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Abstract Mitogen-activated protein kinase (MAPK)
pathway-dependent linker phosphorylation of Smad2/3 and
subsequent formation of Smad2/3/4 complex and its nu-
clear translocation are crucial for dysregulated transform-
ing growth factor beta (TGF)-B/Smad signaling in liver
fibrosis. Abrogation of this critical step of TGF-f/Smad
signaling leading to liver fibrosis could provide new in-
sights for future therapy, but the mechanisms remain in-
completely understood. In pursuit, we investigated the
subcellular expression and nuclear trafficking of the rate
limiting Smad2/3/4 complex in exogenous TGF-B;-s-
timulated myofibroblasts (MFBs) using three MAPK-
specific inhibitors. Our results showed that exogenous
TGF-B; stimulation of MFBs produced both increased
protein expression and nuclear translocation of phospho-
rylated (p)-Smad2C/L, oncogenic pSmad3L, Smad4, im-
portin7/8 (Imp7/8), and plasminogen activator inhibitor
(PAI)-1 (Protein and mRNA), while decreased Smad7
protein expression. However, the MAPK-specific inhibitors
differentially reversed these observations; for instance,
ERK-specific inhibitor blocked the expression and nuclear
translocation of pSmad2C/L, while both JNK and p38-
specific inhibitors blocked the expression and nuclear
translocation of pSmad2C/L and oncogenic pSmad3L. The
MAPK-specific inhibitors had no significant effect on the
total protein expression of Smad4, but rather significantly
blocked its nuclear translocation. All the MAPK-specific
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inhibitors restored Smad7 expression and also decreased
Imp7/8 and PAI-1 (Protein and mRNA) expression.
Evidently, the MAPK-specific inhibitors blocked Smad2/3/
4 complex formation via restoration of inhibitory Smad7
expression and blockade of Smad3L phosphorylation,
while they blocked nuclear translocation of Smad2/3/4
complex through inhibition of Imp7/8 leading to decreased
PAI-1 (Protein and mRNA) expression.
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Introduction

Liver fibrosis, also commonly known as hepatic fibrosis is
a chronic inflammatory disease of the liver characterized
by trans-differentiation of quiescent hepatic stellate cells
(HSCs) into myofibroblasts (MFBs) leading to overpro-
duction of extracellular matrix (ECM) in liver sinusoidal
space [1]. As a result, there is complete imbalance between
ECM biosynthesis and degradation setting the stage for
various liver-related clinical conditions [2]. Liver fibrosis
has therefore been acknowledged to be the underlying
factor in almost all known liver diseases of multiple eti-
ologies including viral hepatitis, alcoholic liver diseases,
non-alcoholic steatohepatitis, cholestatic liver disease, and
an essential stage of liver cirrhosis as well as a precursor of
hepatocellular carcinoma (HCC) [3-7]. Liver fibrosis
leading to other liver diseases has poor prognosis, mainly
due to its multiple etiologies coupled with complicity of
many signaling pathways such as MAPK-regulated TGF-/
Smad pathway [8, 9].

In consequence, there is a dire need for scientific in-
vestigations that aim at not only increasing our knowledge
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about liver fibrosis but also will explore targets that can be
used for future therapies against liver fibrosis and its at-
tendant complications (Cirrhosis leading to HCC). Pur-
suant to this, we have studied the modulation of the TGF-f/
Smad pathway by three MAPK-specific inhibitors [10].
The MAPK-specific inhibitors represent a class of anti-
cancer drugs, which are at various clinical stages of in-
vestigations, and they have multi-target inhibitory effects
on the MAPK pathway as well as the TGF-f/Smad
pathway.

