsentpdlelinf acuhsrsat es ptimehment of the probe

to a solid suppecheyd s, Gundl atlsshieptand Al o bitinlavidin.linkage. 25

Target-specific on rfication
products nmRy ine r@‘b&fai@d "BaR @@arﬂaerébcxﬁwswtt geiegsisegy Whi ehciwdaknown in
the art and deggcribed, for exanple, by Tyagi and Kramer, Nature

Bi ot echnol ogy. 14: 303- 308, 1996 and in WO 30 95/13399. Exanple HPV- speci fic
ol i gonucl eoti de sequences suitable for use as nol ecul ar beacons probes are
denoted "MB" in Tablz decobhe typenc'npt oert saara dee AGB3BS prakes”2as used 35

herein is taken ﬂﬂ! I % tr ey o 2006 WO
031057914 PCTIGg&iﬁéﬁﬁg} %%?% Q%}Qé %€ﬂ¥5$§%g§%P%§%;§ e¥§§%a" arget"
represent 30a t apgERespeditich gegesatey Qﬂmﬁﬁ}cﬁlee@t isgayencg2ofgnd " X3"
represent a fl uggs@mﬁmateimoewsaads@mmrlmuew1@apa9&,ea of

substantially or cp e enchin he fl| uor.escenc omthe fluorescent
noi ety when the® ?%bq£‘§§ﬁ§%ﬂq@6agﬁh§gNi Eb§&l€98%F§FP§ a%d "arml" and
"arm2" represensequences denoted in Table 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 flucrescent,
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. 1In a preferred
embodiment the 5' end of the primer 2 oligonucleotides

30 may comprise the sequence GATGCAAGGTCGCATATGAG. This
sequence is capable of hybridising tc a generic ECL™
probe commercially available from Organon Teknika
having the following structure:

35 Ru {bpy),**~GAT GCA AGG TCG CAT ATG AG-3'

In a different embodiment the primer 2



conpl ement ary sequences capable of formng a stem 10 duplex. Preferred
conbi nations of "arm" and "arne" sequences are as follows, however thesdlT 205
are intended to be illustrative rather than limting to the 15 i nvention:

cgcat g- SEQ gpd fp@ro1¢Cagct - SEQ agct gg  cacgce- SEQ gcgt g 20 cgategdisaaiascoat cg
ccgtcg- SEQ cgacgg cggacc- SEQ ggtccg ccgaagg- SEQ ccttcgg

cacgt cg- SEQ Cgacgt g 25 cgcagc- SEQ gctggg _ccaagc- SEQ gcttgq

ccaagcg- SEQ cgcttgg cccagc- SEQ gctggg ccaaagc- SEQ gctttgg 30

cctgc- SEQ gcagg ccaccc- SEQ gggtgg ccaagcc- SEQ ggcttgg ccatcg- SEQ cgctgg
cgcat g- SEQ cat gggj gSRudb iz fhy"RhesrberafeacRNeliaakngkagynak ! ows for
real -tine nDnltorlggaff anpl.ificatiopn reactiqons, Oo O gT 2006 WO 0 310 5
79 1 4 PCTI GBO3FBB0R2legy7 wiHgh é?aﬁﬁ?’énl\ﬂﬁ@ SRft PPafPSATLRER: Leone et
al., Nucleic AftbdseRagehby,chn WDO98/19888% 26, Tyawi2knd- RiGmgr, The nol ecul ar
beacons probes Iy .0 NGl conpl egent enges K} t he

HPV- specific 5 gggﬁéﬁpésbééggigggﬁyédTﬁérg?% iﬂ?‘tﬁ%gﬁétggi3%h§€n#&%nd arng,
whi ch are @apab¥reabdftiyhmiidiongngocéathe NAER Hegckianst em dupl ex
structure. The precise sequences of arm and arnR are not material to the

nvention, except for the reauienenl, Lhat, ee SP9uEICEs, Wk,

ke included within the kit. Probe oligonucleotides
generally comprise & sequence of approximately 20-25
10 bases substantially identical to a region of the
target mRNA, or the complement thereof. Example HFV-
specific oligonucleotide sequences which are suitable
for use as probes are denoted “PO” in Table 1. Thea
probe coligonucleotides may be used as target-specific
15 hybridisation probes for detection of the products of
a NASBA or BCR reaction. In this connection the probe
oligonucleotides may be coupled te 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 bictin label facilitates attachment
of the probe to a solid suppeort via a
biotin/streptavidin or biotin/avidin linkage.

25 Target-specific probes enabling real-time
- detection of amplification products may incorporate
“molecular beacons" technolegy 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 cligonucleotide
sequences sultable 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:



10 be capable of formng a stem dupl ex when the probe is not bound to a_

target HPV sequence. Ml ecul ar beacons probes al so include a f 1 uor esceth DCT 2006
noi ety and a quencher noiety, the 15 fluorescent and the quencher noieties

bei ng repreqﬁ@&ﬁg,g grein by the notation X2 and X3. As mﬁlkcmgﬁlﬁgﬂ{eciated

be the skilled reader, the fluorescer and quencher noieties are Sel'ect ed

such that the quencher noi ety is capahlee_of substantially or 20 conpletely
guenching the fluorescence fromthe fluorescent noiety when the two
noieties are in close proximty, e.g. when the probe is in the hairpin

"cl osed" COﬂfOf@Mﬁfﬁ]t5&$§ELé$ﬁegce of the target sequence. Upon binding
to the target seQuence, e 25 flubrescent and quencher noieties are held

apart such that the fluorescence of the fluorescent noiety is no |onger
quenched. Many ekampies‘tofrgati't akbeepants oftAyequepeleetit! sogesces noieties

whi ch may be usgg ;ﬁcl@c&cl Ydancg wgu{}%tdgﬁ"i%&g ‘%& aa”%l‘ﬁ%?‘{';\@f:‘eﬂ gthe art

(see WD 95/1339 agi d Kr afmér ran uorophores in
many diffefent Boietysanfide AUsECHEEIMOL ARy lﬁﬂn@lﬁopfeﬁa tanggally

5-(2' -am noet hyb}aabrﬁpmmwaue&ehhngum@omlfoxe@dénc@E@MS) thé&l uorescein,

FAM and Texas see Bra aner e Brotechnology,
16, 49 0 6 9 Cr%grb%% SepyodtierdLah B&TE‘&%gﬁrcbd’é’&}le%?etO%g%?ﬁe Nse of
probes | abel | edchpsé pkd#xmxﬂﬁ:andoPeumEHamhuﬁanmhbn3$uemahtes “mul tiplex"

det ecti on of ff r rea n vessel. A
preferreddgyencﬁgr |§ﬁ§h%“gh' gﬁ B 8 %%% éﬁ§%§§35§8n§o§§é§c.d ( DABCYL) ,

non- f | dér escBnpl %ﬁronnphore mhrch serves as a "universal" quencher for
a wi de range of fluorophores. The fluorescer and quencher noieties may be

covalently attached,to.the rob eit her qrrenLatr n,_either 10 with the
fluorescer at or near:iie & &ﬁ&géﬁatrﬁ%ﬁ ot Vel and™arm,

sequences are as follows, however these are intended
to be illustrative rather than limiting to the '
15 invention:

cgcatg-~SEQ-catgceg
ccagct-8EQ-agectygyg
cacgc-SEQ-gcgty
20 cgatcg-SEQ-cgatcyg
ccgteg-8SEQ-cgacyg
cggace-SEQ-ggtceg
ccgaagg~-SEQ-ccttegg
cacgteg~SEQ-cgacgtyg
25 cgcagc-SEQ-gctgeg
- ccaage~SEQ~gcettgg
ccaagcg-SEQ-cgcttgyg
cceage-SEQ-gctggg
ccaaagc-SEQ-getttgy
30 cctge-SEQ~geagg
ccacce-SEQ-gggtygg
ccaagcc-SEQ~ggettgg
ccageg-SEQ-cgctgyg
cgecatg-SEQ-catgcg
35
The use of molecular beacons technology allows
for real-time monitoring of amplification reactions,



quencher at or near the 3' end or vice versa. Protocols for the synthesis
of nol ecul ar beacon probes are known in the art. A detailed protocol f&g 0CT 2006
synthesis is provided in a paper entitled "Ml ecul ar 15 Beacons:

Hybri di zat i gy Ffogees for Detection of Nucleic Acids in Ho‘;mgg,ﬂ
Sol utions" by Sanjay Tyagi et al., Departnment of Mol ecul ar ne |cs Publ i c

Health Research Institute, 455 First 4yenue, New York, NY 10016, USA
which is available online via the PHRI 20 website (at MMMLphri.nyu.edu or
www. nol ecul ar _  beacons. org) Suitable conbinations of the NASBA P1 and NASBA

FZ gr!ners giéfQQ'@gﬁgig@ ﬂgggg émﬁ¥$ﬁi&a@qghiﬁgg@ttggneggtngﬁction I n order
o drive a npli ti reactio e prime an

ol i gonucl eot i dgguﬁr?&gt Sé 3%?‘? -'p319ﬁ%tang88§rht %@s@po%f)@ ﬁé&ﬁl e- st randed
DNA from a tar gite medecnlef hmﬁonschrrokxelsi generattyritdbuge i mer 1 and priner
2 30 ol | gonucl eRpidencRyst, coopabited F1d8ksARCEhL! foySgqusnaes which are

conplenentary to regions o sense an e antisense strand of the
target mRNR, ~ rSESPEECRYeF§PIrasened henainsPypEhgenetatien NASBAZRADI i fi cati on

cycle, the so-cal,edwhnan- al}/éﬂdafpabﬂbaSE hj;md)fslrmj tl) e@khgepHeteoti de

anneals to a ¢ Ienen ary enge | WO 03/ 057914

PCTI GBO3/ 00034 LoFMG f‘%§ Sﬁﬁ:ﬁ\”»&ncé%& % 5. BEeisd Ssilsneg by the
action of an RN @efplen@mhtawapﬁlwﬁarml(l@lgto Ebeekseentimscri ptase) to
forma first- Stk CRYA tﬁynm@hsememetﬁale eh£80% Slndiied Gkt | ng RNA DNA
5 hybrid BﬁAthiﬁb % Eé g t he action_of RNase to |l eave a single
st randed Phep of 6 Ffﬁﬁ%uﬂ S&EMIEURARR aYRER - he RFRCeddnt ar y
sequence towanmds bbana tend vtirddt I pgkheeateanded DNA and its 3" end is

extended (by the action of reverse 10 transcriptase), form ng a double

stranded DNA. RNA ﬁolynerase is then able to transcribe nmultiple RNA
olecular beacons probes also include a

flucorescent meiety and a quencher moiety, the

15 fluorescent and the guencher 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 guenching the fluorescence from the
fiuorescent 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 te the target sequence, the

25 fluorescent and qguencher moieties are held apart such
that the fluorescence of the fluorescent moiety is 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 95/1339%, Tyagi and Kramer, ibid). A broad
range of fluorophores in many different colours made
be used, including for example

35 5-{2'-amincethyl)aminonaphthalene~l-sulphonic acid
(EDANS), fluorescein, FAM and Texas Red (see Tyagi,
Bratu and Kramer, 1998, Nature BRiotechnoclogy, 16, 49-



copies fromthe now transcriptionally active pronoter sequence within the
doubl e-stranded DNA. This RNA transcript, which is antisense to the UEUCTZWF
original target 15 nRNA, can act as a tenplate for a further round of NASBA

reactions, By Jrer 2 annealing to the RNA and primn i, of the
$ojngo} SO

first cDNA strand and primer 1 primng synthesis of the strand.
The general principles of the NASBA reagtion are well 20 known in the art
(see Conpton, J. Nature. 350: 91-92). he target-specific probe
oligonucleotides described herein may also be attached to a solid support,

such as magnetigs.m aahaadsor apibbined #2135 QﬁﬁﬁU&ffPéfhl}?é" to i mobilise

t he product of t lification reacti ngl e stranded RNA) .
The target- spe(ﬁc’fioéerQDEéEBF PRORRR Seb lﬁ,sob@g?ta% b%%t ey be used
for real-tine o foar bge diffémeﬂ#¥ﬁ}%b@ea&hlanslﬁ@uéaﬁéaﬁtmmndlng to the

i nvention may eue%%ﬁ&vnchugkgg ?’f&g%& n\é%ego?gro containing E6 and/or L1

MRNA from a kno contro i nclude, for exanple, nucleic
acid extratts éﬁar@dmg hy}apineatienylees) baneei edaeid h DARSH:)HPY t ypes

]ge-?-h Hel a, Ca}?ﬂ—)flu@trﬁsgeﬁtTcﬁl?ﬁtﬁ)ph\é@e93%95393§eMé @D 00034 - 40 Kits
urther may contai.n in gna i cation ners, rinmers
specific fgr hursv EE ch& Cgbﬁggﬁﬂﬁnﬁaﬁg?n%gsf Qﬂﬂﬁ%ﬁnglly
probes) suitabthe ﬁduomsecen NiSEBAeargilerf moaet bas gy fue tdwralenddyri se a

m xture of em%%c&%ﬂ“%egh%réﬂlﬁe 1%%%11&(-989%99%?0@ é?L mxture

cont ai ni n irecte her ase a reverse
transcri pthse) Wighy |tBGn§éP@§§%C?%aﬂt WdPSIaFS‘égetﬁe PG ang rté}?d of an RNA- DNA

hybrid wi thout duedichlkeyskBgosi mghe iy 3doehbeost vansege A or DNA (e.g.
RNaseH) and anﬂ? toc%?lygeraéﬁé syﬁ%he51sp8%ymo 88&15%“%&5%3%35%%% whi ch
) are known in the art. A detailed protocel for

synthesis is provided in a paper entitled “Molecular

15 Beacons: Hybridization Probes for Detection of Nucleic
Acids in Homogenous Sclutions” by Sanjay Tyvagi 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.org)

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 oligonuclectides
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



recogni ses the pronoter sequence present in the 5 15 termnal region of the
NASBA P1 priners supplied in the reagent kit. The kit may al so conprise a

suppl y

of NASBA buffer containing the ribonucl eosi des and
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deoxyri bonucl eosi des required for RNA and DNA synthesis. The conposition of

a standard NAg§léosoy4r eaction buffer will be well known to theseskilled in

the art (see also Leone et al.,
inclusion in

/ probe Type
X1- ACGGTTTGITGTATTGCTGITC 16 368 3 P2/ PCR CCACAGGAGCGACCCAGAAA 16 116 30 4

P1/ PCR X1- GGT TTQBEG{%%%A QC'T?':{ 368 H BLAPER %@I@(W GHGTATATACTA 16

258 6 P1/PCR X1- TCA! GI 16 208 7 P1

16 191 8 P1/ PCRCEICRRAGHACKITIEPREEE 6 DYAeP]EYyRE FaFPIE- T -
X1- GCAGTACACACAFEGEAA 1 6rAf5cr 1k £ )PER AGAGTE AT CEACAGAGGT INR42

ATATTAGAATGTGT
GAATGTGTGTACT
SEQ I D Priner Séyhs

142

GAATGTGTGTACTGCAAG 16 1

i bid. Table 1: E6-specific sequences for
NASBA/ PCR priners and pr s 25 SEQ ID Prinmer Sequence HPV nt
type 1 P2/ PCR CCACAGGAGCGA GAAAGITA 16 116 2 P1/PCR

GCTTGCAGTACACACA

11 P2/ PCR

CAACHE8s BTGt o hal be rotair Cf RSP Boa - 41

hAdeipPther dimmuird Type- bypehd 4aeG ACAST RNRSEACAGAGCT 16
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towards the 3' end of this single stranded DNA and its
3' end is extended (by the action of reverse
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
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
known in the art (see Compton, J. Nature. 350: 91-82).

The target-specific probe oligonucleotides
described herein may alsc be attached to a solid
support, such as magnetic microbeads, and used as
“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
cf the NASBA reaction.

Kits according to the invention may alsc
including a positive control containing E6 and/or Ll
mRNA from a known HPV type. Suitable controls
include, for example, nucleic acid extracts prepared
from cell lines infected with known HPV types ({(e.g.
HelLa, Caski).

PO CITTGCTTTTCGGGATTTATGC 16 235 19 PO

n2- X3 16



21 P2/ PCR CAGAGGAGGAGGATGAAATAGTA 16 656 22 P1/PCR

X1- GCACAACCGAAGOGTAGAGTCACAC 16 741 10 23 PO TGGACAAGCAGAACCGGACAGAGC 1 g}@mﬁ
24 P2/ PCR CAGAGGAGGAGGATGAAATAGA 16 656 25 P1/PCR X, - GCACAACCGAAGCOGTA

16 741 26 P W@G@A@@CCCCATTA 16 693 27 P2/ PCR

ACGATGAAATA 18 702 15 28 P1/PCR X1- CACGGACACACAAAGKEAKRENY3c9 23
PC AGCCGAACCACAACGTCACA 18 748 30 P2/ PCR GAAAACGATGAAATAGATGGAG 18 698 31
P1/ PCR X, - ACACCACGGACACACAAAGGACAG 187889 ~32 PC GAACCACAACGTCACACAATG 18
752 20 33 MB X, -arni GAACCACAACGTCACACAATG ar nR- x3 18. 152 34 P2/ PCR -
TTCCGGTTGACCTTCTA 5 P1/ PCR TTCT 18 817 36
P2/ PCR GCAAGACATAGAAA%‘%RC%‘H&%H%Y %"f‘%ﬁf’Pc‘:ﬁ IR ’E%HTAGTTAGTT 18 379
25 38 PO TCCAAGAMAGEANTEGAAGTPLONEDTY, S .PRIROR:SCARATATDCTROGHNIRAAC 31 164
40 P1/PCR X1- GGAGACANGGGTCTTTGACA 31 423 41 PO ATAGGGACGACACACCACACGGAG 31
266 42 P2/ PCR GGAAATACCCTACGATGAACTA 31 164 30 43 P1/PCR

X, - CTGGACACAACGGTCTTTGACA 31 423 44 PC TAGGGACGACACACCACACGGA 31 269 45
P2/ PCR ACTGACCTCCACTRETATGARB4ifidg phbinel/sPERnY, opATSHACTY GPrallds)CTGT 31 766

510 49 P1/ POR X TALRATAFCIAET T rET GRPGl t3a7cas gy prgrenes o | 1

GGACAAGCAGAACCGERNINCABECAANE Xt 886 oF lenvmes- geaii 6aACAACOAGAABEBRACACATCCAA-

31 686 arny--X R2P CT R
i A o Y 93 618 55

X1- CACGATTCCAAAT
P1/ PCR X1- TTGAC@%%&TEO IMOERSEe 5@ B0 CAERTEEAEAAGCACAACC 33 694 57
P2/ PCR TCCIGAACGAATRECAGPTATe33 6201 i dRbePERaX1h GEEATAAGST AGETGREGTAT 33

807 strand of an RNA-DNA hybrid without hydrolysing single
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
deoxyribeonucleosides 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
-| 8EQ ID | Primer | Segquence HEPV nt
/probe Type
type
1 P2/PCR | CCACAGGAGCGACCCAGARAGTTA 16 116
2 P1/PCR | X;~ACGGTTTGTTGTATTGCTGTTC 16 368
3 P2/PCR | CCACAGGAGCGACCCAGAAL 16 116
30 4 P1/PCR | X,~-GGTTTGTTGTATTGCTGTTC 16 368
5 PL/PCR | X,-ATTCCCATCTCTATATACTA 16 258
3 P1/EPCR | X;-TCACGTCGCAGTARACTGT 16 208
7 P1/PCR | X,-TTGCTTGCAGTACRCACA 16 191
B8 P1/PCR | X,-TGCAGTACACACATTCTA 16 186
35 9 P1/PCR | X,~GCAGTARCACRCATTCTAA 16 185
10 P2/PCR | ACAGTTATGCACAGAGCT 16 142
11 P2/PCR | ATATTAGAARTGTGTGTAC 16 182
12 P2/PCR | TTAGAATGTGTGTACTGC 16 185
13 P2Z/PCR | GAATGTGIGTACTGCARG 16 188




59 PO GGACAAGCACAACCAGCCACAGC 33 699 60 MB X, -arm GGACAAGCACAACCAGCCACAGC-
33 699 arm-X3 06 OCT 2006 WO 03/057914 PCT/ GB03/00034 - 42 SEQ I D[Pﬁi[)'ﬂ’!?rgggg
sequence 7T /probe type 61 P2/ PCR GACCTTTGIGICCTCAAGAA 33 431 62 P1/PCR

X1- AGCTCAGT WilsldsA#ATA 33 618 63 PO AGAAACTGCACTGI GACGT Gl-parefdzsb4

P2/ PCR ATTACAGCGGAGTGAGGTAT 35 217 5 65 P1/ PCR X1- GTCTTTGCTTTTCAACT 35

442 66 20 ATAGAGAAGGCCAGCCATAT 35 270,467 P2/ PCR TCAGAGGAGGAGGAAGATACTA 35
655 68 P1l/PCR X GATTATGCTCTCTGIGAACA §% 844 69 P2/ PCR CCCGAGGCAACTGACCTATA
35 610 10 70 P1/ PCR X1- GTCAATGIGTGIGCTCTGTA 35 770 71 20 '

GACAAGCAAAACCAGALCEY T o | 83fmande PO GACAAGCAAAACCAGACACE s BS %% 173
P2/ ECR TTG'I'G'I'GAGGTGCT(?AA%T 52 144 74 P1l/ PCR X1- CCCTCTOTJCTAATGITT 52 356
15 75 PO GIGCCTACCCTTY 'Fﬁ\ 52 296 76 P2/ PCR GIGCCTA TTTTTATCTA |52 296
77 P1/ PCR X1- GAGGICTCCAXPRACTCTGAACA 52 507 78 PO TCCAAACAAGCGATTITCA 52 461
79 P2/ PCR TCAGACAITCGAGECATC BACTEHIGOACAEICEHY | PCR X1- AGCAATCETAAGTAGAGT 58
301 81 P2/ PCR [FHCTGIGCAPGAAALF BEARTGTICTAY P1/ PCRXi— AGOAEACTT &%&1 ACTG 58
201 83 PO TGAAAPGCCTTEAATCON B P ERTGTEIRCEAY T onnceoaTer ATATGIE] 218 25
85 P2/ PR TACAGTCCTORAGRACATI Br e ST b non g AT CTGAGSEETCT
B(11) 619 °87 RZLPER FARACTELIEL TRy 514 g FhIBCR |2
AN A D ‘RG‘ ddg'_ AL(\(*TTI\I"I\TTI" AT CON
X, - GTCACATCCACAGAREAGGECA-BI T 65~ Bgrs FLACATTEEATeA BEH) 500
30 QQ PO GTA SHACAT w)ﬁéﬁ% G G i TeC kgs\sxATGTGA
B(11j 693 22 P1/BCR | X,-GCACAACCGARGCGTAGAGTCACAT i6 741
iQ 23 PO TGGACARAGCAGAACCGGACAGAGC 16 687
24 P2/PCR | CAGAGGAGGAGGATGAAATAGA i6 656
25 P1/PCR | X,-GCACAACCGAAGCGTAGAGTCA 16 741
26 70 AGCAGAACCGGACAGAGCCCATTA 16 693
27 P2/PCR | ACGATGAAATAGATGGAGTT 18 702
15 28 P1/PCR | X,-CACGGACACACAAAGGACAG 18 869
28 FO AGCCGRACCACAACGTCACA 18 748
30 F2/PCR | GAAAACGATGARATAGATGGAG is 698
31 P1/BCR | X,-ACACCACGGACACACABAGGACAG 18 869
32 PO GBACCACARCGTCACACAATG 18 752
20 33 MB X,-arm;—-GARCCACBACGTCACACAATG~arm,~X, | 18 752
34 F2/PCR | TTCCGGTTGACCTTCTATGT 18 651
35 P1/PCR | X,-GGTCGTCTGCTGAGCTTTCT 18 817
36 F2/BCR | GCAAGACATAGARATAACCTG 18 179
37 PL/FCR | X,~ACCCAGTGITAGTTAGTT 18 379
25 38 PO TGCRAGACAGTATTGGAACT 18 207
39 P2/PCR | GGARRTACCCTACGATGRAC 31 164
40 P1/PCR | X,-GGACACAACGGTCTTTGACA 31 523
21 PO ATAGGGACGACACACCACACGGAG 31 268
42 P2/PCR | GGARATACCCTACGATGAACTA 31 164
30 43 P1L/PCR | X,-CTGGACACARCGGTCTTTGACA 31 423
44 EO TAGGGACGACACACCACACGGA 31 265
15 P2/PCR | ACTGACCTCCACTGTTATGA 3L 617
46 P1/ECR | X,~TATCTACTTGTGTGCTCTGT 31 766
47 EO GACARGCRGAACCGGACACATC 31 587
35 48 P2/PCR | TGACCTCCACTGTTATGRAGCAATT 31 619
45 P1/PCR | X;-TGCGAATATCTACTTGIGTGCTCT GT 31 766
50 PO GGACAAGCAGAACCGGACACATCCAR 31 686
51 MB Xp- a1, - GGACAAGCAGAACCGGACACATCCAA- | 31 686
arm,~X,
52 B2/PCR | ACTGACCTCCACTGTTAT 31 617
40 53 PL1/PCR | %y~ CACGATTCCAAATGAGCCCAT 31 809
54 P2/PCR | TATCCTGAACCRACTGACCTAT 33 618
55 P1/PCR | X,-TTGACACATAAACGARCIG 33 763
56 PO CAGATGGACAAGCACAACC 33 694
57 F2/PCR | TCCTGAACCRACTGACCTAT 33 620
45 58 PL/PCR | X,—CCCATAAGTAGTIGCTGTAT 33 807
59 PO GGACAAGCACRACCAGCCACAGC 33 699
3 MB X,-arm,~GGACAAGCACAACCAGCCACAGC- 33 699
armg—Xs L




