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Abstract Vascular calcification (VC) is highly prevalent
and represents a major cardiovascular risk factor in chronic
kidney disease (CKD) patients. High phosphate (HP) levels
are strongly associated with VC in this population. Secre-
ted frizzled-related protein 5 (SFRPS), one of the inhibitors
of the Wnt pathway, is a known anti-inflammatory adipo-
kine with a positive effect on metabolic and cardiovascular
diseases, in addition to its anticancer potency. However,
the role of SFRPS in the pathophysiology of VC is unclear.
This work aimed to study the mechanism of action of
SFRP5 on the progression of HP-induced VC, which
resembles the CKD-related VC, through its direct effect on
vascular smooth muscle cells (VSMCs) in vitro. Addition
of SFRPS5 significantly inhibited HP-induced calcification
of VSMCs as determined by Alizarin red staining and
calcium content. The inhibitory effect of SFRP5 on calci-
fication of VSMCs was due to the suppression of HP-in-
duced expression of calcification and osteoblastic markers.
In addition, SFRP5 abrogated HP-induced activation of the
Whnt/B-catenin pathway, which plays a key role in the
pathogenesis of VC. The specificity of SFRP5 for the
inhibition of calcification of VSMCs was confirmed by
using a neutralizing antibody to SFRP5. Our results suggest
that SFRP5 inhibits HP-induced calcification of VSMCs by
inhibiting the expression of calcification and osteoblastic
markers, as well as the Wnt/B-catenin pathway. Our study
may indicate that SFRPS is a potential therapeutic agent in
calcification of VSMCs.
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Introduction

Chronic kidney disease (CKD) has become a worldwide
public health problem, with increasing prevalence, high
associated costs, and poor outcomes [1]. Vascular calcifi-
cation (VC) is one of the independent risk factors that
substantially contribute to cardiovascular events and it
increases the mortality of CKD patients [2, 3]. In these
patients, both intimal and medial calcification occurs, but
medial arterial calcification is the most common. Medial
arterial calcification has been recognized as a regulated
process similar in many ways to bone mineralization [4].
The mineral and bone disorder associated with CKD, par-
ticularly the increased levels of serum phosphate (P;), plays
a central role in the induction of medial VC [5]. Some
clinical studies indicated that hyperphosphatemia appears
to be related to mortality in cardiovascular events in CKD
patients, making it one of the most important risk factors
[6, 7]. Hyperphosphatemia has been shown in both in vivo
and in vitro experiments to be closely associated with
calcification by inducing osteogenic differentiation and
other steps of the calcification process [8, 9]. However, the
molecular mechanism of high phosphorus-induced VC has
not been fully elucidated.

The Wnt/B-catenin signalling complex, known as the
canonical signalling complex of the Wnt pathway, has been
shown to participate in the pathogenesis of VC [10]. In the
canonical Wnt pathway, the inactivation of a destruction
complex that targets B-catenin for proteasomal degradation
results in the translocation of B-catenin to the nucleus to


http://crossmark.crossref.org/dialog/?doi=10.1007/s00223-016-0117-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00223-016-0117-7&amp;domain=pdf

D. Deng et al.: Secreted Frizzled-Related Protein 5 Attenuates High Phosphate-Induced Calcification... 67

regulate the expression of its target genes [11]. The acti-
vation of B-catenin signalling modulates the proliferation
and differentiation of osteoblasts [12]. Additionally, high P;
levels can activate the Wnt/B-catenin pathway, which
subsequently stimulates the expression of calcification and
osteoblast markers, including bone morphogenetic protein-
2 (BMP-2), runt-related transcription factor 2 (Runx2) and
alkaline phosphatase (ALP) [9]. In vascular smooth muscle
cells (VSMCs) cultured in high phosphorous medium, the
inhibition of excessively activated Wnt/B-catenin pathway
can negatively regulate VC [13, 14]. An in vivo study
indicated that B-catenin was involved in CKD rat aortic
calcification induced by high P;, while knockdown
expression of f3-catenin reduced VC [9].

