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Abstract

Breast cancer (BC) is the leading cause of cancer deaths in women. One of the reasons for the failure of BC treatment is
reportedly the ineffectiveness of chemotherapeutic drugs against breast cancer stem-like cells (BCSCs). HER2 receptors
have an important role in the self-renewal of BCSCs. Matrix metalloproteinase (MMP) and cytokine levels were found to
be higher in BCSCs, which demonstrates their potential metastatic capacity. Therefore, the aim of this study was to evaluate
the response of BCSCs to trastuzumab and to investigate the MMP levels in primary breast cancer cells and HER2* BCSCs.
Tumour tissue samples were obtained during surgical intervention from ten breast cancer patients, and primary culture cells
were established from these tissues. Four major molecular subgroups were sorted from the primary culture: HER2" BCSCs
(CD44*CD24 HER2"), HER2™ BCSCs (CD44*CD24"HER2"), HER2™ primary culture cells (CD44*CD24*HER2") and
triple positive primary culture cells (CD44*CD24"HER2"). These cells were cultured and treated with trastuzumab, pacli-
taxel, carboplatin, and the combination of those three drugs for 96 h. Cellular responses to these drugs were determined by
XTT cytotoxicity test. MMPs and cytokine array analysis showed that MMPs and TIMP-1, TIMP-2 proteins were expressed
more in HER2* BCSCs than in primary culture. HER2™ BCSCs were more resistant to drugs than HER2* BCSCs. Our
findings suggest that the presence of HER2™ BCSCs may be responsible for primary trastuzumab resistance in HER2T BC
cell population. Further studies investigating the function of MMPs are needed for drug targeting of BCSCs.
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Introduction

Breast cancer (BC) is the leading cause of deaths in women
worldwide. Over the last decade, there has been a significant
reduction in BC mortality, which is associated with early
diagnosis and the use of effective adjuvant therapies. How-
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ever, the ineffectiveness of chemotherapeutic drugs against
breast cancer stem-like cells (BCSCs) has been indicated
as one of the reasons for the failure of BC treatments [1].
Therefore, there is a need for new strategies in the treatment
for breast cancer [2].

BCSCs were first identified by their expression of CD44*
and lack of CD24 (CD247) cell surface markers [3]. Mes-
enchymal-like BCSCs characterised as CD447CD24~ are
primarily quiescent and localised at the tumour invasive
front, whereas epithelial-like BCSCs express aldehyde
dehydrogenase (ALDH), are proliferative, and are located
more centrally [4]. The plasticity of BCSCs that allows them
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to transition between mesenchymal-like and epithelial-like
states may play a critical role in metastasis [4]. HER2 is an
important regulator of BCSCs self-renewal in both HER2*
[5] and luminal [6] breast cancer.

Trastuzumab, an anti-HER?2 antibody, targets the extracel-
lular domain of the HER2 receptor and blocks the homodi-
merisation of the receptor in HER2-positive BC patients [7].
Paclitaxel binds to microtubules, inhibits mitotic division in
tumour cells, and prevents the proliferation of tumour cells
[8]. Carboplatin is an alkylating agent. These agents have
important toxic effects during all phases of the cell cycle,
inhibiting cell division, causing DNA strand damage such as
abnormal base pairing, and eventually causing cell death [9].

Conventional chemotherapy has impressively controlled
tumour growth; however, over time, many patients develop
resistance [10]. Two hypotheses have been proposed to
explain this resistance: (1) all the cancer cells become resist-
ant to chemotherapy over time, which was called multidrug
resistance [11], and (2) intrinsic resistance to chemotherapy
is present at the beginning of tumorigenesis [12]. According
to the second hypothesis, chemically sensitive cells are elim-
inated, but chemotherapy-resistant cells remain and increase
after chemotherapy. When intrinsically resistant cells were
examined by flow cytometry, it was found that they exhib-
ited CD44 expression but not CD24 expression [13]. The
most challenging obstacle encountered by patients with
HER2-expressing tumours is overcoming drug resistance in
these tumours. The BCSCs marker, CD44, is upregulated
in trastuzumab-resistant BC cells [14]. Studies have shown
the importance of HER2 receptors in the regulation of BC
stem cells [15]. In one study, a tyrosine kinase inhibitor for
the HER?2 receptor was shown to be effective in primary
BC cell cultures [12]. The epidermal growth factor receptor
(EGFR) signalling pathway is required for cell proliferation
[16]. HER2 receptors and cytokines (IL-6 and IL-8) have
also been shown to be responsible for the regulation of can-
cer stem cell proliferation [5]. Interestingly, HER2 and IL-6
gene polymorphisms are not associated with clinicopatho-
logical characteristics in HER2-positive breast cancer [17].

