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Background: Diabetic retinopathy (DR), one of the most common complications of late-phase
diabetes, is associated with many risk factors, among which continuous low-grade inflammation
is one of the principal ones. As such, lowering inflammation levels and maintain the viability
of human retinal endothelial cells (HRECs) are critical for DR therapy. HMGBI is a well-
known proinflammatory cytokine. However, whether HMGB1 small interfering RNA (siRNA)
can protect retina cells under a high-glucose environment from morphological changes and
functional abnormalities remain undetermined. We aimed to investigate the effect of HMGB1
siRNA on retinal cells in DR.

Materials and methods: A total of 80 adult Wistar rats were randomly divided into four groups
(n=20 each): normal control, diabetes mellitus (DM), scrambled (Scr) siRNA, and HMGB1 siRNA.
Rats in the DM, Scr siRNA, and siRNA groups were established by intraperitoneal injection of
streptozotocin. At 16 weeks after injection, rats in the siRNA and Scr-siRNA groups were intrav-
itreally injected with 2 uL HMGB1 siRNA and 2 uL Scr-siRNA, while rats in the control and DM
groups were intravitreally injected with the same dose of sterile saline. At 1 week after injections,
we performed the following experiments. Immunohistochemical staining and real-time quantitative
polymerase chain reaction were performed to test HMGBI1 protein and messenger RNA expression in
retinas. We performed TUNEL assays to detect retinal cell apoptosis and electroretinography to detect
retinal function. In HREC:s treated with high glucose, proliferation, morphology, apoptosis, super-
oxide dismutase (SOD), and reactive oxygen species production were detected. Western blot was
applied to determine the expressions of HMGBI1 and its related protein and apoptosis protein.
Results: Intravitreal injection of HMGB1 siRNA reduced protein and messenger RNA expres-
sion of HMGB1 (both P<<0.05). Intravitreal injection of HMGB1 siRNA reduced apoptosis
of retinal cells (P<<0.05), protected morphological changes in the retina, and improved the
function of the retina (P<<0.05). In HRECs treated with high glucose, HMGB1 siRNA pretreat-
ment increased cell viability, reduced cell apoptosis, and reduced oxidative damage to cells
(all P<<0.05). Western blot detection found that HMGB1 siRNA pretreatment can inhibit the
expression of cleaved caspase 3 and improve the expression of BCL2 (P<<0.05). HMGB1 and
NF«B expression increased in a time-dependent manner in the high-glucose environment and
IKKf and NFxB protein expression decreased significantly after HMGBI silencing.
Conclusion: As a therapeutic target, HMGB1 siRNA can reduce retinal cell damage induced
by high glucose in vitro and in vivo and delay DR progress through the HMGB1-IKK 3—NF«xB
signaling pathway.

Keywords: diabetic retinopathy, small interfering RNA, human retinal endothelial cells, high-
mobility group box 1, inhibitor of nuclear factor kB, nuclear factor kB

Background
Diabetic retinopathy (DR) is one of the main microvascular complications of
diabetes mellitus (DM) and one of the leading causes of blindness worldwide.?
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The prevalence of retinopathy is 9%—16% in patients with
type 2 diabetes and 24%—27% in patients with type 1 dia-
betes; 0.2%—0.5% of diabetics are blind.? It is important to
understand the mechanism of underlying pathological DR
to find new targets to treat it.

Strong evidence suggests that continuous low-grade
inflammation is primarily involved in the pathogenesis
of DR.* HMGBI is a kind of late inflammatory factor.
HMGBI is a nuclear DNA-binding protein released passively
from necrotic cells, as well as actively from monocytes/
macrophages and endothelial cells.’ As a kind of damage-
associated molecular patterns, HMGBI is through its recep-
tors involved in physiological and pathological processes,
including the release of inflammatory cytokines, cell migra-
tion, and angiogenesis.®”’

Recent research'® has shown that as one of the important
inflammatory mediators, HMGBI1 is associated with diabetic
peripheral neuropathy and can participate in the occurrence
and development of DR. All of these results indicate that
HMGBI is involved in the occurrence and development
of DR. However, the effect of HMGBI1 small interfering
RNA (siRNA) on DR has not been explored. Therefore, our
study aimed to detect whether HMGBI1 siRNA has a protec-
tive effect on retinal cells in a high-glucose environment and
its specific mechanism.

Materials and methods

Animals

All experiments were performed in accordance with guide-
lines set by the animal experiment committee of Jinzhou
Medical University, and the study was approved by Jinzhou
Medical University’s ethics committee. Male Wistar rats
(Experimental Animal Center of Jinzhou Medical University,
2016873950053732) were used in the experiment. The
rats were housed in a standard laboratory environment and
maintained on a 12-hour light—dark cycle at 21°C. Rats were
randomly assigned to a normal control (NC) group (n=20),
DM group (n=20), scrambled (Scr)-siRNA group, (n=20),
and a DM siRNA (n=20) group.

