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before endoscopic screening at the out-
patient stage.
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VARIABILITY OF PNPLA3 AND GCKR
GENES, AND THEIR INFLUENCE

ON BIOCHEMICAL PARAMETERS

IN RESIDENTS OF THE REPUBLIC

OF SAKHA (YAKUTIA)

The article presents a study of the frequencies of PNPLA3 and GCKR gene variants in
samples of Yakuts, Evenks, and Russians. A total of 728 people living in the Sakha Republic
(Yakutia) participated (331 Yakuts, 147 Evenks, and 250 Russians). Single nucleotide
polymorphisms were determined by polymerase chain reaction followed by restriction fragment
length polymorphism analysis. The study revealed significant differences between the studied
samples. For the rs738409 polymorphism of the PNPLA3 gene, the G allele was 72-75% in
Yakuts and Evenks versus 53% in Russians. For the rs2294918 polymorphism, the protective
allele Ais virtually absent in Yakuts (6.7%) and very rare in Evenks (17%), the Russian population
has a significantly higher proportion of A (43%). For rs1260326 of the GCKR gene, the risk allele
T was more common in Russians than in Yakuts and Evenks. For the associated SNP rs780094,
Russians have a higher percentage of the risk allele A, approximately 48% versus 40% in Yakuts
and 44% in Evenks. Linkage disequilibrium (LD) analysis between the pair of polymorphisms
rs738409 and rs2294918 in the PNPLA3 gene showed an extremely weak association between
these SNPs. Polymorphisms rs780094 and rs1260326 GCKR demonstrated strong linkage
in all three studied samples. In the Russian sample, an association was noted between the
genotype of the rs738409 PNPLA3 polymorphism and the concentration of triglycerides, and
polymorphisms of the GCKR gene showed a significant effect on ALT activity. The obtained
data are consistent with the hypothesis that some pathological alleles became established in
northern populations due to previous adaptive advantages, but in modern conditions, they have
transformed from beneficial to harmful.
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Introduction. The populations of the
Republic of Sakha (Yakutia) represent
a unique model for studying genetic
and ecological interactions. Russians,
Evenks, and Yakuts living in this region
differ in their genetic background, history,
and traditional diets formed under harsh
climates and extreme environmental fac-
tors. Until the middle of the 17th century,
there was no agriculture in Yakutia, and
the nutrition of the indigenous peoples
was based on products of animal and
plant origin [1]. With the development of
industrialization, the historically estab-
lished way of life and nutrition of the pop-
ulation have changed, so the traditional
protein-lipid diet has been replaced by
a modern Western one with a predomi-
nance of carbohydrates. The main organ
of food metabolism is the liver. Consump-
tion of high-calorie foods with high fruc-
tose content leads to an increase in circu-
lating triglycerides and very low-density
lipoproteins (VLDL), increased ALT lev-
els, which in turn leads to insulin resis-
tance and accumulation of visceral and
liver fat [5, 17].

Yakutia is one of the most disadvan-
taged regions in terms of liver diseases,
while the indigenous population is more
susceptible to chronic diffuse liver dis-
eases than newcomers [3]. Non-alcoholic
fatty liver disease (NAFLD) is one of the
most common liver diseases in devel-
oped and developing countries, its prev-
alence varies from 2.8% to 24.0% in dif-
ferent populations. It accounts for 60% of
all chronic liver diseases [15]. Also, up to
15% of all liver cancer cases are detect-
ed in patients with NAFLD [2]. The main
causes of NAFLD are sedentary lifestyle,
poor nutrition, and genetic polymorphism
of various genes 11]. Thus, the genetic
variants involved in lipid and glucose me-
tabolism, rs738409 (C/G) in gene 3 con-
taining the domain of patatin-like phos-
pholipase (PNPLA3), rs780094 (G/A)
and rs1260326 (C/T) in the glucokinase
regulatory protein (GCKR) gene, are con-
sistently associated with the risk of NA-
FLD and liver complications of NAFLD.

