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Abstract Thirteen primary pulmonary squamous cell
carcinomas, 4 specimens of normal lung from around tu-
mours, 4 benign proliferations of the mammary gland
and 16 breast carcinomas were analysed by in situ hy-
bridisation, Northern blot and immunohistochemistry for
the expression of a recently described metalloproteinase
(MMP), the MT-MMP (membrane-type matrix metallo-
proteinase). This MT-MMP can activate gelatinase A, in-
volved in the degradation of basement membranes. In
situ hybridisation revealed MT-MMP transcripts distrib-
uted in both tumour and stromal cells in squamous cell
lung cancers, whereas these mRNAs were principally de-
tected in stromal cells in close contact to tumour clusters
in breast carcinomas and in lung adenocarcinomas.
Northern blot analysis showed a parallel expression of
MT-MMP and gelatinase A transcripts in both lung and
breast cancers. Immunohistochemistry displayed a more
extensive distribution of MT-MMP in puimonary and
mammary carcinomas with numerous labelled preinva-
sive and infiltrating cancer cells and stromal cells near
the tumour cells. The large degree of expression of MT-
MMP in these cancers indicates a potential role of this
enzyme in tumour progression. The finding of MT-MMP
transcripts in stromal cells in the vicinity of lung and
breast tumour cells emphasises the cooperation between
these cells and cancer cells for the expression of MT-
MMP and in tumour invasion in vivo.
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Introduction

Proteolytic extracellular matrix degradation is a major
step in tumour invasion. Among the various proteinases
involved in this process, matrix metalloproteinases
(MMPs) represent a family of enzymes that are able to
degrade all components of the extracellular matrix. The
MMPs are divided into three major subclasses: interstiti-
al collagenases, gelatinases (also called type IV colla-
genases) and stromelysins. Two types of gelatinases, A
and B (MMP-2 and MMP-9, respectively) have been iso-
lated and characterised.

Gelatinase A degrades basement membrane collagens,
especially type IV collagen and denatured collagens
[21]. Therefore, this MMP could participate in the vari-
ous steps of tumour progression in cancers: basement
membrane disruption, stromal invasion and metastasis.
The role of gelatinase A in the progression of breast can-
cers is supported by various in vitro and in vivo studies.
Indeed, cultured breast tumour cell lines have been
shown to secrete gelatinase A. Increased gelatinase A ex-
pression is associated with increased metastatic potential
in a variety of systems [10, 13]. In vivo, elevated gelati-
nase A levels have been detected in breast cancers, but
not in the epithelial component of premalignant disease
or normal breast [5, 6, 8, 11, 12, 21]. Davies et al. [7] us-
ing quantitative zymography, have shown increased ra-
tios of activated to latent gelatinase A in breast carcino-
mas of increasing grade. However, in situ hybridisation
studies performed on breast carcinomas have revealed
stromal cell expression of gelatinase A mRNAs which
argues in favour of cooperation between stromal cells
and cancer cells which do not express these mRNAs
[15-17, 19].

Gelatinase A, like all MMPs, is secreted as a proen-
zyme and requires activation into a mature form before it
can degrade its substrates. Binding sites for gelatinase A
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have been described in vitro MCF7 and MDA-MB-231
suggesting that tumour cells might bind the enzyme [9].
Furthermore, recent studies have reported a membrane
associated activation pathway which is sensitive to MMP
inhibitors and have suggested the existence of MMP-2
activator [2, 4, 23]. The mechanisms responsible of the
activation of progelatinase A in vivo are still unresolved
[1, 20]. Recently, Sato et al. [18] have discovered a new
MMP, called MT-MMP (membrane-type MMP), which
might be a candidate for the progelatinase A activator.
Indeed, the expression of MT-MMP at the surface of in
vitro transfected cells induces specific activation of pro-
gelatinase A and enhances the invasion of matrigel.
Moreover, they demonstrated the expression of MT-
MMP on the surface of invasive tumour cells of lung
cancers. MT-MMP may thus play a crucial role in tu-
mour invasion by activating progelatinase A on the tu-
mour cell surface.

