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The aim of this study was to explore the role of MIAT (myocardial infarction related transcripts) in diabetic op-
tic neuropathy and its underlying mechanism.

QRT-PCR (quantitative real-time polymerase chain reaction) was performed to detect the mRNA levels of MIAT
and HSPA5 (heart shock protein 5) in diabetic rat model and high-glucose cultured Miiller cells. After the intra-
cellular MIAT level was increased by lentivirus transfection, the proliferation, cell cycle, and apoptosis of Miiller
cells were measured using the CCK-8 (Cell Counting Kit-8) assay, flow cytometry, and TUNEL (terminal deoxy-
nucleotidyl transferase (TdT)-mediated dUTP nick-end labeling) assay, respectively. Mechanisms underlying the
MIAT-related apoptosis were explored by Western blot analysis. The binding condition of microRNA-379 to MIAT
and HSPAS5 was confirmed by luciferase reporter gene assay.

Both MIAT and HSPAS5 levels were remarkably increased in high-glucose cultured Miiller cells. After transfected
with LV (lentivirus)-MIAT, Miiller cells showed a decreased proliferation and an enhanced apoptosis with the
increased expressions of pro-apoptotic proteins. However, no remarkable changes were observed in cell cycle.
Further mechanistic studies found that MIAT regulated HSPA5 expression by directly binding to microRNA-379.
MIAT was overexpressed in the diabetic optic nerve. MIAT overexpression remarkably promoted the apoptosis of
Miiller cells by adsorbing microRNA-379 and thus regulating HSPA5, which was a direct target of microRNA-379.
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Background

Chronic complications of diabetes include macroangiopathy,
microvascular, and neuropathy. Diabetic neuropathy can af-
fect the central nervous system, peripheral nerves, and auto-
nomic nerves. Ocular diabetes damages the optic nerve and
then leads to diabetic optic neuropathy (DON), which has be-
come the main cause of blindness worldwide. However, we still
know very little about the pathogenic mechanism of DON [1].

Retinal ganglion cells (RGCs) and Miller cells are important
components of the retina. The axons of these optic ganglion
cells converge to form the optic nerves [2]. Ischemia and hy-
poxia caused by hypoperfusion can lead to optic nerve edema
and disruption of the fiber axon flow, further resulting in in-
sufficient supply of neurotrophic nutrition and primary dam-
age to the optic nerves [3]. Excessive production of excitotox-
ins and free radicals also induce ganglion cell apoptosis and
glial damage, thus leading to secondary damage to the op-
tic nerves [4,5].

Long non-coding RNAs (IncRNAs) are transcripts with 200 nu-
cleotides in length, which are structurally similar to those of
mRNAs but do not encode proteins [4,6]. IncRNAs have been
reported to be involved in various biological processes such
as chromosome blotting, epigenetic regulation, cell cycle con-
trol, apoptosis, and reprogramming of pluripotent stem cells,
and thus are inextricably linked to the occurrence and devel-
opment of many diseases [6,7]. IncRNA-MIAT was first identi-
fied in mitotic progenitor cells and post-mitotic retinal precur-
sor cells, and is involved in the differentiation of mouse retinal
cells and myocardial infarction [8,9]. MIAT is highly conserved
in mammals and is expressed in both human and mouse ge-
nomes [10]. Previously, the role of MIAT in retinal microves-
sels and its potential mechanisms have been elucidated [11].
The present study explored the role of MIAT in optic neurop-
athy and its possible mechanisms.

Material and Methods

Animals

Male Sprague-Dawley (SD) rats and db/db mice aged 4-6
weeks were obtained from the Animal Model Center of Nanjing
University. The study was approved by the Shaoxing People’s
Hospital Ethics Committee. All rats were randomly assigned
into 2 groups and were given sufficient food and water. A di-
abetic rat model was established by intraperitoneal injection
of streptozotocin (STZ, 60 mg/kg), and control rats received
an intraperitoneal injection of citrate buffer (0.1 mol/L). Blood
glucose levels of rats higher than 16.7 mM after injection for
72 h were considered as successful construction of the animal
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model [12]. The db/db mice were fed with high-fat diet, while
WT mice were fed with normal diet. All mice were had free
access to food and water. This study followed the guidelines
for the protection and use of laboratory animals of ARVO
(Association for Research in Vision and Ophthalmology).

