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present invention is based on the finding that antibodies di reggg@ a@@ nst
specific epitopes of the E1 and E2 protein of HCV can be use(? et

viral antERfaGPES INORIRALINYELQRPE BRRERINNA NP SHECTNVEANTIBOBESi tis C

devel opi niREGrEPACATNSE T RESE HPThORRS: UORD DRI ECREN GREGH

.popul ation is affect ed by 1R WNTRGENGK HOSAcTiSuRpPpear s to be the nost

i nportant cause of transfusion-associated 15 hepatitis and frequently
progresses to chronic |iver damage. Mreover, there is evidence inplicating
HCV_in.induction of hepatocel |l ul ar carcinonma.__Consequently, the denmand for
rel abl’e di agnostic nethods HEAEOFIHEMIVENRIQNutic agents is high. Al so
sensitive and specific screening nethods of HCV-contam nated bl ood- products
and i nproved nmethods to culture HCV are needed. 20 HCV is a positive
stranded RNAh¥ iprdssntOivaRRIn0 ibABidedy . fn PsesntiMddil dreRdgahs! SR8t hree -
structural and six non-structural protei ns. Based on sequence honol ogy, the
st r uct epitdpep pbthsiElsatiteki2 piseain of HIEEV canb¢ hsedds delgeledrabgntigess st holteisaumse
protein and two envel ope proteins: El and E2. The El protein consists of
192 amino acids and contains 5 to b N-glycosylation sites, depending on the
HCyp genot ype. The E2 pr oBadkGROINSDSOPTHIOAVENSIONam no aci ds cont ai ni ng
2~ 9 to 11 Nglycosylation sites, depending on the HCV genotype (for
review see Major and Feinstone, 1997; Maertens and Stuyver, 1997). The El

Phi hyper vaHRBE Go@i@C el Mirtion Friemaier SPAGRObIFE o7 Poledegioeding 7
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ur Bepasisg sando rmrlmagogﬁaeéﬂwbwmg UpEF idgmageaMorgpver, iBerey weyvxémce
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2002 %faﬁl&tdxa/gnobtﬁtemd&lbﬁ§ﬁnd3¢’ffddfxvd:'lﬁﬁérap&uﬁ@hgeatsos highs Alsesengiivesnd@petifiy on
the denonstration of viral RNA However, RNA detection in cells or tissues
is a ceeriromethodcoifiGYconminated blnad-prader srdinprevesianetheds torsuliare RIGAYV

foll owed hy.reverse transcription and nested PCR or includes in situ RT-PCR
and hySI 'ﬁgg (fl on. Since these techniques are also prone to fal se positive
reagti vity, HCVig apodiiVe sfinged ROA virue e hpisibxigiayelp o[400r0ues: WHich @hbdde at

sanpl es, Reliable nmethods for the detection of viral protein antigens in
serum et thieg §m@ct@rahg1désx Borestgiciural pratekisnBased AR segiignsechamalpg)s theatrughurahcy

h b d d.th h
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detection of viral proteins or the virus 10 itself in cells may solve this
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1996) . ‘Qost deri ved ant i M es haég been g%ﬁd in many of these

st udi ess %%artb% JRENIBEHPTEhH PrgeiR dMaciensi 38 qUNET B dd el 1C FRXARRSPrOEEnot
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unBdowmangealizh. cellfl Tihsags of ah expeskionepstéthat highier lboklirgstep aodl egedially in

ani mal s upon_i mmuni sation with reconbinant antigens will 20 yield

ant i bodazmalianicell saltaedeads 4o Spealerg PIOGINS 9 rF“B‘T’ftfé'rq“@Btyh aothep ﬁ’fecﬁfff‘@ﬂb?lé
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systemto yield good quality antigens. Current I y, this expression condition

goes together with inconprehensible problens. Therefore, only few

nonocl onal anti bodi es have been descri bed which could be used tomwﬂmm

envel ope antigens in tissue 25 specinens of patients. These anti m”/

directed against the NNterminal region of El, amno acids (aa) 192- 2866«

(leamatsu et al., 1992, Kalto et al., 1994) or the C—term naI domaln of

Ara — o o~ Ir\_,___,_,__ . A NN~ A NS\ S
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. need for well-characterised anti bodies allow ng efficient and routine
detecti on oworvessesoal HCV 30 protein antigens in serum and tiw&nggﬂ?l gs.
This need was recently confirmed by a study by Dries and co-worKkers f 99).
Dries' group proved that 61% of HCV anty body positive and serum RNA
negative individuals were carriers of HCV as HCV RNA could b esgptmni n
Li ver bi opsy Curéfidlf) Shebdkiéltion oPHUNERCRAIO bd bgkuls feliSEmamldpan s@atiorOsy Y
one third of these cases could be detected by inmmunohi stochem stry using a
panel otirARNBoHowsverTRINA datestion iecedlstos 855ushISgr CDPrsome feglemqueanwhich sither

bi opsi i 11, ] acks. | f Vi t] N
body 11 e e AFESATGRb folotuo PR BLASI PaestiR s SRR |
dat e onlsy, RITEPER A6 BybrREdanb Sindaakest eRAnid8&Cdrt BRE phomltb @M&é\%}sﬁ%%ﬂd@ﬁ{,‘)f

e core protein,

core antigen in these fluids. However, in order to detect t
t he §echitaRQBYA defettiapsisaexcbispielt perfmed otasdrem smplese Rediablepmetheils for deent

inth I, i di .hydroxi d hi k t 1996). Tak
e SE, oo SO0 i CASTLISHR B 000 Take
accessi bl e quhc?ééﬁlicm S&s BPHACVLAR Rk LQWean fllBRNud 8488 T RMbehérall

