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Abstract. Piperine, an alkaloid derived from natural products, 
has been demonstrated to exert antitumor activities in vivo and 
in vitro. However, its anti‑tumor effect has not yet been illus-
trated in the prostate cancer (PCa) metastatic process. Thus, the 
present study explored the influence of piperine on PCa and the 
underlying molecular mechanism. Cell migration was detected 
via the Transwell chamber model. Total protein was identified 
by western blot analysis. The data revealed that piperine mark-
edly repressed cell proliferation and migration, and induced 
apoptosis in PCa DU145. In addition, LY294002, an protein 
kinase B (Akt) inhibitor, greatly suppressed the expression level 
of phospho (p)‑Akt, matrix metalloproteinase (MMP)‑9 and 
p‑mammalian target of rapamycin (mTOR), suggesting that the 
activation of the Akt/mTOR/MMP‑9 signaling pathway may 
participate in regulating cell migration in PCa. Furthermore, 
piperine reduced the expression of p‑Akt, MMP‑9 and 
p‑mTOR. Together, these data indicated that piperine may 
serve as a promising novel therapeutic agent to better overcome 
PCa metastasis.

Introduction

Prostate cancer (PCa), one of most common malignancy, is a 
severe health threatening illness for older men in the world (1). 
PCa primarily begins as being hormone dependent tumour, 
then it transforms into being hormone independent tumour and 
resists to hormone related therapy as the disease advances (2). 
Currently, several treatment approaches are accessible for PC 
patients, including surgery, radiation or androgen‑deprivation 
therapy (3‑6). However, it is necessary to discover novel agents to 
surmount several adverse effects related with present therapies.

Natural products, derived from plants or microbes, have 
developed a crucial resource of anti‑cancer treatments. Piperine, 
one of the most popular spices used in food and in traditional 

Chinese medicine, is a chief plant alkaloid present in long and 
black peppers (Piper nigrum Linn and Piper longum Linn). 
It has been broadly informed that piperine has an extensive 
pharmacological properties, such as antioxidant (7), anti‑inflam-
matory  (8,9), hepatoprotective  (10), antimicrobial  (11,12), 
immunomodulatory and anticancer activities (13,14). In spite of 
its broad use and its tendency to reduce the chances of several 
cancer types, the valuable effects of piperine against PCa are 
poorly understood. Thus, there is great interest in recognizing 
therapeutic effect in the treatment of PCa.

Though there is plenty of data for cancer preventative 
and therapeutic effects, the impact of piperine on PCa cell 
migration has not yet been fully explored, nor is the molecular 
mechanism of piperine‑mediated prohibition of cancer cell 
migration obvious at this moment. In this work, we investi-
gated the influence of piperine in prostate carcinoma cell 
migration, and the underlying mechanisms of piperine on cell 
migration. Our results indicated that piperine depressed the 
migration process via downregulating the protein kinase B 
(Akt)/mammalian target of rapamycin (mTOR)/matrix metal-
loproteinase (MMP)‑9 signaling pathway in DU145 cells.

Materials and methods

Cell lines and cell culture. The androgen‑independent PCa cell 
line (DU145) was purchased from the American Type Culture 
Collection (ATCC; Manassas, VA, USA). DU145 cells were 
cultured in DMEM medium (HyClone; GE Healthcare Life 
Sciences, Logan, UT, USA) added with 10% FBS (Invitrogen, 
Victoria, Australia), 100 IU/ml penicillin and 100 µg/ml strep-
tomycin (nvitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and all cells were incubated at 37˚C in a humidified 
incubator at 5% CO2.

Cell viability assay. To explore the cell proliferation, we used 
the Cell Counting Kit‑8 (CCK‑8) (WST‑8; Dojindo Molecular 
Technologies, Inc., Kumamoto, Japan). Cells (7x103 cells/well) 
were planted onto 96‑well plates and raised for 24 h. Next cells 
were cultured with piperine for 48 h, and subsequently CCK‑8 
solution (10 µl) was added into the 96‑well plates. After 4 h of 
culture, the absorbance at 450 nm was read using a plate reader 
(Molecular Devices, Sunnyvale, CA, USA).

