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Abstract Gelatinase A (MMP-2) and gelatinase B

(MMP-9) are proteolytic enzymes involved in process of

tumor invasion, and they are considered as possible tumor

markers in breast cancer patients. In this study, we mea-

sured activity of latent and active form of MMP-2 and

MMP-9 in tumor and adjacent tissue of 60 breast cancer

patients by SDS-PAGE zymography. The activity of both

form of gelatinases significantly increased with each

advancing clinical stage of disease. ProMMP-9 and

aMMP-9 activity in tumor tissue shows a positive associ-

ation with tumor size. Patients with lymph node involve-

ment have higher proMMP-2, aMMP-2 and aMMP-9

activity than node negative patients. Steroid receptor-neg-

ative tumors had enhanced aMMP-2 and aMMP-9 activity.

Patients with basal-like cancers had higher proMMP-2

tumor activity and aMMP-2 adjacent tissue activity com-

pared to patients with luminal A tumors. Patients with

negative hormone receptors are associated with increased

activity of both form of gelatinases in adjacent tissue.

Reported increased activity of MMP-2 in tumor and adja-

cent tissue of basal-like tumors implicates that MMP-2

might have a role in aggressive biology of basal-like can-

cers. Additional investigations regarding molecular path-

ways in adjacent tissue could give better insight into

aggressive nature of basal-like carcinomas.
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Abbreviations

MMPs Matrix metalloproteinases

DAB 3,3diaminobenzidine

ER Estrogen receptor

PR Progesterone receptor

HER2 Human epidermal growth factor receptor 2

CK5/6 Citokeratin 5 or 6

Introduction

Matrix metalloproteinases (MMPs) are zinc-dependent en-

dopeptidases causally involved in tumor progression [1].

While some of these MMPs appear to be involved in stim-

ulating tumor cell growth, others are causally involved in

invasion and metastasis [2]. Two of the MMPs implicated in

the spread of cancer are MMP-2 and -9, also known as

gelatinase A and B. These MMPs are thought to mediate

invasion and metastasis by catalyzing degradation of type IV

collagen, the main component of basement membranes and

inducing angiogenesis. MMP-2 and -9, like all other known

mammalian MMPs, are initially synthesized as inactive

precursors [3]. The mechanism of activation in vivo is lar-

gely unknown but is likely to involve proteolytic processes
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mediated by other MMPs and/or serine proteases [1]. In

tumor tissue samples, MMPs can occur in different forms

such as inactive pro-enzymes and active enzymes.

In breast cancer, both gelatinases seem to be expressed

in cancer tissue, although the results have not been con-

sistent [4–6]. To date, only a few studies have investigated

the activity of MMP-2 and MMP-9 in tumor tissue and

their relation to clinicopathological parameters in breast

cancer patients [5, 7]. It has been shown that tumor cell

MMP-9 expression is significantly associated with tumor

histological type and hormone receptor status. Jinga et al.

explained this fact through activation of the proMMP-9 by

estradiol via estrogen receptors [8]. However, Sullu et al.

[9] have been shown that MMP-2 and MMP-9 expression

was increased in hormone-negative breast cancer. HER2 is

established molecular prognostic markers in breast cancer

and is often targeted with therapeutic intention in both

localized and metastatic breast cancer. Aberrant expres-

sions of hormone receptors and HER2 oncogene are related

to disease progression and increased invasive capacity in

breast cancer [10], which is due in part to increased MMP-

2 and MMP-9 activity [11]. Gelatinase activity in relation

to hormone and HER2 receptor expression was not

investigated.

However, despite the massive efforts invested in the

identification of immunohistochemical biomarkers in

breast cancer, the majority have not proven to be of value

in multivariate analyses and only estrogen receptor, pro-

gesterone receptor, and HER2 expression have remained

essential components of pathological examination [12].

These three markers were initially employed for prognos-

tication but their role in treatment also rendered them of

predictive value. Newer molecular methods have shown

that even morphologically similar subtypes of breast cancer

can show molecular heterogeneity; moreover, breast car-

cinoma can be separated into at least 4 molecular subtypes

designated luminal (ER?, PR?, and HER2-), HER2

overexpressing (ER-, PR-, and HER2?), basal-like

(ER-, PR-, HER2-, and CK5/6?/EGFR?), and normal

breast-like (ER-, PR-, and HER2-), each with different

clinical outcome [13]. Although basal-like cancers show a

high response to neoadjuvant antracycline plus taxane

neoadjuvant chemotherapy, survival with basal-like tumors

is still poor, and there is a need for additional systemic

treatments that are effective against these tumors [14].

