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The role of high mobility group box 1 (HMGB-1) in the
diabetic retinopathy inflammation and apoptosis
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Abstract: Diabetic Retinopathy (DR) is one of the most common complications of the late phase diabetes, and also
a common cause of blindness. High mobility group box 1 (HMGB-1) is considered to be an inflammatory mediator
in the late phase that promotes inflammation and neovascularization in diabetes. Therefore, this paper discussed
the role of HMGB-1 in diabetic retinopathy inflammation and neovascularization. 96 adult SD rats were randomly
divided into control and diabetes group. The diabetic rat model was established by intraperitoneal injection of
streptomycin (0.1 mol/L). Western blot was applied to determine HMGB-1 and its receptor RAGE and TLR2 protein
expression in the serum. TUNEL was used to detect retinal apoptosis. Immunofluorescence was performed to test
HMGB1 protein expression in retina. HBGM-1 and RAGE expression in diabetic rat retina was significantly higher
than the control (P < 0.05), while TLR2 expression was lower (P < 0.05). TUNEL detection showed that diabetic rat
retinal cells presented obviously higher apoptosis rate (P < 0.05). Immunofluorescence test revealed that HMGB1
largely expressed in the diabetic rat retinal cells (P < 0.05). HMGB1 may involve in the pathogenesis of diabetic

retinopathy by binding with RAGE receptor to accelerate rat retinal cells apoptosis.
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Introduction

In 2011, there were 366 million people suf-
fered from diabetes worldwide. Chronic compli-
cations accounted for the main harm of diabe-
tes, while diabetic retinopathy (DR) was a com-
mon one and the first blinding eye disease. DR
prevalence in China reached 37% of the dia-
betic population [1]. Some reports suggested
that its prevalence can increase to 54% after
10-20 years. It is very difficult to reverse the
process once DR occurs. Though significant
progress had been reached on DR clinical pre-
vention and treatment in these decades, its
blindness rate did not decrease significantly.
Its control methods included candesartan inhi-
bition of DR, bevacizumab effectively reduce
the macular edema, and the improved vitrecto-

my technology [2]. This brought great pressure
and challenge to our health economy and peo-
ple’s quality of life. Recent reports suggested
that vitreous cavity injection of vascular endo-
thelial growth factor inhibitor can only prevent
retinal inflammation and neovascularization to
a certain extent [3]. It indicated that VEGF
blocker cannot inhibit inflammatory reaction
and neovascularization completely, and this
suggested that VEGF is not the only important
factor to promote angiogenesis in retinal tissue
and inflammatory mediator. High mobility group
box 1 protein (HMGB-1) is a kind of conserva-
tive nucleoprotein with relative molecular mass
only 25000. HMGB-1 would be released from
the nucleus passively under necrosis. Its
expression is low normally. However, HMGB-1
can be actively secreted by a variety of cells,
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Table 1. Primers used for RNA and cDNA

Gene Forward Reverse

B-Actin 5’-CGT AAA GAC CTC TAT GCC AA-3’ 5’-AGC CAT GCC AAA TGT GTC AT-3’

TNF-o 5’-CAA AAT TCG AGT GAC AAG CCT G-3’ 5’-GAG ATC CAT GCC GTT GGC-3’

VEGF 5’-AAC CAT GAA CTT TCT GCT CTC TTG-3’ 5’-GCC TGG CTC ACC GCCTTG GCT TGT C-3’
ICAM-1 5’-CCC TGT CAG TCC GGA AAT AA-3’ 5’-GAT GAC TTT TGA GGG GGA CA-3’

PLA2 5’-CAG AAU GCU UCC AAU CGU A-3’ 5’-CAG CAA GGA UCC UCG CUA U-3’

Table 2. General information analysis
Normal STZ-induced diabetic

Parameters (n = 48) rats (n = 48) P
Body weight (g) 428.4 £ 3.2 209+ 7.4 0.005
Eyeballweigt (mg/100g B.W) 35.2 +3.2 69.4 +6.2 0.03
Serum glucose (mg/dL) 118.3+5.2 521.6+3.1 0.02
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Figure 1. Represent the mRNA expression of HMGB1, PLA2, TNF-«, VEGF,
ICAM-1 from the retinal tissue of control and diabetic retinopathy rats.

Rats were used for all ex-
periments, and all procedures
were approved by the Animal
Ethics Committee of our ho-
spital.

