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Scar formation is the most common cause for failure of glaucoma filtration surgery

because of increased fibroblast proliferation and activation. We have now examined

the effect of Y‐27632, a Rho‐associated protein kinase (ROCK) inhibitor, on postsur-

gical scarring formation in human Tenon fibroblasts (HTFs). Collagen gel contraction

assay was used to compare contractility activity of Y‐27632 with several

antiglaucoma drugs. Immunofluorescence and western blotting were used to examine

expression of scar formation–related factors. We found that Y‐27632 inhibited colla-

gen gel contraction, as well as α‐smooth muscle actin and vimentin expression; these

were promoted by treatment with latanoprost, timolol, or transforming growth factor

(TGF)–β. To investigate the effect of Y‐27632 in postsurgical scarring, we mimicked

TGF‐β secretion by stimulating HTFs with TGF‐β prior to Y‐27632 treatment. HTFs

cultured in the presence of TGF‐β significantly increased gel contraction. In contrast,

when HTFs were treated with 10μM Y‐27632, contraction was significantly inhibited.

Furthermore, Y‐27632 reduced TGF‐β–induced phosphorylation of mitogen‐

activated protein kinase signalling. These results suggest that ROCK inhibitors may

inhibit fibrosis by inhibiting transdifferentiation of Tenon fibroblasts into

myofibroblasts and by inhibiting TGF‐β signalling after surgery through mitogen‐

activated protein kinase pathway suppression. These results implicate that ROCK

inhibitors may improve outcomes after filtering surgery with a potential antiscarring

effect, while latanoprost and timolol may induce fibrosis.

Significance of the study: Scar formation is the primary cause of failure after glau-

coma filtration surgery. A ROCK inhibitor, Y‐27632, has been introduced as a novel

potential antiglaucoma treatment to reduce intraocular pressure. The aim of our study

was to elucidate the effect of Y‐27632 on scarring formation after glaucoma filtration

surgery, in direct comparison with other antiglaucoma drugs. Our findings thus sug-

gested that Y‐27632 may inhibit fibrosis and improve outcome after glaucoma filtra-

tion surgery through inhibition of transdifferentiation of Tenon fibroblasts into

myofibroblasts, and the TGF‐β and MAPK signalling after surgery, while latanoprost

and timolol may induce fibrosis.
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1 | INTRODUCTION

Glaucoma, the second leading cause of blindness, is an optic neuropa-

thy characterized by damage to the optic nerve head and defects in

the visual field.1-4 Increased intraocular pressure (IOP) is frequently

related to glaucoma; reduction of IOP is the primary target treatment

for prevention of glaucoma progression.2,5

Medical therapy is the main treatment approach for glaucoma;

initial monotherapy commonly comprises topical prostaglandins or

β‐blockers, which are used to reduce IOP by respectively increased

humour flow through the uveoscleral pathway or reduced aqueous

humour production.2,6,7 When monotherapy is ineffective for the

reduction of IOP, multidrug therapy is used. If medical therapy cannot

sufficiently reduce IOP, laser or surgical treatment is indicated.2,7

Glaucoma filtration surgery is regularly performed and remains the

gold standard for lowering IOP; trabeculectomy is the most effective

incisional surgery for uncontrolled glaucoma.2,8,9

However, scar formation is the primary cause of failure after

glaucoma filtration surgery, due to increased fibroblast proliferation,

activation, and collagen deposition.9-11 This scarring results from an

unphysiological healing response to surgical injury. Fibroblasts in the

Tenon capsule are target cells in the initiation of wound healing and

scar formation after trabeculectomy.11-13 Astonishingly, long‐term

use of classical antiglaucoma medication increases the risk of filtering

failure caused by scar formation in patients who have undergone

filtering surgery.11,14

In addition to fibroblasts, another factor that plays a crucial role in

scar formation is the excessive secretion of transforming growth

factor (TGF)–β after glaucoma surgery.15-17 TGF‐β causes activation

and proliferation of resident fibroblasts, as well as their migration into

damaged tissue11,18,19; this causes a change to the myofibroblast

phenotype.18,20 Myofibroblasts, classically identified by expression of

α‐smooth muscle actin (SMA) and vimentin,21-25 are characterized by

actin stress formation, increased cell contractility, and uncontrolled

production and degradation of the extracellular matrix (ECM), which

leads to scarring or fibrosis.19,26-28 In addition, mitogen‐activated

protein kinase (MAPK), associated with the development of renal

fibrosis,29 pulmonary fibrosis,30 and latanoprost‐induced humanTenon

fibroblast (HTF) contractility,14 is activated by TGF‐β.

