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Abstract

In this study, we examined the expression of osteopontin (OPN), avb3 and Pim-1 in non-small cell lung cancer (NSCLC) and
investigated the potential clinical implications of their expression patterns in NSCLC. Immunohistochemical assays were
used to examine the protein expression of OPN, avb3 and Pim-1 in 208 NSCLC samples and their adjacent normal lung
tissue specimens. Statistical analyses were performed to evaluate the relationships between OPN, avb3 and Pim-1
expression patterns, and their association with the clinical-pathological parameters of NSCLC patients. In NSCLC tissues, the
positive rates of OPN, avb3 and Pim-1 expression were 67.8% (141/208), 76.0% (158/208) and 58.7% (122/208), respectively.
However, in the adjacent normal lung tissues, the positive rates of OPN, avb3 and Pim-1 were 20.2% (42/208), 24.0% (50/
208) and 14.9% (31/208), respectively. The differences in the positive expression rates of OPN, avb3 and Pim-1 between
NSCLCs and the adjacent normal lung tissues were all significant (P,0.01). Additionally, the positive expression of OPN,
avb3 and Pim-1 in NSCLCs was associated with an increase in pathological grade, lymph node metastasis and advanced
clinical stage (all P,0.01). Furthermore, associations between the expression of OPN and avb3, OPN and Pim-1, and avb3
and Pim-1 were also observed in our NSCLC cohort (all P,0.01). The OPN, avb3 and Pim-1 proteins are frequently
overexpressed in NSCLC and are associated with some clinicopathologic variables that are of known prognostic importance
in NSCLC, suggesting that they may play an important role in the development and/or progression of NSCLC.
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Introduction

Primary bronchogenic carcinomas of the lung have the highest

mortality rate of any malignant tumor in the world, and non-small

cell lung cancer (NSCLC) accounts for 85% of primary lung

cancers. Most NSCLC patients are clinically diagnosed at more

advanced stages and have a very low 5-year survival rate [1].

Thus, early diagnosis and early treatment are particularly

important for improving the survival rate. It is commonly accepted

that various pathogenic factors are involved in the evolution of

NSCLC.

Osteopontin (OPN) is a multifunctional secreted phosphorylat-

ed glycoprotein that promotes cellular chemotaxis, adhesion and

migration. These processes mediate the invasion and metastasis of

tumor cells and are associated with the occurrence, development,

metastasis and prognosis of a variety of cancer types [2,3,4].

Recent studies have indicated that OPN is involved in NSCLC

progression and metastasis through its interaction with the avb3

(alphavbeta3) integrin receptor, and OPN overexpression in

NSCLC is associated with the pathological stage of the tumor,

which is one of the predictor of poor prognosis [5]. The heparin-

binding avb3 integrin mediates cell-cell and cell-matrix adhesion,

regulates intracellular signaling pathways and induces the activa-

tion of protein-dissolving enzymes, thereby contributing to

extracellular matrix and basement cell membrane degradation

and promoting the invasion and migration of tumor cells [6].

Previous studies found that avb3 is detected in a variety of tumor

types and is closely associated with both tumor development and

the degree of tumor malignancy [7]. Other factors that are closely

related with genes of cell cycle regulation and proliferation, such as

Pim-1 (pim-1 oncogene), are also involved in tumorigenesis [8].

Reportedly, OPN acts through avb3 integrin, which in turn

activates the FAK, PI3K, Akt, ERK, NF-kB and Pim-1 pathways,

thus contributing to the migration of lung cancer cells [8].

Concurrently, these results suggest that OPN mediates migration

in human lung cancer cells via the avb3 integrin, FAK, PI3K, Akt,

ERK, NF-kB and Pim-1 signaling pathways. Therefore, we chose

to further investigate OPN, avb3 integrin and Pim-1, three

components of these signaling pathways, in this study. To date,

however, the expression dynamics of OPN, avb3 and Pim-1 in

NSCLCs and their potential biological roles in the tumorigenesis

of NSCLC have not been fully elucidated.

In this study, immunohistochemical assays were used to

determine the expression rates of OPN, avb3 and Pim-1 in 208
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NSCLC samples and their adjacent normal lung tissue specimens.

Additionally, the potential associations between the expression

patterns of the three markers and their associations with the

clinico-pathological features of NSCLC patients were evaluated.

