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a b s t r a c t

Breast cancer is considered as one of the most important health problems due to its poor prognosis and
high rate of mortality and new diagnosed cases. Annually, a great number of deaths are reported in men
and women; this means that despite all the improvements in cancer diagnosis and treatment, still, an
intense need for more effective approaches exists. Melatonin is a multivalent compound which has a
hand in several cellular and molecular processes and therefore, is an appropriate candidate for treatment
of many diseases like cancer. Currently, considerable properties of this agent have oriented the research
towards investigating its effects specifically in breast cancer. In this review, we gathered a bunch of
evidence in order to give a new sight for breast cancer treatment utilizing melatonin. We expect that in
coming years, melatonin will become one of the most common therapeutic drugs with lesser side-effects
than other chemotherapeutic drugs.

© 2022 Elsevier B.V. and Société Française de Biochimie et Biologie Moléculaire (SFBBM). All rights
reserved.
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1. Introduction

1.1. What is melatonin?

25 years ago, it was discovered for the first time that the hor-
mone secreting from pineal gland has more functions than regu-
lating the circadian rhythm. Many tasks such as skin recovery,
changing skin color in amphibians [1], and scavenging free radicals
are attributed to melatonin. Melatonin exert its roles by binding to
its cell membrane receptors: melatonin receptor (MT) 1 to 3 [2,3].
These receptors are coupled to G-proteins that after the attachment
of melatonin to its receptors, are activated. Klosen and colleagues
explored melatonin receptors work and revealed that melatonin
binds to MT1 and MT2 with a high affinity and MT2 is expressed in
a diverse range of cells despite MT1 [4]. There are some signaling
pathways that mediate the functions of melatonin after its linkage
toMT1 or MT2. Two classes of these pathways can be found: cAMP-
dependent and cAMP-independent [5]. In the former type, Gi which
is one of the connected G-proteins to the MT1 is activated. This
event results in adenylate cyclase suppression and decreased ex-
tents of cAMP [6]. As a consequence, the cAMP-dependent signaling
pathway is triggered [6]. The latter mechanism is attributed to
mitogen activated protein kinase (MAP-K) signal transduction
pathway. In this pathway, after the phosphorylation of GPCRs,
MEK\ERK signaling cascade is activated [7]. Finally, through these
receptors and signaling pathways, melatonin is able to affect
several cellular processes including apoptosis, proliferation,
inflammation, angiogenesis, and etc. and that's why this beneficial
agent is being used for treating some diseases such as cancer
[8e11].

1.2. Breast cancer: types, risk factors, and mechanisms

Generally, the name of breast cancer is not pointing to a specific
disease with unique histological and biological features and it in-
cludes awide range of different diseases [12]. Beside thementioned
characteristics, these diseases have even some differences in clin-
ical signs and symptoms and their response to common therapies
[12]. Due to the wide range of diversity in these cancers, several
ways of classifications based on different properties exist [13,14].
One of these classifications is based on molecular aspects such as
dysregulation in the estrogen receptor or ER and the human
epidermal growth factor receptor 2 or HER2 [12,15]. According to
this categorization, four types are enumerate for most of the breast
cancers: HER2, luminal, basal-like, and normal breast-like [15].

In the disease-causing point of view, there are some factors that
are acknowledged to be associated with a higher risk of breast
cancer. These factors encompass sex, age, disease history of family,
latemenopause, early menarch, excessive amounts of estrogen, and
alcohol [16,17]. From the perspective of diagnosis and detection,
besides physical examination, some imaging methods such as ul-
trasonography, mammography, MRI, and PET scan, using some
27
biomarkers such as microRNAs are proven to be effective, and
biosensors [18e21]. For the treatment of BC, the most common
procedures contain surgery, radio and chemotherapy, immuno-
therapy, hormone therapy, antiHER2 therapy (as reviewed by Suter
and Pagani) [22]. Nevertheless, the explorations for more diag-
nostic and therapeutic strategies are still not ended due to the high
rate of breast cancer mortality.

