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Targeting the interleukin-17 pathway to prevent acute respiratory
distress syndrome associated with SARS-CoV-2 infection
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The novel coronavirus causing severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is responsible for
coronavirus disease 2019 (COVID-19) pandemic. This is
spurring a global response and accelerating trials of a
panoply of antivirals, antibiotics, cell therapies, anticoag-
ulants, convalescent plasma infusion and immune mod-
ulation using steroids and anti-cytokine therapies. In the
absence of SARS-CoV-2-specific interventions to treat the
infection, there are urgent needs to identify adjunctive
treatments that prevent or counteract the ‘cytokine
storm’ underlying the severe acute respiratory distress
syndrome (ARDS) manifestations.1,2 Trials underway
using immune modulation focus on targeting interleukin
(IL)-6, IL-6 receptor (IL-6R), tumour necrosis factor-
alpha (TNF-α), IL-1R, granulocyte-macrophage colony-
stimulating factor (GM-CSF) and janus kinase (JAK)
inhibition among others. Here, we provide the rationale
for considering clinical trial testing of IL-17 blockade as a
therapeutic strategy for overt pulmonary inflammation
caused by SARS-CoV-2 infection.
IL-17 plays a key role in the cytokine storm observed

in ARDS of any cause and is associated with alveolar
inflammation and a poor prognosis.3–5 In mouse models,
both the direct IL-17 blockade and the upstream block-
ade of histone acetyltransferase p300 and transcription
factor retinoic acid receptor-related orphan receptor
gamma t (RORγt), which upregulate IL-17 production,
resulted in an attenuation of the lung injury.6,7 Consis-
tently, peripheral blood mononuclear cells (PBMC) from
ARDS patients have an increased expression of p300 and
RORγt, especially among non-survivors.7

In severe compared to non-severe COVID-19, different
studies found increased levels of IL-17-regulated

cytokines, including IL-6, monocyte chemoattractant
protein-1 (MCP-1), IL-8, granulocyte colony-stimulating
factor (G-CSF), macrophage inflammatory protein
(MIP)-1-α and TNF-α; however, IL-17 was only increased
in severe cases compared to non-infected controls.2,8,9

Another study observed that IL-17 distinguished between
mild and severe cases and correlated positively with an
increased lung injury severity score.10 A pathological
assessment found a high frequency of peripheral T-
helper (Th) 17 in a patient with severe COVID-19 who
did not survive.11 Furthermore, IL-17 plays a role in facil-
itating early neutrophil recruitment into the lungs, a del-
eterious phenomenon associated with poor prognosis in
severe cases of COVID-19.12

Activation of the IL-17 pathway is also a marker of
severity in various other known viral infections.
Infections due to the Middle East respiratory syn-
drome coronavirus (MERS-CoV) outbreak in 2012
were associated with a pro-inflammatory Th1 and
Th17 cytokine profile and IL-17 responses.13–15 In the
2009 influenza A (H1N1) pandemic, the IL-17
response played a detrimental role in lung injury and
was higher in patients with ARDS who did not sur-
vive.16,17 In childhood respiratory syncytial virus
(RSV) infections, high IL-17 expression was associ-
ated with a poor interferon (IFN) production, abro-
gated type I IFN (IFN-I) responses and RSV infection
severity.5,18,19 IFN-I is implicated in reducing viral
spread, and high levels of IFN-I seem particularly rel-
evant in the early infection phase for disease control.
Indeed, in mice, early IFN-I administration was pro-
tective against MERS-CoV lung disease.20,21 Notewor-
thy, our observations revealed that IL-17A decreased
IFN-I responses in intestinal epithelial cells, thus
favouring human immunodeficiency virus type 1
(HIV-1) cell-to-cell spread.22 Similarly, in simian
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immunodeficiency virus (SIV) infections, mucosal
IFN-I responses only developed at late time points
post-infection and coincided with a vanished IL-17
response.23 These results point to the detrimental
role of IL-17 in mounting a rapid IFN-I-mediated
antiviral response. However, the beneficial impact of
IFN-I on human lung diseases remains under investi-
gation. A recent trial in ARDS patients reported an
absence of benefit,24 although this was not in the
context of a viral infection.
Finally, while IL-6 has garnered much interest as a

