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mTOR/p70S6K Signal transduction pathway contributes
to osteosarcoma progression and patients’ prognosis
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Abstract The mTOR/p70S6K signal transduction path-

way plays a key role in the regulation of cancer cells’

survival and proliferation. However, its roles in osteosar-

coma, which is one of the most rapidly growing sarcomas,

remain unknown. This study investigated for the first time

the correlation between the mTOR/p70S6K signal trans-

duction pathway in human osteosarcoma and patients’

prognosis. The expression patterns of mTOR and p70S6K

in paraffin-embedded specimens gathered from 65 patients

with primary osteosarcoma were detected by the method of

immunohistochemistry using antibodies against mTOR and

p70S6K. Kaplan–Meier survival and Cox regression anal-

yses were performed to evaluate the prognosis of patients.

Immunostaining revealed that the mTOR/p70S6K signal

transduction pathway is activated in human osteosarcoma.

Additionally, positive expression of mTOR and p70S6K

proteins was significantly correlated with surgical stage,

metastasis pattern and percentage of dead cells of osteo-

sarcoma. Moreover, in univariate analysis, surgical stage,

metastasis pattern and percentage of dead cells, mTOR

and p70S6K expression showed significant influence on

overall survival (OS) and disease-free survival (DFS). In

multivariate analysis, surgical stage (IIA vs. IIB/III),

metastasis pattern (without vs. with), percentage of dead

cells (C90 vs.\90%), mTOR expression pattern (negative

vs. positive) and p70S6K expression pattern (negative vs.

positive) were significant for DFS and OS. Our results

demonstrate the correlation of mTOR and p70S6K

expression patterns with the oncological progression of

osteosarcoma patients, suggesting the prognostic signifi-

cance of the mTOR/p70S6K signal transduction pathway in

osteosarcoma patients, which may lay a foundation for

making further investigations on the mTOR/p70S6K signal

transduction pathway as a potential target for osteosarcoma

therapy.
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Abbreviation

mTOR Mammalian target of rapamycin

p70S6K p70 S6 kinase

Introduction

Osteosarcoma, the most common primary malignancy of

bone, predominantly afflicts young people in their second

and third decades of life. It carries a 5-year survival rate

near 60–70% in patients with no clinically detectable

metastases at presentation [1]. Despite recent advances in

multimodality treatments consisting of aggressive adjuvant

chemotherapy and wide tumor excision, 40–50% patients

with osteosarcoma may develop recurrent disease, with the

Q. Zhou � S. Zhang � J. Zhao

Department of Orthopaedics, Huai’an Hospital, Xuzhou Medical

College, Huai’an, People’s Republic of China

Z. Deng (&)

Department of Spinal Surgery, Xiangya Hospital, Central South

University, Changsha, People’s Republic of China

e-mail: wuque1@hotmail.com

Y. Zhu � H. Long

Department of Orthopaedics, Xiangya Hospital, Central South

University, Changsha, People’s Republic of China

Med Oncol (2010) 27:1239–1245

DOI 10.1007/s12032-009-9365-y



lung being the most common site of distant recurrence [2].

Although, the histologic response of the tumor to pre-

operative chemotherapy, surgical staging are the most

powerful predictor of outcome, but one must wait until

surgical resection to assess the histologic response of the

tumor to preoperative chemotherapy, which often takes

2–3 months [3]. Therefore, it is of great significance to

search for sensitive and specific markers that can stratify

patients early into low- and high-risk groups, according to

their potential for disease progression. With intensive

efforts, several molecular markers, such as up-regulated

gene 4 [4], vascular endothelial growth factor [5], extra-

cellular matrix metalloproteinase inducer [5] and surviving

[6] have been investigated as prognostic indicators in this

disease. However, molecular prognostic indicators for

disease progression are still few in number.

