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Abstract
Background: Elevated levels of matrix metalloproteinases have been found to associate with poor prognosis in
various carcinomas. This study aimed at evaluating plasma levels of MMP1, MMP8 and MMP13 as diagnostic and
prognostic markers of breast cancer.

Methods: A total of 208 breast cancer patients, of which 21 with inflammatory breast cancer, and 42 healthy
controls were included. Plasma MMP1, MMP8 and MMP13 levels were measured using ELISA and correlated with
clinicopathological characteristics.

Results: Median plasma MMP1 levels were higher in controls than in breast cancer patients (3.45 vs. 2.01 ng/ml),
while no difference was found for MMP8 (10.74 vs. 10.49 ng/ml). ROC analysis for MMP1 revealed an AUC of
0.67, sensitivity of 80% and specificity of 24% at a cut-off value of 4.24 ng/ml. Plasma MMP13 expression could not
be detected. No correlation was found between MMP1 and MMP8 levels. We found a trend of lower MMP1 levels
with increasing tumour size (p = 0.07); and higher MMP8 levels with premenopausal status (p = 0.06) and NPI (p
= 0.04). The median plasma MMP1 (p = 0.02) and MMP8 (p = 0.007) levels in the non-inflammatory breast cancer
patients were almost twice as high as those found in the inflammatory breast cancer patients. Intriguingly, plasma
MMP8 levels were positively associated with lymph node involvement but showed a negative correlation with the
risk of distant metastasis. Both controls and lymph node negative patients (pN0) had lower MMP8 levels than
patients with moderate lymph node involvement (pN1, pN2) (p = 0.001); and showed a trend for higher MMP8
levels compared to patients with extensive lymph node involvement (pN3) and a strong predisposition to distant
metastasis (p = 0.11). Based on the hypothesis that blood and tissue protein levels are in reverse association, these
results suggest that MMP8 in the tumour may have a protective effect against lymph node metastasis.

Conclusion: In summary, we observed differences in MMP1 and MMP8 plasma levels between healthy controls
and breast cancer patients as well as between breast cancer patients. Interestingly, our results suggest that MMP8
may affect the metastatic behaviour of breast cancer cells through protection against lymph node metastasis,
underlining the importance of anti-target identification in drug development.
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Background
Invasive breast cancer is one of the most common forms
of cancer in Europe. In women, breast cancer accounts for
29% of all cancers and is the major cause of cancer deaths
[1]. Currently, prognosis and choice of treatment is deter-
mined based on histologic tumour type, grade, tumour
size, lymph node involvement, steroid hormone receptor
expression and Her2 status. However, assessment of these
clinical and pathological features does not enable us to
fully capture the heterogeneous clinical course of breast
cancer [2]. Therefore, there is a continuous search for new
biomarkers of invasion and metastases.

Matrix metalloproteinases (MMPs) are a family of zinc
dependent endopeptidases that can degrade virtually all
extracellular matrix components [3]. Five MMP subgroups
are defined according to their substrate specificity and
domain structure: collagenases, gelatinases, stromelyins,
matrilysins and membrane-type MMPs. Both in physio-
logical and pathological conditions their expression is
rapidly induced when active tissue remodelling is needed.
It is well recognized that MMPs are key mediators of
tumour invasion and metastasis, being involved in cell
proliferation, survival, angiogenesis, and cell migration
[4]. Aberrant MMP expression has been observed to be
associated with prognosis in several types of carcinomas,
including breast cancer. Because tissue MMPs may enter
into the blood stream and increase circulating levels, it is
believed that MMP levels in the blood may serve as bio-
logical markers for disease onset or progression, and allow
monitoring of the disease. Several studies have evaluated
the diagnostic and prognostic value of circulating MMP2
and MMP9 in breast cancer because of their important
role in tumour invasion and metastasis. Elevated levels of
both MMP2 and MMP9 have been observed in blood
from breast cancer patients and were repeatedly found to
be associated with advanced stage, lymph node metastasis
and poor prognosis [5-15].

