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Abstract: Curcumin is a polyphenol compound extracted from ginger plant, turmeric, commonly used in a variety of 
food coloring and flavoring additives. Curcumin has many effects such as anti-inflammatory, anti-tumor, antioxidant 
and anti-microbial effects. However, the mechanism underlying the anti-cancer effect of curcumin on human osteo-
clastoma (Giant cell tumor, GCT) cells remains unclear. The objectives of this study were to determine the efficacy of 
curcumin on proliferation and apoptosis of GCT cells and its related mechanisms. In our study, cell viability, cellular 
apoptosis and caspase-3 activity of GCT cells were analyzed using 3.3-(4,5-dimethylthiazol- 2-yl)-2,5-diphenyltet-
razolium bromide (MTT) assay, flow cytometry (FCM) assay and commercial kits, respectively. Next, MMP-9 gene 
expression quantity, NF-κB activity and JNK protein expression of GCT cells were tested with real-time polymerase 
chain reaction (RT-PCR), commercial kits and western blotting assay, respectively. Firstly, MMP-9, NF-κB and JNK 
inhibitors were added into GCT cells and which was researched the mechanism of curcumin on human GCT cells. 
In this study, the efficacy of curcumin reduced cell viability, induced cellular apoptosis and increased caspase-3 
activity of GCT cells. Furthermore, curcumin inhibited the MMP-9 gene expression quantity and NF-κB activity, and 
activated JNK protein expression in GCT cells. Meanwhile, down-regulation of MMP-9 gene expression quantity 
and NF-κB activity could promote the anti-cancer effect of curcumin on cell viability of GCT cells. Interesting, down-
regulation of JNK protein expression could also reversed the anti-cancer effect of curcumin on cell viability of GCT 
cells. Taken together, our results suggest that curcumin inhibits cell proliferation and promotes apoptosis in osteo-
clastoma cell through suppression of MMP-9 and NF-κB, and activation JNK signaling pathways.
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Introduction

Osteoclastoma (giant cell tumor, GCT) is an 
invasive primary benign bone tumor with local 
recurrence tendency composed by the prolifer-
ative mononuclear cells and osteoclast-like 
multinucleated giant cells, and as it can have 
distant (lung) metastasis, it is also considered 
to be as middle or low-grade malignant bone 
tumor [1, 2].

MMPs are a class of proteolytic enzymes, which 
can degrade all the components of the extra-
cellular matrix [3]. Studies have shown that 
solid tumor growth, invasion and metastasis 
depend on the tiny blood vessels within the 
tumor. One of MMPs family members, MMP-9, 
can degrade the main component collagen of 

vascular basement membrane, thus consid-
ered to have close relationship with invasion 
and metastasis of GCT [4].

NF-κB is closely related to cell apoptosis and 
involved in the transcriptional regulations of 
various apoptosis-related genes, with two-way 
effect-inhibiting cell apoptosis and promoting 
cell apoptosis [5]. No matter what induces 
NF-κB activation, its main role is to inhibit cell 
death, and therefore NF-κB is considered to be 
anti-apoptotic factor. Meanwhile NF-κB is an 
important indicator of cell proliferation, of which 
the expression is significantly enhanced in 
malignant tumors. NF-κB plays important roles 
in the anti-cancer effect of paclitaxel on GCT 
[6].
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c-Jun N-terminal kinase is protein kinase across 
the nuclear membrane, belonging to one of the 
mitotic activator protein kinase family mem-
bers, which is an important signal transduction 
pathway for regulating the cell proliferation and 
apoptosis [7]. Research identified that 
Increased of c-JUN was also found in stromal 
cells of human giant cell tumor of bone[8].

Curcumin from is a natural active ingredient 
extracted from the dry rhizome of Curcuma 
Genus plants, turmeric, curcuma aromatic and 
curcuma zedoary, with extensive pharmacologi-
cal effects, low toxicity, and good tolerance [9]. 
With increasing depth of research on curcumin, 
it has been found to have a wide range of phar-
macological effects such as anti-inflammatory 
[10], antioxidant [11], lipid regulation [12], anti-
viral [13], anti-infective [14], anti-tumor [15], 
anticoagulant [16], anti-liver fibrosis [17] and 
atherosclerosis [18], with low toxicity, and few 
side effects. However, whether curcumin has 
anti-cancer effects on GCT cells, as well as the 
underlying mechanism remain unknown to clin-
ic treatment. In this study, we investigated the 
anti-cancer effects of curcumin on proliferation 
and apoptosis of GCT cells. We further explored 
whether curcumin could inhibit MMP-9 and 
NF-κB and activated JNK signaling pathways in 
GCT cells.

