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Abstract: Peritoneal fibrosis resulting from long-term peritoneal dialysis is a major cause of failure of peritoneal ul-
trafiltration function and main reason of dropout from peritoneal dialysis. Epithelial-mesenchymal transition (EMT)
of peritoneal mesochelial cells (HPMCs) is a major contributor of peritoneal fibrosis. Recently, the association be-
tween histone acetylation and kinds of fibrosis including liver, lung and kidney fibrosis is well established. Thus, in
this study we tried to profile whether histone acetylation is also operates EMT process in HPMCs and what’s the
regulatory mechanism. We established an EMT model of HPMCs through high glucose treatment. And hyperacety-
lation of H3 histone was found using western blot in EMT model. After treated with C646, a histone acetyltransfer-
ase (HAT) inhibitor, high glucose-induced EMT in HPMCs was counteracted. To further understand the molecular
mechanism of C646 rescues high glucose-induced EMT, CHIP-gPCRwas used to examine the modulation of histone
H3 acetylation at promoters of series signaling target genes. We found that the H3 acetylation level at TGF-B1 gene
promoter was down-regulation by C646 treatment. Moreover, we also found that TGF-B1/Smad3 signaling was
blocked. Hence, our results suggest that histone H3 acetylation activated TGF-f1/Smad3 signaling during EMT of
HPMCs, and C646 can rescue the mesenchymal phenotype transition. These findings may provide a novel patho-
genic mechanism and therapeutic target for peritoneal fibrosis.

Keywords: Peritoneal fibrosis, epithelial-mesenchymal transition, histone acetylation, histone acetyltransferase
(HAT) inhibitor, TGF-B1/Smad3 signaling

Introduction

End-stage renal disease (ESRD) is an important
public health problem all over the world.
According to statistics, ESRD affects more than
100000 people in China, and increasing num-
bers of new cases is diagnosed each year [1].
Currently, peritoneal dialysis (PD) is the most
widely used renal replacement therapy of
ESRD. However, long-term PD often causes
peritoneal fibrosis and subsequently leads to
the failure of peritoneal ultrafiltration function.
Ultimately, patients have to withdraw from the
PD treatment. Therefore, researching the
mechanism of peritoneal fibrosis is important
for ESRD treatment.

Peritoneal fibrosis is characterized by loss
of the mesothelial cell layer and enlargement

of the submesothelial layer, which is accom-
panied by increased myfibroblasts, collagen
deposition and changes in the structure of
blood vessels [2, 3]. A variety of mechanisms
contribute to the progression of peritoneal
fibrosis, such as chronic inflammation, oxida-
tive stress and epithelial-mesenchymal transi-
tion (EMT) of peritoneal mesothelial cells (PMC)
[4-6]. Previous studies believed that peritoneal
fibrosis is mostly attributed to the EMT of PMC
[7-9].

EMT is a dynamic process of degeneration of
mature epithelial characteristics and acquisi-
tion of a mesenchymal phenotype [10]. During
the development of EMT, epithelial cells usually
lose their adhesion ability and rearrange cyto-
skeletal. Subsequently, this process further
promotes the loss of peritoneal member func-
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tion [11, 12]. Many signaling pathways have
been shown to contribute to EMT, such as ROS/
MMP-9 pathways [13], PI3k/AKT pathways [14]
and TGF-B signaling pathways [15, 16].
Increasing evidence indicates transforming
growth factor-B1 (TGF-B1) is a well-character-
ized inducer of EMT, and TGF-B1/Smad3 signal-
ing seems to be a crucial element in EMT pro-
cess [17, 18]. Although extensive studies have
been reported, the precise mechanisms lead-
ing to EMT are only partially understood.