Materials and Methods

Ethics Statement
This study was approved by the Clinical Research Ethics

Committee of the Third Affiliated Hospital, Sun Yat-sen

University. Written informed consent was received from each

patient, and the ethical guidelines as detailed in the Declaration of

Helsinki were followed.

Subjects
In this study, specimens were obtained from the archived

paraffin-embedded tissue sections of 208 consecutive NSCLC

cases diagnosed at the Third Affiliated Hospital, Sun Yat-sen

University, Guangzhou, China, from January 1, 2008 to

December 31, 2010. Adjacent normal lung tissues from each case

were used as controls. In this NSCLC cohort, 147 patients were

male and 61 patients were female, with a median age of 60 years

(range 30–82 years). According to the World Health Organization

criteria of lung cancer published in 2004 [9], the histology of our

NSCLC cohort was classified as follows: adenocarcinoma: 110

cases, squamous cell carcinoma: 61 cases, and other types: 37

cases; well differentiated carcinoma: 65 cases, moderately differ-

entiated carcinoma: 70 cases, and poorly differentiated carcinoma:

73 cases. According to the TNM system from the International

Association for the Study of Lung Cancer [10], 87 cases were

classified as stage I, 59 cases were stage II, 42 cases were stage III

and 20 cases were stage IV.

Immunohistochemistry
Immunohistochemical techniques that use streptavidin-peroxi-

dase (S-P) were employed for OPN, avb3 and Pim-1 detection.

Ready-to-use mouse anti-human monoclonal antibodies against

OPN, avb3 and Pim-1, and S-P kits were purchased from Maxim

biological and technical company, Fuzhou, China. All sections

were routinely deparaffinized and rehydrated, rinsed in phos-

phate-buffered saline (PBS, pH 7.4) and treated for antigen

retrieval. Sections were treated in EDTA buffer (pH 8.0) in an

autoclave sterilizer. After cooling at room temperature for 20 min,

the sections were rinsed in PBS then immersed in 3% H2O2 for

15 min to block endogenous enzyme activity. After rinsing with

PBS, the sections were incubated with normal goat serum at 37uC
for 15 min to block nonspecific antibody binding. Following

incubation with the primary antibodies (OPN, avb3 and Pim-1

monoclonal antibodies), the sections were rinsed in PBS, incubated

with biotinylated secondary antibodies and rinsed with PBS again.

After the sections were incubated with streptavidin-HRP and

rinsed with PBS, the sections were visualized using 3,39-

diaminobenzidine and counterstained with hematoxylin. Finally,

the sections were dehydrated, transparented, covered with

coverslips and sealed with neutral gum. PBS without primary

antibody was used as the negative control.

The results of the immunohistochemical assays were assessed by

three of the authors (Jin Y, Chen JN and Shao CK). Positive OPN

and Pim-1 expression was observed in the cytoplasm as a brown-

yellow color, while avb3 was located in both the cytoplasm and the

cell membrane as a brown-yellow color. Only cells with a clear

cytoplasmic and/or membranous staining were regarded as

positive. For each case, a total of 10 randomly selected high

power fields (4006) were evaluated and the percentage of cells that

showed positive staining was quantified. To minimize interindi-

vidual interpretation differences, the mean score of the three

observers was used for analysis. A tumor or normal tissue in which

greater than 10% of cells were positively stained was classified as

positive [11,12,13]. A tumor or normal tissue with less than 10%

positively stained cells was classified as negative.

Statistical analysis
The expressions of the three markers (OPN, avb3 and Pim-1)

were presented in the present study as dichotomy (positive/

negative), and were analyzed as dichotomous variables. Chi-

squared tests were used to compare the expression rates of OPN,

avb3 and Pim-1 in NSCLCs and their adjacent normal lung

tissues, as well as the associations between the expression of OPN,

avb3 and Pim-1 and the clinico-pathological parameters of

NSCLC patients. The associations between two variables were

also evaluated by the chi-squared tests. Differences were consid-

ered to be statistically significant at a p-value of less than 0.05. All

of the p-values presented in this study are two-sided. The data were

analyzed with computer-aided SPSS13.0 statistical software.

