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Abstract: Objectives: To investigate the effects of curcumin on the proliferation and invasion in cells of giant cell
tumor of bone (GCTB) by targeting the signal transducer and activator transcription factor-3 (STAT3), in order to sup-
ply treatments and preventions on GCTB with new drugs and relative mechanisms. Methods: GCTB cells were col-
lected from resection tissues of four patients with GCTB. GCTB cells were treated by curcumin. STAT3 was one of the
genes influencing invasion of osteolytic tumor, so we silenced STAT3 by small interfering RNA (siRNA) and detected
by Western Blot (WB). Cell counting kit-8 (CCK-8) and Transwell system were used for detecting GCTB cell prolifera-
tion and invasion. Results: Curcumin (31.5 nM) was treated on GCTB cells for 24 h. There was significant difference
before (case 1, 0.685+0.026; case 2, 0.731+0.030; case 3, 0.728+0.019; case 4, 0.634+0.015) and after (case
1, 0.16040.008; case 2, 0.769+0.014; case 3, 0.743+0.026; case 4, 0.750+0.018) curcumin treatment (P<0.01).
After silencing STAT3, there was no significance before (case 1, 0.738+0.021; case 2, 0.769+0.014; case 3,
0.743+0.026; case 4, 0.750+0.018) and after (case 1, 0.704+0.010; case 2, 0.720+0.015; case 3, 0.714+0.022;
case 4, 0.729+0.013) curcumin treatment. Conclusions: Curcumin inhibits the proliferation and invasion in GCTB

by targeting STAT3. STAT3 might be the new therapeutic target for treating GCTB metastasis.
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Introduction

Giant cell tumor of bone (GCTB) is the rare pri-
mary osteolytic tumor of bone, which caused
massive bone destruction at the epiphysis of
long bones [1]. Histologically, GCTB was com-
plex involving neoplastic ovoid mononuclear
cells sheets with high level of RNAK ligand
(RANKL), myeloid cells with positive RNAK, and
the osteoclast-like giant cells with large RNAK
expression [2-5]. According to Goldring et al. [6]
and Thomas et al. [5], the giant cell of GCTB
was osteoclastic in nature, while the true neo-
plastic cells were those appearing ovoid and
displaying markers of mesenchymal stem cells
with partial differentiation along the osteoblast
lineage [7-9]. This tumor, with the hallmarks of
the aggressively lytic behavior and as the role
of the osteoclast-like tumor giant cells in the
lytic process, contained small areas of osteoid
matrix deposition, woven bone and occasional-

ly new bone [10, 11], as the reactive tissue at
tumor margin or the forming within the tumor.
Traditionally, the surgery for treating GCTB was
usual but often associated with high recurrence
and morbidity. Sometimes there needed to
amputate. However, there was less reported
about the drug therapy for GCTB. According to
previous reports [12, 13] showed that deno-
sumab was the with efficiency for treating GCTB
by influencing RANK/RANKL pathway in the
pathogenesis of this disease.

Recently, many traditional Chinese for treating
on and preventing from different kinds of tumor
draws more and more attentions. Curcumin
(diferuloylmethane), as the yellow pigment of
turmeric abundant in Southeast Indian food,
was the pharmacologically safe polyphenol
derived from Curcuma longa (Linn), which was
with anti-tumor effects in several types of can-
cers [14, 15]. Oral intake of curcumin showed
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the beneficial effect against precancerous
lesions in Phase | and Il clinical trials [16, 17].
Plentifully previous investigations found that
the curcumin could affect several target pro-
teins and signaling pathways, such as AMPK-
COX-2 [18], JNKs [19], E2F4 [20], cyclin
D1-CDK-4 [21] and so on. Although numerous
proteins have been reported as the targets of
curcumin, the signal transducer and activator
transcription factor-3 (STAT3), as the main pro-
tein in Jak-STAT3 signal pathway, has not been
suggested as the direct target of curcumin,
even in GCTB.

STAT signal pathway could be activated by more
than 35 cytokines and growth factors, which
was the critical role in widely cellular functions
in hematopoietic, immunologic, neuronal, he-
patic system and so on [22-24]. There were
seven proteins, including STATs 1, 2, 3, 4, 5a,
5b and 6, mediating the signal transduction
from extracellular signals to the target genes
transcription [25, 26]. Numerous researches
[26, 27] showed that STAT3 pathway was con-
stitutively activated in many human tumors,
including breast cancer, prostate cancer, cervi-
cal cancer , prostate cancer, colon cancer, mel-
anoma, leukemia, multiple myeloma and so on.
However, there was no investigation on the
STAT3 expression in GCTB.

