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a b s t r a c t

Curcumin, a phytochemical derived from the rhizome of Curcuma longa, has shown anticancer effects
against a variety of tumors. In the present study, we investigated the effects of curcumin on the miR-9
expression in oral squamous cell carcinoma (OSCC) and explored the potential relationships between
miR-9 and Wnt/b-catenin pathway in curcumin-mediated OSCC inhibition in vitro. As the results shown,
the expression levels of miR-9 were significantly lower in clinical OSCC specimens than those in the adja-
cent non-tumor tissues. Furthermore, our results indicated that curcumin inhibited OSCC cells (SCC-9
cells) proliferation through up-regulating miR-9 expression, and suppressing Wnt/b-catenin signaling
by increasing the expression levels of the GSK-3b, phosphorylated GSK-3b and b-catenin, and decreasing
the cyclin D1 level. Additionally, the up-regulation of miR-9 by curcumin in SCC-9 cells was significantly
inhibited by delivering anti-miR-9 but not control oligonucleotides. Downregulation of miR-9 by
anti-miR-9 not only attenuated the growth-suppressive effects of curcumin on SCC-9 cells, but also
re-activated Wnt/b-catenin signaling that was inhibited by curcumin. Therefore, our findings would
provide a new insight into the use of curcumin against OSCC in future.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Oral squamous cell carcinoma (OSCC) is the most commonly
diagnosed cancer of head and neck neoplasm, and more than
26,000 patients are diagnosed with OSCC globally each year.
Although postoperative life quality of the OSCC patients has been
improved in recent years, the overall 5-year survival rate has not
been raised significantly, reflecting limited advances in our under-
standing of the pathogenesis of this disease [1]. Similar to other
cancers, OSCC involves gradual accumulation of multiple genetic
and epigenetic alterations, leading to gain-of-function in onco-
genes and loss-of-function in tumor suppressor genes [2,3]. There-
fore, a better understanding of the molecular events driving oral
carcinogenesis may lead to new diagnostic and therapeutic
approaches to the OSCC.

MicroRNAs (miRNAs) are small, highly conserved, non-coding
RNA molecules of approximately 22 nucleotides in length. Usually,
miRNAs negatively regulate mRNA stability and/or protein expres-
sion by imperfect base pairing to the 30-untranslated regions of
target mRNAs. In the previous studies, more and more evidences
have suggested that the aberrant expression of miRNAs such as
miR-21, -100, -122, -125b, -133a, -133b, -137, -145 and -193a
may lead to the development and progression of malignancy
[4–6]. MicroRNA-9 (miR-9), initially recognized as a crucial
regulators for the development, physiology and pathology of ner-
vous system, has been subsequently confirmed to be significantly
down-regulated in many types of cancers, including nasopharyn-
geal carcinoma, colon cancer and breast cancer [7–9], while up-
regulated in hepatocellular carcinoma, brain cancer and Hodgkin’s
lymphoma [10,11].

In our recent study, the Wnt/b-catenin signaling pathway has
been observed as an indispensible role in OSCC development [12].
Aberrant activation of Wnt/b-catenin signaling allows b-catenin to
resist degradation and enter the nucleus where it acts as a co-factor
to regulate the expression of several genes relevant to cell
proliferation and apoptosis. Curcumin, a dietary phytochemical
derived from the rhizome of Curcuma longa, has been reported as a
growth-suppressive compound in different cancer cells by regulat-
ing Wnt/b-catenin pathway [13,14]. In addition, a recent study has
indicated that curcumin caused a significant and dose-dependent
increase of miR-9 expression in SKOV3 ovarian cancer cells, while
impeding cell proliferation and stimulating cell apoptosis [15].
These studies suggest that miR-9 may be involved in the anticancer
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effects of curcumin against OSCC development. To test this hypoth-
esis, we investigate the effects of curcumin on the miR-9 expression
in OSCC cells and explore the potential effects of miR-9 and Wnt/
b-catenin pathway in curcumin-mediated OSCC inhibition.

2. Materials and methods

2.1. Patient and tissue samples

Paired OSCC and adjacent non-tumor tissues were obtained
from 32 patients who underwent primary surgical resection of
OSCC with informed consent between September 2012 and August
2013 at The First Affiliated Hospital of Soochow University (China).
Tissue samples were immediately frozen in liquid nitrogen after
resection and stored at �80 �C until use. Both tumor and non-
tumor samples were confirmed by pathological examinations. This
study was approved by the Human Research Ethics Committee of
The First Affiliated Hospital of Soochow University.

2.2. Cell lines and reagents

Human tongue squamous cell carcinoma cell line SCC-9 was
obtained from ATCC. The primary antibodies to human SFRP2,
b-catenin, GSK-3b, cyclin D1 and b-actin, and the secondary
antibodies were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Phospho-GSK-3b (Ser9) antibody (Cat: 9336) was
purchased from Cell signaling technology (Danvers, MA, USA).

