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Abstract: Activated Hepatic stellate cells (HSCs) play a critical role in liver fibrosis and a lot of efforts have been
made to dissect the underlying mechanism involved in activation of HSCs. However, the underlying mechanism
remains douteux up to now. In the present study, we found that TET3, one member of ten-eleven translocation (TET)
protein family, reduced significantly in HSCs LX-2 activated by TGF-B1. To study the function of TET3 in activation of
HSCs, knockdown was performed by RNA interference. Results showed that cell proliferation rise significantly and
cell apoptosis reduce obviously after knockdown of TET3. Meanwhile, IHC showed that the expression of a-SMA rise
significantly compared to control. These results indicated that TET3 is closely associated with the activation of HSCs.
Further studies found that long non-coding RNA HIF1A-AS1 was reduced significantly in LX-2 cell after treatment
with siRNA for TET3. The result hinted that TET3 activate HSCs through modulating the expression of HIF1A-AS1.
To confirm this hypothesis, RNA interference was performed to silence the HIF1A-AS1. Results showed that HIF1A-
AS1 silencing lead to enhancing in cell proliferation and declining apoptosis. Taken together, TET3 can mediate the

activation of HSCs via modulating the expression of the long non-coding RNA HIF1A-AS1.
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Introduction

Liver fibrosis is a common chronic liver disease
attributed to wound-healing and scarring re-
sponse to liver injury, and it has been increased
dramatically all over the world. Various etiolo-
gies, such as viral infection, alcohol toxicity,
autoimmune hepatitis and Clonorchis sinensis
infection, will trigger liver fibrosis, and some
even result in cirrhosis, liver failure or hepato-
cellular carcinoma [1, 2]. Although extensive
studies on liver fibrosis have been reported, the
underlying mechanism involved in live fibrosis
remains largely elusive. At present, the associa-
tion between HSCs, as a key fibrogenic cell
population of the liver, and the risk of liver fibro-
sis is well established [3, 4]. It has been report-
ed that activated HSCs play a critical role in
liver fibrosis [5]. For example, activated HSCs
have been demonstrated to expression of o-
SMA and synthesis of extracellular matrix
(ECM), both are critical process in liver fibrosis

[6, 7]. However, little is known about the under-
lying mechanisms for the activation of HSCs.

Itis well known that DNA methylation at the car-
bon-5 position of cytosine (5-mC) often leads to
gene silencing, affects chromatin structure and
gene expression. Due to 5-mC is a rather stable
structure, people used to debate how DNA
methylation could be erased and whether
required [8]. Recently, studies have demon-
strated that TET family proteins could lead to
DNA demethylation through catalyzing 5-mC to
5-hydroxymethylcytosines (5-hmCs) [9-11]. It
has been reported that DNA demethylation
mediated by TETs play an important role in
diverse tumors including gliomas, breast can-
cers, liver cancers and so on [12, 13]. However,
whether TETs also play an important role in liver
fibrosis is still unclear.

It is clear that protein-coding genes are only a
small part of the human genome, most tran-
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Table 1. PCR primers and sequence informa-
tion

Name Sequences (5-3")
TET3 F CTTATGGTCAATGGTGTC
R GTTCAGGTTGTTGTTGTA
HIF1A-AS1 F TCATCATCATCATCATCATC
R TGCTTCTGTCTCTTCATA
GAPDH F GGACCAATACGACCAAATCCG
R AGCCACATCGCTCAGACAC

scripts are non-coding RNA (ncRNAs). NcCRNAs
include small ncRNA (such as siRNAs, miRNAs
and piRNAs) and long ncRNAs (LncRNAs). An
increasing number of data have demonstrated
that miRNAs play an important role in hepatic
fibrotic process [14-16]. Over the past several
years, accumulating studies has found that
LncRNAs also play essential roles in many bio-
logical processes, including cell differentiation,
cell cycle and apoptosis through comprehen-
sive mechanisms [17, 18]. However, most
LncRNAs are still less well characterized and
the role of LncRNAs is still unknown in diseas-
es, liver fibrosis is also no exception.

In our preliminary experiment, we found fortu-
nately that the expression of TET3 was signifi-
cantly down-regulated in hepatic stellate cell
line LX-2 activated with TGF-B1, which hinted
that TET3 may be involved in the process of the
activation of hepatic stellate cell line LX-2.
Hence, we designed and conducted this study
to dissecting the underlying mechanism of the
activation of hepatic stellate cell line LX-2. The
study will help to understand the pathogenesis
of liver fibrosis disease.