92 P1/ PCR X1- TACCTGAATCGTCOGCCAT B(11) 832 93 PO ATWGTGTGTCCCATCTGC 3(11)

794 94 P2/ PCR CATGCCATAAATGTATAGA C(18 295 39 45) 35 95 P1/PCR

X1- CACOGCAGGCACCTTATTAA C(18 409 39 45 96 PO AGAATTAGAGAATTAAGA C(18 384 0CT 100
39 45 97 P2/ PCR GCAGACGACCACTACAGCAAA 39 210 98 P1/PCR

X1- ACACCGAGRESEGMFTAATA 39 344 99 PO ATAGGGACGGGGAACCACT 33ciithofhod0

P2/ PCR TATTACTCGGACTCGGTGT 39 344 101 P1/ECR Xl - CTTGGGITTCTCTTCGIGITA 39

558 102 PO GGACCACAAAACGGGAGGAC 39 53%3 103 P2/ PCR GAAATAGATGAACCCGACCA 39

703 104 P1/PCR X1- GCACACCACGGACACACAAA 39 886 45 105 PO
TAGCCAGACGGGATGAACCACAGC 39 749 106 P2/ PCR AACCATTGAACCCAGCAGAAA 45 430° 06

OCT 2006 WO 03f eexy 94 2iGhé 3qiB34 - 43 SEQ TD Prinmer Hagwenclen nt
/ probe Type type 107 Pﬂ;/rE’QB X, - TCTTTCTTGCCGTGCCTGGTCA 45 '5%3 108 P
CTACCGAGGGCAGTGTAATA 4JS 500 [109 P2/ PCR AACCATTGAACCCAGCAGAAA 45 1430 | 110
Pl / PCR X1- TCTTTELFCCeGHEEETOEES 507 P2IPER
o o sgfﬁ_fgmmmm B
GAAACCATTGAACCC T2 C;%EE —TGCTATACTHT > 1 \.'\.6\1’\?2\\ 45
558 113 PO GT ;ﬁ'i‘m Gt G GTG RO CGACAAACCARGRT T TGAGAR U5 467
115 P2/ PCR GIT A TOTTIGEGEdRY G%@g@ryfu I P PER T3 217
X1- CACCACGEACACACHAA = TTSaTITREA A edtaC T Of 1 GACCTG RGTGT 1 45 654
118 P1/PCR X, - CCg AGAEN SRS AR T BAdToBTATL 19 P27 PCR GT [GACCTGLEGTGI TACGA
45 656 120 P1/ X1- NCAAABGRIAEHAGR RO TH0SC 10 171 35 655
GAGT CAGAGGAGGAARSECGATG #5 p&B6 X, ~GATTATGCTCTCTGTGAACA 35 844
69 P2/PCR | CCCGAGGCAACTGACCTATA 35 610
i0 70 P1/PCR | X,~GTCAATGTGTGTGCTCTGTA 35 770
71 PO GACARGCAARACCAGRCACCTCCAA 35 692
72 PO GACAAGCAABACCAGACACC 35 692
73 P2/PCR | TTGTGTGAGGTGCTGGAAGAAT 52 144
74 P1/PCR | X,-CCCTCTCTTCTAATGTTT 52 358
15 75 BO GTGCCTACGCTTTTTATCTA 52 296
76 P2/PCR | GTGCCTACGCTTTTTATCTA 52 296
77 P1/PCR | X,-GGGGTCTCCAACACTCTGAACA 52 507
78 PO TGCAAACARGCGATTTCA 52 461
79 P2/PCR | TCAGGCGTTGGAGACATC S8 157
20 80 P1/PCR | X,-AGCAATCGTAAGCACACT "1 58 301
81 P2/PCR | TCTGTGCATGAAATCGAA 58 173
82 P1/PCR | X,-BGCACACTTTACATACTG ' 58 291
83 PO TGAAATGCGTTGRATGCA 58 192
84 B0 TTGCAGCGATCTGAGGTATATG 58 218
25 85 P2/PCR | TACACTGCTGGACARACAT B(11) 514
86 P1/PCR | X,-TCATCTTCTGAGCTGTCT B{11} 619
87 P2/PCR | TACACTGCTGGACAACATGCA B(11l) 514
88 PL/PCR | X,-GTCACATCCACAGCAACAGGTCA B{11} 693
83 EO GTAGGGTTACATTGCTATGA B{11) 590
30 a0 PO GTAGGGTTACATTGCTATGAGC B(11) 590 |
E P2/PCR | TGACCTGTTGCTGIGGATGTGA B(11} 693
92 P1/PCR | X,~TACCTGAATCGTCCGCCAT L B(11) 832
93 PO ATWGTGTGTCCCATCTGC B(11) 794
" 94 P2/PCR | CATGCCATARATGTATAGA C(18 295
3% 45)
35 95 P1/PCR | X,~CACCGCAGGCACCTTATTAA Cc(L8 408
3% 45
96 28] AGAATTAGAGAATTAAGA C(1i8 324
39 45
97 P2/PCR | GCAGACGACCACTACAGCAAR 39 210
| 98 P1/PCR | X,~ACACCGAGTCCGAGTAATA 39 344
9% PO ATAGGGACGGGGAACCACT 39 213
40 100 P2/PCR | TATTACTCGGACTCGGTGT 39 344
101 P1/PCR | X,~CTTGGGTTTCTCTTCCTGTTA 39 558
102 PO GGACCACBAAACGGGAGGAC 39 531
103 P2/PCR | GAAATAGATGAACCCGACCA 39 703
104 P1/PCR | X,~GCACACCACGGACACACAAA 39 886
45 105 PO TAGCCRGACGGGATGAARCCACAGC 39 749 |
106 P2/PCR | AACCATTGAACCCAGCAGAAA 45 430




122 PO AGGAAAACGATGAAGCAGATGGAGT 45 696 123 PO ACAACTACCAGCCCGACGAGCCGAA 45
730 124 P2/ PCR GGAGGAGGATGAAGTAGATA 51 658 125 P1/PCR
X1- GCCCATTAACATCTCCTGTA 51 807 20 126 P2/ PCR AGAGGAGGAGCGATGAAGTAGATA

CCAGCCTTAGT 51 829 128 PO GCAGGIGI A 51
GCRGTGGAGACA 51 771 130 P2/ PCR I(%ég%%gr
TTGGEGTCCTGGAGACAAACATCT 56 519 25 1314P1/ PCR X1- TTCATCCTCATCCTCATCCTCTGA 56
665 132 P2/ PCR TGGGGTGCTGGAGACAAACATC §6 520 133 P1/PCR
X1- CATCCTCATCCTCATCCTCTGA 56 665 134 P2/ PCR TTGGGGTGCTGGAGACRAACAT 56 519

127 P1/ PCR
747 129 PO

raY . Wat.W.Va¥.\ | sl ad

Qf %%T 2006

135 P1/ PCR X1- GEACARAGETACA

e XX
SO 7105 DU J.Otf I'U

AAAGTACCAACGCT GAC(*lP % PO b0 AGAACT AACACCTCAAMCAGERAT dd%10 138
PO AGTACCAACCCT! GCAAGAC 583 139 P1l/ PCR X1- TTGGACAGCT CE@GGATGAGG 56
656 140 P2/ PCR_GATTTICIFIAT GIGIG 56 279 35 141 P1/PCR
X1- GACATCTGTA TATITE1Z8CH 1 ¢, - TE X CPRSCCAYSEATITAST GTATGGAGLAS6 34827143 PO
CAACTGAYCTMYACT ATGA ER (16| STRCSGICCCERGICEARTRY a1 i 45 500
CAACTGAYCTMYACTIGIPEATGA- B2 RER_K RAGCAT GRACEGAGSAGRAR 15 PO GAAMCAAETGACATAVMCTGCTAT
A (33 52 58) 91 46 [N /RER b XiptC WG’EEMW(TTAI A5 (33 X 52
58) 147 P AACNA&TTATW%AES&‘G C GAGCCAGRAC 43 428
X2- ar milL- AAGACAT] ECE, TATACTEGTCE TCFG?A‘PQ 6-OCT-2088. o 41057914
PCTI GB03/ 00034 44— 4% o 2 G}"@@ﬁt‘mﬂ mm“.ces t or—i-rbflisi-oA—1o8
I\lA\SBA/ PCR pr | r;&l‘;anrl nvrjcﬁlnl«m E @y CAhniione -\45‘ 461
S osT T MR ECR | GrTGANCTETTG dT’fkccAt:GA‘.ia*f” SEHEEITEE g 656
10 116 P1/PCR | X,~CACCACGGACACACAARGGACAAG 45 868
117 P2/PCR | CTGTTGACCTGTTGTIGTITACGA 45 654
118 P1/PCR | X,-CCACGGACACACARAAGGACAAG 45 868
119 P2/PCR | GTTGERCCTGTTGTGTTACGA 45 656
120 P1/PCR | X,~ACGGACACACAAAGGACAAG 45 868
15 121 PO GAGTCAGAGGAGGAAARCGATG 45 686
122 PO AGGAAMACGATGAAGCAGATGGAGT 45 6986
123 BO ACAACTACCAGCCCGACGAGCCGAR 45 730
124 P2/PCR | GGAGGAGGATGAAGTAGATA 51 658
125 P1/PCR | X;~GCCCATTARCATCTGCTGTA 51 807
20 126 P2/PCR | AGAGGAGGAGGATGAAGTAGATA 51 655
127 P1/PCR | X;~ACGGGCAAACCAGGCTTAGT 51 829
128 PG GCAGGTGTTCAAGTGTAGTA 51 T47
128 PO TGGCAGTGGAAAGCAGTGGAGACA 51 771
130 P2/PCR | TTGGGGTGCTGGAGACARACATCT 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 | TTGGEGTGCTGLAGACARRCAT 56 519
135 P1/PCR | X,~CCACBAACTTACACTCACAACA 56 764
30 136 PO ARAGTACCARCGCTGCAAGACGT 56 581
137 PO AGARCTAACACCTCAAACAGAAAT 56 610
138 PO LGTACCAACGCTGCAAGACGTT 56 583
139 P1/PCR | X;~TTGGACAGCTCAGAGGATGAGG 56 656
140 P2/PCR | GATTTTCCTTATGCAGIGTG 56 279
35 141 P1/PCR | X,~GACATCTGTAGCACCTTATT 56 410
142 PO GACTATTCAGTGTATGGAGC 56 348
143 PO CRACTGAYCTMYACTGTTATGA A (l6
31 35}
144 MB Xz—arml—CAACTGAYCTMYACTGTTATGA—armz—X; A {16
31 35)
145 PO GAAMCAACTGACCTAYWCTGCTAT A (33
52 58)
40 146 MB %,-arm~GAARMCAACTGACCTAYWCTGCTAT- A (33
army-¥, 52 58)
147 BO AAGACATTATTCAGACTC c (18
45 39)
148 MB X,-arm,~AAGACATTATTCAGACTC-arm,~¥; C {18
45 39)




type 149 P2/ PCR AATGGCATTTGITGGGGTAA 150 PI/PCR X, - TCATATTCCTCCCCATGTC

151 PO TTGITACTGITGITGATACTAC 152 P2/ PCR AATGGCATTTGITGGSRRAA 10 153() £0LHPQHRS
X1- TCATATTCCTCMMCATGDC 154 PO TTGTTACTGTTGTTGATACYAC 155 PO

TTGTTACTGT 156 P2/ PCR AATGGCATTTGITGGGG AA
AATGGCATTT@[”%%AE 158 P2/ PCR AATGGCATTTGITGGEGA AA @GE‘%//“@@
AATGGCATTTGTTGGGGTAA 160 P2/ PCR AAT TTTGTTGEGGAAA 161 22/ PCR
AATGGCATTTGTTGGCATAA 162 P2/ PCR AAT \TTTGTTGGGGCAA 20 163 P2/ PCR
AATGGCATTTGTTGGCACAA 164 P1/PCR X, - TCATATTCCTCM CATA C 165 P1/ PCR

X1- TCATATTCCTCAACATA C 166 P1/ PCR X1- TCATATTCCTCI | CATGTC 167 P1/ PCR

X1- TCATATTCCTCI | CATGGC 25 168 P1/PCR X1- TCATATTCCTCI | CATGAC 3' 169 P1/PCR
X, - TCATATTCCTJaIGATGeCL3 -sPeel B¢ et pranaess foui taplesieon ise in detection

30 of HPV Li anghay sriiNp rBie NASBAY 350ddssted in the follow ng tables.

However, these are nmerely illustrative and it is not intended that the
scope of 060CT2006 WO 03/ 057914 PCTI @B03/ 00034 - 45 the i nventi on shoul d
be limted to LhUQCb ectfie ecttes—tr—-t-he—fol+ ruvww Fabtes—t he NASBA
P2 primer® (pg)SEQSIDi nc?mer&PH@GSeqi?@HWBGATGCAAGGTCGCATATGAG at the 5 end;
the NASBA P1 priners |(f@ee i ncludg the sequence _
AT R o Ay on el OO eI e bl (20l e
10 HPV sequen¢asof r on) biyecpost | ve xs,t—wcamnimcmhmcemwthe pl pr| nmer s| general |l y
contain HPV s¢ REI gr om e TTGITACTGTTGTTGATACTAC
152 P2/PCR BATGGCATTTGTTGGSRHAA
10 153 P1/PCR X,~TCATRTTCCTCMMCATGDC
154 PO TTGTTACTGTTGTTGATACYAC
155 PO TTGTTACTGTTGTTGATACCAC
156 P2/PCR AATGGCATTTGTTGGSIIAA
157 P2/BCR AATGGCATTTGTTGGLIHAA
15 158 B2/PCR AATGGCATTTGTTGGIRIAA
159 P2/PCR AATGGCATTTGTTGGGGTAA
160 P2/PCR AATGGCATTTGTTGGGGARA
161 P2/PCR AATGGCATTTGTTGGCATAA
162 P2/PCR AATGGCATTTGTTGGGGCAA
20 163 P2/PCR BATGGCATTTGTTGGCACAR
164 P1/BCR X,-TCATATTCCTCMICATGIC
165 P1/PCR X;-TCATATTCCTCAACATGIC
-1-166 P1/PCR X,-TCATATTCCTCIICATGTC
167 P1/PCR ¥, ~TCATATTCCTCIICATGGC
25 168 P1/PCR ¥, ~TCATATTCCTCIICATGAC 3'
169 P1/PCR %,-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



negative strand. nt-refers to nucleotide position in the relevant HPV
genom ¢ sequence. 15 Table 3-Preferred E6 NASBA priners and probes Priper 2008
name Sequence HPV nt Type HAe6701p2 GATGCAAGGTCGCATAT GAGCCACAGGAGCGA Qg
16 116 AAAGITA HAe6701pl AATTCTAATACGACTCACTATAGGGAGAAGGACGGIT 16 368
TGITGTATTGCH:G §57052614HA€6702p2 GATGCAAGGT CGCATAT GAGCCACAGGAGE RS (346 116
AAA HAe6702p1 AATTCTAATACGACTCACTATAGGGAGAAGGGGITTG 16 36B TTGTATTGCTGITC
HPV16pl AATTCTAATACGACTCACTATAGGGAGAAGGATTCCC 16 258 ATCTCTATATACTA
HAe6702Apl AATTCTAATACGACTCACTATAGGGAGAAGGTCA 16 200 CGICGCAGTAACTGT
HAe6702Bpl AATTCTAATACGACTCACTATACGGAGAAGGTTG 16 191 CTTGCAGTACACACA 25
HAe6702Cp1 AAT TrCTAATARBAGT CACTATAGIAGMEET O, 16nd&6 s ALTAGACACATTCTA
HAe6702Dpl AATTCTAATACGACTCACTATAGCGAGAAGGGCA 16 185 GW CACACATTCTAA
H16e6702Ap2 GATBEARGHTBBCATATGAGACAGTTATGCACAGAGCT 16 142 H16€6702Bp2
GATGCAAGGTCGCATATGAGATATTAGAATGTGTGTAC 16 182 H16e6702Cp2
GATGCAAGGTCGCATATGAGTI TAGAATGTGTGTACTCGC 16 185 30 H16e67020p2

GATGCAAGGT CGCATAT GAGEAATET GTarhariagsnAshles 188 FRhERS 7R Apreimers (p2)

ACAGT TATGCA&CAGA@EEJ.&@e 14Re 2 Epa Gémaf@éﬂﬁﬁﬁ Al 1 el82

HL6€6702Cp0 TTAG GT, 6 185 0 20 03/ 057914
PCTI GBO3/ 00034 - %Fn@g n%l ée(P-!H/ hre P‘ﬁ%m‘ P58 o
GAATGTGTGTACTGCAAGBTE&M%BCGWWNWGTWHT@E@: 16 235

Fesivers IO Wl L0 R oo o

identified by “po T e PZ primers generally contain

10 HPV sequences from the postive strand, whereas the pil
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

Priser namea | Saguence HFV nt
Type
HAe6701pe GATGCARGGTCGCATATGAGCCACAGGAGCGACCCAG | 16 116
BARGTTA
HAes701pl BATTCTAATACGACTCACTATAGGGAGRAGGACGGTT | 16 363
TGTTGTATTGCTGTTC
20 HAeb702p2 GATGCAAGGTCGCATATGAGCCACAGGAGCGACCCAG | 16 116
AAR
HAeb702p1 AATTCTAATACGACTCACTATAGGGAGAAGGGGTTTS | 16 368
TTGTATTGCTGTTC
HPV16pl AATTCTAATACGACTCACTATAGGGAGRAGGATTCCC | 16 258
ATCTCTRTATACTA
HAe6702Ap1 AARTTCTAATACGACTCACTATAGGGAGAAGGTCA | 16 208
CGTCGCAGTARCTGT .
HAe6702Bpl AATTCTAATACGACTCACTATAGGGAGAAGGTTG | 16 151
CTTGCAGTACACACA
25 BA26702Cpl AATTCTAATACGACTCACTATAGGGAGAAGGTGC | 16 186
AGTACACACATTCTA
HA26702Dpl BATTCTAATACGACTCACTATAGGGAGRAGGGCA | 16 185
GTACACARCATTCTAA
H16e6702RAp2 | GATGCAAGGTCGCATATGAGACAGTTATGCACAGAGCT | 16 142
H16e6702Bp2 | GATGCRAGGTCGCATATGAGATATTAGRATGTGTGTAC | 16 182
H16e6702Cp2 | GATGCAAGGTCGCATATGAGTTAGRATGTGTGTACTGE | 16 185
30 H16e67020p2 | GATGCARGGTCGCATATGAGGAATGTGTGTACTGCAAG | 16 ig8
Hl6e6702Apce | ACAGTTATGCACAGAGCT 16 142
Hige€6702Bpo | ATATTAGAATGTGTGIAC 16 182
H16e6702Cpo | TTAGAATGTGTGTACTGC 16 185




5 HAe6702nmb2 X, - ccagct TATGACTTTGCTTTTCGGGAaget gg - X3 16 230 HAe6702nmb3 Xz
cacgcTATGACTTTGCTTTTCGGGAgegt g - X3 16 230 10 H16e6702nmb4
XZ- cgat cgTATGACTTTGCTTTTCGGGAcgat cg - X3 16 230 HAe6703p2

GATGCAAGGT CGCATATGAGCAGAGGAGGAGGATGAA 16 656
AATTCTAATACGRGTGGTATAGCGAGAAGGGCACAA 16 741

TGGACAAGCAGAACCGGACAGAGC 16 687 15 HAe6704p2

GATGCAAGGT CGCATATGAGCAGAGGAGGAGCGATGAA. 15
AATTCTAATACGACTCACTATAGGGAGAAGGGCACAA 16 741

Q56

AGCAGAACCGGACAGAGCCCATTA 16 693 H18e6701p2

GATGCAAGGT CGCAT.

ATAGTA HAe6703pl
COGAAGOGTAGAGEEAGAS»ddhe6 703p0

ATAGR HAe6704pl
CCGAAGCGTACAGTCA HAe6704po

06 0CT 2006

GIT HI8e670 Ry

Ap£/aehAand ( éee | UGA 16 7UZ nt

AATTCTAATACGACTICACTATAGGGAGAAGGCACGGA 18 869 CACACAAAGGA,.%%BZO H1Beb701po
AGCCGAACCACAA! T’a ""7(;;@% ‘?ﬁm' ”“'f}“.ﬁg@m g 155
GATGCAAGGTCGCAT‘“ : SAPAG TSRS AT ““g TEGAG H1Be 6} pt 235
AATTCTAATACGACTTQQEQEl&Fxfﬁﬁa§§@@ﬁ§§ﬁg%}m 69— COGACACACAARGEACAG $358e6702pC
GAACCACAACGT CACA A G2 k8T 1 ",5 % gfﬂ. g 16 230
cgcat gGAACGACAACGT CACACAATEEAT gog- X5 18 752 25 HTBeb705Hb2
X3- cogt cgGAACCACAACGTCACACAATGecgacgg- X3 18 752 H18e6702mb
X2_ ngaccG‘AACCA{"AA\(’Yj("A\("A( AAT(:man\r\r - YQ 1J2 7‘-_\’2 I—I’I QnR? o2t J%
X, - cgat cgGAACCACARCEREAGAaeed Sen T ATEPCET TRE TTAESGoGAgalgg g Hn b 16 230
GL\TGCAAGGTCGCATﬁ@%ﬁf&&&xwwmc%ﬁmmcﬂm7035F 230
AATTCTAATACGACTICACTATAGGGAGAAGGGGTCGT 18 817 CTGCTGAGCTTHICT 30 H18e%704p2
GATGCAAGGTISGCATATGACGCAAGACATAGAAATAA 18 179 CCIG H18e6704pl
AATTCTAATACGACTCASEA \GAAGHTENBCTI B GE T TCIECEFAGETAGT [ 181 8eq 74P 2pjo
TGCAAGACAGTATTGAXGTOAB 2() FATHRPEBTTTATATCAGCAGAGGAGGAGGATCAA | 16 656
GATGCAAGGT CGCATAT GAGGGAAATAGEERACGATG 31 164

HAe6703p3 RATTCTAATACGACTCACTATAGGGAGAAGGGCACAR | 16 741

CCGAAGCGTAGAGTCACAC
HAe6703pa TGGACAARGCRGAACCGGACAGAGC 16 687
15 HAe6704p2 GATGCAAGGTCGCATATGAGCAGAGGAGGAGGATGAA | 16 656
ATAGA
HRe6704pl AATTCTAATACGACTCACTATAGGGAGAAGGGCACAA | 16 741
CCGAAGCGTAGAGTCA
HAeb704po AGCAGARCCGGACAGAGCCCATTA 16 693
H18e6701lp2 | GATGCAAGGTCGCATATGAGACGATGARATAGATGGA | 18 702
GTT
H18e6701pl | AATTCTAATACGACTCACTATAGGGAGAAGGCACGGA | 18 869
CBCACAARGGACAG
20 H18e€701po AGCCGAACCACAACGTCACA 18 748
H18e6702p2 | GATGCAAGGTCGCATATGAGGAAAACGATGAAATAGA | 18 698
TGGAG
118e6702p1 | AATTCTAATACGACTCACTATAGGGAGAAGGACACCA | 18 869
CGGRCACACAAAGGACAG
H18e6702p0 | GARCCACAACGTCACACAATG 18 752
H18e6702mbl | X,~cgcatgGAACCACAACGTCACACAATGeatgcg~X, | 18 152
25 H18e6702mb2 | X,~ccgtcgGRACCACARCGTCACACAATGEgacgyg—X, | 18 752
H18e6702mb3 | X,~cggaccGAACCACAACGTCACACAATGggtcey—X, | 18 752
H18e6702mb4 | ¥,~cgatcgGAACCACAARCGTCACACAATGegateg =X, | 18 152
H18e6703p2 | GATGCAAGGTCGCATATGAGTTCCGGTTGACCTTCTA | 18 651
TGT

H18e6703pl | BATTCTAATACGACTCACTATAGGGAGAAGGGGTCGT | 18 817
CTGCTGAGCTTTCT

30 H1B8e6704p2 | GATGCAAGGTCGCATATGAGGCAAGACATAGAAATAA | 18 179

CCTG

H18e6704pl | AATTCTAATACGACTCACTATAGGGAGAAGGACCCAG | 18 379
TGTTAGTTAGTT

HiBe6704pc | TGCAAGACAGTATTGGAACT 18 207

H31e6701p2 | GATGCAAGGTCGCATATGAGGGABATACCCTACGATG | 31 164
BAC




AAC 060CT2006 WO 03/057914 PCTI GB03/ 00034 -
H31e6701pl AATTCTAATACGACTCACTATAGGCGAGAAGGGGACAC 31 423

Type

47 Pri mer

name Sequence HPV nt

06 QCT 2008

AACGGTCTTTGACA H31e6701po ATAGGGACGACACACCACACGGAG 31 268 H31e6702p2

GATGCAAGGT HEGAAATACCCTACGATG 31 164
AATTCT. AATA%@@ATACI—IGAGAAC—BCT GGAC 31 423
TAGGGACGACACACCACACGAA 31 269 H31e67_(_)3€? _

