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Abstract

Objective: Studies have published the association between the expression of matrix metalloproteinases (MMPs) and the
outcome of cervical cancer. However, the prognostic value in cervical cancer remains controversial. This meta-analysis was
conducted to evaluate the prognostic functions of MMP expression in cervical cancer.

Methods: A comprehensive search of PubMed, Embase, and Web of Science databases was conducted to identify the eligible
studies according to defined selection and excluding criteria and analyzed according to Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines. Fixed and random effects models were evaluated through the hazard ratios
(HRs) and 95% confidence intervals (Cls) to estimate the overall survival (OS), recurrence-free survival (RFS), and progress-free
survival (PFS).

Results: A total of |8 eligible studies including 1967 patients were analyzed for prognostic value. Totally 16 selected studies
including 21| tests were relevant to the cervical cancer OS, 4 studies focused on RFS, and | study on PFS. The combined pooled
HRs and 95% Cls of OS were calculated with random-effects models (HR = 1.64, 95% Cl = 1.01-2.65, P =.000). In the subgroup
analysis for OS, there was no heterogeneity in MMP-2 (I* = .0%, P = .880), MMP-| (1> = .0%, P = .587), and MMP- 14 (I* = 28.3%, P
= .248). In MMP-7 and MMP-9, the heterogeneities were obvious (I* = 99.2% (P = .000) and I* = 77.9% (P = .000), respectively).
The pooled HRs and 95% Cls of RFS were calculated with fixed-effects models (HR =2.22, 95% CI = 1.38-3.58, P = .001) and
PFS (HR = 2.29, 95% CI = 1.14-4.58, P = .035).

Conclusions: The results indicated that MMP overexpression was associated with shorter OS and RFS in cervical cancer
patients. It suggested that MMP overexpression might be a poor prognostic marker in cervical cancer. Research Registry
Registration Number: reviewregistry |159.
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Introduction
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infection with human papillomavirus (HPV).” The latest nine
HPV valent vaccine could potentially prevent up to 90% of
cervical cancer cases.® Nonetheless, the vaccination coverage
is not optimal, especially for the developing countries, which
encompass almost 90% of cervical cancer deaths.” In brief,
new biomarkers which can estimate the prognosis of cervical
cancer patients are urgently required.

Matrix metalloproteinases (MMPs) are a family of zinc-
dependent endoenzymes. Up to date, more than 25 closely re-
lated and evolutionarily conserved MMP enzymes have been
discovered among which MMP-1 is the first identified subtype
almost half a century ago.*” MMPs are versatile proteases,
displaying enzymic activity against a broad spectrum of sub-
strates including cytoplasmic and nuclear proteins, such as ex-
tracellular matrix (ECM) degradation, loss of cellular adhesion,
tumor angiogenesis, epithelial mesenchymal transitions (EMT),
and cellular proliferation, and the role of MMPs as collagenolytic
proteases remains one of their most critical physiological
functions.'”!" During the many years following their discovery,
MMPs have been revealed to have many other functions in the
pathophysiology of cancers by regulating the microenvironment
and cell behaviors which include cancer cell proliferation, dif-
ferentiation, apoptosis, migration and invasion, the regulation of
tumor angiogenesis, and immune surveillance.'”> MMPs are
upregulated in almost every type of human cancers. By cleaving
a wide range of substrate, MMPs could promote cancer pro-
gression and were regarded to be relevant to the prognosis.

Previous systematic reviews have demonstrated that MMPs
expression is associated with prognosis of osteosarcoma,'*'*
colorectal cancer,15 gastric cancer,””17 renal cell carcinoma,18
lung cancer,'” and breast cancer.?” In cervical cancer, a number
of studies have revealed MMPs expression was extensively
associated with survival. However, the results of these studies
were not consistent due to pathological classification, genuine
heterogeneity, or lower statistical veracity, such as MMP-2.
Cornelis et al*' and Maiko et al*” reported that MMP-2 might
be associated with worse prognosis of cervical cancer patients.
Kim et al** and Branca et al** reported that MMP-2 was not
predictive of recurrence and survival in cervical cancer pa-
tients. However, Wang et al reported that MMP-2 cooperated
with RECK could function as a prognostic marker with long-
term survival. Therefore, we carried out this meta-analysis to
evaluate the correlation between MMPs and prognosis in
cervical cancer.”™*!

