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Abstract
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Objectives: It has been shown that MTs receptors are associated with cancer development in different tissues and single nucleotide 
polymorphisms (rs2119882 in melatonin receptor 1, (MTNR1A) gene) are an active area of investigation. The aim of the present study 
was to determine whether or not the mentioned polymorphisms are associated with a risk of gastric cancer in an Iranian population. 

Methods: After DNA extraction, genotyping of MTNR1A gene in 40 patients and 40 controls was done by RFL-P PCR technique. Then, 
Logistic regression model was carried out for statistical analysis using SAS 9.1 software.

Results: We found that homozygous CC genotype in rs2119882 in MTNR1A gene was highly associated with a decreased risk com-
pered to TT genotype by 5-fold. The genotypes and allelic frequencies distributions for the rs2119882 SNPs are significantly different 
between case and control groups. 

Conclusion: TT genotype of rs2119882 SNP of MTNR1A gene was associated with susceptibility of gastric cancer. Moreover, this 
polymorphism may have effect on gene expression. Taken together, these findings suggest an eminent role for MT1 receptor in gastric 
cancer. 

Introduction
Gastrointestinal cancer is one of the diseases with high morbidity and mortality and its incidence is increasing, worldwide especially in 

developing countries [1]. Based on previous reports, Gastric cancer lead to 10% of total cancer deaths worldwide [1]. Finding an effective 
drug therapy for the treatment of gastric cancer is an important interest of research. Melatonin is a multifunctional molecule that mainly 
is secreted in the pineal gland. Researches has reported melatonin could be synthesized in other organs such as eyes, skin, gastrointesti-
nal tract, bone marrow and lymphocytes [2]. Intracellular regulators, Metallothioneins, play a notable role in several crucial processes in 
carcinogenesis such as proliferation, metastasis, differentiation, angiogenesis and apoptosis [3,4]. 

To determine the role of melatonin in the treatment of different cancer types, several experimental studies have been conducted, and 
findings have shown that melatonin inhibit the growth of gastric [5,6], colon [7,8], pancreatic [9-11], liver [12-15], breast [16-19], pros-
tate [20-22], oral [23,24] cancers. MT proteins are encoded by a family of genes in humans [25]. So far, two distinct melatonin receptors 
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have been characterized: MT1 (known as MTNR1A) and MT2 (known as MTNR1B) [26,27], which are found in different part of human 
body [28]. 

Previous studies have indicated an association between altered levels of MTs mRNA in various tumors including lung, kidney, ovarian, 
tongue squamous cell, laryngeal, prostate, cervical cancers, hepatocellular, gastric, colorectal, and thyroid cancers [25,29-34]. 

Recently, individual genetic variation was identified in MTs, and its polymorphic form lead to altering signaling pathways during tumor 
development and growth, cell proliferation, apoptosis [35-37]. A number of studies have demonstrated a significant association between 
MT1/2 gene polymorphisms (SNPs) and various type of tumors such as oral cancer [38], squamous cell laryngeal cancer [39], prostate 
cancer [40,41] and etc. 

Nowadays, identification of different allelic forms in MT genes and their association with various cancers especially gastric cancer has 
been an increasing area of interest in experimental studies. 

Aim of the Study
The aim of this study was to evaluate an association between the risk of gastric cancer in an Iranian population-based case-control 

study and the presence of mentioned SNP: at loci C/T (rs2119882) in MT1 gene. (MTNR1A). 

 Material and Methods

Patients and samples

The study involved 40 patients diagnosed with gastric cancer in Tooba expert clinic (Sari, Iran) from 2011 to end of 2015. All the ma-
lignant cases were classified based on the WHO classification of gastric tumor. Additionally, 40 healthy individuals were considered as 
normal control group. For both patient and control group, 1.5 ml whole blood sample was taken from each individual and stored at -20°C. 
Written informed consent was signed by each subject and the study design was approved by the Ethical Committee of Medical Science 
University, Mazandaran, Iran number 909. Also, the sheets including patients informations and informed consents have been obtained 
from participants.