Secreted frizzled-related protein 5 (SFRPS) is a newly
identified anti-inflammatory secreted adipokine belonging
to the SFRP family [15]. It is well known that SFRPs are
inhibitors of the Wnt pathway, and SFRP5 can inhibit
either canonical or non-canonical signalling depending on
the cell type [16, 17]. Plasma SFRPS levels are signifi-
cantly decreased in patients with obesity, insulin resistance,
diabetes, major contributing components of metabolic
syndrome, and other disease conditions such as
atherosclerosis and autoimmune disorders [18]. SFRP5
falls under the category of being a good adipokine, show-
ing a positive influence on some cardiovascular diseases
and anticancer potency. Although the functions of SFRPS
in cardiovascular disease are the subject of active investi-
gation, and SFRP1-4 are altered in the progression of VC
[19], the role of SFRPS5 in VC has not been studied. Here,
we investigated the role of SFRPS in cardiovascular dis-
ease, particularly in calcification of VSMCs, and we have
shown for the first time that SFRP5 attenuates high phos-
phate (HP)-induced calcification of VSMCs.

Materials and Methods
Cell Culture

Human aortic smooth muscle cells (VSMCs) were obtained
from ScienCell Research Laboratories (San Diego, CA,
USA). VSMCs were cultured in smooth muscle cell med-
ium containing 2 % FBS, 1 % smooth muscle cell growth
supplement, 1 % penicillin/streptomycin solution (all
reagents from ScienCell) at 37 °C in a humidified atmo-
sphere with 5 % CO,. Cells were used from the third to
sixth passage. The medium was changed every 2-3 days.

Experimental Design

After reaching 80 % confluence, VSMCs were incubated
for 9 days in a high phosphate medium that contained

NaH,PO, salts to obtain a final phosphate concentration of
3 mM. Depending on the experiments, high phosphate
medium was supplemented with recombinant human
SFRP5 (50 ng/mL, R&D Systems, Minneapolis, MN,
USA) or SFRP5 plus neutralizing anti-SFRPS (1 pg/mL,
R&D Systems) in growth medium. The control IgG (1 pg/
mL, R&D Systems) was added as the additional control of
anti-SFRPS. The medium was replaced with fresh medium
every 48 h.

Quantification of Calcification

After the incubation period, cells were decalcified by 24-h
incubation in HC1(0.6 mol/L). The calcium content in the
supernatant was determined by the phenolsulphoneph-
thalein method (QuantiChrom™ Calcium Assay Kit,
Bioassay System, Hayward, CA, USA). Cells were washed
three times with PBS (Solarbio, Beijing, China) and solu-
bilized in 0.1 mol/L NaOH/0.1 % SDS. Cell protein con-
tent was measured by BCA protein assay kit (Bioss,
Beijing, China). The calcium content was normalized for
total protein.

Alkaline Phosphatase (ALP) Activity Assay

After the indicated treatments, VSMCs were washed three
times with PBS and protein lysates were prepared with a
lysis buffer (10 mM Tris—HCIl, pH 7.5, 0.1 % TritonX-
100). ALP activity was determined using an Alkaline
Phosphatase Assay Kit (Beyotime, Jiangsu, China). ALP
activity was normalized to total protein concentration, as
assessed by the BCA assay (Bioss).

Alizarin Red Staining

The deposition of calcium in cells was detected using an
Alizarin red staining kit according to the manufacturer’s
instructions (GenMed, Shanghai, China).