Materials and methods
Cell culture and reagents

Human hepatic stellate cells (HSCs) cell li-
ne LX-2 was gift from professor Scott Friedman
(lcahn Medical Institute). Cells were cultured in
Dulbecco’s modified Eagle medium (Gibco;
USA) supplemented with 10% fetal bovine
serum (Gibco; USA), 100 U/mL penicillin (Gibco;
USA) and 100 ug/ml streptomycin (Gibco; USA),
and incubated at 37°C in a humidified atmo-
sphere with 5% CO,. TGF-B1 was purchased fr-
om Sinopharm Chemical Reagent Co., Ltd (Sh-
anghai, China). The primary antibodies anti-o-
SMA, anti-TET1, anti-TET2, anti-TET3 and an-
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ti-Actin were purchased from Abcam, United
States. Secondary antibody conjugated horse-
radish peroxidase were obtained from Beyo-
time, China.

Activation of cell lines LX-2 by TGF-B1

To obtain the activated HCSs, LX-2 cells were
treated with different concentrations of TGF-f1
for 48 h. At the same time, we set up blank con-
trol group and PBS control group. Then, the
expression of a-SMA, which is a marker of myo-
fibroblast differentiation of HSCs, was analyzed
using western blotting.

Cell proliferation assay

We used cell counting Kit-8 (Beyotime, China)
to evaluate the proliferation of rat HSCs (HSCs)
cell lines LX-2. Briefly, LX-2 cells were trans-
ferred into a 96-well cell culture plates at a den-
sity of 8000 cells/cm?, and allowed to attach
for 24 h. Then, cells were transfected with siR-
NAs or si-scramble. All experiments were per-
formed in triplicate. After 48 h, 20 yL CCK-8
was added to each well, and then the plates
were incubated for 2 h. Finally, absorbance was
measured at 490 nm with a microplate reader
(BioRad, USA).

Determination of apoptosis

The extent of apoptosis was detected with
AnnexinV-FITC apoptosis detection kit (Beyo-
time, China). LX-2 cells were planted on 96-well
plates and allowed to attach for 24 h. Then,
cells were transfected with siRNAs or si-scram-
ble. All experiments were performed in tripli-
cate. After 48 h, cells were harvested and wa-
shed twice with cold PBS. Then, cells were
stained in 200 pL Annexin Vbinding buffer with
5 pL of Annexin V-FITC and 200 uL Annexin Vb-
inding buffer with 10 L PI solution for 10 min
at RT. The stained apoptotic cells were ana-
lyzed by flow cytometry.

Phalloidin-FITC staining

The cells were fixed in 4% paraformaldehyde at
room temperature (RT) for 10 min and washed
with PBST for three times. Samples were incu-
bated with 0.25% Triton X-100 at RT for 3 min
and then washed with PBST for three times.
Then, cells were stained with 1.0 ug/mL phal-
loidin-FITC (Sigma, United States) for 40 min
and washed with PBST for three times. Finally,
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Table 2. siRNAs and sequence used in this study

capturedwithaNikonfluorescencemicro-
scope.

Western blotting analysis

Cells were harvested and homogenized
with cell lysis buffer (Beyotime, China).
Then, protein concentration amounts
were determined by BCA Protein Assay
Kit (Beyotime, China). After boiled for 5
min, equal amounts of protein samples
were run on denaturing 10% SDS-PAGE
and then transferred to nitrocellulose
filter (NC) membranes. After being
blocked in a 5% skim milk solution,
membranes were incubated with spe-
cific primary antibodies (anti-a-SMA
1:1000, anti-TET-1 1:1000, anti-TET-2
1:2000, anti-TET3 1:1000 and anti-
Actin 1:1000, Abcam, United States),

Name Sequences (5'-3’)