Matrix metalloproteinases (MMPs) are the enzyme
group in charge of the destruction of extracellular matrix
proteins during organogenesis, normal tissue regeneration,
and growth. The activities of MMPs are important for cell
processes and many essential functional events, including
tissue remodelling, such as angiogenesis, bone progress,
mammary involution, and wound healing [18]. Also, the
importance of the functions of MMPs is due to their role in
chronic inflammatory diseases or cancer [19]. MMPs and
cytokine levels were found to be higher in BCSCs, which
demonstrates their potential metastatic capacity. The secre-
tion of MMPs plays a role in the degradation of extracellular
matrix (ECM) during cancer metastasis. MMPs have pro-
teinase activities in tumour tissues and extracellular matrix
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elements, especially epithelial basal lamina elements. MMPs
also affect cell-matrix and cell-cell connections for the
movement of cells along the extracellular matrix [20, 21].
The gelatinase class of MMPs forms MMP-2 and MMP-9,
which are very effective in cancer invasion [22, 23]. MMP-9
has a role in tumour invasion and angiogenesis and medi-
ates the tumour microenvironment and metastasis [24, 25].
Therefore, in this study, we assessed the levels of MMPs in
BCSC-like cells.

The main aim of the study was to determine the response
of BCSCs to trastuzumab and to investigate the levels of
extracellular MMPs in the primary BC cell population and
subgroups of BCSCs.

Materials and methods
Establishment of primary cultures from BC tissues

Patients (n=10) who were admitted to Necmettin Erbakan
University Meram Medical Faculty due to breast cancer
were informed, and the tumour samples were obtained dur-
ing surgical intervention by a pathologist. Informed consent
was obtained from these patients before surgery. The project
was carried out upon ethical approval by Ethical Commit-
tee of Meram Medical Faculty (2013/391). Primary breast
cancer cells were established from the obtained tissues.
The tissue sample was transferred to the laboratory in cold
DMEM-F12 (Biochrom) medium supplemented with anti-
biotics (50-100 U/ml pen./50-100 pg/ml strep) and antimy-
cotic agent (Amphotericin B 0.25-2.5 ug/ml). Tissue sample
was minced and incubated at 37 °C shaker in DMEM-F12
supplemented with collagenase (300 U/mL) and antibiotics
for 18 h. Cells were filtered through a 30-pm strainer after
incubation and cultured in complete medium supplemented
with mammary epithelium growth supplement (MEGS, Life
Technologies) to enrich the epithelial cell population. The
primary culture was established as the cells attached to the
culture flasks within one week. The cells were sorted and
subpopulations were cultured from one of the patients whose
tumour tissue was confirmed by immunohistochemistry
(IHC) to be HER-2 receptor positive (+ 3 level) and oestro-
gen and progesterone receptor negative. These cells were
successfully cultured for further analyses (Fig. 1). Cytotoxic-
ity tests, drug combination assays, and protein array analyses
were conducted using this primary culture.

Isolation of BCSCs from primary culture

Primary culture cells were trypsinised, counted, and
washed in PBS before sorting. The cultured cells were then
treated with anti-fluorescein isothiocyanate (FITC)-CD44,



Clinical and Experimental Medicine (2021) 21:447-456

449
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anti-phycoerythrin (PE)-CD24, anti-allophycocyanin
(APC)-HER2, and 7-AAD antibodies (BD, San Diego,
USA) at room temperature for 20 min. 7-AAD was used
to evaluate the live cell population. The ALDEFLUOR
kit (Stem Cell Technologies) was used to identify the
ALDH" population according to the kit instruction man-
ual. Trypsinised and washed cells were resuspended in
ALDEFLUOR assay buffer containing ALDH substrate
and then incubated for 40 min at 37 °C. An aliquot of
cells treated with 15 mmol/L diethylaminobenzaldehyde

(DEAB, a specific ALDH inhibitor) was used as an ALDH
negative control.