Western Blot Analysis

Total protein was extracted from VSMCs using a lysis
buffer (50mM Tris—HCI, pH 7.4, 150 mM NaCl, 1 %
Triton X-100, 1 % sodium deoxycholate, 0.1 % SDS, 1 %
PMSF). Nuclear—cytoplasmic fractionation was conducted
using a NE-PER Nuclear and Cytoplasmic Extraction
Reagents Kit (Thermo Fisher Scientific) according to the
manufacturer’s protocol. Protein concentration was deter-
mined using a BCA protein assay kit (Bioss). Samples were
mixed with an equal amount of 5X SDS loading buffer
(125 mM Tris-HCI, 4 % SDS, 20 % glycerol, 100 mM
DTT, and 0.2 % bromophenol blue) and heated at 99 °C
for 10 min. Subsequently, equal amounts of protein from
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each sample were separated by 8-12 % SDS-PAGE gel
and transferred onto a nitrocellulose membrane. After
blocking with 5 % milk for 2 h at room temperature, the
membranes were incubated with primary antibody over-
night at 4 °C, and then with secondary antibodies at room
temperature for 60 min. Primary antibodies and dilutions
were as follows: anti-GAPDH (1:5000, Abcam), anti-
BMP-2 (1:1000, Abcam), anti-Runx2 (1:100, Santa Cruz),
anti-B-catenin (1:1000, Abcam), anti-phospho-B-catenin
(Ser675; 1:1000, Cell Signaling Technology), anti-Histone
H3 (1:1000, Cell Signaling Technology). The blots were
visualized with an enhanced chemiluminescence kit (Mil-
lipore) in Image Lab system (Bio-Rad).

Quantitative Real-Time PCR

Total RNA was isolated from cells using Trizol reagent
(Invitrogen), and cDNA synthesis was performed using the
First-Strand cDNA synthesis kit (Promega). The primers
used for PCR amplification are shown in Table 1. Quan-
titative RT-PCR was performed in duplicate with Power
SYBR Green PCR Master Mix (Applied Biosystems, ABI)
according to the manufacturer’s protocol on an ABI 7500
sequence detection system. The mRNA levels of target
genes were calculated after normalization to glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) mRNA.

Confocal Microscopy

VSMCs were seeded on coverslips, and received the dif-
ferent experimental treatments for 24 h after reaching 80 %
confluence. Then, they were rinsed in PBS, fixed and per-
meated in cold 4 % paraformaldehyde for 30 min. The
specimens were subsequently washed in PBS (3 x 5 min)
and incubated for 15 min with Triton X-100. After being
washed with PBS (3 x 5 min), they were blocked with 1 %

Table 1 Primers used for quantitative RT-PCR analyses

Primer Sequence
BMP-2 F 5-AGG AGG CAA AGA AAA GGA ACG GAC-3¥
R 5-GGA AGC AGC AAC GCT AGA AGA CAG-3'
Runx2 F 5~ ACAGTAGATGGACCTCGGGAA-3’
R5'-GCGGGACACCTACTCTCATACT-3'
Wnt3a F5'-CTGGAGCTAGTGTCTCCTCTCT-3’
R 5-GGAAGAAGCCTCATCCACCA-3'
c-Myc F 5'-ACC ACC AGC AGC GAC TCT GAG GA-3'
R5'-CGT AGT TGT GCT GAT GTG TGG AGA-3’
Cyclin DI  F 5-CCG AGG AGC TGC TGC AAA TGG A-3'
R 5-ATG GAG GGC GGA TTG GAA ATG AAC-3’
GAPDH F 5~ AGAAGGCTGGGCTCATTTG-3’

R 5'-AGGGGCCATCCACAGTCTTC-3'
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BSA solution at 37 °C for 30 min. Then, the specimens
were incubated with anti-B-catenin antibody (1:100;
Abcam) at 4 °C overnight. After being washed with PBS
(3 x 5 min), specimens were incubated for 1 h with fluo-
rescein isothiocyanate—conjugated affinipure goat anti-rab-
bit IgG (1:100; Proteintech). After a final wash with PBS
(3 x 5 min), the specimens were counterstained with DAPI
for nuclear stain. Cells were mounted on slides to examine
fluorescence using a LEICA TCS SP5 confocal microscope.
Image J software (National Institutes of Health, Bethesda,
MD, USA) was used to analyse confocal immunofluores-
cence staining. Mander’s coefficient M2 plugin (DAPI vs.
green) was used to analyse nuclear translocation of beta-
catenin. Mander’s coefficient M2 is the percentage of
above-background pixels in blue (DAPI) that overlap
above-background pixels in green colour (B-catenin).

