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Abstract:

Aims/hypothesis Recently, three groups independently reported that genetic variation in
MTNR1B, the gene encoding melatonin receptor 1B, was associated with an increased risk of
type 2 diabetes, increased fasting plasma glucose and impaired insulin secretion in
populations of European ancestry. In the present study, we investigated whether a single
MTNR1B polymorphism was associated with type 2 diabetes in Han Chinese individuals, to
elucidate if this is a cross-populational effect.

Methods The MTNR1B variant rs10830963 was genotyped in 1165 type 2 diabetic patients
and 1105 normoglycaemic control individuals of Southern Han Chinese ancestry who were
residents of the metropolitan area of Shanghai. The risk of developing type 2 diabetes was
calculated using a logistic regression model adjusted for age, sex and BMI. A possible
association with fasting plasma glucose was analysed in the normoglycaemic control
individuals using a multiple linear regression analysis with adjustments for age, sex and BMI.
Results The genetic variant rs10830963 was associated with an increased risk of type 2
diabetes in our Han Chinese cohort (OR: 1.16 [95% CI 1.03-1.31], p = 0.015). As previously
described, the risk variant was also associated with increased fasting plasma glucose, showing
an increase of 0.068 mmol/l (95% CI 0.036-0.100, p = 4 x 10™°) per risk allele.
Conclusion/interpretation A common variant in the MTNR1B gene is associated with an
increased risk of type 2 diabetes and increased fasting plasma glucose in Han Chinese,
suggesting an important role for this polymorphism in populations of different ethnic and
environmental backgrounds.
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Introduction

Type 2 diabetes is a multifactorial disease resulting from environmental and behavioural
factors in combination with variations in multiple genes. The incidence and prevalence of
type 2 diabetes are increasing, no longer only in the Western world, but also in many different
ethnic groups worldwide. A recent genome-wide association study (GWAS) has identified a
polymorphism (rs10830963) in MTNR1B, which encodes the melatonin receptor 1B, which is
associated with glucose-stimulated insulin secretion [1]. Furthermore, a meta-analysis of type
2 diabetes GWASs showed a strong association between this single nucleotide polymorphism
(SNP) and elevated fasting plasma glucose [2]. The risk MTNR1B genotype also predicted
future type 2 diabetes and was associated with impairment of early insulin secretion [3].
Another SNP (rs1387153), located upstream of MTNR1B, has also been associated with
increased fasting plasma glucose and risk of type 2 diabetes [4].

Melatonin is mainly produced by the pineal gland but is also released from the gastrointestinal
tract [5]. As a highly lipophilic circulating hormone, melatonin easily reaches and penetrates
all cells and, in addition to control the circadian rhythm, it has the ability to neutralise reactive
oxygen and nitrogen species and activate the immune system [6]. Several studies have shown
a link between disturbances of the circadian rhythm and metabolic diseases, including
diabetes [7, 8] as well as clear relationship between insulin and melatonin [9]. Two distinct G-
protein coupled receptors, MTNR1A and MTNR1B, mediate the effects of melatonin. These
two receptors have been found to be produced in human pancreatic islets [9, 10], and the
levels of both are upregulated in type 2 diabetic patients [11]. Furthermore, Lyssenko et al. [3]
confirmed the presence of MTNR1B in human pancreatic islets and showed increased
MTNR1B mRNA expression in carriers of the rs10830963 risk genotype, reporting a negative
correlation between MTNR1B mRNA levels and insulin secretion. Other investigators have
shown the expression of MTNR1B mRNA in both islets and sorted beta cells [4]. Taken
together, these findings suggest a role for melatonin in the regulation of glucose homeostasis
in humans.

Located on chromosome 11g, MTNR1B has only two exons, and the investigated SNP
(rs10830963) is found within intron 1. Of 30 SNPs associated with fasting plasma glucose
within a 1Mb region flanking the gene, this SNP produces the strongest association signal [2].
Recent genetic studies of MTNR1B have all been conducted in populations of European
ancestry. In the present study, we investigated whether the SNP rs10830963 in MTNR1B is
associated with type 2 diabetes and fasting plasma glucose in a Han Chinese cohort.

Methods

Participants All studied individuals were of southern Han Chinese ancestry and were residing
in the metropolitan area of Shanghai. Type 2 diabetic patients (n=1165) were recruited from
the Endocrinology and Metabolism outpatient clinics at Huashan Hospital in Shanghai, which
is affiliated to Fudan University. Type 2 diabetes mellitus was diagnosed according to 1999
WHO criteria [12]. All diabetic patients were unrelated and had been diagnosed after the age
of 27 years. Known subtypes of diabetes were excluded based on antibody measurements and
inheritance. The 1105 non-diabetic unrelated control individuals were older than 50 years and
had no family history of diabetes mellitus; normal glucose tolerance was verified by an
OGTT. The clinical characteristics of the participants are summarised in Table 1. Written
informed consent was obtained from all participants and the study was approved by the Ethics
Committee of Huashan Hospital.



