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Abstract

the Wnt-Smad pathway.

Ankylosing spondylitis (AS) is a refractory autoimmune disease, whose typical pathology is the development of
inflammation to ossification and ankylosis. Histone deacetylase 1 (HDAC1) is considered to be a key factor involved
in inflammatory gene transduction, but its role in AS remains unclear. The purpose of this study was to explore the
role and possible mechanism of HDACT in AS based on the Wnt-Smad pathway. Fibroblasts were isolated from hip
synovial tissues of AS patients, adeno-associated virus (AAV) was used to regulate the expression of HDACT, DKK-1
and SIS3 was used to inhibit Wnt and Smad, respectively. The expressions of Wnt-Smad pathway-related proteins
were analyzed by WB, and the TRP ion channel proteins were analyzed by immunofluorescence and WB. The prolifera-
tion of AS fibroblasts was detected by CCK-8, the expression of inflammatory cytokines was detected by ELISA, and
the effects of HDAC1 on osteogenic differentiation of AS fibroblasts were investigated by alkaline phosphatase (ALP)
activity, intracellular calcium concentration, mineralization and osteogenic proteins expressions. Results showed that
HDACT significantly affected the protein expressions of the Wnt-Smad pathway in AS fibroblasts, and Wnt inhibi-

tor DKK-1 and Smad3 inhibitor SIS3 could significantly reverse the effect of HDACT on the Wnt-Smad pathway. In
addition, HDACT1 significantly activated the TRP ion channel and promoted the proliferation, inflammatory response
and osteogenic differentiation of AS fibroblasts. DKK-1 or SIS3 treatment significantly inhibit the effect of HDAC-1 on
AS fibroblasts, suggesting that the Wnt-Smad pathway is involved in the regulation of AS by HDACT. In conclusion,
HDAC1 promotes the proliferation, inflammatory response and osteogenic differentiation of AS fibroblasts through
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Introduction

Ankylosing spondylitis (AS) is an autoimmune disease
mainly characterized by chronic inflammation of axial
joints and tendon-ligament bone attachment points [1].
It mainly affects the spine and the sacroiliac joint, and
can be accompanied by systemic multi-system damage
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[2]. With the progression of the disease, patients develop
spinal movement limitation, rigidity, and spinal joint
destruction, which in severe cases can lead to disabil-
ity and seriously affect the quality of life of patients [3].
The pathogenesis of AS is complex, genetic factors, the
interaction between microbe and host, hormone level
differences and abnormal immune responses have all
been proved to be involved in the pathogenesis of AS [4].
In-depth understanding of the pathogenesis of AS and
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search for new therapeutic targets are the focus of cur-
rent research.

Histone acetylation is a heritable process of changing
gene expression that does not involve DNA sequence
changes, and its status is regulated by histone acetyl-
transferase (HAT) and histone deacetylases (HDAC)
[5]. Histone acetylation and deacetylation are important
processes that regulate gene expression in inflamma-
tory responses [6]. Studies have shown that HDAC is a
key factor involved in inflammatory gene transduction
and cell proliferation, and HDAC inhibitors have a good
therapeutic potential for inflammatory diseases [7]. AS
is an autoimmune disease, which usually develops from
the initial stage of inflammation to the stage of ossifica-
tion and rigidity [8], suggesting that HDAC may play an
important role in AS. An imbalance between HAT and
HDAC activities has been observed in AS patients, where
TNEF-a production can be regulated by HDAC inhibi-
tor therapy [9]. HAT/HDAC ratios in AS also increased
significantly during anti-TNF-a therapy [10]. As a type
of HDAC, HDAC1 is a key player in T-cell-mediated
arthritis [11]. Studies have shown that HDACI1 is highly
expressed in synovial tissues of rheumatoid arthritis,
which can promote synovial cell hyperplasia and inflam-
mation [12, 13]. In addition, inhibition of HDAC1 inhib-
its inflammation and bone loss in arthritis [14], and
inhibitors targeting HDAC1 may be useful in the treat-
ment of arthritis. However, the role and possible mecha-
nism of HDAC1 in AS remain to be further studied.

