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Background/Aims: 17B-hydroxysteroid dehydrogenase 13 (HSD17B13) variants were recently reported to have
significantly lower odds of non-alcoholic fatty liver disease (NAFLD). This is a two-part study that aimed to evaluate the
association of HSD17B13 variants with NAFLD and its histological severity, and to identify the association of the variants
with clinical outcomes in a cohort of biopsy-proven NAFLD patients.

Methods: Consecutive biopsy-proven NAFLD patients and controls without fatty liver were recruited for this study
between 2009 and 2014. Genotyping for HSD17B13 variants was performed using rhAmp assays. A total of 165 patients
with NAFLD were monitored up until August 2019. Clinical outcomes were recorded.

Results: HSD17B13 rs72613567 TA allele and rs6834314 G allele were associated with lower odds of non-alcoholic
steatohepatitis (NASH) in the overall cohort and among ethnic Chinese, but not among ethnic Malays or Indians (P<0.05).
During a mean follow-up of 89 months, 32 patients (19.4%) experienced at least one clinical outcome (cardiovascular
events, n=22; liver-related complications, n=6; extra-hepatic malignancy, n=>5; and mortality, n=6). The rs72613567
homozygous TA allele and the rs6834314 homozygous G allele were independently associated with a lower incidence of
liver-related complications (hazard ratio [HR], 0.004; 95% confidence interval [Cl], 0.00-0.64; P=0.033 and HR, 0.01; 95%
Cl, 0.00-0.97; P=0.048, respectively) and were associated with lower grade of hepatocyte ballooning among the ethnic
Chinese.

Conclusion: HSD17B13 rs72613567 and rs6834314 variants were inversely associated with NAFLD and NASH, and were
associated with lower incidence of adverse liver outcomes in a cohort of multi-ethnic Asian patients with NAFLD. (Clin

Mol Hepatol 2021;27:486-498)
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Study Highlights

This study is unique in that it evaluates the association of HSD17813 with NAFLD and its clinical outcomes in the Asian population. We assessed the
clinical impact of HSD17B13 genetic variants (rs72613567 and rs6834314) by applying a case-control and a longitudinal approach. Loss-of-function
HSDI17B13 variants were found to be associated with a lower risk of NAFLD and lower incidence of adverse liver outcomes in a cohort of multi-ethnic

Asian patients with NAFLD.

INTRODUCTION

An adverse liver outcome is one of the leading causes of death
in non-alcoholic fatty liver disease (NAFLD).' Non-alcoholic steato-
hepatitis (NASH) has become the second leading indication for
liver transplantation in the United States among patients with or
without hepatocellular carcinoma (HCC).” The significant morbidi-
ty and mortality related to NAFLD can be attributed to the in-
crease in its prevalence, which parallels the rising prevalence of
obesity and metabolic syndrome worldwide. Genetic factors are
increasingly recognised in the pathophysiology of this multifacto-
rial disease.’

Several studies hypothesised that patatin-like phospholipase
domain-containing 3 (PNPLA3) rs738409, the first risk genetic
variant discovered from the genome-wide association study
(GWAS) of NAFLD, could be utilised as a potential prognostic fac-
tor in clinical settings.** Recently, 17B-hydroxysteroid dehydroge-
nase 13 (HSD17B13), a liver-specific lipid-droplet associated pro-
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tein, was found to act in an opposite manner. A recent landmark
study involving 46,544 European and Hispanic descendants re-
ported that HSD17B13 rs72613567, a protein-truncating insertion
and deletion (indel) variant, is associated with a lower risk of cir-
rhosis and HCC.® Similar results were replicated in NAFLD patients
of European ancestry and in Argentinian and Danish popula-
tions.”? Another single amino acid mutation at rs6834314 is also
associated with the loss of HSD77B13 enzymatic activity. The HS-
D17B13 156834314 variant, which is highly linked with the rs72613567
variant, attenuates the effect of PNPLA3 on advanced liver fibro-
sis among the Japanese.”’ Growing evidence has shown the criti-
cal role of HSD17B13 in the regulation of hepatic lipid homeostasis,
which could potentially represent a new target for the treatment
of NAFLD.

This study aimed to evaluate the clinical impact of HSD77B13
genetic variants (rs72613567 and rs6834314) by applying a case-
control and a longitudinal approach. To the best of our knowl-
edge, this is the first study to evaluate the association of HS-
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D17B13 with NAFLD and its clinical outcomes in the Asian
population.

MATERIALS AND METHODS

Study subjects

Consecutive biopsy-proven NAFLD patients were recruited from
the Gastroenterology and Hepatology Clinic, University of Malaya
Medical Centre (UMMC) from 2009 to 2014. Patients with viral
hepatitis B or C infection, autoimmune liver diseases, significant
alcohol intake (>21 units per week for men and >14 units per
week for women), and use of medication that can cause steatosis
or other causes of chronic liver diseases were excluded from this
study.' The controls were healthcare workers, family members, or
friends of patients recruited from UMMC during the same period
of time. The control subjects had a normal body mass index (BMI)
and an ultrasound examination was conducted to exclude pres-
ence of fatty liver. They had normal liver function tests, fasting
blood glucose (FBG), and lipid profile. The study protocol was ap-
proved by the UMMC Medical Research Ethics Committee (MREC
Reference No.: 702.11 and ID No.: 2019813-7734) and conformed
to the provisions of the Declaration of Helsinki. Written informed
consent was obtained from all study participants.

