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Stromal Expression of MMP-9 and Urokinase Receptor Is Inversely Associated
with Liver Metastasis and with Infiltrating Growth in Human Colorectal Cancer:

A Novel Approach from Immune/Inflammatory Aspect
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MMP-9 (gelatinase B) and wrokinase-type plasminogen activator receptor (u-PAR), which are
involved in cancer cell invasion and metastasis, are reported to be predominanily expressed by
immune/inflammatory cells in human colerectal cancers. To investigate their significance in cancer
progression, we morphometrically analyzed the tissue expression of MMP-9 and u-PAR among
different stages of colorectal cancer. The numbers of MMP-9- and u-PAR-positive cells along the
invasive margin were significantly smaller in cases with liver metastasis than in cases without liver
metastasis, and were also smaller in cases with an infiltrating margin than in cases with an expanding
margin. Both variables were larger in colon cancer cases with conspicnous lymphocytic infiltration.
These results indicated that the degree of tissue expression of MMP-9 and u-PAR by host cells is
inversely associated with liver metastasis and an infiltrating growth pattern im human colorectal
cancers, Essentially the same results were obtained for the number of macrophages distributed along
the invasive margin. We also found that the expression pattern of MMP-9 was similar to that of
MMP-8 (polymorphonuclear leukoeyte collagenase). These data are consistent with clinicopathologic
studies of host cells. Therefore, our data suggest a dual role of MMP-9 and u-PAR expression in colon
cancer tissue; i.e., not only are these proteinases cancer-promoting factors, but also they are related

to the host defensive mechanism when they are expressed by host cells.
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The host reaction to cancer cells has been recognized
as one of the important factors that determine the biolog-
ical behavior of cancers. Such reactions are usually most
vigorous at the invasive margin, and various types of
immune/inflammatory cells are involved, including T-
Iymphocytes, macrophages, and neutrophilic and eosino-
philic granulocytes.” Of these, granulocytes are more
abundantly distributed in human colorectal cancers than
in the other cancers."” The immune/inflammatory infil-
trate has been suggested to be a manifestation of the host
reaction, being associated with a better prognosis in
colorectal carcinomas as regards eosinophils® » and lym-
phocytes.” The immune/inflammatory reaction and an
expanding growth pattern at the invasive margin of rectal
cancers are also reported to be favorable prognostic
factors.” The liver is a representative site of hematoge-
nous metastasis of colorectal cancer via the portal vein.
Colorectal cancer with simultaneous liver metastasis is
known to be characterized by less pronounced lympho-
cytic reaction® and a smaller number of macrophages”
along the invasive margin. These results are consistent
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with the concept of an immune/inflammatory reaction
taking place in cancer tissue.

Extracellular matrix (ECM) degradation has been
shown to be prerequisite for cancer cell invasion and
metastasis.” Many investigators have reported that cer-
tain proteinases including matrix metalloproteinases
{MMPs) and matrix serine proteinases (MSPs) degrade
the ECM, facilitating the invasion and metastasis of
cancer cells.” ') MMP-9 (gelatinase B; 92 kDa type IV
collagenase) belongs to the MMP family and degrades
primarily type IV collagen and gelatin, and MMP-8
(polymorphonuclear leukocyte (PMN) collagenase; col-
lagenase-2) is capable of degrading types I and ITT colla-
gen.'> ' Neoplastic as well as oncogene-transformed
cells in vitro have been regarded as sources of gelati-
nases.'®'? The plasma levels of MMP-9 were increased in
patients with colon and breast cancers.'

Urokinase (urokinase-type plasminogen activator;
u-PA), which is one of the MSPs, activates plasminogen
into plasmin and initiates the plasmin cascade.'> 1516
Urokinase is generated from pro-urokinase after binding
to a specific receptor, urokinase receptor (u-PAR;
CD37).' Plasmin can degrade the extracellular matrix



proteins directly and also indirectly by activating pro-
metalloproteinases, thus contributing to cancer cell inva-
sion.'® Recent reports using human cancer tissues, how-
ever, have disclosed that several types of host cells in-
cluding neutrophils, eosinophils and macrophages syn-
thesize and/or store matrix-degrading enzymes.'"'® u-
PAR-protein has been reported to be localized in macro-
phages, pranulocytes, and some cancer cells in human
colon cancer.’ These cbservations led to the concept
that the inflammatory infiltrate facilitates cancer invasion
and metastasis.'*?” However, this concept seems to con-
flict with the above-mentioned view that immune/in-
flammatory cells are one of the manifestations of the host
defense mechanisms against cancer invasion.>*2" In
fact, it is clear that the matrix-degrading proteinases are
important in the regulation of inflammation and in tissue
repair processes, with MMP-9 being involved at an early
stage and MMP-2 at a later stage.'®