GATGCAAGGT CGCATATGAGACTGACCTCCACTGITA 31 617

AATTCTAATACGACTCACT ATAGGGAGAAGGT ATCT A 31 766

AACTA H3le67
ACAACGGTCTTT

%Gg%ﬁg%emwpo

TGA H31e6703p1l
CTTGIGIGCTCTGI H31e6703po

GACAAGCAGAACCGGF@;‘@;QQ;; 68Tt te6704p2 et
GATGCAAGGT CGCATATGAGT GACCT| CTGTTATG 31 619 AGCAATT 10 431e6704p1
AATTCTAATACGACT (@W y A A T S-GE
H31e6704po GGAC) X7 123
ccgaaggGGACAAGCAGAACCEGACAC 46704nbP_Xr
ccgt cg%%@(%@%%‘ . r?&ir.rbs 262
X2- cacgt cgGGACA ; ‘ 5 31epttuiba Xz
cgcagc GGACAAGCAGAACCGGACACAYEERAA 31 686 gctgeg.- X H31e68704nh5
X, - cgat cgGGACAAGHARABHIBGACREATIBANC S T BB A TG G 06585588 187 05pp 123
GATGCAAGGT CGCATATGAGACT GAGG EITEAECA1 617 H31e6705p1
AATTCTAATACGACT CABTST ACIRGACREREACAECACRCACAREM TCCAAATGAGOCGAT HIR&R701p2
CATGCAAGGT CGCAT A TEIRET ATFECT GRACERRETEHL P EAT CH TR TCRRSARFACTGTTA | 31 617
TGA
H31e6703pl ARTTCTAATACGACTCACTATAGGGAGRAGGTATLCTA | 31 766
CTTGTGTGCTCTGT
K31e6703po GACAAGCAGAACCGGACACATC 31 287
H3leb704p2 GATGCAAGGTCGCATATGAGTGACCTCCACTGTTATG | 31 619
AGCARATT
10 H31e6704pl | AATTCTAATACGACTCACTATAGGGAGAAGGTGCGAA | 31 766
TATCTACTTGTGTGCTCT GT
H31le6704po GGACAAGCAGAACCGGACACATCCAA 31 686
H31e6704mbl | X,-ccgaagygGCACAAGCAGRACCGGACACATCC 31 686
ARccttegg -X,
H31e6704mb2 | X,-ccgtcgGGACARGCAGAACCGGACACATCCA 31 686
Acgacgg —X,
H31e6704mb3 | X,~cacgtcyGGACAAGCAGARCCGGACACATCCAA 31 686
cgacgty -X;
15 H31e6704mbd | X,—cgcagcGGACRAGCAGAACCGGACACATCCAR 31 686
getgeg -¥; )
H31e6704mbS | X,~cgatcgGGACARGCAGARCCGGACACATCCAR 31 686
cgateg -X;
H31le6705p2 GATGCAAGGTCGCATATGAGACTGACCTCCACTGTTAT | 31 617
H31le6705pl ARTTCTAATACGACTCACTATAGGGAGAAGGCACGAT | 31 809
TCCABATGAGCCCAT
H33e6701p2 GATGCAAGGTCGCATATGAGTATCCTGAACCARCTGA | 33 618
CCTAT
20 H33e6701pl BATTCTBATACGACTCACTATAGGGAGAAGGTTGACA | 33 763
CATAAARCGAACTG
H33e6701po CAGATGGACAAGCACARCC 33 6594
H33e6703p2 GATGCAAGGTCGCATATGAGTCCTGAACCAACTGACC | 33 620
TAT
H33e6703pl AATTCTAATACGACTCACTATAGGGAGAARGGCCCATA | 33 807
AGTAGTTGCTGTAT
H33e6703po GGACAAGCACAARCCAGCCACAGC 33 699
25 H33e6703mbl | X;-ccaageGGACARGCACRACCAGCCACAGCgCL 33 699
tgg —X,
H33e6703mb2 | X;~ccaagcgGGACAAGCACAACCAGCCACAGC 33 699
| cgctigqg —X;
H33e6703mb3 | X,-cocagcGGACARGCACARCCAGCCACAGCgCt 33 599




20 H33e6701pl AATTCTAATACGACTCACTATAGCGAGAAGGTTGACA 33 763 CATAAACGAACTG
H33e6701po CAGATGGACAAGCACAACC 33 694 H33e6703p2
GATGCAAGGT CGCATATGAGT CCTGAACCAACTGACC 33 620 TAT H33e6703pl

AATTCTAATA
GGACAAGCA

ATAGGGAGAAGGCCCATA 33 807 AGTAGITGCTGT.

EAGC 33 699 25 H33e6703nbl Xi

fﬁgrﬁi%ﬁ§§%034

06 OCT 2005

703po

ccaagc GGACAAGCACAACCAGCCACACCget 33 QQ% tgg -X, H33e6703nmb2
X, - ccaagcgGGACAAGCACAACCAGCCACAGC 33 6 & cgcttgg - X3 H33e6703nmb3
X2- cccagc GGACAAGCACAACCAGCCACAGCget 33 699 0 6 O CT 2006 WO 03/057914

PCT/ GB03100034 48— et sequence—HPV—at—Fype—ogggss %3 TH3I3e6703nh4
X2- ccaaage COACAASACARBINGEERER S, 33 699 ctttgg - X H33bET03Nt
X2- cct gc GGACAAGCAGAACCAGCEACAGCYcagg-%—33—699 30 H33e67D3WSG
X2- cgat cgGCA ACAACCA TGEEEEC%$$E££§RQQ teg - X__H33e6702p2
GAT GCAAGGT CGCAT R SABR T Fereats GRCHEPACTEARRGG93e67D3P1 | 090
AATTCTAATACGACTICACTATAGGGNGAAGGAGSTCA 33 618 GITGGTTCAGEATA H33e67(02po
AGAAACT GCACT GT GAI3E 65103185 D43 o cHFo e ARddACARCCAGCCACAGCcagg X, | 33 699
GAT GCAAGGRGGCATATISAGHBRAEN SRCRACERGOATACR gEISDEBTYIPL | 699
AATTCTAATACGACTICACTATAGGGAGAAGGGTCTTT 35 442 GCTTTTCAACT[GGA H35e5601po
ATAGAGAAGCCCA! TAT 35 27659 H8506702p2
GAT GCAAGGT OGCATIN A ETHAREAGEAI AR NAERA 198 CRGACCHIRETA CEERIs 7ddp 1 | 431
AATTCTAATACGACTICACTATAGGGAGAAGGGATTAT 35 844  GCTCTCTGIGAACA H3He67(3p2
GAT GCAAGGT CGCATFCABZeEACAEIAE R IACEAC ISBCBIOCCEACRAGEAGETCA | 33 618
GTTGGTTCAGGATA
H33=26702p0 AGRAACTGCACTGTGACGTGT 33 543
H35¢6701lp2 GATGCAAGGTCGCATATGAGATTACAGCGGAGTGAGSG | 35 217
TAT
35 H35e670ipl | AATTCTAATACGALTCACTATAGGGAGARGGGTCTTT | 35 442
GCTTTTCAACTGGA
H35e3601po ATAGAGARAGGCCAGCCATAT 35 210
H35e&702p2 GATGCAAGETCGCATATGAGTCAGAGGAGGAGGRAGA | 35 655
TACTA
H35e6702pl AARTTCTAATACGACTCACTATAGGGAGAAGGGATTAT | 35 844
GCTCTCTGTGRACA
H35e6703p2 GATGCAAGGTCGCATATGAGCCCGAGGCAACTGACCT | 35 610
ATA
40 H35e6703pl | AATTCTAATACGACTCACTATAGGGAGAAGGGTCAAT | 35 770
GTGTGTGCTCTGTA
H35e6702po GACAAGCARAACCAGACACCTCCAA 35 692
H35e6703po GACRAGCARAACCAGACACC 35 692
H52e6701p2 GATGCAAGGTCGCATATGAGTTIGTGTGAGGTGCTGGA | 52 144
, AGAAT
K52e6701lpl AATTCTAATACGACTCACTATAGGGAGRAGGCCCTCT | 52 358
CTTCTRATGTTT
45 H52e6701lpo | GYGCCTACGCTTTTTATCTA 52 296
"H52e6702p2 GATGCAAGGTCGCATATGAGGTGCCTACGCTTTTTAT | 52 296
CTA
H52e6702pl BATTCTAATACGACTCACTATAGGGAGAAGGGGGGTC | 52 507
TCCARACACTCTGAACA
H52e6702po TGCARARCAAGCGATTTCA 52 q6l
H58e67Q01p2 GATGCAAGGTCGCATATGAGTCAGGCSTTGGAGACATC | 58 157
50 H58e6701pl AATTCTAATACGACTCACTATAGGGAGARGGAGCAAT 1 58 301
CGTARGCACACT
H58e6702p2 GATGCAAGGTCGCATATGAGTCTGTGCATGAARTCGAR | 58 173
H58e6702pl BATTCTAATACGACTCACTATAGGGRAGAAGGAGCACA | 58 291
CTTTACATACTG
H5826701po TGAARTGCGTTGABATGCA 58 192
H58e6702p0 TTGCAGCGATCTGAGGTATATG 58 218
55 HBeb701p2 GATGCARGGTCGCATATGAGTACACTGCTGGACAACAT | B(11) 514
HBe§701pl AATTCTAATACGACTCACTATAGGGAGAAGGTCATCT | B(11) 619




ATA 40 H35e6703pl AATTCTAATACGACTCACTATAGGGAGAAGGEGTCAAT 35 770

GIGTGTGCTCTGTA H35e6702po GACAAGCAAAACCAGACACCTCCAA 35 692 H35e6703po (¢ 0L 2006

GACAAGCAAAACCAGACACC 35 692 H52e6701p2

GAT GCAAGGT OGFeATAERAST TGTGTGAGGTGCTGGA 52
AATTCTAATACGACT CACTATAGGGAGAAGGCCCTCT 52
GTGOCTACGCTTTTTATCTA 52 296 H52e6702p
GATGCAAGGT CGCATATGAGGTGCCTACGCTTTTTAT
AATTCTAATACGACT CACTATAGGGAGAAGGGGGGTC 52

144
358

é&-

296

AGAAT H52e67
CTTCTAATGIT

é’@/&ﬁgséoogyo 1po

CTA H52e6702p1
TCCAACACTCTGAACA H5266702p0

TGCAAACAAGCGAT TS AL 52 28 TsEER Ay GACATC
58 157 50 H58¢6701pl AATFCTTACGACTCACTATAGGGAGAAGGAGCA 58 301
CGTAA&ACAC"‘ 8C670—2p2 CATC ﬁrx:r "Y‘I\TI\TI"A("T("'I'("T_{"CI\T("I\VI\V RI\ 5,8 1?3
H58e6702p1l AATT%QA,T”‘"’LS AL WLD 204 'TT“";E#?'G
H58C6701p0 TCAARPERRITEAAT Cok BB, SIS T N (CTATATG 58
218 55 HBe6001lp2-CGATGSAA AT (5 A ; 14 HHe6701pl
AATTCTAATACGACTICAET TP A BT Bt ol 65157914
PCT/ GB03/ 00034 (GICT
HBe6702p2 &1 VivSE J19886702p1
AATTCTAATRGGACTCAE 'SR HBe6701p0
GTAGGGTTACATTGGTATC 6T02D ; Nice B(11)
590 HBe6703p2 TGCAAGPTfﬂﬁﬁﬁATGAPTGACFTPTTGFTCTGGA B(11)_ 693 [TGLGA
HBe&703pl AATTCTAATACGACTCACTATAGGGAGAAGGTACCTG | B(11) | 832
ARTCGTCCGCCAT
HBe6703po ATWGTGTGTCCCATCTGC B(11) 794
HCe6701p2 GATGCAAGGTCGCATATGAGCATGCCATARATGTATAGA | C(18 295
39 45}
65 HCe701pl AATTCTAATACGACTCACTATAGGGAGARGGCACCGE | C{18 408
AGGCACCTTATTAA 39 45
HCeb6701lpo AGAATTAGAGAAT TAAGA c(18 324
_ 39 45
H38e6701p2 GATGCAAGGTCGCATATGAGGCAGACGACCACTACAG | 39 210
CARR
H3966701pl | ARTTCTAATACGACTCACTATAGGGAGARGGACACCE | 39 344
AGTCCGAGTAATA
H39e6701po | ATAGGGACGGGGAACCACT 39 273
70 H3%e6702p2 GATGCAAGGTCGCATATCAGTATTACTCGGACTCGGTET | 39 344
H39e6702p1 BATTCTAATACGACTCACTATAGGGAGAAGGCTTGGG | 39 558
TTTCTCTTCGTGTTA
H39¢€6702po | GGACCACAABACGGGAGGAC 39 531
H3926703p2 | GATGCARGGTCGCATATGAGGAAATAGATGAACCCGA | 39 703
cca
H3%e67G3pl | ARTTCTAATACGACTCACTATAGGGAGAAGGGCACAC | 39 886
CACGGACACACAARA
75 H39e6703pc | TAGCCAGACGGGATGAACCACAGC 39 749
HPVdhp2 GATGCARGGTCGCATATGAGAACCATTGAACCCAGCA | 45 430
GARA
HPV45pl BATTCTAATACGACTCACTATAGGGAGAAGGTCTTTC | 45 527
TTGCCGTGCCTGGTCA
HPV45p0 GTACCGAGGGCAGTGTAATA 45 500
H45e6701p2 GATGCRAGGTCGCATATGAGAACCATTGAACCCAGCA | 43 430
GARDRD
80 H45e6701pl AATTCTAATACGACTCACTATAGGGAGAAGGTCTTTC | 45 527
TTGCCGTGCCTGGTCA
{ B15¢6702p2 | GATGCARGGTCGCATATGAGGAARCCATTGAACCCAG | 45 428
CAGAARA
'H45e6702p1 AATTCTARTACCGACTCACTATAGGGAGAAGGTTGCTA | 45 558
TACTTGTGTTTCCCTACG
H45eg701lpo GTACCGAGGGCAGTGTAATA 45 500
Ha5e8702po GGACAMNACGARGATTTCACA 45 467




HBa6703p1 AATTCTAATACGACTCACTATAGGGAGAAGGTACCTG 8(11) 832 AATCGICCCCCAT
HBe6703po ATWGTGIGICCCATCTGC B(11) 794 HCe670l p2
GATGCAAGGTCGCATATCAGCATGCCATAAATGTATAGA C(18 295 39 45) 65 HCe6701pl

AATTCTAATA

ATAGGGAGAAGGCACCGC

HCe6701po AGAATTAGAGAATTAAGA C(18 324 39 45 H39e6701p2

GATGCAAGGT CGCATAT GAGGCAGACGACCACTACAG
AATTCTAATACGACT CACTATAGGEGAGAAGGACACCG

ATAGGGACGGGGAACCACT 39 273 70 H39e6702p2

210 CAAA H39e6701p1
9 344 AGICCGAGTAATA H39e6701po -

06 0CT 2006

C(18 408 AGGCACCTTAITARuAS0A5

GATGCAAGGT CCCAT & ERACTCGGTGT 39 344 +H39e6 70 Rhv e
AATTCTAATACGACTCACTATA EA GECTTGEG 39 558 TTTCTCTTCGT%ELA H39e6702po
QEACCACAAAA CCAC. 20 112Qn
CATCCAAGIT COCATATACMAAT A E&aﬂ&i@é&&xﬂ@sﬂﬁf&fﬂc&aﬁﬁga Ehdhy |
?ﬁ:TTCT AGQTACGATT.TMIATA A TN TN QAEAA 3'-"2 e6703pa
GATGCAAGGTCGCALATGAGAA ® 430 GAAA HP\A45h
AATTCT) LATACGACTCAETHPA @W%Tﬁ%‘;%ﬁTGAﬁ%‘&v %GTCAr 9P\M45po
GTACCGAGGGCAGTGTAATA 45 308C6A45e67CIp2
GATGCAAGGT CGCATAFCAGHAECATHFERHA CASTAF3GCCAGARGCCEBCIHU 870141858
AATTCTAATACGACT CACTATAGCHACRRCTTGERIABG4A5 521 TTGCCGTGCCIGGICA | HA5e6702p2
GATGC AAGET TYSECNGRAANCENICREAGICCCIB TR GT 2GACCTATINABITA HASe67 Q%58
AATTCTAATACGACTCACTATAGGHAGAAGGTTGCTA 45 558 TACTTGIGIT[TCCCTAQG H45e6701p0
GTACCGAGGGCAGT (G444  50aTTdd45TETO100.C CRACRINGELRFGAGATECT CACA 45 8871 O 6 O C
T 2006 ACACRARGGACAAG
H45e¢6703pc | GAGTCAGAGGAGGAAAACGATG 45 686
H45e6704pc | AGGAARACGATGAAGCAGATGGAGT 45 696
H45e6705po | ACAACTACCAGCCCGACGAGCCGRA 45 730
10 H51e6701p2 | GATGCARGGTCGCATATGAGGGAGGAGGATGAAGTAG | 51 658
ATA
H51e6701pl | AATTCTAATACGACTCACTATAGGGAGAAGGGCCCAT | 51 807
TAACATCTGCTGTA
H51e6702p2 | GATGCAAGGTCGCATATGAGAGAGGAGGAGGATGAAG [ 51 655
TAGATA
H51e6702p1 | AATTCTAATACGACTCACTATAGGGAGAAGEACGGGC | 51 829
ARACCAGGCTTAGT :
H51le6701po | GCAGGTGTTCAAGTGTAGTA 51 747
15 H51e6702po | TGGCAGTGGAARGCAGTGGAGACH 51 771
H56e6701p2 | GATGCARGGTCGCATATGAGTTGGGGTGCTGGAGACA | 56 519
AACATCT
H56e6701pl | AATTCTAATACGACTCACTATAGGGAGAAGGTTCATC | 56 665
CTCATCCTCATCCTCTGA
H56e6702p2 | GATGCARGGTCGCATATGAGTGGGGTGCTGGAGACAR | 56 520
ACATC
H56e6702pt | ARTTCTAATACGACTCACTATAGGGAGAAGGCATCCT | 56 665
CATCCTCATCCTCTGA
20 H56e6703p2 | GATGCAAGGTCGCATATGAGTTGGGGTGCTGGAGACA | 96 519
ARCAT
H56e6703pl | AATTCTAATACGACTCACTATAGGGAGAAGGCCACAR | 56 764
ACTTACACTCACARCA
H56e6701po | ARAGTACCAACGCTGCAAGACGT 56 581
H56e26702po | AGAACTAACACCTCAAACAGAAAT 56 610
H56e6703pc | AGTACCBACGCTGCARGACGTT 56 583
25 H56e6703pol | TTGGACAGCTCAGAGGATGAGE 56 656
H56e6704p2 | GATGCAAGGTCGCATATGAGGATTTTCCTTATGCAGT | 56 279
GTG
H56e6704pl | AATTCTAATACGACTCACTATAGGGAGAAGGGACATC | 56 410
TGTAGCACCTTATT
H56e6704po | GACTATTCAGTGTATGGAGC 56 348
HEVAPOLA CAACTGAYCTMYACTGTTATGA A (16
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50 Priner

name Sequence HPV nt

T

ype

HA45e6703p2 GATGCAAGGTCGCATATGAGGTTGACCTGITGTIGITA 45 656 CCAGCAAT MS@%%&&&OE

AATTCTAATACGACTCACTATAGGGAGAAGGCACCAC 45 868
GATGCAAGGT CGRE TATEAGCTGTTGACCTGTTCTGT 45 654
AATTCTAATACGACT CACTATAGGGAGAAGGCCACGG 45 868
GATGCAAGGTCGCATATGAGGTTGACCTGTTGTGTTA. 45, 656
AATTCTAATACGACT CACTATAGGGAGAAGGACGGAC 45 868

TACGA H45e67
ACACACAAAGCGA
CGA 1145e6705p1
ACACAAAGGACAAG H45e6703po -

GCGACACACAAAGGACAAG H45e6704p2
RAGB03/00034
%5 I—?Z?5e6705p2

GAGTCAGAGGAGGAAAACGATG 45 686 HA5e6704po AGGAAAACGATGAAGCAGATGGAGT 45 696

H45e670Spo ACAACEALZARIZE] 457730 10 F5Te6701IPp2 T gpv nt
GATGCAAGGTCGCATATGAGCGAGGAGGATGAAGTAG 51 658 ATA H51e6701

AATTCTAATACGACT CACTATAGSS \J—\F\\m,bkﬁ\-{%i 807 TAV’AO’%TCT u,.\s 151 6702p2
CATGCAAGGT GCAT A TSRS ; T ARG OTRet
AATTCTAATACGACTCACTATAGCGAG ACGEG 51 829 AAACCA A 1@6701po
GCAGGTGTTCAAGTGW = . CEACTEOOAAACSA GACA-H1 771
H56e6701p2 GATd Axf gal%ﬁQ AKC?% H56p6701pl
AATTCTAATACGACTECACTATA W%'TCATC 56 665__ CTCATCCTCATOCT H56p6702p2
GATGCAAGGT CGCAT A FEAET B33 T G TEACAEAR BEC B B TCRTITREIHS 5e 6 7 B2 pUe
AATTCTAATACGACT(,ACTATAGGGA TCCT 56 665 CATCCTCATCCITGIGS)20 H5p6e6703p2

GATGCA GGGICGCA

35

40

45

50

A LD AN 4.0

T A R R R & A T LTS P N 2 (16
tog =¥, 31 35)

HPVAPO4A GARMCAACTGACCTAYWCTGCTAT A {33
52 58)

HPVAPQ4Ambl | X;-ccaagcGAAMCAACTGACCTAYWCTGCTATgC a (33
e 52 58)

HPVAPC4Amb?2 | X,-ccaagecGAAMCAACTGACCTAYWCTGCTAT L (33
ggettyy -Xs 52 58]

HPVAPO4Amb3 | X,-ccasgcgGAAMCAACTGACCTAYWCTGCTA A (33
Tegettgg -X, 52 38)

HPVAPO4Ambd | X,-ccagcgGRAMCAACTGACCTAYWCTGCTATCY A (33
ctgg -X, 52 58)

HPVAPO4AmbS5 | X,-cgatcgGAAMCAACTGACCTAYWCTGCTAT Y A (33
HPVCPO4 ARGACATTATTCAGACTC C (18
45 39)

HPVCPO4Ambl | X,-ccaagcAAGACATTATTCAGACTCgettgy ~X, C {18
45 39)

HPVCPO4AMb2 | X,-cgcatgAAGACATTATTCAGACTCcatgeg -X, C {18
45 39)

HPVCPOAAMb3 | X,-cccagcAAGACATTATTCAGRACTCgCtgag ~X, C (18
45 39)

HPVCPO4Ambd | X,-cqatcgAAGACATTATTCAGACTCcgateg =X, c (18
45 39)

Pairs of Pl and P2 primers having the same prefix

(e.

g. HAe670lpl and HAe6701lp2} are intended to be used

in combination. However, other combinations may alsc
be used, as summarised below for HPV types 16, 18, 31,
33 and 45.

Suitable primer-pairs for amplification of HPV 16 E6

mRNA are as follows:



H56e6703p1 AATTCTAATACGACTCACTATAGGGAGAAGGCCACAA 56 764 ACTTACACTCACAACA
H56e6701po AAAGTACCAACGCTGCAAGACGT 56 581 H56e6702po 06 0CT 2006
AGAACTAACACCTCAAACAGAAAT 56 610 H56e6703po AGTACCAACGCTGCAAGACGIT 56 583 25
H56e6703p0l Wd FARGAGCTCAGAGGATGAGG 56 656 H56€6704p2 PCTIGBO3/00034
GATGCAAGGTCGCATATGAGGATTTTCCTTATGCAGT 56 279 GIG H56e6704pf,
AATTCTAATACGACTCACTATAGGGAGAAGGGACATC 56 410 TGTAGCACCTTATT H56e6704po
GACTATTCAGTGTATGGAGC 56 348 HPVAPO1A CAACTGAYCTMYACTGITATGA A X16 D 6 OCT
2006 WD 03/ 057914 PCT/ GB03100034 - 51 Priner nanme Sequence HPV nt TYPe 31

FPVADOl ATh2 X, - bt AL AV TG TATGACga A (1o oa db gy =1 ™
0 , - cga cgg _

HPVApol Anb3 Xz gggéﬁgégﬁéﬁﬁﬂ¥b?%gig$ TATGAgg A (16 gtgq -X, 31 35)
HPVApolAnb4 X, - cgat cgCAACTGAYCTMYACTGTTATGACga A (16 tcg - X3 31 35)
HPVAPO4A GAAMCAACTGACCTAYWCTGCTAT A (33 52 58) 35 HPVAPO4ANnDI

X, - ccaagc GAAMCARETCAEHAYACHEBSPAPGRZA RSN 1t dd &ixwith BBYLlfpalMAND2
X2- ccaagcc GAAMCAAETTGACCTAYWCTGCTAT A (33 ggcttgg - X3 52 58) - HPVAPO4ATH3

X, - ccaagcgGAAMCAACTGACCTAYWCTGCTA A (33 Tcgcettgg- X3 52 58) HPVAPO4Anbh4
X, - ccagCcgGAAMCAACTGACCTAYWCTGCTATcg A (33 ctgg - X3 52 581 HPVAPO4ANDH5

X2- cgat cgGAAl 3 58) 40 HPVCP0O4
X2- cgat coGAAVCMCTGARCTAWCTCTATO th 638103588 (63 183) 5
H16e6702Cp2 {(nt 185) or Hl6e6702Dp2 (nt 188) with

HAe6701pl or HAe670Z2pl (both nt 368).

