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Abstract. Subconjunctival fibrosis represents the primary 
cause of postoperative failure of trabeculectomy, and at 
present there is a lack of effective intervention strategies. 
The present study aimed to investigate the effect of the 
mitogen‑activated protein kinase kinase (MEK) inhibitor 
U0126 on human tenon fibroblast (HTF) myofibrosis trans-
differentiation, and to illuminate the underlying molecular 
mechanisms involved. It was demonstrated that U0126 signifi-
cantly inhibited the proliferation, migration and collagen 
contraction of HTFs stimulated with TGF‑β1. In addition, 
U0126 largely attenuated the TGF‑β1‑induced conversion of 
HTFs into myofibroblasts, as indicated by a downregulation 
of the mRNA and protein expression of α‑smooth muscle 
actin and zinc finger protein SNAI1, and by ameliorating the 
3D‑collagen contraction response. Mechanistically, U0126 
suppressed the TGF‑β1‑stimulated phosphorylation of mothers 
against decapentaplegic homolog 2/3, P38 mitogen‑activated 
protein kinase and extracellular signal‑regulated kinase 1/2, 
indicating that U0126 may inhibit HTF activation through the 
canonical and non‑canonical signaling pathways of TGF‑β1. 
Therefore, U0126 exhibits a potent anti‑fibrotic effect among 
HTFs, and the inhibition of MEK signaling may serve as 
an alternative intervention strategy for the treatment of 
trabeculectomy‑associated fibrosis.

Introduction

Trabeculectomy is considered the primary treatment method 
for patients with glaucoma (1) but its efficacy is limited by 

the frequency of postoperative subconjunctival fibrosis. 
Although anti‑fibrotic drugs including mitomycin C (MMC) 
and 5‑fluorouracil (5‑FU) are commonly used (2), the surgical 
failure rate remains high and may lead to sight‑threatening 
infections (3). There is an urgent requirement to elucidate the 
molecular mechanisms that drive the formation of fibrosis, and 
to explore alternative intervention strategies.

Activated human tenon fibroblasts (HTFs), characterized 
by myofibroblast transdifferentiation, are the central effector 
cells during fibrosis (4). Myofibroblasts drive fibrosis forma-
tion by increasing the production of extracellular matrix 
proteins including type I, III, V and type VI collagens (5). In 
addition, myofibroblasts secrete tissue inhibitors of metallo-
proteinases (TIMPs), decreasing the activity of extracellular 
matrix‑degrading enzymes (6). Multiple stimuli have been 
identified to trigger fibroblasts activation, particularly growth 
factors and cytokine family members (7), of which the trans-
forming growth factor‑β (TGF‑β) family are the most potent 
and well‑documented mediators (8).

The human TGF‑β family comprises 3 isoforms, desig-
nated TGF‑β1, TGF‑β2, and TGF‑β3  (9). Despite previous 
data suggesting that all 3 TGF‑β isoforms are identifiable in 
HTFs  (10), TGF‑β1 is the predominant isoform associated 
with subconjunctival scarring (11,12). Typically, TGF‑β1 func-
tions by binding to its heterodimeric receptor complex and 
causing phosphorylation of the downstream signal transduction 
proteins mothers against decapentaplegic homolog (Smad) 2 
and Smad3, which in turn form complexes with Smad4, trans-
locate to the nucleus and regulate target gene transcription (13). 
In addition to the canonical Smad pathway, members of the 
mitogen‑activated protein kinase (MAPK) signaling pathways, 
including p38MAPK, extracellular signal‑regulated kinase 
(ERK)1/2 and c‑Jun‑N‑terminal kinase (JNK), are activated 
by TGF‑β (14). Although the role of canonical Smad signaling 
in fibrosis has been well established, whether non‑canonical 
MAPK signaling is involved in this process remains unverified.

