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Abstract: Background: Development of cirrhosis and hepatocellular carcinoma (HCC) in patients
with high alcohol intake is modulated by genetic predispositions. Genetic variation in angiotensin
II type 1 receptor (AGTR1) has been described as a risk factor for non-alcoholic fatty liver disease
in Asian patients. Methods: We analysed Caucasian patients with alcohol–associated cirrhosis
without (n = 238) and with (n = 339) HCC, healthy controls (n = 200), and HCV–infected cirrhotic
patients with and without HCC (n = 263) for association with the polymorphisms rs3772622 and
rs2276736 in AGTR1. Results: Rs2276736 in AGTR1 was associated with both low–density lipoprotein
(LDL) cholesterol levels and hepatic steatosis in patients with alcohol–associated liver disease. The
distribution of genotypes for both rs3772622 and rs2276736 in AGTR1 were comparable between
controls, cirrhosis patients, and those with HCC. Minor allele frequencies were 32% (44%) in healthy
controls, 35%/34% (46%/45%) in alcohol–associated liver disease without/with HCC and 31%/38%
(43%/39%) in HCV cirrhosis and HCV HCC, respectively. The genotype of the most important genetic
risk factor for fatty liver disease, PNPLA3 I148M, did not interact with the AGTR1 polymorphisms.
Conclusion: Genetic variation in AGTR1, although associated with blood lipid levels and hepatic
steatosis, is not a risk factor for alcohol–associated cirrhosis or HCC in Caucasians.

Keywords: cirrhosis; alcohol-associated liver disease; HCC; angiotensin II type 1 receptor; rs3772622;
rs2276736

1. Introduction

Cirrhosis, the end–stage of chronic liver disease, and hepatocellular carcinoma (HCC),
a primary hepatic malignancy arising from cirrhosis, are frequent complications of liver
disease worldwide, accounting for approximately 4% of total deaths [1]. In addition
to viral hepatitis and metabolic-dysfunction associated steatotic liver disease (MASLD),
alcohol–associated liver disease is a very common cause of cirrhosis [2].

However, only a minor subset of patients with heavy alcohol abuse develop cirrho-
sis [2]. Genetic predisposition is considered a major risk factor for developing liver disease
in the presence of alcohol abuse [2]. The most well–known genetic risk factor, among oth-
ers, is the I148M polymorphism in the patatin-like phospholipase domain-containing protein 3
(PNPLA3)-gene [3]. MASLD, formerly known as non–alcoholic fatty liver disease (NAFLD),
and alcohol–associated liver disease display a broad overlap in genetic risk factors [4].
Therefore, loci conferring a predisposition to MASLD are also interesting candidate genes
for alcohol–associated liver disease.

In this regard, polymorphisms in the angiotensin II type 1 receptor (AGTR1) gene,
most notably the minor G variant of rs3772622, were associated with a decreased risk of
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NAFLD and less severe fibrosis in NAFLD in a cohort of Japanese patients [5]. In contrast,
another study reported more advanced fibrosis in carriers of the G allele of the rs3772622
polymorphism [6]. In the same study, protection from NAFLD by AGTR1 rs2276736
was found in Indian patients [6]. Importantly, the authors of this study also described a
significant interaction between rs3772627 and another AGTR1 polymorphism with PNPLA3
rs738409, which corresponds to PNPLA3 I148M. In addition, genetic variation at AGTR1
was associated with high–density lipoprotein levels in a cohort of patients with or at risk
for arterial hypertension [7]. Another AGTR1 polymorphism is linked to postprandial lipid
levels [8]. Mechanistically, AGTR1 has been implicated in the progression of fibrosis in
liver diseases in animal models [9].

