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ANTI BODY FAB FRAGVENTS DI NST HCV E2 GLYCOPROTEI DOWED
WTH | N VIVERGOGEITRAL | Z| mmwwmﬁ@k The invention concePEEIMOANB2
nonocl onal anti body Fab fragne rected agai nst HCV E2 glycoprotein and
endowed with in vitro neutral'®¥ng activitys Hepatitis C virus (VCV)
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a chroni ¢ infectAGRINGST HEV L2 OISYCOMROTENG SRYPSENTOWRERP VTP |RT @dHsat ©

the infection, with the risk of severe |iver diseases such as chronic
hepatitis, cirrNSUERAMZINGACTI¥ITY carcinoma [1, 2]. Treatment of chronic
infection is based on conbined therapy wfth..Jnterferon and ribavirin,
which is extremely costly causes major side effects 15 and is noderately
ef fective (Gonly Thepatveiition tohcORisainlma® NBohBEMNGE Sathtioddy! %ab%rap%tﬁ' ral
infection does not provide imune protection. This fact, “together W t he
virus's high vagdirgsied t3gainstariCYeL gycopotein rmedogndoned byith him ivitmne

hi 3 I . ok an e tive seru her apy an :
vhci nes o profgeralfs AR B Viko T hiets SBoUT sl SLPBOW or o
clear that new gepukiioal §wrorr|at Pliafth @rgasizatey! 90oRdeder T8, 24t @bjélﬂé
cl oned the genes codin or a large nunber of human . Fabs antibody
fragments di r ecCelNiRgditastonsae with this pathogsrodevelop a kbronixirdectiin &2 the

| ycopr ot gign, ¢ ' t gggsset-i rget. far, i ne. protective
?egpogse ﬁg] . I—@&gfvg’?ﬁﬁﬁﬁgggeal al dt;ﬂr%%(’l)é w%&é@f;%ﬁ%pt&edme.cﬁgﬁ! \yith &%gs%pf
these antibody Geagmeiver diseasts Suthl 8s diffonie hepaily eifrRosté tarRy Hivet eBn
are available to determ ne the neutralizing activity against HCV. Hence,
the author has §AI9"UP&Illefled and described the variable ability of !
different Fabs AN D) I Rod f..pn Ln B2 6 target cell,
wi t hout derronst-ﬁrrgatt!ﬁr?gﬂtabioéﬁr}gpgt P’gﬁreleg%'?m}g’eg%{sﬁps Ogcﬁto\&?ti' g%ntﬁe _ W'_th
neutralizing 3intedeion ayd dbavitie, which i§ BktrehelacostBvéauseswasior sider dffutits et

ti-E2

al. (2001)1 5[ ol aﬁgqgenqoégraaﬁel)sl%%c :\r/]e I(only 1 patient in 4 obtains long-term results)

[3, 4]. The viral infection does not provide immune protection. This fact,

together with the virus's high variability in antigenic structure recognized
by the immune systém, has hindered the development of an effective
serum therépy and vaccines to protect individuals against HCV infection. It (
20 is therefore clear that new antiviral strategies are strongly needed.
The author has cloned the genes coding for a large number of human
Fabs antibody fragments directed against one of the HCV proteins, the
external E2 glycoprotein, considered the most important target for immune
protective response [5]. However, the evaluation of the biological activity
25 of these anﬁbody fragments is not simple, as no reliable in vitro systems
are available to determine the neutralizing activity agaihst HCV. Hence,
the author has only evaluated and described the variable ability of different
Fabs to inhibit the binding of protein E2 .to the target cell, without
~demonstrating a correlation between this activity and the neUtraIizing
30  activity of the sera [5]. | '
In a previous work, Burioni et al. (2001) [6], showed that some anti-E2
antibodies produced by HCV-infected patients have a negative effect,

rendering the virus less sensitive to host immune response, probably due
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anti bodi es produced by HCV-infected patients have a negative effect,
rendering the virus less sensitive to host imune response, probably due
1501501010 0 5 T T T 0 e T T T I O A 10111 SO IO
OCT 2006 2 to its binding to the E2 antigen and to nodifications of its
conformation [6]. This could explain why high anti-E2 antibody titers are
not directly correlated with protection &gainst HCV infection. Bugli et
al., 2001 [7] generated a map of E2 protein epitopes that can bind 5 in
vitro the panel of anti-E2 human Fabs, show ng four discrete regions

agai nst which i mmune response is directed (Fig. 2) [7]. The presence of
anti bodi es directed agai nst one or nore of these regions in the serum of
chroni cal | y i nfeits bindiag tCEthesEZ(amItideb@ndst@dnbéiﬁeatiWQ of immmf'ouaati@m{ﬁ]

reduced effectiyveness, pf treat and a . different nosi s

therefore 10 ew&eﬁzpu {oh &¥PigiR, W P’shghn 3d¢ a te[?%ypé'g& Oaaeetréqtnpﬁgctly

anti bodies in aorrélaqédmtﬁqirotfelcﬂbﬂagbrr%ﬂ-ﬁw&ﬂ&mﬁi different epitopes of

the HCV E2 protein. An enbodi nent of the present invention provides this

net hod. The pr Bughet ahy2pR1 b gansratedsa mapsel B2 proteimapitenas thetigan dind t s

functi ona { t ed by
L.S @PW/% fhe E)Sﬁglggf é g-%f% Hﬁn‘faWFggigéﬁévﬁhae@gh didtrele av?ﬁ&g

human 15 "nonocl onal agnents e and an in

vivo neutrali agagsaolhloh tmmuherrefsben@é epairatiedn(Fig.: 2)’:107]aTﬁ§Cbré§¢9f&I§ of or
anti-HCV treat msnt or %ﬁr eventi ng nedi carrent in topical formfor

T bl ng ot s ANOdIRE irbstashaCaiBSLoBS 1 dapaet hese, reptpnan iy iensarumof
anti body or sapgrdr &%@&teﬁr%gggﬂt;s fda'ﬂbs e@)t&f'\gﬁh é(?rﬂgﬁ’%q%%s

expressed by mutate ene VH eavy c Inand nmuta
KV1-8 or KV3- 1Eedumedlefg§ut|ve|h|esswof tnésastrresimt ainldea dmferémq;rognosmtls |s‘ﬁhemfani is

characterized b avin he f ol sequen of variable arts of the
heavy chdPn an8¥'91e ¢ '%r?aﬁﬁeg%@@ fgeﬁﬁpéégyd%tﬁgpwe( jbodies i a

LL EQSGSEVKVPGSE Fﬁ‘iﬁiF W%@es of the HCV E2 protein.
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An embodiment of the present invention provides this method.
The present invention provides a use of a human antibody, or its functional
fragments, recognizing the HCV E2 protein epitope recognized by human

15 monoclonal antibody Fab fragments €137 and €301 and having an in vivo
neutralizing activity, for the preparation of:

a) a medicament for anti-HCV treatment; .or
b) a preventing medicément in topical form for inhibiting viral transmission
to a subject at risk,

20 wherein said antibody or said functional fragment contains amino acids
sequences expressed by mutated V gene VH1-69 for heavy chain and
mutated V gene KV1-8 or KV3-15 for light chain, wherein the antibody or
its fragment is characterized by having the following sequences of variable
parts of the heavy chain and of the light chain:

25 e 137 Heavy chain (HC)
LLEQSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWVRQAPGQGLEWMG
(HTMKNANYARNFQDRVTWADESTSTVYMEVRRLRSEDTAVYYCAKTS
EVTATRGRTFFYSAMDVWGQGT;

e 137 Light chain (LC)




EVTATRCGRTFFYSAMDVW\GQGT; e 137 Light chain (LC) 3 0 OCT 2006 2a

MAEL TQSPSFLSASVGDRVTI TCRASQGE SNYLAWYQKPGKAPKLLI YA
ASTLQSGVPSRFSGSGSWIEFTLTI SRLQPEDFATYYCQHLNTYPWFG  (QGT; e 301 Heavy chain
(HC) 5 LLEQSGSEVKKPGSSVRVSCTTSGGTLSDYG-NW.RQAPGQGPEWG P—W 2006
G | PLFRRTTYGQKFQGRLTI TADESTGATYMEL SSLRSDDTAVYYCARE KVSVLTGGKqu_ FEYWCKGT;
and/or e 301 Light chain (LO 2a

MAEL TQSPATL SVSPGERATL SCRASQSVSSRLAWYQQKRGQAPSLLI Y 10
DTSSRATGVPARFSASGSGTQFTLTI SSLQSEDFALYYCQQYNDWPSTF  GQG. The present
invention al so provides a use of a human antibody, or its functional
fragnents, recogni zing the HCV E2 protein epitope recogni zed by human

monocl onal ant T @b SHLEHEVEDRMBT CRAS QSHISNN LAWY QQHP GKARKLLIYAVI vo

dent  1yi ngantrlbHSE VERR S S BRI SR GPERATF i B R W g
anti body or sagdsf.unctional fragnment contains am no acids sequences

expressed by nutated V gene VI1-69 for heavy chain and 20 nutated V gene
KV1-8 or KV3-1 wherein the antibody or its fragnent is

H h
heavy charn anbaPireel KRG SRR ST 1SR R AL R FodeEmis T he

L L EQSGSEVKVPGSEIIRY. ERMRDAPEIIEAMIBMELSS SLRSDDTAVYYCARE
G TPl | G ANYARNE | TADESTSTVYVMEVRRLRSEDTAVYYCAKTS

EVTATRGRTFFYSA KoLt FEYWieKelaardior c)

MAEL TQSPSFLSAS : LAWY QQKPGKAPKLLI YA

ASTLQSGVPSRFS DFATYYCQHLNTYPWIFG

MAELTQSPATLSVSPGERATLSCRASQSVSSRLAWYQQKRGQAPSLLIY
10 DTSSRATGVPARFSASGSGTQFTLTISSLQSEDFALYYCQQYNDWPSTF

GQG.

