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Abstract
o AIM: To research the effect of Y-27632, a selective Rho-

associated coiled-coil kinase (ROCK) inhibitor, on TGF-1/
Smad2, 3 signal transduction in ocular Tenon’s capsule
fibroblasts (OTFs).

e METHODS: Primary ocular Tenon’s capsule fibroblasts
had been cultured in vitro. The effect of Y27632 on proliferation
of OTF stimulated by lysophosphatidic acid (LPA) was
evaluated by MTT colorimetric assay so as to sift out the proper
concentrations range of Y-27632 for the next experiment.
Real time-polymerase chain reactor (RT-PCR) was to analyze
the changes of Smad2 and Smad3 genes of cells affected by
Y-27632, though unaffected by transforming growth factor-
beta1 (TGF-B1). Proteins of Smad2, Smad3, phosphorylated
Smad2 (Ser245/250/255), and phosphorylated Smad3
(Ser423/425/203) were respectively quantified by Western
blot after OTFs were successively incubated by TGF-$1
and Y-27632. Meanwhile, a-smooth muscular actin (a-SMA)
protein was also quantified after the small intervening
gene fragments of human Smad2 and Smad3 were
designed, synthesized, and then transfected to OTFs.

e RESULTS: Y-27632 significantly inhibited OTFs proliferation
stimulated by LPA. Also Y-27632 significantly suppressed
the expressions of Smad2 mRNA, Smad2, 3 proteins
expressions, Smad3 phosphorylation at the carboxylic
terminals of Ser423/425/203 which had been radically
promoted by TGF-1. SiRNA-Smad2, 3 suppressed a-SMA
expressions, but less effectively than Y-27632.

o CONCLUSION: The inhibition of ROCK signaling may be
a potential therapeutic candidate for the treatment of the
filtration channel fibrosis.
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INTRODUCTION

he failure of glaucoma surgery still remains unsolved,

mainly due to the fibrosis of either the filtration channel
or the embedded implants. Dozens of cytokines and signal
channels have been involving in the over-proliferation process
of the fibroblast in the surgical area" . Classical fibrosis signal
transduction channel, transforming growth factor beta (TGF-B)/
Smad, existed the widespread and complex crosstalk with the
other intracellular signal pathways, including TGF-/MAPK,
TGF-B/PI3K/AKT, and Rho-associated coiled-coil kinase
(ROCK) pathway, which commonly affected the cicatrix
formation” ™. The biological effect of TGF-B chiefly depends
on the activation of Smad pathway. Reportedly non-Smad
pathway interacted with Smad pathway. Smad pathway could
activate other channels, while non-Smad channels also could
modify Smad proteins. Additionally, TGF-B could directly
activate non-Smad channels and thus implement its biological
effect™.
Y-27632 not only belongs to the specific selective inhibitor of
ROCK pathway, but reportedly can lessen the fibrosis degrees
of diverse organs'”. According to our earlier experiments,
Y-27632 significantly inhibited the cellular clone proliferation,
induced the apoptosis, and inhibited the intercellular adhesion
induced by lysophosphatidic acid (LPA) in ocular Tenon’s
fibroblasts (OTFs)”. In this study, OTFs in vitro were induced
by exogenous LPA or TGF-B1 to simulate the postoperative
microenvironment of the fibroblast. Based on the effects of
Y-27632 on Smad2/3 and the alterations of the inhibitory
effects of Y-27632 on a-SMA protein intervened by TGF-B1,
we try to explore the interaction between the ROCK signal and
TGF-B1/Smad pathway and the possible mechanisms behind
the anti-proliferative effects of Y-27632 on OTFs.
MATERIALS AND METHODS
Primary Culture of Ocular Tenon’s Fibroblasts The primary
culture of human OTFs in vitro had been undertaken the same
as before'”. The protocol was approved by the Institutional
Review Board at Medical School of Xi’an Jiaotong University
in compliance with tenets of the Declaration of Helsinki. Cells
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were maintained in the logarithmic growth phase, and cells
from passages 4 to 6 were used in all experiments, which were
performed at least three times with similar results.
Tetrazolium Bromide Colorimetric Assay The 2% fetal
bovine serum diluted the suspension up to the 1.5x10* cells/mL.
The 200 pL suspensions per hole seeded into the 96-hole
culture plate. Cells were treated with different concentrations
of Y-27632 (Sigma-aldrich, Inc., USA) ranging from 10° to
10" pmol/L based on a ten-fold gradient for 24, 48 or 72h after
OTFs had been cultivated with 10 pmol/L LPA (Sigma-aldrich,
Inc., USA) for 24h (n=4). The 20 pL tetrazolium bromide
(MTT, 5 mg/mL, Sigma-aldrich, Inc., USA) added. After
incubation at 37°C for 4h, 150 pL dimethyl sulfoxide (DMSO,
HuaMei biotech corporation, China) supplemented and then
the mixture vibrated for 10min by the micro-oscillator. The
absorbance values at the wavelength of 490 nm (A,,) were
calculated by means of the enzyme linked immune-sorbent
assay. The inhibition rates of cellular proliferation= (1-A,y, of
treated groups/A,y, of the LPA group) x100%.

