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Matrix metalloproteinases are considered to play an
important role in tumor invasion and metastasis.
To elucidate the involvement of MMP-1 in human
colorectal carcinoma, we performed immunohisto-
chemical analysis on tissues from 20 colorectal ad-
enomas and 142 colorectal adenocarcinomas, in-
cluding 27 intramucosal carcinomas and 115
invasive carcinomas. MMP-1 was not expressed in
any of the 20 cases of colorectal adenoma examined.
In contrast, 108 of 142 cases (76.1%) with colorectal
adenocarcinoma showed immunoreactivity for
MMP-1 in the carcinoma cells themselves. Expres-
sion of MMP-1 was also identified in stromal cells
around the carcinoma. We investigated the relation-
ship between pathological features in colorectal
carcinoma and MMP-1 immunoreactivity of the tu-
mor cells. MMP-1 expression was less frequent in
intramucosal carcinomas and weaker than that in
invasive carcinomas (P < .0001). Among the 115
cases of invasive carcinomas, MMP-1 immunoreac-
tivity was significantly correlated with the depth
grading of tumor invasion (P < .05), tumor growth
pattern (P < .05), the presence of lymphatic inva-
sion (P < .05), venous invasion (P < .05), neural
invasion (P < .05), lymph node metastasis (P <
.005), hepatic metastasis (P < .05), and increasing
stages of Dukes’ classification (P < .05). In situ hy-
bridization, using an MMP-1 oligonucleotide probe,
confirmed the presence of MMP-1 mRNA in colo-
rectal carcinoma cells themselves. Expression of
MMP-1 mRNA was detected by the reverse tran-
scription polymerase chain reaction method in cul-
tured human colorectal carcinoma cell lines and
colon carcinoma tissue obtained at surgery. These
findings suggest that the expression of MMP-1 is

one of the important factors related to tumor inva-
sion and metastasis in colorectal carcinoma.
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Colorectal carcinoma is the most common malig-
nant tumor of the alimentary tract in the Western
world. At the time of diagnosis, colorectal carci-
noma usually shows extensive local invasion and
metastasis. Enzymatic degradation of the extracel-
lular matrix, such as basement membrane and in-
terstitial stroma, is an essential step in tumor inva-
sion and metastasis (1). Matrix metalloproteinases
(MMPs) constitute a family of zinc-dependent en-
zymes that are involved in the degradation of the
extracellular matrix (2). According to their struc-
tures and substrate specificities, MMPs can be clas-
sified into subgroups of collagenases (MMP-1,
MMP-8, and MMP-13), gelatinases (MMP-2 and
MMP-9), stromelysins (MMP-3, MMP-10, MMP-12,
and MMP-7), membrane-type MMPs (MT-MMPs)
and other MMPs. Currently, this family of MMPs
has at least 17 different members (3).

Tumor invasion is facilitated by degradation of
the interstitial stroma, which is the main compo-
nent of the extracellular matrix. This process can be
furthered by collagenases, particularly interstitial
collagenase (MMP-1) (4). A requirement for MMP-1
for tumor invasion has been demonstrated in in
vitro assays (5). However, the tissue distribution
and the role of MMP-1 in vivo are still controversial.
Previously, MMP-1 was shown to be expressed
mainly in stromal cells surrounding the carcinoma
cells (6 –9). In contrast, recent studies have reported
MMP-1 expression by the carcinoma cells them-
selves and suggested a relationship between tumor
progression and this MMP-1 expression (10 –13).
Murray et al. (11) have described that immunohis-
tochemically detected MMP-1 expression by the
tumor cells was associated with poor prognosis of
patients with colorectal carcinoma. However, thus
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far there has been no comparative study on MMP-1
expression by tumor cells in colorectal cancer com-
pared with the pathologic features.

Based on the findings of Murray et al. (11), we
hypothesized that colorectal carcinoma cells may
be capable of MMP-1 production and that its ex-
pression by the carcinoma cells themselves may be
involved in the progression of the cancer. The aim
of the present study, therefore, is to elucidate the
clinicopathologic role of immunohistochemically
detected MMP-1 expression in cancer cells in the
progression of colorectal carcinoma, especially in
local invasion and metastasis.

