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Abstract. Recently, the survival rate of medulloblastoma 
patients has greatly improved; yet, patients undergoing current 
treatment regimes suffer from serious therapy-related side-
effects. The aim of the present study was to investigate the 
anticancer effects of curcumin on medulloblastoma cells by 
testing its capacity to suppress proliferation and regulate the 
Wnt/β-catenin pathway. In the present study, cell proliferation 
was determined by MTT assay. Cell cycle was observed by 
flow cytometry. The changes in the Wnt/β-catenin pathway 
were analyzed by immunofluorescence, western blot analysis 
and RT-PCR. Curcumin treatment resulted in a dose- and 
time-dependent inhibition of proliferation in the medullo-
blastoma cell line. Curcumin treatment arrested the cell-cycle 
at the G2/M phase. Furthermore, curcumin treatment led 
to activation of GSK-3β, reduced expression of β-catenin 
and its downstream target cyclin D1. The attenuation of the 
Wnt/β‑catenin pathway was due to the loss of nuclear β-catenin. 
In conclusion, curcumin can inhibit cell growth by suppressing 
the Wnt/β-catenin signaling pathway, and it has the potential 
to be developed as a therapeutic agent for medulloblastoma.

Introduction

Medulloblastoma (MB), a cancer of the cerebellum, is the most 
common malignant embryonal neuroepithelial tumor in chil-

dren. It is one of the leading causes of morbidity and mortality 
in pediatric cancer (1). Recently, the survival rates have shown 
improvement; yet, patients undergoing current treatment 
regimes suffer from serious therapy-related side-effects, such 
as loss of hearing and cognitive impairment (2). Due to its high 
mortality rate and the post-treatment disabilities of current 
therapies, there is an urgent need for the development of non-
toxic and efficient agents for MB.

Curcumin (diferuloymethane, C21H20O6), a yellow natural 
product, is a non-toxic, major component of the spice turmeric 
derived from the plant Curcumin longa (3). It has shown a wide 
range of pharmacological activities including anti-inflamma-
tory, anti-oxidative, immunomodulating, anti-atherogenic and 
anticarcinogenic effects (4,5). For the last few decades, in vivo 
and in vitro studies have demonstrated the ability of curcumin 
to effectively inhibit tumor growth (6). This antitumor capacity 
of curcumin is associated with its property to interact with a 
wide variety of signaling pathways and the ability to regulate 
their activity (5). However, the precise molecular mechanisms 
of curcumin-mediated inhibition of tumor growth need to be 
elucidated.

Recent studies have shown that carcinogenesis and 
progression of MB are related to multiple molecular dysfunc-
tions. The major molecular pathways known to have important 
roles in cerebellum development, include Wnt/β-catenin, 
Sonic Hedgehog (SHH), Notch and Akt/nuclear factor-κB 
(NF-κB)  (7,8). The Wnt signaling pathway contributes to 
the control of processes involved in embryonic development 
including cell proliferation, differentiation and oncogen-
esis  (9). β-catenin is a key activator of the canonical Wnt 
signaling pathway. In the absence of Wnt stimulation, 
β-catenin is complexed with adenomatosis polyposis coli 
(APC) and scaffold protein axis inhibition protein (Axin), 
and is phosphorylated by glycogen synthase kinase 3β (GSK-
3β), leading to ubiquitination and proteasome-dependent 
degradation. In the presence of Wnt stimulation, Wnt ligands 
bind to the family of cell surface Frizzled receptors and low 
density lipoprotein receptor-related protein (LRP), resulting 
in an intracellular cascade allowing β-catenin release from 
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phosphorylation by GSK-3β and degradation by proteosome. 
Then the accumulated β-catenin translocates into the nucleus 
and binds to the T cell factor/lymphoid enhancer factor (TCF/
LEF) transcription factors inducing unabated transcription of 
several oncogenes, including cyclin D1 and c-Myc, resulting 
in enhanced cellular proliferation (10). Aberrant expression 
of Wnt/β-catenin signaling components and inappropriate 
activation of Wnt signaling have been found in a variety of 
human cancers (11). Mutations in Wnt signaling complex have 
been identified in MB, accounting for 25% of sporadic MB 
(12). These include activating mutations in CTNNB1 (which 
codes for β-catenin) and inactivating mutations in APC and 
Axin (13,14). In fact, the abnormal accumulation and loca-
tion of β-catenin play a crucial role in all of these mutations. 
Thus, inhibiting the expression and nuclear translocation of 
β-catenin can be a potential therapy for the treatment of MB.

