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ABSTRACT

Breast cancer metastasis is one of the main factors associated with high mortality rates
among patients. MicroRNAs (miRNAs) play an important role in gene expression
regulation, and are associated with the metastatic process in breast cancer. Melatonin, a
hormone secreted mainly in the pineal gland, has several oncostatic effects. The aim of
this study was to investigate the action of melatonin in the modulation of miRNA-10a-5p
and its association with metastatic mechanisms. We have evaluated the effects of
melatonin on cell viability in MDA-MB-468 cell line after 24 hours of treatment. MDA-
MB-468 and MDA-MB-231 cells were either transfected with inhibitor of miR-10a, or
received a scrambled miRNA sequence as a negative control, then these cells were treated
with or without melatonin. Gene expression of miR-10a was verified by real-time PCR.
Invasion and migration assay using matrigel inserts were performed. The protein
expression was analyzed by western blotting to quantify the epithelial-mesenchymal
transition (EMT) markers (E-cadherin, claudin 7, and vimentin) and proliferation marker
(PIK3CA). Our results showed that melatonin (1 mM) significantly decreased cell
viability, and also affected miR-10a expression, which suppressed cell invasion and
migration. Melatonin reduced vimentin and claudin 7 protein expressions, and increased
E-cadherin. In contrast, inhibition of miR-10a reduced vimentin and did not modulate
claudin 7 and E-cadherin. In conclusion, we demonstrated the effectiveness of melatonin
in decreasing miR-10a, affecting invasion and migration, and proteins involved with the
EMT process, which supports its potential role in the regulation of metastasis.

Keywords: melatonin, microRNAs, epithelial-mesenchymal transition, metastasis,
pineal gland, breast neoplasms.

Melatonin Res. 2019, Vol 2 (2) 86-99; doi: 10.32794/mr11250023 86



elatonin Research (Melatonin Res.) http://www.melatonin-research.ne
1. INTRODUCTION

Breast cancer is one of the major malignancies that affect women. About 1.7 million
new cases are diagnosed annually worldwide (1). High mortality rates of this disease are
reported, mainly due to complications of the metastasis (2, 3). Early diagnosis, the
introduction of more effective treatments, and a better quality of life for patients can lead
to the decline of cancer-related deaths (4).

Metastasis is a complex process capable of allowing the colonization of tumor cells
and the formation of tumors in new sites, distant from the primary tumor (5). The process
involves a series of biological events, such as angiogenesis, cell migration, invasion of
the basement membrane and extracellular matrix, penetration of cells into the
bloodstream, and finally fixation and tumor growth in another organ (6). One of the
crucial processes for metastatic development is epithelial-mesenchymal transition
(EMT), which consists in transition of cellular phenotype with dissociation of the tight-
junction, adherents junction, and desmosomes, as well as loss of the apical polarity
decreasing the cell-cell contact (7, 8).

In association with the tumorigenic process, microRNAs (miRNAs) can regulate the
expression of genes related to metastasis (9, 10). MiRNAs are small non-coding RNA
molecules, containing 18-24 nucleotides, which play an important role in the regulation
of gene expression (11). In breast cancer, oncomicroRNAs (oncomiRs) such as miR-21,
miR-155 and miR-125b are deregulated and promote tumor progression (12—15). Other
important miRNAs, such as miR-10a and miR-10b, have oncostatic activity and are
related to the metastatic process (16, 17). Both miRNAs are encoded by the Hox cluster
genes, and differ in only one nucleotide. However, their targets and mechanisms of action
may be different (18, 19).

A large number of studies have demonstrated the efficiency of melatonin in controlling
growth and metastasis in lung cancer, glioma and breast cancer (20). Melatonin (N-acetyl-
5-methoxytryptamine) is an indoleamine, secreted mainly by the pineal gland according
to circadian rhythm. Physiologically, this molecule is involved in the modulation of
neuroendocrine axis, lipids and carbohydrates metabolism, circadian rhythm, and
oxidative status, among others (21). In breast cancer, melatonin promotes apoptosis,
decreases tumor growth in vitro and in vivo, attenuates cell proliferation, angiogenesis
and, above all, controls metastasis (22—25). In addition, recent studies have investigated
the ability of melatonin to modulate microRNAs (26-32).

In this study, we investigated the role of melatonin in the modulation of miR-10a-5p
in triple-negative breast cancer (TNBC) cell lines. In addition, we verified the relation of
melatonin with tumor progression through the analysis of cell proliferation-associated
proteins and EMT proteins, which indicate the first steps in the development of metastasis
in breast cancer. Our results suggest that melatonin has the capacity to regulate the
metastatic process by down-regulating miR-10a, invasion/migration and EMT-related
proteins.

