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MNOVEL 3" TERMIMNAL SEQUENCE OF HEPATITIS C VIRUS GENOME
AND DIAGNOSTIC AND THERAPEUTIC USES THEREOF

GOWVERMMENTAL SUPPOHT

This work was suppoerted by Mational Cancer Institute/Mational Insfituies of Health grani

number CASTITI, The government may have certain rights in this invention,

TECHMICAL FIELD OF THE INWVENTION

The present invention relates generally to a nowvel nucleotide sequence element idenniied
at of near the 3° terminus of the hepatitis C virug (HCV] viral genome AMA. This
clement s highly conserved among HCW genotypes and may be essential for HCW
replication,

BACKGROUND OF THE INWVENTION

After the development of diagnostic tests for hepatis A virus and hepatitis B virus, an
additional agent, which could be experimentally ransmitted to chimpanzees [Alter et al,
1978; Hollinger ot al, 1978; Tabor ot al, 19781, became recognized as the major cause
of transfusion-acquired hopatitis, cDNA clones corresponding 1o the causative non-A
non-B (NANEB) hepatitis agent, called hepatitis C virus (HCWV], were reported in 1989
{Choo ¢t al, 1982), This breakthrough has led to rapid advances in diagoostics, and in
our understanding of the epidemiology, pathogenesis and molocular vieology of HCW
[sza Houghton ot al, 1934 for review). Evidence of HCV inTection is found theoughout
the world and the provalence of anti-HCV antibodies rangos from 0.4-2% in most
developed countries to more than 14% in Egypt (Hibbs et al, 1993}, Besides
transmisgion vie blood or blood products, or less frequantly by sexusl and congenital
routes, sporadic cases  not associated with known risk factors, occur end account for
meare than $0% of HCV cases (Alter et al, 1990: Mast and Alter, 1993), Infections are
usually chronic {Alter et al, 1992} and clinical outcormes range from an inapparent
carrier state to acute hepatitis, chronic active hepatitis, and cirrhasis which 15 strongly
associated with the development of hepatocellular carcinoma. Althowgh alpha IFN has
broen shown to be uselul for the treatment of some patients with chronic HCY infections
(Davis et al, T989; DiBisceqglie ot ol, 1989) and subunit vaccines show some Proumise in
the chimpanzes model {Choo ot al, 1994), future offorts are needed to develop more
cifective therapies amd vaccines. The considerable diversity observed among different
HCW isclates (for rewvicw, soe Bukh et al, 1995%), the emergence of genetic variants in

chronically infected individuals (Enomoato et al, 1993; Hijikata e al, 1991; Kato et al,
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3 TERMINAL SEQUENCE OF HEPATITIS C VIRUS GENOME
AND DIAGNOSTIC AND THERAPEUTIC USES THEREOT

TECHMICAL FIELD OF THE INVEMTION

The present invention relates generally to a novael nucleotide seguonce alement identified
ar ar neas Ihcll.a‘r-térn;ri.nus of the hepatitis C virus [HCV) viral genome ANA. This
element |s highly conserved among HCY genotypes and may be essential for HEW

replication.

BACKGROUND OF THE INVENTION

Aftar the development of diagnostic tests for hepatitls A virus and hepetitis B virus, an
additional agent, which could be experimentally transmittad to chimpanzees (Aler et al,
1978; Hellinger et al, 1978; Tabor et al, 19781, became recognized as the major cause
of transfusion-acquired hepatitis. cDMNA clonees corresponding to the causative non-2
non-B (MAME] hapetitia agent, called hepatitis C virus (HCV), were reported in 19859
[Choo et al, 1989]. This breakthraugh has led to rapid advances in diagnostics, and in
our understanding of the cpidecmiology, pethogenesis and malecular virology of HOW
[soe Hougheon et al, 1884 for review]. Evidance of HCV infection is found througheut
the world and the prevalence af anti-HCV antibodios ranges from 0.4-2% in most
developed countries to mora than 14% in Egypt (kibbs et al, 1993). Besides
transmission via blood or blood products, or less frequently by sexual and congenital
routes, sporadic cases, not associated with known risk factors, accur and ur:mu:ﬁ for
mare than $0% of HCV cazes [Alter ot al, 1990; Mast and Altar, 1993). Infections are
usually chronic (Alter st al, 1992) and clinical outcomes range from an inapparant
carrier STete 1o acule hopatitis, chronic active hepatitis, and cirrhosis which is strangly
associated with the development of hapatocellular carcinema, Although alpha IFN has
been shown to be usaful for the westment of some patients with chronic HCY infectlons
[Davis er al, 1989; Dibiscaglin et al, 19689) and subunit vaccines show some promise in
the chimpanzee modet {Choo ¢t al, 1984), future afforts are necded to develop more
effective therapies and waccines. The considerable diversity observed among different
HCV Izalates (for review, see Bukh et al, 19495}, the emergence of gqenetic variane in

