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Abstract. Persistent infection with hepatitis C virus (HCV) is 
a major risk factor in the development of hepatocellular carci-
noma. The elucidation of the pathogenesis of HCV-associated 
liver disease is hampered by the absence of an appropriate 
small animal model. Zebrafish exhibits high genetic homology 
to mammals, and is easily manipulated experimentally. In 
this study, we describe the use of a zebrafish model for the 
analysis of HCV replication mechanisms. As the 5' untranslated 
region (UTR), the core protein, the non-structural protein 5B 
(NS5B) and the 3'UTR are essential for HCV replication, we 
constructed a HCV sub-replicon gene construct including the 
4 gene sequences and the enhanced green fluorescent protein 
(EGFP) reporter gene; these genes were transcribed through 
the mouse hepatocyte nuclear factor 4 (mHNF4) promoter. By 
microinjection of the subgenomic replicon vector into zebrafish 
larvae, the virus was easily detected by observing EGFP fluores-
cence in the liver. The positive core and NS5B signals showed 
positive expression of the HCV gene construct in zebrafish by 
reverse transcription-polymerase chain reaction (RT-PCR) and 
western blot analysis. Importantly, the negative strand sequence 
of the HCV subgenomic RNA was detected by RT-PCR and 
hybridization in situ, demonstrating that the HCV sub-replicon 
has positive replication activity. Furthermore, the hybridiza-
tion signal mainly appeared in the liver region of larvae, as 
detected by the sense probe of the core protein or NS5B, which 

confirmed that the sub-replicon amplification occurred in the 
zebrafish liver. The amplification of the sub-replicon caused 
alterations in the expression of certain genes, which is similar 
to HCV infection in human liver cells. To verify the use of this 
zebrafish model in drug evaluation, two drugs against HCV 
used in clinical practice, ribavirin and oxymatrine, were tested 
and these drugs showed significant inhibition of replication of 
the HCV sub-replicon in the larvae. In conclusion, this zebrafish 
model of HCV may prove to be a novel and simple in vivo model 
for the study of the mechanisms of HCV replication and may 
also prove useful in the disovery of new anti-HCV drugs.

Introduction

Hepatitis C virus (HCV) is the cause of chronic infection in 
approximately 180 million individuals worldwide (1). However, 
the elucidation of the pathogenesis of HCV-associated liver 
disease is hampered by the absence of an appropriate small 
animal model. HCV genomic RNA can be used as either mRNA 
for translation or a template for RNA replication. The transla-
tion initiation of the HCV genome is controlled by an internal 
ribosome-entry site (IRES) within the 5' untranslated region 
(UTR) (2). The 3'UTR has been shown to serve as a replica-
tion onset site for recognition and nucleotide incorporation by 
non-structural protein 5B (NS5B), an RNA-dependent RNA 
polymerase (3). The NS5B polymerase is a 65-kDa protein 
responsible for HCV RNA replication (4) that recognizes a 
specific RNA sequence in the 3'UTR of the genomic RNA and 
replicates the primary negative strand RNA first, and then the 
positive-strand RNA according to the negative strand RNA 
template (5). It has been shown that NS5B alone can copy an 
RNA template containing the HCV UTR in vitro or in vivo, 
without the need for any other viral/host factors (6). Based 
on the HCV elements mentioned above (2-6), a HCV subge-
nomic replicon (sub-replicon) was designed in our laboratory. 
Zebrafish is a good model organism for human diseases, and a 
number of disease models have emerged from studies using this 
organism (7,8). There are several advantages to using zebrafish 
embryos to develop models of liver diseases (8-10); the zebrafish 
exhibits high homology to humans genetically (11) and is small 
and easy-to-handle experimentally. We therefore explored the 
potential of using zebrafish as a host for HCV replication. In our 
previous study, we demonstrated that zebrafish may be a model 
organism to host HCV (12). The HCV sub-replicon was created 
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with 2 vectors, one with HCV ns5b and the other containing the 
minus strand of the HCV 5'UTR, core and 3'UTR by co-injecting 
into zebrafish zygotes. The sub-replicon amplified in the liver 
showed a significant expression of HCV core RNA and protein. 
As HCV is a plus strand RNA virus, we then intended to generate 
a plus strand HCV sub-replicon zebrafish model for anti-HCV 
drug screening. In this study, we describe the construction of a 
HCV subgenomic expression vector using the mouse hepatocyte 
nuclear factor 4 (mHNF4) promoter, the HCV 5'UTR-core 
protein, the enhanced green fluorescent protein (EGFP) reporter 
gene and the NS5B 3'UTR. This study describes the use of a 
zebrafish model for further investigations into the mechanisms 
of HCV replication and the pathology of HCV infection in the 
liver in vivo. This model may also aid drug evaluation studies and 
may thus aid in the discovery of new anti-HCV drugs. 