In the present study, we investigated the effect of 
curcumin on the proliferation of DAOY cells, and demon-
strate its inhibitory effect on the Wnt/β-catenin signaling 
pathway. Therefore, we hypothesized that curcumin inhibits 
cell proliferation by increasing the activity of GSK-3β and 
by inhibiting the Wnt/β-catenin signaling pathway through 
nuclear β-catenin loss.

Materials and methods

Chemicals. Minimum Essential Medium (MEM/EBSS), 
fetal bovine serum (FBS) and penicillin-streptomycin solu-
tion were purchased from HyClone Laboratories (South 
Logan, UT, USA). OPTI-MEM was purchased from Life 
Technologies (Carlsbad, CA, USA). Curcumin [1,7-bis(4-
hydroxy-3-methoxyphenyl)-1,6-hepatadiene-3,5-dione; 
diferuloymethane] and MTT [3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide] were purchased from 
Sigma-Aldrich (Bangalore, India).

Cell culture. The medulloblastoma cell line DAOY was a 
generous gift from Dr Xiuwu Bian (Institute of Pathology and 
Southwest Cancer Center, Southwest Hospital, Third Military 
Medical University, Chongqing, China). Cells were cultured 
in MEM containing 10% FBS, 2 mM glutamine, 100 µg/ml 
streptomycin, and 100 U/ml penicillin and aseptically grown 
at 37˚C in a humidified incubator containing 5% CO2.

Antibodies. Rabbit anti-human GSK-3β antibody (27C10; 
Cell Signaling Technology, Danvers, MA, USA), rabbit anti-
human phospho-GSK-3β (Ser9) antibody (5B3; Cell Signaling 
Technology), rabbit anti-human β-catenin monoclonal anti-
body (1247-1; Epitomics Inc., Burlingame, CA, USA), rabbit 
anti-human phospho-β-catenin (Ser37) antibody (11219-2; 
Signalway Antibody, College Park, MD, USA), rabbit anti-
human cyclin D1 monoclonal antibody (2261-1; Epitomics) 
and rabbit anti-human histone H2 monoclonal antibody 
(3522-1; Epitomics) were used to detect the expression of the 
corresponding proteins. Rabbit anti-human β-actin polyclonal 
antibody (CW0097; CWBIO, Beijing, China) was used as an 
internal control. Peroxidase conjugated goat anti-rabbit IgG 
(GAR007; MultiSciences Biotech Co.) and fluorescein-conju-
gated Affinipure goat anti-rabbit IgG (ZF-0311; ZSGB-BIO, 
Beijing, China) were used as secondary antibodies.

Cell proliferation assay. The effect of curcumin on cell prolif-
eration was assessed by MTT assay as previously described 
(15). DAOY cells were seeded in triplicate in 96-well plates 
at a density of 5,000/well and incubated overnight. Curcumin 
was dissolved in dimethyl sulfoxide (DMSO) and diluted in 
MEM. The cells were treated with varying concentrations 
(0, 20, 40, 60, 80 and 100 µM) of curcumin for 24, 48 and 
72 h. After the indicated times, 10 µl of the MTT solution was 
added to each well, and the plates were incubated for 4 h at 
37˚C. The absorbance in individual wells was quantified using 
an enzyme-linked immunosorbent assay (ELISA) reader at 
595 nm.

Cell cycle analysis as detected by flow cytometry. In order to 
evaluate the effect of curcumin on the cell cycle, DAOY cells 
were treated with curcumin at a dose of 30 µM for different 
time periods (12, 24 and 48 h). After the treatment, the cells 
were harvested by trypsinization, washed twice with ice-cold 
PBS, fixed with ice-cold 70% ethanol and maintained over-
night at -20˚C. DNA was stained with 100 µg/ml propidium 
iodide (PI) solution. The cell cycle distribution was analyzed 
by flow cytometry.

