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Abstract
Background: The main function of the pineal hormone melatonin which is mediated

via its two receptors, MTNR1A and MTNR1B, is to mediate dark signals in addition

to anti-oxidation, immune system enhancement, protection from radiation, and anti-cancer

functions. A common single nucleotide polymorphism in the MTNR1B gene is

rs#10830963, which is well known as a risk factor for type 2 diabetes mellitus. This study

intends to figure out the role of melatonin and its receptor MTNR1B gene rs#10830963

polymorphism in breast cancer incidence, diagnosis and prognosis.

Methods: This study included 43 females with breast cancer and 45 apparently normal

healthy females. Restriction fragment length polymorphism-PCR was used for amplification

and genotyping of the MTNR1B gene rs#10830963 polymorphism in whole blood. Serum

melatonin levels were measured using a ready-for-use radioimmunoassay kit.

Results: For the MTNR1B gene rs#10830963 polymorphism, we observed a

significantly higher GG genotype frequency among cases (72.1%) than controls (13.3%),

with a diagnostic sensitivity of 83.78% and specificity of 76.47%. The cases had a

frequency of 11.6% for the CC genotype and 16.3% for the CG genotype which was

significantly lower compared to controls that had a 44.4% frequency of the CC genotype

and 42.2% frequency of the CG genotype. The GG genotype had a significant association

with larger tumor volume (P=0.048). Serum melatonin levels were significantly lower

among breast cancer patients than controls. Using the ROC curve analysis, serum

melatonin showed a significant AUC (72.6%, P<0.001) with diagnostic sensitivity of

91.1% and specificity of 58% at a cut-off level of 39.5 pg/ml. Females with serum

melatonin levels ≤39.5pg/ml were at significantly increased risk for breast cancer

incidence by about 15 times more than females with levels >39.5 pg/ml. 

Conclusion: The risk for breast cancer incidence increased as the serum levels of

melatonin decreased and in females homozygous for the G allele (GG genotype) of the

MTNR1B gene rs#10830963 polymorphism. The GG genotype was found to be associated

with increased breast tumor volume as a marker of a poor prognosis breast cancer. 
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Introduction 

Among women, breast cancer remains the

most commonly diagnosed cancer. The strongest

risk factors for breast cancer include age, positive

family history, lifestyle, environmental and

hormonal factors.1 Additionally, melatonin

hormone level and polymorphisms in its receptor

genes MTNR1A and MTNR1B are recently

investigated risk factors.2,3

The pineal hormone melatonin is involved in

circadian regulation and facilitation of sleep.

Secretion of melatonin, the hormone of darkness,

is related to the duration of darkness. The main

function of melatonin, which is mediated via its

two receptors, MTNR1A and MTNR1B, is to

control dark signals in addition to antioxidant,

immune system enhancement, protection from

radiation, and anti-cancer functions. Previous

studies have suggested that melatonin may act on

cancer growth through a variety of mechanisms,

most notably by direct anti-proliferative effects on

breast cancer cells and via interactions with the

estrogen receptor (ER) pathway.3,4

Individuals, such as night shift workers, who

are exposed to light at night on a regular basis

experience circadian disruption that includes

circadian phase shifts, nocturnal melatonin

suppression, and sleep disturbances. These

individuals are not only immune suppressed, but

they are also at an increased risk of developing

different types of cancer.3

Three genes are responsible for mediating the

downstream effects of melatonin: melatonin

receptors 1 and 2 (MTNR1A and MTNR1B) and

the arylalkylamine N-acetyltransferase (AANAT)

gene. It is hypothesized that genetic variations in

these genes may lead to altered protein production

or function.4 The MTNR1B gene, spanning 13.16

kb, includes 2 exons, 1 intron, as well as 5 kb and

3.5 kb of its 5'- and 3'-flanking regions,

respectively. rs#10830963 single nucleotide

polymorphism (SNP) is located mid-way from

exon 1 (+5.6 kb) and exon 2 (−5.9 kb) of the

MTNR1B in a non-conserved sequence across

species.5

The association of breast cancer development and

serum melatonin hormone level has been extensively

investigated over the years, usually confirming a

definite inverse relationship.6 On the other hand, a

number of studies have reported an association

between MTNR1B gene rs#10830963 SNP and

the risk of hyperglycemic diseases.5 This wave has

been extended to cover many other diseases, but not

cancer. Very recently, Deming et al.4 considered to

be pioneers in the search to find an association

between breast cancer susceptibility and both

MTNR1A rs#7665392 and MTNR1B rs#10765576

SNP have reported that this association may vary by

menopausal status. To the best of our knowledge,

to date no study has been published that associates

the MTNR1B gene rs#10830963 SNP with breast

cancer. This study aimed to determine the association

of melatonin hormone levels and rs#10830963 SNP

in its receptor MTNR1B gene with the risk for

breast cancer incidence.