Hyperacetylation of histones have been shown
to associate with open chromatin structure and
activation gene transcription, while deacety-
lation of histones is correlated with gene
repression. The balance between acetylation
and deacetylation often decide cell fate. In fact,
this balance has been identified as an impor-
tant role in many human diseases, such as can-
cers, Parkinson’s disease, inflammatory and
immune diseases [19-21]. Previous studies
reported that histones acetylation induces epi-
thelial-to-mesenchymal cell transition in cancer
and lens epithelial cells [22, 23]. However, the
relationship between histones acetylation and
peritoneal fibrosis has none reported. Thus, we
propose a hypothesis: whether acetylation of
histones is also operates EMT process in peri-
toneal mesothelial cells?

In the present study, we examined the acetyla-
tion of histones (H3 and H4) during high
glucose induced EMT of human peritoneal
mesothelial cells (HPMCs). Then, chromatin
immunoprecipitation followed by qPCR (CHIP-
qPCR) was used to compare acetylation at the
promoters of target genes in different signaling
pathways. Finally, we also investigated whether
C646, a histone acetyltransferase (HAT) inhibi-
tor, can reverse the mesenchymal phenotype.
Here, we will firstly demonstrate the role and
mechanism of histones acetylation in the EMT
of HPMCs.

Materials and methods
Reagents

Antibodies against acety-H3, Acety-H4 and
B-actin were purchased from Cell Signaling
Technologies (Danvers, MA). Whereas, antibod-
ies against E-cadherin, a-SMA, collagen I, fibro-
nection, Smad3, p-Smad3 and TGF-f1 were
purchased from Abcam (Cambridge, MA, USA).
Rabbit antibodies conjugated with horseradish
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peroxidase (HRP) and sheep anti-mouse-HRP
were purchased from Zhongsan Jingiao (Beijing,
China). D-glucose purchased from Sigma (Saint
Louis, MO, USA). Histone acetyltransferase
inhibitor C646 purchased from Selleckchem
(Houston, TX). All others chemical reagents
were purchased from Sinopharm Chemical
Reagent Co., Ltd (Shanghai, China).

Cell culture

Human peritoneal mesothelial cell lines
HMrSV5 were purchased from Focusbio
(Guangzhou, China). Cells were cultured in
Dulbecco’s modified Eagle medium (DMEM,;
Gibco) supplemented with 10% fetal bovine
serum (FBS; Gibco), 100U/ml penicillin and
100 pg/ml streptomycin. HPMCs were cultured
at 37°C under 5% CO,,.

Cell proliferation assay

We used cell counting Kit-8 (Beyotime, China)
to evaluate the proliferation of HPMCs treated
with different concentration of D-glucose.
Briefly, HPMCs were transferred into a 96-well
cell culture plates with 200 MI suspension per
well, and grown overnight. Then, cells were
treated with different concentration of
D-glucose (30 Mm, 40 Mm, 50 Mm, 60 Mm
and 120 Mm). All groups were performed in
triplicate. AtOh,6 h, 12 h,24 h,36 hand 48 h,
20 MI CCK-8 was added to each well, and then
the plates were incubated for 2 h. Finally, absor-
bance was measured at 490 nm with a micro-
plate reader (BioRad).

Western blotting analysis

Cells were harvested and homogenized with
cell lysis buffer (Beyotime, China). Then, the
homogenates were centrifuged for 30 min at
4°C, 12000 rpm, and the supernatants were
collected as protein samples. Protein amounts
were measured using BCA Protein Assay Kit
(Beyotime, China). Equal amounts of protein
samples were separated by denaturing 10%
SDS-PAGE and transferred onto polyvinylidene
difluoride (PVDF) membranes. Membranes
were incubated in a 5% skim milk TBST block-
ing solution at room temperature (RT) for 1 h.
Then, membranes were incubated with rotation
at 4°C overnight with specific primary antibod-
ies aganist E-cadherin (1:1000), o-SMA
(1:2000), Collagen | (1:1500), fibronection
(1:2000), Smad3 (1:1000), p-Smad3 (1:1000),
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TGF-B1 (1:1500), Acety-H3 (1:1500), Acety-H4
(1:1500) and B-Actin (1:1000). After that, mem-
branes incubated by secondary antibodies
(1:2000) conjugated with horseradish peroxi-
dase (HRP) at RT for 50 min. Finally, protein
bands were visualized using an enhanced che-
miluminescence (ECL) western blotting detec-
tion system (GE Healthcare, Amersham, UK)
according to operation standard.

