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Background/aim
Breast cancer is the most harmful tumor among women around the world, with
increasing incidence rates. Invasion and metastasis are the most insidious and life-
threatening parts of the cancer. Efforts have been made to understand the
mechanisms that regulate and facilitate the metastatic process. This step in
metastasis of malignant cells requires the association of proteolytic catalysts that
degrade protein segment of the extracellular matrix. Matrix metalloproteinase-2
(MMP-2) and matrix metalloproteinase-9 (MMP-9) are the members of degrading
enzymes required in tumoradvancement, invasion,andmetastasis.Thisworkaims to
examine the utility ofMMPs in breast carcinoma to assess their usefulness in growth,
invasion, and metastasis.
Patients and methods
A total of 60 samples of cases of breast cancer with positive and negative lymph
nodes were collected randomly as paraffin blocks which was previously prepared
material. The samples from the cases were immunostained for MMP-2 andMMP-9,
and their expression was correlated with various clinicopathological parameters.
Results
Most cases of cancer were presented in the age group 51–60 years. The most
common type was invasive duct carcinoma Not Otherwise Specified (NOS),
representing 70% of cases. Overall, 51 (85%) cases were positive for MMP-2
whereas 54 (90%) cases were positive for MMP-9. Presence of MMP-2 andMMP-9
in peritumoral stroma was in the ratio of 60 and 64%, respectively. Both markers
were significantly elevated in malignant tissues of patient with lymph node
metastasis as compared with those without lymph node metastasis (P=0.029
and 0.048, respectively). The expression of MMP-2 and MMP-9 increased with
advanced clinical staging and grading (P=0.015 and 0.011).
Conclusion
Expression of MMP-2 and MMP-9 in breast cancer is closely correlated with
positive lymph node, high histological grade, and advanced clinical stage. More
studies with a huge sample size are needed to assess the prognostic role of MMPs
in breast cancer. The use of MMP inhibitors as an adjuvant treatment for breast
carcinoma is recommended.
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Introduction
All over the world, millions of women are determined to
have breast disease [1,2]. In Egypt, breast malignancy is
the most understood female cancer, which ranks first
according to Cancer Pathology Registry 2003–2004
with 18%, and is considered the most widely
recognized reason for mortality in Egypt [3–5]. In
addition, both invasion and metastasis are considered
themost common life-threatening factors in carcinoma.
Cancer cells are outfittedwithmany proteolytic enzymes
which appear to have a part in cancer dissemination [6].
The most significant point in cancer is spreading of
tumor cells, and once it happens, the patient cannot
be cured by just nearby therapy = usual therapy [7].

The procedure of metastasis includes intravasation,
extravasation of tumor cells, and then implantation
at distant sites accompanied by formation of new
angiogenesis. These steps in metastasis require
proteolytic enzymes that cause extracellular matrix
protein degradation. Matrix metalloproteinase
(MMP) is a class of these proteins and thought to
assume critical part in this process [8].
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MMPs are group of homologous, zinc (Zn2+)-
dependent endopeptidases and calcium-dependent
extracellular enzymes that assume important role in
extracellular matrix degradation related to tumor cell
infiltration, metastasis, and angiogenesis. Matrix
metalloproteinase A and B (MMP-2 and MMP-9)
are two related entities of the MMP family, with a
capacity to degrade collagens or gelatins, but they are
different from other MMPs as they can decay gelatinase
and type IV collagen, the principal part of basement
membrane [8,9].

The size of MMP-2 is 72 kDa whereas MMP-9 is
92 kDa, which can separate extracellular matrix that
ties to gelatin or distinctive types of collagens. Also,
both markers possess various extracellular matrix atoms
including type IV, V, and XI collagens, laminin, and
aggrecan. MMP-2 digests collagens I, II, and III in a
way similar to collagenases, yetMMP-9 cannot do this.
It was postulated that bothMMP-2 andMMP-9 were
not synthesized by the tumor epithelium itself but
rather by the encompassing tumor stroma, mainly
fibroblasts [10].

Numerous clinical and preclinical information
proposed that MMPs assume a critical role in the
process of cancer progress. Many reports have
demonstrated that MMP inhibitors were required in
the treatment of various kinds of tumors, for example,
leukemias, lymphomas, testicular cancer, lung cancer,
gastrointestinal cancer, and oropharyngeal cancer [11].

