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DI RECTED AGAI NST HCV E2 GLYCOPROTEI N AND ENDOWED W TH I N VI TRO

NEUTRALI| ZAWR@3ACHT3/I TY 5 The invention concerns hunman nono@canabs/@ni2 body
Fab fragments directed against HCV E2 gl ycoprotein and endowed with in
vitro neutralizing activity. Hepatitis C virus (VCV) infects about 4% of

the world population (VWrld alth Organi zation, 1999). Over 80%
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infection is based on conbined therapy w,th,. interferon and ribavirin,
which is extrenely costly causes major side effects 15 and is rmderately
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are available to determne the neutralizing activity against HCV. Hence,

the author has emcihos@lliadled and described the variable ability of
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wi t hout denonstrating a correlation sPRc TV y an

neutrali zi ng BEItenférovnatrw iibavinve velsicka id é)ltrer’nl.ﬁ)ch’l:)t:qgltlgz\t;!amaés(,]I ij%r sblﬁere'ﬁeois et
al . (2001) [6], showed that some anti-E2 antibodies produce
HOV-i nf ectld pa@n@rt Sansrately rEgelva, Oy flcRatient in 4 obfains long-term resuits)

[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 system, has hindered the development of an effective
serum therapy 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 antibody fragments is not simple, as no reliable in vitro systems
are available to determine the neutralizing activity against 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 neutralizing
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



rendering the virus | ess sensitive to host inmune response, probably due WO
03/ 064473 PCT/1T03/00032 2 to its binding to the E2 antigen and to

nodi fi catwons/oef473ts conformation [6]. This coul d expl ai RCrhyodmiogder anti - E2
antibody titers are not directly correlated with protection agai nst HCV -

i nfection. Bugli et al., 2001 [7] generated a map of E2 protein epitopes
that can bind 5 in vitro the panel of ant#-E2 human Fabs, showi ng four

di screte regions against which i mune response is di rect ed (Fig. 2) [7].
The presence of antibodies directed agai nst one or nore of these regions
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fluorescence [8]. By revealing the presence or a ence of fluorescence in
the cells, the ﬁ@hme@mfeptﬁ@!sa@amaﬁ oRre tor mparsupikthesetregians inithe serum of
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ects at risk for devel oping severe conplications and
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woul d el i m nat eqf & dIRLANH-E 22Ny & sy &BEbY 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 fluorescence 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, €137
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 with severe side.eﬁects, while

providing a considerable reduction in costs.



30 ineffective treatnent that is also associated with severe side effects,
while providing a considerable reduction in costs. W 03/064473

PCT/ 1 TO3/W0M3264433 As the E2 epitopes, so identified, are mot/aremoestuci bl e
by synthesizing synthetic peptides [5], the nethod represents the only way
to determne the anmobunt of antibodies agaénst the different parts of the
protein E2, with correlated clinical and 8pidem ol ogical data. 5 The
identification of anti-E2 antibodies in the human Fabs format with a good
neutralizing ability permts their |arge-scale production and use as a
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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-
idiotype 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
e137, 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




e 137 Light chain (LC) 30

MAEL TQSPSFLSASVGDRVTI TCRASQGE SNYLAWYQKPGKAPKLLI YA
ASTLQSGVREBRSCSEBMEFTLTI SRLQPEDFATYYCQHLNTYPWFG  QGT WWOPQITOGBAHTR
PCT/1TO3/00032 4 In an alternative enbodi nent, the antibody of the

I nvention is the anti body e301, which is characterized by the foll ow ng
am no aci d sequences of the variable part4of the heavy and |ight chains: e
301 Heavy chain (HC) 5 LLEQSGSEVKKPGSSVRVSCTTSGGTLSDYG-NW.RQAPGQGPEWMG
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parent eral use @B80i iHemotdiain {ldChul ati on for topical use as a gel, crene,
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contained in an ex© ession vector which can effectively express the 20

anti body of theKVf MﬁQKSLHYﬁW%E or also in eukaryote cells. In a

preferred form & w vector al so contains a nucleotide sequence
coding for a si h is substantially contiguous wth the
codi ng SequenCerAELFQ@PAWLSW&BGIQRATHESORWSQS\KBBREAWYQQKR@QAPSLQWOrt

t he antlbody out _of t environnment. 25 A further object of the
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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, creme, ointment, ovule, with excipients known to experts in the field.
A further object of the invention is a nucleic acid coding 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, not limiting
the invention itself, 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



The invention is described below in experinmental exanples, not limting

the invention itself, in reference to the followng figures: - Figure 1

FI T: THEQRBDBAM47BASI S. Panel A shows the binding of a 3®CFaADAIMS to its
epi topes wi thout conpetitors. Using the same concentration of Fab present
in (A), preincubation of the antigen with Lthe patient's serumpermts
quantitative analysis of antibodies directegd agai nst WD 03/064473

PCT/ 1 TO3/ 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 m ni sh the aifeuepitdpsuretogoiredr eyl the Habpiantke serum Ipaparieds B and &, thehe
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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.

