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Abstract: Inflammation refers to the response of the immune system to viral, bacterial, and 
fungal infections, or other foreign particles in the body, which can involve the production of 
a wide array of soluble inflammatory mediators. It is important for the development of many 
RNA virus-infected diseases. The primary factors through which the infection becomes 
inflammation involve inflammasome. Inflammasomes are proteins complex that the activa-
tion is responsive to specific pathogens, host cell damage, and other environmental stimuli. 
Inflammasomes bring about the maturation of various pro-inflammatory cytokines such as 
IL-18 and IL-1β in order to mediate the innate immune defense mechanisms. Many RNA 
viruses and their components, such as encephalomyocarditis virus (EMCV) 2B viroporin, the 
viral RNA of hepatitis C virus, the influenza virus M2 viroporin, the respiratory syncytial 
virus (RSV) small hydrophobic (SH) viroporin, and the human rhinovirus (HRV) 2B 
viroporin can activate the Nod-like receptor (NLR) family pyrin domain-containing 3 
(NLRP3) inflammasome to influence the inflammatory response. On the other hand, several 
viruses use virus-encoded proteins to suppress inflammation activation, such as the influenza 
virus NS1 protein and the measles virus (MV) V protein. In this review, we summarize how 
RNA virus infection leads to the activation or inhibition of the NLRP3 inflammasome. 
Keywords: inflammation, NLRP3 inflammasome, RNA viruses, activation and inhibition of 
NLRP3, viral protein and genome

Overview and Consequence of Inflammasomes 
Modulation
Innate immunity discriminates between host components and microorganisms and it 
is the immune system’s first line of defense against infection. The innate immune 
system involves germline-encoded receptors in cells, which are called pattern recog-
nition receptors (PRRs).1,2 PRRs are categorized into two groups according to their 
localization: membrane-bound and cytoplasmic PRRs.3 Toll-like receptors (TLRs) 
and C-type lectin receptors (CLRs) are membrane-bound PRRs, while Nod-like 
receptors (NLRs) and retinoic acid-inducible gene I (RIG-I)-like receptors (RLRs) 
are cytoplasmic PRRs.3 PRRs can initiate multiple cellular responses such as tran-
scription of various genes which result in the exclusion of the pathogens. They can 
also co-operate with each other for the optimum clearance of the pathogens. PRRs 
and inflammasomes cooperate to initiate a signal of infection and tissue damage, 
resulting in an innate immune response until the body returns to a normal state.4 

PRRs and inflammasomes mediated inflammation play two critical roles. One, it 
builds a strong barrier against infection. Two, when overreaction occurs, it increases 
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the production of cytokines and inflammatory storm to 
reduce excessive tissue damage and to minimize the risk.5 

Membrane-bound PRRs like TLRs and CLRs localize at the 
plasma membrane or endosomes whether cytoplasmic 
PRRs like RLRs and NLRs localize at the cytoplasm.6 

TLRs are a type of membrane-bound PRR that are classified 
as type-1 integral membrane glycoproteins.7,8 TLRs recog-
nize the broad range of proteins, nucleic acids, glycans, etc, 
and they activate MAP kinase, NF-κβ, IRF pathways such 
as TLR4 recognizes lipopolysaccharide (LPS) of a gram (-) 
bacterial cell wall.9 CLRs recognize glycans from the wall 
of fungi, some bacteria, and they activate kinase syk, 
CARD9/MALT1/Bcl-10 adapter complex such as Dectin- 
1/CLEC7A can recognize β-1,3-glucans of the cell wall of 
various fungus.10–12 On the other hand, RLRs depend on 
mitochondrial adapter protein MAVS and they trigger the 
antiviral responses like type-1 interferon production.13 

Additionally, NLRs recognize bacterial, viral, parasitic and 
fungal PAMPs.14 Absent In Melanoma 2 (AIM-2) detects 
viral and bacterial DNA.15 They form multiprotein signal-
ling complexes knows as inflammasome and secret inter-
leukins-1β, interleukins-18 activating caspase-1 such as 
NOD-1 and NOD-2 recognize bacterial peptidoglycan.16

PRRs are activated in response to pathogen-associated 
molecular patterns (PAMPs) and damage-associated mole-
cular patterns (DAMPs).17 They induce IFN signaling or 
other inflammatory pathways and thereby eliminate invad-
ing pathogens and repair damaged tissues. PAMPs are 
related to bacteria, viruses, or other microorganisms that 
cause disease, while DAMPs involve various host cell 
components such as tumor cells, dead or dying cells, or 
products released from cells. DAMPs are released during 
cell death or damage. Usually, they do not need pathogenic 
infection.18,19 As they evolved before the other parts of the 
immune system (including adaptive immunity), they are 
also known as primitive PRRs. DAMP molecule such as 
S100A9 is required for efficient replication of Influenza 
A virus and modulating pro-inflammatory responses.20 

There are five main PRRs that act as cytosolic PAMP 
and DAMP sensors and form protein complexes known 
as inflammasomes. To date, five PRRs (NLRP1, NLRP3, 
NLRC4, Pyrin and AIM2) have been shown to form 
inflammasomes.21,22 Emerging evidence indicates that sev-
eral other members of the NLR family and the PYHIN 
family, including NLRP6, NLRP7, NLRP12 and IFI16, 
can also form inflammasomes, but their composition 
remains obscure.22 Three of these PRRs are NLRP1, 
NLRP3 and NLRC4, which are all NLRs. The other two 

