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Abstract Matrix metalloproteinase-2 (MMP-2) has been

linked with tumor invasion and metastasis. However, the

role of MMP-2 expression in ovarian cancer remains

controversial. By searching the PubMed, Embase, Wan-

fang, and China National Knowledge Infrastructure data-

bases, we conducted a meta-analysis to evaluate the

pathological and prognostic significance of MMP-2 in

ovarian cancer. Studies were pooled, and the odds ratio

(OR) and its corresponding 95 % confidence interval (CI)

were calculated. Version 11.0 STATA software was used

for statistical analysis. Twenty-seven relevant articles were

included for this meta-analysis study. The expression of

MMP-2 in cancer tissue was significantly higher than that

in benign or normal ovarian tissue [cancer vs. benign, OR

10.09 (95 % CI 6.95–14.64); P\ 0.001; cancer vs. normal,

OR 30.48 (95 % CI 17.19–54.05); P\ 0.001; benign vs.

normal, OR 1.88 (95 % CI 1.08–3.29); P = 0.025]. The

expression of MMP-2 in stage III–IV or lymph node

metastasis was significantly higher than that in stage I–II or

that without metastasis, respectively [OR 5.83 (95 % CI

4.32–7.85); P\ 0.001; OR 7.20 (95 % CI 4.75–10.91);

P\ 0.001]. MMP-2 was associated with histological types

and grade of ovarian cancer [serous vs. mucinous, OR 1.67

(95 % CI 1.17–2.39); P = 0.004; grade 3 vs. 1, 2, OR 3.23

(95 % CI 2.29–4.55); P\ 0.001]. However, the age of

patients was not associated with MMP-2 expression [OR

1.25 (95 % CI 0.61–2.58); P = 0.546]. In conclusion,

MMP-2 is related to the malignant degree, FIGO stage,

histological types and grade, and lymph node metastasis of

ovarian cancer. It may play a significant role in clinical

guidelines for the treatment and prognostic evaluation.
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Introduction

Ovarian cancer is the fifth leading cause of cancer deaths in

women and the main cause of gynecologic cancer mortality

[1], and epithelial carcinoma is responsible for 90 % of the

ovarian malignant tumors. Only 15 % of all ovarian can-

cers are found at stage I, when cure rates can approach

90 %. Cure rates for advanced-stage ovarian cancer are

30–35 %. As a result, 50 % of these patients die within

5 years [1, 2]. Therefore, it is necessary to identify the

biological molecular makers to predict the outcomes of

patients, which can effectively make strategies and

improve the survival rate of ovarian cancer.

The matrix metalloproteases (MMPs) are zinc-depen-

dent endopeptidases that degrade the extracellular matrix

collagens and belong to a larger family of proteases known

as the metzincin superfamily [3, 4]. The MMP-2 is one of

the most important basement membrane, gelatin, type IV,

V, VII, and X collagen-degrading enzymes of the MMP

family in ovarian cancer [5]. MMP-2 is released in a pro-

form and is activated through a unique extracellular pro-

teolytic process by MT1-MMP (membrane type 1 matrix

metalloproteinase) [6, 7]. Studies have shown that MMP-2

is overexpressed in some carcinoma tissues, e.g., the head

and neck squamous cell carcinoma with higher ability of

invasion and metastasis [8]. The expression of activated

MMP-2 was significantly related to disease progression in
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epithelial ovarian carcinomas [9], and the MMP-2

expression was found to be significantly correlated with the

histological grade and with the surgical stage of the

malignant ovarian epithelial tumors [10, 11]. However,

some researchers concluded that MMP-2 protein expres-

sion has no impact on the prognosis for ovarian cancer [12–

14]. There is no meta-analysis study to reveal the associ-

ation between MMP-2 expression and clinicopathological

parameters of ovarian cancer. Therefore, we carried out the

first meta-analysis to assess the potential association

between MMP-2 expression and pathological and prog-

nostic significance in ovarian cancer.

Materials and methods

Search strategy

We searched for relevant studies up to September 2014

through the PubMed, Embase, Wanfang, and China

National Knowledge Infrastructure platform (CNKI) data-

base with the following terms and their combinations:

‘‘ovarian cancer/ovarian carcinoma’’ and ‘‘matrix metal-

loproteinase-2/MMP-2.’’ All scanned abstracts, studies,

and citations were reviewed. Moreover, references of the

retrieved manuscripts were also manually cross-searched

for further relevant publications.

