
Introduction

Osteosarcoma is highly metastatic tumor that mainly occurs in ju-

venile patients. Although the prognosis of these patients have im-

proved substantially through the development of effective adjuvant 

and neoadjuvant regimens of chemotherapy, ＞20% of patients still 

die as a result of tumor metastasis and unresectable tumor.1) To im-

prove the long-term survival rate of osteosarcoma, more efficacious 

therapeutic targets are needed to reduce or eliminate primary and 

recurrent osteosarcoma, as well as metastatic disease.

     The latest member of the nuclear hormone receptor superfam-

ily to be identified is peroxisome proliferator-activated receptor γ 

(PPARγ), which expresse in normal monocytes, various leukemias, 

and epithelial malignancies. Recently, the role of PPARγ in tumors 
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has been extensively studied, and PPARγ agonists have been shown 

to have direct effects on tumor cells, including breast, colon, lung, 

stomach, and liver cancer.2)

     Thiazolidinedione (TZD) groups are synthetic ligands of PPARγ, 

including troglitazone, rosiglitazone, pioglitazone, and ciglitazone, 

which have been used widely in patient with insulin-resistant 

diabetes mellitus.3) It has been reported that TZD inhibits the cell 

proliferation and colony formation via inducing apoptosis in sev-

eral human cancer cells.4) However, those effects of troglitazone on 

osteosarcoma cells are poorly understood.

     The tumor suppressor gene, phosphatase and tensin homologue 

deleted on chromosome 10 gene (PTEN), controls a variety of cel-

lular functions, including cell proliferation, migration, and survival, 

as well as tumor cell invasion and tumor directed angiogenesis. It has 

been suggested that the loss of PTEN could stimulate cell prolifera-

tion, reduce apoptosis, and induce tumor angiogenesis.5) Previous 

studies have shown that PPARγ activation by troglitazone could 

upregulate the transcription of PTEN in human osteosarcoma cell 

lines.6) However, how the level of PTEN expression of human os-
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teosarcoma cells affects the response of cell growth to troglitazone 

has not been elucidated.

     Thus, we hypothesized that the upregulation of PTEN by trans-

fection could enhance tumor cell growth inhibition by troglitazone. 

In present study, we investigated the effects of PTEN expression 

level on the cell growth, and the response of troglitazone in osteo-

sarcoma cells.

Materials and Methods

1. Cell culture

The human osteosarcoma cell lines (U-2OS) were purchased from 

the American Type Culture Collection. The cells were maintained 

into 75-cm2 tissue culture flasks and grown at 37oC under a humidi-

fied, 5% CO2 atmosphere in the Dulbecco's modified Eagle's me-

dium (DMEM, Gibco BRL, Grand Island, NY) supplemented with 

10% (v/v) fetal bovine serum and 2 mM glutamine, 100 units/ml of 

penicillin, 10 μg/ml of streptomycin, and 2.5 μg/ml of amphotericin B. 

PPARγ agonists, troglitazone was as obtained from Sigma-Aldrich, 

Inc (St. Louis, MO).

2. Cell proliferation assay

The viability of cultured cells was determined by reducing WST-8 

(water-soluble tetrazolium salt, (2-(2-methoxy-4-nitrophenyl)-3-

(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodi-

um salt) to highly water-soluble formazan as described previously.7) 

After treatment, the cells in 96-well plates were washed twice with 

PBS and Cell counting kit-8 (CCK-8, Dojindo Lab, Kumamoto, 

Japan) solution (10 μl) was added to each well. Cells were then in-

cubated at 37oC for 1hr. Absorbance was measured at 450 nm with 

model Spectra MAX Plus (Molecular Devices, Sunnyvale, CA).

3. Apoptosis assay
Cells were cultured in FBS-free DMEM for 24 hours to induce 

apoptosis by troglitazone. Annexin V-fluorescein isothiocyanate 

(FITC) apoptosis detection kit (BD Pharmingen, San Diego, CA) was 

used to determine the apoptosis in osteosarcoma cells. The assay was 

performed according to the manufacturer's protocol. Briefly, cells 

(1×106/well) were seeded overnight in 6-well tissue culture plates 

and treated with various concentrations of TGZ for 48 hours, washed 

with PBS, resuspended in 1 ml binding buffer, stained with 5 μl An-

nexin V-FICT and 5 μl propidium iodide (PI) at the room tempera-

ture for 15 min, and added 400 μl of 1x binding buffer to each tube. 