Immunofluorescence. For immunofluorescence, DAOY cells 
were cultured on glass coverslips in a 6-well plate and treated 
with curcumin (30 µM) for 48 h. Thereafter, the cells were 
washed with PBS [phosphate-buffered saline (0.01 M, pH 7.2)] 
and fixed in 4% paraformaldehyde for 15 min at room tempera-
ture. The coverslips were washed and permeablized for 10 min 
in 0.5% Triton X-100 followed by blocking with normal serum 
for 30 min at room temperature. The cells were then incubated 
with the anti-β-catenin antibody (1:100) overnight at 4˚C. 
Expression of β-catenin was evaluated using FITC-conjugated 
goat anti-rabbit antibody (1:100) and the cells were incubated 
for 1 h at 37˚C. Subsequently, cells were washed again with 
PBS and observed under a confocal laser microscope.

Western blot analysis. For protein analysis, DAOY cells were 
grown and treated with curcumin (30  µM) for 48  h. The 
cells were washed with PBS and then lysed in RIPA buffer 
[150 mM of NaCl, 1 mM of EDTA, 1% Nonidet P-40, 0.5% 
sodium deoxycolate, 0.1% SDS, 50 mM of Tris-HCl (pH 7.5)], 
containing protease inhibitors. Lysates were clarified by 
centrifugation (14,000 x g for 15 min at 4˚C); the superna-
tant was removed and stored at -80˚C. Protein concentration 
was determined by BCA (bicinchoninic acid) and lysates 
were electrophoretically resolved on an 8-12% SDS-PAGE 
and transferred onto a PVDF membrane. After blocking 
with 5% non-fat milk in Tris-buffered saline with 0.1% 
Tween-20 (TBST), membrances were incubated with respec-
tive primary antibodies directed against GSK-3β (1:1,000), 
p-GSK-3β (Ser9) (1:1,000), β-catenin (1:1,000), p-β-catenin 
(Ser37) (1:300), cyclin D1 (1:1,000) and β-actin (1:3,000) at 
4˚C overnight. Membranes were washed and then incubated 
with HRP-conjugated rabbit anti-IgG (1:5,000) for 1  h at 
room temperature. Protein bands were assessed by enhanced 
chemiluminescence system (ECL; KeyGen, Nanjing, China) 
and quantitated using Quantitive One Image Analysis. The 
specific western blot process was performed according to the 
study by Wang et al (16).
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RT-PCR. Total RNA was extracted from DAOY cells using the 
TRIpurer Reagent (Bioteke Corp., Beijing, China). The RNA 
(200 ng) was reverse transcribed (RT) into single-stranded 
cDNA using BioTeke Super RT kit according to the manufac-
turer's instructions (Bioteke Corp.). PCR amplification of 
target cDNAs, and an internal control (GAPDH) cDNA, was 
carried out using the specific primer pairs. The PCR cycling 
conditions used included a denaturation step at 94˚C for 3 min; 
30 cycles of denaturation at 94˚C for 30 sec, annealing at 58˚C 
for 30 sec and extension at 72˚C for 30 sec; and a final exten-
sion at 72˚C for 5 min. The PCR products were separated by 
electrophoresis on a 1.5% agarose gel at 100 V for 30 min. The  
sequences of the primers were as follow: GSK-3β (261 bp) 
forward, ATTTCCAGGGGATAGTGGTGTG and reverse, 
GTTAGTCGGGCAGTTGGTGTAT. β-catenin (305  bp) 
forward, GAACTGTCTTTGGACTCTCAGG and reverse, 
CCATCTCTGCTTCTTGGTGTC; cyclin D1 (175 bp) forward, 
CGGAGGAGAACAAACAGATCT and reverse, AGGCGGT 
AGTAGGCGGGT; GAPDH (542 bp) forward, GAGCCAA 
AAGGGTCATCATCTC and reverse, AAAGGTGGAGGA 
GTGGGTGTC.

Silencing of β-catenin by siRNA. The expression of β-catenin 
in DAOY cells was blocked using synthetic siRNA. The cells 
were plated in 6-well plates at a density of 3x105 cells/well and 
grown for 24 h. The cells were transfected according to the 
manufacturer's directions using 200 pM synthetic siRNA 

duplexes (sense 5-GGACACAGCAGCAAUUUGUTT, anti-
sense 5'-ACAAAUUGCUGCUGUGUCCTT; GenePharma) 
or negative control sense siRNA (sense 5'-UUCUCCGAACG 
UGUCACGUTT and antisense 5'-ACGUGACACGUUCGGA 
GAATT; GenePharma) for 24 h to silence β-catenin expres-
sion or using Lipofectamine 2000 reagent (Invitrogen, 
Carlsbad, CA, USA). Then DAOY cells were grown for 6 h, 
and washed once with PBS and switched to 10% FBS media. 
After 24 h, plates were replaced with 10% FBS media or 
curcumin (30 µM). Cell viability analysis was performed 48 h 
after treatment. 