Flosaniced
body fluid sanples is therefore urgently | O neéded. The HCV enve opeﬁe

pr ot ei nshaatte yinis adplicaecaritpatat wes, bugreplication i ottiestisshesegichap damplwid desuehese
proteins shoul d be é)}r esent in all bi O{“?fﬁ% Cﬁlée é%m;)] es:_in fluids, on the
menbr ands Bl bighlydepeied. Henge, redablenathorhior PR Vaxpk RECIRIRS PhheCYiTUSN
(.9 Vi.it'é.é’ikir?!fﬁll@ﬂa tARRUGROUL. t he conplete replication cycle. However,

t hese envel ope proteins are highly variable so antibodies with a high

Cross-react i Vihe Yeteaivarof virahgowink irecella hageseathympsred by iaMack f seid6gids whiths,
identification of such 1~ epitopes and the search for antibodies w th high
cr oss- r SpRaificallypinddpaiak progranssand reiels asg ol eteisprcibralyaecognise thp apuesi JiGY
undertaking. T resent. i ' t gifd c. ocl

ant i bodipéé;%n(ﬁn?g%lﬁe@g‘a%r(}llf’%gs)st%sp%&#sc%q é\fhgepkl?ot%f)%sehs&ﬁﬁﬁl ﬂg&éér%\?g'f@p@egb‘of‘éfans

of HCV, chileghiendé, 8o aktk Bnlydew efudiet rdtheY toddrh@RRating the pridenceRE&irBEME V3iroteins
patients. In total two such epitopes, and corresponding antibodies, were 20
f oudd: ambositncmsméor@ewewméiulcﬁwe@id&hlmaalw?«m@pvgm hestedesived lapieodieschavien E1

o none R AR ek PLRks AVGEL BB SR M e et AL
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anti body which reacts with various known sequences of the HVR of E2. 2~
Al VB OF amtpodi¢d\AENEI@N by tantibodidsegpint ashertimewni areven umlnomtreagentselnecdngrasinit

of foct | uio bRl rEtespEpeced BenBr SRl o RO yalh Gt Be Aneets il "
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to cultdre HCV are needed. New antibodies able to detect the virus in
ani mal - aotibodiesware profenmed @b welldn addition stheanvelere motsins ofdlCYiaked forbedmodupeidng

efficient diagnostic tools and therapeutic Saents. nciisy! SRy dle, WO

condition goes together with incomprehensible problems. Therefore, only few monocional "
antibodies have been described which could be used to detect HCV envelope antigens in tissue

25  specimens of patients. These antibodies were directed against the N-terminal region of E1, amino
acids (aa) 192-226, (Hiramatsu et al., 1992, Kaito et al., 1994) or the C-terminal domain of E2,
aa 451-715 (Sansonno et al., 1997a, 1997b). However, from these publications and from the
reviews by Guido and Thung (1996), and Liang (1996) it is evident that there is still an existing
need for well-characterised antibodies allowing efficient and routine detection of natural HCV

30 protein antigens in serum and tissue samples. This need was recently confirmed by a study by
Dries and co-workers (1999). Dries' group proved that 61% of HCV antibody positive and serum
RNA negative individuals were carriers of HCV as HCV RNA could be detected in liver biopsy



'2 6 SEP 200 r t invention is based on the surprising finding of
nonocl onal éﬂ@gggﬁ?es directed against either El or E2- HVR W(THERSA2 5
used for the detection of HCV antigens_in various tissues or c II;E T%:sze
tissues include the liver but also celPs derived from bl ood saz’;ﬁl P 200

.Therefore, .the present.invention a rovidi.ng_an si.ng an_anti.body
speci f i ARICS %qtﬁ)&fynca'xetthr&@%ﬁ%8§8%$g§%F oe’ge%:ldne’grb gingﬂg%o lﬁﬁgéeﬁus%l"fz‘ﬁg a
covers phf) i dibadibs. (Thdse kol der@fiohher HEWDratigk in aldr thipdbs S5IMi1AAk
region of the E2 protein. These antibodies allow detection of natural HCV

pr ot ei nsemsitivitgnd]soathd detastibe of yérdl intigenk an hodp dhads suchofs aemad or plashkG\vis
protein anti detection kit. tably, the conplete E1 protein corresponds
o e 1bmRS Oyl SSPnEeRifm] UPetordind oplio PR UG L bmant g deengnsped
(seeq Nﬂlcﬁ&in@'&gﬁgﬁéﬂ‘éﬁ&?@mtﬂe%? o (B LiRE SHARL Pl MY 8 to :dg%za the Hrd{RbRin,
specifically?® the present 1fvention aims at providing and using a ant} body
as defi nedediniyue reduieh aspapidié dalatyratomalsthe cost proeds presa iafthd kenplohkigg ng
epi topes: -as 307-326 of HCV El protein (SEQ 1D 30) -as 395-41S of HCV E2
pr ot ei nsqdbED hydrozide (Kpghiwalana etdle 189®sent i nvention ains at providing and
usi ng an anti A i . . ‘Wg! - ] ntihody, 1N
this regard, cg‘ %%degﬁ%& Pc%gtéf}] |ugﬁggﬁ?rs %ﬁbdr%wdﬁgggén‘gﬂﬁg ia%cbﬁcacg% %E Tonal
ant i bodyniiRales hadiwhith bliéw aytdendemtior inisvid ot oGAOGIDRRdstis RrydfoR WREGRAFSI ON
number 98031215 or 9803121 4. It should be clear that the present invention
al st ai needsd. TheddC Vi anyelane pipssingara pytatiye sendidase rareets i (ind eneh gpitopasisinse

f f i d . def.i. d ab r 2], | ; ~ ~, ~~ ==
20T or bt P Hhosh BE Pl L B R Bies R A of By PR P gius
reacti vidd &p c¥fist oERe "BaBikshBfen bof iBfehoR .6 CARANGRS) Qhtoakn6st e ABnR)age-

or other libraries. In addition, the present invention ains at providing
and usi raplicatiopleyéldddewevet,|thdse nevelepepsoteing are Mgy vkoakle saantitmolihs withi <high
specifically binds to H rotein (a 7-383) .0 CV E2 N:-term pal
nypor vaFRabIECH B YA D SRR BRI ERY 279 S AR et IaRoBPl b ur
25 TV phigidel BndPlt s&88Sfor 8fttboeRl With MR erokQfeab Bt fﬁ%@&b@%&hc@vﬁﬁwﬁa!
HCV protein antigen detection kit. Mdire specifically, the present Invention
ai ns at opHEW dianhallengingsumigriabieg.hybri doma cell |ine corresponding to the

