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Abstract
Background—The process of proteolysis
is important at several stages of the meta-
static cascade. A balance between the
expression of the genes encoding endog-
enous proteinases and inhibitors exists
and when the production of proteinases
exceeds that of inhibitors proteolysis oc-
curs.
Aims—To determine whether diVerences
in the profile and activity of proteinases
and inhibitors exist within breast tumour
tissue (n = 51), surrounding background
breast tissue (n = 43), normal breast tis-
sue from breast reduction mammoplasty
operations (n = 10), and cells of the breast
cancer cell line, MCF-7.
Methods—Proteinase (matrix metallo-
proteinase 1 (MMP-1), MMP-2, MMP-3,
MMP-9, urokinase-type plasminogen ac-
tivator (uPA), and tissue-type PA (tPA))
and inhibitor (tissue inhibitor of metallo-
proteinases; TIMP-1 and TIMP-2) ex-
pression and proteinase activity were
compared using substrate zymography,
western blotting, immunohistochemistry,
and quenched fluorescent substrate hy-
drolysis.
Results—The presence of all proteinases
and inhibitors was greater in breast
tumour tissue when compared with all
other types of breast tissue (p < 0.05). The
activity of total MMPs as determined by
quenched fluorescent substrate hydrolysis
was also greater in breast tumours
(p < 0.05).
Conclusion—There is increased proteoly-
sis in human breast tumours when com-
pared with other breast tissues.
(J Clin Pathol: Mol Pathol 2000;53:99–106)
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Breast cancer is the most common cancer in
women; it aVects one in 12 women and over
15 000 women die from breast cancer in the
UK each year. Tumour invasion and metastasis
formation are the primary causes of cancer
treatment failure and death.1 The process of
metastasis is a complex cascade of organised,
sequential, interrelated steps, including angio-
genesis, local invasion, intravasation, and
extravasation,1 many of which require active
degradation of the host tissue by proteolytic
enzymes. The synthesis, secretion, and cata-
lytic activity of proteinases appears to be tightly
regulated and most are secreted as inactive

zymogens.2 Highly potent natural proteinase
inhibitors also exist, which limit the duration of
active proteolysis. Under physiological condi-
tions, the balance between proteolytic degrada-
tion and the regulatory inhibition of proteolysis
controls normal proteolytic events—for exam-
ple, tissue remodelling and wound healing. In
these situations, only selective enzymes, or a
cascade of functionally related proteinases, are
produced in response to the signal. However, in
certain pathological processes, including can-
cer, the balance between negative regulation
and active proteolysis is disrupted so that pro-
teolysis is no longer constrained.2 3

At least four classes of proteinases exist and
they are most frequently classified according to
their catalytic type.4 These are the matrix met-
alloproteinases (MMPs or matrixins), and the
serine, aspartic, and cysteine proteinases.5 The
coordinated and synergistic action of these four
classes of proteinases can completely degrade
all extracellular matrix (ECM) components.3

Of these four classes, the matrix metallopro-
teinases and the serine proteinase, urokinase-
type plasminogen activator (uPA), are most
extensively linked to cancer invasion and
metastasis. Both the role of the MMP and PA
systems in cancer and metastasis and their
regulation of these processes have been re-
viewed previously.5–8

Proteinase expression has been studied
extensively in many diVerent human cancers,
including breast cancer; however, most of these
studies tend to use individual techniques
to determine the synthesis of proteinases
and/or inhibitors. Previous studies in breast
cancer have used zymography,9–11 enzyme
linked immunosorbent assays (ELISAs),9 12 13

immunohistochemistry,3 14 15 and northern blot
analysis,16 and have demonstrated the presence
of a spectrum of proteinases and inhibitors.

