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Abstract: The COVID-19 pandemic has posed a serious problem for drug anti-viral efficacy
in combatting the cytokine storm triggered by SARS-CoV-2. From dermato-epidemiological
studies conducted on psoriatic and other rheumatological patients, IL-17 inhibitors seem to
attenuate or even prevent the cytokine storm and thus ICU referral. Furthermore, both in-
vivo and in-vitro experiments suggest that IL-17 plays a key role in SARS-CoV-2 infection
progression. Due to this evidence, we decided to summarize the literature findings on IL-17
inhibitors and COVID-19, maintaining psoriasis as the referral disease to better understand
the extent of drug effects on the immune system.
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Introduction

Psoriasis (PS) is a chronic inflammatory systemic disease characterized by a variety
of comorbidities. PS is also known as a disease characterized by scaling and
erythematous plaques." As a chronic inflammatory disease of the skin, it
affects approximately 2% of the world’s population.” As an inflammatory skin
disorder it is clinically characterized by scaly and biologically perturbated kerati-
nocytes in a proinflammatory microenvironment.® Psoriasis is a chronic inflamma-
tory papulosquamous disease featuring multiple remissions and relapses. For a long
time, it was termed to be primarily a disorder of keratinization. Nowadays, patients
often require life-long immunomodulating therapy and no definitive cure exists.*
However, the successful use of biological agents in the treatment of psoriasis led to
the viewpoint that psoriasis is primarily a disease of IL-23/TH17 cell immune
dysregulation. IL-17 inhibitor as one of the most advanced biological agents
play an essential role in targeting the IL-23/TH17 pathway. IL-17 inhibitor
has changed the treatment for psoriasis.”®

What is also worth noting is that psoriasis patients also develop cardiovascular
comorbidities that shorten their lifespan; this aspect is also reflected in the increased
cardiovascular burden.”® According to research by Li et al., pro-coagulative effects
are exerted by IL-17 and the antagonization of this cytokine decreases the cardio-
vascular risk in psoriatic patients.’

Meanwhile, the outbreak of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) at the end of December 2019 has brought incalculable harm and
challenges to more than 200 countries and regions all over the world.

In January 2020 The World Health Organization (WHO) officially termed this
disecase coronavirus disease 2019 (COVID-19). Meanwhile, the International
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Committee on Taxonomy of Viruses (ICTV) named this
new coronavirus severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2)."

As is widely known, the disease was initially consid-
ered to be an unidentified viral pneumonia. Typical symp-
toms of COVID-19 are fever, malaise, shortness of breath
and even pneumonia, in some severe cases.'' A cautionary
warning of this disease is that it can be shed through
multiple routes. In order to confirm a virus carrier defini-
tively, we need not only molecular but also serological
tests.'?

The more recent research on Covid-19 demonstrates an
interface with the the renin—angiotensin—aldosterone sys-
tem (RAAS) through angiotensin-converting enzyme 2
(ACE2), an enzyme that physiologically counters RAAS
activation but also functions as a receptor for SARS
viruses.'> Moreover, the immune responses to COVID-19
cause T-cell activation and differentiation, including the
production of cytokines associated with different T-cell
subsets (i.e., Th17), and then release of cytokines in
infected cells in response to COVID-19 infection. The
pathophysiology for SARS-CoV-2 has not yet been com-
pletely understood. It was reported that COVID-19 sub-
jects, particularly those requiring intensive care, have
increased concentrations of proinflammatory cytokines
(TNFa, IL15, and IL17)."* In the treatment of psoriasis,
as mentioned before, IL-17 is a well-known target of IL-17
inhibitor.

In the early stages of the COVID-19 pandemic, some
believed that psoriatic patients undergoing biological treat-
ment, especially with IL-17 inhibitor, can potentially show
an increased risk of infection.!> However, few articles are
available on how the course of COVID-19 infection can
influence safety and curative effect of psoriatic patients
treated with biological drugs.

