CHAPTER Il

REVIEW AND RELATED LITERATURES

Hepatitis C virus

Hepatitis C was first recognized as a distinct form of liver disease in the mid-
1970s with the advent of diagnostic te§§ ry titis A and B virus infections ©%. The
etiologic agent of hepatitis C w@g”‘.&mpos
demonstrations of its trarl:wm chﬁlpa@ small size (<80 nm
sensitivity to chloroform ()/ - hspath (HCV) was first cloned in

Ilbrarynd\e‘r_i‘ved from the plasma of a

fmall enveloped virus based on

) @) and

the family Flaviviridae . All vnﬂjﬁ'éé i m»@ have a small enveloped virions and

positive-sense RNA genomes thm&aqélmsmgle long polyproteins, with the
'

structural proteins gllF etherinthe NELterminal gortion, followed by the
nonstructural proteins. ﬁir polyproteins are o inﬁ individual viral proteins by

a combination of host and wral proteases, mcludmg host signalase and a viral serine

protease Iocatecﬁ wﬂﬂ Wﬁrﬁ(ﬁ%rﬁ]ﬂ ﬁmlanty among these

viruses is limitedjto the serine protease and nucleotlde tnpnosphatase (NTPase)

R R

have smceqled t n o In a separate genus pacivirus) of the
family Fraviviridae, which includes two other genera, Flavivirus and Pestivirus ®".

These viruses have an enveloped particle harbouring a plus-strand RNA that has
a length of 9600 nucleotides. The genome carries a single long open reading frame
(ORF) encoding a polyprotein that is proteolytically cleaved into a set of distinct

(32-33)

products (Figure 1) . The HCV polyprotein is cleaved co- and post-translationally

by cellular and viral proteinases into 10 different products, with the structural proteins
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located in the amino- terminal one-third and the nonstructural replicative proteins in the

remainder. The detail of each product is indicated below =
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Figure 1 Structﬁ %éﬁgﬂaﬁ ﬂé%:%u@] ﬂa‘ﬁnctional regions of the

genome are shoWh beneath the cartg,on of the organlzatlon of the viral RNA. The 10
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functions. IRES, internal ribosomal entry site; UTR, untranslated region; C, nucleocapsid

core; E1, envelope protein 1; E2, envelope protein 2; NS, non-structural. -
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5' Untranslated region (5'UTR)
An obvious characteristic of HCV is the presence of a long untranslated region
(UTR) at the 5 end of the genome and detailed molecular analysis indicates that

polyprotein synthesis is initiated at nucleotide 342 =

. The highly conserved 5° UTR is
341-344 nucleotides long. Several stem-loop structures in this region contribute to an
internal ribosome-binding site (IRES) that mediates the CAP-independent translation of
the viral RNA. Because of the high degree of sequence conservation and the crucial
role plays in the translation of the viral polyprgtein, the 5" UTR has become a target for

the development of nucleic acid-based a@‘@l agents, such as antisense

oligonucleotides and ribozymes - J e
.  — -
In fact, this reg|0£|/s,&he ost Lonserved region of the whole genome, a

characteristic which has all it i10/be used as a diagnostic marker for HCV by RT-

¥

PCR ®. 4R &
. . - it
Virus-encoded protein
Structural proteins ail il
& ‘.-'.#’7:4 #
1. Core protein Al

The protein located at the ;amino term{r_f;s_\:;of the polyprotein is highly basic in
nature and is considered likely to bext_he viral c?ésud protein. It is released from the viral

polyprotein by nascent broteolytlc cleavage at amino acid é} by host proteases. The

full-length protein, knO\‘/'\{n as P21, has been identified by"goth in vitro and in vivo
expression but a second” species (P19) generated by a s"e‘condary cleavage at amino
acid 173 is the major product-observed following,expression-in mammalian cells. Both
P21 and P19 arg, located in the endoplasmic reficulum” (ER) membrane 2and the
conversion of P21 to.P19 is, presumably mediated-by. membrane-associated cellular
enzymes. A third ‘collinear'species’ of core which can also-be detected’in expression
studies is appoximately 151 amino acids long (P16) and appears to be localized in the
nucleus and more specifically in the nucleolus. Apart from its highly basic nature, the
core protein also processes a number of distinct hydrophobic regions (residues 121-151
,170-191) which are involved in the association of P21 and P19 with the ER. It is likely
that the carboxy-terminal hydrophobic region (170-191) plays a critical role in the

translocation of the viral structural glycoproteins into the ER where the enzymes
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responsible for peptide processing and glycosylation are located. The biological
functions of the core found in the nucleus, if this also occurs in the natural virus
replication, are still unclear. Several studies have reported the suppression, by core
protein in transcription of several host genes as well as interference in expression of co-
infecting genomes of hepatitis B and human immunodeficiency viruses. In addition core
can specifically suppress apoptotic cell death in artificial systems and also specifically
interact with the cytoplasmic tail of the lymphotoxin- receptor (LTR), a member of the
tumour necrosis factor family. Since L];F‘Ibf( own to be involved in apoptotic signalling
this strongly suggests that core'protgiﬁ mz% immunomodaulatory function and
play a critical role in the estaﬁ’sﬁﬁ-ﬁnt of Qbrsstéﬁd in disease pathogenesis &,

2. Enveloped glycop( and E2° ——
The major viral st INs & r.'é‘ the glycoproteins E1 and E2, which are
released from the viral polypfotéinby.the 'a'__‘btibﬁ of host-cell signal peptidases. Analysis

of the amino termini of‘bot

O

)'%'nq 2‘,{( p70) indicates that they are cleaved at
ively: Bofg proteins are heavily glycosylated with 5/6
et g V) |\
lon sites respectively a

Add

Iug_e_a_;_'a;_’fsmaﬂéfﬁﬁgein known as p7 as observed after

amino acids 383 and 7

and 11 N -linked glycosy ELQ is sometimes found extended

at its carboxy terminus to i

—

expression in eukaryotic syster_m;SggJ@ratf smngve shown convincing evidence that

L .
E1 and E2 form coma!exes which are mainly_mnwi' associated but in some

‘I #_f
lysates disulphide-linké‘ complexes have alsg?’

assembly of the heterof&meric complexes has been shO\JMk\ to occur within the ER and
is dependent i "fﬁl C%( i aperone calnexin. These
complexes thﬂ%m Lﬁ?g\mn- am/igl:lﬁ implexes which may
repres dding native tﬁﬁi ®0  THe E1-E erﬁﬁgj is believed to
represaggnaﬁﬁi dmrgli%ﬂil e ifion ® .