potential target to improve COVID-19 outcomes,25,26 it
is important to emphasize that it has interdependent
relationships with IL-17. IL-6, along with pro-
inflammatory IL-23 and other molecules, are upstream
inducers of Th17 differentiation and subsequent IL-17
production. IL-17 then has diverse downstream pro-
inflammatory effects increasing neutrophil activity,
TNF-α secretion and inducing IL-6 production.5 This
all leads to a positive inflammatory feedback loop.27 In
fact, the rationale for the current interest with JAK
blockade in COVID-19 derives from its role in mediat-
ing cytokine production, with JAK 2 mediating Th17
responses.28 Moreover, IL-17 and IL-6 synergistically
promote viral persistence.29 In mice, IL-17 blockade
improved H1N1-induced acute lung injury and
decreased the levels of cytokines IL-1β, G-CSF, MCP-1,
MIP-1-α, MIP-1-β and TNF-α.16 Additionally, in viral
myocarditis, IL-17 blockade abolished viral replication
and decreased levels of IL-6.30 Noteworthy, in COVID-
19, myocarditis was observed in the context of ARDS.31

Thus, IL-17 blockade may be beneficial in controlling
the cytokine storm while boosting antiviral IFN-I
responses during SARS-CoV-2 infection (Fig. 1). Con-
sideration of IL-17 blockade is strengthened by the rel-
ative absence of adverse inflammatory lung
manifestations when these therapies are used for auto-
immune conditions such as psoriasis.32,33 Since the ini-
tial submission of this commentary, other groups
supported the idea of blocking IL-17 for controlling
overt inflammation in COVID-19 patients.28,34 In addi-
tion to its pro-inflammatory role, our most recent stud-
ies originally support a pro-viral role of IL-17 by
interfering with IFN-I production/responses.22 There-
fore, we consider that early IL-17A blockade will also
boost the control of viral replication by the host.
In conclusion, as we rapidly explore existing immuno-

therapies to be repurposed as adjunctive treatments for
SARS-CoV-2-associated ARDS, IL-17 blockade may repre-
sent an interesting avenue that deserves testing, especially
in people with pre-existent pathologies associated with
exacerbated IL-17 responses. Monoclonal antibodies
against IL-17A (secukinumab and ixekizumab) and IL-17r
(brodalumab) may represent possible therapeutic options.

Tomas Raul Wiche Salinas, MD, PhD(c),1,2

Boyang Zheng MD,3 Jean-Pierre Routy MD4 and
Petronela Ancuta PhD1,2

1CHUM-Research Centre, Montréal, QC, Canada;
2Département de microbiologie, infectiologie et

immunologie, Faculté de médecine, Université de
Montréal, Montréal, QC, Canada; 3Division of

Rheumatology, McGill University Health Centre, McGill

University, Montréal, QC, Canada; 4Chronic Viral
Illness Service and Division of Hematology, McGill
University Health Centre, Montréal, QC, Canada

Acknowledgements: Our observations included in this commen-

tary were supported by grants (to P.A.) from the Canadian Insti-

tutes of Health Research (CIHR) (MOP-114957 and PJT-153052),

the Canadian HIV Cure Enterprise Team Grant (CanCURE 2.0)

funded by the CIHR (#HB2-164064) and the National Institutes of

Health (NIH) (R01AG054324). T.R.W.S. received Doctoral Fellow-

ship Awards from Fonds de Recherche Québec Santé (FRQ-S)

and Université de Montréal.

REFERENCES

1 Channappanavar R, Perlman S. Pathogenic human coronavirus
infections: causes and consequences of cytokine storm and immu-
nopathology. Semin. Immunopathol. 2017; 39: 529–39.

2 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J,
Gu X et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet 2020; 395: 497–506.

3 Mikacenic C, Hansen EE, Radella F, Gharib SA, Stapleton RD,
Wurfel MM. Interleukin-17A is associated with alveolar inflamma-
tion and poor outcomes in acute respiratory distress syndrome.
Crit. Care Med. 2016; 44: 496–502.

4 Muir R, Osbourn M, Dubois AV, Doran E, Small DM, Monahan A,
O’Kane CM, McAllister K, Fitzgerald DC, Kissenpfennig A et al.
Innate lymphoid cells are the predominant source of IL-17A dur-
ing the early pathogenesis of acute respiratory distress syndrome.
Am. J. Respir. Crit. Care Med. 2016; 193: 407–16.

5 Ryzhakov G, Lai CC, Blazek K, To KW, Hussell T, Udalova I. IL-17
boosts proinflammatory outcome of antiviral response in human
cells. J. Immunol. 2011; 187: 5357–62.

6 Righetti RF, Dos Santos TM, Camargo LDN, Aristoteles L,
Fukuzaki S, de Souza FCR, Santana FPR, de Agrela MVR,
Cruz MM, Alonso-Vale MIC et al. Protective effects of anti-IL17 on
acute lung injury induced by LPS in mice. Front. Pharmacol. 2018;
9: 1021.

