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Abstract. - OBJECTIVE: Osteosarcomais one
common malignant bone tumors, as it frequently
has invasion, metastasis and recurrence, caus-
ing unfavorable prognosis of patients. Osteosar-
coma has complicated pathogenesis, which has
not been elucidated fully. Therefore, the identi-
fication of effective molecular target of osteo-
sarcoma onset can help to improve treatment
efficacy and prognosis of osteosarcoma. Zinc
finger E-box binding homeobox 1 (ZEB1) protein
is one member of zinc finger E-box binding pro-
tein family, and participates in embryonic gene-
sis and development. A recent study found the
participation of ZEB1 in mediating multiple tu-
mor onset and its up-regulation of osteosarco-
ma. The regulatory mechanism of ZEB1 in oste-
osarcoma has not been illustrated yet.

MATERIALS AND METHODS: In vitro cul-
tured osteosarcoma MG-63 cells were transfect-
ed with ZEB1 siRNA. Real-time PCR and Western
blot were tested for ZEB1 mRNA/protein expres-
sion. MTT was used to test MG-63 cell prolifer-
ation, whilst cell invasion was used to describe
the effect of ZEB1 on MG-63 cells. Caspase-3 ac-
tivity assay was employed to test MG-63 cell ap-
optosis. Western blot was employed to detect
nuclear factor kappa B (NF-xB) and inducible ni-
tric oxide synthase (iNOS) protein expression.

RESULTS: After transfecting with ZEB1 siRNA,
MG-63 cell proliferation or invasion was inhib-
ited accompanied with lower ZEB1 mRNA/pro-
tein expression. Caspase3 activity was also in-
creased after transfection (p < 0.05), along with
down-regulation of NF-kB and iNOS proteins in
MG-63 cells (p < 0.05).

CONCLUSIONS: Inhibition of ZEB1 can facili-
tate osteosarcoma cell apoptosis and inhibit cell
proliferation or invasion via down-regulating NF-
kB/iNOS signal pathway.
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Introduction

Osteosarcoma is the most popular malig-
nant bone tumor worldwide, as it occupies

more than 30% of primary bone cancer'. Os-
teosarcoma mainly derives from mesenchymal
tissues, and is frequently occurred in children
or young people under 20 years®>. Tumor cells
have rapid proliferation, and can directly af-
fect immature bone or bone-like tissues, plus
early and frequent occurrence of blood-borne
metastasis, contributing to rapid progression’®*.
Osteosarcoma frequently occurs in distal fe-
mur or proximal humerus. Current treatment
mainly includes amputation, which is assist-
ed by chemo-, radio-therapy and bone recon-
struction®. However, due to rapid progression
of osteosarcoma, it has high malignancy, and
is susceptible for invasion, metastasis or recur-
rence, leading to unfavorable prognosis, lower
survival rate, and heavy economic/mental bur-
dens for patients and families®’. Osteosarco-
ma has complicated pathogenesis mechanism,
which has not been illustrated fully yet. There-
fore, the identification of effective molecular
targets of osteosarcoma pathogenesis can help
to improve treatment efficacy®. Zinc finger
E-box binding homeobox (ZEB) family belongs
to zinc finger transcription factor superfamily,
and mainly consists of ZEB1 and ZEB2’. ZEBI1
protein exerts important functions in regulating
transcription and is involved in embryonic for-
mation and development, as its gene mutation
causes sever malformation'®. Recent studies'"'?
indicated the role of ZEBI in regulating occur-
rence of multiple tumors including breast can-
cer and prostate cancer. ZEBI1 can also affect
the expression of E-cadherin, and direct mor-
phology and property transition of epithelial
cells originally connected by polarity into mes-
enchymal cells, which can freely move across
cellular matrix to facilitate epithelial-mesen-
chymal transition (EMT) process*'*. EMT can
cause metastasis and invasion of tumors". A re-
cent study showed elevated expression of ZEB1
in osteosarcoma cells, but leaving its regulatory
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role or related mechanisms not fully illustrat-
ed'®. This study thus aimed to investigate the
expression of ZEBI in osteosarcoma and ma-
nipulated its expression, to analyze the role and
mechanism of ZEBI for osteosarcoma cells.

