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Matrix metalloproteinase expression
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Abstract. Soft tissue sarcomas comprise a heterogeneous
group of mesenchymal tumors with varying biological behavior
ranging from indolent tumors with no or minimal metastatic
risk to aggressive and frequently metastasizing tumors. Among
the more common aggressive adult soft tissue sarcomas are
malignant fibrous histiocytoma, synovial sarcoma and lipo-
sarcoma. Matrix metalloproteinases are enzymes which perform
a homeostatic role in mesenchymal tissue and function in
both tumorigenesis and metastasis. The objectives of this
study are to determine the presence and relative quantity of
matrix metalloproteinases (MMPs) -1, -2, -8, -9, and -13;
extracellular matrix metalloproteinase inducer (EMMPRIN));
and tissue inhibitors of matrix metalloproteinases (TIMP)-1
and -2 in high grade soft tissue sarcoma tumor specimens
using real-time PCR. The second objective is to determine if
a relationship exists between quantity of EMMPRIN, MMPs,
and TIMPs expressed in tumor tissue and disease-free survival.
One hundred and forty patients diagnosed with high grade
soft tissue sarcomas between 1995-2003 were identified. Tissue
blocks and histologic slides were acquired for 41 specimens.
Tumor specimens included 29 malignant fibrous histio-
cytomas, 3 liposarcomas and 11 synovial sarcomas. RNA
was extracted and RT-PCR was performed in triplicate. No
significant differences were found between the three types of
high grade soft tissue sarcomas studied and the expression of
MMPs. Interestingly, no relationship was found between
high or low levels of MMPs when compared with disease-free
survival. Our data support other research which finds variable
correlation between MMP expression in soft tissue sarcomas
and disease-free survival. We assert that the difference in
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correlation between MMP expression in carcinomas and
sarcomas and disease-free survival is based on the vast pheno-
typic and genotypic difference between the cells of origin.

Introduction

Soft tissue sarcomas (STS) are a broad category of uncommon
tumors which arise from pluripotent mesenchymal stem cells
including fibroblasts, myocytes, adipocytes, osteocytes and
chondrocytes (1,2). The worldwide incidence of STS is
estimated at 20 cases per one million people per year (3).
According to the American Cancer Society, in 2006, 9,530
people will be diagnosed with STS, and 3500 people will die
of the disease. The overall 5-year relative survival rate for soft
tissue sarcomas is 70% (4).

The most important prognostic factor for soft tissue
sarcomas is histologic grade. Several grading systems exist,
but none is entirely predictive in all cases. Histological subtype
alone may define tumor grade in a group of these tumors, while
for some STS subtypes, grading criteria are not applicable,
either because they have not been sufficiently established or
because they do not sufficiently correlate with prognosis.
Nonetheless, staging systems in the United States require a
tumor grade, and treatment decisions are often made based
on whether a tumor is considered low or high grade. Therefore,
grading of STS should be attempted whenever possible. Among
the most widely used grading systems are the FNCLCC (French
Federation Nationale des Centres de Lutte Contre le Cancer)
and the NCI (United States National Cancer Institute) grading
system. Both of these are three-tiered systems which use a
combination of histological type, cellularity, pleomorphism
and mitotic rate as well as percent necrosis to determine grade.
When applying these criteria, the sarcomas included in this
study are classified as grade 2/3 or 3/3, with the latter being
the most common grade. Since grade 2 tumors are mostly
treated clinically in a fashion similar to grade 3 tumors, they
will be referred to as ‘high grade soft tissue sarcomas’
(HGSTS) for the purpose of this study (5).

Other prognostic factors that are included in the American
Joint Committee on Cancer (AJCC) staging criteria include:
size, depth, and distant spread (6). In general, well dif-
ferentiated (low grade), superficial tumors <5 cm in size
and without distant spread have a 90% survival rate. Poorly
differentiated or dedifferentiated (high grade) tumors that are
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deep to the fascia and >5 cm without distant spread have a
survival rate of 56% (6).

