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The authors investigated the distrbution of HCV genotypes in patients with various
chronic liver diseases in Korea. Study population was 70 individulals, positive for second
generation anti-HCV EIA, consisting of 37 cases with sporadic non-A, non-8B (NANB)
chronic hepatitis (CH), 12 NANB hepatocellular carcinoma, 16 post-transfusion NANB
hepatitis, 4 non-8 blood donors and 1 healthy family member of a patient with sporadic CH.
Molecular typing was performed by RT-nested PCR with type-specific primer sets deduced
from the NS-5 region of HCV. The prevalence of type Il was 75.0% and type Il was 25.0%
in sera. In liver tissues, type Il HCV was shown in 63.0%, type lil HCV in 3.7% and co-
infections with type Il and lil HCV were observed in 18.5% of 27 samples biopsied. In the sera
of patients with chronic hepatitis, typing results were relatively well correlated with those in
tissues (75%), but type il could not be observed. Among 12 HCC patients, type lil HCV
appeared only in tissues, not in sera. These results suggest that type Il HCV may be the
major HCV type in Korea, and co-infections with type Il and-ill HCV may not be rare in

chronic liver diseases with HCV.
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INTRODUCTION

Since the hepatitis C virus (HCV) has been iso-
lated by Choo et al. (1989)" and the immunoassay
for HCV using antigen expressed by a region of
HCV cDNA has been developed?, HCV is recog-
nized as the major causative agent of non-A, non-B
(NANB) hepatitis. Recently, many HCV strains have
been isolated by sequencing completely or par-
tially from different area of the world. The complete
genomic sequences are now available for at least
four HCV isolates®™®, and several kinds of HCV
genotype on the basis of partial sequencing of HCV
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genome are reported’™!Y, By these resuits, HCV
types could be classified into at least 4 or more
types on the basis of sequence variations®~'? and
also 2 groups on the basis of group-specific
antigenicity in HCV polypeptides of the NS3-4
regions have been proposed'®.

As several kinds of HCV typing methods are
being developed™'*~'®, the differences in the geo-
graphical distribuion of each type were observed
and the possibility that individual types may be
different in both the viral pathogenecity and the
clinical courses has been also suggested!”'®,

In this study, to investigate the distribution of
HCV genotypes in patients with various chronic
liver diseases positive for anti-HCV in Korea, we
applied a typing of the HCV method using reverse
transcription-nested polymerase chain reaction
(RT-nested PCR) with type-specific primer sets
deduced from the NS5 region of HCV gemome'?
and we present the results of the HCV genotyping.
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MATERIALS AND METHODS

1. Materials

Sera or liver tissues were obtained from 70
patients with chronic liver diseases who consisted
of 37 sporadic chronic hepatitis (CH), 12 he-
patoceliular carcinoma (HCC), 16 post-transfusion
NANB hepatitis (PT-NANBH), 4 blood donors neg-
ative for HBsAg and 1 healthy family member of a
patient with sporadic CH. All patients showed
positivity in the second generation anti-HCV en-
zyme immunoassay (Anti-HCV-II EIA; Abbott
Laboratories, Chicago, IL., US.A.). Frozen liver
specimens, biopsied, were available in 8 sporadic
CH and 12 HCC.

2. Extraction of HCV RNA and cDNA Preparation

RNA from sera or liver tissues was extracted by
acid-guanidinium-pheno! method as described
previously'®. Briefly, 200 x| of serum was mixed
with 200ul of solution-D (4 M guanidinium
thiocyanate, 100 mM Tris-HCI, pH 7.5; 0.5% N-
lauroylsarcosine; 0.1 M beta-mercaptoethanol) and
2 M sodium acetate (pH 4.5). A piece of frozen liver
tissue biopsied was homogenized in 400ul of
solution-D by Dounce’s homogenizer, and 2M
sodium acetate (pH 4.5) was added. After phenol/
chloroform extraction and then isopropanol pre-
cipitation, the pellet was dissolved in 20 ul of 1%
DEPC-treated distilled water.

An aliquot (4 ul) of RNA solution was mixed with
10 ¢l mixture containing 10 pmole of the outer
antisense primer (#167 R, Table 1), 50 mM tris-HCI
(pH 7.5), 75 mM KCI, 3mM MgCl;, 0.5 mM of each
dNTP, then heat treated for 5min at 70°C. 20 units
of Moloney Murine Leukemia Virus Reverse Tran-
scriptase (MMLV-RT; BRL, Gaithersburg, Md, U.S.

A.) was added and incubated at the mixture for 60
min at 37°C, then 10 min at 90°C

3. Synthetic Oligonucleotides

Oligonucleotides were synthesized by DNA
synthesizer (Pharmacia LKB Gene Assembier Plus,
Uppsala, Sweden).

