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Comparative expression of matrix metalloproteinases in
low-grade mucoepidermoid carcinoma and typical lung cancer
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Abstract. The molecular profile of low-grade mucoepider-
moid carcinomas remains to be clarified. In the present study,
matrix metalloproteinase (MMP) expression was compared
in low-grade mucoepidermoid carcinoma (MEC) and typical
lung cancer. The expression of MMP-2, MMP-7 and MMP-9
was detected by immunohistochemistry in a cohort of
110 patients (34 with low-grade MEC and 76 with matched
typical lung cancers). A positive MMP-2 expression was
found to be 35.29 vs. 65.79% in low-grade MEC and typical
NSCLCs (p=0.003); a positive MMP-7 expression was 41.18
vs. 55.26% (p=0.172); and a positive MMP-9 expression was
35.29 vs. 57.89% (p=0.028). In conclusion, the expression of
MMP-2 and MMP-9 in low-grade MEC is lower than that in
typical lung carcinomas.

Introduction

Primary salivary-type lung tumors are rare intrathoracic
malignancies and account for approximately 0.1-0.2% of all
lung cancers (1,2). These tumors used to be grouped under the
name ‘bronchial adenoma’, a term that was used to describe
a group of slow-growing neoplasms thought to arise from the
bronchial glands, and included adenoid cystic carcinomas
(ACC), mucoepidermoid carcinoma (MEC), mixed tumors
and carcinoid tumors (1,3). Intrathoracic MEC tumors are
usually considered to be mild-behavior malignancies and
patients have significantly better outcomes than typical
non-small-cell lung cancer. MECs are classified as low- or
high-grade depending on the number of mitoses present and
the levels of necrosis and nuclear pleomorphisms. Low-grade
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tumors tend to contain a higher proportion of mucous cells
and high-grade tumors contain more squamous cells (1). The
outcomes of patients with low-grade MEC were more posi-
tive than those of patients with typical lung carcinoma (1,3-6).
These types of tumor have a lower tumor grade, lower clinical
stages and patients have more complete surgical procedures
compared with other types of lung cancer, which partially
explains the favorable prognosis. However, the molecular
characteristics of MEC should be further investigated.

Basement membranes (BMs) line organs and smaller
structures, such as the epithelium, capillary walls, alveoli
and the pleura. Degradation of the BM is required for local
invasion of the tumor cells and further degradation is required
in metastasis (7). In carcinogenesis, the cancer cells gain the
ability to degrade extracellular components, including the
BM, by producing proteolytic enzymes. Matrix metallopro-
teinases (MMPs) are enzymes that degrade various sections of
BMs. These enzymes are associated with the ability of cancer
cells to penetrate into connective tissues. Approximately 23
different MMPs have been identified thus far. Among them,
MMP-2 and MMP-9 are most often associated with various
malignancies. In various carcinomas, MMPs have been
associated with poor prognosis, invasiveness or poor differen-
tiation (7-9). Furthermore, lung cancer cells produce MMP-2
and MMP-9 in vitro (8). MMP-2 was found to be correlated
to tumor spread in NSCLC (10). In adenocarcinoma of the
lung, patients with a positive immunoreactivity for MMP-9 or
MMP-2 have also been found to have an unfavorable prognosis
when compared to patients with a lack of immunoreaction for
MMP-9 or MMP-2 (9). In early-stage NSCLC, strong MMP-2
immunoreactivity predicts an unfavorable outcome (7).

Due to the low morbidity rate of MECs, the molecular
profiles of this disease were not well addressed. Consequently,
for the first time, the expression of MMP-2, MMP-7 and
MMP-9 was compared in 34 patients with low-grade MECs to
that of 76 matched NSCLC patients.

