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Abstract

AIM: To investigate the effects of adeno-associated virus
(AAV) mediated expression of human interferon-y for gene
therapy in experimental hepatic fibrosis /in vitroand in vivo.

METHODS: We constructed the recombinant AAV
encoding human INF-y (rAAV- INF-y) and took the primary
rat hepatic stellate cells and carbon tetrachloride induced
rats as the experimental hepatic fibrosis model /in vitro
and /n vivo. Immunocytochemistry analysis was used to
reveal the expression of a-SMA, the marker protein
expressed in hepatic stellate cells. The mRNA expression
of TGF-B, TIMP-1, and MMP-13 were analyzed by RT-PCR
method. In vivo study, the hydroxyproline content in liver
and serum AST, ALT were also detected.

RESULTS: In vitro study, AAV vector could mediated
efficient expression of human INF-y, which inhibit the
activation of hepatic stellate cells, decrease the expression
of a-SMA and mRNA of TIMP-1, TGF-B, with the MMP-13
unchanged. In vivo study, the histological examination
revealed that rAAV- INF-y could inhibit the progression
of the hepatic fibrosis. In the rAAV-INF-y induced group,
the hydroxyproline content and serum AST, ALT level
were decreased to 177+28 pg/g wet liver, 668.5+£140.0,
458.4+123.5 U/L, compare with the fibrosis control group
236+31 pg/g wet liver, 1 019.1+£276.3, 770.5+154.3 U/L,
respectively (P<0.01). mRNA expression of TIMP-1 in the
rAAV-INF-y induced rat liver was decreased while no
significant change was observed in TGF- and MMP-13.

CONCLUSION: All these results indicated that rAAV-INF-y
has potential effects for gene therapy of hepatic fibrosis,
which could inhibit the progression of hepatic fibrosis.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Liver fibrosis is a very common disease in China and other
countries, it is a wound-healing response to chronic liver
injury, results from viral hepatitis, ethanol and drug abuse,
which if persistent can lead to cirrhosis or liver failure. The
main feature of the fibrosis is the increased deposition of
extracellular matrix (ECM) caused by activated hepatic
stellate cells (HSCs, Ito cells ot fat-storing cells)!"?.

In normal liver, HSCs undergo the quiescent state,
contain retinoid lipid droplets and synthesize low levels of
matrix proteins. But, as a result of liver injury, HSCs ate in the
process of activation, proliferate and transform to myofibroblast
like cells. Activated HSCs ate characterized by loss of retinoid,
appearance of O.-smooth muscle actin (0-SMA) and
procollagen I, 111, which are known to be the primary source
of excess ECM deposited in liver fibrosis®*. Meanwhile,
the balance between generation and degradation of ECM
is broken, cytokines and proteases secreted by hepatocytes,
Kupfter cells and leukocytes make up a complicated pathways
enhance the activation of HSCs®’. Some growth factors
such as transforming growth factor-B (TGF-f) is enhanced
in both availability and activity, stimulate the transcription
of procollagen, fibronectin and other ECM genes. Also
effect of the matrix metalloproteinase (MMP-13), the key
enzyme in the degradation of ECM, is decreased by over
expression of its inhibitor, the tissue inhibitors of matrix
metalloproteinase (TIMP-1). Furthermore, the accumulation
of ECM in turn increase not only the number of HSCs but
also their capacity to synthesiz the matrix proteins, which
ultimately results in cirrhosis!™*.

The interferons (INFs) are a family of cytokines with
several crucial biological functions, such as antiviral and
immunomodulatory activities, which have first been used in
the treatment of chronic hepatitis. Among the INFs, INF-o.
and INF-B (INF type I) are widely used to treat hepatitis C
virus (HCV) infection in clinics, whereas INF-y (INF type
II) has a 10-100 fold lower specific antiviral activity than
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INF type I, but 100-10 000 times more immunomodulatory
activities®. Recently, more and more studies have shown
that INF-Y could inhibit the proliferation and activation of
HSCs, thus prevent the production of ECM and decrease
the expression of procollagen and other cytokines!’'?,
However the serum elimination half-life of INF-Y is only
2-3 h"¥. To make the therapeutic concentration in target
organ, administration of INF-Y through a subcutaneous route
may results in a much higher level of INF-yin the serum,
which could cause the adverse effects of flu-like symptoms,
leucopoenia and mental depression™.

