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Studying the role of GCLC gene polymorphisms in predicting the clinical
course of acute alcoholic pancreatitis

Samgina T.A.

Kursk State Medical University
3, Karla Marksa Str., Kursk, 305041, Russian Federation

ABSTRACT

The aim of the study was to evaluate the role of polymorphic loci rs12524494, rs17883901, rs606548, rs636933,
15648595, and 15761142 in the GCLC gene in predicting the clinical course of acute alcoholic pancreatitis (AAP).

Materials and methods. The material of the study was blood DNA samples obtained from 547 patients with
AAP and 573 healthy individuals. The average age of patients was 48.9 + 13.1 years, the average age of healthy
individuals was 47.8 = 12.1 years. Genotyping was performed using the MassARRAY 4 Analyzer. Plasma levels
of total glutathione were determined using the OxiSelect™ Total Glutathione (GSSG/GSH) Assay Kit STA-312.
The level of reactive oxygen species (ROS) was determined using the OxiSelect™ In Vitro ROS/RNS Assay Kit
(Green Fluorescence) STA-347 (Cell Biolabs Inc., USA). The kinetic colorimetric assay was used to determine
the level of amylase in the blood serum. Statistical data processing was performed using the Statistica 10.0 and
SNPStats software.

Results. It was found that the polymorphic loci rs606548 (genotype C/C, odds ratio (OR) = 3.34, 95% confidence
interval (CI) 1.29-8.66, p = 0.007), rs648595 (genotype G/T, OR = 1.56, 95% CI 1.04-2.36, p = 0.029), and
rs12524494 (genotype A/G, p = 0.021) in the GCLC gene were predictors of an increased risk of necrotizing
pancreatitis. For the genotype T/T of rs648595 (recessive model) in the GCLC gene, the lowest values of oxidized
glutathione were found, whereas rs17883901 — G/A in the GCLC gene was associated with the highest ROS values
in the blood. The rs761142 A/A genotype in the GCLC gene (OR = 1.70, 95% CI 1.12-2.59; p = 0.010) showed
predisposition to acute peripancreatic fluid collection, and the rs648595 G allele (OR =1.47,95% CI 1.01-2.13; p =
0.042) in the GCLC gene exhibited predisposition to the formation of acute pancreatic pseudocysts. Predisposition
to massive bleeding was associated with rs17883901 (G/A genotype, OR = 6.20, 95%CI 1.3-28.81; p = 0.031) in
the GCLC gene.

Conclusion. The established genotype — phenotype associations will make it possible to predict the clinical course
of AAP in a particular patient, taking into account their genetic makeup, as well as to determine the treatment
strategy in a timely manner.

Keywords: acute pancreatitis, predicting, rs12524494, rs17883901, rs606548, rs636933, rs648595, rs761142,
GCLC gene

Conflict of interest. The author declares the absence of obvious and potential conflicts of interest related to the
publication of this article.
Source of financing. The author states that she received no funding for the study.

Conformity with the principles of ethics. All patients signed an 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).

For citation: Samgina T.A. Studying the role of GCLC gene polymorphisms in predicting the clinical course of
acute alcoholic pancreatitis. Bulletin of Siberian Medicine. 2023;22(4):86-91. https://doi.org/10.20538/1682-0363-
2023-4-86-91.

>4 Samgina Tatiana A., tass@list.ru

86 BionneTteHb cMbupckon meguumHbl, 2023; 22 (4): 86-91



Original articles

N3yueHune ponu nonumopdpusmos reHa GCLC B npOrHosnpoBaHnmn
KNNHNYECKOro Te4eHNA OCTPOro aIkorosibHO-aJIMMEHTapPHOro NaHKpeaTnuTa

CamruHa T.A.

