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Abstract. The present study was aimed to investigate the 
effect of tumstatin on inhibition of proliferation and induc-
tion of apoptosis in Saos-2 human osteosarcoma cells and 
to understand the mechanism involved. Inhibition of cell 
proliferation was analyzed by MTT assay and induction of 
apoptosis through nuclear fragmentation assay. Viability of 
Saos-2 cells was reduced to 19% on treatment with 25 µM 
concentration of tumstatin after 48 h. Presence of character-
istic apoptotic nuclei, rounded cell shape and shrunken size 
were caused by tumstatin treatment at 25 µM concentration. 
The level of mRNA corresponding to PTEN, FasR and FasL 
was increased significantly in tumstatin treated Saos-2 cells 
compared to untreated control. Investigation of the mechanism 
revealed NF-κB activation by phosphorylation on serine 536. 
The activated NF-κB was translocated into the nucleus from 
the cytoplasm on treatment with tumstatin. Degradation of the 
IκBα by tumstatin was found to be much slower compared 
to that induced by treatment with TNF-α. Thus, tumstatin 
inhibits proliferation and induces apoptosis in Saos-2 cells 
through activation of NF-κB and its translocation to the 
nucleus. Therefore, tumstatin can play an important role in the 
treatment of osteosarcoma.

Introduction

Osteosarcoma alone comprises more than 50% of the primary 
bone tumors and is detected mostly in children. In Japan every 
year more than 100 cases of osteosarcoma are detected. In 
osteosarcoma various changes are observed in the chromo-
somes and the gene mutations are also extensive resulting in 
the development of complex tumors (1,2). Numerous studies 
have been performed to understand the mechanism underlying 
the development of osteosarcoma (1-6). Despite advancement 

in the techniques including, wide tumor excision and aggres-
sive chemotherapy the prognosis in osteosarcoma patients is 
very poor (7,8). Thus, the screening of molecules for effective 
treatment of osteosarcoma is desired (9).

Apoptosis is the controlled and programmed death of cells 
and is vital for the treatment of carcinoma and removal of 
unwanted cells from the body (10,11). Regulation of various 
factors involved in the process of apoptosis is mediated 
through phosphorylation (12). One more factor involved in 
the regulation of apoptosis in various types of carcinoma cells 
is the nuclear factor-kappa B (NF-κB) (13-17). Activation of 
IκBα followed by its degradation induces translocation of 
NF-κB into the cell nucleus from cytoplasm where it influ-
ences several genes.

Tumstatin, is a well-known anti-angiogenic agent 
possessing promising antitumor potential (18,19). Various 
reports have demonstrated that tumstatin treatment prevents 
tumor proliferation in glioma and melanoma tumor 
models (20-22). In addition, tumstatin exhibits a strong 
tendency to suppress proliferation and angiogenesis of tumor 
in the head and neck carcinoma models. Furthermore, in oral 
squamous cancer model treatment with tumstatin inhibited 
metastasis of carcinoma cells to the lymph nodes (23). The 
present study was aimed to investigate the effect of tumstatin 
on tendency of proliferation and apoptosis in Saos-2 osteo-
sarcoma cells. The results demonstrated that tumstatin 
treatment in Saos-2 cells inhibited cell proliferation and 
induced apoptosis through activation of p65NF-κB.

Materials and methods

Chemicals and reagents. Tumstatin and TNF-α were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). The stock solution 
of tumstatin was prepared in dimethyl sulfoxide and stores at 
-15˚C before use in the experiment. Fetal bovine serum (FBS) 
and Dulbecco's modified Eagle's minimum essential medium 
(D-MEM) were obtained from Gibco-BRL (Gaithersburg, 
MD, USA).

Cell culture. Saos-2 osteosarcoma cell line and human embry-
onic kidney HEK293 cells were obtained from the American 
Type Culture Collection (ATCC; Rockville, MD, USA). The 
cells were cultured in D-MEM containing 10% FBS, 2 mM 
glutamine, 100 U/ml penicillin and 100 µg/ml streptomycin. 
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Both cell lines were cultured in an incubator of humidified 
atmosphere with 5% CO2 at 37˚C.

