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ABSTRACT Osteosarcoma is a high-class malignant bone
cancer with a less than 20% five-year survival rate due to its
early metastasis potential. There is an urgent need to develop a
versatile and innoxious drug to treat metastatic osteosarcoma.
Curcumin (Cur) has shown its potential for the treatment of
many cancers; however, the clinical implication of native
curcumin is severely hindered by its intrinsic property. In this
study, a mixed system of monomethoxy (polyethylene glycol)-
poly(d, l-lactide-co-glycolide)/poly(ε-caprolactone) (mPEG-
PLGA/PCL) was used to build a formulation of curcumin-
encapsulated nanoparticles (Cur-NPs), which significantly
improved the solubility, stability and cellular uptake of cur-
cumin. Moreover, the Cur-NPs were superior to free curcumin
in the matter of inhibition on the proliferation, migration and
invasion of osteosarcoma 143B cells. It was found that both
free curcumin and Cur-NPs could decrease the expressions of
c-Myc and MMP7 in the level of mRNA and protein, which
explained why free curcumin and Cur-NPs could inhibit the
proliferation and invasion of metastatic osteosarcoma 143B
cells. The Cur-NPs provided a promising strategy for meta-
static osteosarcoma treatment.

Keywords: curcumin, drug delivery, PLGA, metastatic, osteo-
sarcoma

INTRODUCTION
Osteosarcoma, a malignant bone neoplasm, mainly de-
rives from genetic and epigenetic transformation along
with locally aggressive development and early metastatic
lesions [1]. Osteosarcoma, which frequently locates and
occurs in the regions of distal femur and proximal tibia,
brings about a high incidence especially among adoles-
cents. The combination of traditional chemotherapy and
surgical intervention is usually used for the treatment of

osteosarcoma. However, the application of chemotherapy
is often limited due to drug-resistance and severe side
effects, which results in disappointing preclinical and
clinical outcome [2–4]. Patients bearing osteosarcoma
suffer from a very poor cure rate, and the majority
eventually die of pulmonary metastases. The five-year
survival rate is less than 20% for patients with osteo-
sarcoma [1,5]. Consequently, there is an urgent need to
develop a high efficacious and innoxious drug for the
treatment of metastatic osteosarcoma.
Curcumin (diferuloylmethane), a polyphenolic chemi-

cal constituent isolated from the rhizome of the flora
turmeric or Curcuma longa, has shown to be able to in-
hibit the proliferation of a variety of tumor cells in culture
and the growth of various human tumors in animal
models [6,7]. Several Phase I and Phase II clinical trials
using curcumin are undergoing for the treatment of a
wide range of tumor types [8,9]. However, native curcu-
min has low solubility, physicochemical instability, poor
bioavailability, rapid metabolism, and poor pharmacoki-
netics, which can severely hinder the clinical implication
of native curcumin [7]. Fortunately, nanocarrier-based
delivery systems have shown great potential to overcome
these issues [10–12].
Curcumin can inhibit the proliferation of a series of

osteosarcoma cells, including MG63 [13–15], U2OS [15–
20], MNNG/HOS [21], and KHOS [22], according to
literature reports. However, a question remained to an-
swer is whether the curcumin is valid for the treatment of
highly metastatic human osteosarcoma. For instance, the
143B is a highly tumorigenic and metastatic human os-
teosarcoma cell line. Luu et al. [23] found that the
number of pulmonary metastases was 50-fold higher in
143B injected mice than those injected with MNNG/
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HOS. Therefore, it would make sense to investigate the
influence of curcumin on 143B cells.
Amplification and overexpression of c-Myc and MMP7

