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Background: Glaucoma is marked by retinal neuron death in the ganglion cell layer, leading to irre-
versible vision loss. Aberrant long non-coding RNA (lncRNA) expression is associated with glaucoma.
The study was to explore the latent molecular mechanism of lncRNA KCNQ1 opposite strand/antisense
transcript 1 (KCNQ1OT1) in N-methyl-D-aspartate (NMDA)-stimulated glaucoma.
Results: The data demonstrated that KCNQ1OT1 expression was elevated in glaucoma patients, serving as
a diagnostic biomarker of glaucoma. Rats injected with NMDA developed visual loss and retinopathy and
expressed high KCNQ1OT1. After treating retinal ganglion cells (RGCs) with NMDA, cell proliferation was
suppressed and apoptosis was augmented. Silenced KCNQ1OT1 or HOXB3 or elevated miR-93-5p allevi-
ated NMDA-induced suppression of RGC growth. KCNQ1OT1 mediated miR-93-5p expression by target-
ing homeobox box 3 (HOXB3). The protection of silenced KCNQ1OT1 in NMDA-treated RGCs was turned
around by elevated HOXB3.
Conclusions: Overall, KCNQ1OT1 accelerates glaucoma progression via miR-93-5p/HOXB3 axis.
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1. Introduction

Glaucoma is a neurodegenerative disease characterized by pro-
gressive loss of retinal ganglion cells (RGCs) and axons, leading to
visual field defects and irreversible vision loss [1]. Recently, the
incidence of glaucoma has been escalating worldwide [2]. Unfortu-
nately, the early symptoms of glaucoma in numerous patients are
not distinct, and they must be detected early by ophthalmic test-
ing. As reported, intraocular pressure (IOP) is the only modifiable
risk factor for glaucoma [3]. Currently, treatments aiming to reduce
IOP are based on external drugs and laser therapy, and surgical
intervention is required when necessary [4]. Though with dramatic
advances, there are no imperative measures that can completely
prevent glaucoma occurrence and reverse its progression. Addi-
tionally, glaucoma is primarily diagnosed by optic nerve examina-
tion and ultrasonic biological microscopy currently, which are not
only expensive but susceptible to the subjective judgment of the
operator. Consequently, it is urgent to develop brand-new diagnos-
tic biomarkers [5].

The genomes of many species are widely transcribed, producing
many long non-coding Rnas (LncRNAs) [6]. LncRNA is an endoge-
nous non-coding RNA with a length of over 200 nucleotides, lack-
ing or having limited protein-coding potential and being available
to modulate protein formation via different mechanisms [7].
Numerous studies have elucidated that lncRNAs participate in
diversified biological processes and modulate genes through epige-
netics, translation, and transcription, thereby impacting cell
proliferation, apoptosis, immune response, and oxidative stress
[8]. LncRNA-MALAT1 mediates RGC apoptosis in glaucoma rats
via the phosphatidylinositol 3-kinase (PI3K)/Akt signaling pathway
[9]. LncRNA KCNQ1 opposite strand/antisense transcript 1
(KCNQ1OT1) expression is aberrant in solid tumors and has been
broadly explored as a prognostic biomarker [10]. A foregoing study
has clarified that KCNQ1OT1 expression is elevated in the anterior
lens capsule and accelerates hydrogen peroxy-stimulated lens
epithelial cell apoptosis and oxidative stress via modulating miR-
223-3p/BCL2L2 axis [11]. Also, KCNQ1OT1 knockdown can pro-
mote the migration of human corneal epithelial cells and acceler-
ate the healing of corneal wounds [12]. Nevertheless, the
expression and role of KCNQ1OT1 in glaucoma remain unknown.

In this study, KCNQ1OT1 in glaucoma tissue specimens,
N-methyl-D-aspartate (NMDA)-stimulated glaucoma rats, and
RGC models were primarily explored, and its function in IOP, the
retina of glaucoma rats and proliferation and apoptosis of RGCs
in vitro was assessed.
2. Materials and methods