MATERIALS AND METHODS

We studied 20 cases of colorectal adenoma and
142 cases of primary human colorectal carcinoma
by immunohistochemistry. All tumors were ob-
tained from patients who had undergone surgery or
endoscopic resection at Nagasaki University Hospi-
tal between 1996 and 1998. Fifteen specimens of
normal colorectal tissue were evaluated as normal
controls.

Each tumor was assigned a histologic type ac-
cording to the World Health Organization classifi-
cation as follows: well differentiated adenocarci-
noma (comprised of well-formed glands in which
the nuclei are uniform in size and shape and retain
a basal location), moderately differentiated adeno-
carcinoma (glands are less regular but remain easily
recognizable and nuclei are large and lack a basal
location), and poorly differentiated adenocarci-
noma (cells are arranged in irregular clusters, with
little evidence of glandular differentiation) (14).

According to the TNM staging system of the
American Joint Commission on Cancer, the depth
grading of tumor invasion in each of the carcino-
mas was classified into five groups as follows: Tis
(carcinoma in situ or limited to mucosa), T1 (invad-
ing submucosa), T2 (invading muscularis propria),
T3 (invading either subserosa or pericolic tissue),
and T4 (through serosa or invading contiguous or-
gans) (15). Tumor growth pattern was assessed as
“expanding” (advancement of tumor occurred with
a bulbous circumscribed pushing border) and “in-
filtrative” (tumor dissected sharply through the
bowel wall) (16).

The desmoplastic stromal reaction was graded
according to the extent of the stromal area involved.
It was defined as “slight” (when the fibrous stromal
area was less than 25% of the whole tumor), “mod-
erate” (between 25 and 50%), and “extensive”
(when it exceeded 75% of the whole tumor) based
on the overall pattern (16). The Crohn’s-like lym-
phoid reaction was defined as lymphoid aggregates,
often with germinal centers, ringing the periphery

of invasive carcinoma (17). It was assessed as “con-
spicuous” (when multiple large lymphoid aggre-
gates occurred) or “inconspicuous” (when no lym-
phoid aggregates were present or occasional small
lymphoid aggregates were identified).

The examination was performed on routine
slides to identify lymphatic, venous, and neural in-
vasion. In addition to hematoxylin and eosin stain-
ing, we also used elastic van Gieson stain in all
cases. Each parameter was defined as “present”
when invasion was identified with certainty, but
defined as “absent” when either not observed at all
or not observed with certainty (18, 19).

Lymph node metastasis was defined as “positive”
only when histologically proven; hepatic metastasis
was defined as “positive” when it was either histo-
logically or clinically proven.

Based on Dukes’ classification, pathological
stages of colorectal carcinoma were classified into
five groups as follows: A (tumor invading submu-
cosa or muscularis propria), B (tumor extending
beyond muscularis propria), C1 (with positive re-
gional lymph nodes only), C2 (with a positive apical
node), and D (with distant metastasis) (20, 21). Di-
agnosis was established by two independent pa-
thologists (JS, MI), and cases of questionable diag-
nosis were omitted from the study.

Immunohistochemistry
Formalin-fixed and paraffin-embedded tissues

were cut into 4-mm sections, deparaffinized in xy-
lene, and rehydrated in phosphate-buffered saline.
The deparaffinized sections were preincubated
with normal bovine serum to prevent nonspecific
binding, and then incubated overnight at 4° C with
an optimal dilution (0.5 mg/mL) of a primary mono-
clonal antibody against human MMP-1 (F-67, Fuji
Chemical Industries, Ltd., Toyama, Japan) (22).
Thereafter, the slides were incubated with an alka-
line phosphatase-conjugated goat anti-mouse im-
munoglobulin antibody. The reaction products
were resolved using a mixture of 5-bromo-4-chloro-
3-indolyl phosphate and nitroblue tetrazolium
chloride (BCIP/NBT; DAKO, Carpinteria, CA).
Rheumatoid arthritis tissue served as the positive
control (22). Analysis of immunohistochemical
staining was performed by two investigators (JS,
MI). MMP-1 expression was classified into three
categories, depending on the percentage of cells
stained: 0 to 10% positive cells were considered
negative (-), 11 to 50% positive cells, weak positive
(1); and more than 50% positive cells strong posi-
tive (11).

