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Abstract
Objective: To investigate the effects of Hypoxia Inducible Factor-1 alpha (HIF-1α) and Vascular
Endothelial Growth Factor (VEGF) on wound healing of diabetic mice.
Methods: Streptozotocin (STZ) was used to induce establishing wound healing model group of type 1
diabetic mouse in the experiment. The protein expression of HIF-1α and VEGF at different time point
were measured in the wound healing model group of type-I diabetic mouse and normal control group by
use of Western blotting and then relative mRNA expression quantity of HIF-1α and VEGF were
determined with relative quantitative method.
Results: Before the operation, the difference between the diabetic model group and the normal control
group in HIF-1α and VEGF expression as well as the relative expression quantity of mRNA was not
statistically significant (P>0.05). At the fifth day of finishing operation, compared with the preoperative
level the protein expression levels of HIF-1α and VEGF increased in the normal control group (P<0.05)
and decreased in the diabetic model group (P<0.05) and the relative expression quantity of HIF-1α and
VEGF mRNA in the normal control group was obviously higher that in the diabetic model group
(P<0.05).
Conclusion: HIF-1α and VEGF play important roles in diabetic wound healing and the decrease of their
expression level may lead to lack of angiogenesis, which will delay the healing of diabetic wound.
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Introduction

Materials and Methods

Diabetic wounds are easy to become protracted course of
disease with repeated-onset in clinical trials. It will develop
into refractory skin diseases and ulcers and the patients may be
faced with the risk of amputation [1]. How to effectively treat
the diabetic wound is one of the biggest challenges in current
clinical practices. Relevant data showed that an important
pathological mechanism of difficult diabetic wound healing is
the disorder or delay in local angiogenesis of the wound [2].
HIF-1α is an important nuclear transcription factor and plays a
very important role in wound healing through their active
participation in a variety of pathological and physiological
process of energy metabolism and angiogenesis [3,4]. On the
other hand, Vascular Endothelial Growth Factor (VEGF) can
induce angiogenesis and promote revascularization in vivo [5].
At present, there are few reports about the expression as well
as role of HIF-1α and VEGF in the repair of diabetic skin
wound. The study was aimed to investigate the expression of
HIF-1α and VEGF at different time points of mice in the
diabetic model group and normal control group and to explore
its role in the mechanism of diabetic wound healing.

The study objects were a total of 20 male Kunming mice
weighed about 25-30 g and provided by Laboratory Animal
Center of our Hospital. Streptozotocin (STZ) (Beijing Solarbio
Technology Co., Ltd.) blood glucose meter (Beijing Yicheng
Limited by Share Ltd.), gel imager (Beijing Saizhi Startup
Science and Technology Co., Ltd.) total RNA Extraction
Reagent (Guangzhou Nucrel Biotechnology Co., Ltd.),
ultraviolet spectrophotometer (Beijing Chang Department of
Instrument Automation Technology Co., Ltd.), Real-Time
Fluorescent Quantitative PCR instrument (Xi’an Tianlong
Science and Technology Co., Ltd.), mouse anti-human HIF-1α
polyclonal antibody (alpha Shanghai Rong Wei of Industrial
Co., Ltd.), mouse anti human VEGF polyclonal antibody
(Jiangsu Champrosay Biotechnology Co., Ltd.), mouse anti
human β-actin polyclonal antibody (Beijing Huaxia Ocean
Technology Co., Ltd.), total protein extracting kit (Shanghai
Chunshi Biological Technology Co., Ltd.). PCR primers of
HIF-1, VEGF and beta-actin were obtained from Shanghai
Biotechnology Co., Ltd.
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Methods
The study objects were divided into diabetic model group and
normal control group with 15 mice in each group.
Establishment of the diabetic model group: an intra-peritoneal
injection of 45 mg/kg STZ was performed in 10 mice for
constant 5 days, at the fifth day of finishing injection, the mice
were in the fasted 10 h, cannot help but water. Tail vein blood
of mice was taken followed by the measurement of fasting
blood glucose with a blood glucose meter. If the level of
fasting blood sugar was greater than 11.1 mmol/L, the mice
with polydipsia, polyphagia and polyuria were included in the
diabetic model group. Two-months after the model
establishment, intra-peritoneal anaesthesia were performed in
the mice to cut the skin tissue of size 1 cm × 1 cm on the back.
Establishment of the normal control group: An
intraperitoneal injection of 45 mg/kg saline was performed in
10 mice for constant 5 d, at the fifth day of finishing injection,
the mice were in the fasted 10 h, cannot help but water. Two
months after establishing the control model, intraperitoneal
anesthesia was performed in the mice to cut the skin tissue of
size 1 cm × 1 cm on the back.
Wound tissues of 5 mice were collected from each group at the
time of respectively before operation and at the fifth day of
wound treatment. The protein expression of HIF-1α and VEGF
at different time point was measured in the two groups by use
of Western blotting and the relative mRNA expression quantity
of HIF-1α and VEGF relative quantitative method. The
determination of HIF-1 and VEGF protein expression by
Western blotting. The total protein in the skin tissue of mice
was extracted with conventional method. Proteins and standard
proteins of each group were collected and transferred to
nitrocellulose film after SDS-PAGE electrophoresis with a
blocking time of 1 h in sealing fluid at 37°C followed by the
addition of the mouse anti-human HIF-1α polyclonal antibody
(concentration 1:1000), mouse anti human VEGF polyclonal
antibody (concentration 1:1000) and sheep anti rabbit IgG
second antibody (concentration 1:15000). The nitrocellulose
membrane was mixed with the Super signal substrate for 2 min
and then exposed to the X-ray film in the darkroom after color
development followed by the scanning and observation with a
gel imager. Measurement of relative expression quantity of
HIF-1 and VEGF mRNA by qRT-PCR relative quantitative
method skin tissues of the experimental mice were collected in
which the total RNA was fragmented according to the
instructions of TRI pure total RNA extraction reagent and the
RNA level was measured by UV spectrophotometer for the
determination of its purity. After the synthesis of cDNA by
reverse transcription kit, specific primer PCR amplification
was performed with the methods provided by Lifeng’s team
[6]. Data collection was performed by quantitative PCR
software, and the relative expression quantity of the target gene
was calculated according to the following formula: ∆Ct=Ct
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target gene-Ct β-actin, the higher the ∆Ct value, the lower the
relative expression quantity of the target gene.