2.1. General information

A total of 50 glaucoma patients diagnosed in The First Affiliated
Hospital of Gannan Medical College were enrolled, including 27
males and 23 females with an average age of 51.19 ± 1.33 years.
During the same term, 50 healthy volunteers admitted to The First
Affiliated Hospital of Gannan Medical College for physical exami-
nation served as controls. The diagnostic criteria for glaucoma
were as follows [13]: (1) history of IOP higher than 21 mm Hg,
(2) glaucomatous optic disc damage (vertical cup-to-disc
ratio > 0.7, and/or interocular asymmetry of cup-to-disc ratio >
0.2, and/or focal rim notching), (3) corresponding visual field
defect. All glaucoma patients underwent serial ophthalmologic
examinations by experienced glaucoma specialists. The mean
defect of the entire visual field was detected by a Humphrey Field
Analyzer (Carl Zeiss Meditec, CA, USA). In addition, retinal nerve
fiber layer thickness was detected by depth imaging optical
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coherence tomography (Atlantis, DRI OCT-1; Topcon, Tokyo,
Japan). Medications used in patients with glaucoma were recorded.
Exclusion criteria: Patients complicated with other eye diseases;
Patients with pregnancy or lactation; Patients complicated with
other malignant tumors; Patients with severe immune system dis-
eases; Patients with severe hepatic and renal insufficiency. All
patients and their families agreed to participate in this study and
were authorized by the Ethics Committee of The First Affiliated
Hospital of Gannan Medical College (Approval number is
GN2091-20153).

2.2. Test indexes

Venous blood (5 mL) was drawn on an empty stomach, anti-
coagulated with heparin, and centrifuged at 3000 rpm. Serum
homocysteine (Hcy) was detected by an automatic immunochemi-
luminescence analyzer (Abbott, USA, Axmy), serum Pigment
epithelium-derived factor (PEDF) was assessed by an automatic
biochemical analyzer (Beckman Coulter, USA, Uicel Dxc800), while
serum interleukin (IL)-12 and IL-4 were measured by enzyme-
linked immunosorbent assay kits (Lenton Bioscience Co., Shanghai,
China) [14].

2.3. Experimental animals

Sprague-Dawley (SD) rats (male, 200-250 g, 8-12 weeks) from
Nanjing Junke Bioengineering Co., Ltd. were fed in separate cages
under standard laboratory conditions with free food and water in
a 12-h light/dark cycle. All SD rats were normal in ophthalmology
and systemic tests and fed for one week. Animal experiments were
carried out in line with national regulations and authorized by the
Experimental Animal Ethics Committee of The First Affiliated
Hospital of Gannan Medical College (Approval number is
GN2091-20153).

2.4. Construction of glaucoma rat model

A glaucoma rat model was established by NMDA-stimulated
RGC death [15]. Shortly, the rats were anesthetized by an intraperi-
toneal injection of a mixture of 80 mg/kg ketamine and 12 mg/kg
toluene thiazide (Ilium Troy Laboratories, PL, Australia). Deliques-
cent NMDA with 0.1 M phosphate-buffered saline (PBS) at 160
nmol concentration was injected into binoculars vitreous bodies,
and then, polymyxin and neomycin ointment were applied. SD rats
were divided into the Sham group and the NMDA group. On d 0:
rats in the sham group were injected with PBS into the vitreous
while those in the NMDA group were injected with NMDA. From
d 1 to d 3, 6 rats in the NMDA group were euthanized each day,
and their retinas samples were collected for reverse transcription
quantitative polymerase chain reaction (RT-qPCR). On d 4, visual
behavior tests and intraocular pressure measurements were per-
formed on the remaining 6 rats in the NMDA and Sham groups,
and rats were euthanized to collect retina samples for
hematoxylin-eosin (HE) staining, TdT-mediated dUTP-biotin nick
end-labeling (TUNEL) staining, and RT-qPCR.

2.5. Lentivirus intervention

The glaucoma rats were randomly divided into the NMDA + sh-
NC group and NMDA + sh-KCNQ1OT1 group. Rats were injected
intravitreally with shRNA lentiviral vectors targeting KCNQ1OT1.
After 4 d, the rats underwent visual behavior tests and intraocular
pressure measurements and then were euthanized by inhalation of
excess carbon dioxide, and the retinas were extracted for HE
staining, TUNEL staining, and RT-qPCR detection. These lentiviral
vectors were prepared by GenePharma.
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2.6. Visual behavior test

A dark lightbox (Metronet Technology, Hong Kong, China) con-
sisted of a dark room (0.3 m � 0.5 m � 0.5 m) illuminated by infra-
red light and a relatively white room (0.5 m � 0.5 m � 0.5 m)
illuminated by bright white light. There was a 10 cm � 12 cm hole
between the two rooms to allow the rats to walk freely from one
room to another. A camera connected to Noldus recorders and
monitors (German) was employed to capture the movement of
rats, and the movement time was counted by Noldus EthoVision
XT 8.0 software [16].
2.7. IOP measurement

IOP measurement was performed using a rebound tonometer
(TonoLAB). All measurements were performed at the same time
in the morning, and six automatic average measurements were
considered one record.
Table 2
Clinicopathological information.

