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Abstract: Background: MTNR1A and MTNR1B are the essential receptors for melatonin physiological activity. Circadian genes 

expression disrupted can alter breast biology and may promote cancer. Aim: In this study, we investigated the expression of MTNR1A 

in association to circadian clock genes (Period 1, Period 2, and Cry 1) in the different stages of breast cancer according to AJCC 

staging system classification. Methods: Cell viability (MCF - 7) breast cancer line and normal breast cell were studied through Real - 

Time Polymerase Chain Reaction (RT - PCR) to evaluate gene expression of melatonin receptor (MTNR1A) and circadian clock genes 

Per1, Per2, and Cry1. Results: Our results revealed that MTNR1A gene was significantly up - regulated in normal breast compared to 

the MCF - 7 breast cancer and significantly down - regulated in stage IV compared to other stages. Both Per1 and Per2 genes were 

significantly down - regulated in MCF - 7 breast cancer line compared to the normal breast cell. Cry1 gene was up - regulated in stage 1 

breast cancer and down - regulated in stage IV breast cancer cell. In addition, our data demonstrate a strong association between 

MTNR1A expression and circadian genes (Per1, Per2 and Cry1) expression in different stages of breast cancer. Conclusion: Our data 

indicate that altered gene expression of MTNR1A and circadian genes in breast cancer tissue. In addition, confirmation of association 

between MTNR1A and circadian genes expression may point to future use of melatonin and circadian clock as molecular basis 

treatment of breast cancer.  
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1. Introduction 
 

Melatonin (N - acetyl - 5 - methoxytryptamine) is 

neuroendocrine hormone mainly produced by the pineal 

gland and other tissues (1). It has several protective roles in 

many physiological areas such as seasonal reproduction, 

circadian rhythm regulation, effective endogenous scavenger 

for free radical, and anti - apoptotic factor (2, 3). On the 

contrary, melatonin also plays a vital role as oncostatic agent 

in different cancers type through anti - metastatic, anti - 

invasive, modulation of oncogene, antiangiogenic effects, 

anti - proliferative and proapoptotic actions (4 - 7). 

Melatonin mediated its action through bind to G protein - 

coupled receptors to accomplish its cellular actions. 

Melatonin receptors are classified into type MTNR1A or 

MT1 and MTNR1B or MT2 with highest affinity, and are 

predominately mediating the downstream effects of 

melatonin (8). Many of the anti - cancer actions of melatonin 

are intermediated through two membranous G protein 

receptors. The two membranous G protein receptors found 

in mammals and humans are the MT1 melatonin receptor 

(formerly the Mel1a), which is expressed by the MTNR1A 

gene, and the MT2 melatonin receptor (formerly the 

Mel1B), which is expressed by the MTNR1B gene (9). It is 

vastly fair that melatonin largely binds to MTNR1A to 

mediate it anticancer actions (10). Higher MTNR1A 

expression was reported to be correlated with a less - 

malignant histologic subtype of breast cancer and a higher 

survival rate of breast cancer patients (11). A similar 

findings association was also detected in carcinoma of oral 

squamous cell (12). To the present, there is no research 

conducted to elucidate melatonin receptors expression in 

different breast cancer stages.  

 

Circadian rhythm is the natural internal cyclic changes 

system in all living organisms everywhere on, produced by 

the endogenous circadian clock. Circadian rhythm plays a 

crucial role in the homeostasis and maintenance of genomic 

stability (13). The pacemaker of circadian rhythm is found in 

the suprachiasmatic nucleus of the hypothalamus, which 

synchronizes with both: endogenous (internal) and 

exogenous (external) factors (14). Peripheral regulator 

mechanisms are distributed in many organs including breast 

(15). Disruption of Circadian rhythm may excite various 

tumor - related processes (16). A relevant process for cells, 

such as cell cycle is indirectly controlled by clock genes. As 

a consequence, disruptions of this regulator mechanism are 

marked by abnormal cell division in many types of cancer 
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(17). This is supposedly produced by the disrupted synthesis 

of melatonin hormone, due to a permanent exposure to 

artificial light during the night, which particularly relates to 

night shift workers (18). Clock genes disruption in 

mammary tissue may result in cell cycle dys - regulation, 

which is produced by irregular cell divisions, which can be 

related with tumor progression and a more aggressive type 

of breast cancer tumors (19). However, studies investigating 

the association of MTNR expression with circadian clock 

gene expression (Period 1, Period 2, and Cry 1) in the MCF - 

7 and MCF - 10 human breast cancer have not been 

reported. Therefore, we investigate the expression of 

MTNR1A in association to circadian clock genes (Period 1, 

Period 2, and Cry 1) in the different stages of breast cancer 

according to AJCC staging system classification.  

