Original article

SWISS MED WKLY 2001;131:273-279 - www.smw.ch 273

Peer reviewed article

! Supported
by: Krebsliga
beider Basel

Distinct endobronchial expression
of matrix-metalloproteinases (MMP) and

their endogenous inhibitors in lung cancer

1

Frank Reichenberger®?, Oliver Eickelberg’, Christoph Wyser!, André P. Perruchoud’,

Michael Roth', Michael Tamm’

! Pulmonary Division, Department of Internal Medicine and Research, University Hospital,

Basel, Switzerland

? Department of Internal Medicine, University of Leipzig, Germany
3 Department of Pathology, Yale University, School of Medicine, New Haven, USA

Summary

Background: Degradation of extracellular ma-
trix (ECM) and basement membranes is required
for tumour cell invasion and metastasis. The ECM
is degraded by matrix metalloproteinases (MMP)
which are counteracted by tissue inhibitors of me-
talloproteinases (TIMP). In aggressive tumours
the balance of proteolysis and antiproteolysis is
disrupted, resulting in fast tumour progression and
invasiveness. We examined MMP and TIMP ex-
pression patterns in bronchial washings of 58 con-
secutive lung tumour patients and 10 controls.
Pathohistological investigations revealed squa-
mous cell carcinoma (n = 23), adenocarcinoma (n
= 18), small cell lung carcinoma (n = 9), and pul-
monary metastases of extrapulmonary tumours
(n = 8). MMP/TIMP expression was correlated
to histology, location, or staging of tumours.

Methods: Expression and activity of MMP was
identified by zymography and Western blotting.
Expression of TIMP-1 and TIMP-2 was analysed
by Western blotting and enzyme-linked im-
munosorbent assays.

Results: We identified MMP-1, MMP-2 and
MMP-9, but not MMP-3 or MMP-8 in bronchial
washings. All MMPs were expressed in the tu-
mour-affected and the tumour-free parts of the
lung. While MMP-1 and MMP-9 were present in
all samples, the inactive precursor of MMP-2 was
specifically expressed in adenocarcinoma or lung
metastases of extrapulmonary tumours. No MMP-
2 was found in controls. While TIMP-1 was ex-
pressed in all samples, TIMP-2 was not detectable.

Conclusion: The tumour type-specific expres-
sion of the MMP-2 precursor in adenocarcinoma
and lung metastases suggests that MMP-2 in the
absence of TIMP-2 correlates with aggressive tu-
mour progression and may serve as an indicator for
poor prognosis.

Keywords: lung tumour; matrix metalloproteinase; tis-
sue inbibitor of matrix metalloproteinase; bronchial
washing

Introduction

The malignant potential of cancer depends on
the capability of tumour cells to invade and form
metastases. This process is facilitated by the tu-
mour cells’ ability to degrade their surrounding ex-
tracellular matrix (ECM), especially basement
membranes lining the blood vessels. Increased
degradation of ECM and basement membranes
through secretion of ECM-degrading enzymes
enables the cells to enter and leave blood vessels
(1, 2].

The matrix metalloproteinases (MMP) are the
key enzymes exerting ECM degradation and have
been shown to be increasingly secreted and acti-

vated by tumour cells. This, together with de-
creased availability of protease inhibitors, renders
the tumour cells capable of digesting essential tis-
sue barriers such as basement membranes, fasciae
and capsulae, thereby enhancing the cells’ motil-
ity. Increased expression of MMP has thus been as-
sociated with the processes of tumour invasion,
metastasis and angiogenesis of malignant tumours
of different origin [1-4].

In humans, the MMP family consists of at least
17 different members. All MMP are synthesised as
inactive zymogens that need to be activated by pro-
teolytic cleavage of a propeptide sequence capping
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a catalytic zinc binding domain [5-7]. Activation
of MMP occurs extracellularly and is controlled by
other proteases, such as trypsin, tissue- or uro-
kinase-type plasminogen activator, or by active
MMP, or by membrane-anchored matrix metallo-
proteinases (MT-MMP) [7, 8]. Proteolytic activity
of MMP is inhibited by specific inhibitors, the tis-
sue inhibitors of matrix metalloproteinases
(TIMP).

