
Chirurgia (2021)   116: S24-S34
No. 2 Supplement,            April
Copyright© Celsius

http://dx.doi.org/10.21614/chirurgia.116.2 Suppl.S24

S24 www.revistachirurgia.ro Chirurgia, 116 (2 Suppl), 2021

Rezumat

Melatonina este un hormon relativ recent izolat, produs de glanda
pineală. Rolul său în numeroase funcţii celulare a atras atenţia
oamenilor de ştiinţă din întreaga lume. Există cercetări în 
curs care investighează efectul inhibitor al melatoninei asupra
afecţiunilor maligne şi, în special, asupra cancerului de sân. Scopul
acestui articol este de a discuta unele dintre cele mai importante
descoperiri cu privire la efectele melatoninei asupra biologiei 
cancerului. Au fost analizate atât studii preclinice, cât şi clinice
care oferă o perspectivă asupra acţiunilor biologice complexe ale
acestei molecule, precum şi asupra semnificaţiei şi implicaţiilor
aferente. Ultima parte se concentrează pe efectul oncostatic al
melatoninei în cancerul de sân şi pune accent pe interacţiunea 
dintre melatonină şi estrogen. Dovezile epidemiologice, experimen-
tale şi clinice indică faptul că acest domeniu merită investigaţii
suplimentare.

melatonină, particularităţile cancerului, cancerul de
sân 

Abstract
Melatonin is a relatively recently isolated hormone, produced by
the pineal gland. Its implication in several cell functions has
augmented interest from scientists worldwide. There is ongoing
research investigating the deterrent relationship between 
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melatonin and malignancies and in particular breast cancer. The aim of this article is to review
some of the most important findings concerning the effect of melatonin on cancer biology, from
both preclinical and clinical studies providing an insight to the complex biological actions of this
molecule, as well as their potential significance. The last part concentrates on the oncostatic
activities of melatonin on breast cancer and special attention is given on the interplay between
melatonin and estrogen. Epidemiological, experimental and clinical evidence indicates that this
area is worth further investigation.

melatonin, cancer hallmarks, breast cancer

Introduction

Melatonin was first isolated by Aaron Lerner
and his associates from bovine pineal tissue
back in 1958 (1). Being dermatologists, they
were interested in identifying an, until then,
unknown substance, that reversed the effect of
melanocyte stimulating hormone in frog
melanophores. And so, came the name of this
newly discovered substance: Melatonin, from
the Greek word melas (black/dark). At that
time, little did they know about the multiple
functions and the physiological importance of
that small molecule.

From an evolutionary viewpoint, melatonin
is a highly conserved molecule that has
remained identical for almost 2.5 billion years
(2). Its initial role was that of an anti-oxidant
and free radical scavenger in ancestral proteo-
bacteria and cyanobacteria and its synthesis
was even at that time, light-dependent (3).
According to the endosymbiotic hypothesis 
(4), primitive eukaryotes came to develop a
symbiotic relationship with the engulfed 
purple non-sulfur bacteria and cyanobacteria,
which later developed into mitochondria and
chloroplasts, respectively. Evidence for the
validity of this theory can be found in the fact
that enzymes necessary for melatonin synthesis
are found in both mitochondria and chloroplasts,
where it is synthesized for local use. As the 
primitive cells evolved, the genes for the 
synthesis of melatonin were transferred to the
nucleus. With the increasing complexity of
multicellular organisms, a signaling molecule
was required to convey information on diurnal

variation and since melatonin production was
already light-dependent, its use provided an
elegant and practical solution to the problem.
In developing animals this called for a 
centralized organ responsible for this function,
i.e., the pineal (3).

The pineal gland is a neuroendocrine organ,
which develops as an outpouching of the 
dorsal midline of the diencephalon after 
neural tube closure (5). In the adult brain, it is
located at the border of the diencephalon and
the mesencephalon, under the splenium of the
corpus callosum. The gland is surrounded by a
capsule of conjunctival origin, with septa that
separate the parenchyma into lobules and
allows for the distribution of the vessels and
nerves. The parenchyma consists of pinealo-
cytes (which produce melatonin), interstitial
cells, phagocytic cells and neurons. It might
contain calcifications, which are visible on
radiology and often referred to as “brain sand”,
and have a tendency to increase with age (6). 

