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Abstract: Objective: To investigate the protein expression of matrix metalloproteinase 2 (MMP2) and its clinical 
significance in laryngeal cancer. Methods: A comprehensive search for the related literature published in China and 
other countries was conducted in a variety of databases, including MEDLINE, Embase, China Academic Journals 
Full-text Database, Wanfang Data and VIP Database. A total of seven case-control studies were included in the final 
systematic assessment. A meta-analysis software program was used to statistically analyze the raw data from each 
study for the calculation of the pooled odds ratio (OR) and 95% confidence interval (95% CI). Results: The meta-
analysis indicated that, compared with normal laryngeal tissue, the MMP2 protein was highly expressed in the 
laryngeal cancer tissue [OR=21.67; 95% CI: 11.61-40.43; P<0.001]. Compared with highly differentiated laryngeal 
cancer, the MMP2 protein expression level was higher in the moderately and poorly differentiated laryngeal cancers 
[OR=0.25; 95% CI: 0.13-0.46; P<0.001]. Compared with laryngeal cancers without lymph node metastasis, the 
laryngeal cancers with lymph node metastasis exhibited a greatly elevated MMP2 protein expression [OR=0.25; 
95% CI: 0.14-0.46; P<0.001]. Conclusion: High protein expression levels of MMP2 may play an important role in the 
tumorigenesis, progression and prognosis of laryngeal cancer.
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Introduction 

Laryngeal squamous cell carcinoma (LSCC) is 
one of the common malignancies in the head 
and neck area [1]. Local infiltration and distant 
metastasis are crucial for the prognosis of 
laryngeal cancer patients. The invasion and 
metastasis of malignant tumors is a complex 
multi-stage and multi-step process. During this 
process, the most critical step is the degrada-
tion of the basal membrane and extracellular 
matrix, which involves the participation of the 
matrix metalloproteinase (MMP) family as the 
key enzymes [2, 3]. Thus, the MMP family mem-
bers play an extremely pivotal role in the pro-
cess of tumor infiltration. The MMP2 protein is 
one of the most important proteinases in this 
protein family. Previous studies indicated that 
MMP2 is highly expressed in a variety of sys-
temic and multi-loci malignant tumors. How- 
ever, studies concerning its expression in LSCC 
are scarce [4-6]. In this study, the expression of 
the MMP2 protein in LSCC was investigated for 

the further elucidation of its roles in the tumori-
genesis, progression and metastasis of LSCC.

Data and methods

Data source

We searched a variety of databases for inde-
pendent case-control studies related to the 
“expression of MMP2 protein in laryngeal can-
cer and its significance” that were published in 
China and other countries between January 
2004 and December 2013. The databases in- 
cluded MEDLINE, Embase, the China Academic 
Journals Full-text Database, Wanfang Data and 
VIP Database. The search terms included key-
words “MMP2”, “laryngeal squamous cell carci-
noma”, “laryngeal carcinoma”, “laryngeal can-
cer” and “laryngeal malignant tumor”.

Inclusion criteria

The inclusion criteria for the study selection 
were as follows: (1) an original independent 
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study; (2) all enrolled patients had a primary 
malignant tumor in the larynx; (3) an indepen-
dent case-control study on MMP2 expression 
and its significance in laryngeal cancer; (4) the 
diagnosis of laryngeal cancer in the patient 
group was confirmed by a pathological exami-
nation, and the control group consisted of indi-
viduals who had a normal laryngeal mucosa; 
and (5) the odds ratio (OR) and 95% confidence 
interval (CI) were calculated using the raw data 
in original reports.

Exclusion criteria

The exclusion criteria were as follows: (1) case 
studies without a control group; (2) immunohis-
tochemistry was not used for the detection; (3) 
when multiple studies used the same study 
subjects and had similar study content, the 
study with the most comprehensive data was 

selected; (4) studies that had insufficient infor-
mation or were of poor quality; and (5) reviews, 
abstracts and conference papers.

Data extraction and assessment of literature 
quality

The data were extracted independently by two 
researchers (JSH and SRY). A rigorous quality 
evaluation of all selected studies was conduct-
ed in accordance with the evidence grading cri-
teria for evidence-based medicine [7]. All dis-
crepancies were resolved through re-checking 
and discussion. For the articles with unclear or 
missing information, the corresponding authors 
were contacted through mail or email to obtain 
the information needed. An article would be 
excluded if there were no response after two 
contact attempts.

