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Abstract
·AIM: To investigate the role of Rho-associated protein
kinase (ROCK) inhibitor, Y27632, in mediating the production
of extracellular matrix (ECM) components including
fibronectin, matrix metallo -proteinase -2 (MMP -2) and
type I collagen as induced by connective tissue growth
factor(CTGF) or transforming growth factor-茁 (TGF-茁) in
a human retinal pigment epithelial cell line, ARPE-19.

·METHODS: The effect of Y27632 on the CTGF or TGF-茁
induced phenotype in ARPE-19 cells was measured with
immunocytochemistry as the change in F-actin. ARPE-19
cells were treated with CTGF (1, 10, 100ng/mL)and TGF-茁
(10ng/mL) in serum free media, and analyzed for
fibronectin, laminin, and MMP -2 and type I collagen by
RT -qPCR and immunocytochemistry. Cells were also
pretreated with an ROCK inhibitor, Y27632, to analyze the
signaling contributing to ECM production.

·RESULTS: Treatment of ARPE-19 cells in culture with
TGF -茁 or CTGF induced an ECM change from a
cobblestone morphology to a more elongated swirl
pattern indicating a mesenchymal phenotype. RT -qPCR
analysis and different gene expression analysis
demonstrated an upregulation in expression of genes
associated with cytoskeletal structure and motility. CTGF

or TGF-茁 significantly increased expression of fibronectin
mRNA ( =0.006, =0.003 respectively), laminin mRNA
( =0.006, =0.005), MMP-2 mRNA ( =0.006, =0.001),
COL1A1 mRNA ( =0.001, =0.001), COL1A2 mRNA ( =
0.001, =0.001). Preincubation of ARPE -19 with Y27632
(10mmol/L) significantly prevented CTGF or TGF-茁 induced
fibronectin ( =0.005, =0.003 respectively), MMP-2 ( =
0.003, =0.002), COL1A1 ( =0.006, =0.003), and
COL1A2 ( =0.006, =0.004) gene expression, but not
laminin ( =0.375, =0.516).

·CONCLUSION: Our study demonstrated that both TGF-茁
and CTGF upregulate the expression of ECM
components including fibronectin, laminin, MMP -2 and
type I collagen by activating the RhoA/ROCK signaling
pathway. During this process, ARPE -19 cells were
shown to change from an epithelial to a mesenchymal
phenotype . Y27632, a ROCK inhibitor, inhibited
the transcription of fibronectin, MMP -2 and type I
collagen, but not laminin. The data from our work
suggest a role for CTGF as a profibrotic mediator.
Inhibiting the RhoA/ROCK pathway represents a potential
target to prevent the fibrosis of retinal pigment epithelial
(RPE) cells. This might lead to a novel therapeutic
approach to preventing the onset of early proliferative
vitreoretinopathy(PVR).
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INTRODUCTION

D ysfunction and death of the retinal pigment epithelium
(RPE) constitute the final common pathway in

proliferative vitreoretinopathy (PVR) [1], as well as age-
related macular degeneration (AMD) [2], retinitis pigmentosa [3]