Materials and methods

Study population. In total, 37 cases of MEC were diagnosed
and treated with complete surgery in the Shanghai Pulmonary
Hospital between 2000 and 2008. MEC tumors were divided
into high- or low-grade by two experienced pathologists on the
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Figure 1. Immunohistochemical results of positive MMPs. (A) Immunohistochemical results of positive MMP-2 expression in a typical lung cancer specimen.
MMP-2 was expressed in well-differentiated squamous cell carcinoma. MMP-2 was selectively located in the cell membrane and cytoplasm of tumor cells,
but not in normal inflammatory cells or stromal cells (original magnification, x400). (B) Immunohistochemical results of the positive MMP-7 expression in a
typical lung cancer specimen. MMP-7 was diffusely expressed in adenocarcinoma cells. MMP-7 was selectively stained in the majority of the tumor cells, but
not in normal inflammatory cells or stromal cells (original magnification, x400). (C) Immunohistochemical results of the positive MMP-9 expression in a low-
grade MEC specimen. MMP-9 was diffusely expressed in most of the low-grade MEC cells (original magnification, x400). (D) Immunohistochemical results
of the negative MMP-9 expression in a low-grade mucoepidermoid carcinoma specimen. MMP-9 was diffusely expressed in only a few of the low-grade MEC

cells (original magnification, x400).

basis of mitotic activity and cellular differentiation (6,11-12).
A total of 76 consecutive typical NSCLC patients with
cancers at the same stage were selected as a control cohort
during the same period. A preoperative staging computed
tomographic (CT) scan was performed for each patient. The
histology of each specimen was assessed according to the
WHO classification and the pathological stage of the staging
system. The exact TNM classification (UICC, 2002) and the
stage of the tumor were recorded by reviewing the clinical,
radiological and histopathological statements from the patient
files. Histologically, the low-grade variant has a relatively
benign course allowing for conservative pulmonary resection
as the sole therapy (13). The typical lung cancer patients and
the high-grade MEC patients received chemotherapy, while
the low-grade MEC patients received surgery. No patient
received either chemotherapy or radiotherapy prior to surgery.
The experimental protocols were approved by the appropriate
institutional review committee and met the guidelines of the
responsible governmental agency.

Immunohistochemistry. MMP-2 mouse monoclonal antibody
clone 42-5DI11 recognizing latent and active MMP-2, at a
dilution of 1:50 (Chemicon International Ltd., Billerica, MA,
USA); MMP-7 mouse monoclonal antibody clone 141-7B2
recognizing latent and active MMP-2, at a dilution of 1:800
(Chemicon International Ltd.); and MMP-9 mouse mono-
clonal antibody clone 56-2A4 recognizing latent and active
MMP-9, at a dilution of 1:100 (Chemicon International Ltd.),
were used. Formalin-fixed paraffin-embedded sections of
tissue blocks (4-um) obtained from the tumor periphery were
mounted on silane-coated slides. Sections were de-waxed in
xylene and rehydrated through the use of graded alcohols.

Antigen retrieval for MMP-2, MMP-7 and MMP-9 was
achieved by pressure cooking slides for 2 min in 10 mM
citric acid buffer at pH 6. Endogenous peroxidase activity
was blocked by treatment with 2% hydrogen peroxide for
30 min. Sections were rinsed in deionised water and then in
Tris-buffered saline (TBS) containing 0.1% bovine serum
albumin (BSA). To block non-specific staining, slides were
incubated in 20% normal rabbit serum for 10 min. Sections
were incubated overnight at 4°C with the primary antibody.
Sections were washed in TBS, then incubated sequentially
with biotinylated rabbit anti-mouse IgG (Dako) at a dilution
of 1:400, followed by streptavidin combined in vitro with
biotinylated horseradish peroxidase at a dilution of 1:1000
(Dako). The reaction product was developed using diamino-
benzidine tetrahydrochloride. Sections were counterstained
with hematoxylin, then dehydrated through graded alcohols
and mounted in a resinous mountant. A negative control was
included for each section where the primary antibody step
was deleted and the serum was left on. In addition, a positive
control preparation tissue that contains the specific antigen
was carried through with every batch of immunostaining to
confirm that reagents were functional and to allow assessment
of staining between the batches. For a number of antibodies
the tissue also contained an internal positive control (Fig. 1).

