22

J Tokyo Wom Med Univ
74 (5)° 264~271 (2004)

The Involvement of MAPK in Rat Peritoneal Mesothelial

Cells under High Glucose Condition

Mitsuyo ITABASHI, Kosaku NITTA, Keiko UCHIDA,
Kazuho HONDA " and Hiroshi NIHEI

Department of Medicine, Kidney Center and *Department of Pathology II,
Tokyo Women’s Medical University, School of Medicine
(Accepted Mar. 29, 2004)

Peritoneal fibrosis is a serious complication in long-term continuous ambulatory peritoneal dialysis
(CAPD) patients, but the underlying mechanism is not well understood. Since high glucose activates the p38
mitogen-activated protein kinase (MAPK) pathway in various kinds of cells, and because mesothelial cells always
exposed to high glucose dialysate, we investigated the involvement of MAPK in rat peritoneal mesothelial cells
(PMCs) under high glucose conditions. Rat PMCs were grown in Dulbecco’s modified Eagle’s medium with 0.5
% FBS in 24 hours and then exposed to 4% glucose or 4% mannitol. Cell viability was assessed by using WST-1
assay. Fibronectin (FN) accumulation in the svupernatant was determined by Western blot. Reverse transcription-
polymerase chain reaction (RT-PCR) and Western blot were performed to determine mRNA and protein expres-
sion, respectively. High glucose and mannitol caused time-dependently increase in FN accumulation and FN
mRNA in rat PMCs. High glucose also activated the extracellulaer signal-regulated kinase (ERK) and p38 MAPK.
These increase in FN accumulation were not inhibited with anti-transforming growth factor (TGF)-B neutraliz-
ing antibody. Moreover, high glucose does not promote TGF- accumulation in the culture media. Therefore,
MAPK pathway may play an important role in high glucose-induced FN accumulation via TGF-B-independent
mechanism. It is considered that high glucose acts as osmotic stimulation in the regulation of FN production in
these cells. Taken together, these findings suggest that the activation of MAPK signaling pathways in rat PMCs
by high glucose may contribute to the pathogenesis of peritoneal fibrosis in CAPD therapy.

Key words: peritoneal fibrosis, erk, p38, high-glucose, rat peritoneal mesothelial cells

Introduction

It is well known that long-term technique sur-
vival on continuous ambulatory peritoneal dialysis
(CAPD) is poor, and estimated to be between 50-
70% at 5 years in most published series”?. The
cause of this high technique loss is multifactorial,
but loss of peritoneal membrane function is discon-
tinue CAPD. In recent study, loss of ultrafiltration
was shown to be responsible for 51% of withdraw-
als from CAPD in patients who have been treated
with the technique for more than 6 years®. The
technique of CAPD results in many morphological
changes to the peritoneum. Peritoneal mesothelial

cells (PMCs) have been shown to denude gradually
from the surface of peritoneum with time on dialy-
sis, and be replaced by fibrous tissue”.

Peritoneal fibrosis is one of the most serious com-
plications after long-term CAPD. It is considered
that high glucose, its degradation products and
acidic pH of the conventional PD fluid are accelerat-
ing factors of peritoneal fibrosis. Especiallly, hy-
perosmolar glucose (4.25%) in PD solution is inhibi-
tory to many resident peritoneal cells, and has been
shown in many studies to inhibit phagocytic activ-
ity by leukocytes and production of cytokines by
PMCs”. Prior studies have postulated that high glu-
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cose concentrations suppress the growth and re-
generation of PMCs?, enhance transforming growth

7)~10)

factor (TGF)-B gene expression” ™, and stimulate

9~10 " a]] of which may contrib-

fibronectin synthesis
ute to peritoneal fibrosis, but various glucose con-
centrations were used in the in vitro studies investi-
gating the effects of glucose on extracellular matrix
(ECM) accumulation. Usually, 1.5% or 2.5% glucose
was used as an osmotic agent in the previous stud-
ies using cultured PMCs. Most highest concentra-
tion of glucose was 4% in PD solution and the pre-
cise cellular mechanisms modulating the expression
of cytokine and ECM induced by high glucose are
not fully understood.