Mammalian target of rapamycin (mTOR), an evolu-

tionarily conserved serine-threonine protein kinase, mainly

controls protein synthesis via phosphorylation of its

downstream targets [7]. It has been demonstrated that the

components of the mTOR signal transduction pathway are

deregulated in several kinds of human tumors with gain-or

loss-of-function mutants leading to neoplastic transforma-

tion [8]. In mammals, the ribosomal S6 kinases S6K1 and

S6K2, and the eukaryotic initiation factor (eIF4E)-binding

protein 1 (4E-BP1) are the two best-characterized targets of

mTOR [9]. mTOR activation leads to phosphorylations of

S6K1/2 and 4E-BP1. The latter releases from the cap-

dependent translation initiation factor eIF4E, ultimately

resulting in enhanced translation from subset of genes

required for cell growth [10]. The p70S6 kinase (p70S6K),

a mitogen-activated serine/threonine kinase, plays an

important role in the regulation of cell cycle, growth and

survival. p70S6K, encoded by RPS6KB1, is located

downstream of mTOR signal transduction pathway and is

activated by 3-phosphoinositide-dependent protein kinase 1

and mTOR kinase [11]. p70S6K regulates protein synthesis

by activating 40S ribosomal protein S6, leading to an

increased rate of translation of the class of 50 terminal

oligopyrimide mRNA transcripts. These transcripts encode

critical components of the cellular translational machinery,

thus promoting protein synthesis [12]. Heinonen et al. [13]

have reported that p70S6K is over-expressed in primary

breast cancer tissues, and its upregulation is associated with

aggressive disease and poor prognosis of patients with

breast cancer. Moreover, p70S6K also has a crucial role in

cell growth by regulating cell size and progression of cell

cycle [14]. However, the roles of mTOR/p70S6K signal

transduction pathway in osteosarcoma, which is one of the

most rapidly growing sarcomas, remain unknown. This

study investigated for the first time the correlation between

this pathway in human osteosarcoma and patients’

prognosis.

Materials and methods

Patients and tissue samples

The study was approved by the Research Ethics Committee

of Ministry of Public Health of China. Informed consent

was obtained from all of the patients. All specimens were

handled and made anonymous according to the ethical and

legal standards. Sixty-five patients (36 males and 29 females,

aging 5–58 years, mean ± SD = 18.5 ± 1.8 years) with

primary osteosarcoma were obtained from the Department

of Orthopaedics, Xiangya Hospital, Changsha, Hunan,

People’s Republic of China.

All patients recruited in this study underwent systemic

neoadjuvant chemotherapy (methotrexate, adriamycin,

cisplatin, isofosfamide). Closed biopsies of all patients

were performed by fine-needle aspiration or trephine for

diagnosis and then surgical treatment. The biopsy samples

with bone tissue were decalcified. Non-cancerous adjacent

tissues were available in 36 of 65 patients. The patholog-

ical diagnosis was performed by the same group of two

senior pathologists experienced in osteosarcoma diagnosis.

Tumor size data were available based on a review of the

imaging studies and the pathology reports. Tumor volume

was calculated on the basis of an ellipsoid formula,

using the measurements: height 9 width 9 depth 9 0.52.

Surgical staging was done according to the method of

Enneking et al. [15] with differentiation among highly

malignant intra-compartmental osteogenic sarcomas (IIA),

extra-compartmental lesions (IIB) and osteogenic sarcomas

with manifestation of metastases present on recognition of

the disease (III). The effect of pre-operative chemotherapy

as well as the degree of histologic regression of the tumor,

which was defined as percentage of dead cells, was studied

by means of semi-quantitative methods obtained from the

literature [16]. According to the percentage of dead cells,

all cases were divided into two groups: tumors showing

good response to pre-operative chemotherapy (dead

cells C 90%, surviving cells \ 10%), tumors showing

poor response (surviving cells C 10%). The mean follow-

up time was 32 months (range 12–60 months).

