WO 2010/ 126375PCT/ NO2010/ 000147 1 A nethod for detection of human

papi |l l omavi rus (HPV) type FIELD OF THE | NVENTI ON The present invention

rel ates twodeiwekian, typing and quantitati on of human peapiNd201FNbI4SES
(HPV) in clinical sanples. Mre specifically, it relates to 5

ol i gonucl eoti de sequences which can be used in anplification reactions and
used for the simultaneously detection, typing and quantification of a

plurality of rhEtKoHQBP@@t%cﬁ&%ﬁhGhﬁﬁ illdmaVifust (MP\BOfpe BACKGROUND OF THE
I NVENTI ON 10 Human papl | omavi rus I nfecti on was reported as a cause

of cervi cal c th . The rel ati onshi p between cancer

mal i gnancy %f@m&ti N&pﬁ!\? considered to be of interest. Mdire than 120
HPV types have si nce then been identified. Thirteen of the HPV types are
recogni sed Tihe beddemt ivengenirslates mmeatoren%mhglana quimtisgtidrystafurhas | ude HPV
16, 18, 31, 33, 35, 39, 45 51, 52, 56, 15 59 and 66. Human

papi | | omavi PaRilomawrssesEIRV)dN chRicahsamples: More sperisicallimit rtatento i mt s
their cont ag

s sorh SlpsHukitice ol CORRLIFLBICel I AR fech R BRY G
useful di agﬁmome smtdtalmeoqslgz de@étttlmuwpmg ahd qmasmfntdtmrmt a pluralityoe HME vi rus
life cycle in vitro, this is a 20hi sophisticated tissue culture

t echni que r%%ﬂﬂm?%anﬂﬁ JRgpestif “F't@eg #R't ating epithelial cell cultures.
Furthernore, high grade cervical neoplasias and cancers do not produce
virus. Therefore, HPV testing relies on the detection of viral nucleic
acids. HPV testing has been shown to have a higher sensitivity than the PAP
test 25(Pa j el e cervical dysplasia, although its
specifici t@ggt&%’ﬁﬁr’%@% Engé'QYEE‘tﬁQﬁgvm ence of benign, transient HPV

i nfections. Many countries have adopted HPV testing as a secondary

screeni ng (Itiumgegamlma\ﬂms (IFW)gnﬁ&Moarmaae[qmovtedeas algapbasf eerxivdl cascerse

as in rinmar S a (0} n

20101 1263 75PEHs N8B0 R0/ B Rson SR ETRRh S CH D aliaiRay.and HEVEaenAYRSe

D gene HCl Iwh€gbnsidbRIFoWd bi nterkst. weqmﬁdzbwavw@hMymeé tieéh Beghfi C
literature. In this test HPV DNA in the sanple is hybridised to

conpl enment dggntified. meeereofrteedﬂ?vrtzpweﬂmogpﬁedw beiag oapegeria imy

ant i bodi es | I r | Yo DI

ant i body- enﬁgﬁésé%ﬁ'tﬂagé{et@%ﬁa%g# E‘Ch'gfé/e'el? g@ﬁ%%ﬁyé& ég’?%?gy‘lsseg 1,52, 56,
chem | up nesg,8cand &6 LCI | test does not distinguish between the different
oncogeni ¢ HPV types. It is also possible to detect HPV in fixed cells using

in-situ h i i i 1. el | hfluor e i.eties
(fluor esc)eﬂ'c‘ %aﬁaéq@@%\%ﬁs P%%? ﬁﬂ%%l?elﬁorﬁr?”ﬁ%tt&ﬁevﬁpﬂ ehﬁrﬂt &’H@t {t M bi nd
to an enzyngoriactwighthe inthate 8pparalsandithénar pbore, ibehaHogshier eI tate in
situ. In situ hybridisation can provide valuable information on the

| ocati on arte'plo@yii¢ APt 8 ugefl tﬁst#@\HPNutSImg}@ré' §pl8@ter ischal & wsafulgiagnostic

mul tipl es y I T i ng
aut horiti egggﬁﬁygés'&g%d% t E%%%Sﬁaqgﬂr)t@g lige tﬁ@(lﬁ&% III%i Cgee'condé’rt@glgeap
screeni ng shighly sophistiaheavtisssierdutture teurnsncmet relqufregtmamo diffecénti@timgbeni gn,
to be d|st| hed fromt -speci fi ers t ent |nfect|onswhch are not
beni g, eargtt\ef inel culivees frurHpgmore high oEade:FeTyicabueeRlaghe ansl RS mor o
oncovi ruI e f f

epi demi ol og%n P glrc%{rlu%n v&t?ﬁtewHﬁwﬁgﬁgqp%%tqfﬁea@t\e/g |<grgéfl ﬁ%nodrﬂfl:ctetl)(%l ng
t he popul ataaids. effects of vaccination 20 agai nst HPV16 and HPV18. The

avai | abl e HPV genotyping tests are nostly based on PCR fol | owed by reverse
hybri di sat i I | genes.
PR anpi | caqoVaPEay PodR shaliide Fevert RBNLELSR Ry Rah ng PAR fost

i mobi | issed Papabizslanu testjifor bighrgrade @emdedi rdysplasta, |aﬂ1hougln its tshecifieity i of a

mcrotiter Iat bound 25| abel | a tected, either
directly by WPUEP?%@ﬁF@RWBFFﬁemﬁﬂﬁ? igﬁngg hﬁB@PPEH%&f 'OPPuorescent

noi ety or using enzyne conjugates that bind to the | abel and which are

det ect ed usViagy colntriestiave adaptdd HP\OtE3ting @steesdutrgiaes sciSening @ddge)itesol ve
handl i ng of PCR anplicons in the open. laboratory which necessitates
stringent HQBl %Qgpd&r G aaviyacal dysplasia gpgitsdige\as iR Rrigaany; sg?ﬁe?i?'PGé‘aéfm%QJch
tests 30 pl sl i | abl e tests beyond the reach of nost mass-screening
progr ans. gerotypi ng test that detects nmRNA fromthe viral oncogenes
E6 and E7 using SDA (sequence dependent anplification) is also avail able.
However, this nethod detects only five of the thirteen oncogenic types and
only when there is active oncogene expression.



5 WD 2007115582 Al describes sets of PCR prinmers and probes for detection
of multiple HPV types by real-tine PCR These sets involves a conpl ex
conbi nat i\g 20fo/RE3RErs. In the nethod accordi ng to presegi/NgRMob@R, only
one forward prinmer and four reverse priners are required. This sinplifies
quality control and manufacture and reduces cost. Further, the genes that
are targeted in WO 10 2007115582 Al are subject to intratypic sequence
vari ation. ! b &ty LSt | C tinat! Qaegative
Fasult s may | B D I R R o e B et <
ot her than suppqtent oy g pargedmdyafexcientific ditetahuet In thisstept HEAHDNAnnghei on

Caken | nto SEBIEE PTReHdd SomaismanteraFiv Siedhe resitiio PATERFA fivBrids ="
15posi ti onsa@ Eaptiidifby aNMGHiEs B8h a2sdtiasiirfit e vier@thB) SUbSEQIArIY tihd Pr i mer

sequences. Further, in W 2007115582 Al it is stated that sensitivities
down t o slOOantifsidysenzymentonjugatgsttbat ae\dategted by enzyome-eatadysadowever, the

experinments_described do n i d he use, of carr.ler A This gives an
iy eal 1ot | e aspepeRee e MG IS doss S EiRneBi BetueBhiine filita®

present in ghddyehd HPANRPES. suppresses PCR sensitivity. The sensitivity of
the nmethod according to'the present invention is nmeasured in the presence

f 500ng of h i ch pand to 7,5x104 h I1s and th
accurat oy B RASSIS Fietenn EPARghee eIt Bl s b s Wihus  ne
present i nviabesahsiRY dlier WHPEMIREs & PhdibNéd gldéﬁ‘@ﬁerfc@%jsﬂhilﬁ/b_ridisation,

25condi tions. Further, WO 2007115582 Al describes the use of a’single tube
13- pl ex wmul EiSH)eor wittRhaptens thaiwarsbindde asrenzyme eonjugatet whieh generateaan

t here does . e LSt runen .0f .. pe rmng. s test.
The. met hod BecisPR FjbliseEinyant bR n EORAPb S Ea BRI, Bafidn®

exi sting obihfirrritioA dmﬁferlumiﬁrﬁahdl/phi?acél(ma@tofFHIDVPBSIQypé spevifit idetdéctidon an
anal og thereof. WO 2010/ 126375PCT/ NO2010/ 000147 4 I n WD 2009011472 Al the
target geneohRbiiRlasef HRYAYRe® thesamasaoRrle isdmpracticaple. However, this gene
is a hotspot for deletions and insertions during cancer devel opment. The
probabi | i t ymahy &cfedrieg BaBwRritivs e&?féslsta pregéease Joi Gerfotybing teste is eeedhdaryof
di sease. The nethod according to the present invention targets the Li 5
gene, whi chsareenmngrsinessthipalnves serialdransiesi infegtiensewhichrarederigoda bg72 Al

t he met hods; I j I V, i :

products i nd'%ﬁ'@@%ﬁa%&frgmg gsrp %Htf&%é&%%%wggﬂﬂse‘ﬁp{&sﬂkﬁéf% grghd-%gﬁg r

cont am nat i additidesomed MRV fpes| pamnigulaolytHRV p6 esreharkedninioed ohsovifulent.
performed in a closed-systemwhich elimnates this risk, thus ensuring nore

reliable res | i, i r. i . . .

decont an nat 1ol &8 ds AdkHding Bestibribies SRBHD BRI PRI TPynaian - por
wor k. Basedwhightwil balusfysarti¢uiar ealus in omitaring @it poptlatioh ietfedtsf sfrvaaeination

met hods, priners, §robes and kits for detection and typing of HPV which are
hi ghly #ens?4aiga HRY16andddbVilBi e and | ess expensive than the existing
tests and which thus are appropriate for nass-screeni ng prograns. SUMVARY

OF THE | NVETfid alhildtte PIFAS gBhotypirtebRMardanéstyBssdden POR FSIRWRIY bpfevrse

quantitative realtinme PCR 20 nethod using consensus priners_and nul tipl exed

t ype- speci fmrigisation ipsemsasfarmat. the B %t@ﬁstatge\t%t%& opthe Eil gefesePlPon

d typi : i c \: N ,
a5, 517 53 Sl Aeibbab aiaEEIbirlcatoh ShGnHiKed b lmmidoijett pdBes . |
i nventi on det achisrddtkay, reentiriee $trip &Gn tHe wedld of 43mictdtitebplat@ T hebhourtid,

70, 72, 73, 82. 25More specifically, the present invention relates to a
met hod #or 'gBelieq amplicenyjsinendateciedneithar %’@&HYL&’JWGH‘%W if e aMRUGRRIS of a

the fol | owi RETTRA WA o Mok stekinbiB Rl Sha e ineTEAdes WL HRE (iR ) P
NO 5 or SEQabél i@ whinh ane datatted usireg ealbrimetnic obleminometricolechpiquekeSuchie
SEQ 1D No gestyole figndlifo BERCHARBTeans BB dpen IRpp IO aphieR BoResTBeSE
| D NO 14, %ﬁ%%%twggl&ic préedutlohs Heis, BrhbinBdNeth the ﬁg@driael‘d@sﬁéh te5e | D
NO 19, SEQTD NO 20, SEQ ID NG 21, SEQ 1D NO 22, SEQ FD NO 23, SEQ 1D

NO 25, SEQ placesdthsavaiisla Bskheyqndibe reaciNof smst SEESHTISENBgY, progams

NO 32, SEQ I D NO 34, SEQ ID NO 35, SEQ ID 10 NG 37, SEQ I D NG 38, SEQ I D
NGO 39, SEQ ID NO 41, SEQ ID NO 44, SEQ ID NO 45, SEQ ID NO 46, SEQ ID

NO 47, SEQ ID NO 48, SEQ ID NO 49, SEQ ID NO50, SEQ ID NO 51, SEQ ID

NO 52, SEQ I D NO 55, SEQ ID NO 56, SEQ ID NO 57, SEQ ID NO 58, SEQ ID

NO 59, SEQ I D NO 61, SEQ ID NO 62, SEQ ID 15 NGO 63, SEQ I D NGO 64, SEQ I D
NO 65, SEQ ID NO 66, SEQ ID NO 68, SEQ ID NO 70, SEQ ID NO 71, SEQ ID

NO 72, SEQID NO 73, SEQ ID NO 74, SEQ ID NO:75, SEQ ID NO 77, SEQID
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and 59 in the presence of WD 2010/126375PCT/ NO2010/ 000147 6 (iii) a
reverse PCR priner with an oligonucl eotide sequence of SEQID NO 2 or an

anal og t hgpeefo1263761 v) a probe with an oligonucl eoti de pegnaRof)/@H149EQ | D
NO 7,8 and 9 or an anal og thereof, labelled with a fluorophore and a

guencher 5nol ecul e and b)detection of a cBange of fluorescence the
wavel engt h thereof determ ning the HPV type 18, 52 and 59; 1lOReaction

2-a) anpl i f i Aajdrofyihg tdee tﬁmcdeqe@tsaﬁnmﬁﬁ@am@wapén&@éﬁé% 59 aR8 EdeiRg | N

the presence of (1) a nucleic acid polynerase (ii orward PCR pri ner
with an ol .§aﬁu(§eauen@|%deeqméem@mhfsa@mbsra@o avwlabém mmemj, thie maihod

15(|||)are eof | D NO
3 or an ana %fsncgrﬁR 'p é O?F‘r;v% Yl\%&%?rg%g% rﬁldﬁrHXI gr%ésqﬁgﬁge of
SEQ I D NG éﬁcodglehe déprésgloa3 or an anal og ther eof | abel | ed wth a

fl uorophore an guencher nol ecul e and 20 b)detection of a change of

fl h, t hey eof he HPV 9, 51 56 and
07 CSENR ABGATY SR eSS e o G B ers skt detertinal s o
HPV 16, 45 25RMPIEHF\IIeS by earfne PER( Thede BUR iAlIvas abdApKRROAINATdY 2

forward PCR prinmer with an oligonucl eotide sequence of SEQ 1D NO or an
anal og t herelprimersi. in the methadacqardingrtorpsesenttiinventios, pglyrenrs Mwaﬁbp@@@ﬂence

2 Rl e i M 0

an anal og thﬁhatafc;tuﬂeami feelliceb cbsh Further,ahb @eped tiatearaugrydied imw@cul e and
5b) detection of a change of fluorescence the wavel engt h_t hereof

det er mi M ng2@Ge! 1I5|532t/§'bérel§UbJ§5t teriptralypiceeauenss var '389“6{5@&"?%&@” Bt he

nucl ei ¢ aci mtptl?s
presence ofgf%% I)a nuc Q{ él*ﬂgglfgljse m% ilis%ﬁg’&?hurcfﬁr%mg&% rrerth\ia\lntth
an ol i gonucd:caualnddPVesmunoee&'EmSﬂé dt@eNﬁanJIherprmmwarmese%cor(jmg t)) a
reverse PCR pri wi th an ol i gonucl eotide. seque Qt ?‘ OL
anal og thert@gfpresent mventlon known sequence variation wit |n the target region oft elLi
gene has been taken into account prior to primer and probe design and all variant

15 positions are either avoided or accounted for by modification of primer sequences.

Further, in WO 2007115582 A1 it is stated that sensitivities down to 100 copies for
all targeted HPV types are achieved. However, the experiments described do not
include the use of carrier DNA. This gives an unrealistically optimistic estimate of
20  sensitivity as the human DNA present in clinical samples suppresses PCR
sensitivity. The sensitivity of the method according to the present invention is
measured in the presence of 500ng of human DNA, which correspond to 7,5x10*
human cells and thus accurately mimics the conditions in a cell-rich clinical
sample. Thus the present invention provides enhanced sensitivity under realistic

25 conditions.

Further, WO 2007115582 A1 describes the use of a single tube 13-plex multiplex
PCR test. However, according to the state of the art there does not seem to be an
instrument capable of performing such a test. The method according to the

30 present invention may be operated on existing obtainable instruments in the

format proposed or a variant or an analog thereof.



