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ABSTRACT

AIMS: The present study aimed to detect expression and activation
of MMP-2 as well as the involvement of MMP2 in cancer
progression in 81 malignant breast tumor and adjacent normal tissues
of different stages of the disease.

METHODS: Methods used were gelatin zymography, western blot,
RT-PCR, Immuno histochemistry and ELISA.

RESULTS: Pro-MMP-2 was highly expressed in node positive
tumors and adjacent normal breast tissue. The mature forms of MMP-
2 (68kD and 64kD) were observed mostly in T2-T4 stages. We also
observed down regulation of TIMP-2 and translocation of NFkB in
stage-111 cases, which suggest their possible role as key regulators of
MMP-2 activation in Her-2 positive breast cancer. However MMP-2
activation was not correlated with ER and PR expression.
CONCLUSIONS: Appreciable induction of MT-1-MMP and
EMPRIN and translocation of NFkB in tumors compared to
adjacent normal breast tissue suggested their possible involvement
in activation of pro-MMP-2 in late stage of cancer (TNM stage-
III) tumors. Evaluation of MMP-2 expression and activity may add
valuable information in detection and treatment of the disease.
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INTRODUCTION

Breast cancer, a clinically and pathologically heterogeneous disease
is the most frequent malignancy and the leading cause of cancer
related death worldwide. The aggressiveness of a tumor is primarily
dependent on its ability to invade adjacent tissue. Proteolytic
degradation of the basement membrane and extra cellular matrix is
the central aspect of physiologic and pathologic tissue remodeling
process such as neovascularization, wound healing and malignant
growth involving proteolytic enzymes'’. Matrix metalloproteinase-2
(MMP-2/gelatinase A/72-kDa type IV collagenase) is a member of
zinc-dependent endopeptidase that degrade matrix proteins, among

other type IV collagens in basement membranes™*. The expression
of MMP-2 is strongly associated with the progression of malignancy

of several types of carcinoma®™*”**
(i

). Primary melanoma"” lung
! and brain neoplasms'”, the
expression of the immunoreactive protein for MMP-2 was associated

. . 12
, ovarian carcmoma[

carcinoma
with a poor prognosis. In several studies, MMP-2 was expressed
. . 14,15,16 .
in breast carcinoma’*'">'” and detected most commonly in breast
carcinoma cells.

Presence of active MMP-2 species in the culture media of

U7 indicate the presence of proMMP-2

the carcinoma tissues
activator(s). In fact, MTI-MMP mRNA expression was reported in
breast carcinoma'**”". Immunohistochemical studies of breast tumors
have indicated possible prognostic value of MMP-2 suggesting
that this protease may be useful as marker for early breast cancer
(BC) detection, disease classification/prognostication for treatment
monitoring. Aberrant expression of HER2 oncogene are related

to disease progression and increased invasive capacity in breast



[21-24]

cancer at least in part, to the up-regulation of MMP-2 and MMP-

9 expression and proteolytic activit™**".

The aim of our present study was to investigate the expression and
activity of MMP-2 in malignant and adjacent normal breast tissues
from breast cancer patients of different clinical stages and also to

correlate our data with clinical parameters.

MATERIALS AND METHODS

Patients

The present study involving 81 breast cancer patients among
the women, who were referred to Chittaranjan National Cancer
Institute, Kolkata, India because of clinical breast lump, suspicious
mammographic finding or breast symptoms between 2008 and 2010
(Table 1 shows clinicopathological data of patients in brief). Stage
was assessed by using the TNM classification. The mean age of the
patients was 59.2 years (median 56.8 years; range, 23.3-91.6 years).
The mean follow up time was 55.0 months (median 57.5 months;
range, 1.2-115.1 months).

Collection of tissue samples

Tissues from tumor and respective normal breast tissues of the same
patient were collected from the operation theater during surgery.
Tissues were stored at -80°C and used for the further experiments.

Materials

Minimum Essential Medium (MEM), fetal bovine serum (FBS).
Protease Inhibitor Cocktail Tablets (complete, mini, EDTA-free) were
purchased from Roche, Germany. Gelatin Sepharose 4B beads was
purchased from GE Healthcare Bio-Sciences AB, Uppsala, Sweden.