Cell culture and transfection

Miiller cells were isolated from diabetic rats and db/db mice.
Eyeballs were removed under sterile condition and placed in
DMEM for 6 h. Retinal neuroepithelial layer was careful stripped
and cut into pieces less than 1 mm3. We added 0.25% trypsin
and the pieces were digested at 37°C for 30 min. After filtra-
tion with copper mesh (20 um), the filtrate was transferred to
centrifuge tubes for centrifugation for 3 min at 1000 rpm. The
supernatant was discarded and DMEM culture medium con-
taining 10% fetal bovine serum was added. The cells were sus-
pended and inoculated in the culture bottle after blowing with
a suction tube. After 2 days, the bottle wall was gently wiped
and the cells that were loosely attached were removed. After
5-10 days, the cells fused and 0.1% trypsin was added. The
cells were observed under a phase-contrast microscope. After
contraction and suspension of some cells, they were sucked
out and discarded. The cells were cultured in DMEM medium
containing 10% fetal bovine serum. After 2-3 times, the cell
morphology was basically the same, and the cells were sub-
divided into flasks according to 1: 2 passage. Cells were iden-
tified by immunohistochemistry after 3 to 4 passages. The
rMC-1 cells (rat retinal Miiller cell line) were purchased from the
Shanghai Academy of Life Sciences (Shanghai, China) and cul-
tured in RPMI-1640 (HyClone, South Logan, UT, USA) containing
10% FBS (fetal bovine serum) (Gibco, Rockville, MD, USA) at
5% CO, and 37°C. Prior to transfection, cells were seeded in
6-well plates for 24 h until the cell confluency reached approx-
imately 60-80%. MicroRNA-NCs, microRNA-379-5p mimics and
lentiviruses (GenePharma, Shanghai, China) were diluted with
serum-free and antibiotic-free medium and then mixed with
Lipofectamin™ 2000 (Invitrogen, Carlsbad, CA, USA). After the
mixture was allowed to stand at room temperature for 20 min,
it was added to the 6-well plates, and the cells were contin-
ued to be cultured in a 37°C incubator.

High glucose treatment

The rMC-1 cells were treated with 5.5 mM and 25 mM sugar
for 0, 24, 48, and 72 h, respectively. Treated cells were then
harvested for subsequent experiments.

Cell cycle detection

Cells were collected after digestion and then prepared as

a single-cell suspension at a concentration of 1x10° cells/mL,
and then the cells were fixed in pre-cooled 75% ethanol and
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placed in a refrigerator at 4°C overnight. Before flow cytometry
determination, cells were washed twice with PBS to remove the
fixative. After adding 100 pL of RNaseA (BD Biosciences, San
Jose, CA, USA), cells were protected from the light in a 37°C wa-
ter bath, and 30 min later, 400 pL of PI (propidium iodide) was
added to stain the cells for 30 min at 4°C in the dark.

Cell apoptosis detection

After the cells were collected and fixed as described above in
cell cycle detection, the cells were transferred to flow tubes
before the assay. After centrifugation at 1500 rpm for 3 min,
the supernatant was removed. Corresponding buffer and anti-
body were added to the cell pellet, and the apoptosis was de-
tected by flow cytometry (Partec AG, Arlesheim, Switzerland)
after 15 min in the dark.

TUNEL assay

We collected and fixed 5x10° cells/mL in formaldehyde and
then washed them with PBS buffer containing 2% hydrogen
peroxide at room temperature. Two drops of TdT enzyme buf-
fer (Beyotime, Shanghai, China) were then added to the cells
and allowed to react at room temperature for 1 h before termi-
nation. The cells were incubated in TdT buffer for 1 h at 37°C.
After washing with phosphate-buffered saline (PBS) 3 times,
cells were incubated with the peroxidase-labeled anti-digoxi-
genin antibody in a wet box at room temperature for 30 min.
TUNEL results were observed and recorded under an optical
microscope (IX70, Olympus, Tokyo, Japan).