To resolve this apparent discrepancy, we analyzed
MMP-9 and u-PAR expression among different stages of
colorectal cancer by means of morphometric analysis.
We observed an inverse association between hematoge-
nous metastasis and the expression of MMP-9 and u-
PAR by host cells,. We will discuss these unexpected
results from the standpoint of the immune/inflammatory
reaction against cancer invasion and propose that matrix-
degrading factors can be regarded as manifestations of
host defensive reactions.

MATERIALS AND METHODS

Tissues Formalin-fixed, paraffin-embedded tissues from
121 cases of colorectal cancer tissues were obtained from
the files of the Department of Pathology, Tohoku Uni-
versity School of Medicine and Tohoku Rosai Hospital,
Sendai, Japan. They included 41 cases in which cancer
cells penctrated beyond the muscularis propria without
metastasis (Dukes B stage), 42 cases with Iymph node
metastasis without hematogenous metastasis (Dukes C
stage), and 38 cases with liver metastasis (Dukes D
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stage). Histologically normal-appearing mucosa attached
to cancer tissue was also used as a control.

Our preliminary data showed that the host reaction is
inconspicuous when the depth of invasion is in the
muscularis propria rather than in the subserosa and
submucosa. This may depend on the difference of stroma.
We wished to standardize the host reaction, and so chose
cases in which cancer cells penetrated the muscularis
propria. Therefore, we did not include Dukes A cases
and compared only Dukes B, C and D.

Antibodies The primary antibodies used (Table 1)
were selected because of their applicability to paraffin-
embedded sections. The absence of crossreactivity be-
tween anti-MMDP-9 and anti-MMP-8 antibodies was con-
firmed by western blotting.?

Immunochistochemistry The indirect immunoperoxidase
method was adopted for immunostaining. For MMP-9
and MMP-8 staining, the tissue sections (3 gm in thick-
ness) were autoclaved after deparaffinization for 5 min in
an aqueous phase for antigen retrieval as described previ-
ously (120°C, 2 kgf/cm’: 0.2MPa).*® For u-PAR and
CD68 staining, the tissue sections were pretreated with
0.1% trypsin for 25 min at 37°C. After these treatments,
the tissue sections were incubated with the primary anti-
bodies for 24 h at 4°C. The sections were then reacted
with horseradish peroxidase-conjugated F(ab), frag-
ments of anti-mouse or anti-rabbit IgG (Amersham,
Buckinghamshire, UK diluted 1 : 100 in PBS containing
5% human serum) for 16 h at 4°C. The enzymatic
reaction was developed for 10 min with 0.03% 3’-3
diaminobenzidine tetrahydrochloride (IDAB; Dojin,
Kumamoto) containing 0.006% hydrogen peroxide. The
sections were counterstained with hematoxylin and
mounted for light microscopy.

Our preliminary observation showed that the auto-
clave pretreatment for MMP-9 staining on paraffin-
embedded sections gave essentially the same results as
those with frozen sections (data not shown). The endog-
enous peroxidase activity was completely inactivated by
incubation with 1009 methanol containing 0.3% hydro-

Table I. List of the Primary Antibodies Used
Antibodies against Source Working dilution
MMP-9 (polyclonal) Dr. L. Kjeldsen (Granuloc;;te Res. Lab., 1:10009

Copenhagen, Denmark)?

MMP-8 (polyclonal}

Dr. J. Michaelis (Christchurch Med. 1:200%

School, Christchurch, New Zealand)*

u-PAR (monoclonal)

Dr. K. Dang (Finsen Lab., _ 1:300%

Copenhagen, Denmark)*

CD68 (monoclonal) DAKO

1: 5009

a) With autoclave pretreatment.
b) With trypsin pretreatment.
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gen peroxidase for 13 minutes after the incubation with
the primary antibodies and by addition of 0.065%
sodium azide in the DAB solutions. As the negative
control, the primary antibodies were replaced by PBS or
irrelevant rabbit antibodies. Pre-absorption of the anti-
MMP-9 antibody with the purified antigen from poly-
morphonuclear leukocytes completely abolished the spe-
cific staining. For the identification of eosinophils, sec-
tions were stained with Chromotrope-R, which specifi-
cally stains eosinophil granules.

