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Abstract: Di-2-pyridylketone-4,4-dimethyl-3-thiosemicarbazone (Dp44mT), the novel iron chelator, has been report-
ed to inhibit the tumorigenesis and progression of various cancer cells, including neuroblastoma, neuroepithelioma
and prostate cancer. However, whether Dp44mT has anticancer effects in osteosarcoma is still unknown. Here, we
investigated the antitumor action of Dp44mT in osteosarcoma and its underlying mechanisms. A human osteosar-
coma 143B cell line in vitro and 143B xenograft in nude mice in vivo were utilized, the anticancer effects of Dp44mT
were examined through methods of MTT assay, transwell, wound healing assay, flow cytometry, western blot, im-
munohistochemistry and H&E staining. We showed that Dp44mT inhibits cell proliferation, invasion and migration
in vitro. In addition, flow cytometry further illustrated that Dp44mT suppression of 143B cell proliferation, invasion
and migration were partially due to induction of cell apoptosis, cell cycle arrest in S phase and ROS production. Also
in vitro and in vivo, the expression levels of Bcl2, Bax, Caspase3, Caspase9, LC3-Il, B-catenin and its downstream
targets such as C-myc and Cyclin D1 demonstrated that cell apoptosis and autophagy, as well as Wnt/B-catenin
pathway were involved in Dp44mT induced osteosarcoma suppression. The Dp44mT inhibition of osteosarcoma
was further verified via animal models. The findings indicated that in vivo Dp44mT showed a significant reduction in
the 143B xenograft tumor growth and metastasis. In conclusion, our data demonstrated that Dp44mT has effective
anticancer capability in osteosarcoma and that may represent a promising treatment strategy for osteosarcoma.
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Introduction

Osteosarcoma (0S) is a primary high-grade
malignant bone neoplasm, affecting mostly
children, adolescent and young adults [1-3]. It
is the leading cause of cancer-relevant death in
children worldwide [4]. Despite following the
modern treatment regimens, the patients with
metastasized OS have just achieved approxi-
mately 15% [5] of 5-year postoperative survival
rate. This greatly poor prognosis of OS patients
is largely associated with its high lung meta-
stasis tendency [6, 7]. However, the identified
molecular mechanism underlying OS progres-
sion and metastasis remains unclear. There-
fore, it is essential to identify the molecular
markers and the novel chemotherapeutic
agents, which would give a new approach to
manage the progression and metastasis of 0S.

Iron (Fe) is the essential micronutrient for life.
Fe-containing proteins play the critical role in
energy metabolism, DNA synthesis and cell
growth [8]. For cancer cells, their Fe require-
ments perform much more increased than their
counterparts, normal cells, which can be proved
by their significantly higher elevated level of the
transferrin receptor 1 and enhanced uptake of
iron [9]. Studies show that Fe deprivation can
effectively suppress growth of the neoplastic
cells and many iron chelators have been proved
with the sensitive antitumor capacity, such as
desferrioxamine (DFO) and 311 [10]. Therefore,
these results suggest that Fe deprivation may
be a great therapeutic strategy for preventing
cancer progression and further investigation of
the underlying molecular mechanisms of iron-
chelator-based treatment regime can definitely
lead to a deeper understanding of OS progres-
sion and metastasis.
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Interestingly, iron chelators have historically
been used to study the treatment of cancers
because of their distinct and selective antican-
cer activity [11, 12]. It is unclear, however, what
the precise molecular targets and mechanisms
directly involved in. Currently, DFO is wide-
spread used clinically for iron overload disea-
se (e.g8. B-thalassemia), whereas, as the first
commercially available antitumor agent, its
mild membrane permeability and short half-life
period make it itself suffers serious limitations
on antiproliferative activity. On the contrary,
Dp44mT with more effective Fe-binding ligands
and marked membrane permeability, shows
tremendous potential to against neoplasm.
Dp44mT is one of a new compound of di-2-pyri-
dylketone thiosemicarbazone (DpT) group,
which is particularly selectivity and affinity for
Fe (Ill) [13]. This group of thiosemicarbazones
has been demonstrated to suppress the epi-
thelial-to-mesenchymal transition [14], as well
as induce autophagy [15] and apoptosis [16] in
different cancer cells. Unlike DFO, the redox-
active iron complexes of Dp44mT in lysosomes
play vital roles in its cytotoxic activity [17, 18].
In fact, Dp44mT generates reactive oxygen
species (ROS) due to the redox-active iron com-
plexes and result in enhancing lysosomal mem-
brane permeability and cell death [19]. How-
ever, the effect of Dp44mT in OS has not been
reported until now, so this study can lead to a
further comprehending and therapy of OS.

