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In the present study, we analyzed the possible relationship between interferon (IFN) sensitivity-determining
region (ISDR) sequence variation of various hepatitis C virus (HCV) subtypes and serum HCV titers in
Indonesian patients without IFN treatment. The viremia titers (mean � standard deviation) of HCV subtype
1b (HCV-1b) isolates with low (three or fewer) and high (four or more) numbers of ISDR mutations were 5.4 �
0.6 and 4.2 � 0.9 log10 RNA copies/ml, respectively, with the difference between the two groups being
statistically significant (P < 0.01). Similarly, the viremia titers of HCV-1c isolates with low and high numbers
of ISDR mutations were 5.3 � 0.6 and <3.0 � 0.0 log10 RNA copies/ml, respectively, with the difference between
the two groups being statistically significant (P < 0.01). Also, the virus titers of HCV-2a isolates with low and
high numbers of ISDR mutations were 4.3 � 0.7 and 3.5 � 0.4 log10 RNA copies/ml, respectively, with the
difference between the two groups being statistically significant (P < 0.01). Thus, our results demonstrated that
virus load in Indonesian patients infected with HCV-1b, HCV-1c, or HCV-2a correlated inversely with the
number of mutations in the ISDR sequence, implying the possibility that the ISDR sequence plays an
important role in determining the levels of HCV viremia.

Hepatitis C virus (HCV) readily establishes a chronic per-
sistent infection that often results in chronic hepatitis and
more deteriorating disease such as liver cirrhosis and hepato-
cellular carcinoma (14). HCV is phylogenetically classified into
at least six clades (formerly called genotypes), each of which
can be further divided into a number of subtypes (4, 26, 30).
We have previously reported the prevalence of each HCV
subtype, including HCV subtype 1c (HCV-1c) (formerly re-
ferred to as HCV-1d), among various clinical populations in
Surabaya, Indonesia (13, 31). HCV-1c has been found almost
exclusively in Indonesia (12, 13, 23) and shown to be associated
with high viral load and poor prognosis (18, 31).

Interferon (IFN) is the most successful therapeutic agent for
the treatment of chronic hepatitis C, although less than half of
the patients treated with IFN show sustained responses with
eradication of the virus. It is now recognized that HCV viral
load in the serum and the HCV genotype and/or quasispecies
complexity as well as sequence diversity of particular regions of
the viral genome may predict the effectiveness of IFN therapy
(2, 3, 10, 16, 25, 27). Lower pretreatment serum HCV RNA
levels have been shown to be associated with a better response
to IFN therapy. Patients infected with HCV-1b tend to exhibit
poor IFN responsiveness compared with those infected with
HCV-2a. Enomoto et al. (6, 7) first demonstrated that amino
acid mutations of the nonstructural protein 5A (NS5A) of

HCV-1b in a region between residues 2209 and 2248 were
associated with improved responsiveness to IFN in Japanese
patients, and the region has therefore been designated as the
IFN sensitivity-determining region (ISDR). This observation
was subsequently confirmed by other research groups mostly in
Japan (2, 3, 21, 28, 34). However, several reports from Europe
and the United States failed to show the correlation between
ISDR mutations and IFN responsiveness (5, 11, 22, 32), chal-
lenging the ISDR hypothesis. The IFN-mediated antiviral ac-
tivity is executed in part by the double-stranded RNA-acti-
vated protein kinase (PKR), which has been suggested to form
a complex with NS5A through a region, designated the PKR-
binding region, that spans the ISDR and the adjacent 26 res-
idues (9). In the present study, we have investigated whether
the PKR-binding region of HCV-1b, -1c, and -2a plays a role in
determining the levels of viremia in patients without IFN treat-
ment.

