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Mangiferin inhibition of proliferation and induction of apoptosis
in human prostate cancer cells is correlated with downregulation
of B-cell lymphoma-2 and upregulation of microRNA-182
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Abstract. Mangiferin, a flavonoid extracted from the mango tree,
possesses anti-inflammatory, antibacterial, anti-herpes simplex
and antitumor activity, and is able to affect immune function.
The present study investigated the anticancer effects of mangif-
erin treatment on PC3 human prostate cancer cells, and the
potential underlying mechanisms. In the present study, an MTT
assay was used to analyze the proliferation of PC3 cells. Subse-
quently, flow cytometry and colorimetric assay kits were utilized
to measure the PC3 cell apoptotic rate. The expression levels of
B-cell lymphoma-2 (Bcl-2) and microRNA-182 (miR-182) were
detected using western blot analysis and quantitative reverse
transcription-polymerase chain reaction, respectively. Finally,
miR-182 and anti-miR-182 were transfected into PC3 cells,
which were used to investigate the effects of mangiferin.
Mangiferin treatment reduced the proliferation of PC3 human
prostate cancer cells in a concentration- and time-dependent
manner. In addition, mangiferin was able to promote apoptosis
and induce the caspase-3 activity of PC3 human prostate cancer
cells. Mangiferin treatment was also able to significantly reduce
Bcl-2 expression levels and enhance miR-182 expression in
PC3 cells. Finally, it was observed that mangiferin inhibited
proliferation and induced apoptosis in PC3 human prostate
cancer cells, and this effect was correlated with downregulation
of Bcl-2 and upregulation of miR-182.

Introduction

Prostate cancer is a disease that affects older males, and is
one of the most common malignant tumors amongst males in
Europe (1). Previously, prostate cancer was observed relatively
rarely in China; however, in recent years the incidence of prostate
cancer and associated mortality rates have been increasing (1).
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In 2008, the worldwide standardized incidence rate of prostate
cancer was 28.5/100,000 and the standardized mortality rate
was 7.5/100,000 (2-4). Therefore, prostate cancer has become a
significant area of research.

Cell apoptosis may be inseparable from the development of
prostate cancer. Apoptosis, or programmed cell death, differs
from necrosis, the natural cell death process (5). Reduced apop-
tosis and increased proliferation are thought to be the primary
mechanisms underlying the formation of the majority of tumors.
Inhibition of apoptosis may also possess a significant role in the
progression of prostate cancer, and B-cell lymphoma-2 (Bcl-2)
is thought to be one of the most significant genes required for
apoptosis (6).

MicroRNAs (miRs) are a class of endogenously
expressed non-protein encoding RNAs (2). Mature miRs are
single-stranded and consist of ~22 nucleotides (7). Previous
studies have indicated that miRs may be involved in human
tumorigenesis and development. Numerous tumors exhibit
alterations in miR expression levels, and these miRs may have
a role in tumorigenesis, functioning as cancer genes or tumor
suppressor genes (8). Casanova-Salas et al (9) demonstrated that
miR-182 was a potential biomarker for prostate cancer diagnosis,
prognosis predictions and for improvement of the predictive
capability of existing biomarkers. Siva et al (10) reported that
molecular assays may be used to detect miR-182 expression in
prostate cancer.

Mangiferin is a flavonoid, extracted from the mango tree;
and studies have revealed that it is capable of inhibiting the
growth of liver and colon cancer cells, K562 leukemia cells and
other tumor cells (11-14). Pharmacological experiments indi-
cate that mangiferin is capable of effectively treating chronic
bronchitis (3). Mangiferin is the primary active ingredient in
the Tibetan capillary treatment of hepatitis and is the antiviral
active ingredient of rhizoma anemarrhenae, a Traditional
Chinese Medicine (4). In the present study, the anticancer
effects of mangiferin on prostate cancer cells were investigated
and its apoptosis-inducing effects were studied at the cellular
level, with the aim of identifying the underlying mechanisms.

