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Long non-coding RNA HEIH contributes to diabetic
retinopathy by regulating miR-939/VEGF axis
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Abstract: Diabetes is one of the most prevalent metabolic diseases in the world. This study explored the role of
long non-coding RNA HEIH in regulating the development of diabetic retinopathy (DR). The expression of HEIH gene
was detected in the serum of patients with DR. Subsequently, high concentrations of D-glucose (HG) were used to
stimulate ARPE-19 cells to construct a cell model of DR. HEIH was overexpressed and suppressed to further inves-
tigate the effects of HEIH on HG-induced ARPE-19 cell injury. Moreover, the regulatory relationship between HEIH
and miR-939 was investigated, and a target relationship between miR-939 and VEGF in ARPE-19 cells was explored.
We elucidated an association between HEIH/miR-939/VEGF axis and the PI3K/AKT pathway. HEIH was highly ex-
pressed in the serum of patients with DR. Moreover, HG-induced ARPE-19 cell injury and expression of HEIH. The
overexpression of HEIE aggravated HG-induced ARPE-19 cell injury by significantly inhibiting cell viability, inducing
apoptosis, promoting cytochrome C release from mitochondria to cytoplasm, and enhancing the caspase-3 activity,
whereas suppression of HEIE had the opposite effects. In addition, the effects of the suppression of HEIH on HG-
induced ARPE-19 cell injury were markedly reversed by inhibiting miR-939. miR-939 regulated HG-induced ARPE-19
cell injury by targeting VEGF. The suppression of HEIH reversed HG-induced activation of the PI3K/AKT signaling
pathway. Our findings revealed that HEIH may contribute to DR by sponging miR-939 to target VEGF expression
and by regulating the activation of the PI3K/AKT pathway. Inhibition of epidermal growth factor receptor and PI3K/
Akt signaling suppresses cell proliferation and survival through regulation of Stat3 activation in human cutaneous
squamous cell carcinoma. HEIH/miR-939/VEGF axis may provide a novel perspective for DR therapy.
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Introduction

Diabetes is one of the most common metabolic
diseases worldwide [1]. The global prevalence
of diabetes and associated mortality are con-
tinuously increasing with the rise in the living
standards [2]. Diabetic retinopathy (DR) is a
chronic complication of diabetes caused by
long-term hyperglycemia [3, 4]. It is character-
ized by an early loss of capillary pericytes and
thickening of the basement membrane [5]. The
disease condition improves in almost 90% of
DR patients after appropriate treatment; how-
ever, it leads to blindness in the remaining 10%
for unexplained reasons [6]. In order to improve
the clinical outcome of DR patients, it is crucial
to deepen understanding of the key mecha-
nism of this disease.

Long non-coding RNAs (IncRNAs), longer than
200 nucleotides, have gained interest due to

their role in diverse biological and physiologic
processes [7-9]. Increasing studies have high-
lighted that the aberrant expression of INcRNAs
leads to DR. Many studies have shown that the
overexpression of INncCRNA H19 prevents glu-
cose-induced endothelial-mesenchymal transi-
tion in DR [10]; overexpression of maternally
expressed gene 3 suppresses DR development
by regulating transforming growth factor beta 1
(TGFB1) and vascular endothelial growth factor
(VEGF) [11]; and nuclear paraspeckle assembly
transcript 1 inhibits the apoptosis of retinal
Mdller cells after DR by modulating the miR-
497/brain-derived neurotrophic factor axis
[12]. However, the key IncRNAs involved in DR
have not been fully identified. Recently, HEIH
was identified as an oncogenic IncRNA that pro-
moted tumor progression in hepatocellular car-
cinoma [13] and colorectal cancer [14]. How-
ever, there is no study reporting the association
between HEIH and DR.
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In this study, we first analyzed the expression of
HEIH in clinical serum samples of patients with
DR. Subsequently, we stimulated ARPE-19 cells
using a high concentration of D-glucose (HG) to
construct a cell culture model of DR. HEIH was
overexpressed and suppressed to investigate
the effects of HEIH on HG-induced ARPE-19 cell
injury. It has been reported that IncRNAs func-
tion as competitively endogenous RNAs (ceR-
NAs) to regulate mRNAs, thus regulating the
development of human diseases [15]. Therefo-
re, we investigated the regulatory relationship
between HEIH and miR-939, and explored a
target relationship between miR-939 and VEGF
in ARPE-19 cells. We elucidated the role of the
PISBK/AKT pathway in regulating HG-induced
ARPE-19 cell injury by the HEIH/miR-939/VEGF
axis. Our findings will lay a theoretical basis to
understand molecular mechanisms underlying
DR.