In the present study, our focus is on how the MAPK-
specific inhibitors disrupt Smad2/3/4 complex formation
and its nuclear translocation, giving that Smad2/3/4 com-
plex is a crucial rate limiting factor in the overall signaling
of TGF-B. In an earlier study, we have reported the in-
volvement of TGF-B/Smad signaling pathway in liver fi-
brosis [11], keloid fibroblast cells [12], HepG2 cells [13],
DEN-induced HCC in rats [14] and quite recently, we
showed that the MAPK-specific inhibitors ameliorate HCC
phenotypic hallmarks (Cell proliferation and invasion) in
HepG2 cells by down-regulating transcriptional output of
PAI-1 mRNA [10]. On the basis of these previous results
coupled with the increasing need for new therapeutic tar-
gets, we investigated the effects of the MAPK-specific
inhibitors [PD98059 (ERK-specific inhibitor), SP600125
(JNK-specific inhibitor), and SB203580 (p38-specific in-
hibitor)] on the subcellular expression patterns of Smad?2,
Smad3, Smad4, and nuclear translocation of rate limiting
Smad2/3/4 complex in MFBs stimulated by exogenous
TGF-B;.

Materials and methods

Cell origin, culture, and MAPK inhibitors’
treatment

Hepatic stellate cells (HSCs) were isolated from the liver of
adult male Sprague-Dawley (SD) rats (450-500 g) ob-
tained from the Experimental Animal Center of Anhui
Medical University, by liver perfusion in situ using colla-
genase IV and separation from liver tissue using pronase-E
digestion as previously described [9, 15]. The operation on
animals was approved by the Association of Laboratory
Animal Sciences and the Center for Laboratory Animal
Sciences at Anhui Medical University. The purity of HSCs
was greater than 90 % as assessed by cell typical morpho-
logical features including the presence of vitamin A dro-
plets. HSCs were cultured on a plastic dish and activated
into MFBs as previously described [8]. MFBs were grown
as sub-confluent cultures in Dulbecco’s modified Eagle’s
medium (DMEM; Gibco, Rockville, MD, USA.) supple-
mented with 10 % fetal bovine serum (FBS, Sijiging,
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Zhejiang Tianhang Biological Technology Co., LTD;
Zhejiang, China), and maintained in a humidified 5 % CO,
incubator at 37 °C. The experiments were performed at the
log phase of growth after the cells had been plated for 24 h.
The MFBs were starved overnight in serum-free medium, in
the absence or presence of 10 pmol/L of each of the three
MAPK inhibitors (ERK-specific inhibitor [PD98059], INK-
specific inhibitor [SP600125], and p38-specific inhibitor
[SB203580]; obtained from Calbiochem company) for 5 h,
and subsequently treated with TGF-f; (9 pmol/L) (R&D
Systems, Inc., Minneapolis, USA) for 1 h. The cells of the
control group were treated with an equal volume of serum-
free medium.

Immunofluorescence analysis

To detect the effects of the MAPK inhibitors on intracel-
lular localization of Smad2/3, the MFBs were seeded at a
density of 5 x 10°/L on slides in a 24-well plate and then
treated under the indicated conditions. The cells were fixed
with 4 % paraformaldehyde, permeabilized with 0.1 %
saponin, and blocked with 0.5 % bovine serum albumin;
then incubated with each primary antibody overnight at
4 °C. The cells were incubated with fluorescein isothio-
cyanate (FITC)-conjugated secondary antibody for 2 h at
room temperature, washed 3 times with phosphate buffer
saline (PBS) for 5 min each time, incubated with 4’,6-di-
amidino-2-phenylindole (DAPI; Sigma) for 10 min at room
temperature for nuclear staining. Finally, slides were
mounted with 80 % phosphoglycerol, viewed and pho-
tographed using a fluorescence microscope (Olympus,
Tokyo, Japan). Primary antibodies used in the present study
included Smad2/3 phosphorylated at the C-terminal region
(rabbit anti-pSmad2C antibody) (Cell Signaling Tech-
nology, Beverly, MA, USA), Smad2/3 phosphorylated at
the link region (rabbit anti-pSmad2L. and pSmad3L anti-
bodies) (gifts from Dr K. Matsuzaki, Kansai Medical
University, Japan). At least 100 stained cells were analyzed
per sample in each experiment.

