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Bisdemethoxycurcumin suppresses human osteosarcoma U-2 OS
cell migration and invasion via affecting the PI3K/Akt/NF-kB,
PI3K/Akt/GSK3[ and MAPK signaling pathways in vitro
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Abstract. The metastasis of human osteosarcoma (OS) shows
a difficult-to-treat clinical scenario and results in decreased
quality of life and diminished survival rates. Finding or devel-
oping novel treatments to improve the life quality of patients
is urgent. Bisdemethoxycurcumin (BDMC), a natural product,
was obtained from the rhizome of turmeric (Curcuma longa)
and exerts antitumor activities in numerous human cancer cell
lines. At present, there is no study showing BDMC effects on
OS cell migration and invasion. In the present study, the effects
of BDMC on cell migration and invasion of OS U-2 OS cells
were investigated in vitro. Cell viability and proliferation were
measured by flow cytometric and MTT assays, respectively.
Cell motility, MMP-2 and -9 activity, and cell migration and
invasion were assayed by scratch wound healing, gelatin

Correspondence to: Dr Ching-Lung Liao, School of Chinese
Medicine, College of Chinese Medicine, China Medical University,
91 Hsueh-Shih Road, Taichung 406040, Taiwan, R.O.C.

E-mail: gbking@ms29.hinet.net

Dr Te-Chun Hsia, Department of Internal Medicine, China Medical
University Hospital, 2 Yude Road, Taichung 404332, Taiwan, R.O.C.
E-mail: d1914@mail.cmuh.org.tw

“Contributed equally
Key words: bisdemethoxycurcumin, PI3K/Akt/NF-xB, PI3K/Akt/

GSK3p, MAPK, cell migration and invasion, human osteosarcoma
cells

zymography, and Transwell chamber assays, respectively.
The protein expression levels were measured by western blot-
ting. BDMC at 20 and 40 M significantly reduced total cell
viability, and BDMC at 5 and 10 M significantly inhibited
cell motility in U-2 OS cells. BDMC significantly suppressed
the activities of MMP-2 and MMP-9 in U-2 OS cells. BDMC
suppressed cell invasion and migration after 24 h treatment
in U-2 OS cells, and these effects were in a dose-dependently
manner. Results from western blotting indicated that BDMC
significantly decreased the protein expression levels of
PI3K/Akt/NF-«xB, PI3K/Akt/GSK3p, and MAPK pathway in
U-2 OS cells. Furthermore, BDMC inhibited uPA, MMP-2,
MMP-9, MMP-13, N-cadherin, VE-cadherin, and vimentin
but increased E-cadherin in U-2 OS cells. Based on these
observations, it was suggested that BDMC may be a potential
candidate against migration and invasion of human OS cells
in the future.

Introduction

Osteosarcoma (OS), the primary malignant bone tumor, is
found in children, adolescents and young adults (1). OS exhibits
high destructive and metastatic potential in patients (2,3). A
total of ~15-20% of OS patients have clinically detectable
metastases, more than 85% of the metastatic site occurs in the
lung (4), and the other is the distant bone (5). Therefore, OS
metastasis is an obstacle to disease treatment. After clinical
treatment, ~80% of OS patients with metastatic disease have
suffered relapse (6). The current treatment for OS patients,
including radiotherapy, surgery, chemotherapy, bisphospho-
nates, calcitonin and analgesics (7,8), is accompanyed with
adverse side effects (9,10). Thus, it has been with the addi-
tion of adjuvant chemotherapy after surgery. Although both
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surgical techniques with adjuvant chemotherapy have been
improved for patient survival, OS remains a primary cause of
mortality for patients (11). Therefore, new drugs from natural
products are attractive for patients with OS.