Luciferase Activity Assay

B-catenin-mediated transcription was evaluated using a TOP/
FOP-Flash luciferase assay. Cells were grown to 60-70 %
confluence in 24-well plates and then transiently transfected
with a TOP-Flash reporter plasmid containing multiple TCF/
LEF consensus sites (Promega) and a Renilla control plasmid
(internal control). A FOP-Flash reporter plasmid containing a
mutated TCF/LEF binding site (Promega) was also used as a
negative control. After transfection for 6 h, the cells were
treated with high phosphate (HP; 3 mM), HP 4 SFRP5
(50 ng/mL), both of which were added the control IgG, or
HP + SFRP5 + anti-SFRP5 (1 pg/mL) medium for 72 h.
The luciferase activity was determined using a luciferase
assay system (Promega). Renilla activity was used to nor-
malize transfection efficiency.

Statistical Analysis

Each experiment was performed at least three times in
quadruplicate. The results are expressed as the mean +
standard error of the mean (SEM). The differences between
control and the experimental groups were determined by
using one-way ANOVA and Student’s Newman—Keuls test
for post hoc comparisons. All statistical analyses were
performed using SPSS software (version 18.0). P < 0.05
was considered statistically significant.

Results

SFRPS5 Prevents High Phosphate-Induced
Calcification in Vascular Smooth Muscle Cells

Incubation of VSMCs in a HP (3 mM) medium for 14 days
induced calcification compared with control cells
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maintained in a medium with 0.9 mM P; (P < 0.05)
(Fig. 1a). In our preliminary study, 50 ng/mL of SFRP5
treatment was most effective in the inhibition of VSMC
calcification without cytotoxic effects (data not shown).
Therefore, most experiments were performed with an SFRP5
concentration of 50 ng/mL. The addition of SFRP5 to cells in
HP medium (HP 4 SFRPS5) decreased the degree of calci-
fication observed with HP alone (P < 0.05) and inhibitory
effect of SFRPS on calcification of VSMCs was restored to
the control IgG level by treatment with anti-SFRPS (Fig. 1a).

We also performed Alizarin red staining, a histological
technique broadly used in vitro to further demonstrate VC
in cellular models of calcification. As shown in Fig. 1b,
cells cultured with HP exhibited significantly higher levels
of red staining than controls. The addition of SFRP5
resulted in decreased staining; this effect was reversed by
anti-SFRP5 treatment.

SFRPS5 Inhibits High Phosphate-Induced Gene
Expression of Calcification and Osteoblast Markers

Calcification of VSMCs is associated with an increased
expression of calcification and osteoblast markers, includ-
ing BMP-2, Runx2, and ALP. In the present study, the
mRNA expression of BMP-2 and Runx2 was substantially
increased in HP-treated calcified VSMCs compared with

Fig. 1 The effect of SFRP5 on A
calcification of VSMCs induced
by high a concentration of
phosphorus (HP) in vitro.
VSMCs were cultured with

3 mM P; in the presence or
absence of SFRPS as indicated
in Fig. 1 for 14 days with media
changes every 2 days.

a Calcium content was
normalized to the cellular
protein concentration. Bars are
the mean + SEM of four

Calcium contents
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different experiments. 04

*P < 0.05 compared with the

individual controls,

b calcification of VSMCs was
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the uncalcified control (Fig. 2a). The increase in the
mRNA levels of BMP-2 and Runx2 was inhibited by
SFRP5, and this effect was neutralized by anti-SFRP5
treatment. Moreover, the effects of SFRP5 on BMP-2 and
Runx2 protein expression in HP-calcified VSMCs, as
determined by western blot analysis, were consistent with
the mRNA expression data (Fig. 2b). Moreover, we also
assessed the activity of alkaline phosphatase (ALP). As
depicted in Fig. 2c, ALP activity was increased by HP, as
compared with controls. However, addition of SFRP5 to
HP cells induced a decrease of ALP activity to achieve
control levels, which was neutralized by anti-SFRP5
treatment. These data suggest that SFRP5 is capable of
inhibiting HP-induced VC by suppressing the expression of
calcification and osteoblast markers.