Western Blot After OTFs had been incubated with 5 ng/mL
TGF-B1 for 24h, 150 pmol/L Y-27632 was added and
cultivated for 24h with 1x10° cells per tube (n=4). Western
blot had been undertaken with the former method described
as before!”). The protein samples were transferred on
nitrocellulose membrane, and respectively incubated with
1:400 rabbit anti-Smad2/3 polyclonal antibody (Abcam,
USA), 1:1000 rabbit anti-Phospho-Smad2 (Ser245/250/255)
polyclonal antibody (Cell Signaling Technology, Inc., USA),
1:1000 rabbit anti-phospho-Smad3 (Ser423/425) monoclonal
antibody (Cell Signaling Technology, Inc., USA), 1:50 rabbit
anti-phospho-Smad3 (Ser203) monoclonal antibody (Cell
Signaling Technology, Inc., USA), and 1:1000 mouse anti-f-
tubulin antibody (Sigma-aldrich, Inc., USA) overnight at 4°C,
and then added with 1:10000 horseradish peroxidase coupled
with goat anti-rabbit immunoglobulin G or goat anti-mouse
immunoglobulin G (Abcam, USA). The optical density (OD)
of bands was analyzed. The OD ratios (Ct values) between OD
of the target band and that of the internal reference band were
to quantify the target protein. B-tubulin was referred to as the
internal reference.

Real-time Polymerase Chain Reaction The 0, 6, 30, 150
or 750 pmol/L Y-27632 had been separatedly cultivated with
1x10° cells each hole for 48h (n=4). The total RNA was
extracted and dissolved into sterilized diethyl pyrocarbonate
(DEPC). The absorbance values of A,, and A, were detected
by the ultraviolet spectrophotometer. The reverse transcription
reacted at 37°C for 15min and afterwards at 85°C for 10min
so as to inactivate the reverse transcriptase. The first chain of
cDNA was synthesized according to the reverse transcription
kit instructions (TaKaRa, Inc., Japan). The primer sequences of
Smad2, Smad3, and B-tubulin were synthesized by Invitrogen

corporation.
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Design and Synthesis of Small Interference RNA-Smad2,
Smad3 The primer sequences of Smad2, Smad3, and
B-tubulin had been synthesized (Smad2: Forward-
AATGCCACGGTAGAAATGACAAG, Reverse- ATGA
AGTTCAATCCAGCAAGGAG; Smad3: Forward-
GTGACCACCAGATGAACCACAGC, Reverse- TA
GTAGGAGATGGAGCACCAGAAGG; B-tubulin: Forward-
GAGCTGTTCAAGCGCATCTC, Reverse- TCCTCCT
CGTCGTCTTCGTA). The sequence molecules of small
interference RNA (siRNA) of Smad2 and Smad3 had been
designed based on the secondary structures of human Smad2/3
mRNA, siRNA target finder, and the design principles of
the siRNA'". The double-stranded siRNA molecules were
obtained after denaturation, anneal and cryopreserved in minus
70°C with 50 umol/L DEPC double distilled water as the
storage solution for stand-by. Three pairs of gene interference
fragments of human Smad2 or Smad3 had been separatedly
synthesized.