Kypckuii cocyoapcmeennwiil meduyurckuil yrusepcumem (KI'MY)

Poccus, 305041, 2. Kypck, yn. Kapna Mapxkca, 3

PE3IOME

Lean wuccienoBaHus: OLEHUTH POJNb TMOJIUMOP(HBIX JIOKYcoB 1512524494, rs17883901, rs606548, rs636933,
15648595, 15761142 rena GCLC B NpOrHO3UPOBAaHUU KIIMHUYECKOTO TEUEHHs OCTPOrO aJIKOrOJIbHO-aIUMEHTap-
Horo nmankpearuta (OAAID).

MatepuaJbl 1 MeTOAbl. MaTepraaoM HCclieToBaHus mocayxmwin oopasis! JJHK kpou, momydenusie ot 547 ma-
nueHtoB ¢ OAAIIL u 573 3mopoBbix nHAMBUAOB. CpenHuil Bo3pact 0oibpHEIX cocTaBmia 48,9 + 13,1 roaa, 31m0po-
BeIX Jiul — 47,8 + 12,1 roga. I'eHoTrnupoBanue npoBoauiock Ha ananm3atope MALDI-TOF MassARRAY-4.
Omnpezenenne B Tuia3Me KPOBH YPOBHS OOILIEro TIyTaTHOHA MPOBOIWIOCH C MmoMompio Habopa Oxi Select™
Total Glutathione (GSSG/GSH) Assay Kit STA-312, ypoBHS aKTHBHBIX ()OPM KHCIOpOJa — C IIOMOIIBI0O Habopa
OxiSelect™ InVitro ROS/RNS AssayKit (Green Fluorescence) STA-347 (Cell Biolabs Inc., CIIIA). [lns onpexe-
JICHUsI yPOBHS AMUJIA3bl CHIBOPOTKH KPOBH MPUMEHSIIH KHHETHIESCKIH KOJTOpUMeTpHIecKuii Meton. CratucTude-
cKkast 00paboTKa TaHHBIX MPOBOIMIACE C HCIIOIb30BaHMEM MporpaMmbl Statistica 10.0 u SNPStats.

Pe3yabTaTsl. YcraHoBiIeHO, YTo nonumopdusie Bapuantsl 1s606548 (renotun C/C; otHouenue mancoB (OR)
3,34; 95-ii noBeputenbHblit nHTepBan (95% CI) 1,29-8,66; p = 0,007), rs648595 (renotun G/T; OR = 1,56; 95%
CI 1,04-2,36; p = 0,029) u rs12524494 (renotun A/G; p = 0,021) rena GCLC sSBASIOTCS MPEIUKTOPAMH T10-
BBIIICHHOTO PHCKa pa3BUTHs maHkpeoHnekposa. st reHotuna T/T 1648595 rena GCLC (perieccuBHas MOJIEIb)
yCTaHOBJICHBI HanOoJee HU3KNe 3HaYEHHsI OKUCIICHHOTO IiiyTaTuoHa, a renotun G/A rs17883901 GCLC accouu-
UpOBAJICS ¢ HauOoJee BHICOKMMH 3HAUYCHUSAMH aKTHBHBIX (JOpM Kuciopozaa B KpoBH. IIpeapacronokeHHOCTh K
(hOpMHPOBaHUIO NEPUNIAHKPEaTHYeCKOro HH(pMIbTpaTa nokasai resorun A/A rs761142 GCLC (OR = 1,70; 95%
CI 1,12-2,59; p = 0,010), a nceBnokuctsl — amiens G rs648595 (OR = 1,47; 95% CI 1,01-2,13; p = 0,042) rena
GCLC. IpepacroaoKeHHOCTb K JIEeTaIbHOMY HCXO/y BCIIEACTBHE PA3BUTHS apPO3MBHOTO KPOBOTEUEHHMS aCCOLIU-
uposana ¢ 1517883901 (renorun G/A; OR = 6,20; 95% CI 1,3-28,81; p = 0,031) rena GCLC.

3aka04enne. Y CTaHOBJICHHBIE HAMU TeHHO-(DEHOTHITHIECKHE aCCOIHAIIMH TTO3BOJISIT IPOTHO3UPOBATH KIIMHUYE-
ckoe Tedenne OAAIl y KOHKPeTHOro GOJIBHOTO € yYETOM €ro FeHEeTHYECKOTO CTaTyca M CBOEBPEMEHHO Ompeie-
JISITh JIEYeOHYI0 TAaKTHKY.