15(iv)a probe with an oligonucl eotide sequence of SEQ ID NO 17, 18, 19 and
20 or an anal og thereof, |abelled with a fluorophore and a quencher

mol ecul e wodo{wvipssvser nal control and 20b) detection of acehorgs/mdis7
fluorescence the wavel ength thereof determining the HPV type 31, 33, 35 and
internal control. The present inventiond4also refers to a prinmer for HPV
anplification selected fromthe group consisting of: SEQID NO 1, SEQ ID
NOL2, SEQ IR WO 28096FA7ZA 2 ardet 68 WRichhadbas uSERIInBPER tediyid her
the invention refers to a probe for HPV detection and/or typing and/o

quanti t ati olr1skdpweved thls@anehe adraispotdondeletiong and inssEipnHAdNNg caexmp | D

30 S0 1 D N PIOPtaeR e Ruprasiity o gl b, Bl e e B i i 1o

SEQ I'D NO 1§eve’ﬁ§@of BisbEs& Orheinethdd AkectdingIbthé gré@rﬂnveﬂfi@nlt@rd‘é@ 2 118
SEQ ID NO 25, SEQ 1D NO 26, SEQ ID NO 27, SEQ ID NO 30, SEQ IDNO 31, SEQ

| D NO 3%, SEeDa,wihNeh sumughdesTpine3s dedstion. D NO 37, SEQID NO 38, SEQID
NO 39, SEQ ID NO 41, SEQ ID NO 44, SEQ ID NO 45, SEQ ID NO 46, SEQ ID
NO 47, SEQ ID NO 48, SEQ ID NO 49, SEQ ID NO 50, SEQ ID NO 51, 5 SEQ ID
NO 52, SEQ Firh, FBWGEQOO0! NMIDA; tHEMtRodOIE Het&ERRN hdN§pify ofSHRMV D

NO 59, SEQ |D NO 61, SEOQ- , SEQ ID NO 63, SEQ |D NO 64, SEQ.ID
NO 65, SEQ iNFPiNgNeedlingof }’Bm@%ﬁlc‘ PORQN |aboraterns ersl\!@/(?'YeS gﬁg"ﬁi@f

NG 76, SE0 TEAREIReMAlc b B ERSY doeOidy to M Riege P nf i, csen

inventi an gherbormedctinsa closeddyatgnoedich élinminates this ask itbus ansiirimg mape ng

I AT It e T

44, 45, 51, eQqipmedt aﬁ&Jaél‘ftuesﬁﬁter%enﬁébo@%@&?bstmRWo k/3 and 82, inter naI
positive control and DNA 15 pol yner ase DESCRI PTI ON OF THE FI GURES

AND THE TAl ur ows anal ysi ) es a l.i fication
Curves for Basrean it Alve.ificie BUWS et o DeiE R hencmelhad® PEmsstoct | on
of HPV t1ypesrobls a?a@ k|t§]for Q&ecﬁén afl3ybingof HAY which 5:% hléﬁ s'?—%sﬁf\‘/@ 66
wherein: Figure 1. shows anplification of HPV18 in nul t|p group 1.
Figure & : r@pm@mmplanﬁ less expensgive-thagrtherexisting tprs@(argiwmchlthumagare 3:
shows anplificati.on n.nultiplex group 1. Figure 4: shows

2ol 11 cat 1P EPER b naerre MM prodias- 5 5 Fi gure s shows
anplification of HPV51 in nultiplex group 2. Figure 6: shows anplification
of HPV56 in nultiplex group 2. Figure 7: shows anplification of HPV66 in
mul tiplex group 2. Figure 8: shows anplification of HPV16 in nultiplex
group 3. B g@g@- 00147 9 Figure 9: shows anplification
of HPV45 |n rmW| plg{tzaéi‘}groupl(| ﬁgll'}‘r)e 10: shows anplification of HPV58 in

mul ti pl ex oup 3. Figure 11: shows a(rgél‘lflcatlon of HPV31l in nultiplex
group 4. Fi Lﬁ@feﬁgm ngoﬁﬁﬁﬁcmb%me V@ﬂODWBtEOH%QH@mﬂﬁWQaS@%WB@FEP

5F|gure 13
shows arrpl .?‘?f:@tef% Slr)bé&?%d érsllfri\ég&r'i}g corﬁfygkegbl‘—a%ﬁur esM%ﬁfgbBe%n
anpl i fi cat ithat allows kensitive ard lspecmf: ddféélﬁn éﬂM&md—lﬁ\tBé tthEVﬁ?ancbIBé’BE and
HPV56 vvithﬁér&msrs Ref er s t the I| t of

[

f and PIr2, :
desi gned pr rtgpeqﬁLfQ%,éSZNR’ge}% 319®4§h§11 $%t5%f58d§ FEHES, theap) e
3: Refers t SERRh t Uknl,
Mul ti pl ex Cg‘rﬂotﬁs)%Z wu@ﬁpﬁ?g@e @areogﬁg'?'d%hgbwm ti gﬁx n}yé% HW )‘6%84@0Refers
t o eval uat i4) 45, 44068eb4,81,16870; R, & t8d on cI i ni cal sarrpl es. Table 5:
Refers to HPV Goup 1, masterm x formulation. 15 Table 6: Refers to HPV

G 2, t '
fo(r)lrjrgl a % on %gq)é&:@ém #ﬁ%@@enﬂg\k@c?n ré@fe@ﬁéagt@reﬁg @)raru}%cﬁppon ablmex9:
Ref ers to ttgpingrexid/or gadntitation of thetpreSemcd oka hanmft papiomayiess (hl-ﬂgVIE]SAthD
DESCRI PTI ON OF  THE | NV uantitati realtjme PCR nmethod accordin
to the pres"\‘eleqgi%rﬁq“b&rrdggéﬂ”scogw”?'ﬂg% Q'Qm'%%ﬁte@ﬁcogem c nucosal HPV °
types down to | gyels g ﬁﬁ&tl%o‘?%rmﬁﬂé‘iela%lcfﬁabﬁ%ﬁt ofThP\/‘?ttHQSnésfence ofa

intrinsically seri -quan |tat|ve since res are read CT val ues

whi ch are proporti ondDNAgalyrerade, ferward RE primerovittoan oliggreuciéniie | t V\D
2010/ 126375PCT/ N02010/ 000147 possi ble tq run,the re ons
fully-gffantitative notfe] r?i%ﬁﬁrllg “i‘?ﬂu?f%’ha%wgge@m RECSE @ QVB@ s)

in order to constructyg aﬁ%bénﬁéléﬁﬁ’@e sequence selected from the group consisting



The quantitative nature of the nethod has several advantages. In

epi dem ol ogi cal studies it would be possible to establish a constant cutoff
val ue forwalbidigpes, thus Selimnating the biased prevalpega®@abiodabes t hat
result fromtype-specific differences in analytical sensitivity. It has
been suggested that only high-level HPV i Af ections of greater 50 000 GU per
sanple are clinically significant, although this remains a matter of

debate. In the consenaﬂsmlmlmoez SEQMONOB, ISEQINO!£ SEQagiNets éhe
cutoff to any quantitative val ue required. Lastly, use of a quantitative 10
nmet hod may be of use SEQ P NSNGry amengleg gheresf, ¢ piobeakith araliganucieatide

For ail types in tno BPedaLouiptishiton 316 blsfl daglird i SRURY N7 R, -

0.75 x 105 cells. ThUIDN@?SPSE@ﬂDNGDQ SEQ r[DNE) V'OISECEHD)NO' m10SB@ If the

cells would give a p05|t|ve resul concentrations
(50ng), torrespondi ngN&18. 35@@1'\@31$§E@HQ N@n!s‘ﬁﬁﬁ@t'? NQpTQ)v%EsQBP a
factor of 10. This me @1&“§Edlﬁb Eb"lﬁ) Né’s‘{ﬁx $Eé‘tf)|§| éEFh(BQBr
sanples are unli kely be’ a pro wever SO |

opergti g_g t he tes]t i RN@ :20) SEQJIEBNO Q&tSE@ IDONO: 22 I$E®dﬁ)leOe'23 SEQID ]
t t t t
Pybri capture (a1 ) NESs, SERUONO 88 SECUR N5 B RS Shiles

i s expected consideri gtpagEgjﬂﬁ)eﬂ@ ggtgg@ IBER8): 34 Ve i@ |9beh§5 CS,E@QDSUS

mul tipl ex nmethod according to t resent invention was at | eadst an order
of magniwt ude hi gher. BIQMBSEQID)NOiB&OSEIQH@ NO:3RSPRIDINO:4 WEIRIIDN t hus

Cpeci fi cal 1y desi gned e g, 9ECuT NG ¥ REGD 46 @ EVEE, SRy T ha

optinally uses the 8xfj®:486spel ID N&ndo 1§EQ4D(I‘3@45(WE$E(D IDoNES £ SE@tDar e

standard in nost realtinme PCR instruments. However is obvious that the

met hod according to tN&:pReSERt ID NsHY,i %EQHQ/N@&@@E@dDI INO:5 i SE@rent
f t t hout d t
28r1g?12\(,5M375|guCT/ N(e‘lzggrlo;\lggﬁéﬁggl@ ﬁﬁ@%@@d%g @yﬁégqaccoyg ng ?o pr esent

i nventign, only one fNU&BBdSEO IIIBNOiGd, SEQr D NQes5,SPEQI IDENG.66,SEQJDI r ed.
This sinplifies qual | control %{m&muf ct ur and réduceé cost

According to the pres 65n$59tﬁ[bh' ﬁ%vﬁE VAP N Wt%qﬁphe
target region of the Nq -98"SERAD R@e‘ﬂt@i{f@qd NbQZE?‘@E’G"ID Iﬁgegf dEQRb! Mer

and probe design and all varrant positions are either avoi or accounted
for by nodification oNQ78nBEQsKEyNENER@and BEQHD N@r&f of an apalvg thbeeoi;et hod
according to the presgnt vent i n i s neasured |nthe esen OOng of
uman DNA, whi oh Cor r BORURE W & TlsreleSRt e sas prwleRnbt Riietiie. 1

m mcs the conditionsintérndl 68htrolf i ch clinical sanple. This provi des for an
enhanced sensitivity for all targeted HPV types. 15 The net hod according to
t he present inveti)i ondetgctjen of ah%angegxf;ﬂgoremeane iaaddetermising HPYH¥pe.o
deletion. The prinmers according to the present invention could with further
nodi fi cati ons be used for the detection of related HPV types such as inter

al i a HPV11, Fdfihedthe Arbthdd acddrdirizpio thé.prédentbfiventidn ré?ersl&de@ébtm@@rmi/éme
real -time PCR instrument used in the method accor di ng to the present

i nvention t @ing andlof ggantiation sinaulianectislyihel rsesPneenohin PYWES 1572 58038i 1 i t y
of addi f RRt RAer 0 t I i ng
descri bgg [ ﬁét% 1633&% ap’pﬁca@?égﬁﬁiasﬂgfr?g%a? %ﬁtnr? Iérlf_gg? rﬂ"‘%ﬁ‘ggs"gf‘l&?rg‘%{)

gr oupi ngs. wafoﬂa\&mglfeutbar:ﬂel remcsionsed in group 3 are known to be able
25to0 anplify HPV types 18, 31, 33, 39, 51, 58, 59 and 66 and the internal
control HPV6, and thus any of these types mght therefore be assigned to
this group. Int ngy i ny HIZESH S

havi ng four col oﬁr%ag{t(gﬁﬁe%) ﬁ%ggéhﬁ éfﬁﬁlrae’ﬁﬂclgt?? 59&8 fé%%%st r utrlr-ieptl\t?gghggl ng
five, six, sevenaod 580n¢hepresencelodinnel s alternative variants of the test
woul d be possible. The prinmers and 30 probes could then be conbined in
three or, two parg{lel.r Yl ction of the same HPV types. WO
2010/ 128375PCT/ 01076’%%‘5/9?@ édr?l\yq]ggés%r esent test format 20 sanples can
be anal ysed in ofi@ woaKkomardBCRmaimergvittnan toigonuaiettidaiséqunree aff SEQUD t o
noder at e- t hr oughput Iw atorl es. Larn%lr bat ches of sanpl es could be

anal ysed using a 384 1 TppARANAIQAINEreRf, PCR i nstrunment, al t hough t he
capacity of available automati c DNA extraction instrurrents is at 5 present
a nore inportant limt on throughput than the PCR analysis tine. Realtine
PCR is a closed-systemtest. It is thus not necessary to handle anplified
sanples in the open | aboratory. Problens of PCR carry-over contam nation
are thus greatly reduced, and this in turn reduces the resources that nust
ot herW| se be devot ed to the str| ngent cont am nat| on. control assom at ed with

o . A~ ~ANS 1 Y oy



Preferred enbodi nents of the invention are described. However it is to be
understood that the invention is not limted to those preci se enbodi nents,
and that W6 2vewi2ears changes and nodificati ons may be ef erinatoidmeorirn by
one skilled in the art without departing fromthe scope or spirit of the
invention as defined in the appended claiés. The foll ow ng exanpl es
illustrate, but do not limt the invention. 20 EXAMPLES Exanple 1- Pl asm ds
Pl asm ds cont ai n%i?Q t eevcs§ FICH ?ﬁhﬂ# vath ér"i'%liéémﬂffé&ﬁjéﬁedd'ifé_\ﬁée HSEGGD 31,
33, 35, 39, 45, , 52, 56, 58, 59 and 66 were transfornmed I nto Escherichia
coli DH5- al pha and iNOI gtas@nanaleghereothl ori de density gradient
centrifugation (Eritsch et 25 al) or Q H_Speed LA l.agen H,
i 1 den, - Gor many) Mot Duthesfith i oflonieRetHe Feafifica SLEG 1 MR EERIS™
spect rophotonet ry. V& 29aRAIbIEGRERIIETIADERAL AR A bBFopRofe @iPh quanckéi i cal
sanples dinical sanples were cervical cytobrush sanples sent to our

| aboratory for routin@olevleandysis for secondary screening of |ow grade
dysplasia (LSIL) or equivocal cytology (ASCUS or inadequate sanple).

Sanmpl es were collected and transported 5 in CYTYC thin prep transport
(medium CYTYC, Crawl ey, W) acateldthom éfca thangeolfiantstaice theosavatenigthi ons.
10 M of sanple was centrifuged at 3000 rﬁ)mfor 10 mn and the pellet was
resuspended i n 106@QIKsiyMInBIhe P IyRAI8 22 BBE SO extraction of DNA

usi ng the MagNAPure automati c DNA extraction instrunent with the MagNAPure
LC DNA extraction kit (Roche D agnostics, Penzberg, Germany). 10 DNA was

eluted in 100pl. _dinical specinens that had previously been tested with

the HCl 1o test anfdeastipsrl-ddi n@aplifisation of thepowclgicpaid frapments aEHEVot wer e
used to eval uat - id Capture Test 15 The Di gene
Hybrid Capture ?‘%eés’th)‘ie ﬁdﬂg&%ﬁggggﬁgf MD) was performed using 25 m of
sanpl e according to the manufacturers' instructions. Exanple 4- Priner

Desi an | n order(it o i@leHelefoagidipoltnerasar gets for consensus PCR pri ners,

51 5o, 56, 58, Ub arth uberd PEEF pBner vt o Kea Bdea SEARY e

to generate input seguendes dnodndlbg tikérdbfAL al i gnments the prototype
sequence of each HPV type was used in a BLAST search jn order tq jidentify

intratypic varidiit selMeceR PCHheriges yaican ahigonuycieptics seavesnce pi SER{D
position by the substyfhutli priate | UPAC 25 anbi guity code.
The regi ons corresponlgphg dt?o%rﬁ%n%ggéﬁé’r@ggm and 6579- 6557 on the HPV16
genone were i denfiv)f i ealpeabenwihlay aligosacleetidasdquence ohSEENID NO:tlide 18] 421 ng
o et et on o s el 07 BCTod 0SS, b o S48 e rt AP 1
al | target types satigieechef holecile @p@Nomenon which could be attributed to

|l ow stability of 30 duplexes with PTr, |ess degenerate version of PTr were
sought .20 WO 2010/ 126375PCT/ NO2010/ 000147 14 The sequences were grouped into

forvard and 1 ever s6 pri mi) « AgeciaLglakhaboeEhtootielhes I FRAARGH °

(http://ww. ebi . athewddfrdaeminlingsthal MRYitpse 8ohs 11 56 and@egr oups were HPV1S,
HPV52 and HPV59 (Group 1), HPV39, HPV51, HPV56 and 5 HPV66 (Group 2),

HPV16, HPV45 and HPV58 (G oup 3) and HPV31l, HPV33 and HPV35 plus the
internal control HPV6 (G oup 4). For each group a new CLUSTAL alignnent was
constructed and group-specific reverse prinmers were designed in order to
reduce priner dedeactioncy- and amplificatios eh tha nucleig.acithfragimentpoEHPMVO1B,46er €
acconodat ed by usi L ngsine as a wldcard base, thym ne as a universal
10pyr i n¥di ne, gtﬂ}d]g%"bg’eapr&ﬁ?()%‘?g | purine (exploiting the stability of

t he noncanonical G T basepair) or incorporating m xed nucleotides. This |ed
to the design of(i)pri nenaclBitr4&id pojméxageand PTrG 4. The origi nal PTr

t ai d 3.. A | t ti t t i
o e dibocsa Sha B B tbiat Blber S a6 R 59 e
for placing of the r £ j imer PTr2, was designed to target
this region. PTr2 i Sel\s{%?gm%{ed ﬁlogﬁ@r&%l ification of HPV types 16, 18,
31, 33, 35, 45, (6, SbBrevesse PERpdmes withadrebligdnudlextidef sqmuemee ©f SEQHD

Sequence NO: 4 or an analog thereof,



SEQ I D NO PTf 5-TQE CT) AAA TAT CC(AT) GAT TAT (AT)TI 1AA ATG3 1 PTrG 1b
5-TGT AGC GAG TAT G CT) TTA TTG AA-3 2 PT rGr2 5-TE GI) AGC CAA TAA GGT
TTA TTA A%0208/1R437957 5- TA Al C CAA TAI G CT) TTA TTGp&AyNG01H/00V@7

2010/ 126375PCT/ NO2010/ 000147 15 PT rGr4 5- TGl AIC CAA TAT G& TTA TTA
AA-3 5 PT r2 5- C(GIG T(AG G TAT CIC CAI 7CAA GTA 6 ACA AA-3 Exampl e 5-
Probe Design TagMan M3 probes were designed using Prinmer Express software

(Applied 5 Bi osygfensa presé Wrth@r‘? dlrgo@ﬁblé&rb@%ebh@n&é‘ws‘i@@N@O’m a% amput
sequence and specr fyr gg an anplicon b The software was set

p.
to find prinmers wth %0 Dmasfarciay tmne@r &Memwlﬂn a flwatophore agd ér quereder
Where necessary, in Oﬁ‘g’?‘%ﬁﬂﬁ? ﬁgnpensate for the software's inability to
| ocat e probes without 8RCous! y locating primers, the sequence was
bracketed by dummy prinmer 10 sequences. TagMan MEB probes were supplied by
Appl i ed Bi osystens and were |abelled with FAM VIC or NED which are the
reconmended | abel s for the tHetestiopohashange aldiuoressenee shevavalength pri sm

7000 serr es of r IC%éfrFetgﬁﬁn\r&S%l%qﬁ@Vttipae I}/EBA'@%RB%% i ncorporate a m nor

groove bi nder, raises 1ows shorter probes to be used,
and a dark (non-fluorescent quencher) 15 A fourth channel, usually used
for a passive reference, is available on ABI 7000 series instrunents. Thi s
channel ideally uses the dye ROX. ROX-I|abell ed M3B probes are not

obtai nable. 1n opdgrtib®42ahi %\fﬁpﬂfi&ﬁtréﬁﬁptﬂee%éférb ddﬂ?fragﬁfe‘h?é?Bﬂ%PWﬁ

enpl oyed. In the first approach probes were first designed as Taghan MGB
probes, then redd3B3grard iaternalcantishéstherpresenemef s of the suggesti ons of
t he 20 suppliers (Sigma Genosys, ) or using the webside http://Ina-tmconi.