Western blot analysis

To detect the effects of MAPK inhibitors on the expression
of Smad4, Smad7, PAI-1, Imp7, and Imp8, the MFBs were
seeded at a density of 1 x 10° cells/25-cm? culture flasks,
and then treated under the indicated conditions. Total
protein from MFBs was extracted by Western blot and IP
cell lysis liquid (Beyotime, Shanghai, China) according to
the manufacturer’s instructions. Cytoplasmic and nuclear
proteins in MFBs were separately extracted using a special
kit named nucleoprotein and cytoplasm protein extraction
kit (KeyGEN BioTECH, Nanjing, China), and the protein
level of Smad4 in the cytoplasm and the nucleus was
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determined by Western blot as previously described [16].
Primary antibodies used included plasminogen activator
inhibitor 1 (PAI-1, rabbit anti-PAI-1 antibody) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA); Smad4 and Smad7
(mouse monoclonal anti-Smad4 antibody, goat polyclonal
anti-Smad7 antibody) (Santa Cruz Biotechnology, Santa
Cruz, CA, USA); Imp7/8 (rabbit anti-Importin7 and rabbit
anti-Importin8 Abs) (Abcam, Cambridge, UK); mouse
monoclonal glyceraldehyde phosphate dehydrogenase
(GAPDH) antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, USA). The secondary antibodies used in the
study included peroxidase-conjugated rabbit anti-goat 1gG,
goat anti-mouse 1gG, and goat anti-rabbit IgG (Zhongshan
Jingiao Company, Beijing, China). Densitometric analysis
was carried out using Quantity One software (Bio-Rad,
California, USA). The experiments were repeated at least
three times.

Real-time reverse transcriptase-polymerase chain
reaction

To detect the effects of MAPK inhibitors on transcription
level of PAI-1 gene in TGF-f;-activated MFBs, MFBs
were seeded at a density of 1 x 10° cells/10-cm culture
dish, sequentially cultured in DMEM supplemented with
10 % FBS, then starved for 24 h in serum-free medium in
the absence or presence of each of the three MAPK in-
hibitors at concentrations (1, 3, 10 umol/L) for 5 h, and
subsequently treated with TGF-B; (9 pmol/L) for 1 h.
Total RNA of cells was extracted using Trizol® reagent
(Invitrogen, Carlsbad, California, USA). The concentration
of RNA was determined by measuring the absorbance at
A260 nm and the purity of RNA was assessed by mea-
suring the absorbance A260-A280 nm ratio. Reverse
transcription of RNA was performed using PrimeScript®
RT reagent Kit (TaKaRa Code: DRRO37A; Takara
Biotechnology Co., Ltd, Dalian, China) according to the
manufacturer’s instruction, and real-time PCR reaction was
carried out on ABI Prism7500 Sequence Detection System
Platform (Applied Biosystems, USA) using a special kit
named SYBR® Premix Ex TaqTM (Takara Biotechnology
Co., Ltd, Takara Code: DRR420A; Dalian, China). The
primers for MFBs PAI-1 and B-actin used as the internal
control were designed and synthesized by TaKaRa
Biotechnology. The primers sequences are as follows:

B-actin: Forward-5' GGAGATTACTGCCCTGGCTCCTA-3',
Reverse-5’GACTCATCGTACTCCTGCTTGCTG-3';
PAI-1: Forward-5GGGCTGTGTGACCTAACAGGAC-3,
Reverse-5’CAGCCGGAAATGACACATTGA-3'.

Real-time RT-PCR analysis was executed in an iCycler
iQ Multicolor Detection System (Bio-Rad) by following

the manufacturer’s specifications. Threshold cycle (Ct) at
which emission rises above baseline was automatically
calculated by the real-time RT-PCR system. Each Ct value
was normalized to B-actin Ct value and a control sample.
Relative quantization was expressed as fold-induction
compared with the control conditions. Each experiment
was repeated at least three times.

Statistical analyses

Data are presented as the mean £ SD. Statistical analyses
were performed by SPSS software (version 13.0; SPSS
Inc., Chicago, IL, USA) for windows. Experimental and
control groups were compared by one-way ANOVA.
P < 0.05 was deemed to be statistically significant.