Protective Effect of SFRP5 on Calcification Induced
by High Phosphate is Mediated Through

the Inhibition of the Canonical Wnt/B-Catenin
Signalling Pathway

We next explored the involvement of the canonical Wnt/$3-
catenin signalling pathway in our experimental model. In
P;-induced calcification of VSMCs, the Wnt/B-catenin
signalling pathway has been shown to be activated, and
SFRPS is the inhibitor of Wnt signalling pathway. First, we
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Fig. 2 SFRPS5 inhibited HP- A BMP-2 Runx2
induced osteoblast-like .01 . .
transformation in VSMCs. L . . 1 .
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3 mM P; in the presence or ? g
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assessed the presence of B-catenin in the nucleus by  whereas cells cultured with HP presented a markedly
immunofluorescence using confocal microscopy (Fig. 3a).  increased nuclear presence of B-catenin. Treatment with
Control cells showed nuclear exclusion of B-catenin, SFRPS prevented nuclear translocation of B-catenin. This
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«Fig. 3 Modulation of canonical Wnt/B-catenin pathway activation by
SFRP5 during calcification of VSMCs. VSMCs were treated with
3 mM P; in the presence or absence of SFRP5 (50 ng/ml) and/or anti-
SFRP5 (1 pg/ml) for 24 h. Cells incubated in normal phosphate
medium were used as controls. a Intracellular localization of 3-catenin
was visualized by immunofluorescence using confocal microscopy as
described in Materials and Methods. For each treatment, B-catenin
staining (green immunofluorescence) is shown on the left; in the
middle, the same sample is shown counterstained with DAPI (blue)
nuclear stain; the merged image is shown on the right. Images are
representative of three different experiments. b Quantification of
nuclear B-catenin staining was performed by finding the Mander’s
coefficient (M2 plugin: DAPI vs. Green). Bars are the mean = SEM
of three experiments in quadruplicate. *P < 0.05 compared with the
individual controls. ¢ The nuclear localization of B-catenin was
assessed by western blotting of nuclear—cytoplasmic extracts as
described in the “Materials and Methods™ section. The cytoplasmic
level of phospho-B-catenin (Ser675) was normalized by glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH). The histone H3 was used
as internal control intranuclear B-catenin. Quantification was per-
formed by measurement of the integrated OD (optical density). Images
are representative of three different experiments. Data are mean +
SEM of the three independent experiments. *P < 0.05 compared with
the individual controls. d B-catenin-dependent gene transcription as
determined by TOP/FOP-Flash luciferase assay. Relative luciferase
activity was normalized to Renilla activity. Data are presented as
mean £+ SEM of three different experiments. *P < 0.05 compared
with the individual controls (Color figure online)

effect was no longer observed after the addition of anti-
SFRP5 neutralizing antibodies. Quantification of nuclear -
catenin staining intensity (see methods) confirmed the
differences in the levels of nuclear B-catenin fluorescence
between groups (Fig. 3b).

Then, we evaluated the translocation of B-catenin into
the nucleus by western blotting. As shown in Fig. 3c,
incubation of cells in the HP medium resulted in increased
levels of nuclear B-catenin (P < 0.05) and the phosphory-
lation of B-catenin at the Ser675 residue (p-Ser675 B-
catenin) was restricted in cytoplasm lysate (P < 0.05). The
addition of SFRP5 to HP cells produced a significant
decrease of nuclear B-catenin levels (P < 0.05) and
increase of p-Ser675 B-catenin (P < 0.05), both of which
were restored by the addition of anti-SFRP5 (P < 0.05).

Thereafter, we directly evaluated the B-catenin-depen-
dent transcriptional activation by a nucleofection of a TCF/
LEF reporter and dual-luciferase reporter assays. As shown
in Fig. 3d, the TCF/LEF luciferase activity, representing
Whnt/B-catenin pathway activation, had an increase of
approximately twofold after HP treatment, as compared
with controls (P < 0.05). However, addition of SFRP5 to
HP cells greatly abolished this increase (P < 0.05).

