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Abstract

In this study, we determined proMMP-2 activating
capacity of membrane extract prepared from the
tissue of invasive ductal carcinoma of breast by
zymogram gel analysis. We compared the effect of
membrane extract on the activation of the latent type
IV collagenases with that of the organic mercurial
compound (eg, APMA)-induced self cleavage of the
latent type IV collagenases. We also compared the
expression levels of MT1-MMP between invasive
carcinoma and normal tissue by Western blot, Nor-
thern blot and semi-quantitative RT-PCR analysis.
Our result demonstrated that the specificity of
processing by breast carcinoma membrane activator
corresponds to the specificity of MT1-MMP, which
clearly showed the conversion of 72-kDa proMMP-2
to the activated form while APMA processed both
72- and 92-kDa proMMPs to their activated forms.
MT1-MMP protein and mRNA were expressed both
in invasive carcinoma and normal tissues, and the
expression levels in both tissues were comparable.
Quantitative analysis of the mRNA level by RT-PCR
revealed that the difference of MT1-MMP mRNA
between carcinomas and normal tissues was not
statistically significant on Wilcoxon signed-ranks
test (P >0.05). The results from the study on the
expression of MT1-MMP gene suggest that the
cellular activation of MMP-2 in breast tissue, requires
additional effects in addition to up-regulation of

MT1-MMP.
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Introduction

Breast cancer, like most solid tumors is usually the
metastatic disease rather than the primary tumors, that
causes death. However, the mechanism involved in
breast cancer cell invasion and metastasis has not been
known. The proteinases implicated in tumor invasion
include components of the urokinase receptor/urokinase/
plasminogen system and several members of the matrix
metalloproteinases (MMPs) family (He et al., 1989;
Vassalli and Pepper, 1994). MMPs, especially MMP-2
(gelatinase A/72 kDa-type IV collagenase) have been
implicated in invasive and metastatic tumor progression
due to its ability to degrade type IV collagen which is a
major component of basement membrane, a primary
barrier for tumor cell migration (Liotta et al., 1991; Stetler-
Stevenson et al., 1993; Tryggvason et al., 1993). Recent
studies reported that the expression and activation of
the latent proMMP-2 were significantly enhanced in
malignant breast tissues (Monteagudo et al., 1990;
Davies et al., 1993; Brown et al., 1993a; Chai et al.,
1994) and occurrence of active MMP-2 species is
related to tumor grade or spreading of the breast
carcinoma (Davies et al., 1993). Other studies also
showed that increased levels of the activated form of
MMP-2 correlated with the invasive phenotype to a great
extent than the expression of MMP-2 alone (Azzam et al.,
1993; Brown et al., 1993b). The studies suggest that
proMMP-2 activator may be a central key substance
triggering the breast cancer cell invasion. Non-
physiological activation of both latent type IV
collagenases (proMMP-2 and 92-kDa proMMP-9/gela-
tinase B) by organomercurial compound (aminophenyl-
mercuric acetate, APMA) has been well characterized
(Stetler-Stevenson et al., 1989) and various putative
physiological activators such as serine proteinases are
known for the activation of other members of MMPs
including proMMP-9 (Okada et al., 1988, 1992; Nagase
et al., 1992; Suzuki et al., 1992). However, the physio-
logical activator for proMMP-2 has not been known
despite the various efforts. It was only known to be
related to the plasma membrane-associated components
(Kleiner and Stetler-Stevenson., 1993; Monsky et al.,
1993; Strongin ef al., 1993). Recently, membrane-
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bound MMP (MT1-MMP) cDNA was cloned (Sato et al.,
1994) and it was shown that the recombinant MT1-MMP
protein can act as a proMMP-2 specific activator in in
vitro studies (Kinoshita et al., 1996). In this study, we
investigated the implication of MT1-MMP for activation of
latent MMP-2 in invasive ductal carcinoma of the breast
to disclose a possible target molecule which is
responsible for the invasion and metastasis of these
cells.