In this study, we evaluated the usefulness of circulating
MMP1, MMP8 and MMP13 levels as diagnostic and prog-
nostic markers in breast cancer. These MMPs form the col-
lagenase subgroup of MMPs, capable of cleaving native
fibrillar collagens (types I, II, III, and V) as well as various
non-collagenous molecules [16]. Upregulation of all three
MMPs has been demonstrated in several tumours [16-18].
As yet, however, little is known about their diagnostic and
prognostic value in tumours and blood from breast cancer
patients. We used plasma samples to determine circulat-
ing collagenase levels since an increasing number of
reports indicates that it is the most reliable source for
MMP quantification in blood. For instance, serum MMP2
and MMP9 levels are found to be 'artificially' higher than
plasma levels due to increased release from platelets and
leukocytes during coagulation [19]. Since MMP8 is

mainly synthesized and stored in neutrophils, serum
MMP8 levels may also be affected by blood sampling and
handling. In order to avoid unreliable results, we thus
determined the MMP1, MMP8 and MMP13 expression in
plasma. This study aimed to evaluate 1) the diagnostic
value of circulating MMP1, MMP8 and MMP13 in breast
cancer patients, 2) the prognostic value of plasma MMP1,
MMP8 and MMP13 in breast cancer by correlating their
levels with standard prognostic factors, 3) the diagnostic
value of circulating MMP1, MMP8 and MMP13 in inflam-
matory breast cancer which is characterized by a particu-
larly aggressive behaviour and poor prognosis [20].

Methods
Subjects
A group of 208 patients with invasive breast cancer, newly
diagnosed at the Multidisciplinary Breast Centre of the
University hospital Leuven between 2003 and 2007, were
prospectively recruited to this study. The study design was
approved by the Medical Ethical Committee of the Uni-
versity Hospital Leuven. Patient characteristics were
extracted from clinical files, tumour characteristics and
lymph node status were retrieved from the pathology
reports, and all data were eventually collected in one cen-
tral database. In order for patients to be included in the
study the presence and appropriate storage of plasma
samples at the time of diagnosis was required. Patients
with a history of cancer, bilateral cancer or Paget's disease
of the nipple were excluded from the study. Twenty one
patients of the study group presented with inflammatory
breast cancer at diagnosis and all received neo-adjuvant
treatment according to the standard treatment guidelines
of our institute at that time. Therefore, their data on
tumour size, histologic grade, steroid hormone receptor
expression, Human Epidermal growth factor Receptor 2
(Her2) status, Nottingham Prognostic Index (NPI) and
lymph node involvement were not included in the statis-
tical analyses as they may be affected by treatment. Non-
inflammatory breast cancer patients had not received any
treatment at the time of diagnosis. The study also included
42 age-matched healthy controls, attending the Blood
Transfusion Centre in Leuven.

Plasma samples
Blood samples were collected into EDTA coated plasma
collection tubes. Plasma was obtained by centrifugation at
1300 g for 10 min and stored at -80°C until use. All per-
sonal identifiers of healthy controls and patients were
removed prior to transfer of samples to the biobank of the
Multidisciplinary Breast Centre of Leuven.

Histology of primary tumours
Tumour tissue was snap-frozen in liquid nitrogen within
1 hour after surgery. Typing of primary tumours was per-
formed according to the WHO-classification while for
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grading the Ellis and Elston system was used. Lymph
nodes were examined with haematoxylin eosin using 3
sections per node and sentinel lymph nodes classified as
negative were additionally stained with epithelial mark-
ers. Immunohistochemical staining for the oestrogen
receptor (ER), progesterone receptor (PR) and Her2 was
performed on formalin-fixed paraffin-embedded 4 µm
thick tissue sections. Staining of the steroid hormone
receptors was semi-quantitatively evaluated using the
Allred score and samples with a score of 3 or more were
respectively defined ER or PR positive. The DAKO-Her-
cepTest scoring system was used to evaluate Her2 staining,
after which cases with an intermediary staining (2+) were
further analyzed by dual-colour Fluorescence in situ
Hybridization in order to distinguish true Her2 gene
amplification from polysomy 17.

Sandwich enzyme-linked immunoassays (sELISAs)
Plasma MMP1, MMP8 and MMP13 levels were measured
using specific sELISAs, detecting both the pro- and active
forms (GE Healthcare Europe GmbH, Munich, Germany
for MMP1 and MMP13; RnD Systems Europe Ltd., Abing-
don, United Kingdom for MMP8). Plasma samples were
allowed to thaw at room temperature just before use.
Samples were diluted 20-fold for MMP8 analysis, while
for MMP1 and MMP13 measurements undiluted plasma
was used. Not all plasma samples were examined for
MMP1, MMP8 as well as MMP13 due to sample volume
deficiency or technical problems with some samples.
Measurements were done in duplicate and results were
expressed as median (interquartile range).