DM animal model

A total of 80 male Wistar rats, specific pathogen-free grade,
body weight 240-280 g were provided by the animal experi-
ment committee of Jinzhou Medical University. Rats in the
DM, Scr-siRNA, and siRNA groups were intraperitoneally
injected with 1% streptozotocin (STZ; Sigma-Aldrich,
St Louis, MO, USA) at 60 mg/kg, and rats in the NC group
were injected with an equivalent amount of citrate-buffer

solution. At 72 hours after intraperitoneal injection, blood
glucose was measured via the caudal vein using a blood
glucose tester (Bayer AG, Leverkusen, Germany). Ran-
dom blood glucose >16.7 mmol/L indicated successful
establishment of the diabetic rat model. Blood glucose
was measured monthly.

Preparation of siRNA

HMGBI and Scr-siRNA were purchased from GenePharma
Co Ltd (Shanghai). The sequence of siRNA targeting
of the rat HMGBI gene is sense 5-UCUUGACCACA
GAUCUUAATT-3’, antisense 5'-UUAAGAGCUGU
GGUCAAGATT-3’. The sequence of Scr-siRNA is sense
5’-UUCUCCGAACGUGUCACGUTT-3’, antisense
5’-ACGUGACACGUUCGGAGAATT-3". The resultant
siRNA was purified, quantified, and suspended in water
at a concentration of 0.5 ug/uL. 0.5 uL HMGB1 siRNA
was combined with 0.5 uL Lipofectamine 2000 (with the
concentration of Lipofectamine at 50 nM) (Thermo Fisher
Scientific, Waltham, MA, USA) for 20 minutes before injec-
tion according to the manufacturer.

HMGBI siRNA intravitreal injection

At 16 weeks after intraperitoneal injection of STZ, we car-
ried out HMGB1 siRNA intravitreal injections. Tropicamide
phenylephrine eyedrops (Santen Pharmaceutical, Osaka,
Japan) and oxybuprocaine hydrochloride eyedrops (Santen)
were administered until the pupils of the rats dilated. With
the aid of a surgical microscope, the needle of a microsyringe
was inserted 0.5 mm posterior to the corneoscleral limbus
into the vitreous cavity of right eyes in the siRNA group,
avoiding the crystalline lens, and 2 uL. of HMGB1 siRNA
was quickly pushed in. Rats in the Scr-siRNA group were
intravitreally injected with 2 UL of Scr-siRNA. Rats in the
NC and DM groups were intravitreally injected with 2 puL
of normal saline. Following injection, ofloxacin eye oint-
ment (Xingqi Pharmaceutical Co Ltd, Shenyang, China)
was administered for preventing infection. The animals were
killed 1 week after intravitreal administration, and the retinas
were carefully dissected.

Electroretinography (ERG)

Rats were dark-adapted overnight before analysis. Pupils
were dilated with tropicamide phenylephrine eyedrops
(Santen). Rats were anesthetized with 1% pentobarbital
sodium and placed on a temperature-controlled working
platform at 37°C. Contact electrodes were placed on the
corneal surface, and visual responses were recorded by
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ERG (Ai Erxi, Chongqing, China). Flash responses were
obtained.

Real-time quantitative polymerase chain
reaction (QPCR)

Total RNA was extracted from the retinas using Trizol
reagent (Thermo Fisher Scientific). RNA purity was deter-
mined using absorbance at 260 and 280 nm (A260/280).
Complementary DNA synthesis was performed using a
reverse-transcriptase kit (PrimeScript; Takara Bio, Kusatsu,
Japan), according to the manufacturer’s instructions. Primer
sequences used are presented in Table 1. Real-time gPCR was
performed using SYBR Green PCR Master Mix (Premix Ex
Taq; Takara Bio) in a total volume of 20 UL on a 7300 real-
time PCR system (Thermo Fisher Scientific). All reactions
involved initial denaturation at 95°C for 30 seconds, followed
by 50 cycles of 95°C for 5 seconds and 60°C for 31 seconds.
GAPDH was used as the reference gene. Cycle threshold (C)
value was defined as the number of PCR cycles in which the
fluorescence signal exceeded the detection threshold. First,
AC, was calculated as follows: Clw -C, - Subsequently,
the AAC, was calculated as follows: AC, - AC

treated

_— Lastly,
2-84C wag calculated to represent the relative messenger
RNA (mRNA) expression of target genes, as previously

described.!

Staining

Circular shearing parallel to the direction of the corneal
limbus 0.5 mm behind the corneal limbus was performed
to remove the lens and vitreous gently. The cupula oculus
was fixed again, dehydrated, embedded with soft and hard
paraffin, and successively cut into 5.0 um sections. The
sections were conventionally stained with hematoxylin and
eosin, dehydrated, mounted, observed, and imaged under
light microscopy.

