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1. Introduction

  At present, restenosis after angioplasty become 
the limitation for the clinical application of carotid 
endarterectomy (CEA). However, the mechanism of 
restenosis is still unclear and the prevention is very 
difficult. Genesis and development of restenosis after 
the CEA, changes of the related indicators during the 
restenosis development process and treatment becomes a 
clinical research hotspot[1-3]. Recent studies suggest that 
inflammatory cytokines play important role in the arterial 
injury intimal hyperplasia. In this study, we observed the 
changes of the expression of tissue inflammatory factors, 

study the pathophysiological mechanisms of vascular 
proliferation restenosis, and explore the prevention and 
treatment of restenosis after angioplasty.

2. Materials and methods

2.1. Animals and model establishment

  A total of 32 healthy adult New Zealand white rabbits 
of either sex were selected, weighing 2 800 to 3 200 g. All 
animals were purchased from XX University Experimental 
Animal Center, and were kept at isolation cabinet under 
12-h light/dark cycle, 40% to 50% humidity, 24 ℃-26 ℃. 
Animals were fed with autoclaved water and high fat diet 
for one week. A total of 30 rabbits were randomly divided 
into two groups: normal group (n=16), model group (n=16). 
Normal group rabbits were fed with high fat diet for 4 weeks 
and received the intravenous anesthesia with pentobarbital 
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sodium, draped in a sterile manner. They were opened 
layers by layers and the right common carotid artery was 
isolated. Without special intervention, they had adequate 
hemostasis, and then were sutured layers by layers. Model 
group rabbits were fed with high fat diet for 4 weeks, and 
the right common carotid artery was isolated. The artery was 
blocked in both ends with the artery occlusion. Longitudinal 
incision of the carotid was made and the intima and plaques 
was peeled. Residual vascular intimal flap was removed 
completely, vessel suture and adequate hemostasis was 
performed. Then they were sutured layers by layers. Ten 
thousand U/kg/d penicillin sodium was intramuscularly 
injected 3 d after surgery; the rabbits were sacrificed after 8 
weeks of high-fat diet.

2.2. Reagents and primers

  Standard rabbit diet, 2% cholesterol, 6% peanut oil, 4% 
paraformaldehyde, 2% glutaraldehyde, hematoxylin, eosin, 
etc. were provided by the laboratory.
  Fat rabbit diet: mixed standard rabbit formulation+2% 
cholesterol +6%peanut oil and made into small pellets. TNF-毩,
IL-6 rabbit anti-mouse monoclonal antibody, TNF-毩, IL-6 
immunohistochemistry kit and TNF-毩, IL-6 ELISA kits 
were purchased from Wuhan Boster Biological Engineering 
Co., Ltd. TNF-毩, IL-6 transcription kits were purchased 
from Qiagen Corporation. The primers of TNF-毩, IL-6 and 
毬-actin were designed by the ABI software prism2.0 (Table 
1).

2.3. Methods

2.3.1. Drawing materials
  Blood was collected from ear marginal veins 1 d, 4 d, 
1 week, 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks 
postoperative respectively. They were centrifuged and the 

supernatant was stored at -80 ℃. After blood collection, 
two rabbits were injected with over-dose anesthetic and 
sacrificed. The carotid artery was exposed and 1 cm of 
artery was excised during the operation then divided 
into two sections. One blood vessel was immersed in 4% 
paraformaldehyde for immunohistochemical staining of 
vascular tissue, the other section was frozen at -80 ℃ 
refrigerator a for the TNF-毩and IL-6 mRNA detection.

