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Abstract

Objective: MCF-7 cells, a breast cancer cell line, are used 
for experiments of estrogen receptor (ER)-positive breast 
cancer and many sub-clones representing different 
classes of ER-positive tumors. We aimed to determine the 
efficacy of metformin, a potential anti-cancer agent, on 
the cell proliferation, and the expressions of NF-kB (p65), 
MMP-2 and MMP-9 in MCF-7 cell line.
Materials and methods: MCF-7 cells (human breast adeno-
carcinoma) were treated with elevating doses of metformin 
(0–50  mM) for 24  h. The anti-proliferative effect of met-
formin was studied by BrdU proliferation assay, and the 
expression levels of NF-kB (p65), MMP-2 and MMP-9 were 
analyzed by immunocytochemical staining.
Results: The percentage of cell proliferation was reduced 
significantly by 10 and 50  mM doses of metformin 
(p < 0.001). The expression levels of nuclear NF-kB 
(p65), MMP-9 and MMP-2  were considerably reduced in 
50  mM metformin treated cells while the expression of 

cytoplasmic NF-kB (p65) elevated compared to control 
group (p < 0.05). Ten millimolar metformin also reduced 
expression of MMP-9 significantly (p < 0.05).
Conclusion: Metformin may act on the proliferation, and 
the processes of invasion and metastasis of MCF-7 cells 
through blocking NF-kB, which is intensely expressed in 
breast cancer cells, and through diminishing the expres-
sion of MMP-2 and MMP-9 significantly.

Keywords: Breast cancer; Matrix metalloproteinase;  
MCF-7; Metformin; NF-kB.

Öz

Amaç: Bir meme kanseri hücre soyu olan MCF-7, östrojen 
reseptörü (ER) pozitif meme kanseri ve ER-pozitif tümör-
lerin farklı sınıflarını temsil eden birçok alt klonun deney-
leri için kullanılır. Potansiyel bir anti-kanser ajanı olan 
metforminin, MCF-7  hücre soyunda hücre çoğalması ve 
NF-kB (p65), MMP-2 ve MMP-9 ekspresyonları üzerindeki 
etkisini belirlemeyi amaçladık.
Gereç ve Yöntem: MCF-7  hücreleri (insan meme adeno-
karsinomu) 24  saat boyunca metformin artan dozları 
(0–50  mM) ile muamele edildi. Metforminin anti-proli-
feratif etkisi, BrdU proliferasyon deneyi ile incelendi ve 
NF-kB (p65), MMP-2 ve MMP-9 ekspresyon seviyeleri ise 
immünositokimyasal boyama ile analiz edildi.
Bulgular: Hücre proliferasyonunun yüzdesi, 10 ve 
50  mM’lik metformin dozları ile önemli ölçüde azaldı 
(p < 0.001). Nükleer NF-kB (p65), MMP-9 ve MMP-2’nin 
ekspresyon seviyeleri, 50  mM metformin ile muamele 
edilmiş hücrelerde önemli ölçüde azalırken, sitoplaz-
mik NF-kB’nin (p65) ekspresyonu, kontrol grubuna göre 
(p < 0.05) arttı. 10  mM metformin de MMP-9 ekspresyo-
nunu anlamlı şekilde azalttı (p < 0.05).
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Sonuç: Metformin, meme kanseri hücrelerinde yük-
sek oranda eksprese edilen NF-kB(p65) ve MMP-2 ve 
MMP-9 ekspresyon seviyelerini önemli ölçüde azaltarak, 
MCF-7  hücrelerinin proliferasyonu, invazyonu ve metas-
tazı üzerinde etkili olabilir.

Anahtar Kelimeler: Meme kanseri; Matrix Metallopro-
teinaz; MCF-7; Metformin; NF-kB.

