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Abstract. - NLRP3 (NOD-, LRR- and pyrin
domain-containing protein 3) inflammasome has
recently become an intriguing target of several
chronic and viral diseases. Here, we argue that
targeting NLRP3 inflammasome could be a strat-
egy to prevent cardiovascular outcomes [fulmi-
nant myocarditis, heart failure, venous thorom-
boembolism (VTE)] and acute respiratory dis-
tress syndrome (ARDS) in patients with SARS-
CoV-2 infection. We discuss the rational for NL-
RP3 targeting in clinical trials as an effective
therapeutic strategy aimed to improve progno-
sis of COVID-19, analyzing the potential of two
therapeutic options (tranilast and OLT1177) cur-
rently available in clinical practice.

Key Words:
NLRP3, COVID-19, SARS-CoV-2, Myocarditis, Cyto-
kines, Venous thoromboembolism.

Introduction

Incidence and mortality of pandemic Coro-
navirus disease 2019 (COVID-19) is constant-
ly growing globally. To date of writing, over
13,6 million total cases are ascertained, with
over 593,000 deaths'. Pending the vaccine, many
drugs are being used in clinical trials to reduce
COVID-19 mortality, including cytokine-block-
ing agents (monoclonal antibodies against Inter-
leukin-1 or Interleukin-6), remdesivir, hydroxy-
chloroquine, azithromycin. Here, we highlight
on NLRP3 inflammasome as a considerable
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therapeutic target, being upstream of cytokine
storm causing multi-organ failure in COVID-19,
including myocarditis, venous thromboembolism
(VTE), hypertension and acute respiratory dis-
tress syndrome (ARDS). SARS-CoV-2, an en-
veloped and non-segmented RNA based virus,
is the etiological agent of Coronavirus disease
2019 (COVID-19)>. The main causes of death
are cardiovascular diseases (mainly VTE, ful-
minant myocarditis, myocardial infarction) and
ARDS?’. Clinical characteristics of patients with
COVID-19 clearly identified a cytokine storm,
secondary to the interaction of SARS-CoV-2 with
human cells expressing angiotensin converting
enzyme-2 (ACE2), an integral (type I) membrane
zinc metallopeptidase widely expressed in heart,
lungs, esophagus, kidneys, bladder and small
intestine*.

NLRP3 as Potential Target in COVID-19
NLRP3 (NOD-, LRR- and pyrin domain-con-
taining protein 3) is a macromolecular complex
having a key role in the genesis of acute and
chronic inflammatory processes, like cancer, dia-
betes, virus infection, and cardiovascular diseas-
es’. Its role is based on the triggering of defense
mechanisms against external agents and involves
several pro-inflammatory cytokines modulating
cell metabolism and cell mediated immunity.
NLRP3 form a multi-molecular complex, termed
an “inflammasome”, that results in NOD-like re-
ceptor oligomerization, caspase-1 activation and
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enzymatic release of IL-1p and IL-18, which con-
tribute to T cell activity®. For several virus-relat-
ed diseases and SARS-CoV-2, NLRP3, in concert
with MyD88 and NF-kB, drastically increased
the production of pro-inflammatory and athero-
genic cytokines inducing multi-organ failure,
such as IL1-B, IL-6, IL-7, IL-8, IL-9, IL-10, basic
FGF, GCSF, GMCSF, IFNy, [P10, MCP1, MIP1A,
MIP1B, PDGF, TNF-a, and VEGF’.

SARS-CoV-2 infection, as other viral-related
diseases, leads to secondary haemophagocytic
lymphobhistiocytosis (SHLH), a multi organ hy-
perinflammatory condition driven by cytokines®.
sHLH induces hyperactivation of cytotoxic T
lymphocytes, macrophages and natural killer
cells, leading to multiorgan failure (including
myocarditis and coronary artery aneurysm) and
consequently to death. Although pathogenesis
of sHLH is not well understood, in patients with
sHLH monoallelic mutations or polymorphisms
they have been detected in genes involved in
cytokine production and signaling, such as NL-
RP3, other inflammasome proteins and toll like
receptors’. Since sHLH is common in rheumatoid
arthritis and viral infections, target therapy with
anti-cytokine agents and NLRP3 could be con-
siderable therapeutic strategies against SARS-
CoV-2-induced sHLH.

