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Abstract: Objective: This study aimed to investigate the potential molecular mechanism underlying the T3 induced
vascular calcification and phenotype transformation of vascular smooth muscle cells (VSMCs). Methods: Rat tho-
racic aortic smooth muscle cells (A7r5) were cultured in vitro and randomly assigned into normal control group,
calcification group, T3 group and inhibitor group. Results: When compared with normal control group, the osteo-
calcin content, ALP activity, Osterix and Runx2 mRNA expression and OPN protein expression increased signifi-
cantly (P<0.01), and the protein expression of SMa and SM22a reduced dramatically in A7r5 cells of calcification
group (P<0.01). After T3 treatment, the osteocalcin content and ALP activity reduced markedly, mRNA expression
of Osterix and Runx2 and OPN protein expression reduced significantly. However, MMI (inhibitor of T3) was able to
block the above effects of T3. When compared with calcification group, Osterix and Runx2 mRNA expression and
OPN protein expression increased markedly (P<0.01). In addition, the protein expression of ERK1/2, p-ERK, Akt and
p-Akt increased significantly in calcification group. In the presence of integrin avB3/ERK blocker (PD98059) and/
or PI3K/Akt antagonist (LY294002), T3 was still able to inhibit the calcification, and this effect was similar to that
after treatment with inhibitors alone. Moreover, LY294002 had a better inhibitory effect as compared to PD98059.
Conclusion: T3 may act on PI3K/Akt signaling pathway to inhibit the phenotype transformation of VSMC, which then
suppresses the calcium/phosphate induced calcification of rat VSMCs. Thus, T3 is an endogenous molecule that
can protect the blood vessels against calcification.
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Introduction

Thyroid hormones (THs) include 3,5,3'-triiodo-
thyronine (T3) and thyroxine (T4). T3 is a major
active form of THs and may act directly on
the myocardium, vascular smooth muscle cells
(VSMC) and endothelial cells. It may bind to the
specific receptor to directly or indirectly induce
biological effects on the cardiovascular system
[1]. In critically ill neonates, especially preterm
infants, the hypothalamus is immature, which
together with other factors (such as infection,
stress and metabolic disorder) may increase
the secretion of catecholamines and glucocor-
ticoids and inhibit 5’-deiodinase activity. Thus,
the conversion of T4 into T3 is inhibited, leading
to the reduction in T3. Under this condition,
there are no symptoms of thyroid dysfunction
[2, 3]. This process may be accompanied by

vascular calcification in neonates and cause
pulmonary hypertension, which then affect
lung function, leading to severe complications
such as heart failure and bronchopulmonary
dysplasia.

In recent years, studies revealed that vascular
calcification is a reversible and active process
regulated by multiple factors [4] and has
involved some cytokines and signaling path-
ways. Our previous study showed vascular
smooth muscle cells (VSMCs) in the arterial
media, major participants in vascular calcifica-
tion, lost their original phenotype and acquired
osteogenic phenotype accompanied by reduc-
tion in muscle fibers and cytoskeletal proteins
and increased secretion of extracellular matrix,
leading to vascular remodeling characterized by
thickening of blood vessel wall and lumen ste-
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nosis [5, 6]. The phenotype transformation of
VSMCs is regulated by several signaling path-
ways including MAPK pathway, PI3K pathway
and CAMP pathway. In addition, the biologically
active factors such as adrenomedullin, C-type
natriuretic peptide, angiotensin and aldoste-
rone in vascular tissues are also involved in the
regulation of vascular calcification [7-9]. Thus,
to investigate the signaling pathways related to
the phenotype transformation of VSMCs may
provide evidence for reversal of vascular
calcification.

Previous study [10] has confirmed that T3 con-
tent reduces in the plasma of rats with calcifi-
cation and calcium deposits in the blood ves-
sels. At 10 days after T3 treatment (0.2 mg/
kg), the calcium deposition and alkaline phos-
phatase activity of the blood vessels reduce,
the reduced expression of SM22ax and SMa
(two markers of smooth muscle cells) restores,
expression of osteogenesis related OPN is
down-regulated, and the expression of Runx2
and Osterix (two important transcription fac-
tors for bone differentiation) also reduces. This
study aimed to further investigate the molecu-
lar target and mechanism in the T3 induced
inhibition of osteogenic phenotype switch of
VSMCs, which may provide evidence for the
fact that THs are important molecules able to
inhibit the vascular calcification and the osteo-
genic phenotype switch of VSMCs.

