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Introduction

Lung cancer remains one of the most common and 
dangerous neoplasms in the human body due to its late 
detectability, low operability rate and high mortality. 
According to data published by the International Agency 
for Research on Cancer (IARC), almost 1.8 million cases of 

pulmonary and bronchial cancer were reported worldwide 
in 2012, which accounted for 13% of all cancer cases (1). In 
Poland, according to 2012 data of National Cancer Register, 
lung cancer incidence was 21,400 new cases, 80% of which 
were non-small cell lung carcinoma (NSCLC) patients. The 
most common histological type of NSCLC is squamous 
cell carcinoma (2,3), followed by glandular and giant-cell 
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carcinoma. It is believed that majority of this disease cases is 
connected with cancerogenic activity of cigarette smoke (4).  
The condition is usually asymptomatic for a long time 
which significantly delays diagnosis. It is considered 
that nearly 30–40% patients do not qualify for surgical 
procedure since the time of diagnosis due to too advanced a 
level of the disease (5). Lung cancer, at the molecular level 
is characterized by the rapid acquisition of the invasive type 
phenotype by neoplastic cells, which conditions the process 
of neoplastic cells’ migration to surrounding tissues through 
the bloodstream or lymphatic system, and thus affecting 
the formation of metastases. The activation of metastases 
formation depends on the simultaneous course of two 
processes: loss of intercellular bridges in the tumour and 
degradation of extracellular matrix (ECM) proteins (6). 

The group of matrix metalloproteinases (MMPs) 
includes 28 enzymes differing in their quaternary structures 
and substrate specificities, of which 22 have been identified 
in the human. 

Metalloproteinases initially were classified on the basis 
of their ability to decompose the elements of extracellular 
matrix, but later it was stated that they perform regulatory 
function in all stages of cancer development. It has been 
discovered recently, though, that the cell exposure on these 
enzymes affects the tracts of transmitting the cell signal 
which activate cell development in the early stage of the 
tumour progression. It was also stated that MMP induces 
genome unstability, errors during the process of cell mitosis. 
Scientific reports also indicate the fact that MMP joined 
with neoplasm can stimulate processes connected with 
epithelial-mesenchymal transition (EMT), development 
process, which is activated in neoplastic cells during the 
cells’ invasion and metastases formation. 

Cells undergoing ETM lose their normal adhesive 
properties of epithelial cells and are subject to a series of 
changes, the change of E-katheryne and mesenchymal 
markers expression included, they are characterized by 
increased mobility, increased invasiveness and increased 
resistance to death (7,8). E-katheryne is a substrate for 
some MMP. MMP effect also on integrins having an effect 
on decreasing adhesive abilities of cells (9). Moreover, as 
a result of ETM from neoplastic cells, but also epithelial 
cells surrounding a tumour or endothelium cell vessels, 
fibroblasts, connected with neoplasm, are formed. They 
are characterized by capacity to intense MMP production, 
which enables neoplastic cells to leave a primary tumour 
focus (10). MMPs due to its proteolytic activity decompose 
extracellular matrix elements making the process of 

neoplastic cell migration easier. They can also activate 
the migration in non-proteolytic way by stimulating 
intracellular signaling cascade. MMP can also support cells’ 
apoptosis in anoikis process. As a result of these types of 
phenomena a selection of resistant cells is observed and 
MMP activity can lead to survival of tumourgenic cells of 
increased sensitivity on apoptotic stimuli. MMP can also 
inhibit apoptosis by releasing growth factors, for example, 
EGF and IGF (11,12).

Suppression of metalloproteinases’ activity on different 
levels of cell cycle (13,14), might contribute to stopping 
the growth of a tumour and acquisition of the invasive 
phenotype by neoplastic cells. 

Concentration of metalloproteinases and their tissue 
inhibitors in neoplastic disease patients are assessed at many 
levels, applying different methods. The mRNA expression 
profile (RT-PCR, Northern blotting, FISH) in neoplastic 
cells, protein expression level (immunohistochemistry), 
enzyme activity (gelatine zymography), or protein 
concentration (Western blotting, FISH) in the tumour 
tissue and bodily fluids can be determined (15,16). In many 
centres immunoenzymatic assays have been assessed for 
their diagnostic and/or prognostic value in determining 
concentrations of metalloproteinases in serum, plasma and 
other body fluids of patients suffering from neoplasms (17-19).  
Despite encouraging research results, MMPs activity 
determination has not yet been introduced into routine 
laboratory diagnostics due to the complexity of analytical 
procedure,

The aim of this work is to assess serum matrix 
metalloproteinase MMP-2 and tissue inhibitor of matrix 
metalloproteinase TIMP-2 concentrations in NSCLC 
patients depending on the stage of neoplastic disease and to 
assess the prognostic value of received results.