Materials and methods

Ethics statement

Dulbecco’s Modified Eagle Medium (DMEM), 
fetal bovine serum (FBS) and TRIzol reagent 
were obtained from Hyclone (Invitrogen 
Company, USA). The chemical structure of cur-
cumin (Sigma, with a purity ≥ 80%) was re- 
vealed in Figure 1. 3.3-(4,5-dimethylthiazol-
2-yl)-2,5 -diphenyltetrazolium bromide (MTT) 
and dimethyl-sulfoxide (DMSO) were obtained 
from Sigma (USA). Annexin V-FITC/PI Apoptosis 
Detection kit and Apo-ONE Homogeneous 
Caspase-3 assay were obtained from BeastBio 
(Shanghai, China). SuperScript-II RT system 

was obtained from Life Technologies (Carlsbad, 
CA, USA). luciferase assay kit SYBR Green PCR 
master mix and Bicinchoninic Acid protein 
assay (BCA) were obtained from Beyotime 
(Nanjing, China).

GCT sample collection

The study was approved by the regional ethics 
committee of General Hospital of Tianjin 
Medical University and written informed con-
sent was obtained from the patients. The diag-
nosis of GCT was established by biopsy prior to 
surgical excision. In this study, GCT samples 
were collected from five cases of GCT patients 
in General Hospital of Tianjin Medical University.

Primary cell lines and cultures

Primary cell of GCT were isolated, characterized 
and established from fresh GCT tissue samples 
as described in the previous study [19]. The pri-
mary GCT cells were freshly minced in DMEM 
(Hyclone, Invitrogen Company, USA) producing 
a cell suspension with small fragments of tis-
sue. The resultant cell suspension were trans-
ferred to 25-cm2 flasks and incubated in DMEM 
(Hyclone, Invitrogen Company, USA) supple-
mented with 10% FBS, 100 U/ml penicillin, and 
100 mg/ml streptomycin at 37°C in a water-
saturated atmosphere of 95% air and 5% CO2. 
50% the culture medium was replaced with 
fresh complete medium every 2 days.

Cell viability assay

GCT cells (2.0 × 104 cells/well) were incubated 
in 96-well plates and cultured with curcumin(0, 
10, 20, 40 and 80 μM) at 37°C in a water-satu-
rated atmosphere of 95% air and 5% CO2 for 0, 
1 and 2 days . MTT dye (5 mg/mL, Sigma, USA) 
was added to each well and incubated for at 
least 4 hours of treatment. Afterwards, 150 µl 
DMSO (Sigma, USA) was added into each well 
and incubated for 20 min whilst being shaken. 
Optical density of GCT cells was measured at 
570 nm wavelength on a multiwell plate 
reader.

Detection of cellular apoptosis by flow cytom-
etry (FCM)

GCT cells (1 × 106 cells/well) were incubated in 
6-well plates and cultured with curcumin (0, 10, 
20 and 40 μM) for 1 day. Then, GCT cells were 
washed twice with ice-PBS and stained with 5 
µL annexin V-FITC for 30 min at darkness. Next, 

Figure 1. Chemical structure ofcurcumin.
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10 µL PI was added into each well cells and cel-
lular apoptosis was immediately detected using 
FCM (Beckman Coulter Canada, ON).

Caspase-3 activity assay

GCT cells (2 × 104 cells/well) were incubated in 
96-well plates and cultured with curcumin (0, 
10, 20 and 40 μM) for 1 day. Then, GCT cells 
were performed to quantitate caspase-3 activ-
ity levels with The Apo-ONE Homogeneous 
Caspase-3 assay according to the manufactur-
er’s protocol (BeastBio, Shanghai, China). GCT 
cells were incubated for four hours at ambient 
temperature prior to recording fluorescence (E 
= 450).

Real-time polymerase chain reaction (RT-PCR) 
for MMP-9 gene expression quantity

GCT cells (2 × 104 cells/well) were incubated in 
96-well plates and cultured with curcumin (0, 
10, 20 and 40 μM) for 1 day. The total RNA 
from the GCT cells was isolated using TRIzol 
reagent according to the manufacturer’s 
instructions (Invitrogen, Company, USA). Total 
RNA was converted to cDNA using SuperScript‑II 
RT system according to the manufacturer’s 
instructions (Life Technologies, Carlsbad, CA, 
USA). RT-PCR was performed with 20 µl in the 
presence of SYBR Green PCR master mix 
(Beyotime, Nanjing, China). The primers used to 
amplify MMP-9: forward, 5’-CACCGCCAACTAC- 
GACCGGG-3’ and reverse, 5’-GGTGGTAGCGCA- 
CCAGA GGC-3’; and GAPDH forward, 5’-GAAC- 
GGGAAGCTCACTGGCATGGC-3’ and reverse, 5’- 
TGAGGTCCACCACCCTGTTGCTG-3’. Cycling con-
sisted of 40 cycles of 15 s at 95°C, 30 s at 
60°C, and 30 s at 72°C.

