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Abstract

Background & Aims: The loss-of-function rs72613567 T > TA-variant in the
17p-hydroxysteroid dehydrogenase 13 (HSD17B13) gene might protect from alcoholic
and non-alcoholic fatty liver disease (ALD/NAFLD) and associated fibrosis/cirrhosis.
We investigated the impact of the T > TA-variant on hepatic decompensation and
mortality and investigated its implications on retinol and sex steroid metabolism in
patients who had already developed advanced chronic liver disease (ACLD).
Methods: Retrospective analysis in prospectively characterized patients with viral
hepatitis- and ALD/NAFLD-induced portal hypertension (hepatic venous pressure
gradient (HVPG) > 6 mmHg) diagnosed at the Medical University of Vienna.

Results: Among 487 patients who were followed longitudinally, 166 (34%) were
heterozygous and 24 (5%) were homozygous for the ‘protective’ TA-allele. Patients
harbouring at least one TA-allele had a lower MELD (9 (8-12) vs 10 (8-13) points;
P =.003) and showed a trend towards lower HVPG (16 + 6 vs 17 + 7 mmHg; P = .067).
Interestingly, in competing risk analyses adjusted for age, HVPG and MELD, harbour-
ing the TA-allele was associated with numerically increased risks for mortality (ad-
justed subdistribution hazard ratio (aSHR): 1.3 (95% confidence interval (95% Cl):
0.888-1.91); P = .18), liver-related death (aSHR: 1.34 (95% Cl: 0.9-1.98); P = .15) and
hepatic decompensation (aSHR: 1.29 (95% Cl: 0.945-1.77); P = .11). This might be ex-
plained by trends towards worse outcomes (eg liver-related death: aSHR: 1.64 (95%
Cl: 0.95-2.84); P = .076) in patients with viral hepatitis-induced ACLD. In a cross-

sectional analysis of 211 additional patients, serum retinol levels were comparable

Abbreviations: 95% Cl, 95% confidence interval; ACLD, advanced chronic liver disease; ALD, alcohol-related liver disease; aSHR, adjusted subdistribution hazard ratio; HBV, hepatitis B
virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HSD17B13, 17p-hydroxysteroid dehydrogenase 13; HVPG, hepatic venous pressure gradient; INR, international normalized
ratio; IVD, in vitro diagnostics; MELD, model for end-stage liver disease; NAFLD, non-alcoholic fatty liver disease; PNPLA3, patatin-like phospholipase domain containing 3; SERPINA1,
serpin family A member 1; TM6SF2, transmembrane 6 superfamily 2.
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1 | INTRODUCTION

Advanced chronic liver disease (ACLD), which subsumes advanced
liver fibrosis, cirrhosis and portal hypertension, is a major cause of
morbidity and mortality worldwide. In Europe, it accounts for about
150 000 deaths per year, with alcohol-related liver disease (ALD),
chronic hepatitis B and C (ie viral hepatitis) and non-alcoholic fatty
liver disease (NAFLD) being the most common aetiologies.1

Importantly, liver disease progression shows substantial inter-
individual variability, and thus, research has focused on the iden-
tification of genetic factors which accelerate the progression to
ACLD/cirrhosis and predispose for the development of liver-related
events.?3

The patatin-like phospholipase domain containing 3 (PNPLA3)
1148M variant has been linked to NAFLD and ALD, as well as hepatic
steatosis and liver fibrosis in patients with viral hepatitis.* In addi-
tion, a series of common (eg transmembrane 6 superfamily 2 (TMé6FS2)
E167K) and rare (eg serpin family A member 1 (SERPINA1) E342) ge-
netic variants have repeatedly been associated with NAFLD and
ALD as well as its severity,>® and less consistently, hepatic steatosis
and liver fibrosis in patients with viral hepatitis.”

We have recently demonstrated that homozygosity for the
PNPLA3 1148M variant doubles the risks of hepatic decompensa-
tion and (liver-related) mortality in patients who had already de-
veloped portal hypertension owing to ALD and NAFLD.° Similarly,
heterozygosity for SERPINA1 E342 increased the risks of liver-re-
lated events in patients with cirrhosis,* whereas longitudinal data
on the impact of other genetic variants in patients with ACLD are
still limited.*?

In contrast to all of these detrimental variants, a recent study
comprising data from the DiscovEHR cohort 3 revealed, that the
common loss-of-function rs72613567 T > TA variant in the 17p-hy-
droxysteroid dehydrogenase 13 (HSD17B13) gene protects from
NAFLD and ALD, as well as associated liver fibrosis/cirrhosis.* The
17p-hydroxysteroid dehydrogenases (178-HSD) are a family of 14
enzymes playing key roles in sex steroid metabolism, cholesterol
biosynthesis, as well as elongation and oxidation of fatty acids.*>*®
Similar to 173-HSD11, 178-HSD13 has been localized to both lipid
droplets and the endoplasmic reticulum.'? Lipid droplets are cyto-

plasmic organelles dedicated to lipid storage and formed by budding

between HSD17B13 genotypes, but in males, serum testosterone levels numerically
decreased with an increasing number of TA-alleles.

