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Abstract: Diabetic retinopathy (DR) remains a prevalent complication of diabetes and one of the leading causes of 
blindness among working-age adults. However, the detailed molecular mechanism of the development of DR was 
still unclear by now. HMGB1 is a non-histone DNA-binding protein and serves as a structural component to facilitate 
the assembly of nucleoprotein complexes in the nucleus. In the present study, we examined the serum level of 
HMGB1 and VEGFA in the DR patients. Besides, we also detect the association between HMGB1 and VEGFA level. 
In the advanced in-vitro study, we detect the protective effect of HMGB1 on the RPE cells in high glucose condition. 
In this study, we demonstrated that HMGB1 and VEGFA expressions were upregulated in serum samples of DR 
patients. Advanced analysis showed that HMGB1 and VEGFA level was positively associated. In the in-vitro study, it 
was found that up-regulation of HMGB1 inhibited the RPE cell viability and induce the apoptosis. Besides, HMGB1 
treatment would up-regulate the expression of VEGFA in the RPE cells in high glucose condition. In conclusion, we 
have demonstrated that HMGB1 and VEGFA are key players in the ability to suppress cell viability and induce apop-
tosis. The result of this current experiments shed light into the mechanism by which HMGB1 works. Besides, we also 
present the data of case control study data, our results showed that HMGB1 might be used as biomarkers of DR.
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Introduction

Diabetes mellitus (DM) is one of the most fre-
quent chronic diseases, causing a high rate of 
morbidity and contributing to elevated rates of 
mortality [1]. As a global concern, DM affected 
over 360 million individuals worldwide [2]. This 
number of DM patients is expected to exceed 
half a billion by 2030. The main causes of mor-
bidity were long-term microangiopathy compli-
cations of diabetes, which affects various or- 
gans and contributes to diseases such as dia-
betic retinopathy (DR), neuropathy, and neph- 
ropathy [3]. DR remains a prevalent complica-
tion of diabetes and one of the leading causes 
of blindness among working-age adults [4]. 
Although the major risk factors for DR (hyper-
glycemia, hypertension and dyslipidemia) have 
been examined in different epidemiologic stud-
ies and clinical trials, there is considerable vari-
ation in the consistency, pattern, and strength 
of these risk factors [5]. However, the detailed 
molecular mechanism of the development of 
DR was still unclear by now.

Nowadays the development of DR is believed  
to be the result of multiple factors synergies, 
mainly based on cellular apoptosis, non-alde-
hyde glycosylation of protein, free radicals and 
abnormal growth factor expression [6]. HMGB1 
is a non-histone DNA-binding protein and 
serves as a structural component to facilitate 
the assembly of nucleoprotein complexes in the 
nucleus [7]. Chromatin-associated HMGB1 pla- 
ys multiple roles in the regulation of genome 
replication, recombination, mRNA transcription, 
and DNA repair [8]. Besides, HMGBI, as a late 
inflammatory mediator, could directly stimulate 
the body’s innate immune response and the 
adaptive immune response [9]. The abnormal 
expression of HMGB1 can activate the release 
of other cytokines, breaking proinflammatory 
cytokines and body balance between anti-
inflammatory cytokines, resulting in the occur-
rence and development of various autoimmune 
diseases.

Numerous biochemical changes have been 
observed in the vascular tissue of the retina, 
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which are believed to be involved in diabetic 
retinopathy. Especially, vascular endothelial 
growth factor (VEGF) can trigger many of the 
retinal vascular changes caused by diabetes 
[10], including leukocyte adhesion to retinal 
capillaries and vascular leakage. VEGF was the 
crucial regulator of vasculogenesis, angiogene-
sis, lymphangiogenesis and vascular permea-
bility in vertebrates. Extracellular HMGB1 func-
tioned as a proinflammatory cytokine and 
exhibited antigenic effects [11]. HMGB1 was 
also reported to be associated with the up-reg-
ulation of VEGF. A study by Li et al showed that 
that HMGB1 upregulated VEGF mRNA and pro-
tein in a dose-dependent manner in HCT116 
cells, and that this was mediated via NF-κB in 
an in-vitro study [12]. Another study was con-
ducted by Park showed that HMGB1 could stim-
ulate expression of vascular endothelial growth 
factor (VEGF) and inhibition of HIF-1α attenuat-
ed HMGB1-induced VEGF [13].