Methods 

The study group consisted of 81 NSCLC patients  
(24 females and 57 males) aged 46 to 86 years (mean age, 
67±8.2 years). The subjects were surgically treated in the 
Department of Thoracic, General and Oncological Surgery, 
at Military Medical Academy of Lodz University Teaching 
Hospital. Patients were divided into subgroups according to 
classification of TNM of lung cancer modified in 2010. The 
control group consisted of 39 randomly selected patients 
aged 27 to 73 in whom neoplastic and inflammatory changes 
had been excluded, and they underwent elective procedure 
for a calculus of the gallbladder without cholecystitis. 
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Blood for testing was collected every time upon obtaining 
patient’s conscious consent—before the procedure, during 
basic additional investigation conduct, and two weeks after 
an operation. Blood was taken in the amount of 2×2.0 mL 
using basilica vein contactless method into a vacuum test-

tube. It was then centrifuged in an MPW 360 centrifuge 
at 3,000 rotations/minute at 0–4 ℃. Plasma was used to 
determine the concentration. Samples were frozen in 
temperatures below ‒60 ℃. Concentration of MMP-
2 and TIMP-2 were determined by means of reagent 
kits—Quantikine Human MMP-2 (total) Immunoassay 
and Quantikine Human TIMP-2 Immunoassay by R&D 
Systems (Minneapolis, MN). Due to the lack of a typical 
normal distribution and uneven number of samples for 
statistical assessment, Mann-Whitney test was applied 
for compared groups, the test for independent samples, 
comparing the distribution of studied variables in order 
to assess the importance of change in concentration of 
MMP-2 and TIMP-2 obtained in subgroups. In case of 
dependent variables—MMP-2 and TIMP-2 concentrations 
were measured before and after the procedure by using 
Wilcoxson’s test. Differences for which P<0.05 were 
considered statistically significant. The study was performed 
with the approval of Bioethics Commission of the Medical 
University of Lodz (resolution No. RNN/435/12/KB). 

Results

In the study group of NSCLC patients, squamous 
carcinoma was predominant (65%), with the remaining 
patients (35%) diagnosed with adenocarcinoma. As far as 
the TNM classification is concerned, majority of patients 
were with T2 (60%), N0 (68%), M0 (100%) groups, and 
were at the first stage of clinical advancement (56%). 
Clinical data concerning NSCLC advancement in study 
group is presented in Tables 1-3.

Concentration of extracellular matrix metalloproteinase 
MMP-2 and its tissue inhibitor TIMP-2 in NSCLC patients 
was analyzed in comparison with control group. Patients 
with malignant lung carcinoma achieved significantly higher 
mean of MMP-2 and TIMP-2 concentration than patients 
observed in the control group (values statistically significant 
P<0.001), which was presented in Table 4. It means that 

Table 1 Clinical data of non-small cell lung carcinoma patients 

Clinical category Number of patients Frequency (%)

T1 16 20

T2 49 60

T3 10 12

T4 6 7

Criterium of division, the size of the tumour (clinical category T). 

Table 2 Clinical data of non-small cell carcinoma patients 

Clinical  category Number of patients Frequency (%)

N0 55 68

N1 22 28

N2 3 4

Criterium of division, condition of lymph nodes (clinical category N).

Table 3 Data of non-small cell lung carcinoma patients in relation 
to the clinical advancement stage

Clinical advancement 
stage

Number of patients Frequency (%)

Ia 12 15

Ib 33 41

IIa 1 1

IIb 20 25

IIIa 6 7

IIIb 9 11

Table 4 MMP-2 and TIMP-concentration in non-small cell lung carcinoma patients’ blood and in the control group

Marked protein

Study group (n=81) Control group (n=39)
Significance 

level Concentration 
confidence range

Standard deviation
Concentration 

confidence range
Standard declination

MMP-2 (ng/mL) 18.3–221.5 77.377.3 117.7–122.3 7.0 P<0.001

TIMP-2 (ng/mL) 110.9–132.0 47.9 6.1–72.3 7.5 P<0.001

MMP-2, matrix metalloproteinase 2; TIMP-2, tissue inhibitor of metalloproteinases 2.
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there is a positive correlation between lung carcinoma 
incidence and the increase of concentration of studied 
metalloproteinase and its inhibitor.