To further confirm the involvement of Wnt/B-catenin
signalling, we also evaluated the expression of Wnt ligand
and direct transcriptional target genes of Wnt/B-catenin. As
compared with controls, the expression of Wnt3a, c-Myc
and Cyclin D1 genes were upregulated by the treatment of
VSMCs with HP (Fig. 4). This upregulation was
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suppressed by SFRPS, and this effect was neutralized by
anti-SFRP5 (P < 0.05).

Discussion

Many researchers have investigated the molecular mecha-
nism of the anti-inflammatory activity of SFRP5 in meta-
bolic syndrome-related diseases. However, the role of
SFRPS in cardiovascular diseases has not been as thor-
oughly studied. Miyoshiet al. [20] reported that serum
SFRP5 levels are significantly lower in coronary artery
disease(CAD) patients than those in the non-CAD subjects,
suggesting that low SFRP5 levels may contribute to CAD.
In addition, it has been shown that SFRPS is upregulated in
Ang II induced cardiomyocyte hypertrophy and the addi-
tion of SFRPS can downregulate the expression of BNP
and TNF-a in hypertrophic cardiomyocytes [21]. Interest-
ingly, these cardiovascular diseases are frequently accom-
panied by VC. Therefore, we examined the role of SFRP5
in the pathophysiology of cardiovascular disease, particu-
larly in VC. VC is often detected in patients with osteo-
porosis, atherosclerosis, and CKD, and is highly correlated
with cardiovascular morbidity and mortality. In this study,
we investigated the role of SFRP5 through a series of
in vitro experiments with a model of HP-induced calcifi-
cation in VSMCs, which resembles CKD-related VC. The
results showed that SFRPS actually prevented the HP-in-
duced osteogenic differentiation and calcification, which
was mediated by the inhibition of the Wnt/B-catenin sig-
nalling pathway.

Using Alizarin red staining and calcium content analy-
sis, we found increased VSMC calcification in HP-treated
cells as compared with controls. These results were con-
sistent with the finding that HP promotes calcification of
VSMCs [9]. Moreover, we found that SFRP5 treatment
attenuates the HP-induced calcification of VSMCs, and we
confirmed the specificity of this effect with a neutralizing
antibody to SFRP5, suggesting that SFRP5 may suppress
HP-induced VSMC calcification by inhibiting calcium
deposition.

VC is a multifaceted active, cell-mediated process
including transformation of VSMCs to osteoblast-like cells
[22]. BMP-2, a member of the transforming growth factor-
3 super family, is expressed and secreted from various cell
types, including VSMCs, endothelial cells and osteoblasts,
and it promotes the calcification of adjacent cells in a
paracrine manner [23]. BMP-2 induces VC and accelerates
phosphate uptake [24], and its downstream effects are
achieved by upregulating Runx2 and ALP expression [10].
Runx2, a transcription factor, controls the expression of
calcification and osteoblastic markers, such as the pro-
calcifying enzyme ALP. In our model, calcification was
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associated with the upregulation of osteogenic factors as
previously reported [13, 14]. We found that HP increased
the expression of these molecules in VSMCs and that this
effect was specifically reduced by SFRP5 treatment, indi-
cating that the attenuation of VC by SFRPS5 occurs through
the inhibition of the osteogenic programme.