Further support for the potential role of AGTR1 polymorphisms in fatty liver disease
comes from studies linking genetic variation at the AGTR1 locus to altered lipid profiles in
large cohorts [7,8]. In an observational longitudinal study, 314 healthy subjects, in whom
obesity, diabetes, and hypertension were carefully excluded, were followed–up for the
development of NAFLD and hypertension after they had been genotyped for the AGTR1
rs5186 polymorphism. Genetic variation at AGTR1 rs5186 predicted the development
of NAFLD over nearly 10 years with an odds ratio of 1.67. In the same study, 78 non–
diabetic patients with NAFLD diagnosed by liver histology were subjected to an oral fat
tolerance test. In this subset of patients, genetic variation at AGTR1 rs5186 was not only
linked to insulin resistance but also to elevated postprandial very low–density lipoprotein
(VLDL) cholesterol and triglyceride levels despite comparable fasting lipid levels. In
addition, AGTR1 rs5186 is associated with nuclear factor-κB activation, a central regulator
of inflammation, in monocytes [7]. In a second study [8], 213 subjects with normal blood
pressure and 242 subjects with pre-hypertension were analysed for AGTR1 polymorphisms
and lipid levels. While genetic variation at AGTR1 rs5186 was linked to systolic blood
pressure after adjusting for sex and age (p = 0.005), genetic variation at AGTR1 rs276736 was
associated with high–density lipoprotein (HDL) cholesterol levels (age and sex–adjusted
p value 0.039).

Unraveling genetic factors associated with the occurrence of clinical endpoints in liver
disease may not only help to elucidate the relevant molecular pathomechanisms but also
stratify patients for surveillance and interventions based on their genetic risk profile.

To clarify whether AGTR1 polymorphisms are linked to the risk of cirrhosis as a
terminal stage of fibrosis and to HCC development in alcohol–associated liver disease, we
analysed large cohorts of patients for the AGTR1 rs3772622 and rs2276736 polymorphisms.

2. Materials and Methods
2.1. Patients

A total of 577 patients with alcohol–associated cirrhosis, of whom 339 had HCC, were
included. Blood specimens for DNA and clinical data were collected at the University
Hospital Bonn, Berlin Department of Hepatology and Gastroenterology, and the Division
of Hepatology of the Leipzig University Medical Centre. In addition, 263 patients with
chronic hepatitis C virus (HCV) infection, of whom 102 had cirrhosis, 161 HCC, respectively,
and 200 healthy individuals were used as controls. The healthy controls were blood donors
and participants in cancer screening programs without history, clinical, or laboratory signs
of liver disease. All participants in this study were Caucasians.

The diagnosis of cirrhosis was made by liver biopsy or based on a typical combination
of clinical, laboratory, and radiological findings. Clinical data collected for this study in-
cluded standard demographic data (such as age, sex, weight, and presence of diabetes) and
laboratory data (such as alanine aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyltransferase (GGT), platelet count, bilirubin level, model for end-stage liver
disease (MELD) score, serum triglyceride, total cholesterol, low-density lipoprotein (LDL)
and high-density lipoprotein (HDL) cholesterol). Where available, the grade of hepatic
steatosis, as evaluated by liver biopsy, was recorded. In addition, survival of patients with
HCC was assessed.
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Patients were classified as having alcohol–associated cirrhosis if their average alcohol
intake exceeded 300 g ethanol per week, and other common causes of cirrhosis, such as
viral hepatitis or hemochromatosis, were excluded. We chose a cut-off of 300 g ethanol
per week to include only patients clearly above the upper limit of alcohol intake deemed
acceptable for non-alcoholic fatty liver disease [10].

HCC was diagnosed based on international guidelines [11] and ascertained by histol-
ogy in cases of uncertainty.

HCV diagnosis relied on the standard high-sensitivity assays used in clinical practice.
In detail, patients were deemed to have HCV–induced cirrhosis if hepatitis C RNA was
detected in the blood of cirrhotic patients without competing causes of cirrhosis.

2.2. Determination of AGTR1 and PNPLA3 Genotypes

Genomic DNA was extracted from 200 µL of EDTA blood using the QIAamp Blood
Mini Kit (Qiagen, Hilden, Germany) following the manufacturer’s instructions. Both
AGTR1 and PNPLA3 genotypes were determined using real–time PCR on. a LightCycler®

96 system (Roche, Mannheim, Germany). We used LightSNiP (Simple Probe) assays
purchased from TIB-MolBiol (Berlin, Germany) using the rs numbers (rs3772622 and
rs2276736) as references. The final volume of samples was 10 µL and contained 1 µL DNA
solution, 5 µL Blue Probe qPCR 2× Mix (Biozym Scientific GmbH, Hessisch Oldendorf,
Germany), 0.5 µL Primer/Probe Mix, and 3.5 µL PCR grade water. Cycling conditions were
set as follows: initial denaturation at 95 ◦C for 10 min, then 45 cycles of denaturation at
95◦C for 10 s, annealing at 60 ◦C for 10 s, and finally extension at 72 ◦C for 15 s. At the end
of each annealing phase, fluorescence was measured at 60 ◦C. After PCR was completed, a
melting curve of the PCR products was plotted by denaturation at 95 ◦C for 20 s, holding
the sample at 40◦ C for 20 s, and then gradually heating the sample to 85 ◦C at a ramp
rate of 0.2 ◦C/s with continuous acquisition of fluorescence. These methods have been
previously described in detail [12].