Tumor metastasis, the primary problem for tumor
therapy (5), is a complicated, multi-step process and accounts
for the vast majority of cancer-related deaths (12). Metastasis
is a series of sequential and interrelated multi-step processes
where tumor cells disseminate from the primary tumor to
colonize distant organs (13). These steps include cancer cells
must detach and move from the primary tumor and survive.
Then these cells intravasate into the circulatory and lymphatic
systems and evade immune attacks at distant capillary beds.
Subsequently, cancer cells exit the bloodstream to colonize a
distant target organ and finally proliferate and grow at different
organ sites resulting in malignant secondary tumors (14-19).
Urokinase and matrix metalloproteinases (MMPs) that
degrade the extracellular matrix and basement membrane are
involved in metastasis (20) for cell movement (18) and metasta-
size (21). The epithelial-mesenchymal transition (EMT), which
involves cell polarity and cell-cell junction, plays a vital role
in the process of metastasis (22). Both MMP-2 and MMP-9
are overexpressed and associated with enhanced metastatic
ability in human OS cell lines (23). Inhibiting MMPs and their
related pathways may be the potential strategies for inhibiting
OS metastasis.

Numerous pharmaceutical drugs are obtained from
natural products, and numerous studies have focused on
screening phytochemicals for treating human diseases.
Curcuminoids, yellow, lipid-soluble polyphenols, are extracted
from the rhizome of turmeric (Curcuma longa). Three major
components of curcuminoids are curcumin (Cur), deme-
thoxycurcumin and bisdemethoxycurcumin (BDMC) (24).
Curcuminoids exist in various biological activities, including
anti-oxidant, anti-inflammatory and cytotoxic in numerous
human cancer cell types (25). The lack of methoxyl groups at
the ortho position on the BDMC aromatic ring renders it more
stable in physiological media than Cur (26). BDMC presents
anticancer effects on human breast cancer MCF-7 cells (27)
and gastric adenocarcinoma cells (28). In addition, BDMC
prevents kidney fibrosis by activating fibroblast apoptosis (29).
Previously, BDMC was revealed to suppress migration and
invasion in human cervical cancer HeLa cells (30) and highly
metastatic lung cancer 95D cells (31).

BDMC has been revealed to inhibit the proliferation
and increase the apoptotic rate of cancer cells. U-2 OS cells
with functional p53 and pRb genes result in the lowest level
of chromosomal numerical variations compared with other
OS (32). In addition, abundant osteoid production and infil-
trating immune cells were detected in U-2 OS-derived tumors.
Therefore, the U-2 OS cells are widely used for studying the
cancer treatment, bone formation arthritis, and the interaction
between immune system and tumor (33,34). However, there
is no available information to show the effect and molecular
mechanism of BDMC on cell migration and invasion in human
OS cells. Therefore, the present study investigated the possible
effects and molecular mechanisms of BDMC on cell migration
and invasion of U-2 OS cells in vitro. The results indicated that
BDMC inhibited cell migration and invasion by suppressing
MMP-2 and MMP-9 signaling pathways in U-2 OS cells. This

information may provide the clinical trial treatment of human
0OS, which is similar to U-2 OS cell line, metastasis in the
future.