We used a variety of techniques to compare
proteinase (MMPs and PAs) and inhibitor (tis-
sue inhibitor of metalloproteinases 1 (TIMP-1)
and TIMP-2) expression and proteinase activ-
ity between breast tumour tissue and the
corresponding background breast tissue from
patients undergoing surgical resection for
breast cancer, normal tissue from breast
reduction mammoplasty operations, and cells
of the breast cancer cell line, MCF-7. We used
four techniques—substrate zymography, west-
ern blotting, immunohistochemistry, and
quenched fluorescent substrate hydrolysis—to
determine the presence and cellular location of
proteinases and inhibitors, in addition to the
overall MMP activity in the same samples.
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Materials and methods
MATERIALS

Consumables were obtained from the follow-
ing suppliers. Primary proteinase antibodies
(Binding Site, Birmingham, UK), inhibitor
antibodies, and protein standards (Oncogene
Research Products, Cambridge, UK), Elite
Vector stain peroxidase kit, DAB substrate kit
(Vector Laboratories, Peterborough, UK), and
proteinase standards (TCS Biologicals, Clay-
don, UK). Membrane blocking agent, Hybond
ECL nitrocellulose membrane, and peroxidase
labelled secondary antibody (Amersham, Little
Chalfont, UK). Autoradiography film (Du-
pont, France), sodium dihydrogen orthophos-
phate (Fisons, Loughborough, UK), and diso-
dium hydrogen orthophosphate (Rathburn
Chemical Limited, Walkerburn, UK). Mca-
Pro-Leu-Gly-Leu-Dpa-Ala-Arg-NH2, Mca-
Pro-Leu-OH (Calbiochem, Nottingham, UK).

Acrylamide/bisacrylamide, 3-aminopropyl-
triethoxy silane (APES), ammonium persul-
phate, calcium chloride, Coomassie blue
R-250, gelatin, glycine, Kodak GBX developer
and replenisher, GBX fixer and replenisher,
lauryl sulphate (sodium dodecyl sulphate,
SDS), hydrogen peroxide, phosphate buVered
saline (PBS), polyoxyethylene sorbitan monol-
aurate (Tween 20), sodium chloride, N, N,
N'-tetramethylethylenediamine (TEMED),
trizma base, trypsin, and wide range molecular
weight marker (Sigma, Poole, Dorset, UK).
Xylene, methanol, calcium chloride, DPX
mounting fluid, sulphuric acid, and Triton
X-100 (BDH from North East Laboratory
Supplies, Newton AycliVe, UK). Alcohol—
70%, 95%, and 100% (the pharmacy at Royal
Hallamshire Hospital). Gill’s haematoxylin and
Scott’s tap water (the department of histopath-
ology, Royal Hallamshire Hospital).

TISSUE SAMPLES

Fresh paired tumour (n = 51) and the sur-
rounding normal (“background”; n = 43)
breast tissue samples were collected in RPMI
medium by a consultant histopathologist from
the histopathology department, Royal Hallam-
shire Hospital, SheYeld after surgical resection
for breast cancer. Normal tissue samples were
collected in RPMI medium from the Northern
General Hospital, SheYeld, from patients
undergoing breast reduction mammoplasty
operations (n = 10).

The tissue samples were mechanically disag-
gregated using scalpel blades and graded
needles, to yield a single cell suspension. The
cell suspension was centrifuged at 750 ×g for 10
minutes. The pellet was resuspended and the
viable cells counted using a haemocytometer
(Neubauer; Phillip Harris Scientific, Blyth,
UK). After counting, the cell pellet was
re-formed and the cells resuspended in lysis
buVer (0.1% Triton X-100 in 0.05 M trizma
base, 0.2 M NaCl, and 0.005 M CaCl2) at a
concentration of 10 × 106 cells/ml buVer.

CELL CULTURE

The breast cancer cell line MCF-7 was
obtained from the Institute for Cancer Studies,

SheYeld. Cells were cultured in plastic tissue
culture flasks at 37°C in 5% CO2 and
maintained in Dulbecco’s minimum essential
medium (DMEM) supplemented with 10%
fetal calf serum, 1% penicillin/streptomycin,
and insulin.