Flow cytometry analysis was performed using a mul-
tiparametric cell sorter (BD FACS Aria IIT) with FACS
Diva version 6.1.3 software. First, viable cells were gated
as 7-AAD-negative populations in flow cytometry analysis.
Subsequently, CD44*CD24~ BCSCs, CD447CD24* BC cell
populations, and the HER2 receptor expression profiles of
these populations were identified (Fig. 1). Also, the ALDH
profile of the primary culture cells was determined. The BC
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cell subpopulations were sorted and cultured in complete
medium for further analyses (Fig. 2).

Cytotoxicity tests and drug combination
assays

Four subgroup populations (CD447CD24 HER2*,
CD44*CD24"HER2~, CD44*CD24*HER2*, and
CD447CD24tHER2") were treated with trastuzumab, pacli-
taxel, carboplatin, and with the combination of these drugs
for 96 h. Responses of the cells to the chemotherapy were
determined. The effects of the chemotherapeutic agents on
the proliferation of the cells were tested in 96-well micro-
titer plates by XTT cell proliferation assay. The responses
of cell proliferation to drug inhibition and ICs, values were
designated for each subpopulation [26, 27].

A checkerboard microplate procedure was performed to
study the drug interactions. The dilutions of anticancer drug
(Drug-1) were prepared in a horizontal direction and the
dilutions of other drug (Drug-2) vertically in a microplate.
The cells were seeded in each well (1 x 10* cells). The cells
were incubated for 96 h at 37 °C in a CO, incubator. The
cell growth was specified after XTT staining, and the optical
density of the orange product was measured on an ELISA
reader. Fractional inhibitory concentration (FIC) was calcu-
lated by the following formulas:

FIC;, -1 = ICspgpg—icombination/ICsy,,,,,_alone

FICy,e—2 = ICspype_ocombination/1Csyy,,,,_oalone

Fractional inhibition index demonstrates the effect of
combination of drugs (FIX=FICy, | +FICy,.,). If the
FIX value is in the 0.51-1.00 range, the effect of the drug
combination is additive on the cells. When the FIX value is
less than 0.50, the effect is synergistic. A FIX value between
1.00 and 2.00 is considered to indicate an indifferent effect,
whereas values greater than 2.00 indicate antagonism.

Analysis of expression levels of MMPs
and cytokines by protein array

The expression levels of MMP-related proteins and
cytokines were determined in the total primary breast
cancer cell population and CD44*CD24 "HER2* (HER2*
BCSCs) subpopulation. Total cell lysate was extracted
from cells using RIPA lysis buffer (Thermo Scientific),
and human antibody array (Abcam) analysis was per-
formed for ten human MMP-related proteins and 23 human
cytokines in compliance with the manufacturer’s instruc-
tions. Chemiluminescent protein spots were analysed using
the Vilber Lourmat Gel Documentation System. The target
proteins of the MMP panel were MMP-1, MMP-2, MMP-
3, MMP-§, MMP-9, MMP-10, MMP-13, TIMP-1, TIMP-
2, and TIMP-4. The target proteins of the cytokine panel
were G-CSF, GM-CSF, GRO, GRO-alpha, IL-1alpha,
IL-2, IL-3, IL-5, IL-6, IL-7, IL-8, IL-10, IL-13, IL-15,
IFN-gamma, MCP-1, MCP-2, MCP-3, MIG, RANTES,
TGF-betal, TNF-alpha, and TNF-beta. Both array mem-
branes consisted of positive control spots for densitometric
normalisations and negative controls. Each protein was
represented by two spots on the membranes.

Statistical analysis

SPSS for Windows 13.0 version (SPSS Inc., Illinois, USA)
was utilised for statistical analysis. A two-tailed t test was
used to compare the results between groups (p <0.05). In
all analyses, p <0.05 was considered statistically signifi-
cant. Based on the dose groups of trastuzumab, the ICs,
value of primary culture cells was calculated as 1.79 uM
(R?=0.99), p <0.05. The ICy, value at the 96th hour was
10 uM for paclitaxel, 1 pM for trastuzumab, and 0.3 pM
for carboplatin (p < 0.05; p <0.001).

