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Expression of matrix metalloproteinase-10 in non-metastatic
prostate cancer: Correlation with an imbalance
in cell proliferation and apoptosis
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Abstract. Matrix metalloproteinases (MMPs) are associated
with cell invasion under various physiological and pathological
conditions. Among MMPs, MMP-10 is reported to correlate
with a high pT stage and progression in a variety of cancer
types. However, the clinical and pathological significance of
MMP-10 in human prostate cancer tissues remains unclear.
This study aimed to clarify the role of MMP-10 in non-meta-
static prostate cancer. Sixty-three specimens were obtained by
radical prostatectomy. MMP-10 expression, Ki-67, CD34 and
apoptotic cells were examined using an immunohistochemical
technique and the terminal deoxynucleotidyl transferase-me-
diated nick end-labeling method. The proliferation index (PI),
apoptotic index (AI), microvessel density (MVD) and cell
renewal index (CRI=PI/AI) were calculated. The relationship
between MMP-10 expression and clinicopathological features,
as well as PI, AI, MVD and CRI were investigated. MMP-10
was mainly detected in cancer cell cytoplasm, and the propor-
tion of MMP-10-expressing cancer cells (median 13.8%) was
significantly higher (P<0.001) than non-tumoral gland cells
(2.4%). Similarly, the proportion of MMP-10-expressing
cancer cells was significantly higher (P=0.007) in stage pT3
(median 22.3%) than in pI'2 (11.3%) tumors and was correlated
with blood vessel invasion (P=0.025). In addition, its expres-
sion level correlated significantly with CRI (r=0.34, P=0.001),
but not with PI, AT or MVD. Multivariate analysis identified
MMP-10 expression to be closely associated with pT stage
(OR 3.76, 95% CI 1.14-12.34, P=0.029). Our results suggest
that the overexpression of MMP-10 produces an imbalance in
cancer cell proliferation and apoptosis, thereby contributing to
cancer cell progression of non-metastatic prostate cancer.
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Introduction

Prostate cancer is the most common urological malignancy in
elderly individuals and is one of the leading causes of male
malignancy-related death worldwide. In the normal prostate
gland, cell proliferation equilibrates with cell death, in order
that disproportionate overgrowth does not occur. On the
other hand, many studies have demonstrated that an imbal-
ance in the growth equation is one of the etiological factors
of tumor progression. In other words, the up-regulation of
cancer cell proliferation and/or deregulation of apoptosis
have been reported to play crucial roles in carcinogenesis
and malignant activities in various malignancies, including
prostate cancer (1,2). In addition, angiogenesis is an important
regulator of malignant aggressiveness, while dissemination
via blood vessels is an important process for prognosis (3).
Consequently, investigations regarding the regulator of these
activities are important for determining treatment strategies
in patients with prostate cancer.

Matrix metalloproteinases (MMPs) are zinc-dependent
proteolytic enzymes capable of cleaving extracellular
matrix and basement membrane macromolecules. Since the
degradation of such components is an important process
in cancer cell invasion, much interest has centered on the
relationship between MMPs and tumor progression in various
malignancies (4,5). In addition to such invasive activity,
certain MMPs exhibit various pathological functions, such
as cell proliferation, apoptosis and angiogenesis (4-6). Thus,
we hypothesized that a variety of MMPs modulate cancer
cell progression and survival in patients with prostate cancer.
Although MMP-2 and -9 are the most representative and
well-studied members of the MMP family (7), the clinical
and pathological significance of other MMPs in patients with
prostate cancer is not fully understood.

With regard to the therapeutic as well as the side effects
of MMP inhibitors in cancer patients, disappointing results
have been shown against expectations, probably due to the
broad specificity of these effects (8). However, specific MMP
inhibitors were previously developed, and several investiga-
tors examined their effects on the prevention and treatment of
various malignancies (9,10). Thus, understanding the detailed
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clinical significance and pathological roles of MMPs is impor-
tant in the determination of treatment strategies for cancer
patients. MMP-10 (stromelysin-2) is overexpressed in various
cancer cells, and its expression level correlates with malig-
nant aggressiveness, including invasion (11,12). Moreover,
several investigators reported that MMP-10 plays a role in cell
proliferation, apoptosis and angiogenesis under certain physi-
ological and pathological conditions (13,14). However, to the
best of our knowledge, little is known as regards the clinical
significance and role of MMP-10 in human prostate cancer
tissues.