The present study aimed to investigate the role of the 
MEK1/2 inhibitor U0126 on HTF activation, including 
proliferation, migration, and α‑smooth muscle actin (α‑SMA) 
expression, and collagen contraction induced by TGF‑β1. 
In addition, the present study also aimed to elucidate the 
underlying mechanisms of action by examining the activation 
statuses of the Smad2/3, ERK1/2 and p38MAPK signaling 
pathways.
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Materials and methods

Cell culture. Samples of human Tenon's capsule were obtained 
from patients from the Zhongshan Ophthalmic Center (Sun 
Yat‑sen University, Guangzhou, China), with the approval 
of the Ethical Committee of the Zhongshan Ophthalmic 
Center and in accordance with the Declaration of Helsinki. 
Informed consent was gained. Fresh tissues were cut into 
1‑2  mm pieces under a stereo microscope (x1.5), then 
placed in culture dishes with Dulbecco's modified Eagle's 
medium (DMEM)/F12 supplemented with 10% fetal bovine 
serum (both from Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), 100 U/ml penicillin and 100 µg/ml strep-
tomycin at 37˚C and 5% CO2. After 8 days, primary cultures 
(~60% confluence) were passaged with 0.25% trypsin‑EDTA 
(Invitrogen; Thermo Fisher Scientific, Inc.). Cells at passages 
3‑6 were used in subsequent experiments. Cell identification 
was performed by immunostaining with the fibroblast marker 
vimentin and cytokeratin (Abcam, Cambridge, UK). Briefly, 
the cells were seeded on coverslip with 80‑90%, and were 
fixed with 4% paraformaldehyde at room temperature for 
30 min. After washing with PBS, the cells were permeated 
with 0.1% TritonX‑100 for 15 min at room temperature. After 
blocking with 5% BSA for 30 min at room temperature, cells 
were incubated with antibody against vimentin (cat. no. 5741; 
Cell Signaling Technology, Inc., Danvers, MA, USA; 1:200) 
at 4˚C overnight. Cells were then incubated with the secondary 
antibody Alexa Fluor 488 of goat anti‑rabbit IgG antibody (cat. 
no. ab150077; Abcam; 1:500) at room temperature for 1 h, The 
nuclei were stained with DAPI (5 mg/ml) at room tempera-
ture for 1 min. Immunofluorescence was visualized using a 
fluorescence microscope (LSM710; Zeiss AG, Oberkochen, 
Germany) at 512x512 pixel resolution. Images were collected 
using a x20 apochromatic objective.

Cell proliferation assay. HTFs proliferation was determined by 
Cell Counting kit‑8 (CCK‑8; Dojindo Molecular Technologies, 
Inc., Kumamoto, Japan) assay. Briefly, a 96‑well plate was 
seeded with HTFs (1x104 cells/well) and incubated overnight 
at  37˚C and 5% CO2. Following treatment with TGF‑β1 
(5 ng/ml) alone or in the presence of 5 or 10 µM of U0126, 10 µl 
CCK‑8 solution was added to each well and incubated at 37˚C 
for 4 h. A microplate reader was used to measure the absorbance 
at 450 nm (Bio‑Rad Laboratories, Inc., Hercules, CA, USA).

Wound healing assay. HTFs (5x105) were seeded into 6‑well 
plates and incubated to 100% confluence. The cell mono-
layer was scratched with a 200‑µl pipette tip and washed 
with PBS, following which fresh DMEM/F12 containing 
TGF‑β1 (5 ng/ml) alone or combined with 5 µM of U0126 
was added and the plates incubated for 24 h. The distance of 
cell migration was measured via phase‑contrast microscopy 
(magnification, x20).

Fibroblast‑mediated collagen contraction assay. A collagen 
contraction assay was performed using a Cell Biolabs Collagen 
Contraction Assay kit (Cell Biolabs, Inc., San Diego, CA, 
USA), according to the manufacturer's protocol. Briefly, HTFs 
(5x105 cells/well) and 500 µl collagen preparation were added 
to a 24‑well plate for polymerization. Following treatment 

with TGF‑β1 (5 ng/ml) alone or combined with 5 µM of U0126 
for 24 h, gels were detached from the wells and images were 
captured under a light stereo microscope (magnification, x1.5). 
Analyses were performed using ImageJ software 2.1.4.7 
(National Institutes of Health, Bethesda, MD, USA).

