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Abstract. Glucocorticoid‑induced osteoporosis is the 
commonest form of drug‑induced osteoporosis. Histone 
deacetylase 6 (HDAC6) is involved in the differentiation 
from mesenchymal stem cells to osteoblasts. However, 
the role of ricolinostat (ACY‑1215, HDAC6 inhibitor) 
in the dexamethasone (Dex)‑induced proliferation and 
differentiation of preosteoblasts remains to be elucidated. 
The protein expression and mRNA expression levels of 
HDAC6, osteopontin (OPN), runt‑related transcription 
factor 2 (Runx2), osterix (Osx), collagen I (COL1A1) and 
glucocorticoid receptor (GR) in MC3T3‑E1 cells were 
analyzed by western blot analysis and reverse transcrip-
tion‑quantitative PCR analysis. The cell viability was 
detected by CCK‑8 assay. The alkaline phosphatase (ALP) 
activity and capacity of mineralization was determined by 
ALP assay kit and alizarin red staining. HDAC6 expres-
sion was increased in patient serum and Dex‑induced 
MC3T3‑E1 cells at a certain concentration range; 1 µM 
Dex was selected for further experimentation. Cell viability 
was decreased after Dex induction and restored following 
ACY‑1215 treatment. The ALP activity and capability for 

mineralization was decreased when MC3T3‑E1 cells were 
induced by 1 µM Dex and was gradually improved by the 
treatment of ACY‑1215 at 1, 5 and 10 mM. The expression 
of OPN, Runx2, Osx and COL1A1 was similar, with the 
changes of capability for mineralization. Furthermore, GR 
expression was increased in Dex‑induced MC3T3‑E1 cells. 
ACY‑1215 promoted the GR expression in MC3T3‑E1 cells 
from 1‑5 mM while GR receptor expression was increased 
with 10 mM ACY‑1215 treatment. In conclusion, ACY‑1215 
reversed the Dex‑induced suppression of proliferation and 
differentiation of MC3T3‑E1 cells.

Introduction

Secondary osteoporosis is a common type of osteoporosis in 
clinical practice. It is mainly secondary to diseases, including 
connective tissue disease or multiple myeloma, or to the use 
of glucocorticoids (GCs), and presents as the destruction 
of bone microstructure, bone loss and increased risk of 
fracture (1‑3). GC‑induced osteoporosis is the commonest 
secondary type of osteoporosis in clinical practice and has 
the highest incidence rate after postmenopausal osteoporosis 
and gerontological osteoporosis (3,4). Long‑term administra-
tion of high doses of GCs causes increased bone absorption, 
decreased bone density and osteoporosis (5). A variety of 
rheumatology‑associated diseases need to be treated with 
GCs, and the prevalence of secondary osteoporosis is rela-
tively high, requiring active prevention and treatment (3). 
The incidence of osteoporosis in patients who have received 
GC treatment for >0.5 years can be 30‑50% (6). In order 
to improve the quality of life of patients with rheumatic 
diseases, effective treatments for GC‑induced osteoporosis 
are urgently required.

Histone acetylation, catalyzed by histone deacetylases 
(HDACs), regulates stem cell and osteoblast differentia-
tion (7,8). HDACs are involved in the mediation of molecular 
signaling pathways that regulate the specification, maturation 

ACY‑1215, a HDAC6 inhibitor, decreases 
the dexamethasone‑induced suppression of 

osteogenesis in MC3T3‑E1 cells
NA WANG1,  HUA WANG2,  JIANMING CHEN3,  FUBIN WANG4,   

SHUAIYI WANG3,  QIANG ZHOU5,  JICHONG YING3,   
SHANZHAO HUANG6,  PU WANG7  and  FANGFANG YUAN8

Departments of 1Endocrinology, 2Radiology, 3Orthopaedics and 4Inspection,  
Ningbo Number 6 Hospital, Ningbo, Zhejiang 315040; 5Department of Endocrinology,  
The First Hospital of Jiaxing (The Affiliated Hospital of Jiaxing University), Jiaxing,  
Zhejiang 314001; Departments of 6Osteopeniology, 7Cardiology and 8Rheumatology, 