Therefore, vector mediated local INF-Y expression in
the liver could expand the clinical use of INF-y in hepatic
fibrosis. In this study, the AAV was introduced as the delivery
vector for gene therapy. AAV is a number of small single
stranded DNA viruses of the genus Dependovirus in the
Parvoviridae family. Not only is AAV non-pathogenic and
of minimal immune responses, but it could also infect both
dividing and terminally-differentiated cells with high efficiency,
expressing the transgene for at least 6 mo. Moreover it has
a broad range of host cells and tissues!"*'¥. We constructed
the recombinant AAV coding human INF-y and examined
its potential effects for gene therapy of hepatic fibrosis iz
vitro and in vivo.

MATERIALS AND METHODS

Generation of recombinant AAV virion

The plasmid of AAV vector, tAAV-eGFP and packaging
helper plasmids pAd, pAAD are kindly provided by Prof
Rui-An Xu (University of Hong Kong, Genome Research
Centet). The recombinant plasmid tAAV-INF-y contains a
hybrid of the cytomegalovirus immediate-early enhancer
and the chicken B-actin/rabbit B-globin promoter (CAG),
inserted with the reporter gene, a 511bp EcoRI/Xhol
fragment of complementary DNA (cDNA) encoding full-
length human INF-y. Also the woodchuck hepatitis B virus
post-transcriptional regulatory element is inserted to boost
expression levers (Figure 1).

Xhol

Figure 1 Structure of recombinant plasmid AAV-INF-y. Human INF-y cDNA
obtained from RT-PCR was cloned into AAV plasmid, which contains a CAG

promoter, WPRE enhancer and BGH polyA.

To generate the rAAV virions, we cotransfect the recom-
binant plasmid AAV-INF-y or AAV-eGFP and two packaging
helper plasmids into HEK 293 cells (ATCC CRL 1573) by

calcium phosphate precipitate. The cells were harvested
60 h after transfection and lysed by incubating with 5 g/L
deoxycholate in the presence of 50 U/mlL benzonase (Sigma,
St. Louis, MO, USA), then isolated the recombinant AAV
particles by using heparin affinity column chromatography
(Amersham, HiTrap). The titles of the rtAAV-INF-y and
rAAV-eGFP preparations were determined by AAV Titration
ELISA kit (Progen). The virions were stored at -80 ‘C before
experimental use.

Primary cell culture of rat HSCs

Primary rat HSCs were extracted from Sprague-Dawley rat
(450-550 g, Animal Center of China Pharmaceutical University,
Nanjing, China) liver by sequential 7# situ perfusion with
collagenase and pronase followed by density gradient
centrifugation and then cultured in 20% FBS DMEM,
maintained in a humidified 50 mL/L CO,incubator at
37 ‘CM2 Experiments described in this study were
performed on HSCs between the second and ninth serial
passages with highly activated cells as tested. HSCs were
cultured in 10 em culture plates at a density of 2X10* cells/cm*
After changing the medium, HSCs were maintained in
presence or absence of rtAAV-INF-y and rAAV-eGFP at
5x10*v.g./cell for 72 h, meanwhile collect the medium every
12 h to analysis the expression of human INF-y by ELISA.
Then HSCs were in preparation for RNA isolation and
immunocytochemistry analysis.

ELISA assay of INF-y

We used the ELISA kit (R&D systems) to quantitative
determine the expression of human INF-y in the cell
culture supernatant. The antibody specific for human
INF-y has been pre-coated onto a microplate. Pipette the
samples into the wells, any present INF-y was bound by
the immobilized antibody. Then washed away the unbound
substances, an enzyme-liked antibody was added to the wells.
After washing any unbound antibody-enzyme reagent, a
substrate solution was added to the wells and color developed
in proportion to the amount of INF-y bound in the initial
step. Finally, stop the reaction and determined the optical
density of each well at 540 or 570 nm within 30 min.

