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Abstract: To investigate the expression of hypoxia inducible factor (HIF-1α) and vascular endothelial growth factor 
(VEGF) in the synovium of collagen-induced arthritis (CIA) joint, and whether the PI3K pathway regulates angiogen-
esis in rheumatoid arthritis or not. A randomized controlled according to the principle of the rats were divided into 
normal control group (10 rats) and the experimental group (40 rats). The experimental group rats were established 
as type II collagen plus adjuvant Freund’s complete adjuvant-induced arthritis model. HIF-1α and VEGF proteins’ 
expression in serum of CIA rats group and normal control group were detected by ELISA. Microvessel density (MVD) 
in synovial tissue of CIA rats group and normal control group were detected by immunohistochemistry (IHC) staining. 
The protein expression of PTEN, PI3K, and AKT in synovial tissue were detected by Western Blot. Compared with nor-
mal control group, toes and ankle swelling and arthritis index (AI) of CIA rat increased, and the expression of VEGF 
and HIF-1α proteins in peripheral serum increased, IHC showed that MVD was significantly higher than that of the 
control group, and the difference was statistically significant (p<0.05). Western Blot results showed that PI3K and 
AKT proteins expression in CIA synovial tissue of rats increased, while the expression of PTEN protein decreased. 
Correlation analysis showed that VEGF and HIF-1 levels in the peripheral serum of CIA rats were positively corre-
lated with arthritis index (AI); the contents of HIF-1α and VEGF in the peripheral serum of CIA rats were positively 
correlated with MVD in synovium tissue. The CIA rat model regulated the expression of HIF-1α and VEGF proteins in 
peripheral serum by PI3K signaling pathway, and then regulated neovascularization in RA.
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Background

RA is a common chronic autoimmune disease, 
the incidence of the world is about 0.6%, RA is 
also one of the main reasons of loss productiv-
ity in population, but its pathogenesis has not 
been fully elucidated, so at present, the treat-
ment of RA is mainly to alleviate the symptoms, 
but not to be cured completely [1-3]. Study 
demonstrated that the microenvironment of 
the joint cavity in patients with RA is the hypox-
ia environment, HIF-1α is a nuclear transcrip-
tion factor that regulates the response of cells 
to hypoxia, and it also promotes angiogenesis 
[4, 5]; while VEGF can directly promote the for-
mation of pannus, and then chronic inflamma-
tion of the synovial hyperplasia is aggravated 
[6, 7]. PI3K is an important signal regulated 
protein in cells, which can regulate cell migra-
tion and proliferation, and participate in angio-
genesis [8-10]. But whether the RA synovial 
cells regulate the expression of VEGF and HIF-1 

through the PI3K signaling pathway, and then 
regulation of RA angiogenesis is still unknown. 
This study will use type II collagen formation 
model induced SPF SD rats and establish CIA. 
The expression of HIF-1 and VEGF protein in 
peripheral blood of CIA rat group and the con-
trol group were detected by ELISA, the expres-
sion of PTEN, PI3K, and AKT protein in synovial 
tissue of the knee joint of CIA rat group and the 
control group were detected by Western blot, to 
investigate whether the RA synovial cells regu-
late the expression of HIF-1 and VEGF through 
the PI3K signaling pathway, and then regulate 
the angiogenesis of RA.

Materials and methods

Materials

SPF grade SD rats weighted at 80 g~200 g were 
purchased from Shanghai silaike experimental 
animal limited liability company. Female and 
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male accounted for 50%, respectivelyBovine 
collagen type II collagen (C-II) was purchased 
from the United States Chondrex company. 
Complete Freund’s adjuvant (CFA) and incom-
plete Freund’s adjuvant (IFA) were purchased 
from the Sigma company in the United States. 
HIF-1 alpha and ELISA VEGF kits were pur-
chased from Shanghai enzyme linked Biotech- 
nology Co., Ltd. CD31 polyclonal antibody was 
purchased from the United States Cruz Bio- 
technology Santa company; monoclonal anti-
body of anti-PTEN, anti-PI3 Kinase, anti-Akt 
and anti-actin were purchased from Cell Sig- 
naling Technology company in the U.S. Mouse 
anti rabbit HRP antibody and goat anti mouse 
HRP antibody were purchased from Abcam 
company in the U.S.

