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Abstract. Histone deacetylase inhibitor (HDACi) has been a 
major target of anticancer agents. Quisinostat (JNJ‑26481585), 
a novel second‑generation HDACi, has previously demon-
strated antiproliferative activity against non‑small cell lung 
cancer; however, the function of quisinostat in hepatocellular 
carcinoma (HCC) remains to be elucidated. In the present 
study, it was revealed that quisinostat suppressed the cell 
viability of HepG2 cells in vitro and in vivo. Increased cell 
apoptosis was observed in quisinostat‑treated HepG2 cells. 
The underlying mechanism revealed that quisinostat treat-
ment activates the cleavage of caspase proteins. Furthermore, 
quisinostat upregulated p53 acetylation at K381/K382 sites by 
impairing the interaction between histone deacetylase 6 and 
p53, which resulted in the activation of p53, and triggered 
cell cycle arrest at the G1 phase. Collectively, the results of 
the present study demonstrated the antiproliferative effect of 
quisinostat on HepG2 cells; these results suggest that histone 
deacetylase may be a promising therapeutic target of HCC.

Introduction

Hepatocellular carcinoma  (HCC) is a common type of 
the primary malignancy of liver cancer, which is the third 
leading cause of cancer‑related deaths worldwide (1). The 
incidence of HCC is increasing in both developing countries 
and economically developed regions (2,3). A variety of risk 
factors are contributed to the development of HCC, including 
chronic liver inflammation caused by hepatitis B and C 
infection, obesity (4), diabetes‑induced liver fibrosis and the 
environmental factors (5‑7). Currently, surgical resection and 
liver transplant have been the two major therapeutic options 
in the treatment of liver cancer  (6). Nevertheless, since 

patients are most often diagnosed at the advantaged stage 
with tumor metastasis, surgery is only favorable for about 
20% of liver cancer cases. For patients harboring cancer 
metastasis, chemotherapy has been one of the most important 
methods used in clinical practice, however, with the more 
concern on the side‑effect and resistance, the amplification of 
chemotherapy in cancer is limited (8). Therefore, developing 
new strategies for liver cancer treatment requires further 
investigation.

Increasing evidence has suggested that epigenetic changes 
are involved in the development and progression of malignant 
cancers  (9‑12). The acetylation modification of histone is 
generally considered as the most extensively studied epigenetic 
event (13), which is regulated by histone acetyltransferases 
(HATs) and histone deacetylases (HDACs) (14). HDACs are 
overexpressed in a variety of cancers and correlated with 
the poor prognosis of cancer patients  (15‑18). Currently, 
histone deacetylase inhibitors (HDACi) are a major focus of 
accumulating interests as anticancer agents, which function 
through blocking histone deacetylation and modifying 
chromatin structure and gene expression (17,19,20). In addition 
to histone, a wide range of non‑histone proteins are also 
modified by acetylation and regulated by HDACi. Quisinostat 
(JNJ‑26481585), a novel second‑generation HDACi, has high 
specificity toward class I and II HDACs (21,22). Quisinostat 
has shown anti‑proliferative activity against non‑small cell 
lung cancer (NSCLC) (22), however, the therapeutic effect of 
quisinostat on HCC remains largely unknown.

In this study, we investigated the effect of quisinostat on 
the cell growth of HCC. Our results showed that HCC cells 
exposed to quisinostat treatment exhibited decreased cell 
viability. Quisinostat treatment increased the acetylation 
of p53 and induced cell cycle arrest and cell apoptosis. Our 
results provide insights into the potential use for quisinostat as 
a novel chemotherapeutic agent in HCC treatment.

