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Mutations of Hepatitis C Virus 1b NS5A 2209-2248 Amino Acid
Sequence Is Not a Predictive Factor for Response to Interferon-
alpha Therapy and Development of Hepatocellular Carcinoma

Genetic changes between codons 2209 and 2248 of NS5A of genotype 1b
hepatitis C virus (HCV-1b) have been reported to be associated with the
sensitivity to interferon-alpha (IFN-2). The present study was performed to anal-
yze such relationship in Korean patients with chronic hepatitis C and HCV-1b
(n=19), including 12 chronic hepatitis C patients treated with IFN-a, 3 chronic
hepatitis C patients without treatment as controls, and 4 patients with hepato-
cellular carcinoma (HCC). Two serum samples, before and after the treatment,
were analyzed for the mutations by reverse transcription-polymerase chain reac-
tion, cloning and sequencing. The mutations were identified in 32% (6/19),
including five intermediate type (1-3 mutations) and one mutant type (4 or more).
In 12 patients treated with IFN-¢, the number of amino acid substitutions in
NS5Az000.2048 Was not associated with outcome of the treatment. Two HCV
isolates with NS5A2000.2245 mutations from HCC patients were intermediate type.
These results do not support that the NS5Ax200.2048 determines interferon sen-
sitivity of HCV-1b and that the mutations is associated with development of
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INTRODUCTION

Hepatitis C vitus (HCV) has a positive-sense, single-
stranded RNA genome and contains a large translational
open reading frame (ORF), which encodes a polyprotein
of about 3,000 amino acids (1, 2). The ORF consists of
two structural and five non-structural protein-encoding
gene regions (3). HCV causes vatious liver diseases, includ-
ing acute hepatitis, chronic hepatitis, cirrhosis, and hepa-
tocellular carcinoma (4). More than half of patients with
HCV infection progress to chronic hepatitis and 20% go
on to cirrhosis and hepatocellular carcinoma (4, 5).

Intetferon-alpha (IFN-g) is still the choice of treat-
ment for chronic hepatitis C (6), although sustained
remission rate is only 20-30%. Generally, it has been
known that the HCV-1b type is more resistant to [FN-a
than other genotypes (7-9), but its molecular mechanism
was unclear. Recently, Enomoto et al. identified a 40-
amino acid stretch in NS5 Azan9.2245, the carboxy-terminal
of nonstructural protein NSSA of HCV-1b, in which the
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number of amino acid mutations well cotrelated to IFN-
a responsive. They called NS5Axnp204s an interferon
sensitivity-determining region (ISDR) (10, 11), which
modulates the sensitivity of HCV-1b to IFN-a. In ad-
dition, it is also conceivable by Enomoto’s tesults that
the wild HCV-1b type might be closely associated with
the development of HCC, compated to the mutant types.

However, due to inconsistent results obtained in Eu-
rope (12-14), the biologic significance of mutations in
NS5Axg9.2248 of HCV-1b is still controversial. Thetefore,
in the present study, we evaluate the same issue for
Korean patients with HCV-1b infection.

PATIENTS AND METHODS

Patients

Fifteen patients with chronic hepatitis C and four pa-
dents with hepatocellular carcinoma were included (the
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mean age, 39 years old (range 25-70); 12 males and
seven females). All cases were positive for antibody to
HCV (Abbott Laboratories, Abbott Park, Ill., U.S.A.).
No cases wete positive for hepatitis B sutface antigen.
Twelve patients with chronic hepatitis C were treated
with IFN-¢ (Intermax-alfa, LG Biotech™, Taejeon, Ko-
tea) three times a week for six months at a dose of 3
megaunits (MU) in six patients and 6 MU in six patients
after informed consents and three controls were not
treated.