2.3.2. ELISA detection and RT-PCR
  The serum cytokines TNF-毩and IL-6 were measured by 
sandwich ELISA.
  The blood samples were collected, total RNA was extracted 
by TRIzol. The reverse transcription kit of the Qiagen 
company was used to conduct reverse transcription, total 
system was 20 毺L (Table 2).
  They were centrifuged after mixing, and the process was as 
follow: 95 ℃ 5 min, Taq DNA polymerase was added after 1 
cycle; 94 ℃ 1 min, 63 ℃ (TNF) or 65 ℃ (IL-6) 45 s and 72 ℃
45 s, 35 cycles; 72 ℃ extension for 5 min. The agarose gel 
electrophoresis and photograph was performed. Quantity 
One software was used to analyze the light intensity of each 
band.毬-actin expression was used as control to calculate 
and compare the relative expression levels of each factor.

2.3.3. Immunohistochemical assay
  The blood vessel was embedded in paraffin, dewaxed, 
and added with the first antibody (TNF-毩, IL-6 antibody, 
both diluted 1:100). Horseradish peroxidase (HRP)-labeled 
secondary antibody was added and incubated. PBS instead 
of primary antibody was used as a negative control. Five 
(200 ×) visions were randomly selected, the color range was 
divided into four grades: Color range <1/4 of the vision as 1; 
Color range 1/4-1/2 of the vision as 2; Color range 1/2-3/4 of 
the vision as 3; Color range >3/4 of the vision as 4;

Table 1
PCR detection of gene and primers.
Gene Sequence    5’ →3’ Fragment size (bp)
TNF-毩 Upstream: ACCCTCACACTCAGATCATCTTCT 422

Downstream: CAGATTGACCTCAGCGCTGAGTTG
IL-6 Upstream: GTCTATACCACTTCACAAGTCGGA 441

Downstream: TTGGATGGTCTTGGTCCTTAGCCA
毬-actin Upstream: AGGGAAATCGTGGGTGACATCAAA 478

Downstream: ACTCATCGTACTCCTGCTTGCTGA

Table 2
Reverse transcription reaction system.
System components Volum (毺L) Final concentration
10×Buffer RT   2 1×
dNTP Mix (5 mM each dNTP)   2 0.5 mM each dNTP
Random primer (50 ng/mL)   1
RNase inhibitor (10 units/毺L)   1 10 units (per reaction)
Sensiscipt reverse transcriptase   1
RNase-free water  Variable
Experimental samples RNA Variable <50 ng (per reaction)
Total volume 20
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2.4. Statistical analysis
  
  The data was analyzed with SPSS 13.0 software. t-test, 氈2

examination and the Spearman rank correlation analysis 
were applied. P<0.05 was considered as statistical significant 
difference.

3. Results

3.1. TNF-毩, IL-6 level

  TNF-毩, IL-6 expression were significantly increased 
in model group and reached the highest after two weeks. 
Compared with the control group, each monitoring point 
were statistically significant after 8 weeks (P<0.05) (Table 3).

Table 3
Serum inflammatory cytokines TNF-毩, IL-6 levels at different time 
points..

Time Control group Model group
TNF-毩 (ng/mL) IL-6 (pg/mL) TNF-毩 (ng/mL) IL-6 (pg/mL)

1 d 0.7依0.2 1.8依0.2 1.5依0.4*   2.3依0.2*
4 d 0.7依0.2 1.8依0.1 2.4依0.5*   7.5依0.5*
1 week 0.7依0.2 1.8依0.2 4.6依1.1* 55.6依3.2*
2 weeks 0.7依0.2 1.8依0.2 6.2依1.8* 65.7依3.7*
3 weeks 0.7依0.2 1.8依0.1 5.3依1.4* 51.4依3.3*
4 weeks 0.7依0.2 1.8依0.2 3.5依0.8* 41.3依2.5*
6 weeks 0.7依0.2 1.9依0.2 2.9依0.6* 19.5依1.2*
8 weeks 0.8依0.2 1.9依0.2 2.3依0.5*   8.6依0.6*
Note: * Compared with control group, P <0.05.