10 |
HRe6701p2 or HAe6702p2 (both nt 116) with HAe&702Apl
(nt 208), HAe6702Bpl {nt 1%1), HARe6702Cpl (nt 186) or
HARe6702Dpl (185). These combinations are suitable for
amplification of all Eé splice variants.

15
HAe6703p2 or HAe6704p2 (both nt 656) with HRAe&6703pl or
HAe&704pl (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
H1B8e6701pl or H18e6702pl (both nt 869).

H18e6703p2 (nt 651) with H1Be&703pl (nt 817).
30 H18e6704p2 (nt 179) with H18e6704pl {(nt 379).

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



45 39) HPVCPO4Anbl XZ ccaagcAAGACATTATTCAGACTCgcttgg -X3 C (18 45 39)
HPVCPO4Anb2 X2 cgcat gAAGACATTATTCAGACTCcatgcg - X, C (18 45 39) HPVCPOEATHIN6
X, - Cccagc AAGACATTATTCAGACTCgct ggg - X3 C (18 45 39) HPVCPO4ANH4

X2- cgat cgAAl \TTATTCAGACTCcgatcg -X3 C (18 45 39) 45 Pairs of Pl and P2
priners havﬁ%%"yﬁﬁ%gane prefix (e.g. HAe6701pl and HAe670PH2FBEW4t ended
to be used in conbination. However, other conbinations nay also be used,
as sunmari sed bel ow for HPV types 16, P# —31, 50 33 and 45. Suitable
primer-pairs for anplification of HPV 16 E6 nRNA are as follows: 0 6 OCT
2006 WD 03/057914 03100034..-.,.5 €670l p2. ar HAe6 ofh nt 116)
with HAe6701pl g‘ﬁ“%@%&ﬁ%ﬁ%ﬁoﬁﬁ’%é%hrﬁ%éﬁﬁqpf%ﬁ Iﬁ%ﬁ%%éi@i(both nt
116) with HPV16pt HBle6HIZAEL) (baiboaB7@2Ap2 (nt 142), H16e6702Bp2 (nt 182),
H16e6702Cp2 (nt 185) or H16e6702Dp2 (nt 188) with HAe670l p1 or HAe6702p
(both int 368). 10 HAe670l p2 or HAe6702p2 (both nt 116) with HAe6702Apl (nt
208), HAe6702Bpisf85709d , (ARATOZCR1E610486) (A c1ACGEDRANEG(8E) . These
conbi nations ar u e for__.anplific 0, a splic riants.
HAe6703p2 OF HAZe%E{)?P (‘Btth %1%@@)3;:\‘;“ ?ﬂkmﬁ&oigfegr%‘l%&eé%ggl “¥hoth nt
741). These conbBhat?0isl aire: &d@)t.able for anplification of all transcripts

containing the E7 coding region (at least up to nt 20 741). The foll ow ng
priner-pairs are preferred for

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 H33eb6703pl (nt 807).
H33e6702p2 (nt 431} with H33e6702pl (nt 618).
15
The following primer pair is preferred for
amplification of HEV 45:
HPV45p2 (nt 430) with HPV45pl (nt 527)
20
Table 4-E6 PCR primers
Primer name Segquence HEV nt
) type
H&e6701PCR2 CCACAGGAGCGACCCAGARAGTTA 16 116
25 HBe67QLPCR] ACGGTTTGTTGTATTGCTGTTC 16 368
HAef7D2PCR2 CCACAGGAGCGACCCAGALA 16 116
HBe6702PCR1 GGTTTGTTGTATTGCTGTTC 16 368
ERe6703FCR2 CAGAGGAGGAGGATGAAATAGTA 16 656
HAe6703PCRL GCLCAACCGRAGCGTAGAGTCACAC 16 741
30 HRe6704PCRZ CAGAGGAGGAGGATGABATAGA 16 656
HAe6704PCR1 GCACAACCGRAGCGTAGAGTCA 16 741
H1B8e6701PCR2 ACGATGAAATAGATGGAGTT ig 102
H18e6701PCR1 CACGGACACACAARGGACAG 18 869
H18e6702PCR2 GRAAACGATGARRTAGATGGAG 18 698
35 B1Be6702PCR] ACACCACGGACACACAMAGGACAG 18 869
H18e6703PCRZ TTCCGETTGACCTTCTATGT 18 g51
H1Be&703BCRL GGTCGTCTGCTGAGCTTTCT 18 817
H18e&704PCR2 GCRAGACATAGAAATARCCTG 18 179




anplification of HPV 18 E6 nRNA: 25 H18e6701p2 (nt 702) or H18e6702p2 (nt

698) with H18e6701pl or H18e6702pl (both nt 869). H18e6703p2 (nt 651) OB 8T 2006
H18e6703pl1 (nt 817). 30 H18e6704p2 (nt 179) with H18e6704pl (nt 379). The

foll owi ng prj -RaLfs are preferred for anplification of

6 OCT 2006 m@%@%gm PCT/ GB03100034 - 53 H31e6701p2 or%ﬁe@jf]@pz (bothQ
nt 164) wth H31e6701pl or H31e6702pl %Poth nt 423). H31e6703p2 (nt 617),
H31e6704p2 (nt 619) or H31e6705p2 5 (nt*617) with H31e6703pl (nt 766), -
H31e6704pl (766) or H3166705pl (nt 809) The followi ng priner-pairs are -

preferred for gpHifieati-ono V33— E6RNA—1-H336683p2{nt—618) or
H33e6703p2 (nt Eé 5‘ %‘%‘r e%%rgf (nt 763) or 1- 1336&&p1 nt 807).
H33e6702p2 (nt 43WWI he quﬂgovm nyspg T Ter pair
i s preferred forgs@Poibdrgat THEABATACEN AR SR TGRIRVASPZ (T [430) Wiy HPVASpl (nt
527) 20 Tabl e 4~Ep:FGrodw®il rSGaChdaietcTaoeageguence HRINT Y
HAe6701PCR2 CCA( m@mmﬁcmcmmgmebwﬁg@i 164
ACCGTTTGTTGFATTEER G2 EdR 1369 CHdARt CRRISERA TCEMREATEA \FTCA do6 116
HAe6702PCRI GGI T EGIdaEtAdCRECT GlakEcidde r86t reTiAnéy 03PCR2 CAGAGGAGS TGAAATAGTA
16 656 HAe6703RF@R1e ARECOLAGHGTEACAT 16 741 30 FHAe67048RCR2
CAGAGGAGGAGCATGANATAGA4 HIR2656 TGANERZAABCRICEBRIRSIAACCGAAGCGTAGAGFCA 16 741
H1Be6701PCR2 ACGAEGHRATAGAT CAAGETANISTTRRTTGIBEB YD HPCR1 | GACGGACATACANAGGACAG
18 869 10 A31e6705PCR2 ACTGACCTCCACTGTTAT 31 617
H31e6705PCR1 CACGRTTCCAARTGAGCCCAT 31 809
H33e6701FCR2 TATCCTGRACCAACTGACCTAT 33 618
H33e6701PCR1 TTGACACATAAACGAACTG 33 763
H33e6703PCR2 TCCTGAACCAACTGACCTAT 33 620
15 H33e6703PCR1 CCCATARAGTAGTTGCTGTAT 33 807
H33e6702PCR2 GACCTTTGTCTCCTCAAGAA 33 131
H33e6702PCR1 BGGTCAGTTGGTTCAGGATA 33 518
H3566701PCR2 ATTACAGCGGAGTGAGGTAT 35 217
B35e6701PCR1 GTCTTTGCTTTTCAACTGGR 35 44z
20 H35e6702PCR2 TCAGAGGAGGAGGAAGATACTA 35 655
H35e6702PCR1 GATTATGCTCTCTGTGRACA 35 844
H35e6703PCR2 CCCGAGGCAACTGACCTATA 35 610
H35e6703PCR1 GTCAATGTGTGTGCTCTGTA 35 770
H52e6701PCR2 TTGTGTGAGGTGCTGGAAGAAT 52 144
25 H5226701PCR1 CCCTCTCTTCTAATGTTT 52 358
H52e6702PCR2 GTGCCTACGCTTTTTATCTA 52 296
H52e6702PCR1 GGGGTCTCCAACACTCTGARCA 52 507
H58e6701PCR2 TCAGGCGTTGGAGACATC 58 157
H5826701PCRL AGCAATCGTAAGCACACT 58 301,
30 H58e6702PCR2 TCTGTGCATGARATCGAA 58 173
H58e6702PCR1 RGCACACTTTACATACTG 58 291
HBe6701PCR2 TRCACTGCTGGACARCAT B{11) 514
HBe6701PCR1 TCATCTTCTGAGCTGTCT B(11) 619
HBe6702PCR2 TACACTGCTGGACARCATGCA B{ll) 514
35 HBe6702PCRI GTCACATCCACAGCAACAGGTCA B(11) 693
HBe6703PCR2 TGACCTGTTGCTGTGGATGTGE B{11) 693
HBe6703PCR1 TACCTGAATCGTCCGCCAT B{11) 832
HCe&701PCR2 CATGCCATARATGTATAGA C (12 295
39 4
HCe6701PCR1 CACCGCAGGCACCTTATTAA C (18 | 408
39 45
40 H3%9e6701PCR2 GCRGACGACCACTACAGCAAA 39 210
H39e6701PCR1 ACACCGAGTCCGAGTAATA 39 344
H3%9e6702PCR2 TATTACTCGGACTCGGTGT 38 344
H39e6702PCR1 CTTGGGTTTCTCTTCGTGTTA 39 558
H39e6703PCR2 GARATAGATGAACCCGRCCA 38 703
45 H39e6703PCR1 GCACACCACGGACACACARA a9 886
H45e6701PCR2 AACCATTGAACCCAGCAGAAA 45 430
H45e6701PCR1 TCTTTCTTGCCGTGCCTGGTCA 45 527
HA5e6702PCR2 GRAACCATTGAACCCAGCAGAARA 45 428
B45e6702PCR1 TTGCTATACTTGTGTTTCCCTACG 45 558




H18e6702PCR2 GAAAACGATGAAATAGATGGAG 18 698 35 H18e6702PCRL
ACACCACGGACACACAAAGGACAG 18 869 H18e6703PCR2 TTCOGGTTGACCTTCTATGT 18 BSACT 2105
H18e6703PCRL GGTCGTCTGCTGAGCTTTCT 18 817 H18e6709PCR2 GCAAGACATAGAAATAACCTG
18 179 0 6 O WO 031057914 PCTI GB03/ 08034 - 54 Pri quence
HPV nt type ngp’g]fmpcm ACCCAGTGTTAGTTAGIT 18 379 I-Ble%ﬂ%ﬁé?
GGAAATACCCTACGATGAAC 31 164 H31e6701PCRL GGACACAACGGTCTTTGACA 31 423
831e6702PCR2 GGAAATACCCTACGATGAACTA 31 P64 5 H31e6702PCRL
CTGGACACAACGGTCTTTGACA 31 423 H31e6703PCR2 ACTGACCTCCACTGTTATGA 31 617

H31e6703PCRI  TAFETACTTSTSFECTETCE 31-766—H31e6704PCR2
TGACCTCCACTGTTATGA 31 ¢ 5““ B e6704PCR TGCGAATAT CTTAGFGTGATCT GT 31
766 10 H31e6705P LR s oA o bhacia te 6 7OP PR —¢ze
CACGATTCCAAATGA ToasbrB09 | ChEIBET P iR R N CAACCRACTEAGGREAT 33 618
H33e6701PCRL TT AR NG TSr T T RraT BRI a U3 PCRS T TOAACGAACTIGACCTAT
33 620 15 H33e6[7H3REer seRCAl CRCRdZRROIAcARG 807 *B%@Eﬁ?ﬁ?ﬂa"‘%?

GACCTTTGTGBECCTCANGRATEPCcAB T | BPRRabr s eIt T A¥gs T CAGT TGGT T GGAT 433 918 '
H35e6701PCR2 A memﬁﬁeﬁrmaaﬂmcﬁﬁcmcmaeb/uwml BICTTTGEEE TTTCAACTGGA
35 442 20 H35e6 R ABAPKBTAGATA 35 655  FBbet /UZ3eRT |

GATTATGCTCTCTGT] €A1 Brc8i4 EGEEﬁﬁﬁEﬁEﬁE?EE@GKGECAAL| “TATA035 910
H35e6703PCR1 CGIRAEGTIEFARCCT CABRAARBBRCINEAAHB2ET/ 0 1 PCR2| 51 655
TTGTGTGAGEPGCT GGRAGAIEPSEL 141 ACGGHEREGTTIPERT CCCTCTCITem AATGEEY 51 358
H52e6702PCR2 GT| ACEETHI T TATGRACBE TESGACAHBRABT0 2 PCR1| 56 518
GGGGTCTCCAACACT (BAPSBL 501 TTAAS IS RO AP CRICCTCYREGCGT TCGﬂGACA'I ®658 157
H58e6701PCR1 AGCEATEIEERIRICACATECCERECIGFAGACAARCATC 520
H56e6702PCR1 CATCCTCATCCTCATCCTCTGA 56 665
15 H56e6703PCR2 TTGGGETGCTGGAGACAAACAT 56 519
H56e6703PCR1 CCACAALCTTACACTCACARCA 56 764
H56e6704PCR2 GATTTTCCTTATGCAGTGTIG 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.

Primar Sequance

nama

Onc2A2 5" GATGCAAGGTCGCATATGAGAATGGCATTTGTTGGGGTAR 3!

-|-Onec2Al 5' AATTCTAATACGACTCRCTATAGGGAGAAGGTCATATTCCTCCCCATGTIC 3!

30 Onc2Pol | 5' TTGTTACTGTTGTITGATACTAC 3!

Onec2B2 5' GATGCAARGGTCGCATATGAGAATGGCATTTGTTGGSRHAAR 3!

Ong2Bl 5' AATTCTAATACGACTCACTATAGGGAGAAGGTCATATTCCTCMMCATGDC 3'

OncZPoB | 5' TTGTTACTGTTGTTGATACYAC 3°'

OncZ2PoC | 5' TTGTTACTGTTGTIGATACCAC 3¢
35 Cnc2C2 5' GATGCAAGGTUGCATATGAGAATGGCATTTGTTGGSITAA 3!

Onc2D2 5' GATGCAAGGTCGCATATGAGAATGGCATTTGTTGGLIHAR 3°

Onc2E2 5" GAPGCAAGGTCGCATATGAGAATGGCATTTGTTGGIRIAR 3!

Onc2F2 5! GATGCAAGGTCGCATATGAGAATGGCATTTGTTGGGGTAA 37




30 H58e6702PCR2 TCTGIGCATGAAATCGAA 58 173 H58e6702PCR1 AGCACACTTTACATACTG

58 291 HBe6701PCR2 TACACTGCTGGACAACAT 3(11) 514 HBe6701PCR1
TCATCTTCTGAGCTGICT B(11) 619 HBe6702PCR2 TACACTGCTGGACAACATGCA 3(11) BEAI3S0s
HBe6702PCR1 GTCACATCCACAGCAACAGGTCA B(11) 693 HBe6703PCR2
TGACCTGITGGHO e aTGA 8(11) 693 HBeG/03PCR1 TACCTGAATCGCGERADa03¢ 11) 832
HCe6701PCR2 CATGCCATAAATGTATAGA C (18 295 39 45 HCe6701PCR1
CACCGCAGGCCACCTTATTAA C (18 408 39 45 4§ H39e6701PCR2 GCAGACGACCACTACAGCAAA
39 210 H39e6701PCR1 ACACCGAGICCGAGTAATA 39 344 H39e6702PCR2
TATTACTCGGACTCGGTGT 39 344 H39€6702PCR1 CTTGGEGITTCTCTTCGIGITA 39 558

E‘%i‘é%%i@%mr Pﬁ%%m %ﬁgq @W%@@E%&%%PAAA 45 430

HA5e67012CR1 TCTRILGET mmm@@cmm@zmwmmmm 3

GAA. ACCATTGAAC A T TGTTTCCCTACG 45
558 0 6 0 C T 2 &E%ﬁ\ pmﬁ%\% ‘gﬁT fﬁ%@?&%@‘-ﬁéﬁ:@éﬁ name Segjence
HPV nt type H4hesiz03PCREAGEARACCTHETFGRGITISCONBCANTedAcB58 HA5e6703PCRL
CACCACGGACACA CARG 2 I I 45 654
HA5e6704PCRL CC. Vi rauitatolc

GTTGACCTGTTGTGI TACEA 455'65&’?(:&!144&@6@105@@11: AEACARAANGEACNAERIAE 869

51 507 145/ e6] D R |
ACGGGCAAACCAGCLBRASIE 5(15 B%Tdrﬁﬁaaammmmmmmﬁ 56 519

H56e6701PCR1 TTCATCCTUATCCTICATCCICIGA 50 bbb
Onc201 5 AATTCTAATACGACTCACTATAGG’GAGAAGGTCATATTCCTCIICATGAC 31

10 Onc2FPl 5' AATTCTAATACGACTCACTATAGGGAGAAGGTCATATTCCTCIICATGCC 37

Table 6-Preferred L1 PCR primers

15 Primer name | Sequence

Onc2Al-PCR 5' AATGGCATTTGTTGGGGTAA 3°

Onc2A2-PCR 5' TCATATTCCTCCCCATGTC 3°

Onc2Bl-PCR 5' AATCGCATTTGTTGGSRHAA 37

Onc2B2-PCR 57 TCA&ATTCCTCMMCATGDC 3

20 Onec2Cl-PCR 5' AATGGCATTTGTTGGSIIAA 3°'

One2Dl~PCR 5' BATGGCATTTGTTGGIIHAR 3'

OncZEl1-BCR 5°¢ AATGGCATTTGTTGGIRIAA 3'

OncZF1-PCR 5' ABTGGCATTTGTTGGGGTAA 3'

‘| One2G1-PCR 5' ARTGGCATTIGTTGGGGAAR 3'

25 Onc2H1-PCR 5T BATGGCATTTGTTGGCATAA 3°

Onc2I1-PCR 5' AATGGCATTITGTTGGGGCAA 3

Onc2J1-PCR 5' AATGGCATTTGTTGGCACAR 3°

OncZK2-PCR 5' TCATATTCCTCMICATGIC 3'

Onc2L2-PCR 5' TCATATTCCTCAACATGIC 3!

30 Onc2M2-PCR 5" TCATATTCCTCIICATGTIC 3°'

OncZN2-PCR 5' TCATATTCCTCIICATGGC 3'

s

Oncz02-PCR 5' TCATATTCCTCIICATGAC 3

Onc2P2-PCR 5" TCATATTCCTCIICATGCC 3'




H55e6702PCR2 TGGGGTGCTGGAGACAAACATC 56 520 H56e6702PCR1
CATCCTCATCCTCATCCTCTGA 56 665 15 H56e6703PCR2 TTGGGGTGCTGGAGACAAACAT 560510 T 2006
H56e6703PCR1 CCACAAACTTACACTCACAACA 56 764 H56e6704PCR2

GATTTTCCTTA A 56 279 H56e6704PCRL GACATCTGTAGCACCT?@ Eﬁ? A}'%‘p 20
Preferred PCR prinmer-pairs for HPV types 16, 18, 31 and 3 r nal ogous to
the NASBA priner-pairs. Table 5-Preferyed L1 NASBA priners and probes 25.
Prinmer Sequence nane Onc2A2 5' GATGCAAGGTCGCATATGAGAATGGCATTTGITGGGGTAA 3
- 0nc2Al 5° AATTCTAATACGACTCACTATAGGGAGAAGGTCATATTCCTCCCCATGIC 3' 30
Onc2PoA 5' TTGITACT

O GANCT AT ATCAG e G S AieReed 1 SiE% ID NOs:143 and
MTTUAATACGAU@&@TAEA@%&EA@WPNP%@TM Al/SnefddsPER)
TTGTTACTGITGT TGAEACYAENBicON C’QcPOﬁégme'ﬁ'EGWé\Cﬂ'ﬁ' iGN GARACCAC ginoddcOnc2C2 5

CATOCAAGGTOCCAT AFGACART CLERTHCTTCAT! 445 3P0 Bnots B NO: 149
CATGCAAGGTGIECAT ATGASAAPGEZ AT TAGRTGRIR AR0B' PoSHERER €729 to 6747 (SEQ

GAT GCAAGGT CGCATATCAGMI SCCATITGTAGRISARARCR) . 06 OCT 2006 WO 03/ 057914
PCT/ GL103100034 - 56 OncM 5 GATGCAAGGTCGCATATGAGAATGGCATTTGTTGGGGAAA 3'

Onc2H2 5' GATGCAAGGTCGCATATGAGAATGECATTTGITGECATAA 3' Onc212 5

AT A O EN LTI g By Tps152 and 15

AATTCTAATACGACT CAGT A AGBEALRAINRSIRCANAT POcZ BIY CATLB - &°R) @mn@rsants

-

e}

AATTCTAATAEACT GACTAL E%TTWQ %ncl%@%
AATTCTAATACGACTCACTAT. %GAA CATATT | | CATGIC 3 é}‘
AATTCTAATACGACTEREFATF BN CRPREPOCTREPER So?c‘% 5

AATTCTAATACEACT@A@ﬁéﬁééﬁIEﬁ¥HKE§ﬁ§¥EﬁETGmiﬁbhﬁéﬂéﬁ%ldﬁ ridfl ud2B1 5

AATTC'I'AATACGAC'I'g@I it QW@%ET%S%&%T% 33 e 18N €;8:Freferred LI

PCR priners 15
base sites: N=G,A,T,C; V=G,A,C; B=G,T,C; H=A,T,C;

15 D=G;Ap T; =GfT( S=GfC(W_A’Tf M_A( C; Y=C; T.i' R‘“‘AfGn

It is also possible to use variants of the HPV-
specific sequences SEQ ID NO:152 (0Onc2B2/0nc2B1-~PCR)
and SEQ ID NO:153 (Onc2Bl1/0Onc2B2-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, Onc2E2, Onc2F2,
Onc2G2, Onc2HZ, ©Onc2I2, Onc2Jd2, Onc2Cl-PCR, Onc2Dl-
30 PCR, Onc2E1-PCR, Onc2F1l-PCR, Onc2Gl-PCR, Onc2H1-PCR,
Onc2I1~PCR and Onc2J1-PCR) are variants based on the
HPV-specific sequence SEQ ID NO:152 (Onc2B2/0Onc2Bl-
PCR), whereas the HPV-specific seguences SEQ ID NOs:
164-169 (present in primers Onc2Kl, Onc2Ll, Onc2Ml,
35 Onc2Nl, Onc201l, Onc2Pl, Onc2K2-PCR, Onc2L2-PCR,



nc2A1- PCR 5' AATGGCATTTGTTGGGGTAA 3'  Onc2A2- PCR 5' TCATATTCCTCCCCATGTC 3!
Onc2B1-PCR 5' AATGGCATTTGITGGSRHAA 31 Onc2B2- PCR 5' TCATATTCCTCAACATG C (B 0CT 20;
20 Onc2Cl- PCR 5' AATGGCATTTGITGGS! | AA 3'  Onc2Di - PCR 5' AATGGCATTTGITGGS! HAA

3 Onc2El-  AATGGCATTTGTTGE Rl AA 3'  Onc2F1- PCR 5'

AATGGCATTTGT%% 3 Onc2Gl-PCR 5' AATGGCATTTGTTGRGEAARCY/CRIZM o 1 bR

5' AATGGCATTTGITGGCATAA 3'  Onc2l 1- PCR 5, AATGGCATTTGTTGGGGCAA 3'

nc2Jl - PCR 5' AATGGCATTTGTTGGCACAA 3' C2K2- PCR 51 TCATATTCCTCAACATG C 3'
c2L2- PCR 5' TCATATTCCTCAACATG C 3' 30 Onc2Me- PCR 5' TCATATTCCTC | CATGTC 3

Onc2N2- PCR 5" TEALAMPCPER, | 6ASHE- KR, Qm&%@% B@B and T FERCLLGATGAC 3
Onc2P2- PCR 5' TCATATT. WD 031057914

PCT/ GBCB/ 00034 -V #7241 e ﬁﬁ%ds‘%gﬁ‘ﬁ é*%’ec?&’&ﬁ&éé% ReLERNGD N 149 and 150
(primers Onc2A2NORG3Al 49@@23%0@2:@30&%9)(:2@;@@8) vaatsntseitdlaale t o

fragnents of th e o] 6615 ( SE
| D %0149 5 On?zégg){ g%lﬂ)g&€§ S%%“%%E??. ol ag‘%%icgde%m??@é | D ( ©
NO: 150: owc‘?Al/@r?éanzlcracmylrlqrhbommaéﬁ@@ PlégsedabeeetdsSEQ | D NGs: 152 and
153 (0nc282/0nq2ﬂorlgseaaamdgOan@B}dx@mﬁB%ea@thaéetaasizedlttsa 10 of the above

sequences, respecti vel c ver.a ener at e bases presentations
of the sequenc&&GHP &é ghg gY%F%ﬂl 5ﬁﬁépgogﬁggsn%?e%ﬁﬁG%Ptﬁﬁééﬁ €ded herein
use the standar@lththdediaatnwmenuibﬁsmaslbes;nc&ﬂﬁdﬂfbﬂSSﬁtas,Arc

B=G T,C HAT, GarkacPol Begwe% cﬁP-Eﬁ tﬁ’p@scﬂ{\#é‘ra_er I\A&,A c%ns\q:rcc‘zc-E R=A, G I't

IS also p055|ble to use variapts of ecl f1c sequences SEQ I D
NO 152 (0ontbB2/ OFOPBFRPER) PEHECSEY YD EROPIEY E@nw]mmzﬁ?f BERESwher ei n

any two 20 of nucleotides "SRH' towards the 3' end of the

Any one or more of primers Onc2AZ2, Onc2B2,
Onc2C2, Onc2D2, Onc2E2, Cncl2F2, 0nc2G2, Onc2H2, Onc2I2
and Onc2J2, may be used in combination with any one or
15 ' more of primers Onc2Al, Onc2Bl, Onc2Kl, Onc2lLl,
Onc2M1l, OncZN1, Onc20] and OncZPl, for NASBA
amplification of HPV L1 mRNA.

