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ABSTRACT

Furin is a protease that is ubiquitous in mammalian metabo-
lism. One of the innovations that make sudden acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2) more infectious than its
ancestor viruses is the addition of a furin cleavage site. Conditions
associated with elevated furin levels, including diabetes, obe-
sity, and hypertension, overlap greatly with vulnerability to the
severe form of coronavirus disease 2019 (COVID-19). We suggest
that diet and lifestyle modifications that reduce the associated
comorbidities may prevent the development of severe COVID-19
by, in part, lowering circulating furin levels. Likewise, natural and
pharmaceutical inhibitors of furin may be candidate prophylactic
interventions or, if used early in the COVID-19, may prevent the
development of critical symptoms.

INTRODUCTION

'The sudden acute respiratory syndrome-coronavirus 2 (SARS-
CoV-2) has a spike protein that binds to a cell’s angiotensin-con-
verting enzyme 2 (ACE2) receptor, locking it on the cell membrane.
To enter the cell, however, the virus must leave the spike protein
behind. Coutard et al' recently proposed that the SARS-CoV-2
spike glycoprotein (S) contains a furin cleavage complex (FCC).
The FCC adds to SARS-CoV-2 infectivity and pathogenicity in

multiple ways.

VIRAL HIJACKING OF FURIN PROTEASE

Furin is a protease essential to the mammalian host’s biochemis-
try, but in this instance, it is hijacked by SARS-CoV-2 to facilitate
the separation preliminary to entering the cell. The FCC greatly
enhances the virus’s infectivity, and it is a strong candidate as the
gain-of-function’* mutation that enabled SARS-CoV-2 to jump
from animals to humans and rapidly spread to pandemic levels.

In addition to using furin to gain entry into the host cell, SARS-
CoV-2 also uses endogenous furin to cleave the S protein in the
trans-Golgi network right after virion assembly. This latter mecha-
nism separates furin from other virally hijacked proteases (eg, TM-
RPCC2), potently increasing the pathogenicity of SARS-CoV-2.2
Infection with a variant of SARS-CoV-2 that omits the FCC site
resulted in a blunted illness in hamsters.’ Braun and Sauter* note
that the ability of viruses to exploit furin may have major effects
on their pathogenicity. In fact, as observed in the hamster study
by Lau et al,? the same virus without the FCC might be avirulent,
whereas the addition of the FCC can allow the virus to spread
systemically and cause higher rates of mortality. Furin is present
in most tissues and is highly expressed in the lungs.’

We already know that furin plays a role in the potent virulence
of dengue fever and other aggressive infections, including HIV
and various avian influenzas.® Anthrax toxin is liberated by furin
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from Bacillus anthracis,and furin cleavage allows the anthrax toxin
to flood the body before innate immunity kicks in effectively,’
greatly increasing lethality. Similarly, the SARS-CoV-2 viral load
can overwhelm the system before innate immunity can bring it
under control.® It is well known that underlying comorbidities
have a pronounced effect on the lethality of coronavirus disease
2019 (COVID-19). Here, we explore the possibility that baseline
inflammation contributes to a delayed response from the innate
immune system, and that furin itself might hold a key role in both
the virus-initiated delayed immune response and the influence of
comorbidities.

ROLE OF FURIN IN DISEASE

Furin is a key protease in humans. It is ubiquitous in nature,
including other mammals, where it is found in the Golgi apparatus
and on the cell surface of most tissue cell types. Furin exists in both
membrane-bound and secreted forms. Furin cleaves and activates a
diverse group of more than 100 proproteins and peptides in normal
human physiology. Higher plasma furin levels have been identi-
fied in individuals on the cardiometabolic continuum years before
the onset of diabetes. Furin, independent of all other risk factors,
is associated with an increased risk of diabetes, hyperinsulinemia,
hypertension, hyperlipidemia, obesity, and all-cause mortality.”!°

Fernandez and colleagues’ explain: “‘Regarding potential mecha-
nisms, as furin is responsible for the maturation of the insulin pro-
receptor, one could speculate that more furin in circulation reflects a
compensatory mechanism to increase the synthesis of active insulin recep-
tors. Another possible mechanism of action of furin in [diabetes mellitus]
development may be via pancreatic B-cells; _ﬁﬁ’i?’l has been demonstrated
to control the proliferation and differentiation of pancreatic B-cell lines
and to be involved in the maturation of insulin secretory granules.”