The present invention also provides a use of a human antibody, or its

functional fragments, recognizing the HCV E2 protein epitope recognized

by human monoclonal antibody Fab fragments €137 and €301 and having
15 an in vivo neutralizing activity, for:

a) validating anti-HCV vaccines; or

b) identifying antibodies having HCV neutralizing activity,

wherein said antibody or said functional fragment contains amino acids

sequences expressed by mutated V gene VH1-69 for heavy chain and
20 mutated V gene KV1-8 or KV3-15 for light chain, wherein the antibody or

its fragment is characterized by having the following sequences of variable

parts of the heavy chain and of the light chain:

e 137 Heavy chain (HC)

LLEQSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWVRQAPGQGLEWMG
25 GITPIIGIANYARNFQDRVTITADESTSTVYMEVRRLRSEDTAVYYCAKTS

EVTATRGRTFFYSAMDVWGQGT;

e 137 Light chain (LC)

MAELTQSPSFLSASVGDRVTITCRASQGISNYLAWYQQKPGKAPKLLIYA

ASTLQSGVPSRFSGSGSWTEFTLTISRLQPEDFATYYCQHLNTYPWTFG
30 QGT,;




30 QGT; 3 0 OCT 2006 2b e 301 Heavy chain (HC)
LLEQSGSEVKKPGSSVRVSCTTSGGTLSDYGFNW.RQAPGQGPEWG G

| PLFRRTTYGQKFQGRLTI TADESTGATYMEL SSLRSDDTAVYYCARE KVSVLTGG<SLB-[)(IBEW§E&GT
and/or 5 e 301 Light chain (LC)

MAEL TQSPATL SVSPGERATL SCRASQSVSSRLAWYQQRKRGQAPSLLI Y

DTSSRATGVPARFSASGSGTQFTLTI SSLQSEDFALYYCQR@MNDWPSTF  GQG. The present

i nvention al so provides a conposition for anti-HCV therapy 10 conpri sing
in a therapeutically effective anount at | east a human antibody, or its
functional fragmgpitdeal\eERARAIRIOC)Y the HCV E2 protein epitope recogni zed by
human nonocl onal anti1 body Fab Tra%frr;nts el37 and e301 and having an in

vi vo neutr al i zLhGQEESRVKKPGHEVRUS CHES & TLSIAYGENWLROQARGREIPEVEMG

characteri zed \f I of
Che' heavy chai PIETERBPTKEQK e AR PRET S RUPD R vERRE

L L EQSGSEVKVPGSRMSYBAK3 SRS HYFEARMRGAP eRHIF\VWG

G TPI I G ANYARNF | TADESTSTVYMEVRRLRSEDTAVYYCAKTS 20
EVTATRG?TﬁFYSA&%&Q&M@h ght chain (LO

MAEL TQSPSFLS,

ASTL SO/PSRE S R L R PR R LAY QQKRCOAPSLLY,
chain (HO LLEQSSHAKEREIRFSASTRIERIFIDTHFNO BESFAICPRYMAYNDWPSTF

G | PLFRRTTYGXKE LTI TADESTGATYMELSSLRSDDTAVYYCARE KVSVLTGEKSLHYFEYWEKGT,
and/or e 301 L -chain (LC) 3 0 OCT 2006

The present invention also provides a composition for anti-HCV therapy

10 comprising in a therapeutically effective amount at least a human
antibody, or its functional fragments, recognizing the HCV E2 protein
epitope recognized by human monoclonal antibody Fab fragments €137
and e301 and having an in vivo neutralizing activity,
wherein the antibody or its fragment is characterized by having the

15 following sequences of variable parts of the heavy chain and of the light
chain: '

e 137 Heavy chain (HC)
LLEQSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWVRQAPGQGLEWMG
GITPIIGIANYARNFQDRVTITADESTSTVYMEVRRLRSEDTAVYYCAKTS

20 EVTATRGRTFFYSAMDVWGQGT, |
e 137 Light chain (LC)
MAELTQSPSFLSASVGDRVTITCRASQGISNYLAWYQQKPGKAPKLLIYA
ASTLQSGVPSRFSGSGSWTEFTLTISRLQPEDFATYYCQHLNTYPWTFG
QGT;

25 e 301 Heavy chain (HC)
LLEQSGSEVKKPGSSVRVSCTTSGGTLSDYGFNWLRQAPGQGPEWMG
GIIPLFRRTTYGQKFQGRLTITADESTGATYMELSSLRSDDTAVYYCARE
KVSVLTGGKSLHYFEYWGKGT; and/or
e 301 Light chain (L C)




2c MAELTQSPATLSVSPGERATL SCRASQSVSSRLAWY QQKRGQAPSLLI Y
DTSSRATGVPARFSASGSGTQFTLTI SSLQSEDFALYYCQQYNDWPSTF  GQG. The present
invention also provides a nethod for the deternination of the 45 @Vﬁﬁynce
of antibodi es having HCV neutralizing activity in an extracte& %IO ogi cal
fluid, conprising the steps of: a) |abeling the human nonocl onal anti body
Fabs el 37 or e301, or of a full-size hud®n nonocl onal anti body contai ning
at | east one of said Fab fragnents; 10 b) determ ning the presence of
antibodies in said fluid able to inhibit the binding of said | abel ed human

monocl onal ant MAENTESPATRISVEPGERATTIISCRASSV BSRAAWYOIKREEARSL I lyody to
the E2 HCV protein. The authors of the invention have al so eval uated the

neutral i zi ng aBliSSRHTCHPARISASE AT QAFTL TASSL OSERIALKY@QY¥XNBWBSTE r al
pseudot ypes, i (fQGVi ruses 15 externally identical to HCV but, after
entering the target cells which are able to produce a protein that produces

fl uorescence [ 8he fgsesvinadntith &l provieesnt mefiod® RsraeiérrhindfseEREe i N
the cells, the nethod provides a i rect_measure of the in vivo

neutral i ziPng alfeSANCe of aptiRedies having 6t & Neudialigipgeactiviti insan dptrastecht
epitopes. 20 U sg&p@ Y, otnﬁﬁ-%é d that two of the assayed

ant i bodi es, elg ﬁ%lerg}é%lc An e rgﬁe})%abq't he virus at concentrations

obt ai nabl e wi th aa) &beijhg theheantar monadional ahtitaddyofates e 887 aneBO0dyr of a
preparation; two other . antibodies had no neutralizing activity and one was
even able to pronot QﬁﬁVF?QI”"i‘qﬁ E'@t”i°8ﬁ).”aﬁ§”tﬁﬂ%é3669’ét?6b’r‘&ﬁf lesst oRe afwaithd of
titering different gahifppyemapul ations in a patient represents a valuable
di agnosti c and prognostic i%st ’roument with the potential to distinguish

bet ween d0f ect ed Bubptermining the gikretenceal ef @ntibodigs inesaid dlubapld taintibis and

would 6l i nate ¢ he HoERaE BiARA Ebelec,RiAgempngglonaL Angadd, Eabr ehohent
that is also associ ghrckuisize B@VEhMEhSoRAIf RISy WWiAEE2MOVigibideh 2
consi derabl e reduction in costs. 3 0 OCT 2006
The authors of the invention have also evaluated the neutralizing activity
of various anti-E2 antibodies in a system of viral pseudotypes, i.e. viruses
15 externally identical to HCV but, after entering the target cells which are
able to produce a protein that produces fluorescence [8]. By revealing the
presence or absence of filuorescence in the cells, the method provides a
direct measure of the in vivo neutralizing activity of anti-E2 antibodies
directed against different epitopes. |
20 Unexpectedly, the authors found that two of the assayed antibodies, e137
and e301, can neutralize the virus at concentrations obtainable with a
single parenteral administration of an antibody preparation; two other
antibodies had no neutralizing activity and one was even able to promote
viral infection. _
25 The development of the method of titering different antibody populations in
a patient represents a valuable diagnostic and prognostic instrument with
the potential to distinguish between affected subjects at risk for developing
severe complications and those with a more favorable prognosis. In this
latter group, this method would eliminate the need to administer a largely
30 ineffective treatment that is also associated wfth severe side effects, while

providing a considerable reduction in costs.



WO 03/ 064473 PCT/1T03/00032 3 As the E2 epitopes, so identi'fie]d Ere not
reproduci bl e by synthesizing synthetic peptides [5], the Z@ resents
the only W¥Q 03/864dét ermi ne the anount of antibodi es agai nsttam@ogidser ent
parts of the protein E2, with correlated clinical and epidem ol ogi cal

data. 5 The identification of anti-E2 antibgdies in the human Fabs fornat
with a good neutralizing ability permts tHReir |arge-scale production and
use as a nedication in anti-HCV treatnent, or as a preventive agent in
topical form to inhibit viral transmssion to subjects at risk (couples

wi th di scordant A$dhe dtatepitapesi spdidentfisdibpes not deprrupidé dyabyetkpsiginge,

). Th ' ' .t he i ti can be adyant ageousl sed to
ovai Uate invi CPstElaBaBinds S i BAREn Bhresendy BE cBceey b, 58kmIe (o
stinulate neut rthbigrmogntoor amttidess SyhingPthd agkiartiare o tgleggagew gzt, with

anti bodi es. The availability of neutralizing human antibo _
recogni ze a br odtPreipledtGlinigad andiepidassiotegita datacr uci al in the production

i ficial | F ; . W4 ant j,bodi es scribed . in this
docunent oo be.edoiigatior ¥ 42 BrehotfhsOh o Bhie 5 i Wihde
from peptides orgamt heutraliziy peilianpemaits 8sdir fiGE-scalSHIJMCAS® aRd use as a

neutralizing cross-reactive response. The object of this invention Is a
human anti body, Megicatior in gplithieWdreatonent, eiga® atprevegtinenagenttie tofvalEdrm

o pent " ne ST R L8, 8 e PR
characterized byHCWestaid, iredividgaiarsubfedieo dcsepatesieg expbsirbeetcyar i abl e part
EfLEths](eBE\e/ \ é@%&%&%@%@%@eﬁﬁm&%ﬁ@w used to evaluate in
137 Li ght. chai n {10 45 WAL LFaPT Sh PR TP ST ArH Bl e: YA
ASTL QSGVPSRFSGSERNIMEHZINY| SRIDQBIERFAT YWEhAECtRIr @egative antibodies.
The availability of neutralizing human antibodies able to recognize a broad
spectrum of viruses could be crucial in the production of artificial vaccines.

15 The neutralizing antibodies described in this document can be used as a
template for the development of vaccines (made from peptides or anti-
lidiotype antibodies) able to stimulate a neutralizing cross-reactive
response.

The object of this invention is a human antibody, -or its functional

20 fragments, against the HCV E2 protein, endowed with an in vivo
neutralizing activity.