Results

Expression of OPN and its association with the clinico-
pathological parameters of NSCLC patients

The expression of OPN in NSCLC tissues was predominantly

cytoplasmic (Figure 1A-C). In our study, 141 of 208 (67.8%)

NSCLC cases showed positive expression of OPN, while the

positive rate of OPN expression in adjacent normal lung tissues

was 20.2% (42/208). The difference between the expression of

OPN in NSCLC tissues and the adjacent normal lung tissues was

significant (P,0.01, Table 1). Further analyses demonstrated that

the expression of OPN was significantly associated with the tumor

differentiation degree, lymph node metastasis and clinical staging

in NSCLC patients (P,0.01). The association between the

expression of OPN and distant metastasis in NSCLC patients

was of borderline statistically significance (P = 0.05). However,

OPN expression was not correlated with other studied clinico-

pathological parameters (P.0.05, Table 2).

Expression of avb3 and its association with the clinico-
pathological parameters of NSCLC patients

In NSCLCs, we observed that the avb3 protein was expressed

mostly in the cell membrane or cytoplasm (Figure 1D-F). The

positive rate of avb3 expression in NSCLCs was 76.0% (158/208),

which was significantly higher than in adjacent normal lung tissues

(24.0%, 50/208) (P,0.01, Table 1). In addition, the expression of

avb3 was also positively associated with histopathological differ-

entiation, lymph node metastatic status and clinical stage (P,0.01,

Table 2).

Expression of Pim-1 and its association with the clinico-
pathological parameters of NSCLC patients

Pim-1 expression was observed primarily in cytoplasm

(Figure 1G-I). In our NSCLC cohort, 122 of the 208 (58.7%)

cases showed positive expression of Pim-1, while the positive rate

of Pim-1 expression in normal lung tissues was 14.9% (31/208).

The difference between Pim-1 expression in NSCLC tissues and

normal lung tissues was significant (P,0.01, Table 1). Addition-

ally, the expression of Pim-1 was significantly correlated to the

differentiation degree, lymph node metastasis, distant metastasis

and clinical staging in NSCLC tissues (P,0.01), but no

Overexpression of OPN, avb3 and Pim-1 in NSCLC
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correlations were observed between the expression of Pim-1 and

other studied clinico-pathological parameters (P.0.05, Table 2).

Associations between the protein expression patterns of
OPN, avb3 and Pim-1 in NSCLCs

In our study, the potential associations between the protein

expression patterns of OPN, avb3 and Pim-1 in NSCLCs were

further evaluated. 89.4% (126/141) of tumors positive on OPN

were also avb3-positive, and 52.2% (35/67) OPN negative tumors

were avb3 negative. The association between the expression of

OPN and avb3 was statistically significant (P,0.01, Table 3).

Besides, 72.3% (102/141) of tumors positive on OPN were positive

for Pim-1, and 70.1% (47/67) of tumors negative on OPN were

also Pim-1 negative. The association between the expression of

OPN and Pim-1 was also statistically significant (P,0.01, Table 4).

Furthermore, 66.5% (105/158) of tumors positive for avb3 were

positive for Pim-1, and 66% (33/50) of tumors negative for avb3

were also Pim-1 negative. An association between the expression

of avb3 and Pim-1 was also observed (P,0.01, Table 5).

Discussion

It is well-established that the malignant transformation of cells

requires changes of gene phenotype and angiogenesis. OPN is

considered to be the most important factor for malignant

transformation. OPN, also well known as a transformation-related

protein phosphatase, is an extracellular matrix secreted phosphor-

ylated glycoprotein that was originally found by Senger and

colleagues [14] in epithelial cells that had undergone malignant

transformation. In recent years, additional studies have confirmed

that overexpression of OPN can promote tumor growth, invasion

and/or metastasis [3].

Previously, it was reported that the expression of OPN was

observed in 68.8% in NSCLC cases [15]. Other groups reported

that OPN expression was associated with tumor growth, tumor

staging and lymph node invasion of patients with NSCLC [16]. In

our present study, the expression rate of OPN protein in NSCLCs

was determined to be 67.8%, while only 20.2% of normal lung

tissues expressed OPN protein, suggesting that OPN expression

may provide a selective advantage for the development of

NSCLC. Further statistical analyses showed that OPN expression

correlated closely with the differentiation degree of NSCLC,

lymph node metastasis and clinical staging but that it was

independent of other clinico-pathological parameters of NSCLCs.

