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Abstract: Objective: The present study aims to investigate whether RAGE promotes the calcification of human arte-
rial smooth muscle cells (HASMCs) and determine the relationshipbetween RAGE and the Wnt/β-catenin signaling 
pathway in this process. Method: In this study,there were four groups, namelythe blank control group, the non-
transfection group, the empty vector group, and the RAGE transfection group.Cells were co-cultured with 10 mmol/L 
β-glycerophosphoric acid, pyruvate and 20 mg/L AGE. The expression of osteogenic proteins in each group before 
and after the intervention wasdetected using Western blotting. Short interfering RNA (siRNA) targeting β-catenin 
was used toinhibitthe expression of β-catenin. HASMCs cultured under normal conditions were usedas the blank 
control. Results: (1) High RAGE expression was successfully induced in HASMCs according to the results of GFP 
detection, flow cytometry and Western blotting. (2) Compared with the blank control group, non-transfection group 
and empty vector group, RAGE transfection enhanced the calcification of cells when incubated with calcification 
medium plus AGE. (3) The expression of RAGE, β-catenin, OPG and Cbfa1 proteins in the blank control group, empty 
vector group and RAGE transfection group wasnot significantly enhanced after intervention. However, expression 
of the proteins in the RAGE transfection group was much higher than those of the other groups. (4) Compared with 
the RAGE transfection group and control siRNA group, the cells transfected with β-catenin siRNA and cultured with 
interventional drugs showed significant inhibition of the expression of the downstream Cbfa1 and OPG genes. Con-
clusion: Increased expression of RAGE promoted calcification in HASMCs and up regulated the β-catenin, OPG and 
Cbfa1 genes. RAGE may activate the downstream genes via the Wntβ-catenin pathway, thereby promoting HASMC 
differentiation into osteogenic cells and calcification. 

Keywords: AGE (advanced glycation end product), β-catenin, medial artery calcification, HASMCs (human aortic 
smooth muscle cells) 

Introduction 

Arterial calcification is a type of pathological 
lesion caused by the deposition of calcium salt 
in the aortic wall. It is associated with a variety 
of diseases, including atherosclerosis, hyper-
tension, nephropathy, diabetes and vascular 
injury [1-4]. Arterial calcification is an actively 
regulated process [5] in which hormones, 
enzymes, cytokines and proteins play a role. 
However, the pathogenic and developmental-
pathwaysremain unclear. Arterial calcification 
is classified as intimal calcification ormedial 
artery calcification (MAC), depending on the 
site of calcification. The latter is also known as 
Mönckeberg’s arteriosclerosis, which involves-

degenerative lesions resulting from unknown 
causes. MAC mainly occurs in diabetes and ure-
mia and presents with dystrophic calcification 
of the tunica media [6-7]. Recognized as a con-
dition associated with diabetes, chronic renal 
failure and atherosclerosis, MAC can be pre-
vented, reversed and actively regulated in its 
early stages as in bone development. 

The AGE/RAGE axis and Wnt/β-catenin signal-
ing pathway are closely associated with pheno-
typic transformation and MAC of vascular 
smooth muscle cells (VSMCs) [8], but little is 
known about themolecular pathways involved. 
In the present study, the overexpression of 
RAGE was induced in human arterial smooth 
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muscle cells (HASMCs) using adenoviral vector-
mediated gene transfer. The expression of com- 
ponents of the Wnt/β-catenin signaling path-
way and osteogenic proteins and the degree of 
calcification were determined by Western blot-
ting and flow cytometry and by Von Kossa stain-
ing, respectively. The role of RAGE in promoting 
the calcification of HASMCs and the differentia-
tion of HASMCs into osteogenic phenotypesis 
discussed. β-catenin expression was silenced 
by siRNAto analyze the interaction between 
RAGE and the Wnt/β-catenin signaling path- 
way. 