2. Melatonin and breast cancer: mechanisms

Herein, we discuss a bunch of mechanisms that are included in
both melatonin functions and breast cancer pathogenesis. In other
words, investigating pathogenesis of breast cancer and melatonin
separately and together would clarify the exact routes in which
melatonin affects cancerous cells of the breast.

2.1. Apoptosis

Apoptosis is a complicated and sophisticated cellular process by
which a metazoan can control the number of its normal and
abnormal cells in a programmed manner [23]. Mainly, the process
of apoptosis can be triggered by three pathways called granzyme B,
intrinsic, and extrinsic [24]. The first pathway is conducted by T
cells and natural killer cells through the secretion of a serine pro-
tease, granzyme B [25]. The second pathway is dependent to the
mitochondria and its alterations and the last pathway is adminis-
tered by the attachment of some death ligands, like Fas ligand, to
their receptor located on the cell surface [26]. After the initiation, all
of these three pathways lead to the activation of a class of enzymes
called caspases [24,26]. Caspases are a family of cysteine-aspartic
proteases which four of them participate in this process and
eventually, cause the fragmentation of DNA and destruction of
cellular proteins especially the cytoskeleton [23,24]. The regulator
factors of this process include some anti-apoptotic and pro-
apoptotic genes such as BCL-2, Bax and p53 [27]. Any disturbance
in steps of apoptosis can impair the balance between cell survival
and death and thus disturbed apoptosis is known for being
responsible for many diseases such as cancer [28,29].

In general, apoptosis is one of the cellular mechanisms which
melatonin is able to have some effects on its regulation. Melatonin
mainly impacts the intrinsic apoptotic pathway by the means of
interfering in the mitochondrial function [30,31]. As we know,
mitochondria need an electron transport chain or ETC in its inner
membrane for the production of ATP [32]. Often, some electrons
escape from ETC carriers and produce reactive oxygen species
(ROS) by the reduction of oxygen [32]. These free radicals are able to
provide a condition in which a lot of damages to the cellular pro-
teins, DNA, carbohydrates, and lipids are caused [33]. This condition
is called oxidative stress [33]. Oxidative stress initiates apoptosis by
dint of the activation of some signaling pathways such as MAPK/
ERK kinases and Hypoxia Inducible Factor [34]. Moreover, mito-
chondria possess some proteins in its membrane such as second
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mitochondria-derived activator or SMACwhich can release them to
the cytosol and thereby alter the impacts of anti-apoptotic mem-
bers of Bcl-2 protein family [33,35]. Furthermore, mitochondria are
also able to trigger apoptosis by releasing another agent: cyto-
chrome c [34]. This agent activates the caspase-3 (this caspase is the
final caspase in apoptosis process) via establishing apoptosome
[36]. Apoptosome is a complex made up of activating factor-1 or
Apaf-1 and pro-caspase-9 which takes part in caspase-9 activation
[34].

In general, melatonin impresses apoptosis at the hand of influ-
encing all the mentioned pathways in which mitochondria works
[37]. For instance, the antioxidant property of melatonin gives it the
power to scavenge free radicals in both direct and indirect manners.
indirect route of scavenging occurs through increasing the amounts
of glutathione peroxidase subform or GPx4 inmitochondria [38]. As
well, discharge of the cytochrome c, and antiapoptotic proteins are
prone to be affected by melatonin [39]. Furthermore, extrinsic
pathway also stands in the scope of impact of melatonin. This
happens when melatonin changes Fas and FasL expression and
caspase-8 and Bid protein activities [37].