Evaluation of immunohistochemistry. The extent and pattern
of reactivity for MMP-2, MMP-7 and MMP-9 was recorded
by two independent observers in a blind manner, using objec-
tives with x10 and x40 magnification. The extent of expression
was scored as O for no staining, <20%, 20-50% and 51-100%.
A similar semiquantitative scale of 0, +, ++, or +++ was
used to assess the intensity of staining in comparison with a
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Table I. Baseline characteristics of the two groups of patients.
MEC (n=34) Prevalence Typical NSCLC (n=76) Prevalence P-value
Gender
Male 20 58.8% 58 76.3%
Female 14 41.2% 18 23.7%
Age
Mean 3594 - 63 -
Median 30 65.5
Range - 13-73 - 43-76
Stage 0.589
Ib 16 47.1% 40 52.6%
IIb 18 52.9% 36 47 4%
MEC, mucoepidermoid carcinoma; NSCLC, non-small lung cancer.
Table II. The staining of MMPs in two groups of patients.
Type Negative Positive Prevalence P-value
MMP-2 0.003
Low-grade MEC 22 12 35.29%
Typical NSCLC 26 50 65.79%
MMP-7 0.172
Low-grade MEC 20 14 41.18%
Typical NSCLC 34 42 55.26%
MMP-9 0.028
Low-grade MEC 22 12 35.29%
Typical NSCLC 32 44 57.89%

MEC, mucoepidermoid carcinoma; NSCLC, non-small lung cancer; MMP, matrix metalloproteinases.

known positive control. Cases were defined as positive if the
staining intensity was ++ or +++ in over at least 20% of the
tumors (14).

Statistical analysis. Statistical analysis was performed using
the SPSS software system (SPSS for Windows, version
11.0). The Chi-square test was used to analyze the difference
between the groups.

Results

Patient characteristics. Among the 37 MEC patients, 34 cases
were diagnosed as low-grade and only 3 cases were diagnosed
as high-grade. The characteristics of low-grade MEC patients
and typical NSCLC patients included in the study are shown
in Table I. Low-grade MEC patients comprised 20 males with
a mean age of 35.94 (SD 7.54) years (median 30, range 13-73)
with stage Ib-IIb. For the three cases of high-grade MEC, two
cases were found with a high expression of all three types of
MMPs, and for another case, only MMP-2 was detected with a
high expression. Due to the small number of high-grade cases,

the expression of MMPs was compared only in low-grade
MEC and typical NSCLC.

Expression of MMP-2 and MMP-9 is significantly lower
in low-grade MEC than typical NSCLC. To investigate
the potential relationship between MMP expression and
low-grade MEC, we compared the expression levels of MMPs
in low-grade MEC with those in typical NSCLC. The expres-
sion of MMP-2 and MMP-9 was found to be significantly
different in the two groups; the MMP-2 positive percentage
was 35.29 (12 of 34 cases) in low-grade MEC, 65.79 (50 of
76 cases) in typical NSCLC (p=0.003), and the MMP-9 posi-
tive percentage was 35.29 (12 of 34 cases) in low-grade MEC
and 57.89 (44 of 76 cases) in normal NSCLC, respectively
(p=0.028) (Table II). Thus, the results show the expression
levels of MMP-2 and MMP-9 were found to be lower in
low-grade MEC patients than in typical NSCLC patients.

Expression of MMP-7 shows no difference in low-grade MEC
and typical NSCLC. No significant difference was found
for MMP-7 expression between low-grade MEC and typical
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NSCLC tissues. The positive MMP-7 percentage was 41.18
(14 of 34 cases) in low-grade MEC and 55.26 (42 of 76 cases)
in typical NSCLC individually (p=0.172).