Materials and Methods

Materials

Triton X-100 and 114, phenylmethylsulfonyl fluoride
(PMSF), aprotinin, APMA, ethidium bromide, SDS, gelatin,
gelatin-agarose, Brij 35 and sodium azide were from
Sigma (St. Louis, MO). Bradford reagent, Coomassie
blue R-250 and protein molecular weight marker came
from Bio-Rad. Deoxynucleotide triphosphate (dNTP),
Quick prep Micro mRNA purification kit and T7 DNA
sequencing kit were purchased from Pharmacia (Uppsala,
Sweden). Tri Reagent was obtained from MRC (Cincinnati,
OH). ECL kit, Rediprime random primer labelling kit,
Nylon membrane (Hybond N*) and [0.-%2P] dCTP (3000
Ci/mmol) were obtained from Amersham (Buckingham-
shire, UK). SuperScript™!' RNase H™ Reverse Trans-
criptase, RT buffer and dithiothreithol were purchased
from GibcoBRL. Taq polymerase was obtained from
Poscochem (Korea). Gene clean purification kit was
obtained from Bio 101 (Vista, CA). PCR primers were
from Korea Biotech (Korea). Anti-MT1-MMP mAb (113-
15E7) and 1.2 kb human MT1-MMP cDNA were provided
by Dr. H. Sato (Kanazawa University, Ishikawa, Japan).
Human B-actin cDNA clone HHC 189 was from ATCC.

Biopsies (surgical specimens)

Twenty one invasive ductal carcinoma tissue of breast,
2 or 3 histological grade and sixteen adjacent paired
normal tissues were obtained by surgical operation from
patients at Severance Hospital, Yonsei University College
of Medicine, Seoul, Korea. The samples were rapidly
frozen in liquid nitrogen and stored at -100°C freezer.
Tissues were diagnosed as invasive ductal carcinoma
and normal tissues at the department of Pathology at
Severance Hospital, Yonsei University College of
Medicine, Seoul, Korea.

Fractionation of plasma membrane protein
from the tissue samples

Ten cases were used for the preparation of plasma
membrane protein extraction. One gram of pooled
tissues of 5 cases from both tumor (T2) and normal (N)
samples, and another 5 cases (T1) from only tumor
tissues were homogenized in 4 ml of 8.5% sucrose, 50

mM NaCl and protease inhibitors (1 mM PMSF, 10 ug/ml
aprotinin). Plasma membrane fractions of tissue samples
were prepared by the method of Strongin et al. (1993),
using a discontinuous sucrose gradient centrifugation
and Triton-X 114 extraction. The protein content in the
extract was assayed by the Bradford method (1976),
kept frozen at -80°C until use. For another pooled tissues
of 5 cases, paired normal tissues were not available.

Effects of the invasive ductal carcinoma
membrane extract and APMA on the activation
of exogenous type IV collagenases

Gelatin agarose-binding pool of serum-starved HT1080
fibrosarcoma cell supernatant was prepared by gelatin-
agarose affinity column chromatography (Stetler-
Stevenson et al., 1989) followed by dialysis against 50
mM Hepes, 1 mM CaCly, 0.05% Brij 35, PH 7.2, and
was used as a source of exogenous latent type type IV
collagenases. The fractions of plasma membrane protein
isolated from invasive carcinoma tissues (T2) (0, 10, 20,
and 50 pg) were mixed with 200 ng of latent type IV
collagenases in 25 mM Hepes/KOH (PH 7.5) containing
0.1 mM CaCl, and incubated for 2 h at 37°C. The reaction
was terminated by the addition of sample buffer, and the
samples were analyzed by gelatin zymography (Brown
et al., 1990). In order to examine the effect of APMA on
the processing of type IV collagenases, 1 mM APMA
was mixed with 200 ng of latent type IV collagenases as
described above, incubated for 2 h at 37°C and the
sample was subjected to gelatin zymography.

Western blot analysis of MT1-MMP protein

Fifty ug of plasma membrane protein extracted from the
pooled invasive carcinoma and normal tissue was
dissolved in 50 pl reducing SDS-PAGE sample buffer,
subjected to SDS-PAGE in 12% polyacrylamide gels
under reducing conditions. The separated proteins were
transferred to a nylon membrane using a electrotransfer
system (Hoefer Scientific Instrument, San franscisco,
CA). The membrane was blocked with 10% non-fat
dried milk in PBS for 2 h at room temperature and
blotted with the anti-MT1-MMP mAb, 3 pg/ml in blocking
solution at room temperature overnight. After extensive
washing with TBS (20 mM Tris-HCI, PH 7.6, 137 mM
NaCl), the membrane was reproved with anti-rabbit IgG
conjugated with horse radish peroxidase (1:5000 in
TBS) for 1 h at room temperature. Bands were localized
with the enhanced chemiluminescence (ECL) detection
system. Two separate preparations of carcinoma
tissues membrane (T1 and T2) were loaded for
comparison of the level of MT1-MMP protein in normal
tissue membrane preparation (N).