Analysis of cell proliferation. The effect of tumstatin on 
proliferation of Saos-2 cells was analyzed by 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; 
Sigma-Aldrich) assay. The cells were distributed at density 
of 2x106 cells/well in 2 ml DMEM medium supplemented 
with 10% FBS in 6-well plates (Nunc A/S Plastfabrikation, 
Roskilde, Denmark). Following 12-h incubation, the medium 
was replaced with new medium containing 5, 10, 15, 20, 25 
or 30 µM concentrations of tumstatin and incubated for 48 h. 
Then, 50 µl of MTT (5 µg/ml) solution was added to each 
well and incubation was continued for 2 h. To each well of the 
plate, 150 µl of DMSO was added and incubated for 5 min. 
The well optical density (OD) was recorded at 570 nm using 
an EL800 Universal Microplate Reader (BioTek Instruments, 
Inc., Winooski, VT, USA).

DNA fragmentation assay. Saos-2 cells were seeded in T-75 
flasks at a density of 2x105 cells/flask and cultured for 12 h. 
Then, medium was replaced with new medium containing 
25 µM concentration of tumstatin for 48 h. QIAamp DNA 
Mini kit (Qiagen) was used for the preparation of genomic 
DNA in accordance with the guidelines on the user manual. 
Electrophoresis of the DNA samples was performed on 1.8% 
agarose gel at 50 V for 2 h. For gel staining ethidium bromide 
(Sigma-Aldrich) was used, whereas visualization was achieved 
by ultraviolet (UV) transilluminator (Wealtech Corp., Reno, 
NV, USA).

DNA isolation and agarose gel electrophoresis. Saos-2 cells 
after incubation with tumstatin for 48 h were rinsed three 
times in PBS and lysed in lysis buffer [10 mM Tris-HCl buffer 
(pH 7.5), 10 mM EDTA and 0.5% Triton X-100). The cell 
lysates were centrifuges at 12,000 x g for 45 min to remove 
the insoluble material. The lysate was then treated with 
DNase and subjected to incubation at 37˚C for 45 min. The 
lysates were treated with proteinase K for 50 min followed 
by addition of 2-propanol and NaCl to precipitate the DNA. 
DNA was suspended in TE-buffer and then electrophoresed 
using agarose gel. The UV transilluminator (Vilber Lourmat, 
Marne la Vallee, France) was used for the analysis of apoptotic 
changes.

Real-time reverse transcription polymerase chain reaction 
(RT-PCR). The expression of mRNA in Saos-2 osteosarcoma 
cells was determines by using real-time RT-PCR. For this 
purpose, a total of 2x106 cells were cultured in 100-mm dishes 

containing DMEM medium and tumstatin and incubated for 
48 h. The cells were then collected to extract the RNA using 
an RNeasy Plus Mini kit (Qiagen, Waco, TX, USA). RT-PCR 
analysis was carried out using SuperScript III First-Strand 
Synthesis SuperMix for qRT-PCR (Invitrogen, Carlsbad, 
CA, USA). NanoDrop 1000 (Thermo Fisher Scientific, 
Wilmington, DE, USA) was used for the determination of 
concentration of each cDNA after adjustment to 40 ng/ml 
using diethylpyrocarbonate (DPEC) water. FAM-labeled 
TaqMan probes and TaqMan Universal Master Mix (Applied 
Biosystems) using Chromo4 (Bio-Rad Laboratories, 
Cambridge, MA, USA) were employed to carry out the 
real-time PCR with the primers listed in Table I. The PCR 
sequence involved 2-min incubation at 50˚C, 10-min dena-
turation at 50˚C followed by 15 sec 50 cycles at 95˚C and 
then 1 min at 60˚C. GAPDH was used as an internal control. 
Analysis of the PCR products was performed on 2% agarose 
gel using ethidium bromide and a UV illuminator was used 
for the visualized.