Western blot analysis. Extracts were prepared by lysing cells 
with radioimmunoprecipitation assay lysis buffer (Beyotime 
Institute of Biotechnology, Shanghai, China) on ice for 10 min. 
Protein concentrations were quantified with a Micro bicin-
choninic acid Protein Assay kit (Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol. Protein 
lysates (30 µg) were separated via SDS‑PAGE with 10% of 
separation gel and 3% stacking gel and then transferred to a 
polyvinylidene fluoride membrane (Thermo Fisher Scientific, 
Inc.). Proteins of interest were detected using primary anti-
bodies against human α‑SMA (cat. no. ab5694; 1:1,000) and 
GAPDH (cat. no.  ab9485; 1:1,000; both Abcam), TGF‑β1 
(cat. no. sc‑130348; 1:1,000; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) Smad2 (cat. no. 5339; 1:1,000), Smad3 (cat. 
no. 9523; 1:1,000), phosphorylated (p)‑Smad2/3 (cat. no. 8828; 
1:1,000), p38MAPK (cat. no. 8690; 1:1,000), p‑p38MAPK (cat. 
no. 4511; 1:1,000), ERK1/2 (cat. no. 4695; 1:1,000), p‑ERK1/2 
(cat. no. 4370; 1:1,000; all Cell Signaling Technology, Inc.) 
and zinc finger protein SNAI1 (cat. no. 3879; Cell Signaling 
Technology, Inc.; 1:1000), followed by incubation with mouse 
peroxidase‑conjugated secondary antibodies (cat. no. sc‑2357; 
Santa Cruz Biotechnology, Inc.; 1:2,000) for 1  h at room 
temperature. Specific proteins were visualized by enhanced 
chemiluminescence (cat. no. WBKLS0500; Merck KGaA, 
Darmstadt, Germany).

Reverse transcription quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from cultured cells using 
RNeasy spin columns (Qiagen Ltd., Crawley, UK) according 
to the manufacturer's protocol. cDNA was synthesized by 
reverse transcriptase from total RNA with PrimeScript RT 
Master Mix (Takara Bio Inc., Otsu, Japan). The RT reaction 
was conducted at 25˚C, 5 min, followed by 55˚C, 10 min, and 
the reaction was terminated by heating at 85˚C for 5 min. 
qPCR was subsequently performed using the SYBR® Premix 
Ex Taq™ kit (RR820A; Takara Biotechnology Co., Ltd). 
The thermocycling conditions for qPCR is as follows: Initial 
denaturation at 95˚C for 30 sec; 40 cycles of denaturing the 
cDNA template at 95˚C for 10 sec and annealing/extension at 
60˚C for 30 sec. The gene expression levels were normalized 
to GAPDH according to the 2‑∆∆Cq relative quantification 
method  (15). The primers used in the experiment were as 
follows: GAPDH forward,  5'‑GGA​GCG​AGA​TCC​CTC​
CAA​AAT‑3' and reverse,  5'‑GGC​TGT​TGT​CAT​ACT​TCT​
CAT​GG‑3'; α‑SMA forward,  5'‑AAA​AGA​CAG​CTA​CGT​
GGG​TG‑3' and reverse,  5'‑GCC​ATG​TTC​TAT​CGG​GTA​
CTT​C‑3'; Snail forward,  5'‑TCG​GAA​GCC​TAA​CTA​CAG​
CGA‑3' and reverse, 5'‑AGA​TGA​GCA​TTG​GCA​GCG​AG‑3'; 
TGF‑β1 forward, 5'‑GGC​CAG​ATC​CTG​TCC​AAG​C‑3' and 
reverse, 5'‑GTG​GGT​TTC​CAC​CAT​TAG​CAC‑3'.