Methods

Search Strategies

Original literatures on MMPs expression and survival results
in cervical cancers were searched in PubMed, Embase, Co-
chrane Library, and Web of Science databases update to May
24, 2021. The PRISMA guideline*? was followed to carry
out this systematic review. The study was registered with
research Registry (Registration Number: reviewregistry 1159

(https://www.researchregistry.com). The search strategy was
based on the combination of Medical Subject Headings (MeSH)
and terms such as “cervical cancer” or “cervical carcinoma” or
“uterine cervix cancer” or “uterine cervix carcinoma” and
“MMP” or “Matrix metalloproteinase” and “prognostic” or
“prognosis” or “survival” or “mortality” or “outcome” or “re-
currence” or “relapse.” In order to minimize the deviation caused
during the search process, all references in retrieved articles were
scanned to identify other potentially available reports.

Select Criteria and Data Extraction

Two independent reviewers selected the eligible candidate
articles. Any disagreement on study selection and data col-
lection was conversed and reached a final agreement via dis-
cussion with the third reviewer. Inclusion criteria were as
follows: (1) the cervical cancer patients were confirmed by the
department of pathology; (2) MMPs expression was measured
in tumor tissue or serum; (3) MMPs expression model was
identified by the immunohistochemistry (IHC) or enzyme
linked immunosorbent assay (ELISA) instead of mRNA; (4) the
HR value and 95% CI between MMPs expression and the
survival status could be obtained from articles or calculated
based on the information in articles; (5) articles in English and
mentioned the association of MMPs with OS or RFS or PFS.
Exclusion criteria were as follows: (1) studies use cell lines or
animals; (2) studies without OS or RFS or PFS or in other
language other than English; (3) reviews, letters to editors, or
articles published in a book or not published.

Data table was designed to extract all available studies. All
related data were extracted by 2 independent reviewers, and
any disagreements were resolved by achieving consensus with
the assistance of a third reviewer. The extracted data include
following information: first author, year, case (N), country,
medium/mean age, dominant ethnicity, stage, method, cut-off
value, follow-up period, MMP type, prognosis type, HR sta-
tistics, univariate (HR and 95% CI, P-value), and multivariate
(HR and 95 %CI, P-value). If HRs and 95% Cls were not
available, we calculated them using the relevant data from the
graphed survival plots in Kaplan—-Meier curves, or emailed the
authors for related information. Although we have tried to contact
authors of original for missing data, some information above is
still not accessible, which was marked as “not reported (NR).”

Sensitivity and Publication Bias

In order to assess the stability and reliability of the conclusions
of the pooled HR and 95% CI in meta-analysis, we performed
the sensitivity tests and publication bias tests for evaluating
heterogeneity in meta-analysis. The sensitivity analyses were
performed by omitting one study at a time to gauge the ro-
bustness of our study. The potential publication bias across the
included studies was performed by the Deeks’ funnel plot test
whereas the prognostic studies analyzed with Begg’s funnel
plot and Egger’s test.
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Risk of Bias Assessment

To evaluate the risk of bias, two independent investigators
performed the analysis with the Cochrane risk of bias tool. The
risk of bias included selection bias (random sequence generation
and allocation concealment), performance bias (binding of
participants and personnel), detection bias (binding of out-
come assessment), attrition bias (incomplete outcome data),
reporting bias (selective reporting), and other bias. Each item
was rated as low, high, or unclear risk, and the overall risk of
bias of a study was concluded by summarizing all the 6 as-
pects. Any disagreements were resolved through consensus
with the third investigator.

Meta-Regression

To further investigate the heterogeneity, a meta-regression was
performed to explore the variance in the association between
MMPs expression and OS. We conducted the univariable and
multivariable analyses on year, MMP subtype, country, age,
method, follow, stage, and cell type (cancer, stroma, endothelial
cell, and uncertain cells from ATCH data) covariate. The P values
in the meta-regression revealed overall significance of the
influence factors. P values were inversely proportional to the
size of heterogeneity. P < .05 indicated the factors could
present source of heterogeneity. Only subgroup analyses were
used for the secondary outcomes with their merged effects.