In Situ Hybridization
In situ hybridization for the detection of MMP-1

mRNA was performed using an oligonucleotide
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probe complementary to a fragment of human
MMP-1 mRNA (23). The sequence of the oligonu-
cleotide probe is 59-CTCAACTTCCGGGTAGAAGG-
GATTTGTGCGCATGTAGAATCTGTC-39. This se-
quence does not cross-hybridize with other known
sequences, including mRNA for other types of
MMPs. The probe was labeled with 39 tailed digoxi-
genin and purified by high performance liquid
chromatography (Greiner Japan, Inc., Tokyo, Ja-
pan). Twenty cases of human colorectal adenocar-
cinoma and six cases of adenoma were studied. In
all of these cases, we were able to obtain relatively
fresh (within 6 mo) formalin-fixed and paraffin-
embedded sections. Prehybridization was carried
out as described previously (24). The sections were
treated with 0.2N HCl for 20 min and digested with
10 mg/mL of proteinase K (Sigma, St. Louis, MO) for
15 min at 37° C. After postfixation in 4% parafor-
maldehyde, each section was covered with 20 mL of
denatured hybridization mixture containing 8%
dextran sulfate, 125 mg/mL sonicated salmon
sperm DNA, 40% deionized formamide, 250 mg/mL
yeast tRNA, 13 Denhardt’s solution, 1 mM EDTA
(ethylenediamine-tetra-acetic acid, pH 7.4), 0.6 M

NaCl, 10 mM Tris-HCl, and 2 mg/mL digoxigenin-
labeled MMP-1 oligonucleotide probe, and placed
in a moist chamber, where it was incubated at 37° C
for 15 hours. After hybridization, slides were
washed three times in 40% formamide in 23 SSC at
37° C for 1 hour each. Briefly, the slides were incu-
bated with 150 mL of blocking solution for 30 min at
room temperature and incubated with anti-
digoxigenin-alkaline phosphatase Fab fragments
(Boehringer Mannheim, Mannheim, Germany).
MMP-1 mRNA expression was evaluated by com-
paring alkaline phosphatase staining using BCIP/
NBT with the results obtained from the negative
and positive controls. Consecutive sections were
reacted with the digoxigenin-labeled sense oligonu-
cleotide probe (59-GACAGATTCTACATGCGCACAAA-
TCCCTTCTACCCGGAAGTTGAG-39) and with the
non-probe solution (hybridization solution without
probes) as negative controls. RNase treatment was
carried out before hybridization as another negative
control. The presence of cytoplasmic RNA was con-
firmed through the use of a methyl green pyronine
staining solution (Muto Pure Chemicals, Tokyo, Ja-
pan). In order to assess RNA integrity and the hybrid-
izability of each specimen, in situ hybridization using
an oligonucleotide probe complementary to a frag-
ment of human 28S ribosome RNA (antisense;
59-TGCTACTACCACCAAGATCTGCACCTGCGGC-
GGC39, sense; 59-GCCGCCGCAGGTGCAGATCTT-
GGTGGTAGTAGCA-39) was also routinely performed
with consecutive sections as a technical positive con-
trol (25). Slides of a rheumatoid arthritis tissue served
as a tissue positive control (26).

Reverse Transcription (RT)-PCR
Total RNA was prepared from three human colo-

rectal carcinoma cell lines (LoVo, SW837, and DLD-
1), two cases of colon cancer tissue, one case of
colon adenoma tissue, and two cases of normal
colon mucosa, using the acid/guanidine/phenol
method (27).