Statistical analysis
Assumption of normality was verified using the normal
probability plot, Shapiro-Wilk's W test and the Levene's
test for homogeneity of variances. None of the plasma col-
lagenase levels were found to be normally distributed.
Measurements were done in duplicate and results were
expressed as median, 1st and 3rd quartile or interquartile
range. The Mann-Whitney U test and Kruskal-Wallis test
were used to assess differences in plasma MMP1 and
MMP8 levels between healthy controls and patients as
well as between different patient groups. Odds ratios
(OR) were also calculated for the latter. Correlations were
evaluated using Spearman rank correlation coefficients.
The diagnostic values of plasma collagenase levels for
breast cancer were evaluated by receiver-operating charac-
teristics (ROC) analysis. All statistical analyses were car-
ried out using the software package SAS 9.1.3 service pack
4, the level of significance being set at α = 0,05.

Results
Subject characteristics
In total 208 patients were included in the study. Data for
MMP1 levels were unavailable for 6 patients and MMP8

data were unavailable for 10 patients, due to insufficient
sample volume or technical problems. The mean age at
diagnosis was 57 years (min-max; 28–86). Seventy four
(36%) patients were premenopausal, 123 (59%) post-
menopausal and for 11 (5%) patients menopausal status
was unknown.

Twenty one (10%) patients had inflammatory breast can-
cer and were not included for association analyses of
tumour size, histologic grade, lymph node involvement,
steroid hormone receptor status, Her2 expression and NPI
value. Most non-inflammatory carcinomas were classified
pT1 (43%; 81/187) or pT2 (42%; 78/187), and only a
minority was categorized as pT3 (15%; 28/187). Half
(53%; 99/187) of all tumours were poorly differentiated,
38% (71/187) moderately and 9% (17/187) well. A total
of 48% (89/187) of all patients were free of lymph node
metastasis, 36% (68/187) were affected to the extent of
stage pN1, 10% (19/187) to pN2 and 6% (11/187) to
pN3. Of all 187 non-inflammatory breast tumours, 12%
(22/187) were ER negative, 88% (165/187) ER positive,
18% (33/187) PR negative and 82% (153/187) PR posi-
tive. The vast majority (87%; 163/187) of all tumours
showed no overexpression of Her2.

Plasma collagenase levels in patients and healthy controls
Median plasma MMP1 levels were significantly higher (p
= 0.0005) in healthy controls (3.45 ng/ml, interquartile
range IQR 2.42–4.17 ng/ml) than in breast cancer patients
(2.01 ng/ml, IQR 0.79 – 3.71 ng/ml). A ROC curve was
generated for further analysis of the diagnostic value of
MMP1, as presented in Figure 1. The area under the curve
(AUC) was 0.67 (95% confidence interval 0.60 – 0.75),
with a sensitivity of 80% and specificity of 24% at a cut-
off value of 4.24 ng/ml. The highest diagnostic accuracy,
defined by a minimal number of false negative and false
positives, was found at a cut-off value of 2.40 ng/ml with
a sensitivity of 56% and specificity of 76%. No difference
in MMP8 levels was found between controls (10.74 ng/
ml, IQR 7.47 – 15.3 ng/ml) and patients (10.49 ng/ml,
IQR 4.22 – 18.93 ng/ml), the lack of diagnostic value of
plasma MMP8 was confirmed by ROC analysis with a
AUC of 0.53 (data not shown).

Plasma MMP1 and MMP8 levels did not correlate among
controls (rs = 0.10, p = 0.54, data not shown) nor among
breast cancer patients (rs = 0.009, p = 0.90, data not
shown).

Plasma MMP-13 levels could not be determined because
they did not reach the detection sensitivity of the assay in
both breast cancer patients and controls.
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Plasma MMP1 and MMP8 expression in relation to 
clinicopathological parameters
The associations of plasma MMP1 and MMP8 levels with
various clinical and pathological variables are presented
in Table 1. We observed a trend of lower plasma MMP1
levels with increasing tumour size (Odds ratio OR 1.11, p
= 0.07) and found significantly lower MMP1 expression
in patients with inflammatory breast cancer (OR 0.74, p =
0.02, Figure 2a).