chronically infected individuals ([Enomoto et al, 1993; Hijikata at al, 1991: Kato et al,




10

15

20

25

a0

2

19392; Kata ¢t al, 1993; Kurosaki et al, 1993; Lesniawski et al, 1993; Ogata at al,
1287; Weiner et al, 1991; Wainer at al, 1992}, and the lack of protectiva immunity
elicited afver HCW infection {Farci at al, 1992; Prince et al, 1992} prasent major

challanges towards these goals.

Molecular biology of HCY

Classification. Based on its genome structura and virion proparties, HCW hasz
bean classified as a separate ganus in the flavivirus family, which includes twa other
ganara: thae flaviviruses [auch as yellow fever virus [YF)] and the animal pestiviruses
Ihovine viral diarrhea virug [EVDY) and clagsical swine fever virus (C5FV1] (Francki on al,
19911, All memhers of this family have enveloped virions that contein & positive-sirand
REA genome encoding all known virus-specific pratelns vie translation of a single lang
open reading frame (ORF: see below).

Struciure and physical properties of the virion. Little information is available on

the structure and replication of HCV. Studies have been hampered by tha lack of a cell
culure sl,'stem.al:ﬂu to support efficient virus replication and the typically low titers of
infectious virus present in sarum. The size of infactious virus, basad on filtration
axpariments, is betwean 30-80 nm (Bradley at &l, 198%; He et al, 1987; Yuasa et al,
1991}, HCV particles isalated from pooled human plasma (Takahashi et al, 1982),
present in hepatocytes from Infectad chimpanzees, and produced in cell culfure (Shimizu
et al, 1994a] have been visualized (fentatively] by electron microscopy, Initial
measurements of the buovanl density of infectious material in sucrose yvielded a range
of values, with the majorty present in a low density pool of < 1.7 gfml (Bradley et al,
1831). Subsequont studios have used BRT/PCR to dotect HCW-specific BNA as an
indirect measure of potentialhy infectious virus present in sera from chronically infected
humans ar experimentally infected chimpanzees. Fromn these studies, it has become
Increasingly clear that conslderable helerogeneity exists between different clinical
samples, and that many factors can alfect the behavior of particles containing HCY
AMA (Hijikata et al, 1993; Thamssen et al, 1992). Such factors include association
weith imrmunoglobulins {Hijikata et &l, 1993} ar low density llpoprotein [Thomssen et al,
1892; Thomsaen et al, 1993]. In highly infectious acute phase chimpanzea serum,
HCW-specific ANA is usuelly detected n fractions of low buayant density (1.03-1.1
giml) {Carrick et al, 1982; Hijikata et al, 1993). In ather samples, the presence of HCW
antibodies and formation of immune eomplexes correlate with parficles of higher density
and lower infectivity {Higkata et al, 1993}, Treatment of particles wath chloraform,
which inactivates infectivity {Bradloy ot al, 1983; Frinstone et al, 1983}, or with




10

15

20

25

a0

as

3

nanionic detergents, produces ANA containing particles of higher densiny (1.17-1,2%

ffmll boligved o represant HCY nucleocapsids (Hijikata et al, 1993; Kento et al, 1994;
Mivamote et al, 1992].

There: hava bean many reports of warying levals of negative-sense HEV-specilic RMNAS i
sera and plasma [see Fong at al, 1991). Howewer, it seems unlikely that such ANAS are
assantial components of infectious particles since soma sera with high infectlvity can
have low or undetectable levels of negativa-strand ANA {Shimizu ot al, 1993}, The
wirion protgin composition has not bean rigorously determined, but putative HEW

structural proteing includa a basic C protein and two mombrane glycoproteins, E1 and
EZ.

