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PNPLA3 and COVID-19 outcomes: Thinking outside the
box might explain the biology behind pleiotropic effects of

rs738409 on the immune system

Genetic variants associated with the risk of NAFLD and NASH
exhibit pleiotropic effects.*? Specifically, the non-synonymous
rs738409 C/G variant in PNPLA3 (patatin-like phospholipase
domain-containing protein 3), which encodes 1148 M protein iso-
forms with a significant effect on the severity of several liver-related
outcomes,® presents pleiotropic effects on cells that mediate the im-
mune response.’? Figure 1 discloses the laboratory measurements
and/or haematological traits associated with variants in PNPLA3 ex-
tracted from different data sources.

The COVID-19 pandemic revealed that NAFLD and NASH,
-either explained by the presence of overlapping co-morbidities
such as obesity and type 2 diabetes or by the presence of the sys-
temic inflammation associated with the chronic liver condition-, ap-
pear to be a risk factor for severe SARS-CoV-2 infection.* Hence,
it was postulated that variants that predispose to NAFLD may also
indirectly condition the severity of the COVID-19 infection. This
hypothesis motivated interesting candidate gene association stud-
ies. For example the UKBB (UK Biobank) dataset was initially used
to develop a genetic risk score for NAFLD based on the weighted
effect of variants involved in the accumulation of fat in the liver
(PNPLA3-TM6SF2-MBOAT7-GCKR).> Thus, leveraging this informa-
tion, Valenti et al examined the impact of that NAFLD-genetic risk
score on the risk of COVID-19,” and detected a trend of protection
against COVID-19 conferred by rs738409.° In addition, the authors
observed a trend towards differential gene expression levels of
SARS-CoV-2 receptors (ACE2) in a cohort of 125 obese subjects.’

More recently, two studies from Europe highlighted the potential
involvement of the rs738409 in modifying the severity of COVID-19,
including hospitalization and death rate.®” Grimaudo et al found
a direct association between the rs738409 G-allele and severe
COVID-19 outcomes among patients aged 65 years or less.

On the other side, Innes et al reported a striking inverse as-
sociation analysis between the rs738409 and COVID-19 sever-
ity outcomes in 1585 UKBB participants.” The authors found
that the rs738409-G allele was independently associated with
a reduced risk of COVID-19 hospitalization and mortality; the
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protective effect remained significant after adjusting for major
demographic and disease risk factors, including underlying meta-
bolic and liver co-morbidities.” In addition, Innes et al” performed
a meta-analysis of three independent data sources that explored
the potential association between rs738409 and COVID-19.
This study included data from the FinnGen study (a population-
based biobank comprising 83 patients with COVID-19 hospital
admission and 274 SARS-CoV-2-positive patients without hos-
pital admission), the Geisinger Health System (n = 854 subjects
of European Ancestry, comprising 165 individuals COVID-19
hospitalization vs 689 SARS-CoV-2-positive patients without
hospital admission), and the study of Grimaudo et al (a total of
383 COVID-19 patients).® The pooled analysis of the above-
mentioned data sources showed that the presumed protective
effect of the G- ‘NASH-risk allele' on the morbidity and mortal-
ity of COVID-19 could not be further validated.” However, it ap-
pears that there was a trend for association with a reduced risk
of COVID-19 hospitalization/severe disease that did not reach
statistical significance.”

Likewise, Bianco et al found that the rs738409 G allele has a ten-
dency not only to be associated with protection against COVID-19
but also it was associated with lower C-reactive protein levels de-
spite higher ALT and lower albumin in severe COVID-19 patients
of European ancestry.8 Table 1 shows a summary of current evi-
dence of the putative association between rs738409 and COVID-19
outcomes.

These remarkable findings deserve several reflections before
raising unequivocal conclusions of the putative role of rs738409 on
the course of COVID-19, one concerning the sample size of the stud-
ies and another concerning the biological plausibility of the reported
association.

Specifically, a note of caution must be added to the initial en-
thusiasm about the role of a PNPLA3-variant in protecting against
severe COVID-19 because it might trigger unexpected clinical con-
sequences, including changes in the course of clinical trials and dis-
ease management. The analysis of the presumed protective effect
of the variant on COVID-19 mortality and morbidity was done on a
sample without enough power to detect such association/s.” To de-

tect reproducible causal variants associated with complex diseases,
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Phenotypes and laboratory traits associated with PNPLA3 in the general population
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FIGURE 1 Association analysis of variants in PNPLA3 and diverse and systemic traits in the general population. The graph was performed
using the open-source, publicly available Open Targets Platform, available at https://platform.opentargets.org/, which integrates publicly
available human genome-wide association (GWAS). Graph discloses association scores higher than 0.3 (score ranges from O to 1; the higher
the score, the stronger the association)

TABLE 1 Summary of current evidence of the putative role of PNPLA3-rs738409 in protecting against severe COVID-19 outcomes

Study design/ population

1,460 (positive for SARS-CoV-2 n = 526; negative

383 (hospitalization n = 148; death n = 32)

1585 patients (hospital admission n = 759;
admission with pneumonia n = 450; admission

requiring advanced respiratory support

Study [ref] features Sample size
Valenti et al® Population-based UKBB/
restricted to British n=934)
ancestry (case-control
study)
Grimaudo Hospital-based Sicilian patients
etal® with laboratory-confirmed
SARS-CoV-2 infection
Innes et al” Population-based UKBB (only
COVID-19 patients)
n=76).
Innes et. al.” Meta-analysis of 3 population-

based datasets (all positive
COVID-19 patients)

Bianco et al®

Hospital-based Fondazione
IRCCS Ca' Granda cohort

FinnGen study (hospital admission n = 83;
without hospital admission n = 274). Geisinger
Health System (hospitalization n = 165;

without hospitalization n = 689)

(case-control study).