Likewise, the median value of plasma MMP8 levels in the
population of non-inflammatory breast cancer patients
was almost twice as high as those found in the inflamma-
tory breast cancer group (OR 0.90, p < 0.01; Figure 2b).
Further, elevated MMP8 levels weakly correlated with an
increasing NPI value (p = 0.04, rs = 0.16; data not shown),
and showed a trend with premenopausal status (OR 0.98,
p = 0.06). We found an interesting relation between
plasma MMP8 levels and lymph node invasion or the risk
of distant metastasis. MMP8 levels in controls and lymph
node negative patients (pN0) were lower than those in
patients with moderate lymph node involvement (pN1,
pN2); but higher than those in patients with extensive
lymph node metastasis (pN3) and a high risk of distant
metastasis, illustrated in Figure 3.

Discussion
Several studies have reported on the prognostic value of
serum and plasma MMP levels in breast cancer. However,
this study is, to our knowledge, the first to discuss the

prognostic potential of circulating collagenases in breast
cancer. The present study clearly demonstrates differences
in total MMP-1 and MMP-8 levels in plasma from patients
with different clinical and pathological characteristics.
Circulating MMP-13 levels did not reach the sensitivity
detection limit of the immunoassay and were not further
analyzed. MMP-13 plays a key role in collagen remodel-
ling and as such is believed to be involved in local inva-
sion rather than in metastasis formation. It is therefore
likely that MMP13 resides in the tumour microenviron-
ment in both early and advanced cancer stages, resulting
in low to very low levels entering the circulation.

We found lower plasma MMP1 levels in breast cancer
patients than in healthy controls. ROC analysis revealed a
AUC of 0.67 with a sensitivity of 80% and specificity of
24% at a cut-off value of 4.24 ng/ml plasma MMP1. This
high sensitivity rate suggests that plasma MMP1 may be a
good candidate biomarker for breast cancer. Unfortu-
nately, the low specificity of 24% hampers the clinical use
of circulating MMP1 due to significant overtreatment of
healthy individuals. Nevertheless we cannot exclude that
plasma MMP1 measurement in combination with assess-
ment of other candidate or established biomarkers may
improve breast cancer diagnosis. Furthermore, we
observed lower MMP1 levels in plasma from patients with
inflammatory breast cancer, a rare but very aggressive dis-
ease, and non-inflammatory breast cancer patients with
larger tumours. This seems to be in clear contradiction
with previous results demonstrating a clear correlation
between MMP1 overexpression and poor prognosis. How-
ever, it is not clear yet whether MMPs in blood and body
fluids exert any physiological function. Altered MMP lev-
els in blood may simply reflect local changes in the extra-
cellular microenvironment. Thus, we hypothesize that the
lower MMP1 levels observed in plasma could reflect a
concentration of MMP1 in the tumour microenviron-
ment. As such, the reverse correlation of plasma MMP1
with breast cancer risk and prognosis is to be expected. For
instance, the reverse correlation of plasma MMP1 expres-
sion with tumour growth is then in accordance with the
established tumour growth promoting role of MMP1 in
the tumour tissue [21].

We found a trend for higher plasma MMP8 levels in pre-
menopausal patients (p = 0.06). Further, we observed a
weak positive correlation (rs = 0.16, p = 0.04) of plasma
MMP8 with the Nottingham Prognostic Index which is
calculated based on the tumour size, differentiation grade
and lymph node status. Since plasma MMP8 did not sig-
nificantly correlate with either of these parameters, the
statistical significance of its relation with the NPI most
probably results from a type I error. If we assume, as for
MMP1, that the higher plasma MMP8 levels reflect a lower
expression in the tumour tissue; then the positive relation

Receiver-operator curves for plasma MMP1 levels, with AUC of 0.67Figure 1
Receiver-operator curves for plasma MMP1 levels, with AUC 
of 0.67.
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of plasma MMP8 with premenopausal status, and as such
earlier onset, supports the notion of a protective role of
MMP8 in cancer [22-25]. The anti-tumorigenic and anti-
metastatic role emphasizes the notion that the role of
MMP8 in cancer is far more puzzling than originally
thought. Traditionally, MMP8 was considered to promote
tumour invasion and metastasis in accordance with the
general view on MMPs in cancer. In line with this, ele-
vated levels of MMP8 expression have been observed in

head and neck squamous cell carcinomas [26]. In ovarian
cancer, MMP8 expression has been associated with
tumour grade and stage, as well as with poor prognosis
[27,28]. The lower MMP8 levels observed in plasma of
patients with inflammatory breast cancer, which may
reflect higher levels in the tumour, are consistent with a
pro-tumorigenic role of MMP8 and suggest that MMP8
may be implicated in the inflammation-dependent mech-
anisms of this aggressive breast tumour type.

