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 Background: Diabetic retinopathy (DR) and diabetic optic neuropathy are important complications of diabetes mellitus (DM) 
which can lead to blindness in diabetic patients. Recent studies showed that chronic low-grade inflammation 
is thought to be one of the important pathophysiological mechanisms in the occurrence and development of 
DR and diabetes optic neuropathy. This study explored the expressions of inflammatory factors HMGB-1 and 
TLR9.

 Material/Methods: SD rats were randomly divided into a diabetic mellitus group and a control group. A DM rat model was pro-
duced by intraperitoneal injection of 1% STZ with 60 mg/Kg weight. At 4, 8, and 16 weeks after injection, the 
rats were sacrificed and eyeballs were enucleated for HE staining, immunohistochemistry, Western blot, and 
RT-PCR.

 Results: We found that, compared with the control group, levels of HMGB1 and TLR9 in retinas were significantly in-
creased in DM groups of different time courses. Furthermore, a significant correlation was found between 
HMGB1 and TLR9 (all P<0.05).

 Conclusions: Our results demonstrated that the HMGB1-TLR9 signaling pathway may be involved in the pathogenesis of di-
abetic retinopathy. Blockage of HMGB1 and/or TLR9 may represent a novel approach to treating diabetic reti-
nopathy and diabetic optic neuropathy.
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Background

Diabetic retinopathy (DR) is the main microvascular complication 
of diabetes mellitus (DM) and one of the leading causes of blind-
ness worldwide [1]. About one-third of individuals with diabetes 
have signs of retinopathy, and of these, one-third may have dia-
betic retinopathy and diabetic optic neuropathy [2]. It is important 
to understand the mechanism underlying pathological DR and 
diabetic optic neuropathy to identify new targets for treatment.

The basic pathological processes of DR and the diabetic optic 
neuropathy mechanism are still unclear, but chronic low-grade 
inflammation is thought to be one of the important pathophys-
iological mechanisms [3]. Damage to the retina and optic nerve 
mediated by abnormal activation of inflammation factors are 
important factors in the occurrence and development of DR [4].

HMGB1, also known as high mobility protein 1, is a late inflam-
matory factor. HMGB-1 protein is a nuclear DNA binding pro-
tein released passively from necrotic cells and actively from 
monocytes/macrophages and endothelial cells [5]. As a dam-
age-associated molecular pattern (DAMP), HMGB1 is involved 
in physiological and pathological processes through its recep-
tors, including the release of inflammatory cytokines, cell mi-
gration, and angiogenesis [6–8].

Research on HMGB1 receptors has mainly focused on TLR2, 
TLR4, and RAGE, but TLR9 has seldom been studied. This study 
explored the expressions of HMGB1 and TLR9 in the retinas 
of diabetic rats, and elucidated their possible roles in diabet-
ic retinopathy and diabetic optic neuropathy.

Material and Methods

Animal model

A total of 80 specific pathogen-free (SPF) grade, male SD 
rats, body weight 240–280 g were provided by the Animal 
Experimental Committee of Jinzhou Medical University (Liaoning 

Province, China). Rats were randomly assigned to the control 
group (n=20) and DM group (4, 8, and 16 weeks, n=20 in each 
subgroup). Rats in the DM group were intraperitoneally injected 
with 1% streptozotocin (STZ, Sigma, USA) at 60 mg/Kg, and rats 
in the control group were injected with an equivalent amount 
of citrate buffer solution. At 72 h after intraperitoneal injection, 
blood glucose was measured via the caudal vein using a blood 
glucose tester (Bayer). Blood glucose was measured monthly.

Reagents and instruments

Rabbit polyclonal antibody against HMGB1, mouse monoclo-
nal antibodies against TLR9, and b-actin were purchased from 
Abcam (UK). Streptozotocin (STZ) was purchased from Sigma 
(USA). All the other reagents were obtained from standard 
commercial suppliers unless otherwise noted.