Materials and methods
Patients

The participants were consecutively selected
between April 2016 and April 2018 and includ-
ed 36 healthy participants (healthy control (HC)
group), 36 type 1 diabetes (T1D) patients with-
out DR (NDR group), and 36 T1D patients with
DR (DR group). Patients with hepatic insuffi-
ciency, cardio-cerebrovascular events, renal
impairment, pregnancy and postpartum in the
previous three months, with infectious diseas-
es, or other severe systemic diseases were ex-
cluded. Anthropometric and biochemical asse-
ssments were performed using standardized
protocols. Moreover, ophthalmologic examina-
tions, including visual function and changes in
ocular anterior and posterior segments, were
conducted in all individuals. Peripheral venous
blood was taken and serum samples were col-
lected, aliquoted into RNase-free microcentri-
fuge tubes, and stored at -80°C. This study was
approved by the ethics committee of our hospi-
tal and followed the Declaration of Helsinki. All
individuals signed written informed consent
before the enroliment.

Cell culture and treatment

The human retinal pigment epithelial cell line
ARPE-19 was obtained from the American Type
Culture Collection (ATCC) (Manassas, VA, USA).
ARPE-19 cells were seeded in 24-well plates at
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a density of 2.0x10* cells/well and maintained
with DMEM/F12 conditioned medium contain-
ing 10% FBS and penicillin-streptomycin (100
U/mL and 100 pg/mL) in a 37°C incubator with
5% CO,. The cells were incubated with normal
concentration of D-glucose (5 mmol/L; Sigma-
Aldrich, St. Louis, MO, USA) for four days, and
then exposed to either a normal concentration
of D-glucose (5 mmol/L, control) or high con-
centration of D-glucose (30 mmol/L, HG) for
another 48 h.

Cell transfection

To overexpress and suppress HEIH, ARPE-19
cells were transfected with pcDNA-HEIH and si-
HEIH, respectively, using Lipofectamine 2000
(Invitrogen, California, USA) according to the
manufacturer’s instructions. Additionally, ARPE-
19 cells were transfected with miR-939 mimic,
mimic NC, inhibitor NC, miR-939 inhibitor, pEX,
pEX-VEGF, sh-NC, or sh-VEGF using the same
method.

Cell viability assay

The viability of ARPE-19 cells was determined
by a 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl
tetrazolium bromide (MTT; Sigma-Aldrich) assay
after the treatment. The cells were seeded in
96-well plates at a density of 3.0x108 cells/well
and exposed to different treatments for 24 h.
MTT solution (0.5 mg/mL; 100 pL) was added
to each well and incubated for 4 h at 37°C.
After removing the MTT solution, 100 uL of
DMSO was added to each well to solubilize
formazan crystals generated by the viable cells.
The absorbance was measured at 570 nm
using a microplate reader (MTP-800; CORONA,
Tokyo, Japan).

Apoptosis assay

After treatment, cell apoptosis was assessed
by flow cytometry. Briefly, cells were washed in
phosphate-buffered saline (PBS), fixed in 70%
ethanol, and stained with propidium iodide (PI)
and fluorescein isothiocyanate (FITC)-conjuga-
ted Annexin V in the presence of 50 pyg/mL
RNase A (Sigma-Aldrich). After incubating for 1
h at room temperature in the dark, the percent-
age of apoptotic cells was detected by FACScan
(Beckman Coulter, Fullerton, CA, USA), followed
by analysis using FlowJo software.
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Measurement of cytochrome C release

The mitochondrial and cytosolic fractions from
the cells were isolated using a Mitochondrial
Fractionation Kit (Active Motif, Inc., Carlsbad,
CA, USA). Briefly, ARPE-19 cells were seeded at
a density of 2.4x10° cells/well in 6-well plates
after treatment. After centrifugation at 600xg
for 5 min, the cell pellet was resuspended in
ice-cold 1x cytosolic buffer and incubated on
ice for 15 min. After centrifugation at 800xg for
20 min, the supernatant was spun at 10,000xg
for 20 min to collect the mitochondrial pellet.
Subsequently, the mitochondrial fraction was
collected by adding complete mitochondria buf-
fer into mitochondrial pellet followed by incuba-
tion on ice for 15 min. The supernatant (cyto-
solic fraction) was obtained by centrifuging the
supernatant at 16,000xg for 25 min. After iso-
lating the mitochondrial and cytosolic fraction,
the level of cytochrome C was detected using
the Cytochrome C ELISA Kit (Abcam plc., Cam-
bridge, MA, USA) following the manufacturer’s
instructions.

