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1. Introduction

  Lung cancer is one of the most common malignant tumor 
in the world today, its incidence and mortality rank the 
highest among all malignant tumors. Deaths from  lung 
cancer accounts for more than 17% of all cancer[1]. Results 
of existing research showed that the invasion and metastasis 
is the main cause of death in patients with advanced lung 
cancer, and metalloproteinase (MMP) may promote cancer 

cell invasion to surrounding tissue through the degradation 
of extracellular matrix (ECM)[2]. Matrix metalloproteinase-9 
(MMP-9) is the enzyme with the biggest relative molecular 
weight of the MMPs family, which degraded N-type and 
V-type collagen and gelatin. Its expression increased in 
malignant cell lines[3], and correlated with the angiogenesis, 
invasiveness and metastasis of tumor[4]. There were other 
studies showed that mouse double minute 2 homolog (MDM2) 
amplification was closely correlated with tumor growth 
and metastasis[5,6]. In this study, we use enzyme-linked 
immunosorbent assay (ELISA) and immunohistochemical 
staining (SP) to measure the expression MMP-9 and MDM2 
of lung tissue and explore their correlation with lung cancer 
growth, differentiation, invasion and metastasis, provide 
indicators to determine the clinical treatment and prognosis 
of lung cancer. 

Objective: To observe the expression of matrix metalloproteinase-9 (MMP-9) and mouse double 
minute 2 homolog (MDM2) in the oncogenesis of lung cancer in rats and to explore their clinical 
value. Methods: A total of 140 rats were selected, of which 20 were selected randomly as the 
control group; and the remaining 120 as the observation group. The observation group was 
injected with benzopyrene to establish diseases model such as tissue proliferation, abnormal 
proliferation and lung cancer. Detected the MMP-9 levels of lung tissue by enzyme-linked 
assay, detected the MDM2 levels of lung tissue by immunochcmistry assay. Results: The 
MMP-9 and MDM2 expression of the lung cancer group and the abnormal proliferation group 
were significantly higher than that in the tissue proliferation group and the control group, the 
difference was significant (P<0.05). And the MDM2 expression of the tissue proliferation group was 
significantly higher than that in the control group, the difference was significant (P<0.05). There 
was no significant difference in the MMP-9 expression between the tissue proliferation group and 
the control group (P>0.05). The MDM2 and MMP-9 expression were increased in turn in the small 
cell carcinoma, squamous cell carcinoma and adenocarcinoma, the difference was statistically 
significant (P<0.05). The MMP-9 and MDM2 expressions of stage 栿and stage 桇 lung cancer 
tissue in rats were significant higher than that during stage栺 and stage 栻, the difference was 
significant (P<0.05). There was no significantly different in the MMP-9 and MDM2 expressions 
between stage 栿 and stage 桇(P>0.05), and there is no significant difference of the MMP-9 
and MDM2 expressions between stage栺 and stage 栻(P>0.05). Conclusions: The expression of 
MMP-9 and MDM2 in lung tissue was associated with lung disease and lung cancer, both of them 
may be involved in the development and metastasis of lung cancer. Combined detection can be 
used as therapy and prognostic indicators for lung cancer. 
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2.  Materials and methods 

2.1. Animals

  A total of 140 rats were selected and were randomly into 
the control group (n=20) and observation group (n=120). 
Benzopyrene were injected into rats in observation group, 
specific methods[7,8] was applied to established disease 
models such as the tissue proliferation group, abnormal 
proliferation group, and lung cancer group etc. Pathological 
changes were observed including tissue proliferation (6 
cases), abnormal proliferation (11 cases), lung cancer (103 
cases). Pathological types included small cell carcinoma 
(36 cases), squamous cell carcinoma (57 cases), and 
adenocarcinoma (37 cases). 