Thus, evaluation of MMP activity profiles may contribute

to the development of these needed therapies.

The aim of this study was to examine the activity of

gelatinases in the tumor and adjacent tissue of breast cancer

patients and to correlate them with TNM clinical stage of

the disease, together with investigation of the activity of

MMP-2 and MMP-9 in relation to tumor size, lymph node

involvement and steroid and HER2 receptor status.

Materials and Methods

Patients

In this study, we examine the activity of MMP-2 and

MMP-9 in the tumor and adjacent tissue samples of 60

breast cancer patients (clinical stage I, II and III) by gelatin

zymography. The study was carried out after fulfilling all

required ethical standards, and tumor tissues were inves-

tigated according to the ethical standards, with informed

consent of patients at the Institute of Oncology and Radi-

ology of Serbia.

Tissue Samples

Malignant and adjacent breast tissues (*100 mg) were

quickly weighed and homogenized on ice. Homogenized

tissue samples were treated with 200 lL of lysing buffer

containing 20 mM Tris–HCl buffer, pH 7.5, 150 mM

NaCL, 5 mM EDTA, 1 % TRITON X-100, 0.5 % for 1 h

on 4 �C. After centrifugation at 10,000 rpm for 10 min at

4 �C, the obtained supernatant fluid presents the total cell

lysate. The total protein concentrations were measured by

Bradford assay [14] that has been adapted to microplates.

Tissue lysates equivalent to 50 lg protein were mixed with

equal volumes of sample buffer (4 % SDS, 20 % Glycerol,

0.004 % Bromophenol, 0.125 M Tris HCL) and kept at

room temperature for 30 min.

Sodium Dodecyl Sulfate-Polyacrylamide Gel

Electrophoresis (SDS-PAGE)

Tumor and adjacent tissue extracts was diluted in 200 g/L

sucrose to prepare the samples. The samples were analyzed

by SDS-PAGE to determine the molecular massSDS-

PAGE was performed with 75 g/L polyacrylamide gel

[15, 16] under no reducing conditions using a solution

mixture of protein markers containing ovalbumin

(45 kDa), bovine serum albumin (BSA, 67 kDa), b-galac-

tosidase (116 kDa) and myosin (200 kDa).

Sodium Dodecyl Sulfate-Polyacrylamide Gel

Electrophoresis Zymography

Samples were analyzed by SDS-PAGE zymography

according to the method of Kleiner and Stetler-Stevenson

[17]. For each sample, 28 mg of total tissue protein was

loaded. Samples were incubated for 40 min at 37 �C and

electrophoresis was performed without reduction on 75 g/L

polyacrylamide gels copolymerized with 0.01 g/L gelatin

at 4 �C at a constant current of 15 mA. When the tracking

dye at the front reached the bottom of the gel, the gel was

removed and shaken gently for 45 min in 0.25 g/L Triton
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X-100 to remove SDS. Then, the gel slabs were transferred

to a bath (without Triton X-100) and washed for 20 min to

remove Triton X-100. Then, the gels were incubated and

shaken for 60 h in 0.1 mol/L glycine, 50 mmol/L Tris–

HCl, 5 mmol/L CaCl2, 1 lmol/L ZnCl2, 0.5 mol/L NaCl,

and pH 8.3, at 37 �C. Regions of proteolytic activity were

visualized as clear zones against a blue background after

3-h staining with Coomassie brilliant blue G-250 dye [18].

The activity was measured using a gel image system

(Kodak Image 1D 3.6.). Following gelatin zymography,

gels containing samples run in triplicate were subjected to

densitometric analysis to quantify the relative activity of

the two gelatinases. Densitometric data in OD were then

normalized for 1 mg of total tumor tissue proteins and

plotted in graph using MS Excel software.

Quantification of MMP-2 and MMP-9 Activity

Following zymography, the degree of gelatin digestion was

quantified using a scanner equipped with a transparency

option interfaced to an IBM PC. Gels were scanned using

gel image system (Kodak Image 1D 3.6.), in a gray scale

mode at 169 mm pixel size and 1250–1650 (X–Y) pixel

count, using the autodensity feature on a scale ranging

from 0 (clear) to 255 (opaque). The image was digitally

inverted, so that the integration of bands was reported as

positive value. The pixel density was determined after

background subtraction and used to calculate the integrated

density of a selected band. Values of integrated density

were reported in volume units of pixel intensity per mm2.