DNA extraction

DNA from blood samples was extracted with DynaBio DNA extraction Kit (Cat: KI0015), following the manufacturer’s instructions. The 
quality and quantity of extracted DNA was measured by spectrophotometer. Then, DNA samples were stored at -20°C.

PCR-restriction fragment length polymorphism analysis of MT1 polymorphism

Genotyping of the rs2119882 SNP was determined by PBR technique.

SNP acc.no Primer Sequences Enzyme Gene TM (°C) Alleles (bp) Ref.

rs2119882
5-CCGTTCATTGTGTTTCCT-3 

5-AGACAGTCCTTGGTTTTTTC-3 AvaII MT1 56.5
C: 154, 61 

T: 206 [42]

Table 1: Primer sequences for amplify the MT1 gene.

Primers were designed using Oligo 7 software according to evaluate of rs2119882 SNP for MT1 gene (Table 1). In each 25 µl reaction, 
2 µl genomic DNA (100 ng/µl) was amplified by 12.5 µl of Master Mix (EmeraldAmp® MAX HS PCR Master Mix cat.no: RR330A) and 0.8 
µl of each primer. The PCR conditions were set as follows: 94°C for 5 minutes, 36 cycles of 94°C for 30s, 56.5 or 61.5°C for 30s and 72°C 
for 30s and a final extension step of 72°C for 10 minutes then the quality of PCR product from each sample was evaluated by 2% agarose 
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Genotype Patient Control OR P-Value
TT 22 (55%) 12 (30%) -
TC 11 (27.5%) 21 (52.5%) 0.2857 (0.103 - 0.787) 0.0154
CC 7 (17.5%) 7 (17.5%) 0.5455 (0.154 - 1.926) 0.3465

TC+CC 18 (45%) 28 (70%) 0.4835 (0.224 - 1.04) 0.0631
TT+CC 29 (72.5%) 19 (47.5%) -

TC 11 (27.5%) 21 (52.5%) 0.465 (0.211 - 1.024) 0.057

Table 2: The MT1 (rs2119882 SNP) genotype distribution in patients and controls.
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gel electrophoresis. For genotyping, 10 µl PCR product was digested by restriction Enzyme (AvaII) following manufactures instruction. 
After electrophoresis on 2% agarose gel, photographs were taken by GelDoc instrument (BioDoc-It with Fluor Cam 220 serial Number: 
97-0183-01). 

Statistical analysis

The genotype and allele frequency of SNP were analysed using the PopGene 32 software for Hardy Weinberg equilibrium (HWE). To 
evaluate the distribution of the mentioned polymorphisms in case and control groups, Logistic regression model was carried out. All sta-
tistical tests were considered significant with a level of p < 0.05 and were carried out with SAS 9.1 software.

Results

Amplification of fragments and genotyping 

Polymerase chain reactions were carried out using specific primers for amplification of fragments in MT1 gene. All extracted DNAs 
from both case and control samples have yielded a specific single band PCR product without any non-specific band. For genotyping and 
screening of different alleles of MTI gene, the PCR-RFLP procedure developed using AvaII restriction enzyme. Then, products were ana-
lyzed by electrophoresis on a 2% agarose gel (Figure 1).

A B

Figure 1A and 1B: The results of MT1 genotyping in several samples by PBR technique. Undigested 206 bp products 
show TT genotype, and totally digested 154 and 61 bp products represent CC genotype; TC heterozygous 

genotype shows both the undigested 206 bp band and digested 154 and 61 bp bands.

The rs2119882 SNP genotype distribution

The results of genotyping in MT1 gene in healthy group showed three genotypes including TT, TC and CC with frequencies 10, 80 and 
10 percent, respectively, while among the patients, the frequencies of TT, TC and CC genotypes were 50, 40 and 10, respectively (Table 2). 
To determine whether the subjects met the Hardy-Weinberg equilibrium, Chi-square test was used. We confirmed that only case group 
was compatible with the HWE. There is a significant difference between genotypes distribution in two groups (P < 0.05). 
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The probability for HWE of case and control group is 0.017 and 0.732, respectively.