2.2. Experimental methods

  MMP-9 expression was detected by ELISA. The lesions 
from deep anesthesia rats was taken, cut half and made into 
10%  homogenate with saline. MMP-2 expression levels were 
detected by ELISA. MMP-9 ELISA kit was purchased from 
Beijing Jingmei Co., strictly in accordance with instruction 
manual[9]. 
  MDM2 expression in lung tissue was measured by 
immunohistochemical staining (SP). The other half of the 
lung lesions were washed with saline and fixed in 10% 
formaldehyde solution for 24 h. They were embedded with 
paraffin, and cut into sections. Expression of MDM2 was 
detected by immunohistochemical SP method. Operation 
was conducted as follows: antigen retrieval buffers was 
added in sections for repair, they were washed twice with 
PBS after cooling at room temperature for 30 min. After 
10 min they were incubated at room temperature, added 
with 1% concentration of primary antibody (produced by 
Beijing Zhongshan Biotechnology Inc.), and then incubated 
in the greenhouse, wahsed with PBS. Secondary antibody 
(produced was added by Beijing Zhongshan Biotechnology 
Company), washed with PBS after incubation at 37 曟. They 

were stained with DAB solution then washed, conterstained, 
dehydrated, cleared and finally mounted[10]. PBS solution 
was used instead of primary antibody as negative control[11].

2.3. Result determination 

  HV-D30P-S4 (manufactured by Hitachi, Japan) microscopic 
cameras was used to observe MDM2 protein, the positive 
cells cytoplasm showed brown or brown-yellow particles, 
the results were determined by semi-quantitative method. 
Five randomly vision was observed at high magnification, 
200 cells was counted respectively. Slice positive cells 
<1% is 0 point, 1% -25% is 1 point, 25% -50% is 2 points, 
50% -75% is 3 points, ≥ 75% is 4 points. For dye depth: no 
positive cells is 0 point, yellow 1 point, brownish yellow 
2 points, chocolate brown 3 points. The total score of the 
immune response was immune percentage of positive cells × 
dye depth[12,13].

2.4. Statistical analysis

  The data were analyzed by SPSS 18.0 statistics software and 
the measurement data were expressed as mean暲SD values, 
t- test was used and Pearson was applied in the correlation 
analysis, P<0.05 was considered as statistical significant 
difference.

3. Results

3.1. MMP-9 and MDM2 expression in normal lung tissue 
and lesions of lung tissue 

  The MMP-9 and MDM2 expression of the lung cancer group 
and the abnormal proliferation group were significantly 
higher than that in the tissue proliferation group and the 
control group (P<0.05). And the MDM2 expression of the 
tissue proliferation group was significantly higher than that 
in the control group (P<0.05). There was no significantly 

Table 1 
MMP-9 and MDM2 expression in normal lung tissue and lesions of lung tissue.
Groups Number of cases (n) MMP-9(毺g/L) MDM2 (min)
Control group    20  9.65依2.38 1.59依0.76
Tissue proliferation group     6 10.17依2.51c   2.18依0.83b

Abnormal proliferation group   11 27.45依4.83a   3.29依0.94a

Lung cancer group 103 39.84依5.67a   4.35依1.06a

Note: compared with the tissue proliferation group and the control group, aP<0.05, compared with the control group, bP<0.05; compared with the 
control group, cP>0.05.

Table 2
 MMP-9 and MDM2 expression of different pathological types of lung tissue. 
Type The number of cases (n) MMP-9 (毺g/L) MDM2 (min)
Small cell carcinoma 26 22.76依4.92 3.79依0.98
Squamous cell carcinoma 57  28.19依5.36a  4.29依0.94a

Adenocarcinoma 37    45.96依5.78ab   4.65依1.09ab

Note: compared with small cell carcinoma, aP<0.05, compared with squamous cell carcinoma, bP<0.05.
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different in MMP-9 expression between the tissue 
proliferation group and the control group (P> 0.05) (Table 1).