In our study, we used curcumin as the anti-
tumor drug to treat on GCTB cells and observe
the STAT3 expression and the effect of curcum-
in on the proliferation and invasion of GCTB, in
order to provide clinical therapy on GCTB with
new anti-tumor drug and target.

Methods and materials
GCTB tumor tissues collection

Human GCTB tissue and normal cancellous
bone without bone marrow cells were collected
from 4 patients with GCTB after resection in
Department of Orthopaedics in Nan Fang
Hospital from January, 2014 to December,
2014. The 4 patients were with primary tumor
surgery and received resection by the same
surgeon. The pathological analysis on GCTB
tumor tissues was completed and reached con-
sistency by two pathologists with experiences
over than 10 years.

GCTB cell separation and culture
According to previous description [28], the

fresh GCTB tumor tissues from the 4 cases
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were separated and cultured with dulbecco’s
minimum essential medium (DMEM, Gibco,
Thermo Fisher Scientifics Inc. Shanghai, China)
containing 10% fetal bovin serum (FBS, Gibco),
100 U/ml penicillin and 100 pg/ml streptomy-
cin, (Gibco). The GCTB cells were cultured at
37°C, 5% CO, and saturated humidity. After the
confluence reaching 90%, digested the primary
GCTB cells with trypsin (Gibco) and passaged
for amplification. Saved parts of the primary
GCTB cells in liquid nitrogen, and the others
were subculture. The GCTB cells in logarith-
mic phase were used for the following ex-
periments.

Cytotoxicity and influence of curcumin on
GCTB cell and STAT3 expression

Curcumin (Sigma-Aldrich Co. Shanghai, China)
was dissolved in Dimethyl Sulphoxide (DMSO,
Sigma) with the primary concentration of 500
mM and stored at 4°C. Curcumin was diluted in
cell culture medium, as the working concentra-
tion in treating on GCTB cells. GCTB cells were
treated with 10~200 nM for 24 hours. 0.1%
DMSO was taken as negative control (NC).
CCK-8 (Thermo) was used to detect the prolif-
eration of GCTB cells after curcumin treatments
and WB was for STAT3 expression.

Silencing and detecting STAT3 by siRNA and
wB

siRNA directed against STAT3 was synthesized
by Genepharma Company (Suzhou, China). The
siRNA sequences targeting STAT3 were fol-
lowed: sense 5-CAU CUG CCU AGA UCG GCU
AdTdT-3’, anti-sense 5-UAG CCG AUC UAG GCA
GAU GdTdT-3. siRNA was dissolved in Opti-
MEM (Thermo) and mixed with Lipo-3000
(Thermo) according to the specifications. The
mixture was treated on GCTB cells for 48~72 h.

The proteins with or without siRNA treatment
were extracted with RIPA buffer (Thermo) and
analyzed by SDS-PAGE (sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis) with
10% separating gel and 5% stocking gel. After
transferring to PVDF (polyvinylidene fluoride,
Merck Millipore Corporation, Shanghai, China)
membrane, the PVDF membrane was blocked
with 5% non-fat milk and 2% BSA (bovine serum
albumin, Solarbio Life Sciences, Beijing, China)
at 25°C for 2 h. Then the membranes were
incubated with mouse anti-STAT3 monoclonal
antibody (1:4000, Protientech Group Inc. Wu-
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Table 1. Curcumin cytoxicity (0~100 nM) on
GCTB cells in patient 1 (XS)

Groups OD value

NC 0.377+0.023
20 (nM) 0.259+0.014#
30 (nM) 0.132+0.021*
30.5 (nM) 0.130+£0.020%
31 (nM) 0.130+0.005*
31.5 (nM) 0.125+0.015*
32 (nM) 0.125+0.008*
32.5 (nM) 0.124+0.014*
33 (nM) 0.122+0.004*
33.5 (nM) 0.123+0.016*
34 (nM) 0.122+0.019*
34.5 (nM) 0.120+0.007*
35 (nM) 0.121+0.020*
50 (nM) 0.119+0.018*
100 (nM) 0.116+0.005*

