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Abstract: Prostate cancer is a common malignant tumor in urinary system. Curcumin has curative effect on many
kinds of cancers and can inhibit prostate cancer (PC)-3 cells proliferation. This study aimed to explore the curcumin
induced prostate cancer cell apoptosis and apoptosis related proteins Bcl-2 and Bax expression. PC-3 cells were
injected subcutaneously to the nude mice to establish the tumor model. The nude mice were randomly divided into
group C (normal saline), group B (6% polyethylene glycol and 6% anhydrous ethanol), group H, M, L (100 mg/kg, 50
mg/kg, and 25 mg/kg curcumin). The tumor volume was measured every 6 days to draw the tumor growth curve.
The mice were killed at the 30" day after injection to weight the tumor. TUNEL assay was applied to determine cell
apoptosis. Immunohistochemistry was used to detect Bcl-2 and Bax expression. The tumor volume and weight in
group H, M, L were significantly lower than the control group (C, B) (P<0.05), and the inhibitory rate increased fol-
lowing the curcumin dose increase. Compared with the control group, Bcl-2 expression in group H, M, L gradually
decreased, while Bax protein expression increased (P<0.05). The cell apoptosis rate showed no statistical differ-
ence between group B and C, while it increased in curcumin group H, M, and L (P<0.05). Curcumin could inhibit
PC-3 growth, decrease tumor volume, reduce tumor weight, and induce cell apoptosis under the skin of nude mice
by up-regulating Bax and down-regulating Bcl-2.
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Introduction kinds of cancers, such as pancreatic cancer
and colon cancer [7]. Its antitumor mechanism
might be related to the induction of cell apopto-

’ . . sis through regulating cell cycle, oncogenes,
rate. Endocrine therapy is the main treatment tumor suppressor genes, and their protein

for advanced prostate cancer [1, 2]. However, expression. Curcumin can also inhibit tumor
most patients progress to hormone indepen- angiogenesis through down-regulating VEGF
dent prostate cancer in the treatment course. and tumor metastasis related factors expres-
Radiotherapy, chemotherapy, and biological sion [8-10]. Bax is a type of apoptosis promot-
treatment showed no ideal effect on hormone ing factor, while the Bcl-2 is a kind of apoptosis
independent prostate cancer. The main obsta- inhibiting factor. Their expression level is relat-
cle is hormone independent transformation [3, ed to cell apoptosis. This research used cur-
4]. Chemotherapy is limited by its side effects cumin in vivo to detect its role on tumor prolif-

and multi-resistance. It is important to reduce eration establishing androgen independence

side effect and slow down tumor multi-drug prostate cancer cell PC-3 subcutaneous trans-
resistance formation in treating prostate can- plantation tumor model in nude mice.

cer. Curcumin is a type of natural phenolic pig-

Prostate cancer is a common malignant tumor
in male reproductive system with high mortality

ment extracted from rhizoma zedoariae and Materials and methods

turmeric rhizome zingiberaceae plants with

diversiform pharmacological activities includ- Cell line and cell culture

ing anti-inflammation, anti-tumor, and antioxi-

dant action [5, 6]. Studies have shown that cur- Human prostate cancer cell PC-3 was bought

cumin has significant clinical efficacy on many from the Chinese academy of sciences,
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The effect of curcumin on prostate cancer PC-3 subcutenous transplantation in nude mice
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chased from Xi’an Tianzheng
medicinal materials co., LTD.
In  situ terminal-deoxynu-
cleoitidyl transferase medi-
ated nick end labeling apop-
tosis detection kit, Bcl-2 and
Bax monoclonal antibody,
and the Bcl-2, Bax immuno-
histochemical kit were sup-
H plied by the Wuhan Boster
——m  biotechnology company.

Animal model

PC-3 cells in logarithmic
phase were digested into
single cell suspension at
6 1x107/L. 0.1 ml cells were
injected to the left subcuta-
neous anterior axillary of the

Figure 1. Tumor growth curve in nude mice. *P<0.05, compared with group B hyde mice under aseptic

and C; #P<0.05, compared within group H, M, and L.

