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SUMMARY

Introduction/Objective Alcoholic liver cirrhosis (ALC) is the primary cause of alcohol abuse-related
mortality, resulting from alcohol-induced oxidative stress. Glutathione S-transferases (GSTM1, GSTT1) are
enzymes essential for detoxification, and their deficiency may contribute to the onset of chronic inflam-
mation and disease progression. This study sought to investigate the relationship between GSTMT and
GSTT1 deletions and ALC, as well as alcohol consumption patterns in cirrhosis development.

Methods The analysis included 114 ALC patients and 262 controls, with GSTMT and GSTT1 deletions
assessed via multiplex PCR.

Results Findings indicated that individuals with the GSTMT null genotype had a three-fold increased risk
of developing ALC (95% Cl, 1.87-4.81; p < 0.0001), whereas GSTTT null genotypes showed no significant
impact. Individuals with both GSTMT null and GSTTT null genotypes exhibited an 11-fold heightened
risk of ALC (OR =11.21, 95% Cl = 3.30-38.14, p < 0.001). Furthermore, patients who commenced alcohol
consumption at 22.5 years or older developed cirrhosis more rapidly than their younger counterparts
(p <0.001).

Conclusion GSTM1 null and combined GSTM1/GSTTT1 null genotypes constitute significant risk factors
for ALC, with patients who started drinking at an older age experiencing accelerated disease progression
irrespective of alcohol intake levels.
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INTRODUCTION

The consumption of alcoholic beverages causes
approximately three million deaths globally
(5.3%) annually, mostly due to liver failure.
Fatalities linked to alcoholic liver disease (ALD)
constitute approximately 21.3%, establishing
ALD as one of the primary causes of alcohol-
related mortality [1, 2]. ALD encompasses a
spectrum of hepatic disorders (alcohol-asso-
ciated steatosis, steatohepatitis, cirrhosis, and
hepatocellular carcinoma) associated with pro-
longed alcohol intake [3].

Alcoholic liver cirrhosis (ALC) is a multi-
factorial disease influenced by environmental,
behavioral, metabolic, and genetic factors.
It develops following an extended period of
chronic liver inflammation, usually caused by
long-term alcohol intake. The risk of ALC cor-
relates with drinking patterns, and its progres-
sion increases significantly with consumption
exceeding three drinks/day for men and two for
women [4]. However, chronic liver inflamma-
tion does not always progress to cirrhosis, and

the effects of alcohol consumption vary among
individuals with equivalent intake levels [5, 6].

Phase II metabolizing enzymes, such as
glutathione S-transferases (GSTs), protect
cells from oxidative stress, particularly from
secondary cytotoxic metabolites of reactive
oxygen species (ROS) [7]. Homozygous dele-
tions of cytosolic GST 0 and p enzymes, en-
coded by GSTT1 and GSTM1 genes (“null®
genotypes), are associated with the absence
of these enzymes, increasing susceptibility to
ROS, and predisposing hepatocytes to chronic
liver inflammation, tissue damage, and ALC
development.

Given the inconsistent findings regarding
the association between GSTMI and GSTT1 de-
letion variants and ALC [8-11], we investigated
the association between GSTM1 and GSTT1
gene deletion variants and alcohol consump-
tion patterns and susceptibility to ALC onset.
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METHODS
Study participants

A total of 114 patients (12 females and 102 males), di-
agnosed with ALC at the Clinic of Gastroenterology and
Hepatology, Zvezdara University Hospital Medical Center,
Belgrade, Serbia, between 2015 and 2018, were included.
ALC was diagnosed in the presence of clinical or biologi-
cal signs of liver damage, in individuals consuming more
than 20 g/day in women (=2 drinks) or 30 g/day in men
(=3 drinks) [4].

Liver cirrhosis was diagnosed under standard clinical
and laboratory criteria. Comprehensive blood analyses, in-
cluding complete blood counts, electrolytes, and biochem-
ical markers for the diagnosis of ALC in liver function
tests (LFTs), including alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, gamma-glutamyl
transpeptidase, coagulation status (prothrombin time/in-
ternational normalized ratio), serum albumin, and serum
bilirubin concentrations, were conducted. Radiological
imaging confirmed signs of cirrhosis. Ultrasonography and
computed tomography verified the presence of a nodular
liver surface, splenomegaly, collateral vessels, and ascites,
while esophagogastroduodenoscopy was conducted to
screen for esophageal varices. Neuropsychological testing
was performed to detect hepatic encephalopathy (confu-
sion, asterixis, fetor hepaticus). In several patients, the
diagnosis was established through liver biopsy.