Materials and methods

Test chemicals, reagents, antibodies and culture medium.
BDMC, dimethyl sulfoxide (DMSO), EDTA, gelatin, Tris-HCI,
trypan blue, trypsin, propidium iodide (PI) and Coomassie
blue R-250 with purity higher than 98% were purchased
from Sigma-Aldrich; Merck KGaA. All chemicals were
used as received without any further purification. McCoy's
5A medium, penicillin-streptomycin and fetal bovine serum
(FBS) were obtained from Gibco; Thermo Fisher Scientific,
Inc. The antibodies against Akt (1:1,000; cat. no. 4691),
E-cadherin (1:1,000; cat. no. 14472), EGFR (1:1,000; cat.
no. 4267), ERK1/2 (1:1,000; cat. no. 4695), JNK (1:1,000;
cat. no. 9252), MMP-2 (1:1,000; cat. no. 87809), N-cadherin
(1:1,000; cat. no. 14215), NF-xB (1:1,000; cat. no. 8242), P38
(1:1,000; cat. no. 8690), phosphorylated (p)-Akt™?3% (1:1,000;
cat. no. 4056), p-EGFR™"%% (1:1,000; cat. no. 2234), vimentin
(1:1,000; cat. no. 3932), goat anti-rabbit IgG, horseradish
peroxidase (HRP)-linked antibody (1:5,000; cat. no. 7074)
and horse anti-mouse IgG, HRP-linked antibody (1:5,000; cat.
no. 7076) were purchased from Cell Signaling Technology, Inc.
The antibodies against c-Jun (1:4,000; cat. no. 558036), GRB2
(1:5,000; cat. no. 610112), PI3K (1:2,500; cat. no. 610046),
protein kinase C (PKC; 1:250; cat. no. 554207), Ras (1:500; cat.
no. 610002) and SOS1 (1:250; cat. no. 610095) were obtained
from BD Pharmingen; BD Biosciences. The antibodies against
p-ERK1/2 (1:1,000; cat. no. sc-16982-R), p-JNK (1:1,000; cat.
no. sc-6254), p-P38 (1:1,000; cat. no. sc-17852-R), Rho A
(1:1,000; cat. no. sc-418) and uPA (1:1,000; cat. no. sc-14019)
were purchased from Santa-Cruz Biotechnology, Inc. The anti-
bodies against GSK3f (1:500; cat. no. 05-412) and p-AktS"
(1:500; cat. no. 05-669), were obtained from Millipore. The
antibodies against -catenin (1:2,000; cat. no. GTX101435),
MMP-9 (1:1,000; cat. no. GTX62122) and MMP-13 (1:500;
cat. no. GTX55707) were purchased from GeneTex, Inc.
The antibodies against B-actin (1:5,000; cat. no. A5316),
p-c-Jun (1:1,000; cat. no. J2253) and VE-cadherin (1:500; cat.
no. V1514) were obtained from Sigma-Aldrich; Merck KGaA.
BDMC was dissolved in DMSO (carrier solvent), and 1%
DMSO was used in control groups (as 0 concentration).

Cell culture. The human OS cell line (U-2 OS) was purchased
from the Food Industry Research and Development Institute
(Hsinchu, Taiwan, R.O.C.). U-2 OS cells were cultured in
McCoy's SA medium containing 10% FBS,2 mM L-glutamine,
100 pug/ml streptomycin and 100 units/ml penicillin at 37°C
with 5% CO, in a humidified atmosphere as previously
described (35).

Cell viability assays. U-2 OS cells (8x10* cells/well) were placed
in each well of 12-well plates with McCoy's SA medium for
24 h. Cells were treated with 0,2.5, 5, 7.5, 10, 15, 20 and 40 uM
BDMC in triplicate for 24 and 48 h. Cells were harvested,
washed, and stained with PI (5 ug/ml) on the ice and then
immediately to determine cell viability by using flow cytometry
(Becton Dickinson and Company) as previously described (35).
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Cell proliferation assays. U-2 OS cells (5x10° cells/well) were
placed in each well of 96-well plates with McCoy's SA medium
for 24 h. Cells were treated with 0, 2.5, 5, 7.5, 10, 15, 20 and
40 uM BDMC in triplicate for 24 and 48 h. After treatment,
10 ul MTT reagent (5 mg/ml) was added for another 4 h, and
then 10% SDS solution (in 0.4 N HCI) was used to dissolve the
formazan crystals overnight. The absorbance was measured at
ODsys . for analyzing cell proliferation by Bio-Rad Model 680
microplate reader as previously described (36).

Wound healing motility assay. U-2 OS cells were placed in
a 12-well plate at 8x10* cells/well and cultured in McCoy's
5A medium containing 10% FBS to almost 100% confluence
of the cell monolayer. After 12 h of starvation (McCoy's SA
medium containing 2% FBS), the cell monolayers were care-
fully wounded using a 200-ul pipette tip, and cell debris was
removed and then treated with 0, 5 and 10 xuM of BDMC in
serum-free medium for 12 and 24 h. Cell healing images were
captured under a phase-contrast microscope in the denuded
zone at different periods (0, 12 and 24 h) as previously
described (35).