Conclusion: In patients with viral hepatitis- and ALD-induced portal hypertension, the
T > TA-variant was not protective of hepatic decompensation and mortality. Further
studies should investigate the pathophysiological mechanisms underlying the effects
of HSD17B13 genotype at different stages of liver disease.

alcoholic liver disease, cirrhosis, non-alcoholic fatty liver disease, viral hepatitis

Keypoints

e The 17p-hydroxysteroid dehydrogenase 13 (HSD17B13)
rs72613567 T > TA variant might protect from alcoholic
and non-alcoholic fatty liver disease (ALD/NAFLD) and
associated fibrosis/cirrhosis.

e Data in patients who had already developed advanced
chronic liver disease (ACLD) are limited.

e Patients with ACLD exhibiting at least one TA allele had
a lower model for end-stage liver disease score and
showed a trend towards a lower hepatic venous pres-
sure gradient.

e The T > TA variant was not protective of hepatic de-
compensation and mortality during follow-up and
even tended to increase the risks in patients with viral
hepatitis.

e Serum retinol levels were comparable between

HSD17B13 genotypes, but in males, serum testosterone

levels numerically decreased with an increasing number

of TA-alleles.

from the membrane of the endoplasmic reticulum. The active site of
17B-HSD13 protrudes into the cytosol '® and both wild-type 17p-
HSD13 and the truncated protein derived from the T > TA variant
were found to be expressed on lipid droplets,** with an upregula-
tion in NAFLD, as compared to healthy controls.?’ The immunohis-

tochemistry performed in the study by Pirola et al?

suggests, that
the levels of 17p-HSD13, which was only found in hepatocytes, de-
creased according to the number of TA alleles. In contrast to other
members of the 17p-HSD family, little is known about the functions
of 17p-HSD13 in health and disease. Upregulation of this lipid drop-
let-associated protein has previously been observed in NAFLD pa-
tients and also increased the number and size of lipid droplets in
cultured hepatocytes.zo’22 Despite the limited knowledge on its role
in the pathophysiology of chronic liver diseases, 17p-HSD13 has al-
ready been proposed as a therapeutic target.?>2

Based on its protective effect on NAFLD and ALD progres-

sion, we hypothesized that the T > TA variant decreases the risks



SCHEINER ET AL.

of liver-related events in patients who had already developed ACLD
owing to these aetiologies. Moreover, we also included patients with
viral hepatitis, since this common aetiology was not assessed in the

initial study by Abul-Husn et al.**

Thus, we aimed to investigate the
impact of the T > TA variant on hepatic decompensation and (liv-
er-related) mortality in patients with viral hepatitis as well as ALD/

NAFLD-induced portal hypertension.

2 | PATIENTS AND METHODS
2.1 | Study population

This retrospective analysis included 487 (cohort A) and 211
(cohort B) prospectively characterized patients undergoing
hepatic venous pressure gradient (HVPG)-measurement at the
Vienna Hepatic Hemodynamic Lab of the Medical University
of Vienna from 01/2004-06/2017 (cohort A) or after this time
period (cohort B). Only patients with portal hypertension as de-
fined by a HVPG 2 6 mmHg were included. As the impact of
HSD17B13 genotype may vary between different aetiologies,
our analysis was restricted to patients with viral hepatitis or
ALD/NAFLD-induced ACLD. The aetiology of ACLD was deter-
mined after detailed chart review by the hepatologist perform-
ing the HVPG-measurement. The subgroup of patients with
viral hepatitis comprised patients with chronic hepatitis B (HBV)
or C virus (HCV) infection and also included patients who had
achieved viral suppression or sustained virological response. Of
note, in a considerable proportion of patients who were diag-
nosed with ALD/NAFLD, the diagnostic work up did not include
a liver biopsy. Additional relevant clinical (ie alcohol consump-
tion) and laboratory information was collected from patients’
medical records.

2.2 | 17p-hydroxysteroid dehydrogenase 13
genotyping (cohort A and B)

DNA was extracted using the QlAamp DNA Blood Mini Kit (QIAGEN)
and stored at -20°C until HSD17B13 rs72613567 genotyping was
performed by StepOnePlus Real-Time PCR System and a TagMan
SNP Genotyping Assay (Applied Biosystems).

2.3 | Hepatic venous pressure gradient
measurement (cohort A and B)

HVPG was measured in accordance with a standardized operating
procedure?* using a balloon catheter.?” Potential treatment with
non-selective B-blockers and/or nitrates was interrupted prior to the
assessment of HVPG. Subclinical portal hypertension was defined
by a HVPG 2 6 mmHg and HVPG 2= 10 mmHg denoted clinically sig-
nificant portal hypertension (CSPH).2¢%7
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2.4 | Assessment of alcohol consumption and
clinical events (cohort A)

Quantitative information on alcohol consumption was documented
in patient discharge letters as part of the anamnesis as well as dur-
ing visits in the cirrhosis outpatient ward. Alcohol consumption was
classified as follows: abstinent, moderate (ie below the cut-off for
differentiating between NAFLD and ALD - <30 g/day and <20 g/day
for males and females, respectively?®), or heavy drinking.

Clinical events were retrospectively assessed by review-
ing patients’ digital medical records at Medical University of
Vienna, which is the only transplant centre in the east of Austria.
Moreover, we also assessed patients’ digital medical records from
other hospitals within the Vienna Hospital Association, as well
as the Austrian register of deaths. The following events defined
(further) hepatic decompensation: requirement of paracentesis,
hospital admission for grade 3/4 hepatic encephalopathy, variceal
bleeding and liver-related death.'®2%-32 Deaths owing to complica-
tions of ACLD® or hepatocellular carcinoma (HCC) were classified
as liver-related death.

