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Introduction

Shift work, due to disruption of circadian rhythms, can 
interfere with a number of physiological functions. It 
may lead to multiple pathologies (functional gastroin-
testinal disorders, peptic ulcer disease, hormonal dis-
orders – including impaired melatonin secretion, car-
diovascular disease, mental disabilities, neurological 
disorders etc.). In the last few years, we started to think 
about the association between disruption in melatonin 
secretion and the occurrence of certain malignancies. 
There are confirming epidemiologic data from almost 
seventy years before [1]. Melatonin blood level fluctua-
tions may be a factor participating in the development 
of especially breast and colorectal cancer. Moreover, it 
seems that the hormone has also an impact on ova-
ry, endometrium, and prostate neoplasia occurrence. 
There is also a suspicion that disturbances in the mela-
tonin secretion may be a factor inducing changes in the 

physiology of the mucous membranes in gastrointesti-
nal tract (ulcers), hypertension and abnormal irregular 
menstrual cycle – frequent diseases in shift workers [1]. 

Physiology, pathophysiology and 
results from experimental studies

Suprachiasmatic nucleus, situated in the anterior part 
of hypothalamus, is one of the most important parts 
of the brain (as well as medulla oblongata, pons and 
raphe nuclei), affecting the onset of mammalian twen-
ty-four hour rhythm series in physiological functions 
[2]. Alteration in circadian rhythm causes destruction 
just in the anterior part of hypothalamus in experi-
mental animals. The optic fibres from the retina reach 
these structures, and by stimulus may modify the daily 
rhythm. Alteration in daily rhythm of melatonin secre-
tion by the pineal gland is the consequence of their 
function. It was found that a significant impact on 
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the retina of the human eye (including the synthesis 
of melatonin) has exposure to light with a wavelength 
between 446 and 484 nm [3]. Light, of less than 1 
lux significantly inhibits the synthesis of nocturnal 
melatonin [3]. Melatonin is produced in a significant 
amount in the pineal gland. Amino acid L-tryptophan 
is the substrate for this synthesis. Its secretion by the 
pineal gland depends on the circadian rhythm, closely 
related to the changes of the amount of light reaching 
the retina during the day and at night, increases in 
darkness and decreases during exposure to natural or 
artificial light. Increased melatonin production is asso-
ciated with longer night periods – in an annual rhythm 
and in higher latitudes. Melatonin allows for organ-
isms adaptation to changes in lighting rhythm. Among 
commonly known properties of this substance one 
can distinguish the function of antioxidants, adjust-
ing sleep-wake rhythm, immunomodulatory function, 
effects on puberty and the process of reproduction, 
the emergence of mental disorders and diseases of the 
central nervous system [4]. Furthermore, melatonin has 
a positive influence on fight against Gram-negative 
bacterias infections by immune system, reduces the 
immunosuppressive effects of stress, enhances antitu-
mor activity of interleukin-2 (IL-2), interleukin-6 (IL-6), 
interleukin-12 (IL-12) interferon (INF-y) and increases 
level of neutral killers (NK) [4, 5]. It is known, that this 
substance may be a diagnostic and prognostic marker 
of neoplasia. In addition, melatonin heals circadian 
rhythm alteration caused by air travel (jet lag) and 
shift work [4]. 

Melatonin is also produced in rich in serotonin 
enterochromaffine cells (APUD) in the gastrointestinal 
tract. It gets to the portal circulation (endocrine effect) 
and lymphatic tissue but has also auto- and paracrine 
effect. Thus, it affects the function of mucosa and 
reduces the voltage of smooth muscle of digestive tract. 
The presence of food, not light stimulation of the retina 
is the stimulus for melatonin secretion in the gastroin-
testinal tract [5]. It has been shown that a colon cancer 
development is associated with decrease of APUD cells 
number, that synthesize serotonin, melatonin and other 
peptides [6, 7]. 

Melatonin may participate in the process of neo-
plasia in female reproductive system through various 
ways [9]: 

melatonin has anti-estrogenic properties – reduces  –
estrogen secretion by the ovaries, 

 There are an evidence that suppresion of the hypo-
thalamus-pituitary-ovarian axis reduces LH and 
17betha estradiol [10]. Deteriorated levels of mela-

tonin during night-work cause an increased level of 
estrogen in premenopausal women [11]. 
melatonin stimulates the synthesis of progestagens  –

 It seems that via an impact on the transcriptional 
activity of the steroidogenic enzymes melatonin 
may modulate ovarian theca cell steroidogenesis at 
the molecular level [12, 13]. 
the occurrence of seasonal variability in, e.g. endo- –
metrial hyperplasia can be associated with mela-
tonin levels.