According to the outcome, 12 patients with [FN-a
therapy were divided into three groups: tesponder, who
showed normal serum aminotransferase level and un-
detectable serum HCV RNA persistently after therapy
(group I, n=4); breakthrough, who showed the reappeat-
ance of HCV RNA and elevated aminotransferase levels
after initial response duting IFN-¢ administration (group
II, n=4); and complete non-responder, who showed no
evidence of response duting the IFN-¢ administration
(group III, n=4). The clinical and serological featutes of
each patient group at admission are shown in Table 1.

Methods

Extraction of HCV RNA and reverse transcription

RNA from sera was extracted by acid-guanidium-
phenol method as described previously (13). Briefly, 100
pL of serum was mixed with 400 yL of guanidinium
buffer (4 M guanidinium thiocyanate, 25 mM sodium cit-
rate, pH 7.9; 0.5% sarkosyl and 1% 2-metcaptoethanol).
After water saturated-phenol extraction and isoptopanol
precipitation, the pellet was dissolved in 6 uL diethylpy-
tocarbonate (DEPC)-treated watet.

After heating at 65T for 5 min, an aliquot (1 yL) of
RNA solution was mixed with 4 yL reverse transctiption
reaction solution, containing 50 units of Moloney Murine
Leukemia Virus Reverse Transctiptase (MMLV-RT; BRL,
Gaithersburg, MD, U.S.A.), 10 units RNase inhibitor
(Promega Cotp., Madison, WI, US.A.), 50 pg random
hexamer (Takara, Kyoto, Japan), 50 mM Tris-HCl (pH
7.5), 75 mM KCl, 3 mM MgCl,, and 10 mM dithio-

Table 1. Demographic features of each patient group
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threitol (DTT). This mixture was incubated at 37C for
60 min, heated at 95C for 5 min, and then snap-frozen.

Amplification of NS5A2009.2048 gene fragment

A nested-polymerase chain reaction (PCR) was pet-
formed by using a Thermocycler (Petkin-Elmer Co., CA,
U.S.A)) in two steps; 35 reaction cycles (94C, 60 seconds;
55C, 60 seconds; 72°C, 60 seconds) in each step. Primer
sequences wete as follows (16): outer sense primer nucle-
otides 6703-6727, 5-TGGATGGAGTGCGGTTGCAC-
AGGTA-3"), outer antisense primer (nucleotides 7296-
7320, 5'-TCTTTCTCCGTGGAGGTGGTATTGG-3"),
inner sense primer (nucleotide 6722-6741, 5'-CAGGAC-
CAGTCAGGTACGCTCCGGCGTGCA-3"), and inner
antisense primer (nucleotide 7275-7294, 5'-CAGGAAA-
CAGCTATGACCGGGGCCITGGTAGGTGGCA-3").

The first PCR reaction (50 4L volume) included 1 4L
of ¢cDNA and 49 yL reaction solution, containing 400
mmol of each outer ptimer, 2.5 U of Tag polymerase
(AmpliTaqg; Cetus Cotp., Emeryville, CA, US.A), 10
mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl,
0.01% gelatin, and 200 uM each of ANTP. The second-
step PCR reaction (50 yL volume) included 1 yL of the
first. PCR product and 49 yL reaction solution. The
nested amplicons, 120 base pairs (nucleotide positions
6954-7073 of HCV-]), wete subjected to electrophotesis
on 3% agarose gel (BRL), stained with ethidium bromide
and observed under U.V. light.

Cloning and sequencing of NS5Azz00.2245 region

After ligation of each amplicon into pGEM-T easy vec-
tot, E. coli was transformed and cultured overnight in the
media containing S-Gal/IPTG. The plasmid DNA was
purified and concentrated by the Wizard™ PCR mini-
pteps (Promega Cotp., Madison, WI, U.S.A.). The DNA
concentration was measuted by a spectrophotometer. The
nucleotide sequence of NS5 Ang2245 Was determined by
an automated sequencing method (A.LF., Pharmacia
Biotech, Uppsala, Sweden). The amino acid sequence was
analyzed by DNASISWIN VERSION 2.01 (Hitachi Soft-
wate, Japan).

