
© 2015 Journal of Research in Medical Sciences | Published by Wolters Kluwer - Medknow| December 2015 | 1138

Roles of osteopontin and matrix 
metalloproteinase-7 in occurrence, progression, 
and prognosis of nonsmall cell lung cancer

Ying Sun, Dan Li, Xiao-Hong Lv, Shu-Cheng Hua, Ji-Chang Han, Feng Xu, Xian-Dong Li
Department of Respiratory Medicine, The First Hospital of Jilin University, Changchun, China

fatigue, weight loss, anorexia, dyspnea, and emptysis.[4] 
Among NSCLC patients, complete surgical resection 
of primary tumors in the early stage is the unique 
possible clinical treatment.[5] Although the detection 
and surgical and medical treatments for NSCLC have 
improved, the clinical behavior of NSCLC remains 
bad, with an unsatisfactory overall 5-year survival rate 
of only 17%, and approximately 65-75% of NSCLC 
patients possess unresectable advanced or metastatic 
disease at diagnosis.[6] One new area of research in 
early-stage NSCLC is identifying molecular markers 
tumor node metastasis (TNM) staging to completely 
evaluate the prognosis of NSCLC patients and to define 
novel strategies.[7] Numerous novel prognostic factors, 

INTRODUCTION

Lung cancer, the most common type of cancer, is a 
leading cause of cancer-related deaths for both males 
and females worldwide.[1] A total of 226,200 new cases 
(116,500 in men and 109,700 in women) of lung cancers 
are diagnosed in 2012, and 160,300 deaths (87,700 in 
men and 72,600 in women) are estimated to occur from 
the disease.[2] Nonsmall cell lung cancer (NSCLC), any 
type of epithelial lung cancer other than small-cell lung 
carcinoma (SCLC), is reported to account for nearly 85% 
of all lung cancer cases.[3] Common symptoms of NSCLC 
involve hemoptysis, chest pain, low fever, cough, 
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such as osteopontin (OPN) and matrix metalloproteinase-7 
(MMP-7), have been identified in NSCLC patients that may 
provide potential therapeutic targets for NSCLC, which are 
certainly warranted.[8]

OPN, as a phosphorylated acidic glycoprotein, is 
defined to be both a multifunctional cytokine and an 
adhesion protein secreted by a variety of cells.[9] Through 
interactions with its receptors, integrins (α4, α5, α8, α9)β1, 
αv(β1, β3, β5), and CD44 variants, OPN is recognized to 
participate in a wide range of physiologic and pathologic 
processes, consisting of cell-mediated immunity, tissue 
repair, cellular migration, and remodeling.[10,11] In addition, 
OPN has been reported to be correlated to development, 
progression, and metastasis in various malignancies such 
as NSCLC.[12] MMP-7, the smallest (28 kDa) member of the 
MMP family, is produced by tumor cells and has broad 
substrate specificity against extracellular matrix (ECM) 
components.[13] MMP-7 is found to be potentially involved 
in tumor metastasis and inflammatory processes, through 
cleaving cell surface proteins and promoting adhesion of 
cancer cells.[14] Previous clinical studies have shown an 
overexpression of MMP-7 to correlate with poor prognosis 
in many malignant tumors including NSCLC, indicating 
that MMP-7 could be useful as a tumor-associated 
biological marker.[15,16]

In conventional clinical studies, only one of these 
two indicators is detected in the body of patients 
with NSCLC.[15,17] In our present study, the combined 
determination of OPN and MMP-7 expression levels in 
paraffin-embedded tissues from NSCLC patients was 
conducted by using the immunohistochemical method and 
reverse transcription polymerase chain reaction (RT-PCR) 
to explore the roles of OPN and MMP-7 in the occurrence, 
progression, and prognosis of NSCLC.