The severity of liver failure was assessed utilizing LFTs
through the Child-Pugh (CP) scoring system. Three CP
categories were present: A (asymptomatic or compensated
cirrhosis, low mortality risk), B (intermediate disease with
moderately impaired hepatic function, decompensated cir-
rhosis), and C (decompensated cirrhosis, the most severe
form with advanced hepatic dysfunction) [6].

The drinking profile, namely the volume of daily al-
cohol consumption, duration of regular drinking, age at
which drinking started, and the type of beverage (beer,
wine, or spirits), was quantitatively recorded at the hos-
pital’s first visit. Daily alcohol intake (g) was calculated as
the number of standard drinks x 10 g. One drink was 100
mL of wine (13%), 30 mL of spirits (40%), or 250 mL of
beer (5%). Alcohol exposure duration was estimated from
the self-reported drinking onset age to cirrhosis diagnosis.

The control group comprised 262 subjects who came for
a preventive health check to Zvezdara University Hospital
Medical Center or were blood donors, who self-reported
as either abstainers or individuals who consumed < 10 g
of alcohol/day with no evidence of liver disease or other
pathological conditions.

All participants were unrelated and of Serbian origin.
Written informed consent was obtained from all study par-
ticipants. This study was conducted in accordance with the
Declaration of Helsinki, and the Ethics Committee of the
Zvezdara University Hospital Medical Center approved
the study (Approval Reg. No 8-6-2018, dated 06-01-2018).
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Genotyping

Blood samples from study participants were collected in
EDTA-coated vacutainers. Genomic DNA was extract-
ed using a DNA extraction kit (Gene JET Whole Blood
Genomic DNA Purification Mini Kit; Thermo Scientific,
USA) according to the manufacturer’s protocol. DNA was
stored at -20°C until further analysis.

The genotyping was performed by multiplex poly-
merase chain reaction (multiplex PCR) for GSTM1I and
GSTT1I, with the B-globin gene as an internal control.
Multiplex PCR reactions contained 2X Multiplex PCR
Master Mix (Qiagen®, Hilden, Germany), 0.5 pM of each
primer (Metabion, Planegg, Germany) and 0.2 pg of ge-
nomic DNA [12]. PCR products were separated on 3%
agarose gel, stained with GreenSafe (NZYtech, Lisboa,
Portugal), and visualized under UV light. GSTM1 and
GSTT1 null genotypes displayed no fragments correspond-
ing to 215 bp for GSTM1 and 480 bp for GSTT1, and the
110 bp fragment of the control 3-globin gene was observed
in every PCR reaction. For validation, 10% of samples were
randomly selected and re-genotyped.

Statistical analysis

The X2 test was used to evaluate differences between groups
for categorical variables. Normally distributed continuous
variables were analyzed using the independent t-test and
one-way ANOVA, as appropriate, while non-normally dis-
tributed variables were analyzed with the Mann-Whitney
or Kruskal-Wallis test. Genotype frequencies were directly
counted. Univariate binary logistic regression assessed the
association between different genotypes and the devel-
opment of ALC. To determine the relationship between
the drinking profile and the duration of alcohol exposure
prior to the diagnosis of cirrhosis, Pearson correlation co-
efficients were calculated. Kaplan-Meier curves analyzed
the time to decompensation for patients stratified by me-
dian age at the start of drinking alcoholic beverages and
compared statistically using the log-rank test. The com-
mencement of the curves was the self-reported time at the
initiation of alcohol consumption, and the follow-up time
was the duration of alcohol exposure prior to the diagnosis
of cirrhosis. Statistical analysis was performed using IBM
SPSS Statistics, Version 20.0 (IBM Corp., Armonk, NY,
USA) with statistical significance at p < 0.05.

