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Expression of Matrix Metalloproteinases in Gallbladder
Carcinoma and Their Significance in Carcinogenesis
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Abstract: The correlation between matrix metalloproteinase
(MMP)-2, MMP-9, and MMP-14 expression on the prognostic
parameters of gallbladder carcinoma (GBC) and their role in
carcinogenesis were evaluated. Carcinomas of the gallbladder
(n = 20) and chronic cholecystitis (n = 10) were studied for the
expression of MMP-2, MMP-9, and MMP-14 by immunohis-
tochemistry. In all of the cases, metaplastic and dysplastic
epithelial alterations, and (in GBC histologic type, grade of
differentiation, level of infiltration, perineural and angiolym-
phatic invasion, liver invasion, and lymph node involvement
were noted. MMP-2, MMP-9, MMP-14 were expressed in
tumor epithelium in 9 (45%), 20 (100%), and 20 (100%) of the
cases, respectively. MMP stromal expression including muscle
layer, vascular endothelium, fibroblasts, and lymphoid cells were
detected in all cases. MMP-2 was not expressed in normal,
metaplastic, and dysplastic epithelia. In contrast, MMP-9 and
MMP-14 immunoreactivities were present in antral-type meta-
plastic areas as moderate (grade 2) and strong in dysplastic
epithelia (grade 3). Only in mucinous-type GBC was the
expression of the MMPs lower than in the other types. No
significant correlation was detected with the grade of differ-
entiation, level of infiltration, perineural and angiolymphatic
invasion, liver invasion, or lymph node involvement. These data
suggest that MMP-9 and MMP-14 overexpression may have an
important role in tumorigenesis. MMP-2, MMP-9, and MMP-
14 were expressed in GBC epithelium but also the expression in
the stromal component may be essential for the malignant
potential of GBC.
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rimary carcinoma of the gallbladder is characterized
by strong invasion, early metastasis, and poor
prognosis. Although with the increasingly widespread
acceptance of laparoscopic cholecystectomy, the number
of cases of incidental gallbladder carcinoma (GBC) has
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increased, GBC is associated with an overall 5-year
survival rate that is less than 5% owing to early invasion.
Many studies have demonstrated that proteolytic degra-
dation of extracellular matrix (ECM) components by
malignant epithelial cells and induced desmoplastic
fibroblasts is a major step in tumor invasion.'* Matrix
metalloproteinases (MMPs) comprise a family of zinc-
dependent and calcium-dependent enzymes that specifi-
cally degrade ECM glycoproteins.*> According to their
main substrates, MMPs fall into 4 main subgroups:
collagenases (MMP-1, MMP-8, and MMP-13), gelati-
nases (MMP-2 and MMP-9), stromelysins (MMP-3,
MMP-10, MMP-11, and MMP-18), and membrane-
bound MMPs (MMP-14 to MMP-17).% The proteolytic
degradation of ECM components such as type IV
collagen, fibronectin, and laminin by MMPs has been
connected to alterations in a broad range of cellular
events including cell migration, apoptosis, and prolifera-
tion. Loss of the tight control of MMP activity in
neoplasia is thought to increase destruction of the ECM,
neovascularization, tumor spread, and metastases. In
several human malignancies, increased expression of
MMPs has been reported to have prognostic signifi-
cance.® In carcinomas of the gastric, colorectal, renal cell,
ovary, breast, prostate, lung, and pancreatic tissues,
the increased MMP expression has been reported as a
prognostic significance.!-*!% So far, there are few reports
on the expression of MMPs in gallbladder. We aimed to
examine the expression of MMP-2, MMP-9, and MMP-
14 in GBC and to study their significance in GBC
carcinogenesis by evaluating the expression in the
metaplasia-dysplasia-carcinoma sequence.

MATERIALS AND METHODS

Tissue Specimens

The samples of the GBC (n =20) and chronic
cholecystitis (n = 10) were obtained from cases that had
undergone surgical resection and diagnoses were con-
firmed histopathologically at TOTM Hospital of Inonu
University, Department of Pathology from 1999 to 2004.
Formalin-fixed, paraffin-embedded material available for
immunohistochemistry was selected from patients for
whom clinical and follow-up data were present. Clinical
information and follow-up data were taken from the
Department of General Surgery. Eight men and 12
women with a mean age 62.2 years (range 41 to 72) made
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up to 20 patients with GBC cases. All of the tissues were
examined by 2 independent pathologists (N.K, H.K)
using hematoxylin and eosin-stained slides. Tumor type,
pathologic grading, invasion depth, angiolymphatic, and
perineural tumor invasion were noted. Of these, there
were histologically 14 nonotherwise specified adenocarci-
nomas, 3 colloidal carcinomas, and 3 others (adenosqua-
mous, clear cell and pleomorphic giant cell carcinoma);
there were 5 G1 (well differentiated), 7 G2 (moderately
differentiated), and 8 G3 (poorly differentiated), accord-
ing to the criteria established by the World Health
Organization for histologic type of tumors of the
gallbladder. Clinical and pathologic details are described
in Table 1.