NF-κB activity

GCT cells (2 × 104 cells/well) were incubated in 
96-well plates and cultured with curcumin (0, 

10, 20 and 40 μM) for 1 day. NF-κB activity was 
measured with a luciferase assay kit according 
to the manufacturer’s instructions (Promega, 
Madison, WI, USA).

Western blotting assay

GCT cells (2 × 104 cells/well) were incubated in 
96-well plates and cultured with curcumin (0, 
10, 20 and 40 μM) for 1 day. GCT cells were 
incubated with ice-cold RIPA lysis buffer includ-
ing protease and phosphatase inhibitors for 30 
min on ice. Then, cells liquid were centrifuged 
at 10,000 g for 10 minutes at 4°C. Supernatant 
was collected to measure the protein concen-
tration using Bicinchoninic Acid protein assay 
(BCA, Beyotime, Nanjing, China). Equal protein 
were resuspended in a loading buffer and elec-
trophoresed on 12% SDS-polyacrylamide gels 
followed by transferring to polyvinylidene fluo-
ride membranes (Invitrogen, 0.22 mm). After 
the membranes were blocked with Tris-buffered 
saline (TBS) containing 5% milk for 2 hour, the 
membranes were incubated with anti-JNK 
(1:1000; Santa Cruz, USA) and anti-β-actin 
(1:500, Sangon Biotech, Shanghai, China) over-
night at 4°C. Washing 3 times with Tris Buffered 
Saline Tween (TBST) after primary antibody and 
followed by secondary antibodies (1:1000, 
Santa Cruz Biotechnology, Inc, Calif, USA) 
added on the membranes and incubated for 2 
hour at room temperature. The proteins were 
detected using enhanced chemiluminescence 
(Thermo Scientific, USA).

Statistical analysis

The SPSS 17.0 software was applied to com-
plete data processing. All quantitative values 
are performed at least three times and given as 
mean ± S.D. Statistical significance was ana-
lyzed by Student’s t-test. Values of P < 0.05 
were considered statistically significant.

Results

Effect of curcumin on cell viability of GCT cells

Firstly, we examined the anti-cancer effects of 
curcumin on the cell viability of GCT cells. The 
cells were exposed to curcumin at different 
concentrations (0, 10, 20, 40 and 80 μM) for 0, 
1 and 2 day, and cell viability of GCT cells was 
inspected by MTT assay. The dose- and time-
dependent the anti-cancer effects of curcumin 
on cells proliferation were decreased (Figure 
2). 

Figure 2. Effect of curcumin on cell viability of GCT 
cells. **P < 0.01 compared with 0 μM curcumin-treat-
ed group.
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Effect of curcumin on cellular apoptosis of GCT 
cells

To detect the anti-cancer effects of curcumin 
on the cellular apoptosis of GCT cells, the cel-
lular apoptosis were performed by FCM. After 
treatment with different concentrations cur-
cumin (0, 10, 20 and 40 μM) for 1 day, the cel-
lular apoptosis of GCT cells were dramatically 
increased and showed a dose-dependent 
(Figure 3).

Effect of curcumin on caspase-3 activity of 
GCT cells

To further analysis the anti-cancer effects of 
curcumin on caspase-3 activity of GCT cells, 
the caspase-3 activity was measured by com-
mercial kits. GCT cells were treated with cur-
cumin (0, 10, 20 and 40 μM) for 1 day. The cas-
pase-3 activity was boosted by treatment with 
curcumin and showed a dose-dependent 
(Figure 4).

Effect of curcumin on MMP-9 of GCT cells

To further explore the potential mechanism of 
curcumin on GCT cells, RT-PCR was used to test 
MMP-9 gene expression quantity during treat-
ment with curcumin (0, 10, 20 and 40 μM) on 

GCT cells for 1 day. MMP-9 gene expression 
quantity was effectively reduced by treatment 
with curcumin and which showed a dose-
dependent (Figure 5).

