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Abstract. The phosphatase and tensin homolog (PTEN) gene, 
an important tumor-suppressor gene, has been demonstrated 
to have the potential for inhibiting proliferation, migration 
and invasion in various types of cancer cells. The aim of the 
present study was to investigate the effect of PTEN expression 
on osteosarcoma (OS) cells. The wild-type PTEN plasmid was 
transfected into OS U2-OS cells. The effects of PTEN on the 
adhesion, migration and invasion of U2-OS cells were evalu-
ated by cell adhesion analysis, in vitro scratch and Transwell 
assays, respectively. The levels of MMP-2 and MMP-9, and 
focal adhesion kinase (FAK) protein regulated by PTEN were 
detected via western blot analysis. Meanwhile, the level of intra-
cellular FAK phosphorylation was observed. The results from 
the present study showed that overexpression of PTEN tran-
scription and protein were observed in U2-OS cells following 
PTEN transfection. Furthermore, the migration, invasion and 
adhesion capabilities of the cells with PTEN transfection 
were significantly decreased compared to these capacities in 
the cells without PTEN. Meanwhile, it was shown that there 
was downregulation of MMP-9, FAK and p-FAK concomitant 
with the elevation of the intracellular PTEN level. It is there-
fore evident that the upregulation of PTEN may attenuate the 
adhesion, migration and invasion capabilities of OS cells. The 
mechanisms of the effects of PTEN on OS cells may be corre-
lated with a reduction in the related genes by PTEN regulation.

Introduction

Osteosarcoma (OS) is a common primary bone tumor char-
acterized by a very high metastatic potential (1,2). Unlike 

other bone tumors, OS frequently presents in the extremities 
of teenagers and young adults (3,4). Eighty percent of patients 
with OS have metastatic or micrometastatic lesions at the time 
of diagnosis (5). Although the prognosis of OS has improved 
in the past two decades with the development of modern 
chemotherapy and surgical resection, the mortality is still 
dependent on the existence of metastatic lesions rather than on 
the primary tumor. Therefore, a low survival rate is shown in a 
large number of patients due to early metastases (1,6,7). To date, 
the mechanism of OS metastasis is still poorly understood. 
Therefore, it is essential to elucidate the molecular events that 
drive OS progression and the metastatic process in order to 
evaluate prognosis, to develop new diagnostic techniques, and 
to assess methods and effective therapy for OS.

The phosphatase and tensin homolog gene (PTEN), also 
named mutated in multiple advanced cancers (MMAC-1), was 
identified in 1997 as a tumor-suppressor gene and is located at 
human chromosome band 10q23. PTEN can encode a series 
of specificity proteins, which regulate cellular processes such 
as cell growth, survival, proliferation and migration (8-12). 
Moreover, PTEN is one of the frequently mutated genes in a 
wide range of human cancers, including breast, prostate, kidney 
and bladder carcinomas, as well as glioblastomas (13-17). 
It was also shown that loss of PTEN appears to be strongly 
associated with invasive and malignant phenotype of several 
types of cancers (16,18-22). Alteration of the PTEN gene 
causes upregulation of several downstream genes and activa-
tion of signaling pathways (12,17,18,20,23-25). Expression of 
wild-type PTEN in different cancer cells inhibits the growth 
and survival of cancer cells (18,25,26).

It has further been observed that PTEN has the potential to 
regulate the invasive behavior of tumor cells by affecting the 
expression and phosphorylation level of focal adhesion kinase 
(FAK) (27). The activation of FAK promotes the prolifera-
tion and invasion of tumor cells, which are crucial for cancer 
development and metastasis (28-30). In addition, FAK can 
increase secretion of the matrix metalloproteinases in tumor 
cells, including MMP-2 and MMP-9 (30,31). Therefore, the 
levels of the above proteins are significantly involving with the 
capabilities of malignant tumor cell invasion and metastasis 
through degradation of the extracellular matrix (ECM) (31,32). 
Since PTEN has been reported to decrease the ability of tumor 
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cells to pass through the ECM by inhibiting the level of FAK, 
it has been postulated that functional restoration of PTEN may 
provide a powerful tool by which to inhibit tumor cell growth 
and invasion.

Some data have shown that the copy number loss in PTEN 
is a common events in OS cells (33,34). However, little is 
known whether PTEN expression influences the malignant 
characteristics of OS cells, such as the capabilities of adhesion, 
migration and invasion. It also remains unclear whether PTEN 
regulates the expression and phosphorylation of FAK and the 
levels of downstream genes in OS cells.

