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Abstract: Purpose: To explore the effects of HMGB1 silence on cell apoptosis, inflammatory response and endothe-
lial permeability barrier. Methods: Retinal tissues were isolated from 8 week-old SD rats and cells were cultured and
identified. Effects of HMGBZ1 silence were detected by qRT-PCR and Western blot. Proliferation capability of cells
was detected by MTT assay and LDH activity assays. Cell apoptosis was analyzed by flow cytometry, Hoechst staining
and Caspase-3 activity assay. Furthermore, concentrations of VEGF, ICAM-1, VCAM-1, TNF-a and MCP-1 in the cell
media were measured. Results: Results of our study showed that high concentration of glucose caused increased
cell apoptosis and inflammatory response, and also influenced the endothelial permeability barrier. Whereas, these
damaging effects of high concentration of glucose could be relieved by HMGB1 silence. Conclusion: The present
study indicates that HMGB silence is a promising therapeutic option for diabetic retinopathy, and also provides
theoretical basis for further exploration of diabetic retinopathy treatment.
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Introduction

Diabetes is a kind of metabolic diseases char-
acterized by high blood sugar, due to the lack of
insulin or insulin resistance. During diabetes,
Long-termed high blood sugar caused injuries
in a variety of tissues, especially in heart, kid-
ney, eyes and nervous system in diabetes
patients. Diabetic retinopathy is regarded as a
disease of the retinal microvasculature as well
as a consequence of vascular cell damage [1].
Diabetic retinopathy has been one of the lead-
ing causes of blindness worldwide and a seri-
ous threat to human vision [2].

High mobility group box-1 (HMGBL1) is the most
abundant in all HMG family members. HMGB1
is extremely conserved during evolution [3]
and has a close relationship with proliferation,
migration, invasion and differentiation of cells
[4-7]. HMBGL1 is also associated with various
kinds of diseases, such as, diabetes, cancer
and autoimmune diseases [8-10]. HMGB1
plays important roles both intracellularly and
extracellularly. Intracellular HMGB1 acts as a

DNA chaperon regulating a serious of gene
events [11]. Extracellular HMGB1 is secreted
by inflammatory cells or released by dead or
injured cells [12]. HMGB1 is a multifunctional
cytokine; it binds to receptors and regulates
several vital cellular processes such as involv-
ing inflammation, immunity, antimicrobial and
tissue regeneration [13].

HMGB1 has been reported to be a closely rela-
tionship related with diabetes pathogenesis
[14]. Oxidative stress caused by diabetes hyper-
glycemia promotes HMGB1 expression [15]
and loss of HMGB1 receptor inhibits diabetes
onset [16]. HMGB1 also plays important roles
in diabetic retinopathy [17] and is accepted to
act as an alarming biomarker. HMGBL1 is report-
ed to be expressed highly in retina and vitreous
fluid of diabetes [18]; however, whether silence
of HMGB1 has effects on diabetic retinopathy
is still unclear. In this study, we explored wheth-
er silence of HMGB1 by shRNA could attenuate
injury of retina endotheliocyte induced by high
concentration of glucose.
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Table 1. Sequence for shRNA (5'-3")

Forward Primer

Reverse Primer

shRNA  GATCCCCGAAGCACCCGGATGCTTCTTTCAAGAGAAGAAGCATCCGGGT-

GCTTCTTTTT

NC GATCCCCTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCG-

GAGAATTTTT

AGCTAAAAAGAAGCACCCGGATGCTTCTTCTCTTGAAAGAAGCATCCGGGT-
GCTTCGGG
AGCTAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCG-
GAGAAGGG

Table 2. Primers for quantitative real time PCR (5'-3’)

real time PCR and Western

Gene Forward Primer Reverse Primer blot.