In breast cancer point of view, studies have shown that one of
the mechanisms by which melatonin exert its antitumor activities
is apoptosis. Noteworthy, melatonin works in two ways in breast
cancer cells: caspase-dependent and caspase-independent [40].
Wang and colleagues [41] observed an overexpression in Apaf-1
protein in the melatonin-treated BC cells and concluded that
melatonin induces apoptosis by this means. Another study also
found that melatonin is able to increase the amounts of p53 protein
inMCF-7 cell line but still, more studies are needed in this area [42].
Noshinfar et al. [43] used a combination of melatonin and Arsenic
trioxide and revealed that they can affect the expression of three
proteins: p53, Bcl-2, and Bax. Besides, melatonin/Arsenic trioxide is
able to reduce the activities of hTERT via down-regulating the gene
c.Myc. hTERT is a telomerase which is associated with cell prolif-
eration and inhibits the apoptosis mediated by p53 [44]. In another
study, researchers utilized melatonin in combination of doxoru-
bicin and observed that they can close some Ca2þ channels of the
cell membrane and by that, decrease the amounts of Ca2þ in the
cancerous cell. This event leads to oxidative stress and apoptosis in
MCF-7 cells [45]. Gatti et al. [46] produced a melatonin analogue
named UCM 1037 and found that this agent is able activate
apoptosis in breast cancer cells by affecting caspase-3. El-aziz et al.
[47] also reported the same result after the administration of
melatonin, retinoic acid and Nigella sativa. Woo et al. [48] worked
on MDA-MB-231 cell line and revealed that another way of acti-
vating apoptosis by melatonin is augmenting the activities of Bim
protein which triggers apoptosis in the presence of tunicamycin. In
another trial, the combination of melatonin and all-trans retinoic
acid was found to downregulate, upregulate, and upregulate Bcl-2,
Bax, and TGF-f1, respectively [49]. In caspase-independent
apoptosis view, Cucina and colleagues declared that apoptosis can
be triggered by or MDM2/p53 pathway and apoptosis inducing
factor or AIF releasing. They also confirmed that in spite of this
mechanism, melatonin can initiate apoptosis by altering the
expression of TGFb1 and activating caspases [50].

Murine double minute 2 or MDM2 is an oncogene that encodes
MDM2 protein [51]. These proteins bind to p53 and inhibits this
protein from functioning [51]. Peroietti et al. [52,53] conducted two
studies on melatonin and indicated that this agent is able to
decrease the amounts of MDM2 and thereby influence the activity
of p53. Hence, they revealed another way for melatonin in
increasing apoptosis in breast cancer cells. Gelaleti and other au-
thors also tested the impacts of both melatonin and IL-25 on breast
cancer cells and indicated that they can alter the amounts of
caspase-3, p53, and p21 [54].
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In a recent study by Tran et al., it is shown that melatonin
synergistically with doxorubicin induce apoptosis in breast cancer
cells via reducting AMP-activated protein kinase a1 (AMPK a1).
Noteworthy, it is reported that this reduction is dependant on
autophagy [55].

2.2. Cell cycle and proliferation

We put the cell cycle tag on a process which any reproducible
cell goes through to be divided. This process encompass four phases
called G1, S, G2, and M [56]. According to evidence one of the most
essential parts of the cancer pathogenesis is cell cycle disturbance
[56]. This means that in cancer which is the result of limitless cell
proliferation, molecular alterations are affecting key components of
this process such as its checkpoints [56]. Disturbed cell cycle is
related to a bunch of factors and events such as gene mutations.
Two types of mutations exist that are known for altering cell pro-
liferation: the first type mutations mainly create an external
mitogen or affect the intracellular signaling pathways that mito-
gens function through and the second type of mutations are
occurring in the G1 checkpoint which is being controlled by pRB.
The activity of pRB is also being monitored by some enzymes
named Cyclin-dependent kinases or CDKs [57,58]. C-Myc gene is
another important component of the proliferation process which
its expression manages the entrance of cell to the G1 phase [59]. In
addition to some genes, there are also some signaling pathways
which are associated with regulating the cell cycle and prolifera-
tion. hypoxia-inducible factor-1 or HIF-1 is an agent that increase in
response to hypoxia and affects the expression of some cell
proliferation-related genes [60]. These genes that are being tar-
geted by HIF-1 include IGF-2 and TGF-a [60]. Another fundamental
component of cell proliferation is the pathway of PI3K/Akt/mTOR.
In this complicated pathway, at first, Phosphoinositide 3-kinases or
PI3K activates protein kinase B or Akt by the means of phosphor-
ylation and then this kinase impacts a bunch of downstream agents
that alter the expression of cell proliferation-related genes [61].