RNA extraction and qRT-PCR (quantitative real-time
polymerase chain reaction)

The total RNA in the tissues was extracted by the TRIzol
method (Invitrogen, Carlsbad, CA, USA). Briefly, 50-100 mg
of tissue was grated and 1 mL of TRIzol and 0.2 mL of chloro-
form were added, followed by centrifugation at 10 000 g for
15 min. The aqueous phase was then transferred to a new
tube containing 0.5 mL of isopropyl alcohol. After thorough
shaking, mixing, and centrifugation, the supernatant was re-
moved, then 75% ethanol was used to further purify the RNA
extract, and an appropriate amount of DEPC (diethyl pyrocar-
bonate) water was added for preservation at —20°C. The re-
verse transcription procedure was performed according to the
instructions of the Takara PrimeScript RT Master Mix kit at
37°C for 15 min and 85°C for 5 s. Reverse transcription prod-
ucts were stored in a 4°C refrigerator. QRT-PCR was carried out
by use of the SYBR® Green Master Mix (TaKaRa, Tokyo, Japan).
The primer sequences used in this experiment were: MIAT,
F: GGACGTTCACAACCACACTG, R: TCCCACTTTGGCATTCTAGG;
HSPAS5, F: CAAGTTCTTGCCGTTCAAGG, R: AAATAAGCCTCA
GCGGTTTCTT; microRNA-379-5p, F: GGGGTGGTAGACTATGGA,
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R: TGTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGAT
ACGACCCTACG.

CCK-8 (cell counting kit-8) assay

The cells were digested and collected after 24-h-transfection,
and then seeded in 96 well plates at a density of 2x10°/well
with 6 replicates of each group. We added 10 pL of CCK-8 so-
lution (Dojindo, Kumamoto, Japan) to each well and incubated
for another 2 h. The absorbance was measured with a micro-
plate reader at a wavelength of 450 nm.

Western blot analysis

The cells with or without transfection were collected and
washed twice with PBS, then the total protein was extracted
by RIPA (radioimmunoprecipitation assay) lysate (Beyotime,
Shanghai, China). The BCA (bicinchoninic acid) method was
performed to determine the protein concentration. The total
protein was electrophoresed on 10% polyacrylamide gels and
then transferred to polyvinylidene fluoride (PVDF) membranes
(Millipore, Billerica, MA, USA). After blocking with 5% fat-free
milk, the membranes were incubated with primary antibody
at 4°C overnight. The membrane was incubated with the sec-
ondary antibody after washing 3 times with the buffer solu-
tion (TBST). ECL (electrochemiluminescence) chemilumines-
cence method (Thermo Fisher Scientific, Waltham, MA, USA)
was used to indicate protein imprinting, and Image J software
was used to quantify the gray value of the imprint.

Plasmid construction and luciferase activity assay

The 3’ UTR sequence of HSPA5 was downloaded and the HSPA5
wild-type sequence (HSPA5 WT 3’ UTR) and the mutant-type
sequence (HSPA5 MUT 3’ UTR) were constructed accordingly.
The same method was used to construct MIAT WT and MIAT
MUT reporter plasmids. The cells were co-transfected with
50 pmol/L microRNA-379 mimics or negative controls and
80 ng HSPAS5/MIAT wild-type or mutant plasmids. After 48-h-
transfection, cells were lysed using a dual luciferase reporter
gene assay system solution to detect fluorescence intensity.

Statistical analysis

SPSS 22.0 (Statistical Product and Service Solutions) statistical
software (IBM, Armonk, NY, USA) was used for data analysis.
Measurement data are expressed as meantstandard devia-
tion (#s). The t test was used to analyze the difference be-
tween 2 groups. P<0.05 was considered statistically significant.
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Figure 1. MIAT expression was elevated in the diabetic animal model. (A) MIAT expression was increased in STZ-induced diabetic rats.
(B) MIAT expression was increased in db/db diabetic mice. (C) MIAT expression was increased in rMC-1 cells under high-

glucose conditions. * p<0.05.

