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Survivin contributes to the progression of diabetic
retinopathy through HIF-1a pathway
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Abstract: Hypoxia plays a critical role in the formation of diabetic retinopathy (DR). Hypoxia inducible factor-1a (HIF-
1a) and survivin are upregulated following hypoxia, and contribute to the angiogenesis in cancer. The goal of our
study was to investigate if the expression of HIF-1ac and survivin is related to the retinal vascular change of rats with
different stages of diabetes mellitus (DM). Wistar rats were randomly divided into DM for 1 month (DM1) group,
DM3, DM6 group and normal control group. Streptozotocin (STZ) was used to induce diabetic rat models. Retinal
vascular digest preparation was taken to observe the change of retinal microvessels. The expression of HIF-1a
and survivin was determined by real-time PCR and Western blot. In DM3 group, capillaries became circuitous and
irregular. Acellular capillary were detected in DM6 group. In the same time, the number of pericytes significantly
decreased in DM3 and DM6 groups. The expressions of HIF-1a were more increased in the DM3 and DM6 groups.
However, the expressions of survivin only were upregulated in DM6 group .These data suggest that HIF-1a induced
the upregulation of survivin in the early stage of DR. Survivin contributed to the development and progression of DR

through the HIF-1a pathway and become an important progression marker of DR.
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Introduction

Diabetic retinopathy, the most common compli-
cation of diabetes mellitus, is the main cause
of blindness in the working-age population
worldwide [1]. There are variety of therapeutic
strategies available for DR, One such strategy
is laser photocoagulation, a conventional treat-
ment that is effective in delaying the progres-
sion of angiogenesis in the short-term. However,
this method is also destructive to the retinal
photoreceptors, and does not reverse vision
loss. Anti-vascular endothelial growth factor
(VEGF), anti-inflammatory molecules, and pro-
tein kinas C inhibitors have shown undesirable
side effects [2, 3]. Therefore, searching more
specific therapy targeting molecular mecha-
nisms underlying retinal neovascularization
may led to better treatment result and fewer
severe side effects.

Although the mechanisms of diabetic retinopa-
thy have not been completely indicated, hypox-
ia, resulting in worsening retinal ischemia, is

often implicated as a key player. Hypoxia-
mediated gene expression is regulated by HIF-
1, which is generally regarded as the master
regulators of the hypoxic response by regulating
the transcription of a large number of target
genes. HIF-1 is composed of HIF-1ax and HIF-1[3.
HIF-1a is a key oxygen sensor and can activate
transcription of many genes that are critical for
cellular function under hypoxia conditions [4].
Evidences have indicated that HIF-1a over-
expression is significantly associated with
enhanced patient mortality in many different
cancers and contribute to the chemoresistance
of a wide range of solid tumors [5, 6]. In addi-
tion, HIF-1la pathway is also activated in the
retina in early diabetes [7]. Silencing HIF1la by
RNA interference in hypoxia reduces VEGF
expression and angiogenic factors, leading to
inhibition of angiogenesis [8]. All these suggest-
ed that HIF-1a expression might serve as a reg-
ulator of tumor growth, anaerobic glycolysis,
antiapoptosis and play an important role in
regulating angiogenesis [9].
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Survivin, an inhibitor of apoptosis protein fami-
ly, has been reported to be correlated to hypox-
ia and unanimously viewed as one of the most
prominent cancer genes. Surprisingly, survivin
is barely expressed in normal tissues but is
detected in many tumors [10]. In addition to
its direct role in carcinogenesis, survivin may
also play a critical role in tumor angiogenesis
and inhibits apoptosis, increases proliferation,
and elevates angiogenesis [11]. Furthermore,
numerous studies have identified that overex-
pression of survivin is an indicator for poor
prognosis and disease recurrence [12]. As far
as we know, it has been shown that HIF-1x
could co-operate with the regulation of survivin
gene expression in multiple tumors, the down-
regulation of HIF-1a decreases the levels of
survivin expression in various types of cancer
cells. Survivin expression is upregulated by the
induction of HIF-1a resulting from tumor forma-
tion, possibly leading to tumor progression [13,
14].

The relationship between HIF-1a and survivin
expression in diabetic rat retinas has not been
reported to our knowledge. In this study, we
investigated the dynamic change of HIF-1a and
survivin expression in the different stage of
DM and the correlation of HIF-1a and survivin
expression and retinal microvascular dysfunct-
ion.