HMGB1 signals through the receptor for ad- 
vanced glycation end products (RAGE), a mem-
ber of the immunoglobulin superfamily of re- 
ceptors, leading to activation of the transcrip-
tion factor nuclear factor κB (NF-κB), and induc-
es the expression of various leukocyte adhe-
sion molecules and pro-inflammatory cytokines 
and chemokines Up-regulation of HMGB1 gene 
expression and protein activity in the retinal 
and vitreous samples were found in cases of 
DR [14, 15]. Furthermore, it was demonstrated 
that diabetes induced significant upregula- 
tion of the expression of HMGB1 and RAGE in 
the retinas of rats and mice and that intravitre-
al administration of HMGB1 to normal rats 

Study population

This is a case-control study with 60 DR cases 
and 65 age and gender matched DM controls. 
Serum samples were obtained from all partici-
pants from January 2014 to December 2014 at 
the Department of Ophthalmology, Xiehe Hos- 
pital of Fujian Medical University. The design 
and conduction of this study was approved by 
the Ethics Committee of Xiehe Hospital of 
Fujian Medical University. Clinical examinations 
were performed according to the principles in 
the Declaration of Helsinki. Additionally, serum 
samples of the all the cases. Written informed 
consents were obtained from all the partici-
pants before starting the study. As well, the 
data obtained from hematological and clinical 
examinations used for research purpose were 
also reported.

Detection of serum VEGF and HMGB1

Clinical venous blood samples of all partici-
pants were collected using the blood collection 
system. Venous blood was centrifuged for 10 
min at 1700 × g and then the serum were iso-
lated. The serum samples were stored frozen at 
-80°C until use. The concentrations of HMGB1 
and VEGFA in each serum samples were deter-
mined using HMGB1 and VEGFA ELISA kit 
(Hamburg, Germany). The plate readings were 
done using FLUOstar Omega-Miroplate reader 
from BMG Labtech, Offenburg, Germany.

Besides, a series of biochemical indexes, in- 
cluding total cholesterol, LDL-cholesterol and 
HDL-cholesterol, were measured in this study. 

Table 1. Characteristic of diabetes patients included in this study

Characters Total  
(N = 125)

With DR  
(N = 60)

Without DR 
(N = 65) P

Age (year) 59.1±9.8 60.6±10.6 58.3±8.7 0.186
Male 67 33 34 0.859
Diabetes duration (years) 8.2±2.8 10.3±2.9 6.6±2.3 < 0.001
Insulin use 57 35 22 0.007
Hypoglycemic agents use 123 60 63 0.497
Ever Smoking 57 28 29 0.859
Current alcohol intake 34 15 19 0.689
HbA1c (%) 8.1±1.6 9.2±1.8 7.4±1.5 < 0.001
Total cholesterol (mmol/L) 98.3±16.6 101.3±17.2 95±14.9 0.032
LDL-cholesterol (mmol/L) 2.7±0.8 2.8±0.8 2.6±0.7 0.128
HDL-cholesterol (mmol/L) 1.7±0.7 1.6±0.6 1.8±0.7 0.119
HMGB1 (ng/mL) 3.9±0.7 5.8±0.8 2.1±0.4 < 0.001
VEGFA (ng/mL) 818.8±112.5 1109.1±119.2 493.1±108.7 < 0.001

induced activation of in- 
flammatory signaling pa- 
thways in the retina and 
increased retinal vascular 
permeability [16]. In the 
present study, we exam-
ined the serum level of 
HMGB1 and VEGFA in the 
DR patients. Besides, we 
also detect the associa-
tion between HMGB1 and 
VEGFA level. In the ad- 
vanced in-vitro study, we 
detect the protective ef- 
fect of HMGB1 on the RPE 
cells in high glucose con- 
dition.

Materials and methods
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All the analyses were sent to the Inspection 
department of the Xiehe Hospital of Fujian 
Medical University. Serum levels of total cho-
lesterol, LDL-cholesterol and HDL-cholesterol 
were measured by the related kit (Roche). All 
the procedures were performed according to 
the manufacturer’s instructions. All samples 
were assayed in duplicate and mean values 
was used for the analysis.