As shown in table 1, in the logistic regression model, genotype TC was associated with a decreased risk for gastric cancer by 0.28-fold 
compared with the homozygote TT, and genotype TT was associated with an increased risk for gastric cancer compared with the com-
bined genotype TC+CC and TC. Thus, this polymorphism may be an appropriate marker for gastric cancer.

Chi-square test was used to determine whether the subjects met the Hardy-Weinberg equilibrium. We confirmed that only control 
group was compatible with the HWE, for in control and case groups the value was 0.732 and 0.017 respectively. Moreover, in this region, 
we observed a polymorphism site which could be useful to understand deeply the mechanism of this gene in gastric cancer.

Discussion
Foregoing studies confirmed that there are high concentrations of melatonin in the serum and lower melatonin concentrations in the 

ovarian follicles of patients with polycystic ovary syndrome [43]. Additionally, our previous studies have been interestingly shown the 
high expression for MT1 and MT2 receptors in cancer and marginal cancer groups comparing with normal group [1] which these results 
for MT2 receptors expression in gastric adenocarcinoma tissues are consistent and in parallel with breast and colon cancer studies and 
high expression of this receptors in the marginal tissues indicate refractory mechanism which shows the defending role of melatonin in 
the GI system [1]. melatonin receptors such as melatonin receptor 1A (MTNR1A) and MTNR1B mediate the melatonin function [44]. Both 
MTNR1A and MTNR1B is mainly expressed in a-cells and b-cells, respectively [45], which is up-regulated in patients with gastric cancer, 
suggesting that these receptors may have a key role in gastric cancer. Based on our knowledge, in human, there have been few reports 
about polymorphisms of MTR1A and gene. In the present study, rs2119882, the MTNR1A promoter polymorphism was evaluated among 
Iranian population with gastric carcinoma. 

rs2119882 SNP of MTNR1A

According to ensemble database, one splicing variant and mRNA transcript of MTNR1A gene has been reported in the human (www.
ensembl.org). Due to rs2119882 is located on CpG island of the promoter region of MTNR1A gene, Thus, it could be having an eminent 
effect on activity of the MTNR1A gene promoter and also its expression profile. In addition, previous studies reported that the T allele 
of the rs2119882 could bind with POU2F1 transcription factor, and the C allele could also bind with C/EBPD and SP1 [46]. Thus, the dif-
ferent allelic forms in this site could be effective in regulation of MTR1A gene transcription based on the above-mentioned transcription 
factors. Moreover, the exact mechanism of effect of these transcription factors on MTR1A and its association with gastric cancer needs 
further investigations. 

Our results have shown that the genotypes and allelic frequencies distributions for the rs2119882 SNPs are significantly different 
between case and control groups. Moreover, TT genotype frequency was higher among patients compared to control group, suggesting 
that this polymorphism is associated with an increased risk of gastric cancer. Park., et al. (2011) have shown a significant association be-
tween the rs2119882 polymorphism and schizophrenia in the Korean population. In the present study, we found a significant association 
between rs2119882 SNP and gastric cancer in Iranian population. Moreover, these results provide evidence that the MTNR1A gene is a 
major gene and may have an eminent role in the gastric cancer development.

Conclusion
Based on our knowledge, this is one of the first studies, which evaluated rs2119882 SNP of MTNR1A genes among Iranian population 

with gastric cancer which shown rs2119882 SNP of MTNR1A gene had a significant association with gastric cancer. So, this finding could 
suggest an eminent role for MT1 receptor in gastric cancer. Moreover, some complementary studies with more papulations are necessary 
to evaluate better these correlations.



Citation: Ramin Ataee., et al. “Identification of Different Allelic Forms of MTNR1A Gene and its Association with Gastric 
Adenocarcinoma”. EC Pharmacology and Toxicology 9.12 (2021): 35-41.

39

Identification of Different Allelic Forms of MTNR1A Gene and its Association with Gastric Adenocarcinoma

Bibliography

1. Nasrabadi NN., et al. “Expression of MT2 receptor in patients with gastric adenocarcinoma and its relationship with clinicopathologi-
cal features”. Journal of Gastrointestinal Cancer 45.1 (2014): 54-60.