Northern blot analysis of MT1-MMP mRNA
Total RNA was extracted from the frozen tissue samples



of 2 invasive ductal carcinoma of breast and paired
normal tissues using Tri-Reagent according to the
manufacturer’s instructions. RNA vyield and purity were
checked by spectrophotometric determinations at 260
and 280 nm. Twenty ug of RNA was applied to 2.2 M
formaldehyde/1% (w/v) agarose gel electrophoresis,
transferred onto a nylon membrane (Hybond N*) by
means of capillary method (Sambrook et al., 1989) and
exposed to UV by using UV cross linker (Hoefer, Scientific
Instrument, CA). The blot was then hybridized with 1.2
kb human MT1-MMP cDNA labeled with [0-*°P] dCTP
(3000 Ci/mmol) using rediprime random primer labelling
system. The blots were washed to a final stringency of
0.1 X SSPE at 65°C. Equalities in loadings were checked
by reprobing the blot with 0.9 kb human actin cDNA
(Adams et al., 1991). Hybridization signals were counted
by Phospho-Image analyzer (Fuji, BAS 1000, Japan).
Relative hybridization signal for invasive carcinoma was
presented as ratio of the value between tumor and
paired normal tissue (T/N).

RT-PCR analysis of MT1-MMP mRNA

RNA extraction: Poly(A*) RNA was extracted from the
frozen tissue samples of 9 invasive ductal carcinoma of
breast and paired normal tissue samples using Quick
Prep Micro mRNA purification kit according to the
manufacturer’s instructions. RNA yield and purity were
checked by spectrophotometric determinations at 260
and 280 nm.

RT-PCR: The semi-quantitative assay to measure MT1-
MMP mRNA levels using RT-PCR was that used by
Onisto et al., (1995). First strand cDNA was synthesized
from one png of mMRNA in a 40 ul reaction mixture
containing 1 X RT reaction buffer, 1 mM dNTP, 0.3 ug of
random hexamer, 10 mM dithiothreitol, and 200 units of
Superscript |l reverse transcriptase. The reaction mixture
was incubated at 42°C for 1 h and heated at 95°C for 5
min to terminate the reverse transcription.

For PCR amplification, 1st strand cDNA was diluted
in water to 1:5 for MT1-MMP or 1:50 for internal standard,
B2-microglobulin (B2-MG). The linear range-finding
experiments using serially diluted cDNA solutions were
performed to determine the range of cDNA dilutions over
which PCR amplification was linear for each species. The

Table 1. Primer sequences for RT-PCR
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quantity of RNA indicated to amplify the cDNA in PCR
refers to the generated cDNA derived from the quoted
RNA amount. To amplify MT1-MMP cDNA, 3 doses of
cDNA dilutions (20, 40 and 80 ng) which were within the
linear range of amplification were used for PCR amplifi-
cation. Aliquots of cDNA dilutions were subjected to 25
cycles of PCR in 50 ul of 1x buffer, 2 mM MgCly, 0.2
mM dNTP, 1.25 unit of Tag polymerase and 0.5 uM of
each sense and antisense primers. The reaction was
carried out in a PCR system (Perkin EImer, 2400,
Branchburg, NJ). Each cycle contained a denaturation
step at 94°C for 1 min, primer annealing step at 61°C for
1 min, extension step at 72°C for 2 min and a final
extension step at 72°C for 7 min.

For the estimation of the efficiency of cDNA synthesis
from each mRNA, B>-microglobulin cDNA dilutions of 2,
4 and 8 ng which are within the linear range of amplifi-
cation were amplified independendly. PCR amplification
for B2-microglobulin was carried out over 20 cycles with
2.5 mM MgCl, and primer annealing step at 57°C using
otherwise same reaction conditions as for MT1-MMP.
The sequences for the PCR primers are shown in table
1 and these primers yield 632 bp product for MT1-MMP
and 141 base pairs product for Bo-microglobulin. The
sequences for RT-PCR products of MT1-MMP and (.-
microglobulin were verified by direct sequencing using
T7 DNA Sequencing kit of PCR products (data not
shown).