Cell culture and in-vitro model

Human retinal pigment epithelium cell line 
(ARPE-19) was purchased from American Type 
Culture Collection (ATCC, Manassas, VA) and 
cells at 6 to 9 passages were used in this study. 
The cells were cultured in Dulbecco’s Modified 
Eagle Medium (DMEM; Gibco, Grand Island, 
NY) and supplemented with 10% fetal bovine 
serum (Sigma, St. Louis, MO, USA) and a 1% 
antibiotic antimycotic solution containing 1×104 
units penicillin, 10 mg streptomycin at 37°C in 
a humidified atmosphere of 5% CO2 95% air. For 
the in-vitro cell model, the ARPE-19 cells incu-
bated in the presence of high glucose (5.5 g/L) 
culture condition for 24 hours were used as 
high-glucose cellular model. All the treatments 
were based on the in-vitro model described 
above.

Cell viability

The cellular viability was detected by MTT 
assay. The ARPE-19 cells in each group was 
treated with 20 μL of sterile MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 
dye (Sigma-Aldrich, St. Louis, MO, USA) was 
added and incubated for another 4 h at 37°C. 
Then, 150 μL of dimethyl sulfoxide (DMSO) was 

added to each well and the plates were thor-
oughly mixed for 10 min. Spectrometric absor-
bance at a wavelength of 492 nm was mea-
sured on an enzyme immunoassay analyzer 
(model 680; Bio-Rad Laboratories, Hercules, 
CA, USA).

Apoptosis assay

To assess the apoptotic rate of ARPE-19 cells in 
each group, the cells were collected, rinsed and 
fixed overnight in 75% cold ethanol at -20°C. 
Then, cells were treated with Tris-HCl buffer (pH 
7.4) supplemented with 100 lg/mL RNase A 
and stained with 25 lg/mL propidium iodide 
(BD Biosciences, San Diego, CA). The apoptotic 
rates were analyzed with flow cytometry (Flow-
Count, Beckman Coulter, CA, USA) using the 
Annexin V-Fluorescein isothiocyanate (FITC)/
Propidium iodide (PI) kit (Roche, Penzberg, 
Germany). All the operations were performed 
according to the manufacturers. All data were 
collected, stored, and analyzed by ModFit 
software.

Western blot analysis

Cells or tissues were harvested and lysed with 
ice-cold lysis buffer (50 mM Tris-HCl, pH 6.8, 
100 mM 2-ME, 2% SDS, 10% glycerol). After 
centrifugation at 20000× g for 10 min at 4°C, 
proteins in the supernatants were quantified 
and separated by 10% SDS PAGE, transferred 
to NC membrane (Amersham Bioscience, Bu- 
ckinghamshire, U.K.). Equal amount of pro- 
tein (50 μg) were separated by SDS PAGE. The 
blots were then developed with SuperSig- 
nal-enhanced chemiluminescent substrate so- 
lution (Pierce Chemical Company, Rockford, 

Figure 1. Expression of HMGB1 and VEGFA in serum in DR cases. A. Expression of HMGB1 in control, NPDR and 
PDR. B. Expression of VEGFA in control, NPDR and PDR.
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USA). The primary antibody against VEGFA and 
α-actin (Santa Cruz, USA) were used in this 
study.

Statistical analysis

Data are expressed as the mean ± SD from at 
least three separate experiments. Differences 
between groups were analyzed using Student’s 
t-test. All statistical analyses were performed 
using SPSS 16.0 software (SPSS, Chicago, IL). 
Differences were considered significant if P < 
0.05. All experiments were performed in tripli-
cate and repeated at least three times.

Results

Characteristic of diabetes patients included in 
this study.