The integrated density of each band is reported as the mean

of three different measurements of the same gel for each

sample examined in triplicate.

MMP Inhibition Test

In order to verify that the clear zones on blue background

represent the activity of MMPs, 5 mmol/L EDTA was

added into samples before incubation to inhibit MMP

activities on gelatin zymography.

Pathological Assessment of Primary Tumors

This study included 60 breast cancer patients who under-

went surgery as primary treatment. The age of the patients

ranged from 38 to 82 years (median 59 years).

According to the TNM classification of the UICC, tumor

size (T) was classified by the pathologist after surgery as T1,

T2 or T3. The presence of regional lymph node involvement

(N) was assessed histologically as No (lymph node negative)

or N? (lymph node positive). The presence of distant

metastases (M) was excluded by clinical, X-ray and ultra-

sound examination in all cases (Mo). Typing of primary

tumors was performed according to the WHO classification,

while for grading the Ellis and Elston system was used.

Immunostaining was performed on formalin-fixed paraffin-

embedded 4 lm tissue sections using the primary mouse

monoclonal antibodies for estrogen receptor (ER), proges-

terone receptor (PR), HER receptor, Citokeratin 5/6 (CK5/6),

and epidermal growth factor receptor (EGFR, HER1),

respectively. Staining was visualized using the Envision

method (Dakocytomation, Copenhagen, Denmark) and

DAB. For assessment of ER, PR, HER2, CK5/6 and EGFR

staining the Allred score was used [19]. Samples were

considered hormone receptor negative when staining of

both steroid receptors was negative and hormone receptor

positive when positive staining for both receptors was

observed. The DAKO-HercepTest scoring system was used

to evaluate the HER2 staining. Samples with a score of 0 or

1 were defined negative and samples with a score of 2? or

3? were defined as positive or strongly positive, respec-

tively [20]. Samples were considered according to the new

molecular classification as luminal A (ER?, PR?, and

HER2-), luminal B (ER?, PR?, and HER2?), HER2

subtype (ER-, PR-, and HER2?), basal-like (ER-, PR-,

HER2-, and CK5/6?/EGFR?), and normal breast-like

(ER-, PR-, and HER2-) [19].

Statistical Analysis

We measured activity of latent (proMMP) and active

(aMMP) form of MMP-2 and MMP-9 in tumor and adja-

cent tissue and data obtained were analyzed by the non-

parametric Mann–Whitney U test. We correlated gelatinase

activity and clinicopathological features using Fisher’s

exact test with Bonferroni corrections. Assumption of

normality was verified using the normal probability plot,

Shapiro–Wilk’s W test and the Levene’s test for homoge-

neity of variances. Statistical analyses were performed with

the software package Statistica version 6, the level of

significance being set at p \ 0.05.

Results

Detection of Latent and Active form of MMP-2

and MMP-9 Activities

In Fig. 1., SDS-PAGE zymography shows activity of both

latent and active form of MMP-2 and MMP-9 in breast

cancer tissue in patients without (a) and with (b) specific

inhibitor of metalloproteases. It is obvious that in the pres-

ence of EDTA, as specific inhibitor of metalloproteases,

there is no clear zone on a dark background in bands

at 72 kDa (proMMP-2), 64 kDa (aMMP-2), 92 kDa

(proMMP-9), and 83 kDa (aMMP-9) in tumor tissue of
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breast cancer patients by biochemical analyses. Figure 1 also

shows the latent and active form of MMP-2 and MMP-9 in

adjacent tissue (c) of breast cancer patients and electropho-

retic traces of standard protein markers (d) used in this study.

Representative zymograms of active and latent MMP-2

and MMP-9 activity in breast cancer patients show that

MMPs activity (at positions in gels which correspond to

proMMP-2 at 72 kDa, aMMP-2 at 64 kDa, proMMP-9 at

92 kDa, and aMMP-9 at 83 kDa) had more intense gela-

tinolytic bands for both latent and active enzyme forms of

MMP-2 (72 kDa, 64 kDa) and MMP-9 (92 kDa, 83 kDa)

in tumor tissue, when compared to adjacent normal tissue

(Fig. 1).