Any one or more of primers Onc2al-PCR, Onc2Bl-

20 PCR, Cnc2Cl-PCR, Onc2Dl-PCR, OncZEl-PCR, Onc2F1-PCR,
Onc2G1-°PCR, Onc2KH1-PCR, Onc2I1-PCR and Onc2J1-PCR, may
be used in combination with any one or more of primers’
OneZAZ2-PCR, 0Onc2B2-PCR, Onc2K2-PCR, Onc2L2-PCR,
OncZ2M2-PCR, Onc2N2-PCR, 0Onc202-PCR and Onc2P2-PCR for

25 _PCR amplification of HPV L1l 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,



sequence are replaced with inosine (1), as follows: 5 AATGGCATTTGITGA |1 AA
3" 5 AATGCCATTTGITGGSI I AA 3' 25 5' AATGGCATTTGITGAE RI AA 31 The 06 0CT 2008
HPV- speci fic sequences SEQ I D NOs: 156-163 (present in priners Onc2C2, -
Onc2D2, OnCcpd.ozfelen2, Onc2@&, Onc2H2, Onc212, Onc2J2, Ogé% P onc2Dl

30 PCR, Onc2El-PCR, Onc2Fl - PCR, Onc2d - PCP,, Onc2H1- PCR, and
Onc2J1-PCR) are variants based on the_ V- specific sequence SEQ I D NO: 152
(0nc2B2/ Onc2Bl - PCR), whereas the HPV-spéecific sequences SEQ | D NOs:

164-169 (present in priners Onc2Kl, Onc2Ll, Onc2M, 35 Onc2N, Onc201,

Onc2P1, Onc2K2- PCR, 0 PCTI 100034 - 58
Onc2M2- PCR, Onc2N2- PgiRgg%)é\ g%%rﬁ%% %g@% Sg\gf’%%'ajfs%&létar %Ia-n S "based on the
HPV- speci fic sedUdficé gEQP EFUNT IR ERB HBRcPB20PCRIRaTIRe vari ant s
i ncl ude degenerﬁtn@lbasﬁﬁl@nﬂl@hﬁ@ d8QFone élﬂmleﬁ Hiesd Jdvssion sequence

vari ation enabl nucl eot | ora the vafr uences to
bind to multi pﬁ‘étﬁP ypeg. r?%d%stheeleﬁg 988 ﬁBt FH et f%?‘éq}%ﬁﬁ%

hybri di zati®on arididsa FaY babehed Uaketcat f@lrt 88Vo33, vari ati on between HPV
types in order to co ruct 0_"consens i mer_abl e to o nmultiple
HPV types. Any one g'r§ 8 B%fs P et S cfﬁi&['iﬁ%zﬁﬁa %{é&% &nc202,
Onc2E2, Onc2F2, wtdén &RV @CEM la(bﬂﬂZECQmOéﬁduihczﬁQacmmyﬂmelmie@mm

conbi nation wit RBEARY QB emel ¢ 191 UL L8RS N c2Kl ,
Onc2ll, Onc2ML, 0133 jomate o SRS e HDhTERE1RER P anpi Hed102H

L1 nRNA. Any ondSGr laspledimplechiar @’r‘@?ﬂﬂzp@ Onc2Bl- 20 PCR, Onc2d - PCR,

Onc2Dl - PCR g Onc2E1- P c@fl onegH - | 1- PCR and
Onc2Jl - PCR, may % gﬁg‘éin cosnrtf))cﬁ? tsll(?r?q\%ncirﬁgg%oone or Er?oglr%e N@TE%%H mer s

Onc2A2- PCR, mCZ’Bi cBRS. -"F%B@ hEPLSCRERE “brAMMIEER fe%lmz PCR,
Onc202- PCR and @BciB2aPERLt Dyl &bedPGRratiphi fheakdnng of 1R . TredRNA.

labeled HPV 18 molecular 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 8 ml lysis buffer
35 (5M Guanidine thiocyanate)}. Since RNA is best



The invention wll be further understood with reference to the follow ng
experinental exanples and figures in which: 30 Figure | A shows the re§@l i 206
of a single reaction real-tinme NASBA assay using a FAM nol ecul ar beacon for

HPV 16 on a Ratdptsanple while figure 1B shows nul tipl ex real -time NASBA
assay using the FAM nol ecul ar beacon of Figure I A and a rrgpq:gé(g?abg{"}mﬂéacon

35 labeled with Texas red for U A 06 0CT2006 WD 03/057914 PCTI GB03/ 00034 -
59 Figure 2A shows single reaction readd®time NASBA with FAM nol ecul ar
beacon for HPV 18 on a patl ent sanple while figure 2B shows a nultipl exed

version wth a [ a l.ar acon_for HRV 2 and a FAM
| abel ed beacon §%¥%§6 §3 £ Pﬁéngg&!%%éﬁg s?ﬁ %%yr%ﬁﬁﬁl%% &ﬁ% -time NASBA
with HPV 31 FANPmdNeﬂemlanet@$a#OQﬁ%mﬁ@ﬂuwhlDé $a@m&e&wa§BuﬁﬁﬂM§0multlplexed

versi on incl udi ré&cHP¥xﬂ§aE§as@§ r&Ed . abﬁeegaﬁgiégumrl HhrekQ Figure 4A
shows single reaction real-tjne | abel ed nol ecul ar

beacon while fi §§F& ShERred %tmﬁé%cplfé’}Feaov@PE?oW?%c‘P%Mﬂfka TBRBs red

| abel ed HP\5 18 il eGolFar ubeit ohso T tgitne o5ADEAOMSR®A NGl € reaction real -tine
NASBA 15 with HPV4A5 FAM | abel ed nol ecul ar beacon while figure 5B shows the
mul ti pl exed version including HPV 45 Texas red | abel ed nol ecul ar beacon and

a FAM | abel ed HPV 3izmolaﬁsubm WREAL QR oRBE1 EA DY € K Bhaws Y dapget ed by

PreTect HPV- 20 Proofer conpared _to cytol ogy or histolo Exanpl e
1- Det ecti on of a%; l\gS’EﬁﬂF RGCPEF ac%ﬁc‘?r&i’ PN i1t %Hma

real -time det ecﬂ:hentBSalCahmpbé i Saidipr épatathwff«af. CIRNA eald SHApP| es Pap

smears and PV saqpl s&pﬁaee%oéé&%gg £0M 1 E9MQ, RN Jy Ahecervical

screeni ng programin es Inte ed o1
were treated aglefcbppioﬁgem Organon Tekn a (Organon Teknika B.V.,

Boselind 15, P.O. Box 84, 5280 AB Baxtel, The

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 i - 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 typing by BCR

Isolated DNA from cervical scrapes was subjected
30 to PCR using the consensus GP5+/6é+ primers (EP-B-0 517
704). The PCR was carried ocut in 50 pl reaction
volume containing 75 mM Tris-HCLl (pH 8.8 at 25°C), 20
mM (NH,),50,, 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+



30 Cervical sanmples were collected fromeach wonen attending the cervica
screening programusing a cytobrush(Rovers Medical Devices, The

Net herl ands). The cytobrush was then imersed in 9 mM lysis buffer 3% &M 2008
Guani di ne thiocyanate). since RNA is best 06 OCT 2006 W 0310 57 91 4

PCTI GB03/ 00084 03/053914 protected in the 5M guani di ne thi ocyaRgf;mbossPC only
1 mM of the total volunme of sanple was used for each extraction round. The
sanples in lysis buffer were stored atgy20C for no nore than one week, then
5 at -70C until isolation of DNA / RNA. RNA and DNA were automatically
isolated from5300 wonen in the first round of extraction, using Im from

the tgt al tsaWFL%nQIf el belﬂna§ss buff @({lﬁlugblfé‘ aaﬂ%}%tlﬁb%&pﬁwgtt ed
according to oons" od fro non Tekni ganon
Tokni ka B "Racl RS 18100 o A B0 AR A T RECREY | ands:
now Bi oner i eux R g@obhssyr 1 Bt iond=e, 96, FHRkich).odk) rtgm,h&;e!\imanys\ensTM
extractor foIIo d tai II l i nes
DNA and RNA fro%al%gl E}%Hévl'?gfﬁ@%ﬁa H%gﬁgﬁf@%\ﬁ . "cell lines
were used a3 podi PIFGESZO2BBAREHISG &rtcﬂp @fe 4PCR &98 Msamtr@a@tﬁdoﬁs These
cells were al SQ:I’MS.@.deQSnQQBIld)@ mgeratalvzl“u Ebe sehshidutidy. Taeudy (Exanple

2). SiHa cells ve.in copi PV 1 cell, whil st
CaSki cells havganﬁ&tﬁggﬁg% l%%dﬂfgbﬁ %F iﬁ@gi% fﬁprﬁﬁﬁﬁrgPed and 25 in
t he epi sonal stam@urHeEacomplstémauiaﬂﬂ@poxpﬁatheyamplnfﬂbdxnﬁﬁes of HPV 18

per cell. HPV detection and typing by PCR Isol ated DNA from cervical scrapes
was subjected 30 to PCR using the consensus GP5+/6+ prinmers (EP-B-0 517

704). The RCR was camhiaedz»@ursir pddl Hiker aRpLOR wied Llitﬂ:félﬁ:te%li' bng 75 nM

;[i Zl'\l';gl (PH 8. 83t (239 16203 "M '\5'34)9%?{0 roPoda1 20 JVEEN ZAED 200 MM each

HPV 16, 31 and 33: The PCR was carried ocut 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 Tag DNA

i5 Polymerase (MBI Fermentas), 3 pl DNA sample and 253
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
protocel for HPV 33 had a primer annealing step at

25 52°C. HPV 18 protococl: Primers were designed to
'identify HPV type 18. The PCR was carried out in 50 nl
containing 75 mM Tris-HCI (pH 8,8 at 25°C), 20 mM
(NH,),80,, 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



1.5 MM MgC12, 1 U reconbi nant Tag DNA Pol ynerase (MBI 35 Fernentas), 3 pl
DNA sanpl e and 50 pnol of each GP5+ 0 6 OCT 2006 WO 03/057914 06 00T 7006
PCT/ 6B03/ 00034 - 61 and GP6+ priners. A 2 mnutes denaturation step at 94%

was foll ov\e&/@()@sﬁwl es of anplification with a PCR pr oceﬁ:slg‘tc’m(s%g(isgus 96,
ep 1

HPL bl ock, rmany). Each cycle included a denaturation’s

mnutes, 5 a prinmer annealing step at 40C for 2 mnutes and a chain

el ongation step at 72C for 1.5 m nutes. € final elongation step was

prol onged by 4 minutes to ensure a conplete extension of the anplified DNA

10 The GPS+/ 6+ pasitive,sanples were subjected t HPV t 16, 31 and 33

PCR protocols as efi(?flfgf')‘ﬁé?n 1858 ffog%hggg:gyfh]go M%%Soﬁt rered 8ut in 50
pl containing 73 ekhPlese Holt¢pH @ @fathes@plehoed\dNAach of dNTP, 1.5 nM
MyC12, 2.5 U reconbinant_ Ta 15 Pol rase |, Fernent as) .pl DNA

sanpl e and 25 pmol o Bﬁiﬂgﬁ%rcgl.reﬁ%gemaﬁﬁf%étwﬁgheaﬁwq %n gg'toéﬁg at 99C
was followed by ¥eneywhesustdampld fdagamriodnofwihd RNAPCRegrideessor (Prinus 96,
HPL bl ock, MAG (%@%eyﬁ? ;Eé&%bcggfcég wrrﬁ%yg@elyaﬁ&seﬁaéaar 3fdiQRy step at 20 30

sec, a priner annealing,siep a or 30 sec and a, chain el gngation step
at 72C for 1 ni mﬁlﬁ’éé’?rg’ﬁ’éel i S SiRat 18R EeE e dilol IgedBy e ni nut es
to ensure a conuaetéecexdensiomdinll enzaphihyetS PNA. Trie-HQY dpdcel 8f or HPV
33 had a priner ngakkng t g? V t | . Primers were
designed to ide%&i ?3% Egv ??/%Mf g’%gaﬁﬁ\ﬁbsigsa%?eﬁ) oyt ?anO I

cont ai ni ng 75 nMRRCoBbHTNt pFa®, BiratPolygprase AT (FHmezsesl -030E1% Tween
20, 200 mVieach @nadNiRp1d. nd™Ms5 Mid1Z ofZeack/ ;]539@1329.' nant2 taGd Pol ynerase

(MBI 30 Fernentas), 3 FDNAsa I'e d 25 of each imer.. A m nut es
denat urati on steﬁgeﬁ’fatgg’&t%\%’% S?%g)l%/\gg Eywégng?/]cjr%“ée‘%‘%yar%r (A58 B8R in a
PCR processor (Rmpiigi8atidiPlwidiock PFOMNGroGes semny)Pr itach 96Gy¢lPg i ncl uded a
denat uration Ste%l%'ck?’omﬁéf’e&ﬂdﬁ‘%r %gcﬁngggié ng, st.eRfta 57C for 30 sec

and a chain ) . .
denaturation 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 Puosition Length
) er - bp)
25 HPVIG Pri 5 TCA AAA GCC ACT GTG TCC TGA 3' 421 -440 119
Pr2 5 CGTGTTCTT GATGATCTG CAA Y 521 - 540
HPVI18 Prl {5 TTC CGG TTG ACC TTC TATGT 3%) 651 - 670 186
Pr2 (5 GGT CGTCTG CTG AGC TITCT 3") g17-836
HPV31 Prl 5" CTA CAG TAA GCA TG TGC TATGC 3’ 3835-3875 | 153
Pr2 5' ACG TAA TGG AGA GGT TGC AAT AAC CC 3’ | 3963 - 3983
3Q HPV33 Prl 5" AAC GCC ATG AGA GGA CAC AAG ¥ 567~ 587 211
Pr2 5 ACA CAT AAA CGA ACTGTG TGT ¥ 758778
Gp+ Gps+ | 5 TTT GTT ACT GTG GTA GAT ACT AC 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 BGPCO5 | Pr2 5° GAA ACCCAAGAGTCTTICTCT




el ongation step at 72C for 1 mnutes. The final 0 5 O CT 2006 WO 03/057914
PCT/ GB03/ 00034 - 62 elongation step was prolonged by 10 nminutes to ef§ul@ 2006
a conplete extension of the anplified DNA. A prinmer set directed against the
human 3- gl ok g3/685yg ' Was used as a control of the DNA qua rating
procedure, University Hospital Vrije Universiteit, Anst er?bwm?ﬁé@gﬁ

Net herl ands). The PCR was <carried out jn 50 pl cont aining 75 nM Tri s- HCl
(pH 8.8 at 25C), 200 nM each of dNTP, I, 5 nM MyC121 1 U Reconbi nant Taq DNA
Pol ynmerase (MBI Fernmentas), 3 pl 10 DNA sanple and 25 pnol of each priner.
A 2 mnutes denatur Lon. ste ol |l owed by 35 cles f
anplification with a ﬁ’&ﬂaﬁ)r%‘apjsg%rogf ]%CE BrO(t\'{\—}%its l?c Céer many) .
Each cycle incl (¥8d580 derpt (Ratiant %@bnaﬂ-ogﬂf@sa‘ OWSHJ rﬁcmmeilna pei mer 15

anneal I ng step %theééqnéﬁﬁai Idpdri piH @%iRNds8s CHAER, Sl agtélon step at 72C
for 2 m nutes.

The final el pngation ste r ol onged tes to
ensure a conpl @tlécéff’ﬁﬂgif%ﬁl%fw’ttﬁ’e AnBPi FW@E ‘%T‘\FA S r L) ]\ﬂé%ltugéd'd g
posi tive cantrok50f ag/kPY e wdsdle SSwkaeolntafikie 20d Wayingish@d as positive
control for HPV n sed for
HPV PCR Type PP%%aBﬁke%r;\%%%%;% el ?gﬁ&{%ﬁbtﬂﬁg&&g]{% S0y 16 pr
5 TCA AAA GCC ACT GIG TCC TGA 3' 421 - 440 119 Pr2 5 COT GIT CIT GAT GAT

CTO CAA 3' 521 - 540 Pr] (5 . TTC TTG ACC TTC TAT. GT 3') 651- 670
186 Pr2 (5' TE‘F@‘E}%’W@ aF’EéTCE%? 150 REEes/ArSs %CT%' HEYA CAG TAA
GCA Tf G TGC TATPG@ 3h B86EenBWANHlES aRH2ibdi A0 T AMJERGONEA BCR TGC AAT AAC

CC 3" 396 3, 67 - 587
211 P2 50 ACACCAR RA TR ACPTGHA TG 370758 s G peids YT orT Act
GIG GTA GAT ACT6A¢13 6624- 6649 150 G p6+ 5' GAA AAA TAA ACT GIA AAT CAT
ATT C 6719-6746 BGPCO3 PH 5' ACA CAA CTG TGT TCA CTA GC

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 3’ 514 —531 123
P2 5" TCA TCT TCT GAG CTG TCT 3’ 619 - 636
HPVI§ . Prl 5' TCA AAA GCC ACTGTG TCCTGA 421 — 441 120
Pe2 3' CGT GTT CTT GAT GAT CTG CAA 3" 520 - 540
HPVIR  Prl 5 TTC CGG TTG ACC TTC TAT GT 3 651 ~ 670 186
Pr2 5 GGTCGTCTG CTGAGC TITCT ¥ 817 - 836
HPV3lT  Prl 5’ CTA CAG TAA GCATTG TGC TATGC ¥’ 38353857 155
20 Pr2 5' ACG TAA TGG AGA GGT TGC AAT AAC CC 3" 3964 —3989
HPYI3  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
HPV3S  Prl 5’ CCC GAG GCA ACT GAC CTATA 3 610-629 231
' Pr2 5" GGG GCA CAC TAT TCC AA ATG 3 821-840
HPV39  Prl 5’ GCA GAC GAC CAC TAC AGC AAA 3" 210230 153
. Pr2 5' ACA CCG AGT CCG AGT AATA S 344 - 362
25 HPV45 Pl 5' GAA ACC ATT GAA CCC AGC AGA AAA Y 428 - 451 154
Pr2 5" TTG CTA TAC TTG TGT TTC CCT ACG ¥ 558581
HPVSL  Prl 5' GGA GGA GGA TGA AGT AGATA 3 658 - 677 169
Fr2 5* GCC CAT TAA CAT CTGCTGTA 3 307 - 826
HPV 52  Prl 5" GTG CCTACGCTTTTTATCTA S 206— 315 233
Pr2 5' GGG GTC TCC AAC ACTCTGAACA S T 507- 528
HPV 58  Prl 5* TCA GGC GTT GGA GAC ATC 3" 157-174 162
Pr2 5" AGC AAT CGT AAG CAC ACT ¥ 301-313
Gp+ Gp5+ 5 TTT GTT ACT GTG GTA GAT ACT AC ¥ 150
30 Gp6+ 5 GAA AAA TAA ACT GTA AAT CATATT C
BGPCO3 Pl 5° ACA CAA CTG TGT TCA CTA GC

BGPCOS  Pr2 5’ GAA ACC CAA GAG TCTTICTCT




35 BGPCOS Pr2 5° GAA ACC CAA GAG TCT TGT CT 0 6 OCT 2006 WD 03/057914

PCTI GBBG3100034 -- 63 Visualization of the PCR products was done on acﬂﬁ?%€T2mﬁ
500 chip (Agilent Technol ogies, USA) according to their manual. The

chip uses mc gel electrophoresis with an opti nal Limt
of 0.5 5 -50 ?\V{g/%ﬁ%ﬁ%e results were interpreted using the d%ﬁé%(g%? 2100
software (Agilent Technol ogies, USA). The follow ng table confirnms priners
used for HPV PCR in patient sanples and ?ﬁchates additional PCR 10 primers
useful for HPV 35 39, 45, 51, 52, 58 and HPV 6/11. PCR priners for
detection of HPV. ) lner sequence Position Length (bp) 15 HPV
6/11 PH 5 TAC A EF oAt BRAS AT L5 4- 531 123 Pr2 5° TCA TCT TCT GAG CTG
TCT 3' 619 - 636 gﬁ@édu&lBHSSfoIC£vd¥&§dg}aoﬁegmgﬁgtigxp'TGA 3" 421-441 120

Pr2 5 COT OIT CIT GAT GAT CTG CAA 3' 520 - 540 HPV 18 Pr | 5 TTC CGG TTG
ACC TTC TAT GT 3'leFeprfogronggéeiprgoisl nsdpaeer &Feleren@@dTT CT 3
817-836 HPV31l Pr dmp i fGHALCAG/dééeddFon i@ EepalAte Claor -ax@a6.155 20
Pr2 5 ACG TAA TGG AGA GGT TGC AAT AAC CC 3' 3964 -3989 HPV33 Pr | 5 AAC
GOC ATG AGA TGA CGAC SAaGe3andeprerdgy Lepgepts Sor Amactaic moidGA ACT GIG GIG

3° 758 - 778 HPV @hidade;’ 166Cation A Amb1GACcbtfod AdStelibib2E 23k Pr2 o
GGG GCA CAC TAT TCC AA ATG 3. 921,840 HPV 39 Pr C,CAC TAG AGC

5 GAC
AAA 3' 210 -230 TEPOIBLeTy 3R dﬁ@/ﬁ:ﬁ“&é&lﬂe?cﬁﬁi\%%m&” 55 HPV45
PH 5' GAAACCATTGAM@OA@@AG&AAABiomWBﬂMW arBr 2o5ba e CRATACLTGTGT
TTCCCTACG 3' 558- g%Jp !gA\J{&%hPrI 5 GGA GGA GGA TGA AGT AGA TA 3' 658 - 677
169 Pr2 5 ' TYETG CTG TA 3' 807 - 826 HPV 52 Prl 5 GIG CCT
ACG CTT TTTltATC A 3<ee2>96113l5b€833nd3r@-€as GG 61 OVTOT HAC ACTSETG AAC A 3

507 - 528 HPV 58 Pri_ .5 TCA T GGA GAC ATC_3' -.,174 162  RPr2 5 AGC
AAT CGT AAG CAC Péﬂpeé'gfs- aqqg° cio%‘&p%‘e“?ﬁgﬁ)tr%“%ﬁ R8RS GFRYGAT ACT AC
3' 150 one laboratory area must not be used in the other

areas.