HMGB1 TGTAATGCCTTTGCCCTTCTATC TTTATCCGCTTTCCTTGTATCTG Groups

VEGF CCCGACAGGGAAGACAAT TCTGGAAGTGAGCCAACG

TNF-a« ~ TGGCGTGTTCATCCGTTCT CCACTACTTCAGCGTCTCGT High concentration of glu-
ICAM-1  GGTTGGAGACTAACTGGATG CGCTCTGGGAACGAATACA cose medium contained
VCAM-1 ACCCAAACAAAGGCAGAGTA CACTTGAGCAGGTCAGGTTC 30 mM glucose. Control

MCP-1  TGAGTCGGCTGGAGAACTACAAG AGGTGCTGAAGTCCTTAGGGTTG
B-actin  GGAGATTACTGCCCTGGCTCCTAGC GGCCGGACTCATCGTACTCCTGCTT

media contained 5 mM
glucose and 25 mM man-

Materials and methods

Cell isolation, culture and identification

Eight week-old SD rats were purchased from
the Laboratory Animal Center of China Medical
University (Shenyang, China) and their retinal
tissues were isolated in sterile condition. After
washing with phosphate buffer saline (PBS),
retinal tissues were cut into small pieces and
re-suspended in Dulbecco’s Modified Eagle’s
Medium (DMEM, Gibco, Grand Island, NY, USA)
containing 10% fetal bovine serum (FBS, Hyc-
lone, Logan, UT, USA). After passing through
200 mesh sieves, cells were cultured in DMEM
media containing 10% FBS in a humidified
atmosphere at 37°C with 5% CO,,. The isolated
cells were identified by immunofluorescence
(IF) with antibody against CD31 (1:50, Santa
Cruz, Dallas, TX, USA) and immunocytochemis-
try (ICC) with antibody against Factor VIII (1:100,
Bioss, Beijing, China). All animal experiments
were approved by China Medical University
Animal Care and Use Committee.

Infection

Recombinant lentivirus containing shRNA for
HMGB1 (Table 1) was purchased from Hanbio
(Shanghai, China). 1x10° cells were seeded in
6-well plates. When cells grew to 70% conflu-
ence, suitable DMEM media containing lentivi-
rus was added into each well according to the
protocol. After incubation for 24 h, the media
was changed to fresh DMEM media. The infec-
tion efficiency was detected by quantitative
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nitol. Cells were divided
into five groups: Group A,
cells without infection were cultured in control
media; Group B, cells without infection were
cultured in high concentration of glucose
media; Group C, cells infected with negative
control (NC) for shRNA were cultured in high
concentration of glucose media; Group D, cells
infected with shRNA were cultured in control
media; Group E, cells infected with shRNA were
cultured in high concentration of glucose
media. After culture in different media for 24 h,
cells were harvested by centrifugation for the
subsequent experiments.

Quantitative real-time PCR (QRT-PCR)

Total RNA was extracted from each sample
using RNA Simple Total RNA Kit (TIANGEN,
Beijing, China) and reverse transcribed to
cDNA using Super M-MLV (BioTeke, Beijing,
China) and oligo(dT),, according to the proto-
cols. Then mRNA levels of HMGB-1, vascular
endothelial growth factor (VEGF), intercellular
cell adhesion molecule-1 (ICAM-1), vascular cell
adhesion molecule-1 (VCAM-1), tumor necrosis
factor-a (TNF-a), monocyte chemoattractant
protein-1 (MCP-1) were measured by qRT-PCR
with cDNA as template and primers in (Table 2).
The relative mRNA level was calculated using
288t method with B-actin as an internal
reference.

Protein in each sample was extracted with
NP-40 lysis buffer (Beyotime, Shanghai, China)
and the concentration of protein was detected
by Enhanced BCA Protein Assay Kit (Beyotime).
After separating by SDS-PAGE, protein was
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transferred to polyvinylidene fluoride (PVDF)
membranes (Millipore, Bedford, MA, USA). The
membranes were blocked with 5% nonfat-milk
or 5% BSA following by incubation with prim-
ary antibodies against HMGB-1 (1:100, Santa
Cruz), ERK, p-ERK, JNK, p-JNK, P38, p-P38,
P65, p-P65 and B-actin (1:1000, Wanleibio,
Shenyang, China) at 4°C overnight. Then the
membranes were incubated with correspond-
ing secondary antibodies at 37°C for 45 min
and detected with Enhanced ECL Detection
System (Beyotime).

