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Maspin Enhances the Anticancer Activity of Curcumin
in Hormone-refractory Prostate Cancer Cells
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Abstract. Background/Aim: Androgen deprivation therapy
remains the principal treatment for patients with advanced
prostate cancer, though, most patients will eventually
develop hormone-refractory prostate cancer (HRPC).
Androgen ablation mediated maspin-induction has been
identified in cancer patients. However, the role of maspin on
the anticancer activity of curcumin derived from turmeric
(Curcuma longa) in HRPC cells has not been elucidated.
Materials and Methods: The anticancer action of curcumin
in hormone-independent prostate cancer cells (DUI45, and
PC-3) was determined by measures of cell survival rate. The
cause of maspin silencing on the anti-tumor abilities of
curcumin in PC-3 cells was evaluated by measures of cell
survival rate, cell-cycle distribution, and apoptosis signaling
analysis. Results: Our present study showed that PC-3 cells
(with higher maspin expression) were more sensitive than
DUI45 cells to curcumin treatment (with lower maspin
expression). RNA interference-mediated maspin silencing
reduced curcumin sensitivity of PC-3 cells, as evidenced by
reduced apoptotic cell death. After exposure to curcumin,
maspin-knockdown cells showed lower expression levels of
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pro-apoptotic proteins, Bad and Bax, as compared with
control cells. Conclusion: Maspin can enhance the
sensitivity of HRPC cells to curcumin treatment.

Prostate cancer is the most common worldwide cause of
cancer death among men (1). The activation of the prostate
specific antigen (PSA)/androgen receptor (AR) axis is
connected with the development of prostate cancer (2).
Androgen deprivation therapy is the most common treatment
for advanced prostate cancer patients; however, the tumors
in these patients ultimately progress and transform into
hormone-refractory prostate cancer (HRPC) (3). Numerous
chemotherapeutic drugs have been applied to HRPC
treatment; however, improving the therapeutic efficacy of
current drugs remains a significant clinical challenge in
HRPC. Thus, an effective therapy is needed to prevent the
progression of prostate cancer.

Curcumin, a component of Curcuma longa, is a promising
chemopreventive compound (4). Furthermore, previous
studies have reported that curcumin is a potent agent that
possesses anti-oxidant, anti-inflammatory, anti-proliferative,
and anti-angiogenic properties against several cancer cell
types (5, 6). Curcumin also inhibits the expression of AR and
AR-related cofactors (AP-1, NF-kB and CBP) in prostate
cancer cell lines (7). Moreover, various curcumin analogues
have been indicated to function as androgen receptor
antagonists with the potential of being anti-prostate cancer
agents (8). Evidence has strongly suggested that curcumin is
a promising chemo-sensitizing agent for management of
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resistant tumors (9). Consequently, the combination of the use
of curcumin and available anticancer agents has great
potential to enhance anticancer efficacy and improve clinical
outcomes for cancer treatment (10). The therapeutic prospect
in treating prostate cancer has been evidenced in cell culture
systems and human xenograft mouse models (11). However,
additional effort is needed to fully understand the mechanism
and therapeutic potential of curcumin for HRPC.

Maspin, also termed mammary serine protease inhibitor,
is down-regulated in breast and prostate cancer, but over-
expressed in gastric cancers, pancreatic, colorectal, and
thyroid cancers (12-17). Thus, maspin may have different
activities in different cancer types. Furthermore, the
expression level of maspin is correlated with better prognosis
in prostate and breast cancer (13). The up-regulation of
maspin in response to androgen ablation suggests that it has
potential functions in growth inhibition and/or apoptosis of
prostate cancer cells (18). Also, Zhang et al. suggested that
the tumor suppressor activity of maspin may depend on its
ability to inhibit angiogenesis (19). A previous report has
revealed that curcumin induces the expression of maspin in
prostate cancer LNCaP cells (20). Curcumin-mediated
maspin induction has been suggested to have therapeutic
potential for inhibition of the invasion of breast carcinoma
cells (21). Previous results also suggest that maspin could
reduce prostate tumor cell plasticity and enhances tumor
sensitivity to drug treatment (22). Thus, further studies are
necessary to better define the therapeutic implication of
maspin on curcumin treatment in HRPC.