In the present study, we observed changes in the adhesion, 
migration and invasion of U2-OS, a human OS cell line, by 
transfecting recombinant PTEN plasmid. The alteration of 
MMPs and FAK protein and the level of FAK dephosphoryla-
tion were investigated as well.

Materials and methods

Antibodies and reagents. Rabbit antibodies against human 
FAK, p-FAK, MMP-2 and MMP-9 were purchased from 
Bioworld Technology Inc. (USA), and the rabbit antibody 
against human PTEN was obtained from Beyotime Institute of 
Biotechnology (Jiangsu, China). The antibody against β-actin 
was purchased from Zhongshan Golden Bridge Biotechnology 
Co. (Beijing, China) and horseradish peroxidase-conjugated 
secondary anti-rabbit IgGs were obtained from Kangwei 
Biological Co. (Beijing, China). Lipofectamine 2000, serum-
free Opti-MEM medium and TRIzol reagent were purchased 
from Invitrogen Corporation (USA). McCoy's 5A medium 
(powder) was purchased from Sigma-Aldrich Corporation 
(USA). Rat tail type I collagen was purchased form BD 
Biosciences (Bedford, MA, USA). Transwell chambers 
(8.0-µm pore size) were obtained from Corning (Corning, NY, 
USA).

Cell culture and treatment. Human OS U2-OS cells were 
obtained from the Cell Bank, Chinese Academy of Sciences 
(Shanghai, China). Fetal bovine serum (FBS) and L-glutamine 
were purchased from Sijiqing Biological Engineering 
Company (Hangzhou, China). Cells were maintained in 
McCoy's 5A medium supplemented with 10% fetal bovine 
serum, 100 U/ml penicillin and 100 mg/ml streptomycin and 
incubated at 37˚C in an incubator containing a humidified 
atmosphere of 95% air and 5% CO2 and propagated according 
to the protocol supplied by the American Type Culture 
Collection.

Construction of the recombinant plasmids and transfection. 
The p-EGFP-N1 plasmid was kindly provided by Professor 
Haisheng Zhou (College of Biological Science, Anhui Medical 
University, China). The full-length wild-type PTEN mRNA 
was extracted from human lymphocytes, followed by ampli-
fication of PTEN cDNA with reverse transcription. PTEN 
cDNA was purified and cloned into pEGFP-N1 to construct 
the pEGFP-N1-PTEN (GFP-PTEN) plasmid. The pEGFP-N1 
free vector was used as the control. U2-OS cells (5x105) 
were transiently transfected with 4 µg plasmid DNA using 
Lipofectamine 2000, according to the manufacturer's protocol 
(Invitrogen Life Technologies, USA).

Cell adhesion assay. Cell adhesion assay was performed 
according to a previously reported method (35). Briefly, 24-well 
plates were coated with 10 µg/ml of rat tail type I collagen. 
The wells were blocked with 1% bovine serum albumin (BSA), 
and then 1x104 cells in 0.1% BSA were added into the wells 
in triplicate. After 20 min, the wells were washed to remove 
unattached cells and were fixed with formalin. The cells 
were stained with 1% methylene blue in 0.01 M borate buffer 
(pH 8.5), and were washed with distilled water. The numbers 
of adhesive cells were counted in 10 randomly selected fields 
(x100). The adhesive rate of the cells was calculated as the 
number of adhesive cells/the number of seeded cells. The 
adhesive curve was generated by plotting the adhesive rates of 
the different cells at each time point.

In vitro scratch assay. Cell migration was assessed using a 
scratch assay in vitro as previously described (36). U2-OS cells 
were added into 6-well plates and allowed to attach onto the 
plate with complete media with 10% fetal calf serum (FCS). 
Cells were washed with serum-free media and transfected with 
GFP or the GFP-PTEN plasmid. After a 20-h transfection, the 
monolayer of cells was wounded with a 10-µl micropipette tip 
forming a scratch. The solution of debris was removed after 
washing with phosphate-buffered saline (PBS). Subsequently, 
those cells were cultured in fresh McCoy's 5A medium supple-
mented with 10% FBS. The baseline time of the scratch was 
determined (time of scratch, 0 h). After 12 h, the distance from 
one side of the scratch to the other side, into which the cells did 
not fill, was measured by Image Pro-Plus 6.0 software (Media 
Cybernetics, USA) in order to evaluate cell migration ability.

