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LRNFLABORATORY STUDY

Angiotensin II-mediated activation of fibrotic pathways through 
ERK1/2 in rat peritoneal mesothelial cells

Angiotensin II-mediated activation of fibrotic pathwaysJing-Yuan Xie, Nan Chen, Hong Ren and Wei-Ming Wang

Department of Nephrology, Ruijin Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, PR China

ABSTRACT

Introduction: Peritoneal fibrosis is a common complication of peritoneal dialysis (PD) although the pathway
involved is unclear. Of this article, angiotensin II (Ang II)-mediated upregulation of mitogen-activated protein
kinase (MAPK) pathway as well as their downstream profibrotic genes including transforming growth factor
(TGF)-b1 and fibronectin (FN) was investigated. Methods: Rat peritoneal mesothelial cells (RPMCs) were
obtained by enzymatic digestion from the colic omentum. After incubated with Ang II, real-time PCR, ELISA,
and Western blot analysis were used to determine RPMCs cellular and secretory (supernatants) levels of TGF-b1,
FN, tissue inhibitor of metalloproteinase-1 (TIMP-1), and plasminogen activator inhibitor-1 (PAI-1) as well as
the phosphorylation of extracellular signal-regulated kinase (ERK1/2), p38 MAPK, and stress-activated protein
kinase/c-Jun NH2-terminal kinase (JNK). We also determined the downstream pathways using the specific
inhibitors including PD98059 (ERK1/2), SB230580 (p38 MAPK), SP600125 (JNK), and losartan [Ang II type-1
(AT1] receptor blocker). Results: Ang II increased mRNA and protein levels of TGF-b1, FN, TIMP-1, and PAI-1
in a time- and dose-dependent manner in RPMCs. Ang II induced a 1.5–2-fold increase in both mRNA and
protein levels of the above molecules at 10 nmol/L. Ang II also upregulated the phosphorylation of ERK1/2 and
p38 but not of JNK. Finally, inhibition of either AT1 or ERK1/2 was able to suppress Ang II-induced expression
of FN. Conclusion: In cultured RPMCs, Ang II upregulated profibrotic signaling pathways through AT1-medi-
ated ERK1/2 phosphorylation.
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One of the most serious complications after long-term
continuous dialysis is peritoneal fibrosis that often
leads to failure in peritoneal dialysis (PD).1 Peritoneal
fibrosis is characterized as exfoliation of peritoneal
mesothelial cell layer and peritoneum thicken due to
deposition of extracellular matrix (ECM). Peritoneal
mesothelial cells are the major components of perito-
neum, which will be exposed to unphysiologic dialysates
during prolonged PD maneuvers. In addition to the
infectious factors, many biologically incompatible factors
in dialysates such as low pH, high-carbohydrate, hyper-
osmotic, lactate buffers, and glucose degradation
products would not only affect celiac protective mech-
anisms but also cause damage to the peritoneal
mesothelial cells, which will lead to exfoliation.2

Microvilli would then be decreased and the cells
would become prismatical. Early injuries of chorions
are shown as formation of prismatical mesothelial
cells.3 Chronic irritation of unphysiologic dialysates
and continuous PD-related infection are initiating
factors of peritoneal fibrosis. Fibronectin (FN) and

laminin (LN), together with some factors that cause
fibrosis such as transforming growth factor b1 (TGF-
b1), connective tissue growth factor (CTGF), and
vascular endothelial growth factor (VEGF) are
secreted by injured mesothelial cells.4,5 Overexpres-
sion of these factors interferes with the metabolism of
ECM, causes ECM to be accumulated, thus leading to
peritoneal fibrosis in the end.5 It is shown that TGF-
b1 plays an essential role in peritoneal fibrosis.6