Materials and methods

Cell culture. HCC cell line HepG2 (harboring wild‑type 
p53 (23,24)) was purchased from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China). Cells were cultured 
in RPMI‑1640 medium (GIBCO, Grand Island, NY, USA) 
containing 10% fetal bovine serum at 37˚C in a 5% CO2 incu-
bator and passaged once every 2‑3 days.
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Cell viability assay. The cell viability assay was performed 
using the Cell Counting Kit‑8 (CCK‑8) (Beyotime Institute of 
Biotechnology, Shanghai, China) according to the manufac-
turer's instructions. Briefly, HepG2 cells were cultured in the 
96‑plates with the cell density at 1x103 per well. Cells were 
exposed to the indicated concentration of quisinostat (dissolved 
in DMSO as stock solutions and kept at room temperature) at 
different time point. And then medium was removed, 10 µl of 
CCK‑8 and 100 µl of serum free medium were added. Cells 
were incubated at 37˚C for 1 h. The absorbance of each well 
was measured at 450 nm using the microplate reader (Thermo 
Fisher Scientific, Waltham, MA, USA). The experiment was 
performed in triplicate.

Cell apoptosis analysis. Cell apoptosis assay was performed 
with the Annexin V‑FITC Apoptosis Detection kit (Invitrogen, 
Carlsbad, CA, USA) according to the protocol of manufacturer. 
HepG2 cells pretreated with quisinostat were trypsinized and 
washed with pre‑cold PBS. The samples were centrifuged 
for 5 min at 400 x g. Discard the supernatant and suspend 
the cells with 1x Annexin‑binding buffer with a final density 
of ~1x106  cells/ml. Cells were then stained with Annexin 
V‑fluorescein isothiocyanate (FITC) and PI working solution 
for 15 min in the darkness at room temperature. The cell apop-
tosis rate was analyzed using flow cytometry.

In vitro colony formation assay. Five hundred HepG2 cells 
were seeded into the 6‑well plate and cultured for 7 days. And 
then the culture medium was replaced with fresh medium 
containing quisinostat with the indicated concentration and 
cultured for another 7 days. The colony formation of HepG2 
cells was stained with 0.05% crystal violet for 5 min at room 
temperature.

Western blot analysis. Cells with the indicated treatment were 
harvested and lyzed with NP‑40 lysis buffer. The protein 
concentration was determined by the Bradford assay (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). Equal quantities of 
proteins were separated by 12% SDS‑PAGE and then trans-
ferred into the nitrocellulose membrane (Millipore Corp., 
Billerica, MA, USA). The membrane was blocked with 5% 
milk at room temperature for 1 h and then incubated with the 
primary antibodies for 2 h. After this step, the membrane was 
incubated with horseradish peroxidase‑conjugated secondary 
antibodies (cat. no. 7072; 1:1,000; Cell Signaling Technology, 
Inc., Danvers, MA, USA) for 1 h at room temperature. The 
bands were visualized with KeyGEN Enhanced ECL detec-
tion kit (Keygen, Nanjing, China). The following antibodies 
used: anti‑p53 (#9282, 1:1,000; Cell Signaling Technology, 
Inc.), anti‑p21 (#2947, 1:1,000; Cell Signaling Technology, 
Inc.), anti‑cleaved caspase 3 (#9661, 1:1,000; Cell Signaling 
Technology, Danvers, MA, USA), anti‑cleaved caspase 8 
(NB100‑56116, 1:2,000; Novus Biologicals, Littleton, CO, 
USA), anti‑cleaved caspase 9 (no. 9501, 1:2,000; Cell Signaling 
Technology, Inc.), anti‑GAPDH mAb (3H12, 1:3,000; MBL, 
Nagoya, Japan).

Co‑immunoprecipitation (Co‑IP). The Co‑IP assay was 
performed according to the previous publications (25). Briefly, 
HepG2 cells transfected with the indicated plasmids were treated 

with quisinostat. Cells were harvested and lysed with the NP‑40 
lysis buffer for 2 h at 4˚C. The cell lysates were pretreated with 
protein G beads for 1 h and then primary antibody was added to 
the supernatant and incubated overnight at 4˚C. Protein G beads 
were added to the lysates to pull down the immunocomplexs. 
The interacting proteins were detected by western blot.

