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Purpose: The matrix metalloproteinases (MMPs) are a
family of proteolytic enzymes. MMPs are known to be
involved in tumor invasion, and several have been
implicated in tumor prognosis. The aim of this study was
to evaluate the prognostic significances of the expres-
sions of MMP-7 and -9 in rectal cancer.

Materials and Methods: The tumor tissues of 87
patients with stage Il or Ill rectal carcinoma that under-
went potentially curative resection followed by postoper-
ative adjuvant chemoradiation and 5-fluorouracil based
chemotherapy, were investigated immunohistochemi-
cally using monoclonal antibodies against MMP-7 and
MMP-9. Clinical information, including tumor grades,
carcinoembryonic antigen (CEA) levels, and disease-free
survival and overall survival were evaluated with respect
to the expressions of MMP-7 and -9.

Results: Median follow-up duration was 53.2 months,
and median patient age was 55+11 years (range 32~75).
MMP-7 expression in tumor tissue was found to be

INTRODUCTION

The incidence of colorectal cancer is higher in the West than
in Korea, where it is the fourth most common cancer. However
recently, its incidence in Koreans has shown a steep increase,
from 6.6% of all malignancies in 1990 to 10.6% in 2001 in
men, and from 7.2% to 10.5% in women (1). Thus, colorectal
cancer has emerged to become one of the greatest public health
problems in Korea.

Approximately, one quarter of colorectal cancers are located
in the rectum, and surgical resection remains the best curative
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significantly correlated with the presence of nodal
metastasis (p=0.029), whilst MMP-9 expression correla-
ted with depth of tumor invasion (p=0.019). No relatio-
nships were found between the expressions of MMP-7 or
-9 and age, sex, tumor size, tumor grade, or CEA level.
Univariate analysis showed that MMP-7 expression was
associated with poor 5-year overall survival (12.8 months
vs. 65.3 months, p=0.0405). Multivariate analysis confi-
rmed that MMP-7 was independently associated with an
adverse outcome (Relative risk: 1.415, p=0.027). However,
MMP-9 expression was not found to be related to clinical
outcome.

Conclusion. MMP-7 expression in tumor tissue is
associated with lymph node metastasis and a poor 5-year
overall survival in rectal cancer patients. (Cancer Res
Treat. 2005;37:354-359)

Key Words: Matrix metalloproteinases, Rectal carci-

noma, Immunohistochemistry, Prognosis

treatment option. Although adjuvant therapy is of benefit after
potentially curative resection in patients with stage II or III
rectal cancer (2), adjuvant radiotherapy alone decreases local
recurrence without survival benefit (3). Only combined chemo-
therapy and radiotherapy has consistently demonstrated efficacy
in terms of reducing the incidence of pelvic recurrence, and
improving disease free survival and overall survival (4). Thus,
it remains a priority to identify potential biomarkers capable of
predicting recurrence, and disease free survival and overall
survival. Moreover, the majority of prognostic factors provide
no insight into the molecular events responsible for tumor
invasion and/or metastasis (5,6).

More specifically, the proteolytic degradation of extracellular
matrix by matrix metalloproteinases (MMP) has been shown to
be one of the essential events in tumor invasion and metastasis
(7). And, it has been shown that they are also involved in cell
differentiation, apoptosis, angiogenesis, immune surveillance,
and cancer cell growth (8).

MMP-7 is characterized by a broad strong proteolytic activity
against a variety of extracellular matrix substrates, such as,
collagens, proteoglycans, laminin, fibronectin, and casein (2).
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MMP-7 does not possess a C-terminal domain, and thus is not
easily regulated by tissue inhibitor of metalloproteinases
(TIMP) (9). The clinical impact of MMP-7 expression has been
assessed by examining surgically resected colorectal cancer
tissues (10). Moreover, there is almost unanimous agreement
that enhanced MMP-7 expression in colorectal cancer, as
measured by immunohistochemistry or by in situ hybridization,
is correlated with the presence of nodal or distant metastasis
(11). MMP-9 also plays an important role in cancer invasion
and metastasis by degrading extracellular matrix components
and basement membrane (12). Increased levels of MMP-9 in
tumor tissue, as determined by mRNA measurements, have
been found to be correlated with advanced stages of colorectal
cancer (13). Moreover, MMP-9 appears to be differentially
expressed in colonic and rectal tumors (14).

The aims of this study were to confirm if immunohisto-
chemical assessments of the expressions of MMP-7 and -9
correlate with clinical features in patients with rectal cancer,
and thus to determine whether such immunohistochemical
studies could differentiate tumors with a high or low maligna-

ncy potential.