Immunofluorescence staining. Cells were seeded onto cover-
slips once they reached 40‑60% confluence. Upon treatment with 
the indicated agents, cells were fixed in 4% paraformaldehyde 
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for 15 min at room temperature and then permeated with 
0.1% Triton X‑100 for 10 min. Following blocking with 3% 
bovine serum albumin (Sigma‑Aldrich; Merck KGaA) for 1 h 
at room temperature, the cells were incubated with a primary 
antibody against α‑SMA (cat. no. ab5694; Abcam; 1:200) or 
cytokeratin (cat. no. 5741; 1:200; Cell Signaling Technology, 
Inc.) at 4˚C overnight, and then exposed to the Alexa Fluor® 
488‑conjugated green fluorescence secondary antibodies (cat. 
no. ab150077; 1:500) or Alexa Fluor® 555‑conjugated of red 
fluorescence secondary antibodies (cat. no. ab150158; 1:500; 
both Abcam) for 1 h at room temperature. The nuclei were 
stained with DAPI (5 mg/ml) for 1 min at room tempera-
ture and images were captured using a Leica fluorescence 
microscope (magnification, x20).

Statistical analysis. All experiments were performed at least 
three times and the data are presented as the means ± stan-
dard deviation. Comparisons among multiple groups were 
performed by one‑way analysis of variance with Tukey's 
post‑hoc test using GraphPad Prism version 7.0 (GraphPad 
Software, Inc., La Jolla, CA, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Morphology and molecular characterization of HTFs. First, 
the present study aimed to identify the primary cultured 
HTFs. The cells were grown in a monolayer and exhibited 
a typical spindly, generally flat and elongated shape (Fig. 1). 
To identify HTFs at a molecular level, immunostaining using 
vimentin and cytokeratin, cell surface markers for fibroblasts 
and the epithelium, respectively, was performed. As indicated 
in Fig. 1, the HTFs exhibited extensive staining for vimentin 
and not for cytokeratin, suggesting that the isolated HTFs were 
of high purity.

U0126 attenuates TGF‑β1‑induced HTF proliferation and 
migration. Activated fibroblasts generally exhibit a high degree of 

proliferation and migration. To ascertain whether the inhibition 
of MEK signaling may suppress the HTF proliferation induced 
by TGF‑β1, HTFs were incubated with TGF‑β1 (5 ng/ml) alone 
or in the presence of 5 or 10 µM of the MEK1/2 inhibitor U0126. 
Cell proliferation was determined using a CCK‑8 assay. It was 
identified that treatment with TGF‑β1 for 24 h significantly 
increased the proliferation of HTFs (P<0.01; Fig. 2A), which 
was abrogated by pre‑treatment with U0126. (P<0.05; Fig. 2A). 
However, no significant difference in the effects between 5 and 
10 µM treatments was observed. Notably, treatment with U0126 
alone had no significant effect on cell viability (Fig. 2B). Next, 
the effect of U0126 on HTF migration was evaluated using a 
scratch wound assays. As indicated in Fig. 2, cell migration 
was significantly increased upon treatment with TGF‑β1 for 
24 h (relative wound width=44.2±4.5% TGF‑β1 vs. 57.6±2.1% 
vehicle control; P<0.001; Fig. 2C). This effect was also substan-
tially attenuated by pre‑treatment with 5 µM U0126 (relative 
wound width =73.6±6.1% TGF‑1β+U0126  vs.  41.1±4.8% 
TGF‑1β; P<0.01; Fig. 2C). Collectively, these results indicated 
that U0126 may markedly inhibit HTF proliferation and migra-
tion simulated by TGF‑β1.

U0126 prevents the conversion of HTFs into myofibroblasts 
by TGF‑β1. The transdifferentiation of fibroblasts into 
myofibroblasts is considered a pivotal step during fibrosis. 
At the molecular level, this process is characterized by the 
upregulation of α‑SMA expression (16). To determine the effect 
of U0126 on the TGF‑β1‑induced conversion of fibroblasts into 
myofibroblasts, the changes in α‑SMA mRNA and protein 
expression were evaluated via RT‑qPCR and western blot 
analysis, respectively. As indicated in Fig. 3A and B, while 
TGF‑β1 exposure increased α‑SMA mRNA and protein 
expression, as expected, this effect was compromised by 
5 µM U0126 (P<0.0001). Additional immunofluorescence 
was performed to monitor the expression of α‑SMA following 
treatment with 5  µM U0126, anda similar result was 
obtained (Fig. 3C). In addition to α‑SMA, previous studies 
have indicated that Snail, a transcription factor that serves a 

