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Abstract. – OBJECTIVE: Although the potential involvements of INK4 locus reported in glaucoma, the effects of long non-coding RNA (lncRNA) antisense noncoding RNA in the INK4
locus (ANRIL) on trabecular meshwork (TM)
cells remain unclear. In this study, we aimed to
explore the effects of lncRNA ANRIL on the oxidative injury of human TM cells as well as the underlying mechanisms.
MATERIALS AND METHODS: Oxidative injury
of human TM cells was induced by H2O2 stimulation. Cell viability, apoptotic cells, expression of
proteins related to apoptosis, and reactive oxygen species (ROS) level were testified by CCK-8
assay, flow cytometry assay, Western blot analysis, and DCFH-DA staining, respectively. LncRNA ANRIL was overexpressed, and its effects
on H2O2-injured TM cells were analyzed. Afterward, miR-7 expression in lncRNA ANRIL overexpressing-cells was determined by RT-qPCR.
Moreover, it was verified whether lncRNA ANRIL affected H2O2-treated TM cells via miR-7, followed by the measurements of the involved signaling pathways.
RESULTS: H2O2-induced decrease of cell viability and the increases in apoptosis and ROS
generation were significantly attenuated by lncRNA ANRIL overexpression. miR-7 expression was down-regulated by lncRNA ANRIL, and
miR-7 overexpression abrogated the effects of
lncRNA ANRIL on H2O2-treated TM cells. Phosphorylation levels of the key kinases in the
mTOR and MEK/ERK pathways were enhanced
by lncRNA ANRIL via down-regulating miR-7 in
H2O2-treated TM cells.
CONCLUSIONS: LncRNA ANRIL attenuated
oxidative injury of human TM cells and activat-

ed the mTOR and MEK/ERK pathways, possibly
through down-regulating miR-7.
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Introduction
Being a neurodegenerative disease of the eye, the
glaucoma is the second leading cause of irreversible
blindness that behind cataract and affects more than
70 million individuals globally1,2. In patients with
glaucoma, retinal ganglion cells which convey visual messages from the retina to the brain, as well
as the visual field, are selectively lost, and the retinal
ganglion cell axons and somas are degenerated3-5.
Glaucoma is asymptomatic at the beginning, and it
may not be diagnosed until a substantial loss of vision has occurred. Therefore, the actual number of
patients with glaucoma may be even higher than the
numbers estimated, making the exploration of the
effective therapies for glaucoma important6.
Several risk factors may contribute to glaucoma, including age, intraocular pressure (IOP), reduced ocular perfusion pressure, and genetic mutations7. Among them, IOP is the only modifiable
risk factor for the development and progression
of glaucoma, and lowing IOP is the only therapy
which can effectively reduce glaucomatous progression8,9. IOP homeostasis is previously defined
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as corrective adjustments of the aqueous humor
outflow resistance in response to pressure changes10. IOP is regulated by the resistance to aqueous
humor outflow since the aqueous humor inflow is
relatively constant and pressure-insensitive. The
trabecular meshwork (TM) is a series of fenestrated beams and sheets of the extracellular matrix,
through which aqueous humor leaves the anterior chamber of the eye11. Previous studies12,13 have
pointed out that the probable site of the resistance
to aqueous humor outflow is located within the
juxtacanalicular and Schlemm’s canal. Therefore,
the regulatory mechanism in TM cells isolated
from the juxtacanalicular is of great importance
for the clinical treatment of glaucoma.
Long non-coding RNAs (lncRNAs) are a
group of RNAs which are not involved in the
protein generation while they are involved in the
regulatory processes14. Currently, an increasing
number of lncRNAs are identified to participate
in the development of the glaucoma, such as lncRNA-MEG3 and lncRNA-MALAT115,16. The
INK4 locus at chromosome 9p21, which encodes
three tumor suppressor genes and the lncRNA antisense noncoding RNA in the INK4 locus (ANRIL), has been reported to be related to primary
open angle glaucoma (POAG) and normal-tension
glaucoma17,18. Therefore, we hypothesized that
there might be a relationship between lncRNA
ANRIL and glaucoma.
In this study, we induced in vitro oxidative injury model using human TM cells and studied
the effects of lncRNA ANRIL on H2O2-treated
human TM cells as well as the regulatory mechanism. We aimed to explore the potential regulatory mechanism of lncRNA ANRIL in glaucoma,
assisting in the identification of novel therapies
for glaucoma.