Three human colorectal carcinoma cell lines,
LoVo (poorly differentiated adenocarcinoma),
SW837 (adenocarcinoma), and DLD-1 (adenocarci-
noma) were incubated at 37° C in a humidified
atmosphere of 5% CO2 and 95% air (28 –30). Cul-
tures of LoVo were maintained in RPMI medium
1640 (Life Technologies, Grand Island, NY) supple-
mented with 10% fetal calf serum (28). SW837 was
maintained in modified L-15 medium with 10%
fetal calf serum (29) and DLD-1 was maintained in
DMEM/F-12 (Life Technologies) supplemented
with 10% fetal calf serum (30). Plastic culture dishes
were purchased from Beckton Dickinson (Oxnard,
CA). All of these cells were provided by the Health
Science Research Resources Bank (Osaka, Japan).

Cellular RNA (1 mg) was incubated at 37° C for 1
hour in 50 mL of reverse transcriptase (RT) buffer
containing 20 units of RNAsin (Promega Corp.,
Madison, WI), 100 pM of random hexamer primers
(Boehringer Mannheim), and 400 units of Moloney
murine leukemia virus reverse transcriptase (Life
Technologies). RT was terminated by heating at 95°
C for 10 min, and 20% of the resultant cDNA was
removed for polymerase chain reaction (PCR).
PCR-RT samples were incubated with 50 pM of each
primer and 2.5 units of Taq DNA polymerase. The
human MMP-1 PCR primers were 59-
TTCATTTCTGTTTTCTGGCC-39 (sense) and 59-
ATTTTTCCTGCAGTTGAACC-39 (antisense) (31).
The human b-actin PCR primers were 59-TCC-
TCCCTGGAGAAGACTA-39 (sense) and 59-AGT-
ACTTGCGCTCAGGAGGA-39 (antisense). The MMP-1
and b-actin primers were predicted to amplify 462
and 313 bp DNA fragments, respectively. Each primer
pair was chosen to span the introns of their respective
human genes. Samples were subjected to 35 cycles of
PCR amplification using a thermocycler. Each cycle
included denaturation at 94° C for 1 min, annealing at
52° C for 1.5 min, and primer extension at 72° C for 1
min. An aliquot of each amplification mixture was
subjected to electrophoresis on a 1.5% agarose gel,
and DNA was visualized by ethidium bromide stain-
ing.

Statistical Analysis
The Stat View computer program (ABACUS Con-

cepts Inc., Berkeley, CA) was used for statistical
analyses. Analyses comparing expression of MMP-1
by immunoreactivity with each factor examined
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were performed by Mann-Whitney’s U test or the
Kruskal-Wallis test.

RESULTS

Of the 142 patients with colorectal carcinoma, 82
were male and 60 were female. The median age was
67.3 years (range, 39 to 87). Fifty-one tumors were
located in the rectum, 41 in the sigmoid colon, 8 in
the descending colon, 11 in the transverse colon, 25
in the ascending colon, and six in the cecum. His-
tologically, there were 27 intramucosal carcinomas
and 115 invasive carcinomas. All 27 cases of in-

tramucosal carcinoma were well-differentiated ad-
enocarcinomas (data not shown). Of the 115 inva-
sive carcinomas, 48 were well-differentiated
adenocarcinomas, 51 were moderately differenti-
ated adenocarcinomas, and 16 were poorly differ-
entiated adenocarcinomas. Among the invasive
carcinomas, there were 28 cases of T1 tumor, 21
cases of T2 tumor, 60 cases of T3 tumor, and six
cases of T4 tumor. Forty-seven cases had lymph
node metastasis and 21 cases had distant metasta-
sis (14 cases had hepatic metastasis and seven cases
had metastasis to other organs).