Introduction
Breast cancer, predominantly common in female popu-
lation worldwide [1], is expressed as a heterogeneous 
disease with clinical course and its outcome, since it 
is related to many biological factors that are the nature 
of the cancer. The available evidence seems to suggest 
that understanding this heterogeneity is important 
in terms of targeted prevention of breast cancer and 
the biological process that is an obstacle to treatment 
[2]. Epidemiological studies indicate that women with 
Type 2 diabetes mellitus (T2DM) may have a tendency 
to develop breast cancer. Along similar lines, a meta-
analysis study argues that especially postmenopausal 
women with T2DM are related to a higher rate in the risk 
of breast cancer by 23% [3].

A biguanide drug, namely metformin (1-(diamino-
methylidene)-3,3-dimethylguanidine), reducing cir-
culating insulin levels as an insulin sensitizer which 
enhances insulin sensitivity, is not only considered as 
a gold standard for the treatment of T2DM but also an 
agent that diminishes carcinogenic risk and inhibits 
cancer cells’ proliferation [4]. The type 2 diabetics using 
metformin in long-term periods have been found to have 
a lower risk of cancers, especially of the breast cancer 
[5]. On the basis of the epidemic evidence currently 
available, it seems fair to suggest that the diminished 
probability of getting cancer in Type 2 diabetic people 
through metformin uptake becomes widespread in the 
field of oncology.

Being at the center of many complex biochemi-
cal processes, invasion and metastasis in cancer are 
mostly accountable for cancer-associated deaths. Inter-
actions between tumor cells and extracellular matrix 
(ECM), degradation of intercellular adhesion molecules 
and ECM invasion via circulatory vessels are crucial 
processes for both tumor invasion and metastasis [6]. 
Several proteolytic enzymes act a part and assume criti-
cal roles in cancer microenvironment degradation such 
as the ECM and the basement membrane [7]. Under-
lining the engagement of matrix metalloproteinases 

(MMPs) in tumor invasion & metastasis is remarkable 
as they block tumor cells’ spreading [8]. MMPs are 
structural and  functional zinc-dependent endopepti-
dases  participating in the several ECM components’ 
proteolysis process [8]. The activity of these proteins 
is accurately regulated to block tissue degradation 
under  physiological conditions. The balance of physio-
logical conditions may likely to be broken down in 
cancer producing tumor cells which are able to invade 
the other tissues [9]. Until now, most of the research-
ers have focused on the expression patterns of MMP-9 
and -2 which are able to degrade type IV collagen [10]. 
Tumor invasion begins with an  obligatory step of epi-
thelial cells-stroma  separation, namely the basal mem-
brane degradation, proceed with both enhanced activity 
and expression of MMP-9 and MMP-2 [11]. During the 
transcription process, activator proteins such as NF-kB 
(nuclear factor kappa B) and AP-1 (activator protein 1) 
collaborate for the expression of MMP-2 and -9 in the 
transcription level.

NF-kB has more than 100 target genes to be regulated 
in many diseases and acts a crucial role in inflammation 
and numerous stages of cancer initiation and progres-
sion [12]. The NF-kB transcription factor has five distinct 
homo and heterodimer complex proteins and one of 
these, p65  subunit, forms the p50/p65  heterodimer with 
p50  subunit. The p50  subunit binds to the DNA, while 
the p65 subunit carries out transcriptional activation [13]. 
NF-kB is inhibited by cytoplasmic Inhibitor of kappa B 
(IkB), bound to the p50/p65  heterodimer. After the IkB 
phosphorylation by IkB kinase, NF-kB activates the tran-
scription of its target genes on DNA, following the translo-
cation of the released p50/p65 and p50/p65 to the nucleus 
[14].

Cell lines are becoming important tools used for the 
molecular diagnosis in breast cancer as in vitro models in 
cancer research. As for breast cancer, MCF-7 cell line is a 
potent candidate that can be used in studies to mimic the 
estrogen receptor (ER)-positive breast cancer and many 
sub-clones, which have been established for different 
classes of ER-positive tumors [15].