are a common event in various types of cancer cells, in-
cluding osteosarcoma [24]. The c-Myc protein, a strong
proto-oncogene, is helix-loop-helix leucine zipper phos-
phoprotein that regulates gene transcription in cell pro-
liferation, differentiation and programmed cell death
[25,26]. The published articles have reported that the
suppression of the c-Myc could induce the cellular se-
nescence [27], and also be associated with the depression
of cell proliferation and malignant transformation [28].
MMP7, known as matrilysin, is a member of the matrix
metalloproteinase (MMP) family [29]. In human cancer
cells, MMP7 seems to be unique among MMPs because it
is mainly produced by the cancer cells themselves and not
solely by stromal cells as other MMPs. Increased level of
MMP7 was correlated with the presence of metastasis and
poor patients’ survival in colorectal, bladder and renal cell
cancer [30]. This kind of matrix-degrading enzyme,
MMP7, contributes to the invasion of many types of
malignant cancer cells [31–33]. Down regulation of c-
Myc and MMP7 is thought to be an effective method to
inhibit the proliferation and prevent the invasion of
cancer cells [30,32,34]. It will be interesting to investigate
the expression of c-Myc and MMP7 proteins in highly
invasive 143B cells with the treatment of curcumin.
In this study, we utilized a mixed system of mono-

methoxy (polyethylene glycol)-poly(d, l-lactide-co-glyco-
lide)/poly(ε-caprolactone) (mPEG-PLGA/PCL) with low
critical aggregation concentration (CAC) for the en-
capsulation of curcumin. The formed curcumin-loaded
nanoparticles (Cur-NPs) were characterized in detail. The
ability of the Cur-NPs to inhibit the proliferation and
prevent the invasion 143B cells were investigated and
compared with free curcumin. The influence of the
treatment of free curcumin and Cur-NPs on the expres-
sion of c-Myc and MMP7 proteins in 143B cells was also
studied.

EXPERIMENTAL SECTION

Materials
mPEG-PLGA (molecular weight (Mw): mPEG 5000 Da,
PLGA 2000 Da, d,l-LA/GA 75/25) and PCL (Mw: 3400
Da) were given by Changchun Sinobiomaterials Co., Ltd.,
China as a gift. Curcumin was purchased from Sigma-
Aldrich. Other reagents and solvents were purchased
from Sinopharm Chemical Reagent Co. Ltd. and used as
received.

Preparation of the nanoformulation and characterization
The mPEG-PLGA (30 mg), PCL (60 mg) and curcumin
(10 mg, purity>98%) were dissolved in 2.0 mL of N,N’-
dimethylformamide/acetonitrile (DMF/CH3CN, 1/1, v/v).
The above solution was added dropwise to 2.0 mL MilliQ
water under mild stirring. After agitation for 1 h, the
mixture was transferred into a dialysis bag (MWCO
3500Da) and dialyzed for 36 h to remove organic solvent
and free curcumin. The mixture in the dialysis bag was
centrifuged at 8000 rpm for 5 min and then filtered
through a syringe filter (membrane filter 0.45 μm). The
filtered solution was the expectant Cur-NPs which was
kept at 4°C before use or lyophilized with 4% injection-
grade trehalose.
The particle size distribution of the obtained Cur-NPs

was investigated by dynamic light scattering (DLS) using
a Wyatt-QELS instrument with a vertically polarized He-
Ne laser (DAWN EOS, Wyatt Technology) at 90° col-
lecting optics. Transmission electron microscopy (TEM)
measurement was performed on a JEOL JEM-1011
transmission electron microscope with an accelerating
voltage of 100 kV. The measurement of CAC of the Cur-
NPs was carried out on a fluorescence spectroscopy using
pyrene as a probe on a fluorescent detector (PTI, Photon
Technology International, Inc.), following our previously
published method [35,36].
The content of curcumin entrapped in Cur-NPs was

determined using a high-performance liquid chromato-
graphy (HPLC), consisting of a reverse-phase C-18 col-
umn (symmetry), with a mobile phase of acetonitrile/5%
acetic acid (55/45, v/v) pumped at a flow rate of
1.0 mL min−1. Detection was taken on a Waters 2475
multi λ detector and the detection wave-length for cur-
cumin was set at 425 nm. The drug loading content (DLC
%) and drug loading efficiency (DLE%) were calculated
by the following:

DLC% = Cur amount
total NPs amount

× 100%, (1)

DLE% = Cur content in NPs
theoretial Cur content in NPs

× 100%. (2)

In vitro drug release study
A modified dialysis method was used to study the in vitro
release behavior of curcumin from the Cur-NPs. In brief,
3.0 mL Cur-NPs solution (containing 0.324 mg curcu-
min) was placed in a dialysis bag (MWCO 3500 Da),
which was then incubated in 50 mL of phosphate buffered
saline (PBS, pH 7.4 or pH 5.5) containing Tween80 (0.05
wt.%) with gentle shaking (100 rpm) at 37°C. At each
specific time (2, 4, 6, 8, 10, 12, 24, 36, 48, 72 h), every
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3 mL release media were collected and replaced by fresh
media. The collected release media was filtered through a
0.22 μm syringe filter membrane, and the amount of
curcumin in the filtrate was determined by HPLC.

Stability test of the Cur-NPs and free curcumin
The Cur-NPs or free curcumin (dissolved in dimethyl
sulphoxide (DMSO) and diluted by using water or PBS)
were placed in a 37°C horizontal vibrator at a shaking rate
of 100 rpm. The original concentration is 0.01 mg mL−1

equivalent curcumin in water or PBS (37°C, pH 7.4)
containing 10% fetal bovine serum (FBS). At particular
time point (0, 6, 12, 24, 48, 72, 96 h), a 0.5 mL aliquot of
the solution was withdrawn, freeze-dried, and the cur-
cumin content was measured by HPLC. Residual Cur (%)
was calculated by comparing with the initial curcumin
concentration.
The nanoparticle sizes and intensities of Cur-NPs in

water or PBS with 10% FBS at particular time point (0, 6,
12, 24, 48, 72, 96 h) were tested by DLS according to the
above method. The original concentration is 0.5 mg mL−1

equivalent curcumin.

Cell culture
The human osteosarcoma cell line 143B, purchased from
North Carolina Chuang Lian Biotechnology Research
Institute (Beijing, China), was cultured in RPMI 1640
medium supplemented with 10% FBS, 100 U mL−1 pe-
nicillin and 100 U mL−1 streptomycin at 37°C in a humid
incubator with 5% carbon dioxide.

Cytotoxicity assay
The cytotoxicity of free curcumin and Cur-NPs towards
143B cells was determined by MTT (3-[4,5-di-
methylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide)
assay. Cells were seeded in 96-well plates at a density of
6000 cells per well. After 24 h incubation, free curcumin
or Cur-NPs were added into the culture medium at pre-
defined concentrations. The 143B cells were incubated for
another 24 or 48 h. The MTT solution (20 μL, 5.0
mg mL−1) was added into each well. The plates were in-
cubated for 4 h at 37°C. After the medium was gently
removed by pipette, 150 μL of DMSO was added, and the
plates were agitated for 5 min to dissolve the formazan
dye. The optical density (OD) of each well at 490 nm was
measured on a Bio-Rad 680 microplate reader. Data are
presented as means ±standard deviation (n=4). The re-
lative cell viability was determined by comparing the OD
at 490 nm with control wells containing only cell culture
medium. Cell viability (%) was determined according to

the following equation:

 Cell viablity (%) =  
OD
OD

×  100%,sample

control

(3)

where, the ODsample and ODcontrol represent for the absor-
bance of the sample wells and control wells, respectively.

