Mol. Nutr. Food Res. 2015, 59, 1053–1062

1053

DOI 10.1002/mnfr.201400739

RESEARCH ARTICLE

Curcumin induces apoptotic cell death via Oct4
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Scope: Octamer-binding transcription factor 4 (Oct4) is a key regulator of pluripotent embryonic
stem cell maintenance. However, increasing evidence has suggested that Oct4 is also expressed
in cancer stem cells (CSCs) and is associated with tumor progression and chemoresistance.
Curcumin (CUR) is a widely used cancer chemopreventive agent, and it has been used to
treat several diseases including cancers. Here, we investigated whether CUR-induced apoptotic
cell death by inhibiting Oct4 levels and examining molecular mechanisms in NCCIT human
embryonic carcinoma cells.
Methods and results: CUR significantly inhibited Oct4 transcription levels in a dose-dependent
manner by dual luciferase experiment, also decreased mRNA and protein levels in NCCIT human embryonic carcinoma cells, which express high levels of endogenous Oct4. Interestingly,
we found that CUR treatment increased apoptotic cell death including subG0/G1 contents,
cleavage caspases, and pro-apoptotic protein, as confirmed with a series of loss-of-function
experiments using Oct4 siRNA. Furthermore, CUR induced marked total level of glycogen
synthase kinase 3 beta (GSK-3␤), resulting in an increase in apoptotic cell death, was evaluated
using chemical inhibitor of GSK3-3␤.
Conclusion: These data suggest that CUR induces apoptotic cell death through Oct4 inhibition
and GSK-3␤ activation. Thus, CUR may be a useful cancer chemopreventive agent to suppress
tumor progression or to improve chemoresistance by eliminating CSCs.
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1

Introduction

The development of cancer is generally thought to occur
in three distinct stages: “initiation,” “promotion,” and “progression.” The use of cancer chemoprevention, including
treatment with phytochemicals, during the promotion or
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prevention stages induces apoptotic cell death [1, 2]. Cancer
chemoprevention includes the use of dietary phytochemicals,
which originate from naturally edible plants, to inhibit, delay,
or reverse carcinogenesis or prevent cancer development,
and they are also used to benefit human health.
Octamer-binding transcription factor4 (Oct4) is a POU
family transcription factor, and it plays an important role in
maintaining embryonic stem (ES) cell pluripotency [3] and
proliferation by inhibiting ES cell apoptosis [4]. Changes in
Oct4 expression have significant implications in mammalian
development [5]. Emerging evidence has proposed that Oct4
is a remarkable target in cancer prevention and treatment
due to its regulation of proliferation. Additionally, Oct4 has
been implicated in the maintenance of cancer stem cell (CSC)
properties, including self-renewal, migration, tumor formation, resistance, and recurrence in various cancers [6–10]. It
has also been reported that suppression of Oct4 function induces cancer cell apoptosis [11]. Therefore, the use of dietary
phytochemicals to inhibit Oct4 levels and induce apoptotic
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cell death is a plausible strategy for cancer chemoprevention
and will provide a novel therapeutic approach. In our study,
we used NCCIT human embryonic carcinoma cell line to
screen potent Oct4 inhibitors from dietary phytochemicals
because it has various CSC properties including high expression level of Oct4.
␤-catenin is a well-known key factor in Wnt signaling regulation. It is phosphorylated by the kinases CK1␣ and glycogen synthase kinase 3 beta (GSK-3␤), leading to ubiquitylation or proteasomal degradation (phospho-form). It also binds
to TCF-binding element (TBE) specific DNA sequences that
interact with TCF/LEF transcription factors after it translocates into the nucleus, leading to the transcription of Wntresponsive genes (nonphospho-form) [12]. Wnt/␤-catenin
signaling activity regulates normal cell and various cancer cell
proliferation, differentiation, migration, and survival [13, 14].
Additionally, deregulated Wnt/␤-catenin signaling has been
associated with CSC activity [15]. Recent reports have shown
that Wnt signaling regulates its novel downstream target Oct4
in ES and HepG2 cells [16] and also enhances Oct4 activity and
its target genes, including Nanog, Tbx3, Tcfcp2L1, and PDGF␣ [17]. Thus, phytochemicals that inhibit Wnt/␤-catenin signaling at the extracellular level or CSCs via Oct4 could have
promising anticancer activity [18].
The dietary phytochemical curcumin (CUR) is a major
polyphenolic compound isolated from turmeric, and it is a
common cancer chemoprevention agent in several cancer
models, as it possesses anti-inflammatory, antioxidant, and
anticancer activities [19,20]. Emerging evidence suggests that
CUR also has anticarcinogenic activity by targeting CSCs by
decreasing stem cell signaling pathway activity [21]. However,
Oct4 inhibition by CUR has not yet been reported. Thus, we
focused on Oct4 inhibition by CUR and its role in NCCIT
apoptotic cell death.
In this study, we searched for dietary phytochemicalmediated Oct4 inhibition by a luciferase screening system.
Among the phytochemicals tested, CUR exhibited the most
effective inhibition of Oct4 activity and apoptotic cell death
induction. We further investigated CUR-induced apoptotic
cell death by inhibiting Oct4 levels and examining molecular mechanisms, including Wnt/␤-catenin signaling. These
findings will provide scientific evidence for the use of CUR
as a cancer chemopreventive agent.

