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Description

GOVERNMENTAL SUPPORT

[0001] This work was supported by National Cancer Institute/National Institutes of Health grant number CA57973.
The government may have certain rights in this invention.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates generally to a novel nucleotide sequence element identified at or near the 3'
terminus of the hepatitis C virus (HCV) viral genome RNA. This element is highly conserved among HCV genotypes
and may be essential for HCV replication.

BACKGROUND OF THE INVENTION

[0003] After the development of diagnostic tests for hepatitis A virus and hepatitis B virus, an additional agent, which
could be experimentally transmitted to chimpanzees (Alter et al, 1978; Hollinger et al, 1978; Tabor et al, 1978), became
recognized as the major cause of transfusion-acquired hepatitis. cDNA clones corresponding to the causative non-A
non-B (NANB) hepatitis agent, called hepatitis C virus (HCV), were reported in 1989 (Choo et al, 1989). This break-
through has led to rapid advances in diagnostics, and in our understanding of the epidemiology, pathogenesis and
molecular virology of HCV (see Houghton et al, 1994 for review). Evidence of HCV infection is found throughout the
world and the prevalence of anti-HCV antibodies ranges from 0.4-2% in most developed countries to more than 14%
in Egypt (Hibbs et al, 1993). Besides transmission via blood or blood products, or less frequently by sexual and con-
genital routes, sporadic cases, not associated with known risk factors, occur and account for more than 40% of HCV
cases (Alter et al, 1990; Mast and Alter, 1993). Infections are usually chronic (Alter et al, 1992) and clinical outcomes
range from an inapparent carrier state to acute hepatitis, chronic active hepatitis, and cirrhosis which is strongly asso-
ciated with the development of hepatocellular carcinoma. Although alpha IFN has been shown to be useful for the
treatment of some patients with chronic HCV infections (Davis et al, 1989; DiBisceglie et al, 1989) and subunit vaccines
show some promise in the chimpanzee model (Choo et al, 1994), future efforts are needed to develop more effective
therapies and vaccines. The considerable diversity observed among different HCV isolates (for review, see Bukh et
al, 1995), the emergence of genetic variants in chronically infected individuals (Enomoto et al, 1993; Hijikata et al,
1991; Kato et al, 1992; Kato et al, 1993; Kurosaki et al, 1993; Lesniewski et al, 1993; Ogata et al, 1991; Weiner et al,
1991; Weiner et al, 1992), and the lack of protective immunity elicited after HCV infection (Farci et al, 1992; Prince et
al, 1992) present major challenges towards these goals.

Molecular biology of HCV

[0004] Classification. Based on its genome structure and virion properties, HCV has been classified as a separate
genus in the flavivirus family, which includes two other genera: the flaviviruses [such as yellow fever virus (YF)] and
the animal pestiviruses [bovine viral diarrhea virus (BVDV) and classical swine fever virus (CSFV)] (Francki et al, 1991).
All members of this family have enveloped virions that contain a positive-strand RNA genome encoding all known virus-
specific proteins via translation of a single long open reading frame (ORF; see below).
[0005] Structure and physical properties of the virion. Little information is available on the structure and replication
of HCV. Studies have been hampered by the lack of a cell culture system able to support efficient virus replication and
the typically low titers of infectious virus present in serum. The size of infectious virus, based on filtration experiments,
is between 30-80 nm (Bradley et al, 1985; He et al, 1987; Yuasa et al, 1991). HCV particles isolated from pooled human
plasma (Takahashi et al, 1992), present in hepatocytes from infected chimpanzees, and produced in cell culture (Shimi-
zu et al, 1994a) have been visualized (tentatively) by electron microscopy. Initial measurements of the buoyant density
of infectious material in sucrose yielded a range of values, with the majority present in a low density pool of < 1.1 g/ml
(Bradley et al, 1991). Subsequent studies have used RT/PCR to detect HCV-specific RNA as an indirect measure of
potentially infectious virus present in sera from chronically infected humans or experimentally infected chimpanzees.
From these studies, it has become increasingly clear that considerable heterogeneity exists between different clinical
samples, and that many factors can affect the behavior of particles containing HCV RNA (Hijikata et al, 1993; Thomssen
et al, 1992). Such factors include association with immunoglobulins (Hijikata et al, 1993) or low density lipoprotein
(Thomssen et al, 1992; Thomssen et al, 1993). In highly infectious acute phase chimpanzee serum, HCV-specific RNA
is usually detected in fractions of low buoyant density (1.03-1.1 g/ml) (Carrick et al, 1992; Hijikata et al, 1993). In other
samples, the presence of HCV antibodies and formation of immune complexes correlate with particles of higher density
and lower infectivity (Hijikata et al, 1993). Treatment of particles with chloroform, which inactivates infectivity (Bradley
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et al, 1983; Feinstone et al, 1983), or with nonionic detergents, produces RNA containing particles of higher density
(1.17-1.25 g/ml) believed to represent HCV nucleocapsids (Hijikata et al, 1993; Kanto et al, 1994; Miyamoto et al, 1992).
[0006] There have been many reports of varying levels of negative-sense HCV-specific RNAs in sera and plasma
(see Fong et al, 1991). However, it seems unlikely that such RNAs are essential components of infectious particles
since some sera with high infectivity can have low or undetectable levels of negative-strand RNA (Shimizu et al, 1993).
The virion protein composition has not been rigorously determined, but putative HCV structural proteins include a basic
C protein and two membrane glycoproteins, E1 and E2.
[0007] HCV replication. Early events in HCV replication are poorly understood. Cellular receptors for the HCV glyc-
oproteins have not been identified. The association of some HCV particles with beta-lipoprotein and immunoglobulins
raises the possibility that these host molecules may modulate virus uptake and tissue tropism. Studies examining HCV
replication have been largely restricted to human patients or experimentally inoculated chimpanzees. In the chimpan-
zee model, HCV RNA is detected in the serum as early as 3 days post-inoculation and persists through the peak of
serum alanine aminotransferase (ALT) levels (an indicator of liver damage) (Shimizu et al, 1990). The onset of viremia
is followed by the appearance of indirect hallmarks of HCV infection of the liver. These include the appearance of a
cytoplasmic antigen (Shimizu et al, 1990) and ultrastructural changes in hepatocytes such as the formation of micro-
tubular aggregates for which HCV previously was referred to as the chloroform-sensitive "tubule forming agent" or
"TFA" (reviewed by Bradley, 1990). As shown by the appearance of viral antigens (Blight et al, 1993; Hiramatsu et al,
1992; Krawczynski et al, 1992; Yamada et al, 1993) and the detection of positive and negative sense RNAs (Fong et
al, 1991; Gunji et al, 1994; Haruna et al, 1993; Lamas et al, 1992; Nouri Aria et al, 1993; Sherker et al, 1993; Takehara
et al, 1992; Tanaka et al, 1993), hepatocytes appear to be a major site of HCV replication, particularly during acute
infection (Negro et al, 1992). In later stages of HCV infection the appearance of HCV-specific antibodies, the persistence
or resolution of viremia, and the severity of liver disease, vary greatly both in the chimpanzee model and in human
patients. Although some liver damage may occur as a direct consequence of HCV infection and cytopathogenicity, the
emerging consensus is that host immune responses, in particular virus-specific cytotoxic T lymphocytes, may play a
more dominant role in mediating cellular damage (see Rice and Walker, 1995 for review).
[0008] It has been speculated that HCV may also replicate in extra hepatic reservoir(s), particularly in chronically
infected individuals. In some cases, RT/PCR or in situ hybridization has shown an association of HCV RNA with pe-
ripheral blood mononuclear cells including T-cells, B-cells, and monocytes (Blight et al, 1992; Bouffard et al, 1992; Gil
et al, 1993; Gunji et al, 1994; Moldvay et al, 1994; Nuovo et al, 1993; Wang et al, 1992; Young et al, 1993; Yun et al,
1993; Zignego et al, 1992). Such tissue tropism could be relevant to the establishment of chronic infections and might
also play a role in the association between HCV infection and certain immunological abnormalities such as mixed
cryoglobulinemia (reviewed by Ferri et al, 1993), glomerulonephritis, and rare non-Hodgkin's B-lymphomas (Ferri et
al, 1993; Kagawa et al, 1993). However, the detection of circulating negative strand RNA in serum, the difficulty in
obtaining truly strand-specific RT/PCR (Gunji et al, 1994), and the low numbers of apparently infected cells have made
it difficult to obtain unambiguous evidence for replication in these tissues in vivo.
[0009] Although a cell culture system capable of efficient HCV replication has not been developed, some progress
has been made. Consistent with the in vivo observations mentioned above, in vitro HCV infection and short term
replication have been reported for chimpanzee and human hepatocytes (Carloni et al, 1993; lacovacci et al, 1993;
Lanford et al, 1994), a human hepatoma line (Huh7; Yoo et al, 1995, see below), peripheral blood leukocytes (Muller
et al, 1993), a human B-cell line expressing EBV antigens (Bertolini et al, 1993), a mouse retrovirus-infected human
T-cell line (Molt4-Ma; Shimizu et al, 1992), an HTLV-1 transformed human T-cell line (MT-2; Kato et al, 1995), and
fibroblasts derived from human foreskin (Zibert et al, 1995). Thus far, only a small fraction of these cells appear infected.
In vitro infectivity of different HCV inocula using a permissive subclone of the Molt4-Ma T-cell line correlates well with
their in vivo infectivity in the chimpanzee model (Shimizu et al, 1993). This cell line has also been used to begin ex-
amining HCV binding and the possible emergence of neutralization escape mutants during chronic infection (Shimizu
et al, 1994b).
[0010] Genome structure. Full-length or nearly full-length genome sequences of numerous HCV isolates have been
reported (see Lin et al, 1994; Okamoto et al, 1994; Sakamoto et al, 1994 and citations therein). Given the considerable
genetic divergence among isolates, it is clear that several major HCV genotypes are distributed throughout the world
(see below). Those of greatest importance in the U.S. are genotype 1, subtypes 1a and 1b. HCV genome RNAs are
about 9.4 kilobases in length. The 5' NTR is 341-344 bases and is the most conserved RNA sequence element in the
HCV genome. The length of the long ORF varies slightly among isolates, encoding polyproteins of 3010, 3011 or 3033
amino acids. The reported 3' NTR structures show considerable diversity both in composition and length (28-42 bases),
and appear to terminate with poly (U) (for examples, see Chen et al, 1992; Okamoto et al, 1991; Tokita et al, 1994)
except in one case (HCV-1, type 1a) which appears contain a 3' terminal poly (A) tract (Han et al, 1991). EP-A- 0 510
952 describes oligonucleotide primers for high-fidelity detection of non-A, non-B hepatitis virus.
[0011] Translation and proteolytic processing. Several studies have used cell-free translation and transient expres-
sion in cell culture to examine the role of the 5' NTR in translation initiation (Fukushi et al, 1994; Tsukiyama-Kohara et
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al, 1992; Wang et al, 1993; Yoo et al, 1992). This highly conserved sequence contains multiple short AUG-initiated
ORFs and shows significant homology with the 5' NTR region of pestiviruses (Bukh et al, 1992; Han et al, 1991). A
series of stem-loop structures have been proposed on the basis of computer modeling and sensitivity to digestion by
different ribonucleases (Brown et al, 1992; Tsukiyama-Kohara et al, 1992). Although still controversial (see Wang et
al, 1993; Yoo et al, 1992), the results from several groups indicate that this element functions as an internal ribosome
entry site (IRES) allowing efficient translation initiation at the first AUG of the long ORF (Fukushi et al, 1994; Tsukiyama-
Kohara et al, 1992; Wang et al, 1993). Some of the predicted features of the HCV and pestivirus IRES elements are
similar to one another (Brown et al, 1992). It has been proposed that the 5' terminal hairpin structure and the short
ORFs may function to downregulate translation (Yoo et al, 1992). The ability of this element to function as an IRES
suggests that HCV genome RNAs may lack a 5' cap structure.
[0012] The organization and processing of the HCV polyprotein appears to be most similar to that of the pestiviruses.
At least 10 polypeptides have been identified and the order of these cleavage products in the polyprotein is
NH2-C-E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH. Proteolytic processing is mediated by host signal pepti-
dase and two HCV-encoded proteinases, the NS2-3 autoproteinase and the NS3-4A serine proteinase. C is a basic
protein believed to be the viral core or capsid protein; E1 and E2 are putative virion envelope glycoproteins; p7 is a
hydrophobic protein of unknown function that is inefficiently cleaved from the E2 glycoprotein (Lin et al, 1994; Mizushima
et al, 1994; Selby et al, 1994), and NS2-NS5B are likely nonstructural (NS) proteins which function in viral RNA repli-
cation complexes. In particular, besides its N-terminal serine proteinase domain, NS3 contains motifs characteristic of
RNA helicases and has been shown to possess an RNA-stimulated NTPase activity (Suzich et al, 1993); NS5B contains
the GDD motif characteristic of the RNA-dependent RNA polymerases of positive-strand RNA viruses.
[0013] Virion assembly and release. This process has not been examined directly, but the lack of complex glycans,
the ER localization of expressed HCV glycoproteins (Dubuisson et al, 1994; Ralston et al, 1993) and the absence of
these proteins on the cell surface (Dubuisson et al, 1994; Spaete et al, 1992) suggest that initial virion morphogenesis
may occur by budding into intracellular vesicles. Thus far, efficient particle formation and release has not been observed
in transient expression assays, suggesting that essential viral or host factors are missing or blocked. HCV virion for-
mation and release may be inefficient, with a substantial fraction of the virus remaining cell-associated, as found for
the pestiviruses. A recent study indicates that extracellular HCV particles partially purified from human plasma do
contain complex N-linked glycans, although these carbohydrate moieties were not shown to be specifically associated
with E1 or E2 (Sato et al, 1993). Complex glycans associated with glycoproteins on released virions would suggest
transit through the trans Golgi and movement of virions through the host secretory pathway. If this suggestion is correct,
intracellular sequestration of HCV glycoproteins and virion formation might then play a role in the establishment of
chronic infections by minimizing immune surveillance and preventing lysis of virus-infected cells via antibody and com-
plement.
[0014] Genetic variability. As for all positive-strand RNA viruses, the RNA-dependent RNA polymerase of HCV
(NS5B) is believed to lack a 3'-5'exonuclease proof reading activity for removal of misincorporated bases. Replication
is therefore error-prone leading to a "quasispecies" virus population consisting of a large number of variants (Martell
et al, 1992; Martell et al, 1994). This variability is apparent at multiple levels. First, in a chronically infected individual
changes in the virus population occur over time (Ogata et al, 1991; Okamoto et al, 1992) and these changes may have
important consequences for disease. A particularly interesting example is the N-terminal 30 residues of the E2 glyco-
protein which exhibits a much higher degree of variability than the rest of the polyprotein (for examples, see Higashi
et al, 1993; Hijikata et al, 1991; Weiner et al, 1991). There is accumulating evidence that this hypervariable region,
perhaps analogous to the V3 domain of HIV-1 gp120, may be under immune selection by circulating antiviral antibodies
(Kato et al, 1993; Taniguchi et al, 1993; Weiner et al, 1992). In this model, antibodies directed against this portion of
E2 may contribute to virus neutralization and thus drive the selection of variants with substitutions which escape neu-
tralization. This plasticity suggests that a specific amino acid sequence in the E2 hypervariable region is not essential
for other functions of the protein such as virion attachment, penetration, or assembly. Genetic variability may also
contribute to the spectrum of different responses observed after treatment of chronically infected patients with alpha
IFN. Diminished serum ALT levels and improved liver histology, which is sometimes correlated with a decrease in the
level of circulating HCV RNA, is seen in only ,40% of those treated (Greiser-Wilke et al, 1991). After treatment, ap-
proximately 70% of the responders relapse. In some cases, after a transient loss of circulating viral RNA, renewed
viremia is observed even during the course of treatment. While this might suggest the existence or generation of IFN-
resistant HCV genotypes or variants, further work is needed to determine the relative contributions of virus genotype
and host-specific differences in immune responsiveness. Finally, sequence comparisons of different HCV isolates
around the world have uncovered enormous genetic diversity (reviewed in Ref. Bukh et al, 1995). Because biologically
relevant serological assays such as cross-neutralization tests are lacking, HCV types (designated by numbers), sub-
types (designated by letters), and isolates are currently being grouped on the basis of nucleotide or amino acid se-
quence similarity. Amino acid sequence similarity between the most divergent genotypes can be as little as ~50%,
depending upon the protein being compared. This diversity is likely to have important biological implications, particularly
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for diagnostics, vaccine design, and therapy. As mentioned earlier, genotypes 1a and 1b are most common in the U.
S. (see Bukh et al, 1995 for a discussion of genotype prevalence and distribution). Recently, in Yoo et al (1995) T7
transcripts from various derivatives of an HCV-1 cDNA clone were tested for their ability to replicate by transfection of
the human hepatoma cell line, Huh7. Possible HCV replication was assessed by strand-specific RT/PCR (using 5' NTR
primers) and metabolic labeling of HCV-specific RNAs with 3H-uridine. Transcripts terminating with either poly (A) or
poly (U), were positive by these assays but those with a deletion of the 5' terminal 144 bases were not. In some cultures,
HCV-specific RNA could be detected in the culture media and could be used to reinfect fresh Huh7 cells. While these
claims cannot be directly refuted, it seems likely that the authors are not actually detecting authentic HCV replication.
For instance, the authors' positive control was productive transfection of Huh7 cells with RNA extracted from 1 ml of
high HCV titer chimpanzee plasma. This extracted sample would contain a maximum of 107 potentially infectious full-
length HCV RNA molecules. Under optimum transfection conditions (other than microinjection), >105 RNA molecules
of virion RNA (at least for poliovirus, Sindbis virus, or YF) are typically required to initiate a single infectious event. This
suggests that in the HCV-1 experiment fewer than 100 cells would be productively transfected.
[0015] At 16 days post-transfection, both positive- and negative-strand RNAs were readily detected after 8 hours of
metabolic labeling. The detection of negative-strand RNA by this method (both for transfected virion RNA and transcript
RNA) suggests that HCV is capable of both efficient replication and spread, and that the level of HCV RNA synthesis
is similar to that which would be expected for a more robust flavivirus, such as YF (at the peak of a high multiplicity
infection). However, despite numerous attempts, the authors were unable to detect HCV antigens in these cells using
a variety of antisera or full-length positive- or negative-strands by Northern analysis (which is much more sensitive
than metabolic labeling with 3H-uridine) (J. Han, personal communication). To say the least, these results are perplexing
and not easily reconciled with authentic HCV replication. Finally, the critical experiment, demonstrating that RNA or
virus derived from the HCV-1 clone is infectious in the chimpanzee model, has not been reported (despite the initial
presentation of this work at a meeting more than two years ago). Work in other RNA virus systems has shown that
specific terminal sequences can be critical for the generation of functional, replication competent RNAs (reviewed in
Boyer and Haenni, 1994). Such sequences are believed to be involved in initiation of negative- and positive-strand
RNA synthesis. In some cases, a few additional bases, or even longer non-viral sequences, are tolerated at the 5' and
3' termini; these sequences are typically lost or selected against during authentic viral replication. For other RNA viruses,
extra bases, particularly at the 5' terminus, are deleterious (Boyer and Haenni, 1994). In contrast, except in a few
cases, transcripts lacking authentic terminal sequences are non-functional (Boyer and Haenni, 1994). For instance,
deletion of the 3' terminal secondary structure or conserved sequence elements in the 3' NTR of flavivirus genome
RNA is lethal for YF (P. J. Bredenbeek and C.M.R., unpublished) or TBE (C. Mandl, personal communication) RNA
replication.
Given the importance of these sequence elements for other viruses, it is clear that a more rigorous determination of
the HCV terminal sequences needed to be made.