Characteristics n (%)
No of patients 81(100)
Age (v)

Mean (range) 57.3(23.1-77.6)
Tumor Size

T1 5 (6.17)

T2 21 (25.92)

T3 28 (34.5)

T4 27 (33.3)
Lymph Node Status

Negative 7 (8.6)

Positive 74 (91.3)
Stage

I 25 (30.8)

III 56 (69.13)
Unknown 1(1.23)
Histological Type

Ductal 74 (91.3)

Lobular 7 (8.64)
Histological Grade

I 5(6.17)

i 24 (29.6)

III 52 (64.19)
Estrogen Receptor Status

Positive 41 (50.61)

Negative 40 (49.38)
Progesteron Receptor Status

Positive 41 (50.61)

Negative 40 (49.38)
Her-2 Status

Positive 35 (43.2)

Negative 46 (56.79)
Menopausal Status

Pre menopausal 54 (66.6)

Post Menopausal 27 (33.3)
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All primary antibodies (Anti-MMP-2, anti-TIMP-2, anti-MT1-
MMP, anti- EMPRIN, anti-NFkB and, anti-B-tubulin) antibodies
were purchased from Santa Cruz, USA. Biotinylated secondary
antibodies, SuperSignal West Femto Maximum Sensitivity Substrate
were purchased from Thermo Scientific, Rockford, USA. Avidin-
biotinylated peroxidase complex reagent (vectastain Rabbit ABC
kit) was purchased from vector laboratories, Burlingame, CA). DAB
substrate and stable peroxidase substrate buffer were purchased from
Pierce Biotechnology, USA. Primers were synthesized by Operon,
Germany. Trizol Reagent was purchased from invitrogen, Retroscript
(RT-PCR Kit) was purchased from Ambion, USA. Protease Inhibitor
Cocktail Tablets (complete, mini, EDTA-free) were purchased from
Roche, Germany. DAB substrate and stable peroxidase substrate
buffer were purchased from Pierce Biotechnology, USA. Primers
were synthesized by Operon, Germany. USA. Immobilon-P
Membrane, (PVDF), was purchased from Millipore, USA.

Methods

Cell culture: HT-1080 (human fibrosarcoma cell line) was obtained
from National Centre for Cell Sciences (NCCS), Pune, India. and
were grown and maintained in MEM containing 10% FBS ina 5 %
CO2 incubator at 37°C and culture supernatant was used as markers
for MMP-9 in zymographic analysis.

Gelatin Zymography

Tissues were collected, homogenized, extracted with tissue extraction
buffer (Tris: 50 mM, NaCl: 150mM, NP40: 1%, protease inhibitor
cocktail and pH adjusted to 7.5). Equal amount of protein (100 pg
each) was taken. The gelatinases were separated from tissue extract
using Gelatin Sepharose 4B beads shaking for 2 hours at 4°C. The
beads were washed x3 with Tris-buffered saline with (0.02%)
Tween-20 (TBST) and suspended in 50 pl of 1x sample buffer
(0.075 gm Tris, 0.2 gm SDS in 10 ml water, pH 6.8) for 30 mins at
37°C. The extract was then subjected to zymography on 7.5% SDS-
PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis)
co-polymerized with 0.1% gelatin. Gel was washed in 2.5%
Triton-X-100 for 30 mins to remove SDS and was then incubated
overnight in reaction buffer (50 mM Tris-HCl pH 7, 4.5 mM CaClz, 0.2
M NaCl). After incubation, the gel was stained with 0.5% Coomassie
Blue in 30% methanol and 10% glacial acetic acid. The bands were
visualized by destaining the gel with 30% methanol and 10% glacial
acetic acid.

Semi- quantitative RT-PCR: Both normal and respective tumor
tissues were collected, homogenized in 1ml of Trizol reagent per
50pg of tissue using a power homogenizer. Homogenized samples
were incubated for 5 minutes at room temperature (RT). Then 0.2
ml of chloroform was added to each sample, vigorously shaken
for 15 seconds and incubated at RT for 2-3 minutes. Centrifuged at
12.000xg for 15 minutes at 4°C. Aqueous phase was isolated and
mixed with 0.5 mL of isopropyl alcohol, incubated for 10 minutes
at RT, centrifuged at 12.000xg for 10 minutes at 4°C. Supernatant
removed and RNA pellet was washed with 75% ethanol and air dried
and dissolved in RNAse free water. 2 steps RT-PCR (Retroscript,
Ambion, USA) was done with equal amounts of total RNA, using
specific primers for PCR (MMP-9 and TIMP-1). 20 pl of each PCR
products were run on a 2.5 % agarose gel and bands visualized under
UV. Glyceraldehyde phosphate dehydrogenase (GAPDH) primers
were used as control to normalize for mRNA integrity and equal
loading. The primer sequences and PCR cycles/conditions for each
primer are tabulated below.