MATERIALS AND METHODS

Serum samples. Sera were obtained from the Red Cross Blood Transfusion
Center, Surabaya, Indonesia, and from patients with chronic liver disease at Dr.
Soetomo Hospital, Faculty of Medicine, Airlangga University, Surabaya, Indo-
nesia. They were tested for anti-HCV antibodies by enzyme-linked immunosor-
bent assay (UBI HCV EIA [United Biologicals, Inc., New York, N.Y.]; Ortho
HCV Ab ELISA Test II [Ortho Diagnostics, Inc., Tokyo, Japan]) and for hep-
atitis B surface antigen (subtypes ad and ay) by using AUSAB EIA (Abbott
Laboratories, Diagnostics Division). Sera that were positive for anti-HCV anti-
bodies and negative for hepatitis B surface antigen were used for further analysis.
A total of 57 HCV isolates obtained from 57 individuals (23 isolates of HCV-1b,
15 isolates of HCV-1c, and 19 isolates of HCV-2a) were analyzed. Table 1
summarizes the number, sex, and age of the subjects, and mean HCV viremia
titers for each HCV subtype with low (three or fewer) and high (four or more)
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numbers of mutations in the ISDR (see below). The grouping of HCV isolates on
the basis of low (three or fewer) and high (four or more) numbers of ISDR
mutations has been reported (2, 3, 6, 7).

HCV subtype analysis. RNA was extracted from the anti-HCV antibody-
positive sera (60 �l each) using Trizol LS (Life Technologies, Gaithersburg, Md.)
and reverse transcribed into cDNA using Rous-associated virus type 2 reverse
transcriptase (Takara Shuzo, Co., Ltd., Kyoto, Japan) and a primer specific for
a portion of the NS5B region of the HCV genome (167R), as described previ-
ously (13, 18, 31). The resultant cDNA was then amplified by nested PCR using
Tth DNA polymerase (Toyobo Co., Ltd., Osaka, Japan) and appropriate sets of
primers. Anti-HCV-negative sera or saline served as a negative control in the
reverse transcription (RT)-PCR analysis to monitor the possible cross-contam-
ination between the samples. Also, other standard precautions were taken to
minimize possible cross-contamination. The amplified fragments were se-
quenced by using the Taq DiDeoxy Terminator Cycle Sequencing kit (Perkin-
Elmer) and an ABI 373A DNA sequencer (Applied Biosystems, Inc.). Based on
the sequence similarity to the reported sequences, each HCV isolate was as-
signed an HCV subtype.

Measurement of HCV viral load. Levels of HCV viral load were assessed using
a commercially available kit (Amplicor HCV Monitor Test, version 1.0; Roche
Diagnostic Systems, Inc., Branchburg, N.J.) according to the manufacturer’s
instructions. The lowest detectable titer with this kit was 3.0 log10 RNA copies/
ml. A viral load of 4.1 log10 RNA copies/ml or higher was regarded as a high virus
titer, and that of 4.0 log10 RNA copies/ml or lower was regarded as a low titer,
according to the titers for the high and low controls included in the kit.

Analysis of NS5A sequences. RNA extracted from the sera (60 �l each) was
reverse transcribed into cDNA by using Rous-associated virus type 2 reverse
transcriptase (Takara Shuzo) and an appropriate primer (Fig. 1). The resultant
cDNA was subjected to the first-round PCR over 35 cycles, with each cycle
consisting of 1 min at 94°C, 1 min at 50°C, and 2 min at 72°C, followed by the
second-round PCR under the same conditions described above. The primers
used to analyze the entire NS5A region of HCV-1b, -1c, and -2a were selected on
the basis of the sequences that had been reported to be conserved among
HCV-1b and -1c or -2a. The sequences and positions of the primers used are
shown in Fig. 1. The PCR products were electrophoresed in an agarose gel
containing ethidium bromide and were visualized by UV illumination. Nucleo-
tide sequences of the amplified fragments were determined with the Big Dye
Deoxy Terminator Cycle Sequencing kit (Perkin-Elmer) and ABI 377 or ABI 310
DNA sequencer (Applied Biosystems, Inc.), and the amino acid sequences were
deduced.

Statistical analysis. The data obtained were statistically analyzed by one-way
analysis of variance (ANOVA) and Student’s t test. When appropriate, the
nonparametric Mann-Whitney test was also used. A P value of �0.05 was con-
sidered significant.

Nucleotide sequence accession numbers. The nucleotide sequence data re-
ported in this paper have been submitted to the DDBJ/EMBL/GenBank nucle-
otide sequence databases with the accession numbers AB056520 through
AB056569.

