. €3exUxNNOLQQT6, UTUL 0 J~~~J 2002 *166166* ,. ASSESSMENT OF ?
PAPI LLOVA VI RUS- Rmmmmmmm& FI ELD OF THE | NVENTI ON The pﬂeﬂ;ele 20
_invention is gene to the field of cytol ogical and nol ecul ar
assays and specifical ki4eit® the area of assays for the assessment of disease
using a sensitiv f or diagnosis and prognosis of HPV-induced

car ci nona. BACKGRW@@BmﬂﬁM INVENTICN The detection and di agnosi s of

di sease is of ob nce for thelt-reatment of disease. Numerous
characteristics of d|§@a®95 have been identified and many are used for the
di agnosi s of di sg | -.racterlzed
by, changes in t ;

expression of viral genes in |nfected cells) changes in the expressi on
patterns of. genes in affected cells, and changes in cell norphology. The

detection. diagnosis, ,and nDnitorinﬁ of di seases can be aided by the
assessnent of such cell statesEL ri bes the detection of
human papi |l oma virus (HRV7 E6 and/ or g @ 5 g scripts as an_indicator

of serious cecvical neop mﬂaﬁa’c@wdéw 1gld phgyralegicadk pr essi on

| evel s of E6 angl§efoldedlad 888s hﬁ@&&emwty&o\mdmmgaybw 1B B Ssrieht 8
i ndi cator of cel]l transformation or neog asi a |s not nenti oned Nor |s t here

any suggesti on $33¢ UINE.P | ESYVE 3 o 108 osis, @ds prRgpOsise of B Voaducede o

di sease. An aspakinomh the present invention relates to human papill oma
virus (HPV), which induces benign epithelial proliferations of the skin and
mucosa i n humans and i s associ at ed with anogenl tal neopl asi as and

carci nomas. The intact DNA gf hind e od. god. t hus resenbl es an

endl ess | oop of twisted tel :_!J»., : m-, e ePefde this shell, the - (

viral DNA is packaged i j I X eus,

hi stori es, and assoei at glaépef)f” g%&idﬂﬁ&g Qfﬁ{?(&ﬂa’ tﬁ‘éﬁ'% eserrtc)’J

cel lul ar chr onehd m@moédtsca(clwmous tharmamrigtiapefl dissasey have been ldthmﬁabt eri zed

Lo dare are assashhPle boh for @Yl Ublas by dilbactBl pELERy. Wl 7 S, O
and I mpor tan

skin. or oral) p ngea respl rator ‘anogeni t al
mucosae. Speci fmlnmtaméépwmmwhwtqqfwwwkwm GhangiR\¢apinglnde 11.

frequent!y causf ORsh fFiiihes'if HIQRA ol \GRRAS iPhb Bfp ésﬁeﬁm Gy 46 480

and a host of other strains. are predoni nanhtly found- e | esions
and cancer. Al®Bepasimaffestsd cells, andjchanges in cell mwlosmoTbgflmg@ dipgnysisso8/ 26447

proteins that %@mo&‘v&ingsdd.gcases@ddbe%a@m&&&%ndmc#&h%&mprot eins of HPV
16, 18 or related types are nost efficient in this regard. Some of these

activities | ead to g¥ReA-PHO3hLdesasibesithedetsetion|efhusean pppillamervirys RV E6 end/on Ereane
cell. This enhaﬁﬁﬁgptg BLanih B bt detidhs Qém@ﬂﬂh&ﬁ)lagﬁlﬁthd dﬁn&ﬂ'lkdﬂeg& the relahve expression
pr ot 0- oncogenes, a ressor e t hus contri bute

D 00" st on. " MIFRE SR SRier BBRE P ipsiat St B tptman B Pt s orapon or
survei |l | ance ofnebjifadial mheu::h¢mas:¢ Not isghan¢ arynsuggestionrtbdt aDhtiy, ofoaxpresdioh déviels may be
nmut ations of vijpaltda ption control sequences |lead to a significantly

i ncreased expression of the E6/E7 genes, which is a consistent
characteristic of high- gm*pcdtm’fﬂﬁw:hﬁlvmaionﬁdapdm&tumaﬂpﬁblﬂmm,\ﬁms The

genetic instabi se 10 vir. nc aut ocat al ytic
increase in onc@%’t ‘aﬁuh E@B‘f’gg'f%'hc%i'déagamggmﬁu ?ts%' ?ﬁ'&' M and

cel [ ul ar genonehwnienhncr §s a'sdoaawd rwm anogeaitalmpaplasicls and cugcxﬁmas.e Thé igacogr essi on
to carci noma. IVI |IIo V|rus whi ch i nfect
ISR é‘e"lr 9@ J%%se'ﬁxl ) neisrsderr L g%%égvgﬂl?gfl ve
agents f or ~ear chandseticord.f hiside tlneshcllxthe amlﬂNﬁpsrpad;agédamwnﬁ asnold proeeinbuccal
cavity, occasiopal peri rcinona I gn. anog i tal
warts. The i den{;?'?llg lgﬂg'%?“spg P *ar aﬁwt\é\aeﬁee%"%g ll'}soed ooyl Sgal!‘ltl fying
patients with pitmgmllusgndhlarlﬂsom wh@ueke (8894))i skHarhan papillomaviruses

characterized to date are associated with lesions confined to the epithelial layers of

skin. or oral, pharyngeal. respiratory, and. most importantly, anogenital mucosae.
Specific human papillomavirus types, including HPV 6 and 11. frequently cause
benign mucosal lesions. whereas other types. HPV 16, 18. and a host of other

strains. are predominantly found in high-grade lesions and cancer. All human and



‘progression to malignancy. Although visible anogenital |esio a’ qp@ﬁfent
in sone 20 persons infected with human papillonavirus, the nfg l{
qindividuals with HPV genital tract infection do not have clinical IQ/
~apparent di'Y¥A8%I98Mt anal ysis of cytonorphol ogical traits prifEEHYosM47
“cervical smears can be used to detect HPV infection. Conventional viral
detecti on assays, including serologic assays and 25 growth in cell culture,
.are not commercially available and/or are noet3suitable for the diagnosis
and tracking of HPV infection. Papanicolaou tests are a val uabl e screening
tool, but they mss, a ]ar rt|o of, HPV-i nf ect ersons , dt is
an obj ect of t hPrRjeinsdhat a?"rﬂf&ﬁf‘rgdnt‘ﬁ Fsydgicantrel. r@l%gw&mwsa%fs%é&]ﬁg 18he
stage of HPV- baaﬁqeﬂteaq?%‘s arkimbs & am% R :%g{udOfS&H@ ol?rtﬁé%%nwa\é?nédd%
to provide an assay that can be conbined wth her assays to I nprove t
accuracy and relgead:nd nmsyabmlﬁtypobghmsptrsmtamu tifeqed dumanasab s sTkist enhahces the
HPV- based di sease. TTTUTE SHE RULE 26%‘{ 1 gﬂi:' a6~ 2002 WO

991 29890 -4 PCT/RY }12‘6 7mptatipas in celiylpr profosopeqeepes tb‘P@&éHEPTF%WeSF?%n
to provide a net a i PV
wi |l devel op HPVi{-ﬁgf’;tlhsl{é\é(;E Jﬁgg‘ggiwmé}?rg%%tgs r'16e'? 0 ‘?%tclgctﬁ{soﬁ %H %gﬁd%{&l 1

i nvention to prahedetraceitelahcdrvediance raeft HPYi nifeqimns e irttegration a:fevxmlrlDNm,Iand
HPV-i nf ect ed but f hout detectahl e HPV-based di se se into tagstsee at .risk
for progression qe@twgea@é“%msp yua Wcrégthchgtrg segnenses deaddgiagngnificantly
di sease. It is 0, e S [ t Vi

for . identifyi ﬁg&??%gt%?r&gpgg(?frﬁeﬂsa @/EQ %éhl %n‘?}sﬁ:c z;\ls}%ébﬁfﬁ%@a }qﬁa‘g?ﬁé%gggd
Yet, anot her Obj eligh-gfadehptrgapithelidl nenplasmland canceps. 0 Thel genetiveinsabilftp cads@d by

I’)I toring \QE?EC“ Veness of reat nent of. HPV- based di sease. A further
e pr

obj ect of t ANCPRIGIETS BK 1 JHeseiabaicinereaein %E?S@é%‘FWge’iﬂﬁee‘s’é’PaF@@S%‘f
HPV-based di seasgy miypohe 'in el ﬁﬁil 288 ckiSaPp&Ray ld'eﬁffﬁ'n&b%nfs%s%r Y] g%nvmg
conput er - based . ." . . operation, ana ysi s, ;.and,
managenmexit of, Mpﬂegrass!ml tasmﬂmmnathe ~ge, e~ HPV- based
di sease. SUMMARY OF THE | enbodi ne t of

NTl
i nvention i nvol ves measuri Ny fiflal) é\?gﬁ §’?otfu“é§1pP3%‘ Pgﬁvwseaeﬂi@? rW}B?}béerFh

a cell st atg% ANFuEEINAITAREs h\Ri Beef TRPHGSIOR th@cmshvé)égms 1O chiRirfoRiaSoT s -
genes in a ecific ratio, as an indication of the state 0. a disease in

the cell sanpl e. cerni, pwsemlsdmmnaxmhebmc@écww oseasméspsnuml SAUZNOMAS,
25 nsk of a disease as _indicated b the state. ceI C so be
used to guide or 4 wg@sag tieﬂlgne?nfogs?la\}e“r’laétsss @Fe “f%f‘ hfé?aglo)l} of argc%ll sglg'é): yt%;s s
i dentifying approg@di e iddneifyiny pakat oith fgemaliimat ddsiond |whé adre & Rk of
i ndi cating any change in the state of cel]ls subjected to the therapy. 1n
one form of the PFOERSAION L) PBHENHIEY- tM@ogghgéﬂaﬁan%e@gab'gﬁ@nweaprs@nhmome
papi | | omavi ¢ i

Dbt oo ol RO, BHEEH O MR Ve BARE USRS Pl 31 ST TR i PV
none HPV genes. geaiimd ttaet ihfecsorpuwopase have chhxealll\jP\ﬁpEﬂ‘ran'dischsk,. lamdarEBrsw of

edes. al though 35 SUBSTI T SHEET (RULE 26 0 ,~~E~ ~L~02
g g cytomorphologtijc-:l;l traits pregent Lin cervical sriears ‘can be used to detect HPV

infection. Conventional viral detection assays, including serologic assays and
25 growth in cell culture, are not commercially available and/or are not suitable for the
diagnosis and tracking of HPV infection. Papanicolaou tests are a valuable
screening tool, but they miss a large proportion of HPV-infected persons.
Thus. it is an object of the present invention to provide a method for
30 assessing the stage of HPV-based disease.
It is another object of the present invention to provide an assay that
can be combined with other assays to improve the accuracy and reliability of

prognostic and diagnostic assessments of HPV-based disease.
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"~ WD 991 29890 PCT/ US98126447 _j _ other HPV genes such as Eq.gﬁﬁﬁ4?§$ and
L2 can also be used. It has been discovered that the | evel of expre n of
t hese genes, ati o of expression of these genes to each other or to )
reference ge“égsn %both. are indicative of the st age of HPV-65§@§%ﬁFéﬁése.
Gene expression |evels are used according to this invention to assess 5 the
progression of HPV infection frombenign to malignant growh. HPV infection
progresses fromCIN | through CINIIl and fin#8i1y to malignant cancer

These stages can be identified by the ratios of HPV genes. In particular,

the transitigon fromC NI to Cl /1L, i~e.. @a transition to.