The aim of the present work is to study the expression
and localisation of MT-MMP in human breast and lung
carcinomas with various complementary morphological
studies applied on the same tumours. Lung carcinomas
are known to express MT-MMP [18] but at the present
time MT-MMP transcripts have not been localised in
these tumours. The data obtained with these various ap-

Fig. 1A, B Northern blot analysis of membrane-type metallopro-
teinase (MT-MMP) and gelatinase A mRNAs in lung cancers.
A Lanes 1-4 peritumoral normal lung, lanes 5-8 adenocarcinomas.
a MT-MMP, b gelatinase A. B Lanes /-9 squamous carcinomas.
a MT-MMP, b gelatinase A, ¢ Ribosomal RNA bands visualised
under ultraviolet light after staining with ethidium bromide show
amounts and quality of the RNAs. There is a coordinate expres-
sion of gelatinase A and MT-MMP mRNAs in these lesions
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proaches indicate the large degree of expression of MT-
MMP in both lung and breast cancers and its production
principally by stromal cells.

Materials and methods

Tissue was obtained from 13 lungs resected for carcinomas (9
squamous cell carcinomas and 4 adenocarcinomas), from 4 normal
lung around tumours, from 4 benign breast proliferations (2 fibro-
cystic diseases and 2 fibroadenomas) and 16 breast cancers (5 lob-
ular and 11 ductal carcinomas). All lung tumours were of stage T2
and breast cancers were grade 1 (2 cases), grade 2 (8 cases) and
grade 3 (1 case) ductal carcinomas according the Scarf and Bloom
classification.

A portion of each of the samples was frozen in liquid nitrogen
for Northern blot analysis while the remainder was fixed in forma-
lin and embedded in paraffin for in situ hybridisation and immu-
nohistochemical studies.

Immunohistochemistry

Tissue sections (5 pum) were deparaffinised, rehydrated and treated
with 0.3% hydrogen peroxide for 5 min to quench endogenous
peroxidase activity. Non-specific binding was blocked with serum
(Dako, USA) for 20 min. Slides were incubated with monoclonal
antibody against MT-MMP (2 pg/ml) for one night at 4° C. As
previously described [18], the MT-MMP antibody prepared specif-
ically recognises the extracellular domain of MT-MMP (clone
113-5B7, directed against an oligopeptide of residue 319-333 of
MT-MMP). Negative controls consisted of slides incubated with
non-immune mouse 1gG. After 10 min washes in PBS, the follow-
ing steps were performed with peroxidase LSAB kit (labelled
streptavidin biotin method; Dako, USA). Peroxidase activity was
revealed with hydrogen fluride and 3-amino-9-ethylcarbazole.

All slides were briefly counterstained with Mayer’s haematox-
ylin, mounted and examined under a Zeiss Axiophot microscope.




In situ hybridisation

Tissue sections (5 wm) were deparaffinised, rehydrated and treated
with 0.2 N hydrochloric acid for 20 min at room temperature, fol-
lowed by 15 min in 1 ug/ml proteinase K (Sigma, St. Louis, Mo.,
USA) in TRIS-EDTA-NaCl, 37° C, to remove basic proteins. The
sections were washed in 2xsodium saline citrate (SSC), acetylated
in 0.25% acetic anhydride in 0.1 M triethanolamine for 10 min
and were hybridised overnight with 35S-labelled (50° C) antisense
RNA transcripts. A MT-MMP cDNA insert (1200 bp) was sub-
cloned into pGEM4 plasmid and used to prepare 35S-labelled RNA
probes. Hybridisations were followed by RNase treatment (20
ug/ml, 1 h, 37° C) to remove unhybridised probe and two stringent
washes (50% formamide/2xSSC, 2 h at 60° C) before autoradiog-
raphy using D 19 emulsion (Kodak). Slides were exposed for 15
days prior to development. The controls were performed under the

Fig. 2A-E Localisation of MT-MMP in lung cancers. A MT-
MMP mRNAs are detected in well-differentiated invasive cancer
cells (7) and in stromal compartment (S) (bar 70 um). B Same ar-
ea treated with sense RNA probe (bar 70 pm). C mRNAs encod-
ing MT-MMP are found in cancer cells. Same area as in A at
higher mangification. Fibroblasts are not labelled in this area (bar
20 um). D Same area treated with sense RNA probe (bar 20 um).
E Same area where MT-MMP is localised by immunohistochem-
istry with intense labelling of tumour. Fibroblasts are not stained
in this area (bar 20 um)

same conditions using 33S-labelled sense RNA probes. All these
controls gave negative results.

All slides were counterstained with HPS (haematoxylin-phlox-
in-safran), mounted and examined under a Zeiss Axiophot micro-
scope.

Northern blot analysis

Extraction of total RNA from tissues was performed by RNAzol
treatment (Biogenesis, Bournemouth, UK). Ten micrograms of
each RNA was analysed by electrophoresis in 1% agarose gels
containing 10% formaldehyde and transfered onto nylon mem-
branes (Hybond-N, Amersham, UK). The membrane was hybrid-
ised with cDNA probes labelled with 32P using random priming
synthesis (5x108 cpm/pug) (Dupont de Nemours, Brussels, Bel-
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gium). The filters were exposed 5 days for MT-MMP and 5 days
for gelatinase A (1500 pb).

