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Abstract

Background This study examines genetic variations in CYP2E1 (rs6413432, rs3813867), GCKR (rs780094, rs1260326),
and PNPLA3 (rs738409) among Turkish patients to assess their influence on nonalcoholic steatohepatitis.

Methods Allele and genotype frequencies were compared between 245 NASH patients and 120 healthy controls using
SNP genotyping via polymerase chain reaction-restriction fragment length polymorphism. Additionally, the deviation of the
observed genotype frequencies from Hardy-Weinberg proportion was examined.

Results No significant differences were found in the allelic and genotypic distributions of rs6413432, rs3813867, and
rs780094 between NASH patients and healthy controls. However, significant disparities were noted for rs1260326 and
rs738409. Gender and age-specific distributions showed no notable differences. The only observed deviation from Hardy-
Weinberg proportion was in the genotype frequency of rs738409.

Conclusions Variants in GCKR (rs1260326) and PNPLA3 (rs738409) are significantly associated with increased NASH
risk in the Turkish population, with the rs738409 variant potentially playing a more prominent role in NASH development.

Keywords Single nucleotide polymorphism - Nonalcoholic steatohepatitis - Turkish population - Hardy-Weinberg

proportion

Introduction

Nonalcoholic steatohepatitis (NASH), characterized by
hepatic inflammation and injury due to lipid accumulation
within the liver, is a serious and slowly progressing liver
disease with significant public health implications [1-3].
The fibrosis progression rate in NASH patients is approxi-
mately 0.09% per year [4]. It is estimated that 15-20% of
individuals diagnosed with NASH will progress to cirrhosis
and end-stage liver disease [4]. Notably, individuals with
NASH, particularly those with cirrhosis, face an elevated
risk of developing hepatocellular carcinoma, with annual
incidence rates ranging from 0.5 to 2.6% [4]. The global
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incidence of liver cancer secondary to NASH is increas-
ing, with approximately 15% of hepatocellular carcinoma
cases attributed to NASH [5]. It is estimated that slightly
over 200 million people worldwide suffered from NASH,
with approximately 134,000 related deaths in 2019 [3]. The
prevalence of nonalcoholic fatty liver disease (NAFLD),
a precursor condition to NASH, in Turkey is estimated to
be above 30%, making NASH a serious condition within
this group [6]. Although the precise prevalence of NASH
in the general population of Turkey is unknown, it is esti-
mated that up to 15% of individuals diagnosed with NASH
through liver biopsy may progress to more severe complica-
tions [7].

Despite the significant consequences of NASH, the dis-
ease remains underdiagnosed due to the absence of specific
symptoms and reliable indicators [8, 9]. Early identification
and treatment of NASH are crucial to prevent severe liver
damage and extensive fibrosis. Therefore, risk stratification
in NASH management is essential for identifying high-risk
individuals, predicting disease progression, and facilitating
personalized treatment approaches to improve outcomes
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and prevent the advancement of NASH-related complica-
tions [10-12].

NASH can arise from various factors, including genetic
predisposition, NAFLD, and metabolic-associated fatty
liver disease (MAFLD), which is characterized by meta-
bolic dysfunctions such as dyslipidemia, insulin resistance,
type 2 diabetes, obesity, and hypertension [13, 14]. Genetics
are believed to play a significant role in the pathogenesis of
NASH. Studies have identified a strong association between
the development of NASH and specific single nucleotide
polymorphisms (SNPs) in various genes, particularly in
Patatin-like phospholipase domain-containing 3 (PNPLA3)
and Transmembrane 6 superfamily member 2 (TM6SF2)
[15, 16]. However, the precise genetic factors influencing
the development of NASH and NASH-related hepatocellu-
lar carcinoma remain unclear. Genes associated with oxida-
tive stress, inflammation, and lipid metabolism, including
cytochrome P450 2E1 (CYP2E1), glucokinase regulatory
protein (GCKR), and PNPLA3, which are enzymes with sig-
nificant roles in liver function, may be linked to metabolic
disorders and NASH susceptibility and severity [17-20].

Nevertheless, there is a notable lack of studies elucidat-
ing the prevalence of common genotypes within these genes
and their correlation with liver disease among individuals
of Turkish descent. Hence, for the first time, we delineate
the prevalence and association of common genetic varia-
tions within the CYP2E1 (rs6413432, rs3813867), GCKR
(rs780094, rs1260326), and PNPLA3 (rs738409) genes
among Turkish patients diagnosed with nonalcoholic steato-
hepatitis. Specifically, we conducted a comparative analysis
to investigate deviations from the Hardy-Weinberg propor-
tion and assess the genotypic and allelic frequency distribu-
tion in both patients and healthy individuals.