MATERIALS AND METHODS

1) Patients

Ninety patients that registered at our center between January
1995 and January 2001 were enrolled in this study. All patients
had histologically confirmed stage II or III adenocarcinoma of
the rectum, and had undergone a potentially curative resection,
with neither gross nor microscopic evidence of residual disease.
Tumor samples were obtained from these patients and each
sample was fixed in formalin and embedded in paraffin wax.
Of the 90, three patients were ineligible for the following
reasons; 2 patients refused their assigned treatment, and one
died due to a postoperative complication. Thus, the remaining
87 patients were eligible with follow-up and were included in
the analyses. Written informed consent was obtained from each
patient prior to study entry. The study was approved by the
institutional review board of Dong-A University Medical Cen-
ter. Median patient age was 55+12.3 years (range, 33 ~73).

Fig. 1. Immnohistochemical staining of rectal cancer for MMP-7 and MMP-9. (A) MMP-7 positive rectal adenocarcinoma;MMP-7 was
stained in cancer cell cytoplasm, (B) MMP-7 negative rectal adenocarcinoma, (C) MMP-9 positive rectal adenocarcinoma; MMP-9
was stained in tumor cytoplasm, (D) MMP-9 negative rectal adenocarcinoma (%200).
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2) Immunohistochemical Analysis for MMP-7 and MMP-9

Immunohistochemical studies for MMP-7 and MMP-9 were
performed on formalin-fixed, paraffin-embedded, 4pm-thick
tissue sections, using the avidin-biotin-peroxidase complex
method. Mouse monoclonal antibody directed against MMP-7
(Neomarker, Fremont, CA) at a 1 :25 dilution, and rabbit
polyclonal antibody directed against MMP-9 (Neomarker,
Fremont, CA) at a 1:25 dilution, were used as primary
antibodies. All sections were deparaffinized through a series of
xylene baths and then rehydrated through a series of graded
alcohol solutions. After blocking endogenous peroxidase
activity with 5% hydrogen peroxidase for 10 min, primary
antibody incubation was performed for 30 min at room tem-
perature. An Envision Kit (DakoCytomation, Carpinteria, CA)
was used to incubate sections with secondary antibody at room
temperature for 30 min. After washing sections in Tris buffered
saline for 10 min, 3, 3’-diaminobenzidine was applied as a
chromogen, and this was followed by Mayer’s hematoxylin
counterstain. Stainings for MMP-7 and MMP-9 were consi-
dered to be positive when >10% of tumor cells showed cyto-
plasmic reactivity at any intensity. Negative control sections
were prepared by omitting the primary antibodies.

3) Statistical analysis

The associations between the expressions of MMP-7 or
MMP-9 and the clinicopathologic parameters (sex, age, carcino-
embryonic antigen (CEA), tumor size, histologic differentiation,
depth of bowel wall invasion) were examined using X~ (chi-
squared) test or Fisher’s exact test. Disease-free survival was

defined as the length of time from surgery to initial disease
recurrence. Overall survival was defined as the length of time
from surgery to death. The Kaplan-Meier method was used to
construct curves for disease-free survival and overall survival.
Data on patients who died without evidence of disease recur-
rence were censored at the time of death for disease-free
survival calculations. The log-rank test was used to compare
distributions. To identify independent factors significantly related
to patient prognosis we used Cox’s proportional hazards model
with a stepwise procedure. All tests were two-sided, and p
values of <0.05 were considered statistically significant. Anal-
yses were performed using SPSS version 10.0 (SPSS Inc,
Chicago, IL).

RESULTS

1) Expressions of MMP-7 and MMP-9

Positively stained cancer cells were distributed heterogene-
ously in tumor nests. Carcinoma cell cytoplasm stained brown
for MMP-7, but stromal cells (other than some monocytes or
surrounding normal mucosa) were not stained (Fig. 1A, B).
MMP-9 expression was observed in the cytoplasms of carcino-
ma cells, stromal fibroblasts, and vascular endothelial cells (Fig.
1C, D).