ECACC deposit, havi ng acgessi on nunber 98031215 or 98031214. FEurt hernore,
the pr esgnt &H?/é’ﬁ‘fStha%H(i‘fB“%ﬂ Flalgs tQ)SBeAT ?ﬁﬁo%?cﬁ‘ﬂaﬁ(?&t‘%% 183 hETGEe B8AY, of

nat ur al ; 0] i Y Owhi i

whi o By et G £ o Bl 1 Y iRt B (Aol B IR o
with a fissuetspesimbhsyofepatiensl Bntotal awbasath epitdpeagamhtomdspeadidgantibbdidy, wdre
form an_anti body-antigen conmpl ex, and V\g 991 50301 s PCT/ EP99/02,154 2 6
SEP2® 00 foundgencdp e Crigrrunildegion (B 2483 BoHY @3aIoPe RIAFRE bapdgss o shs Bre

mar ker . i.fical AV, | i ARl t hod
e dot ; LR RRRRYE6 ieon (IVRREPRT o SAT. RGP Blall HAiGH. M ITE
per i phegpdcifidalip theceielon, 3954 1 iBporisidesete s bs hyperasridbly,ewe tohasideriséd, o reak | Y,
the present. invention ains at providing an assay kit for_the detection of
nat ur al SYIRNSS A ewhedy fehighorsacts Yith vagpHyknown seaxEpeas o yheld Vderl ed above,

or, a functionally equivalent variant or fragnent of said

25
AIMS OF THE INVENTION

It is clear from the literature that there is an urgent need to develop reliable diagnostic

methods, reliable vaccines and effective therapeutic agents for HCV. Also sensitive and specific

30  screening methods of HCV-contaminated blood-products and improved methods to culture HCV
are needed. New antibodies able to detect the virus in animal- or in vitro models, or in its natural

host, may help in designing efficient diagnostic tools and therapeutic agents. In this regard, the



ant i body) m@ _(’?_@P/pr opriate markers which allow to determ ne the conpl exes
formed be fr 10 protein antigens in a test sanple w t RCE&P8Y/82164 body
or a functionally equivalent variant or fragment of said antibody. Al the
aims of the present invention are condidered to have been met} RIySEP]eZDDZ
enbodi nents_as set. gut belige\év. 15 BRI EF. E(),ESfCRI PTI O\IIO:.JCQSLE(%? AND DRAW NGS
Tabl e PIESERIGOYREEN i, RaS5 OF e SRR HSling OLinPnpdBrd! Fauborich Fsried 32ainshi s
appl i efhd 9. or EPRHYRwWRRRWEn bE Bséd 108 Bref @Bsction o HOP ah@én@?r?véﬁ%'&igs%emf' ous
sequences of the hyper-variable 20 domain in E2. All peptides were

bi ot i nyllaffhese trsuesdntlods thedpteabiidiispe celbt deglived dram bteedshmples. Hndefalrd, aed t o
react wth |1GH 222. Figure, 1l shows staining of E{Z%Piln igen, revealed by the
monoc PEEEN IBYFARARD ayns agproysding anduging ag %%?P‘Eﬂ“ 1YY HEOiERY envelope

I nqhi 1 .Sh4 r ; _Rskaafy ol of

fr Son By S REETRE T R RE oL, RN R tna o O pS R e

ni t r ogemingl abgidn iof aeHR néte M T heto astibalies- 21060 wistection) o hatusil IHICH proteqe St ep
i ndi rect i nmuno- peroxi dase procedure. Sections were incubated overnight at
4C wi @Rtigansoddoraal beaysed Bordire [Rorpayatpory pius netuEd HY profemmgntigen detpgior ondar y

ant i - NSRS A8 BB EE pBRE! iEeQlos B S35 SRR Rl SO B ot
( bot h ceRtaoR@of 2208 AR Bt Miajosthd RdIRdbag 4997 Derasmérs ;anwgfdsiveg 19bfyti on

1/50 and 11100, respectively). Each incubation was perfornméd 30 mnutes at
r 88m t enpeMergrspecifidaliyo theopredersyinvenpshaims atrprewidiigatngeesing aplaosbodyt as

buffered saline pH 7. 2. The reactiqn produ devel oped by incubation

f or 1§eﬁﬁf€?bé’§eiwﬁ‘?‘:h %015‘94123@%‘8%5?%%%%@3€%g§ﬁ%w@°§ﬁgg%02 | OOnM acet at e
buffer (pH 5.2) _afomtobEcy Qp%&eiar(isggz@) gbyyl - carbazol e and 0.01!o )
H-O-, resulting in bright red staining of i muno-reactive sites. The ’
sections were coand¥-4$tBofHGWE? prateieSEQED Bh). Control s (not shown)

consi sted Qf irrel evant nonocl gnal . anti bOd%fES of ,simlar i Ega%pe as the

primary antYI$aVer: Bie REpseRhYRBHRM 2% APrOVIfiRG 2pd 5ing a8 aptbedy ahdelrssht 1y 5

negat i : ik j he sdar . L Nd Ng
19 e 0y G BAhEARR, GYBYR By G ERANL B Avenb P iRk B
Fi gur asidd & howsclehdi aatibgdy tedrttedrttyi yerhybridomal Bk bytht BEACOndeioaitelavaryt | body

| GH 207, on a liver hiopsy of an HCV patient. The procedure followed is
i dent i3EEASSIPR NRMEETTRO3 Pr980312 i gure 10 I, except for the concentration

o e, TonELARE O o 4D PRt ] e BRSLENL SR 50" 10X

magni fication on e staining of the ce
i nfi | fomtiesallysequi et natint offregrdentiof ahy sh@badyny definabitove he vlesant@ntoT = Tay.-