LNA probes |ncor@gr atgn %c@@b%rb%lﬂﬁé’?&%@' bose in the sugar-phosphate

backbone that stabilises the structure and increases Tm

Al ternatively Priijer &tomesd RERS poiset vmth ae oligonucieotide Sequednceral s BB
TagMan probes using t@& alro qgram rrlodgé r this purpose and probes <22 bp
were further eval uate aBe'eg e designed with a Tm of 702C.

ROX- | abel | ed pr ofggs “@W@vérbé‘@(ﬂﬂ'ﬁb‘ﬁfﬂeﬂf%{ﬂ &M ofiforliBeSidecse e BIBEQTD W th
t he dark quencher BH(%%l
O:5 or an analog thereof
15 (iv)  a probe with an oligonucleotide sequence of SEQ ID NO: 17, 18, 19
and 20 or an analog thereof, labelled with a fluorophore and a
quencher molecule and

(v) internal control and

20 ‘ b) detection of a change of fluorescence the wavelength
thereof determining the HPV type 31, 33, 35 and internal control.

The present invention also refers to a primer for HPV amplification selected from
the group consisting of: SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO: 3, SEQ ID
s NO:4, SEQ ID NO: 5 and SEQ ID NO:6.

Further, the invention refers to a probe for HPV detection and/or typing and/or
quantitation selected from the group consisting of: SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13,
30  SEQID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18,
SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23,



WO 2010/ 126375PCT/ NO2010/ 000147 16 Candi date probes were conpared with
CLUSTALW nmul ti pl e sequence alignnments of the anplicon region of the

t hi rteen wargav126§y t ypes and HPV6 with variant positi omrsTo2kachooRrobe
sequences targetting intra-type invariant but inter-type specific sequences
were selected for further testing. 5 Exanmgle 6- PCR Program All PCR
reactions were run on the ABI Prism 7000 or 7300 genetic anal yzer (Applied

Bi osyst ens, SECSIBNCG:REYSEGAD No26t$Eoti@Wma2$ISEera‘moem%E@nDtN9rm _
disabled in order to allow the ROX col our channel to be used for detection.

For all 10 SkfbID M}B2, BhE IBONG;34PEM MLNO: %CSE@ZWNQ 3013ERHD NQ:3%

g%/glsg(s:i in gﬁg%ﬂqsym §5%§62@p|§§g§é $Eé{ I#:ﬂ?nglf?é @he p@o%?’a%?ﬁ?ﬁb gzgagf |n on
vol une was SEQLIRND:4p) SECJS@_TNEE48)I\EEMD N©249,i SEQIID NEes0,i SEQ. IDRTB: 51
mast erm xes_were used accor di n%rto t he manufacturers instructions.

Exanpl e 7- $E& IIYQP2FPERILN 5%%@@@%@@%@ IR N%%rﬁﬁ@tlpdﬂoo%

anpliying P50 4 NOIRR, S E N N R R R G QuPRe e,

DNA (Si gma BE@ IZNO:65, SBG ) N:66, 2EQ IDf N@:B&E,(BIENAD/N@ I[B:tSE;@dD N©t7h1g SYBR

o e 8 [ RBHE S R R SR e RO Yés%@@éiﬁrﬁé 77,000

anal ysi s. ABg(yip f):7898Q |'D/Nb'7%ﬁd®é®rl9q\le%d ?ﬁaﬁ ANERYg thefeis

concentration that gave an unequi vocal type-specific dissoci at| on peak. The
criterion for prinmer acceptability at this stage of the analysis vvas an
25anal ytical sensitivity of 4000 GQU or better for all target HPV ty

Ex le 8- %%Wﬁ i t 0147
17a?|2| ﬁnzyrreéelﬁﬁes poo, Fi nP g%f{anlrt% 4 gi{&gpg\gxﬁgigﬂﬁejd%ﬁégﬁﬁédyg&b
Fast M x, Ul\mwdzbaquanmatmreom\( Qmbtodogicaisﬂanmieesommlslngéoumrd@ndmyem ng

a 10-fol d serlal diluti r VL, 0 and
the cognat ePPNPRERIODES ﬁ’éﬂ)’;ﬁ/g ﬁr%qggf% 55) %%:%e f‘a) g%ngh(f{f g%ngﬁ %Aget
DNA was t hes3mAigniBocs ! 61,i68) 6801702p8! 7Y ahd 82, irﬂ@rrﬁ'l pBSitil@ cohttbl AY DNA
testing. Wien used at high concentrations in nultiplex reactions, probes
tend to ntpoly@mesase.t h one another. Therefore probe titration was perforned
in order to determ ne the mninmum probe concentration that could be used

wi thout | oss of sensitivity. Probe concentrations of 200, 150, 100 and 50
nM were tested agai nst 4000, 400, 10 40 and 4 GU of the target type. The

| owest concBRIERDESCBIPTHON OF FHE EGUWRBEBANPetHRTABILES| oss of anal yti cal
sensitivity was used in nultiplex reactions. Exanple 9- Testing of Probes
in Miltiplepg; L4t | i TRESM sk sen
concentratig'rslglfﬁi)(!s5 mgé?'ﬁé"?év%h?ﬁ}sﬁﬂg%%ﬁ@gtee pri néﬁgﬁgﬁgqyesteﬁrggg?ﬁ;@%o
dilution sem’udi'sple)f radﬂimelﬂ@ﬁtypefbolm spacifiedetefdntof pHY/ fypePCR 182att3IHAS, as
descri bed. e t e .of .a multiplex conbination were

anal yti &4l &4'%’ H \a}-ﬁ 554'@08%6 ?’% BYI(ED and no cross-reaction with the
other types in the group. Were unacceptable | oss of analytical sensitivity
or cross-rebigurai: whowsdasplication of £IRNN& inonultiplexagreuprieact i ons wer e
20repeated with fewer probes in all conbinations in order to identify the

| nter f eri NOFRLADS-: sRURRATABIIcatloR WP HASPHARBRIDIS Grolpsi.ed_agai nst 4. 104 QU
of each of tHe fourteen types in the test In o to detect
cross-reaction. \Were cross reacti gon was observed, the cross-reacting probe
was tested Eigarhsi shRws@mrlficaliar of MR inmBultiplex arpupl-a si npl ex reacti on
in order to determ ne whether the cross-reaction was due to a direct
Interacti OnF?e'féN&e%hbh% dmpiicatiod of HP\IPBSMURPRIX groupf?/ type, or due to
secondary effects caused by multiplexing. Wiere probes were rejected due to
interferenc

s reacti e, desi and tested as
basor | ey Eigvte S53ToHs HRbiEatoR O KR A LB aRE L o | 1ot abl o 2.
Figure 6: shows amplification of HPV56 in multiplex group 2.

Figure 7. shows amplification of HPV66 in multiplex group 2.

Figure 8: shows amplification of HPV16 in multiplex group 3.



WO 2010/ 126375PCT/ NO2010/ 000147 18 Table 2. List of probes Gp HPV
Sequence SEQ I D NO Label Type Target 1 PTpl8(7) ATA CAC ACA GCT GCC AGG T
21 FAM Tawdenoei76PV18 1 PTpl8(8) CTTCACCTGGCAGCTG 22 PaliNDRgManoMEB HPV18
1 PTp18(130) CACTGIGCCTCAATC 23 FAM TagMan MGB HPV18 1 PTpl8(131)
ACTGTGCCTCAATCC 7 9

Figure 9: shows amplification of HPV45 in multiplex group 3.
Figure 10: shows amplification of HPV58 in multiplex group 3.
Figure 11: shows amplification of HPV31 in multiplex group 4.
Figure 12: shows amplification of HPV33 in multiplex group 4
s  Figure 13: shows amplification of HPV35 in multiplex group 4.
Figure 14: shows amplification curves for the internal control.

Figures 15-20. show amplification of dilution series of HPV16, HPV18, HPV31,
HPV33, HPV35 and HPV56 with primers PTf and PTr2.

Table 1: Refers to the list of designed primers.
10 Table 2: Refers to the list of designed probes.

Table 3: Refers to the composition of the Multiplex PCR of Multiplex Group 1,
Multiplex Group 2, Multiplex Group 3 and Multiplex Group 4.

Table 4: Refers to evaluation of consensus realtime method on clinical samples.
Table 5: Refers to HPV Group 1, mastermix formulation.
15 Table 6: Refers to HPV Group 2, mastermix formulation.
Table 7: Refers to HPV Group 3, mastermix formulation.
‘ Table 8: Refers to HPV Group 4, mastermix formulation

Table 9: Refers to the analytical sensitivity for the target HPV types.

20 DETAILED DESCRIPTION OF THE INVENTION

The quantitative realtime PCR method according to the present invention detects
all the recognised oncogenic mucosal HPV types down to levels of 400 GU per
sample or less. The method is intrinsically semi-quantitative since results are read

off as C+ values which are proportional to the initial concentration of target DNA. It



FAM TagMan MGB HPV18 PTpl18(177) ACCTGGCAGCTGIGT 25 FAM TagMan MGB HPV18 1
PTp 52 TCT AAC TCT GGC AAT A 26 ROX/BH 02 TagMan MGB H PV52 1 PTp52(4)

t c+Taa+CtwiybgaemdasTac+Tge 8 ROX/ BHQR LNA HPV52 1 PTp 59¢dINobHe/006A7CAT ACG
TGC C 9 NED TagMan M3B HPV59 1 PTp59(77q) AGGCGAGAACAGGTTTTTGCCAGACA 29 NED
10
is also possible to run the reactions in a fully-quantitative mode by including

dilution series of the target type(s) in order to construct standard curves.

The quantitative nature of the method has several advantages. In epidemiological
studies it would be possible to establish a constant cutoff value for all types, thus

s eliminating the biased prevalence estimates that result from type-specific
differences in analytical sensitivity. It has been suggested that only high-level HPV
infections of greater 50 000 GU per sample are clinically significant, although this
remains a matter of debate. In the consensus multiplex method it is possible to
adjust the cutoff to any quantitative value required. Lastly, use of a quantitative

10 method may be of use in following the progress of infections and the efffects of

treatment.

The analytical sensitivity of the method is 4-400 GU for all types in the presence of
500ng of human DNA , which corresponds to 0.75 x 10° cells. Thus the presence
of a single virus copy in 0.5% of the cells would give a positive result. At lower

15 human DNA concentrations (50ng), corresponding to 0.75x10* cells, the sensitivity
improves by a factor of 10. This means that false positive results due to cell-poor
.samples are unlikely to be a problem. However, it also implies that operating the
test in a fully quantitative mode will require standardisation of the cellular DNA

concentration.

20 Compared with the hybrid capture (HCII) test, HPV was detected in more clinical
samples, as is expected considering that the detection sensitivity of the consensus
multiplex method according to the present invention was at least an order of

magnitude higher.

25 The method according to the present invention thus covers all confirmed
oncogenic HPV types in one test. The method has been specifically designed to
give a four-tube format. This gives a method that optimally uses the 8x12 (96-well)
and 16x24 (384 well) formats that are standard in most realtime PCR instruments.
However, it is obvious that the method according to the present invention may be

30 used in a different format without departing from the scope of the invention.



TagMan MEB HPV59 1 PTp59(132) ATCAACTTCCTGAATCACT 30 NED TagMan MEB HPV59 1
PTp59( 159) AAGGTACTGACATACGTGCC 31 NED TagMan MGB HPV59 2 PTp 39(1)

CAC AGA W& 06@20555 AAA 32 ROX/ BHQR TaqMan MGB H PV39 2 pRTR@Ro 00147
ca+Ca+CGat at +Acg+Tg+Caa+Acc 10 ROX/ BHQ@ LNA
11
Further, in the method according to present invention, only one forward primer and
four reverse primers are required. This simplifies quality control and manufacture

and reduces cost.

s According to the present invention known sequence variation within the target
region of the L1 gene has been taken into account prior to primer and probe
design and all variant positions are either avoided or accounted for by modification

of primer sequences.

10 The sensitivity of the method according to the present invention is measured in the
presence of 500ng of human DNA, which correspond to 7,5x10* human cells and
thus accurately mimics the conditions in a cell-rich clinical sample. This provides

for an enhanced sensitivity for all targeted HPV types.

15 The method according to the present invention targets the L1 gene, which is much

less prone to deletion.

The primers according to the present invention could with further modifications be
used for the detection of related HPV types such as inter alia HPV11, 26, 40, 42,
43, 44, 53, 54, 61, 68, 70, 72, 73, 82.

20 In the real-time PCR instrument used in the method according to the present
invention there are two vacant colour channels which allows the possibility of
adding further oncogenic HPV types to the test.

The multiplex grouping described in the present application is one of a number of

possible groupings. For example the primers used in group 3 are known to be able
s to amplify HPV types 18, 31, 33, 39, 51, 58, 59 and 66 and the internal control

HPV6, and thus any of these types might therefore be assigned to this group.

In the present invention a real-time PCR instrument is used having four colour
channels. However with real-time PCR instruments having five, six, seven or more
colour channels alternative variants of the test would be possible. The primers and

30  probes could then be combined in three or two parallel reactions for detection of
the same HPV types.



HPV39 2 PTp39(5) caca+Gat at +Acg+Tg+Caa+Acc 34 ROX/ BHQ@ LNA HPV39 2 PTp 51
AGT GGT AAT GCC CGT G 35 FAM TagMan MEB HPV51 2 PTp51(156)
AGTGGTAARGEGHeH@ 511 FAM TagMan MEB HPV51 WO 2010/ 126 3¢pReboNdeLe/ 000147
19 2 PTp51(158) TGGTAATGGCCGTGACC 37 FAM TaghMan M3 HPV51 2 PTp51(168)
CGTGACCCTATAGAAAG 38 12

10

15

20

25

In the present test format 20 samples can be analysed in one working day, making
the test most suitable for low- to moderate-throughput laboratories. Larger batches
of samples could be analysed using a 384-well format realtime PCR instrument,
although the capacity of available automatic DNA extraction instruments is at

present a more important limit on throughput than the PCR analysis time.

Realtime PCR is a closed-system test. It is thus not necessary to handle amplified
samples in the open laboratory. Problems of PCR carry-over contamination are
thus greatly reduced, and this in turn reduces the resources that must otherwise
be devoted to the stringent contamination control associated with open-laboratory
post-PCR analysis.

The method according to the present invention is inter alia of value in screening

programs where HPV genotyping is preferred.

Preferred embodiments of the invention are described. However it is to be
understood that the invention is not limited to those precise embodiments, and that
various changes and modifications may be effected therein by one skilled in the art
without departing from the scope or spirit of the invention as defined in the
appended claims. The following examples illustrate, but do not limit the invention.