Materials and Methods

Major Reagents and Equipment

Human osteosarcoma cell line MG-63 (CRL-
1427™) was purchased from ATCC cell bank
(Manassas, VA, USA). Dulbecco’s Modified
Eagle Medium (DMEM) culture medium, fe-
tal bovine serum (FBS) Gibco (Rockville, MD,
USA) and streptomycin-penicillin were pur-
chased from Hyclone (Logan, UT, USA). Di-
methyl sulphoxide (DMSO) and 3-(4,5-dime-
thyl-2-thiazolyl)-2,5-diphenyl-2-H- tetrazolium
bromide (MTT) powders were purchased from
Gibco (Rockville, MD, USA). Trypsin-EDTA
lysis buffer was purchased from Sigma-Aldrich
(St. Louis, MO, USA). Caspase 3 activity assay
kit and polyvinylidene fluoride (PVDF) mem-
brane were purchased from Pall Life Sciences
Inc. (Pensacola, FL, USA). Ethylene Diamine
Tetraacetic Acid (EDTA) was purchased from
Hyclone (Logan, UT, USA). Western blotting
reagent was purchased from Beyotime Co. Ltd.
(Beijing, China). ECL reagent was purchased
from Amersham Biosciences (Piscataway, NJ,
USA). Rabbit anti-human nuclear factor kappa
B (NF-kB) monoclonal antibody (Catalogue No.
76041), rabbit anti-human ZEB1 monoclonal an-
tibody (Catalogue No. 3396), rabbit anti-human
inducible nitric oxide synthase (iNOS) monoclo-
nal antibody (Catalogue No. 13120) and mouse
anti-rabbit horseradish peroxidase (HRP)-con-
jugated IgG secondary antibody (Catalogue No.
5127) were all purchased from Cell Signaling
Technology (Beverly, MA, USA). Transwell
chamber was purchased from Corning (Corning,
NY, USA). ZEBI1 siRNA negative control (scram-
ble) and ZEB1 siRNA sequences were synthe-
sized by Gimma Co. Ltd. (Beijing, China). RNA
extraction kits and reverse transcription kit were
purchased from Axygen (Tewksbury, MA, USA).
Other common reagents were purchased from
Sangon Biotech. Co. Ltd. (Shanghai, China). Lab
System Version 1.3.1 microplate reader was pur-
chased from Bio-Rad Laboratories (Hercules,
CA, USA). ABI7700 Fast fluorescent quantita-
tive PCR cycler was purchased from ABI (Foster
City, CA, USA). Ultrapure workstation was pur-

chased from Sutai High-Tech Materials Co. Ltd.
(Shanghai, China). Thermo Scientific Forma CO,
incubator was purchased from Thermo Electron
Corp. (Burlington, Ontario, Canada). PCR cycler
model 2400 was purchased from PE Gene Ap-
plied Biosystems. (Foster City, CA, USA).

Osteosarcoma MG-63 Cell Culture and
Grouping

MG-63 cells stored in liquid nitrogen were re-
suscitated in 37°C water-bath until fully thawing.
Cells were centrifuged at 1000 r/min for 3 min,
and were re-suspended in 1 ml fresh medium and
were removed from 5 ml culture flask contain-
ing 3 ml fresh culture medium. Cells were kept
in a humidified chamber with 5% CO, at 37°C
for 24-48 h. Cells were seeded in culture dish at
1x10%cm?. The culture medium contained 10%
fetal bovine serum (FBS), and 90% high-glucose
Dulbecco’s Modified Eagle Medium (DMEM)
medium (containing 100 U/ml penicillin, 100 pg/
ml streptomycin). Cells were kept in a humidified
chamber with 5% CO, at 37°C. The medium was
changed every other day and cells were passed
every 2-3 cells. Cells at log-phase with 2™ to 8"
generation were randomly divided into control
group, which was cultured under normal condi-
tion; ZEBI siRNA group, which was transfected
by ZEBI siRNA negative control sequence and
ZEBI siRNA group, which was transfected with
ZEBI1 siRNA sequence.