MATERIALS AND METHODS

Study design and participants
Between January 2010 and January 2013, 152 patients 
(males: 108; females: 44; age range: 38~79 years; mean age: 
57.2 ± 11.5 years) diagnosed with NSCLC by pathologists 
were selected from the Department of Thoracic Surgery 
of the First Hospital of Jilin University. NSCLC tissues of 
all the patients were collected by resection as case group, 
and adjacent nonneoplastic lung parenchyma (adjacent 
to tumor > 5 cm) was also collected from the same patient 
population as the control group. Clinicopathological data 
of all the patients were complete.[18] The inclusion criteria 
for the NSCLC patients were:
1. Patients with primary NSCLC;
2. Patients without preoperative chemotherapy, 

immunotherapy, or radiotherapy;

3. Patients without administration of anti-inflammatory 
drugs;

4. Patients without chronic heart, liver, or kidney disease, 
or endocrine diseases.

Patients, who had coronary heart disease, hypertension, 
diabetes, cerebrovascular disease, rheumatic diseases, or 
NSCLC combined with other tumors were excluded.[8] 
There were 64 NSCLC patients with age ≥60 years and 88 
patients with age <60 years. Among all patients, 81 patients 
were diagnosed with squamous cell carcinoma, 59 patients 
with adenocarcinoma, and 12 patients with other 
types.[12] According to the seventh edition of the TNM 
classification for lung cancer released by the Union for 
International Cancer Control (UNCC) in 2009, 48 patients 
were confirmed with stage I NSCLC, 27 patients with 
stage II NSCLC, 63 patients with stage III NSCLC, and 14 
patients with stage IV NSCLC; 40 patients were confirmed 
with well-differentiated NSCLC, and 112 patients with 
moderate-to-poor differentiated NSCLC; 94 patients were 
confirmed with lymph node metastasis and 58 patients 
without lymph node metastasis.[19,20] All pathological tissues 
were fixed by 10% neutral-buffered formalin, embedded 
by paraffin, and cut into 4-µm sections. The end of the 
follow-up was December 30, 2014, and the follow-up data of 
all the patients were complete and recorded. Prognosis of all 
patients was also recorded with overall survival (OS). This 
retrospective study was approved by the Ethics Committee 
of the First Hospital of Jilin University. All study participants 
provided written informed consent before the experiments. 
The experimental principles were in accordance with the 
Declaration of Helsinki.[21]

Immunohistochemistry
The protein expression levels of OPN and MMP-7 were 
detected by using the Streptomyces antibiotic regulation 
protein-peroxidase (SP) method. The SP kit was purchased 
from Zhongshan Biotechnology Company (Beijing, China). 
The paraffin sections were baked in a 60°C oven (Fuzhou 
Maixin Biotechnology Co., Ltd., Fuzhou, Fujian, China) for 
2 h, deparaffinized with xylene, rehydrated in descending 
alcohol, and then rinsed by sterile distilled water for 3-5 min. 
The antigen retrieval in tissue sections was performed by 
using a modified method of microwave antigen retrieval. 
The tissue sections were cooled to room temperature and 
washed by using phosphate buffer saline (PBS) 3 × 5 min. 
Each tissue section was added with antihuman OPN mouse 
monoclonal antibody (Zhongshan Biotechnology Company, 
Beijing, China) and antihuman MMP-7 mouse monoclonal 
antibody (Fuzhou Maixin Biotechnology Co., Ltd., Fuzhou, 
Fujian, China). The tissue sections were incubated in a 37°C 
incubator (Fuzhou Maixin Biotechnology Co., Ltd., Fuzhou, 
Fujian, China) for 1 h, and washed by using PBS 3 × 5 min. 
After that, biotin-labeled secondary antibody was added 
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to each tissue section, which was then incubated at room 
temperature for 30 min and washed by PBS for 3 × 5 min. 
Then, tissue sections were stained with diaminobenzidine 
(DAB), conterstained with hematoxylin, dehydrated, 
cleared in xylene and finally mounted. PBS was used 
as negative control. The staining results were observed 
under an optical microscope and determined by a semi-
quantitative method. The staining intensity was first scored 
as 0 for no intensity, 1 for low intensity (light yellow), 2 for 
moderate intensity (pale brown), and 3 for high intensity 
(sepia). The percentage of positive cells was then scored as: 0 
for unspecific staining of positive cells, 1 for the percentage 
of stained positive cells ≤10%, 2 for the percentage of stained 
positive cells between 11% and 50%, 3 for the percentage of 
stained positive cells between 51% and 75%, and 4 for the 
percentage of stained positive cells >75%.[22] The double-
blind method was applied by two pathologists separately 
to determine the staining results.