Five male and 5 female patients with a mean age of
48.7 years (range 32 to 66) with chronic cholecystitis
served as control cases. For each patient metaplastic and
dysplastic epithelial changes were noted.

Immunohistochemical Procedure

Formalin-fixed and paraffin-embedded gallbladder
specimens were used. Sections from each paraffin block
were immunohistochemically stained for MMP-2, MMP-9,
and MMP-14, using the avidin-biotin complex method.
In brief, endogenous peroxidase activity was abolished by
immersing the sections for 8§ minutes in absolute methanol
containing 3% hydrogen peroxide. Sections were stained
with primary monoclonal antibodies against MMP-2 Ab-4
(Clone A-Gel VC2, 72kDa Collagenase IV, Neomarkers,
Westinghouse, USA) and MMP-9 Ab-9 (92kDa Collage-
nase IV, Neomarkers, Westinghouse, USA), MMP-14
(MTI1-MMP, Neomarkers, Westinghouse, USA). The
sections were counterstained in Mayer hematoxylene and
mounted. The sections were examined microscopically by
2 pathologists who were blind to the clinicopathologic
characteristics. Cytoplasmic expression of the MMPs was
defined as positive.

Evaluation of Immunostaining

Two observers scored all sections independently.
The intensity of the immunostaining of the tumor
epithelium, tumor stroma, and nontumoral areas were
graded as negative (0), weak (1), moderate (2), and strong
(3). To facilitate interpretation and comparison of
heterogeneous tissue staining, whole sections were as-
signed a score according to the strongest intensity staining
on a section, provided that >10% of the specified cell
type (ie, epithelium, stroma) on the section stained.
Stained cells under 10% were assigned a score of 0.
Differences in given scores were resolved by simultaneous
reexamination by both scorers for a consensus.

RESULTS

In normal adult gallbladders, expression of MMP
was infrequent. In the chronic cholecystitis and GBC,
MMP-2 was not expressed in metaplastic and dysplastic
epithelia. In contrast, in antral-type metaplastic
areas moderate (grade 2), in dysplastic epithelia, strong
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TABLE 1. Clinicopathologic Details and MMP Expression Properties of the GBC Cases

MMP-2 MMP-9 MMP-14

AL Invasion

PN Invasion

LN/Liver Metastasis

Invasion Depth

Histologic Type

Tumor Differentiation

Sex

Age

GBC

e i i e o B R B

PML +
PML +
PML +
PML —
PML +
PML +
PML +
PML +
PML +
PML +
PML +
PML +
PML +
PML +
PML +
PML +
PML +
PML —
PML +
PML +

Colloidal
NOS
NOS
NOS
NOS
PGC
NOS

Colloidal
Clear
NOS

Adenosq
NOS
NOS
NOS
NOS
NOS

Colloidal
NOS
NOS
NOS

L L L LS SSSSSSS

41
63
61
68
66
60
68
53
60
61
72
64
67
52
71
64
62
68
65
57

GBCl1
GBC2
GBC3
GBC4
GBCS
GBC6
GBC7
GBCS8
GBC9
GBCI10
GBCl1
GBC12
GBCI13
GBCl14
GBCl15
GBCIl6
GBC17
GBC18
GBCI19
GBC20

Adenosq indicates adenosquamous; AL, angiolymphatic; F, female; G, grade; LN, lymph node; M, male; NOS, nonotherwise specified; PN, perineural; PML, perimuscular layer.
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FIGURE 1. Expression of MMP was not seen in normal adult gallbladder epithelium (A). In the metaplastic and dysplastic areas
there was no MMP-2 expression (B), but MMP-9 and MMP-14 overexpression were detected (C, D). MMP-2 was positive in 9 of
the GBC cases in tumor epithelium. In the others, immunoreactivity was limited to the stromal component (E, F). MMP-9 (G) and
MMP-14 (H) immunoreactivities were present in all of the GBC cases both in tumor epithelium and the stromal component.

(grade 3) MMP-9 and MMP-14 immunoreactivities were
present (Figs. 1A-D).

