Int J Clin Exp Med 2017;10(9):13224-13234
www.ijcem.com /ISSN:1940-5901/1JCEM0053591

Original Article

Effect of the Rho kinase inhibitor Y-27632 and fasudil
on inflammation and fibrosis in human mesangial
cells (HMCs) under high glucose via the

Rho/ROCK signaling pathway

Fengin Chen?, Ning Zhang®, Dongwei Ma?, Xiaoyu Ma*, Ting Huang?, Qiuyue Wang?

Departments of 1Geriatrics, 2Endocrinology, The First Hospital, China Medical University, Shenyang 110001,
China; 3Department of Pathophysiology, College of Basic Medicine, China Medical University, Shenyang 110001,
China

Received May 3, 2016; Accepted August 5, 2017; Epub September 15, 2017; Published September 30, 2017

Abstract: This study investigated the effect of the Rho kinase inhibitor Y-27632 and fasudil on the development of
human mesangial cell (HMC) inflammation and fibrosis induced by high glucose and to clarify the contribution of
the Rho/ROCK signaling pathway in the pathogenesis of diabetic kidney disease (DKD). High glucose (30 mmol/I)
induced the Rho/ROCK signaling pathway. Western blotting was used to detect active and total RhoA, ROCK-I, tumor
necrosis factor-a (TNF-a), connective tissue growth factor (CTGF) activation, and fibronectin (FN) up-regulation as
assessed by enzyme-linked immunosorbent assay (ELISA) and real-time polymerase chain reaction (PCR). Lipo-
fectamine™ 2000 was applied to transfect RhoA-small interfering RNA (siRNA), which could inhibit RhoA expres-
sion. RhoA, ROCK, FN, CTGF, and TNF-a expression was detected by real-time reverse transcription-PCR (RT-PCR)
and ELISA. High glucose up-regulated RhoA and downstream ROCK-I expression (P<0.05). RhoA, CTGF, and TNF-a
of HMCs cultured under high glucose were expressed significantly more than those of HMCs in the normal glucose
group (P<0.05); this was dependent on ROCK signaling. FN up-regulation by high glucose, shown to be mediated
by CTGF and TNF-a, was prevented by Y-27632 or fasudil (P<0.05). RhoA siRNA was also markedly attenuated by
ROCK-I, FN, CTGF, and TNF-a« up-regulation by high glucose (P<0.05). The present study demonstrates that the
Rho/ROCK signaling pathway is involved in the up-regulation of TNF-&, CTGF, and FN in DKD. The ROCK inhibitors
Y-27632 and fasudil, in addition to RhoA siRNA, could effectively reverse the high glucose-induced expression of
ROCK-I, FN, CTGF, and TNF-a and reduce glomerular fibrosis and inflammation. We conclude that suppression of the
Rho/ROCK signaling pathway could provide a new intervention target for preventing and treating DKD.
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Introduction

Diabetic kidney disease (DKD) is one of the
important microvascular complications of dia-
betes mellitus (DM), the main cause of end-
stage renal disease (ESRD), and one of the
leading causes of death for patients with DM.
Its main pathological features include glomeru-
lar basement membrane thickening and me-
sangial matrix expansion. Early lesions may be
compensated for by hyperplasia of the glomer-
uli. However, with disease progression, lesions
increase, leading to decompensated hemody-
namics and a decreased glomerular filtration
rate. Renal function will ultimately be affected

and subsequent hyperglycemia is the major
factor that causes DKD [1]. The pathogenesis
of DKD is complex and currently considered to
be the result of many factors. In recent years,
the signaling pathway in the pathogenesis of
diabetic microvascular complications has aro-
used extensive attention [2]. Research has
found that the Rho/ROCK signaling pathway is
related to vascular and myocardial reorganiza-
tion and renal fibrosis [3]. Hyperglycemia can
stimulate the activation of the Rho/ROCK sig-
naling pathway in renal cells. The Rho/ROCK
signaling pathway could raise gene expression
through the regulation of DNA transcription fac-
tor activity, including extracellular matrix (ECM),
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types | and Il collagen, fibronectin (FN), and
laminin (LN). This may cause release of inflam-
matory factors, such as tumor necrosis factor-o
(TNF-a) and increased concentrations of con-
nective tissue growth factor (CTGF) [4].

In the present study, the Rho/ROCK signaling
pathway was induced in cultured human me-
sangial cells (HMCs) by culture in a high glu-
cose concentration. A variety of inflammatory
factors and changes in cytokine secretion in-
duced fibrosis, which was inhibited in the treat-
ment group by adding an exogenous agent that
blocked the signaling pathway. Changes in rel-
evant indicators were measured to study the
possible molecular mechanisms aimed at the
cellular and gene levels. The relationship be-
tween Rho/ROCK signaling pathway activation
and the pathogenesis of DKD further clarifies
that suppression of the Rho/ROCK signaling
pathway is able to delay the occurrence and
development of DKD.