Subjects and Methods

Subjects

This study was conducted on 88 females admitted

to the Department of Cancer Management &

Research of the Medical Research Institute,

Alexandria University, Egypt within the period

from November 2011 to December 2012. Females

were divided into two groups: Group I (breast

cancer group) consisted of 43 females proven to

have histologically and mammography confirmed

breast cancer, recently detected with clinical stages

II or III, with no surgical, chemotherapy or

radiotherapy interventions. Patients had a mean

age of 52.5±10.7 years. Group II (normal healthy

control group) consisted of 45 normal healthy

female volunteers with no breast pathology, matched

for age (48.4±9.3 years), menstrual status and

socioeconomic status with the patients of group I. 

Methods

This research protocol was approved by the

Ethical Committee of the Medical Research Institute,

Alexandria University, Egypt. Each patient

underwent full history recording, thorough clinical

examination, routine laboratory investigations that

included complete blood count (CBC), breast
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mammography and ultrasonography of the abdomen

and liver, radiological investigations that included

chest X-ray, CT scan and bone scan when necessary,

and fine needle aspiration cytology (FNAC) of the

breast mass to establish the pathological diagnosis

of breast cancer. 

The clinicopathologic data were obtained from

patients’ pathology reports. The collected data included

tumor size, pathological tumor grade, axillary lymph

node involvement, Her-2 expression, vascular invasion

and status of ER and progesterone receptor (PR).

Each patient's clinical stage was determined by the

oncologist according to the TNM classification

system.7 Tumor volume (cm3) was calculated from

tumor size (cm) using the following formula:8

All 43 breast cancer patients underwent modified

radical mastectomies,9 then received adjuvant

combination chemotherapy [5-fluorouracil,

adriamycin and cyclophosphamide (FAC)]10 for

six cycles. After six cycles of chemotherapy, breast

cancer patients underwent clinical, laboratory

analyses and radiological evaluations in order to

evaluate the clinical response. 

After obtaining an informed consent from each

female participant, peripheral venous blood samples

were taken from both patients and controls early in

the morning and at the same time. Immediately, each

sample was divided into two portions: one portion

was collected in EDTA-coated tubes from which

genomic DNA was extracted from whole blood

and the other portion was collected in plain tubes

from which serum was obtained for determination

of melatonin levels. 

Genomic DNA extraction from whole blood

This procedure was carried out according to

Sambrook et al.11 followed by 1% agarose gel elec-

trophoresis. 

Amplification of MTNR1B gene by polymerase

chain reaction (PCR)

MTNR1B gene, localized on chromosome

11q21-q22, was amplified via polymerase chain

reaction (PCR) using isolated genomic DNA from

whole blood of patients and controls. This gene

contained the rs#10830963 SNP. The following

primers were used: forward (5'-ATG CTA AGA

ATT CAC ACC AGC T-3') and reverse (5'-CAC

AGT GCA GAC TGT TTT CTA ATC-3').12 Primers

were HPLC purified and obtained from AccuOligo®

(Bioneer Co., Korea). PCR reaction was carried

out in a final volume of 25 µl which included: 12.5

µl PCR GoTaq Green Promega Master Mix, 4 µl

DNA template, 1 µl of a stock (10 pmol/µl) of each

forward and reverse primer and 6.5 µl nuclease-free

water. The reaction tubes were held in the PCR

thermocycler (pEQ Lab Primus 25, Germany). PCR

conditions were set as follows: an initial denaturation

of 95°C for 5 min, followed by 35 cycles, each

composed of 94°C for 1 min, 60°C for 1 min, and

72°C for 25 sec, and a final extension of 72°C for

10 min. After termination of the reaction, 5 µl of the

PCR product was loaded onto a 2% agarose gel elec-

trophoresis and visualized under

UV-transilluminator. The expected PCR product

was 125 base pair (bp). 