The pineal is considered a circumventricular
organ, lacking blood-brain barrier and this is
supported by experimental studies (7,8). Blood
supply comes mainly from the medial posterior
choroidal arteries in the form of 1 to 3 slender
branches that penetrate the gland parenchyma
and in 30% of cases, the blood supply is 
unilateral. Venous drainage is complex and
shows great variability, but the final vessel is
the great cerebral vein of Galen (8). Since the
pineal depends on external input for the regula-
tion of melatonin secretion, its innervation is of



particular importance and comprises of both
sympathetic and parasympathetic input. The
sympathetic fibers come from the superior 
cervical ganglion and constitute the final part 
of a neural pathway beginning in the retinal
photoreceptors with a relay in the suprachias-
matic nucleus of the hypothalamus, where the
master clock is located. Parasympathetic inner-
vation originates through the sphenopalatine,
the otic and the trigeminal ganglia (7).
Destruction of the neural input turns the
gland inactive (9). The pineal is not fully 
functional at birth, and so the fetus and the
neonate depend on maternal melatonin
through either the placenta or breastfeeding
(10). The gland reaches its maximal size
between the age of 5 and 7 (8). 

Melatonin is an indole amine synthesized
from the amino acid tryptophan ( ) by all
living cells, even though the pathways may
vary among animals, plants and bacteria (11).
Its biosynthesis in the pineal is regulated by
sympathetic input, with the rate-limiting step
catalyzed by serotonin-N-acetyl transferase
(SNAT), formerly called arylakylamine 
N-acetyltransferase (AANAT) the activity of
which exhibits a circadian oscillation which
coincides with melatonin production (11,12).
Upon its production, it is directly released into
the cerebrospinal fluid of the third ventricle

and the bloodstream. Its catabolism occurs
mainly in the liver, where it is first trans-
formed to 6-hydroxymelatonin by cytochrome
P450 and then conjugated to 6-sulfatoxymela-
tonin, excreted by the urine (13). 

The effects of melatonin on peripheral 
tissues are both receptor-mediated and receptor
independent. Two types of melatonin membrane
receptors have been identified: MT1 and MT2.
Both are G protein-coupled receptors with
60% homology and can form homo and 
heterodimers once activated  (14). Their acti-
vation leads to decreased cAMP and cGMP
production and possibly increased diacylglycerol
and IP3 production (13). Since the effect of
melatonin and melatonin-related drugs are
dependent on daytime and exposure duration,
a diurnal sensitivity of its receptors has been
hypothesized (15). Even though both receptors
can be expressed by a single cell, one usually
predominates e.g., MT1 in breast tissue. The
result of receptor activation is both tissue and
receptor dependent. Since melatonin is a
lipophilic molecule than can penetrate cellular
membranes, it can be found in the cytosol and
the nucleus. A cytosolic receptor, formerly
called MT3, has also been identified, to be
later discovered that it is quinone reductase 2
(QR2), a potent anti-oxidant. Direct binding of
melatonin to retinoid orphan receptors/
retinoid Z receptors (ROR/RZR) in the nucleus
can inhibit the transcription of genes involved
in cellular proliferation (13). 

Contrary to what might be generally
believed, melatonin is not exclusively produced
by the pineal gland. Evidence for this comes
both from its elevated concentration in certain
tissues, when compared to plasma, but also
from the isolation of melatonin synthesizing
enzymes in those tissues. Extrapineal mela-
tonin production does not appear to follow a 
circadian patten in all tissues, is not released
into the circulation, and its functions are very
much locus-dependent (16). Even though the
pineal produces only a small part of the body’s
total melatonin, the end product has powerful
results once released to the circulation. These
are evident on both the organism as a whole 
and on the organ/cellular level. The most

Figure 1. Biosynthesis of melatonin. The rate-limiting step is
catalyzed by AANAT (SNAT)
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acknowledged is that of darkness signaling
since synthesis of melatonin is inhibited by the
visible light in the wavelength between 460-480
nm (blue light), during the day or, in the case 
of artificial light, at night (9). As such, it is 
intricately connected to sleep physiology and the 
regulation of peripheral circadian clocks.
Together with this comes information about 
seasons, which is of particular importance for
seasonal breeding animals, but no longer for
humans. 

