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development of hepatic fibrosis

Cuicui Shi, Guangming Li, Yanyan Tong, Yilin Deng, Jiangao Fan

Department of Gastroenterology, Xinhua Hospital, Shanghai Jiaotong University School of Medicine, Shanghai
200092, China

Received October 31, 2015; Accepted December 4, 2015; Epub January 15, 2016; Published January 30, 2016

Abstract: Connective tissue growth factor (CTGF) plays a critical role in the hepatic stellate cells (HSCs)-mediated de-
velopment of hepatic fibrosis. Nevertheless, the effects of CTGF gene promoter methylation in the pathogenesis of
hepatic fibrosis remain largely unknown. In the current study, we isolated and overexpressed CTGF in primary HSCs.
We analyzed the CTGF gene promoter methylation inHSCs that undergo a phenotypic change into myofibroblast-like
cellsthat express a-smooth muscle actin (x-SMA) in vitro and in vivo in a CCl-induced rat hepatic fibrosis model.
We found that CTGF promoted the phenotypic changes of HSCs into myofibroblasts in vitro, while inhibition of CTGF
promoter methylation augmented the process, suggesting that CTGF gene promoter methylation may negatively
regulate hepatic fibrosis. In vivo, CCl, induced hepatic fibrosis in rats, and the severity of hepatic fibrosis inversely
correlated with the levels of CTGF gene promoter methylation in HSCs. Together, our data demonstrate that CTGF
gene promoter methylation may prevent the development of hepatic fibrosis, and low level of CTGF gene promoter
methylation in HSCs may be a predisposing factor for developing liver fibrotic disease.
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Introduction

Liver fibrosis is a wound-healing process in
response to chronic liver injuries associated
with various etiologies [1]. The underlying path-
ological alterations in liver involve the activa-
tion of quiescent hepatic stellate cells (HSCs)
into contractile myofibroblast-like cells, which
produce and secrete excessive extracellular
matrix (ECM) proteins in the liver [2-4]. Hepatic
fibrosis may ultimately develop into cirrhosis or
hepatocellular carcinoma (HCC). Thus, any ther-
apeutic approaches to reverse the liver fibrosis
may be critical for preventing those highly
malignant and lethal diseases like cirrhosis and
HCC [5, 6].

A variety of animal models mimic different liver
fibrosis and cirrhosis in mice, rats, and other
animals [7, 8]. These models use either ethanol
treatment, or immunogens including plant pro-
tein concanavalin A and xenogeneic serum, or
an operation of bile duct ligation, or genetic
modification,or chemical compounds such as

CCI4, thioacetamide and dimethylnitrosamine,
which injure hepatocytesand trigger secondary
inflammatory reaction to induce liver fibrosis
and cirrhosis [7, 8]. Due to the relative simple
and reproducible approach, we used intraperi-
toneal administration of CCl, in our study to
induce hepatic fibrosis in rats [9].

Connective tissue growth factor (CTGF) is a
highly profibrogenic molecule that overexpress-
es in many fibrotic lesions, including liver fibro-
sis [10]. CTGF is known to be transcriptionally
activated by transforming growth factor-beta
(TGFB), which is the most potent and important
molecular that regulate fibrogenesis [11, 12].
Indeed, TGFB has been shown to mediate acti-
vation of CTGF, and they coordinate the stimula-
tion of connective tissue cell proliferation and
synthesis of ECM in vitro [13]. In fibrotic liver,
CTGF mRNA and protein are produced by fibro-
blasts, myofibroblasts, hepatic stellate cells
(HSCs), endothelial cells and bile duct epithelial
cells [13-15]. CTGF in cultured HSCs is activat-
ed upon TGFB stimulation to promote HSC
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adhesion, proliferation and collagen produc-
tion, as well as induction of HSC to a myofibro-
blast phenotype [16]. It is known that CTGF
gene expression is sensitive to DNA methyla-
tion, and the methylation state of the CTGF pro-
moter is negatively correlated with CTGF
expression in ovarian cancer cells. Moreover,
the epigenetic inactivation caused by hyper-
methylation of the CTGF promoter plays a role
in ovarian tumorigenesis [17, 18]. Furthermore,
it has been reported that abnormal CTGF gene
methylation occurred in a variety of liver cancer
cell lines and primary liver cancer tissues, sug-
gesting that CTGF methylation may be involved
in liver tumorigenesis [19]. A previous study has
investigated the effects of 5aza2’deoxycytidine
(5azadCyd), a selective DNA methyltransferase
inhibitor, on CTGF expression and methylation
levels in human glomerular mesangial cells
[20]. This study showed that 5azadCyd was
able to induce the demethylation process of
the CTGF gene promoter and to increase the
expression of CTGF mRNA and protein [20].
However, so far, the methylation state of the
CTGF promoter in HSCs in the setting of liver
fibrosis, as well as its importance to disease
progression, is ill-defined.