EXAMPLES
Example 1- Plasmids

Plasmids containing the target region of the L1 genes of HPV®6, 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59 and 66 were transformed into Escherichia coli DH5-
alpha and isolated by caesium chloride density gradient centrifugation (Fritsch et
al) or Qiagen HiSpeed Midi Kit (Qiagen GmbH, Hilden, Germany). DNA

concentrations were determined by ultraviolet spectrophotometry.



FAM TagMan M&B HPV51 2 PTp 56 TAG CAA TGG TAG AGA AC 39 VI C Tagvan M3EB
HPV56 2 PTp56(2) CAATACCTGCAGAGITATA 12 VIC TagMan MEB HPV56 2 PTp56( 3)

ATATTTAAAGEGEAAGAREGGT 41 VI C Taghan MGB HPV56 2 PTp 66pd/NDbGdi46CG TCG

CAA T 13 NED TagMan M3B HPV66

10
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Example 2- Clinical samples

Clinical samples were cervical cytobrush samples sent to our laboratory for routine
HPV analysis for secondary screening of low grade dysplasia (LSIL) or equivocal
cytology (ASCUS or inadequate sample). Samples were collected and transported
in CYTYC thin prep transport (medium CYTYC, Crawley, UK) according to the
manufacturers recommendations. 10 ml of sample was centrifuged at 3000 rpm for
10 min and the pellet was resuspended in 100ul phosphate buffered saline before
extraction of DNA using the MagNAPure automatic DNA extraction instrument with
the MagNAPure LC DNA extraction kit (Roche Diagnostics, Penzberg, Germany).
DNA was eluted in 100ul. Clinical specimens that had previously been tested with
the HCII test and typed using a consensus PCR and reverse line blot were used to

evaluate the test.

Example 3- Hybrid Capture Test

The Digene Hybrid Capture Test (Digene, Gaithersburg, MD) was performed using
25 ml of sample according to the manufacturers’ instructions.

Example 4- Primer Design

In order to identify suitable targets for consensus PCR primers, the sequences of
the L1 genes of HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 66,
plus HPV6 were aligned using CLUSTALW. In order to generate input sequences
for the CLUSTAL alignments the prototype sequence of each HPV type was used
in a BLAST search in order to identify intratypic variant sequences. The sequence
was then edited at variant position by the substitution of the appropriate IUPAC
ambiguity code. The regions corresponding to nt 6348 — 6374 and 6579-6557 on
the HPV16 genome were identified as highly conserved and were chosen for the
placing of the forward and reverse primers respectively. This led to the
construction of Primers PTf and PTr. As this primer pair did not amplify all target
types satisfactorily, a phenomenon which could be attributed to low stability of
duplexes with PTr, less degenerate version of PTr were sought.



3 PTp 16(6) ATT TGC AGT AGA CCC AGA G 14 FAM Tagvan MEB HPV16 3 PTpl6(94)
CTGTTGGTGAAAATGTACC 44 FAM TagMan M3B HPV16 3 PTpl6(101)
TGAAAATGWOCABACEAFT 45 FAM Tagvan MEB HPV16 3 PTpl6( 15P6T)NO2010/000147
AGCCAGTTCAAATTAT 46 FAM TagMan MGEB HPV16 3/4 PTp 33 TCT ATT CAA AGC AGI GC
47 VI C TagMan M3B 14
The sequences were grouped into four homology groups on the basis of a
distance tree of the contatenated forward and reverse primer target sequences
constructed in CLUSTALW (http://www.ebi.ac.uk/Tools/clustalw2/index.html). The
groups were HPV18, HPV52 and HPV59 (Group 1), HPV39, HPV51, HPV56 and
s HPV66 (Group 2), HPV16, HPV45 and HPV58 (Group 3) and HPV31, HPV33 and
HPV35 plus the internal control HPV6 (Group 4). For each group a new CLUSTAL
alignment was constructed and group-specific reverse primers were designed in
order to reduce primer degeneracy and improve sensitivity. Variable positions
were accomodated by using inosine as a wildcard base, thymine as a universal
10 pyrimidine, guanine as a universal purine (exploiting the stability of the
noncanonical G:T basepair) or incorporating mixed nucleotides. This led to the
design of primers PTrGr1, PTrGr2 and PTrGr4. The original PTr sequence was

retained for group 3.

An alternative target region corresponding to positions 6644 — 6620 on HPV16

15 was also investigated for placing of the reverse primer. The primer PTr2, was
designed to target this region. PTr2 is suitable for the amplification of HPV types
16, 18, 31, 33, 35, 45, 52, 56, 58, 58 and 59.

Tabell 1.List of primers

Primer Sequence SEQID
NO
PTf | 5-TG(CT)AAA TAT CC(AT) GAT TAT 1

(AT)TI IAA ATG-3

PTrGrib | 5-TGT AGC CAG TAT GG(CT) TTATTG 2
AA-3

PTIGr2 5-TG(GT) AGC CAA TAA GGT TTATTA 3
AA-3

PTro57 5- TGIAIC CAATAIGG(CT) TTATIGAA | 4

-3




HPV33 3/ 4 PTp33(2) ctac+Tgc+Ct c+Ta+Tt +Ca+Aag+Cag 48 ROX/ BHQR LNA HPV33 3/4
PTp33(8) TGCCTCTATTCAAAGCAGIGC 49 NED, VIC TagMan M3 HPV33 3/4 PTp33(10)
GGAACTACRAR G TAGFSAAAGCAGT GCTGC 50 VI C Tagvan HPV33 3péTR3acbii)y
AGAGGCTGITCCCGATGACCTG 51 ROX TagMvan HPV33 3/ 4 PTp33(149)
TTCCCGATGACCTGTACATTAAAGGT 52 ROX TagMan 14PV33

10

15

20

25

PTrGr4 5- TGT AIC CAA TAT GGt TTA TTA AA-3 5
PTr2 5- C(GT)G T(AG)G TAT CIC CAI CAA GTA 6
ACA AA-3

Example 5- Probe Design

TaqMan MGB probes were designed using Primer Express software (Applied
Biosystems, Foster City, CA) using the target amplicon as input sequence and
specifying an amplicon length of 2 200 bp. The software was set to find primers
with a Tm of 60°C and probes with a Tm 10°C higher (70°C). Where necessary, in
order to conpensate for the software’s inability to locate probes without
simultaneously locating primers, the sequence was bracketed by dummy primer
sequences. TagMan MGB probes were supplied by Applied Biosystems and were
labelled with FAM, VIC or NED which are the recommended labels for the three
standard colour channels of the AB Prism 7000 series of realtime PCR
instruments. MGB probes incorporate a minor groove binder, which raises probe
Tm and allows shorter probes to be used, and a dark (non-fluorescent quencher).
A fourth channel, usually used for a passive reference, is available on ABI 7000
series instruments. This channel ideally uses the dye ROX. ROX-labelled MGB
probes are not obtainable. In order to achieve the required Tm, two approaches
were employed. In the first approach probes were first designed as TagMan MGB
probes, then redesigned as LNA probes on the basis of the suggestions of the
suppliers (Sigma Genosys, ) or using the webside http:/Ina-tm.com/. LNA probes

incorporate a modified deoxyribose in the sugar-phosphate backbone that
stabilises the helical structure and increases Tm. Alternatively Primer Express was
used to design conventional (non-MGB) TagMan probes using the program
module for this purpose and probes <22 bp were further evaluated. All probes
were designed with a Tm of 70+2°C. ROX-labelled probes were fluorophor-
labelled at the 5’ end and quenched with the dark quencher BHQ2 at the 3’ end.



3/4 PTp33(9) tg+Cctctatt+Caaag+Cagtgc 19 ROX/ BHQ@ LNA HPV33 WO
2010/ 126375PCT/ NO2010/ 000147 20 3 PTp 58 TCC GGTI AAT ACT GCA G 16 NED
Tagvan M3BOHPMZR6£5PTp58(36) CCAGTGAACCTTATGEG 55 NED Tagivavo2MdaobidY58 3

PTp58(118 n) AAAACTTGGCGAGGCTG 56 NED
16

Candidate probes were compared with CLUSTALW multiple sequence alignments
of the amplicon region of the thirteen target HPV types and HPV6 with variant
positions marked. Probe sequences targetting intra-type invariant but inter-type
specific sequences were selected for further testing.

Example 6- PCR Program

All PCR reactions were run on the ABI Prism 7000 or 7300 genetic analyzer
(Applied Biosystems, Foster City, CA) with the ROX passive reference function
disabled in order to allow the ROX colour channel to be used for detection. For all
10 experiments the PCR program was: 95°C, 12 min followed by 45 cycles of 95°C,
15s; 45°C, 30s; 60°C, 60s. For experiments using SYBR green, dissociation
anaiysis was appended to the end of the program. The reaction volume was 50ul
and 5pl of sample DNA was used in all reactions. PCR mastermixes were used

according to the manufacturers instructions.
15

Example 7- Testing of Primers

Primers were used at a concentration of 600nM. Analytical sensitivity was
assessed for all target HPV types by amplifying 10-fold dilution series of HPV
plasmid DNA in 100 ng/ul human DNA (Sigma Aldrich, St Louis, MI). Amplified

20 DNA was detected using SYBR green with the Finnzymes DyNAmo SYBR green
gPCR kit F400 (Finnzymes, Espoo, Finland) using the PCR program described
combined with dissociation analysis. Analytical sensitivity was defined as the
lowest target concentration that gave an unequivocal type-specific dissociation
peak. The criterion for primer acceptability at this stage of the analysis was an

25 analytical sensitivity of 4000 GU or better for all target HPV types.

Example 8- Probe assessment and titration

Probes were initially used at a concentration of 200 nM. Assessment of probes
was done by TagMan PCR assay using Finnzymes DyNAmo probe PCR kit F450



TagVan MGB HPV58 3 PTp58(156) AAGGGTCCGGTAATAC 57 NED Taghan MGB HPV58 3
PTp58(170) ACTGCAGTTATCCAAAGTA 58 NED TagMan MGB HPVS8 3/ 1 PTp 45(3) ATA
CAC ACA AED 200268759 VI C TagMan MGB HPV45 3/ 1 PTp45(6) GTEARACOHROTAECAGT 15

VI C TagMan M&EB HPV45 3/ 1 PTP45(4) aa+Tac+Aca+Caa+Ct g+Ccagg 61 ROX/ BHQ2 LNA
17

(Finnzymes, Espoo, Finland) or, in later experiments, PerfeCta gPCR FastMix,
UNG Quanta Mastermix (Quanta Biosciences, Gaithersburg, MD) using a 10-fold
serial dilution of the target HPV type in 100 ng/pl human DNA and the cognate
primers. A positive amplification signal from 400 GU of target DNA was the

s minimum criterion for approval of the probe for further testing.

When used at high concentrations in multiplex reactions, probes tend to interfere
with one another. Therefore probe titration was performed in order to determine
the minimum probe concentration that could be used without loss of sensitivity.
Probe concentrations of 200, 150, 100 and 50 nM were tested against 4000, 400,
10 40 and 4 GU of the target type. The lowest concentration of probe that could be

used without loss of analytical sensitivity was used in multiplex reactions.

Example 9- Testing of Probes in Multiplex

For multiplex testing, the probes were combined at the chosen concentration

15 together with the cognate primers and tested against dilution series of the three or
four target HPV types in PCR reactions as described. Criteria for acceptance of a
multiplex combination were analytical sensitivity 400 GU or better and no cross-
-reaction with the other types in the group. Where unacceptable loss of analytical
sensitivity or cross-reaction were detected in a multiplex group, reactions were

20 repeated with fewer probes in all combinations in order to identify the interfering

probe.

Successful groups of probes were tested against 4.10* GU of each of the fourteen
HPV types in the test in order to detect cross-reaction. Where cross-reaction was
observed, the cross-reacting probe was tested against the cross-reacting HPV

s type(s) in a simplex reaction in order to determine whether the cross-reaction was
due to a direct interaction between the probe and the cross-reacting HPV type, or
due to secondary effects caused by multiplexing.

Where probes were rejected due to interference or cross-reaction, new probes

were designed and tested as described above.

30 The probes which were assessed are shown in table 2.



HPV45 3/ 1 PTp45(5) ct+Agc+CGect +Aat +At g+Cgt gaa 62 ROX/ BHQ@2 LNA HPV45 3/1

PTp45(172 Q TGCGTGAAACCCCTGGCAGITG 63 VI C TagMan HPV45 3/ 1 PTp45(127)
ACACAGTAGUDACEEATFA 64 VI C Tagvan MEB HPVA5 3/ 1 PTp45( 264)N02010/000147
CGCTAATATGCGTGAAAC 65 VI C TagMan MEB HPV45

18
Table 2. List of probes
Grp | HPV Sequence SEQID Label Type Target
NO
1 PTp18(7) ATA CACACAGCTGCCAGGT 21 FAM TagMan | HPV18
MGB
1 PTp18(8) CTTCACCTGGCAGCTG 22 FAM TagMan | HPV18
MGB
1 PTp18(130) | CACTGTGCCTCAATC 23 FAM TagMan | HPV18
MGB
1 PTp18(131) | ACTGTGCCTCAATCC 7 FAM TagMan | HPV18
MGB
1 PTp18(177) | ACCTGGCAGCTGTGT 25 FAM TagMan | HPV18
MGB
1 PTp 52 TCT AACTCT GGC AATA 26 ROX/BHQ2 TagMan | HPV52
MGB
1 PTp52(4) tc+Taa+Ctc+Tggc+Aa+Tac+Tgc 8 ROX/BHQ2 | LNA HPV52
1 PTp 59(1) TACTGA CAT ACGTGCC 9 NED TagMan | HPV59
MGB
1 PTp59(77q) | AGGCGAGAACAGGTTTTTGCCAGACA 29 NED TagMan | HPVS9
MGB
1 PTp59(132) | ATCAACTTCCTGAATCACT 30 NED TagMan | HPV59
MGB
1 PTp59(159) | AAGGTACTGACATACGTGCC 31 NED TagMan | HPV59
MGB
2 PTp 39(1) CAC AGA TAT ACG TGC AAA 32 ROX/BHQ2 TagMan | HPV39
MGB
2 PTp39(4) ca+Ca+Gatat+Acg+Tg+Caa+Acc 10 ROX/BHQ2 LNA HPV39
2 PTp39(5) caca+Gatat+Acg+Tg+Caa+Acc 34 ROX/BHQ2 LNA HPV39
2 PTp 51 AGT GGT AAT GGC CGTG 35 FAM TagMan | HPV51
MGB
2 PTp51(156) | AGTGGTAATGGCCGTGAC 11 FAM TagMan | HPV51
MGB




4 PTp 35 TAC CAC TGG CAC ATT G 66 FAM Taghan MB HPV35 4 PTp35(4)
GTACCACTGGCACATTG 20 FAM TagMan MGB HPV35 4 pTP35(5) TACCACTGGCACATTG 68
FAM TagMVawoNER/i90%35 4 PTp 31 TCC GGT TCA ACA GCT AC 18 pUirGobagdanisvGs

HPV31 4 PTp3l (115g) TCAGGCGCGGTTGGTGAATCGGT 70 VI C TagMan HPV31

19

2 PTp51(158) | TGGTAATGGCCGTGACC 37 FAM TagMan | HPV51
MGB

2 PTp51(168) | CGTGACCCTATAGAAAG 38 FAM TagMan | HPV51
MGB

2 PTp 56 TAG CAA TGG TAG AGA AC 39 VIC TagMan | HPV56
MGB

2 PTp56(2) CAATACCTGCAGAGTTATA 12 VIC TaqgMan | HPV56
MGB

2 PTp56(3) ATATTTAAAGGGTAGCAATGGT 41 VIC TagMan | HPV56
MGB

2 PTp 66(1) TTIGGAAGGG TGGCAAT 13 NED TagMan | HPV66
MGB

Y

3 PTp 16(6) ATT TGC AGT AGACCCAGA G 14 FAM TagMan | HPV16
MGB

3 PTp16(94) CTGTTGGTGAAAATGTACC 44 FAM TagMan | HPV1e
MGB

3 PTp16(101) | TGAAAATGTACCAGACGATT 45 FAM TagMan | HPV16
MGB

3 PTp16(155s | AGCCAGTTCAAATTAT 46 FAM "TagMan | HPV16
) MGB

3/4 PTp 33 TCT ATT CAA AGC AGT GC 47 VIC TagMan | HPV33
MGB

3/4 | PTp33(2) ctac+Tgc+Ctc+Ta+Tt+Ca+Aag+Cag 48 ROX/BHQ2 | LNA HPV33

3/4 PTp33(8) TGCCTCTATTCAAAGCAGTGC 49 NED, VIC TagMan | HPV33
MGB

3/4 | PTp33(10) GGAACTACTGCCTCTATTCAAAGCAGT 50 VIC TagMan | HPV33

GCTGC

3/4 | PTp33(141) | AGAGGCTGTTCCCGATGACCTG 51 ROX TagMan | HPV33

3/4 | PTp33(149) | TTCCCGATGACCTGTACATTAAAGGT 52 ROX TagMan | HPV33

3/4 PTp33(9) tg+Cctctatt+Caaag+Cagtgc 19 ROX/BHQ2 | LNA HPV33




WD 2010/ 126375PCT/ NO2010/ 000147 21 4 PTp31(168) TTCAACAGCTACTTTACGC 71 VIC
TagMan M3B HPV31 4 PTp31(162) CTCCGGITCAACAGCTA 72 VIC TagMan MEB HPV31 4

