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Abstract: Objectives: The cellular mechanisms of calcific aortic valve (AV) disease and optimal medications for its
treatment are poorly elucidated. Glycogen synthase kinase (GSK)-33 and non-canonical wingless-related integra-
tion site (Wnt) signaling play crucial roles in regulating the pathogenesis of valvular interstitial cell (VIC) calcifica-
tion. Histone acetylation was found to regulate VIC calcification. However, whether histone deacetylases (HDACs)
modulate the pathophysiology of AV calcification is unclear. Different HDAC isoforms have dissimilar cardiovascular
effects. We hypothesized that distinctive HDAC inhibitors modulate runt-related transcription factor 2 (RUNX2) in
aortic VICs through the regulation of Wnt signaling. Methods: Western blotting, real-time polymerase chain reaction,
and proliferation assay were used to analyze osteogenesis marker expression, Wnt signaling, bone morphogenetic
protein (BMP) signaling, and proliferation in porcine VICs treated with osteogenic (OST) medium alone or in combina-
tion with HDAC inhibitors. Results: VICs treated with OST medium for 5 days exhibited higher RUNX2 and GSK-3 ex-
pression levels than did control cells. A class | HDAC inhibitor (MS-275 at 1 uM) reduced the RUNX2 mRNA and pro-
tein expression levels and alkaline phosphatase activity and downregulated non-canonical Wnt/GSK-3p signaling,
canonical Wnt/B-catenin signaling, and BMP signaling. By contrast, a combined class lla (MC1568) and Ilb HDAC
(tubacin) inhibitor (0.1 uM) increased RUNX2 expression. MS-275, MC1568, and tubacin reduced VIC proliferation;
however, the extent of reduction differed. MS-275 reduced RUNX2 and osteocalcin expression in VICs treated with
OST medium for an extended period (14 days). Conclusions: MS-275 critically regulates RUNX2 transactivation in
VICs through both canonical and non-canonical Wnt signaling pathways.
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Introduction deacetylases (HDACs) in VIC calcification is
unclear.

Calcific aortic valve (AV) disease (CAVD) is the

most common valvular heart disease in adults.
However, the cellular mechanisms of CAVD and
optimal medications for preventing or reversing
CAVD progression have yet to be established.
Epigenetic regulation substantially modulates
cell calcification. Our previous study revealed
that C646-induced suppression of p300 activ-
ity reduces valvular interstitial cell (VIC) calcifi-
cation and downregulates alkaline phospha-
tase (ALP) [1]. However, the role of histone

Runt-related transcription factor 2 (RUNX2) is
the principal transcriptional regulator of osteo-
blast differentiation through four notable path-
ways and plays an essential role in VIC mineral-
ization [2]. The wingless-related integration site
(Wnt)/B-catenin pathway and bone morphoge-
netic protein 2/4 (BMP-2/-4) signaling pathway
activate RUNX2. The Notch and transforming
growth factor-B (TGF-B) signaling pathways
inhibit calcification. Wnt proteins regulate car-
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diovascular development, morphogenesis, car-
diac valve formation, inflammation, bone me-
tabolism, angiogenesis, and matrix regulation.
The canonical Wnt signaling pathway that acti-
vates gene transcription is involved in the
development of multiple diseases [3]. Increas-
ing evidence suggests that in humans and ani-
mals, the Wnt signaling pathway is activated by
a calcified AV [4-7]. Calcified AVs profoundly
express canonical low-density lipoprotein re-
ceptor-related protein 5 (LRP5)/Wnt3 signaling
[4]. Increased serum levels of secreted Wnt
antagonists in patients with symptomatic aortic
stenosis were also noted [8]. By contrast, the
non-canonical Wnt signaling pathway has the
potential to activate the Ras homolog gene
family member A (RhoA), Jun N-terminal kinase,
or calcium signaling pathway. RhoA and recep-
tor tyrosine kinase-like orphan receptor 2
(ROR2) were demonstrated to upregulate
RUNX2 [9]. Moreover, non-canonical Wnt sig-
naling could activate the RhoA/Rho-associated
protein kinase (ROCK) pathway and induce cell
differentiation into the osteoblastic or chondro-
genic lineage.