The current study was thus designed to use
methylationspecific polymerase chain reaction
(MSP) and bisulfite sequencing (BS) to investi-
gate the methylation levels of theCTGF promot-
er in rat HSCs in vitro and in vivo in in a CCl,-
induced rat hepatic fibrosis model.

Materials and methods
Ratand treatments

Male Sprague-Dawley rats (250-300 g) were
used for in vivo experiments. The rats were
obtained from the Shanghai Laboratory Animal
Center (Shanghai, China) and had free access
to standard laboratory water and chow. The
rats were maintained under specific pathogen-
free (SPF) conditions. Animal experiments were
carried out in strict accordance with the regula-
tions in the Guide for the Care and Use of
Laboratory Animals issued by Shanghai
Jiaotong University. The protocol was approved
by the Institutional Animal Care and Use
Committee of the Shanghai Jiaotong University.
All the animals were randomly divided into two
groups: control and carbon tetrachloride (CCl)).
Liver fibrosis was induced in the CCl, treatment
group by intraperitoneal (i.p.) injection of CCI,
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(Sigma-Aldrich, St. Louis, MO, USA) (dissolved
CCl, at 40% in olive oil) at 2.5 ml/kg body
weight twice a week for 8 weeks. The animals in
the control group were treated similarly includ-
ing i.p. injection with the same volume of olive
oil at the same frequency. Rats were sacrificed
at the end of 8 weeks. HSCs from liver tissue
samples were isolated for further study.

Isolation and culture of HSCs

HSCs were isolated from rat liver according to
standard protocols, as have been previously
described [21]. HSCs were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 10% fetal bovine serum
(FBS, Invitrogen, Carlsbad, CA, USA), 1%
L-glutamine and 1% penicillin-streptomycin
(Invitrogen) in a humidified chamber with 5%
CO, at 37°C.

Plasmid and cell transfection

CTGF-overexpressingplasmids were prepared
using routine methods. Briefly, the complete
coding sequence for human CTGF was cloned
using human cDNA as a template. A control
scrambled sequence (SCR) was used as a con-
trol. These plasmids were cloned into pcDNA3.1-
EGFP to generate the CTGF-overexpression
plasmids and control SCR plasmids. These
plasmids of 2 ug were transfected into cultured
HSCs using Lipofectamine 2000, according to
the manufacturer’s instructions (Invitrogen).
The plasmids also contained a GFP reporter to
allow determination of transfection efficiency,
which was more than 95%.

Quantitative PCR (RT-qPCR)

Total RNA was extracted using RNeasy kit
(Qiagen, Hilden, Germany). For cDNA synthesis,
complementary DNA (cDNA) was randomly
primed from 2 pg of total RNA using the
Omniscript reverse transcription kit (Qiagen).
RT-gPCR was subsequently performed in tripli-
cate with a 1:4 dilution of cDNA using the
Quantitect SyBr green PCR system (Qiagen). All
primers were purchased from Qiagen. Data
were collected and analyzed using 2-AACt
method. Values of genes were first normalized
against o-tubulin, and then compared to the
experimental controls.

Western blot

The protein was extracted and homogenized in
RIPA lysis buffer (1% NP40, 0.1% SDS, 100 g/
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ml phenylmethylsulfonyl fluoride, 0.5% sodium
deoxycholate, in PBS) on ice. The supernatants
were collected after centrifugation at 12000xg
at 4°C for 20 min. Protein concentration was
determined using a BCA protein assay kit (Bio-
rad, China), and whole lysates were mixed with
4xSDS loading buffer (125 mmol/I Tris-HCI, 4%
SDS, 20% glycerol, 100 mmol/I DTT, and 0.2%
bromophenol blue) at a ratio of 1:3. Protein
samples were heated at 100°C for 5 min and
were separated on SDS-polyacrylamide gels.
The separated proteins were then transferred
to a PVDF membrane. The membrane blots
were first probed with a primary antibody. After
incubation with horseradish peroxidase-conju-
gated second antibody, autoradiograms were
prepared using the enhanced chemilumines-
cent system to visualize the protein antigen.
The signals were recorded using X-ray film.
Primary antibodies for Western Blot are anti-
CTGF, anti- a-smooth muscle actin (a-SMA) and
a-tubulin (all from Cell Signaling, San Jose, CA,
USA). a-tubulin was used as protein loading
controls. Secondaryantibody is HRP-conjugated
anti-rabbit (Jackson ImmunoResearch Labs,
West Grove, PA, USA). Images shown in the fig-
ures were representative from 5 individuals.
Densitometry of Western blots was quantified
with NIH ImagelJ software (Bethesda, MA, USA).
The protein levels were first normalized to
a-tubulin, and then normalized to experimental
controls.