Materials and methods
Study design

The medical records of individuals diagnosed with NASH,
characterized by both histologic and biochemical indica-
tors such as elevated levels of gamma-glutamyl transferase
(GGT: >48 U/L), alanine aminotransferase (ALT: >56 U/L),
aspartate aminotransferase (AST: >40 U/L), and hyperbili-
rubinemia (BR: >1.2 mg/dL), were scrutinized. Inclusion
criteria for the patient cohort included a biopsy-confirmed
NASH diagnosis using the Steatosis>1, Activity>2, and
Fibrosis any degree (S >1 A>2Fany) scoring system [21].
Participants aged between 18 and 70 years were considered.

Exclusion criteria included individuals with concur-
rent chronic liver diseases other than NASH (e.g., auto-
immune liver disorders, chronic viral hepatitis, metabolic

@ Springer

liver diseases like Crigler-Najjar/Rotor syndrome, Wilson’s
disease, and hemochromatosis), those on medications with
potential confounding effects (e.g., aspirin, synthetic estro-
gens, methotrexate, tamoxifen, calcium-channel blockers,
glucocorticoids), regular alcohol consumers, pregnant indi-
viduals, or those with incomplete medical records.

Eventually, a cohort of 245 patients meeting the afore-
mentioned criteria, with a mean age of 44.4 + 13.3 years and
a gender distribution of 52.7% female and 47.3% male, was
recruited for the study and invited to provide blood sam-
ples. Additionally, a control group of 120 healthy volunteers
within the same age range, with a mean age of 42.7 +12.7
years and a gender distribution of 65.8% female and 34.2%
male, was incorporated. These volunteers exhibited nor-
mal liver enzyme and bilirubin levels, tested negative for
hepatitis B virus and hepatitis C virus via polymerase chain
reaction (PCR) tests, and had no historical evidence of met-
abolic diseases, as defined by the exclusion criteria.

Genomic DNA isolation

We utilized a modified salt-out method for DNA extrac-
tion from whole blood samples. Initially, 20 ml of whole
blood from participants was diluted with an equal volume
of distilled water, resulting in a total volume of 40 ml, and
then shaken for 20 min. The samples were centrifuged at
5000 rpm for 10 min, and the supernatant containing red
blood cell debris was discarded. The remaining pellet, con-
taining white blood cells, was resuspended in 40 ml of cold
distilled water, shaken for an additional 20 min, and centri-
fuged again at 5000 rpm for 10 min. The supernatant was
discarded, and the white blood cells in the residual pellet
were dissolved in 5 ml of in-house prepared 1x STE buffer
(100 mM NaCl, 10 mM Tris-HCI, and 1 mM EDTA; pH
8.0) using a vortex.

Next, 500 pl of in-house prepared 10x sodium dodecyl
sulfate (SDS, Sigma-Aldrich) solution and 100 pl of pro-
teinase K (Thermo Fisher Scientific) were added to the
solution and gently inverted until thoroughly mixed. After
overnight incubation at 37 °C, 2.5 ml of either 7.5 M ammo-
nium acetate (Sigma-Aldrich) or saturated sodium chloride
(Sigma-Aldrich) solution was added to the samples. Follow-
ing gentle mixing, the samples were left at ambient tempera-
ture for 10 min and then centrifuged at 5000 rpm for 15 min.
The supernatant was transferred to a new tube and mixed
with 30 ml of cold absolute ethanol (Merck). The genomic
DNA precipitated and was extracted from the ethanol. Sub-
sequently, the ethanol was allowed to evaporate, and the
DNA was dissolved in distilled water and stored at a con-
centration of at least 500 ng/pl for subsequent applications.
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Fragment amplification and single nucleotide
polymorphism genotyping

Polymerase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) was employed for SNP genotyp-
ing of candidate genes, including two SNPs in the CYP2E1
gene (rs6413432, rs3813867), two SNPs in the GCKR
gene (rs780094, rs1260326), and one well-known SNP in
PNPLA3 (rs738409). Amplification of fragments from each
region was achieved using specific primers following the
PCR protocol for Taqg DNA polymerase with standard Taq
buffer (NEB) [21]. Subsequently, 17.8 ul of PCR products
were subjected to a restriction reaction using 0.2 pl of the
appropriate endonuclease enzymes along with 2 pl of buffer
at 37 °C, incubated for 15 min.