Figure 1 shows representative examples of strong

FIGURE 1. Immunohistochemistry of MMP-1 in colorectal adenocarcinomas. MMP-1 is strongly expressed in the cytoplasm of tumor cells (A)
(immunoalkaline phosphatase stain; original magnification, 503). Expression of MMP-1 was also identified in stromal cells around the tumor cells
(B) (immunoalkaline phosphatase stain; original magnification, 503). Hematoxylin-eosin staining of submucosal invasive carcinoma with adenoma
(arrowheads) (C) (original magnification, 53). MMP-1 expression is positive in the area of carcinoma but negative in the area of adenoma. The
intensity of MMP-1 expression in the deep part of invasion (arrows) was stronger than that in the superficial part (D) (immunoalkaline phosphatase
stain; original magnification, 53).
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immunohistochemical MMP-1 staining in colorec-
tal carcinomas. MMP-1 protein stained in the cyto-
plasm of the carcinoma cells (Fig. 1A). Expression of
MMP-1 was also identified in stromal cells (i.e.,
fibroblasts, inflammatory cells, endothelial cells)
around the tumor (Fig. 1B). Of the 142 colorectal
carcinomas, 40 cases (23 intramucosal carcinoma
and 17 invasive carcinoma) contained various
amounts of adenoma (so called adenocarcinoma
in/with adenoma), and in those cases, MMP-1 ex-
pression was restricted to the area of adenocarci-
noma (Fig. 1, C-D). In many cases, the invasive
front and the peripheral parts of the carcinoma
were intensely stained compared with the superfi-
cial and central parts (Fig. 1D).

Table 1 shows MMP-1 immunoreactivity of tu-
mor cells in human colorectal neoplasms. MMP-1
was not expressed in any of the 15 cases of normal
colorectal epithelium studied, nor in any of the 20
cases of colorectal adenoma. In contrast, 108 of 142
cases (76.1%) with colorectal adenocarcinoma
showed immunoreactivity for MMP-1 in the carci-
noma cells themselves. The immunoreactivity was
weak in all cases of intramucosal carcinoma,
whereas strong immunoreactions were found in
52.2% (60/115) of invasive carcinomas. Statistical
analysis showed a significant difference between
intramucosal carcinomas and invasive carcinomas
(P , .0001).

The relationships between MMP-1 immunoreac-
tivity of the tumor cells and pathological features in
invasive carcinomas are summarized in Table 2.
MMP-1 expression was found in 77.1% (37/48) of
well-differentiated adenocarcinomas, 92.2%
(47/51) of moderately differentiated adenocarcino-
mas, and 87.5% (14/16) of poorly differentiated ad-
enocarcinomas. There were no significant associa-
tions between MMP-1 immunoreactivity and the
differentiation stage of colorectal adenocarcino-
mas.

MMP-1 immunoreactivity was compared with
the depth grading of tumor invasion and tumor
growth pattern. MMP-1 expression was found in
71.4% (20/28) of T1 tumor, in 85.7% (18/21) of T2

tumor, in 90.0% (54/60) of T3 tumor, and in 100%
(6/6) of T4 tumor, respectively. A significant corre-
lation was found between MMP-1 immunoreactiv-
ity and the depth grading of tumor invasion (P ,
.05). Furthermore, the degree of MMP-1 expression
was higher in the cases showing an infiltrative
growth pattern than the cases showing an expan-
sive pattern (P , .05).

The relationship between MMP-1 immunoreac-
tivity of the tumor cells and the stromal reactions
(desmoplastic stromal reaction and Crohn’s-like
lymphoid reaction) were investigated. There were
no significant associations between MMP-1 immu-
noreactivity and such parameters.

The incidence of lymphatic invasion, venous in-
vasion, and neural invasion was 46.1%, 35.7% and
19.1%, respectively. MMP-1 immunoreactivity was
significantly correlated with the presence of lym-
phatic invasion (P , .05), venous invasion (P , .05),
and neural invasion (P , .05).

Immunoreactivity in the primary site of colorec-
tal carcinomas was significantly correlated with the
presence of lymph node metastasis (P , .005) and
hepatic metastasis (P , .05). Immunoreactivity for
MMP-1 was also correlated with increasing stages
of Dukes’ classification (P , .05).

MMP-1 mRNA expression was detected in the
cytoplasm of carcinoma cells by in situ hybridiza-
tion (Fig. 2A). MMP-1 mRNA was also identified in
stromal cells. No specific hybridization was ob-
served with the sense labeled probe and the non-
probe solution (Fig 2B). RNase treatment of the
sections hybridized with the MMP-1 oligonucleo-
tide probe yielded no positive signals. MMP-1
mRNA was not detected in the sections of adenoma
(Fig. 2C), whereas expression of 28S ribosome RNA,
as a technical positive control, could be observed in
consecutive sections (Fig. 2D).