Fig.2 Images of primary cultures and their subpopulations after sorting. a Primary breast culture cells, b HER2-positive BCSCs,
CD44*CD24 HER2", ¢ HER2-negative BCSCs, CD447CD24 HER2™ (10X)
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Results

In the primary culture, 42.7% of the cells were BCSCs
(CD44*CD247) and HER?2 expression was found to be posi-
tive in 75.9% of the cells. The percentage of CD447CD24"*
BC cell population was 49.1% in the primary culture cell
populations, and the HER2 expression of this population
was 89.7% (Fig. 1).

Another marker for the detection and isolation of can-
cer stem cells is ALDH activity. Flow cytometric analysis
results show that primary culture cell and HER2" BCSCs
populations included 22.3% and 6.9% ALDH positive cells,
respectively (Fig. 3).

Evaluation of the effect of chemotherapy
on BCSC populations

The antiproliferative effects of the chemotherapeutic drugs
on BCSC populations are presented in Table 1. The BCSCs
responded to chemotherapy in a manner different from

the primary culture. The primary culture cells were com-
pletely destroyed by 100 uM paclitaxel and 10 pM trastu-
zumab administered singly. Proliferation and ICs, values
of trastuzumab, paclitaxel, and carboplatin primary culture
cell showed that trastuzumab was the most effective drug
for these cells. We combined two drugs at doses that inhib-
ited 50% of that cell population, which were 1 pM for tras-
tuzumab (p < 0.05), 0.3 pM for carboplatin (p <0.05), and
10 pM for paclitaxel (p < 0.05). Interestingly, paclitaxel
and trastuzumab combinations showed antagonistic effects
on the cells (Table 1). A combination of trastuzumab,
paclitaxel, and carboplatin exerted more antiprolifera-
tive effects on the BCSCs. HER2™ BCSCs were observed
to be more resistant to these drugs than HER2* BCSCs
(p <0.05). Trastuzumab was the most effective drug on
the BCSCs, compared to the primary culture cells and
CD44*CD24*HER2™ cells. By contrast, there was also
a visible reduction in CD44*CD24"HER2" BCSCs with
trastuzumab (p < 0.05). We found that trastuzumab-—car-
boplatin binary combination treatment was more effective
in subcultures obtained from CD44tCD24"HER2" cells.
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Table 1 The content of chemotherapeutic drugs into cells is ICs, values (uM) of the drugs. a ICy, values obtained from cytotoxicity tests (the
differences between groups are significant when p <0.05). b Effects of combined therapy in the primary culture and subgroups

(a) Application ICs, values (uM)
Primary culture CD44*tCD24 HER2" CD44tCD24 HER2™ CD44*CD24THER2"
Paclitaxel 6.80° 6.594 8.23¢ 6.43
Trastuzumab 0.16° 0.004° 0.25h 247k
Carboplatin 0.18° 0.25 0.27' 0.24!
p<0.05 between a, b p<0.05 between d, e, f p<0.05 between g, hand g, i p<0.05 between j, k, 1
and a, ¢

p <0.05 between b, h and e p <0.05 between b, e, h and k

(b) Combination

Paclitaxel—carboplatin FIX < FIX<0.5
0.5Synergism Synergism

Trastuzumab-paclitaxel FIX>2.0t FIX>2.0
Antagonist Antagonist

Trastuzumab—carboplatin 1.0<FIX<2 0.5<FIX<1.0
OIndifferent Additive

FIX<0.5 FIX<0.5
Synergism Synergism
FIX>2.0 FIX>2.0
Antagonist Antagonist
FIX<0.5 FIX<0.5
Synergism Synergism

Expression profiles of MMPs and cytokines
in HER2* BCSCs

Protein array results revealed that MMP-1, MMP-2,
MMP-3, MMP-8, MMP-9, MMP-10, MMP-13, TIMP-1,

and TIMP-2 proteins were expressed in HER2* BCSCs
about 1.25-2.42 fold more than in primary culture cell
(p <0.05), (Table 2, Fig. 4). Except for G-CSF, IL-6,
IL-10, MCP-1, and TGF beta-1, other analysed cytokines
were also expressed more in HER2-positive BCSCs than
in primary culture cells (p <0.05) (Fig. 4).

