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Abstract

Purpose Adeno-associated virus (AAV) vectors can

achieve long-term gene expression and are now feasible for

use in human gene therapy. We constructed hepatocyte

growth factor (HGF) expressing AAV (AAV5-HGF) and

examined its effect in two mouse hepatic fibrosis models.

Methods A model of hepatic fibrosis was established by

carbon tetrachloride (CCl4) administration in Balb/c mice.

After the establishment of liver fibrosis, AAV5-HGF was

injected once into the portal vein. Mice were killed 3, 6, 9,

and 12 weeks after injection. Another model was estab-

lished by bile duct ligation (BDL). Seven weeks after

AAV5-HGF injection, mice underwent BDL, and were

then killed 2 weeks after BDL.

Results Mice that received AAV5-HGF achieved stable

HGF expression both in the serum and liver for at least

12 weeks. In both models, significant improvement of the

liver fibrosis was found in all mice receiving AAV5-HGF

based on Azan-Mallory staining. Suppression of hepatic

stellate cells (HSC) was confirmed by immunohistochem-

istry. Fibrogenic markers were significantly suppressed and

collagenase activity increased in the livers of mice

receiving AAV5-HGF.

Conclusions A single injection of AAV vector containing

HGF gene achieved long-term expression of HGF and

resulted in resolution of mouse liver fibrosis. HGF gene

therapy mediated by AAV is feasible for the treatment of

liver fibrosis.
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Abbreviations

AAV Adeno-associated virus

BDL Bile duct ligation

CCl4 Carbon tetrachloride

HGF Hepatocyte growth factor

Introduction

Liver fibrosis is induced by the wound healing response to

chronic liver injury caused by hepatitis virus infections,

alcohol abuse, prolonged biliary obstruction, hepatotoxic

drugs, or metabolic diseases [1]. It is a major cause of

morbidity and mortality worldwide, with no effective

therapy except for liver transplantation. The main charac-

teristic of liver fibrosis is the excess production and

deposition of extracellular matrix (ECM) caused by acti-

vated hepatic stellate cells (HSC), portal fibroblasts, and

myofibroblasts of bone marrow origin. These cells are

activated by fibrogenic cytokines, like transforming growth

factor (TGF)-b [2]. Liver fibrosis was considered to be an

irreversible end result, but recent studies have demon-

strated that liver fibrosis is reversible after clearance of

hepatitis C virus (HCV) with either interferon or pegylated

interferon, with or without the addition of ribavirin [3–6].

These reports demonstrate the reversibility of human liver

fibrosis.
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Prior to these reports, the in vivo therapeutic effect of

hepatocyte growth factor (HGF) against liver fibrosis was

shown. The HGF identified and cloned as a 69-kDa a-chain

and a 34-kDa b-chain, initially was characterized as a

potent mitogen for hepatocytes [7, 8]. HGF also shows

mitogenic, motogenic, and morphogenic activities in a

wide variety of cell types [9]. Several in vivo approaches

have shown that HGF plays an essential role in both the

development and regeneration of liver [10] and have

demonstrated antiapoptotic and cytoprotective effects in

hepatocytes [11]. The first report demonstrating the effect

of HGF on liver fibrosis used recombinant HGF injection

[12]. However, a large amount of recombinant HGF was

required, because HGF is unstable in blood, with a half-life

of 3–5 min [13, 14]. In order to overcome this problem, we

demonstrated HGF gene therapy using hemagglutinating

virus of Japan (HVJ) liposomes [15]. The HGF gene

transfection into rat skeletal muscle dramatically improves

liver fibrosis; however, this strategy also requires repetitive

transfections to achieve persistent expression because HVJ-

liposome-mediated gene expression is transient [16]. From

a clinical point of view, development of a novel gene

transfer strategy to achieve long-term expression of HGF

protein in vivo is crucial. Therefore, we assessed the

therapeutic efficacy of adeno-associated virus (AAV)

vector-mediated HGF gene therapy for liver fibrosis.

AAV includes a number of small single-stranded DNA

viruses and members of the parvovirus family. A number

of unique properties make AAV a very promising vector

for gene therapy. The advantages of the use of AAV-based

vectors are that they can transduce therapeutic genes into

both dividing and nondividing cells and achieve long-term

gene expression with no apparent adverse effect [17, 18].