Cell cycle and proliferation is one of the engaged factors in the
pathogenesis of breast cancer. Accumulative evidence demon-
strates that inhibiting checkpoints of the cell cycle in cancerous
cells of the breast is a result of binding estrogen to its receptors on
these cells. This event alters the expression of some genes such as
Cyclin D1 and thereby, restricts the cell cycle [62]. One of the
studies that investigated the role of melatonin in cell proliferation
of BC cells has showed that melatonin is able to increase the
expression of both p53 and p21 proteins. Therefore, p53/p21
pathway is the waymelatonin affects cell cycle [42]. Noshinfar et al.
[43] combinedmelatoninwith Arsenic trioxide and used it onMCF-
7 cell line and found that this combination is able to increase p53
expression and thus, affect cell proliferation through the p53/p21
pathway. Furthermore, this combination decreases the expression
of hTERT which has a role in cell immortality and oncogenesis [44].

Cos et al. [63] also studied the impacts of melatonin on MCF-
7 cells and expressed that melatonin is able to prolong the G0/G1
duration and hence, decreases the cell proliferation rate. As well, in
two other studies, Cos et al. [64,65] affirmed the impact of mela-
tonin against the proliferation of breast cancer cells. Jawed et al.
[66] established amixture of melatonin and valproic acid and found
that valproic acid helps expressing the MT1 receptor and hence,
utilizing both of this agents together will have a stronger anti-
proliferative effect on breast cancer cells. Lai and colleagues
looked into another combination: melatonin, all-trans retinoic acid,
and somatostatin. In another trial the anti-proliferative function of
melatonin was attributed to two types of G-protein: Gai2 and Gaq
proteins [67]. On the subject of HIF-1, Cheng et al. [68] declared that
melatonin suppresses this agent but they did not mentioned HIF-1
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specifically for anti-proliferative effects and therefore, further in-
vestigations are needed.

2.3. Inflammation

Inflammation is acknowledged as an elaborated mechanism by
which any tissue injury can be repaired [69]. In this series of ac-
tions, leukocytes including macrophages, neutrophils, and den-
dritic cells are being activated and conducted towards the site of
injury [69]. Along with these cells, some cytokines and cytotoxic
mediators which are secreted from the activated immune cells
modulate the inflammation response: ROS, serine and cysteine
proteases, matrix metalloproteinases or MMPs, TNF-a, interleukins,
and interferons [70]. Currently, inflammation has achieved a posi-
tion in the initiation of a cancer; but how is this possible? The
answer of this question lies in the concept of the production of free
radicals such as ROS by inflammatory cells in order to destroy the
infected cells. Therefore, cancer production is one of the side effects
of the DNA mutations following the ROS release [69].

In the molecular point of view, after the secretion of some
agents in the inflammation site, some intracellular signaling
pathways are triggered [71,72]. One of these pathways that its
activation has been frequently observed in diverse cancers is NF-kB
signaling pathway [71]. The NF-kB signaling pathway activates after
the cell exposure with some factors such as ROS, CD14, and TNF-a
[73]. This pathway which is mediated by toll-like receptors is able
to help the initiation and progression of many kinds of cancer
[71,72].

The anti-inflammatory role of melatonin is investigated many
types of cancer including breast cancer. Woo and two others
revealed that melatonin reduces the COX-2 expression inMDA-MB-
231 cells [48]. As well, Wang et al. [41] observed that melatonin
inhibited COX-2 and NF-kB signaling pathways. They added that
p300 down-regulation is making the regulation of NF-kB pathway
possible by melatonin. Colombo et al. [74] also identified the role of
melatonin in decreasing the NF-kB expression. Another group of
researchers examined the cytokine concentration in MCF-7 cells
after melatonin addition and found that TNF-a, IL-6, and IL-11 are
decreased in the presence of melatonin [75]. In another paper, it is
acknowledged that melatonin affects cytokine and COX-1, 2
expression and therefore it is a proper candidate for modulating the
impacts of chemo and radiotherapy in breast cancer cells [76].