RESULTS

Levels of viremia in patients infected with HCV-1b, -1c, or
-2a. Levels of viremia of HCV-1b isolates ranged from 3.6 to

6.3 (5.3 � 0.8) log10 RNA copies/ml (values are presented
throughout as means � standard deviations [SD]). The titers
of HCV-1c isolates ranged from �3.0 to 6.0 (5.0 � 1.0) log10

RNA copies/ml. The titers of HCV-2a isolates ranged from
�3.0 to 5.8 (3.9 � 0.7) log10 RNA copies/ml. The apparent
difference in the viremia titers between HCV-2a and the other
subtypes is likely due to the fact that the Amplicor HCV
Monitor Test, version 1.0, underestimates the viral load for
HCV genotypes other than genotype 1 (19).

Correlation between HCV viremia levels and the number of
ISDR mutations in HCV-1b, -1c, and -2a. We determined
deduced amino acid sequences of the entire NS5A protein of
representative isolates with high and low virus titers for HCV-
1b, -1c, and -2a. When compared with each of the reference
strains—HCV-1bJ (15) for HCV-1b, HC-G9 (23) for HCV-1c,
and HC-J6 (24) for HCV-2a—the HCV isolates tested pos-
sessed 15 to 30 amino acid substitutions in NS5A excluding the
PKR-binding region; however, those substitutions outside the
PKR-binding region did not appear to correlate with serum
HCV RNA titers (data not shown).

We then looked at the amino acid sequences of the PKR-
binding region, including the ISDR. When compared with the
sequence of HCV-1bJ (15), a standard sequence for IFN re-
sistance (7), both of two HCV-1b isolates with low virus titers
had seven or eight mutations in the ISDR, with one of them
having even a single amino acid deletion. On the other hand,
all but one isolate with high virus titers had two mutations or
less in the ISDR (Fig. 2A). A certain degree of sequence
variation was observed in the carboxy-terminal portion of the
PKR-binding region for HCV-1b, but no correlation was ob-
served between serum HCV titers and the sequence variation
outside the ISDR. The HCV-1b isolates were divided into two
groups: those with low (three or fewer) and high (four or
more) numbers of mutations in the ISDR sequence, according
to the criteria reported previously (2, 3, 6, 7), and serum HCV
RNA titers were plotted (Fig. 3A and Table 1). All of the 20
isolates with low numbers of ISDR mutations showed viremia
levels of �4.1 (5.4 � 0.6) log10 RNA copies/ml. On the other
hand, two of three isolates with high numbers of ISDR muta-
tions showed viremia levels of �4.0 log10 RNA copies/ml, and
the mean titer � SD of this group was 4.2 � 0.9 log10 RNA
copies/ml. The difference in the mean virus titers between the
two groups was statistically significant (P � 0.01).

As for HCV-1c, no reference sequence for the ISDR was
reported as representing IFN-resistant strains. We initially
used HC-G9 (23) as a reference. With all the isolates se-
quenced in the present study, however, the residue at position
2228 was glutamic acid; it was threonine only with HC-G9.
Therefore, we constructed the consensus reference sequence,
which differs from that of HC-G9 by the single residue in the
ISDR. When compared with the consensus sequence, the two
isolates with low virus titers had five or six mutations in the
ISDR, whereas all isolates with high virus titers had three
mutations or less in the ISDR (Fig. 2B). Unlike HCV-1b iso-
lates, the carboxy-terminal portion of the PKR-binding region
was well conserved among all HCV-1c isolates tested. The
HCV-1c isolates were divided into the two groups of low (three
or fewer) and high (four or more) numbers of ISDR mutations,
and serum HCV titers were plotted (Fig. 3B and Table 1). All
of the 13 isolates with low numbers of ISDR mutations showed

TABLE 1. Comparison between the number of ISDR mutations
and serum HCV RNA titers for HCV subtypes 1b, 1c, and 2a

HCV
subtype

No. of ISDR
mutations

(mean � SD)

No. of patients
(male/female)

Mean age
(yr) � SD

HCV RNA titer
(log10 copies/ml)