Malignant fibrous histiocytoma (MFH), pleomorphic
liposarcoma and synovial sarcoma are examples of high
grade soft tissue sarcomas (HGSTS) and are among the most
common soft tissue sarcomas of the extremities (1,2,3,7,8).
MFH accounts for 28% of soft tissue sarcomas and lipo-
sarcoma accounts for approximately 15%, although the number
of high grade forms of liposarcoma (dedifferentiated or
pleomorphic) is substantially less (1,6). Synovial sarcoma
represents approximately 10% of all STS (6.9).

Treatment of HGSTS consists of radiation followed by
wide surgical resection versus wide resection followed by
adjuvant chemotherapy and/or radiation. Despite treatment,
the overall 5-year survival rate in patients with soft tissue
sarcomas of all stages remains only 50-60% with death usually
due to lung metastasis (10). A population based Swedish study
of all soft tissue sarcomas diagnosed between 1964 and 1989
showed the 5-year metastasis-free survival rate to be 58, 37
and 33% respectively for MFH, high grade liposarcoma and
synovial sarcoma (2). The above data confirm that high grade
soft tissue sarcomas (HGSTS) are aggressive tumors and
current therapies are inadequate. Without a better understanding
of the biochemical environment in which high grade soft
tissue sarcomas grow and metastasize, novel treatment and
improved survival is not likely.

One area of study that has the potential for impacting
both cancer diagnosis and treatment is the study of matrix
metalloproteinases (MMPs). MMPs are a family of over 20
structurally related proteolytic enzymes involved in cleavage
of various components of the extracellular matrix (ECM).
These enzymes function to maintain homeostasis of the ECM
during normal cellular processes such as, bone remodeling,
connective tissue development, embryo implantation, embryo-
genesis, fibrinolysis, and wound healing (11-14). In bone
tissue, they are responsible for the initiation of normal bone
resorption as well as linking resorption to bone formation
(12). While essential to the normal physiologic function of
the extracellular matrix, matrix metalloproteinases have
been linked to numerous pathologic processes including,
tumor angiogenesis, chronic ulcers, liver fibrosis, asthma,
COPD, atherosclerosis, and CHF (13). MMPs degrade the
basement membrane and allow tumor cells to invade the
stroma, therefore contributing to local and distant tumor
invasion. In bone, MMPs have been shown to play an important
role in bone matrix turnover in metastatic prostate cancer
(15). Research by Nelson et al suggests that MMPs are not
only linked to tumor invasion and metastasis, but they function
in a manner that creates and maintains a pro-tumor milieu in
the microenvironment of the growing tumor. Further, Nelson
et al suggest that a positive correlation exists between tumor
aggressiveness and the level of MMPs in melanoma, colon
adenocarcniomas and squamous cell carcinomas (16).

The MMPs are categorized as collagenases (MMP-1, -8,
-13, -18) which degrade interstitial collagens, and gelatinases
(MMP-2, -9) which degrade type IV basement collagen and
contribute to angiogenesis. In addition, there are stromelysins
(MMP-3, -10, -11) and membrane-type MMPs (MMP-14-17)
which degrade other components of the ECM or activate
some MMPs (17-20). Furthermore, the regulation of MMPs
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is controlled in part by both inhibitors and inducers called
tissue-specific inhibitors of matrix metalloproteinases
(TIMPs) and extracellular matrix metalloprotinease inducer
(EMMPRIN).

The purpose of this study was to explore a sample of high
grade soft tissue sarcomas to determine the presence and
amount of MMP-1, -2, -8, -9, -13; TIMP-1, -2; and EMMPRIN.
We then correlated that information with clinical outcome to
determine if a relationship exists between the expression of
these enzymes and long-term survival in persons with
HGSTS. At present, the literature lacks a quantitative
description of MMPs, TIMPs and EMMPRIN present in the
most common HGSTS. Some studies have examined MMP
protein expression using immunohistological approaches
which are semiquantitative (17). Our study uses real-time
PCR to analyze MMP, TIMP and EMMPRIN gene
expression. Real-time PCR is absolutely quantitative, and by
comparing the expression of our genes of interest to the 18S
ribosomal RNA index gene in the same tumor tissue, we are
able to normalize all tumor samples against each other. This
approach provides a more consistent and precise quantitation
of MMP, TIMP or EMMPRIN expression between all
experimental samples.