HCW replication. Early ewvents in HCW replication are poorly underztood, Cellular
receptors for the HCWY glycoproteing have not been identified. The azsaciatlon of some
HCW particles with heta-lipoprotein &and immunoglobulins reizes the possibility that these
hosat moleculea may modulate virua uptake and tissue tropiem. Studies examining HCW
replication have baen largely restricted to human patienta or experimentally inoculaned
chimpanzaes. In the chimpanzea maodal, HCW AMA, is dotected in the serum 83 early as
2 days post-inoculation snd pareistz through the pesk of sarum alanine aminotrensferese
(ALT) lavels {an indicator of liver damage] {Shimizu et 8i, 1980]. The onsaat of viremia is
followed by the sppearance of indirect hallmearks of HCV infection of the liver. These
include the appearence of a cytoplazmic antigen [Shimizu et al, 1990} and
ultragtructural changes In hepatocytes such as the farmation of microtubular aggregates
for which HCW previausly was referred to as the chlorafarm-sensitive "wbule forming
agent” or *TFA® [reviewed by Bradley, 1920). As shown by the appearance of viral
antigens (Blight et al, 1993; Hiramatsu at al, 1992; Krawczynski et al, 1892; ¥Yamada et
al, 1993} and the detection of positive and negative sensa AMAs (Fong et al, 1991;
Gunji et al, 1994; Haruna et al, 1993; Lamas et al, 1892; Mouri Aria et al, 1993;
Sherker et al, 1993; Takehara et al, 1992: Tanaka et al, 1993}, hepatocyles appear (o
be a major site of HCV replication, particularly during acute infection (Megro et al,
1992, In later stages of HCV infection the appearance of HCV-speafic amibodies, the
persistence or resolution of viremia, and the severity of liver dizsease, vary greatly both
in the chimpanzea model and in human patients. Although some liver damage may
occur as a direct cnnsaqﬁence of HCW infection and eyrtopathogenicity, the emerging
consensus is that host immune responses, in particuler virnes-specific cyiooxic T

lymphocytes, may play a more dominant rele in mediating cellular damage (see Rice

and Walker, 1995 for review].
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It has been speculated that HEY may also replicate in extra hepatic resarvairs),
particularly in chronically infected individuals. In some cases, RT/PCH or i situ
hybridization has shown an association of HCV ANA with periphaeral Blood mononuclear
calls including T-cells, B-cells, and monocytes (Blight ot al, 1992; Bouffard et al, 1992
Gil et al, 1993; Gungi et al, 1994; Moldvay et al, 1994; Nuovo et al, 1993; Wang et al,
1892; Young et al, 1993; Yun et al, 1993; Zignego ¢ al, 1932). Such tissua tropism
could be relevant 1o the estabishmoent of chronic infections and might also play & rola in
the association between HEV infection and cortain immunalogical abnormalities such as
mixed cryoglobulinermia (reviewed by Ferr et al, 1993), glemerulonephritis, and rara
non-Hodgkin's B-lymplwmas [Ferel ot al, 1993; Kagawa ot 41, 1993), Howoever, the
detection of dreulating negative strand RMA in serum, the difliculty in obtaining truly
strand-specific RT/PCA (Gunji et al, 1994], and the low numbers of apparently infectad
cells have made it difficult 1o abtain unambiguous evidence Tor replication in these

lissuas i vivo.

Although a I::EI[! culwre system capable of efficient HCY replication has not been
developed, somo progress has been made. Consistont with the it wivo observations
mentionad above, i witro HCV infection and short 1eem replication have been reported
for chimpanzee and human hepatocytes (Carloni el al, 1993; lacovace et al, 1993;
Lanford at al, 19234), a human hepatama ling (Huhy; Yoo et al, 1995, see below],
peripheral blood leukocytos (Muller et al, 13931, a human B-cell line expressing EBY
antigens (Bertolini et al, 1893), a mousa retrovirus-infected human T-coell line (Moltd-ha;
Lhimizu ot al, 1982}, an HTLY-1 transformed human T-call line (MT-2; Kato et al,
19495|, and fibroblasts derived from humen foreskin (Zibert et al, 1985]. Thus far, anly
a small fraction of these cells appear infected. fn vitro infectivity of different HCW
inocula using a permissive subclone of the Moltd-Ma T-cell line correlates well with their
i1 vivo infactivity in the chimpanzee model (Shimizu et al, 1933]. This cell line has alzo
been uszad to begin examining HCV binding and the possible emergence of newtralization

egcape mutants during chronic infaction {Shimizu et al, 1924b).