 Moreover, it has been also stated statistically significant 
difference of MMP-2 and TIMP-2 concentrations between 
patients with T1 and T2 category and patients with T3 and 
T4, as well as between the group without metastases (N0), 
and the group with metastases to lymph nodes (N1–N2).  
As there were no patients with distant metastases (M 
category) in the study group, this category was not subject 
to comparative assessment (Table 5). 

 It was also analyzed if the surgical removal of a malignant 
lung tumour affects the change of MMP-2 and TIMP-2  
concentration in patients’ serum. In order to find this, 
samples were collected and concentrations of the examined 

parameters were determined twice: before the operation and 
at least two weeks after an operation. A statistically significant 
decrease in mean MMP-2 and TIMP-2 concentration 
was observed in patients in the postoperative compared to 
preoperative period (P<0.001) (Table 6).

We have also defined the ratio of MMP-2/TIMP in 
patients in individual stages of the neoplasm advancement. 
The values of coefficient MMP-2/TIMP-2 in all groups 
turned out to be close and did not display any statistical 
variability. Table 7 which indicates coordinated concentration 
changes of MMP-2 and TIMP-2 in individual groups.

Discussion

Malignant cancers are a serious epidemiological, therapeutic 
and social problem (20), and hence new markers which may 
help to define prognosis for cancer patients are searched. 
Researches on the usefulness of MMP-2 and TIMP-2  
as prognostic factors in cancer patients are presenting 
promising results. The concentration and expression 
of tissue inhibitors of metalloproteinase depending on 
the stage of disease have been studied, among others, in 
urothelial carcinoma, breast carcinoma, hepatocellular 
carcinoma, gastric carcinoma, colorectal carcinoma, 
cutaneous carcinoma, head and neck as well as endometrium 
carcinoma (17-19,21-28). 

It has been proved that MMPs affect all stages of 

Table 5 Dependency between MMP-2 and TIMP-2 concentration and T, N, M categories

Categories Number of patients MMP-2 concentration (x ± SD) TIMP-2 concentration (x ± SD)

T1, T2 65 179.3±63.3 106.2±39.9

T3, T4 16 306.4±30.9 182.9±18.5

N0 55 169.6±69.1 99.7±41.3

N1, N2 26 277.4±33.6 167.4±19.8

M0 category 81 No distant metastases in the whole group

T, primary tumour category; N, lymph nodes condition; M, distant metastases presence. Significance level: P<0.0001. MMP-2, matrix 
metalloproteinase 2; TIMP-2, tissue inhibitor of metalloproteinases 2.

Table 6 MMP-2 and TIMP-2 concentration in blood in patients before and after surgical treatment of a neoplasm

Marked protein

Study group (n=81), before operation Study group (n=81), after operation

Significance levelConcentration 
(confidence range)

Standard declination
Concentration 

(confidence range)
Standard declination

MMP-2 (ng/mL) 187.3–221.5 77.3 134.3–143.7 21.3 P<0.001

TIMP-2 (ng/mL) 110.9–132 47.8 7.1–80.0 11.5 P<0.001

MMP-2, matrix metalloproteinase 2; TIMP-2, tissue inhibitor of metalloproteinases 2.

Table 7 Relation of MMP-2/TIMP-2 concentration

Clinical category
Relation of MMP-2/TIMP-2 concentration 

(x ± SD)

T1, T2 1.73±0.47

T3, T4 1.68±0.16

N0 1.75±0.34

N1, N2 1.67±0.2

MMP-2, matrix metalloproteinase 2; TIMP-2, tissue inhibitor of 
metalloproteinases 2.
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cancerogenesis (29). They influence tracts of cell signal 
transmission, induce genome instability, errors during cell 
mitosis reaction, stimulate processes connected with EMT. 
It has been emphasized that MMP-2 activity leads to the 
breach of basement membrane continuity. It is the result 
of MMP-2 capacity to degrade type IV collagen being its 
component. Therefore, MMP-2 plays a significant role 
in the growth and invasion of tumours and formation of 
metastases (30). 