TIMP are 20-30 kDa proteins which bind to
the catalytic domain of MMP in a 1:1 stochio-
metry, thereby inhibiting the enzymatic activity of
MMP [7-9]. The interaction of TIMP with their
corresponding MMP seems to be specific [6, 8, 9].
In this respect, TIMP-1 has been shown to inhibit
MMP-9, whereas TIMP-2 seems to be specific for
MMP-2. Under physiological conditions the ex-
pression of MMP and TIMP is highly coordinated
at the level of gene expression [6, 10]. This bal-
anced expression guarantees normal tissue struc-
ture and organ function, and prevents both exces-
sive ECM deposition and increased ECM degra-
dation [11-14]. In the lung, distortion of this bal-
ance is associated with various inflammatory lung

diseases and lung cancer [1, 11, 13]. The proposed
role for enhanced MMP expression in lung cancer
is based on studies describing high expression lev-
els of distinct MMP, assessed by immunohisto-
chemistry, and in vitro observations. In this respect,
stromelysin-3 and TIMP-2 have been shown to be
associated with increased malignancy of squamous
cell carcinomas. However, iz vivo observations
concerning the activity of MMP in bronchial se-
cretions have not yet been published.

This study evaluates the endobronchial ex-
pression pattern of MMP and TIMP in 58 pul-
monary malignancies of varying histology and 10
controls. The expression of MMP-1, MMP-2,
MMP-3, MMP-8, MMP-9, TIMP-1, and
TIMP-2 was determined in bronchial washings of
all probands. We found strong expression of
MMP-1, MMP-9 and TIMP-1 in all samples, ir-
respective of tumour type or grade, and also in the
control collective. In contrast, high levels of
MMP-2 were determined only in bronchial wash-
ings of all patients with adenocarcinomas or lung
metastases. MMP-3, MMP-8 and TIMP-2 could
not be detected in any of the samples.

Methods

Materials and reagents

Calcium chloride, B-casein, ethylene-diamine-tetra-
aceticacid (EDTA), gelatine, glycerol, phenyl methyl-sul-
fonyl fluoride (PMSF), sodium chloride, Tris-HCL, Tri-
ton X-100, bromphenol blue, and Tween-20 were pur-
chased from Sigma Chemicals (Emmenbriicke, Switzer-
land). Brij-35, Dithiothreitol (D'TT), Pefabloc®, and per-
oxidase-coupled secondary antibodies were obtained from
Boehringer Mannheim (Rotkreuz, Switzerland). Gradient
4-15% SDS-PAGE gels, pre-stained standard proteins,
and Coomasie brilliant blue R-250 were from BIO-RAD
(Ziirich, Switzerland). Hybond-ECL nitrocellulose mem-
branes and ECL solution are products of Amersham
(Ziirich, Switzerland). Purified human MMP-1, MMP-2,
and MMP-9 and polyclonal antibodies to human MMP-
1, and MMP-2 were provided by ANAWA Trading SA
(Wangen, Switzerland). Recombinant human TIMP-1
and TIMP-2 and monoclonal antibodies specific to
human TIMP-1, TIMP-2, and MMP-9 were supplied by
Oncogene Science (Paris, France). Gel drying films are a
product of PrOmega Corporation (Ziirich, Switzerland).

Patients and controls

Tumour patients: We analysed bronchial washings
from 58 patients who underwent diagnostic bronchoscopy
for suspected pulmonary malignancy. None of the patients
had previously received chemotherapy or irradiation ther-
apy for treatment of the malignancy. The tumour type was
classified according to standardised cytology and/or his-
tology on tissue samples obtained at bronchoscopy. Only
patients with a definite diagnosis of pulmonary malig-
nancy were included in the study. Each patient gave in-
formed consent to the use of material in this study and the
protocol was approved by the local ethics committee.

Controls: Bronchial washings obtained from ten pa-
tients without lung disease were used as controls. Control
patients underwent elective surgery.