Immunohistochemistry

Paraffin-embedded 5 um eye-tissue sections were assessed
by immunohistochemical analysis and treated with rabbit

Table | Blood glucose in the four groups at different times

Week NC DM Scr-siRNA siRNA

0 5.77+0.9 5.124+0.68 6.16+0.4 5.92+0.66

4 4.52+0.68 21.56+0.53* 21.82+0.57* 20.5610.64*
8 5.51+0.57 20.87+2.26* 22.4940.12% 22.07£1.06*
16 4.97+0.71 21.87+0.81* 22.09+0.9* 22.10+0.47*

Note: *P<<0.05 versus NC group at same time point.
Abbreviations: NC, normal control; DM, diabetes mellitus; siRNA, small interfering
RNA; Scr, scrambled.

polyclonal antibodies against mouse HMGB1 (1:100
dilution; Abcam, Cambridge, UK) at 4°C. Retinal sections
were incubated with biotinylated horse secondary antibody
against mouse IgG (Zhongshan Jingiao Biotechnology Co
Ltd, Beijing, China) and reacted with the avidin-biotinylated
peroxidase complex; 3,3’-diaminobenzidine was used as
the chromogen. The sections were counterstained with
hematoxylin, dehydrated, and mounted. Images were
observed using light microscopy. Immunohistochemical
images were analyzed with ImagePlus Pro 6 software.
Data are presented as mean + standard deviation of three
independent experiments.

TUNEL assay

Eyeballs were enucleated and prepared for paraffin sectioning.
Sections were dewaxed to water by conventional methods and
repaired with sodium citrate. Then sections were treated with
protein K and incubated in a wet box at 37°C for 30 minutes,
50 uL TUNEL reaction liquid added (reagent 1 [5 uL] +
reagent 2 [45 uL]), and incubated for 60 minutes in a 37°C
cassette. After 50 uL peroxidase had been added, sections
were incubated for 30 minutes in a 37°C cassette. Instructions
for the TUNEL in situ cell-death-detection kit (Hoffman-La
Roche Ltd, Basel, Switzerland) were followed.

Western blot analysis

All samples were collected. For extraction of total cellular
protein, tissues were lysed in radioimmunoprecipitation-assay
buffer with phenylmethane sulfonyl fluoride. Protein concen-
tration was quantified using a BCA kit (Thermo Fisher Scien-
tific). Proteins were separated and transferred to polyvinylidene
difluoride membranes. Membranes were incubated overnight
at 4°C with HMGBI, cleaved caspase 3, Bcl2, MyD88, IKKf3,
NF«B, and B-actin (1:1,000; Abcam). Thereafter, the mem-
branes were incubated with horseradish peroxidase-labeled
antirabbit/mouse secondary antibodies (1:1,000) for 1 hour
at room temperature. Finally, membranes were visualized
with an enhanced-chemiluminescence kit (Thermo Fisher
Scientific). The ratio between the optical density of the protein
of interest and B-actin of the same sample was calculated as
the relative content of the protein detected.

Cell culture

Human retinal endothelial cells (HRECs) were purchased
from the American Type Culture Collection (Manassas,
VA, USA) and maintained in Dulbecco’s Modified Eagle’s
Medium (DMEM)/F12 medium containing 10% fetal bovine
serum (HyClone; GE Healthcare, Little Chalfont, UK) and
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1% penicillin—streptomycin. Confluent cells were starved
in serum-free DMEM overnight to minimize the effects of
serum. Overnight-starved cells were left untreated or treated
with high glucose (30 mM/L; Scharlab, Barcelona, Spain)
and high glucose plus HMGB1-siRNA.

HMGB| siRNA transfection

HMGBI1 siRNA (GenePharma) was transfected into
HRECs using Lipofectamine 2000 reagent (Thermo Fisher
Scientific), according to the manufacturer’s instructions.
The sequence of HMGB1 siRNA was sense 5’-GGC
UUUCACUUAAGAACUUTT-3, antisense 5'-AAGUUCU
UAAGU GA AAGCCTT-3".

Reactive oxygen species (ROS) assay
Intracellular ROS levels were evaluated using a cellular ROS/
superoxide-detection assay kit (Beyotime, Haimen, China),
according to the manufacturer’s instructions. In brief, cells
were seeded in 96-well plates at a density of 10° cells/well
and allowed to attach for 24 hours. After incubation with
the aforementioned treatments, the culture supernatant was
removed and the cells washed with 100 puL/well of assay
buffer. The ROS-specific stain DCFH-DA was added to the
cells and allowed to incubate in the dark for 60 minutes. After
incubation, intracellular ROS levels were determined using a
fluorescence microplate reader (excitation wavelength 488 nm,
emission wavelength 520 nm).

Total superoxide dismutase (T-SOD)

assay
Cells were seeded in six-well plates at a density of 10° cells/
well and allowed to attach for 24 hours. Cells were treated
by the aforementioned methods. After treatment, the cells
were lysed by the freeze—thaw method three times. SOD
activity was determined using a commercially available
kit (Jiancheng Bioengineering Institute, Nanjing, China),
according to the manufacturer’s instructions.

MTT assay

HRECs were cultured at 5,000 cells per well in 96-well tissue-
culture plates. At 24 hours after plating, cells were washed
three times with phosphate-buffered saline (PBS) and then
treated with high glucose (30 mM/L) for 24 hours in DMEM/
F12 medium containing 1% fetal bovine serum. At the end of
the culture period, cells were washed with ice-cold PBS, MTT
reagent (5 mg MTT in 10 mL PBS) was added according to
the manufacturer’s instructions and absorbance measured at
490 nm using a microplate reader. Mean values were calculated
from three independent experiments. After the half-maximal

inhibitory concentration (IC,)) of high glucose had been
determined, HRECs were transfected with HMGB1 siRNA
for 12 hours and then cultured as previously described.