pre-nmali gnangy, can be pr e&ﬁ 'étae%'lr\%\‘/ﬁ%ﬂbjfe c{f“ﬁge Pléetsflg 15¥ erft}?é’ tBrpég‘Qﬂ? ain?'ﬁ}}é(?‘fltﬁobn
exceeds one. A r adsk&sigt the rRRUA atfafiBnt3AnfedtddRAPHPSL W]l dBvets) HPY -bdisd §R¢RS, 2
transition frompre-nmalignancy to nmalignant cancer. Thus. a ratio below 1

indicates a | ow | evel of CiNsianogher idbject of thet prasand [invention e iprovids awxathaginfor

and about three indicates igh.,agrade CI N (ii. CINIILI) or pre 15 '~
mal i gnant condi tf%‘ﬁ!fg’m&r ipaﬁ?ﬂ{&? atng’ gfe oweng%oap\,ﬂ?{ggefis)o% ‘ivﬁ}&‘?u(‘,aaftﬁﬁ?blﬁf
ax~. ~I PV.t ., .~ HPWgaeadiddaid Mic ke aBRbERr st (I\iiS¥asd b IRAVHHIGP ridl
Figure 1 is & graph of detection of E6/E7 shown as the nunber of

cel | s/ wel | ver sufonpregressmereto disease/ E7 nRNA/ wel | . Figure 2 is a graph of the
sensitivity of an HPV L 1 El‘fsa$i show§. ai {r e ngnb r._of t.RNA nol e(gul es/ we *?

versus the signal -to-noi se 't B®7%° AN SR 2K B ffLﬂ?é"Yf“i 19n.tp ProXids,a "%Eéﬁq.de e
for HPV 16 L2 (Sﬁﬁnii@ihgtrg:&}nenﬂ@%h@s foripatiéehMing eIPEBERAGsehgy. HPV 16 L1
(SEQ ID NO 2). Figure is the probe sequence for HPV 16 E6/E7 (SEQ I D NG

3). Figure 6 is the probe Sésiasather objecHpf/theepresent $E@ntipn NOprapide Fingethasd for
is the probggsequence for, HPV 16 E4 1 130 TAI LED DESCRI PTI ON
OF THE | AVERD) O|\|"‘|‘H‘é‘°b‘P§§‘b%"tf¥"t°k"8’hetSF éﬁg%tf“gf‘g%q Iﬁgi’f l%‘%"? gg‘ﬁ?ﬁefi cation and
moni toring of 35 SUBSTTTUTEA SfGRT obfRick Bf 2@)preseht fhvefdsh ADPRvide s I 29850g
-6 PCT/ US9812(447 - . diseased cells. One nethod invol ves neasuring the

| evel s of expr esdhestags offd¥based,diseasd. i n a di sease state, and conparing
their expression to each ot QI re . an i.ndi cation, of
t he st atg of the cells. Suc’ﬂgé}ggé%&gﬁe?]{ {s%ec%(ré]&gg%g\ge%lpﬁza WY'HC 89“18}’85?@5595

.o jncrease the apetstiosy amdigsis,chndidatd hanagenidit ¢fSa8agdid 10fasidis 1l SRS DS ...

state. One thod_of the present invention can be used to 5 assess the
stage of a di sead®P¥idapedyisensed by the state of the cells. This nethod can
al so be used to guide or assess the effectiveness of a therapy for a

di sease by identifying appropriate therapy based on the indicated disease
state or by indicating any changegyl jected to the

t herapy. 10 Many di seases are ch%reg-tmmtrc—%ﬂ Rﬁys %Iﬁﬁhw 5\6" | ul ar phenot ypes
and gene expression patterns. For, exanpl e, ..neopl asti c and cancerous cell
generally e bit certain d@gfie&qomgﬁo?%hh& B’%F ‘&H'Ef%&r"omvﬁfves measurng the

characteristics. |MEIE6FEPression FFplefitd mvbRed irfal6dll date) &N copaingQRsir axstedfme
expression patterns are also a " " 15

ood
i ~adi catc~r, ~ ; dp eachjotherar® xp?qsgnc,eﬁgps)ma speciig Tajio, ssareindicationpf the st o.
exhibit. different . . . r [ e ' :
"l udi ng. expr esst e it ESE SaBle” TR s AR nEHBEEEH OuaRG ey
characteristics ofiskdfen disdase 8§ idicatediphirstathangescells. hiedah afsoriengtd gy gide or
expressi on o#d genes can be deternmined froma patient sanple. The
characteristics tassess theeffeativaness ©f gahespny fof asgjsease by identifyiag @pproprgte dhesapy
of interest and tj i se | I i e. cell | ey
Such characteri St?a%g&'gintﬁggmgg%gg;c%ﬁss tzg{evolp ?gi}g fi%? gﬁg \%ﬁ%’ytéﬁ%ﬁe% mc@’te osltaﬁogilggg Is
characteristic' agihjdtddouhétheedpyl acteristics. As used herein, cytol ogical
characteristics are characteristics such as, for exanple, overall cell,
shape and appearance. The pin eaeyoms of dhePrasprtatnventionh dhe stage iand quegnesisgif a
many neopl asBdc a nger I S: |t X ] c i d .
usi ng cytol ogi cal H%H%?:fgﬁgﬁ%tvﬁ@é .(ﬁIPS@nltn ?‘#?ggt#rgﬁﬁg‘ yaégﬁ?ség%cgﬁm*ép& This
characteristics i empedigieat invoftedVhe mestigifeaenaof ehealavek bl expredsidneytw®br more
training, and generally cannot be easily automated. As used herein,
mol ecul ar 30 char HPMVegénss.i Gignes for thie ppipesese sheHE Vskak/- &1 prg E eenesralthough
nol ecul ar species, such as proteins. nucleic acids, and netabolites. Such
nol ecul ar characteristics are generally identified by detecting and
measuring thesparticular nolecules of interest. The characteristics assayed
can include additional or surrogate 35 SUBSTI TUTE SHEET (RULE 26)
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1 0 J~6'J 2f1 02 WO 99129890 PCTNS98/ 26447 _7 marker char actefﬂs’b»q (;mguat
are not a direct cause or result of the disease but that are relate
certain disease and cell states. Exanples of such additional narkers
include pol yWo9RP¥0mar kers. hunman | eukocyte antigens (HLA) sBEWUSES/T#E hat
predi spose wonen for cervical carcinomas. oncogenes, p53 mnutations, other
cancer markers, oncosupressors, cytokines, growh factor receptors. and
.hornones. Such 5 markers can be present in, 0¥-absent from cells

exhi biting state-or disease-specific characteristics, and such presence or

absence can be indicative of, for exang a nore severe or | ess severe
di sease stat’e. TotBereHRY: legnes sush aeElsEd. ES- @8 luh cap gHsanb FHISFhe Wi has| bread

et hOd. to infer ecﬁ%%%&dhfh?b lg{lell sz'sx%K cﬂf g(hE?eogarf&t He déeah ile%smn of

depending on th er o norna ores or gn| nge I'n
quantitative nartheseSgenEx angack sthet odtosreﬁes@cstgah@soxf bothaars sdicaive ommmagehﬁ
present inventi gﬁ i hcl ude, but are not Iimted to neopl asi as and cancer.
Di sease states ofiPVnpaseddiseaste . © ~ "~ _1' S ' 'HPV' based- el ~sea~se~
--4 ineludir~g HPV infecti hs

and cancer, 5atgyp| cal squarrg’g"sle gﬁrggsﬁﬁetﬁ%ét%égﬁa ﬁgﬁrg@g to‘lé\ggrwggnleﬁgéﬁ:
warts, condyl omathe prégrestion sl MY ihfasiicn fremr benignotonmaligadt giowah. $Winfection
dlseases | aryngeal papilloma, oral papillona and conjunctlval papi | | ona.

An enbodi nent ~ of Progeessaselsemt CINJ ethrqugh GIN &l and; finallya iy medispantscangerenThese
h | f f
(e oxpress on | Bl v RRLANEL T HORSS oMy g W SaAIE! 10y e

cer vi X is associ ﬁbmctm 1 o CM¥ @011, GR., aftransitioaita prermaligadnclPdan Wuabteﬁhehen
sence of PV ‘QNA %\}Br ecancerous. lesion is indjcati v§ of an | ncr eased
r eI ative ri s elig Edﬁ’%%ﬁ!"&%‘i‘%‘ SFREedhOBg| v TRUG Of asaler than 3sinsthe |

difficult to pre t
| esi ons. Tunors gllrtlginet lgﬁéﬁ'{) }6'}{1 gétg%guwnu%lg{)? glfr‘lmg? ﬁﬁ@ﬁg |&Hglt§§'ﬁ%{gﬁ%’r’}sc WA eh
can activate onchhyenasadntiélow | imdidaiesatlowtlave rof CIppmessBP Vgefeeedawetl/ &« ratio

genes invol ved i p DNA dama recogni tiop and re a|r he ex i on
level s of E6 andgﬁ?’eﬁhéﬁﬁr"g’ﬁe‘?t}%“ £648css AilY r%r%‘i?' &Q@ g}?pe(gﬁ\giﬁ,) 8T iife
-sensitive and acqifighf WBAMDE. HndR bRl bALyE MouPthrdd i BY ildiAhI HMhn HRV. ...
devel opi ng to a c ncerous | esion e present invention neasures the

rel ati ve anount singducébmahgiiancy.E7 expression levels and E2 and/or L 1 35
SUBSTTTUTE SHEET (RULE 26) WO 991 29890 PCTNS98126447 g in an

HPV-i nfected | esion to determ ne t he ratlo of E6 and/or E7 to L 1 and/or
E2, where in this ratio is a eptibility to

the devel opment of a cancer o8s asur ed by

MRNA or protein levels in the cell In one .aspect of n t he
stage and ptdgnosis of a hkmgie s b%lﬁlgr%"hé‘& “(’PiF‘\f){':Eﬁf W“ as the