Rats were used for all experiments, and all pro-
cedures were approved by the Animal Ethics 
Committee of The General Hospital of Jinan 
Military Command.

Methods

CIA rat model construction: The 50 SPF grade 
SD rats were randomly divided into experimen-
tal group including 40 rats and control group 
including 10 rats, which had been adopted in 
the SPF animal house for 5 d. After 1% pento-
barbital anesthetization, the rats were induced 
by 300 μl Type II collagen plus CFA, and the sec-
ondary immunity was carried out with 300 μl 
IFA in the same location after 7 days. The con-
trol group was injected with 300 μl saline solu-
tion, and repeated the operation after 7 days. 
Weighing every two days after the first immuni-
zation since second days, the degree of joint 
swelling was observed. According to the red 
and swelling degree of the ankle joints, articula-
tiones metatarsophalangeae, toe joints and 
the affected joint numbers the evaluation was 
carried out. 0 score represents the normal; 1 
score represents 1 joint swelling; 2 scores rep-
resent 2 and more than 2 joints swelling; 3 
scores represent severe swelling of the ankle 
under foot; 4 scores represent that all the paw 
swelling are unable to bear weight besides 
ankle joints. The four limbs are scored, respec-
tively. The cumulative scores are arthritis index 
(AI). AI >5 scores is regarded as a successful 
model [11]. On the forty-third day, all rats were 
killed and the blood and joint synovial tissue of 
rats were collected.

HIF-1α detection in CIA rat: The peripheral 
blood was collected from 28 CIA rats and 10 
normal control rats, and the serum was 
obtained after 3000RPM centrifugation for 20 
minutes. According to the instruction of ELISA 
kit the HIF-1α was detected. 50 μL of serum 
was added to the plate and incubated 1 h at 
37°C, after washing, enzyme labeled antibody 
was added and incubated 1 h at 37°C, after 
washing, background color liquid was added 
and incubated 0.5 h at 37°C, then the reaction 
was ended.

VEGF detection in CIA rat: The peripheral blood 
was collected from 28 CIA rats and 10 normal 
control rats, and the serum was obtained  
after 3000RPM centrifugation for 20 minutes. 
According to the instruction of ELISA kit the 
VEGF was detected. 50 μL of serum was added 
to the plate and incubated 1 h at 37°C, after 
washing, enzyme labeled antibody was added 
and incubated 1 h at 37°C, after washing, 
background color liquid was added and incu-
bated 0.5 h at 37°C, then the reaction was 
ended.

Detection of MVD in synovial membrane: The 
MVD of the synovial membrane was detected 
by IHC staining. 28 CIA rats and 10 normal con-
trol group rat synovial tissue of double knee 
joint were fixed and decalcified. Paraffin sec-
tions were prepared and stained with IHC stain-
ing. In our study, CD31 polyclonal antibody 
labeled vascular endothelial cells with 1:500 
dilution, secondary antibody of anti-mouse IgG 
was diluted with 1:2000 dilution, generally DAB 
stain, hematoxylin staining, dehydration, trans-
parent, and mounting, neovascularization was 
observed under the microscope. The region of 
the most abundant blood vessels were select-
ed under the 40 times optical field of view,  
then microvessel counts (MVC) of three high 
microvessel density area were counted under 
the 100 times optical field of view and take the 
average reading, MVD was expressed in the 
optical field of view with a number of vascu-
lar/100 times [12].