Accumulating evidence has indicated that curcumin has
therapeutic potential for cancer, and further efforts to explore
this therapeutic approach appear warranted (4). Additionally,
numerous studies have emphasized the essential role of
maspin in cancer treatment (13). As a result, there is a need
for further elucidation of the function of maspin in the
curcumin treatment of hormone-independent cells. Therefore,
we evaluated the functions of maspin on curcumin activity
in hormone-independent prostate cancer cells.

Materials and Methods

Cell culture and chemicals. The human prostate cancer cell lines
(PC-3 and DU-145 cell) were purchased from the American Type
Culture Collection (ATCC) and were cultured in RPMI 1640 with
10% fetal calf serum (FCS) (Life Technologies, Grand Island, NY,
USA) in a 37°C incubator with 5% CO,. Curcumin was obtained
from Sigma Chemical Co. (St. Louis, MO, USA).

Silenced maspin expression in prostate cancer cells. The expression
of maspin in prostate cancer cells was ablated using MISSION
shRNA clones (Sigma Chemical Co., St. Louis, MO, USA).
MISSION shRNA clones are sequence-verified shRNA lentiviral
plasmids for gene silencing in mammalian cells. The parental vector
(pLKO.1<-puro) allows for stable transfection via puromycin
selection. The target sequence for the human maspin mRNA
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(NM_002639.4) gene is 5’-CAGATCAACAACTCAATTAAG -3’
(TRCNO0000373444) (Sigma Chemical Co., St. Louis, MO, USA).
The MISSION non-target shRNA control vector (SHC002) was
utilized as a scrambled control. The transfection protocol has been
described previously (23). Briefly, 1x105 cells were washed twice
with PBS and mixed with 0.5 pg of plasmid. One pulse was applied
for 20 msec under a fixed voltage of 1.4 kV on a Neon pipette-type
microporator (Invitrogen Life Technologies, Grand Island, NY,
USA).

Western blot analysis. Cells were treated with curcumin or vehicle
control (70% ethanol) for 48 h. Total cell lysates were prepared, and
protein concentration were determined using the method described
previously (24). Western blot analysis was performed as described
previously (25). Primary antibodies against Mcl-1, Bcl-2, Bax, Bad,
GAPDH (Santa Cruz Biotechnology, Santa Cruz, CA, USA), and
maspin (Sigma Chemical Co. St. Louis, MO, USA) were utilized
for Western blotting (23).

Cell viability assay. Cell viability was quantitated using the 3-[4,5-
dimethylthiazol-2-yl1]-3,5-diphenyl tetrazolium bromide (MTT)
assay. First, cells (2x104) were seeded into 24-well plates and
incubated for 24 h. Subsequently, different concentrations of
curcumin (0-30 pM) or vehicle control (70% ethanol) were added
to the cells. The culture medium was removed at specific times, and
cells were incubated in a final concentration of 0.25 mg/ml MTT at
37°C for 1 h. After discarding the supernatant, the precipitated
formazan was solubilized with DMSO, and the optical density was
measured at 550 nm using a spectrophotometer (GE Healthcare,
Piscataway, NJ, USA) (26).

Flow cytometric cell-cycle analysis. Cells (3x105/well) were plated
in 6-well plates overnight and then incubated with curcumin or
vehicle control for 48 h. At different time intervals, cells were fixed
in pure methanol, stained with propidium iodide (PI), and subjected
to flow cytometry (BD Biosciences, San Jose, CA, USA) as
described earlier. Samples were analyzed with Modfit software
(Verity Software House, Inc., Topsham, ME, USA) (23).