Ningbo Number 6 Hospital, Ningbo, Zhejiang 315040, P.R. China

Received February 14, 2020;  Accepted June 4, 2020

DOI: 10.3892/mmr.2020.11319

Correspondence to: Miss Hua Wang, Department of Radiology, 
Ningbo Number 6 Hospital, 1059 Zhongshan East Road, Yinzhou, 
Ningbo, Zhejiang 315040, P.R. China
E‑mail: hwang988@126.com

Mr. Jianming Chen, Department of Orthopaedics, Ningbo 
Number 6 Hospital, 1059 Zhongshan East Road, Yinzhou, Ningbo, 
Zhejiang 315040, P.R. China
E‑mail: jmchennbh@163.com

Key words: ACY‑1215, histone deacetylase  6 inhibitor, 
dexamethasone, osteogenesis

https://www.spandidos-publications.com/10.3892/mmr.2020.11319


WANG et al:  ROLE OF ACY-1215 IN SUPPRESSION OF OSTEOGENESIS2452

and terminal differentiation of osteoblasts (7,9,10). It has been 
reported that HDAC inhibitors can promote the maturation of 
osteoblasts (11). Reduction of HDAC1 in osteoblasts induces 
bone formation via upregulation of runt‑related transcription 
factor 2 (Runx2) expression  (10). HDAC6 knock‑out mice 
exhibit a slightly increased bone mineral density, which 
indicates that HDAC6 is involved in bone biology  (12). 
Furthermore, it has been demonstrated that silencing of HDAC 
induces the differentiation of stem cells (13‑16). Long‑term 
treatment with high doses of GCs decreases the maturity of 
osteoblasts, which is mediated by crosstalk between gluco-
corticoid receptor (GR) and HDAC6, and the GR‑HDAC6 
repressor complex. HDAC6 binding to GR regulates the 
process of dexamethasone (Dex)‑induced mesenchymal stem 
cell differentiation into osteoblasts (17). However, the specific 
role of HDAC6 in Dex‑induced proliferation and differentia-
tion of preosteoblasts remains to be elucidated. Ricolinostat 
(ACY‑1215; an HDAC6 inhibitor) has been demonstrated to 
reduce inflammatory damage in osteoarthritis (18). However, 
further studies are required to determine whether it has any 
effect in osteoporosis.

The present study constructed Dex‑induced MC3T3‑E1 
cells to simulate the GC‑induced osteoporosis referred to 
in previous studies (19‑21). It aimed to explore the role of 
ACY‑1215 in Dex‑induced proliferation and differentiation 
of preosteoblasts to provide a basis for direct clinical treat-
ment.

Materials and methods

Human serum samples. The present study was approved 
by the Human Ethics Committee Review Board of Ningbo 
Number 6 Hospital (Ningbo, China) and informed written 
consent was obtained from each patient (male/female=5/5; 
age, 43‑65 years) and 10 healthy individuals (male/female=5/5; 
age, 41‑62  years). Serum specimens were obtained from 
10 patients with osteoporosis induced by GCs and 10 healthy 
individuals at Ningbo No. 6 Hospital between March 2018 and 
March 2019. The serum specimens were stored at ‑80˚C prior 
to further experiments.

Cell culture and treatment. MC3T3‑E1 cells were provided by 
the American Type Culture Collection. MC3T3‑E1 cells were 
routinely cultured in 90% DMEM‑H containing 10% FBS 
(HyClone; Cytiva) in an incubator with 5% CO 2 at 37˚C. 
The cell culture liquid was exchanged every 3 days and cells 
were subcultured until the cell confluence reached 80‑90%. 
MC3T3‑E1 cells were treated with various concentrations of 
Dex (0.01, 0.1, 1 and 10 µM) at 37˚C for 24 h to select the 
optimal concentration of Dex. Additionally, MC3T3‑E1 cells 
were pre‑treated with various concentrations of ACY‑1215 
(1, 5 and 10 mM) at 37˚C (14) and then treated with the optimal 
concentration of Dex.

