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Abstract The prognostic value of matrix metalloproteinase-7
(MMP-7) for survival of patients with non-small cell lung
cancer (NSCLC) remains controversial. We performed a
meta-analysis of the literatures to clarify its impact. Trials
were selected for meta-analysis if they provided an indepen-
dent assessment of MMP-7 in NSCLC and reported the anal-
ysis of survival data based on MMP-7 status. Pooled hazard
ratio (HR) with 95 % confidence interval (95 % CI) was used
to evaluate the associations between MMP-7 expression and
survival of NSCLC patients. Heterogeneity and publication
bias were also assessed. Seven studies involving 1,446 pa-
tients were identified. The combined HR for all studies
was 1.28 (95 % CI 0.86–1.91; P =0.22). Subgroup
analysis revealed that MMP-7 overexpression had a favorable
impact on survival in Caucasians (HR=0.74; 95 % CI 0.55–
0.99; P=0.043) but showed a poor survival prognosis in
Asians (HR=1.74; 95 % CI 1.05–2.88, P=0.031). Its effect
also appeared significant when the analysis was restricted to
Asian patients with squamous cell cancer (HR=3.42; 95 % CI
1.92–6.11, P=0.000) and adenocarcinoma (HR=2.1; 95% CI
1.34–3.29, P=0.001). Our meta-analysis suggests that there
are ethnic differences in the clinical significance of MMP-7
expression for patients with NSCLC.
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Introduction

Lung cancer (LC) is the most frequent and lethal human
malignancy. Non-small cell lung cancer (NSCLC) accounts
for approximately 85% of all cases of lung cancer [1]. Despite
diagnostic and therapeutic improvements, approximately 40–
50 % of NSCLC presented as metastatic disease when they
were diagnosed and a large percentage of the patients will die
from relapse of their lung cancer, presumably most often
because of undetected residual disease or metastasis. As the
overall five-year survival rate for lung cancer patients is
approximately 15 % [2], effective prognostic biomarkers are
required for treatment selection of lung cancer patients classi-
fied with the same TNM stage.

Matrix metalloproteinases (MMPs) are a family of highly
conserved enzymes that are capable of degrading the extra-
cellular matrix (ECM). The degradation of the ECM is re-
quired in tumor angiogenesis, as well as tumor invasion and
metastasis. Up to now, over 25 well-characterized members of
this proteinase family have been identified. Matrix
metalloproteinase-7 (MMP-7), the smallest (28 kDa) member
of the MMP family, is produced by tumor cells [3, 4] and has
broad substrate specificity against ECM components, includ-
ing elastin, type IV collagen, fibronectin, vitronectin,
aggrecan, and proteoglycans [5–7]. Previous clinical studies
have shown an overexpression of MMP-7 to correlate with
poor prognosis in many malignant tumors, including colorec-
tal cancer [8–11], gastric cancer [12–14], esophageal cancer
[4, 15], pancreatic cancer [16, 17], prostate cancer [18], and
bladder cancer[19–21], indicating that MMP-7 could be
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useful as a tumor-associated biological marker. However, the
prognostic value of MMP-7 for survival of patients with
NSCLC remains controversial. Therefore, we conducted a
meta-analysis of the published literatures to assess the prog-
nostic value of its overexpression for the survival of patients
with NSCLC.

Materials and methods

Search strategy

Published trials were sought by using electronic databases
(PubMed, Embase, Web of Science, and CNKI). Search terms
were “non-small cell lung cancer” or “carcinoma, non-small cell
lung” or “NSCLC,” “MMP-7” or “matrix metalloproteinase-7”
or “matrilysin” and “prognosis.” The published languages and
years were not limited. The references reported in all the iden-
tified studies were used for the completion of the studies’ search,
and the last search was updated on June 10, 2013.

Inclusion and exclusion criteria

This meta-analysis includes publications from studies meeting
the following criteria: (1) The histologic type of the tumors
was NSCLC; (2) It assessed the relationship between MMP-7
and survival and had been published as a full paper; (3)
Hazard ratio (HR) and its 95 % confidence interval (95 %
CI) are described or statistically extractable from data in the
article. The major reasons for exclusion of studies were the
following: (1) family studies, (2) case reports, (3) review
papers, and (4) containing overlapping data. Only the most
recent or informative study was included into this meta-
analysis, when the same authors reported two or more publi-
cations on possibly the same patient populations.

Data extraction

All the data were extracted independently by two reviewers
using a standard protocol. Potential disagreements were re-
solved by consensus. The following characteristics were ex-
tracted: name of the first author, year of publication, sample
size, test method, cut-off value, tumor stage, histologic type,
patient source, and percentage of MMP-7 high expression.

