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Active matrix metalloproteinase-7 is
associated with invasion in buccal
squamous cell carcinoma
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Protein microarrays have shown that matrix metalloproteinase-7 is upregulated in head and neck squamous cell
carcinomas, but its role in local tissue invasion is still uncertain. We investigated the expression of active
matrix metalloproteinase-7, using tissue microarray, immunohistochemistry, and western blotting, in oral
tissues from 24 patients with buccal squamous cell carcinoma, and correlated the findings with
clinicopathological features. Normal buccal tissue samples from the same patients, obtained at sites at least
1cm from tumor tissue, served as normal controls. Total matrix metalloproteinase-7 was detected on western
blots in 9 of 15 (60%) tumor tissue samples and in 2 of 15 (13%) normal mucosal samples; this difference was
significant (P=0.008). Moreover, the active matrix metalloproteinase-7 was expressed only in eight of the nine
(89%) tumor samples that expressed matrix metalloproteinase-7, and in none of the normal tissue samples,
regardless of the expression status of the pro-matrix metalloproteinase-7. Immunostaining of matrix
metalloproteinase-7 was observed histologically in both tumor and nonneoplastic epithelium, but immuno-
staining of active matrix metalloproteinase-7 was present only in tumor nests. Expression of active matrix
metalloproteinase-7 was associated with larger tumor size (P=0.022) and was significantly higher in buccal
squamous cell carcinoma with adjacent skin or bone invasion (P=0.036). In conclusion, active matrix
metalloproteinase-7 expression was associated with more aggressive buccal squamous cell carcinomas.
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Squamous cell carcinoma of the oral cavity is a
major health problem worldwide, and ranks fourth
among the top 10 malignancies seen in the male
population of Taiwan, according to the 2005
domestic cancer registry." It occurs mainly in the
buccal mucosa and in the tongue,” where these

tumors grow rapidly and involve surrounding
tissues, including adjacent muscle, bone, and cheek
skin. Advanced oral squamous cell carcinoma that
invades the mandibular bone is associated with a
higher mortality.® Despite refined surgical techni-
ques, the prognosis for oral squamous cell carcino-
ma has remained almost unchanged for the past 10
years. The mortality rate of male patients with oral
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cavity cancer in Taiwan was 15.9 of 100 000 in 2004,
1.5 times that of 10 years ago."

Tumorigenesis is a complex, multistep process.
Degradation of the basement membrane and inva-
sion of the underlying connective tissue by neoplas-
tic cells are recognized as fundamental steps in the
development of many epithelial cancers. Degrada-
tion of extracellular matrix components is primarily
controlled by a balance among the proteolytic
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enzymes called matrix metalloproteinases (MMPs)
and the corresponding tissue inhibitors of MMPs
(TIMPs). MMPs are a family of zinc-dependent
proteolytic enzymes involved in the degradation of
the extracellular matrix in various tissues, including
bone. The expression of MMPs in head and neck
cancers has been reported.*** Those studies demon-
strated that immunoreactive MMP-2 and MMP-9
staining was stronger in patients with lymph node
metastasis and was associated with lower survival
rates."' "4

MMP-7 is one of the few MMPs overexpressed by
carcinoma cells rather than by stromal cells.">™"”
According to a recent protein microarray study,
MMP-7 was significantly upregulated in head and
neck squamous cell carcinoma tissues."® However,
the contribution of active MMP-7 vs MMP-7 in the
progression of oral cancer has not been deter-
mined."®?® In the present study, we used tissue
microarray together with immunohistochemistry
and western blotting to analyze the expression of
active MMP-7 in buccal squamous cell carcinoma
and in normal tissues from the same patients and
correlated these findings with clinicopathological
features of buccal squamous cell carcinoma.