Statistical Analysis

To assess the impact of MMPs expression on survival of
cervical cancer patients, the pooled HRs and corresponding
95% Cls were used in combination as the effective value. A
pooled HRs > 1 indicated a poor prognosis for patients with

MMPs overexpression, and in contrast, a pooled HRs < 1
indicated an increased survival for patients with high MMPs
expression. When the pooled HRs > 1 with corresponding
95% Cls was not overlapping 1, the influence of MMPs
expression on prognosis of cervical cancer was statistically
significant. Heterogeneity was determined by the Q test and I?
statistic. A random-effects model was used if the heteroge-
neity was significant (P < .05 and/or I? > 50%). Otherwise, a
fixed-effects model was used. Potential publication bias was
evaluated through visual inspection of the funnel plots and
was further assessed by Egger’s test (P > .05 indicated lack of
publication bias). All analyses were performed using STATA
12.0 (StataCorp LP, College Station, Texas). All P values were
two-sided, and P < .05 was considered statistically significant.

Results

Study Characteristics

A flow diagram of the process for inclusion and exclusion
criteria with specific reasons is shown in Figure 1. A total of
596 studies were initially identified from PubMed, Embase,
and Web of Science databases, including 1 study through
other sources. After reviewing the titles and abstracts and full-
text articles assessment, 18 studies were included meeting all
the criteria, ultimately.

An overview of the main characteristics of 18 eligible
studies is shown in Tables 1 and 2. Overall, all studies selected
were published from 2002 to 2020. The total number of
patients included was 1967, ranging from 24 to 304 per study,
with 7 studies conducted in Caucasian population, which
mainly came from European countries, and 11 studies were in
Asian population, of which 9 from China, 1 from Japan, and 1
from Egypt. About the testing methods, 13 studies data were

Total records identified through databases
searching(n=596 : Pubmed=201; Embase=224;
Web of science=171)

Additional records
identified through other
sources (n=1)

(n=446)

Records after duplicates removed

Records excluded for obvious irrelevance

based on the titles and abstracts (n=396)

Full-text articles screened for
detailed evaluation(n=50)

Records excluded after full-text review for not

meeting the inclusion criteria (n=32)

Studies met all the criteria for the
meta-analysis (n=18)

Figure |. Flow chart of literature search and selection.
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Table I. Main Characteristics of Studies Included in the Meta-Analysis.

Stage

Follow-up
First author  Year N Country Medium/Mean age Dominant ethnicity I/l [Il/IV  Method Cut-off value period
Talvensaari®®> 2005 24 Finland 40 (cut-off) Caucasian NR NR IHC NR 5
Cornelis?' 2006 30 Netherland NR Caucasian 29 I IHC NR 10?
Tian?® 2018 192 China NR Asian NR NR TCGA NR NR
Wang?’ 2011 30 China 50 (cut-off) Asian 30 0 IHC 21.5 g8°
Masatsugu®® 2002 52 Japan 50 (cut-off) Asian 52 0 IHC NR NR
Rauvala®’ 2006 161 Sweden 58 (24-87) Caucasian 125 36 IHC <20% 20°
Ahmed*® 2004 50 Egypt 518+72 Asian 24 26 ELISA 16.9 ng/ml 36°
Wang®! 2008 80 China 50 (cut-off) Asian 80 0 IHC <120.6 39°
Sier®? 2008 30 Netherlands 45 (29-72) Caucasian 28 2 IHC 4 10°
Xu®*? 2014 110 China 50 (cut-off) Asian 1o 0 IHC <10% 7
Wang** 2014 136 China 40 (cut-off) Asian 107 29 IHC <l 8l°
Li* 2012 225 China 40 (cut-off) Asian 107 118 IHC <5% g°
Zhao®® 2020 257 China NR Asian NR NR TCGA NR NR
Fan®’ 2016 66 China NR Asian 20 32 [IHC NR NR
Roszik?® 2018 28 America NR Caucasian 20 6 IHC <10% 200°
Wang*’ 2020 304 China 57.5 (20-88) Caucasian 231 65 TCGA NR 15
Yi*0 2020 128 China NR Asian NR NR TCGA NR 6000°
Martins*! 2020 64 Brazil 44 (22-94) Caucasian 49 15 [HC NR 12*

Abbreviations: TCGA, The Cancer Genome Atlas. NIH Gov.; NR, not reported; IHC, immunohistochemistry; ELISA, enzyme linked immunosorbent assay.