Materials and methods
Materials

HMC 4200, MCM 4201 medium, and fetal bo-
vine serum (Sciencell, USA), improved type
RPMI 1640 medium, and 0.25% trypsin were
purchased from Hyclone (USA). Trizol was pur-
chased from Invitrogen (USA). Fasudil (Rho
kinase inhibitor) was obtained from Asahi Kasei
Pharmaceutical Co. (Tokyo, Japan). RhoA anti-
bodies were purchased from Cell Signaling
(USA).Y-27632 was purchased from Calbiochem
(Germany). The Western blot detection kit was
purchased from Amersham (England). The Plas-
ma Membrane Protein Extraction Kit was from
Bio Vision (USA). The SYBR® PrimeScript™ re-
verse transcription-polymerase chain reaction
(RT-PCR) Kit Il (Perfect Real-time) was pur-
chased from Takara (Japan). Enzyme-linked im-
munosorbent assay (ELISA) kits were purcha-
sed from R&D (USA).

Cell culture and grouping

HMCs were cultured in MCM 4201 medium, 5.5
or 30 mmol/I glucose, or 5.5 mmol/l glucose
and 24.5 mmol/lI mannitol supplemented with
20% fetal bovine serum at 37°C, 1% mesangial
cell growth supplement and streptomycin (100
pyg/ml), and penicillin (100 units/ml) in 95%
air/5% CO, incubator. Confluent cells were ren-
dered quiescent by incubation for 24 h in
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serum-free medium before treatment with glu-
cose (24.5 mmol/I for a final concentration of
30 mmol/l) or mannitol osmotic control (man-
nitol, 24.5 mmol/l) for various times (12, 24,
36, 48, and 72 h) as indicated. Rho kinase
inhibitors were added before glucose: Y-27632
(10 pmol/I, 30 min) or fasudil (25, 50, and 100
pymmol/l, 30 min). The inhibitory activity and
specificity of both inhibitors toward Rho kinase
have been demonstrated in other experiments
[5-8].

Expression of active RhoA

This was performed as described previously
[9]. In elevated glucose concentrations, cells
were collected at 0.5, 1, 6, 12, 24, 36, and 48
h and membrane protein was extracted. The
procedures were performed in accordance with
the instructions in the Membrane Protein Ex-
traction Kit. Protein concentration was mea-
sured using the BCA method, and RhoA expres-
sion activity was detected by Western blot.

RhoA-stealth RNA synthesis and transfection

Human RhoA on-target plus SMARTpool stealth-
RNA (RhoA siRNA), control nontargeting small
interfering RNA (siRNA), and Lipofectamine™
2000 reagent were purchased from Invitrogen
(USA). HMCs were transfected with 100 nmol/L
siRNA using Lipofectamine™ 2000 reagent at
60% confluence. After 6 h, cells were serum
deprived in Opti-MEM (Invitrogen, USA) for 24 h
and then treated for 48 h with high glucose.
RNA was harvested as in reverse transcription,
which was performed using standard methods,
and cDNA was analyzed using real-time PCR.
Standard PCR was used to assess RhoA tran-
script down-regulation by siRNA. The MTT me-
thod was used to detect the proliferation of
cells and describe the cell growth curve. The
supernatants were collected for ELISA.

Detection of RhoA, ROCK-I, CTGF, and TNF-&
mRNA by real-time RT-PCR

Total RNA was extracted from cells using Trizol
agent (Invitrogen, USA) according to the manu-
facturer’s guidelines. The purity and concentra-
tion of the RNA samples were detected by spec-
trophotometry. Simultaneously, the integrity of
total RNA was also detected in a denaturing
agarose gel. Real-time RT-PCR was performed
with total RNA using an SYBR PrimeScript
RT-PCR kit. Briefly, reverse transcription was
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Table 1. Real-time RT-PCR test primer sequence

Genes  Primer sequence

Amplification length  Annealing temperature

RhoA For: 5’-GACTCGGATTCGTTGCCTGA-3’

Rev: 5-TGGGAACTGGTCCTTGCTGA-3’
ROCK-I  For: 5’-CTGCAACTGGAACTCAACCAAGAA -3’

Rev: 5’-GCTGGCCAACTGCATCTGAA-3’
CTGF For: 5’-CTGCAACTGGAACTCAACCAAGAA -3’

Rev: 5’-GCTGGCCAACTGCATCTGAA-3’
TNF-a For: 5-GTGACAAGCCTGTAGCCCATGTT-3’

