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Abstract: Crucial regulatory roles of miRNAs in processing of glaucoma had been identified. This study was con-
ducted to investigate the effect of miR-184 in chronic oxidative stress (COS) mediated human trabecular meshwork 
(HTM) cells dysfunctions in vitro. HTM cells were generated from cadaver eyes tissues and incubated at 40% O2 
and 5% CO2 for 5 days to induce COS stressed cell model. Cell apoptosis, cytotoxicity, and extracellular matrix 
(ECM) changes were studied in cells transfected with miR-184 mimic, inhibitor, silenced (si-)HIF-1α, or controls. 
The decreased miR-184 was detected, companied with the significantly reduced HTM cell apoptotic percentage, 
cytotoxicity, and ECM upregulation. The HTM cell dysfunction, induced by COS, was attenuated and enhanced by the 
mR-184 mimic and miR-184 inhibitor transfection, respectively. Moreover, si-HIF-1α was found as a direct target for 
miR-184. Furthermore, shRNA plasmids transfection of a predicted miR-184 target, si-HIF-1α, cancelled the miR-
184 inhibitor effect on apoptosis, cytotoxicity, and ECM upregulation in HTM cells. Taken together, we concluded 
that miR-184 inhibited HTM cells cytotoxicity, apoptosis and ECM proteins expression via targeting HIF-1α in vivo. 
We suggest that miR-184 could be used as a potential target for glaucoma management. 
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Introduction

Glaucoma is characterized by visual field loss 
and irreversible blindness [1]. The progressive 
degeneration of optic nerve is a progressive 
nature of glaucoma and it is usually character-
ized by the progressive degeneration of the 
optic nerve structure and the loss of optic nerve 
function, including retinal oxidative stress, reti-
nal ganglion cells (RGCs) apoptosis and loss, 
extracellular matrix (ECM) changes, optic atro-
phy, and visual field loss, which are induced by 
the increased intraocular pressure (IOP) in the 
eyes [2-5]. 

The reduced trabecular meshwork (TM) outflow 
facility results in IOP, whereas the increased TM 

outflow facility reduced IOP [6, 7], suggesting 
that TM plays important roles in preventing 
optic nerve damage. Accordingly, human TM 
(HTM) cells are commonly used as in vitro glau-
coma models for glaucoma progression and 
management [8, 9]. Notably, the immerging evi-
dences indicate that the reactive oxygen spe-
cies (ROS), induced by oxidative stress, a com-
mon pathologic pathway in neurodegenerative 
diseases [10], takes crucial roles in glaucoma-
tous damage [11-13]. The oxidative stress-
induced mitochondrial DNA damage and dys-
regulation of genetic factors in human retinal 
pigment epithelial cells partially account for 
mechanism of optic nerve diseases including 
the age-related macular degeneration [14], 
such as oxidative stress induced ECM degrada-
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tion [15], chronic oxidative stress (COS) medi-
ated dysregulation of ECM proteins, and 
microRNA (miR)-29b in the TM [16]. 

The crucial regulatory roles of miRNAs in the 
biology of glaucoma had been identified, such 
as miR-29 family [14, 16, 17], miR-204 [18], 
miR-24 [19], and miR-184 [20, 21]. MiR-184 
acts as a potential oncogenic miRNA for human 
cancers, such as squamous cell carcinoma of 
tongue [22], malignant gliomas [23], and exhib-
its angiostatic properties through regulating 
signaling pathways including Akt, TNF-α, and 
VEGF [24]. Specifically, down-regulation of miR-
184 had been demonstrated in ocular diseas-
es [20]. MiR-184 specifically highly expressed 
in cornea and HTM of keratoconus patients, as 
compared to ciliary body and retina [25], this 
might suggest the important roles of miR-184 
in preventing optic nerve diseases.

In the present study, to investigate the effect  
of miR-184 in glaucoma and gain more infor-
mation on the roles of miR-184 in HTM cells, we 
established the HTM cell model in vitro, using 
COS conditions of 40% oxygen (O2) treatment 
for 5 days. Subsequently, the cell apoptosis, 
cytotoxicity, and ECM proteins accumulation 
were detected. Moreover, model cells would be 
transfected with miR-184 mimic/inhibitor to 
analysis the potential of therapeutic manage-
ment by alternating miR-184 expression for 
COS in HTM cells. 