Numerous studies have shown that inflammation is
associated with new bone formation, and inflammation
can trigger new bone formation [15]. In this process,
TNE-a, a key factor of the AS inflammatory cell network,
plays an important role together with Wnt and Smad
pathways. Wnt signaling pathway plays an important role
in a variety of cellular processes [16], and abnormal regu-
lation of this pathway is considered to be a key factor in
the pathogenesis of AS [17]. In addition, the Smad sign-
aling pathway is an important intracellular transforming
growth factor signaling pathway and also plays a key role
in bone development and regeneration [18]. Wnt and
Smad signaling pathways are believed to play an impor-
tant role in bone formation and homeostasis [19]. Our
previous study also confirmed that there was a cross-
association of Wnt and Smad pathways in AS fibroblasts.
However, whether they are involved in the regulation of
AS by HDACI remains unclear.

This study was designed to clarify the effects of HDAC1
on Wnt and Smad signaling pathways in AS, and further
explore the effect of HDACI on inflammatory response
and osteogenic differentiation of AS fibroblasts based on
Wnt-smad pathways.
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Material and methods

Cell culture

Hip synovial tissues were collected from AS patients
(no restriction on age and gender) undergoing total hip
arthroplasty in the Chengdu Second People’s Hospital,
and hip synovial tissues from patients with femoral neck
fracture (sampling time to trauma less than 24 h) were
selected as control. This experiment was approved by the
Chengdu Second People’s Hospital (No. 2022089), under
the ethical guidelines of the declaration of Helsinki. The
fibroblasts were obtained from tissue samples by the tis-
sue block culture method. Briefly, the tissue samples were
rinsed with phosphate buffer solution (PBS) to remove
the fat, blood and muscle on the tissue surface, then the
cleaned tissue was cut into 1 mm? piece and inoculated
in the Dulbecco’s modified eagle medium (DMEM) con-
taining 20% fetal bovine serum (FBS) and 1% penicillin/
streptomycin at 37 °C 5% CO,, cell incubator. The culture
medium was replaced once every 7 days after the cells
around the tissue blocks crawled out and gradually short-
ened to once every 4 days with the growth of cells. Pas-
sage culture was performed when the cells were 80% full
of the bottom of the flask. The passage cells were cultured
at 37 °C 5% CO,, cell incubator, and the third-generation
cells in the logarithmic growth phase were used in this
experiment.

Cell transfection

HDAC1 adeno-associated virus (AAV-HDACI1) was
packaged by Shanghai Genechem Co., LTD (China)
in strict accordance with the adenovirus operating
instructions and stored in virus tubes at — 80 °C. Fibro-
blasts were inoculated into 6-well plates at a density of
4x10° cells per well and cultured at 37 °C overnight.
AAV-HDACI1 or AAV-negative control (AAV-NC) was
then co-incubated with cells using HitransGP infec-
tion enhancer solution (Shanghai Genechem Co., LTD,
China). After 6 h of infection, the culture medium con-
taining the virus was sucked out and replaced with a
fresh medium, and the culture was continued at 37 °C.
Follow-up experiments were performed 48 h after AAV-
HDACI1 or AAC-NC treatment.

Osteogenic differentiation

Fibroblasts were inoculated into 6-well plates at a density
of 1 x 10° cells per well. After cells reached 80% conflu-
ence, the original medium was discarded, and cells were
cultured in osteogenic induction medium (DMEM con-
taining 10% FBS, 0.1 uM dexamethasone, 30 mM vita-
min C and 10 mM B-glycerophosphate) [20] for 14 days
to induce the differentiation of cells into osteoblast. The
medium was replaced every 3 days.
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Alizarin red staining

After the induction of osteogenic differentiation, the
cells were fixed with 10% paraformaldehyde for 10 min,
washed with PBS 3 times, and incubated with 1% Alizarin
Red S (Sigma-Aldrich, USA) solution for 10 min at room
temperature. After staining, cells were washed with PBS
3 times and observed under a microscope (Nikon Corpo-
ration, Japan), and quantitative statistics were performed
with Image] software version 1.8.0 (National Institutes of
Health).

Alkaline phosphatase (ALP) activity assay

Cells were collected and the protein contents were meas-
ured using a BCA Protein Assay Kit (Beijing Solarbio
Science and Technology Co., Ltd.). ALP activity, an early
marker of osteogenic differentiation, was analyzed by an
ALP assay kit (WLA064, Wanleibio) according to the
manufacturer’s instructions. ALP activity was normalized
to the protein content.