KiroueBble cji0oBa: OCTpPBI  aJKOTOJIHO-ATUMEHTAPHBIM MAaHKPEATHT, MPOTHO3MpOBaHME, 1512524494,
rs17883901, rs606548, 1s636933, rs648595, rs761142, ren GCLC

KOHq).]'Il/lKT HHTEPECOB. ABTOp JACKIIApUPYET OTCYTCTBUC ABHBIX U MOTCHIHAJIBHBIX KOH(l)J'H/IKTOB HUHTEPECOB, CBs-
3aHHBIX C ny6n1/11<au1/1e171 HACTOSIICH CTaThU.

HcTounuk punancupoBanus. ABTOp 3asBIsIeT 00 OTCYTCTBHH (PHHAHCUPOBAHUS IIPU POBEICHIN HCCIICIOBAHUS.

CooTBeTCTBHE NPHHIMIAM 3THKH. Bce NHIla, y4acTBYIONIME B UCCICIOBAHNH, MOAIMCAIN J0OPOBOJILHOE MH-
(dopmupoBanHoe cornacue. McciaenoBanue 0100peHO PErHOHAIBHBIM 3THYECKUM KOMHUTETOM 1pu Kypckom rocy-
JTApCTBEHHOM MEIMLMHCKOM yHHBepcuTeTe (mpotokon Ne 3 ot 11.03.2013).

Jnsa uutupoBanus: Camruna T.A. Mzyuenue pomu momumop¢pusmoB reHa GCLC B MPOTHO3MPOBAHUU KIIH-
HMYECKOTO TEYCHHsI OCTPOTO AJIKOTrOJbHO-AIMMEHTApHOIO MaHKpeaTHTa. Broiemens cubupckol mMeOuyuHbl.
2023;22(4):86-91. https://doi.org/10.20538/1682-0363-2023-4-86-91.

INTRODUCTION

The crucial role of oxidative stress in the
pathogenesis of acute alcoholic pancreatitis (AAP) is
beyond doubt [1, 2].

Glutathione is a powerful antioxidant for cell
detoxification and cellular regeneration [3], which is

synthesized via two ATP-dependent stages from the
amino acids L-cysteine, L-glutamic acid, and glycine.
At the first stage, y-glutamylcysteine is synthesized
by the enzyme vy-glutamylcysteine synthetase (or
glutamate — cysteine ligase). At the second stage,
the enzyme glutathione synthetase adds a glycine
residue to the C-terminal group of y-glutamylcysteine
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in lymphocytes [4]. Glutathione depletion seen in
acute pancreatitis is cause by deficient glutathione
synthesis [4]. The study of genes encoding enzymes
of glutathione metabolism is reasonable and relevant.

Glutamate — cysteine ligase (GCL) is the main
glutathione-metabolizing  enzyme. The GCL
heterodimer consists of two subunits: catalytic
(GCLC), which provides the catalytic activity of the
enzyme, and modifier (GCLM), which increases the
catalytic efficiency [3, 4].

Establishing the role of individual polymorphic loci
in genes encoding enzymes of glutathione metabolism
in the development and outcome of AAP will make it
possible to predict the clinical course of the disease
and determine the patient management strategy using
their genetic status.

The aim of the study was to evaluate the role of
polymorphic loci 1512524494, rs17883901, rs606548,
rs636933, rs648595, and rs761142 in the GCLC gene
in predicting the clinical course of AAP.

MATERIALS AND METHODS

We examined and treated 547 Russian individuals
(ethnic self-identification) with AAP (154 women and
393 men), who received treatment at surgery units of
Kursk hospitals — clinical sites of the Department of
Surgical Diseases No. 2 in 2015-2021.

The material for the study was blood DNA samples
obtained from 547 patients with AAP and 573 healthy
individuals (161 women and 412 men). The average
age of patients was 48.9 + 13.1 years, the average
age of healthy individuals was 47.8 & 12.1 years. The
diagnosis and severity of AAP were verified according
to clinical guidelines elaborated by a working group
of the Russian Society of Surgeons.