 

2. Material and Methods 
 

2.1 Samples 

 

Ten identical plates cDNA which contain normal and breast 

cancer with different stages was purchased from OriGene 

Technologies, Inc.9620 Medical Center Drive Suite 200 

Rockville, MD 20850 USA.  

 

2.2 Real - Time Polymerase Chain Reaction (RT - PCR)  

 

qRT - PCR was performed with a Rotor - Gene Q PCR 

(QIAGEN, German), using 2 μLcDNA, 10 μL 2X 

Sybergreen Master mix (150mM Tris, pH 9.2, 40mM (NH4) 

2SO4, 5mMMgCl2, 0.02% Tween - 20, 0.4mM dNTPs, 1.25 

Units Taq Polymerase, 1X Sybergreen) and 0.5 μL of 20μM 

gene - specific primers (Table 1). Primers were designed 

based on theoretical optimal conditions, which included 

primer melting temperature, primer annealing temperature, 

GC content, cross homology, and primer secondary 

structures. All primers were purchased from Bio - Basic 

Canada Inc. (Ontario, Canada). The specificity and size of 

the PCR products were tested by adding a melt curve at the 

end of the amplifications, analysis on a 2% agarose gel of 

the bands. Amplicon Bands were isolated and sequenced. 

The reaction protocol consisted of one activation cycle of 

50◦C for 2min followed by 95◦C for 15 s. Thereafter, 40 

cycles of denaturation at 95◦C for 15 s, and at 60◦C 

annealing/extension for 2min were performed. Although 

normalization to RPL13 and Ubiquitin C showed similar 

trends, all values were normalized to Ubiquitin C. The 

2−
ΔΔCT

 method was used for relative quantification for qRT - 

PCR experiments. The primers sequence for MTNR1A, 

MTNR1B, Period 1, Period 2, Cryptochrome 1 genes are 

given in table 1.  

 

2.3 Ethical approval  

 

This research was approved by the post graduate board of 

University of Gezira, Sudan, in 2018.  

 

2.4 Statistical Analysis 

 

The results were subjected to statistical analysis using SPSS 

version 23 (IBM Corporation, NY, USA). Data were 

expressed as means with standard error or standard 

deviation. Gene expression levels in the breast cancer tissue 

samples were compared with the non - tumorous tissue 

samples (normal tissue), by using the paired t - test. 

Comparison between the multiple groups was performed by 

using the analysis of variance (ANOVA), followed by the in 

between - group comparisons with the Tukey HSD test if 

ANOVA yielded a significant difference. Correlation 

between variables was performed by using the Spearman 

test. Significance was considered for p levels less than 0.05.  

 

3. Results  
 

To evaluate melatonin receptors M1 and M2 genes 

expression, encoding via MTNR1A and MTNR1B, were 

affected in the breast cancer, we achieved RT - PCR in the 

patient with breast cancer compared to normal cells. Our 

result showed highly significant up - regulation for 

MTNR1A gene in normal breast tissue compared to breast 

cancer tissue P < 0.009. Whereas MTNR1A highly 

significant down regulated in breast cancer tissue compared 

to normal breast tissue (P < 0.009). Fig 1A. To evaluate 

whether MTNR genes expression and circadian clock genes 

are associated with tumor stages, we investigated the MCF - 

7 human breast cancer according to AJCC (American Joint 

Committee on Cancer Staging System for Breast Cancer) 

staging system classification. MTNR1A gene was up - 

regulated at substantial levels in normal breast tissue 

compared to all breast cancer stages P < 0.05. Furthermore, 

MTNR1A gene was substantial down - regulated in stage IV 

compared to other breast cancer stages. Fig 1B.  

 

Per 1 and per 2 clock genes demonstrate significantly up - 

regulated expression in normal breast tissue compared to 

breast cancer tissue at P < 0.001 and P < 0.000 respectively. 

Furthermore, there was no significance difference in both 

period 1 and period clock genes between different stages of 

breast cancer. Fig 2A and 2B  

 

Our result demonstrated a strong association between 

MTNR1A gene expression with Period clock gene at P < 

0.000 and Period 2 clock gene at P < 0.003, Fig.3A and 3B, 

respectively.  