2. MATERIAL AND METHODS
2.1. Cell culture.

This study was performed using TNBC cell lines MDA-MB-468 (ATCC Cat# HTB-
132, RRID:CVCL _0419) and MDA-MB-231 (ATCC Cat# HTB-26MET,
RRID:CVCL_VR67). In addition, MCF-7, luminal A breast cancer cells were used
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(ATCC Cat# HTB-22, RRID:CVCL_0031). All cell lines were grown in Dulbecco’s
modified Eagle’s medium (DMEM) with high glucose (4.5 g/L), supplemented with 10%
fetal bovine serum (FBS) and 1% antibiotic/antimycotic solution containing penicillin
and streptomycin (LGC Biotechnology). Cells were maintained in culture at 37°C in
atmosphere containing 5% CO> and 95% air.

2.2. MTT assay of cell viability.

Cell viability was measured using the Vibrant MTT Cell Proliferation Assay Kit 3-
(4.5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium  bromide)  (Invitrogen,  Life
Technologies, Cat# V13154). Individual wells (96-well plate) were inoculated with 100
uL of culture medium containing 5x10% cells. Cells were incubated in medium
supplemented with 2% FBS and different concentrations of melatonin (Sigma-Aldrich,
Cat# M5250) 0.0001, 0.001, 0.01, 0.1 and 1 mM. The control group received the vehicle
solution (ethanol 100% : PBS). The treatment was maintained for 24 hours, and then 10
puL of MTT solution was added in each well followed by incubation for 1 hour.
Subsequently, for solubilization of crystals formed from the metabolism of MTT, 100 uL
of the dimethyl sulfoxide (DMSO) (Sigma-Aldrich, Cat# W387509) was added and
maintained for 10 minutes. The absorbance was measured on ELISA reader at 570 nm by
ThermoPlate TP-Reader equipment (ThermoPlate). The percentage of cell viability (%)
was calculated for all groups compared to the control sample. The assays were performed
in triplicate

2.3. Transient modification of tumor cells.

Transient modification was performed using the Ambion MirVana™ miRNA
Inhibitor 10a-5p (ThermoFisher Scientific, Cat# 4427975), consisting of small molecules
of single-stranded RNA, which are designed to bind and inhibit the activity of endogenous
miRNA. The scrambled miRNA sequence was used as a negative control. Cells were
plated (6-well) and transfected with HiPerfect Transfection Reagent (Qiagen, Cat#
301704).

2.4. RNA extraction, reverse transcription, and quantitative PCR real-time (RT-
gPCR).

Quantitative real-time PCR was performed to evaluate the gene expression of miR-
10a. The cells were plated (6-well) (10 cm? each) and considered 4 groups for each cell
line including: Control; Melatonin treatment; Negative control; Inhibitor miR-10a. The
treatments were performed in triplicate and maintained for 24 hours.

Total RNA samples were extracted from all groups using miRNeasy Mini Kit (Qiagen,
Cat# 217004) following the manufacturer's recommendations. Quantification and RNA
quality were evaluated using NanoDrop 2000C Spectrophotometer (ThermoFisher
Scientific). For reverse transcription, TagMan™ MicroRNA Reverse Transcription Kit
(Applied Biosystems, Cat# 4366596) was used as recommended by the manufacturer.
gPCR real-time was evaluated Dby StepOnePlus™ (Applied Biosystems,
RRID:SCR_015805). Reactions for expression analysis were performed with TagMan™
Universal PCR Master Mix (Applied Biosystems, Cat# 4304437), TagMan Assay
(Applied Biosystems) and 10 ng cDNA. To normalize miRNA expression, the
endogenous U6 was used as housekeeping. The levels of relative expression between
samples were calculated using relative quantification method (2724¢9) (33).
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2.5. Cell invasion and migration assay.

To evaluate the invasion and migration capability of cells after treatments, inserts,
having pores approximately 8 um in diameter with matrigel, were used (BD Biosciences,
Cat# 54480). Cells (0.8x10°) were resuspended in 300 puL incomplete culture medium,
and arranged in the compartment of each insert. In the lower compartment of plates (24-
well), 500 uL of complete culture medium (10% FBS) was added, followed by incubation
for 24 hours. Then, the inserts were fixed with paraformaldehyde 4%, and stained with
violet crystal. The migratory cells contained in the lower compartment of the insert were
counted using Nikon Eclipse E200® microscope. The assays were performed in triplicate
for each group.

2.6. Protein extraction and western blotting.

Protein extraction from tumor cells was performed with lysis buffer containing NP40,
protease and PMSF (Sigma-Aldrich, Cat# 10837091001) and quantified with BCA
Protein Assay Kit (ThermoFisher Scientific, Cat# 23227). Equal amounts of protein (50
ng) were electrophoretically separated on 10% SDS-PAGE gel and transferred to PVDF
membranes (BioRad, Cat# 1620177). Membranes were blocked for 1 hour in TBS-T +
5% BSA. Then, membrane was incubated with primary antibodies vimentin (1:100 -
Millipore Cat# AB1620, RRID:AB_90774); Phosphatidylinositol-4,5-Bisphosphate 3-
Kinase Catalytic Subunit Alpha (PIK3CA) (1:500 — Abcam, Cat# ab135958); claudin 7
(1:100 - Abcam Cat# ab27487, RRID:AB_470990); E-cadherin (1:1000 - Cell Signaling
Technology Cat# 3195, RRID:AB_2291471) and B-actin (1:5000 - Sigma-Aldrich Cat#
A5316, RRID:AB_476743) overnight at 4°C. Specific secondary antibody was added,
incubated for 1 hour at room temperature, and visualized by enhanced
chemiluminescence Clarity Western ECL substrate (Bio-Rad, Cat# 1705061) for
visualization on Fusion Capt Advance apparatus. Finally, quantification was verified

using IMAGE J® software (RRID:SCR_003070).
2.7. Statistical analyses.