Xenograft animal model. HepG2 cells were suspended with 
sterile PBS to make a final density of 5x106 cells/ml. 200 µl of 
cell suspension was injected subcutaneously into the flank of 
the nude mice (BALB/c, 5‑6 weeks of age, female) and left to 
grow for 2 weeks. The tumor development was checked daily. 
Mice were divided randomly into control group and quisino-
stat group. Quisinostat was given to the mice with the dosage 
of 2 mg/kg once daily for 15 consecutive days as previously 
described with minor modification (22). The control group 
received equal volume of 0.9% saline. The tumor volume was 
measured with the digital calipers and calculated with the 
formula (length x width2)/2 (26,27). After 15 days, the mice 
were sacrificed by cervical dislocation. The tumor weight 
and mice body were also measured, respectively. This assay 
was approved by the Animal Research Ethics Committee 
of Cangzhou Central Hospital. All animals were handled 
following the ‘Guide for the Care and Use of Laboratory 
Animals’ and the ‘Principles for the Utilization and Care of 
Vertebrate Animals’.

Cell cycle. HepG2 cells treated with quisinostat were washed 
with pre‑cold PBS and then fixed in 70% ethanol. Cells were 
then incubated with PBS containing 40 µg/ml RNase A for 
30 min at 37˚C. Followed this, cells were resuspended in 
PBS containing 50 µg/ml propidium iodide. The cell cycle 
distribution was detected by a BD FACScan Cytometer (BD 
Biosciences, Franklin Lakes, NJ, USA).

Generation of the p53 null HepG2 cells. The p53‑null HepG2 
cells was generated with the TP53‑human gene knockout 
kit via CRISPR (KN200003; OriGene Technologies, Inc., 
Rockville, MD, USA) according to the manufacturer's 
instructions. Briefly, two targeting sequences (TCG​ACG​CTA​
GGA​TCT​GACTG; CTG​TGA​GTG​GAT​CCA​TTG​GA) were 
selected. To facilitate the cloning of target sequences into 
the pCas‑Guide vector, extra bases of ‘gatcg’ was added to 
the 5'‑end of the forward sequence and ‘g’ was added to the 
3' end. Meanwhile, add ‘aaaac’ to the 5' end of the reverse 
complementary sequence and ‘c’ to its 3' end. The two 
oligos were annealed to form the double strand duplexes. 
The double‑strand oligo DNA were ligated into the pre‑cut 
pCAS‑Guide vector according to the manufacturer's recom-
mendation. The ligation product was transformed into the 
competent cells. Sequence the purified DNA to identify 
correct clones for proper insertion. The vector was transfected 
into the HepG2 cells. Positive cells harboring the vector were 
selected. The knockout efficiency of p53 was validated by 
PCR and western blot analysis.

Statistical analysis. Differences between groups were 
determined by Student's t‑test or one way‑ANOVA using 
the GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, 
CA, USA). P<0.05 was considered to indicate a statistically 
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significant difference. Data are presented as mean ± SD from 
three independent experiments.

Results

Quisinostat suppressed the viability of HepG2 cells. To deter-
mine the effect of quisinostat on HepG2 cell, CCK‑8 assay was 
performed to detect the cell viability of HepG2 cell exposed to 
quisinostat. Cells were treated for 24, 48 and 72 h with quisi-
nostat diluted to concentrations of 5, 10, 20, 40, 80, 160 and 
320 nM. Quisinostat inhibited the viability of HepG2 cells in 
dose‑ and time‑dependent manners (Fig. 1A). The IC50 values 
of cells for quisinostat treatment at 48 and 72 h were 81.2 and 
30.8 nM, respectively. The growth inhibitory effect of quisi-
nostat was also evaluated by in vitro colony formation assay. 
HepG2 cells in control group generated a number of visible 
colonies in 15 days, however, the number of colony formed by 
HepG2 cells cultured with quisinostat was significantly less 
than that of the control group (Fig. 1B).