Chronic hepatitis C

Hepatocellular carcinoma

(Group 1) (Group 11y (Group Iy (Group V) (Group V)
Responder Breakthrough Complete Untreated
non-responder Contral

No. of cases 4 4 4 3 4
Age (yr) 40£12 44+14 3611 42413 67+6
Sex (M/F) 4/0 1/3 3/1 2/1 2/2
Albumin (g/dL) 43+02 43+0.3 42+04 43+0.2 33105
Total bilirubin (mg/dL) 11204 0.9£0.2 1.1+0.3 09+0.3 24411
Alanine aminotransferase (U/L) 155+43 55+21 139+£100 8962 51+33
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The number of mutations in NSSAzq9.2245 region was
determined by comparing the amino acid sequence with
a reference sequence, HCV-J, a wild-type HCV-1b re-
ported by Kato et al. (17). Accotding to the method sug-
gested by Enomoto et al. (11), each case was classified
into one of three types as follows: wild type if no muta-
tion, intermediate if 3 or less mutations, and mutant if
4 or more mutations.

Genotyping of HCV RNA

Genotype of HCV-RNA was determined by a reverse
transcription-polymerase chain reaction (RT-PCR) meth-
od using genotype-specific ptimer sets detived from NS5
region (18).

RESULTS

Mutations in NS5Axng4s were identified in 6/19
(32%) patients, including 4 of 12 chronic hepatitis B
patients and 2 of 4 hepatocellular carcinoma patients;
five intermediate types and one mutant type. Thirteen
cases (68%) wete infected with HCV-1b cartrying wild
type NSSA2209_2248 (Table 2, Flg 1-2)

Among 4 HCV isolates with NS5Az209.2243 mutations
from chronic hepatitis C patients, one case with intet-
mediate type had single mutation (2212K—R) and two
cases with intermediate type contained two mutations
(2218H—R and 22271-V; 2220D—G and 2239G—S).
One mutant type contained four mutations (2209P—L,

Table 2. Incidence of mutation types in NS5Axne001s @among each patient group

Chronic hepatitis C

Hepatocellular carcinoma

(Group 1y (Group Iy (Group Il (Group V) (Group V)
Responder Breakthrough Complete non-responder Untreated control
Type n=4 n=4 n=4 n=3 n=4
Wild (n=10) 3 3 2 3 2
Intermediate (n=5) 1 1 1 0 2
Mutant (n=1) 0 0 1 0 0
6954 7073

CCTTCTTTGAAGGCGACATGTACTACCCATCATGACTCCCCGGACGCTGACCTCATCGAGGCCAACCTCCTGTGGOGGCAGGAGATGGGCGGGAACATCACCCGTGTGGAGTCAGAAAAT

Group I: Responder

1 C T-—C T C A T—C G—
2 C C T-G A TG C G—C
3 C C T T C G—C
4 C C T C G—
Group II: Breakthrough

5 C C G T T TC G—
6 C A C A—T—C T A C G—G—
7 C G—C T C T—T T: C G—G—
8 —(C—C C A C

Group III: Non-responder

9 C G—C T—C—C T A C—— —G—G—
10 C—G C A--T T A C G—C
11 C A C T—A C T A C G—G—
2-T—C———- —G—C—GT A A C G—
Group IV: Untreated control

13 C C A C G—
14——C C T A C T—G—C
15 C C T A C T—G—C
Group V: HCC

16——C C C A C
17 C C C A—C U U C G—
18——C C C A C G—C
19 C C G—

Fig. 1. Alignment of nucleotide sequences of the NS5Ax.0045 region of HCV-1b isolates from responder (Group 1), non-responder
(Groups Il and Ill) to IFN-a therapy, control (Group IV ) and HCC cases (Group V). Prototype sequence (top ling) corresponds
to HCV-J nucleotide 6954-7073 and amino acid 2209-2248 of NS5A region.
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Response to IFN-a 6 months therapy