EXAMPLE 1
30 Materials and methods

Anti-HCV Fabs and full-size 1gG1 production




25 with the cellular target is indicated by the dotted Iine. The putative
region recognized by neutralizing antibodies is indicated by a solid black
circle. Woaspeunddi fications that can be i nduced by anti gemAzos/Gobs2dy

i nteractions, this diagramdoes not correspond to the actual physical map.
EXAMPLE 1 30 Materials and nethods Anti-HCV Fabs and full-size 1gGlL
producti on WD 03/064473 PCT/1T03/00032 6 @ener ati on, purification and
characterization of the anti-HCV/ E2 Fabs have been described el sewhere
[5]. FLAG Fabs (Fabs l-abeled with a FLAG epitope fused at the
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St andar 0f zat | o e PRENZUS o68: BRsuesh righ TLAnGARBIFage: ARelehsdh g
construct full -§igg & RRACAONR! carbBkiBRAInz o(‘*tH%’g%C?]%/Z Miﬁ@@@ﬁ%&n -

Inserted in an appropriate eukaryotic vector for su nt produc
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positive and negative sera. 20 Design of Fab Inhibition Titer (FIT) assay
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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 ul 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 ul of a 10 pg/ml solution of anti-FLAG mouse



FLAG Fabs were purified [10] and assayed in a FLAG Fab-specific ELISA 25
to determine the correct concentration to be used in inhibition

experi merwe.038644e3 | y, FLAG Fab preparations of known concectazeymn2ner e
titered by ELI SA [11], where antigen-coated plates were blocked for I h at
37C with PBS/ 1%8BSA. After renoving the bl ogking solution, 50 pl of
progressive dilutions of FLAG Fab nade in PBS/ BSA 1% were added to 30 the
wel s and incubated for 2 h at 37C. Plates were washed 10 tinmes with
PBS/ 0. 05% Tween-20 in an automated pl ate washer (Di aSorin, Saluggi a
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concentration. Plates were incubated for additional 30 mn an
processed as de9Briobegdintg egubio FOAG FFamaximursAeadingwasi veed dort fusther
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containing an exerss abld Bloeked bl desreibed elbaived PradrebdiRe 1:4 serum dilutions
15 in PBS/BSA 1% were added in the amount of 50 ul 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 - ODg4sp 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 pg/ml (e8, €20, e137,



and corresponding to 0% inhibition, is also included. The final results are
determ ned as % of inhibition with the fornula: percent inhibition = 100 x
(OD450 ofwproshetdF AG Fab al one - OD450 of probe FLAG Fab wctrhTo32®Boxonpet i ng
serunm)/ OD450 of probe FLAG Fab al one. The hi ghest serumdilution giving
nore than 70% i nhibition of FLAG Fab binding is considered as the Fab
Inhibiting Titer (FIT) for that epitope arfl for that serum Results 30
The appropriate FLAG Fab concentration to be enployed in the assay is
determ ned for each FLAG Fab and ranges from 10 |lag/m (e8, e20, el37, WO
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ASSL QSGVPSRFSGREIIEDFTL TI SSLQPEDSATYYCQQLNTYPWIFG  QGT €20 HC 20

LLEQSGARVKKPCSRY K PRASIETY S| MPEERR FSERASERVRNNFLAWYQQKPGQAPRLL

SGASTRATGIPDRFSGSGSGTDFTLTISRLEPDDFAVYYCQQYGDSPLY

10  SFGQGT
e10 HC
LLESGPGLVKPSQTLSLTCTVSGVSISYGGRGVSYWGWVRQSPGKGLE
WIGHIYYFGDTFYNPSLNNRATISIDSSKNQFSLKLKSVTASDTALYFCAR
STLQYFDWLLTREAAYSIDFWGQGI

15 el0LC
MAELTQSPSFLSASVGDRVTITCRASQGVTILLAWYQQKPGKPPKALIYA
ASSLQSGVPSRFSGSGSDTDFTLTISSLQPEDSATYYCQQLNTYPWTFG
QGT
e20 HC

20  LLEQSGAEVKKPGSSVKVSCKASGDHYGINWVRQAPGQGLEWMGGIIP
VFGTTTYAQKFQGRATITADDSTGTAFLELTRLTFDDTAVYFCATPHQLH
VLRGGKALSPWDYWGQGT
e201LC
MAELTQSPATLSVSPGERATLSCRASQSVSSNLAWYQQKRGQAPSLLIY