Factors Normal
(n = 50)

Glaucoma
(n = 50)

P

Gender 1.000
Male 27 26
Female 23 24

Age (years) 1.000
51 or less 22 23
More than 51 28 27

BMI (kg/m2) 1.000
2.8. HE staining

Retinal tissues were soaked with 10% formalin, followed by
dehydration with alcohol, immersion in xylene, and paraffin
embedding. Then, 4-lm sections were placed in an oven at 60�C,
dehydrated in gradient alcohol (70%, 80%, 90%, 95%, 100%), and
cleared in xylene. Then, the sections were stained with hema-
toxylin (Beijing Solarbio Science & Technology), decolorized with
0.7% hydrochloric acid ethanol, and incubated with eosin solution.
Then, after dehydration with gradient alcohol (70%, 80%, 90%, 95%,
100%) and clearance in xylene, the sections were sealed with neu-
tral gum. Ultimately, the retinal sections were observed with an
optical microscope (Olympus, Japan). The thickness of ganglion cell
layer (GCL) and inner plexus layer were measured by SEIPS image
analyzer [17].
23 or less 29 28
More than 23 21 22

History of smoking 0.546
Yes 20 24
No 30 26

Types 0.689
Open-angle 28 25
Angle-closure 22 25
PEDF (pg/mL) 16.8 ± 2.4 9.6 ± 1.2 <0.001
Hcy (mmol/L) 5.8 ± 1.4 19.5 ± 3.0 <0.001
IL-12 (pg/mL) 135.6 ± 18.3 92.2 ± 12.8 <0.001
IL-4 (pg/mL) 181.5 ± 25.0 255.4 ± 30.6 <0.001
2.9. TUNEL

After fixation with 4% paraformaldehyde, retinal tissues were
incubated with PBS containing 0.1% Triton X-100, blocked with
3% H2O2, and supplemented with 50 lL TUNEL. TUNEL reaction
was observed after adding diaminobenzidine (Sigma-Aldrich).
Under an optical microscope, the number of TUNEL-positive cells
was calculated and analyzed using IMAGE J software.
Table 1
Primer sequences.

Genes Sequences

KCNQ1OT1
(human)

F: 5’-GTTGG
R: 5’-CGCGC

KCNQ1OT1
(rat)

F: 5’-CCCAG
R: 5’-TCCTC

miR-93-5p F: 5’-GCAAA
R: 5’-AGTGC

miR-93-5p RT sequence 5’-GTCGTAT
HOXB3 F: 5’-TTCCA

R: 5’-GGGG
Bcl-2 F: 5’-ATCCA

R: 5’-CAGAT
Bax F: 5’-GATCG

R: 5’-CATCT
U6 F: 5’-CGCTT

R: 5’- AAAT
GAPDH F: 5’- ACCCA

R: 5’- GGAG
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2.10. Cell culture

Retinal tissue isolated from rat eyeballs with 0.125% trypsin-
ethylene diamine tetraacetic acid (EDTA) and 15 U/mL papain solu-
tion (Worthington, NJ, USA) was centrifuged at 1000 r/min, re-
suspended in Dulbecco’s Modified Eagle Medium (DMEM), and
incubated with rat anti-mouse Thy 1.1 antibody (1:50, Abcam,
USA). After rinsing with PBS, the cells were detached with 0.125%
trypsin, added with DMEM complete medium to terminate detach-
ment, and centrifuged at 1000 r/min. Next, RGCs were grown in a
petri dish coated with poly-D-Lysine and treated with NMDA at
concentrations of 50, 100, and 150 lmol/L [18].
2.11. Cell transfection