Materials and methods

Cells and culture conditions

As previously reported [16], human trabecular 
meshwork (HTM) cells cultures were generated 
from isolated tissue of cadaver eyes within 48 
h post mortem, without history of eye disease. 
Cell cultures were maintained in low glucose 
Dulbecco’s Modified Eagle Medium (DMEM; 
Sigma-Aldrich Biotechnology, St. Louis, MO, 
USA) containing 10% fetal bovine serum (FBS), 
100 units/ml penicillin/streptomycin, and  
0.25 µg/ml amphotericin B (Sigma-Aldrich) at 
37°C in 5% CO2 [16]. Induction of COS was  
generated by incubating HTM cells at 40% O2 
5% CO2 for 5 days. Control cells were incubated 
at 5% O2. Procedures involving human tissues 
were conducted according to the tenets of  
the Declaration of Helsinski. 

Cell transfections 

Mature miR-184 mimic, miR-184 inhibitor and 
their corresponding scrambles, small interfer-
ence RNA against HIF-1α (si-HIF-1α), and nega-
tive control were purchased from GenePharma 
(Shanghai, China). Lentivirus-si-HIF-1α plas-
mids were constructed using lentivirus vector 
pLKO.1 puro (AgeI and EcoR, Sigma-Aldrich). 
For cell transfection, HTM cells were seeded 
into 6-well plates (5×105 cells/per well) and 
then transiently transfected with miR-184 
mimic, miR-184 inhibitor, or lentivirus-si-HIF-1α 
using Lipofectamine 2000 (Invitrogen, USA)  
following the manufacturer’s instruction for 48 
h. Then cells were harvested for further analy-
sis. Untreated cells, cells transfected with 
PLKO.1-puro lentiviral vector without shRNA, 
and scrambles were considered as the control 
groups. 

Dual-luciferase reporter analysis

Potential target HIF-1α of miR-184 was predict-
ed using TargetScan Human: http://www.tar-
getscan.org/vert_71/) [25]. Reporter vectors 
of pGL3-HIF-1α-3’-UTR were synthesized and 
purchased from Sangon Biotech (Shanghai, 
China). Dual-luciferase (Firefly and Renilla) 
reporter plasmids pGL3-HIF-1α-WT (containing 
putative 3’-UTR-binding site for miR-184) and 
pGL3-HIF-1α-Mut (containing the mutated 
sequence in the complementary site for miR-
184) were constructed. The luciferase assay 
was performed according to the manufactures’ 
introductions (Invitrogen).

Cell cytotoxicity assay

Cell viability or cell cytotoxicity induced by COS 
was assayed by measuring the released lactate 
dehydrogenase (LDH) in cell cultures using the 
Promega cytotoxicity assay kit (Promega) as 
previously described [16]. 

Apoptosis analysis

Apoptosis was detected using flow cytometry 
with annexin V Apoptosis Detection Kit (BD 
Biosciences) by adding into FACS tubes and 
mixing with annexin V and propidium iodide  
(PI) to incubate for 15 min at room temperature 
in the dark. Early apoptotic cells percentage 
was counted by Annexin V-PE positive and 
PI-negative cells (Annexin V+/PI-).  
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Quantitative reverse transcription PCR

Total RNA extracted from cells using Trizol 
reagent (Sigma-Aldrich) was reverse-transcript-
ed into the first strand cDNA using an M-MLV 
Reverse Transcriptase kit (Invitrogen). DNA 
template for miRNA and mRNA detection was 
reverse-transcripted with and without specific 
stem-loop primers (Invitrogen), respectively, 
supplemented with 500 ng of olig (dT) 
(Promega). The qPCR reaction mixtures gener-
ated by a Toyobo SYBR Green PCR kit (Toyobo, 
Osaka, Japan) was performed on a Rotor-Gene 
RG-3000A system (Corbett Life Science, 
Sidney, Australia) following the cycling parame-
ters: Initial activation at 95°C for 10 min,  
followed by 40 cycles of denaturation at 94°C 
for 30 s, annealing at 58°C for 30 s, and exten-
sion at 72°C for 15 s. Relative quantification of 
gene expression levels were calculated by nor-
malizing to endogenous reference genes 
GAPDH or U6 using the 2-ΔΔCt method. 