Results

Effects of three MAPK inhibitors on TGF-p;-
induced phosphorylated Smad2/3 protein expression
and nuclear translocation in MFBs

Figure 1 shows representative stained cells by im-
munofluorescence, highlighting intracellular localization of
phosphorylated Smad?2/3 proteins. The protein expression of
phosphorylated Smad2 at the C-terminal (pSmad2C) and the
linker region (pSmad2L), Smad3 at the linker region (pS-
mad3L) was weak in MFBs without exogenous TGF-f3;
stimulation, while not only remarkably increased but also
dramatically transferred into the nucleus under TGF-,
stimulation. All the three MAPK inhibitors decreased the
TGF-B;-induced elevation of pSmad2C, pSmad2L, and pS-
mad3L protein levels by different degrees; ERK-specific
inhibitor could inhibit nuclear accumulation of pSmad2C
and pSmad3L, JNK-specific inhibitor blocked nuclear
translocation of phosphorylated Smad2 at the C-terminal and
the linker region, and p38-specific inhibitor decreased nu-
clear accumulation of pSmad2C, pSmad2L, and pSmad3L.

Effects of three MAPK inhibitors on TGF-;-
induced Smad4 protein expression and nuclear
translocation in MFBs

Figure 2 shows the nuclear and cytoplasmic protein levels
of Smad4 protein in MFBs after complete subcellular frac-
tionation of MFBs. TGF-f; treatment markedly increased
the nuclear level of Smad4 protein, but was decreased by all
the three MAPK-specific inhibitors, especially p38-specific
inhibitor, while there was no significant difference between
the total protein level of Smad4 in TGF-f;-treated MFBs
(model), MAPK inhibitors-treated MFBs, and control.
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Fig. 1 Effects of the three
MAPK-specific inhibitors on

TGF-;-stimulated protein pSmad2C
expression and nuclear
translocation of phosphorylated
Smad2/3 in MFBs. MFBs were
starved overnight in serum-free DAPI
medium, in the absence or
presence of 10 pmol/L of ERK-
specific inhibitor (PD98059),
10 pmol/L of JNK-specific
inhibitor (SP600125), or Merge
10 pmol/L of p38-specific
inhibitor (SB203580) for 5 h,
respectively; subsequently they
were treated with TGF-f;
(9 pmol/L) for 1 h. After they pSmad2L
had been fixed, permeabilized,
and blocked, the cells were
incubated with anti-pSmad2/3
antibody and then fluorescein DAPI
isothiocyanate-conjugated
(FITC) secondary antibody, and
viewed and photographed by a
fluorescence microscope. DAPIL Merge
(DNA staining) and merge are
indicated. Magnification, x200
pSmad3L
DAPI
Merge
TGF-B1 -
PD98059 -
SP600125 -
SB203580 -

Effects of three MAPK inhibitors on Imp7 and Imp8
protein expression in MFBs stimulated by TGF-f,

Figure 3 shows the protein level of Imp7 and Imp8 in
TGF-p;-activated MFBs pretreated by three MAPK-
specific inhibitors. TGF-f; significantly increased
Imp7 and Imp8 protein expressions, while the three
MAPK inhibitors decreased the TGF-B;-induced
elevation of Imp7 and Imp8 expression levels. For
instance, p38-specific inhibitor potently blocked Imp7
and Imp8, while ERK-and JNK-specific inhibitors
blocked Imp8.
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Effects of three MAPK inhibitors on Smad7
and PAI-1 protein expression in MFBs stimulated
by TGF-p,