Table 2 Expression

Proteins Expression ratio Proteins Expression ratio
profiles MMP-related (CD44*CD24-HER2*/PCC) (CD44*CD24 HER2*/
protein and cztokmes in ' PCC)
CD44*CD24 HER2" cells with
respect to primary cell culture MMP-1 1.63%* IL-5 1.18
(PCO) MMP-2 1.73% IL-6 0.90

MMP-3 1.38%* IL-7 1.16

MMP-8 1.28%* IL-8 1.25

MMP-9 1.60%* IL-10 0.98

MMP-10 1.25% IL-13 1.21

MMP-13 2.42% IL-15 1.23

TIMP-1 1.55% IFN-gamma 1.21

TIMP-2 1.30* MCP-1 0.96

TIMP-4 0.94 MCP-2 1.18

G-CSF 1.19 MCP-3 1.22

GM-CSF 1.17 MIG 1.24

GRO 0.90 RANTES 1.25

GRO-alpha 1.16 TGF-betal 1.09

IL-1alpha 1.13 TNF-alpha 1.24

IL-2 1.22 TNF-beta 1.14

IL-3 1.27

“p<0.005
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Fig.4 Human MMP and cytokine arrays of primary breast can-
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tein array of established PBCC. d Human cytokine protein array of
CD44*CD24 HER2" BCSCs population. e Expression levels of
MMPs in CD44*CD24 HER2* cells with respect to PBCC popula-

Discussion

This study demonstrated that HER2™BCSCs are more
resistant to drugs than HER2* BCSCs in primary breast
cancer cell cultures. Trastuzumab had an antiproliferative
effect on HER2-positive BCSCs and primary culture cells.
Carboplatin has equal effects on primary culture cells and
its subcultures. When we evaluated the overall effects of
the drugs, the most effective drug for HER2-positive cells
and stem cells was trastuzumab. MMP and cytokine levels
were found to be higher in BCSCs. These results illustrated
that HER2™ BCSCs present in the total population may be
responsible for the drug resistance of HER2* BC population
against trastuzumab.

The concept of intra-tumoural heterogeneity is consid-
ered important for the biological actions of cancer. Although
the tumours of the patients appear to be histopathologically
similar, they have different features in terms of molecular
subtypes and potential to metastasise [28]. Cancer stem cells
may be an important factor for intra-tumoural heterogeneity.
According to the cancer stem cell hypothesis, tumours are
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tion. f Expression levels of cytokines in CD44*CD24 HER2* cells
with respect to the PBCC population. Some representative protein
spots are indicated on the protein array membrane figure. All the pro-
teins spotted on the array membranes except (TIMP-4, G-CSP, GRO,
IL-6, IL-10, MCP, TGF-beta-1) were expressed higher in HER2*'
BCSCs when compared to the PBCCs (p <0.05)

composed of cells that exhibit the features of differentiation
and self-renewal. BCSCs can be distinguished by their exhi-
bition of surface indicators, CD24 and CD44. CD44, a hya-
luronic acid receptor, interacts with osteopontin, which acts
in tumour progression, regulating its cellular functions [29].
CD24 is a surface protein associated with extensive types
of cancer cells and serves as a versatile ligand based on the
different glycosylation profiles of these cells. Several stud-
ies have demonstrated that the expressions of CD24™ and
CD44* are important markers of the BCSCs population in
HER2-positive BCs [30]. Thus, we used these markers to
determine BCSCs isolated in our study.

In a study carried out on breast cancer cells,
CD44*CD24~ cells were identified as tumorigenic [31].
In solid tumours, such as BC, the distribution of stem
cells is considered to be 1-2% of the tumour [32]. In a
study by Honeth et al., 31% of the tumour samples were
CD44%CD24~ cells [33]. In our study, CD44*CD24~ cells
were 42.7% of the primary culture cell population, with
49.1% of the population being CD447CD24" cells. These
differences in the BCSCs population ratios may originate
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from the differential expression levels of these receptors in
the tumour tissues due to individual features. Further, the
expression of ALDH in the primary breast cancer population
also confirms that HER2-positive breast cancer tissue con-
tains BCSCs, which may hinder the success of chemother-
apy. In breast cancer, ALDH1A1 expression is a good CSC
marker and an important predictor of metastasis and drug
resistance. Ginestier et al. and Morimoto et al. reported that
high expression of ALDH1A1 expression correlated with
poorer overall survival in breast cancer patients, implicating
ALDHI1AL as the only ALDHI isozyme capable of serving
as a biomarker for predicting poor survival in breast cancer
patients [34, 35]. Vassalli also declared that the presence of
ALDH activity is both a marker for cancer stem cells and a
functional regulator in cancer tissues [36].

