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Abstract. – OBJECTIVE: Melatonin regulates 
the mammalian circadian rhythm and plays met-
abolic functions such as glucose homeostasis. 
Both melatonin receptors (MTNR1A and MTNR1B, 
encoded by the MTNR1A and MTNR1B genes, re-
spectively) are expressed in pancreatic beta cells 
and mediate the glucometabolic roles of mela-
tonin as well as insulin secretion. The MTNR1B 
gene is a well-known genetic risk factor in type 2 
diabetes (T2D); however, little is known about the 
involvement of the MTNR1A gene in here T2D. We 
aimed to investigate whether MTNR1A is linked to 
and/or associated with familial T2D. 

SUBJECTS AND METHODS: We genotyped 14 
single nucleotide polymorphisms within the MT-
NR1A gene in 212 peninsular Italian families with 
T2D. We performed parametric linkage and linkage 
disequilibrium analyses to investigate the role of 
MTNR1A variants in conferring T2D risk. We con-
sidered variants statistically significant if confer-
ring linkage or linkage disequilibrium with p < 0.05. 

RESULTS:  We found 3 novel variants (rs62350392, 
rs2119883, and rs13147179) significantly linked to 
and/or associated with T2D in multigenerational 
Italian families. 

CONCLUSIONS: This is the first study to report 
MTNR1A as a novel risk gene in T2D. Functional 
studies are needed to confirm these results.
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Introduction

Melatonin is known to regulate mammalian cir-
cadian rhythm and plays various metabolic func-
tions such as glucose homeostasis1. The effects of 
melatonin are mediated by its two receptors: mela-
tonin receptor 1A (MTNR1A) and melatonin recep-
tor 1B (MTNR1B). The two melatonin receptors, 
encoded by the MTNR1A and MTNR1B genes re-
spectively, are expressed in various central and pe-
ripheral tissues such as the brain, skeletal muscles, 
adipose tissue, and pancreatic islets2, and they play 
a role in insulin secretion3. MTNR1A is predomi-
nantly expressed in pancreatic alpha cells while 
MTNR1B is predominantly expressed in pancreatic 
beta cells4. The MTNR1B gene is a well-known ge-
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netic risk factor in type 2 diabetes (T2D)5-9. On the 
other hand, the MTNR1A gene has been less studied 
in humans and its involvement in metabolic disease 
is not known as well as for MTNR1B. However, it 
is known10 that MTNR1A-knockout mice are obese 
and have severe insulin resistance. In humans, vari-
ants in the MTNR1A gene are associated with gesta-
tional diabetes11 and polycystic ovary syndrome12,13, 
especially related to obesity14 and insulin secretion15. 
The MTNR1A gene is therefore a gene that potential-
ly confers risk for T2D. Thus, we aimed to fill the 
gap by exploring whether the MTNR1A gene plays 
a role in the predisposition to T2D by testing pen-
insular Italian families. In this study, we report for 
the first time the novel linkage and association of the 
MTNR1A gene with the risk of T2D.

Subjects and Methods

We analyzed 14 microarray-based single nu-
cleotide polymorphisms (SNPs) in the MTNR1A 
gene in 212 multigenerational Italian families 
with T2D. The families were previously recruit-
ed following the Helsinki declaration guidelines. 
Subjects provided written informed consent. The 
Bios Ethical Committee approved the study. 

Statistical Analysis 
Genotyping and Mendelian error exclusion 

were performed using the toolset PLINK16 (avail-
able at: https://zzz.bwh.harvard.edu/plink/). The 
SNPs were analyzed for 2-point parametric-link-
age to and linkage disequilibrium (i.e., LD, link-
age + association) with T2D using the recessive 
model with complete penetrance (R1). Subse-
quently, we ran the analyses under the following 
models: recessive with incomplete penetrance 
(R2), dominant with complete penetrance (D1), 
and dominant with incomplete penetrance (D2). 
We considered significant the analyses report-
ing p < 0.05. LD blocks of the risk variants were 
computed using the data available in the Tuscany 
Italian population from the 1000 Genomes Project 

(available at: https://www.internationalgenome.
org/data-portal/population/TSI). Single nucleo-
tide polymorphisms (SNPs) that were significant-
ly correlated (r2 ≥ 0.9) were considered to be with-
in the same LD block. Uncorrelated SNPs were 
labeled “independent”.

