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Abstract: Mesangial cells (MCs) proliferation and extracellular matrix (ECM) accumulation are early features of dia-
betic nephropathy. Follistatin-like 3 (FSTL3), a member of follistatin family, has been shown to regulate insulin and
glucagon sensitivities in diet-induced obesity and insulin resistance. However, the role of FSTL3 in diabetic nephrop-
athy is still unclear. Therefore, in this study, we investigated the effects of FSTL3 on cell proliferation and ECM ac-
cumulation expression in rat MCs cultured under high glucose, and elucidated the underlying mechanism. We found
that the expression of FSTL3 was decreased significantly in MCs cultured high glucose condition. Overexpression
of FSTL3 inhibited high glucose-induced MC proliferation and blocked the G1/S phase transition under high glu-
cose condition. And, FSTL3 overexpression also reduced the expression of a-smooth muscle actin (a-SMA) and
fibronectin (FN) induced by high glucose. Furthermore, overexpression of FSTL3 suppressed high-glucose-induced
p38 phosphorylation in MCs. Taken together, our present study demonstrated that FSTL3 suppressed high glucose-
induced MC proliferation and ECM accumulation via inhibiting the p38MAPK signaling pathway, and that FSTL3 may
be a potential therapeutic target for the treatment of diabetic nephropathy.

Keywords: Follistatin-like 3 (FSTL3), mesangial cells (MCs) proliferation, extracellular matrix (ECM), diabetic ne-
phropathy

Introduction

Diabetic nephropathy, one of the most serious
microvascular complications of diabetes melli-
tus, is the main cause of chronic renal failure
[1]. The pathological changes of diabetic
nephropathy include kidney hypertrophy, glom-
erulus and tubular basement membrane thick-
ening, tubular interstitial fibrosis and arterio-
sclerosis [2]. Growing evidence indicated that
mesangial cells (MCs) proliferation contributes
to the development and progression of diabetic
nephropathy [3-5]. In addition, MCs prolifera-
tion was accompanied by the accumulation of
extracellular matrix (ECM) [4]. Therefore, inhib-
iting MCs proliferation and ECM accumulation
is a promising approach for treating diabetic
nephropathy.

Follistatin-like 3 (FSTL3) is a highly conserved
27-39 kDa monomeric glycoprotein [6]. It is
structurally and functionally distinct from the
other follistatin (FST) family member, as it con-

tains only two follistatin domains and is present
in the nucleus in a glycosylated form. A growing
body of evidence has revealed FSTL3 involve in
the development of human diseases including
preeclampsia [7], obesity [8], musculoskeletal
disorder [9] and heart remodeling [10]. Most
recently, one study showed that overexpression
of FSTL3 regulates insulin and glucagon sensi-
tivities through increased muscular insulin
action, as well as increased hepatic glucagon
sensitivity and pancreatic glucagon content
[11]. However, the role of FSTL3 in diabetic
nephropathy is still unclear. Therefore, in this
study, we investigated the effects of FSTL3 on
cell proliferation and ECM accumulation expres-
sion in rat MCs cultured under high glucose,
and elucidated the underlying mechanism.

Materials and methods
Cell culture

The rat mesangial cell line (HBZY-1) was from
Center of Type Culture Collection, Wu Han
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Figure 1. The expression of FSTL3 in high-glucose-induced MCs. MCs were incubated with high glucose (25 mM)
at the indicated times (0-48 h). A. The expression of FSTL3 mRNA was detected by RT-gPCR; B. The expression of
FSTL3 protein was analyzed by Western blot. The expression of FSTL3 was decreased in high-glucose-induced MCs.
Values are expressed as means * SD. Experiments were performed in triplicate. “P<0.05 vs. control.

University, Wuhan, China. High glucose (25
mM) has been considered as an important
stimulus to increase the proliferation of MCs.
MCs were cultured in RPMI 1640 medium con-
taining 10% heat-inactivated fetal bovine
serum (FBS), 100 U/ml penicillin and 100 mg/
ml  streptomycin under 95% air/5% CO,
condition.

Construction of plasmids and transfection

Full-length FSTL3 cDNA was amplified and sub-
cloned into pAdTrack-cytomegalovirus (CMV),
whereas green fluorescent protein (GFP) was
used as a non-specific control. Then, the recom-
binant shuttle plasmids pAdTrack-CMV and
pAdEasy-1 were then recombined in Escherichia
coli strain BJ5183. The obtained recombinant
plasmids were transfected into 293 cells to
generate recombinant adenovirus.

For in vitro transfection, MCs were seeded in
each well of 96-well microplates, grown for 24
h to reach 60% confluence, and transfected
with Ad-FSTL3 or Ad-GFP using Lipofectamine
2000 (Invitrogen, Carlsbad, CA), according to
the manufacturer’s instructions.