The results from RT-PCR analysis of MMP-1
mRNA expression in normal colon mucosa, ade-
noma, adenocarcinoma tissues and human colo-
rectal carcinoma cell lines are shown in Figure 3.
MMP-1 mRNA was not detected in normal colon
mucosa or adenoma, whereas strong expression of
MMP-1 mRNA was observed in the colon carci-
noma tissues and two of three human colorectal
carcinoma cell lines. b-actin mRNA, a control to
demonstrate that equivalent amounts of tissue RNA
were used for cDNA synthesis, was detected in all
samples.

DISCUSSION

Prognosis in patients with colorectal carcinoma
has conventionally been determined by a staging
system based on the extent of primary tumor and
the presence or absence of metastasis, as in Dukes’

TABLE 1. MMP-1 Immunoreactivity of Tumors Cells in

Human Colorectal Neoplasm

n
MMP-1 Immunoreactivitya

2 1 11

Adenocarcinoma 142 34 (23.9%) 48 (33.8%) 60 (42.3%)
Intramucosal carcinoma

(Tis)
27 17 (63.0%) 10 (37.0%) 0 (0.0%)b

Invasive carcinoma
(T1–T4)

115 17 (14.8%) 38 (33.0%) 60 (52.2%)b

Adenoma 20 20 (100%) 0 (0.0%) 0 (0.0%)
Normal epithelium 15 15 (100%) 0 (0.0%) 0 (0.0%)

a See Material and Methods for classification of staining intensity.
b P , .0001; Mann-Whitney’s U test.
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classification (20, 21). However, the mechanism of
invasion and metastasis of colorectal carcinoma
has not been fully elucidated.

In our study, MMP-1 was not expressed either in
normal colon epithelium or in colorectal adeno-
mas. MMP-1 immunoreactivity was weak in in-
tramucosal carcinomas (Tis), but it was enhanced
in invasive carcinomas (T1– 4). These findings sug-
gest that MMP-1 is over-expressed from an early
stage of tumor invasion when carcinoma cells have
invaded beyond the muscularis mucosa. Among the
invasive carcinomas, MMP-1 immunoreactivity was
significantly correlated with the depth grading of
tumor invasion and the degree of MMP-1 expres-
sion was higher in the cases showing an infiltrative
growth pattern than the cases showing an expan-
sive pattern. Van der Stappen et al. (32) have shown
that raised collagenolytic activity against collagens
of types I and III in carcinoma tissue extract was
associated with deeper invasion of colorectal carci-
noma. The main structural components of the
stroma in the gastrointestinal tract are collagens of
types I and III (33, 34). Carcinoma cells must break
down these structural components for further inva-
sion through the bowel wall; such degradation is
effected mainly by MMP-1 (4). Thus, overexpres-

sion of MMP-1 is considered to play a key role in
the process of local tumor invasion. Our results
support this contention and indicate that MMP-1
expression by tumor cells is closely involved in the
facilitation of local invasion in colorectal carci-
noma.

Metastatic spread of tumor cells involves inva-
sion into lymphatic and blood vessels and this pro-
cess requires degradation of the basement mem-
brane surrounding these vessels. Thus, much
attention has focused on the gelatinases (MMP-2
and MMP-9) and stromelysins (MMP-3 and
MMP-7, especially), which specifically degrade the
basement membrane (35, 36). In our results, the
cases showing strong immunoreaction for MMP-1
in the primary lesion are likely to have metastases
to the lymph nodes or liver. The control of MMPs is
a multistep process. The MMP gene is primarily
regulated at the transcriptional level. Regulation is
associated with several cytokines, growth factors,
and with the combination of oncogenes (3). For
example, the proto-oncogene Ets-1 is a transcrip-
tion factor known to enhance the activity of
MMP-1, MMP-3, and MMP-9. We have demon-
strated Ets-1 overexpression in relationship to tu-
mor invasion and metastasis in gastric cancer (24).