Flow-cytometry assay

Cell apoptosis was measured by annexin V flow cytometry
according to the manufacturer’s protocol (Calbiochem).
Briefly after treatment, cells were washed twice with PBS
and incubated in 300 UL binding buffer containing 3 uL
annexin V—fluorescein isothiocyanate and 3 pL of propidium
iodide in the dark for 15 minutes at room temperature. The
stained samples (containing 200,000 cells/sample) were then
analyzed on a FACSCalibur flow cytometer within 1 hour,
following the manufacturer’s protocol (BD Biosciences,
San Jose, CA, USA).

Hoechst 33342 staining

After treatment, cells were stained with Hoechst 33342
(1:1,000) and photographed using fluorescence microscopy.
The incidence of DNA condensation in each preparation was
analyzed by counting 300 cells and determining the percent-
age of DNA-condensed cells (apoptotic cells).

Statistical analysis

Each experiment was repeated a minimum of three times, the
mean value of the repetitions was calculated, and this value
was used in the statistical analysis. Results are presented as
mean + standard deviation. Values of ERG were analyzed by
two-tailed Student’s ¢-test and one-way analysis of variance.
Nonparametric Kruskal-Wallis tests were used for Western
blotting analysis. Differences were considered significant
at P<<0.05.

Results

Animal model

There was no significant difference in blood glucose among
the four groups at baseline (P>0.05). At 72 hours after
intraperitoneal STZ injection, blood glucose was significantly
increased to >16.7 mmol/L, suggesting a DM-model suc-
cess rate of up to 100%. In the experimental period, blood
glucose was much higher than the NC group (all £<<0.05).
Details of blood glucose at different time points in the four
groups are shown in Table 1.

Intravitreal injection of HMGBI siRNA
significantly inhibited the expression of

HMGBI in the retina
To test for HMGBI1 siRNA target-specific efficacy, a nega-
tive control siRNA (Scr-siRNA) was analyzed to provide a
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benchmark for off-target effects on HMGB1 knockdown.
In order to detect the interference effect of siRNA, we
performed immunohistochemistry staining for location and
real-time qPCR and Western blot for quantitative detection.
The results showed that there was little HMGBI1 expres-
sion in the NC group, HMGBI expression in the DM and
Scr-siRNA groups was significantly increased, mainly
located in the retinal ganglion-cell layer, inner nuclear
layer, and outer nuclear layer, and HMGB1 expression in
the siRNA group was significantly decreased (Figure 1A
and Table 2).

Real-time qPCR demonstrated that HMGB1 mRNA
levels in the siRNA group were reduced compared to
the Scr-siRNA group (P<<0.05, Figure 1B). In addition,

Scr-siRNA group siRNA group
C
NC DM  Scr-siRNA  siRNA
HMGB1

BACHN e — — —

mRNA levels of HMGBI1 in the DM and Scr-siRNA
groups were upregulated significantly compared to the NC
group (all P<<0.05, Figure 1B), whereas there was no sig-
nificant difference between the DM and Scr-siRNA groups
(P>0.05, Figure 1B).

Western blot detection also supported this conclu-
sion (Figure 1C). The protein expression of HMGBI in
the siRNA group was reduced by 77.3% compared with
the Scr-siRNA group (P<<0.05, Figure 1C). In addition,
HMGBI protein levels in the DM and Scr-siRNA groups
were upregulated significantly compared to the NC group
(all P<0.05, Figure 1D), whereas there was no signifi-
cant difference between the DM and Scr-siRNA groups
(P>0.05, Figure 1D).
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Figure | Intravitreal injection of HMGBI siRNA significantly inhibited the expression of HMGBI in the retina.

Notes: *P<<0.05 versus NC group, *P<<0.05 versus Scr-siRNA group. (A) Immunohistochemical staining for HMGBI expression (scale bar 50 pum). Arrows show
positive expression. There was little expression of HMGBI in the NC group, and HMGBI expression in the DM and Scr-siRNA groups was significantly increased,
mainly located in the retinal ganglion-cell layer, inner nuclear layer, and outer nuclear layer, while HMGBI expression in the siRNA group was significantly decreased.
(B) HMGBI mRNA by real-time quantitative polymerase chain reaction. HMGBI mRNA levels in the siRNA group were reduced compared to the Scr-siRNA group
(P<<0.05). HMGBI mRNA levels in the DM and Scr-siRNA groups were upregulated significantly compared to the NC group (all P<<0.05), whereas there was no significant
difference between the DM and Scr-siRNA groups (P>0.05). (C) Western blot detection. Protein expression of HMGBI in the siRNA group was reduced compared with
the Scr-siRNA group (P<<0.05). HMGBI protein levels in the DM and Scr-siRNA groups were upregulated significantly compared to the NC group (all P<<0.05), whereas there
was no significant difference between the DM and Scr-siRNA groups (P>0.05). (D) HMGBI protein expression. Protein expression was normalized to B-actin. Relative protein
expression presented as mean + standard deviation of three independent experiments. HMGBI expression in the siRNA group was significantly lower than in the DM group.
Abbreviations: siRNA, small interfering RNA; NC, normal control; Scr, scrambled; DM, diabetes mellitus; mMRNA, messenger RNA; GCL, ganglion cell layer; IPL, inner
plexiform layer; INL, inner nuclear layer; ONL, outer nuclear layer.
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Table 2 OD values of HMGBI in retinal sections by immunohis-
tochemical staining

