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Abstract. Previous studies have demonstrated that the 
chronic administration of valproic acid (VPA) suppresses 
angiogenesis in vivo; however, the mechanisms implicated in 
VPA‑induced autophagy remain unclear. The current study 
aimed to assess VPA‑induced autophagy in three prostate 
cancer cell lines (PC3, DU145 and LNCaP), in addition to 
analyzing the Akt/mammalian target of rapamycin (mTOR) 
signal pathway. Prostate cancer cell lines were cultured 
with various doses of VPA. Cell cycle was analyzed using 
flow cytometry, and autophagy markers [1A/1B‑light chain 3 
(LC3)‑II and Beclin‑1] were examined using transmission 
electron microscopy, fluorescent microscopy and western 
blotting. Activation of the Akt/mTOR signal pathway was 
also assessed by western blotting. The results demonstrated 
that VPA induced autophagosomes and suppressed the 
Akt/mTOR signal pathway. This was confirmed by detec-
tion of increased LC3‑II and Beclin‑1 in VPA‑treated cells 
compared with untreated controls. Phosphorylated forms 
of Akt (PC3, P=0.048; DU145, P=0.045; LNCaP, P=0.039) 
and mTOR (PC3, P=0.012; DU145, P=0.41; LNCaP, P=0.35) 
were significantly reduced following VPA treatment. These 
results suggest that VPA may function as a histone deacety-
lase inhibitor, suppressing the growth of prostate cancer cells 
by modulating autophagy pathways, including inhibition of 
the Akt/mTOR pathway. Further experiments are required to 
determine the significance of all involved pathways regarding 
VPA‑induced growth inhibition.

Introduction

In the USA, prostate cancer is the most prevalent malig-
nancy among men and is the second most common cause 
of cancer‑associated mortality  (1). Although prostate 
cancer mortality rates declined steadily over recent years, 
it was estimated that there will be 180,890 new cases and 
26,120 mortalities reported in 2016, accounting for ~21% of 
newly diagnosed male cancers in 2016 (2).

Histone acetylation/deacetylation is important in the 
post‑translational modification of histones and is a vital mech-
anism in gene expression (3). Histone acetyltransferase and 
histone deacetylase (HDAC) are the key enzymes responsible 
for these reversible, post‑translational modifications (4). It has 
been previously observed that several HDACs are aberrantly 
expressed or mutated in human disease, particularly in cancer; 
thus, these have been targeted therapeutically for the treat-
ment of various forms of human cancer (5). HDAC inhibitors 
(HDACIs) are currently being assessed as anticancer drugs (6).

Valproic acid (VPA) is an established drug for the long‑term 
treatment of seizure disorders, which has recently been classi-
fied among the HDACIs, resulting in an increasing interest in its 
application in cancer therapy (7). Previous studies have investi-
gated the anti‑tumor effect of VPA on prostate cancer, with results 
demonstrating that VPA inhibits the growth and angiogenesis of 
prostate cancer (8,9), whilst a further study elucidated the induc-
tion of autophagy by VPA in prostate cancer (10). Autophagy 
has recently been discussed as a potential target in cancer, and 
Akt is a vital kinase implicated in the negative regulation of 
autophagy via mammalian target of rapamycin (mTOR) (11).

In the present study, the inhibitory effect of VPA on the 
Akt/mTOR signaling pathway and its relevance to the induc-
tion of autophagy in prostate cancer was examined, providing 
a novel mechanism and therapeutic target for the treatment of 
prostate cancer, therefore, the current study aimed investigate 
these mechanisms further.

Materials and methods

Cell culture. Three human prostate cancer cell lines, PC3, 
DU145 and LNCaP, were obtained from the Chinese Academy 
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of Sciences (Beijing, China) and Kunming Cell Bank of 
Chinese Academy of Sciences (Kunming, China). Cells 
were cultured at 37˚C, with an atmosphere of 95% air and 
5% CO2, in RPMI‑1640 medium with L‑glutamine (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) supplemented 
with 10% heat‑inactivated fetal bovine serum (Thermo Fisher 
Scientific, Inc.) and 1% penicillin/streptomycin. Cells were 
cultured until they achieved 70‑80% confluence and were 
harvested with 0.05% trypsin/0.25 mmol/l ethylenediamine-
tetraacetic acid (Thermo Fisher Scientific, Inc.). VPA (1 mol/l; 
VPA sodium salt; Sigma‑Aldrich, St. Louis, MO, USA) stock 
was prepared in RPMI‑1640, and was filtered and sterilized 
through a 0.22‑mm filter.