Statistical analysis
Data were statistically analyzed on SPSS 20 and assessed by ttest, P<0.05 suggested there was difference of statistical
significance.

Results
Establishment of diabetic wound model mice
After the eighth week of induction by STZ, the fasting blood
glucose level was 17.04 ± 0.52 mmol/L in the experimental
mice, consistent with the requirements of diabetic mice. Each
mouse had the characteristics of diabetes such as more food,
polydipsia and polyuria with no death. In this study, the vital
signs of each mouse were normal and no mice died after the
performance of wound formation in the diabetic model mice
and the normal control mice. Comparison of HIF-1 and VEGF
proteins expression determined by Western blotting. Before the
operation, there was no significant difference in the HIF-1 and
VEGF proteins expression between the normal control group
and the diabetic model group (P>0.05). At the fifth day after
operation, compared with the preoperative level the protein
expression levels of HIF-1α and VEGF increased in the normal
control group (P<0.05) and decreased in the diabetic model
group (P<0.05) (Figures 1 and 2).

Figure 1. The level of HIF-1α protein in the skin tissue of the mice in
the normal control group and the diabetic model group before and
after the operation.

Figure 2. The level of VEGF protein in the skin tissue of the mice in
the normal control group and the diabetic model group before and
after the operation.

Comparison of relative expression quantity of HIF-1α
and VEGF mRNA
At the fifth day of finishing operation, the relative expression
quantity of HIF-1α and VEGF mRNA in the normal control
group was obviously higher that in the diabetic model group
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(P<0.05) with no statistically significant difference between the
two groups before the operation as shown in Table 1.
Table 1. Expression of HIF-1α and VEGF mRNA in mice with skin wound.
Group

n

HIF-1α

Intragroup

Before
operation

5
d
after Before
operation
operation

p

VEGF

Intragroup

p

5
d
after
operation

Control group

5

5.15 ± 0.32

6.41 ± 0.57

7.002

<0.05

4.98 ± 0.41

5.67 ± 0.55

5.603

<0.05

Diabetic model group

5

5.08 ± 0.25

4.66 ± 0.36

6.382

<0.05

4.87 ± 0.55

4.12 ± 0.64

5.994

<0.05

Intragroup

0.213

7.657

0.195

6.348

p

>0.05

<0.05

>0.05

<0.05

Discussion
The incidence of increased tends to gradually increase in recent
years and the patients once diagnosed with diabetes, are prone
to suffer from skin damage resists closure, which then evolves
into chronic refractory wounds followed by serious
consequences. How to effectively treat diabetic wound is
becoming more and easier for clinicians to pay attention to. At
present, the treatment of diabetic wound includes infection
control, local medicine and surgical treatment, but the therapies
of special efficiency have yet to be found [7-9]. Relevant data
show that the difficulty in diabetic wound treatment is in that
the lack of blood supply in local tissue of the wound leads to
the obstruction of angiogenesis and makes it difficult to
produce new granulation tissue [10]. Studies have shown that
HIF-1α plays an important role in angiogenesis [11]. In the
condition of enough oxygen, HIF-1α will be degraded after
hydroxylation of proline hydroxylase; on the contrary, it will
be easy for HIF-1α to accumulate in the cell without
degradation, enter the nucleus via a nuclear localization signal,
activate the downstream gene expression and regulate a variety
of factor like angiogenesis in vivo. Research has indicated that
with the occurrence of skin wounds the level of HIF-1α has a
higher level of expression in vivo and then up regulate the
expression level of angiogenic factors like VEGF, which can
induce migration and proliferation of vascular endothelial cells,
increase blood vessel permeability as well as angiogenesis and
improve local blood supply of skin wounds [12-14].
The results of this study show that in diabetic wound healing
both the expression level of VEGF and HIF-1α of skin tissue
and the relative expression quantity of HIF-1α and VEGF in
the normal control group was significantly higher than those in
the diabetic model group (P<0.05). It may be because high
level of glucose is much likely to facilitate the increase of
superoxide and induces the accumulation of acetone in cells,
thus reducing transcriptional activity of HIF-1α. Some studies
have suggested that the main factors contributing to diabetic
foot are decreased expression of HIF-1α and VEGF, lower
vascular density, insufficient blood supply and impaired wound
healing [15].
To sum up, HIF-1α and VEGF play a vital role in the healing
of diabetic wound and the decrease of their expression level
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may lead to the lack of angiogenesis and delay the healing
course. This study has certain guiding significance in treatment
of diabetic wound healing and in the future we can further
explore whether transgenic technology can increase the
expression of HIF-1 and VEGF and then promote the healing
of diabetic wound as soon as possible.
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