The presented study analyzed serum MMP-2 concentration 
in NSCLC patients compared to the control group free from 
neoplastic disease. Statistically significantly higher mean 
MMP-2 concentrations were found in lung cancer patients 
in comparison to those in the control group (P<0.0001). The 
results were consistent with observations made by Hrabec 
et al. (31), who demonstrated as much as seventeenfold rise 
in MMP-2 expression in lung carcinoma cells compared to 
normal pulmonary stromal cells in their research.

In our work we also observed a statistically significant 
fall in MMP-2 concentrations in patients after surgical 
lung carcinoma treatment and recovery in comparison 
to preoperative concentrations. It is believed it can result 
from fibroblast stimulation to intensify MMP-2 production 
through EMPRIM particles, i.e., membrane glycoproteins 
present on the surface of tumour cells (32).

 What is more, we managed to confirm a statistically 
significant difference in MMP-2 depending on the stage of 
disease. In the group of patients with T1and T2 tumour, 
mean values were lower than in patients withT3 and T4 
tumours. Based on the above, it appears that MMP-2  
concentration correlated with the primary tumour 
size. Moreover, a statistically significant difference was 
demonstrated between the patent group without metastases 
(N0) and the group with metastases to lymph nodes 
(N1–N2). Increased MMP-2 concentrations were also 
observed by Sasaki et al. (33), they found a rise in MMP-2  
concentration in patients with stage IIb cancer compared 
to patients with stage I cancer. Also, Ishikawa et al. (34), 
described increased MMP-2 expression in part of neoplastic 
cells of lung tumour, Nevertheless, a relationship between 
an MMP-2 concentration change and the stage of lung 
cancer disease was not observed by Ming et al. (30) and 
Kopczyńska et al. (5). 	

The authors’ own study demonstrated a statistical 
relationship TIMP-2 concentration and the stage of the 
primary tumour—more advanced tumours (T3, T4) showed 
a significantly higher concentration of the examined protein 
compared to less advanced ones (T1, T2). The lowest 

TIMP-2 concentration was observed in the control group 
composed of patients not affected by cancer. Moreover, a 
statistically significant relationship was found between the 
presence of metastases to lymph nodes and high TIMP-2  
concentration (P<0.05), which even stronger emphasizes 
the impact of a more advanced disease stage on a rise in that 
marker. 

In the available literature, Kuvaja et al. in their research 
on breast carcinoma and Ocharoenrat et al. examining 
carcinomas of the head and neck, did not find any 
relationship between TIMP-2 expression and metastases 
to lymph nodes (35). Majority of studies, however, have 
indicated a relationship between those characteristics. 
Danilewicz et al. demonstrated higher TIMP-2 expression 
in patients with laryngeal cancer and metastases to 
lymph nodes than in patients without metastases, but the 
relationship did not reach statistical significance (36).  
Katayama et al.  in their studies on oral carcinoma 
demonstrated that TIMP-2 expression was significantly 
higher in patients with metastases to lymph nodes than 
in patients without nodal metastases (37). The results 
were confirmed by studies on TIMP-2 expression and 
concentration in other carcinomas of the head and neck (38). 

A number of scientific reports confirms that coordinated 
increase of MMP-2 and TIMP-2 concentration and 
expression can accompany adverse prognosis for a patient 
with neoplastic disease (39-41). It is thought that the reason 
of the rise in TIMP-2 concentration is probably intensified 
expression, inhibited by TIMP-2 metalloproteinase 2, an 
attempt to maintain the balance between MMP-2/TIMP-2 
concentration in neoplastic process (40-42). 

Moreover, it was proved that TIMP-2 independently 
from MMP-2, takes part in the process of inhibiting 
neoplastic cells’ apoptosis, and even stimulates the process 
of neoplastic cells growth, which contributes to neoplasm 
progression (42).

Clinical examinations demonstrated also the fact, that 
adversely to its name, tissue inhibitor of metalloproteinase 
2 might have an activating function for proMMP-2 with the 
participation of one of transmembrane MMP (43).

Thus, the overexpression of the MMP-2 active form can 
be correlated with a high TIMP-2 expression, TIMP-2 can 
play an indirect role in local development of neoplasm and 
metastases formation and recurrent disease in lymph nodes. 
TIMP-2 can also, independently from MMP-2, stimulate 
the process of neoplasm development (37,44,45).