Genotyping Genomic DNA was extracted from peripheral blood leukocytes using the
conventional phenol/chloroform method. The MTNR1B polymorphism rs10830963 was
genotyped using iPLEX (Sequenom, San Diego, CA, USA) and detected by matrix-assisted
laser desorption/ionisation time-of-flight mass spectrometry, with a genotyping success rate of
99.1%. The genotype frequencies were in Hardy-Weinberg equilibrium (pai = 0.86; Pcontrols =
0.31), and 96 samples (4%) were run in duplicate with a 100% concordance rate.

Statistical analyses The OR for the risk of developing type 2 diabetes was calculated using
logistic regression, assuming an additive genetic model adjusted for age (age of diagnosis for
cases and age at participation for controls), sex and BMI. A multivariate linear regression
analysis was used to test the association between the MTNR1B polymorphism and fasting
plasma glucose, again adjusted for age, sex and BMI. All statistical analyses were performed
using NCSS software, 2004 release (NCSS, Kaysville, UT, USA).

Results

A genetic variant in MTNR1B is associated with an increased risk of type 2 diabetes The
frequency of the earlier reported risk rs10830963 G allele was higher among type 2 diabetes
patients than in the control group (44.5% vs. 40.9%, p = 0.008). Adjustments for age, sex and
BMI yielded an OR of 1.16 (95% CI 1.03-1.31, p = 0.015), assuming an additive model
(Table 2).

The MTNRI1B variant is associated with fasting plasma glucose in normoglycaemic
individuals The previously reported association with fasting plasma glucose in individuals of
European ancestry was replicated in the normoglycaemic controls in our Han Chinese cohort.
Carriers of one or two G risk alleles showed a significant increase in fasting plasma glucose,
with levels of 5.25 and 5.27 mmol/l, respectively, compared with a mean concentration of
5.15 mmol/l in individuals who were homozygous for the non-risk allele (p =1 x 10*and p =
5 x 10, respectively). Using an additive genetic model, this equates to an increase in fasting
plasma glucose of 0.068 mmol/l (95% Cl 0.036-0.100, p = 4 x 10°) per risk allele (Table 2).

Discussion

Here we have shown that a common genetic variant in MTNR1B is associated with increases
in both fasting plasma glucose and the risk of type 2 diabetes in a Han Chinese cohort. These
findings are in line with recently published data in populations of European ancestry [1-4],
suggesting that the variant could be of relatively ancient origin. The increase in fasting plasma
glucose per risk allele is of the same magnitude as that seen in Europids [2, 3], supporting a
similar effect size independent of ancestry. However, the association with type 2 diabetes may
have a stronger impact in the Chinese population than in Europids, as Prokopenko et al. [2]
only showed a significant association with type 2 diabetes in a very large meta-analysis of
18,236 cases and 64,453 controls. Given that the significance of the association was
comparable between the two populations, this can most likely be ascribed to the higher
frequency of the rs10830963 risk allele (G) in Han Chinese than in Europids (43% vs. 28%).
The higher frequency in Han Chinese is concordant with the data reported by the HapMap
project [13].

The finding that genetic variation within the MTNR1B gene region affects glucose levels and
risk of type 2 diabetes is not surprising, given that melatonin has an inhibitory effect on



insulin release and that MTNR1B is transcribed in human pancreatic islets [3, 9]. Furthermore,
sleep disturbances and altered circadian rhythm have previously been linked to metabolic
dysfunction, including type 2 diabetes [7, 8]. These recent studies have provided additional
knowledge regarding the mechanisms by which the melatonin system contributes to this
pathogenic process [2, 3].

In conclusion, we have replicated the association of MTNR1B with type 2 diabetes and fasting
plasma glucose, originally reported in individuals of European ancestry, in a Han Chinese
cohort. That populations of different ethnic and environmental backgrounds are affected by
the variant suggests that the origin of rs10830963 may be relatively ancient. It will be a
challenge to identify the environmental pressure that has resulted in this base change and its
relevance for human diabetes.
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Table 1 Clinical characteristics of participants

Type 2 diabetes cases Controls
n (male/female) 1165 (455/710) 1105 (349/756)
Age (years) 60.3 +£10.9 594 +7.7
BMI (kg/m?) 25.2+3.4 24.1+3.0
Waist (cm) 85.7+9.2 81.4+8.9
Hip (cm) 97.2+7.8 95.3+6.9
FPG (mmol/l) 8.4+3.0 5.2 +0.4
2h PPG (mmol/l) 15.1+5.3 6.0+1.0

Data are expressed as mean = SD

FPG, fasting plasma glucose; PPG, postprandial plasma glucose

Table 2 Association between rs10830963 and type 2 diabetes and fasting plasma glucose

rs10830963 | Genotype frequency Association with T2D Fasting plasma glucose (mmol/l + SD)
genotype | T2D cases | Controls | OR.gq (95% CI)® | p-value Controls Per allele effect” | p-value
ccC 0.318 0.338 1.16 (1.03-1.31) | 0.015 | 5.15+0.36 0.068 4x10°
CG 0.475 0.505 5.25+0.38
GG 0.207 0.156 5.27 £0.37

#Calculated using logistic regression, assuming an additive model adjusted for age, sex and

BMI

®Calculated using multiple regression adjusted for age, sex and BMI
T2D, type 2 diabetes