*Year.
®Month.
“Day.

obtained from IHC, 4 studies from TCGA, and 1 study result
was based on ELISA test. The histologic type of cervical
cancer in our analysis, 12 studies described in detail, includes
squamous carcinoma, adenocarcinoma, and adenosquamous
carcinoma, and 6 studies just presented only from cervical
cancers. Among these included studies, 6 studies including 6
tests focused on associations between MMP-2 and cervical
cancer, 5 studies including 6 tests on MMP-9, 4 studies on
MMP-1, 2 studies including 3 tests on MMP-14, and 1 study
with 2 distinct assessing methods on MMP-7. To sum up, 16
studies reported patient OS, 4 studies focused on RFS, and 1
study on PFS.

MMPs Expression on OS/RFS/PFS

Totally 16 selected studies including 21 tests were relevant to
the cervical OS. A random-effects model was used to analyze
the MMPs on OS since there existed heterogeneity (I* =
95.0%, P =.000), and MMPs overexpression was relevant to
the worse OS and has significant difference (HR = 1.64, 95%
CI=1.01-2.65, P=.044) (Figure 2A). We categorized the 16
studies based on relevant MMPs family members, and there
was no heterogeneity in MMP-2 (I = .0%, P = .000), MMP-1
(I = .0%, P = .587), and MMP-14 (I> = 28.3%, P = .248). In
MMP-7, the heterogeneity was obvious (I* = 99.2%, P = .000),
and MMP-9 also exhibited heterogeneity (I* = 77.9%, P = .000)
(Figure 2B). All pooled MMP-2 (HR =2.25,95% CI=1.58-3.22, P

=.000), pooled MMP-9 (HR = 1.02, 95% CI = .53-1.96, P =
.042), and pooled MMP-1 (HR =1.35,95% CI=1.18-1.55, P
=.000) overexpression and other subgroups with MMP-7 (P =
.02) on endothelial cells had worse OS on cervical cancer.
Pooled MMP-14 (HR = 2.05, 95% CI = .87-4.83, P = .102)
overexpression had a tendency for worse OS, although no
significant difference was reached.

There were four selected studies for RFS and one study for
PFS. A fixed-effects model was used to analyze the MMPs on
RFS since there existed no heterogeneity (I* = 30.0%, P =
.232), and MMPs overexpression was significantly relevant to
the worse RFS (HR = 2.22, 95% CI = 1.38-43.58, P =.001)
(Figure 2C). We categorized the four studies based on the
relevant MMPs family members and there was no hetero-
geneity in MMP-2 (I? = 51.9%, P = .125). We did not assess
the heterogeneity of MMP-9 because there was just one study.
The pooled MMP-2 (HR = 2.04, 95% CI = 1.04-3.99, P =
.038) and MMP-9 (HR =2.42, 95% CI =1.23-4.77, P=.038)
had worse RFS on cervical cancer (Figure 2D). Since there
was only one study on PFS, we did not test the heterogeneity
on PFS. Besides, MMP-9 overexpression seemed to have no
effect on PFS (HR = 1.44, 95% CI = .572-3.600, P = .035).