25  GTSTRATGIPARFSGSGSGTEFTLTISSLQSEDFAVYYCQQYNDWPSTF
GQGT
e137 HC
LLEQSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWVRQAPGQGLEWMG
GITPIIGIANYARNFQDRVTITADESTSTVYMEVRRLRSEDTAVYYCAKTS

30  EVTATRGRTFFYSAMDVWGQGT
el137 LC



VFGTTTYAQKFQGRATI TADDSTGTAFLELTRLTFDDTAVYFCATPHQLH VL RGGKAL SPWDYWGQGT €20
LC MAELTQSPATLSVSPGERATL SCRASQSVSSNLAWQKRGQAPSLLI Y 25

GTSTRATG WORBSQIGEGTEFTLTI SSLQSEDFAVYYCQQYNDWPSTF  GQGT e PBT/IHB/00032

LL EQSGSEVKVPGSSLKVSCKTSGGTFSTYTFSWRQAPGQGLEWMG G | TPI | G | ANYARN FQD
RVTI TADESTSTVYM EVRRLRS E DTAVYYCAKTS 30 dEVTATRGRTFFYSANDVV\GQGT el37 LC WO
03/ 064473 PCT/ |1 T0O3/ 00032 9

MAEL TQSPSFL SASVGDRVTI TCRASQG SNYLAWQQKPGKAPKLLI YA

ASTL QSGVPSRFSGSGSWIEFTLTI SRLQPEDFATYYCQHLNTYPWIFG  QGT e301 HC 5
LLEQSGSWKKPGSMWBWSBSWWWQ%N\@AWM@WA

RLTI TADESTGATY!
I\/AELTQSPATLSVSM ] ¥
DTSSRATGVPARFSASSPGT Q:TLTI SSL@EDFALYYC@YNDV\PSTF GQGT €509 HC

L L EESGAEVKKPGSSVKVSCKTSGDTFRYG TWRQAPGQGL EWVEQ
MPTFATATYAQRFQE0 T IHADESTSTAYLEVRSLRSEDTAVYYCATPR 15 QUVTI LRGPKAL SPWDYWGQGT

D L O SRS RS A SR rcacpenic
GIIPLFRRTTYGQKFQGRLTITADESTGATYMELSSLRSDDTAVYYCARE
KVSVLTGGKSLHYFEYWGKGT
e301 LC
MAELTQSPATLSVSPGERATLSCRASQSVSSRLAWYQQKRGQAPSLLIY

10 DTSSRATGVPARFSASGSGTQFTLTISSLQSEDFALYYCQQYNDWPSTF
GQGT
€509 HC
LLEESGAEVKKPGSSVKVSCKTSGDTFRYGITWVRQAPGQGLEWMGAQI
MPTFATATYAQRFQGRVTISADESTSTAYLEVRSLRSEDTAVYYCATPR
15 QVTILRGPKALSPWDYWGQGT
eb09 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



20 The nucl eoti de sequences coding for the Fab fragnents |isted above are

i ndi cated as follows: e8 HC CTGCTCGAGCAGTCTGGAGCTGAGGT GAAGATGCCTGGGEGECCACAG
TGAAGGTCWOTGBRAGT CTTCCCGT TACACCTTCACCAGT TACGGT 25 PCT/IT03/00032
ATCGGCTGGEGT GCGACAGGECCCCTGGACAGGECCTTGAGTGGATG
GGATGGATCAGCGGATACACCCATGAGACAAAATATGCACAGAGTTT

CCAGGGCAGAGT CACCAT GACCGCAGAGACATCCACGGGCARBGEG  TATATG GAGTTGAG GAG CCTG C
G GICTGAC GACAC G G C CACATATTA

CTGCGCGAGAGAT GGAGGAGGGAGGGT GGTAGT GCCGCCTACTCAT - 30
CTACGTCCTTTTCATKIGEGEGACGUTIGSACE AGTOCTCEAGEMAEETI I T TGI/IMDGAGGE.0

ATGGOCGAGCTCA
CCAMAGAGOCA CAGTCACAGAGTCAATAACA
ACTTCT TAGCCT CGTad AR ETGGCCAGGCTCCCAGGCTC

CTCATCTCTGGTGCATCT CCAGGGCCACT TGACAGGT
CAGTGGCAGTGGGT M@WGWMWMBCT@G&G I AGRGBIG

A A TS AT (LA ST B A E B AERE™0 10

CCCTCACCT CCACCHIGBREETCEATKEAT CACCUREET BRTPAT TGTCAGCAGTATGGTGACT
GGCGT TTCCTACT GGGGT TGGEGT COGCCAGT COCCAGGGAAGGECC

