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PEPTIDE FOR STIMULATION OF CYTOTOXIC T
LYMPHOCYTES SPECIFIC FOR HEPATITIS C VIRUS

Baékground of the Tnvention

Hepatitis C virus (HCV) is the recently recognized
causative agent of parenterally transmitted non-A, non-B
(NANB) hepatitis. The RNA genome of the virus has been
molecularly cloned from the plasma of an experimentally
infected chimpanzee (see document number 8 in the list of
numbered documents at the end of the specification).
Analysis of the sequence of the genome revealed that it
is a single-stranded, plus sense RNA of approximately
9500 nucleotides in length. A single long open reading
frame of 9033 nucleotides was found, coding for a
polyprotein of 3011 amino acid residues. These genomic
features and sequence comparisons, combined with
knowledge about the size and lability to lipid solvents,
indicated that the virus is probably a member of the
Flavivirus family (6,22). However, it may be more
closely related to the pestivirus genus than classic
flaviviruses (27,60).

Based on sequence similarities of both the genome
and the predicted polyprotein, as well as on certain
features of the polyprotein such as hydrophobicity
profiles and acidic/basic amino acid content, it is
predicted that proteins of HCV are encoded in the same
general regions of the genome as has been determined for
the flaviviruses. In the flaviviruses and the related
pestiviruses, approximately the amino-terminal one third
of the polyprotein constitutes the structural proteins of
the virus. These consist of a highly basic nucleocapsid
protein termed "C," an envelope-associated glycoprotein
termed "M" and a second envelope glycoprotein "E." The
non-structural proteins are named NS1 through NS5, but
the functions of only NS3 and NS5 have been assigned with
certainty. NS3 is the viral protease and probably a
helicase, and NS5 is the viral RNA-dependent RNA
polymerase.
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The HCV polyprotein is processed in a series of
proteolytic digestions by a combination of the viral
protease and host signalase. The processing of the
pestivirus polyprotein is different in detail from that

5 of the flaviviruses, but is similar in its general -
scheme. The proteins of HCV have been determined largely
by analogy with the flavivirus proteins, and, 1like the
pestiviruses, they may also differ in details of size,
number, and processing from the flaviviruses. With these

10 caveats, for convenience of nomenclature but not to imply
identity in function or processing, hereafter the
nonstructural region under study that is analogous to the
flavivirus NS5 region RNA polymerase is referred to as
the "NS5 region" or "NS5 protein" of HCV.

15 Diagnostic tests based on expressed viral antigens
have been developed and seroepidemiologic surveys using
these assays have been performed (33). Studies on the
immune response to HCV infections are still at a
formative stage. The commercially available antibody

20 assay measures antibody to an HCV antigen expressed in
yeast by recombinant DNA technology. This antigen,
termed "C100-3", is derived from the non-structural
protein coding region of the viral genome and probably
represents a portion of NS4 (33). Newer versions of the

25 assay include antigens from NS3 (protease/helicase) and
the internal nucleocapsid protein, C (64). None of these
antibodies is thought to be protective, but each is
commonly found in chronically infected individuals.

HCV is not only the cause of most cases of

30 parenterally acquired non-B hepatitis, but also is
responsible for a large portion of sporadic community
acquired acute viral hepatitis, chronic hepatitis of
unknown origin, as well as cryptogenic cirrhosis and
probably hepatocellular carcinoma (2,16,31,50). It is

35 the propensity of this virus to cause chronic infections
and chronic liver disease that makes it such a medically
important problem. Treatment of chronic HCV 1liver
disease by a-interferon therapy has recently been
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approved by the Food and Drug Administration (FDA) in the
United sStates. However, less than half the patients
respond, and of the responders approximately 50% relapse
after treatment is stopped (16).

5 Accordingly, there is an important need for a
vaccine to protect against infection by this virus.
While the present diagnostic tests are based on detection
of serum antibody to expressed viral proteins, to date
all proteins recognized by such antibodies have

10 represented either non-structural viral proteins or
internal components of the virus particle. It is not
clear whether effective neutralizing antibodies to HCV
are commonly produced by individuals infected with the
virus.

15 Cytotoxic T lymphocytes (CTL) have been found to
mediate protection in vivo against certain virus
infections (17,47,48). In hepatitis B infection, CTL are
thought to be responsible for the pathogenesis of chronic
type B hepatitis and to lyse hepatitis B-virus-infected

20 hepatocytes by recognizing the viral antigen expressed on
infected cells (39,42). In the case of HCV, there is no
information on the pathogenesis of viral infections. The
chronicity of HCV infections as well as histopathologic
findings indicate that the virus is probably not directly

25 cytopathic (or cytolytic) in hepatocytes. It is possible
that the chronic 1liver disease associated with HCV
infections is immune mediated.

These observations provide reason to believe that
CTL specific for HCV may be involved causally in the

30 pathogenesis of HCV-related disease, or that cellular
immunity is important for protection or recovery from
infection. Previous studies have reported that CD8* CTL
recognize hepatocytes from patients with chronic NANB
hepatitis (28). To date, however, no epitope of HCV

35 recognized by T cells has been identified in any HCV
protein.

Accordingly, there is a need to identify an epitope
of HCV that 1is recognized by T cells. Peptides
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comprising such an epitope can be used to determine the
role of CTL in HCV infection and pathogenesis. Thus,
such peptides may be used to modulate the HCV-specific
CTL response in treatment of the hepatitis or other HCV-
5 related disease, by enhancing a protective effect or
blocking a pathogenic effect. In addition, such peptides
may be used in a vaccine to prevent infection, by
stimulating a protective CTL response.
In other viral models, internal proteins are the
10 major targets of the CTL response (3,30,49,62,69). 1In
previous studies by the present inventors and others, the
peptides from an internal protein, reverse transcriptase,
of HIV as well as envelope glycoprotein and gag and nef
proteins were recggnized by CTL in the mouse and human
15 (10,14,24,32,43,57,65). Immunization with the envelope
protein may not be practical for HCV because the envelope
is relatively highly variable in sequence (27).
Therefore, CTL clones may distinguish different isolates
of HCV, as has been shown in HIV-1 studies (41,58,59).
20 In contrast to the substantial amino acid sequence
variation in the predicted envelope glycoproteins of HCV
(designated "E1" and "E2/NS1"), the internal nucleocapsid
proteins, C, nonstructural (NS) region 3, NS4, and NS5
proteins all show greater sequence conservation among HCV
25 isolate groups (27). The coding region of the HCV genome
that is analogous to NS5 of the flaviviruses by both its
location in the genome and its sequence similarities, is
believed to represent the viral replicase.
Summary of the Invention
30 It is therefore an object of the present invention
to provide a peptide that induces cytotoxic T cells
specific for HCV. It is a further object of this
invention to provide a method of detecting cytotoxic T
lymphocytes that recognize an epitope of NS5 protein of
35 hepatitis C virus. It is a still further object of the
invention to provide a method of provoking in a mammal an
immune response to NS5 protein of hepatitis C virus.
Ultimately, it is an object of the present invention to
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provide a vaccine to protect against infection by
hepatitis C virus.
In achieving these objects, there has been provided,
in accordance with one aspect of this invention, a
5 purified peptide that displays a T cell epitope which
induces a cytotoxic T cell response in lymphocytes of a
mammal against cells expressing hepatitis C virus NS5
protein, wherein said peptide comprises at least about
eight consecutive residues of an amino acid sequence
10 selected from the group consisting of MSYSWTGALVTPCAAE
[SEQ ID NO: 1], MSYTWIGALVIPCAAE [SEQ ID NO: 2],
MSYTWTGALITPCAAE ([SEQ ID NO: 3] and immunological
equivalents thereof. In various embodiments of this
aspect of the invention, the peptide further displays an
15 additional T cell epitope, either for a cytotoxic T cell
or a helper T cell, or a B cell epitope (antibody
recognition site).
According to another aspect of this invention, there
has been provided a method of detecting in lymphocytes of
20 a mammal cytotoxic T cells that respond to a T cell
epitope of NS5 protein of hepatitis € virus, comprising
the steps of: (a) contacting target cells with a peptide
according to claim 1, wherein said target cells are MHC-
compatible with lymphocytes to be tested for said
25 cytotoxic T cells; (b) incubating said lymphocytes to be
tested for said cytotoxic T cells with a peptide
according to claim 1; and (c¢) determining whether said
lymphocytes exert a cytotoxic effect on said target
cells, thereby indicating the presence of said
30 lymphocytes that recognize a T-cell epitope of NS5
protein of hepatitis C virus.
Yet another aspect of the present invention provides
a method of provoking in a mammal an immune response to
NS5 protein of hepatitis C virus comprising a step of
35 administering to said mammal an amount of a peptide
according to claim 1 that is effective for inducing a
cytotoxic T cell response against cells expressing
hepatitis C virus NS5 protein.
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Still another aspect of the present invention
provides a vaccine that protects against infection by or
reduces pathogenic effects of hepatitis C virus, where
the vaccine comprises a peptide according to this

5 invention.

Additional objects and advantages of the invention
will be set forth in part in the description that
follows, and in part will be obvious from the
description, or may be learned by practice of the

10 invention. The objects and the advantages of this
invention may be realized and obtained by means of the
compositions of matter and processes particularly pointed
out in the appended claims.

Brief Description of the Drawings

15 Figure 1A illustrates the sequences (SEQ ID NOS. 4-
17, 1-3, and 18-31) of a series of 28 peptides selected
by an amphipathicity algorithm as candidates for T cell
epitopes from the HCV NS5 region. The sequences of
synthesized peptides are based on the isolate of Chiron

20 Corporation which was made in the U.S.A. (26), except for
two P17 variants, P17FDA, which is based on an isolate
made at the U.S. FDA and P17JPN, based on two isolates
obtain independently in different Japanese laboratories).
Residues at which the FDA isolate differs from the Chiron

25 sequence are shown under the original sequences with
underlines. Amphipathic scores (35) of the peptides are
indicated.