E2 represents the most variable region of the HCV genome. Comparison of the

. The efficient folding and

HCV sequences has shown 2 hypervariable regions within E2, called HVR1 (amino
acids 390-410) and HVR2 (amino acids 474-480) ®®. The HVR1 region has been
suggested to be particularly important in HCV neutralization because of its extreme
variability and the fact that this variability was not observed in a patient with

(37)

agammaglobulinemia even over a period of 2-5 years Mutations in HVR1 occur
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during the course of HCV infection in individual case. The high mutation rate
associated with this region is believed to be the result of selective pressure by the host
immune system. It is currently believed that E2 may elicit production of virus-
neutralizing antibodies, resulting in immune selection of HCV genes with escape
mutations in HVR1. The development of HCV-neutralizing antibodies is thus possible,
but the extremely high degree of variability tolerated by the virus in the HVRs which
apparently contains one or more epitopes that are crucial for neutralization enables the
selection and immune escape of virustaiff y initially represent only a small fraction
of the viral population. Interestingly, é ce%in that can bind E2 has recently
. . 38) . H” "4 ‘ . . g
been identified ~ . This p;m:CDSQa meﬁa_:n'f.the tetraspanin family. CD81 is
expressed on the surfac{—f
and is currently believed Cosfec ptbr Antibodies that neutralize infection by
2 bingin
%USEé-_$ agig 'BNA—adtivated protein kinase PKR.
W

pes,"ir?g;'fymphocytes and hepatocytes,

1

to CD81 (an. In addition, E2 was shown

Upon induction by IFN-g thig e ymé-i_r'ed@s pri éfn‘ synthesis via phosphorylation of

e T
,bgt;jn,c ﬁc‘;ont

Add

continuation of translation in the presence qi‘;@_ﬂ

translation initiation factor inLg E2, PKR is inhibited, allowing

.-
p—

Non-structural proteins = = 0

1. NS2 ke

A Vi
LY E‘!' Ij
The NS2 profe“ﬂ, is a hydrophobic w 1 Smembrane protein with its

carboxy terminus transbéated into the lumen of the ER v;ﬂhle its amino terminus lies in
the cytosol ON gl i dlbeﬁé T f rotei I r by two proteolytic
cleavages. The@tuiﬂ o) ttﬂﬂﬁ pﬂﬁlﬁ]ﬁﬂp? polypeptide by a
cleavage. th to_be ia ﬁj st si [ e cleavage at the
NSZNSarﬁﬁsﬁeﬁga 50 il:ﬁmeﬁﬂﬁﬁizﬁ NS2 and the

serine proteinase domain of NS3, the socalled NS2/3 proteinase. The catalytic activity of

NS3 serine proteinase is not required for NS2/NS3 cleavage. The HCV NS2-NS3
proteinase was originally thought to be a metalloproteinase based on the observation
that its enzymatic activity was stimulated by zinc and inhibited by metal chelators such
as EDTA. Site-directed mutagenesis studies have shown that amino acids His-952 and

Cys-993 are important for proteolytic activity =¥
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2. NS3

The NS3 protein has been shown in numerous studies to be a protein of
approximately 70 kDa in size and to possess several diverse biochemical functions. The
NS3 protease was entirely responsible for proteolytic processing of the whole
downstream region of the viral polyprotein and the protease activity resided completely
in the amino-terminal one-third of the NS3 molecule. (Figure 1) The NS3 protease
mediates proteolysis at the NS3/NS4A, NS4A/NS4B, NS4B/NSS5A and NSS5A/NSSB
junctions to release the mature NSS,\ ‘ w NS5A and NS5B proteins. It was

observed that cleavage of NS3 m N ‘/ylaneous rapid autocatalytic event
which could only be medla@hereps amgavages could be carried out in

t th trans%dependent on the presence

trans. Furthermore, efficie

of the NS4A protein itself as
Analysis of the remai
presence of other m

functions. The purified

Despite the fact that there aré three atalytic activities in the NS3 protein
P ro/205,0106 KOWn ataiv P

l“ta},suggest that the two domains are ﬁ erated by proteolysis in

I8

vivo. This could mea

there is no evidence

hat there is a functional ce between the helicase

and protease functions. ‘Jlnce these enzymes are likely tot components of a complex
replication struc ﬁ] % between the various
domains of ng as ’-?1 glﬁ ﬁnaj’ifiil in regulating virus
replicatio

amm‘aﬂo@ﬁm m ’lg mﬂs,] aeﬂhere are also

a number of intriguing reports on the possible role of NS3 in disease development. The
NS3 protein is able to specifically interact with the catalytic subunit of protein kinase A
(PKA). PKA is involved in intracellular signal transduction processes and so interference
by NS3 in these pathways would be expected to have a dramatic effect on normal

cellular functions and would be closely associated with pathogenic mechanisms e
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3. NS4
The NS4 region of the polyprotein comprises two proteins, namely NS4A and
NS4B. Both of these are released from the viral polyprotein by the NS3 serine protease
by cis cleavage at the NS3/NS4A and trans cleavage at the NS4A/NS4B and
NS4B/NS5A junctions. NS4A is a small protein, approximately 8 kDa in size, and
appears to have diverse functions such as anchorage of replication complexes and as a

cofactor for the NS3 protease. Currently, there is no ascribed function for the NS4B

protein but it is likely that it plays an inte?T' Within HCV replication complexes @n

4. NS5 , /
‘..’lh-__ 3 //
The NS5 region of polyprotéin is cqnposaﬂ'ﬁn major proteins, NS5A (p56 or

p58) and NS5B (p65), wh‘.tf-"— sed as mé{u‘r?@ts by the action of the NS3
protease in conjunction with \

Both forms of NS5A orylate
occurs after the mat oteln g >

_;.’ Mk
e ndept:,{of ,-L{férese e of any other viral proteins. In

P e
iﬁ::q{tremej_@n nt on the presence of serine

terminus of NS5A) and is i

contrast, hyperphosphorylati
residues 2,197, 2,201 and 2,204 (p58) and is ced by the presence of NS4A as a
(D58Y 20d 15 gRIgaC

@7)
cofactor "', T

Although the function of NSSA in viral rep s;\wjknown. several pieces of
evidence suggest that ‘iJSSA might be involved in the {egistance of HCV to IFN-a.

Comparison of full {i Ii ensiti nd..IFN-o-resistant HCV
isolates revealeﬂ‘tﬁzl |ﬂcﬂ mer ijiﬂmsegion between amino
acids 2,209 2,248, s ting “a._correlation=betwe e onse to IFN-o
treatmentﬁnﬁilt&ﬁ ﬂﬁmﬂﬁﬁg m ﬂﬁ\ iﬁ[wafter called

the “interferon sensitivity determining region” or ISDR =

. Subsequent analysis indicated
that the likely mechanism by which this occurred was through a direct interaction of
NS5A with the IFN-induced protein kinase, PKR, a mediator of IFN-induced antiviral
resistance. Activated by viral double-stranded RNA, PKR phosphorylates the at-subunit
of eukaryotic translation initiation factor 2, resulting in inhibition of protein synthesis and

death of the infected cell. According to this study, HCV NS5A blocks the kinase activity
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via protein-protein interactions by interfering with PKR dimerization. Disrupting the
interaction between PKR and NS5A may provide a way to increase the responsiveness
of HCV to treatment with IFN-o. .