The rs738409 polymorphism of the
PNPLA3 gene, which leads to the sub-
stitution of isoleucine for methionine at
position 148 of the protein (1148M), is the
most well-known genetic determinant of
NAFLD [7]. Thus, the 1148M variant dis-
rupts the function of the enzyme adipo-
nutrin (a product of the PNPLA3 gene),
which leads to the accumulation of lipids
in hepatocytes and accelerates the pro-
gression of the disease. The associa-
tion of this allele with NAFLD has been
confirmed in various populations of the
world, including the Chinese, Indians,

and Malays [6] and the peoples of Cen-
tral Asia [7]. In addition to rs738409, the
rs2294918 polymorphism is described in
the PNPLA3 gene, which itself is not di-
rectly related to the disease, but modifies
the effect of the 1148M variant. This SNP
is localized in the same gene and is as-
sociated with reduced expression of the
PNPLAS protein [18]. The carriage of the
rs2294918 A allele leads to a decrease in
the amount of the active enzyme, which
to some extent weakens the negative ef-
fect of the rs738409 allele.:G affects the
accumulation of fat in the liver [10].

The GCKR gene encoding the glucoki-
nase regulator was first identified among
the NAFLD-associated loci in 2011 [13].
Two related SNPs have been most stud-
ied: rs780094 and rs1260326 in the
exon of the GCKR gene. The A alleles in
rs780094 [4] and T alleles in rs1260326
are considered unfavorable. These vari-
ants are associated with a decrease in
the function of the glucokinase regulator,
which leads to increased glucokinase ac-
tivity and enhanced lipogenesis in the liv-
er [16]. A decrease in the function of the
GCKR protein leads to a redistribution of
metabolic fluxes: fatty acid synthesis in
the liver increases, which promotes ste-
atosis, although paradoxically the same
alleles are associated with low blood glu-
cose and elevated triglycerides in popu-
lation studies [9].

The purpose of this study is to com-
pare the frequencies of polymorphisms
rs738409, rs2294918 of the PNPLA3
gene and rs780094, rs1260326 of the
GCKR gene in samples of Yakuts,
Evenks and Russians.

Materials and methods. The study
protocol was approved by the local Com-
mittee on Biomedical Ethics at the Yakut
Scientific Center for Complex Medical
Problems (YSC CMP). Informed written
consent was obtained from all the volun-
teers. Clinical information about patients
was collected in a special database, and
DNA samples were stored in the collec-
tion of biomaterial of the YSC CMP us-
ing the USU "Genome of Yakutia" (reg.
no. USU_507512). The study included
728 healthy volunteers, including 331
Yakuts (244 men average age 46.5+0.78,
87 women average age 51.8+1.18), 147
Evenks (54 men average age 49.9+2.68,
93 women average age 51.1+2.1) and
250 Russians (90 men average age
44.7+1.78, 160 the average age of wom-
en was 43.6+1.22). Ethnicity was taken
into account up to the third generation,
all subjects live in the Republic of Sakha
(Yakutia). SNP genotyping was per-
formed using classical polymerase chain
reaction (PCR) and restriction fragment
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length polymorphism (RFLP) in the Lab-
oratory of Hereditary Pathology of the
Department of Molecular Genetics of the
YSC CMP. The conditions for amplifica-
tion of the gene region containing poly-
morphic variants, indicating the sequence
of oligonucleotide primers, the restrictase
used, and the lengths of the extraction
fragments, are presented in Table 1.

The correspondence of the genotype
distributions to the expected values at
Hardy-Weinberg equilibrium and the
comparison of the frequencies of allelic
variants/genotypes were carried out us-
ing the x2 (chi-squared) criterion with the
Yates correction. SNP linkage disequi-
librium analysis was studied by pairwise
comparing r2 and D using Haploview
software (version 4.2; Broad Institute,
Cambridge, Massachusetts, USA) [14].

Results and discussions. A com-
parative analysis of the frequency dis-
tribution of the genotypes and alleles of
the PNPLA3 and GCKR gene polymor-
phisms revealed significant differences
between the studied samples (Table 2).

According to the rs738409 polymor-
phism of the PNPLA3 gene, Yakuts and
Evenks have an extremely high propor-
tion of the G allele (with impaired adipo-
nutrin function): 72-75% against 53% for
Russians. More than half of the Yakuts
(57.9%) and Evenks (51.5%) had the GG
genotype, while only 40.5% of Russians
have GG. Statistically, the differences in
PNPLA3: G frequencies between Yakuts
and Russians are significant (x2=~38.6;
p<0.001), while there is no significant
difference between Yakuts and Evenks
(p=0.42). This confirms that both north-
ern peoples carry a sharply increased
proportion of the PNPLA3 148M variant,
whereas it is significantly less common
among Europeans (Russians). At the
second PNPLA3 locus (rs2294918), the
Aallele, characterized by reduced protein
expression, is practically absent in Yakuts
(6.7%) and very rare in Evenks (17%);
the Russian population has a significant-
ly higher proportion of A (43%). Thus, the
protective effect of the rs2294918 vari-
ant is practically absent in the Yakut and
Evenk groups, while it is much more pro-
nounced in Russians.

