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Abstract

The purpose of our research was to study the association of the PNPLA3 SNP rs738409 (C>QG) with type 2 diabetes (T2D)
in the Yakuts. The frequency distribution of alleles and genotypes of the PNPLA3 SNP rs738409 was in accordance with HWE.
There were no statistically significant differences in the distribution of alleles and genotypes of the PNPLA3 SNP rs738409
between T2D patients and non-T2D patients (P>0.05); the G allele and homozygous GG genotype prevailed in both groups. In
T2D patients, a high frequency of the G allele (74.1%) was found, with a predominance of the GG genotype (58.5%). We also
found that the mutant allele frequency is higher than in the studied populations of the world. Further studies with larger sample size
are required to achieve sufficient statistical power to detect the association of the PNPLA3 SNP rs738409 with the development of
T2D in Yakut patients. (International Journal of Biomedicine. 2018;8(3):201-205.)
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ALD, alcoholic liver disease; DM, diabetes mellitus; CHC, chronic hepatitis C; CVD, cardiovascular diseases; HCC, hepatocellular
carcinoma; NASH, non-alcoholic steatohepatitis; NAFLD, non-alcoholic fatty liver disease; PNPLA3, patatin like phospholipase
domain containing 3; SNP, single nucleotide polymorphism; T1D, type 1 diabetes; T2D, type 2 diabetes.

Introduction

The North is a multicomponent extreme factor for
humans and has a multifaceted negative impact on the human
body by a specific production and environmental component,
causing a number of changes in the metabolism and functional
activity of all body systems and changing a body’s need for
energy, food and biologically active food components.
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The indigenous population of the North is characterized
by a protein-lipid type of nutrition, which contributes to the
formation of a “polar metabolic type.” This type of nutrition
is characterized by a high content of protein in the daily
diet (15% and more), fat (35% and more), carbohydrates
(50% and less), in contrast to the “European type,” in which
carbohydrates predominate. In the diet of a person living in the
Far North, the energy role of carbohydrates is reduced and the
role of fats, and to a lesser extent of proteins, is increased, thus
forming the so-called “polar metabolic type.” In the indigenous
inhabitants of the North, the energy metabolism switches from
carbohydrate type to fatty type, lipid metabolism increases due
to food sources of fat, and lipid metabolism increases due to
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food sources of fat, that is, rapid “combustion” of exogenous
and not endogenous fat. This is why aborigines can consume
more meat and fat (the Eskimo, for example, can eat 6-8 kg
of meat per day). Therefore, the indigenous people of the
North, engaged in traditional northern types of management,
rarely suffer from CVD, in contrast to sedentary aborigines
living in settlements and students in boarding schools, who
are forced to consume large amounts of carbohydrates. Thus,
increasing globalization has led to a change in nutrition of the
indigenous inhabitants of the northern regions and an increase
in metabolic diseases and T2D.("

Epidemiological data indicate the frequent combination
of T2D and NAFLD characterized by an accumulation of lipids
both in the hepatocytes themselves and in the intercellular
space.® T2D patients are characterized by insulin resistance,
and often have obesity, dyslipidemia and increased activity
of hepatic enzymes. For these patients, there is a tendency
to accumulate fat in the liver, which causes a higher risk
of developing severe liver pathology compared to patients
without T2D.®

Studies in recent years prove the hereditary mechanisms
of the development of NAFLD. A genome-wide association
study of a multiethnic population found that a single rs738409
C>G polymorphism of the PNPLA3 gene, which encodes
1148M, is strongly associated with hepatic fat content and
conferred susceptibility to NAFLD.*>

PNPLA3 is expressed in the liver and adipose tissue
and has acyl hydrolase activity.® The PNPLA3 protein
exhibits lipase activity against triglycerides and acylglycerol
transacetylase activity, and its expression is highly responsive
in energy mobilization and the storage of lipid droplets.” In
humans, the PNPLA3 1148M mutation has been shown to
influence not only intrahepatic remodeling but also reduces
very low density lipoproteins secretion.®

Recently, a study showed that carriers of the rs738409[G]
allele have lower de novo lipogenesis as compared to non-
carriers due to a reduction in liver SREBP1c mRNA levels.?”
The reduction in hepatic de novo lipogenesis may be interpreted
as a compensatory effect of hepatic fat increase.

