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Abstract
Background: The pathogenetic mechanisms of type 2 diabetes (T2D) and non-alcoholic fatty liver disease are closely related. 

Currently, multiple studies have demonstrated a link between the PNPLA3 148M variant and the development and progression of 
NAFLD, including liver fibrosis. The aim of our research was to study the distribution of alleles and genotypes of the PNPLA3 
rs738409 SNP in Russians and Yakuts living in Yakutia, as well as to search for associations of the PNPLA3 rs738409 SNP in 
patients with T2D and non-alcoholic fatty liver disease / non-alcoholic steatohepatitis.

Methods and Results: The study included 179 patients (28 Russians and 151 Yakuts) with T2D and concomitant liver 
diseases of non-infectious origin. The comparison group consisted of 147 healthy volunteers of Russian ethnicity and 246 healthy 
volunteers of Yakut ethnicity. The PNPLA3 738409 SNP was analyzed by PCR-RFLP reaction. The results found a significant 
difference between the frequencies of the PNPLA3 rs738409 genotypes and alleles in Russians and Yakuts, both among healthy 
volunteers and in T2D patients with liver diseases. The frequency of the G allele occurrence in the group of healthy Yakuts was 
significantly higher (OR- 3.313; 95% CI: 2.444-4.499; P<0.001) than in the group of healthy Russians. No significant differences 
were found for the PNPLA3 rs738409 genotype and allele frequencies among a healthy sample and a sample of T2D patients with 
non-alcoholic fatty liver disease / non-alcoholic steatohepatitis, both in the Russian and Yakut populations. (International Journal 
of Biomedicine. 2020;10(4):438-441.)
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Introduction
Type 2 diabetes (T2D) is one of the most socially 

significant pathologies in the Republic of Sakha (Yakutia). 
T2D often coexists with non-alcoholic fatty liver disease 
(NAFLD),(1) which is considered the most common cause of 
chronic liver disease.(2) The prevalence of NAFLD among 

patients with T2DM is 60%–80%, and the incidence of 
NASH is 12%–40%.(3,4) Since NAFLD is closely linked to 
metabolic syndrome, it is frequently recognized as the hepatic 
manifestation of the metabolic syndrome(5) and constitutes the 
most frequent liver condition worldwide.(6,7) The pathogenetic 
mechanisms of NAFLD and T2D are closely related. In 
combination, these diseases aggravate each other, significantly, 
increasing the likelihood of the patient developing liver fibrosis. 
Whether NAFLD is a consequence or cause of metabolic 
dysfunction is currently unknown. Early liver diseases occur 
with unexpressed symptoms or are asymptomatic; therefore, 
timely diagnosis and prevention of liver diseases, especially 
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in patients with T2D, is necessary. The study of the molecular 
genetic mechanism of the pathogenesis of NAFLD will help in 
the search for new biomarkers of the disease.(4) 

PNPLA3, also known as adiponutrin, which is found in 
hepatocytes and adipocytes, is one of the candidates potentially 
related to NAFLD susceptibility.(8,9) PNPLA3 hydrolyses 
triglycerides and retinyl esters(10) and is associated with NAFLD 
in GWAS.(11) In 2008, Romeo et al.(11) reported that an allele 
in PNPLA3 (rs738409[G], encoding I148M) was strongly 
associated with increased hepatic fat levels (P=5.9×10-10) and 
with hepatic inflammation (P=3.7×10-4). Currently, multiple 
studies have demonstrated a link between the PNPLA3 148M 
variant and the development and progression of NAFLD, 
including liver fibrosis.(12-17)

The aim of our research was to study the distribution 
of alleles and genotypes of the PNPLA3 rs738409 SNP in 
Russians and Yakuts living in Yakutia, as well as to search for 
associations of the PNPLA3 rs738409 SNP in patients with 
T2D and NAFLD/NASH.

Materials and Methods
The study of the PNPLA3 SNPs (rs2294918 and 

rs738409) was carried out in the Department of Molecular 
Genetics at YSC CMP. For the study, we used DNA samples 
from the collection of biomaterials of the YSC CMP (Project 
“The Genome of Yakutia”; No. USE_507512). The study 
included 179 patients (28 Russians and 151 Yakuts) with 
T2D and concomitant liver diseases of non-infectious origin. 
Exclusion criteria: autoimmune hepatitis, primary biliary 
cholangitis, primary sclerosing cholangitis, hereditary 
hemochromatosis, Wilson-Konovalov disease, and alcohol 
abuse (>30 g/l).  The comparison group consisted of 147 
healthy volunteers of Russian ethnicity and 246 healthy 
volunteers of Yakut ethnicity. The biomaterial was collected 
during expeditions conducted in the Central regions of Yakutia. 
Ethnicity was taken into account up to the third generation.

Genomic DNA was isolated using the standard phenol-
chloroform extraction method from frozen whole blood. After 
DNA extraction, the samples were subjected to a PCR-RFLP 
reaction to analyze the PNPLA3 rs738409 SNP.

 The conditions for the amplification of the region of 
the gene containing the polymorphic variant, indicating the 
sequence of oligonucleotide primers, the restriction enzyme 
used and the lengths of the restoration fragments, are presented 
in Table 1. 

Genotypes were determined by analyzing the sizes of 
the resulting fragments by gel electrophoresis on 4% agarose 
gel with ethidium bromide in standard Tris-acetate buffer at 
120V for 1 hour. Restriction products were visualized using a 
gel documentation system in a Vilber Lourmat Compact UV 
Transilluminator (France) (Fig.1).