In prostate cancer, when the cells are localized in the
prostate, the majority of patients present few symptoms.
Conversely, clinical symptoms that affect quality of life, such
as bone pain and urination disorders, are observed in pros-
tate cancer patients with distant metastasis. In addition, most
prostate cancer-related deaths are not the result of the primary
tumor but the spread of cancer cells into surrounding tissues
and distant organs. In general, up-staging of the T stage
precedes the formation of metastatic tumor. Consequently,
investigations concerning the mechanism of early stages in
cancer cell invasion and tumor growth are important in the
planning of effective treatment strategies in patients with
prostate cancer.

The present study aimed to clarify the clinical and
pathological significance of MMP-10 in human non-metastatic
prostate cancer. The relationship between MMP-10 expression
and cancer cell proliferation, apoptosis and angiogenesis were
also investigated.

Materials and methods

Patients. We retrospectively evaluated the medical records
of prostate cancer patients who underwent radical surgery
between March 1994 and November 2007. To evaluate the
preoperative status of metastasis, patients underwent ultra-
sonography, computed tomography (CT) of the abdomen
and pelvis, bone scanning and lung X-ray photography.
Pathological diagnoses, including Gleason's score (GS) and
pI and pN stage, were determined using specimens obtained
during surgery, and staging was assessed by the 2002 tumor-
node-metastasis classification. In addition to the pathological
diagnosis, vascular invasion was judged by one pathologist
(T.H.). Patients with metastatic cancers were excluded. None
of the patients had received neoadjuvant therapy. After
excluding the patients to whom the above criteria were appli-
cable, 63 patients were enrolled in the study; there was no
patient with stage pT4. In addition, control samples (n=40) of
normal prostate tissues obtained by transurethral resection
were also examined. For statistical analyses, GS was divided
into the groups: low (<6), middle (7) and high (=8). The study
protocol complied with the regulations of the Human Ethics
Review Committee of Nagasaki University Graduate School
of Biomedical Science.

Immunohistochemistry. Sections (5-ym) cut from form-
alin-fixed and paraffin-embedded tissue samples were
deparaffinized and rehydrated. Antigen retrieval was
performed at 95°C for 40 min (for MMP-10 and CD34) and
at 121°C for 15 min (for Ki-67) in 0.01 M sodium citrate
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buffer (pH 6.0). Sections were then immersed in 3% hydrogen
peroxide for 30 min. Primary antibodies were obtained from
Lab Vision Corporation, Freemont, CA, USA (MMP-10)
and Dako Corp., Glostrup, Denmark (Ki-67 and CD34). The
sections were then incubated with the primary antibody at 4°C
overnight. Following incubation, the sections were treated
with peroxidase using the labeled polymer method with
EnVision+™ Peroxidase (Dako Corp.) for 60 min. The peroxi-
dase reaction was visualized with the liquid DAB substrate
kit (Zymed Laboratories Inc., San Francisco, CA, USA).
Sections were counterstained with Mayer's hematoxylin. A
consecutive section from each sample processed without the
primary antibody was used as a negative control. The positive
control consisted of a human breast cancer tissue for MMP-10,
tonsil tissue for Ki-67 and kidney tissue for CD34. In situ
labeling for apoptosis was performed as described previously
(14). We used the Apop Tag In Situ Apoptosis Detection kit
(Intergen Company, Purchase, NY, USA), which is based on
the terminal deoxynucleotidyl transferase-mediated nick end-
labeling (TUNEL) method.

Evaluation. To evaluate immunohistochemical staining for
MMP-10, the staining intensity was graded as none, weak,
moderate or strong. However, it was difficult to distinguish
between weak and moderate staining. Subsequently, carci-
noma cells with strong staining intensity were considered as
positively stained cells. The proliferation index (PI) was esti-
mated by counting the number of cells with nuclei positively
stained for the anti-Ki-67 antibody. The apoptotic index (AI)
was estimated by the percentage of TUNEL-positive cells.
Semi-quantitative analyses were performed on at least 500
cancer cells in 3-6 different fields per section. From the PI and
Al values, we calculated the cell renewal index (CRI=PI/AI).
This index was used in previous reports (3,13).

To analyze microvessel density (MVD), tumor sections
stained with the anti-CD34 antibody were examined under an
E-400 microscope (Nikon, Tokyo, Japan). The digital images
were captured using a digital camera (model DU100; Nikon)
at x200 magnification. For each tumor section, 3-5 fields with
the highest blood vessel density (hot spots) were evaluated.
To determine the MVD, defined as the number of vessels per
field (x200), we used a computer-aided image analysis system
(Win ROOF, version 5.0; Mitani Corp., Fukui, Japan).