Collection and preparation of bronchial fluid

A total of 116 bronchial washings were obtained from
58 patients. Prior to diagnostic procedures (biopsy, etc.),
bronchial fluid was obtained by instillation and suction of
10 ml pyrogen-free 0.9% NaCl solution. The first wash-
ing was performed in the radiologically unaffected lung
site and the second washing at the tumour-bearing lung
site. Bronchial fluids were collected in siliconised tubes
and mixed with ETDA (final conc. 25 mM) to prevent
autodigestion of MMP or TIMP. Tubes were centrifuged
at 3,500 X g (30 min. 4°C) and stored at —70°C. After
collection of the samples the tracheobronchial tree was
inspected and routine diagnostic procedures were per-
formed including bronchial brushing, needle aspiration
and biopsies. Tumours were classified according to estab-
lished pathological criteria.

Gelatine zymography

Substrate-specific zymography for determination of
gelatinolytic activity of MMP-2 and MMP-9 was per-
formed as previously described [15]. Briefly, based on total
protein as determined by Bradford assay, samples were ad-
justed to equal protein content and 25 pl aliquots were
mixed 1:1 with 2 X loading buffer [400 mM Tris-HCI (pH
6.8) 5% SDS, 20% glycerol, 0.006% bromphenol blue],
and 25 il aliquots were applied onto an 8% polyacrylamide
gel containing 0.4% SDS and 0.1% gelatine. Proteins
were separated by electrophoresis at 25 mA constant cur-
rent for 2 hrs at room temperature (RT). To remove the
SDS, the gel was incubated in a solution of 2.5% Triton
X-100 (1 hour), followed by incubation in enzyme buffer
[50 mM Tris-HCI (pH 7.3) 200 mM NaCl, 5 mM CaCl,,
0.02% Brij-35] at 37°C for 18 hours to activate gelati-
nolytic activity of MMP. Similar caseinolytic activity for
MMP-1, MMP-3, and MMP-8 was assessed. Instead of
gelatine, 0.4% casein was added to the polyacrylamide gel
[15, 16].
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Enzymatic bands were visualised by negative staining
of the gel with an aqueous solution of 0.5% Coomassie
brilliant blue dye (in: 50% methanol, 10% acetic acid).
Gels were de-stained for 2 X 20 min. in a mixture con-
sisting of 20% methanol, 10% acetic acid, and 70% de-
ionised water. Bands displaying enzymatic activity were
identified by comparison to pre-stained standard proteins,
and to purified MMP-2 or MMP-9 protein applied to the
same gel. Enzymatic activities of MMP-bands were en-
sured by incubating identical zymograms incubated in en-
zyme buffer with the addition of either 10 mM EDTA, a
selective MMP inhibitor; or with 0.1 mg/ml PMSE, a ser-
ine protease inhibitor; or in 2 mM Pefabloc, an irreversible
serine protease inhibitor [15, 16].

Western-blot analysis

Protein expression of the different MMP and TIMP
was detected by Western-blot analysis under reducing
conditions [15, 16]. Based on total protein, samples were
adjusted to equal protein content and 25 pl aliquots were
mixed 1:1 with 2 X loading buffer [400 mM TRIS-HCI

(pH 6.8) 4% SDS, 200mM DT'T, 20% glycerol, 0.0002 %
bromphenol blue]. Probes were boiled (5 min.) before ap-
plication onto 4-15% gradient SDS-PAGE gels (BioRad,
Ziirich, Switzerland) and electrophoresis was performed
as described earlier [15, 16]. Size-fractionated proteins
were transferred onto a nitro-cellulose membrane by
semi-dry electro-blotting technique (60 min., constant
current I mA/cm?). To prevent unspecific binding of anti-
bodies, the membrane was blocked by incubation in 5%
skimmed milk in TBS-Tween [10 mM Tris (pH 8.0), 150
mM NaCl, 0.05% Tween 20] for 1 hour at room temper-
ature (RT), followed by overnight incubation (4 °C) with
one of the specific antibodies (MMP-1 at a titre of 1:500,
MMP-2, MMP-9 1:1000 each, TIMP-1, or TIMP-2
1:200). After washing with skimmed milk solution, the
membrane was incubated with a second, peroxidase-cou-
pled, antibody (1 hour, RT), then washed twice in TBS-
"Tween, and specific bands were visualised using the ECL
system (Amersham) according to the manufacturer’s in-
structions.