To identify patients at elevated risk of developing ALC,
polygenic risk scores (PRSs) based on two deletion vari-
ants were developed. It was calculated using R v.4.3.0, as
a function

Diz1 Big (x;)

fp(x) = ST fi

>

where x, represents points assigned to subjects based
on deletion status. Homozygous carriers of GSTMI and
GSTTI deletions were assigned 1 point for each gene;
heterozygous carriers, 0.5; and carriers of wild-type al-
leles, 0. The effect weights of deletions, B, were calculated
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Table 1. GSTM1 and GSTT1 genotype frequencies in ALC patients and control subjects

Nesi¢ B. et al.

Association between GSTM1 and GSTT1

patients | Control deletion variants and onset of ALC

Parameter ?\l '(?, /:) s subjects | Adjusted* | Lower | Upper 5
0y i 0,

(N=114) (NN:(2/0632) oddsratio | 95%Cl | 95% C| The GSTM1 and GSTT1 genotype frequencies in
GSTM1 ALC patients and control subjects are shown in
Non-null ("+/+"+/-") | 34 (29.8) | 146 (55.7) | Reference Table 1. The majority of ALC patients had deleted
Null (/") 80(702) | 116(443)| 300 | 187 | 481 | <0001 | Doth GSTMI genealleles (null genotype), signifi-
pere— cantly higher than in control subjects (70.2% vs.
Non-null ("+/4"+/-") | 99 (86.8) | 228 (87.0) | Reference 44.3%, p < 0.001). The GSTM1 null genotype was
Null (/") 15(132) | 34(13.0) 1.02 053 | 196 | o095 significantly associated with the risk of ALC devel-
e opment (p < 0.0001). The risk of developing cir-
2 active genes 30(26.3) | 116 (44.3) | Reference rhosis was three times higher for the GSTM1 null
1 active gene 73(64.0) | 142(542) | 197 | 122 | 323 | 0.007 gﬁnowe carriers EOR =3 ??C?g;{(;\/la = 1'87_4'811)
No active genes 11(9.7) 4(1.5) 11.21 3.30 | 38.14 | <0.001 than in carriers of non-nu I genotype. In

Non-null - at least one copy of the gene; null - deletion of both copies of the gene; active gene
- atleast one copy of the one gene (GSTM1 or GSTTT1); GSTM1 - glutathione S-transferase M1;

GSTT1 - glutathione S-transferase T1;
*sex- and age-adjusted, logistic regression

from a genome-wide association study [10]. For GSTM1
(null genotype/deletion), p was 1.308333, and for GSTT1
(null genotype/deletion), f was 0.69. Differences in PRS
distribution between controls and ALC patients were as-
sessed using the nonparametric Wilcoxon rank-sum test
for continuous data, with statistical significance at p < 0.05.
Ethics: The study was approved by the Ethics Committee
of the Zvezdara University Hospital Medical Center
(Approval Reg. No 8-6-2018, dated 06-01-2018).

RESULTS
Study participants

Nine times fewer females than males were observed (12 vs.
102 in the ALC group and 30 vs. 232 in the control group,
respectively, p = 0.736). The mean age of participants in
the ALC and control groups was 58.23 and 58.56 years,
respectively (p = 0.794). No statistically significant dif-
ferences were observed between patients with ALC and
control subjects regarding age or sex distribution.

At the time of hospital admission, patients in CP class
A, exhibiting asymptomatic and compensated cirrhosis,
were the least represented (14 patients, 12.3%). In con-
trast, patients with decompensated cirrhosis, both with
advanced disease (CP class C, 53 patients, 46.5%), and
with CP class B (47 cases, 41.2%) were more prevalent.
The median age of onset for alcohol consumption among
the patients with ALC was 22.5 years (19-30 years). On
average, alcohol consumption commenced 34.6 years prior
to cirrhosis diagnosis, with a median daily alcohol intake
of 72 g (60-91.5 g). The majority of patients with ALC
consumed spirits (76.3%), followed by beer (71%), and
21.1% reported wine consumption. As participants com-
monly consumed more than one type of beverage, these
categories were not mutually exclusive.

