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Up-regulation of HDAC9 promotes cell proliferation 
through suppressing p53 transcription in osteosarcoma
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Abstract: Increasing studies have demonstrated that altered expression of histone deacetylases (HDACs) plays a 
critical role in the tumorigenesis through up-regulation or down-regulation of key genes involved in cell proliferation, 
cell-cycle regulation and apoptosis. In the present study, the expression and function of HDAC9 were investigated 
in osteosarcoma. Quantitative real-time PCR and Western blot analysis found that HDAC9 was up-regulated in os-
teosarcoma tissues, when compared with that in adjacent normal tissues. In vitro studies further demonstrated 
that overexpression of HDAC9 in U2OS and MG63 cells promoted cell proliferation and invasion. Using chromatin 
immunoprecipitation (ChIP) assay, we found that HDAC9 epigenetically repressed p53 transcription through binding 
to its proximal promoter region. Therefore, our data suggest an important role for HDAC9/p53 regulatory pathway 
in the osteosarcoma progression.
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Introduction

Osteosarcoma (OS) is the most common type 
of primary malignant bone tumor in adoles-
cents and young adults [1, 2]. Although exten-
sive advancements attempt to understand its 
initiation and progression [3-5], search for its 
novel markers might provide potential thera-
peutic targets for cancer treatment.

It has been well-documented that the balance 
of the activities of histone acetyltransferase 
(HAT) and histone deacetylase (HDAC) plays a 
crucial role in the regulation of gene transcrip-
tion [6-8]. Remarkably, the functions of HDACs 
in cancer attract recent attention. Firstly, there 
are a number of studies showing altered expres-
sion of HDACs in tumor tissues [9, 10]. Besides, 
HDACs could form a corepressor complex with 
other transcription factors and bind to the  
promoter region of tumor suppressor gene to 
repress its expression [11, 12]. Moreover, 
HDACs were shown to interact with and dea- 
cetylate non-histone proteins, such as p53, to 
regulate the stability and transcriptional ac- 
tivity of these proteins [13, 14]. 

The expression and roles of HDAC9 has been 
revealed in several types of human cancers  
by previous reports. For instance, differential 
expression of HDAC9 is associated with progno-
sis and survival in childhood acute lymphoblas-
tic leukaemia [15]. Besides, HDAC9 issignifican- 
tly upregulated in high-risk medulloblastoma  
in comparison with low-risk medulloblastoma, 
and its expression is associated with poor  
survival [16]. Moreover, SNP rs10248565 in 
HDAC9 has been identified as a novel genomic 
aberration biomarker of lung adenocarcinoma 
in non-smoking women [17]. However, biologi-
cal function of HDAC9 in osteosarcoma remains 
poorly understood.

In the present study, we aim to investigate  
the possible oncogenic role of HDAC9 in 
osteosarcoma. 

Materials and methods

Human tissue samples

30 parried of osteosarcoma tissues and  
adjacent non-tumor normal specimens were 
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collected from routine therapeutic surgery  
at our department. Informed consent was 
obtained from each patient before surgery. The 
study protocol was reviewed and approved by 
the Institutional Review Board of Zhengzhou 
University Affiliated Cancer Hospital.

Cell culture, transfection and luciferase assays

Osteosarcoma cell lines (U2OS and MG63 
cells) were obtained from The Cell Bank of Type 
Culture Collection of Chinese Academy of 
Sciences (CAS, Shanghai). Cells were grown  
in Dulbecco’s modified Eagle’s medium (Invi- 
trogen, Grand Island, NY, USA) supplemented 
with 10% fetal bovine serum (Invitrogen) and 
maintained at 37°C in a humidified atmosphere 

with 5% CO2. All transfections were performed 
using Lipofectamine 2000 reagents (Invitrogen) 
according to the manufacturer’s instructions. 
For luciferase assays, cells were seeded in 
24-well plates and transfection efficiency was 
normalized by co-transfecting Simian virus 40 
(SV40) plasmids (Promega). Luciferase values 
were measured using the Dual-Luciferase 
Reporter Assay System (Promega).