Sensitivity Analysis and Publication Bias

In order to assess the stability and reliability of the conclusions
of the pooled HR and 95% CI in meta-analysis, we performed
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Table 2. HRs and 95% Cls on Prognosis of the Included Studies in the Meta-Analysis.
Univariate Multivariate
First author MMP type  Prognosis type  HR statistics HR (95% ClI) P-value HR (95% ClI) P-value
Talvensaari®®>  MMP-9 RFS sC 2.42 (1.23-4.77) .04 NR NR
Cornelis®' MMP-2 oS sC 2.71 (1.03-6.92) 043 NR NR
Tian?® MMP-| os Reported 74 (.5-1.09) .001 1.699 ( 1.133-2.548) .0l
Wang?”’ MMP-2 RFS sC 3.06 ( 0.89-10.08 ) 034 NR NR
os sC 2.09 (0.91-4.77) 057 NR NR
Masatsugu®®  MMP-2 os Reported NR NR 2.841 (1.000-8.076) .0501
Rauvala®’ MMP-2 os Reported NR NR 1.93 (1.10-3.37) 022
Ahmed*® MMP-2 RFS Reported NR NR 8.1 (1.349.1) 04
Wang®' MMP-2 RFS Reported 1.158 (.470-2.853) 748 NR NR
oS Reported 1.475 (.330-6.593) .608 NR NR
Sier®? MMP-7 os* sC 24.32 (11.04-53.50) .02 NR NR
oS sC 28 (.17-.45) 99 NR NR
Xu? MMP-9 PFS sC 2.29 (1.14-4.58) 035 NR NR
os sC 1.52 (.63-3.66) .03 NR NR
Wang** MMP- 14 oS Reported NR <.00I 1.448 (1.036-2.024) .03
Li*® MMP-9 oS Reported 3.12 (1.39-6.74) .001 2.97 (1.23-6.19) .002
Zhao® MMP-| os Reported NR NR 1.2974 (1.1069v1.5206) 00131
Fan®’ MMP-9 oS sC 1.754 (1.278-2.230)  <.000I NR NR
Roszik® MMP-| oS sC 2.12 (.57-7.88) <.0001 NR NR
Wang* MMP-| os sC 1.35 (.93-1.97) .004 NR NR
Yi* MMP-9 oS sC 99 (.55-1.79) 023 NR NR
Martins*' MMP-2 os’ Reported 3.91 (1.17-13.02) .03 NR NR
MMP-9 os° Reported .19 (.05-.65) 0l NR NR
MMP-9 os Reported .19 (.04-.90) .04 NR NR
MMP- | 4 os° Reported 7.11 (.88-57.58) 07 NR NR
MMP- | 4 os Reported 3.57 (.43-29.9) 24 NR NR

Abbreviations: SC, Kaplan—Meier survival curve; NR, not reported; OS, overall survival; MMP, matrix metalloproteinases; RFS, recurrence-free survival.

?Endothelial cells.
bStroma cells.

the sensitivity tests and publication bias. For OS, sensitivity
results indicated that the pooled HRs were significantly altered
by excluding Sier et al*? studies, indicating the MMP-7 might
be the source of heterogeneity (Figure 3A). The Deeks’ funnel
plot of MMPs expression on OS was asymmetric (Figure 3B-a).
Begg’s funnel plot (Figure 3B-b) and Egger’s test (P =.020) of
publication bias showed there existed heterogeneity. For RFS,
sensitivity results indicated that the pooled HRs were not
significantly altered by excluding any studies (Figure 3C).
Although the Deeks’ funnel plot was not very symmetric
(Figure 3D-a), Begg’s funnel plot test (Figure 3D-b) and
Egger’s test (P = .152) of publication bias showed no sig-
nificant heterogeneity. There was only one test for PFS, we did
not perform tests on PFS.

Risk of Bias

The risk of bias assessment is shown in Figure 4. There were 2
trials at high risk in selection bias (allocation concealment)
and 2 trials at high risk in other bias since the cell type de-
tecting was different. There was 1 trial at high risk in selection

bias (random sequence generation) and 1 trial at high risk in
detection bias. There were 9 trials at unclear risk in attrition
bias since the HR and 95% CI were calculated from the
graphed survival plots in Kaplan—Meier curves. 7 trials were at
unclear risk in selection bias (random sequence generation)
since the trials did not state the selection bias clearly. There
were 2 trials in selection bias (allocation concealment), 3 trials
in performance bias, 4 trials in detection bias, and 3 trials in
other bias at unclear risk.

Meta-Regression

We performed meta-regression analysis to identify the sources
of the heterogeneity in OS meta-analysis. The strengths of the
linear associations between the MMP effects on OS and each
of the covariates (year, MMP subtype, country, age, method,
follow, stage, and cell type) were analyzed with univariable
and multivariable analyses. The results showed that cell type
(regression coefficient: 1.809, 95% CI, .711-1.624, P=.0089)
might be the source of heterogeneity. Among the 4 distinct cell
types, the meta-regression results showed that endothelial
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.00427