MMP-9 inhibitor influences the anti-effect of 
curcumin on GCT cells

To further analyze the anti-effect of curcumin 
on MMP-9 of GCT cells, GCT cells were treated 
with curcumin (10 μM) or curcumin (10 μM) 
combination with MMP-9 inhibitor (GM6001 
180 nM) for 1 day. Firstly, MMP-9 gene expres-
sion quantity of GCT cells was decreased in cur-
cumin (10 μM) combination with MMP-9 inhibi-
tor group compared to the curcumin group 
(Figure 6A). Next, the cell viability of GCT cells 
was restrained in curcumin (10 μM) combina-
tion with MMP-9 inhibitor group compared to 
the curcumin group (Figure 6B).

Effect of curcumin on NF-κB activity of GCT 
cells

To probe the potential mechanism of curcumin 
on GCT cells, NF-κB activity was measure by 
commercial kits. NF-κB activity was also avail-
ably attenuated by treatment with curcumin (0, 
10, 20 and 40 μM) for 1 day and which showed 
a dose-dependent (Figure 7).

NF-κB inhibitor influences the anti-effect of 
curcumin on GCT cells.

To further research the anti-effect of curcumin 
on NF-κB activity of GCT cells, GCT cells were 
treated with curcumin (10 μM) or curcumin (10 
μM) combination with NF-κB inhibitor (PDTC 
100 μM) for 1 day. Firstly, curcumin (10 μM) 
combination with NF-κB inhibitor lessened 
NF-κB activity of GCT cells compared to the cur-
cumin group (Figure 8A). Meanwhile, the cell 
viability of GCT cells was ulteriorly suppressed 

Figure 3. Effect of curcumin on cellular apoptosis of 
GCT cells. **P < 0.01 compared with 0 μM curcumin-
treated group.

Figure 4. Effect of curcumin on caspase-3 activity of 
GCT cells. **P < 0.01 compared with 0 μM curcumin-
treated group.

Figure 5. Effect of curcumin on MMP-9 of GCT cells. 
**P < 0.01 compared with 0 μM curcumin-treated 
group.
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by curcumin (10 μM) combination with NF-κB 
inhibitor compared to the curcumin group 
(Figure 8B).

Effect of curcumin onJNK protein expression 
of GCT cells

To determine the potential mechanism of cur-
cumin on GCT cells, JNK protein expression of 
GCT cells was measure by western blotting 
assay. After GCT cells were treated with cur-
cumin (0, 10, 20 and 40 μM) for 1 day, JNK pro-
tein expression of GCT cells was efficaciously 
activated and which showed a dose-dependent 
(Figure 9A, 9B).

JNK inhibitor influences the anti-effect of cur-
cumin on GCT cells

To further detect the anti-effect of curcumin on 
JNK protein expression of GCT cells, GCT cells 
were treated with curcumin (10 μM) or curcum-
in (10 μM) combination with JNK inhibitor 
(SP600125 20 μM) for 1 day. Firstly, curcumin 
(10 μM) combination with JNK inhibitor aug-
mented JNK protein expression of GCT cells 
compared to the curcumin group (Figure 10A, 
10B). Meanwhile, the cell viability of GCT cells 
was ulteriorly reduced by curcumin (10 μM) 

combination with JNK inhibitor compared to the 
curcumin group (Figure 10C).

Discussion

Osteoclastoma is a locally invasive bone tumor, 
with the characteristics of postoperative recur-
rence, of which the recurrence rate is up to 
46% [20]. The fibroblast-like spindle cells in cel-
lular components of osteoclastoma are tumor 
stromal cells, and multinucleated giant cells 
have bone-absorption activity like osteoclast. 
Our study suggested that curcumin could sup-
press cell viability, activated cellular apoptosis 
and induced caspase-3 activity of GCT cells. In 
recent years, several studies have indicated 
that curcumin inhibited cell viability and pro-
moted cellular apoptosis of pancreatic cancer 
though suppression of HSP90, NF-κB, and HIF-
1α [21]. Ye et al. reported that curcumin pro-
moted apoptosis of non-small cell lung cancer 
by activating the p53-miR-192-5p/215-XIAP 
pathway [22].