antigen in hepatocytes (see.arrow) and in jnfiJtrating | {}Ehoc tes (see™™

defbl dommsthegzol, ¢ moleeulesmxBibing %@&Fﬁqﬁuﬁg'i pindipgreagty w&é aF e

nonocl.gn i | (3H. 15 1 +blopsy of an HCV patient. The

l'iver 3%? oﬁgép\%\%@gg|e§8§glvﬁ?et%%r?%%}1§$%§ﬁfk ee?glr?dp enbedded in paraffin. Sections

were pretrgakaditby, thepresehi RIVENEOLE aiffel ROstHviintk biyd psiag ads®ridb@asdelldme The

concentration of the antibody was 6ng/§I. The phot ograph shows a clearly lzl
1¢

st ai néecreidng amenoriona gndbadyr which [specificadly) binds o HCM H1 proviafaa 823-888) omhi ¢
do not, I it h i s _nmonacl onal Fi ainin reveal.ed by
he naIGU Rt B TRERE 5850 (o Atar By EpRR A wE Rl Blehoon SRR o
bhgod HEOVQstEinSmkicef| hitd cdlEhd RERY R Mpﬁegml&ti@ﬁ@fcaaiah&al(@cﬁxprb&@ﬂ aH@scd
suspended in 200 [zl PBS-0.1 % saponin, pg of 1GH 207 was added and
al | owsigtecigor lag More specifigally, the present invention aims at providing and using the hybridoma
cell line corresponding to the ECACC deposit having accession number 98031215 or 98031214,
Furthermore, the present invention also aims at providing a method for the detection of
natural HCV protein antigens comprising:
30 - contacting a test sample which may contain HCV protein antigens with an antibody

as defined above or with a functionally equivalent variant or fragment of said antibody,

to form an antibody-antigen complex, and



i nutes at_4C. The cells are washed three times with 3 ni PBS-0. 1 % saponi n
and three NHEE% h PBS- 0. 2% NaN3. Fi nal | y cells are resuspeatessvor10
p,| of PBS-0.2% NaN3 and anal ysed 25 - by flow cytonetry. Aft§r ggé}l, %ﬂfn

t he nononucl ear cell fraction (right cél um)) the fluorescenc b pl ed
(left colum), Samples .-5.are rived from HCV chroni.c carriers while
sanple 6 is dSIFRUGNE F%%aﬁn%e@éf”?‘%?dﬁlcgglgk AV i &P %par BUFEMAEG unn shows t wo
exanpl es of Wg GRLIFRMIPLIE PRsEMNAMITORHmS &l prdvidifg hORethSRAPHEM A B0k 6) .
while the right %Ilurm ys?howg the fl uorescencebf oundé'

in these nononucl ear

cel | s. wikdréie still¢escsamplotorsprigeb bushoeallsnsick s peripigra blomdiceld, bhhamarstis0es,
nonocl onal apti b,odl}/, there is a marked positive signal in all HCV patients,
except FUER 2pHYSTAINUS for whom a weaker signal was obt ai ned. WD 991 50301 7
PCTIEP99/ 02 i in S bhaia Gy .

rmngcl onal ;}ﬁf}?@d%ﬁs&sj@g@%ﬁ?&r%ﬁﬁ%gﬁlﬁ%g?E%f&ﬁ;ﬁ?cix tgfgﬁ%ﬁ??\dcgegl%ﬁ%e?%\lrabl ood
nmononudi€¥rproeid amtigthecdmminimgiue was sinmilar as described for Figure 3.
Sanpl es 7-11 are derived fromHCV chronic carriers while sanple 12 is.
derived from an @tihedy exselmed ahoYe fr.érfunatippally pquivglepivarigRoisiragmens ebsad es

of the gatin nonucl ear cell fraction (sanples 7 and 12), while
the right co%&ﬁﬁoéﬂgﬁnt he fl uorescence found in these nononucl ear cells.

Al t hough t he gpRigrke SafkBlsowhicl llbe ta dbieghik thackgplenerfosinad bef@en HIsy
reaction in the patient sanples can be easily discrimnated based on the

t woOpopul at i qsteintangigens4n atiest gampletvath said giivodsor afungtionally esjuiraleat vartaal ni ng
as in the control and second .popul ation 10 with high intensity staining)
not seen in tdidAEBIDF 8 SEHROOED DESCRI PTI ON GF THE | NVENTI ON 15 The

i nvention deggrinbesnieseint Praauht HyveRhiGY i8I Torsidsli ®hAtveVBEL 3R PENEE Ng
pat ent applications. By way of exanple, such work consists of scientific
paper s, emizndimests os sgpontibalgwpat ent applications. Al these publications and
applications, cited previously or bel ow are hereby incorporated by
reference. It is clear that the detection of viral proteins has been

hanpered by the 'aCERﬁF%EMN?@FWBmE§RmﬁWMd§ nd to viral
proteins and which are able to recogni Se e natura protein antigens
(i.e. protein antigens as expressed by the host following infection with
HCV). The present invention is base n the finding .of two new epitopes on
t he HC\/'F%‘h‘GéIRS‘b\@d?ﬁ‘BF BFRfdeiRALENCSS P P%‘BF%B‘CHB?‘E&‘M‘HS 3PPiERIQRal  Hov
protein antigens, by neans of antibodi es directed against these epitopes,

i n biological sanples derived fromthe host. Thus, the present invention ZS
r el at esTalsle Rhhows the@tosantdchonty ef IGHALR towatd yariouwsdeqgntes dffike Krpeen i ahdd

regi on of HCV E18§ﬁotejn (aa 227-383 )or the N-term nal region of the HCV
E2 3 otdamaip FhE3 gl pensides were; atipylalpd hound ip grepRvilRGPard pRrogicarlates and
anti gen i i term "anti bodi es specifically binding to the
Cter m%%%c?gé#%gt‘ig*égﬁgr%&v El protein (aa 227-383) or the N-term nal
region of the HCV E2 protein (aa 384-450 refers to any polyclonal or

monocl onal anti body bi ndiﬁg to an hepatitis C 30 viral_ particle or any
nol ecul Biguee 1 showsfstaining of 182 entigen, guealedhiethe maneciopaliantibedy JGH 222, 10na liver

or ot e1 1Rt du i sttt o RSP AR BB B e ROy Re 68 F0B na
Ira‘é_?_Z/SE gg(gf ]_f(r)ézsg gri)lig/m%édglrs QB et BdpSAwaship-Rizeh RPlidhid nEdgRRIR8RE sopentane

and stored at -70°C until use) using a three step indirect immuno-peroxidase procedure. Sections
were incubated overnight at 4°C with monoclonal antibody IGH 222 (purified IgG;: 10ng/ud).
The secondary and tertiary antibodies consisted of peroxidase-conjugated rabbit anti-mouse and
peroxidase-conjugated swine anti-rabbit IgG, respectively (both obtained from Dakopatts,
30 Copenhagen, Denmark; working dilution 1/50 and 1/100, respectively). Each incubation was
performed 30 minutes at room temperature and followed by a wash in three changes of phosphate

buffered saline, pH 7.2. The reaction product was developed by incubation for 15 minutes in



