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ABSTRACT 
 

Objective: To investigate the relationship between postoperative metastasis and circulating levels of 
osteopontin in non-small cell lung cancer (NSCLC). 

Methods: The expression of osteopontin mRNA were detected with RT-PCR technique. The circulating levels of 
osteopontin were measured through ELASA in 46 NSCLC cases that had not been received any anti-cancer 
treatment at the time of sampling. The tissues from fifteen patients with benign pulmonary diseases were studied 
as control group. 

Results: The overall median mRNA expression level of osteopontin was approximately 70-fold higher in tumor 
tissues than in matched normal lung tissues (P<0.001). Over-expression of osteopontin mRNA was significantly 
associated with clinical stage (P=0.009). Advanced disease states had higher circulating level of osteopontin (stage 
I+II versus stage III+VI). In multivariate analysis, stage was the only independent factor influencing circulating levels 
of osteopontin. All patients were followed up for 12 months, 2 of the 46 patients with both osteopontin mRNA 
expression and elevated plasma osteopontin levels had local recurrence and 10 had distant metastasis. There was a 
significant difference in the osteopontin levels between metastasis group and non-metastasis group. 

Conclusion: Preoperative plasma levels of osteopontin are significantly associated with post-operative 
metastasis in advanced NSCLC. 
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INTRODUCTION 
 

Lung cancer is currently the leading cause of cancer 
mortality worldwide. An estimated 1.2 million people are 
diagnosed annually with lung cancer and 1.1 million of 
them die from the disease[1]. Despite recent advances in 
detection and in surgical and medical treatments during the 
past two decades, the 5-year survival rate for the patients 
remains less than 15%[2]. Patients with lung cancer have a 
poor prognosis because of the high metastatic potential of 
the neoplasm.  

Cancer progression depends on an accumulation of 
metastasis-supporting genetic modifications and 
physiologic alterations regulated by cell signaling molecules 
such as extra-cellular matrix (ECM) proteins. The latter 
contribute to the interaction among cancer cells and 
endothelial cells, which play a critical role in the 
development of local invasion and distant metastasis[3, 4]. 
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One of the factors that have recently been shown to be 
linked to cancer development, progression, and metastasis 
in different malignancies is a multifunctional protein named 
osteopontin. Previous research suggests that osteopontin is a 
key extra-cellular molecule involved in tumor development 
and progression[5, 6]. In the current study, we investigated 
the relationship between circulating levels and mRNA 
expression of osteopontin and tumor metastatic status in 
NSCLC patients. We also analyzed the clinicopathologic 
variables and pathologic factors that may influence 
circulating osteopontin level. 

 

MATERIALS AND METHODS 

 
Patients and Clinical Data  

Forty-six patients with NSCLC, who consecutively 
underwent radical surgical resection at the Department of 
Thoracic Surgery, Beijing Chao-Yang Hospital, Capital 
Medical University from January 2006 to December 2007, 
were retrospectively studied. All patients were 
pathologically diagnosed as NSCLC and had not received 
chemotherapy or radiotherapy before surgery. In course of 
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preoperative examinations, all of the patients underwent 
routinely bone scintigraphy, brain MRI and abdominal 
ultrasound or CT scan as staging examinations. No 
detectable metastases in distant organs were present at the 
time of surgery. Radical surgery including mediastinal 
lymphadenectomy was performed in all cases.  
 
Specimens and Blood Samples 

Neoplastic specimens were removed from the tumor 
masses and then were formalin-fixed and 
paraffin-embedded for histologic analysis. The pathologic 
features of the samples were classified according to WHO 
histologic criteria, and tumor staging was conducted 
according to the International Union Against Cancer TNM 
classification[7]. 

Peripheral blood sample (4 ml) was taken prior to 
treatment by venipuncture and kept in a heparinized tube. 
Within 30 min of blood collection, the samples were 
centrifuged at 1,500 g for 10 min at 4°C to separate the 
plasma and blood cell. The plasma sample was then stored 
at -8°C till use. 

The use of all of the human samples for this study were 
reviewed and approved by the Ethics Committee of the 
Beijing Chao-Yang Hospital, Capital Medical University.  
 