Gelatin zymography assay. U-2 OS cells (8x10* cells/well)
were plated in 12-well plates in McCoy's 5A culture medium
overnight and replaced with serum-free medium containing
BDMC (0, 5 and 10 uM) for 48 h. The conditioned medium
from each treatment was harvested for gelatinase activity assay
on 10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
gel containing 0.2% gelatin and run in the SDS running buffer.
At the end of the process, all gels were washed twice with the
renaturing solution containing 2.5% Triton X-100 for 45 min
and then incubation with zymogen developing buffer [S50 mM
Tris (pH 7.5), 200 mM NaCl, 5 mM CacCl,, 1 uM ZnCl,,
and 0.02% Brij-35] followed for 24 h at 37°C. The bands
corresponding to MMP-2 and MMP-9 activities in gels were
stained using 0.2% Coomassie Brilliant Blue. Then the gels
were destained using 50% methanol and 10% acetic acid and
images were captured. All bands (gelatinolytic activity) were
measured using NIH Image] software (version 1.47; National
Institutes of Health) (35,37).

Transwell assay. A commercial Transwell chamber insert
(8-um pore size; Millipore) was used to measure cell migra-
tion and invasion ability. For measuring cell migration and
invasion ability, chambers were precoated with collagens
(Sigma-Aldrich; Merck KGaA) and with Matrigel, reapec-
tively, then put it in the incubator at 37°C overnight. U-2 OS
cells (2x10* cells/well) were suspended in serum-free McCoy's
5A medium containing 0, 5 and 10 xM of BDMC and seeded
in the upper chamber. The lower chambers were filled with
800 pl of McCoy's SA medium supplemented with 10% FBS
for 24 h. After treatment, cells adhere to the upper surface
of the cham swab. Cells on the underside of the membrane
(migratory cells) were fixed with 100% methanol at room
temperature for 10 min, stained with 0.1% crystal violet solu-
tion at room temperature for 10 min, examined and images
were captured under a light microscope. In the cell invasion
experiment, all subsequent steps were performed as the cell
migration assay, except for the fact that chamber membranes
were coated with Matrigel as previously described (35,37).
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Western blot analysis. The U-2 OS cells (1x10° cells/dish)
were placed in 10-cm culture dishes for 24 h and incubated
with 0, 5 and 10 uM of BDMC for 24 and 48 h. Cells were
collected, washed with cold PBS and lysed with lysis buffer
(50 mM Tris-HCI pH 7.5,400 mM NaCl, 2 mM EGTA, | mM
EDTA, 1 mM DTT) containing protease inhibitor cocktail
(Roche Diagnostics) for 30 min on ice. Then total protein
concentration was quantitated following the guideline of the
protein assay kit (cat. no. 5000006; Bio-Rad Laboratories,
Inc.). A defined amount (40 pg) of proteins were electropho-
resed on 8-12% SDS-PAGE gels and transferred to PVDF
membranes. After blocked in blocking buffer (PBS with
2% FBS and 0.1% Tween 20) at room temperature for 1 h,
the membranes were probed with specific primary antibodies
against Akt, B-actin, B-catenin, c-Jun, E-cadherin, EGRF,
ERK1/2, GRB2, GSK38, INK, MMP-2, MMP-9, MMP-13,
N-cadherin, NF-xB, P38, p-Akt™?3% p-Akt5™? p-c-Jun,
p-EGFR™™% p_c-Jun, p-ERK1/2, PI3K, PKC, p-JNK, p-P38,
Ras, Rho A, SOS1, uPA, VE-cadherin and vimentin at 4°C
overnight. After washing, the membranes were incubated with
horseradish peroxidase-conjugated secondary antibodies at
room temperature for 1 h and visualized by the ECL detection
system (cat. no. WBKLS0500; MilliporeSigma). Finally, the
ImageJ software was used for densitometry of the respective
protein band intensity in all blots (35,37).

Statistical analysis. Data are presented as the mean + SD
from three independent experiments. The statistical analysis
was performed by one-way ANOVA analysis of variance,
and then the Dunnett's post-hoc test was used to compare all
groups against control, or the Tukey's post hoc test was used
for multiple group comparisons (SigmaPlot for Windows
version 12.0; Systat Software, Inc.). P<0.05 was considered to
indicate a statistically significant difference.

Results

BDMC decreases the total cell viability and cell proliferation
of U-2 OS cells. After U-2 OS cells were treated with BDMC
0,2.5,5,7.5, 10, 15, 20, and 40 uM) for 24 and 48 h, the
total viable cell number was counted (Figs. S1, 1A and B).
Tretament with 20 and 40 xM BDMC at 24 and 48 h signifi-
cantly decreased the percentage of cell viability. However,
2.5-15 uM treatment of BDMC did not exhibit a significant
decrease in total cell viability of U-2 OS cells.