Rev: 5-TTATCTCTCAGCTCCACGCCATT-3’
B-actin  For: 5-TGGCACCCAGCACAA TGAA-3’

Rev: 5’-CTAAGTCATAGTCCGCCTAGAAGCA-3’
GAPDH  For: 5-GCACCGTCAAGGCTGAGAAC-3’

Rev: 5-TGGTGAAGACGCCAGTGGA-3’

116 bp 60°C
138 bp 55°C
90 bp 58°C
112 bp 58°C
186 bp 55~60°C
138 bp 55~60°C

RhoA: GTPase; ROCK-I: Rho kinase-I; CTGF: Connective tissue growth factor; TNF-oa: Tumor necrosis factor alpha; Forward:

upstream; Reverse: downstream.
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Figure 1. Expression of GTP-RhoA at different time point (Western blot, n=3)

vs. con (0 h) 2P<0.01.

performed in a total volume of 10 pl containing
500 ng total RNA. Then, 25 pl PCR included 10
pmol/ul of each primer, 1 ul cDNA template,
12.5 yl SYBR Green Supermix, and 8.5 ul
dd H,0 and run for 40 cycles at 95°C for 5 s,
60°C for 20 s, and 72°C for 30 s. PCR efficien-
cy was detected by the serial dilution cDNA
template. Melting curve data were used to
check the PCR specificity. B-actin and GAPDH
primers were used as internal controls. Each
sample was run in triplicate. For primer se-
quences of human RhoA, ROCK, CTGF, TNF-x,
B-actin, and GAPDH see Table 1. The relative
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MRNA level was presented as
unit values of 244¢T,

ELISA

Debris was removed from the
conditioned media by low-spe-
ed centrifugation (20 min at
the speed of 2000-3000 rpm).
The supernatant was taken
and stored at -80°C. FN, TNF-
o, and CTGF levels were mea-
sured using a quantitative san-
dwich ELISA. Finally, reactions
were read at 450 nm in a mi-
croplate autoreader.

Statistical analysis

Quantitative results are shown
as means z standard devia-
tions. Statistical analysis was
performed using one-way anal-
ysis of variance (ANOVA) with
Tukey’s honestly significant difference for post
hoc studies (SPSS 17.0 for Windows). A p-value
of <0.05 was considered statistically signifi-
cant. Experiments were repeated multiple
times, with number of repetitions denoted by
“n=3" or “n=6".

Results
Activation of RhoA by high glucose in HMCs
HMCs stimulated by high glucose at different

times showed a time-dependent increase in
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Figure 2. Expression of each mRNA at different time point (n=6). con: Nor-
mal glucose group, vs. con ?P<0.05, vs. con °P<0.01.
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Figure 3. Expression of each mRNA at 24 h or 48 h in the supena-
tant of each group (n=6). NG: Normal glucose group, HG: High glucose
group, NG+M: Mannitol group; NG+Y-27632: Normal glucose+Y-27632
group (10 pMol), HG+Y-27632: High glucose+Y-27632 group (10 uMol),
HG+F25: High glucose+fasudil-25 group, Fasudil (25 uMol), HG+F50:
High glucose+fasudil-50 group, Fasudil (50 pMol), HG+F100: High
glucose+fasudil-100 group, Fasudil (100 pyMol). vs. NG group, 2P<0.05,
®P<0.01, vs. HG group, °P<0.01, 9P<0.001 (RhoA was assessed after 24 h,
others were assessed after 48 h).

owed no significant changes
(P>0.05; Figure 1).

Expression of each mRNA
under the stimulus of high
glucose by real-time RT-PCR

Real-time RT-PCR was used to
detect the expression of each
mRNA (RhoA, ROCK-I, CTGF,
and TNF-a) in HMCs at differ-
ent time points. A time-depen-
dent increase in mMRNA expres-
sion was observed. The results
showed that RhoA mRNA ex-
pression was highest at 24 h in
HMCs exposed to 30 mmol/I
glucose. Otherwise, ROCK-I, CT-
GF, and TNF-a mRNA expres-
sion was significantly enhanc-
ed at 48 h (Figure 2). Treat-
ment with equimolar mannitol
for 6 h did not induce RhoA or
Rho kinase activation.