Renin–angiotensin system (RAS) in local tissue
plays an important role in the adjustment of blood
pressure, electrolytes balance, and blood volume.7 It is
convinced that the fibrogenesis in some major organs
such as the kidney, heart, and lungs are mainly caused by
overactivation of RAS in local tissue.8,9 Many investiga-
tions show that pathological changes in peritoneal fibrosis
are greatly improved by angiotensin-converting
enzyme inhibitors (ACEIs) or angiotensin receptor
blocking (ARB) agents, which support the view that
angiotensin II (Ang II) is involved in the process of
peritoneal fibrosis.10–12 However, the mechanism of
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regulatory effect of Ang II on production of ECM still
remained unclear. Here, we investigated the effects of
Ang II and its downstream signaling pathways on
profibrotic phenotype of rat peritoneal mesothelial
cells (RPMCs).

MATERIALS AND METHODS

Cells culture experiments
Male Sprague–Dawley (SD) rats (about 200 g in weight)
were provided by the Experimental Animal Center of
Surgical Department, Medical School of Shanghai Jiao-
tong University. For isolating RPMCs, every time we
sacrificed one SD rat. RPMCs were isolated according to
Stylianou introduction13 and were identified by phase
contrast microscope (OLYMPUS, CK2, PA, USA),
indirect immunofluorescence includes Cytokeratin
(Sigma, MO, USA), factor VIII (Sigma), and vimentin
(Zhongshan Biotechnology, Beijing, PR China) mono-
clonal antibody, and transmission electron microscopy
(PHILIP, CM—120, Amsterdam, Holland).

Measurement of TGF-b1
For the measurement of TGF-b1, 1 × 105 RPMCs
were inoculated into a 6-pore plate. When 70–80%
confluence was achieved, the medium was changed to
serum-free Dulbecco’s modified Eagle’s medium
(DMEM)/F12 culture fluid for 24 h to achieve growth
synchronization. Finally, Ang II of varied concentra-
tions (0, 1, 10, 100, 1000 nmol/L) were added in and
cells were harvested 24 h later. Meanwhile, we exam-
ined whether treatment of cells with different agents
affect cell proliferation and viability. We found that
both cell proliferation rate and viability did not change
among different culture conditions that we used in the
study. Real-time PCR and Western blot analysis were
used to evaluate the expression of TGF-b1 mRNA and

protein in RPMCs undergoing stimulation with Ang II
of different concentrations and ELISA was used to
detect the secretion of TGF-b1 in RPMCs culture
fluid. However, we repeat experiments at least thrice
from three different rats.

Real-time PCR
Extraction of total RNA was manipulated according to
the instruction of TRIzol Reagent. Two micrograms
RNA was reverse transcribed into cDNA by RT-PCR
kit (Takara, Japan). The TGF-b1 mRNA expression
in RPMC was detected by using real-time quantitative
PCR (MJ Research, MA, USA). The quantitative
PCR reagents included SYBR GREEN Mix
(TOKOB, Japan) 7.5 μL, 0.3 μL (20 pmol) primer 1
and 2, respectively, cDNA 1.0 μL, and water was added
to 15 μL. The reaction conditions included pre-denatur-
ation at 94°C for 5 min, 1 cycle; denaturation at 92°C
for 15 s; anneal at 60°C and extension for 1 min, a
total of 40 cycles; final extension 10 min at 72°C. The
primers sequences (synthesized by Shanghai Biotech-
nology Co., Shanghai, China) are shown in Table 1.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
is one of the most commonly used housekeeping genes
for normalizing real-time PCR data because its expres-
sion is usually not affected by different conditions.14

It has been shown that GAPDH is a better selection
for the comparisons of gene of peritoneal mesothelium
cells.15 Our data suggest that GAPDH mRNA levels
are constant among different conditions that we used
in the study. Therefore, we selected GAPDH as a
housekeeping genes in our studies.

Western blot analysis
Routine RIPA + PMSF were used to extract total
protein and the BCA protein assay method was used
to determine the concentration of the total protein.
Equal amounts of proteins were mixed with equal

TABLE 1. Primer sequences for real-time PCR analysis of Ang II/MAPK-pathways.

