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Abstract.

BACKGROUND: Breast cancer is the most common cancer affecting women in the world today. Matrix metalloproteinases

(MMPs) are a family of endopeptidases that can degrade extracellular matrix proteins and promote cell invasion and metastasis.

MMPs are differentially expressed and their expressions are often associated with a poor prognosis for patients.

OBJECTIVE: The aim of this study is to investigate and compare the expression of MMPs in different grades of human breast

cancer tissues with normal breast tissues.

PATIENTS AND METHODS: We collected 39 breast cancer samples (24 grade II and 15 grade III) along with 16 normal

breast tissues from outside the tumor margin during cancer removal surgery. The samples were analysed for the expression of all

known MMPs using real-time quantitative PCR.

RESULTS: The results indicate that mRNA expressions of MMP-1, -9,-11,-15,-24 and -25 were upregulated in breast cancer

tissues when compared to normal breast tissues. But, the mRNA expressions of MMP-10 and MMP-19 were downregulated in

cancer tissue. In membrane associated MMPs like MMP-15 and MMP-24 we found a grade dependent increase of their mRNA

expression.

CONCLUSION: Our studies demonstrate that MMPs are differentially regulated in breast cancer tissues and they might play

various roles in tumor invasion, metastasis and angiogenesis. Thus, MMPs are of immense value to be studied as diagnostic

markers and drug target.
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1. Introduction

Matrix metalloproteinases (MMPs) are zinc-depen-

dent endopeptidases whose primary function is the

degradation of proteins in the extracellular matrix

(ECM) [1]. In humans, 23 members of MMPs have
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been reported so far and are classified based on their

substrate specificity in to collagenases (MMP-1, -8

and -13), gelatinases (MMP-2 and -9), stromelysins

(MMP-3, -10 and -11), matrilysins (MMP-7 and

-26), enamelysin (MMP-20), membrane-bound MMPs

(MMP-14 to -17, MMP-24 and -25) and others (MMP-

19, -21, -23, -27 and -28) [2]. MMPs are highly up-

regulated and are active in malignant tissues compared

to normal, benign or premalignant tissues, with high-

est expressions in tumor-stromal interface [3]. They

are involved in various vital aspects of cancer pro-

gression including proliferation, invasion, epithelial to

mesenchymal transformation, metastasis and angio-

genesis.

Several studies have described the presence and role

of MMPs in breast cancer. MMPs (MMP-1, -2, -8 to

-13, -15, -19, -23, -24, -27 and -28) showed a stronger

expression in breast cancer tissue compared to nor-

mal breast tissue [4]. Further, MMP-8, -10, -12 and

-27 showed a tumor grade dependent expression [4].

MMP-1, 2, 3, 9 and 14 are implicated as key fac-

tors in tumor invasion, metastasis and angiogenesis [5].

MMP-2, -7, -9, -10, -11, -13, -14 and -15 have been

involved in the progression of breast cancer [6]. MMP-

1, -2, -7 and -9 have been linked to cancer cell pro-

liferation [7–10], whereas MMP-1, -2, -3, -7 and -9

to -18 are involved in breast tumor metastasis [5,7,

8,10–12]. MMP-13 is shown to dissolve bone matrix

and favours breast-bone metastasis [8]. Further, MMP-

1 to -4, -9 to -19 have been found to regulate the in-

vasion of breast cancer [5–8,10–15]. Another key as-

pect in breast cancer is the epithelial to mesenchy-

mal transformation which is facilitated by MMP-1, -2,

-3 and -9 [16,17]. MMP-3 promotes late epithelial-to-

mesenchymal phenotypic changes which are associ-

ated with aggressive malignancy [9]. MMPs -1, -2, -7

and -9 have been shown to play a role in tumor angio-

genesis [5,8,10,11]. Twenty three members of MMPs

are known so far, however all of their roles in breast

cancer is not fully understood.