Expression of each mRNA in
different groups as indicated
in24 or48 h

According to the above groups,
after HMCs were exposed to
glucose for 24 h, RhoA mRNA
expression was up-regulated
significantly in the high glu-
cose-induced group compared
to the normal glucose-induced
group (5.5 mmol/l glucose).
ROCK-I, CTGF, and TNF-a mR-
NA expression was significan-
tly enhanced in the high glu-
cose-induced group compared
to the normal glucose-induced
group. However, treatment wi-
th equimolar mannitol for 24
or 48 h did not induce each

RhoA activity compared to the control group
cultured in complete medium. RhoA could be
activated within 30 min of high glucose induc-
tion and increased by 2.95+0.47 times (P<
0.05). Significant RhoA activation was observed
at 1 h afterexposure to high glucose (5.44+0.42
times vs. control group; P<0.05). Thereafter,
RhoA expression was decreased. However, to-
tal RhoA protein expression in each group sh-
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MRNA. Administration of Y-27632 or fasudil
abolished the enhancement of RhoA, ROCK,
TNF-a, and CTGF mRNA expression in HMCs
exposed to normal or high glucose (Figure 3). In
addition, different concentrations of fasudil in
the treatment groups compared to the high glu-
cose group were concentration dependent, but
there were no differences in the normal glu-
cose group (P>0.05).

Int J Clin Exp Med 2017;10(9):13224-13234
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Culture time (h)

Group
12 24 36 48 72

NG 1.277+0.021 1.358+0.088 2.099+0.173 6.983+0.142 3.316+0.060
HG 1.430+0.031° 1.645+0.1242 2.919+0.0312 8.059+0.041° 4.314+£0.1252
Man 1.329+0.011° 1.309+0.050° 1.995+0.102° 6.983+0.193° 3.113+0.176°
NY 0.820+0.03¢ 1.067+0.06° 1.125+0.09° 6.424+0.28° 2.532+0.08°

HY 0.921+0.04¢ 1.290+0.08¢ 1.338+0.05¢ 5.152+0.38¢ 2.747+0.20¢

H-F25 1.018+0.046° 1.329+0.064¢ 1.530+0.124¢ 6.727+0.298° 3.404+0.171¢
H-F50 0.912+0.047¢ 1.290+0.087¢ 1.338+0.054¢ 5.186+0.200° 2.610+0.278°
H-F100 0.691+0.118¢° 1.045+0.09¢ 1.277+0.082¢ 4.739+0.320° 2.592+0.185¢

NG: Normal glucose group, 5.5 mmol/L glucose; HG: High glucose group, 30 mmol/L glucose; Man: 5.5 mmol/L glucose+24.5
mmol/L mannitol; NY: 5.5 mmol/L glucose+10 pmol/L Y-27632; HY: High glucose+Y-27632 group, 30 mmol/L glucose+10
umol/L Y-27632; H-F25: High glucose+fasudil-25 group, Fasudil (25 pMol); H-F50: High glucose+fasudil-50 group, Fasudil (50
uMol); H-F100: High glucose+fasudil-100 group, Fasudil (100 pMol). vs. NG group, P<0.01, °P>0.05, °P<0.01; vs. HG group,
9P<0.01, °P<0.01.

Table 3. The concentration of CTGF protein in the supematant of each group (X+s ug/ml, n=3)

Culture time (h)

Group
12 24 36 48 72

NG 4.544+0.051 5.004+0.208 5.432+0.114 9.305+0.519 6.032+0.117
HG 5.606+0.098° 6.056+0.087° 5.947+0.125°2 12.836+0.4332 7.820+0.136°
Man 4.802+0.085° 4.907+0.076° 5.322+0.186" 9.126+0.548" 6.137+0.045°
NY 3.845+0.03° 4.080+0.15° 4.806+0.09° 6.432+0.392° 4.952+0.19°
HY 4.888+0.13¢ 4.821+0.12¢ 4.982+0.04¢ 8.677+0.391¢ 5.722+0.15¢
H-F25 5.131+0.076° 5.049+0.070¢ 5.202+0.142¢ 9.278+0.266° 6.575+0.283¢
H-F50 4.888+0.136° 4.821+0.126° 4.982+0.049¢ 8.677+0.392¢ 5.109+0.034¢
H-F100 4.039+0.070° 4.158+0.095° 4.013+0.097¢ 6.029+0.202° 4.791+0.085°

NG: Normal glucose group, 5.5 mmol/L glucose; HG: High glucose group, 30 mmol/L glucose; Man: 5.5 mmol/L glucose+24.5
mmol/L mannitol; NY: 5.5 mmol/L glucose+10 pmol/L Y-27632; HY: High glucose+Y-27632 group, 30 mmol/L glucose+10
pmol/L Y-27632; H-F25: High glucose+fasudil-25 group, Fasudil (25 pMol); H-F50: High glucose+fasudil-50 group, Fasudil (50
pMol); H-F100: High glucose+fasudil-100 group, Fasudil (100 pMol).vs. NG group, 2P<0. 01, °P>0.05, °P<0.01; vs. HG group,

9P<0. 01, °P<0.01.