More detailed analyses of the mean values with standard

deviation (mean ± SD) of MMP-2 activity show signifi-

cant increase of proMMP-2 and aMMP-2 in tumor tissue

compared to adjacent tissue (p = 0.001, p \ 0.001,

respectively, Mann–Whitney, U test) (Fig. 2a, b). The

activity of proMMP-9 in tumor tissue of breast cancer

patients significantly increases compared to adjacent

patient tissue (179 ± 8.79 vs. 154.4 ± 8.42, p = 0.007,

Mann–Whitney, U test) (Fig. 2c). Moreover, tumor tissue

had a significantly higher aMMP-9 activity compared to

adjacent tissue (139.4 ± 4.52 vs. 112.5 ± 3.58, p \ 0.001,

Mann–Whitney, U test) (Fig. 2d).

Activities of MMP-2 and MMP-9 Correlate

with Clinical Stage of Breast Cancer Patients

The activity of pro and active MMP-2 increased significantly

with each advanced clinical stage of disease (proMMP-2:

p = 0.003 to p = 0.008, aMMP-2: p = 0.009 to p = 0.0168,

Mann–Whitney, U test) (Fig. 3a). Analyses of the mean val-

ues with standard deviation (mean ± SD) of proMMP-9

activity show significant increase in tumor tissue of breast

cancer patients in clinical stage III compared to patients in

clinical stage II and I (229.2 ± 58.54 vs. 157.1 ± 38.83,

p \ 0.0001, 229.2 ± 58.54 vs. 99.31 ± 55.34, p \ 0.0001,

164.4 ± 31.61 vs. 137.4 ± 25.85, p = 0.006, respectively,

Mann–Whitney, U test), as well as significant increase of

activity of aMMP-9 in patients in clinical stage III compared

to patients in clinical stage II and I (229.2 ± 58.54 vs.

99.31 ± 55.34, p \ 0.0001, p \ 0.001, respectively Mann–

Whitney, U test) (Fig. 3a).

MMP-2 and MMP-9 Activity with Respect to Patient’s

Characteristics

Patients’ clinical and pathological characteristics was

estimated and presented in Table 1. The patients were

classified according to the TNM and UICC classification

by: tumor size (T) as T1 (n = 21), T2 (n = 32), T3

(n = 7); the presence of regional lymph node involvement

(N) as node negative (N0)—31 patients, lymph node

positive (N?)—29 patients. The patients were classified

according to the Bloom-Richardson classification by the

histological grade of the tumors as: grade I (G1)—12,

grade II (G2)—35, and grade III (G3)—13 patients.

Based on histological type of tumors, there are 31

invasive ductal carcinoma (IDC), 26 invasive lobular car-

cinoma (ILC), and 3 of mixed, rare or unknown histology.

All patients with breast cancer were also estimated with

respect to hormone receptor status as hormone receptor

negative—8 and hormone receptor positive—52. From

total number of 60 patients analyzed for HER2 receptor

status, 53 were negative (0, 1?) and 7 were positive (2?,

3?) (Table 1). Based on receptors status of tumors there

are 7 patients basal-like tumors (ER negative, PR negative,

HER2 negative, CK5/6 positive or EGFR positive), 46

patients luminal A (ER positive PR positive HER2 nega-

tive), 4 patients luminal B (ER positive, PR positive, HER2

positive), and 3 patients have HER2 subtype (ER negative,

PR negative, HER2-positive receptors).

In Fig. 4, we show photomicrographs of tumor sample

of basal–like breast cancer displaying the typical morpho-

logical features of triple-negative/basal-like cancer such as

a high-grade ductal carcinoma (grade 3) associated with

prominent lymphoid aggregates; cytologically, the tumor

cells with marked nuclear pleomorphism and conspicuous

mitotic activity and prominent membranous expression of

CK5/6 or EGFR.

In addition, we analyzed MMP-2 and MMP-9 activity

with respect to tumor size and lymph node involvement

and present individual data for each patient, since there is

scarce data regarding the association of these factors. It is

obvious from Fig. 3b that higher proMMP-2 activity had

T2 tumors compared to T1 patients (T2 vs. T1 p = 0.039;