Materials and methods

Plasmids, reagents and antibodies. HCV strain 1b (J4L6s; 
Accession no. AF054247) was provided by Dr H.S. Chen 
(Institute of Medicinal Biotechnology, Beijing, China). The 
sub-replicon construct (pH5B) was constructed by the insertion 
of the HCV 5'UTR-core downstream of the mHNF4a promoter 
(the promoter sequence was cloned and identified by sequencing 
in our preliminary experiment) into the pIRES2-EGFP plasmid, 
followed by the insertion of the IRES-NS5B-3'UTR after the 
EGFP gene using the NotI and XbaI restriction sites (Fig. 1A). 
All the constructs were confirmed by DNA sequencing. The 
antibodies against NS5B (ab35586), the core protein (sc-8334) 
and GFP (ab2740) were purchased from Abcam (Cambridge, 
UK) and Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, 
USA), respectively.

Zebrafish microinjection and fluorescence microscopy. The 
adult zebrafish strain AB (Danio rerio) was obtained from 
Dr Anming Meng (Tsinghua University, Beijing, China). The 
zebrafish were maintained in a controlled environment under 
a 14-h light/10-h dark cycle at 28±1˚C.

The pH5B construct was linearized and injected into the 
blastomere of 1-8-cell stage embryos at 1 ng/µl. Larvae posi-
tive for GFP were examined at 8 and 12 days post-fertilization 
(dpf), using a fluorescence microscope (IX51; Olympus, Tokyo, 
Japan) with GFP filters (480 nm excitation, 505 nm emission).

Reverse transcription-polymerase chain reaction (RT-PCR). 
Total RNA was isolated from the larvae using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA). The cDNA was synthesized 
from 1 µg of the total RNA using AMV reverse transcriptase 
(Promega, Madison, WI, USA) with different reverse tran-
scription primers: NS5B-R and d(T)18 for transcript resulting 
from mHNF4a promoter, and core-F for HCV sub-replicon 
replication products. The target cDNA templates were then 
amplified by PCR using Taq polymerase (Takara Bio Inc., 
Shiga, Japan) and the primer pairs for the core protein, NS5B 
and β-actin are listed in Table I. The cDNA template of non-
transgenic wild-type zebrafish larvae was used as a negative 
control. PCR was performed with 0.5 µl of cDNA under the 
following cycling conditions: 94˚C for 5 min, then 30 cycles of 
94˚C for 60 sec, 55˚C for 30 sec and 72 ˚C for 1 min, followed 
by an additional extension step at 72˚C for 10 min to allow for 

complete synthesis. The RT-PCR products were subjected to 
1.5% agarose gel electrophoresis. β-actin was used as a control.

Western blot analysis. Zebrafish larvae total protein was 
extracted using lysis buffer and separated by 12% SDS-PAGE. 
The protein bands were transferred onto nitrocellulose 
membranes followed by blocking of the membranes in TBS 
containing 10% skim milk. The membranes were incubated with 
anti-core or anti-NS5B antibodies (Abcam) at 1:2,000 dilutions 
in TBS containing 1% skim milk, and the membranes were 
then washed and incubated with HRP-conjugated goat anti-
mouse or goat anti-rabbit IgGs (1:2,000 dilutions; Zhongshan 
Jinqiao Biotechnology Co., Ltd., Beijing, China) for 1 h at room 
temperature. Proteins were detected using the SuperSignal® 
West Pico Chemiluminescent Substrate (Thermo Scientific, 
Rockford, IL, USA) with the AlphaEase® FC Imaging System 
(Alpha Innotech Corp., San Leandro, CA, USA).

Whole mount in situ hybridization. The core (nt 430-702) and 
NS5B (nt 8067-8459) gene sequences of the J4L6 strain were 
used as templates for hybridization probe synthesis, using the 

Table I. RT-PCR primer sequences for HCV.