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 inte 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 containex.
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 MAO1l 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



30 Gp6+ 5' GAAAAATAAACTGTAAATCATATTC BGPCO3 Pr | 5 ACA CAA CTG TGT TCA CTA
GC BGPCO5 FrZ 5° GAA ACC CAA GAG TCT TCT CT 06 OCT 2006 VI)03/057914050ETZMB
PCT/ GB03/ 00034 - 64 - NASBA RNA anplification Precautions for avoiding
cont am nat i oy formnucleic acid rel ease, isolation
anplificatioﬁ%ﬂé?é@?%on in separate | aboratory areas. 5 23“%?@#%%@%%
prepare reagents for nucleic acid rel ease, isolation and
anplification/detection at the Iaborété?y‘areas where nucl eic acid rel ease,
isolation and anplification/detection are to be perforned, respectively:
10 3. Keep all L§€§§ and vials closed when not in use. 4. Pipettes and other
equi pnent that h Jﬁ@én used in one | aboratory area nust not be used in
the other areas. 5. Use a fresh pipette or pipette tip for each 15

pi petting action, 6. Use pipettes with aerosol resistant tips for fluids
possi bl y cont ai lPERFYEEeeferabrdl PrpeleSmy of solutions nust al ways be
performed out of or into an isolated tube that is opened and cl osed
exclusively 20 for this action. Al other tubes and vials should be kept:

cl osed and Separhi etepaoe tsheynaesthuwdied. 7. Use di sposabl e gl oves when

wor Ki n ith clin terial possjply containing.target-RNA or anplified
mat elri gl WI | f polspsécglaéé’, ”gﬁgﬁglgn@"g?eéig‘f%’% &téé’lﬁ gg%ﬂ)?‘ﬁﬁ'gﬁhnﬁaﬁ%p i nrrpt IheI
test procedure, Kispecioaltkynaf serbitohtactaqusbhspesiiibiynkond asaatatod
mterial. 8 C0l306G/01389 AuS0AS0RE Co iRl Asrbl RuEPDLEh08 Bas{d 0SE and

renove container_after each test'r ak tube'r S use uring nucleic
acid isol ation Kgiocoafginei BYYIBR/ ddiasa iton T/ nRYAJREEYBRE2SE a1 Mer ck
Extran MAOlpal kaggme) re@ieathliashz ofe dWiwtiaht gt eaght testagun. The
fol lowing procedys e MRS ¢l LLEd  QMbe Kot M CRUERLE the enzyme

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 pl reagent sphere diluent (from
20 Nuclisens™ Basic Kit; contains Tris/HCl (pH 8.5), 45%

DMS0) to the lyophilized reagent sphere (from

Nuclisens™ Basic Kit; contains nuclectides,

dithiotreitol and MgCl,) and immediately vortex well.

Do this with 3 reagent spheres and mix the sclutions
25 in one tube.

Bdd 3 pul NASBA water (from Nuclisens™ Basic Kit) to
the reconstituted reagent sphere solution and mix
well.
30
Add 56 ul of KCl1 stock solution (from Nuclisens™ Basic
Kit) and mix well. Use of this KCl/water mixture will
result in NASBA reactions with a final KCI
concentration of 70 mM. Final concentrations in the
35 reagent /KCl solution are 1 mM of each dNTP, 2 mM of



35 fromthe Nuclisen&V Basic Kit, supplied by Organon 0 6 O CT 2006 WO
031057914 PCT/ (B03100034 - 65 - Tekni ka. Procedure for n=10 sanples:- 50 8.0CT 2006
Prepare enzyne solution. Add 55 pl of enzyne dil uent (fron1NucIisens Basi c

Kit; containg Cﬁﬁ Pi i n agueous solution) to each of 4£%ﬂw? éed enzynme
spheres (fromNuclisensT" Basic Kit; contains AM RT, RNas

pol ymerase and 10 BSA). Leave this enzyge solution at |east for 20 mnutes
at roomtenperature. Gather the enzyne solutions in one tube, mx well by
flicking the tube wth your finger, spin down briefly and use within 1

hour. Final conga,r atiponadi OTP el eNFMTETH, X afieo 37 Smd Sty sumbimol , 2: 5 pg

F?thgk?gt;LENaSFt5F8g§th; age fmquéfe}%éﬁMgggﬁﬁ?gﬁB é@yT%8¥§@§§|es: add

80 pl reagent spipér €.8il.uent (from 20 Nuclisens" Basic Kit; contains
Tri s/ HC1 (pH 8.5), 45% DWMSO) to the |lyophilized reagent sphere (from
Nucl i sens” Basic Kit; contains nucleotides, dithiotreitol and MyCl2) and

i nredi at el ys vor tex ppabhkre Pelﬁ@tﬁpﬂuﬂéﬂ s%meaeﬁn&oﬁwﬁﬁ anggeicx the
solutions 25 in _one _tube. NASBA matg égron1NucI|senst Basic Kit)
&@4 &% )

to the reconst@PﬁFéélFeﬁﬁéﬁ?r§ FH-Pon HBEORRA | . 30 Add 56 pl of

KCl stock sol utigp (efa[‘:ﬂ”\:&'!e'@étsﬁélasétﬁﬁqs't%an&él‘ and, Mg weld rela’%@nef this
KC1l/ wat er m xture SBA reactions with a final

e
concentration oﬁpyﬁrﬁﬁﬁcé ﬁ%quHﬁb HEEGAs TN T R B‘?EébéhFFﬁé sol ution
are 1 mM of eachudTPAdE &M pI G&Ff GANMEEsZO0be cWl: D 3Lk HriGEl GE03100034 -

66 ATP, Uf and Glkioh 3e8MEFL r AN QoRcBMLIPi0f & ™. 1-0.5 wm
each of the sense and antisense primers and ~ 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 amcunts of reagent sphere scolution,
KCl/water solution and primers to be used. Primer
solutions should be used within 30 minutes after

20 preparation.

Reactions (n} |Reagent sphere]KCliwater (ul) Primer mix (i)
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 xl of the
primer/probe solution (prepared in step 3) into each



dithiotreitol, 70 MM KC1, 12 mM Mg ,, 40 nmM Tri s- HC1
Prepare primer/probe solution containing target- specific prinmers and
nol ecul ar beacon probe. For each target reaction transfer 91 pl of thé)SUCszﬁ
reagent sphere/KCl solution (prepared in step 2) into a fresh tube. Add 25
ul of prinergpmheei ar beacon probe 10 solution (to give fidabresnonnzs
concentration of -0.1-0.5 uM each of the sense and antisense priners and
15-70 pmrol nol ecul ar beacon probe per g'action). Mx well by vortexing. Do
not centrifuge. 15 In case less than 10 target RNA anplifications are being
performed refer to the table below for the appropriate anmounts of reagent
sphere sol uti onof RClwedier Sulditi od andlpitnecsdtextmaisad eRchner

sol uti ons shoul gelie u3edushid fketd-oniesrabiete 20 bf GanAldsoRe Reactions
(n) Reagent sph%re K LmaterQPI) Primer, n1x(§I) solution | 10 80 30 10 9
72 27 9 25 8 6824 8 756 YN tB AU iigtel -8 46 Her 5 mEMBeEr 4 30 3 24 9 3
2 16 6 2 1 8 3Thend4toAddth il bfackhBplasedzykorseRefidrar get RNA reacti on:
In a 96 weld m i _pl at | pette. , . Of e _primer/probe solution
(prepar ed ién stg%n%?glg%?gy e%lg%coéopc%‘eo@f%g8€ét8f/\¢§g€%9%§fbf4 PCT/ GB03/ 00034 -
67 of 10 wel | sflnggescant mededtdarcilgsgxunaet {o. @admclidens™ ncubate t he
mcrotiter plateaskQb Anfipsdes Alad Rartlihe SROIif0cAlighl | 0.5 Cfor 4

m nut es.

(pH 8.5). 5 3.

Results from clinical stud

10 Table 7 shows the distribution of real-time NASBA
HPV positive (L1l and/or E6 expression) and PCR HPV

PCR
amplification was carried out as described by Karlsen
et al., JClin Microbiecl, 34: 2085-2100, 1996. The

15 figures for expected histclogy are based on average

similar study on CIN III lesions {Clavel

1616-1623, 2001). The

results from several example cases are listed in Table

positive cases related to cytology results.

results from

et al., Br J Cancer, B4:

8.
20
Table 7:
Normal Benign Condyloma | CIN III
Cytology | 4474 66 le 15
PCR 9.0% 44.6% 87.5% 73.3%
25 Real-time | 1% 24.6% 37.5% 73.3%
NASBA
Expected | 0.2% 5-15% 15-20% 71%
Histolegy
30
Table 8:
Internal No. Cytology PCR L1l NASBA |{ E6 NASBA
84 Neg Neg Neg 31




Then to each well add 5 ul enzyne solution. 5 Immedi ately place the
inicrotiter plate in a fluorescent detection instrunent (e.g. NucIiSenﬁ_ 2006
‘EasyQ Anal yzer) and start the anplification. Results fromclinical stu lyg

'Tabl e 7 showsyq\@ud ribution of real-tinme NASBA HPV posit é d/or
E6 expression) ang HPV positive cases related to cytold%@ﬁ? %%?@;
anplification was carried out as describgg by Karlsen et al., JOin
‘M crobiol. 34: 2095-2100, 1996. The 15 figures for expected histol ogy are
{based on average results fromsimlar study on CINI1Il lesions (O avel et
jal ., Br J Cancer,[ 84" lbl@iibzg, 2001 ~The re§UF“s fFromseverat—expnpl e
lcases are listed|i4®%Table 8. 2d%fhble 7: |Ndrmal B9% gn Co dﬁoma CIN 111
Cytol ogy 4474 66 5 PCR 9.(0%.44. 6% 87.|%%.73. 3% Real -t 1% 24. 6%
'f3Q/7 5% %.3% NASJ A éJﬁ._Jéxpﬂf‘f {M;n 2045 E@%ﬁ- %ﬁg ifnL 3D Table
8: Internal No. Qyrad ogy PCR L1 BNASEA Eb NASBA NSy NEgI\EgBlO 5 O CT
12006 WO 0310579]ﬂ—ffﬁTﬁB®3Iﬁﬁg = Pas—31—926Neyg—Neg Pas
116 743 Beni gn Neg 33 1517 BWHI%N 16 |P§s 16 [5P3937 BerJidfh Neg Neg 18 °
[22261gen|gn 16 Pds;Ngg 2043 Cﬂqﬂ*ﬁgﬂp 16,N§% Pos &gg 3873 Qgpdylona 16, 51
| 3696 Benign 16 Pos Neg
| 2043 Condyloma | 16, 51 | Pos 16
j 3873 Condyloma |16, 51 | Pos 16
| 3634 CIN II 33 Neg 33
| ic 4276 CIN III Neg Neg 18
| 4767 CIN IIT 18 Neg 18
! 1482 CIN III Neg Pos 16
| 5217 | CIN III 31 Neg 31
i 4696 CIN ITII Neg Neg Neg
; 15
|
| Example 2-Sensitivityv of real-time NASBA on contrcl
| cell lines

20 Cervical cancer cell lines, CaSki, SiHa and Hela were

ﬁ! diluted in lysis buffer either before automated

j extraction of nucleic acids using the Boom's

[ ‘extraction method from Organon Teknika/bioMerieux

: {parallels 1 and 3}, or after nucleic acid extraction
j 25 (parallel 2). Real-time NASBA was performed using
molecular beacons probes labelled with Texas red (16,
L1l and 18) or FAM (UlA, 33 and 31) following the
protcoccol described above,

30



3634 CIN Il 33 Neg 33 10 4276 CIN 11l Neg Neg 18 4767 CIN TIT 18 Neg 18

1482 CIN Il Neg Pos 16 5217 CINI1Il 31 Neg 31 4696 CIN 1l Neg hbg INe@CT 2006
15 Exanple 2-Sensitivity of real-tine NASBA on control cell lines
Cervi cal ca r |l i nes, CaSki, SiHa and HeLa were di

buffer either 63 %&e automated extraction of nucleic acidgkﬁgﬁk m% Boon1s
extraction nethod from Organon Tekni ka/ b4 oMeri eux (parallels 1 and 3), or
after nucleic acid extraction 25 (parallel 2). Real-tine NASBA was perforned
using nol ecul ar beacons probes |abelled with Texas red (16, L1 and 18) or
FAM (ULA, 33 andraphl fel | owi ng the protocol described above. 30 0 6 OC T
2006 WD 03/057914 PCT/ GB03100034 69 -_Table 9: CaSki CaSki Hela Priner 16

UL 16 U 16 UL L1 33113 ”bg!?&%l' %% é“ é1'233 itfas% ij;t s Jod £a FReLs Pl E
E6 E6 E6 E8 E6 KD 5 (e EiE % % K ?"
3 3 Nunbergof Eﬁﬁ%@f 16B 00D +| + |+ 4 +I+ +E% + iEﬁ’t + |E JlESG(E -I%GjEﬂé-E eﬂ
+ + + + + + 100QPakidis ¥| ® F AF| & 24 3|3 ff 1 Z 1 F Far[F + {2 t 21 3403
trr b+ |t + 1+ 4 +- b4 15 fo-]- {1 -1- P Thud, ijt s poslsiHl e
to detect HPV Emeﬂmmw n fess hdn % cdl | yusing|real -1 SBA.
Cells
100 000 + )+ + el sl +ifl+] - F+] T+ -0+ -71+1-1+7T-
i0 10 00D + |+ |+ |+ | + |« + « | - | + [ - + | =+ [« +71 -
1 Q000 + + + |+ + + + - + - + - + - + -1 +
100 + E) + +1 + + + - + - + - + - + | - + -
10 + + + [ +1 + | + - - - - + - + + { -] + -
1 - - + - + - - - - - - - + - + - + -
15 0 -~ [ -1 -0 -1 -M-d-1-{~-4-T-M~tT-1T-T-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 c¢ells 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-sef detected



20 Real -tinme NASBA was tested both as a nultiplex assay and as singleﬁQnFszs
reactions. The results fromthe following sensitivity study are based’dr™'
parallel runs of CaSki, SiHa and HeLa cell lines, and on three parallel

runs on synt®efgz@s@oMA ol i gos for HPV type 16, 25 18, 31 antdisnokRGoss
definition of the detection limt is that both of the sanples in the

parallel are positive. The nunber in-the brackets (x) indicates that the
speci fied anount of cells also have been detected in sone runs. Sensitivity
is defined as the 30 anmobunt of cells necessary for detection of HPV in two
paral l el runs. The* HeYat ypessare deternmined fromPCR and the specificity is
based on NASBA conpared to PCR.  Sensitivity 35 PCR the HPV consensus PCR
usi ng GoS+/ 6+ detected only down to 10" SiHa and HeLa cells, and down to

10" CaSki  cel | spedioveier nalsRR .t %081 SPARd NASHRACRIRR PRI nefL SsEL£ridTOr €
sensitive, detec |nqi10' (102{ Sliﬁ fells and 0.1 CaSki _cells for HPV 16
type specific PCRPriifer &&ectad Witk tHE 139¢ £85kypeeipecire ! PCR ‘
primer-set detecherh QAT i2006e YehOBIO0 70k RETI EBO3LA0RAY-140 - 102 Hela
cells. Real-tine X -t e j t rl S i fi faor ULA,
detected 10(1) S e %@bﬁ*éa PRESHR Y LR TBED ) BREE S (Y, o7

m xture. For the(HBv 16 Sipecedils mridndPs (11 heafkbivrelde ead diexl thet was

(10) f,(101, 1) Stmﬁ I@&lslp%c@__ﬁ?@cl ;iéé»:&aﬁk@l c&%%'c%iéag][iﬁitfx}?@s TiﬁPV 18 |
spect {1 LTS e debectiy TRt ek Dol TRbR oLl ecdle gt ver o
det ect ed wWiLOh t heaSki werldal. HiLprcePbls.andRedlHat cedlouverel ext NASBA with the
and 10(1) Caski SorSreghateh kECEnE iR 1D Bedhbs8l 0N e pri mers, whi ch
had a | ower detection limt for 10(1) SiHa and 10(1) CaSki cells. The Li
specific primerg 11 SQPLIL 0 fAsa S TR (B2 BRRCL LS fic
primers, had a lower detection limit of 10?{10) SiKa
15 cells and 10{1) CaSki cells when combined with the HEV
16 specific primers, which had a lower detection limit
for 10(1) SiHa and 10{1) CaSki cells. The L1l 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} HeLa 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.



prinmers detected 103(102) CaSki
sanple in the reaction.

detection limt

was 1

(0.1) HelLa cel

cells.

There was no
For the HPV 18 specific priners,
when conbined with the HPV 31

20 conmpeting HPV 33
t he | ower
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figures 3Aand 3B (HPV 31 - patient sanple 236), 20 figures 4A and 4B (HPV
33 - patient sanple 218) and figures 5A and 5B (HPV 45 - patient sanple
343). In each &&sd-time NASBA|¥AF Lqafogmeingnesamakes ofr hiWament he " B"

figure is the midriRked 88S@y:f@bd Me/ILICHbYpiCEDSEoF eadditidnt of Real -time
NASBA. CIN in the period of 1999-2001
Mcolecular beacon probes labeled with FAM or Texas red

{see example 3).
18 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),
3B (HPV 31 - patient sample 236},

4B (HPV 33 - patient sample 218) and
5B (HPV 45 - patient sample 343). In

“A" figure is a single reaction while

figures 3A and
20 figures 4A and
figures 5A and
the

the "“B” figure

each case,
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 S58B(2).
test against PreTect HPV-Proofer.
for consensus Gp5+/6+ PCR but negative for HPV6/11,
16, 18, 31, 33, 35, 45 and 51 by type specific PCR.

No cross-reactivity

These samples are added to
HPV X are positive

35

Results are shown in table 14,

was shown. Sequence confirmation of a selected number



Real -ti me NASBA primer conbinations were tested against 490 cervi cal
sanples fromthe Gslo study positive with PCR for HPV 6/11, 16, 18, 31 %%T
35, 39, 45, 51, 52, 58 or HPV X to check for cross 30 reactivity betwe ﬁu 2006

HPV types usiyitoshedBA Al sanples have been typed by consle(a,z So3RGe3sand
type specific PCR for the respective HPV types, except for type 39(2),

52(1) and 58(2). These sanples are addegzto test against PreTect

HPV- Proofer. HPV X are positive 35 for consensus GpB+/ 6+ PCR but negative
for HPV6/11, 16, 18, 31, 33, 35, 45 and 51 by type specific PCR Results
are shown in tabdfe chhesNdromosablieals iis tshownadnshawbe Seguence confirmation
of a selected nunber 060CT236 WD 03/057914 PCTI GBBO3100034 72 of cases from
table 14 is shown in table 14a. PCR a total of 773 cervical sanples were

tested with P%@dat ft%tP&eE%cty?ﬁPAéBfmflersa&B@ag LLpE E‘é‘éﬁé@'w@th 5 NASBA),
and a total of 6% positive wth the Cj‘_pS+/ 6+

consensus PCR pr qﬁar@ g‘el orez'gg‘y 1’%’% %P%etryﬁgﬁatlotb’@ewti 3% (15/ 112)
HPV 18, 17%(19511&15&‘9) HEYd33 andal29s (43/6BLI) 9HPV73B saepliek ngerenul tipl e HPV

i nf ections. f 1 a ig lL.e_o i il f ections,
and 91. 3% (94/ lg; v(? g’%ltﬁ gngf:%pﬂlma% %O% g'gefoﬁcgutéﬁ££rﬁéxeﬁ4 3\4 mr‘%ectl ons
occurred in 8. 7%§3/1E3) W@ﬁfet hEP%‘énﬁﬂé@e HRV] 1$anpPés (19432 Bt 1Bested with
t he consensus Goﬁr'sJG(tgl?@liz@anerm ate 1RV (E@leQQaHPV63§afﬂlilQﬁhfnr mthe 15

consensus Gp5+/ 6+ ed W t h | o trol for a
verification of W%@&ﬁ%ﬁﬁg CCLERI PR ﬁgﬁa? §& gﬁﬁp?@%pﬁ%sf g‘eaﬁgt subj ect ed
to this DNA corgimgile ’ﬁtremHlPVJ_pkgaHH’Wars?amllessu nahti 31 s3udP4A3e al |

p05|t|ve with O- n ri 0 itive
W th Gp5+/ 6+ PCRPQJ\ACg:yenrlygg gigélg%‘p fyﬁg%spé)g!“¥| Ql\@?(%aﬂﬂé l{%g%s of

interest were HW%WEIBWSE Ahd(HAEL0 3R‘e§| thRe SHIPLEDI exANASBEPLES: t he
real -time NASBA wede rrdaeti @8sted Neif iR sohBenplebessf o5+ tiom ULA gene

primers. The HPV PCR negative samples from the

15 consensus GpS+/6+ were then tested with p-globin
contrel primeré for a verification of intact DNA. The
HPV PCR p051t1ve samples were not subjected to this
DNA control. The HPV negative samples 'in this study
were all positive with f-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 HEV
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 HPEV 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



product were used as a performance control for intact RNA Sanples negative
forlil A were rejected. Atotal of 14.2% (110/773) of the sanples were
positive with at |east one of the HPV type-specific 30 NASBA priners (1§ 9CT 2005

including s I wing nultiple HPV infections. Fromth%gﬁ, 54. 5%
(60/110) m?ggog@Z?vae with HPV 16 NASBA priners, 13.6% ﬁ%’?}%(ﬁ?t h HPV

18 primers, 21.8% (24/110) with HPV 31 -primers and 13. 6%(15/110) wth HPV
33 prinmers. A 35 total of 45 sanples Were positive with the Li consensus
primers and usually together with HPV 16 06 OCT 2006 WD 031057914

PCTI GB03100034 -pd&:7 l%ﬁ{ %eﬁ@CQQEPQSEM ee@.:ﬁ'z@m 83/4% (3%{1&5&@5&%&@”86”%8
L1 was detected Ig\/d”éaz [ 45) tog§t£§ H\é\? either "HPV 18, 31 33
respectively. L1 51965 eG&E8c LR ofle’ 4% §°§%‘:P3F4B}t]éa§é§he’énd they al |
were PCR 5 posi tﬂiRAe Mt I81Gabd/ B3 pespeesivedyt.otdl wab 308csaspeeised had single

or multiple HPV | n}:}:{lﬁr@sg%agq/% 1c/ﬁsésm JdO%)nfg &?2%%6%) gI e HPV

i nfecti ons. Double SSi o occurre t he
sanpl es. 105ReaIPQ$Jrf~’e1WﬁJItht | ERONASBA EUMIE-ed totPEROLA1EBL aamnaﬂfes 87

ng\r;pIPes fshomeg4n2§:seal GRy 1f oFPMu16i t 223 BMethanspr?é69E$ﬁ OL P\F;r igectth

r oof er et erni.ne ositive Wi

both PCR and 15 ?(Et%ﬁe)“ﬁ%%ﬁlys@ i’e}l‘%lﬁﬂ‘é’%’) J%EFE%HP? pB%H?‘H%e with PCR

and 3.4% (3/87) mmme eusiessienontygunrdd imedl. 9% né/1BASBAf €oe HPV 18, a

total of 20 sanmp aq%, showed presence of HPV 16 DNA or RNA with either PCR or
rom

real - time NASBA. ‘these 20 sanples, 50% (10/20) were 20 positive with
both testslGand 35% (7/20) were only positive with PCR and 15% (3/20) were

O Y95 L. oL S, e SR ot Lo BERASE SN 20508
sanpl es, 59. 3% (46/&Mples weoeedosi¢serecamctth HFYT b6t BPNASoANRNA Iwilt%h ( 3/ 27)
were HPV 16 PCR or PreTect HPV-Proofer. 64.4% (56/87) 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 ¢f 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. Cut 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 i{est. For HPV
33, a total of 18 samples showed presence of HFV DNA
or RNA with either PCR or PreTect-HPV Procfer 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



positive only with the PCR test and 18.5% (5/27) were only positive with
the real-tine NASBA test. For HPV 33, a total of 18 sanples showed presence
of HPV DNA or RNA with either PCR or PreTect-HPV Proofer and 30 55.6%6& 0CT 2005
(10/18) of t S were tested positive with both test 00 (.3/18)
were only pogﬁ‘}%@@é\n‘?th PCR and 22.2% (4/18) were only pos‘f?’i"\%g‘”&‘{f’&

real -time NASBA. 35 0 6 O CT 2006 WD 931057914 PCTI GBC3100034 - 74 Table
11: statistical distribution of HPV in sanples wth PCR and real -ti ne NASBA
PCR % NASBA % 5 Total sanples 773 773 Total positive 190 24.6 110 14.2
sanpl es HPV16 831ddid $0. 2o isB¥al 8ot Ab kb ok3 o wb WRVsdhpids 17 24 21.8
HPV33 13 12 15 13, V X 78 6%3_@.15 e 12; correspondence between PCR
and real -time NX& ANBIER Lo ERE BOnly % % tests PCR+ (PCR)
(Total) NASBA NASBA (total) HPV 16 87 56 64.4 34 41.0 39.1 3 5 3.4 20 HPV
18 20 10 50.0 7 .7.35.0.3 20 15,0 HPV31 27 16 59.3 3 15.8 11.1 20. 8

18.5 HPV 33 18 10 55.6 3 PBCR 16% 4 26.NASBA 2 25 Table(¥3: Real -{ine
NASBA resul s f erms;;&’ggl Y3 L1| (NASBA)[| A% 100 LCIFAPV 1§ 37 82. 72 EO LI
alone 4 8.9 L1 p—HP-18—H22—+F—+HF - -2
Total positive | 190 | 24.6 I 143
samples
HPV16 83 74.1 60 54.5
HPY 18 15 13 15 13.6
10 HPYV 31 19 17 24 21.8
HPV33 13 12 15 13.6
HPV X 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 | 644 34 41.0 39.1 3 5 34
20 HPV1S | 20 10 50.0 7 46.7 35.0 3 20 15.0
HPV3L | 27 16 59.3 3 15.8 111 5 20.8 18.5
HPV33 | 18 10 55.6 3 23.1 16.7 4 26.7 2.2

25 Table 13: Real-time NASBA results for L1

Total | %
L1 (NASBA) | 45 100
L1+HPV 16 | 37 82.2

30 L1 alone 4 3.9
L1+HPV 18 | ! 22
L1+HPV3II | 1 2.2
L1+HPV33I | |1 2.2

35



3506 OCT 2006 WD 031057914 PCTI GB03/00034 - 75 Table 14: Genetic
specificity of real-tinme nmultiplex NASBA conpared to PCR NASBA HPV ( PCR)