Changes of each protein (FN, CTGF, and TNF-«)
in the supernatant of each group at various
time points

HMCs cultured in high glucose with protein in
the supernatant (including FN, CTGF, and TNF-
o) were increased from 12 h and significantly
enhanced at 48 h, after which, protein expres-
sion started to decrease (P<0.01). Mannitol
had no effect on FN transcript or protein up-
regulation at different time points (P>0.05). In
the normal glucose+Y-27632 group compared
to the normal glucose and the high glu-
cose+Y-27632 group compared to the high glu-
cose group, protein expression was significant-
ly decreased (P<0.01; Tables 2-4). After treat-
ment by different concentrations of fasudil,
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compared to the high glucose group, each pro-
tein level was significantly decreased (P<0.01)
and was concentration dependent (Tables 2-4).

RhoA siRNA and the expression of various
factors

Subsequently, the study assessed the effects
of inhibition of upstream RhoA activation. HMCs
were transfected with either control or RhoA-
specific siRNA (Figure 4). Figure 5 shows that
glucose induced the up-regulation of each
MRNA, as assessed by real-time PCR. The up-
regulation of FN and each protein, as detected
by ELISA (Tables 5-7), was prevented by RhoA
siRNA. The successful down-regulation of RhoA
was confirmed by real-time PCR, with B-actin

Int J Clin Exp Med 2017:10(9):13224-13234
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Table 4. The concentration of TNF-a protein in the supernatant of each group (X s ng/ml, n=3)

Culture time (h)

Group 12 24 36 48 72

NG 8118+0.865  16.61445.730  35.306+3.685 50.00742.144  34.173+4.817
HG 3455042265  38.515+2.042°  59.850+2.907°  98.17645588°  80.618+9.634°
Man 12.65047.648>  17.558+5.191°  39.450+4.949°  55.69647.690°  42.102+6.366°
NY 207740.865°  3.021+1.989°  9.25142.554° 35.494+1.42°  16.427+4.49°
HY 13.78241.179  27.565+2.61¢ 34.928+2.90¢ 53.09743.31¢  55.885+3.46°
H-F25  19.635+0.865¢  30.774+1.179°  45.690+4.175°  67.968+3.537°  59.661+1.730°
H-F50  14.349+3.319°  26.432+2.677°  34.928+2.907°  53.997+3.319°  51.92043.119°
H-F100  3.39842.266°  7.03042.997¢  22.090+4.276°  33.040+3.856°  32.662+4.326¢

NG: Normal glucose group, 5.5 mmol/L glucose; HG: High glucose group, 30 mmol/L glucose; Man: 5.5 mmol/L glucose+24.5
mmol/L mannitol; NY: 5.5 mmol/L glucose+10 pmol/L Y-27632; HY: High glucose+Y-27632 group, 30 mmol/L glucose+10
pmol/L Y-27632; H-F25: High glucose+fasudil-25 group, Fasudil (25 pMol); H-F50: High glucose+fasudil-50 group, Fasudil (50
uMol); H-F100: High glucose+fasudil-100 group, Fasudil (100 uMol). vs. NG group, 2P<0. 01, °P>0.05, °P<0.01; vs. HG group,

9P<0. 01, *P<0.01.

Figure 4. HMCs transfection screening and transfection efficiency. (A) HMCs were cultured in normal medium (under
normal light microscope, 100x). (B) HMCs were transfected by RhoA Stealth-siRNA (under normal light microscope,
100x). (C) Inverted fluorescence microscope siRNA transfection rate of 90% (GFP marker 100x%) siRNA (ul): Lipo-
fectamine™2000=1:2. (D) Synthesized by (B and C).
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Figure 5. Expression of mRNA at 48 h in each group. NG: Normal glucose
group; HG: High glucose group; NG+M: 5.5 mmol/L glucose+24.5 mmol/L
mannitol; HG+Lipo: High glucose+Lipofectamine group; HG+neg: High
glucose+negative siRNA group; HG+siRNAL: High glucose+RhoA-1siRNA
group; HG+siRNA2: High glucose+RhoA-2siRNA group; HG+siRNA3: High
glucose+RhoA-3siRNA group. vs. NG group, ?P<0.01; vs. HG group, °P<0.01.

and GAPDH serving as controls (Table 1). These
results suggest an important role for RhoA/
ROCK in this characteristic fibrogenic response
and inflammatory reaction to high glucose.