In contrast to the above, according to
variant rs1260326 of the GCKR gene, on
the contrary, the T allele (which weakens
the function of glucokinase and increases
the risk of steatosis) was more common
in Russians than in Yakuts and Evenks.
The difference between Yakuts and Rus-
sians for this allele was statistically signif-
icant (p=0.02). Similarly, according to the
related SNP rs780094, Russians have a
higher percentage of the A allele, about
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Table 1

Primers and restriction enzymes used to detect PNPLA3 and GCKR gene polymorphisms

Gene / SNP Primers Tenfl‘)rgrl;ﬁigg(" ) Efl{g(s)glil%tlig;se Restriction fragments
PNPLAS 12294918 | e T G A CTACAGACTC 66 Amas7l GG 160 111 .
e e T e
oot | OSSO ||| oG n st
GCKR rs1260326 F: TGCAGACTATAGTGGAGCCG 63 Mispl cor é12,31151())'%.p,

48% versus 40% for Yakuts and 44% for
Evenks.

The analysis of linkage disequilibri-
um (LD) between a pair of rs738409 and
rs2294918 polymorphisms in the PNP-

Table 2

Comparison of the frequency distribution of genotypes and alleles of PNPLA3
and GCKR gene polymorphisms in the studied populations

:,::o Cgi;:tri'nsn Smﬁzge agNg);trﬁn:Eg r\év:s: Population Genotype; 0frequency Allele (f;r/i)quency Chi-square p
ientatwes of the stu@ed populations. 738409 PNPLA3 cc 1 cg | 6o C G
ow LD was observed in the samples of
Yakuts, Evenks, and even Russians: the | Yakuts 79 | 342 | 57.9 25.0 75.0
values of D' were only 0.032, 0.131, and Russian 335 | 259 | 40.5 465 535 38.62 0.00
0.045, respectively, with virtually zero co-
efficient of determination (r2 = 0.0). For | Yakuts 79 | 342|579 | 250 75.0
comparison, in global populations, ac- |gyenks 76 | 409 | 51.5 28.0 7.0 0.66 0.42
cording to data from 1000 Genomes [12],
these SNPs in PNPLA3 are in almost |Evenks 7.6 | 409 | 51.5 | 28.0 | 72.0 20,07 0.00
complete linkage. So, for Africans, D'~ 1 | gyssian 335 | 259 | 405 | 465 | 535 ' '
with r2 = 0.015; for Americans, D' = 0.98,
2 = 0242’ in East Asians, D' = 1, 2= PNPLA3 rs2294918 AA AG GG A G
0.12; in Europeans, D' = 1, r2 = 0.172; | Yakuts 04 | 12,5 | 87.1 6.7 93.3
in South Asian populations, D' = 1, r2 = - 151.18 0.00
0.097. Thus, in the studied samples of | Russian 114 ) 639|247 | 434 56.6
populations of Yakuts, Evenks and Rus- | Yakuts 04 | 12.5 | 87.1 6.7 93.3
sians, two PNPLA3 variants are inherited |- - 00 1321 leso | 170 3.0 18.67 0.00
almost independently, whereas in large ; - i - ;
global populations There is a strong co- | Evenks 0.0 | 34.1 | 659 17.0 83.0 145,00 0.00
hesion between them (Fig.). . . .
The polymorphisms rs780094 and Russian 114 | 63.9 | 24.7 43.4 56.6
rs1260326 GCKR demonstrated strong | GCKR rs780094 AA | AG | GG A G
coupling in all three samples studied, Yakuts 17.1 454 | 375 39.8 60.2
so for Yakuts and Evenks, D' was 1.0 5.43 0.02
with r2 ~ 0.8-0.99, and for Russians, D' | Russian 278 | 41.1 | 31.0 | 484 | 51.6
= 0.898, r2 = 0.769. Thus, in the stud- | vakuts 17.1 | 454 | 375 | 398 | 602
ied populations, the alleles of these two 1.04 0.31
GCKR SNPs are transmitted almostas a | EVenks 189 1500 | 31.1 | 439 56.1
single block. The combination of alleles Evenks 189 | 50.0 | 31.1 439 56.1 0.99 032
of two PNPLAS3 variants (rs738409 and . . .
rs2294918) forms four possible haplo- Russian 27.8 | 411 | 310 | 484 >16
types. The frequency distribution of these | GCKR rs1260326 TT CT CcC T C
haplotypes demonstrates noticeable dif- Yakuts 171 | 454 | 375 398 602
ferences between Yakuts, Evenks, Rus- - - - - : 543 0.02
sians, and the reference populations of |Russian 253 | 462 | 285 | 484 51.6
the world (Table 3). Yakuts 17.1 | 454 | 375 | 398 | 602
As can be seen from Table 3, the G-G 0.19 0.67
haplotype is most common in the popula- | Evenks 11.4 | 53.0 | 35.6 | 379 62.1
tions of Yakutia. Among Russians, there | gpyenks 114|530 | 356 | 379 62.1
is a more uniform distribution across sev- - 6.07 0.01
eral haplotypes: in addition to G-G, hap- | Russian 253 1462 | 28.5 | 48.4 51.6
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lotypes C-G (30.9%) and G-A (23.9%)
have significant proportions. The G-A
haplotype is practically absent in the
main world populations, but, on the con-
trary, it is present in Yakuts and Evenks
(5.2% and 12.2%, respectively). The Eu-
ropean sample (EUR) has a remarkably
high proportion of the C—A haplotype
(37.1%), which is also quite common in
South Asians (22.8%). The frequency of
C-A in Russians is 17.1%, which is no-
ticeably higher than in Yakuts (1.9%), but
lower than in the European population.
Thus, the Yakuts and Evenks are char-
acterized by the predominance of the
G—G haplotype and the presence of the
G—A haplotype, which is unique to them,
whereas the distribution of PNPLA3 hap-
lotypes in Russians is closer to the Eu-
ropean type. For the GCKR gene, the
combination of alleles of polymorphisms
rs780094 and rs1260326 also forms four
haplotypes. However, unlike PNPLAS3,
only two main haplotypes are observed in
all populations, while the remaining two
are extremely rare (Table 4).