3.2.  MMP-9 and MDM2 expression of different pathological 
types of lung tissue 

  MDM2 and MMP-9 expression were increased in turn in 
the small cell carcinoma, squamous cell carcinoma and 
adenocarcinoma, the difference was statistically significant 
(P<0.05) (Table 2).

3.3. Expression of MMP-9 and MDM2 in different TNM 
staging lung cancer

   MMP-9 and MDM2 expressions of stage 栿and stage 桇 
lung cancer tissue in rats were significantly higher than 
that during stage栺 and stage 栻(P<0.05). There was no 
significantly different in MMP-9 and MDM2 expressions 
between stage 栿and stage 桇(P>0.05), and there was also 
no significantly different in MMP-9 and MDM2 expressions 
between stage栺 and stage 栻(P>0.05) (Table 3).

3.4. Correlation between MMP-9 expression and MDM2 
expression 

  Pearson correlation analysis showed that the MMP-9 
expression was positively correlated with MDM2 expression 
in the lung tissue of rats with lung cancer (r= 0.795, P<0.01).

4.  Discussion

  Lung cancer is one of the world’s leading deaths from 
tumors today, 5 year survival rate is only 15%.The mortality 
rate of lung cancer ranked first in the male cancer patients, 
the rate in women has more than breast cancer now[14], and 
it showed an increasing trend[15]. China is one of the regional 
cancer area, the incidence and mortality are increasing year 
by year. There are studies confirm that tumor invasion and 
metastasis is the main reason leading to low survival rate of 
patients[16]. Tumor invasion and metastasis first through the 
barrier of extracellular matrix (ECM) and vascular basement 
membrane (BM). 
  In the process of tumor invasion,tumor cell direct secreted 
MMYs or induce host cells to produce MMPs after combined 
with the extracellular matrix surface receptors,partially 
degraded ECM. Tumor cells infiltrated by the missing 
extracellular matrix, resulting in tumor invasion and 

metastasis[11]. Current research is more on MMP, mainly 
studies MMP-9. MMP-9 is a proteolytic enzyme secreted 
by a variety of cells, which is the enzymes with maximum 
molecular weight in MMP family. It can degrade ECM 
and promote cancer cell invasion, then promote tumor 
proliferation and metastasis[17]. Recent studies have found 
that MMP-9 was significantly higher in oral cancer and 
gynecologic tumors and is associated with invasion and 
metastasis[18,19].
  The study of Wang et al[20] showed that MMP-9 play an 
important role in the process of lung cancer development, 
invasion and metastasis, but may be not related to the 
pathological type. MDM2 is an oncogene which can be 
combined with the transcriptional activation domain of 
p53. It mediated p53 transported out of cell nucleus and 
inhibit activation of transcription, but also promote p53 
protein degradation by ubiquitin-proteasome, reducing its 
level; MDM2 can affect the cell cycle and proliferation and 
differentiation by regulating the p53 protein activity and 
levels,thereby affecting tumor occurrence and development. 
The study of Aikawa et al[21] showed that MDM2 protein 
expression are closely related to the differentiation, stage 
and lymph node metastasis of lung cancer. Studies of Chen 
et al[22] also showed that MDM2 protein-positive rate in 
patients with advanced lung cancer is higher than patients 
with early stage lung cancer, and patients with lymph node 
metastasis was significantly higher than those without lymph 
node metastasis, poorly differentiated type was significantly 
higher than well-differentiated. Dworakowska D et al[23] also 
considered: MDM2 gene may be involved in the occurrence 
and development of non-small cell lung cancer.
  However, the research results on the relationships 
of MMP-9 and MDM2 with lung cancer have different 
conclusions. For example, the study of Hu et al[24] showed 
that the differences of MMP 9-expression in different 
pathological grade and lymph node metastasis have no 
statistically significant. In this study, the MMP-9 and MDM2 
expression of the lung cancer group and the abnormal 
proliferation group were significantly higher than that in 
the tissue proliferation group and the control group, the 
difference was statistically significant (P<0.05). This is close 
to the result of Fan et al[8], Song et al[9], Safranek et al[25], 
which indicating that MMP-9, MDM2 are closely related to 
lung cancer occurrence and development .
  In this study, the MDM2 and MMP-9 expression were 
increased in turn in the small cell carcinoma, squamous 
cell carcinoma and adenocarcinoma, the difference was 
statistically significant (P<0.05).This is close to the result of  

