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THE ROLE OF SOME XENOBIOTIC BIOTRANSFORMATION GENES SNP IN THE
DEVELOPMENT OF ACUTE PANCREATITIS

Samgina TA =, Nazarenko PM, Polonikov AV, Lazarenko VA
Kursk State Medical University, Kursk, Russia

Genetically determined features of the xenobiotic biotransformation system play an important role in the development of acute pancreatitis (AP) and its
complications. The aim of this study was to assess the contribution of 3 SNPs (CYPTAT -462 T>C rs1048943, CYP2E1 -1293 G>C rs3813867 and ABCB1
-3435 G>A rs1045642) to the development of AP and its complications. DNA samples were collected from 547 unrelated patients with AP (154 women and
393 men; mean age 48.9 + 13.1 years) undergoing therapy at surgery departments of Kursk and 573 unrelated individuals without gastrointestinal diseases
(161 women and 412 men; mean age 47.8 + 12.1 years). The polymorphisms were genotyped by PCR using TagMan probes for allele discrimination. Infected
pancreatic necrosis (IPN) was observed in 97 patients; 101 patients developed a pseudocyst (PC); 111 patients had a peripancreatic necrosis (PN). AP was the
most common in the carriers of the A allele in ABCB1 G>A (rs1045642) (p = 0.0008). The carriers of the G/G genotype rarely developed both AP (p = 5:10) and
its complications: IPN (o = 0.03%), PN (p = 0.036"), PC (p = 0.04%). The carriers of the G/C-C/C CYP2E1 G>C (rs3813867) genotypes who had no long-term
history of alcohol abuse rarely developed AP (o = 0.03). The carriers of the G/C CYP2ET (rs3813867) genotype tended to develop pseudocysts (p = 0.050P).
AP was more frequently complicated by IPN (p = 0.009%), PN (o = 0.003%) and PC (p = 0.003P) in the carriers of the C/C CYP1AT T>C (rs1048943) genotype.
A milder course of AP was typical for the carriers of the G/G ABCB1 G>A (rs1045642) genotype; a more severe course was characteristic of the carriers of the
C/C CYP1A1 T>C (rs1048943) genotype.
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3HAYEHME OOQHOHYKNEOTUAHOIO NOJIMMOP®U3MA HEKOTOPbIX TEHOB CUCTEMbI
BMOTPAHC®OPMALINN KCEHOBNOTUKOB B PA3SBUTUN OCTPOIO NAHKPEATUTA

T. A. CamruHa ™, T1. M. HaszapeHko, A. B. MNMonoHnkos, B. A. JlazapeHko
Kypckuii rocygapCTBEHHbI MEAULIMHCKUIA YHUBEpcuTeT, Kypck, Poccrs

[eHeTYeCKN OeTEPMUHNPOBaHHbIE OCOBEHHOCTU (hYHKLIMOHMPOBaHNS CUCTEMbI BUoTpaHCchopMaumi KCEHOBMOTVKOB UMParoT BabKHYO POSb B Pas3BUTIM OCTPOMO
nankpeatuta (O) n ero ocnoxHeHuin. Liensto paboTsl Obino onpeaennTb BKaH OAHOHYKNEOTUAHbBIX NOAMMOpPdnamoB reHos CYPTAT -462 T>C rs1048943,
CYP2E1 -1293 G>C rs3813867 n ABCB1 -3435 G>A rs1045642 B passutie Ol n ero ocnoxHeHuin. Obpasupl AHK nonydan ot 547 HepoaCcTBEHHbIX
6onbHbIX O (154 »eHWwyHbl 1 393 My>X4uMHbI, cpefHuin Bo3pacT cocTaswn 48,9 + 13,1), HaxogMBLUMXCA Ha CTaUMOHAPHOM NEYEHUN B XUPYPrUHECKNX
otneneHnax ropoga Kypcka n 573 HepoacTBeHHbIX nHAvBUAa 6e3 3abonesaHnin XKKT (161 »xeHwmHa 1 412 My>xduH; cpegHuin Bodpact — 47,8 + 12,1).
[eHoTMNMPOBaHKe NoNMMopn3Ma N3yHaeMblx reHOB BbINONHSM MeTodom MLIP nyTem auckpummnHaumm annenen ¢ nomoupo TagMan-3oH40B. Y 97 naumeHToB
pasBuACa NHULMPOBaHHbIN NaHkpeoHekpos (UMM), y 101 — ncespokmcTa (MK), y 111 — rHoiHo-HekpoThydecknin nepunaxHkpeatnt (MTHMM). YcTaHoBneHo, YTo
y HocuTenen annens A reHa ABCB1 G>A (rs1045642) vawye passusanca Ol (p = 0,0008), y HocuTenein reHotvna G/G penko passvsancs kak Ofl (o = 5:107%),
TaK 1 ero ocnoxxHeHus: UM (o = 0,03%), MHIM (o = 0,0367), MK (o = 0,04%). OTcyTCcTBYE ANMUTENBHOTO 3/10YNOTPEONEHNS aNIKOrONbHBIMIU HanUTKamy y HocuTenen
reHoTunoB G/C-C/C CYP2E1 G>C (rs3813867) penko npusoauno k passutuio O (p = 0,03), y HocuTenelt reHotvna G/C CYP2ET (rs3813867) (p = 0,050D)
Yalle BO3HVKasa nceBaokucTa. Y Hocutenein reHotuna C/C CYPTAT T>C (rs1048943) Ol vawe ocnoxHsncs WM (o = 0,009%), THM (p = 0,003%), MK
(o = 0,003P). B uenom, ans Hocuteneit reHotunos G/G ABCB1 G>A (rs1045642) 6b1n0 xapakTepHo 6onee nerkoe TeveHre Or, Tshxenoe TedeHne 6bl1o xapakTepHo
nns Hocutenen C/C CYP1AT T>C (rs1048943).

