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Abstract: Inflammatory breast cancer (IBC) represents the most aggressive form of breast cancer, characterized by
rapid progression, involvement of dermal lymphatic emboli and extensive metastatic lymph nodes. Matrix metallopro-
teinases (MMPs) are proteolytic enzymes that play an important role in cancer invasion and metastasis. Although the
role of MMPs in non-IBC is well studied, little is known about its role in IBC. Thus the goal of the present study was to
1) investigate the expression and activity levels of membrane type matrix metalloproteinase-1 (MT1-MMP) and matrix
metalloproteinase-2 and-9 (MMP-2 and MMP-9) in IBC versus non-IBC tissue samples and; 2) test correlation be-
tween expression of MT1-MMP and pro- and active forms of MMP-2 and MMP-9. We enrolled 51 breast cancer pa-
tients, 21 were diagnosed as IBC and 30 as non-IBC. Level of expression of MT1-MMP in carcinoma tissue was as-
sessed by immunoblot and immunohistochemistry techniques. The expression and activation of MMP-2 and MMP-9
was measured by gelatin zymography. Our results revealed that MT1-MMP, pro-MMP-2, pro-MMP-9 and active MMP-2
were more expressed in IBC tissue versus non-IBC. Furthermore, we found that MT1-MMP expression correlates with
expression of pro-MMP-2, pro-MMP-9 and active MMP-2 in IBC tissue samples and with MMP-9 in non-IBC tissue
sample. In conclusion, our study suggests a role of MT1-MMP in inflammatory breast cancer disease progression.

Keywords: Inflammatory breast cancer, matrix metalloproteinases, MT1-MMP, MMP-2, MMP-9

Introduction

Inflammatory breast cancer (IBC) is the most
lethal subtype of breast cancer with unique
clinical and pathological characteristics. Al-
though relatively rare, it is more prominent
among young ages [1] and its incidence rates
appear to be increasing over the last 20 years
[2]. Clinically, IBC is defined by distinct features,
including rapid onset, erythema, edema of the
breast, and a “peaud'orange” appearance of
the skin. High metastatic potential character-
ized by formation of dermal and lymphatic em-
boli and extensive axillary lymph node involve-
ment are the major symptoms at time of diagno-
sis [3-4]. Proteases are known to be involved in
cancer progression through enhancement of

cell motility, invasion and lymph node metasta-
sis [5]. Among large family of proteases are the
matrix metalloproteinases (MMPs) consists of
23 members including 17 secreted as soluble
enzymes and 6 of them are membrane type-
metalloproteinases [6].Depend on substrate
specificity and domain structure, MMPs are di-
vided into five subgroups: collagenases, gelati-
nases, matrilysins, stromelysins, and membrane
-bound MMPs (MT-MMP) [7]. Within the tumor
microenvironment MMPs expressed and se-
creted by carcinoma and stromal cells. MMPs
playan essential role in cancer invasion and
metastasis by degrading components of the
basement membrane, thereby facilitating carci-
noma cell intravasation and dissemination [8-
9]. Furthermore, MMPs also may modulate car-
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cinoma cells physiology in vivo as a conse-
quence of their ability to cleave growth factors,
cell surface receptors, cell adhesion molecules,
or chemokines/cytokines. For instance, by
cleaving pro-apoptotic factors, MMPs may be
able to generate a more aggressive phenotype
via production of apoptosis-resistant cells [10].
MMPs are produced as inactive forms (pro-
MMPs), which are activated by other proteases.
Their activity is inhibited by tissue inhibitors of
matrix metalloproteinases (TIMPs) that can form
complexes either with pro- or activated enzymes
[8, 11].