The 15738409 polymorphism has been associated
with the loss of the protein’s hydrolyzing function and
with the hepatic triglyceride accumulation.® The rs738409
polymorphism is strongly associated with steatosis, fibrosis/
cirrhosis in various liver diseases with different etiologies
(NAFLD, ALD, CHC, HCC).(1*19

The purpose of our research was to study the association
of the PNPLA3 SNP rs738409 (C>G) with T2D in the Yakuts.

Materials and Methods

Molecular genetic studies were conducted in the
molecular genetics department at YSC CMP. DNA samples
were obtained from the YSC CMP biomaterial collection
(“Genome of Yakutia”, registration No. USU_507512).

The study included 106 patients (79 women and 27 men)
ofthe Yakut nationality aged between 31 to 82 years (mean age,
60.7+0.42 yrs) with T2D (Group 1). The comparison group
consisted of 72 healthy volunteers (24 men and 48 women aged

between 19 and 55 years, mean age of 28.2+0.49 yrs) (Group
2). All participants in the study were of Yakut ethnicity and
lived in the territory of the Republic of Sakha (Yakutia) [the
RS(Y)]. Exclusion criteria were the following: chronic viral
hepatitis, autoimmune hepatitis, primary biliary cholangitis,
primary sclerosing cholangitis, hereditary hemochromatosis,
Wilson-Konovalov disease, alcohol abuse (>30 g/l).

Genomic DNA was extracted from peripheral blood
were conducted using the phenol-chloroform standard method.
After DNA extraction, the samples were subjected to a PCR-
RFLP reaction to analyze the rs738409 polymorphism of
the PNPLA3 gene where the homozygous wild type CC
genotype (200 and 133 bp), the heterozygous genotype is
CG (333, 200 and 133 bp) and the homozygous mutant-
type GG genotype (333 bp). The following primers were
used: F: 5-TGGGCCTGAAGTCCGAGGGT-3" and R:
5’-CCGACACCAGTGCCCTGCAG-3’ (Biotech Industry Ltd,
Moscow, Russia). The reaction mixture (25 uL) contained 13 pl
of ddH20, 2.5 ul 10xPCR buffer, 2.5 pl 25 mM MgCI2 , 2.5 ul
2.5mMdNTPMix, 1,5 pl (10pkmol/ ul) of each oligonucleotide
primer, 0.3 ul (1.5 units.) “hotstart” Tag-polymerase and 3
ul of DNA. PCR amplification was carried out in the MJ
Mini Gradient Thermal Cycler (Bio-Rad). Thermal Cycling
Conditions were as follows: 95 °C for 5 min, and then 37 cycles
at 94°C for 30 sec, at 66°C for 30 sec, and at 72 °C for 40 sec
and a final elongation at 72°C for 5 minutes.

To determine the rs738409 (C>G) polymorphism
genotype, the restriction endonuclease BstF5 1 (SibEnzyme,
Novosibirsk, Russia) was used (at 65 for 16 hours). The
products of the restriction enzyme digestion were subjected
to electrophoresis in a 1.5% agarose gel in a horizontal
electrophoretic tank containing TBE buffer (1X concentration)
with a constant current of 120 V for 1 hour. The resulting
bands were visualized under ultraviolet (UV) light using a gel
documentation system (Vilber Lourmat, France) (Figure 1).
The images were recorded to digital files.
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Fig. 1. Electropherogram representing PCR amplification
product of the PNPLA3 SNP rs738409 (C>G)

Statistical analysis was performed using the Statistica 8.0
software package (StatSoft Inc, USA). The chi-square test
was used to determine the deviation from Hardy-Weinberg
equilibrium (HWE) and the differences in genotypes and
alleles between groups. The expected heterozygosity (He) was
calculated using the Nei (1987) estimator. A probability value
of P<0.05 was considered statistically significant.