Figure 1B depicts cytotoxic T lymphocyte responses

to peptides from HCV NS5 in BALB/c and BALB.B mice. Mice

30 were primed intravenously with 10’ plaque-forming units
of recombinant vaccinia virus expressing the HCV NS5
region (VHCV). The immune spleen cells were restimulated

in vitro with peptides at 4 uM (3 different peptides for

each culture) in the presence of supernatant of

35 lymphocytes stimulated with Con A (containing IL-2), and
cells treated with IL-2 but no peptide were included as
controls. CTL activity was measured against 3T3
fibroblast cells transfected with a neo resistance gene
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(18Neo, H-2% class I positive, class II negative) in
BALB/c and EL-4 (H-2%) in BALB.B. Targets were
sensitized with 10 uM of each peptide or no peptide for
6 hours. The experiments were performed in triplicate.
5 Effector:target (E:T) ratio=100:1, 5000 target -
cells/well. Lysis in the absence of peptide was 2.2-7.7%
in BALB/c (4.2% for P17 stimulated immune cells) and less
than 2% in BALB.B. In general, standard errors of
triplicates were <5% of the values, and comparable
10 results were obtained in a repeated experiment.

Figure 2 shows the cytotoxicity of CTL 1lines
specific for P17 and P17FDA against each specific peptide
and other P17 variants. The effects of single amino acid
mutation on recognition of variant epitopes was examined.

15 5x10° ’'Cr-labelled target cells (18Neo) were cultured
with effector «cells from long-term CTL lines,
repetitively stimulated with specific peptides, in the
presence of each specific peptide, other P17 variants,
P18IIIB (negative control peptide) or no peptide. E:T,

20 effector:target ratio. Lysis in the absence of peptide
was <1%. Standard errors of triplicates were generally
<5% of the values, and comparable results were obtained
in three independent experiments.

Figure 3 shows results of testing of CTL lines

25 specific for P17 and P17FDA restricted by H-2¢ for their
cytotoxicity against the 18Neo «cells (BALB/c 3T3
fibroblast) infected with VHCV vaccinia virus expressing
NS5 (1 h, 37°C, multiplicity of infection 10:1, three
washings before use) as well as 18Neo pulsed with each

30 specific peptide (10 uM). As negative control targets,
18Neo (neo-gene transfected BALB/c 3T3) infected with
control vSC8 vaccinia virus, P18IIIB (1uM) pulsed, and
unpulsed 18Neo were used. Standard errors of triplicates
were generally <5% of the values, and comparable results

35 were obtained in three independent experiments.
Figure 4 shows an analysis of the phenotype of the
H-2 CTL 1line specific for P17. The CTL assay, as

described in Figure 2, was performed in the presence of
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anti-L3T4 (GK 1.5) (anti-CD4) or anti-Lyt 2.2 (2.43)
(anti-CD8) monoclonal antibodies (culture supernatant) at
the indicated dilution, or no antibedy, for 6 h. 18Neo
was pulsed overnight with P17 (10uM) and washed three

5 times. Standard errors of triplicates were generally <5% -
of the values, and comparable results were obtained in
three independent experiments.

Figure 5 illustrates identification of the MHC class
I molecules responsible for presentation of P17 to the

10 CTL line in the H-2° strain. Target cells were pulsed
overnight with P17 (10uM) and washed three times.
Effector:Target ratio=10:1. TM: transmembrane portion of
the DY molecule. The origin of al a2 a3 TM for each
transfectant is D‘D‘D'D?, T4.8.3; LLILYLY, T1.1.1; -DiDIDY,

15 DMT26.5S81; D'D°LeL?, T37.2.1; LIL!D'DY, T37.1.3; DLILLY,
T9.10.3; and L' D! D! D!, DMT34.5. Standard errors of
triplicates were generally <5% of the values, and
comparable results were obtained in two independent
experiments. L28: DAP3 L cell (H-2Y) transfected with

20 pSV2neo gene alone; 18Neo: BALB/c 3T3 fibroblast (H-29)
transfected with PSV2NEO alone.

Detailed Description of Specific Embodiments

As mentioned above, it was known heretofore that CTL
mediate protection in vivo against certain virus

25 infections, but no CTL epitopes have yet been defined in
any HCV protein. Nevertheless, it has been discovered
that the nonstructural protein of HCV which corresponds
to the flavivirus gene (NS5) having homology to RNA
polymerase is a relatively conserved target protein for

30 CTL, and, in fact presents an epitope that induces a
cytotoxic T cell response in lymphocytes.

To investigate the epitope specificity of CTL
specific for the HCV NS5 protein, 28 peptides from this
protein were tested in murine CTL. Mice were immunized

35 with a recombinant vaccinia virus expressing the HCV NsS§
gene, and the primed spleen cells were restimulated in
vitro with peptides. CTL from H-2! mice responded to a
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single 16-residue synthetic peptide which is identified
herein as "P17" and which corresponds to residues
2422-2437 of the HCV open reading frame. This relatively
conserved epitope was presented by H-2! class I major
5 histocompatibility complex (MHC) molecules to

conventional CD4CD8* CTL, but was not seen by CTL
restricted by\H—zb. Moreover, exon-shuffle experiments
using several transfectants expressing recombinant DY/L!
and K! demonstrated that this peptide is seen in

10 association with al and a2 domains of the DY class I MHC
molecule.

The amino acid sequence of the P17 peptide differs
by one residue from homologous segments of this
nonstructural region from three other HCV isolates.

15 Variant peptides with single amino acid substitutions
were made to test the effect of each residue on the
ability to sensitize targets. Neither substitution
affected recognition. Therefore, these conservative
mutations affected peptide interaction neither with the

20 D' class I MHC molecule nor with the T cell receptor.

Murine CTL cross-react with peptides representing
all four sequenced HCV isolates from the USA and Japan.
If human CTL display similar crossreactivity, therefore,
then the peptides of this invention should be valuable

25 for HCV diagnosis and vaccine development. Thus, the
peptides of this invention would be candidates for
components of an HCV vaccine to prevent or treat the
virus infection. 1In addition, these peptides would be
useful for development of diagnostic or prognostic

30 methods based on determining whether the cellular immune
system evidences a response to the NS5 protein of HcCV.

Details of the peptides and other aspects of this
invention are presented below.

a. Definitions

35 The following definitions are provided for some of

the terms used throughout this specification.
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Amino Acid Residues - identified herein are in the
natural L-configuration. The following abbreviations for
amino acid residues are used:

SYMBOL AMINO_ACID
5 1-Letter 3-Letter
Y Tyr L-tyrosine
G Gly glycine
F Phe L-phenylalanine
M Met L-methionine
10 A Ala L-alanine
S Ser L-serine
I Ile L-isoleucine
L Leu L-leucine
T Thr L-threonine
15 v Val L-valine
P Pro L-proline
K Lys L-lysine
H His L-histidine
. Q Gln L-glutamine,
20 E Glu L-glutamic acid
W Trp L-tryptophan
R Arg L-arginine
D Asp L-aspartic acid
N Asn L-asparagine
25 o Cys L-cysteine
All amino acid sequences are represented herein by
formulae with 1left-to-right orientation in the
conventional direction of amino-terminus to carboxy-
terminus.
30 Peptide - is used herein to designate a linear

series of amino acid residues connected one to the other
by peptide bonds between the a-amino and carboxy groups
of adjacent residues. Peptide, as used herein, does not
encompass a naturally occurring protein such as the NS5
35 protein of HCV.

Antibody - in its various grammatical forms is used
herein as a collective noun that refers to a population
of immunoglobulin molecules or immunologically active
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portions of immunoglobulin molecules, i.e., molecules
that contain an "antigen binding site" or paratope. An
antigen binding site is that structural portion of an
antibody molecule that specifically binds to an antigen
5 at a B cell epitope.
B. The Peptides
To construct a peptide displaying a T cell epitope
which induces in lymphocytes of a mammal a cytotoxic T
cell response against cells which express a particular
10 protein, it is necessary to test empirically a series of
peptides comprising candidate T cell epitopes. Such
candidates are identified by amphipathic scores (35)
which indicate the tendency of an amino acid sequence to
form a amphipathic helix. The correlation between class
15 II-restricted T-cell =epitopes and regions with
amphipathic scores >4 remains highly statistically
significant even as evaluated on 92 epitopes known in
1991 (12,13) (p <0.0003), and is significant on a smaller
set of CTL epitopes studied as well. But, a correlation
20 between the magnitude of the score above this threshold
and the probability that a site will be recognized by T
cells has not been found.
By the above approach it has been discovered that a
peptide having an amino acid sequence selected from the
25 group consisting of MSYSWTGALVTPCAAE [SEQ ID NO: 1],
MSYTWTGALVTPCAAE [SEQ ID NO: 2] and MSYTWTGALITPCAAE [SEQ
ID NO: 3] induces a cytotoxic T cell response in
mammalian lymphocytes against cells expressing hepatitis
C virus NS5 protein. Therefore, a peptide can be
30 synthesized, in accordance with the presence invention,
which displays a T cell epitope that induces a cytotoxic
T cell response in lymphocytes of a mammal against cells
expressing hepatitis C virus NS5 protein. A peptide of
the present invention can comprise all or a portion of an
35 exemplary amino acid sequence recited above, or an
immunological equivalent of an exemplary sequence. 1In
particular, a peptide of this invention can comprise
sequences of amino acid residues 2422~2437 of an HCV
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polyprotein, which residues are contained in the NS5
region of the HCV polyprotein, or immunological
equivalents of amino acid residues 2422-2437 of an HCV
polyprotein.

5 The phrase "immunological egquivalent" relates to the -
fact that certain amino acid substitutions or deletions
may be made in an immunogenic peptide having a natural
amino acid sequence of residues 2422-2437 of an HCV
polyprotein, and yet the resulting peptide will provoke

10 an immune response that is substantially equivalent to
that of the original immunogenic peptide. Such
substitutions or deletions can be made in accordance with
established principles, some of which are discussed
below.