The aim of the present study was to investigate
whether mitogen activated protein kinase (MAPK)
might be involved in the regulation of ECM accu-
mulation in cultured rat PMCs under 4% (g/dl)
glucose condition.

Materials and Methods

Reagents

Dulbecco’s modified Eagle’s medium (DMEM)
and other culture reagents were obtained from
Gibco Life Technologies (Grand Island, NY, USA).
Fetal bovine serum was obtained from ICN Bio-
medical (Costa Mesa, CA, USA). Anti-TGF-B anti-
body was obtained from R & D Systems, Inc. (Min-
neapollis, MN, USA). WST-1 cell-counting kit was
Wako Chemical (Tokyo, Japan). Rabbit anti-rat fi-
bronectin (FN) antibody was from LSL Co. (Tokyo,
Japan). Anti-active MAPK polyclonal antibody and
anti-active p 38 polyclonal antibody which were
used for the detection of phosphorylated forms of
ERK1/2 and p38 were from Promega (Madison, W1,
USA). Pan p38 MAPK antibody was also purchased
from Promega. FN primer for RT-PCR was ob-
tained from Japan Bio Service (Tokyo, Japan). The
inhibitors against extracellular signal-regulated
kinase (ERK) (PD98059) and p38 MAPK (SB203580)
were purchased from Sigma Chemical Co. (St.
Louis, MO, USA).

Cell preparation and characterization

Rat PMCs were isolated by enzymatic digestion
of the parietal peritoneal wall. Cells detached from
the peritoneal surface by trypsinization. Within
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1 week of initiation, such cultures yield a phenotypi-
cally pure population of cells that displayed a cob-
blestone appearance at confluence. When grown in
DMEM supplemented with 10% fetal bovine serum
(FBS), these cells exhibited a doubling time of ap-
proximately 24 h and reached a saturation density
of 1 x 10° cells/cm®.

To confirm their mesothelial identity, cell isolated
from the parietal peritoneal surface were subjected
to immunofluorescence staining with a series of an-
tibodies to a variety of cytoskeletal, cell-surface and
cytoplasmic proteins. These cells stained positively
for a number of mesothelial cell-specific cytokera-
tins (ie types 7, 8, 18 and 19) (data not shown).
These cells also stained positively for vimentin, but
were negative for desmin as well as for a rat endo-
thelial cell-specific antigen. These results indicate a
pattern surface in agreement with the pattern pre-
viously reported for both rat peritoneal and pleural
mesothelial cells™.

Experimental protocol

All experiments were carried out on quiescent,
confluent, passage third to fifth rat PMCs. Cells for
reverse transcription-polymerase chain reaction
(RT-PCR) were grown in 60 mm’ culture dish. For
Western blotting, Rat PMCs were grown in 10 cm?
culture dish. Near confluent rat PMCs grown in cul-
ture dish were incubated for 24 h in serum-deple-
tion media (DMEM containing 0.5% FBS) to arrest
and synchronize the cell growth. And then cells
were treated with 4% of p-glucose.

Cell proliferation assay

The effect of glucose on cell proliferation was de-
termined by using WST-1 cell counting kit. This
method is based on the colorimetric conversion of a
tetrazolium compound to formazon. The resulting
absorbance is directly proportional to the number
of living cells, and the method is well correlated
with the [*H]thymidine incorporation method. Cells
were rendered quiescent by serum deprivation for
24 h before experiments. Quiescent cells grown in
24-well palates were incubated for 48 h in 0.5% FBS
medium with 4% glucose or 4% mannitol.

Measurement of FN and TGF-B accumulation

Quiescent cells grown in 6-well plates were incu-
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bated for 24 and 48 h in 0.5% FBS medium with 4%
glucose or 4% mannitol in the presence or absence
of anti-human TGF-B antibody (10 pug/ml). The
equal amounts of protein in supernatant (10 pl)
were separated on 10% polyacrylamide gels using
SDS-PAGE and transferred to PVDF membranes.
The membrane were blocked for 1 h with phos-
phate-buffered saline (PBS; pH 7.4) containing 2.5%
nonfat dry milk and then incubated for 1 h with rab-
bit anti-rat FN antibody (1 :2000). After being
washed with PBS, the membranes were incubated
with secondary antibody (1 : 2000) for 1 h.