Results

Northern blot analysis showed that lung carcinomas (9 of
13) expressed high levels of MT-MMP mRNAs com-
pared to peritumour lung tissue (Fig. 1A, B). There was
a similar pattern of expression of gelatinase A and MT-
MMP mRNAs jn the tumours studied (Fig. 1A, B). In
situ hybridisation revealed mRNAs encoding MT-MMP
in most cancer cells (Fig. 2C) and in elongated stromal
cells considered to be fibroblasts (Fig. 2A), with an in-
tense labelling in close contact to tumour clusters. The
samples treated with the sense RNA probe did not show
specific hybridisation grains (Fig. 2B, D). Some of these
stromal cells were in close contact to eroded bronchial
cartilage and were particularly rich in hybridisation
grains. By contrast, in adenocarcinomas, siromal cells
near tumour clusters only expressed MT-MMP mRNAs.
By immunohistochemistry, the cancer cells were uni-
formly stained (Fig. 2E), whereas some fibroblasts near
the cancer nests were stained, with a distribution analo-

Fig. 3A, B Northern blot analysis of MT-MMP and gelatinase A
mRNAs in breast cancers. A Lanes 1, 2 fibrocystic diseases; lanes
3, 4 fibroadenomas; lanes 5-8 ductal cancers. « MT-MMP, b gela-
tinase A. B Lanes I-3 lobular cancers, lanes 612 ductal cancers.
a MT-MMP, b gelatinase A. ¢ Ribosomal RNA bands visualised
under ultraviolet light after staining with ethidium bromide show
amounts and quality of the RNAs. There is a coordinate expres-
sion of gelatinase A and MT-MMP mRNAs in these lesions
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gous to those expressing MT-MMP mRNAs in squamous
cell carcinomas and adenocarcinomas.

In benign breast lesions, MT-MMP mRNAs were not
detected by in situ hybridisation whereas Northern blot
analysis showed a faint expression of MT-MMP mRNAs
(Fig. 3A). Nevertheless, in some adjacent fibrocystic le-
sions near cancer areas, we found MT-MMP mRNAs in
fibroblasts. Immunohistochemistry displayed some rare
positivities in epithelial cells and some fibroblasts in be-
nign lesions. The same pattern of distribution was ob-
served in fibrocystic areas near carcinomas.

All carcinomas were positive for MT-MMP with the
various methodologies used. MT-MMP mRNAs were de-
tected by Northern blot analysis. There was a similar pat-
tern of expression of gelatinase A and MT-MMP mRNAs
in the different samples studies (Fig. 3A, B). Ductal car-
cinomas expressed more gelatinase A and MT-MMP
mRNAs than lobular carcinomas. In situ hybridisation
showed MT-MMP mRNAs principally in elongated stro-
mal cells, with numberous grains in the fibroblasts
and/or myofibroblasts in very close contact to tumour
clusters, especially around preinvasive (intraductal) le-
sions or well-differentiated territories (Fig. 4A, B, F).
The samples treated with the sense RNA probe did not
show specific hybridisation grains (Fig. 4D). The label-
ling of tumour cells was faint and limited to some inva-
sive cells and in most cases it may be confused with
background. The most intense labelling was observed in
ductal carcinomas as compared with lobular cancers. In
contrast immunohistochemistry displayed an extensive
staining in most non-invasive and infiltrating cancer cells
(Fig. 4C). Stromal cells near these tumour cell nests and
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Fig. 4A-F Localisation of MT-MMP in breast cancers. A mRNAs
encoding MT-MMP are expressed in stromal cells in close contact
with the cancer cells in the intraductal area of ductal cancer (bar 70
wm). B Infiltrating ductal cancer area where MT-MMP mRNAs are
detected in stromal compartment (arrowheads) near tumour clusters
(arrow) (bar 70 pum). C Same area where MT-MMP is localised by
immunohistochemistry in both tumour and stromal cells (bar 70
um). D Same area treated with sense RNA probe (bar 70 um). E
MT-MMP is observed in all cancer (7) and fibroblastic (F) cells (bar
20 um). F Same area where fibroblasts (F) (arrow) in close contact
with tumour clusters (7) express MT-MMP mRNAs (bar 20 pm)

strands were also marked just as some endothelial cells
(Fig. 4E).