Flow cytometry for cell cycle assay. PC3 and DU145 cell lines, 
which had been treated with 0.6, 1.2 and 2.5 mmol/l VPA, 
were collected by trypsinization, washed with PBS 3 times, 
for 10 minutes each wash, and resuspended in cold PBS at 
1x106 cells/ml. The cell suspension was added dropwise to an 
equal volume of cold 70% ethanol with continuous agitation. 
Resuspended cells were treated with PBS containing 0.1% 
Triton X‑100 and 10 µg/ml RNase (pancreatic ribonuclease; 
Sigma‑Aldrich) for 30 min at room temperature in the dark. 
Propidium iodide (PI; Sigma‑Aldrich) was subsequently 
added to a final concentration of 50 µg/ml. The samples were 
analyzed using an Accuri C6 Flow Cytometer (BD Biosci-
ences, San Jose, CA, USA). The fluorescent emissions were 
collected through a 575 nm band‑pass filter for PI. At least 
10,000 cells/sec were analyzed using FlowJo 7.6 software 
(FlowJo LLC, Ashland, OR, USA). .

Transmission electron microscopy. The effect of VPA 
treatment on ultrastructures in PC3, DU145 and LNCaP cells 
was detected using transmission electron microscopy. Briefly, 
each cell type (2x105) was plated in a 100‑mm Petri dish, incu-
bated overnight at 37˚C and treated with VPA (2.5 mmol/l) 
for 48 h at 37˚C. Samples without VPA served as a control 
group. Cells were harvested, pelleted, fixed in 3% glutaralde-
hyde (Sigma‑Aldrich) for 2 h at 4˚C and finally postfixed with 
1% osmium tetroxide (Sigma‑Aldrich) at 37˚C for 1 h. The 
samples were then rinsed with water, dehydrated in a graded 
series of alcohol (50, 70 and 90% alcohol) and kept in 90% 
alcohol/90% acetone (dilution, 1:1), followed by dehydration 
in a graded series of acetone (90‑100%). Subsequent to rinsing 
with acetone/Poly Bed (Polysciences, Warrington, PA, USA) 
at proportions of 3:1, 1:1 and 1:3, the samples were embedded 
in Poly Bed and cured at 37˚C for 12 h, 45˚C for 12 h and 
60˚C for 24 h. Ultrathin sections (50‑70 nm) were cut using a 
Leica RM2235 ultramicrotome (Leica Microsystems GmbH, 
Wetzlar, Germany) and observed with a transmission electron 
microscope (Hitachi H‑800; Hitachi, Tokyo, Japan).

Fluorescent microscopy. Prostate cancer cell lines, DU145 and 
LNCaP, were grown in 6‑well, flat‑bottomed, microtiter plates 
(5x105 cells/well), incubated overnight and cultured in medium 
with VPA (2.5 mmol/l for 48 h). Samples without VPA served 
as a control group. Cells were washed with PBS and fixed 
for 15 min using 4% paraformaldehyde (Merck & Co., Inc., 
Whitehouse Station, NJ, USA). Subsequently, the cells were 
permeabilized with 0.1% Triton X‑100 (Sigma‑Aldrich) for 

25 min at room temperature, washed twice with PBS for 10 min 
and blocked with PBS containing 0.5% (w/v) bovine serum 
albumin (BSA; Biological Industries, Kibbutz Beit‑Haemek, 
Israel) for 30 min at room temperature. Cells were treated 
with primary rabbit anti‑human 1A/1B‑light chain 3 (LC3)‑II 
(catalog no., sc‑134226; dilution, 1:1,000 in BSA; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) and Beclin‑1 anti-
bodies (catalog no., sc‑10086; dilution, 1:100 in BSA; Santa 
Cruz Biotechnology, Inc.) at 4˚C overnight, washed with PBS 
3  times and subsequently incubated with secondary goat 
anti‑rabbit fluorescein isothiocyanate‑conjugated antibody 
DyLight 549‑conjugated antibody (catalog no., ab6721; dilu-
tion, 1:5,000 in BSA; Abcam, Cambridge, UK) for 30 min at 
37˚C, avoiding light. The cells were then washed with PBS 
3 times, dyed in 4',6‑diamidino‑2‑phenylindole (Roche Diag-
nostics, Basel, Switzerland) for 30 min and finally observed 
under a fluorescent microscope (Olympus IX70; Olympus 
Corporation, Tokyo, Japan).