15 In this regard, peptides having the ability to
induce a cytotoxic T cell response against cells
expressing residues 2422-2437 of an HCV polyprotein are
considered immunologically equivalent to the peptide of
this invention. More particularly, to be immunologically

20 equivalent to residues 2422-2437 of an HCV polyprotein,
a peptide must be (1) presentable by a target cell having
an MHC molecule that presents the subject portion of an
HCV NS5 protein and (2) be recognizable in the context of
that MHC molecule by cytotoxic T lymphocytes that have

25 been primed with NS5 protein of hepatitis C virus.

To be an "immunological equivalent", therefore, it
is not necessary that each residue of the natural HCV
epitope sequence or fragment thereof be replaced with an
immunologically equivalent residue, but rather that the

30 peptide as a whole evoke a substantially equivalent
immune response. Thus, substitutions of one amino acid
for another, either conservative or non-conservative,
where such changes provide certain advantages in their
use, are contemplated in the practice of this invention.

35 Conservative substitutions are those where one amino acid
residue is replaced by another, biologically similar
residue. Examples of conservative substitutions include
the substitution of one hydrophobic residue such as
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isoleucine, valine, leucine or methionine for another, or
the substitution of one polar residue for another such as
between arginine and 1lysine, between glutamic and
aspartic acids or between glutamine and asparagine and
5 the like. Conservative substitutions also include the -
use of a substituted amino acid in place of an
unsubstituted parent amino acid provided that such a
peptide also displays the requisite binding activity.

Systematic methods for determining which residues of

10 a linear amino acid sequence are required for binding to
a specific MHC protein are known. See, for instance,
Allen, P. M., et al., Nature 327:713-717 (1987); Sette,
A. et al., Nature 328:395-399 (1987); Takahashi, H. et
al., J. Exp. Med. 170:2023-2035 (1989); Maryanski, J. L.,

15 et al., Cell 60:63-72 (1990).

Similarly, systematic methods for determining which
residues of a linear amino acid sequence are required for
binding a specific antibody are known, and essentially
the same methods may be applied to determine which

20 residues of a sequence are required for recognition by a
T cell receptor. See, for instance, PCT Application WO
8403564 on "Determination of amino acid sequence
antigenicity for 1location of active sequence in a
protein" by H. M. Geysen, the entire disclosure of which

25 is incorporated herein by reference. This application
discloses a method for determining an amino acid sequence
antigenically active within a known amino acid sequence
of a protein or part of it which comprises (1)
synthesizing peptides having overlapping amino acid

30 sequences, each comprising a sequence corresponding to a
sequence within the known amino acid sequence; (2)
contacting the peptides with antibody against the protein
or portion of interest; and (3) detecting or determining
the presence or absence of antigen-antibody reaction

35 between each peptide and antibody to indicate whether the
peptide has antigenic activity.

Application of this approach to identifying
immunological equivalents of the sequence of the peptide
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of this invention, exemplified by a peptide comprising
residues 2422-2437 of the Chiron HCV1l polyprotein
sequence, requires substitution of a cytotoxic T cell
specific for target cells expressing an HCV NS5 protein
5 in place of the antibody against the protein of interest.
Suitable cytotoxic T cells for this purpose include, for
instance, 1lymphocytes from a mammal that has been
infected with HCV or immunized with a recombinant
vaccinia virus expressing an HCV NS5 protein, or
10 cytotoxic T cell clones derived from such immunocytes by
repeated stimulation with a peptide of this invention, as
described below in Example 2. The cytotoxic T cell can
be used for identifying immunological equivalents of an
exemplary peptide of this invention by further defining
15 those residues within the exemplary sequence which are
required for presentation of a functional T cell epitope
of the HCV NS5 protein, according the above method of
Geysen as modified by substituting T cells for an
antibody, for instance, or as described by Takahashi, H.
20 et al., J. Exp. Med. 170:2023-2035 (1989a), Science
246:118-121 (1989b), and Science 255:333-336 (1992).
Application of the above-described methods is
expected to identify a linear subset of the sequence of
residues 2422-2437 of an HCV polyprotein protein that are
25 required for T cell epitope activity according to this
invention. It is known that a functional T cell epitope,
capable of being presented by an MHC molecule and of
being recognized by a T cell receptor, usually comprises
a linear sequence of nine amino acids, although some
30 linear epitopes consisting of eight or ten amino acids
are known. See, for instance, Falk, K. et al., Nature
351:290 (1991); Jardetzky, T. F., et al., Nature 353:326-
329 (1991); Hunt, D. F., et al., Science 255:1261-1263
(1992); and Romero, P., et al., J. Exp. Med. 174:603-612
35 (1991).
Therefore, a sequence which is immunologically
equivalent to the sequence of an exemplary peptide of the
present invention is believed to require at least eight



WO 93/25575 ’ PCT/US93/05434
- 15 -

amino acids, for instance, eight consecutive residues of
an exemplary 16 amino acid sequence which are shown to be
required for T cell epitope function as described above.
However, a peptide of less than eight amino acids, of
5 seven or six amino acids, for instance, possibly could be
found to be immunologically equivalent to an exemplary
peptide of this invention by the methods described above,
and such a peptide still would be within the scope of the
present invention. In short, the peptide of this
10 invention comprises at least about eight amino acids,
which includes as few as six amino acids.
Beyond the minimum number of residues required for
a functional T cell epitope, the length of the peptide of
this invention can vary, for example, depending on the
15 type of carrier used for immunization. It is generally
preferred that the peptide be of a length which minimizes
the number of epitopes other than the desired epitope so
that the chances of interference between epitopes is
_ minimized. Moreover, when preparing peptides by chemical
20 synthesis, additional residues will generally lengthen
the time and cost required for their preparation, and
reduce the purity and yield of final product. Thus,
synthetic peptides of 1less than 50 residues are
preferred, and less than 30 residues are more preferred.
25 Peptides which present epitopes in addition to that of
the HCV P17 epitope, however, certainly also are within
the scope of the present invention. Routine
experimentation will yield the optimum length(s) for such
peptides.
30 Examples of peptides which provide the objects of
this invention include a 16-residue peptide that displays
a T cell epitope which induces a cytotoxic T cell
response in lymphocytes of a mammal against cells
expressing hepatitis C virus NS5 protein, having the
35 following sequence of amino acids: [SEQ ID NO: 2]
MSYTWTGALVTPCAAE. This sequence was derived from
residues 2422-2437 of the NS5 protein of an HCV isolate
obtained by the U.S. FDA and, therefore, has been
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designated "P17FDA". The P17FDA sequence differs in one
residue from the corresponding NS5 sequence of another
U.S. isolate, the Chiron HCV1 sequence [SEQ ID NO: 1]
MSYSWTGALVTPCAAE (26), designated P17. The P17FDA
5 sequence also differs by another single residue from a
sequence which is conserved at this site in two
independent Japanese isolates [SEQ ID NO: 3]
MSYTWTGALITPCAAE (29,60), designated P17JPN. Thus, the
peptides designated P17, P17FDA and P17JPN represent
10 three natural variants of the portion of the HCV NS5
protein corresponding to residues 2422~2437 of the Chiron
HCV1 polyprotein, each of which displays an epitope that
induces a cytotoxic T cell response in lymphocytes of a
mammal against cells expressing hepatitis C virus NS5
15 protein.

Additional peptides of this invention can comprise
natural sequences of portions of NS5 proteins of other
isolates of HCV which correspond to the P17 sequence of
the Chiron HCV1 isolate. Such additional natural NSS

20 Sequences may be determined as taught in below in Example
2. Thus, HCV viral RNA is extracted from infected tissue
(19). The RNA is reverse transcribed and amplified by
the polymerase chain reaction using specific Hcv primers
as previously described (9). Then the PCR product is

25 ligated into a cloning vector suitable for amplification
and sequencing of the NS5 DNA.

It is known in the art that the polyproteins from
different isolates of HCV may comprise more or less than
the 3011 amino acids of the Chiron HCV1 isolate. For

30 instance, the polyproteins of the Japanese isolates
comprising the sequence designated P17JPN consist of only
3010 residues, of which the P17JPN sequence comprises
residues 2421-2436. Therefore, to find sequences which
correspond structurally to the P17 sequence of this
35 invention (residues 2422-2437 of the Chiron HCV1
sequence), newly determined NS5 sequences are aligned
with homologous portions of known NS5 sequences, for
instance, the Chiron HCV1l sequence, to identify those
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residues of the new sequence which correspond to residues
2422-2437 of the known HCV polyprotein. Peptides having
sequences corresponding to the P17 sequence, as
determined from analysis of the cloned PCR product, are

5 then made and tested for T cell epitope function as -
described below in Example 2.

The methods cited above can serve not only to
identify residues in the 1linear sequence of an NS5
protein which are required for T cell epitope activity,

10 but also to define the permissible range of substitutions
of amino acids in those positions which are required for
displaying the T cell epitope. Thus, in addition to
natural HCV NS5 amino acid sequences, other amino acid
sequences may be included in a peptide of this invention

15 to present substantially the same functional epitope of
the HCV NS5 protein. These non-natural amino acid
sequences may be identified by substituting various amino
acids for those in a natural sequence of residues of NS5
which are required for T cell epitope function and

20 testing the resulting sequences for retention of such
function as in Example 2.

For example, PCT Application WO 8606487 discloses a
method for developing "mimotopes" which mimic an epitope
on a protein, for instance. See also, document (71).