Materials and methods
Mouse model of DR

Wistar rats (180-220 g) were purchased from
the Laboratory Animal Center of China Medical
University (Shenyang, China). All animal experi-
ments were performed followed the guidelines
of the ARVO Statement for the Use of Animals
in Ophthalmic and Vision Research and were
approved by the Institutional Animal Care and
Use Committee of Medical University Ophthal-
mic Center.

About 80 healthy Wistar rats were randomly
divided into DM for 1 month (DM1) group, DM
for 3 months (DM3) group, DM for 6 months
(DM®) group and normal control group (n=20,
each group). Wistar rats received a single 60
mg/kg intraperitoneal injection of streptozoto-
cin (STZ; Sigma, St. Louis, MO) in 10 mmol/I
sodium citrate buffer (pH 4.5). Control animals
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were fasted and received the buffer alone.
After receiving STZ for 7 days, animals with
plasma glucose values of 16.7 mmol/L (approx-
imately 300 mg/dL) were considered to be dia-
betic. Blood glucose levels were checked week-
ly. Diabetic and non-diabetic controls were sac-
rificed after 1, 3 and 6 months of diabetes. The
eyes were used for sub cellular fractionation
and western blot and for immunohistology.

Retinal histopathology

Fours rats in each group were killed by a lethal
dose of sodium pentobarbital through intraperi-
toneal injection. As described previously [15],
briefly both eyes were removed and the retina
was incubated for up to 4 hr in phosphate-buff-
ered saline, and then all but the vascular ele-
ments were digested using 3.0% trypsin buffer
(pH=7.8) at 37°C, the retinal vessels were
stained by the periodic acid-Schiff (PAS) reac-
tion and hematoxylin and eosin (H&E). Retinal
vascular structures were observed, and the
pericytes were counted under masked condit-
ions.

RNA extraction, cDNA synthesis, and real-time
quantitative PCR

The expression levels of HIF-1la mRNA and
Survivin mRNA were detected using Real-time
quantitative PCR. Eight rats from each group
were sacrificed, the eye balls were enucleated
immediately, and the retinas excised in iced
plate and frozen in liquid nitrogen. Total RNA
was extracted from each retina sample by
0.5 mL of Trizol reagent (Invitrogen, Carlsbad,
CA) following the manufacturer’s instructions.
Concentration of total RNA was determined by
ultraviolet absorbance spectroscopy. 2.5 ug of
total RNA was reverse transcribed using a
Prime Script RT reagent Kit (TaKaRa, Dalian,
China). B-actin was used as the internal control.
Real- time PCR was performed using the SYBR
Green Kit (Toyobo, Shang Hai China) in a ther-
mal cycler (Applied Biosystems Step One™,
America). The following primers were used:
Survivin (forward: 5-~AGGACCACCGGATCTACAC-
CTTCA-3, reverse: 5-CTCGGTAGGGCAGTGGAT-
GAAGC-3’); HIF-1a (forward: 5-ACCGCAACTGC-
CACCACTGA-3’, reverse: 5-TGGTGAGGCTGTCC-
GACTGTGA-3); B-actin (forward: 5’-CCTCTATGC-
CAACACAGTGC-3', reverse: 5-CATCGTACTCCTG-
CTTGCTG-3)).
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Figure 1. Retinal histopathology: There are intact vascular network and the uniform diameter of retinal capillary in
the normal control group and DM1 group (A, B). In the DM3 group, the vascular net was in uniform distribution and
the irregular with tortuous and dilatations of vascular cavity (C, arrow denoted). Acellular capillaries were mainly
present in the DM6 group (D, arrow denoted) Magnification x 20.

The PCR reactions were presented as the fol-
lowing: 1 min at 95°C, 35 cycles at 95°C for 10
seconds, 60°C for 30 seconds, and 72°C for
20 seconds.

Protein isolation and western blot analysis

Retinas extracted from each group (n=8) were
lysed in 200 pL of lysis buffer with protease
inhibitors (Sigma Chemical Co., St. Louis, MO).
Protein concentration was assessed by the
BCA protein assay kit (Pierce Biotechnology,
Rockford. IL). After that, total protein extract
from each sample were loaded onto SDS-PAGE
and transferred to a polyvinylidene fluoride
(PVDF) membrane and then were blocked in 5%
nonfat milk for 1 hour, and then the membrane
was incubated with primary antibodies of rabbit
polyclonal anti-HIF-1a antibody (1:500, Santa
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Cruz, CA) or polyclonal anti-survivin antibody
(1:400, Santa Cruz, CA) and B-actin monoclonal
antibody (1:400 Santa Cruz, CA) overnight at
4°C. Horseradish peroxidase-conjugated sec-
ondary antibody (goat anti-rabbit antibody,
1:1200, Santa Cruz, CA) was used to incubate
at room temperature. The proteins were detect-
ed with enhanced chemiluminescence detec-
tion (Santa Cruz, CA). B-actin served as the
internal standard. Experiments were repeated
three times.