Curcumin was purchased from Sigma–Aldrich (St Louis, MO,
USA). For the study on the treatment of curcumin on the SCC-9
cells, curcumin was added into the cell culture supernatant. After
another 72 h treatment, cells were harvested for further analyses.

2.3. Oligonucleotides and cell transfection

Human pre-miR-9 mimic oligonucleotides (Cat. 4427012) and
negative control oligonucleotides (Cat. 4464060) were purchased
from Ambion (Life technologies, Shanghai, China). The oligonucleo-
tides sequence of miR-9 was 50-AUAAAGCUAGAUAACCGAAAGU-30.
For knockdown of miR-9, locked nucleic acid (LNA)-based anti-
miR-9 and universal LNA-based negative control were also pur-
chased from Ambion (Life technologies, Shanghai, China). The final
concentrations of the oligonucleotides used in this study were
30 nM. Cells were plated overnight at 2 � 105 cells in 6-well plates.
All transfections were performed using Lipofectamine 2000 (Invit-
rogen) according to the instructions of the manufacturer.

2.4. Quantitative real-time polymerase chain reaction (qRT-PCR)
analysis

Total RNA was isolated from cells using the mirVana miRNA Iso-
lation Kit (Ambion, Austin, TX, USA). The level of mature miR-9 in
cells was determined by using Taqman miRNA Assays (Applied
Biosystems, Foster City, CA, USA) according to the manufacturer’s
protocol. Relative expression of mRNA was based on the 2-delta
delta Ct method, using RNU48 as an internal control. All experi-
ments were performed in triplicate and included negative control
that without cDNA.

2.5. MTT assay

After treatment with curcumin (20, 40 and 60 lM) for 72 h, cell
viability was assessed by using the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. Briefly, cell samples
were incubated with 5 mg/ml MTT (Sigma) for 4 h. After removal of
the MTT solution, formazan crystals were dissolved in dimethyl
sulfoxide. The absorbance was measured at a wavelength of
570 nm according to the manufacturer’s protocol.

2.6. Colony formation assay

Briefly, cultured cells were seeded at a density of 300 mL�1 on
35-mm dishes and positive colony formation (more than 50 cells/
colony) was counted. The survival fraction of cells was expressed
as the ratio of plating efficiency of treated cells to that of untreated
control cells. The rate of the colony formation (RCF) was calculated
with the following formula: RCF = (number of colony/number of
treated cells) � 100%. Data represent the mean ± SD of three inde-
pendent experiments.

2.7. Western blotting

Cells were lysed in ice-cold lysis buffer containing 50 mM Tris/
HCl (pH 7.4), 150 mM NaCl, 1 mM EDTA, 1% Triton X-100 and
complete proteinase inhibitor mixture. Protein extracted from
the cells were resolved by SDS–PAGE and transferred to polyvinyl-
idene fluoride (Hybond-P, GE Healthcare) membranes, followed by
incubation with the indicated primary and secondary antibodies
conjugated to horseradish peroxidase (GE Healthcare). Signals
were detected using the enhanced chemiluminescence detection
system (ECL Plus Western Blotting Detection System, Amersham).

2.8. Statistical analysis

Statistical analysis was performed by SPSS software version
13.0 (SPSS Inc., Chicago, IL, USA). Data are presented as mean ±
standard deviation (SD). Differences among multiple groups were
performed with one-way analysis of variance followed by Tukey’s
multiple comparison test. P < 0.05 was considered to indicate sta-
tistically significant differences.

3. Results

3.1. Suppression of miR-9 expression in OSCC tissues

In an effort to detect the expression levels of miR-9 in OSCC, 32
clinical OSCC specimens and their adjacent non-cancerous speci-
mens were analyzed by quantitative RT-PCR. The results indicated
that the miR-9 expression levels were significantly decreased in
the 32 clinical OSCC specimens, compared with that in adjacent
non-tumor tissues (P < 0.001) (Fig. 1).

3.2. Curcumin inhibits SCC-9 cells proliferation in vitro

In order to examine the effect of curcumin on the OSCC cell
proliferation, SCC-9 cells were treated with 20, 40 and 60 lM
curcumin for 72 h, respectively. As the results shown, curcumin
significantly inhibited SCC-9 cells proliferation (Fig. 2). In the pres-
ent study, the inhibitory effect of curcumin on OSCC cell growth
was further confirmed by colony formation and anchorage inde-
pendent growth assays. Compared to untreated cells, the number
of colonies was significantly decreased in cells treated with 20,
40 and 60 lM curcumin (Fig. 2, Table 1).