Primer sequences, PCR cycles and conditions: HMMP-

© 2015 ACT. All rights reserved.
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2:5°-GTATTTGATGGCATCGCTCA-3’ (forward); 5°-
CATTCCCTGCAAAGAACACA-3’ (reverse); hTIMP-2:
5’-GTTTTGCAATGCAGATGTAG-3’ (forward); 5°-
ATGTGGAGAAACTCCTGCTT-3’ (reverse); hMTI1-
MMP 5° - CCCTATGCCTACATCCGTGA- 3’ (forward); 5’ -
TCCATCCATCACTTGGTTAT-3’ (reverse); (940C-30s,600C-
30s,720C-90s); GAPDH: 5’-CGGAGTCAACGGATTTGGTCGTAT-
3’(forward); 5’- AGCCTTCTCCAT GGTGGTGAAGAC -3’
(reverse).

Immunoblot asay: Equal amount of protein (50 pg each) was
taken and heated with 0.1 volumes b-mercaptoethanol for 5-8 mins
at 80-90°C was subjected to electrophoresis on 7.5% SDS-PAGE.
The proteins were electrophoretically transferred on to Immobilon-P
Membrane(PVDF). membranes. The membranes were blocked with
1% BSA and subsequently washed x3 with PBST. The membranes
were reacted with anti -MMP-2 (2C1) antibody, anti- MT-1-MMP
(L15), anti EMPRIN (8D6), anti-VEGF (A-20) antibody and anti-f-
tubulin antibody at 1/2,000 dilution with 4% BSA each and kept at
37°C for 1 hour 30 mins and subsequently washed x3 with PBST. The
blots were developed using respective horse redish peroxidase(HRP)

coupled second antibodies at 1/200,000 dilution and kept at 37°C
for 1 hour 30 mins, the blots were then thoroughly washed x 6
with PBST. Bands were visualized using SuperSignal West Femto
Maximum Sensitivity Substrate.

ELISA: Equal amount of protein (5 pg each) ) was taken and
coated in a 96 well flat bottom, sterile culture plate and subjected to
ELISA with anti TIMP-2(H-140) antibody using alkaline phosphatase
(AP) coupled secondary antibody and TMB/ H202 as substrate for
enzymatic reaction.

Quantification of the results: Bands of zymography, western
blots and RT-PCR were quantitated using Image J Launcher (version
1.4.3.67)

Histology: Both normal and tumor samples were fixed in 10%
neutral buffered formalin, processed routinely and embedded in
paraffin. The histologic diagnosis was confirmed by reviewing one
to four original sections of the primary tumor. All tumors were
simultaneously reevaluated for histologic type and grade by one
senior pathologist, who was unaware of the clinical data. The most
representative blocks were selected for cutting into new Spum-thick
sections for immunohistochemical analyses.

MMP-2
Sample Normal Tumor
Pro MMP-2 Active MMP-2 Activation Ratio Pro MMP-2 Active MMP-2 Activation Ratio
41.241 - - 48.254 62.516 0.772
25.905 - - 34.833 -
61.325 - - 34.302 34.802 0.986
99.794 - - 110.633 44.540 86.143 1.284
Stage-I1 47.119 - - 42173 53.897 0.826
41.579 - - 124.286 52.230 0.807
119.683 26.079 - - 70.810
63.778 - - 96.413 47.492 1.494
85.302 - - 78.659 36.913 2,611
75.399 - - 72.024 39.659 1.983
- - 34.865 2.065
48.254 62.516 0.772 62.226 87.639  46.365 0.710
72.748 81.165 50.783 1.750
70.807 80.304 97.461 1.581
70.843 50.261 71.452 0.515
62.757 95.563 98.373 1.337
125.889 114.310 149.562 1.162
93.238 100.333 114.019 0.380
125.052 90.581
149.029 71.452 1.750 97.400 73.248 1.0751
73.305 97.333 48.667 1.329
75475 83.304 50.171 1.711
84.194 85.638 74.463 1.707
82.880 96.343 96.989 1.294
53.296 103. 907 96.176 0.538
83.870 107.259 0.497 193.165
104.667 88.407 134.259 0.338
Stage-III 134.417 111.750 0.937 127.398
72.981 155.463 125.841 97.491 0.696
70.991 88.407 0.825 149.417 153.574
67.565 118.0 102.278 0.389
86 65.176 1.037 56.819  99.185
89.352 75.519 99.648 0.738
69.139 65.176 0573
126.074 56.278 1.228 134.701
99.463 85.833 99.167 0.861
95. 389 201.963 1.463
99.559 53.623 131.509 161.343 118.383 0.976
56.019 118.737 0.565
76.686
74.749
85.240 0.359
73.937 0.964
64.171 0.858
© 2015 ACT. All rights reserved. 294