Histogram patterns of U2-OS cells treated with various concentra-

tions (10, 20, 30, 40, and 50 μM) of troglitazone for 48 hours were 

obtained by FACS. The fluorescence of FITC and PI was analyzed 

by flow cytometry (Cell Quest, Becton Dickinson) and software (FCS 

Express, De Novo Software). Cell cycle distribution was analyzed by 

flow cytometry after coupled staining with Annexin V conjugated to 

FITC and PI.

4. Western blot analysis

Cells were homogenized in 100 μl of ice-cold lysis buffer (20 μM 

HEPES, pH 7.2, 1% Triton X-100, 10% glycerol, 1mM phenyl-

methylsulfonyl fluoride (PMSF), 10 μg/ml leupeptin, 10 μg/ml 

aprotinin). Homogenates containing 20 μg of protein were separated 

by SDS-PAGE with 10 % resolving gel and 3% acrylamide stacking 

gel, and transferred to nitrocellulose membranes (Millipore, Bedford, 

MA). The nitrocellulose membranes were blocked with 2% bovine 

serum albumin and then probed overnight with primary antibodies 

for PTEN, and β-actin(Santa Cruz Biochemical, Santa Cruz, CA). 

Horseradish peroxidase-conjugated IgGs (Zymed, San Francisco, 

CA) were used as secondary antibodies and protein expression levels 

were determined by analyzing the signals captured on the nitrocel-

lulose membranes using a Chemi-doc image analyzer (Bio-Rad, 

Hercules, CA).

5. Construction of recombinant plasmids

GFP expression plasmids based on pCDNA with full-length wild-

type PTEN and the point mutant C124A (Cys124-Ala) PTEN were 

purchased from Invitrogen (Carlsbad, CA). The plasmids were re-

strictively digested with HindIII and XbaI, then the full length wild-

type and mutant type PTEN mRNA were reclaimed and purified, 

and then cloned into pCDNA-C1 form pCDNA-C1-WT-PTEN 

and pCDNA-C124A-PTEN, pCDNA-C1 was treated as a control.

6. Plasmid transfections
For transfection, U-2 OS cells were seeded in six well plates at 

3×105/well and incubated in 5% CO2, 95% air incubator at 37oC. 

When cells were 50-60% confluent, cells were transfected using 

TransIT-LT1 transfection reagent according to the manufacturer's 

protocol. Recombinant plasmids (2.5 μg were mixed with transfec-

tion reagent and pre-incubated for 20 min at room temperature in 

serum-free and antibiotic-free DMEM. U-2OS cells transfected 

with pCDNA-C1-WT-PTEN, pCDNA-C124A-PTEN and pCD-

NA empty vector.
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7. Statistical analysis

Statistical analysis of the date was performed with ANOVA and the 

Student's t-test. Differences of p＜0.05 were considered statistically 

different.

Results

1. Troglitazone induced cell death of human osteo

sarcoma cells

The WST assay was performed to determine the growth inhibition 

effects of troglitazone on the human osteosarcoma cells at various 

Figure 1. Growth inhibition effects of troglitazone in the human osteosarcoma U-2OS cell line in a dose (A) and time (B) -dependent manner. Cells 
(1×105) were treated with various concentrations of troglitazone. Cell viability was determined by the WST assay and was presented as a calculated 
percentage of viable cells between troglitazone-treated and -untreated control cells. Each points represents the mean SEM of three determinations. 
†p<0.01 vs. untreated control. 

Figure 2. Effect of troglitazone on the cell survival of osteosarcoma cells by flow cytometry. Histogram patterns of U-2OS cells treated with various 
concentrations (0, 10, 20, 30, 40, and 50 μM) of troglitazone for 48 hrs by FACS. Cell cycle distribution was analyzed by flow cytometry after coupled 
staining with Annexin V conjugated to fluorescein isothiocyanate (FITC) and Propidium iodide (PI) as described in Materials and Methods.
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concentrations. Troglitazone (20 μM) significantly (p＜0.05) inhibited 

the proliferation of U-2OS cell line, when compared with untreated 

cells after 48 hrs (Fig. 1A). The specific concentrations were selected 

for more detailed studies of troglitazone time-dependence (Fig. 1B). 

Troglitazone treatment decreased U-2OS cell numbers significantly 

within 24 hours and this inhibition was maintained for 72 hours. As 

shown in Fig. 1, troglitazone inhibited U-2OS cell proliferation in a 

concentration and time-dependent manner. 