3.2. TNF-毩, IL-6 mRNA expression of the vascular wall in 
two groups

  After 1 day of the injury, the intimal injury was not yet 
been repaired, and no tissue was detected. After 4 days of 
the injury, intimal appeared and was gradually thickened. 
The expression in the model group was higher than control 
group. In the intimal, the TNF-毩 expression reached the 
peak after two weeks, then decreased gradually. In the 
media, the TNF-毩 expression of the model group was 
significantly increased after l day and reached the peak 
after two weeks, then decreased gradually. In the adventitia, 
the TNF-毩 expression of the model group was significantly 
increased after l day and reached the peak after one week, 
then decreased gradually. IL-6 expression was similar to 
the TNF-毩 expression. In the intimal, the IL-6 expression 
reached the peak after two weeks, then returned to the 
baseline. In the media, the IL-6 expression of the model 
group was significantly increased after l day and reached 
the peak after two weeks, then returned to the baseline. In 
the adventitia, the IL-6 expression of the model group was 
significantly increased after l day and reached the peak after 
one week, then returned to the baseline (Table 4, 5; Figure 1, 
2).
  After 1 day of the injury, the intimal injury was not yet 
been repaired, a small amount of positive staining cells 
were found in the media and the adventitia. After 4 days of 

Table 4
TNF-毩 mRNA expression in each layer of the artery wall of the two groups.

 Time Intimal Media Adventitia
Model group Control group Model group Control group Model group Control group

1 d 0 0.3依0.1 1.6依0.7* 0.9依0.1   1.0依0.5* 0.5依0.1
4 d 0.5依0.2* 0.3依0.1 2.3依1.1* 0.9依0.1   3.5依1.4* 0.5依0.1
1 week 2.5依1.4* 0.3依0.1 4.5依2.0* 0.9依0.1   4.4依1.8* 0.5依0.1
2 weeks 4.3依2.6* 0.3依0.1 5.6依1.8* 0.9依0.1   2.2依1.0* 0.5依0.1
3 weeks 3.7依1.9* 0.3依0.1 3.6依1.4* 0.9依0.1   1.5依0.6* 0.5依0.1
4 weeks 2.2依1.1* 0.3依0.1 3.2依1.3* 0.9依0.1   0.8依0.2* 0.5依0.1
6 weeks 1.0依0.4* 0.3依0.1 2.4依1.1* 0.9依0.1 0.6依0.1 0.5依0.1
8 weeks 0.8依0.3* 0.3依0.1 1.8依0.8* 0.9依0.1 0.5依0.1 0.5依0.1
Note: * Compared with control group, P<0.05.

Table 5 
IL-6 mRNA expression in each layer of the artery wall of the two groups.
Time Intimal Media Adventitia

Model group Control group Model group Control group Model group Control group
1 d 0 0.3依0.1 1.3依0.4* 0.7依0.1 1.5依0.8* 0.3依0.1
4 d 1.1依0.4* 0.3依0.1 2.7依1.0* 0.7依0.1 4.3依1.9* 0.3依0.1
1 week 3.5依1.5* 0.3依0.1 3.9依1.7* 0.7依0.1 4.5依2.0* 0.3依0.1
2 weeks 4.4依2.8* 0.3依0.1 4.8依2.3* 0.7依0.1 3.4依1.5* 0.3依0.1
3 weeks 3.4依1.7* 0.3依0.1 3.5依1.4* 0.7依0.1 2.5依1.0* 0.3依0.1
4 weeks 2.4依1.0* 0.3依0.1 2.8依1.1* 0.7依0.1 1.6依0.9* 0.3依0.1
6 weeks 1.4依0.6* 0.3依0.1 2.2依1.0* 0.7依0.1 1.0依0.6* 0.3依0.1
8 weeks 1.0依0.4* 0.3依0.1 1.7依0.6* 0.7依0.1 0.7依0.5* 0.3依0.1
Note: * Compared with control group, P<0.05.
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the injury, intimal appeared and a small amount of positive 
cells appeared, the positive staining cells were increased in 
the media and the adventitia. TNF-毩 expression reached 
the peak after 4 days in the intimal and the adventitia, and 
it reached the peak after 1 week in the media, then returned 
to the baseline. IL-6 expression reached the peak after 
one week in the intimal and the media, the adventitia, then 
returned to the baseline (Table 6, 7).
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Figure 1. TNF-毩 mRNA expression at each time of the two groups.
A: intima; B: media; C: adventitia.
1,3,5: the control group. 2,4,6: the model group.
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Figure 2. IL-6 mRNA expression at each time of the two groups.
A: intima; B: media; C: adventitia.
1,3,5: the control group. 2,4,6: the model group.