Western blotting analysis

HCM cellular proteins were extracted lysed in 
RIPA Lysis Buffer (Sigma-Aldrich), quantified, 
and separated on the 10% 12% SDS polyacryl-
amide gel electrophoresis (Solarbio, Beijing, 
China). Separated proteins were transferred to 
PVDF membrane (Promega), which were then 
blocked and probed with specific antibodies 
overnight at 4°C, and incubated with HRP-
conjugated secondary antibody for 1 h at room 

temperature. Antibodies against Bcl-2, Bax, 
cleaved and pro-Caspase-3, COL1A1, COL1A2, 
COL3A1, COL5A1, SPARC, HIF-1α, and GAPDH 
were purchased from Abcam Inc., (Cambridge, 
MA, USA, 1:1000 in dilution). Enhanced chemi-
luminescence (ECL, Beyotime, Shanghai, China) 
western blotting detection system was used for 
band intensity analysis. Data were analyzed 
using a Bio-Rad Quantity One software (Bio-
Rad) normalizing to the band with GAPDH 
control.

Statistical analysis

Each experiment was performed in triplicate. 
All the quantitative data were expressed as 
mean value ± standard deviation (SD) in three 
independent experiments. Statistical analysis 
was performed using SPSS 19.0 (SPSS Inc., 
USA), and statistical graphs were made using 
Graphpad Prism 6.0 (GraphPad Software Inc, 
La Jolla, CA). Differences between groups were 
analyzed by Tukey’s test, and among four 
groups were analyzed using ANOVA, respective-
ly. P < 0.05 was considered as the statistically 
significant.

Results

COS decreases miR-184 expression in HTM 
cells

The significantly decreased expression of miR-
184 in COS stressed HTM cells were detected, 
as compared to control (P < 0.05, Figure 1A). 

Figure 1. Expression of miR-184 in HTM cells. A. HTM cells were treated with 40% (chronic oxidative stress, COS) 
or 5% CO2 (normal conditions, Control) for 5 days. B. HTM cells transfected with control mimic, or miR-29b mimic or 
nothing were subjected to 5% O2 (normal conditions). * and #indicates statistical significance at P < 0.05 level, in 
comparison with control and mimic, respectively. 
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The expression of miR-184 in HTM cells was 
significantly upregulated (~180%) and down-
regulated (~70%), respectively, by mimic and 
inhibitor (P < 0.05, Figure 1B), demonstrating 
the efficiency of using miR-184 mimic and 
inhibitor for the following transfection ex- 
periments. 

Effects of miR-184 on cytotoxicity and apopto-
sis in HTM cells

Two individual HTM cell lines (HTM1 and HTM2) 
transfected with control sequences, miR-184 
inhibitor, or miR-184 mimic were subjected to 
COS conditions and incubated for 5 days for 
cytotoxicity analysis. In both HTM cell lines, a 
significant decrease and enhance in COS-
induced cytotoxicity was detected in HTM cells 
transfected with miR-184 mimic and miR-184 
inhibitor compared to the COS (P < 0.05, Figure 
2A), showed a significant decrease in cytotoxic-
ity. Similarly, increased cell apoptotic percent-
age in COS treated HTM cells was inhibited and 
enhanced by miR-184 mimic and miR-184 
inhibitor, respectively (P < 0.05, Figure 2B and 
2C). As expected, cell apoptosis related pro-
teins (i.e. Bax and cleaved Caspase-3) were up- 
and down-regulated by miR-184 mimic and 

inhibitor, while Bcl-2 and pro Caspase-3 were 
down- and up-regulated by miR-184 mimic  
and inhibitor, respectively (P < 0.05, Figure 2D). 
That is to say, miR-184 protects HTM cells 
against COS induced cytotoxicity and cell 
apoptosis. 