To further detect the in vivo anti‑proliferative effect of 
quisinostat on HCC, HepG2 cells were subcutaneously injected 

into the flanks of nude mice. When tumors were grown for 
2 weeks, mice were treated with quisinostat for a consecutive 
15 days (Fig. 1C). Significantly decreased tumor volume and 
tumor weight were observed with exposure of quisinostat in 
comparison with that of control group only receiving saline 
(Fig. 1D and E). In addition, no significant body weight loss 
was observed among mice treated with quisinostat (data not 
shown), suggesting no apparent toxicity of quisinostat on mice. 
Collectively, these results demonstrated that quisinostat has 
anti‑proliferative effect on HepG2 cell growth.

Quisinostat promotes cell apoptosis via activation of caspase 
and p53 signaling. Apoptosis has been considered as a major 
approach to eliminate cancer cells. To detect whether the 
decreased cell growth induced by quisinostat was associated 
with the activation of cell apoptosis, HepG2 cells treated 
with quisinostat were subjected to FACS analysis to evaluate 
the cell apoptosis rate. The result showed that quisinostat 
treatment obviously increased the apoptosis of HepG2 cells 
compared with that of control cells (Fig. 2A). It has been 
reported that mitochondria‑mediated apoptotic pathway plays 

Figure 1. Quisinostat suppresses the cell growth of HepG2 cells. (A) HepG2 cells were treated with different concentrations of quisinostat for 24, 48 and 72 h. 
Cell viability was measured. Results are mean ± SD from three independent experiments. (B) HepG2 cells were treated with the indicated dosage of quisinostat 
for 48 h. The relative colony number of HepG2 cells was examined by normalizing to the cells without quisinostat treatment. **P<0.01, ***P<0.001, Student's 
t test. (C) The procedure of in vivo xenograft mice tumor model. (D and E) The tumor volume of mice subjected to quisinostat treatment and control group 
receiving saline was measured, respectively (left panel). (D) Mice were sacrificed after the drug administration for 15 days and the tumor were isolated (right 
panel). **P<0.01 (one way‑ANOVA). (E) When mice were sacrificed, the tumor weight was measured. ***P<0.001 (Student's t-test).
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Figure 2. Quisinostat activates caspase‑ and p53‑mediated cell apoptosis. (A) HepG2 cells were treated with the indicated dosage of quisinostat for 48 h and 
then the cell apoptosis rate was measured by FACS. ***P<0.001, Student's t-test. (B) HepG2 cells were exposed to quisinostat treatment and the protein abun-
dance of Bcl‑2, Mcl‑1, Bim, Bax and the cleavage of caspase‑3, 8, 9 were detected by western blot analysis with the indicated antibodies. (C) HepG2 cells were 
treated with quisinostat in the presence or absence of zVAD.fmk and the cell apoptosis was detected by flow cytometry. ***P<0.001. Student's t-test. (D) The 
protein level of p53 was not significantly changed with the addition of quisinostat (48 h) in HepG2 cells. (E) HepG2 cells were treated with quisinostat (80 nM) 
for 48 h and the mRNA level of p53 down‑stream targets including p21, HDM2 and 14‑3‑3σ were examined by RT‑PCR analysis. (F) HepG2 and Hep3B cells 
were treated with the quisinostat (80 nM) for 72 h. The cell proliferation rate was determined by the CCK‑8 assay. *P<0.05. Student's t-test. (G) HepG2 cells 
were treated with quisninostat (80 nM) combination with PFT‑α (30 µM) for 48 h and the cell apoptosis was detected by FACS analysis. **P<0.01, ***P<0.001, 
Student's t-test. (H) Cell apoptosis was performed with HepG2 and Hep3B cells treated with quisinostat for 36 h. ***P<0.001. Student's t-test.
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important roles in inducing cell apoptosis, which releases Cyto 
c from the mitochondrial inner space to cytosol, and activates 
caspase  9 and caspase  3 via cleavage  (28). To define the 
molecular mechanism of quisinostat‑induced cell apoptosis, 
HepG2 cells were treated with quisinostat and the caspase 
activation was investigated. Western blot analysis data showed 
that quisinostat apparently resulted in higher expression of 
the cleaved caspase family proteins including caspase  8, 
caspase 9 and caspase 3 (Fig. 2B). Additionally, we found that 
HepG2 cells exposed to quisinostat exhibited a noticeably 
decreased expression of anti‑apoptotic proteins Bcl‑2 and 
Mcl‑1 (Fig.  2B), while the abundance of pro‑apoptotic 
protein Bax and Bim were significantly increased (Fig. 2B). 
To precisely determine the cell death induced by 
quisinostat treatment was via apoptosis, HepG2 cells were 
treated with quisinostat in the presence of the apoptosis 
inhibitor N‑benzyloxycarbonyl‑Val‑Ala‑Asp‑fluoromethyl 
ketone (zVAD.fmk). The results showed that zVAD.fmk 
treatment significantly inhibited the cell apoptosis induced by 
quisinostat (Fig. 2C).