2. Reiter RJ. “Pineal melatonin: cell biology of its synthesis and of its physiological interactions”. Endocrine Reviews 12.2 (1991): 151-
180.

3. Vijayalaxmi., et al. “Melatonin: from basic research to cancer treatment clinics”. Journal of Clinical Oncology 20.10 (2002): 2575-2601.

4. Srinivasan V., et al. “Therapeutic actions of melatonin in cancer: possible mechanisms”. Integrative Cancer Therapies 7.3 (2008): 189-
203.

5. Xu L., et al. “Growth-Inhibitory Activity of Melatonin on Murine Foregastric Carcinoma Cells In Vitro and the Underlying Molecular 
Mechanism”. The Anatomical Record 296.6 (2013): 914-920.

6. Zhang S., et al. “Melatonin inhibits cell growth and migration, but promotes apoptosis in gastric cancer cell line, SGC7901”. Biotechnic 
and Histochemistry 88.6 (2013): 281-289.

7. Kannen V., et al. “The melatonin action on stromal stem cells within pericryptal area in colon cancer model under constant light”. 
Biochemical and Biophysical Research Communications 405.4 (2011): 593-598.

8. Wang J., et al. “Melatonin potentiates the antiproliferative and pro-apoptotic effects of ursolic acid in colon cancer cells by modulating 
multiple signaling pathways”. Journal of Pineal Research 54.4 (2013): 406-416.

9. Leja-Szpak A., et al. “Melatonin induces pro-apoptotic signaling pathway in human pancreatic carcinoma cells (PANC-1)”. Journal of 
Pineal Research 49.3 (2010): 248-255.

10. Jaworek J and A Leja-Szpak. “Melatonin influences pancreatic cancerogenesis”. Histology and Histopathology 29.4 (2014): 423-431.

11. Xu C., et al. “Melatonin is involved in the apoptosis and necrosis of pancreatic cancer cell line SW-1990 via modulating of Bcl-2/Bax 
balance”. Biomedicine and Pharmacotherapy 67.2 (2013): 133-139.

12. Carbajo-Pescador S., et al. “Inhibition of VEGF expression through blockade of Hif1α and STAT3 signalling mediates the anti-angio-
genic effect of melatonin in HepG2 liver cancer cells”. British Journal of Cancer 109.1 (2013): 83-91.

13. Fan L., et al. “Melatonin overcomes apoptosis resistance in human hepatocellular carcinoma by targeting survivin and XIA”. Journal of 
Pineal Research 55.2 (2013): 174-183.

14. Fan L., et al. “Melatonin reverses tunicamycin-induced endoplasmic reticulum stress in human hepatocellular carcinoma cells and 
improves cytotoxic response to doxorubicin by increasing CHOP and decreasing Survivin”. Journal of Pineal Research 55.2 (2013): 
184-194.

15. Ordonez R., et al. “Inhibition of matrix metalloproteinase-9 and nuclear factor kappa B contribute to melatonin prevention of motility 
and invasiveness in HepG2 liver cancer cells”. Journal of Pineal Research 56.1 (2014): 20-30.

16. Alvarez-García V., et al. “Regulation of vascular endothelial growth factor by melatonin in human breast cancer cells”. Journal of Pineal 
Research 54.4 (2013): 373-380.

17. Blask DE., et al. “Light exposure at night disrupts host/cancer circadian regulatory dynamics: impact on the Warburg effect, lipid 
signaling and tumor growth prevention”. PLoS One 9.8 (2014): e102776.

18. Cos S., et al. “Melatonin modulation of crosstalk among malignant epithelial, endothelial and adipose cells in breast cancer (Review)”. 
Oncology Letters 8.2 (2014): 487-492.