Figure 4 shows the protein level of Smad7 and PAI-1 in
TGF-B,-activated MFBs pretreated by the three MAPK-
specific inhibitors. The three MAPK-specific inhibitors
markedly increased Smad7 protein level while TGF-f3;
stimulation had no significant effect on Smad7 protein ex-
pression (Fig. 4a). TGF-B; induced elevated PAI-1 protein
expression, but the three MAPK-specific inhibitors remark-
ably decreased the elevated protein level of PAI-1 (Fig. 4b).
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Fig. 2 Effects of the three MAPK-specific inhibitors on TGF-f;-
stimulated protein expression and nuclear translocation of Smad4 in
MFBs. MFBs were starved overnight in serum-free medium, in the
absence or presence of 10 pmol/L of ERK-specific inhibitor
(PD98059), 10 pmol/L. of JNK-specific inhibitor (SP600125), or
10 pmol/L of p38-specific inhibitor (SB203580) for 5 h, respectively;
subsequently they were treated with TGF-; (9 pmol/L) for 1 h. Cell
lysates fractioned into cytoplasmic and nuclear portions were
analyzed by Western blot using anti-Smad4 antibody (a). Den-
sitometry was performed, normalizing Smad4 to TBP for nuclear
extracts and GAPDH for cytoplasmic extracts, and the ratio of Smad4
in the nucleus and the cytoplasm is shown in (b). Columns represent
mean =+ standard deviation, n = 3. (##P < 0.01 wvs. control,
#*P < 0.01 vs. TGF-B; group)

Effects of three MAPK inhibitors on PAI-1
transcriptional activity in MFBs stimulated by TGF-

B1

Figure 5 shows the PAI-1 mRNA level in TGF-f;-acti-
vated MFBs pretreated by ERK-specific inhibitor (Fig. 5a),
JNK-specific inhibitor (Fig. 5b) and p38-specific inhibitor
(Fig. 5¢). TGF-B; significantly increased PAI-1 transcrip-
tional activity in MFBs, but this was decreased by MAPK-
specific inhibitors at two concentrations (3 and 10 pmol/L).

A

Imp7 e — —

GAPDH s G S S S—

Imp7/GAPDH

TGF-B4 -
PD98059 - - + -

SP600125 - - - + -
SB203580 - - - - +

Imp8

I ESE
GAPDH S S S S

2.5 -
2L
1.5

1

Imp8/GAPDH

0.5

0
TGF-B, ; + + + +
PD98059 ; . - ;

SP600125 - . . - ;
$B203580 - - - - +

Fig. 3 Effects of three MAPK-specific inhibitors on TGF-f;-
stimulated protein expression of Imp7 and Imp8 in MFBs. MFBs
were starved overnight in serum-free medium, in the absence or
presence of 10 pmol/L of ERK-specific inhibitor (PD98059),
10 pmol/L of JNK-specific inhibitor (SP600125), or 10 pmol/L of
p38-specific inhibitor (SB203580) for 5 h, respectively; subsequently
they were treated with TGF-B; (9 umol/L) for 1 h. Total proteins of
MFBs were extracted using Western blot and IP cell lysis liquid.
Expression of Imp7 and Imp8 were monitored by Western blot using
anti-Importin7 antibody and anti-Importin8 antibody respectively.
Intensities of Imp7 and Imp8 were normalized to GAPDH of the
corresponding treatment groups. The ratio of the Imp7 and Imp8 to
GAPDH without exogenous TGF-fB, is assigned a value of 1.
Columns represent mean =+ standard deviation, n = 3. (*P < 0.01
vs. control, **P < 0.01 vs. TGF-B; group)

Discussion

In the present study, MFBs were derived from the activa-
tion of HSCs obtained from a normal rat liver to mimic the
pathological features of activated HSCs in human liver fi-
brosis. From the results of this study, stimulation of MFBs
by exogenous TGF-f; led to activation of TGF-B/Smad
signaling, which was characterized by both increased
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Fig. 4 Effects of three MAPK-specific inhibitors on TGF-f;-
stimulated protein expression of Smad7 and PAI-1 in MFBs. MFBs
were starved overnight in serum-free medium, in the absence or
presence of 10 pmol/L of ERK-specific inhibitor (PD98059),
10 pmol/L of JNK-specific inhibitor (SP600125) or 10 pmol/L of
p38-specific inhibitor (SB203580) for 5 h, respectively; subsequently
they were treated with TGF-B; (9 umol/L) for 1 h. Total proteins of
MFBs were extracted using Western blot and IP cell lysis liquid.
Expression of Smad7 and PAI-1 were monitored by Western blot
using anti-Smad7 antibody and anti-PAI-1 antibody, respectively.
Intensities of Smad7 and PAI-1 were normalized to GAPDH of the
corresponding treatment groups. The ratio of the Smad7 or PAI-1 to
GAPDH without exogenous TGF-B, is assigned a value of 1.
Columns represent mean = standard deviation, n = 3. (*P < 0.01
vs. control, *P < 0.05, **P < 0.01 vs. TGF-; group)