Genotyping of the MTNR1B gene rs#10830963

polymorphism using the restriction fragment length

polymorphism (RFLP) technique

MTNR1B gene rs#10830963 polymorphism

genotyping was performed by restriction fragment

length polymorphism (RFLP) analysis. The resultant

125 bp PCR product was digested with the

restriction enzyme FastDigest® Proteus vulgaris

Type II (PvuII; Fermentas Chemical Co.). The

digestion reaction volume (20 µl) consisted of 10µl

of resultant PCR product, 1 µl PvuII enzyme, 2 µl

enzyme buffer (10×) and 7 µl nuclease-free water.

The reaction was allowed to incubate at 37°C for 10

min. Subsequently, products of restriction digestion

were loaded onto a 4% agarose gel electrophoresis

along with the 50 bp ladder and analyzed.

Determination of serum melatonin levels using a

ready-for-use radioimmunoassay (RIA) kit

Serum melatonin levels were determined using

a ready-for-use radioimmunoassay (RIA) kit

(DIAsource ImmunoAssays S.A., Belgium)

MTNR1B Gene rs#10830963 and Breast Cancer
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according to the manufacturer's protocol. Briefly, 20

µl of each standard and quality control were pipetted

into their respective tubes followed by the addition

of 200 µl of equalizing reagent into each tube.

Next, 200 µl of each sample were added to their

respective tubes. 50 µl of enzyme were added to all

tubes, followed by mixing. All tubes were incubated

for 1 h at room temperature. 100 µl of assay buffer

were pipetted into all tubes with mixing. A total of

50 µl of melatonin antiserum were added to all

tubes, mixed thoroughly, and incubated at room

temperature for 1 h. Next, 50 µl of 125I-labeled

melatonin were added to each tube and mixed

thoroughly. All tubes were covered and allowed to

incubate overnight at room temperature.

The following day, 1000 µl of cold precipitating

reagent were pipetted into all tubes and mixed on

a vortex, followed by incubation for 20 min at 2-8°C,

then centrifuged for 20 min at 6000 rpm in a cooling

centrifuge. The supernatant was decanted with

extreme care prior to blotting the tubes for dryness

by leaving them upside down for 2 min. Finally all

tubes were counted for 1 min in a gamma counter

(Perkin-Elmer, Finland).

Statistical analysis

Data were analyzed using the Predictive

Analytics Software (PASW Statistics 18) for

Windows (SPSS Inc., Chicago, IL, USA). The

distributions of quantitative variables were tested for

normality using the Kolmogorov-Smirnov test. If the

data was distributed normally it was described as

mean±standard deviation, and the parametric tests

were applied (independent t-test). In cases where the

data were abnormally distributed, it was described

by the median, minimum and maximum, and the

non-parametric test was used (Mann-Whitney test). 

The frequencies of distribution of MTNR1B

gene rs#10830963 polymorphism   genotypes for

patients and controls were compared using the chi-

square test. When more than 20% of the cells had

an expected count less than 5, correction for the chi-

square was conducted using Fisher's exact test.

Odds ratio (OR) and 95% Confidence interval (CI)

were also calculated to quantify the association

between breast cancer risk and MTNR1B gene

rs#10830963 polymorphism. Significance test

results were quoted as two-tailed probabilities.

Significance of the obtained results was judged at

the 5% level.

Figure 1. 1% agarose gel electrophoresis for DNA isolated from whole blood of some study subjects.  Lanes 1-6: genomic DNA, Lane M: 1

Kbp DNA ladder. 

Table 1. Distribution of polymorphic variants of the MTNR1B

gene rs#10830963 polymorphism among breast cancer patients and

controls.
Genotype    Controls (n=45) Cases (n=43) P-value

No. % No. %

CC 20 44.4 5 11.6 <0.001*

CG 19 42.2 7 16.3 <0.001*

GG 6 13.3 31 72.1 <0.001*
*: P<0.05 was statistically significant.; No.: Sample size

Table 2. The diagnostic sensitivity and specificity of the GG

genotype of MTNR1B gene rs#10830963 polymorphism among

breast cancer patients.