KntoueBble cnoea: OCTpbI NaHKPEaTUT, reHbl (hePMEHTOB O1OTPaHCHOPMALIN KCEHOBMOTUKOB, FEHETUHECKUI NOMMOPdM3M, rs1045642, rs1048943, rs3813867
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In recent years, there has been a lot of research into the  has been associated with smoking [1]; smokers and alcohol
contribution of environmental chemicals and disrupted abusers with AP have been shown to be at increased risk
prooxidant-antioxidant balance to the development of acute  for necrotizing pancreatitis [2]. Despite numerous research
pancreatitis (AP). For example, acute nonbiliary pancreatitis  efforts, though, genetic mechanisms underlying predisposition
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to AP and its complications remain understudied. Still, it is
obvious that an important role here is played by the genetically
determined features of xenobiotic biotransformation and
antioxidant defense systems.

The transmembrane protein ABCB1 is a member of the
subfamily of broad-specificity ATP-dependent drug/xenobiotic
transporters. This protein inhibits accumulation of narcotic
drugs in multidrug resistant cells and often mediates resistance
to antitumor medications. ABC genes constitute 7 different
subfamilies. The ABCB1 protein is a member of the MDR/TAP
subfamily; the gene encoding this protein is located on the
chromosomal region 7g21.12. ABCB1 is primarily expressed in
the testicles, muscles, stomach and pancreas. There have been
studies of its role in the development of colorectal cancer [3, 4]
but no statistically significant associations have been reported.
The role of this gene in AP has never been investigated.

So far, the cytochrome P450 oxidase system remains
the most well-studied. It comprises CYP1, CYP2 and CYP3
enzyme families responsible for the metabolism of foreign
compounds in mammals.

It is reported that polymorphisms of the P450, CYP1A1
and CYP2ET genes are associated with increased activity
of enzymes in patients with pancreatitis [5]. The researchers
conclude that CYP1A1 is the most implicated in pancreatitis;
it triggers the proteinase cascade, promoting DNA replication
and tissue proliferation, generates oxygen radicals, forms
reactive intermediates during xenobiotic metabolism, and can
activate various carcinogens.

It is known that CYP1A1 (aromatic ligand-dependent
aryl hydrocarbon hydroxylase) converts polycyclic aromatic
hydrocarbons into highly active mutagenic metabolites in the
first phase of xenobiotic biotransformation. The gene encoding
the key enzyme involved in this process is located on the
chromosomal region 15g24.1. Today, 19 gene polymorphisms
are known that play a role in the development of cancer and
occupational diseases [6].

CYP2E1 (cytochrome P450 2E1) encodes cytochrome
P450 proteins (monooxygenases) that catalyze many
reactions related to the metabolism of medicinal drugs and the
production of cholesterol, steroids and other lipids. This protein
is found in the endoplasmic reticulum and can be activated by
ethanol, diabetes and fasting. The enzyme participates in the
metabolism of ethanol, acetone, ethylene glycol, and tobacco
smoke premutagens [7]. The gene itself is located on 10g26.3
and expressed primarily in adipose tissue, esophageal mucosa
and peripheral blood.