For the cell proliferation assay, U-2 OS cells were treated
with BDMC (0, 2.5, 5, 7.5, 10, 15, 20 and 40 uM) for 24 and
48 h and subsequently the cell proliferation was determined.
As revealed in Fig. 1C, BDMC at 10-40 uM significantly
reduced the proliferation (16-84%, respectively). According
to the results of cell viability and cell proliferation assays,
5 and 10 uM of BDMC were selected for further experiments,
as these concentrations did not influence the cell viability but
slightly inhibited the cell proliferation.

BDMC inhibits cell motility in U-2 OS cells. After U-2 OS
cells were treated with BDMC (0, 5 and 10 uM) for 12 and
24 h, cell motility was observed and images were captured
(Fig. 2A). The percentage of inhibition of cell motility was
calculated (Fig. 2B). After 12 and 24 h of treatment, both cell
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Figure 1. BDMC decreases cell viability and cell proliferation of U-2 OS cells. (A and B) Cells (8x10* cells/well) were incubated with BDMC (0, 2.5, 5, 7.5,
10, 15,20 and 40 M) for (A) 24 and (B) 48 h and harvested to measure the total cell viability. (C) Cells (5x10° cells/well) were incubated with BDMC (0, 2.5,
5,75, 10, 15, 20 and 40 uM) for 48 h. After treatment, cell solutions were added MTT reagent and the cell proliferation was determined. "P<0.05 (one-way
ANOVA followed by Dunnett's post hoc test). BDMC, bisdemethoxycurcumin.

migration movement and the scratch in the control group were
basically covered; however, the scratch areas of the higher
dose (10 uM) of BDMC treatment were more evident than
that of lower dose (5 uM). Moreover, the wound areas of the
BDMC-treated groups were higher than that of the control
group (Fig. 2A and B). The results revealed that BDMC
significantly inhibited the motility of U-2 OS cells.

BDMC affects matrix metalloproteinase activity in U-2 OS
cells. After U-2 OS cells were treated with 0, 5 and 10 M of
BDMC for 48 h, conditioned medium in the well was harvested
for examining the gelatinase activities of MMP-2 and MMP-9.
Both activities were measured using gelatin zymography assay
(Fig. 3). BDMC at 5 and 10 M significantly inhibited MMP-2
(active form; 64 kDa) and MMP-9 (pro-form; 92 kDa) activity
at 48 h of treatment (Fig. 3A and B). Moreover, the higher dose
(10 uM) of BDMC demonstrated a higher inhibition of MMP-2
(active form) and MMP-9 (pro-form) activities than the lower
dose (5 uM) of BDMC at 48 h of treatment in U-2 OS cells.

BDMC affects cell migration and invasion in U-2 OS cells.
After being exposed to BDMC at the final concentrations of
0, 5 and 10 #M for 24 h, cells were assayed for cell migration
and invasion by using the Transwell chambers. As revealed
in Fig. 4A, BDMC at 5 and 10 uM significantly inhibited cell
migration of U-2 OS cells ~56-66% compared with untreated
cells. The results indicated that BDMC at 5 and 10 uM
significantly inhibited cell invasion of U-2 OS cells ~16-34%
compared with untreated groups (Fig. 4B). Both results indi-
cated that BDMC reduced cell migration and invasion in a
dose-dependent manner.
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Figure 2. BDMC inhibits in vitro wound closure of U-2 OS cells.
(A and B) Cells (8x10* cells/well) were kept in 12-well plate, and the cells
were scratched (wounded). Then cells were incubated with BDMC (0, 5 and
10 #M) for 12 and 24 h. (A) Images of the relative wound closures were
captured using phase-contrast microscopy. (B) The percentage of wound area
was calculated. “P<0.05 (one-way ANOVA followed by Tukey's post hoc test).
BDMC, bisdemethoxycurcumin.
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Figure 3. BDMC inhibits MMP-2 and MMP-9 activities of U-2 OS cells.
(A and B) Cells (1x10° cells/well) were placed at 12-well plate and treated
with BDMC (0, 5 and 10 yM) for 48 h. Then the conditioned medium was
harvested for gelatin zymography assay. Representative gelatin gel pictures
and the quantification of the clear zone of (A) MMP-2 and (B) MMP-9.
“P<0.05 (one-way ANOVA followed by Dunnett's post hoc test). BDMC,
bisdemethoxycurcumin; MMP, matrix metalloproteinase.