Results

116 bronchial washings obtained from 58 pa-
tients with lung tumours and ten from controls
were analysed. The group investigated consisted of
18 patients with adenocarcinoma, 23 with squa-
mous cell carcinoma, 9 with small cell carcinoma,
and 8 presenting pulmonary metastases of extra-
pulmonary primary malignant tumours. In 15 pa-
tients (26%) with bronchial carcinoma, stage IV
disease was present at the time of bronchoscopy.
Exophytic endobronchial tumour growth was
found in 14 patients. The group of patients with
metastases of extrapulmonary primary tumours in-
cluded carcinomas of the oesophagus (n = 3),
breast, larynx, thyroid, kidney, and ovaries.

Enzyme activity of matrix metalloproteinases:
Gelatinolytic activity of MMP-2 and MMP-9 in
bronchial fluid was analysed by performing gela-
tine zymography. Two distinct double bands of
gelatinolytic activity were detected in the investi-

Figure 1

MMP activity and protein expression in bronchial
washings obtained from various lung tumours.

(A) Representative gelatine zymography for two
adenocarcinomas, two small-cell lung carcinomas
(SCLC), two squamous-cell carcinomas (SCC) and
two pulmonary metastases of extrapulmonary pri-
mary tumours. “a” indicates purified human MMP-2,
“b" indicates purified human MMP-9.

(B) Western-blot analysis of the same bronchial
washings analysed in panel 1 A. “c” indicates
purified human MMP-9.

(C) Western-blot analysis of samples used in panel 1
A for expression of MMP-2 protein, “c” indicates
migration of purified human MMP-2.

(D) Protein expression analysis by Western blotting
for MMP-1 in the same samples as shown in panel 1
A. “c” indicates the purified human MMP-1.

gated samples (fig. 1). The first gelatinolytic dou-
ble band was identified at an approximate size of
90 kDa and a similar double band was located at
the size of 70 kDa. Addition of EDTA, a selective
MMP inhibitor, resulted in loss of the gelatinolytic
activity, identifying the observed enzymes as
gelatinases. Gelatinolytic bands were further char-
acterised as MMP-9 (92 kDa) and MMP-2 (72
kDa) by comparison with the size of purified
human MMP-2 (fig. 1, first lane) and MMP-9
(fig. 1, last lane) protein. Gelatinolytic activity at
92 kDa (MMP-9) was determined in all 126 sam-
ples. The presence of the serine protease in-
hibitors, Pefa-bloc and PMSEF, did not affect
gelatinolytic activity. PMSF and Pefa-Bloc did not
influence gelatinolytic activity whereas the pres-
ence of EDTA in the SDS-polyacrylamide gel in-
hibits gelatinolytic activity of MMP, confirming
that the gelatinolytic activity observed is due to

adeno ca SCLC SCC matastasas

LR
116 kDa— — p-MMP-3
— a-MMP-3
82 kDa —
— p-MMP-2
66 kDa — =R
adanoca SCLC scc mntnstanls
1 16 kDa—
—— pMMP-9
82 kDa — —— aMMP-9
(C)
82 kDa —
66 kDa — PP
(D)
82kDa — |
— aMMP-1
66 kDa —
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MMP activity (data not shown). Enzymatic activ-
ity based on the digestion of casein, a specific sub-
strate for MMP-1, MMP-3, and MMP-8, indi-
cated the presence of MMP-1 in all 126 samples.
MMP-1 was characterised by comparison with the
purifed MMP-1 and with its size on the casein
PAGE at 55 kDa. Similar results were obtained by
Western blot analysis, as demonstrated in Figure 1
C. With regard to MMP-9, the activity of MMP-
1 correlated neither with the tumour type nor with
the stage or location of the tumour (figure 1 C). A
summary of computer-assisted densitometric
analysis of MMP-2 and MMP-9 activity is pre-
sented in table 1. MMP-3 and MMP-8 could not
be detected in any of the samples (data not shown).

Representative gelatine zymographies for the
investigated types of lung tumours, including
metastases, are presented in figures 1 and 2. Tu-
mour-specific examples of the zymographic activ-
ity of MMP-2 and MMP-9 are presented in figure

Table 1

1 A for each of the lung tumour types investigated:
adenocarcinoma, small-cell lung carcinoma, squa-
mous-cell carcinoma, and lung metastases of other
primary tumours. In figure 1 B-D we analysed the
identical samples, presented as zymographies, by
Western blotting and confirmed the data. We
identified the precursor of MMP-9 and active
MMP-9, which was observed in all investigated
washings (figure 1 A, 1 B).