The study was performed in compliance with the
ethical principles set out in the WMA Declaration
of Helsinki “Ethical principles for medical research
involving human subjects” (2000 revision) and Rules
of Good Clinical Practice in the Russian Federation
approved by the Order of the Ministry of Health of
Russia No. 266 of 19.06.2003. All patients signed an
informed consent to participate in the study.

The level of total glutathione was determined by
the colorimetric method using the OxiSelect™ Total
Glutathione (GSSG/GSH) Assay Kit (Cell Biolabs,
USA). The level of reactive oxygen species (ROS)
was quantified by the OxiSelect™ In Vitro ROS
/ RNS Assay Kit (Cell Biolabs, USA). The level of
amylase in the blood serum was determined by the
kinetic colorimetric assay.

Genomic DNA was extracted by the phenol —
chloroform method. Genotyping of the polymorphisms
was performed by the MALDI-TOF iPLEX technology
using the MassArray System (Agena Bioscience Inc,
USA).

To compare categorical variables between the
groups, the chi-square test was used. To compare
quantitative variables, the Student’s z-test (for normally
distributed variables) and the Mann — Whitney test were
used. A pre-test for normal distribution was performed
using the Kolmogorov — Smirnov test. The data were
presented as absolute and relative values n (%) and as
the median and the interquartile range Me (Q:— O3).

The association of alleles and genotypes with
the risk of AAP was evaluated by the value of odds
ratio (OR), showing by how many times the odds
of getting in the case group (disease) with exposure
differs from the odds of getting in the control group
(healthy individuals) without exposure. OR and 95%
confidence interval (CI) were calculated by the multiple
logistic regression analysis with adjustments for age
and sex using the SNPStats software (http://bioinfo.
iconcologia.net/snpstats/start.htm).  The  logistic
regression analysis was also used to assess associations
of DNA markers with clinical characteristics (clinical
forms of the disease, symptoms, disease severity,
treatment efficacy). Correction for multiplicity was
carried out by permutation testing (P ) using PLINK.

RESULTS

Table 1 presents the characteristics of clinical forms
and complications of AAP in the group of patients.

Table 1

Characteristics of clinical forms and complications
of AAP in the main group

Parameter Number of patients, n (%)
Clinical forms of AAP

Interstitial edematous pancreatitis 281 (51.3)
Sterile pancreatic necrosis 143 (26.1)
Infectious pancreatic necrosis 123 (22.4)

Total 547 (100)
Complicated AAP

Peritonitis 120 (21.9)
Acute peripancreatic fluid collection 154 (28.4)
Pancreatic pseudocyst 101 (18.5)

Pancreatic abscess and purulent
necrotizing pancreatitis

111 (20.3)

Fifteen patients died, the causes of death were
multiple organ failure, purulent septic complications
(8), and life-threatening bleeding (7). The analysis of
associations of the single-nucleotide polymorphisms

88 BionneTteHb cMbupckon meguumHbl, 2023; 22 (4): 86-91



Original articles

(SNPs) in the GCLC gene with the risk of AAP was
carried out (Table 2).

The identification of genetic markers of an
increased risk of pancreatic necrosis in patients with
AARP at the onset of the disease seemed to be the most
important. We analyzed the associations of the SNPs
with the risk of pancreatic necrosis using data from
patients with AAP only. As a result, it was found

that polymorphic variants rs606548 (genotype C/C,
OR = 3.34 95% CI 1.29-8.66, p = 0.007), rs648595
(genotype G/T, OR = 1.56, 95 %CI 1.04-2.36;
p=0.029), and rs12524494 (genotype A/G, p =0.021)
in the GCLC gene are predictors of an increased risk
of pancreatic necrosis. Moreover, all the identified
associations of DNA markers did not depend on the
sex and age of the patients.