 

Cry 1 gene was significantly up regulated with a higher level 

in stage I breast cancer compared to normal breast cancer 

tissue P < 0.05. Furthermore, Cry 1 gene was significantly 

down - regulated in stage IV breast cancer compared to 

stages II and III of breast cancer P < 0.05. Fig 3A. In 

addition, our analysis showed association between 

MTNR1A gene expressions with Cry 1 gene P < 0.05. Fig 

3B.  

 

4. Discussion  
 

MCF - 7 cell line is a usually used in - vitro experimental 

model for evaluating the biological activity, the resistance of 

drug and treatment strategies in breast cancer. Melatonin 

hormone antagonizes cancer occurrence and cancer cell 

progression in several cancer types in vitro and in vivo. 

MTNR1A and MTNR1B are the essential receptors for 

melatonin exerting physiological activity. Circadian clocks 

respond to environmental time cues to coordinate 24 - hour 

oscillations in almost every tissue of the body. In the breast, 

circadian clocks regulate the rhythmic expression of 
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numerous genes. Disrupted expression of circadian genes 

can alter breast biology and may promote cancer. In this 

study, we investigated the expression of MTNR1A in 

association to circadian clock genes (Period 1, Period 2, Cry 

1) in the different stages of breast cancer according to AJCC 

staging system classification. In this study, a major finding 

was the significant association between MTNR1A gene 

expression and circadian clock genes expression in different 

stages of breast cancer. We also observed that MTNR1A 

was up - regulated in breast cancer stages I, II and III 

whereas down - regulated in stage IV. MTNR1A gene was 

significantly up regulated in normal breast cell compared 

with breast cancer in different stages. Dillon and his 

colleagues for the first time manifested the expression of 

MTN1A in normal tissue and in breast cancer in paraffin 

sections (18).  

 

The direct melatonin oncostatic effect might mediate 

through its binding with MTNR1A and MTNR1B specific G 

protein receptors in the cell membrane (19). Expression of 

MT1 melatonin receptor in human breast cancer cells both 

declines the basal in vitro proliferative rate and enhances the 

responsiveness of MCF - 7 cells to melatonin (20). MCF - 7 

line breast cancer cells express low levels of the MTR1A 

receptor, they show a growth suppressive response to 

melatonin whereas the MDA - 231 line cells, which express 

low levels of the receptor are unresponsive to melatonin 

(21). In the presented results, MTNR1A was expressed in 

MCF - 7 breast cancer line in stage I, II and III whereas 

down - regulated in stage IV. Previous data also 

demonstrated the positive association between MTR1A gene 

expression and grade of malignancy in breast cancer (18). 

The MTNR1A gene expression was negatively correlated 

with the invasive abilities of breast cancer cell lines (22). 

Expression of the MTNR1A gene may raise the level of 

constitutively active receptors; result in a higher suppression 

of cellular proliferation malignant tumor.  

 

In addition to facilitating regulate circadian cycles, the core 

clock genes have been established to influence cancer 

related pathogenesis such astumor - suppressor genes, cell 

cycle, apoptosis and cell proliferation. Previous have 

demonstrated that overexpression of Per1 and Per2 

suppresses the growth of various cancer cells. Period1 plays 

a role in apoptosis in human cancer cells, when its down - 

regulation stopping apoptosis and its over expression 

enhancing DNA damage and induced apoptosis (23). Both 

PER1 and PER2 may suppress breast cancer in vivo by 

inducing apoptosis (24). In the present study both Per1 and 

Per2 was expressed in normal breast tissue and breast cancer 

cell line. Expression of Per1 and Per2 genes were 

significantly up - regulated in non - tumor cell compared to 

breast cancer cell line. The first study on circadian gene 

expression in human breast cancer has been conducted by 

Chen et. al. Using the immunohistochemical assay they have 

found that PER proteins were down - regulated in breast 

cancer tissue (25). Down - regulation of Per1 and Per2 in 

rodent models initiates higher cancer cell growth, but on the 

other hand, over expressed Per2 leads to apoptosis in mouse 

mammary carcinoma cell lines ETM6. Per2 has a leading 

function in the circadian rhythm regulation. Per2 directly 

controls c - myc - a gene responsible for proper functioning 

of the cell cycle (26). The present data indicate that Per1 up 

- regulated in stage I, II and down - regulated in stage III, 

IV, whereas Per2 up - regulated in all stages of breast cancer 

but more up - regulated in stage I and III. Expression of core 

clock components, such as CRY2, PER2 and PER3, was 

decreased in these more aggressive tumor types (27). Our 

present study demonstrated strong association between 

MTNR1A gene expression with Per1 and Per2 gene 

expression in MCF - 7 breast cancer line. Expression of 

MTNR1A in cancer cells seems to increase the efficacy of 

melatonin's oncostatic activity. The expression level of 

MTNR1A was inversely correlated with the invasive 

abilities of breast cancer cell lines (28).  