It also seems interesting to define, except from defining 
MMP-2/TIMP-2 concentration in serum, the MMP-2 
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and TIMP-2 expression in tissue samples of lung cancer 
patients. Such studies were performed by Pilar et al. 
They proved the rise in MMp-2 tissue expression in non-
small cell lung cancer at the simultaneous fall of TIMP-2  
expression. Yet, no statistically significant difference 
between the stage of cancer advancement and the MMP-2’ 
TIMP-2 tissue expression was displayed (46).

In the presented report, we managed to confirm an 
unambiguous relationship between MMP-2 and TIMP-2 
concentrations, the stage of non-small cell lung carcinoma 
and presence of metastases to lymph nodes. However, 
due to the divergence of data in available literature, it is 
necessary to continue research on the role of MMPs and 
their inhibitors as a potential prognostic factor in neoplasms 
on a larger study group. It may also be interesting to explore 
values of both markers in the squamous cell carcinoma 
and adenocarcinoma groups separately. The importance of 
prolonged monitoring of patients should also be emphasized 
in order to examine the possible correlation of MMP-2 and 
TIMP-2 level in plasma before surgical procedure in the 
context of recurrence of the disease.

Conclusions

Serum MMP-2 and TIMP-2 concentrations in non-small 
cell lung carcinoma patients correlates with the tumour size 
and the presence of metastases to lymph nodes. MMP-2 and 
TIMP-2 concentrations may serve as an auxiliary parameter 
in preoperative lung cancer staging. 

Acknowledgements

Funding: Grant no. 503/5-138-01/503-51-002 (Medical 
University of Lodz, Poland).

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare.

Ethical Statement: The study was performed with the 
approval of Bioethics Commission of the Medical 
University of Lodz (resolution no. RNN/435/12/KB) and 
written informed consent was obtained from all patients.

References

1.	 Stewart BW, Wild CP. World Cancer Report 2014. 

International Agency for Research on Cancer, 2014.
2.	 Travis WD, Brambilla E, Burke AP, et al. WHO 

Classification of Tumours of the Lung, Pleura, Thymus and 
Heart. International Agency for Research on Cancer, 2015.

3.	 Rzyman W. Rak płuca. Via Medica 2008;2:407-17.
4.	 Woode D, Shiomi T, D'Armiento J. Collagenolytic matrix 

metalloproteinases in chronic obstructive lung disease and 
cancer. Cancers (Basel) 2015;7:329-41.

5.	 Kopczyńska E, Dancewicz M, Kowalewski J, et al. 
Stężenie Metaloproteinazy 9 i 2 w surowicy chorych 
na niedrobnokomórkowego raka płuca. Pol Merk Lek 
2007;132:539.

6.	 Kumar V, Cortan RS, Robbins SL. Patologia. Urban & 
Partner, 2005:412-5.

7.	 Orlichenko LS, Radisky DC. Matrix metalloproteinases 
stimulate epithelial-mesenchymal transition during tumor 
development. Clin Exp Metastasis 2008;25:593-600.

8.	 Thiery JP, Sleeman JP. Complex networks orchestrate 
epithelial-mesenchymal transitions. Nat Rev Mol Cell Biol 
2006;7:131-42.

9.	 Polette M, Nawrocki-Raby B, Gilles C, et al. Tumour 
invasion and matrix metalloproteinases. Crit Rev Oncol 
Hematol 2004;49:179-86.

10.	 Orimo A, Gupta PB, Sgroi DC, et al. Stromal fibroblasts 
present in invasive human breast carcinomas promote tu 
mor growth iand angiogenesis through elevated SDF-1/
CXCL secretion. Cell 2005;121:335-48.

11.	 Sounni NE, Paye A, Host L, et al. MT-MMP as regulators 
of vessel stability associated with angiogenesis. Front 
Pharmacol 2011;2:111.

12.	 Sounni NE, Rozanov DV, Remacle AG, et al. Timp-
2 binding with cellular MT1-MMP stimulates invasion-
promoting MEK/ERK signaling in cancer cells. Int J 
Cancer 2010;126:1067-78.