In this study, we constructed a recombinant AAV vector

coding the human HGF gene (AAV-HGF) and assessed its

therapeutic effects for hepatic fibrosis using two mouse

models of hepatic fibrosis.

Materials and methods

Cell culture

The human HCC cell line, HepG2, was grown in Dulbecco

modified Eagle medium (DMEM) with 10% fetal bovine

serum (FBS), 100 U/ml penicillin, and 100 mg/ml

streptomycin.

Animals

Male Balb/c mice (6-week-old) were purchased from Japan

CLEA, and were maintained in a pathogen-free facility at

Hyogo College of Medicine (Nishinomiya, Hyogo, Japan).

The animal experiments were performed in accordance

with the guidelines of the National Institutes of Health

(Bethesda, MD, U.S.A.), as specified by the animal care

policy of Hyogo College of Medicine.

Plasmid AAV5-HGF construction

We first evaluated vectors derived from AAV serotypes 1,

2, and 5. LacZ gene expression recombinant AAV vectors

(AAV1-LacZ, AAV2-LacZ, or AAV5-LacZ) were trans-

duced into mouse livers using the same method described

below, and efficiency of gene expression was determined

by LacZ staining. Among these vectors, AAV5-LacZ had

the highest LacZ expression (unpublished result). On the

basis of this result, we selected the AAV serotype 5 for the

present study and constructed the AAV5-HGF vector.

Plasmid AAV5-HGF was constructed by inserting the full-

length cDNA of human HGF [19], representing about

2.2 kb, at the Hinc II site of the AAV5-MCS that included

the CMV promoter and inverted terminal repeat sequence.

AAV5-HGF vector preparation

Plasmids for AAV vector production were purchased from

Stratagene (La Jolla, CA, USA). pAAV5-CMV-LacZ, a

plasmid encoding LacZ, and 5RepCapA, a helper plasmid

for AAV serotype 5, were generous gifts from Dr J. A.

Chiorini (National Institutes of Health, Bethesda, MD,

USA) [20]. pAAV5-CMV-HGF containing the HGF

sequence was prepared as previously described, with the

inverted terminal repeat (ITR) sequences changed to those

of the AAV5 vector. Recombinant AAV vector stocks were

prepared in accordance with an adenovirus-free triple-

plasmid transfection protocol [21]. After harvest, vector

solutions were purified twice on a cesium chloride (CsCl)

gradient and quantified by DNA dot blot hybridization. The

same vector stock was used in the same series of experi-

ments to minimize the variability that could occur as a

result of the potential differences in vector potency.

AAV vector transduction in vitro

In order to confirm HGF expression in vitro, HepG2 cells

(2 9 105) were plated in 6-cm plastic dishes. After 24 h,

cells were infected with 106 or 2 9 106 vector genomes of

AAV5-HGF. Forty-eight hours after transduction, culture

medium and cell lysates were harvested. AAV5-LacZ was

transfected into HepG2 cells using the same procedure as

that for a control vector. Protein concentrations of human
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HGF were determined by enzyme-linked immunosorbent

assay (ELISA) using an IMMUNIS human HGF enzyme

immunoassay kit (Institute of Immunology, Tokyo, Japan).

Experimental animal models

Liver fibrosis was induced by carbon tetrachloride (CCl4)

[22] or bile duct ligation (BDL) [23]. In the first model, 40

BALB/c mice received CCl4 by intragastric administration

of 5% CCl4 at a dose of 2 ml/kg body weight (Wako,

Tokyo, Japan) dissolved in olive oil, once a week for

16 weeks. After the establishment of liver fibrosis, AAV5-

HGF (n = 20) or AAV5-LacZ (n = 20), at a dose of 1011

vector genomes were transfected into the portal vein

through the splenic hilum. Mice were killed at 3, 6, 9, or

12 weeks after transfection (n = 5, each point). The sec-

ond model was created by BDL. Mice were transfected

with AAV5-HGF (n = 5) or AAV5-CMV-LacZ (n = 5) at

day 0 by the same procedure described above. Seven

weeks after transfection, BDL was performed on all mice.

Briefly, the common bile duct was double-ligated using 4-0

silk through a midline abdominal incision. All mice were

killed 2 weeks after BDL, and liver and blood were col-

lected for histologic and protein analyses. All mice were

anesthetized with ether during AAV transduction, BDL,

and at death. The time schedule is shown in Fig. 1.