Group NC DM Scr-siRNA siRNA
oD 0.0345+0.0031 0.1842+0.0032* 0.1767+0.0047* 0.0297+0.0085"

Notes: *P<<0.05 versus NC group; “P<<0.05 versus Scr-siRNA group.
Abbreviations: NC, normal control; DM, diabetes mellitus; OD, optical density;
siRNA, small interfering RNA; Scr, scrambled.

siRNA HMGBI significantly inhibited
retinal damage and ameliorated retina-

function degeneration in vivo

To investigate structural changes, we examined histologic
changes in paraffin sections of the retina. In retinal sections,
we found that in the NC the retina had a smooth surface and
neatly arranged retinal ganglion cells and inner and outer
nuclear layers. In the DM and Scr-siRNA groups, retinal
ganglion cells were in disorder completely, and capillary
endothelial cells were observed to protrude the inner limit-
ing membranes. After pretreatment with siRNA HMGBI,
compared with the DM group, the histological changes
were less pronounced. The arrangement of retinal cells was
relatively orderly, and few capillary endothelial cells in the
inner limiting membranes were observed (Figure 2A).

In order to observe retinal cell damage better, we per-
formed TUNEL detection. Positive apoptotic cells were
stained with brown-yellow nuclei. The retinal ganglion-cell
layer in the DM and Scr-siRNA groups had obvious brown
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staining, while few scattered apoptotic cells were found in the
NC group (Figure 2B). In the siRNA group, the number of
positive apoptotic cells was significantly decreased compared
with the Scr-siRNA group.

In order to verify whether siRNA HMGBI1 precipitated
improvement in the function of the retina, we performed flash
ERG examinations at 16 weeks postinjection. Analysis of
both a- and b-waves in the four groups showed that HMGBI1
siRNA pretreatment dramatically upregulated the amplitude
of the waves compared with the Scr-siRNA group (both
P<0.05, Figure 3). HMGBI1 siRNA partially improved the
retinal function, implying that it can protect or rescue visual
function in DR. Amplitudes of a- and b-waves in the siRNA
group increased by 77.3% and 66.90% compared with the
Scr-siRNA group (both P<<0.05, Figure 3). In addition,
a- and b-wave amplitudes in the DM and Scr-siRNA groups
were downregulated significantly compared to the NC group
(all P<0.05), whereas there was no significant difference
between the DM and Scr-siRNA groups (P>0.05).

siRNA HMGBI significantly inhibited
high-glucose-induced HREC damage

in vitro

To explore which concentration of high glucose is suitable for
HREC damage, MTT assays were chosen to detect the IC, of
high-glucose-induced HREC damage. HRECs were stimulated
with increasing concentrations of high glucose (0, 5.5, 20, 30,

Scr-siRNA group siRNA group

e |
.,-g u.t)"_ o i ( . . o
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Figure 2 siRNA HMGBI significantly inhibited retinal damage and ameliorated retina-function degeneration in vivo.

Notes: (A) Histopathological examination of retina (bar 50 um). Red arrows show vascular endothelial cell nuclei protruding through the inner limiting membrane.
(B) TUNEL staining of retinal slices (bar 50 um). Positive apoptotic cells nuclei stained brown yellow. Black arrows show positive apoptotic cells.

Abbreviations: siRNA, small interfering RNA; NC, normal control; Scr, scrambled; DM, diabetes mellitus; GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner

nuclear layer; ONL, outer nuclear layer.

submit your manuscript

788

Dove

Drug Design, Development and Therapy 2017:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

HMGBI siRNA for retinal damage from glucose

a-wave E=H b-wave

et

e
uatat

Amplitude (uv/d)
S

S
ot
e

DM Scr-siRNA siRNA

Figure 3 Amplitude by flash electroretinography. The experiment was carried out
three times, and average amplitudes of retinas were taken.

Notes: *P<<0.05 versus NC group; *P<<0.05 versus Scr-siRNA group. Amplitudes
of the a- and b-waves in the siRNA group increased by 77.3% and 66.9%,
respectively, compared with the Scr-siRNA group.Amplitudes of the a- and b-waves
in the DM and Scr-siRNA groups were downregulated significantly compared to
the NC group (all P<<0.05), whereas there was no significant difference between
the DM and Scr-siRNA groups (P>0.05).