Table 3 
The expression of MMP-9 and MDM2 in different TNM staging lung cancer(x依sd).
TNM staging The number of cases (n) MMP-9 (毺g/L) MDM2 (min)
栺 21 25.48依5.23 3.95依0.96
栻 37 26.34依5.41c  4.07依1.02c

栿 38 38.97依5.64a  4.46依1.08a

桇 24  39.65依5.67ab   4.50依1.09ab

Note: Compared with stage 栺, 栻, aP <0.05, compared with stage 栿, bP> 0.05; compared with stage 栺, cP> 0.05. 
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Luo et al[10], Hao et al[11], Zhang et al[13], which showed the 
MMP-9, MDM2 expression in lung tissue may be associated 
with the pathological type. In addition, in this study the 
MMP-9 and MDM2 expressions of stage 栿and stage 桇 
lung cancer tissue in rats were significantly higher than that 
during stage栺 and stage 栻, the difference was statistically 
significant(P<0.05). The study of Zhang et al[15], Chen[22] et 
al study also shows that MMP-9 and MDM2 have a certain 
relationship between lung cancer staging. In this study, 
Pearson correlation analysis showed that MMP-9 and MDM2 
expression in lung cancer tissue in rats were positively 
correlated, which indicating that both may participate 
development, transfer and other processes in the occurrence 
of lung cancer.
  In summary, the expression of MMP-9 and MDM2 in lung 
tissue were associated with lung disease and lung cancer, 
both of them may be involved in the development and 
metastasis of lung cancer. Combined detection can be used 
as therapy and prognostic indicators for lung cancer.

Conflict of interest statement

  We declare that we have no conflict of interest. 

References 

[1]  �Yang TT, Wu JF, Li XJ. Effect of gene mutation of p53 in lung 
cancer on TSG101/MDM2 signal pathway. Cancer Res Preven 
Treat 2011; 7(38): 774-777.

[2]  �Klein T, Bischof R. Physiology and pathophysiology of matrix 
metalloproteases. Amino Acids 2011, 41: 271-290.

[3]  �Liu Q, Wang Y. Status and development on relationship between 
matrix metalloproteinase-2, matrix metalloproteinase-9 and 
occurrence and invasion metastasis of lung cancer. Int J Resp 
2013; 33(4): 279-282. 

[4]�  �Ventura A, Kirsch DG, McLaughlin ME. Restoration of p53 
function leads to tumor regression in vivo. Nature 2007; 45(28): 
661-665. 

[5]  �Dai WX, Lei HD, Wu ZY. MDM2-p53 pathway expression and 
regulation mechanisms in lung adenocarcinoma. Chin J Gerontol 
2011; 31: 3256-3257.

[6]  �Buschmann T, Fuchs SY, Lee Cg, Pan ZQ, Ronai Z. SUMO-1 
modification of MDM2 prevents its self-ubiquitination and increases 
Mdm2 ability to ubiquitinatep53. Cell 2010; 101: 753-762.

[7]  �Feng QX, Xian HJ, Wei SL. Role of lung cancer in rats induced 
by EGCG preventing Benzopyrene. Chin J Cancer Preven Treat 
2012; 19(6): 415-418.