TGGAGT GCAT TGECEMBET FATT I T EEAGRQCCATRG AEGHCC
CCGTCCCTCAACAA'(%&AF\CCATATCAATAGACTCATCCAAAAAC

CAGTTCTCCCTCAA CTGTGACTGCCTCAGACACGGECCCT 15

GTATTTCTGT CCCAEGRCSCAETEASITAE CUCACBGAS TEGITIARAGEBC TH CAGAGACTGTGTTACTC

CATTGACTT CTG G. G G C CAG G GAATA el10 LC
ATGEOCCAC CACRRET GACAT EACEF I BRRTIGTSEE CATCAGTTACGGTGGTCGT

GGCGTTTCCTACTGGGGTTGGGTCCGCCAGTCCCCAGGGAAGGGCC
TGGAGTGGATTGGCCACATCTACTACTTTGGAGACACCTTCTACAAC
CCGTCCCTCAACAATCGAGCTACCATATCAATAGACTCATCCAAAAAC
CAGTTCTCCCTCAAGCTCAAGTCTGTGACTGCCTCAGACACGGCCCT

15 GTATTTCTGTGCCAGGAGCACCCTACAGTATTTTGACTGGTTATTGAC
ACGGGAGGCTGCCTACTCCATTGACTTCTGGGGCCAGGGAATA
e10LC
ATGGCCGAGCTCACCCAGTCTCCATCCTTCCTGTCTGCATCTGTTGG
AGACCGAGTCACCATCACTTGCCGGGCCAGTCAGGGCGTCACCATT

20 CTTTTAGCCTGGTATCAGCAAAAGCCAGGGAAACCCCCTAAGGCCCT
GATTTATGCTGCATCGTCTTTGCAAAGTGGGGTCCCATCAAGGTTCA
GCGGCAGTGGTTCTGACACAGATTTCACTCTCACAATCAGCAGCCTA
CAGCCTGAAGATTCTGCAACTTATTACTGTCAACAACTTAACACTTAC
CCGTGGACGTTCGGCCAGGGGACC

25 e20 HC
CTGCTCGAGCAGTCAGGGGCTGAGGTGAAGAAGCCTGGGTCCTCGG
TGAAGGTCTCCTGCAAGGCTTCTGGAGACCACTATGGTATCAACTGG
GTGCGACAGGCCCCTGGACAAGGGCTGGAGTGGATGGGCGGTATCA
TCCCTGTCTTTGGCACAACTACCTACGCACAGAAGTTCCAGGGCAGA

30 GCCACCATTACCGCGGACGACTCCACGGGGACGGCCTTTTTGGAGC
TGACCAGACTGACATTTGACGACACGGCCGTCTATTTCTGTGCGACA




AGACCGAGT CACCAT CACT TGCCGGGBCCAGT CAGGGCGTCACCATT 20
CTTTTAGCCTGGTATCAGCAAAAGCCAGGGAAACCCCCTAAGRCCCT  GATTTATG CTG CATCGTCTTTG
CAAAGTG (WG 0GTQBTATCAAG GTTCA PCT/IT03/00032
GOGGCAGTGGT TCTGACACAGATTTCACTCTCACAATCAGCAGCCTA

CAGCCTGAAGATTCTGCAACT TATTACTGTCAACAACTTAACACTTAC  COGT GGACGT TCGBCCAGGGGACC
25 €20 HC CTGCTCGAGCAGTCAGGGGCT GAGGT GAAGAAGCCTGEGTCCTCGG
TGAAGGTCTCCTGCAAGGCT TCTGGAGACCACTATGGTATCAACTGG

GT GCGACAGGCCCCT GGACAAGGGCT GGAGT GGATGBGCGGTATCA
TCCCTGTCTTTGCCALBACPASLAACEO AT GO TLRESEBAGGEI AAAGCCCTCTCCCCCT

GCCACCATTACCGC% WZ &C
TGACCAGACTGACA %&g% A CA WO 03/064473 PCT/1T03/ 00032

11 CCTCACCAACT@Z{}I’E(ECCTCCGGGGCGGTAAAGCCCTCTCCCCCT (XBGACTACTGGGGCCAGGGAACC

e20 LC ATGGCCGAGCTCACCCAGT CTCCAGCCACCCTGTCTGTGT
mmmmﬁ@@ﬁ%ﬁé@%&é@@@@f@ﬁﬁ%ﬁ@ﬁmCCTGTCTGTGTCTCCAGG