Statistical analysis

The analysis was done by comparisons of survival between
the MMP-7 positive arm and the respective MMP-7 negative
arm of the identified studies. The HRs and their 95%CIs were
used to combine as the effective value. If the HRs and their
95 % CIs were given explicitly in the articles, we used crude
ones. Since intermixed factors are included in the multivariate

analysis, HR obtained from multivariate analysis is more
accurate than HR obtained from univariate analysis.
Therefore, useful data for calculation from the latter was
chosen when both univariate analysis and multivariate analy-
sis were available for the studies. When these statistical vari-
ables were not provided, they were calculated from available
numerical data or Kaplan–Meier survival curve. In these
cases, after dividing the time axis into non-overlapping inter-
vals, logHR and its variance for each interval were calculated.
These estimated values were combined in a stratified manner
to obtain the overall HR and 95 % CI [22]. All the statistical
analyses were performed using Stata version 11 (Stata Corp,
College Station, TX, USA). A statistical test with a P value
less than 0.05 was considered significant. By convention, an
observed HR > 1 implied a worse survival for the group with
positive MMP-7 expression. In addition, the statistical hetero-
geneity within studies was tested with the chi-squared based
Q-test (meaningful differences between studies indicated by
P <0.10). A random-effect model was employed when there
was evidence of significant statistical heterogeneity. The po-
tential publication bias was assessed using Begg’s [23] and
Egger’s [24] tests.

Results

Study selection and characteristics

Figure 1 showed the flow chart of study selection in this meta-
analysis. We identified 126 abstracts, of which 31 were further
assessed for eligibility by full text. After excluding irrelevant
studies, overlapping studies, and those without information to
calculate the HR, a total of seven studies [25–31] that met the
inclusion criteria were identified. There were two studies from
Caucasians and five from Asians. The media follow-up was
ranged from 20.8 to 97 months. The total number of included
patients was 1,446 ranging from 66 to 452 patients per study
(median, 206). The positive rate for MMP-7 overexpression in
the individual studies ranged from 29.7 to 77.9 % by immu-
nohistochemistry (IHC). The main characteristics of the seven
eligible publications are reported in Table 1.

Surgery was performed for all patients in studies except
one [28]. These publications concerned different cohorts of
patients, five studies [25, 27, 28, 30, 31] (902 patients, 62.4%)
originated fromEast Asian, and the remaining two studies [26,
29] (544 patients, 37.6 %) originated from Europe. Three of
the seven studies [25, 26, 30] concluded that MMP-7 was not
a prognostic factor for survival; three [27, 28, 31] identified
MMP-7 overexpression as a pejorative prognostic factor for
survival; one [29] reporting a better prognosis for MMP-7
positivity was included. Subgroup analysis based on patho-
logical subtype was performed in two studies [27, 28]. The
included seven published studies investigated multiple factors
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of prognosis in NSCLC, such as age, gender, tumor
status, nodal status, tumor type, tumor stage, cell differ-
entiation, lymphovascular invasion, and performance
status. Overall, according to the positive threshold for
MMP-7 expression defined by the authors, MMP-7 was
highly expressed in 53.8 % (778/1,446) of the evaluable
NSCLC patients.

Meta-analysis

In three of the seven studies [27–29], the useful data for
calculation were obtained directly from the original articles.
In other four studies [25, 26, 30, 31], HRs had to be extrap-
olated from Kaplan–Meier survival curve.

The main results of the meta-analysis are summarized in
Figs. 2 and 3. Overall, the combined HR for all seven studies
was 1.28 (95 % CI 0.86–1.91, P=0.22), suggesting that
overall survival was slightly, but not significantly, worse in
patients with positive MMP-7 expression than in those with
negative MMP-7 expression. There was significant heteroge-
neity (Q =27.60, P=0.000), so the pooled HR for overall
survival was performed using random-effort model and it
was possible to go further in categorizing the trials. When
we limited the source of patients involved in the studies to

Asian, the combined HR was 1.74 (95 % CI 1.05–2.88,
P=0.031), showing a worse survival when MMP-7 expres-
sion is increased. Interestingly, a totally converse result was
observed when the trials conducted in Caucasians were ana-
lyzed. The combined HR was 0.74 (95 % CI 0.55–0.99,
P=0.043), and the test for heterogeneity was non-significant
(Q =1.29, P=0.26), suggesting that a positive MMP-7 status
has a favorable impact on survival for Caucasian patients. We
also focused on the predominant histologic type in each study.
When the analysis was limited to studies focused on squa-
mous cell cancer, the pooled HR was 3.42 (95 % CI 1.92–
6.11, P=0.000) without heterogeneity (Q =0.27, P=0.602).
When the analysis was limited to studies focused on adeno-
carcinoma, the pooled HR was 2.1 (95 % CI 1.34–3.29,
P=0.001) without heterogeneity (Q =1.03, P=0.311).