Target gene Primer sequence Gene size (bp)

TGF-b1 F:5′-GGACTACTACGCCAAAGAAG-3′
294

R:5′-TCAAAAGACAGCCACTCAGG-3′

FN F:5′-TTATGACGACGGGAAGACCT-3′
293

R:5′-GCTGGATGGAAAGATTACTC-3′

TIMP-1 F:5′-TCCCCAGAAATCATCGAGAC-3′
328

R:5′-ATGGCTGAACAGGGAAACAC-3′

PAI-1 F:5′-TGGAGAGGCACACCAAAGGTAT-3′
126

R:5′-CCTCTAAGAAGGGGGTCTTCCA-3′

GAPDH F:5′-TCCCTCAAGATTGTCAGCAA-3′
308

R:5′-AGATCCACAACGGATACATT-3′
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volume of reducing sodium dodecyl sulfate (SDS)
sample buffer and boiled for 5 min at 95°C. Protein
samples were resolved on a 12% SDS-polyacrylamide
gel electrophoresis (PAGE) and then electroblotted on
nitrocellulose membranes (Bio-Rad, Hercules, CA,
USA). After electroblotting, nonspecific binding was
blocked with 5% nonfat milk solution. The membrane
then was incubated with TGF-b1 antibodies (work
concentration: 1 : 200) (Santa Cruz, CA, USA) over-
night at 4°C followed by incubation with a horseradish
peroxidase-conjugated secondary antibodies for 1 h at
room temperature. Exposure, developing, and fixing
on X-ray films were obtained after incubation with
ECL chemiluminescent reagent. Finally, the results
were detected by computer-aided gel image analysis
system.

ELISA
Total TGF-b1 in the cell culture supernatant was
measured by specific ELISA (R&D Systems, Minne-
apolis, Minnesota, USA) of conditioned cell culture
supernatant samples. TGF-b1 concentration was
normalized by the cell number, which was determined
by counting cells with a hemocytometer. Data were
expressed as nanomole TGF-b1/L per 105 cells.

Measurements of FN, TIMP-1, and PAI-1
Real-time PCR was used to evaluate the mRNA
expression of FN, tissue inhibitor of metalloprotein-
ase-1 (TIMP-1), and plasminogen activator inhibitor-
1 (PAI-1) undergoing stimulation with Ang II of
different concentrations as described previously. The
procedure of real-time PCR is the same as above. The
sequence of primers is shown in Table 1. Western blot
analysis was used to measure the expressions of FN in
RPMCs using rabbit anti-rat FN antibody (Gibco,
CA, USA) (work concentration: 1 : 200).

Assay of ERK1/2, p38 MAPK, and JUN signal 
pathway
RPMCs (1 × 105) were placed into a 6-well plate.
When 70–80% of cells confluence was reached, the
medium was changed to serum-free DMEM/F12 for
24 h to achieve growth synchronization. These cells
were divided into six groups: N (untreated), A (Ang II
1000 nmol/L), AL (Ang II 1000 nmol/L + Losartan
10-5 mol/L), APD (Ang II 1000 nmol/L + PD98059
20 μmol/L), ASB (Ang II 1000 nmol/L + SB203580
20 μmol/L), and ASP (Ang II 1000 nmol/L +
SP600125 20 μmol/L). Cells were pretreated with dif-
ferent inhibitors for 1 h and then stimulated with Ang
II for 24 h. Then, cells lysates were obtained for
Western blot analysis of extracellular signal-regulated
protein kinase (ERK1/2), p38 mitogen-activated pro-
tein kinase (MAPK), and SAPK/ c-Jun NH2-terminal

kinase (JNK) phosphorylation using rabbit anti-rat
Total-ERK1/2 (Santa Cruz) and total-p38 MAPK
antibodies (Santa Cruz) (work concentration: 1:200),
mouse anti-rat phospho-ERK1/2 (Santa Cruz) and
phospho-p38 MAPK (Santa Cruz, USA) (work con-
centration: 1:200), rabbit anti-rat total-JNK antibody
(Cell Signaling, CA, USA), and mouse anti-rat phos-
pho-JNK antibody (Cell Signaling) (work concentra-
tion: 1 : 800).