2209 2248
PSLKATCTTHHDSPDADLIEANLLWRQEMGGNITRVESEN ALT HCV-RNA
normal negative

Group I : Responder

1 yes yes

2 R \% yes no

3 yes no

4 yes no
Group II : Breakthrough

5 G S no no

6 no no

7 no no

8 no no
Group III : Non-responder

9 no no

10 - R no no

11 no no

12 L------ A----A E no no
Group IV : Untreated control

13 no no

14 no no

15 no no
Group V: HCC

1

2 E

3 D

4

Fig. 2. Alignment of amino acid sequences of the NS5Auu.2045 region of HCV-1b isolates from responder (Group 1), non-responder
(Groups Il and IIl) to IFN-a therapy, control (Group IV) and HCC cases (Group V). Prototype sequence (top line) corresponds
to HCV-J amino acid 2209-2248 of NS5A region. *Reference sequences are cited from an article reported by Enomoto et al.

(1996).

2214T—A, 2218H—A, 2225D—E) (Fig. 2).

There was no relationship between mutations in
NS5 Az9.2245 and IFN-a response. Three of eight wild
types and one of three intermediate types were respon-
det, while five wild types, two intermediate types and
one mutant type were non-tesponder (Table 2).

Two HCV isolates with NS5Aj509.024¢ mutations from
hepatocellular carcinoma patients wete intermediate type
with single mutation (2253D—E and 2299G—D).

DISCUSSION

It has been suggested that HCV genotype, serum
HCV RNA concentration and histologic severity are use-
ful factors in predicting response to IFN-¢ (14, 16, 19,
20). HCV-1b appears to be cotrelated with high viral
concentration, severe histologic findings, and less sensi-
tivity to IFN-q. Only about 10 to 20 percent of chronic
hepatitis C patients infected with HCV-1b wete reported
to be sensitive to IFN-a, while 40 to 60 petcent of those

with HCV-2a ot -2b could be treated with the same
regimen (21).

Recently, it was suggested, through analysis of full-
length sequences of HCV-1b in three non-responders
before and after treatment, that the mechanism of HCV-
1b sensitivity to IFN-¢ may be associated with genetic
alterations in NS5 Axzo.2245 (10). This possibility was sup-
ported by other Japanese groups (16, 20) (Table 3). It
could also be supported by the obsetvation that the
NS5A binds protein kinase R, a cellular protein induced
by IFN-g (13, 19, 22, 23).

However, out tesults and reports from European
groups (12-14) and one Japanese group (24) were not
consistent with the previous suggestion (Table 3). The
inter-relationship between the number of mutations in
NS5 Ang9224s amino acid sequence and the response to
IEN-g was not significant. Squadrito et al. suggested four
different possibilities to explain this disctepancy (14).
First, differences in the total IFN-¢ doses may modify
the impact of NSSA mutations in the response to treat-
ment; this hypothesis cannot be ruled out, but it is dif-
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Table 3. Data comparison on the incidence of responder in each strain of HCV-1b to interferon therapy