Histologic examination and immunostaining

Paraffin-embedded tissues were fixed and embedded in

paraffin. The sections were stained with Azan-Mallory for

collagen visualization. Hepatic fibrosis was assessed in a

blinded manner by image analysis, using a planimetric

method and the Automatic Image Analysis System (Carl

Zeiss, Oberkochem, Germany). For immunohistochemical

analysis, the sections were pretreated through deparaffini-

zation, antigen unmasking, and blocking with 1% H2O2 for

10 min and 1.5% goat normal serum for 60 min. The

specimens were incubated with mouse antihuman a-smooth

muscle antibody (a-SMA) (1:100 dilution; Thermo Fisher

Scientific, Waltham, MA, USA) for 60 min. After washing,

the sections were incubated with biotin-conjugated anti-

mouse IgG secondary antibody (1:5000) for 60 min, then

with DAB for 1 min and counterstained with hematoxylin

for 10 s.

RNA isolation and cDNA synthesis

Total RNA was extracted from mice livers using ISOGEN

(Nippon Gene, Tokyo, Japan). The concentration of RNA

was spectrophotometrically determined, and the integrity

of samples was confirmed by visualizing the 28S and 18S

ribosomal RNA bands under ultraviolet light after agarose

gel electrophoresis. One microgram of total RNA was

reverse transcribed with random primers using a commer-

cial cDNA kit (High-capacity cDNA Archive kit: Applied

Biosystems, Foster City, CA, USA). The resulting syn-

thesized cDNA was used for real-time polymerase chain

reaction (PCR).

Real-time PCR

Serial dilutions of cDNA were made to determine the linear

range for amplification. Real-time PCR was performed on

the ABI PRISM 7900HT Sequence Detection System using

TaqMan Universal PCR Master Mix and Assays-on-

Demand Gene Expression Assay (Collagen a1(I), a-SMA,

TGF-b, TIMP, and MMP13; Applied Biosystems) for the

PCR step. A standard curve for serial dilutions of 18S

rRNA was similarly generated.

In situ zymography

At the final timepoint, mice livers were removed and

embedded in OCT compound (Sakura Finetechnical,

Tokyo, Japan). They were cut into 6-lm frozen sections,

and put onto gelatin-coated film (MMP in situ Zymo-Film,

Wako Chemical, Osaka, Japan) and incubated at 37�C for

17 h. Gelatin left undegraded on the film was stained with

Biebrich Scarlet Stain Solution (Wako Chemical).

Statistical analysis

Data are expressed as mean ± SD, and the statistical

significance of differences among groups was assessed
Fig. 1 Schedule of AAV5-HGF or AAV5-LacZ transduction (a: CCl4
mice model, b: BDL mice model)
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by Student’s t test. P values \ 0.05 were regarded as

statistically significant.

Results

HGF expression in vitro

HepG2 cells (2 9 105) were infected with AAV5-LacZ

(106 vector genomes) or AAV5-HGF (106 or 2 9 106

vector genomes) for 48 h. Cell lysates and culture medium

were harvested at 48 h after infection, and human HGF

expression was measured by ELISA. Dose-dependent

expression of human HGF was detected in HepG2 cells

with AAV5-HGF vector (0.10 ± 0.05 ng/ml in medium

and 1.08 ± 0.12 ng/ml in cell lysates using 2 9 106 vector

genomes), but no expression was observed in HepG2 cells

transfected with AAV5-LacZ vector.

Human HGF expression by AAV5-HGF transduction

in CCl4-treated mice

The human HGF concentrations in the plasma or livers

of CCl4-treated mice were measured by ELISA up to

12 weeks after injection of AAV5-HGF vectors. Human

HGF concentrations gradually increased and reached the

peak values (25 ± 11 pg/ml in plasma and 250 ± 90 pg/g

in the liver) 9 weeks after transduction. The level of HGF

persisted for at least 12 weeks after transduction both in

the serum and liver. No human HGF expression was

found in mice that were transduced with AAV5-LacZ

vectors (Fig. 2a and b). Endogenous HGF level was also

measured by ELISA. At 12 weeks after AAV5-LacZ

transduction, endogenous HGF level of AAV5-LacZ-

transduced mice (n = 5) was 2.8 ± 0.29 ng/ml in plasma

and 87.3 ± 13.7 ng/g in the liver. Endogenous HGF level

of CCl4-treated mice without gene transduction (n = 5)

was 2.3 ± 0.51 ng/ml in plasma and 79.3 ± 4.72 ng/g in

the liver.