Flow cytometry analysis of apoptotic cells. DU145 cells were 
planted at a concentration of 1x106/ml onto 6‑well culture 
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plates. While the cells achieved about 70% degree confluence, 
the medium was exchanged, and piperine (160 µM) or diluent 
was supplemented. Subsequently, DU145 cells were trypsin-
ized to obtain a single cell suspension. One million cells were 
double‑stained with APC‑labeled annexin V and propidium 
iodide (BD Biosciences, Franklin Lakes, NJ, USA). Proportion 
of apoptotic cells was determined by flow cytometry (BD 
Biosciences).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated from DU145 cells and 
then quantitated by an ultraviolet spectrophotometer. Next 
cDNA was synthesized from RNA (200 ng) in a 20 µl reverse 
transcription reaction (Promega Corporation, Madison, WI, 
USA). qPCR was worked as follow: 30 sec at 94˚C for dena-
turation, 30 sec at 54˚C for annealing and 30 sec at 65˚C for 
extension, for a total of 30 cycles. qPCR was completed with 
the SYBR green real‑time PCR kit (Qiagen, Hilden, Germany) 
and the ABI 7500 Sequence Detection System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). PCR products 
were run on 2% agarose gels to prove that correct molecular 
sizes were present. Each sample was analyzed in triplicate 
using RT‑qPCR. The primers for RT‑qPCR as follow: MMP‑9, 
forward 5'‑AAT​CTC​TTC​TAG​AGA​CTG​GGA​AGG​AG‑3' 
and reverse 5'‑AGC​TGA​TTG​ACT​AAA​GTA​GCT​GGA‑3'; 
GAPDH, forward 5'‑AGA​GAG​AGG​CCC​TCA​GTT​GCT‑3' 
and reverse 5'‑TTG​TGA​GGG​AGA​TGC​TCA​GTG​T‑3', synthe-
sized by BGI Tech (Shenzhen Co., Ltd., Shenzhen, China). 
GAPDH was used as an internal control. Fold changes were 
analyzed using the 2‑ΔΔCq method.

Western blotting. Total proteins were got by cell lysis in 
ice‑cold RIPA buffer in DU145 cells. Cells extracts were 
subjected to a 10% polyacrylamide gel and blotted onto a poly-
vinylidene difluoride (PVDF). The blot was then blocked with 
5% non‑fat milk in TBST for 2 h and subsequently incubated at 
4˚C overnight with primary antibodies anti‑MMP‑9 (1:1,000), 
as well as p‑Akt, t‑Akt, p‑mTOR, mTOR, Bcl‑2, Bax, and 
anti‑GAPDH (1:500), and then cultivated with goat anti‑rabbit 
IgG‑HRP. The bands were visualized via ECL Western blot 
detection reagents (Thermo Fisher Scientific, Inc.), and the 
results were analyzed by Quantity One (Bio-Rad Laboratories, 
Inc. Hercules, CA, USA) software.

Transwell migration assay. Trypsinized cells suspended in 
serum‑free DMEM medium were planted onto upper chamber at 
a concentration of 5x105/well, and 600 µl of medium added with 
10% serum were supplemented to the inferior chamber. After 
48 h, the cells were wiped off of the inserts with a cotton swab. 
4% paraformaldehyde (PFA) was used to fix the residual cells 
migrating to the other side of the membrane. Then the cells were 
stained with Crystal Violet for 10 min, and subsequently the 
mean amount of those cells was analyzed to assess their migrated 
ability. Images were captured with the Olympus microscope.

Statistical analysis. All quantitative data were performed 
as mean ± SEM and one‑way ANOVA followed by post‑hoc 
Tukey's test to analyze the differences between sets of data. 
Statistics were completed using the SPSS 20.0 software (IBM 
Corp., Armonk, NY, USA). P<0.05 was considered to indicate 
a statistically significant difference.