2.4. Other mechanisms

Beside the mentioned mechanisms, there are also some other
mechanisms that the role of melatonin on them in breast cancer is
not well-considered. These mechanisms include angiogenesis,
attachment of estrogen into its receptor, and the interaction be-
tween melatonin and calmodulin.

2.4.1. Angiogenesis
Angiogenesis is another essential mechanism for the cancer

progression which is defined as “production of new vessels from
the pre-existing blood vessels”. This event occurs when HIF-1 mi-
grates to the nucleus in response to hypoxia [77]. HIF-1 migration
leads to the activation some factors such as VEGF-A or Vascular
endothelial growth factor, platelet-derived growth factor or PDGF,
and epidermal growth factor (EGF) [77,78]. The augmentation in
the levels of these agents results in the translocation of some cells
such as endothelial progenitor cells or EPCs which are the main
cellular component of producing new vessels [77]. As Shirakawa
and colleagues reported that the number of EPCs and amounts of
VEGF are significantly increased in breast cancer [79]. On the other
hand, melatonin is also confirmed to affect angiogenesis by the
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means of impacting VEGF and HIF-1 [80e83]. As a matter of fact,
there are not many investigations on the subject of anti-angiogenic
properties of melatonin in breast cancer. Nevertheless, a group of
scientists observed considerably decreased levels of VEGF receptor
in mice treated with melatonin [84]. Talib and Saleh [85] also
examined a combination of melatonin and a bacteria named Pro-
pionibacterium acnes on mice and declared that this mixture can
reduce angiogenesis in breast cancer patients.

2.4.2. Estrogen and estrogen receptor
As mentioned before, estrogen and estrogen receptors have a

crucial part in breast cancer so that the types of this cancer are
defined by the presence or absence of estrogen receptors. Estrogen
receptor-alpha signaling pathways are involved in growth and
differentiation of BC cells. Noteworthy, these receptors are showing
anti-apoptotic activities of themselves [86]. Molis et al. conducted
an in vitro study and demonstrated that melatonin impacts the
regulation of estrogen receptor gene and thereby inhibits the MCF-
7 cells from proliferating [87]. Putting the impacts of melatonin on
estrogen receptors aside, it also is able to affect the extent of es-
trogen itself. In a study the effects of melatonin on aromatasewhich
is responsible for the production of estrogen in breast cancer cells
was considered. As they concluded “melatonin decreases the aro-
matase activity and expression. Lower levels of aromatase lead to
lower levels of estrogens, resulting in decreased growth and
development of breast tumors” [88].

2.4.3. Ca2þþ and calmodulin regulation
One of the ways by which melatonin is able to affect the growth

of cancerous cells is altering the intracellular concentration of Ca2þ.
The exact mechanisms by which melatonin does this duty is not
clear but some evidence represent the concept of an intracellular
protein called calmodulin or CaM [89]. This protein mediates the
Ca2þ signaling pathways and by that route affects some essential
cellular mechanisms such as cell cycle [90]. In breast cancer, Dai
et al. [91] are the only ones who considered roles of melatonin in
MCF-7 cells in this way. They expressed thatmelatonin affects CaM-
related pathways and cell-cell adhesion in a positive way and
augments [Ca2þ]i and therefore, takes part in reducing invasion of
breast cancer cells.

2.4.4. Non-coding RNAs
Non-coding RNAs (e.g. micro RNAs (miRNAs) and long non

coding RNAs (lncRNAs)) have recently attracted a lot of attention in
the field of cancer treatment [92]. Therefore, we review the liter-
ature concerningwith the role of melatonin in affecting non-coding
RNAs in breast cancer. However, these studies are limited and more
investigations are needed to find the exact role of non-coding RNAs
in melatonin anti-breast cancer roles.