GSK-3p plays multifaceted roles in both canoni-
cal and non-canonical Wnt signaling. GSK-3
can phosphorylate and stabilize LRP5/6 to
promote canonical Wnt/B-catenin signaling.
Furthermore, GSK-3 increases the destruction
of B-catenin by forming a destruction complex
[10-13]. Albanese et al. proved that a GSK-33
inhibitor could considerably reduce mineraliza-
tion induced through non-canonical Wnt signal-
ing [14].

HDAC inhibitors increase RUNX2 expression in
osteoblasts [15]. However, the role of HDACs in
RUNX2 of VICs is unclear. Many HDACs are
involved in the function of RUNX2 in the tran-
scription of other osteogenesis-associated
genes, implying that HDACs may also critically
regulate RUNX2 in VICs. Because different
HDAC isoforms have dissimilar effects on car-
diac pathophysiology, we hypothesized that dis-
tinctive HDAC inhibitors modulate RUNX2 in
aortic VICs through the regulation of Wnt
signaling.

Materials and methods

All AVs used in this study were sourced from a
commercial slaughterhouse (Yahsen Frozen
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Foods, Taoyuan, Taiwan). Our study protocol
was reviewed and approved by the Institutional
Animal Care and Use Committee of Taipei
Medical University (IACUC, LAC-2018-0245).
The slaughterhouse follows the Humane
Slaughter Act guidelines and the Animal
Protection Act for the care and slaughter of
swine.

Isolation and culture of VICs

AV leaflets excised from 6-month-old pig hearts
were obtained from the mentioned commercial
slaughterhouse (Yahsen Frozen Foods) and
were shipped in ice-cold saline within 3 h after
slaughter. The AVs were digested with collage-
nase | (250 U/mL, Sigma, St. Louis, MO, USA)
for 30 min with gentle shaking at 37°C to
remove endothelial cells; they were then sub-
jected to a second digestion with collagenase |
(250 U/mL) for 12 h. The isolated VICs were cul-
tured in Dulbecco’s Modified Eagle’s Medium
(DMEM)/F12 medium containing 10% heat-
inactivated fetal bovine serum, 2 mmol/L
L-glutamine, and an antibiotic/antimycotic
(Invitrogen, Carlsbad, CA, USA) at 37°C in a
humidified atmosphere of 5% CO,. VICs from
passages 3 to 5 were used in subsequent
experiments. The VICs were seeded in six-well
plates at a density of 2 x 10* cells/cm? and
treated with indicated chemicals for 5 days.
The culture medium and chemicals were
changed daily.

Induction of osteogenesis of aortic VICs

Aortic VICs at 80% confluence were cultured in
osteogenic (OST) medium with DMEM/F12
complete medium containing 10 nM dexameth-
asone, 10 mM [-glycerophosphate, and 50
mg/mL ascorbic acid for 5 days with or without
the following HDAC inhibitors: MS-275 (a rela-
tive HDAC-1 inhibitor, IC, ) = 0.3 uM, EPS002,
Sigma-Aldrich), MC1568 (a selective class lla
HDAC inhibitor for HDAC-4 and HDAC-6, IC, =
220 nM, Cat. 4077, Tocris Bioscience), tubacin
(a relative HDAC-6 inhibitor, IC50 =4nM, S2239,
Selleck), MPTOEO14 (a pan-HDAC inhibitor; IC, |
for HDAC-1 = 12 nM, IC, for HDAC-2 = 4 nM,
and IC50 for HDAC-6 = 1 nM; synthesized in-
house), BIO (@ GSK-3 inhibitor, IC,, = 5 nM, Cat.
361550, Merk Millipore), and IWR-1-endo (a
B-catenin inhibitor, IC, = 180 nM, sc-295215,
Santa Cruz).
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Figure 1. Effects of various classes of HDAC inhibitors on RUNX2 protein expression and cell proliferation in porcine
VICs. A-D. Western blot analysis for different HDAC inhibitors on RUNX2 protein expression in OST medium-treated

VICs for 5 days (n = 5)

. B-actin was used as an internal control. E. MTS cell proliferation assay for different HDAC

inhibitors in OST medium-treated VICs for 5 days (n = 6). Band intensities were quantified using Image-Pro Plus
software. Data are presented as the mean + SEM. *P < 0.05,**P < 0.01, ***P < 0.005.

Proliferation assay

VIC proliferation was measured using a com-
mercial MTS kit (CellTiter 96® Aqueous,
Promega, Madison, WI, USA). Cells were cul-
tured in a 96-well culture plate at a density of
10,000 cells/well. After 5 days of culture, cell
growth was analyzed by adding the MTS reagent
4 h before spectrophotometric analysis at 490
nm.