The sequence of NS5B protein is highly conserved, not only between different
strains of HCV but also in pestiviruses, flaviviruses and even in other RNA viruses. In
particular, the amino acid motif G-D-D is totally conserved in HCV, flaviviruses, poliovirus

and tobacco mosaic virus. This motif is a characteristic of all known RNA-dependent

RNA polymerases and so the functlon l’ HCV has been speculated to be the
viral polymerase. As yet it is unqlear alone can perform this role or
whether it is merely a critical compone nt ofa mmar replication complex B

3’ Untranslated region nw Cﬁi
Three different regio cogn \ed wafhun the 3'UTR of the HCV genome.
The first is a variable s ofit es in Ienﬁ!h that is poorly conserved.

This region is in turn fo eteh eonsisting primarily of a poly

structure. The actual function/of the X tail ha_g@’; en determined, but this genetic

element has been demonstrated {0 be absolutely hecessary for viral replication. In the
STy

case of other RNA vi(?ﬂges, conserved terminal sequam f often involved in crucial

processes like genor _‘packaging and/or VA synthesis by the virus

]

replication complex. ThoJe processes are normally medlaéald by the interaction of these
RNA elements ir, m | has been shown to
interact with the\‘% i’Iﬂ ﬁ/ﬁﬂ ﬁr - Eﬁﬁwﬁ The role of PTB
in the wr/alhreﬁatlon cycle has no een determifie
ST eNa Y

HCV Heterogenelty

The rapidity of viral replication and the lack of error proofing of the viral
polymerase probably account for the fact that the HCV RNA genome mutates frequently.
As a result, HCV circulates in serum not as a single species but as a population of
quasispecies with individual viral genomes differing by 1% to 5% in nucleotide

sequence G40 " The quasispecies diversity of HCV may contribute to the development
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of chronicity during infection and may contribute to immune escape because the
envelope protein changes rapidly in response to immune pressure.
Six major genotypes (1 to 6 ) and more than 50 subtypes (e.g., 1a, 1b, 2a,2b . .)

of HCV have been described (Table 1)*

. Different isolates of HCV among the same
subtype differ by 5% to 15%, among subtypes by 10% to 30%, and among genotypes
by as much as 30% to 50% in nucleotide sequence. The different HCV genotypes have
marked geographic variation in their relative frequencies. Genotype 1a is the prototype
genotype and is common in the United T!)Vn Northern Europe. Genotype 1b has a
worldwide distribution and is oft es @o t common genotype. Genotypes
2a and 2b are also distribumide.!eprmp% to 30% of HCV types, and
particularly common in J : 7

mf" 4 m@e 3 is most frequent in the
Indian subcontinent; this ge cently introduced into the United States

and Europe, perhaps

1970s. Genotype 4 is i

extremely diverse. Ge

severity of illness by the HCV gﬂqr}__e@a %;ﬂ,z tion with any genotype can lead to

cirrhosis, end-stage Ll(_):ér disease, and hepatocelh&;ﬁjna, and the frequency of

e e AT IS RN S
T o N lafu b fIN
erm omenclature i) egree of!Nucleotide
QRIANN T NAN I R B o

Quasispecies 1% to 5%

Isolate 5% to 15%
Subtype = H o Ho g 15% to 30%
Genotype 1 through 6 30% to 50%

NOTE. Genotypes are often referred to as both genotype and subtype e.g. genotype
1a,1b.
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Hepatitis C has a variable course and outcome (Figure 2)*. The acute illness
can be severe and prolonged but is rarely fulminant. Between 55 % and 85 % of
patients with acute HCV infection develop chronic infection. Chronic hepatitis C is often
silent and may be nonprogressive and mild. Alternatively, it can be slowly progressive,
or associated with marked extrahepatic manifestations, or rapidly progressive leading to

cirrhosis and hepatocellular carcinoma.

1000 -
800 -
) 4
= 600
[ -
3 400 -
HCV RNA
200 -
0 s t7g ﬂ:.. o gt ‘:u e v 1 - . o
0 051 2 S5 10 15 20 25 30/35 40 45 50
e - 0
L ) v |
A Years After Exposure -

g It

Figure 2 The natural histofy of chroni¢ hepatitis C over 50 years. During chronic
infection, a progressive worsening of fibrosis to cirrhosis (from none to 4+) can occur.
Hepatocegllular carcingma typically appears aiter decades of infecion'and usually in a
patient with an underlying cirrhosis. ALT, alanine aminotransferase; HCV, hepatitis C

virus; anti-HCV, antibody to HCV; HCC, hepatocellular carcinoma a
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HCV genotyping methods
1. RFLP

In 1995, Davidson et al a2 employed 5’ NCR fragments which were submitted to
Hae Ill-Rsa | and Mva |-Hinf | restriction digests for detection of genotypes 1 to 6.
Additional BstU | or ScrF | cleavage may allow subtype discrimination. ‘

Although type 6a and all of the previously described major genotypes (type 2 to
5) show conserved nucleotide differences from type 1 in the 5' NCR that allow them to
be differentiated by restriction endong yor by type-specific probes in INNO-LiPA,
many (but not all) of the novel \/aﬂants
the amplified region used f@ng that aramtto those of type 1a or 1b.

b tlg nu@protem which is the most

! heless‘.q} IS considerably more variable

nd Thailand have sequences in

The core gene enco

conserved protein in the H
ce mfo}‘atlon to identify all known
subtypes and major 1 iﬁz:.thé type 6 group that are
‘ dt al.

13
“ have developed a

misclassified by using
genotyping assay in which , A re region are amplified and cleaved by
restriction enzymes : Aval a ifferentiate genotype 1 variants from
type 6 variants.

Until now, ma?_;_), ‘ ied to . > gdifferent enzymes to digest

PCR products from di j
| (9

nt reglons of HCV | : ping. In 1999, Buoro et

mpllf ied PCR product covered h 5'NCR and core regions

demonstrated tha

:;iij:; gy I BNEIER ET"W"H"%’ sesrmraion o
- iﬁﬁﬁ”’i@mw INY1AY

The INNO-LiPA HCV Il employs the distinction of 5’NCR polymorphisms specific
for the different HCV genotypes. Up to 21 probes are attached to a nitrocellulose
membrane. Labelled PCR products obtained from 5'NCR will only hybridize to a probe
(or line) perfectly matching the sequence of the isolate, allowing stringent discrimination
at the subtype level. Such a high specificity can be obtained by using very stringent

hybridization conditions, consequently, a 100% correlation with 5 NCR sequences is
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achieved. With certain isolates up to 60% of the entire 5’NCR can be deduced from
single hybridization. After an isothermal stringent wash, the presence of
probe/amplicon-biotin hybrids is revealed by an alkaline phosphatase labelled
streptavidin conjugate. The captured enzyme converts NBT and BCIP into a purple
colour, which uncovers the sequence of part of the 5’NCR of the isolate studied. The
second generation test allows discrimination of type 1 to 6 and nearly all subtypes.

3. Sequencing

In the absence of biological or (lf' ’e tralization assays for HCV, classification of
HCV is currently based upon nudeotidé s«@)‘nparisons. In 1992, Chan et al (42)
have carried out phylogene@m of{ucle@ences amplified in the region of

par&w and NS5 proteins. Although
a parts

the genome encoding the

of the genome, analysis of each

genome sequences. Si
bp fragment of NS5 be
region could be used as tf

analysis.