Morphometrical analysis of MMP-9 and CD68 The cells
positive for MMP-9 and CD68 were quantified as re-
ported previously” with some modifications. Briefly,
three to five representative fields were selected along the
invasive margin where average numbers of positive cells
were observed afier searching the whole field. Tn each
field, immunoreactive cells were counted using an ocular
grid (0.25X0.25 mm) at magnification >X400. The
counting was performed by two independent observers,
and the level of disagreement between the two observers
was always within a 15% range (data not shown). The
average numbers of positive cells in each section were
expressed per 0.0625 mm?. We compared the result with
those obtained using the other two counting methods
that have been reported.>* There were no significant
differences among different cell counting methods (data
not shown). The mean values of the three groups (Dukes
B, C and D stages) were compared, and the statistical
significance of differences was tested by the Tukey
method.

Measurement of the u-PAR-positive area along the inva-
sive margin Since u-PAR was not restricted to the
cytoplasmic area and diffuse extracellular deposition was
observed, we measured the area of u-PAR-positive cells
as described below. A set of sampling lattices (composed

of 225 lattices) was randomly superimposed on a micro-
scopical image (X 40) using the microscope with a trac-
ing tube. The size of one lattice was 0.21X0.21 mm.
First, we defined the line of the invasive margin, then the
number of lattices in which u-PAR-positive cells were
counted along the whole length of the invasive margin in
cach specimen, The degree of the u-PAR-positive area
was defined as

D u-PAR=N/L (expressed as %)

where N is the total number of u-PAR-positive lattices,
and L is the total number of the counted lattices along
the invasive margin (L defines the total length of the
invasive margin). This method mainly defines the conti-
nuity of the u-PAR-positive area along the invasive
margin. Qur preliminary study disclosed that the coeffi-
cient of error of this method was 5.7%. The mean values
of the three groups (Dukes B, C and D stages) were
compared, and the statistical significance of differences
was tested by the Tukey method.

The number of u-PAR-positive cancer cells was
counted per 1000 cancer cells in cases with immunoreac-
tivity for uw-PAR in cancer cells. The mean values of the
three groups (Dukes B, C and D stages) were compared,
and the statistical significance of differences was tested by
the Tukey method.

Relationship to histopathological variables related to the
survival of the patients: All cases were divided into
expanding margin (99 cases; Fig. 1A) or infiltrating
margin (22 cases; Fig. 1B) according to the pattern of
cancer cell invasion, and into conspicuous (90 cases) or
inconspicuous (31 cases) according to the degree of
lymphocytic infiltration along the invasive margin, as
described by Jass et al.” These two variables were related
to the survival of the patients. The mean values of the

Fig. 1.
cells showing an infiltrating growth pattern. X 60.
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Two invasive patterns of colon cancer cells; A, expanding margin and B, infiltrating margin. Arrows indicate cancer



number of MMP-9-positive cells and the area of u-PAR-
positive cells were compared between the two groups,
and the statistical significance of differences was tested by
use of the Mann-Whiiney U test.

Discriminant analysis: To test the distinctness of each
group, discriminant analysis was performed using a pro-
gram “Seto/B” (Kyoritsu, Tokyo) for three variables
(u-PAR, MMP-9 and CD 68) among Dukes B, C, and D
groups, between expanding and infiltrating groups and
between lymphocyte conspicuous and inconspicuous
groups.

RESULTS

Immunohistochemistry for MMP-9 MMP-9-positive
cells were distributed more abundantly along the invasive
margin as a band-like pattern (Fig. 2). All positively
stained cells were host cells and no reactivity was seen in
cancer cells. Strongly positive cells were small, round
cells with lobulated nuclei, and most of them failed to
show chromotrope staining for eosinophils (data not
shown). These cells were judged to be neutrophils. Other
positively stained cells were oval or spindle-shaped, and
were identified as macrophages on the basis of double
immunohistochemical staining for CD68 and MMP-9.
This result was in agreement with a previous result using
the same antibody'® (data not shown). MMP-S-positive
cells were also abundant in the base of ulceration in
cancer tissue.

Immunohistochemistry for MMP-8 Immunoreactivity
for MMP-8 was mainly detected in granulocytes and in
some macrophages. The distribution pattern was essen-
tially the same as that of MMP-9 except that MMP-8-

]

Fig. 2. MMP-9 expression in colon cancer tissue by immuno-

histochemistry (Dukes B case). MMP-9-positive cells are
abundantly distributed along the invasive margin. Cancer

cells are negative. X 60.
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positive granulocytes were detected more frequently than
MMP-9-positive cells in the neoplastic glands. The im-
munoreactive cells were abundantly distributed along the
invasive margin. Cancer cells were negative (Fig. 3).