https://pubmed.ncbi.nlm.nih.gov/24142542/
https://pubmed.ncbi.nlm.nih.gov/24142542/
https://pubmed.ncbi.nlm.nih.gov/1649044/
https://pubmed.ncbi.nlm.nih.gov/1649044/
https://pubmed.ncbi.nlm.nih.gov/12011138/
https://journals.sagepub.com/doi/10.1177/1534735408322846
https://journals.sagepub.com/doi/10.1177/1534735408322846
https://pubmed.ncbi.nlm.nih.gov/23564716/
https://pubmed.ncbi.nlm.nih.gov/23564716/
https://pubmed.ncbi.nlm.nih.gov/23477595/
https://pubmed.ncbi.nlm.nih.gov/23477595/
https://pubmed.ncbi.nlm.nih.gov/21266165/
https://pubmed.ncbi.nlm.nih.gov/21266165/
https://pubmed.ncbi.nlm.nih.gov/23330808/
https://pubmed.ncbi.nlm.nih.gov/23330808/
https://pubmed.ncbi.nlm.nih.gov/20626591/
https://pubmed.ncbi.nlm.nih.gov/20626591/
https://www.researchgate.net/publication/258824542_Melatonin_influences_pancreatic_cancerogenesis
https://pubmed.ncbi.nlm.nih.gov/23245210/
https://pubmed.ncbi.nlm.nih.gov/23245210/
https://pubmed.ncbi.nlm.nih.gov/23756865/
https://pubmed.ncbi.nlm.nih.gov/23756865/
https://pubmed.ncbi.nlm.nih.gov/23679681/
https://pubmed.ncbi.nlm.nih.gov/23679681/
https://pubmed.ncbi.nlm.nih.gov/23711089/
https://pubmed.ncbi.nlm.nih.gov/23711089/
https://pubmed.ncbi.nlm.nih.gov/23711089/
https://pubmed.ncbi.nlm.nih.gov/24117795/
https://pubmed.ncbi.nlm.nih.gov/24117795/
https://pubmed.ncbi.nlm.nih.gov/23013414/
https://pubmed.ncbi.nlm.nih.gov/23013414/
https://pubmed.ncbi.nlm.nih.gov/25099274/
https://pubmed.ncbi.nlm.nih.gov/25099274/
https://pubmed.ncbi.nlm.nih.gov/25009641/
https://pubmed.ncbi.nlm.nih.gov/25009641/


Citation: Ramin Ataee., et al. “Identification of Different Allelic Forms of MTNR1A Gene and its Association with Gastric 
Adenocarcinoma”. EC Pharmacology and Toxicology 9.12 (2021): 35-41.

40

Identification of Different Allelic Forms of MTNR1A Gene and its Association with Gastric Adenocarcinoma

19. Proietti S., et al. “Melatonin down-regulates MDM2 gene expression and enhances p53 acetylation in MCF-7 cells”. Journal of Pineal 
Research 57.1 (2014): 120-129.

20. Rodriguez-Garcia A., et al. “Phenotypic changes caused by melatonin increased sensitivity of prostate cancer cells to cytokine-in-
duced apoptosis”. Journal of Pineal Research 54.1 (2013): 33-45.

21. Shiu SY., et al. “Melatonin MT1 receptor-induced transcriptional up-regulation of p27Kip1 in prostate cancer antiproliferation is me-
diated via inhibition of constitutively active nuclear factor kappa B (NF-κB): potential implications on prostate cancer chemopreven-
tion and therapy”. Journal of Pineal Research 54.1 (2013): 69-79.

22. Paroni R., et al. “Antitumour activity of melatonin in a mouse model of human prostate cancer: relationship with hypoxia signalling”. 
Journal of Pineal Research 57.1 (2014): 43-52.

23. Cutando A., et al. “Action of melatonin on squamous cell carcinoma and other tumors of the oral cavity (Review)”. Oncology Letters 
7.4 (2014): 923-926.

24. Do Nascimento Goncalves N., et al. “Molecular markers of angiogenesis and metastasis in lines of oral carcinoma after treatment 
with melatonin”. Anti-Cancer Agents in Medicinal Chemistry (Formerly Current Medicinal Chemistry-Anti-Cancer Agents 14.9 (2014): 
1302-1311.

25. Pedersen MØ., et al. “The role of metallothionein in oncogenesis and cancer prognosis”. Progress in Histochemistry and Cytochemistry 
44.1 (2009): 29-64.

26. Reppert DWS and ET Cloning and chara cterization of a mammalian melatonin receptor that mediates reproductive and circadian 
responses 13 (1994): 1177-1185.