3.4. Correlation analysis of TNF-毩 and IL-6 mRNA 
expression in the vascular wall tissue

  According to the Spearman correlation analysis of TNF-毩 
and IL-6 mRNA expression in the vascular wall tissue, IL-6 
and TNF-毩 expression was positively correlated (r=0.734 in 

Table 6
TNF-毩protein expression in each layer of the artery wall of the two groups.

Time
Intimal Media Adventitia

Model group Control group Model group Control group Model group Control group
1 d 0 1.3依0.1 1.9依0.7* 1.3依0.1   1.5依0.5* 1.3依0.1
4 d 3.5依0.5* 1.3依0.1 2.8依1.0* 1.3依0.1   3.5依0.5* 1.3依0.1
1 week 2.5依0.4* 1.3依0.1 3.8依0.2* 1.3依0.1   3.2依0.8* 1.3依0.1
2 weeks 2.3依0.4* 1.3依0.1 3.6依0.4* 1.3依0.1   2.6依1.0* 1.3依0.1
3 weeks 2.0依0.3* 1.3依0.1 2.8依1.2* 1.3依0.1   2.4依1.0* 1.3依0.1
4 weeks 1.8依0.3* 1.3依0.1 2.6依1.4* 1.3依0.1   1.8依0.8* 1.3依0.1
6 weeks 1.8依0.4* 1.3依0.1 1.8依1.1* 1.3依0.1 1.6依0.5 1.3依0.1
8 weeks 1.5依0.3* 1.3依0.1 1.6依1.0* 1.3依0.1 1.5依0.5 1.3依0.1
Note: * Compared with control group, P <0.05.
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intimal, r=0.678 in meida, r=0.785 in advebtitia, all P <0.05). 

4. Discussion

  Currently CEA is one of the important treatment for 
extracranial carotid artery stenosis. However, because the 
intimal self-healing can cause restenosis, the postoperative 
stenosis rate is up to 30%. At present, it is reported that 
the restenosis is caused by various tissue components. So 
prevention of restenosis is difficult in clinical[4,5]. In this 
study, we established restenosis rabbit model and analyzed 
the relationship between TNF-毩, IL-6 and postoperative 
restenosis, then explore the pathogenesis of endarterectomy 
restenosis.
  Inflammatory mediators play important roles in the 
process of the initiation and progression of the vascular 
injury. Moderate reaction is benefit to the vascular repair, 
but the overreaction can lead to vascular stenosis. TNF-
毩, IL-6 are important members of the complex network 
of inflammatory cytokine[6]. TNF-毩 is a multi-directional 
inflammatory mediators, which was almost not expressed 
in the normal vessel wall, but the expression was increased 
significantly in the vascular injury. In previous studies, it is 
reported that TNF-毩 plays the role in accelerated vascular 
smooth muscle cell migration, and it can also promote the 
expression of a variety of growth factors and cytokines. 
Restenosis is the vascular healing response to injury, while 
TNF-毩 produces a positive effect in the process of vascular 
remodeling[7-10]. Studies suggest that the hyperplasia 
reaction was significantly slowed after intimal injury of the 
TNF-毩 gene knockout rat model, so that TNF-毩 plays 
an important role in the process of arterial injury intimal 
hyperplasia[10].
  The results of this study also showed that TNF-毩 
expression in the serum and tissues were significantly 
increased in the intimal injury model group. It was 
significantly increased after 1 day, and reached the peak 