Histone acetyltransferase (HAT) activity assay

HAT activity was determined using HAT activity
colorimetric assay kit (BioVision, Milpitas, USA)
according to the manufacturer’'s protocol.
Briefly, nuclear extract was obtained by incu-
bating cells with extraction buffer and centrifu-
gation at 15,000 rpm for 20 min under 4°C.
Prepare test samples (50 ug of nuclear extract)
in 40 Ml water for each assay in a 96-well plate.
Then, add 68 MI of Assay Mix to each well, and
incubate plates at 37°C for 1-4 hours. Finally,
read absorbance at 490 nm with a microplate
reader (BioRad).

Quantitative real-time RT-PCR

Total RNA was extracted using Trizol reagents
(Invitrogen) according to the manufacturer’s
instructions and diluted to 200 ng/MI. Then,
quantitative real-time RT-PCR (Qrt-PCR) was
performed using One Step SYBR® PrimeScript™
RT-PCR Kit Il (TakaRa, China) according to
standard protocol. GAPDH gene was used as
an internal control. The Qrt-PCR amplification
was performed as follows: 42°C for 5 min, 95°C
for 10 s, followed by 40 cycles of 95°C for 5 s,
60°C for 20 s, and 72°C for 15 s.
PCR was followed by a melt curve analysis to
determine the reaction specificity. The relative
gene expression was calculated using 244t
method. Primers used in Qrt-PCR were as
follows: p300: 5-agattcagagggcagcagcaga-
gac-3’ (forward probe), 5-gccataggaggtgggtt-
catac-3’ (reverse probe); GCNb5: 5’-ggaaaggaga-
agggcaaggag-3' (forward probe), 5-gtcaatgg-
ggaageggataac-3' (reverse probe); GAPDH:
5’-ggaccaatacgaccaaatccg-3’ (forward probe),
5’-agccacatcgctcagacac-3’ (reverse probe).

Chromatin immunoprecipitation (CHIP) assay
and quantitative real-time polymerase chain
reaction (QPCR)

CHIP assay was performed using the commer-
cially available CHIP assay kit from Upstate
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Biotechnology (NY, USA) according to the
manufacturer’s protocol. In brief, after cells
were cross-liked with 1% formaldehyde for
10 min, cells were neutralized in glycine and
collected by centrifugation. CHIP lysis buffer
(1% SDS, 10 Mm EDTA, 50 mM Tris-HCI pH
8.0) was then added and incubated 10 minutes
on ice. Cells were sonicated to shear DNA
to lengths between 200-1000 bp. Then, sam-
ple was divided into 2 equal portions. One
sample was removed and used for input
control, whereas another was incubated with
antibodies against Acety-H3 or non-immune
IgG for 2 h at 4°C. The immunoprecipitated
protein-DNA complexes were collected using
protein A agarose beads. Subsequently, beads
were washed for 5 minutes with 1 Ml of the
buffers listed in the order as given below:
low salt wash buffer, high salt wash buffer,
LiCl buffer, and then TE buffer. After that, pro-
tein-DNA complexes were subjected with
reversed cross-links, proteinase K digestion
to remove histones, and DNA purification.
The QPCR then performed using primers
specific for TGF-1, MMP-9 and PI3K promot-
ers. We used y-satellite as a constitutive het-
erochromatin according to a previous study
[24]. Primers were as follows: TGF-B1: 5-aggct-
gcttagecacatg-3’ (forward probe), 5-gtgggag-
gagggggcaa-3'(reverse probe); MMP-9:5-ag-
agcectgetecccagaggge-3' (forward probe), 5-ge-
caagtcaggcaggacccc-3’ (reverse probe); PI3K:
5-aaagtagaacgaccaataag-3’ (forward probe),
5'-gagatgagggaagaggag-3’ (reverse probe);
y-satellite: 5'-tatggcgaggaaaactgaaa-3' (for-
ward probe), 5-ttcacgtcctaaagtgtgtat -3
(reverse probe). QPCR was performed with
the following conditions: 95°C for 5 min,
followed by 40 cycles at 95 °C for 20 s, 58°C
for 20 s, and 72°C for 20 s. Each QPCR
reaction was repeated in triplicate. QPCR
was followed by a melt curve analysis to
determine the reaction specificity. The relative
gene expression was calculated using 224¢t
method.