2) Correlations between the expressions of MMP-7 and

MMP-9 and clinicopathologic parameters

Details of these relations are listed in Table 1. MMP-7
expression was observed in 19 of the 87 cases (21.8%), and
was found to be significantly correlated with lymph node metas

Table 1. Correlation between patients’ characteristics and MMP' -7/MMP-9 expression

MMP-7 MMP-9
Parameter P p
Negative (n=68) Positive (n=19) Negative (n=63) Positive (n=24)

Age, (years) <60 74.5% 25.5% 0.420 78.2% 21.8% 0.139
>60 84.4% 15.6% 62.5% 37.5%

Sex Male 75.0% 25.0% 0.603 64.6% 35.4% 1.092
Female 82.1% 17.9% 82.1% 17.9%

CEA* <5 ng/ml 80.0% 20.0% 1.000 71.7% 28.3% 1.000
>5 ng/ml 74.1% 25.9% 74.1% 25.9%

Size <5 cm 80.4% 19.6% 1.000 67.9% 32.1% 0.223
>5 cm 74.2% 25.8% 80.6% 19.4%

Histologic Well 81.8% 18.2% 0.690 68.2% 31.8% 0.300
differentiation =~ Moderate 75.0% 25.0% 19.4% 80.6%
Poor 71.4% 28.6% 42.9% 57.1%

Stage I 88.2% 11.8% 0.029 73.8% 26.2% 0.814
11 70.0% 30.0% 71.1% 28.9%

T stage 2 66.7% 33.3% 1.000 100% 0% 0.019
3 78.6% 21.4% 75.0% 25.0%

N stage 0 88.2% 11.8% 0.035* 73.8% 26.2% 0.790
1 75.0% 25.0% 67.9% 32.1%
2 64.8% 352% 76.5% 23.5%

. . . ¥ . .
*carcinoembryonic antigen, matrix metalloproteinase.
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tasis (p=0.035), and an advanced stage (p=0.029). No signif-
icant correlations were observed between MMP-7 expression
and sex, age, CEA, tumor size, histologic differentiation, or
depth of bowel wall invasion (tumor stage). On the other hand
MMP-9 expression was detected in 24 cases (27.6%), and
found to be significantly correlated with depth of invasion
(p=0.019).

3) Expressions of MMP-7 and MMP-9 and survival

Median follow-up duration was 53.2 months. Univariate anal-
ysis showed that CEA (p=0.0056), tumor differentiation (p=
0.0168), and stage (p=0.0003) were significantly associated
with 5-year disease-free survival and overall survival (Table 2).
Patients with an MMP-7 expressing cancer had a significantly
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Fig. 2. Comparison of overall survival curves for patients with
MMP-7 positive and MMP-7 negative rectal cancer (p=

shorter S-year overall survival time than those without (p=
0.0405) (Fig. 2). MMP-7 expression was also correlated with
5-year overall survival in stage II patients (86.4 months vs. 16.7
months, p=0.004), however, no similar significance correlation
was found in stage III patients (31.3 months vs. 38.9 months,
p=0.5743). On the other hand, MMP-9 expression was not
found to be correlated with 5-year overall survival (p=0.7198)
(Fig. 3), and the presence of MMP-9 expression was found to
have no clinical significance in stage II or III rectal cancer
patients (p=0.6705, p=0.9006, respectively). To examine the
independent prognostic value of MMP-7 expression, we used
a multivariate Cox model to control for other prognostic fac-
tors. Accordingly, CEA histologic differentiation, stage, and
MMP-7 expression were identified as significant predictors of
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Fig. 3. Comparison of overall survival curves for patients with
MMP-9 positive and MMP-9 negative rectal cancer (p=

0.0405). 0.7198).
Table 2. Clinicopathologic data and impact on 5-year DFS* and os'
Parameter No. of patients 5-year DFS (%) P 5-year OS (%) p

Age (years) <60 55 49.9 0.8663 535 0.8840
>60 32 45.5 54.1

Sex Male 48 49.7 0.3760 53.7 0.5318
Female 39 58.5 60.4

Size <5 cm 56 52.8 0.9829 60.4 0.4504
>5 cm 31 46.9 60.7

CEA’ <5 ng/ml 60 67.2 0.0056 64.3 0.0157
>5 ng/ml 27 21.6 329

Stage I 42 69.0 0.0003 75.2 0.0006
I 45 31.5 429

Histologic Well 44 55.2 0.0168 62.9 0.0018

Differentiation Moderate 36 52.5 52.5
Poor 7 28.6 28.6

MMP'-7 Negative 68 58.6 0.0503 65.3 0.0405
Positive 19 37.3 12.8

MMP-9 Negative 63 56.2 0.9326 57.7 0.7198
Positive 24 53.1 55.5

. Lot . T . . . .
*disease free survival, —overall survival, ~ carcinoembryonic antigen, “matrix metalloproteinase.
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overall survival, after controlling for the other clinicopathologic
parameters. The relative risks (RRs) of MMP-7 expression and
stage were 1.42 (95% confidence interval [CI], 1.19 to 1.91;
p=0.027) and 1.99 (95% CI, 1.35 to 2.96; p=0.001), respec-
tively.