2

Materials and methods

2.1 Cell culture and treatment
293T human embryonic kidney cells and NCCIT human embryonic carcinoma cells were purchased from the American
Type Culture Collection (ATCC, Rockville, MD, USA). 293T
cells were maintained in MEM medium supplemented with
10% FBS, 1 mM sodium pyruvate, 1× nonessential amino
acids, 100 units/mL penicillin and 100 g/mL streptomycin.
NCCIT cells were maintained in RPMI-1640 medium sup
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plemented with 10% FBS, 1 mM sodium pyruvate, 2.5 g/L
D-glucose, 100 units/mL penicillin and 100 g/mL streptomycin. All cell culture supplements were purchased from
Hyclone (Logan, UT, USA). Growth medium was replaced
every 2 days, and cells were kept at subconfluence in 95% air
and 5% CO2 in a humidified atmosphere at 37⬚C. Curcumin
(CUR) was purchased from Sigma (St. Louis, MO, USA), was
dissolved in 100% dimethyl sulfoxide (DMSO; Sigma). All experiments were treated with either DMSO alone or CUR and
used at a final concentration of 0.1% DMSO. DMSO was used
as control for all experiments. Data were expressed as CURtreated cells compared to control cells. Inhibitors including
MG132 and SB216763 were purchased from Sigma.
2.2 Cell viability
Curcumin-induced cytotoxicity was measured using EZCytox cell viability assay kit (Daeil Lab Service, Ltd., Seoul, Korea) according to the manufacturer’s instructions. Results are
expressed as percent of formazan dye reduction. Absorbance
at 450 nm was measured with a Synergy HT Multi-microplate
reader (BioTek Instruments, Winooski, VT, USA).
2.3 Transient transfection and luciferase assay
293T cells were transiently co-transfected with 0.5 g
pcDNA3-mOct4 [22] or pcDNA3 (empty vector) plus 1 g pRLcytomegalovirus vector and 2 g pOct4(10x)TATA-luc [22] usR
-2020 transfection reagent (MIRUS, Madison,
ing TransIT
WI, USA) according to the manufacturer’s instructions. Additionally, NCCIT cells were transiently co-transfected with 1
g pRL-cytomegalovirus vector and 2 g pOct-4(10x)TATAluc. All cells were allowed to reach 40–60% confluence prior
to transfection. After 24-h treatment, cells were lysed and assayed for luciferase expression using a Dual Luciferase Assay
kit (Promega, Madison, WI, USA), according to the manufacturer’s instructions. Luciferase activity was detected using a
Synergy HT multi-microplate reader. Renilla luciferase activity was used to normalize transfection efficiencies.
2.4 RNA extraction and real-time PCR
Total RNA was extracted using RNeasy Mini Kit Columns
(Qiagen, Valencia, CA, USA) according to the manufacturer’s recommended protocol. cDNA was prepared using
R
Reverse Transcription Kit (Qiagen) according
QuantiTect
to the manufacturer’s protocol. Quantitative real-time
PCR was performed in triplicate in 384-well plates as
described previously [23]. Primers used were as follows:
Oct4 (NM_002701; forward 5 -cttcgcaagccctcatttc-3 , reverse
5 -gagaaggcgaaatccgaag-3 ), MSX1 (NM_002448; forward
5 -ctcgtcaaagccgagagc-3 , reverse 5 -cggttcgtcttgtgtttgc-3 ),
HAND1 (NM_004821; forward 5 -aactcaagaaggcggatgg-3 ,
reverse 5 -ggaggaaaaccttcgtgct-3 , and BMP4 (NM_001202;
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forward 5 -ctgcaaccgttcagaggtc-3 , reverse 5 -tgctcgggatggca
ctac-3 ). Real-time PCR analysis was performed using an
LC480 Detection System (Roche, Indianapolis, IN, USA).