Statistical analysis

Data are reported as mean * standard devia-
tion (SD). Statistical significance was deter-
mined using Double-sided Student’s t test.
Multiple groups were analyzed using ANOVA. A
P value of less than 0.05 was considered to be
significant.
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Figure 1. Biomarker alteration and cell morphology transform occur in epithelial-mesenchymal transition (EMT) of
human peritoneal mesothelial cells treated with high glucose (HG). A. HMrSV5 cells were treated with 0-120 mM HG
for 24 h, and the cell viability was measured using CCK-8 assay. Values represent mean + SD of three independent
experiments. B. HMrSV5 cells were treated with 60 mM HG for O, 6, 12, 24, 36 and 48 h, and the cell viability was
analyzed by CCK-8. Values represent mean + SD of three independent experiments. C. Phase contrast microscopy
shows different morphological characteristics of HMrSV5 treated with 60 mM HG at different time. D. HMrSV5 cells
were treated with 60 mM HG for 36 h, and the expression of EMT markers E-cadherin, a-SMA, Collagen | and fibro-

nection were detected by Western blot. -Actin was used as an internal control.

Results

High glucose induced epithelial-to-mesen-
chymal transition (EMT) in human peritoneal
mesothelial cells (HPMCs)

To establish an EMT model of HPMCs, cell lines
HMrSV5 were treated with different concentra-
tions of D-glucose. Cells proliferation was mea-
sured by a CCK-8 assay. As shown in Figure 1A
and 1B, we found that cells be treated with 60
mmol/LD-glucose for 24 h without significant
cell toxicity. After treated with 60 mmol/L
D-glucose, variable morphological features of
cells were observed. Cells changed from a cob-
blestone-like appearance to fibroblast-like cells
(Figure 1C). After that, we monitored expres-
sions of E-cadherin (epithelial marker), a-SMA,
Collagen | and fibronection (mesenchymal
markers), using western blot assay. As shown in
Figure 1D, the expression of E-cadherin was
significantly decreased and the expression of
a-SMA, Collagen | and fibronection were signifi-
cantly increased in D-glucose treated cells.
These data indicated that HMrSV5 cells have
occurred EMT after D-glucose treated.
Therefore, we used 60 mmol/L D-glucose for
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the rest of the experiment of EMT model of
HMrSV5.

Increase of histone H3 acetylation in high
glucose-induced EMT in HPMCs

To investigate the relationship between his-
tones acetylation and the EMT of HPMCs, we
detected the acetylation of histones (H3, H4)
using western blot. As shown in Figure 2A, an
increase in histone H3 acetylation was found at
high glucose treated groups in a dose-depen-
dent manner. However, the histone H4 acetyla-
tion was not noticed. Then, HAT activity was
determined by HAT activity colorimetric assay
Kit (BioVision, Milpitas, USA). We found HAT
activity was increased in the presence of high
glucose in cells. And cells treated with 60 mM
high glucose increased HAT activity by about
130% (Figure 2B). We further detected the
expression levels of the HAT subtypes (p300,
GCND) using gRT-PCR. The results show that
the expression levels of p300 were significantly
increased in high glucose treated cells.
Moreover, the expression levels of GCN5 were
not significantly altered in treated groups
(Figure 2C).