27. Reppert S and ea. “Molecular characterization of a second melatonin receptor expressed in human retina and brain. the Mel1b mela-
tonin receptor”. Proceedings of the National Academy of Sciences of the United States of America 92 (1995): 8734-8738.

28. Dubocovich ML., et al. “Molecular pharmacology, regulation and function of mammalian melatonin receptors”. Frontiers in Bioscience: 
a Journal and Virtual Library 8 (2003): d1093-d1108.

29. Theocharis S., et al. “Metallothionein: a multifunctional protein from toxicity to cancer”. The International Journal of Biological Mark-
ers 18.3 (2002): 162-169.

30. Dziegiel P. “Expression of metallothioneins in tumor cells”. Polish Journal of Pathology 55.1 (2004): 3-12.

31. Gumulec J., et al. “Metallothionein–immunohistochemical cancer biomarker: a meta-analysis”. PLoS One 9.1 (2014): e85346.

32. Brazão-Silva MT., et al. “Adenoid cystic carcinoma of the salivary gland: a clinicopathological study of 49 cases and of metallothionein 
expression with regard to tumour behaviour”. Histopathology 63.6 (2013): 802-809.

33. Theocharis S., et al. “Metallothionein expression in mobile tongue squamous cell carcinoma: associations with clinicopathological 
parameters and patient survival”. Histopathology 59.3 (2011): 514-525.

34. Pastuszewski W., et al. “Prognostic significance of metallothionein, p53 protein and Ki-67 antigen expression in laryngeal cancer”. 
Anticancer Research 27.1A (2007): 335-342.

35. Raudenska M., et al. “Metallothionein polymorphisms in pathological processes”. Metallomics 6.1 (2014): 55-68.

36. Kayaaltı Z., et al. “The potential effect of metallothionein 2A− 5 A/G single nucleotide polymorphism on blood cadmium, lead, zinc and 
copper levels”. Toxicology and Applied Pharmacology 256.1 (2011): 1-7.

https://www.researchgate.net/publication/263054579_Melatonin_down-regulates_MDM2_gene_expression_and_enhances_p53_acetylation_in_MCF-7_cells
https://www.researchgate.net/publication/263054579_Melatonin_down-regulates_MDM2_gene_expression_and_enhances_p53_acetylation_in_MCF-7_cells
https://pubmed.ncbi.nlm.nih.gov/22738066/
https://pubmed.ncbi.nlm.nih.gov/22738066/
https://pubmed.ncbi.nlm.nih.gov/22856547/
https://pubmed.ncbi.nlm.nih.gov/22856547/
https://pubmed.ncbi.nlm.nih.gov/22856547/
https://pubmed.ncbi.nlm.nih.gov/24786921/
https://pubmed.ncbi.nlm.nih.gov/24786921/
https://pubmed.ncbi.nlm.nih.gov/24944644/
https://pubmed.ncbi.nlm.nih.gov/24944644/
https://pubmed.ncbi.nlm.nih.gov/25323035/
https://pubmed.ncbi.nlm.nih.gov/25323035/
https://pubmed.ncbi.nlm.nih.gov/25323035/
https://pubmed.ncbi.nlm.nih.gov/19348910/
https://pubmed.ncbi.nlm.nih.gov/19348910/
https://pubmed.ncbi.nlm.nih.gov/7946354/
https://pubmed.ncbi.nlm.nih.gov/7946354/
https://pubmed.ncbi.nlm.nih.gov/7568007/
https://pubmed.ncbi.nlm.nih.gov/7568007/
https://pubmed.ncbi.nlm.nih.gov/12957828/
https://pubmed.ncbi.nlm.nih.gov/12957828/
https://pubmed.ncbi.nlm.nih.gov/14535585/
https://pubmed.ncbi.nlm.nih.gov/14535585/
https://pubmed.ncbi.nlm.nih.gov/15195701/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085346
https://pubmed.ncbi.nlm.nih.gov/24102890/
https://pubmed.ncbi.nlm.nih.gov/24102890/
https://pubmed.ncbi.nlm.nih.gov/22034891/
https://pubmed.ncbi.nlm.nih.gov/22034891/
https://pubmed.ncbi.nlm.nih.gov/17352251/
https://pubmed.ncbi.nlm.nih.gov/17352251/
https://pubmed.ncbi.nlm.nih.gov/24068159/
https://pubmed.ncbi.nlm.nih.gov/21767559/
https://pubmed.ncbi.nlm.nih.gov/21767559/