Indirect evidence about the relationship
between the pineal and puberty comes from the
field of oncology. As early as 1898, the first
report was published about a boy with preco-
cious puberty and a pineal tumor. Several
reports followed until in 1954 a review concluded
that precocious puberty was associated with
tumors in the region of the pineal, exerting 
pressure on the gland, whereas delayed puberty
was associated with true pineal tumors (17).
Abnormal pubertal manifestations are still 
considered a sign of pineal tumors (18). The
effect of melatonin on ovarian function has also
been studied in experimental animals showing
inhibition of ovarian function (17). Melatonin
production decreases with age, as indicated by
experimental findings in humans (19).

On the tissue/cellular level, the effects of
melatonin include that of anti-oxidant and
free radical scavenging, both consistent with
its ancestral role. This is in accordance with
the already mentioned fact that almost 99% of
its production occurs outside the pineal (mostly
in the skin and gut) and remains on site for local
use (3). There are several outstanding reviews
on the multiple roles of melatonin (2,9,20) but
since their detailed analysis lies outside the
scope of the current paper, we will briefly 
mention the most important of them which
include detoxification, blood pressure modula-
tion, protection against ischemia-reperfusion
injury, enzyme regulation, anti-inflammatory
effects, immunomodulation, reduction of drug
toxicity, regulation of apoptosis, mitochondrial
protection, anti-ageing effects and protection
against neurodegeneration. Some of the above
functions are in fact due to its free radical
scavenging abilities and its high anti-oxidant

capacities. However, it is the anti-cancer
effects of melatonin that will be the focus of the
rest of this paper, both against tumorigenesis, in
general, and breast cancer, in particular.

Melatonin and Cancer

Cancer is a multifactorial disease and its 
initiation and progression require several
steps. In 2000, Hanahan and Weinberg pro-
posed six hallmarks, i.e., six distinct abilities
required for the malignant transformation of
cells. In 2011, another two were added by the
same authors (21). Research findings point to
the direction that melatonin has a negative
impact on all proposed hallmarks, as follows:

Control of cell division is under an intricate
system involving oncogenes, tumor suppressor
genes and cell cycle check points, to name a
few. In cancer cells the balance is shifted
towards uncontrolled division. In addition, the
presence of nuclear aneuploidy indicates 
failure in cell cycle control. Prevention of DNA
damage, promotion of DNA repair and inhibi-
tion of telomerase are proposed ways in which
melatonin could contribute to the enhance-
ment of genomic stability and cell cycle 
control. The direct anti-oxidant and free 
radical scavenging effect of melatonin acts as
a shield against DNA damage (22). It has also
been shown to increase DNA repair in MCF-7
(breast cancer) and HCT-15 (colon cancer) cell
lines by affecting gene expression of DNA
repairing enzymes (23). 

Telomerase is a nuclear enzyme that
extends the ends of shortened chromosomes in
dividing cells. This is important for chromo-
some stabilization. Telomerase inhibition, as
demonstrated by in vitro and in vivo experi-
ments is an additional effect of melatonin
against cellular proliferation (24). Down-
regulation of cyclins and cyclin-dependent
kinases by melatonin, in various experimental
cancer cell lines, is an additional way of 
slowing down or arresting the cell cycle (21).
Last but not least, interaction with estrogen
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biosynthesis and the estrogen signaling path-
way (25) is a further function, of particular
interest in breast cancer, which will be ana-
lyzed later on.

Mutations in tumor suppressor genes are
essential for the lack of response of cancer
cells to anti-growth signaling. Melatonin
treatment has been found to increase the
expression of p53, BRCA1 and BRCA2 in can-
cer cell lines (21).