SUMMARY OF THE INVENTION

[0016] In view of the aforementioned deficiencies attendant with prior art HCV cDNA clones and cell culture systems
for the analysis of HCV replication, and for the development of therapeutic compositions therefor, it is evident that there
exists a need in the art for identification of particularly the 3' terminal sequence of HCV which can be incorporated into
a full-length cDNA clone capable of yielding infectious RNA transcripts, which then can be used as target sequences
for the production of attenuated HCV for vaccines, and which can be used as targets for therapeutic compositions.
[0017] In accordance with the present invention, nucleotide sequences derived from cloned cDNA are provided which
encode an HCV 3' terminal RNA element. The newly discovered 3' element in particular is highly conserved among
HCV genotypes, and is a general feature of the HCV RNA genome.
[0018] The present invention includes a poly (UC) tract followed by a 101 nucleotide 3' terminal RNA sequence
element, and to full-length HCV viral genome RNA or derived HCV RNA replicons containing the following sequence:

[0019] The present invention also relates to the complement of this RNA sequence and to full-length HCV negative-
sense RNAs containing the following sequence:
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[0020] The present invention also relates to the DNA sequence corresponding to the 3' NTR element in the positive-
sense HCV qenome RNA:

[0021] The present invention also relates to the DNA sequence corresponding to the complement of the 3' NTR
element present in negative-sense HCV RNA:

[0022] In one aspect, the invention provides an isolated nucleic acid comprising a sequence of at least 15 nucleotides,
said sequence having at least 90% sequence identity to the complementary portion of any one of SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:3 or SEQ ID NO:4, or any one of SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35 or SEQ ID NO:
36 or their complements. The invention also provides an isolated nucleic acid having at least 75% sequence identity
to any one of the sequences SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 or SEQ ID NO:4, or any one of SEQ ID NO:
33, SEQ ID NO:34, SEQ ID NO:35 or SEQ ID NO:36 or their complements. These and other aspects of the invention
are described herein and in the accompanying claims.
[0023] According to a further aspect of the invention, there is provided an oligonucleotide primer comprising at least
15 nucleotides of any one of the sequences SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 or SEQ ID NO:4, or any one
of SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35 or SEQ ID NO:36 or their complements.
[0024] In a further aspect, there is provided a host cell transformed or transfected with the nucleic acid molecule of
the invention.
[0025] In a further aspect, there is provided an attenuated virus comprising a sequence of the invention as defined
above in combination with a sequence which is substantially homolgous to that of HCV-1, HC-J1, HC-J, HCV-BK,
HCV-H, HC-J6, HC-J8, HC-J483, HC-J491, HC-C2, HCV-JK, HCV-N, HCV-T, HCV-JT, HC-G9, HCV-K3a, NLZ1, or
HCV-Tr.
[0026] In a further aspect, there is provided an antisense nucleic acid against a viral genome RNA or its complement
or a recombinant DNA or RNA molecule which upon transcription produces said antisense nucleic acid wherein said
antisense nucleic acid comprises a nucleic acid which is completely complementary to the 3' terminal sequence of
HCV, said 3' terminal sequence of HCV comprising the nucleic acid of any one of claims 1 to 5.
[0027] In a further aspect, there is provided a method for detecting the presence of the 3' NTR of hepatitis C virus
(HCV) in a sample comprising:

(a) contacting the sample with at least one oligonucleotide comprising a sequence of at least 15 nucleotides, said
sequence having at least 75% sequence identity to the complementary portion of any one of SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:3 or SEQ ID NO:4, or any one of SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35 or SEQ ID
NO:36 or their complements;
(b) providing conditions suitable for the hybridization of said oligonucleotide to the 3' NTR of an HCV; and
(c) detecting whether hybridization of said oligonucleotide has occurred.
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[0028] In a further aspect, there is provided a kit for detecting the presence of an HCV 3' NTR in a sample, the kit
comprising an oligonucleotide which is a nucleic acid of the inventon, packaged in a container.
[0029] In a further aspect, there is provided an assay system for screening drugs and other agents for the ability to
modulate the replication of a virus comprising the nucleic acid of the invention, which method comprises:

culturing said virus in the presence of a drug or other agent; and
determining the effect of the drug or other agent on viral replication by measuring the replication of said virus via
the detection of a sequence of at least 15 nucleotides, said sequence having at least 90% sequence identity to
the complementary portion of any one of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:
33, SEQ ID NO:34, SEQ ID NO:35 or SEQ ID NO:36 present; or
determining the binding of said drug or other agent to said sequence.

[0030] In a further aspect, there is provided an oligonucleotide comprising a sequence of the invention as defined
above for use in a method of treatment or diagnosis of hepatitis C virus.
[0031] In a further aspect, there is provided a therapeutic composition for the treatment of cellular debilitations,
derangements and or dysfunctions and/or other disease states in mammals caused by a virus containing the 3' terminal
sequence of an HCV which comprises a sequence of the invention as defined above, said composition comprising a
material selected from the group consisting of said 3' terminal element, its complement, an agent capable of promoting
the production and/or activity of said 3' terminal element, an agent capable of mimicking the activity of said 3' terminal
element, an agent capable of inhibiting the activity of said 3' terminal sequence element, or a specific binding partner
thereto.
[0032] It should be appreciated, that although the sequences SEQ ID NOs:1-4 appear to be "non-coding", it is pos-
sible that the sequences encode a polypeptide of importance for HCV replication. There are two short open reading
frames in the complement of the 3' terminal element which would be at the 5' of the negative-sense RNA followed by
poly(A). These sequences could be expressed via translation of the negative strand RNA (either a full-length negative-
strand or a subgenomic RNA).
[0033] This element, which extends beyond the previously accepted homopolymer tracts of poly(U) or poly(A), can
be used to assemble full-length HCV cDNA clones for HCV-H and other HCV isolates (genotypes, types and subtypes)
(HCV-1 acc.# M62321; HC-J1 acc.# D10749; HC-J acc.# D90208; HCV-BK acc.# M58335; HCV-H acc.# M67463;
HC-J6 acc.# D00944; HC-J8 acc.# D01221; HC-J483 acc.# D13558; HC-J491 acc.# D10750; HC-C2 acc.# D10934;
HCV-JK acc.# X61596; HCV-N acc.# S62220; HCV-T acc.# M84745; HCV-JT acc.# D01171; HCV-JT acc.# D01172;
HC-G9 acc.# D14853; HCV-K3a acc.# D28917; NZL1 acc.# D17763; HCV-Tr acc.# D26556). Such full-length viruses
or derived HCV RNA replicons are useful for the study of HCV replication and virus-host interactions as well as for the
development of screening assays for HCV therapeutics and the evaluation of therapeutic compounds.
[0034] Live-attenuated strains of HCV may be used as vaccines.
[0035] Described herein is a recombinant DNA or RNA molecule or a degenerate variant thereof, which encodes
the 3' HCV terminal sequence element; preferably the nucleic acid contains a sequence with substantially the same
nucleotide sequence as SEQ ID NOS:1-4 or that shown in FIGURE 3 (SEQ ID NOS:20-24; the parts of sequences
downstream of the poly (U) tract only), FIGURE 6 (SEQ ID NOS:28-31) and FIGURE 8 (SEQ ID NOS:33-36) and
sequences forming a secondary structure similar to that of Figure 4 (SEQ ID NO:25), or alternatively, a structure which
may be formed via interaction of the 3' terminal sequence element (or its compliment) with other HCV RNA sequences
(e.g., 5' terminal sequences or other sequences at or near the 3' NTR).
[0036] The sequences of the HCV or portions thereof, may be prepared as probes (or primers for RT-PCR) to screen
for complementary sequences and related clones in the same or alternate species.
Probes or primers so prepared may be provided for screening cDNA libraries, plasma or infected cells for HCV. For
example, the probes may be prepared synthetically and by recombinant DNA with a variety of known vectors, such as
the phage, plasmid or viral vector. Plasmids including such vectors may be prepared. The DNA/RNA sequences may
be used to construct vectors expressing antisense RNA or ribozymes which would attack natural or engineered HCV
RNAs containing any or all of the sequences set forth in FIGURES 3 (SEQ ID NOS:20-24), FIGURE 6 (SEQ ID NOS:
28-31) and FIGURE 8 (SEQ ID NOS:33-36) or as above as SEQ ID NOS:1-4, derivatives of the sequences, or homol-
ogous sequences from other HCV types/subtypes. Correspondingly, antisense RNA and ribozymes may be prepared.
[0037] RNA molecules having the properties noted herein, are described which display the sequences set forth and
described above and selected from SEQ ID NOS:1-4, 20-24, 28-31 and 33-36.
[0038] The full nucleotide sequence of the HCV containing the above determined sequences may be introduced into
an appropriate host. The invention accordingly extends to host cells transfected or transformed with the isolated nucleic
acid of the invention. Further, host cells may be transformed or transfected with cloned HCV sequences and/or RNA
derived therefrom, and more particularly, replication competent and/or complete DNA/RNA sequences assembled us-
ing the sequences, or homologous derivatives set forth above.
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[0039] Certain preferred embodiments of the present invention may be used to provide a trasiently transfected or
stable cell line in order to produce infectious HCV, and attenuated strains of HCV.
[0040] Several means for preparation of the HCV sequences may be used including as illustrated herein known
recombinant techniques, and such synthetic preparations may be used. The isolation of the sequences disclosed herein
facilitates the reproduction of not only the nucleic acid sequences themselves, but also infectious HCV, and attenuated
HCV by such recombinant techniques, and accordingly, the wild type and attenuated HCVs may be so prepared from
the disclosed sequences, and transiently transfected cells or stable cell lines expressing this sequence, replicating
HCV RNA, and/or producing virus may be prepared.
[0041] The invention may also be used in an assay system for screening of potential drugs effective to modulate
replication of HCV in target cells by interrupting or potentiating the viral life cycle. Potentiation would be desirable where
stocks of HCV were to be produced, for use in experimental as well as therapeutic regimes (i.e., vaccinesl. in one
instance, the test drug could be administered to a cellular sample transfected with an infectious HCV, cDNA clone or
replication-competent RNA, to determine its effect upon the replicative activity of the HCV in the presence of any
chemical sample (including DNA or RNA), or to the test drug, by comparison with a control.
[0042] The assay system could more importantly be adapted to identify drugs or other entities that are capable of
binding to the HCV RNA sequences or which bind essential factors interacting with these sequences, thereby inhibiting
or potentiating replication. Such assays would be useful in the development of drugs that would be specific against a
wide range of HCV isolates, due to the conservation of an important 3' terminal sequence motif, identified by SEQ ID
NOS:1-4.
[0043] Antagonists of the activity of HCV, in particular, an agent or molecule that inhibits viral replication or transcrip-
tional activity in general may be identified using the invention. In a specific embodiment, the antagonist can be an
oligonucleotide having the sequence (or its complement) of a portion of a 3' terminal domain of an HCV. Such oligo-
nucleotides may be capable of disrupting strand synthesis required for viral replication, translation of HCV RNA into
protein, or packaging of genome RNA into virus particles.
[0044] The diagnostic utility of the present invention extends to the use of the present 3' terminal sequence in assays
to screen for HCV infection. In particular, probes or PCR primers may be produced which are capable of detecting
HCV infection in blood, or in infected cells. Such probes may be labelled with any detectable label. In the instance
where a radioactive label, such as the isotopes 3H, 14C, 32P, 35S, 36Cl, 51Cr, 57Co, 58Co, 59Fe, 90Y, 125I, 131I, and 186Re
are used, known currently available counting procedures may be utilized. In the instance where the label is an enzyme,
detection may be accomplished by any of the presently utilized colorimetric, spectrophotometric, fluorospectrophoto-
metric, amperometric or gasometric techniques known in the art.
[0045] An assay system may be prepared in the form of a test kit for the quantitative analysis of the extent of the
presence of the HCV sequences, or to identify drugs or other agents that may mimic or block the activity of such
sequences. The system or test kit may comprise a labeled component prepared by one of the radioactive and/or
enzymatic techniques discussed herein, coupling a label to a probe for HCV nucleic acid, or a binding partner thereof,
or a binding partner of the HCV virion itself, and one or more additional immunochemical reagents, at least one of
which is a free or immobilized ligand, capable either of binding with the labeled component, its binding partner, one of
the components to be determined or their binding partner(s).
[0046] Certain embodiments of the present invention may be used in certain therapeutic methods which would be
based upon the activity of the HCV sequences(s), or active fragments thereof, or upon agents or other drugs determined
to possess the same activity. A first therapeutic method is associated with the prevention of infection by HCV, in par-
ticular by providing a vaccine composed of an attenuated HCV, designed by mutating the sequence elements disclosed
herein.
[0047] More specifically, the therapeutic method generally referred to herein could include the method for the treat-
ment of hepatitis or other cellular dysfunctions caused by HCV by the administration of pharmaceutical compositions
that may comprise effective inhibitors of the HCV or its subunits, or other equally effective drugs developed for instance
by a drug screening assay prepared and used in accordance with a further aspect of the present invention. For example,
drugs or other binding partners to the HCV nucleic acid or its encoded proteins, may be administered to inhibit or
potentiate transcriptional activity.
[0048] In particular, HSV or its herein-identified 3' sequence element or fragments thereof, and binding partners
thereto could be prepared in pharmaceutical formulations for administration in instances wherein interferon therapy is
appropriate, such as to treat chronic viral hepatitis or other HCV-associated illnesses.
[0049] Accordingly, it is a principal object of the present invention to provide a novel 3' sequence element of HCV,
as well as full-length HCV genomes which encode wild-type or attenuated HCV bearing this additional sequence.
[0050] It is a further object of the present invention to provide a method for detecting the presence of the HCV in
mammals in which HCV is suspected to be present.
[0051] It is a further object of the present invention to provide a method and associated assay system for screening
substances such as drugs, agents and the like, potentially effective in combating the adverse effects of the HCV in
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mammals.
[0052] It is a still further object of the present invention to provide a method for the treatment of mammals to control
the amount or activity of the HCV or fragments thereof, so as to alter the adverse consequences of such presence or
activity.
[0053] It is a still further object of the present invention to provide a method for the treatment of mammals to control
the amount or activity of the HCV or its subunits, so as to treat or avert the adverse consequences of a pathological state.
[0054] It is a still further object of the present invention to provide pharmaceutical compositions for use in therapeutic
methods which comprise or are based upon the HCV, its sequence elements, their binding partner(s), or upon agents
or drugs that control the production, or that mimic or antagonize the activities of the HCV.
[0055] Other objects and advantages will become apparent to those skilled in the art from a review of the ensuing
description which proceeds with reference to the following illustrative drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056]