Cell counting kit‑8 (CCK‑8) assay. MC3T3‑E1 cells were 
collected and inoculated into 96‑well plates at a density of 
3x103 cells/well. Following treatment with only Dex for 24 h, 
or pretreatment with ACY‑1215 for 2 h followed by treatment 
with Dex at 37˚C for 24 h, MC3T3‑E1 cells in each well were 
incubated with 10 µl CCK‑8 solution at 37˚C for 2 h in the 

dark. Finally, the absorbance value of each well was measured 
at a wavelength of 450 nm using a Synergy™ 2 Multi‑function 
microplate reader (BioTek Instruments, Inc.).

Reverse transcription‑quantitative (RT‑q) PCR analysis. 
MC3T3‑E1 cells were seeded into 12‑well plates 
(3x104 cells/well). Total RNA was extracted using TRIzol® 
(Thermo Fisher Scientific, Inc.) and reverse transcription 
was performed using the Reserve Transcription System kit 
(Thermo Fisher Scientific, Inc.). Quantitative detection was 
performed using the Real‑Time Fluorescence Quantitative 
Universal kit (DRR041A; Takara Biotechnology Co., 
Ltd.). The relative expression levels of HDAC6, osteo-
pontin  (OPN), Runx2, osterix (Osx), collagen I (COL1A1) 
and GR were detected. GAPDH was used as an internal 
control, and semi‑quantitative analysis was performed using 
the 2‑∆∆Cq method (22). The amplification conditions were as 
follows: 95˚C for 10 min, followed by 40 cycles at 95˚C for 
10 sec and 58˚C for 60 sec. The following primers were used 
for RT‑qPCR: GAPDH forward, 5'‑GCA​CCG​TCA​AGG​CTG​
AGA​AC‑3' and reverse, 5'‑TGG​TGA​AGA​CGC​CAG​TGG​
A‑3'; HDAC6 forward, 5'‑GGA​AAA​GGT​CGC​CAG​AAA​
CTT‑3' and reverse, 5'‑GGC​CGG​TTG​AGG​TCA​TAG​TT‑3'; 
OPN forward, 5'‑AGA​CCT​GAC​ATC​CAG​TAC​CCT​G‑3' 
and reverse, 5'‑GTG​GGT​TTC​AGC​ACT​CTG​GT‑3'; Runx2 
forward, 5'‑TCC​ACA​CCA​TTA​GGG​ACC​ATC‑3' and reverse, 
5'‑TGC​TAA​TGC​TTC​GTG​TTT​CCA‑3'; Osx forward, 5'‑AGC​
GAC​CAC​TTG​AGC​AAA​CAT‑3' and reverse, 5'‑GCG​GCT​
GAT​TGG​CTT​CTT​CT‑3'; COL1A1 forward, 5'‑CGG​CTC​
CTG​CTC​CTC​TTA‑3' and reverse, 5'‑GGT​GGG​ATG​TCT​
TCG​TCT​T‑3'; GR forward, 5'‑CAT​TAC​CAC​AGC​TCA​CCC​
CTA​C‑3' and reverse, 5'‑GCA​ATC​ACT​TGA​CGC​CCA​C‑3'. 
The experiment was repeated three times.