Caspase-3 activity assay

The cells were seeded into 6-well plates at a
density of 2.4x105 cells/well after the treat-
ment. Caspase-3-like protease activity in the
lysate was detected using a colorimetric Cas-
pase-3 Assay Kit (Sigma-Aldrich, Cat. No. CAS-
P3C) following the manufacturer’s instructions.

Real-time quantitative reverse transcription
PCR (qRT-PCR)

Total RNA was isolated from cells using Trizol
(Invitrogen) followed by reverse transcription
using the Omniscript RT Kit (Qiagen, Hilden,
Germany). gqRT-PCR was performed using a st-
andard SYBR Green PCR Kit (Toyobo, Osaka,
Japan) in StepOnePlus™ (Applied Biosystems).
The thermal profile included an initial denatur-
ation for 20 s at 95°C, and quantification for 40
cycles of 3 s at 95°C and 30 s at 60°C. The
levels of gene expression were calculated using
the 22T method with U6 and B-actin as the
endogenous control genes for miRNA and RNA,
respectively.

Luciferase reporter assay

In order to construct the reporter vectors VEGF-
wild type (VEGF-WT) and VEGF-mutated type
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(VEGF-MUT), fragments from VEGF containing
the predicted miR-939 binding site or mutated
miR-939 binding site were cloned into a pMIR
Glo Dual-luciferase miRNA Target Expression
Vector (Promega, Madison, WI, USA). Subsequ-
ently, the vectors and miR-939 mimics were
cotransfected into cells and the luciferase
activity was tested using the Dual-Luciferase
Reporter Assay System (Promega, Madison, WI,
USA).

Western blot

Total protein was extracted from cells using
RIPA lysis buffer (Beyotime Biotechnology, Sh-
anghai, China) supplemented with protease in-
hibitors (Roche, Guangzhou, China), and quanti-
fied using the BCA™ Protein Assay Kit (Pierce,
Appleton, WI, USA). The protein extracts were
subjected to a Bio-Rad Bis-Tris Gel System for
western blot. Primary antibodies for B-actin,
VEGF, Bax, Bcl-2, pro-Caspase-3, cleaved-Ca-
spase-3, pro-Caspase-9, cleaved-Caspase-9,
AKT, p-AKT, PI3K, and p-PI3K were prepared in
5% blocking buffer at a dilution of 1:1,000 and
used to incubate the polyvinylidene difluoride
(PVDF) membrane (Millipore, MA, USA) at 4°C
overnight. Subsequently, the membranes were
probed with secondary antibody marked by
horseradish peroxidase for 1 h at room temper-
ature. After rinsing, the membranes were trans-
ferred into the Bio-Rad ChemiDoc™ XRS Sys-
tem and covered with 200 yL Immobilon We-
stern Chemiluminescent HRP Substrate (Mil-
lipore). The signals were captured and anal-
yzed by the Image Lab™ Software (Bio-Rad,
Shanghai, China).

Statistical analysis

Experiments were performed in duplicate and
repeated at least three times. Data from multi-
ple experiments are presented as mean + SD.
Statistical analyses were performed using Gra-
phPad 6.0 statistical software. Statistical sig-
nificance between the groups was analyzed by
one-way ANOVA at P < 0.05.

Results

Increased HEIH expression in serum of pa-
tients with DR

In this study, three groups of participants were
enrolled including healthy participants (HC),
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T1D patients without DR (NDR), and T1D pa-
tients with DR (DR). There were 22 males and
14 females in the HC group with an average
age of 43.23+6.34 years; 21 males and 15
females in the NDR group with an average age
of 45.52+5.67 years; and 23 males and 11
females in the DR group with an average age of
44.73+6.78 years. There was no significant dif-
ference in the body mass index, systolic blood
pressure, diastolic blood pressure, liver func-
tion, and kidney function among the three gr-
oups. Moreover, we found that the expression
of HEIH was significantly increased in the NDR
and DR groups compared to the HC group (P <
0.05, Figure 1A). HEIH expression in the DR
group was much higher than that in the NDR
group (P < 0.05, Figure 1A).