The Wnt/B-catenin pathway plays a key role in
OS progression and metastasis [20]. B-catenin
that regulates the expression of pivotal genes,
and acts as a key intracellular signal transduc-
er between cytoplasm and cytoblast [21]. In
addition, B-catenin participates in the coordina-
tion of cell cycle [22] and the dysregulation of
B-catenin in nucleus can activate oncogenes
[23-25]. Besides that, autophagy and apopto-
sis are two important catabolic pathways in cel-
lular processes and determining cellular fate,
one is the prosurvival pathway and other is the
cell death pathway [26], a mass of studies [27-
30] have been proved that in many cancers, the
level of cell autophagy and apoptosis are great-
ly aberrant expression. Therefore, it is well
worth finding what role these processes could
play in the OS.

In the present study, we illustrate that Dp44mT
suppresses 0S growth and metastasis in vitro
and in vivo. Moreover, we reveal that Dp44mT
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significantly elevates autophagy and apoptosis
flux, induces ROS production, arrests cell cycle
in S phase and depresses Wnt/[B-catenin path-
way. These investigations suggest that Dp44mT
could be a potential candidate for the treat-
ment of OS.

Materials and methods
Cell culture and cell treatment

Human OS cell line, 143B was obtained from
CCTCC (China Center For Type Culture Colle-
ction). All cells were cultured in DMEM medium
with 10% fetal bovine serum (Sigma, USA) and
supplemented with 100 IU/mL penicillin (Gibco)
and 100 pg/mL streptomycin (Gibco) and incu-
bated in a humidified incubator at 37°C with
5% CO, atmosphere. Dp44mT was purchased
from Sigma. In this investigation, the chelator
Dp44mT was utilized at concentration of 10 uM
since previous study [31] had proved that this
low concentration demonstrated prominent
iron chelation efficacy and marked membrane
permeability, as well as showed significant
time-dependent manner in our results. Dp44mT
was dissolved in DMSO (Sigma) and diluted in
medium (final concentration < 0.1% (v/V)).

MTT assay for cell proliferation

Cells were seeded in 96-well plate at 3.0x10°
cells/well in 200 yL of complete medium. After
incubated for 24 hours at 37°C with 5% CO,
humidified atmosphere, cells of each well was
washed by phosphate buffered saline (PBS,
pH=7.2, 10 mM) and then different concentra-
tion of Dp44mT (0.625 to 40 yM) were added
to each designed well (except to control well).
After 24 hours, 48 hours and 72 hours, each
well removed the Dp44mT solution, used PBS
to wash and then added to MTT (5 mg/mL)
solution, including the control well. After that,
the mixture incubated 2 hours, then the MTT
solution was replaced with 150 pL of dimethyl
sulfoxide (DMSO). Before measuring (the OD
was measured at 490 nm), the 96-well plate
was shaken at 37°C for 15 min.

Detection of intracellular reactive oxygen spe-
cies (ROS)

The intracellular ROS level was measured by

using the Reactive Oxygen Species Assay Kit
(Beyotime, Nanjing, China). All experiment steps
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were following the manufacturer’s instructions.
Briefly, 143B cells pretreated with Dp44mT for
24 h, 48 h and 72 h, washed three times with
DMEM serum-free medium. Then, DCFH-DA (10
umol) was added and incubated with cells in
dark for 25 min at 37°C. After that, cells washed
with PBS three times and detected the fluores-
cence by flow cytometry.

Analysis of cell cycle and apoptosis by flow
cytometry

Cells were harvested until 70-80% confluency
was reached and then produced the single-cell
suspension. 100 uL of the RNase A solution
and 100 pL of the Pl solution were added to the
suspension and incubated for 30 min at room
temperature (protection from light). Determin-
ation of cells in each phase of the cell cycle (G1,
S, and G2 + M) used flow cytometry. The
Annexin-FITC apoptosis detection kit was used
to detect the cell apoptosis, all steps followed
the manufacturer’s protocols. The examination
of samples used flow cytometry.