Finally, FN proteins on the membranes were de-
tected by ECL kit (Amersham Pharmacia Biotech,
Tokyo, Japan). The TGF-B concentration in the su-
pernatant was assessed by an enzyme linked immu-
noadsorbenst assay using anti-human TGF-B anti-
body as a primary antibody. Moreover, Quiescent
cells grown in 6-well plates were incubated for 24
and 48 h in 05% FBS medium with 4% glucose or
4% mannitol in the presence or absence of MAPK
inhibitors (107" M SB203580 or 10~* M PD98059).

Determination of FN mRNA

FN mRNA was determined by reverse RT-PCR
technique. Quiescent cells grown in 60 mm?® dishes
were incubated for 24 and 48 h in medium contain-
ing 0.5% FBS with 4% glucose or 4% mannitol. To-
tal RNA was extracted by Isogen RNA isolation kit
(Nippon Gene, Tokyo, Japan). RNA (200 ug) was
transcribed to cDNA by incubation with reverse
transcription mixture (10X TagMan RT buffer, 25
mM MgCl, deoxy NTPs mixture, random hexamer,
RNase inhibitor, multiscribe reverse transcrip-
tase) at 25 C for 10 min and 48 C for 30 min and 95
C for 5 min.

PCR analysis was used for PCR mixture (10X Sy-
ber PCR buffer, 25 mM MgCl, deoxy NTPs mixture,
sense primer, antisense primer, amplitaq gold, am-
perase UNG). The FN primer was used for rat FN
410-antisense: 5-TGATCAAAA-CATTTCTCAGC
TATTGG-3 and rat FN 410-sense 5-TTTTGACAA
CGGGAAGCATTATCAG-ATAA-3". Amplifica-
tions were done for 40 cycles at 95 C for 15 min and
60 T for 60 min. The DNA products from PCR
were analyzed by ABI7700.

Detection of ERK1/2 and p38MAPK by West-
ern blotting

Subconfluent cells grown in 10 cm® dishes were
incubated for 0, 30, 60 and 120 min in medium con-
taining 0.5% FBS with 4% glucose or 4% mannitol.
After stimulation with high glucose or high manni-
tol, cells were washed with PBS and lysed with lysis
buffer (pH 7.4;1 M Tris-HCl, 1% Triton X-100, so-
dium deoxycholate, 10% SDS). Solubilized proteins
were centrifuged at 10,000 X g in 4 C for 30 min.

Extracted proteins were quantified by bicinchon-
inic acid protein assay. The equal proteins were
separated on 10% polyacrylamide gels using SDS-
PAGE and transferred to PVDF membranes. The
membranes were blocked overnight with PBS con-
taining 2.5% nonfat dry milk and then incubated
overnight with primary antibodies ( anti-active
MAPK polyclonal antibody at 1: 1000 and anti-
active p38 at 1:500) as previously described™. After
being washed with PBS, the membranes were incu-
bated with secondary antibody were detected by
ECL kit (Amersham) as previously described.

Statistical analysis

The results are expressed as mean = SEM, unless
otherwise stated. These statistical analysis were
carried out using Stat View IV on personal com-
puter. Statistical significance (p<0.05) was evalu-
ated using the Student’s t-test for normally distrib-
uted parameters and the Mann-Whitney U-test fol-
lowed by Tukey-test for non-normally distributed
data obtained from more than two groups. Statisti-
cal analyses were performed using the Stat View
statistical software package (Stat View 5; SAS Insti-
tute, Cary, NC).