Figure 1. Forest plot of comparison of the cancerous laryngeal tissue and normal laryngeal tissue, the horizontal 
lines correspond to the study-specific OR and 95% CI, respectively. The area of the squares reflects the study-
specific weight. The diamond represents the pooled results of OR and 95% CI. 

Figure 2. Forest plot of comparison of cancer tissues with different levels of differentiation, the horizontal lines cor-
respond to the study-specific OR and 95% CI, respectively. The area of the squares reflects the study-specific weight. 
The diamond represents the pooled results of OR and 95% CI. 
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Statistical processing

The RevMan 5.1 software was used for the sta-
tistical analysis of the endpoints. The OR and 
95% CI were used to present the statistical val-
ues derived from the efficacy analysis for di- 
chotomous variables, and the significance level 
was defined as α=0.05. The fixed-effects model 
was adopted for the pooled analysis if a statisti-
cal homogeneity existed among the studies 
(P>0.05, I2<50%), and the random-effects mo- 
del was utilized for the analysis if a statistical 
heterogeneity existed among the studies (P< 
0.05, I2>50%).

Results

Basic information of the studies

A total of 86 relevant records were identified 
and retrieved from the search, including 48 
English reports and 38 Chinese reports. Accor- 

studies with no apparent relevance to the pres-
ent study.

Comparison of the cancerous laryngeal tissue 
and normal laryngeal tissue

A total of 7 papers [8-14] that reported studies 
with normal laryngeal tissue as the control 
group were included. The homogeneity test on 
these 7 studies resulted in P = 0.43 and I2 = 
0%. An analysis using the fixed-effects model 
showed an OR of 21.67 (95% CI: 11.61-40.43) 
and a statistically significant difference (P< 
0.001), indicating a high expression of MMP2 
protein in the laryngeal cancer tissue (Figure 
1).

Comparison of cancer tissues with different 
levels of differentiation

A total of 6 papers were included for the com-
parison of highly differentiated cancer tissues 

Figure 3. Forest plot of comparison of laryngeal cancers with and without lymph node metastasis, the horizontal 
lines correspond to the study-specific OR and 95% CI, respectively. The area of the squares reflects the study-
specific weight. The diamond represents the pooled results of OR and 95% CI. 

Figure 4. Begg’s funnel plot for publication bias tests. Each point represents a sepa-
rate study for the indicated association. Log or represents natural logarithm of OR. 
Vertical line represents the mean effects size.

ding to the inclusion 
and exclusion criteria, 7 
records [8-14] were 
included in the meta-
analysis. Among the in- 
cluded studies, 529 
subjects were detected 
to perform this meta-
analysis. Among the ex- 
cluded records, 3 repo- 
rted the same study, 63 
reported a study with-
out a control group, 6 repor- 
ted studies without the 
use of immunohistoch- 
emical detection meth-
ods, and 7 reported 
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with moderately and poorly differentiated can-
cer tissues. The homogeneity test on these 6 
studies showed P = 0.22 and I2 = 28%. The 
analysis using the fixed-effects model derived 
an OR of 0.25 (95% CI: 0.13-0.46) and a statis-
tically significant difference (P<0.001). This 
result indicated that the MMP2 protein was 
highly expressed in moderately and poorly dif-
ferentiated laryngeal cancers compared to 
well-differentiated laryngeal cancer (Figure 2).

Comparison of laryngeal cancers with and 
without lymph node metastasis

Compared with laryngeal cancers without 
lymph node metastasis, the laryngeal cancers 
with lymph node metastasis exhibited a greatly 
elevated MMP2 protein expression [OR = 0.25; 
95% CI: 0.14-0.46; P<0.001]. (Figure 3).

Publication bias

Both Begg’s funnel plot and Egger’s test were 
performed to assess the publication bias of the 
literature. The shape of the funnel plots did not 
reveal any evidence of obvious asymmetry for 
the meta-analysis (Figure 4). Then, Egger’s test 
was used to provide statistical evidence of fun-
nel plot symmetry. The results still did not pres-
ent any obvious evidence of publication bias 
(P>0.05).