DOI: https://doi.org/10.2298/SARH251201028N

contrast, the GSTT1I null genotype was similarly
distributed between patients and control subjects
(13.2% vs. 13.0%, p = 0.96), with no increased risk
of disease onset among GSTT1 null genotype car-
riers (OR = 1.02, 95% CI = 0.53-1.96) (Table 1).
Furthermore, patients with ALC were divided into
three groups: carriers of GSTM1 non-null/GSTT1 non-
null genotypes (two active genes), carriers of one deleted
gene (GSTM1 or GSTT1I; one active gene), and carriers of
double-null genotypes (GSTM1 null/GSTTI null; no ac-
tive genes). ALC patients with one active gene had twice
the risk of developing ALC compared to those with both
active genes (OR = 1.97,95% CI = 1.22-3.23, p = 0.007).
Additionally, the significant risk of ALC disease develop-
ment was associated with ALC patient carriers of com-
bined GSTM1 null/GSTTI null genotypes (OR = 11.21,
95% CI = 3.30-38.14, p < 0.001), showing an 11-fold
higher risk of disease development compared to carriers
of GSTM1 non-null/GSTT1 non-null genotypes (Table 1).

Clinical characteristics and drinking profile
of ALC patients according to GSTs genotypes

Patients with ALC were stratified according to GST null
genotypes (GSTMI: non-null vs. null; GSTTI: non-null vs.
null; GSTM1/GSTTI: null/null vs. one active gene and vs.
two active genes), and drinking profiles, and clinical char-
acteristics (CP class, biochemical laboratory test results)
were compared across the groups (Table 2, Table 3). The
median age at the onset of at-risk alcohol consumption
was similar in all groups (22-23 years). The duration of
alcohol exposure was significantly longer among carriers
of the GSTT1I null genotype compared with GSTTI non-
null carriers (p = 0.006). Patients with an active GSTM1
gene (non-null genotype) and carriers of two active genes
(GSTM1/GSTT1 non-null/non-null genotype) were associ-
ated with significantly increased daily alcohol consump-
tion compared to patients without the GSTM1 gene (null
genotype) and those with one or two genes deleted (one ac-
tive gene or null/null genotypes) (p = 0.019 and p = 0.024,
respectively) (Table 2). Our results demonstrated that, in
terms of beverage type, carriers of the GSTMI non-null
genotype consumed beer more frequently than carriers
of the null genotype (p = 0.029) (Table 3).
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Table 2. Drinking profile of ALC patients according to GSTs genotypes

GSTM1 GSTTI GSTM1/GSTT1

Drinking profile Non-null |  Null o | Non-null | Nul o | Nullnul O”;ea:;"’e T"";eicets"’e o

N (34) N (80) N (99) N (15) N(11) e T
Initial age of alcohol 225 225 22 23 23 22 225
consumption (years) (19-26.5) | (18-30) 078 (19-30) (18-26) 0970 (18-30) (18-30) | (19-26.25) 0.967
Buration of alcohol 3524105 343+98 | 063 | 33.6+98 | 41.1+87 | 0.006° | 40.7+7.8 | 33.8+10 |34.4+102| 0.093
exposure (years)
Daily alcohol 825 68.5 . 72 60 60 72 95 .
consumption (g) 60-114) | (50-83) | %1% (60-90) | (48-96) | ¥%% | (a8-100) | (51.5-80) | (60-1155) | %024

The data are expressed as the means + standard deviations, or medians (25th-75th percentile) unless otherwise noted; active gene - the presence of at least one
copy of the one gene (GSTMT or GSTT1); GSTM1 - glutathione S-transferase M1; GSTT1 - glutathione S-transferase T1;

aStudent’s t-test
"Mann-Whitney U test;
Kruskal-Wallis test

Table 3. Clinical characteristics and drinking profile of alcoholic liver cirrhosis patients according to glutathione S-transferases (GSTs) genotypes

GSTM1 GSTT1 GSTM1/GSTT1
Profile/Characteristics Non-null | Null o | Non-null | Nul b | Null/Nul O”;::é"’e TW;’;‘:S“’E o
N (34) N (80) N (99) N (15) N (11) N (73) N (30)

Drinking profile

beer N (%) 29(85.3) | 52(65) |0.029¢| 72(72.7) 9 (60) 0.311 | 5(45.5) 51(69.9) 25(83.3) | 0.056
Type of beverage | wine N (%) 7(20.6) | 17(21.3) | 0.937 | 20(20.2) | 4(26.7) | 0.516 | 3(27.3) 15 (20.5) 6(20.0) 0.866

spirits N (%) | 27 (79.4) | 60(75) | 0.612 | 74(74.7) | 13(86.7) | 0.312 | 11(100) | 51 (69.9) 25(83.3) | 0.052
Clinical characteristics