3.3. miR-9 mediates the inhibition of SCC-9 proliferation by curcumin

We further analyzed the role of miR-9 in curcumin-mediated
inhibition in SCC-9 proliferation. As shown in Fig. 3, qRT-PCR anal-
ysis indicated that curcumin treatment caused a significant eleva-
tion of miR-9 expression in SCC-9 cells in a dose-dependent
manner, as compared to untreated cells (P < 0.05). Furthermore,



Fig. 1. miR-9 expression in oral squamous cell carcinoma specimens. Real-time PCR
showed that expression level of miR-9 was significantly decreased in OSCC clinical
samples compared with normal adjacent tissues (n = 32).

Fig. 2. Effects of curcumin on the proliferation of SCC-9 cells and further confirmed
by colony formation assay. Cell proliferation was assessed using MTT assay 72 h
after treatment. Data represent the mean ± SD of three independent experiments
(⁄P < 0.05, ⁄⁄P < 0.01).

Table 1
Effects of curcumin (0, 20, 40 and 60 lM) on the colony formation rate of SCC-9 cells.

Curcumin (lM) Rate of colony formation P*

0 0.8808 ± 0.0172 –
20 0.7810 ± 0.0175 0.000
40 0.7113 ± 0.0148 0.000
60 0.6283 ± 0.0184 0.000

* Compared to the control group (0 lM).

Fig. 3. Effects of anti-miR-9 on the upregulation of miR-9 expression in curcumin
treated SCC-9 cells. qRT-PCR analysis of miR-9 expression levels in different
condition. Results are expressed as fold change relative to untreated control cells
(⁄⁄P < 0.01).

Table 2
Effects of curcumin on the SCC-9 cells proliferation treated w/o anti-miR-9 (OD570).

Curcumin
(lM)

SCC-9 SCC-9 with control
oligo

SCC-9 with anti-
miR-9

0 0.8492 ± 0.0715 0.8492 ± 0.0715 1.0338 ± 0.1265
20 0.7555 ± 0.0153 0.7342 ± 0.0667 1.1217 ± 0.2294*

40 0.7113 ± 0.0715 0.6961 ± 0.0752 1.0612 ± 0.1034*

60 0.6283 ± 0.1430 0.6351 ± 0.0451 0.9415 ± 0.0536**

* P < 0.05 vs SCC-9 and SCC-9 with control oligonucleotides.
** P < 0.01 vs SCC-9 and SCC-9 with control oligonucleotides.
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the upregulation of miR-9 by curcumin in SCC-9 cells was
significantly blocked by delivering anti-miR-9 but not control
oligonucleotides (P < 0.05). More important, the results of MTT
analysis indicated that downregulation of miR-9 significantly
attenuated the growth-suppressive effects of curcumin on SCC-9
cells (Table 2).

3.4. Curcumin inhibits Wnt/b-catenin signaling pathway in SCC-9 cells

Aberrant activation of Wnt/b-catenin signaling has been con-
firmed as a critical role in carcinogenesis by affecting cell growth,
cell cycling, cell survival and invasion. Therefore, we further inves-
tigated the effects of curcumin (60 lM) on Wnt/b-catenin signaling
in SCC-9 cells. As Fig. 4A shown, curcumin treatment resulted in a
significant (P < 0.05) increased expression levels of the GSK-3b,
phosphorylated GSK-3b and b-catenin. However, the growth pro-
moting gene cyclin D1, which was a direct read-out gene of active
Wnt signaling pathway, was significantly decreased in curcumin
treated SCC-9 cells, compared to untreated control cells.

3.5. miR-9 mediates the inhibition of curcumin on Wnt/b-catenin
signaling pathway

We further investigated the potential role of miR-9 in curcu-
min-induced Wnt/b-catenin signaling suppression in SCC-9 cells.
Similar to the results observed before, the levels of GSK-3b, phos-
phorylated GSK-3b and b-catenin were significantly increased in
miR-9-overexpressing SCC-9 cells than in those transfected with
control oligonucleotides. However, the cyclin D1 expression levels
were significantly decreased in the miR-9-overexpressing SCC-9
cells (Fig. 4B). More importantly, our results also indicated that



Fig. 4. (A) Effects of curcumin on the GSK-3b, phosphorylated GSK-3b (P-GSK-3b), b-catenin and cyclin D1 levels in SCC-9 cells. Cell lysates were collected and subjected to
Western blotting assays by using antibodies against GSK-3b, P-GSK-3b, b-catenin and cyclin D1, respectively. b-Actin was used for loading control of Western blotting. (B)
Cells were transfected with miR-9 and then collected and subjected to Western blotting assays as described before. (C) Cells were transfected with control oligo and anti-miR-
9, respectively. Western blotting assays were used to analyze the effects of anti-miR-9 on the effects of curcumin on the expressions of GSK-3b, P-GSK-3b, b-catenin and cyclin
D1. b-Actin was used for loading control.
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the effects of curcumin on Wnt/b-catenin signaling in SCC-9 cells
could be reversed by the delivery of anti-miR-9, as decreased levels
of GSK-3b, phosphorylated GSK-3b and b-catenin, and increased
level of cyclin D1 could be detected in anti-miR-9 and curcumin
co-treated SCC-9 cells (Fig. 4C).

