
Triptolide Attenuates Vascular
Calcification by Upregulating
Expression of miRNA-204
Yu-qiang Pei2†, Yong-qiu Zheng1†, Yao-dong Ding1, Qi-xiang Xu2, Di Cao1, Ya-ning Wu2,
Rui Wang2, Jia-xin Yang1, Jing Liang1, Qian Ma1 and Hai-long Ge1*

1Drug Research and Development Center, School of Pharmacy, Third-Grade Pharmacology Laboratory of State, Administration
of Traditional Chinese Medicine, Anhui Provincial Engineering Research Center for Polysaccharide Drugs, Wannan Medical
College, Wuhu, China, 2Department of Cardiology, Beijing Anzhen Hospital, Capital Medical University, Beijing, China

Background: Triptolide (TP), a naturally derived compound from Tripterygium wilfordii,
has been proven effective in protecting against cardiovascular system, but the molecular
mechanisms underlying its protective effects are poorly understood. In the current study,
we sought to test the potential protective role of TP in the regulation of vascular calcification
in a rat model and explore whether TP attenuates medial vascular calcification by
upregulating miRNA-204.

Methods: Vitamin D3 plus nicotine (VDN) was used to induce a vascular calcification (VC)
model of rat aorta. Von Kossa and Hematoxylin-Eosin staining were applied to assess the
degree of calcification of rat aortas. Calcium content and alkaline phosphatase activity
were measured. Quantitative reverse-transcription polymerase chain reaction (qRT-PCR)
was applied to quantify miRNA-204 expression. The localization of runt-related
transcription factor-2 (RUNX2) and bone morphogenetic protein-2 (BMP2) expressions
were detected by immunohistochemistry and western blotting.

Results: Administration of TP greatly reduced vascular calcification in a dose-dependent
manner compared with VC controls. The increase in ALP activity and calcium content was
ameliorated by TP. Moreover, protein expression levels of BMP2 and RUNX2 were
significantly reduced in calcified aortas. MiRNA-204 expression was increased in the
TP-treated groups compared with VC controls and the effects of TP were reversed by the
intravenous injection of miRNA-204-interfering lentivirus. However, the miRNA-204-
overexpressing lentivirus had no additional effects on ALP activity, calcium content,
BMP2 and RUNX2 expressions compared with those from TP group.

Conclusion: TP inhibited BMP2 and RUNX2 expression and attenuated vascular
calcification via upregulating the level of miRNA-204. TP appears to be a potential new
therapeutic option for treating vascular calcification.
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INTRODUCTION

Vascular calcification (VC) is recognized a common complication
of chronic kidney disease (CKD), diabetes mellitus and aging
(Elliott and McGrath, 1994; Vattikuti and Towler, 2004;
Shanahan et al., 2011; Schlieper et al., 2016). It is also
associated with a varirty of other pathological conditions, such
as hypertension, atherosclerosis, osteoporosis and rheumatoid
arthritis (Demer and Tintut, 2008; Lanzer et al., 2014). The
pathological deposition of calcium and phosphate is the most
common form of medial vascular calcification in layer of the
arteries. It is considered as a major risk factor for cardiovascular
events and linked to increased cardiovascular morbidity and
mortality (Johnson et al., 2006). MicroRNAs (miRNAs) are
involved in the regulation of a range of different intracellular
pathways controlling the osteo-/chondrogenic phenotypic switch
of vascular smooth muscle cells (VSMCs) including the WNT/
β-catenin pathway and TGFβ1/Smad signaling (Song et al., 2017;
Zhang et al., 2018). Evidence suggests that miRNA-204 can
downregulate RUNX2 expression and inhibit the
transformation of VSMCs to an osteogenic phenotype, thereby
negatively regulating the occurrence of vascular calcification (Cui
et al., 2012).

Triptolide (TP), a bioactive product of epoxidation of two
terpene lactone compounds from Tripterygium wilfordii, exhibits
effective immunomodulatory and anti-inflammatory activities
(Qiu and Kao, 2003; Liu, 2011; Chen et al., 2018). Our
preceding studies also demonstrate that TP inhibits neointimal
hyperplasia and exerts anti-inflammatory effects (Ge et al., 2011).
Animal studies have also shown that TP can reduce arterial
medial calcification in CKD mice fed a high-phosphorus diet
(Yoshida et al., 2017). Although previous studies have revealed
some important roles of TP, the possible pharmacological
mechanism behind these effects is still limited (Hou et al.,
2019; Noel et al., 2019). In recent years, studies have shown
that TP may play a pharmacological role by regulating
miRNAs (Li et al., 2018; Xue et al., 2018). It was suggested
that the expression of miRNA-142–3 could be induced to
regulate heat shock protein 70 by TP (MacKenzie et al.,
2013). Another study reveals that TP could induce spontaneous
programmed death (apoptosis) of T-cell lymphocytic leukemia
cells probably through downregulating miRNA-16–1 (Jiang
et al., 2015).