HE staining

Circular shearing parallel to the direction of the corneal lim-
bus 0.5 mm behind the corneal limbus was performed to gen-
tly remove the lens and vitreum. The cupula oculi were fixed 
again, dehydrated, embedded with soft and hard paraffin, and 
successively cut into 5.0-um sections. The sections were con-
ventionally stained with HE, dehydrated, mounted, observed, 
and imaged under a light microscope.

Western blot analysis

Rat retinas were collected at different time points after STZ 
administration. For extraction of total cellular protein, tissues 
were lysed in RIPA buffer with PMSF. Protein concentration 
was quantified using the BCA kit (Pierce Biotechnology, Inc., 
Rockford, IL, USA). Proteins were separated and transferred to 
PVDF membranes. The membranes were incubated overnight 
at 4°C with the HMGB1, TLR9, and b-actin (1: 1000). Thereafter, 
the membranes were incubated with HRP-labeled anti-rabbit 
secondary antibodies (1: 1000) for 1 h at room temperature. 
The membrane was visualized by use of an enhanced chemilu-
minescence kit (Thermo Fisher Scientific Inc., Rockford, IL, USA).

Gene Primer sequences (5’-3’) Product length (bp) Temperature (°C)

HMGB1
F CGAATGTGTCTTTAGCTAGCCCTGT

71 64.0
R CAGACTGTACCAGGCAAGGTTAGTG

TLR9
F TGTTGCCTTTACTGCAGCATCTC

148 64.4
R CTCTGCGCCTTATCGAACACC

GAPDH
F GGCACAGTCAAGGCTGAGAATG

143 63.3
R ATGGTGGTGAAGACGCCAGTA

Table 1. Primers for reverse transcription-polymerase chain reaction.
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Gene expression analysis

For reverse transcription-polymerase chain reaction analy-
sis, RNA in the samples was extracted with TRIzol (Invitrogen, 
Carlsbad, CA, USA). Reverse transcription into cDNA with a 
reverse transcriptase kit (TaKaRa) was performed according 
to the manufacturer’s protocol. Primers were designed and 
purchased from TaKaRa Biotech Co., Ltd. (Dalian, China), and 
GAPDH was used as a normalizing control. The sequence of 

primers is shown in Table 1. We calculated the 2–DDCt to per-
form relative quantification of gene expression.

Statistical analysis

All quantitative data are presented as the mean ± standard 
deviation (c

_
±s). Data were analyzed using variance (ANOVA) 

by SPSS 20.0 statistical software. p<0.05 was considered as a 
significant difference.

Times (wk)
Body weight (g) Blood glucose (mmol/L)

Control DM Control DM

0  210.23±8.08  215.23±11.09  5.27±0.90  5.12±0.68

4  317.50±10.88  270.90±12.38*  4.52±0.68  20.56±0.64*

8  420.50±25.98  280.55±32.34*  5.51±0.57  21.07±2.26*

16  458.62±15.74  316.77±12.65*  4.97±0.71  21.10±0.81*

Table 2. Body weight and blood glucose at different time points.

* p<0.05 compared with the control group.

A

C

B

D

Figure 1.  Histopathological examination of the retina. (A) Normal retina in the control group; (B) DM 4 wk; (C) DM 8 wk; (D) DM 16 wk. 
(HE ×400).
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Results

Animal model

There was no significant difference in body weight and blood 
glucose between the control group and DM group at baseline 
(p>0.05). At 72 h after STZ intraperitoneal injection, blood glu-
cose was significantly increased to >16.7 mmol/L, suggesting 
a DM model success rate of up to 100%. In the experimental 
period, the weights of rats in the DM group were lower than 
in the control group (t=6.532, 7.812, 13.863, all p<0.05), but 
the blood glucose levels were much higher than in the con-
trol group (t= 20.253, 27.786, 21.003, all p<0.05). The details 
of body weight and blood glucose of different time points in 
the 2 groups are shown in Table 2.

HE staining of retinal sections

In the control group, the retina had a smooth surface, as well 
as neatly arranged retinal ganglion cells (RGCs) and inner 
and outer nuclear layers. In the DM group, the retinas had no 

significant morphological changes at 4 week. With the exten-
sion of the diabetes course, the arrangement retina cells be-
came disordered and there were microvascular expansion and 
microvascular lesions. At 16 weeks, the arrangement of ret-
inal ganglion cells was completely disordered, and the capil-
lary endothelial cells were observed to protrude through the 
inner limiting membranes (Figure 1).