Annexin V-PI apoptosis detection assay. Cells (5x105/well) were
seeded in 6-well plates and treated with curcumin or vehicle
control for 48 h. Subsequently, cells were double-stained with
Annexin V-fluorescein isothiocyanate (FITC) and propidium iodide
(PI) utilizing the Annexin V-FITC kit (Immunochemistry
Technologies, Bloomington, MN, USA) as described previously
(26). The Annexin V/PI protocol is a commonly used approach for
studying apoptotic cells (27). Data were acquired with the Attune®
Acoustic Focusing Cytometer system (Life Technologies, Grand
Island, NY, USA). During the later stages of apoptosis, PI can
readily move across the cell membrane and bind to DNA.
Statistical analyses Experiments were repeated at least three times
with consistent results. All our data were presented as the
mean+SD. p<0.05 was considered significant.

Results

The anticancer efficacy of curcumin is correlated with the
levels of maspin in prostate cancer cells. The expression
levels of maspin in PC-3 and DU-45 cells were determined
by Western blotting. As shown in Figure 1A, maspin had
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higher expression levels in PC-3 cells than in DU-145 cells.
Furthermore, the ICs of curcumin in PC-3 and DU-145 cells
was determined by the MTT assay. PC-3 cells were more
sensitive to curcumin-induced cell death than DU-145 cells
(Figure 1B). Our results suggested that maspin may have the
potential to alter the drug-sensitivity of HRPC to curcumin.

Down-regulation of maspin decreases the efficacy of
curcumin. To analyze functions of maspin on the efficacy of
curcumin in HRPC, we generated maspin knockdown PC-3
cells (maspin-KD) using silencing hairpin RNA (shRNA).
Figure 2A shows that the expression of maspin was
significantly repressed (0.23 fold) in maspin-KD cells,
respectively, compared with the scrambled control cells. To
further confirm the role of maspin in the cytotoxic effect of
curcumin, scrambled control and maspin-KD PC-3 cells
were incubated with different doses of curcumin. The cell
survival rate in maspin-KD cells treated with curcumin (20-
30 uM) was significantly higher than that in scrambled
control cells (Figure 2B), indicating that the knockdown of
maspin may reduce the sensitivity of HRPC to curcumin.

Depletion of maspin reduces drug-sensitivity of PC-3 cells
to curcumin. To confirm the effect of maspin-KD on
curcumin-induced cell death, the influence on cell cycle
distribution and apoptosis was analyzed by flow cytometry.
Maspin-KD and scrambled control cells were treated with
curcumin (25 pM) and harvested at 48 h. As shown in Figure
3, the proportion of scrambled control cells in the subG1
phase was increased from 0.898% at 0 h to 17.5% at 48 h
(Figure 3). Conversely, treatment of maspin-KD cells with
curcumin showed a lower fraction in the sub-G1 phase
(apoptotic cells) than the scrambled control cells. These
findings suggested that maspin knockdown can protect PC-
3 cells from curcumin-induced cell death.

Silencing maspin diminishes curcumin-induced apoptosis in
PC-3 cells. To further study the role of maspin-KD on
curcumin-induced apoptosis, cells were treated with
curcumin and subjected to the Annexin V/PI double-staining
assay for flow cytometric analysis. The proportion of
AnnexinV-positive/PI-negative ~ (AnnexinV*/PI-,  Ql
quadrant) and AnnexinV/PI-double positive cells
(AnnexinV*/PI*, Q2 quadrant) were significantly higher in
the scrambled control cells than in the maspin-KD cells after
48 h of treatment (Figure 4). These data suggested that
maspin-KD PC-3 cells were more resistant to curcumin-
induced apoptosis than scrambled control cells.

