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Abstract: Objective: This study aims to observe the expression of advanced glycation end products (AGEs) and
its receptor (RAGE) and explore the roles of phenotypic transformation of vascular smooth muscle cells (VSMCs)
regulated by AGEs in the thoracic aortic dissection (TAD) in neonatal rats. Methods: The thoracic aortic dissection in
neonatal rat model was established. The expression levels of AGEs and RAGE in thoracic aortic dissection tissues
were detected. VSMCs phenotype transformation model was established by recombinant platelet derived growth
factor BB (PDGF-BB) stimulation and starvation culture methods. The expression of RAGE was silenced by siRNA
to explore the roles of phenotypic transformation of VSMCs regulated by AGEs in the thoracic aortic dissection in
neonatal rats. The expression changes of SM α-actin and calponin were detected by western blotting method. The
expression changes of AGEs and RAGE were detected by ELISA and RT-PCR methods. Results: The expression levels
of AGEs and its receptor RAGE in thoracic aortic dissection were significantly higher than that in normal thoracic
aorta (P<0.01). The expression of AGEs and RAGE were negatively correlated with that of SM α-actin and calponin.
The regulation of AGEs on phenotypic transformation of VSMCs was blocked after silencing RAGE. Conclusions:
AGEs can promote the transformation of VSMCs from the contractile type to the synthetic type in the thoracic aortic
dissection and aortic aneurysm tissue.
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Thoracic aortic dissection (TAD) refers to the
lesions that longitudinal separation between
the aortic intima and the middle occurred and
true and false lumen were formed in the arteries, which was caused by a sudden pressure
increase within the vascular lumen after the
lesion in the tunicae media occurred, and then
a direct, retrograde, or bidirectional dissecting
aneurysm formed or ruptured. Its mortality is
very high [1, 2]. At present, the main treatment
methods include endovascular graft replacement surgery and traditional graft replacement
surgery, the mortality and postoperative complication rates were high [3].

homeostasis and repair of vascular injury. The
phenotype of VSMCs was divided into two
types: synthetic VSMCs and contractile VSMCs.
Synthetic VSMCs have strong ability of migration, proliferation and secretion. Contractile
VSMCs highly expressed smooth muscle specific genes and had strong contractibility [4,
5]. The mature VSMCs were able to convert
between the two types. VSMCs could transform
from the contractile type to the synthetic type in
the thoracic aortic dissection and the middle
membrane tissue of aneurysm [6]. Smooth
muscle alpha-actin (SMα-actin) and calponin
can be used to evaluate the phenotypic transformation of VSMCs.

The aortic wall has contractibility and elasticity.
Vascular smooth muscle cells (VSMCs) play an
important role in the maintenance of vascular

Advanced glycation end products (AGEs) were
first discovered by Maillard in 1912 [7, 8]. AGEs
can be combined with a variety of human tis-
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Experimental animals

Table 1. The primer used in Real-time PCR
GenBank
Accession NO.

Length of
product
(bp)
214

A total of 45 SD rats (weight
200±20 g, 15 males and 30 females) were obtained from the
RAGE NM_001271424.1 F: CAGGGTCACAGAAACCGG
experimental animal center. They
R: ATTCAGCTCTGCACGTTCCT
were pre-feeding for one week
β-actin NM_007393.4
F: GACAGGATGCAGAAGGAGAT
273
with free access to food and water
R: GCCATGCCAATGTTGTCTCTTA
to adapt to the environment and
F: forward; R: reverse.
5 per cage. Room temperature
maintained at 18~25°C. The neonatal rat thoracic aortic dissection model was
Table 2. The synthetic system of inverse
established in pregnant rats (n=25). Semicartranscription
bazlde (25 mg/kg.d) was casted to the implanComponents
Volume per Reaction
table capsule osmotic pump and implanted
dNTP Mix
4 μl
inside the abdomen of pregnant 14 d rats.
Primer Mix
2 μl
Neonatal mice were sacrificed after anesthesia
RNA Template
4 μl
and thoracic aortic tissues were taken out [14].
5×RT Buffer
4 μl
All experimental procedures were approved by
DTT
2 μl
the Care of Experimental Animals Committee of
HiFiScript
1 μl
our hospital.
Gene

RNase-Free Water

Primer (5’-3’)

Up to 20 μl

HE staining
sues or cells to destroy them. The biological
effect of AGEs is related to the expression of
RAGE (Receptor for AGE) [9]. Interactions between AGEs and RAGE can activate a variety
of signaling pathways related to cell proliferation and apoptosis, which is associated with
the occurrence and development of diabetes,
Alzheimer’s disease, atherosclerosis and other
diseases [10-13]. Vascular endothelial cells,
smooth muscle cells, fibroblasts, macrophages
and even neurons express RAGE or have AGEs
binding site. At present, the roles of AGEs in the
transformation of the arterial VSMCs phenotype in patients with TAD remain unclear. In this
study we observe the expression of AGE and
RAGE and explore the roles of phenotypic transformation of VSMCs regulated by AGEs in the
thoracic aortic dissection in neonatal rats,
which could provide theoretical basis for the
prevention, diagnosis and treatment of the
disease.
Materials and methods
Cell culture
USMC cell lines were purchased from American
type culture collection (ATCC). They were cultured with DMEM medium containing 10% fetal
calf serum at 37°C with 5% CO2.