2.3. Statistical Analysis

We used IBM SPSS Statistics software version 28 (IBM, New York, NY, USA) was used
for statistical analysis. Allele and genotype frequencies were calculated using SNPStats,
a web tool for SNP analysis developed by the Catalan Institute of Oncology. (https://
www.snpstats.net/; accessed on several days throughout the year 2023). We tested for
significant deviations from the Hardy-Weinberg equilibrium using an exact test. Genotypes
were compared with the help of tearson’s goodness–of–fit chi2 test. Forward logistic
regression was used to evaluate potential SNP-SNP interactions. Fisher’s exact test was
used to compare qualitative data. Student’s t-test and Wilcoxon–Mann–Whitney U test
were applied to quantitative data, as appropriate. For survival analysis, we used Kaplan–
Meier curves and applied the log–rank test for statistical analysis. A p < 0.05 was the
designated threshold for statistical significance.

3. Results
3.1. Study Cohorts

Details of the included patients are presented in Table 1. We analysed clinical data and
DNA from 238 patients without and 339 patients with HCC based on of alcohol–associated
cirrhosis, 200 healthy controls, and 263 HCV–infected patients, of whom 102 had cirrhosis
and 161 had HCC. As expected, the patients in the cirrhotic subgroups were predominantly
male and had a mean age well above 50 years. The mean MELD score ranged from 13 to 16
amongst the diseased cohorts, who displayed elevated liver laboratory parameters.

https://www.snpstats.net/
https://www.snpstats.net/
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Table 1. Demographic, clinical, and laboratory details on the study cohorts.

Alcohol-Associated Cirrhosis HCV Infected Patients Healthy
Controlswithout HCC with HCC with Cirrhosis with HCC

Total number 238 339 102 161 200
Age, mean (range) 58.4 (27–92) 63.5 (36–87) 56.6 (28–88) 60.4 (38–82) 62.6 (28–87)
Sex (% male/female) 62.4/37.6 89.2/10.8 62.2/37.8 61.7/38.3 46.0/54.0
Bilirubin [mg/dL], (Mean ± SD) 4.18 ± 6.80 2.52 ± 3.93 2.24 ± 4.28 2.34 ± 2.96 -
ALT [IU/L], (Mean ± SD) 48.6 ± 114.1 48.9 ± 59.2 92.3 ± 102.7 102.5 ± 191.1 -
AST [IU/L], (Mean ± SD) 72.5 ± 143.4 84.8 ± 109.4 82.9 ± 82.4 109.1 ± 120.5 -
GGT [IU/L], (Mean ± SD) 211.9 ± 223.6 259.6 ± 331.2 122.4 ± 132.3 127.8 ± 116.1 -

ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: Gamma glutamyl transferase; HCC:
hepatocellular carcinoma; MELD: model for end-stage liver disease.

3.2. Association of Genetic Variation at AGTR1 to Lipid Parameters

First, we compared blood and hepatic lipid levels between the different genotypes
of AGTR1 rs2276736 and rs3772622 in patients with alcohol–associated cirrhosis to clarify
whether the potential impact of the variants on the risk of cirrhosis or HCC might be
due to altered lipid levels. While we found that variants of both AGTR1 rs2276736 and
rs3772622 were associated with LDL cholesterol levels (Figure 1A,C), homozygous carriers
of the AGTR1 rs2276736 minor variant showed increased serum LDL cholesterol levels, and
correspondingly decreased intrahepatic lipid levels (Figure 1B,D).
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Figure 1. Serum and hepatic lipid levels in patients with alcohol-associated cirrhosis with different
AGTR1 genotypes. Serum LDL cholesterol (A,C) and hepatic lipid levels (B,D) in patients with alcohol-
associated cirrhosis carrying different AGTR1 rs2276736 (A,B) and rs3772622 (C,D) genotypes. Statistical
analysis with student’s t-test. LDL—Low–density lipoprotein.
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3.3. Genotype Distribution Concerning Clinical Endpoints

