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Introduction
Ovarian cancer is one of the most prevalent and the most

lethal of all gynecological malignancies [1]. Curcumin has
showed to be a therapeutic potential against a variety of dif-
ferent cancers such as breast cancer [2], leukemia and lym-
phoma [3], gastrointestinal cancers [4], lung cancer [5],
melanoma [6], and so on. Recently, curcumin was found to
promote apoptosis in ovarian cancer cell lines [7], but the
mechanism is still not very clear.

Rho-associated protein kinases (Rho-kinase) are key reg-
ulators of the actin cytoskeleton acting downstream of the
small GTPase Rho. Rho-kinase was found to be associated
with cancer progression, and Rho-kinase protein expres-
sion was elevated in several types of cancer [8]. Further-
more, Rho GTPases are key regulators of tumor cell
invasion and ROCK signalling has demonstrated to have
both anti-apoptotic and pro-apoptotic roles [9, 10], but the
exact mechanism is still unclear.

Understanding the mechanisms of cancer apoptosis is
rapidly on the rise. In this study the authors demonstrated
that curcumin promote apoptosis in human SKOV3 ovarian
cancer cell line through activate Rho A/ROCK pathway. 

Materials and Methods
Regents and antibodies 

Curcumin and the specific ROCK inhibitor Y-27632, and pri-
mary antibodies for Rho A, ROCK, caspase-3, ere purchased.

Cell culture
The human ovarian cancer cell line SKOV3 used in this study

was purchased and were cultured in RPMI-1640 medium supple-
mented with 10% fetal bovine serum, 100 U/ml penicillin, and
100 g/ml streptomycin. Cells were incubated at 37°C with five
percent CO2.

MTT assay
Cell viability was assessed by MTT assay according to a previ-

ous report [11]. Briefly, cells were counted and planted into 96-well
culture plates (2.103 cells/well). Cells were added with MTT solu-
tion to a final concentration of 0.5 mg/ml and incubated at 37°C for
four hours. After the medium was gently aspirated, dimethyl sul-
foxide (DMSO) was added into each well to dissolve the formazan
product by shaking at room temperature for ten minutes. The opti-
cal density of each well was measured at 490 nm wavelength by
using a micro plate absorbance reader [D (490)]. Determinations
were performed in triplicate.

Cell apoptosis analysis
SKOV3 cells were grown for 24 hours in a six-mm plate and then

treated with the 15 µM or 30 µM curcumin for 12 hours. Cells were
washed with PBS three times, and then digested with 0.25%
tryptan-EDTA. After centrifugation (1,000 rpms, five minutes),
cells were resuspended in 0.5 ml phosphate-buffered saline (PBS)
. Cells were then stained with annexin V and propidium iodide (PI)
for 15 minutes in the dark at 37˚C. Flow cytometric analysis was
performed using a fluorescence-activated cell sorter [12].

Western Blot
Total protein from cells was extracted in lysis buffer and quanti-

fied using the bicinchoninic acid (BCA) method. A total of 50 µg of
protein was separated using 15% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and then elec-
trophoretically transferred to a polyvinylidene fluoride (PVDF)
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membrane. The membrane was blocked with 5% non-fat milk in
tris buffer saline-tween (TBST) solution and incubated at 4°C
overnight with primary antibody in blocking solution. After wash-
ing with TBST, the membrane was incubated at 37°C for one hour
with horseradish peroxidase–conjugated secondary antibody diluted
in TBST. Proteins were detected by enhanced chemiluminescence
plus detection reagents. The relative expression level of protein was
reflected by the band density of target proteins relative to "-actin.

Statistical analysis 
Data are presented as mean ± standard deviation (SD). Statisti-

cal differences among different groups were assessed with one-
way analysis of variance (ANOVA) and followed independent
samples T-test. All Statistical analysis was performed with SPSS
18.0. Statistical significance was considered as p < 0.05.

Results
Curcumin inhibited the survival of SKOV3 cell

SKOV3 cells were added with curcumin at concentra-
tions of 15, 30, or 60 µM, incubated for 12, 24, 48, and 72
hours, respectively. The control group was without any
treatment. Generally speaking, the impact of curcumin on
the viability of SKOV3 cell is both time and concentration
dependent. High-dose curcumin significantly inhibited the
viability of SKOV3 cell, and the survival rate in all time
points of the high-dose group were lower than 30%. At 12
hours, the survival rate in the 15 µM and 30 µM groups
were 77.23 ± 4.38 and 56.24 ± 1.97, both were significantly
higher than the other time points (p < 0.01, Figure 1). As a
result, the cell was treated with 15µM or 30µM curcumin
for 12 hours in the following study. 

