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ARTICLE INFO ABSTRACT

Received September 15, 2023 Gastritis is an inflammation of the gastric mucosa and gastric ulcers are a break in the mucosa of the
Revised 1:; October 31, 2023 stomach lining. Past research on gastritis and gastric ulcers has been mainly conducted from the
gev!sed 2 November 25, 2023 perspective that environmental factors are the primary cause of these gastric diseases. However,
evised 3" November 27, 2023 . . . ;
Accepted November 28, 2023 recently the importance of genetic factors has been emphasized due to current developments in
genetic research. The SLC25A26 gene is believed to be associated with the accumulation of reactive
oxygen species. Oxidative stress promotes an inflammatory response, which increases the production
of free radicals and causes cellular damage, and these lead to the development of gastric diseases.
In this study, the correlation between SLC25A26and gastric diseases was analyzed. Polymorphisms

in SLC25A26 were analyzed in 1,369 domestic gastric disease patients and 7,471 healthy controls.

Key words As a result, 11 single nucleotide polymorphisms (SNPs) (in the genotype) and 13 SNPs (in the
Gastritis imputation) showed statistical significance (P<0.05), and high relative risk of gastric diseases.
Polymorphism, single nucleotide Among them, the rs13874 allele of SLC25A26 showed a highly significant association with gastric
Reactive oxygen species diseases. In the genotype—based mMRNA expression analysis, the minor allele (C) group showed increased
SLC25A26

mRNA expression and this could increase oxidative stress. In conclusion, SLC25A26 polymorphisms
are associated with gastric diseases. These results may provide a basis for new guidelines for gastric
disease management in the Korean population.

Copyright © 2023 The Korean Society for Clinical Laboratory Science.
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Table 1. Basic characteristics of the subjects in the KARE

Case—control analysis

Characteristic

Normal Gastric disease  P-value
No. of subject 7,471 1,369 -
Sex <0.001
Male 3,586 (48.0) 620 (45.3)
Female 3,885 (52.0) 749 (54.7)
Age (yr) 52.39+9.02 50.87+8.27 <0.001

n (%) or mean+SD.
Abbreviation: KARE, Korean Association Resource.
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Table 2. The associated SNPs in the SLC25A26 with gastritis, gastric ulcer in the KARE cohort

MAF
Gene  Chr No.  SNP BP Funcion AT A2 " aeo  Comwol | OR (5% C)  Addtve,
(N=1,369) (N=7,471)

SLC25426 3 G1 rs1680402 66376786  Intronic A G 0.48 0.45 1.12 (0.95~1.29) 7x10°°
G2 rs1680401 66376942  Intronic C T 0.48 0.45 1.12 (0.95~1.29) 5x107°
G3 rs782721 66421302 Downstream A G 0.38 0.35 1.15 (0.98~1.32) 3x107°
G4 rs782751 66432984  Downstream T C 0.29 0.26 1.13 (0.96~1.30) 1%10°°
G5 rs10510953 66461689  Intronic T C 0.37 0.36 1.16 (0.99~1.33) 5x1072
G6 rs10510954 66462448  Intronic T C 0.37 0.35 1.08 (0.91~1.25) 4x107?
G7 rs332361 66477735  Downstream C T 0.33 0.31 1.09 (0.92~1.26) 2x1072
G8 rs332353 66480032  Downstream cC T 0.33 0.30 0.60 (0.43~0.77) 1x1072
G9 rs17774191 66484336  Downstream A G 0.36 0.34 1.19 (1.02~1.36) 3x107?
G10  rs332338 66486109  Upstream T C 0.008 0.012  1.12 (0.95~1.29) 3x107?
G11  rs13874 66502646 - c T 0.29 0.25 1.19 (1.09~1.31)  1.1x10°
11 rs1678105 66382633  Intronic T C 0.49 0.47 1.17 (1.00~1.34) 4x107°
12 rs782722 66421408  Downstream A T 0.38 0.35 1.17 (1.00~1.34) 6x107*
13 rs782748 66431165  Downstream C A 0.29 026 1.17 (1.00~1.34) 6x107
14 rs782749 66431210 Downstream A G 0.29 0.26 1.16 (0.99~1.33) 3x107°
15 rs782750 66431761  Downstream CcC A 0.40 0.37 1.14 (0.97~1.31) 9x10™*
16 rs9869795 66456572  Intronic A G 0.28 0.25 1.14 (0.97~1.31) 4x107°
17 rs9860952 66456587  Intronic T C 0.28 0.25 1.14 (0.97~1.31) 5x1072
18 rs12496639 66457677  Downstream A G 0.38 0.36 1.09 (0.92~1.26) 5x1072
19 rs332359 66478380  Downstream T C 0.36 0.33 1.11 (0.94~1.28) 1%x1072
110 rs17774156 66483907  Downstream A G 0.36 0.34 1.10 (0.99~1.27) 3x107?
111 rs332339 66486045  Downstream G T 0.33 0.31 1.11 (1.00~1.28) 2x107?
12 rs783129 66489105  Downstream A G 0.33 0.30 1.11 (1.00~1.28) 2x107?
113 rs2030569 66496608  Downstream A G 0.36 0.34 1.09 (0.92~1.26) 3x107?