Statistical analysis. All data are expressed as means ± SD; 
the homogeneity test for variance was evaluated using the 
SPSS 17.0 software. The significance of difference between 
the groups was analyzed using two-way ANOVA test or the 
two-tailed unpaired Student's t-test. A P-value <0.05 was 
considered to indicate a statistically significant result.

Results

Curcumin inhibits medulloblastoma cell proliferation. We 
investigated the effect of curcumin on DAOY cells using 
the MTT assay. The cells were incubated in the presence of 
varying concentrations of curcumin (0-100 µM) for 24, 48 
and 72 h, and then the effects of curcumin were measured. 
The MTT assay showed that curcumin treatment exhibited 

Figure 1. Antiproliferative effects of curcumin on medulloblastoma DAOY cells. (A) Cells were treated with different concentrations (as indicated) of curcumin 
for different time (as indicated). Cell viability was measured by MTT assay. Results are expressed as the mean ± SD from 3 different experiments (P<0.05). 
(B) Representative images of the cells after treatment for 48 h with 30 µM curcumin. (C) Cell cycle distribution was assessed by flow cytometry. The numbers 
in the boxes represent the proportions of G2/M phase cells
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dose- and time-dependent inhibition of cell growth (Fig. 1A). 
Curcumin had an 50% antiproliferative effect on DAOY cells 
at an inhibitory concentration and time of 35 µM and 48 h. 
In addition, we observed that after 48 h, curcumin-treated 
DAOY cells underwent morphological changes, such as cell 
rounding, shrinking, vacuolation and detachment (Fig. 1B). In 
order to explore the mechanism of the antiproliferation effect 
of curcumin on DAOY cells, the optimum cytostatic dose of 
30 µM of curcumin for 48 h was used.

To further study the effect of curcumin on the cell cycle, 
DAOY cells were analyzed by flow cytometry after 12, 24 
and 48 h of treatment with 30 µM curcumin. This showed 
that 17.88, 26.61 and 32.73% of cells reached the G2/M phase 
compared to 9.25% (control). There was a time-dependent 
increase of cells at the G2/M phase (Fig. 1C). This indicated 
that curcumin induced cell cycle arrest at the G2/M phase, 
which led to inhibition of proliferation. 

GSK-3β is activated in curcumin-treated DAOY cells. GSK-3β 
is a negative regulator of the Wnt/β-catenin signaling pathway. 
The main action of GSK-3β is to induce the phosphorylation 
of β-catenin and to inhibit its translocation to the cell nucleus. 
RT-PCR and western blot analysis assessed the action of 

curcumin in DAOY cells for activating GSK-3β function. In 
particular, curcumin treatment significantly increased the 
mRNA level of GSK-3β (Fig. 2A). At the protein level, the 
percentage between phospho-GSK-3β (inactive) and total 
GSK-3β was reduced following curcumin treatment compared 
to the control cells (Fig. 2B). These data revealed that curcumin 
treatment can induce the activation of GSK-3β in DAOY cells 
(P<0.05).

Curcumin suppresses the Wnt/β-catenin signaling pathway 
in DAOY cells. β-catenin is a critical component of the Wnt 
signaling pathway and GSK-3β is known to affect β-catenin 
phosphorylation, thus, we investigated whether curcumin 
was able to inhibit the Wnt/β-catenin signaling cascade by 
RT-PCR and western blot assay. The results showed that 
curcumin decreased the expression of β-catenin and increased 
p-β-catenin (inactive) at the protein level (Fig. 3B), but had 
no effect on β-catenin at the mRNA level (Fig. 3A). Together 
with the changes in β-catenin and p-β-catenin, the mRNA 
(Fig. 3A) and protein levels (Fig. 3B) of cyclin D1 were mark-
edly decreased after curcumin treatment. All of these changes 
suggest that curcumin has a prominent inhibitory effect on the 
Wnt/β-catenin signaling pathway.