The preventive efficacy of metformin against cancer 
cell has been supported by several investigations, but 
there are many unanswered questions to illuminate 
the  underlying anti-cancer mechanisms of metformin 
on MCF-7 cell line. Therefore, the target of this study 
was to evaluate the anti-proliferative effect of met-
formin in MCF-7 cell populations and to figure out the 
role of NF-kB, MMP-9 and MMP-2 expressions, if any, in 
regulating invasiveness and metastasis of breast cancer 
cells.
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Materials and methods

Cell culture

The MCF-7 cell line (human breast adenocarcinoma, estro-
gen receptor–and progesterone receptor positive) acquired 
from the American Type Culture Collection was exerted 
in our study. The cells were cultured through incuba-
tion at 37°C in 5% CO2 incubator using the recommended 
media (Dulbecco’s Modified Eagle Medium)(DMEM/F-12, 
Sigma-Aldrich) with 5.5 mM glucose, 2 mM glutamine and 
15  mM HEPES, supplemented with 100  IU/mL penicillin 
(Pronapen, Pfizer), 50  mg/mL streptomycin, 10% fetal 
bovine serum (FBS, Gibco Lab). The pH of the medium 
was adjusted to 7.4 using NaHCO3. The proliferation and 
immunocytochemistry (ICC) assays were performed by 
seeding 0.5 × 105 cells in 24-well plates and culturing the 
cells in media for 24 h.

BrdU cell proliferation assay

Metformin (Metformin HCL-Wanbury, H10000691) con-
centrations were identified with respect to the former 
implementation of clinical and in-vitro studies. Three 
different experimental doses (2 mM, 10 mM and 50 mM) 
diluted from a 100  mM stock metformin were obtained 
and adjusted in 24-well plates.

The anti-proliferative efficacy of metformin on 
cell population was evaluated by testing 5-bromo-2′-
deoxyuridine (BrdU) integration into cellular DNA during 
the replication. Shortly, 0.5 × 105 cells were seeded in a 
24-well plate using DMEM. After seeding, the cells are 
treated with a set of metformin (0–50  mM) for 24  h and 
incubated at 37°C and under condition of 5% CO2. Follow-
ing the incubation, 50 μL BrdU in 1 mL culture was added 
to each well and incubated for an hour at the same condi-
tions. Subsequently, the cells were rinsed with phosphate 
buffered saline (PBS, pH 7.4) and re-incubated with 70% 
ethanol for 10  min. For denaturation of DNA, the cells 
were incubated with 2 M HCl at 37°C for 30 min and then 
neutralized with sodium borate buffer (0.1 M, pH 8.5) for 
10  min. The cells were then rinsed twice with PBS. For 
immunostaining assay, rinsed cells were incubated with 
anti-BrdU (1:100 diluted (Bu20A): sc-20045, Santa Cruz 
Biotechnology, Inc.) overnight at +4°C in the dark.

As a chromogen, Amino-ethyl-carbazole (AEC) (Invit-
rogen) was used. Over several fields of view, greater than 
300–350 cells per chamber were counted using a light 
microscope and the percentages (%) of BrdU-positive cells 
were assessed according to the literature [16].

Immunocytochemistry for NF-kB, MMP-2, 
and MMP-9

MCF-7 cells were seeded on cover glass coated in 24-well 
plates (105 cells per well), then incubated with DMEM/F-12 
(5  mM glucose). Experimental metformin concentrations 
were adjusted to 0 mM, 2 mM, 10 mM, and 50 mM in 24-well 
plates as four groups and the plates were then incubated 
for 24 h. The cells in well-plates were rinsed with PBS and 
incubated for 10 min following 70% ethanol addition. After 
rinsing twice using PBS, the cells were incubated with mon-
oclonal MMP-2 antibody (1:100 diluted) (MMP2/2C1, Ther-
moFisherSci, Rockford, IL 61105, USA), monoclonal MMP-9 
antibody (1:400 diluted) (5G3, ThermoFisherSci, Rockford, IL 
61105, USA), polyclonal NF-kB (p65) antibody (1:100 diluted) 
(ThermoFisher, Sci, Rockford, IL 61105, USA) overnight at 
+4°C in the dark. Afterwards, indirect streptavidin-biotin-per-
oxidase method was performed using the Histostain-Plus™ 
Broad Spectrum Kit (Mouse and Rabbit Specific Detection, 
ab93705, USA) was applied. AEC staining kit (Invitrogen) was 
used as the chromogen. Following the incubation for 2 min 
at room temperature with AEC; the immunoreactivity of the 
cells were counted under a light microscope (10×) and inter-
preted semi-quantitatively via a modified H-SCORE analysis 
assigning numerical scores between 0 and 300 to the immu-
nostaining, a method used by Tombulturk et al. [17].