25 This method involves detecting or determining the
sequence of monomers which is a topographical equivalent
of a ligand (e.g., epitope) which is complementary to a
particular receptor of interest (e.g., an antibody). The
method comprises (a) synthesizing catamers of formula

30 D2-D1, wherein D1 = a designated monomer (such as a
natural L-amino acid or a synthetic D-form or otherwise
modified amino acid) selected from a first set of
monomers and D2 = a designated monomer selected from a
second set of monomers which may be the same as the first

35 set. These catamers comprise catamers in which each
designated monomer is systemically varied to contain
members from the respective set of monomers. The method
further comprises (b) contacting each catamer with the
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receptor of interest and (c) detecting or determining the
presence or absence of binding between each catamer and
the receptor. The aforementioned PCT Application No. WO
8600991 and document (71) disclose further details of
5 identifying amino acid sequences topologically equivalent
to an epitope (i.e., a mimotope) by testing catamers of
partially defined structure for antibody binding.
Hence, by use of cytotoxic T lymphocytes and their
receptors, according to this invention, and the methods
10 for developing mimotopes described above, one skilled in
the art may develop a peptide of this invention, which
presents an epitope that is immunologically equivalent to
the HCV NS5 T cell epitope presented by the exemplary
peptides disclosed herein. The mimotopes of these
15 immunologically equivalent "peptides" need not contain
any natural amino sequence of HCV, or, in fact any
natural amino acids at all.
A peptide in accordance with this invention which
has a sequence that is partly identical to the natural
20 sequence of the T cell epitope of HCV NS5 (becauée one or
more conservative or nonconservative substitutions or
deletions have been made) usually but not necessarily
will have substituted or deleted no more than about 30
number percent, advantageously no more than about 20
25 number percent, and preferably no more than about 10
number percent of the amino acid residues which comprise
all or part of é NS5 T cell epitope, except where
additional residues have been added at either terminus,
for instance to provide a "linker" by which the peptides
30 of this invention can be conveniently affixed to another
substance, such as a label, a solid matrix, or a carrier.
In addition, the amino acid sequence of a peptide in
accordance with this invention can differ from the
natural sequence of the HCV NS5 epitope by the sequence
35 being modified by terminal-NH, acylation, e.qg.,
acetylation. Such acylation is used to reduce the charge
on the synthetic peptide, according to principles well
known in the art.
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A peptide in accordance with this invention can be
synthesized by any of the techniques that are known to
those skilled in the peptide art, including recombinant
DNA techniques. Synthetic chemistry techniques, such as

5 a solid-phase Merrifield-type synthesis, are preferred -
for reasons of purity, antigenic specificity, freedom
from undesired side products, ease of production and the
like. An excellent summary of the many techniques
available can be found in J.M. Steward & J. D. Young,

10 SOLID PHASE PEPTIDE SYNTHESIS, W.H. Freeman Co., San
Francisco, (1969); M. Bodanszky et al., PEPTIDE
SYNTHESIS, John Wiley & Sons, Second Edition, (1976); and
J. Meienhofer, HORMONAL PROTEINS AND PEPTIDES, Vol. 2, p.
46, Academic Press, New York (1983) for solid phase

15 peptide synthesis, and E. Schroder & K. Kubke, 1 THE
PEPTIDES, Academic Press, New York (1965) for classical
solution synthesis, the entire disclosure of each being
hereby incorporated herein by reference. Appropriate
protective groups usable in such synthesis are described

20 in the above texts and in J.F.W. McOmie, PROTECTIVE
GROUPS IN ORGANIC CHEMISTRY, Plenum Press, New York
(1973), the entire disclosure of which is also
incorporated herein by reference.

In general, the solid-phase synthesis methods

25 contemplated comprise the sequential addition of one or
more amino acid residues or suitably protected amino acid
residues to a growing peptide chain. Normally, either
the amino or carboxyl group of the first amino acid
residue is protected by a suitable, selectively-removable

30 protecting group. A different, selectively-removable
protecting group is utilized for amino acids containing
a reactive side group such as lysine.

Using a solid phase synthesis as exemplary, the
protected or derivatized amino acid is attached to an

35 inert solid support through its unprotected carboxyl or
amino group. The protecting group of the amino or
carboxyl group is then selectively removed and the next
amino acid in the sequence having the complimentary
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(amino or carboxyl) group suitably protected is admixed
and reacted under conditions suitable for forming the
amide linkage with the residue already attached to the
solid support. The protecting group of the amino or
5 carboxyl group is then removed from this newly added
amino acid residue, and the next amino acid (suitably
protected) is then added, and so forth. After all the
desired amino acids have been linked in the proper
sequence, any remaining terminal and side group
10 protecting groups (and solid support) are removed
sequentially or concurrently, to afford the final
peptide.
Simplified methods for so0lid phase synthesis of
peptides on a small scale also are Xknown. See for
15 instance, Houghten, R. A., Proc. Natl. Acad. Sci. U.S.A.
82:5131-5135 (1985); and Houghton, M., Q.-L. Choo, & G.
Kuo, European Patent Application 88310922 (1988).
c. Assays and Diagnostic Methods
The present invention contemplates various assay
20 methods for detecting in 1lymphocytes of a mammal
cytotoxic T cells that respond to a T cell epitope of NS5
protein of hepatitis C virus.
In a preferred embodiment, this assay comprises a
first step (a) of contacting target cells with a peptide
25 of this invention. Preferably, these target cells are
known to be MHC-compatible with lymphocytes which are to
be tested for the HCV-specific cytotoxic T cells. A
second step (b) requires incubating the lymphocytes to be
tested for said cytotoxic T cells with a peptide of this
30 invention, under in vitro conditions sufficient to
restimulate the HSV NS5-specific CTL to respond to
appropriate target cells. A third step (c) requires
determining whether the tested 1lymphocytes exert a
cytotoxic effect on the target cells, thereby indicating
35 the presence of CTL that recognize a T-cell epitope of
NS5 protein of hepatitis C virus.
While exemplary assay methods are described herein
using murine lymphocytes, the invention is not so
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limited. For example, the present invention contemplates
detection of human CTL, for instance in blood or other
tissues of patients known or suspected to be infected
with HCV, by appropriately adapting methods known for

5 detecting other human CTL. See, for instance, Clerici,
M., et al., J. Imm. 146:2214-2219 (1991).

The assay of this invention is wuseful for
determining whether the immune system of a mammal has
been provoked by the NS5 protein of HCV, thereby to

10 determine whether the occurrence and magnitude of such a
response can be correlated with either the occurrence of
HCV infection (i.e., for diagnosis) or the severity of
the pathogenic effect of the virus (i.e., as a prognostic
indicator).

15 D. Vaccine and Therapeutic Compositions

The peptides of this invention are thought to have
utility for a vaccine to prevent HCV infection or for
therapeutic purposes in individuals infected with HCV.
For example, the peptides can be used by themselves, or

20 they can be used to prepare immunogenic conjugates in
which a peptide is conjugated to an agent which provokes
an immune response to a complex comprising the conjugated
peptide bound to a carrier protein, according to methods
known in the art. See, for instance, M. F. Good, Science

25 235:1059-1062 (1987); and Palker, T. J., J. Imnm.
142:3612-3619 (1989). Agents which can be conjugated to
peptides to provoke an immune response include toxoids
such as diphtheria toxoid or tetanus toxoids, which are
commonly recognized by the body (of immunized persons)

30 and eliminated by the immune system. Alternatively, a
gene sequence encoding the peptide may be incorporated
into a recombinant gene and expressed as part of a
vector, for instance, a recombinant virus such as
vaccinia virus made by the method of Chakrabarti, S., et

35 al., Nature 320:535-537 (1986).

The peptide of the present invention ‘also may be
incorporated into a larger peptide comprising additional
epitopes, either other T cell epitopes or B cell
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epitopes. Thus, the peptide may be used as part of a
multivalent vaccine which induces cytotoxic T cell
responses to multiple epitopes of HCV or of HCV and
another virus. In addition, the multivalent vaccine
5 peptide may include helper T cell epitopes and B cell
epitopes of HCV or another virus, to effect induction of
an antibody response as well as a cytotoxic T cell
response.
For instance, one could attach a helper T cell
10 epitope from HIV, such as those described in Cease K. B.,
et al., Proc. Natl. Acad. Sci. USA 84:4249-4253 (1987),
to provide T cell help for the CTL response. Also see
Berzofsky, J. A., et al., J. Clin. Invest. 88:876~884
(1991); for peptides generating antiviral cytotoxic T
15 lymphocytes, Hart, M. K., et al., Proc Natl Acad Sci U S
A 88:9448-9452 (1991); and for peptides inducing an
antibody response, Hart M., K., et al., J. Immunol.
145:2677-2685 (1990).
Those skilled in the art of preparing pharmaceutical
20 compositions will realize how to prepare the peptides and
conjugates described above for pharmaceutical use in
composition comprising accepted pharmaceutical carriers.
Rationale for a vaccine. HCV is probably a member
of the Flaviviridae family which includes both the
25 classic flaviviruses such as yellow fever virus and the
pestiviruses of animals such as bovine viral diarrhea
virus (11). The classic flaviviruses have arthropod
vectors and cause only acute disease. The pestiviruses,
on the other hand, have no known arthropod vectors and
30 may cause chronic infections as well as acute disease.
HCV causes acute, self 1limited infections, but 1like
pestiviruses, it also commonly causes chronic infections
and 1liver diseases that includes chronic active
hepatitis, «cirrhosis, and probably hepatocellular
35 carcinoma. The mechanism of chronicity and the
pathogenesis of the chronic 1liver disease is not
understood. It does not seem likely that the chronic
virus infection is directly cytopathic as it would result



WO 93725575 PCT/US93/05434

- 23 -

in much greater liver destruction. Therefore, as in
hepatitis B infections, an immune mechanism has been
proposed.

Neutralizing antibodies to most flaviviruses are

5 directed against epitopes in the envelope glycoportein.
Either such antibodies are not commonly made by people
infected with HCV, or there is not yet available an assay
able to detect them. Results of sequence analysis of the
two putative envelope glycoproteins of HCV has revealed

10 considerable strain variability (23,27,67) which may
further confound attempts to produce an antigen that
induces neutralizing antibodies of broad reactivity.

More particularly, recent reports of HCV sequence
diversity allow <comparison of several isolates

15 (5,23,37,44,67), reviewed in (27). It is noteworthy that
C, NS3, Ns4, and NS5 regions of HCV exhibit greater
sequence conservation in contrast to the hypervariability
of the putative envelope glycoproteins encoded by the E1
and E2/NS1 genes and the greater heterogeneity of NsS2.

