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Letters

RESEARCH LETTER

Genetic Inhibition of PCSK9 and Liver Function
Inhibition of proprotein convertase subtilisin/kexin type 9
(PCSK9) with anti-PCSK9 monoclonal antibodies (ali-
rocumab and evolocumab) or with small-interfering RNAs (in-
clisiran) lowers plasma low-density lipoprotein cholesterol
(LDL-C) levels, a major risk factor for the development of ath-
erosclerotic cardiovascular disease (ASCVD).1,2 So far, the phar-
macologic inhibition of PCSK9 presents with a favorable safety
profile, but longer-term safety remains to be proven. Studies
in preclinical models and in humans have suggested a poten-
tial link between PCSK9 deficiency and the risk of nonalco-
holic fatty liver disease (NAFLD),3,4 a spectrum of progres-
sive liver diseases ranging from simple steatosis to fibrosis that
can lead to cirrhosis and hepatocellular carcinoma. Notably,
it has been shown that PCSK9 knockout mice are more prone
to develop severe hepatic steatosis and fibrosis when receiv-
ing a high-fat diet.3

This study aims to study the associations of the lifelong
genetic inhibition of PCSK9 with plasma liver enzymes and
NAFLD by using the loss-of-function variant PCSK9-
p.Arg46Leu as a genetic instrument. For comparison, we used
2 variants in PNPLA3 and TM6SF2, known to be involved in
the pathogenesis of NAFLD.5

Methods | Approval. Both the UK Biobank and the Electronic
Medical Record and Genomics (eMERGE) cohort have ob-
tained regulatory approvals, and all participants provided writ-
ten informed consent. Because the data were publicly avail-
able, we did not obtain specific approval for this study.

UK-Biobank Data Sets. Genetic associations with biologic traits
(plasma circulating liver enzymes) in the UK-Biobank cohort
were extracted from the second-round results (released Au-
gust 1, 2018) by the Nealelab (see description in http://www.
nealelab.is/uk-biobank/). These data were obtained from
361 194 participants (194 174 women and 167 020 men) of the
UK-Biobank cohort (https://www.ukbiobank.ac.uk).

The eMERGE Cohort. Genetic association with risk of NAFLD was
assessed by using summary data from the study published by
Namjou et al5 in 2019 that studied 9677 individuals (1106 cases
and 8571 controls) from the eMERGE cohort (https://emerge-
network.org).

Results | Using data from the UK-Biobank, we show that the vari-
ant PCSK9-p.Arg46Leu is not associated with higher levels in
circulating liver enzymes (alanine aminotransferase [ALT],
mean [SD] β, 0.071 [0.123] U/L; P = .57, aspartate aminotrans-
ferase [AST], mean [SD] β, 0.045 [0.095] U/L; P = .63, γ-glu-

Figure. Association of PCSK9-p.Arg46Leu With Plasma Liver Enzymes and Nonalcoholic Fatty Liver Disease
(NAFLD)
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A, Markers of liver function (plasma
ALT, AST, and GGT) as a function of
PNPLA3-p.Ile148Met (blue),
TM6SF2-p.Glu167Lys (orange), and
PCSK9-p.Arg46Leu variants (dark
blue) in more than 300 000
individuals from UK-Biobank as β
coefficients per alternative allele
compared with noncarriers
(horizontal bars show standard
error). B, Odds ratio for NAFLD as a
function of PNPLA3-p.Ile148Met
(blue), TM6SF2-p.Glu167Lys (orange),
and PCSK9-p.Arg46Leu variants
(dark blue) compared with
noncarriers from the eMERGE study
(1106 cases vs 8571 controls). The
effects are shown as odds ratio per
alternative allele. Horizontal bars
depict maximum and minimum
values.
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tamyltransferase [GGT] mean [SD] β, −0.004 [0.379] U/L;
P = .99, in more than 340 000 individuals [Figure, A]).

In contrast, we confirm that the genetic variants PNPLA3-
p.Ile148Met and TM6SF2-p.Glu167Lys, which have been ro-
bustly linked to NAFLD, are significantly associated with higher
ALT and AST levels in the same cohort (Figure, A). Of note, sta-
tistical associations of PNPLA3 and TM6SF2 variants are weaker
for GGT plasma levels (mean [SD] β, 0.219 [0.121] U/L; P = .07
and mean [SD] β, 0.893 [0.190] U/L; P = 2.5 × 10−06).

We further demonstrate that PCSK9-p.Arg46Leu is not as-
sociated with NAFLD in the eMERGE cohort (P = .61; odds ra-
tio, 0.89; 95% CI, 0.55-1.42), whereas PNPLA3-p.Ile148Met and
TM6SF2-p.Glu167Lys are indeed associated with an in-
creased risk for NAFLD (PNPLA3-p.Ile148Met, P = 1.7 × 10−20;
odds ratio, 1.79; 95% CI, 1.58-2.02; and TM6SF2-p.Glu167Lys,
P = .04; odds ratio, 1.24; 95% CI, 1.01-1.52).

Discussion | In contrast to data published in 2017 and 2019,3,4

this study clearly demonstrates that the genetic inhibition of
PCSK9 in humans is not associated with an increased risk of
NAFLD in 2 large cohorts. These findings are consistent with
the safety data of randomized clinical trials with anti-PCSK9
monoclonal antibodies and inclisiran, which have found no sig-
nificant changes in liver enzymes.1,2

Hepatic adverse effects have been major concerns of other
intracellular lipid-lowering therapies, such as mipomersen and
lomitapide, which reduce LDL-C by blocking the hepatic se-
cretion of apolipoprotein B (ApoB) and very low-density lipo-
proteins. In contrast, PCSK9 inhibitors and statins reduce LDL-C
by affecting the LDL receptor pathway. In accordance with a
neutral effect of PCSK9 inhibition on liver function, statins do
not worsen NAFLD and even might exert a beneficial effect on
NAFLD progression to NASH.6 These data suggest that lipid-
lowering drugs targeting ApoB secretion present a risk for
NAFLD development but that molecules targeting ApoB ca-
tabolism do not. As such, the data presented here are reassur-
ing for the hepatic safety of long-term intracellular PCSK9 in-
hibition and support the potential use of PCSK9 inhibitors in
patients with NAFLD who are at increased risk of ASCVD.
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