Non-reported, unadjusted model

Severe COVID-19 outcomes n = 508; healthy
controls n = 889

PAdjusted for age, sex, BMI, PC1-10 (ethnicity), assessment centre, array batch.

Effect: OR (95% Cl)
NR?
0.86 (0.71-1.04)°

4.69 (1.01-22.04) adjusted
for sex and only among
patients >65 years old

0.79 (0.64-0.97)

hospitalization risk per G

allele.

0.75 (0.57-0.98) COVID-19
death per G allele.

0.83(0.66-1.05)

0.88(0.70-1.10)

“Values adjusted for potential non-specified confounding factors. All studies reported subjects of European ancestry.

P value

.06
12

.035

.027

.037

A2

0.27
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a sample size with statistical power is critical to the robustness of
the conclusion/s of the study. For instance the study of Innes et al in-
volved a sample of 267 patients who died due to COVID-19 and 1318
who survived.” Unfortunately, the statistical power for the sample
size used in the additive model to infer the presumed protective ef-
fect is ~0.52 (considering the informed frequency of the rs738409
G-allele (20%), the COVID-19 death prevalence of ~3%, and the ex-
plained effect of ~25% lower odds of COVID-19 death).” Thereby,
the results of this meta-analysis need to be interpreted with caution
until the presumed association be consistently reproduced in larger
cohorts.

Yet, the reported association is not only clinically relevant, but it
seems to be also plausible.

For that reason, we would like to highlight putative explanations
based on the presence of broad and systemic biological effect/s of
variants located in PNPLAS.

The analysis of genotype-phenotype associations shows that
PNPLA3 presents several variants that modulate epigenetic modi-
fications, including changes in DNA methylation and histones in
human immune cell types. Specifically, the intron rs2294915 C/G/T
(chr22:44340904) variant that is not only in high linkage disequilib-
rium with rs738409 (r2 0.85)° but also modifies the expression of
PNPLA3 and SAMMA50, is associated with the histone modification
H3K4me1 in CD14" monocytes (beta: —~0.8994, P = 3.00e-14) from
blood donors of the United Kingdom population.’ In fact, Donati
et al showed that the PNPLA3-rs2294915 variant influences the phe-
notypic expression of the rs7383409 in a bimodal fashion by acting
on the PNPLA3 mRNA stability probably through a cis-expression
quantitative trait locus.*°

Finally, Phenome-wide association (PheWAS) analysis on data
of the UK Biobank denotes not only beta positive ('risk') effects
of rs738409 on liver-related traits but also beta negative ('pro-
tective') effects on many non-liver traits, including respiratory
diseases and haematological-related traits, such as neutrophil and
platelet count.? Of note, platelet count was associated with over
fivefold enhanced risk of severe COVID-19 (OR, 5.1)."2 In addi-
tion, a higher neutrophil/monocytes ratio is another predictor of
COVID19 worse outcome.

However, it is difficult to interpret how exactly the
PNPLA3-rs738409 variant may differentially affect these traits in
healthy individuals with and without COVID-19 infection. It is thus
clear from the above discussion that there is a great opportunity for
further genetic association studies. Epigenetic investigations based
on the rs738409 can also be of help at identification of factors that
may affect COVID-19 outcomes, including not only changes in cells
of the immune system and platelets but also interactions with host
lipid metabolism and SARS-CoV-2 life cycle.

Collectively, these observations might have several impli-
cations beyond the potential presumed protective effect of
rs738409 on the course of COVID-19. For example the large and
widely reproducible effect of rs738409 on the biology of NASH
and fibrosis!® has positioned PNPLA3 as an attractive target

for pharmacological intervention. The first in vivo experimental
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study examining the effect of antisense oligonucleotide (ASO)-
mediated silencing of Pnpla3 in a knock-in mouse model in which
the human PNPLA3-1148M mutation was introduced showed that
Pnpla3 ASO therapy can improve all features of NAFLD, includ-
ing liver fibrosis.'* Following advancements in humans were done
as well. For example AZD2693 is a ligand-conjugated antisense
therapy designed to inhibit the production of PNPLA3 protein.
A clinical trial (ClinicalTrials.gov Identifier: NCT04483947) is
recruiting volunteers to assess the safety and tolerability, phar-
macokinetics and pharmacodynamics of AZD2693 in patients
with NASH fibrosis and homozygous for the rs738409-G risk
allele, in whom investigators should closely monitor COVID19
susceptibility.

Hence, the COVID-19 pandemic has brought attention to the
importance of having a complete understanding not only of the
PNPLA3 gene-attributed associations with liver-related traits but
also a thorough understanding of the protein interactions, the active
protein ligands, and most importantly, an accurate and comprehen-
sive assessment of the impact of the variant pleiotropic effects.
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