Western blot analysis. Tumstatin, TNF-α-treated or untreated 
control Saos-2 cells were suspended in DMEM medium 
containing 1.5 µM aprotinin, 5 µM AEBSF, 0.01 µM 
leupeptin, 10 µM E-64 and phosphatase inhibitors [1 mM 
sodium orthovanadate (Na2VO4); 1 mM sodium molybdate 
(Na2MoO4) 4 mM sodium tartrate dihydrate; 2 mM imidazole 
were obtained from Sigma-Aldrich]. The cell plates were 
kept for a period of 30 min on ice prior to centrifugation at 
12,000 x g for 30 min to collect the supernatant. The bicin-
choninic protein assay kit (Pierce, Rockford, IL, USA) was 
used for the analysis of the concentration of proteins. The 
30 µg protein samples were isolated using 10% SDS-PAGE gel 
followed by transfer to polyvinylidene difluoride membrane 
(Bio-Rad Laboratories, Hercules, CA, USA) using electroblot-
ting. Following incubation for 1 h in a blocking solution for 
phosphorylated proteins (Blocking One-P; Nacalai Tesque, 
Kyoto, Japan), the membranes were washed with PBS-Tween 
followed by overnight incubation with primary antibodies. 
Then the membranes were rinsed twice for 10 min each time in 
PBS and 0.05% Tween-20 before incubation with horseradish 
peroxidase-conjugated polyclonal horse anti-rabbit (1:2,000; 
Cell Signaling Technology, Inc., Danvers, MA, USA) for 1 h. 
The blot was developed using an enhanced chemilumines-
cence kit (Intron Biotechnology, Inc., Seongnam, Korea).

DNA construction and transfection. HEK293 cells seeded in 
plastic dishes were cultured in DMEM medium supplemented 
with FBS until attaining 80% confluence. The cells were 
washed with PBS and then treated with a mixture of DNA 

Table I. The primers used in RT-PCR.

Primer Forward Reverse

PTEN 5'-ACCGCCAAATTTAATTGCAG-3' 5'-GGGTCCTGAATTGGAFFAAT-3'
FasL 5'-TCTCAGACGTTTTTCGGCTT-3' 5'-AAGACAGTCCCCCTTGAGGT-3'
FasR 5'-CAAGGGATTGGAATTGAGGA-3' 5'-GACAAAGCCACCCCAAGTTA-3'
GAPDH 5'-ACCACAGTCCATGCCATCAC-3' 5'-TCCACCACCCTGTTGCTGTA-3'
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and Opti-MEM. QuickChange II Site-Directed Mutagenesis 
kit (Stratagene, La Jolla, CA, USA) was used for the transfec-
tion of p65NF-κB S536A carrying alanine instead of serine at 
536 position. The cells were then incubated with tumstatin for 
180 min at 37˚C in D-MEM containing 10% FBS.

Statistical analysis. For the analysis of the data the unpaired 
Student's t-test (Graph Pad Prism V.4) was used and P-values 
of <0.05 were considered statistically significant.

Results

Inhibition of Saos-2 cell viability by tumstatin. Saos-2 cells 
were treated with various concentrations (5, 10, 15, 20, 25 and 
30 µM) of tumstatin for 48 h and then analyzed by MTT assay. 
Tumstatin treatment reduced the viability of Saos-2 cells in 
a concentration-dependent manner after 48 h. No significant 
effect was observed on the viability of Saos-2 cells treated with 
5 and 10 µM concentrations of tumstatin for 48 h. However, 
cell viability was reduced significantly by the concentration of 
15 µM with maximum inhibition at 25 µM (Fig. 1). At 25 µM 
concentration of tumstatin after 48 h, viability of Saos-2 cells 
was reduced to 19% compared to 100% in the control cultures 
(Fig. 1).