Materials and methods
Experimental materials. Mangiferin (purity, >98%) was

obtained from Sigma-Aldrich (St. Louis, MO, USA). The
chemical structure of mangiferin is illustrated in Fig. 1.
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RPMI-1640, fetal bovine serum (FBS) and penicillin/strepto-
mycin were obtained from Gibco Life Technologies (Carlsbad,
CA, USA). MTT and chemiluminescence reagent kits were
purchased from Tiangen Biotech Co., Ltd. (Beijing, China).
Cleaved caspase-3 and caspase-9 colorimetric assay, bicin-
choninic acid (BCA) Protein assay and UNIQ-10 Column
Trizol Total RNA Isolation kit were purchased from Sangon
Biotech Co., Ltd. (Shanghai, China). TRIzol reagent and
oligo (dT) primers were purchased from Invitrogen Life Tech-
nologies (Carlsbad, CA, USA). SYBR chemistry and Annexin
V-fluorescein isothiocyanate (FITC)/propidium iodide (PI)
Apoptosis Detection kits were obtained from Shanghai
BestBio Co. (Shanghai, China).

Cell culture. PC3 human prostate cancer cells were purchased
from Shanghai Cell Bank of the Chinese Academy of Sciences
(Shanghai, China) and cultured in RPMI-1640 medium
containing 10% (v/v) FBS with penicillin (100 U/ml)/strepto-
mycin (100 U/ml) in 5% CO, at 37°C. Approximately every
2-3 days, the culture medium was removed and replaced.
PC3 cells were treated with mangiferin in complete RPMI-1640
medium.

Cell proliferation assay. PC3 cells were cultured with mangif-
erin (10, 20 and 40 uM) for 0, 24, 48 and 72 h. Proliferation
of PC3 cells was quantified using an MTT assay. PC3 cells
(5x10*/ml) were seeded into flat-bottomed 96-well culture
plates and ~10 ul MTT (5 mg/ml) was added to each well. Cells
were incubated for 4 h in 5% CO, at 37°C. Following this, the
culture medium was removed, and 200 ul dimethyl sulfoxide
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) was added to each well and incubated for 10-20 min.
The absorbance was measured at 540 nm using a Labsystems
Multiskan MS Plate Reader (Thermo Fisher Scientific, Inc.).

Flow cytometry. PC3 cells were cultured with mangiferin (10,
20 and 40 yM) for 72 h. Cells were collected by centrifuga-
tion at 3,000 x g for 10 min at 4°C and washed twice with
ice-cold phosphate buffered saline (PBS). In accordance with
the manufacturer's protocol, cells were incubated with 5 ul
Annexin V-FITC on ice for 30 min in the dark. PI (10 ul) was
then added to the cells and they were subsequently observed
using flow cytometry, using a LSRII (BD Biosciences, San
Jose, CA, USA).

Caspase-3 activity assays. PC3 cells were cultured with
mangiferin (10, 20 and 40 M) for 72 h. Caspase-3 activity
was detected using the cleaved caspase-3 colorimetric assay
kit (Sangon Biotech Co., Ltd.) according to the manufac-
turer's instructions. The fluorescence of caspase-3 activity
was detected at a wavelength of 405 nm, using a Labsystems
Multiskan MS Plate Reader.

Western blot analysis of Bcl-2 expression. PC3 cells were
treated with various concentrations of mangiferin (10, 20
and 40 uM) for 72 h. Cells were collected using centrifuga-
tion at 3,000 x g for 10 min and washed twice with ice-cold
PBS. Cells were resuspended with 200 ul protein lysate and
centrifuged at 12,300 x g for 15 min at 4°C for 15 min at 4°C.
Protein concentration was determined using the BCA Protein
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Figure 1. Chemical structure of mangiferin.