Rho/ROCK signal transduction is a key mediator of the actin

cytoskeleton, as well as cell contractility, proliferation, shape, and

motility.31-34 Recent studies have indicated that blockage of the

ROCK pathway with a ROCK inhibitor effectively reduces IOP by

directly targeting trabecular meshwork (TM) cells (retraction and

rounding of cell bodies,26,35 disruption of actin bundles and focal

adhesion,35 and reduction of TM cell contraction31) and Schlemm

canal endothelial (SCE) cells (disruption of tight junctions26 and an

increased number of giant vacuoles in SCEs36,37), and by creating a
large empty space in juxtacanalicular tissue.37,38 Y‐27632 is the first

known specific inhibitor of ROCK/Rho family protein kinases5; its

use in rabbits resulted in a significant reduction of IOP in a dose‐

dependent manner.35 In addition to their IOP‐lowering effect, ROCK

inhibitors can prevent optic nerve head damage through increased

optic nerve head blood flow39,40 and the protection of neurons against

stress.41,42 Previous research showed that ROCK inhibitors may pro-

tect against postoperative scarring by changing collagen contrac-

tion.27,43 However, the mechanisms of these changes and efficacy of

ROCK inhibitors, compared with other antiglaucoma drugs, are not

yet clear. Therefore, in this study, we investigated the effect of the

ROCK inhibitor, Y‐27632, on scar formation after glaucoma filtration

surgery through direct comparison with other antiglaucoma drugs.
2 | MATERIALS AND METHODS

2.1 | Reagent and antibodies

The ROCK inhibitor Y‐27632 was purchased from EMD Millipore

Corp (Billerica, Massachusetts). Latanoprost was purchased from

Cayman Chemical (Ann Arbor, Michigan), and timolol maleate was

obtained from LKT Laboratories, Inc (St. Paul, Minnesota). TGF‐β1

was purchased from R&D Systems, Inc (Minneapolis, Minnesota). All

drugs and cytokine were used in concentration 10μM.

Minimum Essential Medium (MEM), foetal bovine serum, 4‐(2‐

hydroxyethyl)‐1‐piperazineethanesulfonic acid (HEPES), trypsin‐

EDTA, and penicillin (100 U/mL)/streptomycin (100 μg/mL) were sup-

plied by Gibco‐Invitrogen (Carlsbad, California). Phosphate‐buffered

saline (PBS), radioimmunoprecipitation assay buffer, and phosphatase

inhibitor solution were from Wako Pure Chemical Industries, Ltd

(Osaka, Japan). Type I‐A collagen, 5X Dulbecco's Modified Eagle

Medium (DMEM), and reconstitution buffer were from Nitta Gelatin,

Inc (Osaka, Japan). An apoptotic/necrotic cell detection kit was pur-

chased from PromoCell GmbH (Heidelberg, Germany).

The following rabbit monoclonal antibodies were used: anti–α‐SMA

(ab124964), antivimentin (D21H3; for western blotting only), anti–

phospho‐p44/42 MAPK (extracellular signal–regulated kinase [ERK]

1/2) (4370), anti‐ERK 1/2 (4695), and anti–phospho‐p38 MAPK (4511)

antibodies were obtained from Cell Signaling Technology (Danvers,

Massachusetts); as a loading control, anti–α‐tubulin (T9026) antibody

was supplied by Sigma‐Aldrich (St. Louis, Missouri).

A rabbit polyclonal antibody to p38 MAPK (9212) was obtained

from Cell Signaling Technology; a guinea pig polyclonal antibody to

vimentin (GP53; for immunofluorescence staining only) was from

Progen Biotechnik GmbH (Heidelberg, Germany).