Clinical and laboratory parameters

Demographic, anthropometric, clinical, and laboratory data
were obtained using a standard protocol. Obesity was defined as
BMI >25 kg/m”." Central obesity was defined as waist circumfer-
ence >90 cm for men and >80 cm for women."” Hypertension was
considered present when there was a self-reported history of hy-
pertension, when the subject was on medication, or when the
blood pressure was >130/85 mmHg. Diabetes mellitus was con-
sidered present when there was a self-reported history of diabetes
mellitus, when the subject was on medication, or when FBG was
>7.0 mmol/L. Dyslipidaemia was considered present when there
was a self-reported history of dyslipidaemia, when the subject
was on medication, or when serum total cholesterol was >5.2
mmol/L, serum triglyceride >1.7 mmol/L, serum high-density lipo-
protein (HDL) <1.0 mmol/L for men or <1.3 mmol/L for women or
serum low-density lipoprotein (LDL) >3.4 mmol/L. Patients with
>3 of the following five criteria were diagnosed with metabolic
syndrome according to the National Cholesterol Education Pro-
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gram Adult Treatment Panel Il criteria: central obesity, hyperten-
sion, hypertriglyceridaemia, low serum HDL, and impaired fasting
glucose (FBG >5.6 mmol/L) or diabetes mellitus."”

Liver biopsy and histological assessment

Ultrasound-guided percutaneous liver biopsy was performed
using 18G TERUMO® Hypodermic Needle (Cardinal Health, Dub-
lin, OH, USA). Liver biopsy slides were examined by an experi-
enced histopathologist and reported according to the NASH clini-
cal research network scoring system.”" Non-alcoholic fatty liver
(NAFL) was defined as hepatic steatosis with no or only mild lobu-
lar inflammation and no hepatocyte ballooning. NASH was de-
fined as the presence of hepatic steatosis, lobular inflammation
and hepatocyte ballooning (at least grade 1 each) with or without
fibrosis. Advanced fibrosis was defined as fibrosis stage >3.

Genotyping

The QiAamp DNA Mini Kit (Qiagen, Hilden, Germany) was used
to extract genomic DNA from the concentrated white blood cells
of the buffy coat with the quality ranging from 1.8-2.0
(ODy4/ODsg0). HSD17B13 1572613567 and rs6834314 were geno-
typed using the rhAmp single nucleotide polymorphism (SNP) ge-
notyping assay (Integrated DNA Technologies, Redwood City, CA,
USA) on a StepOnePlus Real-Time PCR system (Applied Biosys-
tems, Foster city, CA, USA) according to the manufacturer’s pro-
tocol. The custom primer sequences for HSD17B13 were as fol-
lows: Forward: 5'-GGTGTTCTGTGCTGTACTTACrUTCTG-3";
Reverse: 5'-GTGTTCTGTGCTGTACTTAArCTTCT-3' for 1572613567
and Forward: 5-AGGTCTGAAGGGGCAGTAATIGGGCA-3"; Re-
verse: 5-AGGTCTGAAGGGGCAGTAACrGGGCA-3' for rs6834314.
To ensure genotyping confidence, positive and negative controls
were introduced for each run. gBlocks Gene Fragments (Integrat-
ed DNA Technologies) were used as positive controls. Additional
genotyping details can be found in Supplementary Material 1.

Follow-up study

Only biopsy-proven NAFLD patients with a minimum follow-up
of 5 years were included in the longitudinal study. These patients
were on a regular 6-monthly follow-up at the gastroenterology
and hepatology clinic with blood test + ultrasound performed pri-
or to the clinic visit. Their medical records were also carefully
studied from the date of the liver biopsy until 31st August 2019 to
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record any cardiovascular events, liver-related complications, ma-
lignancy, or mortality. Cardiovascular events included a history of
acute myocardial infarction, congestive cardiac failure, history of
coronary revascularisation, and stroke. Liver-related complications
included ascites, hepatic encephalopathy, spontaneous bacterial
peritonitis, history of gastro-oesophageal varices or variceal
bleeding, HCC, and hepatorenal syndrome. The cause of malig-
nancy or cause of death was recorded for patients who developed
malignancy or died.