Loss of cell contact by alterations in cellular
junctions is linked with increased metastatic
ability. Loss of E-cadherin, an important 
component of tight junctions, is one of the 
initial steps of the metastatic process.
Melatonin treatment has been shown to
increase E-cadherin expression (26). Integrin,
a glycoprotein anchoring the cellular skeleton
to the extracellular matrix, is also up-regulated
with melatonin treatment (21,26). Furthermore,
the process of epithelial-mesenchymal transi-
tion, in which the epithelial cells shift to a
mesenchymal phenotype with increased
migratory potential, is also essential in the 
initiation and progression of metastasis. The
process has been studied in breast cancer cell
lines and melatonin treatment has been
shown to hinder epithelial-mesenchymal 
transition, to reduce the viability of breast
cancer stem cells and the expression of their
surface markers (27).

Refers to the capability of cancer cells to divide
continuously. Telomerase, cyclins and cyclin-
dependent kinases are involved in the process.
As discussed, they are affected by melatonin
treatment (24). 

The process of new blood vessel formation is

essential for the provision of the tumor with
oxygen and nutrients necessary for its growth.
It also provides a route for metastasizing.
When the tumor grows more than a few 
millimeters in diameter, hypoxia leads to the
production of factors that promote angiogenesis
(28). Tumors secrete angiogenic factors the most
important of which include vascular endothelial
growth factor (VEGF), epidermal growth factor
(EGF) and platelet-derived growth factor
(PDGF) and angiogenin. The inhibitory effect
of melatonin on tumor-induced angiogenesis
has been demonstrated both in vitro and in
vivo animal experiments (28,29).

Tumor production of anti-apoptotic proteins
helps cancer cells avoid programmed cell
death. Melatonin treatment of both solid 
cancers (pancreatic, liver, murine gastric and
prostate) as well as B-cell lymphoma, has been
reported to induce apoptosis through various
mechanisms (21). It is presumed that in 
physiological concentrations, melatonin has
an oncostatic effect, mainly via cell cycle
arrest, whereas the apoptotic outcome is
achieved at higher concentrations (30). It has
also been found that melatonin potentiates the
apoptotic effect of docetaxel in breast cancer
cell lines (31).

Cancer cells have high metabolic demands. In
1924, O. Warburg first observed that cancer
cells would preferentially metabolize glucose
to lactate, even in the presence of adequate
oxygen, choosing the anaerobic glycolysis
pathway, instead of oxidative phosphorylation
(32). This came to be called “aerobic glycolysis”
or the “Warburg effect” and it was later shown
that it is also carried out by normal proliferating
cells as well. Since aerobic glycolysis provides a
significantly lower ATP yield than oxidative
phosphorylation, it does explain the rapid 
glucose uptake by the cancer, but one cannot
help but question the biological advantage 
of such a shift. Warburg himself proposed
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defective mitochondrial function as a plausible
explanation (32). Recent findings suggest that
in some tumors, pyruvate transport into the
mitochondria (and subsequent oxidative phos-
phorylation) is indeed hindered. Melatonin
has been shown to promote pyruvate transport
into the mitochondria in several solid tumors
(33) and in the case of breast cancer, in 
particular, to reduce the magnitude of the
Warburg effect during the nighttime (34).

The ability of cancer cells to escape detection
and subsequent destruction by the immune
system has been acknowledged by research so
far. Animal experiments involving mice with
digestive/breast cancer have shown a shift in
the immune response when treated with
melatonin (21).

In addition to the above hallmarks, 
melatonin has also been shown to reduce car-
cinogenesis in states of chronic inflammation,
mainly by interfering with reactive oxygen
species and reactive nitrogen species that can
cause DNA damage. Last but not least, 
melatonin can cause epigenetic changes in 
cancer cells, resulting in down-regulation of
oncogenes (EGR3) and induction of tumor 
suppressor genes (GPC3) (30).