Immunofluorescent staining

The cells were fixed at 4% paraformaldehyde prepared in
cytoskeletal buffer for 10 min at 37 °C [21] and washed
with PBS 3 times. Then, the cells were blocked by bovine
serum albumin for 1 h. Then, the primary anti-TRPC1
(1:1000; cat. no. #DF12783, Affinity Biosciences) and
anti-TRPV4 (1:1000; cat. no. #DF8624, Affinity Bio-
sciences) were incubated at 4 °C overnight, and the fluo-
rescent secondary antibody Alexa Fluor 488-labeled Goat
Anti-Rabbit IgG (H+L) (1:500; cat. no. A0423; Beyotime
Biotechnolog) was used to incubate at room tempera-
ture and away from light for 1 h. Finally, the 4,6-diami-
dino-2-phenylindole (DAPI, Sigma, USA) was used for
re-staining the nucleus for 5 min and observed under
THUNDER Imager Tissue (Leica, Germany).

Western blot analysis

Total cellular proteins were obtained by lysing cells
in Cell lysis buffer for Western and IP (cat. no. P0013;
Beyotime) and the proteins were determined by BCA
Protein Assay Kit (cat. no. P0O009; Beyotime). Protein
samples were denatured, separated via SDS-PAGE, and
subsequently transferred onto PVDF membranes (cat.
no. ISEQ00010; Sigma-aldrich). The membranes were
blocked for 1 h at room temperature in TBST contain-
ing 5% skimmed milk, then incubated overnight at 4 °C
with anti-HDACI1 (1:1000; cat. no. #AF6433), anti-Wntl
(1:1000; cat. no. #AF5315), anti-Smad3 (1:1000; cat. no.
#AF6362), anti-Phospho (p)-Smad3 (1:1000; cat. no.
#AF3362), anti-pB-catenin (1:1000; cat. no. #AF6266),
anti-GSK-33 (1:1000; cat. no. #AF5016), anti-Axin
(1:1000; cat. no. #DF6978), anti-TRPC1 (1:1000; cat. no.
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#DF12783), anti-TRPV4 (1:1000; cat. no. #DF8624), anti-
BMP2 (1:1000; cat. no. #AF5163), anti-Osterix (1:1000;
cat. no. #DF7731), anti-Osteopontin (OPN; 1:1000; cat.
no. #AF0227), anti-B-actin (1:4000; cat. no. #AF7018)
antibodies (all purchased from Affinity Biosciences;
USA). After washing 3 times with TBST, the membranes
were incubated with HRP-conjugated secondary anti-
body (1:4000; cat. no. #S0001; Affinity) for 2 h at room
temperature. Proteins on the membranes were visual-
ized with an enhanced chemiluminescence detection
kit (Bio-Rad Laboratories, Inc.) using ChemiScope 6000
(Clinx Science Instruments Co., Ltd.). Densitometry was
performed using Image] software version 1.8.0 (National
Institutes of Health).

Cell viability assay

Cells were inoculated into 96-well culture plates at a
density of 5 x 10 per well and treated with DKK-1 and/
or SIS3 for 24 h. Cell viability was detected using a Cell
Counting Kit-8 (CCK-8; Beyotime Institute of Biotech-
nology, China) at 37 °C for 1 h. The absorbance was
measured at 450 nm using a microplate spectrophotome-
ter (cat. no. 1681150; Bio-Rad Laboratories, Inc.) and cell
viability was calculated as follows:

Cell Viability (%) = (Aexperimental - Ablank) /(Acontrol — Ablank)
x 100

Enzyme-linked immunosorbent assay

The expression of inflammatory cytokines IL-6, IL-1p
and TNF-a in AS fibroblast were detected by ELISA. All
operations are carried out in strict accordance with the
product instructions of the kit (EIAAB SCIENCE INC,
Wauhan, China), and repeated at least three times for each
sample.

Statistical analysis

All experimental data were analyzed using SPSS 20.0
software, and expressed as mean =+ standard deviation
(SD). The differences among groups were statistically
compared by one-way analysis of variance (ANOVA) and
Tukey HSD post-hoc, and P <0.05 was considered as sta-
tistically significant. All experiments were independently
repeated at least three times.