20 This hypervariability of the ~Hev envelope' protein
suggests that this region may be under selective pressure
for variation of a protective B cell or T cell epitope,
as suggested in the case of the HIV-1 envelope protein V3
loop, which is the principal neutralizing domain as well

25 as an immunodominant determinant for CTL in both the
human and the mouse (10,21,46,53,57). ‘

The hypervafiability suggests an ability of this
virus to escape the immune system by rapid mutation.
Within the groups of isolates, broadly subdivided by

30 comparison of all the reported HCV sequences, NS5 shows
95% to 100% homology (27). The variability is also
relevant to the issue of multiple infection with
different HCV isolates. Most recent sequence analysis of
HBV genome from fulminant hepatitis suggested that

35 naturally occurring viral mutations may predispose the
infected host to more severe 1liver injury (34,45).
Accordingly, cross-neutralization of variants by antibody
and cross-recognition of variants by T cells are
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important issues in the development of vaccines to

prevent the rise of escape mutants from the immune
system.

For these reasons, the present inventors undertook

5 studies to enable determination of whether T cell

epitopes of HCV are important in pathogenesis or

protection from infection, particularly T cell epitopes

displayed by the relatively conserved NS5 protein.

Previous studies have shown that CD8* CTL recognize

10 hepatocytes from patients with chronic NANB hepatitis in
a non-MHC restricted manner (28). It had been thought
that CTL against virus-infected «cells most often
recognize the nucleoprotein of the virus expressed on the
infected cells and lyse the cells (52). In hepatitis B

15 infection, for instance, CTL are thought to be
responsible for the pathogenesis of chronic type B
hepatitis and to 1lyse hepatitis B-virus-infected
hepatocytes by recognizing the viral antigen expressed in
the infected cells (39,42).

20 Class I and class II MHC molecules allow T cells to
recognize polypeptide fragments of proteins following
processing of foreign antigens (4,51,55,61,70).
Therefore, it should be feasible to develop peptides that
display T cell epitopes similar to those present on

25 fragments of proteins following processing. Synthetic
peptide vaccines comprising such epitopes may elicit
fewer deleterious immune responses than the whole protein
or attenuated or killed virus (5).

The experimental results disclosed herein, based on

30 studies using mice as a model for the human immune
system, indicate that CTL may recognize the product of
the probably HCV RNA polymerase gene, a nonstructural
region, on cells infected with the virus in association
with class I MHC molecules. Because murine cells cannot

35 be infected with HCV, this proposition cannot be tested
directly in HCV-infected mice.

Nevertheless, the present results show a reasonable
basis for expecting that the peptide of this invention
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will induce an in vivo cytotoxic T cell response against
HCV NS5-infected cells in a mammal. Thus, the peptide
has produced murine CTL 1lines with ability to kill
syngeneic target cells expressing the HCV NS5 as well as

5 target cells pulsed with peptide P17 (HCV residues -
2422-2437 within NS5).

The peptide induced a CTL response lymphocytes of
H-2? mice, but not of H-2® mice, indicating that H-2¢ is
an immune response (Ir) gene responder haplotype to P17

10 whereas H-2® is not a responder. Further, the response
to P17 of HCV NS5 depends on both the al and a2 domains
of the D! class I molecules, as shown by responses of
eight 'L cell (H-2¥) transfectants with different exon
shuffles between D! and 1. Similar results were obtained

15 for effective presentation of the peptides, P18 (58) and
HP53, from HIV-1 gpl60 (56). In the context of vaccine
development, it is of interest that P17 and the HIV-1
gpl6C peptides P18 and HP53, which were all presented by
the same D! class I MHC molecule, share no striking

20 similarity in sequences except similarity in amphipathic
hydrophobicity profiles when each is folded as a short
highly amphipathic alpha helix. Although insufficient
homology is present to define an obvious motif for D°
binding, analysis of residues involved in D! binding (58)

25 for each peptide should shed light on the structural
requirements for the D! specificity. '

To get the maximal lysis, the peptide concentration
required to stimulate CTL in vitro secondarily or to
sensitize targets appeared to be very low (0.1-1uM) for

30 P17. This result indicates that P17 binds with a
relatively high affinity to class I MHC molecules in
H-2¢, which is an important characteristic of a peptide
immunogen from a practical point of view, for instance,
in minimizing cost per dosage. Also, P17 did not show

35 any toxicity that might affect its activity in CTL
stimulation or utility in vivo. '
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Availability of three different sequences of HCV
variants (USA and Japan) of this relatively conserved
epitope (26,29,60) permitted synthesis of two variant
peptides of this invention, each differing at one or two

5 residues from the P17 sequence of the Chiron isolate
(26), in order to define the effect of naturally
occurring viral mutation on the peptide presentation by
the D! molecule and CTL recognition. The single amino
acid substitution at position 2424 (T->S) and at position

10 2431 (V->I) did not reduce the CTL recognition of peptide
P17 in BALB/c mice. Therefore, these point mutations at
which all four cloned HCV isolates from USA and Japan
differ seem to affect peptide interaction with neither
the D! class I MHC molecule nor the T-cell receptor. If

15 human CTL display similar crossreactivity for this site,
this peptide may be useful as a CTL epitope for vaccine
development despite the few conservative substitutions
found in nature.

As to the expected effectiveness of such a vaccine,

20 there are many lines of evidence that CTL can block
outgrowth of virus in cells which have been previously
infected (17,28,39,42,47,48,63,66). Likewise, it is
thought that a vaccine eliciting HCV-specific CTL may be
protective against HCV. In the present work, P17 from

25 HCV NS5 region was presented by class I MHC molecules to
CD8*CD4” CTL. The high conservation and cross-reactivity
of peptide P17 suggests that this peptide could play a
role as a component of a broadly effective vaccine for
HCV, if also seen by human CTL.

30 In previous work with HIV-1 proteins gpl160 and
reverse transcriptase, epitopes seen by murine CTL were
also seen by human CTL (10,24,57). T-cell proliferation
but not cytotoxicity has been observed in response to P17
stimulation in one chronically infected chimpanzee. This

35 primate is the only confirmed animal model for hepatitis
caused by HCV.

Whether the P17 site is presented by a diversity of
human class I MHC alleles and whether P17 is also
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presented by class II MHC molecules to CD4% CTL will be
determined according to methods known in the art. See,
for instance, Clerici, M. J., Imm 146:2214-2219 (1991);
Clerici et al., Nature 339:383-385 (1989). This

5 information will be wuseful, not only for vaccine
development but also for analysis of the versatility of
viral peptides for binding MHC molecules. Identification
of critical amino acids in the peptide for binding to MHC
and T-cell receptor may yield new information on the

10 molecular basis of escape mutation by HCV and chronicity
of HCV infection as well.

The following examples are provided solely for
illustrative purposes, and do not in any manner limit
this invention.

15 : EXAMPLE 1
DESIGN AND SYNTHESIS OF PEPTIDES
COMPRISING CANDIDATE T CELL EPITOPES

OF HEPATITIS C VIRUS NS5 PROTEIN
Peptide design. Based on the sequence of the NS5
20 region of an isolate of HCV, which has been published by
workers at Chiron Corporation (26), hereinafter the
"Chiron HCV1 sequence," a series of 28 peptides was
synthesized, including some overlapping peptides,
covering much of the HCV putative RNA polymerase sequence
25 encoded by the NS5-like region. The peptide sequences
were selected on the basis of amphiphathicity

(12,13,15,35) as potential T-cell epitopes.

Subsequent sequencing of the whole NS5 region of the

HCV isolated in the FDA used to construct the recombinant
30 vaccinia virus showed that 13 out of 28 peptides had
mutations in up to 3 residues compared to the published
Chiron HCV1 sequence (Fig. 1A, SEQ ID NOS. 8, 9, 10, 14,

15, 20, 21, 23, 26, 27, 28 AND 31).
Peptide 8Synthesis and Purification. HCV NS5
35 peptides were prepared by the simultaneous multiple
peptide method of solid-phase peptide synthesis, in
polypropylene mesh "tea-bags" as described (25).
Peptides were desalted by reverse-phase chromatography on
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C18 Sep-Pak columns (Waters Associates, Milford, MA), and
analyzed by HPLC. Some peptides were prepared by an
automated peptide synthesizer (model 430A; Applied
Biosystems, Inc., Foster City, CA) using t-Boc chemistry
5 and purified by HPLC. Peptide HIV P18 was prepared under

GMP conditions by Peninsula Labs (Belmont, Ca).

EXAMPLE 2
IDENTIFICATION OF A PEPTIDE THAT INDUCES
A CYTOTOXIC T CELL RESPONSE AGAINST CELLS EXPRESSING
10 HEPATITIS C VIRUS NS5 PROTEIN

Overview. To identify a possible T cell epitope of
hepatitis C virus NS5 protein, the peptides of Example 1
were tested in BALB/c and BALB.B mice for their capacity
to generate CTL specific for the HCV NS5 region. The

15 spleen cells of mice immunized 4 weeks earlier with the
NS5-expressing recombinant vaccinia virus (vHCV) (10’ PFU
i.v.) were stimulated in vitro with 4 uM peptides, in the
presence of IL-2 (medium containing 10% supernatant of
cultured rat lymphocytes stimulated with Con a).

20 BALB/c mice that were immunized with VHCV developed
CTL responses to peptide P17 but not to any of the other
peptides (Fig. 1B). Because no antibodies specific for
the HCV region cloned into vaccinia were available, there
is no direct evidence for expression of protein sequences

25 to the carboxy-terminal side of P17. Although there is

' no evidence that such sequences are not expressed, it
remains possible that lack of expression of sequences
carboxy-terminal to P17 could account for the lack of
response to the peptides following P17.