2.5 Protein extraction and Western blot analysis
Proteins were extracted in RIPA buffer (Sigma) containing
a protease inhibitor cocktail and sonicated according to the
manufacturer’s instructions. Proteins were analyzed by Western blot analysis as described previously [24]. Antibodies
against Oct4 (sc5279), p53 (sc126), ␤-actin (sc47778), and secondary antirabbit (sc2004), and secondary antimouse (sc2005)
antibodies were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Antibodies against poly (ADP-ribose)
polymerase (PARP) (#9542), cleaved caspase 8 (#9748), 9
(#9505), 3 (#9661), B-cell lymphoma-extra large (Bcl-XL)
(#2762), Bcl2-antagonist of cell death (BAD) (#9292), Sox-2
(#2748), Nanog (#3580), GSK-3␤ (#9315), ␤-catenin (#9582),
␣-tubulin (#2125), and GAPDH (#2118) were purchased from
Cell Signaling Technology (Danvers, MA, USA).

2.6 Apoptotic cell death analysis
Apoptotic cell death was evaluated by DNA content analysis
using a flow cytometer (Becton Dickinson, San Jose, CA,
USA). To quantitate apoptotic cell death, we measured the
externalization of phosphatidylserine with propidium iodide
(PI) labeling, a specific phospholipid marker of apoptotic cell
death, as described previously [25]. The data were obtained
using Cell Quest Pro or Mod fit LT 3.0 software.

2.7 Small interfering RNA (siRNA) experiments
siRNA was transfected into cells using Lipofectamine
RNAiMAX (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Cells were allowed to reach 60–
80% confluence prior to transfection. Oct4 was silenced using Oct4 siRNA (Santa Cruz Biotechnology) or scrambled
siRNA (Cell Signaling Technology). Twenty-four hours after
transfection, cells were treated according to experimental requirements. The efficacy of siRNA silencing was analyzed by
Western blot analysis.

2.8 Oligonucleotide pull-down assay
Oligonucleotide pull-down assays were performed as described previously [26]. Briefly, NCCIT cells were lysed
in HKMG buffer (10 mM HEPES pH 7.9, 100 mM
KCl, 5 mM MgCl2 , 10% glycerol, 1 mM DTT, and 0.5%
NP-40). Total cell lysates were incubated with biotinylated double-stranded oligonucleotides. The oligonucleotide
sequences are listed as follows (only sense strand nu
C 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

cleotide sequences are shown): 5 -AAGATCAAAGGGGGT
AAGATCAAAGGGGGTAAGATCAAAGGG-3 . To collect
DNA-bound proteins, the mixtures were incubated with
streptavidin-agarose beads (Thermo, Rockford, IL, USA), precipitated by centrifugation and analyzed by Western blot
analysis.

2.9 Statistics
Statistical analyses were performed by one-way ANOVA with
Dunnett’s multiple comparison test using GraphPad Prism
5 software (GraphPad Software, Inc., La Jolla, CA, USA). Differences were considered to be statistically significant at p <
0.05.

3

Results

3.1 Oct4 inhibition by CUR
To investigate potential Oct4 inhibition by phytochemicals (almost 100 compounds tested), we utilized the luciferase assay
system and co-transfection of two plasmid constructs such as
pcDNA3-mOct4 and pOct4(10x)TATA-luc in 293T cells [22].
Among them, the well-known chemopreventive agent CUR,
which is isolated from turmeric, most effectively inhibited
Oct4 activity (data not shown). As shown in Fig. 1A, 24-h
CUR treatment significantly decreased Oct4 transcription levels in 293T cells in a dose-dependent manner. We next examined the effect of CUR on Oct4 expression in NCCIT human
embryonic carcinoma cells, in which pluripotency-associated
genes (Oct4, Sox-2, and Nanog) are highly expressed. CUR
treatment significantly decreased Oct4 transcription levels,
also significantly decreased Oct4 mRNA and protein levels in
a dose-dependent manner (Fig. 1B–D). In addition, genes that
are functionally coordinated with Oct4 to maintain pluripotency, such as Sox-2 and Nanog, also decreased upon CUR
treatment (Fig. 1D). These results showed that CUR treatment of NCCIT cells inhibited Oct4 levels.
According to previous reports, NCCIT cells differentiate
into mesoderm upon Oct4 knockdown [27]. We further examined whether the CUR-induced decrease in Oct4 also induced mesoderm development. As shown in Fig. 2, CUR
treatment significantly increased the mRNA levels of mesoderm markers, including MSX1, HAND1, and BMP4 in a
dose-dependent manner. These data suggest that CUR is a
potential candidate for Oct4 inhibition.