TABLE 2. Relationships Between MMP-1 Immunoreactivity of Tumor Cells and Pathological Features in Human

Colorectal Carcinoma

Pathological Features n
MMP-1 Immunoreactivity

2 1 11

Differentiation Well 48 11 (22.9%) 17 (35.4%) 20 (41.7%)
Moderate 51 4 (7.8%) 18 (35.3%) 29 (56.9%)
Poor 16 2 (12.5%) 3 (18.8%) 11 (68.8%)

Depth of tumor invasiona T1 28 8 (28.6%) 10 (35.7%) 10 (35.7%)
T2 21 3 (14.3%) 10 (47.6%) 8 (38.1%)
T3 60 6 (10.0%) 16 (26.7%) 38 (63.3%)
T4 6 0 (0.0%) 2 (33.3%) 4 (66.7%)

Tumor growth patternb Expansive 82 16 (19.5%) 28 (34.1%) 38 (46.3%)
Infiltrative 33 1 (3.0%) 10 (30.3%) 22 (66.7%)

Desmoplastic stromal reaction Slight 40 8 (20.0%) 15 (37.5%) 17 (42.5%)
Moderate 51 6 (11.8%) 18 (35.3%) 27 (52.9%)
Extensive 24 3 (12.5%) 5 (20.8%) 16 (66.7%)

Crohn’s-like lymphoid reaction Inconspicuous 89 13 (14.6%) 28 (31.5%) 48 (53.9%)
Conspicuous 26 4 (15.4%) 10 (38.5%) 12 (46.2%)

Lymphatic invasionb Absent 62 14 (22.6%) 20 (32.3%) 28 (45.2%)
Present 53 3 (5.7%) 18 (34.0%) 32 (60.4%)

Venous invasionb Absent 74 14 (18.9%) 26 (35.1%) 34 (45.9%)
Present 41 3 (7.3%) 12 (29.3%) 26 (63.4%)

Neural invasionb Absent 93 14 (15.1%) 36 (38.7%) 43 (46.2%)
Present 22 3 (13.6%) 2 (9.1%) 17 (77.3%)

Lymph node metastasisc Absent 68 13 (19.1%) 27 (39.7%) 28 (41.2%)
Present 47 4 (8.5%) 11 (23.4%) 32 (68.1%)

Hepatic metastasisb Absent 101 16 (15.8%) 36 (35.6%) 49 (48.5%)
Present 14 1 (7.1%) 2 (14.3%) 11 (78.6%)

Dukes’ classificationa A 42 10 (23.8%) 16 (38.1%) 16 (38.1%)
B 22 3 (13.6%) 9 (40.9%) 10 (45.5%)
C1 19 2 (10.5%) 6 (31.6%) 11 (57.9%)
C2 11 0 (0.0%) 4 (36.4%) 7 (63.6%)
D 21 2 (9.5%) 3 (14.3%) 16 (76.2%)

Totals 115 17 (14.8%) 38 (33.0%) 60 (52.2%)

a P , .05, Kruskal-Wallis test.
b P , .05, Mann-Whitney’s U test.
c P , .005, Mann-Whitney’s U test.
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Most MMPs are secreted as latent precursors that
are proteolytically activated in the extracellular
space (3). It has been reported that a family of
MMPs is activated synergistically with enzymatic
cooperation and works to facilitate metastasis (37).
On the other hand, in our study, the incidence of
lymph node metastasis and liver metastasis in-
creased with the depth of tumor invasion (data not
shown). The further correlation with Dukes’ classi-
fication and with these two parameters, however,

may simply be derived from the inclusion of cases
with deeper invasion and not represent a separate
and distinct correlation. The enzymatic activity of
MMPs has been considered to be specifically inhib-
ited by tissue inhibitor of metalloproteinases
(TIMPs). However, a recent study has shown that
high levels at least of TIMP-1 and TIMP-2 are asso-
ciated with aggressive cancers (38). Although the
MMPs in malignant tumors have been extensively
studied, their specific role in the progression of
tumor may be more complex than has been as-
sumed. Further investigations are required to es-
tablish the details.