Materials and methods

Culture of HASMCs

Cryopreservation tubes were stored at -80°C 
and quickly placed into a 37°C water bath for 
thawing. The cells were thawed after 1 min 
ofgentle shaking. After disinfection with 75% 
alcohol, the tube was placed on anultraclean 
bench that had been subjected to ultraviolet 
disinfection for 1 h. The cell suspension was 
transferred to acentrifuge tube, and 8 ml of cul-
ture medium was added. The cells were dis-
persed by gentle blowing and then centrifuged 
at 800 rpm for 5 min, and the supernatant was 
discarded. The cells were diluted with culture 
medium, blown gently and transferred into the 
culture flask. They were cultured in an incuba-
tor, and the culture medium was replaced every 
two days. 

When the cells fully coatedthe culture flask 
walls, the culture medium was removed, and 
the cells were washed with PBS. Approximately 
2 ml of trypsin was added to the culture flask. 
The cells were observed with an inverted phase 
contrast microscope at room temperature, 
avoiding cell contamination. When the cells 
retracted and the intercellular space was 
enlarged, digestion was terminated by the addi-
tion of fetal bovine serum. The culture flask was 
rotated gently, and the residual digestion liquid 
was removed. Culture medium was added, and 
the adherent cells were gently blown off the 
walls to form a cell suspension. Next, the cells 
were inoculated intothe culture flask, and cul-
ture medium was added. The cell density was 
maintained at 1.5×10 cells/ml, and the culture 
medium was replaced every 3 days.  

Cell morphology

The cells were observed to be spindle-shaped 
or polygonal with aninverted phase contrast 

microscope. After reaching confluence, the 
cells presented a parallel arrangement, either 
in a radial pattern or in bundles. Thisistypical of 
the “crest-trough” pattern of SMCs.  

Induction of high levels of stable RAGE and 
detection of RAGE expression 

RAGE expression was induced in HASMCs 
using adenoviral vectors. As verified by detect-
ing the expression of GFP and by Western blot-
ting, RAGE was highly expressed in HASMCs. 
RAGE was provided by Guangzhou Fulengen 
Co., Ltd. The gene sequence was searched on 
NCBI (GenBank: AY755619.1, ORF1215 bp).

HASMCs were transfected with adenoviral vec-
tors carrying GFP. The green fluorescence was 
observed withan inverted fluorescence micro-
scope 96 h following transfection. Transfected 
cells were identified using 4 μg/ml puromycin 
because these cells are resistant to puromycin. 
When the expression of GFP was greater than 
90%, the cells were subjected to Western 
blotting. 

Modeling of diabetes-related calcification 

Preliminary experiments determined that the 
calcification of VSMCs was enhanced with cal-
cification medium plus AGE compared with cal-
cification medium alone. Therefore, HASMCs 
were co-cultured with 10 mmol/L β-glyceropho- 
sphoric acid, pyruvate and 20 mg/L AGE in all 
experimental groups for 8-10 d to induce diabe-
tes-related calcification. 

Western blotting

The expression of RAGE, β-catenin, Cbfa1, OPG 
and ALP was detected by Western blotting, as 
described previously. The gel was prepared, 
and the electrophoresis tank was filled with 1× 
electrophoresis buffer. The starting voltage 
was 80 V. After the dye entered the separating 
gel, the voltage was switched to 120 V. When 
the dye reached the bottom of separating gel 
after approximately 80 min, the power was 
cut,and the proteins were transferred to the 
membrane. Then, the membrane was placed 
on filter paper, and the front face was identi-
fied. After drying for several minutes at room 
temperature, the PDVF membrane was blocked-
with defatted milk powder. The membranewas 
placed on a shaker at room temperature for 1 h 
and stood overnight at 4°C, with the front of the 
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membrane facing upwards. Primary antibodies 
were diluted with the sealing buffer and incu-
bated with the membrane on a shaker for 2 h 
(the front of the membrane facing upwards). 
The membrane was washed with TBS-T buffer 
three times, for 5-10 min each time. The sec-
ondary antibodies were diluted with TBS-T buf-
fer (1:600 dilution) and incubated with the 
membrane on a shaker at room temperature 
for 1.5 h (the front of the membrane facing 
upwards). The membrane was then washed 
with TBS-T buffer three times, for 5-10 min 
each time. The blot was developed, and the 
molecular weight and net optical density of the 
target bands were analyzed with Quantity One 
Software. 