We abstained from analysing clinical events in cohort B owing to

the short duration of follow-up.

2.5 | Assessment of serum retinol and testosterone
levels (cohort B)

In cohort B, serum retinol levels were measured by high performance
liquid chromatography with ultraviolet detection (Shimadzu) using
an in-vitro diagnostics (IVD) CE-certified assay (ChromSystems),
whereas serum testosterone levels were assessed by quantitative
electrochemiluminescence (cobas e 602 module, Roche Diagnostics)
using IVD CE-certified assays.

2.6 | Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics 25
(IBM), GraphPad Prism 7 (GraphPad Software) and R 3.4.1 (R Core
Team, R Foundation for Statistical Computing).

Continuous variables are reported as mean + standard deviation
or median (interquartile range), and categorical variables are shown
as numbers (n) and proportions (%) of patients. Comparisons of con-
tinuous variables were performed using Student's t test/one-way
analysis of variance or Mann-Whitney U test/Kruskal-Wallis one-
way analysis of variance, as applicable.

Patients entered the survival analyses at the time of HVPG-
measurement. Variables showing a statistically significant difference be-
tween genotypes in univariate analyses, or which we considered highly
relevant for the prediction of the endpoints (ie age, HVPG and model
for end-stage liver disease (MELD) score) were included as covariates.
Cox regression models were calculated to investigate the impact of
HSD17B13 rs72613567 genotype on the risk of liver transplantation or
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(liver-related) death. Moreover, its effect on overall mortality, liver-re-
lated death and hepatic decompensation was assessed using competing
risk analysis considering liver transplantation, and, if applicable (non-liv-
er-related) death as competing risks. Therefore, Fine and Gray competing
risks regression models (cmprsk: subdistribution analysis of competing

)34

risks, https://CRAN.R-project.org/package=cmprsk)>" were calculated.

P < .05 was considered statistically significant.

2.7 | Ethics

This study was conducted in accordance with the Declaration
of Helsinki and approved by the ethics committee of the Medical
University of Vienna (EK 1526/2017) and (EK 1262/2017). All sub-

jects were consented for genetic testing.

3 | RESULTS
3.1 | Study population (cohort A and B)

In total, 887 (cohort A) and 421 (cohort B) patients underwent HVPG-
measurement within the study period (Figure 1). According to in- and
exclusion criteria, 190 (cohort A) and 107 (cohort B) patients had to be
excluded because of missing information on HSD17B13 rs72613567 gen-
otype, 167 (cohort A) and 96 (cohort B) were not included owing to ear-
lier stages of liver disease (HVPG < 6 mmHg). Additionally, 43 (cohort A)
and 1 (cohort B) were excluded since they had other aetiologies of liver
disease than viral hepatitis or ALD/NAFLD and in six patients of cohort
B no information on retinol and steroid hormone levels were available.
Finally, 487 thoroughly characterized patients were included in
cohort A to investigate the impact of HSD17B13 genotype on liv-
er-related events and 211 patients were included in cohort B to

study potential underlying pathophysiological mechanisms.

3.2 | Patient characteristics according to HSD17B13
rs72613567 genotype (cohort A and B)

The majority of patients included in cohort A were male (75%) with

a mean age of 54 *+ 11 years. Fifty-nine percent had viral hepatitis,

whereas 41% had ALD/NAFLD. Of the 202 patients with alcoholic
(ALD)/non-alcoholic fatty liver disease (NAFLD) included in our study,
146 had ALD, whereas only 56 had NAFLD. Overall, 297 patients har-
boured the wild-type (T/T), whereas 166 patients had one and 24 had
two TA alleles. Comparisons of patient characteristics between the
three genotypes are depicted in Table 1. Because of the low number
of patients homozygous for the TA allele (only 5% of the study popula-
tion), we decided to merge patients with at least one TA allele for all
further analyses (Table 1). Thirty-nine percent harboured at least one
TA allele, whereas 61% of patients presented with wild-type (T/T). In
accordance with the differences observed when comparing the three
genotypes separately, comparisons of patients with at least one T/A
allele, or without, revealed that T/T patients had higher INR (1.3 + 0.2
vs 1.2 + 0.2; P < .001) and bilirubin levels (1.2 (0.8-2) vs 1 (0.7-1.6)
mg x dLU: P=.011) as well as MELD scores (10 (8-13) vs 9 (8-12) points;
P =.003). Furthermore, these patients tended to have a higher HVPG
(17 £ 7 vs 16 £ 6 mmHg; P = .067) and lower serum albumin levels
(36t 6vs37+6gx L P=.077).

Cohort B showed similar patient characteristics, as compared to
cohort A (Table S1).

3.3 | Impact of HSD17B13 rs72613567 genotype
on overall mortality, liver-related death and (further)
hepatic decompensation, as well as HCC in the whole
cohort (cohort A)

Patients were followed for a median of 26 (15.4-41.7) months. In
total, 119 patients (24%) died during follow-up and 111 of these
deaths were considered liver-related. Furthermore, 27 patients (6%)
underwent liver transplantation.