A

PTp6(2) WO aNbE&GECTTATAATTAA 73 NED Tagvan MGB HPV6 4 pRTR&adffooo147
CCCCGA

GCGGCT 74 NED TagMan MGB HPV6 4 PTp6(190 TGTTAACACCCCGAGCGG 75 NED
20

3 PTp 58 TCC GGT AATACTGCAG 16 NED TagMan | HPVS8
MGB
3 PTp58(36) CCAGTGAACCTTATGGG 55 NED TagMan | HPVS8
MGB
3 PTp58(118 AAAACTTGGCGAGGCTG 56 NED TagMan | HPVS8
m) MGB
3 PTp58(156) | AAGGGTCCGGTAATAC 57 NED TagMan | HPVS8
MGB
3 PTp58(170) | ACTGCAGTTATCCAAAGTA 58 NED TagMan | HPVS8
MGB
3/1 PTp 45(3) ATA CACACAACTGCCA 59 VIC TagMan | HPV45
MGB
3/1 PTpa5(6) GTGAAACCCCTGGCAGT 15 VIC TaqMan | HPVA45
MGB
3/1 PTP45(4) aa+Tac+Aca+Caa+Ctg+Ccagg 61 ROX/BHQ2 LNA HPV45
3/1 PTp45(5) ct+Agc+Gcet+Aat+Atg+Cgtgaa 62 ROX/BHQ2 LNA | HPV4S
3/1 PTp45(172 TGCGTGAAACCCCTGGCAGTTG 63 VIC TagMan | HPV45
Q)
3/1 PTp45(127) | ACACAGTACCTACGGACCTA 64 VIC TagMan | HPV45
MGB
3/1 PTp45(164) | CGCTAATATGCGTGAAAC 65 VIC TagMan | HPV45
MGB
4 PTp 35 TAC CACTGG CACATT G 66 FAM TagMan | HPV35
MGB
4q PTp35(4) GTACCACTGGCACATTG 20 FAM TagMan | HPV35
MGB
4 pTP35(5) TACCACTGGCACATTG 68 FAM TagMan | HPV35
MGB
4 PTp 31 TCC GGT TCA ACA GCT AC 18 vIC TagMan | HPV31
MGB
4 PTp31 TCAGGCGCGGTTGGTGAATCGGT 70 VIC TagMan | HPV31
(115g)




TagMan MEB HPV6 4 PTp6(154) TAGTGGAAATCGCACGTCT 17 NED TagMan MGB HPV6 4
PTp6(101) AACAGGGCTGGCOGAGGTGSG 77 ROX/ BHQR Taghan HPV6 4 PTp6(98)

TTTAACAGEECRHBACHISTGCG 78 ROX/ BHQR2 TagMan HPV6 4 PTp6( 222)N02010/000147

ACAGGGCTGGCGAGGTGGG 79 ROX/ BHQR Taghan HPV6 4 PTp6(116)
TTTTTAACAGGGCTGGOGAGGT 80 ROX/ BHQR TagMarl

10

15

4 PTp31(168) | TTCAACAGCTACTTTAGC 71 VIC TagMan | HPV31
MGB

4 PTp31(162) | CTCCGGTTCAACAGCTA 72 VIC TagMan | HPV31
MGB

4 PTp6(2) TGCCTGATACTCTTATAATTAA 73 NED TagMan | HPV6
MGB

4 PTp6(197) ACCCCGAGCGGCT 74 NED TagMan | HPV6
MGB

4 PTp6(190 TGTTAACACCCCGAGCGG 75 NED TagMan HPV6
MGB

a4 PTp6(154) TAGTGGAAATCGCACGTCT 17 NED TaqgMan | HPV6
MGB

4 PTp6(101) AACAGGGCTGGCGAGGTGGG 77 ROX/BHQ2 TagMan | HPVé

4 PTp6(98) TTTAACAGGGCTGGCGAGGTGGG 78 ROX/BHQ2 TagMan | HPV6

4 PTp6(122) ACAGGGCTGGCGAGGTGGG 79 ROX/BHQ2 TagMan | HPV6

4 PTp6(116) TTTTTAACAGGGCTGGCGAGGT 80 ROX/BHQ2 TagMan | HPV6

The multiplex group to which the types are currently assigned is given in the first

column. Locked nucleic acid (LNA™) sequences are written with lower case letters

for normal residues and uppercase letters prefixed with '+’ for LNA residues.

Probes in use in the multiplex mixes shown below are in bold text. Grey text

indicates that the probe has been replaced. The fluorophors used (FAM, VIC, NED

and ROX) are those used in the present method. Alternative fluorophors and

combinations of fluorophors may be used as known by the skilled man.

After 1 — 3 rounds of probe/primer redesign, the multiplex formulation in Table 3
was arrived at.




HPV6 The nultiplex group to which the types are currently assigned is
given in the first colum. Locked nucleic acid (LNATM sequences are
written woOlolopmes7scase |etters for nornmal residues andpopparoasmoidsetters
prefixed with "+ for LNA residues. 5Probes in use in the nultiplex mxes
shown below are in bold text. Gey text i43dicates that the probe has been
repl aced. The fl uorophors used (FAM VIC, NED and ROX) are those used in

t he presentTablelB1dCompesition ofethiel Maltipler RCR miixegnbi nati ons of fl uorophors
may be used as known by the skilled man. 10After 1 -3 rounds of

probe/ pri edesign, the |t formulation in Table 3 was arrived at.
WO 2010/ 1%?&@?%%?0%%5%%bl e 3. Conposition of the Miltiplex

PCR m xes Multiplex Goup 1. HPV 18,52,59. Priner Sequence SEQ I D NO

Concent r at i[dhimeTf 5- TEeGIIMAA TAT CC(AT) GAT TAT| SE®)I| GoAgensdi@n3 1 600nM|
PTrG 1b 5-TGT AGC CAG TAT GE CT) TTA TTG AA-3 2 60QyM |Probe Sequence SEQ
I D NO Type |[Concentrat|i on PTp18(131) 5- FAM ACT G CCT |CAA TCC-3 7 TagMan
M3B 150nM PTf 5-TG(CT)AAA TAT CC(AT) GAT TAT 600nM
(AT)TI IAA ATG-3
]
PTrGrib 5-TGT AGC CAG TAT GG(CT) TTATTG 2 600nM
AA-3
Probe Sequence SEQID | Type Concentration
NO
PTp18(131) | 5- FAM ACT GTG CCT CAATCC-3 TagMan | 150nM
MGB
7
PTp52(4) 5- ROX TC+TAA+CTC+TGGC+AA+ LNA 50nM
TAC+TGC-3 8
PTp59(1) 5- NED TAC TGA CAT ACG TGC C-3 9 TagMan | 100nM
MGB

s Multiplex Group 2. HPV 39,51,56,66

Primer Sequence SEQ ID | Concentration
NO

PTf 5-TG(CT)AAA TAT CC(AT) GAT TAT 600nM
(AT)TIIAA ATG-3

PTrGr2 5-TG(GT) AGC CAATAAGGT TTATTA 600nM
AA-3




PTp52(4) 5- ROX TC+TAA+CTC+TGGC+AA+ TAC+TGC-3 8 LNA 50nM PTp59(1) 5- NED
TAC TGA CAT ACG TGC C-3 9 Tagvan M3B 100nM 5 Multiplex Goup 2. HPV

39, 51, 56,w6 2Pro/1re375Sequence SEQ | D NO Concentrati on PTf peT/Ne2CIy0déed7 TAT
CC(AT) GAT TAT (AT)TI 1AA ATG3 1 600nM PTrG 2 5-TQ GI) AGC CAA TAA GGT TTA
TTA AA-3 3 600nM WD 2010/ 126375PCT/ NO20143/ 000147 23 Probe Sequence SEQ I D
NO Type Concentration PTp 39(4) 5-ROX CA+CA+GATAT+ACGHTG+CAA+ACC- 3

Probe Sequence SEQID | Type Concentration
NO
PTp 39(4) | 5-ROX LNA 50nM
CA+CA+GATAT+ACG+TG+CAA+ACC-3
10
PTp 5- FAM AGT GGT AAT GGC CGT GAC-3 TagMan | 100nM
51(156) MGB
11
PTp 56(2) | 5- VIC CAA TAC CTG CAG AGT TAT A-3 12 TagMan 50nM
MGB
PTp 66 (1) | 5- NED TTG GAA GGG TGG CAA T-3 13 TagMan | 100nM
MGB
Multiplex Group 3. HPV 16,45,58
Primer Sequence SEQID | Concentration
NO
PTf 5-TG(CT)AAA TAT CC(AT) GAT TAT 1 600Nm

(AT)TI IAA ATG-3

PTr957 5- TGI AIC CAATAI GG(CT) TTATTG AA 4 600Nm
-3

Probe Sekvens . SEQID | Type Concentration
NO

PTp16(6) | 5- FAM ATT TGC AGT AGA CCC AGA G-3 14 | TagMan | 150Nm

MGB

PTp45(6) | 5- VIC GTG AAA CCC CTG GCA GT-3 15 TagMan 150Nm
MGB

PTp58 5- NED TCC GGT AAT ACT GCA G-3 16 TagMan 50Nm

MGB




10 LNA 50nM PTp 51(156) 5- FAM AGI GGI' AAT GGC CGI' GAC-3 11 TagMan MGB
100nM PTp 56(2) 5- VIC CAA TAC CTG CAG AGT TAT A-3 12 TagMan M3B 50nM PTp
66 (1) 5-wbbbolibea7SM GGG TGG CAA T-3 13 TaghMan MEB 100nkerMébidalegis7 & oup
3. HPV 16, 45,58 Priner Sequence SEQ I D NO Concentration PTf 5-TG CT) AAA TAT
CC(AT) GAT TAT (AT)TI 1AA ATG 3 1 600Nm RoIr 957 5- TA Al C CAA TAI GH CT)
TTA TTG M -3 4 600Nm Probe Sekvens

Multiplex Group 4. HPV 6,31,33,35

Primer Sequence SEQ ID | Concentration
NO
Olit+ 5- TG(CT)AAA TAT CC(AT) _ATT AT 1 600nM

(AT)TIIAA ATG -3

PTrGr4 5- TGT AIC CAA TAT GGt TTATTA AA-3 5 600nM
Probe Sekvens SEQ ID | Kons.i C.off
NO Quantamix
PTp 6(154) | 5-TAG TGG AAATCG CAC GTC T- 3NED 17 50nM 6-7
PTp 31 5-TCC GGT TCA ACA GCT AC-3 VIC 18 50nM 31-9
PTp 33(9) 5-ROX tg(+C)ctctatt(+C)aaag(+C)agtge- 19 150nM 33-7
BHQ2
PTp 35(4) 5- GTA CCA CTG GCA CAT TG-3 FAM 20 100nM 35-7

Example 10- Internal Control

s A plasmid containing the genome of the non-oncogenic HPV type HPV6 was used
as an internal control. Design and testing of the HPV6 internal control probe was
as for the other probes. In order to determine a suitable concentration of internal
control, HPV6 was added to group 4 PCR reactions at 10x serially diluted
concentrations from 4.10° GU to 40 GU per reaction. The multiplex mix containing

10 internal control was used in amplification test using HPV types 31, 33 and 35 10x
dilution series in order to determine which internal control concentrations, if any,
reduced analytical sensitivity for the target types.

Example 11- Evaluation against clinical samples

15 Once the final formulation of the test was arrived at based on the results of the

above tests, the test was evaluated on 37 clinical specimens and the results were



SEQ I D NO Type Concentration PTpl6(6) 5- FAM ATT TGC AGI AGA CCC AGA G 3 14
TagMan M3B 150Nm PTp45(6) 5- VIC GIG MA CCC CTG GCA GI-3 15 Tagvan MGB
150NM PTp®8 2010/DEs TCC GGT AAT ACT GCA G 3 16 TagMan M3BcREs010/0v147

2010/ 126375PCT/ NO2010/ 000147 24 Multiplex Goup 4. HPV 6,31, 33,35 Priner
Sequence SEQ I D NO Concentration 01i 1+ 5-25T CT) AAA TAT CC(AT) _ATT AT
(AT)TI IMATG -3 1 600nM PTrG 4 5- TGI AIC CAA TAT G& TTA TTA AA-3 5 600nM

compared with the previous results of the hybrid capture HCII test and previous
typing results using a reverse line-blot test.

Table 4 compares the results of consensus multiplex PCR for 37 clinical samples,
compared with the hybrid capture (HCII) test and the results of previous typing

s using reversed line blot. No false negative results relative to the previous tests
were encountered. One sample was false negative relative to the HCIl test and in
one sample the consensus multiplex test failed to detect a type found by the |

previous typing test.

The results thus shows that in 5 samples the consensus multiplex test according
10 to the present invention detected additional types not detected in the previous
analyses.

Table 4. Evaluation of Consensus Realtime Test on Clinical Samples .

Sample Result HCII Previous Typing Result Consensus
Result Multiplex

1 + HPV16 HPV16

2 - - -

3 - - -

4 + HPV35 HPV16, 35, 52

5 - - -

6 + HPV31 HPV31, 52

7 - - -

8 + HPV51 HPV51, 56

9 + HPV51 HPV51

10 - - -

11 - - -

12 - - HPV51, 66

13 - - -

14 - - -

15 - - -




Probe Sekvens SEQ I D NO Kons.i Quantamix C off PTp 6(154) 5-TAG TGG AAA
TCG CAC GIC T- 3 NED 17 50nM 6-7 PTp 31 5-TCC GGI' TCA ACA CCT AC-3 VIC 18
50nM 31- owBBp1033685 5- ROX t g(+C) ctctatt (+C) aaag(+C) agt gecTRIdR10ID0oLUF0ON M
33-7 PTp 35(4) 5- GTA CCA CTG GCA CAT TG 3 FAM 20 100nM 35-7 Exanple 10-
Internal Control 5 A plasm d containing t#e genone of the non-oncogenic HPV
type HPV6 was used as an internal control. Design and testing of the HPV6

internal corgrol probe wag-as for the othpr probes. In orjder to determng a
suitable cancentration of linternal control HPV6 was added to group 4 PCR
reactions a17 10x serl ally|diluted concentfations from 4. 103 QU to 40 QU per
reaction. r-tptex—mrx—contarntng—16 fra—cont+ gsed—n
anplificat |1(§T test using HPV types 31, 33 gﬁﬁ? 10x dil ut %ﬂégerl es in
order to deferm ne which foternal control|concentrations, -|f any, reduced
analytical| sensitivity fo the target typpes. Exanple 11- |[Fvaluati on agaifgst
clinical gables 15 Once fhe final fornul pHPY91of the tegtHRMBlarrived at
based on the—+esttHts—of—the—abovetests—thetest—was—evahgategdon 37
clinical sp@ci mens and the results were |~ HPVTG, 45

22 - - -

23 - - -

24 - - -

25 - - -

26 + - -

27 - - -

28 - - -

29 - - -

30 + HPV45 HPV45

31 - - -

32 + HPV16 HPV16

33 - - -

34 - HPV31 HPV31

35 + HPV51, 52, 59 HPV51, 52

36 - - -

37 - - -

Table 4 thus compares the results of consensus multiplex PCR for 37 clinical
samples, compared with the HCII test and the results of previous typing using
reversed line blot. There was complete agreement of results for 28 samples, of

s which five were positive and 23 were negative. For two samples HCIl was
negative while reverse line blot and consensus multiplex PCR gave identical
results. In 5 samples the consensus multiplex test detected extra types not
detected by reverse lineblot. These types were HPV66 (one sample), which is not
included in the reverse line blot assay, HPV52 (two samples) and HPV56 (one

10 sample) for which the reverse line blot assay is known to have reduced sensitivity



25 conpared with the previous results of the hybrid capture HCIl test and
previous typing results using a reverse line-blot test. Table 4 conpares

t he resulwe 20fo/eesrsensus mul tiplex PCR for 37 clinical serposio/monpared
with the hybrid capture (HCIl) test and the results of previous typing
5using reversed line blot. No fal se negatd’ve results relative to the
previous tests were encountered. One sanple was false negative relative to

the HCI I tesid BPY35) HIME1 6 and HP V4B (oreGasesssch)lin o edmpRsthef curlseflsti®
detect a type found t he previous typing test. The results thus shows

b
that in 5 SARPIPEX @ﬁtaya&lsﬁé@mwtmme Y5O detesied Puirapree ling bioteOpeesent
i nvention ’ﬁﬁ'g%éggéif{%%ﬂb( t{iyfﬁ%ﬁ-lf!ﬁtte&?t ected in the previous anal yses.
u nserisus Real

Tabl e 4. Eval uati on ire’" Test on Cinical Sanples Sanple
Result HCIl Previous Typing Result Result Consensus Miltipl ex .1 + HPV16

HPV16 2 - 3 _ 4 + HPV35 HPV16, 35, 52 5 _

s Example 12- Consensus realtime PCR setup

The following procedure was used to analyse 21 clinical samples. The samples
were DNA from cervical brush samples extracted using the MagNAPure automatic
DNA extractor.