Results

Effects of HDAC1 on Wnt and Smad signaling pathways

in AS fibroblasts

Studies have shown that HDACI1 is highly expressed in
synovial tissues of rheumatoid arthritis, which can pro-
mote synovial cell hyperplasia and inflammation [12,
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13]. In this study, the expression of HDACI in AS fibro-
blasts was also analyzed, and the results confirmed that
the protein and gene expression of HDAC1 in AS fibro-
blasts was significantly higher than that in the control
group (Fig. 1A-C P<0.05). Then, HDAC1 was overex-
pressed by adeno-associated virus (AAV-HDAC1), and
the Wnt inhibitor DKK-1 and the Smad3 inhibitor SIS3
were used to treat AS fibroblasts transfected with AAV-
HDACI to analyze the effects of HDAC1 on Wnt and
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Smad signaling pathways in AS fibroblasts. The experi-
ment was divided into five groups: AS group, AAV-NC
group, AAV-HDAC1 group, AAV-HDACI1+ DKK-1
group (500 ng/ml recombinant human Dkkl1, R&D Sys-
tems) and AAV-HDAC1 + SIS3 group (3 uM, R&D Sys-
tems). The expression of HDACI in AS fibroblasts was
detected by WB and RT-PCR, and the results showed
that the protein and gene expressions of HDAC1 were
significantly increased after AAV-HDAC1 treatment
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(Fig. 2A—-C P<0.05). Compared with the AAV-HDAC1
group, the protein and gene expressions of HDAC1 were
significantly decreased in the AAV-HDAC1 4 DKK-1 and
AAV-HDAC1+SIS3 group (Fig. 2D-F P<0.05). It was
noteworthy that the effect of SIS3 on HDAC1 is more
obvious than that of DKK-1 (P<0.05).

In addition, the effects of HDAC1 on Wnt and Smad sign-
aling pathways in AS fibroblasts were analyzed by WB. The
results showed that compared with the AAV-NC group, the
expressions of Wnt, B-catenin and p-Smad/Smad were sig-
nificantly increased and the expressions of GSK-3f3 and Axin
were significantly decreased after AAV-HDACI transfected,
suggesting that HDAC1 significantly affected Wnt and Smad
pathways in AS fibroblasts (Fig. 3, P<0.05). In addition,
AAV-HDAC1+DKK-1 and AAV-HDAC1+SIS3 signifi-
cantly reversed the increase of Wnt, B-catenin and p-Smad/
Smad protein expression, and decrease of GSK-3p and
Axin protein expression induced by AAV-HDAC1 (Fig. 3,
P<0.05). It was further suggested that Wnt and Smad path-
ways are involved in HDACI regulation of AS fibroblasts.

(2022) 17:343
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Effects of HDAC1 on TRP channels in AS fibroblast

AS is an autoimmune disease, in which TRP channels
are involved in a variety of cellular functions of the
immune system and play an important role in many
diseases [22]. Here, we analyzed the effect of HDAC1
on the TRP ion channel in AS fibroblast, WB results
showed that HDACI1 significantly increased the pro-
tein expression of TRPC1 and TRPV4, suggesting that
HDACI1 significantly affected the TRP ion channel in
AS fibroblasts. In addition, DKK-1 and SIS3 signifi-
cantly reduced the protein expressions of TRPC1 and
TRPV4 in AAV-HDACI1-transfected cells, and reversed
the activation of TRP ion channels in AS fibroblasts
by HDACI1 (Fig. 4A and B, P<0.05). The immunofluo-
rescence results were consistent with the WB analysis
results (Fig. 4C-F), all of which indicated that HDAC1
significantly regulated the expression of TRP ion chan-
nel proteins in AS fibroblast, and that Wnt and Smad
pathways might be involved.
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Effects of HDAC1 on inflammation and osteogenic
differentiation of AS fibroblasts

To further explore the role of HDACI in AS, we analyzed
the cell viability, expression of inflammatory cytokines
and osteogenic differentiation ability of AS fibro-
blasts. CCK-8 results showed that HDACI1 significantly
increased the cell activity of AS fibroblasts and promoted
cell proliferation, while DDK-1 and SIS3 could signifi-
cantly reverse the increased viability of AS fibroblasts
induced by AAV-HDACI1 (Fig. 5A, P<0.05), suggesting
that HDAC1 may promote AS fibroblasts proliferation
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through Wnt and Smad pathways. In addition, HDAC1
significantly increased the expression of IL-6, IL-1f and
TNEF-a, while DKK-1 or SIS3 significantly reversed the
increase of inflammatory cytokines induced by HDAC1
(Fig. 5B-D, P<0.05). And HDACI1 significantly increase
the expression of ALP and the concentration of intra-
cellular calcium ions, while DKK-1 or SIS3 treatment
significantly reduced the expression of ALP and the
concentration of intracellular calcium ions increased
by AAV-HDAC1 (Fig. 5E-G, P<0.05). Also, aliza-
rin red staining showed that osteogenic differentiation