Cox regression models adjusted for age, HVPG and MELD score,
indicated that carriers of the TA allele had numerically increased risks
of liver transplantation or death (adjusted hazard ratio (aHR): 1.29
(95% confidence interval (95% Cl): 0.912-1.82); P = .152) as well as liver
transplantation or liver-related death (aHR: 1.27 (95% ClI: 0.759-2.13);
P =.362) (Figure 2, Table 2). To investigate whether sex modifies the ef-
fect of the TA allele on liver-related outcomes, sex and the interaction
term of sex and HSD17B13 genotype (HSD17B13 * sex) were added
to the above-mentioned Cox regression models. HSD17B13 * sex did
not modify the risks liver transplantation or death (aHR: 0.76 (95%

pressure gradient; HSD17B13,

’ Total number of patients ‘ | n = 887 | | n=421 ‘

I Earlier stage of liver disease (HVPG <6 mm Hg) | | n =.167 | | n —.96 ‘

‘ Missing information on HSD17B13 genotype | | n =190 | | n =107 ‘

‘ Other etiologies of liver disease | | n=43 | | n = 1 ‘

‘ Missing information on retinol/steroid hormones | | | | n =I 6 ‘ Z:)ﬁrz\ﬁaii:nS:S;lygglgx,::]iir\t,énous
|

17p-hydroxysteroid dehydrogenase 13
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TABLE 1 Comparison of patient characteristics according to the 17p-hydroxysteroid dehydrogenase 13 (HSD17B13) rs72613567 genotype

HSD17B13 HSD17B13
T/TA or
TA/TA, T/TA, /T, TA/TA, /T,

Patient characteristics n=24 n=166 n =297 P value n=190 n=297 P value
Age,y 57 £12 55+10 54 +11 417 55+10 54+11 .313
Sex

Male 18 (75%) 121 (73%) 226 (76%) .748 139 (73%) 226 (76%) 466

Female 6 (25%) 45 (27%) 71 (24%) 51 (27%) 71 (24%)
Etiology

ALD/NAFLD 12 (50%) 65 (39%) 125 (42%) .568 77 (41%) 125 (42%) .733

Viral 12 (50%) 101 (61%) 172 (58%) 113 (59%) 172 (58%)
Alcohol consumption

Abstinent 18 (75%) 117 (70%) 210 (71%) 16 135 (71%) 210 (71%) .052

Moderate® 6 (25%) 28 (17%) 42 (14%) 34 (18%) 42 (14%)

Severe® 0 (0%) 3(2%) 17 (6%) 3 (2%) 17 (6%)

Unknown 0 (0%) 18 (11%) 28 (9%) 18 (9%) 28 (9%)
Intravenous drug use 0 (0%) 2 (1%) 1(0%) 513 2 (1%) 0 (0%) 566
HCC 1(4%) 4 (2%) 18 (6%) .205 5 (3%) 18 (6%) .082
HVPG, mmHg 16+ 6 16+6 17+7 172 16+ 6 17+7 .067
MELD, points 10 (8-12) 9(7-11) 10 (8-13) .009 9(8-12) 10 (8-13) .003
Albumin, g x L' 45 37+6 36+6 .257 37+6 36+6 .077
Bilirubin, mg x dut 1(0.8-1.8) 1(0.7-1.5) 1.2(0.8-2) .032 1(0.7-1.6) 1.2(0.8-2) .011
INR 1.2+0.2 1.2+0.2 1.3+0.2 .002 1.2+0.2 1.3+0.2 <.001
Creatinine, mg x dL! 0.8 (0.7-1) 0.8 (0.7-0.9) 0.8(0.7-0.9) .909 0.8 (0.7-0.9) 0.8(0.7-0.9) 671
Sodium, mmol x L (ISEERS 138+ 4 138+ 4 .672 138+ 4 138+ 4 746

Abbreviations: ALD, alcoholic liver disease; HCC, hepatocellular carcinoma; HVPG, hepatic venous pressure gradient; INR, international normalized

ratio; MELD, model for end-stage liver disease; NAFLD, non-alcoholic fatty |
#<30 g/d and <20 g/d for males and females respectively.
b>30 g/d and >20 g/d for males and females respectively.

Cl: 0.33-1.76); P = .520) as well as liver transplantation or liver-related
death (aHR: 0.86 (95% Cl: 0.36-2.03); P = .724).

To assess the impact of HSD17B13 genotype on overall mor-
tality, non-liver-related death and hepatic decompensation in
the presence of competing risks, Fine and Gray competing risks

iver disease.

regression models were used for all further analyses. When
considering liver transplantation (for overall mortality) and liver
transplantation as well as non-liver-related death (for liver-re-
lated death) as competing risks and adjusting for age, HVPG and
MELD score, harbouring at least one TA allele was associated

(A),,  HsD17B13 B) ., |  HsD17B13
J_;ﬁA or TATTA aHR: 1.29 (95%Cl: 0.912-1.82), P =152 J‘;ﬁA or TATA aHR: 1.32 (95%Cl: 0.93-1.88); P = .12
—+TIT censored —T/T censored
08 - —+T/TA or TA/TA censored 08 - —+T/TA or TA/TA censored
2 8
g g
k] T
2 06 2 06
‘s o
5 $
€ i =
S 04 2 04
3 2
a o
02 02
.y 297 240 163 92 67 52 £ 297 240 163 92 67 52
—_m 190 155 96 57 37 27 —m 190 155 96 57 37 27
0.0 T T T T T T 0.0 T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Time to liver transplantation or death (y) Time to liver ion or lit lated death (y)