The MCF-7 cells were grown exponentially
but passaged at confluence. The spent medium
was carefully pipetted oV and the cells were
washed in 20 ml PBS at room temperature.
The cells were then detached from the flask
with 0.02% EDTA in PBS for 10 minutes.
Cells were counted and lysed as above.

ZYMOGRAPHY

Gelatin zymography
The tissue and cell lysates were mixed 3/1 with
non-reducing sample buVer (0.5 M Tris HCl,
pH 6.8, SDS, glycerol, and bromophenol
blue).

Gelatin zymography was performed to deter-
mine the presence of MMP-2 (gelatinase A)
and MMP-9 (gelatinase B) for all samples.17

Each tissue sample (20 µl) was run in parallel
with a molecular weight marker and MMP-2
and MMP-9 protein standards (where avail-
able) on an SDS–polyacrylamide gel (7.5%)
containing 0.1% gelatin as the substrate, at
200 V for one hour (mini-V 8.1; BRL Life
Technologies, Paisley, UK). After electro-
phoresis, the gel was washed in 2% Triton
X-100 for one hour at room temperature and
then incubated overnight at 37°C with MMP
incubation buVer (0.05 M trizma base, 0.2 M
NaCl, 5 mM CaCl2, pH 7.4). After incubation,
the gels were stained with a 0.2% (wt/vol) solu-
tion of Coomassie blue for 15 minutes and
then destained (10% acetic acid and 30%
methanol) for 10 minutes. Proteolytic activity
was seen as clear lysis bands of degraded
protein on a uniformly blue background.

Casein zymography
The presence of stromelysin 1 (MMP-3) was
determined using a 12% SDS–polyacrylamide
substrate gel containing 0.1% casein as the
substrate.18

Collagen I zymography
The presence of interstitial collagenase
(MMP-1) was determined using a substrate gel
containing 0.1% collagen type I in a 12%
SDS–polyacrylamide gel.18

Control gels for MMPs
Control gels contained either of the MMP
inhibitors, 10 mM EDTA or 10 mM 1, 10
phenanthroline, in the MMP incubation buVer
to confirm that the lysis bands were the result
of MMPs.

Double substrate zymography for PAs
Double substrate zymography was used to
determine the presence of PAs in tissue
samples.18 The two substrates used were
plasminogen (substrate 1) and gelatin (sub-
strate 2). Plasminogen acts as a substrate for
any PAs present in the tissue sample by
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cleaving plasminogen to the active enzyme,
plasmin, which subsequently degrades the
gelatin. The PA incubation buVer (0.25 M
trizma base, pH 8.1) contained 10 mM EDTA
to eliminate any gelatinase activity present in
the sample.

Control gels for PAs
Each sample was also run on two control gels.
The first gel contained gelatin only as substrate
(any PAs present in the samples would be
unable to degrade the gelatin) and the second
contained the serine proteinase inhibitor
PMSF in the incubation buVer to determine
whether the lysis bands were the result of PAs.

Analysis of the gels
Gels were quantitated using laser densitom-
etry. Gels were scanned and analysed using the
Quantity One software (Discovery Series;
Pharmacia Biotech, Milton Keynes, UK). The
image of the gel was inverted to reveal dark
bands on a white background. The molecular
weight, area, and optical density of each band
were determined. The relative amounts of the
diVerent forms of the proteinases (latent and
active) were determined by multiplying the
area of each band by the optical density.

WESTERN BLOTTING

Western blotting was performed on the remain-
ing breast tissue and cell samples to determine
the presence of TIMP-1 and TIMP-2.

Samples were electrophoresed on 15% poly-
acrylamide gels at 200 V for one hour. The
electrophoresed proteins were then blotted on
to a nitrocellulose membrane for one hour. The
membrane was blocked and then incubated
with the primary antibody (TIMP-1 or
TIMP-2 mouse antihuman antibodies; 1 µg/ml
anti-TIMP-1 or 5 µg/ml anti-TIMP-2) for one
hour. After incubation with peroxidase conju-
gated antimouse IgG the membrane was devel-
oped with an enhanced chemiluminescence kit,
exposed to autoradiography film, and then
developed. The protein bands on the processed
film were analysed by densitometry, as de-
scribed previously.

