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Abstract
AIM: To investigate the regulation of activin receptor-
interacting protein 2 (ARIP2) expression and its possible 
relationships with collagen type Ⅳ (collagen Ⅳ) in mouse 
hepatoma cell line Hepal-6 cells.

METHODS: The ARIP2 mRNA expression kinetics in 
Hepal-6 cells was detected by RT-PCR, and its regulation 
factors were analyzed by treatment with s ignal 
transduction activators such as phorbol 12-myristate 
13-acetate (PMA), forskolin and A23187. After pcDNA3-
ARIP2 was transfected into Hepal-6 cells, the effects of 
ARIP2 overexpression on activin type Ⅱ receptor (ActRII) 
and collagen Ⅳ expression were evaluated.

RESULTS: The expression levels of ARIP2 mRNA in 
Hapel-6 cells were elevated in time-dependent manner 
12 h after treatment with activin A and endotoxin 
LPS, but not changed evidently in the early stage of 
stimulation (2 or 4 h). The ARIP2 mRNA expression 
was increased after stimulated with signal transduction 
activators such as PMA and forskolin in Hepal-6 cells, 
whereas decreased after treatment with A23187 
(25.3% ± 5.7% vs  48.1% ± 3.6%, P  < 0.01). ARIP2 
overexpression could remarkably suppress the expression 
of ActRIIA mRNA in dose-dependent manner, but has 
no effect on ActRIIB in Hepal-6 cells induced by activin 
A. Furthermore, we have found that overexpression 
of ARIP2 could inhibit collagen Ⅳ mRNA and protein 
expressions induced by activin A in Hapel-6 cells. 

CONCLUSION: These findings suggest that ARIP2 
expression can be influenced by various factors. ARIP2 
may participate in the negative feedback regulation of 

signal transduction in the late stage by affecting the 
expression of ActRIIA and play an important role in 
regulation of development of liver fibrosis induced by 
activin.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Activin is a multifunctional growth and differentiation 
factor of  transforming growth factor-beta (TGF-β) 
superfamily[1,2]. As an important regulator, activin is 
involved in the acute phase response of  inflammatory 
diseases and tissue repair, and also play an important 
role in inducing liver fibrosis[3-5]. The actions of  activin 
on target cells are tissue-specific, which associate with 
the difference of  activin receptor signal transduction. It 
has been found that the tissue-specificity might depend 
on a new group of  intracellular signal proteins, activin 
receptor-interacting proteins (ARIPs)[6-8]. ARIPs have four 
forms at least, all of  which can specifically interact with 
activin type Ⅱ receptor (ActRII) and regulate intracellular 
signal transduction induced by activin[6-10]. It has been 
demonstrated that not only the expression and distribution 
but also the biological activities of  ARIPs were obviously 
different in various tissues. ARIP2 can enhance ActRII 
endocytosis and reduce ActRIIA receptor expression on 
cell membranes via Ral/RalBP1-depending pathway, and 
has a capability of  suppressing activin-induced signal 
transduction. There was high expression of  ARIP2 mRNA 
in liver tissues tested by Northern blot[7]. Therefore, we 
reason out that ARIP2 may participate in the functional 
regulation of  hepatocytes treated by activin.

Since ARIP2 has only been recently discovered, the 
mode of  expression regulation and function of  it have not 
been well characterized. In this study, we have explored 
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regulation of  ARIP2 expression and its effects on the 
expression of  collagen type Ⅳ (collagen Ⅳ) which is 
component of  extracellular matrix (ECM), using mouse 
Hepal-6 cells, which were obtained from mouse hepatoma 
cell line and had functions of  hepatic parenchymal cells[11].

MATERIALS AND METHODS
Materials
Lipopolysaccharide (LPS, from E.coli 0111:B4), A23187, 
phorbol 12-myristate 13-acetate (PMA) and forskolin 
were obtained from Sigma. AMV Reverse Transcriptase 
was purchased from Promega. ExTaq was obtained from 
Takara Biotechnology Co (Kyoto, Japan). Dulbecco's 
modified Eagle's medium (DMEM) was purchased from 
GIBCO. Trizol reagent was obtained from Invitrogen. 
Activin A was provided by Dr. Eto T (Ajinomoto Central 
Research Laboratories, Japan).

Cell culture
Hepa1-6 cells from mouse hepatoma cell line were 
provided by Shanghai Cell Bank of  Chinese Academy of  
Sciences (Shanghai, China) and were maintained in DMEM 
medium supplemented with 10% fetal calf  serum (FCS) at 
37℃ in a 5% CO2 humidified incubator.