Wound healing assay

Cells were plated onto dish to grow a 100%
confluent layer. A p200 pipette tip was used to
create a neat and straight line in the monolayer
by scraping. The debris was removed by medi-
um, and fresh medium with agent was added.
Reference points were marked using a scalpel
on the outer surface of the dish. The rate of cell
migration in wound areas was determined at
the 24 h and 48 h with the microscope and the
images in each time point were captured
(Magnification, x40). Analysis and quantifica-
tion of the healing rate used Image J Software.
The wound-healing rate was calculated as fol-
lowing: (O hour wound area -24 hour or 48 hour
wound area)/0 hour wound area x100%.

Transwell invasion assay

Invasion of 143B cells was measured by using
BD BioCoatt™ Invasion Chamber (Becton
Dickinson Biosciences, USA). The two cham-
bers were separated with 8-um pore size poly-
carbonate filters. The upper chamber was
added to the Matrigel (BD Transduction
Laboratories, USA) for 1 h at 37°C before use.
143B cells were first treated with 10 yM of
Dp44mT for O h, 24 h, 48 h and 72 h, respec-
tively. Survived cells were collected and plated
in the upper chamber at 1.0x105 cells/well. The
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complete (serum-containing) culture medium
was placed in the lower chamber and then incu-
bated at 37°C with 5% CO, for 24 h. After 24 h,
the bottom side of the membrane were fixed
with methanol for 20 min and stained with
0.1% gentian violet for 10 min. Invasive cells
were counted and photographed at x200 mag-
nification under microscope.

Western blot analysis

The whole cell protein lysates were extract-
ed using ProteoJET™ Mammalian Cell Lysis
Reagent (MBI Fermentas, Canada) supple-
mented with the complete protease inhibitors
(Bestbio, China) according to the manufactur-
er's instructions. The protein concentration
was determined using the Bradford protein
assay kit (Beyotime Institute of Biotechnology).
The total obtained proteins (40 pg/lane) were
separated on a 10% SDS-PAGE gel and trans-
ferred onto nitrocellulose membranes (Milli-
pore, USA). The membranes were blocked in
PBS, containing 5% skimmed milk and Tween-
20 overnight at 4°C and then incubated with
primary antibodies against Cyclin D1, Bcl2,
Bax, Caspase3, Caspase9, LC3-l, LC3-ll,
B-catenin, C-myc and GAPDH, for 12 h at 4°C.
Then the membranes were incubated with sec-
ondary antibodies labeled with horseradish
peroxidase for 30 min at 4°C. Finally, the tar-
geted bands were visualized with SuperSignal
(Thermo Scientific, USA), GAPDH was used as a
loading control.

Immunohistochemistry analysis

Immunohistochemistry was performed with
Bax antibody at a 1:200 dilution, Bcl2 antibody
at a 1:400 dilution, C-myc antibody at a 1:400
dilution, Cyclin D1 antibody at a 1:100 dilution,
B-catenin antibody at a 1:400 dilution and
LC-3-Il antibody at a 1:10 dilution. Briefly, tumor
tissue sections were deparaffinized with xylene,
and rehydrated through ethanol. The tissue
sections were incubated with approximately 50
I dilute solution of primary antibody overnight
at 4°C, followed by staining with secondary
antibody for 50 min at 37°C. The slides were
counterstained with heatoxylin, dehydrated in
graded alcohols and mounted.

Tumor xenografts in nude mice

In vivo experiments were approved by the
Animal Ethics Committee (Zhongnan Hospital
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of Wuhan University) and met the National
Institutes of Health guidelines. In these stud-
ies, 6 week old male nude mice (BALBc nu/nu)
were used and housed in SPF (specific-patho-
gen free) conditions, tumor xenografts were
established by standard techniques [32].
Briefly, 143B cells were harvested until 80-90%
confluency is reached and then suspended in
PBS (5x107 cells/ml). 50 uL of matrigel matrix
(BD Biosciences, USA) were added to 50 uL of
PBS cell suspension. Then 100 pL of the above
mixture (2.5x10° cells) were injected subcuta-
neously into the flank of each nude mice, this
area were then observed the tumor develop-
ment daily. After engraftment, tumor size was
measured by the caliper. Tumor volumes were
calculated by the formula: (axb?)/2 (a: long axis
and b: short axis of the tumor).