Int J Clin Exp Pathol 2015;8(3):2746-2754



HAT inhibitor C646 reverses epithelial to mesenchymal transition of HPMCs

A

Figure 2. Increase of histone acetylation and
histone acetylase(HAT) activities in HG-induced

Acety-H3 I — R 1T of HPMCs. A. Expression of acetylated his-

tone H3 and H4 in HG-induced EMT were de-
tected by western blot assay. B-Actin was used
as an internal control. B. HAT activities were

Acety-H4 - - S determined using the commercially available

HAT Activity Colorimetric Assay kit according to
the manufacture’s protocol. C. The expression

B-Actin S . . evel of HAT subtypes p300 and GCN5 mRNA

were detected using qRT-PCR assay. Data are
expressed as means * SD from three indepen-

i 2 dent experiments and analyzed by one-way
HG 0 30 60 mM ANOVA. *P < 0.05, **P < 0.01 vs. without HG
B 3.5- ok C  group.
——
= 3.0
£ 25-
§ 2.5- 5
% S 2.04 —
@ 2,0- — - E
§ e S 1.5- =
(3] 1-5' o v E
.E u u E E
S 1.0+ e - B =
' " ° —
2 0.5+ e "un °>’ 0.5 E
- o = E
0.0- mR : 0.0- —
Q ,-,JQ ¢$\
GQ

Histone acetyltransferase (HAT) inhibitor C646
counteracts high glucose-induced EMT in
HPMCs

To further determine whether histone acetyla-
tion is functionally linked to the process of EMT,
we treated high glucose-induced cells with
C646, a HAT inhibitor for 36 h in culture. In high
glucose-induced HPMCs, C646 treatment
resulted in down-regulation of histone H3 acet-
ylation (Figure 3A). Meanwhile, gene expres-
sion of E-cadherin was significantly up-regula-
tion and the expression of a-SMA, Collagen |
and fibronection were significantly down-regu-
lation in HPMCs cells with C646 treatment
(Figure 3B). In addition, the effect of C646
treatment rescues high glucose-induced mor-
phological features changing was also observed
(Figure 3C). Therefore, these data indicates
that C646 counteracts high glucose-induced
EMT in HPMCs.

HAT inhibitor C646 blocks TGF-B1/Smad3
signaling in HG-induced HPMCs

In order to further understand the involve-
ment of C646 counteracts high glucose-
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induced EMT in HPMCs, the modulation of his-
tone H3 acetylation at promoters of series sig-
naling target genes were examined. As shown
in Figure 4A, CHIP-gPCR experiment indicated
that the acetylation level of TGF-B1 gene pro-
moter was significantly increased in high glu-
cose-treated cells. However, the levels of
MMP-9 and PI3K gene promoter have no obvi-
ous change. This data indicated that TGF-B1/
Smad3 signaling may play an important role in
EMT.

Then, we detected the expression of genes in
TGF-B1/Smad3 signaling in C646 treated cells
using western blot assay. As shown in Figure
4B, when cells treated with high glucose along,
the expression of TGF-B1 and p-Smad3 were
significantly increased. However, after treat-
ment with C646 in high glucose-treated cells,
the over-expression of TGF-f1 and p-Smad3
were inhibited.

Discussion

In the present study, we report a novel
finding: histone H3 acetylation stimulates

Int J Clin Exp Pathol 2015;8(3):2746-2754
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Figure 3. HAT inhibitor C646 counteracts HG-induced EMT in HPMCs. A. Western blot analysis of expression of acety-
lated histone H3 in HPMCs which were treated with different concentrations of C646 for 24 h and then exposed with
HG for 36 h. B. Cells were treated as described above, and the expression of the EMT markers E-cadherin, a-SMA,
Collagen | and fibronection were detected by Western blot. C. The effect of C646 treatment rescues HG-induced
morphological features changing was observed. Magnification is 200 x.