In contrast, MMP-2 was observed only in trace
amounts in washings obtained from patients with
adenocarcinoma or with pulmonary metastases of
other primary tumours (figure 1 A, 1 C). No
MMP-2 was observed in washings obtained from
controls. Both methods revealed that MMP-2 pro-
tein was present in the 36 samples obtained from
the 18 patients with adenocarcinoma and in all
samples but one from patients with pulmonary
metastases (n = 13), as shown in figure 2. Most
MMP-2 positive samples contained only the inac-

Densitometric analysis of gelatine zymograms grouped by lung tumour types. The optical density of MMP bands was quanti-
fied defining the optical density generated by zymography of 1 ng/ml purified human MMP-2 or MMP-9 as one standard unit.
The data represent the mean + S.E. of the respective number of zymograms. Active MMP-2 was not detectable in any of the

bronchial washings investigated.

adenocarcinoma  small-cell lung carcinoma squamous cell carcinoma  lung metastases  control
Pro-MMP-2 3.6+0.9 0.7 £ 0.004 0.02 = 0.008 2.8+0.6 0.09 = 0.002
Active MMP-2 0.06 + 0.003 nd nd 0.1 £0.02 nd
Pro MMP-9 14.6 3.7 12.2+3.7 11.9+22 16.5 £4.9 13.8+3.6
Active MMP-9  26.5+9.7 26174 18.7 + 4.1 1.4.£0.06 3.1+1.2
Figure 2 carcinoma type
Representative gelatine zymography for six characteristic s
bronchial washings obtained from patients with extrapul- g
monary primary tumours. N @ = ?g, o _ - E
£ §::5 %%
= = o &8 £ 2 o o
Lt
— p-MMP-2
— a-MMP-2

Figure 3

Comparison of MMP activity in tumour-free and tumour-
affected lung. “T" indicates tumour-affected site, “N” in-
dicates tumour-free lung site, “a” indicates purified
human MMP-2, “b"” indicates purified human MMP-9.

(A) representative zymography for four adenocarcinomas,
(B) representative zymography for four small-cell lung
carcinomas, and (C) representative zymography for four
squamous-cell lung carcinomas.

(A) adeno carcinoma

(B) small cell lung earcinoma
= — aMMP-0O

pMMP-2 —
aMMP2 —
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Figure 4

Western blot analysis for expression of TIMP-1 (panel A)
and TIMP-2 (panel B) in bronchial washings obtained
from the same samples analysed for MMP activity as
presented in panel 1 A. Recombinant human TIMP-1

or TIMP-2 are presented in lane “a”.

tive precursor of MMP-2. The finding of the spe-
cific expression of MMP-2 in bronchial washings
obtained from patients with pulmonary adenocar-
cinoma or lung metastases could be confirmed at
the protein level by Western blotting (figure 1 C).

MMP-1 expression was determined by casein
zymography (data not shown) and by Western
blotting (figure 1 D). Similarly to MMP-9, MMP-
1 was detected in all samples investigated, with no
obvious differences of expression when comparing
the different tumour types and also in controls
(figure 1 D). Neither of the other casein-digesting
MMPs, MMP-3 and MMP-8, was detected either
by zymography or by Western blotting.

To assess whether the expression of MMP cor-
relates with the location of the tumour, bronchial
washings were performed on both lung sites. To
rule out false positive results, the disease-free lung
was washed first. Comparing the enzymatic activ-
ity of MMP-9 in bronchial fluid obtained from the
tumour site of the lung (“T™”) with that of the tu-
mour-free lung site (“N”) in the same patient, to
our surprise we observed no specific expression
pattern in the tumour-affected lung site, either for
MMP-2, MMP-1 or MMP-9. In figure 3 we pres-
ent typical gelatine zymographies for MMP-2 and
MMP-9 for bronchial washings obtained from
four adenocarcinomas (figure 3 A), four small-cell
lung carcinomas (figure 3 B) and four patients with
squamous-cell carcinoma (figure 3 C). MMP-2
bands are visible only in the patients with adeno-

adenoeca  SCLC  SCC  metastasis

(A) —— TIMP-1
®) 29 kDa—
20 kDa — — TIMP-2
14 kDa—

carcinoma (figure 3 A) and in patients with metas-
tasis of extrapulmonary tumours (data not shown),
but are missing in the other two groups (figure 3
B, 3 C). However, we did not detect overexpres-
sion of MMP-2 in the tumour-affected lung site
(figure 3). Both forms of MMP-9 were expressed
in all 116 samples and no specific expression pat-
tern could be observed comparing the tumour-free
lung with the tumour-affected lung site (figure 3).