Curcumin increased SKOV3 cell apoptosis in a dose-de-
pendence effect

SKOV3 cell was treated with 15µM, 30µM curcumin or
DMSO for 12 hours, the apoptosis rate of SKOV3 cell was
detected by flow cytometry. There was only a low apopto-
sis rate observed in the DMSO group (7.56 ± 1.25). The
apoptosis rate in both the higher concentration (19.88 ±
2.32) and lower concentration (33.96 ±2.57) of curcumin
treatment were significantly higher compared to the
DMSO group (p < 0.01). Meanwhile, the apoptosis rate in
the 30 µM curcumin group was much higher than in the
15 µM curcumin group (p < 0.01). The results showed that
curcumin increased SKOV3 cell apoptosis in a dose-de-
pendent effect (Figure 2).

Rho-kinase mediates the activation effects of curcumin on
cell apoptosis

Next, the authors explored the role of Rho A/Rho-kinase
pathway in the activation effects of curcumin on the cell
apoptosis. SKOV3 cells were treated with 10µM Y-27632
for 30 minutes [13], which is a specific Rho-kinase in-
hibitor, prior to treatment with curcumin (15 or 30 µM,12
hours). The control group was defined as none curcumin
or Y-27632 added. The expression of activated caspase-3

Figure 1. — The cell viability measured by MTT.
SKOV3 cells were treated with curcumin at concentrations of 0,
15, 30, or 60 µM, incubated for 12, 24, 48, and 72 hours, respec-
tively. Data are presented as mean ± SD. !p < 0.01,compared to
15µM, 12 hour group; *p < 0.01,compared to 30 µM,12 hour
group.

Figure 2. — Apoptosis rate analysis by flow cytometry.
Induction of SKOV3 cell apoptosis by treated with DMSO or cur-
cumin. The cells were treated with DMSO, 15 or 30 µM curcumin
for 12 hours. A: DMSO group; B: curcumin 15 µM group; C: cur-
cumin 30 µM group; D: the analysis of apoptosis rate among
groups. Data are presented as mean ± SD. #p < 0.01, compared to
DMSO group;*p < 0.01, compared to 15 µM group. Data are pre-
sented as mean ± SD.



Curcumin induces human SKOV3 cell apoptosis via the activation of Rho-kinase 435

(a specific marker of cell apoptosis), Rho-kinase and Rho
A in the groups was detected by western blot.

The expression of activated caspase-3 was significantly
increased both in the 15 or 30 µM curcumin group com-
pared to the control group (p < 0.05), but when pre-treated
with Y-27632, the expression of activated caspase-3 was sig-
nificantly decreased compared to the same concentration of
curcumin group (p < 0.05). The expression in the 30 µM
curcumin group was still higher than in the 15 µM group
with or without Y-27632 pre-treatment (p < 0.05, Figure 3).

The expression of Rho A in the 30µM curcumin groups
were higher than the 15 µM group (p < 0.01), and both
groups were significantly higher than the control group (p
< 0.05). There is no significantly differences observed in
the curcumin group with or without Y-27632 pre-treatment
(p > 0.05, Figure 4).

The expression of Rho-kinase in the 30µM curcumin
group was also higher than the 15 µM group (p < 0.01), and
both groups were significantly higher than the control
group (p < 0.05). When pre-treatment with Y-27632, the
expression of Rho-kinase was significantly decreased (p <
0.05) and no significantly difference was observed com-
pared to the control group (p > 0.05, Figure 5).

Discussion
The present study demonstrated that curcumin induced

apoptosis in human ovarian cancer cells. The induction is
mediates through the activation of Rho/Rho-kinase pathway.

Many new anti-inflammatory and anti-cancer drugs
have been derived from chemical scaffolds engineered
from natural products. Curcumin is a polyphenolic deriv-

Figure 3. — The expression of activated caspase-3 measured by
western blot.
The SKOV3 cells were treated with 10 µM Y-27632 for 30 min-
utes before curcumin was added. The control group was treated
without Y-27632 or curcumin (group 1). Bars represent relative
protein expression levels of activated caspase-3 related to "-actin.
Data are presented as mean ± SD. !p < 0.05, compared to group
1; #p < 0.01, compared to group 2; !p < 0.05, compared to group
2; *p < 0.05, compared to group 4; /p < 0.01, compared to group
3.

