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[Abstract] Objective to explore the effect of myricitrin on the
injury of human retinal microvascular endothelial cells (HRMECs)
induced by high glucose and its regulation mechanism.

Methods HRMECs were divided into normal control group, high
glucose group and 12.5 pg/ml, 25.0 pg/ml and 5 pg/ml myricitrin
groups. HRMECs transfected with pcDNA and
pcDNA-circZNF292, respectively and then cultured in high-glucose
medium containing 25 mmol/L. D-glucose for 24 hours were
assigned as pcDNA group and pcDNA-circZNF292  group.
HRMECs transfected with siR-NC and siR-citcZNF292,
respectively and then cultured in medium containing 50.0 pg/ml
myricitrin and 25 mmol/L D-glucose for 24 hours were assigned as
myricitrin + siR-NC group and myricitrin+ siR-circZNE292 group.
The cell apoptosis rate was detected by flow cytometry. The
concentration of malondialdehyde (MDA) and the activity of
superoxide dismutase (SOD) in cells were detected by
enzyme-linked immunosorbent assay (ELISA) kits. The expression
levels of circZNF292 and miR-23b-3p were detected by real-time
fluorescence quantitative PCR. The targeting relationship between
circZNF292 and miR-23b-3p was detected by dual luciferase
reporter assay. The relative expression levels of B-cell lymphoma-2
(bcl-2) and bcl-2-related X protein (bax) were assayed by Western
blot.

Results  Significant differences were found in the relative
expressions of bax and bcl-2 proteins , cell apoptosis rate, MDA
concentration , SOD activity, circZNF292 and miR-23b-3p among
normal control group, high glucose group and 12. 5 pg/ml, 25.0
pg/ml, 50.0 pg/ml myricitrin groups ( F = 105.707, 111.835, 74.515,
109.651, 135.020, 219.919, 116.304; all at P <0.001 ). With the
increase of myricitrin concentration, the relative expression levels of
bax protein, cell apoptosis rate, MDA concentration and
miR-23b-3p in cells gradually decreased, while the relative
expression levels of bcl-2 protein, SOD activity and circZNF292
increased, with statistically significant differences among groups
with different concentrations of myricitrin (all at P < 0. 05). In the
co-transfected wild-type (WT) -circZNF292 cells, the relative
luciferase activity in miR-23b-3p group was 0. 35 £0.03, which was
lower than 0.96 £0.09 in microRNA-negative control group, and the
difference was statistically significant (# = 11. 137, P <0. 001).
Compared with pcDNA group, the relative expression levels of
bcl-2 protein, circZNF292 and MDA concentration in cells of
pcDNA-circZNF292 group were significantly increased, and the
relative expression levels of bax protein, miR-23b-3p, cell apoptosis
rate and SOD activity were significantly decreased (all at P <0. 05).
The relative expression levels of bax protein, miR-23b-3p, cell
apoptosis rate and MDA concentration were reduced and relative
expression levels of bcl-2 protein, circZNF292 and SOD activity
were enhanced in myricitrin group and myricitrin+siR-NC group in
comparison with high glucose group and myricitrin + siR-
circZNF292 group, showing statistically significant differences (all at
P <0.05).