Plasmid construction
The vector construction has been described previously[8]. 
The set of  primers was designed as follows. The sense 
primer was 5'-GGAATTCATGAACGGACGGGTGGAT
TA-3', which introduced an EcoRⅠsite, and the anti-sense 
primer 5'-GCTCGAGTCATTGTCTGCACAATAAAC
A-3', which introduced an XholⅠsite. cDNA fragments 
encoding full-length ARIP2 (1-153 amino acid residues) 
were amplified by PCR. The amplified cDNA fragments 
were inserted into plasmid pMD18-T, and were then 
subcloned into eukaryotic expression vector pcDNA3. The 
reconstructed plasmid was named as pcDNA3-ARIP2.

Detection of ARIP2 mRNA expression in Hepal-6 cells 
stimulated by activin A and LPS
Hepal-6 cells were plated into 12-well tissue culture 
plates at a density of  2 × 105 cells/mL and incubated 
in 10% FCS-DMEM at 37℃, 5% CO2 over night. The 
cells were cultured in 2% FCS-DMEM in the presence or 
absence of  activin A (5 ng/mL) and LPS (2.5 µg/mL), 
respectively. After 2, 4, 8, 12 and 24 h, the cells were 
harvested respectively and total RNA was extracted by 
using the TRIzol reagent according to the manufacturer's  
protocol (Invitrogen). The mRNA expression of  ARIP2 
was examined by RT-PCR, and GAPDH was considered 
as inner control. PCR was performed for 30 cycles. 
Amplified PCR products were subjected to 1.5% agarose 
gel electrophoresis, and stained with ethidium bromide for 
detection. Specific bands were analyzed using ImageMaster 
VDS (Pharmacia Biotech Company, Sweden). The primer 
sequences were shown at Table 1.

Assay of the effects of signal transduction kinetins on the 
expression of ARIP2 mRNA
To further study the regulation elements of  ARIP2 

expression, the Hepal-6 cells plated into 12-well tissue 
culture plates were cultured in 2% FCS-DMEM in the 
presence or absence of  activin A (5 ng/mL), A23187 
(200 nmol/L), PMA (20 nmol/L), forskolin (50 µmol/L) 
and LPS (2.5 µg/mL), respectively. After 24 h, the cells 
were harvested respectively and total RNA was extracted 
by using the TRIzol reagent. The expression of  ARIP2 
mRNA was examined by RT-PCR.

Overexpression of ARIP2 in Hepa1-6 cells
To determine possible bioactivity of  ARIP2, effects of  
ARIP2 on the mRNA expressions of  ActRIIA, ActRIIB 
and collagen type Ⅳ were analyzed by RT-PCR. The 
Hepal-6 cells were washed once with serum-free DMEM, 
and were then transfected with pcDNA3-ARIP2 (0.1, 
0.3 µg) and pcDNA3 (0.3 µg) by using Lipofectamine 
2000 reagent according to the manufacturer's protocol 
(Invitrogen), respectively. The transfected cells were 
incubated in the presence or absence of  activin A  
(5 ng/mL) overnight. The cultured cells were harvested 
and total RNA was extracted by using the TRIzol reagent. 
RT-PCR was performed for detecting ActRIIA, ActRIIB 
and type Ⅳ collagen mRNA expressions. The primer 
sequences were shown at Table 1.

Flow cytometry for type Ⅳ  collagen protein expression
Hepal-6 cells were collected 24 h after transfected with 
pcDNA3-ARIP2. The expression of  type Ⅳ collagen 
proteins were assessed by flow cytometry (FACSort 
Vantage; BD, Franklin Lakes, NJ ) using anti-mouse type Ⅳ 
collagen antibodies. The data were collected and analyzed 
on computer (Cell Quest software; BD Biosciences), to 
assess the percentage of  positive fluorescence cells. A 
representative experiment of  the two performed was shown.