Immunocytochemistry

HSCs were washed with PBS and fixed in the slides with
40 g/L phosphate buffered paraformaldehyde (PFA) at 4 'C
for 20 min. Then eliminated endogenous peroxidase activity
by adding 30 mL/L H,O,in PBS at room temperature for
30 min to permeabilized and blocked with goat serum
blocking solution at room temperature for 1 h. After
blocking, cells were incubated with primary antibody, anti-
0-SMA (diluted 1:200 in PBS, Sigma) at 4 'C overnight.
Washed the slides thrice in PBS, incubated the cells with
secondary antibody biotinylated anti-mouse IgG from goat
for 30 min, washed five times and added the solution of
avidin-biotin peroxidase. Incubating for 30 min, the cells
were then stained with DAB (3,3’-diaminobenzidine
tetrahydrochloride, Sigma) peroxidase substrate solution-
brown and counterstained with hematoxylin (Sigma). Finally,
dehydrate the slides, clear in xylene and coverslip with
permanent mounting medium.
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RNA extraction and RT-PCR

Total RNA was extracted from HSCs and snap-frozen liver
tissue using TRIzol Reagent (Gibco BRL) according to the
method of Chomczynski and Sacchi®. Then 4 ug RNA of
each sample was used for cDNA synthesis using a RevertAid
First Strand cDNA Synthesis Kit (Fermentas). The ampli-
fication was carried out with 1 pL. of synthesized cDNA in
a 50 uL. PCR mixture containing 20 pmol of a primer pair,
1.5 mmol/L MgCl,, 0.2 mmol/L dNTPs and 1 U of
recombinant Taq DNA polymerase. In total, 30 cycles of the
reaction were carried out at 95 ‘C for 1 min, 57 C for 1 min
and 72 °C for 2 min. The PCR products were electrophoresed
on a 20 g/L agarose gel and stained with ethidium bromide.
The primers used in this study are listed in Table 1. The
density of the band was analyzed using a BIO-RAD Gel
Doc 2 000 densitometer.

Animal model of hepatic fibrosis

Hepatic fibrosis was induced in male Sprague-Dawley rats
(140-150 g) by carbon tetrachlotide (CCly) administration®.
Animals were maintained on standard chow and water. A
total of 48 rats administered 500 mIL. /L. CCl,dissolved in
olive oil at a dose of 1 mL CCly/kg body weight twice weekly
(every Monday and Thursday) via gastrogavage for 8 wk.
One group of six rats received olive oil as control. This method
reproducibly results in early fibrosis within 3-4 wk, and
advanced fibrosis by 6-8 wki®. After 3 wk, six rats of CCl
treated and untreated group were killed for examination of
hepatic fibrosis development. After 6 wk, the remaining
model rats were injected via the hepatic portal vein with a
single infusion of 500 pL of either saline (z = 8), 3X10" v.g./mL
rAAV-INF-y (2 = 8), and 3X10'" vig./mL rAAV-eGFP (z = 8).
After 8 wk, all the rats were killed and the liver were fixed
in 40 g/L PFA for histological examination or snap-frozen
in liquid nitrogen in preparation for measurement of
hydroxyproline and RNA isolation. Also the blood samples
were taken immediately before the rats were sacrificed for
biochemical analysis.

Histological examination

For light-microscopic examination, the fixed liver specimens
were embedded in paraffin. Sections were cut at a thickness
of 4 um and stained with hematoxylin-eosin for routine
examination.

Measurement of hydroxyproline content

The liver tissue was finely minced and then homogenized
in nine volumes of ice-cold PBS, hydrolyzed in HCI and
the hydroxyproline content was determined by the method
of Sakaida e# 2/, with minor modifications.

Table 1 Primer pairs for RT-PCR used in this study

Measurement of AST and ALT

Blood was collected from femoral artery, allow the samples
to clot for 30 min before centrifugation for 10 min at
1 000 t/min. Remove serum for aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) determination.

Statistical analysis

The data presented are the mean*SD of each group. A
statistical analysis was performed using the Student’s 7 test,
P<0.05 was considered to be statistically significant.

RESULTS

Effect of recombinant AAV-INF-yon the primary cultured HSCs
Freshly isolated HSCs could emit blue-green fluorescence,
which is easily quenched, stimulated by radiation of 328 nm
laser source. Five days after isolation, HSCs exhibited expanded
cytoplasmic processes and enlarged nuclei corresponding
to the intermediate stage of the activation process. After
10 d culture, HSCs could undergo a totally activated process.