“The A-values lower than the significance level (P<0.05).
Abbreviations: SNP, single nucleotide polymorphism; KARE, Korean Association Resource; Chr, chromosome; BP, base pair; A1, minor allele;
A2, major allele; MAF, minor allele frequency; OR, odds ratio; Cl, confidence interval, G, genotype: |, Imputation.
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Figure 1. Regional plot showing SNPs
locations in SLC25A26. The position
of the SNPs were indicated at the top.
Association results between imputed
SNPs in the KARE study cohort were
shown in the middle. The purple diamond
with a SNP number (rs13874) and A-value
indicated the SNPs most strongly asso-
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ciated SNPs were color coded according
to linkage disequilibrium level (7).
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Abbreviations: SNPs, single nucleotide
66.8 polymorphisms; KARE, Korean Associ—
ation Resource; Chr3, chromosome 3.



Table 3. Results of the Regulome DB of SNP on the SLC25426
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Regulome DB
Gene SNP BP Al A2
Score eQTL TFBS DNase Proteins bound Motifs?

SLC25A26 rs1680402 66376786 A G f + + +  ZNF507 -
rs1680401 66376942 C T 1d + + +  ZNF507 FOXI1, FOXO4, FOX06
rs782721 66421302 A G f + + + - MECOM
rs782751 66432984 T C f + + + - -
rs10510953 66461689 C T f + + +  COLO829 -
rs10510954 66462448 T C 1f + + +  MOTOR NEURON -
rs332361 66477735 C T 1f + + +  HNF4A, FOXA1, FOXA2, BHLHE40- -
rs332353 66480032 C T f + + +  ZNF865 -
rs17774191 66484336 A G 1f + + +  POLR2A -
rs332338 66486109 T C 1f + + +  GM23338 FOXI1, FOXI1, FOXO4,

FOX06, HOXA9, HOXB9,
HOXC10, HOXC11

rs13874 66502646 C T f + + +  CEBPA -
rs1678105 66376786 A G 1f + + + - -
rs782722 66421408 C T f + + + - FOXI1, FOXO4, FOX06
rs782748 66431165 A G 1b + + +  FOSL2 HSF1, HSF2, HSF4
rs782749 66431210 T C f + + +  FOSL2 STAT2
rs782750 66461689 C T 1f + + +  POLR2A, ZNF316, NFE2, EP300 CREB1, CREM
rs9869795 66456572 C T 1f + + +  SETCB1 -
rs9860952 66456587 A G 1f + + +  SETCB1 -
rs12496639 66457677 C T 1d + + +  TCF12, POLR2A -
rs332359 66478380 A G 1f + + +  SPI1, POLR2A -
rs17774156 66483907 T C 1f + + +  BNFIC -
rs332339 66486045 C T f + + + - -
rs783129 66462448 T C f + + +  MOTOR NEURON -
rs332361 66496608 C T f + + +  HNF4A, FOXA1, FOXA2, BHLHE40, EGRT, -

SP1, TFAP4, IKZF1, MLLT1, ATF7

“Marked only 3a or higher.

Abbreviations: SNP, single nucleotide polymorphism; BP, base pair; A1, minor allele; A2, major allele; eQTL, expression gquantitation trait
loci; TFBS, transcription factor binding site databases; DNase, deoxyribonuclease.
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Figure 2. Genotype—-based mRNA expression in stomach using data
from the GTEx Portal for SNP (rs13874) of SLC25426 (P-value=1.1x10"9).
Significant associations between genotypes and SLC25426 expre—
ssion levels in the GTEx Portal were detected based on linear
regression models and A-value thresholds determined by the GTEx
Portal web—based eQTL calculator. The allele effects on SLC25426
gene expression levels were shown by box plots within violin plots.
C and T represented the minor and major allele types, respectively.
The white line in the box plot (black) represented the median value
of gene expression in each genotype. In the case of having a minor
allele (C), it showed that the gene expression level was increased.
P-values were calculated using a linear regression model. NES
represented the slope of the linear regression model.
Abbreviations: SNPs, single nucleotide polymorphisms; eQTL, expression
quantitation trait loci; NES, normalized effect size.
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