BDMC affects key metastasis-related proteins in U-2 OS
cells. In order to understand the effects and mechanism of
BDMC on inhibiting cell migration and invasion of U-2 OS
cells, cells were treated with 0, 5 and 10 xuM of BDMC for
24 and 48 h and harvested for western blotting. The results
indicated that BDMC (5 and 10 M) at 24 h of treatment
increased p-EGFR™"%® but 48 h treatment led to a decrease
in the expression of p-EGFR™™%%® (Fig. 5A). The ratio of
p-EGFR™"%¥/EGFR only decreased at 24 h. BDMC at 5
and 10 yM decreased the expression of SOS1, GRB2, Ras,
PKC, Rho A and uPA at 24 and 48 h treatment. BDMC
(5 and 10 yM) inhibited the expression of p-ERK1/2, p-JINK,
p-P38, p-c-Jun and c-Jun (Fig. 5B). These results indicated that
BDMC affected the protein expression levels of the MAPK
signaling pathway. In addition, BDMC (5 and 10 xM) reduced
the expression levels of PI3K, p-Akt™?3% p-Akt5” NF-xB,
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Figure 4. BDMC suppresses cell migration and invasion of U-2 OS cells.
(A and B) Cells (2x10* cells/well) were placed on Transwell insert coated
with collagen for migration or Matrigel for invasion and were treated with
BDMC (0, 5 and 10 M) for 24 h. U-2 OS cells penetrated to the lower
surface of the transwell membrane for (A) migration and (B) invasion
were stained with crystal violet. Images of the cells were captured under a
light microscope (magnification, x200) and penetrated cells were counted.
“P<0.05 (one-way ANOVA followed by Dunnett's post hoc test). BDMC,
bisdemethoxycurcumin.
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GSK3p and B-catenin at both periods, indicating the effects
of BDMC on the PI3K/Akt/NF-xB and PI3K/Akt/GSK3p3
signaling pathways in U-2 OS cells (Fig. 5C). BDMC (5 and
10 uM) significantly decreased the expression levels of MMP-2,
MMP-9 and MMP-13 at both periods (Fig. 5D). Furthermore,
BDMC (5 and 10 gM) increased E-cadherin and decreased
N-cadherin, VE-cadherin and vimentin at both periods in U-2
OS cells (Fig. SE).

Discussion

Cell metastasis involves multi-step processes in which tumor
cells disseminate from the primary tumor and colonize
distant organs (13). Cancer cell metastasis has been recog-
nized to account for more than 90% of all cancer-related
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Figure 5. BDMC affects the levels of metastasis-associated proteins in U-2 OS cells. (A-E) Cells (1x10° cells/dish) were treated with BDMC (0, 5 and 10 zM)
for 24 and 48 h. Cells were harvested for total protein evaluation using western blotting and the band intensity was quantitated by ImageJ software. The protein
levels of (A) p-EGFR™%¢ SOS1, GRB2, Ras, PKC, Rho A, uPA and EGFR; (B) p-ERK1/2, p-INK, p-p38, p-c-Jun, ¢-Jun, ERK1/2, JNK and p38; (C) PI3K,
p-Akt™3% p-AktS™3 NF-kB, GSK3p, f-catenin and Akt; (D) MMP-2, MMP-9 and MMP-13; and (E) E-cadherin, N-cadherin, VE-cadherin and Vimentin
were analyzed. "P<0.05 (one-way ANOVA followed by Dunnett's post hoc test). BDMC, bisdemethoxycurcumin; p-, phosphorylated; PKC, protein kinase C.

deaths (38,39). Thus, investigating the mechanisms driving
cancer cell motility and invasion is crucial to understanding
metastasis and inhibiting cancer cell growth in other organs.
To prevent bone metastasis, the molecular pathways involved
in bone metastasis need to be comprehended (40,41). Thus,
agents that block cancer cell migration and invasion or
inhibit metastasis-associated molecular pathways may be
potential strategies to inhibit cancer metastasis. BDMC, one
of the natural plants, has been identified to induce cancer cell
apoptosis and inhibit cell migration and invasion in numerous
human cancer cell lines. At present, there are no studies
revealing that BDMC suppresses cell migration and invasion
in human OS cells. Herein, the present studies were focused on
BDMC and whether or not it could inhibit U-2 OS cell migra-
tion and invasion in vitro.