Reverse Transcription Polymerase Chain Reaction (RT-PCR) For 
Osteopontin mRNA Detection 

Total RNA was extracted from tumor specimens and 
normal lung tissues were obtained during surgery according 
to the instruction of manufacturer [Tiangen Biotec (Beijing) 
Co. Ltd]. Proteinase K digestion time was 16 hours for each 
sample. After total RNA isolation, samples were kept at -8°C 
until use. The integrity was checked with 1.5% agarose-gel 
electrophoresis. RT-PCR reaction was performed with 4 μl 
cDNA template in a total volume of 25 μl Amplification was 
optimized for each primer set. The following primers were 
used: β-actin 5’AAG AGA GGC ATC CTC ACC CT-3’; 
5’TAC ATG GCT GGG GTG TTG AA-3’; Osteopontin 
5'-CCC TGT GTT GGT GGA GGA TGT -3'; 5'-GAC AAC 
CAA GCC CTC CCA GA-3'. RT-PCR reaction was 
performed in duplicates in 96-well plates, for 3 min at 94°C 
for initial denaturing, then 35 cycles at 94°C for 15 s, at 52°C 
for 15 s and 7°C for 5 min. β-actin was used as reference 
genes. 
 
Measurement of Plasma Osteopontin Concentration 

The osteopontin levels in the plasma were measured 
with the osteopontin ELISA kit according to the 
manufacturer's instructions (R & D Systems, Inc. USA). 
Briefly, 1:5 diluted testing samples were incubated in the 
osteopontin antibody-precoated plate for 1 h at 37°C. 
Following washing, 100 µl of labeled osteopontin antibody 
solution was added into each well and incubated for 30 min 
at 4°C. After washing, tetramethyl benzidine was used as a 
coloring agent. Testing samples were detected on a plate 
reader, and the strength of coloring was proportional to the 
quantity of osteopontin. 
 
Statistical Analysis 

The t test for paired samples was applied to compare 

the mRNA expression levels in NSCLC tissue and normal 
lung tissue. The correlation between expression of OPN 
mRNA and other clinical variables (including histologic 
subtype, tumor staging, age, sex, and smoking status) was 
assessed using the 2 test and one-way ANOVA. The 
associations between plasma OPN expression and the risk of 
the postoperative metastasis of NSCLC were estimated by 
the 2 test and one-way ANOVA. The protein levels of OPN 
in the plasma and the risk of the postoperative metastasis of 
NSCLC were evaluated by using the t test. All statistical 
tests were two sided. Differences with P values <0.05 were 
considered statistically significant. Calculations were done 
with the Statistical Package for the Social Science version 
11.5 (SPSS, Inc., Chicago, IL).  

 
RESULTS 

 
Patients Characteristics 

The mean age of the 28 male and 18 female patients was 
55.210.3 years (range, 33-77 years). The most common 
histologic type of tumor was adenocarcinoma (58.7%; 27 
cases) and followed by squamous cell carcinoma (41.3%; 19 
cases). With respect to tumor size, 14 (30.4%) cancers were 
classified as T1, 17(36.9%) were classified as T2, 9 (19.6%) 
were classified as T3, and 6 (13.0%) were classified as T4. 
Eleven (23.9%) patients showed no metastasis to the regional 
lymph node (N0). However, metastatic involvement of hilar 
lymph nodes (N1) was present in 14 (30.4%) patients; 
metastases to the mediastinal lymph nodes (N2) were 
observed in 16 (34.8%) cases; metastases to the contralateral 
mediastinal lymph nodes (N3) were observed in 5 (10.9%) 
cases. Regarding the tumor stage, there were 9 (19.6%) 
patients with stage I， 11 (23.9%) with stage II， 23 (50%) 
with stage III, and 3 (6.5%) with stage IV. Twelve (12/46, 
26.1%) patients presented relapse during follow-up: 2 of 
them developed local recurrence, whereas 10 developed 
distant metastases (bone metastasis in 4 patients and brain 
metastasis in 6). The tissues from fifteen patients with 
benign pulmonary diseases were studied as control group. 
The clinical information was obtained by chart review 
(Table 1). 

 

Table 1. Demographic Data 
 

Variable NSCLC Control 

Subjects No. 46 15 

Age (y) 55.2±10.3 21±6 

Male gender 28 10 

Smokers 25 6 

Histologic subtypes   

Adenocarcinoma 27  

squamous cell carcinoma 19  

Postoperative staging   

Stage I 9  

Stage II 11  

Stage III 23  

Stage IV 3  
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Table 2. Comparison of osteopontin mRNA expression with different clinicopathologic characteristics from patients with NSCLC 

 