T3 vs. T1 p = 0.033; T3 vs. T2 p = 0.18, Mann–Whitney

U tests). Similar results were obtained with respect to

Fig. 1 Electrophoretic traces of SDS-PAGE zymography. The

activity of latent and active form of MMP-2 and pMMP-9 in tumor

tissue of breast cancer patients (a). Inhibited MMP-2 and MMP-9

activity in tumor tissue of breast cancer patients with EDTA (there is

no presence of clear zones at corresponding positions compared to the

shown identical patient tumor specimen) (b). The activity of latent

and active form of MMP-2 and pMMP-9 in adjacent tissue of breast

cancer patient (c). Standard proteins marker (d)
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Fig. 2 The significant increase

of proMMP-2 (p = 0.001) (a),

aMMP-2 (p \ 0.001) (b),

proMMP-9 (p = 0.007) (c),

and aMMP-9 (d) (p \ 0.001,

Mann–Whitney, U test) activity

in tumor tissue compared to

adjacent tissue. Values of

integrated density were reported

in volume units of pixel

intensity per mm2

Fig. 3 The activity of pro and active form of MMP-9 and MMP-2

showing stage-dependent increase in activity of proMMP-2 (p = 0.003

to p = 0.008), aMMP-2 (p = 0.009 to p = 0.0168), proMMP-9

(p = 0.006 to p \ 0.001) and aMMP-9 (p \ 0.001, Mann–Whitney,

U test) in evaluated breast cancer tissue of patients in clinical stage I, II

and III (a). Association of activity of proMMP-2 (T2 vs. T1 p = 0.039;

T3 vs. T1 p = 0.033; T3 vs. T2 p = 0.18), aMMP-2 (T2 vs. T1

p = 0.01; T3 vs. T1 p = 0.07; T3 vs. T2 p = 0.36), proMMP-9 (T2 vs.

T1 p = 0.05; T3 vs. T1 p = 0.006; T3 vs. T2 p = 0.043) and aMMP-9

(T2 vs. T1 p = 0.002; T3 vs. T1 p = 0.031; T3 vs. T2 p = 0.05, Mann–

Whitney U tests) in the tumor tissue of breast cancer patients with

respect to tumor size (b). Activity of proMMP-2 (p = 0.005), aMMP-2

(p = 0.007) and aMMP-9 (p = 0.013) significantly increasing with

respect to lymph node involvement, while there is no significant

difference between proMMP-9 activity and lymph node involvement

(p = 0.1, Mann–Whitney, U test) (c). * indicates a significant

difference, p B 0.05; ns indicates no significant difference, p [ 0.05
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tumor size and aMMP-2 activity (T2 vs. T1 p = 0.01; T3

vs. T1 p = 0.07; T3 vs. T2 p = 0.36) (Fig. 3b). However,

patients in group T3 have higher values of proMMP-9

activity compared to T2 and T1 patient groups (T2 vs. T1

p = 0.05; T3 vs. T1 p = 0.006; T3 vs. T2 p = 0.043,

Mann–Whitney U tests) (Fig. 3b). Also, higher aMMP-9

activity have tumors in group T3 compared to T2 and T1

patients group (T2 vs. T1 p = 0.002; T3 vs. T1 p = 0.031;

T3 vs. T2 p = 0.05, Mann–Whitney U tests) (Fig. 3b).

Moreover, latent and active form of MMP-2 (Fig. 3c) in

patients with axillary lymph node involvement N? (posi-

tive) with respect to N0 (negative) show significantly

increased activity (p = 0.005, p = 0.007, respectively,

Mann–Whitney, U test) in the group of patients with lymph

node involvement. We found no significant difference

between axillary lymph node involvement and proMMP-9

activity (p = 0.1, Mann–Whitney, U test), while there is

significant difference between axillary lymph node

involvement and aMMP-9 activity in tumor tissue

(p = 0.013, Mann–Whitney, U test) (Fig. 3c).

MMP-2 and MMP-9 Activity in Tumor Tissue

with Respect to Receptor Status

Since estrogen and progesterone receptor status and HER2

expression have an important role in breast cancer, we

analyzed MMP-2 and MMP-9 activity with respect to their

expression in tumor tissue samples. We found no signifi-

cant difference between hormone receptor expression and

proMMP-2 (p = 0.074) and proMMP-9 (p = 0.49) activity

(Fig. 5a). In this study, we show that there is a significant

difference between aMMP-2 and aMMP-9 activity and

hormone receptor expression (p = 0.007, p = 0.013,

respectively) (Fig. 5a).

No significant difference was found between HER2

expression and proMMP-2 (p = 0.88) and proMMP-9

(p = 0.6) activity, as well as between HER2 expression and

aMMP-2 (p = 0.06) and aMMP-9 activity (p = 0.09)

(Fig. 5b).