To assess a possible link between TIMP ex-
pression and tumour type or tumour stage, and in
view of their inhibitory role in tumour genesis, we
analysed all bronchial washings for the presence of
TIMP-1 and TIMP-2 by Western-blot analysis
and by enzyme-linked immunosorbent assay.
TIMP-1 was expressed in all 116 samples (fig. 4 A).
However, the expression pattern of TIMP-1 could
be correlated neither to tumour type nor tumour
staging, nor could it be related to tumour location.
Comparison of the secreted amounts of TIMP-1
protein in the bronchial washings with the protein
amount of its corresponding targets, MMP-1 or
MMP-9 showed no correlation to tumour type, tu-
mour location or tumour staging. In contrast,
TIMP-2 protein could not be detected in any of
the 116 bronchial washings (fig. 4 B). The data ob-
tained by Western blotting was confirmed by the
respective enzyme-linked immunosorbent assays
for the presence of TIMP-1 or TIMP-2 (data not
shown).

Discussion

Investigation of the expression pattern of
MMP and TIMP in bronchial washings of patients
with pulmonary malignancies revealed high levels
of endobronchial inactive MMP-2 precursor and
the abundance of its respective inhibitor, TIMP-
2, exclusively in adenocarcinoma and patients with
lung metastases of extrapulmonary tumours. In
contrast, MMP-1, MMP-9 and TIMP-1 were
constitutively expressed irrespective of tumour
type and in controls. MMP-3 and MMP-8 were
not detected in bronchial washings. A similar ex-
pression of all detectable MMP and TIMP was ob-
served in the tumour-affected and the tumour-free
lung site.

17 human MMP have been identified by
cloning and sequencing. MMP are proteinases

characterised by a common core domain structure
which interact with specific proteinase inhibitors,
TIMP. Four different TIMP have been described.
TIMP inhibit MMP in a ratio of 1:1 by noncova-
lent binding capping the active site of the MMP [5,
7, 9]. A shift in the MMP:TIMP ratio towards
MMP expression facilitates cell invasion through
the basement membrane. This mechanism is used
by both normal cells and tumour cells to infiltrate
tissue [17, 18]. Specifically, MMP-2 appears to be
linked to an invasive tumour phenotype [18 - 24],
and activation of MMP-2 is a key event in the ac-
quisition of malignant potential [25]. Analysing
the expression and activity of MMP and TIMP in
pleural effusions, we reported earlier that the
MMP-9: MMP-2 ratio in paraneoplastic pleural
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effusions was greater than all others. We therefore
concluded that the relative activity of MMP-2 is
essential for its action [15]. This observation and
the data presented in this study support the hy-
pothesis of compartment-specific expression of
MMP and TIMP as an important factor in tumour
progression. In general, an altered MMP: TIMP
balance plays a central role in tumour progression.

"This hypothesis was underlined by recent data
showing the combination of an overexpression of
MMP-2 and low levels of its inhibitor TIMP-2 in
various tumour types. This specific pattern of high
MMP-2 and low TIMP-2 has been demonstrated
in tumours of varying origin: breast [9], bladder
[19], cervix [20], liver [21], brain [22, 23], orophar-
ynx [24], and pancreas [18, 21]. High MMP-2 and
low TIMP-2 were also associated with low patient
survival. In accordance with our findings, the pres-
ence of MMP-9 was not correlated with tumour
stage [22]. MMP-2, rather than MMP-9, may
therefore facilitate malignant cell invasion and
metastases.