Statistical analysis
Statistical analysis was performed with SPSS 11.0 soft-
ware package. Enumeration data were expressed in
percentage (%) and comparison of ratios was tested by
c2 test. Measurement data were expressed in mean ±
standard deviation (x ± s) and comparison of multiple
data was made by one-way analysis of variance
(ANOVA). Least significant difference and Student–
Newman–Keuls test were selected to pairwise compar-
isons for intergroup means. As for irregular variance,
Tamhane’s T2 test was filled. A value of p < 0.05 was
considered as statistical significance.

RESULTS

Cell culture
A primary culture model for RPMCs was established
using enzymatic digestion of rat colic omentum.
Under a phase contrast microscope, RPMCs exhibited
a typical cobblestone pattern (Figure 1A) after 6–8
days. We confirmed the presence of rich microvilli on
the surface of cells and the existence of rich endoplas-
mic reticulum and mitochondria using fluoroscopic
electron microscopy (Figure 1B).We also established
the phenotype using immunofluorescent analysis for
keratin (Figure 1C) and vimentin (Figure 1D), and
factor VIII was used as a negative control (data not
shown).

Effect of Ang II on TGF-b mRNA and protein 
expression
We found that both mRNA and protein levels
increased in a dose-dependent manner after the stimu-
lation of cells with different concentration of Ang II for
24 h (Figure 2A). Both mRNA and protein expression
of TGF-b1 reached its peak when cells were stimu-
lated with 100 nmol/L of Ang II, which was 2–3-fold
increase compared to the control group (p < 0.05).
Similarly, Ang II also stimulated TGF-b1 secretion
but peaked at a lower concentration (1 nmol/L) with a
2.14-fold increase as compared to the control
(p < 0.01) (Figure 2B). Ang II also stimulated TGF-
b1 secretion in a time-dependent manner and peaked
at 24 h (Figure 2C).
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Concentration-dependent effect of Ang II on 
TIMP-1, PAI-1, FN mRNA, and protein expression
Ang II-stimulated FN mRNA and protein levels in a
dose-dependent manner after 24 h stimulation (Figure
3A). mRNA levels for both TIMP and PAI-1 were
also significantly increased in a dose-dependent man-
ner after cells were stimulated by Ang II at different
concentrations for 24 h (Figure 3B and C).

Activation of MAPK pathways in RPMCs
A baseline phospho-ERK1/2 and phospho-p38 MAPK
were found in control cells. However, Ang II (1 μmol/L)
significantly stimulated phosphorylation of ERK1/2 and
p38 MAPK after 1 h incubation while the expressions
of total-ERK1/2, total-p38 MAPK, phospho-JNK, and
total-JNK remained unchanged (Figure 4). The densit-
ometric analysis of these immunoblotting data is
summarized in the lower panel of Figure 4. All these
experiments were repeated at least thrice. As shown in
Figure 4, phospho-ERK1/2 was greatly attenuated
(p < 0.05) by Losartan or PD98059 as expected
(Figure 4A). SB203580 attenuated the phosphorylation
of p38 MAPK while Losartan had no effect on it
(Figure 4B). SP600125 attenuated the phosphorylation
of JNK significantly while Losartan had no effect on it
(Figure 4D). Furthermore, Ang II at 1000 nmol/L
stimulated the phosphorylation of ERK1/2 in a time-
dependent manner and peaked at 10 min, while the
total ERK1/2 remained unchanged (Figure 4C).