Detection and quantitative analysis of amplification
products: For the detection and quantitative analysis of
PCR products, Phospho-Image analysis after Southern
blotting (Sambrook et al. 1989) were performed. For
Southern blotting, PCR products were diluted to 1:10
and after gel separation of 2 ul aliquots, DNA was
transferred on to a nylon membrane (Hybond N*) by
means of capillary method and cross linked by UV
exposure. The membranes were then prehybridized and
hybridized to alkali-denatured cDNA probes labeled with
[0-32P]dCTP (3000 Ci/mmol) the use of the rediprime
random primer labelling kit. Specific DNA probes for
MT1-MMP and ®-microglobulin were obtained by Gene
Clean purification of PCR products. The blots were
washed to a final stringency of 0.1x SSPE at 65°C. The
membranes were autoradiographed by exposure to Hyper

MT1-MMP B2-microglobulin
Sense CGGCCGGATGAGGGGACT TTAGCTGTGCTCGCGCTACT
GA (1648-1667 bp) CTCTC (901-925 bp)
Antisense GCCTCCTGAGGTCAGAGTT  GTCGGATTGATGAAACCCAG
C (2280-2299 bp) ACACA (1410-1434 bp)
Product size 632 bp 141 bp

Reference Sato et al., 1994

Gussow et al., 1987
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Figure 1. Effects of invasive ductal carcinoma membrane extract and APMA on the
activation of exogenous type IV collagenases. The plasma membrane fraction was
prepared by a discontinuous sucrose gradient centrifugation and nonionic detergent
extraction. Gelatin agarose binding pool of serum-starved HT1080 cell supernatant was
used as source of exogenous latent type IV collagenases. Two hundred ng of latent
type IV collagenases was incubated in the absence (-) and presence (+) of 10, 20, and
50 g of membrane extracts (panel A), and in the absence (-) and presence (+) of 1
mM APMA (panel B) for 2 h at 37°C and subjected to zymogram gel electrophoresis.
MMP-2 specific activation by membrane extract is shown in a dose dependent manner
while APMA converts both 72-kDa MMP-2 and 92-kDa MMP-9 to their activated forms.
MMPs denote exogenous latent type IV collagenases.

film for 2 h at -70°C.

Quantitative analysis of each band was done by counting
the incorporated radioactivity using Phospho-Image
analyzer. For the linear range finding-experiments, the
amounts of PCR products (measured as incorporated
radioactivity) were plotted against input cDNA dilutions.
For the quantitation of MT1-MMP mRNA, the amounts
of PCR products amplified from all 3 points cDNA-
dilutions for each sample were subjected to Phospho-
Image analysis and normalized on the basis of the
corresponding signals derived from 3 doses of cDNA-
dilutions of the control gene, Ba-microglobulin. In each
case, relative hybridization signal for invasive carcinoma
was presented as ratio of the value between tumor and
paired normal tissue (T/N). Each T/N ratio is presented
as the mean and relative standard deviation (SD) from 3
doses of cDNA dilutions.

Statistical data analysis

The Wilcoxon signed-ranks test was used to compare
the levels of MT1-MMP mRNA examined by RT-PCR
between carcinomas and the counterpart normal tissues.

Results

Invasive ductal carcinoma tissue of human
breast contains specific membrane activator
of 72 kDa proMMP-2 which is likely to be MT1-

« MT1-MMP
(653 kDa)

Figure 2. Western blot analysis of MT1-MMP protein in invasive ductal carcinoma and
normal breast tissue using anti-MT1-MMP monoclonal antibody. Fifty LLg of tumor (T)
and normal (N) plasma membrane extracts were subjected to 12 % SDS-PAGE under
reducing conditions. The blot was incubated with anti-MT1-MMP monoclonal antibody
(3 1g/ml, 113-15E7) and visualized by ECL Western blotting detection system. Two
separate preparations of tumor membrane extracts (T1 and T2) were run for
comparison with normal tissue.

