Oncology Research, Vol. 22, pp. 185-191
Printed in the USA. All rights reserved.
Copyright © 2015 Cognizant Comm. Corp.

0965-0407/15 $90.00 + .00

DOI: http://dx.doi.org/10.3727/096504015X14343704124340
E-ISSN 1555-3906

WWWw.cognhizantcommunication.com

This article is licensed under a Creative Commons Attribution-NonCommercial NoDerivatives 4.0 International License.
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Doxorubicin plays a major role in the treatment of osteosarcoma disorders. The Notch signaling pathway exerts
various biological functions, including cell proliferation, differentiation, and apoptosis. In the present study, we
investigated the effects of different doses of doxorubicin on proliferation and apoptosis of osteosarcoma cells
with or without Notch signaling. Results found that cellular viability was downregulated while caspase 3 activ-
ity and expression were promoted in osteosarcoma cells following treatment with various doses of doxorubicin
for 24, 48, and 72 h, and the effects showed a dose- and time-dependent manner. Furthermore, it was found
that various doses of doxorubicin activated the Notch signaling pathway, shown by the elevated expression of
Notch target genes NOTCH1, HEY1, HES1, AND HESS. It was further proved that, after small interfering RNA
(siRNA)-mediated knockdown of Notch, the effects of doxorubicin on the viability and apoptosis of osteosar-
coma cells were significantly reduced. It was indicated that doxorubicin treatment reduced the proliferation and
promoted the apoptosis of osteosarcoma cells, and this effect was mediated by the Notch signaling pathway.

Key words: Doxorubicin; Notch signaling; Osteosarcoma cell; Proliferation; Apoptosis

INTRODUCTION

Osteosarcoma is the most common primary bone
tumor in children and young adults, and appropriate che-
motherapy for osteosarcoma can increase limb sparing
and overall survival (1,2). Doxorubicin is a common che-
motherapeutic drug with a wide spectrum of anticancer
activity against several malignancies, including breast
cancer, ovarian cancer, peripheral T-cell lymphomas,
intra-abdominal desmoid tumors, multiple myeloma,
and AIDS-related Kaposi’s sarcoma (3-5). However, the
recent findings suggested that the most common side
effects associated with doxorubicin include acute and
chronic toxicities, such as myelosuppression, hepato-
toxicity, cardiotoxicity, and testicular damage (6-8).
Ouyang and Li even proved that doxorubicin alone was
able to inhibit the proliferation of the MG63 human oste-
osarcoma cell line (9). However, little is known about the
cellular and molecular mechanisms of doxorubicin func-
tion in this district.

The Notch signaling pathway plays a pivotal role in a
variety of biological processes, including cell proliferation
and apoptosis, stem cell maintenance, and differentiation

(10-12). Furthermore, deregulated Notch activity has been
reported in skeletal development, tumorigenesis, and chemo-
resistance (13,14). Notch signaling was also reported to con-
tribute to the carcinogenesis of osteosarcoma (15). There is
increasing evidence that tumor-initiating cells are dependent
on Notch signaling (16,17). So unraveling the complex cir-
cuitry of Notch signaling in both normal and malignant tis-
sue is of great importance in cancer therapy. In this study,
we assessed the effect of doxorubicin on proliferation and
apoptosis of osteosarcoma cells with or without the Notch
signaling pathway for exploring the mechanism of doxoru-
bicin function.

MATERIALS AND METHODS
Cell Culture

The human osteosarcoma cell lines 143B obtained from
the China Center for Type Culture Collection (CCTCC;
Wuhan, China) were cultured in RPMI-1640 containing
10% (v/v) fetal bovine serum and 1% (v/v) penicillin/
streptomycin (Life Technologies, Carlsbad, CA, USA).
Cells were propagated in a humidified environment at
37°C with 5% CO, and 100% humidity.
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Table 1. Primers Used in This Study
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Gene Serial Number Primers
B-Actin NM_031144.3 Sense: 5'-GACATGCCGCCTGGAGAAAC-3’
Antisense: 5-AGCCCAGGATGCCCTTTAGT-3"
Caspase 3 NM_004346.3 Sense: 5'-GTAAGAGATTGCTAATCC-3’
Antisense: 5-CCGGAGCTGCTGATTG-3’
NOTCH1 NM_017617.3 Sense: 5'-GCGCTTGACGCAGGCTTAGG-3’
Antisense: 5’-CGGTAGGTCTGATGTGTGCTG-3’
HEY1 NM_001040708.1 Sense: 5'-GCGGTAGCAGCTTTGCAGGA-3’
Antisense: 5-ATTCGGCTGTGTATTATGTG-3’
HES1 NM_005524.3 Sense: 5'-AGCCCAGGATGCCCTTTAG-3’
Antisense: 5-AGCCCAGGATGCCCTTTAG-3’
HESS5 NM_001010926.3 Sense: 5'-AGTCCCTTCTCTAACTGTCG-3’