Figure 2. Effect of curcumin on the activation of GSK-3β. (A) GSK-3β mRNA expression in cells treated with or without 30 µM curcumin. GAPDH was used as 
an internal control. The graph indicates that curcumin increased the expression of GSK-3β. (B) The expression of GSK-3β protein and its phosphorylated form 
in cells treated with or without 30 µM curcumin. The p-GSK-3β band intensities were normalized to total GSK-3β levels and graphed. Curcumin treatment had 
no effect on the expression of β-actin, while the expression of GSK-3β was significantly increased and p-GSK-3β was notably decreased. *P<0.05.

Figure 3. Curcumin treatment impairs Wnt/β-catenin signaling. (A) mRNA expression of β-catenin and cyclin D1 in cells treated with or without 30 µM 
curcumin. GAPDH was used as an internal control. The graph indicates that curcumin decreased the expression of cyclin D1, but had no effect on β-catenin. 
(B) The expression of cyclin D1 protein, β-catenin protein and its phosphorylated form in cells treated with or without 30 µM curcumin. The protein band 
intensities were normalized to β-actin levels and graphed. Curcumin treatment had no effect on the expression of β-actin, while the expression of p-β-catenin 
was significantly increased and the cyclin D1 and p-β-catenin were notably decreased. *P<0.05.
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Curcumin inhibits Wnt/β-catenin signaling through nuclear 
β-catenin loss. The above results showed that curcumin 
inhibits the activation of the Wnt/β-catenin signaling pathway. 
Since the nuclear translocation of β-catenin is a key event in 
activation of the Wnt/β-catenin signaling pathway, we checked 
the effect of curcumin on the expression of nuclear β-catenin. 
Immunofluorescence and western blot assays in DAOY cells 
were carried out to determine the location of β-catenin. After 
curcumin treatment, the cytoplasmic and nuclear expression 

levels of β-catenin were decreased, particularly in the nucleus 
(P<0.05) (Fig. 4).

Curcumin mediates the antiproliferation of DAOY cells 
dependent on the downregulation of β-catenin. β-catenin is 
the key regulator of the Wnt signaling pathway, which is a 
major event in the equilibrium between cell proliferation and 
cell death, and, therefore, it is implicated in the development 
of the cerebellar tumor medulloblastoma. Thereby, we sought 

Figure 4. Effect of curcumin on the localization and nuclear expression of β-catenin in DAOY cells. (A) Expression of β-catenin in cells treated with or without 
curcumin (30 µM) for 48 h. There was high β-catenin staining located in the nucleus of the untreated cells. After treatment of curcumin, little β-catenin was 
located in the cytoplasm and the nucleus, even absent in some cell nuclei (arrows). (B) Cytoplasmic and nuclear protein extracts prepared from untreated or 
curcumin (30 µM)-treated cells were examined by immunoblotting. β-actin and Histone2 served as the cytoplasmic and nuclear loading control, respectively. 
Each sample was quantified densitometrically and normalized to the expression of β-actin and Histone2, respectively. Curcumin treatment had no effect on the 
expression of cytoplasmic β-catenin, while the expression of nuclear β-catenin was significantly decreased. *P<0.05.

Figure 5. β-catenin is required for curcumin-mediated antiproliferation. (A) Silencing of β-catenin by β-catenin-specific siRNA. The β-catenin level was 
normalized to the β-actin level. Immunoblotting indicates >75% suppression of β-catenin expression following transfection with the β-catenin-specific siRNA. 
(B) Cells were transfected with β-catenin-specific siRNA or negative control siRNA (NC), and then treated with FBS or curcumin (30 µM) for 48 h. Cell 
viability was measured by MTT assay. Results are expressed as the means ± SD. The addition of curcumin to cells already depleted of β-catenin did not cause 
significant additional cell death. *P<0.05; ns, not significant.
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to determine the role of β-catenin in the curcumin-mediated 
antiproliferation of DAOY cells. We transiently reduced 
β-catenin expression in DAOY cells using siRNA. Western 
blot analysis confirmed a >75% decrease in β-catenin expres-
sion in the DAOY cells compared with the negative control 
siRNA (Fig. 5A). If downregulation of β-catenin is a critical 
antiproliferation mechanism of curcumin, one would predict 
that in the context of already-reduced β-catenin, curcumin 
treatment would not cause a significant additional increase 
in the antiproliferation effect. After inhibition of β-catenin 
expression, DAOY cells were exposed to 30 µM curcumin, and 
cell proliferation was assayed by MTT. In the negative control 
siRNA-transfected group, curcumin treatment efficiently 
inhibited cell growth compared to the control group. In the 
β-catenin siRNA-transfected group, this decrease in β-catenin 
expression was associated with a significant reduction in the 
percentage of cell viability, but there was no significant differ-
ence in cell proliferation after curcumin treatment (Fig. 5B). 
These data strongly indicate that curcumin-mediated antipro-
liferation of DAOY cells is dependent on the downregulation 
of β-catenin.