J _,j.{

: — W
Viral Replication
'bjen detected in livers of

HCV nonstructdral proteins and viral

infected patients or expeerentally inoculated chlmpanzeeg'conf irming that the liver is a
site of HCV repli E\Tjﬁi f e deduced from the
rapid rates of vqﬁ ﬁﬁﬂ ﬁgjg‘] chi eful analysis of viral
dynami ntivir tm n/ﬁi ients with | evealed aVifion half-life of 3-5
hr and a%eﬁj ﬁigﬁ i wﬁﬁuiﬁrﬂﬁ] »auﬁlg that 10% of
hepatocytes of a liver are infected and that a liver contains 2x10" hepatocytes, this
would correspond to a virion production rate of 50 particles per hepatocyte per day.
Another feature of HCV replication is the rapid generation of viral variants. Even within a
patient, HCV does not exist as a single entity but rather as a swarm of microvariants of a

predominant ‘master sequence’, a phenomenon that has been referred to as

quasispecies. The production of such a large number of variants is primarily due to the
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high error rate of the viral RNA-dependent RNA polymerase (RdRp) that, based on
analogies with RdRps of other plus-strand RNA viruses, is expected to be in the range of
10™. This high error rate is reflected by the high mutation rate observed in patients or
experimentally inoculated chimpanzees. Using comparative sequence analyses of HCV
genomes isolated over intervals of 8 or 13 years a mutation rate of 1.44x1 0° or 1.92x10°
base substitutions per site per year was found, respectively ®
Attachment and entry

The first step in a virus life cycle is t’hF fttachment of the infectious particle to the
host cell, for which a specific interaction betwe }ceptor on the cell surface and a
viral attachment protein on the surface of the particléEquuired.

Suramin, a polyanidﬁi?:".# npound similar to_heparin, was found to block HCV

binding to human hepatom ‘,“‘-‘at_‘a neentration similar to that reported to be

effective against dengu i -,s_uggeé;ting an interaction of HCV with

. {43-44)
glycosaminoglycans on ihe c e,

20

Recently, CD81, a transmembrane protein

of the tetraspanin family, identified as a‘.@utative HCV receptor based on its strong

-i' '-‘: ok ""I". *‘ ‘i

interaction with E2 as well @ with virus partje? s in vitros*® Interestingly, the HCV E2
ik *dla

protein, after binding to CD81 induced aggregation of lymphoid cells and inhibited the
proliferation of a B cell line (4?:_ ﬁs mig,r'ngay_e_ important consequences for the

pathogenesis of HCV..H.‘Since egcosaminngycans and C_D&f .are expressed by a wide
o -l .?

—
(46)

variety of cells, additio'mig,peciﬁc factors must determine the-H{/er tropism of HCV = .

=

| .
Apart from this reute, HCV as well as other members of the Flaviviridae family

may enter the cell by binding.to low-density lipoprotein (LDL) receptors L

The
observation of an assoéc¢iation between-HCV'and lipopreteins ‘may‘be critical for the virus
replication cycle because LDL and VLDL are taken ép by hepatocytes through the LDL
receptor, which may provide a uaique@and-efficientimade of viral enthy 4

While the nature of the HCV receptor is not currently known, the major envelope
glycoprotein E2 is thought to be responsible for initiating virus attachment to the host cell
because E2-specific antisera can block binding to cells. The role of E1 is less clear but
the presence of a stretch of hydrophobic amino acids tentatively called the E1 fusion
peptide, displaying similarities to the fusion peptides of paramyxovirus and flavivirus

suggests that E1 is involved in membrane fusion i
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Polyprotein translation and processing
Once inside the cytoplasm the genomic RNA is directly translated. Therefore,
translation of the viral RNA is not mediated by a cap-dependent mechanism with
ribosomes scanning along the RNA up to the first initiator AUG codon, but rather by an
IRES. This RNA element residing approximately between nucleotides 40 and 355 forms
four highly structured domains. It was also shown that the HCV IRES binds specifically
to the 40S ribosome subunit and does not require any additional translation factors.

(ER) and cleaved co- and post‘htranslatlo

Directed by the IRES, the polyprotein lﬁ ted at the rough endoplasmic reticulum
% st cell signalases and two viral

Ih--_

‘.--___...- ‘.

proteinases.

?

‘_""‘--.._.-.

RNA replication .
The individual step A replication are largely unknown. It is

obvious that the NS5B Rd catalyzing the synthesis of minus- and

plus-strand RNA. Whil f's?.'a g? even a complete full-length HCV
Ao
genome, it is very likely /ivo adda‘tﬁ al r cellular factors are required.

'“ i-'ﬂ, + I q
sjare tne NS& licase, by unwinding stable structures in
JLJ- =

the RNA template and facilitating mﬁﬁ:atlon. hosphoprotein NS5A. Although the

Possible viral factor candid
replication function of this protein co,ula ,no{ hmd thus far, by analogy to other RNA
viruses, it is tempting \t_o%peculate that NSSA D%
In addition to l'{rifa] proteins, cellular W ‘
RNA synthesis. One candidate is PTB, found to specifi ca interact with sequences at
the 3' NTR. An ﬁ % ydrogenase, binding
to the poly(U)-s Eﬂeﬁ ﬁﬂgﬁ ﬂ ﬁjﬂﬁh visionally called p87
and p1 ntifie ﬁ-lé equence, but
the natu@yﬁpjﬁ% ﬂimwﬁﬁlﬁ% Vg}b' g

Virion assembly and release

ation of RNA replication.

robably also involved in

In the absence of systems allowing the production of biochemical amounts of
virus particles, the assembly of HCV cannot be studied in detail.

Particle formation may be initiated by core protein interacting with the RNA
genome. Although in vitro core protein binds to RNA without detectable specificity,

recent evidence indicates a preferential intracellular binding to RNA sequences in the &'
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half of the HCV genome. Such binding may not only accomplish a selective packaging
of the plus-stranded genome but also appears to repress translation from the IRES,
suggesting a potential mechanism to switch from translation/replication to assembly.
Whether the core protein forms a distinct nucleocapsid structure or a rather non-
structured ribonucleoprotein complex with the RNA genome is not known. Certainly,
core protein interacts with itself and the sequences required for this interaction have
been mapped to the amino-terminal 115 residues. Within this region a tryptophan-rich
primary interaction domain was identified bétyeen residues 82 and 102 that is masked
in the full-length core protein and revealed only :&jf‘r‘pertain experimental conditions.