Statistical analysis

UNISTAT 5.0 for Windows package program was used in 
the immunostaining statistical analysis of findings given 
as mean ± SEM. For statistical analysis, one-way ANOVA 
test for intergroup comparisons and Tukey-Kramer multi-
ple comparisons tests as multiple benchmarks were used. 
Outcomes with p < 0.001 and p < 0.05  significantly were 
under consideration.

Results

The anti-proliferative effects of metformin on 
MCF-7 cells

To investigate the anti-proliferative efficacy of metformin, 
0  mM metformin (control group), a set of metformin 
(2, 10 and 50  mM) were tested in vitro normoglyce-
mic conditions for 24  h using MCF-7 cells (see Figure 1).  
In MCF-7 proliferation percentage, the number of Br-dU 
positive cells reduced significantly in the groups of 10 mM 
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and 50 mM metformin compared to control and 2 mM met-
formin groups (***p < 0.001). According to these outcomes, 
the metformin demonstrated a concentration-dependent 

anti-proliferative activity in MCF-7 cells and a high dose of 
50 mM concentration was assumed as an efficient dose of 
metformin on MCF-7 cell line.
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Figure 1: MCF-7 cell number significantly decreases in the presence of increasing metformin concentration in a dose-dependent manner.
The micrographs of Br-dU proliferation assay for MCF-7 cells treated by 0 mM (A), 2 mM (B), 10 mM (C), 50 mM (D) doses of metformin 
(magnified ×40), with statistical findings (E) for % of Br-dU positive cells (***p < 0.001).
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The efficacy of metformin on the NF-kB (p65), 
MMP-9 and MMP-2 expressions in MCF-7

Expression levels of NF-kB (p65), MMP-2, and -9 in 
cultured MCF-7 cells were examined at the cellular 
level by ICC method and analyzed by two independ-
ent  researchers on randomly selected five areas at 
×40 magnification.

MMP-2 immunocytochemical analysis revealed 
that the immunoreactivity of protein decreased sta-
tistically in 50  mM metformin-treated group com-
pared to the control group, and to 2  mM and 10  mM 

metformin-treated groups (see Figure 2). As an outcome 
of the evaluation of MMP-2-immunoreactive MCF-7 count 
(%) in  experimental groups, a significant decrease was 
detected in MMP-2 expression in high dose (50 mM) met-
formin group compared to the other groups (p < 0.05) 
(see Figure 2).

It is apparent from Figure 3 that the expression of 
MMP-9 decreased statistically in 10 mM and 50 mM met-
formin-treated groups compared to the control group 
and 2  mM metformin-treated group. In parallel with 
MMP-2 immunoreactivity, we concluded that a significant 
decrease was detected in MMP-9 expression in 50  mM 
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Figure 2: MMP-2 immunoreactivity decreases at 50 mM metformin concentration in MCF-7 cells.
Representative immunocytochemical staining of MMP-2-immunoreactive MCF-7 cells treated by 0 mM (A), 2 mM (B), 10 mM (C), 50 mM (D) 
doses of metformin (magnified ×40), with statistical findings (E) for MMP-2-immunoreactive cell count (%) (*p < 0.05).

Nail Besli et al.: Metformin suppresses the proliferation and invasion through NF-kB and MMPs 299



metformin group in comparison to the other groups 
(p < 0.05) (See Figure 3).

According to the immunocytochemical findings of 
NF-kB (p65), the expression of cytoplasmic NF-kB (p65) ele-
vated in the 50 mM metformin-applied group (see Figure 4), 
and this increase was statistically different from the other 
groups (p < 0.05). Whereas, the nuclear immunostaining 
for NF-kB in the cells reduced in the highest dose group 
compared to the other groups (p < 0.05) (see Figure 4).