Genotype Controls (n=45) Cases (n=43)

No. (%) No. (%)

CC+CG (-ve) 39 (86.7) 12 (27.9)

GG (+ve) 6 (13.3) 31(72.1)

Sensitivity 83.78%

Specificity 76.47%
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Results

Genomic DNA extraction from whole blood

Genomic DNA isolated from all subjects enrolled

in this study was analyzed using 1% agarose gel

electrophoresis as shown in Figure 1. The isolated

DNA was found to be intact and suitable for

genotyping of the MTNR1B gene polymorphism by

RFLP-PCR.

Amplification of the MTNR1B gene by polymerase

chain reaction (PCR)

A partial fragment of the melatonin receptor

gene that contained SNP rs#10830963 was amplified

via PCR. A PCR product of 125 bp was detected by

running aliquots of the PCR product on 2% agarose

gel electrophoresis (Figure 2).

Genotyping of MTNR1B gene rs#10830963

polymorphism using the restriction fragment length

polymorphism (RFLP) technique

The obtained PCR product was digested by

PuvII (fast digest) in order to genotype the

MTNR1B gene polymorphism. Three possible

genotypes could be detected from the resultant

RFLP-PCR patterns. Homozygous genotype (CC

alleles) appeared as a single uncut band (125 bp),

homozygous genotype (GG alleles) appeared as

two bands (105 bp and 20 bp) and the heterozygous

genotype (CG alleles) appeared as three bands (125

bp, 105 bp and 20 bp). However, the 20 bp band was

not visualized on the 4% agarose gels due to limited

resolution of agarose for very small fragments

beyond 50 bp (Figure 3).

Distribution of the polymorphic variants of the

MTNR1B gene rs#10830963 polymorphism among

patients and controls was shown in Table 1. There

was a significantly higher frequency of the GG

genotype among cases (72.1%) compared to controls

(13.3%; P<0.001) whereas there was a significantly

lower frequency of the CC (11.6%) and CG (16.3%)

genotypes among cases compared to controls.

Controls had a 44.4% frequency of the CC genotype

and 42.2% frequency of the CG genotype (P<0.001).

Compared with combined CC and CG genotypes

(individuals with either CC or CG genotypes), the

diagnostic sensitivity and specificity of the GG

genotype was 83.78% and 76.47%, respectively

(Table 2).

As shown in Table 3  the presence of the GG

genotype significantly increased the risk for breast

cancer by approximately 21 times more than the CC

genotype (OR=20.67; 95% CI=4.77-99.33). On

the other hand, there was no significant association

of the CG genotype with the risk for breast cancer

incidence (OR=1.47; 95% CI=0.34-6.61).

In terms of an association between the different

genotypes of the MTNR1B gene rs#10830963

polymorphism and breast cancer clinicopatholog-

ical data, the mean±SE values for tumor volume

were significantly larger (26.79±0.45 cm3) among

patients who had the GG genotype compared to

those with either the CC or CG genotypes

Figure 2. 2% agarose gel electrophoresis for PCR products of the MTNR1B gene amplified from some of the study subjects. Lanes 1-6: PCR

products (125 bp), Lane M: 50 bp DNA ladder.

Figure 3. 4% agarose gel electrophoresis for restriction fragment length

polymorphism (RFLP) of the amplified MTNR1B gene of some

study subjects. Lanes 1,2,4,6: CG genotype (uncut allele C 125 bp,

cut allele G 105 bp), Lane 3: GG genotype (cut allele G 105 bp), Lane

5: CC genotype (uncut allele C 125 bp), Lane M: 50 bp DNA ladder.

MTNR1B Gene rs#10830963 and Breast Cancer
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(6.64±0.48 cm3; P=0.048; Figure 4). The other

clinicopathological data showed non-significant

associations with the different genotypes of the

MTNR1B gene rs#10830963 polymorphism.

As shown in Figure 5, patients had significantly

lower mean±SE levels of serum melatonin (39.2±3.2

pg/ml) than controls (58.9±5.9 pg/ml; P=0.021).

According to ROC curve analysis (Figure 6), serum

melatonin showed a significant area under the curve

(72.6%, P<0.001) with a diagnostic sensitivity of

91.1% and specificity of 58% at a cut-off level of

39.5 pg/ml.