A feature typical of the HCV E proteins is their retention in the ER compartment

. .‘-.__..--"
when expressed with vaw

achieved by signals in the tr

logous. systems in Cell culture. The retention is

mbrane domains of E1 and E2 and it has been shown

to be a true retention in th lis obsefvation suggests that viral nucleocapsids

acquire their envelope budding Wo‘@gh R membranes. In this case the virus may

o >
be exported via the consti cretory pafhway. In agreement with this assumption,

';_.l JEE ,-*_l:‘-i .':
complex N-linked glycans were found on the surface of partially purified virus particles,
ik *dla

suggesting virus transit throdghyihe: Golgi. However, since HCV particles tend to

associate with cellular compaﬂmeﬁs, it réﬁﬁ'a‘igg;to be determined whether these

glycans are present.on the E proteins or on cellular p[(gejns associated with HCV

¥ Y]

; 6
particles A

\‘ L |
- wd

HCV Markers and.Their. Kinetics

Four virological 'markers’ of "HCV infection ean be used in management of
infected patients, namely HCV genotype, HCV RNA*HCV core antigen, and anti-HCV
antibodies. 'The kinetics of HCV 'markérs during spontaneously ¥esolving acute and
chronic hepatitis C are shown in Figure 3A and B, respectively ey

HCV Genotype

The HCV genotype is an intrinsic characteristic of the transmitted HCV strain(s)
and does not change during the course of the infection. HCV genotypes form 6 clades
or types (numbered 1 to 6) and are themselves subdivided into a large number of

(4)
)

subclades or subtypes identified by lower-case letters (1a, 1b, 1c, etc) . Phylogenetic
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analysis can distinguish HCV types, subtypes, and isolates on the basis of average
sequence divergence rates of approximately 30%, 20%, and 10%, respectively ™
HCV RNA

The presence of HCV RNA in peripheral blood is a reliable marker of active HCV
replication, which takes place principally in the liver. HCV RNA is detectable in serum
within 1 to 2 weeks after infection. It generally increases to reach a peak, before
disappearing when the infection resolves spontaneously. In contrast, in most patients
progressing to chronic infection, the deq?se in HCV RNA gradually slows then
stabilizes; occasionally, however, HCV RNA A /“gme undetectable for a few days or
weeks before reappearing and.réaching ajplateat: HCV.RNA levels are stable over time

in patients with chronic inf'e"c'fi—.r Indeed, viral kinetics are at a steady state, i.e.,

 /is caunterbalanced by their constant peripheral
of hepatocytes is_counterbalanced by infected
. D'Qrin"this steady state, the estimated mean half-

rculataon :é-of the order of 3 hours, and virus turnover

£ Asy A
(production/clearance) is ofithe rder of 10 2f.-c/ ions a day “Y " The HCV RNA level may
AiJ *dla

increase slightly after several eanrof Qhronlc ir_@gxlon'
The HCV RNA level is not affected W the. severity of liver disease, except in

patients with end- stag_e-'hver disease, who generally have lo Iov#( or even undetectable HCV

(52-53)

_.u"

RNA levels Thé-éecrease in viral level with end-stage’ liver disease is probably

due to hepatocyte dep}etilon and extensive fibrosis rather-than to changes in the virus
itself, as HCV recurrence.afterliver.transplantation is generally.associated with high HCV
RNA levels, which is facilitated’by immunosuppressive-treatment &%,
HCV Core Antlgen

The lcosahedral HCVicapsid'is formed by polymerization'of HCV core protein, a
21-kd structural phosphoprotein composed of the first 191 amino acids of the viral
polyprotein It has recently been shown that total HCV core antigen levels correlate
with HCV RNA levels . During the pre-seroconversion period, core antigen is

detected on average 1 to 2 days later than HCV RNA with current assays =R

(55)

Thereafter, core antigen kinetics run closely parallel to HCV RNA kinetics ~ . The HCV

core antigen titer can thus also be used as a marker of HCV replication.
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Anti-HCV Antibodies
The “serologic window” between HCV infection and the detectability of specific
antibodies varies from patient to patient. With current assays, seroconversion occurs on
average at 7 to 8 weeks after onset of infection 5% " Anti-HCV is detectable in 50% to
70% of patients at the onset of clinical symptoms and later in the remaining patients i
In patients with spontaneously resolving infection, anti-HCV may persist throughout life,

or decrease slightly while remaining detectable, or gradually disappear after several

years ©  Anti-HCV persists indefinitely tients who develop chronic infection
although antibodies may become dete ﬂ current assays) in hemodialysis

patients or in cases of profound.imn unuepmparent seroreversions and/or

seroconversions can occur in | ssed pz n whom the chromc nature of
the infection is confirmed b ; ht \\ '
There are no robust.Ce ire syst or propagation of HCV, nor are there

simple small animal m ative cycle of the virus has

largely been deduced fr patitis C virus replicates in the
cytoplasm of hepatocyte Persistent infection
inuous cell-to-cell spread, along
with a lack of vigorous T-cell JB’W .res onse to HCV antigens. The rate of viral
production in hepatitis € is ofte igh, in the range of 0./ to 10 ? virions per day.

There is also rapid tu € predicted half-life being 2

to 3 hours ©".

ﬂ‘LlEJ’WlEJWﬁWEJ']ﬂ'ﬁ
’QW’]ﬂ\ﬂﬂﬁmﬂﬁﬂﬂ‘ﬂEﬂﬂﬂ
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Figure 3 A Course of acuté, reselving hepatitis C. Serial results of quantitative tests for
HCV RNA are shown in‘lU pgemiby ihe li@ghtly shaded cireles and results of quantitative
tests for HCV RNA as eitheppositive §+) o'r_ negative (-). Serial results of ALT levels are

shown with darkly shaded €irgles. ¥he mormal or undetectable range of values is

displayed by the stippled@rea W N
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Figure 3 B Course of acute hepatitis C that evolves into chronic infection. Serial results
of quantitative tests for HCV RNA are shown in IU per ml by the lightly shaded circles
and results of quantitative tests for HCV RNA as either positive (+) or negative (-). Serial
results of ALT levels are shown with darkly shaded circles. The normal or undetectable

range of values is displayed by the stippled area =
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Immunity against HCV infection
1. Humoral immune response to HCV
HCV specific antibodies are generally detectable in the serum between 7 and 31
weeks after infection © " This response appears to be rather late when compared with
humoral response against other viruses and to the cellular immune response to Hov €.
Antibody production is critical for neutralization of free viral particles and for

interference with virus entry into host cells. Protection by antibodies is most important

before invasion of the host cells. Afte“ tibodies can help limit cell-to-cell spread
of viral particles. The main talgbtgf n |ty is the HVR1 region of the E2
protein and its variability reﬂeﬂts e pressure imposed by the

antibody response. The mos

ter retati%currence of viral mutations

within the epitopes reco eufralizing antibodies can abrogate antibody

final result would be selegtion of evananti epetitiv

immunologically relevant regi s,‘.ﬁﬁgh I eneity of the HVR1 region in the viral

quasispecies at this stage of mtecjibmco&ddm why these neutralizing antibodies

are associated wﬂbla_%:ersostent viremia clearance.  Although

a
immunodominant GDIW

definite information is | |ng on the pathogenettc role of antibody response against

etV L2021 113) ek (LT T3 e
NN 13N otV T aF: Y

measures inhibition of binding of recombinant E2 protein to target cells, it does not

NS3 and NS4 regions,

necessarily reflect the neutralization of infectious HCV in vivo.