Note: GCTB, giant cell tumor of bone; STAT3, signal trans-
ducer and activator transcription factor-3; NC, negative
control (0.1% DMSO); OD, optical density; *comparing to
the NC, P<0.05; *comparing to the NC, P<0.01.
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Figure 1. Curcumin cytotoxicity (0~100 nM) on GCTB
cells. GCTB, giant cell tumor of bone; STAT3, signal
transducer and activator transcription factor-3; NC,
negative control (0.1% DMSO); #comparing to the
NC, P<0.05; *comparing to the NC, P<0.01.

han, China) and rabbit anti-B-actin polyclonal
antibody (1:10000, Proteintech), as internal
parameter, at 4°C overnight. Goat anti-Rabbit
and goat anti-mouse secondary antibodies
(1:3000, Jackson ImmunoResearch Labora-
tories, Inc. USA) were used to incubate the
membrane at 25°C for 1 h. ECL (electrochemi-
luminescence, Millipore) system was used for
exposure.
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GCTB cell proliferation assay

GCTB cells were cultured (4x10° cells/well) in
96-well plates for 24 h. Then the GCTB cells
were treated with curcumin for 24 h. Cell prolif-
eration was detected with CCK-8 by incubating
for 40 min at 37°C in 5% CO, and saturated
humidity. The absorbance was read at 450 nm.

GCTB cell invasion assay

40 pl of Matrigel (Becton, Dickinson and
Company, BD, USA) was used to spread in the
upper chamber of the Transwell system (BD).
GCTB cells (1x10° cells/mL) with curcumin
treatment for 24 h were cultured in DMEM with-
out FBS and transferred to the upper chamber,
while the lower chamber was with DMEM con-
taining 10% FBS. After culturing for 18 h,
cleaned the Matrigel and the GCTB cells in the
upper chamber totally. Fixed the GCTB cells
with 4% paraformaldehyde (Solarbio) for 30
min. Stained the GCTB cells with 0.25% crystal
violet (Macklin Inc. Shanghai, China) in 20%
methanol (Solarbio) for 20 min. Observed the
GCTB cells transferred to the lower surface of
the upper chamber. Randomly selected 5 fi-
elds (20x) and calculated the number of the
GCTB cells. The average was obtained and
compared.

Statistical analysis

All the data were analyzed by SPSS 21.0 soft-
ware and showed as mean + standard devia-
tions (X£S). One-Way ANOVA was for compari-
sons between different treatments. Least
Significant Difference (LSD) was for variance
homogeneity, and Dunnett’'s T3 was for vari-
ance heterogeneity. A value of P<0.01 consid-
ered significant difference.

Results

Final concentration of curcumin treating on
GCTB cells

Curcumin treatment (10~200 nM) on GCTB
cells was detected by orthogonal design and
cytotoxicity assay. As showed in Table 1 and
Figure 1, the different concentration of curcum-
in treating on GCTB cells had different effects
on GCTB cell proliferation. When curcumin con-
centration above 31.5 nM, the proliferation of
GCTB cells was with significance comparing to
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Table 2. Relative gray value of STAT3/B-actin
in GCTB cells with curcumin cytotoxicity
(0~100 nM) assay

Groups Relative gray value
NC 0.893+0.036
20 (nM) 0.704+0.027#
30 (nM) 0.538+0.027*
30.5 (nM) 0.421+0.029*
31 (nM) 0.414+0.030*
31.5 (nM) 0.408+0.020*
32 (nM) 0.406+0.014*
32.5 (nM) 0.406+0.025*
33 (nM) 0.402+0.016*
33.5 (nM) 0.404+0.018*
34 (nM) 0.401+0.015*
34.5 (nM) 0.402+0.012*
35 (nM) 0.400+0.017~*
50 (nM) 0.387+0.020*
100 (nM) 0.380+0.018*

Note: GCTB, giant cell tumor of bone; STAT3, signal
transducer and activator transcription factor-3; NC, nega-
tive control (0.1% DMSO); *comparing to the NC, P<0.05;
*comparing to the NC, P<0.01.
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Figure 2. Relative gray value of STAT3/B-actin in
GCTB cells with curcumin cytotoxicity (0~100 nM)
assay. GCTB, giant cell tumor of bone; STAT3, signal
transducer and activator transcription factor-3; NC,
negative control (0.1% DMSO); #comparing to the
NC, P<0.05; *comparing to the NC, P<0.01.