FIGURE 2 Risks of (A) liver transplantation or death and (B) liver transplantation or liver-related death according to 17p-hydroxysteroid
dehydrogenase 13 (HSD17B13) rs72613567 genotype. Abbreviations: 95% Cl, 95% confidence interval; aHR adjusted hazard ratio
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TABLE 2 Cox regression analyses on the influence of the 17p-hydroxysteroid dehydrogenase 13 (HSD17B13) rs72613567 T > TA variant on A liver transplantation or death and B liver

transplantation or liver-related death. Competing risk regression analyses on the influence of the TA allele on C mortality, D liver-related death and E (further) hepatic decompensation in the

overall cohort

E

B

(Further) hepatic

C

Liver transplantation or liver-

related death®

A

decompensation®

Liver-related death®

Mortality?

Liver transplantation or death?®

Patient

P value

aSHR 95% CI P value aSHR 95% CI P value aSHR 95% CI

P value

aHR 95% ClI

P value

95% ClI

aHR

characteristics

.027
<.001

1.02-1.37

1.18

1.07-1.6 .01

1.31
1.05
1.02
1.34

.001

1.15-1.73
1.01-1.09

0.98-1.1

1.41
1.05
1.04

.013
1.3

1.05-1.46
1.03-1.12

1.24
1.06
1.07
1.32

.003
<.001
<.001

1.09-1.51

28
06
08

1.

Age,per 10y

.012 1.09 1.05-1.12
1.0

1.01-1.09
0.96-1.09

.009
.21

<.001
.0

1.03-1.09

1.

HVPG, per mmHg

.034
A1

1.0-1.09

5

44

01

1.03-1.12

1.03-1.12

1.

MELD, per point

0.95-1.77

1.29

.150

0.90-1.98

.18

0.89-1.91

12

0.93-1.88

152

0.912-1.82

1.29

T/TA or TA/TA, vs

SCHEINER ET AL.

T/T (reference)

Abbreviations: 95% Cl, 95% confidence interval; aHR, hazard ratio; aSHR, adjusted subdistribution hazard ratio; HVPG, hepatic venous pressure gradient; MELD, model for end-stage liver disease.

2Considering liver transplantation as a competing risk.

bConsidering liver transplantation and non-liver-related death as competing risks.

with numerically increased risks for overall mortality (adjusted
subdistribution hazard ratio (aSHR): 1.3 (95% Cl: 0.89-1.91);
P = .18; 2-year cumulative incidence: 21% vs 13%; 5-year: 36%
vs 31%) and liver-related death (aSHR: 1.34 (95% Cl: 0.9-1.98);
P =.15; 2-year cumulative incidence: 17% vs 13%; 5-year: 33% vs
29%) (Figure 3). Furthermore, competing risks regression analysis
indicated that age (per 10 years: aSHR: 1.41 (95% Cl: 1.15-1.73);
P =.001) and HVPG (per mmHg: aSHR: 1.05 (95% ClI: 1.01-1.09);
P = .009) were independently predictive of mortality (Table 2).
The same factors were associated with liver-related death: age
(per 10 years: aSHR: 1.31 (95% Cl: 1.07-1.60); P = .010) and HVPG
(per mmHg: aSHR: 1.05 (95% Cl: 1.01-1.09); P = .012).

Hepatic decompensation occurred in 185 patients (38%).
Harbouring at least one TA allele was not protective of (further)
hepatic decompensation (aSHR: 1.29 (95% Cl: 0.95-1.77); P = .11,
2-year cumulative incidence: 32% vs 27%; 5-year cumulative in-
cidence: 50% vs 47%), if liver transplantation and non-liver-re-
lated death were considered as competing risks (Figure 3). Age
(per 10 years: aSHR: 1.18 (95% Cl: 1.02-1.37); P = .027), HVPG
(per mmHg: aSHR: 1.09 (95% Cl: 1.05-1.12); P < .001) and MELD
score (per point: aSHR: 1.05 (95% ClI: 1-1.09); P = .034) were in-
dependently predictive of (further) hepatic decompensation
(Table 2).

Finally, the proportion of patients developing HCC during fol-
low-up did not differ between carriers of the TA allele (4%) and wild-
type patients (6%; P = .246).

3.4 | Patient characteristics according to the
aetiology of liver disease and HSD17B13 rs72613567
genotype (cohort A)

As the effects of HSD17B13 genotype may depend on the aetiology
of ACLD, cohort A was stratified by underlying aetiology (viral hepa-
titis vs ALD/NAFLD). Detailed patient characteristics at the time of
HVPG-measurement are shown in Table 3.

Among 285 patients with viral hepatitis-induced portal hy-
pertension, 113 (40%) had at least one TA allele and presented
with higher INR (1.21 + 0.21), when compared with TT patients
(1.17 + 0.17; P = .043). Importantly, HBV and HCV were equally
distributed across HSD17B13 genotypes and there were no dif-
ferences in the proportion of viraemic HCV patients or patients
with genotype 3. Moreover, the proportions of HCV patients who
were viraemic at the time of HVPG-measurement and achieved
sustained virological response during follow-up was comparable
between HSD17B13 genotypes (T/TA or TA/TA: 70% vs T/T: 74%;
P =.559).