A, N (%) 3(8.8) 11(13.7) | 0.549 | 10(10.1) | 4(26.7) | 0.088 | 4(36.4) 7 (9.6) 3(10) 0.038¢
CP class B, N (%) 17(50) | 30(37.5) | 0.215 | 39(39.4) | 8(53.3) | 0.307 | 5(454) 28 (38.4) 14 (46.7) | 0.706

C, N (%) 14 (41.2) | 39(48.8) | 0.458 | 50(50.5) 3(20) |0.049¢| 2(18.2) 38(52) 13 (43.3) 0.102

The data are expressed as the means + standard deviations, or medians (25th-75th percentile) unless otherwise noted; active gene refers to the presence of at

least one copy of the one gene (GSTM1 or GSTT1);

GSTM1 - glutathione S-transferase M1; GSTT1 - glutathione S-transferase T1; CP — Child-Pugh;

aStudent’s t-test:
"Mann-Whitney U test;
Kruskal-Wallis test;
4% test

The majority of our ALC patients were categorized
as CP score class C (45.5%). In this class, patients with a
GSTT1I non-null genotype were more frequent than those
with a null genotype (p = 0.049) (Table 3). No significant
differences in biochemical laboratory test results were ob-
served among patients with respect to GSTM1 and GSTT1
genotypes in the ALC group.

No significant correlation was observed between daily
alcohol consumption and the duration of alcohol expo-
sure (Pearson correlation, r = 0.036, p = 0.705). However,
a significant negative correlation was found between the
age at initiation of alcohol consumption and the duration
of exposure (r = -0.475, p < 0.001).

Patients who were 22.5 years of age or older when they
initiated drinking developed cirrhosis more rapidly than
younger patients (Log-rank p < 0.001) (Figure 1).

Two-variant PRS and risk for ALC development

The risk of developing ALC was assessed using PRS, which
accounts for deleterious GSTM1 and GSTT1 variants. The
distribution of PRSs differed significantly between patients
and the control group. The ALC group showed a rightward
shift toward higher PRS values compared with control
subjects, indicating an increased cumulative genetic risk

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):164-170
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consumption
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Cumulative Incidence of decompensation
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Time of exposure to alcohol before first cirrhosis
decompensation (years)

Figure 1. Kaplan-Meier analysis shows that patients who began drink-
ing at < 22.5 years (solid line) developed first cirrhosis decompensation
significantly later than those who started after 22.5 years (dashed line)
(log-rank p = 0.001); censored cases included nine and five patients,
respective-ly, without decompensation

associated with these deletions. The disparity between the

groups was highly significant with p = 2e-05 (Figure 2).
The GSTM1 null genotype demonstrated a significant

association with ALC, conferring a three-fold increased
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Polygenic Risk Score (GSTM1 + GSTT1)

Figure 2. Distribution of GSTMT and GSTT1 deletion variant polygenic
risk score (PRS) between controls and alcoholic liver cirrhosis (ALC)
patients; ALC patients (blue) had significantly higher PRS values than
controls (red) (Wilcoxon test, p = 2e-05); the X-axis shows PRS (0-1),
the Y-axis shows density, and dashed lines mark group means

risk, whereas the GSTT1 deletion alone had no effect. The
absence of both genes substantially increased the disease
risk. Although no genotype-related biochemical differ-
ences were detected, the GSTT1 null genotype was linked
to a longer duration of alcohol exposure, and a later onset
of drinking correlated with a more rapid progression to
cirrhosis. Furthermore, the PRS, incorporating GSTM1
and GSTTI deletion variants, effectively distinguished
ALC patients from controls, indicating the contribution
of combined genetic and behavioral factors to disease risk.

DISCUSSION

Excessive alcohol consumption causes individual mental,
behavioral, medical, and social problems and imposes a
substantial burden on public health and the global econ-
omy [2, 3, 13].

Our results demonstrated that patients who initiated
alcohol consumption later in life progressed to cirrhosis
faster than those who started at a younger age. This could
reflect a selection bias, as the prevalence of liver disease
increases with age [14]. This is likely due to diminished
tissue regeneration and impaired metabolism in older indi-
viduals [15], making the liver more vulnerable to alcohol-
induced injury and fibrosis, ultimately leading to cirrhosis
[16]. Some studies have corroborated that a later onset of
alcohol consumption is associated with accelerated disease
development, which aligns with our findings [17, 18].

