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Abstract

The treatment of some mesenchymal malignancies has made signifi-
cant gains over the past few decades with the development of effective
systemic therapies. In contrast, the treatment of chondrosarcoma has
been limited to surgical resection, with the most significant prognostic
indicators being surgical margins and histologic grade. We have
reported that MMP-1/TIMP-1 gene expression serves to prognosticate
for tumor recurrence in this group of patients. This led to the hypoth-
esis that collagenase activity facilitates cell egression from the carti-
laginous matrix. In the current study we examine the specificity of
collagenase gene expression in archival human chondrosarcoma
samples using semi-quantitative PCR. Messenger RNA was affinity
extracted and subject to reverse transcription. The subsequent cDNA
was amplified using novel primers and quantitated by densitometry.
Ratios of gene expression were constructed and compared to disease-
free survival. The data demonstrate that the significance of the MMP-
1/TIMP-1 ratio as a predictor of recurrence is confirmed with a larger
number of patients. Neutrophil collagenase or MMP-8 was observed
inonly 5 0of 29 samples. Collagenase-3 or MMP-13 was observed in all
samples but the level did not correlate with disease-free survival.
Since the collagenases have similar activity for fibrillar collagens and
cleave the peptide in the same location, post-transcriptional regulatory
mechanisms may account for the observed specificity. The determina-
tion of the MMP-1/TIMP-1 gene expression ratio not only serves to
identify those patients at risk for recurrence but may also serve as a
novel therapeutic avenue as an adjunct to surgical resection.
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Introduction

The ability to predict the biologic behav-
ior of cartilaginous neoplasms has been dif-
ficult and many studies have sought to iden-
tify a marker for recurrence (1-23). We have
reported thatthe MMP-1/TIMP-1 ratio serves
as a prognostic indicator of survival in pa-
tients with chondrosarcoma (24). We hy-
pothesized that the expression and activity

of MMP-1, interstitial collagenase, allows
the cell to egress the confines of the local
cartilaginous tissue and gain access to the
circulation, which in turn may lead to he-
matogenous metastasis. We now question
the specificity of collagenase for this process
and examine the other two known collagen-
ases, MMP-8 and MMP-13, for prognostic
significance in the recurrence of chondro-
sarcoma.
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Material and Methods

Patients with chondrosarcoma were
treated by surgical resection as a primary
means of disease control between 1979 and
1992. Of the patients treated 29 had archival
paraffin-embedded specimens and adequate
clinical history to enable the following study.
Paraffin-embedded specimens were sec-
tioned and ten 10-um sections were pro-
cessed for mRNA isolation using Dynabeads
oligo(dT),s and reverse transcribed with an
oligo(dT)s primer. PCR was performed by
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Figure 1 - The effect of MMP-1 gene expression on disease-free
survival. Survival was statistically different between high and low
expressers (P<0.0018).
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Figure 2 - The effect of MMP-13 gene expression on disease-free

survival. Survival was not statistically different between high and low

expressers (P = 0.788).
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using primers corresponding to novel se-
quences specific for MMP-1, MMP-8, MMP-
13, and TIMP-1. Digoxigenin-labeled PCR
products were subjected to electrophoresis
on agarose gels, and transferred to nylon
membranes. Autoradiogram band intensity
was quantitated by chemiluminescence and
densitometry. MMP-1,8,13/TIMP-1 ratios
were constructed as a means of measuring
the proteolytic milieu of the tumor. Statisti-
cal significance determined by the Kaplan-
Meier survival analysis and log rank analysis
was used to assess the influence of MMP
ratios on event-free survival. All experiments
were carried out in triplicate.

Results

Twenty-nine patients with nonmetastatic
disease were treated primarily with surgical
resection of the primary chondrosarcoma
with adequate surgical margins. Adjuvant
radiation therapy or chemotherapy was not
employed until such time that either a local
or distant recurrence was observed. Of the
29 patients, 11 ultimately experienced a re-
currence of their disease process.

In examining the gene expression for
MMP-1, MMP-8, and MMP-13, we observed
that all tumors expressed MMP-1 and MMP-
13 to a varying extent. Only five tumors
expressed MMP-8 at levels detectable by
PCR. The expression of MMP-8 did not
correlate with survival in the patients in which
it was detectable and suggested that this
enzyme was not integral in the metastatic
process. Analysis of MMP-1/TIMP-1 dem-
onstrated a strong statistical significance with
respect to event-free survival, P<0.0018 (Fig-
ure 1). This ratio serves as an independent
prognostic indicator of event-free survival in
addition to histologic grade. The expression
of MMP-13 was present in each tumor speci-
men examined. The MMP-13/TIMP-1 ratio
gene expression did not correlate with event-
free survival in this patient population, P =
0.788 (Figure 2).
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Discussion

The prognostic significance that was pre-
viously reported for MMP-1/TIMP-1 was
confirmed as the number of patients included
in the study was increased and the statistical
significance also increased. Others have
noted the expression of MMP-1 in chondro-
sarcoma tissue by immunostaining but were
unable to correlate its presence with meta-
static potential (25-27).

Neutrophil collagenase was thought ini-
tially to be exclusively found in these cells.
Subsequent studies have identified MMP-8
in articular cartilage and chondrocytes both
at the gene expression level and at the pro-
tein level (28). Others have found increased
expression of MMP-8 in osteoarthritic carti-
lage (29) and cleavage of aggrecan by this
collagenase (30,31). MMP-8 expression was
detectable in only five of 29 chondrosar-
coma specimens and could not be correlated
with disease recurrence. This collagenase is
unlikely to play a central role in the meta-
static process for these cells.

Collagenase-3 (MMP-13) is a matrix me-
talloproteinase involved in human breast can-
cer pathology and in arthritic processes. The
C-terminal domain of collagenase-3 has a
similar structure to the equivalent domain of
gelatinase A and fibroblast collagenase 1;
however, its detailed structure and surface
charge pattern have a somewhat greater simi-
larity to the latter. It is proposed that several
small structural differences may act together
to confer the characteristic binding and cleav-
age specificities of collagenases for triple-
helical substrates, probably in co-operation

with a fitting interdomain linker (32). The
expression of MMP-13 was present in every
specimen examined; however, the level of
expression did not correlate with the rate of
recurrence. This is an interesting finding in
that MMP-1 and MMP-13 cleave the col-
lagen molecule in the same location, although
MMP-13 demonstrates a second cleavage
site (33-35). MMP-13 also demonstrates a
higher activity for type II collagen than does
MMP-1. Since the expression of MMP-1 has
prognostic significance for recurrence in chon-
drosarcoma and the expression of MMP-13
does not, it may be that post-transcriptional
regulation may lead to higher MMP-1 activ-
ity than MMP-13 activity in the pericellular
environment. It has been reported that as a
tumor dedifferentiates and becomes more
aggressive biologically, there is a phenotypic
drift that results in increased amounts of type
I collagen being synthesized (36-39). It is
possible that specificity for cleavage of type |
collagen may be more important than that of
type Il collagen to permit cell egression and
this is what leads to the observed results.

While the details of the complex regula-
tion of collagenase activity remain to be
unraveled in this disease process, it is clear
that gene expression of MMP-1 provides a
clear means of predicting which patients are
at a higher risk of recurrence. With this as a
tool, novel therapeutic strategies can be fo-
cussed on this group of patients. The specific
inhibition of collagenase-1 activity in pa-
tients with chondrosarcoma may serve as the
basis of a biologic adjuvant therapy and
provide the first advance in therapy in sev-
eral decades.
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