Table2

Analysis of associations of the studied polymorphic variants in the GCLC gene with the risk of developing acute alcoholic pancreatitis

Genotype, Number of individuals, 7 (%) : 0
SNPID allele Healthy inividuals, n = 573 | Patients with AAP, n = 547 P"e““ p wOR 05% €D

AA 397 (97.3) 420 (95) 1.00
iféc AG 7(1.7) 21 (48) ool 0.014 2.84 (1.19-6.74)
(r512524494) G/G 4(1) 1(0.2) 0.24 (0.03-2.12)
G 0.02 0.03 0.292 1.43 (0.74-2.75)

G/G 472 (86.9) 469 (88) 1.00
gfic G/A 68 (12.5) 58 (10.9) 050 0.422 0.86 (0.59-1.25)
(1517883901 A/A 3(0.6) 6(L.1) 2.01 (0.50-8.09)
A 0.066 0.068 0.810 0.96 (0.69-1.35)

c/C 471 (95.7) 438 (93.4) 1.00
ngLC T 21 (43) 30 (6.4) wosw | 0160 154 (0.87-2.72)

(rs606548) T/T 00 1002) -

T 0.02 0.03 0.089 162 (0.93-2.83)

G/G 290 (60.8) 288 (61.8) 1.00
gfic G/A 172 (36.1) 157 (33.7) oAtk 0.463 0.92 (0.70-1.21)
(15636933) AA 153.1) 21 (4.5) 1.41 (0.71-2.79)
A 0.21 0.21 0.912 1.01 (0.81-1.26)

T 153 (30.5) 126 (26.6) 1.00
gfﬁc GIT 255 (50.9) 261 (55.1) o1 0342 124 (0.93-1.66)
(15648595) G/G 93 (18.6) 87 (184) 1.14 (0.78-1.65)
T 0.56 0.54 0.431 0.93 (0.78-1.11)

AA 271 (53.8) 266 (54.9) 1.00
gggc C/A 212 (42.1) 195 (40.2) o 0.741 0.94(0.72-1.21)
(rs761142) c/C 21 (4.2) 24 (5) 1.16 (0.63-2.14)
A 0.75 0.75 0.913 1.01 (0.82-1.23)

! the level of significance of the association (codominant model) with the risk of developing AAP with adjustments for sex and age

Table 3

Established relationships of the studied polymorphic gene variants with quantitative parameters of the blood in patients with AAP

Oxidized glutathione, pmol / 1 | Reactive oxygen species, nM Leukocytes, X107 Amylase, U/ 1
SNP ID Geno-
tye;‘eos Me | 01-03 p Me | 01-03 | p | Me | 01-03 p | Me | 0103 | p
1 2 5 6 7 8 10 11 12 13 14 15 16
GCLC G/G |10.51| 3.83-12.41 3.59 | 2.264.22 7.95 | 6.60-12.10 164.0 | 92.0-244.0
(15648595) G/T | 459 | 3.16-8.51 | 0.041% | 2.32 | 1.60-3.39 | 0471 | 8.20 | 6.60-12.90 |0.921 | 168.0 | 87.0-300.0 |{0.812
T/T | 4.61 | 2.03-8.08 2.73 | 2.18-3.65 7.90 | 6.60-12.60 148.0 | 84.0-280.0
GCLC G/G | 593 | 3.11-10.41 2.52 | 1.98-3.69 8.80 | 6.70-12.80 164.0 | 85.0-272.0
(1s17883901) G/A | 5.74 | 2.89-8.50 0.752 | 5.00 | 1.19-5.25 | 0.040° | 7.80 | 6.40-12.35 [0.823| 96.0 | 68.0-195.0 |0.840
A/A | 329 | 3.29-3.29 2.18 | 2.18-2.18 8.30 | 6.70-9.90 - -

Note: R —recessive model, D — dominant model
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However, we did not find an association of the
SNPs in the GCLC gene with the severity of AAP
(mild, moderate, and severe). We also studied the
relationship of polymorphic loci in the GCLC gene
with intermediate phenotypes of AAP in the main
group: the level of oxidized glutathione (GSSG), the
level of ROS, the level of amylase, and leukocyte
count in the blood serum.