Reverse transcription polymerase chain reaction
Total RNA was isolated from NSCLC tissues and adjacent 
nonneoplastic lung parenchyma by utilizing TRIzol 
reagent (Invitrogen Life Technologies, Carlsbad, CA, 
USA) according to the manufacturer’s protocol. The first-
strand of cDNA was synthesized from 5 µl total RNA by 
using the reverse transcription kit (RT kit, MBI Fermentas, 
Vilnius, Lithuania) according to the manufacturer ’s 
protocol. Polymerase reaction (PCR) reaction system (25 
µl) included: 1 µl cDNA, 2.5 U Tap DNA polymerase (MBI 
Fermentas), buffer solution, 10 pmol upstream primers and 
10 pmol downstream primers (10 pmol). The β-actin was 
used as the internal control. RT-PCR kit was purchased 
from Fermentas Company (Glen Brunie, MD, USA). 
PCR primers were synthesized by Shanghai Shenggong 
Biotechnology (Shanghai, China). The upstream primer 
of (OPN) was 5’-CATCTCAGAAGCAGAATCTCCTA-3’, 
t h e  d o w n s t r e a m  p r i m e r  o f  O P N  w a s 
5 ’ - G G A A A G T T C C T G A C T A T C A A T C A - 3 ’ , 
and the  s ize  of  ampl i f ied  f ragments  of  OPN 
was 617 bp. The upstream primer of MMP-7 was 
5’-TTGGCCTACCTATAACTGG-3’, the downstream primer 
of MMP-7 was 5’-CTGTAATATGCGGTAAGTCTC-3’, 
and the size of  amplif ied fragments of  MMP-
7 was 177 bp. The upstream primer of β-actin was 
5’-CCTTCCTGGGCATGGAGTCCT-3’, the downstream 
primer of β-actin was 5’-GGAGCAATGATCTTGATCTT-3’, 
and the size of amplified fragments of β-actin was 204 bp. 
Reaction conditions were: Initial predenaturation at 94°C 
for 5 min followed by 30 cycles of denaturation at 94°C for 
45 s, anneal at 55°C for 1 min, and extension at 72°C for 
1 min, and a final extension at 72°C for 10 min. After 1% 
agarose gel electrophoresis, electrophoresis results were 
observed and photographed by utilizing an ultraviolet (UV) 
analyzer. Gray value was measured by applying a Software 

Image Tool 3.0 (Freeware provided by the University of 
Texas Health Sciences Center, San Antonio, Tex., USA). 
With β-action as an internal control, band densities of 
the resulting products were quantified with Bandleader 
software (Magnitee, Krasnodar, Russia).

Statistical analysis
The SPSS 17.0 software (SPSS Inc., Chicago, Illinois, USA) 
was applied for statistical analysis. All measurement 
data were presented as mean ± standard deviation (SD) 
and compared by using the t-test. Enumeration data 
were presented as percentage or rate, and compared by 
the chi-square test. Spearman rank-correlation analysis 
was used to assess the correlations of OPN with MMP-7 
expressions. The relationships between OPN and MMP-7 
and postoperative survival period were analyzed by 
applying the Kaplan-Meier curve, and verified by the 
log-rank test. The Cox proportional hazard model was 
utilized for multivariabe analysis of prognosis. A value of 
P < 0.05 was considered to be statistically significant.