10 mice showing similar tumor sizes were
selected and randomly divided into 2 group
(Dp44mT vs Control, n=5), when tumor volumes
reached 100 mm3, the nude mice were treated.
In Dp44mt group, nude mice were treated with
Dp44mt (0.4 mg/kg). Dp44mT was dissolved in
15% propylene glycol in 0.9% saline and intra-
venously injected (via tail vein) 5 days/week
(Monday to Friday) [33]. In control group, nude
mice were treated with vehicle alone (via tail
vein). The growth curve of the tumor volume
(mean £ S.D.) in each group (n=5) was graphed.
30 days after injection, all animals were sacri-
ficed and wet tumor weight in each group (n=5)
was recorded before tumors were harvested.

Metastasis assay in nude mice

The experiments were performed as described
previously [34]. Briefly, a volume of 0.1 ml of
cell suspension (143B cells, 5x107 cells/ml
PBS) was injected into the 10 nude mice via tail
veins, then randomly divided into 2 groups
(Dp44mT vs Control, n=5). The treatment mea-
sure was similar to the above nude mice experi-
ments. Four weeks after injection, the nude
mice were sacrificed. Lungs were dissected out
and fixed in formaldehyde solution. Microscopic
metastases were visualized on paraffin-embed-
ded sections (5 ym) after H&E staining. The
number of lung sections containing tumor foci
was counted.

Statistical analysis

All data were performed using the SPSS 19.0
statistical software. Values were presented as
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the mean + standard deviation (S.D.) and ana-
lyzed using one-way ANOVA or Student t-test.
When then probability was less than 0.05 (P <
0.05), the difference was considered as statis-
tically significant. Each experiment was carried
out at least three times.

Results

Dp44mT suppressed cell proliferation

The MTT assay was performed to determine
the proliferation inhibitory effect of Dp44mT on
human 143B OS cells. The data showed that
Dp44mT significantly (Figure 1A and 1B) sup-
pressed the proliferation of 143B cells in differ-
ent concentrations (P < 0.001). Moreover, the
inhibition rate indicated the significant time-
dependent manner when the concentration of
Dp44mT in 10 uM and 20 pyM (Figure 1B). The
results revealed that Dp44mT had the effective
activity in reducing the proliferation of OS cells.

Dp44mT suppressed the migration and inva-
sion of 143B cells

The wound healing and transwell invasion
assays were carried out to assess the effect of
Dp44mT on cell migration and invasion of 143B
cells, because these two characteristics of
tumor cell play a pivotal role in the process of
tumor progression and metastasis. In case of
the cell proliferation rates influenced the migra-
tion and invasion capacity of 143B cells, the
medium of both assays were without FBS. The
data (Figure 1C and 1D) showed that, com-
pared with blank control (without Dp44mT) at
24 h and 48 h, Dp44mT (10 uM) treatment
group effectively reduced the wound-healing
rate (12.64% + 2.57% vs 42.54% + 3.28%,
35.02% + 3.41% vs 79.38% + 6.76%) of 143B
cells line, respectively. The data of the transwell
invasion assay illustrated that the invasive
capacity of 143B cells were significantly inhib-
ited after incubated with Dp44mT (10 uM) at
24 h, 48 h and 72 h, respectively (Figure 1E
and 1F). These results demonstrated that
Dp44mT distinctly attenuated the migration
and invasion of 143B cell in vitro.