 According to Dznelashvili (2013) received results, 
the more complicated the type of endometrial 
hyperplasia is, the more consistently melatonin is 
reduced in blood plasma [14]. 
melatonin levels decrease rapidly during meno- –
pause period – typical period of breast and endo-
metrium cancers occurrence, 

 Melatonin therapy in menopausal patient causes 
the decrease of LH and FSH level in the blood 
and this therapy is under intensive investigation 
as a kind of pineal-pituitary-ovarian axis control 
[15, 16]. 
obesity is often associated with cancer – such per- –
sons have more frequent disturbed daily melatonin 
levels, 

 Significant finding is the induction by melatonin 
of white adipose tissue browning, which may be 
related to its effects against oxidative stress as 
well as body weight reduction in experimental 
animals [17]. 
diabetes, which is correlated with the occurrence  –
of certain cancers (e.g. endometrial cancer), causes 
reducing in secretion of melatonin by the pineal 
gland and increases the likelihood of calcification 
of this gland [10, 17]. 

 For example the mean of salivary melatonin level 
was significantly lower in patients with type II dia-
betes [18]. 
During in vitro treatment, it was found, that mela-

tonin inhibits the process of angiogenesis in tumors 
(decreases the expression of VEGF receptor and increas-
es the expression of epidermal growth factor receptor 
and insulin growth factor-1), and significantly affects 
the rate of cell’s DNA synthesis in some tumors [19, 
20]. As it was mentioned, it has been shown that it 
may prevent tumor development by enhancement of 
immune-response: it stimulates proliferation and matu-
ration of immune cells (NK, T/B- lymphocytes, granulo-
cytes monocytes) [20]. In vitro, melatonin significantly 
inhibits tumor growth of endometrial, stomach and 
adrenals cancer, and in some cases of renal, colon and 
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rectum cancer. In clinical experimental studies on rats, 
melatonin inhibited the increase of some form of pros-
tate adenocarcinoma [20]. The relationship has been 
shown between the growth rates of implanted human 
breast cancer cells in rats (MCF-7) and the rhythm of 
illumination. The study evaluated melatonin and lino-
lenic acid levels in the two groups of rats – first, which 
lived alternately twelve hours in light and darkness, 
and the other exposed to light all day and night. In 
rats that were exposed to artificial lighting all the time 
lower concentrations of melatonin levels was found and 
rapid proliferation of cancer. The proposed mechanism 
for melatonin, which limits the growth of the tumor 
is inhibition of the cellular receptors of tumor’s cells, 
thus affecting the metabolic linolenic acid utilization. 
Another study revealed that melatonin has directly 
inhibitory effects on MCF7 human breast cancer cell 
growth in culture, although supra- or subphysiological 
levels of melatonin are completely ineffective [21]. Also 
precursors and metabolites of melatonin such as sero-
tonin, N-acetylserotonin and 6-hydroxymelatonin do 
not inhibit MCF-7 cell growth. It seems that the anti-
proliferative effect of melatonin may be dependent on 
the presence of serum and a complex interaction with 
hormones such as estradiol and/or prolactin because 
without it melatonin loses antimetabolic function [21]. 
In terms of breast cancer, population-based case-con-
trol study suggests that polymorphisms in circadian 
genes and melatonin’s biosynthesis genes (like CLOCK, 
MTNR1B, NPAS2 and ARNTL) may be involved in the 
process of neoplasia [21]. 

In case of endometrial cancer, the cytostatic effect 
of melatonin seems to be mediated by melatonin recep-
tor 1 (MT1) but not MT2, and attenuation of estrogen 
receptor alpha (ER alpha) expression in endometrial 
cancer cells [22]. 

Other experimental studies also confirm anticarci-
nogenic impact of that substance – eg. the adminis-
tration of melatonin in rats with removed pineal gland 
results in inhibition of carcinogenesis [23]. It has been 
found in experimental studies in rats that changes in 
circadian rhythm significant disturb the functioning of 
the immune system (inter alia characterized by chang-
es in the blood results) and increase the risk of tumor 
growth. Melatonin reduced the risk of such effects 
[23] and we can conclude it has immuno-modulating, 
anti-carcinogenic, antiproliferative and anti-inflamma-
tory properties. 

