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microRNA-7 to protect human trabecular
meshwork cells in an experimental model
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Abstract. - OBJECTIVE: Although the poten-
tial involvements of INK4 locus reported in glau-
coma, the effects of long non-coding RNA (In-
cRNA) antisense noncoding RNA in the
locus (ANRIL) on trabecular meshwork
cells remain unclear. In this study, we aime
explore the effects of IncRNA ANRIL on the o

derlying mechanisms.
MATERIALS AND METHODS

gen species (ROS) |
assay, flow cytom
ysis, and DCF
cRNA ANRIL
on H202-inj .
i in IncRNA ANRIL over-
ined by RT-gqPCR.
ether IncRNA AN-
M cells via miR-7, fol-

creases in apoptosis and ROS
on were significantly attenuated by In-
RIL overexpression. miR-7 expres-
sion was?down-regulated by IncRNA ANRIL, and
miR-7 overexpression abrogated the effects of
IncRNA ANRIL on H,0 -treated TM cells. Phos-
phorylation levels of the key kinases in the
mTOR and MEK/ERK pathways were enhanced
by IncRNA ANRIL via down-regulating miR-7 in
H202-treated TM cells.

CONCLUSIONS: LncRNA ANRIL attenuated
oxidative injury of human TM cells and activat-
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MEK/ERK pathways, possibly
gulating miR-7.

aucoma, Oxidative stress, LncRNA ANRIL, MicroR-
R/MEK/ERK.

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 globally'?. In patients with
glaucoma, retinal ganglion cells which convey vi-
sual 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 degenerated*”.
Glaucoma is asymptomatic at the beginning, and it
may not be diagnosed until a substantial loss of vi-
sion 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 important®.

Several risk factors may contribute to glauco-
ma, including age, intraocular pressure (IOP), re-
duced ocular perfusion pressure, and genetic mu-
tations’. 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 pro-
gression®’. IOP homeostasis is previously defined
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as corrective adjustments of the aqueous humor
outflow resistance in response to pressure chang-
es'?. 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 fenestrat-
ed beams and sheets of the extracellular matrix,
through which aqueous humor leaves the anteri-
or chamber of the eye''. Previous studies'>!* 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 (IncRNAs) are a
group of RNAs which are not involved in the
protein generation while they are involved in the
regulatory processes'. Currently, an increasing
number of IncRNAs are identified to participate
in the development of the glaucoma, such as In-
cRNA-MEG3 and IncRNA-MALATI1'%, The
INK4 locus at chromosome 9p21, which encodes
three tumor suppressor genes and the IncRNA an-
tisense noncoding RNA in the INK4 locus
RIL), has been reported to be related to pri
open angle glaucoma (POAG) and normal-ten
glaucoma!”8, Therefore, we hypothesized t
there might be a relationship bet
ANRIL and glaucoma.

In this study, we induced in
jury model using human

TM cells, isolated from the
licular and corneoscleral regions of the
and cryopreserved at PO, were pur-
om Sciencell Research Laboratories
(Carlsbad, CA, USA). Cells were maintained in
Trabecular Meshwork Cell Medium (TMCM)
containing 2% fetal bovine serum (FBS), 1% tra-
becular meshwork cell growth supplement and 1%
penicillin/streptomycin solution (all from Scien-
cell Research Laboratories, Carlsbad, CA, USA),
and were plated in poly-L-lysine-coated surface
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(2 pug/cm?). Cell maintaining was performed in a
humidified incubator with 5% CO, and 95% air at
37°C. Cells in passages 2-5 were used for experi-
ments. 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 H O,, the cells were
TMCM containing 50-400 uM H_ @
drich, St. Louis, MO, USA) fog
reached 80-85% confluence.

Cell Transfection
Full-length huma
es were ligated int

, Carlsbad, CA, USA)
provided by the man-

election in the culture medium
g/mL G418 (Sigma-Aldrich, St.
A) for approximately 4 weeks.
nsient transfection with microRNAs
he scramble miRs or miR-7 mimic, syn-
d 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 Tech-
nologies, Gaithersburg, MD, USA). In brief, TM
cells were seeded in poly-L-lysine-coated 96-well
plates at 5 x 10° cells per well. Then, the cells
were incubated at 37°C overnight for growth. Af-
ter cell transfection and/or stimulation with H,O,,
the culture medium was replaced by TMCM con-
taining 10% CCK-8 solution and cells were incu-
bated at 37°C for an additional 1 h. Finally, the
absorbance at 450 nm was detected by using a Mi-
croplate Reader (Bio-Rad, Hercules, CA, USA).