At present, nodal status is the most important
prognostic parameter in breast cancer, so the higher
expression of MMPs in negative lymph node tissue
points to increased danger of metastasis. Therefore, it
may be important to use MMP inhibitors as an
adjuvant therapy in breast cancer [12].

The present work aims to investigate the expression of
MMP-2 andMMP-9 in breast carcinoma and correlate
their expression with various clinicopathological
parameters to assess their role in growth and
metastasis.

Patients and methods
The present study included 60 samples of cases, which
were collected randomly from the Pathology
Department, Faculty of Medicine, Cairo University,
from 2010 to 2012. Most of collected cases blocks
gained by subtotal mastectomy. The ethical committee
on human research at NRC (Egypt) approved the
protocol for the study.

Patients’ data
The available clinical data were obtained from patients’
medical reports, including age, size of the tumor
(largest diameter), clinical staging, histopathological
grade and lymph node status, and results of hormonal
state, which were routinely examined.

Overall, three sections 4-μm thick were cut from each
block: one section was stained with hematoxylin and
eosin to revise the diagnosis and tumor histological
type by routine histopathologic study, and the other
sections were mounted on a positively charged glass
slide for immunohistochemical staining.

Immunohistochemical stainingwas performed according
to the streptavidin biotin peroxidase complex. Sections
were deparaffinized with xylene and rehydrated with
graded ethanol. Antigen retrieval was done by
incubating the sections in 10-ml sodium citrate buffer
(pH 6.0) for 10min in a conventional microwave oven.
The endogenous peroxidase activity was blocked by
immersing the tissue sections for 10–20min in 3%
hydrogen peroxide with methanol. The nonspecific
reactivity to other proteins was blocked by nonimmune
protein-blocking serum. The primary antibody for both
markers used was the mouse myeloma at a dilution 1 :
40–1 : 80 for 60min at 25°C. Detection was performed
using ultravision detection system (Lab Vision
Corporation, United State).

Immunostaining results were interpreted blindly to the
specific diagnosis for each individual case based on the
percentage of positive tumor cells that was evaluated in
10 fields at original magnification ×200.Tumor cells
that showed cytoplasmic staining were considered
positive [13].

Cytoplasmic expression of MMP-2 and MMP-9 was
evaluated semiquantitatively in tumor and stromal cells
according to the percentage of positivity and assigned
to one of the four following grades: 0: negative, 1:
focally positive (1–10% positive cells in the lesion), 2:
moderately positive (11–50%), and 3: markedly
positive more than 50%. The intensity of staining
was semiquantitatively assessed as weak, moderated,
or strong [14].

Statistical analysis
Data were statistically described in terms of frequencies
(number of six cases) and relative frequencies
(percentages). χ2-Test was performed to compare
the different study variables between the study
groups. Yates correction and Fisher’s exact tests were
used only when the expected frequency was found to be
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less than five. A P value of less than 0.05 was
considered statistically significant.

All statistical calculations were done using computer
programs Microsoft Excel, version 7 (Microsoft
Corporation, New York, New York, USA) and
statistical package for the social science (SPSS; SPSS
Inc., Chicago, Illinois, USA) statistical program.

Result
In this study, the mean age of patients with breast
carcinomas was 53.2 years. The common age group
was within the fifth decade. Most of the cases were of
lowgrade. Intraductal componentwas present in only 25
(42%) cases, whereas the remaining 35 (58%) cases were
devoid of it. The group in which tumor size ranged from
2to5 cm(pT2)was themost commongroup (56%),with
meanmaximal dimensionwas 3.9 cm.A total of 60 cases
were tested for estrogen-receptor (ER) andprogesterone
receptor (PR) reaction, and their reports were available.
More thanhalf of cases (43, 72%)were estrogenpositive,
and 45 (75%) cases were progesterone positive.

Immunostaining of MMP-2 and MMP-9 in breast cancer
Staining of MMP-2 and MMP-9 in this study was
detected in the cytoplasm of malignant cells and in the
peritumoral stroma. In addition, vascular endothelium
stained positively for both markers (Figs 1–4). Number
of cases expressing MMP-9 was 51 (85%) whereas
cases expressing MMP-2 was 54 (90%).