BrdU incorporation and cell invasion assays

A cell proliferation enzyme-linked immunosor-
bent assay (BrdU kit; Beyotime) was used to 
analyze the incorporation of BrdU during DNA 
synthesis following the manufacturer’s proto-
cols. Absorbance was measured at 450 nm in 

Figure 1. HDAC9 expression in osteosarcoma and normal tissues. A. Relative expression levels of HDAC9 were 
determined by quantitative real-time PCR analysis in 30 primary osteosarcoma and adjacent normal tissues. B. 
Representative protein levels of HDAC9 were determined by western blot in osteosarcoma and normal tissues.

Figure 2. Effect of HDAC9 overexpression on osteosarcoma growth in vitro. (A, B) Representative protein levels of 
HDAC9 in U2OS and MG63 cells transfected with adenovirus containing HDAC9 or empty vector (EV). (C-F) Cell pro-
liferation (C, D) and invasion (E, F) assays in U2OS and MG63 cells expressing HDAC9 or EV. 



HDAC9 promotes osteosarcoma cell proliferation via p53 inhibition

11820 Int J Clin Exp Med 2015;8(7):11818-11823

Figure 3. Suppression of HDAC9 inhibits osteosarcoma cell proliferation and invasion. (A, B) Representative protein 
levels of HDAC9 in U2OS and MG63 cells transfected with siRNA oligos targeting HDAC9 or negative control (NC). 
(C-F) Cell proliferation (C, D) and invasion (E, F) assays in U2OS and MG63 cells with HDAC9 deficiency.

the Spectra Max 190 ELISA reader (Molecular 
Devices, Sunnyvale, CA). Invasion assays were 
conducted using a specialized Chemicon inva-
sion chamber which included a 24-well tissue 
culture plate with 12 cell culture inserts 
(Millipore, Bedford, MA, USA). 

Real-time PCR analysis

Total RNA from tissues and cells was extracted 
using the TRIzol Kit (Invitrogen) according to the 
manufacturer’s instructions. Quantitative real-
time PCR was performed using SYBR Premix  
Ex Taq reagents (Takara, Shiga, Japan). Relative 
expression levels of HDAC9 were calculated 
using the 2-ΔΔCt method with U6 as the endoge-
nous reference gene.

Western blot

Cells and tissues were harvested and lysed 
with ice-cold lysis buffer (50 mM Tris-HCl, pH 
7.4, 100 mM 2-Mercaptoethanol, 2% w/v SDS, 
10% glycerol). After centrifugation at 10,000× 
g for 10 min at 4°C, proteins in the super- 
natants were quantified and separated by  
10% SDS PAGE. Immunoblots were performed  
using primary antibodies targeting HDAC9 and  
P53 (Abcam, Cambridge, Massachusetts, USA). 
Protein levels were normalized to total GAPDH, 
using a rabbit anti-GAPDH antibody (Abcam). 
The proteins were visualized by an ECL che- 

miluminescence detection kit (Amersham 
Biosciences, Buckinghamshire, UK).

Statistical analysis

Data were expressed as mean ± standard  
error of the mean (SE). Analysis was conducted 
with GraphPad Prism version 6.01 (GraphPad 
Software). Significance between two groups 
was analyzed using the unpaired two-tailed t 
test (*P<0.05, **P<0.01, ***P<0.001).

Results

Up-regulation of HDAC9 in osteosarcoma tis-
sues

To investigate the expression levels of HDAC9 
in osteosarcoma tissues, quantitative real-time 
PCR and western blot analysis were performed. 
As shown in the Figure 1A and 1B, message 
RNA (mRNA) and protein levels of HDAC9 was 
significantly up-regulated in in osteosarcoma 
tissues, compared with adjacent normal tis-
sues (Figure 1A, 1B).