Core F: 5'-AGCGGTCGCAACCTCGTGGAA-3'
Core R: 5'-GCGGAAGCTGGGATGGTCAAAC-3'
NS5B F: 5'-GCTCGCCTTATCGTATTCC-3'
NS5B R: 5'-AGTCGTCAGCACGCCAC-3'
GFP F: 5'-ACGGCGTGCAGTGCTT-3'
GFP R: 5'-TGGGTGCTCAGGTAGTGG-3'
β-actin F: 5'-AGGGAAATCGTGGGTGACATCAAA-3'
β-actin R: 5'-ACTCATCGTACTCCTGCTTGCTGA-3'
Chemokine20 F: 5'-TCTCTTCTCACCTGCCCTAA-3'
Chemokine20 R: 5'-ATTGCTTGCACCTTCTCCCTC-3'
AHSG F: 5'-GGAAGGCAGCGGTGAAA-3'
AHSG R: 5'-ATGGTCTGGCCCGAGTG-3'
Hsp70 F: 5'-GCGACACCTCTGGAAAC-3'
Hsp70 R: 5'-TGCTCAGCCTGCCCTTG-3'
ScarF2 F: 5'-CTCTTGCGTCTACAGGG-3'
ScarF2 R: 5'-GCTCAGCGGTTTCTATT-3'
Leugpcr F: 5'-GGTGTTTGTCTGGGTTG-3'
Leugpcr R: 5'-GGTCTGAGTGAAGAGGGA-3'
ACC F: 5'-TTAGACCTGGATCAACGGCG-3'
ACC R: 5'-CATGATCTGTCCTGTACGGG-3'
Heparanase F: 5'-CAAGCGTTTAGTCACTCGGC-3'
Heparanase R: 5'-GGTTGCATTCCACGAGTTGTC-3'
Leptin F: 5'-GTCACACTGATGATGTCACAGAACCAGATG-3'
receptor
Leptin R: 5'-GCTAAAGACCTCTATTACCTCGAGATGACC-3'
receptor
C-myc F: 5'-CCCAGCCGGAGACAGTCGCTCTCCACCGCG-3'
C-myc R: 5'-CCACAGTCACCACATCAATTTCTTCCTCC-3'

RT-PCR, reverse transcription-polymerase chain reaction; HCV, hepatitis C 
virus; NS5B, non-structural protein 5B; GFP, green fluorescent protein; 
F, forward; R, reverse.
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DIG RNA Labeling kit (Roche Diagnostics Scandinavia AB, 
Bromma, Sweden). Whole mount in situ hybridization was 
performed as previously described (13). Briefly, larvae at 10 dpf 
were fixed with 4% paraformaldehyde for 10 h at 4˚C and 
washed with 1X phosphate-buffered saline containing Tween-20 
(PBST). The larvae were treated with proteinase K and DNase I 
separately, pre-hybridized at 65˚C for 4 h, and hybridized with 
the RNA probes such as core and NS5B respectively, at 65˚C 
overnight. The residual probe was washed with 0.2X saline 
sodium citrate, followed by incubation with anti-Dig-AP (Roche 
Diagnostics Scandinavia AB) at 4˚C overnight. After washing 
with 1X PBST, the samples were developed with BCIP/NBT 
solution for 30 min and this reaction was terminated by washing 
with 1X PBST. Hybridized signals of the core and NS5B genes 
were detected using the purple colorigenic substrate. The larvae 
were observed under a light microscope (SZ61TRC; Olympus).

Treatment with drugs. Ribavirin and oxymatrine were obtained 
from the National Institute for the Control of Pharmaceutical 
and Biological Products (Beijing, China). Ribavirin at final 
concentrations 1000, 100 and 10 µg/ml, and oxymatrine 
at concentrations of 200, 20 and 2 µg/ml were added to the 
zebrafish cultivation water, and were incubated with the 
zebrafish larvae injected or not with pH5B at 5 dpf for another 
5 days. The larvae were then collected for analysis.