Assay kit (Sangon Biotech Co., Ltd.). Approximately 50 ug
protein was electrophoresed using a 10% polyacrylamide
gel (Beyotime Institute of Biotechnology, Nanjing, China)
containing SDS. Proteins were transferred onto nitrocellulose
membranes (Millipore Corporation, Bedford, MA, USA) at
4°C for 2-4 h. The membranes were blocked in 5% non-fat
milk for 1-2 h and subsequently incubated with rabbit anti-
Bcl-2 (150718; 1:1,000; Cell Signaling Technology, Boston,
MA, USA) and rabbit anti-human f-actin (D110001-0025;
1:500; Sangon Biotech Co., Ltd.) antibodies overnight at 4°C
with agitation. Following washing with Tris-buffered saline
and Tween-20 PBST (with 0.1% Tween 20; Beyotime Institute
of Biotechnology) monoclonal anti-rabbit immunoglobulin
IgG conjugates (C2162; 1:1,000, Beijing Applygen Technolo-
gies, Inc., Beijing, China) for 2 h. Subsequently, membranes
were washed with TBST and bands were observed using an
enhanced chemiluminescence kit Stripping Buffer for Western
Blot (PA114, Tiangen Biotech Co., Ltd.).

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). PC3 cells were cultured with
mangiferin (10, 20 and 40 M) for 72 h. TRIzol reagent
(Invitrogen Life Technologies) was used to extract total
RNA, and total RNA was purified using an RNA kit
(Sangon Biotech Co., Ltd.). Complementary DNA was
reverse transcribed using oligo (dT) primers (Invitrogen
Life Technologies). SYBR chemistry (BestBio, Co.)
was used for PCR. All primers were purchased from
Sangon Biotech Co., Ltd. The following primer sequences
were used: miR-182 forward, 5-GGGGTACCCTTC
AGGAAGCTGGTTTC-3'and miR-182 reverse, 5'-GGGATA
TCTACATGTGAGGCAGGTTCTCAC-3"; U6 forward,
5'-CGCTTCGGCAGCACATATACTA-3' and U6 reverse,
5-CGCTTCACGAATTTGCGTGTCA-3'.

miRNA transfection. miR-182 mimic and miR-182 inhibitor
were purchased from Sangon Biotech Co., Ltd. miR-182
mimic (100 nmol/l) and miR-182 inhibitor (100 nmol/l) trans-
fections were conducted in PC3 cells using Lipofectomine®
2000 (Invitrogen Life Technologies) according to the manu-
facturer's instructions. Following transfection for 6 h, culture
medium was removed and replaced with complete medium.
Subsequently, PC3 cells were incubated for 18 h in 5% CO,
at 37°C, prior to treatment with various concentrations of
mangiferin (50 M) for 72 h.
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Figure 2. Treatment with mangiferin has an antiproliferative effect on PC3 cells. Values are expressed as the mean + standard deviation. “P<0.01 compared
with 0 M mangiferin treatment control group.
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Figure 3. Treatment with mangiferin enhances the apoptosis of PC3 cells. (A) Statistical analysis of cellular apoptosis levels and (B) caspase-3 activity. Values
are expressed as the mean + standard deviation. “P<0.01 compared with 0 M mangiferin treatment control group. FCM, flow cytometry.
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Figure 4. Bcl-2 expression is downregulated following treatment with mangiferin. (A) Effects of mangiferin on Bcl-2 and (B) statistical analysis of Bcl-2
protein expression levels. Values are expressed as the mean + standard deviation. “P<0.01 compared with 0 M mangiferin treatment control group. Bcl-2,
B-cell lymphoma-2.
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Figure 5. miR-182 expression is increased following treatment with mangiferin. Values are expressed as the mean + standard deviation. “"P<0.01 compared
with 0 #M mangiferin treatment control group. miR-182, microRNA-182.
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Figure 6. Overexpression of miR-182 and Bcl-2 expression following transfection with an miR-182 mimic. (A) miR-182 expression of PC3 cells and (B) Bcl-2
protein expression was inhibited in PC3 cells following miR-182 mimic transfection. “P<0.01 compared with control group. miR, microRNA; Bcl-2, B-cell
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Figure 7. miR-182 inhibitor is able to reduce the effect of mangiferin treatment. (A) Anti-miR-182 reduced the effect of mangiferin treatment on the expres-
sion of miR-182 in PC3 cells. (B) Following treatment with mangiferin (50 zM) for 72 h, anti-miR-182 significantly promoted the proliferation of PC3 cells.
(C) Following treatment with mangiferin (50 #M) for 72 h, anti-miR-182 inhibited apoptosis of PC3 cells. (D) Anti-miR-182 significantly enhanced Bcl-2
activity in PC3 cells following mangiferin (50 zM) treatment at 72 h. “P<0.01 compared with 0 M mangiferin treatment control group, and *P<0.01 com-
pared with mangiferin-treated group transfected with negative control. miR, microRNA; Bcl-2, B-cell lymphoma-2.