Total 5 Primers Nunber 6/11 16 18 31 33 35 39 45 51 52 58 X 16 2 28 t0B 0472006
005002 ks 01 0001001 312101 13150 10 33
D202 a0 ke T 10 1017100 Sum i BEPERIyded, 1055,
25 23 2 23 31 1 2 201 490 15 Table 14a:75DNA sequenci ng from Go5+ PCR

prinmers (not to be included in the article) IntNo HPV type by PCR HPV type

by PreTect HPV type by Sequencing HPV-Proofer LAST 1272 16 16 16 20 152 -35
35 2655 58 58 384 33 8.4 9 : 6 33 33 33
30419535 3303 Jergors acenst O HEALY, of Rdatiuie HARri S s X
39 Discussion 3BAGRBASEIIRAYSA 30 FERI -ti me NASBA was generally better than
the sensitivity of PCR The general sensitivity of real-tinme NASBA for al

the nmarkers were between 1 and 10 cells, which is considerable better than
for the PCR reactN®BBW th a sensitivityrd@®PCRange from 101 to 104. Al
expected, tle sersimbhkvity of

Number
6/iF 16 18 3 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 1 0 0 1
31 1 0 1 13 1 5 0 1 1 0 0 0
10 33 1 2 0 2 12 2 0 | 2 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 2200 490

15 Table l4a: 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 38 58
2924 33 33 33
2942 18 18 18
20987 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



the specific primers and probes were better than the 0 6 OCT._2006---W0..
03/ 057914 9CTI GB(OB3/ 00034 - 76 sensitivity of the universal prinmers and
probes. Real-tine NASBA was just as sensitive or nore sensitive tha

real -time nmultiplex NASBA. 5 Real -tine NASBA primers and nol ecul ar begL%HEszﬁ
probe directed towards UTA (a human house keeping gene) were used as a

per formance wWOBHEidof the sanple material in the real-ti RETREBO3Eact i on
to ensure that the RNA in the sanple material was intact. A 10 positive
signal fromthis reaction was necessary’$or a validation of the real-tinme
NASBA reaction. The sensitivity of the universal real-time NASBA wth L1
(the major capsid protein of HPV) was nuch 15 better than for the universal
GpS+/ 6+ PCR al s“c?“%trleewdogg%fil%g{mﬂfer%lt RTAMEERSFREL BEGPHT- 10 cel |'s
conpared to 103 E(ehQZ)tlﬁaSNASBEId:ass de'lﬁS@.st wenpttihes osahsrd PCR and NASBA)

have their targets i.n.the he C d L1 gene of different
HPV 20 types. LFﬁgreﬁﬁgg f%asen5| pnﬁgnﬁgé%ge to the fact that
there is usually one copy of each gene per ceII whil e the copy nunber of

nMRNA may be several _hundreds. The real-tine NASBA LI primers did not .
detect SiHa?or HelLa é‘éﬁﬂstb@et%’es%%@ﬁrpcﬂnﬁri“%?%u%r RS9I di cati ng | ack

of Li eXpre|S|SI Of’pridbet geseceeﬂlhtmbam 01@35'&/ ﬁm&@ﬁ;@meﬂ@epﬁﬂ@ct ed 10" SlkHa
or HeLa cells. i dering_the anDunt V co ce it nmakes
sense that the éﬁgfﬁ chFsgﬁ%?easd%t ci/i@“?ﬁ%id%gqﬁF’%ﬁm SBl's from
Si Ha and 30 HeLaﬂa_ilamelCaSki_:h%etéslm @GSBBOIGWI-:@F)HE@ grevurecel |, both
integrated and &S0RRk, RMAI LK &m&@ﬂesma@@wai a4 PMcapi €5, i ntegrat ed

per cell and FbLa cells have 10-50 copies integrated per cell. The L1
primer setlfet e®Sd ey sEdRR: HEPT Lhig trﬁaSGf-HHB‘Sa‘T’ MIRIRBPY £98 8pi sonal

forms of HPV, antliefatibnSbRath®rrddel-cinel NASBR tadtdgni ntegrated forns of
HPV. This 0 6 0C12006

The sensitivity of the universal real-time NASBA

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

15 better than for the universal Gpb5+/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 Ll 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 HelLa 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



WO 031057914 PCT/ GB03/00034 - 77 mght indicate that the L1 gene is only
expressed in episonal states of HPV infection, and therefore Li nayg{ﬁgﬁp
val uabl e marker for integration and persistence of HPV |nfect|on ﬁ@&
type- speci f ivgo M3BA4priners are directed against the full, g%ﬁﬁ
transcript, which are expressed in |arge anount in cancer ce e to lack
of E2 gene product. The real -time NASBA516 type 10 specific prinmers detected
10(1) SiHa cells and 10(1) Caski cells conpared to HPV 16 PCR priners that
detected 103(102) SiHa cells. The explanation for this mght be the i

di fferent anounii@ht Iﬂﬂf@w@&ﬂart Q&@hLlc@éﬂle|1sﬂle-§h%x§%%|§beQeiﬂ15 have bot h
i ntegrated and % ﬁa nat for HPV lée SH%? has é %$ %yated
fornms of HPV. THP ?PH% |gh e ¢ esStof o] E6/ E7
genes. For detebel@nVQﬁuihﬁﬁqmanhﬂrl§0rth@tﬁuﬂ&ﬂﬂqnnadd wetc sfigkende NASBA HPV
16 priners wergslfed);foskiidgigl s conpared to 0.1 Caski 20 cells for the
HPV 16 PCR priners. ThIS I's peculiar, but an explanation may be that the
CaSki cell® contain from 60-600 copies of HPV 16 DNA, so that it is

possi ble to detect 0,1l cel PV .16 ies he | ower
sensitivity of real-1% §QKE?§938ﬁ%é?qwg%%yﬁEﬁﬂﬁﬁ? aﬁ&l f%cYﬁ%t t he
expressi on of &G&ETst nthdefWGdsiengehl B6/B7 nodarstmstowwhDeyr adat i on  of the

unst abl e mRNA naxp@é@e@elma%@ %ﬁéhh@nm Tmcmtlsohu@%cm@s in the
CaSki cells may be in the order of 60-600 tjinmes nore than in the SiHa

celI's, 30 whi chof sE&IRie RF I thofBeskpdt THiee dBSE: ilontePe caski cel I s.
The type gpeci f spediPid o PGR 1y ideeestdet BT(Bd si®a ddalla eell $0(This is a

ragnitude of 100, bt ter 103 Ehg <4350 HEM CANSRIPUSGRSY BhaRr 1 TS and

states that sp ech ré generally nore ens i've an consensus 06
OCT 20Q6 WO osqgschqmd FOrAEBY3 0E34e1l1ls. The explanation for this

might be the different amount of HPV copies in each

cell line. The CaS3ki 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(1) 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, sco that it is
possible to detect 0.1 CaSki cells with 6-60 HEV 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 10°

Hela cells. This is a magnitude of 100 better than the

35 HPV consensus GpS5+/6+ primers and states that specific
primers are generally more sensitive than consensus



- 78 primers. The sensitivity of the type specific HPV 18 NASBA priner

was 1 (0,1) HeLa cells, indicating high expression of E6/E7 in HelLa é@lﬁ 2005
5 The sensitivity of ULA NASBA priners was 10 SiHa or CaSki. The target for
the ULA primgfo &flks7d1$ @ human housekeepi ng gene that is expepgsesnbil every
human cell. 10 The sensitivity of PCR and NASBA varies for different
priner sets and sanple material, and -gggerally type specific prinmers are
nore sensitive than consensus primers due to base pair msnmatch in
consensus prinmer sets. The annealing tenperature for 15 the prinmers in-theé
FCR reacti on canpbimend i ritkedensgtyivigy opt it typactpenihodHPVolB for the

primers. con e g %ﬂggi e | eal i ng

t enper at ure for %%%ﬁé}%i %Esﬁnﬁgflt |>3cteerill% ETE%?EEQ&I a@{]

t enper ature fIexﬁbpt¢$§&qn)Qﬁaﬁﬁﬁﬁﬂelﬂh%eﬁﬂ¥§§&%ﬁw mers | ess sensitive and
specific than the PCR prinmers. PCR anplifies double stranded DNA and the
target is usually present as one copy per cell and this makes 25 it

vul nerabl e 50 t he nurftiﬁ sfnsdelivdtiynof hiels NRHBA matieeiral vahe0 tsiget for t he
NASBA reaction | ;8 y I lg.cC er cel
dependi ng on the expr e55| g%eg?él?ﬁg@ggggsﬁ%?ﬁ& %glm% E!SQ %ﬁegt ﬁ?m?s hi ghl y
expressed, the nRAASEkIRPIMITIene30hahy’®eeunansad h@néW@HYpbﬁm%%ll and
therefore easierceip detect. dsDNA is relatively stable in the cell and the
material stays intact for along tine. In contrast to 35 dsDNA, nRNA is
generally not very stable and 0 6 OCT 2006 WO 03/057914 PCT/ GB03100034 J.

79 degradgtion of N dahiRRLeRencat A iBsCobLcp TeELe 15 1o

se or RNasé activit SI'S dsDNA and
ssRNA shoul d be §1ﬁfﬁ@ﬁnt Amm@att aeysi @méosamnhwmmﬁrd@év adedpot h DNA and
RNA. generally type specific primers are more sensitive

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 numbexr

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



5 The DNA/RNA fromthe cervix sanple should stay intact, when stored in the
| ysis buffer, for 24 hours at 15-30C, 7 days at 2-8C or at -70C for | ofg0C7 2006
erm storage. Il 10 Alimtation in the real-tine NASBA reaction is the

oncentration | ecul ar beacon probes. The anount of Rﬂﬁ i
xceed the coﬁgég%gggggn of the nol ecul ar beacon probes andP?ﬁere%§®%M1t

%ﬁll not be detected because a high nol egul.ar beacon probe 15 concentration
M | | nake the reaction m xture nore conplex and inhibit the anplification
feaction. Nucleotides nmay also be a limtation to the final anount of the

@nplificat!on prodidet-adBeibni o thvAPGR rapddi Hepdien B nercldean., The final
goncentration of gggthe,a | i '%%ﬁfQﬁgﬁFt na% oy itself, thlblttgurther
anpl i fication becadt§&®ofSthR FMTUHC D BrEdatt "EHE 13 LRI of the
feaction anture.1@Bd$nguﬁfé#¥ﬁhAbqﬁhaﬁmbﬁﬁ and t SR estendled dde mmhbdg;ar
beacons, the ro A s ridisin

b Probig BEGRL: FOIPEl S, Wity e agRtadd aald 2R AR g

to the tenpl ate, naklngAlt unava oW Nng sy esis. In this

hWay, RNA is Subt &€t BHAABNE Badm die 6 Vi KeS FERES sEIatighsdmYptinsACt st eps
‘and f]y_rther R!\lAhs?mteheg'tér@d grg ﬂ*&A@lcsliysranﬁsgr, fB'ﬁSZ@gfmﬁ:tdhtaitOE_ if, not
igignificant wit W unt s 0 l.ecul ar _bee nd with a _high anount
of ol ecul ar beac}gnB?%S J(n?lﬁ%? ta}topéo(?a BE 3 e?@gﬂ% %Fa}o“r‘ﬁ §EP nunber of
iéopies of input RNMAorape.linear relationship between the anount of 35 input

ERNA and the tine-to-positive signal was tested in a ten-fold serial
dilutions of different HPV cell 0 6 OCT 20U6 WO 031057914 PCTI GB03/ 00034 -

'80 lines. Tere was aacheartdtibicati ehet bahl at DRSINASER rHagtdlonas

heoded nore time ERANCPRECTEFRE T Ml oL B kit RET5L] BB ghBe Thi s
;might 5 be due toagonpttofipreduritsheiddr exceapl Bxe nottaemgiation of
the molecular beacon probes and therefore 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

N
P
.

l
]
;j amount of the amplificaticn 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

i reaction in the presence of molecular beacons, the

| probe might compete with the amplification by

l 25 hybridising to the template, making it unavailable for
‘following RNA synthesis. In this way, RNA is

_ 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
33 input RNA and the time-to-positive signal was tested
in a ten~-fold serial dilutions of different HPV cell



the multiplex reaction vessel and also to the fact that the nultiplex
reaction has a different and | ower concentration of priner and probe.ggTh&l 2006
rel ati onship between anmount of target RNA and tine to positive 10 signal

opens up forg@ei@aémti me nultiplex quantitative anplificat jon with
internal RNA standards in each reaction vessel. Real-tine Eﬁ@g&ﬁ@@%gl e vs.

mul tiplex. Real-tinme NASBA 15 was gengyally nore sensitive than real-tine
mul ti pl ex NASBA. This was as expected because of conpetition between
primers and probes in the nmultiplex reaction. The final concentration of

priners and nol @gHEal TREAE AEPIPORASAVEE Bd 0B £ 18:5athdt) & pesAukbkpl ex
reaction 20 so that for_at,K|eas ne rimer_and prohe sets the

t of . the d
concentration wir8 ROWE?S tHRRET “tthS%Ha|%mgﬁ%ﬁuﬁﬁ<ﬁﬂpuﬁr8 AP it foll ows
that with a | oweimecofcentubtimrexofreprthen spedde Ineae tdmei thea the

reaction, or atghgast Lhe-{f ﬂ’oa@ihgwt?egﬁgﬂ‘?}.\;f%idnt 125 o Ll m&§i§€ | onger
time to reach the xponent|a s_ta_ge .0 e anpl |l |céat|or] react.on and
t her ef ore PongeP® BRfete QR i0Re 1pr Beiciere BRdGHc BAKEHERORN Of t he

prinmers will nothbemaltipidatietiont kesbéNadng GONGEHY ahkorzet the product
in the NASBA reﬁﬁt%oghSO cause thg gouble str%pqﬁg DNA crga ed fromthe
primers will coRffhublt SR eRs FEEFERPT a1 oY HEreala3ps| {REFRse over
and over again Faneehboptidheol gengietri ahdyprdbew|Theplredatéahshipe NASBA was
the same for HBRV: & anghdiW Lk QQ%QEGR’NA%M NAHR RAloLL FBvaS NASBA, Dbut

the sensitivity for Li decreased drastically froma detection |imt of
10(1) in tife 0 BLEXEFL 20RRNS WD FF05T9247H10¢ FeyytoPIGLgpesEitatyie single
reaction to 103ahPP)f {edkiorcaldatiiont heth Mt dilax Rpastiaagarfor iWlA NASBA
Phe det ection T het Febe) il B Tor 'S the Caski oells. This dectease -
in detection limt may be to nore conplex conpetition of priners and
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(i) in the



nol ecul ar beacon probes in the nultiplex reaction. The final concentration
of priners and nol ecul ar beacon probes nay not be the best and the

different prinmers 10 and nol ecul ar beacon probes in the nultiplex r%CBtPFDUE
may interfere with each other. The UlA NASBA priners detected 1 HelLa celTl.

One m ght expshsiofe sane detection level in all the cell,l] t the
sensitivity of HeLa cells were 1/10 of the detection 15 |e"\¢é'(‘5%°§’“%‘$ﬁa and

CaSki cells. These cell lines are canggr_cells and they m ght have
different inpact on the cells so that the expression of ULA is different.
The differences may al so be due to different amount of <cells in each

reaction, becauseqk ceudtisg € r01°g189 dyskigcBanyeshi pgeof the cells.

Real -ti nme NASB%%QO\di NQO _Cross r ctiéﬁit& %ﬁtween HPV 16, 18, 31 and 33 or
with HPV 6/11, ™5 t1P3§* J8aCRiOn g o JLh NASHAPT SBERRe Wiecificity of the
PCR reaction meense thatter dechemsehelspediofiilei ty do° (e Sédh-ti me NASBA
reaction becauga jishe NAPBA-reagdd it iich 8y 80LORETRLG T tdo @ 41C wth

no possi bi %i ties to change the annealing 30 tenperature of the prinmers. The
primers are baditGlegkigestyhed it oGREaRAy 1BsIPbRCEhen PRid Mfdrs. In a
PCR reaction, heowchanveet bempbssidingdty tioncbangeindes anpeal i ng

tenperature, i ont rrast. to the T tion,.and therefore Qose an
anneal i ng 35 tgnr?%ee%g'tl%r;eb?%%?gj%%%?ﬁa %?%r{n%lﬂtel? Xp’f?an% Jscfn'Tﬁ{%ée makes
t he anneal i ng dfingde cognreapksabiore shagiimess Thé MEDsculns lpagon WO 03/ 057914

PCT/ GBCB/ 00034 pro132 mEGRnbESHE tghd R WhauahE Z88s Mk Edht96)r 818Gt r Ophor esi s.
But the éecul ar, beacon_probes in the re reactigon i s an

al -thme NASBA
addi ti onat? par £t BRLEGHDAF AEFPPEEORETI 1PhERR 1 BIEE HRYEHi KA HE M over al |
NASBA reacti on meib ibettréerspetitl iddty .othteri. SThe SOIRAGASEA tyy ifmaid t WO

different regi Qg QRek"e P SEHENGH Aight' Bkbect the same

detection level in all the cell lines, but the
sensitivity 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 teo 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 chocse an annealing

35 temperature that is optimal for the two primers. This
makes the annealing of the primers more specific. The



anneal i ng because there is nmuch greater flexibility in the length of the
PCR product, than for the NASBA product, which should be |ess thanj2%907Q§e
It is 10 inportant for the specificity of the NASBA reaction to choose a
uni que are net conserved anong the different HP A coupl e
of base paﬁ? E?gnatches may still give an anplification §F&%§§Fﬁ%ﬁﬁatlon of
the target. 15 Detection of CaSki (integrated and epi somal state) cells
with the universal L1 NASBA prinmers an not SiHa or HelLa (both |ntegrated)
may give an indication that integrated HPV doesn't show any Li 20

expressi on, whptg fE%lf\stmﬁewlvs_%ahl%éat@lm \@geé&o Bpessson. In
sunmary, an identifjcation has deve e

ge 16, 18, 31
and 33 that cafi%st %CTH%&?H H @ﬁFPPyPF e?nﬁﬂxﬁﬂﬁt?ﬁ@&”ﬁ?méxﬂg 24 on of
t hese HPV typesea&hnomssayanxﬂﬁdﬂt&@naﬂeparimeﬁéﬁécdﬁgﬁh@@ﬁt@nPOR t he najor

capsid protein, ?ﬂB! e I i ients
Patlents/CIlnlca# sanp esegl 3F|e§%f?8%1q€%£§%%éﬁ nlefegqp %Btfold
central - hospi t BPtEeF spefihttyof 1 Rsi ﬁlWIGEEp@ﬁIod:O 399 2801. The nean age

of the 190 mnamffaﬁéru@qebglrbn%ohhehgtyﬂy chcet pRaksifkange 22- 74

ears Bi opsies_ 0 03/ 05791 CT/ GB03/.Q0034 -,83 ,were frozen
yn --QOC :ngeh?%P%$£ié¥]éﬁCQﬂﬁq t&ns TﬂéhNQﬁﬁﬁﬁﬂr SFRALIEY B sanpleg

The routine cytbéogemgﬂhraﬁxnhesP@Ergroéeckicth&nxﬁui thecyéBagi cal fi ndi ngs.
No attenpt was E@&@b{()wﬁféﬁﬂgﬂoﬁahebghfe%% éﬁ;ﬁ on Lok sthemindicated a
8 ysplasi a or

CCNII-111l condition, i.e rade I'L; "which was the

basis forlOhospiPRPT AR thomdde SE@FﬁgéébBw %ﬁufhﬁ SBSpA reaction to

choose a unique area that is not conserved among the
different HPV types. A couple of base pair mismatches
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 L1

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, Ll.

Example 3-Further clinical study in 190 patients

30

Eatients/Clinical samples

Biopsies from 190 women admitted to @stfold

central-hospital for treatment of CIN in the periocd

1999-2001. The mean age of the 190 women included in
35 the study was 37.4 years (range 22-74 years). Biopsies



Hi st ol ogi cal exam nation of sanples A biopsy, here termed biopsy 2, was
taken after a high-grade cytology report. If it confirmed a high@gmqugm
lesion (CINI1I or Ill), the patient was 15 again admtted to hospital, thrs
time for Bbp&gggpically gui ded loni zation. Before the |onization, but
after |ocal C4nestfesia was applied, a second biopsy (bi §FEBIJORREE t aken
froman area of portio where a dysplasia was .nost |likely to be 20

| ocal i sed, judged fromthe gross findi'ngs. This biopsy (2 x 2 mMm) was
frozen within 2 mnutes in a -80C freezer. Biopsy 2 was split in two when

frozen and halbee28ryaen uaed it DNLENA ey Lastion, The plper hal f vas

fixed in 10% buffered fornmal dehyde an ocesse st opat hol ogi cal
exam nation. Sorme | esions were not <correctly oriented in the paraffin block

and had to beC Lg rient %zo%fserLal sectioned in order to show the 30
rel evant surfa¥e-§%%¥ﬁ%ﬁfﬁﬁF&@§%&8&u8§%¥%m9¥%§cannot be guaranteed that

exactly the s@me rossie vascdm@dcaﬂor:epa@éﬁmé@tds% godrbeprghe

hi st opat ol ogi.cal , _eval ion. The _cong specinmen, finally, was evaluated by
t he Iocap patﬁ§?8b?%%§5t$§%W4+%§Pr ggsggt%ﬁkﬁtfaf5“@5ﬁfFPn1the presence of
dyspl asi a. |t reasvabrats wdyes s i€e@. CEIcR006: D tRI057AE14¢aPET| £803/ 00034 -
84 the sane Qﬁﬁdflfﬁiirbéﬂaiﬁthg'Qgé.bé9$§§h §¥§%§ Hgggggxiacg§es, not the

same as in bioESﬁ 2. Extraction of nucleic aci- Ferc acrds were

i sol ated usi ng~the RATERS EhRUBPFERNECEARGSRItEG! asm3ikEdneas! y descri bed
(Boom at al . col8883opFania hiiepsy.was cut in two pieces, one intended for
hi st ol ogi,cal exam nation and the other half for RNA analysis. The materi al
i nt ended% or RNA 10 anal ysis was divided into snaller pieces while kept on

dry ice (-80Cy;andh icdiNteQahifbt9by! y5i shiffer (as above) followed by 20
seconds of honbgenrsation usTtng
A biopsy, here termed biopsy 1, was taken after a

high-grade cytoleogy 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
recriented 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 patheolegist, who in all cases could

35 confirm the presence of dysplasia. It was not always




di sposabl e pestles. 100 m of the sanple was further diluted 10 fold in

| ysi sbuffer and 100 m was then 15 extracted for DNA/ RNA. The eXt[il %t[;zd
DNA/ RNA was eI uted with -40 mM of elution buffer (O ganon Tekni K ? Ao
stored at (Z nol ecul ar beacon probes used in this ‘gt ud% 20 enpl oy
the fluorop ore IE M (6-carboxyfluorescein) at the 5 end® B0, yct ure.
This was bound to a variable stem.ll ggp_sequence coupled to the universal
guencher 4-(4'di net hyl am nophenyl azo) benzoic acid (DABCYL) at the 3'end.
The probes were delivered by 25 Eurogentec, Belgium Final concentration of

MBs used in the {8aCldrAenas 2n5tAM offiddie Hieglsyl i ARGNASBANYY, nade use
of the Nucli Sens Basic Kit (Sﬂ anon, Tekni ka, her| ands) i ntended for the

Ne
devel oprent of*%3%r & (T Afpt P P 1HT6F assays. The NASBA 30

anplification was carried out in a volunme of 20 pl. The priner-sets and
probes were dlrected agai nst fuII-Iength E6/ E7 nmRNA for the high-risk HPV
16, 18, 31, ah@imcloy &g aegdrol, to avoid false negative results

due to deggradati O%\%l%}%(:la%ll%fa%bgFlﬁaso eléls%%:_ ﬁf&é?‘sgﬁgﬁ‘?nﬂ? probe

di rect ed agai nst _t nucl ear n"(snRNP) 0 6 O
CT 2006 WO OB4®SIENe ﬁ@ﬂr@@gﬁoe@wevwsléfpéf@ust:mbﬁdpr(a@@nnet( ULA nRNA)

(Nel i ssen et al., 11959)];) Eathl biéﬂ@i]e@aé/\/%ﬁﬁ: RN £k QHBEéQatEné’n Separate
machi nes (m Cr&%xc? ‘grﬁ ea ersc nmeasuring fl. uorescenﬁe absor bance,
Bi o-tek FL-608" § Rﬁ 821 SGIAER P PRESkNP P e’br HeLa cells
served as poBalf vieorc AiNA @Jnalﬁzens Hmhaﬁnea:utﬂdﬁvlﬁaehdadsfor PRNA
respectijgel y. 5 Y ong: . d consi sted
of a reaction co ail n?qr?% Eﬂh}%ea&gﬁ%s exce pﬁ\é%%lé %Bllié\ﬁ%ﬁﬁ%anal ysi s;
Pol yner ase Ch@Fh acl C*I’h@“%d#tt datradt B a‘h@l brwishui ey Used in the
NASBA react i ogbywd e fusadwiedr bFCR0 Jdécodds GMsRRSYSnisation using

disposable pestles. 100 ml of the sample was further

diluted 10 fold in lysisbuffer 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 prebes used in this study
20 employ the fluorophcre FAM (6-carboxyfluorescein} at
the 5'end of the structure. This was bound to a
variable stem-loop seguence 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 cut in a volume of 20 nl.
The primer-sets and probes were directed against
full-length E6/E7 mRNA for the high-risk HPV 1le¢,18,
31, and 33. As performance contrel, 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)



prinmers Gp5+/ Gp6+ were used to detect all sanples 15 containing HPV-DNA. The
PCR anplification was carried out as described above. The firstcgﬁﬁ 008
denaturation was done for 2 mnutes at 94C, then 40 cycles of P QQI%
run; dena i 1 mnute at 94C, annealing for 2 mnujes 40C,

ext ensi on%@df@g“m nutes at 72C, 20 followed by a final i'&‘(f}g{’f%qﬂ% for 4

m nutes at 72C. Typing of HPV was _pgrfarmed by using PCR type-specific
priners agai nst HPV 16, 18, 31, and 33 (6/11, 35, 45, 51, 52, 58), as
descri bed above. 25 Results Originally 190 patients were biopsied after

bei ng given spec i gL otChl (U1 Mkia) ofnaZliNseh! cBYa1cytpdogy. A

hi gh- gr ade Ieggfn maghconfirned béF hi s olq&%cally exam nation, 150 sanpl es
di agnosed as GRS RS Cody™ oﬁ%@iﬁfa P& SERRERECCBRAT DN,  was
used for RNA émidtyspkatdHoweders Fpstdagicialg fdxaresathoa abdt hi s bi opsy

di agnosed onl S e Rk kher, 0 @1 il S Il [54 were given
no di agnosi s%{bgﬁr%i agn"os%éjﬁJ fzEgE{CI?RI F?@ E;% fa%éné?’ﬁ(;?,' %‘5&& 35 as

HPV/ condyl onj 1sahtefinan SaSEiKSila segdiads gaidsegssuctraf 16 (8, 4% to 30

(i anosed a5 BN LLE . s TN, L e o e P 12 &N 11
i agnosed as \ as | S_carci,ng n as :

cases from Hi s?%ﬁ’%%?‘fé\h’érgegaﬁ‘e’% (éorl?% S@ﬁ&&ﬁ}}gl&g ?ﬂrl—F%‘?%‘f ogy I1]. The

degree of Cl Reackinneaswdifsterh 6f sampdast i@ 2¥ntedn3dfgsabpl es 5 (16.8%.