Results

Replication of the HCV sub-replicon in zebrafish larvae. To 
ensure that the HCV sub-replicon could be expressed in the 
larva liver, a liver specific promoter, mHNF4a (14-16), was 
introduced upstream of the gene expression cassette, followed 
by the HCV 5'UTR-core, encephalomyocarditis virus (EMCV) 
IRES, EGFP, EMCV IRES and HCV NS5B 3'UTR genes. The 
inclusion of the reporter gene encoding EGFP enabled the easy 
detection of the HCV sub-replicon construct by fluorescence 
examination (Fig. 1B and C), indicating HCV protein expres-
sion. EGFP fluorescence was observed mainly in the liver of 
the larvae, and to a lesser extent in the intestines and pancreas 
in the injected zebrafish larvae.

We further examined the transcription of the HCV core and 
NS5B genes in zebrafish using the specific primer, NS5B-R, 
that only binds to the NS5B mRNA 3'end to test the transcript 
of the sub-replicon, and an universal primer d(T)18 by RT-PCR. 
The results revealed thatthe HCV core and NS5B genes were 
expressed in the microinjected larvae, whereas no expression 
was detected in the wild-type (WT) larva control (Fig. 1D). 
The HCV sub-replicon transcript contained genetic informa-
tion for the 5'UTR, core, EGFP, NS5B and 3'UTR, which are 
the elements which respond to HCV RNA replicatiion apart 
from EGFP. When NS5B polymerase is translated, the sub-
replicon transcript can be used as a template for the replication 
of the HCV sub-replicon negative strand that harbors antisense 
RNA for the core, EGFP and NS5B. Thus, the production of the 
HCV negative strand RNA is likely to be performed by NS5B 
since no endogenous RNA-dependent RNA polymerase is 
known to exist in zebrafish. The negative strand of HCV RNA 
was detected by reverse transcription in vitro using total RNA 
as a template and the specific forward primer core-F that 
only binds to the negative strand sequence of the core 3'end 

to produce the positive strand core cDNA, followed by PCR 
with the core primer pair and NS5B primer pair to amplify the 
negative strand sequence. Thus, the products of core, NS5B 
and EGFP are a sign of the successful replication of the HCV 
subgenomic replicon in zebrafish (Fig. 1D). No HCV product 
was detected in the WT zebrafish by RT-PCR (Fig. 1D).

Hybridization in situ was carried out for exploring the 
localization of HCV gene expression in zebrafish. With the 
antisense RNA probes or the sense RNA probes of the core and 
NS5B genes, the hybridized signals were mainly detected in 
the zebrafish liver, with minor signals detected in the intestines 
and pancreas of the larvae at 10 dpf (Fig. 1E). By contrast, no 
HCV signals were detected in the WT generation. By control, 
the liver-specific gene, transferrin, was detected only by the 
antisense transferrin RNA probe, and was shown as negative 
by the sense transferrin RNA probe. These results indicate that 
the existence of the HCV antisense RNA sequence demon-
strates the potential of the HCV sub-replicon to replicate in 
zebrafish liver (the HCV sense probe results in Fig. 1E).

Furthermore, the HCV core, EGFP and NS5B proteins 
were examined by western blot analysis of the zebrafish larvae 
injected with pH5B the WT larva control. Bands of the core, 
EGFP and NS5B proteins were detected at the predicted sizes 
with anti-core, anti-EGFP or anti-N5B antibodies, respectively, 
but no signals were detected in the WT control (Fig. 1F). 
These result indicates that the HCV sub-replicon was indeed 
expressed and that its transcript became a RNA template for 
the successful HCV sub-genome replication in the pH5B-
injected zebrafish.

Biological impact of pH5B microinjection into zebrafish 
larvae. The HCV infection has been reported to cause altera-
tions in the expression of host genes in human liver cells (17). 
Thus, in this study, we investigated whether the replication of 
the HCV sub-replicon in the larvae also causes changes in gene 
expression using RT-PCR. The results are presented in Fig. 2A. 
The expression of the alpha-2-HS-glycoprotein (AHSG) (18), 
Hsp70 (19), chemokine-1 (20), Leucine-rich repeat-containing 
G protein-coupled receptor 5 (Leugpcr) (17), scavenger receptor 
class F, member 2, (ScarF2) (21) and ER lipid raft associated 1 
(Erlin1) (17) genes were increased in the larvae at 8 and 12 days 
after the pH5B injection, compared with the untreated WT 
controls. The results in the zebrafish are in accordance with 
those from previous studies on HCV-infected human liver 
cells (17,22), demonstrating the possible biological impact on 
the host.