MMP

Gelatin zymography (Figure 1) showed that 200 ng of
gelatin-agarose binding pool of serum-starved HT-1080
cell supernatant containing both 72- and 92-kDa latent
type IV collagenases was processed to the corresponding
intermediates (64 and 84 kDa, respectively) and activated
forms (62 and 82 kDa respectively) by incubation with 1
mM APMA for 2 h (Figure 1B). However, the membrane
extracts of carcinoma tissues (T2) clearly could not
convert 92-kDa proenzyme to the lower molecular weight
products but only 72-kDa proMMP-2 was processed to
intermediate and 62-kDa activated form in a dose-
dependent manner (Figure 1A). These results demon-
strate that plasma membrane fraction of invasive ductal
carcinoma of breast contains specific activator of
proMMP-2. This activator is likely to be MT1-MMP since
the specificity of processing by the membrane activator
corresponds to the known specificity of MT1-MMP (Sato
et al., 1994; Kinoshita et al., 1996).

MT1-MMP protein is expressed in both
carcinoma and normal tissues

Western blot analysis of plasma membrane prepara-
tions isolated from pooled samples of normal and



invasive carcinoma tissues showed that 63-kDa MT1-
MMP protein presents in the membrane fractions of
both tissues (Figure 2). Two separate preparations of
carcinoma tissue membrane (T1 and T2) showed high
expression of MT1-MMP protein but the protein bands
shown by carcinoma membrane preparations were not
significantly higher than that in normal tissue membrane

(N).

MT1-MMP mRNA is expressed in both
carcinoma and normal tissues

Northern blot analysis: Two cases evaluated by
Northern blot analysis revealed that 4.5 kb MT1-MMP
mRNA was expressed both in paired normal tissue and
invasive ductal carcinoma of the breast (Figure 3). This
is in agreement with the result from Western blot analysis
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showing the appearance of 63-kDa MT1-MMP protein in
both carcinoma and paired normal tissue (Figure 2).
However, in case 1, actin-corrected MT1-MMP mRNA
level for tumor was much stronger than that for the paired
normal tissue, whereas in case 2, a higher signal was
seen in paired normal tissue than in tumor tissue. The
T/N ratio for case 1 and 2 were 6 and 0.25, respectively.

RT-PCR analysis: Nine cases of invasive carcinoma
and paired normal tissues were analyzed for MT1-MMP
mRNA expression by semi-quantitative RT-PCR. Figure
4 shows the result from initial linear range-finding
experiments for MT1-MMP and [2-microglobulin. For
MT1-MMP, 3 cDNA dilutions, 20, 40 and 80 ng are found
to be within the linear range of amplification and for o-
microglobulin, 2, 4 and 8 ng are found to be best within
the linear range. Before carrying out RT, contamination
of genomic DNA was ruled out by performing the PCR
using B2-microglobulin primers, with mRNA preparations
as PCR template (Data not shown). Fig. 5 presents 3
representative results, showing autoradiograms of 642
bp, MT1-MMP and 141 bp, B2-microglobulin. In all cases,
the chosen primers for MT1-MMP and B2-microglobulin
generated specific single amplicons with no additional
bands and amplicon products increased as the input
cDNA increased. Figure 6 shows the result of Phospho

Figure 3. Northern blot analysis of MT1-MMP mRNA in invasive ductal carcinoma and
paired normal breast tissue. Twenty LLg of total RNA was applied to 2.2 M
formaldehyde/1% (W/V) agarose gel electrophoresis, transferred onto a nylon
membrane, and hybridized with 1.2 kb human MT1-MMP cDNA labeled with [0L-32P]
dCTP. Equalities in loadings were checked by reprobing the blot with 0.9 kb human
actin cDNA. The incorporated radioactivities were counted by Phospho-Image analyzer
and the ratio of the value between the tumor and paired normal tissue (T/N) is indicated
at the bottom of the figure. Patient numbers are indicated as 1 and 2.

MT1-MMP

Figure 4. Autoradiogram (A, B) showing
PCR products of serially diluted cDNA

from a sample of invasive ductal carcinoma
of breast. Lane 1-7 in panel A show
autoradiogram of Bz-microglobulin
amplicons (141 bp) produced by RT-PCR

o L on 0.5-32 ng RNA. Lane 1-5 in panel B
ki show autoradiogram of MT1-MMP
amplicons (632 bp) produced by RT-PCR
on 10-160 ng RNA. Upper panels show
3 4 5

graphs of corresponding Phospho-Image
analysis values. Linear range of
amplification only was chosen to use for
subsequent quantitative analyses.
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Figure 5. Examples of RT-PCR analysis of MT1-MMP mRNA. Autoradiograms of 632
bp and 141 bp RT-PCR products of MT1-MMP and Bz-microglobulin RNA are shown.
Three fixed cDNA dilutions used for the amplification of MT1-MMP and [32-microglobulin
correspond to 20, 40 and 80 ng and 2, 4 and 8 ng respectively. T and N denote tumor
and paired normal tissues respectively. Patient numbers are indicated as 3-5.