Conclusions Myricitrin can inhibit cell apoptosis and oxidative
stress by regulating the expression of circZNF292/miR-23b-3p,
thereby reducing the damage of HRMECs induced by high glucose.
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Diabetic retinopathy (DR) is one of the common sight-threatening
conditions, which is characterized by retinal vasculopathy and retinal
neurodegeneration. It arises from changes in the microenvironment
of the retina and its adjacent tissues induced by long-term
hyperglycemic conditions. The occurrence and progression of DR
are associated with abnormal gene expression and signaling pathway
function, which are attributable to high-glucose conditions, tissue
hypoxia, oxidative stress injury and chronic inflammatory process!-.
Myricitrin is a natural polyphenol hydroxy-flavonoid glycoside
flavonoid compound that is mainly distributed in the bark and fruit
of Chinese bayberry (Myrica rubra). It has anti-inflammatory and
antioxidant effects, which is helpful in inhibiting dopaminergic nerve
cell apoptosis and oxidative stress damage in SN4741 mice, and thus
delaying the progression of Parkinson's disease’. Some studies
suggested that myricetin derivatives could alleviate oxidative stress
injury of retinal pigment epithelial cells induced by hydrogen
peroxideS. Based on the results from these studies, one may infer
that myricitrin is protective against retinal tissue damage arising from
DR. However, the specific effect of myricitrin on the retina and its
exact mechanism temain unclear. CitcRNA (circular RNA) is a
non-coding RNA characterized by covalently closed loops. In recent
years, an increasing number of studies have showed that circRNA is
abnormally expressed in DR, and it may therefore serve as a
potential target for DR therapy?!l. CircZNF292 expression was
up-regulated and may compete with miR-23b-3p
(microRNA-23b-3p), which can inhibit lens epithelial cell apoptosis
and attenuate cell damage!>'3. Zhao et al. found that persistent
hyperglycemic conditions stimulated miR-23b-3p expression in
HRMECs (human retinal microvascular endothelial cells, HRMECs).
Conversely, reduced miR-23b-3p expression suppressed cell
apoptosis!4. These findings suggest that citcZNF292/miR-23b-3p
may play a role in the occurrence and progression of DR. In this
context, we aim to explore the protective effect of myricitrin
derivatives against HRMECs induced by high glucose condition and
its molecular mechanism, with a view to shedding light on the
pathogenesis and clinical treatment of DR.

1 Materials and Method

1.1 Materials

1.1.1 Cell sources HRMECS were purchased from ATCC, USA.
1.1.2 The main reagents and instruments Myricitrin (at least 98%
purity) was purchased from Shanghai Kang ILang Biological
technology co ., LTD; DMEM culture medium and fetal bovine
serum (FBS) were purchased from Shanghai Biyuntian
Biotechnology Co., LTD; Cell apoptosis detection Kit and luciferase
activity detection Kit were purchased from Beijing Soleibao
Technology Co., LTD; Malondialedhyde (MDA) and superoxide
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dismutase (SOD) detection kit were purchased from Nanjing
Jiancheng Bioengineering Institute; Trizol reagent, cDNA synthesis
reagent and qRT-PCR kit were purchased from Thermo Fisher,
USA; Lipofectaminel™ 3000 transfection reagent was purchased
from Invitrogen, USA; miR-NC, miR-23b-3P mimics, pcDNA,
pcDNA-circZNF292, siR-circZNF292 and siR-NC were purchased
from Shanghai Jima Pharmaceutical Technology Co., LTD; bcl-2
(B-cell lymphoma-2,bcl-2) antibody(sc-7382), bax (bcl-2 associated
X protein, bax) antibody (sc-7480) and HRP labeled goat anti-rabbit
IgG antibody (sc-69786) were purchased from Santa, USA Cruz Inc.
Flow cytometry was purchased from BDC6, Beijing Agos
Biotechnology Co., LTD. Gel scanning system was purchased from
Gel Doc XR+, Bio-Rad, USA. Nanodrop 2000C UV
spectrophotometer ~ was  purchased from Thermo  Fisher
Technologies, USA. Real-time PCR instrument was purchased from
7500, ABI, USA.

1.2 Methods

1.2.1 Cell grouping and culture HRMECs were grown in 96-well
plates (3 x103 cells/well) and divided into 5 groups: cells in normal
control group cultuted in DMEM medium with 5.5 mmol/L
D-glucose and 10% FBS for 24 hours; cells in high glucose group
cultured in DMEM medium with 25 mmol/L D-glucose and 10%
FBS for 24 hours; and HRMECs in 12.5 ug/ml, 25.0 ug/ml, 50.0
ug/ml myticitrin groups cultured in high glucose medium consisting
of 12,5 ug / ml, 25.0 ug/ml and 50.0 ug/ml myricitrin for 24 h,
respectively.