1. PCR mixes for multiplex groups 1,2,3 and 4 were prepared in
10 separate tubes according to the tables below.
Table 5

HPV Group 1, mastermix formulation: 50l reaction.
Primer concentration 600nM.
Probe concentration 150 nM for HPV18, 50nM for HPV52 and 100nM for HPV59.

Component Volume Volume
Per 26
sample samples

and
controls

Rx-mix QuantaFast | 25ul 650ul

Cycling qPCR

PTf 100 pmol/ul 0.3 ul 7.8ul

PtrGr1 100 pmol/ul 0.3 ul 7.8ul

Probes 18(131), 1.5+0.5+1 | 39+13+

52(4), 59(1) .oul 26ul

5 pmol/pl

15



6 + HPV31 HPV31, 52 7

12 -

HPV51, 66 13 _ -
WO 2010/126375

Table 6

HPV Group 2, mastermix formulation: 50pl reaction.

Primer concentration 600nM.
Probe concentration 50nM for HPV39, 100nM for HPV51, 50nM for HPV56 and

s  100nM for HPVE6

28

Component Volume Volume
Per 26
sample samples

and
controls

Rx-mix QuantaFast | 25ul 650ul

Cycling qPCR

PTf 100 pmol/pl 0.3 nul 7.8ul

PTrGr2 100pmol/ul | 0.3 i 7.8ul

Probes 39(4), 0.5+1.0+0 | 13+26+

51(156), 56(2)66(1) | .5+ 1.0ul | 13+26ul

5 pmol/pl

H20 16.4ul 426l

10

8 + HPV51 HPV51, 56 9 + HPV51 HPVS1 10 -
14 - - -

PCT/NO2010/000147

11



15 - - - WD 2010/ 126375PCT/ NO2010/ 000147 26 16 _ - - 17 - - - 18 + HPV39
HPV39 19 - - 20 - HPV51 HPV51 21 - - HPV16, 45 22 - - - 23
WO 2010/126375 PCT/NO2010/000147
29
Table 7

10

HPV Group 3, mastermix formulation: 50yl reaction.

Primer concentration 600nM.
Probe concentration 150 nM for HPV16, 150nM for HPV45 and 50nM for HPV58

Component Volume Volume
Per 26
sample samples

and
controls

Rx-mix QuantaFast | 25yl 650l

Cycling gPCR

PTf 100 pmol/ul 0.3 ul 7.8ul

PTr 100 pmol/ul 0.3l 7.8ul

Probes 16(6), 45(6), | 1.5+1.5+0 | 39+39+

58 Sul 13ul

5 pmol/ul

H.0 15.9ul 413ul




24

10

- - - 25 - - 264 - - 27 -

32
WO 2010/126375

Table 8

30

HPV Group 4, mastermix formulation: 50pl reaction.

Primer concentration 600nM.
Probe concentration 50 nM for HPV6, 50nM for HPV31, 150nM for HPV33 and

100nM for HPV35
Component Volume Volume
Per 26
sample samples
and
controls
Rx-mix QuantaFast | 25pl 650ul
Cycling gPCR
PTf 100 pmol/ul 0.3 7.8ul
PtrGr 4 100 pmol/pl | 0.3 pl 7.8ul
Probes 6(154), 31, 0.5+0.5+1 | 13+13+
33(9), 35(4) S5+ 1.0u | 39+26pl
5 pmol/pul
IK 0.5ul 13ul
H.0 15.9ul 413pi

- - 30 + HPV45 HPV45

PCT/NO2010/000147

2. PCR program: 95°C, 12 min followed by 45 cycles of 95°C, 15s;
45°C, 30s; 60°C, 60s. AB7300 realtime PCR machine. The following 96
well plate setup is used:

Rows 1, 2, 3: detectors for Group 1,

Rows 4, 5, 6: detectors for Group 2,



+ HPV16 HPV16 33 _ - - 34 - HPV31 HPV31l 35 + HPV51, 52, 59 HPV51, 52 36 - -
- 37 - - Table 4 thus conpares the results of consensus multiplex PCR

for 37 clwpiwalieaspl es, conmpared with the HC | test angcih®2ofFiabiss of
previ ous typing using reversed |ine blot. There was conpl ete agreenent of

results for 28 sanples, of 5 which five wdre positive and 23 were negati ve.
For two sanples HCIl was negative while reverse |ine blot and consensus

mul tiplex PCR gamewksde8! Bcaldetextortst for Aroup 3s@tPl es the consensus nul ti pl ex
test detected extra types not detected by reverse |ineblot. These types

were HPV66 (one sanp|.e),. igh i,s not {ncluded in the reverse |ine bl ot
assay, HPV52 (t\/\%o‘é’a I1és\)wéf%e%fg’réfﬁ@p%ﬁ sanpl e) for which the reverse
line blot assay is known to have reduced sensitivity WO

2010/ 126375PCT/ Negfdp daabérfoz eaghdf tie/23 ,saniplés isaldo ldRtered( one case each).
In one sanple the consensus nultiplex test failed to detect a type (HPV59)

detected by r ever%%&' E%,ﬁ@ebi's%n |r93ff ﬁ%&%ﬁj{ti@ﬂ?%@ﬁ%ﬁgiﬂc nthdl ik |

test. 5 Exanple ensus rea Setup OW ng procedure

was used to anal gsraidingcall thectdPVagpes irstheTdroup aimal regative &obbidls arem cer vi cal
brush sanples extracted using the MagNAPure automati c DNA extractor. 1.PCR
mi xes for nultipnekdgfoups 1,2,3 and 4 were prepared in

Thus the following controls are included:
Positive controls

13-type control, containing 4000 GU of HPV16, 18, 31,33, 35, 39, 45, 51,
10 52, 56, 58, 59 and 66 per 5pl aliquot.

Group positive controls, containing 4000 GU of HPV18, 52 and 59 (group
1), HPV39, 51, 59 and 66 (group 2), HPV16, 45 and 58 (group 3) and HPV
31, 33 and 35 (group 4) were used with their respective groups.

For each multiplex group a 13-type multiplex control, a group control and a

15 negative control (no DNA added) were run.

3. PCR mixes as described in (1) are aliquoted , 45ul to a well,

following the plate setup.

5 ul sample DNA, positive control or negativ control are added according to
20 the plate setup.

The PCR plate is sealed and placed in the PCR machine. The PCR

program takes approximately 2.5 hours.

Logistic considerations

The time required for completion of the analysis of 20 samples is 8 hours — 4.5
25 hours for sample processing, 15 minutes for PCR setup, 2.5 hours PCR run time
and 1 hour for analysis. Of this, 2.5 hours is hands-on time.



10separate tubes according to the tables below Table 5 HPV G oup 1,
masterm x formul ation: 50pl reaction. Prinmer concentration 600nM Probe

concent r aypap1o26378M for HPV18, 50nM for HPV52 and 100ncirgio20iiumdie7
Component Vol une Per sanple Vol unme 26 sanples and controls Rx-m X

Quant aFast Cycling gPCR 25111 650g1 PTf 130 prol/pl 0.3 R 7.8g1 PtrG1 100
pnol /pl 0.3 pl 7.8gl1 Probes 18(131), 52(4), 59(1) 5 pnol/pl 1.5+0.5+1 .0111

39+13+ 269 1Anéﬂ§3|§<’ﬁ?|s@g8>lé?¥n@a%ﬁhﬂ3aﬂdfﬁéﬂ%§‘fér ¢ongansak intipleQ ydalkigrct i on.

Pri ner concentriation Probe concentration 50nM for HPV39, 100nM

for HPV51, BORWMypefoHbeswppesific detecinmet dPVHpRes 160hBodibrd3, Bl 69194%51 Hpl e
Vol ure 26 S@émgéa %Qaé]'gd 66 are shown in Figures 1-13. The vertical axis is log

(fluorescence), background subtracted, for the appropriate colour channel. The

s horizontal axis is PCR cycle. The horizontal line marked with an arrowhead on the
right hand vertical axis is the threshold line which is placed manually after
correction for background fluoresence. Amplification curves crossing the threshold
line are considered positive, and the fractional PCR cycle where the ampilification
curve crosses the threshold line is the threshold cycle (Cr) given in the

10 accompanying report. Figure 4 shows ampilification of the internal control, HPV6.

Results for Multiplex Group 1. HPV18, 52 and 59.

Figure 1 shows amplification of HPV18 in multiplex group 1. The two positive
curves are positive controls. There are no HPV18-positive samples.

15 Figure 2 shows amplification of HPV52 in multiplex group 1. 4 positive curves are
visible. The orange and grey curves to the right are positive controls. The two blue

curves are positive samples (samples four and 6) containing HPV52.

Figure 3 shows amplification of HPV59 in multiplex group 1. The two positive
curves are positive controls. There are no HPV59-positive samples.

20
Results for Multiplex Group 2. HPV39, 51, 56 and 66.

Figure 4 shows amplification of HPV39 in multiplex group 2. The green curve is a

positive control containing the target types of group 2. In a second positive control

containing all fourteen target types HPV39 failed to amplify. The black curve is a
25 strongly positive sample (sample 18) containing HPV39.

Figure 5 shows amplification of HPV51 in multiplex group 2. Six positive curves
are visible. The green and brown curves crossing the threshold line at cycle 29 are
positive controls. The four remaining curves are HPV51-positive samples, two of
which (samples 8 and 9 are very strongly positive). The black and blue curves for



controls Rx-m x QuantaFast 25111 650pl1 Cycling gPCR PTf 100 pnol/pl 0.3
pi 7.8111 PTrG2 100pnol/pl 0.3 pi 7.8111 Probes 39(4), 0.5+1.0+0 13+26+

51(156), w6LAIBBELS . 5+ 1.00 13+26111 5 pnol /pl  H20 16c4sibARfibdls 29

Table 7 HPV Group 3, nmasterm x formnul ati on: 50pl reaction. Priner
concentrati on 600nM Probe concentration 330 nM for HPV16, 150nM for HPV45
and 50nM for HPV58 Conponent Vol une Per sanple Vol une 26 sanples and

these two samples are almost coincident. Sample 20 (green curve) crosses the
threshold line close to the positive controls, indicating that it contains similar
amounts of HPV51 (4000 GU). Sample 12 (red curve) is weakly positive.

Figure 6 shows amplification of HPV56 in multiplex group 2. 3 positive curves are

s visible. Green and brown curves are positive controls. The blue curve is a positive
sample (sample 8). The flattened curve is due to the competitive effect of the very
high concentrations of HPV51 in this sample.

Figure 7 shows amplification of HPV66 in multiplex group 2. The green and brown
positive curves at the extreme right are positive controls. The red curve is a

10 positive sample.

Results for Multiplex Group 3. HPV16, 45 and 58.

Figure 8 shows amplification of HPV16 in multiplex group 3. 4 positive curves are
visible. The brown and red curves crossing the threshold line at cycle 34 are

15 positive controls. The brown curve is noticeably flatter than the red curve, probably
because the positive control represented by the brown curve contains all fourteen
target types, producing a greater potential for competition. The black and green
curves are HPV16-positive samples (samples 1 and 21) one of which is very

weakly positive.

20  Figure 9 shows amplification of HPV45 in multiplex group 3. 3 positive curves are
visible. The brown and red curves are positive controls. The green curve is an

HPV45 positive sample (sample 21).

Figure 10 shows amplification of HPV58 in multiplex group 3. The two positive
curves are positive controls. There are no HPV58-positive samples.

25

Results for Multiplex Group 4. HPV31, 33, 35 and Internal Control (HPV6)
Figure 11 shows amplification of HPV31 in multiplex group 4. 3 positive curves are
visible. The two similar green curves are positive controls. The blue curve is a
positive sample (sample 6) containing large amounts of HPV31.



control s Rx-m x QuantaFast 250 650g1 Cycling qPCR PTf 100 pnol/pl 0.3 gl
7.81.il PTr 100 prol/pl 0.3 pi 7.8gl Probes 16(6), 45(6), 1.5+1.5+0 39+39+

58 .50 13%dbohy/Re®s/ P! H20 15.9111 4130 30 Tabl e 8 HBYTR®Y/#H0147
masterm x fornul ati on: 50pl reaction. Primer concentration 600nM Pr obe

concentration 50 nM for HPV6, 50nM for HP431l, 150nM for HPV33 and 5 100nM
for HPV35 Conponent Vol une Per sanple Vol une 26 sanples and

Figure 12 shows amplification of HPV33 in multiplex group 4. The two similar
green curves are positive controls which are the only positive signals. There are

no HPV33-positive samples.

Figure 13 shows amplification of HPV35 in multiplex group 4. 3 positive curves are
s visible. The two similar green curves are positive controls. The maroon curve is a

positive sample (sample 4) containing HPV35.

Figure 14 shows internal control amplification curves. The samples all contain the
same amount of HPV6 and the curves are clustered, indicating absence of
inhibition. The curves to the right of the main cluster of curves are indicative of

10 partial inhibition or competition. Five such curves are seen. In one curve (sample
4) the amplification of the internal control is nearly completely inhibited. This is
caused by competition with a strong HPV35 amplification signal in the same tube.
A second slightly inhibitory sample, sample 9, contains HPV51 at unusually high
concentrations. Although HPV51 is not included in multiplex group 4, the similarity

15 of the primer sequences is probably sufficient to generate a competitive
amplification in such a hot sample. The remaining three samples (3, 8 and 17) are

negative and are probably partially inhibitory.

The internal control, HPV6 could thus be added to the group 4 multiplex reaction
at levels of 400 - 4000 GU per reaction without compromising the analytical
20  sensitivity for HPV31, HPV33 or HPV35. 4000 GU per reaction was chosen as

standard concentration for the internal control.

Table 9. Analytical sensitivity

HPYV type Analytical sensitivity Analytical sensitivity
(GU) (GU)
(100 ng/pl human DNA) (10 ng/pl human DNA)

HPV16 40 4

HPV18 40 4

HPV31 4 4

HPV33 400 40

HPV35 400 40

HPV39 40 4

HPV45 400 4




control s Rx-m x QuantaFast 25gl1 65091 Cycling qPCR PTf 100 pnol/pl 0.3
p,1 7.81il1l PtrG 4 100 pnol/pl 0.3 gl 7.8111 Probes 6(154), 31, 0.5+0.5+1
13+13+ 33¢8no10326y - 5+ LORI 39+26pl 5 pnol/ pl | K 0. 5p¢&3/Nodai0/dudfd715. 9111
413g1 2.PCR program 95C, 12 min followed by 45 cycles of 95C, 15s; 45C,
30s; 60C, 60s. AB7300 realtinme PCR machin®. The following 96 well plate
setup is used: 10Rows 1, 2, 3: detectors for Goup 1, Rows 4, 5, 6:

detectors fgpvaioup 2, WD 2010] 426375PCT7 NGZOI07 0001¢4 3T
HPV52 400 40
HPV56 40 4
HPV58 400 40
HPV59 40 4
HPV66 400 40

This table refers to the analytical sensitivity for multiplex PCR reactions. Reactions
were performed using the multiplex formulations described in tables 5-8. Target
DNA was a 10 fold serial dilution of HPV plasmid in 100 ng/ul or 10ng/pl human

5 DNA, corresponding to 500 or 50ng respectively of human DNA in the sample.
The analytical sensitivity is the lowest number of copies (GU) that gives an
amplification curve that can be clearly distinguished from background fluoresence.

Example 13- Use of primer PTr2

10 Amplification was performed with dilution series of HPV16, HPV18, HPV31,
HPV33, HPV35 and HPV56 with primers PTf and PTr2.