Image analysis for MT1-MMP mRNA in 9 cases. Each
bar presents mean of T/N and SD, for each case. The
difference of MT1-MMP mRNA between 9 carcinomas
and paired normal tissues was insignificant on
Wilcoxon signed-ranks test (P >0.05) though case 9
shows T/N ratio considerably higher than the remaining
cases. The value of SD, for case 8 is not available.

Discussion

A significant statistical association between the expression
level of activated MMP-2 in tumor tissue and tumor
spread or grade has been reported (Brown et al.,
1993b), particularly in breast cancer tissue (Azzam et
al., 1993; Davies et al., 1993), suggesting proMMP-2
activator to be an important substance triggering breast
cancer cell invasion and metastasis. Our interest is to
investigate a hypothesis that physiological activator for
proMMP-2 in invasive ductal carcinoma of human
breast is recently cloned MT1-MMP protein (Sato ef al.,
1994) and therefore MT1-MMP expression is elevated
in tumor tissue compared from the normal tissue.

It is well known that activation of MMP-2 proenzyme
occurs in association with the plasma membrane

P mRENA (TN

I

AT 14

5 WK e ir 1 gy rmch-roeien foan

Figure 6. MT1-MMP mRNA expression in invasive ductal carcinoma tissues.
Incorporated radioactivities of the amplicons produced by RT-PCR were counted by
Phospho-Image analyzer and shown as the ratio of the value between the tumor and
paired normal tissue (T/N). Means of T/N ratio and SD are indicated at the bottom of the
figure. Patient numbers are indicated as 3-11. The difference between the tumor and
normal tissues is statistically insignificant on the Wilcoxon signed-ranks test (P > 0.05).

(Kleiner and Stetler-Stevenson., 1993; Monsky et al.,
1993; Strongin et al., 1993). We therefore isolated a
fraction of plasma membrane protein from invasive
ductal carcinoma tissues and examined proMMP-2
activating function of this fraction with the use of gelatin
agarose binding pool of HT 1080 cell supernatant as
exogenous latent type IV collagenases. Gelatin
zymography demonstrated that membrane fraction of
ductal carcinoma has potential of 72 kDa proMMP-2
specific processing in a dose-dependent manner and has
no effect on proMMP-9 (Figure 1A), whereas APMA (1
mM) processed both proMMP-2 and proMMP-9 to their
corresponding intermediates and activated forms
(Figure 1B) (Stetler-Stevenson et al., 1989; Goldberg et
al., 1992). These results indicate that plasma membrane
fraction of invasive ductal carcinoma tissue of breast
contains specific activator for proMMP-2. This activator is
likely to be MT1-MMP since the specificity of processing
by the membrane activator corresponds to that of recently
reported MT1-MMP protein which has a function of
proMMP-2 specific activator in vitro (Sato et al., 1994;
Kinoshita et al., 1996). We did not determine whether
cleavage is solely due to the function of MT1-MMP and
not by other contaminating proteases in the membrane
preparation. However, in vitro study by Kinoshita et al.,



(1996) using recombinant MT1-MMP-GST fusion protein,
strongly suggested that soluble MT1-MMP activity
without involvement of other proteases was sulfficient for
proMMP-2 specific cleavage.