Research by Kridin et al. on the impact of immune-
related conditions on the outcomes of COVID-19 found
that patients taking biological agents do not influence
mortality."'
However in a current large-scale population-based study,

COVID-19-associated  hospitalization  or

compared with methotrexate and ustekinumab, TNFi treat-
ment during the pandemic was associated with a decreased
risk of COVID-19 hospitalization.'” An investigation from
northern Italy shows that biological therapies during the
pandemic cannot influence the development of severe com-
plications of SARS-CoV-2 infection. Similarly there is also
no evidence to prove an increased risk of hospitalization or
death from COVID-19 in psoriatic patients treated with

biologics compared with the general population.'®
Furthermore, patients treated with biologics may not have
an increase in the risk of ICU hospitalization and death."®

For IL-17 inhibitors users, a study about IL-17 inhibi-
tors with the risk of COVID-19 Infection, hospitalization,
and mortality has proved that IL-17 treatment will not
confer an increased risk of COVID-19 infection. The
study supports the continuation of IL-17 treatment during
the pandemic.””

There is real-life evidence on safety and effectiveness
from Italian vaccinated healthcare workers. Four cases
under biologics who underwent Pfizer mRNABNT162b2
(COMIRNATY) vaccine sustain that vaccines may play
a pivotal role in protecting psoriatic patients against
SARS-CoV-2 infection. Above all, they do not have to
discontinue their prescribed anti-psoriatic therapies at the
same time.”!

As a result, we deem IL-17 inhibitor may be effective
for COVID-19 as its treatment in psoriasis.

Immune Response of T Cells
Activation of innate and adaptive immune responses can
be activated by SARS-CoV-2 infection. Harmful tissue
damage may be caused by uncontrolled inflammatory
innate responses and impaired adaptive immune responses,
both locally and systemically. There is essential evidence
that in patients with severe COVID-19, but not in patients
with mild disease, lymphopenia is a common feature.
Particularly, with drastically reduced numbers of CD4+
T cells, CD8+ T cells, B cells and natural killer (NK)
cells. In addition, substantially elevated serum levels of
pro-inflammatory cytokines exhibit in nearly all patients
with severe COVID-19 including IL-17, as well as IL-6
and TNF.>* >

A case report of a 50-year-old man who had COVID-
19 found that the number of peripheral CD4 and CDS8
T cells were substantially reduced from the flow cyto-
metric analysis. Moreover, there was an increased concen-
tration of highly proinflammatory Th17 in CD4 T cells.
Additionally, the results imply that overactivation of
T cells, which means increasing of Th17 and high cyto-
toxicity of CD8 T cells, accounts for, in part, the severe
immune injury in the patient.”?

COVID-19 clinical features are variable and can lead to
respiratory and multiorgan failure and systemic
manifestations.?® Lower leukocyte numbers were shown in
COVID-19 patients, as well as abnormal respiratory find-

ings. Th1-Th17 cells increased levels of plasma pro-
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inflammatory cytokines such as interleukin (IL)1-f, IL1RA,
IL6, IL8, IL10."" That is the reason why recently tocilizu-
mab, a monoclonal antibody blocking IL-6 action has been
proved to be effective in COVID-19 patients with cytokine
storm risk. TCZ appears to be an effective treatment method
for COVID-19 patients with a risk of cytokine storms. And
for these critically ill patients with elevated IL-6, the
repeated use of TCZ is recommended.”’ Indeed, it can
even reduce invasive mechanical ventilation or death in
severe COVID-19 pneumonia (defined as the concomitant
presence of a respiratory rate >30 breaths per minute, blood
oxygen saturation <93%, a PaO2/FiO2 ratio <300 mmHg in
room air and lung infiltrates >50% of the lung, filed within
24-48h).