Methylationspecific polymerase chain reaction
(MSP) analysis of CTGF promoter methylation

Methylation-specific primers were designed
based on the promoter sequence of CTGF, with
5-TCGTTTCGGTCGATAGTTTC-3’ as the forward
primer and 5-CGAAACCCATACTAACGACG-3’ as
the reverse primer. The sequences 5-TTGTT-
TTGGTTGATAGTTTT-3’ and 5-CAA AACCCATAC-
TAACAACA-3’ were used for the forward and
reverse non-methylation-specific primers, re-
spectively. The following thermal cycling condi-
tions were used: initial denaturation at 95°C for
5 min; 35 cycles of denaturation at 94°C for 45
sec, annealing at 50°C for 30 sec and exten-
sion at 72°C for 45 sec; final extension at 72°C
for 10 min. The 159-bp MSP product was iso-
lated using electrophoresis in a 1.5% agarose
gel and analyzed using an ultraviolet (UV) gel
imaging system (ImageQuant 350; GE Health-
care Co., Little Chalfont, UK).
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Bisulfite sequencing (BS) analysis of CTGF
promoter methylation

BS primers for the CTGF promoter region were
designed to avoid methylated CpGs. Once the
DNA sample treated with sodium bisulfite was
fully sulfonated, the BS product was amplified
with forward 5-GTTGAGAGGAGATAGTTAGTG-3’
and reverse 5-GGTTGTTAGGGAGGGATT-3’ pri-
mers. The polymerase chain reaction (PCR)
thermal cycling conditions were: initial denatur-
ation at 95°C for 5 min; 35 cycles of denatur-
ation at 94°C for 45 sec, annealing at 52°C for
30 sec and extension at 72°C for 30 sec; final
extension at 72°C for 10 min. The 296-bp
amplification product was isolated using elec-
trophoresis in a 1.5% agarose gel and visual-
ized under UV light. A 10 ul aliquot of the PCR
product was subjected to further sequencing by
the Beijing Genomics Institute (Beijing, China).
The BS primer amplification products from the
samples of the three groups were compared
with completely sulfonated promoter target
sequences using the JellyFish 1.3 data applica-
tion software (Field Scientific, LCC, Lewisburg,
PA, USA). The target sequence was known to
contain 39 methylated cytosine-guanine (C-G)
pairs, and any remaining methylated cytosines
(mCs) in the sequence indicated a methylation
site. The methylation level was calculated as:
(mC/C-G) x 100%.

Histology of liver injury

A small portion of the liver was fixed in 10% for-
malin for 12 hours and then paraffin-embed-
ded. All the tissue specimens were cut into
4um sections. The changes in liver histology
were examined using hematoxylin and eosin
(HE) and Masson’s trichrome staining, which
were observed under a light microscope. Three
sections per rat liver were blindly examined
independently by two experienced liver pathol-
ogists who did not know the project details.
Fibrosis in the Masson'’s trichrome staining sec-
tions was evaluated according to the
Semiquantitative Scoring System, as has been
described before [22].

Statistics

All statistical analyses were carried out using
the GraphPad Prism 6.0 statistical software
(GraphPad Software, Inc. La Jolla, CA, USA). All
values in cell and animal studies are depicted
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SCR CTGF Results

Figure 1. Overexpression of CTGF in HSCs. HSCs were isolated from rat liver. Overexpression of CTGF in

In order to evaluate the promoter methylation of CTGF in HSCs, we overex- HSCs

pressed CTGF in HSCs by transfection of a CTGF-overexpressing plasmids, .

and used a plasmid expressing a scrambled sequence (SCR) as a control. A. HSCs were isolated from rat
RT-gPCR for CTGF. B. Western blot for CTGF. *p<0.05. N=5. liver. In order to evaluate the

promoter methylation of CTGF
in HSCs, we overexpressed

A culture CTGF in HSCs by transfection
I I of a CTGF-overexpressing
0 3 5 7 (day) plasmids, and used a plasmid
B 12 - expressing a scrambled se-
* — SCR quence (SCR) as a control.
% 9 == CTGF The increased expression of
? L CTGF in HSCs by CTGF trans-
°2 o fection was confirmed by
ZE RT-qPCR (Figure 1A), and by

K 5 |jl Western blot (Figure 1B).