P53 activation is considered to be involved in apoptotic 
response. To detect whether quisinostat‑induced cell apoptosis 
was also associated with p53, the expression level of p53 was 
detected in HepG2 cells treated with quisinostat. The protein 
abundance of p53 was not significantly changed with the addi-
tion of quisinostat (Fig. 2D). To determine whether quisinostat 
activates p53 without increasing the level of p53, the mRNA 
expression of p53 down‑stream targets including p21, HDM2 
and 14‑3‑3σ were evaluated by RT‑PCR. The result showed that 

upon the treatment of quisinostat, the expression of p21, HDM2, 
14‑3‑3σ was significantly increased (Fig. 2E), which suggested 
that quisinostat activates p53. To determine the contribution of 
p53 in quisinostat‑induced HCC cell growth inhibition, HepG2 
cells with wild‑type p53 and Hep3B cells harboring mutated 
p53 were treated with quisinostat and the cell proliferation 
was monitored by CCK‑8 assay. The result showed that upon 
treatment of quisinostat, significantly decreased cell prolifera-
tion was observed in HepG2 cells in comparison with that of 
Hep3B cells with mutated p53 (Fig. 2F). To detect the involve-
ment of p53 in quisinostat‑induced cell apoptosis, p53 inhibitor 
PFT‑α was used to treat the cells and the cell apoptosis was 
measured. As shown in Fig. 2G, quisinostat treatment induced 
cell apoptosis, while PFT‑α significantly inhibited the cell 
apoptosis caused by quisinostat treatment. To further determine 
the involvement of p53 in quisinostat induced cell apoptosis, 
we detected the cell apoptosis rate with Hep3B cells harboring 
mutated p53. Compared with that of HepG2 cells, quisinostat 
treatment induced a significant decreased cell apoptosis rate 
in Hep3B cells (Fig. 2H). These results indicated that the cell 
growth inhibition trigged by quisinostat is tightly associated 
with the activation of p53 signaling pathway.

Quisinostat increased the acetylation of p53. Acetylation 
is essential for the activation of p53 (29). To detect whether 
the activation of p53 by quisinostat treatment is associated 
with the acetylation status, western blot analysis was 
performed with HepG2 cells treated with quisinostat. The 
result showed that the acetylation of p53 at K381/K382 was 