MT1-MMP, also known as MMP-14, was the first
identified membranous enzyme of the MT-MMP
family [12] that appears to be important in the
degradation of the extracellular matrix proteins
and activation of other MMPs such as pro-MMP-
2, pro-MMP-13 and pro-MMP-8 [13-15]. It also
participates in cell migration, invasion and an-
giogenesis [16]. Inactive form of MT1-MMP is
cleaved intracellulary by furin and migrates to
cell surface as active form [17]. Within the tu-
mor microenvironment MT1-MMP enhance inva-
sion and motility of stromal cells such as fibro-
blasts [18] and carcinoma cells [14]. Secretary
MMP-2 and -9 contribute to tumor invasion and
metastasis by degradation of collagen type IV
that is considered as the basic component of
the basement membrane [19]. Activation of
MMP-2 is regulated through the formation of a
molecular complex with MT1-MMP and TIMP-2,
which serves as a receptor for pro-MMP-2. The
pro-MMP-2 in the trimeric complex is bound to
complex and activated by TIMP-2-free MT1-
MMP to generate the active form of MMP-2,
then the active MMPs usually activates pro-
MMP-9 [5, 15]. Co-expression of MT1-MMP and
MMP-2 found to be correlated with melanoma
invasion and metastasis in human xenograft
models [20]. Expression of MT1-MMP, MMP-2
and MMP-9 stimulate lymph node and tongue
metastasis in orthotopic murine model of head
and neck cancer [21] and invasive potential of
prostate cancer [22]. Similarly breast cancer
progression from early stages to highly invasive
and metastatic carcinomas found to be accom-
panied by increased in the expression of MT1-
MMP, MMP-2 and MMP-9 [23]. Therefore, MT1-
MMP, MMP-2 and MMP-9 may be considered as
a predictive biomarker for tumor aggressive-
ness, invasiveness and poor prognosis [23-26].
The aim of the present research was to test the
expression levels of MT1-MMP, MMP-2 and -9 in
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the aggressive breast cancer phenotype IBC
versus non-IBC and to test whether MT1-MMP
correlates with expression and activation of
MMP-2 and MMP-9. We found that MT1-MMP
was overexpressed in IBC versus non-IBC carci-
noma tissues. Furthermore, MT1-MMP in IBC
carcinoma tissues correlates with expression of
pro-MMP-2 and pro-MMP-9 and the activity of
MMP-2, while in non-IBC, expression of MT1-
MMP correlates with expression ofpro-MMP-9.
Our results indicated that MT1-MMP may play
important role in IBC progression via inducing
the expression of pro-MMP-2 and pro-MMP-9
and activation of MMP-2.

Materials and methods
Patient selection and tissue samples

For the purpose of patients’ enrolment, we ob-
tained Institutional Review Board (IRB) approval
from ethics committee of Ain Shams University.
Fifty one breast cancer patients were enrolled
from breast clinic of Ain Shams University Hospi-
tals. According to the American Joint Committee
on Cancer (AJCC), breast cancer patients were
subdivided into 2 groups IBC and non-IBC. IBC
patients (n=21) were clinically identified by a
diffuse erythema, peaud' orange and edema of
the breast. Diagnostic examination for both core
and skin biopsies were reviewed at the time of
diagnosis by pathologist. The pathological evi-
dence of IBC was confirmed by the observation
of dermal tumor emboli or lymphovascular inva-
sion [1]. Non-IBC group consisted of thirty
(n=30) invasive ductal carcinoma patients that
were defined as stage Il and lll.

Tissue specimens were obtained from pre-
treated diagnostic biopsy and modified radical
mastectomy (MRM). Each tissue specimen was
divided into 2 halves; one fixed in 10% neutral
formalin buffered for histopathological diagno-
sis and immunohistochemistry and second half
snap frozen in liquid nitrogen for further bio-
chemical and molecular studies. For routine
diagnosis, the expression of estrogen receptor
(ER), progesterone receptor (PR) and human
epidermal growth factor receptor-2 (Her-2) were
assessed by immunohistochemical techniques
using mouse anti-ER clone 1D5, anti-PR clone
PR 636 (both from Dako, Glostrup, Denmark)
and mouse monoclonal antibody HER-2 (clone
SPM 495) from Lab vision (Thermo Fisher Scien-
tific Inc, USA), respectively.
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Soduim dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and immunoblotting