To confirm that AAV-INF-y was transcriptional active,
total RNA of infected HSCs was isolated and examined by
RT-PCR analysis. Human INF-y mRNA transcripts were
detected in HSCs infected with tAAV-INF-y, but undetectable
in sham-infected or tAAV-eGFP infected HSCs (Figure 2A).
Also the expression and secretion of human INF-y was
next evaluated by ELISA. In the group of rAAV-eGFP
infected HSCs, 24 h after infection, human INF-y expression
was 265167 pg/mL in the supernatant and its level reaches
the peak value, 1 211£178 pg/mL at 60 h after infection
(Figure 2B).

Because 0i-SMA is the marker protein of activated HSCs,
the immunocytochemistry examination was introduced to
evaluate the effects of tAAV-INF-y on activated HSCs. The
results revealed that the expression of 0i-SMA was suppressed
by supplementation with rAAV-INF-y (Figure 3A-D).

Additionally, INF-y has a notable feature of immuno-
modulatory activity, which could affect the cytokines and
proteases expression in HSCs. The mRNA expression of
TGF-B, MMP-13 and TIMP-1 between the activated HSCs
and HSCs infected with tAAV-eGFP and rAAV-INF-y were
examined by RT-PCR method (Figure 4A). There was no
significant difference in the mRNA expression between the
untreated and rtAAV-eGFP infected HSCs. But the levels
of TGF-P and TIMP-1 mRNA were decreased in the rAAV-
INF-yinfected HSCs, with an unchanged expression in MMP-
13 in contrast to those two groups of HSCs (Figure 4 B).

Histology of CCl,induced hepatic fibrosis and AAV-INF-y
treatment
Histological analysis confirmed that CCL, could cause the

Gene Forward primer Reverse primer

INF-y 5-CCGCTCGAGATGAAATATACAAGTTATATC-3 5-CGGAATTCTTACTGGGATGCTCTTCGACC-3’
TGF-B 5-CTTCAGCTCCACAGAGAAGAACTGC-3’ 5-CACGATCATGTTGGACAACTGCTCC-3’
TIMP-1 5'-CCGCAGACGGCGTTCTGCAA-3' 5-TCGAGACCCAAGGGATTGCC-3'

MMP-13 5-TGACTATGCGTGGCTGGAA-3' 5-AAGCTGAAATCTTGCCTTGGA-3

GAPDH 5-GTCAACGGATTTGGTCGTATT-3’

5-AGTCTTCTGGGTGGCAGTGAT-3’
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Figure 2 The expression of INF-y in rAAV-INF-y infected HSCs. A: RT-PCR
analysis of INF-y expression in rAAV-INF-y infected HSCs. The untreated and
rAAV-eGFP infected HSCs did not show any PCR band; B: Time course of the
INF-y expression in the HSC supernatants after rAAV-INF-y infection. (Data are
meantSD, n = 6).

hepatic fibrosis. After 3 wk, the mature collagen fibrils bridging
vascular structures were obviously presented in the CCl,
treated group, showing a early stage of hepatic fibrosis
(Figures 5 A and B). At the end of 8 wk, the saline and
rAAV-eGFP treated model group revealed cirrhotic-like
structural patterns: fibrous connective tissue components

Figure 3 The expression of o-SMA in different group of primary cultured HSCs.
Expressions of a-SMA were determined by immunocytochemical method. A:
Immunocytochemistry of untreated HSCs without primary antibody as the negative

in Glisson’s sheath, pseudolobule formations and formation
of fibrotic septa and thickened reticulin fibers joining central
areas. In contrast, the rat liver that received rAAV-INF-y
showed only light bridging fibrosis and diminished fibrosis
in both the periportal and centrilobular liver (Figures 5C-E).

Hydroxyproline content in liver

In collagen, 13.4% of total amino acid is hydroxyproline,
whereas little content in elastin and inexistence in other proteins.
So hydroxyproline content could reflect the collagen content
in connective tissue. Determination of hydroxyproline content
in different groups of rat liver confirmed the histological
studies that hydroxyproline content in the rAAV-INF-y treated
group was significantly reduced to 177128 ng/g wet liver,
compare with the fibrosis control group 236131 pg/g wet
liver (Table 2).