According to Table 4, in each popula-
tion considered, the main share (>90%) is
accounted for by the G—C and A—T haplo-
types, whereas combinations of G-T and
A-C are rare minor haplotypes. These
data confirm that the two substitutions
under consideration in GCKR are closely
related: in fact, only two main haplotype
lines can be traced in all groups, whereas
recombination variants (G-T, A—C) have
evolved rarely and therefore persist with
low frequency.

To assess the functional effect of
genes, the average value of biochemi-
cal parameters in the studied samples of
Russians and Evenks was stratified de-
pending on the genotype according to a
number of polymorphisms. The effect of
the PNPLAS3 variant on the biochemical
parameters manifested itself as expect-
ed. In the Russian sample, the rs738409
PNPLA3 polymorphism genotype was
associated with triglyceride concentra-
tion, so carriers of the unfavorable GG
genotype had a lower TG level (on aver-
age 1.6+0.9 mmol/l), and carriers of the
favorable CC genotype had a higher TG
(2.5¢1.6 mmol/l, p=0.01). This reverse
effect is consistent with the known data
on PNPLA3 [6]. variant 148M promotes
fat accumulation in the liver by reducing
TG secretion into the blood, therefore,
GG carriers often exhibit reduced levels
of circulating triglycerides against the
background of severe liver steatosis. In
Evenks, PNPLA3 genotypes also influ-
enced the indicators, although not so
significantly. For example, the average
AST activity in Evenks with the GG gen-

Linkage imbalance in the PNPLA3 gene Linkage disequilibrium in the GCKR gene

EVNE YET RUS

WY

AFR AMR EAS

YET RUS EVNE

P i i . - ——

Bteck 1 =

Linkage disequilibrium in the PNPLA3 and GCKR genes. Note. The color of the cell indicates the
strength of the bond between the SNPs: red is a strong bond (D'= 1, LOD> 2), white is a weak
bond (D' <1, LOD <2). Abbreviations: YKT — Yakuts; RUS — Russians; EVNK - Evenks; AFR -
Africans; AMR - Americans; EAS — East Asians; EUR - Europeans; SAS — South Asians.