The results have been previously submitted to descriptive analysis to determine
normality. For samples with normal distribution, Student’s t-test (two samples) or
Analysis of Variance (ANOVA), followed by the Bonferroni’s test (more than two
samples). Data express the mean + Standard Error of the Mean (SEM). Values of p<0.05
were considered significant, and analyses were verified using GraphPad Prism 5 software
(GraphPad Software, RRID:SCR_002798).

3. RESULTS
3.1. Melatonin decreases cell viability.

In order to determine the most effective melatonin concentration for MDA-MB-468
cells, the MTT colorimetric assay was performed. As shown in figure 1, all concentrations

of melatonin decreased cell viability. However, the pharmacological concentration of 1
mM showed the best statistical values compared to control cells.
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Fig. 1. Melatonin affects MDA-MB-468 cell viability.

The cells were treated for 24 hours with the different concentrations of melatonin or
vehicle. MTT assay was performed, and all concentrations decreased cell viability when
compared to the control group. The 1 mM concentration presented the best statistical
values. Data are shown as mean # SEM of triplicate (*p<0.05, **p<0.01, ***p<0.001
versus CT: control group) (one-way ANOVA and post hoc Bonferroni).

3.2. Melatonin down-regulates miR-10a in triple-negative breast cancer cell lines.

To investigate the actions of melatonin on miR-10a in breast cancer tumor cells, we
evaluated its expression by RT-gPCR. In both triple-negative cell lines MDA-MB-468
and MDA-MB-231, miR-10a was significantly down-regulated after melatonin treatment
(Figure 2A and 2B). In MCF-7 cells, it was possible to observe a modest decrease of miR-
10a on the same concentration, but it was not significant statistically (Figure 2 C). In
additional, one of the miR-10 family members, the miR-10b, was also analyzed in order
to observe if melatonin could regulate its expression. The analysis showed no difference
in miR-10b expression among the groups with or without melatonin treatments (Figure
2D). Based on the results, only miR-10a was selected for further investigation. Then, both
TNBC cells were transiently transfected with Inhibitor mR-10a, and all groups were used
for comparisons.
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Fig. 2. Melatonin decreases miR-10a expression in triple-negative cell lines.

All breast cancer cell lines were treated with melatonin (1 mM). TNBC cells were
transfected with Inhibitor miR-10a or Negative control. Relative levels of miR-10a and
miR-10b expression were verified by RT-gPCR. The treatment reveals that melatonin

decreased miR-10a in TNBC cells (A) and (B). (C) A statistically non-significant decrease
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of miR-10a was observed in MCF-7 cells. (D) No difference in miR-10b expression in
breast cancer cell lines. The data were determined on a log2 scale, since fold change
varies with mean of Ct + SEM in triplicate (*p<0.05, **p<0.01 versus control group;
#p<0.05 versus negative control) (Student’s t-test).

3.3. Melatonin and miR-10a suppression impair invasion and migration.

To investigate the potential role of melatonin and miR-10a on TNBC cell lines,
invasion and migration assays were performed. The data showed that melatonin affected
cell invasion and migration in both MDA-MB-468 and MDA-MB-231 cell lines. In
addition, as expected, low levels of miR-10a impaired invasion and migration of cells,
when compared with the control group (Figure 3A and 3B).
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Fig. 3. Melatonin and Inhibitor of miR-10a reduces invasion and migration.

MDA-MB-468 (A) and MDA-MB-231 (B) cells were treated with melatonin or
transfected with Inhibitor of miR-10 for 24 h and subjected to matrigel invasion assays.
Histograms represent cell invasion/migration rate. Data are shown as mean # SEM in
triplicate (*p<0.05, ***p<0.001 versus control; ##p<0.01 versus negative control)
(Student s t-test). Scale bars: 50um.

3.4. Melatonin and Inhibitor of miR-10a modulate EMT-related proteins.
To investigate the influence of melatonin and miR-10a, we evaluated protein
expression related to epithelial-mesenchymal transition by western blotting. The protein

levels of vimentin, E-cadherin, and claudin 7 were verified in MDA-MB-468 and MDA-
MB-231 cell lines. The relative quantification of proteins showed a decrease of vimentin
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and claudin 7, but an increase of E-cadherin after melatonin treatment in MDA-MB-468
cells. Regarding cells showing inhibition miR-10a, it was possible to observe a decrease
of vimentin expression, but not modulation of claudin 7 and E-cadherin when compared
with control groups (Figure 4Aand 4C). In MDA-MB-231 cell line (Figure 4B and 4D),
the melatonin and Inhibitor of miR-10a also decreased the protein vimentin and claudin
7. The protein levels of E-cadherin could not be measured because of the low expression
of this protein in cells.
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Fig. 4. Melatonin and Inhibitor of miR-10a modulate EMT-related proteins.