1.2.2 Preparation of transfection solution and cell transfection
First, preparation of liposome transfection solution. The
concentration of pcDNA, pcDNA-circZNF292, siR-circZNF292
and Sir-NC were diluted to 0.5 pmol/L in the DMEM culture
medium without FBS and wete incubated at room temperature (RT)
for 5 min as solution A. 16 ul Lipofectamine™ 3000 transfection
reagent was added to 200 pl DMEM medium without FBS and was
well mixed as solution B. Then the mixture of solution A and B was
incubated for 20 min at RT. Second, transfecting cells in different
groups. The HRMECs were grown in 6-well plates(2x105 cells/ml)
and divided into high glucose + pcDNA group and high glucose +
pcDNA-circZNF292 group. 16 pl liposome-mediated transfection
solution was added to 400 pl HRMECs culture medium for 6 h. The
normal culture solution was added and cultivated for 48 h after
discarding the supernatant. Then HRMECs were divided into two
groups to incubate with the transfection mixture (20ul siR NC or
siR-circZNF292) for 6 hours, which medium was then changed with
normal medium to grow for 48 hours, and these cells were
subsequently treated with complete medium containing 50.0ug/ml
myricitrin and 25 mmol/L D-glucose for another 24 hours.

1.2.3 Measurement of apoptosis rate using flow cytometry
The procedures have previously been described in detail before!®.
Briefly, HRMECs in different groups were digested with 0.25%
trypsin, centrifuged at 3000 r/min for 6min, and then washed with
cooled PBS (phosphate buffer solution, PBS) after discarding the
supernatant. The cells were collected using centrifugation and were
resuspended in - 500 ul binding buffer before adding 5 wul
Annexin-FITC and 5 ul PL. Shaking for 10min in the dark was
necessary and apoptosis rate in different groups was detected by
flow cytometry.

1.2.4 Detection of MDA concentration and SOD activity using
Enzyme linked immunosorbent assay (ELISA) The
procedures have previously been described in detail'é. Briefly,
HRMECs treated with trypsin in different groups were lysed by
repeated freezing and thawing method to form homogenate. The
0.1ml homogenate was added to a centrifuge tube, followed by
adding 0.2ml MDA or SOD solution. To collect supernatant, the
mixture was cooled in a water bath and was centrifuged at
1000t/ min for 10min at RT. 200ul supernatant, combined with 100
ul working solution, was added to each well in 96-well plates and
fully mixed. The sample wells and blank control wells were set up at
the same time. The MDA concentration and SOD activity were
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measured using a microplate reader.

1.2.5 Quantitative evaluation of the relative expression of
circZNF292 and miR-23b-3p in HRMECs using real-time
fluorescence PCR  The procedures have previously been
described in detail 7. Briefly, HRMECs in different groups were
collected and added Trizol reagent (1 ml). Total RNA was extracted
using a total RNA extraction kit, with a Az /Azgo ratio of 1.6-1.8.
RNA was reverse-transcribed into cDNA, and 2 ul cDNA were
subsequently used for amplification (the volume of amplification
reaction is 25ul). Reaction conditions were as follows: (1)
pre-denaturation at 95°C for 2 min; (2) denaturation at 95-°C for 30
s; (3) annealing at 58°C for 30 s; (4) and extension at 72°C for 30 s.
The whole process was performed for a total of 40 cycles. The
sequence of circZNF292 forward primers and reverse primer are
5"GAGACTGGGGTGTGGAAAAA-3' and
5"CGGGCTTTAACATAACTTTGG-3', while the sequence of

miR-23b-3p  forward primers and  reverse primer are
5-GGGATCACATTGCCAGGGAT-3' and
5-CAGTGCGTGTCGTGGAGT-3". The sequence of GAPDH
forward primers and reverse primer are
5-GGAGCGAGATCCCTCCAAAAT-3' and

5"GGCTGTTGTCATACTTCTCATGG-3'", whereas the sequence
of UG forward primers and reverse primer are 5'-
ATTGGAACGATACAGAGAAGATT-3' and
5"GGAACGCTTCACGAATTTG-3". Gene amplification of
circZNF292 was performed when GAPDH was used as a reference
gene. On the other hand, gene amplification of miR-23b-3p was
petformed when UG was used as an internal control. 2-22Ctwas used
to evaluate the relative expression of target genes.

1.2.6 Detection of the targeting relationship between
circZNF292 and miR-23b-3p in HRMECs using dual
luciferase reporter  Starbase was used to predict the binding
sites of circZNF292 and miR-23b-3p. The binding sites were cloned
into pGL3) plasmids to construct WT (wild type, WT) vector
(WT-circZNF292); the MUT (Mutant type, MUT) vector
(MUT-circZNF292) was constructed by combining the kit of point
mutation with the mutated sites. After that, WT-circZNF292 and
MUT-circZNF292 were cotransfected with miR-NC or miR-23b-3p
mimics in HRMECs, respectively. After a 48-hour culture, cell
luciferase activity was detected using a dual luciferase reporter assay.