OTFs were transfected as the cell density reached 50%.
The 10 pL Lipofectamine-2000 (Shanghai Invitrogen
Biotechnology, Inc., China) and 50 nmol/L siRNA had been
respectively diluted with 250 puL serum-free Opti-Mem
(Wuhan Biotechnology, Inc., China). Then Lipofectamine-2000
mixed up well with siRNA and incubated at room temperature
for 20min. The culture plate was placed in carbon dioxide
incubator for S5h and the cells were collected (n=4).

Two siRNA fragments of Smad2 or Smad3, which can
effectively inhibit the protein expressions of Smad2 or Smad3,
were chosen. a-SMA protein was quantified after OTFs were
transfected with siRNA and/or 150 umol/L Y-27632.
Statistical Analysis The data were analyzed by the SPSS
statistical software package (version 19.0, manufactured by
IBM). The numerical values were indicated by means+standard
deviation (Mean+SD). One-way analysis of variance was
adopted to compare Ct values among groups. Levene-test was
used to examine the homogeneity of variance for the sample
means in each group (P>0.05). As for the pairwise comparison
between each group, the least significance difference-¢
(LSD-f) test was applied for homogeneity of variance, while
the Dunnett-T3 test was for the heterogeneous variance. The
Pearson test was for the correlation analysis.

RESULTS

Effect of Y-27632 on the Cellular Proliferation Stimulated
by Lysophosphatidic Acid At 24h 1 umol/L Y-27632 inhibited
OTFs proliferation stimulated by LPA, but still cannot
completely counteract the stimulation effect of LPA. The
1000 pmol/L and 10 000 pmol/L Y-27632 considerably
suppressed the cellular proliferation even promoted by LPA
(Figure 1A). The OTFs expressed the markedly proliferative tendency
over time. Additionally, with the increasing concentration of
Y-27632, cells induced by LPA proliferated less (Figure 1B).
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Figure 1 Effect of Y-27632 on the cellular proliferation stimulated by LPA A: Inhibition of Y-27632 against the cellular proliferation
stimulated by LPA. A,y of 1 pmol/L Y-27632 significantly increased at 24, 48, 72h (compared with that of the Blank, P=0.021, 0.000, 0.000).
Ay of 10 pmol/L or 100 pmol/L Y-27632 groups had no significant differences from that of the Blank at 24h (P=0.050, 0.415). OTFs of 1000 umol/L. or
10000 umol/L Y-27632 groups significantly decreased compared with those of the Blank whenever at 24, 48 or 72h (P<0.05),°P<0.05, "P<0.01;
B: Correlation between Y-27632 concentrations and the inhibition rates of cellular proliferation. The inhibition rate of the cellular proliferation
exhibited the positive correlation with concentrations of Y-27632 (Pearson correlation coefficient=0.946, 0.946, 0.963, P=0.015, 0.015, 0.008).
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Figure 2 Effect of Y-27632 on TGF-$1/Smad2, 3 signal transduction A: Gel bands of interventions of Y-27632 against the expressions of
Smad2/3, P-Smad2 (Ser245/250/255), P-Smad3 (Ser423/425), and P-Smad3 (Ser203) proteins induced by TGF-f1; B: Y-27632 intervened

against TGF-p1/Smad2,3 signal transduction, “P<0.05, "P<0.01.

Effect of Y-27632 on Transforming Growth Factor-betal/ 351 B Smad2
Smad2, 3 Signal Transduction TGF-B1 dramatically 37 @ Smad3
stimulated the synthesis of both Smad2 and Smad3 proteins, 2571
as well the Smad2 phosphorylationatthe carboxyl terminals of - 27
Ser245/250/255 and Smad3 phosphorylation at the carboxyl © 1'\:) I
terminals of Ser423/425/203. Y-27632 down-regulated 05 -
Smad2, 3 proteins expressions more significantly than TGF-p1 ol

up-regulated Smad2, 3 expressions. Y-27632 statistically
suppressed Smad3 phosphorylation at the carboxylic terminals
of Ser423/425/203 which had been radically promoted
by TGF-B1, but Y-27632 insignificantly affected Smad2
phosphorylation at the carboxylic terminals of Ser245/250/255
(Figure 2A, 2B).