Cell invasion assay. The invasion assay in vitro was performed 
with a modified Boyden chamber consisting of a Transwell 
membrane filter inserted into 24-well culture plates. The 
Transwell filter was 6.5 mm in diameter, with a 8-µm pore 
size covered with a 10-µm thick polycarbonate membrane. 
The upper surface of the Transwell membrane was coated with 
1 mg/ml Matrigel matrix overnight at 4˚C. The membrane was 
rehydrated with serum-free medium for 2 h, and then placed 
into 24-well culture plates containing 600 µl of invasion 
buffer per well. The invasion buffer was mixed with complete 
media and 10% FCS as an attractant. Cells were harvested 
using 0.53 mM EDTA and resuspended in serum-free media 
and 0.1% BSA. Cells (2x105) suspended in 200 µl of invasion 
buffer were added to each Transwell chamber and allowed to 
invade toward the underside of the membrane for 12 h at 37˚C. 
Non-invading cells were removed from the upper chamber by 
moist cotton tipped swabs, and the invaded cells were fixed 
by anhydrous alcohol for 15 min and stained with eosin for 
5 min. The number of invaded cells was counted in 5 randomly 
selected fields/membrane.

RNA purification. Cells were lysed by TRIzol reagent, and 
RNA was extracted according to the manufacturer's instruc-
tions (Sangon, China). In order to avoid genomic DNA 
contamination, extracted RNA was then purified with the 
RNeasy kit (Invitrogen). The quantity and quality of RNA 
were determined by the OD measurement at 260 and 280 nm. 
The integrity of RNA was checked by visual inspection of the 
two rRNAs 28S and 18S on an agarose gel.
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Reverse transcription-PCR. Two micrograms of RNA was 
used for cDNA synthesis using oligo(dt)18 as primer and 
AMV reverse transcriptase. The RT reaction was started 
with a 10-min incubation at room temperature and 60 min at 
42˚C followed by 10 min at 70˚C to terminate the reaction. 
Subsequently, 2 µl of cDNA was used as a template to amplify 
the target genes by PCR in a total volume of 25 µl containing 
2.5 µl 10X PCR buffer (0.2 M Tris-HCl, pH 8.4, 0.5 M KCl), 
0.2 mM dNTP mix, 1.5 mM MgCl2, 0.2 µM of each primer 
and 1.25 units of Platinum Taq DNA polymerase (Invitrogen). 
The thermal cycler was set to run at 95˚C for 5 min, 30 cycles 
at 94˚C for 30 sec, 60˚C for 30 sec, 72˚C for 1 min, and a 
final extension at 72˚C for 10 min. The specific primers for 
PTEN (upstream, 5'-AGTTCCCTCAGCCGTTACCT-3' 
and downstream, 5'-ATTTGACGGCTCCTCAACTG-3'; 
300-bp fragment) were used. PCR products were analyzed 
by electrophoresis on 1.2% agarose gel. The specific bands 
were observed with ethidium bromide and digitally photo-
graphed under ultraviolet light, and further scanned using Gel 
Documentation System 920 (Nucleo Tech, San Mateo, CA, 
USA). Gene expression was calculated as the ratio of the mean 
band density of the specific product to that of the internal 
standard (β-actin).

Western blot analysis. The cells following different treatments 
were scraped off from the culture flasks and lysed in lysis 
buffer containing 10% glycerol, 10 mM Tris-HCl (pH 6.8), 1% 
SDS, 5 mM dithiothreitol (DTT) and 1X complete protease 
inhibitor cocktail (Sigma, USA). The method of Bradford 

was used to assay the concentrations of protein in the diverse 
samples. The protein concentration was measured using an 
auto multifunction microplate reader. Fifty micrograms of 
the proteins was separated by 8% polyacrylamide-SDS in 
consecutive gel electrophoresis. The separated proteins were 
electrophoretically transferred to polyvinylidene difluoride 
membranes. The membranes were blocked with 5% skim milk 
in Tris-buffered saline (TBS) containing 0.1% Tween-20 at 
room temperature for 1 h and then incubated each with the 
PTEN antibody (1:250 dilution), FAK antibody (1:500 dilu-
tion), p-FAK antibody (1:500 dilution), MMP-2 antibody 
(1:200 dilution) and MMP-9 antibody (1:200 dilution) over-
night at 4˚C, followed by the secondary anti-rabbit IgG for 1 h 
at room temperature. Signals were detected with enhanced 
chemiluminescence (ECL Plus; Amersham, USA). β-actin 
protein at a 1:1,000 dilution was used as the internal control to 
observe changes in the different protein bands.

