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The nucleotide sequence of the 5' untranslated region of hepatitis C virus (HCV) has been shown to be
conserved. In contrast, we have detected more sequence variation in this region in several HCV isolates than
hitherto expected. The nucleotide sequences of the 5' untranslated regions of these isolates differ significantly
from that of the prototype but are very similar to each other. We believe that these isolates belong to the same

type of HCV. Among 240 HCV RNA polymerase chain reaction-positive specimens that we examined, 7 belong
to this type. The results suggest that the HCV variants that we detected represent a different type ofHCV and
that they are responsible for approximately 3% of HCV infections in patients that we have examined.

Hepatitis C virus (HCV), a causative agent of posttrans-
fusion hepatitis, was previously referred to as non-A, non-B
hepatitis virus because diagnosis of its infection was
achieved by exclusion of hepatitis A and B viruses (7).
Recently, an enzyme-linked immunoassay using HCV anti-
gen C100-3 to detect HCV infections directly has been
developed (16). HCV is an RNA virus (2, 3, 5), and cDNA
fragments corresponding to different portions of the HCV
genome have been cloned (1, 5, 13, 19-21). With these
clones, the nucleotide sequences of the entire genomes of at
least two HCV isolates have been determined (6, 20). On the
basis of sequence comparison, HCV was found to be dis-
tantly related to flavivirus and pestivirus (18). Similar to that
of flavivirus or pestivirus, the HCV genome has 5' and 3'
untranslated (UT) regions and encodes a single large open
reading frame (6, 11, 20). This open reading frame is thought
to produce a polyprotein which is then cleaved to become
the envelope, the capsid, and nonstructural proteins NS2,
NS3, NS4, and NS5.

In addition to the entire genomes of the two HCV isolates,
the nucleotide sequences of portions of many other HCV
isolates have been reported (1, 8, 13-15, 17, 19, 21, 22). A
comparison of these sequences revealed that HCV se-
quences of different isolates are quite variable (11, 19, 20).
For example, the putative envelope region of HCV BK was
found to have an average homology of only 76.6% with that
of another isolate, HC-J1 (20). Recently, the nucleotide
sequences of the 5' UT regions of 12 HCV isolates from
different geographical locations were compared and found to
be remarkably conserved (9). In this communication, we
report the identification of several HCV isolates of which the
sequences of the 5' UT regions differ significantly from that
of the prototype, HCV1.

Polymerase chain reaction (PCR) was performed to detect
HCV RNA in serum samples from patients with hepatitis.
The serum specimens were obtained from the Clinical Pa-
thology Laboratory of the Indiana University Medical Cen-
ter and were aliquots of the specimens that were sent to the
Clinical Pathology Laboratory for liver enzyme analyses.
One specimen per patient was used in this study, and the
specimens were collected in 1990 and 1991 over a period of
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about a year. HCV RNA was isolated by using the method of
Chomczynski and Sacchi (4). Five hundred microliters of
serum was mixed with an equal volume of RNA extraction
buffer containing 4 M guanidinium isothiocyanate, 25 mM
sodium citrate, 0.5% sarcosyl, and 0.1 M 2-mercaptoethanol.
The HCV RNA was purified by extraction with a mixture of
phenol, chloroform, and isoamyl alcohol (25:24:1) and then
precipitated with isopropanol. After the RNA pellet was
washed with 75% ethanol, the RNA was dried and dissolved
in water that had been treated with 0.1% diethylpyrocarbon-
ate. This RNA solution was heated to 65°C for 10 min and
then to 95°C for 5 min to destroy the secondary structures of
the purified RNA.
To perform PCR, an HCV cDNA was first synthesized by