Particularly, IL-6 in the context of viral infection may be
related to a cytokine, which is called IL-17. However, Hou
et al. found that the excessive IL-6 level leads to the genera-
tion of Th17 cells in murine viral models, and the resulting
IL-6 and IL-17 synergistically promote viral constancy by
protecting virus infected cells from apoptosis (Figure 1).28

In addition, SARS-CoV-2 infection induces psoriatic
arthritis flares. Bacterial and viral infectious triggers are

SARS-COV-2

DC

linked to psoriatic arthritis (PsA) development. JAK inhibi-
tion suppressed activated entheseal plasmacytoid dendritic
Type-1 interferon responses as a new novel mechanism of
PsA-related arthropathy. Canonical pathway analysis
revealed NF-kB signaling, activation of dendritic cell matura-
tion, JAK/STAT signaling pathways and toll-like receptor
signaling following oligodeoxynucleotides (ODN) stimula-
tion. SARS-CoV-2 infection is associated with PsA flares.*’

In response to SARS-CoV-2, antigen-presenting cells
(APCs) such as macrophages as well as dendritic cells can
present fragments of the antigen to the naive CD4+ T cells,
and upon activation APCs release TGF-B, IL-6, and 1L-23
polarizing cytokines. In turn IL-6 binds with its receptor and
through JAK-STAT3 causes polarization, maturation, and
expansion of CD4+ T cells to Th17 cells with the expression
of ROR y t. In turn, the activated Th-17 cells produce inflam-
matory cytokines such as IL-21, IL-22, IL-17A, and IL-17F.

Why IL-17 Inhibitor Can Be Used in
COVID-19

COVID-19 has caused a staggering number of cases and
deaths. On March 28, 2020, the FDA promulgated an

IL-23R

Effector Th17

IL-6 (]
1L-23
©e O
IL-6R ’
Maturation ,Expansion ”
and survival
CD4+ThO

Figure | Th-17 cell polarization from activation and naive CD4+ T cells.
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emergency use authorisation order for use of chloroquine
and hydroxychloroquine in COVID-19 patients, and on
May 1, 2020, the FDA gave the same position for use of
remdesivir. Now different treatment strategies are under-
going evaluation. However, currently there is no specific
treatment available for this disease.”® Though trials includ-
ing remdesivir, hydroxychloroquine, azithromycin and
tocilizumab are ongoing in an effort to demonstrate
improved outcomes, FDA-approved therapeutics are off-
label investigations.

According the detailed case reported by Xu et al., the
patient’s assessment proved an increase in the Th17 subset
of CD4+ T cells leading to increased production of IL-17
and IL-22 cytokines that in turn caused the CRS with
a rapid and severe deterioration of the patient’s condition.
A high number of Thl7 lymphocytes were visible in
alveolar spaces by pathologic postmortem lung
analysis.”® In addition to the referenced case report, there
is an increasing body of evidence supporting that IL-17
plays an important role in the pathogenesis of severe
COVID-19 disease, including two recent review articles
that further stress the Th17-type cytokine storm in patho-
genesis of the disease about immune response in patients
with COVID-19.2"*? The increase in Th17 CD4+ T cells
is not only in COVID-19 but also in several inflammatory
diseases, for instance in severe plaque psoriasis.*

IL-17 can ligate with IL-17RA, and then initiates acti-
vation of transcription factors, such as NFkB, IkB(, API
and C-EBP. Later they can potentiate IL-17—induced tran-
scription of the most potent proinflammatory cytokines,
even chemokines involved in attracting and further recruit-
ment of immune infiltrates, or matrix metalloproteinases
involved in tissue damage.>*>

IL-6 levels were remarkably increased on hospitaliza-
tion days 2 and 3 of the patients, and IL-17 has been
demonstrated in blood and affected tissues of patient’s
hospitalization with COVID-19.%*> Hence IL-17 inhibitors
can block IL-6 and IL-8 secretion from the innate immune
system. That could prove a safe and effective therapy for
severe COVID-19, as neutrophils, mast cells, yd T cells
and innate lymphoid cells (ILC3). There is not only an
increased IL-6 level but also increased levels of several
proinflammatory Th1, Th2 and Th17 cytokines (e.g., IL-2,
4, 6, 7, 10, 12 and 17) in patients who have severe
COVID-19.