Materials and Methods
Cell Culture and Treatment
Primary human TM cells, isolated from the
juxtacanalicular and corneoscleral regions of the
human eye and cryopreserved at P0, were purchased from Sciencell Research Laboratories
(Carlsbad, CA, USA). Cells were maintained in
Trabecular Meshwork Cell Medium (TMCM)
containing 2% fetal bovine serum (FBS), 1% trabecular meshwork cell growth supplement and 1%
penicillin/streptomycin solution (all from Sciencell Research Laboratories, Carlsbad, CA, USA),
and were plated in poly-L-lysine-coated surface
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(2 μg/cm2). Cell maintaining was performed in a
humidified incubator with 5% CO2 and 95% air at
37°C. Cells in passages 2-5 were used for experiments. Culture medium was refreshed every three
days until the culture reached 70% confluence,
whereas it was refreshed every other day when
the confluence of cells was 70%-90%. For the
stimulation with H2O2, the cells were cultured in
TMCM containing 50-400 μM H2O2 (Sigma-Aldrich, St. Louis, MO, USA) for 24 h after they
reached 80-85% confluence.
Cell Transfection
Full-length human lncRNA ANRIL sequences were ligated into a pcDNA3.1 plasmid (Invitrogen, Carlsbad, CA, USA), and the recombined plasmid was sequenced and referred to as
pc-ANRIL. Either pcDNA3.1 or pc-ANRIL was
transfected into TM cells using the lipofectamine
3000 reagent (Invitrogen, Carlsbad, CA, USA)
following the instructions provided by the manufacturer. The stable transfected cell lines were
harvested after selection in the culture medium
containing 0.5 mg/mL G418 (Sigma-Aldrich, St.
Louis, MO, USA) for approximately 4 weeks.
For the transient transfection with microRNAs
(miRs), the scramble miRs or miR-7 mimic, synthesized by GenePharma (Shanghai, China), were
transfected into TM cells using the lipofectamine
3000 reagent.
Cell Viability Assay
TM cell viability was examined using a Cell
Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, Gaithersburg, MD, USA). In brief, TM
cells were seeded in poly-L-lysine-coated 96-well
plates at 5 × 103 cells per well. Then, the cells
were incubated at 37°C overnight for growth. After cell transfection and/or stimulation with H2O2,
the culture medium was replaced by TMCM containing 10% CCK-8 solution and cells were incubated at 37°C for an additional 1 h. Finally, the
absorbance at 450 nm was detected by using a Microplate Reader (Bio-Rad, Hercules, CA, USA).
Apoptosis Assay
Early-stage apoptotic cells after cell transfection and/or stimulation with H2O2 were identified
by using the FITC Annexin V/Dead Cell Apoptosis Kit with FITC Annexin V and PI, for Flow
Cytometry (Invitrogen, Carlsbad, CA, USA). In
brief, after the desired treatments, TM cells were
collected and washed in phosphate-buffered saline (PBS). Then, the cells were suspended in the