Detailed information on the genotype distribution of AGTR1 rs3772622 and rs2276736
are shown in Table 2. The minor allele frequency (MAF) for AGTR1 rs2276736 ranged
between 31 and 38%, corresponding to 33% reported from the 1000 genomes project [13];
MAF for AGTR1 rs3772622 ranged between 39–46%, corresponding to a frequency of 46%
reported from the 1000 genomes project [13]. In all groups, the genotype frequencies of the
AGTR1 rs3772622 and rs2276736 polymorphisms were in Hardy–Weinberg equilibrium.
We detected no differences in allele and genotype frequencies between patients with and
without HCC, between patients with cirrhosis due to HCV–infection and alcohol–associated
cirrhosis, or between healthy controls and patients with cirrhosis. The frequencies of carriers
of the homozygous minor variant at AGTR1 rs2276736 and of carriers of at least one minor
variant at AGTR1 rs3772622 are shown in Figure 2 for the different subgroups, illustrating
that significant differences were missing.

Table 2. Genotype distribution of the AGTR1 rs3772622 and rs2276736 polymorphisms.

Genotype Alcohol-Associated Cirrhosis
(n = 577)

HCV Infected Patients
(n = 263)

Healthy
Controls
(n = 200)

AGTR1
rs2276736

without HCC
n = 238

with HCC
n = 339

with cirrhosis
n = 102

with HCC
n = 161

AA 99 (41.6%) 145 (42.8%) 48 (47.1%) 60 (37.3%) 91 (45.5%)
AG 113 (47.5%) 158 (46.6%) 44 (43.1%) 80 (49.7%) 88 (44.0%)
GG

MAF
26 (10.9%)

35%
36 (10.6%)

34%
10 (9.8%)

31%
21 (13.0%)

38%
21 (10.5%)

32%

AGTR1
rs3772622

TT 68 (28.6%) 96 (28.3%) 35 (34.3%) 58 (36.0%) 63 (31.5%)
TC 123 (51.7%) 181 (53.4%) 47 (46.1%) 80 (49.7%) 100 (50.0%)
CC

MAF
47 (19.8%)

46%
62 (18.3%)

45%
20 (19.6%)

43%
23 (14.3%)

39%
37 (18.5%)

44%
AGTR1: angiotensin II receptor type 1; HCC: hepatocellular carcinoma; HCV hepatitis C virus; MAF: minor
allele frequency.

3.4. Gene-Gene Interaction

Finally, we investigated potential gene–gene interactions between the two AGTR1
polymorphisms and the most important genetic risk variant for alcohol-associated and
non-alcoholic fatty liver disease, PNPLA3 I148M [14,15], which might explain why none of
the AGTR1 polymorphisms were linked to a clinical endpoint in the overall patient cohort
of alcohol-associated cirrhosis and HCC but may indicate that risk modulation for cirrhosis
and HCC by the AGTR1 polymorphisms is restricted to a particular genetic background.
For NAFLD, relevant gene–gene interactions have been described previously [6]. However,
as shown in Table 3 for AGTR1 rs2276736 and in Table 4 for rs3772622, we did not detect
any evidence of a relevant gene–gene interaction with PNPLA3 I148M concerning the risk
of cirrhosis (Tables 3A and 4A) or HCC (Tables 3B and 4B).
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Figure 2. Frequency of AGTR1 rs2276736 and rs3772622 genotypes in patients with alcohol-associated
and HCV–induced cirrhosis and hepatocellular carcinoma. The frequency of homozygous carriers of
the AGTR1 rs2276736 minor variant (A) and carriers of the rs3772622 variant (B) were similar among
healthy controls and patients with cirrhosis and hepatocellular carcinoma both on the background of
alcohol-associated liver disease and hepatitis C virus–induced liver disease. ALD—alcohol-associated
liver disease; HCV—hepatitis C virus; HCC—hepatocellular carcinoma.

Table 3. (A) SNP-SNP interactions of AGTR1 rs2276736 and PNPLA3 rs738409 concerning the risk of
ALD cirrhosis, (B) SNP-SNP interactions of AGTR1 rs2276736 and PNPLA3 rs738409 concerning the
risk of alcohol associated HCC.