Genome structure. Full-length or nearly full-length genome sequences of
numerous HCY isolates have bean reported (see Lin et al, 1994; Okamoto et al, 1994;
Sakamoto et al, 1994 and citations therpin). Given the considerable genetic divergence
among igolates, it i clear that sewvaral major HCV genotypes are distributed throwghooe
ihe waorld {see bhelow]. Those of greatest importance in the U5, are genotype 1,
gubtypes 1a and 1b. HCY genome RMAs are about 3.4 kilobases in length, The 5 NTR

iz 341-344 baze= and iz the most conserved RMA sequence slement in the HCW
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genamg, The length of the long OAF varias slighthy among isolates, encading
polyproteing of 30710, 3011 or 2033 amino acids. The reported 37 NTR structures show
considerable diversity both in composition and langth [28-42 hazaes], and appear to
tarminate with poly () [for examples, see Chen et al, 1992; Okamota et al, 1991;
Tokita et al, 1994) axcept in one case (HCW-1, type 1a) which appears contain a 3°
tarminal poly (A] tract (Han et &1, 1981].

Translation and proteclytic proeessing. Several stodies have uzed cell-Tree
translation and ransient exprassion in cell culiure 1o examine the role of the 5° NTR in
translation initiation (Fukushi et al, 1994; Tsukivama-Kohara et al, 1993; Wang &1 al,
1993; Yoo et al, 19592). This highly conserved sequence contains multiple short
AUG-initiated OAFs and shows significant homalogy with the 5° NTR region of
pastiviruses {Bukh et al, 1992; Han et al, 1991). A seres of stem-doop structures hawve
been proposed on the basis of computer modeling and sensitivity 1o digestion by
different ribonucleases [Brown at al, 1932; Tsukiyama-Kohara et al, 19921, Although
still controversial {see Wang et al, 1993; Yoo et al, 1932, the results from several
Qroups i|'|di-|:n'lé that this elament functions as an internal ribosome entry site (IRES)
allowing efficient translation initiation at the first AUG of the long ORF (Fukushi et al,
19894; Tsukivama-Kohara at al, 18982; Wang et al, 1933), Some of the predicted
features of tha HCVY and pestivirus IRES elements are similar 1o one anather {Brown et
al, 1982}, It has been proposed that the & terminal hiairpin stracture and the short
ORFz may function to downregulate ransiation (Yoo ot al, 1992), The ability of this

elemeant to funcrion as am IRES suggests that HOV genome BMAs may lack a 57 cap
struciure,

The organization and processing of the HCW polyprotein eppears to be most similar 1o
that of the pestiviruses. At least 10 polypeptides have been identified and the order of
thesa cleavage products in the polyprotein iz NH,-C-E1-E2-p7-NS2-NS3-MS4A-NS4B-
MS5A-M558-CO0H. Proteolytic processing is mediaied by host signal peptidase and
two HCV-ancoded proteinesas, the M52-3 autoproteinase and the NS3-44 serine
proteinase. C is a basic protein believed to be the wviral core or capsid protein; €1 and
EZ arc putative virion envelope glycoproteins; p? iz & hydrophoble protein of unknown
function that is inefficiantly cleaved from the E2 glycoproteln [Lin el al, 1994:
Mizushima ot al, 1994; Selby ot &l, 1994}, and NSI-NSEE are kely nonstructural (MNS)
proteins which function in viral RMA replication complexes, In particular, besidos s
M-terminal serine proteinase domain, MS3 containg matifs characteristic of RMNA

helicazas and has been shown to possess an RNA-stimulated MTPase activity (Suzich et