Table 1. The effect of curcumin on prostate cancer tumor weight and

tumor inhibitory rate in nude mice (X+S, N=8)

condition. The tumor diame-
ter a and short diameter b
were measured every day to
draw the tumor growth

o curve.

Group Doie,.r:;g/ Tumor volume (mm?3) Tumor weight (g) Inht|b|t;ry

(kg-d) rate (%) Grouping and administration
C - 974.51+8.79 0.86+0.04 -
B - 965.98+6.88 0.81+0.03 - When the tumor volume
H 100 356.32+8.09 ##&8  (0.34+0.02° ##&A 58 QD HH&A reached 300 mms, the nude
M 50 458.33+7.68 " #& 0.44+0.03" #& A5 B]**##& mice were randomly divided
L o5 518.3447.31"# 0.5140.03"# 37.04%# into group C (normal saline),

+7. .51+0. . 0

*P<0.05, **P<0.01, compared with group C; #P<0.05, ##P<0.01, compared with group B (66 o polyethylene
group B; &P<0.05, compared with group L; AP<0.05, compared with group M. glycol and 6% anhydrous

Shanghai institute of biochemistry and cell biol-
ogy. The cells were cultivated in IMDM medium
containing 10% fetal bovine serum, 100 u/ml
penicillin-streptomycin at 37°C and 5% CO,.
The medium was changed every two days and
the cells were passaged every 5 days.

Animals

40 male SPF BALB/c nude mice weight 18-20 g
at 4-6 weeks old were provided by the institute
of Chinese academy of medical sciences tumor
animal center and raised in SPF animal labora-
tory. The mice eating and drinking accord with
experimental animal standard.

Reagents

Curcumin was provided by the Sigma Company.
Ethanol and polyethylene glycol were pur-
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ethanol), group H, M, L (100

mg/kg, 50 mg/kg, and 25
mg/kg curcumin) with eight mice in each group.
The mice received abdominal cavity injection
every two days at 2 ml in each time. The tumor
volume was measured every 6 days to draw the
tumor growth curve. Tumor volume V=r/6
(@axb?). The mice were killed at the 30" day after
injection to weight the tumor. Tumor inhibitory
rate (%)=(control mean tumor weight-test mean
tumor weight)/control mean tumor weight
x100%. TUNEL method was applied to detect
tumor cell apoptosis. Apoptosis index Al= apop-
tosis cell number/total cell number x100%.

Immunohistochemical detection

Bcl-2 and Bax expression in tumor tissue were
detected by immunohistochemical SP method.
Bcl-2 and Bax positive expression in tumor tis-
sue were observed under the microscope. The
result was judged as the yellow or tan particle
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Table 2. The effect of curcumin on Bcl-2 and Bax expression

in nude mice (XS, N=8)

that in group C and B (P<0.05),
while the inhibitory rate was mark-

edly higher than group C and B

Group Dose, mg/(kged) Bcl-2 )

c - 0.163+0.031 0.001+0.000 (P<0.05). Furthermore, their also
showed statistical differences

B - 0.171+0.025 0.001+0.000 among curcumin groups (P<0.05).

H 100 0.017+0.014 " ##&4  0,141+0.037 " ##&4 Group H showed the most obvious

M 50 0.024+0.017"#&  0.107+0.019""#*& tumor inhibitory rate, and certain

L 25 0.055+0.012""## 0.082+0.028"#* dose dependence could be found

*P<0.05, **P<0.01, compared with group C; #P<0.05, ##P<0.01, compared

among each dose group (Table 1).

with group B; &P<0.05, compared with group L; AP<0.05, compared with

group M.

appeared on cell membranes or in the cyto-
plasm. The staining intensity was analyzed
quantitatively to determine the positive area
average integral absorbance.

Statistical analysis

All statistical analyses were performed using
SPSS19.0 software (Chicago, IL). Numerical
data were presented as means and standard
deviation (£S). Differences between multiple
groups were analyzed using one-ANOVA or LSD
test. P<0.05 was considered as significant
difference.