To determine the pathological changes in the microinjected 
zebrafish larvae, we used RT-PCR to detect the expression of the 
marker genes for liver pathology (8) (Fig. 2B). In the first stage 
of liver disease, fatty liver, acetyl-CoA carboxylase (ACC) (23) 
is the limiting enzyme in the biosynthesis of fatty acids, and its 
high expression can promote the synthesis of fat. Our results 
revealed that the expression of ACC was almost undetectable in 
the WT larvae at 8 and 12 dpf, but was significantly increased 
in the pH5B-injected larvae at 12 dpf compared to the injected 
larvae at 8 dpf (Fig. 2B). In the second stage of liver disease, 
liver fibrosis, the leptin receptor (24) and heparanase (25) are 
known as marker genes and these were selected for examination 
in our study. Our results revealed that the expression of leptin 
receptor and heparanase was significantly increased in the 
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pH5B-injected larvae compared with the WT larvae (Fig. 2B). 
In the third stage of liver disease, hepatocellular carcinoma, 
the level of c-myc and survivin (26) in the injected larvae 

was similar to that in the WT larvae at 12 dpf. These findings 
indicate that the zebrafish HCV sub-replicon model can partly 
mimic HCV activity in the human liver.

Figure 1. Replication of the hepatitis C virus (HCV) sub-replicon in zebrafish larvae. (A) Schematic diagram of the HCV sub-replicon vector, pH5B. The mouse 
hepatocyte nuclear factor 4 (mHNF4a) promoter was included for transcription. The HCV 5' untranslated region (5'UTR)-core sequence was inserted downstream 
of the HNF4a promoter, followed by internal ribosome-entry site (IRES)-enhanced green fluorescent protein (EGFP), and IRES-non-structural protein 5B 
(NS5B)-3'UTR. (B) Fluorescence microscopic observation of the HCV sub-replicon in the liver of pH5B-injected zebrafish larvae at 10 days post-fertilization 
(dpf) using a green fluorescent protein (GFP) filter (480 nm excitation, 505 nm emission; image, x100, original). Red arrows indicate positive signals of GFP in 
the liver. (C) Confocal DIC images of pH5B-injected zebrafish larvae at 10 dpf. The left, the middle and the right images are at fluorescence field, bright field and 
the overlay, respectively. White arrows indicate the positive signal of GFP in the liver, but are different parts from the fluorescent images of the liver shown in (B). 
(D) Upper panel shows templates and primers for the reverse transcription reactions; lower panel shows reverse transcription-polymerase chain reaction (RT-PCR) 
results of the target genes, core, NS5B and EGFP, as well as β-actin at 10 dpf in the zebrafish larvae injected with the HCV sub-replicon vector. β-actin was used 
as a loading control. 
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Evaluation of the zebrafish HCV sub-replication model with 
anti-HCV drugs. The larvae displaying EGFP fluorescence were 
treated with various concentrations of ribavirin or oxymatrine 
from 5 to 10 dpf, and the core gene was then tested as the sign 
of the evaluation of the HCV sub-replicon model by RT-PCR. 
Incubation of the larvae in the ribavirin- or oxymatrine-
containing water for 5 days markedly inhibited the amplification 
of the negative strand core RNA of the HCV sub-replicon (Fig. 3). 
The inhibition occurred in a dose-dependent manner both in the 
ribavirin- and oxymatrine-treated groups. Ribavirin at 100 µg/
ml, or oxymatrine at concentrations ≥20 µg/ml, significantly 
suppressed the replication of the HCV sub-replicon. The positive 

strand core RNA is included in the figure as a reference to show 
the successful microinjection and transcription of the pH5B 
vector into the zebrafish larvae (Fig. 3). As the positive strand 
HCV core RNA maintained a steady level during the course of 
treatment, the anti-HCV mechanisms of the 2 drugs apperared to 
be associated with HCV sub-genomic replication-related events. 
None of the larvae died or grew abnormally during the course 
of treatment, indicating a good level of safety of the drugs at the 
doses used. These results indicate that the zebrafish-hosted HCV 
sub-replicon amplification system is a suitable animal model 
with which to evaluate anti-HCV drugs or drug candidates, 
particularly in the case of water-soluble agents.