The SNPs rs6413432 and rs3813867 of the CYP2E1 gene
were amplified, resulting in fragments of 236 bp and 244 bp,
respectively. These fragments were then digested using Dral
(NEB #R0129) and Alul (NEB #R0137) enzymes, target-
ing the TTT/AAA and AG/CT cut sites, respectively. Simi-
larly, the GCKR gene SNPs rs780094 and rs1260326 were
amplified into fragments of 196 bp and 199 bp using tradi-
tional PCR methods. These fragments were then restricted
at the allele-specific regions (A/CATGT, C/CGG) using Pcil
(NEB #R0655) and Mspl (NEB #R0106) enzymes, respec-
tively. Furthermore, a 168 bp fragment containing the SNP
rs738409 in PNPLA3 was amplified and then digested at
the CATG cut site using the Nlalll (NEB #R0125) enzyme
(Table 1). The restricted fragments were subsequently sub-
jected to 2% agarose gel electrophoresis to determine the
genotypes of each allele and evaluate their frequencies
within both patient and healthy groups.

Statistical analysis

Statistical analyses were conducted using R Project for Sta-
tistical Computing, Version 4.3.2 (R Foundation, Vienna,
Austria). Categorical variables were expressed as the num-
ber of patients/controls (n) and relative frequency (%) using
descriptive statistics. The association between genotype cat-
egories and health condition was assessed using Pearson’s
chi-squared test. When the assumptions of the chi-squared
test were not met, Fisher’s exact test and Fisher-Freeman-
Halton exact test were employed based on the type of table.
Chi-squared goodness-of-fit tests were utilized to examine
deviations in genotype frequencies from Hardy-Weinberg
equilibrium. Moreover, the allelic and genotypic relative
frequencies in the healthy Turkish population were compar-
atively examined against the expected frequencies of dif-
ferent populations derived from the 1000 Genomes Project.
All statistical analyses were performed at a 95% confidence
level. After correction by Bonferroni, Holm-Bonferroni,
and Benjamini-Hochberg methods, a significance level of
<0.01 was considered significant.

Results

The allelic and genotypic distribution of CYP2EI
(rs6413432, 1s3813867), GCKR (rs780094, rs1260326),
and PNPLA3 (rs738409) gene regions in either patient and
healthy participants are summarized in Tables 2 and 3. Gen-
der and age-specific genotypic distributions are detailed in
Tables 4 and 5, respectively. A comprehensive overview
provided in Tables 6 and 7 of the allelic and genotypic

Table 1 Gene regions and charac-  Gene SNP Primers: 5°....... »3’ Frag-  Cutsit Restric-
teristics of amplified fragments ment tion
size enzyme

CYP2E1 156413432 Forward: AGGCTCGTCAGTTCC  236bp 5'...TTT|AAA...3’ Dral
TGAAA 3. AAATTTT...0.5'
Reverse: ACCACACCCGGCTAC
TTTTT

rs3813867 Forward: CCAGTCGAGTCTACAT 244bp 5'...AG|CT...3’ Alul

TGTCA 3. TC1GA...5’
Reverse: TTCATTCTGTCTTCTA
ACTGG

GCKR 15780094 Forward: GATTGTCTCAGGCAAA 196bp 5'....A|CATGT...3' PCil
CCTGGTAG 3'...TGTACTA...5'
Reverse: CATGTTGGCTAGGCTT
GTTG

1s1260326 Forward: CTGGATGGTGAGAGG 199bp 5'....C|CGG ...3' Msp I

GAAGAT 3'...GGC1C...5'
Reverse: CCCTACAGCCTTGGG
TTTTT

PNPLA3 rs738409 Forward: GCCCTGCTCACTTGG  168bp 5'....CATG]...3’ Nla IIT

AGAAA

3'....1GTAC...0.5’

Reverse: TGAAAGGCAGTGAGG

CATGG
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Table 2 Observed allele frequency distribution of variants in healthy and patient groups
Gene/SNP Allele Allele frequency Relative Risk *Relative Risk **p value
NASH patients Healthy Confidence interval
n (%) n (%)
CYP2EL; rs6413432 A variant 44 (9%) 23 (9.6%) 0.98 0.81-1.17 0.8
T wild 446 (91%) 217(90.4%) 1.02 0.85-1.22
Total 490 240
CYP2EL; rs3813867 C variant 6 (1.2%) 9(3.75%) 0.59 0.31-1.10 0.2
G wild 484 (98.8%) 231(96.25%) 1.69 0.90-3.15
Total 490 240
GCKR; rs780094 A variant 15(3%) 8(3.3%) 0.97 0.71-1.31 0.8
G wild 475(97%) 232(96.6%) 1.03 0.76-1.39
Total 490 240
GCKR; rs1260326 T variant 308(62.8%) 124(51.6%) 1.17 1.04-1.30 0.03
C wild 182(37.2%) 116(48.3%) 0.86 0.76-0.95
Total 490 240
PNPLA3; 15738409 G variant 250(51%) 63(26.3%) 1.39 1.25-1.53 <0.0001***
C wild 240(49%) 177(73.7%) 0.72 0.65-0.79
Total 490 240