Results

MIAT was overexpressed in the diabetic animal model

MIAT expression in Miiller cells was detected at different time
points in STZ-induced diabetic rats (n=6). MIAT expression in
the STZ group gradually increased as the disease progressed
and was remarkably higher than that of the control group
(n=6), and the difference between groups was statistically sig-
nificant (Figure 1A). Similarly, MIAT expression was also mark-
edly elevated in diabetic db/db mice (n=6), and the difference
between groups was statistically significant (Figure 1B). We
found that MIAT in high-glucose cultured rMC-1 cells was also
upregulated in a time-dependent manner compared to that of
the normal-glucose cultured rMC-1 cells (n=3), and the differ-
ence between groups was statistically significant (Figure 1C).
These results suggest that abnormal expression of MIAT is in-
volved in optic nerve damage in diabetes.

Overexpression of MIAT promoted apoptosis of rMC-1 cells

MIAT was ectopically expressed in rMC-1 cells by lentiviral trans-
fection (n=3), and the difference between groups was statisti-
cally significant (Figure 2A). Overexpressed MIAT remarkably in-
hibited the proliferation of rMC-1 cells (n=3), and the difference

This work is licensed under Creative Common Attribution-
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between groups was statistically significant (Figure 2B) but had
no remarkable effect on cell cycle (n=3) (Figure 2C). Flow cy-
tometry and TUNEL assay revealed that overexpressed MIAT
effectively promoted apoptosis (n=3), and the difference be-
tween groups was statistically significant (Figure 2D, 2E).
Expressions of cleaved Caspase-3, Bax, and p53 were also re-
markably enhanced by MIAT, while the Bcl-2 expression was
attenuated, and the difference between groups was statisti-
cally significant (n=3) (Figure 2F).

Overexpression of MIAT enhanced HSPA5 expression

In further exploring the mechanism of MIAT, we found that
HSPA5 may be regulated by MAIT based on bioinformatics
prediction and functional analysis. Our data showed that
overexpression of MIAT promoted HSPA5 expression (n=3),
and the difference between groups was statistically signifi-
cant (Figure 3A). In addition, HSPA5 was also remarkably de-
creased in the diabetic animal model (n=6), and the difference
between groups was statistically significant (Figure 3B, 3C).
Similar results were also confirmed in in vitro high-glucose cul-
tured rMC-1 cells (n=3), and the difference between groups
was statistically significant (Figure 3D).
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Figure 2. Overexpression of MIAT promoted apoptosis of rMC-1 cells. (A) Lentiviral transfection of rMC-1 cells increased MIAT
expression. (B) Overexpression of MIAT inhibited cell proliferation. (C) Overexpression of MIAT did not affect cell cycle.
(D) Overexpression of MIAT promoted apoptosis. (E) Overexpression of MIAT promoted apoptosis. (F) Effect of overexpression
of MIAT on apoptosis-related protein expression was detected by Western blot. * p<0.05 vs. LV-vector.

MIAT regulated HSPA5 expression through microRNA-379 the difference between both groups was statistically significant

(Figure 4C). Ectopically expressed microRNA-379 markedly reduced
Luciferase reporter gene assay showed that microRNA-379 di- HSPAS expression (n=3), and the difference between groups was
rectly binds to MIAT and HSPA5 (Figure 4A, 4B). Overexpressed statistically significant (Figure 4D). The above results indicate that
MIAT remarkably inhibited microRNA-379 expression (n=3), and MIAT regulates HSPA5 expression by adsorbing microRNA-379.
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Figure 3. Overexpression of MIAT enhanced HSPA5 expression in diabetes. (A) Overexpression of MIAT promotes HSPAS expression.
(B) HSPA5 was overexpressed in STZ-induced diabetic rats. (C) HSPA5 was overexpressed in db/db diabetic rats. (D) HSPA5
was overexpressed in rMC-1 cells under high-glucose conditions. * p<0.05.