Discussion

This study demonstrated that the Rho/ROCK
signaling pathway can be activated in HMCs in
vitro by high glucose. The level of RhoA and the
proliferation and division rate were significantly
increased in HMCs induced by high glucose
under an inverted microscope, which is consis-
tent with previous in vivo and in vitro studies
[10-15]. By activating the Rho/ROCK pathway,
the expression of downstream inflammatory
and fibrotic factors was increased. This led to a
series of inflammatory reactions and glomeru-
lar fibrosis, accelerating the occurrence and
development of DKD. The ROCK inhibitors Y-
27632 and fasudil, in addition to RhoA siRNA,
effectively reversed the high glucose-induced
expression of ROCK-I, FN, CTGF, and TNF-a and
then reduced glomerular fibrosis and inflamma-
tion, delaying the progress of glomerular sclero-
sis and glomerular hypertrophy.

DKD, as the major microvascular complication
of DM, is an important cause of disability and
death in patients with DM. DM could cause kid-
ney damage through various mechanisms, and
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HG+siRNAZ  HG+siRNAS

the occurrence of DKD is the
result of many factors. In re-
cent years, the role of the Rho/
ROCK signaling pathway, whi-
ch contributes to the micro-

M RhoA

EROCK-T

= CIcR vascular complications of DM,
has attracted widespread at-
tention.

RhoA is a GTPase that has
been shown to play a key role
in both actin stress fiber forma-
tion and focal adhesion com-
plex assembly in fibroblasts
[16, 17]. Recent studies dem-
onstrate that RhoA is an im-
portant target in the cell sig-
naling pathway and that RhoA
plays a pivotal role in cell func-
tion. Rho kinase, that is, ROCK,
which is the most well studied
downstream factor of Rho, con-
sists of an N-terminal kinase
domain followed by a central
coiled coil-forming region containing an Rho-
binding domain (RBD) and C-terminal cysteine-
rich domain (CRD) located within the pleckstrin
homology (PH) motif. The Rho/ROCK signaling
pathway not only has a relationship and regula-
tion with many vasoactive factors [18] but also
plays a key role in the regulation of actin cyto-
skeleton formation, cell motility, proliferation,
and apoptosis [19], and is also involved in
smooth muscle cell contraction, gene expres-
sion, and regulation of cytokinesis [20].

The Rho/ROCK signaling pathway can be acti-
vated by high glucose, high concentrations of
amino acids, and mechanical damage. These
downstream cytokines and vasoactive sub-
stances are important contributors to inflam-
matory injury and tissue fibrosis. Accordingly,
the Rho/ROCK signaling pathway may be inte-
grated in the after effects of inflammatory
receptors, which are involved in the pathophy-
siology of these diseases [16, 21].

In our study, the activation of RhoA was induced
by 30 min exposure of HMCs to high glucose in
vitro. GTP-RhoA expression was high with 1 h
treatment. Both a dose-dependent decrease
with the extension of duration of high glucose
and a time-dependent decrease on the level of
activation of protein expression were observed.
RhoA expression reached the highest level in

Int J Clin Exp Med 2017;10(9):13224-13234
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Table 5. The concentration of TNF-a in the supernatant of each

group (X s, ng/mL, n=3)

Culture time (h)

kinase and then increase the
transforming growth factor-
(TGF-B) and FN [22]. It has

Group 12 o 48 79 been reported that sgme ECM
NG 50.78+4.40 5815+1.73 68.34+4.02 74.19+5.09 Con:gonezts' espﬁc'a('j'% FN,
HG 90.62+4.28* 100.44+5.59° 91.76+2.27° 121.97+3.98° cou er? ance cef adnesion
and motion, and FN produces
NG+M 57.63+3.09° 60.10+£2.09¢ 69.89+3.01° 79.77+2.11° . . .

_ . . . . its marked effect via the in-
HG+Lipo 91.57+1.98° 101.01+5.67¢ 80.05+7.71° 116.11+4.53 tegrin family. The increase of
HG+neg  88.17+2.68° 104.78+2.04° 72.12+2.85° 126.3146.31° ECM proteins is the significant
HG+siRNA1 83.0742.29° 80.81+3.98> 61.17+2.59° 93.83+2.29" factor in the development of
HG+siRNA2 64.76+0.87° 68.72+1.73°> 76.46+1.69° 107.24+3.98° g|0meru|osc|erosi3_ Therefore,
HG+siRNA3 58.71+1.99* 58.91+1.13° 71.37+1.69° 99.69+2.27° the expression level of FN and

NG: Normal glucose group; HG: High glucose group; NG+M: 5.5 mmol/L glu-
cose+24.5 mmol/L mannitol; HG+Lipo: High glucose+Lipofectamine group;
HG+neg: High glucose+negative siRNA group; HG+siRNA1: High glucose+RhoA-
1siRNA group; HG+siRNA2: High glucose+RhoA-2siRNA group; HG+siRNA3: High
glucose+RhoA-3siRNA group. 2P<0.01, vs. NG group; °P<0.01, °P>0.05. vs. HG

group.