* If the 95% CI for the relative risk does not include 1, the relative risk is statistically significant.** p value calculated from Z score. *** p value
<0.0001 is remain significant after correction by Bonferroni, Holm-Bonferroni, and Benjamini-Hochberg correction

Table 3 Distribution of observed

¢ ! - Gene/SNP Genotypes Genotype frequency v P value
single nucleotide polymorphism NASH patients _ Healthy
genotypes n (%) n (%)
CYP2EIL; 1s6413432 TT wild homozygous 204 (83.26%) 99 (82.5%)  0.12  0.93
TA heterozygous 38 (15.51%) 19 (15.83%)
AA variant homozygous 3 (1.22%) 2(1.66%)
Total 245 120
CYP2EL; rs3813867 GG wild homozygous 239 (97.55%)  111(92.5%) 5.21  0.02
GC heterozygous 6 (2.44%) 9(7.5%)
CC variant homozygous 0 (0.0%) 0 (0.0%)
Total 245 120
GCKR; 15780094 GG wild homozygous 236(96.32%) 116(96.66%) * 0.61
* The Freeman-Halton exten- GA heterozygous 3 (1.22%) 0 (0.0%)
sion of fisher’s exact test to AA variant homozygous ~ 6(2.44%) 4(3.33%)
handle the zero frequencies was
. Total 245 120
applied. ** The p-values 0.01 ) 1dh o 0 -
and < 0.00001 are less than or GCKR; 151260326 CC wild homozygous 33(13.46%) 28(23.33%) 840 0.01
equal to Bonferroni-adjusted CT heterozygous 116(47.34%) 60 (50%)
significance level (a,;;=0.01). TT variant homozygous  96(39.18%) 32(26.66%)
The p-values 0.01 and <0.00001 Total 245 120
are significant p-values identified  pNPLA3; 15738409  CC wild homozygous — 84(34.28%) 67(55.83%) 3337 <0.00001%*
by the Holm-Bonferroni method. GC heterozygous 72(29.38%)  43(35.83%)
The <0.00001, 0.01, and 0.02 .
o GG variant homozygous  89(36.32%) 10(8.33%)
p-values are significant after the
Total 245 120

Benjamini-Hochberg correction

distributions in the Turkish population, highlighting simi-
larities and deviations when compared to other populations
and the expected Hardy-Weinberg equilibrium frequencies.

The observed relative frequency of the “A” variant allele
in CYP2E1 rs6413432 among the healthy Turkish popula-
tion was 9.6%. The genotype distribution displayed 1.66%
AA variant homozygous, 15.83% TA heterozygous, and
82.5% TT wild homozygous. In NASH patients, the rela-
tive frequency of the “A” variant allele was 9%, resulting
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in 1.22% AA variant homozygous and 15.51% TA hetero-
zygous. No significant differences in allele and genotype
distribution were observed between healthy individuals and
patients, either overall or by gender and age. The allele and
genotype distribution patterns in the Turkish population are
similar to those in the European population and align with
Hardy-Weinberg equilibrium. No significant deviations
from expected Hardy-Weinberg frequencies were observed
in NASH patients.
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Table 4 Gender-specific genotype distribution in gene regions

Gene/SNP Genotypes Genotype frequency
NASH patients Healthy
n (%) n (%)
Male Female Male Female
CYP2EL; rs6413432 A variant 20 (8.6%) 24 (9.3%) 8(9.8%) 15 (9.5%)
T wild 212 (91.4%) 234 (90.7%) 74 (90.2%) 143 (90.5%)
v 0.06 0.004
P value 0.91 0.94
CYP2EL; rs3813867 C variant 6 (2.6%) 0 (0.0%) 2 (2.4%) 7 (4.4%)
G wild 226 (97.4%) 258 (100%) 80 (97.6%) 151 (95.6%)
v * 0.59
P value 0.01%** 0.44
GCKR; rs780094 A variant 10 (4.3%) 5(1.9%) 4 (4.9%) 4 (2.5%)
G wild 222 (95.7%) 253 (98.1%) 78 (95.1%) 154 (97.5%)
P 2.31 0.92
P value 0.12 0.33
GCKR; rs1260326 T variant 151 (65.1%) 157 (60.9%) 40 (48.8%) 84 (53.2%)
C wild 81 (34.9%) 101 (39.1%) 42 (51.2%) 74 (46.8%)
e 0.93 0.41
P value 0.33 0.51
PNPLA3; rs738409 G variant 120 (51.7%) 130 (50.4%) 20 (24.4%) 43 (27.2%)
C wild 112 (48.3%) 128 (49.6%) 62 (75.6%) 115 (72.8%)
v 0.08 0.22
P value 0.76 0.63