Results

Effect of high glucose on cell proliferation

Human PMCs exposed to high glucose showed
the previously described antiproliferatve and hy-
pertrophic response. To assess the effect of high
glucose on DNA synthesis in cultured rat PMCs, we
performed a WST-1 cell counting assay. Subconflu-
ent cells grown in 96-well plates were incubated for
48 h in 05% FBS medium with high glucose. As
shown in Fig. 1, high glucose did not significantly
decrease cell proliferation. The osmotic control in-
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Fig. 1 Time-dependent effects of 4% glucose (H),
4% mannitol ([]) and control (DMEM medium +
0.5% FBS, Z2) on cell proliferation detected by WST-
1 assay in cultured rat peritoneal mesothelial cells
(n=4)
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Fig.2 Time-dependent effects of 4% glucose (Illl) and
4% mannitol ([]) , control (DMEM medium +0.5%
FBS, Z4) on fibronectin (FN) production in cultured
rat peritoneal mesothelial cells (n=4)

* p<0.05, **: p<0.01 vs basal levels.

duced a similar but decrease cell proliferation at
24 h.

High glucose increases FN production

The effects of high glucose on the expression of
FN proteins were analyzed in rat PMCs. Rat PMCs
were treated for 48 h with high glucose. FN protein
in the supernatant was quantitated by immunoblot-
ting.

Figure 2 shows that high glucose induced time-
dependent increases in FN accumulation. To inves-
tigate whether TGF-B is involved in the stimulatory
effects of high glucose, the TGF-B concentration in
the supernatant was assessed by Western blot.

600
500
400 |-
300 |-
200 |-
100 |-

TGFB (pg/ml)

0 2 8 24 (h)

Time

Fig.3 The TGF-B concentration in the supernatant af-
ter stimulation with 4% glucose (Hl) and control
(DMEM medium +05% FBS, (1) (n=3)
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Fig. 4 Effect of anti-TGF-§ antibody on fibronectin
(FN) production in cultured rat peritoneal mesothelial
cells (n=3)

Figure 3 clearly demonstrates that high glucose
does not promote TGF-B accumulation in the cul-
ture media.

The effect of anti-TGF-$ antibody on FN produc-
tion in rat PMCs in response to 4% glucose is
shown in Fig. 4. Anti-TGF-B antibody had no effect
on FN levels when compared with FN levels stimu-
lated with control rabbit IgG and medium only (con-
trol).

High glucose increases FN mRNA expression

Next, we examined whether high glucose could
also lead to FN expression at the mRNA level in rat
PMCs. Cells were stimulated for 48 h with high glu-
cose. FN mRNA expression was determined by
relative multiplex RT-PCR. As shown in Fig. 5, high
glucose resulted in 2-fold increment of FN mRNA
expression in rat PMCs. The osmotic control of
mannitol induced a similar response, whereas me-
dium only (control) did not.

High glucose activates ERK and p38 MAPK

Initially, we investigated whether exposure to
high concentration of glucose altered the p38
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Fig. 5 Time-dependent effects of 4% glucose (),
4% mannitol (1) and control (DMEM medium +
0.5% FBS, Z2 ) on fibronectin (FN) mRNA in cultured
rat peritoneal mesothelial cells (n=4)

" p<0.05, **: p<0.01 vs basal levels.

MAPK and ERK, the phosphorylated isoforms, and
whether these effects were attributable to an os-
motic effect of high glucose. We tested these kinase
activities using antibodies specific for the phospho-
rylated forms of p38 MAPK or ERK.

The immunoblotting of whole-cell extracts
showed that significant activation of ERK was de-
tected within 30 min of high glucose stimulation and
thus marked activation was observed at 30 min in
rat PMCs (Fig. 6A). The level of the maximal acti-
vation was about 5-fold compared to basal levels.
High glucose condition also induced a time-depen-
dent p38 MAPK activation with a maximal increase
after 30 min stimulation.

Moreover, the exposure to high concentration of
mannitol had increased ERK activation (Fig. 6B).
The level of the maximal activation was about 6-fold
compared to basal levels. The increase in pho-
sphrylated MAPKs was associated with the in-
creased in p38 MAPK detected by pan p38 anti-
body and the ratio of phosphorylated p38/pan p38
was about 0.8. High mannitol condition also induced
a time-dependent p38 MAPK activation with a
maximal increase after 30 min stimulation.