Table 1: Plasma MMP1 and MMP8 levels in relation to standard prognostic markers.

Characteristics MMP1 (ng/ml) OR (95% CI) p* MMP8 (ng/ml) OR (95% CI) p*

Median (IQR) n Median (IQR) n

all patients 2.0 (0.8–3.7) 202 10.5 (4.4–19.1) 198

menopausal status
premenopausal 2.0 (0.5–4.0) 70 1.02 (0.91–1.13) 0.67 14.8 (5.4–20.8) 70 0.98 (0.95–1.00) 0.06
postmenopausal 2.0 (1.0–3.5) 122 10.0 (4.2–18.8) 117
unknown 2.2 (1.3–3.0) 10 6.0 (3.6–13.4) 11

breast cancer
inflammatory 1.1 (0.6–2.0) 21 0.74 (0.56–0.98) 0.02 6.3 (3.5–8.5) 19 0.90 (0.83–0.97) 0.007
non-inflammatory 2.2 (0.8–3.9) 181 11.0 (4.7–20.5) 179

non-inflammatory breast cancer patients

Primary tumour size
pT1 2.4 (1.1–4.2) 79 1.11 (1.00–1.23) 0.07 10.2 (3.8–20.5) 76 0.99 (0.97–1.01) 0.14
pT2 2.2 (0.8–3.7) 76 11.0 (4.6–18.8) 77
pT3 1.3 (0.6–2.2) 26 16.4 (6.4–24.0) 26

axillary lymph node status
pN0 2.3 (1.1–4.1) 86 1.04 (0.94–1.15) 0.18 7.5 (3.5–19.1) 83 0.99 (0.97–1.01) 0.003
pN1 1.9 (0.8–3.6) 67 13.4 (8.0–22.5) 66
pN2 0.9 (0.1–3.4) 19 18.0 (12.5–22.0) 19
pN3 2.7 (1.9–4.6) 9 5.7 (2.9–8.9) 11

histologic grade
well (G1) 3.4 (1.0–4.6) 17 0.99 (0.90–1.10) 0.14 4.9 (3.3–20.9) 16 1.00 (0.98–1.03) 0.37
moderatly (G2) 1.6 (0.6–3.0) 70 15.2 (4.8–21.6) 68
poorly (G3) 2.2 (1.1–4.0) 94 11.0 (5.4–18.9) 95

oestrogen receptor
Negative 1.6 (0.2–3.7) 21 1.13 (0.92–1.39) 0.31 8.9 (4.3–22.9) 22 1.00 (0.97–1.04) 0.93
Positive 2.2 (0.9–4.0) 160 11.3 (5.1–20.1) 157

progesteron receptor †
Negative 2.0 (0.2–3.5) 32 1.13 (0.95–1.35) 0.29 12.3 (4.9–23.5) 32 0.98 (0.95–1.00) 0.30
Positive 2.2 (0.9–4.0) 148 10.9 (4.7–19.4) 146

Her2 overexpression
Negative 2.2 (0.8–3.8) 158 0.97 (0.82–1.14) 0.79 10.9 (4.9–20.2) 156 1.03 (1.00–1.06) 0.39
Positive 1.8 (1.1–4.4) 23 13.7 (3.2–25.7) 23

*p for Mann-Whitney U test or Kruskal-Wallis test. † Progesteron receptor status is unknown for one patient in both MMP1 and MMP8 analyses.
Note: Her2 status was defined by immunohistochemistry and dual-colour FISH analyses
IQR, interquartile range; OR, odds ratio
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Our most intriguing finding is the association of plasma
MMP8 levels with lymph node metastasis and the risk of
distant metastasis. Similar MMP8 expression was found in
plasma from healthy controls and breast cancer patients
without lymph node involvement (pN0). The median
MMP8 levels in controls and lymph node negative
patients (pN0) were significantly lower than in patients