Cancer tissue samples obtained from MRM
were homogenized in RIPA buffer (25 mM Tris-
HCI pH 7.6, 150 mM NaCl, 1% NP-40, 1% so-
dium deoxycholate, 0.1% SDS). Protein content
was determined using Bradford assay
(Fermentas, Burlington, ON, Canada). SDS-PAGE
and immunoblotting were performed as we de-
scribed before [27]. Briefly, equal amounts of
protein (50 ug/well) from each tissue homoge-
nate were electrophoresed on 12% SDS- poly-
acrlamide gels under reducing conditions then
transferred onto Immobilon-PPolyvinylidene Di-
fluoride (PVDF) membrane (Millipore, USA). The
membrane was blocked overnight with 5% non-
fat dried milk in TBS- 0.05% Tween 20. Then the
membrane was incubated with 1:1500 dilution
of anti-MT1-MMP antibody (Millipore, USA) and
followed by washing and incubation with
1:10,000 diluted peroxidase-labeled goat anti-
rabbit secondary antibody (Kirkegaard and Perry
Laboratories (KPL), Inc. Gaithersburg, MD, USA).
Following washing, bands were visualized using
3, 3, b5, b'-tetramethylbenzidine (TMB) mem-
brane peroxidase substrate (KPL, Inc. Gaithers-
burg, MD, USA). Once the color appeared the
reaction was stopped by immersing membrane
in water for 20-30 seconds.

Immunohistochemistry (IHC)

Immunohistochemical staining was performed
on 4 pm-thick paraffin tissue sections. Tissue
sections were first deparaffinized followed by
antigen retrieval in Tris -EDTA buffer (10mM
Tris Base, 1mM EDTA Solution, 0.05% Tween
20, pH 9.0) in the microwave. After cooling to
room temperature, endogenous peroxidase ac-
tivity of the tissue was blocked with 3% hydro-
gen peroxide for 10 min (BioGenex, San Ramon,
CA, USA) then slides were washed in TBS with
0.1% Tween 20. Non specific protein binding
was blocked with serum blocking for 5 min
(BioGenex, San Ramon, CA) followed by incubat-
ing the slides with polyclonal rabbit-MMP-14
antibody from Chemicon (Temecula, CA, USA).
MT1-MMP antibody dilution used was 1:100 for
2 h. Followed by washing twice inTris-buffered
saline TBS (0.05 mol/L Tris-HCI, pH 7.6, 0.15
mol/L NaCl and 0.05% Tween 20) for 5min.
After washing tissue sections were incubated
100 ul of horse radish peroxidase (HRP) labeled
rabbit or mouse secondary antibody [EnVision+
Dual Link System-HRP (DAB+)] for 45 min,
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washed, stained by 100 ul of DAB+ diluted 1:50
in substrate buffer [EnVision+ Dual Link System-
HRP (DAB+)] for 15 min. Staining was achieved
by adding 100 ul of DAB+ diluted 1:50 in sub-
strate buffer. As positive control, samples from
normal human placenta were used. For nega-
tive control the primary antibody was replaced
by TBS on slides with specimens. Finally, speci-
mens were rinsed in TBS, nuclei were counter-
stained with hematoxylin and mounted using
Permount® for microscopic examination.

The immunostaining of MT1-MMP was evalu-
ated using light microscope (Olympus, CX41,
Japan), which mainly detected in the cytoplasm
of malignant cells. The expression of MT1-MMP
was scored according staining intensity and the
number of stained cells as follows: O, no stain-
ing or weak staining in < 10% of positive cells;
score 1, weak to moderate staining detected in
11-20% of carcinoma cells, score 2, moderate
to strong staining in 21-50% of cells and score
3, strong staining in >50% of cells [28].