In a particular embodiment, the antibody of the invention is the antibody
137, which is characterized by the following amino acid sequences of the
variable part of the heavy and light chains:

25 e 137 Heavy chain (HC)
LLEQSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWVRQAPGQGLEWMG
GITPIIGIANYARNFQDRVTITADESTSTVYMEVRRLRSEDTAVYYCAKTS
EVTATRGRTFFYSAMDVWGQGT
e 137 Light chain (LC)

30 MAELTQSPSFLSASVGDRVTITCRASQGISNYLAWYQQKPGKAPKLLIYA

ASTLQSGVPSRFSGSGSWTEFTLTISRLQPEDFATYYCQHLNTYPWTFG
QGT




QGTr 3 0 OCT. 2006 WD 03/064473 PCT/1T03/00032 4 In an alternative o
enbodi nent, the antibody of the invention is the anti]?od% 33§§T’ Ugfi chis
char act e the followi ng am no acid sequences of t Fﬁ)‘ i'% e part
of the hya(\;/gﬁ%%nlight chains:. e 301 Heavy chain (HC) 5 PCTATO3/00032
LLEQSGSEVKKPGSSVRVSCT TSGGT L SDYG-NW. RQAPGQGPEVWIG

G | PLFRRTTYGQKFQGRLTI TADESTGATYMEL SSLRSDDTAVYYCARE ~ KVSVLTGGKSLHYFEYWGKGT e
301 Light chain (LC) MAELTQSPATLSVSPGERATLSCRASQSVSSRLAWYQOKRGQAPSLLIY 10
DTSSRATGVPARFSASGSGTQFTLTI SSLQSEDFALYYCQQYNDWPSTF  GQGT A further object of

the invention i gsition for anti-HCV ther . conprising in.a

t her apeuti cal | gﬁgﬁ%@%ﬁaﬁvedﬁgﬂmd?rg{ehﬂgégtangﬂgdybpﬁ%mv ﬁ{')?fb@gﬁhgsa@quwe |
i nvention. Prefsg0abluhich hecaBRsizbl &y the foldWihg enind ddd BEgldh&S doha f or
parenteral use or, in another fornulation for topical use as a gel, crene,

oi ntment, ovul ¥arigblenpas of fieheavkaadsightchaiperts in the field. A further
ant i bodi es. of et Heabyhah BEL ™ 2 20 Ls b the nucl e c aci d can be

contai ned & n ahl &QBESH\KKPSIIVRUBIOTTSGG TESDYTFNMH WROAPGOSHEW MO

AL BRI N IR T T SE R A RN
coding for a simL?ﬁé@%ﬁ%\ggm%%gbst antially contiguous wth the

codi ng sequence for i nvention, and is able to export
the anti body o@t3®t Lidhd cbain (L&Hvi ronnment. 25 A further object of the

e oS Rt FoRmA oA AR RS Ay A BB B8 L
referenceq to OESSRATGYPARFIASESGTQET OSSR SEDF ALIMYAEAVMBWRASHS.
Panel A shows the binding of a '
GQGT
A further object of the invention is a composition for anti-HCV therapy
comprising in a therapeutically effective amount-at least one of the
antibodies of the invention. Preferably, the composition is supplied in
15 purified form for parenteral use or in another formulation for topical use as
a gel, cremé, ointment, ovule, with excipients known to experts in the field.
A further object of the invention is a nucleic acid cbding for each of the
antibodies of the invention. Advantageously, the nucleic acid can be
contained in an expression vector which can effectively express the
20 antibody- of the invention in prokaryote or also in eukaryote cells. In a
preferred form, the recombinant vector also contains a nucleotide
sequence coding for a signal peptide which is substantially contiguous
with the coding sequence for the antibody of the invention, and is able to
export the antibody out of the cell environment.
25 A further object of the invention is the use of the recombinant vector as
described in gene therapy. |
The invention is described below in experimental examples, in reference
to the following figures:
- Figure 1 FIT: THEORETICAL BASIS. Panel A shows the binding of a
30 Fab-FLAG to its epitopes without competitors. Using the same
concentration of Fab present in (A), preincubation of the antigen with the

patient's serum permits quantitative analysis of antibodies directed against



30 Fab-FLAG to its epitopes without conpetitors. Using the same _
concentration of Fab present in (A), preincubation of the anui@gnth the
patient' sWeE¥¥eHFdrmi ts quantitative anal ysis of antibodi eBCHITRO0EY _
agai nst WO 03/064473 3 0 OCT 2006 PCT/|1T03/00032 5 the epitope recognized
by the Fab in the serum In panels B and C_the bound antibodies, as they
conpete with Fab, proportionately di mnish q he anmount bound conpared w th
panel A In panels D and E, the presence of antibodies not directed

agai nst the specific _epitope does not mninmally 5 influence Fab binding. -
Figure 2 A and e ERRPPE treergrizedibydhegraletintiee seB4RLAGPEARISaB dine509thdLAG

B) to HCV/E2 b i.ni - concentrations of e§-| ._.an

e500- 1 gt (whol LORE EERLRsuRR e LAty RRSTMN FabeRPsbia el dimindu ey
the Fab). It isaedcmit bouat dongpdrebiviaii 'Banem. IhgtanRidi Ay EathedSrelBags ved 10
only in the presence of the whole antibody having the same specificity and
that this depen@8tibpdight ndodieded cagringt the specifit @pitope3dpes ratdnidimaily

I nhi bitiongof i i fipMLHCV and VSV/ G pseudotypes by purified
anti - HCV/ E hunyg%%bgg%@ngﬁéxgabs at different concentrations. Hep&

cells infected wFidureedA aedB2dnhibitietobl Biegintebewben sE-FDAGIAS 8rd E6obr and
t he nunber of g fluorescent protein- expressing cells was determ ned by
f1 uor escence ni Eﬁg@t&%&to BSVAEA Y sefpcaiaiagaknawm EonerNtratfosstaf @8- ect ed

in control well a S < I re. t. verage_ o
three i ndepende%{]ég)soga/@%1p@r;o% %’Hgﬁﬁ'egﬁ%l&eéd 3@83@%‘?&%@&’?’99 recog%zecf

4: Two- di mensi onby therFameitlis I@aratpab})hé Iirﬁwitbiumrmf :Fatbellbihd&fg[ tat;rli)g_é oHﬁe@@eﬁjd it on
the surfage of HCV/.E2 as recognized t he nonocl onal anti bodi es used in
this stuo|§7.8 o/ePPB{p'Bisztj REESET sofiztﬁau lg andibpgy bawing tharsame seecificiynand

endowed with VSW&{T'WSW%%%ﬂ%é/aédn%Hga ivity are underlined. The

putative region nediating the interaction o '/EZ 25 with the cellular
target is indicatfdguies BAe Bdantde@: linhibitichhef nfeatiory of réSVHCVramdyg\/e by

o ear o RABCRAGPoL WThEA S-SV G2 R SRE e e
concentrations. HepG2 cells infected with Fab-treated pseudotypes were

15 incubated for 16 hr and the number of green fluorescent protein-
expressing cells was determined by fluorescence microscopy. Data are
presented as % of the infection detected in control wells (no Fabs added).
The results shown are the average of three independent assays
performed in double.

20 - Figure 4:Two-dimensional surface-like map of the human B cell epitopes
present on the surface of HCV/E2 as recognized by the monoclonal
antibodies used in this study. Overlapping circles indicate reciprocal
inhibition. Fabs endowed with VSV/HCV pseudotype neutralizing activity
are underlined. The putative region mediating the interaction of HCV/E2

25 with the cellular target is indicated by the dotted line. The putative region
recognized by neutralizing antibodies is indicated by a solid black circle.
Due to modifications that can be induced by antigen-antibody interactions,
this diagram does not correspond to the actual physical map.
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2006 WO 03/ 8%946s43,4°CT/ 1T03/ 00032 6 Generation, purificati
characterizat ?lon of the anti-HCV/ E2 Fabs have been descri bgg/lng@v\%ere

[5]. FLAG Fabs (Fabs | abeled with a FLAG epitope fused at the
carboxyterm nal of the heavy chain fragnentg with a pentapeptide bridge)
were constructed and purified as described 5 el sewhere [6]. Validation and
standardi zati on of the assay were performed using Fab-coding genes to
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Y,
FLAG Fab prepar éf’i'bﬂ@y dﬂ’a%ﬁﬁﬁﬂy%rpé/eﬁtmvﬂ?h W@unoassay. All antibodies and

Fabs were stored at —70°C until use.

Sera and specimens

Sera obtained from healthy donors and HCV-positive patients were
15 analyzed using commercial diagnostic kits (Ortho, Raritan, NJ) following
standard procedures. For the preparation of mock specimens with known
amounts of antibodies directed against a given epitope, HCV-negative
sera were spiked with concentrated purified HuMabs in PBS and treated
exactly like the positive and negative sera.
20 Design of Fab Inhibition Titer (FIT) assay

The purpose of this assay is to assess the ability of sera to inhibit the

binding of a labeled Fab to its epitope, thus obtaining an indirect measure
of the amount of epitope-binding antibodies in sera (Fig.1).
FLAG-Fabs were purified [10] and assayed in a FLAG-Fab-specific ELISA
25 to determine the correct concentration to be used in inhibition
experiments. Briefly, FLAG-Fab preparations of known concentration were
titered by ELISA [11], where antigen-coated plates were blocked for 1 h at
37°C with PBS/1%BSA. After removing the blocking solution, 50 pl of
progressive dilutions of FLAG-Fab made in PBS/BSA 1% were added to
30 the wells and incubated for 2 h at 37°C. Plates were washed 10 times with
PBS/0.05% Tween-20 in an automated plate washer (DiaSorin, Saluggia,
ltaly) before adding 50 pl of a 10 pg/ml solution of anti-FLAG mouse



titered by ELI SA [11], where antigen-coated plates were blocked for 1 h at
37C with PBS/1 %BSA. After renoving the bl ocking solution, 3@ (fT 266
progressi WO ti/0d4i3ons of FLAG Fab made in PBS/ BSA 1 % wer epatiaed/ob@s230 t he
wel s and incubated for 2 h at 37C. Plates were washed 10 tinmes with

PBS/ 0. 05% Tween-20 in an automated plate vv?sher (Di aSorin, Saluggia,

Italy) before adding 50 pl of a 10 pg/m solution of anti-FLAG nouse 3 0
OCT 2006 WD 03/064473 PCT/ 1T03/ 00032 - 7 nonocl onal antibody M2 (Sigma, St.
Louis, MO 10 Ng/m in PBS) in PBS/ BSA 1% After 1 h incubation at 37C
wel I's were wash&pnoglanaieantibgidyhM2BSBigmanSkoLagisahdVe Ehdagimuse RBSp onal

anti body bindin r ey, i Lsh~peraxi dase- conj t.ed goat
anti-nouse 5 | ggB(%lg§ﬁcZ/§?&fg&0gA@ P}%ngé@&" %QBZS% &{eﬁs\kﬁ%reawa%éﬁﬂ@ tBV tes
were read for QRASPBSATweenf(oEBt sitovd ahe meadermahbebnadl aRtibodynBiHefid On
at room tenperature in the dark. Al assays were perforned at l'east in
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yi el di ng in st afata@B4eonidi 4n antoraated P raafenti aftere3n atin tincHsitoaf atidshium
readi ng was useg for further gx&gri ments of Fab inhibition ELI SA. For
t hese experi ment&MPgialiresinecdarse Alleassayg Wergcredormred &6 teashdel dabblee A