Discussion
There is a growing evidence worldwide either in vivo or 
in vitro that a T2DM therapy with metformin might be a 
cure for breast cancer [18]. Nowadays, metformin, with 
a low market price unlike the other cancer treatment 
drugs, and its usability with or without chemotherapeu-
tic medications in the cancer therapy, is expected to have 
benefits economically and to increase the chances of 
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Figure 3: MMP-9 immunoreactivity decreases at both 10 and 50 mM metformin concentrations.
Representative immunocytochemical staining of MMP-9-immunoreactive MCF-7 cells treated by 0 mM (A), 2 mM (B), 10 mM (C), 50 mM 
(D) doses of metformin (magnified ×40), with statistical findings (E) for MMP-2-immunoreactive cell count (%) (*p < 0.05).
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survival outcomes for cancer patients. Moreover, due to 
its relative safety, metformin continues to receive intense 
interest by many researchers regarding the oncological 
patterns [19, 20].

A numerous amount of researches have been pub-
lished on this oncological and other possible effects. In 
a diabetes study, breast cancer patients with a metformin 
cure have a better prognosis in breast cancer treatment 
than the patients treated without metformin [21]. Another 
research reported that metformin showed its anti-prolif-
erative impacts on the breast cancer cells by developing 
insulin sensitivity not only directly but also indirectly 

therefore reducing hyperinsulinemia [20, 22]. Mainly, 
these effects of metformin have been shown to be due 
to the AMP-activated protein kinase, by which the mam-
malian target of rapamycin (mTOR) in an LKB1-associated 
cascade and the cyclin D1- a significant cell-cycle regu-
lator in breast cancer cell lines are blocked, respectively 
[23–25]. A very recent study by Sharma and Kumar showed 
that metformin’s proliferation inhibitory impact on MDA-
MB-231 cell line is correlated with reduced ROS production 
[26]. In the current study, treating MCF-7 cells by a high 
metformin dose (50  mM) significantly inhibited the pro-
liferation percentage (p < 0.001). These findings are also 
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Figure 4: 50 mM metformin significantly increases the amount of cytoplasmic NF-kB whereas decreases the amount of nuclear NF-kB.
Representative immunocytochemical staining of NF-kB (p65)-immunoreactive MCF-7 cells treated by 0 mM (A), 2 mM (B), 10 mM (C), 50 mM 
(D) doses of metformin (magnified ×40), with statistical findings (E) for MMP-2-immunoreactive cell count (%) (*p < 0.05).
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in a good agreement with Marinello et al.’s findings [27] 
in which the cellular metabolic activity of both MDA-MB-
231 and MCF-7 cell lines were inhibited dramatically by 
a variety of metformin concentrations in 24  h and 48  h 
periods. Alimova et al. studied the activity of metformin 
against diverse molecular subtypes of breast cancer cell 
lines [MCF-7, MCF-7/713 (MCF-7 transfected with erbB2), 
BT-474 and SKBR-3] in vitro [25]. Metformin showed bio-
logical activity against all estrogen receptor (ER) posi-
tive and negative, and abnormal breast cancer cell lines 
tested. It inhibited cellular proliferation at a concentration 
of 50 mM, BT-474 and SKBR-3 cells were 85% growth inhib-
ited, MCF-7  was 57% inhibited and MCF-7/713 cells were 
50% growth inhibited, as compared to untreated controls, 
in these 72 h cell proliferation assays. Thus, MCF-7 without 
transfection seems to be more resistant to drugs compared 
with out clones of breast cancer cell lines, hence, we used 
high doses of metformin to inhibit the proliferation of 
breast cancer cells [25].