2 6 SEP 2002 term nal region of the HCV E2 protein {aa 384-450) are _
wel | -known regions by a person skilled in the art (Wengler, 1991; Mijor and
Fei nst onewd $Psp30Maert ens and Stuyver, 1997). The term "bi ng" }Eﬁ‘g' cates
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manne Pt BE \wpntigeniip hepatogies only(S§aTeVHn, the term "anti body" also refers to
humani sed antibodies in which at |east a portion of the framework 15

regi ons of an i nmunogl obulin are derived from human i munogl obul i n
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97870 t - al i i I i ndi ciion
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der i vearafiinherfiens Were prateateddydigatEnigropiaph ereghod) japd By peaiease digestiemhhsol i d

tissue, such.as liyver tissue. érg, aﬁl aplti enhd tection i.s erfarnied on a
bi opsﬁb"‘ieﬁgml’%‘}ﬁ*“lenmgﬁtqoay dveqse(f'P(‘gh' 78 %tgg}‘f_p ¥R Pspry 'Sﬁléqeﬁlrlé? aiegy/

pr ot einthRRhi18a e ALEG) Bk K1l of h&fa8dcStel OwRickido doRkral\WitA eliS eidnRopfl. any HCV
protein antigen, preferentially to the detection of the C-termnal region
of the HCV El protein (aa 227-383) or the N-termnal region of the HCV E2
L e
test SABlEm aﬁéﬁ Baal %ﬂd&oﬂoﬁ&ﬁm& Qelts" PeABRbakivhi€ bidd Ldf @ dx10HWaEher
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C- t er Buspahdddagi200 poPBEIOVI % bagdnin, 2463 3GH 2070k s alded ahdalldWwédtoreddaforregi on”
of the HCV E2 protein (aa 384-450) in, or on their natural host cell or
ti ssuamipytedptdfChdho teliswre svashnd thesgitionss ovith J el JBSs@ A sapeain andrthreg itiges

detecti. ' jses the follow ng cor N S; ol d ppr.opr.i ate a
reans "GP SO FAbh & palby el gsuspehded SE 2Ry Bl o RSB RERERBE BREL 1 se
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possi bly a staining solution., )
1s derived from a healthy blood carrier. The left column shows two examples of the gating on the
mononuclear cell fraction (samples 2 and 6), while the right column shows the fluorescence
found in these mononuclear cells. While the control sample shows no staining at all with this
30 monoclonal antibody, there is a marked positive signal in all HCV patients, except for patient 4

for whom a weaker signal was obtained.
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aa395-413, QE@%’@ 414) aa397-41S, aa395-414 and 396-415) WO 99/50301 11
PCTI EP99/ 0‘5 916 SAP 2002 The present invention al so rel dCGEERIS/N2154
functionally equival ent variants or fragnent s of the above-indicated

anti bodi es. The term "functional |y eqfival ent variants or fr diTESﬁPsZUﬂZef ers

t 1. 1 f d ti bod whi 1
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iﬁgf'n lg;iﬁ: Eﬁfc(jv%ﬂﬁg}s qgg |ne gheif-'&ﬁgtané ngwnmeﬁ@r@ a%atst@%r c?azz single

bove and fragments of antib S such as
Fab, F(ab) 2Tk tenantbindidndickes tht siee axrtdjoddascbfathe pdesabtodweﬁuoﬁ ateapiodically and
tetraval ent antl bodi es, as_descri bed above, as_wel as nutant forns t%ereof

or m)l eamnpeted & BGOY (Profging, T P’JHF‘CWI%él?qtdh%lanﬁp?@?%épchﬁatuiyvbmﬂé@ tgﬁ HEBEQ 10
oor i BRIt QU RPLIBEYERER 1 UALAGHLY O BRRRRAETOR bifh MRLr o ARG 5°

any pecsftmgv dtefer phednd) Bihdifs 6f fykinialy 16 BIGV peiteiasicar bo\@mondva@hl b3lahpws
the detection of natural HCV protein antlgens is part of the present

i nvent wethod Tareaspiekpown jimvhm artoAUdl 8% bingingre ELIYAhyasd; Ebehﬁmeepf aggapie o

t tib f ul d.b
ol oar {ONoReERR SROUTE eofee et Brobas BB b BlokPh g HESE iicas R Bt abeiof o
per songsi ﬂi@?@nb&oﬁé’ﬁo@ﬁf‘wh@h Blnﬁw%h%dy)’ne@@ @61 @lb@goﬁ@omfearcoﬁﬁ&hous
MIlstein (1975). It should also be clear that nmapping the epltopes to which

t hED mMegueeci fical ly bind can be performed by any rret hod known in the art
such as the_pnes descri be cg,'l'/ EP, 971 072%8 to aet al . 20 The present
i nventi on aTrE%teF‘EI éﬁoégdf’Ba é‘“HJé? dSebReTEIRdeieLy t«Qc"t“i"d‘ltu‘ 8 yﬁﬁF’&?P%lFlo‘P-lwlbg otein

ant | 9efoOMRELS Aibody SEMNACH! T drrh BSor WS rebllfdrll MR%EQN & BuldeXee )