Publication bias

Both Begg’s funnel plot and Egger’s test were per-
formed to assess the publication bias. Begg’s funnel
plot did not reveal any evidence of obvious asymmetry
in the overall meta-analysis (Fig. 4). There was no
indication of publication bias from either Egger’s (P=0.11)
or Begg’s (P=0.23) tests.

74 excluded after abstract 

review

16 review articles  

2 other tumor 

3 meeting abstracts 

126 potentially 
relevant articles 

4 studies excluded after 

review of full publication  

7 survival data not reported 

or calculated 

13 repeated reports 

31 publications 

retrieved for detailed 

7 studies selected 

for inclusion 

Fig. 1 The flow diagram of
search strategy
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Sensitivity analysis

A sensitivity analysis, in which one study was removed at a
time, was performed to evaluate result stability. The corre-
sponding pooled HRs were not significantly altered, suggest-
ing stability of our results (Table 1).

Discussion

In recent years, substantial efforts have been made to identify
prognostic factors to individualize treatment and improve
survival. As far as we know, MMP-2 [32] and MMP-9 [33]
have been implicated in prognosis of NSCLC; so we hypoth-
esized that MMP-7 status in NSCLC may also have a corre-
lation with prognosis. After searching for studies according to
our methodology, we indeed found some experiments
reporting that MMP-7 overexpression was a poor prognostic
factor for survival in NSCLC. However, converse outcome
was reported, too. The present study summarized all of the
available data on the impact of MMP-7 expression on the
prognosis of NSCLC in 1,446 cases. Our results using the
pooled HR of OS did not indicate that high MMP-7 expres-
sionwas associatedwith poor prognosis inmixed populations.
As there was extreme heterogeneity (P=0.000) among the
seven studies, we went further to perform subgroup analysis.
Interestingly, high MMP-7 had totally different clinical sig-
nificance to the Asians and Caucasians, respectively. We
observed a significant role of MMP-7 in the subgroup of
Asian studies (HR=1.74; 95 % CI 1.05–2.88), while the
outcomes of European studies produced an HR of 0.74
(95 % CI 0.55–0.99).

To our knowledge, MMP-7 allows tumor cells to become
resistant to apoptotic signals by cleavage of the pro-apoptotic
FAS ligand (FASL) [34, 35]. MMP-7 also inhibits apoptosis
by cleaving pro-heparin-binding epidermal growth factor
(pro-HB-EGF) to generate mature HB-EGF, which promotes
cell survival by stimulating the ERBB4 receptor tyrosine
kinase [36]. In addition,MMP-7 can cleave E-cadherin, which
promotes tumor-cell invasion in vitro [37]. In animal experi-
ments, tissue-specific overexpression of MMP-7 leads to
hyperproliferative disease and increased cancer susceptibility
[38]; while downregulation of MMP-7 by antisense oligonu-
cleotide results in reduced tumor burden or metastasis [39].
All these functions imply that MMP-7 may associate with
poor prognosis in NSCLC. In this study, MMP-7 positive
expression showed shorter overall survival in Asian popula-
tions, which matched with the functions of MMP-7; while it
suggested a favorable prognosis in Caucasians. Although the
outcome about white populations did not agree with the
opinions of the existing functions ofMMP-7, it was supported
by similar results from other studies. Luukkaa et al. showed
that high expression of MMP-7 in acinic cell carcinomas andT
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mucoepidermoid carcinomas of the salivary glands was asso-
ciated with a better overall survival [40]. Sillanpaa et al.
demonstrated that high MMP-7 level was a marker of better
differentiation and relatively favorable prognosis in epithelial
ovarian cancer [41]. This phenomenon also appears in other
prognosis factors. Dahabreh et al. reported that increased
EGFR gene copy number was associated with an improve-
ment in overall survival among studies enrolling predominant-
ly white individuals but did not appear to have an effect in
studies enrolling individuals of East Asian descent [42].
Therefore, we assume that the differences in the constitutional
genetic background between populations may partly account
for the divergent results.