TGF-B1 gene transcription during EMT of It is widely accepted that EMT in mesothelial
HPMCs, and HAT inhibitor can rescue the cells is an important step in the process of peri-
mesenchymal phenotype. toneal fibrosis. Previous studies reported that
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Figure 4. HAT inhibitor C646 counteracts EMT via regulates TGF-31/Smad3 signaling in HG-induced HPMCs. A.
Cells treated with 60 mM of C646 and then treated with HG for 36 h. Chromatin immunoprecipitation (CHIP) assays
followed by real time PCR assessed acetylation levels in series signaling target genes promoter. Anti-rabbit IgG was
used to determine non-specific binding. Data are expressed as means * SD from three independent experiments
and analyzed by one-way ANOVA.*P < 0.05, **P < 0.01 vs. without HG group. B. Cells were treated as described
above, and the expression of TGF-B1 and phosphorylated Smad3 were detected by Western bolt.

EMT is characterized by loss of the expression
of the epithelial marker E-cadherin and up-reg-
ulation of mesenchymal markers a-SMA, colla-
gen |, fibronectin and vimentin [25, 26]. In this
study, using high glucose (HG), reduced expres-
sion of E-cadherin, increased expression of
a-SMA and switched morphological character-
istic were observed in HPMCs. Our results indi-
cated that we successfully constructed a peri-
toneal EMT model using HG in vitro.

Emerging evidence suggests that TGF-B1/
Smad3 signaling plays a pivotal role in EMT.
TGF-B1 binds to its receptors to phosphorylate
receptor-regulated Smad3. Then, phosphoryla-
tion Smad3 complexes translocate into nucle-
us to regulate expression of target genes, such
as snail, a-SMA and collagen | [27]. Peter et al
[7] reported overexpression of TGF-B1 induces
EMT in the rodent peritoneum. It has been
reported mice lacking Smad3 are protected
against tubulointerstitial fibrosis [28], skin
fibrosis [29] and pulmonary fibrosis [30]. All
findings support a critical role of TGF-B1/
Smad3 signaling mediated EMT in fibrosis.
However, little is known about the mechanism
of activation of TGF-f1/Smad3 signaling in EMT
of peritoneal fibrosis.

A large number of evidence indicated that aber-
rant histone acetylation associated with many
types of cancers, both epithelial and hemato-
logical. Tumor suppressor gene silencing by his-
tone lysine deacetylases (HDAC) is an impor-
tant mechanism in many tumor occurrences
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[31]. Several HDAC inhibitors have been proved
for their ability to re-express tumor suppressor
genes leading to anti-cancer function [32-34].
At present, several specific HDAC inhibitors are
in early phase clinical experiment as anticancer
drugs [35-37]. Thus, researching histones acet-
ylation is linked to finding treatment strategies
for diseases.

In recent years, the association between his-
tone acetylation and the progression of fibrosis
is well established. A report showed that Sirt1,
a histone deacetylase, controls fibroblast acti-
vation and tissue fibrosis via regulating TGF-3
signaling in systemic sclerosis [38]. Pang et al
[39] demonstrated that HDAC level is related to
the progression of many tissue fibrosis includ-
ing liver, lung and kidney. In addition, it has
been reported that HDAC inhibitors can retard
and even reverse fibrotic disorders in many
fibrotic disease [40-42]. Thus, we speculated
that anomalous histone acetylation may play
an important role in peritoneal fibrosis.

In this study, hyperacetylation of histone H3
have been detected in EMT model of HPMCs.
Then, analysis of chromatin-protein association
by CHIP-qgPCR demonstrated TGF-B1 gene pro-
moter was hyper acetylated and promoted TGF-
B1 gene expression. This promotes phosphory-
lation of Smad-3. Thus, TGF-f1/Smad3
signaling is activated. Subsequently, C646, a
histone acetyltransferase (HAT) inhibitor, was
used to further investigate the relationship
between acetylation and process of EMT. Our
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data showed that C646 can reverse the
mesenchymal phenotype via blocking TGF-B1/
Smada3 signaling pathway.

In summary, our present results show that high-
ly acetylated H3 histone induces EMT of perito-
neal fibrosis through activating TGF-f1/Smad3
signaling. In addition, HAT inhibitor can reverse
this transition. These findings provide a novel
concept for the treatment of peritoneal fibrosis:
HAT perhaps is a promising target for peritoneal
fibrosis therapy.
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