Maspin knockdown affects curcumin-mediated apoptosis
signaling in PC-3 cells. To characterize the mechanism of
maspin knockdown on curcumin signaling, the expression
levels of apoptosis-related proteins in response to curcumin
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Figure 1. Expression levels of maspin are correlated with the sensitivity
of prostate cancer cells to curcumin. (A) The expression level of maspin
in PC-3 and DU-145 cells was analyzed by Western blotting. (B) PC-3
and DU-145 cells were treated with 0-30 uM curcumin for 48 h. The
effect of curcumin on the viability of prostate cancer cells (PC-3 and
DU-145 cells) was determined by a MTT assay. All of the experiments
were independently repeated at least three times. **p<0.01.

were analyzed. Maspin-KD PC-3 and control cells were
treated with curcumin for 48 h, and the expression levels of
anti-apoptotic proteins (myeloid cell leukemia 1 (Mcl-1) and
B cell lymphoma 2 (Bcl-2)) and pro-apoptotic molecules
(Bax and Bad) were detected using Western blotting. As
shown in Figures 5A and 5B, Bax protein level decreased
more significantly in curcumin-treated maspin-KD cells than
in curcumin-treated scramble control. In addition, the Bad
expression level was increased by 20% in curcumin-treated
scrambled control cells but decreased in curcumin-treated
maspin-KD cells (Figure 5SA and B). These results were
consistent with reducing the sensitivity of PC-3 cells to
curcumin after maspin silencing. Thus, our findings
suggested that maspin-KD induced inhibition of curcumin
activity might be through reducing the expression of Bax and
Bad in PC-3 cells.
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Figure 2. Silencing of maspin leads to decreased drug-sensitivity of PC-3 cells to curcumin. (A) The expression levels of maspin in the maspin-KD and
scrambled control PC-3 cells were determined by Western blotting. (B) Maspin-KD and scrambled control cells were incubated with curcumin (0-30
wM) for 48 h. Cell survival was determined using a MTT assay. All of the experiments were independently repeated at least three times. **p<0.01.

Discussion

The progression of prostate cancer is dependent on
activation of androgen receptor signaling. Presently,
androgen deprivation therapy (ADT) is the first-line
therapy for metastatic disease (28). Response to ADT,
however, is temporary, and patients invariably progress to
HRPC (29). Currently, there is no suitable treatment for
HRPC. Curcumin, which has chemopreventive potential in
cancers, suppresses the proliferation of both androgen-
dependent and androgen-independent prostate cancer cells
by interfering with growth factors, the cell cycle, and the
metastasis potential (4). Furthermore, androgen ablation
mediated-maspin induction was suggested to inhibit cell
growth and induce apoptosis of prostate cancer cells (18).
Additionally, curcumin has been shown to induce maspin
expression to inhibit breast cancer cell invasion (21). Also,
it was suggested that the efficacy of curcumin toward
maspin expression might be modulated through the p53
pathway (13). These studies have emphasized the potential
role of maspin in the activity curcumin-mediated
anticancer therapy. In our study, we confirmed that PC-3
cells (high maspin expression) were more sensitive to
curcumin-induced cell death than DU-145 cells (low
maspin expression). Moreover, depletion of maspin
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inhibited curcumin-induced apoptosis in PC-3 cells.
Besides, maspin silencing significantly decreased
curcumin-induced apoptosis and reduced the percentage of
AnnexinV-positive apoptotic cells. The extent of reduction
of Bax was larger in the curcumin-treated maspin-KD cells
than in curcumin-treated scrambled control cells (Figure
5). In addition, the expression level of Bad was increased
in curcumin-treated scrambled control cells but decreased
in curcumin-treated maspin-KD cells. Thus, we provided
evidence for the first time that knockdown of maspin leads
to a decreased sensitivity of HRPC to curcumin-induced
apoptosis.

Curcumin shows pivotal role in the prevention of diseases
including cancer (30). Accumulated evidence has indicated
that curcumin is highly pleiotropic with anti-inflammatory
(31), antioxidant (32), and anticancer activities (4, 30).
Numerous clinical studies have demonstrated that curcumin
has activity against several cancer types, such as colorectal
cancer, pancreatic cancer, breast cancer, prostate cancer,
multiple myeloma, lung cancer, oral cancer, and head and
neck squamous cell carcinoma (33). The potent anticancer
property of curcumin is related to its ability to simultaneously
modulate the functions of a number of different molecular
pathways including MAPK, EGFR and NFxB pathways (34).
In addition, curcumin might elicit its growth inhibitory effects