Statistical analysis

The results were expressed on the basis of
mean + standard deviation. Comparisons betw-
een groups were performed using Student’s
t-tests. Statistical analyses were performed
using SPSS 10.0 software and P values <0.05
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Figure 2. Two kinds of cells were seen in the cap-
illary. Pericyte nuclei were small and round, being
triangle, located at one side of the capillary (narrow
arrow). Endothelial cell nuclei were large, oval or ir-
regular which paralleled with the vasculature in long
axis (wide arrow) Maghnification x 400.
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Figure 3. Real-time PCR was performed to detect the
mRNA level of HIF-1a and survivin in the all experi-
ment groups. Expression of HIF-1a was increased in
the DM3 and DM®6 groups compared to that in nor-
mal group, and survivin expression was increased
significantly in the DM6 groups. B-actin served as
internal control. *P<0.05, **P<0.01 visa to normal

group.

were considered to be statistically significant.
All the experiments were carried out three
times.

Results
Difference of retinal histopathology

DM group: There was no distinct difference in
retinal vascular digest preparation compare
with normal control group. The whole vascular
network could be detectable and the retinal
capillary diameter is uniform (Figure 1A, 1B).
There are two kinds of cells in the capillary. The
nucleuses of the pericytes were small and
round, being triangle, located at one side of the
capillary. The nucleuses of the endothelial cells
were big, oval or irregular which paralleled with
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the vasculature in long axis (Figure 2). The num-
ber of the pericytes was 8.56+0.34 and
8.60+0.15 in the control and DM1 groups,
respectively (P>0.05).

DM3 group: The vascular net was showed in
uniform distribution and the vascular cavity
was disorder with tortuous and dilatations, but
no angioma and intracellular thrombi were
found (Figure 1C). The number of the pericytes
was reduced compared with normal control
group (6.13£0.24, P<0.05).

DM®6 group: The morphology of retinal vascula-
ture is damaged seriously. The vascular cavity
was more irregular than that of DM3 group; the
acellular capillaries could be seen (Figure 1D).
The number of pericytes were significantly
decreased compared with that of normal con-
trol group (3.17+0.42, P<0.001).

mRNA and protein levels of HIF-1a and sur-
vivin in rat retinas

The results of differential expression of HIF-1a
and survivin mRNA are shown in Figure 3, There
were less mRNA levels of HIF-1a in control
group compared to the DM1 group (P>0.05).
HIF-1a mRNA elevated gradually with the prog-
ress of diabetes. Significant rise of HIF-1a
expression was detected in the DM3 and DM6
groups compared to normal group (P<0.05,
P<0.01, respectively). Meanwhile the mRNA of
survivin was significantly increased in the DM6
group compared with the normal control group
(P<0.01). There were no or very little expression
of survivin in DM1 and DM3 groups, comparing
to the control group (>0.05). We performed
western blot assay to confirm the expression of
HIF-1a and survivin at protein level. As shown in
Figure 4, the protein expression was consistent
with mRNA expression. In the normal group,
protein expression of survivin was almost
impossible to detect and HIF-1a expression
was only detectable. However, the expression
of HIF-1a and survivin was relatively increased
with the progression of DM. The increased
expression of survivin was mainly in DM6 group
compare to the normal groups (P<0.01).

Discussion

Pathological retinal neovascularisation is the
classic hallmark of diabetic retinopathy. Alth-
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Figure 4. HIF-1a and Survivin protein levels were detected in the DM1, DM3 and DM6 groups compared to that in
the control group. (A) Western Blot shows that HIF-1a and Survivin was barely detected in the control group and
DM1, but the expression of HIF-1a was elevated in the DM3 and DM6 groups, the level of Survivin was increased
markedly in DM6 group. (B) Quantification of the data in (A) shows the expression intensity of HIF-1a and Survivin.
B-actin served as internal control. *P<0.05, **P<0.01 vies to normal group.

ough the definite pathogenesis of DR remains
unclear, selective disappearances of the peri-
cytes, ischemia and hypoxia in the early stage
of DR are accepted generally [16]. In the pres-
ent study, we used the retinal vascular digest
preparation to detect the change of the peri-
cytes and obliterated retinal capillaries, which
is direct and obvious.