Selection criteria

The inclusion criteria included: (1) the articles which had

the association between MMP-2 expression and the clini-

copathological significance of ovarian cancer; (2) the

articles which had the association of MMP-2 expression

and prognosis in patients with ovarian cancer; (3) the

studies which utilized RT-PCR for detection of MMP-2

mRNA and immunohistochemical staining for tissue

MMP-2 expression. The exclusion criteria included: (1) the

studies which used the same population or overlapping

database; (2) the studies of in vitro cell culture models.

Data extraction

All the available data were extracted from each study by

two investigators independently according to the inclusion

criteria listed above. The study characteristics were recor-

ded as follows: (1) the first author, country, and article

publication year; (2) the number of cancer cases, benign

cases, and controls for positive MMP-2 expression (MMP-

2 expression score C?), which was measured by semi-

quantitatively assessing the percentage of tumor cells

expressing MMP-2, intensity of cell staining, and extent of

staining; (3) the number of test cases ([60 years old, FIGO

stage III–IV, and lymph nodes metastasis) and control

cases (B60 years old, FIGO stage I–II, and no lymph nodes

metastasis) for positive MMP-2 expression; (4) the number

of test cases (grade 3) and control cases (grades 1, 2); (5)

the number of test cases (serous histological types) and test

cases (mucinous histological types) for positive MMP-2

expression.

Statistical analysis

We estimated the odds ratio (OR) for clinicopathological

variables ([60 vs. B60 years old, FIGO stage III–IV vs. I–

II, lymph nodes metastasis vs. no lymph nodes metastasis,

grade 3 vs. 1, 2, and serous histological types vs. mucinous

histological types). The heterogeneity of the studies was

assessed using the Cochran’s Q test (considered significant

for P\ 0.10) and was quantified by the I2 statistic. Both

Mantel–Haenszel fixed effects model, which weights the

studies by the inverse of the variance of estimates, and Der

Simonian and Laird random effects model, which weights

the studies by the inverse of the sum of the individual

sampling variance and the between studies’ variance, were

used to combine the data. Relative influence of each study

on the pooled estimate was assessed by omitting one study

at a time for sensitivity analysis. Publication bias was

evaluated by visual inspection of symmetry of Begg’s

funnel plot and assessment of Egger’s test (P\ 0.05 was

regarded as representative of statistical significance). Sta-

tistical analyses were carried out in STATA software,

version 11.0 (STATA Corp, College Station, TX, USA),

and all tests were two-sided.

Results

Characteristics of the studies

There were 157 papers relevant to the search words. Sub-

sequently, 109 irrelevant articles were excluded. The

remaining articles were systematically reviewed, and all 48

articles qualified for full-text reading. After full-text read-

ing, 18 articles were deemed unsuitable and were therefore

excluded, and 30 articles were identified to be included for

qualitative analysis. In addition, another three studies were

excluded due to overlapping data or not present the usable

data after a more careful assessment of the remaining

articles. Finally, 27 cohort studies composed of 6121

ovarian cancer samples were incorporated into the current

meta-analysis. The flow chart of selection of studies and

reasons for exclusion is presented in Fig. 1. The main

characteristics of the eligible studies are shown in Table 1.
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Quantitative synthesis

All 27 studies including 6121 patients explored the asso-

ciation between MMP-2 expression and clinicopathological

variables of ovarian cancer. Table 2 summarizes the eval-

uations of association between MMP-2 expression and

clinicopathological variables of ovarian cancer. We per-

formed pooled analysis with available data on the associ-

ation between MMP-2 expression and age, pathological

type, histological type, FIGO stage, histological grade, and

lymph node metastasis. We failed to find the association

between MMP-2 expression and age (P = 0.546). The OR

(95 % CI) was 1.25 (0.61–2.58) for age ([60 vs. B60). The

positive MMP-2 expression was associated with patho-

logical type, FIGO stage, histological grade, histological

type, and lymph node metastasis (Figs. 2, 3, 4, all

P\ 0.05). The OR (95 % CI) was 10.09 (6.95–14.64),

30.48 (17.19–54.05), and 1.88 (1.08–3.29) for pathological

type (cancer vs. benign, cancer vs. normal, and benign vs.

normal); 3.23 (2.29–4.55) for histological grade (grade 3

vs. 1, 2); 5.83 (4.32–7.85) for FIGO stage (III–IV vs. I–II);

7.20 (4.75–10.91) for lymph node metastasis (yes vs. no);

1.67 (1.17–2.39) for histological type (serous vs.

mucinous), respectively. Notably, the expressions of MMP-

2 in cancer and benign tissues, FIGO III–IV stage, grade 3,

and lymph node metastasis were significantly higher than

those in normal ovarian tissue, FIGO I–II stage, grades 1,

2, and without lymph node metastasis.