The following mouse monoclonal antibodies were used:

anti–p‐c‐Jun N‐terminal kinase (JNK) (sc‐6254) and anti‐JNK
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(sc‐7345) were from Santa Cruz Biotechnology (Dallas, Texas). The

secondary antibody/horseradish peroxidase conjugate for western

blotting was supplied by Promega (Madison, Wisconsin). Alexa

Fluor 488–conjugated secondary antibodies and 4′,6‐diamidino‐2‐

phenylindole (DAPI) were purchased from Invitrogen (Molecular

Probes, Eugene, Oregon).
2.2 | Isolation and culture of HTFs

This study was conducted in accordance with the principles of the

Declaration of Helsinki. HTFs were obtained from patients who met

the following criteria: They were undergoing strabismus surgery, had

provided written informed consent, had no previous topical ocular

medications, had no ocular disease except strabismus, and had no

prior history of ocular surgery/trauma. The Tenon tissue from each

patient was excised and digested as previously described.14,44 Cells

from patients were then cultured in MEM supplemented with 10%

foetal bovine serum and penicillin (100 U/mL)/streptomycin

(100 μg/mL) and maintained in the exponential growth phase of cul-

ture. When cells reached approximately 80% confluence, they were

passaged by using the trypsin‐EDTA method. Cells from passages 3

to 7 were used for this study. Cell numbers were determined by using

the indicated methods.
2.3 | Collagen gel contraction assay (three‐
dimensional cell culture)

Collagen gel contraction was used for evaluating HTF contraction

activity induced by antiglaucoma drugs. The assay was conducted as

previously described14,31,43,45 with some modifications. HTF cultures

were washed twice with PBS, detached with trypsin‐EDTA, and

counted by using a hematocytometer. HTFs (2 × 106/mL) were centri-

fuged at 12.000 revolutions per minute for 10 minutes and resus-

pended in serum‐free MEM. Type I‐A collagen, 5X DMEM,

reconstitution buffer, and HTFs were mixed in an ice bath at a volume

ratio of 7:2:1:1. Immediately, 0.5 mL of the mixture was transferred to

each well of a 24‐well plate (final cell density: 1 × 106 cells/well) and

incubated at 37°C under 5% CO2 for 30 minutes to polymerize the

gel. After gel polymerization, various conditioned media (0.5 mL) with

10μM final concentrations of drugs and TGF‐β were added on the top

of the gel; incubation was continued at 37°C. After incubation for

1 hour, gels were dissociated from the wells by using microspatulas.

Gels were incubated for 24 hours before measurement with a ruler

and then photographed before stimulation with other drugs for

24 hours. Gels were then prepared as samples for western blotting

after additional measurements and photographs were obtained. For

each figure, experiments were performed independently at least three

times. Estimated contraction is expressed as diameter changes before

and after treatment.
2.4 | Immunofluorescence assay

HTFs were plated on coverslips in 24‐well plates (5 × 104 cells/well)

and incubated for 24 hours. The medium was then exchanged with

starvation medium for 1 day, followed by overnight stimulation with

Y‐27632, latanoprost, timolol, TGF‐β, or a combination of these drugs

with Y‐27632. Subsequently, cells were washed three times with PBS,

fixed with 100% methanol for 30 minutes at 20°C, washed again

with PBS three times, and blocked with 1% bovine serum albumin

(Sigma‐Aldrich) in PBS. Cells were then incubated with primary anti-

bodies to α‐SMA (1:1000) and vimentin (1:200) in blocking buffer

overnight at 4°C, washed with PBS, and incubated with secondary

antibodies conjugated to Alexa Fluor 488 for 30 minutes in blocking

solution. DAPI was used to stain nuclei. Signals of antigen detection

were observed by using a laser‐scanning confocal microscope (Zeiss

Axio Observer D1 Inverted microscope, Carl Zeiss GmbH, Jena,

Germany) with AxioVision software (version 4.8; Carl Zeiss GmbH).
2.5 | Detection of apoptotic cells