and Stargardt's macular dystrophy [4]. RPE cells, as a
monolayer of cuboidal cells, rest on the Bruch's membrane
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and play an important role in maintaining photoreceptor
functions [5]. PVR is one of the most important causes
of the failure of rhegmatogenous retinal detachment surgery.
The pathogenesis of PVR includes a fibrotic reaction of RPE
cells caused by connective tissue growth factor (CTGF) and
transforming growth factor (TGF-茁) [6,7]. Under the influence
of CTGF and TGF-茁, RPE cells undergo transformation to
fibroblast-like cells, proliferate and produce extracellular
matrix (ECM).
TGF-茁 is a key mediator in the development of various
fibrogenous diseases such as PVR. TGF-茁 appears to be a
key mediator of the development of PVR as it is a strong
inducer of ECM protein synthesis and accumulation.
Moreover, TGF-茁 can induce the transformation of RPE cells
into fibroblast-like cells [1, 8] .
Connective tissue growth factor (CTGF, CCN2), a member
of the CCN family of proteins, is a 38-KDa cysteine-rich
polypeptide that plays an essential role in the formation of
blood vessels, bone, and connective tissue [9]. CTGF is the
main downstream mediator of TGF-茁 induced activation of
fibroblasts, and its specific action on fibrotic tissue makes it a
better therapeutic target than TGF-茁 [10]. As an angiogenic
inducer, CTGF is structurally associated with secreted matrix
cellular proteins, and function in cell adhesion, migration,
proliferation and ECM synthesis [10]. CTGF has been shown to
be a profibrogenic factor that stimulates fibroblast proliferation,
cell adhesion, and extracellular matrix production. The
potential role of CTGF in pathological fibrosis has been
established [11], and CTGF has been suggested to be an
attractive therapeutic target in some fibrotic diseases [12-14]. It
has been shown that CTGF is upregulated in RPE cells when
exposed to injury or oxidative stress [15].
Both TGF-茁 and CTGF can induce fibronectin and laminin
mRNA and protein expressions [16]. Matrix metallo-
proteinase-2 (MMP-2) is a known target of CTGF in other
cell types, and has been identified as an important protease
for regulating Bruch’s membrane [17]. Type I collagen, a
heterotrimer composed of two coordinately expressed 琢1
chains (COL1A1) and one 琢2 chain (COL1A2), is one of the
major components of the ECM in PVR membranes [18].
COL1A1 and COL1A2 are encoded by distinct genes, and
their expression is modulated by various cytokines [19].
The Rho/ROCK (Rho-associated protein kinases) is a family
of serine-threonine protein kinases that are activated by a
number of extracellular stimuli. Downstream effects such as
cellular proliferation, differentiation, and apoptosis are
mediated by CTGF through activation of appropriate
transcription factors. Y27632 is a Rho-kinase inhibitor, and
has previously been shown to change the behavior of
trabecular meshwork cells and reduce intraocular pressure by
changing the behavior of trabecular meshwork cells [20, 21].