Western blot analysis. After passaging, MC3T3‑E1 cells 
were seeded into 12‑well plates (3x104 cells/well). Following 
pretreatment with ACY‑1215 for 2  days, and treatment 
with Dex for 7 days, the medium was discarded and cells 
were lysed using RIPA buffer (Roche Applied Science) to 
extract protein, which was quantified using bicinchoninic 
acid kits. Protein (30 µg) was added to 10% SDS‑PAGE 
gel for electrophoresis, and then electrotransferred onto 
nitrocellulose membranes. Following blocking of the 
nitrocellulose membranes with 5% skimmed milk for 2 h 
at room temperature, the membranes were incubated with 
primary antibodies against HDAC6 (cat. no. ab1440; dilu-
tion, 1:1,000; Abcam), OPN (cat.  no.  ab8448; dilution, 
1:1,000; Abcam), Runx2 (cat. no. ab76956; dilution, 1:1,000; 
Abcam), Osx (cat. no.  sc‑393325; dilution, 1:1,000; Santa 
Cruz Biotechnology, Inc.), COL1A1 (cat.  no.  ab34710; 
dilution, 1:1,000; Abcam), GR (cat.  no.  ab3578; dilution, 
1:1,000; Abcam) and GAPDH (cat.  no.  ab9485; dilution, 
1:2,500; Abcam) overnight at 4˚C. The following day, the 
nitrocellulose membranes were incubated with horseradish 
peroxidase‑conjugated secondary antibody (cat. no. 7074; 
dilution, 1:2,000; Cell Signaling Technology, Inc.) at room 
temperature for 1 h. Finally, protein bands were visualized 
with ECL Detection reagents (Amersham; Cytiva) and the 
gray value of the bands was analyzed using Quantity One 
software (version 4.6.2; Bio‑Rad Laboratories, Inc.).
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Alkaline phosphatase (ALP) activity. MC3T3‑E1 cells were 
gently washed twice with PBS, and MC3T3‑E1 cells in each well 
were incubated with 1 ml 0.2% Triton X‑100 at 4˚C overnight. 
Using ALP assay kits (Beyotime Institute of Biotechnology), 
cells were mixed with 5 µl cell lysis, matrix solution and buffer 
per well of a 96‑well plate at 37˚C for 15 min. Following the 
addition of chromogenic agent (para‑nitrophenyl phosphate) to 
cells at 37˚C for 15 min, the absorbance value of each well was 
detected at a wavelength of 490 nm using a microplate reader. 
Additionally, standard wells and blank control wells were 
used. ALP activity was calculated according to the definition 
of enzyme activity.

Alizarin red staining. After the cells occupied 80‑90% of 
the bottom of the culture bottle, the cells were digested and 
inoculated into 24‑well plates at a density of 2x105 cells/well. 
Subsequently, 600 µl culture solution was added to each 
well. Following pretreatment with ACY‑1215 for 2 days 
and treatment with Dex for 7 days, the culture medium was 
discarded. MC3T3‑E1 cells were washed with PBS three 
times, fixed with 10% formaldehyde for 10 min at 4˚C and 
washed with distilled water three times. Subsequently, 
500 µl 0.1% alizarin red dye was added to each well and 
incubated at 37˚C for 30 min. Finally, MC3T3‑E1 cells were 
washed with distilled water three times and incubated with 
PBS at 37˚C for 10 min. The stained samples were observed 
using an inverted f luorescence microscope (magnifica-
tion, x200).

Statistical analysis. SPSS v22.0 statistical software 
(IBM Corp.) was used to analyze the data, and the measure-
ment data are presented as the mean ± standard deviation. 
A t‑test was used for comparisons between two groups, and 
one‑way analysis of variance with Tukey's post hoc test was 
used for comparisons among multiple groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

HDAC6 expression in the serum of patients with GC‑induced 
osteoporosis. The expression levels of HDAC6 in the serum 
of patients with GC‑induced osteoporosis were determined 
by RT‑qPCR analysis (Fig.  1). HDAC6 serum expression 
was significantly increased in patients with GC‑induced 
osteoporosis compared with healthy individuals (control).

Dex promotes HDAC6 expression in osteoblast MC3T3‑E1 
cells. MC3T3‑E1 cells were treated with Dex at various 
concentrations for 24 h. Cell viability was gradually decreased 
with increasing Dex concentration (Fig. 2A). HDAC6 expres-
sion was gradually upregulated in MC3T3‑E1 cells treated 
with 0‑1 µM Dex, whereas HDAC6 expression was decreased 
in MC3T3‑E1 cells treated with 10 µM Dex (Fig. 2B and C). 
Therefore, 1  µM Dex was selected for the following 
experiments.

ACY‑1215 decreases the effect of Dex on cell viability. 
MC3T3‑E1 cells were pre‑treated with ACY‑1215 (1, 5 and 
10 mM) for 2 h, and then treated with 1 µM Dex for 24 h. 
The treatment of MC3T3‑E1 cells with 1 µM Dex suppressed 

the cell viability, and this was reversed by treatment with 
ACY‑1215 (1, 5 and 10 mM; Fig. 3).