3.2 CUR inhibition of Oct4 induces apoptotic cell
death
A large number of studies have reported that CUR has several anticancer effects, including apoptotic cell death [20, 28].
We examined whether CUR treatment induced apoptotic cell
www.mnf-journal.com
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Figure 1. Inhibition of Oct4 expression by curcumin. Cells were treated with the indicated concentrations (5–20 M) of curcumin (CUR) for
24 h. (A) 293T cells were transiently transfected with pcDNA3-mOct4 or pcDNA3 with pRL-CMV and pOct4-(10x)TATA-luc constructs prior
to CUR treatment. (B) NCCIT cells were transiently transfected with pRL-CMV and pOct4-(10x)TATA-luc constructs prior to CUR treatment.
(C) Oct4 mRNA levels in NCCIT cells were measured by real-time PCR analysis. Each bar represents a fold induction compared with mOct4
(A) or 0.1% DMSO controls (B, C). The results represent the means ± SD (n = 3). An asterisk denotes significant differences compared to
each controls (*p < 0.05; **p < 0.01). (C) NCCIT cells were harvested after treatment, and protein expression was measured by Western
blot analysis. All data are representative of three independent experiments.

death in NCCIT cells. As shown in Fig. 3, CUR treatment
significantly decreased cell viability (IC50 = 25.92 M) and
induced apoptotic bodies. We also found that CUR treatment
significantly increased the subG0/G1 content (%) by measuring DNA content labeled with PI using flow cytometry,

which is indirect evidence of apoptotic cell death. In addition, CUR induced the cleavage of caspase 8, 9, 3, and also
PARP. PARP is a hallmark of caspases-dependent apoptotic
cell death. However, the well-known apoptotic marker p53
[29] did not change upon CUR treatment (Fig. 3D). These

Figure 2. CUR induces NCCIT cell differentiation via Oct4 inhibition. NCCIT cells were treated with the indicated concentrations (5–
20 M) of CUR for 24 h. The mRNA level of MSX1 (A), HAND1 (B), and BMP4 (C) were measured by real-time PCR analysis. These RNA
are general mesoderm markers. Each bar represents a fold induction over the control. The results represent the means ± SD (n = 3) from
three independent experiments. An asterisk denotes a significant difference compared to the control (*p < 0.05; **p < 0.01).
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Figure 3. CUR induces apoptotic cell death of NCCIT cells. NCCIT cells were treated with the indicated concentrations (5–20 M) of CUR for
24 h. (A) Cell viability was determined by MTT assay (IC50 = Concentration required to inhibit cell growth by 50%). The results represent the
means ± SD (n = 3) from three independent experiments. (B) Phase-contrast microscope images. (C) SubG0/G1 content (%) was measured
by flow cytometric DNA content analysis with Mod fit LT 3.0 software. Each bar represents the mean ± SD (n = 3) from three independent
experiments as a fold induction over the control. An asterisk denotes significant differences compared to the control (**p < 0.01) (D)
Apoptotic markers were observed by Western blot analysis. Bar graphs and images are representative of three independent experiments.