Immunohistochemistry for u-PAR u-PAR was positive
in macrophages and granulocytes, which were dis-
tributed more densely along the invasive margin (Fig. 4),
corroborating the previous reports.””*” The immunore-
activity was also detected in the exiracellular matrix
around positively stained cells. Cancer cells were positive
along the basolateral cell membrane and/or in the cyto-
plasm of several cells in a few cancer glands in 15 out of
121 cases. The immunoreactivity was also detected in the
minute lumen as a secreted material in more than 20

Fig. 3. MMP-8 expression in colon cancer tissue by immuneo-
histochemistry. Note the similarity of this staining pattern to
that of MMP-9 in Fig. 2. X60.

u-PAR expression in colon cancer tissue by immuno-
histochemistry. u-PAR-positive stromal cells are distributed
along the invasive margin (Dukes B case). > 60.
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cases. We did not include this reactivity in the glandular
lumen, because this staining pattern was not detected in
frozen sections.

2T
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Fig. 5. CD68-positive macrophages are distributed along the

invasive margin (Dukes B cases). X 60,
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CD68-positive macrophages were also densely dis-
tributed along the invasive margin (Fig. 5).
Morphometric analysis of MMP-9, n-PAR, and CDé68 at
different stages of colon cancer We compared the
number of cells positive for MMP-9, the area of u-PAR-
positive cells, and the number of macrophages detected
by CD68 along the invasive margin among different
stages of colon cancer. The average values of all three
variables were significantly smaller in Dukes D cases
{with simultaneous liver metastasis) than in Dukes B
cases (cancer cells penetrating beyond the muscularis
propria without metastasis) or than in Dukes C cases
(with lymph node metastasis) (Fig. 6, A—C and Table
1I). There were no significant differences of the average
values of any of the three variables between Dukes B and
C cases.

Significant correlations were found between the values
of u-PAR and MMP-9 (coeflicient of correlation of
0.296; P<0.001), v-PAR and CD68 (0.371; P</0.001),
and MMP-9 and CD68 (0.287; P<{0.001).

To test the independence of each Dukes group, dis-
criminant analysis was performed concerning all three

*
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Fig. 6. Number of MMP-9-positive cells (A,
*P<0.01), area of u-PAR-positive cells (B,
*P<0.001) and number of CD68-positive cells
(C, *P<0.001) along the invasive margin at
different stages of colon cancer, showing
smaller values in Dukes D cases than in Dukes
B or Dukes C cases. u-PAR is expressed as
relative area, ranging from 0% to 100%.
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Table II. Results of Morphometric Analysis of Stromal Cells as Represented by Mean=® 18D
MMP-9 u-PAR CD68
Stage
Dukes B (41 cases) 60.71£55.0 79.5+20.5 90.9134.2
Dukes C (43 cases) 52.9131.6 810234 84.8+329
Dukes D (38 cases) 30.2435.99 47.8+£35.79 51.9+27.4%
Growth pattern
Expanding (99 cases) 5271439 73.4:£28.1 8291359
P<0.01 P<C0.05 P<0.001
Infiltrating (22 cases) 2791341 54.81+37.9 53.0X£26.6
Lymphoceytic infiltration along the invasive margin
Conspicuous (90 cases) 55.8145.1 74.91£28.0 86.1134.9
P<0.001 P<0.01 P<0.001
Inconspicuous (31 cases) 2231217 55.9+34.5 53.0+26.4

a) P<0.001 (smaller than in the other two groups), b) P<0.01 (smaller than in the other two groups).
(MMP-9 and CD 68 are expressed as number per 0.0625 mm? u-PAR is expressed as % of area).

A

Cells * t
70.0625mm?

800

230 ¢

200

150

LT g

56

!lﬂlllﬂﬂ A

|

Infiltrating margin

0

Expanding margin

*

%
100
a0
80
0
§0
o ¥
40
30
21N
10
D 1 1 ———

Infiltrating margin

SRR =“§'i*“i|“||“

Expanding margin

Fig. 7. Comparison of the number of MMP-9-positive cells (A, *P<0.01) and area of "u-PAR-positive cells (B, P <0.05)

between infiltrating and expanding margins.

variables. Discrimination was confirmed between Dukes
B and Dukes D, and between Dukes C and Dukes D
cases. The validity of discrimination was 76.6% and
76.9%, respectively. CD68 (P<C0.001) and u-PAR (P<
0.001) contributed significantly to these two kinds of
discrimination. Dukes B and C overlapped with cach
other.