Detection of GFP expression in HASMCs by 
flow cytometry after transfection 

The culture medium in the RAGE transfection 
group, empty vector group and blank control 
group was removed, and the cells were washed 

twice with PBS buffer. After trypsin digestion, 
culture medium was added, and the adherent 
cells were gently blown off the walls with a ster-
ile pipette. The resulting cell suspension was 
loaded into a 2 ml round-bottom centrifuge 
tube and centrifuged at 1500 rpm for 5 min 
with the supernatant discarded. The cells were 
mixedwith 500 μl of precooled PBS bufferby 
gentle blowing. Then, the cells were subjected 
to flow cytometry. 

Silencing of β-catenin expression by siRNA

siRNA targeting β-cateninwas purchased from 
Guangzhou Fulengen Co., Ltd. The gene 
sequence of β-catenin was found on NCBI-gene 
name CTNNB1, mRNA accession No. NM_ 
001904, and gene ID 1499. One day prior to 
transfection, HASMCs were inoculated into 
24-well plates, and the cells reached 70-90% 
confluence within 24 h. Then, 20 pmol β-catenin 
siRNA was added to 50 μl of serum-free  
DMEM with gentle mixing. One microliterof 

Figure 1. A: HASMCs were spindle-shaped or polygonal under the inverted phase contrast microscope. After reach-
ing confluence, the “crest-trough” pattern of cell arrangement was observed. B: Cell apoptosis induced after 3 d by 
puromycin atdifferent concentrations observed withaninverted phase contrast microscope (×200).



Wnt/β-catenin and calcification of human aortic

4647 Am J Transl Res 2016;8(11):4644-4656

Lipofectamine was diluted with 50 μl of serum-
free high-glucose DMEM andthen incubated 
with the cells at room temperature for approxi-
mately 5 min. The diluted β-catenin siRNA was 
mixed with RNAi-Mate reagent. Then, the cells 
were incubatedat room temperature for approx-
imately 20 min to form a β-catenin siRNA/
Lipofectamine complex, and 100 μl of thecom-
plex was added to HASMCs. The culture plate 
was gently shaken to fully mix the culture medi-
um with the β-catenin siRNA. The cells with 
β-catenin siRNA were placed into a CO2 incuba-
tor at 37°C, and the medium was replaced 6 h 
later. Successfully transfected cells were iden-
tified by green fluorescence observed 24 h 
after transfection using a fluorescence micro- 
scope. 

Determination of intracellular calcium concen-
tration 

The intracellular calcium concentration was 
determined using a spectrophotometer at 570 
nm. Using a pipette, 800 ul of the buffer was 
transferred to another 1 ml cuvette, and 100 ul 
of the reaction solution was added. Then, 100 
μl of the standard solution or samples to be 
determined was added, mixed well and incu-
bated for 5 min. Absorbance was measured 
with a spectrophotometer. The standard curve 
was plotted with the optical density (OD) on the 
y axis and the standard calcium concentration 
(mmol/L) on the x axis. The corresponding cal-

cium concentration was obtained from the 
standard curve using the following formula: cal-
cium concentration (mmol/L) × dilution factor 
of the sample=mmol/L. 

Results

Culture of HASMCs

Figure 1A shows the HASMCs cultured under 
normal conditions (90% DMEM high glu-
cose+10% fetal bovine serum). The cells were 
spindle-shaped or polygonal under the inverted 
phase contrast microscope. After reaching con-
fluence, the cells were arranged in bundles or in 
a radial pattern, which conformed to the “crest-
trough” pattern typical of SMCs. The cells of the 
8-10th generation were harvested. 