30 It is also possible that negative responses were due
to differences in 11 of the peptides between their
sequences based on the published sequence and the
sequence of the isolate of HCV cloned into vaccinia.
Because these and other reasons could account for

35 negative responses, only positive responses are
significant in the context of determining whether a
particular portion of the NS5 protein contains a T cell
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epitope that can induce a CTL response to the NS5
protein.
BALB.B (H-2") mice showed no response to any peptide
tested. However, a recombinant vaccinia virus cannot be
5 used to stimulate spleen cells from mice immunized with
that recombinant without activating a vaccinia virus-
specific response that overwhelms the response to the
inserted gene product when vaccinia-infected targets are
used. Therefore, BALB.B cells infected with vHCV
10 expressing the whole NS5 protein cannot be used to
determine whether BALB.B mice might respond to other
epitopes of HCV not tested with the present peptides.
Mice. BALB/c mice were purchased from Charles River
Laboratories and BALB.B mice were bred in our own colony
15 from breeders kindly provided by Dr. F. Lilly (Albert
Einstein College of Medicine, New York). Mice used were
8 weeks old.
Recombinant Vaccinia Viruses Expressing NS5 Protein.
The region of the HCV genome coding for amino acids 1959
20 through 2872, representing most of the predicted NS5
region based on analogy to flaviviruses, was cloned into
vaccinia virus under the P7.5 promoter as described by
Chakrabarti et al. (7). The resulting recombinant
vaccinia virus was designated VvHCV#3. HCV viral RNA was
25 extracted from the liver biopsy of a chimpanzee acutely
infected with the H strain of HCV (FDA isolate of the
HCV/H (19). The RNA was reverse transcribed and
amplified by the polymerase chain reaction using specific
HCV primers as previously described (9). The 5' primer
30 included an ATG sequence at its 5' end. This PCR product
was ligated into the Stul site of the pSCllss transfer
vector and then inserted into vaccinia virus by
homologous recombination. The vaccinia was amplified in
BS-C-1 cells and used for immunizing the mice to generate
35 HCV NS5-specific CTL.
vSC8 (recombinant vaccinia virus containing the
Escherichia coli lacZ gene), and VSC25 (recombinant
vaccinia virus expressing the HIV-1 IIIB gpl60 envelope
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glycoprotein without other structural or regulatory
proteins of HIV), obtained from Dr. Bernard Moss, NIAID,
NIH, have been described (7) and were used as a control
vaccinia for immunizing the mice.

5 CTL Generation. Mice were immunized intravenously
with 10’ PFU of recombinant vaccinia virus. 4-6wk later,
immune spleen cells (5x10°/ml in 24-well culture plates
in complete T cell medium (CTM; 1:1 mixture of RPMI 1640
and EHAA medium containing 10% FCS, 2mM L-glutamine,

10 100U/ml1 penicillin, 100ug/ml streptomycin and 5x10° M
2-ME) were restimulated for 6d in vitro with peptides and
10% Con A supernatant-containing medium (rat T cell
Monoclone; Collaborative Research, Inc., Bedford, MA).
Lymphocytes were restimulated with peptides rather
15 than with the recombinant vaccinia virus wused for
immunization, because experience with other antigens
showed that restimulation of recombinant vaccinia-immune
spleen cells with recombinant vaccinia virus leads to a
predominant response to the vaccinia and difficulty
20 detecting weaker CTL responses to peptides from the
inserted recombinant gene. However, this problem did not
occur with P17, as shown in Table 1 (below).
Logistically, it was not practical to perform an
experiment in which all 28 peptides were used to
25 stimulate individual effector populations. Therefore,
mixtures of three peptides each (at 4 uM) were used to
stimulate separate populations of lymphocytes. Each
resulting population of effector cells was tested against
the three peptides in the corresponding mixture
30 individually. However, stimulation with a mixture of all
candidate T cell epitope peptides was avoided to prevent
missing sites that might compete with each other for
binding to MHC (20).
Experience has shown that the frequency of peptides
35 binding to a given class I molecule is low enough, and
the frequency of finding a peptide that can compete at a
concentration as low as 4 uM is sufficiently low, that it
would be unlikely that a positive response was missed



WO 93/25575 PCT/US93/05434
- 31 -

because of competition between two peptides in a mixture
of three at 4 uM. Nevertheless, such competition cannot
be formally excluded as one of many possible reasons for
negative results with some of the peptides.

5 Long-term CTL 1lines were also generated by -
repetitive stimulation of immune cells in medium
containing rat IL-2 with a combination of 0.5-1 uM
peptide and syngeneic spleen cells (2.5x10° cells/ml)
that had been pulsed with peptides at 10 uM for 4 h and

10 then irradiated.
CTL Assay. Cytolytic activity of in vitro secondary
CTL or CTL lines was measured as previously described
(57,62) using a 6-hour assay with SCr-labelled targets.
For testing peptide specificity of CTL, effectors and
15 sicr-labeled  targets were mixed with  various
concentrations of peptide, or effectors were cocultured
with peptide-pulsed targets. The percent specific Jlcr
release was calculated as 100 x {(experimental
release-spontaneous release) / (maximunm release-
20 spontaneous release)]. Maximum release was determined
from supernatants of cells that were lysed by addition of
5% Triton-X 100. Spontaneous release was determined from
targets cells incubated without added effector cells. The
18Neo (H-2%; class I MHC*, class II MHC neomycin-
25 resistance gene transfected 3T3 fibroblast (57), L cell
(L28; H-2%), and EL4 thymoma cell (H-2°) were used as

targets.
EXAMPLE 3
SPECIFICITY OF THE T CELL EPITOPE THAT INDUCES A
30 CYTOTOXIC T CELL RESPONSE AGAINST CELLS EXPRESSING

HEPATITIS C VIRUS NS5 PROTEIN

Identification of the class of MHC molecule that

presents peptide 17. Because class II-negative
fibroblast targets were used to detect CTL, and lysis was

35 restricted under MHC-linked control, P17 probably was
presented by class I MHC molecules to CTL in the
lymphocytes taken from H-2! mice immunized with vaccinia

virus expressing NS5 protein. The failure of the BALB.B
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(H-2°) mice to respond to any peptide tested suggests
that H-2® class I MHC molecules cannot present this
peptide. .

Cross-reactivity of natural sequence variants of the

5 NS5 T cell epitope. The FDA isolate (SEQ ID NO:2) of HCV
used to make the vaccinia recombinant VHCV was found to
differ in the P17 sequence (SEQ ID NO:1) from the Chiron
HCV1l sequence (26) by one residue, and from a Japanese
sequence (SEQ ID NO:3) which was conserved at this site

10 in two independent Japanese isolates (29,60), by another
single residue (Fig. 1A SEQ ID NOS. 1-3). Because mice
were immunized with VHCV expressing the FDA sequence but
the CTL were restimulated with and tested on targets
pulsed with the P17 peptide made according to the Chiron

15 sequence, the CTL were expected to crossreact with these
two variants of HCV.

To demonstrate this cross-reactivity directly, two
variant P17 peptides were prepared, with amino acid
substitutions at positions 2425 and/or 2431,

20 . corresponding to the FDA (P17FDA SEQ ID NO:2) and
Japanese isolates (P17JPN SEQ ID NO:3) (Fig. 1A SEQ ID
NOS. 2 AND 3). Responses to such variant peptides,
differing at one or two residues, would define the effect
of naturally occurring viral mutation on peptide

25 presentation by the H-2? class I MHC molecules and on
recognition by the T cell receptor of the NS5-specific
CTL.

Specificity of CTL for NS5 was demonstrated at the

level of lymphocyte priming in vivo, restimulation in
30 vitro, and expression on the target cells in the CTL

assay (Table 1, below). Only the recombinant vaccinia

virus expressing the NS5 gene (VHCV), but not the control

vaccinia viruses (vSC8, VvSC25), primed mice for

development of CTL specific for P17 or P17 variants
35 (Table 1, below).
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TABLE 1
Priming and boosting requirements for CTL induction in H-2¢ mice
Immuni- Restimu- % Spaclfic lysis
2ation lation
vHCV vSCo P17 | PI7FDA | P17JPN | P18uIB unpulsed

none P17 0.7 0.6 1.4 0.5
P17FDA 0.8 1.0 2.9 2.9
P17JPN 0.0 0.2 1.2 3.2
VHCV 0.1 0.2 1.3 0.4 20 2.9

vsC8 P17 1.2 0.4 3.0 0.3
P17FDA 1.1 0.8 2.3 3.2
P17JPN 0.8 0.6 2.6 0.6
vHCV 41.6 37.1 0.9 0.3 -0.1 0.9
vSC8 47.6 445 2.8 0.5 1.9 0.4

vSC26 P18IIB 0.8 0.5 1.8 63.3 2.3
P17 0.1 1.7 0.2
P17FDA 0.4 1.7 0.3
P17JPN 14 1.8 0.3
VHCV 37.9 40.5 0.3 0.4 0.1 3.2 0.8

vHCV P17 34 427 38.0 37.9 3.3 0.5
P17 1M 3.7 33.8 32.4 31.9 14 0.7
P17 0.1uM 1.1 171 12.8 12.8 3.3 0.0
P17FDA 6.8 34.9 30.7 36.1 2.2 2.0
P17JPN 45 39.7 38.7 35.8 25 1.8
vHCV 62.4 41.2 334 31.9 32.7 2.4 0.5
vscs 48.1 41.7 1.1 1.6 0.0 2.2 0.5
P18IIB 2.2 0.8 1.8 0.8 1.6 1.6 0.5

More particularly, the ability of recombinant
vaccinia viruses to prime and stimulate CTL specific for
the products of inserted viral genes was used to generate
CTL specific for HCV NS5 in BALB/c (H-2Y mice.

5 Non-immune or immune spleen cells were restimulated with

P17 or P17 variants at 10uM (or at concentrations
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indicated in Table 1; 0.1 or 1 uM of P17), P18IIIB at 0.1
UM, or vaccinia (VvHCV, vSC8, or vSC25), and tested
against vaccinia virus infected 18Neo, 18Neo pulsed with
P18IIIB at 1 uM (an immunodominant CTL site, 315-329, of
5 HIV-1 gpl60 IIIB isolate) and unpulsed 18Neo in the
presence of the P17, P17 variant peptides (10 uM), or no
peptide at an E:T ratio of 100:1. Lysis in the absence
of peptide was <4%. No toxicity of peptides against
targets was observed. Spontaneous release was less than

10 20% of maximum release. Abbreviations in Table 1 are as
follows: VHCV, recombinant vaccinia virus expressing NS5
of HCV; vSC8 and vSC25, control vaccinia virus and
recombinant vaccinia virus expressing HIV-1 gpl60,
respectively; 18Neo, BALB/c 3T3 fibroblast, H-29.