HPV-based di seasg,inbelSSeisadil vk §11.Frm?ﬁg MBPE6 7ﬁlﬁﬂﬁg(vggent i nvention
i nwol ves the rreasurgFrent ﬁ? thev Fggve 0 (gxpres)gilf on of one or nore HPV
geres di scovered to be rel &igde Qaistahgrapt afjtheasedsitinity o€ an fHRWP\:-1bassgdshown as
di sease. Genes u efuI for include the HPV E6, . , and
E2 genes. It has é%@'@’%ﬁ%ﬁ&%"?%éﬁle Yenalsipmoise;rati B‘F“‘lshese
genes, the ratio of expresaﬂ 8fis {HRGREbeRABcE FortAPY 1¥ RIS ubqw or
nmore ot her 3&nes) or both, 1@5(;&' r:fth C?I ve gf tcheostage of Lm based -
di sease. The | evel of expref‘sgmremsﬂlermblmseqée!tco fot HEBV 1AMV (RERED NO: 2he
| evel of expression relati to @ o, =, e ' S g - P_
.gene~~referred. to, ~erein dgure Sd thedrebe Sﬁ&H@‘“éﬁk‘ﬁP&e’fﬁe@é{ﬁZZgﬁSéﬁ% c3h be
" any appropriate gene (mphre®1satqiobyseidce f6HPY & E2 (SEGIDNHEY),
housekeepi ng genes or other constitutively expressed genes. Exanpl es of
reference genes include actRigungdriethe probassiquensefbr JBNek EA{SEQ AR N@n®s,
tubulin gengg) epidermal growth factor receptor genes, the normal p53 gene,
the normal pRB gene, cyclin genes, 20 |3-globin genes, and
gl ucose- 6- phosphat e dehydr g enase genes. %jerence genes can
be neasured in the sane ceDEELAILER DES ANred or in
nei ghboring cells in the same cell sanple I.n such a case, the reference
gene is an internal controITh%Pfewhé‘“@ﬂb@%Sﬁd@‘Sﬁm% iferiification apd SHINOBNE (e

relative | evel of expression of these genes to the state of cells infected
with HPV isigenerally illustrated in Table 1 below. 30
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35 SUBSTI TUTE SHEET ( RULE 26) 1 0 JG-J 2002 WO 99/29890 PCT/(UISN 2347
-g_ 0 5 Tabl e 1Medi cal HPV- BasedE6, E7, E2L1Char act erdi sease stateE6 +
-E7beni gnHPV-J - | ow ow to hi ghl ow tonormal tissueundetect i gnlow
grade CI'N d\ﬁ@gﬁ%\tﬁﬁfo hi ghmediumto highi.e., C N Inedi urmeop?gjg}t%?g%%ﬂ
grade Cl Nmediuml ow tolow toi.e., CINII/IIIlto

hi ghundet ect abl eundet ect abl eneopl asti cCancer nedi um ow tol ow toto

hi ghundet ect abl eundet ect abl e 10 The HPV- based ohi gh grade CIN referenced in
the table is the premalignant stage | eading to cancer and | ow grade CINis
a productive,vir i [ O L 4L dd 4 t | t 4

publ i c heal t% co%%:%drsﬁé \%Eliléﬁ r@é]tggg%:l{l Q?szdrﬁaésslg’re ge%k? ng]':'t ﬁaﬁiﬁ%ﬁ;%rﬁ%ﬁmf\%ﬂr %ﬂngs
ti ssue refers toinvglvedogi £ alidegsenstatéaland. comparing~their- expression. tbSeach, other or to

..,tissue.Llaat,is~;infecte~,.wilh | 3PV. Althougfh not limted to this
st ax~dar d, . ~on~. &f@fepes genes. as an indigggjonofithg, ptatsrliihe feliss Jushameapyrgmentgican be

expression is a e C j t rj i

Goner i bed i n vo STFRsESWRY R SRS bk He {AEADT Wil SERINAS BPSRY
or E6 + E7. ' Theassdsknienoof the disassstaws Qviethethbd of tie/ presdnvinvexdoplan be adedns

to the conbi hed expr eisi on of té{]e added genes. 2}\% As can be readily

di scerned, each ABFHrthaistagsof adisgage psindisgtednthestay of thagedise Thipmethed san
ari em of these 0 th .o ondj ti ' .

Pegar ded as seri %)%éq%ealﬁtgzlfo g}lig‘rérencﬁtsgssg% @gréf?%cpgté lﬁ%sgs i%tsﬂl'l %olfc\’/lﬁélgdl?eﬁsee by

relative |level eidendfdngapmopaitbelierkiivbgredan the indicated Bikeask4tatdbr by frillidating
and ot her, 25 non-HPV genes, can also be used to assess cell state. For
exanpl e, L2 and gay ghangeinthecstate of eallssubigeted toshethse@Rygn viral producti on
di seases, ang E1 is siml amyl I t i i

mal i gnanci es. Qther relati %é‘?}; g{g&%& gﬁp&@%‘%&%o@ ﬁ?é‘?é %gﬁﬁgfﬁeﬁ%escag%
exi st for other EEhé brpreskich pemaes, Foncexhimpldireophstd add canddnoul call demeralied

to assess the state of such Qther di seases using, the appropriate |evels and
ratios for that 8?‘@855%‘?“%idr\ﬂ‘q"H%rrﬁ‘é"tP?‘Bf?gé?ﬁo d (grewihs gharactensiics o1 Maleqyfar

HPV genes in 35 dj c t a%enot ol
assessed in sevegg %ggﬁcsl ﬁdc‘%&% %’E}@Pgtgﬂ%%br {IJLEX'%%%&] %@g‘gsl ggggg%_golog
1.0 dv+~) Q@2 PEIAISESY. 2E4discase sprograssisns, Vimdlypiefeerdecdls ads exbibitoidifferent..
detect abl e expression s, indicative of the disease,state in the i.nf ei:t ed

cel I's. For exanpRPTPACIgieR afl gepe SXPISsTion dRUENe iisng Sxprssiemef vire! genes.

i ndi cative of hi qiyigy afi€prbdedt HveRHE Ahe chdtalbRicsCTIRE celf salt236h & changes in
difference in expression of an HPV gene product can be indicative of change
occurring in the celifarphology bt expiression d@enexeantecdetenminetiremsephiticnysampld.
expression of 5 E6 and E7-rel ative to,..faqr ex l.e, .an earlier s e .or
ref erence saﬂgl e-may be i ndﬁ&eafi’vgmg?ﬁﬁfgﬂ bgcr gﬂgﬂaﬁ‘ lﬁr%lgeréeé?{bewecﬁl"gg#aw&eceﬂn
the ratio of"E6/ Efatespift&eitainditRe BeeRusseticdrof teinis ftsé in deNdellf samply Such
grade CIN or a shift fromnormal cells to |ow grade CI N Many other o
conbi nati ons of cHARGIErisHesscan be generally diviged intg gwantypes. ey tolegipdi dhatactsristic' ]
can be derived fro I nf o I i 0 Tahl far .use | . e
present inventi On@@&‘{eﬁ%%%r i %ﬁg\?\%t%tff g‘ti %ls% §§%ﬂ@feé§,nggocﬁgﬁlﬂge&§%q@%?1 es‘gést %}}
HPV- based di seasehatazteeRititSsul ab o exdingie] ovegdlDeglb sitipe Y agswacmce. FThe pHimary
pur pose, gr% 1 ... . ,.4. , ,~15 . . %ene.~, 9% ,Q, ~~,;

s~t ~, a~cl ~r ~ | ~Gdentifcatignqanch classification, gf mnagyz neeplastic Fadecanceroys cealigehas
T A . ' j.0, LS. O

nci de €1 £, gty G BLmGH WaineiTplofical Brata AERAR S 1St b
include ratios ofcyisioRizal chiracteristics is generally slow, requires a relatively high level of

training, and generally cannot be easily automated. As used herein, molecular
30 characteristics are the presence and state of particular molecular species, such as
proteins. nucleic acids, and metabolites. Such molecular characteristics are
generally identified by detecting and measuring the particular molecules of interest.

The characteristics assayed can include additional or surrogate
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'-group 1 to nenbers of group 2 or group 3. Exanples of theses nra ,i 0s_axe (E6
+ E7)/(L 1 + L2), E6/L 1, E7/L 1, E6/L2, E7/L2, (E6 + E7)/L1 JLﬁa 802
-E7)/L2), E6/(L 1 + 20 L2), and E7/(L 1 + L2). For such ratios, a value of
*l ess than tWO 99898%di cati ve of benign human papill omavirus i RCEASIYR646T | ow
“grade infra-epithelial neoplasia. This type of infection is also classified
as CIN 1. HPV infections which progress beyond CIN | indicate cell
~transformation has occurred and cancerous gr-dwm h has begun. 25 These |ater
infections (CINII1/111) have ratios of greater than 2. A ratio of
expression of nore than two i s indicative of high grade infra-epithelial
neopl asi a of pr@aﬂﬁf icbﬁaﬁ%“é%ﬁ‘fdé?‘: arpnphg idHeE}fcaéﬁep?'é@ﬂlbﬁf@F dissase busrthatarean
Lo, 1S, SXOoEag of Mt e 211 Bl Md EOG R o, ARG mpners
E7) /(LI + L2), (dcfude/pdiambAHié lmharkers2huméi@eukoEyle/ ffiderts B4).A) (S 4s B7) 2.
(E6 + E7 + E2-E4)/ (L1 + L2). There are several ways in which neasured

| evel s of expr e EAEROET WPmgndenh ey vicahcaeIneBRHANCaLENsS ROt BYBHPRS @thepgancer
exanpl e. where e 5 T, W 2 0 [
f002 WO 991 2989 ﬁiﬁ@?‘%ﬁ%ﬁ%ﬁ?ﬁ?@&&g"xﬁr essi %E’é{#@si %u E%‘g‘ﬁm\?‘ég'ofsqflﬁe
cell state, exphesicroambe tpisehi-v, ge absens fronalcglie dxhibiting stat¢-ef diseavepédifié he
expression | evel of other genes. Wiere the relative | evel ,of expression of
an HPV gene is Chypeigrstics. and speh prepencgiofrabsenogcandissindicatiye ob) fopexample, a
expression is ¢ . I .01 .0 .sanme
type of HPV gengrqq?ﬁgg%a? F?!aers gﬁf\’gg%ﬁseésgr% g’ S%%hmgicerg)r%&ég?ﬁflsg{'xncé "ﬁ‘n‘?‘a{% e
5 from t he sane vdthuthealistiosediméthod e aeferd aitieahigher og ldWdy)risktaf debplabiey diseasé
expression,qf a different type of HPY gene in the sang or a different cell
sanpl e, Lo Phe” idepending o8x Biee BYMOEF Of nﬁmalms\w?se%gﬁwﬁas@éﬁée i §h988S dbre
cell sanple, or f expression of a non-HPV reference gene in
ref erence cell s.qh%ggt%éoﬁ\éﬂ!eeﬁ%odi ment of the present invention, |evels and
rati os of expression of HEkapeplesofdiscase states dor dssessinent usury the pfeseritaneamtion
genes in a cell [lin ;}Bat cont ai ns, HPV % uch ag HelLa qr. CaSki %e |qguch cel |

l'i nes provide a"é‘ilﬁ‘?ﬁi 4 arsoRet{upitethio-Req ze\f@lssa“ fCABSGhr 48535 SIGfeS IgontgERAe | n
- cell -Sarmi‘-e% Aaﬁq{WIHﬂ@écﬁﬁés ase: - ineluding F!Pv infectit) cERARANASAPIHATRSE Tespdsia
ta. assess and conpare the absolute |evel s-of, expression ~ ~ " ~" .. s of
these HPV. prot ei(@Nyiand cahcseatypical spuamdas delés ofondetermined signéfidants GASCUBher
W th HPV 16 (SucHEHs SAPMURrEa. RS dYSHRSE \ErREBTS B ePBe skBodrsesrhe
llevel s and rati Qaryagedtpapiionia Brad papili¥maane Lomutictdlab fagilemar ed 20 to

ref erence genes, such as housekeepi ng genes or other constitutively
expressed genes, in the saf® csrhodimenti pfr dher presentc dnyestionydh defedtione|and
i ne. For anpl e | 0 ' [ \/ e,ar

reference gene i@“ﬁégré%‘%"%?.h}? {)ﬁggégxgﬁgg\%eg{]?f{egkgﬁéws%egﬁﬁ rr'%gsq@ P;eelrgrg\r/l gmount

prqvi de an i nt ergfadats BAS b&dn &cuinat€ 8vedl the Pastalepides shawing el catdindn< of the
sanple and are used to calculate a corrected | evel of expression for the

HPV gene to al | oR@rvisrisasseeiates with infpeiiansefrrsrain ypes ofNRY. Jhougtpthe psgsspce of
bet ween differen I ¢ i i r

nor ral 1 zat i on. - TR DNE B ipearfBibus Uelbedls FBICREEE bt iaerE RpErFIEtye ol Tor
be 30 neaswed i ¢ervical dysphasiacartieinvasiegrpareimonlaoitgis wtill difflvaltltepeediarfthe clinical

expression of the sane . ) . .
behavior of precancerous cervical lesions. Tumors arise due to the accumulation of

genetic alterations which can activate oncogenes and/or inactivate tumor suppressor
genes and/or genes involved in DNA damage recognition and repair.