Immunohistochemistry analysis

We carried out immunohistochemical detection of mTOR

and p70S6K using the avidin–biotin complex method as

described previously. The specimens were fixed in 10%

neutral-buffered formalin and subsequently embedded in

paraffin. The paraffin-embedded tissues were cut at 3 lm

and then deparaffinized with xylene and rehydrated for

further H&E or peroxidase (DAB) immunohistochemistry

staining employing DAKO EnVision System (Dako Diag-

nostics, Zug, Switzerland). Following a brief proteolytic
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digestion and a peroxidase blocking of tissue slides, the

slides were incubated with the primary antibody [rabbit

antihuman mTOR polyclonal antibody (#sc-101956,

100 lg/ml, Santa Cruz Biotechnology, Santa Cruz, CA)

diluted 1:100, rabbit antihuman p70S6K polyclonal anti-

body (#sc-230, 200 lg/ml, Santa Cruz Biotechnology,

Santa Cruz, CA) diluted 1:100] against respective target

proteins overnight at 4�C, as well as PBS as a control. After

washing, peroxidase-labeled polymer and substrate-chro-

mogen were then employed in order to visualize the

staining of the interested proteins.

The quality (number, intensity and pattern) of every

staining procedure for mTOR and p70S6K has been com-

paratively evaluated using consecutive control sections,

and the immunostaining was scored by two independent

experienced pathologists, who were blinded to the clini-

copathological data and clinical outcomes of the patients.

The scores of the two pathologists were compared and any

discrepant scores were trained by re-examining the stain-

ings by both pathologists to achieve a consensus score. The

number of positive-staining cells in ten representative

microscopic fields was counted, and the percentage of

positive cells was calculated. Given the homogenicity of

the staining of the target proteins, tumor specimens were

scored in a semi-quantitative manner based on the per-

centage of tumor cells that showed immunoreactivity. The

staining results of mTOR staining were classified into three

patterns: negative (0, less than 10% of cells stained),

moderate (1, 10–50% of cells stained) and strong (2, more

than 50% of cells stained); the staining results of p70S6K

were classified into negative-low positive (0, staining of

B70% of cells) or high positive (1, staining of [70% of

cells) [17].

Statistical analysis

The software of SPSS version13.0 for Windows (SPSS

Inc., IL, USA) and SAS 9.1 (SAS Institute, Cary, NC) was

used for statistical analysis. Continuous variables were

expressed as �X � s: Association between mTOR and

p70S6K expression and various clinicopathological char-

acteristics were analyzed using the v2 test. Two endpoints

were examined for survival analyses: disease-free survival

(DFS) and overall survival (OS). DFS and OS curves were

plotted according to the Kaplan–Meier method, the Log-

rank test being used to determine the significance of dif-

ferences between clinicopathological parameters. The Cox

proportional hazards model was used for multivariate

analysis. Differences were considered statistically signifi-

cant when P was less than 0.05.

Results

Expression and location of mTOR and p70S6K in

osteosarcoma

The expression of mTOR and p70S6K was detected in 52/65

(80.00%) and 46/65 (70.77%) of patients with osteosarcoma,

respectively. Their signals concentrated primarily within the

cytoplasm (Fig. 1a for mTOR and Fig. 1b for p70S6K) of the

tumor cells. In contrast, non-cancerous adjacent tissues

showed no mTOR and p70S6K immunoreactivity.

Correlation of mTOR and p70S6K expression with the

clinicopathological features of osteosarcoma

The correlation of mTOR and p70S6K expression with the

clinicopathological features of patients with osteosarcoma is

summarized in Table 1. mTOR and p70S6K expression were

significantly associated with surgical stage (P = 0.006 and

0.01, respectively), metastasis pattern (P = 0.009 and 0.01,

respectively) and percentage of dead cells (P = 0.007 and

0.02, respectively). However, other clinicopathological

features, including gender, age, anatomic location, tumor

Fig. 1 Immunohistochemical staining for mTOR and p70S6K

expression in osteosarcoma (original magnification 9400). a mTOR

and b p70S6K strong positive expression were both found in cell

cytoplasm at various levels in tumor cells, respectively; c negative

control for a and b with normal rabbit serum
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size and surgical treatment were not associated with mTOR

and p70S6K expression.