The U-2 OS cells were treated with various concentra-
tions of BDMC for 24 and 48 h and the results indicated that
BDMC significantly decreased total viable cell number (cell
viability) and the cell proliferation of U-2 OS cells. Therefore,
for further experiments, the concentrations of 5 and 10 uM of
BDMC were selected, which did not influence cell survival
and slightly inhibited cell proliferation. Cancer cell motility

is involved in tumor cell metastasis and wound healing
cell motility assay is used to measure cell motility (35,42).
The results indicated that BDMC inhibited cell motility of
U-2 OS cells in a dose-dependent manner. The present study,
to the best of our knowledge, is the first to identify that BDMC
suppresses the cell motility of U-2 OS cells in vitro.

MMPs play a critical cascade in cancer cell migration and
invasion. BDMC shows excellent effects on degradation-asso-
ciated proteins in several cells, including uPA, MMP-2,
MMP-9, membrane Type 1 MMP (MT1-MMP) and tissue
inhibitors of MMPs (TIMP-2) (30,43,44). Whether or not
reduced motility regarding the MMP-2 and MMP-9 activities
was affected by BDMC in U-2 OS cells, the gelatin zymography
method was assayed in U-2 OS cells after exposure to BDMC.
Gelatin zymography detects proteolytic enzymes, including
MMP-2 (gelatinase A) and MMP-9 (gelatinase B), based on
both enzymes having potent gelatin-degrading activity (45).
Both MMP-2 and MMP-9 were found to be overexpressed in
OS cells (35). Moreover, the increased expression of MMP-2
in the tumor tissue has been shown to involve clinical stages,
including cancer cell metastases, recurrence and survival (46).
The present results indicated that BDMC significantly reduced
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MMP-2 (active form) and MMP-9 (pro-form) activities.
Furthermore, the Transwell system for examining cell migra-
tion and invasion across endothelial monolayer in vitro was
used to evaluate cancer cell metastasis ability (46-48). BDMC
significantly inhibited cell migration and invasion in U-2 OS
cells in vitro. These effects are in a dose-dependent manner.

For further investigating the protein expression levels
regarding BDMC suppressing cell migration and invasion
of U-2 OS cells in vitro, western blot analysis was used.
Previous studies reported that numerous signaling pathways,
including PI3K/Akt/mTOR, ERK/MAPK and Slit-Robo
pathways, were involved in tumor metastasis (49,50). The
results indicated that BDMC decreased p-EGFR™068,
SOS1, GRB2, Ras, PKC and Rho A after 48 h treatment.
The Rho GTPases and downstream effector proteins have
been shown to mediate tumor cell migration, invasion and
metastasis via the cytoskeleton (51). Moreover, BDMC
significantly inhibited the expression levels of p-ERK1/2,
p-JINK, p-p38, p-c-Jun and c-Jun in U-2 OS cells. These
were consistent with previous studies that indicated that the
MAPK pathway (including ERK, Jun and p38) (52) and the
Ras/Raf/MEK/ERK pathways are associated with OS-lung
metastasis (53). The present results may suggest that these
pathways were associated with the U-2 OS cell migration
and invasion. In addition, the p38/MAPK signaling pathways
are involved in cell metastasis (54). Therefore, a feasible
and promising approach for OS treatment is to block the
Ras/MAPK kinase cascade (55).