30 The expression levels of E6 and E7 oncoproteins encoded by
high-risk HPV types are a more sensitive and accurate measure of potential risk of
an HPV infection developing into a cancerous lesion. The present invention

measures the relative amounts of E6 and/or E7 expression levels and E2 and/or L1
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reference gene in each of the cell sanples. The | evel of expression of the
HPV genes is then nornalized to each other based on differences, if any,
‘bet ween the nmeasured | evel of expression of the reference gene in each of
the sanpl esWRS/EBYMSTTTUTE SHEET (RULE 26) 1 0 J~G- 2002 WOPOHVSHHAE47
PCT/ US98/ 26447 - 12 o In sone stages of HPV-based di sease. the expression
of a particular HPV gene is | ow or undetectable. Such |ack of detectable
expression is used herein to identify pattern®-of expression that serve as
prognostic or diagnostic indicators. The expression of other HPV genes is
assessed in paraIIeI i e sane ssa ) rOVI for t ck
of expression of® eng' H@‘Féﬂ &FS‘PﬁéO@ ‘“Fd éa“f? (ge@égg%r liE‘cl’lI‘FPsL]i g.ncDor k?
acconpl i shed by \iRag s kg réxﬁ%s%@fe‘éﬁﬁie?ﬁu@f)f Hbe 58%8scbtibRY &?&%%e\/ﬂ%ﬂ\@ﬁ’tr
or in parallel. For exanple) neasuring the |evel of expression of t HPV
E6, E7, LI, E4, ddndaBlergesiesionn HRV akpressionscandeef measpiaddyy mRN A as praveie lofels
t hese genes is expressed in all of the stages of HPV-based disease. In a
preferred 10 er‘rﬂBé‘i"f’r’é‘ﬁF of the present invention, a ratio of E6/E7 to L 1
/' E2 provides an indicator gf ohd kglethoPtheqhvélRival aRi ﬁﬂ%&mﬁfogﬁéﬁ%ﬂ&%ﬁﬁ%
infection. bn this way, indicative information is colTected as wel

provi ding an i ntrepliimadntsr ¢HPVihénfectememre Pﬂ?VibmedL@!sm 54 assessed This
conbi natl on is al Sléod ndi ca ive of benign.disea lu~, ~
o imgpt_o élpe _prefe%t m/vgptlor? nyo vesatlt?c”ps%ﬂ.xr%e% qf" the levél of
neopl ~, s, ~i c. pcgfp?éﬁﬁ‘:ln oLonc br more HPV v genes Hiscoverdd > bY RERteA 1oCHRPAEdS MY
descrlbed above can al so be used er genes and ot her di sease states.
That is, the me asrecofl P ¥-baséd é)spasessﬁimsoﬁeﬁll fertbisopurpogecinebide cben HRY ES6,

conpar ed, e he | evel of e reSS| n, of a e of .qe \
comared, 1 SR ke N ke EhaCheet TRt b e B b S,
source or approp%dneg ethé%ﬁ‘é %ﬂ@ﬁ’pr@ﬁ'idrﬁéf the& gé}ﬁs |t@\é§>éh &Beﬁ&ﬁfcﬁ&% anm%f'e gther
different type of gene in the same or a different ce | evel

of expression ofgqxeSeberbeﬁ‘c@rgmcatwetofethsamgecef HPé/ahﬁﬂedrmma’sc 0 "Eheelelvek/ef

of expression of_a referen r nce ¢ ressio

genes of inter esTPrEHGT gsrcfaltilge I—ﬁ’\9th§é l-ﬁiﬁ)g%ﬂesl or& ?evﬁlczigﬁﬁx &Y 14 g%fhve 2 a

.- assessed US| Ng. aRdh-BIAV BEAe.réTBirER b hdréih 28%a8TRIrénce RMe. CBIkIDRfEBARGIAEs bal B ...
hybri di zation. anplification, or sequencing techniques, and protein can be

det ect ed usi ng syetpppr@pameumm(e@ envadgd bﬁ&mﬁ’h@@ arg for gsamsplec hpusekeeping

det ection of geng. oxnf eselABnalii I SEHaD Blo kX RGRHANS F}Eﬁfie%%‘ﬁ Bendificlude

known and can befUsad

detecting and neagi igéfes h@tdsemeial @En@spﬁasm @Bne&f t@mnmgafesj epidesnil gidwth
detection of RNA transcribed fromthe ge?ﬁ; interest. Eqr the npst
reliabl e coppari SSHY, ressPIPE 8RN theatrmal ¢ tgeé‘Fe“leo“%g‘aé!?R&JBgﬁ FYFHD gepgsT

(RULE 26) -1 0 ﬂ?gT(;biaoggne's. h}{pgqgéo%g-%%o‘sﬂ&te dehydrogenase genes. Expression of

reference genes can be measured in the same cell as the level of HPV genes are

measured or in neighboring cells in the same cell sample. In such a case, the
reference gene is an internal control for gene expression.
25 The relationship of the relative level of expression of these genes to

the state of cells infected with HPV is generally illustrated in Table 1 below.

30
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and measur ement E_expressi on [ priBdigh < am%ﬁﬁiﬁe dup ?’~e?¥éelﬁda
t he determ nation of the |evel

f0é of expression of genes of interest in
the discloggd assay. For
of HPV in general or exprgpgygﬁﬁé

5 e P, B S WAL 4
e aaapte or

[ i on
t ed

ous

ni_gu f
teliaticeie Foo
Emaliigridne sehigs deadiggd tescanyerf &d tde @ede OINOfy 8réductive viral
expressi on of HPV genes E6, E7, LI, E4,and E2. Many HPV detection and
f[yp: ng_ assays, Meého%éhatbbasu’é@gﬁmﬂlgﬂﬁét (WPSCEF%'SEF!‘ Het Hotlic diealth rroppern with
i ncl udi ng assay Y . . :
hybri di zati on, Bg%p&égro I @gg%rﬁ%{)] rggclﬁegé]&n'anghgoltﬁ%l?eorﬁkﬂf/gir%)g?lggkcﬁ%poﬁarllt
..35,,SUBSTI TYIE , Shiskie (bt AshnféGled with WPV ~-AltHdER net MRited i hdMandhdd «one standard--
PCT/ US98/ 26447 ( 199;%1é)%escrlbes PCR_asffﬁgés used tg%g%nti f% DINA frcim X
speci fic HPV ty[e5esieibing hiolpyer BEl §iaPressIoBns BaASY OFlovt akdsigrtaple using
e R B o e e il g
The hybrid capt (E@EAgefeys tsEG Bl ef B6 nET h dthefaiditibet afcgenes) asfwith\E@mET, bfor
determ ning HPV type in conbinatiaon wth the difsclo ﬁ 5 assay. Swan
; 1 € 6 1 I [ enes. .

(1997), disgl os %ﬁ?fcéﬁe‘Pé‘&"t?%&P%&W "e%%‘&“oqt‘i‘%ﬁfd[% 8BS 1o 3
exonucl eol yt'i ¢ activity of ATaen BtheddlyydiBica®dl. koc RajdRafiRaid@ati i ReiredehRd
fluorescent dyes by rel easing themfrom genotype-specific probes durin
PCR 10 Lizardi Yy a99iue caprsssioropastemn ofcthpssdtheste sgistad@enesg Beply ofi theagcondidonsy
hybri di zati on with nonsradi oaghl veRroheseAnd o yabizAhRla Wit the refarive
conventi onal b“*’dﬁt’-&*}’? SETPHUBFRSR R Croscopy, G ALEY VUEANRT 8
confocal m croscep. exjfbfieorl ofl olhet H? Benedlgsiehi 2eE1 AEAPEDS bedl L9 aadBiiRf,

in situ hybridization for detection of HPV that T S
.a~. val y~~.25 | si epraHPVagpnesf ¢anaalscobe useditgasenap coll stateg ofjgr exgmpls; iLigeand Ed are.
of .,.re~erse- - anscr I. I [ QN e AHPVY.
Senbe [21 (- 1o07eauulr RERaRbE SR BB A pfdlkllof AR ETL Ribife
assay-based sandpyofile £2B2 dhisofiehiddietal inanalignayes. oOtHdPYelstinghips 0N exprosstuhe
enbodi nent of the present invention RNA was analyzed 20 directly by .

sol ution based pfasdbessr HEV meteinsetansexiifer pihes HE  -basedidiseages apd ahe disclosed
proteol ytic enzy t he_ cel | } i I . 1LCrotiter ate
Nonlimti ng3(bxang’l%g§°%o¢ane %§Jﬁ%§° % %’? ésﬁfgg%?aﬁé p R\é\@%r%}s]gl{g@?a%sgﬁ%%%h%i ar@ h i
protei nase K or RveRasd ratisy fobthaadisess.0 be subjected to detergent lysis or
osnotic lysis or a 25 French Press. After incubation, biotinylated DNA |
probes were added to each Wsing infaenaten: phenthie leyels vimderatinpt ofr BE Vogenesain
solid phase by tr rri I .4l n. t ] . kaline
phosphat ase- conj Sgg“t%e’ﬁ ?frll{]g%%gitgé sﬁgé mﬂ%ﬁgﬁ%b‘%gdgg 3%?%@3@3&46’% \gg{éﬂ In
well in the hybridization mcroplate and 30 signals were generated by

addi ng a chegi |l um nescent reagent such as CDP-Star with Enerald Il (Tropix)
to each well. The signal was read fromthe mcroplate. The sol ution based
DNA anal ysis was perfornmed simlarly to the RNA anal ysis except that the
mcrotiter plates were coat rrhusit ¢ ) pyeyi d anti bodi es 35
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O her nethods for detection and assessnent of HPV infecti ons1q]hg@, @%be
used in the disclosed nethod are described in U S. Patent Nos ,
4,777, 239, 9, 4,983,728, 5,527,898. 5,364,758, 5,639
/2644

5,501, 947. ‘goégé”g@B 4,748.109, 5,623.932, 5,665,571 and 5, g%%fgg These
are just exanples 5 of HPV detection and typi ng assays that may be used in
conbi nation with the disclosed nol ecul ar assza;. Many of the techniques
descri bed above can al so be adapted for use % the discl osed assay for the
detection of expression of HPV genes. The di scl osed assay and ot her assays
can al so be, sequant balkk Vind GreQpbd B?‘Qbse-ﬁt‘,é‘tof'd%tecfdb'iéExﬂ@%n&rypseuﬂflca%%%\ftﬁ@”
be performed. and then, depending on the results, another assay can

per f ormed. For dizeasp Bm;e mnhasﬁfayed oelttetl%ntexmrﬂe( aiackif R2qoapressam (lwhen HPV
performed first, then ent di scl osed | ecul ar assay can
be per f or ned. p&ﬁ%‘f’ﬁéﬁ ‘@Sﬁﬁbﬁe 0 li."ﬁ g(ﬁ?‘iec{jﬂgé)d %B‘Feécﬁf‘aqnge’ cases, 4 aﬁ‘ Eor