Antisense: 5-AGGCTATTCAGCGAGGTTTC-3’

Doxorubicin Treatment

The human osteosarcoma cell lines 143B were divided
into three groups according to the incubation time (24,
48, and 72 h). According to the clinical serum concentra-
tions of the drug, each group was treated with 0.1, 0.5, 1,
or 10 uM doxorubicin (First Pharmaceuticals, Hangzhou,
China), and cell viability, apoptosis, and Notch pathway
activity were investigated.

MTT Methods

The endogenous effects of doxorubicin on cell viabil-
ity were evaluated by the methyl thiazolyl tetrazolium
(MTT) method. In brief, human osteosarcoma cells were
seeded in 96-well plates at a density of 1.0x 10%ml; cell
viability was then evaluated by adding 15 pl 5 mg/mI MTT
(Sigma-Aldrich, St. Louis, MO, USA) solution to each
well of a one-cell culture plate and further incubated for 4 h.
After the medium was removed, 150 ul of dimethyl sulfox-
ide was added to each well, and the plate was agitated for

10 min on a shaker to dissolve the formazan. The 490-nm
absorbance was determined using a microplate reader
(Thermo Fisher Scientific, Waltham, MA, USA).

Caspase 3 Activity Assay

A caspase 3 colorimetric activity assay was performed
according to the manufacturer’s instructions. In brief,
the reaction buffer and the specific enzyme DEVD-pNA
were added to each sample and incubated for 1-2 h at
37°C. The developed colorimetric reaction was measured
at405 nm in a 96-well microplate reader (Bio-Rad model)
and values plotted as arbitrary units.

Real-Time RT-PCR

Expression of caspase 3, NOTCHI, HEY1, HESI,
and HESS in osteosarcoma cells was determined at indi-
cated times by RNA preparation and quantitative reverse
transcription polymerase chain reaction (RT-PCR). Briefly,
total cellular RNA was isolated from cells on six-well
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Figure 1. Effect of various concentrations and treatment time of doxorubicin on the proliferation of osteosarcoma cells. 143B cells were
treated with 0.1, 0.5, 1, or 10 uM doxorubicin for 24, 48, and 72 h, and the proliferation of osteosarcoma cells was measured by MTT method.
Data are expressed as mean + SD of three independent experiments in triplicate. *p <0.05, **p<0.01, or p>0.05 versus control.
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plates using TRIzol reagent following the manufacturer’s
instructions (Invitrogen, Carlsbad, CA, USA). RNA
quality was assessed by agarose gel electrophoresis, and
complementary DNA (cDNA) was synthesized with ran-
dom hexamer (TaKaRa, Osaka, Japan). The real-time
RT-PCR analysis was carried out using the QuantiTect
SYBR Green RT-PCR Kit (Qiagen, Valencia, CA, USA)
under the ABI Prism 7500 Sequence Detector (Applied
Biosystems, Foster City, CA, USA), according to the man-
ufacturer’s instructions. The reaction was run at one cycle
of 50°C for 2 min and 95°C for 15 min, followed by 40
cycles of 95°C for 15 s, 60°C for 30 s, and 72°C for 30 s.
We used B-actin expression as an internal control. Specific
primer sequences were synthesized in Biosune Biological
Technology Corp (Shanghai, China), and the sequences of
the primers are shown in Table 1.
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Western Blot

Western blot analysis was performed as previously
reported (18). Briefly, proteins were separated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred electrophoretically to PVDF
membranes. Then the membranes were blocked in 5%
nonfat milk for 2 h at room temperature and incubated at
4°C overnight with antibodies Notch (1:1,000 diluted; Cell
Signaling Technology, Berkeley, CA, USA). After over-
night incubation, the membranes were washed and immu-
noblotted with HRP-conjugated anti-rabbit IgG antibody
(diluted 1:1,000; Amersham Biosciences, Piscataway, NJ,
USA) at 37°C for 1 h. The membranes were then devel-
oped with enhanced chemiluminescence (ECL) substrate
(Beyotime, China) and exposed to X-ray film. B-Actin
(monoclonal anti-B-actin, 1:1,000; Beyotime) was used to
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Figure 2. Effect of various concentrations and treatment time of doxorubicin on the apoptosis of osteosarcoma cells. 143B cells were
treated with 0.1, 0.5, 1, or 10 uM doxorubicin for 24, 48, and 72 h, and mRNA expression (A) and activity (B) of caspase 3 in osteosarcoma
cells were determined by RT-PCR and caspase 3 kit. Data are expressed as mean + SD of three independent experiments in triplicate.