PRRs are AIM2-like receptors (ALRs) and pyrin.21,23 All 
five PRRs can recruit apoptosis-associated speck-like pro-
tein containing a CARD (ASC). Inactive pro-caspase-1 
then interacts with oligomerized ASC. This induces self- 
cleavage of procaspase-1 to form bioactive caspase-1, 
which contains two heterodimers of p20 and p10. 
Following this, caspase-1 cleaves pro-IL-1β and pro-IL 
-18 and the active cytokines are released from the cells, 
triggering inflammation. The release of various inflamma-
tory cytokines and the antigen-specific adaptive immune 
response of the host are connected through PRRs.3,24,25

This review discusses the roles and mechanisms of 
NLRP3 inflammasome activation and inhibition during 
RNA virus infections.

Models of NLRP3 Activation
The NLRP3 inflammasome is the most well-studied 
inflammasome. Many families of viruses can activate it. 
For full NLRP3 inflammasome activation, two signals are 
required.26 As we see in Figure 1, Signal 1 (the primary, 
first, or priming signal) can be initiated by TLRs and 
RLRs or by a protein receptor, which leads to the upregu-
lation of pro-caspase-1 and pro-IL-1β and pro-IL-18.27 

Signal 2 for NLRP3 inflammasome activation, involving 
pro-caspase-1 recruitment to NLRP3 and the subsequent 
production of mature caspase-1 and IL-1β and IL-18, 
involves stress signals associated with tissue damage or 
infection.28 The mechanisms of NLRP3 inflammasome 
activation are still not fully understood.

Signal 1, Involving TLRs or RLRs, Primes 
NLRP3 Inflammasome Activation
TLR signaling can be important for priming regarding 
NLRP3 inflammasome activation. Activation of TLR7, 
TLR3, and TLR2 primes NLRP3 inflammasome activa-
tion, while TLR-knockout macrophages did not induce 
caspase-1 maturation after stimulation with ATP.27

To better understand signal 1 induced by viral infec-
tions, innate immune signaling during influenza virus 
infection was investigated.29 Influenza virus genomic 
RNA in endosomes can be recognized by TLR7.30,31 The 
lack of IL-1β release from TLR7-deficient bone marrow- 
derived DCs infected with influenza virus revealed that 
TLR7 signaling was needed for pro-IL-1β transcription 
and the release of mature IL-1β.29

Cytosolic double-stranded RNA (dsRNA) can acti-
vate the NLRP3 inflammasome by interacting with 
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TLR.32 To determine whether TLRs are needed for 
NLRP3 inflammasome activation, wildtype and 
MyD88/TRIF-deficient macrophages were transfected 
with a synthetic analog of dsRNA, poly(I: C), to assess 
caspase-1 activation after poly(I:C) stimulation. 
Cytosolic poly(I:C) but not extracellular poly(I:C) was 
able to activate caspase-1, and this process was inde-
pendent of TLR signaling. These results confirmed that 
cytosolic poly(I:C) is able to activate NLRP3 inflamma-
somes without TLR signaling.32

To determine the molecular mechanisms underlying 
NLRP3 expression, NLRP3 mRNA and protein levels 
were assessed after treatment of murine serosal macro-
phages with TLR agonists.33 In particular, to determine 
whether NF-κB is required for NLRP3 expression, pre-
treatment with JSH-23 (a specific inhibitor of NF-κB tran-
scriptional activity) was performed. JSH-23 significantly 
attenuated the lipopolysaccharide (LPS)- or peptidoglycan 
(PGN)-induced NLRP3 mRNA and protein expression. 
Similarly, after JSH-23 pretreatment, LPS- or PGN- 
induced expression of NLRP3 firm state mRNA and pro-
tein were both comprehensively inhibited. These results 

indicate that TLR-induced NF-κB activity is needed for 
NLRP3 activation in macrophages.33

TLR signaling is thought to initiate NLRP3 activation 
in human monocytes.27,34,35 Additionally, TLR-initiated 
NLRP3 activation in macrophages/monocytes is thought 
to be a useful model for molecular research on NLRP3 
expression.33 TLR signaling in macrophages activates NF- 
κB and AP-1.36 TLR-induced NF-κB activation allows 
NF-κB to bind to the NF-κB binding sites in the NLRP3 
promoter and thereby regulate NLRP3 transcription.33

TLRs can detect extracellular as well as intracellular 
(vacuolar) stimuli, whereas NLRs seem to respond only to 
cytosolic stimuli. It has been shown that, together, TLRs 
and NLRs can efficiently regulate innate immune 
responses.37 For example, TLR and NLR signaling are 
both essential for the secretion of IL-1β. TLRs can induce 
35-kDa pro-IL-1β expression,24 whereas NLRs are respon-
sible for IL-1β maturation and secretion.38–41