' ~9ay" eS~~be~~p&rffe qaf R ffantltinr & brodaft LR RSHRANCHRE Sf ch

i ndi oati -ve. of . a, ~|F%€F 1 &Eess ° E Nrpor cancer, a c‘ilato | ogi % ﬁnge
assay or bi opsyommrhpmpbeimfecredicelsstah sﬁmucamhpbl. arc onehiaset lewnbofagxpression of

articularly usgful mtln nore extensive tes atlent and
garrpl es tha%l ar 6@8@%3‘1‘"? “’Séo bﬁxq‘?éﬁ an £3thiey s &"u%‘g‘f f"‘j?‘%B?‘H oM3he
assays are ( 1 2;% ﬁﬁ%lmtgé('eagﬁq'bf%h %Qadceotllﬂv‘@p cBiceD %55 éfeofn Wrﬁ{ ;5‘?"196/57

ot her markers, ytol ogical or histologic assay,;
cyt ol ogi cal or b’:prt:ssimgiod}a’a emsamp i$ o$ddamdledmfymwgﬁ‘de&§§bgr mshiﬁrfrmsarynaﬂor
one or nore other. markers \/ ass% or an. assa for on{%l

H
more other mark&HE (’\Aﬁi"&‘i@d%@ ]#1a Bt ‘Ifééﬂ"‘EMBP fieqmparispns atg alsp pass
cytol ogi caligor mébmep?b@einaaéﬁém 'deﬁ%&jﬂ*&)‘n %&QMﬁanQﬁ T FANRRUR

HPV and mar ker assay; a conbi ned or sinultaneous HPV and mar ker assay,
foll owed by a c}heohcl@odafﬂmrprtneatmwaglml assay; and (5) detection of HPV,

detection of HPV type, PV assa i cal o hi.st Ql ogi

assay. Each combination ofd_{'é?s‘gﬁ)f/g‘ é’b":?‘s"a'r‘?ﬁ ?%ﬁggog?eﬁﬁmb §‘ﬁ8ﬁ?% '#’?r‘tjd
the conbi ned asa%‘éasfees'i&lki%bﬁi'ef'éﬁﬁc&% broubsof HEN $RA&S sélaﬁﬂa B?Ho's@r%\ﬁupl
status, patient prognosis. or other assessnent as described herein ere

t he.r esul t.qsaf. ngnnqsmlgcassaymchmrﬁ, HleandBaivBEalrom 2 geppssrr geng sets-include

SLBST!TUTE SPEET Pt 64280 by s SRR R ABER B2 8y

confirmthe initahdlanyefombifationer ©eRiPtatios \uif @xPredsi6r lihcladeTpdtivsi 6f MefibeRi of
with some cells benignly infected with HPV and ot hers exhi biting high Igl;@ade

neopl asi a or camEeyp T4n raembers eEasenn AT axpifedsi Bxamatlespl/thesee sties pre(
sovocl s oy k] ongtenn i 2 emcatek e, g etprace

of the hig odr ade Oor cancerous ce € ‘est
this case, he eX)eand EGHLI he Ld).s Fopsech ratiokoal vaRietdfdessothay teoni mdncath\& of
cell sanples assayed (those with either equivocal or, sever‘ga{lesul ts)

be tested furt héaemgmwmmpdmvmmfecmora!%grs € mprkaﬁléat t
regimes. 10 For , gﬁ? gecu&ﬁﬁ\%’glgé claSsi B8 28 Q103 88y m&Yorﬁrwmﬂ {i&ﬁ%ress bemrﬂ

i ndi cative of hi or cancer suggest that antiviral apy
be i neffecti ve sﬁ:lmtémd]we cell agasfonhatibrs basseccarred ahtd eancrownprowth hab pegun.

esul't o 1 ndtbat | TRESGlags EEtgre TG GHAHS hevsgation ol gieagg dhan 2. A Tatio of
expression of more than two is indicative of high grade intra-epithelial neoplasia or
pre-malignant cancer. A ratio of expression of much more than two (i.e., exceeding
4 and up to infinity) is indicative of cancer. Preferred ratios for use in this invention
are (E6 + E7)/L1. (E6 + E7)/(L1 + L2), (E6+E7+E2+E4)/(L1 + L2), (E6 + ET)/(E2

30
+ E4), (E6 + ET)/E2. (E6 + E7 + E2-E4)/(L1 + L2).
There are several ways in which measured levels of expression of
HPV genes can be compared and categorized. For example. where the presence or
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, , ~.. _ ", 15" 1~u"gge~t anj~vj-~al,,tfpa, ~nent~~in~e HPY JUsengirl 1y
not intggrated at xhese $tages. . , Antiviral treatnents include, for
"exanpl e, dr or..fherapeutic vaccines. Were results of the di
_met hod indi&%f%wé?s%oeni gn cell state, treatnent can be avoi dedp(jéf/ﬁ%%é?%ér.
The ability to nmake such assessnents reliably and accurately is a
significant benefit of the disclosed assay. 20 The di scl osed nethod can
-include the conbination of a nolecul ar assaylds described above with any
ot her assay for assessing a disease or state of cells in a cell sanple. For
exanple, a |l e r I . J e hon_ of.
v genes. can baStaseORERnsan B aRaNNEof Medel Md upesBionRHE SEV Bl s
det erm nati on ofanbiy@edMithoMp eeferensend , the edxprastiontlevel of ottee deave!l WherkRYe
present. assays detecting ather cellular markers such as oncoproteins or
t unor suppr essortglativg lQYGﬂ‘mfrﬁéPFeéﬁgnd?f amdiRY geaeyis iIndigative 9§ dhe cell stataohn
and are used for i i - HPVY i i V- i sease and
assessnment of t hnééaggregtli\gzg 8@#)&)(5?%?;5‘\5.&%%2’%% {;HP f ?%mnpa% ) trrogﬁg g%ieg P? g?é%lsﬁmgr%
one or nore addithé sumnd typs SEYPV genddid L differenedell sample (QRbeastaicearitr icald sdrhply
of any assessnent) prognosis. diagnosis, or nonitoring of HPV-based )

di sease. This pd&nphe same sureeopmictereneseells harbﬁ'é.lpsﬂé%ﬁ?hrtwh%?éﬁh@f SRPHRSSION o f

(ROLE 26) 1 0 cfiaegrgpt UPER) sdRaf W Hmsdiary i S pblpe Bl
provi de i nf or matdxpreseibn b ahidy-HPVadfetiéreprte ihtie samediedlt dangile, for aontind 1aeél of

assays. \Were nultiple assays l-{mi nt_in the sane prognqgstic or diagnostic
di rection, the rexpreasipnpf § nep-Hi\G refersacegensin referenes eallsed. Usef ul

i nati i nclud tQl o t b SG RS ,
an assay for determ ning. HvOTy SaooRid diifle e AT, IREBCHFr BTG

conbi nati on of aexpydssibA@F TV peres 28y corapdrgd torthedswdy/of the sahs &¥ndsOh a cell line
detecting cancer markers, and the disc)] osed agg{)ecgl ar i
-t

ay. Conb d
assays can be pefplofenzing HEnsushgs Haka of %F‘gf?‘?’é’f quvé‘?Flsgiesiﬁ!‘dWér
e . . . : .
exanpl e, vari Ousetggﬁﬁf" idhvDE d}e&;})?ésgﬁq SPer Snk€lin QEH?@%@SQQEJ&C&

Such assays can performed 1 n any manner such as on t at us

- by the samg &j)ef-s&rc,h oontparigorfsf are @ndéd wpgacsatand comparentht bsdaredewsls. df éxXpression .« ...

| ocati ons.

t ol ogj cal ays. for. use in assessi,ng the stage qf. HPV: pbase
di sease are knom?lfg "hﬁ?f %gﬁs% éﬁ‘ée‘?ﬂ“# Ots%\é“ 3;558 ﬁ%?ég Wﬂ?ﬂﬁ‘%ﬂ“’%fﬁa lipey IOtRers‘:e

established 15 * [k \S&Rffor 6 pligaRt %M'ldnf%aﬁ(cj#@@ I 1S s 'i'x?feét'é@@ithaﬂ?v 16 (sucltll&E

preferred. exanpl es. .~Fhe use . ". anal ysis of Pap snears and
stains are wel | - &WiR) omHPHE 1dsuch o5 CRN-61Zdvipyess 99RMe termis used herein

is primarily a collection el|s fra atient. t hod of ,obt ai ni ng
cells ist h&@ugh non- i nvasﬁ}%?er‘r’glfn ,d rﬁﬁ?%ﬂpférﬁéﬂnnomgf%ef’ﬁs ES a&s&c&n}%&e%

Wi t hout t he™puncioUfeifétnd@f gehedaduchnds. hdusakaepiry géhe®for roher EVMRGIUYI®elfEPEestdde,
for exanple, cell sanples obtained fromurine or a nasal, epithelial,

cerjvi cal or ot hegenes| in the sag eclcprinerelasandecisils.curh &5 adisliing, Far emmalen dir
by ‘ot her means 'Lé%l“odf‘e gresiigﬁ ofHRARPY: eﬂ?%ﬂ& fhely @%&ﬁen#é@gﬁugﬁﬂﬁ%{e sahf¥
|nacollgec 5 ch 25 allTows for a

cel! sanple can be preserve ion medi um

conbi nati on of twe&l cample. € Huschayseasifirethehfse pryvidec har Anéranl sbhesl bEItht esherall a
cell state gf interest. As used herein, the assay or assays refer to
det ecti on orf” meaS¥aTession leyel tpacsell sampple randt a7eused d9, calqpdate & pprrastesk leyph efy

b nmbi ned wi h 0 it
ovor al | assess menbres i R ¢ S VTRRALHE ARBN e, REBl: EHADRRIS oTIhE fevkPoft”
nore di seases. Thegwessikaskyreedrnyiffenait wdid samples.eXmefoem of cometrioaisiroferred to as

nor phol ogi cal anal ysis and quantitatiqn of a particular RNA or
prot ei n whose | epeimalizaien.d hgs,swggpyacoﬁoﬁmrgsa{op e PhEgse gi%%“‘iﬁ can be

\ . ! i . | e
E[J%%f”e_sr fJIT En Q&EE‘?’ rr?:'ﬁ%ﬁ? E‘GSW%! $r5hoR detiShpidsAorfp AP e 1e ¥ 1 ER)re&FdH OthSSame

reference gene in each of the cell samples. The level of expression of the HPV
genes is then normalized to each other based on differences. if any, between the

measured level of expression of the reference gene in each of the samples.
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1 0 ~~~~J 2002 WD 99/29890 PCT/ US98/ 26447 -18 nedi um can be uueglg;ﬁt)?
conbi ne an assay identifying the norphology of cells in a ceI1 enzwith
“one or nore jdentifying the HPV type invol ved, and.

i dentifyi ngvﬁgﬁg?d the HPV type identified is a hi gh risk or{’?ﬁ\% (| s6 TPy
type for the devel opnent of HPV-induced cell transformation and cancer. For
exanpl e, sources of cell sanples far assessi ng HPV- based 5 di sease i ncl ude
cervix, vagina, vulva, anus, penis, |arynx, Béccal cavity, |ynph nodes,

mal i gnant deposits in any part of the human body, and epiderms; all of

whi ch are kgown sites of Hp\éotrﬂ:fﬁﬁ 104t BPY.HA&E 3 sOB¥- th Rl e
in the present invention can be coﬁsect ed and 1gsstoregeé hrelélﬁqwod% agllrl%ﬁn?
Exanpl es of usefHRV gehé iscloi cﬁanidetectmth SwhdackTofl detogerbe pxprEysamas wedd herein
(Cytyc), and CytoRi ch& ~ éAuto yte se nedia (PreservCyt and