protein anttgens wt nti1 body as defined above or"wth a functionally
equi vathenntibady, antis arinendwgirebe lmﬁt&ddxydhantanbmdy witich ft & mader In addition, the

anti body-ant i gen, conpl ex, ermn | d antl en- ant i body
corrpl ebeTRi RHIDRAY AR GEF a@ww&éaﬂfﬂw@m& BiGhaat I ”s%ﬁ”ﬂ ot RS dramewskd 1 or

s | NeeBldnld of &1 ﬁﬁﬁlhﬁ&l%uliﬂﬁa@e{@d% BLBLR i AfnunbBbh i T dey AHdNidlge Sal d

| gen<an conglex with an appropriate ma s to any et hod

k nown ¢hhid E'rﬁlb%ﬁfcs wh teddrised Ay S. Rg&m\mm 846,928 and t&frﬁhﬁh‘x(ﬁs iof dh@mﬁéi such
antigen-anti body conpl exes, such as fluorescence flow cytometry, bindinb ,

RT. TSAas BadF@:AF+ ypdothsstaggments gbichapigist theiapHg g\s@agt@o(fge@nm pesifisig¢t i on,

ter m G eoprik RO R 210 iruded 1 8 R By oty PO S e

ones d@&ﬁwaﬁqnmd}é@ a%%ﬂe%ﬁéélﬁ EP hﬁmcau&; Neb78 70002 02b 198 e hi. Abhich 28

whi ch vi sualises the WO 9915
20  the antigen binding function and spcmﬁcxty of the parent antibody. It should be clear that the

antibodies as described in the present invention could be used in a method for the detection of
natural HCV protein antigens.
The term "test sample" refers to any sample obtained from a host, such as serum, plasma,
saliva, mucus, spinal cord fluid, or biopsies. In this regard, the terms "test sample" and
25 "biological sample"” are used interchangeable herein. The term "biopsy” particularly refers to a
sample comprising cells, in particular human cells. Moreover, the latter term refers also to a
sample derived from liquid tissue, such as peripheral blood cells, or from solid tissue, such as
liver tissue. In case antigen detection is performed on a biopsy, the term "ir situ detection” is
used.
30 The term “natural HCV protein antigen detection kit" refers to a kit for the detection of
any HCV protein antigen, preferentially to the detection of the C-terminal regjon of the HCV E1
protein (aa 227-383) or the N-terminal region of the HCV E2 protein (aa 384-450) in their natural



12 above-i ndygabeg@doant i gen-anti body conpl exes. PCT/ EP99/ 021 54 CZV? SP 2002
In this regard, the present invention also relates to an assafl PI¥BE54 he
detection of natural HCV protein antigeps conprising: an anti bodyﬁ
defined above, or, a functionally equival ent variant or fragrrezltﬁ SZMZ

ant i bodsr off aﬂﬁmmc'x@f@eﬂmn Glenibdng s plekantid @ tededa@ipi, B9 ahl erethd0gRWEX eS
f or med bét vvegg‘n CV prgtei n an%{i gentggeiln apﬁ est sanpl e vwathgsa?d ant i bO(k:Iw;?/1 or

a funct itoitld manegkilieddn e at.dnj aar woerds.rthe) hastse tesm xierg (o thenvidyalisatidinef the

t o ti il be il t.ed f he foll ow
Ecemp edrrrare wahe PoiermRtiegin o HEY B EEad Lot B O GG ahfakeSmina sty o |
shoul d Rhge pRIGE2H6tkid {Aﬁg@mrsbpﬂ{, B Bh Sthait Aafi®dl Hoy &dil Mgs%exk;{/gmﬁﬁﬁ%géﬂlc”Ot

be construed as to restrict the invention in any 10 way.

Exanpl e antibGineofxhe presedt invandoh ditel desartih b icespages the follEviapdomponddiee wer e
I mmuni sed with truncated vergqi Q%ia of El1 (Saa 92-326) and E2 (aa 384-673),
expr essdd) BRCR BRRIAPRAEAMEARE 9T ATORAUNE A feSt Sa@PRescri bed in PCT/ EP 951 03031 to

Maertenigi??g?%ibﬁyéfswﬁség%%@@@ﬁf}@' enocytes of the mce were fused with

a nyelo I ne. ting ri domas secreting specific antibodies
for. E1 qii)=a anebedysal destritddigreiana fofctiBhaBrequivdiamivatientdr fSehREat ihefeodf
nonocl onal antjbodies. A |large sezies {25 in total, of which 14 in detail;
the | at &) nesRblysecnndaryAed PoFLbY tTHaGREbeUSS: NV, 2~ Gent, Bel gi um) of

rmnciﬁl or\tgtim?gri]&&%&ga@@géﬁ&&P&rﬁ&@%cwas eval uated for staining of native

HCV "ant i ver psies o patients and controls (see bel ow).

St ai ni nqy s@g@faqmmdg@bmﬂgﬁ_ on cryosections or on formal dehyde fi xed
bi opsi es i]for protocols, see figure |egends). Onlyy t hree nonocl onal
e

ant i bodiRssferenyigBy.saiddkitis atagd fon thespstrk BetectianadfiQy. enxplope praseinsmnocl onal

ant i bodi es eijher e no,,or _.ver ak stalnin Qr .showed non-specific
stai ning. Re r@%ﬂ'&%}ﬁogﬁey ROUFLE %/aélr\,%nw iﬂ% icgl?e ﬂlgéﬁsg? ﬂ?%vﬁ% é‘?ynl'éé)s{/@':@es'
not i ced.jnManRelap RS ndddal R celflick&s %&%@ﬁa{iansrbogaclw &dilthy nfthifh BGe refers to

hepat ocytes (Figure 1 ), while IGH 207 and |1 GH 210, directed against E 1,
st ailfed liver kigswoHersyales Ekanfypiles seatiomgf the présent applicafeti)glhe sa@gal dost 2idrs, ihGH