Melatonin and Breast Cancer

From its early discovery, the relationship
between melatonin and ovarian function, as
well as estrogen production led to numerous
hypotheses regarding the role of the pineal in
the onset of puberty and hormonal regulation.
In 1978, M. Cohen proposed the melatonin
hypothesis, stating that decreased production
of melatonin, regardless of reason, could be a
cause for the development of breast cancer
(35). He postulated that decreased pineal 
function, and hence melatonin production,
causes increased estrogen levels (and hence a
state of “relative hyperestrogenism”) since the
inhibitory action of melatonin on the ovaries is
lost. Since melatonin production decreases
with age, this could be a possible factor 

contributing to the occurrence of breast cancer
in the elderly. The first study to support this
hypothesis was published a few years later,
showing not only decreased plasma melatonin
concentration in women with hormone 
receptor positive breast cancer, compared to
controls, but also a correlation between the
strength of hormonal positivity of the tumor
and plasma melatonin concentration reduc-
tion (36). Altered rhythm of melatonin produc-
tion has been reported in patients with breast
cancer, among others, and the amount of 
the decrease in melatonin production was 
correlated to both tumor size and proliferation
index (37). However, no matter how strong the
correlation, no one could answer the question
whether this change was brought about by the
tumor, or if it really was one of the causes of
tumorigenesis.

The concept of decreased pineal function
because of technological advancements and
the use of electricity in modern industrialized
societies has also been a topic of considerable
research. Light at night (LAN) permits the
extension of human activities beyond daytime,
allowing for shift work, and the use of cell
phones and other light-emitting devices before
going to sleep which can cause a decrease in
melatonin production and interfere with sleep-
activity patterns, and circadian regulation.
Epidemiological studies not only suggest that
breast and other hormone related cancers
have an increased incidence in urban areas
(although one could argue that this could be
attributed to other factors, e.g. decreased
access to diagnostic centers) but also an
increased incidence in night shift workers. 

The Nurses’ Health Study examined the
relationship between breast cancer incidence
and nurses working on night shifts (38). A
total of 78 562 women were followed up for a
period of 10 years. Information was also
acquired about night shift work before the
study period. The authors concluded that post-
menopausal women who had been working on
night shifts for more than 30 years had a 
considerably elevated risk for developing
breast cancer compared to those who worked
only during the day. Post-menopausal women
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showed an increase in breast cancer risk after
1-14 years of working in shifts. Circadian 
disruption and decreased melatonin produc-
tion were discussed, in order to explain the
findings.  Several similar studies followed (39-
41) examining either shift work or light at
night supporting the hypothesis of increased
risk. In 2007 the International Agency for
Research on Cancer, after reviewing the 
evidence, determined that “shift work that
involves circadian disruption is probably 
carcinogenic to humans” and classified it as
Group 2A (“probable”) carcinogen (42). Of 
particular interest is the finding that blind
women have a lower incidence of breast cancer
(43,44).  This has been attributed to the fact
that since totally blind women were unrespon-
sive to visual light, melatonin production was
not suppressed. Age of onset of total blindness
(before age 65) was found to be of importance.
On the other hand, partial blindness was not
associated with an incidence decrease of the
same magnitude.

Immunohistochemical staining of both 
normal and cancer breast tissue revealed the
presence of melatonin receptors in both of
them. As already stated, MT1 predominates
in breast tissue. There is however a difference
in the magnitude of expression, with normal 
tissue exhibiting weaker receptor intensity
than cancerous tissue (45). A similar difference
was also observed among the different breast
cancer subtypes, with hormone receptor 
positive breast cancer staining stronger than
triple negative cancer (46), as expected.
Higher expression has been noted in HER2
positive, as opposed to HER2 negative tumors
(45), a thought-provoking observation, given the
proliferative effect of HER2. Lobular cancer
had also weaker staining than ductal (47).
The negative correlation between MT1
expression and Ki67 could be seen as a 
surrogate marker for melatonin’s antiprolifera-
tive activity. A contradicting finding is that
Jablonska et al showed an inverse 
correlation between MT1 expression and
malignancy grade (45), whereas Dillon et al
showed a positive correlation between the
two (47). No significant association was

found between receptor expression and
patient age, menopausal status or tumor size.