Discussion

Medulloblastoma is a multifactorial disease, characterized by a 
disorder of signaling pathways at multiple steps (8). Treatment 
for MB remains highly problematic. The ineffectiveness, 
lack of safety, and high cost of chemoradiotherapy have 
limited their use in MB management. For this reason, major 
emphasis is being given to the development of multi-targeted 
drugs (1). In the present study, curcumin was shown that it 
could constitute a potent anti-medulloblastoma agent. Firstly, 
curcumin has an outstanding safety profile. In fact, different 
phase Ⅰ and Ⅱ clinical trials have shown that curcumin is safe 
for children and adults (17). Secondly, studies of curcumin 
in various central nervous system (CNS) disorders including 
Alzheimer's, Parkinson's, and stroke showed the potent effect 
of orally delivered curcumin in the brain (18). Due to the less 
accessible anatomic location of MB, when drugs cannot cross 
the blood brain barrier (BBB) it limits their inclusion in any 
chemotherapeutic protocol. Therefore, the treatment will be 
more effective and there will be less neurotoxic injury if the 
biological agents can cross the BBB. A recent study showed 
that curcumin crossed the BBB and inhibited tumor growth 
in orthotopic glioblastoma models (19). Finally, curcumin had 
potential antitumor effects in a variety of cancers (5), including 
MB. Curcumin has effects on multiple levels within the tran-
scriptional network to restrict MB growth (20). Curcumin 
was reported to downregulate bcl-2 and bcl-xl, reduce histone 
deacetylase (HDAC) 4 expression and activity inhibiting MB 
cell proliferation. Curcumin inhibited the Shh-Gli1 signaling 
pathway by downregulating Shh protein. In in vivo medul-
loblastoma xenografts, curcumin reduced tumor growth and 
significantly increased survival in Smo/Smo transgenic MB 
mouse model (20,21). Although, multiple biological functions 
have been attributed to curcumin, the prime driving mecha-
nism underlying its action remains to be clarified.

Gene-expression profiling studies have identified four 
molecular subgroups of MB associated with a different genetic 
profile, different activation of oncogenic pathways and distinct 

clinical outcomes  (12). Thus, the activation of the Wnt/β-
catenin, Shh, Notch and Akt/NF-κB signaling pathways play 
key roles in different subgroups of MB. These pathways are 
differentially activated in different subsets of MB, but engage 
in considerable crosstalk and cooperation (8,22). Wnt-activated 
tumors are an independent molecular subgroup in MB which 
are characterized by a distinct pattern of genomic aberrations. 
Additional studies have identified activation of the Wnt/β-
catenin pathway in 25% MBs with the majority associated 
with activating mutations in β-catenin (23). Recently, studies 
show that inhibition of the Akt/NF-κB signaling pathway can 
affect Wnt/β-catenin signaling, thus, resulting in cytoplasmatic 
retention of β-catenin (24). The Wnt/β-catenin signaling is also 
required for Hh pathway-driven tumorigenesis (25). Inhibition 
of the Wnt/β-catenin signaling pathway can impair MB 
growth in vitro and in vivo (26). Due to the wide involvement 
of the Wnt/β‑catenin signaling pathway in MB, inhibition of 
this pathway can be considered as an attractive target for MB.

In the present study, we investigated the antitumor activity 
of curcumin on DAOY cells and demonstrated that curcumin 
exerted multiple modulatory effects on the Wnt/β-catenin 
signaling pathway components GSK-3β, β-catenin and 
cyclin D1. In the present study our data suggest that curcumin 
can inhibit cell proliferation of MB cells by enabling the arrest 
of the cell cycle at the G2/M phase. Moreover, our results also 
showed that inhibition of Wnt/β-catenin signaling pathway 
through nuclear β-catenin loss may be one of the mechanisms 
implicated in the suppression of cell proliferation in MB by 
curcumin.