Immunofluorescence (IF)

Cells were fixed with 4% paraformaldehyde and
permeabilized with 0.1% Triton X-100 following
by blockade with goat serum. Then cells were
incubated with primary antibody against CD31
at 4°C overnight. Thereafter, Cy3 labeled sec-
ondary antibody was added to cells and incu-
bated for 60 min in the dark. The nucleus was
stained with DAPI after washing with PBS. Cells
were observed under fluorescence microscope
and the images were captured.

Immunocytochemistry (ICC)

After fixing and permeabilizing, the cells were
treated with 3% H,0, for 15 min to inactivate
endogenous peroxidase. After blockade, cells
were incubated with primary antibody against
Factor VIII (1:100, Bioss), VEGF (1:200, Wan-
leibio), ICAM-1, VCAM-1 (1:50, Santa Cruz) at
4°C overnight followed by incubation with biotin
labeled secondary antibody (1:200, Beyotime)
and HRP labeled streptavidin (1:200, Beyotime)
at 37°C. Thereafter, cells were incubated with
DAB Detection System and stained with he-
matoxylin. After observation under microscopy,
images were captured.

Proliferation assay

Proliferation capability of cells was detected by
MTT assay and LDH activity assay. For MTT
assay, 1x10* cells were seeded in 96-well
plates after different treatment. After incuba-
tion for 24 h, 0.2 mg/ml MTT was added into
each well and incubated for additional 4 h.
After careful removal of the media, 200 pl
DMSO was added into each well. Thereafter,
the absorbance at 490 nm was measured. For
LDH activity assay, media supernatant was col-
lected after different treatment and the LDH
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activity in the media was measured using LDH
Activity Detection Kit (Jianchengbio, Nanjing,
China) according to the manufacturer’s pro-
tocol.

Apoptosis analysis

Cell apoptosis was analyzed by flow cytome-
try, Hoechst staining and Caspase-3 activity
assay. For flow cytometry, cells were harvested
by centrifugation after different treatment. Af-
ter washing with PBS, cells were stained with
Annexin V-FITC/PlI Apoptosis Detection Kit
(Wanleibio) and incubated at 37°C for 15 min
in the dark. After incubation, cells were ana-
lyzed with a flow cytometer. For Hoechst stain-
ing, cells were fixed with fixing buffer after dif-
ferent treatment. After washing with PBS, cells
were stained with Hoechst Staining Kit (Be-
yotime), then cells were observed under fluo-
rescence microscope and the images were
captured. For Caspase-3 activity assay, protein
in each sample was extracted and the activity
of Caspase-3 was measured using a Caspase-
3 Activity Detection Kit (Beyotime) according
to the manufacturer’s instruction.

Enzyme-linked immunosorbent assay (ELISA)

Concentrations of VEGF, ICAM-1, VCAM-1,
TNF-a and MCP-1 in the cell media were mea-
sured after different treatments with corre-
sponding ELISA Kits (USCN, Wuhan, China)
according to the manufacturer’'s instruction.
The concentration of each sample was ana-
lyzed using Curve Expert 1.3 software.

Electrophoretic mobility shift assay (EMSA)

After different treatment, cells were harvested
and nucleoprotein in each sample was extra-
cted using a Nucleoprotein and Cytoplasmic
Protein Extract Kit (Beyotime). EMSA was per-
formed using a NF-kB EMSA Kit (Viagene,
Changzhou, China) according to the manufac-
turer’s protocol. Briefly, equal amount of nucleo-
protein in each group was incubated with biotin
labeled NF-kB probes and separated through
EMSA gel. Then protein was transferred to
PVDF membrane and cross-linked under a UV
transilluminator. After incubation with HRP
labeled streptavidin, the signal was detected
with an Enhanced ECL Detection System
(Manufacture, City, Country’s name).

Int J Clin Exp Pathol 2017;10(8):8148-8160
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Figure 1. A: The isolated cells were identified by immunofluorescence with antibody against CD31 and immunocy-
tochemistry with antibody against Factor VIII. B: Histogram of HMGB1 mRNA expression in each group. C: Western
blot assay for HMGB1. D: Histogram of HMGBZ1 protein expression in each group. ***P<0.001.