RESULTS
Kinetics of ARIP2 mRNA expression in Hepa1-6 cells 
stimulated by activin A and LPS
As a regulation protein of  activin signal pathway, the 
expression of  ARIP2 mRNA could be increased by 
stimulation with activin A. In this study, the levels of  
ARIP2 mRNA expression were time-dependently up-
regulated 12 h after treatment with activin A in Hepal-6 
cells, but not obviously changed at 2-4 h after being 
treated with activin A. Endotoxin LPS as inflammatory 
factor can bind with Toll-like receptor 4 on hepatocytes. 
We found that ARIP2 mRNA expression in Hepal-6 cells 
was remarkably promoted by LPS treatment, and the 
expression levels were time-dependently up-regulated 12 
h after treatment with LPS in Hepal-6 cells (Figure 1). 
These data suggested that the expression of  ARIP2 was 
increased in the late stage of  activin A and LPS treatment, 
and ARIP2 might participate in the negative regulation of  
the late stage signal transduction in Hepal-6 cells.

The signal transduction kinetins regulated the expression 
of ARIP2 mRNA
PMA is the activator of  protein kinase C (PKC)[12], 
A23187 is the calcium ion vector[13], forskolin is the 
kinetin of  cAMP-dependent protein kinase A (PKA)[14] 
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and endotoxin LPS can bind with Toll-like receptor 4 on 
the surface of  hepatocytes to stimulate cellular activities 
non-specifically[15]. To further study the regulation factors 
of  ARIP2 expression, we used all of  the above signal 
transduction activators to stimulate Hepal-6 cells and 
observed the expression of  ARIP2 mRNA. The results 
showed that activin A (ARIP2 mRNA content relative to 
GAPDH, 66.2% ± 4.9%), LPS (76.5% ± 5.7%), PMA 
(72.3% ± 5.2%) and forskolin (79.8% ± 6.6%) could 
promote the expressions of  ARIP2 mRNA (untreated 
control group, 48.1% ± 3.6%), whereas A23187 (25.3% 
± 5.7%) could suppress it markedly (Figure 2), 25.3% ± 
5.7% vs 48.1% ± 3.6%, P < 0.01. These data indicated that 
activators of  the PKC, PKA signal transduction pathways 
and LPS via Toll-like receptor 4 could up-regulated the 
expression of  ARIP2 mRNA.

Effects of ARIP2 overexpression on ActRII expression in 
Hepal-6 cells
To investigate the biological activities of  ARIP2 expression 
in Hepal-6 cells, expression vectors pcDNA3-ARIP2 were 

transfected into Hepal-6 cells and the effects of  ARIP2 
overexpression on ActRIIA and ActRIIB expression 
were observed in Hepal-6 cells. In this study, we found 
that ARIP2 overexpression could obviously suppress the 
expression of  ActRIIA mRNA in Hepal-6 cells induced by 
activin A in dose-dependent manner, but has no effect on 
ActRIIB (Figure 3). These findings indicated that ARIP2 
might down-regulated the expression of  ActRIIA to 
suppress activin signal transduction in hepatocytes.

ARIP2 overexpression suppressed type Ⅳ collagen 
expression in Hepal-6 cells
The previous studies showed that activin A could induce 
liver fibrosis and stimulate excess secretion of  ECM 
components, for example, collagen and fibronectin[3,16]. As 
an inhibitor of  activin signal transduction, ARIP2 maybe 
influence the collagen production in hepatocytes induced 
by activin A. In this study, activin A could obviously 
stimulate the expression of  type Ⅳ collagen mRNA in 
Hepal-6 cells. Whereas, after transfecting pcDNA3-ARIP2 
into Hepa1-6 cells for 24 h, the ARIP2 overexpression 
could significantly suppress the expressions of  type Ⅳ 
collagen mRNA induced by activin A in dose-dependent 
manner (Figure 4). To further determine the type Ⅳ 
collagen protein expression, the mature type Ⅳ collagen 
protein levels in Hepa1-6 cells were examined by flow 
cytometry. The results showed that ARIP2 overexpression 
could remarkably inhibit the expression levels of  type Ⅳ 
collagen proteins in Hepa1-6 cells induced by activin A 
(the percent of  positive fluorescence cells, 2% vs 16%) 
(Figure 5), which results were the same with that of  type 
Ⅳ collagen mRNA by RT-PCR. These findings suggested 
that high level expression of  ARIP2 might influence the 
expression of  ECM components in hepatocytes and 

Target              Primers                  Sequences Products size (bp) Genbank No.
GAPDH                  Sense 5'-GATTGTTGCCATCAACGACC-3'

371 BC083149
                 Antisense 5'-GTGCAGGATGCATTGCTGAC-3'

ARIP2                  Sense 5'-GTCAGCCGTATCAAAGAGGATG-3'
371 AY157057

                 Antisense 5'-CTTGTGGCAATACTTCTCTGGTG-3'
ActRIIA                  Sense 5'-ATTGGCCAGCATCCATCTCTTG-3'