Table 6. The concentration of FN in the supernatant of each

group (X s, ug/mL, n=3)

Group

Culture time (h)

LN in the kidney glomerulus
increases greatly in DM pati-
ents or in DM models [23].

The results of this study re-
vealed that the expression of
the inflammatory factor TNF-«,
fibrosis factor CTGF, and ECM
component FN was significant-
ly increased under high gluco-
se-induced HMC and this fur-

12 24 48 72
NG 135+0.09 1.86+0.06 3.31+0.06  2.10+0.17 ther accelerated HMC prolifer-
HG 1.65+1.23° 2.68+0.09° 4.31+0.13* 2.92+0.03? ation, inflammatory reactions,
NG+M 1.40£0.09° 1.90+0.10° 3.45:+0.88° 2.20+0.09° ?ndlf'bros'sl’ Wk:'Ch n.”'ggt rels“|t
HG+Lipo 1.6940.09° 2.61+0.05° 4.16+0.21° 2.85+0.03° :n: eiimBeer;gzgye\:f;SEus;etﬁz,;
HG+neg 1.5240.05° 2.69+0.04° 4.13+0.27° 2.80+0.04° TNF-a, CTGF, and FN expres.
HG+siRNA1 0.56+0.05° 1.59+0.05° 2.56+0.17° 1.38+0.07° sion in the supernatant fluid of
HG+siRNA2  0.8440.09° 2.08+0.04° 3.14+0.22° 1.48+0.04° HMC cultivated under normal
HG+siRNA3  0.54+1.03° 1.43+0.04° 1.99+0.04° 1.06+0.06 glucose increased with incuba-

NG: Normal glucose group; HG: High glucose group; NG+M: 5.5 mmol/L glu-
cose+24.5 mmol/L mannitol; HG+Lipo: High glucose+Lipofectamine group;
HG+neg: High glucose+negative siRNA group; HG+siRNA1: High glucose+RhoA-
1siRNA group; HG+siRNA2: High glucose+RhoA-2siRNA group; HG+siRNA3: High
glucose+RhoA-3siRNA group. vs. NG group, ?P<0.01; vs. HG group, °P<0.01,

°P>0.05.

HMCs stimulated by 24 h exposure to high glu-
cose in RNA levels. However, high glucose was
depleted and RhoA expression was decreased
gradually over time. Its downstream factor,
ROCK-I, also showed high expression along
with the increase of RhoA, which had the high-
est expression level at 48 h. RhoA and ROCK-I
activation was not induced by equimolar man-
nitol for 24 h. It can be inferred that high glu-
cose may induce the activation of the Rho/
ROCK signaling pathway in HMCs.

In addition, high glucose could decrease the
activity of the GMP cyclin-dependent protein

13231

tion time. This might be attrib-
uted to cell division growth dur-
ing the prolonged incubation
time of HMC.

Y-27632 is a kind of synthetic

pyridine derivative and is usu-
ally used as a selective inhibitor of Rho kinase.
It is absorbed by cells via carrier-mediated facil-
itated diffusion and combines with the effec-
tive apparatus kinase catalysis sites of down-
stream Rho. Fasudil is a Rho kinase inhibitor,
and its derivative, fasudil hydrochloride, has
been used clinically as a drug aimed to heal
post-subarachnoid hemorrhage cerebral arteri-
al spasm.

This study used Y-27632 to interfere with HMC
incubated with normal and high levels of glu-
cose, and the high glucose groups were given
different concentrations of fasudil. We found
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Table 7. The concentration of CTGF in the supernatant of

each group (X s, ug/mL, n=3)

Culture time (h)

Group

12 24 48 72
NG 4.59+0.09 4.91+0.11 5.42+0.11 6.03+0.12
HG 5.71+0.09* 6.06+£0.09° 6.06+0.09* 7.82+0.142
NG+M 4.62+0.10° 5.01+0.07¢ 5.33+0.20° 6.13+0.20°
HG+Lipo 5.52+0.10° 5.78+0.09° 5.92+0.14° 7.70+0.11°
HG+neg 5.80+0.11° 6.14+0.10° 5.86+0.14°¢ 7.71+0.16°
HG+siRNA1 4.14+0.11° 5.05+0.10* 5.05+0.08° 5.50+0.20°
HG+siRNA2 5.18+0.10° 5.29+0.10° 5.26+0.08" 6.16+0.12°
HG+siRNA3 4.53+0.14* 4.66+0.16° 4.981+0.17° 5.34+0.15°