FIGURE 1 depicts a method for determining the 3' terminal sequence of HCV. A phosphorylated synthetic oligo-
deoxynucleotide ("oligo A"; 5'-GACTGTTGTGGCCTGCAGGGCCGAATT-3'; SEQ ID NO:5) was ligated to the 3'
end of the RNA to serve as a specific priming site for cDNA synthesis. A primer for cDNA synthesis ("oligo B";(1)5-TT-
GAATTCGACCCTGCAGGCCACAACA-3'; SEQ ID NO:6 or B(2); 5'-TTGAATTCGGCCCTGCAG-
GCCACAACAGTC-3'; SEQ ID NO:7) was complementary to that used for ligation to the RNA; a second positive-
sense primer for PCR corresponded to a sequence near the 3' end of the HCV ORF ("oligo C"; 5'-CAAGTCGACG-
GGGAGACATTTATCACAGC-3'; SEQ ID NO:8).

FIGURE 2 depicts an alignment comparing the portion of the 3' terminal sequence (DNA corresponding to the
positive sense HCV genome RNA) of HCV-H-AAK [SEQ ID NO:11; determined by sequencing of an uncloned
DNA fragment which was synthesized by PCR using an oligo (dA) primer and "oligo C"] between the termination
codon of the ORF and the poly (U) tract with a partial list of published sequences for other HCV isolates (genotypes):
HCV-H(1a) isolate (SEQ ID NO:9); HCV-1(1a) (SEQ ID NO:10); HCV-J1(1a) (SEQ ID NO:12); HCV-BK(1b) (SEQ
ID NO:13); HCV-TW(1b) (SEQ ID NO:14); HCV-N(1b) (SEQ ID NO:15); HCV-J6(2a) (SEQ ID NO:16); HCV-J8
(SEQ ID NO:17); HCV-NZL1(3a) (SEQ ID NO:18); and HCV-Tr(3b) (SEQ ID NO:19).

FIGURE 3 depicts the sequence (DNA corresponding to the positive sense HCV genome RNA) of HCV-H 3' clones
including H77-#1,2 (SEQ ID NO:20), H77-#8 (SEQ ID NO:21), H77-#10 (SEQ ID NO:22), H77-#74 (SEQ ID NO:
23), H77-#5 (SEQ ID NO:24).

FIGURE 4 depicts the computer predicted (FOLDRNA, GCG package) secondary structure of the 3' end of HCV-H
(SEQ ID NO:25). The last 46 nucleotides form a stable stem-loop structure (predicted energy -25 kCal/mol).

FIGURE 5 depicts the scheme used for the RT/PCR amplification and cloning of partial 3' terminal segments from
four different HCV subtypes (1b, 3, 4 and 4a) (SEQ ID NOS:28-31). Briefly, oligo D (5'-TAACATGATCAGCAGA-
GAGGCCAG-3') (SEQ ID NO:26) was annealed to the 3' end of the genomic RNA, and cDNA was synthesized.
Next, PCR was performed using oligo C (SEQ ID NO:8) and oligo E (5'-CTCACGGACCTTTCACAGC-3') (SEQ
ID NO:27). The PCR products were cloned and sequenced.

FIGURE 6 shows an alignment of sequences (5'-3') (DNA sequence corresponding to the positive-sense HCV
genome RNA) determined for 3 segments from HCV subtypes 1b, 3, 4 and 4a amplified and cloned as described
in Figure 5. The termination codon (TGA) is shown in bold.

FIGURE 7 depicts a scheme for 3' end oligonucleotide ligation, RT/PCR and cloning of the HCV RNA from four
different HCV genotypes/subtypes (1b, 3, 4 and 4a). Methods were essentially as outline in Figure 1, except that
oligo F (5'-CCAAGAATTCCCTAGTCACGGCTAGC-3') (SEQ ID NO:32) was used instead of oligo C.

FIGURE 8 shows the sequences (DNA sequence corresponding to the positive-sense HCV genome RNA) (SEQ
ID NOS:33-36) resulting from the analysis described in FIGURE 7. Isolate-specific sequence differences are shown
in bold.

FIGURE 9 depicts a scheme for alternative 3' end primer ligation and RT/PCR for a genotype 4 isolate of HCV. A
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different oligonucleotide ("oligo G"; 5'-CGCACCCTGTCCGACTACAACATCC-3'; SEQ ID NO:37) was used for the
RNA ligation step. Primers used for cDNA synthesis ("oligo H"; CAGAATTCTTGTAGTCGGACAGGGTGCG-3';
SEQ ID NO:38) and for PCR ("oligo F" and "oligo H") are indicated.

FIGURE 10 depicts the predicted structure of a full-length HCV genome RNA (precise numbers refer to HCV-H).
The genome RNA probably initiates with a G residue and contains a 5' non-translated region (NTR) of 341 bases.
The ORF consists of 9033 bases encoding a polyprotein of 3011 amino acid residues. Following the opal (UGA)
stop codon is a sequence of 40 bases, a poly (U) tract, a polypyrimidine stretch, and a novel conserved RNA
element of 101 bases.

DETAILED DESCRIPTION

[0057] In accordance with the present invention there may be employed conventional molecular biology, microbiol-
ogy, and recombinant DNA techniques within the skill of the art. Such techniques are explained fully in the literature.
See, e.g., Maniatis, Fritsch & Sambrook, "Molecular Cloning: A Laboratory Manual" (1989); "Current Protocols in Mo-
lecular Biology" Volumes I-III [Ausubel, R. M., ed. (1994)]; "Cell Biology: A Laboratory Handbook" Volumes I-III [J. E.
Celis, ed. (1994))]; "Current Protocols in Immunology" Volumes I-III [Coligan, J. E., ed. (1994)]; "Oligonucleotide Syn-
thesis" (M.J. Gait ed. 1984); "Nucleic Acid Hybridization" [B.D. Hames & S.J. Higgins eds. (1985)]; "Transcription And
Translation" [B.D. Hames & S.J. Higgins, eds. (1984)]; "Animal Cell Culture" [R.I. Freshney, ed. (1986)]; "Immobilized
Cells And Enzymes" [IRL Press, (1986)]; B. Perbal, "A Practical Guide To Molecular Cloning" (1984).
[0058] Therefore, if appearing herein, the following terms shall have the definitions set out below.
[0059] The terms "3' terminal sequence element," "3' terminus," "3' sequence element," and any variants not spe-
cifically listed, may be used herein interchangeably, and as used throughout the present application and claims refer
to nucleotide sequences having the sequence data described herein and presented in SEQ ID NOS:1-4 or that shown
FIGURE 3 (SEQ ID NOS:20-24; the parts of sequences downstream of the poly (U) tract only), FIGURE 6 (SEQ ID
NOS:28-31) and FIGURE 8 (SEQ ID NOS:33-36) and the profile of properties set forth herein and in the Claims. It
should be appreciated that the terms "3' terminal sequence element," "3' terminus," "3' sequence element," are meant
to encompass all of the following sequences: (i) an RNA sequence at the 3' terminus of the positive-sense genome
RNA; (ii) the complement of this RNA sequence at the 5' terminus of the HCV negative-sense RNA; (iii) the DNA
sequence corresponding to the positive-sense sequence of the RNA element; and (iv) the DNA sequence correspond-
ing to the negative-sense sequence of the RNA element. Examples of such sequences are illustrated in SEQ ID NOS:
1-4, respectively. Accordingly, nucleotide sequences displaying substantially equivalent or altered properties are like-
wise contemplated. These modifications may be deliberate, for example, such as modifications obtained through site-
directed mutagenesis, or may be accidental, such as those obtained through mutations in hosts that are producers of
the complex or its named subunits. Also, the terms "3' terminal sequence," "3' terminus," and "3' sequence element,"
are intended to include within their scope nucleic acid molecules specifically recited herein as well as all substantially
homologous analogs and allelic variations.
[0060] Any amino acid residues described herein are preferred to be in the "L" isomeric form. However, residues in
the "D" isomeric form can be substituted for any L-amino acid residue, as long as the desired functional property of
immunoglobulin-binding is retained by the polypeptide. NH2 refers to the free amino group present at the amino terminus
of a polypeptide. COOH refers to the free carboxy group present at the carboxy terminus of a polypeptide. In keeping
with standard polypeptide nomenclature, J. Biol. Chem., 243:3552-59 (1969), abbreviations for amino acid residues
are shown in the following Table of Correspondence:

TABLE OF CORRESPONDENCE

SYMBOL AMINO ACID

1-Letter 3-Letter

Y Tyr tyrosine
G Gly glycine
F Phe phenylalanine
M Met methionine
A Ala alanine
S Ser serine
I lie isoleucine
L Leu leucine
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[0061] It should be noted that all amino-acid residue sequences are represented herein by formulae whose left and
right orientation is in the conventional direction of amino-terminus to carboxy-terminus. Furthermore, it should be noted
that a dash at the beginning or end of an amino acid residue sequence indicates a peptide bond to a further sequence
of one or more amino-acid residues. The above Table is presented to correlate the three-letter and one-letter notations
which may appear alternately herein.
[0062] A "replicon" is any genetic element (e.g., plasmid, chromosome, virus) that functions as an autonomous unit
of DNA or RNA replication in vivo; i.e., capable of replication under its own control. Bradenbeck and Rice (1992) Semin.
Virol. 3:297-310 contains a description of RNA replicons.
[0063] A "vector" is a replicon, such as a plasmid, phage or cosmid, to which another DNA (or RNA) segment may
be attached so as to bring about the replication of the attached segment.
[0064] A "DNA molecule" refers to the polymeric form of deoxyribonucleotides (adenine, guanine, thymine, or cyto-
sine) in its either single stranded form, or a double-stranded helix. This term refers only to the primary and secondary
structure of the molecule, and does not limit it to any particular tertiary forms. Thus, this term includes double-stranded
DNA found, inter alia, in linear DNA molecules (e.g., restriction fragments), viruses, plasmids, and chromosomes. In
discussing the structure of particular double-stranded DNA molecules, sequences may be described herein according
to the normal convention of giving only the sequence in the 5' to 3' direction along the nontranscribed strand of DNA
(i.e., the strand having a sequence homologous to the mRNA).
[0065] An "RNA molecule" refers to the polymeric form of ribonucleotides (adenine, guanine, uridine, or cytosine) in
its either single stranded for, or a double-stranded helix. This term refers only to the primary and secondary structure
o the molecule, and does not limit it to any particular tertiary forms. Thus, this term includes single-stranded and double-
stranded RNA found, inter alia, in linear or circular RNA molecules. In discussing the structure of particular RNA mol-
ecules, sequence may be described herein according to the normal convention of giving the sequence in the 5' to 3'
direction.
[0066] An "origin of replication" refers to those DNA sequences that participate in DNA synthesis.
[0067] A "coding sequence" or "open reading frame" is a nucleotide sequence which is transcribed and translated
into a polypeptide in vivo when placed under the control of appropriate regulatory sequences. The boundaries of the
coding sequence are determined by a start codon at the 5' (amino) terminus and a translation stop codon at the 3'
(carboxyl) terminus. A coding sequence can include, but is not limited to, prokaryotic sequences, cDNA from eukaryotic
mRNA, genomic DNA sequences from eukaryotic (e.g., mammalian) DNA, and even synthetic DNA or RNA sequences.
A polyadenylation signal and transcription termination sequence will usually be located 3' to the coding sequence.
[0068] Transcriptional and translational control sequences are DNA regulatory sequences, such as promoters, en-
hancers, polyadenylation signals, terminators, and the like, that provide for the expression of a coding sequence in a
host cell.
[0069] A "promoter sequence" is a DNA regulatory region capable of binding RNA polymerase in a cell and initiating
transcription of a downstream (3' direction) coding sequence. For purposes of defining the present invention, the pro-
moter sequence is bounded at its 3' terminus by the transcription initiation site and extends upstream (5' direction) to
include the minimum number of bases or elements necessary to initiate transcription at levels detectable above back-
ground. Within the promoter sequence will be found a transcription initiation site (conveniently defined by mapping