73" 30 19ero R eiatits BN issivier QagirLnER BTV IS SRR P gur oo |
an 3623? o ZP;\I?{E%; ieggggl_ypaaretp%semwmxﬁ@ﬂfrem@% AMbBAE WIEEh SlecH QAR bfiR B
at least one of the following epitopes: aa 307-326 of HCV El protein and aa 395-415 of HCV
E2 protein. The latter antibodies are secreted by hybridomas deposited at the European Collection
20  of Cell Cultures (ECACC), Centre for Applied Microbiology & Research, Salisbury, Wiltshire
SP4 OJG, UK. (Tel: +44 1980 612512; fax: +44 1980 611315) on March 13, 1998, which have
been assigned the following accession numbers: 98031215 for hybridoma 17H10F4D10 secreting
mAb IGH 222, which binds epitope aa 395415 (SEQ —ID 31), and, 98031514 for hybridoma
14H11B2 secreting mAb IGH 207, which binds epitope aa 307-326 (SEQ ID 30). In this regard,
25 it should be clear that antibodies that bind to parts of said epitopes are also part of the present
invention. For example, antibodies binding to the following epitopes are hereby also included:
aa307-311, aa308-312, aa309-313, aa310-314, aa311-315, aa312-316, aa312-317, aa313-318,
aa314-319, aa315-320, aa316-321, aa317-322, aa318-323, aa319-324, aa320-325, aa321-326,
2a307-312, aa308-313, aa309-314, aa310-315, aa311-316, 2a312-317, aa313-318, aa314-319,
30  22315-320, aa316-321, aa317-322, 2a318-323, 2a319-324, 2a320-3235, aa321-326, aa 307-313,
22308-314, aa309-315, aa310-316, aa311-317, aa312-318, aa313-319, aa314-320, aa315-321,
22316-322, 2a317-323, aa318-324, 2a319-325, aa320-326, aa307-314, aa308-315, 22309-316,
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222 may fail to react. Fromthese exanples it is clear that the epitopes
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as defined above or with a functionally cqmvalent variant or fragment of said antibody,

to form an antibody-antigen complex, and
25 - determining said antigen-antibody complex with an appropriate marker.
Preferentially, said method is used for the in situ detection of HCV envelope proteins.

The term “determining said antigen-antibody complex with an appropriate marker" refers
to any method known in the art which detects, or visualises, the above-indicated antigen-antibody
complexes, such as fluorescence flow cytometry, binding-, ELISA- and RIA-type assays or

30  competition assays (see Examples section, Hertogs et al., 1993, and, WO 93/04084 to Mehta et
al.). Similarly, the term “appropriate marker" refers to any marker known in the art such as the

ones described in WO 93/04084 to Mehta et al. and Coligan et al., 1992 which visualises the



irmunoassa;xvoq) lspiebgunol. Met h. 1996: 190: 79-89. Kohler and MIstein, (1970
Cont i nuous cul Pu of fused cells secreting antibody of preddST/ERIE/O2E54
specificity. Nature 2~6: 49~. Liang, T,J. {199b) Hepatol ogy el sewhere 23:
37b-379. Ladner, R Constrained pepti d% as binding entities. Tibtech 1995,
13: 426- F I o = o] ' m croprotein iigands for IJagdgf

af fini taéggﬂ%‘ﬁ?aéa@ﬁ%eﬂ@Eﬁ@%ﬁ‘ﬁé}%’%ﬁggs, 19 1181- 1183, 30 Madi ) ooE ?bgnd
Stuyver L. GaniiYdssd, achre®ncinventicaldstetts e ahaeal kit fos tie dbtédddn of Ramale

nmol ecul ar medi cine of viral hepatitis. Ed: Harrison T.J. and Zuckerman A. J.
1 997 MEJGY pwpEin amiigere corspasing-Simantiphdy apdadingd 4bova, ool oypciodnadbyrquivialest C.
Hepat ol o 1997: 25: 99/,0301 1s7-1s38. ~s .,PCT/EP99/.02154 2 6 SEP 2002
Sansonr‘?'&g it O ?’g‘}-ﬁ%fﬁflﬁ\é@ ‘%7?,",“%& fRPrORAStS, lﬁé‘*\hﬂég Oal%_w [ detefpine the
simgl tag d&b&hdd BowREn TREG rbie fntdehtitn RNEstaamhpleRAh Ll afti

virus-re teg an{t?rlﬁgens i nn hepat%cel | ul gg_ra L carci non‘g. Cancer fgtébiozdyﬁf:a

22- 33. fanGamalineguikalenGesiaat oofrigmenviafsiid GhtibdByhena F. and Danmmacco F.

Hepatitis C yvirus-rel ated proteins jn kidney }i ssue frgm hepatitis C
vi rus- i nf ect Hif BiatepeiRventgn willaoros RIS Teteenes s pokawing eaumples that

gl onmer L L 1 ~Aifrmnts L sl @d fiab

pept 3. Fiaitie) ipﬁdﬁéﬂﬁwﬁla%%éﬁﬁ@miﬁ%@pﬁﬁ%‘sﬁ‘v%%ﬁbﬁ‘ﬁé&%\&\% 071
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~192- 226 VEVKNTSTSYMVTNDCSNSSI VWQLEGAVLH | ' PGC2¢V1V21074192- 226LEVWRNTSGLYVLT
NDCSNSSI VYEADDVI LHTPGC3V1V21008

. 192- 2261 NYRNVSG YHV' r NDCPNSSI VYEADHHTLHLPGC4V1V21075192- - 22610 .
VPYRNASG YHI Z' NDCPNSSI VYEADNLI LHAPGC5V1V21084292- 226LTYGNSSGL YHLTNDCSNSSI V1)
EADAM LHLPGC6V1V21023/ 1085192- 226 EXAMMBEEYHL | ' NDCPNSSr VYEANGM LHLPG7V1V213
34192- 2251 QVKNASG YHLTNDCSNSSI VFEAE' r M LHLPGCOV1V21333192- 226 LEYRNASGLYMWTN
DCSNGSI VYEAGDI | LHLPGC10V1V21332192- 22615

| VYEAARM MR O R RRANS RIS YRMSHBE A3 224 VRENNSFRONAL TPTL AARNASVPTTT)
RRHVDI bV3V41022230- 263I—|\/DLLVGAAAFCSAI\/NVGDLC&SVFLVSQ_I bHRI 150261- 290SQLFTI SP
RRHETVQDCNCSI YPGHI TGHRVAVDMVMAWSI bV5C41176288- 327SI YPGHI TGHRVAVWDMVIVNWEPT TAL
V\SQ_LRI]\}th4V610,39307,- 340 . Nro.r=

.pwo. .. Nro. O NA O~V
ce were immunised wit tancatcd versions of E1 (aa ?92—3.%) an'g 82 (aa 384-673),
expressed by recombinant vaccinia virus, as described in PCT/EP 95/03031 to Maertens et al.
After immunisation splenocytes of the mice were fused with a myeloma cell line. Resulting

-

20  hybridomas secreting specific antibodies for E1 or E2 were selected by means of ELISA. ™

Example 2: Selection of monoclonal antibodies.