In this study, we show that patients with basal-like

cancers had significantly higher proMMP-2 activity

(p = 0.015) compared to patients with luminal A tumors

(Fig. 6a). However, no significant difference was found

between activity of aMMP-2 (p = 0.07), ProMMP-9

(p = 0.21) and aMMP-9 (p = 0.11) in basal-like cancers

and patients with luminal A (Fig. 6b, c, d).

MMP-2 and MMP-9 Activity in Adjacent Tissue

with Respect to Receptor Status

The latent and active form of MMP-2 and MMP-9

(Table 2) in patients with negative hormone receptor show

significantly increased activity (p = 0.05, p = 0.02, p =

0.001, p = 0.003, respectively, Mann–Whitney, U test) in

adjacent tissue compared to the group of patients with

positive hormone receptor. Moreover, we found a signifi-

cant increase of aMMP-2 activity in adjacent tissue of

patients with basal-like tumors compared to patients with

luminal A tumors (p = 0.04, Mann–Whitney, U test)

(Table 2). However, there is no significant difference in

proMMP-2 and MMP-9 (latent, active) activity in adjacent

tissue between basal-like and luminal A tumors (p = 0.12,

p = 0.16, p = 0.07, Mann–Whitney, U test) (Table 2).

Discussion

MMP-2 and MMP-9 activity in the tumor tissue of breast

cancer patients have been shown to be possible molecular

Table 1 Patients’ characteristics

Characteristics Patients n (%)

Menopausal status

Premenopausal 12 (20 %)

Postmenopausal 48 (80 %)

Tumor type

Ca ductale invasivum 31 (51.66 %)

Ca lobulare 26 (43.33 %)

Others 3 (5 %)

Primary tumor size

T1 21 (35 %)

T2 32 (53.33 %)

T3 7 (11.66 %)

Differentiation grade

G1 12 (20 %)

G2 35 (58.33 %)

G3 13 (21.66 %)

Lymph node status

Negative 31 (51.66 %)

Positive 29 (48.33 %)

HER2 status

Negative 53 (85 %)

Positive 7 (15 %)

Estrogen receptor status

Negative 10 (15 %)

Positive 50 (85 %)

Progesterone receptor status

Negative 15 (21.66 %)

Positive 45 (78.33 %)

Molecular classification

Basal-like 7 (11.66 %)

HER2-positive subtype 3 (5 %)

Luminal A 46 (76.66 %)

Luminal B 4 (6.66 %)
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markers of tumor invasiveness, as well as therapeutic tar-

gets [21, 22]. This study shows significantly increased

activity of latent and active forms of MMP-2 and MMP-9

are detected in tumor tissues of breast cancer patients, as

opposed to paired adjacent breast tissue, an analysis that

has been shown in very few previous studies [4, 8]. In this

study, we also show significant stage-dependent increase of

proMMP-2, aMMP-2, proMMP-9, and aMMP-9 activity in

tumor tissue of breast cancer patients. Increasing tumor

MMP-2 and MMP-9 activity with clinical stage suggests

the usefulness of these parameters as staging markers for

breast cancer patients.

We show that patients with larger tumor size (T3 or T2)

had significantly higher activity of proMMP-2 and aMMP-2

compared to patients with smaller tumors (T1). It is of

interest that proMMP-9 and aMMP-9 activity in tumor tissue

shows a more significant positive association with tumor

size. Li et al. [6] have reported that the positive immuno-

staining of MMP-2 significantly correlated with tumor size.

Furthermore, patients with lymph node positive cancer have

significantly higher proMMP-2, aMMP-2, and aMMP-9

activity than node negative. This finding is in concordance

with the only previous study published for breast cancer

patients showing that MMP-9 activity in gelatin zymography

correlates inversely with number of axillary nodal involve-

ment [23, 24]. All these results implicate that MMP-2 and

MMP-9 may play an important role in breast cancer

progression.

Importantly, although markers such as ER and PR may

have limited value as pure prognostic indicators, they may

Fig. 4 The typical morphological features of triple-negative/basal-

like breast cancer are shown: marked nuclear pleomorphism,

conspicuous mitotic activity, high-grade ductal carcinoma associated

with prominent lymphoid aggregates (a). Immunohistochemistry for

ER (b), PR (c), and HER2 (d) shows negative reaction. The tumor

cells also show prominent membranous expression of CK5/6 (e)
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in combination with other parameters, have predictive

value for response to therapy [25]. However, we did find

that estrogen or progesterone receptor-negative tumors had

increased activity of aMMP-2 and aMMP-9 in tumor tis-

sue. In this sense, as a well-known risk factor in breast

carcinoma is hormone receptor negativity, Talvensaari-

Mattila et al. showed that MMP-2 negativity could serve as

a marker for favorable prognosis in breast carcinoma

patients with a hormone receptor-negative tumor [26, 27].