the NC (P<0.01) and tended to be stable.
Therefore, we chose 31.5 nM of curcumin as
the final concentration for curcumin treatment
on GCTB cells. As showed in Table 2 and Figure
2, with 31.5 pyM of curcumin treatment, STAT3
expression was inhibited comparing to the NC,
significantly (P<0.05).
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Proliferation of GCTB cells with/without cur-
cumin treatment for 24 h and/or silencing
STAT3

31.5 nM of curcumin was used to treat on GCTB
cells with silencing STAT3 for 24 h. GCTB cells
proliferation were detected and compared. As
showed in Table 3 and Figure 3, there was sig-
nificant difference of transferred GCTB cells
before and after curcumin treatment (31.5 nM)
(P<0.01), while no significance before and after
curcumin treatment combined with silencing
STAT3. These results showed that when treat-
ing with curcumin (31.5 nM), in the four cases,
both of the GCTB cells proliferations were both
inhibited. After silencing STAT3, the curcumin
(31.5 nM) treatment could not inhibit the GCTB
cells proliferations, which indicated that cur-
cumin could inhibit GCTB cell proliferation by
targeting STAT3.

Invasion of GCTB cells with/without curcumin
treatment for 24 h and/or silencing STAT3

31.5 nM of curcumin was used to treat on GCTB
cells with silencing STAT3 for 24 h. GCTB cells
invasion were detected and compared. As
showed in Table 4 and Figure 4 there was sig-
nificant difference of transferred GCTB cells
before and after curcumin treatment (31.5 nM)
(P<0.01) (Figure 4Ba and 4Bb), while no signifi-
cance before and after curcumin treatment
combined with silencing STAT3 (Figure 4Ba and
4Bc). These results showed that when treating
with curcumin (31.5 nM), in the four cases,
both of the GCTB cells invasions were both
inhibited. After silencing STAT3, the curcumin
(31.5 nM) treatment could not inhibit the GCTB
cells invasions, which indicated that curcumin
could inhibit GCTB cell invasion by targeting
STAT3.

Discussions

GCTB was generally a benign but locally aggres-
sive tumor with metastatic and invasive ability,
which was found to spread to the lungs [29,
30]. At present, there was no reliable predictor
for the recurrence or metastasis of GCTB. The
most common therapy was resection. However,
one-forth of the patients would suffer the recur-
rence and one-half of them would need a joint-
sacrificing segmental resection [31]. In our
study, we used curcumin as the therapeutic
drugtotreat on GCTB cells, which were obtained

Int J Clin Exp Med 2016;9(11):21474-21481
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Table 3. Proliferation of giant cell tumor of bone cells with/without
curcumin treatment (31.5 nM) for 24 h and/or silencing STAT3 (OD
value) (X£S)

Curcumin treatment

Curcumin treatment combined with silencing STAT3

Before After Before After
Case1l 0.685+0.026 0.160+0.008* 0.738+0.021 0.704+0.010
Case2 0.731+0.030 0.178+0.011* 0.769+0.014 0.720£0.015
Case3 0.728+£0.019 0.157+0.012* 0.743+0.026 0.714+0.022
Case4 0.634+0.015 0.165+0.015* 0.750+0.018 0.729+0.013

Note: GCTB, giant cell tumor of bone; STAT3, signal transducer and activator tran-
scription factor-3; *comparing to the “before”, P<0.01. (Would you mean that this
table should be deleted?).

109 Il Before curcumin treatment
0.8 I After curcumin treatment
o i i [ B Before curcumin treatment
2 067 combined with Silencing STAT3
3 0.4+ After curcumin treatment
o - combined with Silencing STAT3

Figure 3. Proliferation of giant cell tumor of bone cells with/without curcumin
treatment (31.5 nM) for 24 h and/or silencing STAT3 (OD value); GCTB, giant
cell tumor of bone; STAT3, signal transducer and activator transcription fac-
tor-3; Case 1, patient 1; Case 2, patient 2; Case 3, patient 3; Case 4 patient
4; *comparing to “Before curcumin treatment”, P<0.01. (The curcumin treat-
ment could inhibit the proliferation of GCTB cells in the four cases. When
silencing STAT3 and then treating with curcumin, the proliferation of GCTB
was not inhibited, which was similar to before silencing and treatments. This
indicated the STAT3 was the target gene in GCTB cell with curcumin treat-
ment. Compared the group “Before curcumin treatment” with “After curcum-
in treatment”, as well as group “Before curcumin treatment combined with
silencing STAT3” with “After curcumin treatment combined with silencing
STAT3”, were more suitablely and directly on showing the effect of curcumin
the target gene STAT3. If these were not suitable, please tell us how to show
the data and how to compare the result.).

