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Abstract: Increased obstruction in trabecular meshwork (TM) especially juxtacanalicular tissue (JCT), is a major fac-
tor that contributes to primary open angle glaucoma (POAG). With POAG extracellular matrix (ECM) moieties such as 
fibronectin, collagen IV and elastin accumulate within the trabecular meshwork so the obstruction of the aqueous 
humor outflow pathway increased. MiR-192-5p is known to regulate the ECM deposits. In this study, we quantified 
the effects of miR-192-5p transfection on the expression of ECM components. MiR-192-5p mimic, inhibitor was 
used to transfect human trabecular meshwork cells (hTM) in vitro. Protein expression of fibronectin, collagen I, 
collagen IV and SPARC were measured using Western blot analysis. There was not a significant difference in the 
expression of fibronectin, laminin, collagen I, collagen IV and SPARC protein between the control plus transforming 
growth factor beta 2 (TGF-β2) group and the miR-192-5p mimic plus TGF-β2 group. After the transfection of hTM with 
miR-192 inhibitor, expression of fibronectin, laminin, collagen I, collagen IV and SPARC protein was depressed in the 
TM conditional medium transfected with TGF-β2 group compared with the control group. Transfection with miR-192-
5p inhibitor can decrease the expression of ECM components in cultured hTM. Our data suggest that miR-192-5p 
could serve as a new therapeutic for POAG in future studies.
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Introduction

Glaucoma ranks as third of the causes of 
blindnes [1, 2]. Elevated intraocular pressure 
plays an important role in the pathogenesis of 
glaucoma [3-5]. Increased resistance of the 
trabecular meshwork (TM), is a major factor 
that contributes to primary open angle glauco-
ma (POAG) [6-8]. Deposition of extracellular 
matrix (ECM) moieties such as fibronectin, col-
lagen IV, elastin, within the TM, could potential-
ly increase the obstruction of aqueous humor 
outflow through the TM [9-12].

Abnormal tissue repair is often associated with 
excessive ECM production that leads to fibro-
sis, including idiopathic pulmonary fibrosis [13] 
and liver fibrosis [14]. The epithelial-mesenchy-
mal transition is confirmed as a biological pro-
cess resulting in mesenchymal cell features, 
which can synthesize and organize ECM com-
ponents [15]. Cytokine transforming growth 
factor, beta 2 (TGF-β2), is important for the 
regulation of ECM expression in POAG.

miR-29, miR-192 and miR-200 significantly 
decrease the expression of ECM components in 
lung fibrosis, liver fibrosis, and kidney fibrosis 
[16-18]. miR-29 can also decrease the expres-
sion of moieties such as fibronectin, and colla-
gen IV in TM cells [19-21]. However, the effect 
of miR-192 on the abnormal accumulation of 
ECM within in TM cells is unknown.  In the pres-
ent study, we tested whether transfection of 
miR-192-5p inhibitor decreased the expression 
of ECM in the TM.

Materials and methods

Trabecular meshwork cell culture and TGF-β2 
treatment

HTM cell cultures were collected within 48 
hours post mortem from six donors ranging in 
age from 25 to 56 years without eye disease. 
HTM cells were mixed after extraction from the 
donors TM tissues. All procedures involving 
human tissues obeyed the tenets of the 
Declaration of Helsinski. The ethics committee 
of Harbin Medical University, China, obtained 
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written approved from all of the donors to par-
ticipate in the study and the study.

The lens, cornea, retina, iris and ciliary body 
were extracted first. Then, TM cells between 
Decement’s membrane and the scleral spur 
were dissected and placed in a culture dish. 
The cell culture medium was a Dulbecco’s 
Modified Eagle’s Medium (low glucose) supple-
mented with 10% fetal bovine serum, L-gluta- 
mine (0.292 mg/ml), penicillin (100 units/ml), 
streptomycin (0.1 mg/ml), and amphotericin B 
(4 mg/ml) (HyClone Labs, Logan, UT, USA). rTM 
cells between passages 5 and 8 were selected 
for our experiment. In the TGF-β2 (Sigma 
Aldrich, St. Louis, MO, USA) treatment group, 
cells were treated with 2 ng/mL TGF-β2 for 24 
hours [21].