Why has the US been overwhelmed with COVID-19 cases?
More than 1 in 3 Americans have cardiometabolic disease,™ and
individuals on the cardiometabolic continuum are hardest hit by the
virus. A reason for this finding may be the presence of elevated furin
levels identified in this population, even well before the onset of
disease, making them particularly vulnerable to the SARS-CoV-2
cellular entry and replication.

Beyond entry and replication, furin also activates a number of
peptides in normal human physiology that may influence CO-
VID-19 pathogenesis. For example, furin modulates the renin

Author Affiliations
'Institute for Functional Medicine, Federal Way, WA

Corresponding Author
Kara Fitzgerald, ND (kf@drkarafitzgerald.com)

Keywords: furin, furin cleavage complex, furin protease, SARS-CoV-2

The Permanente Journal « https://doi.org/10.7812/TPP/20.187

The Permanente Journal « For personal use only. No other uses without permission. Copyright © 2020 The Permanente Press. All rights reserved.



COMMENTARY

angiotensin aldosterone system (RAAS)™ by activating the pro-
renin receptor, which mediates formation of vasoconstrictor angio-
tensin. Recall angiotensin promotes release of aldosterone, sparing
sodium at the expense of potassium. Hypokalemia (and RAAS
interference through ACE2) are present in COVID-19," although
whether furin plays a key role here remains to be elucidated.

Coagulopathy and associated hypoxia involving von Willebrand

factor and clotting factor VIII appear to play a central role in
COVID-19 pathology. Furin is necessary for activation of clot-
ting factor VIIL.** Notably, furin expression is potently induced
by hypoxia,* as all 3 FUR promoters harbor binding sites for the
hypoxia inducible factor-1 (HIF-1). Severe hypoxia is, of course,
a hallmark finding in the most severe COVID-19 cases.

The following questions remain to be answered:

1. Do individuals with the comorbidities associated with CO-
VID-19 have higher baseline furin levels that increase SARS-
CoV-2 infectivity and pathogenicity?

2. Given the ubiquitous nature of furin proteases in normal
human physiology, could this coincide with known SARS-
CoV-2 pathogenic mechanisms?

3. Could these coincidences increase when the baseline furin
level is increased?

TREATMENT OPTIONS

Nonspecific furin inhibition may be associated with substantial
side effects given the myriad roles furin plays in human physiology.
Heparin, however, is a furin inhibitor® with a known and generally
accepted risk-benefit ratio. Given the risk of coagulopathy seen in
some patients with COVID-19, it isn’t surprising that heparin use
has been associated with lower mortality in hospitalized patients.!
Furin expression is potently induced by hypoxia, as all 3 FUR gene
promoters harbor binding sites for hypoxia-inducible factor-1
(HIF-1). Berberine is an HIF-1 inhibitor, and may therefore be
a treatment consideration for COVID-19 patients.’ Resolving
cardiometabolic diseases through diet, lifestyle modifications, and
pharmaceutical interventions should reduce furin levels and base-
line inflammation, which could reduce viral entry and replication,
allowing the innate immune system to better respond and leading
to a more benign course of illness. Natural compounds with in
vitro evidence of potential effectiveness and a good safety profile
include 4 flavonoids that appear to inhibit furin catalytic activity:
(1) luteolin (> 95% inhibition in vitro),' (2) baicalein, (3) chrysin,
and (4) oroxylin."®

LABORATORY TESTING

If furin proves to play an important role in COVID-19 patho-
genesis, serum furin measurement could be useful. However, furin
testing is currently limited to the research setting only.

CONCLUSION

Comorbidities associated with COVID-19 include those that
comprise cardiometabolic disease, including obesity, diabetes, and
hypertension. These conditions are associated with increased cir-
culating furin levels. Because SARS-CoV-2 uses elevated furin to
both gain cellular entry (through the FCC gain-of-function muta-
tion) and to propagate with a high level of efficiency, it overwhelms
the body’s ability to orchestrate an effective immune response.
Addressing comorbidities (and associated elevated furin levels)
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through diet, lifestyle modifications, and pharmacologic manage-
ment is a logical strategy for reducing COVID-19 pathogenicity.
Natural and pharmacologic furin inhibitors may prove highly useful
to inhibit viral entry and propagation.<
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