MDA-MB-468 and MDA-MB-231 cells were treated with melatonin for 24 h or
transfected with Inhibitor of miR-10a. The extracted proteins were subjected to western
blotting with the indicated antibodies. Protein expression was quantified by Image J
program, calculated relative to controls and normalized with the endogenous S-Actin.
Blots and bar graphs show protein expression of vimentin, claudin 7 and E-cadherin in
MDA-MB-468 (A, B) and MDA-MB-231 cells (C, D). Data represent the mean + SEM of
three independent experiments *p<0.05, **p<0.01, ***p<0.001, versus control;
#p<0.05 versus negative control) (one-way ANOVA and post hoc Bonferroni). CT:
Control, MEL: Melatonin, NC: Negative Control, IN: Inhibitor of miR-10a.
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In addition, we evaluated protein expression of PIK3CA, considered a potential target
of miR-10a, and which correlates with survival and proliferation. The data demonstrated
a slight, but not significant, decrease of PIK3CA protein expression on MDA-MB-468
cells treated with melatonin (Figure 5A). The same was observed on cells with Inhibitor
of miR-10a. Regarding MDA-MB-231 cells, it was not possible to verify the presence of
PIK3CA expression (Figure 5B).
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Fig. 5. Melatonin slightly decreased PIK3CA expression.

MDA-MB-468 and MDA-MB-231 cells were treated with melatonin for 24 h, or
transfected with Inhibitor of miR-10a. The extracted proteins were subjected to western
blotting with the indicated antibody. Protein expression was quantified by Image J
software and normalized with the endogenous S-Actin. Blots and bar graphs show protein
expression of PIK3CA in MDA-MB-468 (A) and MDA-MB-231 cells (B). Data represent
the mean = SEM of three independent experiments. (One-way ANOVA and post hoc
Bonferroni). CT: Control, MEL: Melatonin, NC: Negative Control, IN: Inhibitor of miR-
10a.

4. DISCUSSION

The potential therapeutic use of melatonin as an antitumor agent has been
demonstrated by several studies (24, 34, 35). The actions of this hormone reveal regulation
in controlling the growth of some human breast tumors (36). Our results demonstrated
the ability of melatonin to control the metastatic process by regulating miR-10a activity,
decreasing invasion and cell migration, and modulating EMT-related proteins in TNBC
cell lines. Melatonin down-regulates miR-10a, which may be involved in the tumor
invasion process. In addition, we observed the action of melatonin in decreasing vimentin
and claudin 7 proteins, and increasing E-cadherin. According to the literature, this
molecule regulates the proliferation of mammary tumor cells, angiogenesis-promoting
proteins, and reduces breast cancer tumors in xenographic model (37-39). Melatonin also
acts in metastatic control (22) and decreases the ability of tumor cells to invade and
migrate (40).

Melatonin acts in cancer cells mainly through their membrane receptors MT1 and MT2
(41). Both ER-positive and ER-negative cells express these receptors. ER-positive cells
are characterized by high levels of MT1 and several studies have demonstrated melatonin
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action in these cells being through the classical pathway of membrane receptors (34, 36).
In ER-negative cells, the action of melatonin has been associated with its lipophilic
nature, which allows its passage through cell membrane and interaction with several
cytoplasmic molecules and transcription factors present in the nucleus of cells (34, 42).

Relevantly, we observed that melatonin at a concentration of 1 mM decreased the
viability of ER-negative MDA-MB-468 cells during 24 hours of treatment. Our results
are consistent with, Mao and collaborators (43). They studied the activity of melatonin in
ER-negative cell line SK-BR-3 and verified a reduction in cell viability. Our group has
also demonstrated that this indoleamine affects cell viability of ER-positive MCF-7, and
triple negative MDA-MB-231 and MDA-MB-468 cells after 24 and 48 hours of
treatment, respectively (28, 37, 44). Similar studies have explained this action on the
promotion of autophagy. As a consequence, the apoptosis ability of the tumor cells is
induced (45).

Recently, our group demonstrated thirteen melatonin-modulated miRNAs in breast
cancer cell line of MDA-MB-468 (28). Among them, we observed a significant decrease
of miR-10a after melatonin treatment. High expression of this miRNA is described in
metastatic TNBC cell lines compared with non-tumoral cells (46). Its action may be
related to tumor progression, invasion and metastasis (47). There are no studies
demonstrating the action of melatonin on the regulation of miR-10a yet. Thus, in order to
investigate its role in breast cancer, we suppressed miR-10a expression by transient
transfection in triple-negative cell lines. Our results revealed that melatonin and inhibition
of miR-10a decreased invasion and migration of tumor cells.