Poorly differentiated adenocarcinomas show in-
vasive spreading histologically and have a signifi-
cantly poorer prognosis than well and moderately
differentiated carcinomas (39). It has been reported
that there was a significant correlation between the
grade of histologic differentiation and collageno-
lytic activity (32). However, our results indicated no
association between MMP-1 expression and tumor
differentiation.

Tumor desmoplasia is a common feature in sev-
eral malignant human tumors. It has been reported
that a well-marked desmoplastic stromal reaction is
associated with a poorer prognosis (40). Expression
of MMP-1 has been observed in areas of rapid ex-

FIGURE 2. In situ hybridization of MMP-1 mRNA in colorectal adenocarcinoma and adenoma. MMP-1 mRNA was detected in the cytoplasm of
carcinoma cells (A) (immunoalkaline phosphatase stain; original magnification, 503). The sense labeled probe showed no specific hybridization
signals (B) (immunoalkaline phosphatase stain; original magnification, 503). MMP-1 mRNA was not detected in adenoma (C) (immunoalkaline
phosphatase stain; original magnification, 253). In situ hybridization of human 28S ribosome RNA, used as a technical control, showed strongly
positive expression (D) (immunoalkaline phosphatase stain; original magnification, 253).

FIGURE 3. RT-PCR analysis of MMP-1 mRNA expression using the
specific primer pairs predicted to amplify the fragment sizes given on
the right (A: MMP-1; B: b-actin as an internal control). Total RNA was
prepared from normal colorectal mucosa (lane 1–2), colon adenoma
tissue (lane 3), human colorectal adenocarcinoma tissue (lane 4 –5)
and carcinoma cell lines (lane 6, LoVo; lane 7, SW837; lane 8, DLD-1).
Size makers (lane M) consist of 100-bp DNA ladder makers (Takara,
Tokyo, Japan).
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tracellular matrix remodeling both in physiologic
and pathologic situations (2). Graham and Appel-
man (17) noted the potential prognostic signifi-
cance of another immune host response to invasive
colorectal carcinoma characterized by discrete lym-
phoid aggregates in the muscularis propria or peri-
colic fibroadipose tissue in a pattern termed the
Crohn’s-like lymphoid reaction. In our study, there
were no significant associations between MMP-1
immunoreactivity in carcinoma cells and the de-
gree of desmoplastic stromal reaction or Crohn’s-
like lymphoid reaction.

One of the intriguing questions concerning
MMP-1 expression is the cellular source of this en-
zyme. Our study showed that MMP-1 is immuno-
localized in carcinoma cells as well as stromal cells
in colorectal carcinoma. Although previous investi-
gators had described that MMP-1 was expressed
mainly in stromal cells surrounding the carcinoma
cells, recent studies have reported MMP-1 immu-
nophenotypic expression also in carcinoma cells
themselves and suggested the possibility of produc-
tion of MMP-1 by these cells (10 –13). Nomura et al.
(10), using the same monoclonal antibody that we
used in this study, reported that MMP-1 expression
in carcinoma cells was present in 83% of gastric
cancers. The differences in tissue localization of
MMP-1 expression reported in earlier studies com-
pared with this and the present study may therefore
be due to the use of different antibodies. In previ-
ous studies, MMP-1 mRNA has been documented
in stromal cells surrounding the tumor, but not in
carcinoma cells (41, 42). In the present study, how-
ever, the expression of MMP-1 mRNA was detected
by in situ hybridization in the colorectal carcinoma
cells themselves as well as in the stromal cells. We
have also previously reported the expression of the
MMP-1 gene in pancreatic adenocarcinoma cells
(43). The oligonucleotide probe used in this study
was sufficiently stringent to discriminate between
other known sequences, including mRNA for other
types of MMPs, by sequence data base analysis.
RT-PCR of the MMP-1 mRNA from the human colo-
rectal carcinoma cell lines confirmed the transcrip-
tion of MMP-1 mRNA in carcinoma cells.

In conclusion, our findings suggest that MMP-1
expression by the carcinoma cells themselves is one
of the important factors related to local tumor in-
vasion and metastasis of colorectal cancer.
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