Screening with puromycin atdifferent concen-
trations

Normal HASMCs were identified using fresh cul-
ture medium containing increasing concentra-
tions of puromycin (0 μg/ml, 2 μg/ml, 4 μg/ml, 
6 μg/ml, 8 μg/ml, 10 μg/ml). The culture medi-
um containing puromycin was replaced every 
2-3 days, and cell apoptosis was observed with 
a microscope for 6 consecutive days. There 
were almost no apoptotic cells at 6 d in the 0 
μg/ml treatment group; a small amount of nor-
mal cells were found at 6 d in the 2 μg/ml treat-
ment group; all cells were apoptotic at 3-4 d in 
the 4 μg/ml treatment group; in the 6 μg/ml 

Figure 2. GFP expression in the transfected cells in each group as seen with the fluorescence microscope. A: Empty 
vector group; B: Transfected with an adenoviral vector carrying RAGE group.
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Figure 3. Part 1: Flow cytometry results in the blank control group, emp-
ty vector group and RAGE transfection group. A: Blank control group; 
B: Empty vector group; C: Transfected with adenoviral vector carrying 
RAGE group. Part 2: Expression of RAGE in each group withWestern 
blotting. Compared with the blank control group, P>0.05 in the empty 
vector group and P<0.05 in the RAGE transfection group. *P>0.05, 
**P<0.05. A: Empty vector group; B: Transfected with adenoviral vec-
tor carrying RAGE group.
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Figure 4. Part 1: Calcium deposition in each group under the inverted phase contrast microscope (indicated by white 
bright spots). A: Co-cultured with 10 mmol/L β-glycerophosphoric acid, pyruvate and 20 mg/L AGE; B: Empty vector 
group; C: Transfected with adenoviral vector carrying RAGE group. Part 2: In Von Kossa staining, calcium deposition 
was indicated by red or light pink color after counterstaining in nuclear fast red. As seen inthe figure, calcium depo-
sition was most prominent in the RAGE transfection group, and the non-transfection group and empty vector group 
had similar calcium deposition. The blank control group showed almost no calcium deposition. During calcium 
quantification, ▲P<0.01 compared with the blank control group; ★P>0.05 compared with the non-transfection 
group; ♦P<0.02 compared with the empty vector group. A: Co-cultured with 10 mmol/L β-glycerophosphoric acid, 
pyruvate and 20 mg/L AGE; B: Empty vector group; C: Transfected with adenoviral vector carrying RAGE group.
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treatment group, all cells were apoptotic at 2-3 
d, and in the 8 μg/ml and 10 μg/ml treatment 

groups, all cells were apoptotic at 1-2 d. There- 
fore, the minimal concentration forwhich all 

Figure 5. A: Expression of osteogenic factors in each group during Western blotting. B: Expression of RAGE. Com-
pared with the blank control group, P<0.02 in the RAGE transfection group before and after intervention, and 
P>0.05 in the empty vector group; compared with the non-transfection group, P<0.02 in RAGE transfection group 
after intervention, and P>0.05 in the empty vector group after intervention. *P<0.02, **P>0.05. C: Expression of 
β-catenin. Compared with the blank control group, P<0.02 in the RAGE transfection group before and after interven-
tion, and P>0.05 in the empty vector group. Compared with the non-transfection group after intervention, P<0.02 
in RAGE transfection group after intervention, and P>0.05 in the empty vector group after intervention. *P<0.02, 
**P>0.05. D: Expression of OPG. Compared with the blank control group, P<0.05 in the RAGE transfection group 
before and after intervention, and P>0.05 in the empty vector group; compared with non-transfection group after 
intervention, P<0.05 in the RAGE transfection group after intervention, and P>0.05 in the empty vector group 
after intervention. *P<0.05, **P>0.05. E: Expression of Cbfa1 (Runx2). Compared with the blank control group, 
P<0.02 in the RAGE transfection group before and after intervention, and P>0.05 in the empty vector group; com-
pared with the non-transfection group after intervention, P<0.02 in the RAGE transfection group after intervention, 
and P>0.05 in the empty vector group after intervention. *P<0.02, **P>0.05. 1: Co-cultured with 10 mmol/L 
β-glycerophosphoric acid, pyruvate and 20 mg/L AGE; 2: Empty vector group; 3: Transfected with adenoviral vector 
carrying RAGE group.
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cells were apoptotic within 3-5 d was 4 μg/ml; 
this was used as the concentration for subse-
quent screening (Figure 1B).