HG induces injury in ARPE-19 cells

In order to confirm whether the DR model was
successfully established by treating ARPE-19
cells with HG, we detected HG-induced injury in
ARPE-19 cells. HG treatment significantly de-
creased cell viability (P < 0.01, Figure 1B), pro-
moted apoptosis (P < 0.001, Figure 1C), in-
creased cytochrome C release from mitochon-
dria to cytoplasm (P < 0.001, Figure 1D), and
enhanced caspase-3 activity (P < 0.001, Figure
1E) in ARPE-19 cells compared to control. Fur-
thermore, we found that HG treatment distinct-
ly induced the expression of HEIH in ARPE-19
cells (P < 0.001, Figure 1F).

Suppression of HEIH alleviates HG-induced
ARPE-19 cell injury

In order to investigate the role of HEIH in DR,
HEIH was overexpressed and suppressed by
transfecting the cells with pcDNA-HEIH and si-
HEIH, respectively. As shown in Figure 2A, HEIH
expression was significantly increased in the
pcDNA-HEIH group compared to the pcDNA3.1
group; however, the expression was distinctly
decreased in the si-HEIH group compared to
the si-NC group (P < 0.001, Figure 2A), indicat-
ing a high transfection efficiency. Moreover, the
overexpression of HEIE significantly inhibited
cell viability (P < 0.05, Figure 2B), induced
apoptosis (P < 0.01, Figure 2C and 2D), pro-
moted cytochrome C release from mitochon-
dria to cytoplasm (P < 0.05, Figure 2E), and
enhanced caspase-3 activity (P < 0.05, Figure
2F) in ARPE-19 cells, whereas the suppression
of HEIE had opposite effects (P < 0.05, Figure
2B-F).
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HEIH regulates HG-induced ARPE-19 cell injury
through miR-939

Accumulating evidence has revealed that Inc-
RNAs could compete for endogenous RNAs
(ceRNAs) to indirectly regulate mRNAs, thus
playing crucial roles in the development of
human diseases [15]. It has been reported that
miR-939 expression is low in patients with dia-
betes mellitus [16]. Therefore, we investigated
whether HEIH is involved in DR by regulating
miR-939. The miR-939 expression was signifi-
cantly decreased in the pcDNA-HEIH group
compared to the pcDNA3.1 group; however,
expression was significantly increased in the si-
HEIH group compared to si-NC group (P < 0.01,
Figure 3A), indicating that HEIH negatively regu-
lates miR-939. We further overexpressed and
suppressed miR-939 by transfecting the cells
with miR-939 mimic and miR-939 inhibitor,
respectively, and obtained a high transfection
efficiency (P < 0.001, Figure 3B). Subsequently,
the HG-treated ARPE-19 cells were cotransfect-
ed with si-HEIH and miR-939 inhibitor. The
effects of HEIH suppression on the cell viability,
apoptosis, cytochrome C release from mito-
chondria to cytoplasm, and caspase-3 activity
were remarkably reversed by inhibiting miR-
939 (P < 0.05, Figure 3C-F).

VEGF as a functional target of miR-939

VEGF has been reported to function as a sur-
vival factor in the retina in early DR [17].
Analysis using TargetScan revealed that VEGF
is a potential target of miR-939. The binding
sequences of miR-939 and VEGF are shown in
Figure 4A (http://www.targetscan.org/cgi-bin/
targetscan/vert_71/view_gene.cgi?rs=ENSTO
0000372067.3&taxid=9606&members=miR-
939-3p&showcnc=0&shownc=0&showncfl=1
&showncf2=1&subset=1). Moreover, the lucif-
erase activity of VEGF-WT was significantly in-
hibited by miR-939 (P < 0.05, Figure 4B). Fur-
thermore, the mRNA and protein expression
levels of VEGF were significantly decreased in
miR-939 mimic group and remarkably increas-
ed in the miR-939 inhibitor group compared to
the corresponding controls (P < 0.01, Figure 4C
and 4D).