after 1-2 weeks, then returned to the baseline levels. IL-6 
is a cytokines which produced by monocyte/macrophage 
cells, the expression increased after stent implantation. The 
increased expression is a series of water fall effects which 
can activate different substances, induced the increase 
of other cytokines, growth factors and mitogens[11-13]. The 
results of this study showed that the IL-6 expressions in the 
serum and tissues were significantly increased in the intimal 
injury model group. It was significantly increased after 1 
day, reached the peak after 1-2 weeks, then returned to 
the baseline levels. Studies have shown that knocking IL-6 
gene also can reduce the degree of stenosis due to vascular 
remodeling.
  Studies suggest that IL-6 can promote intimal smooth 
muscle hyperplasia by activating STAT3 and other ways. 
Current data indicate that the proliferation smooth muscle 
in the media of vascular plays a vital role in the intima 
migrate. Its development process includes the following 
five aspects: thrombus formation phase, inflammatory 
reaction period phase, the proliferation of vascular smooth 
muscle cells phase, extracellular matrix formation and 
vascular remodeling phase[14-17]. According to the Spearman 
correlation analysis of TNF-毩 and IL-6 mRNA expression 
in the vascular wall tissues, the IL-6 and TNF-毩 expression 
was positively correlated (P<0.05). It is considered that 
the TNF-毩 and IL-6 expression were synergy to promote 
the further development of inflammation, which result 
in the excessive proliferation and migration of intimal 
vascular, as well as the lipid infiltration and the migration 
of adventitial fibroblast to the intima, thus constitute the 
basic pathological changes of restenosis. Although the whole 
process of the development mechanism is still unclear, 
the degree of intimal hyperplasia can be suppressed by 
knocking out inflammatory cytokine gene or inhibit the 
inflammatory response. This may suggest the endometrial 
response and inflammation are closely related[18].
  In summary, after vascular injury, TNF-毩 and IL-6 play 

Table 7
IL-6 protein expression in each layer of the artery wall of the two groups.

Time
Intimal Media Adventitia

Model group Control group Model group Control group Model group Control group
1 d 0 1.1依0.1 1.5依0.7* 1.1依0.1   1.7依0.6* 1.1依0.1
4 d 1.5依0.6* 1.1依0.1 2.8依1.0* 1.1依0.1   3.5依0.5* 1.1依0.1
1 week 3.5依0.5* 1.1依0.1 3.6依0.4* 1.1依0.1   3.0依1.0* 1.1依0.1
2 weeks 3.2依0.8* 1.1依0.1 2.8依1.2* 1.1依0.1   2.4依0.8* 1.1依0.1
3 weeks 2.4依0.6* 1.1依0.1 2.5依1.0* 1.1依0.1   2.2依0.7* 1.1依0.1
4 weeks 2.0依0.5* 1.1依0.1 2.2依0.8* 1.1依0.1   1.6依0.9* 1.1依0.1
6 weeks 1.4依0.5* 1.1依0.1 2.0依0.6* 1.1依0.1   1.4依0.6* 1.1依0.1
8 weeks 1.2依0.4* 1.1依0.1 1.5依0.4* 1.1依0.1 1.1依0.4 1.1依0.1
Note: * Compared with control group, P <0.05.
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important roles in repairing the vascular intimal. However, 
there is a correlation between them. It can promote more 
release of inflammatory mediators and lead to excessive 
vascular intimal repair, then lead to vascular stenosis. 
Therefore, inhibition of inflammatory cytokines is a new 
therapeutic approach to suppression of angiogenesis. But its 
exact mechanism and the regulation of mutual relations are 
still not yet very clear, and it need further study.
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