The amplification was thus performed in a 100l reaction using 500 ng of each
primer, 1,5u Amplitaq Gold (Applied Biosystems), 1.5 mM MgCil,, and 200 uM
dNTPs in Amplitaq Gold buffer. The PCR program was 93°C, 30s; 40°C, 30s;

15 72°C, 90s; 40 cycles. 10yl of the amplified material was applied to a 1.5% agarose
gel and subjected to electrophoresis at 130 V for 90 minutes, stained with SYBR
green according to the manufacturers instructions and photographed under 300

nm UV illumination. The results are shown in Figures 15-22.
PTr2 is thus suitable for the amplification of HPV types.
20

Example 14- Diagnostic kit

The diagnostic kit according to the present invention may have the following

construction, but it is obvious that various changes and modifications may be



Rows 7, 8, 9 detectors for Goup 3 and Row 10, 11, 12 detectors for G oup
4. Sanpl e nunber for each of the 21 sanples is also entered. Each
sanpl e i swoenmo/meas! groups. | n addition, group specifi eceovtoal/oom4zes
5containing all the HPV types in the group and negative controls are

i ncluded. Thus the follow ng controls are36 ncluded: Positive controls
13-type control, containing 4000 QU of HPV16, 18, 31,33, 35, 39, 45, 51,
1052, 56, 5 iprhal R Tinlie et i ni ng
4000’ GU of "[eNAD USRIl i3 drtiithoy L ARIAD RO Y RBE  spiITIhe
HPV16, 45 aln\MGB'éB)f( .group 3) and HPV 31, 33 and 35 (group 4) were used with
their respective groups. For each nultiplex group a 13-type

mul tiplex c I gﬂ%l%t A ( e d)
were run. ?Hé K ma eg&gtgHﬁeoggfﬁM§gf ggqtj%é‘ re al 1|q1616 tcdeb@%mng enloltho a le :
fol | owi ng tlhmqslsanefo&ebmntlon of HPV types 16, Hhi8dl, 83088, 3 oth, t51v52c56,t5&;l59)r
negativ cont rcgb are added according to 20the plate setup. The PCR plate is
seal ed ahd gd in the PCR machi ne. The PCR program takes approxi mately

2.5 hours. Logl stic considerations The tinme required for conpletion of
t he anal ysi Fubeé 12¢brﬂaian5@9 Hlof & dodution eortamirkbfdreard pfimer $3ifjaind rprersessi ng,

15 mnutes for elu 5 .ho CRru ti ur |l ysi s
o this 5 et PIrGEl diniTaguanMEe piases dachFSa kb tdbe MO REO5S
Anal ysi s OflaéémnﬁsarﬁﬂﬂAaﬁFBbéfbeﬁPWQ (ROX @bder consensus nul tipl ex
realtime PCR type for the specific detection of HPV types 16 18 31 33,
35, 39, 45,_51, 52, 66 are sho in Flgures - he

and
vertical axI4b¢2 Q%Ba'(‘ﬁ IWQr@QZ@rfé%‘)‘t'O’bma rwad pame @gp rpH@rse
appropriat [ C
hgrpl zgnkogl e?rfrﬁépﬁg'rr ’H\%Eailﬂﬁgfh{l@%%@ @%ﬁ&l’tlﬁg\/?néﬁ harﬁ%‘”vt&)tl -CB;. Igm S is
t he t hr eshdabel) iHI%Vﬁﬁ](I‘dE& label) anddmieNAgirolhe &bt BPVB81(REXX label)f or backgr ound
fluoresence. Anplification curves crossing the threshold line are

consi dered L b ; Iﬁa}ﬁé : : I tion
curve cr ossggﬁ%?eébﬁﬁ?'ggggpgﬁ Iolff %Zébltl% t eorﬁ%ﬁ@@lr@a@@f@e&@' f%gp vrgrr’\é'%% t he
10 acconpanyimegr P&pmlus TRgWanaM& B probe sdopHPM 16a(AM laddel), iHPV45 évitalabel)
control, HPV6 5@% @‘fE'-{lI r ltiplex Goup 1. HPV18, 52 and 59. Figure 1
shows arrpl |‘?|Q: in nmultiplex group 1. The two positive curves
are positive controls. There are no HPV18-positive sanples. 15Figure 2

shows amgpl i Tulbeddi comtaihs HDY5R of & snllllttdrpd:CﬂNamllingJimnﬂlardﬁlpme'r ﬂT\ienduevasear e

vi si bl e. The. orapge and gr cur ri itiv ro The
Ywo. bl v curBer BT ooty Talamics pokasrouiPlal Gabl %b Do P Y Hvs2.
Fi gure 3 shgwg|, aRBldr LIAEBe r HPY ?Q (R )('Hiﬂe'l PhRsH |%I|§HE Tﬁaﬁ prob
positive curves are positive contro here re no HPV sitlve arrp es.
20 Resul t s foothevdPM6oihtecnaacantrop anaifiRd6 irgernat eoatral tametlat@mcmcenyatim of
arrpllflcatlé)(g?of HPV39 in mul tiplex group 2. The green curve is a positive
control ﬁ??fﬁslpﬁé”'arget types of group 2. In a second positive
control containing all fourteen target types HPV39 failed to anplify. The
bl ack cuwr veTule & cihtains @0gl ¢f pasifive centsa ph&ailing 4808 copiesohidRVitypgs HBV39.

FigureSS I n _of _ HPVY5 ti group 2. Six positive
curves are 1bl 5%@%@ G%é@ngéﬁééggaﬁ%&m ng the threshold Iine
at cycle 29 are p05|t|ve control s. The four remaining curves are

HPV51- posi tTMme Saupitaing 2500 L of 2 RGR(mastarmix ortamity theemostable ONAgl y
positive). e bl ack ang ue ur ves for WO 2018/ 126375PCT/ N02010/ 000147
33 these t )é@ﬁfﬁs@sa%g egx eqtigefrppesphates apd enagnesieshiqride B)a cr osses

the threshghdplib sLAsEsdIQtidme Positive controls, indicating that it
cont ai ns S|Od Pe{r%unts 09 I(f)-IPV51 (4000 Q). Sarrpl e 12 (red curve) is

weakly positive. Figure 6 shows anplification of HPV56 in multiplex group
2. 3 po¥it i Aecardingdd the following procedure 23 samples may be analysed simultaneously.

Three of these samples may be negative controls. Further, DNA is extracted from
the samples using a suitable method.

1. Each of tubes 1 to 6 are allowed to thaw at room temperature.



5 visible. Green and brown curves are positive controls. The blue curve is
a positive sanple (sanple 8). The flattened curve is due to the conpetitive
ef f ect ofwoheiwesiyrshi gh concentrations of HPV51 in thispsamoelodebgare 7
shows amplification of HPV66 in nultiplex group 2. The green and brown
positive curves at the extrene right are 3dositive controls. The red curve
is a 10positive sanple. Results for Miultiplex Goup 3. HPV16, 45 and 58.

Figure 8 showp. aGrug 1 eredstérmiriof Uﬁ’éﬁim@le N2 ig!piepRlrék by aeidih 606 uPEFPCRY €
curves are visible. The brown and red curves crossing the threshol d Iine at

cycl e 34 are 15p93ptermix debpe fdiatubenband fixed by Veversionet i ceably fl att er
than the red qur r

the brown curve (\é(o ar ns ‘%%m?(;%ﬁr% R“{lg?Psgé}e?agg%ﬁ9%bdﬁ4&ré§‘5g)hg‘§§'?§a er

pot elntr al( forI cmrastelrrgrl)g@ubé'métd):tclm@m aﬂd ngr(e@byamwerssmar e HPV16- p(z)sr tive o
sanpl es (sanpl es an 1) one [ is very ositive. Fi gure
shows arfpl i fi GatPGWPo? "]4&&%@'"?( P! #EAMP @'%P@E’Srgg E]Qﬁ%“l:@lrv 8 are

vi si bl e. The br r s. The green curve is
an HPV45 positi \?ﬁeﬁaggrrprigll){ &?b&%?'@ﬁ‘ﬁ’% (?aﬁ&?r'a%(éed'?ﬁr‘?\fgréﬁhanpl ification of
HPV58 i n mul t bpl@sougr 4 um@sternikof examplesi2 is/prepared by adding80Q uvef RORt r ol s.

There are no HPV58-posit) ve 25 Results . for Miltiplex Goup 4.
HPV31, 33, 35 aera?'r%l' Q\’b%gﬁs){ﬂ%e(%jﬂmﬁ?%byémﬂ.efs'gﬁows anplification of
HPV31 i n nul t igpl 451 @F pm;ﬂr n?asl?@ﬁhrk'ré’ﬁaﬁé'f@wé@ tBTeachi wéIPbErowd & andE of a1 I ar
green curves argﬂ&osr ive controls. The blue curve IS a positive sanple

(sanpl ew6) cont Hmwel 508 iWoplicaLRCR PatedPv3i.

2010/ 126375PCTL/ 00147 3 0N, of V33 in
mui 1 pl ex gr o SPE Phar braste ity ﬁsﬁgfsff%@@ AR ALEERE R Heel s whi ch
are the only Bomaume?ﬁomlmstamk@s ghAsfeeredAYTAchaselt omv@a@mm

Figure 13 shows anmplification of HPV35 in nmultiplex group 4. 3 positive

curves are 5 i A5l ef gmup 4 masiermix e e@ﬁ@é‘f?”&fﬂ%@ [Apadddsi tive controls.
The maroon C“ﬁb%ﬂ\désﬁg ?g?é@ﬁpﬁe(} [ It(?vrfeﬁé'ml )Cﬂcé’r% gj4ni ng HPV35. Figure
It

14 shows internal atton curves. The Sanples all contain the
sane anpunt 0f|1HRiz‘.BSephdf sbmwaMmeedtMBZeGZ amdiD@at i ng absence of

i nhi bi tion. rves t the ri t he main clust ves

i cat i ve of T2dgaRNR AduiRg BRARS Bine sAfA pafen. oMl Adcibblioudh 2
seen. In one curygqpsanple 4) the anplification of the internal control is
nearly conpletely inhibited. This is caused by conpetition with a strong
HPV35 anpl i fi d3tCatirgiecadding sampiessiartbetsabe pattaradorvwellsl Dkt HY throbgbil o y
sanpl e, sanple 9, ntai ns HPV51 at unusual ly high concentrations. Although
HPV51 i s not incﬂ]@gd in nultiplex group 4, the simlarity is of the prinmer

sequencgs is MQQ&DB)QI oHpbsiive BbNrE! t@%’b@h&if@véﬂs@f@etl-ﬁz ve anplification in
such a hot sarrE e remaining three sa 8 and 17) are negative

H
and are probabbySeaithe plate, wlammmr@altm embrnet@wﬂ start theRERcoul d

t hus be added toqrbgfanqr oup 4 multiplex reaction at |evels of 400 - 4000 @&U
per reaction wt conprom sing the anal ytical 20 sensitivity for HPV31,

HPV33 or HPV3%6.HPUysds p8r52 and B0omill\basdetboedrin asws taanid Ed concentratr on
for the internal control,. Table 9. Anal iti cal sensitivi by HPV ty

Anal ytical sehéiRRYityRes 99)5aRE 3rd 68 Wik e detecied {n raws B antb. ng/ pI human
DNA) - (1Q ng/ phghusqiy i 6, 45 BRYE8 will be detected in rows C and G.

19.HPV types 31, 33, 35 and the internal control will be detected in rows D and
H.

The PCR program should be:
Polymerase activation and sample denaturation: 10 mins at 95°C.
30  Followed by 45 cycles of:

Denaturation 15 seconds at 95°C



40 4 HPV18 40 4 HPV31l 4 4 HPV33 400 40 HPV35 400 40 HPV39 40 4 HPV45 400 4
WD 2010/ 126375PCT/ NO2010/ 000147 35 HPV51 4 4 HPV52 400 40 HPV56 40 4 HPV58
400 40 HRVB2010/126375 PCT/NO2010/000147

38

Annealing 30 seconds at 45°C
Extension 60 seconds at 60°C.

The realtime PCR machine should be programmed to collect fluorescence data in
four colour channels optimized for detection of the fluorescent dyes FAM, VIC,
s  NED and ROX.

The above Examples are only meant as illustrating the invention. It must be
understood that a person skilled in the art can modify the method, kit, probes and
primers herein described without deviating from the concept and scope of this

10 invention set forth in the claims.
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40 4 HPV66 400 40 This table refers to the analytical sensitivity for
mul tiplex PCR reactions. Reactions were perforned using the nmultiplex

f or mul at iwo0nees7sbed in tables 5-8. Target DNA was a poTiNo201mm0idal
dilution of HPV plasmid in 100 ng/pl or 10Ong/pl human 5 DNA, correspondi ng
to 500 or 50ng respectively of human DNA 3%h the sanple. The anal yti cal
sensitivity is the | owest nunber of copies (QJ) that gives an anplification
curve that can be clearly distinguished from background fl uoresence.
Exanpl e 13- Use of priner PTr2 10 Anplification was perfornmed with dilution
series of HPV16, HPV18, HPV31, HPV33, HPV35 and HPV56 with prinmers PTf and
PTr2. The anplification was thus perforned in a 100pl reaction using 500 ng

of each pripRfentlidimé\ P! itaq Gold (Applied Biosystems), 1.5 nM Myd 2, and
200 pM_dNTPs 1 n Anplitaq Gold buffer. The PCR program was 93C, 30s; 40C,
30s; 18 72C, 90s, 40 cycles. 10plof the anplified material was applied to a

1. 5% agar ost. gel Aamsthodbipedétedting anti/ee typhnd andsir yuantitdion\offtlee pRssanceuifes,
stai ned with SYBR green accor di n\?l to the manufacturers instructions and

phot ogr aphed hyAWEY PaRjtioraYitis (HPVhiyRain grpiolpgical sample; the desticomprisingtheur es

15-22. PTr 2. [ﬁq’s? itable for the anplification of HPV types. 20 Exanple
14- Di agnogftolhtézw I ?ﬁg di agnostic kit according to the present invention
may have the fol(iowi ng conamplification,of @nudleiciacidragment ohBiPWiartheus changes

and nodifications may be WO fO 26?75PCT/ ﬁkszlO/g 47 36 effected by
one skPlled in the ark'&PPRBA ?ﬁﬁémmﬂ@ﬁs qrwgr% g;g%pﬂ?‘eéfﬂ' iqdN of the
I nvention. The kit gRyorkREctide s%aUéncfEQBFgEb ﬁ)NO#Qﬁsan(JhHJS%tﬁereoﬁ)

containing all the readgents necessary for detection of HPV types 16, 18,
31, 33, 35, 39, 45, 5Severs PER pwser sithmraoligodeclenlide sequencasalectmdirpin of

a solution containing,forward prinmer P ver IR, B Rl HS
TagMan MGEB probes fo?‘hﬁpﬂ%p&Eﬁﬁ)ﬁﬂﬁ%ﬂ%E@B@é@(iﬁﬁ’g@é@%#@lﬂ’ﬂ@@robe
for HPV52 (ROX | abel )SEQ IDTNEES &r SEQ #D NOBF an afélog tﬁ@ﬂeleb‘f,ia)ﬁ/lggéﬂmlﬁ ai ng
forward prinmer PTf and reverse 10 prinmer PTrG 2 | us TagMan probes for

HPV51 16FAM | abel ), Hm}mwe@tidawnyemeleemfwrg]ﬂee)grtam cansistng gt 868 f or
HPV39 (ROX label). T . ' | ] 2% Qi &R d
B over S NE RSB NGRS SEGhR RO SECOD RePl SEade 0L

primer PTf and reverse priner s for (FAM
| abel ), HPVA5 (VI C | aek)1,:3E8QHBNO: INSEQIDNQ: 13 SEQEDNOd, SEG IB00 pl

Taakan MG probes. { or NERERAD Mo SEQuNOue SEAIp NaTE, sed iy Oe”
for HPVS2 (ROX | abel )N 6s0abiNietbd S TBNRRISERS 1b N0 SHRYRD

internal control and HPV6 internal contr target 'at a concenfration of 800
copi esoper pl. 20 TubNORI,GEQIIPNOREH, SEQIDINOAS, S IBINQRT, SEQ HY 4000

copi es of HPV types A8, , 3D, , A5, ) D6 59 and
66. Tube 6 contains %’g%&gﬁ%‘#'E’ﬁo%msf?g@t@f@?é%é@mﬁ%%§%9ab| e

DNA pol ymerase and deqgyssi@EQtlDACO!37, BSEQMIDNOEBRTEQHINGIIYNsHY i de in
a proprietary buffer solution. 25 Accordi nglato the foll owi ng procedure 23

sanpl es may be anal ysh@:41,REQdRNQ:A4 SERIRNGMS, S 1R NP146s SIRE) 1B e

Cu'tabl 6 method, 1. ENONTySERHIRINO%E, SHQTE NOE, SHQ ISR, SEd R

t enperaat ure. NO:51, SEQ ID NO:52, SEQ ID NO:55, SEQ ID NO:56, SEQ ID
NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:61, SEQ ID
NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:65, SEQ ID
NO:66, SEQ ID NO:68, SEQ ID NO:70, SEQ ID NO:71, SEQ ID
NO:72, SEQ ID NO:73, SEQ ID NO:74, SEQ ID NO:75, SEQ ID

30 NO:77, SEQ ID NO:78, SEQ ID NO:79 and SEQ ID NO:80 or an
analog thereof, labelled with a fluorescent dye and a quencher
molecule, and an internal control;
(ii) detection of a change of fluorescence and determining HPV

type.