with moderate lymph node involvement (pN1, pN2); but
higher than in patients with extensive lymph node metas-
tasis (pN3) and a strong predisposition to distant metas-
tasis. Based on the hypothesis of reverse association of
tissue and blood MMP levels, these results support the
anti-metastatic role for MMP8 and may even indicate that
MMP8 has a greater protective effect against lymph node
metastasis as compared with distant metastasis. This
hypothesis has been put forward by Montel and col-
leagues who recently reported that reducing MMP8 levels
by the ribozyme knock-down technique dramatically
increased lymph node metastasis of breast cancer cells
orthotopically implanted in mice but has a smaller effect
on metastasis to the lung [24]. In our study, we observed
that 1) higher plasma/lower tumour tissue MMP8 levels
were more often found in patients with moderate lymph
node involvement and that 2) lower plasma/higher
tumour tissue MMP8 levels were more common in
patients with pN3 breast disease which is strongly associ-
ated with systemic disease. Thus, our results support the
data from Montel and coworkers in the observation that
MMP8 overexpression in the tumour protects against
lymph node metastasis but not against distant metastasis.
Moreover, our data indicate that MMP8 overexpression
may even have an adverse influence on distant metastasis
and may predispose cancer cells to spread by the haema-
togenous route. This complex association of MMP8 with
metastasis may explain why we did not find any signifi-
cant difference in plasma MMP8 levels between healthy
controls and the overall breast cancer group. Nevertheless,
it seems unlikely that changes in MMP8 expression alone
could affect the metastatic behaviour of cancer cells so
dramatically. It is more likely that significant changes in
MMP8 expression perturb the constant flux of the pro-

Differences in plasma levels of A) MMP1 and B) MMP8 between patients with and without inflammatory breast cancer (box-whisker diagrams with median, 1st quartile, 3rd quartile and non-outlier range)Figure 2
Differences in plasma levels of A) MMP1 and B) MMP8 between patients with and without inflammatory breast cancer (box-
whisker diagrams with median, 1st quartile, 3rd quartile and non-outlier range).

Association of plasma MMP8 levels with the extent of lymph node metastasis and risk of distant metastasisFigure 3
Association of plasma MMP8 levels with the extent of lymph 
node metastasis and risk of distant metastasis. note: controls 
+ pN0 comprises healthy women and breast cancer patients 
without detectable lymph node or distant metastasis; 
pN1+pN2 comprises patients with moderate lymph node 
metastasis but without distant metastasis; pN3 comprises 
patients with extensive lymph node metastasis and a high risk 
of distant metastasis (box-whisker diagrams with median, 1st 

quartile, 3rd quartile and non-outlier range).
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tease web, an interconnecting web of different protease
classes, families and pathways. Overexpression of one
protease may significantly perturb the web, forging new
web connections that lead to new, unpredictable activities
that may promote or inhibit tumour progression and
metastasis [29].

Conclusion
In conclusion, the present study led us to formulate the
hypothesis that blood MMP levels reflect local changes in
MMP expression in the tumour microenvironment so that
inverse associations are to be expected. Our results sup-
port previous data, suggesting a tumour-promoting role
for MMP1 in breast cancer. Moreover, the present data
exemplify the puzzling dual role of MMP8 in breast cancer
as both pro- and anti-tumorigenic/metastatic. Interest-
ingly, we found that MMP8 may affect the metastatic
behaviour of breast cancer cells and may be implicated in
directing organ-specific metastasis. As MMPs have also
important functions in normal tissue homeostasis, one of
the challenges in combating cancer metastasis by MMP
inhibition is to determine which MMPs are clearly anti-
targets. Blocking MMP anti-targets might counterbalance
the beneficial effects of target inhibition and have a detri-
mental influence on patient outcome and mortality,
thereby contributing to the failure of MPI clinical trials.
Therefore, further investigation with larger patient cohorts
is clearly needed to better understand the paradoxical role
of MMP8 in cancer metastasis.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
JD conceived the study, performed basic statistical analy-
sis, interpreted the data and drafted the manuscript. WH
acquired all clinical and pathological data, and contrib-
uted to the interpretation of data. UV carried out all
immunoassays. VVB designed ROC curves and performed
multivariate analyses. SVH critically reviewed the statisti-
cal analyses. MRC assisted in the coordination of blood
sampling and acquisition of clinical data. SY critically
revised the manuscript for important intellectual content.
RP coordinated the blood sampling and participated in
the design of the study. All authors read and approved the
final manuscript.

Acknowledgements
This work was supported by the EU Framework Programma 6 project 
LSHC-CT-2003-503297, also known as the Cancerdegradome project.

References
1. Ferlay J, Autier P, Boniol M, Heanue M, Colombet M, Boyle P: Esti-

mates of the cancer incidence and mortality in Europe in
2006.  Ann Oncol 2007, 18:581-592.

2. Weigelt B, Wessels LF, Bosma AJ, Glas AM, Nuyten DS, He YD, Dai
H, Peterse JL, van't Veer LJ: No common denominator for breast
cancer lymph node metastasis.  Br J Cancer 2005, 93:924-932.