Sensitive analysis

We further conducted sensitivity analyses to determine

whether review conclusions were affected by the choice of

single study; the finding suggested that no single study had

the effect on the pooled ORs in the current meta-analysis

(Fig. 5).

Publication bias

Finally, the Egger’s regression test showed no evidence of

asymmetrical distribution in the funnel plot in MMP-2

expression in FIGO stage (Begg’s test P = 0.057; Egger’s

test P = 0.061) and histological grade (Begg’s test

P = 0.230; Egger’s test P = 0.197) (Fig. 6).

Discussion

Ovarian cancer is the leading cause of death from gyne-

cologic malignancies, and because they usually do not

cause symptoms until they have metastasized, patients with

advanced disease account for more than two-thirds of cases

[10]. Ovarian cancer therefore represents a major surgical

challenge and needs intensive and often complex treatment

[10, 11]. Patients frequently appear with advanced disease

that is presumed to involve early and widespread metas-

tasis mediated primarily by the transcelomic spread of

tumor cells. The understanding of the degradation of

basement membrane is essential to the understanding of

cancer metastasis. Invasion and metastasis are triggered by

degradation of basement membrane components by speci-

fic proteinases [38, 39].

Extracellular matrix degradation in the metastatic cas-

cade is an important step, and it requires the involvement

of active proteolytic enzymes such as serine proteases,

cysteine proteases, and matrix metalloproteinases [10].

MMP-2 is a member of the matrix metalloproteinase

families that have ability to degrade type IV collagen.

MMP-2 is released in a pro-form, which can be activated

by membrane-bound metalloproteinases [6, 7]. MMP-2

overexpression and activation have been associated with

the invasive potential of ovarian, breast, lung, and cervical

carcinomas, and MMP-2 has a key role in extracellular

matrix invasion in ovarian carcinoma [10, 11].

This is, as far as we know, the first meta-analysis that

explored the relationship between MMP-2 expression and

Fig. 1 Flow diagram of studies identification
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clinicopathological variables of ovarian cancer. We

observed that the expression of MMP-2 in cancer tissue

was higher than that in benign or normal ovarian tissue,

which is in agreement with previous finding [20, 26, 33].

Our meta-analysis also revealed the association between

MMP-2 expression and malignant degree, FIGO stage,

histological type and grade, and lymph node metastasis in

ovarian cancer. This finding supports the assertion that

MMP-2 can be considered as a hallmark of tumor pro-

gression in ovarian cancer. However, we failed to find the

association between MMP-2 expression and the age of

patients with ovarian cancer.

Several limitations of our meta-analysis should be

addressed. First, there is potential publication bias in this

study since we did not take some unpublished papers and

abstracts and considering their data were not available to

us. Secondly, language can also introduce a bias. Specifi-

cally, we only choose either English language or Chinese

language and rule out other qualified research. A third

potential limitation is that our study may be weakened to

extract the original data from the included studies. Finally,

the immunohistochemical method could affect the prog-

nostic value due to the different detection antibodies and

the application of different cutoff values for determining

Table 1 Characteristics of studies included in this meta-analysis

Author Year

(country)

MMP-2

positive

(negative)

Age

(^\60/

[60)

Pathological type

(cancer/benign/

normal)

Histological type

(serous/mucinous)

FIGO

stage (I–II/

III–IV)

Histological

grade (1,

2/3)

Lymph node

metastasis

(yes/no)