CTGF promotes transition of
0o - 'f'i Di HSCs into myofibroblast-like
7 (day) cells in vitro
C 12 -

— SCR The CTGF-modified HSCs
% 9 _ == CTGF were then put in culture to
[ allow automatic transition
° g 6 into myofibroblast-like cells.
25 7] The phenotypic changes of
g 3 the cells were monitored at 3
day (early stage), 5 day (mid-
o IZli D. D dle stage) and 7 day (activat-

- ed stage) (Figure 2A). Then

T A ——— e e the cells were isolated and
analyzed for expression of
a-SMA, a marker for myofibro-
0 3 5 7 (day) blasts. We found that expres-

sion of a-SMA increased with

Figure 2. CTGF promotes transition of HSCs into myofibroblast-like cells in time in control HSCs (SCR),
tranition into myofibroblast ke cells. The phenotypic changes of the colls e Signficantly augmented
were monitored ayt 3 day (early stage), 5 da}?(midd)llg stage) gnd 7 day (acti- In CTGF-overexpressmg HSCs,
vated stage). (B, C) The levels of a-SMA in control HSCs (SCR) andCTGF-over-  PY RT-PCR (Figure 2B), and
expressing HSCs (CTGF), by RT-gPCR (B), and by Western blot (C). *p<0.05. by Western blot (Figure 2C).
NS: non-significant. N=5. These data suggest that CTGF

a-tUbUlin  — — e — s — e —
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gene promoter methylation
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activation of a-SMA in HSCs,
shown by RT-gPCR (Figure
4A), and by Western blot
(Figure 4B). These data sug-
gest that reduction in CTGF
gene promoter methylation
significantly attenuates HSC
transition in vitro.
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Figure 3. 5azadCyd reduces CTGF gene promoter methylation in vitro. A. We
used 5aza2’'deoxycytidine (5azadCyd) to treat cultured CTGF-modified HSCs
and analyzed the phenotypic changes of the cells at 3 day (early stage), 5 day
(middle stage) and 7 day (activated stage). B. MSP analysis of the CTGF gene
promoter methylation in HSCs. C. The quantification of CTGF gene promoter

methylation by BS. *p<0.05. NS: non-significant. N=5.

promotes transition of HSCs into myofibroblast-
like cells in vitro.

5azadCyd reduces CTGF gene promoter meth-
ylation in vitro

Next, we used b5aza2'deoxycytidine (5azad-
Cyd), a selective DNA methyltransferase inhibi-
tor, to treat CTGF-modified HSCs (Figure 3A).
BS amplification results confirmed complete
sulfonation of the DNA in HSCs. MSP analysis
revealed high levels of methylation in the CTGF
gene promoter in HSCs. Methylation levels in
the CTGF promoter were significantly reduced
by 5azadCyd (Figure 3B-C). These data suggest
that 5azadCyd reduces CTGF gene promoter
methylation in vitro.

Reduction in CTGF gene promoter methylation
significantly attenuates HSC transition

Then we analyzed the effects of reduction in
CTGF gene promoter methylation in HSC transi-
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== CTGF
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(day) in vivo

Then we analyzed the effects
of reduction in CTGF gene pro-
moter methylation in hepatic
fibrosis. We used CCl, to
induced hepatic fibrosis in 12
rats, which was confirmed by
histological score (Figure 5A).
Next, we performed a correla-
tion test between the severity
of hepatic fibrosis and the lev-
els of CTGF gene promoter
methylation in isolated HSCs.
We found that the severity of
hepatic fibrosis inversely cor-
related with CTGF gene pro-
moter methylation (R=-0.80,
p<0.001, n=12) (Figure 5B). Thus, these data
demonstrate that CTGF gene promoter methyl-
ation may prevent the development of hepatic
fibrosis, and low level of CTGF gene promoter
methylation may be a predisposing factor for
developing liver fibrotic disease.

Discussion

Hepatic fibrosis and cirrhosis are a major health
problem affecting millions of people worldwide
[1-4]. During the chronic inflammation of the
liver, normal quiescent HSCs undergo activa-
tion and transdifferentiation into myofibro-
blasts, which produce majority of hepatic ECM
[1-4]. Thus, HSCs play a critical role in the initia-
tion, maintenance and progression of liver
fibrosis [1-4]. Therefore, suppression of activa-
tion of HSCs has been proposed as an effective
therapy for patients with chronic liver injury and
fibrosis.