Based on these discoveries, we evaluated the vascular
calcification model rats induced by administration of VDN to
examine the effects of pharmacological intervention with TP.
Besides, the current study investigated protective mechanisms of
TP using miRNA-204-overexpressing lentivirus and miRNA-
204-interfering lentivirus.

MATERIAL AND METHODS
Drug and Reagents
TP (purity >99%) was from National Institute of Biological
Products and Materia Medica. VDN was bought from Sigma
Chemical Co. (St. Louis, MO, USA). Anti-BMP2, RUNX2
antibodies, anti-GAPDH antibody and HRP-conjugated anti-

rabbit or mouse IgG secondary antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Trizol
reagent and enhanced chemiluminescent (ECL) detection kits
were provided by Beijing Applygen Technologies (Beijing,
China). Protein gel electrophoresis and membrane transfer
system (Bio-Rad, USA), and calcium detection kit and alkaline
phosphatase (ALP) assay kits (Nanjing Jiancheng Bioengineering
Research Institute) were also used. All other reagents were of
analytical grade. qRT-PCR kits were purchased from BIO-LAB
(Tianjin, China). The PCR primers were also provided by BIO-
LAB (Jerusalem, Israel). The forward and reverse PCR primers
(rat) for miRNA-204 were 5′-TGGTTCCCTTTGTCATCCT-3′
and 5′- GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA
CTGGATACGACAGGCAT-3′, respectively.

Administration of miRNA-204-shRNA and
miRNA-204-Overexpression by Lentiviral
Delivery
The miRNA-204-shRNA (CGTTCCCTTTGTCATCCTATG
CCTTCAAGAGAGGCATAGGATGACAAAGGGAATTTT
TT) and gene encoding miRNA-204 (Gene ID: 406,987) were
inserted into the pLKO.1-EGFP-Puro vectors. Lentiviral vectors
plenty 6.3-LTR-RRE-U6-CMV EYFP-WRE-SV40 BSD-LTR
were generated. The miRNA-204-interfering lentivirus
(1.4×107 TU/ml/day) and miRNA-204-overexpression
lentivirus (2.8×107 TU/ml/day) were given by intravenous
injection for three days, and the empty lentiviral vectors
(2.3×107 TU/ml/day) were used as control.

Animal Model and Experimental Design
Male SD (Sprague Dawley, 150–180 g) rats were from Animal
Center of Beijing Anzhen Hospital, Capital Medical University
and Beijing Institute of Heart Lung And Blood Vessel Diseases.
All experiments were approved by the Committee for
Experimental Animal Management of Beijing Anzhen
Hospital, Capital Medical University. The ambient temperature
and relative humidity for raising animals were 22 ± 3°C and
50% ± 10%, respectively.

As previously reported (Huang et al., 2003), a rat model of VC
induced by VDN was established. After 1 week of adaptive
feeding, 80 rats were used for treatment with VC + TP or a
vehicle control. Rats were administrated vitamin D3 (300,000
IU/kg in arachis oil, intramuscularly) as well as nicotine
(25 mg/kg in 5 ml peanut oil, intragastrically) at 09:00 on the
first day, and nicotine was re-administered at 7:00 pm on the
same day. Then 30 randomly chosen VC model rats which were
grouped as TP-L, M and H groups were given an intragastrically
administration of TP (10, 20 and 40 mg/kg) for 4 weeks,
respectively. After that, 20 VC model rats and 20 VC + TP
(TP-H) rats were treated with miRNA-204-interfering lentivirus
and miRNA-204- overexpression-lentivirus for three days by
intravenous injection, respectively. The remaining VC rats
were regarded as the calcification controls. The other ten rats
were given corresponding solvents as a vehicle control.

After four weeks, rats were anesthetized by 1% sodium
perborate and blood samples were withdrawn from the
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abdominal aorta by heparinized syringes. The supernatants after
centrifugation were transferred into tubes preparing to measure
ALP activity and calcium content. Then, all of the rats were
sacrificed by bloodletting while the aortas were quickly
removed.