296    XM_123799
                 Antisense 5'-TGCCACCATCATAGACTAGATTC-3'

ActRIIB                  Sense 5'-TGCTGAAGAGCGACCTCAC-3'
544   NM_007397

                 Antisense 5'-AGCAGGTCCACATTGGTGAC-3'
Collagen Ⅳ                  Sense 5'-GCCTGCTCAAGGAGAAGACA-3'

380    NM_007734
                 Antisense 5'-GATCCATAGGAGTCTCCAGGT-3'

Table 1  Primer sequences used in transcriptase-polymerase chain reaction (PCR)

2 h     2 h    4 h   4 h     8 h    8 h    12 h  12 h  14 h   14 h

-       +      -       +       -      +         -       +      -       +

-       +      -       +       -      +         -       +      -       +

ARIP2

GAPDH

ARIP2

GAPDH

Activin

LPS

Figure 1  Expressions of ARIP2 mRNA in Hepal-6 cells stimulated by activin A and 
LPS.

1         2          3           4          5          6

ARIP2

GAPDH

Figure 2  The effects of signal transduction activators on expressions of ARIP2 
mRNA. Lane 1: Hepal-6 cells untreated; Lane 2: Treated with activin A (5 ng/mL); 
Lane 3: A23187 (200 nmol/L); Lane 4: LPS (2.5 µg /mL); Lane 5: PMA (20 nmol/L); 
Lane 6: forskolin (50 µmol/L ).

1                 2                3                 4

ActRIIA

ActRIIB

GAPDH

Figure 3  The mRNA expressions of ActRIIA and ActRIIB in ARIP2-overexpressed 
Hepal-6 cells. Lane 1 and 2: Hepal-6 cells were transfected with empty vector 
pcDNA3 (0.3 µg); lane 3: pcDNA3-ARIP2 (0.1 µg) + pcDNA3 (0.2 µg); lane 4: 
pcDNA3-ARIP2 (0.3 µg).
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down-regulate the development of  liver fibrosis induced 
by activin.

DISCUSSION
ARIPs have obvious expression and distribution diversity, 
which are key factors to the histological specificity of  
activin action[6-8]. It has been demonstrated that both 
ARIP1 and ARIP2 are inhibitors of  activin signal 
transduction. However, ARIP1 mainly distributed in 
nerve tissues, ARIP2 widely existed in tissues. The high 
expression of  ARIP2 mRNA could be detected in liver 
tissue by Northern blot[7]. In order to investigate the 
kinetic changes of  ARIP2 expression, we used activin A 
and endotoxin LPS to stimulate Hepal-6 cells, and then 
examined the expression of  ARIP2 mRNA. The results 
showed that the expression levels of  ARIP2 mRNA were 
not changed obviously after being treated by activin in 
the early stage, but up-regulated depending on time 12 
to 24 h after treatment (Figure 1). Stimulated by LPS, 
ARIP2 expression is also up-regulated evidently 12 h after 
treatment. In the present study, we further examined the 
effects of  signal transduction activators PMA, A23187 
and forskolin on the expression of  ARIP2 in Hepal-6 
cells (Figure 2). These data indicated that activin A, 
LPS, PMA and forskolin could promote the expression 
of  ARIP2 mRNA in Hepal-6 cell, whereas calcium ion 
vector-A23187 could inhibit the expression of  ARIP2 
mRNA. These findings suggested that ARIP2 expression 
could be inf luenced by various factors and might 
participate in the regulation of  signal transduction in the 
late stage in Hepal-6 cells.

Activin receptors are the members of  ser ine/
threonine k inase receptors [9,10]. Act iv in b inds to 
receptor type Ⅱ to form a complex primarily. The 
complex interacts with the receptor typeⅠand makes 
it phosphorylated, then activates endocellular Smad2/3 
protein binding to receptor typeⅠ. Finally, it transduces 
signal into nucleus mediated by Smad4. Therefore, 
ActRIIs are the crucial receptors of  activin signal 
transduction. In this study, we found that both ActR IIA 
and ActR IIB could be expressed in heapl-6 cells. To 
investigate the biological activities of  ARIP2 expression 
in Hepal-6 cells, we transfected Hepal-6 cells with 
pcDNA3-ARIP2 and observed the effect of  ARIP2 
overexpression on ActRIIA and ActRIIB expressions 
in Hepal-6 cel ls. The results showed that ARIP2 
overexpression could obviously suppress the expression 
of  ActRIIA mRNA in Hepal-6 cells induced by activin 

A, but had no effect on ActRIIB (Figure 3). All the 
above data indicated that ARIP2 could down-regulated 
the expression of  ActRIIA and participate in the process 
of  negative feedback regulation of  activin signal in 
hepatocytes.