ACY‑1215 decreases the Dex‑induced suppression of ALP 
activity in osteoblast MC3T3‑E1 cells. MC3T3‑E1 cells were 
treated with ACY‑1215 and Dex as aforementioned. After 
7 days, ALP activity was significantly decreased in the Dex 
group. When ACY‑1215 (1, 5 and 10 mM) was used to treat 
MC3T3‑E1 cells treated with Dex, ALP activity was increased 
in a concentration‑dependent manner (Fig. 4).

ACY‑1215 decreases the Dex‑induced suppression of the 
capacity for mineralization of osteoblast MC3T3‑E1 cells. 
Following treatment of MC3T3‑E1 cells with ACY‑1215 and 
Dex for 7 days, mineralization was impaired in the Dex group 
compared with the control group. However, following pretreat-
ment with ACY‑1215 (1, 5 and 10 mM), mineralization was 
enhanced in MC3T3‑E1 cells treated with Dex (Fig. 5).

ACY‑1215 decreases the Dex‑induced suppression of osteo‑
genesis of osteoblast MC3T3‑E1 cells. Following treatment 
of MC3T3‑E1 cells with ACY‑1215 and Dex for 7 days, the 
protein and mRNA expression levels of mineralization‑associ-
ated proteins were detected by western blotting and RT‑qPCR. 
As revealed in Fig.  6A  and  B, the protein and mRNA 
expression levels of OPN, Runx2, Osx and COL1A1 were 
decreased in MC3T3‑E1 cells treated with Dex. Increasing 
concentrations of ACY‑1215 reversed the inhibitory effect of 
Dex and increased the protein and mRNA expression levels 
of OPN, Runx2, Osx and COL1A1 in MC3T3‑E1 cells treated 
with Dex.

ACY‑1215 regulates the expression levels of GR in osteoblast 
MC3T3‑E1 cells. Following treatment of MC3T3‑E1 cells 
with ACY‑1215 and Dex for 7 days, the protein and mRNA 
expression levels of GR were analyzed by western blotting and 
RT‑qPCR. As revealed in Fig. 7A and B, Dex (1 µM) treat-
ment increased GR receptor expression and ACY‑1215 with 

Figure 1. HDAC6 expression in the serum of GC‑induced osteoporosis 
patients. The HDAC6 mRNA expression in the serum of GC‑induced osteo-
porosis patients was detected by reverse transcription‑quantitative PCR 
analysis. ***P<0.001 vs. the control group. HDAC6, histone deacetylase 6; 
GC, glucocorticoids.
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increasing concentrations of 1 to 10 mM gradually further 
increased the expression of GR receptor.

Discussion

The present study investigated the effect of ACY‑1215 on the 
proliferation and differentiation of MC3T3‑E1 cells treated 
with Dex. The results indicated that ACY‑1215 reversed the 

inhibitory effect of Dex on the proliferation and differentiation 
of MC3T3‑E1 cells.

HDAC6 is closely associated with ubiquitination imbal-
ance, microtubulin deficiency and oxidative stress, and it 
also serves an important regulatory role in the occurrence 
and development of ovarian, breast, esophageal and gastric 
cancers (23). Additionally, HDAC6 has a function in bone 

Figure 2. Dex promotes the expression of HDAC6 in osteoblast MC3T3‑E1 cells. (A) The cell viability of MC3T3‑E1 cells treated by Dex was detected by 
CCK‑8 assay. ***P<0.001 vs. the 0‑µm group. (B) The protein expression of HDAC6 in Dex‑treated MC3T3‑E1 cells was analyzed by western blot analysis. 
***P<0.001 vs. the 0‑µm group. (C) The mRNA expression of HDAC6 in Dex‑treated MC3T3‑E1 cells was analyzed by reverse transcription‑quantitative PCR 
analysis. ***P<0.001 vs. the 0‑µm group. Dex, dexamethasone; HDAC6, histone deacetylase 6.