Comparison of allelic and genotype frequencies of ADHZ2,
ADH3, ALDH2, CYP2ET, IL1, IL6, IL8, and TNF has revealed
that CYP2ET and ALDHZ2 are significantly less frequent in
patients with chronic pancreatitis than in healthy controls [8].
At the same time, no association has been detected between
the CYP2ET polymorphism and alcohol-induced pancreatitis in
a studied Asian population [9, 10]. It is reported that carriers
of the m2/m2 CYP1A17 genotype might be more predisposed
to alcoholic cirrhosis and alcohol-related pancreatitis [11]. An
association has been established between the polymorphism
P450 CYP1A1 lle105Val and the increased risk of chronic
pancreatitis [12]. The A—G transition results in a leucine-to-valine
substitution in codon 462 of the cytochrome molecule (lle462Val);
consequently, the activity of the produced enzyme increases
twofold in comparison with the “original” protein, which can
increase the concentrations of underoxidized toxic intermediates
and lead to the accumulation of free radicals [13-15].

Thus, polymorphic variants of genes coding for the
enzymes of xenobiotic biotransformation may be implicated
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in AP. The aim of this study was to investigate a possible
association between AP/its complications and the following
SNPs: CYP1A71-462 T>C rs1048943, CYP2E1-1293 G>C
rs3813867 and ABCB -3435 G>A rs1045642.

METHODS

DNA samples were collected from 547 unrelated inpatients
with AP (154 women and 393 men) undergoing therapy at
surgery departments of Kursk in 2012-2015 and 573 unrelated
individuals without gastrointestinal diseases (161 women and
412 men). The mean age of the patients was 48.9 + 13.1 years,
the mean age of the healthy controls, 47.8 + 12.1 years. The
following inclusion criteria were applied: 1) the established
diagnosis of AP; 2) age of 18-80 years; 3) the absence of
biliary pathology, such as gallstones, pancreas divisum and
pancreatic injury, including injuries due to surgery/endoscopic
manipulations; 4) no previous history of pancreotoxic drugs
(hypothiazid, NSAIDs, steroid anti-inflammatory drugs),
the absence of autoimmune disorders, infections, allergies
(to paints and varnishes), pregnancy/menopause-related
endocrine pathology, diseases of neighboring gastrointestinal
organs; 5) no family history of AP. Patients who did not meet
the inclusion criteria were excluded from the study.

AP was diagnosed using the AP classification developed
by the Russian Society of Surgeons in 2014, which is based on
the Atlanta-92 classification and its modifications proposed by
the International Association of Pancreatology in collaboration
with the International Acute Pancreatitis Classification Working
Group in Cochin in 2011 [16,17]; the patients underwent a
standard examination, as well as laboratory (complete blood
count and biochemistry) and instrumental (US and MRI of the
pancreas, EGD) tests.

The patients were also asked about their lifestyle, including
addictions such as smoking and alcohol abuse regarded as the
major risk factors for AP [18,19].

The participants were distributed into two groups depending
on the amount of weekly consumed alcohol: 1) consumption
below 200 g ethanol a week; 2) consumption above 200 g
ethanol a week. This threshold is the median value (grams of pure
ethanol) of the maximum weekly alcohol intake considered safe in
many countries [20]. Another two groups were formed based on
the frequency of alcohol consumption: 1) 1 or 2 days a month or
less often; 2) 1 day a week or more often. Also, the participants
were divided into two groups based on the total duration of alcohol
consumption: 1) less than 10 years; 2) 10 years or more.

Samples of the patients’ whole venous blood (5-10 ml)
were collected into plastic EDTA-containing (0.5M) test tubes.
Then, the samples were frozen and stored at =20 °C until
further DNA isolation. DNA was isolated using a standard two-
step phenol-chloroform extraction and precipitation in ethanol.
First, white blood cells were lysed. Briefly, the white blood cell
pellet obtained by centrifuging the sample twice with a sodium
phosphate buffer (pH = 7.8) was lysed in the solution containing
a TE-buffer, proteinase K and 0.4% sodium dodecy! sulfate
(SDS) for 12 h at 42 °C. Then, genomic DNA was isolated from
the obtained cell lysate. The first step was extraction in phenol
and 10 mM Tris-HCI (pH = 8.0), the second, in phenol and
chloroform (1:1); in the final step, extraction was performed in
chloroform only. Genomic DNA was precipitated in ice-cold
96% ethanol, air-dried and dissolved in the TE-buffer. Then,
the DNA concentration was measured. The obtained DNA was
frozen at =20 °C until genotyping.