Cyt oRi chT"' ~ wer'® ¢RIy HBREMS 6f °F «SS%'PF B4R anP"E%FPé‘I“bQT easn%sgﬁﬁpesatsm
can be adapted f ho h&‘CH g:r

i e ék%‘?es\é‘fotn ﬂ? S 3 rT%ﬁsessed in ;parl%lgl ?rn iny ﬁ]e same assay 1o
tl~e. pr esent i rpremie @n corateni- fpbehe ladk of efpressibroof pnemesmed: Dﬁtl‘&ngemrtﬁEb’e

consistent With the assays to be rformed. For exa bot ytoI0|caI
and nol ecul ar aSS$HpEe a%ﬁe‘sﬁéF?@BﬁﬁF%gx HiagEings :TJR)‘@&’S s £ isgveral HPV

substrate such i el gqlr;g f to
be perfornmed w |l a%%“‘é;eﬁ’rér g{éﬁyg/pilng%nt @y F%ﬁe sa 1@%%“(%@ Ssli %591t%f %@F“S?g@w?ﬁ
The present i nvddPVdi6,dih 1He Edoaué BH2egeney ipparbelnis disefial spckiat feasthate bﬁw«hbude

one or nore of the materials need d or t he meggﬁ% sch: as reagents
T

sanpl e col | ect i #FN&HdS IEXREASSEdy! e stapesy © disgasean Ip i p gre
cell col |l edi on dygdi r eqg Saf f S

detection of 25 N%?@?@&%rﬂggﬁgd}%r oggcasﬁ1 EN‘Z\f c]):'(r%?%?%elfnm)' %’Q’%Fdeg
nore of the E2, ihdicateh ofHkelikiqd uf deveiopisy g&mesfromqtlhesﬂmzllmfebamdl Imgns way,

cont ai ners. Useful reagenfls for aqn of xpreSS| on of .the q?n
are nucl ei ¢ aci dPficapys 1t 8’r'm"E‘HB‘sb°‘ gﬁﬁp@ge & 'R'F AFRFOYAMS & A E‘b‘ﬁf ol
sanpl es or r eagﬁ%&%&nc@%f L83 ’Hn% @f‘ﬁ’x dHRiAd1RNSs BBB u?tﬁcd?ﬁz'&fo‘?'b@hlgﬂ d?stegﬁrwhxle

assays to be co ned wth’ t e di scl osed assay. dition Kits can
contai n..reagent stbt@hsmqgﬁibamd/mEﬁminmvanﬂhmplmmmmbt her. ael . uJ ar.. -

conponents. The present in ion ¢an be erfo sin Vi

the 35 SUBSTI TUTE SHEET (R *ﬁ&t‘ °?°‘im8a‘3 dfe%@%% ?“2‘9@ B 3sc AV St ©
PCT/ US98/ 26447 _gdids aRBloRARG dls{auﬁeegtauég dnyi ﬁeﬁxefrﬂéasﬁﬁﬁfl@ﬁéﬂdf&xfieﬁﬂléx@bf AgeRY S
are known and |n use and can be adapted for use with the discl osed assays
and met hod. For efintgsess, cambw@reparadefommmplﬁdp the leypkef exgression of the samettyps
sanpl e assays and le h ) rt..o i sclo ed
nmet hod can ?1{ §§ﬁj “aﬂﬁ%‘?ﬁgg%@ %gchsé%am aarlg‘%rcpecl)ls%aa‘”E ng ﬁ%m?h

prograns. e da&axrwbﬂ &prépshate Rferehce cdsus)c tothe devek bhexpresaivh cfaatdaff&reﬁmypwf
ot her assay used in conbination,_ can be conpiled, analyzed, and output in

vari ous forns an8¢Heoin thesame er pmf&rwscq)sﬁamgl% ﬁe&eakvﬁmfﬁégeseewﬁ@é?ference
prograns. Such p benu

patient or data ﬁg'%g’gﬁ‘néﬁsﬁﬂ’éo‘%{)’u er I%Yr%lgtroatﬁé ]&%Ete&lfggg'f &r,]xggg%gr %ﬂ%h Bgne in
progr am i ncr easesgefedente ¢ddB. nunber of measurenents or assessrrents to be

conbi ned) apd the relative inportance of each t ype of rre ne he
overal | assggsment Conput EXPESsion afgenesot JRlETsRf SHCh ?Fethﬂ %sﬁ g% rﬁd‘daﬁ‘é\n

,be used on 15 ~45 2 gen¥CNBhALe as@ék@@c‘?%@m%oiny%ﬁﬁﬁésmet%dC%r 3‘23&1@@. e
I nto SpECI al . ~r PoOSs corxip or corrput erl ze evi ces or
controlling the de&cdedasdmgw’ﬁyhﬂﬂzatimndfnphgcam anatqenogg datmiduesnaridhprotein

di scl osed nethod or both. 20 EXAMPLES _The &S‘arrpl es herein are anf to
exenplify the varca ke geisstedsusng csperificnantheficsn e Mape A¢qhgiaugs don A erFBFc‘ﬁc

i ntended t 03| I m Qﬁoﬁ BY%@%Q@H&&]&H‘%WCC[‘%& %’%@ 81031 O;rrﬁ&ﬁh‘:fg ke NROWOR

for Nucl ei c3fci d Si's e assay for nuc OWs in genera
principle the rretchmdefu@ed dithah¢ disglostd/mtied byOrteectivigentor idgteciing Sabmeasarihg V

Test) d bed WO 93/10263 by Dig B fly, foll i I S. 0
T e e o HhealeNE ) BRISSion I GETSA AP tFpsctbisctignt RN cretisriBag frombine
The plate was se gé’s @fﬁﬂter&‘fup@%@@ st Stiabief @mpar er?@"éfr §>(c)ﬂr9§sxdh\’}t35él§ih?a%fec’t8 bk O

occur. After hyb Ization. sanples were tran

strepavi di n-coated m croplate, and 25 pL of anti-hybrid antibody was added
to each wel I35 The plate was agitated at 1100 RPM for 1 hour. at room 35
SUBSTTTUTE SHEET (RULE 26) 1 0 J~"6J 2002 WD 99/29890 -20
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PCTNS98/ 26447 tenperature. Wlls were washed 6X tinmes with 651§ yaqhoan2
buffer, followed by one wash using distilled water. 100 pl of Ve

chem | um nescent substrate was added to each well and the plate was

i ncubat ed atVQ 848 &nperature for 30 minutes. The plate was tREHUFBRE4TN
the DML 2000 | um noneter. The data was then expressed as signal-to-noise.
Using a calibration curve. the chem | um nescent signal generated 5 by each
-speci nen was converted into nRNA copies per-t&tl. The assay descri bed above
can be run on either whole lysed cells or nucleic acid separated from ot her
cel lul ar conponent s e 2. Quantitatipon of HPY 10 Thi,s exa
illustrates®’t hecﬁggwﬁxéi\gﬁ{d b "ﬁwr%}*ﬁ?gé%ﬁag& B%Df%‘le 3ndebs Her?‘ﬂ@ed in the

di scl osed net hodymAEhLBod for detecting and quantitating HPV nRNA,
including E61E7 and nRNA has been devel oped. This exanpl e measures
expression in CaSki cells Fdnulhyhride:anan hdefedtimngeh dHRY | nuckpp| dcadsblae ntixtuce loér
ceII Iines v f nl 14i ~

11 v. n . -
75V T proveS spigitic o meewe@ﬁeasn%ﬂ@ “Gikprapt HIN |pes e Ve, This
|nte ratedrhl h- a C
wer 6 i nt aned TR e P F ACRRT AR IR EAGeRaa S of Mty BLARY.
10 nmM sodi um pynnvcdved. For séthe pumpoassp litemagaBkdesreble 3o wse eraojresvdesigoed for the

confl uence and were re ved fr he di shes treatment, with %
trypsin-0.5 nM BERYENCER ﬁgefw?@ mnfeor9.%%6egwr%bes\éweorezsaﬁws&%’\%

m cr oscopy Oel I, S dfnl h of
10, 10-, | SFH PG FEHRE mbyind e typl ShUUERS dernding U (HE AR E’FQ&E“
treated, 96 el IthepswuenceliaufhhajHPNtmu;th:wvasndpecr bodeteckedn Dreamsdfdl nixture for this

triplicate 25 The cell | ysed with P K (30 unit
T o- EDTA. D1 T eripespaouith inepidks GOBE] 0% LY (SR ROre | ol Aespeiodd hepa

and 0.5 was segfggtesét R@fc%eformg%ﬁvc%géss st %&%dﬂl?wam,aeacwhﬁt&ﬁweél

37 Cfor 30 minutes. The test for |l ows in general principle the
met hod for det ecianery art typBNP6 ad idhe Di gene Hybrl d Capture H V Test,

described in WO 30 93/1026 ene. Briefl n S. | of
probe nix (containing E6/ % ‘B‘feﬁ ﬁfrl?as‘%?‘@btgf l‘?/v\gL gﬁ’&éﬁssi%‘ %Oa?c%qﬁeqfl
The: pl ate v%ts sqa{ee&tam taE URabRUinefude Ihé Hy®kid leaptlie Uechnk e,H%Eﬁbéii zratwen SN
to occur. er bridi zation. 35 SUBSTI TUTE SHEET (RULE 2 ~~~~]

2002 VO 99 2989(9 9263Uso Brigaw4 PCRoIn sits hipridizatygay @cmlan@f éﬁcaﬂec& by 4Nuovo,

o' choh ver - ToEAaPh PRMEAE, 0GR, SR, SR YD e

tenperature. V\éldrﬁplYMaﬁoms“Nm) Bioflet UE%&)) tahd Golyeherasehchaiil feattiork (HOFONWMigasey
one wash using distilled water. 100 pl a chem | um nescent__substrate was

added to eﬁil)h vve‘ma“hﬁﬂaqtl‘i’@ ﬂl-%b Wé\%s‘!sl‘?é'ﬂﬂﬁiatsé‘li‘eﬁﬁe rT8BBAERPESRYu rckelsy agig 5
mnutes. T I S
then expr essed as SI gna‘%agf ﬁgcedu% m%&%é Crlélil%.g ?‘ od%e@gétsiemplﬁ%ugm%m

ch@m | um nescent aml gmqihf‘g:anau awehl Qf eqﬂhaspe(Burkemem exndviehusiethwant ¢1 96RNA
copi es per cell._ The dat?] fgr the direct detection of HPV nRNA from CaSki
cells is shown |ha‘ﬁe§{ﬁ“e 93%0 This nethod is exenplified by the detection
and quantitation of E6/E7 RgiRrofRV Stheb@efecadP! 4rd hasGeaiehi ot

ot her mRNA nol ecul es (for exa ?LE faﬁ%@? RJr 3 nMRNA) f Cr om CaSki gel I's (Fi ggﬁnee
2). 15 Exand$ e 3expfessiun praducmnamﬂmbwn’ an&l‘dm s iadapiedt g dho detemmingiinl eahe tavel

Medi um CaSki cell .line was Jzed b i.;ng Wi th 0.25% Trypsi
EDTA Tor 5 it LOiERessiRcor febpy ol eberest i Sl Stet st Fer Faals BYR ol S
centrifugation afecﬁﬁguésofarftﬂé d@leéﬂ&#é?ﬂ?’WnrﬁB&d@él'or@&p@é%@i@nccﬁ‘rﬁtﬁérfm geg&l |

pell et was resuspended 1 n 50 and counted under m croscope
Trypan BI ue ) solescribed belelwl mv@soebedadapt@cfor us& Bndisined assay for the idategtion