Dp44mT induced 143B cells apoptosis

To investigate the mechanism underling
Dp44mT induced anti-proliferation, we used
the flow cytometric analyses to detect the
apoptotic profiles of 143B cells. The data

Am J Transl Res 2016;8(12):5370-5385
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Figure 1. Dp44mT inhibits osteosarcoma cell proliferation, migration and invasion. A and B: MTT assay for the 143B
cell line, 143B treated with Dp44mT at a range of concentrations (0.625 to 40 uM) for O h, 24 h, 48 h and 72 h.
C: Wound healing assay for143B cell line, 143B treated with Dp44mT (10 uM), the images were taken at O h, 24 h
and 48 h (Magnification, x40); D: The average area of the wound healing rate used Image J Software. E: Transwell
invasion assay for 143B cell line, 143B treated with Dp44mT (10 uM) for O h, 24 h, 48 h, 72 h (Magnification,
x200); F: Invasion cell numbers after Dp44mT (10 uM) treatment. All results represent mean * S.D. for three times
independent experiments. Relative to control: “P < 0.05; **P < 0.01; "*P < 0.001.

showed that Dp44mT (10 uM) strikingly and following the distinct time-dependent man-
increased the apoptotic cells in 143B cell line ner (Figure 3A and 3B). The apoptotic rate of
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Figure 2. Dp44mT induces S population and ROS accumulation. Flow cytometry was used to detect the cell cycle and ROS. A and B: The S population of 143B was
significantly increased after Dp44mT (10 pM) treatment. C and D: As the time went on, Dp44mT (10 uM) remarkably increased ROS level of 143B. All results repre-
sent mean * S.D. for three times independent experiments. Relative to control: “P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 3. Dp44mT induces apoptosis in vitro and in vivo. A and B: In vitro, flow cytometry was used to detect the cell apoptosis, the results of apoptosis rate of 143B
treated with Dp44mT (10 uM) for O h, 24 h, 48 h and 72 h. C and D: In vitro, the expression of apoptosis-related proteins: Bax, Bcl-2, Caspase-3 and Caspase-9. E-J:
In vivo, the expression of apoptosis-related proteins: Bax and Bcl-2. Immunohistochemistry (Magnification, x200). All results represent mean + S.D. for three times

independent experiments. Relative to control: “P < 0.05; *"P < 0.01; ""P < 0.001.
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cellsatOh,24 h,48 hand 72 h were 6.78% +
0.23%, 21.76% + 1.88%, 42.00% + 2.86% and
63.08% + 2.5% (P < 0.001), respectively.
Moreover, the Dp44mT (10 pM) induced the
early apoptosis and the late apoptosis, respec-
tively. Additionally, we used the western blot
(Figure 3C and 3E) and immunohistochemistry
(Figure 3G and 3l) to detect the apoptosis-
related proteins, Bax and Bcl-2 level. The
results demonstrated that Dp44mT (10 uM or
0.4 mg/kg) can significantly increase proapop-
totic Bax protein and decrease anti-apoptotic
Bcl-2 protein level when compared with blank
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control. Moreover, the Caspase-3 and Caspa-
se-9 activity revealed the same tendency
(Figure 3C and 3D), markedly increased, in
Dp44mT (10 pM) treatment groups at each
time point. These results showed that Dp44mT
induced the proliferation inhibitory effect via
the apoptotic pathway.

Dp44mT induced 143B cells S phase arrest
To assess how Dp44mT affects the cell cycle

progression of the OS cell line, cells were
stained with propidium iodide (PI) and analyzed

Am J Transl Res 2016;8(12):5370-5385
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Relative to control: "P < 0.05; **P < 0.01; "*P < 0.001.

by flow cytometry at O h, 24 h, 48 h and 72 h,
respectively. The results showed that Dp44mT
(10 pM) markedly led to 14 3B cells accumulat-
ed in S phase (P < 0.01) in a time-dependent
manner (Figure 2A and 2B), illustrating that
Dp44mT arrested the cell cycle at S phase in
143B cells, which was associated with its anti-
proliferation function.

Dp44mT induced the ROS accumulation and
autophagy

Previously it was suggested that Dp44mT

induced reactive oxygen species (ROS) accu-
mulation [35-37], which increased cytotoxicity.

5380

To prove that, we performed the experiments to
examine the total ROS production after 143B
cells incubated with Dp44mT (10 uM). Figure
2C showed that there was strikingly difference
in the ROS levels in the 143B cells for O h, 24 h,
48 hand 72 h (P < 0.01), respectively, and the
longer incubation the stronger ROS produ-
ction.