IMMUNOHISTOCHEMISTRY

Because immunohistochemistry was per-
formed retrospectively on the breast tumour
samples, no paraYn wax embedded sections
were available for the background or normal
tissue, or MCF-7 cells.

Immunohistochemistry was used to localise
proteinase and inhibitor proteins by means of
the avidin–biotin immunoperoxidase tech-
nique.19 Formalin fixed breast tumour tissue
sections (4 µm thick; the department of
histopathology, University of SheYeld) were
dewaxed in xylene and rehydrated in a
decreasing series of alcohol. Endogenous
peroxidase activity was blocked with 2%
hydrogen peroxide and the antigens were
unmasked with 0.1% trypsin and then washed.
Non-specific binding sites were blocked by
covering the sections with normal serum—

rabbit serum for proteinases and horse serum
for TIMPs. Sections were then incubated with
each primary antibody for one hour at room
temperature. Sections were incubated sequen-
tially with biotinylated secondary antibody
(biotinylated rabbit, antisheep antibody for the
proteinases and biotinylated horse antimouse
antibody for the TIMPs) for 30 minutes at
room temperature. The sections were washed
with PBS and then incubated with avidin–
biotin–peroxidase complex (ABC) for 30 min-
utes. Sections were washed and then covered
with the DAB stain for 10 minutes until the
colour reaction was revealed. The sections were
counterstained with Gill’s haematoxylin and
mounted.

The degree of antibody staining—that is, the
staining intensity and the cell type stained
(tumour cells, fibroblasts, and inflammatory
cells)—was determined for all samples by a
consultant histopathologist (TJS) blinded to
the sections.

Data analysis
The staining intensity of the diVerent cell types
within each tumour was determined and this
was related to the breast tumour grade. Statis-
tical analysis was not performed because of the
small numbers within each tumour grade.

QUENCHED FLUORESCENCE SUBSTRATE

HYDROLYSIS

This hydrolysis technique uses the quenched
fluorescence substrate Mca-Pro-Leu-Gly-Leu-
Dpa-Ala-Arg-NH2, which is cleaved by all
secreted activated MMPs tested so far20 at the
Gly-Leu bond, releasing the fluorescent Mca
group from the internal quenching group
Dpa.21 The total MMP activity was determined
for each breast tissue sample by incubating
150 µl tissue sample lysate with 2835 µl assay
buVer (0.1 M Tris HCl, 0.1 M NaCl, 10 mM
CaCl2, pH 7.5) and 15 µl of the fluorescent
substrate (5 µM). The samples were incubated
for three hours at 37°C and the MMP activity
was determined using a fluorimeter (Perkin
Elmer LS59B; ëex 328 nm and ëem 393 nm;
Perkin Elmer, Beaconsfield, UK) controlled by
the FLDM software. Lysis buVer (150 µl)
incubated as above acted as the negative
control.

The fluorimeter was standardised (maxi-
mum fluorescence was set by the addition of
0.5 µM Mca-Pro-Leu-OH) so that the abso-
lute rate of substrate hydrolysis was deter-
mined for each sample and expressed as
pM/min.

STATISTICAL ANALYSIS

We performed ÷2 analysis to compare the pro-
portion of samples producing each proteinase
and inhibitor. Proteinase and inhibitor produc-
tion and total MMP activity in the diVerent
breast tissues and between grades of breast
tumours were compared using ANOVA fol-
lowed by Mann Whitney U test for non-
parametric data, with 95% confidence limits.
The data were considered to be significant at
p < 0.05. The number of patients studied was
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not suYcient to justify statistical comparison of
the amounts of proteinase and inhibitor
present in the diVerent grades of breast
tumour.

Results
BREAST TUMOUR GRADE

The grade of breast tumour was known for 42
of the 51 patients with breast cancer analysed:
there were seven grade 1 tumours, 21 grade 2,
and 14 grade 3 tumours.