Wu [9] 2002 (China) 45 (22) 24/17 41/26/– 17/10 9/32 23/18 –

Torng [15] 2004 (China) 27 (57) – – – 26/58 38/46 –

Zhang [16] 2005 (China) 26 (16) – 30/12– 23/13 13/25 16/14 –

Wu [17] 2007 (China) 48 (1) – 40/9/– 32/5 9/31 28/12 –

Cai [14] 2007 (USA) 46 (47) – 91/2/– 73/11 11/56 14/49 –

Wang [18] 2007 (China) 44 (26) – 50/10/10 27/18 34/16 30/20 18/32

Luo [19] 2007 (China) 52 (18) – 50/20/– – 22/28 37/13 –

Zhang [20] 2008 (China) 54 (35) – 64/15/10 – 23/41 41/23 24/40

Pan [21] 2008 (China) 62 (29) – – 51/40 42/49 – 51/40

Liu [22] 2008 (China) 56 (22) – – 55/23 26/52 26/10 45/33

Zhu [23] 2008 (China) 24 (40) – – 44/14 34/30 42/22 30/24

Li [24] 2009 (China) 34 (18) – 42/–/10 – 10/32 – 34/8

Sun [25] 2009 (China) 39 (21) – 40/10/10 24/16 14/26 29/11 –

Wang [26] 2009 (China) 59 (61) – 58/32/30 24/16 20/38 44/14 –

Liu [27] 2009 (China) 72 (44) – 50/40/26 – – – –

Zeng [28] 2010 (China) 34 (21) – 45/–/10 – 14/31 – 36/9

Guo [29] 2010 (China) 59 (11) – – 50/20 24/46 33/37 49/21

Kamel [10] 2010 (Egypt) 25 (3) – – 12/9 – 22/6 –

Yu [30] 2011 (China) 77 (42) 56/41 97/22/– 87/10 53/44 61/36 45/52

Hu [31] 2011 (China) 52 (25) – 38/19/20 19/7 20/18 22/16 –

Su [32] 2011 (China) 26 (9) – – – 13/22 21/14 –

Shen [33] 2013 (China) 52 (46) – 47/30/21 – 15/32 – –

Wang [34] 2013 (China) 26 (10) 29/7 – – 20/16 26/10 13/23

Piotr [35] 2013 (Poland) 16 (64) – – – 18/62 43/37 –

Li [36] 2013 (China) 36 (14) – – 36/14 20/30 – 33/17

Wu [37] 2013 (China) 50 (12) – – 27/19 22/40 41/23 42/22

Abdelazim

[11]

2013 (Egypt) 33 (7) – – 15/11 – 31/9 –

378 Clin Exp Med (2016) 16:375–382
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Fig. 2 Odds ratios (ORs) and 95 % confidence interval (CI) of individual studies and pooled data for the association of MMP-2 expression and

pathological type. a Cancer versus benign; b cancer versus normal; c benign versus normal

Table 2 Quantitative analyses of MMP-2 expression and clinicopathological variables of ovarian cancer

Variables Number of patients Test of association Test of heterogeneity Meta-analysis model

OR (95 % CI) Z test P value Q P value I2 (%)

Age ([60 vs. B60) 174 1.25 (0.61–2.58) 0.60 0.546 0.19 0.907 0 Fixed

Pathological type

Cancer versus benign 943 10.09 (6.95–14.64) 12.16 \0.001 17.64 0.127 32 Fixed

Cancer versus normal 581 30.48 (17.19–54.05) 11.69 \0.001 8.35 0.400 4.1 Fixed

Benign versus normal 283 1.88 (1.08–3.29) 2.23 0.025 2.04 0.916 0 Fixed

Histological type

Serous versus mucinous 872 1.67 (1.17–2.39) 2.85 0.004 17.49 0.291 14.2 Fixed

FIGO (III–IV vs. I–II) 1367 5.83 (4.32–7.85) 11.59 \0.001 26.92 0.214 18.3 Fixed

Histological grade

Grade 3 versus 1, 2 1150 3.23 (2.29–4.55) 6.69 \0.001 10.13 0.950 0 Fixed

Lymph node metastasis 751 7.20 (4.75–10.91) 9.31 \0.001 16.58 0.121 33.7 Fixed
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high MMP-2 levels. Despite the above limitations, this is

the first example of a meta-analysis on the association of

MMP-2 expression with the development of ovarian can-

cer. With the application of a statistical approach to com-

bine the results from multiple studies in our meta-analysis

and to achieve strong objectivity, all the research methods

were carried out with strict inclusion and exclusion criteria,

indicating the validity and significance of our conclusion.

In conclusion, despite the limitations of this meta-

analysis, our study confirmed that the expression of

MMP-2 in normal ovarian tissue was lower than in benign

or cancer tissue of ovarian cancer. In addition, MMP-2

expression is associated with FIGO stage, histological

type and grade, and lymph node metastasis, and there was

no relationship between MMP-2 expression and the age of

patient with ovarian cancer. Further studies with larger

Fig. 4 Forest plot of the odds ratios (ORs) and 95 % confidence intervals (CIs) of studies on the association of MMP-2 expression and FIGO

stages and lymph node metastasis. a III–IV versus I–II; b lymph node metastasis (yes vs. no)

Fig. 3 Forest plot of the odds ratios (ORs) and 95 % confidence intervals (CIs) of studies on the association of MMP-2 expression and

histological type and grade. a Serous versus mucinous; b grade 3 versus 1, 2

380 Clin Exp Med (2016) 16:375–382
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data set and well-designed models are required to validate

our findings.

Conflict of interest None.
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