Protein expression of PTEN, PI3K and AKT in 
synovial tissue of CIA rat: After the CIA rats 
were killed, double knee synovium of rat were 
collected, total protein were extracted from 
synovial tissue and quantified. Protein expres-
sion was detected by western blot. 50 μg pro-
teins were separated by 10% SDS-PAGE, con-
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centration gel with 80 V and separation gel with 
160 V were carried out for 30 min and 70 min, 
respectively, then the target proteins of PTEN, 
PI3K and AKT were transferred to PVDF mem-
brane with 240 mA for 60 min, which were 
closed with 10% skim milk powder for 2 h at 
room temperature, anti PTEN monoclonal anti-
body (1:1000), anti PI3 Kinase monoclonal 
antibody (1:1000), anti Akt monoclonal anti-
body (1:1000) and anti actin monoclonal anti-
body (1:2000) were added and put on the  
table overnight at 4°C. On second day 3 times 
washing were carried out with 10 min/time. 
Secondary antibody of mouse anti rabbit HRP 
(1:2000) and goat anti mouse HRP (1:2000) 
were added and incubated for 60 min, 3 times 
washing with PBST, 10 min/time, finally scan 
was carried out.

Statistical analysis

SPSS17.0 software were used for statistical 
analysis, t test were used for paired data com-
parison. P<0.05 was considered as statistical 
significance.

Results 

Construction of CIA rat model and AI

During the construction of CIA model of rats, 
normal control group of 10 rats were all sur-
vived, body weight gradually increased with the 
increasing of feeding time, the mental status 
were good and active, there were no obvious 
swelling and ulcer at the injection point. 40 rats 
in experimental group were no death, among 
them, 28 rats were induced to become CIA 
model, and the successful rate was 70%. 
Compared with control group, the body weight 

of the experimental group was decreased with 
the time of the onset of the disease. The state 
of mind was bad with hair off and the color 
imperfection, poor appetite and less activity. 
Injection site of 28 CIA rats showed obvious red 
and swollen, ulcer appeared and gradually 
aggravated, finally, the ulcer was broken to 
form a hard callus and healing. AI was gradually 
increased in 28 CIA rats, which reached the 
peak at more than the thirteenth days, then 
gradually decreased. The degree of joint swell-
ing of CIA rats was also firstly increased gradu-
ally, which reached the peak at more than the 
fifth days, then gradually decreased. Compared 
with control group, seventh days after initial 
immunization, there were differences in the 
mean of AI in CIA rats, and the difference was 
statistically significant (p<0.05) (Figure 1).

The expression of HIF-1α in serum of CIA rats

The content of HIF-1α in peripheral serum of 28 
CIA rats was (110.34 ± 24.82) ng/L, the con-
tent of HIF-1α in peripheral serum of 10 normal 
control SD rats was (37.55 ± 14.26) ng/L, the 
content of HIF-1α in peripheral serum of CIA 
rats was significantly higher than that in normal 
control group, the difference was statistically 
significant (p<0.05).

The expression of VEGF in serum of CIA rat

The content of VEGF in peripheral serum of 28 
CIA rats was (82.34 ± 34.81) ng/L, the content 
of VEGF in peripheral serum of 10 normal con-
trol SD rats was (27.34 ± 12.52) ng/L, the con-
tent of VEGF in peripheral serum of CIA rats was 
significantly higher than that in normal control 
group, the difference was statistically signifi-
cant (p<0.05).

Figure 1. The aver-
age score of AI in 
rats.
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MVD detection

As Figure 2 showed that the synovial tissue of 
CIA rats was rich in blood vessels, neovascular-
ization quantities were intensive, MVD mean 
was (6.9 ± 1.1) vessels number/100 times opti-
cal sight, while the average value of MVD in the 
normal control group was (1.2 + 0.8) vessels 
number/100 times the optical field of view, the 
MVD of CIA rats was significantly higher than 
that of the control group, and the difference 
was statistically significant (p<0.05).