Materials and methods
Patients and Clinicopathological Data

The study included 24 male patients with buccal
squamous cell carcinoma who underwent primary
surgical resection by one of two surgeons (CHC or
CYC) at Chang Gung Memorial Hospital-Kaohsiung
Medical Center between 2005 and 2007. Paired sets
of normal and tumor tissues were obtained during
surgery and were placed in liquid nitrogen as soon
as possible after removal. The tissue was stored at
—80°C until processing. The average age of the
patients was 52.4 years (range, 37—73 years). The
mean follow-up time for all of the patients was 18
months (range, 7-31 months).

Clinicopathological information, obtained retrospec-
tively from clinical records, included primary tumor
size (T), nodal status (), histological grade, tumor
thickness, and the presence of tumor necrosis, peri-
neural invasion, vascular invasion, or adjacent tissue
invasion (Table 1). The TNM status was classified
according to the 2002 American Joint Committee
on Cancer system. This study was executed after
approval by the Ethics and Clinical Research Commit-
tee of Chang Gung University, and informed consent
was obtained from the patients or from their legal
guardians.

Western Blotting

Protein lysates for western blotting were isolated
from 15 paired sets of normal and tumor tissues of
buccal squamous cell carcinoma patients, using a
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Table 1 Clinicopathological features in 24 patients with buccal
squamous cell carcinoma

Variables No. of cases %
Tumor stage (AJCCF

Stage I 5 21

Stage II 4 17

Stage III 3 12

Stage IV 12 50
Nodal status®

No 17 71

N1 4 17

N2 3 12
Differentiation

Well 19 79

Moderate 5 21
Invasion tissue

Negative 15 63

Positive (skin or bone) 9 37
Tumor necrosis

Negative 15 63

Positive 9 37
Vascular invasion

Negative 20 83

Positive 4 17
Perineural invasion

Negative 17 71

Positive 7 29
Recurrence

No 21 88

Yes 3 12
Distal metastasis

No 23 96

Yes 1 4
Survival status

Alive 21 88

Death 3 12

E'According to the 2002 American Joint Committee on Cancer (AJCC)
system.

protein extraction reagent (Pierce Biotechnology,
Rockford, IL, USA). The protein concentrations of
the samples were determined using a Bio-Rad
protein assay (Bio-Rad Laboratories, Hercules, CA,
USA). Total protein (30pg) from each sample was
separated by SDS-PAGE using 12.5% gels. The
separated proteins were transferred from the gels
and immobilized on PVDF membranes. To block
nonspecific reactivity, the membranes were treated
for 1h with phosphate-buffered saline (PBS) con-
taining 3% dry milk. The membranes were incu-
bated overnight with MMP-7 antibody (kindly
provided by Assistant Professor Wei-Hsuan Yu,
Institute of Biochemistry and Molecular Biology,
National Taiwan University). After washing in PBS,
the membranes were incubated with horseradish
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peroxidase-conjugated goat anti-rabbit antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA)
for 1h. Signals were detected using an ECL western
blotting kit (Amersham Biosciences, Buckingham-
shire, UK). The level of f-actin was detected as an
internal control.

Immunohistochemistry of MMP-7 and Active MMP-7

Paraffin-embedded tissue sections (5pum-thick) of
tumors were deparaffinized and rehydrated. Endo-
genous peroxidase activity was inactivated with 3%
hydrogen peroxide for 15 min, and the samples were
processed in a microwave oven in 10mM citrate
buffer (pH 6.0) to unmask epitopes. After antigen
retrieval, the sections were incubated with diluted
primary antibodies for 2h, followed by washing
with PBS. Two different antibodies against MMP-7
were purchased from Oncogene Research Products
(San Diego, CA, USA). The Ab-4 rabbit anti-human-
MMP-7 monoclonal antibody, which recognizes
both pro- and active forms of MMP-7, was diluted
1:100 in PBS. The Ab-2 mouse antibody, raised
against a synthetic peptide corresponding to amino
acids 78-82 of human MMP-7, recognizes only the
active form of MMP-7 and was diluted 1:10 in PBS,
according to the manufacturer’s instructions. Horse-
radish peroxidase/Fab polymer conjugate was then
applied to the sections for 30 min. After extensive
washing, the sections were incubated for 3 min with
the peroxidase substrate diaminobenzidine, coun-
terstained with Gill’s hematoxylin, and mounted in
mounting medium.