Oligonucleotide primers deduced from the NS5
region of the HCV genome were five sets, including
an outer or universal primer set (401 bp) and four
type-specitic primer sets. The sequences of
primers used as outer set in the first round PCR was
#166 and #167R, which correspond to positions
nucleotide (nt) 8230 to 8260 and the complemen-
tary seqguence to nt 8601 to 8630 of HCV-J,
respectively®.

To determine the genotype of HCV-J, —US, —
K1 and —K2 in the second round PCRs, the primers
which were designed by Enomoto et al.,” and Kato
et al,', #192 (nt 8291 to 8310, sense) and #193R (nt
8487-8506, antisense) for HCV-J, #194 (nt 8291 to
8310, sense) and #195R (nt 8487 to 8506, antisense)
for HCV-US, #173 (nt 8281 to 8301, sense) and #
174R (nt 8462 to 8481, antisense) for HCV-K1, #151
(nt 8283 to 8302, sense) and #153R (nt 8460 to
8479, antisense) were used (Table 1). The expected
sizes of PCR products for each type, HCV-US,
HCV-J, HCV-K1 and HCV-K2 were 216 bp, 216 bp,
201 bp and 197 bp, respectively, and they were
respectively corresponding to type 1, —1II, —1II,
and —IlI on the proposed phylogenic classification
of HCV™219(Fig. 1).

4. RT-nested PCR

In the first PCR, 50 ul mixture, containing 10 mM
tris-HC! (pH 8.3), 50 mM KCI, 1.5 mM MgCl,, 0.01%
gelatin, 2.5 units of recombinant Tag DNA polymer-
ase (Pharmacia, Biotech. U.S.A), 200 uM each

Table 1. Oligonucleotide Primers Deduced from a Part of NS5 Region of HCV Genome

Primer Polarity Type Position Sequence (5— 3)

#166 sense outer set 8239~8260 TGGGGATCCCGTATGATACCCGCTGCTTTGA
#167R sntisense 8601~8630 GGCGGAATTCCTGGTCATAGCCTCCGTGAA
#194 sense HCV-US 8291~8310 CGACATCCGTACGGAGGAGG

#195R antisense 8487 ~8506 CAGGCTGCCCGGGCCTTGAT

#192 sense HCV-J 8291~8310 TGACATCCGTGTTGAGGAGT

#193R antisense 8487 ~85068 CGGGCCGCAGAGGCCTTCAA

#173 sense HCV-K1 8281~8301 TCACTGAGAATGACATCCGT

#174R antisense 84628481 ATGTGAGGGTATTACCGCAG

#151 sense HCV-K2 8283~8302 ACTGAGAGAGACATCAGAAC

#162R antisense 8460~8479 GTGATGGTGTTCCCCATGCT
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Fig. 1. Proposed phylogenic tree and classification of HCV.
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Fig. 2. Schematic diagram for typing HCV by PCR with type specific primers.
Spotted blocks indicate different product’s size that were specific to

each of the four HCV types.

dNTP, 0.1 uM of each outer primer and 10 ul of
cDNA was amplified by Thermocycler (Perkin-
Elmer-Cetus Co., LA, U.S.A.} for 35 cycles. Each
cycle included denaturation at 94°C for 1min,
primer annealing at 40°C for 1min and primer
extension at 72°C for 1 min. Then, with 1zl of the
first PCR products in the prepared 4-each type
specific microtube, the second PCR was carried
out for 30 cycles with denaturation for 1 min at 94
C, primer annealing for 45 seconds at 55°C and
primer extension for 1 min at 72°C. The products of
the second PCR were subjected to electrophoresis
on 2% agarose gel (BRL, Gaithersburg, Md, U.S.
A.), stained with ethidium bromide and observed
under U.V. light.
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RESULTS

1. Positivity in RT-nested PCR

37 patients with sporadic CH and 4 blood
donors all showed positivity in RT-nested PCR,
while 9 (56.2%) of 16 cases with post-transfusion
hepatitis were positive. Among 12 patients with
HCC, 5 cases (62.5%) of 8 sera, 10 cases (83.3%)
of 12 frozen tumorous tissue specimens and 5
cases (71.4%) ot 7 non-tumorous tissue specimens
were positive. A healthy person who was positive
for anti-HCV and normal in ALT level showed
negativity in RT-nested PCR.

2. Genotyping HCV by PCR with Type Specific
Primers in Sera

The strategy for gonotyping HCV is ilustrated in
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Fig. 2. Type specific PCR products, obtained
through the procedure of RT-nested PCR, were
visualized after they were e!ectrophoresed and
stained with ethidium bromide (g. 3).