A study has shown that lnc010561 and FK506-binding protein 3
(FKBP3) levels are reduced in breast cancer cells treated with
melatonin. While the downregulation of LNC010561 and FKBP3
leads to the supression of proliferation and invasion, it can induce
apoptosis in cancer cells. Furthermore, they also work as competing
endogenous RNAs for miR-30. Therefore, it is suggested that
melatonin may inhibit the progression of breast cancer through
FKBP3/LNC010561/miR-30 axis [93]. Another similar study has re-
ported that following melatonin treatment, LNC049808 and
FUNDC1 are decreased in tirple-negative breast cancer cells.
Furthermore, LNC049808 and FUNDC1 functions as competeing
engogenous RNAs for miR-101 [94]. In triple-negative breast cancer
cells, melatonin is reported to decrease migration and proliferation.
Taqman assays have demonstrated that in melatonin-treated cells,
11 miRNAs are upregulated while 6 miRNAs are downregulated.
Two of these miRNAs are miR-148b, an anti-metastatic miRNA, and
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miR-210, an oncogenic miRNA. Both of these miRNAs are reported
to be upregulated following melatonin treatment. However,
depletion of these miRNAs in breast cancer cells does not affect
melatonin's effect on migration [95]. In MDA-MB-468 breast cancer
cells, melatonin is shown both in vitro and in vivo to enhance miR-
152-3p gene expression as well as its target gene while decreasing
the protein of the genes [96].

3. Clinical trials

Lissoni and colleagues tried melatonin in combination with
chemotherapy on 77 metastatic breast cancer patients for exam-
ining its effects on increasing the efficacy of chemotherapy [97].
They treated a group of patients with either mitoxantrone, doxo-
rubicin or paclitaxel and another group with the combination
melatonin (20 mg/day orally every day) and chemotherapeutic
drugs [97]. They found that melatonin is able to increase the rate of
both tumor regression and 1-year survival when used in combi-
nation with a chemotherapeutic drug. However, these results are
not specific to breast cancer because in this study some other solid
tumors were examined, as well [97]. In another study, Lissoni et al.
[98] compared the administration of Tamoxifen alone with the
combination of tamoxifen and melatonin. They entered 14 meta-
static breast cancer patients in this pilot phase II study and
concluded that using 20 mg of melatonin everyday starting 7 days
before tamoxifen treatment is useful for inducing the objective
tumour regression [98]. Despites these studies, it seems that
melatonin alone is not as effective as in combination with other
drugs. A study on 95 postmenopausal women with a history of
Table 1
Empirical studies investigating the role of melatonin on apoptosis of BC.

Authors Model Function

Wang et al. In vitro Overexpression of Apaf-1 protein
Cos et al. In vitro Augmentation the amounts of p53 protein
Noshinfar et al. In vitro Combination of melatonin and Arsenic trioxide can affect the e

down-regulating the gene c-Myc
Kosar et al. In vitro Combination of doxorubicin and melatonin increases oxidative
Gatti et al. In vitro Melatonin analogue or UCM 1037 activates caspase-3
El-aziz et al. In vivo Administration of melatonin, retinoic acid and Nigella sativa a
Woo et al. In vitro Augmenting the activities of Bim protein which triggers apopt
Eck-Enriquez

et al.
In vitro combination of melatonin and all-trans retinoic acid downregu

Cucina et al. In vitro Affecting MDM2/p53 pathway and apoptosis inducing factor o
Peroietti et al. In vitro Decreasing the amounts of MDM2 and thereby influence the a
Gelaleti et al. In vitro melatonin and IL-25 can alter the amounts of caspase-3, p53,

Table 2
Experimental studies on melatonin effects on cell cycle and proliferation.