13.	 Nagao Y, Hisaoka M, Matsuyama A, et al. Association of 
microRNA-21 expression with its targets, PDCD4 and 
TIMP3, in pancreatic ductal adenocarcinoma. Mod Pathol 
2012;25:112-21.

14.	 Lipka D, Boratyński J. Metaloproteinazy MMP. Struktura i 
funkcja. Postepy Hig Med Dosw (Online) 2008;62:328-36.

15.	 Kanomata N, Nakahara R, Oda T, et al. Expression and 
localization of mRNAs for matrix metalloproteinases and 
their inhibitors in mixed bronchioloalveolar carcinomas 
with invasive components. Mod Pathol 2005;18:828-37.

16.	 Liu H, Kato Y, Erzinger SA, et al. The role of MMP-1 
in breast cancer growth and metastasis to the brain in a 
xenograft model. BMC Cancer 2012;12:583.

17.	 Milovanovic J, Todorovic-Rakovic N, Abu Rabi Z. The 



5312 Drzewiecka-Jędrzejczyk et al. MMP-2 and TIMP-2 concentrations in NSCLC patients

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(12):5306-5313jtd.amegroups.com

role of interleukin 8 and matrix metalloproteinases 2 
and 9 in breast cancer treated with tamoxifen J BUON 
2017;22:628-37.

18.	 Goodison S, Chang M, Dai Y, et al. A multi-analyte assay 
for the noninvasive detection of bladder cancer. PLoS One 
2012;7:e47469. 

19.	 Rašić I, Rašić A, Akšamija G, et al. The association 
between the serum levels of matrix metalloproteinase 9 
and colorectal cancer. Med Glas (Zenica) 2017;14:229-35.

20.	 Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 
2012. CA Cancer J Clin 2015;65:87-108.

21.	 Gao ZH, Tretiakova MS, Liu WH, et al. Association 
of E-cadherin, matrix metalloproteinases, and tissue 
inhibitors of matrix metalloproteinases with the 
progression and metastasis of hepatocellular carcinoma. 
Mod Pathol 2006;19:533-40.

22.	 Yao Z, Yuan T, Wang H, et al. MMP-2 together with 
MMP-9 overexpression correlated with lymph node 
metastasis and poor prognosis in early gastric carcinoma. 
Tumour Biol 2017;39:1010428317700411.

23.	 Roomi MW, Kalinovsky T, Niedzwiecki A, et al. 
Modulation of MMP-2 and -9 secretion by cytokines, 
inducers and inhibitors in human melanoma A-2058 cells. 
Oncol Rep 2017;37:3681-7.

24.	 Shrestha B, Bajracharya D, Byatnal AA, et al. May high MMP-
2 and TIMP-2 expressions increase or decrease the aggressivity 
of oral cancer? Pathol Oncol Res 2017;23:197-206.

25.	 Gao ZB, Duan YQ, Zhang L, et al. Expression of matrix 
metalloproteinase 2 and its tissue inhibitor in oral 
squamous cell carcinoma. Int J Mol Med 2005;16:599-603.

26.	 Marečko I, Cvejić D, Tatić S, et al. Expression of matrix 
metalloproteinase-2 and its tissue inhibitor-2 in fetal 
and neoplastic thyroid tissue and their significance as 
diagnostic and prognostic markers in papillary carcinoma. 
Cancer Biomark 2011-2012;11:49-58. 

27.	 Cymbaluk-Płoska A, Chudecka-Głaz A, Pius-Sadowska 
E, et al. Clinical importance of serum HE4 and MMP2 
levels in endometrial cancer patients. Onco Targets Ther 
2017;10:3169-75.

28.	 Wallard MJ, Pennington CJ, Veerakumarasivam A, et al. 
Comprehensive profiling and localization of the matrix 
metalloproteinases in urothelial carcinoma. Br J Cancer 
2006;94:569-77.

29.	 Sternlicht MD, Werb Z. How matrix metalloproteinases 
regulate cell behavior. Annu Rev Cell Dev Biol 
2001;17:463-516.

30.	 Ming SH, Sun TY, Xiao W, et al. Matrix 
metalloproteinase-2, -9 and tissue inhibitor of 

metalloproteinase-1 in lung cancer invasion and metastasis. 
Chin Med J (Engl) 2005;118:69-72.

31.	 Hrabec E, Strek M, Nowak D, et al. Activity of type IV 
collagenases (MMP-2 and MMP-9) in primary pulmonary 
carcinomas: a quantitative analysis. J Cancer Res Clin 
Oncol 2002;128:197-204.