15 Titration of peptide concentrations used for
stimulation of immunized spleen cells demonstrated that
lysis specific for P17 was induced at low concentration
of peptide, 0.1 uM (Table 1). P17 required approximately
1-10 uM peptide for the stimulation of immune spleen

20 cells to elicit the highest level of 1lysis against
H-2-matched peptide-pulsed target cells. P17, P17FDA,
and P17JPN were nearly interchangeable both for
stimulation of CTL and for sensitization of targets
(Table 1). Similar results were obtained in two

25 independent experiments. Thus, complete crossreactivity
between these variants was observed.

Long-term CTL lines specific for P17 and P17FDA were
established by repetitive stimulation of spleen cells
from VHCV-immunized mice with peptide-pulsed irradiated

30 syngeneic spleen cells and IL-2 (Con A supernatant)
(Figure 2). The CTL lines stimulated with P17 or P17FDA
(position 2425, S->T) manifested highly specific lysis of
targets with each peptide, respectively. In the
titration study, P17 and P17 variants sensitized target

35 cells at similar 1levels for 1lysis by the CTL 1lines
(between 0.01 and 10 uM; Fig. 2).

The extent of lysis reached a plateau in the presence
of each peptide at concentrations above 0.1 uM. The
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maximum lysis achievable with P17 was comparable to the
maximum lysis achievable with two other P17 variants at
similar concentrations of peptide using the two different
lines specific for P17 and P17FDA. Thus, these mutated
5 residues did not affect the magnitude of response or
concentration dependence, and the peptides were fully
crossreactive. CTL stimulated in vitro with any of the
three variants of the P17 peptide lysed targets in the
presence of all three P17 variant peptides equally well
10 (Table 1).

Therefore, conservative point mutations in the P17
sequence at which the four clones of HCV isolated in the
USA and Japan differ did not affect either peptide
interaction with H-2? class I MHC molecules or

15 recognition by the T cell receptor.

Recognition of processed NS5 protein by CTL induced
with peptide. The CTL lines that were generated by
repeated in vitro stimulation with peptide were shown to
recognize target cells presenting the processed products

20 of endogenously synthesized NS5 protein, not just the
peptide. Thus, the CTL lines restricted by H-2° (BALB/c)
were able to kill the vVHCV-infected syngeneic target
cells (18Neo cells, BALB/c 3T3 fibroblasts transfected
with the neomycin resistance gene) endogenously

25 expressing NS5, as well as 18Neo cells pulsed with P17 or
P17FDA, but not the control targets, unpulsed or P18IIIB
pulsed 18Neo (Fig. 3). _

Therefore, the CTL response generated with peptides
of this invention is specific for target cells presenting

30 processed products of endogenously synthesized NS5, not
just exogenous peptide.

Identification of T cell type by blocking of CTL
response with antibodies. Treatment of the CTL cell
lines specific for P17 with anti-CD8 monoclonal antibody,

35 but not anti-CD4 antibody, reduced or abrogated cytotoxic
activity on target cells (Fig.4). Culture supernatant of
hybridomas GK1.5 or 2.43 containing anti-L3T4 (anti-CD4,
IgG2b (68) or anti-Lyt 2.2 (anti-CD8 (54)) antibodies,
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respectively, were added to the 96 well plates of CTL
assay, at the indicated concentrations.

These results indicate that the effector cells which
recognize P17 are conventional CD8*CD4  (Lyt2*L3T4) CTL.

5 For H-2'-restricted peptide-specific CTL lines in BALB/c,
18Neo cells expressing class I but not class II MHC gene
products were used as targets. Therefore, these H-2°
restricted CTL 1lines are 1likely to be class I MHC
restricted, as expected for Lyt2* cD8* effector T cells.

10 The P17FDA specific line showed similar results.

Identification of interacting domains of the MHC
molecule using exon-shuffled and wild type class I
transfectants. Transfectants expressing k¢ D!, or IL°
molecules were used to determine which MHC molecule was

15 specifically required for presentation of P17 in the H-2¢
context. Mouse L cell transfectants with D¢, 1L, or exon
shuffles between these have been previously described
(18,36,38,40) and were obtained from Dr. David Margulies,
NIAID. The transfectant expressing K! was developed by

20 Abastado et al. (1) and was obtained from Dr. Keiko Ozato
(NICHD). All transfectant cell lines were examined by
FACS analysis with an appropriate panel of anti-H-2D¢,
anti-H-2K%, and anti-H-2L% mAbs to confirm their expressed
phenotype before the performance of the functional

25 studies reported here.

The targets were pulsed with the indicated peptide
and labeled with *'cr at same time. T37.2.1 (ala2 of DY)
and T4.8.3 (DY) were found to present P17 nearly as well
as the positive control cells (18neo BALB/c 3T3

30 fibroblasts) that express all three H-2 class I MHC
molecules (Fig. 5). Neither K% nor L?! nor any other D%1?
exon-sﬁuffled class I molecule presented P17 to the CTL.

Therefore the al and ¢2 domains were both necessary
and together sufficient to present the peptide of this

35 invention. Identical restriction was found for CTL
recognizing P17FDA in BALB/c.
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EXAMPLE 4
PROVOKING AN IMMUNE RESPONSE TO NS5 PROTEIN OF
HEPATITIS C VIRUS BY ADMINISTERING A PEPTIDE FROM
HEPATITIS C VIRUS NS5 PROTEIN TO A MAMMAL

Formulation of a vaccine and immunization regimen.
Peptide immunization with synthetic peptides to induce
CD8+ CTL can be performed using 50-100 ug of peptide in
complete or incomplete Freund's adjuvant according to the
methods of Aichele, P., et al., J. Exp. Med. 171:1815-
1820 (1990) or Kast, W. K., et al., Proc Natl Acad Sci
USA 88:2283-2287 (1991), or on spleen cells, by the
method of Harty, J. T., et al., J. Exp. Med. 175:1531-
1538 (1992). Protection against viral or bacterial
infections can be achieved by CTL induced by either of
these immunization procedures.

* % %

It will be apparent to those skilled in the art that
varicus modifications and variations can be made to the
compositions of matter and methods of this invention.
Thus, it is intended that the present invention cover the
modifications and variations of this invention provided
they come within the scope of the appended claims and
their equivalents.

For purposes of completing the background description
and present disclosure, each of the published articles,
patents and patent applications heretofore identified in
this specification are hereby incorporated by reference
into the specification in their entirety.

The following documents have been cited in the
specification as indicated by insertion of the following
reference numbers in parentheses.

1. Abastado, J. -P., C. Jaulin, M. =-P. Schutze, P.
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2. Alter, H. J., R. H. Purcell, J. W. Shih, J. C.
Melpolder, M. Houghton, Q. -L. Choo, and G. Kuo.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: BERZOFSKY, Jay A.
SHIRAI, Mutsunori
AKATSUKA, Toshitaka
FEINSTONE, Stephen M.

(ii) TITLE OF INVENTION: PEPTIDE FOR STIMULATION OF CYTOTOXIC T
LYMPHOCYTES SPECIFIC FOR HEPATITIS C VIRUS

(iii) NUMBER OF SEQUENCES: 30

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Foley & Lardner
(B) STREET: 3000 K Street, N.W., Suite 500
(C) CITY: Washington, D.C.
(E) COUNTRY: USA
(F) 2IpP: 20007-5109

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS /MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: PCT (Unknown)
(B) FILING DATE:
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 07/894,063
(B) FILING DATE: 10-JUN-1992

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: BENT, Stephen A.
(B) REGISTRATION NUMBER: 29,768
(C) REFERENCE/DOCKET NUMBER: 40399/162/NIHD

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (202)672-5300
(B) TELEFAX: (202)672-5399

(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Met Ser Tyr Ser Trp Thr Gly Ala Leu Val Thr Pro Cys Ala Ala Glu
1 5 10 15
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{(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
Met Ser Tyr Thr Trp Thr Gly Ala Leu Val Thr Pro Cys Ala Ala Glu
1 5 10 15
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
Met Ser Tyr Thr Trp Thr Gly Ala Leu Ile Thr Pro Cys Ala Ala Glu
1 5 10 15
(2) INFORMATION FOR SEQ ID NO:4:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Arg Arg Leu His Gln Trp Ile Ser Ser Glu Cys Thr Thr Pro Cys Ser
1 5 10 15

Gly Ser Trp Leu
20

(2) INFORMATION FOR SEQ ID NO:5:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Thr Thr Pro Cys Ser Gly Ser Trp Leu Arg Asp Ile Trp Asp Trp Ile
1 5 10 15

Cys Glu Val Leu
20
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(2) INFORMATION FOR SEQ ID NO:6:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Trp Asp Trp Ile Cys Glu Val Leu Ser Asp Phe Lys Thr Trp Leu Lys
1 5 10 1s

Ala Lys Leu Met
20

(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

Gly Thr Met Arg Ile Val Gly Pro Arg Thr Cys Arg Asn Met Trp Ser
1 5 10 15

Gly Thr Phe Pro
20

(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 12
(D) OTHER INFORMATION: /note= "Xaa at positon 12 can be
Gln or Arg"

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 20 :
(D) OTHER INFORMATION: /note= "Xaa at position 20 can be
Thr or Ser"

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:8:

Arg Val Ser Ala Glu Glu Tyr Val Glu Ile Arg Xaa Val Gly Asp Phe
1 5 10 15

His Tyr Val Xaa
20
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* (2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 15
(D) OTHER INFORMATION: /note= "Xaa at positon 15 can be
Thr or Ser"

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

Glu Tyr Val Glu Ile Arg Gln Val Gly Asp Phe His Tyr Val Xaa Gly
1 5 10 15
Met Thr Thr Asp