Statistical analysis

All experiments were performed three times.
The results were presented as mean + SD.
Differences between groups were analyzed
with one-way ANOVA and Bonferroni’s Multiple
Comparison. P<0.05 was considered to be
significant.

Results

Infection with shRNA effectively silenced
HMGB1

The isolated cells were identified by IF with CD
31 and ICC with Factor VIII. Data showed that
the isolated cells were Factor VllI-positive and
CD 31-positive (Figure 1A). gRT-PCR and west-
ern blot were used to detect the effect of
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HMGBLA1 silence. After infection with shRNA, the
mRNA level of HMGB1 was decreased to
28+3% (Figure 1B) and the protein level of
HMGB1 was decreased to 30+3% (Figure 1C
and 1D). These results showed that infection
with shRNA effectively silenced HMGB1 ex-
pression.

Silence of HMGB1 inhibited apoptosis induced
by high concentration of glucose

We detected the influence of HMGB1 silence
on injury of retinal endotheliocytes induced by
high concentration of glucose. The cell viability
was inhibited by high concentration of glucose
(Figure 2A, Group A vs Group B) and LDH activ-
ity in the media was up-regulated (Figure 2B,
Group A vs Group B). Compared with Group C,
the cell viability of the cells in Group E was
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Figure 2. A. Cell viability was detected by MTT assay after different treatment. B. LDH activity in cell media was detected after different treatment. C, D. Cell apop-
tosis was detected by flow cytometry after different treatment. The percent of cells in each phase was calculated. E. Cell nucleus was stained with Hoechst. Arrows
indicate pyknosis of chromatin. F. Activity of Caspase-3 was detected after different treatment. "P<0.05, *"P<0.01, **P<0.001.
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Figure 3. A, B: The mRNA levels of TNF-a and MCP-1 were detected by qRT-PCR. C, D: The concentrations of TNF-a
and MCP-1 in cell media were measured using ELISA. "P<0.05, **P<0.01, ""P<0.001.

increased significantly (P<0.001) and the LDH
activity in the media was decreased signific-
antly (P<0.01) (Figure 2A and 2B, Group E vs
Group C). These results demonstrated that high
concentration of glucose injured retinal endo-
theliocytes, but this damaging effect of high
concentration of glucose could be reversed by
silence of HMGBA1.

As apoptosis is an important factor which
impacts the proliferation of cells, an apoptosis
assay was performed. After treatment with high
concentration of glucose, the percentage of
apoptosis cells was increased significantly
(Figure 2C and 2D, Group A vs Group B,
P<0.001), pyknosis of chromatin was discov-
ered (Figure 2E, Group A vs Group B), and activ-
ity of Caspase-3 was increased significantly
(Figure 2F, Group A vs Group B). Whereas, these
damaging effects of high concentration of glu-
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cose can be reversed by HMGB1 silence (Fig-
ure 2C-F, Group E vs Group C). Together, these
results demonstrated that silence of HMGB1
attenuated retinal endotheliocyte apoptosis
induced by high concentration of glucose. No
significant differences were observed between
Groups A and Group D. This result indicates
indicating that silence of HMGB1 has no effect
on cell growth in normal condition. We ignored
Group D in the following experiments.

Silence of HMGB1 decreased inflammatory
cytokines induced by high concentration of
glucose

Inflammatory responses are common in diabet-
ic retinopathy, and changes in inflammatory
cytokines TNF-a« and MCP-1 were detected by
gRT-PCR and ELISA. After treatment with high
concentration of glucose, significant increase

Int J Clin Exp Pathol 2017;10(8):8148-8160
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Figure 4. A: Levels of VEGF, ICAM-1 and VCAM-1 in the cell media were detected by ELISA after different treatment.
B: mRNA levels of VEGF, ICAM-1 and VCAM-1 were detected by qRT-PCR. C: The expression of VEGF, ICAM-1 and

VCAM-1 was detected by ICC. “*P<0.01, "**P<0.001.

of TNF-a« and MCP-1 was found, both in cells
and in cell media (Figure 3A-D, Group A vs
Group B). However, the upheaval of TNF-a and
MCP-1 induced by high concentration of glu-
cose can could be inhibited by silence of
HMGB1 (Figure 3A-D, Group E vs Group C).
These results suggested that silence of HM-
GB1 inhibited the inflammatory response indu-
ced by high concentration of glucose.