Curcumin is known to be a good inhibitor of the Wnt/β-
catenin signaling pathway in gastric, colon, intestinal and 
prostatic cancer cell lines (27). Studies also exist on the down-
regulation of β-catenin in MB cells (20). However, the detailed 
molecular mechanisms of curcumin-mediated reduction of 
β-catenin are not fully understood.

GSK-3β is a kinase loaded with serine (Ser) and threo-
nine (Thr). The phosphorylation or dephosphorylation of 
Ser9 is an important gating switch for regulating the activity 
of GSK-3β  (28). It is also an important regulator in the 
Wnt/β‑catenin signaling pathway, and plays an important 
role in the proliferation and differentiation of progenitor cells 
during brain development (29). In the canonical Wnt signaling 
pathway, activated GSK-3β phosphorylates and translocates 
nuclear β-catenin from the nucleus to the cytoplasm resulting 
in the inhibition of the subsequent activation of T cell factor 4 
(TCF4)-dependent gene transcription (such as cyclin  D1 
and c-Myc) (30). That is to say GSK-3β regulates β-catenin 
by controlling its protein level and nuclear localization. In 
particular, most of the Wnt pathway mutations reported in 
sporadic MBs target residues of serine 33 and 37 of β-catenin, 
which prevent phosphorylation-dependent degradation of 
β-catenin by GSK-3β. As a consequence, β-catenin levels are 
increased in an uncontrolled manner, leading to the develop-
ment of a transformed phenotype (31). In the present study, 
our data showed for the first time that curcumin attenuates the 
Wnt/β-catenin signaling in MB cells by promoting phosphor-
ylation-dependent degradation of β-catenin by GSK-3β. Thus, 
it is no surprise that after curcumin treatment the changes 
in β-catenin were only at the protein level, not the mRNA 
level. The reason might be that the GSK-3β-mediated effect 
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of curcumin on β-catenin is more important than the direct 
effect of curcumin on β-catenin in MB. But more evidence 
confirming this hypothesis needs to be found.

Cyclin D1 is an oncoprotein that plays a key role in the 
development of MB (32). High expression of cyclin D1 is 
considered to be indicative of a poor prognosis as it is related 
to an unfavorable therapeutic outcome. Morever, overexpres-
sion of cyclin D1 protein leads to increased cell proliferation, 
which gives neoplastic cells a growth advantage and may 
also favor the occurrence of additional genetic lesions with 
potential oncogenic effects (33). Here, we showed that suppres-
sion of the nuclear translocation of β-catenin resulted in the 
decreased expression of cyclin D1, a downstream oncogene 
of the Wnt/β‑catenin signaling pathway. We also showed that 
curcumin effectively inhibited MB cell proliferation in vitro.

Through mechanistic studies, we found that curcumin 
promoted the activity of GSK-3β, enhanced GSK-3β binding 
to β-catenin, increased the phosphorylation of β-catenin, and 
reduced the levels of nuclear β-catenin and cyclin D1, suggesting 
that curcumin could inactivate Wnt/β-catenin signaling to 
suppress the proliferation of MB cells. Our study found that 
the viability of MB cells was attenuated after β-catenin was 
silenced. This verified that β-catenin has an important role in 
the onset and maintainance of MB. Yet, the antiproliferation 
following the silencing of β-catenin was found to be weaker 
than the treatment of curcumin. This phenomenon may occur 
due to the following reasons. On the one hand, Wnt-activated 
signals undergo crosstalk with additional signaling pathways, 
for example, those of Hh (34), TGF (35) and Notch (36), which 
play important roles in the development of MB. Curcumin 
modulates various molecular targets including transcription 
factors, growth factors and their receptors, cytokines, enzymes, 
and genes regulating cell proliferation and apoptosis (5). Thus, 
there may be other mechanisms involved in the antiprolifera-
tive effect of curcumin.

In conclusion, these findings provide evidence that the 
inhibitory effect of curcumin on cell proliferation involves the 
inhibition of the Wnt/β-catenin pathway by activating GSK-3β, 
attenuating the Wnt/β-catenin pathway via reducing nuclear 
β-catenin, accompanied by the downregulation of cyclin D1, 
which is tightly connected to the development and prognosis 
of MB. Thus, curcumin has the potential to be developed as 
a safe therapeutic for medulloblastoma. Further studies are 
needed to verify the antitumor ability of curcumin in vivo.
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