Gelatin zymography

Gelatin zymograpy was performed as we de-
scribed before [27]. Briefly, samples were dena-
tured without reducing or heating conditions
and electrophoresed on 10% containing 1%
gelatin (w/v) at 4°C until the dye reached the
bottom of the gel. Gels were subsequently
washed twice for 15 min in renaturation buffer
containing 2.5% Triton X-100 at room tempera-
ture, and then incubated overnight at 37°C in
developing buffer [5 mM CaClz, 0.05% Brij 35,
and 50 mM Tris (pH 7.8)]. After incubation time,
gels were stained with 0.5% Coomassie brilliant
blue R-250 in 50% methanol and 10% acetic
acid for 1 h and then de-stained in a 50%
methanol and 10% acetic acid solution until
clear bands appeared. Clear bands represent
areas of gelatinolytic activity of MMP-2 and
MMP-9. Human recombinant MMP-2 and MMP-
9 were loaded separately as positive controls.
Gelatinolytic bands of MMP-2 and MMP-9 were
assessed using an arbitrary graded scale as
described before [29-30]. Scale categories were
divided into the following: +/- no or faint band
(< 1.0 mm in width); 1+, clear or intense band
detected (1-3 mm in width); and 2+, very in-
tense band detected (> 3 mm in width).

Statistical analysis

Statistical analyses were performed using SPSS
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Table 1. Clinical and pathological characteristics of patients with IBC and non-IBC

Characteristics IBC Non-IBC P-value
n =21 (%) n =30 (%)
Age
Mean+ SD 46.7+ 10.29 53.6+11.27 0.041%*a
Range (29-65) (30-76)
Tumor size
Mean+ SD 6.25+3.0 4.48+2.4 0.04*a
<2cm 3(15.0%) 5(17.9%)
>2cm 17(85.0%) 23(82.1%) 1.000v
NA 1 2
Tumor grade
G2 17(81.0%) 23(76.7%) 1.000v
G3 4(19.0%) 7(23.3%)
Number of lymph nodes *
0 0 5(18.5%)
1-4 6(31.6%) 15(55.6) 0.007*p
>4 13(68.4%) 7(25.9%)
Not examined 2 3
Lymphovascular invasion
Positive 17(81.0%) 3(10.0%) 0.000%*b
Negative 4(19.0%) 27(90.0%)
ER status
Positive 7(36.8%) 9(30.0%)
Negative 12(63.2%) 21(70.0 %) 0.757°
NA 2 -
PR status
Positive 9(47.4%) 10(33.3%)
Negative 10(52.6%) 20(66.7%) 0.377b
NA 2 -
HER-2 status
Positive 3(15.8%) 7(23.3%)
Negative 16(84.2%) 23(76.7%) 0.7200
NA 2 -

Data are reported as meansz SD. NA= not available

*Significant p value calculated by @ Student-T test or b Fisher’s exact test.

+ P value was calculated between < 4 involved O and >4

16.0 software (SPSS). Qualitative data were
expressed as frequencies and percentages
while quantitative data were expressed as mean
+SD. Difference or comparison between two
groups was done by Student T- test, Fisher’s
exact test and Mann-Whitney U-test. Association
between different variables was computed us-
ing Fisher’s exact test. Differences were consid-
ered statistically significant at P- value < 0.05.

Results

Patient clinical and pathological characteristic
Clinical and pathological characterization of IBC
and non-IBC patients is shown in Table 1. Mean
age of IBC patients was 46.7 + 10.2 years with

age range from 29 to 65 years old while mean
age of non-IBC patients was 53.6 + 11.2 years
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with age range from 30 to 76 years. Therefore,
IBC patients were significantly (P= 0.041)
younger than non-IBC patients. In IBC patients,
tumor sizes were varied from 1-11 cm with
mean size of 6.25 + 3 cm, with approximately
15.0% of them having tumor sizes less than 2
cm and 85.0% having a tumor mass greater
than 2 cm. Whereas, non- IBC patients showed
tumor masses ranging from 1.4-11 cm with
mean size of 4.48 + 2.4 cm in which 17.9% had
size less than 2cm and 82.1% patients exhib-
ited tumor size more than 2cm. The mean tu-
mor size of IBC patients was significantly higher
(P=0.04) than in non-IBC patients.