Measurement of AST and ALT

The serum AST and ALT levels in the group of rats treated
with CCl,/saline and CCl,/rAAV-eGFP were 1 019.11276.
3,770.5£154.3 U/L and 985.41241.6, 727.2+175.0 U/L,
respectively. No significant difference was observed between
those two groups. In contrast to the CCl,/saline control
group, the serum AST and ALT level of CCl,/tAAV-INF-y
treated rats were reduced to 668.5+140.0, 458.4+123.5 U/L,
suggesting that the INF-y gene expression inhibited the
hepatic toxicity caused by CCl, (Table 2).

mRNA expression of TGF-B, TIMP-1, and MMP-13 in the liver
The mRNA expression of TGF-, MMP-13 and TIMP-1
between the control group and the group induced with
rAAV-INF-y were analyzed by RT-PCR method (Figure 6A).

There was a similar result between the i vivo and 7n vitro

&%

|
il

control; B: Immunocytochemistry of untreated HSCs; C: Immunocytochemistry
of rAAV-eGFP infected HSCs; D: Immunocytochemistry of rAAV-INF-y infected
HSCs.
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Figure 4 The mRNA expression of fibrosis related cytokines and proteases in
different group of primary cultured HSCs. A: mRNA expression of TGF-3, MMP-
13 and TIMP-1 in HSCs were examined by RT-PCR method; B: Densitometric
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units were calculated by dividing the density of individual bands by that of
GAPDH. Closed column, untreated. Lined column, rAAV-eGFP induced. Dotted
column, rAAV-INF-y induced. (Data are mean+SD, n = 8, P<0.05).

Figure 5 Improvement of CCl,induced experimental hepatic fibrosis by rAAV-
INF-y treatment in histology analysis. Rat liver section in each group stained

study, with one difference that mRNA expression of TGF-3
were unchanged in three groups of rat liver (Figure 6B).

DISCUSSION

Liver fibrosis is reversible, whereas cirrhosis, the end stage
consequence of fibrosis, is generally irreversible. Thus, efforts

with Hematoxylin Eosin: A: No treatment; B: CCl, (3 wk); C: CCl,/saline; D:
CCl,/rAAV-eGFP; E: CCl/rAAV-INF-y. (Magnification 200x).

to understand fibrosis may focus primarily on events that
lead to the early accumulation of ECM in hopes of identifying
therapeutic targets to slow its progression®?. Endogenous
INF-vis a lymphokine produced by natural killer cells and
T lymphocytes, which plays a central role in the control of
the immune response. It is also known for its regulatory
effects on collagen synthesis. Tissue repair is characterized
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Table 2 Serum markers of hepatic fibrosis and damage

Number Hydroxyproline AST (U/L) ALT (U/L)
(ng/g wet liver)
No treatment 6 96+11 76.3+6.3 53.0+6.9
CCl,(3wk) 6 162+14 561.2+81.4 358.0+85.4
CCl,/Saline 8 236+31 1019.1+276.3 770.5+154.3
CCl./rAAV-eGFP 8 249+37 985.4+241.6 727.2+175.0
CCl/rAAV-INF-y 8 177428 668.5+140.0? 458.4+123.5°

Hydroxyproline content and serum AST, ALT are shown with mean +SD for each group. There are no significant differences between group of CCl./saline and
CCl./rAAV-eGFP in all three markers. The group of CCl,/rAAV-INF-yvs CCl,/saline: 'P = 0.0015; 2P = 0.0064; *P = 0.0032.

() ! !
c > >
A s 3p %2
3 3% 3
3 8 8
B 80 m Untreated
O rAAV-eGFP
2 O rAAV-INF-y
53 a
L2
w9 40
£ o
2.
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[
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0 1 I I
TGF-B TIMP-1 MMP-13

Figure 6 The mRNA expression of fibrosis related cytokines and proteases in
different group of rat liver. A: mRNA expressions of TGF-f3, MMP-13 and TIMP-
1 in the rat liver were examined by RT-PCR method; B: Densitometric units
were calculated by dividing the density of individual bands by that of GAPDH.
Closed column, untreated. Lined column, rAAV-eGFP induced. Dotted column,
rAAV-INF-y induced. (Data are meanSD, n = 8, P<0.05).

by infiltration of inflammatory, immune and mesenchymal
cells in injured areas accompanied by release of cytokines,
followed proliferation of mesenchymal cells involved in
synthesis and deposition of collagen. The effects of INF-y
on collagen production have been the objects of a number
of studies suggest that INF-Yacts as an endogenous mediator
reducing collagen synthesis?".