Figure 4. — The expression of Rho A measured by western blot.
The SKOV3 cells were treated with 10 µM Y-27632 for 30 min-
utes before curcumin was added. The control group was treated
without Y-27632 or curcumin (group 1). Bars represent relative
protein expression levels of Rho A related to "-actin. Data are pre-
sented as mean ± SD. !p < 0.05, compared to group 1; #p < 0.01,
compared to group 2; *p > 0.05, compared to group 1; !p < 0.05,
compared to group 2; 0P<0.01, compared to group 3; /p > 0.05,
compared to group 4.
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ative of turmeric which is a naturally occurring compound
isolated from Curcuma longa. It has long been used as a
food, coloring agent, and traditional medicine. It is safe
and non-toxic and has demonstrable antitumor, anti-in-
flammatory, apoptotic, and antioxidant properties [14].
Several reports have demonstrated that curcumin inhibits
animal and human cancers, suggesting that it may serve as
a chemopreventive agent. 

The chemotherapeutic potential of curcumin against
cancer is due to its ability to induce cancer cell apopto-
sis, and to inhibit cancer growth and angiogenesis [15,
16]. In-vitro and in-vivo studies showed that curcumin
induces proliferation arrest and apoptotic and necrotic
death in a variety of tumor cells [17, 18]. The mechanism
underlying pro-apoptosis roles of curcumin in cancer cell
including down-regulation of the expression of NF-1B

[19], STAT3 [20], bcl-2 and p53 [21], or induces apopto-
sis through inhibition of the expression of reactive oxy-
gen species [22]. Curcumin has also been shown to
suppress the expression of various NF1B-regulated
genes, including Bcl-2, COX-2, cyclin D1 and adhesion
molecules [23]. However, little is known about its anti-
tumor mechanism in ovarian cancer. In this study, the au-
thors found that curcumin treatment increased human
SKOV3 cell apoptosis in a dose-dependence effect. This
conclusion may provide new evidence to the therapeutic
roles of curcumin on ovarian cancer. 

Rho A belongs to the Rho protein family, and Rho-kinase
is one of the main downstream effector of Rho A [24]. Rho-
kinase proteins are Rho-GTPase activated serine/threonine
kinases that function as regulators of actin-myosin cy-
toskeletal dynamics via activation of LIM kinase, MLC
phosphatase, and so on [25]. 

Rho GTPases are essential for many cell functions, in-
cluding membrane trafficking [26], transcriptional acti-
vation, apoptosis [27], cell cycle progression, cell polarity,
adhesion, and migration. In particular, Rho GTPases are
crucial regulators of cancer progression through modula-
tion of cell proliferation, apoptosis, invasion, and metas-
tasis formation [28]. RhoA signalling activates the ROCK
family of kinases, promoting formation of actin stress fi-
bres and generation of the actomyosin contractile force
that is required for retraction of the cell rear in mes-
enchymal-type movement [29]. Rho-kinase expression
positively correlates with the cell migration and invasion
ability. Treatment with Y-27632, a chemical inhibitor
of ROCK, could decrease the invasiveness of SW620
cells [30]. Therefore, Rho GTPases appear to be appeal-
ing targets for cancer therapy.

In this study the authors found that Rho A and Rho-ki-
nase was activated when curcumin was added to the
SKOV3 cell, which means curcumin promote the activity
of Rho A/Rho-kinase signal pathway. The apoptosis ac-
tivity of curcumin was inhibited when Y-27632, a specific
inhibitor of Rho-kinase, was pre-treatment to the cells. It
manifests that the pro-apoptosis roles of curcumin partly
mediates through activation of Rho-kinase. The expres-
sion of caspase-3 in the higher concentration curcumin
group was still higher than the lower concentration of cur-
cumin group when Y-27632 was pre-treatment. It signi-
fies that there are other pathways concerning the
pro-apoptosis role of curcumin which needs to be further
explored in the next study.

Conclusion 
This paper confirms that curcumin induces human

SKOV3 cell apoptosis in a dose-dependent effect. More im-
portantly, the authors found that the pro-apoptosis effect of
curcumin is Rho-kinase mediated.

Figure 5. — The expression of Rho-kinase measured by western
blot.
The SKOV3 cells were treated with 10 µM Y-27632 for 30 min-
utes before curcumin was added. The control group was treated
without Y-27632 or curcumin (group 1). Bars represent relative
protein expression levels of Rho-kinase related to "-actin. Data
are presented as mean ± SD. !p < 0.05, compared to group 1; #p
< 0.01, compared to group 2; *p > 0.05, compared to group 2; !p
> 0.05, compared to group 3; /p < 0.01, compared to group 4.
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