Figure 1. Identification of HTFs. Primary cultured HTFs were immunostained with (A) the fibroblast marker vimentin (green) or (B) the epithelial cell marker 
cytokeratin. Nuclei (blue) were labeled with DAPI. Scale bar, 100 µm. HTFs, human tenon fibroblasts.
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critical role in epithelial‑mesenchymal transition (EMT), is 
also involved in the switching of fibroblasts into myofibroblasts. 
Therefore, the effect of U0126 on the expression of Snail induced 
by TGF‑β1 was examined. The results demonstrated that, while 
untreated HTF cells exhibited low levels of Snail expression, 
incubation with 5 ng/ml TGF‑β1 resulted in a marked increase 
in Snail expression (Fig. 4A and B). Similarly, 5 µM U0126 
largely attenuated TGF‑β1‑induced Snail mRNA and protein 
expression (Fig. 4A and B). At the functional level, activated 
HTFs contribute to contraction of the extracellular matrix, a 
hallmark of scar formation (17). Therefore, whether U0126 
may inhibit the collagen matrix contraction response induced 
by TGF‑β1 was determined. As expected, TGF‑β1 treatment 
lead to enhanced collagen matrix contraction compared with 
the vehicle control (P<0.0001; Fig. 4C). Treatment with 5 µM 

U0126 significantly decreased the collagen matrix contraction 
induced by TGF‑β1 (P<0.0001; Fig. 4C). Altogether, these 
results support the hypothesis that U0126 may potently prevent 
HTF transdifferentiation into myofibroblasts.

U0126 suppressed the TGF‑β1‑stimulated phosphorylation 
of Smad2/3, P38MAPK, and ERK1/2 in HTFs. TGF‑β1 has 
been demonstrated to mediate the canonical Smad2/3 and 
the non‑canonical MAPK pathways in various cell types. To 
reveal the mechanism underlying U0126‑inhibition of HTF 
activation, the activation status of these signaling pathways in 
HTFs was evaluated. Smad2/3 and P38MAPK phosphoryla-
tion levels were detected by western blot analysis, and the 
results suggested that treatment with 5 ng/ml TGF‑β1 induced 
activation of the Smad2/3 signaling pathway, as reflected by 

Figure 2. U0126 inhibits the HTF proliferation and motility induced by TGF‑β1. (A) HTFs were exposed to TGF‑β1 (5 ng/ml) alone or combined with different 
concentrations of U0126 (5 and 10 µM) for 24 h. Cell proliferation was evaluated using a CCK‑8 assay. (B) HTFs were exposed to different concentrations of 
U0126 (1, 5 and 10 µM) for 24 h. Cell proliferation was evaluated using a CCK‑8 assay. (C) HTFs were exposed to TGF‑β1 (5 ng/ml) alone or combined with 
U0126 (5 µM) for 24 h. Cell migration was evaluated using a wound‑healing assay. Data are presented as the means ± standard deviation of 3 independent 
repeats. Original magnification, x200. ns, P>0.05, *P<0.05, **P<0.01 and ****P<0.0001 vs. the TGF‑β1 or control group. HTFs, human tenon fibroblasts; TGF‑β1, 
transforming growth factor β1; CCK, cell counting kit.
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the increased levels of TGF‑β1 mRNA and protein expres-
sion and Smad2/3 phosphorylation, which was in agreement 
with previous studies  (18,19)  (Fig.  5A). Furthermore, the 

phosphorylation of non‑canonical p38MAPK and ERK1/2 
proteins was also stimulated by TGF‑β1 (Fig. 5B). Exposure 
to 5 µM U0126 markedly impaired TGF‑β1‑induced TGF‑β1 