Role of lncRNA ANRIL in glaucoma

binding buffer provided by the kit, followed by
staining with 5 μL of FITC Annexin V and 100
ng of propidium iodide (PI) according to the manufacturer’s instructions. Finally, the stained cells
were subjected to a FACS can (Beckman Coulter,
Fullerton, CA, USA), and the percentage of apoptotic cells was analyzed using the FlowJo software (Tree Star, San Carlos, CA, USA).
Reactive Oxygen Species (ROS) Assay
Intracellular ROS level in TM cells was measured by using a Reactive oxygen species Assay
Kit (E004, Nanjing Jiancheng, Nanjing, China).
In brief, after cell transfection and/or stimulation
with H2O2, the cell culture was discarded, and the
cells were washed with PBS two times. Then, the
cells were incubated in TMCM containing 10 μM
2,7-dichlorofluorescein diacetate (DCFH-DA) for
30 min at 37°C in the dark. Subsequently, after
being rinsed in PBS two times, the cells were collected by trypsin treatment (0.25% trypsin-EDTA) and centrifugation. Cells were washed again
using PBS and resuspended in 500 μL PBS, followed by measurements of fluorescent intensity
by using a flow cytometer (485 nm excitation, 525
nm emission).
RNA Immunoprecipitation (IP)
RNA IP was performed by using Magna RIP
RNA-Binding Protein Immunoprecipitation Kit
(Millipore, Bedford, MA). The wild-type ANRIL or the mutant ANRIL (mutant in the predicted miR-7 binding site) was inserted into a
pc-DNA3.1-MS2 plasmid (Addgene, Cambridge,
USA). The constructed vectors were co-transfected with pMS2-GFP (Addgene, Cambridge, USA)
into the cell by using lipofectamine 3000 reagent
(Invitrogen, Carlsbad, CA, USA). Then, the cell
lysate was extracted and incubated with magnetic
beads, GFP antibody (ab290, Abcam, Cambridge,
UK) or IgG (ab190475, Abcam, Cambridge, UK).
Reverse transcription-quantitative PCR (RT-qPCR) was then performed to detect signals from
miR-7 specifically binding to ANRIL.
RT-qPCR
After cell transfection and/or stimulation with
H2O2, TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was used for the extraction of total RNA
according to the manufacturer’s instructions. For
the quantification of lncRNA ANRIL expression, the One Step SYBR® PrimeScript™ PLUS
RT-RNA PCR Kit (TaKaRa Biotechnology, Dalian, China) was used following the supplier’s

protocol. For quantification of miR-7 expression,
cDNA was prepared from 500 ng RNA using the
TaqMan MicroRNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA, USA). The
thermocycling program of reverse transcription
was 30 min at 16°C, 30 min at 42°C, and 5 min
at 85°C. Real-time PCR was performed using the
TaqMan Universal Master Mix II (Applied Biosystems, Foster City, CA, USA) on a Bio-Rad iQ5
Real-time PCR Detection System (Bio-Rad, Hercules, CA, USA). The temperature profile was 1
cycle at 95°C for 10 min, followed by 40 cycles
of 95°C for 15 s and 60°C for 1 min. Relative expression fold of lncRNA ANRIL and miR-7 was
analyzed on the basis of the 2-ΔΔCt method19. GAPDH and U6 were used as housekeeping genes for
relative quantification of lncRNA ANRIL and
miR-7, respectively.
Western Blot Analysis
After cell transfection and/or stimulation with
H2O2, the cells were collected and washed in
ice-cold PBS. After centrifugation to the pellet,
the cells were suspended in RIPA buffer (Beyotime Institute of Biotechnology, Shanghai, China) supplemented with 1 mM PMSF (Beyotime
Institute of Biotechnology, Shanghai, China).
The whole cell lysates were centrifuged, and
the protein content in the supernatant was measured with the bicinchoninic acid protein assay
kit (Pierce, Rockford, IL, USA). Proteins were
separated by SDS-PAGE and electrotransferred
to polyvinylidene difluoride (PVDF) membranes.
Then, the PVDF membranes were blocked with
5% non-fat milk and incubated with primary antibody and HRP-conjugated goat anti-rabbit IgG
(ab205718, Abcam, Cambridge, UK), successively. Primary antibodies used in this study included anti-Bcl-2 antibody (ab196495), anti-Bax
antibody (ab32503), anti-pro caspase-3 antibody (ab90437), anti-cleaved caspase-3 antibody
(ab2302), anti-pro caspase-9 antibody (ab32539),
anti-cleaved caspase-9 antibody (ab2324), anti-p70S6K antibody (ab186753), anti-phospho (p)p70S6K antibody (ab59208), anti-mTOR antibody
(ab32028), anti-p-mTOR antibody (ab109268),
anti-MEK antibody (ab178876), anti-p-MEK antibody (ab194754), anti-ERK antibody (ab115799),
anti-p-ERK antibody (ab214036) and anti-β-actin
antibody (ab8227; all from Abcam, Cambridge,
UK). The proteins in the PVDF membranes were
visualized using the chemiluminescence detection (ECL Plus; GE Healthcare Bio-Science, Piscataway, NJ, USA).
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Statistical Analysis
Experiments were performed in triplicate with
three repeats. Data are presented as the mean ±
standard deviation (SD). Statistical analysis was
performed using GraphPad Prism 5 software
(GraphPad, San Diego, CA, USA). The comparison was evaluated using the unpaired two-tailed
t-test, one-way analysis of variance (ANOVA) or
multiple t-tests. ANOVA was conducted and was
followed by the Tukey post-hoc test. p < 0.05 was
considered a significant difference.