Materials and methods
Cells and reagent

Rat thoracic aortic VSMCs (A7r5 cells) were pur-
chased from the Cell Bank of Shanghai Institute
of Biological Sciences of Chinese Academy of
Science. Fetal bovine serum (FBS), high glu-
cose DMEM, penicillin, streptomycin (Hyclone,
USA), Alizarin red solution, B- Glycerol phos-
phate, calcium chloride (CaCl,), 3,3,5"-Triiodo-
L-thyronine, 2-(Methylthio)benzimidazole (Sig-
ma, USA), antibodies against OPN and SM22«
(Bioworld), antibodies against ERK1/2, p-ERK,
Akt and p-Akt (Cell signaling), a-actin antibody
(Boster), Alkaline Phosphatase (ALP) Detection
Kit (Beyotime Biotechnology), rat osteocalcin
(BGP) ELISA kit and other analytically pure
reagents were used in the present study.
Primers for RT-PCR were synthesized in
Shanghai Jierui Biotech Co., Ltd. Cell incubator
(HERACELL150i; Thermo scientific) and micro-
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plate reader (multiscan MK3; Thermo Fisher
Scientific) were used for detection.

Cell culture

Cells were in a good growth status and spindle-
shaped. Cells were maintained in 4 ml of DMEM
containing 10% FBS and 1% streptomycin/peni-
cillin at 37°C in an environment with 5% CO,.
Cells were passaged on the second day. When
the cell confluence reached 100%, cells were
digested with trypsin-EDTA (1 ml/25 cm?, 2
ml/75 cm?), and cell morphology was observed
under a light microscope. Cells were passaged
until the number of cells was enough for follow-
ing experiments. Cells with good growth status
were used in following experiments.

Grouping

Cells were seeded into 6-well plates at a den-
sity of 1x10° cells/L and maintained in DMEM
containing 10% FBS. When the cell confluence
reached 80%, cells were divided into following
7 groups: 1) Normal control group: cells were
maintained in DMEM without other treatments.
2) Calcification group: Cells were treated with 5
mmol/L B-glycerophosphate and 2.5 mmol/L
CaCl,. 3) Calcification+T3 (107" mol/L) group: In
the presence of calcium and phosphorus, cells
were treated with T3 at different concentra-
tions (107, 10% and 10° mol/L). 4) Calcifica-
tion+T3 (108 mol/L) group. 5) Calcification+T3
(10° mol/L) group. 6) MMI group: Cells were
treatment with MMI at 10 mol/L. 7) Calci-
fication+MMI group: In the presence of calcifi-
cation induction, cells were treated with MMI at
10° mol/L.

Treatment of cells

The medium was refreshed once every 2 days.
Cells were harvestedat3h,6h,12h,1d, 3d,
6 d and 12 d. The optimal concentration of T3
and optimal duration of T3 treatment were
determined. Then, calcified cells were treated
again with T3 at the optimal concentration for
the optimal duration. Then, cells were harvest-
ed for the detection of ERK1/2, p-ERK, Akt and
p-Akt protein expression by Western blot assay,
aiming to elucidate the role of PI3K/Akt and
avB3/ERK in T3 induced vascular calcification.
In calcification+T3 group, Akt and ERK were
found to be activated. Moreover, to investigate
the signaling pathway involved in phenotypic

Am J Transl Res 2016;8(11):4694-4704



T3 inhibits the potential mechanism

Table 1. Primers used for PCR of target genes

Gene Sequences

Runx2 Forward 5’-GAT GCC TTA GTG CCC AAA TGT-3’
Reverse 3’-GGC TGA AGG GTG AAG AAA GC-5’

Osterix Forward 5’-CCC AAC TGT CAG GAG CTA GA-3’
Reverse 3’-CCT CTT GCC ACA GAA AAG C-5’

B-actin Forward 5’-AGG AAA TCG TGC GTG ACA T-3’
Reverse 3’-GAA CCG CTC ATT GCC GAT AG-5’

transition of VSMCs, PI3K/Akt and avB3/ERK
inhibitor LY294002 and PD98059 were admin-
istered respectively: Normal control group;
Calcified cells +LY294002 (0, 15 and 30
umol/L) group; Calcified cells+PD98059 (0, 20
and 40 pmol/L) group; Calcified cells +
LY294002 (30 umol/L) + T3 (6 h, 107 mol/L)
group; Calcified cells + PD98059 (40 umol/L)
+T3 (6 h, 107 mol/L) group. Each experiment
was performed at least three times with tripli-
cate cultures used in every experiment unless
stated otherwise.