SITET3-1 sense CCGGCAGUUUGAGGCUGAAUUUGGA
antisense UCCAAAUUCAGCCUCAAACUGCCGG

SiTET3-2 sense CAGUGGCUUCUUGGAGUCACCUCUU
antisense AAGAGGUGACUCCAAGAAGCCACUG

SIiTET3-3 sense CCACCUGCGAUUGCGUCGAACAAAU
antisense  AUUUGUUCGACGCAAUCGCAGGUGG

TETScramble sense CCGUGAGUUGGAGUCUAAUUGCGGA
antisense UCCGCAAUUAGACUCCAACUCACGG

Si-IncRNA-1 sense  CACCUUAGCCUAUGGUUGUUCAUCU
antisense AGAUGAACAACCAUAGGCUAAGGUG

Si-IncRNA-2 sense  CCCUAGCAAGGGCUGUUCCAUGUUU
antisense AAACAUGGAACAGCCCUUGCUAGGG

Si-IncRNA-3 sense  CCUAGCAAGGGCUGUUCCAUGUUUA
antisense UAAACAUGGAACAGCCCUUGCUAGG

IncRNAScramble  sense CACAUCGUCUAGGUUUGCUAucCUCU
antisense AGAGAUAGCAAACCUAGACGAUGUG

A Blank PBS 5 mg/L 10 mg/L
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Figure 1. Activation of HSC LX-2 cells induced by
TGF-B1 in vitro. A. The expression analysis of a-SMA,
TET1, TET2 and TET3 proteins by Western blotting
in the HCS LX-2 cells activated by TGF-B1. Actin was
used as loading control in this experiment; B. The
expression analysis of TET3 gene in mRNA level in
HCS LX-2 cells activated by TGF-1 by qRT-PCR as-
say. Double asterisks represent P-value < 0.01.

cells stained with 10 ug/mL DAPI (Beyotime,
China) for 10 min. Images were observed and
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and then incubated with HRP-conju-

gated secondary antibody (1:2000,
Beyotime, China). Finally, protein bands were
visualized using an enhanced chemilumines-
cence (ECL) Western blotting detection system
(GE Healthcare, Amersham, UK).

Quantitative real-time PCR

Total RNA was extracted using Trizol reagents
(Invitrogen, USA) according to the manufactur-
er's instructions and diluted to 200 ng/uL.
Then, quantitative real-time RT-PCR (QRT-PCR)
was performed using One Step SYBR®
PrimeScript™ RT-PCR Kit Il (TakaRa, China)
according to standard protocol. GAPDH gene
was used as an internal control. The QRT-PCR
amplification for TET3 was performed as fol-
lows: 42°C for 5 min, 95°C for 10 s, followed by
40 cycles of 95°C for 5 s, 60°C for 20 s, and
72°C for 15 s. PCR was followed by a melt
curve analysis to determine the reaction speci-
ficity. The relative gene expression was calcu-
lated by using 222t method. Primers used in
qRT-PCR were as shown in Table 1.

Small interfering RNA (siRNA) synthesis and
transfection

The siRNA oligonucleotides corresponding to
the target sequence for TET3 and LncRNA
HIF1A-AS1 were synthesized by GenePharma
(Shanghai, China). Sequences of si-TET3, si-
IncRNA and si-scramble (negative control) were
as Table 2. The negative control sequence has
no homologous to known human genes. All
siRNA were transfected into LX-2 cells using
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Figure 2. Functional analysis of TET3 by RNA interference in LX-2 cell line. A. The determination of knockdown ef-
ficiency of siRNAs for TET3 in LX-2 cells by qRT-PCR. All data are presented as mean + SD (n=3). Asterisk presents
P-value < 0.05; B. After RNAI, the proliferation of LX-2 cells was determined by CCK-8 assay. All data are presented
as mean = SD (n=3). Asterisk presents P-value < 0.05. C-F. After the knockdown of TET3 by siTET3-3, cell apoptosis
was determined by Annexin V-FITC apoptosis detection kit. SIRNA scramble was used as control.

Lipofectamine 2000 according to standard Expression analysis of TET protein family in
protocol. TGF-B1 treated LX-2 cells
Statistical analysis We investigated the expression level of TET1,
TET2 and TET3 gene in TGF-B1 treated LX-2
All data were analyzed with State 7.0 statistical cells using qRT-PCR and Western blotting as-
software and are reported as mean * standard say. As shown in Figure 1A, after induced with
deviation (SD). Statistical significance was de- TGF-B1, the protein level of TET-3 significantly
termined using Double-sided Student’s t test. decreased. However, the level of TET1 and
Multiple groups were analyzed using ANOVA. A TET2 has no obvious change. Meanwhile, gRT-
P-value of less than 0.05 was considered to be PCR results also indicated that cells treated
statistically significant. with TGF-B1 result in reduced expression of

TET3. All of these results hinted that TET3,
which can regulate DNA demethylation, may
play a critical role in the activated process of
HSCs.