Results
Stimulation With H2O2 Induced
Oxidative Injury in Human TM Cells
Oxidative injury of human TM cells was induced
by stimulation with H2O2. Cells were stimulated
with increasing doses of H2O2, and CCK-8 results
showed that cell viability was significantly reduced
by 100 μM H2O2 (p < 0.05), 200-300 μM H2O2 (p <

0.01), and 400 μM H2O2 (p < 0.001, Figure 1A), as
compared to the control group. Since cell viability
was dropped by more than 50% when the concentration of H2O2 was 200 μM, the oxidative injury of
TM cells was induced by 200 μM H2O2 in subsequent experiments. Cell apoptosis and ROS generation were analyzed afterward to evaluate whether
the oxidative injury was successfully induced. In
Figure 1B, the percentage of apoptotic cells in the
H2O2 group was dramatically higher than the control group (p < 0.001). Likewise, H2O2 stimulation
up-regulated pro-apoptotic Bax expression while
down-regulated anti-apoptotic Bcl-2 expression
and expression of cleaved caspase-3 and cleaved
caspase-9 was observed in the H2O2-treated cells
(Figure 1C). The results indicated that H2O2 stimulation elevated cell apoptosis. Finally, we also
found that ROS level in the H2O2 group was remarkably higher than the control group (p < 0.001,
Figure 1D). the results collectively illustrated that
oxidative injury of human TM cells was successfully induced after H2O2 stimulation.

Figure 1. Stimulation with H2O2 induced oxidative injury in human TM cells. Human TM cells were stimulated with increasing doses of H2O2 for 24 h. A, Cell viability was measured by the CCK-8 assay. The cells were stimulated with 200 μM H2O2
for 24 h, and non-treated cells were acted as control. B, Percentage of apoptotic cells was determined by flow cytometry assay.
C, Expression of proteins associated with apoptosis was evaluated by Western blot analysis. D, ROS generation was estimated
by DCFH-DA staining. Data are presented as the mean ± SD of at least three independent experiments. *, p < 0.05; **, p <
0.01; ***, p < 0.001.
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Figure 2. LncRNA ANRIL attenuated H2O2-induced TM cell injury. Human TM cells were transfected with pcDNA3.1 or
pc-ANRIL, and untransfected cells were acted as control. A, Expression of lncRNA ANRIL was analyzed by RT-qPCR. Cells
transfected with pcDNA3.1 or pc-ANRIL and untransfected cells were stimulated with 200 μM H2O2 for 24 h. Non-treated
cells were acted as control. B, Cell viability was measured by the CCK-8 assay. C, Percentage of apoptotic cells was determined by flow cytometry assay. D, Expression of proteins associated with apoptosis was evaluated by Western blot analysis.
E, ROS generation was estimated by DCFH-DA staining. Data are presented as the mean ± SD of at least three independent
experiments. *, p < 0.05; **, p < 0.01; ***, p < 0.001.