Apoptotic cells were detected by an apoptotic/necrotic cell detection

kit, in accordance with the manufacturer's protocol. Briefly, cells

treated as described in the immunofluorescence procedure (above)

were washed twice with 1X binding buffer, incubated with staining

solution (5‐μL FITC‐Annexin V and 5‐μL ethidium homodimer III in

100‐μL 1X binding buffer) for 15 minutes at room temperature in

the dark. After staining, cells were washed twice and covered with

50‐μL 1X binding buffer and then observed with a laser‐scanning

confocal microscope (Zeiss Axio Observer).
2.6 | Western blotting

Western blotting was performed as previously described,14,45 with

minor modifications. We used gels from collagen gel assays that had

been treated with various drugs. Each gel was lysed with 200‐μL

radioimmunoprecipitation assay buffer (50mM Tris‐HCl pH 8.0,

150mM NaCl, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sul-

fate, 1% Nonidet P‐40 substitute). Samples were then sonicated and

centrifuged at 12.000 revolutions per minute for 10 minutes. Superna-

tants were collected for use as western blotting samples. Equal

amounts of proteins were separated by electrophoresis. Separated

proteins were transferred to nitrocellulose membranes, blocked with

5% skim milk inTris‐buffered saline withTween for 1 hour, and probed

with primary antibodies. Antibodies targeting α‐SMA, vimentin, ERK,

p38, JNK, p‐ERK, p‐p38, and p‐JNK were diluted in accordance with

manufacturer guidelines. Tubulin was used for normalization. Horse-

radish peroxidase–conjugated secondary antibodies were used in the

dilution ranges suggested by the manufacturer. Proteins were visual-

ized by using ECL Western Blotting Detection Reagent (GE

Healthcare) and developed with X‐ray film (Hyperfilm, GE Healthcare).
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2.7 | Statistical analysis

All sets of data are expressed as mean ± SD. Statistical analyses were

performed by using one‐way analysis of variance, followed by

the Dunnett test (two‐sided) for comparing multiple groups and the

Student unpaired t test for comparisons between two groups. The

Levene test for equality of variances was performed prior to

multiple‐comparisons tests to ensure that variances among groups

were homogenous. When variances differed among the groups,

logarithmic, root, or reciprocal transformations were applied. SPSS

statistical analysis software (SPSS Inc, Version 22.0, Chicago, Illinois)

was performed to determine the statistical significance of differences

between mean values. P < 0.05 was considered statistically significant.
3 | RESULTS

3.1 | Effect of Y‐27632, timolol, latanoprost, and
TGF‐β on collagen gel contraction

Collagen gel contraction assays were used to compare the HTF‐

mediated contractility effects of several antiglaucoma drugs and

TGF‐β on collagen gel. Cells were cultured in a three‐dimensional

collagen gel, in the absence or presence of antiglaucoma drugs and

TGF‐β.

Our results showed increased contraction of cells stimulated with

timolol, latanoprost, or TGF‐β, relative to control; cells stimulated

with Y‐27632 showed reduced contraction. Differences were statisti-

cally significant between control and each of Y‐27632–, latanoprost‐,

and TGF‐β–stimulated groups; no significant difference was observed

between control and the timolol‐stimulated group. Y‐27632 signifi-

cantly inhibited gel contraction, in contrast to timolol, latanoprost, or

TGF‐ β (Figure 1A and 1B).

3.2 | Effects of Y‐27632 and other antiglaucoma
drugs on α‐SMA and vimentin expression in HTFs

To determine whether Y‐27632–induced inhibition of collagen gel

contraction correlated with morphological changes and proliferation

of HTFs, collagen gels (three‐dimensional cell culture) that were

treated with various drugs were observed by phase contrast micros-

copy (Figure 1C). In contrast to HTFs treated with latanoprost, timolol,

or TGF‐β, which preserved their native morphologies, cells treated

with Y‐27632 exhibited morphological changes, including a rounded

shape (Figure 1C, white arrows). Similarly, fibroblast proliferation

was reduced in Y‐27632–treated cells, compared with control; in

contrast, latanoprost‐, timolol‐, and TGF‐β–treated cells showed

fibroblast proliferation, as indicated by an increase in the number of

elongated fibroblasts.

To confirm that the inhibition of collagen gel contraction after

Y‐27632 treatment was not correlated with apoptosis, we performed

cell apoptosis assays (Figure 1D). HTFs treated with Y‐27632 showed

no increase in the number of apoptotic cells, compared with control.
Thus, inhibition of collagen gel contraction by cells treated with

Y‐27632 was indeed due to fibroblast contraction, rather than a

change in the number of apoptotic cells.