A

Parameter p OR
95% CI

Lower Upper

AGTR1 AG/GG 0.661 1.130 0.653 1.956
PNPLA3 148 IM/MM 0.022 1.633 1.072 2.488
AGTR1 AG/GG by PNPLA3 IM/MM 0.600 1.215 0.587 2.518
Constant 0.117 0.542
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Table 3. Cont.

B

Parameter p OR
95% CI

Lower Upper

AGTR1 AG/GG 0.849 0.947 0.540 1.661
PNPLA3 148 IM/MM 0.000 2.663 1.783 3.977
AGTR1 AG/GG by PNPLA3 IM/MM 0.129 1.899 0.800 3.285
Constant 0.003 0.317

The p-value for SNP-SNP interaction was calculated using the multiplicative model.

Table 4. (A) SNP-SNP interactions of AGTR1 rs3772622 and PNPLA3 rs738409 concerning the risk of
ALD cirrhosis, (B) SNP-SNP interactions of AGTR1 rs3772622 and PNPLA3 rs738409 concerning the
risk of alcohol associated HCC.

A

Parameter p OR
95% CI

Lower Upper

AGTR1 TC/CC 0.969 1.011 0.577 1.773
PNPLA3 148 IM/MM 0.022 1.633 1.072 2.488
AGTR1 AG/GG by PNPLA3 IM/MM 0.678 1.166 0.564 2.412
Constant 0.155 0.555

B

Parameter p OR
95% CI

Lower Upper

AGTR1 TC/CC 0.845 1.060 0.593 1.894
PNPLA3 148 IM/MM 0.000 2.663 1.783 3.977
AGTR1 AG/GG by PNPLA3 IM/MM 0.637 1.187 0.583 2.418
Constant 0.002 0.260

The p-value for SNP-SNP interaction was calculated using the multiplicative model.

3.5. Survival

Finally, we analysed whether the survival of patients with HCC with a background of
alcohol–associated cirrhosis differed according to the AGTR1 rs2276736 and the AGTR1
rs3772622 variants. We found no statistically significant differences in survival based on
the genotype at each AGTR1 locus (Figure 3).
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4. Discussion

The renin–angiotensin-system (RAS) is a major regulatory mechanism in the human
cardiovascular system, modulating fluid balance and blood pressure [16]. Upon reduction
in renal blood flow, renin is secreted into the blood by the kidneys after the conversion of a
precursor. In the blood, renin transforms angiotensinogen, which is produced by the liver,
into angiotensin I. Angiotensin I, in turn, is converted by angiotensin–converting enzyme
(ACE) into angiotensin II, which acts both as a strong vasoconstrictor and stimulates the
production of aldosterone. Aldosterone increases fluid retention by mediating sodium
reabsorption in the renal tubules. The receptor mediating the effect of angiotensin II is an-
giotensin receptor type I, which is encoded by the gene AGTR1. In addition, an alternative
pathway has been discovered [17]: Angiotensin-1-7 is derived from angiotensin I indepen-
dently from the action of ACE and exerts its effects by the MAS–receptor and angiotensin II–
type receptor. This pathway is thought to confer vasodilation, anti-inflammation, and anti-
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fibrosis effects, as opposed to the classical RAS pathway. Finally, among other pleiotropic
functions, angiotensin II has been implicated in the progression of liver fibrosis [18]. In
detail, it has been found that activated hepatic stellate cells, the drivers of liver fibrosis, ex-
press all components of the RAS system and secrete angiotensin II. When angiotensin II was
infused in a rat model of liver disease, fibrosis progressed more rapidly [19]. Furthermore,
inflammation markers increased, which may be important because hepatic inflammation
drives the development of hepatocellular carcinoma.