Enomoto Kurosaki Chayama Komatsu Khorsi Zeuzem Squadrito Bae
et al. (11) et al. (16) et al. (20) etal (24) etal (12) et al (13) et al. (14) et al.
n=84 n=22 n=103 n=10 n=43 n=22 n=48 n=12
Wild 0/30 0/10 8/46 3/8 3/13 0o/ 0/14 3/8
Intermediate 5/38 0/6 9/38 1/2 13/28 1/10 6/28 1/3
Mutant 16/16 4/6 14/19 1/2 0/1 1/6 01
Race Japan Japan Japan Japan French Europe Europe Korea
Significance p=<0.001 p=<0.001 p=0.0036 p>0.05 p=0.01 p>0.05 p>0.05 p>0.05
Source N Engl J Med Hepatology Hepatology J Med Virol J Hepatol Hepatology — Gastroenterology
1996,334:77 1997,25:750 1997,25:745 1997,53:361 1997,27:72  1997,25:740 1997,113:567
Upper cases denote references
ficult to imagine the mechanisms involved at this point. zation and diversity of the hepatitis C virus. Proc Natl Acad
Second, the ctiteria used to define the long-term response Sci USA 1991; 88: 2451-5.
to IFN may differ. In particular, results of serum HCV 2. Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW,
RNA and aminotransferase activities can be dissociated. Houghton M. Isolation of a ¢cDNA clone derived from a blood-
Third, host-related factors such as HLA phenotype may borne non-A, non-B viral hepatitis genome. Science 1989; 244:
be involved in the response to therapy. Fourth, this dis- 359-62.
crepancy might point to the heterogeneity of isolates 3. Brechot C. Hepatitis C virus: molecular biology and genetic
classified in the same HCV type but detected in different variability. Dig Dis Sci 1996; 41: 65-21S.
geographical areas. 4. Seeff LB. Natural history of hepatitis C. Hepatology 1997; 26:
The incidence of the mutant type in the present study 21585, . N .
was lower than that of Japanese groups (11, 16, 20), 5. Muller R. The natural history of hepatitis C: clinical exper-
while similar to that of European groups (12-14). How- iences. J Hepatol 1996; 24: 52-4. . .
evet, the incidence of the intermediate type was higher 6. A}.]I.ned A, Keeffe EB. Treaiment sirategies f‘.’r chronic hep-
in Europe than in Japan and Korea (Table 4). Therefore, atifis C: update since the 1997 National Institutes of Health
the overall mutation rate in NS5Asxgasis of HCV-1b Consensus Development Conference. J Gastroenterol Heparol
from Kotean patients seems to be less common than that ]999{ ]4(‘9”1.7 pl): S12-8 )
from Japanese and European patients (32, 54, and 70%, 7. MamnOt_Pelng oux M, Marcellin P, Pouteau M, Castelnau C,
respectively). In addition, the mutation in the 2218th B(.)yer N, Poliquin M, Degott C, Desc?r.nbes I.’ Le Breton V,
amino acid, His-to-Arg, was identified only in one of 19 Milotova V. Pretreatment serum hepatitis C virus RNA levels
Kotean patients, while frequently in other groups, sug- and hem titis C virus genotyp edare the main ar.zd indep end‘;nt
gesting that geographic factors should be considered in gtyhrognostz.c f;zlctor.s Zf sp;zazrgz Hresp torlzse t‘;gg;?g@”%;@
the analysis of mutations in HCV-1b. erapy it CAronic Repanns L. Hepaiotogy s 4o SOV
Regar ding to the development of HCC. HCV-1b has 8. Tsubota A, Chayama K, Ikeda K, Yasuji A, Koida I, Saitoh
been suggested to be strongly associated with hepato- 5 HaSthOt(,) M’ Iyasald §, Ko.bayashl M, Hiromitsu K
carcinogenesis (25). Although the wild HCV-1b type Facrors predictive of response to interferon-alpha therapy in
. " . . it i i ion. He I/ 1994; 19: 1088-94.
might play a more important carcinogenic role than the hepatitis C virus infection. Hepatology .
mutant type, out result does not support such possibility 9. Bell H, Hellum K, Harthug S, Macland A, Ritland S, Myrvang
. ’ ’ B, von der Lippe B, Raknerud N, Skaug K, Gutigard BG,
'fI(;(;r:llezglfy our results, a larger scale study should be per- Skjaerven R, Prescott LE, Simmonds P. Genotype, viral load
’ and age as independent predictors of treatment outcome of
interferon-alpha 2a treatment in patients with chronic hepatitis
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