To perform logistic regression analyses for the above
variables, we divided the tissue samples into two groups:
those with values higher than the median value for the entire
group, and those with values lower than the group median
value. Slides were evaluated twice at different times by two
investigators (S.M. and Y.S.) who were blinded to the clinical
characteristics and pathological data.

Statistical analysis. Results are expressed as median and inter-
quartile range (IQR) values. The Mann-Whitney U test was
performed for continuous variables of the data. The Scheffé
test was used for multiple comparisons of the data. Pearson's
correlation was used to evaluate the relationship between
continuous variables. The correlation coefficient (r) and
corresponding P-values were also reported. Spearman's rank
correlation coefficient was calculated to confirm Pearson's
correlation. Variables that achieved statistical significance
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Figure 1. Immunohistochemistry of MMP-10 in prostate tissues of patients with prostate cancer (A) and in non-tumoral glands (B). Immunostaining for
MMP-10 was mainly detected in the cytoplasm of cancer cells. Original magnification, x200.

Table I. Relationship between MMP-10 expression and pathological features.

MMP-10-stained cancer cells

No. of patients Median (interquartile range) P-value
Pathological features
pT stage 0.007
T2 39 11.3 (7.6-20.6)
T3 24 22.3(13.4-30.2)
Venous invasion 0.025
Absence 40 11.2 (7.9-22.1)
Presence 23 21.8 (13.2-26.9)
Gleason's score 0.043
Low (<7) 20 10.0 (7.1-13.6)
Middle (=7) 21 17.9 (9.2-31.2)
High (>7) 22 21.6 (11.5-28.0)

MMP, matrix metalloproteinase.

(P<0.050) in the univariate analysis were subsequently entered
into a multivariate analysis using logistic regression analysis
[described as odds ratios (OR) with 95% confidence intervals
(95% CI), together with the P-values]. Statistical tests were
two-sided, and significance was defined as P<0.050. Statistical
analyses were performed on a personal computer with the
statistical package StatView for Windows (version 5.0).

Results

Clinicopathological features. The mean age of patients at
surgery was 62 years (range 44-77). Based on a histopatho-
logical examination, 39 cases (61.9%) in this cohort were
diagnosed as pT2 and 24 (38.1%) as pI'3. With regard to GS, 2
cases (3.2%) had a score of 5, 18 cases (28.6%) of 6, 21 cases
(33.3%) of 7, 9 cases (14.3%) of 8 and 13 cases (20.6%) had a
score of 9. Thus, the low GS group consisted of 20 patients

(31.7%), the middle of 21 (33.3%) and the high GS group of
22 patients (34.9%).

MMP-10 expression. A representative example of cancer
cells positively stained for MMP-10 is shown in Fig. 1A.
MMP-10 immunostaining was mainly detected in the cell
cytoplasm, and weak staining was noted in some stromal
tissues. MMP-10-positive cancer cells were uniformly present
throughout the cancer tissue but no unique distribution was
noted. On the other hand, in prostate glands that were free of
tumors, cells strongly stained for MMP-10 were rare (Fig. 1B).
The proportion of MMP-10-stained cancer cells (median
13.8%, IQR 8.8-25.5%) was significantly higher (P<0.001)
than the non-tumoral gland cells (median 2.4%, IQR 0-3.7%).

Correlation with clinicopathological features. As shown in
Table I, the proportion of MMP-10-stained cancer cells was
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Table II. The relationship between MMP-10 and parameters.

r P-value
Proliferation index 0.230 0.068
Apoptotic index -0.240 0.057
Microvessel density 0.210 0.100
Cell renewal index 0.340 0.001

significantly higher in pT3 (P=0.007) than in pT2 tumors.
Furthermore, the proportion of MMP-10-stained cancer
cells in high GS tumors was significantly higher (P=0.043)
than in low GS tumors. To test the independent significance
of MMP-10 expression for a high pT stage, a multivariate
analysis model including MMP-10 and GS was examined.
This analysis showed that MMP-10 expression correlated
closely and positively with a high pT stage (OR 3.63, 95% CI
1.14-11.58, P=0.029). We then investigated the relationship
between MMP-10 expression and vascular invasion. As shown
in Table I, MMP-10 expression in specimens with vascular
invasion was significantly higher (P=0.025) than those without
vascular invasion.