3. Egeblad M, Werb Z: New functions for the matrix metallopro-
teinases in cancer progression.  Nat Rev Cancer 2002, 2:161-174.

4. Deryugina EI, Quigley JP: Matrix metalloproteinases and tumor
metastasis.  Cancer Metastasis Rev 2006, 25:9-34.

5. Coskun U, Yamac D, Gulbahar O, Sancak B, Karaman N, Ozkan S:
Locally advanced breast carcinoma treated with neoadju-
vant chemotherapy: are the changes in serum levels of YKL-
40, MMP-2 and MMP-9 correlated with tumor response?  Neo-
plasma 2007, 54:348-352.

6. Farias E, Ranuncolo S, Cresta C, Specterman S, Armanasco E, Varela
M, Lastiri J, Pallotta MG, Bal De Kier JE, Puricelli L: Plasma metal-
loproteinase activity is enhanced in the euglobulin fraction of
breast and lung cancer patients.  Int J Cancer 2000, 89:389-394.

7. La Rocca G, Pucci-Minafra I, Marrazzo A, Taormina P, Minafra S:
Zymographic detection and clinical correlations of MMP-2
and MMP-9 in breast cancer sera.  Br J Cancer 2004,
90:1414-1421.

8. Leppa S, Saarto T, Vehmanen L, Blomqvist C, Elomaa I: A high
serum matrix metalloproteinase-2 level is associated with an
adverse prognosis in node-positive breast carcinoma.  Clin
Cancer Res 2004, 10:1057-1063.

9. Liu SC, Yang SF, Yeh KT, Yeh CM, Chiou HL, Lee CY, Chou MC,
Hsieh YS: Relationships between the level of matrix metallo-
proteinase-2 and tumor size of breast cancer.  Clin Chim Acta
2006, 371:92-96.

10. Quaranta M, Daniele A, Coviello M, Venneri MT, Abbate I, Caringella
ME, Di TS, Divella R, Trerotoli P, Di GM, Schittulli F, Fransvea E, Gian-
nelli G: MMP-2, MMP-9, VEGF and CA 15.3 in breast cancer.
Anticancer Res 2007, 27:3593-3600.

11. Ranuncolo SM, Armanasco E, Cresta C, Bal De Kier JE, Puricelli L:
Plasma MMP-9 (92 kDa-MMP) activity is useful in the follow-
up and in the assessment of prognosis in breast cancer
patients.  Int J Cancer 2003, 106:745-751.

12. Sheen-Chen SM, Chen HS, Eng HL, Sheen CC, Chen WJ: Serum lev-
els of matrix metalloproteinase 2 in patients with breast can-
cer.  Cancer Lett 2001, 173:79-82.

13. Talvensaari-Mattila A, Turpeenniemi-Hujanen T: Preoperative
serum MMP-9 immunoreactive protein is a prognostic indi-
cator for relapse-free survival in breast carcinoma.  Cancer Lett
2005, 217:237-242.

14. Zucker S, Lysik RM, Zarrabi MH, Moll U: M(r) 92,000 type IV col-
lagenase is increased in plasma of patients with colon cancer
and breast cancer.  Cancer Res 1993, 53:140-146.

15. Zucker S, Hymowitz M, Conner C, Zarrabi HM, Hurewitz AN, Mat-
risian L, Boyd D, Nicolson G, Montana S: Measurement of matrix
metalloproteinases and tissue inhibitors of metalloprotein-
ases in blood and tissues. Clinical and experimental applica-
tions.  Ann N Y Acad Sci 1999, 878:212-227.

16. Ala-aho R, Kahari VM: Collagenases in cancer.  Biochimie 2005,
87:273-286.

17. Rodriguez FO, Fernandez Gomez JM, Palou RJ, Escaf BS, Vizoso F, Vil-
lavicencio MH: Significance of collagenase 3 (matrix metallo-
proteinase 13) in invasive bladder cancer: correlation with
pathological parameters.  Urol Int 2007, 78:140-144.

18. Van Lint P, Libert C: Matrix metalloproteinase-8: cleavage can
be decisive.  Cytokine Growth Factor Rev 2006, 17:217-223.

19. Mannello F, Tonti GA: Gelatinase concentrations and zymo-
graphic profiles in human breast cancer: matrix metallopro-
teinases circulating in plasma are better markers for the
subclassification and early prediction of cancer: the coagula-
tion/fibrinolysis pathways alter the release, activation and
recovery of different gelatinases in serum.  Int J Cancer 2007,
121:216-218.