Melatonin also plays a role in ovarian 
suppression and is involved in the onset of
puberty. It is therefore logical to assume that
its anti- estrogen effects could affect the
growth of breast cancer, and especially 
hormone receptor positive breast cancer. This
interplay between the two substances could 
be on multiple levels. By both direct action on 
the ovaries and indirect effects on the hypo-
thalamic-gonadal axis, melatonin can down-
regulate estrogen biosynthesis. An effect consis-
tent with the hypothesis of Cohen. Mechanisms
about the influence of melatonin on the hypo-
thalamic-gonadal axis have been suggested and
a direct inhibitory effect on ovarian granulosa
cells has been demonstrated, supporting this
mode of action (25). 

Furthermore, melatonin has been shown to
act both on estrogen receptor and the estrogen
synthesis. It inhibits the the estrogen receptor
(ER) gene expression (48) and binding of the
ER-estrogen composite to the estrogen
response element of the DNA (25), acting as a
selective estrogen receptor modulator (SERM).
As a consequence, ER is blocked and estrogen
cannot bind and exert its proliferative effects
on ER+ breast cancer cells. This mechanism of
action is similar to that of tamoxifen, the first
anti-hormonal drug in the treatment of breast
cancer. Support for these actions comes from
breast cancer cell line research, especially the
MCF-7 (hormone receptor positive) type. By
inhibiting aromatase, it acts as a selective 
estrogen enzyme modulator (SEEM). Aromatase
is an enzyme produced primarily in adipose 
tissue, which is responsible for the conversion of
weak androgens produced by the adrenal
glands, to estrogens. It constitutes the princi-
pal source of estrogens in post-menopausal
women. Aromatase inhibition is the function
of another category of antihormonal drugs for
post-menopausal women with ER+ breast 
cancer. Experimental evidence demonstrates
that melatonin decreases the activity of 
aromatase in the MCF-7 breast cancer cell
line, both under normal conditions and when
aromatase activity is enhanced (49).
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Studies on breast cancer cell lines have
been able to provide proof for the antiprolifera-
tive and oncostatic effects of melatonin through
the years.  The majority of them have used, as
expected, a hormone receptor positive cell line,
namely MCF-7. The cell line was originally
isolated from the pleural effusion of a breast
cancer patient with generalized disease. It 
corresponds to the Luminal A subtype and
represents the most studied breast cancer cell
line (50). Treatment of those cells with 
melatonin, has been shown to decrease 
proliferation and increase apoptosis (51),
inhibit aromatase synthesis and activity (49,
52,53), decrease metastatic potential of 
mammospheres (27) and reduce VEGF 
production and angiogenesis under hypoxic
conditions (29). The latter has also been
demonstrated on the MDA-MB-231 triple 
negative breast cancer cell line.

Melatonin has also been shown to decrease
the epithelial-mesenchymal transition of
breast cancer stem cells, decreasing their
metastatic potential (51). Several studies have
examined the synergistic effect of standard
breast cancer treatments with melatonin, by
pre-treating/incubating the cells with mela-
tonin, before subjecting them to treatment. It
was found that pretreatment increased the
sensitivity of MCF-7 cells to ionizing radiation
(54), that was attributed to the increase in p53
expression (55). Co-administration with 
doxorubicin led to increased MCF-7 apoptosis
(51). A study investigating co-administration
of continuous melatonin release and tamoxifen
to MCF-7 cells showed a decrease in cell 
proliferation and increase in apoptosis (56).
Five different tamoxifen-melatonin conjugates
have been tested for their effects on MCF-7,
tamoxifen-resistant MCF-7 and MDA-MB-231
cell lines. Two of them showed promising
results in reducing cancer cell viability and
future research in that field could provide
novel adjuvant treatments for patients (57).