MMPs have been considered as potential targets for

cancer therapy because of their enormous upregula-

tion in cancer tissues and their exclusive ability to de-

grade ECM. MMPs are promising candidates to be

used as potential cancer biomarkers with vast diagnos-

tic and prognostic value. Evidence is emerging that

MMPs can serve not only as potential markers for

diagnosis and prognosis, early detection and risk as-

sessment, but also as indicators of tumor recurrence,

metastatic spread, and response to primary and adju-

vant therapy for breast cancer [18]. The role of MMP-9

has been extensively studied in breast cancer [18]. In

breast cancer patients, the levels of MMP-9 in tumor

tissue, serum, plasma, urine and nipple aspirate fluid

are highly elevated [19–21]. Further, MMP-9 levels

significantly dropped following the surgical removal of

primary breast tumours and in patients who responded

well to adjuvant therapy [22]. Similar observations has

been made in other types of cancers also including pan-

creatic [23], bladder [24], lung [25], colorectal [26],

ovarian [27], prostate [28] and brain tumours [29].

MMP could be used as possible therapeutic target us-

ing MMP inhibitors (MMPIs). Its clinical use how-

ever is complicated. Similar to many anticancer drugs,

MMPIs may actually be more effective when admin-

istered at earlier stages of cancer progression rather

than when a patient is suffering from end stage disease

having experienced failure with all other conventional

therapies [18].

Although plenty of data is available on the role and

expression of MMPs, no systematic attempt has been

done so far to quantitatively survey the presence of all

the known MMPs in different grades of human breast

cancer tissues. In this study we are aiming to investi-

gate expression levels of all human MMPs known so

far in different grades of human breast cancer tissues

along with normal human breast tissues.

2. Patients and methods

2.1. Tissue samples

The study was performed with approval of the Ethics

Committee of the University of Madras, India, (Ref

No: PGIBMS/CO/Human Ethical/2009-10/353) and

was carried out in accordance with the Helsinki dec-

laration of 2000 of the World Medical Association.

Written informed consents were obtained from all pa-

tients according to the institutional regulations. All the

samples were collected from ethnic Indians from the

Indian sub-continent. Breast tumor removal surgeries

were performed by a trained breast cancer surgeon

(S.R) at Chennai Breast Centre, Chennai, India. Thirty

nine samples of breast cancer tissue (24 grade II and

15 grade III tumours) and sixteen normal breast tis-

sue samples were obtained between September 2009

and December 2011. These patients did not receive

any form of chemotherapy or radiotherapy treatments

prior to their surgery. Normal breast tissues were ob-

tained from outside the tumor margin and these tis-

sues were analysed histologically to exclude them from
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(a) (b)

Fig. 1. Venn diagram shows the presence of ER, PR and HER2 and their distribution among the samples in Grade II (Fig. 1a) and Grade II
(Fig. 1b) breast cancer tissues.

Table 1

Patients data

Age Grade II Grade III

Minimum 29

Maximum 85

Mean 56
T (Tumor size)

1 3 1

2 18 12

3 1 0

4 2 1

Not known 0 1

N (Nodal Status)
0 11 5

1 5 3

2 5 1

3 2 4

X 1 1

Not known 0 1

L (Invasion of Lymphatic vessel)

0 10 7
1 8 6

X 6 1

Not known 0 1

G II – moderately differentiated tumor; G III – poorly differentiated;

T – tumor grade; N – nodal status; L – Invasion of lymphatic vessels.

any forms of malignancy or other pathological findings
(Data not shown). The cancer tissues obtained during
surgery were immediately placed in −20◦C cryobox
and brought to the laboratory and stored in −80◦C
freezers until used.