Correlation with proliferation, apoptosis and angiogenesis.
We examined the correlation between MMP-10 and PI, Al,
MVD and CRI (Table II). Although MMP-10 expression
tended to correlate with PI and MVD, the correlations were
not statistically significant (P=0.068 and 0.100, respectively).
In contrast, MMP-10 expression correlated negatively with
Al, although this correlation showed borderline significance
(P=0.057). On the other hand, MMP-10 expression correlated
significantly with CRI (=PI/AI) (r=0.34, P=0.001). When
the relationship between pT stage and these parameters was
examined, CRI in pT3 (median 5.2, IQR 3.3-8.2) was signifi-
cantly higher (P=0.048) than in pT2 (median 3.9, IQR 2.2-5.3)
tumors. Thus, both MMP-10 and CRI were significantly asso-
ciated with pT stage.

Discussion

The present study found that MMP-10 was overexpressed
in prostate cancer cells, and its positively stained ratio in
pI'3 was significantly higher than in pT'2 tumors. In several
studies using prostate cancer cell lines, MMP-10 expression
levels in cancer cells were significantly higher than those in
normal epithelial cells (16,17). Our results, based on the study
of human cancer tissues, support the conclusion of the above
studies. Therefore, we speculated that MMP-10 is up-regulated
during the carcinogenic process, and plays an important role
in tumor development in patients with prostate cancer.

Special attention was paid to the pathological roles of
MMP-10 at the early stages of tumor progression. To examine
the characteristics and distribution patterns of MMP-10
expression in human prostate cancer tissues, we only examined
specimens obtained through radical surgery rather than from
needle biopsy. In previous reports, a strong expression of
certain MMP members was detected at the invasive front of
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tumors (18,19). However, such unique features were not found
in almost all of the specimens in this study. On the other
hand, our results demonstrated that MMP-10 was closely
associated with pT stage in our multivariate analysis model.
Thus, while MMP-10 plays an important role in tumor growth,
further detailed examination is necessary regarding its role in
prostate cancer. In addition, our results showed that MMP-10
expression was associated with vessel invasion. To the best of
our knowledge, this is the first report on such an association.
Moreover, this finding confirms that MMP-10 has important
pathological significance in the early stages of prostate cancer
progression.

To clarify the pathological roles of MMP-10 in human
prostate cancer, we investigated the relationship between
its expression and PI, AI, MVD and CRI. In other types of
malignancies, MMP-10 has been reported to play crucial roles
in cancer cell proliferation, apoptosis and angiogenesis (12,13).
However, in contrast to our expectation, although some corre-
lation was found between the proportion of MMP-10-stained
cells and PI, AT or MVD in prostate cancer, this correlation
was not statistically significant. Our results cannot explain
such a disparity between the studies. We believe, however,
that these differences are due to variations in pathological
stage and malignant potential. In particular, our study popula-
tion did not include patients with local invasion or metastasis.
In general, the pathological significance and activity of cell
proliferation, apoptosis and angiogenesis in the early stages
of tumor development is relatively lower compared to those in
advanced cancer types. In addition, it is known that the malig-
nant potential and aggressiveness of prostate cancer, especially
in low stage tumors, is relatively lower compared to that of
other cancer types. Although PI, Al and MVD in advanced
stages of prostate cancer are significantly different from those
in the early stages, such differences were not found between
pI'3 and pT2 tumors (1,3). Therefore, it was difficult to detect a
statistically significant correlation between MMP-10 and these
parameters in our study population. Thus, we suggest that
MMP-10 expression does not correlate significantly with PI,
Al and MVD in patients with organ-confined prostate cancer.
On the other hand, MMP-10 expression correlated positively
with CRI (=PI/AI). The balance of cancer cell proliferation
and apoptosis is one of the strongest determinants of tumor
growth. Thus, we presume that CRI reflects cancer cell growth
more precisely than PI or Al alone, especially in organ-con-
fined prostate cancer. Several investigators described CRI as a
useful marker of true growth activity under physiological and
pathological conditions, including malignancy (15,20). Our
results showed that there was a significant difference between
CRI in pT2 compared to that in pT'3 tumors. We speculate that
MMP-10 modulates the balance between cell proliferation and
the apoptosis of cancer cells in non-metastatic prostate cancer
tissues, and this mechanism may play a role in the growth and
up-staging of this disease.

In conclusion, our results demonstrated that MMP-10 was
up-regulated during the process of carcinogenesis. Moreover,
the expression of MMP-10 was significantly and positively
associated with pT stage and GS in patients with non-meta-
static prostate cancer. In addition, we speculated that MMP-10
modulates tumor growth and up-staging via the regulation
of the balance of cell proliferation and apoptosis. Our results
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provide important findings for planning observation and
treatment strategies for patients with non-metastatic prostate
cancer.
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