Discussion

The present work clearly demonstrates the expression of
MT-MMP in vivo, in both human breast and lung carci-
nomas. In breast cancers, MT-MMP mRNAs are only de-
tected in stromal cells as previously shown by Okada et
al. [14]. We have made the same observations in lung
adenocarcinomas. Okada et al. [14] did not find any MT-
MMP mRNAs in tumour cells in their squamous cell car-
cinomas of head and neck but in our squamous cell car-
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cinomas of the lung we found different results. As ex-
pected, according to the data of Sato etal. [18], MT-
MMP mRNAs and MT-MMP protein were detected in
numerous tumour cells but stromal cells also expressed
large amounts of MT-MMP mRNAs. Similarly, Urbanski
et al. [22] detected gelatinase A transcripts in both tu-
mour and stromal cells in such cancers. It is thus likely
that, in lung carcinomas, both cancer and stromal cells
produce gelatinase A and MT-MMP and would therefore
cooperate in the degradation of the extracellular matrix
components associated wilth tumour invasion.

In benign lesions of the mammary gland, Northern
blot analysis has demonstrated the presence of MT-MMP
transcripts. This MMP like gelatinase A may participate
in the remodelling of the extracellular matrix. In breast
cancer, the presence of MT-MMP could be related to ma-
lignancy since the level of expression of this matrix me-
talloproteinase is lower in adjacent normal tissues and
benign proliferations than in both peinvasive and inva-
sive areas. However, there were no correlations between
the expression of MT-MMP and the size, grade of the tu-
mours, the number of lymph node metastasis and the sta-
tus of hormonal receptors (data not shown).

Immunohistochemistry displays a more extensive dis-
tribution of MT-MMP, when compared with the data ob-
served with in situ hybridisation, particularly in breast
cancers. Indeed, numerous stromal, endothelial and cancer
cells as well as some normal ducts and lobules were
stained. In contrast, in situ hybridisation principally shows
hybridisation grains in stromal cells in close contact to tu-
mour clusters, especially along preinvasive and well-dif-
ferentiated areas, with a faint and limited labelling of can-
cer cells. This disparity in the distribution of this MMP
and their mRNAs may be explained by differences in the
regulation of transcription, half-life of mRNAs, rates of
mRNA translation and capacity for intracellular storage of
the protein. The threshold of detection in the breast cancer
cell compartment for MT-MMP mRNAs in this system
may not be reached so that only the more abundant
mRNAs are demonstrable. However, our results obtained
by in situ hybridisation and immunohistochemistry of hu-
man lung squamous cell cancers indicate that tumour cells
produce MT-MMP protein. Therefore, considering these
findings together with our observations by immunochem-
istry, we cannot exclude the possibility that breast cancer
cells and lung adenocarcinoma tumour cells may also pro-
duce MT-MMP. The hypothesis that stromal cells may se-
crete MT-MMP protein and deliver it to tumour cells in
breast cancers in questionable since MT-MMP is a trans-
membrane protein and has to be cleaved to be released.
Our immunohistochemical observations using an antibody
directed against the extracellular domain of this protein
cannot exclude this hypothesis. However, Sato et al. [18]
found that MT-MMP without a transmembrane domain
could not activate progelatinase A.

The principal source of MT-MMP appears to be of
stromal origin in both types of cancer strongly suggest-
ing an active role of stromal cells in these pathologies.
Moreover, stromal cells are known to be able to produce

other MMPs like gelatinase A [21] and stromelysin 3 [3].
Indeed, fibroblasts are likely the principal source of gela-
tinase A in breast carcinomas [15-17, 19]. It is therefore
relevent to conclude that in vivo, fibroblasts and/or myo-
fibroblasts, surrounded by an abundant type I collagen
matrix, in close contact to tumour clusters, produce MT-
MMP which could then activate progelatinase A. Gelati-
nase A would then be involved in the invasion process by
degrading the extracellular matrix components near can-
cer cells. In addition to the stromal localisation, Northern
blot analysis reveals the same pattern of MT-MMP and
gelatinase A mRNAs expression. This observation ar-
gues in favour of a coordinate transcriptional regulation
of the genes encoding both MT-MMP and gelatinase A
in breast and lung cancers, in vivo.

Taken together, our observations on lung and breast
cancers, describing an association of MT-MMP with in-
vasiveness, strongly support a role of this matrix metal-
loproteinase in tumour invasion. In both types of cancer,
it is clear that cancer cells cooperate with stromal cells to
produce MT-MMP which may therefore participate in
the invasion process.
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