RLRs are cytoplasmic sensors that recognize viral 
RNA, which induces signal 1 transduction and triggers 
intracellular innate immune defenses and inflammatory 
responses. RIG-I can lead to pro-IL-1β and pro-IL-18 

TLRs TNFR

RLRs

MyD88

NF-κB

Transcription

Microbial 
ligand

Endogenous 
Cytokines

Viral RNA

Mitochondria

MAVS Mfn2

Signal 1

Ca+

PAMPs
DAMPs

ROS

TRX TXNIP

Lysosome
damage

Particulates
Phagocytosis

ATP
Pannexin-1

K+ efflux
Golgi body

Pl4P

dTGN
Pl4P

P2X7

K+ efflux

ATP
Cl-

Cl-

ADP

pro-IL-18

pro-IL-1β

NLRP3 

ASC 

Caspase-1 

Cleavage 

DNA Virus

Signal 2
RNA Virus

ALRs

TRMP2 P2R CLIC

NF-κB

IL-1β

IL-18

Figure 1 Model of NLRP3 activation. Signals 1 and 2 are both essential for NLRP3 activation. Regarding signal 1, the NF-κB pathway can be activated by TLRs, RLRs and 
TNF-α signaling, leading to pro-IL-1β and pro-IL-18 upregulation. Regarding signal 2, various PAMPs and DAMPs induce ASC assembly and caspase-1 maturation, which 
involves NLRP3 activation. In some cases, this is related to the presence of a high concentration of extracellular ATP and subsequent K+, Cl− efflux via P2X purinoceptor 7 
(P2RX7) channels, pannexin-1 or CLIC channels. Additionally, nigericin, asbestos, and other particulates can induce lysosomal damage, releasing cathepsin B into the cytosol. 
Moreover, ROS can activate NLRP3 by inducing Ca2+ influx through transient receptor potential melastatin 2 (TRPM2) channels. The ALRs can interact with NLRP3 leading 
to pro-IL-1β and pro-IL-18 upregulation. Lastly, NLRP3 can bind to the dispersed trans-Golgi network (dTGN) via PI4P. Downstream of these processes, IL-1β and IL-18 are 
released.
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transcription by interacting with mitochondrial antiviral- 
signaling protein (MAVS) and a complex of the adaptors 
CARD-containing protein 9 (CARD9) and Bcl-10, which 
activates NF-κβ. RIG-I can also bind to ASC, triggering 
mature caspase-1 production, which leads to inflamma-
some activation.42 The 5ʹ-triphosphate dsRNA of certain 
negative-stranded RNA viruses (such as influenza A and 
MV) can activate cytosolic RIG-I which involves in NF- 
κB activation and transcription of pro-IL-1β and pro-IL-18 
by initiating signal 1.43,44 The interaction of RIG-I with 
MAVS can induce recruitment of various molecules, lead-
ing to NF-κB activation. RIG-I can also bind to ASC, 
triggering mature caspase-1 production, which leads to 
inflammasome activation and IL-1β secretion.45 These 
findings show that RIG-I has an important role in signal 
1 of the inflammasome activation process. In summary, 
TLRs and RIG-I can both induce the transcription of 
antiviral genes such as pro-IL-1β and pro-IL-18.

Models of Signal 2 in NLRP3 
Inflammasome Activation
Regarding signal 2, the following three models are widely 
supported: 1) ion channel model; 2) lysosomal rupture 
model; 3) reactive oxygen species (ROS) model; and as 
we see in Figure 1.

Ion Channel Model
This model involves a high concentration of extracellular 
ATP. In response to ATP binding, P2X purinoceptor 7 
(P2RX7) ion channels open, causing K+ efflux, and pan-
nexin-1 channels (which are permeable to small mole-
cules) in the cell membrane are expressed. This helps 
PAMPs and DAMPs to enter into the cytosol,46 directly 
activating NLRP3.47 Lower concentration of cytosolic K+ 

induces NLRP3 activation48 whether high concentration of 
K+ blocks the activation of NLRP3 inflammasomes.49,50 

But this mechanism is still not well understood. K+ is 
considered as a upstream signalling for NLRP3 
activation.49 In presence of lipopolysaccharide (LPS), 
murine macrophages were treated with potassium iono-
phores such as nigericin that results in the maturation 
and secretion of IL-1β which is the diaphanous evidence 
for activation of NLRP3 inflammasomes.51 In an other 
study, it has been shown that the propagation of cytopatho-
genic viral RNA, such as VSV or EMCV, triggered lytic 
cell death to proceed the K+ efflux, a typical trigger for 
inflammatory NLRP3 activation.52

Previous studies have shown that the Ca2+ signaling 
plays an exigent role in NLRP3 activation.53–55 Nigericin, 
ATP, silica, alum, etc, induce Ca+ mobilization causing 
NLRP3 activation.54 It has been shown that NLRP3 acti-
vation seized while the Ca+ signaling was inhibited.54 