AACT TAW Al
CATCTA CAT
GTGGCAGIGGGTCT WEWWW GGCCAGGCTCCCAGTCTCCT

GCAGTCTGAAGATTTIGCAGI TTATTACTGI CAGCAGTATAATGA
&CCFCCACCFTM%TQEACCA GGCCACTGGTATCCCAGCCAGGTTCA

e RIS
GAG G CACCTTCAG ATA TGGG
15 GGGGATCACCCGE GUNECROSEAACTIETCAGCAGTATAATGATTG
SO CRERSTEER 0 0 690 00 ¢
e137 HC
CTGCTCGAGCAGTCTGGGTCTGAAGTAAAAGTGCCCGGGTCCTCGTT
GAAGGTCTCCTGCAAGACTTCTGGAGGCACCTTCAGCACCTATACTT
TCAGCTGGGTGCGACAGGCCCCTGGACAGGGACTTGAGTGGATGGG
15 GGGGATCACCCCTATCATTGGCATCGCAAACTACGCACGGAACTTCC
AGGACAGAGTCACCATCACCGCGGACGAATCCACGAGCACGGTCTA
CATGGAGGTGAGGAGGCTGAGATCTGAGGACACGGCCGTATATTATT
GTGCGAAAACTTCGGAAGTAACAGCCACTAGAGGGCGGACTTTCTTC
TACTCCGCTATGGACGTCTGGGGTCAAGGGACC
20 e137LC
ATGGCCGAGCTCACCCAGTCTCCATCCTTCCTGTCTGCATCTGTAGG
AGACAGAGTCACCATCACTTGCCGGGCCAGTCAGGGCATAAGCAATT
ATTTAGCCTGGTATCAGCAAAAACCAGGGAAAGCCCCTAAGCTCCTG
ATCTATGCTGCATCCACTTTGCAAAGTGGGGTCCCATCGAGGTTCAG
25 CGGCAGTGGATCTTGGACAGAATTCACTCTCACAATCAGCCGCCTCC
AGCCTGAAGATTTTGCAACTTATTACTGTCAACACCTTAATACTTACCC
GTGGACGTTCGGCCAAGGGACC
€301 HC
CTGCTCGAGCAGTCTGGGTCTGAGGTGAAGAAACCTGGGTCCTCGG
30 TGAGGGTCTCGTGCACGACTTCTGGAGGCACCTTGAGCGACTATGGT
TTCAACTGGTTACGACAGGCCCCTGGACAAGGGCCTGAGTGGATGG
GAGGGATCATCCCTTTGTTTCGAAGAACAACCTACGGACAGAAGTTC




GIGCGAAAACT TCGGAAGTAACAGCCACTAGAGGEG CGGACTTTCTTC
TACTCCGCTATGGACGTCTGEEGTCAAGGGACC 20 e137 LC

AT GCCCCGAMTDOAO6XEAST CTCCATCCTTCCTGI CTGCATCTGTAGG PCT/IT03/00032
AGACAGAGT CACCATCACT TGCCGGGECCAGT CAGGGCATAAGCAATT
ATTTAGCCTGGTATCAGCAAAAACCAGGEGAAAGCCCCTAAGCTCCTG

ATCTATGCTGCATCCACT TTGCAAAGT GEGGT CCCAT CGA CAG 25

CGGCAGTGGATCT TGGACAGAATTCACT CTCACAATCAGCCGCCTCC
AGCCTGAAGATTTTGCAACTTATTACTGTCAACACCTTAATACTTACCC  GI'GGACGT TCGECCAAGGGACC
€301 HC CTGCTCGRAGEE CAGIT TTASEA TFAGEGCGBARITACTTACACIGGCGCAACCT

T o A B S R A e R  C I EACGACACGGCCGTCTATTAC

GAGCGAT CATCCCT TG W@WT&%@@@%?@UT@AOOOBZ
12 CAGGGCAGACTCACCAT TACCGCGGACGAGT CCACGEGCGCAA

A@T%A&TGA&AW@@GM@WW@
TGTGCGAGA GAAA CCTCACAGGCGGAAAGTCACTCCA TTACTTT GAATATTG G G G
CAAG G GAA ATGGECCGAGCTCACGCAGT CTCCAGCCACCCTGTCTGTGTCTCCAG

GGGAAAGAGCCACCCW@@ET@G%WCAWG@@G@EACCCTGTCTGTGTCTCCAG
CAGGT TAGCCT GGTACCAGCAGAAACGT GGCCAGGCTCCCAGT CT

cmmmmmmm@@ﬁ@@@é@@%ﬁ&ﬁ@%@@@ﬁ&@ﬁﬁO%GTCAGAGTGTTAGCAG

CAGTGCCAGTGGGT
CTGCAGTCTGAAGA e e REaRGTgeccAsecTeccAGTCTC

GGCCCTCCACCT TCACTCCATGIHRIBAGHOATECTCCAGGGCCACTGGTGTCCCAGCCAGGTT
TANGGT CT 0T CoAN R RO TAER S TORGA A FEATECACTCTCACCATCAGCAGE