Von Kossa and Hematoxylin-Eosin Staining
Approximately 1 cm of tissue was taken from the descending
thoracic aorta under the arcus aortae, from which adipose tissue
was discarded. The sample was then fixed with 10% triformol
and embedded in paraffin, followed by sectioning of the tissue
and staining. Areas with calcium deposition appeared black,
while other tissues exhibited counterstaining. The slides were
washed with 1% acidic alcohol after hematoxylin nuclear
staining, followed by staining the slides using eosin.
Afterward, the slides were washed and dehydrated. Finally,
the aortic slides were treated with xylene and evaluated using
the Image Pro Plus 6.0 system (MediaCybernetics, Inc,
SilverSpring.MD).

Determination of Calcium Content
The calcium content in aortic tissue was measured using a
calcium assay kit in accordance with the manufacturer’s
instructions. Briefly, rat homogenates from the aortas were
collected and centrifuged for 4 min at 3,000×g. The resulting
supernatants were spun at 10, 000×g for 30 min. Protein content
was determined with BSA as a standard according to Bradford
(Bradford, 1976). Supernatants were diluted to a protein
concentration of 0.5 mg/ml for determination. Then, nitric
acid was used to nitrify the dried tissue. The calcium was
dissolved in solution containing 27 nM KCl and 27 μM LaCl3
after removing the nitric acid by heating. Eventually, the calcium
content of the aorta was measured and the results were
normalized to the total protein concentration.

Detecting Alkaline Phosphatase Activity
ALP activity in aortic tissue was determined in accordance with
the instructions of ALP assay kit. Briefly, the aortic tissue
homogenate was mixed with a reaction mixture consisting of
stock substation solution and alkaline buffer at a ratio of 1:1.
Then, the mixture was incubated for 15 min at 37°C following the
addition of 1.5 ml of developer solution. The absorbance of each
well was measured using a microplate reader at 520 nm. The
values of ALP in specimens were calculated in conformity to the
established standard curve.

Quantitative Real-Time PCR Analysis
Trizol reagent was utilized to extract the RNA from the aortas,
and the quantification was conducted depending on an
ultramicro spectrophotometer (Biophotometer, Nanodrop
2000, USA). For each sample, 2 µg of total RNA was reverse
transcribed to cDNA with reverse transcriptase and oligo (dT) 15
primer. The PCR reaction was performed in a total volume of
20 μL. For miRNA-204 expression analysis, reverse transcription
and qRT-PCR were carried out using BIO-LAB miRNA qPCR
Primer Set for mouse miRNA-204 and U6 snRNA in accordance

with the manufacturer’s instructions. Primer sequences for
mouse miRNA2 and U6 snRNA are put forward. The 2−ΔΔCT

method was used to determine the expression of miRNA-204
relative to U6.

Immunohistochemical Staining of Bone
Morphogenetic Protein-2 and Runt-Related
Transcription Factor-2
The rat aortic samples were fixed by 4% formaldehyde in
phosphate-buffered saline, and embedded in paraffin.
Specimens were cut into 6 mm sections and then subjected to
immunohistochemical staining. The processed sections from rats
were incubated overnight in the primary antibody at 4°C. After
washes, the secondary antibodies were added to the sections for
1 h incubation. Negative controls were established by omitting
the primary antibody and including only the secondary antibody.
In all cases, staining for negative control indicated insignificant.
Immunostaining data were quantified by individuals blinded to
the treatment groups.

Western Blotting
Protein extracts from the aortas were resuspended in sample
buffer containing 2% SDS, 2%mercaptoethanol, 50 mmol/L Tris-
HCl (pH 6.8), 10% glycerol and 0.05% bromophenol blue. Goat
anti-rat BMP2 primary antibody and goat anti-rat RUNX2
primary antibody were diluted at ratio of 1:1,000 in TBS-T
and applied to the membrane, and incubated at 4°C overnight
with agitation. The secondary antibody at 1:2000 dilution in TBS-
T was added to the membrane, and incubated at room
temperature for 1 h with agitation. After the addition of an
enhanced chemiluminescence substrate, the membrane was
immediately visualized on a phosphor imager.

Statistical Analyses
All statistical data were analyzed using Statistical Product and
Service Solutions (SPSS) software (Version 22.0, SPSS Inc, US).
The results were shown as means ± standard deviation (SD).
Statistical analysis was performed by a one-way analysis of
variance (ANOVA) followed by Tukey’s test for multiple
comparisons. A non-parametric test was applied for
comparing the band density values between groups. The
values of p < 0.05 was considered statistically significant.