As for breast cancer, MCF-7 cells represent a very 
important candidate as they are used ubiquitously in 
research for estrogen receptor (ER)-positive breast cancer 
cell experiments and many sub-clones, which have been 
established, represent different classes of ER-positive 
tumors with varying nuclear receptor expression levels. 
Different cell lines have shown different reactions to 
varied doses of metformin in the literature. Sena et  al. 
investigated the effects of different doses of metformin (0, 
10, 25, and 50 mmol/L) on NF-κB expression in an epithe-
lial colon cancer cell line (HT29), and found that 50 mM 
metformin treatment for 24/48  h reduced NF-kB expres-
sion significantly. They discussed that the doses of met-
formin that were shown effective against cancer cells are 
approximately 300–600 fold (between 20 and 50 mmol/L) 
greater than the dose routinely administered for diabetic 
disorders, and about 1000 times higher than what is used 
in common practice. Their results confirmed that met-
formin was effective even at low doses in diabetic patients, 
whereas higher metformin concentrations, being toxic, 
will lead to apoptosis of cancer cells [28].

Through the immunocytochemical analysis of our 
study, the expression of NF-kB (p65) activator protein, 
MMP-2, and -9, which play roles in both pathways of inva-
sion and metastasis in breast cancer, were observed sig-
nificantly different from the control groups (p < 0.05). The 
NF-kB (p65) protein is known to be the activator protein 
of MMP-2.-9 [29] and metformin indirectly and negatively 
affects MMP-2.-9 expressions by preventing the nuclear 
translocation of NF-kB (p65) from the cytoplasm. In an 
in vitro study, it has been reported that metformin blocks 
MMP-9 protein through blocking of AP-1 and reducing 

the PMA (phorbol 12-myristate 13-acetate)-induced Ca2+ 
influx, which is highly expressed in invasive and meta-
static tumor cells of human fibrosarcoma (HT-1080) [30]. 
Thus, metformin may repress the expression level of pro-
teins that are potentially in charge of cancer invasion and 
metastasis processes. On the other hand, Sharma and 
Kumar assessed the role of metformin on the migration by 
the qRT-PCR (Real-Time Quantitative Reverse Transcrip-
tion PCR) analysis of MMP-2.-9 in MDA-MB-231 cells, and 
they observed that 20  mM dose of metformin substan-
tially reduced MMP-2.-9 expressions in this cell line cells, 
underlining the anti-metastatic feature of metformin [26]. 
We also detected that the protein level of MMP-2.-9 in 
MCF-7 cell populations was significantly diminished with 
an effective dose (50 mM) of metformin compared to the 
non-treated cells (p < 0.05). These findings can be com-
pared with the above-mentioned former studies as a sup-
pressing effect of metformin on MMPs in many cell lines of 
breast cancer [9, 31].

The results of NF-kB (p65) immunostaining in the 
current study indicated that a high dose of metformin 
increased the expression of cytoplasmic NF-kB (p65) but 
reduced the nuclear immunostaining for NF-kB in MCF-7 
cells significantly, suggesting the inhibition of translo-
cation of both subunits to nucleus (p < 0.05). Consistent 
with our findings, Hirsch et  al. studied the western blot 
analysis of NF-kB proteins in nuclear and cytosolic frac-
tions of cancer stem cells treated with a dose (0.1 mmol/L) 
of metformin, concluded with decreased nuclear NF-κB 
rates and enhanced cytoplasmic NF-κB proteins and the 
phosphorylation of IκB in the cytosol [32]. Another study 
by Kim et al. also reported that the amount of IkB and the 
NF-kB activity were minimized in case of 1–10  mM met-
formin dose in MCF-7 cell line [33]. According to our results, 
metformin suppresses the expression of NF-kB resulting 
in diminished cell proliferation, as well as decreasing the 
amount of MMP-9, -2 proteins related to the invasiveness 
pathway of breast cancer.

Conclusion
Metformin likely acts as a suitable agent against breast 
cancer in vitro in by taking into account the dose of met-
formin in accordance with the outcomes of our study. Met-
formin may potentially have an anti-proliferative effect 
in MCF-7. In our belief, metformin may act on the process 
of invasion and metastasis by means of suppressing 
NF-kB (p65) that is normally expressed in the cancer cells 
intensely, and by significantly diminishing the expression 
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of MMP-9 and MMP-2. However, its molecular mechanism 
has not been totally clear yet.