BAPTA-AM (Ca+ chelator) blocks the NLRP3 inflamma-
somes activation by inhibiting IL-1β secretion.56–58 As an 
essential intracellular Ca2+ tank, the Endoplasmic 
reticulum(ER) appears critically important because the 
Ca2+ release chain of the ER (IP3R) reduces movement 
and NLRP3 activation due to the pharmacological or small 
hairpin RNA knockdown (shRNA) on the inositol 
1,4,5-trisphosphate reception (IP3R).53 IP3, a product of 
phospholipase C (PLC), activates the IP3R. However, inhi-
bition of PLC seizes the activation of NLRP3, but the 
activation of PLC induces IL-1β secretion in absence of 
exogenous stimuli.53 Another study proves that CASR and 
GPRC6A are only necessary to activate the extracellular 
Ca2+ NLRP3 activation and not to activate ATP-induced 
NLRP3.55 Additionally, a new research showed that the 
Ca2+ signaling is autonomous of NLRP3 inflammasome 
activation.59 Interestingly, this analysis also showed that 
BAPTA prevents NLRP3 activation regardless of its 
anticipated Ca2+ signaling inhibitory effects.59 The effect 
of Ca2+ signaling is therefore contentious in NLRP3 
activation.

It was reported that when the extracellular Cl− concen-
tration decreased from 130mM to 9 mM, it increased ATP- 
induced IL-1β secretion.60 Cl− channel blockers such as 
mefenamic acid, flufenamic acid, benzoic acid, etc, can 
inhibit the NLRP3 activation.61–63 Cation flows and 
a decline in intracellular Cl− concentration were detected 
throughout NLRP3 inflammatory activation. Moreover, 
chloride intracellular channel (CLIC) protein family and 
volume-regulated anion channel (VRAC) are crucial for 
NLRP3 inflammasome activation.62,63 All of these data 
prove that Cl− efflux is essential for NLRP3 inflamma-
some activation.

Like K+, Ca2+ and Cl−, Na+ are involved in NLRP3 
activation.48 Mechanically, the NA+ inflow modulated the 
activation of NLRP3 partly by minimizing the decrease in 
intracellular K+.64 Thus, Na+ influx can regulate NLRP3 
inflammasome activation by decreasing intracellular K+. 
Prolonged Zn2+ reduction has been reported to induce 
NLRP3 activation in macrophages.65 While Zn2+ depleted 
sensors are currently undisclosed, Zn2+ depletion-induced 
lysosome membrane destabilization is an essential activity 
in Zn2+-induced IL-1β secretion.65
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Dispersed trans-Golgi network (dTGN) model is the 
consequence of ion channel model that is recently described 
and in the dTGN model, the binding of NLRP3 to nega-
tively charged phosphatidylinositol-4-phosphate (PI4P) on 
the dTGN is essential for NLRP3 aggregation and 
activation.66 Diverse stimuli of PI4P lead to disassembly 
of the TGN. A small number of NLRP3 proteins are acti-
vated upon stimulation of PI4P, and they associate with 
dTGN and form large aggregates. In a recent study, extracts 
of activator cells (stimulated 293 NLRP3 cells) were mixed 
with recipient cells (293 ASC-casp 1 cells) that had been 
permeabilized with perfringolysin O.66 After treatment of 
HEK 293 cells with nigericin (which acts as a stimulus for 
NLRP3), caspase-1 cleavage occurred. In this study, wild-
type bone marrow-derived macrophages (BMDMs) were 
also stimulated using various stimuli (nigericin, silica, 
ATP, etc), resulting in considerable TGN disassembly that 
induced caspase-1 and IL-1β production and after that, 
endogenous NLRP3 formed puncta.66 When cells with 
mutations leading to constitutively active NLRP367,68 were 
treated with nigericin, NLRP3 aggregated, creating multiple 
small puncta before forming large specks due to the induc-
tion of ASC oligomerization, suggesting that NLRP3 aggre-
gation is necessary for NLRP3 activation. Thus, the 
formation of dTGN, which is downstream signal dependent 
and leads to NLRP3 recruitment, initiates NLRP3 inflam-
masome activation. Oligomerization of ASC PYD is 
initiated at dTGN-localized NLRP3 puncta, which indicates 
that recruitment to the dTGN activates the NLRP3 inflam-
masome. The presence of dTGN is necessary for the invol-
vement and activation of NLRP3. The highly conserved 
KKKK motif is found in all NLRP3 orthologs, and there 
are at least three positively charged residues in each ortho-
log. Along with the KKKK motif, the additional conserved 
polybasic regions have a vital function in recruiting NLRP3 
to the dTGN, which is critical for its later activation.66 The 
negatively charged phospholipids PI(3,4,5)P3 and PI(4,5)P2 

on the plasma membrane surface bind to various Rab 
GTPases via polybasic regions, and the recruitment of 
NLRP3 is reported to involve a similar mechanism.69 

Thus, NLRP3 is recruited to PI4P-enriched microdomains 
on the TGN. TGN protein, 38-kDa (TGN38) sac-1 notably 
decreased NLRP3 activation via its catalytic activity and for 
NLRP3 recruitment to the dTGN and its later activation; 
PI4P binding plays a vital role that is compatible with the 
observation that PI4P is enriched on the TGN.70 Inhibiting 
the K+ efflux does not prevent the disassembly of the TGN, 
but K+ efflux can play an important role in activating 

NLRP3.48 Again, K+ efflux alone is not sufficient for 
NLRP3 activation because K+ efflux cannot induce 
dTGN.66 PI4P involvement in the dTGN model is critical 
for K+ efflux-independent NLRP3 activation.71,72