Tumstatin induces apoptosis in Saos-2 cells. Analysis of 
the apoptosis induction in Saos-2 cells using Hoechst 33342 
staining revealed presence of characteristic apoptotic nuclei 
on treatment with 25 µM concentration of tumstatin after 48 h. 
The cells were seen to be rounded in shape and shrunken in 
size. However, no apoptotic nuclei were observed in the control 
Saos-2 cell cultures after 48 h (Fig. 2). Increase in the concen-
tration of tumstatin from 15 to 25 µM enhanced the proportion 
of apoptotic cells significantly compared to the control cells. 
The DNA fragmentation pattern showed formation of ladder 
like structures on tumstatin treatment for 48 h (Fig. 2).

Effect of tumstatin on the expression level of PTEN, FasL and 
FasR mRNA in Saos-2 cells. The effect of tumstatin on the 
expression of PTEN, FasL and FasR mRNA following ampli-
fication of cDNA for 40 cycles revealed a significant increase 
after 30 min (Fig. 3). However, tumstatin exhibited no effect 
on the expression of mRNA corresponding to GAPDH which 
was constitutively expressed in Saos-2 cells (Fig. 3).

Effect of tumstatin on Iκ-Bα regulation in Saos-2 cells. The 
effect of tumstatin and TNF-α on the expression of IκBα 
in Saos-2 cells was analyzed using western blot assay. The 
results revealed that expression of IκBα was reduced up to 
90 min by tumstatin treatment and was then increased by 
180 min. However, treatment of Saos-2 cells with 10 ng/ml 
TNF-α as the control inhibited the expression of IκBα after 
30 min (Fig. 4). The expression level of IκBα increased by 

Figure 1. Effect of tumstatin on viability of Saos-2 cells. Saos-2 cells 
grown in 96-well plates were treated for 48 h with various concentrations 
of tumstatin and the cell viability was determined by the MTT assay. The 
activity was compared to the control well of the same cell line and results 
are expressed as a percentage of the control (mean ± SEM). Significant 
differences from the control cultures are indicated by an asterisk; *P<0.05, 
**P<0.01 (Student's t-test).

Figure 2. Nuclear fragmentation of Saos-2 cells treated with tumstatin. (A) Nuclear morphology of Saos-2 cells treated with tumstatin. Saos-2 cells were treated 
for 48 h with tumstatin. Cells were stained with Hoechst 33342 and observed under a fluorescent microscope. Bar represents 10 µm. (B) DNA ladder formation 
in tumstatin-treated Saos-2 cells. Saos-2 cells were exposed for 48 h to various concentrations of tumstatin indicated. DNA was extracted and analyzed on an 
agarose gel. Lane M, standard DNA markers; arrow indicates 500 bp.

Figure 3. Expression of PTEN, FasL and FasR mRNA in Saos-2 cells treated 
with tumstatin. After having reached confluence, Saos-2 cells were treated 
with 25 µM of Saos-2 for various time-points and semi-quantitative analysis 
of PTEN, FasL and FasR mRNA was done with the mRNA amplified by 32 
cycles in Saos-2 cells. The RT-PCR product of GAPDH prepared from the 
same samples and amplified for 29 cycles is also shown.



WANG et al:  TUMSTATIN INDUCES APOPTOSIS AND STIMULATES PHOSPHORYLATION OF p65NF-κB3406

60 min and became similar to those of untreated control 
cells.