[8]  �Fan WY, Wang GD, Yang TT. Expressions of POK erythroid 
myeloid ontogenic faceor protein and murine double minute 2 
protein in the rat with lung squamous cell carcinoma. J Xinxiang 

Med Coll 2011; 29(3): 294-297.
[9]  �Song J, Wang Y, Pu HH. The clinical significance of MMP-9 test 

in lung cancer. J Med Forum 2010; 31(13): 205-207.
[10]�Luo XY, Zheng XS, Luo WM. Expression of RECK and MMP-9 

in non-small-cell lung carcinoma and its clinical significance. 
China Med  Herald  2012; 9(12): 46-48.

[11]�Hao JJ, Zhang CL. Expression of HMGB1/MMP-9 and lung and 
their clinical sighificance. J Yanan Univ (Med Sci) 2012; 10(4): 
1-3.

[12]�Li J, Li YL, Cheng X. Expression of nucleostemin and MDM2 
in lung adenocarcinoma tissues and its significance. Life Sci Res 
2010; 14(4): 340-344.

[13]�Zhang HL, Wang XH, Bai SP. The expression and clinical 
significance of PTEN and MDM2 in non-small cell lung cancer. 
Progress in Modern Biomed 2011; 11(6): 1128-1131.

[14]�Siegel R, Naishadham D, Jemal A. Cancer statistics. Ca Cancer J 
Clin 2012; 62(1): 1029-1035.

[15]�Zhang SA, Jin Y, He LM. Expressions of VEGF, EGFR and 
MMP-9 in lung cancer tissue of aged people and their clinic-
pathological significance. J Gen Med 2012; 10(5): 708-709.

[16]�Malla N, Berg E, Uhlin-Hansen L, Uhlin-Hansen L, Winberg 
JO. Interactionof pro Matirx Metalloproteinase-9 Proteoglyean 
Heteromer with gelatin and collagen. J Biol Chem 2008; 
283(20):13652-13665. 

[17]�Sienel W, Hellers J, Morresi-Hauf A, Lichtinghagen R,  
Mutschler W, Jochum M, et al. Prognostic impact of matrix 
metalloproteinase-9 in operable non-small cell lung cancer. Int J 
Cancer 2003; 103(5): 647-651.

[18]�Schropfer A, Kammerer U, Kapp M, Expression pattern of matrix 
meta1loproteinases in human gynecological cancercelllines. BMC 
Cancer 2010; 10:553-557.

[19]�Mark JS, Kathy JC, Barbara F, Dietl J, Feix S,  Anacker J. MMP-9 
contributes to intestinal tumourigenesis in the APC-Minmouse. 
Int J Exp Pathol 2008; 89(6): 64-75.

[20]�Wang XJ, Huo YX, Liu H. The clinical significance of the 
measurement of serum MMP-9 and TIMP-1 in patients with lung 
cancer. Chongqing Med 2013; 42(10): 1111-1113.

[21]�Aikawa H, Sato M, Fujimum S. Mdm2 expression is assoeiatedwith 
progress of disease and WAFl expression in resected lung cancer. 
Int J Mol Med 2000; 5(6): 631-633

[22]�Chen H, Xie L, Liu BR. Clinical significance of MDM2 as a tumor 
biomarker. J Clin Oncol 2011; 16(8): 751-754.

[23]�Dworakowska D, Jassem L, Jassem J. MDM2 gene amplifiration: a 
new independent factor of adverse prognosis in non-mall cell lung 
cancer(NSCLC). Lung Cancer 2004; 43 (3): 285-295. 

[24]�Hu FF, Hu CL, Ma BL. MMP-9 and MMP-13 expression and 
significance in non-small cell lung carcinoma. Guangdong Med 
2011; 32(24): 3238-3240.

[25]�Safranek J, Pesta M, Holubec L. Expression of MMP-7, MMP-9, 
TMIP-1 and TMI P-2 mRNA in lung tissue of patients with non-
small cell lung cancer(NSCLC) and benign puml onary d isease. 
Anticancer Res 2009; 29 (7): 2513-2517.