The tumor grade among IBC patients revealed
that 81.0% were diagnosed as grade 2 (G2) and
19.0% were grade 3 (G3). In non-IBC patients,
76.7% were classified as grade 2 (G2) and
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23.3% were tumor grade 3 (G3).

Lymph nodes metastasis was subdivided ac-
cording to number of positive metastatic lymph
nodes into O, 1-4 and > 4. All IBC patients who
underwent surgery had positive lymph nodes
metastasis, 31.6% had 1-4 positive lymph
nodes and 68.4% had greater than 4 positive
metastatic lymph nodes. In non-IBC patients,
18.5% were node negative and 55.6% had 1-4
positive lymph nodes whereas 25.9% had more
than 4 positive lymph nodes. Thus, women with
IBC were more likely to present with 4 or more
positive lymph nodes compared with non-IBC
women (P= 0.007).Pathological examination of
IBC and non-IBC tissue sections revealed that
lymphovascular invasion characterized by mi-
gration of carcinoma cells into lymphatic ves-
sels is significantly (P= 0.000) more than in IBC
81.0% versus non-IBC 10.0% patients.

ER, PR and HER-2 status were assessed as
negative and positive for all patients. In IBC pa-
tients, positive staining for ER, PR and HER-2
was detected in 36.8%, 47.4% and 15.8%, re-
spectively. While in non-IBC patients positive
staining for ER, PR and HER-2 was 30.0%,
33.3% and 23.3% in non-IBC patients, respec-
tively. There was no statistically significant dif-
ference among ER, PR and Her-2 in IBC versus
non-IBC patients.

Overexpression of MT1-MMP in IBC versus non-
IBC patients

Immunoblot analysis was used for assessment
of MT1-MMP in tissue lysates of IBC and non-
IBC patients. Results of immunoblot analysis
showed MT1-MMP (Mwt 60 kDa) was highly
expressed in IBC tissues as compared to non-
IBC tissues. In which, 66.7% of IBC patients'
breast tissues expressed high level of MT1-
MMP characterized by heavy band at 60 kDa
(Figure 1A) while, 40.0% of non-IBC patients'
breast tissues expressed light band of MT1-
MMP (Figure 1B).Immunohistochemical analysis
confirmed immunoblot results where IBC tis-
sues highly expressing (score 3) MT1-MMP
(Figure 2A and B) compared to moderate ex-
pression (score 2) of MT1-MMP by non-IBC car-
cinoma cells (Figure 2C and D).

Increase activity of MMP-2 and MMP-9 in the
IBC versus non-IBC tissue samples

To determine the activity of MMP-2 and MMP-9
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Figure 1. Immunoblot analysis showing expression of
MT1-MMP (MMP-14) in tissue lysates of IBC (A) and
non-IBC patients (B). A. Lanes from 1-6 represent
tissue lysates of different IBC patients and shows
increased expression of MT1-MMP (60 kDa). B.
Lanes from 1-6 represent tissue lysates of different
non-IBC patients and shows weak expression of MT1
-MMP (60 kDa).

in tissues of IBC and non-IBC patients, we used
the gelatin zymography assay. For MMP-2, both
pro-form at Mwt 72 kDa and active form at Mwt
62 kDa were detected in tissue homogenate of
IBC (Figure 3A) and non-IBC (Figure 3B). While
for MMP-9, the pro-form was detected at Mwt
92 kDa and active form at Mwt 82kDa in the
tissue lysates of IBC (Figure 3A) and non-IBC
(Figure 3B).