Some of the biological effects of CTGF are mediated by
activation of the ROCK signaling pathway in certain cell
types [22, 23]. However, the signaling pathway of CTGF in RPE
cells is unknown. Since activation of the Rho kinase
pathways is dependent in part on the cell type, we performed
experiments to determine whether any of these pathways
were involved in ECM regulation resulting from CTGF
stimulation of ARPE-19 cells by inhibiting CTGF with
Y27632, a Rho-kinase inhibitor, after CTGF stimulation, and
evaluating the production of fibronectin and laminin as a
functional outcome. In the present study, we also investigated
the role of RhoA/Rho-kinase signaling in mediating the
effects of CTGF synthesis by TGF-茁 in human retinal
pigment epithelial cell line, ARPE-19.
MATERIALS AND METHODS
Cell culture and stimulation with recombinant CTGF
The human retinal pigment epithelial line ARPE-19 was used
for experiments. ARPE-19 cells were seeded in 6-well plates
and maintained in minimal essential medium (MEM;
Sigma-Aldrich, Inc., St. Louis, MO, USA) supplemented
with 10% heat-inactivated fetal bovine serum (FBS) in a
humidified incubator at 37℃ in 5% CO2. When the cultures
achieved confluence, the medium was removed and replaced
with serum-free MEM containing 1% bovine serum albumin
(BSA). After 24 hours of serum starvation, various
concentrations of CTGF (Cell Sciences, Canton, MA, USA),
and the cultures were incubated for another 24 hours for
RNA isolation. In the experiments using the Rho-kinase
inhibitor, Y27632, we pre-incubated cells for 30 minutes
before treatment with or without exogenous CTGF.
Real -time RT -qPCR Total RNA was extracted using a
purification kit (RNeasy Mini Kit; Qiagen Inc., Valencia,
CA, USA) from ARPE-19 cells and reverse transcribed using
a cDNA synthesis kit (SuperScript III; Invitrogen, Carlsbad,
CA, USA).
RT-qPCR reactions were carried out in 96-well blocks with
an Applied Biosystems 7 500 Real-time PCR System using
the 2X SYBR Green PCR Master Mix (Applied Biosystems,
Foster City, CA, USA) in a reaction volume of 20滋L, which
contains 9滋L of the primary cDNA reaction mixture, and a
primer pair. Primers (QuantiTect Primer Assay; Qiagen,
Valencia, CA, USA) were used for fibronectin, laminin,
MMP-2 and type 1 collagen (Table 1). The cDNA was
denatured at 95℃ for 15 minutes followed by PCR settings
of 94℃ for 15 seconds, Tm-60℃ for 30 seconds, and 72℃
for 30 seconds.
All RT-qPCR reactions were carried out in biological
duplicates, each of which was used for RNA extraction
followed by RT-qPCR in triplicate. The final threshold cycle
(Ct) values were the mean of six values (biological
duplicates, each with triplicate). The comparative Δ Δ Ct
method was used to evaluate the relative quantities of each
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amplified product in the samples. The Ct was automatically
determined for each reaction by the Applied Biosystems 7
500 Real-time PCR System set with default parameters.
Expression levels of all genes were normalized to GAPDH
mRNA levels. The specificity of the RT-qPCR reactions was
determined by melt curve analysis of the amplified products
using the standard method installed in the system. The -test
was used to compare the differential gene expression. <
0.05 was considered significant.
Immunohistochemistry ARPE-19 cells were fixed with 4%
PFA for 10 minutes at room temperature, washed with PBS,
permeabilized with 0.05% Triton X-100/PBS and stained
with fluorescently-labeled phalloidin (Alexa Fluor 568
phalloidin,invitrogen).
The ARPE-19 cells were given 3-minute rinses in PBS, fixed
in 5% paraformaldehyde (PFA) for 30 minutes, and
permeabilized with 0.2% Triton in PBS for 20 minutes. After
a 1-hour blocking step with 1% BSA/PBS, the cells were
stained with polyclonal antibodies against collagen type I (1:
100 dilution in PBS, Southern Biotechnology, Birmingham,
AL, USA), fibronectin (1:200 dilution in PBS, Biotech,
USA), laminin (1:100 dilution in PBS, Biotech, USA),
MMP-2 (1:300 dilution in PBS, anti-human, proteintech,
Chicago, USA). Then the cells were incubated with Alexa
Fluor555 or FITC-conjugated secondary antibodies. The cells
were observed under a fluorescence microscope followed by
nuclear 4', 6-diamidino-2-phenylindole (DAPI) (Sigma)
staining. Images were acquired using a Zeiss Axio Observer
A1 Microscope.
RESULTS
Stimulation effect of CTGF in ARPE -19 cells To
determine whether CTGF activates fibronectin, laminin,
MMP-2 and type I collagen, ARPE-19 cells were treated with
various concentrations (1, 10, 100ng/mL) of CTGF for up to
24 hours. RT-qPCR was performed to analyze the production