reverse transcription. This reaction was performed in a
12.5-pl reaction mixture containing reverse transcription
buffer (50 mM Tris-HCl [pH 8.3], 75 mM KCl, 3 mM MgCl2),
each deoxynucleoside triphosphate at 0.5 mM, 10 mM
dithiothreitol, 100 pmol of the antisense oligonucleotide PCR
primers, 2.5 U of RNasin (Promega, Madison, Wis.), and 20
U of Moloney murine leukemia virus reverse transcriptase
(BRL, Gaithersburg, Md.). The mixture was incubated at
room temperature for 10 min and then at 42°C for 1 h. The
reverse transcriptase was then inactivated by heating the
reaction mixture at 95°C for 5 min.
HCV PCR was performed in a 50-,ul mixture containing all

of the above cDNA product, PCR buffer (10 mM Tris-HCl
[pH 8.3], 50 mM KCI, 2 mM MgCl,2 0.001% gelatin), 100
pmol of each PCR primer, and 2 U of TaqI DNA polymerase
(Perkin Elmer-Cetus, Norwalk, Conn.). The mixture was
overlaid with 100 1.l of mineral oil to prevent evaporation
during thermal cycling. The PCR was performed in three
stages. The initial stage was a low-stringency step which
consisted of 5 cycles of 94°C for 2 min, 50°C for 2 min, and
72°C for 3 min. The second stage was a high-stringency step
including 30 cycles of 94°C for 1.5 min, 55°C for 1.5 min, and
72°C for 2 min. The final stage was a 5-min extension at 72°C.
The PCR products were electrophoresed in a 6% polyacryl-
amide gel to determine the sizes of the amplified products.
Two pairs of PCR primers were used: a modified JHC93

(5'-GGCGACACTCCACCAT-3') and JHC51 (5'-CCCAA
CACTACTCGGCTA-3'), which amplified the 5' UT region
between nucleotides 18 and 268 (9) and produced a 251-bp
fragment. The nucleotide numbers of the 5' UT region used
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FIG. 1. Comparison of nucleotide sequences of the 5' UT re-

gions of HCV isolates. The 5' UT regions of different HCV isolates
between positions 18 and 268 were amplified by PCR, and the PCR
products were cloned and sequenced. The nucleotide sequences of
these clones were compared with that of HCV1. Identical sequences
are indicated with dashes. Different sequences are as shown.
Missing nucleotides are represented with asterisks. The nucleotide
numbers used were those designated by Han et al. (9). The under-
lined regions of the HCV1 sequence were the PCR primer-binding
sites.

here and hereafter were the same as those designated by Han
et al. (9). JK3794 (5'-CTTCCT[ACATCGAACAAGG-3')
and JK3951 (5'-TCCACATGTGCTITCGCCCAG-3') pro-
duced a 158-bp DNA fragment of the NS3 region (12),
corresponding to nucleotides 3794 to 3951 of the Chiron
HCV genome (10). Most of the samples we have examined
yielded visible and correct size bands of PCR products with
both primer sets after electrophoresis in a 6% polyacryl-
amide gel. We have cloned one of the 251-bp 5' UT PCR
products into pCR1000 (Invitrogen, San Diego, Calif.). The
insert of this clone was designated C324. The nucleotide
sequence of C324 was then determined by the dideoxy-chain
termination method of Sanger et al. (19a) and found to be
almost identical to that of prototype HCV1 at the corre-
sponding region; only one nucleotide, located at 243, was
different (Fig. 1). Some of the samples yielded visible PCR
product bands on gels with the JHC93-JHC51 primer set but
produced no visible PCR product bands with the JK3794-
JK3951 primer set, even after 40 cycles of PCR. Since these
samples gave results that were different from those of the
majority of other samples, we speculated that the HCV
present in these samples may be different from the prototype
HCV1. To prove this hypothesis, we cloned and sequenced
one of the PCR products of the 5' UT region from these
samples, and the sequence of this clone (C324X) was found
to be quite different from that of HCV1 or C324, which was
isolated from a different patient, in the corresponding areas.
Among the 251-bp regions that we compared (Fig. 1), 21
nucleotides were different from those of HCV1. We consid-
ered this isolate an HCV variant and designated it
HCV324X.
To determine the prevalence of HCV324X, the PCR

products of 240 serum samples from different patients were
probed with C324X or C324 by the dot blot hybridization