We next examined the effects of antiglaucoma drugs on the

expression of α‐SMA and vimentin, associated with fibrosis (Figure 1

E and 1F), in HTFs cultured in collagen gels. Immunofluorescence

analysis showed increased expression of α‐SMA and vimentin in

cells treated with latanoprost, timolol, or TGF‐β, which served to

induce fibrosis. In contrast, α‐SMA and vimentin were both inhibited

in Y‐27632–treated cells.
3.3 | Dose dependence of Y‐27632 inhibition of gel
contraction

To determine whether Y‐27632 inhibited gel contraction in a

dose‐dependent manner, and to ascertain the optimal concentration

of Y‐27632 in vitro, HTFs were treated with various concentrations

of Y‐27632 (0μM through 100μM). Y‐27632 significantly suppressed

the contraction of collagen gel in a dose‐dependent manner

(Figure 2). The inhibitory effect was statistically significant at 5μM;

the maximum effect was observed at 100μM. Latanoprost, timolol,

and TGF‐β also promoted contraction in a dose‐dependent manner

(Figure 2), suggesting that collagen gel contraction was strongly

affected by latanoprost, timolol, and TGF‐β.
3.4 | Effect of Y‐27632 in combination with
latanoprost, timolol, and TGF‐β

Next, we studied the ability of Y‐27632 to inhibit collagen gel contrac-

tion combined with timolol or latanoprost. Collagen gel diameters

decreased after combined treatment with latanoprost or timolol, com-

pared with negative control; slightly similar diameters were observed

after combined treatment with TGF‐β. These results indicated that

latanoprost and timolol induced contraction, while combined treat-

ment with Y‐27632 inhibited contractility (Figure 3A).

Statistical analysis showed significant reduction of contraction in

cells treated with Y‐27632 in a combined treatment, compared

with a single drug treatment. Combined treatment with Y‐27632

resulted in significant reductions in contraction, compared with single

treatments, at both 24 and 48 hours after stimulation. A single

administration of Y‐27632 yielded the maximum and most consistent

inhibitory effect, compared with control (Figure 3B).

To confirm these results, we tested the effect of Y‐27632, in com-

bination with latanoprost, timolol, and TGF‐β, on HTFs by fibrosis

marker protein analysis. Western blotting showed that Y‐27632 signif-

icantly decreased α‐SMA and vimentin expression, markers of fibrosis,

by HTFs (Figure 3C). Consistent with western blotting results,

immunofluorescence analysis confirmed that addition of Y‐27632, in

combination with latanoprost, timolol, and TGF‐β, significantly down-

regulated the expression of α‐SMA and vimentin (Figure 3D).
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FIGURE 1 Effects of Y‐27632 and other antiglaucoma drugs on collagen gel contraction. A, Representative collagen gel photographs are shown
after 24 h of treatment with 10μM Y‐27632, timolol, latanoprost, or TGF‐β. B, Gel contraction (diameter) induced by Y‐27632–treated cells and
other drugswas compared with control. Y‐27632 significantly reduced collagen gel contraction, comparedwith control, while other groups exhibited
contraction. Data shown are mean ± SD of three independent experiments in triplicate; data were analysed by one‐way ANOVA, followed by the
Dunnett post hoc test. *P < 0.05, **P < 0.01, ***P < 0.001 versus control (NS: nonsignificant). C, Effects of Y‐27632 on humanTenon fibroblast cell
morphology. Representative phase contrast images are shown. Y‐27632 induced rounding and retraction of cells (white arrow), while other
treatments resulted in spindle‐shaped/elongated fibroblasts (white arrowhead). D, Effect of Y‐27632 on apoptotic cells. Representative images show
that Y‐27632 had no effect on apoptotic cells, compared with control. E, F, Effect of Y‐27632 on α‐SMA and vimentin expression. Timolol‐,
latanoprost‐, and TGF‐β–treated cells showed increased expression of α‐SMA and vimentin, compared with control. In contrast, Y‐27632 reduced
the expression of both proteins. Composite images (E, F) show α‐SMA and vimentin (green) and DAPI‐stained nuclei (blue). Scale bar: 50 μm, n = 3.
ANOVA, analysis of variance; DAPI, 4′,6‐diamidino‐2‐phenylindole; TGF‐β, transforming growth factor‐β; α‐SMA, α‐smooth muscle actin
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3.5 | Effect of Y‐27632 and other antiglaucoma
drugs on TGF‐β–induced collagen gel contraction