Finally, we tested whether MAPK inhibitors af-
fect FN mRNA levels induced by high glucose. Both
SB203580 (10%) and PD98059 (15%) significantly
inhibited high glucose-induced increases in EN
mRNA, suggesting that ERK/p38 MAPK induction
is directly responsible for FN accumulation (data
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Fig.6 A:Time-dependent effects of 4% glucose on p38
mitogen-activated protein kinase and extracellular
signal-regulated kinase (ERK) in cultured rat perito-
neal mesothelial cells
B: Time-dependent effects of 4% mannitol on p38
mitogen-activated protein kinase and ERK in cultured
rat peritoneal mesothelial cells (n=3)

*: p<0.05 vs basal levels
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not shown).
Discussion

Peritoneal fibrosis is one of the most serious com-
plications of long-term CAPD and leads to ultrafil-
tration failure. It is characterized by a denudation of
PMCs from the peritoneum and deposition of ECM
proteins'®™*®. PMCs in vitro have the capacity to
produce a variety of matrix proteins”*. Hyperos-
molar 4% glucose based dialysate is the most
widely used dialysis solution for patients on CAPD,
and hence it is important to understand the effects
of this solution on the resident peritoneal cells. Sev-
eral studies have shown that high glucose concen-
trations enhance FN gene expression in cultured
human PMCs” ™. Usually, 1.5% or 25% glucose is
used as an osmotic agent in CAPD therapy. Most
highest concentration of glucose was 4% in PD solu-
tion and the precise cellular mechanisms modulat-
ing the expression of cytokine and ECM induced by
high glucose are not fully understood.

The present study has shown that high concen-
trations of glucose and mannitol caused time-
dependently increase in FN accumulation and FN
mRNA in cultured rat PMCs. High concentrations
of glucose and mannitol also activated the p33
MAPK and ERK in association with the increase in
FN protein accumulation. SB203580 (10%) and
PD 98059 (15%) significantly inhibited high glucose-
induced increases in FN mRNA These data suggest
that p38 MAPK and ERK pathways may play an
important role in high glucose-induced FN accumu-
lation. It is considered that high glucose acts as os-
motic stimulation in these cells.

TGF-B is thought to be associated with the patho-
genesis of peritoneal fibrosis. FN accumulation in
human PMCs is through TGF-B secretion from
these cells'?® . However, the increase in FN accu-
mulation was not inhibited with anti-TGF-B neutral-
izing antibody in the present study. In addition,
high glucose did not promote TGF-§ accumulation
in the culture media. These results suggest that FN
accumulation induced by glucose is mediated with
TGF-B-dependent or TGF-B-independent mecha-
nism when PMC are cultured in various concentra-
tion of glucose. Moreover, PMCs obtained from vari-
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ous species may show different response to high
glucose conditions.

Medcalf et al' reported previously that moder-
ate glucose concentration (40 mmol/l) stimulated
FN accumulation and FN mRNA in human perito-
neal mesothelial cells. This effect was independent
of the increase in osmolality of the dialysis solution.
The increase in FN accumulation in response to glu-
cose was significantly reduced by anti-TGF-B anti-
body in these cells. Therefore, they concluded that
the pro-fibrotic effect of glucose dialysate on HPMC
was mediated through stimulation of TGF-B,which
promoted FN gene expression and protein produc-
tion. However, the cell damage rate assessed by lac-
tate dehydrogenase release from human PMCs was
increased in association with FN accumulation, sug-
gesting the increment of TGF-B release from the
damaged from human PMCs. The role of TGF-§ in
the regulation of ECM accumulation in cultured
PMCs could be partly different according to experi-
mental condition.