Main reagents and instru-
ments

RNA extraction kit was bought
from Beijing Solarbio co., LTD.
Streptozotocin (STZ) was pur-
chased from Sigma. Sodium
citrate buffer and PBS were
from Wuhan Boster Company.
M-PER lysis was bought from
THERMO. Primary antibody for
HMGB-1, RAGE and TLR2
were got from R&D Company.
DAPI bought from Jiangsu Be-
yotime Biotechnology. SW-
CJ-2DF bechtop was provided
by Chongging Pharmaceutical

including monocytes, DC cells, NK cells, etc. Its
major receptor is receptor for advanced glyca-
tionend (RAGE) and toll-like receptor 2 (TLR2)
[4]. It could trigger inflammation occurrence
and neovascularization by binding with recep-
tors. The major pathological physiology of DR is
inflammatory formation and neovasculariza-
tion. Thus, it is necessary to clarify whether
HMGB-1 participated in DR to provide basis for
DR clinical prevention.

Materials and methods
Animals

96 SD rats weighted 200 + 20 g were pur-
chased from Nanchang University animal
experimental center. The rats were maintained
at temperature 24 + 3°C and standard relative
humidity, and fed by day and night alternation,
light and shade alternation.
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co., LTD. Inverted fluores-

cence microscope was from
Leica. HD3100 ultrasonic cell disruptor was
bought from Chongging Maike Science And
Technology Company.

Modeling and grouping

96 rats were randomly divided into control and
diabetes groups. The rats in diabetes group
received 60 mg/kg 2% STZ in 0.1 mol/L sodi-
um citrate buffer intraperitoneal vein injection
[5]. Urine glucose and blood glucose were test-
ed in modeling rats at 4 weeks after injection.
Modeling was evaluated success when urine
sugar values over (+++) and blood glucose con-
centration greater than 16.7 mmol/L [6].
Diabetes group rats kept the blood glucose
level within the requirement standards. Blood
glucose level was measured at 1%t, 2", 39 and
4" week. The rats in two groups were fed with
normal diet after successful modeling.

Int J Clin Exp Pathol 2015;8(6):6807-6813
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Figure 2. Protein expression of HMGB-1, RAGE, TLR2were measured by western blot assay. The results showed the
expression of HMGB-1, RAGE, TLR2 adjusted to that of beta-actin in the same sample and each experiment was
repeated 3 times with fresh samples. The value represented here as mean + SD of 48 rats in each group of the two
groups. N = Normal, Diab = diabetic rat. "P < 0.05 compared to normal.

RT-PCR

RT-PCR was performed to test gene expression
in the retina and the primers used were listed in
Table 1 [7]. Retinal cells were cracked with 500
ul TPK lysis buffer and homogenated for 30 s.
RNA was extracted according to the kit manual
and reverse transcripted to cDNA. RT-PCR was
applied on Rotor-Gene Q cycler.

Western blot

Rat’s retina was stripped from the eye and
washed by PBS. After 5 min centrifugation at
500x% g, the tissue was added with 400 pl CER
| reagent. Then the tissue was ultrasonicated
for 5 min and added with 22 pl precooled CER
Il. The cytoplasm protein was extracted after 5
min centrifugation at 12000x% g [8-11]. Western
blot was used to detect HMGB-1, RAGE, and
TLR2 expression, and ImagelLab software was
applied for calculation.

Immunofluorescence

Isolated retinal tissue was washed by PBS for 2
hours and fixed by methanol for 20 minutes.
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After 10 minutes of natural drying, the tissue
was incubated with primary antibody at 4°C
overnight and secondary antibody at 37°C less
than 1 hour [11]. Fluorescence microscope was
used for observation and photograph.

TUNEL detection

Integrate eyeball with 1-2 mm optic nerve was
extracted and fixed by 10% paraformaldehyde.
After ethanol dehydration step by step, xylene
transparency, and paraffin embedding, the tis-
sue was sliced at 4-5 ym thickness [12]. TUNEL
was detected according to the instrument after
10 minutes dewaxing and graded ethanol
hydration.

Statistical analysis

All statistical analyses were performed using
SPSS18.0 software (Chicago, IL). Numerical
data were presented as means and standard
deviation (+ SD). Differences between multiple
groups were analyzed using t-test. P < 0.05 was
considered as significant difference.

Int J Clin Exp Pathol 2015;8(6):6807-6813
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Figure 3. Apoptosis was detected in retinal tissues by TUNEL and DAPI staining. A. The retinal layer of control rats.
B. The retinal layer of STZ-induced diabetic retinopathy rats. The apoptotic cells of retinal ganglion were detected by
TUNEL (green), and the nuclei (blue) were stained with DAPI. Scale bar = 50 ym.

Results
General information

General information analysis showed that there
was significant difference in weight, blood glu-
cose, and eyeball weight between the two
groups (P < 0.05) (Table 2).