MiR-184 inhibits COS induced ECM proteins 
expression in HTM cells

Increased ECM in the to be a very important 
contributor in glaucoma [26, 27]. We detected 
the mRNA and protein expression of ECM struc-
tural proteins in COS treated HTM cells and 
determined miR-184 down-regulated several 
ECM structural proteins, as collagens (i.e. 
COL1A1, COL1A2, COL3A1, and COL5A1) and 
an ECM formation modulator protein SPARC, 
which were up-regulated by COS stress (P < 
0.05, Figure 3). In contrast, miR-184 inhibitor 
enhanced the COS induced dysregulation of 
ECM proteins, suggesting miR-184 modulate 
ECM changes. 

MiR-184 targets to HIF-1α

Binding sites of the potential target HIF-1α of 
miR-184 predicted using TargetScan is showed 

Figure 2. MiR-184 inhibits chronic oxidative stress (COS) induced human trabecular meshwork (HTM) cells cytotox-
icity and apoptosis. Transfected HTM cells were treated with 40% O2 (COS) or 5% O2 (normal conditions, Control) 
for 5 days. A. Cytotoxicity levels were measured by released lactate dehydrogenase (LDH) in cell cultures. B and C. 
Cell apoptosis was analysis using FACS. D. mRNA and proteins expression of cell apoptosis related proteins in COS 
treated and transfected HTM cells. &, *, and #indicates statistical significance at P < 0.05 level, in comparison with 
control, COS, and mimic, respectively. 

Figure 3. MiR-184 inhibits chronic oxidative stress (COS) induced extracellular matrix (ECM) proteins expression in 
human trabecular meshwork (HTM) cells. Transfected HTM cells were treated with 40% O2 (COS) or 5% O2 (normal 
conditions, Control) for 5 days. The mRNA (A) and protein (B) expression level was determined using qRT-PCR and 
western blot analysis. &, *, and #indicates statistical significance at P < 0.05 level, in comparison with control, COS, 
and mimic, respectively. 
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in Figure 4A, which were then validated by 
dual-luciferase reporter analysis (Figure 4B). 
Dual-luciferase reporter analysis showed 
cotransfection of miR-184 mimic and pGL3-
HIF-1α-3’-UTR-WT vector significantly quenched 
relative firefly luciferase activity, as compared 
to control and Mut vector (P < 0.05). Notably, 
significantly decreased or increased HIF-1α 
level was observed in miR-184 mimic or inhibi-
tor transfected cells, respectively (P < 0.05, 
Figure 4C), suggesting the negative regulatory 
relationship between miR-184 and its target 
HIF-1α. 

MiR-184 affects cells function and ECMs ex-
pression by targeting HIF-1α

We determined the transfection of lentivirus- 
si-HIF-1α plasmids inhibited mRNA and protein 
expression of HIF-1α by almost 60% (P <  
0.05, Figure 5A). The inverse effect of si-HIF- 

1α on miR-184 mediated cytotoxicity, cell  
apoptosis, expression of ECM proteins was 
detected. Results showed that cotransfection 
of lentivirus-si-HIF-1α vector with miR-184 
inhibitor attenuated cytotoxicity, cell apoptosis, 
and accumulation of ECM proteins induced by 
miR-184 absence (Figure 5B-D), suggesting 
MiR-184 modulates HTM cells function and 
ECMs expression by targeting HIF-1α. 

Discussion

Oxidative damage results in the dysfunction of 
outflow tissue through apoptotic cell loss [16], 
and plays a major role in ocular diseases includ-
ing glaucoma, cataract, and macular degenera-
tion [13, 28, 29]. In this study, we demonstrat-
ed that COS with 40% O2 for 5 days induced 
HTM cells apoptosis, cytotoxicity, down-regula-
tion of miR-184 and accumulation of ECM pro-
teins. In contrast, miR-184 mimic transfection 

Figure 4. MiR-184 targets to HIF-1α. HIF-1α is a predictive target of miR-184 using Target Scan Human (http://
www.targetscan.org/vert_71/) (A), and dual-luciferase reporter analyses were performed to testify predictive target  
relationship (B). (C) Expression of HIF-1α in miR-184 transfected cells using qRT-PCR (left) and (D) Western blot 
analyses (right). * and #indicates statistical significance at P < 0.05 level, in comparison with control and mimic, 
respectively.
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attenuated COS induced HTM cell apoptosis, 
cytotoxicity, and up-regulation of ECM proteins. 
These data suggested that miR-184 might  
be used as an inhibitor for COS induced 
glaucoma. 