1b �3 (0.6 � 0.6) 20 (14/6) 55.1 � 9.3 5.4 � 0.6a

�4 (7.0 � 1.7) 3 (1/2) 59.5 � 4.9 4.2 � 0.9a

1c �3 (0.6 � 0.8) 13 (11/2) 52.3 � 14.3 5.3 � 0.6b

�4 (5.5 � 0.7) 2 (1/1) 59.0 � 1.4 �3.0b

2a �3 (1.0 � 0.9) 10 (9/1) 56.0 � 12.4 4.3 � 0.7a

�4 (4.8 � 0.8) 9 (9/0) 55.3 � 13.4 3.5 � 0.4a

a P � 0.01 (one-way ANOVA, Student’s t test).
b P � 0.01 (one-way ANOVA); P � 0.05 (Mann-Whitney test).
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viremia levels of �4.2 (5.3 � 0.6) log10 RNA copies/ml. On the
other hand, both of the two isolates with high numbers of
ISDR mutations showed viremia levels of �3.0 log10 RNA
copies/ml, with the mean titer being at its highest 3.0 log10

RNA copies/ml. The difference in the mean virus titers be-
tween the two groups was statistically significant (P � 0.01).

When HCV-1b and HCV-1c isolates were combined, the

viremia titer for those with low numbers of ISDR mutations
(three or fewer) was 5.4 � 0.6 log10 RNA copies/ml, whereas
that for those with high numbers of ISDR mutations (four or
more) was 3.7 � 0.9 log10 RNA copies/ml, with the difference
between the two groups being statistically significant (P �
0.01).

The sequences of HCV-2a isolates were compared with that

FIG. 1. Schematic representation of the HCV genome and primers for RT-PCR for analysis of NS5A. The ISDR is depicted by a shaded
rectangle. Empty bars represent amplified cDNA fragments, and the numbers and arrows along them indicate primers used for RT-PCR.
Sequences, positions, and polarities of the primers are shown on the bottom. The sequences are numbered as described previously (15, 23, 24).
Abbreviations: S, sense; AS, antisense; K, T or G; R, A or G; W, A or T; Y, C or T.
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of HC-J6, which had been used as a reference strain in a
previous work (20). We noticed a tendency, similarly to the
cases with HCV-1b and HCV-1c isolates, for serum HCV titers
to be correlated inversely with the number of ISDR mutations

(Fig. 2C). Again, HCV-2a isolates were divided into the two
groups of low (three or fewer) and high (four or more) num-
bers of ISDR mutations, and serum HCV titers were plotted
(Fig. 3C and Table 1). The virus titers (mean of HCV-2a

FIG. 2. Sequence alignment of amino acid residues of the PKR-binding region, including the ISDR, of HCV-1b, -1c, and -2a isolates. (A)
Sequence alignment of the PKR-binding region (positions 2209 to 2274), including the ISDR (positions 2209 to 2248), of HCV-1b isolates. Dashes
indicate residues identical to those in the reference sequences. A slash indicates an amino acid deletion. Serum HCV RNA titers are shown on
the right. (B) Sequence alignment of the PKR-binding region (positions 2209 to 2274), including the ISDR (positions 2209 to 2248), of HCV-1c
isolates. The reference consensus sequence differs from the HC-G9 sequence (23) by a single residue at position 2228 (�), where only HC-G9 has
threonine while all of the other HCV-1c isolates analyzed have glutamic acid. (C) Sequence alignment of the PKR-binding region (positions 2213
to 2274), including the ISDR (positions 2213 to 2248), of HCV-2a isolates.
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isolates with low [three or fewer] and high [four or more]
numbers of ISDR mutations) were 4.3 � 0.7 and 3.5 � 0.4
log10 RNA copies/ml, respectively, with the difference between
the two groups being statistically significant (P � 0.01).

DISCUSSION

We previously observed that serum HCV RNA titers varied
considerably with different isolates of the same HCV subtype
in Indonesia, such as HCV-1b, -1c, and -2a (18). In the present
study, we analyzed amino acid sequences of NS5A of those
HCV isolates in order to see whether or not there is any
correlation between serum HCV titers and NS5A sequences,
especially the sequence of the ISDR and PKR-binding region.
Our results clearly demonstrated that with all subtypes tested,
i.e., HCV-1b, -1c, and -2a, the high number of ISDR mutations
was associated with low HCV viral load in patients without
IFN treatment. (Fig. 3). Pretreatment viral load was reported
to correlate with IFN responsiveness of HCV-infected patients
(2, 3). It is reasonable, therefore, to assume that ISDR se-
quence analysis can predict IFN responsiveness of HCV-in-
fected Indonesian patients, as has been reported with Japanese
patients (2, 3, 6, 7, 16).