Figure 3. U0126 prevents the conversion of HTFs into myofibroblasts by TGF‑β1. HTFs were incubated with TGF‑β1 (5 ng/ml) in the presence or absence of 
U0126 (5 µM) for 24 h. The (A) mRNA and (B) protein levels of α‑SMA were analyzed by reverse transcription quantitative polymerase chain reaction and 
western blot analysis, respectively, and normalized to GAPDH expression. (C) Immunofluorescence was performed to detect α‑SMA (green) expression. The 
nuclei (blue) were labeled with DAPI. Scale bar, 200 µm. Data are presented as the mean ± standard deviation of 3 independent repeats ****P<0.0001 vs. the 
TGF‑β1 or control group. HTFs, human tenon fibroblasts; TGF‑β1, transforming growth factor β1; α‑SMA, α‑smooth muscle actin.
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mRNA and protein expression, and the phosphorylation of 
Smad2/3, p38MAPK and ERK1/2 (Fig. 5A and B). Therefore, 
the data suggested that U0126 prevents HTF activation through 
suppression of the Smad2/3, p38MAPK and ERK1/2 signaling 
pathways.

Discussion

In the present study, it was observed that U0126, a specific 
MEK1/2 inhibitor, has a potent antifibrotic effect among 
cultured HTFs stimulated by TGF‑β1. Functionally, U0126 

Figure 4. U0126 inhibits Snail expression and 3D collagen gel contraction induced by TGF‑β1. HTFs were treated with TGF‑β1 (5 ng/ml) in the presence or 
absence of U0126 (5 µM) for 24 h. The (A) mRNA and (B) protein expression of Snail was analyzed by reverse transcription quantitative polymerase chain 
reaction and western blot analysis, respectively, and normalized to GAPDH expression. (C) A 3D‑collagen lattice contraction experiment was performed to 
evaluate gel contraction activity. Data are presented as the means ± standard deviation of 3 independent repeats. *P<0.05, ***P<0.001 and ****P<0.0001 vs. the 
TGF‑β1 or control group. HTFs, human tenon fibroblasts; TGF‑β1, transforming growth factor β1; Snail, zinc finger protein SNAI1.
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prevented TGF‑β1‑induced HTF proliferation, migration and 
3D collagen contraction responses. U0126 may inhibit HTF 
conversion into myofibroblasts by downregulating α‑SMA and 
Snail expression. The phosphorylation of Smad2/3, ERK1/2 and 
P38MAPK was significantly attenuated by U0126 treatment, 
suggesting that U0126 inhibits HTF activation via suppressing 
the classical and non‑classical signaling pathways of TGF‑β1.

The activation of fibroblasts is a typical characteristic 
of fibrotic injury, not only in the ocular region but in the 
whole body  (20). Therefore, targeting the inhibition of 
fibroblast activation has been regarded as a critical interven-
tion strategy for fibrotic diseases. In ocular tissue, although 

certain anti‑mitotic agents including MMC and 5‑FU have 
been employed to contract trabeculectomy‑associated 
subconjunctival fibroblasts (21,22), they often result in serious 
postoperative complications, including bleb leakage, hypotony 
maculopathy and endophthalmitis (23,24). The data indicating 
that U0126 potently prevents HTF activation indicates an 
alternative targeting approach for this disease. It should be 
noted that a concentration‑dependent inhibitory effect of 
U0126 on HTF activation, at least for cell proliferation, was 
not observed. Previous studies in other cell types suggested 
that U0126 prevented TGF‑β‑induced cell proliferation in 
a dose‑dependent manner, but not α‑SMA and Collagen 1 

Figure 5. U0126 counteracts the Smad2/3 and P38MAPK phosphorylation induced by TGF‑β1. HTFs were exposed to TGF‑β1 (5 ng/ml) in the presence or 
absence of U0126 (5 µM) for 24 h. The mRNA and protein expression levels of (A) TGF‑β1 and p‑Smad2/3, and (B) p‑P38MAPK and p‑ERK1/2 were analyzed 
by reverse transcription quantitative polymerase chain reaction and western blot analysis, and normalized to total Smad2/3, ERK1/2 or GAPDH, respectively. 
Data are presented as the means ± standard deviation of 3 independent repeats. **P<0.01 and ****P<0.0001 vs. the TGF‑β1 or control group. HTFs, human 
tenon fibroblasts; TGF‑β1, transforming growth factor β1; Smad 2/3, mothers against decapentaplegic homolog 2/3; P38MAPK, p38 mitogen‑activated protein 
kinase; ERK1/2, extracellular signal‑regulated kinase 1/2; p‑, phosphorylated.
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expression (25,26). Therefore, it was hypothesized that the 
concentration‑dependent effect of U0126 may depend on the 
specific cellular events evaluated.