Additionally, OPN expression was more frequently observed in

poorly differentiated cancers, tumors with lymph node metastasis

and/or tumors of advanced clinical stage (III/IV). A current study

suggests that OPN can produce a marked effect by binding to

receptors on endothelial cell cell membranes. Following OPN

binding to receptors such as the avb3 integrins, it can directly

stimulate the differentiation and proliferation of lung cancer cells,

and may regulate the genesis and migration of lung cancer cells,

increase vascular permeability, alter the extracellular matrix,

induce angiogenesis, activate intracellular signaling pathways and

Figure 1. Expression of OPN, avb3 and Pim-1 in NSCLCs and adjacent normal lung tissues. OPN is expressed in the cytoplasm and appears
as either yellow or brown-yellow. Positive expression of OPN was detected in a squamous carcinoma (A) and an adenocarcinoma (B) of the lung but
not in the adjacent normal lung tissue (C). avb3 is expressed in cell membrane and cytoplasm and appears as either yellow or brown-yellow. avb3 is
positive in a different squamous carcinoma (D) and an adenocarcinoma (E) of the lung but not in the adjacent normal lung tissue (F). The expression
of Pim-1 is predominantly cytoplasmic. Pim-1 is positive in a squamous carcinoma (G) and an adenocarcinoma (H) of the lung but not in the adjacent
normal lung tissue (I) (SP 20610).
doi:10.1371/journal.pone.0048575.g001

Table 1. The expressions of OPN, avb3 and Pim-1 in NSCLCs
and adjacent normal lung tissues.

ProteinsN NSCLC
Adjacent normal lung
tissue x2* P*

n (%) n (%)

OPN 208 141 (67.8) 42 (20.2) 95.62 ,0.01

avb3 208 158 (76.0) 50 (24.0) 112.15 ,0.01

Pim-1 208 122 (58.7) 31 (14.9) 85.61 ,0.01

*The comparison is between the malignant and normal tissue for each marker.
doi:10.1371/journal.pone.0048575.t001

Overexpression of OPN, avb3 and Pim-1 in NSCLC
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promote the growth of NSCLC [17]. These data suggest that the

increased expression of OPN may facilitate the development and/

or progression of NSCLC, and it is possible that OPN could be

used as either a therapeutic target or a biomarker for NSCLC in

the future.

High OPN expression in NSCLC may result from its regulation

by transcription factors such as avb3 and Pim-1. Previous studies

have demonstrated that avb3 regulates the expression of Pim-1

and VEGF, and mediates tumor angiogenesis through the PI3/

AKT signaling pathways. Consequently, they also promote the

expression of OPN [18,19]. Recently, it has been reported that the

overexpression of avb3 integrin is associated with an aggressive

phenotype in several solid tumor types [20,21]. In this study, we

found that the expression rate of avb3 was 76.0% in NSCLC

tissues, which was significantly higher than in normal lung tissues

(24.0%), suggesting that avb3 may be involved in the development

of NSCLC. In addition, statistical analyses showed that the protein

expression of avb3 was positively associated with the differenti-

ation degree of NSCLC, lymph node metastasis and clinical

staging. These results further suggest that the expression of avb3

may be involved in the development of NSCLC, as well as the

degree of malignancy, invasion and metastasis of NSCLC. A

possible molecular mechanism that may explain how avb3

promotes the development of NSCLC is the role that avb3

integrin plays in promoting angiogenesis and the cell-matrix

adhesion [22]. Thus, it is possible that avb3 is used as an

important indicator to evaluate the degree of malignant invasion

in NSCLC. It is also possible that avb3 is used as a surrogate

marker in the diagnosis of NSCLC and a predictor of the

therapeutic response following treatment with the anti-avb3

antibody in NSCLC patients. However, further research is

required to determine their accuracy.

Pim-1, a potential oncogene, is located on chromosome 6p21.2

and encodes a serine/threonine kinase [23]. Recent studies have

confirmed that it is highly expressed in a subset of malignant

tumors [24,25]. Pim-1 regulates the proliferation, differentiation

and apoptosis of lung cancer cells [26]. In our present study, Pim-1

expression was detected in the majority of NSCLCs, while Pim-1

expression was observed in a significantly lower percentage of

normal lung tissues. This result is consistent with the findings

reported by Zhang et al. [27] and He et al. [28]. It has been

documented that Pim-1 can promote G2/M, and activate cell

growth, differentiation and proliferation [8]. We also found that

Pim-1 protein expression correlates with poorly differentiated

NSCLC tissues, advanced clinical stage (III/IV) and lymph node

and distant metastasis at significantly higher rates than early

clinical stage (I/II) NSCLC cases and no lymph node and/or

distant metastasis. Based on these collective results, we propose

Table 2. Relationship between expressions of OPN, avb3 and
Pim-1 and clinico-pathological parameters of NSCLC.