Alizarin red staining

Alizarin red staining was used to assess Ca
deposition in VSMC cell layers, by which Alizarin
red S dye binds with Ca ions in cell layer matrix.
Cells were seeded into 6-well plates. The medi-
um was removed, and cells were washed in
PBS twice. Then, cells were fixed in 4% neutral
formalin (2 mil/well) for 30 min. After removal of
formalin, cells were washed in PBS twice, fol-
lowed by incubation with 0.1% Alizarin Red (1
ml/well) for 3-5 min. After washing PBS, cells
were observed under a light microscope for cal-
cified nodules. Three samples were selected
from each group, and one field was randomly
selected form each sample at x100. The num-
ber of calcified nodules was compared between
groups. The calcified nodules were orange.

Detection of osteocalcin content

Cells were seeded into 6-well plate. The medi-
um was removed and cells were washed in PBS
thrice. The content of osteocalcin (BGP) was
measured with a commercially available kit by
enzyme-linked immunosorbent assay (ELISA)
according to manufacturer’s instructions (Sh-
anghai Meiyan Biotech Co., Ltd; Ek-R30432).
Cells were lysed, and cell lysate was added to
each well, followed by incubation. After addition
of enzyme and washing, visualization was done,
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which was then stoped by addition of stop solu-
tion. The optical density (OD) was measured at
450 nm within 15 min.

Detection of ALP activity

Cells were seeded into 6-well plates. The medi-
um was removed and cells were washed thrice
with PBS. The ALP activity was measured
according to manufacturer’s instructions with a
kit (PO321; Beyotime Biotech Co., Ltd). In brief,
300 pl of 0.1% Triton X-100 was added to each
well, followed by incubation at 4°C for 12-24 h.
The lysed cells were pipetted and then trans-
ferred into a centrifuge tube, followed by cen-
trifugation. In standard sample wells, standard
sample was added at 4, 8, 16, 24, 32 or 40 ul;
in sample wells, samples were added at 50 pl.
Incubation was done at 37°C. The hydrolysis of
para-nitrophenyl phosphate as a chromogenic
substrate within 1 min may produce 1 pmol
p-nitrophenol, which requires 1 unit of ALP
activity.

RT-PCR

Cells were harvested and total RNA was extract-
ed with Trizol reagents. The residual DNA in
RNA was removed by DNAse I. Synthesis of
cDNA: 5 pl of total RNA was mixed with 1 ul of
oligo(dT)18 primers (0.5 pg/ul), followed by
centrifugation. After incubation at 70°C for 5
min, the mixture was incubated in water, fol-
lowed by transient centrifugation. Then, 5 pl of
5x reaction buffer, 5 yl of 20 mmol/L dNTP, 1 ul
of reverse transcriptase (200 U/ul) and 0.5 pl
of RNase inhibitor (20 U/ul) were added, fol-
lowed by centrifugation. The mixture was incu-
bated at 37°C for 5 min, at 42°C for 1 h and
then at 70°C for 10 min to stop the reaction.
The mixture was allowed to cool on ice. PCR
was performed with ABI PRISM® 7500 thermal
cycler and the conditions were as follows: pre-
denaturation at 95°C for 5 min, and a total of
35 cycles of denaturation at 95°C for 45 s,
annealing at 58°C for 45 s and extension at
72°C for 50 s, followed by a final extension at
72°C for 10 min. The PCR products were sub-
jected to agarose gel electrophoresis, and
bands were scanned for the analysis of optical
density. Experiment was done thrice, and
GAPDH served as an internal control. The rela-
tively mRNA expression of each gene was
determined. The primers used for PCR are
shown in Table 1.
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Western blotting

Cells from each group were subjected to pro-
tein extraction with BCA method. Then, 40 pl of
protein sample was mixed with equal volume of
2x |oading buffer (50 mmol/L, PH6.8 Tris-Hcl,
2% SDS, 10% glycerin, 0.1% bromophenol blue
and 1 mol/L DTT), followed by being boiled for 3
min. The mixture was subjected to 10% SDS-
PAGE at 2 mA for 3 h. Then, the proteins were
transferred onto PVDF at 20 V for 1.5 h. The
membrane was blocked at room temperature
for 4 h, and then incubated with primary anti-
body at 4°C over night. After washing in TBST
thrice (15 min for each), the membrane was
incubated with secondary antibody at room
temperature for 2 h. Following washing in TBST
thrice (15 min for each), visualization was per-
formed with ECL, and bands were scanned with
image gel analysis system. The optical density
(OD) of each band was determined and then
normalized to that of GAPDH as its relative pro-
tein expression. Experiment was performed
three times.