2.2. Total RNA extraction and real time RT-PCR

Total RNA was extracted by a single-step technique
using TRI Reagent (Sigma, USA) according to the

manufacturer’s protocol. Reverse transcription (RT)

was done using the iScript cDNA Synthesis kit (Bio-

Rad, Richmond, CA, USA) following the manufac-

turer’s procedures. For cDNA synthesis, 2 µg of total

RNA was reverse-transcribed using random hexamer

primers and MMLV RT enzyme. Real-time PCR was

performed on a CFX 96 Touch Real Time PCR (Bio-

Rad, USA) using the Mesa Green qPCR kit (Eurogen-

tec, USA). The cycling conditions were 95◦C 5 m, 45

cycles (95◦C 30 s, 56◦C 30 s). Under these conditions,

no amplification was observed in the non-template or

no RT controls. The list of primers and the internal con-

trol sequence are given in (Table 2). The specificity of

the amplification product was determined by melting

curve analysis for each primer pairs. The data was anal-

ysed by comparative CT method and the fold change

was calculated by 2−∆∆CT method using CFX Man-

ager Version 2.1 (Bio Rad, USA).

2.3. Statistical analysis

The data were analysed using GraphPad Prism 5.0

Software (GraphPad Software, La Jolla, USA). Com-

parison of expression values between normal (control)

and cancer were performed by the non-parametric t test

followed by Mann-Whitney U test and comparison be-

tween normal, grade II and grade III were performed

by the Kruskal-Wallis test followed by Dunn’s multiple

comparison test, and p-values < 0.05 were considered

as statistically significant.
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Table 2

The primers used in quantitative PCR reactions for human matrix metalloproteinases and GAPDH genes are as follow

Name Accession number Primer sequence

GAPDH NM_002046 Forward 5’-GCATCCTGGGCTACACTGAG-3’

Reverse 5’-TGCTGTAGCCAAATTCGTTG-3’

MMP-1 NM_002421 Forward 5’-GACAGAAAGAGACAGGAGAC-3’

Reverse 5’-GAGTTATCCCTTGCCTATCC-3’

MMP-2 NM_004530 Forward 5’-GCTGGCTGCCTTAGAACCTTTC-3’

Reverse 5’-GAACCATCACTATGTGGGCTGAGA-3’

MMP-3 NM_002422 Forward 5’-GAAGAGAAATTCCATGGAGCCAGG-3’

Reverse 5’-AGAAATAAAAGAACCCAAATTCTTCAAAAACA-3’
MMP-7 NM_002423 Forward 5’-GGGACATTCCTCTGATCCTAATGC-3’

Reverse 5’-GAATTACTTCTCTTTCCATATAGTTTCTGAATGC-3’

MMP-8 NM_002424 Forward 5’-CCACTTTCAGAATGTTGAAGGGAAG-3’

Reverse 5’-TCACGGAGGACAGGTAGAATGGA-3’

MMP-9 NM_004994 Forward 5’-GCACGACGTCTTCCAGTACC-3’

Reverse 5’-GCACTGCAGGATGTCATAGGT-3’

MMP-10 NM_002425 Forward 5’-ACATTGCTAGGCGAGATAGG-3’

Reverse 5’-GGCTCATCTTCTTCAGTCAC-3’
MMP-11 NM_005940 Forward 5’-CAACATACCTCAATCCTGTCCC-3’

Reverse 5’-CAATGGCTTTGGAGGATAGC-3’

MMP-12 NM_002426 Forward 5’-TTGAATATGACTTCCTACTCCAACG-3’

Reverse 5’-GTGGTACACTGAGGACATAGCAAAT-3’

MMP-13 NM_002427 Forward 5’-GAC TTCCCAGGAATTGGTGA-3’

Reverse 5’-TGA CGCGAACAATACGGTTA-3’

MMP-14 NM_004995 Forward 5’-GAGCTCAGGGCAGTGGATAG-3’

Reverse 5’-GGTAGCCCGGTTCTACCTTC-3’
MMP-15 NM_002428 Forward 5’-CAGGCCACACCTTCTTCTTC-3’

Reverse 5’-CCAGTATTTGGTGCCCTTGT-3’

MMP-16 NM_005941 Forward 5’-AGGTGTCAGTTCAGTGTTACTAGAG-3’

Reverse 5’-AATGAGAAATGAAGCAGAAGGAGAA-3’

MMP-17 NM_016155 Forward 5’-ACTCATGTACTACGCCCTCA-3’

Reverse 5’-GAGAAGTCGATCTGGATGTC-3’