of Osterix

Relative protein expression (™

8&p < 0,001, compared with the AAV-HDACT 4 DKK-1 group

A B
§ 254 e M
BMP2 F il B
SRS WP e |44kDa g —
== s 7 &
] 1
Osterix i..- ) 46 kDa E § 1.5 -
: £
- 8
OPN | wvw s e s s | 60 kDa g‘s 1.0-
2 o0s-
ﬂ_actin — A — 42 kDa E
S S S & 0.0-
> A'é ¢ N %\%ﬂa
Q & X
» 49 R
N4
Yo S
N
& 4
C g
8_

of OPN
-
1
1

Relative protein expression =

Fig. 6 Protein expression of osteogenic differentiation related proteins in AS fibroblasts after different treatment. A Protein expressions of BMP2,
Osterix and OPN in AS fibroblasts were detected by western blot analysis. B Densitometry analysis of BMP2 protein expression. C Densitometry
analysis of Osterix protein expression. D Densitometry analysis of OPN protein expression. Data were shown as mean = SD. 'P<0.05, "P<0.01 and
"P<0.001, compared with the AAV-NC group. P < 0.05, #P<0.01 and ##P<0.001, compared with the AAV-HDAC1 group. 4P <0.05, %P <001 and




Zeng et al. Journal of Orthopaedic Surgery and Research (2022) 17:343

ability was significantly increased in the AAV-HDAC1-
transfected cells, which was reversed by DKK-1 or SIS
treatment (Fig. 5H). Further analysis of osteogenic dif-
ferentiation-related proteins showed that HDAC1 could
significantly increase the protein expression of bone mor-
phogenetic protein 2 (BMP2), Osterix and Osteopontin
(OPN), and DKK-1 or SIS3 could significantly reduce
the protein expression of BMP2, Osterix and OPN in the
AAV-HDACI-transfected cells (Fig. 6, P<0.001). All the
results confirmed that HDAC1 could positively regulate
the osteogenic differentiation of AS fibroblasts through
Wnt and Smad pathways.

Discussion

AS is a chronic and progressive inflammatory disease,
whose typical pathological changes are from the initial
inflammation to ossification. If the inflammation progress
is not controlled in time, it may eventually lead to disability
[23]. At present, the pathogenesis of ankylosing spondylitis
remains unclear. HDAC1 has been confirmed to be highly
expressed in rheumatoid arthritis and is thought to play an
important role in inflammatory diseases [24]. In this study,
we found that HDACI1 can significantly regulate Wnt
and Smad signaling pathways in AS fibroblasts, and Wnt
inhibitor DKK-1 and Smad inhibitor SIS3 can reverse this
effect. In addition, HDAC1 can significantly activate TRP
ion channels, promote cell proliferation, inflammatory
response and osteogenic differentiation of AS fibroblasts.
DKK-1 and SIS3 also reverse the effects of HDACI1 on AS
cell activity, inflammatory response and osteogenic differ-
entiation. All studies confirmed that HDAC1 was involved
in the progression of AS through Wnt and Smad pathways.

Inflammation, bone destruction and ectopic ossification
are three characteristic pathological links in the course of
AS, and ectopic ossification is the key to disability of AS
[4]. Heterotopic ossification of AS mainly occurs in the
spine and connective tissue around joints, and fibroblasts
are an important part of these surrounding tissues, which
can transform to osteogenic type under certain conditions
[25, 26]. Under the stimulation of some special cytokines,
AS fibroblasts proliferate abnormally, activate osteogenic
potential, secrete bone matrix, and eventually deposit
enough calcium particles in collagen to be fixed AS bone
cells [27]. Our previous study has found that fibroblasts
cultured in vitro from AS patients have strong osteogenic
differentiation ability. This study continues to explore the
pathological mechanism of AS from the perspective of
fibroblasts by using AS fibroblasts.