Cellular uptake assay
The 143B cells were seeded into 6 well plates at a density
of 1×105 cells per well. After 24 h, the medium was re-
placed with fresh medium containing 20 μmol L−1 cur-
cumin or Cur-NPs. The cells were incubated for another
1 or 3 h at 37°C. After the media were removed, the cells
were washed three times with cold PBS and fixed with
fresh 4% paraformaldehyde for 30 min at room tem-
perature. The coverslips were placed onto the glass mi-
croscope slides, and observed on a confocal laser
scanning microscope (CLSM, Carl Zeiss LSM 780).
For flow cytometry (FCM) measurement, the 143B cells

were seeded onto 6 well plates at a density of 3×105 cells
per well. The medium was replaced with fresh medium
containing 20 μmol L−1 curcumin or Cur-NPs after 24 h
incubation at 37°C. The 143B cells were incubated for
another 1 or 3 h. The culture media were removed. The
remained cells were washed three times with cold PBS
and collected for FCM measurement.

Colony formation assay
Colony formation assay was used to evaluate the ability of
a single cell colony forming one colony [37]. The 143B
cells, treated with free curcumin or Cur-NPs (10 or
20 μmol L−1) for 24 h, were seeded into 12-well plates at a
density of 3000 cells per well at 37°C in a 5% CO2 hu-
midified environment. Five days later, the colonies were
fixed with 4% paraformaldehyde and stained with 0.5%
crystal violet. More than 50 cells were regarded as one
colony. The numbers of colonies in each well were
counted under an inverted microscope. The cloning ef-
ficiency was defined as the ratio of the number of colonies
formed to the number of cells seeded ×100%.

Wound-scratch assay
The 143B cells were seeded in a 6-well plate at a density of
1×106 cells per well and incubated for 24 h. A pipette tip
was used to scratch three perpendicular wounds into a
cross shape, and the wells were washed twice with PBS to
remove the detached cells and avoid interference. The
143B cells were covered by 10 μmol L−1 curcumin or Cur-
NPs solution for a corresponding point time. Curcumin
or Cur-NPs solution were diluted with medium only
containing 1% FBS to eliminate the influence of cell
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proliferation. The wounds were photographed using an
inverted microscope. The wound closure rate was the
percentage of wound closure which is calculated as (ori-
ginal gap distance-gap distance at 12 or 24 h)/original gap
distance ×100%.

Transwell invasion assay
Adhesive 143B cells were starved in serum-free medium
for 12 h and then re-suspended in serum-free medium
with 10 μmol L−1 curcumin or Cur-NPs for another 12 h.
Then, 5×104 cells per well were added to the upper
chamber of transwells (6.5 mm diameter inserts, 8.0 μm
pore size, polycarbonate membrane, from Costar) pre-
coated with matrigel (eight times dilution by DMEM
medium), while the lower chamber was filled with 500 μL
of complete culture medium containing 20% FBS as an
attractant source. After 12 h of incubation at 37°C, the
cells that had invaded towards the lower surface of the
membrane were fixed with 4% paraformaldehyde and
stained with 0.5% crystal violet. Using light microscopy,
five random fields were selected, and the cells in each
field were counted under 100× magnification.

Apoptosis analysis
The 143B cells were seeded into 6-well plates and allowed
to adhere overnight. When a confluence of 70%–80% was
reached, the 143B cells were exposed to 20 μmol L−1

curcumin or Cur-NPs for 48 h. Subsequently, the cells
were collected and re-suspended in PBS. Annexin V-PE
and 7-AAD were added to all of the samples, which were
then incubated at room temperature for 5–15 min in the
dark according to the manufacturer’s protocol from the
Annexin V-PE/7-AAD apoptosis detection kit. The
fluorescence intensity of every sample was immediately
analyzed by flow cytometry.