Cheng et al: Anticancer Activity of Curcumin/Maspin in Prostate Cancer Cells

Vehicle Curcumin
1500
400 -
1000 i)
Scrambled & ] T ]
o o
control © Sub-G1 . Sub-G1
500_‘ 0.898% ] 17.5%
] ] |
100 4
e — J o]
10° 10’ 10° 10’ 10" 10’ 10° 10°
FL2-A FL2-A
200 -
1 600
600 -
Maspin-KD 3 ,,, ] 5 400-
! Sub-G1 bl Sub-G1
0.783% i
I ’ 2.24%
200 | 200 i
0. 0 J
bl bnfois | T By, I LA i | AL iy | = T T==T=TTTr y T T T
10 101 107 103 1Io° 1Io 1I03 1I0
FL2-A FLZ-A

Figure 3. Maspin silencing inhibits curcumin-induced apoptosis in PC-3 cells. The cell-cycle distribution was assessed in scrambled control and
maspin-KD PC-3 cells exposed to 25 uM curcumin for 48 h. Cells were collected and stained with PI. The cell-cycle distribution of each sample
was determined by flow cytometry. All experiments were repeated at least three times. p<0.05.

through inhibition of Wnt/GSK-3[/B-catenin pathway, which
resulted in the destabilization of B-catenin proteins, down-
regulation of cyclin D1 and c-myc expression (35). Previous
observations also demonstrated that curcumin is a promising
agent for the treatment of both androgen-dependent (LNCaP)
and androgen-independent (PC-3) prostate cancer cells (36).
Besides, curcumin has been shown to down-regulate the
expression of AR and AR-related cofactors in prostate cancer
cells (7). Curcumin suppresses cancer proliferation, migration,
and invasion through the down-regulation of the JAK/STAT3
pathway (37). Furthermore, curcumin induces apoptosis
involving Bax/Bcl-2 in human cancer cells (38). However, the
role of maspin on curcumin-induced cell death in androgen-
independent prostate cancer cells has not been elucidated. Our

results suggested that maspin-KD induces curcumin resistance
in PC-3 cells by modulating Bax and Bad expression.
Several clinical studies have shown that maspin down-
regulation correlates primarily with cancer progression and
that maspin expression level correlates with better prognosis
and better overall patient survival (39-41). In some cancer
types, the expression level of maspin has been connected
with cell differentiation, apoptosis, and invasion suppression
(42, 43). However, the role of maspin in the drug sensitivity
of HRPC cells to curcumin is still poorly understood. In our
study, we demonstrated that knockdown of maspin
expression reduced the sensitivity to curcumin. In addition,
we discovered that the expression of Bax and Bad were
down-regulated in curcumin-treated maspin-KD cells when
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Figure 4. Maspin knockdown suppresses curcumin-induced apoptosis in PC-3 cells. After curcumin (25 uM) treatment for 48 h, the maspin-KD
cells and scrambled control cells were collected and subjected to AnnexinV/PI double staining. The AnnexinV*/PI~ cells (Q1 quadrant) and
AnnexinV*t/PI* cells (Q2 quadrant) were then analyzed by flow cytometry. All experiments were repeated at least three times. p<0.05.

compared with control. Moreover, there is evidence
suggested that Bad may possibly represent a possible
positive prognostic marker and potential therapeutic target
for androgen-independent prostate cancer (44). Our results
implied that maspin might modulate the curcumin-induced
cell death though alternations of Bax and Bad.

In conclusion, our results suggested a pivotal role of
maspin in the sensitivities of HRPC cells to curcumin
treatment. In particular, our results demonstrated that maspin
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depletion had a drug-resistance effect through modulating
Bax and Bad expression in PC-3 cells, leading to inhibition
of curcumin-induced cell death. As a result, we believe that
these findings can help improve the therapeutic efficacy of
curcumin in HRPC patients.
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GAPDH was used as an internal control. All experiments were repeated
at least three times and data were presented as mean+SD. **p<0.01.
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