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Association of polymorphic loci of the GSS gene with the risk
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ABSTRACT

Aim. To investigate the role of single nucleotide polymorphisms (SNPs) rs13041792, rs1801310, and rs6088660 in
the GSS gene and environmental factors in the development of acute biliary pancreatitis (ABP) and its complications.

Materials and methods. The material for the study was blood samples obtained from 84 patients with ABP and
573 healthy individuals. Both groups were comparable in terms of gender and age. To diagnose ABP, we used the
clinical guidelines recommended by the working group of the Russian Society of Surgeons. DNA was isolated by
phenol / chloroform extraction. Multiplex genotyping of SNPs was performed by the iPLEX assay on the MALDI-
TOF MassARRAY -4 genetic analyzer. Statistical data processing was performed using Statistica 10 and SNPStats
software.

Results. We found that insufficient consumption of fresh vegetables and fruits increased the probability of ABP in
carriers of genotypes G/A-A/A atrs1801310 in GSS (p = 0.02). The analysis revealed the association of the T allele
at rs6088660 with the odds for developing acute pancreatitis (p = 0.007) and digestive fistulas (p = 0.02). A high
probability of death was associated with rs1801310 (G/A genotype, p = 0.002) and rs6088660 (C/T genotype, p =
0.01) in the GSS gene.

Conclusion. SNPs rs6088660 and rs1801310 in the GSS gene can be used to predict the course of ABP.
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Accouymaumna BapnaHTOB HYKNeOoTUAHON NociefoBaTeNbHOCTU reHa GSS
C PUCKOM Pa3BUTUA OCTPOro 6unmnapHoro naHkpearura

CamruHa T.A.', KouetoBa J1.B.?
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PE3IOME

Hesnb: uccrenoBats BKJa BApHaHTOB HYKJICOTHIHOHN mocnenoBateabHOCTH 1513041792, rs1801310 u rs6088660
resa GSS ¥ HEKOTOPBIX CPEOBBIX (PAKTOPOB B pa3BUTHE ocTporo OmnuapHoro nankpearuta (OBII) u ero ocnox-
HEHUM.

Marepuansl u Metoabl. Ot 84 manuenTtoB ¢ OBII u 573 310pOBBIX UHIUBHIOB OBUIH MOTYYEHBI 00pa3Ibl KPO-
BHU Juis BeIneneHus reHoMuoi JIHK. O0e rpynmbl GbUTH COMOCTAaBUMEI TIO MO W BO3pacTy. JlmarHocTuky 3a60-
JIeBaHMs TIPOBOAMIIN C HCIIONB30BaHUEM KIMHHYECKUX peKOMeHIauuii, pazpabotaHHbIX padoyeit rpymmoii Poc-
cuiickoro obmectBa xupypros. I'enomuyto THK Beimensm craHAapTHBIM METOAOM (PEHOIBHO-XJIOPOPOPMHON
9KCTpakimu. MynbTUILICKCHOEe TeHoTumupoBanue SNPs mpoBoaunu no texnonoruu iPLEX Ha reHetmueckom
ananmuzarope MALDI-TOF MassARRAY-4. Ctatuctudeckyro o0pabOTKy JaHHBIX OCYIIECTBIISUTH C UCTIONB30Ba-
HHeM IporpaMmsl Statistica 10, SNPStats.

Pe3yabTaThl. YCTaHOBICHO, YTO HEOCTATOYHOE YIOTPEOICHHE CBEXKUX OBOLICH U (DPYKTOB TTOBBIIIACT PUCK Pa3-
Butus OBI1 y Hocuteneii rerotuioB G/A-A/A 151801310 GSS (p = 0,02). [IpoBeneHHBIN aHAIN3 YCTaHOBMII aCCO-
nuanuio amrens T rs6088660 ¢ BeposSTHOCTBIO pa3BUTHS THOHHOTO napanankpeatuta (p = 0,007) U TUTeCTUBHBIX
cueii (p = 0,02). Beicokast BeposSTHOCTb CMEPTEIBHOTO HCX0/1a ObliTa cBsizaHa ¢ HocuTenbcTBOM SNPs rs1801310
(rerorun G/A, p = 0,002) 1 rs6088660 (renotun C/T, p =0,01) rena GSS.