Effect of Ang II and MAPK inhibitors on fibrotic 
phenotype
Ang II (1000 nmol/L)-induced FN mRNA and protein
expression in RPMCs were significantly suppressed by

Ang II type-1 (AT1) blocker (Losartan: 105 mol/L)
and ERK1/2 pathway inhibitor (PD98059: 20 μmol/L).
However, p38 MAPK inhibitor (SB203580) and JNK
inhibitor (SP600125) had no effects (Figure 5). These
data suggest that Ang II stimulates FN expression
through ERK1/2 pathway.

DISCUSSION

Peritoneal fibrosis is a major complication of long-
term peritoneal dialyses and ultrafiltration failure is an
important reason for patients undergoing continued
ambulatory peritoneal dialyses to quit treatment. For
this reason, relationship between local RAS and
peritoneal fibrosis has become a hot topic in recent
studies. Studies showed that chronic activation of local
RAS plays an important role in fibrogenesis of organs.
Ang II was detected in peritoneal effluent of patients
undergoing PD, which was 30 times higher when peri-
tonitis was present than normal.16 AT1 are expressed
in human peritoneal mesothelial cells (HPMCs) as
well as AT2. Ang II augments the production and
secretion of ECM in HPMCs through AT1 receptor.
Noh17 found that HPMCs express AT1 and synthe-
size Ang II. HPMC increasing ECM secretion was
related to high glucose. All these findings suggest that
local RAS exists in the abdominal cavity. Ang II is a
type of vasoactive peptide and one of the main effec-
tors of RAS. As a cell factor, Ang II takes part in a
series of histopathological processes such as inflamma-
tion, proliferation, fibrosis, and so on.18 In this study,
we try to elucidate the role of Ang II in peritoneal
fibrosis by causing RPMCs injuries. Studies indicate
that Ang II is a potential contributor leading to perito-
neal fibrosis.

TGF-b1 is an important growth factor involved in
ECM modulation and can increase ECM protein syn-
theses and decrease their degradation. Margetts6

established a peritoneal fibrosis model by adenovirus-
mediated gene transfer of active TGF-b1 to rat perito-
neum. In this study, we found that Ang II augmented
the expression of TGF-b1 mRNA and protein levels in
RPMCs in a dose-dependent manner. Interestingly,
our results showed that at 1 nmol/L Ang II stimulated
TGF-b1 secretion, however, Ang II at the same con-
centration did not induce TGF-b1 mRNA levels. Our
explanation of this fact is that Ang II may stimulate
secretion of TGF-b1 at lower dose. In addition, the
sensitivity of ELISA may be different from the real-
time PCR. Similarly, Kyuden et al.19 reported that
Ang II stimulates mesothelial cells to synthesize and
secrete TGF-b1. Such results indicate that a large
amount of Ang II generated by the activation of RAS
during PD has the potential to increase the synthesis

FIGURE 1. Representative microscopy images of rat peritoneal
mesothelial cells (RPMCs). (A) Typical cobblestone pattern in
RPMCs at ×200 magnification; (B) typical microvilli on RPMC
at ×4200 magnification; (C) immunofluorescent stain for keratin
at ×400; and (D) immunofluorescent stain for vimentin at ×400.
The representative pictures are shown here.

(B)

(C) (D)

(A)
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and secretion of TGF-b1 in mesothelial cells, leading
to fibrogenesis.

As a major component of ECM, FN is capable of
binding with fibrin, fibrinogen, and collagen. After
binding with integrin, FN plays an important role in
mediating cell proliferation and organ sclerosis. An
increase in FN synthesis is in parallel with an increase
in ECM synthesis.20,21 PAI-1 is a major inhibitor of
plasminogen activators. Plasma plasmin could specifi-
cally degrade majority of components of ECM and its
activity is regulated by plasminogen activators.
Increase in PAI-1 synthesis could inhibit plasmin acti-
vation, thus reducing ECM degradation.22 As a kind
of glycosidoproteins, TIMP binds with all activated
matrix metalloproteinases (MMPs) to form a stable