Apoptosis Assay

Early-stage apoptotic cells after cell transfec-
tion and/or stimulation with H,O, were identified
by using the FITC Annexin V/Dead Cell Apop-
tosis 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 sa-
line (PBS). Then, the cells were suspended in the
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binding buffer provided by the kit, followed by
staining with 5 pL of FITC Annexin V and 100
ng of propidium iodide (PI) according to the man-
ufacturer’s instructions. Finally, the stained cells
were subjected to a FACS can (Beckman Coulter,
Fullerton, CA, USA), and the percentage of apop-
totic cells was analyzed using the FlowJo soft-
ware (Tree Star, San Carlos, CA, USA).

Reactive Oxygen Species (ROS) Assay
Intracellular ROS level in TM cells was mea-
sured by using a Reactive oxygen species Assay
Kit (E004, Nanjing Jiancheng, Nanjing, China).
In brief, after cell transfection and/or stimulation
with H,O,, the cell culture was discarded, and the
cells were washed with PBS two times. Then, the
cells were incubated in TMCM containing 10 uM
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 col-
lected by trypsin treatment (0.25% trypsin-ED-
TA) and centrifugation. Cells were washed again
using PBS and resuspended in 500 pLL PBS, fol-
lowed by measurements of fluorescent intensity
by using a flow cytometer (485 nm excitation,
nm emission).

RNA Immunoprecipitation (IP)
RNA IP was performed by usig

(Millipore, Bedford, MA). &
RIL or the mutant ANR
dicted miR-7 binding s
pc-DNA3.1-MS2 pla

After €ell transfection and/or stimulation with
H,0,, TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was used for the extraction of total RNA
according to the manufacturer’s instructions. For
the quantification of IncRNA ANRIL expres-
sion, the One Step SYBR® PrimeScript™ PLUS
RT-RNA PCR Kit (TaKaRa Biotechnology, Da-
lian, China) was used following the supplier’s

protocol. For quantification of miR-7 expression,
cDNA was prepared from 500 ng RNA using the
TagMan 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
TagMan Universal Master Mix II (Applied Bio-
systems, Foster City, CA, USA) ong §

were collected and washed in
ter centrifugation to the pellet,
spended in RIPA buffer (Beyo-

ented with 1 mM PMSF (Beyotime
of Biotechnology, Shanghai, China).
ole cell lysates were centrifuged, and
the protein content in the supernatant was mea-
sured 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 an-
tibody and HRP-conjugated goat anti-rabbit IgG
(ab205718, Abcam, Cambridge, UK), succes-
sively. Primary antibodies used in this study in-
cluded anti-Bcl-2 antibody (ab196495), anti-Bax
antibody (ab32503), anti-pro caspase-3 anti-
body (ab90437), anti-cleaved caspase-3 antibody
(ab2302), anti-pro caspase-9 antibody (ab32539),
anti-cleaved caspase-9 antibody (ab2324), an-
ti-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 an-
tibody (ab194754), anti-ERK antibody (ab115799),
anti-p-ERK antibody (ab214036) and anti-B-actin
antibody (ab8227; all from Abcam, Cambridge,
UK). The proteins in the PVDF membranes were
visualized using the chemiluminescence detec-
tion (ECL Plus; GE Healthcare Bio-Science, Pis-
cataway, 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 compar-
ison was evaluated using the unpaired two-tailed
t-test, one-way analysis of variance (ANOVA) or
multiple #-tests. ANOVA was conducted and was
followed by the Tukey post-hoc test. p < 0.05 was
considered a significant difference.

Results

Stimulation With H20Z2 Induced

Oxidative Injury in Human TM Cells
Oxidative injury of human TM cells was induced

by stimulation with H O,. Cells were stimulated

with increasing doses éf i 0,, and CCK-8 results

showed that cell viability Wés 2s’igniﬁcantly reduced

by 100 uM H,0, (p < 0.05), 200-300 uM H,O, (p <

>

150+

100+

Cell viability (%)

Mean fluorescence intensi

o
1

Control H202 Control

0.01), and 400 uM H,O, (p < 0.001, Figure 1A), as
compared to the control group. Since cell viability
was dropped by more than 50% when the concen-
tration of H,O, was 200 uM, the oxidative injury of
TM cells was induced by 200 uM H,0O, in subse-
quent experiments. Cell apoptosis and ROS gener-
ation were analyzed afterward to evaluate whether
the oxidative injury was successfully induced. In
Figure 1B, the percentage of apoptg W the
H,0, group was dramatically hig

> group was re-
group (p <0.001,
llectively illustrated that
TM cells was success-

induced giter H,O, stimulation.