Abbreviations: siRNA, small interfering RNA; NC, normal control; Scr, scrambled;
DM, diabetes mellitus.

and 40 mM/L) for 24, 48, and 72 hours, and their viability was
measured by MTT assay. The results shown in Figure 4A dem-
onstrated that high glucose depressed HREC viability in a dose-
dependent manner. The IC_ of high glucose is about 30 mM/L
at 48 hours and 22 mM/L at 72 hours. As such, 30 mM/L
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Figure 4 High-glucose-induced HREC damage in vitro.

was chosen for the following experiments. Figure 4B shows
high-glucose-induced HREC viability in a time-dependent
manner. With time, HRECs viability reduced gradually with
30 mM/L glucose. This was also confirmed by morphological
changes (Figure 4C). The results showed that the morphology
of normal cells was uniform and spindle-shaped, and cells
became smaller and density decreased after treatment with
high glucose. With the extension of treatment time, changes
in morphology and density were more obvious.

siRNA HMGBI inhibited high-glucose-

induced HREC apoptosis in vitro

In order to detect the interference effect of HMGB1 siRNA
in HRECs, we performed Western blot for quantitative detec-
tion. The results in Figure 5C show that the protein expression
of HMGBI in the siRNA group was reduced compared with
the DM and Scr-siRNA groups (all P<<0.05). HMGBI1 protein
levels in the DM and Scr-siRNA groups were upregulated
significantly compared to the NC group (all P<<0.05), whereas
there was no significant difference between the DM and Scr-
siRNA groups (P>0.05). To detect the influence of siRNA
HMGBI1 on HREC apoptosis, we performed flow cytometry
and Hoechst 33342 staining. Results showed that HMGB1

B 150
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Notes: (A) MTT assay. High glucose depressed HREC viability in a dose-dependent manner. The IC, of high glucose was about 30 mM/L at 48 hours and 22 mM/L at 72 hours.
(B) MTT assay. High-glucose-induced HREC viability in a time-dependent manner. With time, HREC viability reduced gradually with 30 mM glucose. (C€) Morphological
changes in HRECs treated with high glucose at different time points (bar 25 um). The morphology of normal cells was uniform and spindle-shaped, and the cells became smaller
and density decreased after treatment with high glucose. With the extension of treatment time, changes in morphology and density were more obvious. *P<<0.05 vs 0 hour.
Abbreviations: HREC, human retinal endothelial cell; IC, , half-maximal inhibitory concentration; NC, normal control; DM, diabetes mellitus.
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Figure 5 Cell apoptosis was determined by flow cytometry using annexin V-PI staining.

Notes: (A) Flow-cytometry detection. Annexin V was set as the horizontal axis and Pl as the vertical axis. Upper-right (Q2) quadrant, late-apoptotic or necrotic cells; lower-
left (Q3) quadrant, dual-negative/normal cells; lower-right (Q4) quadrant, early-apoptotic cells; upper left (Q1) quadrant, mechanically damaged cells. Apoptotic cells were
the sum of Q2 and Q4. (B) Apoptosis rate by flow-cytometry detection. HMGBI siRNA inhibited HREC apoptosis. Total percentages of apoptotic cells are presented as
mean + standard deviation of three independent experiments. HMGBI siRNA pretreatment significantly inhibited HREC-apoptosis rate for those treated with high glucose.
*P<0.05 versus NC group; *P<<0.05 versus the Scr-siRNA group. (C) Western blot detection. HRECs were transfected with HMGBI siRNA and Scr-siRNA for 12 hours,
and then cultured under high glucose (30 mM/L) for 48 hours. Protein expression of HMGBI in the siRNA group was reduced compared with the Scr-siRNA group (P<<0.05).
Protein levels of HMGBI in the DM and Scr-siRNA groups were upregulated significantly compared to the NC group (all P<<0.05), whereas there was no significant difference
between the DM and Scr-siRNA groups (P>0.05).

Abbreviations: siRNA, small interfering RNA; HREC, human retinal endothelial cell; Scr, scrambled; DM, diabetes mellitus; NC, normal control; FITC, fluorescein
isothiocyanate.

siRNA transfection significantly inhibited the apoptosis rate  the rate of cell apoptosis in the siRNA group decreased sig-

of HRECs treated with Scr-siRNA (Figure 5, total apop-
totic rate 23.6%+2.34% vs 47.8%%1.98%, P<<0.05). These
results indicated that transfection of the cells with HMGB1
siRNA exerted more prominent antiapoptotic effects on
the HRECs.

Inhibitory effects of HMGB1 siRNA on HREC apop-
tosis were further confirmed by Hoechst 33342 staining
(Figure 6B). Apoptotic nuclei were stained bright blue. Apop-
totic nuclei were densely stained or showed chunky dense
stains and demilune condensation. Hoechst 33342 staining
revealed the apoptosis rate of HRECs. Results showed that

nificantly compared with the Scr-siRNA group (6%+1.08%
vs 36%+1.35%, P<<0.05, Figure 6C). Taken together, these
results indicated that siRNA HMGB1 not only increased cell
viability in HRECs exposed to high glucose but also inhibited
high-glucose-induced HREC apoptosis in vitro.

To confirm the mechanism of inhibition on high-glucose-
induced HREC apoptosis, Western blot analysis was per-
formed to detect the expressions of cleaved caspase 3 and Bcl2
in HRECs. Western blot results in Figure 7 show that HMGB1
siRNA inhibited high-glucose-induced cleaved caspase 3
expression and promoted Bcl2 expression in HRECs. This
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Figure 6 HMGBI siRNA inhibits HREC apoptosis induced by high glucose in vitro.