Results
Tumor growth and nude mice survival

After 1 week, small bump could be touched in
the inoculation place but with no significant dif-
ference among the groups. All of the nude mice
appeared tumor after two weeks with diameter
at 0.5-0.6 cm. The mice activity, hair, eating
and drinking showed no significant abnormity.
After 7 days, tumor volume gradually increased
in group C and B, while it grew slowly in group H,
M, and L. After 14 days the tumor volume
decreased in group H, M, and L. The tumor vol-
ume exhibited obvious difference among differ-
ent groups at the 30™ day after inoculation
(P<0.05). Mice in group C and B presented less
hair, no activity, and fewer eating and drinking.
Mice in group H had rapid response, normal
eating and drinking, and smooth hair. Mice in
group M showed no abnormal action and eat-
ing, and smooth hair. Mice in group L exhibited
slow action, dry hair, and poor eating (Figure 1).

Effect of curcumin on prostate cancer tumor
weight and tumor inhibitory rate in nude mice

After 30" days, the tumor volume and weight in
curcumin groups were significantly smaller than
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Effect of curcumin on Bcl-2 and
Bax expression in nude mice

Bax expressed weak in group C and B, and it
increased in group H, M, and L (P<0.05). Its
expression showed statistical difference
among group H, M, and L. Compared with group
C and B, Bcl-2 expression obviously reduced in
group H, M, and L, and it exhibited significant
differences among the curcumin groups
(P<0.05), (Table 2; Figures 2 and 3). The effect
of curcumin on cancer cell apoptosis in nude
mice. The cell apoptosis rate showed no statis-
tical difference between group B and C, while it
increased in curcumin group H, M, and L
(P<0.05) (Table 3).

Discussion

There is still lack of effective drugs for clinical
treatment of prostate cancer. The side effect
and tumor cells resistance limited chemothera-
py drugs’ application. As a type of phenolic pig-
ment extracted from turmeric zingiberaceae
plants, curcumin exhibited many pharmacologi-
cal activities. It showed a variety of curative
effect on tumor, such as colon cancer, breast
cancer, and lymphoma. Moreover, it has few
side effects. Previous studies confirmed that
curcumin could regulate tumor factor expres-
sion, inhibit prostate cancer cell proliferation
and induce apoptosis in vivo through multiple
pathways [11, 12]. Tumor progression is asso-
ciated with cell apoptosis, and curcumin can
down-regulate MDM2 protein or affect its com-
bination with p53 through calyculin A or PP2A
dephosphorylation mediated Akt/mTOR signal-
ing pathway. Also, it can induce apoptosis by
inhibiting the effect of AP-1 and NF-kB signaling
pathway. Furthermore, it might promote the
Bak and Bax gene effects on cancer cell apop-
tosis by inhibiting mitochondrial Akt. Several
studies considered that curcumin induced PC-3
cell apoptosis is associated with mitochondria
destruction and cell ceramide accumulation
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[13]. Androgen receptor signal activation plays
an important role in the process of prostate
cancer hormone independent transformation.
Curcumin can down-regulate androgen recep-
tor transcription and expression. In vitro test
showed that curcumin could be used for hor-
mone refractory prostate cancer treatment,
strengthen the cytotoxic effect of taxol, and
delay the paclitaxel resistance [14, 15]. It could
inhibit LNCaP transplant tumor growth, control
tumor angiogenesis, and suppress tumor
metastasis in Balb/c nude mice [15]; it also
could make the PC-3 stay in G2/M phase and
assist radiation [15]. Researchers have shown
that curcumin might inhibit HepG 2 cell growth
by up-regulating Bax gene and down-regulating
Bcl-2 gene [16]. Currently, it is still not clarified
the mechanism of curcumin inducing prostate
cancer cell apoptosis. Bax is an apoptosis pro-
moting factor, while Bcl-2 is an apoptosis inhibi-
tory factor. Bcl-2 and Bax expression level is
related to cell apoptosis. This study investigate
the curcumin effect on androgen independent
prostate cancer cells proliferation by establish-
ing PC-3 nude mice model, aiming to provide
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basis for application of traditional Chinese
medicine in prostate cancer treatment.