MMP-19 NM_002429 Forward 5’-GGGTCCTGTTCTTCCTACAT-3’
Reverse 5’-CAATCCTGCAGTACTGGTCT-3’

MMP-20 NM_004771 Forward 5’-TGAGAGGGGCACTGCTTACT-3’

Reverse 5’-GTCTTCTGTGGCTCCCTGAG-3’

MMP-21 NM_147191 Forward 5’-AACAATAGGACACGCTATGG-3’

Reverse 5’-CATCTCTTTTCCATGTCCAG-3’

MMP-23 NM_006983 Forward 5’-CCAGAAGATCCTCCACAAGA-3’

Reverse 5’-CAGGTGTAGGTGCCCTCATT-3’

MMP-24 NM_006690 Forward 5’-GGCAAAAACACATCACCTAC-3’
Reverse 5’-GGTCACTTTTGATCTCATGG-3’

MMP-25 NM_022468 Forward 5’-GATCAGCATGAGGACAGAAG-3’

Reverse 5’-GAAACTGACAGAGGCCCAAATC-3’

MMP-26 NM_021801 Forward 5’-GGAATGGGACAGACCTACTT-3’

Reverse 5’-AGTGTGCTTATTCCACTTGC-3’

MMP-27 NM_022122 Forward 5’-TCAGGCATATCTCAACCAGT-3’

Reverse 5’-CTGGGTGTCTTCATGATCTC-3’

MMP-28 NM_024302 Forward 5’-GAGGCATTCCTAGAGAAGTACGGA-3’
Reverse 5’-CTGAAACGCTCTGATGGCATC-3’

3. Results

3.1. Patient data

In the present study we analysed 24 grade II samples

and 15 grade III samples from patients of age ranging

from 29 to 85 with a mean age of 56 years. The patient

data is summarized in Table 1. Patients with grade II

tumour had bigger tumour size, but no differences were

observed in the nodal status between the groups. More

patients in grade III tumour had lymph node metasta-

sis at the time of diagnosis. The distribution of the es-

trogen receptor (ER), progesterone receptor (PR) and

human epidermal growth factor receptor 2 (HER2) sta-

tuses are shown in Figs 1a and 1b. The ER, PR and

HER2 status was identified by immunohistochemistry.
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(a) (b) (c)

Fig. 2. Expression of collagenases in human breast cancer and in control tissues. Expression of MMP-1 (Fig. 2a), MMP-8 (Fig. 2b) and MMP-13

(Fig. 2c) in control, grade II and grade III breast cancer. The expression level of each gene was normalized to corresponding expression of

β-actin. Control, n = 16; Grade II, n = 24 and Grade III, n = 15.

3.2. Expression of collagenases (MMP-1, -8 and -13)

in breast cancer tissues

The expression of collagenases tends to increase in
the cancer tissues in comparison to the control breast
tissues. In order to determine the quantitative changes
of MMPs expression associated with human breast
cancer progression, total RNA was isolated from tis-
sues and subjected to real time PCR using the specific
primers designed for MMPs. MMP-1 was significantly
increased (p < 0.05) in grade III breast cancer when
compared with control with around 4 times the me-
dian expression of the control, but in grade II the ex-
pression was equivalent to that of controls (Fig. 2a).
MMP-8 expression showed an upregulation, however,
it did not reach statistical significance (Fig. 2b). There
was no change in the mRNA expression of MMP-13 in
breast cancer tissues compared to normal breast tissues
(Fig. 2c).

3.3. Expression of gelatinases (MMP-2 and MMP-9)

in breast cancer tissues

MMP-2 did not show any significant increase in
grade II or grade III when compared to controls
(Fig. 3a). MMP-9 was found to be highly upregulated
in grade II with more than 10 fold upregulation (p <

0.01) but its expression was significantly downregu-
lated in grade III (p < 0.05) (Fig. 3b). MMP-9 ex-
pression was upregulated in cancer tissues compared to
control (p < 0.05) in both grade II and grade III breast
cancer tissues (Fig. 3c).