Statistical analysis. Data analysis was performed using
SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Data were
expressed as the mean + standard deviation. Differences were
assessed using the two-tailed Student's t-test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Mangiferin exerts an antiproliferative effect on PC3 cells. To
investigate the potential effects of mangiferin (0, 10, 20 and
40 uM) on the proliferation of PC3 cells, the present study used
an MTT assay to examine antiproliferative activity. Mangiferin
inhibited the proliferation of PC3 cells in a concentration-depen-
dent manner. When PC3 cells were treated with mangiferin at a
concentration of 20 zM for 72 h, or with mangiferin at a concen-
tration of 40 ym for 48 or 72 h, the proliferation of PC3 cells was
significantly reduced compared with that of the control group
treated with O uM mangiferin (Fig. 2).

Mangiferin enhances apoptosis of PC3 cells. To assess the
effect of mangiferin (0, 10, 20 and 40 xM) on the apoptosis
of PC3 cells, apoptosis and caspase-3 activity were analyzed.
Mangiferin accelerated apoptosis and enhanced the caspase-3
activity of PC3 cells in a concentration-dependent manner. In
addition, when treated with mangiferin (20 and 40 xM) for
72 h, the apoptosis of PC3 cells was significantly increased
compared with that of the control group treated with 0 xM
mangiferin (Fig. 3A). Furthermore, the caspase-3 activity of
PC3 cells treated with 20 and 40 xM mangiferin was signifi-
cantly enhanced compared with that of the control group
treated with O M mangiferin (Fig. 3B).

Bcl-2 expression is downregulated following mangiferin
treatment. In order to elucidate the effect of mangiferin on
the expression of Bcl-2, PC3 cells were exposed to 0, 10, 20
and 40 yM mangiferin for 72 h, and the expression of Bcl-2
was analyzed. Bcl-2 protein expression was downregulated
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following exposure to mangiferin at all concentrations.
Furthermore, mangiferin (20 and 40 xM) was able to signifi-
cantly reduce Bcl-2 expression levels in PC3 cells compared
with those of the control group treated with 0 xM mangiferin
(Fig. 4A and B).

miR-182 expression is increased following mangiferin treat-
ment. To examine the effect of mangiferin treatment on the
expression of miR-182, PC3 cells were exposed to 0, 10, 20
and 40 M mangiferin for 72 h, and the expression of miR-182
was detected. Following treatment with mangiferin (20
and 40 xM) for 72 h, miR-182 expression was significantly
increased in PC3 cells (Fig. 5).

Overexpression of miR-182 inhibits Bcl-2 expression in
PC3 cells. In order to further understand miR-182 expression
in PC3 cells, an miR-182 mimic was transfected into PC3 cells.
It was observed that miR-182 overexpression significantly
inhibited Bcl-2 expression in PC3 cells (Fig. 6A and B).

miR-182 inhibitor abrogates the effect of mangiferin. To
further evaluate the correlation between miR-182 expres-
sion levels and the mechanism of antiproliferative activity of
mangiferin, miR-182 inhibitor was transfected into PC3 cells.
The results of the present study demonstrated that transfection
with miR-182 inhibitor significantly reduced miR-182 expres-
sion levels in PC3 cells (Fig. 7A). However, miR-182 inhibitor
was also able to significantly reduce the antiproliferative and
apoptotic effects of mangiferin (50 zM) on PC3 cells (Fig. 7B
and C). Therefore, miR-182 inhibitor may be capable of
rescuing Bcl-2 expression in PC3 cells (Fig. 7D).