The study was approved by our regional ethics committee.
Written informed consent was obtained from all patients.
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Table 1.

203

Prevalence and incidence of endocrine pathology per 1,000 population in RS(Y)

Prevalence of disease per 1000 population Incidence of disease per 1,000 population
Endocrine pathology

2006 | 2008 | 2010 | 2012 | 2014 | 2016 | 2006 | 2008 | 2010 | 2012 | 2014 | 2016

dE.nd“rine System | 803 | 824 | 82.04 | 87.2 | 89.0 | 89.3 | 128 | 145 | 156 | 147 | 149 | 158
iseases

DM (total) 204 | 22.6 | 30.88 | 30.41 | 32.3 33.9 2.6 2.9 32 3.8 3.9 4.0
TID 1.83 | 1.83 2.4 0.77 | 0.80 | 0.85 0.1 0.2 0.2 0.1 0.1 0.1
T2D 19.1 | 203 | 28.0 292 | 288 | 2945 | 24 2.8 3.1 32 3.4 3.6
Thyroid diseases 268 | 27.8 | 27.8 292 | 288 | 28.6 6.8 7.8 7.8 9.2 8.8 8.2
Hypothyroidism 9.2 8.8 9.46 9.6 9.8 9.4 112 | 1.15 | 1.20 | 1.25 | 1.33 | 1.38
Thyrotoxicosis 6.5 6.4 6.8 6.6 6.9 7.2 0.6 0.7 0.8 0.8 | 093 | 0.97
Obesity 203 | 223 | 287 299 | 388 | 3945 | 23 2.7 3.4 3.7 3.9 42

Results and Discussion

Currently in Yakutia, the morbidity incidence caused
by endocrine pathology tends to increase, primarily due to
the growth of diabetes and obesity (Table 1). In RS(Y), the
total morbidity rate caused by endocrine pathology is 89.3 per
1000 population and the level of newly diagnosed endocrine
pathology is 15.8 per 1000 population. On average, about 8%
of the population of the RS(Y) are on prophylactic medical
examination for endocrine pathology. In Aldan (industrial
area) and Allayhovsky (arctic region) districts, these indicators
are higher than the average values for the republic

The prevalence of DM in RS(Y), according to the
Online Diabetes Registry for the period from 2013 to 2016,
amounted to 15%, with an annual increase of 3.5%-6.85%.
In DM patients, the need for medical assistance increases
with the deterioration of their condition and the occurrence
of complications. The prevalence of vascular complications
of DM remains high, including diabetic retinopathy, diabetic
nephropathy, and cardiovascular complications. In the RS(Y),
the proportion of complications of DM is (according to data
at the end of 2016) 35.57% for T1D and 30.2% for T2D. The
average life expectancy of T1D patients is 47.5 years for men
and 45.67 years for women; in T2D - 63.59 for men and 67.54
years for women. Mortality from DM in the RS(Y) is 24.17
per 100,000 population.

In clinical practice, the high risk of coexistence of
NAFLD and DM should be considered. The prevalence of
NAFLD in the general population of Western countries is 20-
30% and among obese adults it is 80%-90%."9 The prevalence
of NAFLD is remarkably increased in patients with T2D,
ranging from 30% to 75% according to age, ethnicity, the
study population and the diagnostic tools used.!!”