RESULTS

Protein and messenger RNA expressions of osteopontin 
and matrix metalloproteinase-7
OPN-positive staining was observed to be located in the 
cell nucleus and cytoplasm (pale brown or sepia particles). 
The positive expression rate of OPN protein in the NSCLC 
tissues was apparently higher than that in the adjacent 
nonneoplastic lung parenchyma (73.03% vs 18.42%, 
P < 0.001) [Figure 1]. MMP-7 protein was mainly expressed 
in the cytoplasm in NSCLC tissues. The positive expression 
rate of MMP-7 protein in the NSCLC tissues was signifi 
cantly higher than that in the adjacent nonneoplastic lung 
parenchyma (63.16% vs 23.68%, P < 0.001) [Figure 2]. The 
relative messenger RNA (mRNA) expression of OPN in the 

Figure 1: OPN protein positive expression in the NSCLC tissues by 
immunohistochemistry SP method (×400). Note: (a) The negative expression of 
OPN in NSCLC tissues (b) The positive expression of OPN in NSCLC tissues 
(c) A histogram of OPN protein expression; SP, Streptomyces antibiotic regulatory 
protein-peroxidase; NSCLC, nonsmall cell lung cancer; OPN, osteopontin
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NSCLC tissues was much higher than that in the adjacent 
nonneoplastic lung parenchyma (0.69 ± 0.22 vs 0.32 ± 0.15, 
P < 0.001) [Figure 3a]. The relative mRNA expression of 
MMP-7 in the NSCLC tissues was much higher than that 
in the adjacent nonneoplastic lung parenchyma (0.61 ± 0.27 
vs 0.46 ± 0.27, P < 0.001) [Figure 3b].

Associations of osteopontin protein and messenger RNA 
expression with clinicopathological features in nonsmall 
cell lung cancer
There was no statistical significance in OPN protein 
expression among patients with different genders, ages, 
histological types, and smoking statuses (all P > 0.05). An 
obvious association was detected to exist between OPN 
protein expression and differentiation degree, with higher 
positive expression rate of OPN in patients with lower 
degree of differentiation (P < 0.001). The protein expression 
of OPN was also found to be evidently associated with 
the tumor TNM staging, with higher positive expression 
rate of OPN in late-stage NSCLC (P < 0.001). In addition, 
the positive expression rate of OPN protein in patients with 
lymph node metastasis was higher than that in patients 
without lymph node metastasis (P < 0.01). No significant 
association was detected between OPN mRNA expression 
and gender, age, smoking status, histological type, or 
differentiation degree (all P > 0.05) while an apparent 
association between OPN mRNA expression and lymph 
node metastasis, differentiation degree, and TNM staging 
was observed (all P < 0.05) [Table 1].

Associations of matrix metalloproteinase-7 protein 
and messenger RNA expression with clinicopathologic 
features in nonsmall cell lung cancer
No statistical significance was detected in MMP-7 protein 
expression among patients with different genders, ages, 

histological types, smoking statuses, and differentiation 
degrees (all P > 0.05). It was detected that MMP-7 protein 
expression was apparently associated with TNM staging; 
to be more specific, the positive expression rate of MMP-7 
protein was higher in late-stage NSCLC (P = 0.01). Moreover, 
the positive expression rates of MMP-7 protein in patients 
with lymph node metastasis were higher than those in 
the patients without lymph node metastasis (P = 0.02). No 
obvious association was observed between MMP-7 mRNA 
expression and age, gender, histological type, smoking 
status, or differentiation degree (all P > 0.05) while mRNA 
expression of MMP-7 was apparently correlated to lymph 
node metastasis, differentiation degree, and TNM staging 
(all P < 0.05) [Table 2].