CTGCAGTCTGAAGATTTTGCACTTTATTACTGTCAGCAGTATAATGATT
GGCCCTCCACCTTCGGCCAAGGGACA
e509 HC
CTGCTCGAGGAGTCTGGGGCTGAGGTGAAGAAGCCAGGGTCCTCGG

15 TGAAGGTCTCCTGCAAGACTTCTGGAGACACCTTCAGATATGGTATC
ACGTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAC
AGATCATGCCTACGTTTGCGACAGCAACCTACGCACAGAGGTTCCAG
GGCAGAGTCACGATTTCCGCGGACGAATCCACGAGCACAGCCTACTT
GGAGGTGCGCAGCCTGAGATCTGAAGACACGGCCGTCTATTACTGT

20 GCGACACCTCGCCAAGTTACTATACTTCGGGGACCTAAAGCCCTCTC
CCCTTGGGACTACTGGGGCCAGGGAACC
e5091.C
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



ACGT GGGT GCGACAGGCCCCTGGACAAGEECTTGAGT GGATGGGAC

AGATCATGCCTACGT TTGCGACAGCAACCTACGCACAGAGGT TCCAG

GGCAGAGT GROGIadiCOGCGGACGAAT CCACGAGCACAGCCTACTT PCT/IT03/00032
GCGAGGT GCGCAGCCTGAGATCT GAAGACACGECCGT CTATTACTGT 20

GCGACACCTCGCCAAGT TACTATACTTCGGGGACCTAAA CTC
CCCTTGGGACTACTGGGGECCAGGGAACC €509 LC

AT GGCOGAGCTCACCCAGT CTCCAGCCACCCTGT CTGOGTCTCCAG
GCGGAAAGAGCCTCCCTCTCCTGCAGEECCAGTICAGAGTGTTAGTAG 25

CAACT TAGCCT GGT AnTAesh indigaiitodbatacdaitibitionasenes in the absence of specific anti-

GCATGGWGWGFW@F
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cont ai ni ng knovwetaeearf|s arid agtbhaty ambadt argacalts‘tg that HHC‘«?aEQpredeG'lebable
defi ned by.our F Results (Figures _2A show od corre atlon
bet ween F?IQ' andn %ﬁm%@ayo'&n@&n?m%luﬁ Oéa‘?F?‘ i ?”ggﬁg&ﬁﬁd{?l AePFUANt DI e
10 information gyykhe anount of epitope- speC|f|c antibodies in a patient's
serum Finally, FIT is always positive in HCV-positive sera, wth val ues
enconpassi ng a kihaly,r drige inf alivayst i posiiverim iRCVeogitiviev esese, fwith t halues

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




different Fabs in the sanme serum sanple, with considerable heterogeneity

15 between patients. EXAMPLE 2 Materials and Methods Human anti body

f r agnent swohg/obusman reconbi nant anti body fragments in thi Cedaesaioas2ar e
fully 20 described in Bugli et al. (2001) [7] and correspond to those used
in Exanple 1. Briefly, genes coding for the Fabs were obtained froma
phage display conbinatorial library cont dini ng the |1 gGl/ kappa repertoire
of a 58- year-old woman with chronic hepatitis with persistent presence in
the blood of HCV RNA of genotype |I b. The genes selected are inserted in
an 25 appropri athe paetdotypes espd dye davedesan flly3ihaaactetined tandnddsorited

| th duced
and puri 11 ed- 48 atuEFa 3 1200 1N BaRRL PP YS BRCEIGRIES pealRENPS ey
activity [5, 15ysurH| ccsrﬁgistﬁrcs?%smméesmg@wvirﬁk %etr@wemhe@wbes
have been described. The presence of simlar anti bodies in the serum of

HCV- 30 i nf ect gofsin iignerlared wétheehimeaste by anshEBiHEYrerselepe plypoproteins

pacudot ypes uods b EBidrial sShatriAts CEEL e Plul o ide JBHEY A"
Mat suura et al .clo@®O0INIEJ1) Briusdd y;totlﬂhae VRULAitIVESigha  pseyudoicepe with
(VSV/ HCV) consists of Vesicular Stomatitis Virus, Wnere the G envel Oﬁg c

protein is replERESNMPRARGEREr Pﬂ°E|aSHFﬁi'CEQ°'N@V‘9eﬁf/é(%\SeGgP'&%@Br@ﬂelT
f
consi sting of t ?rgx%?gﬁ%?gl%_n%sﬂ(ﬂa?ﬂg :%#gfﬂ)g ré’gsﬁﬁ/%?%ré)hgwe%w

clone (NI HJl) oth ter nces
t ransnenbr ane adntcujatedpl[&,snﬂ]t CVBMIEHCNS isf p/éper@dprbyc einfedtivh. OHO cells