The disassembly of the TGN into dTGN is a general 
cellular signal influenced by various NLRP3 stimuli, and 
NLRP3 is recruited through ionic bonding between its 
polybasic region and PI4P on the dTGN. Thereafter, the 
dTGN serves as a scaffold for NLRP3 to cluster and 
interact with ASC, activating the downstream signaling 
cascade. By binding to the dTGN, NLRP3 indirectly med-
iates responses to a great variety of molecules linked to 
various pathogens and dangers.66

Lysosomal Rupture Model
NLRP3 stimuli (eg, nigericin, asbestos, silica, alum, and 
amyloid β) primarily form aggregates. These aggregates 
are phagocytosed and then damage lysosomes, causing the 
release of cathepsin B, which directly activates NLRP3.73 

It has been proved that cathepsin B inhibitor CA-074-Me 
seizes the activation of NLRP3 inflammasome.73–75 In 
such way, the non-target influence or redundancy in the 
family of cathepsin members may be due to the inhibition 
of NLRP3 activation by Cathepsin B inhibitors. A recent 
study has suggested that inhibition of multiple cathepsins 
by CA-074-Me can promote NLRP3 activation.76 

However, with perhaps the exception of K+ efflux, the 
function of those events remains an open question in 
NLRP3 activation.

ROS Model
The ROS model71 represents a common pathway underlying 
NLRP3 inflammasome activation.77 Mitochondria are the 
main intracellular organelles that produce ROS.78 

Nigericin, asbestos, silica, and alum induce ROS production, 
and ROS is generated by NADPH oxidase.79 ROS leads to 
K+ fluxes, activating the NLRP3 inflammasome.75,80 

However, ROS inhibitors manipulate the priming modula-
tion of NLRP3 as used in large concentration.81 Again, 
mitochondrial DNA release can occur downstream activation 
of NLRP3.82 Another study reported that mitochondria- 
associated adaptor MAVS can activatedNLRP3 inflamma-
some in presence of soluble stimuli such as ATP, nigericin 
but not particulate matter such as alum or monosodium 
urate.83 However, some other studies show that mitochon-
drial MAVS activate NLRP3 inflammasome in presence of 
RNA viruses but not non-viral stimuli such as ATP or 
nigericin.32,84–86 RNA virus such as murine norovirus 
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(MNV) leads to Gasdermin D (GSDSD) dependent pyropto-
sis resulting NLRP3 activation in STAT-1 deficient macro-
phages displayed increased MAVS mediated IL-1β 
secretion.87 Additionally, Mitofusin-2, an outer membrane 
protein of mitochondria-responsible for mitochondrial fusion 
is required for NLRP3 activation after infection with RNA 
viruses such as influenza, measles or encephalomyocarditis 
virus (EMCV).88 Still there is a need for deep research to 
unveil the exact mechanism of mitochondrial effect in 
NLRP3 activation.

Inflammation During RNA Virus 
Infections
Cytokines in the human body can be induced by viral or 
bacterial infections and by various other kinds of health 
conditions.89 Excessive cytokine and chemokine produc-
tion in the body can cause morbidity and even mortality in 
various infectious diseases. Few effective treatments to 
reduce severe inflammation have been developed. 
A major cause of this issue is the poor understanding of 
the relationships between cell biology and inflammation. 
Some immune cells can produce soluble immune media-
tors, and these cells have a prominent role in combating 
viral and bacterial infections.90 The cytokines tumor 
necrosis factor α (TNF-α) and interleukin 1 (IL-1) play 
vital roles in many acute and chronic disorders. Many 
patients with numerous diseases (eg Shock, osteoporosis, 
trauma, damage of organs, rheumatoid arthritis) caused by 
inflammatory cytokines and chemokines have been ill for 
several decades.91 Despite these long-term issues, there are 
few effective therapeutics to solve these problems.

RNA viruses are a diverse class of viruses that are 
capable of inducing the production of inflammatory factors 
in various species of animals, which can cause fatal dis-
eases, including in humans. Respiratory viruses such as 
coronavirus (CoV) and influenza virus can cause a massive 
rise in cytokine production, which can have devastating 
effects on the host, even leading to death in some 
cases.92,93 CoV replicates its genome through the type 
I interferon (IFN) signaling pathway and builds up 
a base for a secondary attack, causing massive respiratory 
inflammation related to cytokine and chemokine 
secretion.92 The cytokine amphiregulin mediates tissue 
repair and neutralizes inflammation in the host body.93 

Ebola virus can cause viral hemorrhagic fever (VHF), 
which is induced by massive inflammation and has 
resulted in over 11,000 deaths in West Africa and has 

caused a great deal of concern when cases were diagnosed 
in the USA. In humans and animals, VHF can involve 
intravascular coagulation, hemorrhagic fever, internal 
bleeding, and bleeding from the mouth, eyes, and other 
body orifices. VHF viruses mainly target dendritic cells 
(DCs), macrophages, and monocytes, which are the prin-
cipal sources of inflammatory cytokines.94

Dengue virus infection can cause dengue hemorrhagic 
fever (DHF) and multiorgan failure.95,96 The virus is ende-
mic in many areas across the globe, especially in tropical 
and subtropical regions. It needs mosquitoes to act as 
a vector to complete its primary infection cycle and trans-
mission to humans. DENV NS1-mediated activation of the 
cathepsin L/heparanase pathway during DHF can cause 
multiorgan failure.97 Several cytokines (TNF-α, CCL2, 
CXCL10, IL-1, 6, 8, and 10) underlie the clinical 
manifestations.89 However, further developments are 
required to fully determine the precise mechanisms under-
lying DHF, as the current animal models are limited 
because the virus does not naturally infect non-human 
species.