To detect the serum characters of the patients 
with and without DR, a total of 125 DM cases 
were included in this study. Among all the DM 
cases, a total of 60 DR patients were included. 
There were no significant differences between 
the age, gender, hypoglycemic agents use, 
smoking status and alcohol intake between 
patients with and without DR. However, the 
patients with DR showed a significant rate of 

insulin use, longer DM duration, higher HbA1c 
rate and total cholesterol contents. We also 
detect the levels of HMGB1 and VEGFA in all the 
DM cases. From the expression data, we found 
that HMGB1 and VEGFA were higher in the DR 
cases (HMGB1, 5.8±0.8 ng/mL vs 2.1±0.4 ng/
mL, P < 0.001; VEGFA, 1109.1±119.2 ng/mL 
vs 493.1±108.7 ng/mL, P < 0.001). The deta- 
iled data were presented in Table 1.

Serum HMGB1 and VEGFA in DR cases

We found serum HMGB1 and VEGFA were high-
er in the patients with DR. In the In advance, we 
detect the expression of HMGB1 and VEGFA in 
DR cases in different group. It was found that 
the HMGB1 was high in both PDR and NPDR 
group compared with the control group. Be- 
sides, the HMGB1 was higher in the PDR group. 
Besides, the serum VEGFA was also higher in 
both PDR and NPDR group compared with the 
controls and PDR group demonstrated a higher 
expression level (Figure 1).

Besides, we also conducted advanced studies 
to detect the possible relationship between the 
serum HMGB1 and VEGFA level in the DR cases. 
Both the PDR and NPDR samples were used in 
the detection of relationship between serum 
HMGB1 and VEGFA level. In the pearson corre-
lation analyses, a significant association was 
detected (P < 0.001, R = 0.748). The scatter-
plot and trend line (in red) were presented in 
Figure 2.

The effects of HMGB1 on cell viability

In order to assess the effects of HMGB1 on 
ARPE-19 cell viability in high glucose condition, 
different concentrations of HMGB1 were adopt-
ed to test the cell viability of ARPE-19 cells. 
Ectogenic HMGB1 was used to treat with ARPE-
19 cells at the concentrations of 1, 10, 100 
and 1000 ng/mL for 72 hours. Cell viability was 
measured by MTT assay. Compared to negative 
control, HMGB1 significantly inhibited the 
growth of ARPE-19 cells in concentrations of 
100 and 1000 ng/mL (P < 0.001) (Figure 3).

HMGB1 induced apoptosis in ARPE-19 cells

We further investigated the effect of HMGB1  
on apoptosis by flow cytometry. ARPE-19 cells 
in high glucose were treated with 100 ng/mL 
and 1000 ng/mL of HMGB1 for 72 hours. Flow 
cytometry analysis demonstrated that the  

Figure 2. The association between HMGB1 and VEG-
FA in serum of DR cases.

Figure 3. The effect of HMGB1 on the ARPE-19 cells.
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percentage of apoptosis (100 ng/mL HMGB1, 
16.3%±2.2% and 1000 ng/mL HMGB1, 
35.6%±7.6%) in ARPE-19 cells treated with 
HMB1 were significantly higher than the control 
group (5.3%±1.1%). These results suggested 
that HMGB1 could act as an apoptosis inducer 
in ARPE-19 cells in vitro (Figure 4).

HMGB1 positively regulated VEGFA protein 
expression

VEGFA protein expressions were measured by 
western blotting. In HMGB1 treated ARPE-19 
cells in high glucose condition, the VEGFA pro-

tein expressions were significantly decreas- 
ed compared with control group. Besides, high-
er concentrations (1000 ng/mL HMGB1) of 
HMGB1 induced a higher level of VEGFA than 
the lower HMGB1 (100 ng/mL HMGB1). Gra- 
yscale analysis showed that VEGFA protein 
expression was induced after treated with the 
HMGB1 (Figure 5).

Discussion

In this study, we demonstrated that HMGB1 
and VEGFA expressions were upregulated in 
serum samples of DR patients. Advanced anal-

Figure 4. Modulation of apoptosis of RPE cells in high glucose by HMGB1. A. Control group. B. 100 ng/mL HMGB1; 
C. 1000 ng/mL HMGB1; D. The histogram of the above data.
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ysis showed that HMGB1 and VEGFA level was 
positively associated. In the in-vitro study, it 
was found that up-regulation of HMGB1 inhib-
ited the RPE cell viability and induce the apop-
tosis. Besides, HMGB1 treatment would up-
regulate the expression of VEGFA in the RPE 
cells in high glucose condition.

