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Hydroxysteroid 17-beta dehydrogenase 13 (HSD17B13) splice donor (rs72613567) variant
is associated with a lower risk of inflammation and fibrosis among patients with non-
alcoholic fatty liver disease (NAFLD).1: 2 The mechanism whereby rs72613567 protects
against fibrosis development is unclear, but it could be a direct effect and/or indirectly
through intermediate histological lesions such as lobular inflammation, ballooning, and
portal inflammation. Understanding the pathways through rs72613567 might lead to fibrosis
is a critical step for the development of more precise and targeted therapies that could halt
the disease progression. We conducted a causal mediation analysis to investigate whether
protects against fibrosis by reducing the severity of intermediate histological lesions and/or
by a direct effect on fibrosis.

Our study population consisted of 1153 non-Hispanic Whites (NHW) selected from
1697 adults with biopsy-confirmed NAFLD without a history of excessive alcohol intake
registered prospectively in different studies (P/VENS and FLINT trials as well as NAFLD
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Adult Databases 1 and 2 [clinicaltrial.gov identifier: NCT01030484]) conducted in the
NASH Clinical Research Network (NASH CRN) through December 2019.2-4 We have
previously examined the association between rs72613567 and liver histology severity using
this NHW population.2 More details on participants’ selection, clinical phenotypes, liver
histology, and HSD17B13rs72613567 genotyping can be found elsewhere.2 We used the
NASH CRN Scoring System to assess the NAFLD histology severity, and it was classified
as follows: steatosis (0-3), lobular inflammation (0-2), ballooning degeneration (0-2), and
overall fibrosis (0-4).> HSD17B13rs72613567 was successfully genotyped in all DNA
samples.

A causal mediation analysis examined the effect of rs72613567 (additive genetic model: —/-,
—IA, A/A) on overall fibrosis (0-4) explained (indirect effect) or unexplained (direct effect)
by intermediate histology lesions (steatosis [0-3], lobular inflammation [0-2], ballooning
[0-2], portal inflammation [0-2]. B coefficients were estimated using 95% bootstrap bias-
corrected confidence intervals (CIs) based on 10,000 bootstrap samples. p coefficients
provide an index of the magnitude of the effect size between exposure and outcome, and

it is considered significant if the upper and lower bounds of the 95% bias-corrected Cls do
not contain zero. The analysis was implemented by the PROCESS macro (model 4 “parallel
mediation model”) in SPSS (Chicago, IL, USA).6 All analyses were adjusted for age, sex,
body mass index (kg/m?), type 2 diabetes, and selected genetic variants (PNPLA3rs738409,
TM6SF21s58542926, MBOAT7rs641738).

The prevalence of rs72613567 A-allele was 36%. Supplemental Table 1 shows the baseline
characteristics of the study population. Paths ain Figure 1, represent relationships between
rs72613567 and histology traits. We detected negative relationships of rs72613567 with
ballooning (8= -0.09, 95% CI: -0.17 to —0.01), portal inflammation (8= —0.04, 95% CI:
-0.09 to —0.001) and lobular inflammation (8= —0.09, 95% CI: —0.17 to —0.01). rs72613567
was positively correlated with steatosis (8=0.13, 95% CI: 0.05-0.21). Paths 4 in Figure 1
represent correlations between histology traits and fibrosis, and results have been previously
reported by our group.’ Briefly, both ballooning (B=0.54, 95% CI: 0.46-0.62) and portal
inflammation ($=0.77, 95% CI: 0.67-0.88) were positively associated with fibrosis severity.
Lobular inflammation ($=0.08, 95% CI: —-0.01 to 0.17) tended to be positively associated
with fibrosis but did not reach statistical significance. Steatosis (8= -0.11, 95% CI: —0.18 to
-0.04) was negatively associated with fibrosis.