1.2.7 Detection of the relative expression of bax and bcl-2
proteins in HRMECs using Western blot The procedures have
previously been described in detail!8. Briefly, HRMEC:s in different
groups were collected, washed with PBS and lysed by 500ul RIPA
lysis buffer to extract the total protein of cells. The concentration of
the protein was measured quantitively using a BCA protein assay kit.
We took 40 ug protein for SDS-PAGE electrophoresis, transferred
the separated protein gel to PVDF membrane before placing it in a
5% skim milk blocking solution for 2 hours at room temperature;
bax (1:800), bcl-2 (1:800) primary antibody and GAPDH antibody
(1:1000) were added and incubated at 4°C overnight. After PBST
rinsing, the corresponding secondary antibody (1:3000) was added
and incubated at 37°C for 1 h. EC luminescence was developed with
the rinse of PBST. The Quantitative One softwate was used to
analyze the gray value of the protein bands. Moreover, the ratio of
the gray value of the target protein and built-in GAPDH protein
was represented as the relative expression of the target protein.

1.3 Statistical Methods

All statistical analysis was performed with IBM SPSS software
version 21.0 (SPSS Inc, Chicago, IL, USA). Data were confirmed to
be normally distributed as per the S-W test and represented as x &
s. The differences in the dual luciferase reporter detection results
between two groups were compared with independent sample T-test.
The overall differences in apoptosis rate, protein expression, MDA
concentration and SOD activity among multiple groups were
compated using one-way ANOVA analysis combined with LSD-t
test. P <0.05 was used as the level of significance.
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2 Results

2.1 Comparison of cell apoptosis rate and apoptosis-related
gene expression among groups with different concentrations
of myricitrin

The gray level of bax protein band was the weakest, while that of
bcl-2 protein band was the strongest in the normal control group.
Compared with the normal control group, the gray level of bax
band was significantly enhanced, while the gray level of bcl-2 band
was significantly reduced in the high glucose group. Increasing doses
of myricitrin led to decreases in the gray level of bax protein band
and increases in the gray level of bcl-2 protein band (Fig. 1). The

I i

differences in the relative expression of bax, bcl-2 and apoptosis
rate among different groups were statistically significant (F =
105.707, 111.835, 74. 515, all at P < 0.01). Compared with the
normal control group, the relative expression of bax and cell
apoptosis rate in the high glucose group were significantly increased,
while the relative expression of bcl-2 was significantly decreased (P
< 0.01). The relative expression of bax and the cell apoptosis rate
decreased significantly while the relative expression of bcl-2
increased significantly as the dose of myricitrin increased among
groups with different doses of myricitrin (all at P < 0.05) (Fig. 2 and
Table 1).
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Figure 1 Expression of apoptosis-associated protein in human retinal microvascular endothelial cells (HRMECs) of each group by Western blot
1: normal control group; 2: high glucose group; 3: 12.5 ug/ml myricitrin group; 4: 25.0 pg/ml myricitrin group; 5: 50.0 pg/ml myricitrin group  bel-2: B-cell

lymphoma-2; bax: bel-2 associated X protein
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Figure 2 Apoptosis rate among different groups by flow cytometry The apoptotic rate was significantly increased in high glucose group, however, the

apoptotic rate reduced as the increase of myricitrin-treated concentrations
4: 25.0 pg/ml myricitrin group  5: 50.0 pg/ml myricitrin group

1: normal control group  2: high glucose group  3: 12.5 pg/ml myricittin group

Table 1 Comparison of relative expression of apoptotic-association proteins and apoptotic rate among different groups (X=s)

Group Sample size bax bcl-2 Apoptosis rate (%o)
Normal control group 3 0.18%0.03 0.800.06 7.85+0.71
High glucose group 3 0.71%0.05 0.18%0.02 20.40£1.15
12.5 pg/ml myricitrin group 3 0.55+0.04> 0.2810.04> 18.33%1.12b
25.0 pg/ml myricitrin group 3 0.36+0.04 0.5110.04 15.301+1.03b¢
50.0 pg/ml myricittin group 3 0.23£0.02b<d 0.72£0.05b<d 10.3141.22bcd
F 105.707 111.835 74.515