Figure 3. ACY‑1215 decreases the damage of cell viability induced by Dex. 
The cell viability of ACY‑1215 pretreated MC3T3‑E1 cells treated by Dex 
was detected by CCK‑8 assay. **P<0.01 and ***P<0.001 vs. the control group. 
##P<0.01 and ###P<0.001 vs. the Dex 1‑µm group. Dex, dexamethasone.

Figure 4. ACY‑1215 decreases the Dex‑induced suppression of ALP activity 
in osteoblast MC3T3‑E1 cells. The ALP viability of ACY‑1215‑pretreated 
MC3T3‑E1 cells treated by Dex was detected by CCK‑8 assay. **P<0.01 and 
***P<0.001 vs. the control group. ###P<0.001 vs. the Dex 1‑µm group. Dex, 
dexamethasone; ALP, alkaline phosphatase.
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Figure 5. ACY‑1215 decreases the Dex‑induced suppression of the capacity of mineralization of osteoblast MC3T3‑E1 cells. The capacity of mineralization of 
ACY‑1215‑pretreated MC3T3‑E1 cells treated by Dex was detected by alizarin red staining (magnification, x200). Dex, dexamethasone.

Figure 6. ACY‑1215 decreases the Dex‑induced suppression of osteogenesis of osteoblast MC3T3‑E1 cells. (A) The protein expression of OPN, Runx2, Osx and 
COL1A1 in ACY‑1215‑pretreated MC3T3‑E1 cells treated by Dex was determined by western blot analysis. *P<0.05, **P<0.01 and ***P<0.001 vs. the control 
group. #P<0.05, ##P<0.01 and ###P<0.001 vs. the Dex 1‑µm group. ∆∆P<0.01 vs. the Dex 1‑µm+ACY‑1215 1‑mM group. $P<0.05 vs. the Dex 1‑µm+ACY‑1215 
5‑mM group.
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diseases. Li et al  (24) revealed that HDAC6 activity was 
increased following high‑dose silicate treatment, and 
HDAC6 inhibition could protect bone mesenchymal stem 
cells by improving the microtubule structure and autophagic 
activity. Wang et al (25) indicated that HDAC6 knockdown 
promoted ALP activity and mineralized nodule formation 
in dental mesenchymal stem cells. In an achondroplasia 
model, HDAC6 inhibition and the HDAC6 inhibitor tubacin 
promoted endochondral bone growth by decreasing fibro-
blast growth factor receptor 3 accumulation (26). HDAC6 
has been revealed to be overexpressed in osteoarthritis, and 
ACY‑1215 treatment to promote apoptosis of osteoarthritis 
osteoblasts and inhibit aberrant subchondral bone forma-
tion  (27). In the present study, HDAC6 expression was 
increased in patients with GC‑induced osteoporosis and 
MC3T3‑E1 cells treated with Dex. Additionally, HDAC6 
inhibition could promote the viability, mineralization and 
osteogenesis of MC3T3‑E1 cells. Overall, HDAC6 inhibi-
tion could effectively improve ALP activity and mineralized 

nodule formation, which was also demonstrated in the 
present study.

GR has multiple effects on osteocytes in osteoporosis; 
however, these have been only rarely investigated  (28). 
Plotkin et al (29) demonstrated that GCs mediate the apop-
tosis of bone cells via GR. In vitro, high doses of GCs could 
inhibit the formation of osteoclasts through GR in osteoblasts 
and osteoclasts (30). Furthermore, Kim et al (31) observed 
that Dex inhibited osteoclast formation and proliferation 
depending on GR in osteoclasts. HPOB, an HDAC6 inhibitor, 
alleviated corticosterone‑induced injury in PC12 cells by 
suppressing GR translocation (32). In the present study, GR 
expression was upregulated in MC3T3‑E1 cells treated with 
Dex. Furthermore, ACY‑1215 promoted GR expression, and 
improved the viability, mineralization and osteogenesis of 
MC3T3‑E1 cells. The prolonged use of glucocorticoids could 
lead to decreased expression level of the GR gene, which leads 
to GC resistance (33). In the present study, the expression 
of GR gradually increased with pretreatment by ACY‑1215. 