In 202 patients with ALD/NAFLD-induced portal hypertension,
38% were either heterozygous or homozygous for the TA allele.
When compared with the overall cohort, similar findings regard-
ing differences in liver disease severity at baseline were observed.
T/T patients had higher bilirubin levels (1.6 (0.9-2.9) vs 1.2 (0.8-
1.9) mg x dL'%; P = .005), INR (1.4 + 0.2 vs 1.3 + 0.3; P = .002), as
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FIGURE 3 (A) Mortality (considering liver transplantation as a competing risk), as well as (B) liver-related death and (C) (further) hepatic
decompensation (considering liver transplantation and non-liver-related death as competing risks) according to 17j-hydroxysteroid dehydrogenase
13 (HSD17B13) rs72613567 genotype. Abbreviations: 95% Cl, 95% confidence interval; aSHR, adjusted subdistribution hazard ratio

TABLE 3 Comparison of patient characteristics according to the 17p-hydroxysteroid dehydrogenase 13 (HSD17B13) rs72613567 genotype
in patients with A viral hepatitis and B alcoholic (ALD)/non-alcoholic fatty liver disease (NAFLD)

Ciral hepatitis, n = 285 2LD/NAFLD, n=202
T/TA or T/TA or
TA/TA, T, TA/TA, T,
Patient characteristics n=113 n=172 P value n=77 n=125 P value
Age, years 52+9 52+10 811 59 +10 56 +12 .056
Sex
Male 80 (71%) 132 (77%) .26 59 (77%) 94 (75%) .819
Female 33(29%) 40 (23%) 18 (23%) 31 (25%)
Etiology
HBV 6 (5%) 15 (9%) .281 — - -
HCV 107 (95%) 157 (91%) — -
Viraemia® 102 (95%) 146 (95%) .849 = = =
GT 3P 16 (19%) 17 (14%) .378 - - -
HCC 3(3%) 12 (7%) A1 2 (3%) 6 (5%) 493
HVPG, mmHg 14+6 156 221 18+ 6 206 159
MELD, points 8 (7-10) 9(7-11) 421 11 (9-13) 12 (10-15) .003
Albumin, g x Lt 37+6 375 679 36+6 34+7 .057
Bilirubin, mg x dL* 1(0.6-1.4) 1.1 (0.7-1.5) .263 1.2(0.8-1.9) 1.6 (0.9-2.9) .005
INR 1.17 +0.17 1.21+0.21 .043 1.3+0.3 14+0.2 .002
Creatinine, mg x dL* 0.8 (0.7-0.9) 0.8 (0.7-0.9) 193 0.8 (0.7-1) 0.8 (0.7-0.9) 478
Sodium, mmol x Lt 138+ 3 138+ 3 .874 136+ 4 137 4 475

Abbreviations: GT, genotype; HBV, hepatitis virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HVPG, hepatic venous pressure gradient;
INR, international normalized ratio; MELD, model for end-stage liver disease.

20f HCV patients.
Of 207 viraemic HCV patients with information on GT.

well as MELD scores (12 (10-15) vs 11 (9-13) points; P = .003) and presenting with less pronounced liver disease, carriers of the TA al-
tended to have lower serum albumin levels (34 + 7 vs 36 + 6 g x (e lele tended to be older at the time of HVPG measurement (59 + 10
P = .057) than carriers of the T/A allele. Notably, even though vs 56 + 12 years; P = .056).
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Separate analyses in patients with ALD- and NAFLD-induced
portal hypertension are shown in Table S4.

3.5 | Impact of HSD17B13 genotype on overall
mortality, liver-related death and (further) hepatic
decompensation, as well as HCC in the subgroups of
patients with viral hepatitis and ALD/NAFLD (cohort
A)

The findings obtained in the whole cohort seemed to be more
pronounced in patients with viral hepatitis (Table S2; Figure 4).
Again, harbouring at least one TA allele tended to increase the
risks for overall mortality (aSHR: 1.42 (95% Cl: 0.83-2.42); P = .2)
and liver-related death (aSHR: 1.64 (95% Cl: 0.95-2.84); P = .076).
High HVPG increased the risks for overall mortality (per mmHg:
aSHR: 1.07 (95% CI: 1.02-1.13); P = .006) as well as liver-related
mortality (per mmHg: aSHR: 1.07 (95% Cl: 1.01-1.13); P = .015), in-
dependently of the other covariates. Finally, TA allele carriers had
a numerically increased risk for (further) hepatic decompensation
(aSHR: 1.44 (95% Cl: 0.9-2.3); P = .12). Again, HVPG was indepen-
dently related to the outcome of interest (per mmHg: aSHR: 1.11
(95% Cl: 1.06-1.16); P < .001).

There was not difference in the proportion of viral hepatitis pa-
tients developing HCC when comparing patients with (4%) or with-
out (5%; P = .374) the TA allele.