In other types of tumor, it has already been observed that miR-10a may act on
adhesion molecules located on the cell surface, directly impacting the invasiveness and
metastatic behavior (48, 49). In breast cancer, contradictory functions of miR-10a are
reported (47, 50). As a suppressor, low levels of this miRNA have been reported in
patients with breast cancer, and high levels were related to longer relapse-free survival
(50-52). On the other hand, as a oncomiR, this miRNA was found to be highly expressed
in cells resistant to chemotherapy (53), and this may induce colony formation, and
invasion and migration of these cells (47, 54). We also investigated the miR-10b, which
is deregulated in some cancers, including metastatic breast cancer (55-59). However, our
results showed that melatonin did not significantly modulate the expression of miR-10b
in breast cancer cells.

To explore the potential mechanisms regarding that melatonin treatment reduced
invasive and migratory capacity in both triple-negative cells MDA-MB-468 and MDA-
MB-231, we verified that the inhibitor of miR-10a produced the same results as melatonin
, showing low levels of miR-10a may affect the cell dissemination process. Similarly,
Mao et al. (60) and Borin et al. (22) both reported melatonin activity in the inhibition of
the invasion and migration process in MDA-MB-231, SK-BR-3 (HER2 positive) and
MCF-7 (HER2-Modified) by decreasing protein kinases.

In addition to anti-invasive actions, a suppressive role of melatonin in EMT process
was identified. A decrease in vimentin and claudin 7 protein expressions and an increase
of E-cadherin in MDA-MB-468 line were observed after melatonin treatment, suggesting
its protective role in EMT. Melatonin inhibits the EMT process by interfering with NF-
kB signaling (61, 62). The increase of this molecule allows suppression of tumor cells
epithelial phenotype, contributing to an increase in vimentin cytoskeleton protein, which
permits transition to mesenchymal profile (61). Moreover, it was observed that low levels
of miR-10a also decreased expression of vimentin.
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In this study, the action of melatonin to increase E-cadherin protein expression in
MDA-MB-468 cells was observed. The elevated level of E-cadherin supports the
protective role of melatonin in metastatic process. E-cadherin loss causes several changes
in cellular junction, allowing cells transition for mesenchymal phenotype, the initial stage
for metastasis (63). Although the increase of E-cadherin in the MDA-MB-468 cells was
observed, the same was not verified in MDA-MB-231. The E-cadherin protein
expressions are low in this metastatic cell line, a fact noted by other authors too (64).
Additionally, miR-10a investigation showed no difference in E-cadherin levels after
miRNA inhibition.

The levels of claudin 7 were reduced with melatonin treatment in both TNBC cell
lines. In cancer, claudins appear to be linked to worse prognosis (65, 66). Based on the
results found in the migration and invasion events, we suggest that the low expression of
claudin 7 would imply a better scenario of cancer prognosis. A recent study associated
the high expression of this protein with malignancy of breast cancer, contributing to the
disease progression (67).

PIK3CA is a component molecule of the signaling pathways that regulates survival
and proliferation of cells, and is also associated with several malignancies, acting mainly
in promoting tumorigenesis (68, 69). The association between PIK3CA and miR-10a was
studied by Ke & Lou (46), who observed that down-regulation of PIK3CA by miR-10a
resulted in inhibition of cell proliferation. However, our results did not show modulation
in PIK3CA levels after inhibition of miR-10a.

In summary, we identified the action of melatonin on the modulation of miR-10a and
EMT-related proteins, as well as suppression of invasion and cell migration. The potential
associations among them were illustrated in the figure 6.
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Fig. 6. The illustrations of the possible effects of melatonin in EMT.

Our data supports the hypothesis that melatonin acts in the metastatic process by
targeting some proteins involved in the EMT process. The relation between miR-10a and
this process needs to be further studied in order to be better understood.

Collectively, melatonin decreases the miR-10a and EMT-proteins such as vimentin
and claudin 7 and increases cellular adhesion protein E-cadherin suggesting the potential
role of melatonin reducing the invasion and migration of the tumor cells.

ACKNOWLEDGMENTS

To FAMERRP for the infrastructure and professionals that made the study possible. To
Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES), Conselho
Nacional de Pesquisa e Tecnologia (CNPq) and Fundacao de Amparo a Pesquisa do
Estado de Sao Paulo (FAPESP — process number 2015/04780-6) for financial support.

Melatonin Res. 2019, Vol 2 (2) 86-99; doi: 10.32794/mr11250023 95



elatonin Research (Melatonin Res.) http://www.melatonin-research.ne

The funding body had no role in the study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

AUTHORSHIP

Jessica Gisleine de Oliveira was responsible for the study design, performed all the
experiments and analyzed the data obtained. Jéssica Helena de Mora Marques performed
the culture of cells, contributed to the analysis the data and to the writing of the
manuscript. Jéssica Zani Lacerda and Livia Carvalho Ferreira assist the experiments the
study, contributed to analysis the data and to the writing of the manuscript. Marcelo Mafra
Campos Coelho contributed to data analysis and writing of the manuscript. Debora
Aparecida Pires de Campos Zuccari was responsible for the study design, supervised all.