of fibronectin, laminin, MMP-2 and type I collagen. In our
study, CTGF (10ng/mL) increased fibronectin mRNA
expression by 2.3 fold ( =0.006), while laminin mRNA
expression was increased by 2.8 fold ( =0.006) after 24
hours of exposure. We found that MMP-2 mRNA expression
was significantly increased by 10ng/mL CTGF treatment (2.2
fold, =0.006). The mRNA expressions of COL1A1 (3.6
fold, =0.001) and COL1A2 (3.6 fold, =0.001) were also
increased in the 10ng/mL CTGF-treated cells by the 24-hour
time point.
Effects of Rho -kinase inhibitor Y27632 on mRNA
expression induced by CTGF Quiescent ARPE-19 cells
were pretreated with Y27632 (10mmol/L) and incubated in
the presence or absence of CTGF (10ng/mL) for 24 hours,
and mRNA expression levels of fibronectin, laminin, MMP-2
and type I collagen were evaluated by RT-qPCR. The
Rho-kinase inhibitor treatments had very little effect on the
basal levels of fibronectin and laminin mRNA expression.
Figure 1 shows that at the 10ng/mL concentration of CTGF,
targets of the inhibitor were specific. Pre-incubation of
ARPE-19 cells with Y27632 significantly reduced the
CTGF-induced expression of fibronectin mRNA level ( =
0.005), type I collagen (COL1A1, =0.006; COL1A2, =
0.006) and MMP-2 ( =0.003). However, treatment with
Y27632 did not significantly reduce the laminin mRNA
induced by CTGF ( =0.375).
Stimulation effect of TGF -茁 in ARPE -19 cells
According to previous study, we examined the effects of
TGF-茁 (10ng/mL) on ARPE-19 cells as control. After 24
hours of exposure to TGF-茁, TGF-茁 increased the
expressions of fibronectin mRNA by 6.6 fold ( =0.003),
laminin mRNA by 2.3 fold ( =0.005), MMP-2 mRNA by
8.1 fold ( =0.001), and type I collagen mRNA (COL1A1,
32.3 fold, =0.001; COL1A2, 13.3 fold, =0.001).
Effects of Rho-kinase inhibitor on mRNA expression of
ECM factors induced by TGF -茁 The effects of
10mmol/L Y27632 on the mRNA expression levels of ECM
factors in ARPE-19 cells with and without 10ng/mL TGF-茁
were evaluated by real-time RT-qPCR. Treatment with
ROCK inhibitor had very little effect on the basal mRNA
expression levels of fibronectin, laminin, MMP-2, type I
collagen COL1A1 and COL1A2, and CTGF. Pre-incubation
of ARPE-19 with Y27632, a Rho-kinase inhibitor,
significantly reduced the TGF-茁-induced mRNA expression
levels of fibronectin ( =0.003), MMP-2 ( =0.002), type I
collagen (COL1A1 =0.003, COL1A2 =0.003), and CTGF
( <0.01), but not laminin ( =0.516) (Figure 1).
Immunofluorescence observation of ARPE -19 treated
with Y27632 in the presence of CTGF or TGF-茁 We
studied the effects of CTGF or TGF-茁 on the cytoskeletal
structure of ARPE-19 cells. CTGF (10ng/mL) or TGF-茁
(10ng/mL) was added when the ARPE-19 cells grew to 70%

Table 1 Primers used in RT-qPCR 

Exons Primer sequence (forward/reverse) Product 
size (bp) 

COL1A1 5’-GATTCCCTGGACCTAAAGGTGC-3’ 

 5’-AGCCTCTCCATCTTTGCCAGCA-3’ 
156 

COL1A2 5’-CCTGGTGCTAAAGGAGAAAGAGG-3’ 

 5’-ATCACCACGACTTCCAGCAGGA-3’ 
159 

MMP2 5’-ATGACAGCTGCACCACTGAG-3’ 

 5’-ATTTGTTGCCCAGGAAAGTG-3’ 
149 

FN 5’-CTGGCCGAAAATACATTGTAAA-3’ 

 5’-CCACAGTCGGGTCAGGAG-3’ 
187 

LAMININ 5’-CTCCATCTCACTGGATAATGGTACTG -3’ 

 5’-GACACTCATAAAGAGAAGTGTGGACC-3’ 
119 

CTGF 5’-GCAGGCTAGAGAAGCAGA GC-3’ 

 5’-ATGTCTTCATGCTGGTGCAG-3’ 
176 

GAPDH 5’-CGACCACTTTGTCAAGCTCA-3’ 