*Fisher’s exact test to handle the zero frequencies was applied. ** p value 0.0lis remain significant after correction by Bonferroni, Holm-
Bonferroni, and Benjamini-Hochberg correction

Table 5 Age-specific genotype distribution in gene regions

Gene/SNP Genotypes  Genotype frequency
NASH patients Healthy
n (%) n (%)

Young adults Middle adults Older adults Young adults Middle adults Older adults
(<44 years) (45—64 years) (<65 years) (<44 years) (45—64 years) (<65 years)

CYP2E1; rs6413432 A variant 25 14 5 10 11 2
T wild 233 174 29 128 75 14
v 2.00 2.04
P value 0.36 0.35

CYP2E1; rs3813867 C variant 4 2 0 4 5 0
G wild 254 186 44 134 81 16
XZ * *
P value 2.2e-16 2.2e-16

GCKR; rs780094 A variant 7 8 0 0 8 0
G wild 251 180 44 138 78 16
X2 * *
P value 2.2e-16 2.2e-16

GCKR; rs1260326 T variant 167 112 29 77 42 5
C wild 91 76 15 61 44 11
1 1.4 3.88
P value 0.48 0.14

PNPLA3; 15738409 G variant 129 99 22 34 25 4
C wild 129 89 22 104 61 12
v 0.32 0.55
P value 0.84 0.75
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Table 6 Allelic and genotypic distribution in healthy Turkish participants compared to different populations from the 1000 genomes project

PNPLA3; 15738409

GCKR;

1$1260326

Allele
GG GA AA T
(%)

rs780094
Allele

CcC A

(%)

GCKR;

CYP2E1; rs3813867

CYP2EL; rs6413432

Genotype

Allele

G

Genotype Genotype

Genotype

Genotype Allele
TT TA AA C

(%)

16

Allele

CcC GC GG

%)
56
79
28

C

cC CT TT

C

G

GG GC
(%)
92

G

(%)

(%)
36
19
48

(%)
74
88

(%)
26

(%)
27

%)
50
17
41

(%)
23

(%)
48

(%)
52

%)
33

(%)

(%)

(%)
33
13
36
48

(%)

(%)
96
93
88
80
99
96
91

(%)

(%)

) (%)

(%)
9.6

96.6
75

96.6
87
64
52
80
59
70

82
85
69
54
63

90.4
92

Turkey

12
48

82
43

91

23

0.5

12.5
22
29

87
77
65

14
3
8

African

24
14

52
65

16
24

64
52
80
59
71

14 36
23 48

43

43

1.2

12
20

28

83
73

17
27

American

42

44
58
60
57

35

49

27

49

28

38
33

East Asian

65 31 20 64.6 307 4.7 25 75 35
41 35

20
41

98

79
89
84

21

South Asian
European

All

77
74

50.7 157 23
11 26

36

33.6
53

51 16
11

33
51

7.8 0.2

14

92

18
25

80
71

11

34

29

38

30

84

16

In CYP2EI gene region, the frequency of the “C” vari-
ant allele in rs3813867 SNP was 3.75% in healthy individu-
als and 1.2% in NASH patients. Among NASH patients,
the prevalence of the GG wild homozygous genotype was
97.5%, while the GC heterozygous genotype was 2.4%. In
contrast, among healthy individuals, the relative frequencies
were 92% for GG wild homozygous and 7.5% for GC het-
erozygous genotypes. The CC variant homozygous genotype
was not observed in either group. Despite the insignificant
relative risk (0.59; CI: 0.31-1.10) for the variant “C” allele
in CYP2E1 rs3813867, the risk of NASH in the presence of
the variant allele appears to decrease by 0.59-fold (Table 2).
No statistically significant gender or age-specific allele
distribution was observed in either the healthy or patient
groups. The distribution pattern of the CYP2E1 rs3813867
allele and genotype in the Turkish population closely resem-
bles that of the European population and adheres to Hardy-
Weinberg equilibrium. The observed genotypic frequencies
was aligned with the expected Hardy-Weinberg proportions.

The GCKR gene region examination revealed variant
allele frequency of rs780094 was 3.3% in healthy individu-
als and 3% in NASH patients. The AA variant homozygous
genotype was observed in 3.33% of the healthy population
and 2.44% of NASH patients. GA heterozygous individuals
were not observed in the healthy sample group but accounted
for 1.22% of NASH patients. No significant allelic relative
risk or genotypic distribution disparity was found between
patient and healthy groups. No statistically significant gen-
der or age-specific genotypic disparity was observed. The
allele and genotypic distribution of GCKR rs780094 in the
healthy Turkish population has its unique pattern. While the
A variant allele is common at about 30% in different popula-
tions, it was frequent at only 3.3% in the Turkish population.
Additionally, a significant deviation from Hardy-Weinberg
equilibrium was observed in the patient group for GCKR
rs780094 (p-value < 0.00001) (Table 7).