The TA allele did not reduce the risks for overall mortality (aSHR:
1.18 (95% Cl: 0.68-2.04); P = .55), liver-related death (aSHR: 1.06
(95% Cl:0.6-1.9); P =.83), or (further) hepatic decompensation (aSHR:
1.18 (95% Cl: 0.77-1.82); P = .45) in patients with ALD/NAFLD-
induced portal hypertension (Table S3; Figure 5). With aSHR of 1.14

(A) *aSHR: 1.64 (95%Cl: 0.95-2.84); P = .076
o |
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FIGURE 4

((95% Cl: 0.605-2.13); P = .69) and 0.996 ((95% Cl: 0.309-3.22); P = 1)
for mortality, HSD17B13 genotype seemed to have similar effects in
patients with ALD and NAFLD respectively. Moreover, HSD17B13
genotype did not impact liver-related death in ALD (aSHR: 1.25 (95%
Cl: 0.654-2.4); P = .5) and NALFD (aSHR: 0.571 (95% Cl: 0.153-2.13);
P = .41) patients.

Finally, the proportion of ALD/NAFLD patients developing HCC
during follow-up did not differ between carriers of the TA allele (3%)
and wild-type patients (5%; P = .493).

3.6 | Impact of HSD17B13 genotype on retinol and
testosterone serum levels (cohort B)

Serum retinol levels were comparable between cohort B patients
with different HSD17B13 (TA/TA: 0.76 + 0.54 vs T/TA: 0.75 + 0.42
vs T/T: 0.8 + 0.44; P = .817; Figure S2) as well as PNPLA3 genotypes
(G/G: 0.77 £ 0.40 vs G/C: 0.77 £ 0.45 vs C/C: 0.8 £ 0.45; P = .904;
Figure S3).

Among males, there was a numerical trend towards lower serum
testosterone levels in patients harbouring a TA allele, which did not
attain statistical significance (TA/TA: 3.75 + 2.03 vs T/TA: 4.95 + 3.62
vs T/T: 5.65 + 3.02; P = .339; Figure S4).

4 | DISCUSSION

Recently, a study linking exome sequence data from the DiscovEHR
cohort™® to electronic health records reported, that the HSD17B13
rs72613567 T > TA variant is associated with reduced risks of ALD/
NAFLD as well as alcoholic and non-alcoholic cirrhosis. Moreover,
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(A) Liver-related death and (B) (further) hepatic decompensation according to 17p-hydroxysteroid dehydrogenase 13

(HSD17B13) rs72613567 genotype in viral hepatitis patients, considering liver transplantation and non-liver-related death as competing risks.
Abbreviations: 95% ClI, 95% confidence interval; aSHR, adjusted subdistribution hazard ratio
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(A) Liver-related death and (B) (further) hepatic decompensation according to 17p-hydroxysteroid dehydrogenase 13 (HSD17B13)

rs72613567 genotype in patients with alcoholic (ALD)/non-alcoholic fatty liver disease (NAFLD), considering liver transplantation and non-
liver-related death as competing risks. Abbreviations: 95% Cl, 95% confidence interval; aSHR, adjusted subdistribution hazard ratio

the study reported associations with non-alcoholic steatohepatits
and liver fibrosis in patients undergoing bariatric surgery. Therefore,
the authors concluded that T > TA variant protects against the pro-
gression to ACLD in fatty liver disease.'* The association between
the T > TA variant and NASH as well as liver fibrosis has subsequently
been confirmed by independent studies comprising subjects from
Argentina21 and the USA as well as the UK.%° In contrast, we aimed
to evaluate the impact of TA allele on the clinical course of patients
who had already ACLD, as indicated by an HVPG = 6 mmHg.?

In cohort A of this study, patients harbouring at least one TA
allele presented with changes typically associated with a less pro-
nounced liver disease. When compared with T/T patients, TA allele
carriers had lower INR, bilirubin and MELD score and also showed a
trend towards lower HVPG and higher albumin levels at the time of
HVPG-measurement. Of note, these associations were not repro-
duced in the considerably smaller cohort B. Importantly, the T > TA
variant was not protective of hepatic decompensation and (liver-re-
lated) mortality during follow-up and even tended to increase the
risks in the subgroup of patients with patients with viral hepatitis.
Accordingly, once ACLD is established, its protective effect may
vanish.

In search of potential pathophysiological mechanisms explaining
the different findings in our longitudinal study in ACLD patients, as
compared to previous cross-sectional studies which primarily in-
cluded non-ACLD patients, we investigated the effect of HSD17B13
genotype on serum levels of retinol as well as testosterone (as an
example for its potential impact on sex hormone metabolism). This
analysis was performed in cohort B, which had similar patient char-
acteristics, as compared to cohort A.

Interestingly, the PNPLA3 1148M variant has been shown to

affect retinol metabolism because of the function of PNPLA3 as a

retinyl-palmitate lipase,® with lower circulating levels of retinol in
subjects with NAFLD or obesity harbouring the 1148M variant.*¢ In
cohort B, neither PNPLA3 nor HSD17B13 variants had an effect on
circulating retinol levels measured by the same method as in the pre-
vious study,®® which may suggest, that the effects of PNPLA3 (and
possibly, also HSD17B13) on retinol metabolism are less pronounced
in patients with ACLD, as compared to earlier stages of liver disease.
In line with these findings, PNPLA3 1148M only affected liver dis-
ease progression in patients with ALD/NAFLD-induced ACLD when
analysed in a recessive model (ie G/G vs other genotypes) and did
not affect liver disease progression in patients with ACLD owing
to viral hepatitis included in our previous study.'® Accordingly, also
for PNPLA3 1148M, its effects in ACLD seemed to be less consistent
than in earlier stages of liver disease, which could possibly be related
to a decreased impact on retinol metabolism.