Tissue Microarray and Immunohistochemistry
of Active MMP-7

Surgical specimens of all 24 patients were fixed in
formalin and embedded in paraffin. Slides were
stained with hematoxylin and eosin and were
reviewed by a pathologist (HYH), who marked
well-preserved areas. Three cylindrical cores, each
measuring 0.6 mm in diameter, were obtained from
every donor block, using a tissue microarray work-
station (MTA-1; Beecher Instruments, Silver Spring,
MD, USA). Cores, including those from submandib-
ular gland control tissue, were arrayed in a new
paraffin block. Tissue sections (3pm thick) were
mounted on poly-L-lysine-coated slides, deparaffi-
nized, and incubated overnight in an oven at 37°C.
Staining was performed as described above.

Scoring of Immunoreactivity for Active MMP-7

Active MMP-7 staining intensity was rated on a
four-grade scale: 0, absence of immunostaining in
cells; 1+, weak staining in cells; 24, moderate
cytoplasmic staining in groups of cells; and 3+,
strong cytoplasmic staining in most cells. For
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statistical analysis of active MMP-7 immunostain-
ing, the samples were divided into two groups: low
expression (grades 0, 1, and 2) and high expression
(grade 3).

Statistical Analysis

Clinicopathological factors that were evaluated
included age (=50 years vs <50 years), tumor
staging, tumor size, presence or absence of neck
metastasis, differentiation (well differentiated vs
moderately differentiated), tumor thickness, tumor
necrosis, perineural invasion, and vascular inva-
sion. Categorical data were analyzed with Fisher’s
exact probability test and with y*-tests for linear
trends. A P-value less than 0.05 was regarded as
statistically significant.

Results

Active MMP-7 Protein was Expressed Only in Cancer
Tissues

MMP-7 protein was expressed in 9 of 15 (60%) tumor
samples, and in 2 of 15 (13%) normal buccal mucosal
samples (P=0.008; Figure 1). The proMMP-7 was
present in both normal buccal mucosa and in 3 of 9
(33%) tumor tissues, whereas the active MMP-7 was
present only in 8 of the 9 (89%) MMP-7-positive tumor
tissues. Normal buccal tissues did not express the
active MMP-7.

Immunohistochemistry also showed that nonneo-
plastic epithelial cells were stained by the Ab-4
antibody, which recognized both the pro- and the
active forms of MMP-7, but not by the Ab-2
antibody, which recognized only the active form.
In contrast, the tumor tissue could be stained by
both Ab-4 and Ab-2 antibodies (Figure 2). The
results clearly indicate that active MMP-7 was
present only in buccal squamous cell carcinoma
cancer tissues, and not in normal tissues. We
therefore used the Ab-2 antibody in a tissue

Positive
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Figure 1 Western blot analysis of MMP-7 protein in normal and
tumor tissue. Active MMP-7 expression is exclusively in tumor
tissue. Actin is used as the control for equal loading of the tissue
samples (bottom). Colorectal normal and tumor tissue are used as
positive control.
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Figure 2 Immunostaining of MMP-7 in buccal squamous cell carcinoma. (a) Strong staining of MMP-7 in both cancer cells (arrows) and
nonneoplastic epithelium (star) by using Ab-4 antibody against pro- and active forms of MMP-7. (b) Positive MMP-7 signal is present
only in cancer cells by using Ab-2 antibody against active form of MMP-7 (original magnification, x 40).
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Figure 3 Tissue microarray immunostaining of active MMP-7 in buccal squamous cell carcinoma. (a) In a case graded as grade 1 of active
MMP-7 expression, weak cytoplasmic staining is noted in of malignant squamous epithelial cells (arrows). (b) In a case graded as grade 2

of active MMP-7 expression, moderate cytoplasmic staining is noted in groups of malignant squamous epithelial cells (arrows). (c) In a
case graded as grade 3 of active MMP-7 expression, strong cytoplasmic staining is noted in almost all the malignant squamous epithelial

cells (arrows) (original magnification, x 200).