On the other hand, allele frequencies displayed a signifi-
cant impact of the variant alleles in GCKR rs1260326 (T
allele) on NASH susceptibility, with a relative risk of 1.17
(CI: 1.04-1.30). Among NASH patients, the prevalence
rates for rs1260326 genotypes were 13.4% for CC wild
homozygous, 47.3% for CT heterozygous, and 39.2% for
TT variant homozygous. Conversely, among healthy par-
ticipants, the respective prevalence rates were 23.3%, 50%,
and 26.6% for CC wild homozygous, CT heterozygous, and
TT variant homozygous genotypes. A significant genotype
distribution disparity was observed between healthy and
NASH patients (p-value=0.01). Age and gender-specific
genotypic distribution did not display a significant disparity.
The expected allelic and genotypic distribution of GCKR
rs1260326 in the Turkish population is most similar to that
of the East Asian population. Moreover, observed genotype
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Table 7 Observed variations and departure from Hardy-Weinberg proportion

Gene/SNP Genotypes Genotype frequency

NASH patients Healthy
Observed Expected Observed Expected

CYP2EL; rs6413432 TT wild homozygous 204 202.97 99 98.1
TA heterozygous 38 40.04 19 20.79
AA variant homozygous 3 1.97 2 1.1
P value 0.72 0.63

CYP2EL; rs3813867 GG wild homozygous 239 239.03 111 111.1
GC heterozygous 6 5.92 9 8.6
CC variant homozygous 0 0.03 0 0.16
P value 0.98 0.9

GCKR; rs780094 GG wild homozygous 236 230.22 116 112.1
GA heterozygous 3 14.54 0 7.73
AA variant homozygous 6 0.22 4 0.13
P value <0.00001* <0.00001*

GCKR; rs1260326 CC wild homozygous 33 33.8 28 28.03
CT heterozygous 116 114.4 60 59.93
TT variant homozygous 96 96.8 32 32.03
P value 0.97 0.9

PNPLA3; 15738409 CC wild homozygous 84 58.77 67 65.26
GC heterozygous 72 122.44 43 46.46
GG variant homozygous 89 63.77 10 8.26
P value <0.00001* 0.7

p values are calculated via the chi-square test for goodness of fit, which signifies the deviation of the observed frequency of genotypic variation
in single nucleotide polymorphisms from the expected values based on Hardy-Weinberg equilibrium. p value < 0.00001 is remain significant
after correction by Bonferroni, Holm-Bonferroni, and Benjamini-Hochberg correction

frequency did not deviate from expected Hardy-Weinberg
equilibrium.

Eventually, rs738409 polymorphism of PNPLA3 gene
region also revealed a significant impact of variant allele
“G” on NASH susceptibility, with a relative risk of 1.39 (CI:
1.25-1.53). Genotyping of PNPLA3 rs738409 showed that
among NASH patients, the prevalence rates were 34.3% for
CC wild homozygous genotype, 29.4% for GC heterozygous
genotype, and 36.3% for GG variant homozygous genotype.
In contrast, among healthy individuals, these variants were
present at rates of 55.8%, 35.8%, and 8.3%, respectively.
A significant genotype distribution disparity was observed
between healthy and NASH patients (p-value<0.0001).
Age and gender-specific genotypic distribution did not
display a significant disparity. The allele and genotype fre-
quency distribution in the Turkish population aligns with
the expected frequencies in the European population. The
genotype frequency distribution of PNPLA3 rs738409
significantly deviated from Hardy-Weinberg expected fre-
quency among the NASH patient group (p-value <0.00001)
but demonstrated alignment with Hardy-Weinberg equilib-
rium in the healthy group (p-value=0.7).

Discussion

Several common single nucleotide polymorphisms (SNPs)
at CYP2EI1 (variants rs6413432 and rs3813867), GCKR
(variants rs780094 and rs1260326), and PNPLA3 (variant
rs738409) gene regions are implicated in pathways asso-
ciated with oxidative stress. There is substantial evidence
indicating their involvement in various metabolic disor-
ders [22-25]. This study elucidates the prevalence of these
variants among NASH patients and their association with
the disease, a consideration that has not been previously
addressed in the Turkish population.