RNA extraction and quantitative reverse tran-
scription polymerase chain reaction (RT-gPCR)

Total RNA from the MCs was prepared with
Trizol (Invitrogen, Carlsbad, CA, USA) according

15215

to the manufacturer’'s protocol. Then, cDNA
was synthesized with a two-step reverse tran-
scription reaction kit (Takara, Dalian, China).
The levels of gene mRNA transcripts were ana-
lyzed by using specific primers and SYBR Green
| reagent and the RT-PCR Kkit, according to the
manufacturer’s instructions, using the Bio-Rad
iQ5 Quantitative PCR System (Takara, Dalian,
China). The specific primers for FSTL3 were
sense 5-AGCCTGGTGCTCCAGACTGATGTCA-3’
and antisense, 5-TCCACGCCGTCGCACGAATC-
TTT-3'. The cycling conditions included a hold-
ing step at 94°C for 10 min, and 35 cycles of
94°C for 15 s, 59°C for 30 s, and 70°C for 30
s. The average threshold cycle (Ct) of fluores-
cence units was used to analyze the mRNA
level. The relative amount of mMRNA was calcu-
lated using the comparative Ct (AACt).

Western blot

MCs cells were lysed in RIPA buffer (50 mM
Tris-HCI, pH 7.4, 150 mM NaCl, 1% NP-40, 0.5%
sodium deoxycholate, and 0.1% SDS) contain-
ing protease and phosphatase inhibitors (5 mM
EDTA, 1 mM PMSF, and 1 mM sodium ortho-
vanadate) for 30 min onice. The protein content
was determined by BCA protein assay (Pierce,
Rockford, IL). Protein (20 pg) was loaded on
10% SDS-PAGE gels and transferred to polyvi-
nylidene difluoride (PVDF) membranes (Mi-
llipore, Bedford, MA). The membranes were
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blocked in 5% skim milk in TBS containing 0.1%
Tween-20 (TBST) for 1 h at room temperature
and then incubated with different primary anti-
bodies (anti-FSTL3, anti-p21°rt, anti-p274r,
anti-a-smooth muscle actin (@x-SMA), anti-fibro-
nectin (FN), anti-p-p38, anti-p38 and anti-GAP-
DH) (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) overnight at 4°C. After washing and incu-
bating with HRP-conjugated secondary anti-
bodies for 1 h at room temperature, the blots
were detected with an ECL detection kit accord-
ing to the manufacturer’'s procedure. GAPDH
was used as the reference control.

Cell proliferation assay
The MTT assay was used to measure cell prolif-

eration. Briefly, MCs were seeded at 1x10*
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Figure 2. Effect of FSTL3 on cell proliferation in
high-glucose-induced MCs. MCs were transfected
with Ad-GFP and Ad-FSTL3, respectively. The corre-
sponding transfection efficiency was detected by RT-
qPCR and Western blot. A. FSTL3 mRNA expression
in MCs; B. FSTL3 protein expression in MCs. Values
are expressed as means + SD. Experiments were
performed in triplicate. "P<0.05 vs. control. C. MTT
assay showed that overexpression of FSTL3 inhib-
ited high glucose-induced MC proliferation. Values
are expressed as means + SD. Experiments were
performed in triplicate. "P<0.05 vs. control group;
&P<0.05 vs. high glucose group.

cells/well in 96-well plates. Then cells were
incubated with Ad-FSTL3 or Ad-GFP in the pres-
ence or absence of high glucose for 24 h. Then
20 pL of MTT (5 mg/ml) was added to each well
and incubation continued at 37°C for addition-
al 4 h. After the medium was discarded, 150 pl
DMSO was added to each well, followed by
vibration for 15 min to completely dissolve the
crystals. The optical density was determined at
570 nm using a microplate reader (Bio-Tek
Instruments, Inc., Winooski, VT).

Cell cycle assay
Cell cycle analysis was performed using flow

cytometry. After all the cells reached 70%-90%
confluence, a serum-free medium was applied
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Figure 3. Effect of FSTL3 on cell cycle in high-glucose-induced MCs. A. Cell cycle progression was evaluated by flow
cytometry after 24 h of Ad-GFP or Ad-FSTL3 transfection. FSTL3 blocks high glucose-induced cell cycle progression
by inhibiting S phase entry and inducing cell cycle arrest in G1 phase. B. Western blot to detect the protein levels of
p21°rt and p27%*t in different treated cell groups with the indicated antibodies. FSTL3 significantly reversed high
glucose-inhibited expression of p21°r* and p27%*L, Values are expressed as means + SD. Experiments were per-
formed in triplicate. “P<0.05 vs. control group; “P<0.05 vs. high glucose group.

for synchronization. After 24 h culturing, cells
were harvested by trypsinization, centrifuged,
and suspended with 1 mL cold PBS and then
fixed in methanol for 30 min on ice. Fixed cells
were washed with PBS twice, then incubated in
RNase (25 pug/mL) at 37°C for 30 min, followed
by DNA staining with propidium iodide (PI, 50
pug/mL) at 4°C for 30 min in the dark. Finally,
samples were analyzed using a Coulter Epics
XL Flow Cytometer.