Considering that Dp44mT can deplete cellular
iron and induce autophagy, which is vital to cell
survival, and the transformation of LC3-l to
LC3-1l is an essential step to form the autopha-
gosome. Therefore, the experiments were per-
formed to investigate the proteins expression
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of the LC3-I and LC3-Il in vivo and in vitro.
Interestingly, the data showed that with the
143B cells were incubated with Dp44mT (10
uM) for O h, 24 h, 48 h and 72 h, protein level of
LC3-I and LC3-II significantly increased (Figure
4A). Besides that, the results of the LC3-l and
LC3-Il protein level in tumor xenografts with the
Dp44mT (0.4 mg/kg) treatment displayed the
similar trend (Figure 4C and 4E). These results
indicated that Dp44mT could increase autoph-
agy to response the stress induced by iron
depletion.

Dp44mT inhibited the Wnt/B-catenin signaling
pathway

The OS cell lines are regulated by various
essential signaling pathways, the Wnt/[3-catenin
canonical pathway is included. In this study, we
evaluated whether Dp44mT could have an
effect on the Wnt/B-catenin canonical signal-
ing and the expression of its downstream
genes, C-myc and Cyclin D1. In human OS cell
line 143B and tumor tissue, we set out to exam-
ine B-catenin, C-myc and Cyclin D1 expre-
ssion levels for different time of Dp44mT
through western blot and immunohistochemis-
try (Figure 5). The data showed that with the
treatment of Dp44mT (10 yM or 0.4 mg/kg),
these proteins expression level significantly
decreased. These results demonstrated that
Dp44mT promoted the degradation of B-catenin
and then reduced the expression of its down-
stream genes, C-myc and Cyclin D1.

Dp44mT suppressed lung tumor growth and
metastasis in vivo

To validate the anti-tumor growth effects of
Dp44mT in vivo, we performed subcutaneous
xenograft of 143B cells into nude mice. All ani-
mals were sacrificed after 30 days, the size and
wet weight of tumors in each group (n=5) was
recorded. In these findings, the nude mice in
Dp44mT (0.4 mg/kg) group demonstrated a
strikingly slower growth rate than control group
(Figure 6A and 6B). In addition, Figure 6C
showed that Dp44mT (0.4 mg/kg) reduced
about 62.22% average wet weight of tumors
compared with control group.

To identify the effect of Dp44mT on metastasis
of OS cells in vivo, nude mice were intravenous-
ly injected with 14 3B cells. The metastatic lung
nodules were counted after 4 weeks. Quanti-
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fication of the metastatic nodules that devel-
oped in the nude mice lungs indicated that
Dp44mT (0.4 mg/kg) significantly inhibited the
metastatic activity of 143B cells compared
with control group (Figure 6D and 6E). These
experiments revealed that the Dp44mT was
capable of inhibiting OS cells growth and
metastasis in vivo, which corroborated well
with the data that found in vitro.

Discussion

OS is the most popular aggressive malignhant
bone sarcomas, which involves in rapid metas-
tasizing behavior and therapy resistance.
Recently, the treatment of OS via traditional
surgical resection associates with radio-che-
motherapy is less than satisfactory. However,
emerging data suggest that iron chelators have
been used as the new drug and achieve nota-
ble effect in many cancers treatment, from
which Dp44mT is the most potent and selective
one. A variety of studies [38, 39] have shown
that as the novel anti-cancer agent, Dp44mT
not only effectively suppressed the tumor
growth but also strikingly decreased the distant
metastasis. In this investigation, we demon-
strated that Dp44mT’s contribution to sup-
pressing OS growth and metastasis. Addi-
tionally, we found that Dp44mT inhibited prolif-
eration, invasion, migration and Wnt/[3-catenin
signaling pathway, as well as increased autoph-
agy and apoptosis of OS in vitro in human OS
cell line and in vivo using OS xenograft tumor
mouse models. In conclusion, these results are
meaningful for understanding the role of
Dp44mT as the novel potential anticancer
agent and may explore the new treatment and
preventive strategy in OS.