Real-time quantitative polymerase chain reaction (RT-
PCR)
For RT-PCR analysis to quantify gene expression, the
method of detection was SYBR Green l. Firstly, 143B cells
were treated with 10 and 20 μmol L−1 curcumin or Cur-
NPs for 48 h. Total RNA of each sample was extracted
using RNAprep Pure Cell Kit, then quantified to the same
standard and reversely transcribed into cDNA. Finally,
the cDNA was added to a 20 μL real-time PCR reaction
system on the PCR instrument (Stratagene Mx 3005P,
USA) according to the manufacturer’s protocol. The de-
tailed information of every primer pair were used in this
system for the following genes: C-MYC (F-5ʹ-GTAGT-
GGAAAACCAGCAGCG-3ʹ, R-5ʹ-AGAAATACGGCT-

GCACCGAG-3ʹ), MMP7 (F-5ʹ-CTCTCTGGACGGCA-
GCTATG-3ʹ, R-5ʹ-TAGTCCTGAGCCTGTTCCCA-3ʹ),
GAPDH (F-5ʹ-CAATGACCCCTTCATTGACCTC-3’,R-
5ʹ-AGCATCGCCCCACTTGATT-3ʹ). The PCR amplifi-
cation was performed under the condition of 1 cycle
(95°C for 15 min) and 40 cycles (95°C for 10 s, 60°C for
20 s and 72°C for 32 s). GAPDH was used as an internal
reference to verify equal concentration of cDNA in each
sample. The whole experimental kits were purchased
from Tiangen Biotech Co., LTD, Beijing, China. We ap-
plied 2-∆∆CT method to analyze the outcomes.

Western blot analysis
For protein expression analysis, 143B cells were seeded in
100-mm dishes and treated with curcumin or Cur-NPs
(20 μmol L−1) for 48 h, respectively. Total proteins were
extracted by Kit according to the manufacturer’s protocol.
The protein concentration was detected based on the
bicinchoninic acid (BCA) method.
All the samples were mixed with 5× sodium dodecyl

sulfate (SDS) loaded buffer, boiled for 5 min and stored at
−20°C for later use. The samples with same amount
protein were separated on a SDS-PAGE gel (10% se-
paration gel) and transferred to a nitrocellulose mem-
brane after electrophoresis. The membranes were blocked
with 5% BSA in TBS containing 0.1% Tween20 for 1 h
and were incubated waveringly with corresponding rabbit
primary antibodies overnight at 4°C. The antibodies in-
cluded c-Myc, MMP7 (1:500, Abcam), and GAPDH
(1:2000, Abclone). Among them, GAPDH were used as
an internal control for the total protein. The secondary
antibody was a conjugated goat (polyclonal) anti-rabbit
IgG antibody (1:10000). Subsequently, the bands were
incubated by the secondary antibody for one hour and
washed off remnant uncombined antibodies. The reactive
bands were covered by electrogenerated chemilumines-
cence (ECL) developing-coloring solution and visualized
with a bio-rad ChemiDoc MP chemiluminescence ima-
ging system.

Statistical analysis
All mean values ± SD reported in results section were
compared by student’s t test. P values of <0.05 were
considered significant, P values of <0.01 considered ex-
tremely significant.

RESULTS AND DISCUSSION

Preparation and characterization of the nanoformulations
The Cur-NPs were prepared by the method of nanopre-
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cipitation. Many literatures have reported that PCL or
PLGA could be served as compatible biomaterials to build
nanocarrier-based delivery systems [38–40]. Herein, PCL
was utilized to stabilize hydrophobic core, while mPEG-
PLGA was used to improve the solubility of nanoparticles
owing to pegylation [41–45] (Fig. 1a). The mPEG-PLGA/
PCL delivery system could solve the hydrophobic pro-
blem of curcumin. As shown in Fig. 1b, free curcumin
was readily dissolved in DMSO, while most of curcumin
was precipitated in water, because free curcumin has low
solubility in aqueous solution (approximately 20 μg mL−1)