Statistical analysis

Power analysis was carried out using Quanto to calculate the
sample size.” A total of 143 NAFLD cases and controls were
needed to provide a desired power of 80% at a of 0.05 under a
gene-environment model with the following assumptions: the al-
lele frequency ranged from 0.20 to 0.40, the baseline risk for the
Malaysian population was 0.23 and the minimum detectable odds
ratio was 2.0."° The genotype distribution was assessed for Hardy-
Weinberg equilibrium (HWE) using a goodness-of-fit chi-squared
test with one degree of freedom. P-value of more than 0.05 indi-
cates an agreement with the equilibrium. Patients with incom-
plete genotyping data were excluded from data analysis. Data
analyses were carried out using SPSS ver. 23.0 (IBM Corp., Chica-
go, IL, USA). Values were presented as mean+standard deviation
for continuous variables while categorical variables were recorded
as number and percentages. All variables were tested for normali-
ty using Kolmogorov-Smirnov test. For group comparison, Stu-
dent’s t-test was used for normally distributed variables whereas
Mann-Whitney U-test was used for skewed variables. Allelic asso-
ciation was identified using logistic regression and multiple logis-
tic regression was performed after adjusting for age and gender.
Kruskal-Wallis test was used to compare medians between three
groups for skewed variables. Jonckheere-Terpstra test was con-
ducted for univariate analysis of the association between geno-
type and liver histological grading. Multivariate ordinal regression
analysis was performed after adjusting for other histological fea-
tures. Clinical outcomes were analysed using Kaplan-Meier sur-
vival curves and compared between NAFLD patients with differ-
ent HSD17B13 genotyping status. Cox proportional-hazards
regression analysis was conducted for analyses of clinical outcome
risks and its association with each genotype. Different genetic
models were fitted into analysis for better understanding of the
inheritance effect. Principal component analysis (PCA) was per-
formed to verify the results. The number of factors were selected
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based on the criteria of eigenvalue >1.0. An orthogonal varimax
rotational was used to produce interpretable factors. A total of
four factors were extracted by PCA. The Kaiser-Meyer-Olkin mea-
sure of sampling adequacy is over 0.50. Factor 1 contained age
and gender, factor 2 contained hypertension and dyslipidaemia
status on follow-up, factor 3 showed high loadings for liver out-
come and serum gamma-glutamyl transferase (GGT) level and
factor 4 contained HSD17B13 variant and advanced fibrosis sta-
tus. Results were considered statistically significant at P value of
<0.05.

RESULTS

Case-control study of HSD17B13 variants in patients
with biopsy-proven NAFLD

A total of 223 biopsy-proven NAFLD patients and 205 controls
were included in the case-control study. The characteristics of the
subjects are shown in Table 1. The allele frequencies and associa-
tion tests of HSD17B13 rs72613567 and rs6834314 in NAFLD pa-
tients compared with those of the controls are presented in Table 2.
The genotype distribution was in HWE for all patients and con-
trols. Overall, rs72613567 TA allele frequency was lower among
patients with NAFLD compared with that in controls (adjusted
odds ratio [OR], 0.59; 95% confidence interval [Cl], 0.40-0.88;
P=0.009), indicating a protective effect (OR <1) of this allele
against the disease. Further analysis stratified by ethnicity found
the association to be significant among ethnic Chinese (P<0.05)
but not among ethnic Malays and Indians (P>0.05). Patients with
NASH had lower TA allele frequency compared with that of the
controls (adjusted OR, 0.55; 95% Cl, 0.36-0.83; P=0.005). Fur-
ther analysis stratified by ethnicity found the association to be
significant among ethnic Chinese (P<0.05) but not among ethnic
Malays and Indians (P>0.05). No significant difference was ob-
served in TA allele frequency in patients with NAFL compared
with that of the controls (P>0.05). Further analysis stratified by
ethnicity found that the TA allele frequency was associated with
lower odds of NASH among biopsy-proven NAFLD patients only
among ethnic Chinese individuals (P<0.05), but not among ethnic
Malays and Indians (P>0.05). Similar results were found for the
rs6834314 G allele. Both genetic variants fit the dominant genetic
model (P<0.05; Supplementary Table 1).

The characteristics of biopsy-proven NAFLD patients with differ-
ent HSD17B13 rs72613567 and rs6834314 genotypes can be
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Table 1. Characteristics of biopsy-proven NAFLD patients compared with controls

Biopsy-proven NAFLD Controls

patients (n=223) (n=205) kalle
Age (years) 55.6+12.5 51.0+12.5 <0.001
Male 117 (52.5) 87 (42.4) 0.038
Ethnicity 0.021
Malay 113 (50.7) 71 (34.6)
Chinese 61 (274) 86 (42.0)
Indian 49 (22.0) 48 (234)
BMI (kg/m’) 29.0+4.7 220422 <0.001
HbATc (%) 6.5+1.5 55+0.5 <0.001
Total cholesterol (mmol/L) 5111 4.6%0.7 <0.001
Triglyceride (mmol/L) 1.7£0.7 1204 <0.001
HDL (mmol/L) 12403 1.3+£04 <0.001
LDL (mmol/L) 32410 23405 <0.001
ALT (U/L) 814+46.8 33.8£174 <0.001
AST (U/L) 4564259 221493 <0.001
GGT (U/D) 106.8+106.3 41.2+26.0 <0.001
Liver histological features
Steatosis
0 0(0.0)
1 65 (29.1)
2 103 (46.2)
3 55 (24.7)
Lobular inflammation
0 730
1 126 (56.5)
2 86 (38.6)
3 4(1.8)
Hepatocyte ballooning
0 37 (16.6)
1 125 (56.1)
2 61 (274)
NASH 175 (78.5)
Fibrosis
0 50 (22.4)
1 89(39.9)
2 43(19.3)
3 36 (16.1)
4 522

Values are presented as mean=+standard deviation or number (%).
NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; HbA1c, haemoglobin Alc; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; NASH, non-alcoholic steatohepatitis.
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Table 2. The HSD17B13 572613567 and rs6834314 allele frequencies and association tests in biopsy-proven NAFLD patients compared with controls