NAFLD is defined as either excessive fat accumulation
in the liver with more than 5% of hepatocytes containing

visible intracellular triglycerides or steatosis affecting at least
5% of the liver volume or weight in patients consuming less
than 30g of alcohol per day for men and less than 20 g of
alcohol per day for women. (1820

The frequency distribution of alleles and genotypes of
the PNPLA3 SNP rs738409 was in accordance with HWE.
There were no statistically significant differences in the
distribution of alleles and genotypes of the PNPLA3 SNP
rs738409 (C>G) between Group 1 and Group 2 (P>0.05);
the G allele and homozygous GG genotype prevailed in
both groups. Population-genetic analysis among the Yakuts
on the PNPLA3 SNP rs738409 (C>G) showed that the level
of observed heterozygosity (Ho) in T2D patients was 0.311;
in healthy individuals Ho=0.319. The level of the expected
heterozygosity (He) in T2D patients was 0.387, in healthy
individuals He=0.395. The genotype frequencies of the
PNPLA3 15738409 (C>G) SNP are presented in Table 2.

According to the 1000 Genomes Project data,
the frequency of the PNPLA3 (rs738409) G allele in different
populations is characterized by heterogeneity.

Table 2.

Genotype and allele distribution of the PNPLA3 SNP rs738409
in the groups

Genotype, % Allele
Group ¥ | H | H | P
CC|GC|GG| C | G
Obs.|10.38|31.13(58.49
Group 1 0.259|0.741{4.123|0.311{0.387|0.05
Exp.| 6.71(38.38(54.91
Obs.|11.11|31.94(56.94
Group 2 0.271]0.729|2.632|0.319(0.395(0.105
Exp.| 7.3439.50(53.17
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The frequency of G allele of the PNPLA3 SNP
rs738409 in T2D patients and healthy volunteers of Yakut
nationality prevails in comparison with other populations.
Thus, in T2D patients, a high frequency of the G allele (74.1%)
was found, with a predominance of the GG genotype (58.5%).
In study by JM Patit et al., the frequencies of G and C alleles
of the PNPLA3 SNP rs738409 in T2D patients of the France’s
population were 29.6 and 70.4%, respectively.?" According to
A. J. Cox, the lowest frequency of the G allele (13.7%) with
the GG genotype frequency of 1.5% was found in African
American patients with T2D.@

C. Huang et al. showed that the PNPLA3 genetic variants
were associated with advanced liver fibrosis in diabetic patients
only, but not in non-diabetic patients. The PNPLA3 gene was
the most important predictive factor of bridging fibrosis in
diabetic patients, using the recessive model (OR: 4.53, CI:
1.356-15.106, P=0.014) or the dominant model (OR: 2.20,
CI: 1.026-4.734, P=0.04). Compared to non-diabetic patients,
patients with the diabetes/GG genotype were more likely to
have advanced liver fibrosis (OR: 8.79, CI: 2.889-26.719,
P<0.001), followed by those with diabetes/non-GG genotype
(OR: 1.55, CI: 1.048-2.286, P=0.03).%

In study by R. Posadas-Sanchez et al., the [148M/PNPLA3
(rs738409) polymorphism was associated with the presence of
premature coronary artery disease in T2DM patients and with
some cardiometabolic parameters.®?

However, a number of studies indicate that there is no
straightforward association between PNPLA3 and insulin
action or glucose homeostasis metabolism.?529

As noted by many domestic and foreign researchers,
carriers of the PNPLA3 G allele are more susceptible to liver
diseases (NAFLD, NASH) with a high risk of developing
cirrhosis and HCC.® Patients with T2D and NAFLD have a
higher risk of CVD, as well as mortality, due to the depletion
of hepatic glycogen stores and a decrease in the reserve
regulation capacity of glucose homeostasis with the accelerated
development of vascular complications. At the same time,
fatty hepatosis, regardless of the cause, can contribute to high
insulin levels due to reduced insulin clearance.®"

Undoubtedly, further studies with larger sample size
are required to achieve sufficient statistical power to detect
the association of the PNPLA3 SNP rs738409 SNP with the
development of T2D in Yakut patients.
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