Among 20 GBCs, MMP-2, MMP-9, and MMP-14
were expressed in tumor epithelium in 9 (45%), 20
(100%), and 20 (100%) cases, respectively (Figs. 1E-H)
(Table 1). The expression of MMP in tumor epithelium
was located in the cytoplasm, and showed a diffuse or
granular pattern. Al MMP immunoreactivities in the
GBC stroma were situated in smooth muscle cells of the
muscular layer and vascular wall, vascular endothelia,
and fibroblasts. Lymphocytes and leukocytes were also
stained for MMP-9 and MMP-14. Their expression was
stronger in the infiltrative, less-differentiated epithelial
cells than the superficial, well-differentiated part of the
same tumor. There was no difference in the immuno-
reactivity according to either the tumor differentiation or
stage. In 7 (35%) cases of GBC, there was an extracellular
mucinous component and 3 of them were pure colloidal
subtype. The expression of MMP-2 was not present in
any cases having a mucinous component. In those 7 cases,
MMP-9 and MMP-14 immunoreactivities were not
present in mucinous component and at pure colloidal
carcinomas the staining intensity was only weak (grade 1).
Other subtypes included in the study, clear cell, adeno-
squamous, and pleomorphic giant cell subtypes,
expressed similar immunreactivity properties to the
ordinary carcinomas.

DISCUSSION
The present study showed that normal gallbladder
infrequently and very faintly expressed MMP-2, MMP-9,
and MMP-14, when cancer develops the tumor epithelial
cells frequently expressed them. This finding suggests that
gallbladder epithelia neoexpress or overexpress MMPs
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after malignant transformation. The present study also
showed that when there were alterations of cell differ-
entiation and atypia in the gallbladder epithelium,
metaplastic and dysplastic epithelium expressed MMP-9
and MMP-14, suggesting that the expression of these
MMPs is related to biliary cell carcinogenesis.

Proteolytic enzymes, collectively known as matrix
proteinases, are known to play a central role in the cell
migration during cancer invasion and organ development
by degrading ECM proteins.'°

MMP-2 (gelatinase A) and MMP-9 (gelatinase B)
are associated with the degradation of ECM components
such as type IV collagen, fibronectin, and laminin.?° In
cancer, degradation of type IV collagen, a major protein
component of basement membranes MMP-2 and MMP-
9, has a specific importance in tumor invasion. It has been
proposed that cleavage of collagen type IV by MMP-2/
MMP-9 leads to enhancement of angiogenesis, by effects
on integrins.?! Membrane-bound MMP-14 has previously
been found to be exclusively localized in the tumor cells.!
It has been suggested that MMP-14 may activate pro-
MMP-2.22

It has been shown that MMPs in human tumors
could be produced not only by cancer cells but also by
stromal cells, primarily fibroblasts, and inflammatory
cells.>?* It has been suggested that these stromal cells
produce and secrete MMPs and then bind to cancer cells
leading to invasion. This concept is supported by data
demonstrating that MMP-2 binds to the tissue inhibitors
of metalloproteases-2 (TIMP-2): MT-MMP complex on
the cell surface and MMP-9 binds to CD44 and type IV
collagen on the surface.?*?> In our study, in carcinoma
stromal cell MMP-2 expression was present even if no
epithelial MMP-2 expression was detected. However, in
our study, stromal MMP-2, MMP-9, and MMP-14
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expressions were not only limited to fibroblasts and
lymphoid cells, but also present in smooth muscle cells,
vascular endothelial cells, suggesting that these stromal
components are also important for MMP production and
secretion.

In several human malignancies, there have been
reports of increased expression of MMPs with prognostic
significances.!-*1® In gastric cancer, levels of MMP-2 and
MMP-9 have been found to be elevated along with MMP-
7 and MMP-14.310-15 The expression of MMP-2 was
higher in patients with gastric cancer that had a poor
prognosis, although the difference was not significant.’
Increased expression of MMP-2 and MMP-9 and TIMPs
1 and 2 has also been shown to correlate with a poor
prognosis in renal cell carcinoma.!! Previous studies have
suggested that MMP-9 expression correlates with
increased metastatic potential in colorectal cancer.?®
MMP-2 and MMP-9 activities have been correlated
with malignant potential, like tumor grade and stromal,
vascular, and lymphatic invasion, and increased
metastatic potential in a number of studies.!7-26-3!
Fan et al® found a relationship between the stage of the
GBC and MMP-2 expression, but it had no correlation
with lymph node status and infiltration level. In our
study, MMP expression did not correlate with any of
these features.

As in the stomach and colon, it is believed that most
cases of GBC are preceded by a sequence of metaplasia,
dysplasia, and carcinoma in situ. Increased expression of
MMP-9 and MMP-14 in gallbladder metaplasia-dyspla-
sia-adenocarcinoma sequence as compared with normal
tissue suggest their association with tumorigenesis. In
previous studies, the role of MMP on the colon
tumorigenesis in the adenoma-carcinoma sequence was
studied.*32 The level of MTI-MMP expression in
adenoma, carcinoma in situ, and invasive colon cancers
was found to be progressively high.* In another study,
MMP-7 was found to be significantly increased in both
adenomas and carcinomas in which MMP-2 and MMP-9
were overexpressed only in carcinomas.’? In our study,
when we compare the MMP expression in metaplasia,
dysplasia, and in carcinoma, we found that the progres-
sive increase in the immunoreactivities of the MMP-9 and
MMP-14, probably play an important role on the
gallbladder carcinogenesis.
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