The influence of polymorphic variants of genes
encoding the catalytic and modifier subunits of GCL
on the level of oxidized glutathione in the blood
serum was established. The lowest GSSG values were
found for rs648595 T/T genotype in the GCLC gene
(recessive model). The rs17883901 G/A genotypes in
GCLC were associated with the highest levels of ROS
in the blood serum. No significant effects of genotypes
were established for other polymorphic loci.

We analyzed the associations of the SNPs in the
GCLC gene with the risk of AAP complications:
rs761142 A/A genotype in the GCLC gene (OR =1.70,
95%CI 1.12-2.59; p = 0.010) showed predisposition
to acute peripancreatic fluid collection, and G allele of
rs648595 (OR = 1.47, 95%CI 1.01-2.13; p = 0.042)
in the GCLC gene — to the formation of a pancreatic
pseudocyst.

Predisposition to life-threatening bleeding and
death was associated with rs17883901 (G/A genotype,
OR =6.20, 95%CI 1.3-28.81; p =0.031) in the GCLC
gene.

DISCUSSION

The depletion of reduced glutathione in the
pancreas, observed in acute pancreatitis, is caused
by its cleavage [5], which indicates insufficiently
effective activation of the GSH synthesis in cells
and contributes to destructive pancreatitis. However,
within 12-24 hours, GSH is redistributed towards
the inflammatory focus due to endogenous reserves
[6], since beta cells demonstrate low expression of
antioxidant enzymes [7].

J. Pereda et al. found that the GSH level remained
low in pancreatic necrosis for several hours without
an increase in the level of the enzyme or GCL subunit
mRNA, despite the binding of RNA polymerase II to
their promoters and coding regions. On the contrary,
in edematous pancreatitis, the GSH level quickly
recovered, and the expression of the protein increased
significantly due to increased transcription mediated by
the effect of c-MYC, NF-kB and SP-1 on promoters. At
the same time, an increase in the activity of cytosolic
ribonuclease was not found in this case [8].

As a result of the study, we found that the
polymorphic variants rs606548 (genotype C/C,
OR = 3.34 95%CI 1.29-8.66, p = 0.007), 15648595
(genotype G/T, OR = 1.56, 95%CI 1.04-2.36; p =
0.029), and rs12524494 (genotype A/G, p = 0.021) in
the GCLC gene are predictors of an increased risk of
pancreatic necrosis. For the rs648595 T/T genotype in
the GCLC gene (recessive model), the lowest values of
oxidized glutathione were found, and the rs17883901
G/A GCLC genotype was associated with the highest
values of ROS in the blood serum. The rs761142 A/A
GCLC genotype (OR = 1.70, 95%CI 1.12-2.59; p =
0.010) showed predisposition to acute peripancreatic
fluid collection, and G allele of rs648595 (OR =
1.47, 95%CI 1.01-2.13; p = 0.042) in the GCLC
gene — to the formation of a pancreatic pseudocyst.
Predisposition to fatal bleeding was associated with
rs17883901 (G/A genotype, OR = 6.20, 95%CI 1.3—
28.81; p=10.031) in the GCLC gene.

The effect of the polymorphic variants in the GCLC
gene in AAP has not been studied before. However, the
study on type 2 diabetes mellitus revealed that SNPs
rs17883901, rs636933, and rs648595 in the GCLC
gene have a protective effect on disease progression,
and their effects are mediated by an increased level of
GSH [9].

To analyze the effect of the SNPs on gene
expression in the pancreas, liver, and blood, we used
the bioinformatic resources of the GTEx database.
The polymorphic variants rs636933, rs648595, and
rs761142 were associated with increased expression
of the GCLC gene in the pancreas (p < 0.0002) and
liver, with the exception of rs636933 (p < 0.02).

CONCLUSION

The established genotype — phenotype associations
will make it possible to predict the clinical course of
AAP in a particular patient, using their genetic status,
and to determine the treatment strategy in a timely
manner.
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