Previously, miR-184 acts as a potential onco-
genic miRNA for human cancers [22, 23]. The 
down-regulation of miR-184 in ocular diseases 
[20], and specifically high expressed of miR-
184 in cornea and HTM of keratoconus 
patients, as compared to ciliary body and reti-
na, had been demonstrated [25]. In our study, 
we revealed that miR-184 expression was 

down-regulated in COS treated HTM cells, com-
panied with the increased apoptotic cells per-
centages, and the increased cytotoxicity, 
whereas miR-181 mimic transfection attenuat-
ed these changes induced by COS, indicating 
the antiapoptotic potential roles of miR-184 in 
HTM cells. 

ECM components conduct retina and optic 
nerve degeneration [30], and mutations,  
abnormal accumulations, or remodelling of 
ECM-related genes are reported to be associ-
ated with glaucoma [30-32]. For instance, 
mutations in Fibrillin 2 are associated with 

Figure 5. MiR-184 affects HTM cells function by targeting HIF-1α. (A) HIF-1α expression is a decreased in si-HIF-1α 
transfected cells. Cotransfection of lentivirus-si-HIF-1α vector with miR-184 inhibitor reduced cytotoxicity (B), cell 
apoptosis (C), and expression of ECM proteins (D). HTM cells transfected with miR-184 inhibitor and lentivirus-si-
HIF-1α vector were subjected to 40% or 5% O2 (Control). &, *, and #indicates statistical significance at P < 0.05 
level, in comparison with control, COS, and mimic, respectively.
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degeneration of macular [32], and COL1A1 
mutation resulted in ocular hypertension or 
blindness [33, 34]. The matricellular protein 
SPARC promotes the deposition of ECM [35, 
36]. Overexpression of SPARC in HTM cells 
increases intraocular pressure, while SPARC 
null mice showed lower intraocular pressure 
[37-39]. Luna and Li showed that the expres-
sions of ECM proteins including COL1A1, 
COL1A2, COL3A1, COL5A1, and SPARC were 
increased COS-treated HTM cells [16]. In this 
study, our results showed that the expression 
of COS proteins including COL1A1, COL1A2, 
COL3A1, COL5A1, and SPARC, are up-regulat-
ed, companied with HTM cell apoptosis and 
cytotoxicity, whereas miR-184 mimic transfec-
tion attenuated these dysregulation in vivo, 
suggesting that miR-184 mimic might be  
used as a potential target for glaucoma 
management.

The neurodegenerative protection roles of HIF-
1α in retinal ganglion cells and in glaucoma 
had been indicated in previous studies [40-43]. 
The elevated HIF-1α level had been detected in 
diabetic retina [42], diabetic retinopathy [43], 
and retinal ganglion cells in glaucoma [41]. In 
this present study, our results confirmed that 
HIF-1α is a direct target of miR-184 with a nega-
tive relationship between HIF-1α and miR-184 
expression. Moreover, we revealed that the 
cotransfection of si-HIF-1α with miR-184 inhibi-
tor attenuated effect of miR-184 inhibitor on 
HTM cell functions, by inhibiting HTM cell apop-
tosis, cytotoxicity, and ECM proteins expres-
sion. Taken together, we concluded that the 
antiapoptosis effect of miR-184 on HTM cells is 
mediated by targeting HIF-1α.

In summary, the data presented in this study 
revealed that miR-184 may play pivotal roles in 
the development of HTM through inhibiting cell 
cytotoxicity, apoptosis and ECM protein expres-
sion. Using the miR-184 mimic, inhibitor, and 
si-HIF-1α transfections, we demonstrate that 
miR-184 exhibits an antiapoptosis effect on 
COS resulted glaucoma via targeting HIF-1α in 
vivo. These results in the present study showed 
miR-184 might be used as a potential target  
for glaucoma management. However, further 
experimental studies are still needed to con-
firm and explore the investigate roles of miR-
184 in HTM.