The immunostaining of MMP-2 and MMP-9
was correlated with clinic-pathological parameters,
including age, clinical staging of the tumor, histological
grade, lymph node status, and histological grade.

Both markers’ expression in the tumor cells was high,
with median value of 85% for MMP-9 and 90% for
MMP-2. MMP-2 expression was observed in 60% of
stromal cells whereas MMP-9 positivity was observed
in 64% of stromal cells (Fig. 5).

From the age group 50 years or younger, 91% showed
positive immunostaining, and only four cases showed
negative reaction. On the contrary, 13 patients older
than 50 years were positive for both markers. However,
the correlation between age and both MMP-9 and
MMP-2 was statistically insignificant (P=0.659).

Significant increase in the positivity of MMP-2 and
MMP-9 was seen with each progressed clinical phase
of disease, demonstrating increase expression in tumor

Figure 1

Microscopic pictures show (a) invasive duct carcinoma with strong positivity for MMP-9 and (b) moderate positivity for MMP-2 (immunoper-
oxidase ×200). MMP-2, matrix metalloproteinase-2; MMP-9, matrix metalloproteinase-9

Figure 2

Invasive duct carcinoma, with prominent intraductal component,
shows MMP-9 immunostaining (immunoperoxidase ×200). MMP-9,
matrix metalloproteinase-9
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tissue of the breasts with clinical stage III in contrast
with those with clinical stages I and II (P≤0.001).

By considering correlation between MMP-2 and
MMP-9 positivity and tumor grade, which is divided
into low grade and high grade, our results shows that
significant statistical association could be found when
comparing the expression of bothmarkers (MMP-2 and
MMP-9)withgradesofall studied (P=0.015and0.011).

From all malignant cases with positive lymph node, all
cases were positive (100%) for MMPs, whereas among

the nodal negative cases, only one showed weak
positive staining. Both MMP-2 and MMP-9 were
essentially lifted in malignant tissues of patient with
positive lymph node when contrasted with tumor
tissues of patients without lymph node metastasis
(P=0.029 and 0.048, respectively). Both matrix
metalloproteinase 2 and 9 expression indicated a
highly significant with ER positive and PR positive
cases with (P=0.014 and 0.034) (Table 1).

Discussion
Breast cancer is the most widely recognized tumor
affecting women in the world today. It is the leading
cause of death in women worldwide; millions of
women are determined to have breast cancer
consistently, accounting for a tenth of all new
cancers [1]. In Egypt, the National Cancer Institute
2002 cancer registry outlined that the incidence of
breast cancer was 19%, ranking first among common
cancers in women, representing 37.5% of all women
cancer cases [2]. Despite breast cancer consider a
disease of developed countries, Most brearst cancer
death ocuur in developing countries (69%) [15,16].
Metastasis is considered the essential cause of disease
mortality, this is why the need to focus on the manner
which direct this procedure. It is understood that
development and spread of cancer cell to other areas
to a great extent relies on the response between tumor
cells and their environment. Likewise, turn over from
ductal carcinoma in situ to invasive breast carcinoma is
a poorly understood event in the progression of breast
carcinoma. A portion of the potential organic markers
of progression to invasion in ductal carcinoma in situ
are the particles involved in the stromal connective

Figure 5

Invasive duct carcinoma shows strong stromal positivity for MMP-2
(red arrows), andmoderate tumor cell positivity (black arrow) (immuo-
peroxidase ×100). MMP-2, matrix metalloproteinase-2

Figure 3

Mucinous carcinoma of the breast shows strong MMP-2 immuno-
staining (immunoperoxidase ×200). MMP-2, matrix metalloprotei-
nase-2

Figure 4

Invasive lobular carcinoma shows strong MMP-9 positivity (immuno-
peroxidase ×400). MMP-9, matrix metalloproteinase-9
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tissue degradation and invasion of the basement
membrane; some of these segments, especially the
interstitial collagens, are exceptionally impervious to
proteolytic attack and can be corrupted just by MMPs.
This reality was the principal purpose behind
examining metalloproteinase expression in the tumor
cells and in the tumor tissue stroma [17].