 5’-AGGGGTCTACATGGCAAC TG-3’ 
123 
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confluence, and the subsequent morphological changes were
monitored by phase-contrast microscopy (Figure 2). In
addition, the organization of the actin cytoskeleton was
examined by phalloidin staining of F-actin (Figure 3).
Vehicle-treated control cells remained tightly attached to
each other and had a typical polygonal appearance (Figure
2A, 3A). In contrast, the TGF-茁 (Figure 2C, Figure 3C) or
CTGF (Figure 2E, Figure 3E) treated cells became elongated
in shape and many lost contact with their neighbors. Most of
the cells exhibited a fibroblast-like shape. The ROCK
inhibitor, Y27632, inhibited the morphological changes in the
cells induced by TGF-茁 (Figure 2D, Figure 3D) and CTGF
(Figure 2F, Figure 3F). The cells that were incubated with
only Y27632 (Figure 2B, Figure 3B) retained their original
shape. Both CTGF and TGF-茁 induced ARPE-19 cells to
adopt a fibroblastic appearance, while ROCK inhibitor
prevented this process in both CTGF- and TGF-茁 treated
cells.

Figure 2 Phase -contrast photomicrographs of confluent
cultures of ARPE-19 cells with or without Y27632 induced by
CTGF (10ng/mL) or TGF-茁 (10ng/mL) A: The vehicle-treated
control cells remained tightly attached to each other and had a
typical polygonal appearance; B: ARPE-19 cells incubated with the
ROCK inhibitor, Y27632, retained their original shape; C: TGF-茁
treated cells became elongated in shape; D: Pre-incubation of
ARPE-19 cells with Y27632 blocked the effect of TGF-茁. E:
CTGF-treated cells exhibited a fibroblast-like shape. F:
Pre-incubation with Y27632 inhibited the morphological changes in
ARP-19 cells induced by CTGF. Magnification, 伊200. Bar, 50滋m.

Vehicle-treated control cells show the expressing of type I
collegan (4A) and MMP2 (4K). The expression of fibronectin
(4F) and laminin (4P) were not observed in Vehicle-treated
control ARPE-19 cells. The expression of type I collegan
(4B, 4C), fibronectin (4G, 4H) MMP2 (4L, 4M) increased
when cells were cultured in both TGF-茁 and CTGF. The
protein level of laminin in CTGF (4R) was higher than in
TGF-茁 (4Q). The expression of type I collegan (4E),
fibronectin (4J) and MMP2 (4O) decreased but not laminin
(4T) when ARPE-19 cells were pretreated with Y27632 and
then incubated in the presence of CTGF.
DISCUSSION
RPE cells, as the main cell type found in the epiretinal
membranes, play a crucial role in the pathogenesis of PVR [24].
However, the mechanisms by which RPE cells induce
extracellular matrix protein synthesis and the fibrosis reaction
that are observed in PVR remain incompletely understood. It
has been previously established that both CTGF and TGF-茁
play a role in regulating the production of ECM proteins. In
this study, we hypothesized that both CTGF and TGF-茁 are
involved in the pathophysiology of PVR by promoting

Figure 1 A: ARPE-19 cells were treated with various
concentrations (1, 10, 100 ng/mL) of CTGF for up to 24 hours.
RT-qPCR was performed to analyze the production of fibronectin
(FN), laminin, MMP-2 and type I collagen (COL1A1 and
COL1A2); B: Effects of Rho-kinase inhibitor Y27632 on
CTGF-induced fibronectin, laminin, MMP-2 and type I collagen
mRNA expression. Quiescent cells were pretreated with Y27632
(10mmol/L) and incubated in the presence or absence of CTGF
(10ng/mL) for 24 hours; C: Effects of TGF-茁 (10ng/mL) were
examined compare with the control. The relative levels of mRNA
were normalized against GAPDH from the same cDNA preparation.
Values represent the mean依SD of three independent experiments.
b <0.01 stimulation with the control group.
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Figure 4 Immunofluorescence staining for fibronectin laminin MMP2 and type I collagen in ARPE-19 cells treated by TGF-茁
CTGF or CTGF+ROCK inhibitor Vehicle-treated control cells show the expressing of type I collegan (A) and MMP2 (K). The expression
of fibronectin (F) and laminin (P) were not observed in Vehicle-treated control ARPE-19 cells. The expression of type I collegan (B, C),
fibronectin (G, H) MMP-2 (L, M) increased when cells were cultured in both TGF-茁 and CTGF. The protein level of laminin in CTGF (R)
was higher than in TGF-茁 (Q). The expression of type I collegan (E), fibronectin (J) and MMP-2 (O) decreased but not laminin (T) when
ARPE-19 cells were pretreated with Y27632 and then incubated in the presence of CTGF. Immunofluorescence staining with DAPI nuclear
staining: Magnification, 伊400. Bar, 100滋m.