(HyClone Labs, Logan, UT, USA). Absorbance 
spectroscopy was used to measure the protein 
concentration at 278 nm. Membranes were 
incubated with primary antibodies against 
fibronectin, laminin, collagen I, collagen IV and 
SPARC (secreted protein acidic and rich in cys-
teine) (Santa Cruz Biotechnology, Dallas, Texas, 
USA) overnight at 4°C, followed by incubation 
with secondary antibodies. The membrane was 
then assayed using an enhanced chemilumi-
nescent kit (ECL, Thermo Scientific, Pittsburgh 
PA, USA) and scanned with ChemiDoc™ Doc 
XRS+ system (Bio-Rad, Hercules, CA, USA). 
Values were expressed as fold change relative 
to the control and normalized to glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) (Santa 
Cruz Biotechnology, Dallas, Texas, USA) [21].

Figure 1. Real-time PCR analysis showed the presence of the miR-192 family 
in the TM. TGF-β2 enhanced the expression of miR-192. There was a statisti-
cally significant reduction of miR-192 expression by TGF-β2 compared with 
the control group (P < 0.01), whereas there is significant decrease of miR-
192 levels after transfection of TM with miR-192 inhibitor.

Figure 2. Effect of miR-192 inhibitor on TGF-β2 expression in hTM. *P < 0.01 
compared with other groups. The levels of TGF-β2 protein in hTM transfected 
with miR-192 inhibitor were significantly reduced (P < 0.01, Figure 3). There 
was no significant difference in TGF-β2 expression between the group treat-
ed with miR-192 mimic and the control group (P > 0.05, Figure 3).

MiR-192-5p transfection

HTM cells were transfected 
with miR-192-5p mimic, inhibi-
tor and their negative control 
RNA (Qiagen, Valencia, CA, 
USA) using Liptofectamine 
2000 reagent (InvitrogenTM, 
Life Technologies, Grand Is- 
land, NY, USA). Then, cells 
were incubated at 37°C in a 
CO2 incubator for 24-48 h. 
They were then assayed as 
described below [19].

RNA isolation and quantita-
tive-PCR

We used a TRIzol RNA isola-
tion system to prepare total 
RNA. The first strand of cDNA 
in miScript RT buffer was incu-
bated at 37°C for 60 min, and 
95°C for 5 min. A 7300 Seq- 
uence Detection system was 
used to perform real-time qu- 
antification. The results were 
analyzed as mean value ± SE 
[19].

Western blot analysis

Conditioned medium was col-
lected after transfection in TM 
cells in a serum-free medium 
containing 0.5 mg/mL BSA 
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Statistical analysis

All computations were carried out using the 
software of SPSS version 18.0 for Windows. All 
data are presented as the mean ± SD and have 
been evaluated for normality of distribution. 
Difference between mean values was tested 
for statistical significance with student t test, 
with a P value < 0.05 indicative of statistical 
significance. 

Results

Expression of miR-192 in hTM

Our result showed that transfection did not 
change the cellular morphology. Real-time PCR 
analysis revealed the presence of the miR-192 
in the TM (Figure 1). To determine whether the 
miR-192 family functions as a regulator of TGF-
β2-mediated ECM synthesis, miR-192 expres-
sion was measured after 24 hours of incuba-
tion of TM cells with TGF-β2. Our result showed 
that a statistically significant induction of 
miRNA-192 levels by TGF-β2 compared with the 
control group, whereas real-time PCR analysis 
showed that there was a significant decrease of 
miR-192 levels after transfection with a miR-
192 inhibitor (Figure 1).