Immunohistochemical staining result

Little positive expression of HMGB1 and TLR9 was detected 
in the control group. Positive expressions of HMGB1 and TLR9 
were observed in the RGCs layer and inner nuclear layer. The 
positive expression was mainly located in the nucleus of the 
retina, and was stained pale brown-yellow. At ³4 week, HMGB1 
and TLR9 expression was strongly detected in the RGCs layer, 
inner nuclear layer, and outer nuclear layer. Compared with the 
control group, the optical density values of HMGB1 and TLR9 
positive cells in the retina of the DM group were significant-
ly increased at various time points (p<0.05). Detailed data are 
shown in Figure 2 and Table 3.

A

C

B

D

Figure 2.  Immunohistochemical staining of HMGB1 protein in rat retinas. (A) Control group; (B) DM4 wk group; (C) DM 8 wk group; 
(D) DM 16 wk group (×400).
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Evaluation of protein levels in retinal tissue

The protein levels were detected and quantified by Western 
blot in retinal tissues of the DM group and control group. We 
observed significantly elevated levels of HMGB1 and TLR9 in 
retinas of the DM group compared with the control group. 
Moreover, this rise showed obvious time dependence. The de-
tailed data are shown in Figures 3 and 4. To determine whether 
they were correlated, we performed Pearson correlation anal-
ysis. By Pearson correlation analysis, r=0.991, P<0.05, the re-
sults showed that the expressions of HMGB1 and TLR9 were 
significantly positively correlated (Figure 5).

Evaluation of mRNA levels in retinal tissue

The mRNA levels of HMGB1 and TLR9 in retinal tissues were 
evaluated by RT-PCR. Interestingly, similar to the results ob-
tained in the protein expression study, HMGB1 (+158%, +209%, 
and +257%) and TLR9 (+135%, +156%, and +189%) expression 
was increased in the DM group at different time points com-
pared with the control group (all p<0.05) (Figure 6).

A

C
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D

Figure 3.  Immunohistochemical staining of TLR9 protein in the rat retinas. (A) Control group; (B) DM 4 wk group; (C) DM 8 wk group; 
(D) DM 16 wk group (×400).

N DM 4W DM 8W DM 16W

HMGB1  0.1037±0.0011  0.1342±0.0023*  0.1487±0.0051*  0.1837±0.0034*

TLR9  0.0983±0.0023  0.1350±0.0074*  0.1563±0.0048*  0.1768±0.0022*

Table 3. The optical density values of HMGB1 and TLR9 in retinal sections.

* p<0.05 compared with the control group.
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Discussion

HMGB1 is a nonhistone DNA-binding protein and serves as a 
structural component to facilitate the assembly of nucleoprotein 
complexes in the nucleus. Chromatin-associated HMGB1 plays 
multiple roles in the regulation of genome replication, recombi-
nation, mRNA transcription, and DNA repair [9–11]. HMGB1 is 
highly conserved in all mammals and is expressed consistently 
in the nucleus of almost all cell types examined [12]. It serves 
as a damage-associated molecular pattern (DAMP) and medi-
ates various physical or pathological processes, including in-
flammatory cytokine release, cell migration, and angiogenesis, 
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Figure 4.  HMGB1 and TLR9 protein expression in rat retinas by Western blot. (A) HMGB1 protein expression in retinal tissues of 
different groups. (A) Western blot assay for HMGB1; (B) Histogram of HMGB1 protein expression in each group; (C) Western 
blot assay for TLR9; (D) Histogram of TLR9 protein expression in each group. * Compared with control group, p<0.05.

