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PCSK9 inhibitors for COVID-19: an opportunity to enhance
the antiviral action of interferon in patients with
hypercholesterolaemia

Dear Editor,

A beneficial role for an efficient lowering of plasma
cholesterol level in hypercholesterolaemic patients
with COVID-19, and especially in those with severe
hypercholesterolaemia since birth, that is patients
with familial hypercholesterolaemia (FH), has been
suggested recently [1, 2]. The patients with FH
suffer from endothelial dysfunction caused by a
highly elevated serum low-density cholesterol
(LDL-C) level, which is often accompanied by an
elevated level of lipoprotein (a) [Lp(a)] [3]. Such
double-inherited hyperlipidaemic phenotype then
leads to pro-thrombotic changes in endothelial
cells, and the ensuing enhanced endothelial–plate-
let interactions are likely to be further enhanced
during SARS-CoV-2 infection. This concept has
received support from observations showing that
statin treatment, which attenuates endothelial
dysfunction, also associates with a better progno-
sis amongst hospitalized COVID-19 patients [4].

On top of statin treatment, PCSK9 inhibitors fur-
ther decrease serum LDL-C level by about 60% and
serum Lp(a) level by about 30%, thus improving
the endothelial function and potentially reducing
the complications associated with severe COVID-
19 [3]. However, recent data suggest that the
benefit of PCSK9 inhibitors may not be limited to
their endothelial function-enhancing effect alone.
First, the PCSK9 molecules inhibit cellular inter-
feron expression via interacting with the activating
transcription factor 2 (ATF-2) [5]. Second, in
dengue fever the dengue virus requires cholesterol
as a proviral factor, an observation that suggests
that cholesterol-lowering agents could be useful in
adjunctive antiviral therapy [6]. Mechanistically,
the dengue viruses induce cellular PCSK9 expres-
sion, which inhibits recycling of LDL receptors and
reduces uptake of LDL cholesterol by the cells.
Compensatorily, such cholesterol-deprived cells
then activate their cholesterol synthesis in the
endoplasmic reticulum, upon which the choles-
terol content in the endoplasmic reticulum
increases and the expression of the antiviral type

I interferon genes (amongst them the interferon
beta) decreases [6]. Moreover, the authors found
that the PCSK9-dependent dampening of the anti-
viral cellular responses against the Dengue virus
could be abrogated with the addition of the PCSK9
inhibitor alirocumab, indicating that the dampen-
ing effects were specific to increased cellular
PCSK9 concentration. Importantly, the potential
clinical significance of the above cell culture exper-
iments was confirmed when the authors found
elevated serum PCSK9 levels in high viraemia
dengue fever patients [6].

The above finding regarding decreased type I
interferon production due to a viraemia-induced
increase in PCSK9 level is highly interesting in the
light of the latest COVID-19 studies, which
revealed why certain individuals are at high risk
of severe COVID-19 due to inborn errors of inter-
feron-dependent immunity [7]. Thus, the severity
of COVID-19 was found related to defective Toll-
like receptor 3 (TLR3)- and interferon regulatory
factor 7 (IRF7)-dependent immune responses,
which are related to deficient type I interferon
immunity in a wide variety of patients, that is in
patients aged 17 to 77 years and having various
ethnic backgrounds. The authors concluded that
defective type I interferon immunity is one risk
factor for serious COVID-19 pneumonia in patients
with no prior severe infections. This finding sug-
gested that the administration of type I interferons
(notably the interferon beta-1b) may have a bene-
ficial therapeutic effect in patients having severe
complications of the COVID-19 illness.

Regarding the entire FH patient population in the
world (over 30 million individuals), in a subgroup
of the patients the severe form of hypercholestero-
laemia is caused by a gain-of-function (GOF)
mutation of PCSK9, and moreover, in these
patients with FH the levels of circulating PCSK9
molecules are increased [8]. Then, in analogy to the
dengue fever, in the PCSK-GOF FH patients with
COVID-19 the already increased PCSK9 level may
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further increase and so suppress the antiviral
responses of the body. Thus, these patients with
FH may have a particularly high risk of developing
severe COVID-19. Based on the above com-
pendium of results derived from both experimental
and clinical observations, we can infer that the
PCSK9 inhibitors are likely to be useful when
attempting to decrease the viraemia due to SARS-
CoV-2. The protection, if any, should be related to a
decrease in the circulating PCSK9 level and the
ensuing enhanced production of interferon beta.

Interestingly, Scicali and coworkers have recently
suggested another theoretically potential mecha-
nism for the antiviral effects of the PCSK9 inhibi-
tors, which also relates to reduced viral cholesterol
content [9]. The authors refer to published cell
culture experiments, which have shown that the
knockdown of the low-density lipoprotein receptor-
related protein 1 (LRP-1) in human cytomegalo-
virus (HCMV)-infected cells increases not only the
cholesterol content of the infected cells but also the
cholesterol content and infectivity of the newly
formed virions [10]. Since PCSK9 molecules are
capable of inducing the degradation of cellular
LRP-1 [11], then, in analogy to the results in the
LRP-1-deficient HCMV-infected cells, PCSK9 inhi-
bitors might be used in an attempt to attenuate the
infectivity of the SARS-CoV-2. For the clinical
implementation of the above experimental results,
knowledge about the levels of circulating PCSK9 in
patients with COVID-19 would be very useful.

The statin drugs have been shown to improve the
prognosis of hospitalized COVID-19 patients [4], a
finding which most probably reflects the ability of
statins to improve endothelial function and to act
as mild anticoagulants via cholesterol-dependent
and cholesterol-independent mechanisms [2]. By
combining a statin and a PCSK9 inhibitor for the
efficient treatment of the hypercholesterolaemia,
the prognosis of COVID-19 should be improved by
two mechanisms: (1) via the efficient lowering of the
LDL cholesterol level and (2) via preventing the
reduction in the expression of antiviral genes,
notably those of the type I interferons. We can
then expect that such combined effect would be
especially important when a patient with COVID-
19 has the FH disease, in which the lifelong grave
hypercholesterolaemia is often associated with an
elevated level of Lp(a), that is the patient with
COVID-10 has been exposed throughout his/her
life to two related lipoprotein species, which jointly
cause dysfunction of endothelial cells and so make

the cells a suitable soil for a superimposed viral
infection by the SARS-CoV-2.

The novel function of PCSK9 should have impor-
tant implications in optimizing the clinical use of
PCSK9 inhibitors in the context of SARS-CoV-2
infection. Regarding the patient with COVID-19
who has severe hypercholesterolaemia and is at
high risk of an acute cardiovascular event, such as
a patient with FH, a single injection of a PCSK9
inhibitor may be considered once the patient has
been diagnosed with COVID-19, and the newly
started drug therapy may be continued. The
clinical value of this therapeutic proposal should
be testable by comparing the clinical outcomes of
matched hypercholesterolaemic COVID-19
patients who will or will not be treated with a
PCSK9 inhibitor upon their arrival in a hospital.
Finally, when the COVID-19 illness starts to
escalate, a single initial injection of a PCSK9
inhibitor as an INF beta-enhancing antiviral
agent may aid in the prevention of disease
progression irrespective of the blood cholesterol
level. Prior to conducting a controlled trial explor-
ing the potential benefits of a PCSK9 inhibitor,
data should be collected from hospitalized
COVID-19 patients who have received or have
not received PCSK9 inhibitor therapy and their
end-points during and after the COVID-19 illness
should be compared.
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