Table 3

Frequency of PNPLA3 haplotypes (rs738409-rs2294918)
in Yakutia and worldwide populations

haplotypes Frequency of PNPLA3 haplotypes

1s738409- |y | RUS | EVNK | AFR | AMR | EAS | EUR | SAS

152294918 | 11-330) | (n=178) | (n=138) | (n=661) | (n=347) | (n=504) | (n=503) | (1=489)
G-G 0.701 | 0281 | 0599 | 0.118 | 0482 | 0350 | 0226 | 0.246
C-G 0228 | 0309 | 0235 | 0.778 | 0306 | 0.468 | 0.404 | 0.526
G-A 0052 | 0239 | 0.122 | 0 0 0 0 0
C-A 0.019 | 0171 | 0.044 | 0.104 | 0210 | 0.182 | 0371 | 0.228

Note: n is the number of people studied; YKT — Yakuts; RUS — Russians; EVNK - Evenks;
AFR - Africans; AMR - Americans; EAS — East Asians; EUR - Europeans; SAS — South

Asians
Table 4

Frequency of GCKR haplotypes (rs780094-rs1260326) in populations of Yakutia
and the world

haplotypes Frequency of GCKR haplotypes

“1752839;‘& YKT | RUS | EVNK | AFR | AMR | EAS | EUR | SAS

s (0=331) | (n=250) | (n=147) | (n=661) | (1=347) | (n=504) | (n=503) | (n=489)
G-C 0.580 | 0.489 | 0.568 | 0.851 | 0.628 | 0.512 | 0.579 | 0.792
A-T 0417 | 0449 | 0378 | 0.076 | 0350 | 0.469 | 0.400 | 0.191
G-T 0 | 0025 0 0018 | 0.012 | 0.012 | 0.010 | 0.009
A-C 0.003 | 0.037 | 0.054 | 0.055 | 0.010 | 0.007 | 0.010 | 0.007

Note: n is the number of people studied; YKT — Yakuts; RUS — Russians; EVNK - Evenks;
AFR - Africans; AMR - Americans; EAS — East Asians; EUR - Europeans; SAS — South
Asians
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otype was higher (31.1 U/l) compared
with CC (24.8 U/l), but this difference was
not significantly significant (p=0.06). The
PNPLA3 genotype in Evenks did not sig-
nificantly affect lipid levels (p>0.3 for TG,
cholesterol), although the same trend
was observed, GG carriers had a slightly
lower average TG than CC carriers.

In the Russian sample, polymor-
phisms of the GCKR gene showed a
significant effect on the activity of ALT,
a key enzyme that reflects the degree
of liver damage in NAFLD. Carriers of
risky alleles had significantly higher ALT.
For example, among Russians, the aver-
age ALT for carriers of the AA genotype
(rs780094) was 19.2+11.6 U/L, while for
the GG genotype it was only 13.5+5.3 U/
(p<0.001). A similar effect was confirmed
for the associated rs1260326 variant:
the TT genotype was associated with
ALT of 18.3£11.6 U/l versus ~13.5 Ul
for CC (p=0.02). In Evenks, the effect of
GCKR on ALT and other indicators did
not reach statistical significance. For ex-
ample, according to rs780094, the ALT of
Evenks was ~19-21 U/I for all genotypes
(p=0.90). It can be assumed that with a
smaller sample size of Evenks, the as-
sociations might not appear, although
Evenks with the TT genotype according
to rs1260326 had a slightly higher ALT
than with CC, but did not achieve a signif-
icant difference.

Conclusion. Collectively, the genetic
profile of Yakuts and Evenks for poly-
morphisms rs738409 and rs2294918 of
the PNPLA3 gene is characterized by
an increased proportion of alleles asso-
ciated with the risk of liver obesity, while
Russians have significantly lower fre-
quencies of these alleles. However, ac-
cording to the polymorphisms rs780094
and rs1260326 of the GCKR gene, Rus-
sians have a higher proportion of alleles
with reduced glucokinase function than
the northern groups. When comparing
the average biochemical parameters
depending on the genotype, reliable
values were found only in the sample of

Russians, which may be due to the low
variability of genotypes in Evenks. The
results of the study demonstrate how ge-
netic adaptation to extreme environmen-
tal conditions can affect the health of a
population in new conditions. In Yakuts
and Evenks, long-term evolution in con-
ditions of cold and limited nutrition led to
the consolidation of alleles optimizing the
accumulation and use of energy, which,
in an environment of excess calories, be-
came factors of increased vulnerability to
non-alcoholic fatty liver disease.

The authors declare that there is no
conflict of interest.
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