At present, researchers are exploring the molecular and 
cellular contributors to “inflammation” that causes various 
health conditions. Based on this research, new vaccines 
and drugs that target inflammatory cascades may be dis-
covered, which will be helpful for the treatment of these 
health conditions.

RNA Viruses That Activate NLRP3 
Inflammasomes
As we see in Figure 2, various RNA viruses from various 
families can activate the NLRP3 inflammasome. Such as 
Encephalomyocarditis virus (EMCV), Hepatitis C virus 
(HCV), Sendai virus, Human immunodeficiency virus-1 
(HIV1), Respiratory syncytial virus (RSV), Human rhino-
virus (HRV), Zika virus (ZIKV), Influenza virus (IAV), 
Dengue virus (DENV), Rift valley virus (RVFV), Measles 
virus (MV), Sendai virus (SeV), Enterovirus 71 (EV-71), 
Coronavirus (SARS-CoV) have already demonstrated that 
activate the NLRP3 inflammasome. An in vitro study of 
rotavirus supplied the first evidence, and then the genomes 
of Sendai virus (SeV) and influenza A virus were observed 
to activate caspase-1 in murine macrophages.47

Coronaviridae Family (+)ssRNA Virus
Severe acute respiratory syndrome coronavirus (Sars- 
CoV) is a (+)ssRNA virus that belongs to the 
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Coronaviridae family.98 The WHO (World Health 
Organization) declared COVID-19 a pandemic, and as of 
16 December 2020, approx. Globally, 73.5million cases 
with 1.64 million deaths have been reported.99,100 IL-1β, 
IL-18, and LDH (lactate dehydrogenase) upsurges have 
been reported in sera in patients with COVID-19, indicat-
ing inflammasome network involvement.101–103 Similarly, 
the activation of NLRP3 inflammasome was discovered in 
a recent report on COVID-19 patients.104 The microscopic 
analysis combined with luminescent assays in one study 
showed the formation of NLRP3 and ASC puncta, activa-
tion of caspase-1, and secretion of IL-1β in COVID-19 
patients with PBMCs (peripheral blood mononuclear cells) 
during the disease and in postmortem lung tissues.104 

Moreover, the level of Casp-1p20 and IL-18 in patients 
with COVID-19 has been an important marker for deter-
mining the disease’s severity.104 It was reported that Sars- 
CoV 3A viroporin could induce the NLRP3 inflammasome 
activation and IL-1β production via mitochondrial ROS 
and ion channel.105 Recent research reveals that the 
SARS-CoV E protein, composed of just 76 amino acids, 

forms permeable Ca2+ ion channels and stimulates the 
NLRP3 inflammasome.106 IL-1β secretion was signifi-
cantly higher in LPS-primed BMDMs co-transfected with 
Sars-Cov 3A viroporin resulting in that Sars-CoV 3A 
viroporin induces IL-1β secretion.105 Increasing extracel-
lular K+ concentration blocks the 3A viroporin mediated 
IL-1β secretion in BMDMs. It proves that Sars-Cov 3A 
viroporin activates NLRP3 inflammasome by K+ channel. 
However, Mito-TEMPO treated BMDMs shows a lower 
secretion of 3A viroporin mediated IL-1β, indicating that 
mitochondrial ROS is essential for Sars-Cov 3A viroporin 
mediated NLRP3 activation.105 All of these data prove that 
Sars-Cov 3A viroporin can activate NLRP3 inflammasome 
via mitochondrial ROS and K+ channel.

Orthomyxoviridae Family (-)ssRNA Virus
Influenza virus is an (-)ssRNA virus that belongs to the 
Orthomyxoviridae family, which includes seven genera.107 