Induction of RAGE expression in HASMCs

HASMCs were transfected with an adenoviral 
vector carrying the RAGE gene or an empty vec-
tor. Successfully transfectedhost cells express- 
ed GFP (Figure 2). 

The percentage of GFP-positive cells was calcu-
lated with a fluorescence microscope and was 
approximately 50% in both the empty vector 

group and the RAGE transfection group. 
Puromycin screening was performed 4 d after 
transfection with 4 μg/ml puromycin. After 5-6 
d, the non-transfected normal cells were use-
das the blank control, and the percentage of 
GFP-positive cells was determined using flow 
cytometry. The percentage was over 90% GFP-
positive in both the empty vector group and the 
RAGE transfection group. Specifically, the per-
centage was <1%, 95.4% and 95.5% in the 
blank control group, empty vector group and 
RAGE transfection group, respectively, as 
shown in Figure 3 (Part 1).

Figure 6. A: Shows the results of Western blotting analysis of β-catenin, OPG and Runx2 proteins in four groups. B is 
the expression of Cbfa1 (i.e., Runx2). Compared with the blank control group, P<0.05 in the non-transfection group, 
empty vector group and RAGE transfection group; compared with the non-transfection group after intervention, 
P>0.05 in the empty vector group after intervention, and P<0.05 in the RAGE transfection group after intervention. 
*P<0.05, **P>0.05. C: Expression of OPG. Compared with the blank control group, P<0.05 in the non-transfection 
group, empty vector group and RAGE transfection group; compared with the non-transfection group after interven-
tion, P>0.05 in the empty vector group, and P<0.05 in the RAGE transfection group. *P<0.05, **P>0.05. D: Ex-
pression of β-catenin. Compared with the blank control group, P<0.05 in the non-transfection group, empty vector 
group and RAGE transfection group after intervention; compared with the non-transfection group after interven-
tion, P>0.05 in the empty vector group after intervention, and P<0.05 in the RAGE transfection group. *P<0.05, 
**P>0.05. 1: Co-cultured with 10 mmol/L β-glycerophosphoric acid, pyruvate and 20 mg/L AGE; 2: Empty vector 
group; 3: Transfected with adenoviral vector carrying RAGE group.
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As shown in Figure 3 (Part 2), the cells were 
cultured in medium containing 2 μg/ml puromy-
cin and passaged. Some cells were cryopre-
served. Proteins were extracted in the blank 
control group, empty vector group and RAGE 
transfection group and analyzed by Western 
blotting. RAGE expression in the RAGE trans-
fection group was greatly enhanced compared 
with the blank control group and empty vector 
group. RAGE expression in the blank control 
group and the empty vector group was similar. 
These results indicated that robust RAGE 
expression was successfully induced by trans-
fection, and the likelihoodof changes in RAGE 

expression induced by the adenoviral virus 
itself was very small. 

Normal HASMCs were usedas the blank con-
trol. For the non-transfection group, empty vec-
tor group and RAGE transfection group, cells 
were co-cultured with 10 mmol/L β-glycero- 
phosphoric acid, pyruvate and 20 mg/L AGE for 
10 d. Cell growth and calcification were observ- 
ed using an inverted phase contrast micro-
scope. Von Kossa staining and calcium quanti-
fication were performed for each group at 10 d. 
The RAGE transfection group had obviously 
enlarged nuclei at 5 d with calcification medi-