[46]. In contrast, the curcumin-loaded mPEG-PLGA/PCL
mixed nanoparticles Cur-NPs could be dissolved in water
and form uniform solution, which should be attributed to
the pegylation of the nanoparticles improving the water-
solubility. The hydrodynamic radius of the Cur-NPs in
water determined by DLS is ~66.8 nm (Fig. 2a), which is
close to the TEM image results (Fig. 2b). It is well known
that nanoparticles with radius less than 100 nm could
target passively to solid tumor by the enhanced perme-
ability and retention (EPR) effect [47–49]. The Cur-NPs
satisfy the above conditions, and therefore have the po-
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Figure 1 Preparation of Cur-encapsulated mPEG-PLGA/PCL nanoparticles. (a) Schematic diagram of the prepared Cur-NPs; (b) appearance of free
Cur in DMSO, free Cur in water, Cur-NPs in water, 2 mg mL−1 pure Cur equivalent.
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tential for the application in cancer therapy.
The DLC and DLE of the Cur-NPs were 7.3 wt.% and

72.8%, respectively. The curcumin content in the lyo-
philized Cur-NPs with protectants was 18.8 μg mg−1. The
CAC of the Cur-NPs was 1.686×10−3mg mL−1 (Fig. 2c).
The low value of CAC reflects the high thermodynamic
stability, which suggests that the designed drug carrier
with lower CAC could accurately deliver to preset loca-
tion without disintegration in advance.

Curcumin release from Cur-NPs
A burst release behavior of cargo was often observed in
the delivery systems of curcumin, which greatly impaired
the utilization of curcumin [10,50]. As shown in Fig. 2d,
the Cur-NPs show a sustained release without burst re-
lease in PBS, pH 7.4. Only 25% curcumin were released
from Cur-NPs in 72 h. The slow release in vitro could be
explained by the high hydrophobicity of PCL stabilizing
the core of the Cur-NPs. Because of the slow drug release,
the Cur-NPs could have a high chance to accumulate at
tumor site by EPR effect. The unreleased curcumin in the

Cur-NPs in blood circulation could be taken up by cancer
cells through the endocytosis process.
And Cur-NPs had a little higher cumulative curcumin

release at pH 5.5 than at pH 7.4, which may be related to
a faster degradation of free curcumin at pH 7.4 [51,52].
The enhanced release behavior at a lower pH would
highlight its advantages for anti-tumor effects since tu-
mor tissue is inclined to an acidic microenvironment.

Stability of Cur-NPs in aqueous solution
Free curcumin in water would readily be decomposed at
physiological pH [51], which is an important reason of
the rapid metabolism and poor pharmacokinetics of
curcumin. To evaluate the stability of Cur-NPs in aqu-
eous solution, we measured the particle sizes and in-
tensities of the Cur-NPs at different time intervals in
water and PBS with 10% FBS by DLS. As shown in Fig.
3a, b, the particle sizes and intensities of the Cur-NPs in
water or in PBS with 10% FBS did not change much in
96 h, confirming the stability of Cur-NPs in water and in
PBS with 10% FBS without significant dissociation.
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To further investigate the stability of free curcumin and
Cur-NPs, the residual curcumin of free curcumin and
Cur-NPs in water or PBS with 10% FBS was measured at
different time intervals. As shown in Fig. 3c, d, 80% of
free curcumin decomposed in water at 96 h, while in
contrast, less than 40% of curcumin in the Cur-NPs de-
composed under the identical condition. Similarly, the
residual curcumin in the Cur-NPs was about twice as
much as the free curcumin in PBS with 10% FBS at 96 h,
despite of complicated components in FBS (like some

enzymes and surfactants), which could accelerate the
degradation and further decrease the stability of the Cur-
NPs. These indicate that the Cur-NPs are superior to free
curcumin, protecting curcumin from decomposition in
physiological environment.

In vitro cytotoxicity of Cur-NPs towards 143B cells
The MTT assay was used to evaluate the cytotoxic effect
of free curcumin and Cur-NPs towards 143B cells. Fig. 4a,
b show dose- and time- dependent cytotoxicity of free
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curcumin or Cur-NPs towards 143B cells at 24 and 48 h.
The half inhibition concentration (IC50) of free curcumin
or Cur-NPs at 24 h is 21.3 or 16.8 μmol L−1, respectively.
The IC50 of free curcumin or Cur-NPs at 48 h is 17.9 or
13.1 μmol L−1, respectively. In Fig. 4b, the fitted curves
show larger difference between the Cur group and Cur-
NPs group at 48 h than at 24 h, which may be attributed
to the sustained release and slower degradation of Cur-
NPs. The free small molecule curcumin is transported
into cells via a passive diffusion, while Cur-NPs enter
cells mainly by endocytosis [53], indicating that the Cur-
NPs possess a higher inhibition for proliferation of 143B
cells as compared with free curcumin.