Figure 3. Quisinostat increased the acetylation of p53 via inhibiting the interaction between HDAC6 and p53. (A) HepG2 cells were treated with the quisinostat 
for 48 h and the level of acetylated p53 at K381/K382 was detected by western blot analysis. (B) HepG2 cells transfected with Flag‑HDAC6 and HA‑p53 were 
exposed to quisinostat (80 nM) for 36 h and the binding between HDAC6 and p53 was accessed with anti‑Flag, anti‑HA antibody. (C) HepG2 cells were treated 
with quisinostat and the endogenous binding of HDAC6 and p53 was detected. (D) HepG2 cells were transfected with shRNA‑HDAC6 or shRNA‑ control. The 
expression level of acetylated p53 was measured by western blot analysis with the indicated antibodies.
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significantly increased with quisinostat treatment (Fig. 3A). 
Previous studies demonstrated that the histone deacetylase 6 
(HDAC6) deacetylase p53 at lysine 381/382 (30,31). To further 
understand the molecular mechanism of the upregulated p53 
acetylation induced by quisinostat, we hypothesized that 
addition of quisinostat may block the deacetylation of p53 by 
HDAC6. To determine this, we first detected the interaction 
between HDAC6 and p53 in the presence of quisinostat. 
HepG2 cells were transfected with Flag‑HDAC6 and HA‑p53. 
The Co‑immunoprecipitation (Co‑IP) experiment showed 
that the interaction between HDAC6 and p53 was weakened 
with the addition of quisinostat (Fig. 3B). Consistently, the 
endogenous binding between HDAC6 and p53 was also 
impaired with quisinostat treatment (Fig. 3C). To mimic the 
inhibitory effect of quisinostat on the binding of HDAC6 and 

p53, HepG2 cells were transfected with shRNA‑HDAC6 to 
deplete the endogenous expression of HDAC6, and then the 
acetylation status of p53 was detected. The result showed 
that downregulation of HDAC6 significantly increased 
the acetylation of p53 at lysine 381/382 (Fig. 3D). Our data 
supported the conclusion that quisinostat inhibited the binding 
between HDAC6 and p53 and increased the acetylation of p53.

HepG2 cells with wild‑type p53 are more sensitive to quisi‑
nostat treatment. Given that the activation of p53 induced by 
quisinostat, we determined the function of p53 in mediating 
the inhibitory role of quisinostat in HepG2 cells. To this end, 
HepG2 cells with wild‑type p53 or p53‑null were selected for 
the treatment of quisinostat, respectively. The knockout effi-
ciency of p53 was detected by western blot analysis (Fig. 4A, 

Figure 4. HepG2 cells with wild‑type p53 are more sensitive to quisinostat treatment. (A) HepG2 cells with wild‑type p53 or p53‑null were treated with 
quisinostat for 72 h, and the cell viability was measured. **P<0.01, Student's t-test. The knockout efficiency of p53 was shown. (B and C) HepG2 cells harboring 
wild‑type p53 or p53‑null were treated with an increasing concentration of quisinostat for 48 h, and the protein abundance of p21 was detected by western blot 
analysis with anti‑p21 antibody. (D) HepG2 cells were treated with quisinostat and the cell cycle distribution was detected by FACS analysis. *P<0.05, Student's 
t-test. (E) The cell cycle arrest induced by quisinostat treatment is tightly associated with p53. Hep3B cells with mutated p53 were treated with quisinostat and 
cell cycle distribution was detected by flow cytometry. Ns, not significant.
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left panel). Cell viability assay suggested that quisinostat 
inhibited the cell viability of HepG2 cells with or without 
p53 (Fig. 4A, right panel). However, the inhibitory effect was 
much more significant in HepG2 cells with wild‑type p53. 
This data illustrated that p53 plays important role in mediating 
quisinostat‑induced cell growth inhibition.

To support this conclusion, we also monitored the 
down‑stream targets of p53. The result suggested that p21, an 
important cell cycle regulator governing the cell progression 
from G1 to S phase, is significantly highly expressed in HepG2 
cells with quisinostat treatment (Fig. 4B). In p53‑depleted 
HepG2 cells, the expression level of p21 has not obviously 
changed (Fig. 4C). As p21 is tightly associated with cell cycle 
progression, we performed FACS analysis with HepG2 cells 
pre‑treated with quisinostat. As shown in Fig. 4D, the cell 
cycle distribution in HepG2 cells with quisinostat treatment 
exhibited a significant accumulation in the G1 phase, which 
suggested cell cycle arrest from G1 to S phase, however, no 
significant cell cycle arrest was observed in p53 null HepG2 
cells (Fig. 4E). There results suggested that HepG2 cells with 
wild‑type p53 are more sensitive to quisinostat treatment.