Allele frequency OR (95% Cl) P-value Adjusted OR (95% Cl) P-value
1572613567 TA allele
NAFLD vs. control
Overall 0.24 vs.0.34 0.58 (0.40-0.86) 0.006 0.59 (0.40-0.88) 0.009
Malays 0.28 vs. 040 0.60 (O 33-1.09) 0.092 0.62 (0.34-1.13) 07
Chinese 0.26 vs. 041 41 (0.21-0.81) 0.010 31 (0.15-0. 67) 0.003
Indians 0.11vs.0.14 0.78 (0.3 ) 0.597 71(0.27-1.87) 0492
NAFL vs. control
Overall 0.27 vs.0.34 0.73 (O 39-1. 37) 0.330 0.72(0.38-1.38) 0.326
Malays 0.22 vs. 040 045 (0.18-1.11) 0.081 049 (0.20-1.24) 0132
Chinese 0.50 vs. 0.41 98 (0.51-7.71) 0.327 81(0.44-753) 0414
Indians 0.06vs. 0.14 0.39 (0.04-3. 44) 0.392 0.30 (0.03-2.98) 0.303
NASH vs. control
Overall 0.23vs.0.34 0.55(0.36-0.83) 0.004 0.55(0.36-0.83) 0.005
Malays 0.31vs.040 0.65 (0.35-1.23) 0.187 0.67 (0.35-1.28) 0.224
Chinese 0.20 vs. 041 0.27 (0.13-0.57) 0.001 0.19 (0.08-0.45) <0.001
Indians 0.12vs.0.14 0.87 (0.33-2.26) 0.772 0.83(0.31-2.24) 0.708
NASH vs. NAFL
Overall 0.23vs.0.27 0.75(0.39-143) 0.384 0.75 (0.39-1.44) 0.386
Malays 0.31vs.0.22 46 (0.61-3. 49) 0.402 .51 (0.62-3. 67) 0.368
Chinese 0.20vs. 0.50 4(0.03-0.57) 0.006 0.13(0.03-0.57) 0.007
Indians 0.12vs.0.06 2. 26 (0.25-20.65) 0471 25(0.23-22.13) 0488
rs6834314 G allele
NAFLD vs. control
Overall 0.26vs.0.39 0.59 (0.40-0.86) 0.006 0.59 (0.40-0.87) 0.009
Malays 0.31vs.044 0.65 (0.36-1.20) 0171 0.66 (0.36-1.22) 0.189
Chinese 0.29vs. 0.45 O 39 (0.20-0.77) 0.006 031 (0.14- O 66) 0.002
Indians 0.12vs.0.19 71 (0.29-1.74) 0458 0.64 (0.25-1.64) 0.355
NAFL vs. control
Overall 0.29vs.0.39 0.79 (0.42-1.48) 0.453 0.74 (0.38-147) 0.391
Malays 0.26 vs. 0.44 0.54 (0.22-1.31) 0.173 0.60 (0.24-1.49) 0.267
Chinese 0.50 vs. 0.45 2. 52 (0.52-12. 15) 0.250 2.26 (044-11 61) 0.329
Indians 0.06 vs.0.19 31 (0.04-2.79) 0.299 0.20 (0.02-1.90) 0.160
NASH vs. control
Overall 0.26 vs. 0.39 0.54 (0.36-0.82) 0.003 0.48 (0.31-0.75) 0.001
Malays 0.33vs.044 0.70 (0.37-1.32) 0.270 0.71 (0.37-1.35) 0.291
Chinese 0.23 vs. 045 0.25(0.12-0.53) <0.001 0.20 (0.09-0.45) <0.001
Indians 0.13vs.0.19 0.81(0.32-2.03) 0.648 0.76 (0.29-2.00) 0.582
NASH vs. NAFL
Overall 0.26 vs. 0.29 0.69 (0.36-1.31) 0.256 0.69 (0.36-1.32) 0.263
Malays 0.33vs.0.26 1 30 (0.55-3. 09) 0.555 1 37 (0.57-3. 30) 0.485
Chinese 0.23 vs.0.50 0 (0.02-0.50) 0.005 0(0.02-0.50) 0.006
Indians 0.13 vs. 0.06 2.57(0.28-23.31) 0402 2.29 (0.23-22.48) 0476

NAFL was defined as hepatic steatosis with no or only mild lobular inflammation and no hepatocyte ballooning. NASH was defined as the presence of hepatic
steatosis, lobular inflammation and hepatocyte ballooning (at least grade 1 each) with or without fibrosis.

Logistic regression was used to obtain OR. The adjusted OR was adjusted for age and gender.

Control was the reference group in analysis NAFLD vs. control, NAFL vs. control and NASH vs. control. NAFL was used as the reference group in analysis for
NASH vs. NAFL.