Overexpression of LncRNA ANRIL
Attenuated H2O2-Induced TM Cell Injury
Effects of lncRNA ANRIL on the oxidative
injury of TM cells were analyzed. After cell
transfection, lncRNA ANRIL level in cells transfected with pc-ANRIL was markedly higher than
the cells transfected with pcDNA3.1 (p < 0.01),
suggesting that lncRNA ANRIL was overexpressed successfully after cell transfection (Figure 2A). Then, transfected and untransfected
cells were stimulated with 200 μM H2O2 for 24 h,
and non-treated cells were acted as control. The
CCK-8 assay showed that lncRNA ANRIL overexpression significantly elevated cell viability of
H2O2-treated cells (p < 0.05, Figure 2B). Flow
cytometry assay showed that lncRNA ANRIL
overexpression observably reduced the percentage of apoptotic cells in H2O2-treated cells (p <
0.05, Figure 2C). Meanwhile, lncRNA ANRIL
overexpression could up-regulate Bcl-2 expression while down-regulating the expression of
Bax, cleaved caspase-3 and cleaved caspase-9
compared to the H2O2 + pcDNA3.1 group (Figure
2D). Besides, the ROS level in cells overexpressing lncRNA ANRIL was significantly lower than
pcDNA3.1-transfected cells after H2O2 stimulation (p < 0.05, Figure 2E). The results collectively

indicated that lncRNA ANRIL overexpression
could attenuate H2O2-induced oxidative injury in
TM cells.
Overexpression of LncRNA ANRIL
Down-Regulated MiR-7 Expression
Effects of lncRNA ANRIL overexpression on
the miR-7 level were testified. In Figure 3A, the
miR-7 expression level in cells overexpressing
lncRNA ANRIL was significantly lower than the
pcDNA3.1-transfected cells (p < 0.01), indicating
that lncRNA ANRIL might down-regulate miR-7
expression in TM cells. To further reveal the regulatory relationship between lncRNA ANRIL and
miR-7, anti-MS2 RNA IP was performed. RT-qPCR data in Figure 3B showed that the ANRIL
RNA IP in MS2-ANRIL group was significantly
enriched for miR-7 compared to the MS2-ANRILmut group (p < 0.01). These results evidenced that
lncRNA ANRIL down-regulated miR-7 expression might be via directly binding with miR-7.
Overexpression of LncRNA ANRIL
Alleviated H2O2-Induced Injury Via
Down-Regulating MiR-7
We then studied whether lncRNA ANRIL affected H2O2-treated TM cells via regulation of
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Figure 3. LncRNA ANRIL down-regulated miR-7 expression. A, Human TM cells were transfected with pcDNA3.1 or
pc-ANRIL, and untransfected cells were acted as control. Expression of miR-7 was analyzed by RT-qPCR. B, Human TM
cells were co-transfected with pMS2-GFP and MS2, MS2-ANRIL or MS2-AMRIL-mut. RNA IP was performed to pull down
the miRNAs associated with lncRNA ANRIL. Data are presented as the mean ± SD of at least three independent experiments.
**, p < 0.01.