Y-27632 down-regulated Smad2, 3 proteins more significantly
than TGF-B1 up-regulated Smad2, 3 expressions (Ct of
the control, 0.2410+0.0012, had been compared with that
of TGF-B1/Y-27632, 0.1673+0.0044, P=0.033). Y-27632
statistically suppressed Smad3 phosphorylation at the carboxylic
terminals of Ser423/425/203 radically promoted by TGF-B1
(Ct of the control, 0.2131+0.0063, 0.0767+0.0010, had been
compared with that of Y-27632, 0.1405+0.0007, 0.0396+0.0008,
P=0.037, 0.000; compared with that of TGF-f1/Y-27632,
0.225740.0114, 0.1093+0.0144, P=0.106, 0.171), although
Y-27632 had no significant role in Smad2 phosphorylation.
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Figure 3 Interventions of Y-27632 against Smad2, 3 mRNA Compared
with Ct value of the control, those of Smad2 mRNA of 150 umol/L
and 750 umol/L Y-27632 groups reduced markedly (P=0.010, 0.027),
but those of Smad3 mRNA of 6, 30, 150 or 750 umol/L Y-27632
groups altered insignificantly (P=0.591, 0.193, 0.199, 0.227), *P<0.05.

Effect of Y-27632 on Smad2, 3 mRNA OTFs had been
separatedly cultured with 6, 30, 150 or 750 pmol/L Y-27632 based
on a five-fold concentration gradient. Y-27632 could significantly
inhibit the expressions of Smad2 mRNA while insignificantly
affected the expressions of Smad3 mRNA. None of remarkable
differences existed between Smad3 mRNA expression of 0 pumol/L
Y-27632 and those of Y-27632 groups (Figure 3).

Design and Synthesis of Small Interference RNA-Smad2, 3
Firstly, 3 pairs of siRNA fragments of Smad2 or Smad3 had
been designed and synthesized as Table 1.
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Table 1 The 3 pairs of synthesized siRNA fragments of Smad2 and Smad3

Gene siRNA fragment Direction Sequences
. Sense 5’ -GUCCCAUGAAAAGACUUAA-3’
Smad?2 siRNA1 )
Anti-sense 5’ -UUAAGUCUUUUCAUGGGAC-3’
RNA2 Sense 5’-UCUUUGUGCAGAGCCCCAA-3’
si
Anti-sense 5’-UUGGGGCUCUGCACAAAGA-3’
— Sense 5’- GCUUAGGUUUACUCUCCAAUG-3’
si
Anti-sense 5’- CAUUGGAGAGUAAACCUAAGC-3’
. Sense 5’-GGAGAAAUGGUGCGAGAAG- 3’
Smad3 siRNA1
Anti-sense 5’-CUUCUCGCACCAUUUCUCC -3’
RNA2 Sense 5’-CUGUGUGAGUUCGCCUUCA-3’
si
Anti-sense 5’-UGAAGGCGAACUCACACAG-3’
RNA3 Sense 5’-GAUGCAACCUGAAGAUCUUCA-3’
si
Anti-sense 5’-UGAAGAUCUUCAGGUUGCAUC-3’
A B 18 @ Smad2

o

Control siRNA1 siRNA2 siRNA3

b
= P
siRNA2

Control  siRNA1 siRNA3

Figure 4 Design and synthesis of siRNA-Smad2, 3 A: Gel bands of the effects of siRNA-Smad2/3 on the protein expressions of Smad2/3; B:
Effects of siRNA-Smad2/3 on the protein expressions of Smad2/3,*P<0.05, *P<0.01.
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Figure 5 Effect of siRNA-Smad2, 3 on 0-SMA protein A: Gel images of the effect of siRNA-Smad2/3 and Y-27632 on the expression of
0-SMA protein; B: Interventions of siRNA-Smad2/3 and Y-27632 against 0-SMA protein, “P<0.05, "P<0.01.