(continued)

TABLE OF CORRESPONDENCE

SYMBOL AMINO ACID

1-Letter 3-Letter

T Thr threonine
V Val valine
P Pro proline
K Lys lysine
H His histidine
Q
E
W
R
D
N
C

Gin
Glu
Trp
Arg
Asp
Asn
Cys

glutamine
glutamic acid
tryptophan
arginine
aspartic acid
asparagine
cysteine
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with nuclease S1), as well as protein binding domains (consensus sequences) responsible for the binding of RNA
polymerase. Eukaryotic promoters will often, but not always, contain "TATA" boxes and "CAT" boxes. Prokaryotic pro-
moters contain Shine-Dalgarno sequences in addition to the -10 and -35 consensus sequences. Promoter sequences
can also be used to refer to analogous RNA sequences or structures of similar function in RNA virus replication and
transcription.
[0070] An "expression control sequence" is a DNA sequence that controls and regulates the transcription and trans-
lation of another DNA sequence. A coding sequence is "under the control" of transcriptional and translational control
sequences in a cell when RNA polymerase transcribes the coding sequence into mRNA, which is then translated into
the protein encoded by the coding sequence. RNA sequences can also serve as expression control sequences by
virtue of their ability to modulate translation, RNA stability, and replication (for RNA viruses).
[0071] A "signal sequence" can be included before the coding sequence. This sequence encodes a signal peptide,
N-terminal to the polypeptide, that communicates to the host cell to direct the polypeptide to the cell surface or secrete
the polypeptide into the media, and this signal peptide is clipped off by the host cell before the protein leaves the cell.
Signal sequences can be found associated with a variety of proteins native to prokaryotes and eukaryotes.
[0072] The term "oligonucleotide," as used herein in referring to the probe of the present invention, is defined as a
molecule comprised of two or more ribonucleotides, preferably more than three. Its exact size will depend upon many
factors which, in turn, depend upon the ultimate function and use of the oligonucleotide.
[0073] The term "primer" as used herein refers to an oligonucleotide, whether occurring naturally as in a purified
restriction digest or produced synthetically, which is capable of acting as a point of initiation of synthesis when placed
under conditions in which synthesis of a primer extension product, which is complementary to a nucleic acid strand,
is induced, i.e., in the presence of nucleotides and an inducing agent such as a DNA polymerase and at a suitable
temperature and pH. The primer may be either single-stranded or double-stranded and must be sufficiently long to
prime the synthesis of the desired extension product in the presence of the inducing agent. The exact length of the
primer will depend upon many factors, including temperature, source of primer and use of the method. For example,
for diagnostic applications, depending on the complexity of the target sequence, the oligonucleotide primer typically
contains 15-25 or more nucleotides, although it may contain fewer nucleotides.
[0074] The primers herein are selected to be "substantially" complementary to different strands of a particular target
DNA sequence. This means that the primers must be sufficiently complementary to hybridize with their respective
strands. Therefore, the primer sequence need not reflect the exact sequence of the template. For example, a non-
complementary nucleotide fragment may be attached to the 5' end of the primer, with the remainder of the primer
sequence being complementary to the strand. Alternatively, non-complementary bases or longer sequences can be
interspersed into the primer, provided that the primer sequence has sufficient complementarity with the sequence of
the strand to hybridize therewith and thereby form the template for the synthesis of the extension product.
[0075] As used herein, the terms "restriction endonucleases" and "restriction enzymes" refer to bacterial enzymes,
each of which cut double-stranded DNA at or near a specific nucleotide sequence.
[0076] A cell has been "transformed" by exogenous or heterologous DNA when such DNA has been introduced
inside the cell. The transforming DNA may or may not be integrated (covalently linked) into chromosomal DNA making
up the genome of the cell. In prokaryotes, yeast, and mammalian cells for example, the transforming DNA may be
maintained on an episomal element such as a plasmid. With respect to eukaryotic cells, a stably transformed cell is
one in which the transforming DNA has become integrated into a chromosome so that it is inherited by daughter cells
through chromosome replication. This stability is demonstrated by the ability of the eukaryotic cell to establish cell lines
or clones comprised of a population of daughter cells containing the transforming DNA. A "clone" is a population of
cells derived from a single cell or common ancestor by mitosis. A "cell line" is a clone of a primary cell that is capable
of stable growth in vitro for many generations. This definition can be applied to RNA molecules which can be used to
transform or "transfect" cells. For some RNA viruses, such methods can be used to produce infected cell lines which
transiently or continuously support virus replication and, in some cases, which produce infectious viral particles.
[0077] Two DNA or RNA sequences are "substantially homologous" when at least about 75% (preferably at least
about 80%, and most preferably at least about 90 or 95%) of the nucleotides match over the defined length of the DNA
sequences. Sequences that are substantially homologous can be identified by comparing the sequences using stand-
ard software available in sequence data banks, or in a Southern hybridization experiment under, for example, stringent
conditions as defined for that particular system. Defining appropriate hybridization conditions is within the skill of the
art. See, e.g., Maniatis et al, supra; DNA Cloning, Vols. I & II, supra; Nucleic Acid Hybridization, supra. More distantly
related sequences or structures, which may have the same or similar functions, are referred to as "homologous." In
the extreme case, such sequences could be unrelated in terms of linear sequence identity, but may have substantially
similar secondary structure.
[0078] A "heterologous" region of a DNA or RNA construct is an identifiable segment of DNA or RNA molecule within
a larger nucleic acid that is not found in association with the larger molecule in nature. For instance, when the heter-
ologous region encodes a mammalian gene, the gene will usually be flanked by DNA that does not flank the mammalian
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genomic DNA in the genome of the source organism. Another example of a heterologous coding sequence is a construct
where the coding sequence itself is not found in nature (e.g., a cDNA where the genomic coding sequence contains
introns, or synthetic sequences having codons different than the native gene). Allelic variations or naturally-occurring
mutational events do not give rise to a heterologous region of DNA as defined herein.
[0079] An "antibody" is any immunoglobulin, including antibodies and fragments thereof, that binds a specific epitope.
The term encompasses polyclonal, monoclonal, and chimeric antibodies, the last mentioned described in further detail
in U.S. Patent Nos. 4,816,397 and 4,816,567.
[0080] An "antibody combining site" is that structural portion of an antibody molecule comprised of heavy and light
chain variable and hypervariable regions that specifically binds antigen.
[0081] The phrase "antibody molecule" in its various grammatical forms as used herein contemplates both an intact
immunoglobulin molecule and an immunologically active portion of an immunoglobulin molecule.
[0082] Exemplary antibody molecules are intact immunoglobulin molecules, substantially intact immunoglobulin mol-
ecules and those portions of an immunoglobulin molecule that contains the paratope, including those portions known
in the art as Fab, Fab', F(ab')2 and F(v), which portions are preferred for use in the therapeutic methods described
herein.
[0083] Fab and F(ab')2 portions of antibody molecules are prepared by the proteolytic reaction of papain and pepsin,
respectively, on substantially intact antibody molecules by methods that are well-known. See for example, U.S. Patent
No. 4,342,566 to Theofilopolous et al Fab' antibody molecule portions are also well-known and are produced from F
(ab')2 portions followed by reduction of the disulfide bonds linking the two heavy chain portions as with mercaptoethanol,
and followed by alkylation of the resulting protein mercaptan with a reagent such as iodoacetamide. An antibody con-
taining intact antibody molecules is preferred herein.
[0084] The phrase "monoclonal antibody" in its various grammatical forms refers to an antibody having only one
species of antibody combining site capable of immunoreacting with a particular antigen. A monoclonal antibody thus
typically displays a single binding affinity for any antigen with which it immunoreacts. A monoclonal antibody may
therefore contain an antibody molecule having a plurality of antibody combining sites, each immunospecific for a dif-
ferent antigen; e.g., a bispecific (chimeric) monoclonal antibody.
[0085] The phrase "pharmaceutically acceptable" refers to molecular entities and compositions that are physiologi-
cally tolerable and do not typically produce an allergic or similar untoward reaction, such as gastric upset, dizziness
and the like, when administered to a human.
[0086] The phrase "therapeutically effective amount" is used herein to mean an amount sufficient to prevent, and
preferably reduce by at least about 30 percent, more preferably by at least 50 percent, most preferably by at least 90
percent, a clinically significant change in the S phase activity of a target cellular mass, or other feature of pathology
such as for example, elevated blood pressure, fever or white cell count as may attend its presence and activity.
[0087] A DNA sequence is "operatively linked" to an expression control sequence when the expression control se-
quence controls and regulates the transcription and translation of that DNA sequence. The term "operatively linked"
includes having an appropriate start signal (e.g., ATG or AUG) in front of the DNA sequence to be expressed and
maintaining the correct reading frame to permit expression of the DNA sequence under the control of the expression
control sequence and production of the desired product encoded by the DNA sequence. If a gene that one desires to
insert into a recombinant DNA molecule does not contain an appropriate start signal, such a start signal can be inserted
in front of the gene.
[0088] The term "standard hybridization conditions" in general refers to salt and temperature conditions substantially
equivalent to 5 x SSC and 65°C for both hybridization and wash. However, one skilled in the art will appreciate that
such "standard hybridization conditions" are dependent on particular conditions including the concentration of sodium
and magnesium in the buffer, nucleotide sequence length and concentration, percent mismatch, percent formamide,
and the like. Also important in the determination of "standard hybridization conditions" is whether the two sequences
hybridizing are RNA-RNA, DNA-DNA or RNA-DNA. Such standard hybridization conditions are easily determined by
one skilled in the art according to well known formulae, wherein hybridization is typically 10-20°C below the predicted
or determined Tm with washes of higher stringency, if desired.
[0089] By "HCV" is meant a diverse group of related viruses classified as a separate genus in the flavivirus family.
The characteristics of this genus are described in the Background of the Invention above, and include such members
as HCV-1, HC-J1, HC-J, HCV-BK, HCV-H, HC-J6, HC-J8. HC-J483, HC-J491, HC-C2, HCV-JK, HCV-N, HCV-T,
HCV-JT, HC-G9, HCV-K3a, NZL1, HCV-Tr and the like.
[0090] Described herein is the identification of novel terminal sequences present in HCV positive-sense genomic
RNA.
[0091] Described herein are novel 5' and 3' terminal sequences which are highly conserved by all members of the
herein disclosed HCVs.
[0092] As stated above, described herein is a recombinant DNA or RNA molecule or cloned gene, or a degenerate
variant thereof, which encodes an HCV, or a fragment thereof, which has a nucleotide sequence or is complementary
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to a nucleotide sequence shown in SEQ ID NOS:1-4 or that shown FIGURE 3 (SEQ ID NOS:20-24; the parts of se-
quences downstream of the poly (U) tract only), FIGURE 6 (SEQ ID NOS:28-31) and FIGURE 8 (SEQ ID NOS:33-36).
[0093] Also described are infectious HCV cDNA clones comprising previously disclosed 5' non-coding, coding and
3' non-coding sequences including those encoding poly (U) or poly (A) tracts ((HCV-1 acc.# M62321; HC-J1 acc.#
D10749; HC-J acc.# D90208; HCV-BK acc.# M58335; HCV-H acc.# M67463; HC-J6 acc.# D00944; HC-J8 acc.#
D01221; HC-J483 acc.# D13558; HC-J491 acc.# D10750; HC-C2 acc.# D10934; HCV-JK acc.# X61596; HCV-N acc.
# S62220; HCV-T acc.# M84745; HCV-JT acc.# D01171; HCV-JT acc.# D01172; HC-G9 acc.# D14853; HCV-K3a acc.
# D2891 7; NZL1 acc.# D17763; HCV-Tr acc.# D26556 and others), the polypyrimidine tract, and the novel 3' element
of 101 bases (SEQ ID NO:1c, d or related sequences).
[0094] The possibilities both diagnostic and therapeutic that are raised by the existence of the full length HCV clone,
derive from the fact that the terminal sequences of viral genomes can be critical for the generation of functional, rep-
lication competent RNAs (Boyer et al, J. Gen. Virol. 198:415-426). As suggested earlier and elaborated further on
herein, the present invention may be used for pharmaceutical intervention in the infectious life cycle of HCV.
[0095] Thus, in instances where it is desired to inhibit infectivity of HCV, an appropriate inhibitor of the 3' sequence
element could be introduced to block the interaction of the initiation of negative- and positive-strand synthesis required
for viral replication.
Correspondingly, infectivity may be remedied by the introduction of additional quantities of a nucleic acid molecule
encoding the 3' sequence element or its chemical or pharmaceutical cognates, analogs, fragments and the like.
[0096] As discussed earlier, the molecules or agents exhibiting either mimicry or antagonism to the 3' sequence
element, or control over the replication of the HCV, may be prepared in pharmaceutical compositions, with a suitable
carrier and at a strength effective for administration by various means to a patient experiencing an adverse medical
condition associated with HCV for the treatment thereof. A variety of administrative techniques may be utilized, among
them parenteral techniques such as subcutaneous, intravenous and intraperitoneal injections, catheterizations and
the like. Average quantities of the molecules or their subunits may vary and in particular should be based upon the
recommendations and prescription of a qualified physician or veterinarian.
[0097] As suggested earlier, diagnostic methods using the present invention may comprise examining a cellular
sample or medium by means of an assay including an effective amount of a binding partner to the HCV RNA. As
previously discussed, patients capable of benefiting from this method include those suffering from infection by HCV.
Methods for isolating the molecules which bind HCV sequences to assist in the examination of the target cells are all
well-known in the art.
[0098] The present invention may further be used in therapeutic compositions useful in practicing the therapeutic
methods described herein. A subject therapeutic composition includes, in admixture, a pharmaceutically acceptable
excipient (carrier) and one or more of a 3' terminal sequence element, analog thereof or fragment thereof, or a molecule
which inhibits the properties or activities of that sequence element, as described herein as an active ingredient. In a
preferred composition, the composition comprises a molecule capable of modulating the secondary structure formation
of the 3' terminus of the HCV RNA, and/or the initiation of negative- and positive-strand RNA synthesis and/or RNA
packaging.
[0099] A further therapeutic composition includes a full-length attenuated HCV which can be used as a vaccine
against HCV infection, wherein a sequence within the genome of HCV, in particular the 3' terminal sequence element
(SEQ ID NOS:1-4) has been modified, either as a naturally-occurring isolate, or via in vitro evaluation or site-directed
mutagenesis. Particular mutations suitable for such attenuated viruses include those which alter the structure of the
3' terminus of the HCV genome RNA (or the 5' terminus of negative sense HCV RNA), and, by so doing, alter the
initiation and/or translation of negative- and positive-strand RNA synthesis and/or RNA packaging. Such modifications
may be aided by computer modelling and evaluated using infectivity assays.
[0100] The preparation of therapeutic compositions which contain the 3' terminal sequence element or antagonist
thereof, or the full-length attenuated HCV, analogs or active fragments as active ingredients is well understood in the
art. Typically, such compositions are prepared as injectables, either as liquid solutions or suspensions, however, solid
forms suitable for solution in, or suspension in, liquid prior to injection can also be prepared. The preparation can also
be emulsified. The active therapeutic ingredient is often mixed with excipients which are pharmaceutically acceptable
and compatible with the active ingredient. Suitable excipients are, for example, water, saline, dextrose, glycerol, eth-
anol, or the like and combinations thereof. In addition, if desired, the composition can contain minor amounts of auxiliary
substances such as wetting or emulsifying agents, pH buffering agents which enhance the effectiveness of the active
ingredient.
[0101] A polypeptide, analog or active fragment can be formulated into the therapeutic composition as neutralized
pharmaceutically acceptable salt forms. Pharmaceutically acceptable salts include the acid addition salts (formed with
the free amino groups of the polypeptide or antibody molecule) and which are formed with inorganic acids such as, for
example, hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, and the like.
Salts formed from the free carboxyl groups can also be derived from inorganic bases such as, for example, sodium,
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potassium, ammonium, calcium, or ferric hydroxides, and such organic bases as isopropylamine, trimethylamine,
2-ethylamino ethanol, histidine, procaine, and the like.
[0102] The therapeutic compositions are conventionally administered intravenously, as by injection of a unit dose,
for example. The term "unit dose" when used in reference to a therapeutic composition of the present invention refers
to physically discrete units suitable as unitary dosage for humans, each unit containing a predetermined quantity of
active material calculated to produce the desired therapeutic effect in association with the required diluent; i.e., carrier,
or vehicle.
[0103] The compositions are administered in a manner compatible with the dosage formulation, and in a therapeu-
tically effective amount. The quantity to be administered depends on the subject to be treated, capacity of the subject's
immune system to utilize the active ingredient, and degree of inhibition or neutralization of HCV desired. Precise
amounts of active ingredient required to be administered depend on the judgment of the practitioner and are peculiar
to each individual. However, suitable dosages may range from about 0.1 to 20, preferably about 0.5 to about 10, and
more preferably one to several, milligrams of active ingredient per kilogram body weight of individual per day and
depend on the route of administration. In the case of attenuated virus used as a vaccine, dosages could range from
10 to 106 infectious doses. For inactivated viral vaccines, higher doses of HCV antigen and a suitable adjuvant could
be required. Suitable regimes for initial administration and booster shots are also variable, but are typified by an initial
administration followed by repeated doses at one or more hour intervals by a subsequent injection or other adminis-
tration. Alternatively, continuous intravenous infusion sufficient to maintain concentrations of ten nanomolar to ten
micromolar in the blood are contemplated.
[0104] The therapeutic compositions may further include an effective amount of the 3' sequence element, its antag-
onist, or analog thereof, in combination with an antibiotic, a steroid, interferon or other anti-HCV therapeutic. Exemplary
formulations are given below:

Formulations

[0105]

Intravenous Formulation I

Ingredient mg/ml

cefotaxime 250.0
HCV, fragment or antagonist 10.0
dextrose USP 45.0
sodium bisulfite USP 3.2
edetate disodium USP 0.1
water for injection q.s.a.d. 1.0 ml

Intravenous Formulation II

Ingredient mg/ml

ampicillin 250.0
HCV, fragment or antagonist 10.0
sodium bisulfite USP 3.2
disodium edetate USP 0.1
water for injection q.s.a.d. 1.0 ml

Intravenous Formulation III

Ingredient mg/ml

gentamicin (charged as sulfate) 40.0
HCV, fragment or antagonist 10.0
sodium bisulfite USP 3.2
disodium edetate USP 0.1
water for injection q.s.a.d. 1.0 ml
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[0106] As used herein, "pg" means picogram, "ng" means nanogram, "ug" or "µg" mean microgram, "mg" means
milligram, "ul" or "µl" mean microliter, "ml" means milliliter, "I" means liter.
[0107] A wide variety of cell types may be useful as host cells for HCV replication, as initiated using the functional
HCV cDNA clones created by incorporation of sequences from the present invention. These host cells may include
primary human cells (e.g., hepatocytes, T-cells, B-cells, monocytes/macrophages, foreskin fibroblasts) as well as con-
tinuous human cell lines [e.g., HepG2, Huh7, HUT78, HPB-Ma, MT-2 (and other HTLV-I and HTLV-II infected T-cell
lines), Namalowa, Daudi, EBV-transformed LCLs]. In addition, continuous cell lines which are readily transfected with
RNA and permissive for replication of flaviviruses or pestiviruses may support HCV replication (e.g. SW-13, Vero, BHK-
21, COS, PK-15, MBCK). One skilled in the art will be able to select the proper host cells without undue experimentation
to accomplish the desired infectivity assay without departing for the scope of this invention.
[0108] It is further intended that 3' terminal sequence analogs or HCV analogs may be prepared from nucleotide
sequences derived within the scope of the present invention. Analogs, such as fragments or mutants (e.g., "muteins,")
can be produced by standard cleavage by restriction enzymes, or site-directed mutagenesis of the HCV coding and
non-coding (5' and 3' terminal) sequences. Analogs exhibiting "HCV inhibiting activity" such as small molecules, wheth-
er functioning as promoters or inhibitors, may be identified by known in vivo and/or in vitro assays.
[0109] As mentioned above, a DNA sequence encoding the 3' sequence element, its complement, or the full length
wild-type or attenuated HCV can be prepared synthetically rather than cloned. The DNA sequence can be designed
with the appropriate codons for amino acid sequence encoded by the HCV open reading frame. The complete sequence
is assembled from overlapping oligonucleotides prepared by standard methods and assembled into a complete coding
sequence. See, e.g., Edge, Nature, 292:756 (1981); Nambair et al, Science, 223:1299 (1984); Jay et al, J. Biol. Chem.,
259:6311 (1984).
[0110] The ability of the 3' terminal sequence element to drive replication-competent HCV RNAs can be analyzed
by using constructs in which the ORF of HCV has been replaced by a reporter gene, such as luciferase, which can be
detected directly and correlated to the level of HCV RNA in the cell. In particular, the 3' terminal sequence element
can be used to derive replication competent HCV RNAs, either full-length RNAs capable of complete replication and
virus production or replicons. Such replicons would be capable of RNA replication, but might lack the structural region/
packaging machinery and hence not produce virus. Cells transfected/transformed with such replicons (containing the
3' element) would be useful for inhibitors of HCV RNA replication, including those which might interfere with the function
of the 3' element or its complement. RNA replication could be assessed either by looking directly at HCV RNA levels
(RT/PCR, B-DNA, Northern blot analyses) or by incorporating a sensitive reporter (like luciferase) under the control of
the HCV RNA replication and translational machinery.
[0111] Synthetic DNA sequences allow convenient construction of genes which will express HCV, HCV variants or
attenuated HCV. Alternatively, DNA encoding variant or attenuated HCV can be made by site-directed mutagenesis
of native HCV cDNAs.
[0112] A general method for site-specific incorporation of unnatural amino acids into proteins is described in Chris-
topher J. Noren, Spencer J. Anthony-Cahill, Michael C. Griffith, Peter G. Schultz, Science, 244:182-188 (April 1989).
This method may be used to create HCV virions containing proteins with unnatural amino acids.

Intravenous Formulation IV

Ingredient mg/ml

HCV, fragment or antagonist 10.0
dextrose USP 45.0
sodium bisulfite USP 3.2
edetate disodium USP 0.1
water for injection q.s.a.d. 1.0 ml

Intravenous Formulation V

Ingredient mg/ml

HCV, fragment or antagonist 5.0
sodium bisulfite USP 3.2
disodium edetate USP 0.1
water for injection q.s.a.d. 1.0 ml
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[0113] As described herein, antisense nucleotides and ribozymes may be prepared and may be used to interfere
with HCV RNA translation, stability, replication/transcription and/or packaging. This approach utilizes antisense nucleic
acid and ribozymes to block viral replication, either by masking the HCV RNA with an antisense nucleic acid or cleaving
it with a ribozyme.
[0114] Antisense nucleic acids are DNA or RNA molecules that are complementary to at least a portion of a specific
RNA molecule. (See Weintraub, 1990; Marcus-Sekura, 1988.) In the cell, they hybridize to that RNA, forming a double
stranded molecule. Therefore, antisense nucleic acids may interfere with viral replication (either by a direct blocking
effect or by leading to degradation of the target RNA by cellular enzymes). Oligomers of about fifteen nucleotides are
appropriate, since they are easy to synthesize and are likely to pose fewer problems than larger molecules when
introducing them into HCV-infectible cells. However, also suitable are oligonucleotides of natural structure or those
with modifications to enhance stability, facilitate, uptake, etc. in addition, longer antisense RNAs can be generated in
vivo in hepatocytes or other HCV target cells using gene therapy approaches. Antisense methods have been used to
inhibit the expression of many genes in vitro (Marcus-Sekura, 1988; Hambor et al, 1988).
[0115] Ribozymes are RNA molecules possessing the ability to specifically cleave other single stranded RNA mol-
ecules in a manner somewhat analogous to DNA restriction endonucleases. Ribozymes were discovered from the
observation that certain mRNAs have the ability to excise their own introns. By modifying the nucleotide sequence of
these RNAs, researchers have been able to engineer molecules that recognize specific nucleotide sequences in an
RNA molecule and cleave it (Cech, 1988.). Because they are sequence-specific, only RNAs (such as the HCV positive-
sense genome RNA or its complementl with particular sequences are inactivated.
[0116] Investigators have identified two types of ribozymes, Tetrahymena-type and "hammerhead"-type. (Hasselhoff
and Gerlach, 1988) Tetrahymena-type ribozymes recognize four-base sequences, while "hammerhead"-type recognize
eleven- to eighteen-base sequences. The longer the recognition sequence, the more likely it is to occur exclusively in
the target mRNA species. Therefore, hammerhead-type ribozymes are preferable to Tetrahymena-type ribozymes for
inactivating a specific mRNA species, and eighteen base recognition sequences are preferable to shorter recognition
sequences.
[0117] The DNA sequences described herein may thus be used to prepare antisense molecules against, and ri-
bozymes that cleave HCV RNA. It should be appreciated that such antisense molecules and ribozymes will encompass
nucleotide sequences of both positive and negative strand polarity, such that they may bind to both the positive and
negative strand HCV RNAs.
[0118] The present invention also relates to a variety of diagnostic applications, including methods for detecting HCV.
The invention may also be used in methods of correlating 3' NTR sequences with various clinical parameters such as
disease severity, response to treatment with interferon, and immune status, or to determine tissue tropism (predictive
diagnostics.)
[0119] The present HCV sequences can be used experimentally to identify HCV isolates containing additional 3'
sequences, to determine 3' NTR sequences for various HCV genotypes to define further areas of conservation and
divergence. Also, the chemical modification and analysis of the RNA by RNAse mapping and three-dimensional struc-
ture analysis of the RNA is an aid to identifying host or viral factors which interact with the sequence and/or identifying
molecules which inhibit replication.
[0120] HCV RNA can also be used therapeutically, i.e., attenuated HCV can be used for vaccine development, and
the 3' NTR sequence element may be used as a transdominant inhibitor of HCV replication via gene therapy.
[0121] Replication of HCV in cells can be ascertained by branched DNA (B-DNA), quantitative RT/PCR and immu-
nological procedures, or using standard methods for determining virus titer (i.e., titration in the chimpanzee). The
procedures and their application are all familiar to those skilled in the art and accordingly may be utilized within the
scope of the present invention. A "competitive" antibody binding procedure is described in U.S. Patent Nos. 3,654,090
and 3,850,752. A "sandwich" procedure, is described in U.S. Patent Nos. RE 31,006 and 4,016,043. Still other proce-
dures are known such as the "double antibody", or "DASP" procedure.
[0122] In each instance, HCV proteins form complexes with one or more antibody(ies) or binding partners and one
member of the complex is labeled with a detectable label. Alternatively, an antibody may be raised, or identified in
HCV-infected patients, which binds to the present HCV 3' terminal sequence element. The fact that a complex has
formed and, if desired, the amount thereof, can be determined by known methods applicable to the detection of labels.
[0123] Also described are RNA molecules which mimic the 3' terminal sequence element or its complement or bind
to these elements, selected in vitro using the "SELEX" (Tuerk and Gold, 19_) or other in vitro selection/evolution ap-
proaches. These methods provide libraries of RNAs with randomized sequences which can be selected by reiterative
binding to a target (in this case, the 3' terminal sequence element, its complement, or the cognate binding partners
required for the functions of these respective elements), and RNAs bound thereto are amplified by PCR. Such molecules
may either mimic the structure of the 3' terminal element or be competitive inhibitors of the 3' terminal sequence element.
Such SELEX RNAs may be suitable for diagnostic and even therapeutic uses within the scope of the present invention.
[0124] Alternatively, the presence of HCV RNA can be determined by Northern analysis, polymerase chain reaction
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(PCR), primer extension, and the like.
[0125] The labels most commonly employed for these studies are radioactive elements, enzymes, chemicals which
fluoresce when exposed to ultraviolet light, and others.
[0126] A number of fluorescent materials are known and can be utilized as labels. These include, for example, flu-
orescein, rhodamine, auramine, Texas Red, AMCA blue and Lucifer Yellow. A particular detecting material is anti-rabbit
antibody prepared in goats and conjugated with fluorescein through an isothiocyanate.
[0127] An antibody to HCV proteins, or a probe for HCV RNA or their binding partner(s) can also be labeled with a
radioactive element or with an enzyme. The radioactive label can be detected by any of the currently available counting
procedures. The preferred isotope may be selected from 3H, 14C, 32P, 35S, 36Cl, 51Cr, 57Co, 58Co, 59Fe, 90Y, 125I, 131I,
and 186Re.
[0128] Enzyme labels are likewise useful, and can be detected by any of the presently utilized colorimetric, spectro-
photometric, fluorospectrophotometric, amperometric or gasometric techniques. The enzyme is conjugated to the se-
lected probe by reaction with bridging molecules such as carbodiimides, diisocyanates, glutaraldehyde and the like.
Many enzymes which can be used in these procedures are known and can be utilized. Those preferred are peroxidase,
β-glucuronidase, β-D-glucosidase, β-D-galactosidase, urease, glucose oxidase plus peroxidase and alkaline phos-
phatase. U.S. Patent Nos. 3,654,090; 3,850,752; and 4,016,043 are referred to by way of example for their disclosure
of alternate labeling material and methods. In addition, a probe may be biotin-labelled, and thereafter be detected with
labelled avidin, or a combination of avidin and a labelled anti-avidin antibody. Probes may also have digoxygenin
incorporated therein and be then detected with a labelled anti-digoxygenin and detected with a labelled anti-digoxygenin
antibody.
[0129] In a further embodiment of this invention, commercial test kits suitable for use by a medical specialist may
be prepared to determine the presence or absence of infectious HCV in suspected patient samples. Such test kits may
employ techniques such as RT/PCR, branched DNA and ligation chain reaction (LCR). In accordance with the testing
techniques discussed above, one class of such kits will contain at least a labeled HCV antibody or oligonucleotide
probe or its binding partner, and directions, of course, depending upon the method selected. The kits may also contain
peripheral reagents such as buffers, stabilizers, etc.
[0130] Accordingly, a test kit may be prepared for the demonstration of the presence of HCV, comprising:

(a) a predetermined amount of at least one labeled oligonucleotide probe directed to a 3' sequence element of the
HCV genome, obtained by the direct or indirect attachment of the oligonucleotide or a specific binding partner
thereto, to a detectable label;
(b) other reagents; and
(c) directions for use of said kit.