Am J Transl Res 2016;8(1):125-132



CTGF promoter methylation in HF

resistance and fibroblast acti-

A 2 == CTGF vation [17, 18]. Moreover,
S 9 == CTGF+5-aza-dCyd DNA methylation is critical for
m{; < N the formation of renal fibrosis
g“é 6 - and cardiovascular complica-
5 * tions in patients with chronic
© 3 NS i * I[I kidney disease [23].

0 - |-|0f| 3|j 5 7 (day) In the present study, we used
CCl, to establish liver fibrosis

B 12 7 - ot model in rats, as proved by
< g - == CTGF+5-aza-dCyd histological evaluation. We
5, c found that in a rat hepatic
; g 5 - * fibrosis model, the severity of
% = * hepatic fibrosis inversely cor-
3 o NS * related with the levels of CTGF

| el .D gene promoter methylation in

0 HSCs. In vitro, we also provid-
a-SMA == *= s o= o o= = - ed evidence that CTGF pro-
a-tubulin *-F-»—--—u-—j‘ moted the phenotypic chang-
' 5 3 5 7 (day) esof HSCsinto myofibroblasts,

Figure 4. Reduction in CTGF gene promoter methylation significantly attenu-
ates HSC transition. The effects of reduction in CTGF gene promoter meth-
ylation on HSC transition were analyzed. (A, B) The levels of a-SMA in HSCs
were analyzed, by RT-gPCR (A), and by Western blot (B). *p<0.05. NS: non-

significant. N=5.

Histologic score
=]
1
Histologic score

R=-0.80 p<0.001 N=12

while inhibition of CTGF pro-
moter methylation augment-
ed the process, suggesting
that CTGF gene promoter
methylation may negatively
regulate  hepatic fibrosis.
CTGF gene promoter existed
in a relative low methylation
state in rats that developed
relative heavy hepatic fibrosis
in rats. Furthermore, the
methylation level of the CTGF
promoter is an independent
factor of CTGF expression.

o 4 [———]
CTL CcCl

Figure 5. Severity of hepatic fibrosis inversely correlates with CTGF gene pro-
moter methylation in vivo. CCI, was used to induce hepatic fibrosis in 12 rats.
A. Histological score was analyzed. B. A correlation test between the severity
of hepatic fibrosis and the levels of CTGF gene promoter methylation was
analyzed, showing that the severity of hepatic fibrosis inversely correlated
with CTGF gene promoter methylation (R=-0.80, p<0.001, n=12). *p<0.05.

N=12.

CTGF is a highly profibrogenic molecule that
plays a key role in liver fibrosis [10]. In fibrotic
liver, CTGF are mainly produced by myofibro-
blasts and HSCs upon TGFB stimulation [13-
15]. CTGF gene expression is largely regulated
by DNA methylation, which is the most common
type of apparent genetic modification, and
plays essential roles in immune system imbal-
ance, oxidative stress, inflammation, insulin
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B % CTGF promoter methylation in HSCs

Together, these data indicate
that DNA methylation is a reg-
ulatory mechanism of CTGF
expression, possibly contrib-
uting to the pathogenesis of
hepatic fibrosis, cirrhosis and
HCC. Understanding the role
of the demethylation of the
CTGF promoter in the devel-
opment of hepatic fibrosis
may lead to the identification of novel strate-
gies and/or additional therapeutic targets for
the prevention and treatment of hepatic
fibrosis.

The present study had several limitations. The
current studies were performed in vitro and in
vivo in rat models. The analyses on human
specimens may further provide evidence of a

Am J Transl Res 2016;8(1):125-132
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role of CTGF promoter methylation in hepatic
fibrosis. A fundus examination may be used in
future studies as the screening method for
patients with hepatic fibrosis, cirrhosis and
HCC. In addition, despite the fact that previous
studies and the current work have indicated
that methylation is involved in the regulation of
CTGF expression in HSCs, and that here our
study revealed that mice with severe hepatic
fibrosis had relative low methylation levels of
CTGF, the mechanisms underlying the control
of CTGF gene promoter methylation still
requires further investigation.

Together, our data demonstrate that CTGF gene
promoter methylation may prevent the develop-
ment of hepatic fibrosis, and low level of CTGF
gene promoter methylation may be a predis-
posing factor for developing liver fibrotic
disease.
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