microarray, to correlate the expression of active
MMP-7 in tumors with the clinical features of all 24
patients.

Increased Active MMP-7 Immunostaining Correlated
with Advanced Buccal Cancer with Adjacent Tissue
Invasion

From a total of 24 patient samples available for
tissue microarray analysis, low expression of active
MMP-7 was noted in 15 cases (63%) (Figures 3a and
b), and high expression, in 9 (38%) (Figure 3c). As
shown in Table 2, high expression of active MMP-7
was associated with larger tumor size (P=0.022)
and was significantly higher in buccal squamous
cell carcinoma with adjacent skin or bone invasion
(P=0.036). In those patients whose tumors showed
mandibular bone invasion, we found tumor nests

that stained strongly for active MMP-7, in sharp
contrast to normal bone tissue (Figure 4).

The expression of active MMP-7 was not corre-
lated with other parameters, including age, histolo-
gic grade, lymph node metastasis, tumor necrosis,
perineural invasion, or vascular invasion.

Discussion

Oral squamous cell carcinoma is the sixth most
common cancer in the world. In Taiwan, the betel
quid chewing habit is an important risk factor for
developing oral submucosal fibrosis and oral cavity
cancer. Liao et al** and Lo et al*® found both
pathological nodal status and cell differentiation
were the significant prognostic factors of 5-year
disease-specific survival in buccal squamous cell
carcinoma. Consequently, the clinicophathologic
characteristics in Taiwanese are different from
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Table 2 Correlation between the clinicopathological features and
the expressions of active MMP-7

Variables Active MMP-7
Low High P-value P-value
m=15) m=9) for
linear
trend
Age
<50 y/o 8 2 0.147
=50 y/o 7 7
Stage
I 5 0 0.058
I 2 2
1 3 0
v 5 7
T stage
T1 5 0 0.056 0.022
T2 6 3
T3 1 0
T4 3 6
Nodal stage
Negative 9 8 0.144
Positive 6 1
Histological grade
WD 11 8 0.386
MD 4 1
Tumor thickness
=10mm 10 4 0.306
>10mm 5 5
Tumor necrosis
Negative 11 4 0.171
Positive 4 5
Perineural invasion
Negative 10 7 0.582
Positive 5 2
Vascular invasion
Negative 12 8 0.591
Positive 3 1
Adjacent tissue invasion
Negative 12 3 0.036
Positive 3 6

MD, moderate differentiated; MMP, matrix metalloproteinases; WD,
well differentiated.

Westerner. The predominant sites of oral cavity
cancer occurrence are the buccal mucosa, followed
by the tongue in Taiwan. It is in contrast to the
Western literature, in which the tongue and mouth
floor are the main sites.?**® In Taiwan, only 5-7% of
oral cancer are graded as poorly differentiated
type.***® In our unpublished observation (H-C
Chuang, unpublished observation), 1 of 118 docu-
mented patients (<1%) with buccal squamous cell
carcinoma in our hospital is graded as poorly
differentiated type. Similar observation is reported
in Japan, which reveals 4% of oral cancer is of
poorly differentiated type.*® These data indicate that
poorly differentiated oral cancer in Taiwan is
significantly lower than the report of 21-42.8% in
the Western countries.®*” It is unknown if different
location of the oral cancer, the different etiology or
different races may account for the observed
difference in the percentage of cell types.