Materials and methods

Case identification. Review of the tumor database of the
senior author (RPW) at the University of Texas Health Science
Center in San Antonio identified 140 patients with high grade
soft tissue sarcomas diagnosed between 1995 and 2003.
Inclusion in this study was based upon availability of adequate
paraffin-embedded tissue samples and pathology slides in
patients diagnosed with HGSTS at University Hospital from
1995 to 2003. Additional criteria include: availability of clinical
data, age >18 years, and tumors not previously treated with
chemotherapy or radiation. The study was then performed on
41 specimens divided into 29 malignant fibrous histiocytomas,
3 liposarcomas and 11 synovial sarcomas. Ten paraffin-
embedded skin tissue samples from autopsy specimens
obtained during the same time period as the tumor specimens
were identified, and once confirmed to have no cancer diagnosis
were used as controls.

Viable tumor identification. A musculoskeletal tumor patho-
logist reviewed the complete set of available slides for each
case and classified tumor type by using World Health
Organization definitions. A few cases of high grade myxo-
fibrosarcoma and two cases of a high grade fibrosarcoma
were included in the MFH category. A representative H&E
slide with well preserved, viable appearing tumor histology
was selected and the surface area of tissue suitable for RNA
extraction was marked on the slide.

RNA extraction. RNA was extracted from the selected region
of the paraffin-embedded tissue samples, as first described by
Godfrey et al (18). The region of interest on the paraffin
block was identified by comparing it to the region marked by
the pathologist on the histologic slide. The marked area was
carefully cut out of the paraffin block and the small amount
of tissue obtained was diced into very small flakes which
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Table I. MMP data for all tumors.
MFH Liposarcoma Synovial sarcoma All P-value?
MMP 1 (n) 27 11 3 41 0.60
Mean (SD) 25.5(13) 21.6 (7.1) 30.8 (23.9) 248 (12.5)
Median 22.8 222 42 22.8
MMP 2 (n) 26 11 3 40 0.07
Mean (SD) 28.6 (11.9) 18.8 (11.3) 29.1 (19) 259 (12.7)
Median 293 18.6 39.8 279
MMP 8§ (n) 27 11 3 41 0.73
Mean (SD) 33.1(26.7) 25.1 (13.1) 252 (21) 30.3 (23.3)
Median 299 23.8 30 299
MMP 9 (n) 26 11 3 40 0.57
Mean (SD) 18.8 (12.7) 15.5(10.2) 21.7 (7.8) 18.1 (11.7)
Median 15.6 114 20.6 14.8
MMP 13 (n) 26 11 3 40 0.20
Mean (SD) 299 (10.2) 239 (12.7) 19.5(11.8) 27.5(11.3)
Median 304 23.6 15.5 27.8
TIMP 1 (n) 24 9 3 36 0.33
Mean (SD) 224 (12.2) 17.9 (20) 25.3(32.3) 21.5(15.9)
Median 20.7 8 72 17.5
TIMP 2 (n) 27 11 3 41 0.97
Mean (SD) 32.5(12.7) 352 (194) 32 (52) 332 (14.2)
Median 29 362 29.1 295
EMMPRIN (n) 26 11 3 40 0.08
Mean (SD) 254 (15.1) 18.5(11.6) 9.1 (94 22.3(14.5)
Median 24.7 17.2 6.7 21.5

#Kruskal-Wallis test with 2 degrees of freedom to test for differences between the three types of sarcomas.