Parameter n OPN (%) P avb3 (%) P Pim-1 (%)P

Sex

Male 147 102 (69.4) 0.44 113 (76.9) 0.63 85 (57.8) 0.71

Female 61 39 (63.9) 45 (73.8) 37 (60.7)

Age (years)

,60 93 62 (66.7) 0.76 71 (76.3) 0.91 55 (59.1) 0.90

$60 115 79 (68.7) 87 (75.7) 67 (58.3)

Tumor size

,3 79 53 (67.1) 0.87 59 (74.7) 0.74 44 (55.7) 0.50

$3 129 88 (68.2) 99 (76.7) 78 (60.5)

Lymphnode
metastasis*

N0 140 82 (58.6) ,0.01 95 (67.9) ,0.01 71 (50.7) 0.01

N1 32 27 (84.4) 28 (87.5) 23 (71.9)

N2 21 18 (85.7) 20 (95.2) 16 (76.2)

N3 15 14 (93.3) 15 (100) 12 (80)

Distant metastasis*

M0 188 124 (66.0) 0.05 140 (74.5) 0.17 106 (56.4) 0.04

M1 20 17 (85) 18 (90) 16 (80)

Differentiation

Well 65 37 (56.9) ,0.01 43 (66.2) ,0.01 27 (41.5) ,0.01

Moderate 70 41 (58.6) 48 (68.6) 31 (44.3)

Low 73 63 (86.3) 67 (91.8) 64 (87.7)

Pathology typing

Squamous
carcinoma

61 39 (63.9) 0.74 47 (77.0) 0.89 35 (57.4) 0.97

Adenocarcinoma 110 76 (69.1) 84 (76.4) 65 (59.1)

Other types 37 26 (70.3) 27 (73.0) 22 (59.5)

Tumor location

Peripheral 82 54 (65.9) 0.63 61 (74.4) 0.67 46 (56.1) 0.55

Central 126 87 (69.0) 97 (77.0) 76 (60.3)

TNM stage*

I 87 51 (58.6) ,0.01 60 (69.0) ,0.01 43 (49.4) ,0.01

II 59 35 (59.3) 41 (69.5) 30 (50.9)

III 42 38 (90.5) 39 (92.9) 33 (78.6)

IV 20 17 (85) 18 (90) 16 (80)

*According to the TNM system from the International Association for the Study
of Lung Cancer [10]
doi:10.1371/journal.pone.0048575.t002

Table 3. Relativity of protein expressions of OPN and avb3 in
NSCLC.

OPN avb3 total

positive (%) negative (%)

positive 126 (89.4) 15 (10.6) 141

negative 32 (47.8) 35 (52.2) 67

total 158 50 208

The association between the expression of OPN and avb3 in NSCLC was
statistically significant (x2 = 42.84, P,0.01).
doi:10.1371/journal.pone.0048575.t003

Table 4. Relativity of protein expressions of OPN and Pim-1 in
NSCLC.

OPN Pim-1 total

positive (%) negative (%)

positive 102 (72.3) 39 (27.7) 141

negative 20 (29.9) 47 (70.1) 67

total 122 86 208

The association between the expression of OPN and Pim-1 in NSCLC was
statistically significant (x2 = 33.65, P,0.01).
doi:10.1371/journal.pone.0048575.t004

Overexpression of OPN, avb3 and Pim-1 in NSCLC
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that Pim-1 may also be involved in the tumorigenesis and/or

progression of NSCLC.

In this study, statistical analysis showed that there was a strong

positive-positive association between the expression of OPN and

avb3. It was suggested that OPN acts through avb3 integrin,

which in turn activates the FAK signaling pathways and further

contributes to the overexpression of avb3 [29]. Other groups also

found that OPN is involved in both the tumor growth and

angiogenesis of lung cancer by up-regulating vascular endothelial

cell migration and proliferation through its interaction with avb3

integrin [30]. Upregulation of OPN specifically activates the

activity of the avb3 integrin receptor, which may accelerate tumor

angiogenesis and induce the activation of a variety of kinases such

as Pim-1, PI3K and AKT [18,19]. Therefore, higher OPN

expression levels can elevate the expression of avb3 and Pim-1 by

activating additional signaling pathways. In our present study, the

expression of OPN, avb3 and Pim-1 in NSCLC were associated

with each other. Therefore, our results, together with findings by

other groups, suggest that OPN plays a crucial role for tumor

growth and/or progression of human lung cancer by interacting

with avb3 integrin and activating Pim-1 through additional

signaling pathways [18,19,23,29], thus resulting in the overex-

pression of OPN, avb3 and Pim-1.