Figure 6. Continued. (B) The mRNA expression of OPN, Runx2, Osx and COL1A1 in ACY‑1215‑pretreated MC3T3‑E1 cells treated by Dex was determined 
by reverse transcription‑quantitative PCR analysis. *P<0.05, **P<0.01 and ***P<0.001 vs. the control group. #P<0.05, ##P<0.01 and ###P<0.001 vs. the Dex 1‑µm 
group. ∆∆P<0.01 and ∆∆∆P<0.001 vs. the Dex 1‑µm+ACY‑1215 1‑mM group. $P<0.05 and $$P<0.01 vs. the Dex 1‑µm+ACY‑1215 5‑mM group. Dex, dexametha-
sone; OPN, osteopontin; Runx2, runt‑related transcription factor 2; Osx, osterix; COL1A1, collagen I.
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It was hypothesized that ACY‑1215 may recruit GR recep-
tors to decrease the number of GR receptors combined with 
DEX, inhibiting the role of DEX and thereby improving the 
growth of MC3T3‑E1 cells. The underlying mechanism of the 
proliferation promoting effect of ACY‑1215 on Dex‑induced 
MC3T3‑E1 cells related to GR receptors requires further 
investigation.

Previous studies have demonstrated the role of HDAC6 in 
regulating GR. For example, HDAC6 can cause deacetylation 
of heat shock protein 90, which is crucial for GR  chap-
erone activity, ligand binding, translocation and gene 
activation (34‑36). When mesenchymal stromal cells (MSCs) 
are treated with Dex, HDAC6 translocates to the nucleus in 
a similar way to GR and the complex of HDAC6 and GR is 
formed on the third day of osteogenic induction. When MSCs 
are treated with high concentrations of Dex, the GR‑HDAC6 
complex is weakened, although it is not completely absent. 
This could either be explained by partial degradation of GR 

following prolonged treatment with high concentrations of 
Dex or a decrease in HDAC6 protein expression. In the pres-
ence of RU‑486 (GR inhibitor), HDAC6 expression in MSCs 
is decreased which indicates that GR could regulate HDAC6 
expression. In addition, tubacin (HDAC6 inhibitor) can 
weaken the complex formation between GR and HDAC6 (18). 
The association between HDAC6 and GR in the pathogenesis 
of GC‑induced secondary osteoporosis will be investigated in 
a future study.

In conclusion, HDAC6 expression was upregulated in serum 
samples of patients with osteoporosis and MC3T3‑E1 cells 
treated with Dex at a certain concentration range (0.01‑1 µm). 
ACY‑1215 treatment improved the cell viability, ALP activity, 
mineralization capacity and osteogenesis of MC3T3‑E1 cells 
treated with Dex. Additionally, ACY‑1215 increased the 
expression levels of GR in MC3T3‑E1 cells treated with Dex. 
However, there were limitations in the present study. Studying 
the effect of ACY‑1215 on osteoclastogenesis would render the 

Figure 7. ACY‑1215 regulates the expression of the GR receptor induced by Dex in osteoblast MC3T3‑E1 cells. (A) The protein expression of GR 
in ACY‑1215‑pretreated MC3T3‑E1 cells treated by Dex was analyzed by western blot analysis. ***P<0.001 vs. the control group. ###P<0.001 vs. the Dex 
1‑µm group. ∆∆P<0.01 vs. the Dex 1‑µm+ACY‑1215 1‑mM group. $$P<0.01 vs. the Dex 1‑µm+ACY‑1215 5‑mM group. (B) The mRNA expression of GR in 
ACY‑1215‑pretreated MC3T3‑E1 cells treated by Dex was analyzed by reverse transcription‑quantitative PCR analysis. **P<0.01 and ***P<0.001 vs. the control 
group. #P<0.05 and ###P<0.001 vs. the Dex 1‑µm group. ∆∆P<0.01 vs. the Dex 1‑µm+ACY‑1215 1‑mM group. $P<0.05 vs. the Dex 1‑µm+ACY‑1215 5‑mM group. 
GR, glucocorticoid receptor; Dex, dexamethasone; HDAC6, histone deacetylase 6.
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research more complete. It is hoped to perform experiments 
to explore the effect of ACY‑1215 on osteoclastogenesis in the 
future.
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