RGCs were seeded with a density of 1 � 105 in 24-well plates
and added with 500 lL antibiotic-free medium. When cell conflu-
ence reached 50-70%, transfection of sh-KCNQ1OT1, sh-negative
control (NC), miR-93-5p mimic, mimic NC, si-Homeobox box 3
(HOXB3), si-NC, sh-KCNQ1OT1 + oe-HOXB3, and sh-KCNQ1OT1 +
oe-NC (RiboBio, Guangzhou, China) was performed based on Lipo-
fectamine 2000 (11668-019, Invitrogen, Carlsbad, CA, USA).
CGAGAGTTTCCAGGA-3’
ACACTAGCATCTTTC-3’
AAATCCACACCTCGG-3’
AGTGAGCAGATGGAGA-3’
GTGCTGTTCGTGC-3’
AGGGTCCGAGGTATT-3’
CCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTACCT-3’
GAACCGTCGCATGAA-3’
TCATGGAGTGTAAGGC-3’
GGACAACGGAGGCTG-3’
AGGCACCCAGGGTGA-3’
AGCAGGGCGAATG-3’
CAGCTGCCACTCG-3’
CGGCAGCACATATAC-3’
ATGGAACGCT-TCACGA-3’
GAAGACTGTGGATGG-3’
ACAACCTGGTCCTCAG-3’



Table 3
Ophthalmological examination and medication information.

Characteristics Normal (n = 50) Glaucoma (n = 50)

IOP (mm Hg) 13.4 ± 2.4 23.2 ± 6.8
MD (dB) N/A �15.1 ± 12.4
RNFLT (lm) N/A 58.2 ± 16.8
Number of drugs 0 ± 0 1.8 ± 0.9
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2.12. RT-qPCR

Total RNA was extracted from serum, rat retinal tissue, or RGCs
by TRIzol reagent (Invitrogen), and reverse transcription was done
by PrimeScriptTM RT Reagent Kit (RR037A, Takara) for mRNA or by
miScript Reverse Transcription Kit (218061, Qiagen) for miRNA.
Subsequently, RT-qPCR analysis of mRNA and miRNA was per-
formed by SYBR� Premix Ex TaqTM II (RR820A, Takara) and miS-
cript SYBR-Green PCR Kit (218073, Qiagen) in the 7900HT Fast
Real-Time PCR System (Thermo Fisher Scientific), respectively.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and U6
were loading controls, and relative expression was calculated by
2-DDCt. Synthesized primers (Table 1) were obtained (Sangon Bio-
tech Co., Ltd., Shanghai).
Fig. 1. KCNQ1OT1 is elevated in glaucoma patients and is a latent biomarker of gla
patients; (B) Association of KCNQ1OT1 with clinicopathological indexes; (C) ROC curve d
mean ± SD.
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2.13. Western blot

Total protein was extracted through radio-
immunoprecipitation assay lysis buffer solution (Beyotime, Shang-
hai, China). Protein concentration was assessed by the bicin-
choninic acid kit (Beyotime). Proteins were separated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
electroblotted onto the polyvinylidene fluoride membrane. After
blocking with 5% bovine serum albumin solution, the membrane
was incubated with primary antibodies HOXB3 (PA5-103890,
1:1000, Invitrogen Antibodies), Bcl-2 (ab32124, 1:1000, Abcam),
Bax (ab32503, 1:1000, Abcam), and GAPDH (ab8245, 1:1000,
Abcam) and further detected with the corresponding goat anti-
rabbit Immunoglobulin G secondary antibody (1:2000). Ultimately,
the signal was observed using enhanced chemiluminescence
reagents, and data quantification was performed through ImageJ
software (Bio-Rad, USA).
2.14. Cell viability detection

RGCs were seeded in 96-well plates (2 � 105/well) and cultured
in a humidified incubator. Then, 10 lL 3-(4, 5-dimethylthiazol-2-
ucoma with good diagnostic value. (A) RT-qPCR test of KCNQ1OT1 in glaucoma
iagnosis of glaucoma. The data in the figure are all measurement data in the form of



Fig. 2. KCNQ1OT1 in rats’ retina is elevated after intravitreal injection of NMDA. (A) Visual behavior test; (B) Intraocular pressure measurement; (C-D) HE staining
observation of retinal morphology in glaucoma rats; (E) TUNEL staining test of RGCs apoptosis in glaucoma; (F) RT-qPCR test of KCNQ1OT1 in rats injected with NMDA. The
data in the figure are all measurement data in the form of mean ± SD. * vs. the Sham, P < 0.05.
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yl)-2, 5-diphenyltetrazolium bromide (MTT) solution was added to
each well, and dimethyl sulfoxide (Sigma Aldrich) was added later.
Measurement of absorbance at 490 nm was performed on a
spectrophotometer.
2.15. Cell proliferation test