miR-939 regulates HG-induced ARPE-19 cell
injury through VEGF

In order to further verify whether miR-939 regu-
lates HG-induced ARPE-19 cell injury through

Int J Clin Exp Pathol 2019;12(6):2022-2033
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Figure 1. LncRNA HEIH was highly expressed in serum samples of patients with diabetic retinopathy (DR) (A) and
high concentrations of D-glucose (HG) induced injury in APRE-19 cells. *P < 0.05 and **P < 0.01 compared with
healthy controls (HC). #P < 0.05 compared with type 1 diabetes (T1D) patients without DR (NDR group). (B) Cell
viability after HG treatment. (C) Cell apoptosis after HG treatment and the expression levels of apoptosis-related
proteins. (D) Cytochrome C release from mitochondria to cytoplasm after HG treatment. (E) Caspase-3 activity after
HG treatment. (F) The expression levels of HEIH after HG treatment. All experiments were repeated three times and
the data are presented as the mean + SD. **P < 0.01, and ***P < 0.001 compared to controls.

2026 Int J Clin Exp Pathol 2019;12(6):2022-2033



Role of HEIH/miR-939/VEGF axis in DR

A Fekk
57 — 150+
— *k
g °] g
E 3 §, 100+
: :
O ol 5
22 o > 50
8 ]
& 11 T (&}
0-
o \“So‘\ﬂ“hﬁ’a:.s\-“f;—‘x\a“\
\‘G-VQ 960 Wwo
o
Cc D
Bel-2 - P —
= Bax s S ——— el St
rs PIO-CASPASE-3 et it ——
§ cleaved-caspase-3 e — —
2 PrO-CASPASE- i e st
[
' cleaved-caspase-9 e —
] )
<n. [(-actin — — —— e —
. o‘\\tO‘ wo ‘.\p& “e\“ \.\\C' \,\e\\r\
x?c‘ O wo
w0 0N e e we e Ll
co® o D“F ¥ e
V\G":(-,-\-O" “
Ha @ T Q2 10
3 1 Q2
{o3u% 0.65% 0.42% 134% o 0.82%
104 1044 1044
b
& 1024
] R
10°4 3V ENEAT Q4
§94.22% 4.79% 9041% 16.83% 16.78%
Tor 100 0 108 102 100 104 108 10¢ 108
FITC-A FITC-A FITC-A
Control HG HG+pcDNAS3.1
0 — o P = e
Sl o 0.86% 0.78% 63a% é.lazs%
104 1044 1044
< s <
& 40 & o) 2
10q 1073 Q4
8.94%
102 100 104 108 s 107 10° 10¢ 10
FITC-A FITC-A
HG+pcDNA-HEIH HG+si-NC HG+si-HEIH
E £ F
8 _25- 12- R
5 € * —
g
5 8 201 £_ . I
£a b= ok -
o g1.54 82 —
g 'E ? L 6
o ©
[ g 1.0 P
= [<]
g E 0.5 § =3
200
She)
0.0- 0-
o we p.'b‘ ,,\e\"‘ \\\c’ “e\“ W e p&‘\ ,\\&“’\ \R‘c’ ,\a?-‘\’\
e oW vo e e ve
\'\c’“ ¢ wo el woC
2027 Int J Clin Exp Pathol 2019;12(6):2022-2033



Role of HEIH/miR-939/VEGF axis in DR

Figure 2. The overexpression of HEIH aggravated HG-induced APRE-19 cell injury, whereas the suppression of HEIH
alleviated this injury. A: HEIH expression after transfection with pcDNA-HEIH, si-HEIH, and respective controls. B:
Cell viability in the treated groups. C: Cell apoptosis in the treated groups. D: Expression levels of apoptosis-related
proteins in the treated groups. E: Cytochrome C release from mitochondria to cytoplasm in the treated groups. F:
Caspase-3 activity in the treated groups. All experiments were repeated three times and the data are presented as
the mean £ SD. *P < 0.05, **P < 0.01, ***P < 0.001 compared with corresponding controls.