3

2

1

0

HMGB1

Re
lat

ive
 m

RN
A e

xp
res

sio
n (

%
 of

 co
nt

ro
l g

ro
up

)

N 4 W 8 W 16 W

2.5

2.0

1.5

1.0

0.5

0.0

TLR 9

Re
lat

ive
 m

RN
A e

xp
res

sio
n (

%
 of

 co
nt

ro
l g

ro
up

)

N 4 W 8 W 16 W

A B

Figure 5.  HMGB1 and TLR9 mRNA expression of DM group and control group. (A) Histogram of HMGB1 mRNA expression in each 
group. (B) Histogram of TLR9 mRNA expression in each group. * Compared with control group, p<0.05.

mainly through TLR2, TLR4, and RAGE [13–15]. Thus, it has been 
demonstrated to be a late mediator of infection involved in the 
pathogenesis of autoimmunity [16], cancer [17], trauma [18], 
and IR injury [19]. Indeed, as a DAMP molecule, HMGB1 is re-
ceiving increasing DR research attention [20]. Although high-
er levels of HMGB1 were observed in a previous study [21], 
the specific mechanism has remained unclear.

Our study found that the expressions of HMGB1 protein were 
significantly increased in a significantly time-dependent man-
ner in the DM groups. Yao Yu et al. found that HMGB1 is in-
volved in DR through binding with RAGE, and HMGB1 content 
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is positively correlated with retinal cell apoptosis [22]. Fu D and 
Tian X showed that HMGB1 and VEGFA level were positively 
associated in diabetic patients, and they demonstrated that 
HMGB1 and VEGFA are key players in the ability to suppress 
cell viability and induce apoptosis, which shows that HMGB1 
might be useful as a biomarker of DR [23]. Zhao et al. found 
that as a therapeutic target, HMGB1 can inhibit inflammation 
and promote RGCs survival to delay DR progression [24]. All of 
the above results indicate that HMGB1 promotes the develop-
ment and progression of diabetic retinopathy and the forma-
tion of retinal neovascularization, which is similar to the results 
of our study. In addition, we also detected the mRNA expres-
sion of HMGB1. To our surprise, the expression of mRNA was 
completely consistent with the results of protein expression. 
Moreover, the increase in mRNA showed a significant time de-
pendence. The results above show that the HMGB1 expres-
sion is significantly increased in both gene transcription and 
protein synthesis.

The specific mechanism by which HMGB1 leads to DR has been 
unclear, so we detected the expression of TLR9. TLR9 is a mem-
ber of the Toll-like receptor family, which are major contribu-
tors to the innate immune system and mediate inflammatory 
responses against infectious and noninfectious pathogens by 
recognizing structures conserved among pathogen-associat-
ed molecular patterns (PAMP) and damage-associated molecu-
lar patterns (DAMP). Previous studies had shown that HMGB1 
via TLR9 can lead to the occurrence of hepatocellular carci-
noma [25], vascular injury [26], and autoimmune pathogene-
sis [27]. However, the role of TLR9 in DR has not been investi-
gated. Therefore, we also detected the expression of TLR9 in 
our study. The results showed that the expression of TLR9 was 
gradually increased in a time-dependent manner, which was 
positively correlated with the expression of HMGB1. Our study 
results suggest that HMGB1 may exert its function through 
the TLR9 signaling pathway in the occurrence and develop-
ment of diabetic retinopathy and diabetic optic neuropathy.

Conclusions

The present study confirms that HMGB1 and TLR9 play im-
portant roles in the occurrence and development of diabetic 
retinopathy and diabetic optic neuropathy. Research on the 
relationship between HMGB1 and TLR9 is relatively new, and 
further exploration is needed. Studying the relationship be-
tween HMGB1 and TLR9 and use of HMGB1 and/or TLR9 in-
hibitors can provide new strategies for DR prevention and 
treatment. HMGB1 serves as an endogenous mediator of in-
flammation via the TLR9 pathway in response to diabetic ret-
inopathy and diabetic optic neuropathy. Blockage of HMGB1 
and/or TLR9 may be a novel approach to treating diabetic ret-
inopathy and diabetic optic neuropathy.
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Figure 6.  Correlation analysis chart between HMGB1 and TLR9. 
The value of p is 0.042, the value of r is 0.991. There 
was a significant positive correlation between HMGB1 
and TLR9.
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