In 96-well plates, 1,000 cells/well were serum-starved for 24 h,
labeled with 5-ethynyl-2’-deoxyuridine (EdU), and detected with
the Click-it assay kit (Life Technologies). At least four fields were
photographed (Leica Microsystems, Wetzlar, Germany) and ana-
lyzed by ImageJ software (National Institutes of Health, Bethesda,
MD) to determine the percentage of cells in the S phase.
2.16. Flow cytometry

Detachment of RGCs was implemented using trypsin free of
EDTA. The cell culture fluid was centrifuged at 1,000 g to remove
the supernatant, and the collected RGCs were centrifuged at
200 g, re-suspended in the binding buffer, and incubated with
5 lL Annexin V-fluorescein isothiocyanate (FITC). After centrifuga-
tion at 200 g, the supernatant was discarded and RGCs were trea-
ted with 200 lL Annexin V-FITC binding buffer, stained with 5 lL
27
propidium iodide, and detected on a flow cytometer (Becton Dick-
inson, USA).
2.17. The luciferase activity assay

Starbase software predicted the target sites of miR-93-5p and
KCNQ1OT1 or HOXB3. Wild-type (WT) and mutant-type (MUT)
reporter plasmids of KCNQ1OT1 (KCNQ1OT1-WT/MUT) and
HOXB3 (HOXB3-WT/MUT) were produced (GenePharma, Shanghai,
China). When the cells reached 70% confluence, co-transfection of
the synthesized reporter plasmid with miR-93-5p mimic or NC
mimic was conducted with Lipofectamine 2000 (Invitrogen). After
48 h of cell transfection, measurement of luciferase activity was
implemented.
2.18. Statistical methods

Statistical analysis of experimental data was performed using
SPSS 18.0 software. Chi-square test was applied to compare enu-
meration data. Measurement data were displayed as
mean ± standard deviation (SD). The two-group comparison
adopted t test. Pearson analysis was used for correlation analysis.
Receiver operating characteristic (ROC) curve was drawn to ana-
lyze the diagnostic value of KCNQ1OT1 in glaucoma, and multivari-



Fig. 3. NMDA restrains the growth of RGCs in vitro. (A) MTT test of cell viability; (B) EdU detection of cell proliferation; (C) Flow cytometry examination of cell apoptosis;
(D) RT-qPCR examination of KCNQ1OT1 in NMDA-treated RGCs; (E-G) RT-qPCR and Western blot test of Bcl-2 and Bax. The data in the figure are all measurement data in the
form of mean ± SD. * vs. the Control, P < 0.05.

Fig. 4. Silenced KCNQ1OT1 is available to alleviate the repression of NMDA on RGCs growth. (A) RT-qPCR test of KCNQ1OT1 in RGCs after silencing KCNQ1OT1; (B) MTT
examination of cell viability; (C) EdU test of cell proliferation; (D) Flow cytometry test of cell apoptosis; (E-G) RT-qPCR and Western blot detection of Bcl-2 and Bax. The data
in the figure are all measurement data in the form of mean ± SD. * vs. the sh-NC, P < 0.05.
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Fig. 5. KCNQ1OT1 modulates HOXB3 via miR-93-5p. (A-B) RT-qPCR and Western blot examination of miR-93-5p and HOXB3 in NMDA-treated RGCs; (C-D) Bioinformatics
sites forecast of the binding sites of KCNQ1OT1 or HOXB3 and miR-93-5p; (E-F) The luciferase activity assay verification of the targeting of KCNQ1OT1 or HOXB3 with miR-
93-5p; (G-H) RT-qPCR and Western blot detection of miR-93-5p and HOXB3 after silencing KCNQ1OT1. The data in the figure are all measurement data in the form of
mean ± SD. * vs. the Control, P < 0.05; # vs. the sh-NC, P < 0.05.
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ate Logistic regression was to analyze disease risk factors. P < 0.05
was accepted as indicative of distinct differences.

3. Results

3.1. Clinicopathological information on glaucoma patients

No distinct differences were presented in gender, age, and body
mass index (BMI) of glaucoma patients and healthy volunteers,
while serum PEDF and IL-12 contents were declined, and serum
Hcy and IL-4 contents were elevated in glaucoma patients (Table 2).
In addition, ophthalmological examinations revealed elevated IOP
and visual field defects in patients with glaucoma (Table 3).