VEGF, VEGF was overexpressed and knocked
down in ARPE-19 cells. We analyzed the com-
bined effects of miR-939 overexpression and
VEGF overexpression on HG-induced ARPE-19
cell injury. As presented in Figure 5A, the VEGF
expression was significantly increased in the
pEX-VEGF group compared to the pEX group
(P < 0.001) and significantly decreased in sh-
VEGF group compared to sh-NC group (P <
0.001). Subsequent experiments revealed that
the overexpression of miR-939 alleviated HG-
induced ARPE-19 cell injury by promoting cell
viability (P < 0.05, Figure 5B), inhibiting apop-
tosis (P < 0.01, Figure 5C), decreasing cyto-
chrome C release from mitochondria to cyto-
plasm (P < 0.01, Figure 5D), and repressing
caspase-3 activity (P < 0.01, Figure 5E). Further
experiments disclosed that the overexpression
of miR-939 and VEGF at the same time reversed
the effects of overexpression of miR-939 alone
on HG-induced ARPE-19 cell injury (P < 0.01,
Figure 5B-E), indicating that miR-939 regulated
HG-induced ARPE-19 cell injury by modulating
VEGF.

PIBK/AKT pathway as a possible downstream
mechanism of HEIH/miR-939/VEGF axis in
regulating HG-induced ARPE-19 cell injury

PI3K/AKT signaling pathway is one of the path-
ways activated by VEGF, which plays a key role
in regulating cell proliferation, apoptosis, and
migration [18, 19]. The PI3K/AKT/mTOR path-
way was reported to be involved in the patho-
physiology of DR [20]. Therefore, we investigat-
ed a regulatory role of the HEIH/miR-939/VEGF
axis in the activation of PI3K/AKT signaling
pathway. As shown in Figure 5F, HG treatment
increased the expression of p/t-PI3K and p/t-
AKT, indicating that HG promoted the activation
of PIBK/AKT signaling pathway, which was re-
versed by the suppression of HEIH (P < 0.05,
Figure 5F). Moreover, the effects of the sup-
pression of HEIH on HG-induced activation of
PIBK/AKT signaling pathway was reversed by
inhibiting miR-939 concurrently, which was fur-
ther reversed by synchronous knockdown of
VEGF (P < 0.05, Figure 5F).
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Discussion

Identification of key IncRNAs involved in DR will
provide new insight into the diagnosis and
treatment of this disease. Previous studies
have shown that IncRNA HEIH promotes the
development of colorectal cancer [14] and hep-
atitis C virus (HCV)-related hepatocellular carci-
noma [21]. In this study, we found that HEIH is
highly expressed in the serum of patients with
DR. Moreover, HG induced ARPE-19 cell injury
and promoted the expression of HEIH. Overex-
pression of HEIE aggravated HG-induced ARPE-
19 cell injury by significantly inhibiting cell via-
bility, inducing apoptosis, promoting cytochro-
me C release from mitochondria to cytoplasm,
and enhancing the caspase-3 activity, whereas
the suppression of HEIE had opposite effects.
These results indicated that HEIH may promote
DR development.

Moreover, our results showed that miR-939
was negatively regulated by HEIH. Earlier stud-
ies have reported that miR-939 plays a key role
in the development and progression of several
cancers, such as gastric cancer [22], ovarian
cancer [23], and colorectal cancer [14]. Alth-
ough miR-939 is reported to be expressed at
low levels in patients with diabetes mellitus
[16], the key role of miR-939 in DR has not
been fully investigated. In this study, we found
that the effects of the suppression of HEIH on
HG-induced ARPE-19 cell injury were strongly
reversed by inhibiting miR-939. These findings
indicated that miR-939 might be a downstream
target of HEIH and plays a key role in DR de-
velopment.

miRNAs play regulatory roles in fundamental
biologic processes by negatively regulating
their target genes at the posttranscriptional
level. In this study, VEGF was identified as a tar-
get of miR-939. A previous study has shown
VEGF as a survival factor in ex vivo models of
early DR [17]. Moreover, a polymorphism of
HMGA1 (rs139876191 variant) plays a protec-
tive role against proliferative DR by suppressing
HMGA1-induced VEGFA expression [24]. miR-