were placed into a 5-ml xylene resistant tube. The tissue was
then deparaffinized by incubation in xylene at 37°C for 20 min,
centrifuged, incubated a second time with xylene for 20 min
and then washed in ethanol two times. The ethanol was washed
with a digestion buffer consisting of 1 mol/l of guanidinium
thiocynate, 25 mmol/l of 2-mercaptoethanol, 0.5% sarcosyl
and 20 mmol/l of Tris-HCI (pH 7.5). The deparaffinized tissue
was then vortex mixed with a digestion solution consisting of
80 ul of 60 mg/ml (20 U/mg) proteinase K and 720 ul of the
digestion buffer. This mixture/suspension was incubated
overnight at 55°C. An 80-u1 aliquot of Proteinase K was then
added and incubated overnight at 55°C for each of the next
two days. RNA was extracted with an equal volume of 70%
phenol (pH 4.3)/30% chloroform and this centrifuged at

14000 rpm for 5 min. The aqueous phase was placed into a
new tube and RNA was precipitated with the addition of an
equal volume of isopropanol containing 2 g of glycogen,
at -20°C for 30 min. The samples were then centrifuged at
14000 rpm for 10 min, washed with 70% ethanol and allowed
to air dry. The extraction/purification was completed by
diluting in DEPC water and TRIzol extraction according to
the manufacturer's instructions (Invitrogen Corp., Carlsbad,
CA).

RT-PCR technique. The relative expression of collagenases
(MMP-1, -8, -13), gelatinases (MMP2, -9), TIMP-1 and
TIMP-2, and EMMPRIN was determined using real-time
PCR with the Applied Biosystems PRISM 7000 Sequence
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Detection system. The manufacturer protocol was followed.
20 ng RNA samples were pipetted into 96-well plates in
triplicate. Into each well, 0.625 ul of Multi-Scribe reverse
transcriptase, 12.5 ul of Master Mix containing AmpliTaq
Gold DNA polymerase, and 1.25 ul of the specific primer-
probe Assay-on-Demand™ mixture for each gene tested
(Applied Biosystems, Foster City, CA). The catalog numbers
for the human EMMPRIN, MMP-1, MMP-2, MMP-8, MMP-9,
MMP-13, TIMP-1, TIMP-2 and 18S rRNA are respectively,
Hs00174305_ml, Hs00233958 ml, Hs00234422 ml,
Hs00233972_ml, Hs00234579_ml, Hs00233992_ml,
Hs00234278 ml, 4319413E. DEPC-treated water was added
to each well bringing the total volume to 25 y1 and the plate
lightly vortexed for 3 min. The plate was centrifuged to force
the liquid to the bottom of the plate and the plate was then
placed into the PRISM 7000. PCR conditions included:
reverse transcription at 48°C x 30 min, denaturation at 95 C x
10 min, amplification for 40 cycles of denaturation at 95°C x
15 sec and annealing/extension at 60°C for 60 sec. Standard
curves for each gene tested were constructed using known
quantities of RNA and all genes compared to 18S rRNA house-
keeping gene as a normalizer. Data analysis of real-time PCR
results was conducted using the standard curve method
described in the Applied Biosystems PRISM 7000 sequence
detection system user manual and additionally validated
following the mathematical model of Pfaffl (19). RT-PCR
analysis was run in triplicate. Protease gene expression was
expressed as relative to the 18S rRNA housekeeping gene.

Results

The analysis of data to determine the presence and amount of
the various MMPs studied was conducted primarily through
tables of summary statistics. Table I describes the MMP
values obtained for all the high grade soft tissue sarcomas
studied, divided into groups by tumor type: MFH, lipo-
sarcoma and synovial sarcoma. Each row provides the
number of observations in that category (n), the mean and
standard deviation (SD) for each category and the median
for each of MMP-1, MMP-2, MMP-8, MMP-9, MMP-13,
TIMP-1, TIMP-2, and EMMPRIN. Additionally, Kruskal-
Wallis non-parametric tests with 3 and 2 degrees of freedom
were used to test for differences in the MMPs among the
different sarcoma types. No statistically significant differences
among the HGSTS were observed in regards to amount of
MMP expressed.

Table II describes the mean and median as well as standard
deviation of the MMP values obtained for all tumors when
compared to controls. MMP-8 and MMP-13 showed statis-
tically significant differences between HGSTS samples and
controls. MMP-8 had a higher expression in tumor samples
than in controls, while MMP-13 had significantly lower
expression in tumor samples than in the control samples. The
clinical significance of these differences is unknown.