MMP-2

Gelatin zymography showed latent MMP-2
(72 kDa) to be present in all breast tissue sam-
ples (100%)—tumours, background samples,
normal tissue, and MCF-7 cells. However,
active MMP-2 (68 kDa) was found in a signifi-
cantly greater number of breast tumour
samples (p < 0.05; 100%) than any other
breast tissue (49% of background samples,
50% of normal tissue, and 0% of MCF-7 cells)
and in greater amounts (table 1).

Immunohistochemical staining of MMP-2
within breast tumour samples was greater in

tumour cells than in either fibroblasts or
inflammatory cells (data not shown).

MMP-9

Gelatin zymography showed that latent
MMP-9 was present in 100% breast tumour
samples, 93% of background samples, 100% of
normal tissues, and 100% of MCF-7 cells.
However, active MMP-9 was found signifi-
cantly more frequently and in significantly
greater amounts (table 1) in breast tumours
(78%) than in any other breast tissue (7% of
background samples, 0% of normal tissues, 0%
of MCF-7 cells). Figure 1 shows a representa-
tive gelatin zymogram demonstrating the
diVerences in gelatinase detection between
paired breast tumour and background breast
tissue samples.

Immunohistochemical staining of MMP-9
was low for all cell types.

MMP-3

Casein zymography demonstrated a band
migrating at 57/59 kDa (corresponding to
latent MMP-3) in a significantly greater
proportion of breast tumour samples (73% of

Table 1 DiVerences in proteinase and inhibitor production and MMP activity in the diVerent breast tissues (median
(range))

Breast tumours (n = 51) Background breast (n = 43) Normal breast (n = 10) MCF-7 cells (n = 10)

MMP-9
Latent 0–33.6 (10.5) 0–24.9 (6.6) 0–12.6 (7.8) 0–23.4 (4.5)
Active 0–23.5 (11.6)* 0–7.6 (0) 0 0
Total 0–70.6 (12.0) 0–24.7 (7.1) 0–12.6 (7.8) 0–23.4 (4.5)

MMP-2
Latent 0.3–20.46 (5.7) 0.2–18.9 (3.2) 1.8–14.4 (6.8) 3.3–26.3 (8.5)
Active 0–34.2 (5.3)* 0–11.8 (0) 0–1.1 (0.25) 0
Total 0.3–52.0 (8.3) 0.2–12.1 (3.6) 2.9–15.4 (7.1) 3.3–26.3 (8.5)

MMP-3
Latent 0–9.2 (5.0)* 0–3.7 (0) 0 0
Active 0–27.7 (0) 0–17.6 (0) 0–7.7 (2.13) 0
Total 0–31.4 (4.0)* 0–17.6 (0) 0–7.7 (2.13) 0

MMP-1
Latent 0–2.6 (0) 0 (0) 0 0
Active 0–3.3 (0) 0 (0) 0 0
Total 0–5.9 (0) 0 (0) 0 0

uPA 0–56.0 (6.9) 0–16.0 (1.5) 0–7.3 (5.2) 0
TIMP-1 0–224.2 (6.0) 0–24.3 (1.6) – 0
TIMP-2 3.1–36.5 (11.7) 0–26.4 (7.7) – 0
RSH 0–8325.0 (808.4)* 0–2245.0 (225.1) 6.4–2763.6 (278.7) 81.5–621.8 (468.2)

For proteinases and inhibitors, the values are arbitrary units (OD × area of band).
For RSH (rate of substrate hydrolysis) the units are pM/min.
MMP, matrix metalloproteinase; OD, optical density; TIMP, tissue inhibitor of metalloproteinases; uPA, urokinase-type plasmino-
gen activator.
*p < 0.05, ANOVA, Mann Whitney, tumour versus other breast tissues

Figure 1 Gelatin zymogram demonstrating the gelatinolytic activity of two paired breast tumour and background tissue
samples. Lane 1, molecular weight marker (MWM); lane 2, matrix metalloproteinase 2 (MMP-2) protein control; lanes
3–6, the tissue samples. The latent forms of MMP-2 and MMP-9 were found in both tumour and background breast
tissues; however, the active forms of these enzymes were only found in the tumour tissue of these paired samples.