As with any drug, the potential side effects of U0126 should 
be considered when assessing its effect on the Ras/rapidly 
accelerated fibrosarcoma (Raf)/MEK/ERK signaling pathway. 
In particular, the possible effect of U0126 on retinal ganglion 
cell (RGC) survival, which is closely associated with 
glaucoma pathogenesis  (27). However, given that the role 
of Raf/MEK/ERK signaling pathway inhibition in RGC 
survival remains controversial, with several studies indicating 
a pro‑apoptosis effect and others a protective action (28‑30), 
whether the use of U0126 may have an adverse or beneficial 
effect on RGC survival requires additional investigation.

The transdifferentiation of fibroblasts into myofibroblasts 
is a hallmark of fibroblast activation. At the molecular level, 
myofibroblasts are characterized by increased α‑SMA expres-
sion  (31), the actin isoform typically expressed in smooth 
muscle cells. Furthermore, the Snail transcription factor 
usually involved in EMT has been demonstrated to participate 
in myofibroblast transdifferentiation (32). In the present study, 
it was identified that TGF‑β1 augmented the expression of 
α‑SMA and Snail at both the mRNA and protein levels in 
HTFs. These effects were primarily inhibited by pre‑treatment 
with U0126. Furthermore, the inhibitory effect of U0126 at 
the functional level was verified by performing 3D collagen 
lattice contraction experiments, which mimic the situation 
in vivo during wound healing, and obtained a consistent result. 
The results of the present study are in agreement with several 
other studies indicating that U0126 inhibits fibroblast transdif-
ferentiation in other tissues (33,34), suggesting that U0126 may 
serve as an anti‑fibrotic agent in general.

TGF‑β1 acts by binding to two serine/threonine receptors, 
namely TGF‑β type I and type II receptors, in target cells, which 
results in the activation of multiple signaling cascade pathways, 
including the canonical Smad2/3 pathway and non‑canonical 
MAPK signaling pathways including p38MAPK, ERK1/2 and 
JNK (35,36). In general, activated Smad2/3 form complexes 
with Smad4, subsequently translocating to the nucleus and 
regulating the expression of genes associated with fibroblast 
proliferation, migration and extracellular matrix deposition (37). 
In addition to the canonical pathway, there is increasing 
evidence to support that the non‑canonical pathway also has a 
vital role in mediating TGF‑β1‑induced cellular functions in the 
fibroblasts of numerous tissue types (38,39). As for HTFs, it has 
been suggested that the inhibition of p38MAPK is sufficient to 
prevent the conversion of HTFs into myofibroblasts (14). In the 
present study, it was demonstrated that treatment with U0126 
significantly impeded TGF‑β1‑induced Smad2/3, p38MAPK 
and ERK1/2 activation. The data suggested that the canonical 
Smad2/3 and non‑canonical p38MAPK and ERK1/2 signaling 
pathways are critical for maintaining the activated phenotype 
of HTFs, and that the inhibition of one of these pathways is 
sufficient to restore the phenotype activated by TGF‑β1. We 
speculate that this phenomenon may be explained by potential 
crosstalk between Smad2/3, p38MAPK and ERK1/2 pathways 
in HTFs. For example, data obtained with other cell types 
indicate that p38MAPK may phosphorylate and increase the 
transcription of Smad2/3 (40,41). Furthermore, ERK1/2 has 
been revealed to regulate Smad2/3 activity in chondrocytes and 

hepatoma cells (42,43). Therefore, ERK1/2 may function as an 
upstream signal kinase of Smad2/3 in HTFs.

In summary, the present study provided evidence that the 
inhibition of the MEK signaling pathway has an effect on 
TGF‑β1‑induced HTF activation. This result provides an experi-
mental basis for the clinical application of MEK inhibitors in 
the treatment of trabeculectomy‑associated fibrotic disease.
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