While the variant allele and genotype frequencies of
CYP2EL1 (rs6413432 and rs3813867) and GCKR (rs780094)
were not prevalent in either NASH patients or healthy
individuals, variants in GCKR (rs1260326) and PNPLA3
(rs738409) were significantly more common among
NASH patients. Significant differences in genotype fre-
quencies for GCKR (rs1260326) and PNPLA3 (rs738409)
were observed between patients and healthy individuals
(»<0.01). Notably, there was a significant relative risk
associated with the variant alleles of GCKR (rs1260326)
and PNPLA3 (rs738409). However, the only signifi-
cant deviation from the Hardy-Weinberg equilibrium was
observed in the genotype frequency of PNPLA3 (rs738409)
among NASH patients, suggesting that this genetic variant
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may have a more prominent role or distinct influence on the
development of NASH compared to the other loci studied.
The absence of significant genotype frequency variations
between genders and age groups in both the healthy and
patient cohorts (p > 0.1) indicates no notable gender- or age-
specific differences in genetic distribution.

These findings collectively suggest a significant genetic
association with the development or susceptibility to NASH.
Variations in the genetic makeup, particularly at the GCKR
(rs1260326) and PNPLA3 (rs738409) loci, appear to con-
tribute significantly to the predisposition or manifestation of
NASH in the studied population. The presence of the T vari-
ant allele at the GCKR (rs1260326) locus was associated
with an approximately 1.2-fold increase in the relative risk
of NASH (CI: 1.04-1.30). Similarly, the G variant allele at
the PNPLA3 (rs738409) locus was linked to an approxi-
mately 1.4-fold higher relative risk of NASH (CI: 1.25-
1.53). The rs1260326 polymorphism in GCKR results in a
proline to leucine substitution at amino acid position 446
in the glucokinase regulatory protein (GKRP), reducing its
ability to inhibit glucokinase (GCK) activity. This increased
hepatic GCK activity promotes glucose uptake and utiliza-
tion, impacting glucose and lipid metabolism [26, 27]. Con-
versely, the rs738409 polymorphism in PNPLA3 enhances
the lipogenic properties of the protein, leading to increased
liver fat content and contributing to the development and
progression of NAFLD. This variant is also associated with
higher liver inflammation and fibrosis scores, indicating its
role in the progression of NAFLD to more severe liver dis-
ease [28-31]. Therefore, these research results, supported
by substantial evidence, underscore the notable genetic pre-
disposition and susceptibility to NASH development.

Although there was no significant relative risk associated
with the variant allele at the CYP2E1 (rs3813867) locus, the
presence of the C allele was linked to a 0.59-fold lower risk
of NASH (CI: 0.31-1.10), suggesting a potential protec-
tive effect of this variant. Additionally, the promoter poly-
morphisms at rs3813867 have been found to be strongly
linked, resulting in higher transcription of CYP2EI, which
could potentially impact its function [32, 33]. Moreover, the
rs6413432 polymorphism in the CYP2E1 gene leads to a
non-synonymous change, resulting in an arginine-to-histi-
dine substitution at position 76. This alteration reduces the
stability or production of the CYP2EI protein, leading to
only 37% of the protein production and 36% of the activity
compared to the wild-type protein [32, 33]. The rs6413432
polymorphism, alongside other genetic variations in
CYP2E], influences enzyme activity and expression levels,
impacting drug metabolism, disease susceptibility, and other
biological processes [32, 33]. Genetic polymorphisms in
the CYP2E1 gene show considerable variation in frequency
across diverse ethnic and racial groups. The frequency of

@ Springer

genotypic variations in CYP2EI (rs6413432 and rs3813867)
among healthy individuals aligns with previous reports
from the Turkish population [34]. The association between
CYP2E1 polymorphisms and NASH is complex and not
fully understood. However, it is suggested that these poly-
morphisms in CYP2E1 may influence enzyme activity and
susceptibility to liver damage in obese patients with NASH
[35]. However, in the current study, we observed a signifi-
cant association of the CYP2E1 rs3813867 polymorphism
with the NASH condition, whereas rs6413432 in CYP2E1
did not show an association with the disease.

The rs780094 A-allele is associated with enhanced activ-
ity or production of the GKRP (glucokinase regulatory
protein) encoded by GCKR, which modulates glucose and
lipid metabolism, resulting in lower fasting glucose levels
but higher triglyceride levels, and a reduced risk of type
2 diabetes [26, 36, 37]. However, the role of the GCKR
rs780094 genetic polymorphism remains controversial,
and evidence from different regions does not consistently
indicate a specific role in NASH disease. While studies in
the Italian population suggest a potential role of the GCKR
rs780094 polymorphism in the progression of non-alcoholic
fatty liver disease [17], analysis in the Iranian population
indicates no association with NAFLD [38]. Studies in the
Japanese population have shown a significant association
of GCKR rs780094 with susceptibility to type 2 diabetes,
which itself is closely linked to NASH [36]. Evidence from
the current study with Turkish participants did not confirm
a link between variation at GCKR rs780094 and the risk of
NASH.