The 2 squanmbugegelic Saldpempanpere in Histology 11 diagnosed as CIN 111,

t he adenocarcinom as CIN'I1. In 71 sanples (38.4% high-grade |esions were

not detd6ted. 10 HPV oncogenic RNA was detected in 69 (36% of the 190

patients. O , 1Ll in Histology I'l, we
25318 cogeni ¢ expression. In

addi tion, we foundrincRgenieateXpt esehdnumdurd sofas3Rsedbisasies (30% of,CIN
1 0,
1, in 4 of 3ﬁa§££¢Fééé¥ié% %Erglaged for PCR. The Ll consensus
primers GpS5+/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




I, in 14 of 71 cases (20% not showing cell abnormalities, and in 2 of 4
50% sanpl es di agnosed as HPV/ condyl orna. 20 HPV 16 RNA was found, } f
( nmp g y éﬂ E

the 190 patients, HPV 18 was found in 7 (3.7%, HPV 31 in 15 (7.99 5 (

HPV 33 in One patient had m xed infection nd HPV 18,
and one mnﬁ% @%%ﬁ%% and HPV 31. 25 Using the consensus gggR¥E%%g% rimers
directed against the L1 gene, encodlp fhe maj or capsid protein, PCR

detected HPV in 81 of the 190 cervica bi opsies (43%. O the 119 cases
given a diagnosis in 30 the second histol ogi cal exam nation (115 di agnosed

as CIN, 4 as HPVicopdylkamay 63nVeLE, f@ta@dctm @Qnt i Bs HEYyc Iy The

addi tional 18 cases detected iven hlstolo i cal dlagn05|s 20
of the 81 case®%er & fdl aet£§t§5§5§: BE; f§° ﬁlﬁFo%ﬂg%eIWﬁ?ﬁaglven t he
35 di agnosi s Givdn la, 12weer didgaganseich ads€bllobly, 14]. dlB@@O&@gﬁ&ﬂs CIN I, and
7 given no di 42 7 /

Type- speC|f|cq%%§ﬁg€ eQnééggggcagggné%ﬁ%glngg ?% gFT%§B%§J?n 16 10
HPV 18, 12 HPVI 1. 8% .HP{e33. sqmm%la%é“selﬂwaﬁmwmaé vefeci®on: 3 with HPV
56:18t 3 bWI tP m#rﬁ\élb@gg?x;c GiughBs&f\asl TRl 1120 ﬂﬁedhégﬂféérﬁclrﬁmﬁéagmte |4 HPV
etected by Pre - br er_an cqgpa ogy an i st ol ogy:
10 Nor mal and %S%?j@? EB ? et Ehc(%(?o %E FF—HB g§ﬁéé %s%}se det er ni ned
by cytol ogy. Atdresanmsl dstﬂeted tested with consensus PCR and PreTect

HPV- Proofer but only the consensus positive sanples were typed by PCR  The

CIN 3 and cancer sanples were determ ned by 15 histology and all the sanples
were tesged with aldpv bAtegenkthrus. wakheletesubtisiar 69shogs) idx Rimgure 6.

Concordance befgieen. teal <t g Pl Pl & YasB88Y ERynosed as cn

IITI in Histology II, we found 40 {76%) cases showing
HPV 16, 18, 31, or 33 conceocgenic expression. In
addition, we found concogenic 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.




conpared to cytology or histology is shown in Table 15 below. 20 Table 15:
Concordance between real-tinme nmultiplex NASBA and PCR conpared to Eﬁ%@¢ e
or histol ogy Cytol ogy/ Hi stol ogy Concordance(Nunber) Concordance” (N ?
25 Nor mal qgt,g%ﬁ 3) 42.89% 138) ASCUS 94.59%55) 78. 6%(1,@{’,&&%:%@0%
94, 3% 53) 93, Cancer 99.0% 196) 98.8% 170) 30 Only ositive
by Gp5+/ 6+ PCR have been typed. a inqtpdjng PCR and real -time nul tiplex
NASBA positive and negative sanples. blncluding only PCR and / or real -

time multiplex NASBA positive sanples. “~ASCUS excluding borderline snears.

orovi des a kit o1 G geTion ob; THA. L Lahos ?g%aﬁ‘%ﬂfﬁé"m ne(s) of HPV
Fhe kit 5 conﬁP %g Ay ﬁ%%gﬁgAlotﬂgvo : p qﬁvé%H ? Sgggggly all of

the follow ng aﬁluasepahad randk igdeodpfeython |EewuuH|HRﬁ|uﬁ}uanobes HPV

1 1L L IS0 MBIES L 5 B0 20 g s

AATTCTAATACGACTCACTATAGEGAGAAGG ATT CCC ATC TCT ATA TAC TA (51 15 baser)
HPV16PC2: po: 230 ggO) TATGACTTTGCTTTTCGGGA H16e6702po 20 HPV 18: HPV | St xt
7857 b.p HPV1 2: 698 (22) GATGCAAGGTCGCATATGAGGAAAACGATGAAATAGATGGAG

HPV detected by PreTect HPV-Proofer and PCR compared
to ¢cytology and histology:

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

25

30

35

Cytology/Histology

Concordance” (Number)

Concordance” (Number)

Normal

98.2% {4043)

42.8% (138)

ASCUS*

94.5% (35)

78.6% (14)

CIN 3

94.3% (33)

93.2% (44)

Cancer

99.0% (196)

98.8% (170)

Only samples positive by Gp5+/6+ PCR have been typed.

3 Tncluding PCR and real-time multiplex NASBA positive

and negative samples.
time multiplex NASBA positive samples.

borderline smears.

b Including only PCR and / or real-
©ASCUS excluding



H1Se6702p2 HPVI SP4: pl:817 (20)
AATTCTAATACGACTCACTATAGGGAGAAGGGGTCGTCTGCTGAGCTTTCT 30 H18e6703p1(NUL@5@h?§@6
HPV18P02: po: 752 (21) GAACCACAACGTCACACAATG 35 H18e6702po HPV 31: H i
7912 b.p A0wWHFMAsRas p2: 617 (20) GATGCAAGGTCCCATATGAGACTGA%%@TATGA O
6 OCT 2006 WO 03/057914 PCTI GBO3100034 - 89 H31e6703p2 pl:
AATTCTAATACGACTCACTATAGGGAGAAGGTATCTAC_:TE%QTGCTCTGT H31e6703pl1 5 HPV31P04:
po: 686 (26) GGACAAGCAGAACCGGACACATCCAA 1e6704po 10 HPV 33: HPV33.txt 7909
b.p HPV33PI: p2:618 (22) GATGCAAGGTCGCATATGAGTATCCTGAACCAACTGACCTAT 15 -
H33e6701p2 p 1: 763 (19) 5 AATTCTAATACGACTCACTATAGGCGAGAAGGTTGACACATAAACGAACTG
H33e6701pl 20 HPV33PT3T po: 699 (23) OGACAAGCACAACCAGCCACAGC H33e6703po As
alternative to the probes shown above the kit may 25 optionally include one

or nore of the foJlow n nol ecul ar, beacon, pr ohes: | ecul ar Beacon. Pr obes:
20 Ma6e6702m5- FRRF o nyers et CrrTeane Fadnad oy soteotion of A
transcripts from the E6 gene(s} of HPV the kit

5 comprising one or more of, two or more of and preferably
all of the following primer pairs and accompanying
identification probes.

HPV 16:HPV16.ixt 7905 b.p
10
HPVL6P2:
p2:116 (20) GATGCAAGGTCGCATATGAGCCACAGGAGCGACCCAGAAA

16 pl (ne™)
AATTCTAATACGACTCACTATAGGGAGAAGG ATT CCC ATC TCT ATA TAC TA (51
15 baser)

HPVI6PO2:
po:230 (26) TATGACTTTGCTTITCGGGA
H16e6702po

20

HPV 18:HPV18.txt 7857 b.p

HPVIBP2:

25 p2:698 (22) GATGCAAGGTCGCATATGAGGAAAACGATGAAATAGATGGAG
H18e6702p2
HPV18P4:

pi:817 (20)
AATTCTAATACGACTCACTATAGGGAGAAGGGGTCGTCTGCTGAGCTTICT

30 H18e6703p1 {Multiplex)

HPV18PO2:
pa752 21) GAACCACAACGTCACACAATG
35 H18e6702po

HPV 31:HPV31.txt 7912 b.p

40 HPV31F3:
p2:617 (20) GATGCAAGGTCGCATATGAGACTGACCTCCACTGTTATGA



H18e6702mbl - TXR cgcat gGAACCACAACGTCACACAATCGcat gcg 35 H31070462- FAM
ccgt cgGGACAAGCAGAACCGGACACATCCAACgaegg 1133e6703nbl - FAM DCT 2006
ccaagc GGACAAGCACAACCAGCCACAGCgettgg Preferably the kit of the i nven@ﬁon

al so i ncl udegolbbgs7ed0 follow ng priner pair and probe. 0O bp%‘ 0%9@9 WO
03/ 057914 PCTI GBG3100034 90 HPV45: HPVA45.txt 7858 bp (X744 14PV45PI .

p2; 430 (21): GATGCAAGGTCGCATATGAGAACCATIGAACCCAGCAGAAA 5 HA5e6701p2 - pl: 527

(22): AATTCTAATACGACTCACTATAGGGAGAAGOT TGCCOTGCCTOGTCA  H45e6701pl 10

HPV4A5P01: po: 500 (20): GIACCGAGGGCAGIGTAATA H45e6701po The HPV 45 probe

above may be rephagRds,Py an HPV 15 nol ecul ar beacon probe as fol | ows:

H45e6701nbl cgaﬁ)&g&:‘;}' GGGCAGTGTAATAegatcg I n addition the kit may include
AAGT

one or nore of ' [ i %F&W _
identification ggfgfb gﬁggé“%\é%%r%bt@ﬁéﬁgggﬁw& ar eaqg?@gse of the

Kit. HPVB2:_ HPV52.TXtP 7942 bp (X74481) 25 HPVB2PI: p2:144 (22):
GATGCAAGGT CGCATATGAGT TGTGTGAGGTGCTGGAAGAAT  H52e6701p2 pl: 358(18): .
AATTCTAATACGACT BR¥HRPAGCGAGAAGGCCCTCTCTTCTAATGTTT 30 H52e6701pl RPV52P01:
Po: 296 (20): GTGOEFABECT TOFARTACRAGAISLE6R0APATGRAHPVSS HPVES. t xt 7824 bp
(D90400) a C OCHIR8Meps WO 031057914 PCTI GB0O3/ 00034

10
HPV 33:HPV33.1xt 7909 bp

HPV33P1:; _
p2:618 (22)  GATGCAAGGTCGCATATGAGTATCCTGAACCAACTGACCTAT
15 H33¢6701p2

pl:763 (19)
AATTCTAATACGACTCACTATAGGGAGAAGGTTGACACATAAACGAACTG

H33e6701p]

20 HPV33PO3:
po699 (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:

Moijecular Beacon Probes:

30
Hi6e6702mb2-FAM ceagetTATGACTTTGCTTTTCGGGAagetgg
H13e6702mb1-TxR cgeattGAACCACAACGTCACACAA T Geatgeg

35 ‘H31e6704mb2-FAM cegtegGGACAAGCAGAACCGGACACATCCA Acgacgg
H33e6703mbl-FAM ccaagcGGACAAGCACAACCAGCCACAGCgetigg

Preferably the kit of the invention also includes the
40 following primer pair and probe.



91 - HPVS8P2: p2:173 (18); GATGCAAGGTCGCATATGAGICTGIGCATGAAATCGAA

H58e6702p2 pl:291 (18): 5 AATTCTAATACGACTCACTATAGCGAGAAGGAGCACACTTTAGHM ACT %6
H58e6702pl1 HPV58PQ2: po: 218 (22): TTGCAGCGATCTGAGGTATATG 10 H58e5702po
HPV51 HPV5lylodsodRQf bp (MB2877) HPV5I PA/P: 15 p2: 655 (2?,7?-,TZG 03/0003
GATGCAAGGTCGCATATGAG AGA GGA GGA GGA TGA AGT AGA TA H51c670553 p1%807( 20)
AATTCTAATACGACTCACTATAGCGAGAAGGGCCCATTAACATCTG - CTG TA HSI e6701pl 20

HPV51 POA: po: 771(24): TOG CAG TGG AAA GIG GAG ACA H51le6702po The probes
shown above may be replaced in the kit by the 25 follow ng nol ecul ar beacon

probes: H52e67 ¢ WT"ITTATCTAcgatcg H58e6702nbl
ccgtchT&A@G%@%ﬁ&?A@%%c cgg ~ 30 H51e6702nbl cgat cgTGG CAG TOG AAA GCA
GIG GAG ACAcgateg 35 0 6 0 CT 2006 - 92 CLAIMS 1. An in vitro method of
screeni ng hunmardP¥dffjiects to assess their risk of devel oping cervical

car ci noma, Whi GB.af @15t NogaGeIBEICSETABREARIARIGANEcEIdt RalaAf OF  expression of
MRNA transgri pt the E6 gene of HPV and sorting the subject into one of
5o gpdlnt

two categories for devel opment of cervical carcinonma based on
expression of BESHEK  wherein individuals positive for expression of E6
MRNA are 10 scCorAETCRSA TAIGANTOgCTATATGAGAA GERYDrTcaTerch facedcepcsonal  HPV
genone and are}hge%g‘ﬁé\]ﬁre classified as high risk for devel opnent of
cervical carcinona, ereas individuals

10 HPV45PO1:
po:500 (20):  GTACCGAGGGCAGTGTAATA
H45e6701po

The HPV 45 probe above may be replaced by an HPV
15 molecular beacon probe as follows:

H45e670imbl  cgateeGTACCGAGGGCAGTGTAATAcgatcg

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.

HPY52: HPV52.txt 7942 bp (X74481)
25
HPV52PI1:
- p2:144 (22): GATGCAAGGTCGCATATGAGT TGTGTGAGGTGCTGGAAGAAT

H52¢6701p2
pl:358 (18): AATTCTAATACGACTCACTATAGGGAGAAGGCCCTCTCTTCTAATGTTY

30 H52e6701p1

HPV52PO1: :
Po:296 (20): GTGCCTACGCTTITTATCTA
H52e6701po

35

HPV58 HPV58.txt 7824 bp (D90400)



negative for expression of E6 nRNA are scored as not carrying integrated
HPV or a nodified epi somal HPV genone; 15 and are therefore C|aSSIfI@g§@$ZMQ
detectable risk fir:. devel opnent of cervical carcinoma, characteris

that screeRydgsdses1496 MRNA expression is carried using is {1/%@4
arrpllflcatlon in conmbination with real-tinme detection of t anp M cation
product.. 20 2. An in vitro nethod of b entifying human subjects having
abnor nmal ceII, changes in the cervix, ich method conprises screening the
subj ect for expression of mMRNA transcripts of the EG gene of HPV, wherei'n

i ndi vidual s 25 gp@skii ve for expression of E6 mRNA are identified as having
abnormal cell n the cervix that screening for E6
MRNA expressioﬂngﬂgérrlgﬁmﬁypﬁgePgﬁpﬁhﬁﬁgﬁgg téhﬁﬁqc A% on in conbinati on
with real -tinme @8e@8pion of the anplification product. 30 3. A nethod
according to clgigm@spor claim2 wherein the isothermal anplification is
NASBA, tra scr tion,

si gnal - madlgat e Mrtf?%?f‘ F%%@%@SZA%G ﬁdé%?; ﬁggwﬁ&ﬂ:gﬁ phase
anplification. 280803t hod according to claim3 wherein screening for 5 E6
MRNA expression is carried out using real-tinme NASBA. 5. A nethod according
to any one of cjmisgRy;l to 4 wherein the human subjects are subjects

previ ously |dent| a n papillomavirus DNA in cells of
the 10 cervix. ‘6. déﬂbt hg_ab@g@’g[%ﬁgﬁ‘%gngﬁ&%one of claims 1 to 5 wherein
t he humanl8ubj ét5t3§57@%’n’@ subj ects having a previous diagnosis ASCUS, CIN 1
| esions or condyloma. 15 7. A nethod according to any one of claims 1 to 6

whi ch conpri se 1{?1? &(2 %NA expression using a technique which is
abl e to detect igéﬁ,ﬁﬁ%'é f“ga é‘{ & one cancer-associ ated HPV type. 20
HPV51PA/P:
15 p2:655(23).  GATGCAAGGICGCATATGAG AGA GGA GGA GGA TGA AGT AGATA
H51e6702p2

p1:807(20): AATTCTAATACGACTCACTATAGGGAGAAGG GCCCATTAACAT CTG
CTG TA H51e6701pi

20 HPV3IPOA;
po:771 (24) TGG CAG TGG AAA GCA GTG GAG ACA
H51e6702po '

The probes shown above may be replaced in the kit by the
25 following molecular beacon probes:

H52e6701mbl  cgategGTGCCTACGCTTTTTATCTAcgateg
H58e6702mbl  cegteg TTGCAGCGATCTGAGGTATATGegacgg

30
H51e6702mb] cgategTGG CAG TGG AAA GCA GTG GAG ACAcgateg

35



8. A nethod according to.claim7 which conprises screening for E6 NRNA
expressi on using.a technique which is able to detect E6 nRNA from HPV types
16, 18, 31, 33, and preferably 45. 25 9. A nethod according to any %m@ﬂﬁﬁmﬁ
clainms 1 to 8 wherein individuals positive for expression of E6 mRNA from
at | east one of HPV types 16, 18, 31, 33 or 45 are scored as carrying

i ntegrated HPV. 30 10. The use of pri -pairs which enable anplification of
a, region'of E6 transcripts fromHPV3IYypes 16, 18, 31 and 33 by NASBA, and
one or nore nol ecul ar beacon probes, inthe fl COCt 2G5 94 manufacture
of a kit for getecting NMRNA transcripts of° the E6 gene(s) of HPV. 11. The
use of priE&E—Eﬁirs according to claim10 5 wherein separate priner-pairs
specific for each of HPV types 16, iA 31 and 33 are included in the kit.
12. The use of prinmer-pairs according to claim10 or claim11l wherein one
or nore of, twoler ndneinfviins reihed evfidoradiing Huimmd odlloyéogs to

pri mer-pairs_and conmpanyi n ldentification prabes: 5 .
gatgcaaggt888§F§tggﬁfflﬁig§¥é§1éﬁﬁégﬁﬁﬁﬂﬁzﬁﬁfﬁ?céﬁ Garclnoma, which
AATTCT AT ARERLSEAES AT AEER N G AT I AR TN A G A +o 5008 of
TATGACTTTGCITTITCGEGA 15 5' gat gcaaggt cgcat at gagGAAAA GAAATAGATGGAG and 5°
AATTCTAATACRRETEERTRAT AR @A %’rﬁ@d SATH. 3y ddee

GAACCACAA ' DA ARAN C0caS At and 5r
TR AR e iA%’%G%%G%%ATU%%%T%T%% b e ﬂpgr%%‘ﬁg%
GGACAAGCAGAE CCBEADATA TGTAA I MG AREEAN GIT CODNRASEAABT ATOEFGAWRIBACT GACCTAT and

5 25 AATLCTAN AR CACTATA AT GA ACATAMGHMTT G il PLOPS

10 scored as carrying integrated HPV or a modified episomal HPV
genome and are therefore classified as high risk for
development of cervical carcinoma: whereas individuals
negative for expression of E6 mRNA are scored as not
carrying integrated HPV or a modified episomal HPV genomq'=“f

15 and are therefore classified as no detectable risgk for -
development of cervical carcinoma, characterised in that
screening for E6 mRNA expression is carried using isothermal
ampiification'in combination with real-time detection of the

“_'gﬁblificaticn product. .
20
2. An in vitro method of identifying human subjects

having ébnormal cell changes in the cervix, which method
comprises screening the subject for expression of mMRWA
transcripts of the E6 gene of HPV, wherein individuals

25 posgitive for expression of E6 mRNA are identified as having
ébnormal cell changes in the cervix, characterised in that
screening for E6 mRNA expression ies carried using isothermal
amplification in combination with real-time detection of the
amplification product.

30

| 3. A method according to claim 1 or claim 2 wherein

the ipothermal amplification is NASBA, transcoription-
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mediated amplification, signal-mediated amplification of RNA

or isothermal solution phase amplification.

4, A method according to claim 3 wherein screening for

E6 mRNA expression is carried out using real-time NASBA.

3. A method according teo any one of clains 1 to 4
wherein the human subjects are subjects previously identified
as infected with human papillomavirus DNA in cells of the

cervix.

6. A method according to any one of claims 1 to 5
wherein the human subjects are subjects having a previous
diagnosis ASCUS, CIN 1 lesions or condyloma.

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

8. A method according to claim 7 which comprises
screening for E6 mRNA expression using a technique which is
able to detect E6 mRMA from HPV types 16, 18, 31, 33, and
preferably 45. '

9. A method according to any one of claims 1 to 8

wherein individuals positive for expressiocn of E6 mRNA from

at least one of HPV types 16, 18, 31, 33 or 45 are scored as
cdrrying integrated HFV.

10. The use of primer-pairs which enable amplification of a.

region of E6 transcripts from HPV types 16, 18, 31 and 33 by

NASBA, and one or more molecular beacon probes, in the

06 0CT 2008



10

15

20

25

- 94 ~

manufacture of a kit for detecting mRNA transcripts of the E6
gene{s) of HPV. '

- 11. The use of primer-pairs according to claim 10
wherein separate primer-pairs specific for each of HPV types
16, 18, 31 -and 33 are included in the kit.

12. The use of primer-pairs according to claim 10 or
claim 11 wherein one or more of, two or more of and
preferably all of the following primer-pairs and accompanying

identification probes:

‘Bt gatgcaaggtcegeatatgagCCACAGCGAGOGACCCAGAMA and 5!

AATTCTARTACGACTCACTATAGGGAGAAGCATTCCCATCTCTATATACTA
with probe TATGACTITGCTTTTCCGGA

5t gatgeaaggtogeatatgagCAAAACCATCAAATAGATGGAG and 5!
AATTcTAATACGACTCACTATAGGGAGAAGGGGTCGTCTGCTGAGCTTTCT
w1th probe GAACCACAACGTCACACAATG

51 gatgcaaggtcgcatatgagACTGACCTCCACTGTTATGA and 5!
AATTCTARTACGACTCACTATAGEGAGAAGGTATCTACTTGTGCTGCTCTET

with probe GGACAAGCAGAACCGGACACATCCAA

51 GATGCAAGGTCGCATATGAGTATCCTGAACCAACTGACCTAT and 5!

| AATTCTAATACGACTCACTATAGGGAGAAGGETTCACACATANACGAACTG
"with probe GGACARGCACAACCAGCCACAGC.
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