Table 4. Invasion of giant cell tumor of bone cells with/without
curcumin treatment (31.5 nM) for 24 h and/or silencing STAT3
(cell counting) (X+S)

Curcumin treatment combined
with Silencing STAT3

Before After

Curcumin treatment

Before After
Case 1 130.20+12.88 46.53+9.70* 125.64+10.09 117.94+9.01
Case 2 132.96+13.06 44.60+10.93* 124.83+9.56 122.56+10.68
Case 3 129.40+13.25 41.38+12.09* 125.60+11.03 120.48+9.11
Case 4 130.09+10.52 41.55+8.76* 125.42+8.84 121.07+10.56

Note: GCTB, giant cell tumor of bone; STAT3, signal transducer and activator tran-
scription factor-3; *comparing to the “before”, P<0.01.
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from 4 patients with tumor
resection. By detecting and
silencing STAT3 expression,
we used CCK-8 and transwell
assays to analyze the prolifer-
ation and invasion of the
GCTB cells, in order to find
the target of the traditional
Chinese drug and provide clin-
ical therapy with more molec-
ular target and GCTB meta-
static mechanisms.

In our study, GCTB cell prolif-
eration was inhibited by tre-
ating with curcumin (31.5
nM), significantly (P<0.01).
When silencing STAT3, cur-
cumin had no obvious effect
on GCTB cell proliferation.
According to Roudier et al.
[32], denosumab was the
common drug for GCTB, and it
could decrease proliferation
in GCTB. However, the injec-
tion of denosumab was not
suitable for the patients with
multiple myeloma (MM) to
prevent from skeletal related
events, as well as easily indu-
ce side-effects, such as hypo-
calcemia [33], osteonecrosis
[34], fatigue, weakness, hypo-
phosphataemia [35], nausea
and so on.

Curcumin, as the save and
effective anti-tumor drugs,
was with less side-effect.
Curcumin intake is conveni-
ent, and the daily eatable
curcumin is abundant in many
foods. Curcumin was proven
to inhibit metastasis in
colorectal cancer [36], breast
cancer [37] and so on. There
was less evidence of curcum-
in on inhibiting GCTB metas-
tasis. In our study, after treat-
ing with curcumin (31.5 nM),
GCTB cell invasion was inhib-
ited, while silencing STAT3
could reduce the inhibition of

Int J Clin Exp Med 2016;9(11):21474-21481
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curcumin on GCTB cells. These results indicat-
ed that curcumin could inhibit GCTB cell inva-
sion, and STAT3 was the target protein of
curcumin.

However, there were still some insufficiencies
in our study. Firstly, there were only 4 samples
of GCTB tumor obtained in our investigation.
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ments were carried on in vitro, which would
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Conclusively, curcumin could reduce the prolif-
eration and invasion in GCTB by targeting
STAT3. STAT3 might be the new target for treat-
ing GCTB invasion.

Disclosure of conflict of interest
None.

Address correspondence to: Qingshui Yin, Depart-
ment of Orthopaedics, Southern Medical University,

21479

(3]

(4]

(5]

(6]

(7]

(8]

Atkins GJ, Panagiota K,
Cristina V, Farrugia AN,
Houchins JP, Findlay DM,
Andreas E and Zannettino
AC. RANK Expression as a
cell surface marker of human osteoclast pre-
cursors in peripheral blood, bone marrow, and
giant cell tumors of bone. J Bone Miner Res
2006; 21: 1339-1349.

Forsyth RG, Gitte DB, Baelde JJ, Taminiau AH,
Dirk U, Hendrik R, Praet MM and Hogendoorn
PC. CD33+ CD14- phenotype is characteristic
of multinuclear osteoclast-like cells in giant
cell tumor of bone. Bone Miner Res 2009; 24:
70-77.

Garcia RA, Inwards CY and Unni KK. Benign
bone tumors-recent developments. Semin
Diagn Pathol 2011; 28: 73-85.

Thomas DM, Skubitz KM. Giant-cell tumour of
bone. Curr Opin Oncol 2009; 21: 338-344.
Goldring SR, Roelke MS, Petrison KK and Bhan
AK. Human giant cell tumors of bone identifica-
tion and characterization of cell types. J Clin
Invest 1987; 79: 483-491.