Chronic liver inflammation followed by diffuse hepatic
tibrosis causes cirrhosis and eventually leads to liver fail-
ure [19, 20]. Alcohol metabolism in hepatocytes generates
significant ROS, causing cellular injury and lipid peroxi-
dation, increasing oxidative stress and chronic inflam-
mation, which are crucial for the development of ALC
[21]. Glutathione S-transferases (GSTs) detoxify harmful
electrophilic compounds and ROS by conjugation to re-
duced glutathione (GSH) [22]. Limited GSH concentra-
tions during stress leave hepatocytes vulnerable to toxic
ethanol metabolites [23, 24]. Individuals lacking one or

‘ DOI: https://doi.org/10.2298/SARH251201028N
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two GST genes exhibit lower antioxidant capacity against
elevated ROS levels than those with both active GST genes
[25]. In our study, carriers of the GSTM1 null genotype
exhibited a three-fold increased risk of ALC development,
whereas carriers of the double-null genotype (GSTM1I and
GSTT1) demonstrated an 11-fold higher risk. This cumula-
tive effect of low GSH concentrations in hepatocytes and
the absence of GST enzymes likely contributes to chronic
liver inflammation, tissue damage, and cirrhosis. Our re-
sults are consistent with the literature data from diverse
populations [10, 26] and with conditions associated with
elevated oxidative stress investigated within the Serbian
population [12, 27].

In our study, GSTT1 null genotype carriers consumed
alcohol long before developing ALC (approximately 41
years) compared to carriers of at least one GSTT1 allele
(approximately 34 years). These findings suggest that the
GSTT1I null genotype did not affect ALC development. A
minority of carriers of double-deleted alleles were detected
in the group with severe cirrhosis, suggesting that a defi-
ciency in these enzymes may have fatal consequences for
patients classified as CP class C. In our patients, carriers of
the GSTM1I null genotype had significantly lower daily al-
cohol consumption. Furthermore, patients with combined
null/null genotypes had significantly lower daily alcohol
consumption than patients with one or two active genes.
This finding indicates an association between the GSTM1
null genotype, alone and in combination, and ALC devel-
opment, irrespective of the quantity of alcohol consumed.
Patients with the null/null combination consumed beer at
an almost significantly lower rate and spirits at an almost
significantly higher rate than patients with one or two ac-
tive genes. These findings may suggest a predisposition to
developing cirrhosis irrespective of the type of beverage
and daily alcohol intake in individuals possessing double-
deleted GST genes.

Multiple risk factors and comorbidities can accelerate
cirrhosis progression. The combination of null alleles in
the GSTM1 and GSTT1 genes as a risk factor for developing
ALC was further corroborated using PRS calculation. The
mean PRS was significantly higher in patients with ALC
compared to control subjects. Our findings suggest that PRS
may be an effective tool for predicting the risk of developing
ALC, as we recently showed in another study [28].

One limitation of this study was the control group selec-
tion, comprising individuals without liver or other patho-
logical conditions who self-reported as abstainers or who
consumed < 10 g of alcohol/day. This limitation can be
mitigated by matching alcohol use disorder individuals
with patients with similar drinking habits and demograph-
ics. Most ALC patients were diagnosed at an advanced
stage of liver disease with decompensation; thus, the diag-
nosis time matched the decompensation time. Assessing
daily alcohol intake is challenging because it relies on
self-reported data. Patients may be reluctant to report the
actual quantities consumed. ALC develops through in-
teractions between genes involved in alcohol metabolism
and oxidative stress and environmental factors. Including
factors such as body mass index (BMI), diabetes, drinking
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habits, and additional genetic markers would help esti-
mate the independence of GSTs as cirrhosis risk factors.
In addition, no other comorbidities were investigated. The
results from this study should be interpreted as those of a
single-center study.