Given that our findings are based on a limited number 
methods and limited sample size, with approaching the 
goal of reaching the data that we aimed in our study, this 
research has thrown up many questions in need of further 
investigation in the therapy of breast cancer by detailed 
investigating laboratory studies.

Acknowledgements: Authors are thankful to MSc. Tugba 
Soydas for her experimental support in the laboratory 
part. This study was supported and funded by Istanbul 
University Scientific Research Projects Unit (Project No: 
23181).

Conflict of interest: The authors declare that they do not 
have any conflict of interest.
Funding support: This study was supported and funded 
by Istanbul University Scientific Research Projects Unit 
(Project No: 23181).

References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global 

cancer statistics. CA Cancer J Clin 2011;61:69–90.
2. Polyak K. Breast cancer: origins and evolution. J Clin Invest 

2007;117:3155–63.
3. Hardefeldt PJ, Edirimanne S, Eslick GD. Diabetes increases the 

risk of breast cancer: a meta-analysis. Endocr Relat Cancer 
2012;19:793–803.

4. Aljada A, Mousa SA. Metformin and neoplasia: implications and 
indications. Pharmacol Ther 2012;133:108–15.

5. Bodmer M, Meier C, Krähenbühl S, Jick SS, Meier CR. Long-
term metformin use is associated with decreased risk of breast 
 cancer. Diabetes Care 2010;33:1304–8.

6. Liotta LA, Steeg PS, Stetler-Stevenson WG. Cancer metasta-
sis and angiogenesis: an imbalance of positive and negative 
 regulation. Cell 1991;64:327–36.

7. Westermarck J, Kähäri V-M. Regulation of matrix metalloprotein-
ase expression in tumor invasion. FASEB J 1999;13:781–92.

8. Egeblad M, Werb Z. New functions for the matrix metalloprotein-
ases in cancer progression. Nat Rev Cancer 2002;2:161–74.

9. Köhrmann A, Kammerer U, Kapp M, Dietl J, Anacker J. Expression 
of matrix metalloproteinases (MMPs) in primary human breast 
cancer and breast cancer cell lines: new findings and review of 
the literature. BMC Cancer 2009;9:1.

10. Kato Y, Yamashita T, Ishikawa M. Relationship between expres-
sion of matrix metalloproteinase-2 and matrix metalloprotein-
ase-9 and invasion ability of cervical cancer cells. Oncol Rep 
2002;9:565–9.

11. Mitropoulou TN, Tzanakakis GN, Kletsas D, Kalofonos HP, 
 Karamanos NK. Letrozole as a potent inhibitor of cell proliferation 
and expression of metalloproteinases (MMP-2 and MMP-9) by 
human epithelial breast cancer cells. Int J Cancer 2003;104:155–60.

12. Hoesel B, Schmid JA. The complexity of NF-kB signaling in 
inflammation and cancer. Mol Cancer 2013;12:86.

13. Bakkar N, Guttridge DC. NF-kB signaling: a tale of two pathways 
in skeletal myogenesis. Physiol Rev 2010;90:495–511.

14. Smale ST. Dimer-specific regulatory mechanisms within the NF-kB 
family of transcription factors. Immunol Rev 2012;246:193–204.

15. Comşa Ş, Cîmpean AM, Raica M. The story of MCF-7 breast can-
cer cell line: 40 years of experience in research. Anticancer Res 
2015;35:3147–54.

16. Soydas T, Sarac EY, Cinar S, Dogan S, Solakoglu S, Tuncdemir M, 
et al. The protective effects of metformin in an in vitro model of 
aging 3T3 fibroblast under the high glucose conditions. J Physiol 
Biochem 2018;74:273–81.

17. Tombulturk FK, Soydas T, Sarac EY, Tuncdemir M, Coskunpinar E,  
Polat E, et al. Regulation of MMP 2 and MMP 9 expressions 
modulated by AP-1 (c-jun) in wound healing: improving role of 
Lucilia sericata in diabetic rats. Acta Diabetol 2018:1–10.

18. Landman GW, Kleefstra N, van Hateren KJ, Groenier KH, Gans 
RO, Bilo HJ. Metformin associated with lower cancer mortality in 
type 2 diabetes: ZODIAC-16. Diabetes Care 2010;33:322–6.