Morphometric analysis between different patterns of in-
vasive growth and between different degrees of tympho-
cytic infiltration The average values of all three variables
{MMP-9, u-PAR and CD68) were smaller in cases with
an infiltrating margin than in cases with an expanding
margin (Fig. 7, A and B, Table IT). The two groups were
discriminated in discriminant analysis with a validity of

discrimination of 72.99%. CD68 contributed significantly
to this discrimination (£<0.05).

The average values of all three variables were smaller
in cases with inconspicuous lymphocytic infiltration than
in cases with conspicuous lymphocytic infiltration along
the invasive margin (Table IT). The discriminant analysis
discriminated the two groups with a validity of discrimi-
nation of 77.19%. MMP-9 (P<0.01} and CD68 (P<
0.01) contributed significantly to this discrimination.
u-PAR expression in cancer cells Among the 15 cases in
which u-PAR was positive in cancer cells, the ratio of
u-PAR-positive cancer cells was significantly larger in
Dukes D cases (28.41£8.2) than in Dukes B cases (11.1
16.4) (P<0.05).
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DISCUSSION

To our knowledge, this is the first paper to report a
morphometric analysis of the tissue expression of MMP-
9 and u-PAR in cancer tissue from the standpoint of the
host inflammatory reaction. We have revealed that, in
colon cancer, the host inflammatory cells expressing
MMP-9 and u-PAR were less pronounced in cases with
liver metastasis than in cases without liver metastasis and
also they were smaller in cases with an infiltrating margin
than in cases with an expanding margin. These results
indicate the presence of an inverse association of matrix-
degrading proteinases with liver metastasis and with in-
filtrating growth pattern. These unexpected results are
difficult to explain in terms of the current concept of the
molecular mechanisms involved in tumor invasion and
metastasis. Therefore, we propose that the immune/in-
flammatory reaction, forming a part of the host’s defen-
sive mechanisms, is a significant source of matrix-
degrading proteinases.

Cell identification in the present study was conducted
essentially as previously reported.'®?? MMP-9 was posi-
tive in macrophages and neutrophils. Of these, only
macrophages are considered to produce MMP-9 in situ,
as they are positive for MMP-9 mRNA'" and they are
immunolabeled in rough endoplasmic reticulum by im-
munoelectron microscopy (our unpublished data). Can-
cer cells were negative for MMP-9. This, however, does
not necessarily exclude the possibility that cancer cells
are one of the major sources of MMP-9-protein, since
results may vary depending on the epitope(s) of each
antibody used. u-PAR-protein was predominantly posi-
tive in granulocytes and partly in neutrophils. Macro-
phages in tumor tissues are designated as “tumor-
associated macrophages (TAM).” TAMSs are cytotoxic
to cancer cells in vitro after stimulation.”” Granulocytes
(eosinophils) are known to have similar cytotoxic effects
to cancer cells.®® A recent study showed that IL-2-
induced non-specific inflammatory responses by macro-
phages, neutrophils, and y § T-cells can lead to tumor
rejection in athymic nude mouse.” Clinicopathological
studies showed a positive correlation between eosinophil
infiliration and a better prognosis of human colon can-
cer.”*) Therefore, the tissue degradation process by host
cells can be regarded as a part of these host defensive
mechanisms. In other words, insufficient host reaction
can result in hematogenous metastasis and local invasive
growth. Our current data showing that the expression of
u-PAR and MMP-9 was more pronounced in cases with
prominent lymphocytic infiltration along the invasive
margin further supports this concept, since lymphocytic
infiltration is one of the favorable prognostic factors of
colorectal cancer.*® Further support for this view is
provided by the association between MMP-9 expression
and the immune/inflammatory reactions; e.g., cell-to-cell
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contact between activated T-lymphocytes and monocytes
induces the expression of MMP-9 by monocytes as an
important step of inflammation and ECM destruction.’®
Thus, it is not surprising that complex expression pat-
terns of MMP-9 are observed in tissue extracts of colon
cancer at different stages.®”’ u-PAR-expression has also
been reported to be associated with immune/inflamma-
tory reactions; e.g., a) the expression of u-PAR on the
surface of monocytes was up-regulated by cytokine stim-
ulation,”® and b) u-PAR may facilitate migration and
extravasation of T-lymphocytes.’®

Direct visualization of cell-to-cell contact between in-
tercellular adhesion molecule 17 (ICAM-17) macro-
phages and lymphocytes further strengthens the concept
of immunologic activation of macrophages distributed
along the invasive margin.*” This stands in contrast to
macrophages within colon cancer tissue, which exhibit a
phenotype of immunoclogic unresponsiveness.’ As re-
gards the entrance of these immune/inflammatory cells
to the locale, we have observed the occurrence of venules
expressing E- and P-selectins along the host side of the
invasive margin of colon cancer.”