Using an arbitrary graded scale as described
before [29-30], we assessed gelatinolytic activ-
ity of MMP-2 and MMP-9. As described in Table
2, MMP-2 and MMP-9 activities were variable
among tumors of IBC and non-IBC. Using Semi-
quantitative analysis, we found that intense
bands (1+) of pro- MMP-9 in 66.7% of IBC tis-
sues versus 93.3% of non-IBC whereas very
intense bands (2+) in was detected only in
33.3% of IBC not in non-IBC tissue. IBC patients
were significantly higher (P= 0.001) for pro-
MMP-9 than non-IBC patients.

Regarding active form of MMP-9, 38.1% showed
intense bands of 1+ and 19% showed very in-
tense bands of 2+ in IBC patients. In non-IBC
patients, intense bands (1+) in 40.0% and no
detectable bands of 2+ were showed. However,
this trend was not statistically significant (P =
0.093).

In IBC patients, pro- and active MMP-2 of in-
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Figure 2. Photomicrographs represent immunohistochemistry staining of MT1-MMP expression. [A & B] IBC patient
shows overexpression (score 3) of MT1-MMP. [C & D] Non-IBC invasive intraductal carcinoma showing moderate ex-
pression (score 2) of MT1-MMP; magnification 100X and 400X, respectively.

tense bands (1+) were detected in 90.4% and
42.8%, respectively. Very intense bands (2+) of
pro- and active MMP-2 were observed in 4.8%
and 52.4%, respectively.

In non-IBC, detection of pro- and active MMP-2
were almost negative/weak (+/-) in 33.3% and
40.0%, respectively in the examined tissues.
Intense bands (1+) of pro- and active MMP-2
were detected in 66.6% and 50.0%, respec-
tively. While very intense band (+2) of active
MMP-2 was detected in 10% of the examined
non-IBC tissue homogenates. There were statis-
tically significant in MMP-2 expression (P=
0.009) and activity (P= 0.000) between IBC ver-
sus non-IBC carcinoma tissue.

Correlation between MT1-MMP and both forms
of MMP-9 and MMP-2 in tissue lysates of IBC
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and non-IBC patient

To test whether the MT1-MMP expression corre-
lates with MMP-2 and MMP-9 activities in IBC
versus non-IBC patient tissues, we used Fisher’s
exact test (Table 3). MT1-MMP showed statisti-
cally significant association (P= 0.0086, P=
0.0448 and P= 0.0448) with pro-MMP-9, pro-
MMP-2 and active MMP-2 in the IBC patients,
respectively. While in non-IBC tissues, a signifi-
cant correlation of MT1-MMP (P< 0.0001) was
detected only with pro-MMP-9 and correlation
between pro-MMP-2 and MT1-MMP was ob-
served within the limits of significance (P=
0.06).

Discussion

Tumor invasion and metastasis are associated
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Figure 3. Representative zymograms of tissue lysates
from IBC (A) and non-IBC patients (B) depicting gelati-
nolytic activity of proMMP-2 (72 kDa), MMP-2 (62
kDa), proMMP-9 (92 kDa) and MMP-9 (82 kDa). Sam-
ples were equally loaded (50ug protein/well), sepa-
rated by 10% SDS-PAGE containing 1% gelatin under-
non-reducing conditions without heating. Regions of
enzymatic activity were appeared as clear zones over
the black background.

with a complex cascade of proteolytic events
and a crucial role played by MMPs in the degra-
dation of extracellular matrix (ECM) proteins
and basement membrane [8]. MT1-MMP is con-
sidered as one of the critical MMPs involved in
the tumor invasion by functioning as a pericellu-
lar collagenase and an activator of the latent
form of MMP-2 [15]. MT1-MMP found to be di-
rectly associated with metastasis and poor prog-
nosis [31] either directly or through activation of

gelatinases MMP-2 [32] and MMP-9 [33].