NG: Normal glucose group; HG: High glucose group; NG+M: 5.5 mmol/L
glucose+24.5 mmol/L mannitol; HG+Lipo: High glucose+Lipofectamine
group; HG+neg: High glucose+negative siRNA group; HG+siRNA1: High
glucose+RhoA-1siRNA group; HG+siRNA2: High glucose+RhoA-2siRNA
group; HG+siRNA3: High glucose+RhoA-3siRNA group. vs. NG group,

aP<0.01; vs. HG group, °P<0.01, °P>0.05.

that RhoA and ROCK-I expression was signifi-
cantly decreased compared to the level before
treatment. The results indicated that Y-27632
and fasudil could block the signaling pathway
of the activated high glucose by inhibiting
ROCK-I expression. We also determined that
the multiplicative division speed of HMC was
slower as observed with an inverted micro-
scope. The decrease of TNF-a, FN, and CTGF
expression was also detected. Hence, the re-
sults of our research revealed that one could
decrease the expression of some inflammatory
factor and cytokine that lead to glomeruloscle-
rosis by inhibiting activation of the Rho/ROCK
signaling pathway. The decrease of fibrosis and
inflammatory reactions in mesangial cells mi-
ght prevent the development of glomeruloscle-
rosis and delay the process of DKD.

In addition, some improvements on the meta-
bolic index were determined under large doses
of fasudil in type 2 DM, such as control of blo-
od glucose, blood lipids increase, decrease of
insulin resistance, and improvement of DKD
pathologic modification [24, 25]. Although a
low dose of fasudil could decrease the thick-
ness of the glomerular basement membrane
and the expansion of mesenteric substrate, it
had no great effect on the metabolic index [26]
but could prevent the increase of FN in the kid-
ney glomerulus and kidney glomerular cirrho-
sis. It had a therapeutic effect similar to that of
enalapril [27].
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RNA interference (RNAi) is a new
molecular biology technique for gene
silencing developed in recent years.
RNAI effect has high sequence speci-
ficity, and any misalliance in base
would result in the loss of RNAI effect
[28, 29]. RNAI is more effective and
thorough than the ribozyme and anti-
sense oligonucleotide, and it has
been the most important strategy for
gene analysis and gene therapy.

Previous studies of the inhibitor of

signaling molecule ROCK in down-
stream small G protein have reported
that the inhibitor had an inhibitory
action for the ROCK downstream sig-
nal. Meanwhile, human glomerular
mesangial cells transiently transfect-
ed by RhoA siRNA were established
by chemical synthesis. As observed under an
inverted microscope, some post-transfection
cells became round and floated. The cell-cell
contact was no longer close, and proliferation
was slow. Besides, the particle number in cells
increased and vacuolization was observed. It
was demonstrated that after 12 h, siRNA tran-
siently transfected mammalian cells displayed
a gene silencing effect. The transfection effi-
ciency increased gradually with transfection
time and reached a maximum after 48 to 72 h.
The RhoA mRNA level of the HG+RhoA siRNA
group after 12 h transfection as determined by
real-time RT-PCR was lower than that of the
untransfected HG group. This result implied
that RhoA expression was inhibited at the gene
level. After 48 h transfection, the silencing effi-
ciency of the RhoA of the HG+RhoA siRNA group
was higher than 80% and greater than that of
the HG group. Meanwhile, no silencing effect
was observed for the control of the blank lipo-
somes and the missense negative control.
Furthermore, we found that the expression
level of ROCK-I, CTGF, FN, and TNF-a of the
transfection group was lower than that of the
untransfected high glucose group in the gene
and protein levels, indicating that the inflamma-
tory reaction and fibrotic effect of the HMCs
under high glucose can be reduced by high glu-
cose transfection and induce the protective
effect on the kidney.

It has been reported that the Rho/ROCK signal-
ing pathway could contact with Smads, NF-kB,
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JAK/STAT, MAPK, mTOR, and the integrin recep-
tor to form complex networks that influence sig-
nal transduction [30]. The effect of Y-27632
can markedly reduce the inflammatory reaction
and fibrotic effect of intercapillary cells, which
might be the result of the interaction of the
Rho/ROCK and ERK/MAPK signaling pathways.
Fasudil could reduce the phosphoric acid level
of Smad2/3 [31], indicating that Smads might
be one substrate of ROCK.

In conclusion, this study demonstrates the
important role of the Rho/ROCK signaling path-
way in the development of DKD and suggests
that inhibition of this pathway is a potential tar-
get point to retard the development of DKD.
Future studies should focus on the therapeutic
effect of the RhoA kinase inhibitor on DKD. The
influence of the signal networks formed by the
Rho/ROCK signaling pathway and other signal-
ing pathways on the molecular mechanism of
DKD development should be evaluated as well
in future research.
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