Discussion

HCC cells display a marked resistance to currently available 
chemotherapeutic treatment strategies resulting in disap-
pointing clinical outcomes in the cancer patients.

It has been recognized that epigenetic changes play impor-
tant roles in the pathogenesis of a variety of human cancers (9). 
Therefore, alternation of epigenetic modification is identified as 
a novel therapeutic approach. In recent years, HDAC inhibitors 
have improved the treatment outcome of conventional standard 
chemotherapy (32‑34). Among these, vorinostat (SAHA) and 
rimidepsin (depsipetide, FK288) have been approved by the 
US Food and Drug Administration (FDA) for the treatment of 
patients with cutaneous T cell lymphoma (35‑37). Quisinostat 
has been reported to exhibit improved anti‑proliferative 
activity over HDAC inhibitory compounds. Recent studies 
demonstrated that quisinostat inhibits the tumorigenesis of 
NSCLC (10,22). Notably, Heinicke U and collages demon-
strated that quisinostat induced apoptosis and inhibited the 
growth of rhabdomyosarcoma through activating the mito-
chondrial pathway of apoptosis (21). This is a very interesting 
study, which provides novel insights into the underlying 
molecular mechanism of the anticancer activity of quisinostat, 
and more importantly, suggests the promising application 
of quisinostat for the treatment of rhabdomyosarcoma. This 
paper provides critical evidence for exploring the function 
of quisinostat in other types of cancers. In the present study, 
we showed that quisinostat suppressed the cell viability of 
HepG2 cells. Activation of caspase and p53 were observed in 
quisinostat‑treated HepG2 cells. Specifically, for the activa-
tion of p53, we found that quisinostat disrupted the interaction 
between HDAC6 and p53, which consequently increases the 
acetylation of p53 and induces p53 mediated cell apoptosis.

Induction of apoptosis upon HDAC inhibitors has 
previously been shown in various cancers. Cell apoptosis, 
inducing cell death, has been a major mechanism in 
anti‑cancer drug development. A recent study documented 
that quisinostat treatment in NSCLC cells increased reactive 

oxygen species (ROS) production and destroyed mitochondrial 
membrane potential, which resulting in mitochondrial‑mediated 
cell apoptosis (10). Our results also demonstrated the activation 
of mitochondrial‑mediated apoptotic pathway in quisinostat 
treated HepG2 cells. In addition, the present study demonstrated 
the involvement of p53 signaling in quisinostat induced cell 
apoptosis and growth inhibitory in HepG2 cells. Aberrantly 
loss‑of function of p53 is critical in malignant progression of 
cancer cells. Increasing the expression level of wild‑type p53 
or activating p53 has been one of the main strategies to trigger 
p53‑mediate physiological function, including cell apoptosis 
and cell cycle arrest.

Acetylation of p53 is essential for its activation  (29). 
Upregulated p53 acetylation is involved in HDACi treatment on 
NSCLC cells (10). The present study found that in HepG2 cells, 
quisinostat increased the acetylation of p53. Recent published 
data demonstrated that HDAC6 catalyzed the deacetylation 
of p53 at lysine 381/382 (30). For the underlying mechanism, 
we found that addition of quisinostat disrupted the physical 
interaction between HDAC6 and p53, which impaired the deac-
elytation of p53 and increased the p53 activity. A recent study 
by Bao et al (10) showed that quisinostat treatment in NSCLC 
cells also resulted in the accumulation of p53 acetylation at lysine 
372. Further investigation may be required to detect whether the 
lysine 372 acetylation of p53 is also regulated by quisinostat in 
HCC cells.

In summary, the present study demonstrated that quisinostat 
inhibited the proliferation of HepG2 cells, causing cell cycle 
arrest and cell apoptosis partially via upregulating the acetylation 
of p53 and activating caspase cleavage. Quisinostat‑mediated 
cell growth inhibition may be helpful for HCC treatment as a 
potential candidate agent in clinical practice.
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