HDAC9 promotes osteosarcoma cell prolifera-
tion and invasion

Next, to determine the biological role of HDAC9 
on osteosarcoma growth, adenovirus contain-
ing HDAC9 or empty vector was transfected 
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Figure 4. HDAC9 represses p53 expression in osteosarcoma cells. A, B. Relative mRNA levels of p53 in U2OS and MG63 cells transfected with adenovirus containing 
HDAC9 or empty vector (EV). C, D. Protein levels of p53 in U2OS and MG63 cells transfected with adenovirus containing HDAC9 or empty vector (EV). E, F. Relative 
mRNA levels of p53 in U2OS and MG63 cells transfected with siRNA oligos targeting HDAC9 or negative control (NC). G, H. Protein levels of p53 in U2OS and MG63 
cells transfected with siRNA oligos targeting HDAC9 or negative control (NC).
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into U2OS and MG63 cells (Figure 2A, 2B). As 
expected, forced overexpression of HDAC9 
enhanced cell proliferation and invasion  
abilities (Figure 2C-F). On the other hand, 
knockdown of HDAC9 using small interfering 
RNA (siRNA) led to reduced abilities of cell  
proliferation and invasion in U2OS and MG63 
cells (Figure 3A-F).

HDAC9 inhibits p53 transcription

To understand the molecular mechanisms 
underlying HDAC9-mediated cell proliferation, 
quantitative real-time PCR analysis of prolifera-
tion-related genes was performed. As shown in 
the Figure 4A and 4B, HDAC9 overexpression 
resulted in a reduced expression of p53  
(Figure 4A, 4B). The down-regulation of p53 
was also confirmed by western blot (Figure  
4C, 4D). In contrast, knockdown of HDAC9  
did the opposite (Figure 4E-H).

HDAC9 regulates p53 transcription 

We further performed chromatin immunopre-
cipitation (ChIP) assays using three distinct 
pairs of primers for the p53 promoter loci 
(Figure 5A). As expected, the ChIP assays clear-
ly showed that HDAC9 bound to the p53 pro-
moter, and HDAC9 knockdown notably reduced 
binding of HDAC9 at p53 loci (Figure 5A). 
Moreover, ablation of HDAC9 increased the 
acetylated histone H3 at p53 loci (Figure 5B), 
suggesting that HDAC9 inhibits p53 transcrip-
tion through regulation of histone acetylation 
state. 

Discussion

In this study, we identified for the first time the 
oncogenic role of HDAC9 in osteosarcoma  
progression. This is supported by multiple lines  
of evidence. Firstly, HDAC9 expression was 
increased in osteosarcoma tissues, compared 
with adjacent normal tissues. Secondly, ectopic 
overexpression of HDAC9 promoted, whereas 
its deficiency inhibited cell proliferation and 
invasion. Furthermore, at the molecular level, 
we identify p53 as a direct target of HDAC9. 
However, in vivo studies, such as HDAC9 knock-
out mice, are still needed to further establish 
the precise roles of HDAC9 in osteosarcoma 
development. Moreover, the molecular determi-
nants for the up-regulation of HDAC9 in osteo-
sarcoma remain to be determined. 

It has been shown that HDAC1 binds MDM2 in 
a p53-independent manner and deacetylates 
p53 at all known acetylated lysines in vivo [18]. 
Besides, HDAC2 modulates p53 transcriptional 
activities through regulation of p53-DNA bind-
ing activity [14, 19]. Moreover, HDAC6 is up-
regulated in hepatocellular carcinoma tissues 
and promotes cell proliferation through promo-
tion of p53 degradation [20]. Therefore, HDACs 
could regulate the biological function of p53  
at the transcriptional and post-transcriptional 
level. 

Taken together, our data highlight an important 
role of HDAC9 in the regulation of p53 tran-
scription. Given that several preclinical studies 
have demonstrated that small-molecule HDAC 
inhibitors could serve as a new class of me- 

Figure 5. Role of HDAC9 in p53 transcription. A. A schematic 
representation of the human p53 and primers used for ChIP as-
says. ChIP assays were performed using the antibody against 
HDAC9 in U2OS cells. The IgG served as a negative control for 
ChIP assays. B. ChIP assays using antibodies against acety-
lated histone H3 (Ac-H3) were performed in U2OS cells.
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chanism-based anti-cancer agent [21-24], our 
study might provide novel insight for the  
development of new strategies for cancer 
treatment.
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