miR-7. In Figure 4A, miR-7 level in cells transfected with miR-7 mimic was prominently higher
than cells transfected with scramble miRs (p <
0.01), suggesting that miR-7 level could be elevated after cell transfection. Then, the co-transfected cells or untransfected cells were stimulated
with H2O2 for 24 h, and non-treated cells acted as
control. The results showed that lncRNA ANRIL
overexpression-induced alteration of cell viability, apoptosis. The ROS generation was notably
reversed by miR-7 overexpression in H2O2-treated
cells, as evidenced by a significant reduction of
cell viability (p < 0.05, Figure 4B), enhancement
of apoptotic cells (p < 0.05, Figure 4C), down-regulation of Bcl-2 and up-regulation of Bax, cleaved
caspase-3 and cleaved caspase-9 (Figure 4D), and
an increase of ROS generation (p < 0.05, Figure 4E), as compared to the H2O2 + pc-ANRIL
+ Scramble group. The results indicated that lncRNA ANRIL might attenuate oxidative injury
of TM cells through down-regulating miR-7.
Overexpression of LncRNA ANRIL
Activated the mTOR and MEK/ERK
Pathways Via Regulation of miR-7
The possible involved signaling pathways
were finally investigated. In Figure 5A-5B, we
found that the phosphorylation levels of p70S6K,
mTOR, MEK, and ERK were all dramatically decreased after H2O2 stimulation compared with the
control group (p < 0.01 or p < 0.001). Those significant decreases were all dramatically reversed
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by lncRNA ANRIL overexpression compared
with the H2O2 + pcDNA3.1 + Scramble group (all
p < 0.001). Moreover, the effects of lncRNA ANRIL overexpression were all significantly bated
by miR-7 overexpression relative to the H2O2 +
pc-ANRIL + Scramble group. The results suggested that ANRIL might activate the mTOR and
MEK/ERK pathways via regulation of miR-7.

Discussion
IOP, the major risk factor for progression of
glaucoma, is closely associated with TM cells.
Although the potential involvements of the INK4
locus at chromosome 9p21 have been reported in
glaucoma, the effects of lncRNA ANRIL which
was encoded from the INK4 locus on TM cells remain (remains) unclear. In this study, we reported
for the first time that lncRNA ANRIL could attenuate oxidative injury of human TM cells induced
by H2O2. We also found that miR-7 expression was
down-regulated by lncRNA ANRIL overexpression, and miR-7 overexpression could reverse the
effects of lncRNA ANRIL on H2O2-treated TM
cells. Furthermore, we also found that lncRNA
ANRIL could activate the mTOR and MEK/ERK
pathways, possibly through down-regulating
miR-7 expression.
Previous studies20,21 have indicated that there
is a relationship between elevated IOP and impairment of mitochondrial dynamics in the glau-
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comatous retina. Oxidative stress is an important
pathophysiological mechanism in mitochondrial
dysfunction and glaucoma22. Moreover, the oxidative injury of TM cells has been reported to obstruct aqueous humor outflow and thereby to elevate IOP23. Therefore, we focused on the effects of
lncRNA ANRIL on the oxidative injury of human

TM cells, aiming to explore the potential role of lncRNA ANRIL in the progression of glaucoma. In
the literature by Kuespert et al24, oxidative stress
in human TM cells was induced by the stimulation with H2O2. In the present study, cell viability
was reduced, and apoptosis was enhanced after
H2O2 stimulation. Meanwhile, H2O2-induced en-

Figure 4. LncRNA ANRIL affected H2O2-treated TM cells via regulation of miR-7. Human TM cells were transfected with
scramble miRs or miR-7 mimic. A, Expression of miR-7 was analyzed by RT-qPCR. Cells co-transfected with pc-ANRIL
(pcDNA3.1), and miR-7 mimic (scramble miRs) and untransfected cells were stimulated with 200 μM H2O2 for 24 h. Non-treated cells were acted as control. B, Cell viability was measured by the CCK-8 assay. C, Percentage of apoptotic cells was determined by flow cytometry assay. D, Expression of proteins associated with apoptosis was evaluated by Western blot analysis.
E, ROS generation was estimated by DCFH-DA staining. Data are presented as the mean ± SD of at least three independent
experiments. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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Figure 5. LncRNA ANRIL might activate the mTOR and MEK/ERK pathways via regulation of miR-7. Human TM cells
were co-transfected with pc-ANRIL (pcDNA3.1), and miR-7 mimic (scramble miRs) and untransfected cells were stimulated
with 200 μM H2O2 for 24 h. Non-treated cells were acted as control. Expression of key kinases in the mTOR pathway (A) and
MEK/ERK pathway (B) was measured by Western blot analysis. Data are presented as the mean ± SD of at least three independent experiments. **, p < 0.01; ***, p < 0.001.