Citation: Ramin Ataee., et al. “Identification of Different Allelic Forms of MTNR1A Gene and its Association with Gastric 
Adenocarcinoma”. EC Pharmacology and Toxicology 9.12 (2021): 35-41.

41

Identification of Different Allelic Forms of MTNR1A Gene and its Association with Gastric Adenocarcinoma

37. Kayaaltı Z., et al. “Effect of metallothionein core promoter region polymorphism on cadmium, zinc and copper levels in autopsy kid-
ney tissues from a Turkish population”. Toxicology and Applied Pharmacology 245.2 (2010): 252-255.

38. Lin FY., et al. “Interactions between environmental factors and melatonin receptor type 1A polymorphism in relation to oral cancer 
susceptibility and clinicopathologic development”. PLoS One 10.3 (2015): e0121677.

39. Starska K., et al. “Genetic polymorphism of metallothionein 2A and risk of laryngeal cancer in a Polish population”. Medical Oncology 
31.7 (2014): 1-10.

40. Krześlak A., et al. “Effect of metallothionein 2A gene polymorphism on allele-specific gene expression and metal content in prostate 
cancer”. Toxicology and Applied Pharmacology 268.3 (2013): 278-285.

41. Forma E., et al. “Metallothionein 2A genetic polymorphisms and risk of prostate cancer in a Polish population”. Cancer Genetics 205.9 
(2012): 432-435.

42. Man GCW., et al. “Abnormal melatonin receptor 1B expression in osteoblasts from girls with adolescent idiopathic scoliosis”. Journal 
of Pineal Research 50.4 (2011): 395-402.

43. Tamura H., et al. “Melatonin and the ovary: physiological and pathophysiological implications”. Fertility and Sterility 92.1 (2009): 
328-343.

44. Von Gall C., et al. “Mammalian melatonin receptors: molecular biology and signal transduction”. Cell and Tissue Research 309.1 (2002): 
151-162.

45. Peschke E., et al. “Melatonin and type 2 diabetes–a possible link?” Journal of Pineal Research 42.4 (2007): 350-358.

46. Park HJ., et al. “Association of polymorphism in the promoter of the melatonin receptor 1A gene with schizophrenia and with insom-
nia symptoms in schizophrenia patients”. Journal of Molecular Neuroscience 45.2 (2011): 304.

Volume 9 Issue 12 December 2021
©All rights reserved by Ramin Ataee., et al.

https://pubmed.ncbi.nlm.nih.gov/20303360/
https://pubmed.ncbi.nlm.nih.gov/20303360/
https://pubmed.ncbi.nlm.nih.gov/25806809/
https://pubmed.ncbi.nlm.nih.gov/25806809/
https://pubmed.ncbi.nlm.nih.gov/24952512/
https://pubmed.ncbi.nlm.nih.gov/24952512/
https://www.sciencedirect.com/science/article/abs/pii/S0041008X13000835
https://www.sciencedirect.com/science/article/abs/pii/S0041008X13000835
https://pubmed.ncbi.nlm.nih.gov/22824183/
https://pubmed.ncbi.nlm.nih.gov/22824183/
https://pubmed.ncbi.nlm.nih.gov/21480980/
https://pubmed.ncbi.nlm.nih.gov/21480980/
https://pubmed.ncbi.nlm.nih.gov/18804205/
https://pubmed.ncbi.nlm.nih.gov/18804205/
https://pubmed.ncbi.nlm.nih.gov/12111545/
https://pubmed.ncbi.nlm.nih.gov/12111545/
https://pubmed.ncbi.nlm.nih.gov/17439551/
https://pubmed.ncbi.nlm.nih.gov/21526376/
https://pubmed.ncbi.nlm.nih.gov/21526376/