Statistical analysis

The results were presented as means *+ SD.
Statistical analysis was performed by one-way
ANOVA. Statistical significance was defined as
P<0.05.

Results

The expression of FSTL3 in high-glucose-
induced MCs

In order to investigate the role of FSTL3 in dia-
betic nephropathy, we detected the changes in
FSTL3 mRNA and protein by RT-gPCR and
Western blot at O, 6, 12, 24 and 48 h in MCs
cultured under hyperglycemic condition. As
shown in Figure 1A, FSTL3 mRNA level was
decreased significantly in MCs cultured high
glucose condition. Consistent with the results
of RT-gPCR, Western blot assay showed that
FSTL3 protein level was also obviously reduced
with prolonged culture time (Figure 1B).
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Effect of FSTL3 on cell proliferation in high-
glucose-induced MCs

To investigate the effect of FSTL3 on the prolif-
eration of MCs cultured under high glucose, we
generated FSTL3 overexpressing MCs. As
shown in Figure 2A and 2B, overexpression of
FSTL3 significantly increased the expression
levels of FSTL3. Then, the cell proliferation was
detected by MTT assay. The results showed
that compared with the high glucose group, 25
mM glucose alone increased MC proliferation.
However, overexpression of FSTL3 inhibited
high glucose-induced MC proliferation (Figure
2C).

Effect of FSTL3 on cell cycle in high-glucose-
induced MCs

Then, we evaluated the effect of FSTL3 on the
cell cycle of MCs cultured under high glucose.
As indicated in Figure 3A, the proportion of
MCs was decreased in G1 phase and increased
in S phase by high glucose treatment. However,
overexpression of FSTL3 increased the propor-
tion of MCs in G1 phase and decreased the pro-
portion of MCs in S phase. These results dem-
onstrate that FSTL3 blocks high glucose-
induced cell cycle progression by inhibiting S
phase entry and inducing cell cycle arrest in G1
phase. Moreover, we examined the effects of
FSTL3 on high glucose-regulated expression of
cell regulatory molecules. Western blot analysis
demonstrated high glucose significantly
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decreased the expression of p21°*t and p27Kir?,
as compared with control group. However,
FSTL3 significantly reversed high glucose-inhib-
ited expression of p21°°* and p27%t (Figure
3B).

Effect of FSTL3 on the expression of a-SMA
and FN in high-glucose-induced MCs

It is believed that ECM accumulation play cru-
cial roles in early renal hypertrophy and later
glomerular sclerosis in diabetic nephropathy.
So, we evaluated the effect of FSTL3 on the
expression of a-SMA and FN in high-glucose-
induced MCs. As shown in Figure 4, the expres-
sion of a-SMA and FN was significantly induced
by high glucose in MCs; whereas, overexpres-
sion of FSTL3 significantly reduced the expres-
sion of a-SMA and FN induced by high glucose.
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Figure 4. Effect of FSTL3 on the expression of a-SMA
and FN in high-glucose-induced MCs. A. Western blot
to detect the protein levels of a-SMA and FN in differ-
ent treated cell groups with the indicated antibodies.
B. Protein expression of a-SMA was analyzed using
BandScan 5.0 software and normalized to GAPDH.
C. Protein expression of FN was analyzed using
BandScan 5.0 software and normalized to GAPDH.
Values are expressed as means * SD. Experiments
were performed in triplicate. “P<0.05 vs. control
group; ¥P<0.05 vs. high glucose group.

Effect of FSTL3 on the phosphorylation level of
p38MAPK induced by high glucose in MCs

Since the activation of p38MAPK signaling is a
key step in the proliferation process of MCs,
therefore, we investigated the effect of FSTL3
on the phosphorylation level of p38MAPK in
high-glucose-induced MCs. As shown in Figure
5, compared with those of the high-glucose
groups, the phosphorylation level of p38 signifi-
cantly increased in high-glucose group; where-
as, overexpression of FSTL3 significantly sup-
pressed high-glucose-induced p38 phosphory-
lation in MCs.