These results are in agreement with our results, indicating

that MMP-2 and MMP-9 activity may play a role in the

invasive and migratory phenotype of hormone-negative

tumors.

Overexpression of the HER2 is found in 10–20 % of

breast cancers and is associated with a worse prognosis

[28]. The effect of HER2 overexpression on the invasion

capacity of tumor cells is related, at least in part, to the up-

regulation of MMP-2 and MMP-9 expression and their

proteolytic activity [11]. We did not find significant dif-

ference between aMMP-2 activity and HER2 receptor

expression in tumor tissue, although HER2-positive tumors

had increased activity of aMMP-2.

Luminal A tumors usually have well/moderate differ-

entiation, low proliferating index, and better prognosis

[12]. The pattern of metastatic spread of tumors with a

basal-like phenotype is different from that of luminal A

cancers: as they are reported to less frequently disseminate

to axillary nodes and bones and to favor a hematogenous

spread [19, 29]. It has been shown that proMMP-2 directly

Fig. 5 The steroid hormone receptor expression in relation to

proMMP-2 (p = 0.074), aMMP-2 (p = 0.007), proMMP-9

(p = 0.49), and aMMP-9 (p = 0.013, Mann–Whitney, U test) activity

in tumor tissue of breast cancer patient (a). Lack of association of

HER2 receptor expression with respect to proMMP-2 (p = 0.88),

aMMP-2 (p = 0.06), proMMP-9 (p = 0.6), and aMMP-9 (p = 0.09,

Mann–Whitney, U test) activity in the tumor tissue of breast cancer

patients (b). Values of integrated density were reported in volume

units of pixel intensity per mm2

Fig. 6 The patients with basal-

like cancers had significantly

higher proMMP-2 activity

(p = 0.015) (a), while no

significant difference was found

between the activity of aMMP-2

and MMP-9 (latent, active)

compared to patients with

luminal A tumors (b, c, d)
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regulates angiogenesis and that cleavage of collagen type

IV by MMP-2 exposes a cryptic avb3 integrin binding site

within collagen on the surface of angiogenic blood vessels

[30]. In concordance with these findings, we did find a

higher activity of proMMP-2 in tumor tissue of patients

with basal-like, as compared to luminal A subtype. Thus,

higher activity of proMMP-2 in basal-like groups suggests

the MMP-2 may play an important role in hematogenic

spread of basal-like carcinoma.

It has been shown that MMP-2 and MMP-9 are pre-

dominantly made by stromal cells [31], and we show sig-

nificant MMP-2 and -9 activity in adjacent tissue, although

at lower level compared to cancer tissue. Cancer cells might

stimulate stromal cells in adjacent tissue to synthesize

MMPs in a paracrine manner through secretion of interleu-

kins, interferons, emmprin, and growth factors [32]. More-

over, we also show positive association between gelatinase

activity of adjacent tissue and tumor steroid receptor nega-

tivity. Furthermore, we show increased adjacent tissue

activity of aMMP-2 in basal-like tumors. These results

suggests that increased invasive and angiogenic capacities

of basal-like cancers are in part due to increased aMMP-2

activity. This implies that MMP-2 up-regulation appears to

be independent of steroid hormones. In this sense, additional

biochemical investigations regarding molecular pathways in

adjacent tissue could give better insight into aggressive

nature of basal-like carcinomas.

Taken together, our results show that gelatinases could

be considered as valuable markers for diagnosis and stag-

ing of breast cancer. The reported increased activity of

aMMP-2 and aMMP-9 in tumor tissue of patients with

hormone receptor negativity implicates that MMP-2 and

MMP-9 activity may be poor clinicopathological markers

of hormone-negative breast cancer. Reported increased

activity of MMP-2 in tumor and adjacent tissue of basal-

like tumors implicates that MMP-2 might have a role in

aggressive biology of basal-like cancers. The measurement

of MMPs in primary cancers may be of benefit in designing

MMP inhibitors for therapy.
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