Another viewpoint is to look at the turnover (produe-
tion and degradation) of the extracellular matrix in
cancer tissue. MMP-9 also degrades fibrillar types I and
III collagen, which are partly degraded by other protein-
ases.'> ¥ Cancer invasion usually induces an overproduc-
tion of collagen {desmoplastic reaction) in the stroma.*®
MMP-8, which efficiently degrades fibrillar type I colla-
gen,'” is also abundantly expressed, predominantly by
granulocytes and partly by macrophages, in a pattern
similar to that of MMP-9 in our cases. A recent study
showed that MMP-8 mRNA and protein can be found in
non-granulocytic cells.’” Therefore, it is also conceivable
that MMP-9, MMP-8 and MSPs act cooperatively as
turncver enzymes of the extracellular matrix, as pro-
posed in gastrointestinal®” and pancreatic® cancers, u-
PAR can also take part in this process by actlvatmg
pro-metalloproteinases.

A recent study on the ability of colon cancer cells to
induce the production of metalloproteinases in mono-
cyte-lineage cells (THP-1) in vitro'® indicated that meta-
static colon cancer cells induced higher levels of both
MMP-2 and MMP-9 in THP-1 cells than non-metastatic
cells did. The differences in the results may be explained
by the difference of methodology adopted; we analyzed
the in vivo distribution of immunoreactive cells.

Plasmin-mediated proteolysis is also important in the
wound healing process, since wound healing is retarded
in plasminogen knock-out mice.*” This study suggested
that fibrin degradation in ulcer bases is the first important
step in wound healing. This concept may be applicable to
the present study, because the host reaction to cancer
invasion shares many similarities with wound healing.



First, the aggregation of macrophages, neutrophils and
lymphocytes observed along the invasive margin of colon
cancer is common to the acute inflammatory changes in
wound healing. Second, fibrosis, the next important step
of wound healing, is also observed as a desmoplastic
reaction in the stroma and also in the so-called reactive
fibrosis zone of colon cancer.”® These considerations
indicate the importance of further comparative studies
between the host reaction in cancer tissue and the inflam-
mation and/or wound healing process.

We dealt only with intracellular latent MMP-9. Se-
creted MMP-9 is converted into the active form by the
cleavage of its prodomain in the extracellular matrix. A
microdissection study reported that the active form of
MMP-9 was detected in colon cancer tissue which con-
tained necrosis and/or a marked degree of inflamma-
tion,*® which is consistent with our data on MMP-9
localization. Tissue inhibitors of matrix metalloprotein-
ase (TIMPs) are also important, competing with MMPs
to downregulate ECM degradation.'"'?

Reparding the possible function of MMP-2 (gelatinase
A), we have recently proposed that MMP-2 produced by
activated fibroblasts is involved in matrix turnover in the
desmoplastic reaction occurring in cancer stroma and in
the reactive fibrosis zone of cancer tissue.* Considering
the differences of cell sources of MMP-2 and MMP-9, we
speculate that, in the tissue reaction, MMP-9 functions in
an earlier stage and MMP-2 in a later stage, because
MMP-9 originates from macrophages and neutrophils
while MMP-2 is secreted predominantly from fibroblasts.
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On the basis of the above considerations, we propose
that granulocytes and macrophages, together with T-
lymphocytes, function defensively for the host against
the hematogenous metastasis and the local invasive
growth of human colorectal cancer, and that the matrix
degradation proteinases/factors are derived from these
host cells to a significant extent. Therefore, matrix degra-
dation processes in malignant tumors have two distinct
aspects; i.e., matrix degradation induced by cancer cells
as a tumor-promoting factor and that induced by host
immune/inflammatory cells as a defensive mechanism.
Further clinicopathological and basic studies are re-
quired to clarify the implied duality of matrix degrada-
tion processes in cancer tissue.
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