20

(2) INFORMATION FOR SEQ ID NO:10:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 4
(D) OTHER INFORMATION: /note= "Xaa at position4 can be Val
or Ile"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Pro Cys Gln Xaa Pro Ser Pro Glu Phe Phe Thr Glu Leu Asp Gly Val
1 5 10 15

Arg Leu His Arg
20

(2) INFORMATION FOR SEQ ID NO:11:
(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 20 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

Pro Ser Pro Glu Phe Phe Thr Glu Leu Asp Gly Val Arg Leu His Arg
1 5 10 15

Phe Ala Pro Pro
20
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(2) INFORMATION FOR SEQ ID NO:12:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

Val Ala Val Leu Thr Ser Met Leu Thr Asp Pro Ser His Ile Thr Ala
1 5 . 10 15

(2) INFORMATION FOR SEQ ID NO:13:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

Ile Thr Ala Glu Ala RAla Gly Arg Arg Leu Ala Arg Gly Ser Pro
1 5 10 15

(2) INFORMATION FOR SEQ ID NO:14:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 3
(D) OTHER INFORMATION: /note= "Xaa at position 3 can be
Ala or Glu"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

Glu Arg Xaa Ile Ser Val Pro Ala Glu Ile Leu Arg Lys Ser Arg Arg
1 5 10 15

Phe Ala Gln Ala
20

(2) INFORMATION FOR SEQ ID NO:15:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 1
(D) OTHER INFORMATION: /note= "Xaa at position 1 can be
Ala or Glu"
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

Xaa Ile Ser Val Pro Ala Glu Ile Leu Arg Lys Ser Arg Arg Phe Ala
1 5 10 15

Gln Ala Leu Pro
20

(2) INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

Leu Thr Glu Ser Thr Leu Ser Thr Ala Leu Ala Glu Leu Ala Thr Arg
1 5 .10 15

Ser Phe Gly Ser
20

(2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

Ala Thr Arg Ser Phe Gly Ser Ser Ser Thr Ser Gly Ile Thr Gly
1 5 10 15

(2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

Glu Gln Lys Leu Pro Ile Asn Ala Leu Ser Asn Ser Leu Leu Arg His
1 5 10 15

His Asn

(2) INFORMATION FOR SEQ ID NO:19:

(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 21 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

Leu Gln Val Leu Asp Ser His Tyr Gln Asp
1 5 10

Ala Ala Ala Ser Lys
20

(2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NRME/KEY: Modified-site
(B) LOCATION: 2
(D) OTHER INFORMATION: /note= "Xaa
or Val"
(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 20
(D) OTHER INFORMATION: /note= "Xaa
Asn or Ser"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
His Xaa Arg Lys Ala Val Thr His Ile Asn
1 5 10
Leu Glu Asp Xaa
20

(2) INFORMATION FOR SEQ ID NO:21:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ix) FEATURE:
(R) NAME/KEY: Modified-site
(B) LOCATION: 3
(D) OTHER INFORMATION: /note=
Thr or Ala"

"Xaa

(ix) FEATURE:
(R) NAME/KEY: Modified-site
(B) LOCATION: 16
(D) OTHER INFORMATION: /note=
Asn or Ser"

"Xaa

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 17
(D) OTHER INFORMATION: /note=
Val or Phe"

"Xaa

PCT/US93/05434

Val Leu Lys Glu Val Lys
15

at positon 2 can be Ala

at position 20 can be

Ser Val Trp Lys Asp Leu
15

at position 3 can be

at position 16 can be

at positon 17 can be
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

"Ala Val Xaa His Ile Asn Ser Val Trp Lys Asp Leu Leu Glu Asp Xaa
1 5 10 15

Xaa Thr Pro Ile
20

(2) INFORMATION FOR SEQ ID NO:22:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

Pro Asp Leu Gly Val Arg Val Cys Glu Lys Met Ala Leu Tyr Asp Val
1 5 10 15

(2) INFORMATION FOR SEQ ID NO:23:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/REY: Modified-site
(B) LOCATION: 8
(D) OTHER INFORMATION: /note= "Xaa at position 8 can be
Thr or Ser"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

Met Ala Leu Tyr Asp Val Val Xaa Lys Leu Pro Leu Ala Val Met
1 5 10 15

(2) INFORMATION FOR SEQ ID NO:24:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

Gln Ala Arg Val Ala Ile Lys Ser Leu Thr Glu Arg Leu Tyr Val Gly
1 5 10 15

(2) INFORMATION FOR SEQ ID NO:25:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

Ala Ser Gly Val Leu Thr Thr Ser Cys Gly Asn Thr Leu Thr Cys Tyr
1 5 10 15

Ile Lys Ala

(2) INFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 3
(D) OTHER INFORMATION: /note= "Xaa at position 3 can be
Cys or Arg"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:

Ala Ala Xaa Arg Ala Ala Gly Leu Gln Asp Cys Thr Met Leu Val Cys
1 5 10 15

(2) INFORMATION FOR SEQ ID NO:27:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ix) FEATURE:
(R) NAME/KEY: Modified-site
(B) LOCATION: 14
(D) OTHER INFORMATION: /note= "Xaa at position 14 can be
Ala or Val" :

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 20
(D) OTHER INFORMATION: /note= "Xaa at positon 20 can be
Ala or Val"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:

Val Gln Glu Asp Ala Ala Ser Leu Arg Ala Phe Thr Glu Xaa Met Thr
1 5 10 15

Arg Tyr Ser Xaa
20

(2) INFORMATION FOR SEQ ID NO:28:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
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(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 12
(D) OTHER INFORMATION: /note= "Xaa at position 12 can be
Ala or Vval"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

Arg Ala Phe Thr Glu Ala Met Thr Arg Tyr Ser Xaa Pro Pro Gly Asp
1 5 10 15

Pro Pro Gln Pro
20

(2) INFORMATION FOR SEQ ID NO:29:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:

His Thr Pro Val Asn Ser Trp Leu Gly Asn Ile Ile Met
1 5 10

(2) INFORMATION FOR SEQ ID NO:30:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 4
(D) OTHER INFORMATION: /note= "Xaa at position 4 can be
Gly or Ala"

(ix) FEATURE:
(R) NAME/KEY: Modified-site
(B) LOCATION: 12
(D) OTHER INFORMATION: /note= "Xaa at position 12 can be
Leu or Val"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:

Glu Ile Tyr Xaa Ala Cys Tyr Ser Ile Glu Pro Xaa Asp Leu Pro
1 5 10 15
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WHAT IS CIATMED IS:

1. A peptide that comprises a first
segment of at least 8 consecutive residues from a
sequence selected from the group consisting of
MSYSWTGALVTPCAAE (SEQ ID NO:1), MSYTWTGALVTPCAAE
(SEQ ID NO:2) and MSYTWTGALITPCAAE (SEQ ID NO:3),
such that said segment is a T cell epitope that
induces a cytotoxic T cell response in lymphocytes
of a mammal against cells that express hepatitis C
virus NS5 protein, wherein said peptide is at least
8 residues and less than 50 residues in length.

2. A peptide according to claim 1,
further comprising a second segment that is another
T cell epitope.

3. A peptide according to claim 1,
further comprising a second segment that is a B cell
epitope.

4. A peptide according to claim 1,
further comprising, at a terminus of said peptide,
a linker and, affixed to said linker, a substance
selected from the group consisting of a label, a
solid matrix and a carrier.

5. A peptide according to claim 1,
further comprising an agent conjugated to said
peptide that provokes an immune response.

6. A method of detecting in lymphocytes
of a mammal cytotoxic T cells that respond to a T
cell epitope of NS5 protein of hepatitis C virus,
comprising the steps of:

(a) contacting target cells with a
peptide according to claim 1, wherein said
target cells are MHC-compatible with
lymphocytes to be tested for said cytotoxic T
cells;

(b) contacting said lymphocytes to be
tested for said cytotoxic T cells with a
peptide according to claim 1; and
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(c) determining whether said lymphocytes
exert a cytotoxic effect on said target cells,
thereby indicating the presence of said
lymphocytes that recognize a T-cell epitope of
NS5 protein of hepatitis C virus.

7. A method of provoking in a mammal an
immune response to NS5 protein of hepatitis C virus,
comprising administering to said mammal an amount of
a peptide according to claim 1 that is effective for
inducing a cytotoxic T cell response against cells
expressing hepatitis C virus NS5 protein.
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Pep- Residue Sequence Amphipathic
tide Nos. Score
3 (1958-1977) RRLHEHQWISSECTTPCSGSWL 18.0
4 (1969-1988) TTPCSGSWLRDIWDWICEVL 26.8
5 (1981-2000) WDWICEVLSDFKTWLKAKLM 22.6
6 (2042-2061) GTMRIVGPRTCRNMWSGTFP 20.8
7 (2089-2103) RVSAEEYVEIRQVGDFHYVT 25.9
R S
8 (2089-2108) EYVEIRQVGDFHYVTGMTTD 23.9
S
9 (2113-2132) PCQVYPSPEFFTELDGVRLHR 18.1
X
10 (2117-2136) PSPEFFTELDGVRLHRFAPP 24 .1
11l (2168-2183) VAVLTSMLTDPSHITA 14.1
12 (2180-2195) ITAEAAGRRLARGSP 11.2
13 (2265-2284) ERAISVPAEILRKSRRFAQA 19.6
E
14 (2267-2286) AISVPAEILRKSRRFAQALP 19.3
E
15 (2335-2354) LTESTLSTALAELATRSFGS 22.1
16 (2348-2362) ATRSFGSSSTSGITG 8.3
17 (2422-2437) MSYSWTGALVTPCAAE 13.2
17FDA MSYTWTGALVTPCAAE
17JPN MSYTWTGALITPCAAE
18 (2438-2455) EQKLPINALSNSLLRHHN 16.1
19 (2477-2497) LQVLDSHYQDVLKEVKAAASK 29.8
20 (2531-2550) HARKAVTHINSVWKDLLEDN 28 .0
v S
21 (2535-2554) AVIHINSVWKDLLEDNVTPI 28 .7
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FIG. 1B(2) BALB.B
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