Disclosure of conflict of interest

None.

Address correspondence to: Xinyi Wu, Depart- 
ment of Ophthalmology, Qilu Hospital of Shandong 
University, 107 West Wenhua Road, Jinan 250012, 
Shandong, China. E-mail: xinyiwu08@163.com

References

[1] Almasieh M, Wilson AM, Morquette B, Cueva 
Vargas JL and Di Polo A. The molecular basis of 
retinal ganglion cell death in glaucoma. Prog 
Retin Eye Res 2012; 31: 152-181.

[2] Rodríguez-Muela N, Germain F, Mariño G, Fitze 
PS and Boya P. Autophagy promotes survival of 
retinal ganglion cells after optic nerve axotomy 
in mice. Cell Death Differ 2012; 19: 162-169.

[3] Schmitt HM, Schlamp CL and Nickells RW. 
Role of HDACs in optic nerve damage-induced 
nuclear atrophy of retinal ganglion cells. 
Neurosci Lett 2016; 625: 11-15.

[4] Dai C, Khaw PT, Yin ZQ, Li D, Raisman G and Li 
Y. Structural basis of glaucoma: the fortified 
astrocytes of the optic nerve head are the tar-
get of raised intraocular pressure. Glia 2012; 
60: 13-28.

[5] Cherecheanu AP, Garhofer G, Schmidl D, 
Werkmeister R and Schmetterer L. Ocular per-
fusion pressure and ocular blood flow in glau-
coma. Curr Opin Pharmacol 2013; 13: 36-42.

[6] Unterlauft JD, Elsaesser K, Grehn F and 
Geerling G. Intraocular pressure and trabecu-
lar meshwork outflow facility after descemet 
stripping endothelial keratoplasty. J Glaucoma 
2016; 25: 263-268.

[7] Fujiwara K, Yasuda M, Ninomiya T, Hata J, 
Hashimoto S, Yoshitomi T, Kiyohara Y and 
Ishibashi T. Insulin resistance is a risk factor 
for increased intraocular pressure: the  
hisayama studythe hisayama study. Invest 
Ophthalmol Vis Sci 2015; 56: 7983-7987.

[8] Maurya N, Agarwal NR and Ghosh I. Low-dose 
rotenone exposure induces early senescence 
leading to late apoptotic signaling cascade in 
human trabecular meshwork (HTM) cell line: 
an in vitro glaucoma model. Cell Biol Int 2016; 
40: 107-120.

[9] Kopczynski C, Ahmed F, Bharali D, Torrejon K 
and Lin CW. Anti-fibrotic effects of AR-13324 in 
a 3D bioengineered human trabecular mesh-
work model of steroid-induced glaucoma. 
Investigative Ophthalmology & Visual Science 
2016; 57: 5639-5639.

[10] Barnham KJ, Masters CL and Bush AI. 
Neurodegenerative diseases and oxidative 
stress. Nat Rev Drug Discov 2004; 3: 205-214.



MiR-184 prevents HTM cells apoptosis

2762 Int J Clin Exp Pathol 2017;10(3):2754-2763

[11] Ferreira SM, Lerner SF, Brunzini R, Evelson PA 
and Llesuy SF. Oxidative stress markers in 
aqueous humor of glaucoma patients. Am J 
Ophthalmol 2004; 137: 62-69.

[12] Zanon-Moreno V, Marco-Ventura P, Lleo-Perez 
A, Pons-Vazquez S, Garcia-Medina JJ, Vinuesa-
Silva I, Moreno-Nadal MA and Pinazo-Duran 
MD. Oxidative stress in primary open-angle 
glaucoma. J Glaucoma 2008; 17: 263-268.

[13] Kumar DM and Agarwal N. Oxidative stress in 
glaucoma: a burden of evidence. J Glaucoma 
2007; 16: 334-343.