20. Gonzalez-Angulo AM, Hennessy BT, Broglio K, Meric-Bernstam F,
Cristofanilli M, Giordano SH, Buchholz TA, Sahin A, Singletary SE,
Buzdar AU, Hortobagyi GN: Trends for inflammatory breast
cancer: is survival improving?  Oncologist 2007, 12:904-912.

21. Fowlkes JL, Enghild JJ, Suzuki K, Nagase H: Matrix metalloprotein-
ases degrade insulin-like growth factor-binding protein-3 in
dermal fibroblast cultures.  J Biol Chem 1994, 269:25742-25746.

22. Agarwal D, Goodison S, Nicholson B, Tarin D, Urquidi V: Expres-
sion of matrix metalloproteinase 8 (MMP-8) and tyrosinase-
related protein-1 (TYRP-1) correlates with the absence of
Page 7 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17287242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17287242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17287242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16189523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16189523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11990853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11990853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16680569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16680569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17845129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17845129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17845129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10956415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10956415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10956415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15054465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15054465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15054465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14871985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14871985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14871985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16581051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16581051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17972522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12866035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12866035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12866035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11578812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11578812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11578812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15617842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15617842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15617842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8416738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8416738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8416738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10415733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10415733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10415733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15781314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17293654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17293654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17293654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16820317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16820317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17315186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17315186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17315186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17766649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17766649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7523391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7523391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7523391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12641565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12641565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12641565


BMC Cancer 2008, 8:77 http://www.biomedcentral.com/1471-2407/8/77
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

metastasis in an isogenic human breast cancer model.  Differ-
entiation 2003, 71:114-125.

23. Balbin M, Fueyo A, Tester AM, Pendas AM, Pitiot AS, Astudillo A,
Overall CM, Shapiro SD, Lopez-Otin C: Loss of collagenase-2 con-
fers increased skin tumor susceptibility to male mice.  Nat
Genet 2003, 35:252-257.

24. Montel V, Kleeman J, Agarwal D, Spinella D, Kawai K, Tarin D:
Altered metastatic behavior of human breast cancer cells
after experimental manipulation of matrix metalloprotein-
ase 8 gene expression.  Cancer Res 2004, 64:1687-1694.

25. Decock J, Long JR, Laxton RC, Shu XO, Hodgkinson C, Hendrickx W,
Pearce EG, Gao YT, Pereira AC, Paridaens R, Zheng W, Ye S: Asso-
ciation of matrix metalloproteinase-8 gene variation with
breast cancer prognosis.  Cancer Res 2007, 67:10214-10221.

26. Moilanen M, Pirila E, Grenman R, Sorsa T, Salo T: Expression and
regulation of collagenase-2 (MMP-8) in head and neck squa-
mous cell carcinomas.  J Pathol 2002, 197:72-81.

27. Stadlmann S, Pollheimer J, Moser PL, Raggi A, Amberger A, Margreiter
R, Offner FA, Mikuz G, Dirnhofer S, Moch H: Cytokine-regulated
expression of collagenase-2 (MMP-8) is involved in the pro-
gression of ovarian cancer.  Eur J Cancer 2003, 39:2499-2505.

28. Stenman M, Paju A, Hanemaaijer R, Tervahartiala T, Leminen A, Sten-
man UH, Konttinen YT, Sorsa T: Collagenases (MMP-1, -8 and -
13) and trypsinogen-2 in fluid from benign and malignant
ovarian cysts.  Tumour Biol 2003, 24:9-12.

29. Overall CM, Kleifeld O: Tumour microenvironment - opinion:
validating matrix metalloproteinases as drug targets and
anti-targets for cancer therapy.  Nat Rev Cancer 2006, 6:227-239.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/8/77/prepub
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12641565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14517555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14517555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14996728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14996728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14996728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17974962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17974962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17974962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12081207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12081207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12081207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14602136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14602136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14602136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12743421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12743421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12743421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16498445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16498445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16498445
http://www.biomedcentral.com/1471-2407/8/77/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects
	Plasma samples
	Histology of primary tumours
	Sandwich enzyme-linked immunoassays (sELISAs)
	Statistical analysis

	Results
	Subject characteristics
	Plasma collagenase levels in patients and healthy controls
	Plasma MMP1 and MMP8 expression in relation to clinicopathological parameters

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