[0131] More specifically, the diagnostic test kit may comprise:

(a) a known amount of the labeled oligonucleotide probe as described above (or a binding partner) generally bound
to a solid phase to form an immunosorbent, or in the alternative, bound to a suitable tag, or plural such end products,
etc. (or their binding partners) one of each;
(b) if necessary, other reagents; and
(c) directions for use of said test kit.

[0132] In accordance with the above, an assay system for screening potential drugs effective to modulate the repli-
cative activity of the HCV RNA may be prepared. The infectious HCV RNA may be introduced into a test system, and
the prospective drug may also be introduced into the resulting cell culture, and the culture thereafter examined to
observe any changes in the replicative activity of the cells, due to the addition of the prospective drug.

PRELIMINARY CONSIDERATIONS

[0133] While a great deal of progress has been made in the last several years, there are still a vast number of
unanswered questions concerning HCV replication, pathogenesis and immunity. The field is rapidly reaching a bottle-
neck some aspects of the functions of the HCV genome RNA and its encoded proteins are understood, but prior to
the present invention, no way existed of experimentally testing structure/function questions in the context of authentic
virus replication. Such analyses are critical for understanding each step in the virus life cycle at a level which will allows
the design of protective vaccines and effective therapy for chronically infected patients.
[0134] The present invention stemmed from attempts to construct functional cDNA clones for HCV, in particular the
HCV-H strain. Prior to the present invention, attempts to recover infectious HCV RNA from cDNA have been unsuc-
cessful. Several possible explanations, alone or in combination, account for previous failures, including missing or
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incorrect terminal sequences, internal errors deleterious or lethal for HCV replication, or inadequate methods for as-
saying infectivity and replication.
[0135] Rationale for rigorously determining the HCV-H termini. 5' and 3' terminal sequences of HCV-H were
previously unknown. Previous attempts to generate functional transcripts used terminal sequences determined for
other HCV isolates. As mentioned above, work in other RNA virus systems has shown that specific terminal sequences
can be critical for the generation of functional, replication competent RNAs (Boyer and Haenni, (1994) J. Gen. Virol.
198:415-426). Such sequences are believed to be involved in initiation of negative- and positive-strand RNA synthesis.
Given the importance of these sequence elements for other viruses, the present invention more rigorously determined
the HCV-H terminal sequences.
[0136] Structure of the 5' NTR. Methods used to amplify and clone the extreme 5' termini of RNAs include homopol-
ymer tailing or ligation of synthetic oligonucleotides to first-strand cDNA (5' RACE), cyclization of first-strand cDNA
followed by inverse PCR (Zeiner and Gehring (1994) BioTechniques 17:1051-1053), or cyclization of genome RNA
with RNA ligase (after treatment to remove 5' cap structures, if necessary) followed by cDNA synthesis and PCR
amplification across the 5'-3' junction (Mandl et al (1991) Biotechniques 10:486). 5' terminal sequences were deter-
mined for a number of HCV isolates and are in general agreement. For HCV-H, both the cyclization/inverse PCR and
5' RACE methods were used to determine a 5'-terminal consensus sequence:

[0137] This sequence is highly homologous to those determined for other isolates. At lower frequency, clones with
additional 5' residues (usually 1 additional G) were also recovered. Although this might reflect additional sequences
or heterogeneity at the HCV 5' terminus, these clones may be artifactual and created by partial copying of a 5' cap
structure or addition of non-templated 3' bases by reverse transcriptase during first-strand cDNA synthesis. It cannot
be excluded that the 5' terminus of HCV genome RNA contains a 5' cap structure or a covalently-linked terminal protein
such as VPg of the picornaviruses. For the pestiviruses, recent studies suggest that genome RNAs may not contain
a 5' cap (Brock et al (1992) J. Virol. Meth. 38:39-46) and that this structure is not required for infectivity of transcribed
RNA (R. Donis, R. J. Moorman, personal communications). Consistent with these observations, neither HCV nor the
pestiviruses contain motifs characteristic of virus-encoded enzymes involved in capping or methylation of cap structures
(Rice (1995)). There is the possibility of a protein covalently-linked to the 5' terminus of HCV genome RNA, but synthetic
RNA transcripts corresponding to viruses that normally contain such 5' structures are infectious, indicating that they
are usually not an absolute requirement for initiation of replication.

EXAMPLE 1

[0138] Structure of the HCV-H 3' NTR. Determination of the extreme 3' terminal HCV sequences presented a greater
challenge. Due to limited quantities of HCV genome RNA, the classic method of 3'-end labeling and direct RNA se-
quence analysis has not been feasible. One of the first reports suggested that HCV RNAs contained 3' terminal poly
(A) tracts (for HCV-1) Han et al (1991) used tagged oligo (dT) primers for cDNA synthesis followed by PCR amplification,
cloning and sequence analysis. This is not an acceptable method for 3' end determination as it already presupposes
a 3' poly (A) or polypurine tract and would select for such RNAs even if they were present in low abundance. Some
reports utilized E. coli poly (A) polymerase to add 3' homopolymer tracts prior to oligo (dT)-primed cDNA synthesis
and found evidence of a 3' terminal poly (U) (i.e., Kato et al, 1990) or isolated 3' clones with poly (U) tracts from randomly
primed cDNA libraries. To actually determine the 3' terminal sequence and to solve this contradiction [3' poly (A) versus
poly (U)], 5' RACE was used to determine the 5' terminal sequence of HCV negative-strand RNA (Chen et al, 1992).
This study predicted a 3' terminal poly (U) tract for the HCV genome RNA. Subsequently, other groups have not at-
tempted to determine actual 3' termini, but rather assumed a 3' poly (U) tract and used oligo (dA) for priming cDNA
synthesis or isolated 3' clones with poly (U) tracts from randomly primed cDNA libraries. Depending upon the actual
3' structure, all of these approaches have potential problems (some are discussed below) and a critical reading of the
literature makes it clear that the 3' end of the genome RNA has until now been poorly characterized and uncertain at
best. Alternative approaches for determining the terminal sequence of HCV-H were therefore pursued.
[0139] One such approach, mentioned above for 5' end determination, is to cyclize the RNA using T4 RNA ligase
followed by cDNA synthesis and amplification using a negative-sense primer complementary to a sequence in the 5'
NTR and a positive-sense primer near the 3' end (Mandl et al, 1991). Ideally, cloning and sequence analysis of such
products should provide information on 5' and 3' terminal sequences present in the same RNA molecule. In the case
of HCV, since the 5' terminus has been reasonably well-defined by other methods, these data should allow determi-
nation of the 3' terminus. Unfortunately, despite repeated attempts, this method has failed for determination of HCV-H
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terminal sequences (even using RNA obtained from high specific-infectivity plasma). Potential problems include (i) a
blocked 5' terminus (ii) lack of a 3' -OH group or a poor acceptor for RNA ligase (such as a U residue; Moore and
Sharp, 1992) (iii) ribonuclease activity during RNA preparation or RNA ligation (see below) or (iv) terminal RNA struc-
tures sterically inhibiting 5'-3' ligation. In any case, recent work has shown this method to be unreliable, even when
using large quantities of purified, initially intact TBE genome RNA. Likely problems include RNase contamination in
most commercial preparations of tobacco acid pyrophosphatase and T4 RNA ligase (A. A. Kolykhalov, unpublished
data) and probable hypersensitivity of the poly (U)/polypyrimidine tract to the action of RNases. In any case, poly (A)
was incorrectly assigned as the terminal sequence of TBE genome RNA, whereas later experiments demonstrated
that such poly (A) tracts were internal and followed by additional sequences including a 3' terminal hairpin structure
(C. Mandl, personal communication). Interestingly, the correct 3' structure, but not the poly (A) tract, is required for
infectivity of transcribed TBE RNA (C. Mandl, personal communication).
[0140] Two other methods were considered. For determining the YF 3' terminus, E. coli poly (A) polymerase had
been used to add 3' terminal poly (A), followed by oligo (dT) priming and a selective cloning strategy. The YF 3' terminus
was cloned with great difficulty and found to be a highly stable hairpin structure (Hahn et al, 1987; Rice et al, 1985).
However, this approach was not considered since addition of 3' poly (A) would allow self-priming at the HCV poly (U)
tract and subsequent elimination of potential sequences in between during second-strand cDNA synthesis and cloning.
Rather, an alternative 3' RACE method was used in which a synthetic oligodeoxynucleotide, present at high concen-
trations, was ligated to the 3' end of the RNA to serve as a specific priming site for cDNA synthesis (Figure 1). Ligation
conditions were optimized by assaying the ability of T4 RNA ligase to ligate 5'-end-labeled oligonucleotides to a syn-
thetic acceptor RNA (Brennan et al (1983) Meth. Enz. 100:38-52). Critical parameters included the batch of RNA ligase
(many were heavily contaminated with RNase), the concentration of DMSO (20-30%), and the particular oligonucleotide
used for ligation (A. A. Kolykhalov, unpublished). For the 3' analysis of HCV-H, 104 molecules of RNA were purified
from high-titered H77 plasma, ligated to the synthetic oligonucleotide, and this modified RNA used for RT/PCR (Figure
1). One primer for cDNA synthesis and PCR amplification (oligo B - SEQ ID NOS:6 and 7) was complementary to that
used for ligation to the RNA (oligo A - SEQ ID NO:5); a second positive-sense primer corresponded to a sequence
near the 3' end of the HCV ORF (oligo C - SEQ ID NO:8).
[0141] A smear of amplified products, as resolved by agarose gel electrophoresis, was obtained after 40 cycles of
PCR amplification. This DNA was either subjected to additional PCR analyses or cloned directly for sequence deter-
minations. The presence of predicted internal HCV sequences and homopolymer tracts was assayed using a nested
positive sense primer and either oligo (dA) or oligo (dT). A product of the expected size (based on previous HCV 3'
NTR sequences) was obtained using the oligo (dA) primer; no product was found using oligo (dT). Prototype HCV
cDNA clones terminating in either poly (A) or poly (T) served as positive and negative controls for these primer pairs
and gave the expected results. These data strongly suggest that HCV-H does not contain poly (A) but rather, as found
for most HCV isolates, contains a poly (U) tract [or at least a site for priming by oligo (dA)] at or near its 3' terminus.
From the cloned material [which had not be subjected to further amplification using oligo (dA)], sequences from 20
independent clones were determined. Essentially all of these clones contained (5' to 3', positive-sense) (i) the previously
determined HCV-H sequence (Inchauspe et al (1991) Proc. Natl. Acad. Sci. USA 88:10292-10296) (ii) 40 bases ho-
mologous to other HCV isolates (Figure 2) (iii) poly (U) tracts of various lengths and (iv) the sequence of the oligonu-
cleotide used for RNA ligation. Five independent clones, derived from two different PCR amplification experiments,
were found to have unusual structures. Following variable lengths of poly (U) and polypyrimidine stretches consisting
of mainly U with occasional interspersed C residues, four of these clones contained a novel sequence of 101 bases
(SEQ ID NO:1) which was nearly identical in all clones (two clones differed by 1 substitution each; 1 clone terminated
after only 39 bases of this sequence) (Figure 3). This 101 base sequence, particularly the 3' terminal 46 bases, is
predicted (FOLDRNA, GCG package) to form a highly stable secondary structure reminiscent of the 3' termini of mem-
bers of the flavivirus genus (Chambers et al (1990) Virology 177:159-174) (Figure 4). However, an exhaustive search
(BLAST, FASTA) of the databases has revealed no entry showing significant homology to this novel HCV sequence.
[0142] Several lines of evidence suggest that this 101 base sequence is not an RT/PCR artifact and represents the
3' terminal sequence of HCV genome RNA.
[0143] First, as mentioned above, HCV-H clones with similar but not identical structures were obtained from two
independent experiments (Figure 3). These clones differed in the length of the poly (U)/polypyrimidine tract and by a
few base substitutions within the 101 base element, but the sequences across the breakpoint between the novel se-
quence and the ligated oligonucleotide were identical in four clones.
[0144] In a second set of experiments, negative-sense oligonucleotides were designed based on the sequence of
the 101-base element, and used for RT/PCR amplification and cloning of HCV RNA from either HCV-H or four different
clinical samples obtained from investigators around the country. Samples were obtained from patients with chronic
hepatitis C and all were HCV RNA positive and of different genotypes (1b, 3 and two samples of genotype 4) than
previously analyzed HCV-H(1a). Multiple independent clones were obtained and sequenced (Figure 6) for each am-
plified sample. As described above, for HCV-H, all clones contained identical sequences at the end of the ORF and
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the 3' NTR sequence preceding the poly (U)/polypyrimidine tract. This poly (U)/polypyrimidine tract was variable in
length and followed by the novel 3' element. Clones from the other isolates had similar structures except that genotype-
specific differences were observed in the ORF and 3' NTR sequence preceding the poly (U)/polypyrimidine tract. The
sequence of the novel 3' element was present and absolutely identical in all of these clones suggesting that this element
is both present in the genome RNAs of distinct genotypes and highly conserved. This experiment also proves that this
structure is not an in vitro artifact generated by T4 RNA ligase.
[0145] This analysis demonstrated that the novel 3' element was present in other HCV genotypes, but did not define
the actual 3' end of these genome RNAs. Using a similar RNA ligation procedure (Figure 7), the 3' terminal sequences
of these different HCV genotypes were determined. The same novel 3' terminal sequence (with one or two isolate-
specific substitutions) was found joined, at exactly the same breakpoint, to the sequence of the oligonucleotide used
for T4 RNA ligation (Figure 8).
[0146] A fourth experiment provides yet more evidence that the 3' novel sequence represents the 3' terminus of HCV
genome RNA. It could be argued that clones with the novel structure could be obtained by internal priming within the
3' NTR if, by chance, the 3' portion of the synthetic primer used for cDNA synthesis (and PCR amplification) was
complementary to a sequence within the HCV 3' NTR. To address this concern, the analysis was repeated using serum
from a different patient (WD) and a distinct oligonucleotide ("oligo G"; SEQ ID NO:37) in the RNA ligation step, whose
sequence was not homologous to the oligonucleotide used in the initial experiments. The complement of this oligonu-
cleotide ("oligo H"; SEQ ID NO:38)was used for cDNA synthesis and PCR amplification together with "oligo F" (SEQ
ID NO:32), and the products were cloned and sequenced. The same novel 3' terminal sequence was found joined, at
exactly the same breakpoint, to the sequence of the alternative synthetic oligonucleotide.
[0147] This novel 3' NTR structure appears to be highly conserved among HCV isolates and is likely to be an essential
RNA element required for virus replication and successful recovery of infectious HCV RNA from cDNA.
[0148] Based on these data, the current picture of HCV-H genome structure is diagrammed in Figure 10. The genome
RNA probably initiates with a G residue and contains a 5' NTR of 341 bases. The ORF consists of 9033 bases encoding
a polyprotein of 3011 amino acid residues. Following the opal (UGA) stop codon is a sequence of 40 bases, a poly (U)
tract, a polypyrimidine stretch, and a highly conserved RNA element of about 100 bases. Some positive-strand RNA
viruses (poliovirus, Sindbis virus) contain 3' terminal poly (A) but many others terminate with conserved RNA sequences
which can often be folded into stable secondary structures (bromoviruses, flaviviruses). Besides TBE isolates contain-
ing internal poly (A) followed by a 3' terminal secondary structure, there is one other example of a virus which contains
a 3' NTR similar to that proposed here for HCV. This virus, called GBV-B, is one of the newly cloned and sequenced
GB hepatitis agents (Simons et al (1995) Proc. Natl. Acad. Sci. USA 92:3401-5). These two isolates (GBV-A and
GBV-B) together with HGV (an agent cloned by Genelabs) appear to be most closely related to HCV. All appear to
have positive-strand genome RNAs of ,9-10 kb and a single long ORF encoding proteins with significant homology
to those of HCV. In the case of GBV-B, the 3' NTR consists of 27 bases, a poly (U) tract, and an additional sequence
of 49 bases (Simons et al, 1995). Other than the poly (U) tract, this sequence shows no significant homology with the
HCV-H 3' NTR (A. A. Kolykhalov, unpublished).