HSD17B13, 17p-hydroxysteroid dehydrogenase 13; NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; Cl, confidence interval; NAFL, non-alcoholic fatty
liver; NASH, non-alcoholic steatohepatitis.
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Table 3. Demographic and clinical characteristics of NAFLD patients Table 3. Continued

with a minimum follow-up of 5 years (n=165)

Variable NAFLD cases (n=165)
Variable NAFLD cases (n=165) 3 3(1.8)
Age (years) 589104 Hepatocyte ballooning
Gender, male 81 (49.1) 0 28 (17.0)
Ethnicity 1 89 (53.9)
Malay 80 (48.5) 7 48 (29)
Chinese 47 (28.5) NASH 29 (78.2)
Indian 38(23.0) Fibrosis
Diabetes mellitus 108 (65.5) 0 34(206)
Hypertension 117 (70.9) 1 68 (41.2)
Dyslipidaemia 153 (92.7) 5 29 (176)
Metabolic syndrome 131 (794) 3 30(18.2)
BMI (kg/m?’) 289+49 4 4024)
Waist circumference (cm) 9814111 HSDI7813 1572613567 genotype
Male 99.9+410.7 VT 94 (57.0)
Female 954+10.2 T/TA 55 (33.3)
Blood pressure TA/TA 16 (9.7)
SyielE i < ) Ee7E s HSDI7813 rs6834314 genotype
Diastolic (mmHg) 78.5+10.4 AJA 89(53.9)
Fasting blood glucose (mmol/L) 6.6%2.1 AJG 63 (38.2)
HbATC (%) 71416 e 13.(79)
Total Cholesterol (mmol/L) 46211 Values are presented as mean=standard deviation or number (%).
Triglyceride (mmol/L) 1.7£0.9 NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; HbA1c,
HDL (mmol/L) 13403 haemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline
LDL (mmol/L) 26410 phosphatase; GGT, gamma-glutamyl transferase; NASH, non-alcoholic
Albumin (mg/L) 38.8+5.5 steatohepatitis; HSD17B13, 17@-hydroxysteroid dehydrogenase 13.
Total bilirubin (umol/L) 13.3£8.7
ALT (/D) 47.8+33.5 found in Supplementary Tables 2 and 3. The frequency of the TA
AST (U/L) 447+54. and G alleles was lower among the ethnic Indians compared with
ALP (U/L) 87.8+775 that among the ethnic Malays and Chinese. No significant associ-
GGT (U/L) 94.0+1493 ations were seen between both variants with individual liver his-
Platelet (10%/L) 293.04216.9 tological features using rank-based non-parametric, and regres-
Baseline liver histological features sion tests (Supplementary Table 4). Both HSD17B13 rs712613567
Steatosis T/TA and TA/TA, rs6834314 A/G and G/G genotypes were associ-
0 0(0.0) ated with lower grade of hepatocyte ballooning among the ethnic
: 40 (243) Chinese (P<0.05).
2 84 (50.9)
3 41048 Follow-up study on clinical outcomes
Lobular inflammation
0 404 One hundred and sixty-five biopsy-proven NAFLD patients had
follow-up data for at least 5 years and were included in the out-
1 90 (54.5) . .
come analysis. A total of 58 patients were excluded from the out-
2 68 1.2 come analysis (49 patients who were lost to follow-up and nine
492
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patients had follow-up of <5 years). The characteristics of the
subjects are summarised in Table 3. The mean age of the study
population was 58.9+10.4 years old and 49.1% of them were
male. Majority (79.4%) of patients had metabolic syndrome, while
diabetes mellitus, hypertension, and dyslipidaemia were present
in 65.5%, 70.9%, and 92.7%, respectively. NASH was present in
78.2% of patients, while advanced fibrosis was present in 20.6%
of cases.

The mean duration of follow-up for the study subjects was 89
months (range, 60—118), corresponding to a total follow-up of
1,227 person-years. During follow-up, 32 patients (19.4%) experi-
enced at least one clinical outcome. Cardiovascular events topped
the list with 22 patients (13.3%) followed by liver-related compli-

Yi-Wen Ting, et al.
Loss-of-function HSD177B13 variants

cations in six patients (3.6%). Five patients (3.0%) developed ex-
trahepatic malignancy. Six patients (3.6%) died during the follow-
up period; three were due to extrahepatic malignancy, two were
liver-related deaths, and one was due to infection. A detailed
breakdown of the clinical outcomes according to the genetic vari-
ants is shown in Supplementary Table 5.

HSD17B13 variants and clinical outcomes

The log-rank test revealed no difference in the survival probabil-
ity of patients with different HSD77B13 genotyping status
(Supplementary Figs. 1 and 2). To further investigate the impact
of genetic variants on the clinical outcomes of NAFLD, we per-

Table 4. Association of HSD17B13 rs72613567 and rs6834314 genotypes with liver-related complications by Cox regression analysis

Univariate analysis

Multivariate analysis

Variable P-value P-value
HR (95% CI) HR (95% CI)

1572613567
T/T (reference) - - - -
T/TA 042 (0.05-3.73) 0434 0.12 (0.01-2.17) 0.152
TA/TA 111 (0.12-10.01) 0926 0.004 (0.00-0.64) 0.033
Age 1.04 (0.95-1.13) 0418 - -
Gender 047 (0.09-2.58) 0.387 - -
Advanced fibrosis 8.94 (1.63-48.94) 0.012 798 (1.54-41.50) 0.014
Serum GGT 1.003 (1.002-1.005) <0.001 1.01 (1.00-1.02) 0.010
Diabetes mellitus Inf (NA) 0.315 - -
Hypertension 1.77 (0.21-15.18) 0.603 - -
Dyslipidaemia 0.35 (0.04-3.04) 0.344 - -
BMI 1.05 (0.89-1.23) 0.550 - -