Authors Model Function

Cos et al. In vitro increase the expression of both p53 and p21 proteins
Noshinfar

et al.
In vitro Melatonin with Arsenic trioxide together increase p53 expressio

downregulation of hTERT
Cos et al. In vitro Prolonging the G0/G1 duration and hence, decreasing the cell pr
Jawed et al. In vitro Mixture of melatonin and valproic acid reduce proliferation in ca
Lai et al. In vitro Melatonin affects proliferation through two types of G-protein: G
Cheng et al. In vitro Suppressing HIF-1

Table 3
Empirical studies conducted on the anti-inflammatory role of melatonin in breast cance

Authors Model Function

Woo et al. In vitro Reduction of the COX-2 expression
Wang et al. In vitro Inhibition of COX-2 and NF-kB signali
Colombo et al. In vitro Decreasing the NF-kB expression
Alvarez-Garcia et al. In vitro Decreasing the levels of TNF-a, IL-6, a
Gonzalez-Gonzalez et al. In vitro Affecting cytokine and COX-1,2 expre

30
breast cancer (stages 0-III) showed that breast cancer biomarkers
like estradiol and insulin-like growth factor I (IGF-1) are not
decreased after four months of 3 mg daily treatment of melatonin
[99]. Furthermore, studies also has shown that melatonin is bene-
ficial for decreasing the toxicity and side effects of chemothera-
peutic drugs including thrombocytopenia [97,100], sleep [101,102],
depressive symptoms [101,103], fatigue [104], and anxiety [103].

4. Concluding remarks

Despite all the improvements in the fields of cancer prognosis,
diagnosis, and treatment, still, a large number of gaps can be found
that are making cancer one of the leading causes of death, world-
wide. Among all cancers, statistics show that breast cancer stands
in the second position, after lung cancer, among all common can-
cers in men and women. Furthermore, this cancer is acknowledged
to be themost frequent cancer betweenwomen and 2,088,849 new
cases were diagnosed of this cancer in 2018 [105]. In regard to the
poor prognosis and high mortality rate, this cancer has drowned
the attention of a large body of research in order to enhance the
status of breast cancer patients. Recently, melatonin has approved
to be an efficient therapeutic agent because of its potentials in
regulating and affectingmany cellular andmolecularmeans such as
apoptosis, cell proliferation, inflammation, and angiogenesis. In this
paper, we tried to create a bridge between the factors involved in
breast cancer pathogenesis and the mechanisms affected by
melatonin in order to reveal the exact routs by which melatonin
inhibits BC progression (Tables 1e4 and Fig. 1). We conclude that
melatonin has the potential to be used in breast cancer treatment
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Table 4
Experimental studies on melatonin effects on angiogenesis, calmodulin, and estrogen and its receptors.

Effect Authors Model Function References

Angiogenesis Jardim-Perassi et al. In vivo Decreasing levels of VEGF receptor [84]
Talib and Saleh In vivo Combination of melatonin and Propionibacterium acnes reduces angiogenesis [85]

Estrogen and its receptors Molis et al. In vitro Impacting the regulation of estrogen receptor gene [87]
Alvarez-García et al. In vitro Decreasing the aromatase activity and expression and lowering estrogen extents [88]

Ca2þ and calmodulin interaction Dai et al. In vitro Affecting CaM-related pathways and cell-cell adhesion in and augmenting [Ca2þ]i [91]

Fig. 1. Schematic presentation of melatonin roles in breast cancer.
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alone or adjuvant to chemo and radiotherapy in order to modulate
their side effects. Due to the availability of this compound and easy
consumption, it is not unreasonable to expect that melatonin be-
comes one of themost common therapies for breast cancer patients
in the future. Overall, melatonin and its roles in augmenting
apoptosis and reducing inflammation, angiogenesis, and cell pro-
liferation are giving a novel insight to the scientific community and
BC patients for amore efficient treatment. However, most of studies
working on this subject are carried out on breast cancer cell lines,
and that's why this information is insufficient to decipher the
complexity of action of melatonin, especially since it is an impor-
tant regulator of the circadian rhythm. Furthermore, the number of
studies examining melatonin alone is notably fewer than studies
which has used melatonin in combination with another agent or a
chemotherapeutic drug and that makes it hard to dissociate the
direct and indirect effects of melatonin on cancer cells; thus we
suggest that using models of spontaneous or induced tumorigen-
esis would help solving this problem.
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