P <0.001 <0.001 <0.001

Note: Compared with respective normal control group, *P<0.05; compared with respective high glucose group, ®P<0.05; compared with respective 12.5 pg/ml
myricitrin group, <P<0.05; compared with respective 25.0 pg/ml myricitrin group, 4°<0.05 (One-way ANOVA, LSD-7 test)  bcl-2: B-cell lymphoma-2; bax:

bel-2 associated X protein

2.2 Comparison of MDA concentration and SOD activity
among groups with different doses of myricitrin

There were significant differences in MDA concentration and SOD
activity among normal control group, high glucose group and
groups with different doses of myricitrin (F = 109. 651,135. 020, all
at P < 0.001). Compared with the normal control group, MDA
concentration was significantly higher in the high glucose group, but

SOD activity was significantly lower (all at P < 0.05). Compared
with the high glucose group, MDA concentration among groups
with different dose of myricitrin decreased significantly while SOD
activity increased significantly in a dose-dependent manner. The
differences were statistically significant among groups with different
dose of myricitrin (all at P < 0.05) (Table. 2).
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Table 2 Comparison of MDA level and SOD activity among different

groups (X=£s)

Group Sample size MDA (mmol/L) SOD [umol/(min-L)]
Normal control group 3 124.39£12.02 207.36£12.03
High glucose group 3 350.00£22.392 47.89 £ 4.502
12.5 pg/ml myricitrin group 3 306.07£16.20> 80.26 + 6.55P
25.0 pg/ml myricittin group 3 247.74£12.45b5 141.62 £ 9.51bc
50.0 pg/ml myricittin group 3 166.51+11.98bcd 173.47113.42bcd
F 109.651 135.020

P <0.001 <0.001

Note: Compared with respective normal control group, 2P<0.05; compated with
respective high glucose group, bP<0.05; compatred with respective 12.5 pg/ml
myricitrin group, <P<0.05; compared with respective 25.0 pg/ml myricitrin group,
dP<0.05 (One-way ANOVA, LSD-z testy MDA: malondialedhyde; SOD:
superoxide dismutase

2.3 Comparison of relative expression levels of circZNF292
and miR-23b-3p among groups with different concentrations
of myricitrin

The relative expressions of circZNF292 and miR-23b-3p in the
normal control group, high glucose group and groups with different
doses of myricitrin group differed significantly (FF = 219.919, 116.
304, all at P < 0.001). Compared with the normal control group, the
relative expression of circZNF292 decreased significantly, while the
relative expression of miR-23b-3p increased significantly in the high
glucose group (all at P < 0.05). Compared with the high glucose
group, the relative expression of circZNF292 showed a significant
reduction, whereas miR-23b-3p expression showed a significant
increase in a dose-dependent manner among groups with different

WT-cireZNF292 5

miR-23b-3p 3

MUT-circZNF292 &'
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concentrations of myricitrin (all at P < 0.05) (Table 3).

Table 3 Comparison of relative expression levels of circZNF292 and
miR-23b-3p among different groups (X*s)

Group Sample size circZNF292 miR-23b-3p
Normal control group 3 1.00£0.01 1.00£0.06
High glucose group 3 0.2510.022 2.3410.102
12.5 pg/ml myricitrin group 3 0.39£0.04> 1.8910.08>
25.0 ug/ml myricitrin group 3 0.57%0.04bc 1.60£0.06b¢
50.0 pg/ml myricittin group 3 0.79£0.05bcd 1.36£0.10bcd
F 219.919 116.304

P <0.001 <0.001

Note: Compared with respective normal control group, *P<0.05; compared with
respective high glucose group, bP<0.05; compated with respective 12.5 pg/ml
myricitrin group, <P<0.05; compared with respective 25.0 pg/ml myricitrin group,
dP<0.05 (One-way ANOVA, LSD-# test) miR: microRNA

2.4 Validation of targeting relationship between circZNF292
and miR-23b-3p in HRMECs

Starbase prediction showed the presence of mutual binding sites
in the complementary sequence between circZNF292 and
miR-23b-3p (Figure 3). The relative luciferase activity values of
miR-23b-3p (0.35 = 0.03) were significantly lower than that of
miR-NC (0.96 + 0.09) in cotransfected WT-citcZNF292 cells (# =
11.137, P < 0.05). However, there were no significant differences in
relative luciferase activity values of miR-23b-3p and miR-NC (0.98
+ 0.08 and 1.00 £ 0.11, respectively) in MUT-circZNF292 cells (# =
0.441, P> 0.05).