Among a total 70 individuals, available 43 serum
samples were typed by RT-nested PCR. The
prevalence of type Il HCV was 75%, type 1l HCV
was 25% and there was no co-infection with type 11
and —IIl HCV. 24 cases (64.8%) ot 37 sporadic CH
were type II HCV, while 13 cases (35.2%) were

type Il HCV.
All cases of 6 HCC and 9 PT-NANBH showed

216—

u
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only type I HCV and 3 cases (75.0%) of 4 blood
donors were type Il HCV, while 1 case (25.0%) was
type 1l HCV (Table 2).

3. Genotyping HCV by PCR with Type Specific
Primers in Liver Tissues

In frozen liver tissues, type II HCV was 63.0%,
type lil HCV was 3.7% and co-infection with type 11
and-Ill HCV were shown in 18.5%(Table 3, Fig. 4).

Among 27 cases which were obtained by liver
biopsy, 6(75.0%) of 8 sporadic CH, 7(58.3%) of 12
tumorous tissues and 4(57.1%) of 7 non-tumorous

K K
1 2

Fig. 3. Second PCR products for typing HCV. Sequences in the NS5 gene of different HCV types were
amplified by RT-nested PCR with type specific primers, subjected to elcetrophoresis and
stained with ethidium bromide. (A) and (B) showed HCV-J and HCV-J; K1, respectively. These
corres-ponded to type I HCV. (C) incicated HCV-K2, corresponding to type [l HCV. The
letter “L" indicated molecular size markers (123 DNA ladder, BRL, US.A).

Table 2. Molecular Typing Analysis of HCV Genome in Sera-Using RT-Nested PCR with Type-Specific Primers

Type 11 Type H -+ Type 11l
N No. (%) No. (%) No. (%)
Sporadic CH 37 24 { 64,8% - 13 (35, 2%)
HCC 6 6 (100, 0% - - - —
PT-NANBH 9 9 (100, 0% - - -
Blood Donor 4 3 (75, 0% - - 1 (25, 0%)
Total No. 56 42 { 75,0% - - 14 (25, 0%)

CH: chronic hepatitis
HCC: hepatocelluiar carcinoma

PT-NANBH: post-transfusion non-A, non-8 hepatitis

Table 3. Molecular Typing Analysis of HCV Genome in Frozen Liver Tissue Specimens Using RT-Nested PCR with

Type-Specific Primers

Type 1

Type 1l Type 11+ negative
0. (%) No (%) No. (%) No (%)
CHsporaate 8 6 (75, 0%) 2 (25, 0%) - - -
HCC tumor 12 7 (58, 3%) 2 (16, 7%) 1 (8, 3%) 2 (16, 7%)
HCC won-tumor 7 4 (57,1%) 1 (1 /c:) - 2 (28, 6%)
Total No. 27 17 (63.0%) b (18 6%) 1 (3. 7%) 4 (14, 8%)

CH sporaaic: Sporadic chronic hepatitis

HCC tumor: tumorous liver tissue of hepatocellular cacinoma
HCC xin-tumor: NON-tumorous liver tissue of hepatoceliular carcinoma
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tissues of HCC. Co-infection with type II and —1lI
HCV was 25.0% in sporadic CH, 16.7% in tumorous
tissues of HCC and 14.3% in non-tumorous tissues

K K
1 2
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Fig. 4. Coinfections of HCV in liver tissue from a
patient with chronic hepatitis. Two positive
bands on HCV-J and HCV-K2 indicated a
mixed infection with type II and type lll. The
letter “L" indicated molecular size marker (123
DNA tadder; BRL, U.S.A).

Table 4. Correlation of HCV Types Between Serum and
Tissue is Each Chronic Hepatitis Patient

No Age/Sex Serum Tissue
#1 27/M type I type II
#2 54/M type 11 type Il
#3 56/M type 11 type 11
#4 38/F type 11 type 11
#5 43/M type II type 1
#6 56/F type 11 type II-+1I
#7 54/M type 11 type IT+1I1
#8 52/M type I type Il

of HCC, respectively.

4. Correlation of HCV Type between Sera and Tis-
sues in Chronic Hepatitis Patients

8 liver tissue specimens were obtained in spo-
radic chronic patients. In sera, all 8 cases showed
type II HCV, while in tissues, 6 cases were type
II and 2 cases were co-infection with type II and —
Il HCV. Typing results in sera were relatively well
correlated with those in tissues (75%), but the
positivity in type Il could not be observed (Table
4).

