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INTRODUCTION

Melatonin is a hormone involved in the body’s circadian rhythms,
acting through receptors and distinct second messenger path-
ways to regulate the cell cycle, proliferation, survival, apopto-
sis, DNA repair, and tumor suppression'.

In vitro and in vivo studies showed that melatonin may
prevent DNA damage and tumor growth and be related to
the modulation and gene expression of estrogen, leading to a
protective effect against breast cancer due to its antioxidant,
immunomodulatory, and anticarcinogenic properties'®.

High artificial exposure to light at night is related to an
increased risk of breast cancer [relative risk (RR)=1.17, 95%
confidence interval (CI): 1.11-1.23], and the risk of breast can-
cer was reduced by 14% after melatonin treatment (RR=0.86,
95%CI 0.78-0.95), with a linear dose-response trend (p=0.003)"%.

Some studies suggest that melatonin’s antioncogenic proper-
ties are due to its angiogenesis and apoptosis properties, which
prevent tumor growth in breast cancer cells’. Another mecha-
nism is the inhibition of human breast cancer growth by inhib-
iting tumor metabolism through phospho-activation of the
receptor kinases Ak strain transforming (AKT), extracellular
signal-regulated kinase (ERK1/2), and transcription factors*’.

This review seeks to synthesize the available studies and
evidence related to the influence of melatonin on breast can-
cer to better understand this hormone’s role in the prevention,

treatment, or control of this disease®'.

METHODS

It was a narrative review of melatonin receptors in breast cancer.
'The search was performed in the PubMed database between 2018
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and 2023. The descriptors used were melatonin; N-acetyl-5-
methoxytryptamine; breast neoplasms; breast cancer; mammary
cancer receptors; estrogen; estrogen receptor (ER); ER-alpha;
ER-beta; progesterone; progesterone receptor (PR); human
epidermal growth factor receptor 2 (HER2); apoptosis; pro-
grammed cell death; antineoplastic agents; anticarcinogenic

agents; and antioxidants.

LITERATURE REVIEW

Melatonin is a molecule composed of three essential compo-
nents: an aromatic indole ring, an acetamide side chain, and
a methylene group"'. Melatonin is crucial in regulating circa-
dian rhythms and sleep-wake cycles. In the context of breast
cancer, melatonin receptors have gained significant attention
due to their potential role in modulating tumor development
and progression''4.

Melatonin affects target cells by binding to specific recep-
tors, such as melatonergic receptors (MT1 and MT2 recep-
tors), which are transmembrane G-protein-coupled proteins'>'°.
Activation of these receptors can lead to an intracellular signaling
cascade, resulting in several biological effects'”"?. Melatonin also
acts in cell cycle regulation by regulating the progression of the
cell through the phases of cell division, inhibiting cell cycle
progression in cancer cells, and preventing uncontrolled cell
growth'®?. Melatonin may affect the expression of hormone
receptors, such as ER and PRs, essential in regulating cell
growth and proliferation in breast cancer'. Melatonin increases
antineoplastic immunity by reducing telomerase activity and
inhibiting the fatty acid uptake and metabolic pathways of
fat and the angiogenesis through vascular endothelial growth
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factor (VEGF) messenger ribonucleic acid (mRNA) in MCF-7

cells, and inhibits proliferation, invasion, and migration**?,

Epidermal growth factor and

insulin-like growth factor 1 receptors

Melatonin can induce programmed cell death, or apoptosis, in
cancer cells, reducing tumor size and proliferation by inhibit-
ing the production of growth factors related to cancer develop-

ment such as epidermal growth factor (EGF) and insulin-like
growth factor 1 (IGF-1)*%.

Estrogen and progesterone receptors
Approximately 60—75% of breast cancers express estrogen recep-
tor alpha (ER). Melatonin affects the expression and activity
of the estrogen receptors, which regulate breast cell growth and
division. Melatonin has been shown to decrease the expression
of ER-alpha and ER-beta and reduce estrogen binding to these
receptors in vitro and in animal studies®.

Melatonin modulates estrogen signaling in estrogen synthe-
sis by reducing the gonadotropin action, disrupting the acti-
vation of estradiol receptors on breast tumors, regulating the
enzymes involved in the biosynthesis of estrogens in other tis-
sues, resulting in reduced estrogen-dependent tumor growth,
and potentially reducing the risk of hormone receptor-posi-
tive breast cancer”.

Progesterone is another crucial hormone in breast cell devel-
opment and proliferation. Melatonin may interfere with the
action of progesterone receptors (PR), reducing their expres-

sion and activity in breast cancer cells?**%.

HER 2 receptors

Approximately 20—-30% of breast tumors have HER2-positive
receptors, a growth factor promoting cell division. Preclinical stud-
ies indicate that melatonin may affect HER2 expression by

decreasing its activity and inhibiting tumor growth?*.