Modern Pathology (2008) 21, 1444—-1450

MMP-7, also known as matrilysin-1, is the
smallest member of the MMP family,'>?® as it lacks
the C-terminal hemopexin domain common to other
MMPs. MMP-7 is secreted as a 28-kDa proenzyme
and can be activated through proteolytic removal of
a 9-kDa prodomain from the N terminus. It is a
protease with broad substrate specificity,” being
able to degrade elastin, proteoglycans, fibronectin,
vitronectin, aggrecan, and type IV collagen, and it is
important role in the shedding of cell-surface
molecules such as tumor necrosis factor-« precursor,
Fas ligand, heparin-binding epidermal growth fac-
tor, E-cadherin, f4-integrin, and insulin-like growth
factor-binding proteins.">**

MMP-7 is constitutively expressed in exocrine and
mucosal epithelial cells in the skin, pancreas, liver,
breast, intestine, and lung. In cancers of the colon,**%
esophagus,®* stomach,***® pancreas,®” breast®® and
prostate,*® increased MMP-7 expression is associated
with tumor invasion, cancer progression, and poor
prognosis. Two mechanisms may be responsible for
the enhancement of cancer invasion and metastasis
by MMP-7: direct effects of MMP-7 proteinase activity
and indirect effects of MMP-7, such as activation of
MMP-2 and MMP-9,%%4°

Previous studies that did not use antibodies
specific for active MMP-7 have produced conflicting
results. For example, Sillanpaa et al** and Leinonen
et al** found that high MMP-7 expression indicated
less aggressive tumor behavior and better survival in
ovarian and non-small-cell lung cancer. In their
studies, normal ovarian epithelium and normal
bronchial surface epithelial cells also showed
positive MMP-7 staining, indicating antibody reac-
tivity against the proMMP-7. In the present study,
we also found MMP-7 in both normal buccal tissue
and cancer tissue. However, immunoreactivity for
active MMP-7 was present only in cancer tissue and
was correlated with tumor size and tumor invasion
of the adjacent skin and mandible, suggesting that
MMP-7 is activated in tumor cells and is associated
with aggressive tumor behavior in buccal cancer.
Weber et al*® found that MMP-7 is mainly produced
by tumor cells themselves and is associated with
short survival times in head and neck cancer. de
Vicente et al** also demonstrated that MMP-7
expression is significantly correlated with lymph
node metastasis in oral cavity cancers.

Our finding of adjacent bone invasion by buccal
cancer cells that expressed high levels of active
MMP-7 is consistent with a previous study of
prostate cancer-induced osteolysis.*® The secretion
of activated MMP-7 by cancer cells may cleave
RANKL from the RANKL-expressing cancer cell, to
release an active soluble form of RANKL and induce
osteoclast activation and bone resorption. Bone
degradation then allows the release of tumor growth
factors such as insulin-like growth factor, transform-
ing growth factor, and fibroblast growth factor,
which stimulate the vicious cycle between the
osteolytic process and tumor development in bone
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Figure 4 Immunostaining of active MMP-7 in a mandibular bone with or without buccal squamous cell carcinoma invasion. (a) The
tumor nests immediately surrounding the bony tissue express strong immunostaining of active MMP-7 (arrows). (b) The stromal cells
surrounding the bony tissue (star) without tumor invasion show no staining of active MMP-7 (original magnification, x 200).

matrix. We have also seen strong immunoreactive
RANKL expression in cancer cells that invaded
mandibular bone (H-C Chuang, unpublished obser-
vations), suggesting a role for active MMP-7 in
triggering the osteolyic RANK-RANKL signaling
pathway in buccal cancer.

In summary, the present study appears to be the
first report of an association between active MMP-7
and progression of buccal squamous cell carcinoma,
which may involve the RANK—RANKL and/or other
signaling pathways. Further studies are required to
clarify the mechanism underlying the production of
active MMP-7 in buccal squamous cell carcinoma.
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