Bcl-2 M a—
Bax s s
pro
caspase-3 “
cleaved ——
caspase-3
pro
caspase-9 --
cleaved
caspase-9 —-—
B-actin  S—_—_— —
Control H,0,

H202

Figure 1. Stimulation with H,O, induced oxidative injury in human TM cells. Human TM cells were stimulated with increas-
ing doses of H,0, for 24 h. 4, Cell viability was measured by the CCK-8 assay. The cells were stimulated with 200 uM H,0O,
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 H,O,-induced TM cell injur
pc-ANRIL, and untransfected cells were acted as control. A, Expres
transfected with pcDNA3.1 or pc-ANRIL and untransfected cells

cells were acted as control. B, Cell viability was measured by the
mined by flow cytometry assay. D, Expression of proteins associat

ith 200 uM H,O, for 24 h. Non-treated
ercentage of apoptotic cells was deter-

E, ROS generation was estimated by DCFH-DA staining. Data are

experiments. *, p < 0.05; ** p <0.01; *** p <0.001.

Overexpression of LncRNA ANRIL
Attenuated H,O,-Induced T

Effects of IncRNA ANRIL g4
injury of TM cells were a
transfection, IncRNA AN
fected with pc-ANRIL
the cells transfected

evated cell viability of
0.05, Figure 2B). Flow

) Dservably reduced the percent-

poptotic cells in H,O,-treated cells (p <
e 2C). Meanwhile, IncRNA ANRIL
overexpression could up-regulate Bcl-2 expres-
sion while down-regulating the expression of
Bax, cleaved caspase-3 and cleaved caspase-9
compared to the H O, + pcDNA3.1 group (Figure
2D). Besides, the ROS level in cells overexpress-
ing IncRNA ANRIL was significantly lower than
pcDNA3.1-transfected cells after H,O, stimula-
tion (p < 0.05, Figure 2E). The results collectively

as evaluated by Western blot analysis.
ean + SD of at least three independent

ed that IncRNA ANRIL overexpression
could attenuate H,O,-induced oxidative injury in
TM cells.

Overexpression of LncRNA ANRIL
Down-Requlated MiR-7 Expression

Effects of IncRNA ANRIL overexpression on
the miR-7 level were testified. In Figure 3A, the
miR-7 expression level in cells overexpressing
IncRNA ANRIL was significantly lower than the
pcDNA3.1-transfected cells (p < 0.01), indicating
that IncRNA ANRIL might down-regulate miR-7
expression in TM cells. To further reveal the reg-
ulatory relationship between IncRNA ANRIL and
miR-7, anti-MS2 RNA [P was performed. RT-qP-
CR data in Figure 3B showed that the ANRIL
RNA IP in MS2-ANRIL group was significantly
enriched for miR-7 compared to the MS2-ANRIL-
mut group (p < 0.01). These results evidenced that
IncRNA ANRIL down-regulated miR-7 expres-
sion might be via directly binding with miR-7.

Overexpression of LncRNA ANRIL
Alleviated H,O Induced Injury Via
Down-Requlating MiR-7

We then studied whether IncRNA ANRIL af-
fected H,O,-treated TM cells via regulation of
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cells were co-transfected with pMS2-GFP and MS2, MS2-ANRIL or MS2-A
the miRNAs associated with IncRNA ANRIL. Data are presented as the mea

#* p < 0.01.

miR-7. In Figure 4A, miR-7 level in cells trans-
fected with miR-7 mimic was prominently higher
than cells transfected with scramble miRs
0.01), suggesting that miR-7 level could be
vated after cell transfection. Then, the co-tr
fected cells or untransfected cells were stimulat

overexpression-induced altera
ity, apoptosis. The ROS
reversed by miR-7 over

cells, as evidenced
cell Vlablhty (p<

Pathw s 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 de-
creased after H,O, stimulation compared with the

control group (p < 0.01 or p < 0.001). Those sig-
nificant decreases were all dramatically reversed
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**
8- 1

Relative enrichment to MS2 m
(anti-GFP/IgG RIP)
=Y

RIL overexpression compared
cDNA3.1 + Scramble group (all
eover, the effects of IncRNA AN-
pression were all significantly bated
7 overexpression relative to the H,O, +
IL + Scramble group. The results sug-
gested 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 IncRNA ANRIL which
was encoded from the INK4 locus on TM cells re-
main (remains) unclear. In this study, we reported
for the first time that IncRNA ANRIL could atten-
uate oxidative injury of human TM cells induced
by H,O,. We also found that miR-7 expression was
down-regulated by IncRNA ANRIL overexpres-
sion, and miR-7 overexpression could reverse the
effects of IncRNA ANRIL on H,O,-treated TM
cells. Furthermore, we also found that IncRNA
ANRIL could activate the mTOR and MEK/ERK
pathways, possibly through down-regulating
miR-7 expression.