hancements of ROS level illustrated that oxidative
stress in TM cells was induced successfully since
the elevated intracellular ROS level is an indicator of oxidative stress. Those alterations induced
by H2O2 could be reduced by lncRNA ANRIL
overexpression, indicating that lncRNA ANRIL
could attenuate oxidative injury of TM cells. The
effects of lncRNA ANRIL on oxidative injury in
TM cells were consistent with that reported in
PC-12 cells previously25.
MiRs are single-stranded non-coding RNAs
that are involved in numerous biological processes26. Recently, a growing number of studies
proved that the regulatory role of lncRNA ANRIL was associated with miRs. For example, the
proliferation and metastasis of hepatocellular carcinoma cells were suppressed27 by lncRNA ANRIL silence via regulation of miR-122-5p. Chai et
al28 have reported the oncogenic role of lncRNA
ANRIL in oral cancer via regulation of miR-125a.
Hence, we focused on the downstream miRs to
explore the regulatory mechanism of lncRNA
ANRIL. Level of miR-7 is increased in TM cells
upon treatment with mechanical stress, which
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might be a contributor to the progression of glaucoma29,30. Therefore, we speculated that if there is
a relationship between miR-7 and lncRNA ANRIL in TM cells, the effects of lncRNA ANRIL
on TM cells might be explained. Accordingly,
we found that miR-7 expression was down-regulated by lncRNA ANRIL overexpression, and
miR-7 overexpression could abrogate the effects
of lncRNA ANRIL on the oxidative injury of
TM cells. This means that the down-regulation
of miR-7 induced by lncRNA ANRIL might be
an explanation for the protective role of lncRNA
ANRIL against oxidative injury. Besides, the anti-growth and pro-apoptotic roles of miR-7 in TM
cells were consistent with that in cancer cells31.
mTOR is a serine/threonine kinase that modulates cell growth and metabolism. mTOR is inhibited under stimulation with H2O2, and the phosphorylation of its endogenous substrate such as p70S6K is
reduced32. The MEK/ERK pathway is the classical
anti-apoptotic pathway, and it can promote proliferation in many types of cells33,34. Zhu et al35 have
shown that the activation of the MEK/ERK pathway induced by melatonin can abolish the effects
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of H2O2 on cardiac microvascular endothelial cells.
Ran et al25 also proved that myeloid cell leukemia
1 activated the MEK/ERK pathway and thereby
attenuated H2O2-induced PC-12 cell injury. Therefore, we studied the alteration of the mTOR and
MEK/ERK pathways in TM cells under stimulation
with H2O2. Consistent with the literature described
above, these two pathways were inhibited by H2O2
stimulation, and the inhibition was abrogated by lncRNA ANRIL overexpression. Interestingly, miR-7
overexpression reversed the activation of these two
pathways induced by lncRNA ANRIL.

6)

7)

8)

Conclusions
Preliminarily we explored the protective role of
lncRNA ANRIL in human TM cells against oxidative stress as well as the regulatory mechanism.
We reported for the first time that lncRNA ANRIL could attenuate oxidative injury of TM cells
via down-regulation of miR-7. Moreover, lncRNA
ANRIL could activate the mTOR and MEK/ERK
pathways through miR-7. The protective effects
of lncRNA ANRIL on TM cells might provide
innovative strategies for the treatments of glaucoma. More experiments performed in animals are
needed in the future to support these conclusions.
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