Interesting study of Qin et al. (2012) has shown one 
of the possible anti-proliferative and anticarcinogenic 
mechanism of melatonin. It reveals, that the hormone 

may reduce the levels of MMP9 (matrix metallopro-
teinases) mRNA and protein through up-regulation of 
TIMP1 (MMP9-natural inhibitor) mRNA and protein, 
via the nuclear factor kB translocation (NFkB/p65) as 
well as through direct mechanism: inhibition of MMP-
9’s activity by binding to its active side. MMPs induced 
by inflammatory cytokines IL1β might be a potential 
mechanism that affects endothelial barrier function, so 
that might be associated with tumor invasion, metasta-
sis, and angiogenesis [24]. 

The anti-inflammatory mechanism has been also 
examined. Melatonin inhibits lipopolysaccharide 
(LPS)–induced cyclooxygenase-2 (COX-2) and induc-
ible nitric oxide synthase (iNOS) protein levels via inhi-
bition of p300 histone acetyltransferase (p300 HAT) 
activity and p52 acetylation. Interestingly, in experi-
mental studies, some carcinogens eg. 7.12-dimethyl- [a] 
anthracene (DMBA) caused growth of the maximum 
level of melatonin present in the blood during the 
night, which could indicate a physiological mechanism, 
which enables the synthesis of melatonin in the case of 
significant exposure to the carcinogen. In experimen-
tal studies in rodents, it was found that other peptides 
of the pineal gland (epitalamina) and similar synthetic 
tetrapeptide – epitalon (Ala-Glu-Asp-Gly) are potential 
inhibitors of carcinogenesis in breast cancer [25]. 

Clinical and epidemiological data 

Shift work affects daily level of melatonin in the blood 
as well as certain hormones participating in the process 
of carcinogenesis. Three years lasting research on the 
relationship between labor rhythm and expulsion of 
melatonin metabolite in morning urine (6-sulfatoxyme-
latonin) and levels of steroid hormones in plasma, in 
80 women before menopause, showed an increased 
levels of serum estradiol. It concerned women who 
have been employed in shift work for at least fifteen 
years (mean concentration of serum estradiol 10.1 pg / 
ml) compared with those who have never worked like 
that (8.8 pg / ml) (p = 0.03). It revealed a statistically 
significant inverse relationship between the number of 
worked nights within two weeks and the concentra-
tion of melatonin metabolite in urine (r = -0.30, p = 
0.008) [26]. Melatonin seems to have anti-estrogenic 
and anti-aromatase activity as well as may affect fat 
metabolism, which are risk factors of endometrial can-
cer. Viswanathan et al. conducted a study consisting 
of the 121,701 women, where 53,487 had night shift 
work and 515 of them developed invasive endometrial 
cancer. The study revealed that women who worked 
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20+ years of rotating night shifts had a significantly 
increased risk of endometrial cancer (multivariate rela-
tive risks MVRR: 1.47) and obese women doubled their 
baseline risk of endometrial cancer (MVRR, 2.09) [27]. 
Because of the fact that darkness increases the plasma 
concentrations of melatonin (treated as an anti-cancer 
substance), epidemiological studies were conducted 
among populations without the effect of light on mela-
tonin secretion – the blind and visually impaired. In 
the Swedish study, 1567 completely blind and 13 292 
visually impaired persons were found to have much 
lower risk of cancer (RR = 0.69; 95% CI = 0.59–0.82) 
respectively to general population [27]. It was also 
revealed that the average concentration of melatonin 
in the blood is significantly lower in patients with pros-
tate and breast cancer [28]. Epidemiological studies in 
the population of 78.586 women (nurses) working in 
shifts for 14 years (at least three night shifts a month), 
comparing to women who have never been working in 
shifts, showed that the risk of colorectal cancer was not 
increased (RR = 1.00; 95% CI: 0.84–1.19). Whereas, in 
the analysed population the risk was definitely growing 
on average by 35% (95% CI = 1.3–1.77), after work-
ing more than 15 years in the night-shift system [29]. 
In the same population, the risk of breast cancer grew 
moderately with the time of shift work (at least 3 night 
shifts a month). The risk of breast cancer grew in popu-
lation with the work experience from one to 29 years 
for about 8% (95% CI = 0.99–1.18 in the population 
with work experience from one year to 14 years and 
0.90–1.30 in the population with experience of 15 to 
29 years). Only long-term shift work (above 30 years) 
caused the risk significantly increased on average by 
36% (95% CI = 1.04–1.78) [29]. However, other study 
of Schernhammer et al. showed that already more 
than 20 years of rotating night shift work was related 
with elevated risk (30). When it comes to breast can-
cer Hansen examined also nurses and revealed con-
firming data: nurses who worked rotating shifts after 
midnight had a significantly increased odds ratio OR 
(1.8; CI 1.2–2.8) for breast cancer compared to nurses 
with permanent day work. No association was found in 
a small group of nurses with evening work and without 
night work (OR = 0.9; 0.4–1.9) [31]. Jia et al. in meta-
analysis of epidemiological studies confirmed associa-
tion between night shift work and breast cancer. Nev-
ertheless, Kamdar et al. in their meta-analysis conclude 
that there is weak evidence to support previous reports. 
Using random-effects models, the pooled relative risk 
(RR) for individuals with ever night-shift work exposure 
was 1.21, for short-term night-shift workers (< 8 years) 