Previous studies?*?' have indicated that there
is a relationship between elevated IOP and im-
pairment of mitochondrial dynamics in the glau-
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comatous retina. Oxidative stress is an important
pathophysiological mechanism in mitochondrial
dysfunction and glaucoma?. Moreover, the oxi-
dative injury of TM cells has been reported to ob-
struct aqueous humor outflow and thereby to ele-
vate IOP?. Therefore, we focused on the effects of
IncRNA ANRIL on the oxidative injury of human

>

4n

*%*

Relative miR-7
expression /Scramble
N

™

Scramble miR-7 mimic

(@

Apoptotic cells (%)

ed caspase-9

B-actin

TM cells, aiming to explore the potential role of In-
cRNA ANRIL in the progression of glaucoma. In
the literature by Kuespert et al**, oxidative stress
in human TM cells was induced by the stimula-
tion with H,O,. In the present study, cell viability
was reduced, and apoptosis was enhanced after
H,O, stimulation. Meanwhile, H,O,-induced en-

W

150+

Cell viability (%)

: Control

b: H,0,

c: H,0,+pcDNA3.1
+Scramble

d: H,0,+pc-ANRIL
+Scramble

e: H,0,+pc-ANRIL

+miR-7 mimic

Figure 4. LncRNA ANRIL affected H,0,-treated TM cells via regulation of miR-7. Human TM cells were transfected with
scramble miRs or miR-7 mimic. 4, 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 uM H, O, for 24 h. Non-treat-
ed cells were acted as control. B, Cell viability was measured by the CCK-8 assay. C, Percentage of apoptotic cells was deter-
mined 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 g
were co-transfected with pc-ANRIL (pcDNA3.1), and
with 200 uM H,O, for 24 h. Non-treated cells were act!
MEK/ERK pathway (B) was measured by Western blot
pendent experiments. **, p <0.01; *** p <0.001.

hancements of ROS level illus
stress in TM cells was ind

IL on ox1dative injury in
ith that reported in

BCculatory role of IncRNA AN-
assoc1ated with miRs. For example, the

yn and metastasis of hepatocellular car-
cinoma &lls were suppressed?’ by IncRNA AN-
RIL silence via regulation of miR-122-5p. Chai et
al?® have reported the oncogenic role of IncRNA
ANRIL in oral cancer via regulation of miR-125a.
Hence, we focused on the downstream miRs to
explore the regulatory mechanism of IncRNA
ANRIL. Level of miR-7 is increased in TM cells
upon treatment with mechanical stress, which
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p-MEK
t-MEK
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Relative expression /Control

pt-ERK
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a regulation of miR-7. Human TM cells
s) and untransfected cells were stimulated

might be a contributor to the progression of glau-
coma®, Therefore, we speculated that if there is
a relationship between miR-7 and IncRNA AN-
RIL in TM cells, the effects of IncRNA ANRIL
on TM cells might be explained. Accordingly,
we found that miR-7 expression was down-reg-
ulated by IncRNA ANRIL overexpression, and
miR-7 overexpression could abrogate the effects
of IncRNA ANRIL on the oxidative injury of
TM cells. This means that the down-regulation
of miR-7 induced by IncRNA ANRIL might be
an explanation for the protective role of IncRNA
ANRIL against oxidative injury. Besides, the an-
ti-growth and pro-apoptotic roles of miR-7 in TM
cells were consistent with that in cancer cells®'.
mTOR is a serine/threonine kinase that modu-
lates cell growth and metabolism. mTOR is inhibit-
ed under stimulation with H,O,, and the phosphory-
lation of its endogenous substrate such as p70S6K is
reduced®. The MEK/ERK pathway is the classical
anti-apoptotic pathway, and it can promote prolif-
eration in many types of cells***. Zhu et al*® have
shown that the activation of the MEK/ERK path-
way induced by melatonin can abolish the effects
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of H,0, on cardiac microvascular endothelial cells.
Ran et al® also proved that myeloid cell leukemia
1 activated the MEK/ERK pathway and thereby
attenuated H,O,-induced PC-12 cell injury. There-
fore, we studied the alteration of the mTOR and
MEK/ERK pathways in TM cells under stimulation
with H,O,. Consistent with the literature described
above, these two pathways were inhibited by H,O,
stimulation, and the inhibition was abrogated by In-
cRNA ANRIL overexpression. Interestingly, miR-7
overexpression reversed the activation of these two
pathways induced by IncRNA ANRIL.

Conclusions

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