RESULTS
Triptolide Protected Rat Aorta From Vitamin
D3 plus Nicotine-Induced Vascular
Calcification
The effect of VDN on the aortas of rats was analyzed by HE and
von Kossa staining. The results of HE staining showed thickened
vessel walls, disordered elastic fibers and widespread calcification.
Increased calcium deposition was revealed by von Kossa staining
(Figures 1A,B). Results for ALP activity and calcium content
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revealed that vitamin D3 and nicotine elevated the levels of
ALP activity in rat aortic VSMCs and led to greatly increased
calcium content and calcium area (Figure 1C). The rat aortic
vascular calcification model could thus be successfully
induced by VDN. Examination of HE and von Kossa
staining showed that treatment with TP (20 and 40 mg/kg)

significantly decreased VDN-induced vascular calcification.
Furthermore, treatment with TP significantly inhibited ALP
activity (p < 0.01), a marker of osteoblast differentiation, as
well as calcium content in aortic tissues was decreased in TP-
M and TP-H groups comparing with model group (p < 0.01)
(Figure 1).

FIGURE 1 | TP attenuates vascular calcification induced by VDN (A) HE staining shows thickened vessel walls, disordered elastic fibers and widespread
calcification in aortas of rats (B) Left: von Kossa staining shows increased calcium deposition in aortas of rats; right: bar graphs show quantitative evaluation of the von
Kossa calcium area (n � 10) (C) Bar graphs show quantitative evaluation of ALP and calcium content (n � 10). **p < 0.01 compared with model group, &&p < 0.01
compared with model + TP-L group.
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FIGURE 2 | TP suppresses BMP2 and RUNX2 expression induced by vascular calicification to the aortas (A) Immunohistochemical staining of BMP2 (B)
Immunohistochemical staining of RUNX2 (C)Western blot analysis of BMP2 and RUNX2 (lane 1: Control, lane 2: Model, lane 3: Model + TP-L, lane 4: Model + TP-M, lane
5: Model + TP-H. Upper: representative images of BMP2 and RUNX2 expression, an antibody for DAPDH was used to show equal protein loading; under: bar graphs
show quantitative evaluation of BMP2 and RUNX2 expression (n � 3). Data are reported as mean ± S.D, *p < 0.05 compared with model group.
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FIGURE 3 |miRNA-204 disturbs vascular calcification induced by VDN (A)Real time PCR showed the expression of themiRNA-204 in the different groups (n � 10).
**p < 0.01 compared with model, &p < 0.05 compared with model + TP-L (B) Left: von Kossa staining shows calcium deposition in aortas of rats, right: bar graphs show
quantitative evaluation of the vonkossa calcium area (n � 10). **p < 0.01 compared with model group (C) Bar graphs show quantitative evaluation of the ALP activity and
calcium content. *p < 0.05, **p < 0.01 compared with model (D) Western blot analysis of BMP2 and RUNX2. Left: representative images of BMP2 and RUNX2
expression, an antibody for DAPDH was used to show equal protein loading (lane 1: Control, lane 2: Model, lane 3: Model + miRNA-204-interfering, lane 4: Model +
miRNA-204-overexpression); Right: bar graphs show quantitative evaluation of BMP2 and RUNX2 expression (n � 3). Data are reported as the mean ± S.D, *p < 0.05
compared with model group.
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Triptolide Inhibited the Bone
Morphogenetic Protein-2 and Runt-Related
Transcription Factor-2 Expressions
BMP2 is a powerful stimulator of VSMC osteoinduction. Its
calcification-promoting effects in VSMCs involve the
upregulation of SMAD signaling. They also increase the
secretion of RUNX2, a core transcription factor involved in
the differentiation of osteoblasts and chondrocytes, which
accelerates the process of vascular smooth muscle cell
differentiation into osteoblasts. To further explore the effects
of TP on SMAD signaling pathway, BMP2 and RUNX2
expressions were detected. The results of western blot analysis
and immunohistochemistry showed increased BMP2 and
RUNX2 expression in model group to the control group (p <
0.05), while TP (20 and 40 mg/kg) inhibted the BMP2 and
RUNX2 expression increased by VDN (p < 0.05) (Figure 2).