32.	  Nabeshima K, Inoue T, Shimano Y, et al. Matrix 
metalloproteinases in tumor invasion: role for cell 
migration. Pathol Int 2002;52:255-64. 

33.	 Sasaki H, Kiriyama M, Fukai I, et al. Elevated serum pro-
MMP2 levels in patients with advanced lung cancer are not 
suitable as a prognostic marker. Surg Today 2002;32:93-5.

34.	 Ishikawa S, Takenaka K, Yanagihara K, et al. Matrix 
metalloproteinase-2 status in stromal fibroblasts, not in 
tumor cells, is a significant prognostic factor in non-small-
cell lung cancer. Clin Cancer Res 2004;10:6579-85.

35.	 Kuvaja P, Talvensaari-Mattila A, Paakko P, et al. The 
absence of immunoreactivity for tissue inhibitor of 
metalloproteinase1 (TIMP-1), but not for TIMP-
2, protein is associated with a favorable prognosis in 
aggressive breast carcinoma. Oncology 2005;68:196-203.

36.	 Danilewicz M, Sikorska B, Wągrowska-Danilewicz M. 
Prognostic significance of the immunoexpression of matrix 
metalloproteinase MMP-2 and its inhibitor TIMP-2 in 
laryngeal cancer. Med Sci Mon 2003;9:42-7.

37.	 Katayama A, Bandoh N, Kishibe K, et al. Expression of 
matrix metalloproteinases in early-stage oral squamous cell 
carcinoma as predictive indicators for tumor metastase and 
prognosis. Clin Cancer Res 2004;10:634-40.

38.	 Wassenaar A, Verschoor T, Kievits F, et al. CD40 
engagement modulates the production of matrix 
metalloproteinases by gingival fibroblasts. Clin Exp 
Immunol 1999;115:161-7.

39.	 Hofmann UB, Houben R, Bröcker EB, et al. Role of 
matrix metalloproteinases in melanoma cell invasion. 
Biochimie 2005;87:307-14.

40.	 Hofmann UB, Westphal JR, Wass ET, et al. Matrix 
metalloproteinases in human melanoma cell lines and 
xenografts: increased expression of activated matrix 
metalloproteinase-2 (MMP-2) correlates with melanoma 
progression. Br J Cancer 1999;81:774-82.

41.	 Christopoulos TA, Papageorgakopoulou N, Ravazoula 
P, et al. Expressionof metalloproteinases and their tissue 
inhibitors in squamous celllaryngeal carcinoma. Oncol Rep 
2007;18:855‑60.

42.	 Jiang Y, Wang M, Celiker MY, et al. Stimulation of 
mammary tumorigenesis by systemic) tissue inhibitor 
of matrix metalloproteinase 4 gene delivery. Cancer Res 



5313Journal of Thoracic Disease, Vol 9, No 12 December 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(12):5306-5313jtd.amegroups.com

2001;61:2365-70.
43.	 Visse R., Nagase H. Matrix metalloproteinases and tissue 

inhibitors of metalloproteinases: structure, function, and 
biochemistry. Circ Res 2003;92:827-39.

44.	 Ruokolainen H, Paakko P, Turpeenniemi-Hujanen T. 
Tissue and circulating immunoreactive protein for MMP-2 
and TIMP-2 in head and neck squamous cell carcinoma – 
tissue immunoreactivity predicts aggressive clinical course. 

Mod Pathol 2006;19:208-17.
45.	 Folgueras AR, Pendás AM, Sánchez LM, et al. Matrix 

metalloproteinases in cancer: from new functions to improved 
inhibition strategies. Int J Dev Biol 2004;48:411-24.

46.	 Iniesta P, Morán A, De Juan C, et al. Biological and clinical 
significance of MMP-2, MMP-9, TIMP-1 and TIMP-2 in 
non-small cell lung cancer. Oncol Rep 2007;17:217-23.

Cite this article as: Drzewiecka-Jędrzejczyk M, Wlazeł R, 
Terlecka M, Jabłoński S. Serum metalloproteinase-2 and 
tissue inhibitor of metalloproteinase-2 in lung carcinoma 
patients. J Thorac Dis 2017;9(12):5306-5313. doi: 10.21037/
jtd.2017.11.128