3.4. Expression of stromelysins (MMP-3 and

MMP-10) in breast cancer tissues

There was no change in the mRNA expression level
of MMP-3 in cancer tissues compared to normal breast

tissue’s (Fig. 4a). However, MMP-10 level was sig-

nificantly decreased in grade II (p < 0.001) and in

grade III (p < 0.05) compared with control to 6-fold

and 5-fold respectively (Fig. 4b). MMP-10 level was

dramatically downregulated (p < 0.001) with 95.83%

downregulation when compared between normal hu-

man breast tissues and breast cancer tissues without

taking grades into account (Fig. 4c).

3.5. Expression of matrilysins (MMP-7, MMP-11 and

MMP-26) in breast cancer tissues

MMP-7 expression did not show any change at

mRNA level between controls and human breast can-

cer tissues; however some samples in grade III showed

several fold up regulation (Fig. 5a). The expression of

MMP-11 significantly increased in grade II (p < 0.05)

when compared with control but no increase could be

seen in grade III cancer tissues (Fig. 5b). MMP-11

level was significantly increased 6-fold (p < 0.05) in

grades II and III combined cancer tissues compared to

normal human breast tissues (Fig. 5c). We did not ob-

serve any change in the expression of MMP-26 in hu-

man breast cancer tissues (Fig. 5d).

3.6. Expression of membrane associated MMPs

(MMP-14 to MMP-17, MMP-24 and MMP-25)

in breast cancer tissues

MMP-15 and -24 showed a grade dependent in-

crease in their expression pattern in human breast can-

cer tissues. Their expressions were significantly in-

creased in grade II (p < 0.05) and in grade III (p <

0.01) when compared to normal human breast tissues

(Fig. 6a and 6b). MMP-25 expression level was sig-

nificantly upregulated (p < 0.05) only in grade II but

not in grade III human breast cancer tissues in com-
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(a) (b) (c)

Fig. 3. The expression of gelatinases in breast cancer and in control tissue. Expression of MMP-2 (Fig. 3a) and MMP-9 (Fig. 3b) in control, grade

II and grade III breast cancer. The expression level of each gene was normalized to corresponding expression of β-actin. Control, n = 16; Grade

II, n = 24 and Grade III, n = 15.

(a) (b) (c)

Fig. 4. The expression of stromelysins in breast cancer and in control tissue. Expression of MMP-3 (Fig. 4a) and MMP-10 (Fig. 4b) in control,

grade II and grade III breast cancer. The expression level of each gene was normalized to corresponding expression of β-actin. Control, n = 16;

Grade II, n = 24 and Grade III, n = 15.

parison to control tissues (Fig. 6c). A significant up-

regulation of MMP-15 (p < 0.05), MMP-24 (p <

0.01) and MMP-25 (p < 0.01) expression was found in

grades II and III combined human breast cancer tissues

(Fig. 6d, e and f). There was no change in the expres-

sions of MMP-14, MMP-16 and MMP-17 in cancer

tissues compared to normal tissues (data not shown).

3.7. Expressions of other MMPs (MMP-12, MMP-19

to MMP-21, MMP-23, MMP-27 and MMP-28)

in breast cancer tissues

There was a significant increase in the expression

of MMP-12 in grade III when compared to grade II

(p < 0.01), however, there was no difference in the

expression level of MMP-12 between control and any

of the cancer grade tissues (Fig. 7a). MMP-19 was

significantly downregulated (p < 0.05) in grade com-

bined cancer tissues when compared to normal breast

tissue (Fig. 7b). MMP-20,-21,-23,-27 and -28 did not

show any differences in their expression between nor-

mal breast and breast cancer tissues (data not shown).

4. Discussion

MMPs degrade virtually every component of the

ECM and their substrates also include non-ECM mole-

cules like growth factor precursors and cell surface ad-

hesion molecules. MMPs have also been implicated in

the epithelial to mesenchymal transition (EMT) lead-

ing to metastasis [30]. Further, they promote angiogen-

esis through their release of angiogenic factors such as

vascular endothelial growth factor (VEGF) [31]. Our

results show that MMPs are differentially regulated in

breast cancer tissues compared to normal breast tis-

sues. It is interesting to note that MMPs (collagenases,

gelatinases, stromelysins and matrilysin) having differ-

ent substrate specificities are regulated during breast

cancer progression.