NLRP3 Inhibitors: Therapeutic Options
Currently Available in Clinical Practice
Inhibition of NLRP3 has been successfully
studied in chronic inflammatory diseases, includ-
ing rtheumatoid arthritis, severe gout, cardiovascu-
lar diseases and ARDS". Activation of the NLRP3
inflammasome exacerbates immunity response
and mediates further cellular apoptosis, necro-
sis and fibrosis, as well as events of VTE!. Two
therapeutic options are currently available in clin-
ical seeing: tranilast (N-[3'4'-dimethoxycinnam-
oyl]-anthranilic acid) and dapansutrile (OLT1177)
both acting as direct NLRP3 inhibitors. Tranilast,
a tryptophan metabolite, has demonstrated signif-
icant therapeutic and preventive outcomes in mice
models of gout, Cryopyrin-Associated Periodic
Syndrome, and Type-2 diabetes'?. In another pre-
clinical study" in pigs tranilast reduced ARDS
and acute lung injury preventing pulmonary and
airway vascular permeability and hypoxemia. In
clinical settings, it is already approved as an an-
ti-allergic drug and Matsumura et al" indicate
that tranilast reduces cardiomyopathy in patients
with muscular dystrophy after administration of
300 mg/day for three months. Dapansutrile, an
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orally available B-sulfonyl nitrile compound, re-
duced neutrophil infiltration and joint swelling in
preclinical models of arthritis'’; it is recently stud-
ied in phase 1 and 2 clinical trials for treatment of
degenerative arthritis, acute gout and myocardial
infarction's. Healthy humans receiving up to 1000
mg daily for 8 days of dapansutrile did not show
any organ or hematological toxicity, indicating a
good safety and tolerance'®.

Anti-cytokine treatments are currently un-
der investigation worldwide in patients with
COVID-19 in pre-ICU and in ICU stages; ef-
fective targets involve IL-1 (canakimumab)”,
IL-1receptor (anakinra)'®, IL-6 (siltuximab)', IL-
6 receptor (tocilizumab)®. By targeting NLRP3,
which activates upstream of many transcription-
al factors (NF-kB, AP-1, p38-MAPK, JAK1/2-
STAT3) and cytokines, most key players of direct
myocardial damages®, myocarditis*?, VTE and
ARDS could be significantly disabled leading to
improvements in prognosis of COVID-19%4,

Conclusions

As insight is gained into the clinical pheno-
types associated with COVID-19, we propose
NLRP3 as therapeutic target warranting rapid
investigation in clinical trials highlighting car-
diovascular, immunological and pulmonary out-
comes.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements

We thank Dr. Grimaldi Immacolata, working in Division
of Cardiology, Istituto Nazionale Tumori-IRCCS- Fonda-
zione G. Pascale of Naples, for effective research support
activities.

Funding

This work was funded by “Ricerca Corrente” grant from the
Italian Ministry of Health. “Cardiotossicita dei trattamenti
antineoplastici: identificazione precoce e strategie di cardi-
oprotezione” Project code: M1/5-C.

References

1) ZnanG X. Epidemiology of Covid-19. N Engl J Med
2020; 382: 1869.

2) CArDENAs-CONEJO Y, LINAN-Rico A, GARCIA-RODRIGUEZ
DA, CenteNo-LEuA S, SErRrRANO-POsADA H. An ex-



SARS-CoV-2 infection

5)

6)

10)

11)

12)

13)

14)

clusive 42 amino acid signature in pplab pro-
tein provides insights into the evolutive history of
the 2019 novel human-pathogenic coronavirus
(SARS-CoV2). J Med Virol 2020; 92: 688-692.

MaHALLAWI WH, KHABour OF, ZHANG Q, MAKHDOUM
HM, Suuivan BA. MERS-CoV infection in humans
is associated with a pro-inflammatory Th1 and
Th17 cytokine profile. Cytokine 2018; 104: 8-13.

Zou X, CHen K, Zou J, HAN P, Hao J, HaN Z. Sin-
gle-cell RNA-seq data analysis on the receptor
ACE2 expression reveals the potential risk of dif-
ferent human organs vulnerable to 2019-nCoV in-
fection. Front Med 2020; 14: 185-192.

KetLey N, Jettema D, Duan Y, He Y. The NLRP3 In-
flammasome: an overview of mechanisms of ac-
tivation and regulation. Int J Mol Sci 2019; 20:
3328.

ZHoNG Y, Kinio A, Saten M. Functions of NOD-
like receptors in human diseases. Front Immunol
2013; 4: 333.

Huang C, WaANG Y, Li X, ReEN L, ZHAo J, Hu Y, ZHANG
L, FAN G, Xu J, Gu X, CHENG Z, YU T, XIa J, WEe' 'Y, Wu
W, Xie X, YINW, LiH, Liu M, Xiao Y, Gao H, Guo L,
XiE J, WANG G, JiaNG R, Gao Z, JIN Q, WaNG J, Cao
B. Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. Lancet 2020;
395: 497-506.

McGonaGLE D, SHARF K, O'REGAN A, BRIDGEwOOD
C. The role of cytokines including Interleukin-6
in COVID-19 induced pneumonia and macro-
phage activation syndrome-like disease. Autoim-
mun Rev 2020; 19: 102537.

Brisse, E., Wourters, C.H. AND MatTHYs, P. Advanc-
es in the pathogenesis of primary and secondary
haemophagocytic lymphohistiocytosis: differenc-
es and similarities. Br J Haematol 2016; 174: 203-
217.

ZaHD A, Li B, Komse AJK, JiN T, Tao J. Pharmaco-
logical Inhibitors of the NLRP3 Inflammasome.
Front Immunol 2019; 10: 2538.

GurtA N, SAHU A, PrRABHAKAR A, CHATTERJEE T, Ty-
AGl T, KumArl B, KHAN N, NAR V, BalaJ N, SHAR-
MA M, AsHraF MZ. Activation of NLRP3 inflam-
masome complex potentiates venous thrombosis
in response to hypoxia. Proc Natl Acad Sci U S A
2017; 114: 4763-4768.