Discussion

[0149] The present invention provides sequence data which demonstrate that the genome RNA of HCV-H (a type
1a isolate) appears not to terminate with a homopolymer tract as previously thought, but rather with a novel sequence
of 101 bases. Furthermore, results suggest that this 3' NTR structure and the putative 3' terminal element may be
features common to other HCV genotypes. In addition to the potential importance of the 3' NTR for HCV replication
and recovery of authentic HCV from cDNA, the apparent conservation of the conserved 3' element has important
applications for HCV diagnostics and therapy. Determination of HCV RNA levels in patient plasma and tissues is im-
portant not only for diagnosis of HCV infection in the absence of antibody response but also for following the efficacy
of therapeutic regimens (Bresters et al (1994) J. Med. Virol. 43:262-8; Cha et al (1991) J. Clin. Microbiol. 29:2528-34;
Chazouilleres et al (1994) Gastroenterology 106:994-9; Davis et al (1994) Hepatology 19:1337-41; Feray et al (1994)
Hepatology 20:1137-43; Gordon et al (1994) Am. J. Gastroenterol. 89:1458-61; Simmonds et al (1994) J. Gen. Virol.
75:1053-1061; Wright et al (1994) Hepatology 20:773-9). Current methods, such as quantitative RT/PCR or branched
DNA, rely on conserved RNA targets in the HCV genome which can be either genus-, type-, or subtype-specific. De-
tection of this novel, conserved sequence may be a useful alternative for diagnosis of HCV infection. In terms of therapy,
highly conserved elements in RNA virus genomes have, in most cases, been shown to be essential for efficient virus
replication. Such elements, via interaction with viral and/or host factors, function in translation of the incoming viral
RNA, as promoters for negative- and positive-strand RNA synthesis, and as signals for selective packaging of viral
RNAs. A conserved 3' element in the HCV genome, which is likely to be important for one or more of these processes,
presents an attractive therapeutic target. Identification of compounds which block interaction of this element with its
cognate host or viral factors or gene therapy approaches using this element as an RNA decoy (Sullenger et al (1990)
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Cell 63:601-608) in transplanted hepatocytes may prove useful in eradicating or controlling chronic HCV infections.
[0150] The present invention demonstrates that there may be an association of the novel sequence element and
HCV infection. The novel 3' sequence element may be used for (i) constructing full-length HCV-H cDNA clones capable
of yielding infectious RNA and virus (vaccine development, evaluation of therapeutic compounds); (ii) engineering
functional HCV RNA replicons for HCV replication studies and therapeutic evaluation; (iii) the determination of 3' NTR
sequences for other HCV genotypes and a phylogenetic analysis to define areas of conservation and divergence
(nucleic acid based diagnostics for HCV detection); (iv) the improvement of methods for determining the HCV 3' NTR
sequences and an examination of possible correlations between HCV 3' NTR features and clinical parameters (disease
severity, IFN response, immune status) or tissue tropism (predictive diagnostics); (v) determination of the 3' NTR sec-
ondary structure using chemical modification and RNase mapping and determination of 3D structure by NMR; (vi)
structure/function studies on the 3' NTR using the infectious clone (therapy, vaccine development); (vii) definition of
host or viral factors which interact with the sequence (therapy); (viii) setting up screening assays to identify compounds
which inhibit the interaction of the element with its cognate host and/or viral factors and to test identified compounds
for their effects on HCV replication (therapy); (ix) testing the conserved 3' NTR sequence element as a trans-dominant
inhibitor of HCV replication (gene therapy).
[0151] The following is a list of documents related to the above disclosure and particularly to the experimental pro-
cedures and discussions. The documents are numbered to correspond to like number documents that may appear
hereinabove.
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Claims

1. An isolated nucleic acid comprising a sequence of at least 15 nucleotides, said sequence having at least 90%
sequence identity to the complementary portion of any one of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 or SEQ
ID NO:4, or any one of SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35 or SEQ ID NO:36 or their complements.

2. An isolated nucleic acid according to claim 1 wherein said sequence has at least 95% sequence identity.

3. An isolated nucleic acid according to claim 1 or 2 wherein said sequence is at least 25 nucleotides.

4. An isolated nucleic acid having at least 75% sequence identity to any one of the sequences SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:3 or SEQ ID NO:4, or any one of SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35 or SEQ ID
NO:36 or their complements.

5. An oligonucleotide primer comprising at least 15 nucleotides of any one of the sequences SEQ ID NO:1, SEQ ID
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NO:2, SEQ ID NO:3 or SEQ ID NO:4, or any one of SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35 or SEQ ID
NO:36 or their complements.

6. An isolated nucleic acid molecule according to any one of the preceding claims comprising a recombinant DNA
or RNA having an HCV sequence which includes the sequence of any one of claims 1 to 4.

7. An isolated nucleic acid molecule according to claim 6 wherein the HCV has a sequence that is substantially
homologous to that of HCV-1, HC-J1, HC-J, HCV-BK, HCV-H, HC-J6, HC-J8, HC-J483, HC-J491, HC-C2, HCV-JK,
HCV-N, HCV-T, HCV-JT, HC-G9, HCV-K3a, NLZ1, or HCV-Tr.

8. An isolated nucleic acid molecule according to claim 6 or 7 wherein the HCV is replication competent.

9. A nucleic acid as defined in any one of the preceding claims operably linked to an expression control sequence.

10. An isolated nucleic acid molecule according to any one of the preceding claims which is a DNA.

11. A host cell transformed or transfected with the nucleic acid molecule of claim 10.

12. A host cell according to claim 11 which is a mammalian host cell.

13. A host cell according to claim 12 which is a human cell.

14. A host cell according to claim 13 which is a hepatocyte.

15. An attenuated virus comprising a sequence as defined in any one of claims 1 to 4 in combination with a sequence
which is substantially homolgous to that of HCV-1, HC-J1, HC-J, HCV-BK, HCV-H, HC-J6, HC-J8, HC-J483,
HC-J491, HC-C2, HCV-JK, HCV-N, HCV-T, HCV-JT, HC-G9, HCV-K3a, NLZ1, or HCV-Tr.

16. An antisense nucleic acid against a viral genome RNA or its complement or a recombinant DNA or RNA molecule
which upon transcription produces said antisense nucleic acid wherein said antisense nucleic acid comprises a
nucleic acid which is completely complementary to the 3' terminal sequence of HCV, said 3' terminal sequence of
HCV comprising the nucleic acid of any one of claims 1 to 5.

17. A method for detecting the presence of the 3' NTR of hepatitis C virus (HCV) in a sample comprising:

(a) contacting the sample with at least one oligonucleotide comprising a sequence of at least 15 nucleotides,
said sequence having at least 75% sequence identity to the complementary portion of any one of SEQ ID NO:
1, SEQ ID NO:2, SEQ ID NO:3 or SEQ ID NO:4, or any one of SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:
35 or SEQ ID NO:36 or their complements;
(b) providing conditions suitable for the hybridization of said oligonucleotide to the 3' NTR of an HCV; and
(c) detecting whether hybridization of said oligonucleotide has occurred.

18. A method according to claim 17 wherein said detecting comprises the use of a PCR.

19. A method according to claim 17 or 18 wherein said detecting comprises the use of a labelled oligonucleotide
comprising a sequence of at least 15 nucleotides, said sequence having at least 75% sequence identity to the
complementary portion of any one of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 or SEQ ID NO:4, or SEQ ID NO:
33, SEQ ID NO:34, SEQ ID NO:35 or SEQ ID NO:36 or their complements.

20. A method according to claim 17 to 19 wherein said detecting comprises the use of the nucleic acid or primer of
any one of claims 1 to 5.

21. A method according to claim 19 or 20 wherein said oligonucleotide or nucleic acid or primer is labelled with a
radioactive element, an enzyme, or a fluorophore.

22. A method according to claim 21 wherein said labelled oligonucleotide is detected by colorimetric, spectrophoto-
metric, fluorospectrophotometric, amperometric or gasometric technique.



EP 0 856 051 B1

5

10

15

20

25

30

35

40

45

50

55

29

23. A method according to any one of claims 17 to 22 wherein the detecting step further comprises quantitating the
presence of HCV in the sample.

24. A method according to any one of claims 17 to 23 wherein said oligonucleotide is complementary to any one of
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 or SEQ ID NO:4.

25. A method according to any one of claims 17 to 23 wherein said oligonucleotide has a sequence as set forth in
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:26, SEQ ID NO:27 or SEQ ID NO:32.

26. A method according to any one of claims 17 to 25 wherein said sample is a blood sample.

27. A kit for detecting the presence of an HCV 3' NTR in a sample, the kit comprising an oligonucleotide which is a
nucleic acid as defined in any one of claims 1 to 6, packaged in a container.

28. A kit according to claim 27 suitable for quantitating the presence of the 3'NTR.

29. A kit according to claim 27 or 28 wherein said oligonucleotide is complementary to any one of SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:3 or SEQ ID NO:4, or has a sequence as set forth in SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:8, SEQ ID NO:26, SEQ ID NO:27 or SEQ ID NO:32.

30. A kit according to any one of claims 27 to 29 wherein said oligonucleotide is labelled with a radioactive element,
an enzyme, or a fluorophore.

31. A kit according to claim 30 wherein said labelled oligonucleotide can be detected by colorimetric, spectrophoto-
metric, fluorospectrophotometric, amperometric or gasometric technique.

32. An assay system for screening drugs and other agents for the ability to modulate the replication of a virus comprising
the nucleic acid of any one of claims 6 to 10, which method comprises:

culturing said virus in the presence of a drug or other agent; and
determining the effect of the drug or other agent on viral replication by measuring the replication of said virus
via the detection of a sequence of at least 15 nucleotides, said sequence having at least 90% sequence identity
to the complementary portion of any one of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:33, SEQ ID NO:34, SEQ ID NO:35 or SEQ ID NO:36 present; or
determining the binding of said drug or other agent to said sequence.

33. An oligonucleotide comprising a sequence as defined in any one of claims 1 to 6 for use in a method of treatment
or diagnosis of hepatitis C virus.

34. A therapeutic composition for the treatment of cellular debilitations, derangements and or dysfunctions and/or
other disease states in mammals caused by a virus containing the 3' terminal sequence of an HCV which comprises
a sequence as defined in any of claims 1 to 6, said composition comprising a material selected from the group
consisting of said 3' terminal element, its complement, an agent capable of promoting the production and/or activity
of said 3' terminal element, an agent capable of mimicking the activity of said 3' terminal element, an agent capable
of inhibiting the activity of said 3' terminal sequence element, or a specific binding partner thereto.

Patentansprüche

1. Isolierte Nucleinsäure, die eine Sequenz aus zumindest 15 Nucleotiden umfasst, wobei die Sequenz zumindest
90%ige Sequenzidentität mit dem komplementären Abschnitt einer von Seq.-ID Nr.: 1, Seq.-ID Nr.: 2, Seq.-ID Nr.:
3 oder Seq.-ID Nr.: 4 oder einer von Seq.-ID Nr.: 33, Seq.-ID Nr.: 34, Seq.-ID Nr.: 35 oder Seq.-ID Nr.: 36 oder
Komplementen davon aufweist.

2. Isolierte Nucleinsäure nach Anspruch 1, worin die Sequenz zumindest 95%ige Sequenzidentität aufweist.

3. Isolierte Nucleinsäure nach Anspruch 1oder 2, worin die Sequenz zumindest 25 Nucleotide lang ist.
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4. Isolierte Nucleinsäure, die zumindest 75%ige Sequenzidentität mit einer von Seq.-ID Nr.: 1, Seq.-ID Nr.: 2, Seq.
-ID Nr.: 3 oder Seq.-ID Nr.: 4 oder einer von Seq.-ID Nr.: 33, Seq.-ID Nr.: 34, Seq.-ID Nr.: 35 oder Seq.-ID Nr.: 36
oder Komplementen davon aufweist.

5. Oligonucleotidprimer, die zumindest 15 Nucleotide einer der Sequenzen Seq.-ID Nr.: 1, Seq.-ID Nr.: 2, Seq.-ID
Nr.: 3 oder Seq.-ID Nr.: 4 oder einer von Seq.-ID Nr.: 33, Seq.-ID Nr.: 34, Seq.-ID Nr.: 35 oder Seq.-ID Nr.: 36 oder
Komplementen davon umfasst.

6. Isoliertes Nucleinsäuremolekül nach einem der vorangegangenen Ansprüche, umfassend eine rekombinante DNA
oder RNA mit einer HCV-Sequenz, die eine Sequenz nach einem der Ansprüche 1 bis 4 umfasst.

7. Isoliertes Nucleinsäuremolekül nach Anspruch 6, worin das HCV eine Sequenz aufweist, die im Wesentlichen
homolog mit jener von HCV-1, HC-J1, HC-J, HCV-BK, HCV-H, HC-J6, HC-J8, HC-J483, HC-J491, HC-C2,
HCV-JK, HCV-N, HCV-T, HCV-JT, HC-G9, HCV-K3a, NLZ1 oder HCV-Tr ist.

8. Isoliertes Nucleinsäuremolekül nach Anspruch 6 oder 7, worin das HCV replikationskompetent ist.

9. Nucleinsäure nach einem der vorangegangenen Ansprüche, die mit einer Expressionskontrollsequenz operabel
verbunden ist.

10. Isoliertes Nucleinsäuremolekül nach einem der vorangegangenen Ansprüche, die eine DNA ist.

11. Wirtszelle, die mit einem Nucleinsäuremolekül nach Anspruch 10 transformiert oder transfiziert ist.

12. Wirtszelle nach Anspruch 11, die eine Säugetier-Wirtszelle ist.

13. Wirtszelle nach Anspruch 12, die eine menschliche Zelle ist.

14. Wirtszelle nach Anspruch 13, ein Hepatocyt ist.

15. Attenuiertes Virus, das eine Sequenz nach einem der Ansprüche 1 bis 4 in Kombination mit einer Sequenz umfasst,
die im Wesentlichen homolog mit jener von HCV-1, HC-J1, HC-J, HCV-BK, HCV-H, HC-J6, HC-J8, HC-J483,
HC-J491, HC-C2, HCV-JK, HCV-N, HCV-T, HCV-JT, HC-G9, HCV-K3a, NLZ1 oder HCV-Tr ist.

16. Antisense-Nucleinsäure gegen eine virale Genom-RNA oder ihr Komplement oder rekombinantes DNA- oder
RNA-Molekül, das bei der Transkription die Antisense-Nucleinsäure produziert, worin die Antisense-Nucleinsäure
eine Nucleinsäure umfasst, die vollständig komplementär zur 3'-terminalen Sequenz von HCV ist, wobei die 3'-
terminale Sequenz von HCV eine Nucleinsäure nach einem der Ansprüche 1 bis 5 umfasst.