[14] Liang FQ and Godley BF. Oxidative stress-in-
duced mitochondrial DNA damage in human 
retinal pigment epithelial cells: a possible 
mechanism for RPE aging and age-related 
macular degeneration. Exp Eye Res 2003; 76: 
397-403.

[15] Kliment CR and Oury TD. Oxidative stress, ex-
tracellular matrix targets, and idiopathic pul-
monary fibrosis. Free Radic Biol Med 2010; 
49: 707-717.

[16] Luna C, Li G, Qiu J, Epstein DL and Gonzalez P. 
Role of miR-29b on the regulation of the extra-
cellular matrix in human trabecular meshwork 
cells under chronic oxidative stress. Mol Vis 
2009; 15: 2488-2497.

[17] Villarreal G, Oh DJ, Kang MH and Rhee DJ. 
Coordinated regulation of extracellular matrix 
synthesis by the microRNA-29 family in the tra-
becular meshwork. Invest Ophthalmol Vis Sci 
2011; 52: 3391-3397.

[18] Li G, Luna C, Qiu J, Epstein DL and Gonzalez P. 
Role of miR-204 in the regulation of apoptosis, 
endoplasmic reticulum stress response, and 
inflammation in human trabecular meshwork 
cells. Invest Ophthalmol Vis Sci 2011; 52: 
2999-3007.

[19] Luna C, Li G, Qiu J, Epstein DL and Gonzalez P. 
MicroRNA-24 regulates the processing of la-
tent TGFβ1 during cyclic mechanical stress in 
human trabecular meshwork cells through di-
rect targeting of FURIN. J Cell Physiol 2011; 
226: 1407-1414.

[20] Liu MM, Chan CC and Tuo J. Epigenetics in ocu-
lar diseases. Curr Genomics 2013; 14: 166-
172.

[21] Wecker T, Hoffmeier K, Plötner A, Grüning BA, 
Horres R, Backofen R, Reinhard T and Schlunck 
G. MicroRNA profiling in aqueous humor of in-
dividual human eyes by next-generation se-
quencingnext-generation miRNA sequencing 
in human aqueous humor. Invest Ophthalmol 
Vis Sci 2016; 57: 1706-1713.

[22] Wong TS, Liu XB, Wong BY, Ng RW, Yuen AP 
and Wei WI. Mature miR-184 as potential  
oncogenic microRNA of squamous cell carci-
noma of tongue. Clin Cancer Res 2008; 14: 
2588-2592.

[23] Emdad L, Janjic A, Alzubi MA, Hu B, 
Santhekadur PK, Menezes ME, Shen XN, Das 
SK, Sarkar D and Fisher PB. Suppression of 
miR-184 in malignant gliomas upregulates 
SND1 and promotes tumor aggressiveness. 
Neuro Oncol 2015; 17: 419-29.

[24] Park JK, Peng H, Yang W, Katsnelson J, Volpert 
O and Lavker RM. MiR-184 exhibits angiostatic 
properties via regulation of Akt and VEGF sig-
naling pathways. FASEB J 2017; 31: 256-265. 

[25] Abu-Amero KK, Helwa I, Al-Muammar A, 
Strickland S, Hauser MA, Allingham R and Liu 
Y. Screening of the seed region of MIR184 in 
keratoconus patients from Saudi Arabia. 
Biomed Res Int 2015; 2015: 604508.

[26] Määttä M, Tervahartiala T, Harju M, Airaksinen 
J, Autio-Harmainen H and Sorsa T. Matrix me-
talloproteinases and their tissue inhibitors in 
aqueous humor of patients with primary open-
angle glaucoma, exfoliation syndrome, and ex-
foliation glaucoma. J Glaucoma 2005; 14: 64-
69.

[27] Hernandez MR and Ye H. Glaucoma: changes 
in extracellular matrix in the optic nerve head. 
Ann Med 1993; 25: 309-315.

[28] Izzotti A, Bagnis A and Saccà SC. The role of 
oxidative stress in glaucoma. Mutat Res 2006; 
612: 105-114.

[29] Erb C and Heinke M. Oxidative stress in prima-
ry open-angle glaucoma. Front Biosci (Elite Ed) 
2011; 3: 263-268.