Prognostic implications of mTOR and p70S6K

expression in osteosarcoma

According to the follow-up analysis, 37 patients (56.92%)

developed recurrent disease (10 showed regional recur-

rence, 20 showed distant metastases and 7 showed regional

recurrence and distant metastases) and 48 patients

(73.85%) died from their osteosarcoma, during the obser-

vation period. The surgical stage and metastasis pattern of

the patient, percentage of dead cells, mTOR and p70S6K

expression patterns significantly influenced DFS

(P = 0.01, 0.008,\0.001,\0.001 and 0.001, respectively)

and OS (P = 0.009, 0.006, 0.001, \0.001 and 0.005,

respectively) in univariate analysis (Log-rank test,

Table 2).

A multivariate analysis (Cox regression model, Table 3)

including surgical stage, metastasis pattern, percentage of

dead cells, mTOR and p70S6K expression patterns was

performed for OS and DFS. The surgical stage (IIA vs. IIB/

III), metastasis pattern (without vs. with), percentage of

dead cells (C90 vs. \90%), mTOR expression pattern

(negative vs. positive) and p70S6K expression pattern

(negative vs. positive) were significant for DFS (P = 0.02,

0.02, 0.02, 0.01 and 0.01) and OS (P = 0.03, 0.02, 0.02,

0.01 and 0.02), respectively. The Kaplan–Meier curves for

OS and DFS are shown in Fig. 2 for all patients.

Discussion

The data presented here provide evidence that mTOR and

p70S6K proteins are differentially expressed in osteosar-

coma and that there is a statistically significant association

of high levels of mTOR and p70S6K proteins with worse

prognosis in human osteosarcoma.

Osteosarcoma is a highly aggressive neoplasm typically

composed of spindle cells producing osteoids [18].

Although its precise origin is unknown, it is thought that

osteosarcoma arises from primitive mesenchymal bone-

forming cells and results from alterations in their differ-

entiation program. The large majority of conventional,

Table 1 Correlation of mTOR and p70S6K expression with clinical features in osteosarcoma

Clinical features No. mTOR (n, %) p70S6K (n, %)

0 1 2 0 1

Gender

Male 36 8 (22.22) 14 (38.89) 14 (38.89) 10 (27.78) 26 (72.22)

Female 29 5 (17.24) 13 (44.83) 11 (37.93) 9 (31.03) 20 (68.97)

Age (years)

B20 42 8 (19.05) 18 (42.85) 16 (38.10) 12 (28.57) 30 (71.43)

[20 23 5 (21.74) 9 (39.13) 9 (39.13) 7 (30.43) 16 (69.57)

Tumor size (cm3)

B50 30 6 (20.00) 13 (43.33) 11 (36.67) 9 (30.00) 21 (70.00)

[50 35 7 (20.00) 14 (40.00) 14 (40.00) 10 (28.57) 25 (71.43)

Anatomic location

Tibia/femur 40 9 (22.50) 16 (40.00) 15 (37.50) 11 (27.5) 29 (72.5)

Elsewhere 25 4 (16.00) 11 (44.00) 10 (40.00) 8 (32.00) 17 (68/00)

Surgical stage*

IIA 30 12 (40.00) 10 (33.33) 8 (26.67) 14 (46.67) 16 (53.33)

IIB–III 35 1 (2.86) 17 (48.57) 17 (48.57) 5 (14.29) 30 (85.71)

Metastasis*

Without 40 11 (27.50) 16 (40.00) 13 (32.50) 16 (40.00) 24 (60.00)

With 25 2 (8.00) 11 (44.00) 12 (48.00) 3 (12.12) 22 (88.88)