5. Correlation of HCV Type between Sera and Tis-
sues in HCC Patients

In sera, 6 cases which were positive in RT-
nested PCR among 12 HCC patients, were all type
II HCV, while, in tuomorus liver tissues, type II
HCV was 7 cases, type Il HCV was 1 case, co-
infections with type 11 and —IIl HCV were 2 cases
and, in non-tumorous tissues, type II was 4 cases
and co-infections were 1 case (Table 5).

DISCUSSION

HCV, which has been known as a major
causative agent of NANB hepatitis and is responsi-
ble for development into cirrhosis and HCC"?%,
contains a positive-stranded RNA genome of about
9,400 nucleotides? and a single, large transiational
open reading frame (ORF) which encodes a viral
polypeptide of 3,011 amino acids®.

Recently, as several kinds of HCV typing meth-
ods are being developed™®~'® many HCV stains
have been isolated from different areas of the

Table 5. Correlation of HCV Types Between Serum and Tissue in Each Hepatocellular Carinoma Patient

No Age/Sex Serum Tumor Site Nontumor Site
#1 60/M (—) type II nt*

#2 77/M (—) type 11 n.tx

#3 72/M type 11 type I +11I type 11

#4 58/M type II type 11 nt* .
#5 67/M nt* type I (—)

#6 54/M nt* (~) type II

#7 66/M nt* type I (—)

#8 46/M type 11 (—) type 11

#9 54/M nt* type 11 nt*

#10 47/M type II type II type II

#11 66/M type 11 type 11 type II1+1il
#12 69/M type II type II +11 n.t*

n.t.*: not tested, {—): negative
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world, and the ditferences in the geographical
distribution of each type have been observed, and
the possibility that individual types may have differ-
ences in both the viral pathogenecity and the clini-
cal courses, have heen also suggested'™'™.

Among the many HCV isolates in other countries,
type I HCV has been considered to be a major
type in the United states and type If HCV is report-
ed as the most prevalent type in Jagan®*%% Also,
In European countries, the HCV isolates from
Germany and France were closely related to the
prototype HCV from United States (type 1 or HCV-
USs)z* Pozzato et al. revealed at least two HCV
types in ltaly, type 11 HCV and other unknown
type?®, and in Thailand'?’ HCV-V and —VI have
been isolated. But, korea, systemic and
epidemiological studies for HCV type were not fully
performed until now, even if some report revealed
a full sequence of HCV genome in Korean
patients®".

In an effort to identify types of HCV isolated in
Korean patients, we performed typing of HCV in
sera and liver tissues by using the RT-nested PCR
with type-specific primers.

In this study, we found that the most pevalent
HCV type in Korea was type I[ like Japan, in which
type II were 70% to 80%'"'*. According to the
authors, the homologies of type [I HCV isolated
from Korean patients to representative reference
sequences'*'* ¥ isolated from Japan were relative-
ly high, more than 90% at the nucleic acid level and
95% at the amino-acid leve! (unpublished). This
suggested that HCV strains in both countries may
have close reiationship in the phylogenetic evolu-
tion of HCV, and further studies are required to
clarify that issue.

It has been reported that the prevalence of type
IIl HCV in Japan was 10% to 26%'"* and cases
with co-infection with I and - IIl were rare®*®. In our
study, we couldn't find any case showing co-
infection with type Il and —1II in serum, but 25% of
the cases with availble liver tissues biopsied
showed co-infection. These results suggested that
the,relatively high proportion of the cases may be
infected by two or more HCV strains. In the correla-
tion of HCV types between sera and tissues, type 11
HCV appeared predominantly in both, but type Il
was presented only in liver tissue. The reason why is
not clear but there may be the possibility that the
replicative activity of type IIl HCV may be lower
than type I1. The clinical significance according to
HCV types has not been studied fully, but some
reports revealed the association between HCV

types and clinical features!™'#2% Takada et al.!”
reported that type Il HCV might be more frequently
infected in sporadic forms than type II and the
inital response to interferon treatment was better in
patients with type [l HCV than those with type II
HCV. From these results they suggested the possi-
bility that the effects of interferon might be different
according to the types of HCV. In our previous data,
we found that there was a discrepancy on effects of
interferon treatment even in the same type II HCV
and that sporadic chronic patients with type 11 HCV
could be divided into two groups by the respon-
siveness to recombinant interferon-alfa administra-
tion, responder and non-resonder group. The non-
responder group tended to show more severe
clinical courses than the responder group. Ther-
efore it suggests that HCV types wouid be useful as
one of prognositc factors determining response to
interferon treatment. However, further study for the
clinical implication of HCV types have to be
evaluated in a larger number of patients and in
various geographical areas where different HCV
types are isolated.
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