Gescr | bed!§s, *1ANSHUBYERCHPLESpSREREToy ol tin G DRAB W fsteggmbiiant
TS e s, T A Lot AR 1
fl uorescent pragreen fuorescerP)prptedh . gaie (EVR)G{18ICVERe EXSVAG*/HCVE1-E2
(VSV/G) pseudotype used as control (and to produce 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 (IU) 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



(VSVI G pseudotype used as control (and to produce the VSV/ HCV

pseudotype), is produced by infecting with VSVAG* a cell line transiently
15 expreswDng/oQ4ps ot ein. The neutralization assay is perf ecrado®oztescri bed
[8]. Dilutions of purified human reconbi nant Fabs are incubated with 2.4 X
103 Infection Units (l1U) of the pseudotype VSV/HCV or VSV/G for 30 mn at
37C and inocul ated into Hep& cells (4 x 184 cel | S) prepared in a 96- well
pl ate. 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 ncubated at 37C for 16 hr. The 11U of the
virus are det ettihe redurnyofcchuohicadly tifectednpatierd$ [BFRith ex sharxd egualedifﬁaitjoy

il : t ed t
compar ad wi th (OO C4eFREN Q6 1% SRREPOyohisson ey of e terlamfife
average of three e khd&iHote RRRIES HREbbYy QQHQJtcﬁre P this Peltieht Mbtodded, E2

human nonocl onal anti body panel generation and sequence characleri zation
The panel of hirains beleagingnto traeutsamm;famdya shesgreismilar biglogisainactivitieand

30 Hov of GenotAle FEbTS Horbgiodlks: o BhiA Realibatked 18 E4ett 86 g ThEoERBT
reconbi nant HCYEgghifed @ &ﬁ@ﬁérﬁf%ltbﬁé ol thetBirkdte 69<E2€[$F€[ﬂvéﬂgeﬁb€é ffb?ﬂ\ I's,

have been fully characterized d correspond to cl ones gresent in
03/ 064473 PCT/ Ithe3redative gets- lmee sequances atBr bipiashl ofy an g@mdélue@a@fﬁertxzs [ 7]

Feprecent o one THLAE [(a0iFs defnd bl SyeBBRthS s Hisfyrideilemtisifefe He o,

repertoire of tdm.Peﬁatl ent is grouped. Fabs belonging to the sane famly
share si m I ar bi o lhgl cal activity and 5 have strong honol ogi es of DNA
sequences!@ df1 PhB BeEm an@e\’:@@rﬁ‘ﬁz@é‘ %'Oﬂlsf'f‘e\f%lﬂb'%ﬁ‘i’@'gﬁ% %n the

surface of E2 [7n]t| ?wc:ez' %5ﬁ(9&fbhél%hb§b%§' ve germ|ine sequences are
riven

typi cal of antigen- maturation (Tables la and 1 b),
suggesting a prSéquwe;ésempodeﬂeemirmd be desatibgérin BOridnBiEA.,| 1998 5] and

Germiines and \éll %gg r\Ilelt atg;eorrnn?lnlens\elzgtrjéggelse |Reﬂweonl?\/l(gﬁ' 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 heavy 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 |94 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 VH1-69 |5.2 15.9 10.9 33.3

20



anti - HCVE2 human nonocl onal
described in Burioni
in the | WNEDodacabmase [21].
mut ati ons are cal cul ated 15 according to the Kabat and Wi alignnent nethod

et al.,

anti bodi es.
1998 [5] and
The

Sequences are determ ned as
aligned with gernline sequences
per cent age of nucl eoti de @cd/Ta/Me32aci d
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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
binding to cells and others inhibiting HCV/E2 binding even at very low
cbncentration (see below).