Influenza virus is the most studied RNA virus and it is 
capable of activating NLRP3 inflammasomes.108 Recent 
research has shown that one of the mechanisms underlying 
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Figure 2 Various RNA viruses can activate NLRP3 inflammasomes. EV-71, Zika virus (ZIKV), influenza virus, and hepatitis C virus (HCV), DENV NS2A, NS2B use the ROS- 
dependent pathway to form the NLRP3 inflammasome complex. Influenza virus can also rupture lysosomes and then activate NLRP3 inflammasomes via a cathepsin 
B-dependent process. SeV uses MAVS, and EMCV uses mitofusin-2 to activate NLRP3. FMDV 2B, HRV 2B, and EMCV 2B proteins activate NLRP3 via the Ca2+ model, while 
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NLRP3. Various RNA viruses can inhibit NLRP3 inflammasomes using virus-encoded proteins. The influenza NS1 protein prevents caspase-1 activation and impairs the 
transcription of pro-inflammatory cytokines to prevent IL-1β and IL-18 release. The influenza A PB1-F2 protein impairs mitochondria in order to inhibit NLRP3 activation. 
The measles virus (MV) V protein prevents the transcription of IFN-α/β. The SeV V protein prevents NLRP3-mediated ASC oligomerization. The EV-71 2A and 3C proteases 
directly cleave NLRP3.
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NLRP3 activation during influenza virus infection 
involves influenza virus activating signal 1 (the priming 
signal). Signal 1 can involve activating TLR-7 signaling in 
macrophages and DCs, which leads to the synthesis of 
various pro-inflammatory cytokines such as pro-IL-18 
and pro-IL-1β.109 The presence of the influenza virus M2 
protein in the TGN then initiates signal 2 to activate the 
NLRP3 inflammasome. For signal 2, the M2 proteins act 
as ion channels, exporting H+ from the acidified Golgi 
body. This creates an ionic imbalance, leading to K+ efflux 
combined with Na+ efflux, and ROS production, which 
activates the NLRP3 inflammasome.109

Moreover, during infection of BMDMs with wildtype 
influenza virus, the BMDMs secreted pro-inflammatory 
cytokines such as IL-18 and IL-1β. However, IL-18 and 
IL-1β were not secreted during infection with mutated 
influenza virus expressing non-functional M2. In contrast, 
after LPS-stimulated BMDMs and bone marrow-derived 
DCs were transduced with recombinant lentivirus expres-
sing M2, the NLRP3 inflammasome was activated. The 
function of the M2 proteins as ion channels has been 
suggested as a vital step for NLRP3 inflammasome 
activation.109 Additionally, ATP release from dying influ-
enza-infected cells amplified NLRP3 activation.29

Phenuiviridae Family (-)ssRNA Virus
Rift Valley fever virus (RVFV) is an (-)ssRNA virus that 
belongs to the family Phenuiviridae and the genus 
Phlebovirus.110 RVFV activates NLRP3 inflammasomes 
via MAVS.26 RVFV-infected cells secrete IL-1β, which 
involves the NLRP3 inflammasome, ASC oligomeriza-
tion, and caspase-1 maturation.85 Conventional DCs 
from the bone marrow of wildtype mice were infected 
with RVFV, which led to IL-1β release. To assess 
whether NLRP3 and ASC are required for IL-1β release 
during RVFV infection, NLRP3- and ASC-deficient cells 
were also infected, resulting in negligible amounts of 
IL-1β secretion. It was also observed that viral replica-
tion was vital for the processing of IL-1β.85 The mito-
chondrial protein MAVS directly interacts with NLRP3 
and also influences IL-1β secretion in response to var-
ious NLRP3 activators (eg SeV V protein).83 The mole-
cular interaction of NLRP3 and MAVS in DCs infected 
with RVFV was observed by confocal microscopy.85 

Thus, RVFV brings about the release of IL-1β by acti-
vating the NLRP3 inflammasome.

Pneumoviridae Family (-)ssRNA Virus
Respiratory syncytial virus (RSV) is an (-)ssRNA virus 
that belongs to the family Pneumoviridae and the genus 
Orthopneumovirus.111 For RSV, NLRP3 inflammasome 
activation is dependent on K+ efflux and ROS production, 
and caspase-1-mediated IL-1β secretion subsequently 
occurs.112 293T cells were infected with RSV to observe 
the function of caspase-1 regarding IL-1β secretion. In 
RSV-infected wildtype 293T cells expressing caspase-1, 
IL-1β secretion was higher when the cells were transfected 
with pcDNA 3.1 empty vector, pro-caspase-1, and pro-IL 
-1β. In contrast, in RSV-infected caspase-1-knockout 293T 
cells, the level of IL-β in the supernatant was dramatically 
reduced compared to after the infection of wildtype cells. 
These results show that caspase-1 is essential for IL-1β 
production during RSV infection.112 Additionally, the 
NLRP3 inflammasome was found to be necessary for IL- 
1β secretion by RSV-infected NLRP3-expressing cells. 
Moreover, ASC plays a critical role as a significant ele-
ment of the NLRP3 inflammasome,112 as infection of 
HEK-293T cells with RSV resulted in a higher level of 
IL-1β secretion. This indicated that, for IL-1β secretion, 
ASC plays a critical role during RSV infection.112 

Furthermore, RSV activates NF-κB during infection.113 

After using BAY 11–7082 (an NF-κB inhibitor) in RSV- 
infected cells, IL-1β production was lower. This indicated 
that NF-κB signaling is essential for NLRP3 expression 
during RSV infection.112

MyD88 plays a crucial role as an adaptor protein dur-
ing TLR-mediated signal transduction. After TLR2 and 
MyD88 knockout in BMDMs, RSV infection dramatically 
reduced the IL-1β level in the supernatant in comparison 
to the level released by infected wildtype and infected 
TLR4-knockout BMDMs.2 This indicated that the TLR2/ 
MyD88 pathway is essential for the production and release 
of IL-1β.2 In other studies, it was shown that intracellular 
ROS production occurs during RSV infection.85,114