PBS. 10 of eac cel |, rat| n ropoint ( 10 p 1 of 1 X
PB S) w_ere 30i keﬂ )horgssmn §§‘é"153':&71€7 gi;ﬁ%ﬁgd égﬂ pl of Sanple
Conversion Buffer were addq\d fﬁ@waaecxidmm?&tﬁﬁnglaésayylwehIcz.ﬁ veNed §h the
pellet. All sanples were m xe and were spun down at 38 rpmfor 15

m nutes in Sorvaliscieted athage aterkrfomge inchupag pataysninyvohdng Sehwear blets. doidblots,
tubes were drained b rsion on the Kintowels fa . S5 .mnutes on,fhe
bench. All pel | ef’ésﬂf\%lhe‘ég @5‘?}5%&?8@ SFREH RN [rAcYGn- taﬂg spb&og ‘}%Hggﬂ‘ﬂ"’kw{m
units 30 of Proteinase K) and m xture was transferred into the plate coated
with streptagidin. Plate ~as covered with the plate seal er and was

i ncubated at 37 C for 30 mnutes (heat block) with agitation every 1 ~
m nutes. 50 pl of each E6/E7 RNA calibration were | oaded in designated

wel | s 35 SUBSTTTUTE SHEET (gﬂlﬂgﬁquE SHEET (RULE 26)



1 0 J~!6~ 2002 WD 99129890 PCT/ US981 26447 -220 at O, | 0", | 1, I
0.10 and 108 nol ecul es/well to construct calibration curve fo1r ﬁ%\lAqlgﬂzth
-speci men. ~Q,~1 9of the probe m x was added into each well. Pl

covered w tgv?#égs?%te seal er and was agitated for 1 mnute a?é"i’%%%ﬁ‘o% on
the . bench top shaker. Sanples were incubated at 65 C for 1.5 hours
(hybridi zation reaction) in the heat block. Plate was transferred into the
bench top shaker and was 5 incubated for | héfir with agitation at 1100 rpm
at roomtenperature (capture reaction). 25 pl of Detection Reagent 1 was
added into gach ygj7h qendibel PER 2Rsyd el R idedily DR EroAYika: by

at roomterrperat(ure!) The cont ent s§'¥)f tHe pﬂ%g?g fv)veiql(rl\e{rr?it?lgg %?itgg a%gg;ge%'ela%pgate
was washed 10 vig¥¥70usboribes 2 RCRebmsed tekt Wsdha Bohdeasusapririér £ndoa dybrid Cdpiae

w th deionized water room t enper re. Th te was drained jnto .

Ki mtowels and | aﬁf@yél{%t@f"ft‘{?éec nBé’é?’fpgﬁ‘ﬂ@%rgihﬂ‘%’%%apé’&&é’dsqydﬁ dlseglssreribed | .
Pl ate was i ncub N at : e
Caht. A the en P Ph1620 By Bidne ! THE BIbAF TRGhAL Whkaf A H SEbehf B0 hor
DML 2000 | um nodeteetiomnfl HPVeanthfar. determéning HR\e sgednasmbination,with the. disclosed

si gnal -to-ndi se. Exanple 4: Conparison of the expression of E6/E7 RNA and

L1 RNA in cell %¥s containing episomal and integrated HPV 16 DNA 20 Cel |
lines tested The follown ' i i 3 .
procedures outlined above$‘g§1 {}iadngll%%‘r,l&F%ﬁ?gﬁl @%&ﬁ&%?rgaag '{%glrog‘??%@gftteo"’
cell line (Boukzrpnicldd®i) )acBviti: ofa TagnBINA gpudgneass [tol inoeagd-rthedignal from
1970)) WL2: a nqp-tunorigenic htiman cervi %al kerati nocytfe cell line 30
(Stanl ey, (1989)iucsescelpdyeshyrEe SﬁEEr?*PRUL@"?@f"O‘YRC'ePCﬂ 1c_pralg diring GRS 90 |

. , . . )
- 23  HPV Il10of ectyi; Biog ; ; h
HPV 16 by theegrngggﬁge o?’ %?égés:?%gﬁ&ﬁ(o \%/\V?:ékt%e 8 %gi%%s%gﬁp#g{jﬁgge&gﬁﬂ&

epi somal (non-i widymanaddioactival perbgs candeyisualizasgn iwidhd ohdvitiondlebtiglarfield or

Approximately 1 co of HPV 16 was present for eyery 40 cells, The C S
or e const der b APBFEMEIRDH T aeT §HAbpagoRICRFIRReOPY- 2R (S 60T ba
intraepithelial feqmeasi sodifffd vefstdd 8f ¢ REA1 HybRBRAASH T8 Bbicd@P of W SHAS
epi somal HPV 16 DNA and represent pre-malignant, imortalized cells or CI'N

Ll... or -Cl Nulglsl . .. Shvelvesslsignat oxnpplificatioR. c dpgisesowitz {99716 descibssaueel ofiranetsee. - -

. Th [ | ' t. t . T
INA anal yo o wadrSSP el oF e siReR 18 Beee Y ebls ) e frsflfes
Single stranded,a m&ﬁéd?(gﬂia,t enzyRlAinke® b @AimaAdorbdnt Ngsshil®asade GhAdich capture

~ ., e ... 150~ I:.vaV ré yrie Sequences- v-~ere~-prepared.

For HaCaT~ and ,lobridizatipn assay fforeHPVedetection~wer e~ ~-  grown to confl uency,

cells were harvested, and fm%ngoéxﬁﬂao%t\’\@? tl?é”;ﬁés%x?tdirﬂl%hﬁgn tlﬁ?A was analyzed
20

directly by solution based procedures. The cells were first lysed by adding a
proteolytic enzyme to the cells contained in wells of a microtiter plate. Non- )
limiting examples of enzymes for use in the present invention include proteinase K
or Pronase. Cells can also be subjected to detergent lysis or osmotic lysis or a
25 French Press. After incubation, biotinylated DNA probes were added to each well.
The RNA:DNA hybrids were captured onto a solid phase by transferring to
streptavidin coated microplates. Alkaline phosphatase-conjugated antibodies to
RNA:DNA hybrids were added to each well in the hybridization microplate and
30 signals were generated by adding a chemiluminescent reagent such as CDP-Star®
with Emerald II (Tropix) to each well. The signal was read from the microplate.
The solution based DNA analysis was performed similarly to the RNA analysis

except that the microtiter plates were coated with anti-RNA:DNA hybrid antibodies
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SUBSTITUTE SHEET (RULE 26)



'RNeasy kit (Qagen Inc., Santa Carita, CA). For W12, V\:hO|€f/ s WUZB
used for analysis. RNA cal i brators containing the corrpl ete HP élﬁg re

‘prepared by transcribing (+) sense RNA froma plasrnid containing the

‘conpl et e HPYOI¥288Q0me 20 with T7 RNA pol ynerase. The RNA wa$CTASAS448Ut ed
to 10', 10a, 105, | b, and 10' copies per 50 ~tl. Aliquots of cellular RNA
wer e diIuted to 50 pl and then 50 ~1 of Probe m x (containing the

. biotinylated, single-stranded DNA probe) wasladded and hybridi zed to the
RNA specinens for 2 hours at 65 C. The hybridization reactions 25 ", "ere
transferred to a streptavidin ted mcroplate and 25 pl of Detection
Reagent 1 was aﬁﬁ‘iﬂ‘et oléeécvﬁerﬁﬁg ection Reagent 1 contains the

al kal i ne- phosphat ase ant 'OMdWBPG&t%% At dsHaevemosH Hwtﬁ.fécnl%]%gr tiag a
1 hour incubation with shaking, RNA:DNA hybrids were captured onto e
streptavi di n cosaredepised én dwddrsdom meshoduirc dessobed yn HeSicRasentviNoh 5.418.995,

chen | i nescont - SO0 kA ¢ AOREIRC o it E3EH 28 S HI28Thucss e

wel I's, and the lsiggats3gul By 19855 6EREY, %%65%74 2 6T gARl 450€ Thhded &@?’E& E?r
30 m nut es fncubation at’ room teénperature. 35 SUBSTTTUTE SHEET (RULE
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or an assay for one or more other markers, followed by an HPV assay or an assay
for one or more other markers (whichever had not been performed first); (3) a
25 cytological or histological assay, followed by a combined or simultaneous HPV and
marker assay; (4) a combined or simultaneous HPV and marker assay, followed by a
cytological or histological assay; and (5) detection of HPV, detection of HPV type,
an HPV assay, and a cytological or histological assay. Each combination of assays
30 is followed by an assessment. using the combined assay results, of the cell state,
disease state, patient status. patient prognosis. or other assessment as described
herein.

Where the results of initial assays are either equivocal or suggest a
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20 The disclosed method can include the combination of a molecular

assay as described above with any other assay for assessing a disease or state of cells
in a cell sample. For example, a molecular assay measuring the level or ratio of
expression of HPV genes can be combined with cytological assays, histological
25 assays, determination of the HPV type present, determination of the level of HPV
present, assays detecting other cellular markers such as oncoproteins or tumor
suppressors, or combinations of these assays. Such assays are known and are used
for the diagnosis of HPV infection or HPV-based disease and assessment of the
30 stage of disease. Results from a molecular assay and one or more additional assays
can be combined to increase the reiiability of any assessment, prognosis. diagnosis,
or monitoring of HPV-based disease. This possibility of combination is a

particularly useful aspect of the disclosed method since the HPV molecular assays
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10f 10% h& () - #Yt€l¥sa@pie) with khe or more assays identifving the HPV type involved. and. for
example. identifying whether the HPV type identified is a high risk or iow risk HPV
type for the development of HPV-induced cell transformation and cancer.

For example, sources of cell samples for assessing HPV-based
disease include cervix. vagina. vulva, anus, penis. larynx. buccal cavity, lymph
nodes, malignant deposits in any part of the human body, and epidermis; all of
which are known sites of HPV infection and pathology.

Cell samples for use in the present invention can be collected and
10 stored in liquid medium. Examples of useful cell collection media are STM
(Digene), PreservCyt® (Cytyc), and CytoRich™ (Autocyte). These media
(PreservCyt® and CytoRich™) were developed for the collection of cytological
samples but can be adapted for use with molecular assays.

v srabn & e oo L aaCelksamples, for use in the method of the, present invention can.be
fixed or processed in any manner consistent with the assays to be performed. For
example, both cytological and molecular assays can be performed using cells fixed
on a solid substrate such as, for example, a slide. The requirements of the assays to
be performed will generally identify the sample processing to be used.

20 The present invention can be conveniently performed using kits that
include one or more of the materials needed for the method, such as reagents and
sample collection and handling materials. For example, kits can include cell
collection medium, sample preserving reagents, reagents for specific detection of

25 DNA and/or expression products (RNA or proteins) of one or more of the E2, E4,
ES, E6, E7, L1 or L2 genes, and sample handling containers. Useful reagents for
detection of expression of the HPV genes are nucleic acid probes for those genes. A
kit may also contain control samples or reagents. or reagents and materials for

30 performing other assays to be combined with the disclosed assay. In addition, the
kits can contain reagents for the separation of RNA and/or DNA from other cellular
components.

The present invention can be performed using devices adapted to the
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‘I§ *~~ general purpose computers,- o can be incorporated into- special -purpose-computers..

20

25

30

35

using special purpose computer programs ata collected from the disclosed
method. and data from any other assay used in combination, can be compiled,
analyzed, and output in various forms and for various purposes using special
purpose computer programs. Such programs can be used with, or combined into,
other patient or data management computer programs. The usefulness of such a
program increases with the number of measurements or assessments to be
combined, and the relative importance of each type of measurement to the overall

assessment. Computer programs for use with the disclosed method can be used on

or computerized devices for controlling the disclosed method, handling and

analyzing data from the disclosed method or both.