Results
Activation of cell lines LX-2 by TGF-31

In order to activate the human HSCs (HSCs) cell
lines LX-2, TGF-B1 was used to treat the cells.
alpha-smooth muscle actin (x-SMA) is an

Knockdown TET3 reduces apoptosis, promotes
proliferation and induces cell fibrosis in LX-2

important biomarker for the activated HSCs, cells

hence we detected the expression changes of To investigate the role of TET3 gene on fibro-
a-SMA in LX-2 treated without/with TGF-B1 to genesis of cell lines LX-2, TET3 was silenced
confirm whether the cells have been activated using siRNA in LX-2 cells. The interference effi-
successfully. As shown in Figure 1A, compared ciency was determined using QRT-PCR assay.
to control cells, the expression of a-SMA was As shown in Figure 2A, the expression level of
significantly increased. This result indicated TET3 in siRNA transfected cells down to 5 or
that LX-2 cells were successfully activated by 10-fold compared to scramble group. These
10 mg/L TGF-B1. result indicated that TET3 was efficiently
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SiTET3-3 cells morphology also changed. Taken

together, these findings indicate that
TET3 silencing promotes the activation
of LX-2 cell lines. However, it is unknown
how does the TET3 activate the HSCs.

Bel 2 explore the underlying mechanism
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involved in this process.
PCR array

In order to further explore TET3 how to
activate the HSCs, the expression pro-
file of long non-coding RNAs was per-
formed after TET3 silence by siRNA. In
this experiment, 36 IncRNAs were
chose and detected by PCR array.
However, 35 IncRNAs were not found
obvious changes (data not shown), just
1 IncRNA named HIF1A-AS1 down-regu-
lated significantly after TET3 silence
(Figure 4A). This result suggested that
TET3 can activate the HSCs through
modulating the expression of HIF1A-
AS1.

Figure 3. Expression analysis of apoptosis-related protein and
o-SMA via Western blotting and immunofluorescence, respectively. | ncRNA HIF1A-AS1 silencing reduces
A. Apoptosis-related protein analysis by western blotting in LX-2 cell apoptosis and promotes proliferation

treated with/without siRNAs; B. The expression analysis of a-SMA

of LX-2 cells

by immunofluorescencein LX-2 cells treated with/without siRNA.

Nucleic acid was marked by DAPI (blue).

silenced in LX-2 cells by siRNAs. Then cell pro-
liferation was measured by a CCK-8 assay. As
shown in Figure 2B, there was a drastic promo-
tion in the proliferation of cells transfected
SiTET3. Meanwhile, LX-2 cells apoptosis was
detected by Annexin- V FITC/PI double staining
assay. As shown in Figure 2C, the percentage
of apoptotic cells in siScramble group is about
10.8%. However, after cells transfected with
SiTET3, the percentage of apoptotic cells was
down to 1.5%, 5.7% and 2.7% respectively. To
further confirm the result, the expression level
of Caspase8, Caspase3 and Bcl2 were ana-
lyzed using Western blot assay. Compared to
scramble group, the expression of Caspase8
and Caspase3 were down-regulated and the
expression of Bcl2 was up-regulated (Figure
3A).

We also used phalloidin-FITC to mark a-SMA of
LX-2 cells and nucleic acid was marked by DAPI.
As shown in Figure 3B, the expression level of
o-SMA was increased in siTET3 groups, and
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To elucidate the functional role of

LncRNA HIF1A-AS1 during activation of
LX-2 cells, HIF1A-AS1 was silenced using
siRNA. The interference efficiency was deter-
mined using qRT-PCR assay (data not shown).
After RNA interference, Cells proliferation was
measured by a CCK-8 assay. As shown in Figure
4B, the proliferation of cells transfected with si-
HIF1A-AS1 was increased significantly. Then,
LX-2 cells apoptosis was measured by Annexin-
V FITC/PI double staining assay. As shown in
Figure 4C, the percentage of apoptotic cells in
si-Scramble group is about 7.9%. However,
after cells transfected with si-HIF1A-AS1, the
percentage of apoptotic cells was down to
2.4%, 3.1% and 5.6% respectively.