234

Study %
D R (95% ClI) Weight

'
Cornelis (2006) L 2.71(1.03, 6.92) 477
Tian (2018) —— 1.70 (1.13, 2.55) 5.63
Wang (2011) —— 2.09 (0.91, 4.77) 5.00
Masatsugu (2002) L 2.84 (1.00, 8.08) 4.60

|
Rauvala (2006) —— 1.93 (1.10, 3.37) 5.43
Wang (2008) 4 1.48 (0.33, 6.59) 3.74
Sier (2008) ! ——— 24.32(11.04,53.50) 5.07
Sier (2008) | 0.21(0.17, 0.25) 5.81
Xu (2014) —— 1.52 (0.63, 3.66) 4.90
Wang (2014) - 1.45 (1.04, 2.02) 5.70
Li (2012) —_—— 2.97 (1.23, 6.19) 5.03
Zhao (2020) -, 1.30 (1.11, 1.52) 5.83

|
Fan (2016) = 1.75(1.28, 2.23) 5.75
Roszik (2018) - 2.12(0.57,7.88) 4.08
Wang (2020) B 1.35(0.93, 1.97) 5.66
Yi (2020) . 0.99 (0.55, 1.79) 5.39
Martins (2020) —_—_ 3.91(1.17, 13.02) 4.29
Martins (2020) —_— i 0.19 (0.05, 0.65) 4.14
Martins (2020) —_— 0.19 (0.04, 0.90) 3.63
Martins (2020) . 7.11(0.88, 57.58) 278

|
Martins (2020) 3.57 (0.43, 29.90) 2.74
Overall (I-squared = 95.0%, p = 0.000) <> 1.64 (1.01, 2.65) 100.00

|
NOTE: Weights are from random effects analysis !

T
.0174 1 57.6
Study %
D R (95% Cl) Weight
MMP-2 |
Cornelis (2006) ——— 2.71(1.03, 6.92) 4.77
Wang (2011) - 2 09 (0.91, 4.77) 5.00
Masatsugu (2002) ——— 84 (1.00, 8.08) 4.60
Rauvala (2006) — 1 93 (1.10, 3.37) 5.43
Wang (2008) —_— 1.48 (0.33, 6.59) 3.74
Martins (2020) —_—— 3.91(1.17,13.02)  4.29
Subtotal (I-squared = 0.0%, p = 0.880) 'IO 2.25(1.58, 3.22) 27.83
. 1
MMP-1 !
Tian (2018) - 1.70 (1.13, 2.55) 5.63
Zhao (2020) > 1.30 (1.11, 1.52) 5.83
Roszik (2018) —_— 2.12 (0.57,7.88) 4.08
Wang (2020) - 1.35 (0.93, 1.97) 5.66
Subtotal (I-squared = 0.0%, p = 0.587) 0: 1.35 (1.18, 1.55) 21.21
MMP-7 |
Sier (2008) ! 24.32(11.04, 53.50) 5.07
Sier (2008) | 0.21(0.17, 0.25) 5.81
Subtotal (I-squared = 99.2%, p = 0.000) ! 2.22(0.02,234.16)  10.88
MMP-9 |
Xu (2014) —— 1.52 (0.63, 3.66) 4.90
Li (2012) — 2.97 (1.23, 6.19) 5.03
Fan (2016) - 1.75 (1.28, 2.23) 5.75
Yi (2020) — 0.99 (0.55, 1.79) 5.39
Martins (2020) —_— | 0.19 (0.05, 0.65) 4.14
Martins (2020) —_— 0.19 (0.04, 0.90) 3.63
Subtotal (I-squared = 77.9%, p = 0.000) <> 1.02 (0.54, 1.93) 28.86
. 1
MMP-14 !
Wang (2014) —— 1.45 (1.04, 2.02) 5.70
Martins (2020) 1 7.11(0.88,57.58)  2.78
Martins (2020) —_— 3.57 (0.43,29.90)  2.74
Subtotal (I-squared = 28.3%, p = 0.248) <> 2.05 (0.87, 4.83) 11.23
. 1
Overall (I-squared = 95.0%, p = 0.000) <> 1.64 (1.01, 2.65) 100.00
NOTE: Weights are from random effects analysis :
T