Genotyping of CYP1AT -462 T>C rs1048943, CYP2E1
-1293 G>C rs3813867 and ABCBT1 -3435 G>A rs1045642
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was performed using real-time PCR. Alleles were discriminated
using TagMan probes, a CFX96 PCR detection system
(Bio-Rad Laboratories; USA) and commercial TagMan SNP
Genotyping Assays (Applied Biosystems; USA). Repeated
genotyping of randomly (blindly) selected samples (10% of
the total sample size) demonstrated 100% repeatability of the
results. Categorical variables were compared using Pearson’s x°.
Normally distributed quantitative variables were compared
using Student’s T-test; Mann-Whitney U test was applied to
compare the variables with non-normal distribution. Conformity
genotype frequencies to Hardy-Weinberg expectations was
tested using Pearson’s x°. Associations of alleles and genotypes
with the risk of pancreatitis were measured using the odds
ratio (OR). Statistical analysis was carried out in Statistica 6.0
(StatSoft; USA).

RESULTS

No associations were established between the risk of AP and
the two following polymorphisms: CYP1AT T>C and CYP2ET
G>C (Table 1).

The carriers of the A allele in ABCB1 G>A (rs1045642) were
at increased risk for AP, unlike the carriers of the G/G genotype,
who were at low risk for this condition.

AP was rarely observed in the carriers of the G/C-C/C
CYP2E1 G>C (rs3813867) genotypes who did not have a long
history of alcohol abuse (Table 2).

Infected pancreatic necrosis occurred more frequently in
the carriers of the C/C CYP1AT T>C (rs1048943) genotype
than in the carriers of the G/G ABCB1 G>A (rs1045642)
genotype (Table 3).

Pancreatic pseudocysts were observed in the carriers of the
C/C CYP1AT T>C (rs1048943) and G/C CYP2ET (rs3813867)
genotypes more often than in the carriers of the G/G ABCB1
G>A rs1045642 genotype (Table 4).

Peripancreatic necrosis was the most common complication
of AP in the carriers of the C/C CYP1AT T>C (rs1048943)
genotype; it rarely occurred in the carriers of the G/G ABCB1
G>A (rs1045642) genotype (Table 5).

DISCUSSION

Biotransformation is the enzyme-driven metabolic conversion
of foreign compounds (xenobiotics) that can be broken down
into 3 stages: activation, detoxication and clearance [21,22].
A lot of enzymes participate in this process. The role of genes
involved in xenobiotic biotransformation (CYP2ET and CYP1AT)
in promoting alcohol-induced pancreatitis and liver cirrhosis
has been studied in Brazilian alcohol abusers; no association
has been detected between these genes and pancreatitis [11].

It is known that cytochromes P450 are involved in the
bioactivation of polycyclic aromatic hydrocarbons. CYP1AT is
not found in healthy tissue; its expression is only induced by
xenobiotics. The association between the C/C CYP1AT T>C
(rs1048943) genotype and the increased risk of AP established
in this study suggests a change in the activity of the encoded
enzyme and a rise in the concentration of underoxidized toxic
metabolites that exert an aggressive effect on pancreatic tissue.

The role of CYP2ET polymorphisms in the development of
acute pancreatitis has not been studied before, but there are
reports suggesting that the minor allele of this gene might be
protective against methanol poisoning [23]. In our study, AP
was more often observed in the carriers of the G/C CYP2ET
(rs3813867) genotype, but if the total duration of alcohol abuse
was less than 10 years, the carriers of the G/C-C/C CYP2E1
G>C (rs3813867) genotypes were more resistant to the harmful
effects of alcohol and rarely developed AP.

The ABCBT gene codes for P-glycoprotein; it is an efflux
transporter that participates in the clearance of xenobiotics,
preventing their accumulation in a person’s organs and tissues

Table 1. The analysis of the associations between the risk of AP and the alleles/genotypes of the polymorphic genes encoding the enzymes involved in xenobiotic

biotransformation and antioxidant defense (the codominant model)