Our data for adenocarcinoma- and lung
metastases-specific expression of the MMP-2 pre-
cursor, and no expression of TIMP-2, suggest that
these patients have more aggressive tumour pro-
gression and a lower survival rate and are in agree-
ment with the current literature. However, the
question how the MMP-2 precursor may be acti-
vated i vivo remains unanswered. Few studies
have investigated the role of MMP and TIMP in
lung carcinoma. Elevated mRNA levels of MMP-
2 and collagen IV have been described in tissue
samples of patients with squamous-cell carcinoma
associated with disruption of basement mem-
branes around the tumour. Iz sizu hybridisation lo-
calised MMP-2, MMP-9 and TIMP-1 expression
in tumour cells, stromal fibroblasts and endothe-
lial cells [26]. These findings suggest that the pro-
duction of MMP is not restricted to the tumour it-
self. In a histopathological study investigating ade-
nocarcinomas of the lung, 41% of tissue sections
stained positive for MMP-2 in the tumour cells, es-
pecially in poorly differentiated tumours. Patients
with MMP-2 immunoreactivities showed poorer
survival that those with an MMP-2 negative tu-
mour [27]. An inverse correlation of patient sur-
vival with high MMP-2 expression has also been
described in patients with melanoma [28] and neu-
roblastoma [22,23]. MMP-2 was expressed in stro-
mal and tumour tissue and associated with ad-
vanced clinical stages. It should be noted that im-
munohistochemical studies provide insight into
the localisation of a protein only, but cannot dif-
ferentiate between active and inactive or com-
plexed MMP-2.

"To identify the lung site of MMP and TIMP
synthesis, we compared the expression of MMP in
both the tumour-affected and the healthy lung site
in each patient. The expression and activity of
MMP-2 was similar at both lung sites, as con-
firmed by two independent methods, zymography
and Western blotting. There are various possible

explanations for this finding: (i) contamination of
samples during bronchoscopy, (i) exchange of
bronchial secretions between the two lung sites,
(iii) stimulation of MMP-2 by adenocarcinomas
and metastases in all parts of the lung, and (iv) a
pre-existing imbalance of the MMP-2:TIMP-2
ratio in patients which predisposes them to devel-
opment of adenocarcinoma or metastases. Con-
tamination during the bronchoscopic procedure is
unlikely. Bronchial washings were always per-
formed on the healthy lung site firstand afterwards
on the tumour-affected site. Furthermore, MMP-
2 was documented in both lung sites of all patients
with adenocarcinoma or metastases, and contami-
nation would be expected to occur only occasion-
ally. Based on cytology, malignant cells are rarely
found in the tumour-free lung. Hence a massive
exchange of epithelial lining fluid including
MMP-2 is also unlikely. Adenocarcinoma and lung
metastases may produce a stimulator for MMP-2
synthesis, resulting in a general increase of MMP-
2 expression in the lung. This hypothesis is sup-
ported by the observation of MMP-2 expression in
non-tumour cells surrounding the tumour [30-32].
In colorectal cancer, for example, increased levels
of pro-enzyme and active enzyme forms of MMP-
2 have been localised in regions of tumour inva-
sion only [30]. Similar findings have been de-
scribed in metastatic breast cancer expressing high
MMP-2 mRNA levels in stromal fibroblasts [31].
There is further evidence of a tumour-associated
general up-regulation of MMP-2. Elevated serum
MMP-2 levels have been reported in patients with
lung cancer metastases [1], gastric cancer [33], and
prostate cancer [34]. Furthermore, a persistent im-
balance of MMP-2 and TIMP-2 in the serum of
patients suffering from urothelial cancer has been
found to be correlated with advanced and recur-
rent disease [35]. In summary, there is evidence of
a tumour-dependent enhanced systemic MMP-
2TIMP-2 ratio in several tumour types, rather
than genetic pre-existence of the MMP-2: TIMP-
2 imbalance observed.

In conclusion, in bronchial washings of pa-
tients with lung adenocarcinoma and pulmonary
metastases MMP-2 is enhanced, while TIMP-2 is
absent. The MMP-2: TIMP-2 imbalance may thus
be used as a marker for differential diagnosis and
prognosis in lung malignancies. In regard to ther-
apy, the data support the idea of using local ad-
ministration of TIMP-2 or synthetic MMP-2 in-
hibitors as a new therapeutic strategy in adenocar-
cinoma.
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