Figure 2. Forest plots of merged analyses of MMPs overexpression included 18 trials. (A) MMPs overexpression on OS; (B) subgroup of MMPs
overexpression on OS; (C) MMPs overexpression on RFS; (D) subgroup of MMPs overexpression on RFS. The size of the gray markers

corresponds to the weight of the study. Combined hazard ratio was calculated using a random-effects model. The dotted lines are used to represent
the merged HR value. HR, hazard ratio; Cl, confidence interval; MMPs, matrix metalloproteinases; OS, overall survival; RFS, recurrence-free survival.
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@
Study %
ID HR (95% CI) Weight
Talvensaari (2005) —— 2.42(1.23,4.77)  49.60
Wang (2011) T 3.06 (0.89, 10.08)  15.47
Ahmed (2004) ; * 8.10(1.30,49.10)  6.91
Wang (2008) —f—— 1.16 (0.47, 2.85) 28.02
Overall (l-squared = 30.0%, p = 0.232) <> 2.22(1.38, 3.58) 100.00
T T
.0204 1 49.1
D
Study %
ID HR (95% CI) Weight
MMP-9 5
Talvensaari (2005) —— 2.42(1.23,4.77) 49.60
Subtotal (I-squared = .%, p =.) <> 2.42(123,4.77) 49.60
MMP-2 H
Wang (2011) e 3.06 (0.89, 10.08) 15.47
Ahmed (2004) + 8.10 (1.30, 49.10) 6.91
Wang (2008) —.—'— 1.16 (0.47, 2.85) 28.02
Subtotal (l-squared = 51.9%, p = 0.125) <> 2.04 (1.04, 3.99) 50.40
Overall (I-squared = 30.0%, p =0.232) <> 2.22(1.38,3.58) 100.00
T T
.0204 1 49.1

Figure 2. Continued.

cells from MMP-7 testing were the source which affected the
heterogeneity significantly (P = .005) (Figure 5). The year,
MMP subtype, country, age, method, follow, and stage had no
significant difference on heterogeneity (P > .05).

Discussion

Cervical cancer is the predominant female malignancy all
over the world. With the rapid development and remarkable
advance in treatment, the conventional histological and cy-
tological techniques are insufficient to follow the cancer
progression and also could not offer intervention in time.** It
has been proposed that upregulated expression of MMPs to

degrade and remodel the ECM was essential for cancer cells to
initiate disseminating environments.** The description of
MMPs catalytic activities was first put forward in 1962.% Since
then, the functions of MMPs were extensively explored.
Besides their physiological role such as tissue remodeling and
wounding healing,***® the pathophysiological functions in
cancers, aging, arthritis, and cardiovascular diseases make
these enzymes as an attractive field of study. In human cancers,
MMPs regulated the microenvironment and cell behaviors."!
Up to now, MMPs are reported to be expressed aberrant and
associated with prognosis in a considerable number of cancers.*’
In osteosarcoma, lung cancer, and renal cell carcinoma, MMP-2
and MMP-9 were analyzed as prognostic biomarkers with
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interval; MMP, matrix metalloproteinases; OS, overall survival; RFS, recurrence-free survival.

meta-analysis. In digestive system carcinoma, MMP-7, MMP-14,
MMP-1, MMP-9, and MMP-2 were analyzed as prognostic
biomarkers. In breast cancer, MMPs family was analyzed with
meta-analysis and recognized as prognostic biomarkers. Our
study also indicated MMPs family had prognostic significance
in cervical cancer.

In our study, there were six studies showing that MMP-2
overexpression was related with OS in general. But Wang
et al’! published the results that there was no relation between
MMP-2 overexpression and OS. We reviewed each study and
found the prognostic value of MMP-2 was limited for the
stage, histological type, observe method, and so on. Because

there was no exact definition of IHC expression grade and
calculating method for H-score, different diagnostic expres-
sion grades may have different or even contradicting results.**
Besides, the function of MMPs is also controlled by their
inhibitors.*” Therefore, the contrasting activities of MMP-2
seem to depend on the extracellular environment, the stage of
the cervical cancer, and so on.

Concerning MMP-9 personality which could degrade
gelatin and type IV collagen, it plays an irreplaceable role
in cell invasion. There were 5 studies including 6 selected
tests which were eligible for MMP-9 analysis. The pooled
MMP-9 overexpression was proposed to be related with
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Figure 3. Continued.

worse OS. But Davidson et al®® reported, the presence of
MMP-9 mRNA or protein did not predict the prognosis.**
The contradicting results may originate from the mRNA
detecting method, cervical cancer stage, and histological
types. When more data of advanced cervical cancer were
available, the results seemed to be related with poor
prognosis. The other MMPs in our analysis seemed to be
related with OS. But the sample number was too small for
each individuality, we need more additional studies to
evaluate.