 Case numbers Expression number x±s P value 

Gander     

Males 28 17 0.366±0.389  

Females 18 10 0.274±0.339 0.493 

Age     

<63 years 26 14 0.267±0.339  

>64 years 20 13 0.412±0.398 0.408 

Smoking status     

Yes 25 13 0.349±0.409  

No 21 14 0.308±0.323 0.299 

Histologic subtypes     

Adenocarcinoma 27 15 0.348±0.403  

SCC 19 12 0.304±0.322 0.423 

Stage     

I 9  0   

II 11  5 0.061±0.116  

III 23 19 0.491±0.361  

IV 3  3 0.890±0.124 0.009 

 

Table 3. Osteopontin concentration with age, gender, smoking status, clinical stage, histologic subtypes, from patients with NSCLC 

 

 Case numbers Expression number x±s P value 

Age     

<63 years 26 17 105.31±117.56  

>63 years 20 14 97.77±83.39 0.440 

Gander     

Males 28 19 112.77±83.39  

Females 18 12 85.97±90.15 0.470 

Smoking status     

Yes 25 18 102.61±92.76  

No 21 13 101.35±116.56 0.460 

Histologic subtypes     

Adenocarcinoma 27 20 100.37±88.25  

SCC 19 11 104.40±123.74 0.480 

Stage     

I 9  0   

II 11  7 39.95±73.41  

III 23 21 140.38±93.70  

IV 3  3 221.96±119.72 0.003 

 
mRNA Expression of Osteopontin in the Lung Cancer Tissues and 
Control Tissues 

Osteopontin mRNA expression was detectable in 27 of 
46 (58.7%) tumor specimens and 7 of 15 (46.7%) control 
specimens. The overall median mRNA expression level of 
osteopontin represented significant higher in NSCLC tissues 
(0.498; range, 0.116-1.165) than that in control tissue (0.007; 
range: 0.003-0.013; P<0.05). It was approximately 70-fold 
higher in tumor tissues than in control tissues. 
Overexpression of osteopontin mRNA was significantly 
associated with clinical stage (P=0.009): patients with stage 
III or IV showed a significant higher osteopontin expression. 
On the other hand, there were no significant associations 
between osteopontin mRNA expressions and any of the 

following variables: gender (P=0.49), age (P=0.41), smoking 
status (P=0.299), and histologic subtypes (P=0.42). The 
mRNA expression of osteopontin in the various factors is 
summarized in Table 2.  
 
Osteopontin Concentration Are Elevated in the Circulating 
Plasma of Patients with Advanced Disease Stage  

The plasma osteopontin levels in stage I to II, stage III 
and stage IV patients were 39.95 ng/ml, 140.38 ng/ml, and 
221.96 ng/ml, respectively. The difference was significant 
(P<0.03). To examine whether basic demographic 
characteristics of this study population influence plasma 
concentration of osteopontin, we performed univariate 
analysis on the effect of age, gender, smoking status, 
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histologic subtypes and osteopontin concentration. There 
were no significant associations between osteopontin 
expressions and any of the following variables: gender 
(P=0.47), age (P=0.44), histologic subtypes (P=0.48), and 
smoking status (P=0.46). Detailed data of the results are 
summarized in Table 3. These circulating plasma 
osteopontin concentrations were parallel with the mRNA 
expression of osteopontin in NSCLC.  
 
Elevated Circulating Levels of Osteopontin Are Associated with 
Metastasis in Advanced Non-Small Cell Lung Cancer 

Our finding, showing that the circulating level of 
osteopontin was elevated in the patients with post-operative 
metastasis, brought an interrogation whether osteopontin is 
a specific marker for metastasis in NSCLC. To verify the use 
of osteopontin as a marker for predicting post-operative 
metastasis in NSCLC, we compared the level of osteopontin 
between the groups of patients with and without 
post-operative metastasis.  

Interestingly, we observed that a high circulating levels 
of osteopontin were one significantly unfavorable 
prognostic factor. In the patients with post-operative 
metastasis, the circulating levels of osteopontin were 
significantly higher than in those without metastasis (153.46 
ng/ml versus 89.17 ng/ml, P=0.008). These mRNA 
expression of osteopontin in metastasis group (0.790 ng/ml 
versus 0.168 ng/ml, P=0.006) were parallel with the 
circulating plasma osteopontin concentrations (Figure 1 and 
Table 4). 

 

Table 4. The mRNA expression of osteopontin and the circulating plasma 

osteopontin concentration in metastasis and non-metastasis patients 
 

 Metastasis 

(n=12) 

Non-metastasis 

(n=34) 

P 

value 

mRNA expression of  

osteopontin 

0.790±0.242 0.168±0.249 0.006 

Plasma levels of osteopontin 
concentration 

153.460±63.48 89.170±23.980 0.008 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Comparison of mRNA expression of osteopontin and 

the circulating plasma osteopontin concentrations in metastasis 

group and non-metastasis group. 