Antibodies may also be involved in immunopathological aspects of chronic HCV
infection. For example, chronic HCV infection is associated with type Il mixed
cryoglobulinemia, which can be associated with glomerulonephritis, cutaneous

(66)

vasculitis, and arthritis Immune complexes consisting of HCV and anti-HCV
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antibodies are concentrated within the cryoprecipitate. It has also been suggested that
immune complexes may be involved in viral persistence via putative

. . . 67,
immunosuppressive effects on Fc-receptor-bearing cells L

2. Cell-mediated immune response to HCV
Recent studies suggest that the human leukocyte antigen (HLA) class |l

restricted Th cell response is particularly important for the outcome of acute HCV

infection 7. Specifically, patientix/ ju self-limited hepatitis C have been
demonstrated to mount an earl&‘lgorous, ecific T-helper response that is
readily detectable in the penamm J |n |s immune response is weak,

less efficient, or not maintain su lClGﬂthme patients proceed to
persistent infection and chrogi , us, the' Qtsnsnty epitope specificity, and
‘ rly stagg% of HCV infection seem to
&
Il restricted T cell response to
HCV antigens have been recombinant proteins from the
early stages of infection in lar gnpggg of pa@nth cute hepatitis C, showing that T
cell reactivity to structural and ngn;s@ctti{ralmintlgem is significantly stronger in

patients who succeedrrﬁnormahzmg ALT manmjhn&eaﬁ:£
e

elop a chronic infection.
In acute hepatitis C, th £D4—med|ated respons fic and immunodominant

epitopes have been rec tIy identifi ed by studying the fi nJelspecificity of HCV-reactive
polyclonal T cel ﬁ iﬁ mant HCV proteins.
Of particular mtﬂsﬁﬂe eﬂivﬁ E}Lﬁfj r immunotherapeutic
vaccines ﬁj ﬁj ﬁ éd and located
within a %ﬁcﬁeﬁ%ﬂ i W;T WT ﬁ;ﬁ“ Ei

Not only the strength but also the quality of the T cell response is different in

patients who recover compared to those who develop chronic HCV infection, because
recovery is associated with a prevalent T,1 profile of peripheral blood HCV-specific T
cells, whereas T,2 and T,0 patterns are prevalent among circulating HCV-specific T
cells of patients with chronic evolution. Since the effect of T,1 cytokines is crucial for

protection against intracellular pathogens, including viruses, whereas the preferential
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production of T,2 cytokines has been reported to favor persistence of these microbial
agents and severe evolution of associated diseases, both the vigor and quality of HCV-
specific T cell responses may play an important role in the pathogenesis of HCV
persistence e

Due to the large number of chronically infected patients, extensive studies on the
immunopathology of chronic hepatitis C have been performed. Collectively, these data
imply that the immune response mediates chronic liver cell injury if it is not able to clear
the infection.

Similar to the inability of the cellula/yfmune response to control HIV, the

apparent resistence of HCV {0 immunological contrcr':ﬁ_an area of great interest and

importance. Research h;s"}é;h pered by the fact'that the acute stage of HCV

infection is usually clinically inap ‘rent and also because efficient in vitro models of

infection do not exist. ,reperts suggest that the HCV-specific immune
response exerts some
terminate persistent infecti ronjé heéatms in most cases.
CD4" helper T cells re gar»}ige:~§hort mﬂic peptides derived from proteolytic
cleavage of exogenous antigen in _t@ntigerr?ﬁ’rylding groove of HLA class Il molecules
e e T —

at the surface of anti%éé—presenting cells such as dendritic ﬁg.lls, macrophages and B

cells ™. The functior'r--cﬁ 'CD4+ T cells is principally reguléto)y by secreting cytokines

™ The CD4" T

| .
that modulate the activity-of antigen-specific B cells and CD8™ T cells
cell response to HCV.is detectéd usually by méarsuring the antigen-specific proliferative
responses of peripheral-blodd monenucleartcells fo. recombinant HCV antigens in

patients with chronic and acute hépatitis C GRS

A hierarchy of T cell
responsivéness to HGV proteins has béen-defined in these patients, with core, NS3, and
NS4 being most immunogenic = Interestingly, several studies have consistently found
a significant associaﬁon between a strong and maintained HCV-specific CD4" T-cell
response and viral clearance in acute hepatitis C POTLIO

Multiple peptides that are recognized by T, cells and include immunodominant
epitopes have already been identified in HCV. The NS3 protein is of special importance

since a CD4-positive T cell response against its protease and helicase domain is much
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stronger and more frequently found in patients who resolve acute hepatitis C than in
patients who develop persistent infection. Furthermore, a strong NS3-specific T cell
response seems to be necessary for viral clearance. NS3-specific T, cells recognize a
short immunodominant region at amino acid position 1,248-1,261 with the putative
minimal epitope at amino acid position 1,251-1,259. This epitope promiscuously bind to
ten common HLA class Il alleles with a high binding affinity and is recognized in the
context of five different HLA alleles. Moreover, its sequence is completely conserved
within HCV 1a, 1b, 1c, 2a and 2b genoty’p:a,s. Thus, they are ideal candidates for
preventive or therapeutic T-cell-based vaccine{,{f/

After recovery from acute hepatitis __53 thé 'N83"§‘_p_eciﬁc Th cell response can be
maintained in the peripher'aT"B'l' X or years, suggesting the existence of a strong
immunological memory. W(r)@l?)-spe ific T cells eradicate the HCV completely, or

cation to ye.gy low levels at immunoprivileged sites, is

they control and restrictHCV

not known. The latter m been pqrted to occur after clearance of the HBV

w - #

and allows periodic de ctio;f of‘r rus—speciﬁc T cells to keep the virus in

) o < 440 [ ekl 8
persistent subclinical latenc . y .
&+ A A
41d° h -"-‘ﬁ'-,- L .
Because T, cells that ef{i@}p this ﬁmecmc immune response frequently

display a T, 1 (IFN-Y as the pf@dgTw:nant) GT*’_IH 0 (IL-2 as a predominant) cytokine

profile to support diffebrébtiation and prolifération of CD8” I_géjls it is not surprising that
early, vigorous, and mfrrf{_specific CTL responses have also;beén associated with a self-

|
limited outcome of HCV-infection s

The activation of T2 responses seems to be
involved in the development ot chronic hepatitisC,
2.2 The role of " GD8-positive T-cytotoxic ‘cells
HLA class I-restricted HCV-specific CD8" CTis were detected’in the peripheral
blood and'the intrahepatic lymphocytic infilrate in patients with chronic hepatitis C G120,
A similar CTL response has been demonstrated in the liver of acutely infected
chimpanzees, and the response can last indefinitely, demonstrating that the virus can

persist in the presence of these CTL o

. The CTL identified thus far in infected patients
are able to recognize both conserved and variable regions of all of the HCV proteins in
the context of several different HLA molecules. Moreover, the response is often

polyclonal and multispecific in chronically infected patients:
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Since repetitive in vitro stimulation with HCV-derived peptides is required to
expand CTLs from the peripheral blood, the frequency of progenitor CTLs in the
circulation is assumed to be rather low. Indeed, the frequency of CTL precursors
targeted against individual epitopes has been determined to be in the range of 1in 10°
to 1 in 10° PBMCs, which is lower than the frequency of CTLs targeting against HIV (5 in
10 PBMCs). In contrast, HCV-specific CTLs are present at a higher frequency in the
liver, because non-specific stimulation is sufficient to expand HCV-specific CTLs from
liver biopsies. The relatively low and -specific CTL response is not due to
generalized mmunosuppressmn Sﬁr

nse against influenza virus and

Epstein-Barr virus is no V—w@ct @183870 At the site of

inflammation, the infecte jue cyo lls was found to be at least

30-fold higher than in blood o+ Jn to expand the peripheral

blood CTL precursor s to demonstrate a CTL

83-87,93-94
response to HCV (

Results obtained
of antiviral CTL activity and d . g irus is controllable, at least to

some extent, by CTL L

Voo
pro-apoptotic mediat cshuch as Fas—llgand andsnk‘g:fecrosis factor a .