In Silico Analysis
We analyzed the significant variants for poten-

tial functional effects using the following in silico 
tools: SNP function prediction17, RegulomeDB18 
and SNP2TFBS19 for transcription-factor binding, 
and SpliceAI20 for splicing disruption. 

Results

We identified the significant linkage and asso-
ciation of 3 novel intronic variants in the MTNR1A 
gene (rs62350392, rs2119883, and rs13147179) 
with risk for T2D. Two variants (rs2119883 and 
rs13147179) were within an LD block (Set01). De-
tailed information for the statistically significant 
(p ≤ 0.05) variants is reported in Table I. Results 
of the linkage and LD analyses are reported in 
Figure 1.

The variant rs13147179 affected the binding of 
SP1 transcription factor (TF), a zinc-finger TF 
which binds the GC-rich motifs of many promot-
ers21. SP1 is involved in the apoptosis of pancreatic 
islets cells in T2D22. Also, the variant rs13147179 
affected the binding of the TF Krüppel-like factor 
5 (KLF5), which is associated with cardiac and 
renal complications of T2D23,24. 

Discussion

MTNR1A and MTNR1B are expressed in pan-
creatic alpha and beta cells respectively4 and me-
diate the glucometabolic roles of melatonin25. The 
association of the MTNR1B gene with T2D has 
been documented in several reports4-8 while the 
MTNR1A gene has only been linked to gestation-

Table I. MTNR1A type 2 diabetes risk single nucleotide polymorphisms..

Model1	 SNP	 Position	 Ref	 Alt	 Risk Allele	 Consequence	 LD Block	 Reported 
								        in T2D?

D1	 rs62350392	 186544982	 G	 A	 G	 Intronic	 Independent	 Novel
R1, R2	 rs2119883	 186547921	 C	 T	 C	 Intronic	 Set01	 Novel
R1	 rs13147179	 186554365	 G	 A	 A	 Intronic	 Set01	 Novel

1Models: D1: dominant complete-penetrance, R1: recessive complete-penetrance, R2: recessive incomplete-penetrance.
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al diabetes11. In this study, we report for the first 
time the novel implication of the MTNR1A gene 
in the risk of T2D. We identified 3 novel variants 
in the MTNR1A gene that are significantly linked 
to and/or associated with the risk of T2D in multi-
generational Italian families. The MTNR1A gene 
has been studied in gestational diabetes, but the 
association has been found in some studies11 but 
not others26. This is therefore the first study to re-
port MTNR1A as a novel risk gene in T2D. Two 
of the three risk variants in our study are located 
in an LD block (Set01); the risk allele (A) of the 
Set01 variant rs13147179 was predicted to dis-
rupt the binding of transcription factors SP1 and 
KLF5, which are associated, respectively, with 
T2D and its complications22-24. As the TF SP1 reg-
ulates the proliferation and apoptosis of pancre-
atic beta cells in T2D via its interaction with the 
taurine up-regulated 1 (TUG1)22, the disruption 
of its binding to target genes (e.g., TUG1)22 might 
compromise the adaptation of beta cells mass to 
hyperglycemia27,28. Furthermore, as SP1 is regu-
lated by glucagon in in vitro cells, and MTNR1A 
is predominantly expressed in alpha cells4, it is 
possible that MTNR1A, SP1, and TUG1 may play 
a role within alpha cells and/or in the setting of 
hyperglycemia mediated by glucagon29. Of note, 
TUG1 is predicted to act within photoreceptor 
cells’ development (https://www.ncbi.nlm.nih.
gov/gene/55000#gene-expression), which might 
represent a novel link of MTNR1A, SP1, and 
TUG1 with the circadian rhythm and alpha and 
beta cells effects, such as a brain-islets’ circuity. 

Limitations
This study has been conducted in a homoge-

nous monoethnic population and it needs to be 
replicated in other ethnic groups in order to reach 
more solid conclusions. Furthermore, functional 
studies are needed to confirm the implication of 
the MTNR1A gene and its reported variants in the 
pathogenesis of T2D.

Conclusions

We are the first to report MTNR1A as a risk gene 
for T2D. However, functional studies are needed to 
confirm the implication of the MTNR1A gene and 
its reported variants in the pathogenesis of T2D.
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recessive, complete penetrance, R2: recessive, incomplete penetrance. The most significant model is underlined.
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