Our data show that among collagenases, MMP-1

alone is upregulated in breast cancer. The upregula-

tion of MMP-1 in grade III breast cancer is simi-

lar to several previous observations [4,22,23]. It is

known that MMP-1 promotes cancer invasion through

matrix degradation, angiogenesis, osteoclast activa-
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(a) (b)

(c) (d)

Fig. 5. The expression of matrilysin in breast cancer and in control tissue. Expression of MMP-7 (Fig. 5a), MMP-11 (Fig. 5b) and MMP-26

(Fig. 5c) in control, grade II and grade III breast cancer. The expression level of each gene was normalized to corresponding expression of

β-actin. Control, n = 16; Grade II, n = 24 and Grade III, n = 15.

(a) (b) (c)

(d) (e) (f)

Fig. 6. The expression of Membrane Associated MMPs in breast cancer and in control tissue. Expression of MMP-14 (Fig. 6a), MMP-24 (Fig. 6b)

and MMP-25 (Fig. 6c) in control, grade II and grade III breast cancer. The expression level of each gene was normalized to corresponding

expression of β-actin. Control, n = 16; Grade II, n = 24 and Grade III, n = 15.



402 C.S. Benson et al. / Expression of matrix metalloproteinases in human breast cancer tissues

(a) (b)

Fig. 7. The expression of Other MMPs in Control, Grade II and Grade III breast cancer tissues. Expression of MMP-12 (Fig. 7a) and MMP-19

(Fig. 7b) in control, grade II and grade III breast cancer. The expression level of each gene was normalized to corresponding expression of
β-actin. Control, n = 16; Grade II, n = 24 and Grade III, n = 15.

tion and metastasis [24,25]. Recent studies demon-

strated that MMP-1 is associated with poor clinical

outcome showing significant negative correlation with
survival, breast cancer progression and poor progno-

sis [26–28,32]. We did not observe any significant dif-

ference in MMP-8 mRNA levels and a similar obser-

vation has also been reported previously but at pro-

tein level [4]. MMP-13 is associated with increased
malignancy and shorter overall survival and represents

a poor prognosis marker in breast carcinomas [13,33,

34]. We previously reported that MMP-13 is expressed

in highly metastatic and invasive human breast can-

cer cells (MDA-MB231) and its expression is upreg-
ulated by local bone growth factors such as TGF-β1

in these cells [35–37]. Although MMP-13 was shown

to be upregulated in breast cancer [4], our data did

not show any such tendency. Gelatinases (MMP-2 and

MMP-9) are involved in tumor invasion, metastasis,
tissue remodelling via extracellular matrix as well as

basement membrane degradation and induction of an-

giogenesis [3]. Our data is also consistent that MMP-

9 expression is upregulated in cancer tissues. MMP-

9 plays a vital role in tumor angiogenesis, regulating
the bioavailability of VEGF, which is a potent inducer

of tumor angiogenesis and a therapeutic target [31,

38]. It has been shown that MMP-9 along with MMP-

2 activates TGFβ signalling to promote tumor inva-

sion, angiogenesis, cell survival and promotes metas-
tasis [29,39]. In this study, MMP-2 mRNA expres-

sion did not show any change which is similar to a

previous observation [4]. Experimental evidence has

shown that MMP-3 may be involved in breast can-

cer invasion [15]. MMP-3 provides an example of a

metalloproteinase that can be either protective or pro-
tumorigenic in relation to growth [40]. In our study ex-

pression level of MMP-3 did not show any change.