Western blot analysis. PC3, DU145, and LNCaP cell lines, 
which had been cultured to 70‑80% confluence in 100‑mm 
Petri dishes, were treated with complete medium containing 
0, 2.5 and 5.0 mmol/l VPA for 48 h. Cells were harvested, 
washed in PBS 3 times for 10 min each and lysed in 100 µl 
mammalian protein extraction reagent (Beyotime Institute 
of Biotechnology, Haimen, China). A Bicinchoninic Acid 
Protein assay kit (Beijing Solarbio Science & Technology 
Co., Ltd., Beijing, China) was used to determine total protein 
concentration, and purified BSA was used to generate the 
standard curve. Concentrated proteins were separated by gel 
electrophoresis on a 15% Tris‑hydrochloride (HCl) polyacryl-
amide (separating gel) or 4‑18% gradient gel (electrophoresis 
gel), and transferred to a polyvinylidene difluoride membrane 
(EMD Millipore, Billerica, MA, USA). The membrane was 
blocked for 1 h in blocking buffer (containing 100 mmol/l 
Tris‑HCl, 150 mmol/l NaCl and 0.1% Tween 20) with 5% 
nonfat dry milk, and incubated with rabbit anti‑human anti-
body (catalog no., ab6759; dilution, 1:100 in BSA; Abcam) 
overnight, followed by incubation with anti‑rabbit immu-
noglobulin G horseradish peroxidase‑conjugated antibody 
(Santa Cruz Biotechnology, Inc.) for 1 h at room temperature. 
Immunoreactive bands were detected using the enhanced 
chemiluminescence plus western blotting detection system 
(EMD Millipore) according to the manufacturer's protocol. 
Polyclonal anti‑β‑actin antibody (Santa Cruz Biotechnology, 
Inc.) was used to detect β‑actin in the same blots, which 
served as a loading control. ImageJ 1.48v (National Institutes 
of Health, Bethesda, MD, USA) was used to quantify the 
results of western blot analysis.

Statistical analysis. Each experiment was performed in 
triplicate and data are expressed as the mean ±  standard 
deviation. One‑way analysis of variance with Scheffe post‑hoc 
comparison test was used for comparison of dose‑dependent 
treatment effects. P<0.05 was considered to indicate a statisti-
cally significant difference. All statistical tests were performed 
using GraphPad Prism version 5.0 (GraphPad Software, Inc., 
La Jolla, CA, USA). The present study was approved by the 
Ethics Committee of Shandong Provincial Hospital Affiliated 
to Shandong University (Jinan, China).
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Results

VPA induces cell cycle arrest primarily at the G0‑G1 phase. To 
further understand the mechanism underlying VPA‑induced 

cell growth inhibition, the impact of VPA on the regulation of 
cell cycle distribution was investigated using flow cytometry. 
As presented in Fig. 1, the results demonstrated that VPA was 
able to induce cell cycle arrest in the DU145 and LNCaP cell 

Figure 1. VPA induces cell cycle arrest primarily at the G0‑G1 phase. (A) Cells were treated with various concentrations of VPA (1.2, 2.5 and 5.0 mmol/l) 
for 48 h, and were subsequently fixed and stained with propidium iodide. Cell cycle distribution was assessed by flow cytometry. When the DNA curve was 
measured, the cell number formed a G1 percentage peak. Subsequent to VPA treatment, the percentage of cells in the G0‑G1 phase were significantly increased 
in a dose‑dependent manner in PC3 and DU145 cells. VPA caused cell cycle arrest in PC3 and DU145 cell lines. (B) Histograms represent the percentage of 
cells arrested at the G0‑G1 phase. The percentage of cells in the G0‑G1 phase were increased in a dose‑dependent manner in PC3 and DU145 cells. The G0‑G1 
phase of the three VPA treatment groups was significantly longer compared with the control groups in the two cell lines. *P<0.05. VPA, valproic acid.

  A

  B

Figure 2. Ultrastructure of autophagy observed by electron microscopy in prostate cancer cells following treatment with valproic acid (0, 2.5 and 5.0 mM). 
Different sizes and stages of autophagic vacuoles were visible at a x1,000 magnification. Numerous autophagic lysosomes (arrowheads) were observed in the 
(A) PC3, (B) DU145 and (C) LNCaP cells. The majority of autophagic lysosomes were identified in the late autophagic stages.