CUUAUCUUACCUCUGAAUGUGAA 3'

RERRRE|

CACCAUUAGGGACCGUUACACUA 5'

CUUAUCUUACCUCUGCGGAAACA ¥

Figure 3 Matching sequences of circZNF292 and miR-23b-3p Starbase prediction showed that there were binding sites between circZNF292 and miR-23b-3p

WT: wild type; miR: microRNA; MUT: mutant type
2.5 Comparison of relative expression levels of circZNF292 and
miR-23b-3p, cell apoptosis rate and apoptosis-related gene expression
among different circZNF292 transfection groups

Compared with the pcDNA group, the relative expression of circZNF292
significantly increased while the relative expression of miR-23b-3p
significantly decreased in the pcDNA-circZNF292 group (# = 13.874, 13.668,

pcDNA group

GAPDH -

Figure 4 Expression of -associated protein by Western blot in different circZNF292- transfected groups

Bel-2: B-cell lymphoma-2; Bax: bcl-2 associated X protein
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Figure 5 Apoptosis rate in different circZNF292 transfection groups
pcDNA group  A: pcDNA group  B: pcDNA-circZNF292 group

all at P < 0.001). Compared with the pcDNA group, the relative expression
of Bax protein and apoptosis rate significantly decreased while the relative
expression  of  bcl-2  protein = significantly  increased in  the
pcDNA-circZNF292 group (# = 8.133, 9.046, 13.070, all at P <0.001) (Fig. 4,
5 and Table 4).

pcDNA-circZNF292 group

1: pcDNA group; 2: pcDNA-circZNF292 group
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The apoptosis rate of the cells was reduced in pcDNA-circZNF292 group compared with

Table 4 Comparison of relative expression levels of circZNF292 and miR-23b-3, apoptosis-associated indexes between different plasmid-transfected

groups(Xtys)
Group Sample size circZNF292 miR-23b-3p Apoptotic rate (%) bax bcl-2
pcDNA group 3 1.00£0.02 1.00+0.01 22.6311.43 0.70£0.08 0.19£0.03
pcDNA-circZNF292 group 3 2.61+0.202 0.521+0.062 13.2441.09a 0.28+0.042 0.63+0.052
¢ 13.874 13.668 9.046 8.133 13.070
P <0.001 <0.001 0.001 0.001 <0.001

Note: (Independent samples 7 test)

miR: mictoRNA; bcl-2: B-cell lymphoma-2; bax: bel-2 associated X protein
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2.6 Comparison of MDA concentration and SOD activity
among different circZNF292 transfection groups

Compared with the pcDNA group, the MDA concentration showed
a significant increase while SOD activity values showed a significant
reduction in the pcDNA-circZNF292 group (# = 11. 281,15. 585, all
at P < 0. 001) (Table 5).

Table 5 Comparison of MDA concentration and SOD activity between
different circZNF292 transfection groups (X%£s)

Group Sample size MDA (mmol/L)  SOD [umol/(min-L)]
pcDNA group 3 354.47£21.52 47.82%+ 5.65
pcDNA-citcZNF292 group 3 194.21+11.932 161.20+11.022
t 11.281 15.585
P <0.001 <0.001

Note: (Independent samples 7 test) MDA: malondialedhyde; SOD: superoxide

dismutase
2.7 Comparison of cell apoptosis among different siRNA
transfection groups

The gray level of bax protein band was the highest, whereas that
of bcl-2 protein band was the lowest in the high glucose group. The
gray scale of bax protein band showed a significant reduction, while
the gray scale of bcl-2 protein band showed a significant increase in
both myricitrin group and myricitrin + siR-NC group. Compared
with the myricitrin group and myricitrin + siR-NC group, the gray
scale of bax protein band enhanced while the gray scale of bcl-2
protein band decreased in myricitrin + siR-circZNF292 group (Fig.
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Figure 7 Apoptosis rate by flow cytometry of in different siRNA-transfected groups