Correlation of osteopontin expression with matrix 
metalloproteinase-7 expression in NSCLC
The Spearman rank-correlation analysis was utilized to 
analyze the correlations of the percentage of stained OPN 
and MMP-7-positive cells in the 152 NSCLC tissue specimens 
and the mRNA expressions of OPN and MMP-7, which 
demonstrated a significantly positive relativity between OPN 

Figure 3: Relative mRNA expression levels of OPN and MMP-7 in NSCLC tissues. 
Note: (a) Relative mRNA expression level of OPN (b) Relative mRNA expression 
level of MMP-7; OPN, osteopontin; MMP-7, matrix metalloproteinase-7; NSCLC, 
nonsmall cell lung cancer

Figure 2: MMP-7 protein positive expression in the NSCLC tissues by 
immunohistochemistry SP method (×400). Note: (a) The negative expression 
of MMP-7 in NSCLC tissues (b) The positive expression of MMP-7 in NSCLC 
tissues (c) A histogram of MMP-7 protein expression; SP, Streptomyces antibiotic 
regulatory protein-peroxidase; NSCLC, nonsmall cell lung cancer; MMP-7, matrix 
metalloproteinase-7
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protein expression and MMP-7 protein expression as well 
as OPN mRNA expression and MMP-7 mRNA expression 
(protein: r = 0.789, P < 0.001; mRNA: r = 0.377, P < 0.001).

Prognostic factors analysis
Based on a follow-up period of 5 years, the mean survival 
time of NSCLC patients was 31.11 ± 12.81 months, and 
the 5-year survival rate of the patients was 24.34%. 
With a univariate survival analysis, the following eight 

factors: Age, gender, histological type, differentiation 
degree, lymph node metastasis, TNM staging, OPN 
protein positive expression, and MMP-7 protein positive 
expression of the patients with NSCLC were analyzed. 
The results revealed that the median survival time of 
the patients with stage I + II NSCLC and stage III + IV 
NSCLC was 37.35 months and 26.25 months, respectively, 
and TNM staging was associated with the prognosis in 
patients with NSCLC (χ2 = 9.96, P < 0.01). In addition, the 

Table 1: Associations of OPN expression with clinicopathologic features in NSCLC
Groups N OPN P value OPN P value

Positive (N) Positive (%) mRNA
Gender

Male 108 82 75.93 0.21 0.70±0.21 0.80
Female 44 29 65.91 0.69±0.23

Age
≥60 years 64 47 73.44 0.92 0.72±0.24 0.27
<60 years 88 64 72.73 0.68±0.20

Histological type
Squamous cell carcinoma 81 63 77.78 0.34 0.70±0.19 0.90
Adenocarcinoma 59 40 67.80 0.69±0.25
Other types 12 8 66.67 0.72±0.21

Differentiation degree
High 40 18 45.00 <0.001 0.59±0.22 <0.001
Moderate-poor 112 93 83.04 0.74±0.20

TNM staging
I+II 75 43 57.34 <0.001 0.62±0.21 <0.001
III+IV 77 68 88.31 0.78±0.19

Lymph node metastasis
Yes 94 77 81.91 0.01 0.76±0.21 <0.001
No 58 34 58.62 0.60±0.19

TNM = Tumor node metastasis; OPN = Osteopontin; NSCLC = Nonsmall cell lung cancer

Table 2: Associations of MMP-7 expression with clinicopathologic features in NSCLC
Groups N MMP-7 P value MMP-7 P value

Positive (N) Positive (%) mRNA
Gender

Male 108 68 62.96 0.94 0.61±0.26 0.84
Female 44 28 63.64 0.60±0.32

Age
≥60 years 64 39 60.94 0.63 0.63±0.30 0.37
<60 years 88 57 64.77 0.59±0.25

Histological type
Squamous cell carcinoma 81 52 64.20 0.15 0.59±0.26 0.86
Adenocarcinoma 59 35 59.32 0.65±0.27
Other types 12 9 75.00 0.56±0.34

Differentiation degree
High 40 22 55.00 0.21 0.56±0.23 0.02
Moderate-poor 112 74 66.07 0.63±0.28