3.2. KCNQ1OT1 is elevated in glaucoma patients and is a latent
biomarker of glaucoma with diagnostic value

Detection of KCNQ1OT1 in glaucoma patients was performed,
elucidating that KCNQ1OT1 was elevated in glaucoma patients
(Fig. 1A), and KCNQ1OT1 was negatively associated with PEDF
and IL-12 contents, and was positively associated with Hcy and
IL-4 contents (Fig. 1B). Additionally, it was discovered that the area
29
under the curve (AUC) was 0.965 (Fig. 1C). All in all, KCNQ1OT1
was elevated in glaucoma patients and was a latent biomarker of
glaucoma with a diagnostic value.
3.3. KCNQ1OT1 in rats’ retina is elevated after intravitreal injection of
NMDA

To further explore KCNQ1OT1’s action in glaucoma progression,
the construction of a glaucoma rat model was performed via
intravitreal injection of NMDA. On d 4 after vitreous injection of
NMDA, visual behavior tests and IOP measurements were per-
formed. Visual behavior test aimed to examine whether a glau-
coma model was established to represent glaucoma in rats.
Rodents have a natural habit of avoiding light, and mice with
degraded retinal photoreceptor cells cannot perceive light [19].
Visual behavior tests clarified that rats in the NMDA group stayed
less time (Fig. 2A), illuminating that the NMDA impaired visual
function. IOP measurement results elaborated that NMDA elevated
IOP in rats (Fig. 2B). Retinal morphology of glaucoma rats was
observed by HE staining, showing that after NMDA treatment,
retinal layers were thinned, accompanied by reduced number of
RGCs, vacuolization and thinning of GCL, inner and outer nuclear



Fig. 6. Elevated miR-93-5p or silenced HOXB3 is available to alleviate the repression of NMDA on RGCs growth. (A-B) RT-qPCR orWestern blot examination of miR-93-5p
and HOXB3 in RGCs after intervention of miR-93-5p or HOXB3; (C) MTT test of cell viability; (D) EDU detection of cell proliferation; (E) Flow cytometry test of cell apoptosis;
(F-H) RT-qPCR and Western blot test of Bcl-2 and Bax. The data in the figure are all measurement data in the form of mean ± SD. * vs. the mimic NC, P < 0.05; # vs. the si-NC,
P < 0.05.
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layers (Fig. 2C-D). Examination of RGC apoptosis in glaucoma was
done with TUNEL staining, demonstrating that NMDA augmented
RGC apoptosis of rats (Fig. 2E). It was also discovered that NMDA
gradually induced the expression of KCNQ1OT1 (Fig. 2F), indicating
that KCNQ1OT1 exerted a critical role in glaucoma progression. In
addition, down-regulation of KCNQ1OT1 improved visual impair-
ment in glaucoma rats (Fig. S1A-F).

3.4. NMDA represses RGC growth and stimulates cell apoptosis in vitro

To assess the influence of NMDA concentration on RGCs, cell
proliferation was detected by MTT assay and EdU assay. With the
increase in NMDA concentration (0 to 150 lM), the proliferation
and anti-apoptosis of RGCs were gradually limited (Fig. 3A-C).
KCNQ1OT1 in RGCs was gradually elevated with the increase of
NMDA concentration (Fig. 3D). Additionally, Bcl-2 expression was
opposite to KCNQ1OT1 expression in RGCs, while Bax presented
with the same trend as KCNQ1OT1 expression (Fig. 3E-G). RGCs
treated with 150 lM NMDA were used for subsequent
experiments.

3.5. Suppressed KCNQ1OT1 is available to alleviate NMDA-induced
suppression of RGC growth

Transfection of sh-KCNQ1OT1 or sh-NC into NMDA-treated
RGCs aimed to explore KCNQ1OT1’s impacts on RGCs, and the suc-
cessful transfection was verified (Fig. 4A). Various experimental
results illuminated that after KCNQ1OT1 was down-regulated,
NMDA-treated RGCs showed the promotion of proliferation and
anti-apoptosis abilities, the increase of Bcl-2 expression and the
decrease of Bax expression (Fig. 4B-G). To sum up, NMDA
30
restrained the growth of RGCs in vitro, while silenced KCNQ1OT1
was available to alleviate the influence of NMDA.
3.6. KCNQ1OT1 modulates HOXB3 via miR-93-5p