Discussion

Diabetic retinopathy used to be considered as a kind of mi-
croangiopathy. Microangiomas, loss of perivascular cells, and
microvascular occlusion are the main manifestations of early
lesions. Recent studies have found that changes in nerve tis-
sue can also occur in the early stages of diabetic retinopathy,
including loss of ganglion cells, decreased axons, thinner nerve
fibers, increased expression of collagen fibrillary acidic protein
(GFAP) in Miiller cells, decreased expression of GFAP in astro-
cytes, degenerative changes in horizontal cells, and amacrine
cells and photoreceptor cells, as well as the activation of mi-
croglia [13,14]. IncRNA-MIAT is involved in the differentiation
of mouse retinal cells and myocardial infarction. In this study,
we found that MIAT was overexpressed in the STZ-induced di-
abetic animal model and in db/db mice.

Apoptosis often depends on the expression levels of pro-apop-
totic genes and anti-apoptotic genes. Many genes and pro-
teins are involved in the regulation of optic nerve injury and
apoptosis. Pro-apoptotic genes include wild-type p53, Bax,
and Bcl-x, Bak, while anti-apoptotic genes include Bcl-2, Bcl-x|,
and mutant p53 [15-17]. The functional proteins encoded by
these genes are woven into a complex network of pathways
that ultimately acts as a regulatory switch that determines cell

survival [18]. The Caspase family is a class of specific aspartic
cysteine proteases normally presented in the cytoplasm in an
inactive form. The Caspase family is thought to be involved
in all apoptotic signaling pathways. Both the expression level
and the activity of caspase were increased in chronic an ocu-
lar hypertension rat model, while caspase inhibitors can effec-
tively increase the survival rate of damaged retinal ganglion
cells [19]. Our results demonstrated that overexpressed MIAT
promoted expressions of cleaved caspase-3, Bax, and p53,
while inhibiting the expression of Bcl-2. Results suggest that
overexpressed MIAT in Miiller cells under high-glucose condi-
tions promoted cell apoptosis.

Glucose regulative protein (Grp), as an endoplasmic reticu-
lum chaperone, is a type of stress protein produced by cells
to adapt to endoplasmic reticulum stress. Grp is highly ho-
mologous to heat shock proteins (Hsps) and is considered
to be a member of the heat shock protein family. The main
physiological function of Grp is to assure the correct folding
and assembly of proteins [20]. Grp78 (HSPA5) is currently
regarded as an important member of the Grp family, which
exerts an important role in tumor proliferation and drug re-
sistance. It is reported that HSPA5 participates in the prolif-
eration of fibrosarcoma [21]. In the process of conversion of
normal tissues to adenomas or adenocarcinomas, HSPA5 in
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Figure 4. MIAT regulated HSPA5 expression through microRNA-379. (A) Luciferase activity assay indicated that MIAT directly bound
with microRNA-379. (B) Luciferase activity assay indicated that HSPAS directly bound to microRNA-379. (C) Overexpression
of MIAT inhibited microRNA-379 expression. (D) Overexpression of microRNA-379 inhibited HSPA5 expression.

the cytoplasm also showed a corresponding overexpression
trend [22]. In addition, a number of studies have demonstrated
that HSPA5 expression in breast, lung, and colon cancer spec-
imens was also significantly higher than that of paracancer-
ous tissue [23,24]. However, inhibition of HSPA5 expression
can inhibit tumor cell proliferation and promote tumor cell
apoptosis [25,26]. In short, recent research on HSPA5 mainly
has focused on the pathogenesis of tumors, and there is still
a lack of research in the field of ophthalmology. In this study,
we found that overexpression of MIAT enhanced HSPA5 and
remarkably inhibited microRNA-379 expression, and ectopically
expressed microRNA-379 markedly reduced HSPAS expression,
suggesting that MIAT regulates HSPA5 expression by adsorbing
microRNA-379. Our results revealed that overexpressed HSPAS
might play a role in inhibiting apoptosis, which is contrary to
its role in tumors. This contradiction may be due to the loss

of normal cell characteristics of the tumor cells themselves.
Further research on the specific mechanisms is urgently re-
quired to better understand the function of HSPAS.

Conclusions

MIAT was overexpressed in diabetic optic nerves. MIAT over-
expression remarkably promoted the apoptosis of Miiller cells
by adsorbing microRNA-379 and thus regulating HSPAS5, which
is a direct target of microRNA-379.
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