Immunohistochemistry: The sections were de-parafinized in
xylene, re-hydrated in EtOH, and washed twice with distilled water.
For better antigen retrieval, the samples were boiled three times
for 5 minutes in a microwave in citrate buffer (10 mM, pH-6).
Endogenous per-oxidases were blocked by 5% hydrogen peroxidase
treatment for 5 minutes. The samples were washed with PBS (pH-
7.2) and incubated in 2%normal bovine serum for 35 minutes to
prevent nonspecific antigen binding followed by incubation with
The primary antibody for MMP-2 (2C1), at a working dilution of
1:500 for overnight at 4°C. Before applying the secondary antibody,
the samples were washed twice with PBS. The slides were then
incubated with the biotinylated secondary antibody followed by
a wash and a 50 minutes incubation in an avidin-biotinylated
peroxidase complex reagent. Expressions were visualized with a
S-minute diaminobenzidin tetrahydrochloride treatment. The slides
were counterstained with Mayer’s hematoxylin, dehydrated and
mounted with DePex. A routinely processed breast cancer section
without the primary antibody served as negative control at each
staining series.Control sections stained as expected.

Statistical Analyses: The statistical analyses were carried out by
using the Epi Info(TM) software of the centers for disease Control
and Prevention (CDC, USA) for windows 9.0 programme. Test
of proportion and corresponding Z values as well as p values had
been calculated. The associations between MMP-2 expression and
clinicopathological parameters were tested. The univariate analyses
were performed using Kaplan-Meier’s log rank analysis, and the
independent prognostic value of variables were further examined
with Cox’s regression analysis. Probability values of <0.05 were
considered significant in the analyses (Table 3). Multivariate analysis
was carried out to correlate the markers with clinicopathological
parameters including age, menopausal status, lymph node
involvement, status of ER, PR, Her-2/neu and stage of the disease
(Table 4). Odds ratio (OR) was calculated to assess the associations.
Values of the parameters were expressed as Mean+S.E., p values less
than 0.05 were considered statistically significant.

Sil H et al. Role of MMP- 2 in breast cancer

RESULTS

MMP-2 gelatinolytic activitiy was up regulated in tumors of
TNM stage II and I1I compared to adjacent normal breast tissue
Most of the node positive tumors (95%), a few node negative tumors
(40%) of both clinical stage-1I and III showed increased pro-MMP-2
activity (Figure la and 1b). Significant correlation was found in high-
MMP-2 activity and nodal involvement (relative risk: 19.33, p=0.03).
Adjacent normal breast tissues were with less MMP-2 activity. The
active mature form of MMP-2 (68 kD and 64KD) was appeared only
in invasive cancer tissues.

Advanced stage of breast cancer is associated with upregulation
of MMP-2 mRNA and protein expression

MMP-2 m-RNA expression was increased in stage-III tumors
as compared to adjacent normal tissues. However tumors of
DCIS (ductal carcinoma in-situ) and T2 stage did not show any
appreciable difference in MMP-2 m-RNA expression (Figure 2).
pro-MMP-2 production was increased in few tumors of both DCIS
and T2 stage. Appreciable increased expression of pro-MMP-2
was found In T4 stage (stage III), where tumor invaded the skin
(Figure 3). Over expression of MMP-2 in tumors was confirmed

MMP-2

e Relative risk CL (95%)  *P
Stage-II
Nodal involvement 19.33 (1.79, 468.5) 0.03
ER status 0.46 (0.05,4.63) 0.89
PR status 0.96 (0.92,425.06) 0.40
Her-2 status 0.86 (0.07, 55.5) 0.66
Stage-III
Nodal involvement 11.24 (1.53,73.3) 0.04
ER status 6.72 (1.86, 52.03) 0.77
PR status 0.98 (0.94, 10.25) 0.40
Her-2 status 1.97(1.15, 8.19) 0.039

MMP-2

Variable Normal (%) Tumor (%) (*P) O.R
Stage-II
Lymph Node Status

Node positive 4 (20%) 19 (95%) _

Node negative 3 (60%) 2 (40%) . 259 (1.03,20.40)
Estrogen Receptor Status

ER positive 2 (16.6%) 6 (50%) _

ER negative 1(6.6%) 14 (93.3%) P=0.55 4.67 (1.25, 6.64)
Progesteron Receptor Status