Figure 3 Immunofluorescent localization of fluorescently-labeled phalloidin F-actin staining in ARPE-19 cells. The nucleus was
counter-stained with DAPI (blue), as determined by fluorescence microscopy A: Vehicle-treated control cells remained tightly attached
to each other; B: ARPE-19 cells were incubated in the presence of ROCK inhibitor Y27632 (10ng/mL); C: ARPE-19 cells were incubated
with TGF-茁 (10ng/mL) for 48 hours; D: Y27362 pretreatment inhibited the morphological changes in ARPE-19 cells as induced by TGF-茁;
E: ARPE-19 cells were incubated with CTGF (10ng/mL) for 48 hours; F: Serum-starved ARPE-19 cells were pretreated with Y27632 and
subsequently treated with CTGF (10ng/mL). Magnification, 伊200. Bar, 50滋m.

fibroblastic-type changes in RPE cells. Utilizing a human
RPE cell line (ARPE-19), we investigated the response of
RPE cells to CTGF or TGF-茁 stimulation and compared their

effects on the production of components of ECM deposits,
including fibronectin, laminin, MMP-2 and type I collagen.
In addition, using the ROCK inhibitor Y27632, we
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investigated the role of the RhoA/Rho-kinase signaling
pathway in mediating the effects of CTGF and TGF-茁 on
RPE cells' production of ECM proteins.
Using RT-PCR, our studies showed that in ARPE-19 cells,
both TGF-茁 and CTGF significantly increased the expression
of fibronectin by activating the Rho/ROCK signaling
pathway. Cells expressed a basal level of fibronectin, and
when treated with exogenous CTGF, fibronectin mRNA
expression increased markedly in ARPE-19 cells as
previously described [25]. Similarly, CTGF and TGF-茁
significantly increased the expression of laminin, MMP-2,
and type I collagen. In addition, TGF-茁 also significantly
increased the expression of CTGF.
The immunochemistry results demonstrate that the
expression of fibronectin, laminin, MMP-2 and type I
collagen were different when cells were exposed to TGF-茁
CTGF or Y27632. CTGF and TGF-茁 significantly increased
the expression of fibronectin, MMP-2, and type I collagen.
The level of laminin was significantly increased by CTGF but
not TGF-茁. This might due to that CTGF is the main
downstream mediator of TGF-茁 which is more specific.
RhoA/Rho-kinase pathway might not be the only way to
control the production of laminin.
Furthermore, we investigated the relationships between
CTGF, TGF-茁 and the Rho/ROCK pathway using Y27632, a
pharmacologic inhibitor of ROCK activity. Our experiments
using RT-PCR and immunocytochemistry supported a role of
the Rho-kinase signaling pathway in mediating the effects of
TGF-茁 and CTGF on ECM protein synthesis. We found that
treating ARPE-19 cells with Y27632 prevented CTGF- and
TGF-茁-mediated upregulation of fibronectin, MMP-2, and
type I collagen. A decrease in laminin production was
observed but the effect was not statistically significant. These
observations confirmed that the Rho/ROCK pathway controls
CTGF expression in ARPE-19 cells. Moreover, the
uncoupled expression of TGF-茁 and CTGF at an early time
point suggests that TGF-茁 does not upregulate CTGF
expression when the Rho/ROCK pathway is inhibited.
It was known that CTGF can activate RhoA-related signals in
ARPE-19 as well as in some other cell types [12-14]. Generally,
similar to other small GTPases, RhoA acts as a molecular
switch that transmits cellular signals through a group of
effector proteins [25]. Although a specific CTGF receptor has
not yet been identified, CTGF appears to perform many of its
functions through the ROCK pathway. In this study, we
found that CTGF can mimic the effects of TGF-茁 on
intercellular matrix production in ARPE-19 cells. Furthermore,
we found that TGF-茁 mediated the synthesis of CTGF and
that inhibition of Rho/ROCK pathway prevented TGF-茁's
effect on the production of CTGF and ECM proteins.
Early studies of cells in culture media with serum showed
that CTGF is produced in response to TGF-茁 as an
immediate early gene product [26,27]. In addition, CTGF is