Effects of HGF on CCl4-induced hepatic fibrosis

In order to assess the effect of HGF on liver fibrosis, mice

received CCl4 by intragastric administration once a week

for 16 weeks. Four weeks after CCl4 administration began,

mice were transduced once with AAV5-HGF or AAV5-

LacZ. Azan-Mallory staining demonstrated that moderate

bridging fibrosis was observed in the livers of both AAV5-

HGF- and AAV5-LacZ-transduced mice up to 6 weeks

after transduction (Fig. 3a, b, e, f). However, AAV5-HGF

markedly attenuated fibrosis at 9 or 12 weeks after trans-

duction (Fig. 3g and h) compared with control vector

(Fig. 3c and d). Quantitative analysis of the fibrosis by

image analysis showed a 50% reduction in fibrosis after

AAV5-HGF transduction (Fig. 3i). Immunostaining for a-

SMA was performed to detect activated HSC. Expression

of a-SMA in the liver was increased in AAV5-LacZ-

transduced mice (Fig. 4a–d). This expression was observed

up to 6 weeks after AAV5-HGF transduction (Fig. 4e and

f), but was suppressed after 9 and 12 weeks of transduction

(Fig. 4g and h).

Effects of HGF on hepatic fibrosis induced by bile duct

ligation

In order to assess the effect of HGF on liver fibrosis

induced by BDL, mice were transduced with AAV5-HGF

or AAV5-LacZ. Seven weeks after transduction, BDL was

performed on all mice. Mice were killed 2 weeks after

BDL to investigate the potential effect of HGF. At the time

of death (9 weeks after AAV5-HGF transduction), plasma

and liver human HGF concentrations were similar to those

seen in the CCl4 model (16 ± 5 pg/ml in plasma and

224 ± 76 pg/g in the liver). Histologic analysis showed

extensive peribiliary and interstitial collagen deposition in

mice transduced with AAV5-LacZ (Fig. 5a). However,

AAV5-HGF transduction largely attenuated these findings

after BDL (Fig. 5c). In AAV5-LacZ-transduced mice, a-

SMA-positive cells were observed in the periportal areas

Fig. 2 Human HGF

concentrations induced by

AAV5-HGF transduction in

CCl4-treated mice (a: plasma, b:

liver tissue). Human HGF

concentrations gradually

increased and reached a peak

value both in the plasma and in

the liver 9 weeks after

transduction. Data represent the

mean ± SD (n = 5)
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(Fig. 5b). The number of these cells was reduced by

AAV5-HGF transduction (Fig. 5d).

Fibrogenesis is suppressed in livers of AAV5-HGF-

transduced mice

In order to investigate the role of HGF on liver fibrogenesis

by CCl4 or BDL, real-time PCR was performed (Fig. 6).

TGF-b is a fibrogenic cytokine that plays a central role in

regulating fibrosis. Expression of TGF-b mRNA was sig-

nificantly suppressed in the liver of AAV5-HGF-

transduced mice treated with CCl4 (Fig. 6a) or BDL

(Fig. 6e) mice. Collagen a1 (I) is the major form of col-

lagen produced in fibrosis. The expression of Collagen a1

(I) mRNA was significantly suppressed in the liver of

AAV5-HGF-transduced mice treated with CCl4 (Fig. 6b)

or BDL (Fig. 6f). Expression of a-SMA mRNA was sig-

nificantly suppressed in the livers of AAV5-HGF-

transduced mice treated with CCl4 (Fig. 6c), although a

significant difference was not seen in the livers of AAV5-

HGF-transduced mice treated with BDL (Fig. 6g). Tissue

inhibitor of matrix metalloproteinases-1 (TIMP-1) inhibits

collagen degradation by matrix metalloproteinase (MMP)

and protects against apoptosis of HSC. The expression of

TIMP-1 mRNA was significantly suppressed in the livers

of AAV5-HGF-transduced mice treated with either CCl4
(Fig. 6d) or BDL (Fig. 6h). These data suggest that AAV5-

HGF transduction reduces liver fibrogenesis in 2 models of

hepatic fibrosis.