Cell proliferation, migration and invasion capac-
ity closely regulate the cancer generation and
development, which are the pivotal parts of
cancer metastasis. Hence, the influences of
Dp44mT on these characteristics in 143B cells
were further investigated. Wang J et al. [31]
reported that hepatocellular carcinoma inva-
sive property was significantly inhibited after
Dp44mT treatment, and in vivo treatment,
Dp44mT also remarkably decreased the num-
ber of lung metastatic nodules and the size of
lung metastatic lesions. Besides that, Patric J.
Jansson et al. [40] showed that Dp44mT mark-
edly suppressed the subcutaneous human
tumor xenograft. In agreement with that, our
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present experiment demonstrated that, in vitro,
the proliferation and migration rate of 143B
(Figure 1A-D), as well as the cells invaded
through the Matrigel (Figure 1E and 1F) were
notably declined by Dp44mT application. Fur-
thermore, in vivo, the average size, wet weight
and lung metastatic nodules of the nude mice
xenograft tumor were also potently inhibited by
Dp44mT (Figure 6). Therefore, these results
illustrate that as the anti-cancer reagent,
Dp44mT contribute to the inhibition of prolifer-
ation, migration and invasion properties in OS.

Cell death, including apoptosis and autophagic
cell death, is the critical and active process that
maintains cell metabolism. Autophagy is a pro-
survival mechanism, nevertheless, there are
several evidences of autophagic cell death
demonstrated that it promotes cell death.
Occurrence of autophagic cell death can
accompany by apoptosis or act as the comple-
mentary mechanism when apoptosis is insuffi-
cient [41, 42]. Besides that, some anti-prolifer-
ation drugs can enhance autophagic cell death
process when cells apoptosis pathway is defec-
tive [43, 44]. Previous studies have reported
that Dp44mT inhibited various cancers by
inducing apoptosis, autophagy and cell cycle
arrest. Similarly, in this study, Dp44mT induced
both early and late apoptosis (Figure 3A and
3B), moreover, Dp44mT provoked much greater
levels of late apoptosis and S cell cycle arrest
(Figure 2A and 2B), which was consistent with
the dramatic effects in inhibiting 143B cell pro-
gression. Furthermore, we investigated the
degrees of the pro-apoptotic protein, Bax and
anti-apoptotic protein, Bcl-2 as well as cas-
pase-3 and caspase-9 (Figure 3C-J). After a O
h, 24 h, 48 h and 72 h incubation with Dp44mT,
Bax, caspase-3 and caspase-9 expression re-
markably increased and Bcl-2 notably declined,
in accordance with its previous report. As our
expectation, the protein expression of autopha-
gy marker LC3-1I significantly increased and the
similar results were found for LC3-I, slight but
significant (Figure 4A-D). To interpret the pos-
sible mechanism in which Dp44mT enhanced
autophagy, the degrees of ROS were analyzed,
the data revealed that Dp44mT strikingly
increased the ROS level of 143B (Figure 2C
and 2D). It is known that Dp44mT can deprive
cellular iron to produce cytotoxic redox-active
complexes, which induces cytotoxic ROS [45].
However, as the cytoprotective process, auto-
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phagy is always accompanied by ROS produc-
tion [46]. Previous study has found that lyso-
some is ROS classical target, which leads to the
destabilization of lysosomal membrane and
then results in cellular damage [47]. Therefore,
once the normal balance between ROS produc-
tion and degradation are disturbed, the hydro-
lytic enzymes are released from destabilization
lysosomal membrane, which may be the key
mechanism of Dp44mT inducing autophagy
and then promoting cell death.

Alteration of Wnt/B-catenin signaling has been
identified in many kinds of carcinoma and
found to be associated with cancer progression
[48-50]. B-catenin, the most critical members
of this canonical pathway, exerts key function
to activate specific biological effect. Therefore,
in the present study, we analyzed the expres-
sion levels of B-catenin in 14 3B cell line (Figure
5A, 5C and 5I), the data revealed that B-catenin
protein expression was significantly reduced,
which made its downstream targets genes,
C-myc and Cyclin D1, perform the similar down-
regulated trend (Figure 5A, 5C, 5E and 5G).
Accordingly, these results suggest that Wnt/[3-
catenin signaling can involve in the mechanism
of Dp44mT to exert the anti-tumor capability, in
which B-catenin plays the essential effect.

In conclusion, this study has identified Dp44mT,
a potent anti-cancer agent, mediates multiple
facets important to OS development and
metastasis. In particular, the data demonstrate
that Dp44mT significantly inhibits proliferation,
invasion and migration of osteosarcoma in vitro
and in vivo.
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