6). The relative expressions of circZNF292, miR-23b-3p, bax and
bcl-2 and cell apoptosis rate showed significant differences among
high glucose group, myricitrin group, myricitrin + siR-NC group
and myricitrin + siR-circZNF292 group (FF = 163.188, 107.321,
85.623, 59.310, 96.786, all at P < 0.001). The results showed that the
relative expressions of bax and miR-23b-3p and cell apoptosis rate
were significantly lower, while the relative expressions of
circZNF292 and bcl-2 were significantly higher in the muyricitrin
group and myricitrin + siR-NC group than that of both high glucose
group and myricitrin + siR-circZNF292 group (all at P < 0.01) (Fig.
6,7 and Table 6).
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Figure 6 Expression of apoptosis-associated protein by Western blot in
different siRNA-transfected groups 1: high glucose group; 2: myricitrin group;
3: myricitrin+siR-NC group; 4: myricitrin+siR-circZNF292  bax: bcl-2 associated
X protein; bel-2: B-cell lymphoma-2
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The apoptotic rate of the cells was reduced in myricitrin group cpmpared

Annexin FITC-A Annexin FITC-A

with the myricitrin+siR-cirCZNF292 group ~ A: high glucose group  B: myricitrin group  C: myricitrin+siR-NC group  D: myricitrin+siR-circZNF292

Table 6 Comparison of relative expression levels of circZNF292 and miR-23b-3, apoptosis-associated indexes among different siRNA transfection groups

(Xt9)
Group Sample size circZNF292 miR-23b-3p Apoptotic rate (%) bax bcl-2
High glucose group 3 1.00£0.03 1.00£0.01 22.71£1.29 0.69%0.06 0.18%0.03
Myricitrin-treated group 3 2.97£0.15 0.46£0.052 9.98£1.072 0.24£0.022 0.71£0.052
Myricitrin+si-NC group 3 3.01£0.20 0.47£0.04 10.02%1.15 0.23+0.02 0.72£0.08
Myricitrin+si-circZNF292 group 3 1.64+0.10> 0.80£0.06> 17.2940.78> 0.50£0.05> 0.35£0.03>
F 163.188 107.321 96.786 85.623 59.310
P <0.001 <0.001 <0.001 <0.001 <0.001

Note: Compared with respective high glucose group, 2P<0.05; compared with respective myricitrin+si-NC group, PP<0.05 (One-way ANOVA, LSD-7 test)

siRNA:

small interfering RNA; miR: mictoRNA; bax: bcl-2 associated X protein; bel-2: B-cell lymphoma-2; siR-NC: small interfering RNA-negative control

2.8 Comparison of MDA concentration and SOD activity
among different siRNA transfection groups

There were statistically significant differences in MDA
concentration and SOD activity among high glucose group,
myricitrin group, myricitrin + siR-NC group and myricitrin +

siR-circZNF292 group (F = 49. 375,149.745, all at P < 0.001).
Compared with the myricitrin + siR-NC group, MDA concentration
was significantly higher, while SOD activity was significantly lower
in the myricitrin + siR-citcZNF292 group (all at P < 0.05) (Table 7).

Table 7 Comparison of MDA concentration and SOD activity among different siRNA-transfected groups (¥=*.)

Group Sample size MDA (mmol/L) SOD [umol/(min-L)]
High glucose group 3 347.23£25.43 48.55 £5.99
Myricitrin-treated group 3 159.82£17.152 181.07£10.062
Myricitrin+siR-NC group 3 155.41+19.84 186.12 £ 9.96
Myricitrin+siR-circZNF292 group 3 254.10£25.99> 133.69 £ 9.450

F 49.375 149.745

P <0.001 <0.001

Note: Compared with respective high glucose group, aP<0.05; compared with m respective yricitrin+si-NC group, PP<0.05 (One-way ANOVA, LSD- test)

interfering RNA; MDA: malondialedhyde; SOD: superoxide dismutase; siR-NC: small interfering RNA-negative control