CONFLICT OF INTEREST

The authors declare that there are no conflicts of interest.

REFERENCES

1. Ferlay J, et al. (2015) Cancer incidence and mortality worldwide: Sources, methods
and major patterns in GLOBOCAN 2012. Int. J. Cancer 136 (5): E359-E386.

2. Chaffer CL, Weinberg RA (2011) A perspective on cancer cell metastasis. Science
331 (6024): 1559-1564.

3. Chen W, et al. (2018) Organotropism: new insights into molecular mechanisms of
breast cancer metastasis. NPJ Precis Oncol. 2 (1): 4.

4. Burton R, Bell R (2013) The global challenge of reducing breast cancer mortality.
Oncologist 18 (11): 1200-1202.

5. Guan X (2015) Cancer metastases: challenges and opportunities. Acta Pharm. Sin. B
5 (5): 402-418.

6. Scully OJ, et al. (2012) Breast cancer metastasis. Cancer Genomics Proteomics 9 (5):
311-320.

7. WuY, et al. (2016) Epithelial-Mesenchymal Transition and Breast Cancer. J. Clin.
Med. 5 (2): pii: E13. d0i:10.3390/jcm5020013.

8. Hugo H, et al. (2007) Epithelial—mesenchymal and mesenchymal—epithelial
transitions in carcinoma progression. J. Cell Physiol. 213 (2): 374-383.

9. Korpal M, et al. (2008) The miR-200 family inhibits epithelial-mesenchymal
transition and cancer cell migration by direct targeting of e-cadherin transcriptional
repressors ZEB1 and ZEB2. J. Biol. Chem. 283 (22): 14910-14914.

10. Zhang H, et al. (2010) The microRNA network and tumor metastasis. Oncogene 29
(7): 937-948.

11. Bartel DP (2004) MicroRNAs: genomics, biogenesis, mechanism, and function. Cell
116 (2): 281-297.

12. lorio MV, et al. (2005) MicroRNA gene expression deregulation in human breast
cancer. Cancer Res. 65 (16): 7065-7070.

13. lorio MV, Croce CM (2012) MicroRNA dysregulation in cancer: diagnostics,
monitoring and therapeutics. A comprehensive review. EMBO Mol. Med. 4 (3): 143-
159.

14. Hemmatzadeh M, et al. (2016) The role of oncomirs in the pathogenesis and treatment
of breast cancer. Biomed. Pharmacother. 78: 129-1309.

Melatonin Res. 2019, Vol 2 (2) 86-99; doi: 10.32794/mr11250023 96



elatonin Research (Melatonin Res.) http://www.melatonin-research.ne

15.

16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Badr M, et al. (2019) MicroRNA-21 as a predictor and prognostic factor for
trastuzumab therapy in human epidermal growth factor receptor 2-positive metastatic
breast cancer. J. Cell Biochem. 120 (3): 3459-3466. doi: 10.1002/jch.27620.

Wang W, Luo Y (2015) MicroRNAs in breast cancer. oncogene and tumor
suppressors with clinical potential. J. Zhejiang Univ. Sci. B 16 (1): 18-31.

Ma L, et al. (2010) Therapeutic silencing of miR-10b inhibits metastasis in a mouse
mammary tumor model. Nat. Biotechnol. 28 (4): 341-7 doi:10.1038/nbt.1618.
Tehler D, et al. (2011) The miR-10 microRNA precursor family. RNA Biol. 8 (5):
728-734.

Wheeler BM, et al. (2009) The deep evolution of metazoan microRNAs. Evol. Dev.
11 (1): 50-68.

Talib WH (2018) Melatonin and cancer hallmarks. Molecules 23 (3): 518.
Gonzélez-Gonzalez A, et al. (2018) Melatonin: a molecule for reducing breast cancer
risk. Molecules 23 (2): 336.

Borin TF, et al. (2016) Melatonin decreases breast cancer metastasis by modulating
Rho-associated kinase protein-1 expression. J. Pineal Res. 60 (1): 3-15.

Ortiz-Lépez L, et al. (2009) ROCK-regulated cytoskeletal dynamics participate in the
inhibitory effect of melatonin on cancer cell migration. J. Pineal Res. 46 (1): 15-21.
Hill SM, Blask DE (1988) Effects of the pineal hormone melatonin on the
proliferation and morphological characteristics of human breast cancer cells (MCF-
7) in culture. Cancer Res. 48 (21): 6121-6126.

Nooshinfar E, et al. (2016) Melatonin promotes ATO-induced apoptosis in MCF-7
cells: Proposing novel therapeutic potential for breast cancer. Biomed. Pharmacother.
83: 456-465.