Effect of miR-192-5p inhibitor on TGF-β2 ex-
pression in hTM

The levels of TGF-β2 protein in hTM transfected 
with miR-192-5p inhibitor were significantly 
reduced (P < 0.01, Figure 2). There was no sig-
nificant difference in TGF-β2 expression be- 
tween the group treated with miR-192-5p mimic 
and the control group (P > 0.05, Figure 2).

Transfection with miR-192-5p mimic on ECM 
expression in hTM

There was a significant increase in the expres-
sion of fibronectin, laminin, collagen I, collagen 
IV and SPARC protein in the control plus TGF-β2 
group compared with the miR-192 mimic plus 
TGF-β2 group (P < 0.01, Figure 3). There was no 
significant difference between the control 
group and the miR-192 mimic treated group or 
the miR-192-5p + TGF-β2 treated group (P > 
0.5).

Expression of fibronectin, laminin, collagen I, 
collagen IV and SPARC after transfection with 
miR-192-5p inhibitor

To investigate the effect of the miR-192-5p on 
ECM expression in the TM, we inhibited its 
expression and tested its effect on ECM syn-
thesis in the TM. After the transfection of TM 
with miR-192-5p inhibitor, expression of fibro-
nectin, laminin, collagen I, collagen IV and 
SPARC protein levels were lower in the TM con-
ditional medium compared with the TGF-β2 and 
control group (P < 0.01, Figure 4). 

Figure 3. Transfection with miR-192 mimic on ECM 
expression in hTM. *P < 0.01 compared with other 
groups. There was a significant increase in the ex-
pression of fibronectin, laminin, collagen I, collagen 
IV and SPARC protein in the control plus TGF-β2 
group compared with the miR-192 mimic plus TGF-β2 
group (P < 0.01). There was no significant difference 
between the control group and the miR-192 mimic 
treated group or the miR-192 + TGF-β2 treated group 
(P > 0.5).

Figure 4. Downregulation expression of fibronectin, 
collagen I, collagen IV, SPARC and laminin protein by 
transfection with miR-192 inhibitor. After the trans-
fection of miR-192 inhibitor, expression of fibronec-
tin, collagen I, collagen IV, SPARC and laminin pro-
tein was depressed in the TM conditional medium 
compared with the TGF-β2 group plus control group 
(P < 0.01).
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Discussion

Several miRNAs, including miR-23, -29, -192, 
-194, and -215, are highly expressed in the tra-
becular meshwork [22-26] which are associat-
ed with fibrosis of the kidney, lung and liver [27, 
28]. Overexpression of miR-29a can down regu-
late the expression of ECM in the TM [29, 30]. 
In vitro, miR-192 mediates TGF-β-induced col-
lagen expression [31]. It has been confirmed 
that miR-192 expression was suppressed by 
TGF-β1 in human tubular epithelial cells (TEC) 
and fibrogenesis can be increased when there 
isn’t miR-192 in diabetic nephropathy [32-34].

Our study bridges the gap of knowledge regard-
ing the incomplete and imprecise knowledge of 
the role of miR-192-5p in the etiology of POAG.

Based on our data, miR-192-5p was a mediator 
of TGF-β which can induce deposition of ECM in 
the hTM as evidenced by the findings that over-
expression of miR-192-5p mimics enhanced 
TGF-β2-induced ECM expression, whereas inhi-
bition of miR-192-5p by overexpressing miR-
192 inhibitor blocked fibronectin, laminin, col-
lagen I, collagen IV, SPARC expression in res- 
ponse to TGF-β2. Above all, our results suggest 
that miR-192-5p is upregulated by TGF-β2 and 
leads to ECM accumulation in the hTM. 

Conclusion

We found that miR-192-5p can down regulate 
the expression of ECM in TM conditional medi-
um. These data are significant because miR-
192-5p may be a target in developing novel 
therapeutics for the treatment of POAG. In 
future studies we plan to test if transfection of 
hTM with miR-192 can lower IOP in vivo by 
decreasing ECM expression.
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