Signalling pathways were evaluated to explore, in a
greater detail, putative cellular mechanisms underlying the
regulation of calcification of VSMCs calcification by
SFRPS. The canonical Wnt/B-catenin pathway, a key
mediator of osteogenic differentiation, has been shown to
be activated in VSMCs during the development of VC
in vivo and in vitro [9, 25]. In the present study, we
examined whether the Wnt/B-catenin pathway is regulated
by SFRP5 in HP-induced, calcified VSMCs. Previously, we
showed that HP induced nuclear translocation of B-catenin
in our cellular model, with subsequent B-catenin-dependent
TCF/LEF promoter activation. Furthermore, HP induced an
increase in the expression of the Wnt3a gene and the
accumulation of cytosolic B-catenin by downregulating the
phosphorylation of B-catenin, shown for the first time to
occur at Ser675. The activation of Wnt/B-catenin B-catenin
signalling was also demonstrated by the enhanced expres-
sion of its transcriptional target genes c-Myc and cyclin D1.
In contrast, the preventive effect of SFRP5 on HP-induced
calcification of VSMCs was associated with the inhibition
of Wnt/B-catenin signalling. Thus, all of the aforementioned
effects elicited by HP were counteracted by coincubation
with SFRP5. Accordingly, nuclear translocation of B-cate-
nin, TCF/LEF promoter activation, and measured expres-
sion of target genes such as Wnt3a were inhibited, whereas
the cytoplasmic level of phosphorylation of -catenin was
increased to reach levels similar to those of controls.
Although we did not explore the influence of the non-
canonical pathway on the inhibition of HP-induced calci-
fication of VSMCs by SFRPS, it is worth noting that the
specificity of the inhibiting effect of SFRP5 on the Wnt/B3-
catenin pathway was demonstrated by using a neutralizing
antibody to SFRPS5. Therefore, from our results, it can be
concluded that the upregulation of the canonical Wnt/B3-
catenin pathway is involved in the induction of calcification
of VSMCs by HP, while the downregulation of this pathway
is related to the attenuation of calcification elicited by
SFRPS. This is coincident with the inhibition of the Wnt/B-
catenin signalling that we observed with the prevention of
calcium deposition by the potentially anticalcifying mole-
cules, such as paricalcitol, magnesium, and Interleukin-24
in a similar experimental model [13, 14, 25, 26].

Although the inhibiting effects of SFRP5 are mostly
involved in non-canonical Wnt signalling by antagonizing
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Fig. 4 SFRPS5 attenuated the HP-induced activation of the Wnt/f3-
catenin pathway. VSMCs were treated with 3 mM P; in the presence
or absence of SFRP (50 ng/ml) and/or anti-SFRP5 (1 pg/ml) for 24 h.
Expression of B-catenin nuclear-transcriptional target genes a Wnt3a
b c-Myc and ¢ cyclin D1. Bars are the mean + SEM of four different
experiments. *P < 0.05 compared with the individual controls
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Wnt5a in metabolic syndrome-related diseases [18, 27], the
results of this study highlight a novel protective effect of
SFRPS5 on calcification of VSMCs through the inhibition of
the canonical Wnt/B-catenin pathway. However, the cel-
lular and signalling actions of SFRP5 seem to depend on
the type of tissue as well as its inflammatory and metabolic
state [28]. The canonical Wnt signalling ligand, Wnt3a,
which contributes to calcification of VSMCs [29], was
found to have an increased gene level in HP-induced cal-
cified VSMCs. Jian et al. [10] reported that Wnt3a was
downstream of BMP-induced arterial calcification, but our
results showed the increased expression of both BMP-2 and
Wnt3a could be reversed by treatment with SFRPS5. It has
been suggested that the inhibition of Wnt signalling by
SFRPS is correlated with Wnt3a [30]. We hypothesize that
Wnt3a is one of the Wnt ligands antagonized by SFRP5 to
attenuate the HP-induced calcification of VSMCs. How-
ever, Wnt3a is not the only ligand altered in the calcifi-
cation and osteogenic process. Conversely, SFRP5 is not
solely a Wnt-binding protein, but can antagonize the
activity of Wnt, bind to Fz receptors and interfere with
BMP signalling [31, 32]. We did not elucidate every
component in the attenuation of HP-induced calcification
of VSMCs by SFRPS5 through the inhibition of Wnt/B3-
catenin pathway, and these components should continue to
be examined in future studies.

In summary, our results have shown for the first time
that SFRP5 attenuates HP-induced calcification of VSMCs,
and that this effect correlated with the suppression of the
expression of calcification and osteoblast markers (BMP-2,
Runx2, and ALP) through the inhibition of the Wnt/B3-
catenin signalling pathway. The present study may help
elucidate the role of SFRP5 in the pathophysiology of VC.
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