In order to determine if a relationship exists between
quantity of markers studied and disease-free survival, statistical
methods from survival analysis were used. Two different
outcomes were examined: death and the first event of recur-
rence or metastasis. For each of these outcomes, Kaplan-
Meier survival estimate plots (Figs. 1 and 2) were constructed
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Table II. MMP data tumors vs controls.

All tumors Controls P-value®

MMP 1 n 41 9 0.62
Mean (SD) 24 8 (12.5) 21.8 (5.6)
Median 22.8 21

MMP 2 n 40 9 0.19
Mean (SD) 259 (12.7) 20.8 (8.6)
Median 279 23.6

MMP 8 n 41 9 0.03
Mean (SD) 30.3 (23.3) 18.5(8.8)
Median 299 23.6

MMP 9 n 40 9 041
Mean (SD) 18.1 (11.7) 13.6 (8.8)
Median 14.8 152

MMP 13 n 40 9 0.04
Mean (SD) 27.5(11.3) 42.5(122.4)
Median 278 38.6

TIMP 1 n 36 8 048
Mean (SD) 21.5(15.9) 154 (10.8)
Median 17.5 14 .4

TIMP 2 n 41 9 0.71
Mean (SD) 33.2(14.2) 334 (18.6)
Median 295 334

EMMPRIN n 40 9 0.73
Mean (SD) 22.3(14.5) 234 (14)
Median 21.5 294

aWilicoxon rank-sum test to test for differences between 2 groups.

to present the general trend of events. The figures also
provide summary information such as the median survival
time and its corresponding 95% confidence interval (if these
values could be estimated from the data) and the percentages
of patients known to experience the event of interest versus
the percentage of patients that were censored (lost to follow-
up before the event occurred or never experienced the event).

The observations were also broken up into four roughly
equal groups based on quartiles of a particular MMP. A
separate group division was constructed based on each MMP.
Kaplan-Meier survival estimate plots were produced with a
line representing each of the four quartiles drawn onto the
same plot. This type of plot was constructed for each MMP
for each of the event categories, producing a total of 16
figures. Figs. 3 and 4, showing the survival estimate plots
for MMP-8 are included for review. At the bottom of these
graphs, the p-value for the log-rank test is displayed. The
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Figure 1. Time to death over all subjects. Survival time from initial biopsy was measured for all patients. The Kaplan-Meier method to estimate a trend of
overall survival for the study cohort was used. Tick marks represent loss to follow-up (censored observations).
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Figure 2. Time to first event of recurrence or metastasis in all subjects. Time to recurrence or metastasis was measured in days for all patients. The time to the

first occurrence of metastasis or recurrence is summarized for all patients using the Kaplan-Meier survival estimate. Tick marks represent loss to follow-up
(censored observations).

log-rank test assesses differences in survival distributions indicate that from this data set there are few detectable
between the four quartiles of the respective MMP. The p-values  differences in either of the survival outcomes among indi-
from the log-rank test as well as observations from the graph  viduals with differing levels of MMPs.
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Figure 3. Time to death by quartile of MMP-8. Patients were divided into four roughly equal groups based on quartiles of MMP8 measurements. The survival
trends were similar between groups with varying levels of MMP-8. Tick marks represent loss to follow-up (censored observations).
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Figure 4. Time to first event of recurrence or metastasis by quartile of MMP-8. Patients were divided into four roughly equal groups based on quartiles of
MMP-8 measurements. The times to the first occurrence of metastasis or recurrence by level of MMP-8 are shown. There are no significant differences
between the groups based on the log-rank test. Tick marks represent loss to follow-up (censored observations).
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Discussion

The expression of the matrix metalloproteinases was evaluated
in each tumor relative to the other tumor types to determine if
a unique pattern of expression exists that correlates with
disease-free survival. The data were also compared to skin
sample controls taken from autopsy specimens with no
documented malignancy. Limitations of this study include
limited sample size and incomplete follow-up information.