We also analyzed the data according to histology subtypes.
Survival probability was found to be influenced by the histo-
logical type of NSCLC at diagnosis. Subgroup analysis based
on lung cancer subtypes showed that high MMP-7 expression
might be associated with poor prognosis in squamous cell
cancer and adenocarcinoma. Interestingly, the populations
used to make the subgroup analysis were all Asian patients.
That is to say, MMP-7 overexpression also had a significant
correlation with poor survival in Asian patients who were
diagnosed as squamous cell cancer and adenocarcinoma.

As MMP-7 overexpression was closely associated with the
prognosis in NSCLC according to the present study, the
factors regulating MMP-7 expression should also be attached
great importance to. To our knowledge, MMP-7 is one of
target genes of β-catenin, which is a pivotal component of
the canonicalWnt signaling pathway [43]. Thereby, any factor

taking part in the regulation of β-catenin expression or Wnt
signaling pathway may have effect on the MMP-7 expression.
Zhang et al. reported that NKD1 knockdown could markedly
up-regulate dishevelled-1 and β-catenin protein levels and
enhance the transcription of MMP-7 in NSCLC cells [44].
Su et al. showed that TC-1 expression positively regulated β-
catenin transcription and MMP-7 expression at the mRNA
and protein level [45]. Besides the Wnt/β-catenin pathway,
MMP-7 expression can be regulated by other pathway or
factors in NSCLC. Fibulin-5, a recently identified fibulin
family member, functions as an inhibitor of ERK signaling
via its RGD motif to inhibit MMP-7 expression; silencing of
fibulin-5 can up-regulate MMP-7 in NSCLC [46].
Suppression of fibulin-3, which is homologous to fibulin-5,
can significantly elevate cellular levels of MMP-7 [47].
Furthermore, MMP-7 expression can be enhanced by silenc-
ing Kaiso [48]; δ-catenin overexpression could significantly
decrease the binding between Kaiso and MMP-7, which re-
sults in increased expression ofMMP-7 [49]. In addition to the
vitro findings, previous study demonstrated the intratumoral
Wnt1 overexpression was associated with the high MMP-7
expression in NSCLC [43]; up-regulation of MMP-7 was
related to β-catenin nuclear accumulation in lung neuroendo-
crine tumors [50]. Although the role of MMP-7 overexpres-
sion has been evaluated in our study, the association between
MMP-7 and its upstream regulation factors in NSCLC tissues
is not very clear yet. Further study is needed to investigate the
role of these factors in prognosis and their expression in
relation to MMP-7 in NSCLC patients with different genetic

Fig. 2 Forest plot of meta-
analysis of the effect of MMP-7
expression on survival in NSCLC
patients
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Fig. 4 Begg’s funnel plot of the
seven eligible studies assessing
MMP-7 in NSCLC

Fig. 3 The two evaluable studies
assessing MMP-7 in squamous
cell cancer (a) and
adenocarcinoma (b)
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background. On the other hand, MMP-7 can also be regulated
by extracellular agents. Recent studies showed that artesunate,
andrographolide, and α-tomatine considerably suppressed in-
vasion and metastasis in NSCLC cells by reducing the expres-
sion of MMP-7 [51–53], which supported the necessity of
future preclinical and clinical studies investigating the suit-
ability and efficacy of these agents as additional therapeutics
or anti-cancer agents in the treatment of NSCLC, especially
for Asians with MMP-7 overexpression.

Though the method used for the assessment of MMP-7
expression in NSCLC patients in the seven studies was the
same, IHC results depend on the primary antibody used. A
range of antibodies purchased from different manufacturers
and the antibody concentration are important factors having
an influence on the staining result, and the cut-off of defining
the specimens as MMP-7 positivity varied substantially.
Therefore, the divergent findings between species may also
partly be explained by the differences of the antibodies, con-
centration, and cut-off value used in IHC. However, due to the
small groups of studies evaluating the same antibody, sub-
group analysis could not be performed to explore this techni-
cal problem. Well-designed clinical trials with large patient
size are urgently needed.

In conclusion, our meta-analysis suggests that ethnic dif-
ferences in clinical significance of MMP-7 expression for
patients with NSCLC exist. High expression of MMP-7 pre-
dicts favorable prognosis in white populations; however, for
Asian patients, MMP-7 overexpression had a significant cor-
relation with poor survival, especially for patients who diag-
nosed as squamous cell cancer and adenocarcinoma. Since
racial and ethnic differences in MMP expression are poorly
understood, our data help to get a precise estimate of the
prognostic role of MMP-7 expression and provided informa-
tion that the potential underlying mechanism of MMP-7 in
tumor metastasis vary between different ethnicities. Several
racial/ethnic determinants and/or lifestyle linked to race are
likely to affect expression of the MMP-7, which merits further
investigation.
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