MMP-10 plays an important role in the invasion

and metastasis of head and neck squamous cell carci-

noma [41] but its role on breast cancer is largely un-
known. We found that MMP-10 expression was de-

creased in comparison with control suggesting that

MMP-10 could act as tumor suppressor. In matrilysin

family, MMP-7 expression has been shown to be up-

regulated [4]. MMP-7 has been implicated in inflam-
mation, proliferation, apoptosis, invasion and angio-

genesis [37]. Our results show an upregulating ten-

dency but did not reach statistical significance. MMP-

11 was upregulated in our study in grade II breast can-

cer patients. Other reports also support our data [4,
38]. It is reported that overexpression of MMP-11 cor-

relates with poorly differentiated tumours and lymph

node metastasis [38]. Unlike a previous report [4],

we observed the presence of MMP-26, however there

was no change in its expression. Membrane associated
MMPs like MMP-15, MMP-24 and MMP-25 showed

upregulation with MMP-15 and MMP-24 showing a

grade dependent increase. A recent study indicate that

MMP-15 is associated with tumorogenesis, invasion

and metastasis [42]. MMP-24 and MMP-25 have been
shown to be present in MDA-MB-231 breast cancer

cells [15] and breast cancer tissue [4]. Similarly, our

data also show a grade dependent increased in the ex-

pression of MMP-24. MMP-24 has also been shown to

promote invasiveness in ovarian cancer cells [43]. Al-
though no reports are available on role of MMP-24 in

breast cancer, there is a possibility that MMP-24 may

perform a similar action. MMP-25 has been shown to

express highly in colon cancer and promotes tumor

growth [44].

MMP-12 has been reported to play a role in the
degradation of extracellular matrix [45]. In this study,

we found that MMP-12 expression was increased be-
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Table 3

Summary table

MMPs Cancer* Grade II Grade III

MMP-1 ↔ ↔ ↑

MMP-2 ↔ ↔ ↔

MMP-3 ↔ ↔ ↔

MMP-7 ↔ ↔ ↔

MMP-8 ↔ ↔ ↔

MMP-9 ↑ ↑ ↓

MMP-10 ↓ ↓ ↓

MMP-11 ↑ ↑ ↔

MMP-12 ↔ ↔ ↑

MMP-13 ↔ ↔ ↔

MMP-14 ↔ ↔ ↔

MMP-15 ↑ ↑ ↑

MMP-16 ↔ ↔ ↔

MMP-17 ↔ ↔ ↔

MMP-19 ↓ ↔ ↔

MMP-20 ↔ ↔ ↔

MMP-21 ↔ ↔ ↔

MMP-23 ↔ ↔ ↔

MMP-24 ↔ ↑ ↑

MMP-25 ↔ ↑ ↔

MMP-26 ↔ ↔ ↔

MMP-27 ↔ ↔ ↔

MMP-28 ↔ ↔ ↔

↑ – Up regulated; ↓ –Down regulated; ↔ – Up or Down regulated

but no statistical significance; ∗Both grade II and grade III cancer.

tween grade II and grade III of breast cancer. A simi-

lar observation was reported earlier [4]. Although the

role for MMP-19 in breast cancer is not understood, it

is involved the development of colorectal cancer [46].

We also show that the expression of MMP-19 is down-

regulated in breast cancer compared to control sam-

ples. Further, it has also been reported that MMP-19

is downregulated during neoplastic transformation and

histological dedifferentiation [47] supporting our ob-

servation in this study.

5. Conclusion

Overall, our study shows that expression of MMP-1,

-9,-11,-15,-24 and -25 are upregulated in human breast

cancer tissues compared to normal human breast tis-

sues. Further, membrane associated MMPs like MMP-

15 and MMP-24 displayed a grade dependent increase

of their expression, whereas the expression of MMP-

10 and MMP-19 were downregulated (Table 3). Dur-

ing breast cancer progression, there is differential ex-

pression of MMPs and this is the first study to system-

atically report expression of all 23 MMPs at mRNA

level in human breast cancer tissues using a quantita-

tive approach. Since expressions of these MMPs are al-

tered during breast cancer progression, these regulated

MMPs could be of enormous value to be studied as di-
agnostic markers and novel drug targets.
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