 

Several previous studies have compared the expression 

levels of Cry1 between cancer tissue and adjacent normal 

mucosa. One study found that Cry1 and other circadian gene 

(Cry2, Per2 and BamlI) mRNA expression levels were 

similar in colon cancer and adjacent normal mucosa (29). 

Cry1mRNA levels in CRC tissues were also significantly 

associated with patient age and sex (30). In contrast, our 

results showed Cry1 gene expression levels were higher in 

breast cancer MCF - 7 line cell compared to normal breast 

cell. Cry1 mRNA expression level was clearly higher in 

cancerous tissues than in normal tissues in human epithelial 

ovarian cancer (31). MCF - 10A breast epithelial cells 

express all the core clock proteins (CLOCK, BMAL1, 

CRY1, CRY2, PER1, and PER2), while MCF - 7 human 

breast cancer cells express the core clock proteins (CLOCK, 

BMAL1, CRY1, and CRY1), but fail to express PER1 and 

PER2. Cry gene impact tumorigenesis via the cell cycle. The 

cell cycle suppressor WEE - 1 is expressed in phase with 

PER, during times of day when entry to the M phase is 

suppressed (32). Therefore, disruption of PER and CRY 

causes down - regulation of growth control genes, implying 

a mechanistic link between the circadian system and cell 

proliferation. In our study, we compared expression of Cry1 

gene in clinicopathological stage of tumor progression 

AJCC stage. A significantly up - regulated Cry1 expression 

level was observed in stage I, II and III, whereas Cry1 

expression was significantly down - regulated in stage IV. 

Circadian genes have been engaged in control of cell cycle 

(33). The expressions of Wee1 in mice with Cry1 mutant 

have been raised in many tissues, including the liver. Wee1 

kinase restrains cell division by suppressing the G2 - M 

switch. Cry1 expression elevated may suppress the ability of 

Wee1 kinase to reinforce cell proliferation, thereby 

providing a survival advantage (34).  

 

In conclusion, our data indicate that altered gene expression 

of MTNR1A and circadian genes in breast cancer tissue. In 

addition, confirmation of association between MTNR1A and 

circadian genes expression may point to future use of 

melatonin and circadian clock as molecular basis treatment 

of breast cancer.  
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Figure 1: Gene expression of MTR1A (A) MTR1A gene 

expression in MCF - 7 breast cancer cell line and normal cell 

(B) MTR1A gene expression in different stages of breast 

cancer MCF - 7 line and normal cell. Data represent as mean 

± SEM. #p < 0.009vs MCF - 7 breast cancer cell line, **p < 

0.05 vs other stages of breast cancer.  

 

Figure 2: Gene expression of Period clock gene in normal 

cell and different stages of breast cancer (A) Period 1 clock 

gene expression in MCF - 7 breast cancer cell line and 

normal cell, #p < 0.001 vs breast cancer stages (B) Period 2 

clock gene expression in MCF - 7 breast cancer and normal 

cell, #p < 0.000 vs breast cancer stages. Data represent as 

mean ± SEM.  

 

Figure 3: Association between MTR1A gene and Period 

clock genes expression in MCF - 7 breast cancer cell line 

and normal cell. (A) Association between MTR1A gene and 

Period 1 clock gene (B) association between MTR1A gene 

and Period 2 clock gene.  

 

Figure 4: Gene expression of Cry 1 clock in normal cell and 

MCF - 7 breast cancer cell line in different stages of breast 

cancer. Data represent as mean ± SEM. #p < 0.05 vsnormal 

cell, **p < 0.05 vs other stages of breast cancer.  

 

Figure 5: Association between MTR1A gene and Cry 1 

clock gene expression in MCF - 7 breast cancer cell line in 

different stages of breast cancer and normal cell.  

 

Table 1: Primer sequences for MTNR and circadian clock genes 
Primers Forward Reverse 

MTNR1A CTGTCGGTGTATCGGAACAAG CCAACGGGTACGGATAAATGG 

Period 1 GCCAACCAGGAATACTACCAGC GTGTGTACTCAGACGTGATGTG 

Period 2 GCCAACCAGGAATACTACCAGC AGGCTAAAGGTATCTGGACTCTG 

Cryptochrome 1 CTCCTCCAATGTGGGCATCAA CCACGAATCACAAACAGACGG 

 

 
Figure 1 
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Figure 5 
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