The expression of MMPs and TIMP has been reported
mainly in commonly occurring carcinomas including, breast,
prostate, lung and colorectal cancers. Increased levels of
MMP-2 have been linked to capsular effraction and stage in
prostate cancer (21). Increased MMP-2, -9, -13 and
decreased TIMP-1 was found to be significantly different
between the patients with and without metastasis in prostate
cancer (22). MMP-1, -2, -3, -7, -9 were elevated in colorectal
cancers (23,24). Furthermore, Moran et al showed that a
decrease in the MMP inhibitor TIMP-1 correlated with a
poor outcome in colorectal cancer patients (24). EMMPRIN
(the extracellular inducer of MMPs) has been shown to
induce MMP-1, -2, -3. Caudroy et al showed in vitro that
EMMPRIN producing tumors can stimulate MMPs both in
the stroma and in the tumor cells, thus promoting tumori-
genesis and metastasis (26). Another study in ovarian
carcinoma showed coexpression of an EMMPRIN and
MMP-1, -9 and correlated this with poor survival (27).

Some research has been done on the expression of MMPs
and TIMPs in soft tissue sarcomas. Benassi et al studied
MMP-2, -9 and TIMP-2 expression as a prognostic indicator
in STS using the non-quantitative methods of immunohisto-
chemistry and immunoblotting (27). Their study used frozen
and paraffin-embedded tumor samples from 29 liposarcomas,
29 synovial sarcoma cases and 15 malignant peripheral nerve
sheath tumors and found a correlation between elevated
MMP-2 activity and increased disease-free survival (p=0.0005).
These results must be interpreted cautiously as immuno-
histochemistry is nonquantitative and subjective. The cut-off
for determining increased expression of MMP-2 and -9 was
that 25% of the cells appeared positive. The fact that these
markers were present in 25% of the cells does not mean that
their activity is increasing the metastatic potential of the tumor.
These authors reported that size and grade were also related
to prognosis (well known components of a grading system
from STS) while sex, age, and treatment were not related to
disease-free survival (27). Roebuck et al studied MMP-1, -3,
-8,-10, -11, -13, -14 and TIMP-2 expression in benign soft
tissue neoplasms, fibromatosis and sarcomas using immuno-
cytochemical analysis and zymography (17). Their findings
suggest that expression of TIMP-2 could be important in soft
tissue sarcomas, but otherwise their data did not support the
hypothesis that the invasive nature of sarcomas is due to
elevation of individual MMPs. Rather, their conclusion was
that there is much variability in the expression of MMPs in
different tumor types.

Our data confirm the conclusion of Roebuck et al that
there is significant variability in the expression of MMPs
within a specific histologic type of HGSTS as well as among
different tumor types tested in this study. Our data also
confirm the work of Maguire et al who report their study
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using PCR to evaluate expression of MMP-2, -9 and TIMP -1,
-2 in 12 fresh-frozen surgical soft tissue sarcoma specimens
(histologic variety not disclosed). They concluded that while
expression of MMP-2 and -9 and TIMP-1 and -2 were
detected in the tumor specimens, the levels did not correlate
with disease-free survival (28).

The lack of association between MMPs and disease-free
survival in soft tissue sarcomas in contrast to the observed
relationship in carcinomas may be related to fundamental
differences between sarcomas and carcinomas. Carcinomas are
tumors which arise from tissues derived from the embryonic
endoderm. During embryonic development, endodermal
tissues differentiate into the respiratory and gastrointestinal
systems as well as many glandular structures. Sarcomas are
tumors which arise from the embryonic mesoderm and
differentiate to form bones, connective and vascular tissues.
These two very different primitive tissues have phenotypic
and genotypic differences which likely lead to different
behavior. Thus, MMPs may play a significant role in the
regulation of carcinomas without having any effect on sarcoma
cells. MMPs, with their inducers and inhibitors, exist in a
balance in normal human tissues. More research is necessary
to fully explore the interactions and behavior of these potent
enzymes and other differences in behavior between carcinomas
and sarcomas.
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