Tissue hypoxia plays a critical role in the forma-
tion of retinal NV [17, 18]. Hypoxia stimulates a
lot of angiogenic growth factors and cytokines,
which involve in the pathogenesis of NV. HIF-1x
is the oxygen-regulated a-subunit of HIF-1.
HIF-1 triggers the activation of many gene-
encoding proteins, such as VEGF, erythropoie-
tin (Epo) and angiopoietins (Angs) that regulate
angiogenesis [19]. Previous studies have sug-
gested that overexpression of HIF-1a in tumor
tissues is associated with tumor angiogenesis,
aggressive tumor growth and poor patient
prognosis [20]. HIFla and VEGF levels are
induced in the vitreous fluid of patients with
proliferative diabetic retinopathy [21]. In this
study we found that HIF-1a expression is
increased by hypoxia at the early phase of DR.
Our observations are consistent with previous
reports showing that the HIF-1 pathway is acti-
vated in the retina in early diabetes [7] and
HIF1a plays an important role in regulating
angiogenesis. These findings suggest that HIF-
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1« is involved in the formation of angiogenesis
in DR. Further evidence to support that HIF-1a
is correlated with diabetes, significantly incre-
ased expression of HIF-1a in a subgroup of
eyes with PDR and HIF-1a is found more strong-
ly in diabetic preretinal membranes [19, 22].

Survivin, a member of the inhibitor of apoptosis
protein (IAP) family, has been shown that tumor-
specific expression of Survivin is caused by
hypoxia. Recently research found that survivin
is barely expressed in adult normal tissues but
is usually overexpressed in most human can-
cers such as melanoma and cancers of lung,
esophagus, stomach, intestine, pancreas and
breast. The aberrant survivin expression is
associated with tumor progression, angiogene-
sis, and poor survival rates in cancer patients.

Recently, it has been reported that HIF-1a con-
tributes to tumor radioresistance by upregulat-
ing survivin expression under hypoxic condi-
tions. In vivo, Hif-1a not only cooperates with
survivin, but also prompts the expression of
survivin [23, 24]. In vitro, the expressions of
HIF-1a and survivin in A549 cells were signifi-
cantly increased under hypoxic conditions [25,
26]. But in DR, the present pilot study is
the first to examine their dynamic expression
and relationship in the progression of DR. Our
results show that the expression of HIF-1ax and

Int J Clin Exp Pathol 2015;8(8):9161-9167
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survivin is along with the change of capillaries
morphology and the loss of cell. In DM3 group,
the numbers of percytes began to decrease,
capillary is irregular and dilated. The mRNA and
protein expression of HIF-1a were obviously
increased, but there was no expression of sur-
vivin. These changes of the significant decrease
of pericytes and vessel occlusion occurred
along with the expressions of HIF-1a. It sug-
gested that retinal hypoxia exists, retinal NV
occurs in disease in which the underlying dis-
ease process damages retinal vessels causing
areas of vessel closure, lose of pericytes, dete-
rioration of endothelial cells and retinal isch-
emia and hypoxia leading to up-regulation of
HIF-1a which stimulate expression of a group of
hypoxia-regulated genes that together stimu-
late the growth of new vessels, and eventually
leading to development of proliferative diabetic
retinopathy. Especially the increased levels of
survivin are present in the DM6 group. Obliter-
ation of small blood vessels and acellular capil-
laries were mainly detected in the DM6 group.
Retinal neovascularization always seems to be
preceded by such vessel closure and is consid-
er being one of its consequences. Closure of
retinal blood vessels is shown as an increased
of acellular capillaries, capillary basement
membrane tubes inadequate endothelial cells,
and pericyte nuclei. Therefore, we further con-
firm that HIF-la might be a transcriptional
activator of survivin in the development of
DR. At the same time, retinal ischemia and
hypoxia leads to rapid up-regulation of survivin.
We speculate that overexpression of survivin
enhances cell proliferation, promotes retinal
angiogenesis and involves in the progression of
DR.

In summary, our studies results demonstrated
that HIF-1a signaling was activated by hypoxia,
contributing to survivin expression in the early
stage of DR. Additionally, we show that overex-
pression of survivin is closely related to the for-
mation of acellular vasculature leading to reti-
nal ischemia and hypoxia. As such, HIF-1a may
be an important transcription factor involved in
regulation of survivin expression. Survivin has
become an important progression marker of
DR and targeting these factors might be an
important implication in the development of
novel therapeutic strategies aimed at blocking
the NV of DR.
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