complex and inhibits the activity of it.23 ECM degra-
dation is inhibited by MMP by this way. Our study
shows that stimulation of cells by Ang II at different
concentrations for 24 h increased the expression of
FN, TIMP, and PAI-1 significantly in a dose-depen-
dent manner as well. The expression of mRNA for FN
and PAI-1 is 1.78 (p < 0.05) and 4.57 (p < 0.05)
times, respectively, higher than that in the control group,
which is consistent with what Martin24 has reported. It is
shown that Ang II increases the production of EMC in
mesothelial cells and modulates collagen metabolism-
related regulatory factors in downstream such as
TIMPS and PAI-1 thus to attenuate the degradation
of ECM when local RAS is activated. Ang II also breaks
the dynamic equilibrium between the production and

FIGURE 2. Time- and dose-dependent upregulation of TGF-b1 in RPMCs after exposure to Ang
II. (A) Concentration-dependent increase of TGF-b mRNA and protein levels following RPMC
incubation for 24 h with various concentrations of Ang II. *p < 0.05 compared with Ang II absent
group. (B) Concentration-dependent increase of TGF-b secretion following RPMC incubation for
24 h with various concentrations of Ang II and measured using ELISA. *p < 0.05 compared with
Ang II absent group; #p < 0.01 compared with Ang II absent group. (C) Time-dependent increase
of TGF-b secretion following RPMC incubation with 1 nmol/L of Ang II for various time
intervals and measured by ELISA. *p < 0.05 compared with 0 h group; #p < 0.01 compared with
0 h group. Reported p-values indicate significant differences versus control group (only vehicle
and no incubation time). Immunoblots are the representative pictures of three independent exper-
iments.

0 1 10 100 1000
0

0.5

1

1.5

2

2.5

3

Ang II (nmol/L)

T
G

F-
β1

 c
on

ce
nt

ra
tio

n,
fo

ld

* 

# 

* 

(B)

0

0.5

1

1.5

2

2.5

3

3.5

4

0 h 2 h 6 h 12 h 24 h

T
G

F-
β1

 c
on

ce
nt

ra
tio

n,
fo

ld

# 

* 

(C)

0 1 10 100 1000

Ang II (nmol/L)

T
G

F-
β1

/G
A

PD
H

 r
at

io
,f

ol
d

mRNA
Protein

* * 

* 

* 

* 

(A)

  0             1           10          100       1000   Ang II nmol/L 

TGF-β1 12KD 

GAPDH 36KD 

0

0.5

1

1.5

2

2.5

3

3.5

4



876 J.-Y. Xie et al.

Renal Failure

degradation of ECM and causes accumulation of
ECM. There are four types of TIMP and only one is
involved in this study. The other three types will be
studied in further research.

Ang II activates many intracellular signal protein
through AT1 and AT2 that include PKC, PKA,
MAPK, PI3K, and tyrosine kinase such as Src, Pyk2,
and p130.25,26 MAPK, a Ser/Thr kinase, is an impor-
tant mediator in signal transduction pathways, which
plays an essential role in cell growth and proliferation,
the downstream factors of which have extensive cross-
talk effect. MAPK in mammalian cell includes ERK,
p38 MAPK, and JNK, which are involved in biological
effect in mesothelial cells. D-Glucose increases the syn-
thesis of prostaglandin E2 in HPMC and this effect
requires activation of PKC and ERK1/2.27 Xu28 indi-
cated that p38 MAPK activity was increased in
HPMCs exposed to high glucose and the expression of

mRNA for FN was also increased. TGF-b1 specifically
enhanced PAI-1 upregulation at the mRNA and pro-
tein levels in mesothelial cells in a time- and concen-
tration-dependent manner, mainly through ERK1/2
and p38 MAPK-dependent activation mechanism.29