ALP assay

ALP activity was measured using an ALP assay
kit (@b83371, Abcam) according to the manu-
facturer’s instructions. In brief, VICs treated
with OST medium with or without MS-275 (1
uM) for 5 days were harvested and resuspend-
ed in 100 pL of assay buffer. A nonfluorescent
4-methylumbelliferyl phosphate disodium salt
substrate was converted to an equal amount of
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fluorescent 4-methylumbelliferone in the pres-
ence of ALP. After a reaction time of 30 min, the
stop solution was added, after which the fluoro-
metric reading (Ex/Em = 360 nm/440 nm) was
recorded. Each sample was assayed in dupli-
cate and normalized to the total protein
amount.

Western blot analysis

VICs were lysed in protein extraction reagent
(Thermo Scientific, Waltham, MA, USA) with a
protease inhibitor cocktail (Sigma). The pro-
teins were separated through gradient sodium
dodecylsulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) under reducing conditions
and electrophoretically transferred to an equi-
librated polyvinylidene difluoride membrane
(Amersham Biosciences, Buckinghamshire,
UK). Blots were probed with primary antibodies
against the myofibroblast marker alpha-smooth
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Figure 2. Effect of a class | HDAC inhibitor (MS-275) on osteogenesis-related signaling of porcine VICs. A-D. The
representative immunoblots of Wnt signaling proteins of GSK-33 and B-catenin, p-SMAD1/5/8, osteocalcin, and
a-SMA in OST medium treated VICs with or without MS-275 (1 uM) for 5 days (n = 7). B-actin was used as an internal
control. Band intensities were quantified using Image-Pro Plus software. E. Alkaline phosphatase (ALP) activity was
measured by using an ALP assay kit, which detected fluorescence of 4-methylumbelliferone by alkaline phospha-
tase assay (n = 4). F. Real-time PCR analysis for mRNA expressions of RUNX2 and GSK-3p in OST medium treated
VICs with or without MS-275 (1 uM) for 5 days (n = 6). GADPH was used as an internal control. Data are presented

as the mean £ SEM. *P < 0.05, **P < 0.01, ***P < 0.005.

muscle actin (x-SMA, ab7817, Abcam, 1:5000),
BMP-2/-4 (sc-6267, Santa Cruz, 1:1000), GSK-
3B (ab73173, Abcam, 1:1000; 27C10, Cell
Signaling, 1:1000), B-catenin (ab6302, Abcam,
1:4000), osteocalcin (AB10911, Millipore,
1:500), p-SMAD 1/5/8 (sc-12353, Santa Cruz,
1:1000), and RUNX2 (sc-10758, Santa Cruz,
1:1000), then probed with secondary antibod-
ies conjugated with horseradish peroxidase.
Bound antibodies were detected using an
enhanced chemiluminescence detection sys-
tem (Merck Millipore, Billerica, MA, USA) and
analyzed using Image-Pro Plus software. The
targeted bands were normalized to B-actin
(@b6276, Abcam, 1:10,000) to confirm equal
protein loading.

Alizarin red S staining

Alizarin Red S (ARS) staining was used for mea-
suring calcium deposition. VICs were fixed with
4% paraformaldehyde for 15 min and then
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rinsed and incubated with 2% ARS solution (pH
4.2) for 30 min. Excessive dye was removed by
washing with distilled water. Images of the
stained cells were acquired using an Olympus
CKX41 inverted phase-contrast microscope
(Tokyo, Japan). For semiquantitative analysis,
the ARS stain area was measured using ImageJ
software (NIH; http://rsb.info.nih.gov/ij/) at 40
x maghnification.

RNA isolation and real-time polymerase chain
reaction

Messenger RNA (mRNA) expression was ana-
lyzed through quantitative polymerase chain
reaction executed using an ABI Prism 7300 sys-
tem (Applied Biosystems, Foster City, CA, USA)
and SYBR Green (Applied Biosystems). For
RUNX2 amplification, 5-GGACGAGGCAAGAG-
TTTCAC-3' forward and 5-GTGGATTAAAAGG-
ACTTGGTGC-3’ reverse primer sequences were
used. In addition, 5-ATAACACCGCTTCTGCGT-

Am J Transl Res 2019;11(2):744-754
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Figure 3. Alizarin red S staining for calcification measurement. MS-275 significantly reduced OST-medium-induced
cell aggregation and calcium deposition. The images were photographed using an inverted phase contrast micro-
scope with original magnification x 40, and the stained area was quantified using ImageJ software. The average
ratio of the red color in the images are presented as the mean + SEM of alizarin red area per field (n = 4), ***P <

0.005.