Several studies have investigated the role of polymorphisms in AGTR1 to elucidate
the impact of angiotensin II on the long-term development of liver disease in humans.
Yoneda et al. reported that several genetic variants of AGTR1 were linked to NAFLD in
167 Japanese patients with NAFLD and 435 healthy controls [5]. The AGTR1 rs3772622 poly-
morphism showed the highest statistical significance with an odd ratio of 1.95. Rs2276736
was reported to be significantly associated with NAFLD among four other single nucleotide
polymorphisms in AGTR1. As might be expected, the authors found some degree of linkage
disequilibrium between AGTR1 rs3772622 and other AGTR1 polymorphisms associated
with fatty liver disease. In addition, a variation in rs3772622 was linked to the stage of
fibrosis [5]. Given the role of RAS in the cardiovascular system, Liu et al. analysed whether
AGTR1 rs3772622 was linked to cardiovascular disease in Chinese patients with NAFLD.
Nearly 600 patients with NAFLD with and without coronary artery disease, more than
300 patients without NAFLD but with coronary artery disease, and more than 300 healthy
control patients were genotyped for the AGTR1 rs3772622 polymorphism. While the au-
thors did not detect a significant difference in the distribution of the AGTR1 rs3772622
genotypes between patients with and without NAFLD, they noted a statistically significant
association with coronary artery disease, suggesting that the AGTR1 rs3772622 polymor-
phism might be associated with severe metabolic sequelae compared to NAFLD alone [20].
In a third study [6], several AGTR1 polymorphisms, including rs3772622, were tested for
their association with NAFLD in different ethnic subgroups. While the study included a
rather small set of 144 patients with NAFLD and 198 controls, the strength of the study
is that liver histology was available for all patients with NAFLD. Although the authors
failed to replicate an association of the AGTR1 rs3772622 or rs2276736 polymorphism with
NAFLD in the overall cohort, they detected a statistically significant association in the
subgroup of 31 Indian patients, in contrast to the Chinese and Malay patients. Similarly,
the authors did not find a link between AGTR1 rs37772622 or rs2276736 polymorphisms
and the severity of NAFLD in the total cohort. However, they also revealed an association
between three AGTR1 polymorphisms and non-alcoholic steatohepatitis, including AGTR1
rs2276736. Finally, they performed a gene–gene interaction analysis with PNPLA3 I148M
and detected a statistically highly significant interaction. This was also true for a subgroup
of Indian patients; however, when patients were regarded separately according to their
PNPLA3 I148M genotype, the effect could not be replicated. Concerning histologically
proven fibrosis, AGTR1 rs3772622 genotypes again showed a statistically significant associ-
ation with fibrosis, even after adjusting for the grade of steatosis, ballooning, and lobular
inflammation. Again, the authors reported a significant degree of linkage disequilibrium
between the different AGTR1 polymorphisms analysed [6].

Drugs such as telmisartan, which blocks angiotensin II receptor 1 and activates
peroxisome proliferator-activated receptor (PPAR)γ, a master regulator of hepatic lipid
metabolism [21,22], might unite two approaches to tackle steaotic liver disease [23]. In
this study, the authors administered telmisartan to mouse models of both diabetes and
non–alcoholic steatohepatitis over a period of 6–week and meticulously analysed the liver
transcriptome. They observed that non-alcoholic steatohepatitis (NASH) improved along
with improvements in the expression of inflammation–and fibrosis-related genes. The
interplay between hypertension, RAS activation, and atherosclerosis progression involv-
ing lipid metabolism has been discussed for a long time [24]. Nevertheless, the exact
mechanistic interplay between AGTR1 and lipid metabolism has still to be elucidated. In
addition, although the effect of genetic predisposition to NAFLD was confirmed in a recent



Gastroenterol. Insights 2024, 15 28

genome–wide association meta–analysis by identifying 17 genetic risk loci, AGTR1 was not
among these loci [25]. However, the results of this study underline the clinical importance
of genetic predisposition: a high genetic risk translated into a 2.5–6-fold elevated risk for
NAFLD and, more importantly, cirrhosis and HCC.

Similar to NAFLD, the risk of alcohol–associated cirrhosis and HCC is strongly influ-
enced by genetic predispositions [15]. Genetic predisposition explains why only a subset
of patients with severe alcohol abuse develop cirrhosis. NAFLD and alcohol–associated
liver disease (ALD) share prominent genetic risk loci. The most well–known is I148M at
PNPLA3 [26,27]. The function of PNPLA3 and its pathological consequences have only
been partially unravelled so far. In any case, PNPLA3 is involved in the lipid metabolism
in the liver cells. Under conditions of high–fat intake, the presence of the minor PNPLA3
148M variant leads to the accumulation of intrahepatic fat. In addition, intrahepatic fat
storage in patients carrying the PNPLA3 148M variant prompts an inflammatory hep-
atic reaction. Another shared genetic risk factor for both NAFLD and ALD is located at
transmembrane 6 superfamily 2 (TM6SF2) [28,29]. In contrast to PNPLA3, which seems to
be involved in lipid storage, TM6SF2 is implicated in hepatic fat metabolism by medi-
ating the assembly of lipoproteins and VLDL export from the liver. Impaired function
in patients with genetic variations leads to increased hepatic fat storage. Similar to PN-
PLA3, 17β-Hydroxysteroid dehydrogenase type 13 (HSD17B13) [30,31] is located in lipid
droplets. Minor variants in HSD17B13 are protective; however, the exact molecular mech-
anism has not yet been elucidated. Finally, variation in membrane-bound O-acyltransferase
domain-containing 7 (MBOAT7) [27,32] is another genetic risk factor for NAFLD and ALD.
Its biochemical role is recognized as lysophosphatidylinositol acyltransferase. As such, it
may regulate the production of inflammatory lipid mediators, with the MBOAT7 rs641738
minor variant leading to decreased MBOT7 function, increased hepatic lipid storage, and a
pro-inflammatory response.