TABLE 1. Properties of HCV isolates

HCV Relative hybridization intensityb
isolatea C324 probec C324X probed JHC PCR" JK PCRf

324 +++ + +++ +++
324X + +++ +++ -
1067 + +++ + +
1135 + ++ ++ -
1196 + +++ + +
1080 - +++ +++ +
1108 - +++ +++ -
1520 - ++ +++ -
1778 - ++ +++ -

a HCV isolates were identified by specimen numbers.
hFor the C324 and C324X probes, the number of plus signs indicates the

relative intensity of the hybridization signal; for the JHC and JK probes, it
indicates the relative intensity of the PCR product bands in a 6% polyacryl-
amide gel after electrophoresis. A minus sign indicates negative results, and a
plus-or-minus sign indicates equivocal results.

c The PCR products of the 5' UT region were probed with the C324 probe.
d The PCR products of the 5' UT region were probed with the C324X probe.
e PCR was performed with the modified JHC93-JHC51 primer set.
f PCR was performed with the modified JK3794-JK3951 primer set.

technique. A 10-,ul aliquot of each PCR product was mixed
with 90 ,ul of 0.3 N NaCI, boiled for 5 min, and then quickly
chilled on ice. One hundred microliters of ice-cold 2 M
ammonium acetate was added to each sample, and the
samples were dot blotted onto Nytran membranes in dupli-
cate. The membranes were prehybridized at 55°C overnight
in a solution containing 6x SSC (lx SSC is 0.15 M NaCI
plus 0.015 M sodium citrate), 5 x Denhardt's solution, 0.05%
sodium PP1, 0.5% sodium dodecyl sulfate (SDS), and 100 ,ug
of calf thymus DNA per ml. Hybridization was performed at
55°C overnight in a hybridization solution containing 6x
SSC, lx Denhardt's solution, 0.05% sodium PP1, 100 ,ug of
calf thymus DNA per ml, and DNA probes labelled with
[a-32P]dNTP by the primer extension technique (oligolabel-
ling). The membranes were washed with lx SSC-0.1% SDS
twice at room temperature for 20 min each time and then
with 0.1x SSC-0.1% SDS at 70°C for 30 min. The mem-
branes were then blot dried and exposed to X-ray film
overnight.
Of the 240 PCR products, 7 hybridized strongly with

C324X but weakly with the C324 probe. These seven isolates
were designated HCV1135, HCV1067, HCV1108, HCV1196,
HCV1080, HCV1520, and HCV1778 (Table 1). To determine
whether these seven isolates were HCV variants, the 5' UT
region PCR products of the isolates were cloned and se-
quenced. The nucleotide sequences of these clones were
then compared with those of the corresponding regions of
HCV1 and HCV324. As seen in Fig. 1, the nucleotide
sequences of these clones differ significantly from that of
HCV1 or HCV324. Among the 251 bp nucleotides com-
pared, 18 to 21 were different. In other words, the nucleotide
sequence homologies between the variants and HCV1 were
89.2 to 91%. However, the nucleotide sequences of these
clones are almost identical to each other. Only two to nine
nucleotides were found to differ (Fig. 1). The nucleotide
sequence homologies between the variants were 95.8 to
99%, suggesting that these variants represent a certain type
of HCV.
The results of this study indicate that the nucleotide

sequence of the 5' UT region of HCV can be more variable
than previously described (9). Since the 5' UT region may
regulate HCV replication and production ofHCV proteins, it
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is conceivable that differences in the 5' UT region may
produce differences in the behavior of these variants. Al-
though only the 5' UT region was sequenced, the observa-
tion that these variants gave either negative or equivocal
PCR results with primers of the NS3 region (Table 1)
suggested that their nucleotide sequences in other regions of
the genome could be quite variable.
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