Progressive 1:4 J j i i Y%o: | NARN mount
of 50 pl per ELIn g\éﬁv\ﬁ ?bh%'tgﬁﬁgze]r?@%??%u ata&g/r%}q@["egg , pBHre’l leegea%% Fab
was added dir eciMag subtreetedvas tatkgroand. t o reach the desired fi nal

concentrat,i.on. Pl atgs re incuybated for dditional 30 -mn and then
processed '4s de E’Fi@@d\,@ﬁ‘a%'”?g?’”FE é-hﬁalfa%Eﬂm@h!t'”ﬂ patert (Rd) cetsesa, a

sanpl e, cont ai ngPfcehtrflioh BRKGRSFic8l FIPAGLE 204:unl ab ' "
corresponding to 100% i ln'hi bi mn?eiz gﬁcﬁiﬁg@(ﬂwe@aﬁa@gaﬁg%ﬁp?'(t)' n%aarppl e,
cont ai ni ng an ef¥dss reddingcequaloio 66%oopf enaimdniabadibg] waandsedofor dapthadi ng

of inhibition whrRETRENRoPHERR NBEHEEL S Ear FEe Sasoments aBs Br obe
FLAG Fab al one cof¥ed5th@®bidukebead oSty Bbdk. Progressive 1:4 serum dilutions
15 in PBS/BSA 1% were added in the amount of 50 pl per ELISA well. After 2
h of incubation at 37°C, purified FLAG-Fab was added directly to serum
dilutions to reach the desired final concentration. Plates were incubated for
additional 30 -min and then processed as described above for FLAG-Fab
ELISA. A positive control sample, containing a 20:1 excess of purified
20 unlabeled Fab, corresponding to 100% inhibition, is included. A negative
control sample, containing an excess of a control uncorrelated Fab [12]
and corresponding to 0% inhibition, is also included. The final results are
determined as % of inhibition with the formula: percent inhibition = 100 x
(OD450 of probe FLAG-Fab alone - ODy4so of probe FLAG-Fab with
25 competing serum)/ OD450 of probe FLAG-Fab alone. _
The highest serum dilution giving more than 70% inhibition of FLAG-Fab
binding is considered as the Fab Inhibiting Titer (FIT) for that epitope and
for that serum.
Results
30 The appropriate FLAG-Fab concentration to be employed in the assay is
determined for each FLAG-Fab and ranges from 10 ug/ml (e8, €20, e137,



25 conpeting serum/ OD450 of probe FLAG Fab al one. The hi ghest serum .-
dilution giving nore than 70% i nhi bition of FLAG Fab bi ndi ng, | %@OFSi dered
!

as the FabwlgWikigsng Titer (FIT) for that epitope and for ym
Results 30 The appropriate FLAG Fab concentration to be erﬁ) Y0992 ¢ he
assay is determned for each FLAG Fab and ranges from 10 pg/m (e8, eZ20,
el37, 3 0 OCT 2006 WD 03/064473 PCT/1T03/08032 8 e301, e509) to 0.1 pg/nm
(el0-B). The am no acid sequences of the light and heavy chains of the
various antibodies are given below e8 HC

W SOVTHETKYAGSF G T Ar <R G A S R MrvediinS sidsseuemas eRiblien ‘oot
e8 LC MAEL TQSPGRCShSRGEEHTIh SORARHRMIINAAINCIREHIGTRA below:

SGASTRATG PDRFS DFTLTI SRLEPDDFAVYYCQQYGDSPLY 10 SFGQGT el0 HC
LLESGPGLVKPSQTL SGVSI SYGERGVSYWGWRQSPCGKGLE

W GHI YYFGDTFYNPSLL NRAT S\ DSGHOER P |
STLQYFDW.LTREAAYS| DEWEQE 15 el10 LK%;‘S%G%RW%GWVRQAPGQGLEWMG

MAEL TQSPSFLBASVMBS/GY TEIRABOGYAS FQGRYHPGKEPRAG WY MELRSLRSDDTATYYCA

e e LTSI T o 20 1< 20

VFGT TTYAQKFQGRABSTIADDSTGTAFLEL TRLTFDDTAVYFCATPHQLH VL RGGKAL SPWDYWGEQGT €20

LC MAELTQSPGTLSLSPGERATLSCRASHRVNNNFLAWYQQKPGQAPRLLI
SGASTRATGIPDRFSGSGSGTDFTLTISRLEPDDFAVYYCQQYGDSPLY

10  SFGQGT
e10 HC
LLESGPGLVKPSQTLSLTCTVSGVSISYGGRGVSYWGWVRQSPGKGLE
WIGHIYYFGDTFYNPSLNNRATISIDSSKNQFSLKLKSVTASDTALYFCAR
STLQYFDWLLTREAAYSIDFWGQGI '

15 el0LC
MAELTQSPSFLSASVGDRVTITCRASQGVTILLAWYQQKPGKPPKALIYA
ASSLQSGVPSRFSGSGSDTDFTLTISSLQPEDSATYYCQQLNTYPWTFG
QGT
e20 HC

20  LLEQSGAEVKKPGSSVKVSCKASGDHYGINWVRQAPGQGLEWMGGIIP
VFGTTTYAQKFQGRATITADDSTGTAFLELTRLTFDDTAVYFCATPHQLH
VLRGGKALSPWDYWGQGT
e201L.C
MAELTQSPATLSVSPGERATLSCRASQSVSSNLAWYQQKRGQAPSLLIY

25  GTSTRATGIPARFSGSGSGTEFTLTISSLQSEDFAVYYCQQYNDWPSTF
GQGT
e137 HC
LLEQSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWVRQAPGQGLEWMG
GITPIIGIANYARNFQDRVTITADESTSTVYMEVRRLRSEDTAVYYCAKTS

30  EVTATRGRTFFYSAMDVWGQGT
e137 LC




MAEL TQSPATL SVSPGERATL SCRASQSVSSNLAWYQQKRGQAPSLLI Y 25

GTSTRATG PARFSGSGSGTEFTLTI SSLQSEDFAVYYCQQYNDWPSTFE  GQGT e137 0HET 2006

L L EQSGSEVWOPBASHRY SCKTSGGTFSTYTFSWRQAPGQGLEWMG G TP PCT/IT03/00032

| G ANYARNFQDRVTI TADESTSTVYMEVRRLRSEDTAVYYCAKTS 30 EVTATRGRTFFYSAVDVWGQGT
e137 LC 3 0 OCT 2006 WD 03/ 064473 PCT/ | T03/,00032 9

MAEL TQSPSFL SASVGDRVTI TCRASQG SNYLAWQQKPGKAPKLLI YA

ASTL QSGVPSRFSGSGSWIEFTLTI SRLQPEDFATYYCQHLNTYPWFG  QGT €301 HC 5

LLEQSGSEVKKPGSSVRVSCTTSGGTL SDYGFNWL R?APGQSPEVWG
G | PLFRRTTYGQKAGSEL TIQAPES rEABMEDRYITR L ANV BRI SISARWEEVWEKGT

DT SSRAT GVPARF SRR AR Bt R ReRY EOTTwBaT E DT T G Ry PWTFG
L LEESGAEVKKPGSSYKYSCKTSGDTFRYG TWRQAPGQGL EVWGQ

MPTFATATYAQRFQGRVTI SADESTSTAYLEVRSLRSEDTAVYYCATPR 15 QVTI LRGPKAL SPWDYWEQGT
e509 LC MAEL TQI3M IHSPGERAS L SCRASQSVSSNLAWQOKPGQAPRLLI S -'

T O/ TR o PR R ADYRE MU PEE TRE o
i ndi cated as f oBIIPWERRBIMYGQKFQGRLTITADESTGATYMELSSLRSDDTAVYYCARE
KVSVLTGGKSLHYFEYWGKGT
€301 LC
MAELTQSPATLSVSPGERATLSCRASQSVSSRLAWYQQKRGQAPSLLIY
10 DTSSRATGVPARFSASGSGTQFTLTISSLQSEDFALYYCQQYNDWPSTF
GQGT '
e509 HC
LLEESGAEVKKPGSSVKVSCKTSGDTFRYGITWVRQAPGQGLEWMGQI
MPTFATATYAQRFQGRVTISADESTSTAYLEVRSLRSEDTAVYYCATPR
15 QVTILRGPKALSPWDYWGQGT
e509 LC
MAELTQSPATLSASPGERASLSCRASQSVSSNLAWYQQKPGQAPRLLIS
GASTRATGVPARFSGSGSGTEFTLTISSLQSEDFAVYYCQQYNNWPPH
FGQGT

20 The nucleotide sequences coding for the Fab fragments listed above are

indicated as follows:

e8 HC

CTGCTCGAGCAGTCTGGAGCTGAGGTGAAGATGCCTGGGGCCACAG

- TGAAGGTCTCCTGCCAGTCTTCCCGTTACACCTTCACCAGTTACGGT

25 ATCGGCTGGGTGCGACAGGCCCCTGGACAGGGGCTTGAGTGGATG

GGATGGATCAGCGGATACACCCATGAGACAAAATATGCACAGAGTTT

CCAGGGCAGAGTCACCATGACCGCAGAGACATCCACGGGCACAGCG

TATATGGAGTTGAGGAGCCTGCGGTCTGACGACACGGCCACATATTA

CTGCGCGAGAGATGGAGGAGGGAGGGTGGTAGTGCCGCCTACTCAT
30 CTACGTGCTTTTGATGTCTGGGGTCAAGGGACG

e8 LC



CTGCTCGAGCAGT CTGGAGCT GAGGT GAAGATGCCT GEGECCACAG

TGAAGGT CTCCTGCCAGT CTTCCCGTTACACCTTCACCAGITACGGT 25 CT 2006
ATCGECT GGACAGGCECCTTGAGTGGATG Pg¥/1%03/00032
GGATGGATCA ACACCCATGAGACAAAATATGCACAGAGTTT

CCAGGGCAGAGT CACCAT GACCGCAGAGACATCCACGEGECACAGCG

TATATGGAGT TGAGGAGCCT GCGGT CTGACGACACGGECCACATATTA

CTGCGCGAGAGAT GGAGGAGEGAGEGT GGTAGT GCCGCCTACTCAT - 30
CTACGTGCTTTTGATGTCTGGGGTCAAGGGACG €8 LC 3 0 OCT 2006 WO 03/064473

PCT/| 03/ 00032 4l AR EFTETZoAce

ACTTCTTAGCCT GGT AIGABBEXRGA ABFLL TCCAGGBCCAGTCACAGAGTCAATAACA
CTCATCTCTGGTGCATCTA! GGGCCACT GGCATCCCAGACAGGGT 5

CAGTGGCAGTGGGT WW@WTG@CCAGGCTCCCAGGCTC
GAGCCTGATGATTTT W
e dieallal CTT SRR X CCACTGGCATCCCAGACAGGTT

CTGCTCGAGT GT GCCCAGTS GAGEAGT TAACTCTCACCATCAGCAGAC

o D
CRGTTTCCTACTW% TTGTCAGCAGTATGGTGACT

TCAGT CCATTGECA MG ETRTTAATTICRRBEACHESEACTCENC C
CCGTCCCTCAACAATCGAGCTACCATATCAATAGACTCATCCAAAAAC
CAGTTCTCCCTCAAGERCAAGT CTGTGACTGCCTCAGACACGGCCCT 15