Neutralization of the pseudotype virus by human recombinant Fabs

Two of the Fabs, €8 and €20, recognizing different epitopes on the surface

of HCV/E2 [7] do not neutralize VSV/HCV pseudotype infection even at
10 high concentrations (80 ug/ml). One of these two Fabs, €20, has strong
NOB activity [5], confirming that even antibodies inhibiting E2 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 compete 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
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i nhibition (ug/ml)

e8 >40 (none) none

e20 3 (high) none

e137 40 (low) inhibition

€301 3 (high) strong inhibition

e509 <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.
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being the antihgd elﬁ%ﬁé éﬂg@\’if’&i BIHA/AEh BY in 51%%%%&@% detlitpwi ng sequences

of variable parts of t avy chainand th ain: e 137 Heavy

chai n (HO) L LEZXGBIDadyRESSIHNGIXTROGTE SR mikpays Bibaracterized by
G TPI | G ANYARNFCDRVT], TADESTSTYYIEVRRL RSEDTAVYYCAKT
T ATRORTRPYSANTRNRSOET® COTRYANG [SHRLISBRES 1 (BURDIE Parts of the heavy chain and

MAEL TQSPSFLSAS | TRRASQA SNYLAW(QQ(PGKAPKLLI YA
ASTLQSGVPSRFSGSGSWEFTLTI SRLQPEDFATYYCOQHLNTYPWFG  QGT 15 3. Anti body
according to claidy HesyrghaiméHent i body e301 characterized by having the

chain: e 301 He
L L EQSGSEVKKPGS SR RIEEA RNP OB RVITRAD EQHITWHMMERRRLRSEDTAVYYCAKTS

G | PLFRRTTYGXKF LTI TADESTGATYMEL SSLRSDDTAVYYCARE
10 TATRGRTFFYSAMDVWGQGT
e 137 Light chain (LC)
MAELTQSPSFLSASVGDRVTITCRASQGISNYLAWYQQKPGKAPKLLIYA
ASTLQSGVPSRFSGSGSWTEFTLTISRLQPEDFATYYCQHLNTYPWTFG
QGT

15 3. Antibody according to claim 1 being the antibody €301 characterized by

Lo o 09 SN a sl KOS SR SBIYs BRFRTPIFSHTROAPB s WS

having the following sequences of variable parts of the heavy chain and

the light chain:

e 301 Heavy chain (HC)

LLEQSGSEVKKPGSSVRVSCTTSGGTLSDYGFNWLRQAPGQGPEWMG
20 GIIPLFRRTTYGQKFQGRLTITADESTGATYMELSSLRSDDTAVYYCARE

KVSVLTGGKSLHYFEYWGKGT

e 301 Light chain (LC)

MAELTQSPATLSVSPGERATLSCRASQSVSSRLAWYQQKRGQAPSLLIY

DTSSRATGVPARFSASGSGTQFTLTISSLQSEDFALYYCQQYNDWPSTF
25 GQGT

4. Composition for anti-HCV therapy comprising in a therapeutically

- effective amount at least one of the antibodies according to the preceding
claims.
5. Composition according to claim 4 for topical use in gel, creme, ointment
30 and ovule formulations.
6. Use of the antibody according to claims 1-3 for validating anti-HCV

vaccines.
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| east one of the antibodies according to t preceding clains. 5.
Conposition according to claim4 for topical use in gel, crene, ointnent
30 and ovul e fornulations. 6. Use of the anti body according to clains 1-3

for validating antj-HCV vaccines. 03/ 064473 PCT/1T03/ 00032 22 7.
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claim8 further ri,sing a  nucleotide sequence coding for a signal

pepti de, substaRfcf%é}%cocfﬁ?leb’hawgteWQ% t he sequence coding for the

anti body ob cl abmsREcembindr® Jectdb! ScédtdirRX RN kidit B afiihkpd ' e,
cell environnment. 10. Use of the reconbi rr;g)r(lt vectlor acgor%?ngoﬁﬁhgﬁgi tn61h9 in

gene therapy. 10udleotidetsegrenes codingdier ér signak peptids, suibstantiabe cortigdous
anti bodi es diregt i 11§ i fapes of the HCV E2 otejn in a
bi ol ogi cal fl ui %tﬁggrerpa%adsqéﬁge%dce&@ z(glsth%??n@%dée?ffe?lmrﬂ? AP rEJetOB eé‘glﬁc@ of

anti bodi es i n sekport this dntibbey bat dbithielwell divonRiendi ng of specific human Fab

di rect ed agai nst d'LJfferent epi topes of protein 15 E2; b) correlating the
presence of so 10+ dpe @f tha rasomian vasten ageoeding te plaim@ iergens therary.

patients, 1guch a5 RIGAHITLS thd FRRMTAHRIESE the prsel AR of ahfB&fild Wirk¥ed
against different epitopes of the HCV E2 protein in a biological fluid
comprising the steps of:
a) determining the presence of antibodies in said fluid able to inhibit the
binding of specific human Fab directed against different epitopes of protein
15 E2;
b) correlating the presence of so titered antibodies with clinical

characteristics of patients, such as prognosis, responsiveness to therapy,
infectivity.