it was 1.13 and for long-term night-shift workers (≥ 8 

years) it was 1.04 [32]. Clinical case control study in 

Seattle analysed night habits at work of 813 women 

with breast cancer and 793 women as a group con-

trol. The study showed that increased by an average 

of 14% breast cancer risk applies to people who often 

do not sleep at night in the 10 years prior to the analy-

sis (95% CI = 1.011.28). The risk of this disease did 

not grow in the case of people who usually have often 

intermittent sleep with lightening artificial light [33]. 

In relation to ovarian cancer, large prospective study 

of 181.548 women revealed no association between 

duration of rotating night shift work and risk of ovarian 

cancer [34]. 

Other occupational factors affecting 
level of melatonin 

One of the professional factor affecting melatonin 

secretion is exposure to electromagnetic fields. There 

have been a number of studies attempting to correlate 

the relationship between the effects of exposure to 

this factor and the epidemiology of breast cancer [35]. 

Most of these studies have not shown any strong rela-

tionship between these factors. Future studies should 

focus on a comprehensive assessment of the impact 

and interdependence of different exposure parame-

ters, field frequency, and co-occurrence of shift work 

and the individual factors like age and hormonal fac-

tors (eg. estrogen receptors). Norwegian study of 2619 

women is an example of a significant impact of occu-

pational exposure to electromagnetic fields and simul-

taneous shift work on carcinogenesis. The relative risk 

for carcinogenesis in this population was significantly 

increased by 20% compared to the general popu-

lation, and in the case of breast cancer increased by 

50%! [35]. 

Melatonin in treatment 

There is some evidence that high-dose of melatonin 

may be beneficial in the combined cancer’s treatment 

(e.g. with chemotherapy). Regression of tumor mass 

was described for breast cancer and prostate cancer 

but also lung, kidney, liver, pancreatic, stomach and 

colon cancer. Worth noticed is the conclusion from the 

Lissoni’s study that melatonin plus chemotherapy in 

patients with metastatic solid tumors seems to increase 

regression rate and one-year survival rate by approxi-

mately 50% compared to chemotherapy alone. Lung 
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cancer – 104 cases, breast cancer – 77, gastrointesti-
nal tract neoplasms- 42 and head and neck cancers- 
27 were taken into consideration. Another thing is that 
melatonin seems to reduce side effect of chemotherapy. 
For example, it is proven to enhance platelet number in 
patients with thrombocytopenia due to chemotherapy 
of metastatic breast cancer [7, 36]. It has an impact on 
other haematopoietic cells as well as may diminish neu-
rotoxicity, cardiotoxicity, stomatitis and asthenia [36]. 

Summary 

Circadian rhythm disorders caused by work in the 
night work shift system seems to be the interesting 
issue in practical occupational medicine. It requires 
further detailed epidemiological studies and clinical tri-
als. Please note that, for mentioned cancers, there are 
many other, highly significant risk factors. It is worth 
noting, that there is a higher risk of a malignant tumor 
occurrence while working in shifts for many years, 
especially when there are other unresponsive risk fac-
tors (eg. age, genetic factors) and customisable ones. 
Practically, the exogenous supplementation of mela-
tonin seems to be important in reducing the negative 
shift work’s impact [32, 37]. Interesting would be the 
analysis of the effectiveness of such therapy in relation 
to other health problems associated with such a system 
work, especially because recent studies showed differ-
ent activity of melatonin transcription in endometrial 
cancer. It could provide new diagnostic and prognostic 
markers od the disease [37].
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