Figure 7. A: Expression of Runx2 and OPG in each group withWestern blotting. B: Expression of β-catenin. Com- 
pared with the blank control group, P<0.05 in the RAGE transfection group, control siRNA group and β-catenin 
siRNA group; compared with the RAGE transfection group, P>0.05 in the control siRNA group, and P<0.05 in the 
β-catenin siRNA group. *P<0.05, **P>0.05. C: Expression of Cbfa1 (i.e., Runx2). Compared with the blank control 
group, P<0.05 in the RAGE transfection group, control siRNA group and β-catenin siRNA group; compared with the 
RAGE transfection group, P>0.05 in the control siRNA group, and P<0.05 in the β-catenin siRNA group. *P<0.05, 
**P>0.05. D: Expression of OPG. Compared with the blank control group, P<0.05 in the RAGE transfection group, 
control siRNA group and β-catenin siRNA group. Compared with the RAGE transfection group, P>0.05 in the con-
trol siRNA group, and P<0.05 in the β-catenin siRNA group. *P<0.05, **P>0.05. 1: Co-cultured with 10 mmol/L 
β-glycerophosphoric acid, pyruvate and 20 mg/L AGE; 2: Transfected with adenoviral vector carrying RAGE group; 3:  
β-catinie siRNA; 4: siRNA control.
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um plus AGE; small depositions of calcium were 
also observed. At 10 d, massive calcium depos-
its were seen. In the non-transfection group 
and empty vector group, some nuclei began to 
enlarge at 5 d under the conditions of calcifica-
tion medium plus AGE. However, calcium de- 
posits were not obvious. At 10 d, massive cal-
cium deposition was observed with the micro-
scope, but it was less severe compared with 
the RAGE transfection group, as shown in 
Figure 4 (Part 1). Von Kossa staining and calci-
um quantification were performed at 10 d. 
Compared with that in the blank control group, 
non-transfection group and empty vector group, 
the calcium deposition in the RAGE transfec-
tion group was enhanced greatly; the degree of 
calcium deposition was similar in the non-
transfection group and empty vector group; 
Figure 4 (Part 2). 

As shown in Figure 5, the normal HASMCs were 
usedas the blank control group. The cells in the 
blank control group, empty vector group and 
RAGE transfection group were co-cultured with 
10 mmol/L β-glycerophosphoric acid, pyruvate 
and 20 mg/L AGE. The expression of osteogen-
ic proteins before and after intervention in each 
group wasdetected using Western blotting. The 
results indicated that the expression of RAGE, 
β-catenin, OPG and Runx2 proteins was 
enhanced in the three groups after interven-
tion. The expression of these proteins in the 
RAGE transfection group asfar higher than tha-
tof the other groups. Similar levels of these pro-
teins were seenin the blank control group and 
empty vector group either before or after the 
intervention. This further suggestedthat the 
adenoviral vector itself exerted little impact on 
the experiment.  

To exclude the influence of the adenovirus on 
theexpression of cytokines during transfection 
before siRNA inhibition, the expression of 
β-catenin, OPG and Runx2 were detected by 
Western blotting in each group. The expression 
of these proteins wasenhanced in all experi-
mental groups compared with the blank control 
group. The expression of RAGE in the RAGE 
transfection group was far greater than that of 
other groups, and the expression of RAGE was 
similar in the non-transfection group and empty 
vector group after intervention (Figure 6). 
Therefore, the adenovirus had very little impact 
on the expression of cytokines. 

Next, siRNA was added to cell culturesof each 
of the four groups, namely, blank control group, 
RAGE transfection group, control siRNA group 
and β-catenin siRNA group. The expression of 
OPG and Runx2 was detected using Western 
blotting, and the results showed that the 
expression of Runx2 and OPG decreased in 
RAGE-transfected cells after incubation with 
β-catenin siRNA. Expression of these proteins 
was similar between the control siRNA group 
and RAGE transfection group, but they were 
enhanced compared with the blank control 
group (Figure 7). 

Discussion

RAGE, a member of the immunoglobulin super-
family, is the most studied receptor of AGE. We 
induced high RAGE expression in HASMCs by 
adenoviral vector-mediated gene transfer, fol-
lowed by intervention with 10 mmol/L β-glycero- 
phosphoric acid, pyruvate and 20 mg/L AGE. It 
was determinedthat the RAGE transfection 
group had a significant increase of both calci-
um deposition and calcium content compared 
with the blank control group, non-transfection 
group and empty vector group. Thus, MAC was 
promoted via the AGE/RAGE axis, and AGE 
induced the calcification of HASMCs through 
the RAGE receptor. 