CA-3’ forward and 5-AACGTGACCAGTGTTGC-
TGA-3’ reverse primers were used for GSK-3f3
amplification. Finally, 5-ACACTCACTCTTCTAC-
CTTTG-3' forward and 5-CAAATTCATTGTCGT-
ACCAG-3’ reverse primers were used for glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH)
amplification. Relative transcript levels were
estimated on the basis of cycle threshold val-
ues and normalized to the corresponding
GAPDH cycle threshold values.

Statistical analysis

Cells subjected to various treatments were
compared through one-way repeated-mea-
sures analysis of variance and Fisher’s least
significant difference post hoc test. Systat
Sigmaplot 12.0 software (San Jose, CA, USA)
was used to perform all data analyses.
Quantitative data are expressed as the mean +
standard error of the mean (SEM) of at least
two or three independent measurements with
five replicates.

Results

Effects of HDAC inhibitors on RUNX2 expres-
sion and porcine VIC proliferation

OST medium-treated VICs had higher RUNX2
protein levels than did the control cells (Figure
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1). VICs treated with OST medium combined
with MS-275 (1 uM) had a lower RUNX2 protein
level (Figure 1A) than did those treated with
OST medium alone. In addition, VICs treated
with OST medium combined with MC1568 (0.1
UM, Figure 1B) or tubacin (0.1 pM, Figure 1C)
had a higher RUNX2 expression level than did
the control cells. Treatment with OST medium
combined with MPTOEO14 (0.1 uM, Figure 1D)
also attenuated RUNX2 transactivation. As
illustrated in Figure 1E, VICs treated with OST
medium combined with MS-275, MC1568, or
tubacin exhibited lower levels of proliferation
than did those treated with OST medium alone.
However, MS-275 induced a greater reduction
in VIC proliferation than did MC1568 and
tubacin.

Effects of MS-275 on osteogenesis-associated
signaling and transcription of RUNX2 and
GSK-38

OST medium-treated VICs exhibited higher
GSK-3B and B-catenin expression levels than
did the control cells (Figure 2A). VICs treated
with OST medium combined with MS-275 (1
uM) showed significantly lower GSK-3B and
B-catenin expression levels than did VICs treat-
ed with OST alone (Figure 2A). Moreover, com-
pared with the control cells, the OST medium-

Am J Transl Res 2019;11(2):744-754
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Figure 4. Effects of a GSK-3p inhibitor (BIO) on Wnt and BMP-2 signaling of VICs. BIO at 1 uyM attenuated the up-
regulation of RUNX2 (A), GSK-3B (B), and p-SMAD1/5/8 (C) in OST medium treated VICs. Protein expression was
analyzed using Western blot. 3-actin was used as an internal control. Data are presented as the mean + SEM (n =

7). *P < 0.05,**P < 0.01, ***P < 0.005.

treated VICs had a higher p-SMAD1/5/8
expression, which was attenuated by MS-275
(Figure 2B). The osteocalcin and a-SMA levels
were not significantly changed in the OST medi-
um-treated VICs compared with the control
cells (Figure 2C and 2D). However, the VICs
treated with OST medium combined with
MS-275 had lower a-SMA protein expression
levels than did the control cells and VICs treat-
ed with OST medium alone. Furthermore, the
VICs treated with OST medium had higher ALP
activity than did the control cells and VICs treat-
ed with OST medium combined with MS-275
(Figure 2E). As presented in Figure 2F, com-
pared with the other cells, the OST medium-
treated VICs had higher RUNX2 and GSK-3(3
transcription levels, which were significantly
attenuated by MS-275. Additionally, MS-275
significantly reversed the effects of OST medi-
um on cell aggregation and calcium deposition
(Figure 3).

Effects of GSK-3[3 inhibitor and B-catenin
inhibitor on RUNX2, GSK-33, and p-SMAD pro-
tein expression

VICs treated with a combination of OST medi-
um and BIO (1 uyM), a GSK-3 inhibitor, exhibited
lower RUNX2 and GSK-3( expression levels
than did those treated with OST medium alone
(Figure 4A and 4B). BIO also significantly atten-
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uated OST medium-upregulated p-SMAD1/5/8
in the VICs (Figure 4C).