Int J Clin Exp Pathol 2019;12(6):2022-2033



w
1

N
1

-
1

Relative miR-939 expression
o

C 1501

100+

Cell viability (%)
8

Role of HEIH/miR-939/VEGF axis in DR

vy}
=]
1

EN
1

N
1

Relative miR-939 expression
o

o\ N

0““ O““o ‘“\‘(\

C e o
O @

O
N
q

N
o
1

-
a
1

Apoptotic cells (%)
=

a1 @
0.61% 0.85%

[
089%

0
FITC-A

Control

a1
023%

Q2
135%

HG+si-HEIH

m

2.0+

1.5

1.0

0.5+

<
[
o2
gﬂ.
o
o £
- =
S E
g e
£
S
o3
[=]
<}

0.0-
N (¢} Ay C
s \’\ \.\\ R\
ce Wo \,\G“'\i:_ “‘0‘\;,59
A\
,\-‘3‘\;\:\:\@\“*
X'

2029

HG+si- HEIH
+inhibitor NC

ot 0 o+ o
FITC-A

HG+si-HEIH
+miR-939 inhibitor

ot

BCI-2 S 5 e i O

Bax W—— | —

pro-caspase-3

Cleaved-Caspase-3 g c————
pro-caspase-9

cleaved-caspase-9
B-actin s S— — — — S—

P - E—

B — S

GO““O\ Y\G \"\*s\x\ “:3\\\ “’\-C(J\‘(\'\“\\o‘
\
“ Y\G\“)r\ :\@—9?’9
B X
*5\ \Y\
O Q\X\
GA'

mn
0
1

*kk

(-2
1

Caspase-3 activity
(fold change)
b iy

oo(\\‘o\ :\\G \‘“ \X\€Y\

‘o\’& ‘“G \‘0“0
\'\C’ o’

Int J Clin Exp Pathol 2019;12(6):2022-2033



Role of HEIH/miR-939/VEGF axis in DR

Figure 3. HEIH regulated HG-induced APRE-19 cell injury through negative regulation of miR-939. A: miR-939 ex-
pression after transfection with pcDNA-HEIH, si-HEIH, and respective controls. B: miR-939 expression after trans-
fection with miR-939 mimic, miR-939 inhibitor, and their controls. C: Cell viability in the treated groups. D: Cell
apoptosis in the treated groups and the expression levels of apoptosis-related proteins. E: Cytochrome C release
from mitochondria to cytoplasm in the treated groups. F: Caspase-3 activity in the treated groups. All experiments
were repeated three times and the data are presented as the mean + SD. *P < 0.05, **P < 0.01, ***P < 0.001
compared with corresponding controls.
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Figure 4. VEGF as a target of miR-939. A: Predicted binding sequence between VEGFA and miR-939. B: Luciferase
reporter assay showing that miR-939 could interact with VEGF-WT. C and D: The expression levels of VEGF mRNA
and protein after transfection with miR-939 mimic, miR-939 inhibitor, and their controls. All experiments were
repeated three times and the data are expressed as the mean + SD. *P < 0.05, and **P < 0.01, ***P < 0.001

compared to respective controls.

200b alleviates the development of DR by tar-
geting VEGFA [25]. These studies suggested a
key role of VEGF in DR. In this study, we found
that miR-939 regulated HG-induced ARPE-19
cell injury through VEGF. Therefore, we specu-
late that miR-939 may aggravate DR by target-
ing VEGF.

Furthermore, VEGF activates PI3K/AKT signal-
ing pathway, which plays an important role in
regulating cell proliferation, apoptosis, and
migration [18, 19]. It was reported that Nogo-B,
a conserved protein of endoplasmic reticulum,
promotes angiogenesis in proliferative DR
through the VEGF/PI3K/AKT pathway [26]. Our
results showed that the suppression of HEIH
inhibited HG-induced activation of the PI3K/
AKT signaling pathway. Moreover, the effect of
the suppression of HEIH on HG-induced activa-
tion of the PI3BK/AKT signaling pathway was
reversed by the inhibition of miR-939 concur-
rently, which was further reversed by synchro-

2030

nous knockdown of VEGF. It can, therefore, be
speculated that the PI3K/AKT pathway is a
possible downstream mechanism of HEIH/
miR-939/VEGF axis in regulating HG-induc-
ed ARPE-19 cell injury, and the PI3K/AKT path-
way may mediate the role of HEIH in DR
development.

In conclusion, our findings revealed that HEIH
may contribute to DR by sponging miR-939 to
target VEGF expression and by regulating acti-
vation of the PI3K/AKT pathway. HEIH/miR-
939/VEGF axis may provide a novel perspec-
tive for DR therapy.
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