Lee SE, et al. (2011) MicroRNA and gene expression analysis of melatonin-exposed
human breast cancer cell lines indicating involvement of the anticancer effect. J.
Pineal Res. 51 (3): 345-352.

Mori F, et al. (2016) Multitargeting activity of miR-24 inhibits long-term melatonin
anticancer effects. Oncotarget 7 (15): doi:10.18632/oncotarget.7978.

Marques JHM, et al. (2018) Melatonin restrains angiogenic factors in triple-negative
breast cancer by targeting miR-152-3p: In vivo and in vitro studies. Life Sci. 208: 131-
138. do0i:10.1016/J.LFS.2018.07.012.

Zhu C, Huang Q, Zhu H (2018) Melatonin Inhibits the Proliferation of Gastric Cancer
Cells Through Regulating the miR-16-5p-Smad3 Pathway. DNA Cell Biol. 37 (3):
244-252.

Gu J, et al. (2017) Melatonin inhibits proliferation and invasion via repression of
miRNA-155 in glioma cells. Biomed. Pharmacother. 93: 969-975.

Kim SJ, et al. (2015) Melatonin ameliorates ER stress-mediated hepatic steatosis
through miR-23a in the liver. Biochem. Biophys. Res. Commun. 458 (3): 462—4609.
Sohn EJ, et al. (2015) Upregulation of miRNA3195 and miRNA374b mediates the
anti-angiogenic properties of melatonin in hypoxic PC-3 prostate cancer cells. J.
Cancer 6 (1): 19-28.

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression data using real-
time quantitative PCR and the 2(-Delta Delta C(T)) method. Methods. 25 (4): 402-
408. doi:10.1006/meth.2001.1262.

Reiter R, et al. (2017) Melatonin, a Full service anti-cancer agent: inhibition of
initiation, progression and metastasis. Int. J. Mol. Sci. 18 (4): 843.

Lissoni P, et al. (1999) Decreased toxicity and increased efficacy of cancer
chemotherapy using the pineal hormone melatonin in metastatic solid tumour patients

Melatonin Res. 2019, Vol 2 (2) 86-99; doi: 10.32794/mr11250023 97



elatonin Research (Melatonin Res.) http://www.melatonin-research.ne

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

with poor clinical status. Eur. J. Cancer 35 (12): 1688-1692.

Hill SM, et al. (2015) Melatonin: An inhibitor of breast cancer. Endocr. Relat. Cancer
22 (3): R183-R204.

Jardim-Perassi BV, et al. (2016) Melatonin regulates angiogenic factors under
hypoxia in breast cancer cell lines. Anticancer Agents Med. Chem. 16 (3): 347-358.
Maschio-Signorini LB, et al. (2016) Melatonin regulates angiogenic and
inflammatory proteins in MDA-MB-231 cell line and in co-culture with cancer-
associated fibroblasts. Anticancer Agents Med. Chem. 16 (11): 1474-1484.

Colombo JF, et al. (2018) Melatonin differentially modulates NF-KB expression in
breast and liver cancer cells. Anticancer Agents Med. Chem 18 (12): 1688-1694.
d0i:10.2174/1871520618666180131112304.

Goncalves NN, et al. (2016) Effect of melatonin in epithelial mesenchymal transition
markers and invasive properties of breast cancer stem cells of canine and human cell
lines. PLoS One 11 (3): e0150407.

Hevia D, et al. (2015) Melatonin uptake through glucose transporters: a new target
for melatonin inhibition of cancer. J. Pineal Res. 58 (2): 234-250.

Sanchez-Barcelo EJ, et al. (2012) Breast cancer therapy based on melatonin. Recent
Pat. Endocr. Metab. Immune Drug Discov. 6 (2): 108-116.

Mao L, et al. (2014) Molecular deficiency (ies) in MT1 melatonin signaling pathway
underlies the melatonin-unresponsive phenotype in MDA-MB-231 human breast
cancer cells. J. Pineal Res. 56 (3): 246-253.

Jardim-Perassi BV, et al. (2014) Effect of melatonin on tumor growth and
angiogenesis in xenograft model of breast cancer. PLoS One 9 (1): 1-11.

Ordofiez R, et al. (2015) Ceramide metabolism regulates autophagy and apoptotic cell
death induced by melatonin in liver cancer cells. J. Pineal Res. 59 (2): 178-189.

Ke K, Lou T (2017) MicroRNA-10a suppresses breast cancer progression via
PI3K/Akt/mTOR pathway. Oncol. Lett. 14 (5): 5994-6000.

Chang C-H, et al. (2014) The prognostic significance of RUNX2 and miR-10a/10b
and their inter-relationship in breast cancer. J. Transl. Med. 12 (1): 257.

CHEN W, et al. (2012) miRNA expression profile in primary gastric cancers and
paired lymph node metastases indicates that miR-10a plays a role in metastasis from
primary gastric cancer to lymph nodes. Exp. Ther. Med. 3 (2): 351-356.