Effect of miRNA-204 on Rat Aorta
To investigate the effect of miRNA-204 on rat aorta, we
constructed miRNA-204-overexpressing lentivirus and
miRNA-204-interfering lentivirus. RT-PCR results
demonstrated miRNA-204 levels were obviously increased in
the aortas of rat transfected with miRNA-204-overexpressing
lentivirus and decreased in the aortas of rat transfected with
miRNA-204-interfering lentivirus (Figure 3A). In the miRNA-
204-overexpressing group, von Kossa staining showed reduced
calcium deposition of vasorum in the tunica media, and the
calcium deposition in the interference group was expressively
increased compared with that in the VC model group
(Figure 3B). The consequence demonstrated that the
expression of miRNA-204 was dramatically decreased during
vascular calcification. In addition, by increasing the expression
level of miRNA-204, vascular calcification was significantly
inhibited.

Furthermore, examination of serial aortic tissues showed that
the expressions of BMP2, RUNX2, ALP activity and calcium
content were markedly increased by miRNA-204- interfering
lentivirus and were decreased by miRNA-204-overexpressing
lentivirus (Figures 3C,D). Additional studies indicated that
the miRNA-204 level in the TP group was upregulated
compared with that in the model group. These results revealed
that TP may regulate miRNA-204 levels in a dose-dependent
manner. Then, the high dosage of TP (40 mg/kg) was chosen in
the next experiments.

Triptolide Reduced Vascular Calcification
and Inhibited Bone Morphogenetic
Protein-2 and Runt-Related Transcription
Factor-2 Expression by Upregulating
Expression of miRNA-204
To further explore the phenomenon that TP plays roles by way of
miRNA-204, miRNA-204-overexpressing lentivirus andmiRNA-
204-interfering lentivirus, respectively, were utilized to TP-group.
The control and VDN model group were given corresponding
lentiviral control vectors. Von Kossa staining, analyses of ALP

activity and calcium content were performed to confirm that
treatments of miRNA-204-interfering lentivirus can sufficiently
block TP effects. The calcium deposition area was increased in
rats co-treated with miRNA-204-interfering lentivirus and TP
(Figures 4A,B).

Furthermore, results of western blot analysis and
immunohistochemistry showed that the inhibitory effects of
TP (40 mg/kg) on the expressions of BMP2 and RUNX2 were
significantly blocked by miRNA-204-interfering lentivirus
(Figure 5). However, the miRNA-204-overexpressing lentivirus
had no additional effects on ALP activity, calcium content and
BMP2 and RUNX2 expressions compared with those from TP-H
group. The results indicated that miRNA-204 plays a negative
role in vascular calcification through downregulating BMP2 and
RUNX2 protein levels, and TP may reduce vascular calcification
and inhibited BMP2 and RUNX2 expression by upregulating
expression of miRNA-204.

DISCUSSION

In this study, we observed that administration of VDN can be
used to establish a classic rat aortic calcification model with the
presence of dispersed and calcified nodules among the elastic
fibers. These results are consistent with those of previous reports
(Zhang et al., 2016). We identified that TP treatment attenuated
this calcification in a dose-dependent manner and prevented the
acquisition of an osteogenic phenotype, as indicated by the
decreased expression of RUNX2 and BMP2 in rat aortas. Even
though this research provides extensive evidence for
downregulated RUNX2 and BMP2 expressions being the main
mechanisms leading to TP induced aortas protection and
recovery, its influence on other mechanisms remain poorly
understood. A recent study suggested that the key
determinants for vascular calcification in CK were
dysregulation of mineral homeostasis and elevated phosphate
levels. (Giachelli, 2003). Hyperphosphatemia is associated with
an increased risk of not only cardiovascular events and death, but
also vascular calcification (Abramowitz et al., 2010; Lanzer et al.,
2014). In response to high extracellular phosphate levels, VSMCs
can change their phenotype into osteo/chondroblast-like cells
actively promoting vascular mineralization (Voelkl et al., 2019).
Researchers have also shown that the transdifferentiation of
VSMCs into osteoblasts is an important mechanism of
vascular calcification (Liberman et al., 2013; Shroff et al.,
2013). These transdifferentiated VSMCs lose their contractile
phenotype supporting a more mesenchymal one and earn
properties similar to those of osteoblasts and chondroblasts
(Demer and Tintut, 2008). RUNX2, belonging to osteogenic
transcription factors, exert a crucial role in vascular
calcification (Schlieper et al., 2016). Vascular osteo-/
chondrogenic transdifferentiation and calcification are
prevented due to the deficiency of RUNX2 in VSMCs (Speer
et al., 2010). The expression of osteogenic- and chondrogenic-
specific proteins in VSMCs such as bone morphogenetic protein-
2 (BMP2) or ALP could be further induced by osteo-/
chondrogenic transcription factors (Lanzer et al., 2014).
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Similar to the case in bone, ALP degrades inorganic
pyrophosphate to allow unrestrained tissue mineralization
(Johnson et al., 2006). Furthermore, increased expression of
BMP2 is a well-known promoter of VSMC calcification.
Therefore, the emerging evidence supports the existence of a
direct relationship between the abnormal expression of BMP2/
RUNX2 and vascular calcification.