Statistical analysis

Data are expressed as mean * standard devia-
tion (SD). Means were compared with t test
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Figure 1. Calcified nodules in A7r5 cells after different treatments (Alizarin red S staining; x100). A: Normal control
group; B: Calcification group (12 d); C: Calcification + T3 group (107 mol/L, 3 h); D: Calcification + T3 (10 mol/L,
3 h); E: Calcification + T3 group (10° mol/L, 3 h); F: Calcification group; G: Calcification + T3 (107 mol/L, 6 h); H

Calcification + T3 (10 mol/L, 6 h); I: Calcification + T3 (10° mol/L, 6 h); J: Calcification + T3 (107 mol/L, 12 h); K
Calcification + T3 (107 mol/L, 1 d); L: Calcification + T3 (107 mol/L, 3 d).

between two groups and with one way analysis
of variance (ANOVA) among groups followed
by Student2Newman2Keuls test. A value of
P<0.05 was considered statistically significant.

Results

Effect of T3 on calcium and phosphorus in-
duced calcification of A7r5

After induction with B-glycerophosphate and
CaCl2 for 12 days, Alizarin red S staining
showed orange calcified nodules in calcifica-
tion group; when compared with calcification
group, the orange calcified nodules reduced
significantly in T3 group, and the higher the T3
concentration, the smaller the number of
orange calcified nodules was. In addition, cells
were treated with T3 for 3 h, 6 h, 12 h, 1 d and
3 d, but the calcified cells had a low adherence.
Thus, after induction for 3 days, a majority of
cells was suspended in the medium. On the
basis of osteocalcin content and ALP activity,
the optimal concentration of T3 was 107 mol/L
and the optimal duration of T3 treatment was 6
h. Thus, in following experiments, cells were
treated with 107 mol/L T3 for 6 h (Figure 1).
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Figure 2. BGP content and ALP activity of A7r5 cells after different treatments. Con: normal control; Cal: calcification
group; Cal + T3-7: calcification + T3 (107 mol/L); Cal + T3-8: calcification +T3 (10® mol/L); Cal + T3-9: calcification
+T3 (10° mol/L).
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Figure 3. MMI inhibits T3 induced in-
hibition of calcification in A7r5 cells
after calcium and phosphorus treat-
ment (Alizarin red S staining; x100).
A: Normal control group; B: Calcifica-
tion group; C: Calcification + T3 group
(107 mol/L, 6 h); D: Calcification +
MMI group (10° mol/L); E: Calcifica-
tion + T3 + MMI group.

Effects of T3 on the osteocalcin content and significant increases in BGP content and ALP
ALP activity of calcium and phosphorus treat- activity (P<0.01). After treatment with 107
ed A7r5 cells mol/L T3 for 6 h, the number of calcified nod-

ules reduced significantly, and BGP content
The BGP content and ALP activity increased sig- and ALP activity decreased markedly when
nificantly in calcified cells. After treatment with compared with calcification group (P<0.01).
T3 at different concentration, the BGP content When compared with T3 group, the number of
and ALP activity reduced markedly, and the orange calcified nodules increased markedly,
inhibition was the most evident in Ca+ T3 (107 and BGP content and ALP activity elevated dra-
mol/L) group. However, this inhibition did not matically in MMI + T3 group (P<0.01). These
further become more obvious over time, which indicate that MMI may antagonize the effects
was ascribed to the low adherence of calcified of T3. However, the BGP content and ALP activ-
cells. These findings were consistent with those ity in MMI + T3 group were still higher than in
observed after Alizarin red S staining (Figure 2). calcification group, suggesting that MMI par-

tially antagonizes the effects of T3 (Figures 3
Effects of MMI on the T3 induced inhibition of and 4).

calcification in A7r5 cells after calcium and

Effects of T3 on phenotype markers of A7r5
phosphorus treatment

cells after calcium and phosphorus treatment

When compared with normal control group, the When compared with normal control group, the
orange calcified nodules increased significantly MRNA expression of Osterix and Runx2 (two
after calcification induction, accompanied by phenotype specific marker) increased signifi-
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Figure 5. Osterix and Runx2 mRNA expression as well as OPN, SMa and SM22a protein expression in calcium and
phosphorus treated A7r5 cells after T3 treatment. Note: Con: normal control group; Cal: calcification group; Cal +
T3: calcification + T3 group (107 mol/L, 6 h); Cal + MMI: calcification + MMI group (10° mol/L); Cal + T3 + MMI:
calcification + T3 + MMI group. *P<0.05, **P<0.01 vs calcification group.