We then examined whether Y‐27632 could block contractility activity

of TGF‐β secreted in the wound healing process. We mimicked the
mechanism by initially inducing TGF‐β to HTFs for 24 hours, followed

by addition of Y‐27632 and other antiglaucoma drugs. Additional

treatment with Y‐27632 significantly blocked contraction induced by

TGF‐β (Figure 4A). A similar pattern of results was obtained by immu-

noblotting. Increased α‐SMA and vimentin expression was observed in
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FIGURE 2 Y‐27632 induced significant dose‐dependent inhibition of human Tenon fibroblast cell‐mediated collagen gel contraction. The dose
dependence of collagen gel contraction was tested with various concentrations of antiglaucoma drugs (latanoprost and timolol maleate), Y‐27632,
and TGF‐β, from 0μM through 100μM, for 24 h. A, Images show representative pictures of the collagen gel. B, Contraction was significantly
reduced by a minimum treatment of 5μM Y‐27632; it reached a maximum at 100μM Y‐27632. Data represent the mean ± SD (n = 4) and were
analysed by one‐way ANOVA, followed by the Dunnett post hoc test. *P < 0.05, **P < 0.01, ***P < 0.001. ANOVA, analysis of variance; TGF‐β,
transforming growth factor‐β
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the presence of TGF‐β. In contrast, cells treated with Y‐27632 after

TGF‐β stimulation for 24 hours showed reduced α‐SMA and vimentin

expression, while addition of latanoprost and timolol enhanced protein

expression (Figure 4B).

3.6 | Effect of Y‐27632 on latanoprost‐ and
timolol‐induced collagen gel contraction

The previous experiment indicated the ability of latanoprost and timo-

lol to increase contraction. To investigate the ability of Y‐27632 for

blocking contraction induced by the classical antiglaucoma drugs,
latanoprost and timolol, HTFs were cultured in the presence of

latanoprost, timolol, and a combination of latanoprost with timolol

for 24 hours; they were subsequently treated with and without

Y‐27632 (Figure 5A).

Contractions were observed in HTFs that underwent single stim-

ulations with latanoprost, timolol, and a combination of latanoprost

with timolol. When HTFs were treated with Y‐27632, contraction

was inhibited, compared with that without Y‐27632. Y‐27632 signifi-

cantly suppressed contraction in latanoprost, timolol, and combination

latanoprost/timolol groups. Consistent with collagen gel results,

upregulation of α‐SMA and vimentin expression was observed in cells
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FIGURE 3 Contractility inhibitory effect of Y‐27632 on collagen gel in combination with other antiglaucoma drugs. A, Representative photographs
show changes in collagen gel contraction after administration of Y‐27632 with a combination of timolol, latanoprost, and TGF‐β, compared with
single treatment with timolol, latanoprost, or TGF‐β for 24 and 48 h. B, The findings of contraction analysis were analysed; results shown represent
themean± SD (n =9). Significant differenceswere determined by one‐wayANOVA, followedby theDunnett post hoc test versus control; differences
between two groups were determined with the Student unpaired t test. *P < 0.05, **P < 0.001 (NS: nonsignificant). C, D, Expression of α‐SMA and
vimentin by cells stimulated with combination treatment plusY‐27632. Total protein was extracted from collagen gels (shown in Figure 3A). Blots
were analysed by western blotting (C) with anti–α‐SMA and antivimentin antibodies and verified by immunofluorescence analysis (D). Blots were
probed with antitubulin antibody to confirm equal loading and transfer. Both western blotting and immunofluorescence analyses showed increased
α‐SMA and vimentin expression after a single treatment with latanoprost, timolol, and TGF‐β; addition of Y‐27632 prevented expression of each
protein. ANOVA, analysis of variance; TGF‐β, transforming growth factor‐β; α‐SMA, α‐smooth muscle actin
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treated with latanoprost, timolol, and combination latanoprost/timolol,

whereas addition of Y‐27632 downregulated expression of these pro-

teins (Figure 5B).