Liposome Transfection of ZEB1 siRNA
Into MG-63 Cells

ZEBI siRNA sequence (5-GUUUG UCGCU
UCCAA ATAUA T-3’ and 5-UAUAG GGAUA
CAAAU UGCCT T-3’) or ZEBI siRNA negative
control sequence (5-AUGCC AUCCU GAGGU
AGGAU G-3’ and 5-ACAGG GAUGU AUAGU
CGCGU G-3’) were transfected into MG-63 cells.
In brief, cells were cultured until reaching 70-
80% confluence. ZEBI siRNA or negative con-
trol liposome were mixed with 200 pl serum-free
medium for 15 min room temperature incubation.
Lipo2000 reagent was then mixed with ZEBI
siRNA or negative controlled dilutions for 30
min room temperature incubation. Serum was
removed, followed by phosphate buffered saline
(PBS) rinsing gently and the addition of 1.6 ml
serum-free culture medium. Cells were then kept
in a humidified chamber with 5% CO, at 37°C for
6 h, followed by the application of 10% FBS-con-
taining medium in 48 h continuous incubation for
further experiments.
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Real-time PCR for ZEBT mRNA
Expression in MG-63 Cells

Trizol reagent was used to extract RNA from
MG-63 cells. Reverse transcription was per-
formed according to the manual instruction of
test kit, using primers designed by PrimerPre-
mier 6.0 and synthesized by Invitrogen/Life
Technologies (Carlsbad, CA, USA) as shown
in Table 1. Real-time polymerase chain reac-
tion (PCR) was performed on target genes un-
der the following conditions: 56°C for 1 min,
followed by 35 cycles each containing 92°C
for 30 s, 58°C for 45 s and 72°C for 35 s. Data
were collected and calculated for CT values of
all samples and standards based on fluorescent
quantification using GAPDH as the reference.
Standard curve was firstly plotted using CT
values of standards, followed by semi-quantita-
tive analysis by 27t method.

Western Blot for ZEB1, NFxB and
iINOS Protein Expression

Total proteins were extracted from MG-63
cells. In brief, cells were mixed with RIPA lysis
buffer (150 mM NaCl, 1% NP-40, 0.1% SDS, 2 g/
ml Aprotinin, 2 pg/ml Leupeptin, ]| mM PMSEF,
1.5 mM EDTA and 1 mM NaVanadate) (Sig-
ma-Aldrich, St. Louis, MO, USA) on ice for 15~30
min, with ultrasound treatment (5 s, 4 times). Af-
ter centrifugation at 10000 xg for 15 min, the su-
pernatant was saved, quantified and was stored
at -20°C for Western blot assay. Proteins were
separated in 10% SDS-PAGE, and were trans-
ferred to PVDF membrane by semi-dry method
(100 mA, 1.5 h). Non-specific binding sites were
removed by 5% defatted milk powder for 2 h. An-
ti-ZEBI monoclonal antibody (1:1000), anti-NF-
kB monoclonal antibody (1:2000) and anti-INOS
monoclonal antibody (1:1500) were added for 4°C
overnight incubation. After PBST washing, goat
anti-rabbit secondary antibody (1:2000) was add-
ed for 30 min incubation at room temperature.
ECL reagent was then added for developing the
membrane for 1 min after PBST rinsing, followed
by X-ray exposure. The film was scanned and
analyzed by protein imaging system and Quantity

Table I. Primer sequences.

One software for measuring band density. Each
experiment was replicated for four times (n=4) for
statistical analysis.

MTT for Testing Cell Proliferation

MG-63 cells at log-phase were seeded into 96-
well plate which contained DMEM medium with
10% FBS at 5x10° density. After 24 h incubation,
the supernatant was removed. Cells were random-
ly divided into control, scramble and ZEBI siRNA
groups as treated above. After 48 h incubation, 20
ul sterile MTT was added into each test well in trip-
licates. After 4 h continuous culture, the superna-
tant was completely removed, with the addition of
150 pl DMSO for 10 min vortex until the complete
resolving of crystal violet. Absorbance (A) values
were measured at 570 nm in a microplate reader.
The proliferation rate was calculated in each group.