WO 2010/ 126375PCT/ NO2010/ 000147 37 2. G oup 1 masterm x of exanple 12 is
prepared by adding 600 pl of PCR masterm x (tube 6) to tube 1 and m xed by

i nver si onyo3010320348 2 nmasterm x of exanple 12 is prepar egdrRb2a8d0p7600 pl
of PCR masterm x (tube 6) to tube 2 and m xed by inversion. 54. Goup 3

masterm x of exanple 12 is prepared by adi ng 600 pl of PCR masterm x (tube
6) to tube 3 and m xed by inversion.. 5. Goup 4 nasterm x of exanple 12 is
prepared by adding 600 pl of PCR nmasterm x (tube 6) to tube 4 and m xed by
inversion. 6. 45pl of group 1 mastermx is transferred to each well of rows
A and E of a 1096-well 500 pl optical PCR plate.. 7. 45pl of group 2

mastermi x i & 1 andrapEackBriio Y GiieiE B Hiiorucilards Bhdetlifnt,
mast er m x t pyisadireswl 4 HHV anglicth diéréin the HRM typdel arefseiedtad eroRNAPYE, 91,
wells A, Bl and DI. 1511 .Add 5 gl of sanple DNA 2 to wells A2, B2,

d
and D25 12. &-ntsaraﬁe3éda3r@575%ﬂrﬂoe§2b ﬂ % %I%v éat 5%{514&55,\5&1 59, 6\3 é61|@:

t hrough Al 270 ) q]a’h(ﬁ??ti nue addi ng sanples in the same pattern to wells
D1 - H1l through & . 2014. Add 5 pl of positive control to each of
wells D12 - H12. 15.Seal the plate, place in the realtinme PCR nmachine and
start the PCR progra 16. HPVY types. 18, 52 and 59 will be detected in rows
A and E. 173HPV K%’p“e‘gb@sﬁccgﬂ'”@ alRims d-2whergih spidl 3RV dynes arevaelectadd F.

2518. HPV t yRgs ﬁﬁwéﬁg@@q, ?§, 3% 149 e dgt g%t%i gen 5@0%5% §cand G 19. HPV types

31, 33, 35 and the rntérnal contrdl wll be detécted in rows D and H The
PCR prwogram shoul d be: Pol ynmerase  activation and sanpl e denaturati on:

10 mns at 95C. 30 Fqll opwed h 5 cvycl es, of,: Denat.yration 15 seconds at 95C
W0 2010/ 126%75pch eI GEETNg S HRaR HieTSE S sHoRSS e sSRtdit on o0
seconds at fpf@ roIﬁB%oh@i@hﬁg@Sﬁ%IMO‘:T‘,ESEOQDWOFB% S§EGQD5NU?@! SE’QCID| | ect
fl uorescence data in four col our channel s E(IJ(EU m zed for detection of the

f I uor escent N3, $E@IDINQ; 16 FED IRANOREX SER D MO, BENID NOdrde S& ID nreant
"5 the art - Nehfs kBB S BEG IDRSH T BRI A Se D NG ARLEES 1o
y\,ithﬁurs Feyimmbzgobramddamg:ﬂmgm and scope of this 10i nvention set forth
in the clains. ,

5. A method according to claims 1-4, wherein two or more parallel reactions
are run according to claim 1 for simultaneously detection of said HPV types.

20 6. A method according to claims 1-5, for detecting and/or typing and/or
quantitation simultaneously the presence of HPV 18, 52, 59, 39, 51, 56, 66, 16, 45,
58, 31, 33 and 35 in a biological sample, the method comprising the following four
parallel reactions:

25 Reaction 1- a) ampilification of the nucleic acid fragments of HPV 18, 52
and 59 in the presence of
(i) a nucleic acid polymerase
(ii) a forward PCR primer with an oligonucleotide sequence of SEQ ID
NO: 1 or an analog thereof,
30 (i)  areverse PCR primer with an oligonucleotide sequence of SEQ ID
NO: 2 or an analog thereof, J



20 WD 2010/ 126375PCT/ NO2010/ 000147 39 Patent clains 5 1. A nethod for
detecting and/or typing and/or quantitation of the presence of a human

papi | | omayorhyfy/hEPY) type in a biological sanple, the tegi/nNR0Rdosipg t he
followi ng steps: (i) anplification of a nucleic acid fragnent of HPV in the
10presence of a DNA pol ynerase, forward PAR priner with an oligonucl eotide
sequence of SEQ ID NO 1 or an anal og thereof, reverse PCR prinmer with an

ol i gonucl eoti de gue I f 8k

NG 5. "Seq 1 b o B TSERPTRRiH o lofiHiatfid seaReARy B RECE No; PR A

t hereof, a probe wi t homar &nalogdherdofdabeked with anfieoropheret &t & quencher gr oup
consisting of SEQID NGO 7, , SEQ 1D NO8, SEQID NO9, SEQ ID NO 10, SEQ ID
NO 11, SEQ ID NO 12, "8RS &% 13, SEQ ID NO 14, SEQ ID NO 15, SEQ ID

NG 16, SEQ I D NO 17, SEQIDN018, SEQ ID NO 19, SEQ ID NG 20, SEQ ID

NO 21, SEQ ID NO 22, SEQ ID 20 NGO 23, SEQ ID NO 25, SEQ ID NO 26, SEQ ID
NO 27, 5SEQ | D NO. 30, SE®)I Ddﬂ@(ﬂ'@n drEhangemiFhjoresence thovavelgmthl D

NG 35, SEQ ID 37, S QID NG 41, SEQ ID

NO 44, SEQ I D ﬁéem‘éé% RIS e Hé@%é%1¢38’§3hd QID NO 48 SEQ ID

NG 49, SEQ ID NOSO SEQ ID 25 NO 51, SEQ ID NGO 52, SEQ ID NO 55, SEQ ID
NG 56, SEQ ID NO 57, SEQ ID NO 58, SEQ ID NO 59, SEQ ID NO 61, SEQ ID

NO 62, SEQ | D NdReactiosed a)p mamiicatpmof henmideic agicjragmeotsef, HREQ | D

NO 68, SEQ ID NGO 72, SEQ ID NO 73, SEQID

NO 74, SEQ ID Hg’ig"%dgeyﬁ@%%@%g o NO 78, SEQ ID NO 79 and SEQ I D
NO 80 1or an anal@g t h&neoleic di(&b@lolwniena'séh a fluorescent dye and a quencher
nol ecul e, and an"hnternal control; (ii) detecti on of a chqnq%g of

f1 uorescence andiifet e? FRTWaRG PIC#R/F’{'W%W'”\/@ sbgenucient 800/ &d1Q7 40

2. A nmethod accordin | m f t he ol i gonucl eotide specifically
hybri di zes to a HPV gNrr%?nccdorﬁd ’i"?‘é tr%g 'HPV types are selected from

HPV6, 11, 516, 1§ii)26, am\gers@PC}'—SpanrMmamﬁllg@‘lmdemldeél&'ﬁq@meﬁﬂ SEQ ID54,
56, 59, 59, 61, 66, ?ﬁ éo 72 73 3. A nethod according to clains
1-2, wherein said HPWE & afiandgp ?@8 from HPV16, 18, 31, 33, 35, 39, 45,
51, 525 56, 58, @8 andlpffbe With aﬂ oh@oﬁﬁél@@ﬁ'd@@é@uéhd&oﬁ%@' IEJ N@H@ 1yhepein
sai d probes are sel ect ed fromthe group consisting : i7 SEQ I D
NO 8, SEQ ID NO 9, SEmd mman@nasmjhanemappllesly«yh @)ﬂNIQJ'Op!lOfQ;E@IaD NO: 13,
SEQ ID NG 14, SEQ ID 16, SEQ ID NGO 17, SEQ I D NO 18, SEQ
I D NO 19 and SEQ 15l Iﬁ%{%@ EE%#}LP%%POQ thereof. 5. A nethod according to
claims 1-4, wherein two or nore parallel reactions are run according to
claim11 for sinultaneously detection of said HPV types. 206. A net hod

according to clains 1- IB) ﬂSE@@B@éﬁ%@ﬁ@fJWWW%@e%ﬁWem thetepbn
si mul t.gneously t&q ﬁﬁqugvl—llﬁ%/? 5256 gﬁﬁeg)g 51, 56, 66, 16, 45, 58,

31, 33 and 35|na |caI herre conprising the follow ng
four parallel reacti ons 25Reacti on 1- a) anplification of the nucleic acid

f ts of HPV 18, 52 and 59 K d
polymerase (11) BORIER AIRCRMRTRRIN S RN RS SRR BTN RS of
SEQ ID NO 1 or &y 593 fHe breRERES of

25 (i) a nucleic acid polymerase
(i) a forward PCR primer with an oligonucleotide sequence of SEQ ID
NO: 1 or an analog thereof,
(iii) a reverse PCR primer with an oligonucleotide sequence of SEQ ID
NO: 4 or an analog thereof,
30 (iv) a probe with an oligonucleotide sequence of SEQ ID NO: 14, 15 and
16 or an analog thereof, labelled with a fluorophore and a quencher
molecule and



30(iii)a reverse PCR prinmer with an oligonucl eotide sequence of SEQ I D NO
2 or an anal og thereof, WD 2010/126375PCT/ NO2010/000147 41 (iv) a probe
with an ovbgoruebzsti de sequence of SEQ ID NO 7,8 and #cumczoicaned4og
thereof, labelled with a fluorophore and a quencher nol ecul e and 5b)
detection of a change of fluorescence thet2navel ength thereof determ ning
the HPV type 18, 52 and 59; Reaction 2- a) anplification of the nucleic

acid fragments of HP\hB9, Shefelitigh @t @&hangk s flabRERBAGE Me mcbbe;ﬁgw%%@f
acid polynmerase (ii) a forward PCR prinmef with an oligonucl eoti de sequence -

of SEQ I D NO 1 d@sterminingathegHPNdypefl6, ¢biand &8;reverse PCR prinmer with an
ol i gonucl eoti de sequence of SEQ ID NO. 3 or an analog thereof, 15(iv)a
probe with an oligonucl eoti de sequence of SEQ ID NO 10, 11, 12 and 13 or

an anal og t her eoReadtthed! £d VMrhpliftatiby of WQm@e@ruti@fragmﬁ@bf ARPh\ecul e and

b) detection of a change, of fluorescence the wavel ength thereof

20det eBni ni ng t hl, ¥y péernghico®l imthesprespaeg ©f on 3- a) anplification
of the nucleic acid fragnents of HPV 16,45 and 58 in the presence of 25(i)a
nucl eic acid polynerase (ii) a forward PCR prinmer with an ol igonucl eoti de

sequence of SEQ (i))D NQ niicleic acidpoyrograisber eof , (iii) a reverse PCR priner
with an ol igonucleotide sequence of SEQ ID NQ 4 or an anal og therecﬁf 30
(iv) a probe witlh an dforyend SR Primervd gligepuaieeldeseqyente of 5F 8 16

or an anal og thereof, 1 orophore and a quencher nol ecul e
and WO 2010/ 126375P&¢N£‘%ﬁ1%%%%§ﬁ%%bﬁ) detection of a change of
fl uor escence t heliiaveh eengrse FIGR pamedetitr an oligonudiectide\sequencef SEQ4Dd 58;

Reaction 4- a) anpliflg&agrsi on of the nucleic acid fragnents of HPV 531, 33,
35 and internal cont ridP: PP ALARAIRGARYIEOLt (i) a nucleic acid pol ynerase

(i)a forward PCR;iri nepryhd Witﬁ%n%li%%%é%bﬁ@éis@ﬂuéﬁélé’éf‘SEQ)fD RER17D180191 or

an anal og thereof, 10(i1)a reverse rimer with an oligonucleotide
sequence of SEQ | D NG&nd:20oran anaioethareef; éaliellediwith a flpptphose andan

ol i gonucl eoti de sequence of SEQ | 1, 17, 18, 19 and 20 or an anal og
t hereof, labelled w t%ueo{‘cﬁeﬁﬁ?c%‘ﬁ@?gg nd a quencher nol ecul e and

15(i v){snt er nal  c@p)t r ointévael Eostedlesial on of a change of fluorescence the
wavel engt h
b) detection of a change of fluorescence the wavelength

thereof determining the HPV type 31, 33, 35 and internal control.

20 7. A method according to claim 6, wherein said reactions are performed in

parallel and in separate vials.

- 8. A method according to claims 1-7, wherein the four fluorophores are FAM,
VIC, NED and ROX.
25

9. A method according to claims 1-7, wherein the internal control is HPV6.

10. A primer for HPV amplification selected from the group consisting of: SEQ
ID NO: 1, SEQ ID NO:2, SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO: 5 and SEQ ID
30 NO:6.

11. A primer according to claim 10, wherein said primer is especially adapted to
real-time multiplex HPV amplification.



t hereof determ ning the HPV type 31, 33, 35 and internal control. 207.A

nmet hod according to claim6, wherein said reactions are perfornmed in

paral | el wodoiom2ezparate vials. 8.A nmethod accordi ng t ectino20m/0beid;7
wherein the four fluorophores are FAM VIC, NED and ROX. 25 9. A nethod
according to clains 1-7, wherein the inte®al control is HPV6. 10. A
primer for HPV anplification selected fromthe group consisting of: SEQ ID
NO 1, SEQID NO 2, SEQID NG 3, SEQ ID NG 4, SEQIDNO 5 and SEQ ID
30NO 6. WO 2010/ 126375PCT/ NO2010/ 000147 43 12. A primer according to clains
1-6, 10 and121, Aerimesaccardingteieleinsiloh Hhandd 1t1gsiusg intap detegliantandéer on

andror typ omardpr adfieich PEHPYy BT RS ent iy oSO SAhRE o (g or
SEQ ID NO 7, SEQ ID NO'8, SEQ ID NO9, SEQ ID NO 10, SEQ ID NO 11, SEQ 1D

NG 12, SEQ ID NG 13, SEQ |D NO 14, SEQ ID NO 15, SEQ ID NO 16, SE
NO 17, 5SEQ 13 N peobestadHRY N@%‘OHSE%/(PUYRYOQZ@ d/grgyamitalierp seleg fF‘D“

NG 30, se0 1B RebaTongi B EGID M3, SEQIDRORSFRD R SER P S 1

NO 37, SEQ NO: MRS IBDI 01, BEQID NBQ32, BEDIB NOIBOSED KDNG: 1425«3@ D
NG 50, SE0 NN Sha BRI, KB A 10 Ned 1 @B hodegsrd Mo 1os5Eq

No 63 se0 BB Ha2 IBIDIF NEQID 23 SEQIRROZ SQ PG 25 ERD

NO: 70,10 SEQ NO:26)SEQ IBEDIZT, SEQ 1D NBGO, s&mowosaqsﬁm NONQ:; 3zssea D
anal o therNGi%sEQ b SR TnvDatr SR MR SERY I NP R st T8
quantitati Omoa&ﬁcsebng NO:44 GE@?PDSN’@% @Ecbnnrncbh@ SEQ ID NOE7S SEW 1Pf
SEQ ID NO 7, SEO | 8, SEQIDNO9, SEQ ID NO 10, SEQ ID NO 11, SEQ ID

NO 12, SEQ NE: 4&98@0 I@E@:@ 1QAD NB0, 5 I@MO@Q&E@ NONG: 528@@@ tD

NO 17, SEQ r

accor di ng t'g w%@ofﬁg\%}# #é?gf}@@sséES#@ d(é C%%C% (9\5@ yp| ng
and/ oris quaniOt6d,i SEQAD NB\GerSaf_ecenD N(D 63 ISEQ 1DINGI64s SEQ D NOE5, BEQ IBe of
the prinmers accor di ngpto cl ai ms 0 for detecti nd/o

e e e L g e 0 oA AL 1SS, S G NS 73 SH

quant | t at1 MOS0 R 7L BE D BB OPoSE R P 4o
18. A di agnd&x72 ahkd ISEQ@ID iND 86t oraan analogthengof.ng and/ or quantitati on of HPV

in a biological sanple, conprising forward and reverse priners, probes for
HPV6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54,

?)zA ;5)%I0yr5n§ 1 fé A BrotsBior HP\? defedbtionarirsk @Bmg‘ éﬁd?bln&uarﬁﬂéﬂéd éz(éc&r@fﬁgrt@' and
claim13 selected from the group consisting of: SEQ ID NO:7, SEQ ID NO:8, SEQ
ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID
NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID

NO:19 and SEQ ID NO:20.

25
15. A probe according to claims 1-6 and 13, for use in the detection and/or
typing and/or quantitation of HPV present in a biological sample.

16.  The use of the primers according to claims 1 and 10 for detecting and/or

30 typing and/or quantitation of the presence of HPV.

17.  The use of the probes according to claims 1 and 13 for detecting and/or
typing and/or quantitation of the presence of HPV.



19. A diagnostic kit according to claim 18, wherein said prinmers are

accordi ng

to claiml0O and said probes are according to claim13. 1020. A

di agnost iwokbnto/@exerding to clains 18 and 19, wherei n sacu/ND20bemoare for
HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,59 and 66.
4

10

4

18. A diagnostic kit for detection and/or typing and/or quantitation of HPV in a
biological sample, comprising forward and reverse primers, probes for HPV6,11,
16, 18, 26, 31, 33, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 59, 59, 61, 66, 68,
70, 72, 73 and 82, internal positive control and DNA polymerase.

19. A diagnostic kit according to claim 18, wherein said primers are according
to claim10 and said probes are according to claim 13.

20. A diagnostic kit according to claims 18 and 19, wherein said probes are for
HPV16,18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 66.