*p<0.05, **p<0.01, or p>0.05 versus control.
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ensure adequate sample loading for all Western blots. Band
density was quantitated using ImageJ software.

Plasmids and Small Interference RNA (siRNA)

Notch-specific siRNA was as follows: GATCCAGG
AAGAGTGTTCCTGATTTTCAAGA (sense), GAAAT
CAGGAACACTCTTCCTTTTTTTGGAAA (antisense).
For transient transfections, cells in the exponential growth
phase were grown to 65% confluence and then trans-
fected with 6 pg of Notch-specific siRNA construct or
nontargeting siRNA using HiPerFect (Qiagen) according
to the manufacturer’s protocols. After cells were cultured
in medium for 48 h, the efficiency of Notch siRNA was
determined by Western blot analysis. Furthermore, after
cells in the exponential growth phase were grown to 65%
confluence and transfected with Notch siRNA for 48 h,
then 10 uM of doxorubicin was added in the medium for
24 h, and cell viability and apoptosis were investigated.

Statistical Analysis

Statistical analysis was carried out with one-way
analysis of variance (ANOVA) using SPSS17.0 software.
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Values are expressed as means =+ standard deviation (SD).
The mean values and standard deviations were calculated
from three independent experiments. Differences were
considered statistically significant at p <0.05.

RESULTS
Doxorubicin Inhibited Osteosarcoma Cell Growth

To determine the influence of doxorubicin on osteo-
sarcoma cell growth, cell proliferation was detected by
MTT colorimetry. Our data showed that, compared to the
control, different concentrations of doxorubicin used in
this study resulted in statistically significant cell growth
inhibition (p<0.05), and this effect showed a time- and
dose-dependent manner (Fig. 1).

Doxorubicin Increased Osteosarcoma Cell Apoptosis

To determine the effect of doxorubicin on cell apop-
tosis, mRNA expression and activity of caspase 3, which
is an apoptosis indicator, were examined in doxorubicin-
treated osteosarcoma cells. It suggested that, compared
with the control group, both mRNA expression (Fig. 2A)
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Figure 3. Effect of various concentrations of doxorubicin on the activation of Notch signaling pathway in osteosarcoma cells. 143B
cells were treated with 0.1, 0.5, 1, or 10 uM doxorubicin for 24, 48, and 72 h, and mRNA expression level of NOTCH1 (A), HEY1 (B), HES1
(C), and HESS (D) was detected by real-time PCR. Data are expressed as mean + SD of three independent experiments in triplicate.

*p<0.05, **p<0.01, or p>0.05 versus control.
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and the activity of caspase 3 (Fig. 2B) were significantly
higher in doxorubicin-treated groups (p<0.05), and the
effects were both time and dose dependent. It indicated
that doxorubicin increased osteosarcoma cell apoptosis.

Activation of Notch Signaling Pathway in Doxorubicin-
Treated Osteosarcoma Cells

To understand the molecular mechanism involved in
doxorubicin function, the alterations in the expression
of Notch target genes NOTCHI1, HEY1, HESI, and
HESS in 143B cells treated with 0.1, 0.5, 1.0, and
10 uM doxorubicin for 24, 48, and 72 h were assessed
using real-time RT-PCR analysis. It found that there was a
marked increase in the mRNA expression of NOTCH1
(Fig. 3A), HEY1 (Fig. 3B), HES1 (Fig. 3C), and HESS
(Fig. 3D) following doxorubicin treatments (p <0.05),
and the increase was both dose and time dependent. It
indicated that doxorubicin could activate the Notch sig-
naling pathway in osteosarcoma cells.

Role of the Notch Signaling Pathway in
Doxorubicin-Induced Proliferation and
Apoptosis of Osteosarcoma Cells

To assess whether doxorubicin exerted its influences
by altering the Notch signaling pathway, cell prolifera-
tion and apoptosis were investigated following the block
of the Notch signaling pathway activation by Notch
inhibition using siRNA. It found that Notch protein
expression was significantly downregulated by siRNA
(p<0.05), indicating the good efficiency of Notch siRNA
(Fig. 4A). Furthermore, the inhibition of Notch signaling
promoted osteosarcoma cell proliferation and inhibited
apoptosis in control cells (p<0.01). However, compared
to the control group, doxorubicin together with Notch
siRNA treatment showed little changes in cell prolif-
eration (Fig. 4B) and apoptosis (p>0.05) (Fig. 4C, D).
Together, these results strongly indicated that Notch sig-
naling pathway activation was required for doxorubicin
to trigger the proliferation inhibition and the apoptosis
increase in osteosarcoma cells.