2759

The thoracic aortic tissue was cut into small
pieces and fixed in 10% formalin and embedded in paraffin routinely. The paraffin blocks of
specimen were cut into continuous sections
with 4 μm respectively. The sections were dewaxed with xylene and washed with ethanol
and water. They were stained with hematoxylin
after that and then differentiated, washed and
stained with eosin, then dehydrated, hyalinized
and finally mounted on slides and observed
under microscope, pictures were taken.
Preparation and detection of VSMCs phenotype transformation model
VSMCs phenotype transformation model was
established by platelet derived growth factor
BB (PDGF-BB) stimulation and starvation culture methods respectively. Different concentration of PDGF-BB (0 ng/ml, 2 ng/ml, 5 ng/ml
and 7 ng/ml) was added into DMEM medium
and culture for 48 h and then detection. VSMCs
were detected after starvation treatment for 0
h, 24 h, 48 h and 72 h respectively. Successfully
established model cells were performed AGEs
stimulation experiment, they were divided into
control group, 40 μg/mL AGEs group, 20 μg/mL
AGEs group, 10 μg/mL AGEs group and 5 μg/
mL AGEs group respectively.
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Figure 1. Establishment of thoracic aortic dissection model. A: Thoracic aortic tissue; B: HE staining of thoracic
aortic dissection model.

RAGE siRNA
SiRNA oligonucleotides corresponding to RAGE
(5’-CGAGAATCACGCTGC ATGACCATGT-3’) were
used for transfection of VSMCs cells using lipofectamine 2000 (Life Technologies) according
to the manual. The cells were divided into control group, AGEs 40 μg/mL group and RAGE
siRNA+AGEs 40 μg/mL group.
Enzyme linked immunosorbent assay (ELISA)
AGEs was detected after grinding the tissue
samples with ELISA kit according to the manual. OD values at 450 nm were determined by
ELISA detector. Standard curve was drawn to
calculate the concentration.
Protein extraction and western blotting
The tissues were lysed with RIPA lysis buffer
and total proteins were extracted and analyzed
with SDS-PAGE electrophoresis. Then it was
electrotransferred to the PVDF membrane.
After the transmembrane, PVDF membrane
was rinsed with TBS for 10 to 15 min, placed
in TBS/T blocking buffer containing 5% (w/v)
skimmed milk powder and shook at room temperature for one hour. It was incubated at room
temperature for two hours after added with
appropriate dilution degree of primary antibody
(diluted with TBST containing 1% (w/v) skimmed
milk powder). Then the membrane was rinsed
with TBST for three times (5 to 10 minutes one
time). The membrane was incubated at room
temperature for one hour with HRP labeled secondary antibody (1:10000) diluted with TBST
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containing 0.05% (w/v) skimmed milk powder
and rinsed for three times with TBST (5 to 10
minutes at a time). The protein bands were
scanned and quantified as a ratio to β-actin.
RNA extraction and real-time PCR
The harvested cells were washed with RNase
free PBS. Total RNA was extracted using
RNeasy Mini Kit (Qiagen) according to the manufacturer’s protocol. Their concentration and
purity were detected with Qubit Fluorometer. 1
μg RNA was subjected to reverse transcription
using reverse transcription kit (Promega). Realtime PCR were performed using SYNBR Green
PCR Master Mix (Qigen). The primers used in
this study were shown in Table 1, the synthetic
system of PCR were shown in Table 2. β-actin
gene was used as an internal control for normalization of RNA quantity and quality differences in all samples.
Statistical analysis
The results are expressed as mean ± S.D. and
analyzed with SPSS 16.0 software, student
t-test was used to evaluate the differences
between groups. A value of P<0.05 and P<0.01
were taken to denote statistical significance.
Results
Establishment of thoracic aortic dissection
model
As shown in Figure 1, the histopathological features of thoracic aortic dissection were middle
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Figure 2. Expression of AGEs in thoracic aortic tissues.

Figure 3. Expression of RAGE in thoracic aortic tissues.

arterial degeneration, lamellar necrosis with
smooth muscle cell loss. We established thoracic aortic dissection model successfully.
Expression of AGEs in thoracic aortic tissues
The expression levels of AGEs were shown in
Figure 2. It showed that the expression levels
of AGEs in thoracic aortic dissection tissues
were significantly higher than that of normal
thoracic aortic dissection tissues (7350.97±
31.01 ng/ml vs 6830.88±35.46 ng/ml, P<
0.01).
Expression of RAGE in thoracic aortic tissues
Western blotting results were shown in Figure
3. It showed that the expression levels of RAGE
2761

Figure 4. AGEs expression changes with different
concentrations of PDGF-BB.