CONCLUSION

Our results demonstrated that GSTM1 null and combined
GSTM1/GSTTI null genotypes are significant risk factors
for the development of alcoholic liver cirrhosis. In addi-
tion, patients who started alcohol consumption at age >
22.5 years develop cirrhosis significantly faster, regardless
of the amount of alcohol consumed. Further research on
additional genetic variants involved in alcohol metabolism,
as well as the examination of other risk factors contribut-
ing to the onset and progression of ALC in our patients,
should be conducted.
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Ynora geneunoHunx sapujaHT reHa GSTM1 n GSTT1 n npoduna KOH3ymupamwa
a/ZIKoXona y pa3Bojy a/IKOX0/IHe Lupo3e jeTpe

bpaHka Hewwnh', MapuHa Jenosav?, bojaH Puctnsojesnh?, ywnua Bpunuh Kanem®, Metap CBopuaH®, bpaHka 3ykuh?,

WBaHa [py6uiua®

'KnuHmnyko-60nHMYKK LeHTap,3Be3papa’, Cnyx6a 3a nabopatopujcky anjarHoctuky, beorpag, Cpbuja;
YHusep3uTeT Y beorpagy, IHCTUTYT 3a MofieKynapHy reHETUKY U reHETUYKO UHXEeHePCTBO, Jlabopatopuja 3a MoneKynapHy G1oMeANLIHY,

Beorpag, Cpbuja;

*KnuHNYKO-60MHNYKY LieHTap ,3Be3aapa’, KnnHnuKo oferbetbe 3a ractpoeHTeponorujy v xenatonorujy, beorpag, Cpbuja;

*YHuBep3uTeT y beorpagy, MeguumHcku dpakyntet, beorpapg Cpbuja

CAXETAK

YBoa/LUnm AnkoxonHa uupo3sa jetpe (ALLJ) npumapHu je y3pok
CMPTHOCTU Y3POKOBaHe 3/10ynoTpe6om ankoxona, 1 HacTaje Kao
nocnefuLia OKCMAATMBHOT CTPeca M3a3BaHor aIkoxoiom. MyTa-
TVOH S-TpaHcdepase (GSTMT, GSTTT) jecy eH3VMM HEOMXOAHU
3a leToKCMUKaLWjy 1 HIXOB HefoCcTaTak MOXe YyTuLaTh Ha
rojaBy XpOHUYHE NHamaLuje n nporpecujy 6onectu. Linm
oBe cTyauje 61o je ga NCTpaxu noBesaHocT n3mehy geneun-
oHuX BapujaHT GSTMT n GSTT1 n AL, Kao 1 ytruaj npoduna
nuvjera ankoxosia Ha pa3Boj LMpo3e.

Metoge AHanu3sa je obyxsatuna 114 6onecHuka ca AL n 262
NCMUTAHMKa Y KOHTPOSHOj rpynu, a myntunnekc MLP-om cy
oppeheHe feneumnoHe BapujaHte GSTMT n GSTTT.

Pe3syntatu Pe3yntaTtu cy nokasanu ga ocobe ca GSTMT Hyn-
TVIM FeHOTUMOM MMajy Tpy nyTa noBehaH pu3nk of passoja ALl

DOI: https://doi.org/10.2298/SARH251201028N

(95% Cl, 1,87-4,81; p < 0,0001), npy yemy GSTT1 HynTU reHo-
TUMOBY HUCY MOKa3any 3HavyajaH yTuLaj Ha pa3Boj 6onecTu.
Ocobe ca 06a HynTa reHotvna (GSTM1/GSTT1) nokasane cy 11
nyTta nosehaH pusuk og ALJ (OR=11,21,95% C/ = 3,30-38,14;
p < 0,001). BonecHnuw Koju cy noyenu aa KOH3yM1pajy ankoxon
ca 22,5 nnu e rofuHa 6pike Cy pa3Buav LPo3y of OHMX
Koju cy noyenu ga nujy y mnahem yspacty (p < 0,001).
3akrbyy4ak GSTM1 HynT 1 KomobuHoBaHy GSTM1/GSTT1 HynTtn
reHOTUMNOBM NPeACTaBIbajy 3Ha4ajHe PpakTope pr3nKa 3a pa3Boj
ALl kop cTapujyix 6onecHrKa KoA Kojiix je ybp3aHa nporpecuja
6onecty 6e3 0631pa Ha H1MBO YHOCA aNKoXosa.

KrbyuHe peun: ankoxosHa Liypo3a jeTpe; npogui nujerba anko-
xona; GSTM1; GSTTT; neneunoHe BapujaHTe; HyNT FeHOTUMOBN
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