EXAMPLES

The examples herein are meant to exemplify the various aspects of

carrying out the invention and are not intended to limit the invention in any way.

Example 1: General Methods for Nucleic Acid Analysis.

The assay for nucleic acids follows in general principle the method
for detecting HIV RNA by the Digene Hybrid Capture HIV Test. described in WO
93/10263 by Digene. Briefly, following lysis. 50 pl of probe mix (containing DNA
biotinylated probe) was added to each well. The plate was sealed and incubated at
65 °C for 2 hours for hybridization to occur. After hybridization. samples were
transferred to a strepavidin-coated microplate. and 25 uL of anti-hybrid antibody

was added to each well. The plate was agitated at 1100 RPM. for 1 hour. at room
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signal-to-noise. Using a calibration curve. the chemiluminescent signal generated

5
by each specimen was converted into mRNA copies per cell. The assay described
above can be run on either whole lysed cells or nucleic acid separated from other
cellular components.
Example 2: Quantitation of HPV
10

This example illustrates the measurement of HPV E6/E7 expression
for use in the disclosed method. A method for detecting and quantitating HPV
mRNA, including E6/E7 and mRNA has been developed. This example measures
expressnon in CaSki cells, but the method is generally applicable to other cell lines

o e and chmc‘:;l‘ spegl‘r’nens CaSki cells contain an integrated hlgh-nsk HPV-16 genome
(about 600 copies/cell). CaSki cells were maintained in subconfluence in RMPI
1640 media containing 10% FBS and 10 mM sodium pyruvate. For this example,
CaSki cells were grown to confluence and were removed from the dishes by

20 treatment with 0.1% trypsin-0.5 mM EDTA. Using trypan blue, viable cells were
counted under microscopy. Cells were seeded, in 10 upl volumes, at final
concentrations of 10, 10%, 10°, 10, and 10° cells/well in a polystyrene, tissue culture
treated. 96 well plate. Each dilution was performed and seeded in triplicate.

25 The cells were lysed with Proteinase K (30 units) in a
Tris-EDTA-buffered SDS). The plate solutions (20 mM Tris pH 7.4, 20 mM EDTA
and 0.5' was sealed, agitated for 30 seconds at 1100 RPM and incubated at 37 °C for
30 minutes. The test for HPV mRNA follows in general principle the method for

detecting HIV RNA by the Digene Hybrid Capture HIV Test, described in WO

30 93/10263 by Digene. Briefly, following 1ysis; 50 pl of probe mix (containing E6/E7
DNA biotinylated probe) was added to each well. The plate was sealed and
incubated at 65 °C for 1.5 hours for hybridization to occur. After hybridization.
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samples were transferred to a strepavidin-coated microplate. and 25 ul of anti-hybrid
antibody was added to each well. The plate was agitated at 1100 RPM, for 1 hour,
at room temperature. Wells were washed 6X times with 65 °C wash buffer,
followed by one wash using distilled water. 100 pl of a chemiluminescent substrate
was added to each well and the plate was incubated at room temperature for 30
minutes. The plate was then read in the DML 2000 luminometer. The data was
then expressed as signal-to-noise. Using a calibration curve, the chemiluminescent
signal generated by each specimen was converted into mRNA copies per cell. The
data for the direct detection of HPV mRNA from CaSki cells is shown in Figure 1.
This method is exemplified by the detection and quantitation of E6/E7 mRNA, but

has also been applied to quantitate other mRNA molecules (for example, HPV L1
mRNA) from CaSki cells (Figure 2).

Example 3: Quantitation of HPYV mRNA
Using Preservative Collection Medium

CaSki cell line was trypsinized by incubating with 0.25% Trypsin-
EDTA for 5 minutes at 37 °C. Cells were pelleted from the suspension by
centrifugation at 800 rpm for 3 minutes in Sorvall RT 6000 centrifuge. Cell pellet
was resuspended in 500 pl of 1X PBS and counted under microscope Trypan Blue
solution. Cells were diluted to 50 and 500 cells/ul in 1X PBS. 10 pl of each cell
concentration, including zero point (10 pl of 1X PBS) were spiked in 3 ml of
PreservCyt reagent. 100 pl of Sample Conversion Buffer were added into each tub
to help visualize the cell pellet. All samples were mixed well and were spun down
at 3800 rpm for 15 minutes in Sorvall RT 6000 centrifuge. Supernatants were
discarded and tubes were drained by inversion on the Kimtowels for 2 to 5 minutes
on the bench. All pellets were resuspended with 50 pl of the lysis reagent (50 units
of Proteinase K) and mixture was transferred into the plate coated with streptavidin.
Plate was covered with the plate sealer and was incubated at 37 °C for 30 minutes
(heat block) with agitation every 15 minutes.

50 pl of each E6/E7 RNA calibration were loaded in designated wells
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at 0. 10°, 10°, 10%,10°.10° and 10® molecules/well to construct calibration curve for
mRNA in the specimen. 50 pl of the probe mix was added into each well. Plate
was covered with the plate sealer and was agitated for 1 minute at 1100 rpm on the
bench top shaker. Samples were incubated at 65 °C for 1.5 hours (hybridization
reaction) in the heat block. Plate was transferred into the bench top shaker and was
incubated for 1 hour with agitation at 1100 rpm at room temperature (capture
reaction). 25 ul of Detection Reagent 1 was added into each well and plate was
incubated without agitation for 1 hour at room temperature.

The contents of the plate were discarded and the plate was washed
10 vigorously six times with Wash Buffer at 65 °C and one time with deionized water
at room temperature. The plate was drained into Kimtowels and 100 pl of the
Detection Reagent 2 was added into each well. Plate was incubated for 30 minutes
at room temperature covered from the light. At the end of incubation time, plate
15 --was read on the Digene DML 2000 luminometer and the data. wereexpressed as:. ..

signal-to-noise.

Example 4: Comparison of the expression of E6/E7 RNA and
L1 RNA in cell lines containing episomal and integrated HPV 16 DNA

20

Cell lines tested
)

The following cell lines were examined according to the procedures

outlined above.

25 HaCaT: an immortalized human keratinocyte cell line (Boukamp
(1988))

SiHa: a human cancer cell line (Friedl. (1970))

W12: a non-tumorigenic human cervical keratinocyte cell line

Stanley, (1989
30 ( ¥, ( )
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HaCaT cells were infected with HPV 16 by the procedure of White
et. al. (White (1998)) to produce an episomai (non-integrated. total sequence. not
spliced) HPV infection. Approximately 1 copy of HPV16 was present for every 40
5 cells. These cells are considered a representative of early stage infection or CIN 1
(cervical intraepithelial neoplasia). W12 cells contain approximately 100 copies of
episomal HPV16 DNA and represent pre-malignant, immortalized cells or CIN II or
CIN III. SiHa cells contain 1-2 copies of HPV 16 integrated into the genome. These

10 cells are considered to represent cancer.

Procedure

The RNA analysis was done according to Example 1 or the following

procedure. Single stranded. biotinylated, DNA probes containing the specific

T m e tlunce gt HPVY6 gene Sequernces were-prepared. For HaCaT and SiHa cell-lines,-cells-were -
grown to confluency, cells were harvested, and the total RNA was purified using the
RNeasy kit (Qiagen Inc., Santa Clarita, CA). For W12, whole cells were used for
analysis. RNA calibrators containing the complete HPV genome were prepared by

transcribing (+) sense RNA from a plasmid containing the complete HPV16 genome

20 with T7 RNA polymerase. The RNA was then diluted to 10, 10%, 10°, 10°, and 10’
) copies per 50 pl. Aliquots of cellular RNA were diluted to 50 pl and then 50 pl of
Probe mix (containing the biotinylated, single-stranded DNA probe) was added and
hybridized to the RNA specimens for 2 hours at 65 °C. The hybridization reactions
25

were transferred to a streptavidin coated microplate and 25 pl of Detection Reagent
1 was added to each well. (Detection Reagent 1 contains the alkaline-phosphatase —
anti-RNA:DNA monoclonal antibody conjugate.) During a 1 hour incubation with
shaking, RNA:DNA hybrids were captured onto the streptavidin coated plate and
30 were simultaneously reacted with the anti-hybrid antibody conjugate. After several
wash steps, a chemiluminescent substrate (Tropix CDP-star with Emerald) was
added to the wells. and the light output was measured in a microplate luminometer

after 30 minutes incubation at room temperature.
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Ratio Results

The ratios of HPV 16 E6, E7, E2, E4, L1 and L2 were calculated for

10 each cell type. The results are shown in Table 2. These results demonstrate that in
an episomal, early stage infection the ratio of (E6 + E7)/L1 is about 0.7, in the pre-
malignant immortalized cell line the ratio is about 4 and in the cancerous cell line

the ratio approaches infinity.

I TR o AL LTINS P TR S T R PN <
Table 2.
HaCaT Wi2 SiHa
HPV Status Episomal Episomal Integrated
Cell Status Early stage Pre-malignant, | Malignant
infection immortalized
20 (E6+E7)/L1 0.68 4.00 co*
(E6+E7)/(L1+L2) ND 3.47 59.9
(E7+E6+E2+E4)/(L1+L2) ND 6.96 70.6
(E6+E7)/(E2+E4) ND 1.00 5.60
(E6+ET)/E2 ND 4.40 12.00
(E6+E7+E2-E4)/(L1+L2) ND 1.58 59.10
25 *L1 gene transcripts were undetectable in SiHa cells. Therefore, ratios of other gene

transcripts to the L1 gene transcript are infinitely large.

Publications cited herein and the material for which they are cited are

specifically incorporated by reference.
30 Those skilled in the art will recognize, or be able to ascertain using
no more than routine experimentation. many equivalents to the specific
embodiments of the invention described herein. Such equivalents are intended to be

encompassed by the following claims.
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level of E2 and/or L1 such that a ratio of E6 and/or E7 to L1
and/or E2 1; determined, wherein a ratio of greater than 2 is
indicative of HPV-induced cell transformation and risk of
neoplasia. "

2. A method of predicting the onset of HPV-induced cancer in a patient infected
with HPV comprising the steps of:

- measuring HPV-expressed mRNA levels from a sample collected from
said patient;

- determining a ratio of E6, E7, or E6+E7 expression level to L1, L2, E4,
L1+L2, L1+E4, L2+E4, or L1+L2+E4 expression level; and/or determining a ratio of E6,
E7, or E6+E7 expression level to El, E2, ES, E1+E2, E1+ES, E2+ES5, or E1+E2+ES5
expression level; wherein a ratio of greater than a value of 2 is indicative of neoplastic
onset.

3. A method of monitoring stage of HPV-induced disease in a patient infected
with HPV comprising the steps of:

- measuring HPV-expressed mRNA levels from a sample
collected from said patient;

- determining expression level of E6 and/or E7 and expression
level of E2 and/or L1; and

- determining a ratio of E6 and/or E7 expression level to L1
and/or E2 expression level wherein a ratio of greater than 2

is indicative or neoplastic change.
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| " #$UR ()* 6. A kit comprising at least two different probes capable of detecting nucleic

acid, wherein a first probe detects a nucleic acid selected from the group consisting of E2,
E4, E6 and E7 HPV genes; and a second probe detects a nucleic acid selected from the
group consisting of L1, L2, E1, E2, E4 and E5 HPV genes.

7. - The kit according to claim 6, wherein at least one probe is a DNA probe.

8. A kit according to claim 6, wherein the second probe detects a nucleic acid
selected from the group consisting of L1, L2, E1 and ES HPV genes.