Discussion

MEC tumors are usually considered to be low-grade malig-
nancies and patients have significantly better outcomes than
typical non-small-cell lung cancer patients. Molina et al (1)
reported that the overall 5- and 10-year survival rates for
MEC were 88%. Patient outcomes with MEC were found
to be better than those of patients with typical lung carci-
noma (13). Several studies have also reported high mortality
in patients with MEC (3-6). It was demonstrated that patients
with MEC, particularly those with low-grade tumors, had a
better outcome (12). Another characteristic of MEC tumors
is the rare metastasis to regional lymph nodes and the higher
stage is correlated with locally aggressive disease (15).

Metastasis is the final stage in tumor progression from
a normal cell to a completely malignant one and involves a
number of steps. One of the initial steps in the metastatic
process involves degradation of various components of the
extracellular matrix and requires the action of proteolytic
enzymes, of which MMPs are among the most crucial. Reports
have shown correlations between degradation of the BM by
MMPs and the metastatic potential of tumor cells (16,17).
Various MMPs, particularly MMP-2 and MMP-9, appear to
correlate with early cancer-related deaths in NSCLC (7,18).

For the first time, the expression of MMP-2, MMP-7 and
MMP-9 has been evaluated in MEC tumors. The current study
demonstrated that the expression of MMP-2 and MMP-9 was
lower in low-grade MEC than in typical lung carcinoma. The
expression of MMPs emphasizes the ability of the tumor to
metastasize to distant positions. The two types of MMPs
investigated in this study may explain the low metastasis rate
of the low-grade MEC tumor, and the better survival rate
of the low-grade MEC. The reason for better prognosis of
low-grade MEC than that of typical lung carcinoma may be
multifactorial, and it is thought that the reason for metastasis
is significant. At the same time, no difference in MMP-7
expression was found between low-grade MEC and typical
lung carcinoma. One reason for this observation may be the
limited sample size.

MEC patients are reportedly diagnosed at a much
younger age as compared to NSCLC patients, at a mean age
of approximately 40 years (1). In the current study, the mean
age of MEC patients was found to be much lower than that of
NSCLC patients, which is consistent with previous studies (1).
This study indicated a slight trend towards females in MEC,
while gender predilection has also been reported in numerous
studies, with a specific predilection reported for males.

Histologically, MEC tumors are divided into high- and
low-grade tumors on the basis of mitotic activity and cellular
differentiation. The low-grade variant has a relatively benign
course allowing for conservative pulmonary resection as the
sole therapy (6). By separating MEC tumors into low-grade
and high-grade tumors, Yousem and Hochholzer (11)
reported a 95% survival rate in 41 patients with low-grade
tumors who had a follow-up that ranged between 2 months
and 272 months. However, among the 13 patients with
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high-grade MEC, almost 25% experienced recurrences and
succumbed to the disease. This incidence was often corre-
lated with locally aggressive disease, with approximately
50% of patients with high-grade tumors revealing pulmonary
parenchymal invasion. In our institute, between 2000 and
2008, only three cases of MEC were diagnosed as high-grade
and two of them were with a high expression of three types of
MMPs; one case only had a high expression of MMP-2. Due
to the small number of patients, it was not possible to explore
the difference in MMP expression between high-grade and
low-grade MEC tumors.

Due to the short follow-up time in this cohort (30% of the
MEC patients were diagnosed in 3 years), the multivariate
survival analyses for the MEC tumor were not conducted in
the current study.

In conclusion, the results show that MMP-2 and MMP-9
expression is lower in low-grade MEC than in typical
NSCLC. This reduced expression may be a reason for the
non-aggressive behavior of the low-grade MEC tumor, while
the expression of MMP-7 was not significantly different in
the two groups. In addition, it appears that high-grade MEC
revealed a higher expression of MMPs than low-grade MEC,
in spite of the small numbers of high-grade MEC cases
studied. Although the present results help to clarify the molec-
ular profiles of MEC, further studies are required to elucidate
the molecular mechanisms of MEC, which may lead to the
appropriate treatment of MEC in the future.
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