Animal experimental studies have tried to
duplicate the effect of reduced melatonin 
production (via pinealectomy or prolonged
illumination) as well as of enhanced melatonin
production (by melatonin supplementation 

or reduced illumination) on breast cancer
development and metastasis. Experiments
show that pinealectomized/low melatonin 
production mice, when compared to enhanced
melatonin production/supplementation, mice,
have: 1) increased time lapse between induction
of the carcinogen and emergence of the tumor,
2) lower tumor incidence, 3) reduced number
and size of tumors, and 4) lower tumor growth
rate (58). Furthermore, melatonin administra-
tion has been shown to increase the rate of spon-
taneous incidence of tumors in mice (37). The
inhibitory effects of melatonin on breast cancer
in animal models have been demonstrated on
both hormone receptor positive and negative
tumors. This implies that the anti-tumor effects
of melatonin on breast cancer are not just
restricted to its anti-estrogenic effects.

Compared to the number of in vitro and in
vivo studies conducted so far, and in spite of
the promising results, the number of clinical
trials to investigate the effect of melatonin in
cancer patients, is relatively small. In a recent
systematic review and meta-analysis (59) a
total of 20 randomized controlled trials were
included, involving patients with any type of
cancer confirmed by histology and having an
interventional arm that included melatonin
combined with some other, suitable treatment.
The control arm would include patients 
receiving treatment without melatonin.
Overall, the analysis showed that patients in
the interventional arm, showed improved rates
of remission, increased overall survival and at
the same time, fewer chemotherapy- related
side effects. Concerning breast cancer in 
particular, Lissoni et al, published two studies
in 1995, including Stage IV patients. The first
one involved patients (n=14) with both estrogen
receptor positive and negative metastatic
breast cancer who were not eligible to conven-
tional chemotherapy due to comorbidities, and
were progressing under tamoxifen monotherapy
(60). Four patients showed partial regression,
while 2 showed disease progression and the
remaining remained stable. No toxicity was
reported. The second study involved patients
with metastatic estrogen receptor negative
breast (n=40), not eligible for further
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chemotherapy, who were scheduled to receive
tamoxifen (61). They were randomized to
tamoxifen melatonin combination, or tamoxifen
monotherapy. Partial response and survival at 1
year follow-up were found to be higher in 
the tamoxifen-melatonin group. Again, no 
melatonin-related toxicity was reported. Even
though the studies are small, one cannot help
but see some results that are worth further
research, especially when the fact that 
melatonin itself is a drug of limited toxicity, is
considered.

Taking into consideration the multiplicity
of connections that exist between breast 
cancer and melatonin, investigating the 
potential of MT1 as a prognostic factor, could be
of significance. A study investigating MT1
expression on all subtypes showed a positive
correlation between high receptor expression
and overall survival in the hormone receptor
positive group. Further analysis indicated MT1
to be an independent prognostic factor for 
overall survival and disease-free survival in
that group (45). A similar study investigating
differential MT1 expression in triple negative
breast cancer in African-American and
Caucasian patients, concluded that the former
had a greater incidence of MT1 negative
tumors, which was linked to a higher 
hazard ratio for disease progression, and
shorter overall survival (46). In a very recent
publication, an attempt is made to use
Acetylserotonin-O-Methyltransferase (ASMT),
which catalyzes the last step in melatonin
biosynthesis, as both a predictive and a 
prognostic factor. Based on the observation
that ASMT was expressed in considerably
smaller amounts in breast cancer as opposed
to healthy tissue, and that its expression was
correlated with improved relapse-free and
metastasis free survival, the authors devel-
oped an ASMT gene signature that helps dis-
tinguish high from low-risk patients (62).

Conclusions

Melatonin is a fascinating hormone with 
multiple functions. In many countries it is 
easily accessible as an over-the-counter drug

used as an aid for sleep disorders. Since its
antitumoral effects have been recognized in
several preclinical studies and extensive
research has been conducted in order to 
clarify its functions it could possibly be used as
an adjunct in the treatment of malignant 
conditions. Evidence is growing and both in
vitro and clinical studies are still running.
Among them, ongoing research at our
Institution, is investigating the association of
melatonin and breast cancer. We are addressing
how melatonin could possibly affect prognosis in
terms of both overall and disease-free survival.
Although the research is ongoing, the intricate
relationship between melatonin and cancer
and more specifically breast cancer, could
potentially result promising for our patients in
the future.
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