16834314
A/A (reference) - - - -
A/G 0.97 (0.16-5.83) 0977 046 (0.06-3.66) 0462
G/G 60 (0.17-15.49) 0.685 0.01 (0.00-0.97) 0.048
Age 1.04 (0.95-1.13) 0418 = =
Gender 0.47 (0.09-2.58) 0.387 - -
Advanced fibrosis 8.94 (1.63-48.94) 0.012 8.93 (1.66-47.90) 0.01
Serum GGT 1.003 (1.002-1.005) <0.001 1.01 (1.00-1.02) 0.003
Diabetes mellitus Inf (NA) 0315 - -
Hypertension 77 (0.2 18) 0.603 - -
Dyslipidaemia 0.35 (0.04-3.04) 0.344 = =
BMI 1.05 (0.89-1.23) 0.550 = =

Inf (NA) represented number was too large to be recorded.
HSD17B13, 17B-hydroxysteroid dehydrogenase 13; HR, hazard ratio; Cl, confidence interval; GGT, gamma-glutamyl transferase; BMI, body mass index.
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formed Cox regression analysis. Genetic variants and variables
with P<0.10 in univariate analysis were included in the multivari-
ate analysis. Table 4, Supplementary Tables 6 and 7 show a de-
tailed Cox regression analysis for the association of the genotypes
and clinical outcomes.

The 1572613567 T/TA genotype was associated with a higher
incidence of cardiovascular outcome (hazard ratio [HR], 3.57; 95%
Cl, 1.34-9.48; P=0.011). Serum HDL cholesterol and systolic
blood pressure were independent clinical parameters of cardio-
vascular outcome (P<0.05) for both rs72613567 and rs6834314.

Serum GGT level was the only independent predictor of extra-
hepatic malignancy and all-cause mortality.

HSD17B13 variants protected against liver-related
complications in NAFLD

Multivariate Cox regression analysis revealed that the
rs72613567 homozygous TA allele and the rs6834314 G/G geno-
type were associated with a reduced risk of liver-related complica-
tions (HR, 0.004; 95% Cl, 0-0.64; P=0.033 and HR, 0.01; 95%
Cl, 0-0.97; P=0.048, respectively) but not for cardiovascular
events, extrahepatic malignancy, and all-cause mortality (Table 4).
Reduced risk of liver-related complications was also observed in
the co-dominant model of rs72613567 TA/TA vs. T/T (HR, 0.002;
95% Cl, 0.00-1.23; P=0.048; Supplementary Table 8). Although
it did not reach a significant level but close to, there was a sug-
gestive protective trend particularly when the effective alleles
were in the homozygous form, as seen in the co-dominant and
recessive model (rs72613567 TA/TA and rs6834314 G/G). Ad-
vanced fibrosis and serum GGT level were also significant predic-
tors of liver-related complications (P<0.05). The PCA results
showed that all components in the four factors explained 60% of
the total variance. Factor 3, which contained serum GGT level and
liver-related complications, explained 84% of the total variance,
whereas factor 4, which contained the #SD177B13 variant and ad-
vanced fibrosis status, explained 30% of the total variance.

DISCUSSION

In this study of a well-characterised cohort of multi-ethnic Asian
biopsy-proven NAFLD patients, we found loss-of-function HS-
D17B13 variants, namely rs72613567 TA allele and rs6834314 G
allele, to be inversely associated with NAFLD and NASH in the
overall subjects and among ethnic Chinese, but not ethnic Malays
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and Indians. This study also revealed that the rs72613567 homo-
zygous TA allele and the rs6834314 G/G genotype are associated
with reduced risk of liver-related complications and are associated
with lower grade of hepatocyte ballooning among the ethnic Chi-
nese.

These novel findings highlight the different impacts of the same
genetic variants in persons of different ethnic backgrounds and
complements previous interesting observations in genetic studies
of NAFLD. Browning and colleagues were the first to report on
ethnic differences in the prevalence of significant hepatic steatosis
in their landmark paper.” Although Hispanics and Blacks had a
similar prevalence of obesity and insulin resistance, the prevalence
of significant hepatic steatosis was much higher among Hispanics.
The PNPLA3 gene polymorphism was identified and reported as
the underlying cause of the observed ethnic differences in their
paper that followed 4 years later.” Since then, many subsequent
studies have confirmed the importance of this genetic variant in
NAFLD. The PNPLA3 genetic polymorphism was not only associ-
ated with a higher prevalence of NAFLD but also with more se-
vere liver disease.” Studies on multi-ethnic Malaysian populations
have consistently shown a higher prevalence of NAFLD among
ethnic Malays and Indians compared with that of ethnic Chinese,
and this ethnic predilection can be observed as early as young
adulthood."™" However, interestingly, the frequency of the
PNPLA3 risk allele is relatively high among ethnic Chinese com-
pared with that of the other ethnic groups.”® A meta-analysis has
similarly reported high frequencies of the PNPLA3 risk allele
among East Asians but a relatively lower prevalence of significant
hepatic steatosis.”"