results indicate that CUR induces NCCIT cell apoptosis
through a caspases-dependent pathway, but not a p53dependent pathway.
Recent studies have reported that Oct4 inhibition induces
apoptotic cell death in murine embryonic stem cells [30], human cancer stem cells [11], and chemoresistant cells [31]. We
further examined whether CUR induces apoptotic cell death
via Oct4 inhibition using siRNA technology. To first explore
the role of Oct4 in apoptotic cell death, Oct4 was knocked
down in NCCIT cells using siRNA. Western blot analysis
confirmed the efficiency of Oct4 knockdown in NCCIT cells
(Fig 4A). We found that Oct4 knockdown induced apoptotic
body formation (Fig. 4B), apoptotic marker expression, such
as cleavages of caspase 8, 9, 3, and PARP (Fig. 4A and E),
and dose-dependent increase of subG0/G1 contents (Fig. 4F),
leading to cellular apoptotic cell death.
We further investigated the effects of CUR on apoptotic
cell death following Oct4 knockdown. Upon Oct4 knockdown,
NCCIT cells exhibited increased signs of apoptotic cell death

C 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

such as apoptotic bodies (Fig. 4B), cleaved caspase 8, 9, 3, and
PARP (Fig. 4E), and subG0/G1 contents (Fig. 4F) compared to
Oct4 knockdown or CUR treatment alone. Furthermore, Oct4
levels were lowest in the CUR-treated Oct4 knockdown cells
(Fig. 4C and D). These results indicate that CUR enhances
both the decrease in Oct4 levels and increase in apoptotic cell
death in Oct4 knockdown NCCIT cells when compared with
each individual treatment. Thus, CUR induces apoptotic cell
death through the inhibition of Oct4 levels in NCCIT cells,
suggesting that Oct4 is a key regulator of apoptotic cell death
in CUR-treated NCCIT cells.

3.3 CUR inhibits Wnt/␤-catenin independently of
Oct4
Regulation of Oct4 expression has previously been shown
to be closely linked to Wnt/␤-catenin signaling [16, 17]. To
explore whether CUR inhibits the Wnt/␤-catenin signaling
www.mnf-journal.com
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Figure 4. CUR induces NCCIT cell apoptotic cell death via Oct4 inhibition. NCCIT cells were transfected with small interference RNA (siRNA)
of Oct4 (20 nM) or with the indicated concentrations (10–20 M) of CUR for 24 h. (A) Efficiency test of Oct4 siRNA by Western blot analysis.
(B) Oct4 mRNA levels. (C) Phase-contrast microscope images. Oct4 protein expression and other pluripotent markers (D) and apoptotic
markers (E) were observed by Western blot analysis. (F) SubG0/G1 content (%) was measured by flow cytometric DNA content analysis
with Mod fit LT 3.0 software. Each bar represents the mean ± SD (n = 3), and an asterisk denotes a significant difference compared to the
control (*p < 0.05; **p < 0.01). All results are representative of three independent experiments.

pathway by inhibiting the binding of cytoplasmic ␤-catenin to
TBE in the nucleus or via proteasomal degradation in NCCIT
cells, we performed oligo pull-down assays and treated cells
with the proteasome inhibitor MG132. CUR treatment did
not change ␤-catenin protein levels in the oligo pull-down

assay (Fig. 5A). Additionally, we transiently transfected the
TOP/FOP flash reporter plasmids to measure ␤-catenin/TCF
transcriptional activity and found that CUR did not regulate
␤-catenin activity (data not shown). However, CUR treatment dose dependently decreased total ␤-catenin protein

Figure 5. CUR inhibits Wnt/␤-catenin signaling via GSK-3␤-dependent degradation of ␤-catenin and Oct4 inhibition in NCCIT cells. NCCIT
cells were treated with the indicated concentrations (10–20 M) of CUR for 24 h. (A) ␤-catenin binding to TBE was observed using oligonucleotide pull-down assays. (B) CUR effects on ␤-catenin and GSK-3␤ expression. (C) Cells were treated with 20 M MG132 (proteasome
inhibitor) for 6 h prior to CUR treatment to inhibit ␤-catenin degradation. (D) Cells were treated with 10 M SB216763 (GSK-3␤ inhibitor)
for 6 h prior to CUR treatment. (E) Cells were transfected with Oct4 siRNA prior to CUR treatment. All results are representative of three
independent experiments.
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levels (Fig. 5B). This effect of CUR was blocked when the
cells were treated with MG132 (Fig. 5C). These results suggest that CUR inhibits the Wnt/␤-catenin signaling pathway
by targeting ␤-catenin for proteasomal degradation and not
by regulating its transcriptional activity.
As shown in Fig. 5B, CUR treatment induced increased
GSK-3␤ protein levels in a dose-dependent manner. GSK3␤ is an important regulator of ␤-catenin phosphorylation
and subsequent proteasomal degradation [12, 14]. We used
the selective GSK-3␤ inhibitor SB216763 to confirm that
CUR induces proteasomal degradation of ␤-catenin via GSK3␤. As shown in Fig. 5D, SB216763 treatment inhibited
CUR-induced ␤-catenin degradation, suggesting that CUR
induces ␤-catenin degradation through GSK-3␤ activation.
Thus, CUR inhibits the Wnt/␤-catenin signaling pathway
through GSK-3␤-dependent proteasomal degradation of ␤catenin.
To evaluate whether CUR-induced Wnt/␤-catenin signaling pathway inhibition was related with Oct4 levels, we treated
Oct4 siRNA NCCIT cells with CUR. Oct4-knockdown NCCIT
cells, had decreased ␤-catenin levels and increased GSK-3␤
levels compared to wild-type NCCIT cells. However, treatment of Oct4-knockdown cells with CUR further increased
GSK-3␤ levels and decreased ␤-catenin levels (Fig. 5E). Overall, our results suggest that CUR inhibits the Wnt/␤-catenin
signaling pathway through Oct4 inhibition and GSK-3␤
activation.