The study was approved by the Ethics Committee of the 
Yakut Science Center of Complex Medical Problems (YSC 
CMP). Written informed consent was obtained from each 
research participant (or the participant’s parent/guardian).

Statistical analysis was performed using the Statistica 8.0 
software package (Stat-Soft Inc., USA). The correspondence 
of the distributions of genotypes to the expected values ​​at 
HWE and comparison of the frequencies of allelic variants/
genotypes were performed using the chi-square test. Odds 
ratios (ORs) and 95% confidence intervals (CIs) were 
calculated. A probability value of P<0.05 was considered 
statistically significant. 

Results and Discussion
An analysis of the frequency distribution of alleles 

and genotypes of the PNPLA3 rs738409 SNP in the studied 
samples showed a difference between Yakuts and Russians, 
both in healthy volunteers and among those suffering from 
liver diseases (Table 2).

Table 1.
Conditions for PCR-RFLP analysis

Primer Annealing
temperature

Length of 
amplicate, 

bp
Restriction

enzyme
Restriction
fragment 
length, bp

F: 5’-TGGGCCTGA
AGTCCGAGGGT-3’ 66 °С 333 bp BstF5 I

CC – 200,
133

CG – 333,
200, 133
GG – 333 

R: 5’- CCGACACCA
GTGCCCTGCAG-3’

bp- base pairs

Table 2.
The frequency distribution of alleles and genotypes of the PNPLA3 
rs738409 SNP in Russians and Yakuts

Samples n Divi-
sion

Genotype
frequency, %

Allele
frequency χ2 Р

CC CG GG С G
Population
sample of the
Yakuts

246
O 13.8 26.4 59.8

0.270 0.730 26.825 0.000
E 7.3 39.4 53.2

Population
sample of
Russians

147
O 41.5 27.2 31.3

0.551 0.449 29.77 0.00
E 30.4 49.5 20.2

A sample of
Yakut patients 151

O 9.9 29.8 60.3
0.248 0.752 6.147 0.013

E 6.2 37.3 56.5

A sample of
Russian patients 28

O 35.7 25.0 39.3
0.482 0.518 6.982 0.008

E 23.2 49.9 26.8
O – Observed; E – Expected

Fig. 1. PCR-RFLP analysis of PNPLA3 gene (rs738409) C>G 
genotypes with restriction endonuclease enzyme BstF5 I.
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The sample of healthy patients of Russian ethnicity had 
the largest number of carriers of the homozygous CC genotype, 
while the samples of patients with T2D were dominated by 
carriers of the homozygous GG genotype. Among patients 
with T2D and a sample of healthy Yakut ethnicity, the largest 
number was carriers of the GG genotype.

We found significant differences between the 
frequencies of the PNPLA3 rs738409 genotypes and alleles in 
healthy volunteers of Yakut and Russian ethnic groups (Table 
3). The frequency of the C allele and the CC homozygous 
genotype prevailed in the sample of healthy volunteers of 
Russian ethnicity, while the frequency of the G allele and the 
homozygous GG genotype prevailed in the sample of healthy 
volunteers of Yakut ethnicity. The calculation of the odds ratio 
showed that the frequency of occurrence of the G allele in 
the Yakut group was significantly higher (OR=3.313; 95% CI: 
2.444-4.499; P<0.001) than in the sample of Russian ethnicity.

We found no significant differences in the frequency 
distribution of the PNPLA3 rs738409 genotypes and alleles 
among healthy Russians and Russian T2D patients with 
concomitant liver diseases (Table 4). In the sample of 
T2D patients of Russian ethnicity with concomitant liver 
pathologies, the homozygous GG genotype prevailed, which 
is probably due to the small number of samples (n=28). The 
homozygous CC genotype prevailed among the sample of 
healthy volunteers of Russian ethnicity.

We found no significant differences in the frequency 
distribution of genotypes and alleles among healthy Yakuts 
and Yakut T2D patients with concomitant liver diseases (Table 
5). According to the open-source data of the 1000 Genomes 
project,(18) the PNPLA3 rs2294918 G allele is found with a 
high frequency in populations of Central and South America 
(Peruvians - 71.8%, Mexicans - 55.5%, Colombians – 41%). 
Attention is drawn to the fact that the higher the frequency of 
the G allele, the higher the percentage of indigenous people in 
the population. For example, in the population of Puerto Rico, 
where the Native American population is 11%, the frequency 
of the G allele is 31.7%. In Europeans, the frequency of the G 
allele is on average 22.6%. Among Asians, the Japanese have 
a high frequency of the G allele (42.3%). The owners of the 
lowest frequency of the G allele are Africans (8.6%-17.2%).

In conclusion, our study found a significant difference 
between the frequencies of the PNPLA3 rs2294918 genotypes 
and alleles in Russians and Yakuts, both among healthy 
volunteers and in T2D patients with liver diseases. The 
frequency of the G allele occurrence in the group of healthy 
Yakuts was significantly higher (OR=3.313; 95% CI: 2.444-
4.499; P<0.001) than in the group of healthy Russians. No 
significant differences were found for the PNPLA3 rs2294918 
genotype and allele frequencies among a healthy sample and 
a sample of T2D patients with NAFLD/NASH, both in the 
Russian and Yakut populations. 
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