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Expression of Matrix Metalloproteinase-9 Correlates with
Poor Prognosis in Human Malignant Fibrous Histiocytoma
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Purpose: 92 kDa matrix metalloproteinase-9 (MMP-9) is
believed to play an important role in degrading the matrix and
basement membrane, contributing to the invasion and
metastasis of malignant solid tumors. However, little is known
about its involvement in a malignant fibrous histiocytoma. The
aim of this study was to investigate the expression of MMP-9
and to correlate its expression with clinicopathologic
parameters in human malignant fibrous histiocytomas.

Materials and Methods: Archival tumor tissues from 20
patients with a malignant fibrous histiocytoma were analyzed
by immunohistochemistry for the expression of MMP-9.
Clinical information was obtained through the computerized
retrospective database from the tumor

INTRODUCTION

Sarcomas are very rare, accounting for approximately 1% of
all malignancies. They are a heterogeneous group of solid
tumors with multiple histologic subtypes, varying biological
characteristics, and differing clinical behaviors (1). Pleomorphic
soft tissue sarcomas without specific differentiation have been
termed malignant fibrous histiocytomas (MFHs). MFHs are the
most common soft tissue sarcomas of late adult life (2). With
only limited data, the biological potential of this neoplasm may
not yet be fully understood. Unfortunately, the prognosis of
pleomorphic sarcomas is generally poor and it was found that
40% of patients with a high-grade MFH die of disease within
5 years (3). It is thus important to identify factors that may
aid in predicting patients’ survival.

Matrix metalloproteinases (MMPs) are a family of zinc-
dependent proteinases that mediate the degradation of the
extracellular matrix, which is important for tumor cell invasion
and metastasis (4). These enzymes have been classified into
various groups depending on their substrates, including
collagenases, gelatinases, stromelysins, membrane type, and
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registry.

Results: Seventeen of 20 (85%) tumors showed a positive
reaction for MMP-9. MMP-9 activity was inversely correlated
with patients' survival time (p=.011). There was no significant
correlation between the activated MMP-9 expression and all
the other clinicopathologic variables.

Conclusion: Our data demonstrate that MMP-9 activation is
likely to occur in human malignant fibrous histiocytomas. It
is also noteworthy that the expression of MMP-9 may aid in
predicting patients' poor prognosis. (Cancer Research and
Treatment 2004,;36:384-388)
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non-classified (5). They are absent or expressed at very low
levels in normal tissues of the host, whereas they have been
found to be upregulated in malignant tissues (6). The gelatinase
subgroup of MMPs includes 72-kDa gelatinase (MMP-2) and
92-kDa gelatinase (MMP-9). MMP-9 contains fibronectin-like
domains for collagen binding and is capable of degrading type
I, IV, V, VII, and XI collagens and laminin. Such proteolytic
ability suggests that MMP-9 ultimately regulates cell migration,
tumor growth, and angiogenesis (7). It has been reported to be
overexpressed in many human malignancies including solid
tumors and hematologic neoplasms (8,9). Furthermore, an in vitro
overexpression of MMP-9 confers a metastatic phenotype (10).

The current literature, however, contains very limited data
regarding MMP-9 in soft tissue sarcomas, especially in MFHs.
In the present study, we analyzed a group of MFHs and
assessed the MMP-9 expression. We then correlated the
findings with the clinical outcomes.

MATERIALS AND METHODS

Twenty soft tissue sarcomas originally diagnosed as MFHs
using light and electron microscopy were retrieved from the
files of our institution. All patients were surgically treated
between January, 1995 and December, 2002. Tumors were
graded using the French (FNCLCC) system (11). After an
initial review of all available hematoxylin and eosin-stained
slides of the surgical specimens to confirm the diagnosis, we
selected one representative paraffin block from each case for



Table 1. Clinicopathologic characteristics
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Case Age Site Size  Mitoses/ Necrosis Grade MMP-9 LN Local Metastasis Status
Sex cm 10HPF  score* status recurrences

1 74M  Hip 5 14 0 2 - - + Lung DOD, 58 months

2 73M Buttock 13 2 1 2 - - - - ANED, 96 months
3 5IF Lower leg 3 23 0 2 + - + - AWD, 12 months
4  62M Thigh 15 16 0 2 - - - - ANED, 79 months
5 47F  Thigh 25 29 0 2 + - - Pelvic bone AWD, 61 months
6 44F  Thigh 1.5 53 0 2 + - - - ANED, 44 months
7 43F  Chest wall 6 16 1 2 + - + Lung DOD, 28 months

8 59M  Thigh 7 15 0 2 + - + Lumbar soft tissue ~ AWD, 45 months
9 50M Back 5 3 0 2 + - + - ANED, 42 months
10 22M  Thigh 7.5 53 1 3 + + - - ANED, 42 months
11 55F Forearm 5 70 0 2 + - + - ANED, 54 months
12 67F Thigh 20 21 0 2 + - - Lung AWD, 36 months
13 63M Thigh 4 17 0 2 + - + - ANED, 36 months
14 44F  Thigh 25 5 1 2 + + - Abdominal wall AWD, 18 months
15 78M Back 8 19 0 2 + - - - ANED, 36 months
16  62F Hip 20 3 0 1 + - + - ANED, 24 months
17 68F Upper arm 3.5 2 1 2 + + + Lung DOD, 33 months