We set out to determine if the loss-of-function HSD77B13 vari-
ants, recently reported to be protective against liver disease, un-
derlining the lower prevalence of NAFLD despite a relatively high
frequency of the PNPLA3 risk allele among ethnic Chinese in our
multi-ethnic population. We found that HSD77B13 is protective
against NAFLD and NASH among ethnic Chinese, but interesting-
ly, not among ethnic Malays and Indians. A recent study among
Japanese patients with NAFLD reported an attenuated effect of
PNPLA3 on advanced hepatic fibrosis by HSD17B13 rs6834314 G
allele.” Abul-Husn et al.® also reported that the HSD77B13
rs72613567-TA allele is associated with decreased PNPLA3 mRNA
expression in an allele dosage-dependent manner. Further re-
search is needed to identify the association between both
PNPLA3 and HSD17B13 genotypes and their effect on patients
with NAFLD.

rs72613567 is an insertion of an adenine adjacent to the donor
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splice site of exon 6 of HSD77B13 in high linkage with the
rs6834314, which is located downstream of the HSD17B813 gene.
For instance, rs72613567 T/TA and TA/TA are indel variants which
produce truncated protein with reduced enzymatic activity. HS-
D17B13 was first described as a liver specific lipid-droplet associ-
ated protein by Horiguchi et al.”” and upregulation of the gene
expression in mice and patients with NAFLD was later shown.”
HSD17B13 encodes hydroxysteroid 17-B dehydrogenase, a protein
that plays a pivotal role in hepatic lipid metabolism and overex-
pression of this enzyme contributes to the development of
NAFLD.* Hence, disruption of the protein expression that occurs
in loss-of-function variants is a mechanism postulated to mediate
its protective effect against liver damage. Support for the finding
that HSD17B13 1572613567 is a protective NAFLD gene variant
comes from a recent landmark study involving exome-wide se-
quencing of 46,544 European descents which reported a substan-
tial decrease in serum alanine aminotransferase and aspartate
aminotransferase levels associated with the variant.® The study
also demonstrated that the variant is associated with a lower risk
of NAFLD, as well as non-alcoholic cirrhosis in an allele dose-de-
pendent manner.® The study has pioneered similar independent
studies that confirmed the protective effect of the variant against
NAFLD.”® In this study, we showed that the HSD17B13 1s72613567-
TA allele is associated with lower odds of NASH in comparison
with the controls, which is in line with the previous findings.”® Pi-
rola et al.” described how the rs72613567-TA allele is significantly
associated with decreased levels of hepatic HSD17B13 protein in
NAFLD patients bearing the heterozygous T/TA and homozygous
TA/TA in an allele dose-dependent manner. Additionally, we repli-
cated similar results in rs6834314, showing that patients bearing
the minor G allele have a reduced risk of NASH. The rs6834314
variant also demonstrates lower protein levels essential for lipid
droplet targeting, which is crucial for protein stability and protec-
tion from degradation.® However, as mentioned before, the pro-
tective effect of the TA and G alleles was seen only among ethnic
Chinese, but not among ethnic Malays and Indians. The cause for
this novel finding is uncertain, it may be due to the effect of other
genetic variants, and requires further investigation. It is interest-
ing to note that the control frequencies for both rs72613567-TA
and rs6834314-G alleles of the East Asian population from the
1000 Genomes Consortium were 0.34, which are similar to our
population at 0.34 and 0.39, respectively.

Another highlight of our study is that the loss-of-function HS-
D17B13 variants were found to be associated with reduced risk of
liver-related complications, suggesting that the loss-of-function
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variant may contribute to its protective effect in NAFLD patients.
Although there was no significant association between both vari-
ants with fibrosis, advanced fibrosis is an independent predictor
of liver-related complications. The protective role of the HSD17B13
variants may be lost once advanced fibrosis develops. A recent
meta-analysis by Wang et al.” showed that HSD17813 rs72613567
is associated with significant liver disease protection among
NAFLD patients and milder disease severity among studies that
included liver histology.

There was a lack of observed association between the TA allele
of rs72613567 and steatosis, which is consistent with the findings
from previous studies.*” We also observed no interesting finding
on the association between the variant and serum lipid levels. In
addition, the expression of the protein on the lipid droplet mem-
brane without affecting the intracellular fat content could poten-
tially explain the lack of association between the TA allele and
steatosis. /n vitro data reported by Ma and colleagues® lend sup-
port to this postulation, whereby overexpressed HSD177B13 in he-
patocytes does not affect their fat-storage capacity. Thus, it
seems reasonable to presume that HSD77B13 does not modulate
lipid content in a direct manner and the variant plays a much
more important role in the pathogenesis of liver injury. However,
the splice variant was shown to protect against liver ballooning
degeneration, lobular inflammation and fibrosis.” Similarly, in this
study, we have demonstrated that the loss-of-function HSD17B13
variants are associated with lower grade of hepatocyte ballooning
among the ethnic Chinese. Although HSD17B13 has been discov-
ered as a liver specific lipid-droplet associated enzyme which con-
tributes to the pathogenesis of NAFLD, no firm conclusions can be
drawn regarding the underlying mechanism on how the change in
HSD17B13 activity modulates the liver lipid homeostasis due to its
unknown substrates and metabolites.