19. Zhang H-H, Guo X-L. Combinational strategies of metformin 
and chemotherapy in cancers. Cancer Chemother Pharmacol 
2016;78:13–26.

20. Pryor R, Cabreiro F. Repurposing metformin: an old drug with 
new tricks in its binding pockets. Biochem J 2015;471:307–22.

21. Hou G, Zhang S, Zhang X, Wang P, Hao X, Zhang J. Clinical 
pathological characteristics and prognostic analysis of 1,013 
breast cancer patients with diabetes. Breast Cancer Res Treat 
2013;137:807–16.

22. Pollack MN. Insulin, insulin-like growth factors, insulin resist-
ance, and neoplasia. Am J Clin Nutr 2007;86:s820–2.

23. Dowling RJ, Zakikhani M, Fantus IG, Pollak M, Sonenberg N. 
Metformin inhibits mammalian target of rapamycin-depend-
ent translation initiation in breast cancer cells. Cancer Res 
2007:10804–12.

24. Zakikhani M, Dowling R, Fantus IG, Sonenberg N, Pollak M.  
Metformin is an AMP kinase-dependent growth inhibitor for 
breast cancer cells. Cancer Res 2006;66:10269–73.

25. Alimova IN, Liu B, Fan Z, Edgerton Z, Dillon SM, Lind T, et al. 
Metformin inhibits breast cancer cell growth, colony formation 
and induces cell cycle arrest in vitro. Cell Cycle 2009;8:909–15.

26. Sharma P, Kumar S. Metformin inhibits human breast cancer cell 
growth by promoting apoptosis via a ROS-independent pathway 
involving mitochondrial dysfunction: pivotal role of superoxide 
dismutase (SOD). Cell Oncol 2018;41:637–50.

27. Marinello PC, da Silva TN, Panis C, Neves AF, Machado KL, 
Borges FH, et al. Mechanism of metformin action in MCF-7 and 
MDA-MB-231 human breast cancer cells involve oxidative stress 
generation, DNA damage, and transforming growth factor β1 
induction. Tumor Biol 2016;37:5337–46.

28. Sena P, Mancini S, Benincasa M, Mariani F, Palumbo C, Roncucci L.  
Metformin induces apoptosis and alters cellular responses to 
oxidative stress in Ht29 colon cancer cells: preliminary findings. 
Int J Mol Sci 2018;19:1478.

29. Li J, Lau GK-K, Chen L, Dong SS, Lan HY, Huang XR, et al. Inter-
leukin 17A promotes hepatocellular carcinoma metastasis via 
NF-kB induced matrix metalloproteinases 2 and 9 expression. 
PloS One 2011;6:e21816.

30. Hwang YP, Jeong HG. Metformin blocks migration and invasion 
of tumour cells by inhibition of matrix metalloproteinase-9 

Nail Besli et al.: Metformin suppresses the proliferation and invasion through NF-kB and MMPs 303



activation through a calcium and protein kinase Cα-dependent 
pathway: phorbol-12-myristate-13-acetate-induced/extracel-
lular signal-regulated kinase/activator protein-1. Br J Pharmacol 
2010;160:1195–211.

31. Roomi M, Monterrey J, Kalinovsky T, Rath M, Niedzwiecki A. 
Patterns of MMP-2 and MMP-9 expression in human cancer cell 
lines. Oncol Rep 2009;21:1323–33.

32. Hirsch HA, Iliopoulos D, Struhl K. Metformin inhibits the inflam-
matory response associated with cellular transformation and 
cancer stem cell growth. Proc Natl Acad Sci U S A 2013;110:972–7.

33. Kim HG, Hien TT, Han EH, Hwang YP, Choi JH, Kang KW, et al. 
Metformin inhibits P-glycoprotein expression via the NF-kB 
pathway and CRE transcriptional activity through AMPK activa-
tion. Br J Pharmacol 2011;162:1096–108.

304 Nail Besli et al.: Metformin suppresses the proliferation and invasion through NF-kB and MMPs