Increased p38 MAPK activity has been demon-
strated in various cells in culture under high glu-
cose conditions®~*. P38 MAPK can be induced by
stress signals such as proinflammatory cytokines®™,
oxidants®, and hyperosmolarity””. Igarashi et al*
have demonstrated that moderate (22 mmol/I) hy-
perglycemia can activate p38 MAPK by a protein
kinase C (PKC)-delta isoform-dependent pathway,
but glucose at extremely elevated levels can also ac-
tivate p38 MAPK by hyperosmolarity via a PKC-
independent pathway in cultured rat aorta smooth

* have

muscle cells. Moreover, Nakagami et a
shown that glucose (25 mmol/I) induces apoptosis
in human endothelial cells though phosphorylation
of p38 MAPK.

A recent report has shown that p38 MAPK
mRNA and activity are increased in diabetic
glomeruli, which may contribute to extracellular
matrix synthesis®. Since PMCs have the capacity
to produce a variety of matrix proteins, MAPK ac-
tivity might be increased in PMCs by high glucose.
Xu et al® have recently reported that p38 MAPK
activity was increased in human PMCs exposed to

high glucose, in parallel with increased MAPK
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kinase 3/6 activity and decreased MAPK phospha-
tase-1 expression, resulting in cAMP-responsive ele-
ment binding protein activation. Therefore, the acti-
vated p38 MAPK and ERK pathways might play
important role in the pathogenesis of peritoneal fi-
brosis.

In conclusion, FN production was increased in rat
PMCs under 4% glucose conditions, and this in-
crease was associated with an increment in p38
MAPK and ERK activities. Both SB203580 (10%)
and PD98059 (15%) significantly inhibited high
glucose-induced increases in FN mRNA. The in-
crease in FN accumulation was not inhibited with
anti-TGF-B neutralizing antibody. In addition, high
glucose did not promote TGF-B accumulation in the
culture media. Taken together, these findings sug-
gest that the activation of MAPK signaling path-
ways in rat PMCs by high glucose may contribute
to the pathogenesis of peritoneal fibrosis.
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WL FEMNASE EZ2E £uRfs (BF 2K 2809
R
AR A 4 2%y vF ¥ A 2 kv ¥ AR K = ~A voy
WAGEEEt - H - NE KT - AH 8T TR &

BB LR LEEBHOBERLZEHETH Y, FHO—2L LTRIICOAZERNOSERENHE INT
WDA, FORERFEICHE L TRIARZENS V., BEAZERIGEMRIC L 2R8BF 2 RIZTLMRTHS.
Lk 4 1, BERENE R o MRS BRI R 4TV, mitogen-activated protein kinase (MAPK) D BhRE % &7 L 7.
5 v BRI 05% FCS &4 DMEM ¥ #C 24 BRERRE 2 L7218, 4% 7V a— A & 4% <= b —VHl#
BT 72, MIBLMEAERE L WST-1 2 HWTHEL, LiEFO fibronectin (FN) 5 & UF MAPK DZ&{bix West-
ern blotting T E&ZIL L 72. FN mRNA 0% 1kix RT-PCR THEL.4% F Va2 — R & 4% < = b —VHlEIL,
WFEN D A FN mRNA & FN BHAZBIMS S, $72,4% Vv a— AL 4% <= F = VRIER, wihd
MAPK @9 % extracellular signal-regulated kinase (ERK) & p38 MAPK % iHM b L, MAPK FHEHIT 4% 7 v
o — 212 & % FN mRNA BN IHE S e, ®&%BIC, 4% 7V a— ZAEIC & 5 FN 0¥, transforming
growth factor (TGF)-p RAIFUADTRIN T SN, ¥E RiEH~0 TGFP OpWEMz b aho7z. Ih
ORI, BRI LS FN OBMCIE, TGPRB 2SR\ MAPK OEHLSHEEG L TwasEEZ LN
72, FREO<= M=V TYH, 7V a—X LRI MAPK OEHLP FN OBMAR SN L b, il
HEITEEENEE LTERA L D E Bbh/. Lzdio T, BRRHIC X Y MAPK 28GH LS okRE L
T, MR HIRIC X B FN O AT L, BEEELZERL Twb 2 L2 RRINL.
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