3.7 | Effect of Y‐27632 on TGF‐β–induced MAPK
phosphorylation in HTF cells

Given that MAPKs have been implicated in the regulation of

TGF‐β–induced epithelial‐mesenchymal transition (EMT) (fibrosis),
we examined the effect of Y‐27632 on phosphorylation of MAPK to

determine whether Y‐27632 might reduce activation of MAPK on

TGF‐β–induced collagen contraction, which might mediate its ability

to block collagen gel contraction. HTFs were cultured in a serum‐free

medium for 24 hours before stimulation withTGF‐β, without and with

Y‐27632 (Figure 6). Cells were lysed and analysed by immunoblotting.

TGF‐β induced activation of ERK 1/2, p38, and JNK, as indicated by

phosphorylation of MAPK compared with control, which was blocked
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FIGURE 4 Effect of Y‐27632 on TGF‐β–induced fibrosis. A, HTFs were cultured on collagen gels before treatment with Y‐27632, timolol, and
latanoprost for 24 h; HTFs were then incubated with TGF‐β (top) and without TGF‐β (bottom) for 1 day to mimic postoperative excretion of
TGF‐β and to assess the ability of Y‐27632 to suppress the TGF‐β effect. The extent of contraction was then measured. Data shown are the
mean ± SD; *P < 0.001 by one‐way ANOVA, followed by the Dunnett post hoc test. B, Lysates of collagen gels were prepared for western blotting
with antibodies to α‐SMA, vimentin, and tubulin (loading control). Data are representative of three independent experiments performed in
triplicate (NS: nonsignificant). ANOVA, analysis of variance; HTF, humanTenon fibroblast; TGF‐β, transforming growth factor‐β; α‐SMA, α‐smooth
muscle actin
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by Y‐27632. The ability of Y‐27632 to block activation of MAPK

began at 1 hour, peaked at 6 hours, and persisted until 24 hours.

These data suggest that Y‐27632 blocked the contractility effect of

TGF‐β by blocking the MAPK.
4 | DISCUSSION

Medical therapy is frequently the initial method used for reduction of

IOP associated with glaucoma. Prostaglandins or β‐blockers are
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FIGURE 5 ROCK inhibitor decreased latanoprost‐, timolol‐, and combination latanoprost/timolol–induced collagen gel contraction and
expression of α‐SMA and vimentin. A, HTFs were serum‐starved overnight, stimulated with antiglaucoma drugs for 24 h, and then treated with
and without Y‐27632 afterwards. Diameter changes of gel contraction were observed 24 h after Y‐27632 stimulation. B, Gels were then lysed and
analysed by western blotting. Blots were reprobed for tubulin as a loading control. The statistical significance of differences between groups
treated and untreated with Y‐27632 was determined by the Student unpaired t test (n = 6). Differences were considered statistically significant

when *P < 0.05 (NS: nonsignificant). HTF, human Tenon fibroblast; ROCK, Rho‐associated protein kinase; α‐SMA, α‐smooth muscle actin
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FIGURE 6 Inhibition of MAPK on TGF‐β–
induced MAPK signalling by Y‐27632. Serum‐
starved HTFs were untreated (negative
control), treated with TGF‐β for 12 h (positive
control), and treated withTGF‐β withY‐27632
for 1 through 24 h (sample test). Cells were
lysed and then analysed by western blotting.
Treatment with Y‐27632 resulted in inhibition
of phosphorylated (p‐) ERK 1/2, p38, and JNK,
compared with the positive control. Data are
representative of three independent
experiments. ERK, extracellular signal–
regulated kinase; HTF, human Tenon
fibroblast; JNK, c‐Jun N‐terminal Kinase;
MAPK, mitogen‐activated protein kinase;
TGF‐β, transforming growth factor‐β

122 IBRAHIM ET AL.
typically selected as the initial agent among the various classes of

antiglaucoma drugs.2,5,7 Since 1978, β‐blockers, such as timolol,

have become the drug of choice. In 1996, prostaglandins replaced

β‐blockers as the most commonly used agents for initial therapy.46

When IOP is insufficiently reduced by medical therapy, surgical

intervention becomes an option.2,7 However, recently, several studies

have indicated that some antiglaucoma drugs may be risk factors for

postoperative failure. Latanoprost (a prostaglandin) was shown to

mediate contraction of HTFs,14 increase subconjunctival fibroblast

proliferation with the presence of myofibroblasts,47 and provoke an

inflammatory reaction.48 Timolol also caused proliferation of HTFs11

and conjunctival fibroblasts,49 as well as recruitment of inflammatory

cells,50 both of which correlate with wound healing.