In conclusion, the present study is the first research evaluating

the relationship among osteopontin, avb3 and Pim-1, and their

association with the clinical-pathological parameters of NSCLC.

Although all analyses were univariate, the present study showed

that the OPN, avb3 and Pim-1 proteins are frequently overex-

pressed in NSCLC and are associated with some clinicopathologic

variables which are of known prognostic importance in NSCLC,

suggesting that they may play an important role in the

development and/or progression of NSCLC. Targeting the

interaction between OPN, avb3 and/or Pim-1 may be effective

in the future development of anti-angiogenic therapeutic agents for

NSCLC patients.

Author Contributions

Conceived and designed the experiments: JPL CKS YJ. Performed the

experiments: YJ DYT JNC. Analyzed the data: YJ ZYF. Contributed

reagents/materials/analysis tools: CKS JYY DYT JNC. Wrote the paper:

JPL CKS YJ.

References

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, et al. (2008) Cancer statistics, 2008.
CA Cancer J Clin 58: 71–96.

2. Macri A, Versaci A, Lupo G, Trimarchi G, Tomasello C, et al. (2009) Role of
osteopontin in breast cancer patients. Tumori 95: 48–52.

3. Bao LH, Sakaguchi H, Fujimoto J, Tamaya T. (2007) Osteopontin in metastatic
lesions as a prognostic marker in ovarian cancers. J Biomed Sci 14: 373–381.

4. Angelucci A, Festuccia C, Gravina GL, Muzi P, Bonghi L, et al. (2004)

Osteopontin enhances the cell proliferation induced by the epidermal growth
factor in human prostate cancer cells. Prostate 59:157–166.

5. Coppola D, Szabo M, Boulware D, Muraca P, Alsarraj M, et al. (2004)
Correlation of osteopontin protein expression and pathological stage across a

wide variety of tumor histologies. Clin Cancer Res10:184–190.

6. Hood JD, Cheresh DA. (2002) Role of integrins in cell invasion and migration.
Nat Rev Cancer 2: 91–100.

7. Verbisck NV, Costa ET, Costa FF, Cavalher FP, Costa MD, et al. (2009)
ADAM23 negatively modulates alpha(v)beta(3) integrin activation during

metastasis. Cancer Res 69: 5546–5552.
8. Bachmann M, Kosan C, Xing PX, Montenarh M, Hoffmann I, et al. (2006) The

oncogenic serine/threonine kinase Pim-1 directly phosphorylates and activates

the G2/M specific phosphatase Cdc25C. Int J Biochem Cell Biol 38: 430–443.
9. Trvris WD, Brambilla, Muller-Hermelink HK, Harris CC. (2004) World Health

Organization Classification of Tumours. Pathology and Genetics of Tumour of
the Lung, Plerua, Thymus and Heart. IARC Press:Lyon 2004.

10. Rami-Porta R, Crowley JJ, Goldstraw P. (2009) The revised TNM staging

system for lung cancer. Ann Thorac Cardiovasc Surg 15: 4–9.
11. Zhao XQ, Dong JH, Zhang WZ, Liu Z (2011) Prognosis of ampullary cancer

based on immunohistochemical type and expression of osteopontin. Diagn
Pathol 6: 98.

12. Chiang WF, Yen CY, Lin CN, Liaw GA, Chiu CT, et al. (2006) Up-regulation
of a serine-threonine kinase proto-oncogene Pim-1 in oral squamous cell

carcinoma. Int J Oral Maxillofac Surg 35: 740–745.

13. Li P, Liu F, Sun L, Zhao Z, Ding X, et al. (2011) Chemokine receptor 7
promotes cell migration and adhesion in metastatic squamous cell carcinoma of

the head and neck by activating integrin alphavbeta3. Int J Mol Med 27: 679–
687.