The rs72613567 A-allele was associated with a lower risk of fibrosis (Total effect, p=-0.12,
95% CI: -0.24 to —0.006), Path ¢’in Figure 1. We did not observe a direct association
between rs72613567 A-allele and fibrosis (B= —0.02, 95% CI: -0.11 to 0.08, Path cin
Figure 1), indicating that intermediate histology traits fully mediate the association between
rs72613567 and fibrosis (Total indirect effect: p= -0.10, 95% CI: —-0.18 to —0.03), Path
total abin Figure 1. Ballooning (= —0.05, 95% CI: -0.10 to —0.004, Path 42b2in Figure

1) and portal inflammation (B=-0.03, 95% CI: —0.08 to —0.001, Path a4b4 in Figure 1)
were found to mediate the relationship between rs72613567 and fibrosis by 50% and 30%,
respectively. Associations between rs72613567 and fibrosis were not attributed to changes in
steatosis (B=—0.01, 95% CI: —0.03 to 0.004, Path aZb1 in Figure 1) or lobular inflammation
(p=—-0.009, 95% ClI: —-0.02 to 0.002, Path a3b3in Figure 1). In supplemental table 2, we
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examined the effect of rs72613567 on fibrosis through different sequential combinations
of histology traits. This analysis showed that lobular inflammation followed by ballooning
or portal inflammation significantly mediated the effect of rs72613567 on fibrosis. Portal
inflammation followed by ballooning and vice versa also remained as significant pathways
in the mediation analysis.

Our mediation analyses showed that rs72613567 may likely exert its protective effect on
fibrosis through the amelioration of inflammatory lesions, wherein ballooning and portal
inflammation may play a major role. Unlike HSD17B13rs72613567, PNPLA3rs738409
seems to increase the risk of fibrosis via direct pathways without the mediation of other
histology factors, which suggests that rs738409 likely promotes fibrosis development by
triggering specific fibrogenic pathways. However, half of the total effect of rs738409 on
fibrosis severity appears to be mediated primarily through portal inflammation.” Consistent
with previous studies, we observed that only ballooning and portal inflammation were found
to positively contribute to fibrosis severity,8 and interestingly the effect of rs72613567 on
fibrosis was mostly explained by changes through these two histology lesions. Collectively,
these findings might support the hypothesis of the central role of inflammation in promoting
fibrosis. The pro-fibrotic microenvironment seen in NASH could be explained by complex
interactions of parenchymal and non-parenchymal cells which drive and perpetuate NASH
progression. Impaired hepatocyte replication, expansion of hepatic progenitor cells, and
ductular reaction have been strongly correlated with the presence and extension of portal
inflammation in NAFLD?®: 10 Alternatively, it could be hypothesized that activation of the
innate immune system and increased release of pro-inflammatory cytokines from portal tract
inflammatory cells could lead to amplification and perpetuation of inflammation, hepatocyte
injury, and hence fibrosis progression in NAFLD.11

HSD17B13rs72613567, a loss-of-function variant, has consistently been associated with a
lower risk of advanced chronic liver disease (CLD).1: 2 12 However, little is known about the
underlying mechanisms whereby rs72613567 ameliorates the development and progression
of fibrosis. From the clinical perspective, our findings suggest that rs72613567 might
potentially exert its protective effects on fibrosis by reducing the severity of inflammatory
pathways. However, the cross-sectional nature of our study might limit our ability to confirm
whether the relationship between rs72613567 and fibrosis via intermediate histology traits
remains constant over time among NAFLD patients undergoing consecutive biopsies. Given
that rs72613567 might also protect against fibrosis progression of alcoholic liver disease
(ALD)2, it would be interesting to confirm whether the same patterns of associations
between rs72613567, intermediate histology traits, and fibrosis are seen among individuals
with ALD.

In conclusion, our mediation analysis suggests that rs72613567 may indirectly reduce
fibrosis severity through improvements in ballooning degeneration and portal inflammation,
and these findings may offer a better understanding of how rs72613567 affects disease
progression and the potential benefits of a targeted-HSD17B13 intervention to reduce
inflammation, and subsequently fibrosis.
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PNPLA3 Patatin-like Phospholipase Domain-containing Protein 3
TMG6SF2 Transmembrane 6 Superfamily Member 2
MBOAT7 Membrane-Bound O-Acyltransferase Domain Containing 7
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Figure 1. Statistical diagram of a parallel mediation model including 4 mediators
a: The effect of rs72613567 on the mediator (individual histological score)

b. The effect of the mediator (individual histological score) on the fibrosis score.

ab: The indirect effect of the rs72613567 on the fibrosis score through each mediator
(individual histological score).

Total ab. The sum of all indirect effects of the rs72613567 on the fibrosis score through all
mediators.

¢. The direct effect of rs72613567 on the fibrosis score, not operating through mediators.
¢’: The total effect of rs72613567.
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