FACING COLUMN

Figure 4. Effect of doxorubicin on cell viability and apop-
tosis following the block of Notch signaling pathway. Cells
were seeded in six-well plates and then treated with 6 pg
nontarget (negative control) or Notch siRNA in osteosar-
coma cells for 48 h. Western blot was performed to deter-
mine the efficiency of the siRNA knockdown of Notch (A).
Cells attaining 65% confluency were transfected with Notch
siRNA for 48 h, and 10 pM of doxorubicin was added for
24 h, then cell viability was determined by the MTT method
(B), and mRNA expression (C) and activity of caspase 3 (D)
were measured. Data are expressed as mean = SD of three
independent experiments in triplicate. *p <0.05, **p<0.01,
or p>0.05 versus control.
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DISCUSSION

Osteosarcoma, one of the most common malignant
bone tumors in childhood and adolescence, leads the
causes of disability and mortality in osteosarcoma patients
(19,20). Doxorubicin is an effective chemotherapeutic
drug used in the treatment of diverse types of cancer, such
as osteosarcoma (14,21). Previous study suggested that
doxorubicin was able to enhance the killing of tumor cells
through the inhibition of cell proliferation (22). However,
the mechanism through which it inhibits the proliferation
of cancer cells remains unclear. In the present study, we
evaluate the effect and mechanism of doxorubicin in the
proliferation and apoptosis of osteosarcoma cells.

Aberrant proliferation is an essential feature of can-
cer cells. Previous studies have reported that doxorubicin
blocked the proliferation of cancer cells through prote-
olytic activation of CREB3L1 (23). Doxorubicin may
be used for the management of hepatocarcinoma (24).
Furthermore, doxorubicin alone was able to inhibit the
proliferation of the MG63 human osteosarcoma cell line
(9). In this study, we also proved that different concentra-
tions of doxorubicin lead to statistically significant cell
growth inhibition in a time- and dose-dependent manner.

Apoptosis is a fundamental and complex biologi-
cal process that enables an organism to kill and remove
unwanted cells during animal development, normal
homeostasis, and disease, and caspases are proven to be
crucial for this process in diverse metazoan organisms
(25). Although there are at least 14 caspases in humans,
only a subset of these enzymes is detectably proteolyti-
cally activated by various distinct death stimuli in differ-
ent cell types (26,27). In animals, principally caspase 3
appears to be activated in a protease cascade that leads to
inappropriate activation or rapid disablement of key struc-
tural proteins and important signaling, homeostatic, and
repair enzymes (28,29). Therefore, caspase 3 is regarded
as a crucial component of the proteolytic cascade during
apoptosis. Doxorubicin has been shown to induce the pro-
motion of cardiac myocyte apoptosis (30). The activity
and mRNA expression of caspase 3 were assessed in this
study, and it suggested that doxorubicin could increase
the apoptosis of osteosarcoma cells by promoting caspase
3 expression and activity.

Notch is an evolutionarily conserved transmembrane
receptor involved in development and diseases, and Notch
activation appears to be important in the proliferation and
differentiation of stem and progenitor cells (30). Several
malignancies that are resistant to therapy have been closely
associated with upregulation of Notch signaling (31).
Deregulated Notch activity has been reported to contrib-
ute to the carcinogenesis of osteosarcoma (32). Notch-1
showed a crucial role in osteosarcoma invasion and metas-
tasis (33). Inhibition of the Notch pathway suppressed
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osteosarcoma growth both in vitro and in vivo (34-36). In
this study, we provided evidence that doxorubicin could
activate the Notch signaling pathway in osteosarcoma
cells, indicating the involvement of Notch activation in
doxorubicinfunctions. Tofurtherelucidatetheinvolvement
of the Notch pathway in doxorubicin function, the effects
of doxorubicin on the proliferation and apoptosis of oste-
osarcoma cells were investigated following the block of
Notch signaling. It indicated that the Notch signaling path-
way was involved in the changes of the proliferation and
apoptosis of osteosarcoma cells induced by doxorubicin.
In conclusion, the results demonstrated that different
doses of doxorubicin could activate the Notch signaling
pathway. Furthermore, doxorubicin inhibited prolifera-
tion while it promoted apoptosis of osteosarcoma cells
through upregulation of the Notch signaling pathway.
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