3axinioueHue. BapuanTel HykieoTuaHoU nocaenosatenbHocTd 1s6088660 u rs1801310 rena GSS MOXKHO UCTIONB-
30BaTh AJIs MporHo3upoBanus Tedenus ObII.

KiroueBsle cjioBa: ocTpelii OnnnapHbiil maHkpeaTut, rs13041792, rs1801310 u rs6088660 rena GSS

KongaukTt untepecoB. ABTOpHI IEKIAPUPYIOT OTCYTCTBUE SBHBIX U MOTCHIHAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanyel HacTOsIIEeH CTaTbH.

HcTounuk ¢puHaHCHpOBaHMS. ABTODHI 3asBISIOT 00 OTCYTCTBUH (\HHAHCHPOBAHUS IIPU IPOBEICHUH HUCCIENO-
BaHMSI.

CooTBeTcTBHE NPUHIUINAM 3THKH. Bee nuia, y4acTByomine B UCCIIEI0BaHNUH, MTOANNCATA HHPOPMUPOBaHHOE
corjacie Ha ydyacTHe B HcClienoBaHuH. cciaenoBaHue 0Z00peHO PernoHaIbHBIM ITHUYECKUM KOMHUTETOM IpH
KI'MYV (nporoxon Ne 3 ot 11.03.2013).

Jnsa uutupoBanus: Camruna T.A., KoueroBa JI.B. Acconmanus BapHaHTOB HYKJICOTHIHOW TOCIIEIOBATEIb-
HocTH TeHa GSS ¢ pHUCKOM Pa3BUTHA OCTPOTO OMIHMAPHOTO MaHKpeaTwuTa. brosnemens cubupcKol Meouyumbl.
2024;23(1):64—68. https://doi.org/10.20538/1682-0363-2024-1-64-68.

INTRODUCTION

Acute biliary pancreatitis (ABP) is a complication
of cholelithiasis which occurs following an impair-
ment of bile and pancreatic juice outflow. ABP is a
multifactorial disease taking place due to the interac-
tion of genetic and environmental factors. Most of the

research in the world is devoted to studying the role of
genes regulating the synthesis of pancreatic enzymes,
the kallikrein — kinin system, and cytokines, that play
the crucial the role in the pathogenesis of ABP [1-3].
Environmental risk factors include consumption of
fatty, fried, spicy foods that stimulate the exocrine
function of the pancreas, insufficient consumption of
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fresh vegetables and fruits rich in vitamins and anti-
oxidants, as well as alcohol abuse and smoking [4, 5].

Disturbances in redox homeostasis that develop in
ABP due to premature intraductal activation of pan-
creatic enzymes and hypertension lead to an increase
in the concentration of calcium ions in acinar cells.
It is this mechanism that serves as a link between the
activation of trypsinogen, nuclear factor kB (NF-kB),
the development of mitochondrial dysfunction, and
cell death [6].

The depletion of intracellular glutathione observed
at the onset of acute pancreatitis [7, 8] prompted us to
study the contribution of genes regulating glutathione
metabolism to the pathogenesis of ABP. Only a few
works on this issue are known in the literature [9].

The main enzyme for glutathione biosynthesis is
glutathione synthetase, which is expressed in the liver
and pancreas. No studies on its role in the develop-
ment of ABP and its complications have been con-
ducted in the world yet.

The aim of this study was to investigate the con-
tribution of single nucleotide polymorphisms (SNPs)
rs13041792, rs1801310. and rs6088660 in the GSS
gene and environmental factors to the risk of ABP and
its complications.

MATERIALS AND METHODS

We examined and treated 84 ethnically Russian
(self-identification) patients with ABP (24 women
and 60 men) who received inpatient treatment at the
surgery departments of hospitals in Kursk (clinical
sites of the Department of Surgical Diseases No. 2)
in 2015-2021. The material of the study was blood
samples obtained from 84 patients with ABP and
573 (161 women and 412 men) healthy individuals
who were selected following regular health check-
ups carried out during the same period. The mean
age of the patients was 48.9 = 13.1 years, the mean
age of healthy individuals was 47.8 + 12.1 years.
ABP was diagnosed wusing clinical guidelines
recommended by the working group of the Russian
Society of Surgeons [10]. All participants signed a
voluntary informed consent to participate in the study.
The study was approved by the regional Ethics
Committee at Kursk State Medical University
(Protocol No. 3 of 11.03.2013). All study participants
answered the questions of the questionnaire which
helped analyze the effect of environmental risk factors
on the disease [11].