Discussion

It has been reported that activated HSCs play a
key role in liver fibrosis. Several studies have
explained the mechanism of HSC activation.
Zhao, et al reported that platelet-derived growth
factor (PDGF) induce HSCs activation through
stimulate mitogen-activated protein kinase
(MAPK) signaling pathways [19]. Cheng, et al

IntJ Clin Exp Pathol 2014;7(11):7744-7751
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Figure 4. Expression analysis of HIF1A-AS1 in LX-2 cell treated with siTET3 and function of HIF1A-AS1. A. The expres-
sion analysis of HIF1A-AS1 by gRT-PCR in LX-2 cell line treated with/without siTET3. All data are presented as mean
+ SD (n=3). Asterisk presents P-value < 0.05; B. The changes of LX-2 cell proliferation after transfection with si-
HIF1A-AS1. All data are presented as mean * SD (n=3). Asterisk presents P-value < 0.05. C. Cell apoptosis analysis
by annexin V-FITC/PI double staining assay after cells transfected with si-IncRNA-1.

demonstrated that Wnt pathway is crucial of
HSC activation [20]. Although numerous stud-
ies have explained the mechanism of HSCs
activation, the detailed molecular mechanism
is still unknown.

In the present study, we used TGF-B1 to acti-
vate the HSCs cell LX-2 in vitro and confirmed
by detected the expression of a-SMA, which is
a biomarker for the activated HSCs because
the high expression of a-SMA was found in acti-
vated HSCs. In our experiment, the expression
of a-SMA significantly increased in LX-2 treated
with 10 mg/LTGF-B1. This indicated that HSCs
were activated successfully. In order to explore
the underlying mechanism involved in the pro-
cess, we determined the expression of TET pro-
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tein family in LX-2 treated with 10 mg/LTGF-B1.
Results showed that the expression of TET3
was significantly down-regulated after activa-
tion, but TET1 and TET2 are not found obvious
changes in protein level. So we speculated that
TET3 may be associated with the activation of
HSCs.

The ten-eleven translocation (TET) family
including TET1, TET2 and TET3, have been
identified capability of catalyzing 5 mC to
5-hydroxymethylcytosines (5 hmCs). It is well
known that DNA methylation at the carbon-5
position of cytosine (5-mC) of tumor suppres-
sor gene often contributes to cancer formation.
Recent works have indicated that demethyl-
ation catalyzing by TETs lead to tumor suppres-

IntJ Clin Exp Pathol 2014;7(11):7744-7751
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sion [21, 22]. However, whether TETs also play
an important role in liver fibrosis is still unre-
ported. Therefore, we knockdown the TET3
through siRNA experiment to analyze the acti-
vation of HSCs. Previous studies showed that
the cell proliferation ability increased and cell
apoptosis decreased in activated HCSs. So we
analyzed the cell viability and apoptosis through
CCK-8 and Annexin- V FITC/PI double staining
assay. As expected, the cell proliferation rose
significantly and cell apoptosis reduced slightly.
For further confirm LX-2 cells were activated,
we detected the expression of a-SMA using
IHC. Compared to control group, the expression
of a-SMA rose obviously. All of these indicated
that TET3 plays an important role in the pro-
cess of liver fibrosis. However, it is unknown
how does the TET3 activate the HSCs. Recently,
LncRNAs have been shown to play important
roles in a variety of human disease, such as
cancer and pulmonary fibrosis [23, 24].
However, the relationship between LncRNA and
liver fibrosis is still unknown. Therefore, PCR
array was performed to explore the underlying
mechanism involved in this process. Results
showed that expression of LncRNA HIF1A-AS1
increased significantly in LX-2 treated with
siTET3-1, siTET3-2 and siTET3-3, respectively.
Based on those results, we suspected that
decreased TET3 can reduce the expression of
HIF1A-AS1 which possibly involved in the acti-
vated process of LX-2. Hence, we performed
RNA interference experiment to knockdown the
expression of HIF1A-AS1. Results showed that
cell proliferation rose significantly and cell
apoptosis declined slightly. All results described
above indicated that TET3 can induce the acti-
vation of LX-2 by modulating the expression of
HIF1A-AS1.

In summary, our current study in an activated
model of LX-2 cell lines, induced by TGF-31,
demonstrate that decreased TET3 can promote
HSCs activation via suppression of the long
non-coding RNA HIF1A-AS1. This finding would
be helpful to understand the molecular mecha-
nism of liver fibrosis. Our future analysis will
focus on whether TET3 is a potential diagnostic
even a therapeutic target for liver fibrosis.
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