18 74M  Upper arm 12 33 2 3 + - - Axillll?lz soft. tissue, DOD, 11 months

19  48F  Thigh 8 25 1 3 + - - - ANED, 12 months
20 60M Upper arm 5.2 5 0 1 + - + - ANED, 93 months

*0=no necrosis, 1=<50% tumor necrosis, 2==>50% tumor necrosis (ref.11)

further study. Clinical information was obtained through a
computerized retrospective database of the tumor registry. The
survival times of the patients were calculated from the date of
surgery. The follow-up was conducted until August, 2004 for
a mean of 39 months.

Immunohistochemical studies were performed using the
streptoavidin-biotin method, as previously described (12).
Briefly, 4- #m thick sections were cut from each block and
immunostained for MMP-9 (Zymed, San Francisco, CA).
MMP-9 was raised against intact human MMP-9, recognizing
both the latent and active forms of the enzyme. Deparaffinized
and hydrated tissue sections were immersed in methanol
containing 0.03% H,O, for 30 min to block endogenous
peroxidase activity. All of the sections were treated with 0.1
N citrate buffer for 5 min to retrieve the unmasked antigens.
Then the sections were incubated in normal horse serum
(diluted 1 : 20) for 30 min to block the nonspecific antibody
binding sites. The monoclonal antibody for MMP-9 was diluted
in phosphate-buffered saline supplemented with 5% normal
horse serum and 1% bovine serum albumin at a dilution ratio
of 1:200. The sections were incubated with the primary
monoclonal antibody at 4°C overnight. The sections were
treated with biotinylated anti-mouse IgG horse serum for 30
min and avidin DH-biotinylated horseradish peroxidase
complexes for 30 min. Afterwards, the sections were colored
with 3,3’-diaminobezidine tetrahydrochloride for 10 min, and
then counterstained with 1% Mayer’s hematoxylin.

All the sections stained by immunohistochemistry were
scored separately by two authors to exclude interobserver
variability. Only cytoplasmic staining was regarded as positive

for MMP-9. The sections were scanned at a low magnification
(x40) using light microscopy. Areas with the predominant
staining pattern were chosen for further evaluation at a higher
magnification (x100). Cases showing immunoreactivity in more
than 10% of the tumor cells were interpreted as positive.
Statistical analyses were performed using Pearson’s chi-
square test and Fisher’s exact test for the evaluation of back-
ground factors. A P-value less than 0.05 was considered
statistically significant. Survival curves were calculated using
the Kaplan-Meier method and analyzed by the log rank test.

RESULTS

Clinicopathologic data along with immunohistochemical
staining results are summarized in Table 1. Tumor specimens
were obtained from 20 patients, including 11 men and 9 women
with a mean age of 57.2 years (range 22~74). Ten specimens
involved a lower extremity, 4 an upper extremity, 3 a buttock,
2 back and 1 chest wall with a mean size of 9.9 cm (range
1.5~25 cm). Mitotic counts were between 2 and 70 per 10
high power field (mean 21.2). One tumor was poorly
differentiated and the remaining 19 were moderately differ-
entiated. Necrosis was present in 7 of the cases: less than 50%
in 6 tumors and more than 50% in one tumor. There were 2
grade 1 tumors, 15 grade 2 tumors and 3 grade 3 tumors.
Seventeen of the 20 (85%) tumors showed a positive immu-
noreaction for MMP-9 (Fig. 1). A tumor recurred locally
without metastasis in six patients. Eight patients experienced
tumor metastasis at a mean interval of 26 months (range 9~51
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Table 2. Univariate analsysis of the association between prognostic
parameters and median survival time (MST)

Variables No. MST (months) p-value
Age (years) NS
<572 9 42
>57.2 11 36
Gender NS
Male 10 43.5
Female 10 30.5
Tumor size NS
<99 13 42
=99 7 36
Mitoses NS
1 6 37.5
6 40.5
3 8 39
Differentiation NS
1 0 -
2 19 42
3 1 -
Necrosis NS
0 13 44
1 6 30.5
2 1 -
Grade NS
1 2 58.5
15 42
3 3 12
MMP-9 0.011
Negative 3 79
Positive 17 36

months) (data not shown).

The relation between prognostic parameters and median
survival time is listed in Table 2. There were no associations
between the activated MMP-9 expression and patients’ age,
gender, tumor site and size, mitotic counts, tumor differenti-
ation, necrosis, or tumor grade. The MMP-9 expression also
demonstrated no correlation with histologic subtype (data not
shown). However, the MMP-9 expression was inversely
correlated with patients’ survival time (p=.011) (Fig. 2).