GTATTTCT Gl COCAGRAG AR AT ATLE AL ERPHAL IR BD GO RER G GER 1B FTACTC

CATTGACTTCTIG G

ATGX)CGAGJ’&AWW@@UTEMGTC“@EGGH@TGBCCATCAGﬂACGGTGGTCGT
AGACCGAGT CACCATCA CA% CACCATT 2

CTTTTAGCCTGGTAT & SNANG 4 WCAGTCCCCAGGGAAGGGCC
GATTTATGCTGCATCcfE§€§KE@‘%§’@Aﬁﬁ‘é@s’ﬂ‘@&i‘;&‘@ﬁ@’m@‘?!Z\E‘,%“WGGAGACACCTTCTACAAC

CCGTCCCTCAACAATCGAGCTACCATATCAATAGACTCATCCAAAAAC
CAGTTCTCCCTCAAGCTCAAGTCTGTGACTG CCTCAGACACGGCCCT
15 GTATTTCTGTGCCAGGAGCACCCTACAGTATTTTGACTGGTTATTGAC
ACGGGAGGCTGCCTACTCCATTGACTTCTG GGGCCAGGGAATA
el0LC
ATGGCCGAGCTCACCCAGTCTCCATCCTTCCTGTCTGCATCTGTTGG
AGACCGAGTCACCATCACTTGCCGGGCCAGTCAGGGCGTCACCATT
20 CTTTTAGCCTGGTATCAGCAAAAGCCAGGGAAACCCCCTAAGGCCCT
GATTTATGCTGCATCGTCTTTGCAAAGTGGGGTCCCATCAAGGTTCA
GCGGCAGTGGTTCTGACACAGATTTCACTCTCACAATCAGCAGCCTA
CAGCCTGAAGATTCTGCAACTTATTACTGTCAACAACTTAACACTTAC
CCGTGGACGTTCGGCCAGGGGACC
25 e20 HC
CTGCTCGAGCAGTCAG GGGCTGAGGTGAAGAAGCCTGGGTCCTCGG
TGAAGGTCTCCTGCAAGGCTTCTGGAGACCACTATGGTATCAACTGG
GTGCGACAGGCCCCTGGACAAGGGCTGGAGTGGATGGGCGGTATCA
TCCCTGTCTTTGGCACAACTACCTACGCACAGAAGTTCCAGGGCAGA
30 GCCACCATTACCGCGGACGACTCCACGGGGACGGCCTTTTTGGAGC
TGACCAGACTGACATTTGACGACACGGCCGTCTATTTCTGTGCGACA




GCGGECA TCTGACACAGATTTCACTCTCACAATCAGCAGCCTA

CAGCCT g,%;rTCT CTTATTACTGICAACAACTTAACACTTAC - CCGTGGACGT: MEIIISACC
25 e20 HCW%@&AGF CAGGGECCT GAGGT GAAGAAGCCTGGGTCCTCGG  PCT/TT03/00032
TGAAGGT CTCCTGCAAGCCT TCTGGAGACCACTATGGTATCAACT GG

GT' GCGACAGGCCCCT GGACAAGGGECT GGAGT GGATGGGECGGT AT CA
TCCCTGICTTTGGCACAACTACCTACGCACAGAAGT TCCA GA 30

GCCACCATTACCGCGGACGACT CCACGEEGACCECCTTTTTGGAGC

A GCGACA WO 03/064473 3 0 OCT 2006
PCT/ 103/ 00032 Ch1 T CARAHE BRI
PCT/ 1 TO3/ 00032 AT G

GGGACTACT GGGCCCAGISABTACTEBGECCAGGGAA
ATGGCCGAGCTCACCCAGTCTCCAGCCACCCTGTCTGTGTC%’%CAGG 5

GGAAAGAGCCACCCTERSEEGCAGGGOCAGT CAGAGT GT TAGCAGT
S A LS S S e T 2 g 5 CCAOHBEGCCT
GGOCACTGGTAT

GCAGT CTGAABAT T TEGMATMICEATTCHOFBETE BABREEC AGPCAGAGTGTTAGCAGT

GCCCT GGGACA e137 HC
CTGCT%%IBT ARSBRGETSHG OACGIMGGCCAGGCTCCCAGTCTCCT

T OAGCTOT GO T A A A 45 HGBTATCCCAGCCAGGTTCA
TCAGCTGGGT GOGA G

GGGGAT CACCCCT ATGAGIECASTEG ST TG B M REMET FERCTCTCACCATCAGCAGCCT
AGGACAGAGTCA CGAAT CCACGAGCACGGTCTA
CATGGAGGTGAG&.%%M&WHAWMTGTCAGCAGTATAATGATTG

2137 HC
CTGCTCGAGCAGTCTGGGTCTGAAGTAAAAGTGCCCGGGTCCTCGTT
GAAGGTCTCCTGCAAGACTTCTGGAGGCACCTTCAGCACCTATACTT
TCAGCTGGGTGCGACAGGCCCCTGGACAGGGACTTGAGTGGATGGG
15 GGGGATCACCCCTATCATTGGCATCGCAAACTACGCACGGAACTTCC
AGGACAGAGTCACCATCACCGCGGACGAATCCACGAGCACGGTCTA
CATGGAGGTGAGGAGGCTGAGATCTGAGGACACGGCCGTATATTATT
GTGCGAAAACTTCGGAAGTAACAGCCACTAGAGGGCGGACTTTCTTC
TACTCCGCTATGGACGTCTGGGGTCAAGGGACE
20  e137LC
ATGGCCGAGCTCACCCAGTCTCCATCCTTCCTGTCTGCATCTGTAGG
AGACAGAGTCACCATCACTTGCCGGGCCAGTCAGGGCATAAGCAATT
ATTTAGCCTGGTATCAGCAAAAACCAGGGAAAGCCCCTAAGCTCCTG
| ATCTATGCTGCATCCACTTTGCAAAGTGGGGTCCCATCGAGGTTCAG
25 CGGCAGTGGATCTTGGACAGAATTCACTCTCACAATCAGCCGCCTCS
AGCCTGAAGATTTTGCAACTTATTACTGTCAACACCTTAATACTTACCS
GTGGACGTTCGGCCAAGGGACE
e301 HC |
CTGCTCGAGCAGTCTGGGTCTGAGGTGAAGAAACCTGGGTCCTCGG
30 TGAGGGTCTCGTGCACGACTTCTGGAGGCACCTTGAGCGACTATGGT
TTCAACTGGTTACGACAGGCCCCTGGACAAGGGCCTGAGTGGATGG
GAGGGATCATCCCTTTGTTTCGAAGAACAACCTACGGACAGAAGTTC




ATGECCGAGCTCACCCAGT CTCCATCCTTCCTGI CTGCATCTGTAGG

AGACAGAGT CACCAT CACT TGCOGGRCCAGT CAGGGCATAAGCAATT 30 0CT 2005
ATTTAGCCT CCAGGGAAAGCCCCTAAGCTCCTG
ATCTATGCT%E@ TGCAAAGTGGGGTCCCATCGAGGTTCAG 25 PCT/IT03/00032

CGCGCAGI GGATCTTGGACAGAAT TCACT CTCACAAT CAGCCGCCTCC
AGCCTGAAGATTTTGCAACTTATTACTGTCAACACCTTAATAGIFACCC  GTGGACGT TCGECCAAGGGACC
€301 HC CTGCTCGAGCAGTCTGGEGTCTGAGGTGAAGAAACCTGEGTCCTCGG 30
TGAGGGTCTCGTGCACGACTTCT GGAGGCACCT TGAGCGACT ATGGT

A AT CoARC RERSHRAST
PCT/ 1 TO3/ 00032 AZAT CIAGAGAIGCAGT ACCESCCHTETATTAC

CTALTAC
?%@%ﬁ%%@@w SRAEREAACAGGCEBAAGTCACTCCA

TTACT TTGAATAT T COEERSAPPEMIEATT 5258 cc
ATGOOCEAGCT CAOC AT G R R 208
GEGAAAGAGOCACOCTEIBIIIGCAGGECCAGT CAGAGT GTTAGCAG

@

CAGGTTAGCCTGGT
CTCATCTATCACACATCL R ACEAR AR R CCTGTCTGTGTCTCCAG

CAGT GCCAGT GGGT CTEE@YAALAK @W&@@@@@@%@GGCCAGTCAGAGTGTTA@CAG
CTGCAGTCTGAAGATTTTGCACT T TATTACTGT CAGCAGTATAATGAT T
GGCCCTCCACCTTC(;&;&W@AJCE@@Q’A@AGCAGAAACGTGGCCAGGCTCCCAGTCTC
Qg&%q& : T EAJCSI'GGTGTCCCAGCCAGGTT
1 EATGERGTTCACTCTCACCATCAGCAGC
@l&&?&cﬂmﬁﬁ%ﬁmcmmmCAGTATAATGATT
GGCCCTCCACCTTCGGCCAAGGGACA
e509 HC
CTGCTCGAGGAGTCTGGGGCTGAGGTGAAGAAGCCAGGGTCCTCGG
15 TGAAGGTCTCCTGCAAGACTTCTGGAGACACCTTCAGATATGGTATC
ACGTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAC
AGATCATGCCTACGTTTGCGACAGCAACCTACGCACAGAGGTTCCAG
GGCAGAGTCACGATTTCCGCGGACGAATCCACGAGCACAGCCTACTT
GGAGGTGCGCAGCCTGAGATCTGAAGACACGGCCGTCTATTACTGT
20 GCGACACCTCGCCAAGTTACTATACTTCGGGGACCTAAAGCCCTCTC
CCCTTGGGACTACTGGGGCCAGGGAACC
e509LC
ATGGCCGAGCTCACCCAGTCTCCAGCCACCCTGTCTGCGTCTCCAG
GGGAAAGAGCCTCCCTCTCCTGCAGGGCCAGTCAGAGTGTTAGTAG
25 CAACTTAGCCTGGTACCAGCAGAAACCTGGCCAGGCTCCCAGGCTC
CTCATCTCTGGTGCATCCACCAGGGCCACTGGTGTCCCGGCCAGGT
TCAGTGGCAGTGGGTCTGGGACAGAGTTCACTCTCACCATCAGTAGC
CTGCAGTCTGAAGATTTTGCAGTTTATTACTGTCAGCAGTATAATAAC
TGGCCTCCCCACTTTGGCCAGGGGACC
30 FLAG-Fab ELISA on purified labeled Fab molecules yields very specific
and reproducible results. Determination of FIT is performed on 10 HCV-

negative sera; the titer is consistently >1:20, the upper detection limit of




GGAGGT GCGCAGCCTGAGATCTGAAGACACGGCCGTCTATTACTGT 20

GOGACACCTCGCCAAGT TACTATACT TCGGGGACCTAAAGCCCTCTC 30 OCT 2006
CCCTTGGGAWRGBIEBIBCCAGGGAACC €509 LC PCT/IT03/00032
ATGGCCGAGCT CACCCAGT CTCCAGCCACCCTGTCTGCGTCTCCAG
GGGAAAGAGCCTCCCTCTCCTGCAGGGCCAGTCAGAGTGTTAGTIAG 25