protein expression and nuclear translocation of pSmad2C/
L, oncogenic pSmad3L, Smad4, aided by Imp7/8 and also a
decrease in the protein expression of inhibitory Smad7.
Collectively, these effects produced increased PAI-1
(Protein and mRNA) expression, which is a prerequisite for
pathological roles of TGF-B; in fibrogenesis and hepato-
carcinogenesis. Importantly, the above observations were
attributable to exogenous TGF-f; since they were totally
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Fig. 5 Effects of three MAPK-specific inhibitors on TGF-f;-
stimulated PAI-1 transcriptional activity in MFBs. MFBs were
starved overnight in serum-free medium, in the absence or presence
of three concentrations (1, 3, 10 pmol/L) of ERK-specific inhibitor
(PD98059), JNK-specific inhibitor (SP600125), or p38-specific
inhibitor (SB203580) for 5 h, respectively; subsequently they were
treated with TGF-B; (9 pmol/L) for 1 h. Cellular total RNA was
extracted to assess the levels of PAI-1 mRNA in each group by real-
time reverse transcription-polymerase chain reaction. The results are
expressed as fold increases of PAI-1 mRNA normalized to B-actin.
Columns represent mean =+ standard deviation, n = 3. (##P < 0.01
vs. control, *P < 0.05, **P < 0.01 vs. TGF-f; group)

absent in the control group (MFBs without exogenous
TGF-B, stimulation). However notable, was the fact that
the three MAPK inhibitors in a differential manner re-
versed the observations associated with exogenous TGF-
Bi-stimulated MFBs, indicating that indeed the MAPK
pathway regulates the fibrogenic arm of TGF-B/Smad
signaling in MFBs.

Previously, we have shown the ability of the MAPK-
specific inhibitors to inhibit TGF-f;-induced activation of
ERK, JNK, and p38 in HepG2 cells which in that study led
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to decrease in global Smad2/3/4 complex formation and
PAI-1 transcriptional activity [10]. Presently, we report
that the MAPK-specific inhibitors do not only decrease
global expression of Smad2/3/4 complex but also they
block its nuclear translocation by inhibiting the expression
of Imp7/8 and their roles in aiding nuclear trafficking of
Smad2/3/4 complex.