PR positive 2 (13.3%) 14 (93.3%) _

PR negative 4 (40%) 3(93.3%) . 088 (0.13,5.79)
Her-2 Status

Her-2 positive 1(20%) 15 (93.3%) _

Her-2negative 4.(40%) 3 (30%) p=091 064 (06,749)
Stage-III
Lymph Node Status

Node positive 2(3.7%) 54 (100%) _

Node negative 1(50%) 1(50%) P=004 207 (1.23,8.11)
Estrogen Receptor Status

ER positive 1(3.4%) 12 (41.3%) _

ER negative 1(3.7%) 27 (100%) . 083 (7.17,1.89)
Progesteron Receptor Status

PR positive 2 (7.6%) 12 (46.1%) _

PR negative 2 (6.6%) 21(70%) P=0.47 0.20 (0.11, 13.13)
Her-2 Status

Her-2 positive 1(5.8%) 17 (100%) _

Her-2 negative 2(5.12%) 38 (97.4%) I 112 (1.02,17.57)

295
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by Immunohistochemical staining, MMP-2 was found in tumor
cells and also in stromal cells (Figure 4). The expression of MMP-
2 was homogeneous, cytoplasmically diffused and occasionally
membranous as seen by intense staining in parts of membrane.

Relation of MMP-2 expression and activity with Estrogen
receptors(ER)

Both ER positive and negative tumors of stage-11 and stage-II1
showed High MMP-2 expression and activity. Approximately 52%
of ER negative tumors and 50% of ER positive tumors were MMP-
2 positive in stage-1I and in cases of stage-IIl, 48.2% ER negative
tumors and 41% of ER positive tumors were MMP-2 positive.
However ER expression and MMP-2 activity were not significantly
correlated for both stages.

Relation of MMP-2 expression and activity with Progesterone
receptors (PR)

Our data clearly showed positive correlation of MMP-2 production
and presence of progesterone receptors in stage II tumors. Both PR
positive (93%) and negative tumors (30%) and in stage III tumors
both PR negative tumors (70%) and PR positive tumors (46%)
showed MMP-2 expression and activity. However no correlation was
found within PR positive expression and MMP-2 activity in stage-111
tumors.

Relation of MMP-2 expression and activity with Her-2 expression
MMP-2 was highly expressed in all HER-2 positive, stage-1I tumors
(90%) (relative risk: 1.94, p=0.03) and 55% of HER-2 positive,
stage-11I tumors (relative risk: 2.27, p=0.04). MMP-2 production was
significantly correlated with HER-2 over expression. However in
HER-2 negative tumors, MMP 2 production was less (30%).

Status of TIMP-2 in both TNM stage-II and III of breast cancer
The gene expression of TIMP-2 has been analyzed by representative
semi quantitative RT-PCR. In both Stages II and III, no appreciable
difference of TIMP-2 m-RNA in tumor tissues were found as
compared to adjacent normal tissues (Figure 5a).

The expression pattern of TIMP-2 in both adjacent normal
breast tissues and tumor tissues has been analyzed by representative
ELISA (Figure 5b). In most of the cases, downregulation in TIMP-2
expression were found in tumor tissues compared to adjacent normal
tissues.

Breast cancer progression is associated with upregulation of
MT1-MMP,EMPRIN and VEGF

MT1-MMP m-RNA expression was analyzed in both tumor and
normal breast tissues by RT-PCR where, transcriptional difference
of MT1-MMP was found in tumors compared to adjacent normal
breast tissue (Figure 6a). Our representative western blots showed
that, MT1-MMP (Figure 6b), EMPRIN (Figure 7) and VEGF (Figure
8) expression were appreciably increased in tumors than adjacent
normal breast tissue in both stage-II and III tumors compared to
adjacent normal tissue.

Relation of MMP-2 expression with age and menopausal status

Age and menopausal status have a great influence in the
development of breast cancer and expression of MMP-2 can also
vary with respective to the age of the patients. In our representative
zymographic study, for both the stages, MMP-2 gelatinolytic activity
were appreciably higher with subsequent activation of MMP-2 in
tumors in the age group of 35-60 years and pre-menopausal patients

© 2015 ACT. All rights reserved.
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compared to post menopausals indicating higher malignancy of the
disease in patients of this specific age group (Figure 9).