The 17p-HSD13 isoform derived from the TA allele has been
found to be catalytically inactive against oestradiol in a previ-
ous study.’* Although sex did not appear to modify the effect of
HSD17B13 genotype on liver-related events, we investigated serum
testosterone levels in cohort B. Interestingly, we observed numeri-
cally lower serum levels of testosterone (Figure S4) in male patients
harbouring the loss-of-function TA allele. As low testosterone levels
have repeatedly been linked to liver-related events by our group®’
and others, a potential detrimental impact of the HSD17B13 TA allele
in patients with ACLD via decreased testosterone biosynthesis war-
rants further study in a larger series of patients.

Of note, the impact of T > TA variant appeared to be aetiolo-
gy-dependent. While harbouring the T > TA variant was associated
with numerically increased risks for adverse clinical outcomes
in viral hepatitis patients, it did not seem to affect follow-up
events in ALD/NAFLD patients. Although there are differences
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regarding predisposing factors for NAFLD/ALD and pathophys-
iological mechanisms driving disease progression, variants in
the PNPLA3, TM6SF2, as well as the SERPINA1 genes have been
shown to increase the susceptibility for both diseases and have
also been associated with adverse outcomes,”®® whereas vari-
ants in HSD17B13 have been found to be protective.14 Therefore,
we decided to merge these two entities in order to maximise the
statistical power of our main analyses. Analysing both aetiologies
separately, HSD17B13 genotype seemed to have similar effects on
mortality in patients with NAFLD and ALD. However, considering
the small sample size and broad 95% Cl in the NAFLD subgroup,
no firm conclusions can be drawn regarding the impact of the
HSD17B13 genotype in NAFLD patients in particular. Importantly,
this is the first study providing information on the impact of the TA
allele in viral hepatitis, and thus, there is no information on its im-
pact on the progression to ACLD in this aetiology. However, while
showing similar associations ALD/NAFLD, another HSD17B13
variant (rs6834314) which is in strong linkage disequilibrium with
the HSD17B13 rs72613567 T > TA variant had no impact on hepatic
inflammation or liver fibrosis in patients with hepatitis C virus
(HCV) infection.?® The HCV lifecycle is closely linked to lipid me-
tabolism.%8 Recently, the TM6FS2 E167K variant has been shown to
be required for maturation, lipidation and secretion of infectious
Iipoviroparticles.39 Therefore, HCV upregulates the expression of
TM6SF2 to facilitate productive infection. Accordingly, a poten-
tial interaction between the lipid droplet-associated protein 17p-
HSD13 and HCV infection requires further study.

The prevalence of HCC at the time of HVPG-measurement
tended to be lower in carriers of the TA allele, which is in line with
a recent report in patients with ALD.*® However, there were no dif-
ferences in the proportion of patients developing HCC during fol-
low-up, which may be explained by limited sample size.

We would like to point out, that considering the very limited
knowledge on the physiological function of 178-HSD13 and the
lack of understanding of its role in the pathogenesis of (advanced)
chronic liver disease and portal hypertension, all of these points are
highly speculative and should be seen as suggestions for further re-
search, rather than a definitive interpretation of our findings. Our
results indicate liver disease severity- and possibly aetiology-depen-
dent differences in the clinical impact of the T > TA variant. Thus,
it clearly requires further experimental and clinical studies before
17p-HSD13 can be considered as a potential therapeutic target for
chronic liver disease.?12

The main limitation of our study is its retrospective design;
however, patients were thoroughly characterized at the time of
HVPG-measurement. The extensive characterization, which even
included the measurement of HVPG,?* is an important strength
of our study. The only other longitudinal study investigating the
impact of the T > TA variant also included a subgroup of patient
with a diagnosis of cirrhosis, however, it was population-based,
and thus, unadjusted for liver disease severity.!?> Accordingly,
the significance of its findings is substantially limited by the in-

ability to adjust for the between-genotype differences in liver

disease severity at inclusion, which were observed and adjusted
for in our study. The limited number of patients homozygous for
the TA allele included in our study hindered the assessment of a
dose-dependent effect of the T > TA variant. Of note, when com-
bining cohort 1 and 2, HSD17B13 genotype frequencies were in
Hardy-Weinberg equilibrium (4 = 0.805)** and the TA allele fre-
quency (22.3%) was comparable to the frequency reported in the
literature.* Accordingly, it would require even larger study pop-
ulations to investigate dose-dependent effects of the TA allele.

In comparison to the study by Abul-Husn et al,**

our study has
considerably smaller sample size, however, we would like to point
out that our study is restricted to a specific stage of liver disease
and provides additional longitudinal information. Since we have
recently demonstrated that the PNPLA3 1148M variant impacts the
risks of hepatic decompensation in a smaller, partially overlapping
cohort,*® our study appears to have adequate statistical power to
detect clinically meaningful effects. Lastly, our study did not in-
clude a validation cohort, as we are not aware of another cohort
linking information on HVPG and genetic data.

In conclusion, the T > TA variant was not protective of hepatic
decompensation and (liver-related) mortality during follow-up.
Future studies should investigate the pathophysiological mecha-
nisms underlying the effects of HSD17B13 genotype within differ-
ent stages of liver disease. Importantly, further experimental and
clinical studies with a special focus on ACLD are required before
17p-HSD13 can be considered as a potential therapeutic target.
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