CAACTTAGCCT GGTACCAGCAGAAACCT GGCCAGGCTCCCA C

CTCATCTCTGGT GCAT CCACCAGGGCCACT GGT GT CCCGGCCAGGT

TCAGTGGCAGT GGGT CTGEGACAGAGT TCACTCTCACCATCAGTAGC
CTGCAGTCTGAAGAT Py TtSSAGTHicAtimadraTaAmbhiiom astwesdn the absence of specific anti-
TGGECCTCCCCACTTT mgg 30 FLAG Fab ELI SA on purified | abel ed Fab
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Finally, FIT is always positive in HCV-positive sera, with values

encompassing a wide range of dilutions. FIT is very diverse for the

different Fabs in the same serum sample, with considerable heterogeneity
15 between patients.

EXAMPLE 2

Materials and Methods

Human antibody fragments

The human recombinant antibody fragments in this example are fully
20 described in Bugli et al. (2001) [7] and correspond to those used in
Example 1. Briefly, genes coding for the Fabs were obtained from a phage
display combinatorial library containing the IgG1/kappa repertoire of a 58-
year-old woman with chronic hepatitis with persistent presence in the
blood of HCV RNA of genotype 1b. The genes selected are inserted in an
25 appropriate bacterial expression vector [13] and the transformed cells are
then used as a source of recombinant Fabs, which are produced and
purified as described [14]. Neutralization of E2 binding to cell (NOB)
activity [5, 15] and the reciprocal interactions [7] of these molecules have
been described. The presence of similar antibodies in the serum of HCV-
30 infected patients is determined by inhibition ELISA [7].

Pseudotypes and neutralization assay




Mat erial s and Methods Human anti body fragnents The human reconbi nant

anti body fragnents in this exarr]rpl e aredfyl I yEx20 Fesi“ g’eq%l]:‘;ﬁl %tl Iezgpggt al .
2001 7 espond to those used in anple 1. Bri T%’

f:odi n)g 1[o]rwt6%/olg:§l?5 were obtained froma phage display corbi 20BM003 _
l'ibrary containing the | gGl/kappa repertoire of a 58- year-old wonman wth
chronic hepatitis wth persistent presencedn the blood of HCV RNA of
genotype 1 b. The genes selected are inserted in an 25 appropriate
bacterial expression vector [13] and the transforned cells are then used

| ' e . i fied as.
dosori bed [ 14] . Neupraripossed ot hledlid A Sthienddh A e dineg
15] and the reci"1’9M@@Uurm}eé@clei)ﬁﬂswﬂ.?ﬁgeﬂy,tthes\ﬁSVﬁ?g-ﬂeﬂrl‘g§1ngfz\2aésbagg/pe
i . r.,antibodies jn th -
fect ed pat i ent Y SIPEENGomRih v ETHIBE Sthetls Mits7hers dueidh ppuslonsd
neutralization gﬁé@"n VWOr6664 Mith ShiRreTE2 Q8 EEW@VT%%/(fZ(g@e:’ﬁggééroﬁgﬁ]s

pseudot ypes_used here have been fully characterized an
Mat suur a et at . copeiinggxf theertsdomaing of E$\ene+ERQWEBIEoftypadot O cDNA

VSV/ HCV) - consi f heul ar opmtitis,Mrus, where the G envelope
E)rot ei SVI) s repl Z??:"Z’aé)w@ﬁ*éﬁrn@ﬁe? EF{)BaH'Ele = '%veﬁ'@b@ FEAUERCE ei ﬁ’éthS
consi sting of thansaierdbranenandf cftbpiagehdié @GRS QfS\I’YG_e?l%th"@}/. ThdA
clone (NIHJl) fused to the N-term nal signal sequences, with

transmenbr ane af@NETHEIMShRIESEER hth]nand eul@ryotic mxpression Sectofhbas been

construction of L@lS 14 164+ yoti essj op.vect or, as_heen
descri bed [ 8, 1%%%6623\3/(?Hg/ itsﬂs-l']'p?ggﬂg%ygi f%;g%ﬁ]@ﬁgso fceeq%pg f%ia cetfls
constitutilly egpstivévely expraesing Ehimenid E2 arfoNE2WvcDN A witkc arveicBaibinaniSV

[ [ he G I n- [ Il on. has been replaced with the green
F1uor escent pronsh BENBENCHR) G DTIeITRRIOVRGIST ©RBI0RSN rERSRBE With the
pseudot ype used gaser Ofidrebcdtn Bréteird ' RHE GRS )"1;-‘34/ HeRe gé%@?ﬁé@bv@

produced by infecting wth VSVIG* a cell line't Si ent| expressing G
protein. The ne&Y$¥i"gia¥S%’ﬁ’0§@§awseﬂ per tontield(ard desprdduee the VSV/HCV

pseudotype), is produced by infecting with VSVAG* a cell line transiently

15 expressing G protein. The neutralization assay is performed as described
[8]. Dilutions of purified human recombinant Fabs are incubated with 2.4 X
10° Infection Units (1U) of the pseudotype VSV/HCV or VSV/G for 30 min
at 37°C and inoculated into HepG2 cells (4 x 10* cells) prepared in a 96-
well plate. After adsorption for 60 min at 37°C, the cells are washed 3

20 times with DMEM containing 10% FBS and incubated at 37°C for 16 hr.
The IU of the virus are determined by counting the number of GFP-
expressing cells by fluorescence microscopy. Data are presented as
percent of inhibition compared with control wells where no antibody was
added. Data are the average of three experiments performed in double.

25  Results |

Anti-HCV/E2 human monoclonal antibody panel generation and sequence

characterization

The panel of human monoclonal antibody Fab fragments represents the
anti-HCV/E2 immune repertoire of a patient with a persistent infection with
30 HCV of genotype 1b [5, 19]. Antibody fragments, selected with purified
recombinant HCV/E2 of 1a genotype (strain H)[20] expressed in CHO

cells, have been fully characterized and correspond to clones present in



[8]. Dilutions of purified human reconbi nant Fabs are incub tg&% 2 4 X
103 Infection Units (IU) of the pseudotype VSV/HCV or VSV/I G il T

37C and i R MVeHed into HepG2 cells (4 x 104 cells) prepar BATATYIQGE- vveII
plate. After adsorption for 60 mn at 37C, the cells are washed 3 20 tines
wi th DMEM cont ai ni ng 10% FBS and i ncubat ed §t 37C for 16 hr. The IU of the
virus are determ ned by counting the numbel? of GFP- expressing cells by
fluorescence mcroscopy. Data are presented as percent of inhibition
conpared with control wells where no anti body was added. Data are the

aver age of t hr etheesgrin 0f chsomicaliyonfecied padientd £7] \2ith Reshdred gqual -affvtyE2

human nonocl ona W ne ner i on and se ence aracterl ation
The panel of hu#?éﬁ%r%ﬁ% '{31 bv(?d?/" lpé’gn '3 %ﬁ‘? roéﬁr%fctgﬁtﬂé’etfﬁg"

anti - HOV/ E2 i mminghichPgiet ®hbR aﬁu@zoammuy W gettoirePsr i bafént @f@%bea Wi th
30 HCV of genotype Ib [5, 19]. Antibo éfra gments, selected with purified

r econbi nant HCV) EQS dielcpraaglg@rt@tsmese@er milyHshaw senifarebiolagidan ooty @sd s,

2006 w0 03] 0641 ErBrhATONBISs IO FRSEdTel RInEARhca Ty i Fidheg

patients [7] W tébo@nsj@@r@@mruat epitdpebh the fsRifabe\GfEE22 [f}ame?@eﬁ&% froMe

anti bodi es represents one of the five famlies in which the whole anti-E2
anti body repert Ble gelgtive hg@rrpémeeﬁ@quegm@%arfedyplcahtﬁf peligetydfien afbnithe

of DA SequencelqPTopdTaBlsE PR 1 5 hibod PRl briRKEe3 HPPR AR or.

on the surface aftiggh.[7]. D vergences from the relative germline
sequences are tépl cal of antigen-driven affinity maturation (Tables Ia and

1 b), sugd®stin A§|—[Er$)l ohgBd @xpIEgsand Vi gene dhutalens Iqwamaﬂegggpn@ ok,
Gernl i nes and VoH %%'n?é}?rdd?\o\ﬁﬁnrngﬁgh@odﬁgé ons of anti-HCVE2 hunan

nonocl onal anti 8od| es equences are detfermned as described in Burioni et

at., 1998 [5] aS@quehC@lade wdtarngieedi andeserhezhae Burioni leé dl\V3DIGal5) barsk

[21]. The aligned with germline sequences in the IMGT database [21]. The
percentage of nucleotide and amino acid mutations are calculated

15 according to the Kabat and Wu alignment method [22], taking into account
-framework region (FR) 1, FR 2 and FR 3 for hea\)y and light chains, the
complementarity determining region (CDR) 1 and CDR 2 for heavy chains,
CDR 1, CDR 2 and CDR 3 for light chains.