Huang Y, Jiang H, CHEN Y, WANG X, YANG Y, Tao
J, DenGg X, LiANG G, ZHANG H, JiAng W, ZHou R.
Tranilast directly targets NLRP3 to treat inflam-
masome-driven diseases. EMBO Mol Med 2018;
10: e8689.

IsHiTsukA Y, MoriucHl H, YanGg C, Kurita S, GoLsipi S,
Irkura M, IRie T. Preventive effect of tranilast on
oleic acid-induced lung injury in guinea pigs. Biol
Pharm Bull 2004; 27: 1451-1454.

MAaTsumura T, Matsui M, Iwata Y, AsakURA M, SAITO
T, Fuimura H, Sakopa S. A pilot study of tranilast
for cardiomyopathy of muscular dystrophy. Intern
Med 2018; 57: 311-318.

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

MARCHETTI C, SwARTZWELTER B, GAmBoNI F, Nerr CP,
RicHTER K, Azam T, CARTA S, TENGESDAL |, NEmkov T,
D’ALessanbro A, Henry C, Jones GS, GooDRICH SA,
ST LAURENT JP, JoNEs TM, ScriBNER CL, BARROW RB, Al-
™AN RD, Skouras DB, GATTornNO M, GRAU V, JANCI-
AUSKIENE S, RUBARTELLI A, JoosTEN LAB, DINARELLO CA.
OLT1177, a B-sulfonyl nitrile compound, safe in
humans, inhibits the NLRP3 inflammasome and
reverses the metabolic cost of inflammation. Proc
Natl Acad Sci U S A 2018; 115: E1530-E1539.

Tobo S, Assate A. The NLRP3 inflammasome
in acute myocardial infarction. Nat Rev Cardiol
2018; 15: 203-214.

RusseLL B, Moss C, GeorGe G, SANTAOLALLA A, CoPE
A, Para S, VAN HemeLrRuck M. Associations between
immune-suppressive and stimulating drugs and
novel COVID-19-a systematic review of current
evidence. Ecancermedicalscience 2020; 14:
1022.

MonTeaGuDo LA, BootHsy A, Gertner E. Continu-
ous intravenous anakinra infusion to calm the cy-
tokine storm in macrophage activation syndrome.
ACR Open Rheumatol 2020; 2: 276-282.

CunicaLTriALs.Gov. An observational case-control
study of the use of siltuximab in ARDS patients di-
agnosed with COVID-19 infection (SISCO), 2020.

ToniaTI P, Piva S, CATTALINI M, GARRAFA E, REGOLA F,
CAasTeLLl F, FRANCESCHINI F, AIRO P, BAzzaNI C, BEINDORF
EA, BerLenpis M, Bezzi M, Bossini N, CASTELLANO M,
CATT1ANEO S, CAvAZZANA |, ConTEsst GB, CrippA M, DEL-
BARBA A, DE Perl E, FALETTI A, Fiurpine M, Fiipping M,
Frassi M, GAGaGloTTi M, GoRrLA R, LANSPA M, LORENZOTTI
S, MARINO R, MARoLDI R, METRA M, MATTEELLI A, MoDI-
NA D, Moiou G, MonNTaNi G, Muiesan ML, OpoLini S,
Peul E, Pesenti S, Pezzorul MC, PiroLA |, Pozzi A, ProTO
A, RasuLo FA, Renisi G, Rica C, RizzoNl D, ROMANEL-
U G, Rossi M, SALVETTI M, ScoLArl F, SIGNORINI L, Ta-
GLIETTI M, TomAasonI G, TomAasoNI LR, TurLA F, VALSEG
cHI A, ZANI D, ZuccAalA F, Zunica F, FocA E, ANDREO-
u L, Latronico N. Tocilizumab for the treatment of
severe COVID-19 pneumonia with hyperinflam-
matory syndrome and acute respiratory failure: a
single center study of 100 patients in Brescia, Ita-
ly. Autoimmun Rev 2020; 19: 102568.

Aovaal T, Matsul T. The Cardiomyocyte as a Source
of Cytokines in Cardiac Injury. J Cell Sci Ther
2011; 2012: 003.

DEe Luca G, CavaLu G, CampocHIARO C, TresoLpl M,
DagNa L. Myocarditis: an interleukin-1-mediated
disease? Front Immunol 2018; 9: 1335.

CARTA MG, OrrU G, Scano A, CocHE F, NunNArl G,
FaccHint G, Nuwmis FG, BerreTta M. In the face of the
SARS-CoV-2 outbreak, do people suffering from
oncological disease need specific attention? Eur
Rev Med Pharmacol Sci 2020; 24: 3434-3436.

PerreLtA A, CARANNANTE N, BERRETTA M, RINALDI M,
Maturo N, Rinawpi L. Novel Coronavirus 2019
(Sars-CoV2): a global emergency that needs new
approaches? Eur Rev Med Pharmacol Sci 2020;
24: 2162-2164.