It was recognized that MMP-2 and MMP-9 have
gotten more prominent consideration of late as
implicated as causative part in disease attack and
metastasis. Various preclinical and clinical data
suggested that MMPs assume a critical part in the
process of cancer progression in many organs. Increase
level of MMP-2 had been seen in invasive region of
colorectal tumors and connected with Dukes stage
and in addition increase level of MMP-2 had been
seen in invasive region of colorectal tumors and this
connected with DUKES stage, in addition increase
level of MMP-2 in cases of polyp progress to
adenocarcinoma [18,19]. It was shown that extended
articulation of MMP-9 was a critical indicator of poor
prognosis for patients with nasopharyngeal carcinoma,
particularly at late stage, encouraging pharmaceutical

industries for synthesizing MMP inhibitors as
antimetastatic therapy [20].

For this reason, in our study, we aim to evaluate
prognostic value of MMP-2 and MMP-9 in breast
carcinoma. Therefore, 60 cases from Cairo University
were collected and studied by using immuno-
histochemistry.

In the present study, age of patients range from 28 to 82
years with a mean age 53.67±11.01 years. Patients aged
50 years and older constituted the greater part of the
studied cases (60.87%). Past review of Omar et al. [21]
detected that in Egypt breast cancer is common among
younger age and majority of cases occurring at 30–60y
of age with middle age 46y; one decade more youthful
than the corresponding age in Europe and North
America. The one decade younger incidence was
also reported by Middle East Cancer Consortium
[15]. This was not the case in our study. Most of
patients were 50 years and older with a link or trend to
postmenopausal status. The increased incidence after
50 years has been reported recently in Egyptian
patients [22,23].

Table 1 The correlation of MMP-2 and MMP-9 expression with clinical and pathological parameters

Factors MMP-2 [n (%)] P value MMP-9 [n (%)] P value

All patient 54 (90) 51 (85)

Size (cm)

<2 14 (26) 14 (27)

2–5 34 (63) 34 (67)

>5 6 (11) 3 (6)

Grade 0.015 0.011

Low grade 14 16

Mild 2 (14) 3 (19)

Moderate 5 (36) 5 (31)

Marked 7 (50) 8 (50)

High grade 40 35

Mild 12 (30) 11 (31.4)

Moderate 11 (27.5) 9 (25.7)

Marked 17 (42.5) 15 (42.9)

Nodal state

Positive cases [n (%)] 0.029 0.048

Positive LN 54 (100) 51 (100)

Negative LN 0% 0%

Negative cases

Positive LN 1 (16.7) 1 (11)

Negative LN 5 (83.3) 8 (88)

Hormonal state

ER 0.014 0.014

Negative 17 17

Positive 34 34

PR 0.034 0.034

Negative 10 10

Positive 41 41

ER, estrogen-receptor; LN, lymph node; MMP-2, matrix metalloproteinase-2; MMP-9, matrix metalloproteinase-9; PR, progesterone
receptor.
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Our study investigated the immunohistochemical
expression profile of MMP-2 and MMP-9 in breast
carcinoma. For interpretation of bothmarkers positivity,
tumor cells were examined for their expression in the
cytoplasm of both malignant and stromal cells. This is
similar to the interpretation used byRanogajec et al. [23]
in their previous study. We found that cytoplasmic
MMP-2 and MMP-9 expression was seen at 60 and
64% of stromal cells, respectively. Positive expression of
MMP-9andMMP-2 instromal cells showedsignificant
correlation with clinicopathological parameters related
to aggressive disease. Also, MMP-2 and MMP-9
expression was found in the cytoplasm of tumor cells
at90and85%, respectively.Thisgoeswithwhatwas seen
byRanogajec et al. [23]whosuggested the significanceof
stromal cells as treatment target for breast cancer.

Previous studies reported that MMP-9 is useful as an
independent unfavorable prognostic component for
breast cancer growth, demonstrating that presence of
MMPs in the stroma as a host response to presence of
tumor cells may assume a part in the control of tumor
prognosis [24].

The current study showed that patients with large
tumor size had significantly greater activity for
MMP-2 and MMP-9 in comparison with those
with small tumors. Similar findings were obtained
by Kiris et al. [24] who proved that expression of
MMP-2 basically associated with tumor size
(P=0.012). Additional studies on this issue gave
same results, as Chen et al. [25] proved that
expression of MMP-2 significantly correlated with
tumor size (P=0.012). In contrast, Ranogajec et al.
[23] proved that MMP-2 and MMP-9 had no
statistical significant correlation between tumor and
stromal MMP-2/MMP-9 positivity and other
standard prognostic factors except for tumor size.