Table 1 a - HEAVY CHAINS

% of mutated nucleotides % of mutated amino acids
Antibody |V gene |FRs CDRs FRs CDRs
e8 VH1-18 |9.5 22.2 14.9 33.3
e 20 VH1-69 |9.4 16.9 19 38
e 137 VH1-69 |11.5 15.3 14 417
e 301 VH1-69 |8.9 19.4 15.6 458
e 509 VH1-69 |5.2 15.9 10.9 33.3

20



percentage of nucleotide and am no acid nutations are cal cul ated 15
according to the Kabat and Wi alignnment nethod [22], taking into account
framework region (FR) 1, FR 2 and FR 3 for heavy and |ight [g\rd 2@ t he
conplenentarity determning region (CDR) 1 and CDR 2 for he @L gi ns, CDR
1, CDR WOMBPSER 3 for |ight chains. Table 1 a - HEAVY CRETAB3®00$2 nut at ed
nucl eoti des % of nutated am no acids Antibody V gene FRs CDRs FRs CDRs e 8
VH1-18 9.5 22.2 14.9 33.3 e 20 VHI-69 944 16.9 19 38 e 137 VH1-69 11.5
15.3 14 41.7 e 301 VH1-69 8.9 19.4 15.6 45.8 e 509 V H 1-69 5.2 15.9 10.9
33.3 20 3 0 OCT 2006 WO 03/064473 PCT/1T03/00032 16 Table I b - LIGHT
CHAI NS % of tated n | % of nutated am no acids Antibody V gene
FRs CDRs FRs s LGP GHAING O 2655 s e S0 kY 10 4 5 0y 0. 555 2
e 137 Kv 1-8[2.2 9]3.72 15.-'%ofer:}3&id {ﬁ)élef%tidéi\?:.&,df%ujat&d fmﬂgaﬂ@scbgﬂv |-15
3.21.36.590 | 7L ng=gf—p+rettagfNBr—agcti-vty—ef—each—Fab-waspal so
det er m ned [ﬁmg%?lr#eégne Fglsones (g? and ¢ fzsfound tgbﬁé unable to

i nhi bit HCV/ B28 5 hiKNd-2{y.|2t70 cel | §16nd ot her|2.6 i nhi bi t{B&§ HCV/ E2 bi ndi ng
even at very|low doncentrlation (sge below). |Neutralizgtion of the
pseudot ype V[gaE DY KFUIBT [R&COomnDI 7 Fabs TWg7of the faps, €8 amd—=e2p,

recogni zi ng i fferant epitlopes on tthe surfacg of HCV/ B2 T7] do not
neutral i ze VBM-HC\Vlpseudotiype infedtion eveniat 10 high concentratiohs (80

pg/m). One ;ﬁwﬁf"ﬁésgvt ] FLgi?s, e20, %has st rong2 9154
e301 [Kv3-15 [3.8 14.3 9.7 23

e 509 KV 3-15 13.2 1.3 6.5 0

Neutralizing of binding (NOB) activity of each Fab was also determined [5],

with some clones (e137 and e8) found to be unable to inhibit HCV/E2
5 binding to cells and others inhibiting HCV/E2 binding even at very low

céncentration (see beloW). ' |

Neutralization of the pseudotype virus by human recombinant Fabs

Two of the Fabs, €8 and e20, recognizing different epitopes on the surface
of HCV/E2 [7] do not neutralize VSV/HCV pseudotype infection even at
10 high concentrations (80 pg/ml). Ong of these two Fabs, €20, has strong
NOB activity [5], confirming that even antibodies inhibiting £2 binding may
fail to prevent viral infection.
Two: other Fabs, 137 and €301, efficiently neutralize VSV/HCV at a
concentration of 10 pg/ml, while VSV pseudotypes bearing the VSV G
15 envelope protein (VSV/G pseudotypes) are not affected (Figures 3a and
' 3b). These data are congruent with previous findings indicating that these
two clones competé for the same E2 region, probably recognized by
human antibodies endowed with neutralizing activity, as indicated in a two-
dimensional surface map of the human epitopes on HCV/E2 (Figure 4).
20 Fab 509 is currently the strongest available antibody in terms of NOB
activity, and is able to inhibit binding between E2 and the cellular target at
very low concentrations (Table 2). Incubation of VSV/HCV pseudotypes



NOB activity [5], confirm ng that even antibodies inhibiting E2 binding may
fail to prevent viral infection. Two ot her Fabs, el37 and e3Q10CTeMdp ci ently
neutral i zZ&WO/BWoHOY at a concentration of 10 pg/nm, while MSMIpPSeUEsRtypes
bearing the VSV G 15 envel ope protein (VSV/G pseudotypes) are not affected
(Figures 3a and 3b). These data are congruent with previous findings

I ndicating that these two clones conpete f6r the same E2 regi on, probably
recogni zed by human anti bodi es endowed with neutralizing activity, as
indicated in a two- dinensional surface map of the human epitopes on HCV/ E2
(Figure 4). 20 witb 809 Fsbcenhanté yvituse eritryorigtes thepatomabkellanddowedso ia
terms of NOB activity,.and is l e, to inhibjit hinding between E2 and the
cel lular target cc&qceq}é’[&pm gl Egﬁﬁﬁe&c’r KICTRRRE (MTHReEIMY Is | GRrapRstraiad gyhen

VSV/ HCV pseudot 3 3 3 P 0 : LA this
Fab enhance vi rgggzcr?t ?ge‘%%g%gé‘? ggeﬁgb{eiﬂ%qgﬁ\%ngg%ﬁ% aé%ﬁ@@%t trh;at?iéghbgf 1
pg/ M . No i ncreapecifiaintafantiphwf tlyisiFabdeitb cetlulat etembeme MBWdEep veadentypes
are used, thus rltul g,rnqq olgb:.t possibility that a non- specific interaction
of this FaB wit'QEF GFar rane pronotes viral entry 5 into the cell
(Fig.30) . Tabl eTgpte AnWNtHIEVAZ antibhNEs @haFEAgicer i stics NOB activity is
cal cul ated as the concentration (in pg/m ) achieving 50% of
neutralization BiObiagtvityisocalgulptad as de laoucentratierpéinaid/mh )tachisling 588

(Rofmi) eb >a0 Shosdyrfiomer BESRdidlg dsiEs uESseqoorehagtenaia bolyian

e301 3 (high) stgr@eg.i nhibition e509 <0.035 (highest) enhancenent 10 A

control antibody 23] exerts nao effect aon the pseudotvpe system as it
: Fab clone 50% NOB concentration | Effect on VSV/HCV infection
(pg/mi)
e8 >40 (none) none
e20 3 (high) none
e137 40 (low) inhibition
e301 3 (high) strong inhibition
€509 <0.035 (highest) enhancement

10
A control antibody [23] exerts no effect on the pseudotype system, as it
fails to neutralize both VSV/HCV and VSV/G pseudotypes. The VSV/G
pseudotype is duly neutralized by dilutions up to 1:1000 of a polyclonal
anti-VSV antiserum used as neutralizing control in these experiments [8],
15 which have no effect on the VSV/HCV. Polyclonal and monoclonal anti-E1
and anti- E2 antibodies raised in several hosts show no neutralizing effect
on VSV/HCV pseudotypes.
The neutralizing activity of monovalent Fabs shows that HCV entry can be
inhibited without the need for virion aggregation or cross-linking;
20 furthermore, blocking of interaction between the virus and its cellular target
seems unlikely to be a key factor in HCV neutralization. These data can
explain at the molecular level the lack of correlation between NOB activity
in the serum and protection from disease.
Some degree of cross-protection is provided by anti-HCV antibodies, as
25 anti-E2 antibodies selected with E2 of 1a genotype are able to neutralize a
pseudotype bearing E2 of 1b genotype.



fails to neutralize both VSV/HCV and VSV/ G pseudotypes. The VSV/I G
pseudotype is duly neutralized by dilutions up to 1:1000 of a pol ycl onal
anti-VSV antiserumused as neutralizing control in these experinments [8],
15 whi ch have no effect on the VSV/ HCV. Polyclonal and no nti-El
and ant'iywof3e4ybs bodi es raised in several hosts show no M% g ef f ect
on VSV/ HCV pseudotypes. The neutralizing activity of nonova ent s shows
that HCV entry can be inhibited without the need for virion aggregation or
cross-linking; 20 furthermore, blocking @8 interaction between the virus
and its cellular target seens unlikely to be a key factor in HCV

neutralization. These data can explain at the nolecular |evel the:lack of
correl ati on beTheaesNDB show thatyFabrbGthé ableuto entapcettiee tinfectifityo ot dhsease.
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infectivity ofViiHeeng\fan\Ppsouns: ypehei phservaiiemdhgh this entibedy drindsie
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e509 to prom)te viral entry ‘can be observation
anti body bi ndscaluigrestirdctyes involivadl irevialeattdatimesntitp the etiie[2ddThoe bafding t hat

bi nds to CD81, | ved | att t to.the
c|e|n| S[ 22] . The®bf %@ﬁ%té%f”@@o'g‘?’i‘tgﬁ‘f @' @ Veﬂf E? \C/’It‘ﬁfge 8?#8?99? @ tﬁﬁ%ﬁ% gne
of i ][S c;al I ;JIhaand prosbie aa'nddiﬁcatrm of gZZTwhfbrrﬁéﬁcbrfamﬁifarFBltﬁ@@{r@[ ifBLhESD
simlar to is present in at |east two

conf or nat i ona&%&i%@%@ Hfﬁ éﬂ/aﬂf%“'ﬁ mﬁenprgaw@t% and antinedy f y
the sterigal siipgimy & thi&efﬂﬂetnebanbrylodﬁgelﬁéaétbﬁealt SatBr aRkl yﬂoftéfnoz}y hurran

Fabs w t hout bi nding conpetition nce seens to

tool for the shadylaging:ihe Nﬂ%raé%lv{‘b@i hqmw@bsmqﬁcbmdmgcemmpsmrace
. and could be @E%géﬂ 568 sBBAR! B BPh kel 160l FUAHELLEY P thd TS S HiGRs T O

vacci nes.
between HCV and the cell surface and could be used in in vitro models for

the evaluation of molecules for vaccines.
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1..Use of a human antibody, or its functional fragnments, recognizing the
HCV E2 protei ncgpifmepe recogni zed by human nonocl onal anti body Fab 5
fragments el37 and e301 and having an in vivo neutralizing activity, for
the preparation of : a) a nedicanent for anti-HCV treatnent; or b) a
preventing nedicament, in topical. formfor .inhibiting viral transm ssion to
B ub] ect Jat r 1SRoER it SBlip b B AbRSlonal oS! eieeRR e e
cont ai ns ani noHBY ¢ p&ﬂémeéﬁi&%)eem%@ﬁz@é mb/g HOMa esonodems Aftboe§ Fa '
heavy chain and nmutated V gene KV1-8 or KV3-15 for light chain, wherein
the antib8dy ofragments edghend 30t rRnchbavingzan i yiveanewigalizirg aetivibwifag
sequences of Vﬁ{é' 8"(% at@ﬁf‘ of the heavy chain and of the Iight chain: 15 .
e 137 Heavy chain ﬁeéf QSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWRQAPGQGL EWMG

G TPI'l G ANYARNE§BRvEdi¢AehT D AVENBRLIRSHtIENYOrCAKTS
EVTATRCGRTFFYSAMDWAGQGT; = e 137 Light chain (LC) 20 . . o

