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Abstract

AIM: To evaluate the expression of matrix metalloproteinase-
9 (MMP-9) and its clinical significance in esophageal
squamous cell carcinoma (ESCC).

METHODS: The expression of MMP-9 in 208 cases of
ESCC was detected by immunohistochemistry (IHC) and
its clinical significance in ESCC especially the relationship
with the clinicopathological parameters was analyzed.

RESULTS: The percentage of positive cases for MMP-9
detected by IHC was 49.0%. MMP-9 was mainly expressed
in the cytoplasm of cancer cells especially in the invasive
front. Only weak expression was detected in the stromal
cells and no expression in non-cancerous mucosa. The
expression of MMP-9 was positively correlated with poorer
differentiation (P = 0.001<0.01), existence of vessel
permeation (P = 0.027<0.05) and lymph node metastasis
(P=0.027<0.05).

CONCLUSION: The expression of MMP-9 correlates with
the cancer cell differentiation, vessel permeation and
lymph node metastasis. It may be a novel biomarker for
the diagnosis and treatment of ESCC.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is one of the
most aggressive malignant tumors, and China is one of the
leading ESCC high-incidence ateas in the world. In general,
patients with ESCC have a worse prognosis than those with
other digestive tract cancers even after curative surgical
resection, due to the extensive local invasion and frequent
regional lymph node metastasis at presentation. Spread of
malignant tumors is a multi-step process and many of the
stages of tumor invasion require degradation or breakdown
of the extracellular matrix and connective tissue surrounding
the tumor cells. The matrix metalloproteinases (MMPs) are
a family of zinc-dependent endopeptidases collectively
capable of degrading essentially all components of extracellular
matrix (ECM)!"?, and there is considerable evidence to
indicate that individual MMPs have an important role in
tumor invasion and metastasist*”.

At present, more than 20 members of the human MMP
gene family are known, and they are classified into subgroups
of collagenases, stromelysins and gelatinases based on their
structure and substrate specificity. MMP-9 is one of the
gelatinases that mainly degrades type IV collagen, which is
the main component of basement membrane. Then the
activity of MMP-9 is suggested to be associated with the
disruption of basement membrane and also to play a very
important role in the distant metastasis potential of carcinoma
cells through vessel permeation. Recently, some studies have
indicated that MMP-9 is associated with the ESCCE’L.
However, there is still lack of comprehensive analysis for the
expression of MMP-9 in ESCC in large sections of examples.

In this study, immunohistochemistry (IHC) was
performed to detect the expression of MMP-9 and the rel-
ationship of its expression to clinicopathological parameters
was analyzed. We found that the expression of MMP-9
correlates with cancer cell differentiation, vessel permeation
and lymph node metastasis, and hence might be a novel
biomarker for the diagnosis and treatment of ESCC.

MATERIALS AND METHODS

Patients and tissue samples

Paraffin-embedded tumor specimens from 208 patients with
ESCC who were surgically treated in Peking University
School of Oncology from July 1996 to November 2002
were used for IHC analysis, 162 males and 46 females, aged
38-78 years (mean 60 years).

Immunohistochemistry
The 4-pm sections were dewaxed in xylene, rehydrated in
alcohol, and immersed in 3% hydrogen peroxide for 10 min
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to suppress endogenous peroxidase activity. Then antigen
retrieval was performed by microwave treatment (650 W)
of the sections for 10 min in 0.01 mol/L sodium citrate buffer
(pH 6.0). After being rinsed for 5 minX3 times in PBS, the
sections were incubated for 18 h at 4 ‘C with a mouse
antihuman MMP-9 antibody (Novocastra Laboratories, 15W2,
1:20) diluted in PBS. After washing for 5 minX3 times in
PBS, the sections were incubated with horseradish peroxidase-
labeled goat antimouse immunoglobulin (DAKO, K4001)
for 1 h at room temperature. After 3 additional washes,
peroxidase activity was developed with diaminobenzidine
(DAB) at room temperature. Finally, the sections were
counterstained in Mayer’s hematoxylin.

Immunostaining signals were scored by two independent
observers. The scores were calculated as the number of
stained cells divided by the total number of carcinoma cells.
Unequivocal staining of the cytoplasm in more than 10%
of carcinoma cells was considered positive.

Statistical analysis
SPSS 10.0 softwatre was used to petform the ¥ test to
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analyze the relationship between the expression of MMPs
and clinicopathological parameters. P value less than 0.05
was considered statistically significant.

RESULTS

Expression of MMP-9 in ESCC detected by IHC

The percentage of positive cases for MMP-9 detected by
IHC is 49.0% and Figure 1 shows the representative results.
The expression of MMP-9 is mainly located in the cytoplasm
of cancer cells. And the immunostaining showed a tendency
to be stronger in deeply invading nests especially in invasive
fronts. Weak staining was seen in stromal cells and no staining
was seen in normal esophageal mucosa.

Relationship of MMP-9 expression and clinicopathological
parameters

The expression of MMP-9 was positively correlated with
poorer differentiation, existence of vessel permeation and
lymph node metastasis, but had no relationship with other
parameters (Table 1).

Figure 1 Immunohistochemical staining of MMP-9 in ESCC. A: Strong immunostaining can be seen in deeply invading nests of ESCC, weak
immunostaining can be seen in stromal cells (x100); B: Positive staining locates in the cytoplasm of ESCC cells (x400).