The protein expression of PTEN, PI3K and AK

As Figure 3 showed that the expression of total 
proteins PTEN in synovial tissue of CIA rats 

articular in experimental group decreased, 
while the PIK3 and AKT proteins increased in 
CIA rats experimental group.

Correlation analysis of HIF-1α and VEGF 
content with AI joint score in the peripheral 
serum of CIA rats

Correlation analysis of HIF-1α and VEGF con-
tent with AI joint score in the peripheral serum 
of CIA rats showed that the content of HIF-1α in 
the peripheral serum of CIA rats was positively 
correlated with the AI score, correlation coeffi-
cient was 0.895 (r2=0.895); correlation analy-
sis of VEGF content and AI joint score in the 
peripheral serum of CIA rats showed that the 
content of VEGF in the peripheral serum of CIA 
rats was positively correlated with the AI score, 
correlation coefficient was 0.887 (r2=0.887) 
(Figure 4).

Correlation analysis of HIF-1α and VEGF levels 
in peripheral serum with MVD in CIA rats

Correlation analysis of HIF-1α level in peripher-
al serum with MVD in CIA rats showed that HIF-
1α were positively correlated with the MVD, cor-
relation coefficient was 0.815 (r2=0.815); cor-

Figure 2. MVD comparison of synovial tissue in rats between normal control group and CIA group by IHC.

Figure 3. Protein expression of PTEN, PI3K and AKT 
of synovial tissue in rat by Western Blot.
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relation analysis of VEGF level in peripheral 
serum with MVD in CIA rats showed that VEGF 
were positively correlated with the MVD, corre-
lation coefficient was 0.811 (r2=0.811) (Figure 
5).

Discussion

The main pathological changes of RA is the 
chronic inflammation of the synovial mem-
brane, synovial cell proliferation or apoptosis 
imbalance lead to synovial tumor like hyperpla-
sia and accompanied by a large number of 
inflammatory cell infiltration, which induced a 
hypoxia status of RA microenvironment. Re- 
cently study found that the hypoxic microenvi-
ronment plays an important role in supporting 
the synovial angiogenesis [13, 14]. The expres-
sion of HIF-1α in hypoxic microenvironment 
increased and promoted angiogenesis, made 
the body adapt to the hypoxic environment [15]. 
Our study showed that HIF-1α expression 
increased in the peripheral blood of CIA rats, 
and the increase of HIF-1α was significantly 
positively correlated with the AI and the MVD of 
CIA rats, which indicated that HIF-1α played an 
important role in the inflammatory and non-
supportive hyperplasia and angiogenesis of RA 
synovial tissue in CIA rat. VEGF is one of the 
main cytokine to promote angiogenesis, when 
the tissue inflammation happened, the VEGF 
expression increased, while the hypoxia envi-

ronment was one of the inducing factors of 
VEGF expression increase [16-18]. Our study 
showed that VEGF expression increased in the 
peripheral blood of CIA rats, and the increase 
of VEGF was significantly positively correlated 
with the AI and the MVD of CIA rats, which indi-
cated that VEGF played an important role in the 
inflammatory hyperplasia and angiogenesis of 
RA synovial tissue in CIA rat.

PI3K and PTEN/AKT signal transduction path-
ways have a wide range of regulatory roles  
in cell migration, proliferation, apoptosis and 
angiogenesis [19]. The study found that the 
important proinflammatory factors IL-18 in 
pathogenesis can activate the PI3K pathway, 
and further promote the formation of new blood 
vessels [20, 21].

Our results showed that the expression of HIF-
1α and VEGF were regulated by CIA rat articular 
synovial cells through PI3K signaling pathway 
system, and then adjusted the RA angiogene-
sis. At the same time, our study also provided 
an experimental basis for further study of the 
mechanism of angiogenesis in RA.
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Figure 4. Correlation analysis of HIF-1α and VEGF content with AI joint score in the peripheral serum of CIA rats.

Figure 5. Correlation analysis of HIF-1α and VEGF levels in peripheral serum with MVD in CIA rats.
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