Effect of tumstatin on phosphorylation of NF-κB. The 
interaction of anti-phospho-Ser536 p65NF-κB antibody. 
Incubation with anti-p65NF-κB antibody also led to a strong 
interaction with 65-kDa band. The interaction of anti-
phospho-Ser529 p65NF-κB and anti-p65NF-κB antibodies 
with 65-kDa band remained independent on treatment with 
tumstatin (Fig. 5). The interaction of anti-phospho-Ser536 
p65NF-κB antibody with proteins of tumstatin treated 
cells showed a concentration dependent increase (Fig. 5). 
However, the interaction was found to be very weak in 

case of untreated control cells. Following removal of anti-
phospho-Ser536 p65NF-κB antibody and then incubation 
with anti-p65NF-κB antibody, interaction was observed. 
Treatment of the cells with 10 ng/ml concentration of TNF-α 
resulted interaction of antiphospho-Ser529 p65NF-κB and 
anti-phospho-Ser536 antibodies with 65-kDa protein. The 
interaction increased after 5 min and was maximum after 15 
and 60 min, respectively for antiphospho-Ser529 p65NF-κB 
and anti-phospho-Ser536 antibodies (Fig. 5).

Effect of tumstatin on translocation of NF-κB in Saos-2 
cells. Saos-2 cells were treated with 25 µM concentra-
tion of tumstatin and 10 ng/ml concentration of TNF-α. 

Figure 4. Regulation of IκBα protein in Saos-2 cells treated with tumstatin. Saos-2 cells were treated with 25 µM CA or 10 ng/ml TNF-α for the variable time 
periods indicated and cell lysates were prepared from each type of culture. Samples (10 µg) were separated on a 10% of SDS-PAGE gel, transferred to a PVDF 
membrane, and analyzed for IκBα expression by western blotting.

Figure 5. Western blot analysis of phospho-NF-κB in Saos-2 cells. (A) Cell lysates were prepared from Saos-2 cells treated with 25 µM concentration of 
tumstatin for various times indicated. The blotted membrane was incubated with the anti-phosphoSer536 p65NF-κB (Ser536), anti-p65NF-κB (NF-κB), and 
anti-phosphoSer529 p65NF-κB (S529) antibodies. (B) The cells were treated for 3 h with various concentrations of tumstatin as indicated. The samples were 
analyzed by western blotting using anti-phospho-Ser536 p65NF-κB antibody (S536). The antibody was stripped off the membrane and replaced with anti-
p65NF-κB antibody (NF-κB). (C) Saos-2 cells were treated with 10 ng/ml TNF-α for the variable time periods indicated, cell lysates were prepared from each 
type of culture and analyzed by western blotting by using anti-phospho-Ser536 p65NF-κB (Ser536), anti-phospho-Ser529 p65NF-κB (S529) or anti-p65NF-κB 
(NF-κB) antibodies.

Figure 6. Nuclear translocation of NF-κB in Saos-2 cells treated with tumstatin. Saos-2 cells were treated with tumstatin or 10 ng/ml TNF-α for various 
time-points. Cell fractionation was done to prepare the cytosolic (left panel) and nuclear (right panel) fractions. Proteins prepared from each fraction were 
subjected to western blot analysis using anti-p65NF-κB antibody anti-phospho-Ser536 p65NF-κB antibodies as indicated. Each fraction was also interacted 
with antiEps15 and anti-Lamin B1 antibodies to ensure the purity of cytosolic and nuclear fractions, respectively.
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Interaction of anti-p65NF-κB antibody and 65-kDa protein 
band was observed in the cytosolic fractions of both untreated 
and tumstatin-treated cells (Fig. 6). However, this interac-
tion was observed at higher level in the nuclear fraction of 
only tumstatin-treated but not in untreated control cells. In 
untreated control cells none of the proteins interacted with 
anti-phospho-Ser536 p65NF-κB antibody (Fig. 6). In tumstatin 
treated cells interaction of anti-phospho-Ser536 p65NF-κB 
antibody with proteins was significant both in the cytosolic 
and nuclear fractions. The interaction of anti-phospho-Ser536 
p65NF-κB antibody with the proteins of cytosolic and nuclear 
fractions was also observed in the TNF-α treated cells. In both 
tumstatin and TNF-α-treated cells interaction of anti-Eps15 
antibody was found in cytosolic but not in nuclear fraction 
(Fig. 6). Analysis of the interaction of anti-Lamin B1 antibody 
with 68-kDa protein band was found in the nuclear, but not in 
cytosolic fraction.