DISCUSSION

We investigated the expression and activity of MMP-2, as well as
it’s relation to known prognostic parameters like estrogen receptors
(ER), progesterone receptors(PR), and HER-2 in a prospective
series of breast cancer patients from different stages of the disease.
Expression of MMP-2 and MMP-9 in breast cancer are partly related
to expression of HER2"",

The most pronounced difference in MMP-2 expression was seen
in zymographic analysis. We found different gelatinolytic bands of
activated MMP-2 in tumors. Gelatinolytic activity corresponding
to one of the two activated forms of MMP-2 (i.e., the 68-kDa and
64kDa form) were more frequently observed in tumor than the
precursor form and were more intense than that corresponding to
pro gelatinase A (72 kDa). Our findings are in agreement with other
studies suggesting that the activation of MMP-2 (gelatinase A) is a
more common event in human breast carcinoma”™ . In accordance
with our current study, E.A Garbett (2000)™*
latent MMP-2 expression and activity in non metastatic breast

! found decreased

cancer. As the cancer progressed from DCIS to T4stage, there was
a tendency towards an increment of the mRNA, protein expression
and gelatinolytic activity of MMP-2 which becomes higher with
subsequent activation of this protease. In several in situ hybridization
studies, MMP-2 mRNA was identified mainly in stromal cells,
although some has been detected in carcinoma cells"***. In
immunohistochemical study For both stagell and III, MMP-2 over
expression was found in tumor cells. Stromal fibroblasts secrete
MMPs, which are stored and activated in carcinoma cells”™”. In line
with our study, some previous findings also suggest that, MMP-2
protein expressed mainly in the carcinoma cells®™*”. The comparable
levels of pro MMP-2, between adjacent normal and malignant tissues
in the current study, may be due to the fact that although MMP-2 is
localized in the tumor stroma, its expression tends to be more focal.
Garbett E A et al (2000)™* showed increased expression of TIMP-
2 in invasive breast cancer and Ree A.H et al (1997) correlated
increased amount of TIMP-1 and TIMP-2 with distant metastasis'*’.
In breast cancer, overexpression of HER-2/neu occurs either
through changes in amplification and/or through messenger RNA
(mRNA) overexpression. Studies indicate that in breast cancer,
Positive stromal MMP-2 expression was associated with HER2
“4 and down regulation of HER-2 is associated
with decreased tumor invasiveness'”. HER-2/neu oncogene has
been shown to inhibit the expression of the MMP inhibitor RECK
to promote cell invasion in NIH/3T3 cells”’. In a previous study,
Menha Swellam et a/ 2007 has also confirmed that, positive MMP-
2, MMP-2/TIMP-2, HER-2/neu overexpression, higher tumor grade,
late clinical stages and positive lymph nodes status were significantly

overexpression

associated with relapse'”’. In this present study, positive MMP-2
expression was related to HER-2 over expression in cases of TNM
stage-11I appreciating previous observations.

Studies have confirmed the relationship between steroid hormones
and increased gelatinase activity as well™™". Grieu F er al 2004""
have shown that, the MMP-2 genotype was associated with poor
survival in patients with ER negative breast tumors, progesterone
inhibits MMP-2 expression in a variety of tissues™>*. In our present
study, no significant association with MMP-2 and estrogen receptor
(ER) and progesterone receptor (PR) expression was found.

Menopausal status is an important factor to decide prognosis
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and can be divided into regular, pre and post menopausal status breast cancer and this overexpression has prognostic significance in
depending upon exposure of menstrual cycle. Studies reveal that patients for both relapse-free and overall survival™. In patients with
higher gelatinase level is correlated with regular and pre menopausal human epidermal growth factor receptor (HER)-2 overexpressing
patients of breast cancer than post menopausal patients””. In tumours, a higher VEGF content was demonstrated, confirming that

our present study level of MMP-2 was higher in regular and pre VEGF is a downstream target of HER-2 activation”". Studies reveal
menopausal patient group. Currently, the nodal status is the strongest that over expression of VEGF significantly correlated with MMP-

prognostic factor in breast cancer. Li e al (2004)™, have reported 2 expression and activity in breast cancer””. In our present study,
that the co-expression of MMP-2 and MMP-9 has significant enhanced expression of VEGF in tumors indicates its correlation with
prognostic value in node-negative patients, for predicting relapse-free enhanced MMP-2 expression.
survival. However, the association of MMP-2 expression with lymph Previously we observed that cultivation of human breast cancer
node involvement in patients of both stage-1I and III was observed in cells, MCF-7, in serum free medium in presence of fibronectin,
our study. upregulates the activity of MMP-2 and MMP-9. Blocking of a5p1
MT-MMPs are a subfamily of MMPs that contain a transmembrane integrin with anti-a5 monoclonal antibody inhibits the fibronectin-
domain and therefore are inserted in the outer side of the plasma induced MMP activation response appreciably. Our study strongly
membrane®™”. Because MMP-2 is secreted from cells in an inactive indicated a5B1 mediated signalling events in activation of MMP-