highly expressed in human PVR membranes and partially
colocalized with cytokeratin-positive RPE cells [11]. This
demonstrated that the increased CTGF has functional
consequences related to the RPE cells' ECM production. The
RPE is believed to play a primary role in the formation of
basal deposits. It is reported that the earliest basal deposits
consist mainly of normal basement membrane proteins such
as laminin and fibronectin [28]. Furthermore, oxidative stress to
the RPE increases the production of extracellular matrix
components [29]. These suggest that the increased ECM
deposition might result from increased matrix protein
synthesis or faulty degradation.
CTGF was significantly suppressed by the disruption of
RhoA mediated cytoskeletal tension [30]. Studies revealed that
the RhoA/ROCK signaling pathway regulates the tension in
the actin cytoskeleton which is a key player in many cellular
processes including proliferation, differentiation, stabilization
of cell-matrix adhesion and modulation of gene expression [25].
In adipose-derived stromal cells, CTGF regulates the
cytoskeletal tension associated with RhoA mediated
cytoskeletal tension. The molecular connection between the
RhoA mediated actin cytoskeletal tension and CTGF
expression was revealed by examining the expression of
CTGF in cells after the treatment of cytochalasin D.
MMP-2 is a known target of CTGF in cultured mesangial
cells and renal interstitial fibroblasts [17] and has been
identified as very important for regulating Bruch membrane
[16].We found that mRNA of MMP-2 increased 2 fold and 8
fold after incubating with CTGF or TGF-茁 in ARPE-19 cells,
respectively. The effect of TGF-茁 on MMP-2 expression is
more than three times that of CTGF. This difference is likely
due to earlier evidence that suggested the presence of many
other pathways by which TGF-茁 controls the expression of
MMP-2 in ARPE-19 cells, such as Smad pathway and p38
MAPK pathway [25].
In the present study, we demonstrated by RT-PCR the
increase in expression of type I collagen genes (COL1A1,
COL1A2) by TGF-茁 and CTGF. Frazier [12] previously
showed that CTGF significantly increased the transcripts
encoding type I collagen, integrin, and fibronectin in normal
rat kidney fibroblasts. It has been shown that TGF-茁 induced
the expression of type I collagen through Smad and p38
MAPK [16]. In this study, we demonstrated that both TGF-茁
and CTGF induced the mRNA expression of type I collagen
by activating the RhoA/Rho-kinase pathway in a cultured
human retinal pigment epithelial cell line, ARPE-19. This
was supported by our study using Y27632 which reduced the
potent upregulatory effects of TGF-茁 on COL1A1 and
COL1A2 [25].
We did not find a significant inhibition of laminin production
by blocking RhoA/Rho-kinase pathway. This suggests that
though the RhoA/ROCK pathway may have a role in the
synthesis of laminin, other cellular mechanisms exist in the
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production of laminin.
In summary, our study demonstrated that both TGF-茁 and
CTGF upregulate the expression of fibronectin, laminin,
MMP-2 and type I collagen. These factors are shown to be
important contributors to the fibrosis process of RPE cells.
We demonstrated that the ROCK inhibitor, Y27632, inhibited
the transcription of fibronectin, MMP-2 and type I collagen,
but not laminin. The data from our work suggest a role for
CTGF as a profibrotic mediator by activating the Rho/ROCK
signaling pathway which induces the production of ECM
proteins. Further work to clarify the exact role of ROCK
inhibitor in matrix expansion might lead to a novel
therapeutic approach to preventing the onset of early PVR.
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