DISCUSSION

Currently, there is no definitive way of predicting which
rectal cancer patients with an intermediate risk of recurrence
(stage II or III), will develop recurrent disease. The primary
goal of this study was to determine whether the expressions of
MMP-7 or MMP-9 in rectal cancer can predict disease out-
come. In addition to affecting primary tumor growth, a substan-
tially body of evidence indicates that MMPs also influence
colorectal cancer (CRC) invasion and metastasis. Numerous
studies have been performed in vitro and in vivo to determine
how MMPs contribute to CRC metastasis (15). Because the
expression of several MMPs have been correlated with invasion
and metastasis, and because MMPs are capable of degrading
ECM components, their roles in invasion and metastasis have
been extensively examined (15).

Our study shows that immunohistochemical expression of
MMP-7 in rectal cancer tissue is more common in stage III than
in stage II and in those with nodal metastasis, thus indicating
that its presence correlates with the presence of metastases. This
result is supported by the findings of a previous report, in
which MMP-7 mRNA expression was found to be greater in
colorectal cancer than in paired normal colorectal mucosal
tissues, and the expression of MMP-7 mRNA increased with
increasing Dukes’ stage (16). Analysis of MMP-7 as a potential
prognostic indicator revealed that positive MMP-7 expression
(>30% positive tumor cells at the invasive front) is related to
the depth of invasion, lymph node metastasis, lymphatic
invasion, an advanced Dukes’ stage, and a poor outcome (17).
Moreover, in this study, the Kaplan-Meier life table indicated
that 5-year survival is 3.5 times greater in patients without an
MMP-7 expressing tumor (77.3% vs. 21.8%, respectively) (17).
In the present study, similar results were obtained. However,
MMP-7 expression was found to be correlated with 5-year
overall survival in stage II patients only, indicating that MMP-7
has important role in early stage rectal cancer. Moreover, we
compared our immunohistochemical findings with the main
clinicopathological prognostic factors, i.e., stage, CEA level,
and tumor differentiation, and confirmed the highly significant
independent prognostic significance of MMP-7 expression.
These results further support the notion that MMP-7 plays an
important role in the progression of colorectal cancer and that
MMP-7 could be a reliable marker of cancer aggressiveness and
a poor prognosis, independently of conventional clinicopa-
thologic criteria. Therefore, we believe that the immunohisto-
chemical analysis of MMP-7 expression in tumor biopsy speci-
mens before treatment would be useful for predicting prognosis.

Several reports have been issued on the roles of MMP-9 in
tumor invasion and metastasis, but these remain unresolved
issues in colorectal cancer (18). However, MMP-9 overexpres-
sion has been correlated with synchronous metastasis from
colorectal cancer and Dukes’ stage (13). Moreover, a 5-fold

increase or more in MMP-9 RNA expression in tumor versus
normal tissue was found to be associated with increased
recurrence, and patients with tumors expressing high levels of
MMP-9 RNA were found to be six times more like experience
recurrence than patients with low levels of MMP-9 RNA (13).
However, it has also been reported that MMP-9 mRNA levels
are not significantly different in colon tumors and healthy
mucosa (19), and that the tumors of patients with or without
metastases expressed similar levels of MMP-9 mRNA (20). In
the present study, we detected 5-fold higher MMP-9 expression
in colon carcinoma tissues than in normal tissues of the same
individuals, whereas in rectal carcinoma no significant differ-
ence was found between normal and tumor tissues (14).

In the present study, we found that MMP-9 expression was
only related to depth of invasion. These results suggest that
different mechanisms are at play in rectal and colon cancer, and
indicate the likelihood of their differential transcriptional activi-
ties.

In general, the results of phase III clinical trials on MMP
inhibitors in advanced stage cancers have been disappointing
(21), and to select patients likely to benefit from such therapies,
examinations of MMP expression may be necessary. In this
regard, our findings suggest that measurements of MMP-7
expression may help identify those likely to benefit from new
therapeutic strategies based on selective MMP inhibitors.

CONCLUSIONS

This study suggests that MMP-7 expression is associated
with lymph node metastasis and a poor clinical outcome in
rectal cancer patients.
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