14. Senger DR, Wirth DF, Hynes RO. (1979) Transformed mammalian cells secrete

specific proteins and phosphoproteins. Cell 16: 885–893.
15. Zhang J, Takahashi K, Takahashi F, Shimizu K, Ohshita F, et al. (2001)

Differential osteopontin expression in lung cancer. Cancer Lett 171: 215–222.
16. Hu Z, Lin D, Yuan J, Xiao T, Zhang H, et al. (2005) Overexpression of

osteopontin is associated with more aggressive phenotypes in human non-small

cell lung cancer. Clin Cancer Res 11: 4646–4652.

17. Rodrigues LR, Teixeira JA, Schmitt FL, Paulsson M, Lindmark-Mansson H.
(2007) The role of osteopontin in tumor progression and metastasis in breast

cancer. Cancer Epidemiol Biomarkers Prev 16: 1087–1097.
18. Chetty C, Lakka SS, Bhoopathi P, Rao JS. (2010) MMP-2 alters VEGF

expression via alphaVbeta3 integrin-mediated PI3K/AKT signaling in A549
lung cancer cells. Int J Cancer 127: 1081–1095.

19. Krishnan N, Pan H, Buckley DJ, Buckley A. (2003) Prolactin-regulated pim-1

transcription: identification of critical promoter elements and Akt signaling.
Endocrine 20: 123–130.

20. Beer AJ, Niemeyer M, Carlsen J, Sarbia M, Nahrig J, et al. (2008) Patterns of
alphavbeta3 expression in primary and metastatic human breast cancer as

shown by 18F-Galacto-RGD PET. J Nucl Med 49: 255–259.

21. Lossner D, Abou-Ajram C, Benge A, Aumercier M, Schmitt M, et al. (2009)
Integrin alphavbeta3 upregulates integrin-linked kinase expression in human

ovarian cancer cells via enhancement of ILK gene transcription. J Cell Physiol
220: 367–375.

22. Hsu AR, Hou LC, Veeravagu A, Greve JM, Vogel H, et al. (2006) In vivo near-
infrared fluorescence imaging of integrin alphavbeta3 in an orthotopic

glioblastoma model. Mol Imaging Biol 8: 315–323.

23. Wang Z, Bhattacharya N, Weaver M, Petersen K, Meyer M, et al. (2001) Pim-1:
a serine/threonine kinase with a role in cell survival, proliferation, differentiation

and tumorigenesis. J Vet Sci 2: 167–179.
24. Guo S, Mao X, Chen J, Huang B, Jin C, et al. (2010) Overexpression of Pim-1 in

bladder cancer. J Exp Clin Cancer Res 29: 161.

25. Warnecke-Eberz U, Bollschweiler E, Drebber U, Metzger R, Baldus SE, et al.
(2009) Prognostic impact of protein overexpression of the proto-oncogene PIM-1

in gastric cancer. Anticancer Res 29: 4451–4455.
26. Kim DS, Sung JS, Shin ES, Ryu JS, Choi IK, et al. (2008) Association of single

nucleotide polymorphisms in PIM-1 gene with the risk of Korean lung cancer.
Cancer Res Treat 40: 190–196.

27. Zhang Y, Wang Z, Magnuson NS. (2007) Pim-1 kinase-dependent phosphor-

ylation of p21Cip1/WAF1 regulates its stability and cellular localization in
H1299 cells. Mol Cancer Res 5: 909–922.

28. He HC, Bi XC, Zheng ZW, Dai QS, Han ZD, et al. (2009) Real-time
quantitative RT-PCR assessment of PIM-1 and hK2 mRNA expression in

benign prostate hyperplasia and prostate cancer. Med Oncol 26: 303–308.

29. Fong YC, Liu SC, Huang CY, Li TM, Hsu SF, et al. (2009) Osteopontin
increases lung cancer cells migration via activation of the alphavbeta3 integrin/

FAK/Akt and NF-kappaB-dependent pathway. Lung Cancer 64: 263–270.
30. Cui R, Takahashi F, Ohashi R, Gu T, Yoshioka M, et al. (2007) Abrogation of

the interaction between osteopontin and alphavbeta3 integrin reduces tumor

growth of human lung cancer cells in mice. Lung Cancer 57: 302–310.

Table 5. Relativity of protein expressions of avb3 and Pim-1
in NSCLC.

avb3 Pim-1 total

positive (%) negative (%)

positive 105 (66.5) 53 (33.5) 158
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total 122 86 208

The association between the expression of avb3 and Pim-1 in NSCLC was
statistically significant (x2 = 16.42, P,0.01).
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