In vitro dephosphorylation and phosphorylation of mutant gene 
products. Activation of the Ser536 of p65NF-κB by tumstatin 
treatment was confirmed by transfection of HEK293 cells 
with mutant p65NF-κB gene possessing alanine (GFP-S536A) 
instead of serine at 536. In both control and tumstatin treated 
cells transfected with GFP-S536A mutant gene, no interaction 
of anti-phospho-Ser536 p65NF-κB antibody was observed 
with any of the proteins (Fig. 7). On the contrary, interaction 
of anti-phospho-Ser536 p65NF-κB antibody with proteins of 
tumstatin treated cells increased significantly.

Discussion

The present study demonstrates the viability of inhibitory and 
apoptosis inducing effect of tumstatin on Saos-2 osteoblastic 
carcinoma cells. MTT assay was used for analysis of reduc-
tion in viability and phase-contrast microscopy for analysis of 
alterations in morphology of Saos-2 cells following tumstatin 
treatment. The results from viability assay revealed significant 
reduction in concentration-dependent manner on treatment 
with tumstatin for 48 h. The cells became round and shrunken, 
DNA showed fragmentation and ladder-like pattern following 
tumstatin treatment at 25 µM. Therefore, tumstatin treatment 

significantly induced apoptosis in Saos-2 cells in a dose-
dependent manner. Studies have demonstrated that PTEN, 
FasR and FasL play a vital role in the induction of apoptosis 
through NF-κB pathway (24). Various cell apoptosis is induced 
via the NF-κB pathway by increase in the expression of PTEN, 
FasR and FasL (25,26). Investigation of the mRNA expres-
sion corresponding to PTEN, FasL and FasR in Saos-2 cells 
revealed significant increase in tumstatin-treated cells. These 
findings indicated that tumstatin exhibited apoptosis inducing 
effect through increase in the expression level of PTEN, FasL 
and FasR.

Results from the present study revealed that tumstatin 
treatment activated p65NF-κB by phosphorylation of serine 
on position 536. TNF-α also led to the activation of p65NF-κB 
by phosphorylation of serine at position 536 in Saos-2 cells. 
Phosphorylation of p65NF-κB at position 536 serine is well 
known and this study also demonstrated the same (27-29). 
Therefore, tumstatin induced phosphorylation of p65NF-κB 
at position 536 serine observed in the present study is also 
confirmed. In most of the studies on p65NF-κB, it has been 
observed that serine is phosphorylated on position 536 
(27,30,31). Overexpression studies with the activated Akt 
revealed that IKK is necessary for enhanced p65NF-κB 
transactivation, whereas mutation of Ser536 abolishes this 
effect (31). Our results revealed that tumstatin treatment also 
induced activation of p65NF-κB in Saos-2 cells by phos-
phorylation of serine present on position 536. Thus, NF-κB 
is activated by phosphorylation of serine on position 536 in 
the Saos-2 cells treated with tumstatin. The present study also 
demonstrated that activation of p65NF-κB induced its trans-
location into the nucleus in Saos-2 cells. Phosphorylation of 
Ser536 on p65NF-κB can be detected both in the cytoplasm 
and the nucleus. 

Activation of NF-κB stimulates the expression of IκBα 
which exhibits inhibitory effect on the phosphorylation of 
NF-κB (32). The present study revealed that treatment of 
Saos-2 cells with TNF-α inhibited IκBα expression and there-
fore enhanced the nuclear translocation of NF-κB. Tumstatin 
treatment also inhibited the expression of IκBα in Saos-2 
cells, but the effect was weak compared to TNF-α. Therefore, 
tumstatin treatment leads to the activation of NF-κB in a 
manner independent of IκBα.

In conclusion, the present study demonstrates that tumstatin 
inhibits viability and induces apoptosis in Saos-2 osteosarcoma 
cells through NF-κB activation pathway. Therefore, tumstatin 
shows promise for the treatment of osteosarcoma.
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