 

DISCUSSION 
 
Osteopontin, an extracellular protein produced by 

osteoblasts, functions in various physiological and 
pathological processes including bone remodeling, 
cell-mediated immunity, maintenance of recon- figuration of 
tissue integrity during inflammatory processes, coronary 
restenosis, and tumor cell metastasis[8-13]. Osteopontin has 
long been implicated in the process of carcinogenesis, 
progression, and metastatic dissemination of several human 
tumors including lung cancer[14-22]. This study evaluated the 
association of circulating osteopontin levels with tumor 
progression using clinical samples from the patients who 
underwent surgical resection and mediastinal 
lymphadenectomy for their NSCLC and have taken no any 
anti-cancer therapy till time of sampling. mRNA expression 
of osteopontin was detected using resected lung cancer 
specimens. We analyzed the clinicopathologic variables and 
pathologic factors that may influence circulating osteopontin 
level. Moreover, we tried to give particular attention to the 
relationship between circulating levels and mRNA 
expression of osteopontin and tumor metastatic status, 
because a new prognostic factor might enable classification 
of such patients into different subsets corresponding to 
different risk of metastasis following surgery. 

The present study analyzed 46 tumor samples of 
NSCLC and 15 control tissues. The results indicate that the 
mRNA expression of osteopontin were significantly higher 
in the tumor tissues than those found in the control tissues 
(patients with pulmonary benign diseases) (64.5% versus 
27.9%, P<0.001). The finding suggests that the 
overexpression of osteopontin may play an important role in 
NSCLC.  

As concerns the association between osteopontin 
expression and clinicopathologic variables, such as age, 
gender, histologic type, and staging, we observed 
statistically significant correlations between osteopontin 
expression and tumor staging. The fact that patients with 
advanced tumors (stage III to IV) showed a significantly 
higher mRNA expression of osteopontin than those with 
lower stage diseases (stage I to II)[17]. However, we did not 
describe significant differences between clinicopathologic 
variables, such as age, gender, and histologic type and 
osteopontin expression. 

In the current study, the circulating levels of 
osteopontin were significantly higher in the patients with 
advanced diseases (stage III-IV) than those with low stage 
diseases (stage I-II). This could be in accordance with 
findings of Hu et al.[17].  In their study the circulating 
osteopontin level is higher in stage III+IV than stage I+II. 
Latest research confirms that low osteopontin serum levels 
were significantly associated with a favorable prognosis in 
advanced NSCLC both in the Japanese patients (JMTO LC 
0004) and the US population (SWOG study S0003[23, 24]. Our 
results suggested that osteopontin is critically involved in 
the aggressive progression of NSCLC.  

Further analysis of the follow-up data, with and 
without postoperative metastasis, showed a very significant 
difference between circulating levels of osteopontin detected 
from the two groups (P<0.001). Moreover, it was found that 
overexpression of osteopontin was remarkably associated 
with increased risk of metastasis. These data provide 
evidence that osteopontin accelerates metastasis in NSCLC. 
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The fact that the expression status of osteopontin implied 
that activation of osteopontin may be an early event in 
NSCLC metastasis. Previous studies have demonstrated that 
osteopontin plays important roles in tumor progression and 
metastasis. The results from an in vitro invasion study 
strongly support the hypothesis that osteopontin can 
activate the invasive potential of NSCLC cells[15]. Chang et al 
also reported that presence of metastasis influence the 
circulating levels of osteopontin[25].   

In conclusion, the current findings suggest that a high 
osteopontin expression resulted as an unfavorable 
prognostic factor for metastasis of NSCLC. Osteopontin 
might serve as a predictor for dismal prognosis. Increased 
osteopontin levels in circulating plasma may be useful as a 
helpful clinical biomarker for diagnosing or monitoring the 
metastasis.  

 
REFERENCES 

 
1. Donati V, Boldrini L, Dell'Omodarme M, et al. Osteopontin expression 

and prognostic significance in non–small cell lung cancer. Clin Cancer 

Res 2005; 11:6459-65.  
2. Chan DC, Earle KA, Zhao TL, et al. Exisulind in combination with 

docetaxel inhibits growth and metastasis of human lung cancer and 

prolongs survival in athymic nude rats with orthotopic lung tumors. 
Clin Cancer Res 2002; 8:904-12. 