Discussion

Prostate cancer is one of the most common types of cancer in
the male reproductive system (5). Due to socioeconomic devel-
opment, as well as changes in lifestyle and environment, the
incidence and mortality rates of male primary prostate cancer
tumors are changing (15). A recent study revealed that the inci-
dence and development of prostate cancer may be associated
with the dysregulation of apoptosis regulatory genes (16). Prolif-
eration of the cells that lose their response to apoptosis, may
contribute to the invasion and metastasis of prostate tumors. In
the present study, it was revealed that mangiferin was capable
of inhibiting the proliferation of PC3 cells in a concentration-
and time-dependent manner. Pan er al (11) demonstrated that
mangiferin was able to inhibit the proliferation of human naso-
pharyngeal carcinoma cells through G2/M arrest and induction
of early apoptosis. In the present study, mangiferin accelerated
the apoptotic rate and enhanced the caspase-3 activity of PC3
human prostate cancer cells in a concentration-dependent
manner. Taken together, these results indicate that mangiferin
may promote apoptosis and increase caspase-3 activity in cancer
cell lines (17).

The Bcl-2 protein family contains significant genes
involved in the regulation of apoptosis (18). The primary
anti-apoptotic and pro-apoptotic members of the Bcl-2 family
regulate apoptosis by controlling mitochondrial function (19).
Bcl-2 inhibits apoptosis by preventing an increase in cyto-
plasmic calcium concentration (6). In previous studies, Bcl-2
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expression has been observed to be a notable feature in certain
human malignant tumors; and Bcl-2 is now believed to be an
anti-apoptotic gene that promotes tumor occurrence through
inhibiting apoptosis and prolonging the survival of cells (20).
In the present study, mangiferin was able to significantly
reduce the Bcl-2 expression levels in PC3 cells. Pan et al (11)
reported that mangiferin induced cell apoptosis through Bcl-2
and Bcl-2 associated X protein (Bax) expression. Pal et al (21)
hypothesized that mangiferin attenuates diabetic nephropathy
by inhibiting Bcl-2 and Bax expression.

miRs are a class of small molecule RNA, involved in the
regulation of gene expression, which have a significant role in
cell growth, differentiation, apoptosis and tumorigenesis (7).
Greater than half of human miR genes are located in a
genomic region of a tumor-associated or fragile site. Expres-
sion profiling has been utilized to reveal that the expression
of specific miRs may be indicative of the tumor stage and
differentiation state (22). In the present study, treatment with
mangiferin significantly increased miR-182 expression levels
in PC3 cells. Notably, upregulation of miR-182 suppressed
Bcl-2 expression in PC3 cells. In addition, suppression of
miR-182 expression reduced the effect of mangiferin on
PC3 cells and increased the expression levels of Bcl-2 in
PC3 cells. Peng et al (8) reported inhibition of proliferation
in PC3 human prostate cancer cells following atorvastatin
treatment, due to downregulation of Bcl-2 and upregulation
of miR-182. Overexpression of miR-182 has been observed to
suppress the growth of uveal melanoma cells via a reduction in
Bcl-2 expression levels (23).

Mangiferin is double-benzene pyrone flavonoid that
exhibits antioxidant, hypoglycemic and renal protective
effects. Mangiferin possesses anti-inflammatory, antibacterial
and anti-herpes simplex virus effects; it affects gallbladder
and immune function, as well as a protective effect on the
simulated high altitude hypoxia liver injury (24-26). In conclu-
sion, the results of the present study indicated that mangiferin
is capable of exerting an antitumor effect on PC3 human pros-
tate cancer cells, potentially via downregulation of Bcl-2 and
upregulation of miR-182. In addition, the effects of mangiferin
may be able to contribute to the characterization of prostate
cancer and the development of novel therapies.
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