Team

A large series (25 in total, of which 14 in detail; the latter can be obtained from Innogenetics NV,
25  Gent, Belgium) of monoclonals directed against E1 or E2 was evaluated for staining of native
HCYV antigen in liver biopsies of HCV patients and controls (see below). Staining was performed
either on cryosections or on formaldehyde fixed biopsies (for protocols, see figure legends). Only
three monoclonal antibodies revealed a clear and specific staining. All other monoclonal
antibodies either gave no or very weak staining, or showed non-specific staining. Remarkably,
30  two different antigen staining patterns were noticed. Monoclonal IGH 222, directed against E2,
clearly stained hepatocytes (Figure 1), while IGH 207 and IGH 210, directed against E1, stained
lymphocytes infiltrating in the liver (Figures 2a and 2b). IGH 207 also stained hepatocytes, but
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NTRGLVSLFSP, VNTNGSVH NRTALN LVNTNGSWHI NRTALNCNDSL QT GFFAAL FYKHKF
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IGH 214 E2 negative
IGH 215 E2 negative
15 IGH2216 E2 negative
IGH 219 E2 negative
IGH 221 E2 negative
IGH 222 E2 strong positivity of hepatocytes

20
Example 3: Identification of monoclonal antibodies allowing detection of viral envelope
antigen in peripheral blood cells.
The finding that lymphocyte infiltrates in the liver can be stained for HCV envelope antigens
25  prompted us to Jook also at peripheral blood mononuclear cells. In order to allow intracellular

staining, peripheral blood cells were permeabilised with saponin, allowed thereafter to react with
the monoclonal antibodies IGH 201 or 207 (directed against E1 and showing weak and strong
positivity on the liver biopsies, respectively). Finally, reactivity was checked on a fluorescent cell
sorter using secondary FITC-labelled antibodies. IGH 207, which stained already the lymphocyte
30 infiltrates in the liver, showed a high specificity. With this monoclonal, almost no background
staining was detected, and 4 out of 5 patients clearly stained positive (Figure 3). The second

monoclonal, IGH 201 (binding to SEQ ID 29; ECACC accession number: 98031216) which is
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and the staining on peripheral blood lymphocytes showed considerable background. In contrast,
IGH 207 and IGH 210 recognise a completely conserved region of E1 (Maertens and Stuyver,
1997). The monoclonal IGH 222 recognises a region of E2, which is part of the N-terminal
hypervariable domain of E2, and proved to be very suitable for efficient in sizu detection of HCV.

15

Example 5: Determination of cross-reactivity on variable epitopes

Using an extended series of peptides derived from various sequences of the N-terminal
hypervariable epitope of E2, IGH 222 was further characterised. Table 2 shows a summary of
20 these experiments. From this table it can be concluded that this monoclonal reacts with several
sequences, but fails to react with some others. Knowing this epitope is sufficient for the man
skilled in the art to raise additional antibodies against this epitope with a better reactivity towards
other sequences which are not recognised by IGH 222. Such sequences are by way of example
the peptides with # 490, 940, 884, 484 and 494 but other sequences in the region between aa 393-

25 415 may be found against which IGH 222 may fail to react.
From these examples it is clear that the epitopes recognised by the monoclonal antibodies
IGH 201, 207, 210 and 222 are readily accessible for binding antibodies and allow detection of
the antigen in liver biopsies and peripheral blood cells. The properties of the monoclonal
antibodies IGH 201, 207, 210 and 222 are rather unique, since other monoclonals directed against
30 the same epitopes resulted in high background and absence of specific staining. For example, the
monoclonal antibodies IGH 207, 209 and 210 all recognise the same epitope, however, IGH 209
is not able to stain E1 antigen in any cell type, while IGH 210 only stains iymphocytes and IGH
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knowledoe that these epitopes are clearly accessible on the HCV envelope proteins, as expressed

in the host, provides the necessary information to develop assays to detect these antigens not only
in situ as presented here but also in solution (eg in plasma or serum). The monoclonal antibodies

ST 7Y

15 IGH 201, 207, 210 or 222, or others developed against the same epitope but with optimal

characteristics for detection of soluble antigen, possibly in combination with others, could also

be used to develop such an assay.
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3. The functionally equivalent variant or fragment of the antibody according to claim
lor2.

4. The hybrnidoma cell line of ECACC deposit having accession number 98031214.
5. The hybridoma cell line of ECACC deposit having accession number 98031215.

6. The use of an antibody according to any of claims 1 to 3 for the preparation of a
natural HCV protein antigen detection kit.

7. A method for the detection of natural HCV protein antigens comprising:

- contacting a test sample which may contain HCV protein antigens with an
antibody according to any of claims 1 to 3 to form an antibody-antigen
complex, and,

- determining said antigen-antibody complex with an appropriate marker.

8. The method according to claim 7 wherein said test sample comprises human cells
or tissues.

9. The method according to claim 8 wherein said human cells are peripheral blood
cells.

10. The method according to claim 8 wherein said human tissue is liver tissue.

11. An assay kit for the detection of natural HCV protein antigens comprising:
- an antibody according to any of claims 1 to 3, and, optionally,
- appropriate markers which allow to determine the complexes formed
between HCV protein antigens in a test sample with said antibody.