7 Chen Y, Wang D, Zhao Y, Huang B, Cao H, Qi D. p300 Promotes
differentiation of Th17 cells via positive regulation of the nuclear
transcription factor RORgammat in acute respiratory distress syn-
drome. Immunol. Lett. 2018; 202: 8–15.

8 Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, Xie C, Ma K,
Shang K, Wang W et al. Dysregulation of immune response in
patients with COVID-19 in Wuhan, China. Clin. Infect. Dis. 2020.
https://doi.org/10.1093/cid/ciaa248

9 Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, Wang T,
Zhang X, Chen H, Yu H et al. Clinical and immunologic features in
severe and moderate coronavirus disease 2019. J. Clin. Invest.
2020; 130: 2620–9.

10 Liu Y, Zhang C, Huang F, Yang Y, Wang F, Yuan J, Zhang Z, Qin Y,
Li X, Zhao D et al. 2019-Novel coronavirus (2019-nCoV) infections
trigger an exaggerated cytokine response aggravating lung injury.
chinaXiv 2020. http://www.chinaxiv.org/abs/202002.00018

11 Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, Zhao P,
Liu H, Zhu L et al. Pathological findings of COVID-19 associated
with acute respiratory distress syndrome. Lancet Respir. Med. 2020;
8: 420–2.

12 Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, Huang H, Zhang L,
Zhou X, Du C et al. Risk factors associated with acute respiratory
distress syndrome and death in patients with coronavirus disease
2019 pneumonia in Wuhan, China. JAMA Intern. Med. 2020.
https://doi.org/10.1001/jamainternmed.2020.0994

13 Mahallawi WH, Khabour OF, Zhang Q, Makhdoum HM,
Suliman BA. MERS-CoV infection in humans is associated with a
pro-inflammatory Th1 and Th17 cytokine profile. Cytokine 2018;
104: 8–13.

© 2020 Asian Pacific Society of Respirology Respirology (2020) 25, 797–799

798 Commentary

https://orcid.org/0000-0001-8806-4700
https://orcid.org/0000-0001-9897-7589
https://orcid.org/0000-0003-1922-5640
https://doi.org/10.1093/cid/ciaa248
http://www.chinaxiv.org/abs/202002.00018
https://doi.org/10.1001/jamainternmed.2020.0994


14 Josset L, Menachery VD, Gralinski LE, Agnihothram S, Sova P,
Carter VS, Yount BL, Graham RL, Baric RS, Katze MG. Cell host
response to infection with novel human coronavirus EMC predicts
potential antivirals and important differences with SARS coronavi-
rus. mBio 2013; 4: e00165–13.

15 Faure E, Poissy J, Goffard A, Fournier C, Kipnis E, Titecat M,
Bortolotti P, Martinez L, Dubucquoi S, Dessein R et al. Distinct
immune response in two MERS-CoV-infected patients: can we go
from bench to bedside? PLoS One 2014; 9: e88716.

16 Li C, Yang P, Sun Y, Li T, Wang C, Wang Z, Zou Z, Yan Y,
Wang W, Wang C et al. IL-17 response mediates acute lung injury
induced by the 2009 pandemic influenza A (H1N1) virus. Cell Res.
2012; 22: 528–38.

17 Hagau N, Slavcovici A, Gonganau DN, Oltean S, Dirzu DS,
Brezoszki ES, Maxim M, Ciuce C, Mlesnite M, Gavrus RL et al.
Clinical aspects and cytokine response in severe H1N1 influenza A
virus infection. Crit. Care 2010; 14: R203.

18 Thwaites RS, Coates M, Ito K, Ghazaly M, Feather C, Abdulla F,
Tunstall T, Jain P, Cass L, Rapeport G et al. Reduced nasal viral
load and IFN responses in infants with respiratory syncytial virus
bronchiolitis and respiratory failure. Am. J. Respir. Crit. Care Med.
2018; 198: 1074–84.

19 Niwa M, Fujisawa T, Mori K, Yamanaka K, Yasui H, Suzuki Y,
Karayama M, Hozumi H, Furuhashi K, Enomoto N et al. IL-17A
attenuates IFN-lambda expression by inducing suppressor of cyto-
kine signaling expression in airway epithelium. J. Immunol. 2018;
201: 2392–402.

20 Channappanavar R, Fehr AR, Zheng J, Wohlford-Lenane C,
Abrahante JE, Mack M, Sompallae R, McCray PB Jr, Meyerholz DK,
Perlman S. IFN-I response timing relative to virus replication
determines MERS coronavirus infection outcomes. J. Clin. Invest.
2019; 130: 3625–39.