Genomic DNA was isolated by the standard phe-
nol / chloroform extraction. Multiplex genotyping of

SNPs was performed by the iPLEX assay on the MAL-
DI-TOF MassARRAY-4 genetic analyzer (AgenaBio-
science, USA).

To compare categorical variables between the
groups, the ¢? test was used; to compare quantitative
variables, the Student’s #-test (for normally distributed
variables) and the Mann — Whitney test (for non-
normally distributed variables) were used. Since
the distribution of the studied quantitative blood
parameters was statistically significantly different
from the normal one (p < 0.05, Kolmogorov — Smirnov
test), these parameters were presented as the median
and the interquartile range. To assess the influence
of the studied SNPs on the normalized quantitative
parameters, the linear regression analysis was used.

Associations of alleles and genotypes with the
probability of developing the disease were assessed
by the odds ratio (OR). The OR and 95% confidence
interval (CI) were calculated by the logistic regression
analysis with adjustment for sex and age using the
SNPStats statistical package. To assess the associations
of DNA markers with clinical characteristics (clinical
forms, symptoms, nature of the course, severity of the
disease, treatment efficacy), we also used the logistic
regression analysis. Multiplicity adjustment of tests
was performed by the permutation test (Pperm) using
the PLINK program.

RESULTS

The genotype frequencies of the studied SNPs in
the GSS gene met the Hardy — Weinberg principles in
both study groups. We did not find associations of the
studied SNPs with ABP.

The analysis of the role of environmental risk
factors (alcohol abuse by frequency, volume, and
duration; smoking; the content of proteins, fats and
carbohydrates in the food consumed) in the risk of de-
veloping the disease found that insufficient consump-
tion of fresh vegetables (less than 27 g/ day) increased
the risk of ABP in carriers of G/A-A/A at rs1801310
in the GSS gene (Table 1). Only statistically signifi-
cant results are presented.

The analysis of the effect of SNPs on laboratory
parameters, such as the level of amylase, oxidized
glutathione, and blood leukocytes, established an
association of rs1801310 in GSS with leukocytosis
(Table 2).

The study also found that the frequency of the GG
(rs1801310) GSS genotype was the lowest in patients
with severe acute pancreatitis (p = 0.01) compared to
mild and moderate forms of the disease.
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Table 1
The influence of environmental factors on the development of acute biliary pancreatitis in carriers of the studied SNPs in the GSS gene
(rs1801310)
No risk factor Presence of a risk factor
Genotype T Patients with OR (95% CI)!, Healthy Patients with OR (95% CD)',
Healthy individuals ABP P individuals ABP P
G/G 61 (35.5) 13 (40.6) 0.74 (0.33-1.62) 13 (59.1) 16 (30.8)
4.12 (1.38-12.28) 0.02

G/A-A/A 111 (64.5) 19 (59.4) 0.6 9 (40.9) 36 (69.2) ( )

! 0dds ratio and 95% confidence interval of associations of SNPs with the likelihood of developing the disease;
2significance levels for the most significant genetic models of associations of SNPs with the likelihood of developing the disease.

Table 2
Associations of SNPs with quantitative parameters of the blood
in ABP patients
Parameter Me 01/03 I
GSS G>A 7.50 6.50/11.80
(rs1801310) 9.10 6.75/15.00 0.0005"
7.90 6.60/11.20

Note. D — dominant model.
*statistical significance of the association of SNP with normalized
blood parameters (linear regression analysis).

The analysis of the associations of SNPs in the GSS
gene with the likelihood of complications found that
T allele at rs6088660 (OR=1.62, 95%CI 1.14-2.29,
p =0.007) was associated with the development of puru-
lent acute pancreatitis and the formation of digestive fis-
tulas (allele T, OR=4.54, 95%CI 1.19-17.33, p = 0.02).