MT1 and MT2 melatonin receptors

MT1 receptors are widely expressed in various tissues, includ-
ing the breast, while MT2 receptors are mainly found in the
brain and retina. Both receptors have distinct but overlapping
roles in regulating cellular processes and influencing breast
cancer biology®'.

MT1 is associated with the G-receptor protease family, and
MT?2 is related to the hydrolysis of phosphoinositide and cal-
cium. Activation of MTT1 receptors in breast cancer cells inhibits
cell proliferation, induces cell cycle arrest, and promotes apop-
tosis. These actions are mediated by inhibiting specific signal-
ing pathways involved in cell growth and survival, such as the

2

PI3K/AKT and ERK/MAPK pathways. MT1 activation also
helps suppress the formation of new blood vessels (angiogene-
sis) within tumors, thereby limiting their supply of nutrients®.

In estrogen receptor alpha (ERQ)-positive human breast can-
cer, melatonin, via the MT1 receptor, suppresses ER0C mRNA
expression and ERo transcriptional activity. Some studies sug-
gest that MT2 activation may also increase the invasiveness
and metastasis of breast cancer cells. This conflicting role of
MT?2 receptors in breast cancer requires further investigation

to understand their underlying mechanisms*.

Synergic effect of melatonin with

anticancer chemotherapy and radiotherapy

The role of statins in combination with melatonin has been
extensively investigated regarding its risk reduction in specific
cancer types. Pravastatin, a statin medication, is a widespread
chemotherapy used to treat high blood cholesterol levels and
prevent heart attacks and strokes. The chemopreventive effects
of pravastatin in combination with melatonin in a breast can-
cer experimental model were evaluated. Pravastatin alone sup-
pressed tumor frequency by 20.5% and average tumor volume
by 15% compared with controls. The combined administration
of the drugs decreased tumor frequency by 69%%.

Doxorubicin is one of the most common chemotherapy
drugs used to control breast cancer. Chemotherapeutic resistance,
particularly to doxorubicin, represents a significant impediment
to successfully treating breast cancer and is linked to elevated
tumor metabolism, tumor overexpression, and/or activation
of various families of receptor- and non-receptor-associated
tyrosine kinases. Doxorubicin and other chemotherapy drugs
are frequently employed as the initial treatment for individuals
dealing with metastatic breast cancer or endocrine resistance.
Similar to many other chemotherapy agents, doxorubicin often
prompts resistance among patients. The capacity of melatonin
to hinder the activation and expression of these kinases adds
substantial backing to the emerging concept of melatonin func-
tioning as a circadian-regulated kinase inhibitor™®.

The synergistic use of doxorubicin and melatonin holds
promise as a prospective approach to treating breast cancer,
demonstrating combined antitumor and anti-apoptotic influ-
ences while regulating calcium influx and its associated ion
channel receptors. The results suggest that melatonin not only
enhances the actions of doxorubicin through the activation of
calcium ion channel receptors and the promotion of apoptosis
but also triggers the demise of breast cancer cells™.

Likewise, the emergence of resistance to tamoxifen and
alternative endocrine treatments has emerged as a significant
obstacle within endocrine therapy. This issue is pronounced,
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with an estimated 30—50% of patients harboring estrogen
receptor-positive breast tumors exhibiting inherent resis-
tance. Furthermore, while most patients initially respond, the
eventual development of acquired resistance to tamoxifen is
nearly universal®.

Augmenting cancer cells’ susceptibility to radiation is a par-
amount objective within clinical radiobiology. The oncostatic
effects of melatonin hold particular significance for estro-
gen-dependent mammary tumors. The impact of co-adminis-
tering ionizing radiation and melatonin on proteins engaged
in estrogen biosynthesis within breast cancer cells has under-
gone thorough scrutiny. Preliminary treatment with mela-
tonin prior to radiation significantly diminishes the presence
of active estrogens at the cancer cell level, reducing the activ-
ity and expression of proteins integral to estrogen synthesis by
50%. Furthermore, melatonin elicits a twofold alteration in

p53 expression in comparison to radiation treatment alone?.

DISCUSSION

It is crucial to recognize that the impact of melatonin on indi-
vidual receptor types can exhibit variations contingent on factors
such as the cancer stage, concurrent genetic modifications, and
patient-specific elements. There is a substantial amount yet to be
unveiled regarding the interplay between melatonin and recep-
tors in breast cancer. Consequently, further research is impera-
tive to unravel these mechanisms and their complexities?#>4.

Given that night-time melatonin significantly suppresses
tumor kinase signaling, one could consider melatonin a broadly
based “circadian-regulated broad kinase inhibitor” that exhibits
potent antimetabolic, antiproliferative, and progressive/meta-

static activity in breast cancer'¥.
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CONCLUSION

Melatonin action may act on cancer development and may reduce
the risk of breast cancer. However, further studies are necessary.
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