As shown in Table 4, females with serum

melatonin levels ≤39.5 pg/ml had significantly

increased risk for breast cancer incidence. This risk

was approximately 15 times more than females

who had levels >39.5 pg/ml (OR=14.24; 95%

CI=4.32-46.90).

The mean±SE levels of serum melatonin were

non-significantly lower among patients who carried

the GG genotype of the MTNR1B gene

rs#10830963 polymorphism (46.48±5.28 pg/ml)

compared to those with either CC+CG genotypes

(50.25±16.82 pg/ml; P=0.255). 

Discussion

Numerous studies on humans have focused on

evaluating changes in melatonin levels during tumor

growth in order to define the possible involvement

of the pineal gland in breast carcinogenesis, as well

as to search for the value of serum melatonin

hormone level changes as a diagnostic and

prognostic marker. Cohen M.13 was the first to

suggest that a decrease in pineal activity would

contribute to the etiology of breast cancer by causing

a state of relative hyper-estrogenism. 

The results of the present study showed

significantly lower serum melatonin levels in cases

compared to controls (P=0.021). Our results

confirmed the results of numerous previous studies.

Bartsch et al.6 published the first study which

demonstrated that urinary melatonin levels

diminished in patients with breast cancer. The

melatonin excretion patterns of the cancer patients

were not synchronized compared to synchronized

patterns of the controls. Bartsch et al.6 suggested that

pineal melatonin secretion might be modified in

quantity as well as rhythmicity in breast cancer

patients. In a small study of 10 women with stages

I or II breast cancer, Tamarkin et al.14 showed that

women with breast cancer had lower levels of peak

plasma melatonin concentration than control

subjects.

The results of the current study showed that

females with lower serum melatonin levels of ≤39.5

pg/ml were at a significantly increased risk for

breast cancer incidence. This risk was approximately

15 times more than females with levels >39.5 pg/ml

(OR=14.24; 95% CI: 4.32-46.90). Our results

supported numerous studies in humans that

measured circulating melatonin levels in women

with breast cancer which sought to determine the

Table 3. Association of polymorphic variants of the MTNR1B gene rs#10830963 polymorphism with risk for breast cancer incidence.

Genotype Cases (n=43) Controls (n=45) OR (95% CI)

No. % No. %

CC ® 5 11.6 20 44.4 --

CG 7 16.3 19 42.2 1.47 (0.34-6.61)

GG 31 72.1 6 13.3 20.67 (4.77-99.33)*
*: Significant at P<0.05; ®: Reference genotype; OR: Odds ratio

Figure 4.Association of polymorphic variants of the MTNR1B gene

rs#10830963 polymorphism with tumor volume (cm3) of breast

cancer patients. *: Significance was compared with CC+CG genotypes.
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relationship between pineal function and the

incidence and evolution of this type of tumor.15,16

All reported that lower melatonin hormone levels

were a valuable risk factor for breast cancer

occurrence. Wu et al.17 hypothesized that an inverse

association between sleep duration and breast cancer

risk was possibly due to greater overall melatonin

production in longer sleepers. In contrast, Pinheiro

et al.18 reported no such association, possibly

because the selected residential nurses that were

studied had rotating-shift work and variations in the

timing of their sleep. Hence data collected from their

study might be inappropriate.

The current study revealed non-significant

correlations between serum melatonin levels and

clinicopathological data of breast cancer patients. In

contrast to the present study, Bartsch et al.19 found

that the reduction in peak amplitude of melatonin

to be directly correlated with tumor size. Increased

tumor size staged as T1, T2, and T3 had reductions

in peak melatonin amplitudes of 27% (T1), 53%

(T2), and 73% (T3).19 This contradiction could be

attributed to the times at which blood samples were

obtained and individual variations among the

selected populations.

In addition to decreased melatonin hormone

levels, several studies identified various disease-

predisposing SNPs in the melatonin receptor

MTNR1A and MTNR1B genes. The most common

disease associated with these SNPs was type 2

diabetes mellitus (T2DM) and increased fasting

blood glucose levels.20 The importance of T2DM

was a possible link that existed between this disease

and breast cancer incidence.21 Although the results

of the current study have revealed no significant

association between the GG genotype of the

MTNR1B gene rs#10830963 polymorphism and the

incidence of T2DM, numerous studies have shown

a significant association between GG genotype of

the MTNR1B gene rs#10830963 polymorphism

and the incidence of T2DM.22-24 This contradiction

could be explained by the finding that only 12/43

(27.9%) of our cases had T2DM; this sample size

could be considered too small to confirm any

Table 4. Association of serum melatonin levels with risk for breast cancer incidence.