Test of miR-93-5p and HOXB3 expression in NMDA-treated
RGCs was implemented, demonstrating that miR-93-5p was
decreased while HOXB3 was elevated by NMDA dose-
dependently (Fig. 5A-B). KCNQ1OT1 or HOXB3 and miR-93-5p
had binding sites on the starBase (Fig. 5C-D). The relative luciferase
activity was suppressed after co-transfection with KCNQ1OT1-WT
or HOXB3-WT with miR-93-5p mimic (Fig. 5E-F), confirming that
KCNQ1OT1 or HOXB3 had a targeting with miR-93-5p. Then, it
was noticed that after silencing KCNQ1OT1, miR-93-5p expression
was elevated, while HOXB3 expression was suppressed (Fig. 5G-H).
In short, KCNQ1OT1 modulated HOXB3 via miR-93-5p.
3.7. Elevated miR-93-5p or suppressed HOXB3 is available to mitigate
the repression of NMDA on RGC growth

To explore the impact of miR-93-5p or HOXB3 on RGCs, miR-
93-5p mimic/mimic NC or si-HOXB3/NC was transfected into
NMDA-treated RGCs, and the successful transfection was verified
(Fig. 6A-B). Various experimental results illuminated that NMDA-
induced impacts on proliferation, apoptosis, Bcl-2 and Bax expres-
sion in RGCs were alleviated by elevating miR-93-5p or silencing
HOXB3 (Fig. 6C-H). In short, elevated miR-93-5p or silenced
HOXB3 was available to alleviate the suppression of NMDA on
RGC growth.



Fig. 7. Elevated HOXB3 is available to turn around silenced KCNQ1OT1’s action. (A) RT-qPCR and Western blot test of HOXB3; (B) MTT detection of cell viability; (C) EDU
examination of cell proliferation; (D) Flow cytometry test of cell apoptosis; (E-G) RT-qPCR and Western blot examination of Bcl-2 and Bax. The data in the figure are all
measurement data in the form of mean ± SD. * vs. the sh-KCNQ1OT1+ oe-NC, P < 0.05.
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3.8. Elevated HOXB3 is available to turn around the action of silenced
KCNQ1OT1

To further verify the modulation of KCNQ1OT1/miR-93-5p/
HOXB3 axis on RGCs, sh-KCNQ1OT1 + oe-HOXB3 and sh-
KCNQ1OT1 + oe-NC were transfected into NMDA-treated RGCs.
Elevated HOXB3 turned around the suppression of silenced
KCNQ1OT1 on HOXB3 expression (Fig. 7A), as well as on RGC pro-
liferation (Fig. 7B-C), apoptosis (Fig. 7D), Bcl-2 and Bax expression
(Fig. 7E-G). In general, elevated HOXB3 was available to turn
around the action of silenced KCNQ1OT1.
4. Discussion

Glaucoma is a crucial cause of blindness worldwide, but it is not
detected until irreversible vision loss occurs, and its specific patho-
genesis remains uncertain [20]. Presently, numerous studies have
elucidated that the expression of multiple LncRNAs is aberrant in
glaucoma patients and can be adopted as latent biomarkers for
glaucoma [21]. In this study, it was first discovered that KCNQ1OT1
was elevated in glaucoma patients, and it was associated with
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glaucoma’s clinicopathological indexes. Additionally, elevated
KCNQ1OT1 was tested in both the NMDA-stimulated glaucoma
rat model and the RGCs model. These results illuminated that
KCNQ1OT1 was available to be adopted as a latent biomarker for
glaucoma.