Past study of Li et al. [12] announced that MMP-2 and
MMP-9 expression extended in high-grade tumorsmore
than that in low grade ones. This was in agreement with
the current study, which demonstrated that patients with
high-grade tumor show high expression of MMP-2 and
MMP-9 (P=0.015 and 0.011). Also, these results was in
agreement with Mylona et al. [26] who confirmed the
same result. In contrast, Yurdanur et al. [27] proved that
althoughMMP-9 expression is significantly increased in
high-grade tumors (P=0.001), no significant correlation
was found betweenMMP-2 and tumor grade (P=0.121).

As tumor grade and tumor size were well-known
prognostic factors and their prognostic values are
stronger than others, the correlations of MMP-2

and MMP-9 with higher tumor grade and
larger tumor size suggest that both markers may
be considered as unfavorable prognostic factors
especially in node-negative breast carcinoma [19,26].

Axillary lymph node status is the most basic prognostic
factor in patients with breast cancer, so those with
negative lymph node have more favorable prognosis
[26]. In the present study, immunostaining for MMP-
2 and MMP-9 was significantly correlated with lymph
nodes status of the tumor (P=0.029 and 0.048).
Different studies on this issue gave markedly the
same outcome, such as that seen by Yurdanur et al.
[27]. In this work, MMP-2 negativity in node-positive
patients was related to good prognosis. Also, it showed
that duration of survival was longer in MMP-2 node-
negative breast tumor group than MMP-2 node-
positive patients. Also Shah and Li et al. [12]
demonstrated that the expression of MMP-2 and
MMP-9 has huge prognostic value in node-negative
patients [8]. Both results confirmed that the high
proportion of MMP-2 in lymph node-negative
tissue proposed expanded danger of metastasis and
therefore it could be used to screen patients without
lymph node involvement. It was confirmed that the
expression ofMMP-2 andMMP-9 was corresponding
with tumor invasion and lymph node metastasis [28].

In spite of the fact that ER and PR markers may
have limited value as prognostic pointers, they may
mix with different parameters which have predictive
value for reaction to treatment [29]. An affiliation
was accounted between steroid hormones and
metalloproteinase action, and the initiation of ER
receptors by estrogen had been recommended to
prompt both tumor metastasis, by mimicking cell
development, and attack by growing MMPs [27]. In
this study, we obtained significant statistical result
between both MMP-9 and MMP-2 with ER and
PR positive cases (P=0.014 and 0.034). This in
agreement with Ranogajec et al. [23] and Razandi
et al. [30] who found high relation between both
markers and ER and PR and confirmed that
estrogen causes stimulation of transduction cascade
from plasma membrane to G protein and at last
leads to MMP-2 and MMP-9 activation. Our study
is in contrast with that of Wang et al. [31] who
confirmed that MMP-9 had negative relation with
PRs and Jinga et al. [32] who found no relation
between MMP-2 and MMP-9 and ER and PR
expression.

Previous studies confirmed that expression of both
MMP-2 and MMP-9 in patients with breast tumor
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demonstrated 13.9 times higher danger of death as
compared with the negative patient groups, suggesting
their role in predicting aggressive disease and worse
outcome [24].

It is possible that therapeutic strategies targeting
interaction of tumor cells with their surrounding
may be more beneficial in inhibiting tumor
progression than focusing on the tumor epithelial
cell alone.

Conclusion
The present study demonstrated that the expression of
MMP-2 andMMP-9 in tumor and stromal cells could
serve as a parameter of poor prognosis in breast cancer.
Both play a critical role in degradation of extracellular
matrix to enhance the invasive and metastatic capacity
of breast cancer. Their high expression was
significantly correlated with high histological grades,
advanced clinical staging, and positive lymph node
status. Further studies with a large sample size can
clarify the role of MMP-9 and MMP-2 expression as
prognostic factor in the breast carcinoma and the role
of coexpression of MMP-2 and MMP-9 as prognostic
value in node-negative patients.
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