MAEL TQSPSFL SASHEErreV g tiingsmedsanemyndrpicriaorm foyanhibiting viral transmission
ASTLQSGVPSRFSE&C(E%E%QDEDFATYYCQ{NTYPWI'FG QGT; e 301 Heavy chain
(HC  LLEQSGS SGGTLSDYGFNW.RQAPGQGPEWG 25

G | PLFRRTUYCGXKQERbim | SaADESEBATY Ml S&id Rubolidval YicAdgtnent contains amino acids

sequences expressed by mutated V gene VH1-69 for heavy_ chain and

mutated V gene KV1-8 or KV3-15 for light chain, wherein the antibody or
its fragment is characterized by having the following sequences of variable
parts of the heavy chain and of the light chain:

15 e 137 Heavy chain (HC)
LLEQSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWVRQAPGQGLEWMG
GITPHIGIANYARNFQDRVTITADESTSTVYMEVRRLRSEDTAVYYCAKTS
EVTATRGRTFFYSAMDVWGQGT;

e 137 Light chain (LC)
20 MAELTQSPSFLSASVGDRVTITCRASQGISNYLAWYQQKPGKAPKLLIYA
ASTLQSGVPSRFSGSGSWTEFTLTISRLQPEDFATYYCQHLNTYPWTFG
QGT;
e 301 Heavy chain (HC)
LLEQSGSEVKKPGSSVRVSCTTSGGTLSDYGFNWLRQAPGQGPEWMG
- 25 - GIIPLFRRTTYGQKFQGRLTITADESTGATYMELSSLRSDDTAVYYCARE
KVSVLTGGKSLHYFEYWGKGT; and/or
e 301 Light chain (LC)
MAELTQSPATLSVSPGERATLSCRASQSVSSRLAWYQQKRGQAPSLLIY
DTSSRATGVPARFSASGSGTQFTLTISSLQSEDFALYYCQQYNDWPSTF
30 GQG.




KVSVLTGEKSLHYFEYWSKGT; and/or e 301 Light chain (LC

MAEL TQSPATL SVSPGERATL SCRASQSVSSRLAWYQQKRGQAPSLLI Y

DTSSRATGVPARFSASGSGTQFTLTI SSLQSEDFALYYCQQYNDWPSTF 30 GQG. 30 QCTDQME2006 22
2. Use of a human antibody, or its functional fragnments, recognizing the
HCV E2 protein epitope recogni zed by human_nonocl onal anti body Fab
fragments el137 and e301 and having an in v#%0 neutralizing activity, for:
a) validating anti-HCV vaccines; or 5 b) identifying antibodi es havi ng HCV

neutralizing aet Ysktdr 2 MRS T=) ' j t ; nt
contai ns am nogég;é gsdf gequeﬁrlcl:%sn§I ggg¥'2§'tsggqg§0tﬁnﬁ]taz?ﬂ (?%n{\#gg’nt&@@f?wgo@
heavy chai n antfiC\mii2apestei gpitapeKvacdnizedKbg-Huendm mdonayional hanitibodyieatei n

th ti bod its fr nt, i.s.characterized by having.the follpow ng
sequences of vIPBEISLS e187 BRFSUraRth BVER A BTN SHER BN Ay ol chai n:
e 137 Heavy chg'?:gaﬁdg@1 A EQESORMEIRSES S KVSCKT SGGTFSTYTFSWRQAPGQGL EWVG
G TPl 1 G ANYARN | TADESTSTVYMEVRRLRSEDTAVYYCAKTS

EVTATRGRTBFYSADAaBtying aptikodigy havigigt HENaneut(aligng activity,

MAEL TQSPSFL SASY | TORASQE SNYL AW QOKPGKAPKLL | YA . o
ASTLQSQSG\/PSRFseé’%%EﬁT‘h%%@E#’Aﬁmme&ﬁm@'% Mg \RFidHai n
(HC) 20 LLE@W%@%@J@ m@%%@m@%r heavy chain and

G | PLFRRTTYGOKFQGRL TI TADESTGATYMEL SSLRSDDTAVYYCARE  KVSVL TGGRSL HYFEYWEKGT:

and/ or e 301 Lyhategh¥igene Ky 1-8 or KV3-15 for light chain, wherein the antibody or
S PR A SRR i goovoncs ofvriai

10 parts of the heavy chain and of the light chain:

e 137 Heavy chain (HC)
LLEQSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWVRQAPGQGLEWMG
GITPIIGIANYARNFQDRVTITADESTSTVYMEVRRLRSEDTAVYYCAKTS
EVTATRGRTFFYSAMDVWGQGT;

15 e 137 Light chain (LC)
MAELTQSPSFLSASVGDRVTITCRASQGISNYLAWYQQKPGKAPKLLIYA
ASTLQSGVPSRFSGSGSWTEFTLTISRLQPEDFATYYCQHLNTYPWTFG
QGT;

e 301 Heavy chain (HC)

20 LLEQSGSEVKKPGSSVRVSCTTSGGTLSDYGFNWLRQAPGQGPEWMG
GIIPLFRRTTYGQKFQGRLTITADESTGATYMELSSLRSDDTAVYYCARE
KVSVLTGGKSLHYFEYWGKGT; and/or
e 301 Light chain (LC)

_ MAELTQSPATLSVSPGERATLSCRASQSVSSRLAWYQQKRGQAPSLLIY

25 DTSSRATGVPARFSASGSGTQFTLTISSLQSEDFALYYCQQYNDWPSTF
GQG.

3. The use of claim 1 or 2, wherein the said antibody or its fragment is the
human monoclonal antibody Fab fragment €137 or a full-size human

30 monoclonal antibody containing said Fab fragment.



3. The use of claim1l or 2, wherein the said antibody or its fragnent is
the human nonocl onal anti body Fab fragnment el37 or a full-size human
nonocl onal anti body containing said Fab fragnent. 3 0 OCT 200460CT 2@034 The
use of clains 1-3, wherein the said antibody or its fragment 1S t human
nonocl onal anti body Fab fragment e301 or a full-size human nonocl onal
anti body containing said Fab fragnent. 5 523 The use of claims 1-4 wherein
the human antibody is a full-size 1gGL nolecule. 6. Conposition for

anti-HCV ther apy TReMIYd &f B8imd 183 LHRERALHA Satd! Hntltﬁfdfye&t |'t§/?ra§m§#9t|s file | east
a human antibody, or its functional fragnents, 10 récogni zi the HCV E2

protein epi t oppumesogrinasiona) MMynﬁabcfragmlenarﬂSQﬂo@y @afbll{'srmgrirmlmm el37

and e301 and haV|n an, in.vi utra ctiv , Wherein the anti body
or its fragmenf"¥ !9%138 %?‘#l 8{}“'?1%%'93%%@39?‘@ ‘owi ng sequences of

vari abl e parts of the heavy chal n and of the light 15 chain: e 137 Heavy
chain (HC) LLEQSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWRQAPGQGLEW MG

G TPl | G ARYARNE SeApESRETY YivE Wi REEieabvyaakagibody is a full-size IgG1
EVTATRGRTFFYSAW; 20 e 137 Light chain (LO

MAEL TQSPSFLSAS TCRASQGE SNYLAWQQKPGKAPKLLI YA
ASTLQSGVPSRFSGSGSWIEFTLTI SRLQPEDFATYYCQHLNTYPWIFG  QGT; e 301 Heavy chain
(HO) 25 LLEQSGSEVKKPGSSVRVSCTTSGGTLSDYGZI\N\LRQAPGQ_’;‘PEVWG ,

G | PLFRRTTYGKEQRRMAOosAigns TenTaNEHSY Rberany/ \crmpising/Sviar dRrrNSEESIMKGT;

VAL TosPATL SvSPEEHT, SNl deag! i TaRAEp gy 4 functional ragments.

DT SSRAT GYPARF SASGHBIAR]T tHe BRNOERZrateiy eRYpEVEDIgnized by human monoclonal
antibody Fab fragments 137 and €301 and having an in vivo neutralizing
activity,
wherein the antibody or its fragment is characterized by having the

following sequences of variable parts of the heavy chain and of the light
15 chain:

e 137 Heavy chain (HC)
LLEQSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWVRQAPGQGLEWMG
GITPIIGIANYARNFQDRVTITADESTSTVYMEVRRLRSEDTAVYYCAKTS
EVTATRGRTFFYSAMDVWGQGT;

20 e 137 Light chain (LC)
MAELTQSPSFLSASVGDRVTITCRASQGISNYLAWYQQKPGKAPKLLIYA
ASTLQSGVPSRFSGSGSWTEFTLTISRLQPEDFATYYCQHLNTYPWTFG
QGT; '

e 301 Heavy chain (HC)

25 LLEQSGSEVKKPGSSVRVSCTTSGGTLSDYGFNWLRQAPGQGPEWMG
GIPLFRRTTYGQKFQGRLTITADESTGATYMELSSLRSDDTAVYYCARE
KVSVLTGGKSLHYFEYWGKGT; and/or
e 301 Light chain (LC)
MAELTQSPATLSVSPGERATLSCRASQSVSSRLAWYQQKRGQAPSLLIY

30 DTSSRATGVPARFSASGSGTQFTLTISSLQSEDFALYYCQQYNDWPSTF
GQG.




QG 3 0 OCT 2006 24 7. The conposition according to claim®6, wherein said
human anti body or its functional fragnment is the human nonocl onal anti body
Fab fragments e301 or el137, or a full-size human nonocl onal3(a@QTi Hoply
containing any of said Fab fragnents. 5 8. The conposition according to
claim6 or 7 for parenteral or topical use, 9. A nethod for the

determ nation of the presence of anti bodi e% having HCV neutralizing
activity in an extracted biological fluid, conprising the 10 steps of: a)

l'abel i ng the hgmyRemRsdRisH a8l Elﬁﬁﬁ GEWerQirn %Qlwn%n gf\tli:lg%éi‘b} -

si ze human nonocl onal antibody containing at |east one of sai
fragments; b) #etfenctioniahdragmeniriedbedwnosn mndmnéésantnbosmﬁiab‘fragmemme to
of sal Iab | ed human

di cl body Fab
of satd fur1 - en0L R or Bl RuRenBET e BRar S R S a0t '

said Fab fragments.
8. The composition according to claim 6 or 7 for parenteral or topical use.

9. A method for the determination of the presence of antibodies having

HCV neutralizing activity in an extracted biological fluid, comprising the
10 steps of:

a) labeling the human monoclonal antibody Fabs e137 or €301, or of a full-

size human monoclonal antibody containing at least one of said Fab

fragments;

b) determining the presence of antibodies in said fluid able to inhibit the
15 binding of said labeled human monocional antibody Fab, or of said full-

size human monoclonal antibody to the E2 HCV protein.