205 kDa

97 kDa

84 kDa

66 kDa Active MMP-2 (68 kDa)
Latent MMP-2 (72 kDa)

Active MMP-9 (84 kDa)
Latent MMP-9 (92 kDa)

MWM 50 µg
MMP-2
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tumours, 16% of background samples, 0% of
normal tissues, and 0% of MCF-7 cells), and in
significantly greater amounts than any other
tissue studied (p < 0.05; table 1). A band
migrating at 45 kDa (corresponding to active
MMP-3) was seen in 41% of tumours, 19% of
background samples, 50% of normal tissue,
and 0% of MCF-7 samples. Immunohisto-
chemical staining of MMP-3 was low for all cell
types.

MMP-1

Substrate zymography demonstrated MMP-1
in breast tumour tissue only, and in only 22%

of the tumour samples analysed. In addition,
immunohistochemical staining of MMP-1 was
low for all cell types.

uPA
After double substrate zymography a lysis band
migrating at 54 kDa (corresponding to uPA)
was seen in 90% of breast tumours, 56% of
background samples, 83% of normal breast
tissue, and 0% of MCF-7 cells. uPA produc-
tion was significantly greater in tumour tissue
than in the other breast tissues (p < 0.05; table
1). Immunohistochemical staining of uPA was
of moderate intensity for tumour cells and
fibroblasts but low for inflammatory cells.

TISSUE-TYPE PA (tPA)
No lysis band migrating at 70 kDa was seen in
any tissue sample after double substrate
zymography; however, this is probably attribut-
able to the tissue disaggregation technique
used. Immunohistochemical staining of tPA
was low for all cell types.

TIMP-1

Western blotting detected TIMP-1 in 82% of
tumours, 50% of background samples, and 0%
of MCF-7 cells (p < 0.05). We could not
determine the presence of TIMP-1 in normal
breast tissue because of a lack of samples.
Immunohistochemical staining of TIMP-1 was
high in tumour cells, moderate in fibroblasts,
and low in inflammatory cells.

TIMP-2

TIMP-2 was assessed only in the small
proportion of remaining tissue samples. How-
ever, of those samples studied, TIMP-2 was
detected in 100% of tumours, 80% of back-
ground samples, and 0% of MCF-7 cells.
Immunohistochemical staining of TIMP-2 was
high in tumour cells, moderate in fibroblasts,
and low in inflammatory cells.

RATE OF SUBSTRATE HYDROLYSIS

The rate of substrate hydrolysis (MMP activ-
ity) varied considerably both between tissue
samples from the same group and between the
diVerent breast tissues (table 1; fig 2). The rate
of substrate hydrolysis was significantly greater
(p < 0.05) in breast tumour tissue than any
other breast tissue. In 86% (32 of 37) paired
tumour and background breast tissue samples,
the rate of substrate hydrolysis (and therefore
MMP activity) was greater in the tumour
tissue.

PROTEINASES, INHIBITORS, AND BREAST TUMOUR

GRADE

The results of zymography indicated that the
amounts of MMP-2 and MMP-9 present cor-
related positively with breast tumour grade;
however, no diVerences were seen for MMP-1,
MMP-3, or uPA. According to western blot-
ting, amounts of TIMP correlated inversely
with tumour grade.

Immunohistochemistry demonstrated asso-
ciations between the grade of tumour and the
staining intensity of MMPs (fig 3) and TIMPs

Figure 2 Graph demonstrating the diVerences in total
matrix metalloproteinase (MMP) activity (rate of substrate
hydrolysis) in the diVerent breast tissues studied. The
horizontal line corresponds to the median activity for each
tissue. Breast tumour tissue had significantly greater MMP
activity than the other breast tissues studied (background
samples, normal tissue, and MCF-7 cells; ANOVA,
p < 0.05, Mann Whitney).
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(fig 4); however, some associations conflicted
with zymography and western blotting results.
No obvious associations were seen between
staining intensity of PA and breast tumour
grade.