Then both second pairs of siRNAs (siRNA2-Smad2, 3) were
selected for next step of our experiment. Among the six
pairs of siRNA fragments of Smad2 and Smad3, the first and
second pair of siRNA fragments of Smad2 and all three pairs
of siRNA fragments of Smad3 respectively made Smad2 or
Smad3 expressions markedly reduced (Figure 4A, 4B).

The first and second pair of siRNA-Smad2 fragments made
Smad2 markedly reduced as compared that the third pair of
siRNA-Smad?2 fragment made no significant alterations of the
Smad? level (P=0.186). All three pairs of siRNA fragments of
Smad3 made Smad3 decreased dramatically.

Effect of Small Interference RNA-Smad2, 3 on a-Smooth
Muscular Actin Protein Though siRNA-Smad2, 3
statistically down-regulated a-SMA expressions, Y-27632
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still suppressed a-SMA expressions more effectively than
siRNA-Smad2, 3. As OTFs had been co-treated with
both siRNA and Y-27632, the expression level of a-SMA
decreased less than that with siRNA or Y-27632 alone (P<0.05;
Figure 5A, 5B).

Though siRNA-Smad2/3 could statistically downregulated
a-SMA expressions (0.2253+0.0101, 0.3966+0.0023;
P=0.003, 0.033), Y-27632 still suppressed a-SMA expressions
(0.0865+0.0100, 0.0780+0.0042; P=0.000, 0.000) more
effectively than siRNA-Smad2/3. As OTFs had been co-treated
with both siRNA and Y-27632 simultaneously, the expression
level of a-SMA decreased further less than that with siRNA or
Y-27632 alone (P<0.05).
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DISCUSSION

The small G-protein, Rho, and its downstream effector, ROCK,
mediate a variety of cell functions, including smooth muscle
contraction, stress fiber formation, cell contraction, adhesion,
proliferation, differentiation and inflammatory responses'”’.
We here focus on the involvement of ROCK signaling in the
fibrosis process of filtration channel after glaucoma surgery
like trabeculectomy and its mediation to the pro-fibrosis effect
of TGFB1/Smad pathway.

Y-27632, a pyridine derivative, reportedly can lessen the
fibrosis degrees of the liver, lung, and kidney. Y-27632
inhibited the proliferation, the adhesion, and the migration
of the stellate induced by LPA, and reversed the cytoskeletal
recombination"”’; attenuated the proliferation of airway
smooth muscle cells""; alleviated the early inflammatory cell
infiltration and improved the mouse renal interstitial fibrosis"”.
Additionally, Y-27632 suppressed the contraction of collagen
gel in human Tenon’s capsule fibroblasts and caused the
significant loss of collagen deposition at the sclerotic stoma
area after glaucoma surgery'".

LPA, a potent stimulating factor of fibroblast, induced radical
actin fiber contraction and cellular focal adhesion"*". During
the filtration and post-filtration in glaucoma, LPA in aqueous
humor infiltrated into the filtration channel on account of the
break-down of the blood-aqueous barrier and the aqueous
circulation so that OTFs had been constantly stimulated by
LPA"". Our experiments showed that the proliferation of
OTFs, though remarkably induced by LPA, still could be
suppressed by 1, 10, 100, 1000, 10 000 umol/L Y-27632, a
ten-fold concentration gradient. The cellular proliferation
affected by Y-27632 dwindled with time, but increased up with
the Y-27632 concentration rising up. Consequently Y-27632
concentration gradient had been adjusted from ten-fold to five-
fold, 6, 30, 150, 750 pmol/L, to the next step of experiment. In
addition, DMSO is a commonly used osmotic cell protective
agent, but with cytotoxicity. Even at a concentration of 0.004%,
DMSO had an adverse effect on cell growth. In our experiment
there was no significant difference between the Blank group
and the DMSO group at 24, 48 and 72h (P=0.3025, 0.050,
0.165).