HDACI1 is the first discovered HDAC that plays an
important role in gene regulation, cell cycle and cell dif-
ferentiation [28]. It has been confirmed that dysregulation
of HDAC: in peripheral blood mononuclear cells, mac-
rophages and fibroblast-like synoviocytes in rheumatoid
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arthritis is associated with higher disease activity [13,
29, 30]. The anti-inflammatory effects of various non-
selective HDAC inhibitors have been described in vari-
ous arthritis models, suggesting that they may be used
to treat inflammatory and autoimmune diseases [31,
32]. The present study showed that HDACI significantly
increased the expression of inflammatory cytokines IL-6,
IL-1f and TNF-a in AS fibroblasts, and Wnt inhibitor
DKK-1 or Smad inhibitor SIS3 reversed the inflamma-
tory response caused by HDAC]1, confirming that HDAC1
may promote the inflammatory response of AS fibroblasts
through the Wnt and Smad pathways. Wnt and Smad
pathways are believed to play important roles in many cel-
lular processes, including osteogenic differentiation [33,
34]. Our previous study confirmed that Wnt and Smad
signaling pathways synergistically inhibit proliferation and
osteogenic differentiation of AS fibroblasts. In this study,
HDACI significantly increased the expression of Whnt,
B-catenin and the ratio of p-Smad/Smad, and decreased
the expression of GSK-3p and Axin in AS fibroblasts, sug-
gesting that Wnt and Smad pathways are also involved in
the regulation of AS fibroblasts by HDACI.

Calcium is the most abundant mineral in the body and
plays an important role in the regulation of physiological
processes [35, 36]. Continuous calcium influx across cell
membranes is important for both lymphocyte activation
and initiation of innate and adaptive immune responses
[37]. Transient receptor potential (TRP) ion channels are
common calcium channels that are activated by envi-
ronmental stimuli and also respond to endogenous fac-
tors and messengers produced during tissue injury and
inflammation [38]. As molecular sensors, TRP chan-
nels are widely expressed in the entire immune system,
responsible for detecting the external world and internal
environment, and are associated with a variety of physi-
ological processes and diseases [39]. The present study
found that HDACT significantly increased the expression
of TRPC1 and TRPV4, and activated TRP ion channels,
and also increased the intracellular calcium concentra-
tion of AS fibroblasts. In addition, ALP is a nonspecific
phosphomonoesterase that plays an important role in
calcium deposition, and is an important marker of osteo-
genic activity [40]. It is commonly used to determine the
ability of early osteogenic differentiation [41]. This study
showed that HDACI1 significantly increased the minerali-
zation and ALP activity of AS fibroblasts, and this effect
was reversed by DKK-1 or SIS3, confirming that HDAC1
may promote osteogenic differentiation of AS fibroblasts
through Wnt and Smad pathways.

To further explore the role of HDACI in the osteo-
genic differentiation of AS fibroblasts, the expression
of osteogenic marker proteins BMP2, Osterix and OPN
were detected by WB analysis. BMP2, a member of the
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transforming growth factor-p superfamily, plays an
important role in many stages of bone regeneration,
inducing osteogenic differentiation and endochondral
ossification [42]. Osterix, also known as Sp7, is another
important osteogenic specific transcription factor that
is expressed only in bone tissue cells and is essential for
osteoblast differentiation and bone formation [43]. And
OPN is a phosphorylated, vulcanized glycoprotein capa-
ble of absorbing hydroxyapatite and plays an important
role in the mineralization of connective tissue, which is
related to bone resorption and formation [44]. In this
study, HDACI1 significantly increased the expression
of osteogenic differentiation-related proteins BMP2,
Osterix and OPN in AS fibroblasts, while DKK-1 and
SIS3 reversed this effect, further suggesting that HDAC1
can promote the differentiation of AS fibroblasts into
osteoblasts through Wnt and Smad pathways.

Conclusion

In conclusion, this study found that HDACI significantly
affected the expression of Wnt and Smad signaling path-
way proteins in AS fibroblasts. In addition, HDAC1 can
significantly activate TRP ion channels and promote the
proliferation, inflammatory response and osteogenic dif-
ferentiation of AS fibroblasts. The Wnt inhibitor DKK-1
and smad3 inhibitor SIS3 significantly reversed the reg-
ulation of HDAC1 on AS, suggesting that HDAC1 was
involved in the disease progression of AS through the
Wnt and Smad pathways.
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