2. Troglitazone caused apoptotic death of U2OS 

cells

We investigated the possible involvement of apoptosis induction by 

troglitazone that might have contributed to the cell necrosis. After 

48 hr treatment, there were primarily three populations of cells: cells 

that were viable and not undergoing apoptosis (Annexin V-FICT 

and PI negative) and cells undergoing apoptosis (Annexin V-FITC 

positive and PI negative). Another population of cells was observed 

to be Annexin V-FITC and PI positive, indicating that they were 

in end stage apoptosis or already dead (Fig. 2). By flow cytometric 

analysis, troglitazone increased the apoptosis and necrosis of cells 

that peak to 27.2%, 48.12%, 68.17% and 80.27%, respectively.

3. Troglitazone stimulated PTEN expression of U2OS 

cells in a dose dependent manner

To evaluate the effect of troglitazone on PTEN expression in osteo-

sarcoma cells, the U-2OS cells were treated for 6 hours with vari-

ous concentration of troglitazone. Results of Western blot analysis 

showed that troglitazone treatment (0, 5, 10, 20, and 30 μM for 6 hr) 

of U-2OS cells markedly induced protein levels of PTEN in a dose-

dependent manner (Fig. 3). This result suggested that troglitazone 

enhanced PTEN expression in a dose-dependent manner.

4. Establishment of PTEN overexpression osteo

sarcoma cells using transfection

To elucidate the mechanism of troglitazone induced apoptosis, we 

established PTEN-over expression U2-OS cells line through trans-

fection with wild and mutant plasmid DNA. Morphologically, the 

two pools (wild and mutant cells) were similar to the native cells. We 

first confirmed activities of wild and mutant PTEN expressing cells 

by Western blotting (Fig. 4). However, the PTEN expression in the 

U-2OS cells declined gradually after being treated with troglitazone 

for a longer time period (e.g. 72 hrs), since the activity of plasmid 

transfection was decreased with time.

Figure 3. Dose-dependent effect of troglitazone on the PTEN 
expression. U2-OS cells (5×106) were treated with 5, 10, 20, and 30 
μM of troglitazone for the indicated concentrations. A representative 
result was presented from among at least three separate experiments 
yielding similar results. Each points represents the mean SEM of three 
determinations. *p<0.05 vs. untreated control. †p<0.01 vs. untreated 
control.

Figure 4. Establishment of PTEN over-expression osteosarcoma cells 
using transfection. The PTEN expression in the U-2OS cells declined 
gradually after being treated with troglitazone for a longer time period 
(eg 72 hrs), since the activity of plasmid trasfection was decreased with 
time.
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5. Transfection of active PTEN in U2OS cells en

hanced the inhibitory effect of troglitazone on cell 

growth

Transfection with wild type-PTEN caused cell growth inhibition, 

however transfection with mutant type-PTEN did not affect U-2OS 

cell proliferation. To further evaluation the role of PTEN over-

expression in U-2OS cell growth, pCDNA-C1-WT-PTEN was 

used to enhance the upregulation of PTEN. To evaluate whether 

PTEN upregulation played a crucial role in the effect of troglitazone 

on cell growth, we mutated the PTEN gene and the transfected 

cells were exposed to troglitazone (30 μM) for 48 hrs. The effect of 

troglitazone-decreased cell viability was enhanced in the wild type-

PTEN group, whereas no changes were observed in the mutant 

type-PTEN group (Fig. 5).

Discussion

PTEN is frequently deleted or mutated in a wide range of human 

and tumor cell lines such as glioblastoma and melanoma, and lym-

phoid, lung, and endometrial cancers. As a tumor suppressor gene, 

PTEN expression is downregulated in tumors and tumor cell lines 

by genetic and epigenetic mechanisms.8,9) To our knowledge, PTEN 

mutations have not been identified in human osteosarcoma. The 

abnormal expressions of PTEN by differential compartmentalization 

may play a role in the development and progression of osteosar-

coma, instead of genetic alterations of PTEN.10)

     Our results show that PTEN over-expression can cause cell 

growth inhibition in osteosarcoma cell line. We further found that 

the cell growth inhibition could be enhanced by troglitazone treat-

ment. The finding of enhancement of troglitazone inhibitory effect 

PTEN over-expression has not been reported previously in human 

osteosarcoma cells. Interestingly, the functional disabling of PTEN 

blocked the inductive effect of troglitazone on cell apoptosis, indi-

cating that PTEN was required for troglitazone-induced apoptosis of 

U-OS cells.