Previous studies have demonstrated the abnor-
mal expression of HMGB1 in DR retina and vit-
reous body. As indicated in a previous study, 
the expression of HMGB1 is upregulated in 
epiretinal membranes and vitreous fluid from 
patients with proliferative diabetic retinopathy 
and in the diabetic retina [17]. Another study 
was conducted to determine the levels of the 
angiogenic and fibrogenic factors osteopontin 
(OPN), HMGB1, and connective tissue growth 
factor (CTGF) and the antiangiogenic and antifi-
brogenic pigment epithelium-derived factor 
(PEDF) in the vitreous fluid from patients with 
PDR and rhegmatogenous retinal detachment 
with no PDR [18]. Diabetes and intravitreal 
administration of HMGB1 induced significant 
upregulation of the expression of HMGB1, 
TBARS, and cleaved caspase-3, whereas the 
expression of BDNF and synaptophysin was sig-
nificantly downregulated in rat retinas [19]. An 
study based on the rat animal showed that 
mean HMGB1 levels in PDR patients with hem-
orrhage were significantly higher than those in 
PDR patients without hemorrhage and nondia-
betic patients (P = 0.0111). There were signifi-
cant correlations between levels of HMGB1 
and levels of MCP-1 (r = 0.333, P = 0.025) and 
sICAM-1 (r = 0.548, P < 0.001). HMGB1 expres-
sion was also upregulated in the retinas of dia-

betic mice [20]. In our study, we found HMGB1 
and VEGFA expressions were upregulated in 
serum samples of DR patients. Advanced anal-
ysis showed that HMGB1 and VEGFA level was 
positively associated. Different from the previ-
ous study, we analyzed the data from serum 
samples of DR cases. Compared with the tis-
sue sample, the data in serum sample showed 
more significant convenience in the application 
as biomarkers [21]. However, the application of 
serum HMGB1 as diagnostic and prognostic 
biomarkers for DR still needs to be tested by 
more well-designed and large-sample studies.

HMGB1 plays multiple roles in the regulation  
of genome replication, recombination, mRNA 
transcription, and DNA repair. In general, 
HMGB1 was reported to mediate inflammation, 
breakdown of the blood-retinal barrier and 
apoptosis in the diabetic retina [15]. Diabetes 
and intravitreal injection of HMGB1 in normal 
rats induced significant upregulation of the 
mRNA levels of the chemokine stromal cell-
derived factor-1 (SDF-1/CXCL12) receptor 
CXCR4 and protein levels of hypoxia-inducible 
factor-1α, early growth response-1, tyrosine 
kinase 2 and the CXCL12/CXCR4 chemokine 
axis. Constant glycyrrhizin intake from onset of 
diabetes did not affect the metabolic status of 
the diabetic rats, but it restored these increased 
mediators to control values. Besides, HMGB1 
is an architectural chromatin-binding protein 
that can be released actively by activated cells 
or passively by dying cells and can serve as a 
DAMP molecule to drive the pathogenesis of 
inflammatory and angiogenic diseases. Through 
TLR4 and RAGE signaling pathways, HMGB1 
could regulate vascular growth in vivo and in 
vitro through diverse mechanisms, including 
induction of proangiogenic cytokine release 
and activation of ECs, macrophages, EPCs, and 
mesoangioblasts, all of which could contribute 
to vessel formation [22]. In our study, we found 
that HMGB1 could inhibit the RPE cell viability 
and induce the apoptosis. Advanced study 
showed that the effect of HMGB1 might though 
induction of VEGFA.

In conclusion, given the increasing understand-
ing of HMGB1 expression have potent role in 
the development of DR, it is important to better 
understand the mechanisms. Here, we have 
demonstrated that HMGB1 and VEGFA are key 
players in the ability to suppress cell viability 
and induce apoptosis. The result of this current 
experiments shed light into the mechanism by 

Figure 5. Effect of HMGB1 on the expression of VEG-
FA on RPE cells in high glucose.
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which HMGB1 works. Besides, we also present 
the data of case control study data, our results 
showed that HMGB1 might be used as biomark-
ers of DR.
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