Discussion

In the present study, we found that the expres-
sion of FSTL3 was decreased significantly in

Int J Clin Exp Med 2015;8(9):15214-15221
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MCs cultured high glucose condition. Overex-
pression of FSTL3 inhibited high glucose-
induced MC proliferation and blocked the G1/S
phase transition under high glucose condition.
And overexpression of FSTL3 also reduced the
expression of a-SMA and FN induced by high
glucose. Furthermore, FSTL3 suppressed high-
glucose-induced p38 phosphorylation in MCs.

It is believed that MC proliferation plays a criti-
cal role in early renal hypertrophy and later glo-
merular sclerosis in diabetic nephropathy. MC
proliferative responses to a variety of stimuli
are associated with the development of diabet-
ic nephropathy. High glucose is the most potent
stimulus for MC proliferation in diabetes [12]. In
this study, we employed high glucose to investi-
gate the effects of FSTL3 on MCs in vitro. We
found that FSTL3 was decreased significantly
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Figure 5. Effect of FSTL3 on the phosphorylation
level of p38MAPK induced by high glucose in MCs.
A. Western blot to detect the protein levels of p-p38
and p38 in different treated cell groups with the indi-
cated antibodies. B. Protein expression of p-p38 was
analyzed using BandScan 5.0 software and normal-
ized to GAPDH. C. Protein expression of p38 was ana-
lyzed using BandScan 5.0 software and normalized
to GAPDH. Values are expressed as means + SD. Ex-
periments were performed in triplicate. "P<0.05 vs.
control group; #P<0.05 vs. high glucose group.

in MCs cultured high glucose condition, and
overexpression of FSTL3 inhibited high glu-
cose-induced MC proliferation. All these find-
ings indicated that FSTL3 may play an impor-
tant role in the development of diabetic
nephropathy.

It has been reported that the cell cycle is dys-
regulated in the diabetic state, and G1-phase
cell cycle arrest is responsible for the high glu-
cose-induced proliferation [13]. Over-expre-
ssion of p21 using adenovirus vectors amelio-
rated serum and PDGF-induced cell prolifera-
tion of rat mesangial cells [14, 15]. In this study,
we found that the proportion of MCs was
decreased in G1 phase and increased in S
phase by high glucose treatment. However,
overexpression of FSTL3 increased the propor-
tion of MCs in G1 phase and decreased the pro-
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portion of MCs in S phase. Several studies
showed that p21°°t and p27%** were involved in
the G1-phase cell cycle arrest in MCs while the
cells were exposed to high glucose in diabetic
mice [16, 17]. In this study, we found that over-
expression of FSTL3 significantly reversed high
glucose-inhibited expression of p21°* and
p27¥Pt Taken together, these data indicate
that FSTL3 inhibited high glucose-induced MC
proliferation by inhibiting cell cycle prog-
ression.

FN is a main ingredient of ECM, and its exces-
sive synthesis contributes to glomerular base-
ment membrane thickening as well as ECM
deposition in the mesangium [18]. Several
studies showed that high glucose stimulated
the protein and gene expression of fibronectin
and type IV collagen in the expanded glomeru-
lar mesangial matrix [19, 20]. In agreement
with the previous studies, in this study, we
found that high glucose increased the expres-
sion of a-SMA and FN in MCs. This stimulation
was significantly inhibited by FSTL3 overexpres-
sion, indicating that inhibitory effects of FSTL3
overexpression on high glucose-stimulated MC
proliferation may be mediated, at least in part,
by inhibition of the excessive accumulation of
ECM.

The mitogen activated protein kinases family
including extracellular signal regulated kinase
1/2 (ERK1/2), p38MAPK and c-Jun NH2-
terminal kinase (JNK) play important roles in
the development of diabetic nephropathy [21,
22]. Previous studies reported that glomerular
p38MAPK activity was increased early in dia-
betic rats [23], as well as in various cells cul-
tured under high glucose condition [24, 25].
Moreover, activated p38MAPK could increase
the protein expression of CTGF, which stimulat-
ed the cell proliferation and ECM accumulation
[26], and the blockade of the p38MAPK path-
way by SB203580 inhibited high glucose-
induced fibronectin expression [23]. Consistent
with previous reports, in this study, we found
that overexpression of FSTL3 significantly sup-
pressed high-glucose-induced p38 phosphory-
lation in MCs, suggesting that FSTL3 sup-
pressed high glucose-induced MC proliferation
and ECM accumulation via inhibiting the activa-
tion of p38MAPK.

In summary, our present study demonstrated
that FSTL3 suppressed high glucose-induced
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MC proliferation and ECM accumulation via
inhibiting the p38MAPK signaling pathway, and
that FSTL3 may be a potential therapeutic tar-
get for the treatment of diabetic nephropathy.
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