[ | — Jl
Methods to analyze tl’J cellular immune response (sQlj

A i3 IliJ NINLANT

Frequency Effectorfunction

’QW’]@)&HW 1IN Y

MHC-| tetramer ELISPOT Proliferation
Intracellular cytokine Cytotoxicity

Analysis Cytokine release

Numerous studies have characterized the functional properties of HCV-specific,
peripheral blood derived T helper lymphocytes of patients during acute HCV infection

(Table 2) and of chronically infected and recovered patients (Table 3). In all studies,
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recovery from acute infection was clearly associated with a multispecific CD4 T cell
response targeted against structural and non-structural HCV proteins. This response has

to be maintained to achieve long-term control of the virus =

Table 2 Studies investigating circulating HCV-specific MHC class ll-restricted T cells in

patients with acute HCV infection =

Antigens Patient
Non-structural number

Author Reference

Diepolder Lancet 1995 ; + 14
et al. 346 : 1006 **

Missale JCI 1996 ; + 21
et al. 98:706 "

Tsai Hepatology 1997 + 17
et al. 25:449 ™

Diepolder J Virol 1997 ; - + 5
et al. 71:6011 ™

Gerlach Gastroenterology 1999 ;. +.-- ) + 38
et al. 177 : 933 &

Lamonaca Hepatology V_— ' + 22

et al. 30: 1088 ™ m
Lechner J Exp Med 2000

et al. 191ﬂﬁ‘1’2lg]ﬂzqujjﬁlzﬂjﬂj

’QW’W&I\‘iﬂiﬁu UANAINYAY
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Table 3 Studies investigating circulating HCV-specific MHC class ll-restricted T cells in

patients with chronic HCV infection or after recovery .

Method Antigens Patient
Author Reference Proliferation ~ Cytokine Structural Non-structural  number
production  HCV proteins HCV proteins

Botarelli Gastroenterology 1993; + - + + 63
et al. 104 :80 '®

Ferrari Hepatology 1994 ;
et al. 19:286
Koskinas ~ Gastroenterology 1994
etal. 107: 14367 e | -

Hoffmann  Hepatology 199/ \ N - + 43

et al. 21:6327

Iwata Hepatology 1995 ; - 46
et al. 22:1057 "?

Leroux-Roels Hepatology 1996 ; + 35
et al. 28:8™

Lechmann Hepatology 1996 ; + 39

et al. 24 :790 ¥

5
AULINENINYINS
RINNIUUNININY
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Mechanisms of Immune-mediated Liver Injury

Destruction of infected hepatocytes may occur in several ways: HCV-infected

hepatocytes can be killed by HCV-specific CTL clones via Fas ligand, TNFQL, and/or

perforin-based mechanisms. Fas ligand-induced apoptosis of hepatocytes is especially

(104)

feasible because expression of Fas, a mediator of apoptosis’ ', is upregulated on HCV-

infected hepatocytes and on uninfected bystander cells in response to inflammatory

cytokines(ws’and because Fas-ligand is expressed on activated liver-infiltrating T cells

(106) (107) (108)

TNFQL is predominantly produced p hage but also released by and
expressed on the surface of .,th“m’. Fi rin-mediated mechanisms may
contribute to lysis of antlgt?:’p:s_e_gmg. F$ and‘TNFGWesustant cells 9.

After exerting their S, the ma}ongif these liver-infiltrating HCV-

specific T cells undergo | Qeath. Especially, T,1 cells, which are
\ 2

preferentially attracted int |
apoptosis, whereas T2 Iéﬁ(els of FAP-1, a Fas-associated
phosphatase that presu i |b|ts‘Fas naﬁlin 99" he loss of lymphocytes by

tir‘nated to be as high as 2x10°

110)

intrahepatic sequestration and poefgbis Hf s fpeen
cells (i.e., 0.1% of the total body IVMpﬁocyteS’@y

7

f'.':'.'r"-.h—

A
..-.-_-_,.-":__:: J

rsistence

k|
Potential mechanis&{r; for ¢

One hypothesis is that the HCV-specifit né."?jesponse is quantitatively

and/or qualitatively inadé‘quate to eliminate the large nujr;r\lber of infected cells in an
organ as large .j on HCV replication,
viremia and con ﬂzﬂ gj g/?lzj’m:jslﬂ EE ﬂrises of antigen, T cell
activatio iferati ﬁ aﬁ lé“g this may be
reﬂectec;i/ﬁj a@ﬁﬁ ﬁlﬁﬁlf cwzj:’j the peripheral

blood of chronically infected patients. Small doses of viral antigens may therefore
preclude strong HCV-specific proliferative T cell responses due to limited IL-2
production.

Another hypothetical explanation for HCV persistence, sequencz variation due to
the quasispecies nature and the high mutation rate of HCV, has often been discussed.

Amino acid changes in immunodominant epitopes may permit HCV to escape from the
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antiviral immune response. Indeed, evidence for immune selection pressure has been
obtained from several clinical studies.

Theoretically, HCV could also interfere with antigen processing or presentation
by the hepatocyte. It may diminish its visibility to the immune system sufficiently to
permit chronic low grade inflammation, but not enough for the immune response to Kill
all of the infected cells.