A high probability of death was observed in car-
riers of the G/A genotype at rs1801310 (OR=6.76,
95%CI 1.51-30.38, p = 0.002) and C/T genotype at
rs6088660 (OR=4.01,95%CI 1.24-13.04, p =0.01) in
the GSS gene.

DISCUSSION

Disturbances of redox homeostasis underlie many
acute and chronic diseases; therefore, the study of the
role of genes regulating glutathione metabolism en-
zymes is of great interest for researchers. When study-
ing the effect of rs1801310 in the GSS gene on the risk
of developing uterine fibroids, O.Yu. Bushueva et al.
found no association of the locus with the disease [12].
However, associations of rs1801310 and rs6088660 in
the GSS gene with the likelihood of ischemic stroke in
men and women have been established [13].

Yu.E. Azarova et al. in the study on type 2 diabetes
established an association of rs13041792 and rs6088660
in the GSS gene with changes in fasting blood glucose
in men, an association of rs6088660 in GSS with a de-
crease in hydrogen peroxide in women, as well as an
association of rs1801310 in GSS with a decrease in total
glutathione in women [14]. W. Tang et al. established

an association of rs13041792 in the GSS gene with the
level of protein C in the blood plasma [15].

The logistic regression analysis established cor-
relations between the expression of genes encoding
glutathione metabolism enzymes with each other and
with the genes encoding antioxidant enzymes (GPX2,
GSTPI). Their co-expression with candidate genes for
pancreatitis also attracts attention. GSS gene expres-
sion was positively associated with the level of GGT6
gene mRNA (r=10.283, p=0.0001). SNPs rs1801310
and rs6088660 were associated with increased tran-
scriptional activity of the GSS gene in the pancreas
(p = 0.01) and liver (p < 0.05). Numerous eQTLs as-
sociated with the expression of molecular chaperones
in the pancreas have been identified for SNPs of genes
encoding glutathione metabolism enzymes.

Allele A at rs13041792 in the GSS gene was as-
sociated with increased expression of the HSPEI
(p = 0.0056, p = 0.11), HSPAIA (p = 0.0032,
B = 0.16), HSPBPI (p = 0.0037, p = 0.15), HSPA4
(p =0.034, = 0.095), HSPHI (p = 0.026, = 0.12),
and DNAJAI (p=0.019, £=0.12) genes and decreased
expression of HSPA124 (p = 0.0019, g =-0.27). Al-
lele T at rs6088660 in GSS was associated with re-
duced expression of the chaperone genes HSPE!
(p = 0.030, p = —0.071), HSPAIA (p = 0.016,
p=-0.11), HSPAIB (p = 0.0019, p =—-0.13), HSPH1
(p = 0.021, p = —0.10), and DNAJBI (p = 0.022,
[ =-0.11). Allele G at rs1801310 in the GSS gene was
associated with an increase in mRNA of the HSPBI
gene (p = 0.023, f = 0.083). Allele G at rs1801310
was positively correlated with the expression level
of the CTSG gene (p = 0.048, f = 0.13). Allele G at
rs1801310 in the GSS gene was associated with in-
creased expression of AMY2A4 (p = 0.05, f = 0.075),
CTRL (p = 0.011, g = 0.081), PRSSI (p = 0.043,
S =0.046), and SPINKI (p = 0.032, = 0.096) genes.
Allele A atrs13041792 in GSS was associated with an
increase in the transcriptional activity of the SPINK/
gene (p = 0.032, £ =0.096). Allele T at rs6088660 in
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the GSS gene was associated with an increased level
of CPA3 gene expression (p = 0.035, f=-0.12).

CONCLUSION

In the course of the study, we found that insufficient
consumption of fresh vegetables and fruits increases
the likelihood of developing ABP in carriers of the
G/A-A/A genotypes at rs1801310 in the GSS gene (p
= 0.02). The analysis of associations of SNPs of the
GSS gene with an increased risk of complications es-
tablished an association of the T allele at rs6088660
with the development of purulent acute pancreatitis (p
= 0.007) and the formation of digestive fistulas (p =
0.02). A high risk of death was observed in carriers of
the G/A genotype at rs1801310 (p = 0.002) and C/T
genotype at rs6088660 (p = 0.01) in the GSS gene.

SNPs rs6088660 and rs1801310 of the GSS gene
can be used to predict the course of ABP.
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