There was no correlation between total
MMP activity, as determined by quenched
fluorescence substrate hydrolysis, and the
breast tumour grade.

Discussion
Previous studies have determined proteinase
and inhibitor synthesis in breast cancer using
diVerent techniques including zymography,9 10

immunohistochemistry,3 14 ELISA,9 and in situ
hybridisation.3 16 However, these previous stud-
ies have measured individual proteinases or
inhibitors and have usually used a single tech-
nique only. To gain an increased understanding
of the role of proteinases in breast cancer, we
need to know where they are processed (and
activated), their cellular localisation, the diVer-
ent forms of each proteinase produced, and
whether the proteinases are complexed with
the appropriate proteinase inhibitors.

In our study, tissue samples were mechani-
cally disaggregated and cells were counted and
lysed; therefore, any diVerences in the presence
of proteinases and inhibitors between samples
were the result of diVerences in the relative
proportions of cells—for example, tumour cells
compared with stromal cells and/or the tissue’s
ability to produce, secrete, or activate these
factors. Therefore, diVerences will not be the
result of diVering cell numbers, as may be the
case if tissue is homogenised. The disadvantage
of using cell lysates rather than solid tissue
homogenates to determine proteinase expres-
sion is that the results are likely to be biased
towards secreted proteinases, such as MMP-9,
and those that have cell surface receptors, such
as MMP-2 and uPA. It is unlikely that protein-
ases bound to the ECM (for example, tPA) will
be identified by this method.

We used four diVerent techniques in our
study: zymography for proteinase detection;
western blotting for inhibitor detection;

immunohistochemistry for the cellular localisa-
tion of proteinases and inhibitors; and quenched
fluorescence substrate hydrolysis to determine
the total MMP activity within samples.

Our study described the presence of multiple
proteinases in normal and malignant breast
tissue. The production of proteinases and
inhibitors and the total MMP activity tended to
be greater in tumours than in any other breast
tissue.

The most pronounced diVerence was seen
using gelatin zymography, where significantly
greater amounts of the active forms of both
MMP-2 and MMP-9 were found in tumours
than in any other breast tissue. Amounts of
MMP-2 and MMP-9 appeared to correlate
with breast tumour grade, although numbers
were small, and this may reflect diVerences in
the secretion, synthesis, and activation of the
gelatinases and therefore their involvement at
the diVerent stages of tumour progression and
metastasis.

Previous studies using gelatin zymography
have also reported increased amounts of latent
MMP-9, latent MMP-2, and active MMP-2 in
breast tumour tissue compared with normal
breast; however, the production of active
MMP-9 was lower than in our study.9–11 Other
groups have detected gelatinases in patients with
breast cancer using ELISA,12 northern
blotting,16 and immunohistochemistry.3 14 15

Both our study and a previous study detected
MMP-2 preferentially in tumour cells using
immunohistochemistry.3 In contrast, MMP-2
mRNA expression was found in the stromal cells
close to the invasive cancer cells.16 No previous
correlations between gelatinase production and
breast tumour grade have been observed.11 Pos-
sible reasons for discrepancies in gelatinase
detection between published studies are the dif-
ferent tissue disaggregation techniques used, the
area and size of tumour analysed, and the num-
bers of samples involved.