  A

  B

  C
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lines. The cell number percentage in the G0‑G1 phase signifi-
cantly increased in a dose‑dependent manner compared with 
control groups (PC3, P=0.035; DU145, P=0.037). 

Ultrastructure of autophagy in prostate cancer cells. Scan-
ning electron micrographs illustrated that following treatment 
with VPA, autophagosomes formed inside the cytoplasm of the 
prostate cancer cells and appeared to contain cellular organelles 
(Fig. 2). Micrographs demonstrated that the control group exhib-
ited normal organelle morphology. Autophagic vesicles and 
autolysosomes were observed in organelles, including the mito-
chondria, endoplasmic reticulum and cytoplasmic materials, in 
the cells treated with VPA. At the initiation of cell autophagy in 
all three cell lines, numerous smooth endoplasmic reticulum‑like 
isolation membranes were observed, which formed portions of 
the cytosol. These double‑membrane structures allow the fusion 
of autophagosomes with lysosomes, resulting in the formation 
of autophagic lysosomes (12). Finally, the majority of mito-
chondria and other organelles had disappeared from the cells, 

and remnants of organelles were identified in the autophagic 
lysosomes of VPA‑treated cells whose nuclear chromatin had 
condensed into small, irregular masses.

Expression of specific autophagic proteins, LC3‑II and 
Beclin‑1, in DU145 and LNCaP cells. Accumulation of LC3‑II 
is associated with the extent of autophagosome formation (13). 
Following DyLight‑549 staining, the cells in the VPA treatment 
group exhibited red fluorescence in the cytoplasm, but not in 
the nucleolus, and the fluorescence was stronger than that of 
the non‑treated control group, thus indicating the formation 
of autophagolysosomes (Fig. 3A). These autophagic changes 
were further confirmed by western blotting as presented 
in Fig.  3C  and  D (LNCaP, P=0.019; DU145, P=0.043). 
Furthermore, Beclin‑1 and LC3‑II exhibited strong immuno-
fluorescence in the cytoplasm of the DU145 and LNCaP cells 
compared with the non‑treated control group (Fig. 3A and B), 
which was also detected by western blot analysis (LNCaP, 
P=0.033; DU145, P=0.027) (Fig. 3C and3D).

Figure 3. Expression of specific autophagic proteins, LC3‑II and Beclin‑1, in prostate cancer cells. There was an overlap in the distribution and expression of 
(A) LC3 and (B) Beclin‑1 protein, which merged with DAPI nuclear staining (blue). Cells untreated or treated with VPA (2.5 mmol/l for 48 h) were fixed and 
probed with polyclonal rabbit anti‑LC3‑II and anti‑Beclin‑1 antibodies, in addition to DyLight 549‑conjugated (red) secondary antibodies. (C) Western blot 
analysis detected the induction of LC3‑II and Beclin‑1 protein expression in cells treated with VPA (1.2, 2.5 and 5.0 mmol/l) compared with the non‑treated 
control. LC3‑II and Beclin‑1 expression increased in a dose‑dependent manner in all cell lines after 48 h incubation with VPA. (D) Histograms representing 
the level of LC3‑II and Beclin‑1 expression in LNCaP and DU145 cells (normalized to β‑actin). In LNCaP cells, LC3‑II and Beclin‑1 protein levels in the 
2.5 mmol/l and 5.0 mmol/l VPA treatment groups were significantly increased compared with the control groups. In addition, 1.2 mmol/l VPA treatment did 
not significantly increase LC3‑II and Beclin‑1 protein levels. In DU145 cells, LC3‑II protein levels in 2.5 mmol/l and 5.0 mmol/l VPA treatment groups were 
significantly increased compared with the control groups. Beclin‑1 protein levels in all three VPA treatment groups were significantly increased compared with 
the control groups. *P<0.05. LC3, 1A/1B‑light chain 3; VPA, valproic acid.
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VPA inhibits activation of the Akt/mTOR pathway in prostate 
cancer cell lines. The Akt/mTOR signaling pathway was inves-
tigated in PC3, DU145 and LNCaP cell lines treated with VPA. 
The relative fold of phosphorylated Akt and mTOR increased 
as determined by scanning densitometry of the western blot 
normalized to β‑actin. VPA‑treated cells were observed to 
induce a dose‑dependent decrease in the phosphorylation 
of Akt (PC3, P=0.048; DU145, P=0.045; LNCaP, P=0.039) 
and mTOR (PC3, P=0.012; DU145, P=0.41; LNCaP, P=0.35) 
protein compared to the control group (Fig.  4) in all cell 
lines. However, the total protein levels of Akt (PC3, P=0.082; 
DU145, P=0.065; LNCaP, P=0.059) and mTOR (PC3, P=0.12; 
DU145, P=0.095; LNCaP, P=0.089) did not change following 
VPA treatment (P>0.05) (Fig. 4D), which indicates that VPA 
inflicts a potent inhibitory effect on Akt/mTOR signaling.