HMGB1, PLA2, TNF-a, VEGF, ICAM-1 gene ex-
pression

RT-PCR measurement showed that HMGB1,
PLA2, TNF-a, VEGF, ICAM-1 gene overexpressed
significantly in diabetes rats compared with
control. Of which, HMGB1 and PLA2 presented
the largest increase (> 4.6 fold), while TNF-q,
VEGF, ICAM-1 also rise over 2.4 times (Figure
1).
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HMGB1 and its receptors protein expression

Western blot was used to detect HMGB1 and
its receptors expression on retina. It was found
that HMGB1 and RAGE expression increased
obviously in diabetes rats (P < 0.05), while
TLR2 expression reduced significantly (P <
0.05) (Figure 2).

TUNEL detect retinal cells apoptosis

TUNEL detection revealed that diabetes rats
showed stronger retinal cells apoptosis than
control (Figure 3).

Immunofluorescence

As shown in Figure 4, retinal cells from diabe-
tes rat exhibited abundant HMGB1 compared
with control.

Int J Clin Exp Pathol 2015;8(6):6807-6813
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Figure 4. Represent the HMGB1 (red) and DAPI (blue) staining of retinal layer of control and STZ-induced diabetic
retinopathy rats. The high expression of HMGB1 was noted in diabetic retinopathy. Scale bar = 50 pm.

Discussion

DR is one of the most common microvascular
complications of diabetes. Its pathological
change includes neovascularization and inflam-
mation, which is a major cause of diabetic
patients’ visual loss [13]. DR occurrence and
development mechanism is quite complicated
and has not been fully understood. Previous
studies showed that VEGF, IGF-1 and TNF-« are
important stimulus [14]. Following the study
progression, the role of HMGB-1 protein in DR
development received more attention. HMGB-1
is a kind of highly conservative nucleus protein.
It was reported that multiple pathological stim-
ulus may cause HMGB-1 released out of the
cell in addition to necrosis. Related studies
showed that HMGB-1 can not only promote
infammatory reaction, but also can stimulate
neovascular formation [14, 15].

Our study found that HMGB1, PLA2, TNF-q,
VEGF, ICAM-1 gene overexpressed significantly
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in diabetes rats compared with control. Among
them, HMGB1 and PLA2 presented the largest
increase, while TNF-a, VEGF, ICAM-1 also rise
over 2.4 times. RT-PCR results revealed that
sustained high blood glucose may activate
HMGB1, PLA2, TNF-«, VEGF, and ICAM-1 gene
expression, and these genes has obvious cor-
relation with DR. Related research showed that
TNF-a can stimulate human retina barrier
directly through NF-kB signaling pathway. VEGF,
ICAM-1, PLA2 was thought to be associated
with neovascularization in DR, as they can stim-
ulate retinal vascular endothelial cell prolifera-
tion specifically [13-19]. This study observed
that retinal cells PLA2, TNF-a, VEGF, and ICAM-
1 gene expression increase participated in DR
development, which is likely to be associated
with sustained hyperglycemia state. Our
research also found that HMGB-1 overex-
pressed in the retinal cells of diabetic rats (6.1
times), suggesting that long-lasting hyperglyce-
mia can stimulate HMGB-1 gene expression
and HMGB-1 may participate in DR in rats.

Int J Clin Exp Pathol 2015;8(6):6807-6813
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Following immunofluorescence assay found
HMGB-1 protein highly expressed in diabetic
rats, and it was significantly higher than in the
control (P < 0.05). TUNEL assay showed that
retinal cells apoptosis rate increased markedly
(P < 0.05). Some studies suggested HMGB1
and ROS overexpressed in the retina under
acute ischemia-reperfusion injury [20-23]. Volz
HC found that though HMGB1 changed later in
DR rats compared with other inflammatory fac-
tors such as VEGF, its sustain time was longer
[16]. This suggested that HMGB1 protein may
be involved in the later phase of DR.

It was thought that HMGB-1 may participate in
inflammation and neovascularization in DR
through binding with receptor for advanced gly-
cationend (RAGE) and toll-like receptor 2 (TLR2)
[23-25]. However, our study found that TLR2
protein reduced obviously in diabetic rats, while
RAGE protein increased significantly. It sug-
gested that HMGB-1 may participate in DR
occurrence and development mainly through
RAGE.

To sum up, HMGB-1 may involve in DR through
binding with RAGE, and HMGB-1 content is pos-
itively correlated with retinal cells apoptosis.
Detecting HMGB-1 level and HMGB-1 target
therapy in clinic could help diabetes complica-
tions prediction and treatment.
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