Fig. 3 a–h: Azan-Mallory

staining of livers from mice

treated with CCl4 after gene

transduction. Upper panels,

AAV5-LacZ-transduced mouse

livers (a: 3 weeks, b: 6 weeks,

c: 9 weeks, and d: 12 weeks

after AAV-5 LacZ

transduction). Lower panels,

AAV5-HGF-transduced mouse

livers (e: 3 weeks, f: 6 weeks, g:

9 weeks, and h: 12 weeks after

AAV-5 HGF transduction).

Original magnification 409. (I):

Assessment of fibrosis using

image analysis techniques,

calculating the ratio of

connective tissue to the whole

area of the liver from mice

transduced with AAV5-LacZ or

AAV5-HGF. Data are presented

as the mean ± SD (5 fields per

mouse, n = 5)
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HGF transduction resolves liver fibrosis

Ets-1 has been shown to modulate transcription of several

MMP genes [24, 25], and recent reports have shown that

HGF increases collagenase expression in hepatic stellate

cells via an Ets-1 transcription factor-dependent manner

[26]. The MMP-13 is the interstitial collagenase in rodents

that has the capability of degrading fibrillar collagens.

Real-time PCR showed an increase in MMP-13 mRNA

with HGF gene transduction in both CCl4 mice (Fig. 7a)

and BDL mice (Fig. 7b). In situ zymography showed

extensive gelatin degradation in liver sections of HGF-

transduced mice (Fig. 7c and d, right panels) compared

with control mice (Fig. 7c and d, left panels). These data

suggest that HGF gene transduction stimulates MMP

expression followed by resolution of liver fibrosis.

Fig. 4 a-SMA immunostaining

of livers from mice treated with

CCl4 after gene transduction.

Upper panels, AAV5-LacZ-

transduced mouse livers (a:

3 weeks, b: 6 weeks, c:

9 weeks, and d: 12 weeks after

AAV-5 LacZ transduction).

Lower panels, AAV5-HGF-

transduced mouse livers (e:

3 weeks, f: 6 weeks, g:

9 weeks, and h: 12 weeks after

AAV-5 HGF transduction).

Original magnification 409

Fig. 5 Azan-Mallory staining

(left panels) and a-SMA

immunostaining (right panels)

of BDL mouse livers after gene

transduction (a, b: AAV-5 LacZ

transduction; c, d: AAV-5 HGF

transduction). Original

magnification 409, insets 1009
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Discussion

The present study demonstrates that AAV-mediated long-

term HGF expression can be sustained up to 12 weeks by a

single AAV5-HGF transduction, and significantly prevents

liver fibrosis induced by CCl4 and BDL. Up to our

knowledge, this study is the first report that demonstrates

the effect of AAV-mediated HGF gene therapy on liver

fibrosis. CCl4 induces acute liver injury that is attributed to

inflammatory responses originating from CCl4-derived free

radical formation in the liver. Sustained hepatic inflam-

mation by repetitive CCl4 administration leads to liver

fibrosis through the production of fibrogenic cytokines [27,

28]. In contrast, BDL causes biochemical stress and injury

of the bile duct epithelium, which is followed by inflam-

mation, epithelial cell proliferation, upregulation of

fibrogenic cytokines that activate myofibroblasts in the

periductal region, and finally leads to liver fibrosis [23].

Fig. 6 HSC activation was suppressed by AAV5-HGF transduction

in both CCl4 mice (upper graphs) and BDL mice (lower graphs). At

the final time point, total hepatic RNA was extracted. a and e: TGF-b;

b and f: Collagen a1(I); c and g: a-SMA; d and h: TIMP. mRNA was

quantified by real-time PCR. Data represent the mean ± SD (n = 5)

Fig. 7 HGF transduction

increases resolution of liver

fibrosis. Expression of MMP-13

mRNA in the livers from CCl4-

treated mice (a) or BDL mice

(b). Data represent the

mean ± SD (n = 5). In situ

zymography from mouse livers

from CCl4 mice (c) or BDL

mice (d). Left panels, AAV5-

LacZ-transduced mouse livers.

Right panels, AAV5-HGF-

transduced mouse livers
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Although the mechanisms resulting in liver fibrosis are

different in these two animal models, a single round of

AAV5-HGF transduction clearly suppressed liver fibrosis

in both models.

With respect to the effect of HGF on fibrosis, two

mechanisms are hypothesized. One is the suppression of

fibrogenesis through inhibition of TGF-b gene expression.

TGF-b has been implicated as a major cause of tissue

fibrosis and is a potent inhibitor of hepatocyte growth.