Transwell Chamber Assay for
Cell Invasion

Following the manual instruction, serum-free
DMEM medium was changed for another 24 h
cell culture. Transwell chamber was pre-coated
using 1:5 50 mg/L. Matrigel dilutions on the bot-
tom and upper layer of the membrane, followed by
4°C air-dry. 500 ul DMEM medium containing
10% FBS was added outside the chamber. Inside
the chamber, 100 pl cell suspension was added us-
ing serum-free culture medium. Each group was
tested in triplicate. Control cells were cultured in
Transwell chamber without Matrigel. After 48 h,
PBS was used to rinse Transwell chamber to re-
move membrane-fixed cells. Chambers were then
fixed in cold ethanol and stained with crystal vi-
olet. Cells at the lower surface of the membrane
were counted. Each experiment was repeated for
more than three times.

Caspase3 Activity Assay

Caspase 3 activity in cells was evaluated using
test kit from all groups. In brief; cells were digested
with trypsin, and were centrifuged at 600 x g for
5 min under 4°C. The supernatant was discarded,
followed by the addition of cell lysis buffer and
iced incubation for 15 min. The mixture was then

Gene Forward primer 5°-3’ Reverse primer 5°-3’
GAPDH AGTACCAGTCTGTTGCTGG TAATAGACCCGGATGTCTGGT
ZEB1 ACCTCTCTAGATCTGCCCAT TAGAATGGTGTTAACCTCTT
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centrifuged at 20 000 x g for 5 min under 4°C, fol-
lowed by the addition of 2 mM Ac-DECD-pNA.
Optical density (OD) values at 450 nm wavelength
was measured to reflect caspase 3 activity.

Statistical Analysis

All data were presented as mean + standard
deviation (SD). Comparison of means between
groups was performed by #-test. SPSS 11.5 soft-
ware (SPSS Inc. Chicago, IL, USA) was used for
analyzing data. Between-group difference was
tested by analysis of variance (ANOVA). Statisti-
cal significance was defined when p < 0.05.

Results

ZEBT mRNA Expression in
Osteosarcoma Cells

Real-time PCR was used to test the effect of
siRNA interference on ZEBI mRNA expression
in osteosarcoma cells. Results found that ZEB1
siRNA transfection significantly inhibited ZEB1
mRNA expression in osteosarcoma cells (p <0.05
compared to control group). Another transfection
using ZEBI siRNA negative control sequence did
not affect mRNA expression (p > 0.05, Figure 1).

ZEBT1 Protein Expression in
Osteosarcoma Cells

Western Blot was used to test the effect of
siRNA interference on ZEBI protein expression
in osteosarcoma cells. Results found that ZEB1
siRNA transfection significantly inhibited ZEB1
protein expression in osteosarcoma cells (p <
0.05 compared to control group), whilst trans-
fection using ZEBI siRNA negative control se-
quence did not affect its protein expression (p >
0.05, Figure 2).
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Figure 1. Regulation of ZEBI on mRNA expression in

osteosarcoma cells. *, p < 0.05 compared to control group.
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Figure 2. ZEBI protein expression in osteosarcoma cells.
(A) ZEBI protein bands in osteosarcoma cells; /B Analysis
of ZEBI protein relative expression. *, p < 0.05 compared to
control group.

Effects of ZEB1 Regulation on
Osteosarcoma MG-63 Cells Proliferation

MTT was used to test the effect of siR-
NA interference on proliferation of osteosar-
coma cell line MG-63. Results showed that
down-regulation of ZEB1 expression by ZEB1
siRNA interference into MG-63 cells signif-
icantly inhibited MG-63 cell proliferation (p
< 0.05 compared to control group, Figure 3).
These results indicated that ZEBI1 expression
was correlated with abnormal proliferation of
osteosarcoma cells.
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Figure 3. Effects of ZEBI regulation on MG-63 cell
proliferation. *, p < 0.05 compared to control group.
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Figure 4. Effects of ZEB1 modulation on invasion potency of osteosarcoma MG-63 cells. *, p < 0.05 compared to control

group.

Effects of ZEB1 on MG-63 Cell Invasion

Transwell chamber assay was used to test the
effect of siRNA interference on invasion of oste-
osarcoma cell line MG-63. Results showed that
down-regulation of ZEBI1 expression by ZEBI
siRNA interference into MG-63 cells significant-
ly inhibited cell invasion (p < 0.05 compared to
control group, Figure 4). These results indicated
that ZEB1 expression was correlated with inva-
sion ability of osteosarcoma cells.