Few studies have determined the presence of
MMP-1 and MMP-3 in breast tissue.9 16 22 We
found the presence of MMP-3 was greater in
breast tumours than in any other breast tissue.
However, the staining intensity of MMP-3
using immunohistochemistry was low for all
cell types. Previously, the presence of MMP-3
has been demonstrated in tumour cells3 and
fibroblasts.22

MMP-1 was the least frequently detected
MMP; using zymography, MMP-1 was de-
tected in only a few tumour samples and no
other breast tissues, consistent with previous
studies.9 Immunohistochemical staining of
MMP-1 was low for all cell types, as described
previously.3 22

The only PA detected in breast tissue was
uPA, with significantly greater amounts found in
the tumours than the other breast tissues,
confirming previous studies.23 24 The presence of
high amounts of uPA in breast cancer has been
associated with shorter disease free survival,5 25 26

increased recurrence, and death,23 24 and hence
an increased tumour associated uPA has become
an independent prognostic marker. The absence
of tPA on substrate gels may reflect the tissue
disaggregation technique used in our study.

Figure 4 Box plot showing diVerences in tumour cell staining intensity (by means of
immunohistochemistry) of tissue inhibitor of metalloproteinases 1 (TIMP-1) and TIMP-2
(median and interquartile range) according to breast tumour grade. The line within the box
plot represents the median value.
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Immunohistochemistry detected low staining of
tPA and moderate staining of uPA in all cell
types.

Greater staining intensity of TIMP-1 and
TIMP-2 than any proteinase was detected by
means of immunohistochemistry, which is
consistent with a previous study where
TIMP-1 was detected more frequently than
any MMP, and it was detected in all cell types.3

Amounts of TIMP correlated inversely with
breast tumour grade; a previous study corre-
lated increased amounts of TIMP-1 and
TIMP-2 with distant metastasis.27

We did not determine the presence of the PA
inhibitors PAI-1 and PAI-2; therefore, it is not
known whether an imbalance occurs in the PA
system.

The presence of proteinases and inhibitors
was found to be upregulated in breast tumour
tissue compared with other breast tissues;
however, the most important determinant for
proteolysis in vivo is the balance between the
production and activation of proteinases and the
production of their inhibitors. Quenched fluo-
rescence substrate hydrolysis determined the
amount of free active MMPs present within the
tissue samples. This is indicative of proteolysis
occurring in vivo and has not been determined
previously in the diVerent breast tissues. In
breast tumours, the total MMP activity was sig-
nificantly greater than in the other breast tissues;
however, all tissues (background samples, nor-
mal tissue, and MCF-7 cells) did have some
MMP activity, implying that MMPs are involved
in normal tissue remodelling of the breast. The
presence of the active forms of MMP-2,
MMP-3, and MMP-9 was also greater in breast
tumour tissue and would therefore contribute to
the increased activity. This increased MMP
activity may be relevant for tumour invasion and
metastasis. There was a trend for increased
MMP activity to correlate inversely with breast
tumour grade, which is in contrast to that found
for the individual MMPs; however, the numbers
of samples for each tumour grade were not
equivalent. Another possible explanation is that
the fluorescent substrate was cleaved by MMPs
other than those studied, but which are also
thought to be involved in tumour progression—
for example, MMP-7 and MMP-11.28

Significantly lower amounts of proteinases
and inhibitors were present in MCF-7 cells
than in breast cancer tissue and there are a
number of possible explanations for this. First,
the MCF-7 cell line is not a highly invasive or
metastatic cell line and, because MMPs are
thought to be required for these processes,
MCF-7 cells may therefore not require high
amounts of MMPs. Second, it has been
reported that most MMPs are derived from
stromal cells rather than tumour cells,29 with
the occasional exception—for example,
matrilysin.30 Therefore, MCF-7 cells would not
be expected to produce high amounts of
MMPs because they are derived from a pure
tumour cell culture. Finally, MMPs are se-
creted in a latent form and require activation
extracellularly to become activated. Because
the MCF-7 cells were lysed, so that all cells and
tissues were disaggregated in the same way,

only a minimal amount of active MMP would
be present, because the active MMPs, if
present, would be in the medium.

In summary, the main diVerence seen in
proteolysis in breast tissue was the degree of
activation of MMPs, particularly MMP-2 and
MMP-9, and the total MMP activity, all of
which were upregulated in tumour tissue. This
increased MMP activity might result in in-
creased proteolysis and therefore tumour
progression and metastasis in vivo.
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