Sensitivity analysis

We deleted one single study from the overall 
pooled analysis each time to check the influ-
ence of the removed data set to the overall 
ORs. The pooled ORs and 95% CIs were not sig-
nificantly altered when any part of the study 
was omitted, which indicated that any single 
study had little impact on the overall ORs.

Discussion

The results derived from a meta-analysis rely 
greatly on the quality of the selected reports 
and are thus substantially influenced by the 
results of previous studies. Therefore, a rigor-
ous evaluation of the related literature and 
proper data processing are necessary to avoid 
bias and obtain reliable conclusions. A total of 
7 case-control studies were included in this 
study, according to the inclusion criteria. The 
meta-analysis of the comprehensive data 
extracted from the selected papers derived 
statistically significant results, indicating a pos-

itive correlation between the MMP2 protein 
expression and laryngeal cancer. The sensitivi-
ty analysis indicated that the study results were 
stable and reliable.

One of the most distinct biological characteris-
tics of malignant tumors is that the tumor can 
metastasize from the primary locus to adjacent 
or distant organs to form secondary tumors. 
Metastasis is an important factor influencing 
the therapeutic efficacy and prognosis of tumor 
patients [15-18]. The tumor cell infiltration is 
the first step of tumor metastasis. Cancer inva-
sion initiates from the breaking of the barrier 
structures that are formed by the basal mem-
brane and the extracellular matrix [19]. Zhang 
et al. [20] discovered that MMPs could degrade 
nearly all protein constituents of the extracel-
lular matrix and damage the histological barrier 
that can impede cancer cell invasion, thereby 
playing a critical role in tumor invasion and 
metastasis. MMPs have received growing at- 
tention and are considered the primary protein-
ases that participate in the processes of tumor 
cell infiltration and metastasis. At present, 26 
members of the MMP family have been identi-
fied, which are numbered as MMP1 to 26. 
According to their substrates and the homology 
of the generated fragments, MMPs are divided 
into six classes, as follows: collagenases, gela-
tinases, matrilysins, stromelysins, furin-activat-
ed MMPs and other secretory MMPs. Type IV 
collagenase is the most important class of 
MMP, and it mainly exists in the following two 
forms: the non-glycosylated MMP2, with a 
molecular weight of 72 ku, and the glycosylated 
MMP9, with a molecular weight of 92 ku. Cur- 
rently, more in-depth studies are available on 
MMP2. The gene encoding MMP2 is located on 
human chromosome 16q21 and consists of 13 
exons and 12 introns. The total length of the 
structural gene is 27 kb. The substrates of the 
MMP2 protein are type IV, V, VII and X collagens 
and elastic fibers [12]. Unlike other metallopro-
teinases, the enhancer in the 5’ flanking se- 
quence of the MMP2 gene contains two GC 
boxes, instead of a TATA box. Activated MMP2 
is located in the protruding part of the cell-pen-
etrating matrix, suggesting that it may function 
as a “drilling bit” in the enzymatic lysis of inter-
cellular matrix components and the major com-
ponent of basal membrane type IV collagen. 
Thus, the activation of MMP2 can facilitate the 
passage of tumor cells through the extracellu-
lar matrix barrier and the basal membrane of 
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the blood vessel wall to enter the host microen-
vironment, promoting the detachment of tumor 
cells from the primary tumor and their invasion 
and metastasis into adjacent and/or distant 
tissues. Christopoulos et al [14]. Believed that 
MMP2 could be clinically considered as an 
important pathological diagnostic parameter of 
laryngeal cancer because its protein expres-
sion emerges at the early stage of laryngeal 
cancer and gradually increases with disease 
progression. Significantly elevated expression 
levels of MMP2 protein with tumor progression 
and lymph node metastasis have been ob- 
served. Gorogh et al. [21] and Bogusiewicz et 
al. [22] reported that MMP2 played a critical 
role in the infiltration of laryngeal cancer cells 
and was closely related to lymph node metas-
tasis of laryngeal cancer. The results from this 
study showed that the high expression of 
MMP2 protein in laryngeal cancer has a signifi-
cant correlation with the tumor differentiation 
level and with the status of cervical lymph node 
metastasis. However, a specific understanding 
of the MMP2 protein requires further in-depth 
research.
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