Statistical analysis. The results are shown as means ± stan-
dard deviation (SD). The Student's t-test was used to compare 
results between groups using StatView software (SAS Institute 
Inc., Cary, NC, USA). The two-tailed p-value of <0.05 was 
considered to indicate a statistically significant result.

Results

Expression of PTEN in the OS cells after transfection. As 
shown in Fig. 1A and B, a higher level of PTEN transcrip-
tional expression was displayed in the GFP-PTEN/U2-OS 

Figure 1. Changes in PTEN expression in osteosarcoma cells. (A and C) Expression of PTEN by RT-PCR and western blot analysis. (B and D) Quantitative 
analysis of the levels of PTEN mRNA and protein expression in the different cells, respectively. Similar results were obtained from three independent experi-
ments. *P<0.01 compared to control; #P<0.01 compared to U2-OS cells with free plasmid. PTEN, phosphatase and tensin homolog; OS, osteosarcoma.
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cells transfected with wild-type PTEN compared to these 
levels in the control and the U2-OS cells with free plasmid 
transfection. The results from the western blot assay further 

showed that high expression of PTEN protein was found in the 
GFP-PTEN/U2 cells (Fig. 1C and D).

Influence of PTEN expression on adhesion of OS cells. As one 
of the most important characteristics of tumors, the adhesion 
capability of OS cells was observed at different times. After 
U2-OS cells were transfected with the GFP-PTEN plasmid, 
there was a reduction in adhesion by 12.51±2.28, 21.95±3.12 
and 31.73±4.36% at 20, 30 and 60 min, respectively, compared 
with the control and U2-OS cells with free plasmid. Although 
the adhesion rate of the U2-OS cells with free plasmid was 
lower than that of the control at 20 min, the difference between 
the two cells gradually disappeared concomitant with time 
extension. The result from the statistical analysis is shown in 
Fig. 2.

Influence of PTEN on the migration and invasion of OS cells. 
We further determined the alteration in the distance of cells 
migrating through a scratch region to evaluate the migration 
and invasion capabilities of the different cells. The distance of 
GFP-PTEN/U2-OS cell migration was shorter than that of the 
control and GFP/U2-OS cells. Moreover, there was no statis-
tical difference between the migration distances of the U2-OS 
and GFP/U2-OS cells (Fig. 3A and B). Upon determination of 
OS cell invasion, the average number of U2-OS, GFP/U2-OS 

Figure 2. Changes in osteosarcoma cell adhesion. *P<0.01 compared with 
the control; #P<0.01 compared with the U2-OS cells with free plasmid. OS, 
osteosarcoma.

Figure 3. Changes in osteosarcoma cell migration and invasion. (A) Images of the confluent monolayers of U2-OS cells that were wounded. Images were 
captured initially (t=0 h) and 24 h after wounding (t=24 h). (B) Quantification of the endothelial wound repair. The distance of cell migration into the wound 
area was measured in U2-OS cells 24 h after wounding. Values are means ± SD from three independent experiments. *P<0.01 compared with the control. 
(C) Images of the different cells that invaded through the Matrigel and filter. (D) Results of the quantitative analysis from at least 10 fields, and three indepen-
dent experiments are shown. *P<0.01 compared with the control. OS, osteosarcoma.
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and GFP-PTEN/U2-OS cells that invaded through the 
Matrigel and filter was 141±17, 153±25 and 84±7, respectively 
(Fig. 3C and D). Therefore, there was a statistically significant 
reduction in the invasive and migratory abilities in the U2-OS 
cells following PTEN transfection.

Regulation by PTEN of the expression of FAK, MMP-2 and 
MMP-9. In regards to the mechanisms involved in the effects 
of PTEN on OS cells, the levels of FAK, MMP-2 and MMP-9 
protein were subsequently observed. As shown in Fig. 4, high 
levels of the three proteins were noted in the U2-OS cells. 
Subsequently, high levels of FAK and MMP-2 were attenu-
ated by PTEN transfection. Meanwhile, the phosphorylation 
of FAK was inhibited by the same transfection. Although a 
slight reduction in MMP-2 expression was observed in the 
GFP-PTEN/U2-OS cells, the alteration did not achieve statis-
tical significance. Therefore, the results indicate that PTEN 
obviously decreased the level of MMP-9 and the expression 
and phosphorylation of FAK in the OS cells.