There were 4 studies revealing MMP-1 overexpression was
related with poor prognosis and may function as a biomarker
of patients with cervical cancer. Tian et al*® pointed out that
MMP-1 was an independent prognostic biomarker of cervical
cancer and involved in the lymph node metastasis. However,

the molecular mechanisms remain unclear. Zhao et al*® in-
vestigated the immune and gene expression profile, revealing
the underlying relationship between MMP-1 and immune
infiltrating cells and also identifying MMP-1 as an essential
prognostic factor. Roszik et al*® revealed MMP-1 was over-
expressed in cervical cancer, and knockdown of MMP-1 re-
duced the proliferation and migration of cervical cancers.
Wang et al*® proposed MMP-1 as a risk factor in cervical
cancer.

Some researchers found MMP-14 overexpression as-
sociated with tumor progression due its role in MMP-2
activation.”! But others found it independently related with
lower overall survival.’> Our results showed MMP-14 over-
expression in cancer tissues and stroma cells and showed its
relation with prognosis of cervical cancer, but not in the
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cancer cells, suggesting that MMP-2 activation may be a
peri-fibroblastic event.”

MMP-7 expression in endothelial cells showed that
overexpression had obvious relation with prognosis of cer-
vical cancer, but not in cancer cells. We reviewed the study
in which Cornelis et al** found the contradictory effects of
MMP-7 on the pooled HRs and 95% Cls of OS based on the
expression location. When we evaluated the relation of
MMP-7 expression with cervical cancer in endothelial cells,
its expression was related to decreased survival. When eval-
uated in tumor cells, the result was contrary. Compared with
other MMPs subtypes, the MMP-7 may function through
distinct mechanism, possibly involved in the angiogenesis.*>

We also analyzed MMPs on RFS, and the pooled HR and
95% CI proposed that MMP overexpression was related with
RFS. Wang et al*! reported that MMP-2 was not related with
RFS because RFS was related with cell differentiation,
uterine parametrium invasion, and lymph node metastasis,
but MMP-2 was not correlated with cancer cell differenti-
ation. Another limitation we should consider was the acti-
vation of MMPs during the cancer cells metastasis. Mostly,
the MMPs were activated by themselves or other substrates
to active forms. MMPs overexpression usually could not
equate to the prognostic values at all.

Based on our study, the MMPs were associated with OS,
RFS, and PFS of cervical cancer. How MMPs’ overexpression
associate with prognosis of cervical cancer has been the re-
search hotpoint for a long time. A persistent infection with
HPV is considered as the main risk factor for cervical car-
cinogenesis.”* Human papillomavirus infects epithelial cells
through pathological changes™ of epithelial cells. After that,
virus particles enter epithelial cells and diffuse to the basal
layer. The infected cells start to produce virus particles which
lead to the development of low-grade and high-grade lesions

or cervical intraepithelial neoplasia, thus evolving into in-
vasive cancer.”®>” There is no doubt that MMPs are involved
in the carcinogenesis and progression of cervical cancer. A
series of MMPs expression and HPV detection were analyzed
to assess the association between HPV and MMPs. Although
early studies showed there was no relation between MMPs
and HPV,?*3%5? recent studies have shown that HPV-16 or
HPV-18 oncoproteins control transcription of MMPs (MMP-1,
MMP-2, MMP-9, MMP-7, MMP-13, and MMP-14) and
promote the migration of cervical cancer cells with their
oncoproteins.”>**** But, whether HPV oncoproteins affect
the prognostic value of MMPs expression in cervical cancer is
rarely studied. We will try to collect more data to catalyze the
association between HPV oncoproteins and prognostic value
of MMPs expression in cervical cancer in the future.

In conclusion, our meta-analysis indicated the poor
prognostic significance of MMPs overexpression in cervical
cancer patients. MMP-2, MMP-9, and MMP-1 on endothelial
cells overexpression had worse prognosis on OS. However,
not all the subtypes function as predictors for worse prognosis,
and the mechanism maybe distinct among the different pre-
dictors, like MMP-7 and MMP-14. Our analysis also showed that
MMP-2 and MMP-9 were relevant to worse RFS. About the
PFS, we need further study to continue. Considering the MMPs
overexpression values were involved in cervical cancer stage,
histological type, and many other issues, further high quality
studies with large data size are needed to confirm our findings.
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