VSMCs make up a large proportion ofthe mid-
dle layer of arteries, and HASMCs are mainly 
derived from the phenotypic transformation of 
SMCs. An in vitro experimentshowed that small 
nodules were formed after the apoptosis of 
VSMCs, followed by calcification. The SMC-
derived apoptotic bodies were the matrix vesi-
cles involved in the calcification process [9]. An 
increasing body of evidence shows that ectopic 
MAC is an actively regulated mineralization sim-
ilar to that in bones and teeth. The key tran-
scription factor Cbfa1, which is associated with 
osteoblast differentiation, also plays a role in 
the development of cartilage and bones. 
Auxology studies indicate that both osteoblasts 
and theirprecursors can express Cbfa1 [10, 
11]. Therefore, it is important to detect the 
presence of Cbfa1 in the calcified SMCs. 

We found that Cbfa1 expression was clearlyen-
hanced in HASMCs transfected with RAGE 
when cultured in calcification medium plus 
AGE. Meanwhile, OPG, an important factor in 
bone metabolism, was also substantiallyupreg-
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ulated. OPG is a vascular regulatory factor 
associated with atherosclerosis and aortic cal-
cification. Compared with non-transfected 
cells, RAGE-transfected cells had much higher 
expression of Cbfa1 and OPG. It was inferred 
that the HASMCs possessed osteoblast-like 
properties after induction with AGE and calcifi-
cation medium. With the increase of RAGE, the 
expression of osteogenic factors was enhanced. 
Based on these results, we speculate that the 
AGE/RAGE signaling pathway is related to the 
phenotypic transformation of HASMCs into 
osteoblasts. 

The Wnt/β-catenin signaling pathway in SMCs 
is closely associated with MAC. Both 
Rajamannan et al. [12] and Shao et al. [13, 14]
reported evidence of activation of Wnt/β- 
catenin at sites of cardiovascular calcification. 
A mouse model of diabetes was treated with 
the Wnt inhibitor DKK1, and inhibition was  
seen in aortic calcification induced by TNF-α 
and in the activation of genes downstream of 
Wnt/β-cateninas well asfactors related to early 
osteogenesis [15]. Aortic calcification and scle-
rosis in the mouse model of diabetes can be 
alleviated by inhibiting the Wnt/β-catenin  
signaling pathway. As a result, the expression 
of downstream Col1A1, Cbfa1 and Nox1 was 
also inhibited [16]. Al-Aly et al. [15] also found 
that diabetes-related MAC shared many simi-
larities with calcification induced by chronic 
renal failure in terms of mechanism, with both 
showing an upregulation of Wnt3a and Wnt7a 
in the aortic wall. 

In our experiment, both transfected cells and 
non-transfected cells showed the upregulation 
of β-catenin expression compared with the 
blank control group. This further confirmed the 
role of Wnt/β-catenin signaling pathway in the 
phenotypic transformation and calcification of 
HASMCs. 

As described above, the expression of several 
osteogenic factors was enhanced in both 
RAGE-transfected cells and non-transfected 
cells after incubation with AGE plus the calcifi-
cation medium. The increase in expression was 
more significant in the RAGE-transfected cells. 
To clarify the connection between the AGE/
RAGE and Wnt/β-catenin pathway, the expres-
sion of β-catenin was silenced by β-catenin 
siRNA, and the cells were incubated with AGE 
plus the calcification medium. As a result, the 
expression of Cbfa1 and OPG decreased, with-

similar expression in the control siRNA group as 
in the RAGE transfection group. Therefore, 
siRNA had a negligible effect, and the increase 
in Cbfa1 and OPG expression and SMC calcifi-
cation induced by the upregulation of RAGE 
was reversed by inhibiting β-catenin. In other 
words, the AGE/RAGE axis either directly or 
indirectly regulates the Wnt/β-catenin signaling 
pathway, leading to the phenotypic transforma-
tion and calcification of VSMCs. However, 
whether the AGE/RAGE axis acts by directly 
affecting the downstream genes of the Wnt/β-
catenin signaling pathway remains unknown. 
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