In the present study, we compared the expres-
sion of MMPs (MT1-MMP, MMP2 and MMP-9) in
IBC versus non-IBC patients in an attempt to
provide a more validated data on biological be-
havior of IBC phenotype. We assessed the level
of expression of MT1-MMP in breast cancer tis-
sues of the study groups using immunoblotting
and immunohistochemistry. MT1-MMP was
strongly detected in cytoplasm of IBC cells, with
slightly staining in the adjacent stromal cells
[unpublished data]. Our results agree with other
studies which detected positive staining of MT1-
MMP in the cytoplasm of breast tumor cells with
slight staining of stromal cells [25].

There are many studies investigated the rela-
tionship between expression of MMPs and clini-
copathological characteristics of breast cancer
patients. Highest expression of MT1-MMP [34-
35] and MMP-2 [36] was found in cases with
larger tumor size. However, others [28, 37-38]
found non-significant association of MT1-MMP
expression either from breast tumor cells or
stromal cells with tumor size. In regard to lymph
node metastasis, studies showed that high ex-
pression of MMPs especially MT1-MMP, MMP-2
and MMP-9 [34-35, 38-40] was significantly
associated with positive lymph node metastasis.
Metastatic cancer cells in the metastatic axillary
lymph nodes (MALNs) can induce MT1-MMP
and MMP-7 production by fibroblast-like cells
and mononuclear inflammatory cells; this may
prove role of MMPs expressed by the stromal
cells in tumor progression [41]. Additionally,
MMP-2 and MMP-9 can induce releasing ECM-

Table 2. Semi-quantitative analysis of MMP-2 and MMP-9 activity in IBC versus non-IBC patients

Patients +/- 1+ 2+ P-value
Pro-MMP-9 IBC 0 14(66.7%) 7(33.3%)
= *
Non-IBC 2(6.7%) 28(93.3%) 0 P=0.001
Active MMP-9 IBC 9(42.9%) 8(38.1%) 4(19%)
P =0.093
Non-IBC 18(60.0%) 12(40.0%) 0
Pro-MMP-2 IBC 1(4.8%) 19(90.4%) 1(4.8%)
P =0.009*
Non-IBC 10(33.3%) 20(66.6%) 0
Active MMP-2 IBC 1(4.8%) 9(42.8%) 11(52.4%)
P =0.000*
Non-IBC 12(40.0%) 15(50.0%) 3(10.0%)

*Significant p value calculated by Mann-Whitney U-test. Gelatinolytic bands were assessed and divided into the
following: +/-, no or faint band detected (< 1mm in width); 1+, clear or intense band detected (1-3mm in width) and

2+, very intense band detected (> 3mm in width).
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Table 3. Correlation of MT1-MMP with MMP-2 and MMP-9 in IBC versus non-IBC tissues

IBC, n (%) Non-IBC, n (%)
Ve P-value Ve Ve P-value
MT1-MMP 14(66.7%) 7(33.3%) 12(40.0%) 18(60.0%)
Pro-MMP-9 21(100%) 0(0%) 0.0086*  28(93.3%) 2(6.7%) <0.0001*
ActiveMMP-9 12(57.1%) 9(42.9%) 0.7513 18(60.0%) 12(40.0%)  1.000
Pro-MMP-2 20(95.2%) 1(4.8%) 0.0448*  10(33.3%) 20(66.7%)  0.06
ActiveMMP-2 20(95.2%) 1(4.8%) 0.0448*  12(40.0%) 18(60.0%)  0.1964

*Significant p value analyzed by Fisher’s exact test. n: number of patient

bound proangiogenic factors such as vascular
endothelial growth factor (VEGF), thus accelerat-
ing angiogenesis process [42]. Increased ex-
pression of MMP-2, MMP-9 and VEGF was cor-
related with increased number of lymphatic ves-
sels; this may enhance lymphangiogenesis and
metastatic lymph node of breast cancer [43].