IL-17 inhibitor which can block IL-17 alone has been
shown as clinically effective in many circumstances and
diseases.>*” These broad beneficial opinions support

further the idea that IL-17 blocking agents can be tested
as potential treatment in severe COVID-19 patients.

Sorts of IL-17 Inhibitor

Although none is yet available for clinical purposes, among
the anti-cytokines, monoclonal antibodies are still a potential
and possible approach to the prevention of SARS. Anti-IL
-17A humanized monoclonal antibodies are well-known and
recognized treatment options for psoriasis, such as secuki-
numab (AIN457) (approved fully human IL-17-specific
IgG1k monoclonal antibody) and ixekizumab (LY2439821)
(under a Phase III clinical trial for psoriasis).**>

Thus far, there have been secukinumab, ixekizumab
and brodalumab, three IL-17 blocking agents available.*
Secukinumab and ixekizumab have been termed to be very
effective in the treatment of severe plaque psoriasis, these
being monoclonal IgG1 antibodies that bind specifically to
IL-17A.*" A quick onset of action, tolerability, high effi-
cacy and a well-established safety profile have been
proved in both drugs. Above all, a decrease in the lym-
phocyte count is not found in those two.** IL-17-targeted
biologics are fast acting. Secukinumab was the first IL-
17A inhibitor that was approved for psoriasis, in 2015.
Just a year later, the approval extended to PsA and even
ankylosing spondylitis. Patients receiving anti-IL17 biolo-
gics secukinumab and ixekizumab have more frequent
candida infections (Figure 2).*?

Brodalumab is a human monoclonal IgG2k antibody
against IL-17 receptor A (IL-17RA). Its role is mostly due
to complete blockade of key mediators of the T helper 17
pathway, thus inhibiting the biological activity of IL-17A,
IL-17F, interleukin-17A/F,
called interleukin-25).****

and interleukin-17E (also

Potential Role of IL-17 Inhibitor in

COVID-19 Treatment
As a global public health problem, COVID-19 has many
different treatment approaches which are under investiga-
tion and clinical trials are ongoing. Currently, there are no
known specific treatment measures for this disease except
for meticulous supportive care, for example, mechanical
ventilation when indicated.*” It is known that the patholo-
gical mechanisms most responsible for the COVID-19
death toll are the excessive immune response and inflam-
matory cell infiltration.

IL-17 inhibitor has been proved in psoriasis treatment,
but now they are also utilized in different inflammatory
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Figure 2 Initiation phase of psoriasis.

diseases, such as ARDS,* rheumatism,*® and pulmonary
fibrosis.*” Moreover, respiratory failure in patients present-
ing with COVID-19 can be attributed to elevated serum
IL-6.*® Crowe et al. found in response to pulmonary influ-
enza infection, IL-17RA signalling was important for
acute lung injury. This suggests that in treating immuno-
pathology associated with pulmonary viral infections, ther-
apeutic modulation of IL-17 signaling might be useful.*’
Li et al. demonstrated that acute lung injury is caused by
pandemic HINI influenza virus in an IL-17-dependent
manner in mice. They also reported that IL-17-blocking
agents can improve the response to pandemic HINI influ-
enza virus in mice. They can also reduce cellular and fluid
infiltrates as well as disease duration. IL-17 blocking
agents decreased cytokine production by T cells, the for-
mation of lung edema and pulmonary recruitment of
inflammatory cells without preventing virus clearance in
mice.””