21 Channappanavar R, Fehr AR, Vijay R, Mack M, Zhao J,
Meyerholz DK, Perlman S. Dysregulated type I interferon and inflam-
matory monocyte-macrophage responses cause lethal pneumonia in
SARS-CoV-infected mice. Cell Host Microbe 2016; 19: 181–93.

22 Wiche Salinas TR, Gosselin A, Bego M, Touil H, Zhang Y, Routy JP,
Cohen ÉA, Tremblay CL, Ancuta P. IL-17A imprints intestinal epithe-
lial cells with the ability to promote HIV-1 dissemination/outgrowth
in CD4 T cells. Abstracts of the Ninth International Workshop on
HIV Persistence during Therapy. J. Virus Erad. 2019; 5: 20–1.

23 Hensley-McBain T, Berard AR, Manuzak JA, Miller CJ, Zevin AS,
Polacino P, Gile J, Agricola B, Cameron M, Hu SL et al. Intestinal

damage precedes mucosal immune dysfunction in SIV infection.
Mucosal Immunol. 2018; 11: 1429–40.

24 Ranieri VM, Pettila V, Karvonen MK, Jalkanen J, Nightingale P,
Brealey D, Mancebo J, Ferrer R, Mercat A, Patroniti N et al. Effect
of intravenous interferon beta-1a on death and days free from
mechanical ventilation among patients with moderate to severe
acute respiratory distress syndrome: a randomized clinical trial.
JAMA 2020; 323: 725.

25 Zumla A, Hui DS, Azhar EI, Memish ZA, Maeurer M. Reducing
mortality from 2019-nCoV: host-directed therapies should be an
option. Lancet 2020; 395: e35–e6.

26 Zhang X, Song K, Tong F, Fei M, Guo H, Lu Z, Wang J,
Zheng C. First case of COVID-19 in a patient with multiple
myeloma successfully treated with tocilizumab. Blood Adv.
2020; 4: 1307–10.

27 Lynde CW, Poulin Y, Vender R, Bourcier M, Khalil S. Interleukin
17A: toward a new understanding of psoriasis pathogenesis. J. Am.
Acad. Dermatol. 2014; 71: 141–50.

28 Wu D, Yang XO. TH17 responses in cytokine storm of COVID-19:
an emerging target of JAK2 inhibitor fedratinib. J. Microbiol.
Immunol. Infect. 2020. https://doi.org/10.1016/j.jmii.2020.03.005

29 Hou W, Jin YH, Kang HS, Kim BS. Interleukin-6 (IL-6) and IL-
17 synergistically promote viral persistence by inhibiting cellular
apoptosis and cytotoxic T cell function. J. Virol. 2014; 88:
8479–89.

30 Xie Y, Chen R, Zhang X, Yu Y, Yang Y, Zou Y, Ge J, Chen H,
Garzino-Demo A. Blockade of interleukin-17A protects against cox-
sackievirus B3-induced myocarditis by increasing COX-2/PGE2
production in the heart. FEMS Immunol. Med. Microbiol. 2012; 64:
343–51.

31 Doyen D, Moceri P, Ducreux D, Dellamonica J. Myocarditis in a
patient with COVID-19: a cause of raised troponin and ECG
changes. Lancet 2020; 395: 1516.

32 Kivitz AJ, Nash P, Tahir H, Everding A, Mann H, Kaszuba A,
Pellet P, Widmer A, Pricop L, Abrams K. Efficacy and safety of sub-
cutaneous secukinumab 150 mg with or without loading regimen
in psoriatic arthritis: results from the FUTURE 4 study. Rheumatol.
Ther. 2019; 6: 393–407.

33 Burkett PR, Kuchroo VK. IL-17 blockade in psoriasis. Cell 2016;
167: 1669.

34 Pacha O, Sallman MA, Evans SE. COVID-19: a case for inhibiting
IL-17? Nat. Rev. Immunol. 2020. https://doi.org/10.1038/s41577-
020-0328-z

Respirology (2020) 25, 797–799 © 2020 Asian Pacific Society of Respirology

Targeting the interleukin-17 799

https://doi.org/10.1016/j.jmii.2020.03.005
https://doi.org/10.1038/s41577-020-0328-z
https://doi.org/10.1038/s41577-020-0328-z

	 Targeting the interleukin-17 pathway to prevent acute respiratory distress syndrome associated with SARS-CoV-2 infection
	Acknowledgements
	REFERENCES