Treatment

Limb salvage 43 8 (18.60) 19 (44.17) 16 (37.21) 12(27.91) 31(72.09)

Amputation 22 5 (22.73) 8 (36.36) 9 (40.91) 7 (31.82) 15(68.18)

Percentage of dead cells (%)*

C90 37 12 (32.43) 15 (40.54) 10 (27.03) 14 (37.94) 23 (62.16)

\90 28 1 (3.57) 12 (42.86) 15 (53.57) 5 (17.86) 23 (82.14)

* P \ 0.05
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high-grade osteosarcomas are either poorly differentiated

or undifferentiated. As the result, the prognosis for patients

with osteosarcoma has typically been very poor. The

responses to pre-operative chemotherapy, surgical stage

and tumor size have long been used as the only prognostic

factors for osteosarcoma patients [19]. However, the clin-

ical course of patients with locally advanced and/or met-

astatic osteosarcoma varies, and patients with the same

surgical stage have different outcomes from the same

therapy, so the conventional prognostic factors do not

precisely predict which tumors will undergo rapid malig-

nant progression and are difficult to give an accurate

prognosis to patients. For this reason, a growing research

on the molecular biology of osteosarcoma has been per-

formed, and the presence or absence of some molecules in

osteosarcoma cells has also been shown to be prognostic

factors.

In mammals, several upstream growth signals, such as

insulin, various G-protein-coupled receptors and nutrients,

have been identified to activate mTOR, which can be

regulated by a kinase cascade consisting of pI3K, pI3K-

dependent kinase l and Akt [20]. The downstream effectors

of mTOR include the S6 kinases (S6K1 and S6K2) and

phosphorylate 4E-BP1 in parallel [21]. S6K1 is primarily,

but not exclusively, cytosolic, phosphorylating the ribo-

somal S6 protein and thereby modifying translational

dynamics [22]. The S6K1 homologue S6K2, on the other

hand, localizes mostly in the nucleus, with functions that

have yet to be clarified. Phosphorylation of 4EBP1 relieves

inhibition of the initiation factor eIF4E, a component of the

large translation initiation complex, thereby modulating

translation. mTOR can promote the phosphorylation of

p70S6K and 4E-BP1, thus stimulating the translation of

proteins required for the cell cycle progression from the G1

to S phase [23]. It has been demonstrated that rapamycin

can inhibit mTOR and the phosphorylation of p70S6K and

4E-BP1 in many cancers [24]. Previous reports have

identified that the activated mTOR has many functions not

Table 2 Univariate survival

analysis (Log-rank tests) of

clinicopathological features

Clinicopathological features Disease-free survival P Overall survival P

Surgical stage

IIA 1265 ± 68 0.01 1362 ± 85 0.009

IIB–III 522 ± 106 587 ± 71

Metastasis

Without 1332 ± 102 0.008 1565 ± 66 0.006

With 557 ± 62 603 ± 75

Percentage of dead cells (%)

C90 1688 ± 103 \0.001 2329 ± 89 0.001

\90 501 ± 75 1013 ± 171

mTOR expression pattern

0 1592 ± 108 \0.001 1605 ± 97 \0.001

1 438 ± 93 537 ± 81

p70S6K expression pattern

0 1530 ± 105 0.001 1598 ± 92 0.005

1 476 ± 89 599 ± 83

Table 3 Prognostic value of

clinicopathological features in

multivariate analysis by Cox

regression

Clinicopathological features Disease-free survival Overall survival

P Relative risk 95%

confidence interval

P Relative risk 95%

confidence interval

Surgical stage

IIA versus IIB/III 0.02 1.362–16.385 0.03 1.601–13.359

Metastasis

Without versus with 0.02 1.082–12.339 0.02 1.365–13.008

Percentage of dead cells (%)