cantly in calcification (P<0.01), the protein expression of SMa and SM22« (two markers of
expression of OPN (a marker of osteogenesis) contractile phenotype) reduced dramatically
elevated markedly (P<0.01), but the protein (P<0.01) (Figure 5).
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When compared with calcification group, the
MRNA expression of Osterix and Runx2 reduced
significantly in T3 group (P<0.01), accompanied
by marked reduction in OPN protein expression
(P<0.01) and increase in the protein expression
of SMa and SM22a (P<0.01). The mRNA
expression of Osterix and Runx2 reduced sig-
nificantly, the protein expression of SMa and
SM22a increased markedly, but OPN protein
expression remained unchanged in T3 + MMI
group when compared with calcification group
(P<0.05). These findings were consistent with
above finding that MMI partially antagonizes
the effects of T3. In addition, MMI alone failed
to significantly alter the expression of above
molecules (Figure 5).

Effects of PD98059 and/or LY294002 on phe-
notype markers in calcium and phosphorus
treated A7r5 cells

When compared with normal control group, the
protein expression of ERK1/2, p-ERK, Akt and
p-Akt increased significantly (P<0.01) in calcifi-
cation group. When compared with calcification
group, the protein expression of these mole-
cules reduced markedly after T3 treatment
(P<0.05), and the reduction in p-Akt protein
expression was the most obvious (P<0.01).
This suggests that the phenotype switch of cal-
cium and phosphorus induced A7r5 cells is
related to the activation of avB3/ERK and
PI3K/Akt pathways (Figure 6).
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The avB3/ERK blocker PD98059 and/or PI3K/
Akt inhibitor LY294002 was used to treat A7r5
cells. Results showed, when compared with
calcification group, the mRNA expression of
Osterix and Runx2 reduced, and significant dif-
ference was observed in Runx2 expression
(P<0.01) after inhibitor treatment. In addition,
with the increase in inhibitor concentration,
OPN protein expression reduced gradually, and
protein expression of SMa and SM22« restored
progressively. The optimal concentration was
40 mg/L for PD98059 and 30 umol/L for
LY294002. After treatment with inhibitors at
optimal concentration, the calcification was
still inhibited although calcification induction
and T3 treatment were also administered, but
the effects were similar to those after treat-
ment with inhibitors alone. This suggests that
T3 induced calcification inhibition is not over-
lapped with that of PD98059 and LY294002.
Moreover, the inhibitory effects of LY294002
were more obvious than those of PD98059
(P<0.01), suggesting that calcium and phos-
phorus induced calcification of A7r5 cells is
more related to the activation of PI3K/Akt sig-
naling pathway (Figure 7).

Discussion

About 20% of T3 is directly synthesized and
secreted by the thyroid, and about 80% of T3 is
produced in the liver by the deiodination of T4.
T3 is an active form of THs in human body. In

Am J Transl Res 2016;8(11):4694-4704
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non-thyroid systemic diseases (such as chronic
liver diseases, kidney diseases, coronary heart
disease, infection, malignancy and trauma) and
other critical illnesses in neonates such as sep-
sis, hypoxia and refractory pulmonary hyper-
tension [11-13], low T3 syndrome is often
found, which is characterized by subclinical
hypothyroidism, low T3, normal T4 and normal
TSH. Low T3 syndrome is closely related to the
intimal calcification of the carotid artery in
chronic kidney disease patients without dialy-
sis and has been an independent risk factor of
atherosclerosis [14, 15]. Clinical and subclini-
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cal hypothyroidism is a risk factor of atheroscle-
rosis and cardiovascular diseases. FT3 may
affect the progression of coronary atheroscle-
rosis [16]. Several studies have shown that T3
is not only a hormone involved in bone metabo-
lism, but may serve as an endogenous protec-
tive molecule to inhibit vascular calcification. In
our previous studies, results showed T3 was
able to inhibit vascular calcification in animals,
but the specific mechanism and molecular tar-
get are still poorly understood. In the present
study, cell calcification model was established
to further investigate the molecular mechanism
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underlying the T3 induced inhibition of pheno-
type switching of VSMCs after calcium and
phosphorus treatment.