n (%)
o Genotype, allele Healthy individuals p «OR (95%Cl)
(SNP ID) Patients (n = 547)
(n=573)
T/T 507 (91.0) 489 (90.2) 1.00
CYP1A7 -462 T>C T/C 49 (8.8) 46 (8.5) 0.07 0.97 (0.64-1.48)
(rs1048943) C/C 1(0.2) 7(1.3) 7.26 (0.89-59.21)
C 0.05 0.06 0.3 1.22 (0.83-1.79)
G/G 532 (95.0) 513 (94.0) 1.00
CYP2ET -1293 G>C G/C 22 (3.9) 29 (5.3) 0.46 1.37 (0.78-2.41)
(rs3813867) c/c 6(1.1) 4(0.7) 0.69 (0.19-2.46)
C 0.03 0.034 0.64 1.12 (0.70-1.80)
A/A 158 (28.3) 183 (33.5) 1.00
ABCB1 -3435 G>A G/A 269 (48.2) 284 (52.0) 5-10* 0.91 (0.70-1.19)
(rs1045642) a/G 131 (23.5) 79 (14.5) 0.52 (0.37-0.74)
A 0.52 0.6 0.0008 1.33 (1.13-1.58)
Table 2. The impact of alcohol abuse on the development of AP in the presence of alcohol-induced pancreatitis in the carriers of the studied polymorphisms
No risk factor (£) Risk factor (f+)®
Genotype
Healthy individuals Patients OR (95%Cl) , .1 | Healthy individuals Patients OR (95%Cl) ,...P 1
CYP2E1 (rs3813867)
G/G 119 (90.8) 173 (96.6) 0.34 98 (96.1) 116 (95.1) 1.27
(0.13-0.94) (0.35-4.62)
G/C-C/C 12 (9.2) 6 (3.4) 0.03 4 (3.9 6 (4.9) 0.72°

Note: o — significance threshold in the analysis of interactions between SNPs and the risk factor; the risk factor (f+)° is long-term alcohol abuse (over 10 years).
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Table 3. The analysis of the associations between the risk of infected pancreatic necrosis and the genotypes of the studied polymorphisms (the most significant models)

n(%
Gene (SNP ID) Genotype, allele Control = Patients with IPN p' - OR (95%Cl)?
(n=1573) (n=97)
CYP1A1-462 T>C T/T-T/C 556 (99.8%) 93 (96.9%) 0005 1.00
51048943 c/C 1(0.2%) 3 (3.1%) 15.65 (1.61-152.54)
ABCB1-3435 G>A A/A-G/A 427 (76.5%) 82 (85.4%) Loser 1.00
rs1045642 G/G 131 (23.5%) 14 (14.6%) 0.54 (0.30-0.99)

significant model)

Table 4. The analysis of the associations between the risk of pancreatic pseudocysts in patients with AP and the genotypes

of the studied polymorphisms (the most

Gene n (%)
(SNP ID) Genotype, allele Control Patients with PC o ., OR (95%Cl)
(n=573) (1=101)

CYP1A1-462 T>C T/T-T/C 556 (99.8%) 97 (96%) o 100
151048943 c/c 1(0.2%) 4 (4%) 18.36 (2.03-166.52)
CYP2E1-1293 G>C G/G-C/C 538 (96.1%) 92 (91.1%) L ose 1.00
rs3813867 G/C 22 (3.9%) 9 (8.9%) 2.43 (1.07-5.56)
ABCB1-3435 G>A A/A-G/A 427 (76.5%) 86 (85.2%) Cor 1.00
rs1045642 G/G 131 (23.5%) 15 (14.8%) ' 0.55 (0.30-0.99)

Table 5. The analysis of the associations between the risk of peripancreatic necrosis and the genotypes of the studied polymorphisms (the most significant model)

n (%)
(SGNT:n?D) Genotype, allele Control Patients with PN p' «OR (95%Cl)
(n=573) (n=111)
CYPIAT -462 T>C T/T-T/C 556 (99.8%) 106 (96.4%) 0.003" 1.00
rs1048943 c/c 1 (0.2%) 4 (3.6%) 18.00 (1.99-163.22)
ABCBT -3435 G>A A/A-G/A 427 (76.5%) 94 (85.5%) 1.00
(rs1045642) G/G 131 (23.5%) 16 (14.6%) 0.08" 0.56 (0.31-0.98)
[24]. Research into the contribution of the ABCB7 rs1045642  CONCLUSIONS

polymorphism to the development of arterial hypertension
and the evaluation of amlodipine-based therapy outcomes
in different populations [25-27] have demonstrated a high
antihypertensive effect in TT carriers; the researchers
explained this effect by a decline in ABCB17 expression. The
same research team reported a link between the TT genotype
and the high risk of hemorrhagic complications in patients
undergoing dabigatran therapy after knee replacement surgery.
Our findings demonstrate that reduced ABCBT expression
negatively affects the ability of the body to detoxify alcohol and
increases the risk of AP in the carriers of the A allele.

On the whole, a milder course of AP was typical for the
carriers of the G/G ABCB1 G>A (rs1045642) genotype; a more
severe course was characteristic of the carriers of the C/C
CYP1A1 T>C (rs1048943) genotype.
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