Our results showed that the tumor volume and
weight in curcumin group H, M, L were signifi-
cantly lower than that in the control group (C,
B), while the inhibitory rate increased following
the dose augment. It indicated that curcumin
could obviously suppress androgen indepen-
dent prostate cancer PC-3 cell growth in nude
mice in the early phase. Apoptosis index in cur-
cumin group H, M, L increased compared with
group C and B, suggesting that certain doses of
curcumin could induce PC-3 cell apoptosis. The
cancer lesions process is associated with cell
apoptosis, whereas cell apoptosis is associat-
ed with multiple genes and pathways.
Compared with the control group, Bcl-2 expres-
sion in curcumin group H, M, L gradually
declined and Bax protein expression increased.
Curcumin regulating on apoptosis related pro-
teins Bcl-2 and Bax expression plays an impor-
tant role in prostate cancer cells apoptosis.
Bcl-2 and Bax both belong to the Bcl-2 family
but have the opposite function. Their ratio
between decides cell apoptosis or anti-apopto-

Int J Clin Exp Pathol 2015;8(8):9272-9278
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Table 3. The effect of curcumin on cancer cell
apoptosis in nude mice (X£S, N=8)

Group Dose, mg/(kged)

Apoptosis index

C 2.33#0.11

B 2.67+0.25

H 100 49.35+2.87""##&n
M 50 39.85+1.62""##&
L 25 27.65+1.57"

*P<0.05, **P<0.01, compared with group C; #P<0.05,
##P<0.01, compared with group B; &P<0.05, compared
with group L; AP<0.05, compared with group M.

sis. Bax can antagonist the biology activity of
Bcl-2 and promoting cell apoptosis. Bcl-2 can
promote cell apoptosis. Bcl-2 can bind with
Bcl-2 family such as Bax, Bcl-X1, Bad, and
Mc1-1 to form homologous dimers. Bax can
form dimer with Bcl-2 protein. Higher relative
amount of Bcl-2 may inhibit cell apoptosis,
whereas higher relative amount of Bax result in
promoting cell apoptosis. Some researches
thought that after the cell receives apoptosis
signal, Bak and Bax occur oligomerization.
Then, some proteins shift to the outer mem-
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brane of the mitochondria. Oligomerization
product may combine with the voltage depen-
dent anion channel on the mitochondrial mem-
brane to make it open, resulting in cytochrome
¢ release and apoptosis [17, 18]. Our immuno-
histochemistry results showed that Bax expres-
sion up-regulated and Bcl-2 down-regulated in
PC-3 transplanted tumor tissue after curcumin
intervention, resulting in the increase of Bcl-2
heterologous dimer and decrease of homolo-
gous dimer to promote cell apoptosis. Curcumin
can mediate mitochondrial outer membrane
permeability by up-regulating Bax protein
expression and down-regulating Bcl-2 expres-
sion. Bax can let the mitochondria open the
mitochondria permeability transition channels,
leading to cytochrome c release and Caspase
family activation, to activate the downstream
triggering apoptosis. Bcl-2 inhibits Ca?* release,
while Bax promotes Ca?* release Curcumin may
control Bax and Bcl-2 expression to induce Ca?*
overload in the mitochondria, resulting mito-
chondrial permeability transition channels
open, mitochondria swelling broken, and tumor
cell apoptosis [19, 20]. In this study, group H
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exhibited great effect on prostate cancer PC-3
transplanted tumor inhibitory rate, tumor cell
apoptosis index, and the Bcl-2 and Bax protein
expression with dose dependence.

Apoptosis is believed to be achieved through
mainly two pathways: caspase dependent and
independent pathways. Bcl-2 and Bax are the
upstream signals, and their specific mecha-
nism in curcumin antitumor still needs further
research. Above all, curcumin can effectively
regulate apoptosis related proteins expression
to inhibit prostate cancer cell proliferation and
induce apoptosis in vitro. Also, it can inhibit
tumor growth, reduce tumor weight, decline
tumor volume, and promote tumor cell apopto-
sis in PC-3 transplanted nude mice in vivo.
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