3 Discussion

DR is one of common ocular microvascular complications of
diabetes mellitus. The abnormalities of retinal metabolism under
hyperglycemic conditions, promotion of oxidative stress and
inflaimmation contribute to HRMECs dysfunction and apoptosis,
ultimately affecting the stability of the structure and function of the
blood-retinal barrier. In this regard, the prevention or early
treatment of DR is of great significance!®-20,

Myricittin ~ can  promote  hypoxia/reoxygenation  induced
cardiomyocyte proliferation and inhibit cell apoptosis as well as

caspase-3 activity, thereby reducing oxidative stress response and
cardiomyocyte injury?!. Myricitrin also inhibits oxidative stress injury
and inflammation caused by spinal cord trauma through regulating
bcl-2/bax signaling pathway in rats?2. In the present study, the
results showed that high glucose gave rise to an elevated apoptosis
rate of HRMECs and expression of bax, but it lowered the level of
bcl-2 expression. The apoptosis rate of HRMECs and expression of
bax reduced with increasing doses of myricitrin. Conversely, an
increase in the expression of bcl-2 proteins was observed in a
dose-dependent manner, indicating that myricitrin could inhibit

siRNA: small
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hyperglycemic induced HRMECs apoptosis. The results also showed
that MDA concentration increased while SOD activity decreased in
high glucose-induced HRMECs. Conversely, myricitrin was capable
of reducing MDA concentration while increasing SOD activity in a
dose-dependent manner, suggesting that myricitrin could inhibit the
peroxidation damage in high glucose-induced HRMECs. However,
the molecular mechanism of myricitrin on high glucose-induced
peroxidation damage and apoptotic signaling pathways remains
unclear.

CircRNAs are known for their stability, retention and specificity.
Some circRNAs sequences are rich in miRNA response elements
which can bind and adsorb miRNA to regulate the expression of
target genes. In recent years, an increasing number of studies have
showed abnormal circRNA expressions in DR and it may serve as a
potential target for DR treatment. CircZNF292, a widely studied
circRNA, plays an important role in regulating cell apoptosis under
oxidative stress. CircZNF292 were abnormally expressed in
myocardial H9¢2 cells induced by oxygen glucose deprivation and
regulate cell proliferation and apoptosis through Wnt3aB-catenin®3.
Since circZNF292 expression is significantly down-regulated in
age-related cataract, up-regulation of circZNF292 expression can
inhibit lens epithelial cell apoptosis by competing with miR-23b-3p
in regulating the expression of antioxidant genes!3. In this study, the
results showed decreased expressions of circZNF292 and increased
expressions of miR-23b-3p in high glucose-induced HRMECs.
However, myricitrin was capable of increasing circZNF292
expressions while reducing miR-23b-3p expressions in a
concentration dependent manner, suggesting that myricitrin is
involved in the regulation of circZNF292/ miR-23b-3p expression.
Our results also showed that up-regulation of circZNF292
expressions via transfection could suppress the expressions of
miR-23b-3p, which enhances the antioxidant ability and inhibits cell
apoptosis in  hyperglycemia induced HRMECs. Meanwhile,
transfection of siRNA inhibited circZNF292 expressions and
enhanced miR-23b-3p expressions, which reversed the ability of
anti-apoptosis and antioxidant of myricitrin on hyperglycemia
induced HRMECs. The results from the dual luciferase reporter
assay demonstrated there was a targeting relationship between
circZNF292 and miR-23b-3p in HRMECs. These findings indicate
that myricitrin  could inhibit miR-23b-3p expressions by
up-regulating circZNF292 expressions in high glucose induced
HRMECs, which is helpful in enhancing the antioxidant ability of
cells and suppressing cell apoptosis. However, further studies are
needed to investigate whether myricitrin is involved in the regulation
of other genes or signal pathways in DR.

In conclusion, circZNF292 could target miR-23b-3p and regulate
its expressions. And the circZNF292/miR-23b-3p molecular axis
plays a significant role in regulating oxidative stress injury and cell
apoptosis in high glucose induced HRMECs. Myricitrin can inhibit
cell apoptosis of high glucose induced HRMECs and enhance their
antioxidant ability by promoting circZNF292 expressions and
inhibiting miR-23b-3p expressions. These findings provide some
experimental basis for treating DR with myricitrin. Its safety and
efficacy should be further investigated in animal models of DR.
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