The antiproliferative effects of paclitaxel on primary cul-
ture cells and subcultures were similar. Trastuzumab had an
antiproliferative effect on HER2-positive BCSCs and HER2-
positive primary culture cells. Carboplatin had equal effects
on primary culture cells and its subcultures. When we evalu-
ated the overall effects of the drugs, the most effective drug
for HER2-positive cells and stem cells was trastuzumab.
Carboplatin treatment in combination with paclitaxel and
trastuzumab in BCSCs worked synergistically and addi-
tively, respectively. Carboplatin treatment was found to be
more effective in combination with trastuzumab than with
paclitaxel on subcultures. When the results of paclitaxel and
trastuzumab combinations were examined, it was observed
that the drugs exerted antagonistic activity on the cells, in
contrast to the single-drug applications. In a study by Phil-
lips and McBride, anticancer drugs were more effective on
cell lines than on primary culture cells [20]. Magnifico et al.
provided evidence of the efficacy of trastuzumab in inhibit-
ing tumour-initiating cells of HER2-positive tumours. Our
study confirmed the efficacy of trastuzumab on BCSCs in
primary breast cell culture [37].

According to the results obtained from the primary cul-
tures in this study, TIMP1 and TIMP2 metallopeptidase
inhibitors were expressed in high amounts. MMP-1, MMP-2,
MMP-3, MMP-8, MMP-9, MMP-13, TIMP-1, and TIMP-2
proteins in HER2T BCSCs were expressed 1.25-2.42 times
more than in primary culture. Variations in MMP expression
in cancer may include regulation at the microRNA level. A
positive correlation has been observed between high MMP-9
levels and high histological grade BC. Mohammadian et al.
recently reported that MMP-9 has a role in the initiation
and proliferation of breast cancer cells by digesting col-
lagen and interacting with tumour suppressor genes [38].
Further, a high plasma concentration of MMP-9 is related
to reduced survival in breast cancer. Here, one of our objec-
tives was to investigate MMP expression levels. There-
fore, we considered increased MMP-9 expression levels an
indicator of metastatic behaviour in BCSCs located in the
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primary breast cancer cell population. The expression level
of MMP-9 could demonstrate the aggressive phenotype of
the BC tissue. We found higher cytokine expression levels,
except of IL-6, IL-10, MCP-1, and TGF beta-1, in HER2*
cancer stem cell-like cells when compared to the original
primary culture population. Together, these findings indicate
that the CD44*CD24 HER2*subpopulation has a different
protein expression profile with respect to the primary culture
population.

MMP-13 expression was significantly higher in the
CD44%CD24~ BCSCs in comparison with the primary BC
cells. Furthermore, a high level of MMP-13 expression also
appeared in HER2-positive BC cell cultures. According to
this study, MMP-13 was expressed more in HER2-positive
BCSCs. MMP-13 can play a potentially meaningful role in
BC stem cells and their metastasis and invasion. This finding
highly confirms the results revealed by the study demonstrat-
ing the significant role of MMPs and the microenvironment
[39]. These results have important value for determining the
role of MMPs as drug targets and strategies for targeting
MMP function in therapeutic applications.

There are some limitations to this study. All cytotoxicity
tests and drug combination assays were analysed in the pri-
mary cultures from a HER-2-positive patient. This is a cor-
relation study with a small sample size; therefore, we could
not draw generalised conclusions and assertions about stem
cell-like subpopulations based on flow cytometry analysis of
the expression of CD44, CD24, and HER? in cells from pri-
mary culture. We need to conduct in vitro and in vivo studies
to show these subpopulations’ highly metastatic potential.
Future studies should include cytotoxicity tests on different
primary cultures obtained from different HER-2 subgroups
of patients. This pilot translational research and its results
will guide in planning and directing multipatient studies to
determine individual target proteins that cause resistance to
chemotherapy in breast cancer.

Conclusion

The findings of this study showed that the presence of
HER2™ BCSCs may be responsible for primary trastuzumab
resistance in histologically HER2-positive BC cell popu-
lation. HER2™ BCSCs were found to be more resistant to
drugs than HER2" BCSCs. Higher MMP levels were found
in BCSCs. These results will allow revisiting of MMPs as
drug targets in cancer. Studies investigating the function
of MMPs for new directions towards our understanding of
BCSCs are needed.
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