form (zymogen), activation of this proenzyme is necessary for its 2 and MMP-9 and phosphorylation of FAK and PI-3 kinase and the

biological function. This activation appears to be mediated at least in nuclear translocation of ERK and NF-«kB and possible participation of
part by MT1-MMP on the cell surface™. Recently, the expression of FAK/PI-3K/ERK signalling in the regulation of MMP-2 activity'”".
MTI1-MMP in various human cancer tissues has been associated with As our previous studies indicated the role of integrin a5f1
pro-MMP-2 activation”™ ", We observed increased expression of mediated signaling pathways in activation of MMP-2 in breast
MTI1-MMP in tumors. cancer cell line MCF-7, proteolytic activation mechanism of MMP-

Extracellular matrix metalloproteinase inducer (EMMPRIN) 2 in breast tumors (stage-11I) may be dependent to integrin a5B1-
(also known as CD 147) is a 58 kDa glycoprotein was designated as fibronectin system mediated signaling pathways leading to activation
tumor collagenase stimulating factor (TCSF) because of its ability of pro-MMP-2 and increased invasiveness of breast cancer cells. Our
to stimulate collagenase-1 (MMP-1) synthesis by tumor stromal findings may have potential applications in understanding as well as
fibroblast cells'™. Subsequent studies further demonstrated that management of breast cancer.

EMMPRIN also induced fibroblast synthesis of MMP-2, MMP-

3, as well as the membrane-type 1| MMP (MT1-MMP) and MT2- ACKNOWLEDGMENTS
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MMP that function as endogenous activators for MMP-2!!. In our
present study, increased expression of EMPRIN was also observed in The authors wish to acknowledge Department of Science and
tumors. Technology(DST), Government of India for financial support of this
VEGF was observed across a range of tumor types and has project(DST No: SR/SO/HS-123/2008) and Director, Chittaranjan
been widely correlated with tumor development and/or poor National Cancer Institute (CNCI) for giving infrastructural support to
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prognosis” . VEGF protein content is also increased in invasive this work.
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Figure 1A Gelatinolytic activity of MMP-2 in TNM stage-II patients: 100 ug of tissue extract from tumor samples(lane-T) and respective adjacent ormal
breast tissues(lane-N) was taken. The gelatinases were enriched and zymograms were developed. Marker lane is MMP-9 (92 kDa) / MMP-2 (72 KDa) (SFCM
of HT-1080 cells grown for 24 hours).

297 © 2015 ACT. All rights reserved.



Sil H et al. Role of MMP- 2 in breast cancer

(MMP-9)
—>
72KD - <—64KD
(MMP-2)
Node+ Nodt+ Node*— Node+ Node*- Node*— Node*— Nude+ Node+ Nude+ Node+ Node+
ER+PR+ ER+PR+ ER+PR+ ER+PR+ ER+PR+ ER-PR- ER-PR- ER+PR+ ER-PR- ER-PR- ER+PR- ER+PR-
Her2- Her2- Her2- Her2- Her2+ Her2- Her2+ Her2- Her2- Her2- Her2+ Her2-
92KD —’l
_» - B «— 68KD
72KD <“—64KD
(MMP-2)
Node+ Node+ Node+ Node+ Node+ Node+ Node+ Node+ Node- Node+ Node+ Node+ Node- Node+
ER+PR+ ER+PR+ ER-PR- ER+PR+ ER-PR- ER+PR+ ER+PR+ ER-PR- ER+PR+ ERPR- ER-PR- ER-PR- ER+pR+ ER-PR-
Her2+ Her2- Her2- Her2- Her2- Her2- Her2- Her2- Her2+ Her2- Her2- Her2- Her2+ Her2-
(MMP-9)