Huang L, Teng XY, Cheng YY, Lee KM and
Kumta SM. Expression of preosteoblast mark-
ers and Cbfa-1 and Osterix gene transcripts in
stromal tumour cells of giant cell tumour of
bone. Bone 2004; 34: 393-401.

Nishimura M, Yuasa K, Mori K, Miyamoto N, Ito
M, Tsurudome M, Nishio M, Kawano M,
Komada H, Uchida A, Ito Y. Cytological proper-
ties of stromal cells derived from giant cell tu-
mor of bone (GCTSC) which can induce osteo-
clast formation of human blood monocytes
without cell to cell contact. J Orthop Res 2005;
23: 979-987.

Int J Clin Exp Med 2016;9(11):21474-21481


mailto:nanyiyinqingshui@163.com
mailto:nanyiyinqingshui@163.com

(9]

(10]

(11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Curcumin on giant cell tumor of bone by targeting STAT3

Robinson D, Segal M and Nevo Z. Giant cell tu-
mor of bone. The role of fibroblast growth fac-
tor 3 positive mesenchymal stem cells in its
pathogenesis. Pathobiology 2002; 70: 333-
342.

Emura I, Inoue Y, Ohnishi Y, Morita T, Saito H
and Tajima T. Histochemical, immunohisto-
chemical and ultrastructural investigations of
giant cell tumors of bone. Acta Pathol Jpn
1986; 36: 691-702.

Fornasier VL, Protzner K, Zhang | and Mason
L. The prognostic significance of histomor-
phometry and immunohistochemistry in giant
cell tumors of bone. Hum Pathol 2014; 17:
302-303.

Singh AS, Chawla NS and Chawla SP. Giant-cell
tumor of bone: Treatment options and role of
denosumab. Biologics 2015; 9: 69-74.

Lewin J and Thomas D. Denosumab: a new
treatment option for giant cell tumor of bone.
Drugs Today (Barc) 2013; 49: 693-700.
Milacic V, Banerjee S, Landis-Piwowar KR,
Sarkar FH, Majumdar AP and Dou QP. Curcumin
inhibits the proteasome activity in human co-
lon cancer cells in vitro and in vivo. Cancer Res
2008; 68: 7283-7292.

Shishir S, Amin HM, Raymond L and Aggarwal
BB. Curcumin (diferuloylmethane) inhibits con-
stitutive NF-kappaB activation, induces G1/S
arrest, suppresses proliferation, and induces
apoptosis in mantle cell lymphoma. Biochem
Pharmacol 2005; 70: 700-713.

Carroll RE, Benya RV and Turgeon DK. Phase
lla clinical trial of curcumin for the prevention
of colorectal neoplasia. Cancer Prev Res 2011;
4:354-364.

Cheng A, Hsu C, Lin J, Hsu M, Ho Y, Shen T,
Ko J, Lin J, Lin B and Ming-Shiang W. Phase |
Clinical Trial of Curcumin, a Chemopreventive
Agent, in Patients with High-Risk or Pre-
Malignant Lesions. Anticancer Res 2000; 21:
2895-2900.

Lee YK, Park SY, Kim YM, Park OJ. Regulatory
Effect of the AMPK&ndash; COX-2 Signaling
Pathway in Curcumin-Induced Apoptosis in HT-
29 Colon Cancer Cells. Ann N'Y Acad Sci 2009;
1171: 489-494.

Collett GP and Campbell FC. Curcumin induces
c-jun N-terminal kinase-dependent apoptosis
in HCT116 human colon cancer cells.
Carcinogenesis 2004; 25: 2183-2189.

Kim KC and Lee C. Curcumin Induces Down-
regulation of E2F4 Expression and Apoptotic
Cell Death in HCT116 Human Colon Cancer
Cells; Involvement of Reactive Oxygen Species.
Korean J Physiol Pharmacol 2010; 14: 391-7.
Asok M, Sanjeev B, Lewis Joe S, Chunzhi X,
Mingyao L and Aggarwal BB. Curcumin-induced
suppression of cell proliferation correlates with

21480

[22]

(23]

(24]

[25]

(26]

(27]

(28]

[29]

[30]

[31]

(32]

(33]

down-regulation of cyclin D1 expression and
CDK4-mediated retinoblastoma protein phos-
phorylation. Oncogene 2002; 21: 8852-8861.
Gao B, Shen X, Kunos G, Meng Q, Goldberg ID,
Rosen EM and Fan S. Constitutive activation of
JAK-STAT3 signaling by BRCAL in human pros-
tate cancer cells. FEBS Lett 2001; 488: 179-
184.