In this study, tAAV-INF-Y could infect the primary
cultured HSCs effectively. The expression of INF-y reached
the peak level, 1 2111178 pg/ml, at 60 h after infection
with 5£10*v.g./cell rAAV-INF-y. 0-SMA expression and
mRNA of TGF-B, TIMP-1 were down regulated with the
expression of INF-y, attenuated the HSCs activation and
proliferation iz vitro. Also, tAAV-INF-Y could inhibit the
development of experimental hepatic fibrosis induced by
CCl, administration iz vive, though it seemed hard to reverse
it. The histology results revealed that hepatic fibrosis rats
treated with rAAV-INF-y showed light fibrosis compared
with the control groups. In the rAAV-INF-y induced group,

the hydroxyproline content and serum AST, ALT level
were decreased to 177128 ng/g wet liver, 668.51140.0,
458.41123.5 U/L, compare with the fibrosis control group
236131 pg/g wet liver, 1 019.1£276.3, 770.5£154.3 U/L,
respectively (P<0.01). mRNA expression of TIMP-1 in the
rAAV-INF-vy induced rat liver was decreased while no
significant change was observed in TGF-f3 and MMP-13.

There is a difference between 7z vitro and in vivo study,
expression of TGF-f mRNA was inhibited in HSCs infected
with rAAV-INF-y, but keeps unchanged in AAV-INF-y
treated rat liver compare with the control group. TGF- is
the important mediator involved in the transdifferentiation
of HSCs from quiescent to activated phenotypes and
biosynthesis of collagens type I, resulting in production of
ECM™. In liver, Kupffer cells are another main source of
TGF-B besides HSCs. Since INF-y could also activate
macrophages including Kupffer cells, the total effect of
INF-v in liver does not change the mRNA expression of
TGF-B P Thus the protein production and receptor
expression of TGF-f should be investigated to make a more
elaborate description of the change about TGF-3 modulated
by INF-v.

The majority of clinical use of INF-y up to date has
been conducted with subcutaneous route of purified
recombinant INF-Y protein. The cost of standard INF-y
regimen is very expensive that limits its access to the patients.
So gene therapy appears to be the more powerful strategy
than other forms in gene therapy of hepatic fibrosis. Potential
advantages of gene therapy are sustained expression of
transgene and highly localized delivery within a single
injection. The advantages of localized vector delivery are
obvious because it can induce a high level of transgenic
proteins in situ to achieve potential efficient activity and
reduce adverse effects compared with systemic delivery. In
resent studies, several gene delivery systems were reported
for gene therapy targeting the liver disease. Adenoviruses
are the vectors used most commonly for gene therapy, but
its effective host immune tesponse and the toxic/anaphylactic
reaction limits its clinical use®' . Protzer ¢f 2/, demonstrated
that INF gene transfer by the hepatitis B virus vector
efficiently suppressed wild-type virus infection, however the
gene transfer efficiency in the liver is comparatively low.
Compare with those two vectors, AAV vectors have little
immunogenicity and far higher transfer efficiency.
Furthermore, AAV vectors can mediate the long-term 7n
vivo expression in host cells, with persistent expression up to
6 mol'®**¥1 Actually, the human clinical trials for cystic
fibrosis and for hemophilia B have been enrolling patients
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since 1996 and 1999, respectively, via recombinant AAV
vectors. While comprehensive reviews exist of the current
scope of clinical conditions for AAV vectors are being
developed, it is likely that clinical trials involving delivery to
the liver will commence in the near futurel™.

Taking all these results together, tAAV-INF-Y has
potential effects for gene therapy of hepatic fibrosis. We
believe that this system could now be applied in clinical trials,
though we must continue to explore critical pre-clinical
evaluation of risks in the age of clinical trials.
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