Mediation of TGF-B signaling by Smad proteins
[Smad2 and Smad3 (Receptor mediated Smads), Smad4
(Common Smad), and Smad7 (Inhibitory Smad)] has
been explained elsewhere [17-19]. TGF-B is a ubiqui-
tous cytokine crucial in metazoan biology playing dual
roles in a cell type and context-dependent fashion, for
example, in normal physiological states it plays crucial
roles in regulating cell growth, cell proliferation, and
apoptosis to maintain cellular homeostasis, however, in
dysregulated states such as in liver fibrosis and cancer
[20-23]. TGF-B may promote fibrogenesis and onco-
genesis through interaction with many signaling path-
ways, especially the MAPK pathway [9,23]. TGF-B is
therefore commonly described as a two-edged sword or
a necessary evil in cell and cancer biology [24]. The
varied and context-dependent roles of TGF-f signaling
in part reflect its canonical and non-canonical signaling.
The former which is tumor suppressive in nature, is
mediated through receptor-dependent C-terminal phos-
phorylation of Smad2 and Smad3 leading to decrease in
pro-fibrogenic TGF-f target genes (PAI-1, c-myc) but
increase in growth inhibitors such as p21WAFI, while
the latter which is both pro-fibrogenic and oncogenic is
mainly mediated through MAPK-dependent linker
phosphorylation of Smad2/3, particularly MAPK-de-
pendent pSmad3L signaling [25]. It is at this locus that
the MAPK pathway modulates TGF-/Smad signaling
to increase the risk of fibrogenesis leading to fibrocar-
cinogenesis. However, crucial to these two signaling
modes of TGF-B is the formation of Smad2/3/4 com-
plex and its nuclear translocation, indeed nuclear
translocation of Smad2/3/4 complex has been shown to
be indispensable for TGF-B/Smad signaling [26]. In-
trinsically, by a negative feedback mechanism, in-
hibitory Smad7 can regulate TGF-B-receptor-mediated
phosphorylation of Smad2 and Smad3 to terminate or
control Smad2/3/4 complex formation within limits
[27]. But like all other mediators of TGF-B signaling in
disease pathologies, Smad7 expression suffers down-
regulation in dysregulated TGF-f signaling and this was
not different from our results as exogenous TGF-f;
stimulation of MFBs caused significant down-regulation
of Smad7 compared to the control. Essentially,
restoration of Smad7 expression, inhibition of Smad2/3/
4 complex formation, and nuclear translocation by any
pharmacotherapeutic agent may represent a significant

step in abrogating fibrogenic roles of TGF-B/Smad in
liver fibrosis. This may also provide a new target for
therapeutic exploration as was demonstrated earlier by
using the MAPK-specific inhibitors in HepG2 cells [10].

From this study, we report that the MAPK-specific
inhibitors had no significant inhibitory effect on global
Smad4 protein expression (Fig. 2), but differentially each
MAPK-specific inhibitor blocked domain-specific phos-
phorylation of Smad2 and Smad3, particularly fibrogenic
Smad3L to interfere with the formation of Smad2/3/4
complex formation, notably, p38 MAPK-specific in-
hibitor (SB203580) (Fig. 1). Also, all the MAPK-specific
inhibitors restored inhibitory role of Smad7 by increasing
its global protein expression (Fig. 4) in a manner that
confirms our earlier report from studies of the MAPK-
specific inhibitors in HepG2 cells [10]. Interestingly,
decrease in the expression of Smad2/3/4 complex for-
mation and nuclear translocation by the MAPK-specific
inhibitors correlated with decrease in Imp7/8, suggesting
that perhaps nuclear translocation of Smad2/3/4 complex
is probably linked with Imp7/8 expression and activity.
This observation probably indicates that the ability of the
MAPK-specific inhibitors to block nuclear translocation
of Smad2/3/4 complex may be mediated through inhi-
bition of Imp7/8. And this observation is in line with
earlier reports that have linked Imp7/8 activity with
nuclear translocation of activated pSmad2 and pSmad3
[28-30]. Together, inhibition of Smad2/3/4 complex
formation and nuclear translocation and inhibition of
Imp7/8 by each of the MAPK-specific inhibitors led to a
decrease in PAI-1 (Protein and mRNA) expression
(Figs. 4, 5), a key target gene of TGF-B. While this
observation complements our previous results [10,16], it
also emphasizes the significance of the Smad2/3/4
complex and Imp7/8 as possible new targets that should
be investigated further for therapy against liver fibrosis
and other liver-related clinical conditions.

In conclusion, we report that all the MAPK-specific
inhibitors (PD98059 [ERK-specific inhibitor], SP600125
[JNK-specific inhibitor] and SB203580 [p38-specific in-
hibitor]) disrupted the formation of Smad2/3/4 complex via
restoration of inhibitory Smad7 expression and blockade of
linker phosphorylation of Sma3L, while they blocked nu-
clear translocation of Smad2/3/4 complex through inhibi-
tion of Imp7/8 protein expression. Collectively, these
effects resulted in decreased expression of PAI-1 (Protein
and mRNA). Of all the MAPK-specific inhibitors studied,
p38-specific inhibitor was most potent.
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