Despite the consistent observations by Japanese research
groups that the number of amino acid substitutions in ISDR
correlates well with sensitivity to IFN therapy in patients in-
fected with HCV-1b or HCV-2a, conflicting observations were
reported in that there was no significant correlation between
ISDR mutations and IFN responsiveness in patients infected
with HCV-1b in Europe and the United States (5, 11, 22, 32).
Recently, Nakano et al. (21) pointed out sequence variation

among HCV-1b isolates, based on which they divided the
HCV-1b isolates into three groups, J, NJ, and W. The same
authors concluded that correlation between ISDR mutations
and IFN responsiveness was observed only with the J group,
the group representing approximately 40% of HCV-1b isolates
in Japan but rarely found in Europe and the United States.
According to our sequence data published previously (12)
(DDBJ accession no. D13729 to D13731, D13734, and
D13735), two (40%) of five Indonesian HCV-1b isolates could
be classified into the J group, with the remaining three (60%)
being classified into an as-yet-undefined fourth group. This
observation may also support the hypothesis that the ISDR
sequence can be used to predict IFN responsiveness of some,
if not all, Indonesian patients infected with HCV.

It is noteworthy that an HCV-1b isolate (isolate 378 [Fig.
2A]) had five mutations in the ISDR and a total of 11 muta-
tions in the PKR-binding region and yet showed a high virus
titer. It was recently reported that envelope glycoprotein E2 of
HCV contains a sequence identical with phosphorylation sites
of PKR and eIF-2� and that E2 inhibited the kinase activity of
PKR, which might be one of the mechanisms counteracting
antiviral activity of IFN (33). It is possible that the sequence,
designated the PKR-eIF-2� phosphorylation homology do-
main (PePHD), of this particular HCV-1b isolate (isolate 378)
is involved in maintaining the high level of viremia while ap-
parently lacking the IFN-inhibiting function of the ISDR. On
the other hand, we found a few isolates of HCV-2a with low
virus titers, which had low numbers of ISDR mutations. It
would be interesting to see whether or not those isolates had
high numbers of mutations in PePHD of E2, as reported re-

FIG. 3. Comparison between serum HCV RNA titers and the number of ISDR mutations of HCV-1b (A), HCV-1c (B), and HCV-2a isolates
(C). Each circle represents the HCV RNA titer of each isolate. The mean values and SD of HCV RNA titers are shown by long and short
horizontal bars, respectively. The virus titer of �3.0 was regarded as 3.0 when the mean values and SD were calculated. The mean numbers and
SD of the ISDR mutations for groups of low (three or fewer) and high (four or more) numbers of mutations are shown in parentheses. �, P �
0.01 by one-way ANOVA and Student’s t test; †, P � 0.01 by one-way ANOVA and P � 0.05 by Mann-Whitney test.
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cently (29). Another possibility should also be taken into con-
sideration, i.e., that there exists another viral mechanism reg-
ulating IFN sensitivity and viral load, such as quasispecies
complexity of the HCV genome (10, 25) and an as-yet-unde-
termined viral factor(s) (21, 34). Further study is needed to
elucidate the issue.

Previous study suggested a possible correlation between the
presence of the arginine residue at position 2218 and sensitivity
to IFN therapy in patients infected with HCV-1b (8). In the
present study, however, no significant correlation was observed
for HCV-1b or HCV-1c (Fig. 2). Consistent with our observa-
tion, the lack of such a correlation was reported by other
investigators (22).