Weiss FU, et al. (2009) Retinoic Acid Receptor Antagonists Inhibit miR-10a
Expression and Block Metastatic Behavior of Pancreatic Cancer. Gastroenterology
137 (6): 2136-2145.e7.

Khan S, et al. (2015) MicroRNA-10a is reduced in breast cancer and regulated in part
through retinoic acid. BMC Cancer 15 (1): 345.

Hoppe R, et al. (2013) Increased expression of miR-126 and miR-10a predict
prolonged relapse-free time of primary oestrogen receptor-positive breast cancer
following tamoxifen treatment. Eur. J. Cancer 49 (17): 3598-3608.

Pérez-Rivas LG, et al. (2014) A microRNA Signature Associated with Early
Recurrence in Breast Cancer. PLoS One 9 (3): €91884.

Pogribny IP, et al. (2010) Alterations of microRNAs and their targets are associated
with acquired resistance of MCF-7 breast cancer cells to cisplatin. Int. J. Cancer 127
(8): 1785-1794.

@rom UA, et al. (2008) MicroRNA-10a binds the 5S’UTR of ribosomal protein
MRNAs and enhances their translation. Mol. Cell 30 (4): 460-471.

Sasayama T, et al. (2009) MicroRNA-10b is overexpressed in malignant glioma and
associated with tumor invasive factors, UPAR and RhoC. Int. J. Cancer 125 (6): 1407-

Melatonin Res. 2019, Vol 2 (2) 86-99; doi: 10.32794/mr11250023 98



elatonin Research (Melatonin Res.) http://www.melatonin-research.ne

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

1413.

Bloomston M, et al. (2007) MicroRNA expression patterns to differentiate pancreatic
adenocarcinoma from normal pancreas and chronic pancreatitis. JAMA 297 (17):
1901-1908.

TianY, etal. (2010) MicroRNA-10b promotes migration and invasion through KLF4
in human esophageal cancer cell lines. J. Biol. Chem. 285 (11): 7986-7994.

Ma L, et al. (2007) Tumour invasion and metastasis initiated by microRNA-10b in
breast cancer. Nature 449: 682—688.

Harquail J, et al. (2012) MicroRNAs and breast cancer malignancy: an overview of
miRNA-regulated cancer processes leading to metastasis. Cancer Biomark 11 (6):
269-280.

Mao L, et al. (2016) Melatonin Represses Metastasis in Her2-Postive Human Breast
Cancer Cells by Suppressing RSK2 Expression. Mol. Cancer Res. 14 (11): 1159—
1169.

Su S-C, et al. (2017) Cancer metastasis: Mechanisms of inhibition by melatonin. J.
Pineal Res. 62 (1): €12370.

Wu S-M, et al. (2016) Melatonin set out to ER stress signaling thwarts epithelial
mesenchymal transition and peritoneal dissemination via calpain-mediated C/EBP
and NF « B cleavage. J. Pineal Res. 60 (2): 142-154.

Angadi P, Kale A (2015) Epithelial-mesenchymal transition - A fundamental
mechanism in cancer progression: An overview. Indian J. Heal. Sci. 8 (2): 77.

Wang L, et al. (2015) Activation of IL-8 via PI3K/Akt-dependent pathway is involved
in leptin-mediated epithelial-mesenchymal transition in human breast cancer cells.
Cancer Biol. Ther. 16 (8): 1220-1230.

Jaéskelainen A, et al. (2018) High-level cytoplasmic claudin 3 expression is an
independent predictor of poor survival in triple-negative breast cancer. BMC Cancer
18 (1): 223.

Lu S, et al. (2013) Claudin expression in high-grade invasive ductal carcinoma of the
breast: correlation with the molecular subtype. Mod. Pathol. 26 (4): 485-495.
Constantinou C, et al. (2018) Expression and clinical significance of claudin-7, PDL-
1, PTEN, c-Kit, c-Met, c-Myc, ALK, CK5/6, CK17, p53, EGFR, Ki67, p63 in triple-
negative breast cancer-a single centre prospective observational study. In Vivo 32 (2):
303-311.

Renner O, et al. (2008) Activation of phosphatidylinositol 3-kinase by membrane
localization of p110alpha predisposes mammary glands to neoplastic transformation.
Cancer Res. 68 (23): 9643-9653.

Kamal A, et al. (2016) Benzo[b]furan derivatives induces apoptosis by targeting the
PIBK/Akt/mTOR signaling pathway in human breast cancer cells. Bioorg. Chem. 66:
124-131.

This work is licensed under a Creative Commons Attribution 4.0 International License

Please cite this paper as:
Oliveira, J., Marques, J., Lacerda, J., Ferreira, L., Coelho, M. and Zuccari, D. 2019.

Melatonin down-regulates microRNA-10a and decreases invasion and migration of
triple-negative breast cancer cells. Melatonin Research. 2, 2 (Jun. 2019), 86-99.
DOI:https://doi.org/https://doi.org/10.32794/mr11250023.

Melatonin Res. 2019, Vol 2 (2) 86-99; doi: 10.32794/mr11250023 99