Finally, it is possible that HCV, unlike other viruses such as HBV, CMV, HIV or
rotaviruses may not be susceptible tK vv CTL-derived cytokines. If the virus is
naturally resistant to the antnwréhgﬁ Xs % rived cytokines, viral clearance
would depend entirely on.muctm of:ﬂa—a—’ted, hepatocytes by the immune

‘k ‘@nt process, requiring direct
a

response. Because direct
cell-cell contact, if this is t S avallablg to eradicate an overwhelming

as th;\ﬂ*/er one would expect the

process to be incompl

hepatocytes, i.e., chroni i LA _‘,d"
< e d i [ )orkds 44
1;!1.!“'

Treatment of HCV infection == =

«\

Interferon alone or in co,m}gmatlon Wnbavmn is the treatment currently

known to be effectw%-}or chronic hepatms_CL"ﬂ.A ji

interferon is used alone,

approximately 40% of patients lnltlally respon with normalization of the

: a
serum &lanine aminotra ferase (ALT) |evel and loss of ctable HCV RNA

However, most pati % T, ﬁgﬂ t herapy and sustained
viral-negative re@oﬁgr ﬁﬁi‘L of't ijﬁfjﬁ“m_ While interferon
treatme on ?ds 3 init eiﬁﬁ e, resulting in a
mean sga /Zlea ﬁﬂﬁa ijﬁ)ﬁ/ |fﬂﬁﬁ the cost and

(117-119)

(114-115,117)

inconvenience of treatment, and relapse remains common

Ribavirin, a guanosine nucleoside analogue with in vitro activity against a

(123-125)

number of viruses(m), does not reduce HCV RNA when used alone When

combined with interferon, the combination significantly increases both end-of-treatment

(1°8,126-127)

and sustained response rates compared with interferon alone This

combination results in end-of-treatment HCV RNA negativity in approximately half of

I12CA6E%26
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patients and offers sustained virologic responses of 31-38 % overall, ranging from 16-28
% in patients with genotype 1, to 66-69 % in those with genotype 20r3"®

Despite the high initial and sustained response rates which are now achievable
with combination therapy, half of patients do not lose detectable virus with therapy !
Many of these individuals have partial viral responses, suggesting that the current

treatment regimens are not intensive enough to totally suppress viral replication.

HCV vaccine development \ v
HCV is one of the impnc{\'ant'\' ﬂo ens which cause severe liver

diseases. Most patients witnmmectuoq will m.\;;hromc hepatitis with a risk of
! r‘tarcfh‘o . Only a minority of patients
i

ron therefore, it is important to develop

progression to cirrhosis

can benefit from anti-viral th

an effective HCV vacc as an munotherapeutic to treat
chronic HCV infection a t - ession of chronic hepatitis.

The development |
production of protective antibo 5 peptides for the induction of
cytotoxic T lymphocyte (CT , especially the hypervariable
region (HVR) of E2, mutates at aqrh’jg-;;f rate in quasnspemes during the long

tion. This vanablllty may provid

period of chronic |nf § echanism for immune

escape during chron fections as well as ! ective immunity against

rains or heterotyplc strains "ﬂevelopment of an effective

neutralizing va ﬁ ﬁaﬁ ?ﬁ W %(W gjs ﬁ h %l of genetic variation
among HCV str:

Recen %E/ |t has been shown thét mtramuscula-lniectlon of reéembinant plasmid

o oo bbb 20 ebeebbrfomb dod s amgen, car

induce both humoral and cellular immune responses to that antlgen e

reinfection by the same

. It is relatively
easy to make plasmid constructs that express the precise protein of interest, purify the
plasmids, inject animals and evaluate their immune responses.

It will be necessary in the future to demonstrate efficacy at least against viruses
of the same subtype as the originating vaccine strain. Protection against other HCV

subtypes and types may be obtained either by a demonstrable cross-protective activity
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or by the inclusion of vaccine antigens from additional genotypes. Enduring immunity
also needs to be demonstrated in vaccinees. At the T cell levels, it seems likely that
HCV-specific CD4" and CD8" T cell responses are important for resolution of acute
infection and prevention of chronicity. Since HCV-associated disease is mainly a
sequelae of chronic infection, an HCV vaccine would still be effective if it only stimulates
recovery from acute infection. Given the known heterogeneity of HCV, it will obviously

be important to vaccinate and prime CD4" and CD8" T cell responses to many

conserved viral epitopes in assocuatlon t'\ ltiple MHC alleles representative of the
general population. It is then to be ho |ne will be effective at priming
an earlier, stronger and br. une_;es wly infected vaccinees than
would occur in unvaccinam"_’ e I adlng arance in most vaccinees.
It is also to be hope ic Ily\ infected patients, boosting and
broadening the humoral an muue.p}: ponses may ameliorate the course of

ith antiviral drugs. In conclusion,

EBV based plasmid as a tool er ne ring
,:Ee / transfari |
Transduction Q_%enes into mammalian cells lsﬂfﬁ
!

icine, not only because it

rtant technology in both

basic biology and me ul strategy for the study

of functions of given gean but also because it may be chtlcaIIy applicable to gene
therapy. A nu f \ﬁoﬁs \%( methods have been
devised, mclu&?T {Js ﬁﬁﬂp ﬁ ﬁ:iﬁilral vector-mediated
gene transfer ) Althou DES viral véctors usually=give relatively “high transduction
i
.l

ooy} IR ERRIET Atk it

dlsadvantageous because of the possibility of generating the replication competent

e sometimes

viruses or disturbing transcriptional regulation of cellular genes by chromosomal

(134-135)

integration of the proviral DNA . However, with plasmid vectors, virtually no such

undesirable situation takes place, but the potential problem is that the gene transduction

- . (136)
efficiency is usually poor .
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To detect the bioactivity of a desired gene product, several gene expression
system have been established. The Epstein-Barr virus (EBV) genome has yielded
reagents that have been useful in vector design. The EBV-based vectors are plasmid
vectors carrying the EBNA-1 gene and the oriP region from EBV as frans and cis

(137-138)

elements for DNA replication, respectively . Through the binding to oriP, EBNA-1

facilitates the retention and replication of the plasmid DNA, making EBV vector a very

efficient expression vector (13142 The EBV-based vectors are actually extremely
effective in transfecting genes |‘ -hematopoietic cell lines. Even by
conventional (non-EBV) pIasm & ression occurs 2-4 days after

transfection. This expression, however, lglfal ient, i.e. the expression level
decreases during the foll

. m—-—""’ days N‘-'-s"@'l\me to the degradation and/or
dilution of the plasmids in the ’ ) will be generated if the plasmid

DNA is accidentally in is is actually a rare event,

5 (14

but usually 1/10>-10 plicate in the cells through the
binding of EBNA-1 to ori
and stable phases. In othe
on carrying the plasmid and pcqssuaé thé.% ng as the selection is continued.

In the EBNA-1 expressing cells, the. preexis
- ¥

A-1 molecules may bind to the oriP

. )
element immediately;lgfler the entry of the plasmidmﬁs, facilitating its retention,
142)

" . o 7 139-
nuclear localization a 1Tpllcat|on ;

—

sed the modified EBV plasmlcupNS) This plasmid did not
have EBNA- ﬁ %‘W Il because the target
expressing ceﬁeﬂﬂ %\tfﬁ ﬁﬂﬁ ﬁi protein.  We also
compa iciency for tr. njﬁcjon and expréssion of pNS veétor with modified
VR101 2§ ﬁ‘;ﬁcaﬁ ns rE.JD f]‘nﬁ sEJable vector for

BLCL transfectlon

I
In this study, u
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pNS vector

0.45 kb Hind 111

Neo
SROL(P)0.6 kb
" s Bam HI
‘ Poly A 0.5 kb
Sal l
/7
o —

1.0 kb
NeoR '
~——s
S Pie
, \'&\\

Figure 4 Schematic dig@ram of p \\§ dy. The insertion site is at

(AT

Bgl 11 012@

BamH 1.
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