TGF-b induces the phenotypic transition of HSC into

proliferating myofibroblast-like cells, which enhance pro-

duction of ECM components [29]. Although the molecular

mechanisms remain to be addressed, we previously dem-

onstrated that HGF inhibits TGF-b expression [15] in

dimethylnitrosamine (DMN)-treated rats. In this study, the

mRNA of TGF-b was also significantly suppressed by HGF

transduction in the livers of both CCl4- and BDL-treated

mice. Moreover, expression of a-SMA mRNA, a marker of

HSC activation, also was suppressed by HGF transduction.

Immunohistochemical staining demonstrated that HGF

suppressed protein expression of a-SMA.

Another HGF-mediated mechanism is the resolution of

liver fibrosis by increasing collagenase expression. MMPs

are a family of extracellular zinc- and calcium-dependent

proteases that promote degradation of the ECM components

[30]. Ozaki et al. [26] reported that HGF increases MMP-1

promoter activity through increased expression and binding

activity of Ets-1 in L190 cells, a human HSC. Ets-1 has

been shown to modulate transcription of several MMP

genes. In the present study, real-time PCR revealed an

increase in MMP-13 mRNA by HGF gene transduction, and

in situ zymography showed extensive gelatin degradation in

liver sections of HGF-transduced mice. These data strongly

suggest that HGF gene transduction stimulated MMP

expression, resulting in the resolution of liver fibrosis.

As our and other investigators have reported, HGF has

powerful therapeutic effects on liver fibrosis [12, 15, 31–33].

Matsuda et al. [12] reported that the continuous recombinant

HGF injection accelerates the recovery from liver cirrhosis.

However, a large amount of recombinant HGF is required

using this method because HGF has a very short life.

Recombinant HGF is very expensive, limiting such use in

patients. Gene therapy has the advantage that it could sustain

gene expression compared with the administration of

recombinant protein. Recent studies have established sev-

eral gene delivery systems for liver fibrosis. Since

adenoviral vectors are capable of powerful gene expression,

several reports have used adenoviral vector-mediated HGF

gene therapy for liver fibrosis [31–33]. However, because it

elicits a host immune response because of the highly

immunogenic nature of the virus, it could not be used for

repetitive transduction, limiting its clinical use [34, 35].

Nonviral vector systems, such as HVJ-liposome or naked

plasmid administration, do not induce host immune

response. However, these vectors require repetitive trans-

duction to sustain gene expression because the expression is

transient. Therefore, from a clinical viewpoint, a safe gene

transfer method that achieves long-term expression is nec-

essary. AAV vectors are single-stranded DNA viruses that

are derived from a replication-deficient member of the par-

vovirus family. AAV vectors do not contain viral coding

sequences and achieve efficient gene transduction in both

dividing and nondividing target cells, while eliciting little

immunogenicity. Moreover, they can achieve long-term

gene expression in vivo [17, 36]. Davidoff et al. recently

reported that AAV5-mediated gene expression stably

maintained for 2 years in nonhuman primates [37]. In fact, a

human clinical trial of an AAV vector has been conducted

for the treatment of hemophilia B patients [38, 39]. There-

fore, the use of AAV vectors for HGF gene therapy for liver

fibrosis is feasible.

The influence of HGF on tumorigenicity should be

considered, because the effect of HGF on the growth of

HCC is still controversial. Although tumorigenicity has

been reported in transgenic mice, overexpressing HGF,

HGF expression level was 5000% higher in these mice

compared with normal mice [40]. On the other hand, Shiota

et al. [41] reported that growth of HCC cell lines was

inhibited by the addition of recombinant HGF (50–200 ng/

ml). Moreover, transgenic mice that express about 200–

300% more HGF than normal mice demonstrate inhibition

of neoplastic tumor development [42]. In our present study,

human HGF level of HGF-transduced mouse was less than

40 pg/ml in serum, and less than 400 pg/g in liver tissue.

We consider that such a low-level HGF concentration may

not affect the tumorigenicity of HCC.

In conclusion, we demonstrated that AAV-mediated

HGF gene therapy achieved long-term HGF expression,

and markedly suppressed hepatic fibrosis induced by CCl4
or BDL. These results suggest that AAV-HGF-mediated

gene therapy may represent a novel strategy for the treat-

ment of patients with progressive liver fibrosis.
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