It was recently demonstrated that, upon adaptation to the
Huh-7 human hepatoma cell line, NS5A underwent mutations
at positions 2163, 2177, 2189, 2196, 2197, 2199, and 2204, which
were clustered in a defined region just upstream of the ISDR,
suggesting that those mutations were responsible for the
higher degrees of HCV RNA replication in Huh-7 cells (1, 17).
In the present study, however, irrespective of HCV viremia
titers, all of those residues as well as the serine residue at
position 2201 were completely conserved among the HCV
isolates of each subtype tested (data not shown). It should also
be noted that all but one (position 2163) are completely con-
served even across different subtypes, including subtypes other
than HCV-1b, -1c, and -2a. In this connection, Pawlotsky et al.
(25) reported that serine residues at positions 2197, 2201, and
2204 showed remarkable conservation, suggesting the impor-
tance of NS5A phosphorylation at those residues. Taken to-
gether, these results imply the possibility that the defined re-
gion of NS5A just upstream of the ISDR, with certain serine
residues being phosphorylated, plays a crucial role in HCV
replication and that the viral adaptation mechanism differs in
continuously growing Huh-7 cells and nongrowing, mature
hepatocytes in the human liver.

In conclusion, we have demonstrated that virus load in pa-
tients infected with HCV-1b, HCV-1c, or HCV-2a correlates
inversely with the number of mutations in the ISDR sequence
of NS5A of HCV in patients in Indonesia. Our results imply
the possibility that the ISDR sequence plays an important role
in determining the levels of HCV viremia, through differen-
tially inhibiting antiviral activity of endogenous IFN and/or
through another mechanism(s) regulating HCV replication.
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27. Sáiz, J.-C., F.-X. López-Labrador, S. Ampurdanés, J. Dopazo, X. Forns,
J.-M. Sánchez-Tapias, and J. Rodés. 1998. The prognostic relevance of the
nonstructural 5A gene interferon sensitivity determining region is different in
infections with genotype 1b and 3a isolates of hepatitis C virus. J. Infect. Dis.
177:839–847.

28. Sarrazin, C., T. Berg, J.-H. Lee, G. Teuber, C. F. Dietrich, W. K. Roth, and
S. Zeuzem. 1999. Improved correlation between multiple mutations within
the NS5A region and virological response in European patients chronically

infected with hepatitis C virus type 1b undergoing combination therapy.
J. Hepatol. 30:1004–1013.

29. Sarrazin, C., I. Kornetzky, B. Ruster, J.-H. Lee, B. Kronenberger, K. Bruch,
W. K. Roth, and S. Zeuzem. 2000. Mutations within the E2 and NS5A
protein in patients infected with hepatitis C virus type 3a and correlation
with treatment response. Hepatology 31:1360–1370.

30. Simmonds, P., E. C. Holmes, T.-A. Cha, S.-W. Chan, F. McOmish, B. Irvine,
E. Beall, P. L. Yap, J. Kolberg, and M. S. Urdea. 1993. Classification of
hepatitis C virus into six major genotypes and a series of subtypes by phy-
logenetic analysis of the NS-5 region. J. Gen. Virol. 74:2391–2399.

31. Soetjipto, R. Handajani, M. I. Lusida, S. Darmadi, P. Adi, Soemarto, S.
Ishido, Y. Katayama, and H. Hotta. 1996. Differential prevalence of hepatitis
C virus subtypes in healthy blood donors, patients on maintenance hemodi-
alysis, and patients with hepatocellular carcinoma in Surabaya, Indonesia.
J. Clin. Microbiol. 34:2875–2880.

32. Squadrito, G., M. E. Orlando, I. Cacciola, M. G. Rumi, M. Artini, A. Pic-
ciotto, O. Loiacono, R. Siciliano, M. Levrero, and G. Raimondo. 1999.
Long-term response to interferon alpha is unrelated to “interferon sensitivity
determining region” variability in patients with chronic hepatitis C virus-1b
infection. J. Hepatol. 30:1023–1027.

33. Taylor, D. R., S. T. Shi, P. R. Romano, G. N. Barber, and M. M. C. Lai. 1999.
Inhibition of the interferon-inducible protein kinase PKR by HCV E2 pro-
tein. Science 285:107–110.

34. Terazawa, Y., K. Yoshioka, M. Kobayashi, K. Watanabe, M. Ishigami, M.
Yano, K. Takagi, and S. Kakumu. 2000. Mutations in interferon sensitivity-
determining region of hepatitis C virus: its relation to change in viral load.
Am. J. Gastroenterol. 95:1781–1787.

3864 LUSIDA ET AL. J. CLIN. MICROBIOL.