Table 1 Relationship of the MMP-9 expression and clinicopathological parameters

MMP-9 expression

Clinicopathological parameters x P
Positive cases (%) Negative cases (%)

Age (yr) <60 44 (49.4) 45 (50.6) 0.010 0.921
>60 58 (48.7) 61 (51.3)

Sex Male 74 (45.7) 88 (54.3) 3.308 0.069
Female 28 (60.9) 18 (39.1)

Tumor location Upper 8 (50.0) 8(50.0) 1.484 0.476
Middle 69 (51.9) 64 (48.1)
Lower 25 (42.4) 34 (57.6)

Tumor cell differentiation Well 25 (32.5) 52 (67.5) 13.503 0.001
Middle 46 (59.7) 31 (40.3)
Poor 31 (57.4) 23 (42.6)

Vessel permeation Absent 75 (45.2) 91 (54.8) 4.896 0.027
Present 27 (64.3) 15 (35.7)

Tumor invasion (T) T1 8(57.1) 6(42.9) 1.305 0.521
T2 19 (42.2) 26 (57.8)
T3 75 (50.3) 74 (49.7)

Lymph node metastasis (N) NO 45 (41.7) 63 (58.3) 4.885 0.027
N1 57 (57.0) 43 (43.0)

TNM stage I 7 (58.3) 5(41.7) 7.139 0.068
Ila 38 (39.6) 58 (60.4)
b 7 (46.7) 8(53.3)
I 50 (58.8) 35 (41.2)
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DISCUSSION

It is widely accepted that cancers develop and progtess through
the accumulation of various genetic alterations. ESCC is one
of the most aggressive carcinomas and the postoperative
outcome remains unsatisfactory!"”. But it is recognized that
some patients who undergo a curative operation do gain a
long-term survival, even though the carcinoma has reached
an advanced stage!"). That is, the widely used TNM staging
cannot accurately predict the prognosis in all the patients.
So it is important to study some useful biologic markers as
indicators for the malignant potentiall?. MMPs have
attracted more and more attention because of their important
function in tumor invasion, angiogenesis and metastasis. In
the present study, we detected the expression of MMP-9
to figure out the role of MMPs in ESCC.

Expression of MMP-9 is elevated in ESCC especially at the
invasive front

The results of IHC for MMP-9 showed that the immuno-
staining was mainly located in the cytoplasm of cancer cells
especially the cancer cells at the invasive front. There were
weak expressions in stromal cells and no expression in non-
cancerous mucosa. This expression status showed that the
expression of MMP-9 was elevated in carcinoma tissues
compared to non-cancerous mucosa, which indicates that
MMP-9 may play a role in the development of ESCC. The
high expression of MMP-9 at the invasive front may enforce
the degradation of the ECM and then facilitate the invasion
or metastasis of tumor cells. Some authors suggest that the
expression of MMPs in stromal cells may exert more important
function™'¥, but others do not think soP*. In our study, it
was found that the expression of MMP-9 was mainly located
in the cytoplasm of cancer cells, which indicates that the
MMP-9 expressed in cancer cells may play a more important
role.

Expression of MMP-9 is related to the clinicopathological
parameters of ESCC

MMP-9 is important in many aspects of biology; ranging
from cell proliferation, differentiation and remodeling of the
ECM, these events may be the reasons for MMP-9 expression
being related to the clinicopathological parameters.

Poor differentiated ESCC has high MMP-9 expression.
This may explain why pootly differentiated ESCC has high
malignant tendency. High expression of MMP-9 can provide
the cancer cell more chances to invade and metastasize.

MMP-9 expression is positively correlated with the
existence of vessel permeation (vascular or lymphatic). There
may be two reasons for this. One is, MMP-9 mainly degrades
type IV collagen, which is the principal component of basement
membrane. So the high expression of MMP-9 may facilitate
the cancer cells to penetrate the vessel membranes and then
to enter the blood stream or metastasize to lymph nodes.
Kim e a/™ found that MMP inhibitors can block intravasation
of tumor cells and only MMP-9-expressing cells are able to
enter the blood stream, which indicates that MMP-9 is
required for intravasation and hematogenous spread of
tumor cells i vivo. The other reason is that MMP-9 expression
can promote the tumor angiogenesis, which can provide
oxygen and nutrition for cancer cells, and promote the

formation of cancer emboli. Bergers ¢# al'?! suggested that
MMP-9 can induce angiogenesis by releasing sequestered
VEGEF.

High expression of MMP-9 is positively correlated with
lymph node metastasis. The mechanism may be the same
as that mentioned above. Many authors reported that lymph
node metastasis is an independent prognostic factor of
ESCCI'" and MMP-9 may affect the prognosis by affecting
the lymph node metastasis.

On the other hand, the expression of MMP-9 has no
relationship with the depth of tumor invasion, which may
be due to the fact that the main substrate of MMP-9 is type
IV collagen and not type I collagen. Type I collagen is the
main component of connective tissue, and the tumor invasion
to the deeper layer is always accompanied with the lysis of
type I collagen. So, maybe collagenases play an important
role in the tumor invasion depth.

MMP-9 might be a novel biomarker for ESCC

In our study, MMP-9 was highly expressed in poor prognostic
potential patients, weakly expressed in good prognostic
potential patients and did not express in non-cancerous
mucosa. This expression pattern lends considerable support
to the likelihood that MMP-9 might be acting as a novel
biomarker for the diagnosis and treatment of ESCC. Now
many potential inhibitors of MMPs, including MMP-9, are
assessed for anticancer properties such as synthetic low-
molecular weight MMPIs and bryostatin compounds, but

there are still some uncertainties and a definite conclusion

awaits more studies!!*-2!l,
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