In addition, miRNA-204 also acts as a negative regulator of
VSMC calcification that potentially functions through repressing
BMP2 and RNUX2 expression. MiRNAs, a cluster of small
noncoding RNA molecules, play a vital role in a diversity of
physiological and pathological processes in humans (Huntzinger
and Izaurralde, 2011). A study identified that the downregulation
of miRNA-204 may conduce to β-glycerophosphate-induced
VSMCs calcification through modulating RNUX2 expression

(Sluijter, 2013). MiRNA-204 is proposed as a significant new
regulator of VSMC calcification (Cui et al., 2012). Thus, miRNA-
204 represents a potential therapeutic target in medial artery
calcification Since miRNA-204 has been found to restrain
vascular calcification in vitro and vivo, TP may present a
certain regulatory effect on vascular calcification via regulating
miRNA-204. Our experiments revealed that overexpression of
miRNA-204 decreased RNUX2 and BMP2 protein levels and
relieved the medial artery calcification caused by VDN. The
findings illustrate that miRNA-204 inhibits medial artery
calcification by downregulating BMP2 and RNUX2 protein
expression in vivo. Therefore, we further explored the
relationship between TP and miRNA-204 in calcified aortas,
and finally revealed that TP may attenuate vascular
calcification via upregulating miRNA-204 level. RT-PCR

FIGURE 4 | TP protects against vascular calcification induced by VDN in a miRNA-204 increasing manner (A) Left: von Kossa staining shows calcium deposition
in aortas of rats; right: bar graphs show quantitative evaluation of the vonkossa calcium area (n � 10). **p < 0.01 compared with model group, &&p < 0.01 compared
with model + TP group (B &C) Bar graphs show quantitative evaluation of the ALP activity and calcium content, respectively (n � 10). *p < 0.05, **p < 0.01 compared
with model group, &&p < 0.01 compared with model + TP group.

Frontiers in Pharmacology | www.frontiersin.org January 2021 | Volume 11 | Article 5812308

Pei et al. Triptolide Attenuates Vascular Calcification

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


analysis indicated that the expression of miRNA-204 is reduced
in the aortas of VC model rats and TP increased the miRNA-204
expression. Furthermore, inhibitory effects of TP on the
expressions of BMP2 and RNUX2 were significantly blocked
by miRNA-204-interfering lentivirus, indicating that TP
treatment downregulated the expression of BMP2 and RUNX2

by increased the miRNA-204 expression. Therefore, our research
indicated that the pathological mechanism of vascular
calcification might be associated with the abnormal expression
of miRNA-204, which would lead to downregulated expression
level of osteogenic-specific proteins, thereby affecting VSMC
function.

FIGURE 5 | TP reduces BMP2 and RNUX2 expression in a miRNA-204 increasing manner (A) Immunohistochemical staining of BMP2 (B) Immunohistochemical
staining of RUNX2 (C)Western blot analysis of BMP2 and RUNX2 (lane 1: Control, lane 2: Model, lane 3: Model + TP, lane 4: Model + TP +miRNA-204-interfering, lane 5:
Model + TP + miRNA-204-overexpression). Upper and left: representative images of BMP2 and RUNX2 expression, an antibody for DAPDH was used to show equal
protein loading; under and right: bar graphs show quantitative evaluation of BMP2 and RUNX2 expression (n � 3). Data are reported as the mean ± S.D. *p < 0.05
compared with model group; &p < 0.05 compared with model + TP group.
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CONCLUSION

To conclude, TP has been demonstrated to attenuate vascular
calcification by regulating the expression of miRNA-204 and
modulating BMP2 and RNUX2 dependent on VSMC
osteoinduction. Lastly, these findings imply that miRNA-204
could be developed as a promising therapeutic target
modulating vascular calcification and as a target for probing
the possibility of TP as a therapeutic agent.
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