Notes: *P<<0.05 versus NC group; *P<<0.05 versus Scr-siRNA group. (A) Cell morphology in different groups (bar 25 um). HRECs were treated with HMGBI siRNA and
Scr-siRNA for 12 hours, and then cultured under high glucose (30 mM/L) for 48 hours. The morphology of normal cells was uniform and spindle-shaped, and cells treated with
high glucose became smaller and fewer. The cell state of the siRNA group was improved compared with the DM and Scr-siRNA groups. (B) Cell nuclear morphology after
Hoechst 33342 staining (bar 25 um). Apoptotic nuclei were stained bright blue. Apoptotic nuclei were densely stained and with crescent condensation. Red arrows show the
nuclei of apoptotic cells. (C) Cell viability in different groups. HMGBI siRNA pretreatment significantly inhibited cell apoptosis under a high-glucose environment.
Abbreviations: siRNA, small interfering RNA; HREC, human retinal endothelial cell; NC, normal control; Scr, scrambled; DM, diabetes mellitus.

indicated that the protective effect of HMGBI1 siRNA in
HRECs might have been due to apoptosis inhibition.

HMGBI siRNA ameliorated high-glucose-

induced oxidative stress in vitro
To detect oxidative stress levels, we examined ROS and

The SOD assay also showed the same trend (Figure 8B). As
such, HMGBI siRNA inhibited high-glucose-induced HREC
apoptosis and oxidative stress in vitro.

HMGBI siRNA inhibited DR through the
IKKB—NFkB signaling pathway

T-SOD expression. ROS production in the DM and Scr-
siRNA groups increased by about 50% compared to the NC
group, and the difference between the two was not statisti-
cally significant (P>0.05). HMGBI1 siRNA inhibited the
increasing trend of ROS production (P<<0.05, Figure 8A).

A

NC DM

Cleaved caspase 3

Bcl2

T —

Figure 7 Mechanism of HMGBI siRNA against cell apoptosis induced by high glucose.

Scr-siRNA siRNA

—

—
B-Actin == — EE———

In order to verify the mechanism of HMGBI1 protection, we
initially used Western blot assays to detect the expression
of HMGBI. The results showed that under a high-glucose
environment, the expression of HMGB1 and NF«B protein
increased gradually in a time-dependent manner (P<<0.05,

B 0.8 1
’ EANC E3DM
-G 064 E= Scr-siRNA
o >
N o
® £ 04-
2
Z 5 02
O_

Bcl2

Cleaved caspase 3

Notes: *P<0.05 versus NC group, #*P<<0.05 versus Scr-siRNA group. (A) Western blot detection. HMGBI siRNA inhibited high-glucose-induced cleaved caspase 3 and
promoted Bcl2 expression in HRECs. (B) Quantification of A. Protein expression was normalized to -actin.
Abbreviations: siRNA, small interfering RNA; NC, normal control; Scr, scrambled; HRECs, human retinal endothelial cells; DM, diabetes mellitus.
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Figure 8 Effect of HMGBI siRNA against oxidative stress.

Notes: *P<<0.05 versus NC group, P<<0.05 versus Scr-siRNA group. (A) ROS assay in different groups, showing the protective effect of siRNA HMGBI in HREC damage
caused by high glucose. (B) SOD assay in different groups, showing the protective effect of siRNA HMGBI in HREC damage caused by high glucose.
Abbreviations: siRNA, small interfering RNA; ROS, reactive oxygen species; HREC, human retinal endothelial cell; NC, normal control; Scr, scrambled; DM, diabetes mellitus.

Figure 9A and B). After HMGBI1 siRNA transfection, IKK]
and NFxB protein expressions were inhibited significantly
(P<<0.05, Figure 9C and D). These results suggested that
HMGBI1 may play a role through the IKK-NF«B signal-
ing pathway.

worldwide. Diabetes-induced microvascular disease is
characterized by progressive alterations in the retinal
microvasculature, including endothelial cell dysfunction,
breakdown of the blood-retina barrier, ischemia, and retinal
neovascularization.'? Current clinical data show that DR has
affected nearly 3 billion people. Half the world’s popula-

Discussion tion will suffer from DR by 2020. Therefore, researchers
DR is a multifactor disease that affects retinal vessels, urgently need to find effective therapeutic methods to control
and ultimately leads to blindness in millions of people DR progression.
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Figure 9 HMGBI siRNA inhibited diabetic retinopathy through the IKKB—NFkB signaling pathway.
Notes: *P<<0.05 versus NC group, “P<<0.05 versus Scr-siRNA group. (A) Western blot detection. Under a high-glucose environment, HMGB | and NF«xB protein expression
increased gradually in a time-dependent manner. (B) Quantification of A. (C) Western blot detection. After HMGBI siRNA transfection, IKKf and NFkb protein expression

was inhibited significantly. (D) Quantification of C.