A recent genetic association study in Japan reported that the
carriage of the rs6834314 G allele attenuates the effect of
PNPLA3 on advanced fibrosis.”® Nonetheless, there exists a longi-
tudinal prospective study for rs72613567 prior to the present
study that reports a conflicting result, yet the finding can be ar-
gued. Despite having a relatively large number of patients
(n=487) in their cohort, the patients were diagnosed with chronic
viral hepatitis, alcoholic liver disease, or NAFLD-induced portal
hypertension who already had advanced chronic liver disease.” In
addition, only 56 patients with NAFLD-induced portal hyperten-
sion were included in their study. However, the negative findings
of Kaplan-Meier survival analysis of patients with different HS-
D17B13 genotyping status in our cohort may be attributed to the
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small number of events in our study. The mechanism by which
loss of HSD17B13 protects against advanced liver disease remains
to be elucidated. Nonetheless, growing evidence provides more
certainty to the impact of this genetic variant in disease progres-
sion in NAFLD patients.

In this study, we also found that serum GGT level is significantly
associated with various clinical outcomes. Serum GGT level is a
.7 reported that el-
evated GGT levels are associated with an increased risk of mortal-

reliable marker of oxidative stress. Haring et a

ity in men with hepatic steatosis. In addition, Ruhl and col-
leagues™ reported that in the USA population, elevated GGT is
associated with mortality from all causes, liver disease, cancer,
and diabetes. A recent study has also found that individuals with
repeated elevated GGT levels have an increased risk of developing
fatty liver changes.”” Nonetheless, serum GGT also contributes to
several algorithms for the diagnosis of NAFLD and liver fibrosis
such as the fatty liver index (FLI), SteatoTest, and Fibrotest. These
findings explain the clinical importance of serum GGT in NAFLD
and its role as a predictor of NAFLD outcome.

An interesting finding from our study showed that the
rs72613567 heterozygous mutant genotype is associated with a
higher incidence of cardiovascular outcome, but not in the homo-
zygous mutant. We speculate that phenotypic consequences of a
dominant mutation can be observed in a heterozygous individual
carrying one mutant and one wild-type allele. In 1987, Herskow-
itz”* described dominant negative mutations as mutations in one
allele, when overexpressed, may lead to a structural change in the
protein that disrupts the activity of the wild-type gene. For in-
stance, in the context of a dimer T/T, if the truncated protein TA
renders T/TA and TA/TA dimers inactive, then a heterozygote will
produce 25% T/T, 50% T/TA and 25% TA/TA, leading to only
25% of activity with respect to the wild type or homozygous mu-
tant and 50% activity with respect to the heterozygous. The no-
tion of heterozygous dominant negative mutations causes more
severe effects than that does simple null alleles or homozygous
alleles of the same gene™’' leads us to believe that the possible
mechanism of heterozygous mutations may be more deleterious
than that of a truncated protein (TA/TA), which explains the sig-
nificantly higher incidence of cardiovascular outcome recorded in
the rs72613567 T/TA genotype in the present study. However, this
novel finding warrants further studies to confirm the impact of
rs72613567 on cardiovascular outcomes in patients with NAFLD.

To our knowledge, this study is the first longitudinal cohort
study among the Asian population to report a potential protective
effect of the protein-truncating HSD177B13 variants on adverse liv-
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er outcomes in patients with NAFLD. This novel finding may be
useful for future pharmacological development of therapeutic
gene inhibition by selective enzyme inhibition techniques or could
potentially be utilised as a biomarker to predict the development
of advanced liver disease. Moreover, our study was able to com-
pare genetic variants among three Asian ethnic groups. This study
has several limitations. First, our study had relatively short follow-
up duration in some of our study subjects and hence, a relatively
small number of observed events. However, power analysis was
conducted prior to the commencement of study to calculate sam-
ple sizes and the data available were adequate for statistical sig-
nificance. Second, we were not able to study the effect of the ge-
netic variants according to ethnic groups due to the even smaller
number of observed events when stratified according to ethnicity.
Interestingly, there were no liver-related complications among the
ethnic Chinese despite the equal proportion of more severe liver
disease at baseline compared with that of the other ethnic groups.
Third, data on follow-up events were retrieved retrospectively
from the medical records; hence, there is a small possibility of
missing events while patients seek medical treatment in else-
where. Due to ethical considerations, liver biopsy was not per-
formed in the controls. Therefore, a list of inclusion and exclusion
criteria was used to recruit control subjects, and liver ultrasound
was performed to exclude the presence of NAFLD. Lastly, we were
unable to follow-up the control subjects and demonstrate a com-
parison between the NAFLD and non-NAFLD groups in terms of
clinical outcomes.

In conclusion, in this two-part study on a cohort of biopsy-prov-
en multi-ethnic Asian NAFLD patients, the loss-of-function vari-
ants HSD17B13 rs72613567 and rs6834314 were found to be in-
versely associated with NASH, specifically among ethnic Chinese,
but not among ethnic Malays and Indians. The variants were also
found to be independently associated with a lower incidence of
liver-related complications. Future studies should examine thor-
oughly the impact of genetic variants on liver-related outcomes in
different ethnic groups, explore the use of genetic variants to pre-
dict more severe liver disease, and thereby identify patients for
early interventions. We must investigate the underlying mecha-
nism of the pathogenic link between HSD77B13 and adverse liver-
related outcomes in NAFLD, and explore the therapeutic potential
of these genetic variants.
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