Figure 1. Continued. (E) Whole mount in situ hybridizations were performed on larvae at 10 dpf  using antisense or sense RNA probes. Red indicate show the 
positive signals (including NS5B-positive or -negative, core-positive or -negative, and transferrin-positive) in the larvae livers (x80 magnification, original). 
(F) Western blots of the GFP, HCV core and NS5B proteins from the larvae at 10 dpf were detected using anti-EGFP, anti-core and anti-NS5B antibodies, 
respectively. β-actin was used as a loading control. 
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Discussion

In this study, we developed a zebrafish HCV subgenomic replicon 
model that can be transcribed by the mHNF4a promoter. All 
the proteins encoded by the HCV sub-replicon construct were 
detected in the microinjected zebrafish larvae by western blot 
analysis, which indicates that the mHNF4a promoter functioned 
properly in zebrafish liver and that the key factors for HCV 
RNA repliction, core and HCV RNA-dependent polymerase 
(NS5B) were successfully translated. As the negative strand 
RNA was an intermediate product of replication, its existence 
demonstrates that the HCV sub-genome can be replicated in 
zebrafish. These results indicated the successful development of 
a zebrafish HCV subgenomic replication model. Moreover, the 
changes observed in the transcription levels of HCV-associated 
genes and the liver pathological marker genes in the pH5B-
injected zebrafish larvae are in agreement with those observed 
in HCV-infected human liver cells (17), which further confirm 
the successful creation of the zebrafish model of HCV.

The inhibitory effects of ribavirin and oxymatrine, two 
anti-virus drugs used in clinical practice, against the HCV 
sub-genomic replication indicate that the zebrafish HCV sub-
replicon model may serve as a valuable platform with which to 
study the molecular events in HCV genomic replication and to 
evaluate preventive and therapeutic strategies to combat HCV 
infection. Furthermore, the results of this study confirm the suit-
ability of zebrafish as a HCV small animal model. Compared 
with mouse models of HCV (27-30), this model system has 
several advantages for drug screening and evaluation. First, the 
HCV sub-replicon replicates actively and steadily in zebrafish 
tissue; second, the procedure for creating the sub-replicon-
positive larva is straight forward and simple; and third, this 
easy-to-handle small biological model seems to be suitable for 
drug screening. The major disadvantages of this model are that 
the HCV sub-replicon is possibly more suitable for water-soluble 
compounds and the dose calculation is complicated.

Our results also provide evidence that zebrafish liver cells 
may contain biological circumstances compatible to human 

Figure 2. Biological response of zebrafish larvae injected with the hepatitis C virus (HCV) sub-replicon vector. (A) Expression of the HCV-associated host genes 
in zebrafish larvae. The transcription levels of the genes selected were examined by reverse transcription-polymerase chain reaction (RT-PCR) in the wild-type 
(WT) and pH5B-injected larvae (at 8 and 12 dpf). (B) Expression of the liver pathological marker genes in pH5B-injected larvae (at 8 and 12 dpf) was compared 
with that in WT larvae by RT-PCR. dpf, days post-fertilization.

Figure 3. Inhibitory effects of ribavirin and oxymatrine on the amplification of the hepatitis C virus (HCV) sub-replicon in zebrafish larvae. Zebrafish larvae 
injected with pH5B were treated with ribavirin or oxymatrine from 5 to 10 dpf, and HCV core RNA was measured by reverse transcription-polymerase chain 
reaction (RT-PCR) to investigate the anti-HCV effect of the drugs. Core+, the positive strand of the core RNA; core-, the negative strand of the core RNA. 
(A) Effects of oxymatrine and (B) effects of ribavirin. Both histograms indicate the effects of the drugs on the HCV replication level [dose-dependent decrease 
(core-)]; the transcription levels of the core positive strand (core+) remained relatively stable; both were normalized to β-actin. dpf, days post-fertilization.
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HCV replication that usually occur in human hepatocytes. 
Although there may be other viral or host factors that contribute 
to HCV RNA replication, the HCV core and NS5B proteins 
together with the HCV 5'UTR and 3'UTR RNA sequence are 
capable of copying the subgenomic RNA in the zebrafish model, 
and similar results were reported in the study by Lee et al (6).

In conclusion, in this study, we confirm the use of zebrafish 
as an in vivo biological model system for HCV replication, with 
potential applications in the evaluation of anti-HCV drugs.
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