Discussion

Osteosarcoma (OS) is a serious disease affecting mainly 
children and young adults, and is characterized by very high 
metastatic capability (1). Although modern, multi-agent, 
dose-intensive chemotherapy in conjunction with surgery 
achieves a 5-year event-free survival of 60-70% in extremity 
localized, non-metastatic disease (37), OS-related morbidity 
and mortality remain high (2). Similar to other malignant 
tumors, early progression to metastatic disease is one of the 
main causes of treatment failure for OS (1). Previous studies 
have reported that inactivation of tumor-suppressor genes or 
the activation of oncogenes are important events in the genesis 
and development of tumors (11,17,18,38). Growing evidence 
suggests that PTEN regulates a multitude of biological aggres-
sive tumor behaviors, such as rapid growth, self-renewal and 
metastasis (7,8,17,39,40). A low level of PTEN expression 
was detected in advanced diseases including glioma, pancre-
atic tumors, hepatocellular carcinoma, breast and prostate 
tumors (41-43). A large body of data show that increased PTEN 
expression inhibits the adhesion and metastatic capabilities of 
tumor cells via regulating FAK expression and phosphoryla-
tion (25,27). In the present study, the OS cells with PTEN 
transfection showed decreased adhesion, migration and inva-
sion compared to the cells with absence of PTEN expression, 
similar to the findings of previous studies on other tumors.

We further observed changes in the expression and phos-
phorylation of FAK due to the downstream genes of PTEN. 
Our results revealed that the expression of FAK was obviously 
decreased in OS cells after PTEN transfection. The phosphor-
ylation of FAK was inhibited coinciding with the tendency of 
the elevation of PTEN expression. In adult tissues, FAK levels 
can be elevated during wound healing and transformation 
processes (44). Much data demonstrate that, although the levels 
of FAK mRNA in normal tissues are low, the overexpression 
and hyperphosphorylation of FAK are associated with many 
types of solid tumors (45,46). Hyperactivity of FAK can 
promote survival and motility, contributing to tumorigenicity 
and metastasis. For example, the levels of FAK expression are 
low in normal colon or benign breast epithelium but high in 
biopsies derived from patients with colon and metastatic breast 
cancer (47,48). According to previous data, FAK overexpres-
sion and phosphorylation are associated with esophageal 
adenocarcinoma, prostate carcinoma, gastric cancer recur-
rence, squamous cell carcinoma, progression of hepatocellular 
carcinoma, thyroid cancer, small cell lung carcinoma and oral 
tumor cell invasion (45-49).

In cancer cells, FAK has been shown to regulate cell 
migration and invasion through distinct pathways by 
promoting the dynamic regulation of focal adhesion and 
peripheral actin structures, as well as MMP-mediated matrix 
degradation (30-32,50). MMPs are major hydrolytic enzymes 
targeting ECM during metastasis and there is a clear connec-
tion between MMPs, ECM degradation and cancer cell 
invasion (32,51). According to a previous study, MMP-9 was 
involved in the degradation of matrix components and thus 
supported the invasion and migration of tumor cells through 
the extracellular matrix (ECM) barriers (52). In our experi-
ment, MMP-9 protein was at a lower level in the U2-OS cells 
transfected by the PTEN gene consistent with the finding of 

Figure 4. Changes in FAK and expression of its target genes. (A) Changes in 
the different proteins as assayed by western blot analysis. (B) Quantitative 
analysis of the levels of various proteins. Similar results were obtained from 
three independent experiments. #P<0.01, *P<0.01 compared with the control. 
FAK, focal adhesion kinase.
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FAK expression and phosphorylation. Notably, the significant 
alteration of MMP-2 protein, another matrix metallopro-
teinase of the MMP family, was not noted in our experiment 
similar to recent studies (32,53). According to the results of 
Matsumoto et al (54), the regulation of MMP-2 is influenced 
by the Rho-ROCK pathway, but not FAK, in OS cells. It was 
thus demonstrated that the migration and invasion capabilities 
of U2-OS cells with PTEN expression were decreased via the 
blockage of FAK/MMP signaling.

Collectively, our experimental results suggest that 
increased level of the PTEN gene may significantly decrease 
the adhesion, migration and invasion abilities of OS cells, 
involving the blockage of FAK/MMP9 signaling. PTEN is 
therefore valuable for the prognosis and the design of new 
targeting therapies for OS.
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