BDMC reduced the expression of PI3K, p-AktS7,
NF-kB, GSK3p and B-catenin in U-2 OS cells. In cancer
cells, overexpressed PI3K/Akt/GSK3f signaling pathways
will promote cancer cell invasion and metastasis (56,57).
Furthermore, NF-kB induces the expression of diverse target
genes to stimulate cancer cell invasion and metastasis (58).
Notably, Aurora-B has also been revealed to activate the
PTK?2/PI3K/Akt/NF-xB pathway to promote the malignant
phenotype of OS cells (59). Thus, if agents could inhibit the
PI3K/Akt/GSK3p and PI3K/Akt/NF-xB signaling pathways,
that may benefit treating cancer patients with advanced metas-
tasis. BDMC inhibited the expression of B-catenin in U-2 OS
cells. The activation of Wnt/p-catenin has been revealed to
induce actin to alter the cytoskeleton to acquire a migratory
phenotype (60). Thus, BDMC inhibiting U-2 OS cell migration
and invasion may also mediate the inhibition of $-catenin.

BDMC significantly inhibited MMP-2, MMP-9 and
MMP-13 in U-2 OS cells. It was also confirmed that
MMP-2 and MMP-9 activities were suppressed by BDMC,
and MMP-2 and MMP-9 were involved in cancer invasion
and metastasis (61,62). The regulation of EMT, a decrease
or the loss of E-cadherin expression, or the induction of
N-cadherin or vimentin in cancer cells associated with
cell migration and invasion is an evaluated strategy for
agents to affect cancer cell metastasis. In the present study,
E-cadherin, N-cadherin and VE-cadherin were analyzed
in U-2 OS cells after exposure to BDMC. The results
indicated that BDMC increased E-cadherin but decreased
N-cadherin, VE-cadherin and vimentin in U-2 OS cells. In
prostate cancer cells, cells migrated to bone metastases often
switched the cadherin type from E-cadherin to Cadll by
EMT (63). The EMT process was associated with decreased
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Figure 6. The possible signaling pathways for BDMC suppress cell migration
and invasion in U-2 OS cells in vitro. BDMC, bisdemethoxycurcumin.

E-cadherin (cell adhesion molecule) and increased vimentin
and N-cadherin expression (64,65). Furthermore, inhibi-
tion of EMT activation, including the downregulation of
N-cadherin, vimentin, MMP-2 and MMP-9, or the upregula-
tion of E-cadherin and tissue inhibitor of MMPs (TIMP-2),
could lead to suppressing cancer cell migration and invasion
in cervical cancer (66).

BDMC affects the PI3K/Akt/GSK3f3, PI3K/Akt/NF-xB
and Ras/MAPK signaling pathways in U-2 OS cells and these
pathways are cross-talked in the present study. PI3K is one of
the main Ras effectors and regulates important cellular func-
tions, including cell viability or angiogenesis upon oncogenic
Ras activation (67). PKC is a family of serine/threonine kinases
and stimulates survival- or proliferation- or metastasis-asso-
ciated signaling pathways, including the Ras/Raf/MEK/ERK
or PI3K/Akt/mTOR pathways (68). Therefore, PI3K, Ras and
PKC play a cross-talked role in connecting each other (Fig. 6).
BDMC, targeting PI3K, Ras and PKC, may indicate potential
therapies in the metastasis inhibition of OS U-2 OS cells in
the future.

In the present study, BDMC inhibited the migration and
invasion of U-2 OS cells by affecting the PI3K/Akt/NF-«B,
PI3K/Akt/GSK3p and MAPK signaling pathways in vitro.
However, there are certain limitations to the present study.
The associated signaling pathway of BDMC on U-2 OS cells
was not confirmed by related inhibitors. In addition, further
research will be needed to investigate the effects of cell migra-
tion and invasion of BDMC in other OS with different genetic
backgrounds.

In conclusion, in the present study, BDMC significantly
inhibited cell motility, migration and invasion of U-2 OS cells
in vitro involved in the inhibitions of the PI3K/Akt/GSK3p,
PI3K/Akt/NF-kB and Ras/MAPK signaling pathways.
Furthermore, it also reduced the levels of MMP-2, MMP-9,
MMP-13, N-cadherin, vimentin and uPA but increased
E-cadherin. Therefore, BDMC or BDMC nanocarrier which
improve its water solubility may become a potential drug or
adjuvant for treating other OS with wild-type p53 and pRb
genes in the future.
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