Abbreviations: siRNA, small interfering RNA; NC, normal control; Scr, scrambled; DM, diabetes mellitus.
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Strong evidence indicates that persistent low-grade
inflammation is implicated in the pathogenesis of diabe-
tes.’ As a recognized late inflammatory factor, HMGBI
has been repeatedly proved to be related to the occurrence
and development of DR.'*!> Recent research has shown that
HMGBI regulates the expression of VEGF, ICAM1, and
integrity of the blood—retina barrier in the diabetic retina.'s!”
Mohammad et al investigated the expression of HMGBI1-
signaling pathway components in the retinas of diabetic
rats, and proved that HMGBI activated ERK1/2 and NFxB
to generate inflammatory responses and disrupt the retinal
vascular barrier.'® Zhang et al found that HMGB1 regulated
AGE-induced proinflammatory cytokines in HRECs.'®
Zhao et al'® found that in retinal ganglion cells treated with
high glucose, protein and mRNA expression of HMGB1
increased, while cell viability decreased. After HMGBI1
siRNA transfection, these changes could be reversed. These
results indicated that HMGB1 promoted the development of
DR. However, HMGBI silencing to treat or prevent DR has
not been reported. Therefore, this study selected siRNA to
silence HMGBI to observe whether it can reduce or even
reverse the development of DR.

RNA interference is a powerful tool for posttranscriptional
gene silencing, and is a new method to study gene function.?
A previous study has shown that transfer of the siRNA gene
to the retina was accomplished at 1 day after intravitreal
injection.?! We first observed the effect of HMGB1 siRNA
on the retina in vivo. First, we set up a diabetes model of rats.
At 16 weeks after the model was established, we performed
HMGBI siRNA intravitreal injection. By immunohistochem-
istry, Western blot, and real-time qPCR, we found that the
expression of HMGBI in retina was significantly decreased
after injection. The rat model is suitable for further studies.
Intravitreal injection is one of the important methods for the
treatment of ocular fundus diseases. Due to local administra-
tion, intravitreal injection reduces systemic side effects.?
Therefore, this study also chose this method of intravitreal
injection.

Figure 2 shows that high glucose can lead to tremendous
retinal morphological changes, mainly retinal ganglion-cell
damage and inner and outer nuclear layer change. This is
the same as some previous studies.>?* After administration
of HMGBI1 siRNA, morphological changes in the retina
significantly improved. These results suggested that HMGB1
siRNA can effectively improve the retinal morphology dam-
age induced by high glucose. In addition, intravitreal injection
of HMGBI siRNA can significantly improve the function of
the retina based on ERG.

Based on the protective effect of HMGBI1 siRNA in vivo,
we tried to explore the specific protection mechanism of
HMGBI siRNA in vitro. We first observed the effect of
high glucose on HRECs in vitro. We found that high glucose
can lead to apoptosis of HRECs in a significant time- and
dose-dependent manner, similar to other research.?® The
apoptosis rate of HRECs pretreated with HMGB1 siRNA
declined. Most interestingly, HMGB1 siRNA seems only
to inhibit the early stage of apoptosis, but necrosis was not
much affected. These findings should be further studied in
the future experiments. By Western blot assay, we found that
HMGBI siRNA reduced the expression of cleaved caspase 3
and increase the expression of Bel2. This indicated that the
protective effect of HMGB1 siRNA is due to the inhibition
of cleaved caspase 3 and promotion of Bel2.

Further, we detected ROS in HREC:s treated with high glu-
cose. Although the impact of hyperglycemia on increasing the
oxidative stress of endothelial cells has been confirmed,?*2®
few studies have examined oxidative stress in HRECs treated
with HMGB1 siRNA. Oxidative stress refers to the produc-
tion of ROS, overwhelming their clearance and leading to
their accumulation.?’ The level of ROS production is signifi-
cantly increased after treatment with high glucose, indicating
oxidative stress is a result of high glucose. After pretreatment
with HMGBI1 siRNA, we observed that HMGB1 siRNA can
retard this trend to a certain extent. The same trend was also
found in SOD detection. In other studies, ROS production
was also found increased in diabetic rats, and oxidative stress
levels were decreased by drug treatment. %2

Reduction in oxidative stress levels may

be a new strategy to reduce DR

In order to detect the mechanism of HMGBI in diabetic rats,
we examined the expression of HMGB1 in HRECs treated with
high glucose by Western blot detection. The results showed that
the protein expression of HMGBI increased in a time-depen-
dent manner. At the same time, NFxB expression also gradually
increased. Recent findings suggest that the cytoplasmic translo-
cation of HMGB1 may be caused by diabetes and high glucose
inretinal pericytes, and that the pathogenic role of HMGB1 may
be dependent on the expression of receptor for advanced glyca-
tion end product and activation of NF«B.? In our study, IKK[3
and NF«B protein expression was also decreased after inhibiting
the expression of HMGBI. This indicated that the increase in
HMGBI induced by high glucose promoted the occurrence and
development of DR by activating the IKKB-NF«B signaling
pathway. We did not study the translocation of HMGBI in the
cells, and further study is needed.
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Conclusion

Our results demonstrated that HMGBI plays an important
role in vivo and in vitro under hyperglycemia conditions via
the IKKB-NF«B signaling pathway. As such, we suggest that
HMGBI is a potential target for the prevention and treatment
of DR. This study also provides strong support for the view
that siRNA therapy may play an important role in future
therapeutic strategies.
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