KCNQ1OT1 is located on human chromosome 11p15.5 and is
linked with disease occurrence [22], such as some eye diseases
[23]. Initially, KCNQ1OT1 was discovered to be associated with
diversified pathophysiological mechanisms of diabetic
complications like diabetic retinopathy and diabetic cardiomyopa-
thy. Zhang et al. [24] have further discovered that KCNQ1OT1 par-
ticipates in the pathological mechanism of diabetic endothelial
cornea. Liu et al. [25] have discovered that repression of
KCNQ1OT1 suppresses the activity, migration and epithelial mes-
enchymal transformation of human lens epithelial cells via miR-2
6a-5p/ITGAV/TGF-b/Smad3 axis. Jin et al. [26] have also disclosed
that KCNQ1OT1 accelerates cataract occurrence via targeting
miR-214 and activating caspase-1 pathway. In this research,
KCNQ1OT1 expression was elevated in glaucoma patients, and it
was negatively associated with PEDF and IL-12 and positively
linked with Hcy and IL-4 contents. Serum PEDF, a multi-
functional secretory protein, is provided with a latent neuroprotec-
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tive effect in retinal diseases, while PEDF is elevated when IOP is
elevated, and has the potential to immediately restrain RGC apop-
tosis [27]. Hcy, a neurotoxin, induces RGC apoptosis via stimulating
NMDA receptor, and its elevation might lead to optic nerve damage
in glaucoma [28]. IL-12 inhibits ganglion cell apoptosis and pro-
tects the optic nerve and IL-4 confers great impact on the process
of optic nerve injury, and its high expression represents severe
optic nerve injury [29,30]. The rising concentration of NMDA is
available to stimulate the overactivation of its receptor (NMDAR),
thus resulting in excitatory toxicity and RGC apoptosis, which is
frequently adopted to construct glaucoma models [31]. Then, the
glaucoma rat model and in vitro RGCs cell model were constructed
to further explore KCNQ1OT1’s action in glaucoma. It was discov-
ered that in vivo, injection with NMDA damaged rat visual function,
elevated IOP, accelerated RGCs apoptosis, and induced KCNQ1OT1
expression over time. Down-regulation of KCNQ1OT1 could
improve visual impairment in glaucoma rats. In vitro, with the
increase of NMDA concentration, KCNQ1OT1 expression in RGCs
was gradually elevated. Additionally, after silencing KCNQ1OT1,
NMDA-induced impacts on advancement capacity, Bcl-2 and Bax
expression of RGCs were reduced.

miRNAs exert a crucial action in glaucoma occurrence and
development [32]. An antecedent study has explored the miRNA
profile in glaucoma optic neuropathy in all respects, and it was dis-
covered that 88 miRNAs were differentially expressed between pri-
mary open-angle glaucoma (POAG) and cataract control eyes.
There are 16 miRNAs with different expression signatures between
POAG eyes with severe visual field injury and eyes with moderate
visual field injury, covering miR-93-5p [33]. Li et al. [34] have fur-
ther discovered that miR-93-5p modulates NMDA-induced RGC
autophagy in glaucoma via the Akt/mammalian target of rapamy-
cin (mTOR) pathway via targeting phosphatase and tensin homo-
logue. In addition, miR-93-5p inhibits retinal neuronal apoptosis
in acute ocular hypertension models by regulating PDCD4 [35].
In this research, miR-93-5p was downregulated in glaucoma, while
elevated miR-93-5p was available to alleviate the repression of
NMDA on RGC growth. Additionally, it was discovered that miR-
93-5p acted in glaucoma via modulating HOXB3.

HOXB3, a member of the transcription factors HOX family cov-
ering homologous domains, has been testified to exert a critical
role in embryogenesis, and it is provided with a complex mRNA,
LncRNA and antisense RNA transcription profile [36]. All along,
reports on HOXB3 have primarily explored its role in cancer, like
cervical squamous cell carcinoma [37], colon cancer [38] and pan-
creatic cancer [39]. Presently, several studies have discovered that
HOXB3 is also nearly associated with eye diseases. Tao et al. [40]
have detected the ectopic expression of HOXB3 in orbital adipose
stem cells of patients with thyroid-associated orbital diseases.
MiR-7 lessens glucose-stimulated injury via HoxB3 and PI3K/Akt/
mTOR pathways in retinal pigment epithelial cells [41]. In this
research, it was discovered that HOXB3 was elevated in NMDA-
treated RGCs. Elevated HOXB3 turned around the action of silenced
KCNQ1OT1. These results elucidated that KCNQ1OT1/miR-93-5p/
HOXB3 axis was a novel regulatory mechanism of glaucoma pro-
gression. However, this study also has shortcomings, that is, the
clinical sample size is small, and our conclusions need to be further
verified.
5. Conclusions

In brief, KCNQ1OT is elevated in the serum of glaucoma patients
and can be adopted as a latent biomarker of glaucoma. Addition-
ally, the results uncover the progression of KCNQ1OT to modulate
glaucoma in vivo and in vitro via targeting the miR-93-5p/HOXB3
axis. Our research provides a new target for the treatment of glau-
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coma, and we hope to further explore the clinical application of
KCNQ1OT in the future.
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