In contrast, robust evidence in the literature strongly
supports the specific role of the GCKR rs1260326 locus in
the development of NASH. The genetic variant of GCKR
rs1260326 has been significantly linked with NAFLD in the
Pakistani population [39]. Furthermore, a study reported
that the risk allele T of GCKR rs1260326 is associated with
predisposition to NAFLD and NASH, particularly with sig-
nificant fibrosis [40]. The findings of the current study are
consistent with the existing literature evidence.

The genotype frequency pattern of the PNPLA3 rs738409
polymorphism in the Turkish population appears consistent
with established distributions observed in other regions [41,
42]. There is strong evidence indicating that the frequency
of the G allele of PNPLA3 rs738409 is associated with an
elevated risk of developing NASH or NAFLD [41-44].
These findings underscore the potential role of genetic vari-
ations within PNPLA3, including rs738409, in influencing
susceptibility to NAFLD and NASH.

Although the findings of this research study pro-
vide valuable insights into the predisposition of CYP2E1
(rs6413432, 1s3813867), GCKR (rs780094, rs1260326),
and PNPLA3 (rs738409) polymorphisms concerning
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genetic predisposition of NASH and their inter-correlation
within the Turkish population, the study is hampered by
several limitations related to the sampling, and data collec-
tion that should be taken into account. These limitations cast
a shadow over the findings and warrant cautious consider-
ation. The first limitation is related to the sampling strategy,
while sufficient for initial analysis, might not adequately
represent the diversity of genetic backgrounds and envi-
ronmental factors influencing NASH susceptibility. Addi-
tionally, the study focuses on a specific population, which
may limit the generalizability of the findings to broader
populations. Secondly, the study primarily focuses on single
nucleotide polymorphisms (SNPs) associated with NASH
susceptibility. However, NASH is a multifactorial disease
influenced by interactions between genetic factors, lifestyle,
and environmental exposures which relative data was not
available to collect in current study. This may limit the com-
prehensive understanding of NASH pathogenesis in study
population. Finally, clinical features and biochemical mark-
ers were disregarded, which in turn may overlook impor-
tant phenotypic variations within the patient population,
limiting the interpretation and clinical relevance of genetic
associations.

While this research study provides valuable insights
into the genetic predisposition of CYP2E1 (rs6413432,
rs3813867), GCKR (rs780094, rs1260326), and PNPLA3
(rs738409) polymorphisms in relation to NASH and their
interrelationships within the Turkish population, several
limitations in sampling and data collection must be con-
sidered. These constraints temper the findings and neces-
sitate cautious interpretation. Firstly, the sampling strategy,
although adequate for initial analysis, may not sufficiently
capture the diverse genetic backgrounds and environmental
factors influencing susceptibility to NASH. Additionally,
focusing on a specific population limits the generalizability
of the findings to broader populations. Secondly, the study
primarily investigates single nucleotide polymorphisms
(SNPs) associated with NASH susceptibility. However,
NASH is a multifactorial disease influenced by interactions
between genetic factors, lifestyle choices, and environmen-
tal exposures, data on which were not collected in this study.
This limitation may constrain a comprehensive understand-
ing of NASH pathogenesis in the study population. Lastly,
clinical features and biochemical markers were not consid-
ered, potentially overlooking important phenotypic varia-
tions within the patient population. This omission may limit
the interpretation and clinical relevance of the genetic asso-
ciations identified. Hence, while this study contributes valu-
able insights, these limitations highlight the need for future
research to address broader population diversity, incorpo-
rate comprehensive genetic and environmental data, and

consider clinical phenotypes to enhance understanding of
NASH etiology and implications for clinical practice.

Conclusion

The findings indicate that genotypic variants and allele
frequencies in the GCKR gene region rs1260326 and the
PNPLA3 gene region rs738409 significantly influence
NASH susceptibility in Turkish-origin patients, with the
rs738409 variant playing a particularly prominent role in
NASH development. Specifically, the T variant allele in
rs1260326 at the GCKR gene region and the G variant allele
at rs738409 in PNPLA3 are strongly associated with an
increased risk of NASH, whereas the C variant at rs3813867
in CYP2E]1 appears to exert a protective effect. Conversely,
the variant allele and genotype frequencies at rs6413432
and rs3813867 in CYP2EI1 and at rs780094 in the GCKR
gene regions were not prevalent, and their distribution does
not appear to be associated with NASH disease.
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