The switch from contractile phenotype to syn-
thetic phenotype in VSMCs is a major process
in the vascular calcification under different
pathophysiological conditions [17]. This pro-
cess is reversible and characterized by the
presence of matrix vesicles, intracellular calci-
um overload, increase in ALP activity, calcium
deposition in extracellular matrix, increased
expression of osteogenesis related proteins
such as OPN, up-regulated expression of pro-
teins related to phenotype switch such as
Runx2 and Osterix and reduced expression of
proteins related to contractile phenotype of
VSMCs such as SMa and SM22a [18-20]. In
this study, BGP content and OPN protein expres-
sion were detected to reflect the calcium and
phosphorus induced phenotype switch after T3
treatment. Results showed the BGP content
and OPN protein expression reduced signifi-
cantly after T3 treatment in a concentration
dependent manner: the higher the T3 concen-
tration, the lower the BGP content and OPN
expression were. This suggests that T3 is able
to inhibit the phenotype switch of calcified
VSMCs. However, MMI partially antagonized
the effects of T3. To further explore whether T3
is directly related to the phenotype switch of
VSMCs, the mRNA expression of Runx2 and
Osterix (two molecules related to phenotype
switch of VSMCs) and protein expression of
SMa and SM22a-actin (two markers of contrac-
tile phenotype of VSMCs) were detected in A7r5
cells. Results showed, when compared with
calcification group, Runx2 and Osterix mRNA
expression reduced after T3 treatment and the
protein expression of SMa and SM22a-actin
restored. This suggests that T3 may inhibit
the phenotype switch to inhibit vascular
calcification.

aVB3 is a membrane receptor that can initiate
the non-genomic effects of THs [21]. VSMCs
may migrate through the subintima, proliferate
and secrete a lot of extracellular matrix (ECM)
after phenotype switch [22]. ECM (such as
OPN) has the characteristic RGD sequence and
can bind to 33 subunit of integrin to form focal
adhesion complex which then recruits other
signaling molecules such as ERK1/2, mediat-
ing the biological behaviors (such as prolifera-
tion, differentiation, migration, adhesion and
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apoptosis) of VSMCs [23, 24]. In addition, stud-
ies have confirmed that sodium selenite may
inhibit the oxidative stress induced vascular
calcification [25] in which PI3K/AKT and ERK
pathways are activated to regulate the osteo-
genic differentiation of VSMCs. Thus, in the
present study, exogenous T3 and inhibitors
were added, and the phosphorylated ERK1/2,
PI3K/AKT and other molecules were detected,
aiming to investigate the phenotype switch
related signaling pathways that can be inhibit-
ed by T3 in VSMCs.

Our results showed the ERK1/2, p-ERK, Akt
and p-Akt protein expression increased in calci-
fication group, suggesting that calcium and
phosphorus induced phenotype switch in A7r5
cells is related to the activation of avp3/ERK
and PI3K/Akt pathways. In addition, avf3/ERK
specific inhibitor (PD98059) and/or PI3K/Akt
inhibitor (LY294002) [26, 27] were added to
the calcification induction medium. Results
showed mRNA expression of Osterix and Runx2
reduced after addition of inhibitors, and OPN
protein expression reduced and protein expres-
sion of SMaand SM22a restored gradually with
the increase in inhibitor concentration. To fur-
ther investigate the specific signaling pathway
involved in T3 induced inhibition of phenotype
switch in calcium and phosphorus treated
VSMCs, inhibitors at optimal concentrations
and T3 were added to the calcification induc-
tion medium, and then the expression of pro-
teins and transcription factors related to phe-
notype switch was detected. Results showed
LY294002 had a better inhibitor effect as com-
pared to PD98059, which further confirms that
T3 induced inhibition of phenotype switch of
VSMCs is more closely related to PI3K/Akt sig-
naling pathway.

Taken together, cell calcification model is suc-
cessfully established by treatment of rat A7r5
cells with calcium and phosphorus and our
results indicate that the calcification related
phenotype switch is related to the activation of
avB3/ERK and PI3K/Akt pathways. At molecule
level, we further confirm that T3 mainly acti-
vates PI3K/Akt signaling pathway to inhibit the
calcium and phosphorus induced phenotype
switch of VSMCs. These findings suggest that
T3 is an important endogenous protective hor-
mone that can inhibit vascular calcification and
inhibit the osteogenic phenotype of VSMCs.
Our findings provide theoretical evidence for
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the molecular mechanism underlying the T3
induced inhibition of phenotype switch in
VSMCs and the clinical reversal of vascular
remodeling.
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