Figure 1. Piperine decreases cell proliferation and apoptosis in DU145 cells. DU145 cells were cultured with the indicated concentrations of piperine for 48 h. 
(A) Cell viability was evaluated via Cell Counting kit‑8 assay. Cells cultured in a medium without piperine were defined as the control. (B) Chemical structure of 
piperine. (C) Indicated protein levels of Bax and Bcl‑2 were measured via western blotting. (D) Densitometric analysis was used to quantify the ratio of Bax/Bcl‑2. 
The results are presented as the mean ± standard deviation (n=3). *P<0.05 vs. Control group. Bcl‑2, B‑cell lymphoma 2; Bax, Bcl‑2‑associated X protein.
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Results

Piperine repressed cell proliferation and apoptosis in PCa 
DU145 cells. To explore the cytotoxic effects of piperine on 
human PCa cells, DU145 cells were pretreated with piperine 
for 48  h, and subsequently examined the viability by the 
CCK‑8 assay. The outcome was that piperine treatment 
remarkably diminished cell proliferation in a dose‑dependent 
manner (Fig. 1A).

The chemical structure of piperine was showed as Fig. 1B. To 
uncover the role of piperine on cell proliferation and apoptosis, 
the western blotting and the Annexin V apoptosis detection 
kit was performed as previously reported (15). DU145 cells 
were pretreated with piperine (80, 160 or 320 µM) for 48 h and 
subsequently stained with Annexin V and propidium iodide 
to visualize the cells numbers via fluorescent microscope. 
Besides, piperine treatment group reduced the expression of 
antiapoptotic protein Bcl‑2 and promoted the expression of 

Figure 2. Effect of piperine on apoptosis in DU145 cells. DU145 cells were incubated with piperine (80, 160 or 320 µM) for 48 h, and then the cells were 
processed for cell apoptosis analysis using FITC‑Annexin V and PI double staining. (A) Representative flow cytometry images are presented and (B) the 
quantitative analysis of FITC‑Annexin V positive cells is presented as the mean ± standard error from 3 independent experiments. *P<0.05 vs. Control group. 
FITC, fluorescein isothiocyanate; PI, propidium iodide.
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proapoptotic protein Bax (Fig. 1C and D). We observed that 
the apoptotic cells markedly increased in piperine treatment 
group compared to the control group (Fig. 2A and B). Based 
on the above results, we uncovered that piperine could promote 
cell apoptosis and hinder cell proliferation in DU145 cells in 
a dose‑dependent manner, and the concentration 160 µM was 
selected for further mechanistic studies.

Piperine reduced the migration of DU145 cells. To establish 
how piperine influences the metastatic processes, the role of 
piperine on DU145 cell migration was performed. In Transwell 
migration assay, piperine decreased cell migration signifi-
cantly after 48 h in the DU145 cell (Fig. 3A‑C). In agreement, 
results of western blot and qPCR disclosed that piperine could 
also suppress the expression of MMP‑9 (Figs. 3D and 4A‑B). 
These consequences indicated that piperine could inhibit the 
migration of DU145 cells.

Piperine inhibited DU145 cells migration via Akt/mTOR 
signaling pathway. Numerous reports indicate that Akt/mTOR 
signaling pathway perform a vital effect in regulating MMP‑9 
expression in DU145 cells (16). To recognize the influence 
of Akt/mTOR signaling pathway, western blotting was 
performed. We noticed that piperine pretreatment remark-
ably decreased the expression of phosphorylated mTOR 
(p‑mTOR) and phosphorylated Akt (p‑Akt) in DU145 cells 
(Fig. 4C‑E). To further exam the effect of piperine in the 
DU145 cells metastasis process, LY294002, an Akt inhibitor, 
was chosen to combine with piperine for mechanism and 
functional research. In cells pretreatment with LY294002 

and piperine group relative to the piperine alone group, 
cell migration was significantly reduced in the DU145 cells 
(Fig. 5), as well as the protein levels of p‑mTOR, p‑Akt, and 
MMP‑9 (Fig. 6A‑D). Collectively, these outcomes imply that 
Akt/mTOR signaling pathway was partially correlated to the 
anti‑metastasis function of piperine.