Tocilizumab as a recombinant human monoclonal IgG1
antibody has been shown effective in patients with severe

COVID-19 by blocking its proinflammatory response and
IL-6 signaling.’'>* Since IL-17 inhibitors and tocilizumab
have the same Thl7 signaling pathway, IL-17 blocking
agents could also be proved as a safe and effective treat-
ment for severe COVID-19. Indeed, IL-17 precedes synth-
esis of potent proinflammatory TNF-a and cytokines IL-6.
Moreover, IL-17 blocking agents could prove more con-
venient by subcutaneous route of administration rather
than which
administration.

tocilizumab, intravenous

30

requires

Discussion

Secukinumab is administered subcutaneously in the dose
of 300 mg once weekly in the first month of treatment,
followed by a dose of 300 mg every 4 weeks in the
treatment of severe plaque psoriasis. Ixekizumab is also
used 160 mg every 2 weeks during the first 3 months, then
followed by a dose of 160 mg every 4 weeks. In the
treatment of severe plaque psoriasis, the recommended
brodalumab dose is 210 mg once weekly during the first
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2 weeks of treatment, then continued by a dose of 210 mg
every 2 weeks administered subcutaneously.

IL-17 inhibitor has not yet been evaluated in clinical
trials for COVID-19. However, patients with COVID-19
do not need the same dosage as those with severe plaque
psoriasis. The timing of IL-17 inhibitor administration to
COVID-19 patients would be crucial as well. We suspect it
would perhaps be best to begin in the middle stage of
CRS, when an obvious increase in IL-6 levels is to be
expected.”

Additionally, the deteriorated barrier and inflammatory
status could be reversed by IL-17 inhibitor in the skin of
psoriasis patients who have less microbe infection. The
specific microbe could also be SARS-CoV-2. However,
SARS-CoV-2 could stay alive on skin for even 9 h,
which may indicate that SARS-CoV-2 might transmit
through skin in the certain skin status like psoriasis.
Thus, whether the COVID-19 risk could be reduced by
IL-17 inhibitor through reversing the inflammatory skin
status with deteriorated barrier, and then preventing
SARS-CoV-2 transmitting should be further discussed.>®>’

In our opinion, making use of certain immunomodula-
tors, such as IL-17 inhibitor, might prevent CRS in severe
COVID-19 cases, thereby further improving patients’ out-
comes. Finally, bearing in mind the constraints of limited
experimental evidence regarding IL-17 inhibitor, we look
forward to an effective and repurposing dosing scheme
investigation through conduct of well designed, double
blind controlled and randomized clinical trials. IL-17 inhi-
bitor may be a treatment in COVID-19 which appears as
a potential promising therapeutic target.

Conclusion

In this review, we have discussed the current understand-
ing of IL-17 signaling and the underlying immunopatho-
logical role as a pro-inflammatory cytokine during SARS-
CoV-2 infection. According to therapeutic strategies, spe-
cific treatments in SARS-CoV-2 infections and related
complications still remain challenging. Although there is
only limited research evidence, we propose IL-17 inhibitor
is a promising therapeutic option to terminate COVID-19,
which could limit lung tissue pathology and decrease
dangerous cytokines, and help to save lives if used judi-
ciously in appropriate patients.

An increase in IL-17 causes tissue damage and possi-
bly triggers lung edema by contributing to cytokine storm
in pulmonary viral infections, including COVID-19.
Therefore, IL-17 inhibitor can be good for patients in

this regard. As mentioned earlier anti-IL-17 treatments
have been found to be beneficial in virus-infected tissues
and clinical healing in pandemic influenza infections in
mice or humans. At the same time, IL-17 inhibitor appar-
ently can be used in comorbid conditions such as asthma
and COPD, which may have infection simultaneously.”
Therefore, we believe that IL-17 inhibitor can be success-
ful in people infected with COVID-19.

Artificial Neural Networks (ANNSs) allow defining a set
of computerized algorithms capable of mimicking and
recreating the processes of analysis and learning typical
of the human brain. Complex non-linear phenomena, such
as biological treatments, have been demonstrated to be
more suitable to be evaluated by this approach. This inno-
vative technique to psoriasis patients treated with secuki-
numab has been proved successful. Hence, these precision
medicine based approaches should be extended to all IL-
17 users, both psoriatic and non-psoriatic patients.>*
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