Cellular uptake of Cur-NPs
Since curcumin could emit fluorescence [54], the uptake
of curcumin can be visualized by CLSM and FCM. As
shown in Fig. 4c, for both free curcumin and Cur-NPs
after 1 h incubation, curcumin fluorescence is observed in
the 143B cells and most of curcumin is distributed in
cytoplasm. For both free curcumin and Cur-NPs after 3 h
incubation, the intracellular curcumin fluorescence is
stronger than that of 1 h incubation time. Moreover, the
curcumin fluorescence is distributed both in cytoplasm
and nucleus, demonstrating that curcumin could rapidly
act on 143B cell nuclei through nuclear pore. FCM ana-
lysis (Fig. 4d, e) shows that the curcumin fluorescence
intensity of 143B cells treated with Cur-NPs is stronger
than that with free curcumin at both 1 and 3 h, indicating
that the uptake of Cur-NPs by 143B cells is more efficient
than that of free curcumin.

Suppression of colony formation by Cur-NPs
Colony formation assay is a powerful tool to determine
the effectiveness of cytotoxic agents [52]. As shown in Fig.
5a, the curcumin groups, no matter whether free curcu-
min or Cur-NPs, considerably show less colony forma-
tion as compared with the control group. The cloning
efficiency of 143B cells is dose-dependent. At
10 μmol L−1, the cloning efficiencies are 2.7% (free cur-
cumin) and 3.6% (Cur-NPs), respectively. At 20 μmol L−1,
the cloning efficiencies reduce to 0.07% (free curcumin)
and 0.03% (Cur-NPs), respectively (Fig. 5b). For the 143B
cells treated by 20 μmol L−1 free curcumin or Cur-NPs
(equivalent based on curcumin), there are few formed
colonies in the plates, indicating that 20 μmol L−1 cur-
cumin is enough to prevent the “unlimited” division of
143B cells. It could be conjectured that the 143B cells
treated by 20 μmol L−1 curcumin might be impaired in
respect of forming single colony.

Cur-NPs inhibiting the migration and invasion of 143B
cells
Wound-scratch assay was used for the analysis of 143B
cell migration in vitro. In order not to influence cell
survival and inhibit cell proliferation, only 1% FBS was
added in the culture medium. After 24 h migration, the
scratch wound was closed approximately 70% in the
control group, whereas the 143B cells treated with free
curcumin and Cur-NPs only narrowed the scratch by
37% and 29%, respectively (Fig. 6a, b). It is worth noting
that the wound closure rate of Cur-NPs group is lower
than that of free curcumin after 12 or 24 h migration,
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indicating that the Cur-NPs are more efficient than free
curcumin in inhibiting the migration of 143B cells.
The invasion of 143B cells was assessed by Matrigel-

based Transwell assay (Fig. 6c, d). Consistent with the
wound-scratch assay, in the 12 h transwell assay, the
number of invaded 143B cells was extremely significantly
reduced in the groups treated with free curcumin or Cur-
NPs than that of control group. Likewise, the Cur-NPs
showed significantly higher ability to inhibit the invasion
of 143B cells than that of free curcumin.

Cell apoptosis triggered by Cur-NPs
The apoptosis of 143B cells was analyzed by FCM. As
shown in Fig. 7, Annexin V-PE and 7-AAD were used to
differentiate the cells, including early apoptotic cells
(bottom right corner), late apoptotic cells (top right
corner). Both free curcumin and Cur-NPs’ treatment

could increase the proportion of apoptotic cells as com-
pared with the control group. The Cur-NPs’ treatment
induced slightly more late apoptotic cells than the free
curcumin (23.7% vs. 20.7%), while the proportions of
early apoptotic cells were 25.4% (free curcumin) and
21.0% (Cur-NPs), respectively. These results demonstrate
that the Cur-NPs could trigger the strong apoptosis of the
143B cells.