Discussion

The two forms of programmed cell death, autophagic cell 
death and apoptosis, are not mutually exclusive and may 
contribute to oncogenesis and mortality (14). Traditionally, 
autophagic cell death is characterized by the formation of 
autophagic vacuoles, and regulation of the caspase family 
performs diversified roles in pathophysiology and physiology 
in various cell types (11,15). In the tumor microenvironment, 
metabolic stress, including hypoxia and ischemia, may induce 
autophagy, which provokes cancer cells to autodigest and 
recycle damaged organelles by balancing its intracellular 

homeostasis to survive (16). By contrast, autophagy may also 
be involved in the degeneration of cell structures, inducing cell 
death subsequent to the activation of death signals. In addition, 
it was previously determined that there may be an association 
between tumorigenesis and the absence of autophagy genes, 
including Beclin‑1, autophagy related (ATG) 5 and ATG7 (17).

HDACIs have previously undergone testing against onco-
genesis due to their potential ability to reverse epigenetic 
changes associated with cancer cells (18). It has been reported 
that HDACIs are able to induce tumor cell death with similar 
physiological and morphological characteristics to those of 
apoptosis, particularly as they are selective and exert minimal 
toxic effects on the host (19). In a previous study, it was demon-
strated that VPA significantly decreased the proliferation of 
prostate cancer cells in vitro and reduced tumor volume (20). It 
was considered that this antitumor activity may be associated 
with temporary cell arrest and downregulated expression of 
androgen receptors induced by chronic VPA treatment (11). 
The autophagy phenomenon has also been observed following 
a short period (<4  days) of VPA administration in PC3 
cells (10). In the present study, VPA was identified to inhibit 
prostate cancer cell growth in a dose‑dependent manner, 
affirming the antineoplastic effect of VPA. Flow cytometry 
analysis demonstrated that the cell number percentage in the 
G1 phase significantly increased in the higher dose drug group, 
but the cell number in the G2% peak did not show an increase 
or decrease with increasing drug doses. The induction of cell 
cycle arrest by VPA highlights its antineoplastic role. This 

Figure 4. Effect of VPA on Akt, mTOR and their phosphorylated forms. Western blotting measured the levels of Akt, mTOR, and their phosphorylated forms in 
(A) PC3, (B) LNCaP and (C) DU145 cells subsequent to VPA treatment at various concentrations. (D) In contrast to the control group, VPA‑treated cells were 
found to demonstrate a dose‑dependent decrease in the phosphorylation of Akt and mTOR proteins in DU145, PC3 and LNCaP cells. There was no significant 
change in the protein levels of total Akt and mTOR. In addition, 5.0 mmol/l VPA treatment induced statistically significant decreases in p-mTOR protein levels 
in all three cell lines; 2.5 mmol/l and 5.0 mmol/l VPA treatment induced statistically significant decreases in p‑mTOR protein levels in all three cell lines. 
*P<0.05. p‑, phosphorylated; mTOR, mammalian target of rapamycin; VPA, valproic acid.
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phenomenon may be explained by the knowledge that HDACIs 
activate cell death, resulting in cell cycle arrest in G1‑G2. The 
G1 arrest induced by VPA in the present study was in accor-
dance with the reported effect of this drug in endometrial 
carcinoma cell lines (15).