TNM staging
I+II 75 40 53.33 0.01 0.50±0.27 <0.001
III+IV 77 56 72.73 0.71±0.24

Lymph node metastasis
Yes 94 66 70.21 0.02 0.70±0.26 <0.001
No 58 30 51.72 0.46±0.23

TNM = Tumor node metastasis; MMP-7 = Matrix metalloproteinase-7; NSCLC = Nonsmall cell lung cancer
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median survival time of the patients with and without 
lymph node metastasis was 28.58 months and 39.02 
months, respectively, and lymph node metastasis was 
associated with the prognosis in patients with NSCLC (χ2 = 
11.36, P < 0.01). The median survival time of the patients 
with OPN protein positive and negative expression was 
28.05 months and 39.65 months, respectively, and OPN 
protein expression was associated with the prognosis 
in patients with NSCLC (χ2 = 12.94, P < 0.001). The 
median survival time of the patients with MMP-7 protein 
positive expression and negative expression was 29.65 
months and 40.89 months, respectively, and MMP-7 
protein expression was associated with the prognosis 
in patients with NSCLC (χ2 = 10.39, P < 0.01) [Figure 4]. 
No evident association was detected among age, gender, 
histological type or differentiation degree, and prognosis 
in patients with NSCLC (all P > 0.05) [Figure 5]. The 
factors, which were proven to be associated with the 
prognosis of NSCLC by the univariate analysis, were 

further evaluated by multivariabe analysis with the Cox 
proportional hazard model, demonstrating that lymph 
node metastasis, TNM staging, and OPN and MMP-7 
protein expression were independent risk factors for the 
prognosis of NSCLC [TNM: Odds ratio (OR) = 1.536, 95% 
confidence interval (CI) = 1.013~2.299, P < 0.05; lymph 
node metastasis: OR = 1.859, 95%CI = 1.225~2.822, P < 0.01; 
OPN: OR = 1.917, 95% CI = 1.219~3.015, P < 0.01; MMP-7: 
OR = 1.787, 95%CI = 1.179~2.708, P < 0.01] [Table 3].

DISCUSSION

In this current study, we focused on OPN and MMP-7 
protein expressions assessed by immunohistochemistry 
and OPN and MMP-7 mRNA expressions by RT-PCR in 
152 NSCLC patients. Our present results demonstrated that 
the protein and mRNA expressions of OPN and MMP-7 
were apparently higher in NSCLC tissues as compared to 
the adjacent nonneoplastic lung parenchyma, suggesting 

Figure 4: The Kaplan-Meier curves of TNM staging (a), Lymph node metastasis (b), OPN protein expression (c), And MMP-7 protein expression (d), Note: 
TNM = Tumor node metastasis; OPN = Osteopontin; MMP-7 = Matrix metalloproteinase-7

Table 3: A multivariabe analysis of prognostic factors
Factors B SE Wald OR 95% CI P value
TNM staging 0.423 0.209 4.090 1.536 1.013~2.299 <0.05
Lymph node metastasis 0.620 0.213 8.476 1.859 1.225~2.822 <0.01
OPN 0.651 0.231 7.938 1.917 1.219~3.015 <0.01
MMP-7 0.580 0.212 7.492 1.787 1.179~2.708 <0.01
TNM = Tumor node metastasis; OPN = Osteopontin; MMP-7 = Matrix metalloproteinase-7; B = Regression coefficient value; SE = Standard error; Wald = Chi-square value; 
OR = Odds ratio value; 95% CI = 95% confidence interval
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that OPN and MMP-7 expressions may be implicated in 
the carcinogenesis of NSCLC. OPN has a crucial role in 
tumorigenesis, progression, and metastatic dissemination 
in several types of human tumors including NSCLC, and 
our findings are consistent with previous researches on 
OPN expression in NSCLC.[17,23] MMP-7 protein factor, 
characterized by extensive substrate specificity and strong 
matrix degradation activity, is reported to be involved 
in tumor metastasis and inflammatory processes by the 
cleavage of cell surface proteins and promotion of cancer 
cells’ adhesion.[24] Our results of the expression of MMP-7 are 
also in consistence with previous researches demonstrating 
a higher MMP-7 expression in NSCLC patients.[24]