Discussion

In our study, the involvement of piperine and its molecular 
mechanism in DU145 cells was investigated. Piperine was 
exhibited to promote apoptosis and to inhibit cell prolif-
eration in DU145 cells as demonstrated by CCK8 and flow 
cytometry. At the molecular level, the results demonstrated 
that piperine suppressed Akt and mTOR activation. In addi-
tion, PI3K/Akt/mTOR was identified to be a vital molecular 
target of piperine (16,17). Akt and mTOR invalidation, using 
inhibitor, reduced the MMP9 expression in DU145 tumor 
cells. Collectively, these data suggested that piperine may be 
beneficial in the treatment of PCa.

Currently, it is thought that piperine could present as a 
natural source anticancer drug due to its reported capability 
to repress carcinogenesis, angiogenesis, metastasis, and tumor 
growth (18‑20); nonetheless, the impact of piperine on human 
PCa cells has not completely been understood. Ouyang et al 
showed that piperine represses the proliferation of human PCa 
cells through promotion of autophagy and cell cycle arrest (21). 
A recent study displays that piperine treatment significantly 
diminished Prostate Specific Antigen (PSA) levels in LNCaP 
cells, also promoted apoptosis in hormone dependent PCa 

Figure 3. Piperine decreases cell migration in DU145 cells. Migration was performed via a Transwell assay. DU145 cells were pretreated with (A) control 
or (B) piperine (160 µM) for 48 h (scale bars, 10 µm). (C) The cell number was calculated in 4 random fields for each treatment. (D) The expression level of 
MMP‑9 in DU145 cells was performed via reverse transcription‑quantitative polymerase chain reaction. GAPDH was used as the internal control. Data are 
presented as the mean ± standard deviation (n=3). *P<0.05 vs. Control group. MMP‑9, matrix metalloproteinase‑9; DMSO, dimethylsulfoxide.
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Figure 4. Piperine significantly decreases p‑AKT, p‑mTOR and MMP‑9 expression in DU145 cells. Cells were cultured with piperine (160 µM) for 48 h. 
(A) Western blotting was performed to determine the indicated protein levels of (B) MMP‑9, (C) Akt, p‑Akt, p‑mTOR and mTOR. Densitometric measure-
ments of protein analysis for the ratio of phosphorylated to total (D) Akt and (E) mTOR were also evaluated. Data are presented as the mean ± standard 
deviation (n=3). *P<0.05 vs. control group. p‑/phos‑, phosphorylated; t‑, total; Akt, protein kinase B; MMP‑9, matrix metalloproteinase‑9; mTOR, mammalian 
target of rapamycin; DMSO, dimethylsulfoxide.

Figure 5. Piperine combined with LY294002 markedly represses cell migration in DU145 cells. The number of DU145 cells treated with (A) control, (B) piperine 
(160 µM) and (C) piperine (160 µM) + LY294002 (10 µm) that penetrated the membrane were calculated following 24 h (scale bars, 10 µm). (D) One representa-
tive experiment from three independently executed tests with similar consequences is presented. Data are presented as the mean ± standard deviation (n=3). 
*P<0.05 vs. Control group; ^P<0.05 vs. Piperine treatment group.
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cells (LNCaP), and decreased the cell migration of LNCaP 
and PC‑3 cells in Boyden chamber assay (22). Furthermore, 
our data revealed that piperine could significantly repress the 

proliferation and induce apoptosis of DU145 cells. Besides, 
our data also exhibited that the downregulation of MMP‑9 
expression resulted in inhibition of migration in DU145 cells. 
Accordingly, these findings implied that piperine acted a vital 
role in treatment of human PCa cells.