3.4 CUR induces apoptotic cell death via GSK-3␤
activation and Oct4 inhibition
Previous reports have shown that GSK-3␤ promotes the activation of intrinsic apoptotic cell death pathway including
caspase 9, 3, PARP, Bcl-xL, and BAD [32]. Our above data (see
Fig. 5B and C) showed that CUR increases GSK-3␤ levels in
NCCIT cells. We next examined whether the CUR-induced
increase of GSK-3␤ contributes to apoptotic cell death using
SB216763. In the presence of SB216763, CUR significantly
decreased the subG0/G1 population compared to cells cultured in the absence of SB216763 (Fig. 6A). Moreover, CUR
treatment not decreased Bcl-xL (antiapoptotic marker) and
slightly increased BAD (proapoptotic marker) levels in the
presence of SB216763 compared to the absence of SB216763,
but it did not affect caspase 9, 3, and PARP cleavages in the
presence of SB216763 (Fig. 6B). These findings suggest that
CUR induced apoptotic cell death by increasing GSK-3␤ levels. Altogether, CUR induces apoptotic cell death through
the inhibition of Oct4 (see Fig. 4) and activation of GSK-3␤
in NCCIT cells.

4

Discussion

Current cancer therapies are typically performed as radio- and
chemotherapy, which eliminate the bulk of cancer cells from
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patients. However, these treatments often fail to eradicate tumors, as they can eventually develop drug resistance, recurrence, and metastasis [33]. CSCs comprise a subset of tumor
cells and possess self-renewal and differentiation potential
abilities, giving rise to various tumor cells. These cells are
also uniquely responsible for tumor growth, heterogeneity,
invasion, metastasis, resistance, and recurrence. Therefore,
CSCs have become a promising target for cancer chemoprevention and therapy [34].
Oct4 is a well-known transcription factor involved in controlling self-renewal and pluripotency of ES cells [3]. However,
recent studies reported that Oct4 has been closely related in
a wide variety of cancer cells including progression of tumor
grade [8, 9, 35] and maintenance of CSC properties [6–10].
In addition, Oct4 directly regulates CCND1 to promote cell
cycle progression and accelerate proliferation and invasion
of esophageal carcinoma were provided in previous report
[36]. In contrast, other reports have found that downregulation of Oct4 in breast cancer cell lines induce epithelial-tomesenchymal transition (EMT) and lead to increased migration, invasion and metastasis to the lung by regulating Rnd1
[37, 38]. These contradictory results suggest that different expression levels of Oct4 impart different oncogenic abilities
according to state of cancer progression. We attempted to obtain more convincing evidence of the relationship between
Oct4 expression and the state of cancer progression. Future
studies will aim to determine the underlying mechanisms.
Previous reports indicated that ␤-catenin is upstream of
Oct4 and regulates its activity [16]. We investigated whether
␤-catenin regulated Oct4 expression in our experiments
and have attempted to transiently activate canonical Wnt/␤catenin signaling using Wnt3a conditioned media (CM) [39].
Oct4 expression did not change in the Wnt3a-CM. In addition, cleaved caspase 3 and PARP levels were unchanged. We
also knocked down ␤-catenin using siRNA and found that
Oct4 expression level was not regulated by ␤-catenin (data
not shown). Our results suggest that CUR regulates Wnt signaling via GSK-3␤ activation and not ␤-catenin.
Caspases-dependent apoptotic cell death is usually classified by two pathways: the extrinsic and the intrinsic pathways.
The extrinsic pathway, also called the death receptor pathway, is triggered by transmembrane death receptors bound
to their extracellular ligands (FasL/Fas, TNF-␣/TNFR1, and
TRAIL/DRs), leading to initiation of caspase 8, which in turn
activates downstream caspases. The intrinsic pathway, also
called the mitochondrial pathway, is initiated by genotoxic