In the present study, the associations of OPN and MMP-7 
expressions with various clinicopathologic variables were 
analyzed to clarify their underlying prognostic roles. We 
also assessed the staining intensity, and considered a score 
that combines the staining intensity with their percentage of 
immunoreactive tumor cells as a subjective index. Regarding 
the association between OPN and MMP-7 expressions and 
clinical outcomes in the patients, we observed that the protein 
expression of OPN was obviously related to lymph node 
metastasis, the degree of differentiation, and TNM staging. 
To be more specific, in a patient with higher degree of 
differentiation, late-stage tumor, or lymph node metastasis, 
the lymph node metastasis was relative higher. The protein 
expression of MMP-7 was detected to be evidently associated 
with TNM staging and lymph node metastasis, with a higher 

MMP-7 protein expression in patients with late-stage tumor 
or lymph node metastasis. As for the mRNA expressions 
of OPN and MMP-7, they were found to be obviously 
correlated to the degree of differentiation, TNM staging, and 
lymph node metastasis. These results implied that OPN and 
MMP-7 expressions may play vital roles in the progression 
and prognosis of NSCLC. The result that OPN expression 
was related to poor survival might have resulted from the 
multifunctionality of OPN.[25] The major functions of OPN 
are attributed to interacting between secreted OPN and its 
receptors on target cells.[26] The functions of MMP-7 include 
destruction of the basement membrane components, which is 
a crucial event in the invasion and metastasis of tumor cell.[27] 
Increased expression of MMP-7 in cancer cells is associated 
with tumor progression and metastasis in NSCLC, which 
has been evidenced in numerous reports.[24,28] Xiao et al. 
have reported that MMP-7 plays a role in the progression 
of NSCLC and has a synergistic effect on the pathogenesis, 
invasion, and metastasis of NSCLC, contributing to the 
prediction of the progression and prognosis of NSCLC.[29] 
Furthermore, using a Cox model, our multivariabe analysis 
presented that lymph node metastasis, TNM staging, and the 
protein expression of OPN and MMP-7 were independent 
risk factors for the prognosis of NSCLC, which further 
confirmed our results showing that OPN and MMP-7 were 
prognostic biomarkers in NSCLC.

Moreover, it was observed that the protein and mRNA 
expressions of OPN were positively correlated to the protein 

Figure 5: The Kaplan-Meier curves of gender (a), Age (b), Histological type (c), And differentiation degree (d)
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and mRNA expressions of MMP-7, which was closely 
associated with the development of NSCLC. A mechanism 
of action between the mentioned two biological substances 
was found by a comprehensive analysis of the biological 
functions of OPN and MMP-7: The high expression of MMP-7 
protein and mRNA played an important role in promoting 
OPN protein and mRNA expression through the synergistic 
effect between them, resulting in an increase in its secretion 
upper limit, and promotion of the division and proliferation 
of lung cancer cell.[30] Meanwhile, it also stimulated tumor 
neovascularization, leading to invasion of NSCLC to the 
surrounding tissue and lymph node metastasis.[31]

CONCLUSION

In conclusion, both high MMP-7 and OPN expressions 
are closely related to the occurrence, progression, and 
prognosis of NSCLC, serving as unfavorable prognostic 
factors for NSCLC. In addition, the occurrence, invasion, 
and metastasis of NSCLC can be predicted by detecting the 
protein expression levels of MMP-7 and OPN, lymph node 
metastasis, and TNM staging. These results have significant 
importance in biologically characterizing early-stage tumors 
and supplying new therapeutic opportunities in NSCLC.
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