[30] Reinehr S, Reinhard J, Wiemann S, Stute G, 
Kuehn S, Woestmann J, Dick HB, Faissner A 
and Joachim SC. Early remodelling of the extra-
cellular matrix proteins tenascin-C and phos-
phacan in retina and optic nerve of an experi-
mental autoimmune glaucoma model. J Cell 
Mol Med 2016; 20: 2122-2137.

[31] Vranka JA, Kelley MJ, Acott TS and Keller KE. 
Extracellular matrix in the trabecular mesh-
work: intraocular pressure regulation and dys-
regulation in glaucoma. Exp Eye Res 2015; 
133: 112-125.

[32] Ratnapriya R, Zhan X, Fariss RN, Branham KE, 
Zipprer D, Chakarova CF, Sergeev YV, Campos 
MM, Othman M and Friedman JS. Rare and 
common variants in extracellular matrix gene 
Fibrillin 2 (FBN2) are associated with macular 
degeneration. Hum Mol Genet 2014; 23: 
5827-5837.

[33] Wallace DJ, Chau FY, Santiagoturla C, Hauser 
M, Challa P, Lee PP, Herndon LW and  
Allingham RR. Osteogenesis imperfecta and 
primary open angle glaucoma: genotypic  
analysis of a new phenotypic association. Mol 
Vis 2014; 20: 1174-1181.

[34] Mauri L, Uebe S, Sticht H, Vossmerbaeumer  
U, Weisschuh N, Manfredini E, Maselli E, 
Patrosso M, Weinreb RN, Penco S, Reis A, 



MiR-184 prevents HTM cells apoptosis

2763 Int J Clin Exp Pathol 2017;10(3):2754-2763

Pasutto F. Expanding the clinical spectrum of 
COL1A1 mutations in different forms of glau-
coma. Orphanet J Rare Dis 2016; 11: 108.

[35] Bradshaw AD, Reed MJ and Sage EH. SPARC-
null mice exhibit accelerated cutaneous  
wound closure. J Histochem Cytochem 2002; 
50: 1-10.

[36] Bradshaw AD, Puolakkainen P, Dasgupta J, 
Davidson JM, Wight TN and Sage EH. SPARC-
null mice display abnormalities in the dermis 
characterized by decreased collagen fibril di-
ameter and reduced tensile strength. J Invest 
Dermatol 2003; 120: 949-955.

[37] Oh DJ, Kang MH, Ooi YH, Choi KR, Sage EH and 
Rhee DJ. Overexpression of SPARC in human 
trabecular meshwork increases intraocular 
pressure and alters extracellular matrix. Invest 
Ophthalmol Vis Sci 2013; 54: 3309-3319.

[38] Epstein D, Caballero M and Gonzalez P. 
Changes in human trabecular meshwork cells 
induced by overexpression of SPARC. 2002. 

[39] Kang MH, Oh DJ, Kang JH and Rhee DJ. 
Regulation of SPARC by transforming growth 
factor β-2 in human trabecular meshwork. 
Invest Ophthalmol Vis Sci 2013; 54: 2523-
2532.

[40] Brown M, Abdul Y, Singh S, Nix M and Husain S. 
Neurodegenerative role of HIF-1α in glaucoma-
tous injury. 2014. 

[41] Zhu Y, Zhang L, Gidday JM. Role of hypoxia-in-
ducible factor-1α in preconditioning-induced 
protection of retinal ganglion cells in glauco-
ma. Mol Vis 2013; 19: 2360-2372.

[42] Gao X, Li Y, Wang H, Li C and Ding J. Inhibition 
of HIF-1α decreases expression of pro-inflam-
matory IL-6 and TNF-α in diabetic retinopathy. 
Acta Ophthalmol 2016; [Epub ahead of print].

[43] Loukovaara S, Koivunen P, Inglés M, Escobar J, 
Vento M and Andersson S. Elevated protein 
carbonyl and HIF-1α levels in eyes with prolif-
erative diabetic retinopathy. Acta Ophthalmol 
2014; 92: 323-327.