We compared the effects of BIO with and with-
out MS-275 on RUNX2 and GSK-3p expression
in OST medium-treated VICs (Figure 5A and
5B). BIO combined with MS-275 engendered
lower RUNX2 and GSK-3( expression levels
than did BIO alone (Figure 5A and 5B), implying
that MS-275 might reduce RUNX2 through a
mechanism other than GSK-3p inhibition. VICs
treated with a combination of a [-catenin
Inhibitor (IWR-1-endo, 10 uM) and OST had less
RUNX2 and GSK-3f than OST medium-treated
VICs (Figure 5C and 5D), further confirming that
the inhibition of B-catenin may contribute-at
least in part-to the effects of MS-275 on RUNX2
levels.

Effects of MS-275 on canonical and non-ca-
nonical Wnt signaling in a 14-day calcification
model

We studied the effect of MS-275 on VIC min-
eralization in a relatively long-term model.
MS-275 reduced RUNX2, B-catenin, and GSK-
3B expression levels in VICs treated with OST
medium for 14 days. Additionally, MS-275 sig-
nificantly attenuated the upregulation of osteo-
calcin, a late osteoblastic marker, after a
14-day culture (Figure 6).

Am J Transl Res 2019;11(2):744-754
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Discussion

This study elucidates, for the first time, the role
of HDACs in the regulation of RUNX2 expres-
sion in OST medium-treated VICs. The HDAC |
inhibitor MS-275 (1 uM), but not the class lla
HDAC inhibitor MC1568 or class IIb HDAC inhib-
itor tubacin (0.1 pM), attenuated the effects of
OST medium. A combined class | and class Ilb
HDAC inhibitor (MPTOEO14 at 0.1 pM) attenu-
ated RUNX2 transactivation. These results indi-
cate the pivotal role of HDAC | in RUNX2 expres-
sion. MS-275 simultaneously repressed GSK-
3B, B-catenin, and p-SMAD1/5/8 expression.
Because of its interactions with canonical and
non-canonical Wnt signaling, MS-275 in combi-
nation with BIO or IWR exerted greater attenua-
tion than did BIO or IWR alone.
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Canonical B-catenin signaling was upregulated
3.5-4-fold in calcified tricuspid AVs compared
with normal AVs [4]. Albanese et al. found that
non-canonical Wnt-5a, Wnt-5b, and Wnt-11
were highly expressed in stenotic AVs, particu-
larly in bicuspid AVs [14]. The non-canonical
Wnt-5a group (Wnt-4, Wnt-5a, and Wnt-11)
combined with ROR2 prevents canonical-Wnt-
induced GSK-3 inactivation [16-18]. The GSK-
3B inhibitor CHIR99021 was demonstrated to
inhibit human aortic VIC mineralization [14]. Yu
et al. incubated human aortic VICs with 50 mg/
mL Lp(a) for 48 h and found that GSK-3a/f3 and
[B-catenin translocation were simultaneously
upregulated [19]. They proved that GSK-3a/3
inhibition by CHIR99021 significantly reduced
ALP activity and calcium deposition.

Am J Transl Res 2019;11(2):744-754
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Non-canonical Wnt signaling seemed to play a
pivotal role in our OST VIC model. GSK-3p3
MmRNA and protein expression levels were
increased in OST medium-treated VICs, further
confirming that non-canonical Wnt signaling
contributes to RUNX2 upregulation. MS-275
inhibited the mRNA transcription of GSK-3.
We used BIO-a highly potent, selective, revers-
ible, and ATP-competitive inhibitor of GSK-3a/
B-to clarify the effect of GSK-3[ inhibition [20].
Kellar et al. used BIO to elevate B-catenin levels
artificially and found that it drastically reduced
subsequent mineralization [21]. Similarly, we
discovered that BIO could reduce RUNX2
expression levels.