In recent years, ROCK inhibitors have been introduced as a poten-

tial antiglaucoma therapy. Several studies have investigated whether

ROCK inhibitors can control IOP,31,35,38 in addition to their neuropro-

tective effects.40-42 The present study showed the effect of a ROCK

inhibitor on scar formation. Our results revealed that Y‐27632 signifi-

cantly suppresses the HTF‐mediated contraction of collagen gel,

expression of α‐SMA and vimentin (markers of fibrosis), and prolifera-

tion of fibroblasts without the induction of apoptosis; in contrast,

latanoprost, timolol, and TGF‐β show the reverse effects (Figure 1).

Consistent with our results, a previous study with another ROCK

inhibitor, ripasudil, also showed attenuated activation of human con-

junctival fibroblasts and inhibition of TGF‐β2–induced ECM produc-

tion with a barely detectable cytotoxic effect.43 Scar formation is the

result of fibroblasts from EMT, or resident fibroblasts, migrating to

and proliferating within damaged tissue, which leads to excessive
synthesis of ECM in connective tissue and contributes to scar forma-

tion.24,25,28 Fibroblasts are associated with many diseases, either

through a direct contribution to disease aetiology or through accom-

panying damage to other cell types.51

Rho GTPases regulate actin dynamics and control actin rear-

rangement, which is known to regulate cell shape through interac-

tions with integrin.24,27 Our results showed blockage of the Rho

GTPase pathway with the ROCK inhibitor, Y‐27632, which led to a

rounded cell shape in HTFs. This morphologic event was similar to

a previous report regarding Y‐27632, where TM cells showed

retraction and rounding of cell bodies, as well as impairment of focal

adhesion and actin bundles35; this implies that blockage of this

Rho pathway with Y‐27632 induces relaxation of the cell, rather

than contraction.

Postoperative, TGF‐β is induced to promote wound healing,

recruit fibroblasts, and increase fibroblast proliferation.10,11 Fibro-

blasts subsequently differentiate into the contractile phenotype,

myofibroblasts, during TGF‐β–induced scar formation.20,22 To mimic

TGF‐β secretion after glaucoma surgery and determine the ability

of Y‐27632 to block the TGF‐β effect, we stimulated HTFs prior to

Y‐27632 treatment. The results showed that Y‐27632 significantly

blocked TGF‐β–induced collagen gel contraction, as well as the

expression of myofibroblast markers (Figure 5). A previous

study showed that Y‐27632 treatment of HTFs blocked the assem-

bly and contraction of TGF‐β–induced stress fibres that are used in

myofibroblast transdifferentiation.15 This finding implies that

ROCK inhibitors may suppress scar formation after glaucoma filtra-

tion surgery.
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TGF‐β also activates conventional MAPK (ERK, p38, and JNK)

intracellular signal transduction pathways, which are important in the

production of proinflammatory and profibrotic mediators, as well as

ECM involved in scar formation.29,30 Inhibition of ERK or p38 MAPK

activity also repressed TGF‐β–induced EMT,30,52,53 indicating that

TGF‐β may be a precursor of the MAPK signalling pathway. In this

study, we examined whether Y‐27632 could inhibit the activation of

MAPK signalling in TGF‐β–induced HTF cells. Our results showed that

Y‐27632 significantly inhibits the activation of MAPK in the early

response, suggesting that the MAPK signalling pathway is involved

after glaucoma filtering surgery and that Y‐27632 can suppress

this effect. However, further investigation of the role of the MAPK

pathway in scar formation after glaucoma surgery is needed, along

with a greater understanding of the ability of Y‐27632 to modulate

this process.

In conclusion, our results showed that Y‐27632 may improve out-

comes after glaucoma filtration surgery by the reduction of collagen

gel contraction and proliferation of fibroblasts, suppression of fibro-

blast transdifferentiation into myofibroblasts, induction of morpholog-

ical changes and relaxation of cells, and suppression of TGF‐β and

MAPK pathways. These findings suggest that Y‐27632 may aid in

the attenuation of fibrosis after glaucoma surgery, while other

antiglaucoma drugs promote such fibrosis. Further exploration is nec-

essary to determine the full effect of ROCK inhibitor usage in vivo.
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