Studies show in MMPs family, MMP-9 expres-
sion is the strongest in osteoclastoma, related 
to tumor invasion and metastasis [23]. Studies 
have indicated that, positive expression of 
MMP-9 is common in multinucleated giant cells 
of osteoclastoma, while in mononuclear stro-
mal cells only a small number of expressions 
are positive, suggesting that MMP-9 is mainly 
secreted by multinucleated giant cells [24]. As 
MMP-9 has gelatin and collagen degradation 
effect, the over-expression of MMP-9 may be 
helpful to vascular invasion and bone absorp-
tion of osteoclastoma, which is closely related 
to the invasion behaviors of osteoclastoma 
such as cortical bone destruction, surrounding 
soft tissue invasion and distant metastasis 

Figure 6. MMP-9 inhibitor influences the anti-effect of curcumin on GCT cells. MMP-9 inhibitor influences MMP-
9 gene expression quantity (A) and the anti-effect of curcumin on GCT cells (B). **P < 0.01 compared with 0 μM 
curcumin-treated group, ##P < 0.01 compared with 10 μM curcumin-treated group.

Figure 7. Effect of curcumin on NF-κB activity of GCT 
cells. **P < 0.01 compared with 0 μM curcumin-
treated group.
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[25]. In this study, our results revealed that 
treatment with curcumin reduced MMP-9 gene 
expression quantity of GCT. Meanwhile, down-
regulation of MMP-9 gene expression sup-
pressed the cell viability of GCT cells. Cao et al. 
suggested that curcumin inhibited MMP-9 
expression in phorbol 12-myristate 13-acetate 

induced macrophages [26]. Chiablaem et al. 
showed that curcumin reduced cell migration 
and MMP-9 production in human hepatocellu-
lar carcinoma cells [27].

The results show the positive expression of 
NF-κB protein in osteoclastoma is significantly 

Figure 8. NF-κB inhibitor influences the anti-effect of curcumin on GCT cells.NF-κB inhibitor influences NF-κB activity 
(A) and the anti-effect of curcumin on GCT cells (B). **P < 0.01 compared with 0 μM curcumin-treated group, ##P < 
0.01 compared with 10 μM curcumin-treated group.

Figure 9. Effect of curcumin on JNK protein expression of GCT cells. **P < 0.01 compared with 0 μM curcumin-
treated group.

Figure 10. JNK inhibitor influences the anti-
effect of curcumin on GCT cells. JNK inhibitor 
influences JNK protein expression by western 
blotting assays (A), statistical analysis of JNK 
protein expression (B) and the anti-effect of 
curcumin on GCT cells (C). **P < 0.01 compared 
with 0 μM curcumin-treated group, ##P < 0.01 
compared with 10 μM curcumin-treated group.
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higher that of osteochondroma, indicating 
NF-κB expression intensity is related to benign 
or malignant degree of tumors [28]. At the 
same time there has been reported that osteo-
clastoma may be a kind of malignant tumor 
with high proliferation and apoptosis. In this 
study, our data showed that curcumin could 
attenuate NF-κB activity of GCT cells. Inte- 
resting, suppression of NF-κB activity de- 
creased the cell viability of GCT cells. Jiang et 
al. suggested that curcumin induced apoptosis 
through suppression of NF-κB, p38 and p53 
[29]. Meiyanto et al. showed that curcumin 
enhance sensitivity of resistant MCF-7 cells to 
doxorubicin through suppression of HER2 and 
NF-κB activation [30].

c-Jun N-terminal kinase family is a member of 
the mitogen-activated protein kinase super-
family, and c-Jun can mediate the apoptosis 
induced by extracellular stimuli of various cells 
(such as stress, Fas, TN F-α, etc.), involved in a 
number of cell apoptosis, which plays an impor-
tant role in the occurrence and development of 
many diseases and pathological injuries such 
as neurodegenerative diseases, tumor, I diabe-
tes mellitus, chronic hepatitis, ischemia-reper-
fusion injury and so on [31]. In this study, our 
results showed curcumin activated JNK protein 
expression of GCT cells. Down-regulation of 
JNK expression increased the cell viability of 
GCT cells. Zikaki’s study also showed curcumin 
induced the apoptotic intrinsic pathway via up-
regulation of JNKs [32]. Cao et al. suggested 
that curcumin induced apoptosis of AGS and 
HT-29 cells up-regulation of JNK protein [33].

In conclusion, the present study identified that 
the anti-cancer effect of curcumin inhibited cell 
proliferation and promoted apoptosis of GCT 
cell through suppression of MMP-9 and NF-κB, 
and activation of JNK signaling pathways. 
Further studies are needed to determine the in 
vivo anti-cancer effects of curcumin in animal 
models in order to better evaluate the thera-
peutic potential of curcumin on GCT cells and 
the potential benefits of curcumin for clinical 
practice in the future.
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