17. Verfahren zum Nachweis der Gegenwart des 3'NTR von Hepatitis C-Virus (HCV) in einer Probe, umfassend:

(a) das Kontaktieren der Probe mit zumindest einem Oligonucleotid, das eine Sequenz aus zumindest 15
Nucleotiden umfasst, wobei die Sequenz zumindest 75%ige Sequenzidentität mit dem komplementären Ab-
schnitt einer von Seq.-ID Nr.: 1, Seq.-ID Nr.: 2, Seq.-ID Nr.: 3 oder Seq.-ID Nr.: 4 oder einer von Seq.-ID Nr.:
33, Seq.-ID Nr.: 34, Seq.-ID Nr.: 35 oder Seq.-ID Nr.: 36 oder Komplementen davon aufweist;
(b) das Schaffen von Bedingungen, die für die Hybridisierung des Oligonucleotids an den 3'NTR eines HCV
geeignet sind; und
(c) den Nachweis, ob Hybridisierung des Oligonucleotids erfolgt ist.

18. Verfahren nach Anspruch 17, worin der Nachweis den Einsatz von PCR umfasst.

19. Verfahren nach Anspruch 17 oder 18, worin der Nachweis die Verwendung eines markierten Oligonucleotids um-
fasst, das eine Sequenz aus zumindest 15 Nucleotiden umfasst, wobei die Sequenz zumindest 75%ige Sequen-
zidentität mit dem komplementären Abschnitt einer von Seq.-ID Nr.: 1, Seq.-ID Nr.: 2, Seq.-ID Nr.: 3 oder Seq.-ID
Nr.: 4 oder einer von Seq.-ID Nr.: 33, Seq.-ID Nr.: 34, Seq.-ID Nr.: 35 oder Seq.-ID Nr.: 36 oder Komplementen
davon aufweist.

20. Verfahren nach Anspruch 17 bis 19, worin der Nachweis die Verwendung einer Nucleinsäure oder eines Primers
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nach einem der Ansprüche 1 bis 5 umfasst.

21. Verfahren nach Anspruch 19 oder 20, worin das Oligonucleotid oder die Nucleinsäure oder der Primer mit einem
radioaktiven Element, einem Enzym oder einem Fluorophor markiert ist.

22. Verfahren nach Anspruch 21, worin das markierte Oligonucleotid durch kolorimetrische, spektralphotometrische,
fluorospektralphotometrische, amperometrische oder gasometrische Verfahren detektiert wird.

23. Verfahren nach einem der Ansprüche 17 bis 22, worin der Nachweisschritt weiters das Quantifizieren der Gegen-
wart von HCV in der Probe umfasst.

24. Verfahren nach einem der Ansprüche 17 bis 23, worin das Oligonucleotid zu einer von Seq.-ID Nr.: 1, Seq.-ID Nr.:
2, Seq.-ID Nr.: 3 oder Seq.-ID Nr.: 4 komplementär ist.

25. Verfahren nach Anspruch 17 bis 23, worin das Oligonucleotid eine Sequenz aufweist wie in Seq.-ID Nr.: 6, Seq.
-ID Nr.: 7, Seq.-ID Nr.: 8, Seq.-ID Nr.: 26, Seq.-ID Nr.: 27 oder Seq.-ID Nr.: 32 angegeben.

26. Verfahren nach einem der Ansprüche 17 bis 25, worin die Probe eine Blutprobe ist.

27. Set zum Nachweis der Gegenwart eines HCV 3'NTR in einer Probe, wobei das Set ein Oligonucleotid, das eine
Nucleinsäure wie in einem der Ansprüche 1 bis 6 definiert ist, in einem Behälter verpackt umfasst.

28. Set nach Anspruch 27, das zum Quantifizieren der Gegenwart des 3'NTR geeignet ist.

29. Set nach Anspruch 27 oder 28, worin das Oligonucleotid zu einer von Seq.-ID Nr.: 1, Seq.-ID Nr.: 2, Seq.-ID Nr.:
3 oder Seq.-ID Nr.: 4 komplementär ist oder eine Sequenz wie in Seq.-ID Nr.: 6, Seq.-ID Nr.: 7, Seq.-ID Nr.: 8,
Seq.-ID Nr.: 29, Seq.-ID Nr.: 27 oder Seq.-ID Nr.: 32 angegeben aufweist.

30. Set nach einem der Ansprüche 27 bis 29, worin das Oligonucleotid mit einem radioaktiven Element, einem Enzym
oder einem Fluorophor markiert ist.

31. Set nach Anspruch 30, worin das markierte Oligonucleotid durch kolorimetrische, spektralphotometrische, fluoro-
spektralphotometrische, amperometrische oder gasometrische Verfahren nachgewiesen werden kann.

32. Testsystem zum Screenen von Arzneimitteln und anderen Mitteln auf die Fähigkeit zur Modulation der Replikation
eines Virus, das eine Nucleinsäure nach einem der Ansprüche 6 bis 10 umfasst, wobei das Verfahren Folgendes
umfasst:

das Kultivieren des Virus in Gegenwart eines Arzneimittels oder anderen Mittels; und
das Bestimmen der Wirkung des Arzneimittels oder anderen Mittels auf die virale Replikation durch Messen
der Replikation des Virus anhand der Bestimmung einer Sequenz aus zumindest 15 Nucleotiden, wobei die
Sequenz zumindest 90%ige Sequenzidentität mit dem komplementären Abschnitt einer der enthaltenen Seq.
-ID Nr.: 1, Seq.-ID Nr.: 2, Seq.-ID Nr.: 3, Seq.-ID Nr.: 4, Seq.-ID Nr.: 33, Seq.-ID Nr.: 34, Seq.-ID Nr.: 35 oder
Seq.-ID Nr.: 36 aufweist; oder
das Bestimmen der Bindung des Arzneimittels oder anderen Mittels an die Sequenz.

33. Oligonucleotid, das eine Sequenz wie in einem der Ansprüche 1 bis 6 definiert umfasst, zur Verwendung in einem
Verfahren zur Behandlung oder Diagnose von Hepatitis C-Virus.

34. Therapeutische Zusammensetzung zur Behandlung zellulärer Schwächungen, Störungen oder Funktionsstörun-
gen und/oder anderer Erkrankungszustände bei Säugetieren, die durch ein Virus hervorgerufen werden, das die
3'-terminale Sequenz eines HCV enthält, die eine Sequenz wie in einem der Ansprüche 1 bis 6 definiert umfasst,
wobei die Zusammensetzung ein Material umfasst, das aus der aus dem 3'-terminalen Element, seinem Komple-
mentär, einem Mittel, das fähig ist, die Produktion und/oder Aktivität des 3'-terminalen Elements zu fördern, einem
Mittel, das fähig ist, die Aktivität des 3'-terminalen Elements nachzuahmen, einem Mittel, das fähig ist, die Aktivität
des 3'-terminalen Sequenzelements zu hemmen, oder einem spezifischen Bindungspartner dafür bestehenden
Gruppe ausgewählt ist.
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Revendications

1. Acide nucléique isolé comprenant une séquence d'au moins 15 nucléotides, ladite séquence ayant au moins 90%
d'identité de séquence avec la portion complémentaire de l'une de SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 ou
SEQ ID NO:4, ou l'une de SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35 ou SEQ ID NO:36 ou leurs compléments.

2. Acide nucléique isolé selon la revendication 1, où ladite séquence a au moins 95% d'identité de séquence.

3. Acide nucléique isolé selon la revedication 1 ou 2, où ladite séquence a au moins 25 nucléotides.

4. Acide nucléique isolé ayant au moins 75% d'identité de séquence avec l'une des séquences SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:3 ou SEQ ID NO:4, ou l'une de SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35 ou SEQ ID
NO:36 ou leurs compléments.

5. Amorce oligonucléotidique comprenant au moins 15 nucléotides de l'une des séquences SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3 ou SEQ ID NO:4 ou de l'une de SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35 ou SEQ ID
NO:36 ou leurs compléments.

6. Molécule d'acide nucléique isolé selon l'une quelconque des revendications précédentes comprenant un ADN ou
ARN recombinant ayant une séquence de HCV qui contient la séquence de l'une quelconque des revendications
1 à 4.

7. Molécule d'acide nucléique isolé selon la revendication 6, où HCV a une séquence qui est sensiblement homologue
à celle de HCV-1, HC-J1, HC-J, HCV-BK, HCV-H, HC-J6, HC-J8, HC-J483, HC-J491, HC-C2, HCV-JK, HCV-N,
HCV-T, HCV-JT, HC-G9, HCV-K3a, NLZ1, ou HCV-Tr.

8. Molécule d'acide nucléique isolé selon la revendication 6 ou 7, où HCV est compétent en réplication.

9. Acide nucléique tel que défini selon l'une quelconque des revendications précédentes activement enchaîné à une
séquence de contrôle d'expression.

10. Molécule d'acide nucléique isolé selon l'une quelconque des revendications précédentes, qui est un ADN.

11. Cellule hôte transformée ou transfectée par la molécule d'acide nucléique de la revendication 10.

12. Cellule hôte selon la revendication 11, qui est une cellule hôte mammalienne.

13. Cellule hôte selon la revendication 12, qui est une cellule humaine.

14. Cellule hôte selon la revendication 13, qui est un hépatocyte.

15. Virus atténué comprenant une séquence telle que définie selon l'une quelconque des revendications 1 à 4 en
combinaison avec une séquence qui est sensiblement homologue à celle de HCV-1, HC-J1, HC-J, HCV-BK,
HCV-H, HC-J6, HC-J8, HC-J483, HC-J491, HC-C2, HCV-JK, HCV-N, HCV-T, HCV-JT, HC-G9, HCV-K3a, NLZ1,
ou HCV-Tr.

16. Acide nucléique anti-sens contre un ARN génomique viral ou son complément ou une molécule d'ADN ou ARN
recombinant qui lors d'une transcription produit ledit acide nucléique anti-sens où ledit acide nucléique anti-sens
comprend un acide nucléique qui est complètement complémentaire de la séquence 3' terminale de HCV, ladite
séquence 3' terminale de HCV comprenant l'acide nucléique de l'une quelconque des revendications 1 à 5.

17. Méthode de détection de la présence de 3' NTR du virus de l'hépatite C (HCV) dans un échantillon comprenant

(a) la mise en contact de l'échantillon avec au moins un oligonucléotide comprenant une séquence d'au moins
15 nucléotides, ladite séquence ayant au moins 75% d'identité de séquence avec la portion complémentaire
de l'une de SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 ou SEQ ID NO:4 ou l'une de SEQ ID NO:33, SEQ ID
NO:34, SEQ ID NO:35 ou SEQ ID NO:36 ou leurs compléments;
(b) prévoir des conditions appropriées pour l'hybridation dudit oligonucléotide à 3' NTR de HCV; et
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(c) détecter si l'hybridation dudit oligonucléotide a eu lieu.

18. Méthode selon la revendication 17, où ladite détection comprend l'utilisation de PCR.

19. Méthode selon la revendication 17 ou 18, où ladite détection comprend l'utilisation d'un oligonucléotide marqué
comprenant une séquence d'au moins 15 nucléotides, ladite séquence ayant au moins 75% d'identité de séquence
avec la portion complémentaire de l'une de SEQ ID NO:10, SEQ ID NO:2, SEQ ID NO:3 ou SEQ ID NO:4 ou SEQ
ID NO:33, SEQ ID NO:34, SEQ ID NO:35 ou SEQ ID NO:36 ou leurs compléments.

20. Méthode selon la revendication 17 à 19, où ladite détection comprend l'utilisation de l'acide nucléique ou amorce
de l'une des revendications 1 à 5.

21. Méthode selon la revendication 19 ou 20, où ledit oligonucléotide ou acide nucléique ou amorce est marqué par
un élément radioactif, une enzyme ou un fluorophore.

22. Méthode selon la revendication 21, où ledit oligonucléotide marqué est détecté par technique colorimétrique, spec-
trophotométrique, fluorospectrophotométrique, ampérométrique ou gazométrique.

23. Méthode selon l'une quelconque des revendications 17 à 22, où l'étape de détection comprend de plus la quan-
tification de la présence de HCV dans l'échantillon.

24. Méthode selon l'une quelconque des revendications 17 à 23, où ledit oligonucléotide est complémentaire de l'une
de SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 ou SEQ ID NO:4.

25. Méthode selon l'une quelconque des revendications 17 à 23, où ledit oligonucléotide a une séquence telle qu'in-
diquée dans SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:26, SEQ ID NO:27 ou SEQ ID NO:32.

26. Méthode selon l'une quelconque des revendications 17 à 25, où ledit échantillon est un échantillon de sang.

27. Kit pour détecter la présence de 3' NTR de HCV dans un échantillon, le kit comprenant un oligonucléotide qui est
un acide nucléique tel que défini selon l'une quelconque des revendications 1 à 6, emballé dans un conteneur.

28. Kit selon la revendication 27, approprié pour la quantification de la présence de 3' NTR.

29. Kit selon la revedication 27 ou 28, où ledit oligonuciéotide est complémentaire de l'une de SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3 ou SEQ ID NO:4 ou a une séquence telle qu'indiquée dans SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:26, SEQ ID NO:27 ou SEQ ID NO:32.

30. Kit selon l'une quelconque des revendications 27 à 29, où ledit oligonucléotide est marqué par un élément radioac-
tif, une enzyme ou un fluorophore.

31. Kit selon la revendication 30, où ledit oligonucléotide marqué peut être détecté par technique colorimétrique, spec-
trophotométrique, fluorospectrophotométrique, ampérométrique, ou gazométrique.

32. Système d'essai pour cribler des médicaments et autres agents pour l'aptitude à moduler la réplication d'un virus
comprenant l'acide nucléique de l'une quelconque des revendications 6 à 10, laquelle méthode comprend:

la culture dudit virus en présence d'un médicament ou autre agent; et
la détermination de l'effet du médicament ou autre agent sur la réplication virale en mesurant la réplication
dudit virus via la détection d'une séquence d'au moins 15 nucléotides, ladite séquence ayant au moins 90%
d'identité de séquence avec la portion complémentaire de l'une de SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:
3, SEQ ID NO:4, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, ou SEQ ID NO:36 présente; ou
la détermination de la liaison dudit médicament ou autre agent à ladite séquence.

33. Oligonucléotide comprenant une séquence telle que définie dans l'une quelconque des revendications 1 à 6 pour
une utilisation dans une méthode de traitement ou de diagnostic du virus de l'hépatite C.

34. Composition thérapeutique pour le traitement de débilitations, dérangements ou dysfonctionnements cellulaires
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et/ou autres états de maladie chez les mammifères, provoqués par un virus contenant la séquence 3' terminale
de HCV qui comprend une séquence telle que définie dans l'une des revendications 1 à 6, ladite composition
comprenant un matériel sélectionné dans le groupe consistant en ledit élément 3' terminal, son complément, un
agent capable de promouvoir la production et/ou l'activité audit élément 3' terminal, un agent capable d'imiter
l'activité dudit élément 3' terminal, un agent capable d'inhiber l'activité dudit élément de séquence 3' terminal ou
un partenaire spécifique de liaison pour celui-ci.
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