Effects of ZEB1 on Caspase3 Activity in
MG-63 Cells

Caspase3 activity was used to test the effect
of ZEBI on apoptosis of osteosarcoma cell line
MG-63. Results showed that down-regulation
of ZEBI expression by ZEBI siRNA interfer-
ence into MG-63 cells significantly enhanced
Caspase-3 activity (p < 0.05 compared to con-
trol group, Figure 5). These results indicated that
ZEBI1 down-regulation could facilitate Caspase
3 activity, further accelerating apoptosis of oste-
osarcoma cells.

ZEB1 Modulation and NF-DB/iNOS
Signal Pathway in MG-63 Cells

Western blot was used to test the effect of
ZEB1 modulation on NF-kB/iNOS signal path-
way in osteosarcoma cell line MG-63. Results
showed that down-regulation of ZEB1 expres-
sion by ZEBI siRNA interference into MG-63
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Figure 5. Regulation of ZEBI on Caspase3 activity in
osteosarcoma MG-63 cells. *, p < 0.05 compared to control

group.
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cells significantly inhibited NF-kB or iNOS
protein expression (p < 0.05 compared to con-
trol group, Figure 6). These results indicated
that ZEBI1 could regulate proliferation and ap-
optosis of MG-63 osteosarcoma cells via medi-
ating NF-kB/iNOS pathway.

Discussion

Osteosarcoma has a high incidence and unfa-
vorable prognosis. Although treatment methods
are continuously being improved, patient sur-
vival rate has not been significantly increased,
making it one major challenge'™'®. Tumor oc-
currence, progression and metastasis involve
multiple steps and factors, under the regulation
of various genes and external factors. In those
malignant tumors with EMT origin, ZEBI is
strongly correlated with tumor pathogenesis,
and progression'®. E-cadherin is one important
metastatic inhibitor. ZEBI can directly or in-
directly inhibit E-cadherin expression. E-cad-
herin can form protein dimers with adjacent
molecules to assisting normal alignment of
cells”. The adhesion between E-cadherin and
epithelium can work as cytoskeleton compo-
nent'*. ZEBI specifically bind with E-cadher-
in to suppress its expression®’. Previous work'®
demonstrated elevated expression of ZEBI in
osteosarcoma, whilst leaving its regulation and
mechanism on osteosarcoma unillustrated. This
study utilized siRNA approach to down-reg-
ulate ZEB1 expression, and found inhibition
of osteosarcoma cell proliferation or invasion,
plus potentiated Caspase3 activity. As one of
the most potent members of apoptotic family,
Caspase3 has enhanced activity that can induce
tumor cell apoptosis?. NF-kB as one nuclear
transcriptional factor, can participate in various
physiological processes including inflammation
and immunity. It can activate different immune
or inflammation related genes such as iNOS*,
A previous research?® indicated significantly
enhanced iNOS expression in osteosarcoma
tissues, as it may facilitate tumor angiogenesis,
resistance to tumor cell apoptosis, and acceler-
ating cell proliferation. This study showed that
interference of ZEB1 expression decreased its
mRNA and protein expression in osteosarcoma
cells, and further inhibited cell proliferation
and induced apoptosis possibly via suppressing
NF-kB/iNOS pathway. This work demonstrates
the functional role and mechanism of ZEBI in
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Figure 6. ZEBI regulation and NF-kB/iNOS signal
pathway in MG-63 cells. (A) Western blot for NF-kB/iNOS
signal pathway in MG-63 cells; (B) Analysis of expression
level of NF-kB/iNOS signal pathway. *, p < 0.05 compared
to control group.

regulating osteosarcoma, although further an-
imal in vivo studies can be performed to illus-
trate detailed mechanism.

Conclusions

Inhibition of ZEBI can facilitate osteosarco-
ma apoptosis via down-regulating NF-kB/iNOS
signal pathway, thus inhibiting cell proliferation
or invasion, suggesting its potential role as novel
molecular target for clinical treatment of osteo-
sarcoma. This study provides evidence for illus-
trating pathogenesis of osteosarcoma.
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