When MS-275 was added to the treatment
medium, both non-canonical Wnt/GSK-3p
and canonical Wnt/B-catenin were repressed,
implying that MS-275 could attenuate the
transactivation of RUNX2 through both canoni-
cal Wnt signaling and non-canonical Wnt signal-
ing. The role of canonical B-catenin signaling in
VIC mineralization has been established. In a
previous study, GSK-33 and -catenin protein
and mRNA levels significantly increased in por-
cine VICs after stimulation with oxidized low-
density lipoprotein [22]. This finding implies
that both types of Wnt signaling contribute to
VIC mineralization. Research has shown that
IWR-1-endo-a potent inhibitor of Wnt signaling
that operates through proteasomal degrada-
tion of B-catenin through the stabilization of
the destruction complex-significantly reduces
RUNX2 expression without interfering with
GSK-3p activity or expression [3, 23-26]. Si-
milarly, Li et al. proved that IWR-1-endo inhibit-
ed OST differentiation [27]. We found that the
inhibition of canonical Wnt signaling reduced
RUNX2 expression. MS-275 combined with BIO
or IWR suppressed canonical and non-canoni-
cal Wnt signaling; this suppressive effect may
have contributed to a greater reduction in
RUNX2 expression than did the suppressive
effect engendered by BIO or IWR alone. More-
over, in VICs treated with OST medium for 14
days, MS-275 attenuated RUNX2 and osteocal-
cin upregulation, suggesting the interventional
potential of the HDAC I inhibitor in calcified AVs.

Different classes of HDAC inhibitors exerted
various effects on VIC osteogenesis. Because
class Il HDACs may have neutral or precipitat-
ing effects on VIC calcification, pan-HDAC inhi-
bition may have deleterious effects on VICs. We
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found that MPTOEO14 reduced RUNX2 in OST
medium-treated VICs. Similarly, valproic acid,
a combined class | and Il HDAC inhibitor and
a GSK-3p inhibitor [28], reduced calcification
induced by high phosphate levels (3 mmol/L)
[29]. However, MPTOEO14 had weaker inhibito-
ry effects on RUNX2 than did MS-275, which
may have been caused by the counterbalanc-
ing effects of the combined class | and Il HDAC
inhibitor on RUNX2 regulation.

The decrease in BMP/p-SMAD1/5/8 expres-
sion may have been induced by the attenuation
of canonical Wnt signaling. The mechanism
governing the osteoblastic differentiation and
maintenance of skeletal homeostasis is a
crosstalk between the BMP and Wnt pathways.
Wnt signaling was proven to be an upstream
regulator of BMP signaling [30]. Wnt/B-catenin
directly regulates BMP-2 transcription by inter-
acting with the BMP-2 promoter. Tamura and
Nemoto also suggested the crosstalk between
the canonical Wnt and BMP-2 signaling path-
ways [31]. In the current study, OST medium-
treated VICs had higher p-SMAD1/5/8 expres-
sion levels than did the other cells, suggesting
that BMP signaling has a role in VIC calcifica-
tion. We discovered that BIO-induced GSK-3(3
inhibition was associated with BMP attenua-
tion in OST medium-treated VICs.

In the 5-day culture model, we did not observe
OST medium-induced upregulation of osteocal-
cin or a-SMA. Similarly, Monzack et al. demon-
strated that treating porcine aortic VICs with
mineralization medium increased ALP expres-
sion and reduced a-SMA expression but had no
effect on osteocalcin expression [32]. An
extended period of culture (14 days) with OST
medium significantly increased VIC mineraliza-
tion, which was attenuated by MS-275.

RUNX2 was shown to play a role in cell prolifer-
ation [33]. Another study demonstrated that
HDAC inhibitors might reduce cardiac fibrosis
[34]. In the current study, MS-275 considerably
reduced VIC proliferation. These findings sug-
gest that MS-275 may reduce VIC activity
through the reduction-at least in part-of RUNX2
expression. Figure 7 presents a summary of
the effects of the HDAC | inhibitor (MS-275) on
VICs. Through both GSK-3B and B-catenin inhi-
bition, MS-275 reduced the expression of RUX2
at the transcription level.
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Study limitations

This study has some limitations. Although CAVD
commonly develops over a long period, in our
model, VIC calcification was induced by the
applied OST medium over a relatively short
period. Moreover, the studied VICs were isolat-
ed from healthy pigs, and none of the study
findings were validated in a more physiological
context. In addition, whether, and to what
extent, the canonical or non-canonical Wnt sig-
naling pathways are involved in human or even
experimental CAVD should be further explored.

Conclusions

A GSK-3[ inhibitor reduced RUNX2 expression
in OST medium-treated VICs. Additionally, a
class | (but not class Il) HDAC inhibitor reduced
RUNX2 expression in OST medium-treated VICs
through the canonical and non-canonical Wnt
signaling pathways.
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