stress and other stimuli (including GSK-3␤ activation [32])
that regulate Bcl-2 proapoptotic proteins and undergo mitochondrial membrane permeabilization. Cytochrome c is then
released into the cytoplasm to form the apoptosome, leading
to initiation of the caspases cascade through caspase 9 [40].
We found that CUR induces apoptotic cell death through the
extrinsic pathway by activating caspase 8, 3, and through the
intrinsic pathway by activating caspase 9 (Fig. 3 and 4). In addition, GSK-3␤ activation was involved in intrinsic apoptotic
cell death (Fig. 6).
www.mnf-journal.com
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Figure 6. CUR induces NCCIT cell apoptosis via GSK-3␤ activation by treatment of GSK-3␤ inhibitor, SB216763. NCCIT cells were treated
with the indicated concentrations (10–20 M) of CUR for 24 h. Treatment of 10 M SB216763 for 6 h prior to CUR treatment. (A) SubG0/G1
content (%) was measured by flow cytometric DNA content analysis with Cell Quest Pro software. Each bar represents the mean ± SD fold
induction (n = 3) from three independent experiments. An asterisk denotes a significant difference compared to the control (**p < 0.01)
and a number sign denotes a significant difference compared to the CUR20 of the normal group (## p < 0.01). (B) Apoptosis markers were
observed using Western blot analysis. The bar graphs and images are representative of three independent experiments.

During extrinsic apoptotic cell death, Bid (a member of
Bcl-2 family) is cleaved by caspase 8 to form tBid and mediates
intrinsic apoptotic cell death from an extrinsic apoptotic signal [41]. As shown in Fig. 6, flow cytometry analysis indicated
that CUR induces a significant decrease in the subG0/G1 population upon SB216763 treatment, compared to cells cultured
in the absence of SB216763. Although we expected to see a
decrease in cleaved caspase 9, 3, and PARP upon SB216763
treatment, we did not observe a change. This outcome may
be due to CUR-induced caspase 8-mediated tBid activation by
CUR (data not shown).
Although CUR can act in numerous human diseases including cancer, clinical trials have shown its pharmacological efficacy and safety [42, 43]. Despite its verified effects,
CUR has been shown to have limited effects due to its low
bioavailability, including poor absorption, rapid metabolism,
and rapid systemic elimination, resulting in low serum levels of CUR, as demonstrated by pharmacokinetic studies
[44]. As a result, our group and others have attempted to
improve its efficacy in recent years. Changes in the formulation of CUR is one of the best strategies to increase its
absorptivity, usually known as combinational treatment including hydrophilic carrier, cellulosic derivatives, and natural antioxidants or nanocrystal, emulsions, liposomes, and
nonogels [45–47]. Therefore, using an above-mentioned strategy or novel strategies could potentially be applied to increase
CUR absorptivity and improve cancer chemoprevention and
Oct4-dependent CSC properties.
In summary, the present study shows that CUR inhibits
Oct4 mRNA and protein levels, thereby activating GSK-3␤ or
the caspases cascade. GSK-3␤ activation via CUR also leads to

C 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

proteasomal degradation of ␤-catenin, leading to decreased
Wnt/␤-catenin signaling or caspases activation. However,
GSK-3␤ activation does not regulate Oct4. As a result, CUR
induces caspase 8, 9, 3, and PARP cleavage-dependent apoptotic cell death. Based on our findings, we provide additional
scientific evidence of CUR’s effects in cancer chemoprevention. Altogether, CUR could be developed as a promising
chemotherapeutic drug by abolishing CSCs through Oct4 inhibition
This study was supported by an intramural grant from the
Korea Institute of Science and Technology (2Z04221).
The authors have declared no conflict of interest.
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