Activin not only play an important role in regulating 
secretion of  hormone, but also serves as autocrine 
and paracrine factors to regulate the differentiation, 
pro l i fera t ion , apoptos is of  ce l l s and embr yonic 
development[17-21]. The latest studies have reported that 
as an important regulator, activin also has effects on 
inducing liver fibrosis, suppressing hepatocyte growth 
and so on[21-26]. It has been demonstrated that activin was 
produced by hepatocyte and hepatic stellate cell (HSC) 
and could promote HSC activation and stimulate excess 
production of  ECM components, for example, collagen and 
fibronectin[3,16,25]. It has been reported that activin A could 
be expressed positively in fibrotic hepatocytes, and it also 
could take actions by autocrine[3,26]. In this study, we found 
that activin A could stimulate the expression of  type Ⅳ  
collagen mRNA, whereas, the ARIP2 overexpression 
could remarkably suppress the mRNA expression of  type 
Ⅳ collagen in Hepal-6 cells induced by activin A (Figure 4) 
and decrease the protein expression levels of  type Ⅳ 
collagen. As a kind of  collagen composed ECM, type Ⅳ 
collagen could co-deposited in Diss with fibronectin in the 
early stage of  hepatic injury and take part in the formation 
of  liver fibrosis. These findings suggested that ARIP2 
overexpression might influence the synthesis of  ECM 
in hepatocyte and negatively regulate the formation and 
development of  liver fibrosis induced by activin A.

In conclusion, ARIP2 can be up-expressed in Hepal-6 
cells by inducement with various factors and may 
participate in the regulation of  signal transduction in the 
late stage. We may release or restraint liver diseases induced 

Collagen

GAPDH

1           2            3           4

Figure 4  ARIP2-overexpression suppressed the expressions of collagen Ⅳ 
mRNA in Hepal-6 cells. lane 1 and 2: Hepal-6 cells were transfected with empty 
vector pcDNA3 (0.3 µg); lane 3: pcDNA3-ARIP2 (0.1 µg) + pcDNA3 (0.2 µg); lane 
4: d pcDNA3-ARIP2 (0.3 µg). The cells were incubated in the absence (lane 1) or 
the presence of activin A (5 ng/mL) (lane 2, 3 and 4) for 24 h.
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Figure 5  Flow cytometry analysis of collagen Ⅳ protein expressions in Hepal-6 
cells. A: Hepal-6 cells were transfected with 0.3 µg pcDNA3; B: with 0.3 µg 
pcDNA3-ARIP2. 16% or 2% expressed the percent of positive fluorescence cells 
in A or B.
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by activin and achieve the goal of  treatment if  ARIP2 
expression can be elevated in hepatocytes to inhibit the 
effects of  activin.
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Background
Activin A is involved in hepatic fibrosis formation. However, the mechanism of 
fibrotic process is not well understood. In this study, effects of anti-fibrosis by 
ARIP2 are investigated in mouse Hepal-6 cells.

Research frontiers
ARIP2 is a regulator of activin signaling pathway, but studies about its regulation in 
production of component of extracellular matrix (ECM)s are not reported.

Innovations and breakthroughs 
Since ARIP2 has only been recently discovered, the mode of expression regulation 
and function of it have not been well characterized. We designed this experiment 
to investigate ARIP2 expression and its effects on the expression of collagen type 
Ⅳ by using Hepal-6 cells.

Applications
No ideal drug is available so far for the therapy of hepatic fibrosis. ARIP2 may be 
play an important role in regulation of development of liver fibrosis induced by activin.

Terminology
Activin receptor-interacting protein2 (ARIP2) can specifically interact with activin 
type Ⅱ receptor (ActRⅡ) and down-regulate intracellular signal transduction 
induced by activin.

Peer review
The topic is of interest for that up to now no antifibrotic therapy is available in 
patients with hepatic fibrosis. The negative effect of ARIP2 on production of 
component of extracellular matrix described in this paper shows that ARIP2 might 
be a potential treatment option.
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