Silence of HMGB1 attenuated changes in en-
dothelial permeability barrier induced by high
concentration of glucose

Diabetic retinopathy is a disease of the retinal
microvasculature damage. The growth and bar-
rier of blood vessel are very important to the
pathology of diabetic retinopathy. Effects of
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HMGBL.1 silence on factors associated with ves-
sel endothelial permeability barrier were dete-
cted. Data showed that the levels of VEGF,
ICAM-1 and VCAM-1 were increased in high
concentration of glucose condition, both in
cells and in cell media (Figure 4A-C, Group A
vs Group B). However, increases of VEGF, ICAM-
1 and VCAM-1 induced by high concentration of
glucose can be reversed by HMGB1 silence
(Figure 4A-C, Group E vs Group C), indicating
that silence of HMGB impacted the endothelial
permeability barrier of retinal blood vessel.

Silence of HMGBL1 inhibited the activation of
MAPK and NF-kB signaling pathways

MAPK and NF-kB signaling pathways are impor-
tant to the cell growth and inflammation. To fur-

Int J Clin Exp Pathol 2017;10(8):8148-8160
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P38 (p-P38) were detected by Western blot. "*P<0.01, "**P<0.001.

ther explore the effect of HMGB1 silence, MAPK
and NF-kB signaling pathways were detected.
After treatment with high concentration of glu-
cose, the phosphorylation levels of ERK, JNK
and P38 were significantly increased, with no
changes in ERK, JNK and P38 (Figure 5A-F,
Group A vs Group B). These results illustrated
that high concentration of glucose might injure
retinal endotheliocytes through the activation
of MAPK signaling pathway. Whereas, data of
our study also showed that the increase of
phosphorylation levels of ENK, JUK and P38
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can could be relieved by HMGB1 silence (Figure
5A-F, Group E vs Group C). These results indi-
cated evidenced that silence of HMGB1 inhib-
ited that activation of MAPK signaling pathway
induced by high concentration of glucose.

Similar changes were also found in NF-kB sig-
naling pathway. The phosphorylation level of
NF-kB P65 was increased by high concentra-
tion of glucose condition (Figure 6A and 6B,
Group A vs Group B), but relieved by silence of
HMGB1 (Figure 6A and 6B, Group E vs Group

Int J Clin Exp Pathol 2017;10(8):8148-8160
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Figure 6. A, B: Protein levels of NF-kB P65 and phosphorylated NF-kB P65 (p-P65) were detected by Western blot
after different treatment. C, D: After different treatment, the DNA binding activity of NF-kB was detected using EMSA.

“P<0.05, *"P<0.01.

C). The DNA binding activity of NF-kB was also
detected by EMSA. After treatment with high
concentration of glucose condition, the DNA
binding activity of NF-kB was increased dramat-
ically (Figure 6C and 6D, Group A vs Group B),
but silence of HMGB reversed this apophysis
(Figure 6C and 6D, Group E vs Group C). These
results demonstrated that silence of HMGB1
inhibited the activation of NF-kB signaling path-
way induced by high concentration of glucose.

Discussion

Diabetic retinopathy is a serious complication
of diabetes as well as a threat to human health
[19]. In this study, we explored the effects of
HMGBL1 silence on retina endotheliocyte injury
induced by high concentration of glucose and
found that high concentration of glucose pro-
moted cell apoptosis, changed endothelial per-
meability barrier and induced inflammatory
response, but silence of HMGBL1 relieved these
damaging effects of high concentration of glu-
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cose. These results indicated that silence of
HMGB1 might be a novel means for the treat-
ment of diabetic retinopathy.