DISCUSSION

To date, few studies on MMP-9 in MFHs have appeared in
the literature, although the elevated expression of MMP-2 in
fibrohistiocytic tumors is considered to be a common phenom-
enon (13). The enhanced expression of MMP-2 associated with
the activation of MT2-MMP has been demonstrated in MFHs
(14). MMPs are produced or secreted by zymogen (pro-MMPs),
and are activated by a typical two-step mechanism involving
a partially activated intermediate, resulting from an upstream
cleavage of a propeptide. In a study of MMP-2 activity in
MFHs, it was significantly activated in the tumor cells of all
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Fig. 1. Immunoreactivity with MMP-9 was detected in the
cytoplasm of most tumor cells. ABC method (x100).
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Fig. 2. Kaplan-Meier estimates of patient survivals in cases of
MFHs are presented according to the MMP-9 expression.

3 tumors investigated (14). Furthermore, double immunofluor-
escence labeling demonstrated that the immunoreactive cells
with the anti-MMP-2 antibody in all 3 MFHs consistently
reacted with anti-MT1-, anti-MT2, and anti- MT3-MMP anti-
bodies, indicating a correlation between the activation of
MMP-2 and activated MT-MMPs. The activation of secreted
MMP-9 is influenced by the activation of MMP-2 localized in
the cellular membrane; furthermore, the secretion and activation
of MMP-2 are stimulated by the activation of MT-MMPs,
which are unique in their transmembrane domains. More
importantly, MMP-9 is known to play a major role in tumor
invasion and metastasis (4,10). These findings prompted us to
investigate the MMP-9 status in MFHs.

The expression of MMP-9 was analyzed in 20 MFHs, and
evaluated for possible correlations with the patients’ clinic-
opathological parameters (age, gender, tumor site and size,
mitotic counts, tumor differentiation, necrosis, tumor grade and
patient survival). The major findings of our study were as
follows: (1) the expression of MMP-9 was observed in 85%
of the tumors investigated, and (2) the MMP-9 expression was



Jinyoung Yoo, et al : MMP-9 in Malignant Fibrous Histiocytoma 387

significantly correlated with patients’ poor prognosis.

The understanding of cancer pathogenesis is rapidly growing
and evidence indicates that several molecular genetic markers
are involved in the initiation and/or progression of the disease.
The interactions of the molecular genetic changes are complex;
however, some may be important targets for the development
of specific inhibitors to serve as potential chemotherapeutic
agents. An extracellular matrix and basement membrane turnover
is regulated by a delicate balance between the molecular factors
that participate in the production, activation, and inhibition of
MMPs and the production of natural tissue inhibitors of matrix
metalloproteinases (TIMPs) (15). Because of their central role
in tumor invasion and metastasis, MMPs are potential targets
for therapeutic intervention. Several investigations have dem-
onstrated the effectiveness of anti-MMP therapy. A synthetic
small molecule has been shown to inhibit the endotoxin and
cytokine-induced synthesis of MMP-9 (16). The inhibition of
MMPs such as MMP-9 has produced encouraging results by
decreasing the number, size and speed of development of
metastatic nodules in animals (17), and has shown activity
against metastasis in a rat sarcoma model (18). MMPs as
targets for therapy were also described in osteosarcomas and
Kaposi sarcomas (19,20). In the present study, the MMP-9
expression was detected in 85% of the samples. The fact that
MMP-9 activation is likely to occur in MFHs may make it
particularly suitable for treatment with the emerging class of
drugs to block MMP-9 secretion and matrix invasion. Using
MMP-9 inhibition as one arm of a multitargeted approach will
have benefits for the treatment of MFHs, when a larger series
of studies confirms MMP-9 representation in these tumors. In
addition, considering the many factors involved such as tissue
inhibitors of metalloproteinases (TIMPs) or various stimulating
factors for MMPs, the relationship between MFHs and TIMPs
and other subtypes of MMPs is worthy of further study, which
is currently being investigated in our laboratories.

Our data revealed the significance of the MMP-9 expression
on a poor prognosis. This is the first time that MMP-9 has been
found to be a significant prognostic factor for the survival of
patients with an MFH. In the previous studies on MMP-9 in
osteosarcomas, patients positive for MMP-9 had a shorter
overall survival as in our cases and a high metastatic potential
(21,22). In other malignant tumors, an overexpression of
MMP-9 is seen in high grade compared with low-grade, and
in advanced compared with early-stage tumors (23~25). The
expression of MMP-9 in association with angiogenic factors
such as the vascular endothelial growth factor has been reported
in a variety of human tumors (25). It is most likely that tumor
cells positive for MMP-9 may be able to stimulate a new
vascular network, contributing to the local recurrence and
distant metastasis. Thus, MMP-9 may become a useful prog-
nostic indicator, especially when combined with other factors,
including vascularity.

CONCLUSIONS

MMP-9 is expressed in the majority of MFHs and may
become a therapeutic target for patients with an MMP-9
positive tumor. Additionally, MMP-9 may be related to tumor
biological aggressiveness and used to identify patients with a

poor prognosis.
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