B90 versus \90 0.02 0.056–0.698 0.02 0.041–0.876

mTOR expression

Negative versus positive 0.01 1.196–17.038 0.01 1.683–17.905

p70S6K expression

Negative versus positive 0.01 1.028–16.397 0.02 1.319–14.258
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only for growth but also for invasion and metastasis of

tumors [25]. In the present study, we investigated mTOR

expression at protein level in 65 osteosarcoma patients, and

found that 52 osteosarcomas had positive mTOR staining

and 25 osteosarcomas had an intensive mTOR expression,

indicating that mTOR is also up-regulated in human oste-

osarcoma. We also found that mTOR was significantly

over-expressed in osteosarcoma patients with higher sur-

gical stage or metastasis. When regarding the relationship

between mTOR and clinical outcome in all the follow-up

patients, we found a statistically significant correlation

between mTOR expression and disease-free survival or

overall survival by univariate analysis. Cox multivariate

analysis confirmed that mTOR over-expression was an

important predictor of poor prognosis in both disease-free

survival and overall survival.

p70S6K is one of downstream targets of mTOR, which

regulates the translation initiation complex in a rapamycin-

sensitive manner. p70S6K is a major regulator of transla-

tion under the control of multiple signal transduction

pathways including phosphatidylinositol 3-kinase [26]. It

increases translational capacity by promoting the expres-

sion of several members of the translational machinery

whose mRNAs display oligopyrimidine tracts at their 50

ends [27]. It has been reported that p70S6K is an important

regulator of cell cycle progression through the G1/S point

[28]. Our data suggested that p70S6K staining was positive

in 46 osteosarcoma specimens (70.77%). Microscopic

observations indicated that p70S6K was intensely expres-

sed in the cytoplasm of tumor cells. The p70S6K protein

was significantly over-expressed in osteosarcoma patients

with higher surgical stage, metastasis and poor response to

pre-operative chemotherapy, when compared to those

without. Univariate analysis showed p70S6K expression

was significantly correlated with disease-free survival and

overall survival; Kaplan–Meier curve and log rank test also

Fig. 2 Kaplan–Meier survival

curves for mTOR and p70S6K

expression in osteosarcoma.

a Disease-free survival (DFS) of

65 patients with osteosarcoma,

as a function of mTOR? versus

mTOR- expression

(P = 0.001). b Disease-free

survival (DFS) of 65 patients

with osteosarcoma, as a function

of p70S6K? versus p70S6K-

expression (P = 0.001).

c Overall survival (OS) of 65

patients with osteosarcoma, as a

function of mTOR? versus

mTOR- expression

(P = 0.003). d Overall survival

(OS) of 65 patients with

osteosarcoma, as a function of

p70S6K? versus p70S6K-

expression (P = 0.005)
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indicated that patients with strong p70S6K expression had

shorter disease-free survival and overall survival than those

with low p70S6K expression. By Cox multivariate analy-

sis, p70S6K strong expression was an independent prog-

nosis factor for disease-free survival and overall survival of

the osteosarcoma patients.

This is, to our knowledge, the first study determining the

influence of mTOR/p70S6K signal transduction pathway

on the prognosis of human osteosarcoma. We identify that

this pathway is activated in human osteosarcoma tissues.

The overexpression of mTOR and p70S6K is well corre-

lated with tumor surgical stage and metastasis pattern, as

well as with the response to pre-operative chemotherapy,

which might be an important mechanism responsible for

the survival and proliferation of osteosarcoma cells.

Patients with high expression of mTOR and p70S6K had

shorter survival time, suggesting the prognostic signifi-

cance of the mTOR/p70S6K signal transduction pathway in

osteosarcoma patients, which may lay a foundation for

making further investigations on the mTOR/p70S6K signal

transduction pathway as a potential target for osteosarcoma

therapy.
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13. Bärlund M, et al. Detecting activation of ribosomal protein S6

kinase by complementary DNA and tissue microarray analysis. J

Natl Cancer Inst. 2000;92:1252–9.