Targeted analysis of AGTR1 polymorphisms in the context of alcohol–associated liver
cirrhosis has not been previously reported. Therefore, we analysed a well–characterized
and sizable cohort of patients with alcohol–associated cirrhosis to determine the association
between the two most prominent AGTR1 polymorphisms, cirrhosis, and the occurrence of
HCC. We did not find any connection between the two polymorphisms and the most severe
sequelae of ALD, although genetic variation at both loci was associated with peripheral
LDL cholesterol levels, and homozygous carriers of the minor AGTR1 rs2276736 variant
displayed decreased intrahepatic lipid levels. In addition, we did not find evidence of
a gene–gene interaction between PNPLA3 I148M and the investigated AGTR1 polymor-
phisms, as reported previously for NAFLD patients [6]. Therefore, the lack of association
between genetic variation in AGTR1 and ALD complications cannot be attributed to a
concealing effect of the variation in PNPLA3.

If we assume that our cohort was sufficiently large to detect any clinically significant
difference, two conclusions may be drawn. First, that alcoholic and non–alcoholic liver
disease differ concerning the pathophysiological impact of AGTR1. The hypothesis that
alcoholic and non–alcoholic fatty liver disease may differ in some aspects regarding genetic
predisposition despite all similarities, is supported by the results from a Japanese cohort,
which found differences between the two disease groups when analysing 10 different
polymorphisms [33]. The second potential conclusion is that ethnic and environmental
differences lead to diverging genetic risk factors for fatty liver disease in different regions
of the world, as our study comprised only Caucasian patients, while studies reporting
AGTR1 polymorphisms as a risk factor for NAFLD included mainly Asian patients [5,6,20].
It is known that ethnic background affects survival in HCC patients, which may not only
be linked to genetic predisposition but also to the etiology of HCC, which differs across
regions worldwide, and to access to surveillance and treatment programs [34–36]. Finally,
our results indicate that changes in peripheral and intrahepatic lipid levels may contribute
to, but are not sufficient for, the development of overt alcohol–associated liver disease.
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Thus, the risk of cardiovascular disease, not liver disease, remains the dominant prognostic
factor for patients with dyslipidemia [37].

Our study results are limited by the limited number of patients included in our study,
which, however, was still large and offers the strength of clinically well–characterised
cohorts. In addition, our study had an observational design rather than a prospective
design. The latter would be highly desirable but is nearly unfeasible in traits developing
over decades, such as cirrhosis and HCC. Third, one may speculate that a substantial
number of patients carrying an AGTR1 variant may develop HCC in the near future;
therefore we may have missed the effect of genetic variation. However, since we could
replicate all major known genetic risk factors for alcohol-associated HCC in our cohort, it is
unlikely that the observation time was too short. Finally, the impact on genetic traits may
become evident when additional genetic parameters and environmental factors, such as
diet, coincide. Therefore, we cannot exclude that under different conditions from the ones
investigated here the results may be different.

5. Conclusions

In conclusion, our data do not support a role for the two investigated AGTR1 poly-
morphisms in the development of cirrhosis or HCC in alcoholic liver disease in Caucasian
patients, in contrast to non–alcoholic fatty liver disease in Asian patients, although we
found that lipid levels in patients with alcohol-associated cirrhosis were linked to ge-
netic variation in AGTR1. The impact of genetic variation at AGTR1 on the development
of complications of ALD in Caucasian patients seems to be low or absent; both poly-
morphisms may not be suitable for inclusion into models for risk prediction of HCC in
alcohol-associated cirrhosis [38].
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