Figure 5. Western blotting results of SMα-actin and
Calponin expression under different concentrations
of PDGF-BB.

in thoracic aortic dissection tissues were significantly higher than that of normal thoracic
aortic dissection tissues (P<0.01).
Establishment of VSMCs phenotype transformation model by PDGF-BB stimulation
As shown in Figure 4, the concentration of
AGEs gradually decreased with the increase of
PDGF-BB concentration. Western blotting results showed that the expression levels of SMαactin and Calponin increased with the increase
of PDGF-BB concentration (Figure 5). RT-PCR
results showed that the expression levels of
RAGE decreased with the increase of PDGF-BB
concentration (Figure 6).
Int J Clin Exp Pathol 2016;9(3):2758-2764
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Figure 6. RT-PCR results of RAGE expression under
different concentrations of PDGF-BB.

Figure 8. Western blotting results of SMα-actin and
Calponin expression on different starvation treatment time.

Figure 7. AGEs gradually increased with the time of
starvation treatment.

Establishment of VSMCs phenotype transformation model by starvation treatment
ELISA results of AGEs were shown in Figure 7. It
showed that the concentration of AGEs gradually increased with the time of starvation treatment. Western blotting results showed that the
expression levels of SMα-actin and Calponin
decreased with the time of starvation treatment (Figure 8). RT-PCR results showed that
the expression levels of RAGE increased with
the time of starvation treatment.
Phenotype transformation of VSMCs in different concentration of AGEs groups
Western blotting results were shown in Figure
9. It showed that the expression levels of SMαactin and Calponin decreased with the increase
of AGEs concentration. RT-PCR results showed
that the expression levels of RAGE increased
with the increase of AGEs concentration.
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Figure 9. Western blotting results of SMα-actin and
Calponin expression under different concentrations
of AGEs treatment.

RAGE siRNA results
Western blotting results were shown in Figure
10. It showed that AGEs could down-regulate
the expression levels of SMα-actin and Calponin, while the expression levels of SMα-actin
and Calponin increased after silencing RAGE.
Figure 11 showed that RAGE expression decreased in RAGE siRNA group.
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ment of TAD. We also found that the expression
changes of RAGE was consistent with AGEs,
the regulation of AGEs on phenotypic transformation of VSMCs was blocked after silencing
RAGE. These results suggested that AGEs activated signal pathway, regulated the expression
of related molecules and phenotypic transformation depending on its receptor RAGE.

Figure 10. Western blotting results of SMα-actin
and Calponin expression under AGEs and RAGE siRNA treatment. 1: Control group; 2: AGEs 40 μg/mL
group; 3: RAGE siRNA+AGEs 40 μg/mL group.

Figure 11. RT-PCR results of RAGE expression under
AGEs and RAGE siRNA treatment. 1: Control group;
2: AGEs 40 μg/mL group; 3: RAGE siRNA+AGEs 40
μg/mL group.

Discussion
TAD is a common serious cardiovascular disease and its prognosis is poor, the incidence
rate was about 3 cases/100,000 [14, 15]. It
was found that the interaction of RAGE and
AGEs is related to the development of a variety
of diseases [11-13]. In this study we found that
AGEs levels in TAD tissues were higher than
that of normal tissue, which suggested that
AGEs may play an important role in the develop-
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SMα-actin and Calponin were specific genes of
VSMCs. Their expression levels could change
with different VSMCs phenotypes [16, 17].
Increased SMα-actin and Calponin predicated
that VSMCs transformed to synthetic type, otherwise they transformed to contractile type.
PDGF-BB is an important promoting mitogenic
factor; it could stimulate VSMCs transform to
contractile type. Starvation treatment could
stimulate VSMCs transform to synthetic type
[18]. We found that the expression levels of
SMα-actin and Calponin increased with the
increase of PDGF-BB concentration, while the
expression levels of RAGE decreased with the
increase of PDGF-BB concentration. The expression levels of SMα-actin and Calponin
decreased with the time of starvation treatment, while the expression levels of RAGE
increased with the time of starvation treatment. These results suggested that the expression level of RAGE was negatively correlated
with the expression of SMα-actin and Calponin.
AGEs expression was also negatively correlated
with the expression of SMα-actin and Calponin.
Therefore, we thought that AGEs and RAGE
could promote the transformation of VSMCs
from the contractile type to the synthetic type
in the thoracic aortic dissection.
We analyzed the interaction of AGEs and RAGE
and related pathway through STRING database
(http://string-db.org) (Figure 12). We found that
Saa1/2, Hmgb1, S100b and other proteins got
higher credibility. These proteins abnormally expressed in diabetes, rheumatoid arthritis and
other diseases, they played important roles in
the development of the diseases. These suggested that AGEs was involved in the occurrence and progression of the disease through
its receptor and signaling pathway, AGEs had
complex biological effects.
In a word, AGEs and RAGE could promote the
transformation of VSMCs from the contractile
type to the synthetic type in TAD, its specific
molecular mechanism need further study.
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