Diabetes is characterized by high blood sugar,
which will cause cell death and inflammatory
response, thus leading to serious complica-
tions, such as diabetic retinopathy [20]. In our
study, high concentration of glucose was found
to inhibit the proliferation of retinal endothelio-
cyte and induce cell apoptosis, which mimics
the influence of diabetes. The mitigatory effects
of HMGB1 silence on retinal endotheliocyte
injury induced by high concentration of glucose
indicated that HMGB1 silence may be a thera-
peutic for diabetic retinopathy. Effects of
HMGB.1 silence also implied the important role
of HMGB1 in the diabetes retinopathy, coinci-
dently with previous study studies [21-23].

Inflammatory responses are usually seen in

diabetes and diabetic retinopathy [24, 25].
HMGB1 has a close relationship with inflamma-

Int J Clin Exp Pathol 2017;10(8):8148-8160
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tion [26]. Extracellular HMGB1 binds to its
receptors regulating the expression and secre-
tion of many inflammatory factors through the
regulation of several signaling pathways [27,
28]. Consistently, in our study, we found that
silence of HMGB1 can effectively attenuate
inflammatory response induced by high con-
centration of glucose.

Diabetic retinopathy is a microangiopathy,
changes in vascular permeability is a hallmark
of diabetic retinopathy [29]. VEGF is a cytokine
and is very important to the growth of vessel
[30]. VEGF is firstly called vascular permeability
factor (VPF) which indicates its important role
in blood retinal barrier [31]. ICAM-1 and VCAM-
1 play important roles in intercellular adhesion
and vascular endotheliocyte activation [32].
Changes in VEGF, ICAM-1 and VCAM-1 levels
indicate that endothelial permeability is influ-
enced by high concentration of glucose but can
be reversed by HMGB1 silence. ICAM-1 also
mediates the adhesion of leukocytes to the
endothelium as well as its extravasation into
the retinal tissues [33] and changes in ICAM-1
also forebode the results of inflammation.

Both MAPK signaling pathway and NF-kB sig-
naling pathway are typical signaling pathways
which are associated with the growth of cells as
well as inflammatory response [34]. MAPK and
NF-kB signaling pathways are also reported to
be in the downstream signaling pathway of
HMGB1 pathway through which HMGB1 plays
important roles in diabetic retinopathy [35].
Results of our study showed that the activation
of MAPK and NF-kB signaling pathways induc-
ed by high concentration of glucose was inhib-
ited by HMGB1 silence. These results prompt
us that silence of HMGB1 may inactivate MAPK
and NF-kB signaling pathways, and thus relieve
inflammatory response and revise endothelial
permeability barrier induced by high blood
sugar.

As HMGBL1 plays essential roles in diabetic reti-
nopathy, silence of HMGB1 may be a suitable
method for the treatment of diabetic retinopa-
thy. As shown in our study, silence of HMGB1
can effectively attenuate cell apoptosis of reti-
nal endotheliocyte, changes in endothelial per-
meability and inflammatory response induced
by high concentration of glucose. These results
indicate that silence of HMGB1 might be a
promising therapeutic for the treatment of dia-
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betic retinopathy. At the meanwhile, we found
that there was no significant difference in cell
viability and cell apoptosis between Group D
and Group A, indicating that HMGB1 shRNA has
no effect on cells in normal condition, and that
if HMGB1 shRNA was were used as a therapeu-
tic for the treatment of diabetes retinopathy, it
would have less side-effect. Other report also
showed that inhibition of HMGB1 has an excel-
lent therapeutic effect against diabetic compli-
cations [36].

In the present study, we discovered that silence
of HMGB1 inhibited the activation of MAPK and
NF-kB signaling pathway, attenuated cell apop-
tosis, blood retinal barrier damage and inflam-
matory response induced by high concentra-
tion of glucose. These results indicate that
silence of HMGB1 could become a promising
therapeutic of the treatment of diabetic reti-
nopathy, but while with less side-effect. This
study also provides theoretical foundation for
further exploration of diabetic retinopathy
therapeutic.
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