3. Bogenrieder T, Herlyn M. Axis of evil: molecular mechanisms of cancer 

metastasis. Oncogene 2003; 22:6524-36.  
4. Tuck AB, Arsenault DM, O'Malley FP, et al. Osteopontin induces 

increased invasiveness and plasminogen activator expression of 

human mammary epithelial cells. Oncogene 1999; 18:4237-46. 
5. Le QT, Chen E, Salim A, et al. An evaluation of tumor oxygenation and 

gene expression in patients with early stage non-small cell lung 

cancers. Clin Cancer Res 2006; 12:1507-14. 
6. Hirama M, Takahashi F, Takahashi K, et al. Osteopontin overproduced 

by tumor cells acts as a potent angiogenic factor contributing to tumor 

growth. Cancer Lett 2003, 198:107-17. 
7. Mountain CF. Revision in the international system for staging lung 

cancer. Chest 1997; 111:1710-7.  

8. Sodek J, Ganss B, McKee MD. Osteopontin. Crit Rev Oral Biol Med 
2000; 11:279-303.  

9. Reinholt FP, Hultenby K, Oldberg A, et al. Osteopontin -- a possible 

anchor of osteoclasts to bone. Proc Natl Acad Sci USA 1990; 87: 

4473-5.  
10. Giachelli CM, Steitz S. Osteopontin: a versatile regulator of 

inflammation and biomineralization. Matrix Biol 2000;19:615-22.  

11. Shijubo N, Uede T, Kon S, et al. Vascular endothelial growth factor and 

osteopontin in tumor biology. Crit Rev Oncog 2000; 11:135-46.  

12. Denhardt DT, Noda M, O'Regan AW, et al. Osteopontin as a means to 

cope with environmental insults: regulation of inflammation, tissue 
remodelling, and cell survival. J Clin Invest 2001; 107:1055-61.  

13. Geissinger E, Weisser C, Fischer P, et al. Autocrine stimulation by 

osteopontin contributes to antiapoptotic signalling of melanocytes in 
dermal collagen. Cancer Res 2002; 62:4820-8. 

14. Xie Y, Sakatsume M, Nishi S, et al. Expression, roles, receptors, and 

regulation of osteopontin in the kidney. Kidney Int 2001; 60:1645-57. 
15. Thalmann GN, Sikes RA, Devoll RE, et al. Osteopontin: possible role in 

prostate cancer progression. Clin Cancer Res 1999; 5:2271-7. 

16. Agrawal D, Chen T, Irby R, et al. Osteopontin identified as lead marker 
of colon cancer progression, using pooled sample expression profiling. 

J Natl Cancer Inst 2002; 94:513-21. 

17. Hu Z, Lin D, Yuan J, et al. Overexpression of osteopontin is associated 
with more aggressive phenotypes in human non-small cell lung cancer. 

Clin Cancer Res 2005; 11:4646-52. 

18. Coppola D, Szabo M, Boulware D, et al. Correlation of Osteopontin 
protein expression and pathological stage across a wide variety of 

tumor histologies. Clin Cancer Res 2004, 10:184-90. 

19. Tuck AB, Hota C, Chambers AF. Osteopontin (OPN)-induced increase in 
human mammary epithelial cell invasiveness is urokinase (uPA)- 

dependent. Breast Cancer Res Treat 2001; 70:197-204. 

20. Schorge JO, Drake RD, Lee H, et al. Osteopontin as an adjunct to CA125 
in detecting recurrent ovarian cancer. Clin Cancer Res 2004; 10:3474-8. 

21. Wong TS, Kwong DL, Sham J, et al. Elevation of plasma osteopontin 

level in patients with undifferentiated nasopharyngeal carcinoma. Eur 

J Surg Oncol 2005; 31:555- 8. 

22. Rudland PS, Platt-Higgins A, EI-Tanani M, et al. Prognostic significance 

of the metastasis-associated protein osteopontin in human breast 
cancer. Cancer Res 2002; 62:3417-27. 

23. Isa S, Kawaguchi T, Teramukai S, et al. Serum osteopontin levels are 

highly prognostic for survival in advanced non-small cell lung cancer: 
results from JMTO LC 0004. J Thorac Oncol 2009; 4:1104-10. 

24. Mack PC, Redman MW, Chansky K, et al. Lower osteopontin plasma 

levels are associated with superior outcomes in advanced non-small 
cell lung cancer patients receiving platinum-based chemotherapy: 

SWOG Study S0003. J Clin Oncol 2008; 26:4771-6. 

25. Chang YS, Kim HJ, Chang J, et al. Elevated circulating level of 
osteopontin is associated with advanced disease state of non-small cell 

lung cancer. Lung Cancer 2007; 57:373-80. 

 

 

 