TGF-B1, closely associated with cicatrix, secreted into anterior
chamber from plasma due to glaucomatous filtration, drained
into the wounded area'”, and then promoted local fibroblast
proliferation, migration and collagen gathering!*!. The
biological effect of TGF-Bf1 had been mainly accomplished
by the activation of Smad pathway. Smad2 and Smad3,
as receptors of Smads, were phosphorylated by TGF-p1.
Phosphorylated Smad2/3 (p-Smad2/3) formed the trimer with
Smad4, transported into nucleus, and regulated the expressions
of the specific downstream genes''**?. Expectably TGF-B1

dramatically stimulated the synthesis of Smad2/3 proteins and
the phosphorylation of both Smad2 at the carboxyl terminals
of Ser245/250/255 and Smad3 at the carboxyl terminals
of Ser423/425/203 in our experiment. In the human skin
fibroblasts Smad3 advanced the synthesis of collagen I/,
After siRNA-Smad3 transfected the fibroblasts of cheloids,
fibronectin and collagen I decreased””. Additionally, ROCK
system belonged to the essential signaling transduction system
which regulated fibroblast into myofibroblast and involved
into fibroblast transformation, collagen synthesis, actin
congregation and cellular migration.

There seemingly existed a broad and complex crosstalk
among TGF-B1/Smad pathway and intracellular Smad-
independent ROCK signal pathways in different cells. In the
cicatrix fibroblasts 10 pmol/L Y-27632 suppressed the over-
expressions of ROCK-1 and connective tissue growth factor
(CTGF) proteins promoted by TGF-B1*”. ROCK inactivated
by pravastatin down-regulated CTGF expression in idiopathic
pulmonary fibrosis”®. Pravastatin reduced the expressions of
CTGF, TGF-B1 and collagen Ia2 in intestinal smooth muscle
cells. ROCK signal controlled CTGF expression in the small
intestinal smooth muscle cells of chronic radiation enteritis
patients””. In our experiment Y-27632 affected the synthesis
of Smad2 and the phosphorylation of Smad3, also suppressed
the positive feedback of TGF-B1 on its downstream signal
molecules, Smad2, 3. Y-27632 inhibited the expressions of
Smad2, 3 proteins promoted by TGF-B1, and counteracted
the phosphorylation of Smad3 at the carboxyl terminus of
Ser423/425/203 induced by TGF-B1. Therefore TGF-B1
induced the activation of its downstream effectors, which had
been controlled by ROCK pathway™*.

On the other hand, TGF-B1/Smad pathway might also regulate
ROCK signal. TGF-B1 induced the over-expressions of
RhoA and ROCK-I proteins in the cicatrix fibroblasts™”, also
could promote the activation of Rho and the reorganization
of actin cytoskeleton””. The ROCK signal channel is known
to mainly count on the phosphorylation of the myosin light
chain to change the actin cytoskeleton and regulate the
cellular migration. The a-SMA is believably regarded as one
of the main substrates for the ROCK signal channel® . The
expression of a-SMA up-regulated after pulmonary fibroblasts
had been transfected by Smad2"". After human Tenon’s
capsule fibroblasts had been incubated with TGF-B1 for 48h,
0-SMA peaked at 24 and 48h™".

In conclusion, Y-27632 was verified to depress down the
intracellular synthesis of Smad2 and phosphorylated Smad3,
especially the induction of TGF-B1 on Smad2/3 proteins.
Smad2, 3 exerted regulatory effect on a-SMA signal molecule.
Knock-down Smad2, 3 genes could effectively down-regulated
the expression of a-SMA protein. Furthermore, this down-
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regulation effect of a-SMA could be strengthened up by
Y-27632. Therefore, we reasonably supposed that TGF-f1/
Smad2, 3 pathway and ROCK signaling interacted with each
other through the a-SMA target in the scarring process of
filtration channel after glaucoma surgery.
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