Perlman30 reported that Ang II increased the
expression of phospho-ERK1/2, which was blocked by
AT1 receptor blocker Losartan. ERK1/2, p38 MAPK,
and JNK signal pathways were activated by Ang II and
were inhibited by the blockers of ERK1/2 and JNK
pathways.31 Our work demonstrates that after stimula-
tion by 1000 nmol/L Ang II for 1 h, expressions of
phospho-ERK1/2 and phospho-p38 MAPK are
increased but that of total-ERK1/2, total-p38 MAPK,
phospho-JNK, and total-JNK remain unchanged,
which suggests that Ang II can induce the activation of
ERK1/2 and p38 MAPK signal pathway but has no
effect on JNK. Ang II-induced activation of ERK1/2

FIGURE 3. Dose-dependent increase in (A) fibronectin, (B) TIMP, and (C) PAI-1
mRNA and protein levels in RPMCs after incubation with various concentrations of
Ang II for 24 h. (A) Dose-dependent increase of fibronectin mRNA and protein
levels in RPMC after incubation with various concentrations of Ang II for 24 h.
(B) Dose-dependent increase of TIMP mRNA levels in RPMC after incubation with
various concentrations of Ang II for 24 h. (C) Dose-dependent increase of
PAI-1mRNA levels in RPMC after incubation with various concentrations of Ang II
for 24 h. Immunoblots are representative pictures of three independent experiments.
*p < 0.05 compared with Ang II absent group.
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was inhibited by Losartan and PD98059. SB203580,
SP600125 but not Losartan inhibited Ang II-induced
activation of MAPK and JNK, which was consistent
with what Kiribayashi16 and Canoe32 have reported.

It was shown in Fischer’s report33 that Ang II
induced the expression of FN mRNA and this effect
can be blocked by Losartan. Uchiyama-Tanaka34

found that Ang II induced the expression of FN

FIGURE 4. Dose-dependent upregulation of ERK/p38/JNK phosphorylation in RPMCs stimulated
with Ang II in the absence or presence of Ang II antagonists. (A) ERK1/2 phosphorylation rose after
60 min stimulation with 1 μmol/L of Ang II, but was inhibited by the addition of either the antagonists
losartan (10-5 mol/L; AL) or PD98059 (20 μmol/L; APD). (B) P38 phosphorylation rose after 60 min
stimulation with 1 μmol/L of Ang II (A), but was inhibited by the addition of SB203580 (20 μmol/L;
ASB). (C) ERK1/2 phosphorylation rose time-dependently following incubation with 1 μmol/L of
Ang II and peaked at 10 min, while total ERK1/2 remained unchanged. (D) JNK phosphorylation did
not change after 60 min stimulation with 1 μmol/L of Ang II (A), but baseline phosphorylation was
inhibited by the addition of SP600125 (20 μmol/L; ASP). All above immunoblots are representative
pictures of at least three independent experiments. *p < 0.05 compared with N group(A,B,D) or 0 min
group(C); #p < 0.05 compared with A group. 
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mRNA through the activation of ERK1/2. We also
found that it was ERK1/2 blocker (PD98059) and
ARB (Losartan) but not p38 MAPK inhibitor
(SB203580) and JNK inhibitor (SP600125) that
inhibit Ang II-induced expression of FN mRNA,
which was not in parallel with Kiribayashi16 report.
The reason may lie in the fact that the signal pathway
of Ang II-induced expression of FN in human
mesothelial cells and that in rat is not the same.

A number of weaknesses of this study should be
acknowledged. First, we used a rat cell line to study
fibrotic pathways, and the obtained results thus obvi-
ously need confirmation in humans. In addition, while
we used both negative controls and several inhibitors,
we cannot exclude that other pathways than those
studied are also activated by Ang II and contribute to
the observed effects.

In conclusion, results from our study show that Ang II
increases the expression of TGF-b1 and FN and upregu-
lates the expression of TIPM and PAI-1 in RPMCs.
Losartan and PD98059 suppress Ang II-induced expres-
sion of FN in RPMCs, indicating that AT1 receptor and
ERK1/2 pathway are involved in Ang II-induced FN
expression. These data suggest that blocking these path-
ways may provide a potential new therapy to prevent or
treat PD-related peritoneal fibrosis.
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