     Activated PTEN affects a dephosphorylation of PIP3, gener-

ates PIP2, and decreases the phosphorylation level of Akt, which 

results in cell growth arrest and apoptosis.11) The oncogene Akt has 

been confirmed as the key cell survival kinase of the PI3K pathway 

and is negatively regulated by the tumor suppressor gene PTEN.12,13) 

Functional PTEN decrease the Akt phosphorylation level to inhibit 

the PI3K/Akt pathway.13) Previous studies have demonstrated that 

the phosphorylation level of Akt (ser-473) phosphorylation was 

markedly reduced when expression of PTEN was increased by TZD 

treatment, indicating that the PTEN overexpression resulted in the 

inhibition of the PI3K/Akt pathway activation.14,15) PPARγ has been 

shown to inhibit the transcription of genes related to tumor progres-

sion such as COX-2 and NF-κB.16,17)

     Peroxisome proliferator activated receptors originally were iden-

tified as nuclear receptors that mediate the biologic effects of group 

of synthetic compounds called peroxisome proliferators.18) Three 

subtypes of PPARs have been identified in mammalian cells: PPARα, 

PPARγ, and PPARδ.19) PPARγ is expressed mainly in adipose tissue, 

and to a lesser extent in colon and other tissues. Adipocytes and os-

teoblasts are derived from the same bone marrow stromal progenitor 

cells.20) When the osteosarcoma cell lines were treated with various 

concentrations of PPARγ agonists, troglitazone, and ciglitazone, 

retinoic acid receptor ligand, and 9-cis retinoic acid, all three ligands 

exhibited the ability to inhibit cell proliferation and to induce apop-

tosis, with troglitazone as the most potent of these agents.21) Recent 

reports have shown that the activation of PPARγ strongly induced 

cell apoptosis of osteosarcoma both in vitro and in vivo.22) How-

ever, these mechanisms of action have still remained obscure. This 

study showed that troglitazone decreased U-2OS cell viability via 

cell apoptosis, and the cell growth inhibition by troglitazone could 

be enhance when PTEN expression is upregulated. Because PTEN-

disabling blocked the effect of troglitazone-induced apoptosis in U-

2OS cells, suggesting that apoptosis induction was not only through 

the upregulation of PTEN, but also through other signaling pathway, 

which required further investigation.

     In summary, our results demonstrated that troglitazone, a syn-

Figure 5. Transfection of active PTEN in U2-OS cells enhanced the 
inhibitory effect of troglitazone on cell growth . The effect of troglitazone-
decreased cell viability was enhanced in the wild type-PTEN group, 
whereas no changes were observed in the mutant type-PTEN group. 
Each points represents the mean SEM of three determinations. *p<0.05 
vs. untreated control. †p<0.01 vs. untreated control.
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thetic ligand of PPARγ, increases PTEN expression, which in turn 

inhibits cell growth and induces apoptosis of osteosarcoma cells. 

Moreover, our results showed that the effect of troglitazone-de-

creased cell viability was enhanced by PTEN overexpression. These 

observations could represent a new target for the development of 

improved targeting drugs or prevention of osteosarcoma.
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사람골육종세포주의	트로글리타존	유도	세포사에서	PTEN의	역할
윤선중 • 주    로 • 김정렬

전북대학교 의학전문대학원 정형외과학교실, 내분비 연구소

목적: 본 연구에서는 골육종 세포내 PTEN 발현정도가 세포 성장과 트로글리타존에 대한 반응도에 미치는 영향에 대해 알아보고자 하

였다.

대상 및 방법: 웨스턴 블롯 분석을 통해 트로글리타존 처리 후 PTEN 발현 정도를 관찰하였고, WST를 통해 세포 증식정도를 측정하였

다. 야생형 PTEN 및 돌연변이형 PTEN 발현시키는 플라스미드 DNA를 트랜스펙션하여 PTEN 발현 정도를 측정하였다.

결과: 사람골육종 세포주 U-2OS는 트로글리타존 처리 농도 및 시간에 비례하여 증식 억제를 보였고, 세포내 PTEN 발현 정도는 트로

글리타존 처리 농도에 비례하여 증가하였다. 트로글리타존을 이용하여 U-2OS세포 내 PTEN 발현을 증가시키면 세포 성장 억제와 세

포사 유도가 나타났다. 또한 플라스미드 트랜스펙션에 의한 PTEN 과발현은 트로글리타존의 세포증식 억제 효과를 증가 시키며 돌연

변이형 PTEN을 트랜스펙션 시키는 경우 세포증식효과는 관찰되지 않았다.

결론: 골육종 세포내 PTEN 과발현이 트로글리타존에 의한 골육종 세포의 증식 억제 및 세포사 유도와 관련 되어있음을 알 수 있으며, 

세포내에 PTEN이 과발현 된 상태에서 트로글리타존의 효과가 증가됨을 알 수 있었다.

색인단어: 골육종, 세포사, PTEN, PPAR-γ, 트로글리타존
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