14. Heinonen H, Nieminen A, Saarela M, Kallioniemi A, Klefström

J, Hautaniemi S, et al. Deciphering downstream gene targets of

PI3K/mTOR/p70S6K pathway in breast cancer. BMC Genomics.

2008;9:348–59.

15. Enneking WF, Spanier SS, Goodman MA. A system for the

surgical staging of musculoskeletal sarcoma. Clin Orthop Relat

Res. 1980;153:106–20.

16. Salzer-Kuntschik M, Delling G, Beron G, Sigmund R. Morpho-

logical grades of regression in osteosarcoma after polychemo-

therapy-study COSS 80. J Cancer Res Clin Oncol. 1983;

106(Suppl):21–4.

17. Pantuck AJ, Seligson DB, Klatte T. Prognostic relevance of the

mTOR pathway in renal cell carcinoma. Cancer. 2007;109:2257–

67.

18. Kreuter M, Bieker R, Bielack SS. Prognostic relevance of

increased angiogenesis in osteosarcoma. Clin Cancer Res. 2004;

10:8531–7.

19. Kaya M, Wada T, Kawaguchi S. Increased pretherapeutic serum

vascular endothelial growth factor in patients with early clinical

relapse of osteosarcoma. Br J Cancer. 2002;86:864–9.

20. Workman P. Inhibiting the phosphoinositide 3-kinase pathway

for cancer treatment. Biochem Soc Trans. 2004;32:393–6.

21. Granville CA, Memmot RM, Gills JJ, Dennis PA. Handicapping

the race to develop inhibitors of the phosphoinositide 3-kinase/

Akt/mammalian target of rapamycin pathway. Clin Cancer Res.

2006;12:679–89.

22. Fang Y, Vilella-Bach M, Bachmann R, Flanigan A, Chen J.

Phosphatidic acid-mediated mitogenic activation of mTOR sig-

naling. Science. 2001;294:1942–5.

23. Mungamuri SK, Yang XH, Thor AD, Somasundaram K. Survival

signaling by notch1: mammalian target of rapamycin (mTOR)-

dependent inhibition of p53. Cancer Res. 2006;66:4715–24.

24. Majumder PK, et al. mTOR inhibition reverses Akt-dependent

prostate intraepithelial neoplasia through regulation of apoptotic

and HIF-1-dependent pathways. Nat Med. 2004;10:594–601.

25. Morgensztern D, McLeod HL. Mcleod. PI3 K/Akt/mTOR path-

way as a target for cancer therapy. Anticancer Drugs. 2005;

16:797–803.

26. Harada H, Andersen JS, Mann M, Terada N, Korsmeyer SJ.

p70S6 kinase signals cell survival as well as growth, inactivating

the pro-apoptotic molecule BAD. Proc Natl Acad Sci USA.

2001;98:9666–70.

27. Beevers CS, Li F, Liu L, Huang S. Curcumin inhibits the mam-

malian target of rapamycin-mediated signaling pathways in

cancer cells. Int J Cancer. 2006;119:757–64.

28. Hou G, Xue L, Lu Z, Fan T, Tian F, Xue Y. An activated mTOR/

p70S6K signaling pathway in esophageal squamous cell carci-

noma cell lines and inhibition of the pathway by rapamycin and

siRNA against mTOR. Cancer Lett. 2007;253:236–48.

Med Oncol (2010) 27:1239–1245 1245

http://dx.doi.org/10.1016/j.suronc.2009.09.002
http://dx.doi.org/10.1016/j.suronc.2009.09.002

	mTOR/p70S6K Signal transduction pathway contributes to osteosarcoma progression and patients’ prognosis
	Abstract
	Introduction
	Materials and methods
	Patients and tissue samples
	Immunohistochemistry analysis
	Statistical analysis

	Results
	Expression and location of mTOR and p70S6K in osteosarcoma
	Correlation of mTOR and p70S6K expression with the clinicopathological features of osteosarcoma
	Prognostic implications of mTOR and p70S6K expression in osteosarcoma

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