92KD—> .
72KD—> - ™ . 68KD
. =y “—64KD
N T N T N T N T N T N T N T N T N T

(MMP-2)
N T N T N T N T
Node+ Node+ Node+ Node+ Node+ Node+ Node+ Node+ Node+ Nodet+  Node+ Node+ Node+
ER-PR- ER-PR- ER+PR+ ER-PR- ER+PR+ ER+PR+ ER-PR- ER+PR+ ER-PR- ER-PR- ER+PR+ ER-PR- ER-PR-
Her2- Her2- Her2+ Her2- Her2+  Her2- Her2+  Her2- Her2-  Her2+ Her2- Her2-  Her2-

Figure 1B Gelatinolytic activity of MMP-2 in TNM stage-III patients: Equal amount of protein (100ug each) from stage III samples were taken. Zymograms
were developed following standard method described in method section. Marker lane is MMP-9 (92 kDa) / MMP-2 (72 KDa) (SFCM of HT-1080 cells grown
for 24 hours).
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Figure 2 Expression of MMP-2 mRNA in both tumor and adjacent normal tissues by semi-quantitative RT-PCR: RT-PCR of cancer and corresponding
normal tissue were done following standard method . The accompanying graph represents the comparative densitometric/quantitative analysis of the band
intensities using image ] Launcher (version 1.4.3.67).
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Figure 3 Expression of MMP-2 in both tumor and adjacent normal tissues by immunoblot: Immunoblot of tumors and corresponding normal tissue extracts (50
ug) were developed followig procedure described. Bands were visualized using super signal femto as substrate. The accompanying graph represents the
comparative densitometric/quantitative analysis of the band intensities using image ] Launcher (version 1.4.3.67).
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Figure 5 A: Expression of TIMP-2 mRNA in both tumor and adjacent normal tissues by semi-quantitative RT-PCR: TIMP-2 RT-PCR of both adjacent
normal (lane-N) and respective tumor tissues (lane-T) were done following methods section. The accompanying graph represents the comparative
densitometric/quantitative analysis of the band intensities using image ] Launcher (version 1.4.3.67). B: Expression of TIMP-2 in both tumor and adjacent
normal tissues by ELISA: Comparative ELISA of cancer and corresponding normal tissue extracts were developed following methods section. The
accompanying graph represents the comparative densitometric/quantitative analysis of the band intensities using image J Launcher (version 1.4.3.67).
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Normal Control

Figure 4 Expression of MMP-2 in both tumor and adjacent normal tissues by immunohistochemistry: Immunohistochemistry of both normal and tumor
samples were done following methods section. The slides were counterstained with Mayer’s hematoxylin, dehydrated and mounted with DePex. A
routinely processed breast cancer section without the primary antibody served as negative control at each staining series. Arrows indicate detection of
MMP-2 in cytoplasmic area of tumor cells identified pathologically by intense staining.
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Figure 6 A: Expression of MT1-MMP mRNA in both tumor and adjacent normal tissues by semi-quantitative RT-PCR: MT-IMMP mRNA was measured
by RT_PCR of both adjacent normal (lane-N) and respective tumor tissues (lane-T) samples as described in methods. The accompanying graph represents
the comparative densitometric/quantitative analysis of the band intensities using image J Launcher (version 1.4.3.67). B: Expression of MT1-MMP in both
tumor and adjacent normal tissues by immunoblot: Immunoblot of both cancer and corresponding normal tissue extract were developed. Bands were
visualized using super signal femto as substrate. The accompanying graph represents the comparative densitometric/quantitative analysis of the band
intensities using image ] Launcher (version 1.4.3.67).
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Figure 7 Expression of EMPRIN in both tumor and adjacent normal tissues by immunoblot: Immunoblots of cancer and corresponding normal tissue
extracts were developed. Bands were visualized using super signal femto as substrate. The accompanying graph represents the comparative densitometric/
quantitative analysis of the band intensities using image J Launcher (version 1.4.3.67).
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Figure 8 Expression of VEGF in both tumor and adjacent normal tissues by immunoblot: Immunoblots of cancer and corresponding normal tissue extracts
were developed following method described.. The accompanying graph represents the comparative densitometric/quantitative analysis of the band
intensities using image J Launcher (version 1.4.3.67).
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Figure 9 Gelatinolytic activity of MMP-2 by zymographic analysis from patients of TNM stage-II and III in relation to menopausal status: Zymogram of
tissue samples of tumor (lane-T) and respective adjacent normal breast tissues(lane-N) of the same patients were developed as described in methods.
Marker lane is MMP-9 (92 kDa) / MMP-2 (72 KDa) (SFCM of HT-1080 cells grown for 24 hours). The accompanying graph represents the comparative
densitometric/quantitative analysis of the band intensities using image J Launcher (version 1.4.3.67).
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