Darnell JE. STATs and gene regulation. Science
1997; 277: 1630-1635.

Klampfer L. Signal Transducers and Activa-
tors of Transcription (STATs): Novel Targets
of Chemopreventive and Chemotherapeutic
Drugs. Curr Cancer Drug Targets 2006; 6: 107-
121.

Bromberg J and Wang TC. Inflammation and
cancer: IL-6 and STAT3 complete the link.
Cancer Cell 2009; 15: 79-80.

Hirano T, Ishihara K and Hibi M. Roles of STAT3
in mediating the cell growth, differentiation
and survival signals relayed through the IL-6
family of cytokine receptors. Oncogene 2000;
19: 2548-2556.

Yu H, Kortylewski M and Pardoll D. Crosstalk
between cancer and immune cells: role of
STAT3 in the tumour microenvironment. Nat
Rev Immunol 2007; 7: 41-51.

Lacey DL, Timms E, Tan HL, Kelley MJ, Dunstan
CR, Burgess T, Elliott R, Colombero A, Elliott G,
Scully S, Hsu H, Sullivan J, Hawkins N, Davy E,
Capparelli C, Eli A, Qian YX, Kaufman S, Sarosi
I, Shalhoub V, Senaldi G, Guo J, Delaney J,
Boyle WJ. Osteoprotegerin ligand is a cytokine
that regulates osteoclast differentiation and
activation. Cell 1998; 93: 165-176.

Hutter RV, Worcester JN Jr, Francis KC, Foote
FW Jr, Stewart FW. Benign and malignant giant
cell tumors of bone. A clinicopathological anal-
ysis of the natural history of the disease.
Cancer 1962; 15: 653-690.

Bertoni F, Bacchini P and Staals EL. Malignancy
in giant cell tumor. Skeletal Radiol 2003; 32:
143-146.

Mcgough RL, Rutledge J, Lewis VO, Lin PP and
Yasko AW. Impact severity of local recurrence
in giant cell tumor of bone. Clin Orthop Relat
Res 2005; 438: 116-122.

Roudier M, Blay JY, Chawla S, Manivel C,
Nelson SD, Thomas D, Woody L, Soriano R, Jun
S and Jacobs I. Denosumab decreases prolif-
eration in giant cell tumor of bone (GCTB).
Bone 2011; 48: 29-37.

Ikesue H, Tsuji T, Hata K, Watanabe H, Mishima
K, Uchida M, Egashira N, Miyamoto T, Baba E,
Akashi K, Takayama K, Nakanishi Y, Tokunaga
E, Okamoto T, Maehara Y, Yokomizo A, Naito
S, Kubo M, Tanaka M, Masuda S. Time Course
of Calcium Concentrations and Risk Factors
for Hypocalcemia in Patients Receiving

Int J Clin Exp Med 2016;9(11):21474-21481



[34]

[35]

[36]

Curcumin on giant cell tumor of bone by targeting STAT3

Denosumab for the Treatment of Bone
Metastases From Cancer. Ann Pharmacother
2014; 48: 1159-1165.

Brodowicz T, Hemetsberger M and Windhager
R. Denosumab for the treatment of giant cell
tumor of the bone. Future Oncol 2015; 11:
1881-1894.

Smyth B and Ong S. Severe hypocalcaemia
and hypophosphataemia following intravenous
iron and denosumab: a novel drug interaction.
Int Med J 2016; 46: 360-363.

Mudduluru G, Georgewilliam JN, Muppala S,
Asangani IA, Kumarswamy R, Nelson LD and
Allgayer H. Curcumin regulates miR-21 expres-
sion and inhibits invasion and metastasis in
colorectal cancer. Biosci Rep 2011; 31: 185-
197.

21481

(37]

Mohankumar K, Sridharan S, Pajaniradje S,
Singh VK, Ronsard L, Banerjea AC, Somasun-
daram DB, Coumar MS, Periyasamy L and
Rajagopalan R. BDMC-A, an analog of curcum-
in, inhibits markers of invasion, angiogenesis,
and metastasis in breast cancer cells via NF-
kB pathway-A comparative study with curcum-
in. Biomed pharmacother 2015; 74: 178-186.

Int J Clin Exp Med 2016;9(11):21474-21481