Melatonin Controls (n=45) Cases (n=43) OR (95% CI)

cut-off  (pg/ml) No. % No. %

>39.5 ® 41 91.1 18 41.9 14.24 (4.32-46.90) 

≤39.5 4 8.9 25 58.1
®: Reference genotype; OR: Odds ratio; No.: Sample size

Figure 5. Serum melatonin levels among breast cancer patients and controls.

*: Significance was compared with the control group.

MTNR1B Gene rs#10830963 and Breast Cancer
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association.  

The results of the current study showed a

significantly higher frequency of having the GG

genotype of the MTNR1B gene rs#10830963

polymorphism in cases compared to controls

(P<0.001). However, the frequency of having the

CC or CG genotype was significantly lower among

the cases than controls (P<0.001 for both).  The

results of the current study revealed that in

comparison with the CC genotype of the MTNR1B

gene rs#10830963 polymorphism, an increased

risk of breast cancer incidence was associated with

the GG genotype (OR=20.67; 95% CI: 4.77-99.33).

However we have shown no significant association

of the CG genotype with breast cancer incidence

(OR=1.47; 95% CI: 0.34-6.61). This means that the

homogeneity for the G allele (i.e., the GG genotype)

of the MTNR1B gene rs#10830963 polymorphism

is a risk factor for breast cancer incidence; the

presence of the C allele (either homogeneous CC or

heterogeneous CG) is essential for protection from

breast cancer. 

The results of the present study have shown a

significant association between the GG genotype of

the MTNR1B gene rs #10830963 polymorphism

and larger breast tumor volume (P=0.048). As

breast tumor volume is a marker of poor prognosis

in breast cancer, the GG genotype can be used to

give an indication about the clinical outcome of

breast cancer patients. However, the other breast

cancer clinicopathological data were not significantly

associated with the GG genotype of the MTNR1B

gene.

In the current study, the diagnostic sensitivity of

serum melatonin was 91.1% and its specificity was

58%. For the GG genotype of the MTNR1B gene

rs#10830963 polymorphism, the diagnostic

sensitivity was 83.78% and specificity was 76.47%.

The GG genotype of the MTNR1B gene

rs#10830963 polymorphism is associated with

breast tumor volume, one of the markers of poor

breast cancer prognosis. Serum melatonin has no

association with breast cancer prognosis.

Current studies have investigated the possible use

of melatonin to control human cancers. Sharman et

al.25 used dietary melatonin in vivo to reduce tumor

number and size in aged male mice. This confirmed

the idea that melatonin hormone might be useful as

a strategic plan for controlling and treating breast

cancer. Seely et al.26 have recommended that

melatonin may benefit cancer patients who are also

receiving chemotherapy, radiotherapy, supportive

therapy, or palliative therapy by improving survival

and ameliorating the side effects of chemotherapy.

Wang et al.27 have stated that melatonin, as an

adjuvant therapy for cancer, led to substantial

improvements in tumor remission and alleviation of

radiochemotherapy-related side effects.

Finally, it can be concluded that the risk for

breast cancer increases in females who are

homozygous for the G allele of the MTNR1B gene

rs#10830963 polymorphism (i.e., the GG genotype).

Figure 6. ROC curve for serum melatonin in breast cancer patients before surgery.
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Additional risk follows those with deficiencies in

blood serum melatonin levels. This can be explained

as the abnormal variant of rs#10830963 in the

MTNR1B gene may lead to functional and activity

changes in melatonin receptor, as well as a

deficiency in melatonin that possibly contributes to

breast cancer. The GG genotype of the MTNR1B

gene rs#10830963 polymorphism is associated with

increased breast tumor volume which is one of the

markers of poor prognosis for breast cancer, while

serum melatonin has no association with breast

cancer prognosis.

To the best of our knowledge this is the first study

that has investigated the association of melatonin

hormone levels and the rs#10830963 polymorphism

in its receptor MTNR1B gene with the risk for

breast cancer incidence by determining their

diagnostic and prognostic values in breast cancer

females. The results of the current study need to be

verified by further studies with larger study

populations.
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