4. Discussion

Curcumin, derived from eastern traditional medicines, C. longa,
has a variety of beneficial properties such as anti-inflammatory,
anti-cancer, antioxidant, and chemotherapeutic activities. Its mul-
tiple-target characteristics influence several signaling pathway,
including interferon signaling pathway, MAPK signaling pathway,
as well as Wnt/b-catenin signaling pathway [16,17]. In the present
study, we reported that curcumin inhibited OSCC cells proliferation
by up-regulating miR-9 expression and inhibiting Wnt/b-catenin
signaling pathway.

In many types of cancer, aberrant miR-9 levels have been
reported involved in tumor formation or progression. However,
the function of miR-9 in different tumor progression is different
according to the previous study [18]. In this study, we demon-
strated that miR-9 was significantly downregulated in 32 OSCC
tissues, compared to the adjacent non-cancerous specimens. Cur-
cumin-mediated miR-9 overexpression in vitro significantly
inhibited the proliferation and colony formation of OSCC cells.
These findings demonstrated that miR-9 can be classified as a
tumor-suppressive microRNA in OSCC and might be a promising
target for cancer therapeutics. Additionally, it is well known that
miR-9 can regulate the expression of many target mRNAs, such
as cyclin D1, Ets1, and CXCR4. Repression of cyclin D1 and Ets1
is involved in miR-9-mediated suppression of the proliferation,
invasion and metastasis of gastric cancer cells. Targeting CXCR4
was found to be related with miR-9-mediate suppression of
nasopharyngeal carcinoma [19]. Therefore, additional studies
are needed to identify the specific target genes of miR-9 that
involved in curcumin-mediated inhibitory effects on OSCC
development.

The Wnt/b-catenin signaling pathway has been implicated in
tumorigenesis at several sites, including the colon, rectum, breast
and liver [20,21]. Its central component, namely, b-catenin, plays
a critical role in this process. A number of downstream target genes
of Wnt/b-catenin signaling have been reported that play critical
roles in carcinogenesis by affecting cell growth, cell cycling, cell
survival and invasion [22,23]. Aberrant activation of Wnt/b-catenin
signaling is a significant feature of human pancreatic adenocarci-
noma, as revealed by aberrant b-catenin expression in a significant
fraction (30–65%) of tumors [24,25]. Wnt/b-catenin signaling path-
way antagonist such as SFRP2, is able to negatively regulate the
Wnt/b-catenin signal transduction pathway. Overexpression of
SFRP2 expression generally causes Wnt/b-catenin signal pathway
suppression and cell proliferation inhibition [26,27]. In our recent
study, the relative mechanism underlying the upstream and down-
stream modulation function of Wnt/b-catenin signal pathway on
OSCC progression have already been described [12].

To further identify the molecular mechanism of curcumin-
mediated miR-9 overexpression on OSCC progression in vitro, the
GSK-3b, b-catenin and cyclin D1 expression levels were examined
in the present study. Our results showed that the GSK-3b and
b-catenin protein expression significantly increased, while cyclin
D1 significantly decreased in the SCC-9 cells with curcumin treat-
ment or with miR-9-overexpressed compared with those control
groups. However, it is well known that increased the GSK-3b levels
usually result in degradation of b-catenin in cells [28]. Therefore, we
further investigated the ratio of inactivated GSK-3b (phosphory-
lated GSK-3b, P-GSK-3b) to the total GSK-3b in the present study.
As expected, the level of phosphorylated GSK-3b was increased with
total GSK-3b, indicating that the activity of GSK-3b was inhibited in
curcumin or miR-9 treated SCC-9 cells. Considering Wnt/b-catenin
signaling pathway has been widely reported to be activated in OSCC
[29], our presented data suggested that the inhibitory activity of
curcumin against SCC-9 cells is largely/partially dependent on the
induction of miR-9, which in turn inhibiting the Wnt/b-catenin sig-
naling pathway.

Taken together, our present results suggest that curcumin is
capable of inhibiting SCC-9 cells proliferation by inducing miR-9
expression and disrupting Wnt/b-catenin signaling pathway. These
findings should provide a new insight into the use of curcumin in
the treatment of OSCC. However, miR-9 direct targets mediating
the anticancer effects of curcumin on OSCC need to be further
identified.
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