Decreased expressions of c-Myc and MMP7 by Cur-NPs
As shown in Fig. 8a, b (RT-PCR analysis) and Fig. 8c
(western blotting assay), both free curcumin and Cur-NPs
could significantly decrease the expressions of c-Myc and
MMP7 in the level of mRNA and protein. The
20 μmol L−1 free curcumin displayed a higher inhibition
on expressions of c-Myc and MMP7 than 10 μmol L−1 in
Fig. 8a, b. The Cur-NPs showed a similar inhibitory effect
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to the free curcumin. The c-Myc and MMP7 protein,
almost overexpressed in cancer cells, are related to cell
proliferation, apoptosis, and invasion. The results that

curcumin could decrease the expressions of c-Myc and
MMP7, may explain the mechanism of the inhibitory
effects on proliferation and invasion of metastatic osteo-

Control Cur Cur-NPs

Annexin V-PE

7-
A

A
D

23.7%

0.9%

0.8%

25.4%

20.7%

21.0%

0.8%

97.6%

2.4%

51.5%

6.6%

48.7%

105

104

103

0

0 0103102 104 105 0 103102 104 105103 104 105

105

104

103

0

105

104

103

0

�242 �315 �288

�4
69

�5
20

�3
90

P
er

C
P

-A

P
er

C
P

-A

P
er

C
P

-A

PE-A PE-A PE-A

Figure 7 Cell apoptosis analysis of 143B cells by FCM.

0.0

0.2

0.4

0.6

0.8

1.0

1.2

R
el

at
iv

e 
m

R
N

A 
le

ve
l o

f c
-M

yc

** * ** **

0.0

0.2

0.4

0.6

0.8

1.0

1.2
R

el
at

iv
e 

m
R

N
A 

le
ve

l o
f M

M
P

7
* * *a b

MMP7

c-Myc

GAPDH

Controlc

Contro
l

Cur

���������
�1  

Cur-N
Ps

���������
�1  

Cur 

���������
�1  

Cur-N
Ps

���������
�1  

Contro
l

Cur

���������
�1  

Cur-N
Ps

���������
�1  

Cur 

���������
�1  

Cur-N
Ps

���������
�1  

Cur Cur-NPs

Figure 8 The c-Myc and MMP7 expressions. (a, b) Relative mRNA level of c-Myc and MMP7; (c) western blotting of c-Myc protein and MMP7
protein (� p<0.05, �� p<0.01).

�������� � � � � � � � � � � � � � � � � � � � � � � � � � SCIENCE CHINA Materials

�		� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � October 2017 | Vol. 60 No.10
© Science China Press and Springer-Verlag Berlin Heidelberg 2017



sarcoma 143B cells.

CONCLUSION
In this paper, a mixed system of mPEG-PLGA and PCL
was used to build a formulation of curcumin-en-
capsulated polymeric nanoparticles, which greatly solved
the limitations of free curcumin with intrinsic property of
hydrophobicity and extreme instability. The encapsula-
tion in the mPEG-PLGA/PCL significantly improved the
solubility, stability and cellular uptake of curcumin. The
Cur-NPs possess significantly higher inhibition for the
proliferation, migration and invasion of osteosarcoma
143B cells than the free curcumin. It is found that both
free curcumin and Cur-NPs could decrease the expres-
sions of c-Myc and MMP7 in the level of mRNA and
protein, which explained the mechanism of the inhibitory
effects on proliferation, migration and invasion of meta-
static osteosarcoma 143B cells. The Cur-NPs provide a
promising strategy for metastatic osteosarcoma treat-
ment.
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