Numerous genetic changes occur during the process of 
carcinogenesis. Identifying vital proteins, such as PI3K, 
Akt, and ERK MAPK involved in these processes is crucial 
for comprehending carcinogenesis and creating new thera-
pies (23‑25). The PI3K/Akt signaling pathway is occupied in 
cell migration and invasion (26,27). Recent researches indi-
cated that the signaling pathway PI3K/Akt/mTOR is essential 
in the metastasis of PCa (28,29). Besides, MMPs, a group of 
zinc‑dependent endopeptidases, are involved in the degrada-
tion of the extracellular matrix under normal physiological 
conditions and during the metastatic process (30). MMP‑9 
is a vital effector molecule that boosts tumor cell invasion 
via type‑IV collagen degradation‑dependent extracellular 
matrix remodeling (31). In order to exam if piperine targets 
the PI3K/Akt/mTOR signaling‑mediated cellular events 
in DU145 cells, the effect of piperine on these signaling 
molecules was explored by immunoblotting. In accordance 
with these reports (9,32), we detected that piperine caused 
a decrease in cellular levels of Akt and mTOR. Through 
our work, a relation emerges between MMP‑9 expression 
and levels of phosphorylated Akt and mTOR, which alters 
cell migration. The expression of phosphorylated Akt, phos-
phorylated mTOR, and MMP‑9 were remarkable diminished 

Figure 7. Piperine depresses the progression of migration by down-
regulating the Akt/mTOR/MMP‑9 signaling pathway in DU145 cells. The 
piperine‑induced downregulation of Akt/mTOR signaling, was combined 
with the inhibition of MMP‑9 expression and thus, cell migration. Akt, 
protein kinase B; MMP‑9, matrix metalloproteinase‑9; mTOR, mammalian 
target of rapamycin.

Figure 6. Piperine combined with LY294002 significantly decreases p‑Akt, p‑mTOR and MMP‑9 protein levels in DU145 cells. Cells were treated with piperine 
(160 µM) and piperine (160 µM) + LY294002 (10 µM) for 48 h. (A) Western blot analysis was performed to evaluate the protein expression of (B) p‑mTOR, 
(C) p‑Akt and (D) MMP‑9 in DU145 cells. Data are presented as the mean ± standard deviation (n=3). *P<0.05 vs. control group; ^P<0.05 vs. Piperine treatment 
group. p‑/phos‑, phosphorylated; t‑, total; Akt, protein kinase B; MMP‑9, matrix metalloproteinase‑9; mTOR, mammalian target of rapamycin.
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in pretreatment with Akt inhibitor LY294002 group. Besides, 
inhibition of Akt activity also led to a decrease in migration, 
measured in a transwell migration assay. Taken together, our 
result suggested that piperine repressed the migration and the 
expression of MMP‑9 via Akt/mTOR signaling pathway in 
DU145 cells partially.

We acknowledge that this study has some limitations. First, 
we just detected the effect of piperine in DU145 cells. Future 
studies should investigate the effect of piperine in other PCa cell 
lines. Second, our result suggested that piperine significantly 
reduced the expression of MMP‑9 via Akt/mTOR signaling 
pathway in DU145 cells; however, more definitive target protein, 
such as EMT‑related proteins including E‑cadherin, TTF‑1, 
are still needed. Similarly, there are several apoptosis‑related 
proteins, and we studied only pro‑apoptotic protein Bax and 
anti‑apoptotic protein Bcl‑2, and did not directly assess other 
apoptosis‑related proteins, which would be the subject of our 
future research. Finally, in vivo experiments using knock out 
mouse models are necessary to further validate the influence of 
piperine in PCa.

In conclusion, our data reveal that piperine inhibits PCa 
cells migration via suppressing Akt/mTOR and downregu-
lating MMP‑9, and that the Akt/mTOR signaling seem to be 
the upstream regulators of MMP‑9 protein (the schematic 
model is shown in Fig. 7). In brief, it is indicated that piperine 
represses metastasis through inhibiting the Akt/mTOR/MMP‑9 
signaling pathway in DU145 cells partially, and that it may be 
a potential anticancer drug candidate in future therapeutic 
medications in PCa patients.
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