In order to prove MT1-MMP-associated activation of
proMMP-2 in invasive ductal carcinoma tissue, it is
reasonable to examine whether tumor tissues express
more MT1-MMP at transcriptional or translational level
than normal tissues. In lung (Tokuraku et al., 1995) and
gastric carcinoma (Nomura et al., 1995), the overexpre-
ssion of MT1-MMP is well corrrelated with the
activation of proMMP-2. Northern blot analysis for MT1-
MMP mRNA in these tissues showed that the level of
MT1-MMP expression in carcinoma tissue was
significantly and consistently higher than in the
surrounding normal control tissues and therefore, it was
suggested that proMMP-2 activation by MT1-MMP in
these tissues is a key step for the extracellular matrix
degradation in cancer cell invasion and metastasis.
Similar data in breast cancer tissues are not available
though malignant breast cancer is a tumor together with
other tumors including lung (Brown et al., 1993b), and
stomach and colon (Yamagata et al., 1991) in which
activated MMP-2 has been detected in surgically excised
specimens but is low or undetectable in normal tissues
(Brown et al., 1993a; Davies et al., 1993). Our result
from Western blot analysis showed that 63-kDa MT1-
MMP protein presents in membrane fractions of both
carcinoma and normal tissues and interestingly, protein
bands appearing in 2 separately prepared carcinoma
membrane fractions were not significantly stronger than
that in normal group (Figure 2). We further examined
the expression of MT1-MMP mRNA in carcinoma and
paired normal tissue by Northern blot and semi-
quantitative RT-PCR analysis. Data analyzed by
Northern blot analysis are available only for a small
number of samples. However, the result seems to
indicate that MT1-MMP transcripts are expressed at
variable levels among the tumor tissues. In case 1, the
level of MT1-MMP mRNA in tumor tissue was 6 fold
greater than that in counterpart normal tissue whereas
in case 2, paired normal tissue express 4 fold
increased amount of MT1-MMP mRNA than tumor
tissue (Figure 3). The mechanism causing the
difference of MT1-MMP expression observed in 2
sample cases can not be explained in this study. The
level could be variable depending on the phenotypic
heterogeneity of breast carcinoma.The fact that in one
case out of two cases, counterpart normal tissue
expresses more MT1-MMP mRNA than carcinoma
tissue supports the result from Western blot analysis
showing constitutive level of MT1-MMP protein in
normal group. In agreement with the result of Western
blot analysis, semi-quantitative RT-PCR analysis for
MT1-MMP mRNA in tissue samples of 9 cases (Figure
5 and 6) showed that the levels of MT1-MMP mRNA
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expression in paired normal tissues are comparable to
those in carcinoma tissues in all cases except one case
of which T/N ratio showed significantly higher than the
remaining cases. The difference of MT1-MMP mRNA
between 9 carcinoma and paired normal tissues is
statistically insignificant on Wilcoxon signed-ranks test
(P>0.05). Thus, our results of Western blot , Northern
blot and semi-quantitative RT-PCR analysis are
consistent with the suggestion that MT1-MMP gene
expression occurs in adjacent normal tissue at levels
not lower than carcinoma tissues although certain
tumors can express more MT1-MMP gene than normal
tissues. Okada et al. (1995) reported that by in situ
hybridization, MT1-MMP gene expression in human
tumor including colon, breast and head and neck
occurred in stroma of tumor and it was thought that the
expressions of MT1-MMP transcript in any normal
tissues at a distance from cancerous tissues are lower
than corresponding carcinoma tissues. Although the
number of patients studied in the present work is
relatively low, our results on the expression of MT1-
MMP gene are contradicting to the suggestion
described above. The important question then arises of
why adjacent normal tissues of breast carcinoma
produce low or undetectable levels of activated MMP-2
despite the presence of a constitutive or comparable
level of MT1-MMP expression. Similarly, an in vitro
study by Yu et al. (1995) using invasive breast
carcinoma cell line MDA-MB-231, reported that
constitutive level of MT1-MMP mRNA was expressed in
unstimulated cells despite a lack of MMP-2 activation.
They suggested that MMP-2 activation occurring in Con
A-stimulated MDA-MB-231 cell line involves additional
effects in addition to up-regulation of MT1-MMP
expression. Our results can be best explained in the
same context, that the mechanism of pro-MMP-2
activation in breast tissue involves a complicated
process rather than just consequence of up-regulation
of MT1-MMP expression. In fact, Strongin et al. (1995)
demonstrated in in vitro system that MT1-MMP binds
TIMP-2 and that the resulting complex acts as a
receptor for the C-terminus of gelatinase A, following
which activation of MMP-2 occurs. Thus, the ability to
form a heterotrimeric complex with MT1-MMP on cell
membrane by unknown mechanism may be equally as
important as up-regulation of MT1-MMP expression for
efficient activation of proMMP-2. We also can not rule
out the possibility that there is another activator for MMP-
2 proenzyme in addition to MT1-MMP in breast tissue.
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