Chronic VPA treatment is expected to produce a more 
profound effect on cancer cell proliferation compared with 
standard VPA treatment, which may have limited activity. 
The cyclin‑dependent kinase inhibitor, p21WAF/CIP1, is 
consistently induced by VPA and is key for the inhibition 
of cell growth (21). Cell death is typically associated with 
apoptosis; however, it may also occur through alterna-
tive mechanisms, including non‑lysosomal vesiculate cell 
death and autophagy (22). The phenomenon of autophagy 
in response to antitumor therapies may be monitored 
by immunohistochemical analysis employing anti‑lyso-
some‑associated membrane protein  1 and anti‑LC3B 
antibodies (23). Previously, it was reported that VPA was 
able to initiate a moderate apoptotic response through 
preferential activation of the mitochondrial pathway in pros-
tate cancer cell lines (24). The results of the present study 
demonstrated that VPA may also induce prostate cancer 
cell death through the autophagy pathway. The presence of 
autophagic vacuoles in cancer cells following VPA treat-
ment indicated that they were undergoing autophagy‑related 
cell death (Fig. 2). Electron microscopy identified a number 
of large vacuoles in the cytoplasm in VPA treated groups, 
which were seldom observed in the control group (Fig. 2). 
These vacuoles exhibited typical morphological features 
of autophagy with a double ‘C’ formation at the membrane 
origin of autophagosomes. It is generally considered that the 
mitochondria, plasma membrane or Golgi bodies may func-
tion as the primary membrane source for autophagosomes 
and other related structures (25). The present study observed 
that the initial autophagic ultrastructures emerged around 
these organelles in the VPA treatment group (Fig. 2), and the 
bulk of the cytoplasm and certain organelles were observed 
to be wrapped into the vacuole, and the autophagosome had 
merged with the lysosome.

Autophagosomes appear in the cytoplasm at the first stage 
of autophagy‑associated cell death, and microtubule‑associated 
LC3, particularly LC3‑II, serves as an autophagosome‑specific 
protein  (26). LC3 is one of the most credible markers of 
autophagosomes in mammalian cells  (27). LC3‑I is cyto-
plasmic, whilst LC3‑II is a tight membrane‑bound protein 
that attaches to autophagosomes, which subsequently fuse 
with lysosomes (28). Relative amounts of membrane‑bound 
LC3‑II reflects the abundance of autophagosomes with the 
process that transforms LC3‑I into LC3‑II; thus, the induc-
tion and inhibition of autophagy is able to be monitored by 
immunoassay through the measurement of LC3‑II levels (29). 
It has been reported that autophagy is suppressed in various 
types of cancer cells, and that cellular autophagic activity is 
inversely correlated with malignancy (30). Beclin‑1 may also 
function as a marker of autophagy, which has been expressed 
in a monoallelic manner in human prostate, ovarian and breast 
cancer, which suggested that the process of autophagy may 
possess tumor‑suppressor properties (31,32). In the current 
study, western blot analysis demonstrated that LC3‑II and 
Beclin‑1 expression increased with VPA in a dose‑dependent 

manner in prostate cancer cells, which was also observed by 
fluorescence microscopy (Fig. 3).

Various signaling pathways, such as autophagy‑related 
(Atg) proteins, ULK and the Bcl‑2 family, were involved in 
this process, were involved in this process, which consist of 
the core autophagic delivery to cell death (33). In yeast and 
mammalian cells, the Ras and mTOR pathways are two 
well‑known signaling cascades that are sensitive to nutrient 
status, cell growth and differentiation, and are negatively 
regulated during programmed cell death  (34). The phos-
phoinositide 3‑kinase/Akt/mTOR pathway exists in several 
types of cancer and may be activated by the loss of tumor 
suppressor phosphatase and tensin homolog (PTEN) func-
tion (35). The formation of an autophagosome membrane may 
be affected by regulating the recruitment of the transmem-
brane protein ATG9, which facilitates lipid assembly to expand 
autophagosomes (36). This step is regulated by mTOR kinase, 
but the intracellular mechanism is remains unclear. The acti-
vation of Akt and its phosphorylation induces the expression 
of p21WAF and p27Kip1, which are associated with cell cycle 
growth through the acetylation of relevant genes (37). The 
present study demonstrated that treatment with VPA inhibited 
the activity of Akt and mTOR, resulting in a depletion of 
phosphorylated (p)‑AKT and p‑mTOR, which is considered to 
occur due to VPA concomitantly inducing p27 and p21. This 
may subsequently result in cell cycle arrest, growth inhibition 
and PTEN‑loss‑induced activation of the Akt pathway in pros-
tate cancer cells. It is suspected that VPA‑induced autophagic 
cell death may be involved in this process.

In conclusion, the present study provided evidence that 
VPA may function as an HDACI to suppress the growth of 
prostate cancer cells through the modulation of autophagic 
pathways, including inhibition of the Akt/mTOR pathway. 
Further experiments are required to determine the signifi-
cance of each pathway involved in VPA‑induced growth 
inhibition.
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