However, in early reports, MT1-MMP exhibit to
have a single function as an activator for MMPs
such as MMP-2. Recent data have provided
evidence that MT1-MMP plays essential role in
the degradation of the ECM, cleavage of cell
adhesion molecules and cell surface receptors
[44]. Due to participation of active MMP-2, MMP
-8 and MMP-13 in the degradation of the inter-
stitial collagen, MT1-MMP mediated the activa-
tion of pro- form of these enzymes [15] indicat-
ing that MT1-MMP can contribute in tumor pro-
gression and metastasis either by cleavage ex-
tracellular components or by activating other
MMPs.

For that increase in the activity of MMP-2 and
MMP-9 in breast cancer patients tissues and
sera postulated to be strong marker for predict-
ing development and severity of breast cancer
invasion [36, 45]. For instance, high activity of
MMP-2 and MMP-9 was detected in carcinoma
tissues [40] and sera of breast cancer patients
[45-46] suggesting important role of both en-
zymes as biomarkers in breast cancer progres-
sion and aggressiveness.

In the present study, we detected increased
expression of MT1-MMP in aggressive pheno-
type IBC compared to non-IBC. In addition, there
was also significant increase in the expression
of pro-MMP-9 (P= 0.001), pro- MMP-2 (P=
0.009) and active MMP-2 (P= 0.000) in IBC
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relative to non-IBC carcinoma tissues.

IBC is known as an aggressive form of breast
cancer characterized by high invasiveness, poor
prognosis and low survival rate [47]. Although
MMPs are probably important mediators for the
invasiveness, motility and metastatic potential
of non-IBC [19, 48], they are not well studied in
IBC. Since high levels and activity of MMPs
(MT1-MMP, MMP-2 and MMP-9) is closely
linked to breast cancer disease aggressiveness,
increase in the number of positive metastatic
lymph node, and poor prognosis, all previous
properties coincided with IBC characteristic na-
ture.

Since the activation of MMP-2 is associated
with increase in the probability of cancer metas-
tasis [49-50], a mechanism may be mediated
by MT1-MMP activity at cell surface through
TIMP/MT1-MMP complex [15]. We also corre-
lated between expression of MT1-MMP and
MMP-2 in cancer tissues of IBC versus non-IBC.
We detected a statistically significant correla-
tion between MT1-MMP and both forms (pro-
and active) of MMP-2 among IBC patients (P=
0.0086, P= 0.0448). The present results agree
with studies which have shown MT1-MMP to
play significant role in the activation of pro-MMP
-2 in the presence low amount of TIMP-2. It is
know that pro-MMP-2 binds to MT1-MMP and
TIMP-2, forming ternary complex and then to be
activated by an adjacent TIMP-2 free MT1-
MMPon the cell surface [12, 32, 34, 51]. Fur-
thermore, MT1-MMP and TIMP-2 were induced
by H-Ras in MCF10A human breast epithelial
cells, leading to activation of MMP-2 [52]. Inter-
estingly, co-localization of MT1-MMP and MMP-
2 is implicated in the tumor progression from
early steps of initial tumor development, growth
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and angiogenesis to invasion and metastasis
[53].

Moreover, our results showed that the pro-form
of MMP-9 was significantly (P= 0.0086) associ-
ated with MT1-MMP expression in IBC and not
non-IBC. This is in accordance with other pervi-
ous findings which detected association be-
tween the expression of cytoplasmic MMP-9
and MT1-MMP in breast cancer patients [28].
However, the activation of MMP-Q is still de-
bated. some studies found MT1-MMP partici-
pates in MMP-9 activation [33] and others
found pro-MMP-9 is activated by other MMPs
such as MMP-2 [54], MMP-3 [55-56], MMP-7
[57], MMP-13 [58] and MMP-26 [59].

In conclusion, overexpression of MT1-MMP by
IBC carcinoma tissues may be associated with
disease aggressiveness either directly through
inducing cell motility, or indirectly by activation
of MMP-2 which participate in extracellular ma-
trix degradation subsequently enhance IBC inva-
siveness and metastasis. Further studies are
warranted to confirm our present findings and
elucidate role of MT1-MMP in IBC progression.
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