Paramyxoviridae Family (-)ssRNA Viruses
Measles virus (MV) is an (-)ssRNA virus that belongs to 
the family Paramyxoviridae and the genus 
Morbillivirus.115 It is a non-segmented RNA virus that 
encodes phosphoprotein (P), protein V, and protein C.116 

MV activates NLRP3 inflammasomes, which leads to cas-
pase-1-mediated production of mature IL-1β.2 Phorbol 12- 
myristate 13-acetate (PMA)-stimulated THP-1 cells 
infected with MV secrete IL-1β. However, THP-1 cells 
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that were infected with UV-treated MV only released a low 
level of IL-1β. These findings indicate that MV can induce 
IL-1β release by THP-1 cells.2 IL- 1β secretion was 
assessed in THP-1 cells after using short hairpin RNA to 
target human NLRP3, which indicated that MV activates 
NLRP3 inflammasomes. When HEK 293T cells were 
transfected with the MV V protein, co-precipitation with 
NLRP3 was observed, indicating that the V protein inter-
acts with NLRP3.117 Thus, MV infection can activate 
NLRP3 and cause IL-1β secretion.

Sendai virus (SeV) is an (-)ssRNA virus that belongs to 
the family Paramyxoviridae and the genus 
Respirovirus.118 When SeV infected 293T cells and 
mouse embryonic fibroblasts, it induced the formation of 
huge MAVS signaling complexes composed of functional 
prison-like MAVS aggregates.119 Infecting NLRP3- 
transfected cells with SeV led to NLRP3-mediated cas-
pase-1 activation, but this did not occur in the absence of 
NLRP3. These results indicate that SeV infection leads to 
NLRP3-dependent caspase-1 activation.86 SeV infection of 
THP-1 cells caused caspase-1 activation and IL-1β secre-
tion, while SeV infection of MAVS-knockdown THP-1 
cells significantly decreased the formation of active cas-
pase-1 and the mature form of IL-1β (p17). These findings 
indicate that MAVS is crucial for caspase-1-related 
NLRP3 activation.86

Newcastle disease virus (NDV) is an (-)ssRNA virus 
that belongs to the family Paramyxoviridae and the new 
genus Avulavirus.120 It can induce the cleavage of pro-IL 
-1β by caspase-1 and the subsequent release of IL-1β, 
which involves activating NLRP3 inflammasomes.114 

This IL-1β release, which is mediated by caspase-1, was 
demonstrated in THP-1 monocytic cells infected with the 
highly virulent Herts/33 strain of NDV.114 NDV-induced 
activation of NLRP3 was confirmed by infecting BMDMs 
from wildtype and NLRP3-deficient mice. NDV-induced 
activation of NLRP3 was confirmed in THP-1 cells 
expressing short hairpin RNA targeting human 
NLRP3.114 These findings confirm that NDV activates 
NLRP3 inflammasomes and thereby induces IL-1β 
secretion.

Retroviridae Family (+)ssRNA Virus
Human immunodeficiency virus (HIV) is an (+)ssRNA 
virus that belongs to the family Retroviridae and the 
genus Lentivirus.121 HIV infection activates NLRP3 
inflammasomes, resulting in IL-1β release.122 Monocyte- 
derived DCs were isolated from healthy individuals and 

HIV-1-positive patients and infected with inactivated 
(aldrithiol-2-treated) HIV-1.122 NLRP3 mRNA expression 
was higher in the DCs from healthy individuals, and this 
was followed by increases in CASP-1 and IL-1β mRNA 
levels and IL-1β secretion, while stimulation with inacti-
vated HIV-1 failed to activate inflammasome and cytokine 
production in HIV-DC.122 These findings strongly suggest 
that the whole genome of HIV can activate NLRP3 inflam-
masomes. However, the precise NLRP3 activation 
mechanism and host–virus immunological associations 
remain unknown. The mechanisms underlying NLRP3 
inflammasome activation related to HIV infection need 
further investigation.

Flaviviridae Family (+)ssRNA Virus
Zika virus (ZIKV) is an (+)ssRNA virus that belongs to the 
family Flaviviridae and the genus Flavivirus.123 ZIKV 
encodes an idiosyncratic polypeptide that contains several 
non-structural proteins, including the viral RNA- 
dependent RNA polymerase (RdRp) NS5.124 NS5 can 
activate the NLRP3 inflammasome by binding to leucine- 
rich repeat (LRR) and NACHT domains, but not the pyrin 
domain (PYD).125 Via a de novo mechanism, this RdRp 
initiates the synthesis of viral genomic RNA,126 and it also 
suppresses signal transducer and activator of transcription 
2 (STAT2) and thus inhibits type 1 IFN signaling.127 It 
localizes to the nucleus.127 NLRP3, ASC, and caspase-1 
are diffusely located in the cytoplasm and NS5 interacts 
with NLRP3 via its LRR and NACHT domains and allows 
the assembly of the NLRP3 inflammasome complex. An 
NS5–NLRP3–ASC spherelike structure is formed, with 
NS5 located in the interior, NLRP3 interacting with NS5, 
and ASC on the periphery.125 ZIKV infection induces IL- 
1β secretion, and this was explored by the knockdown of 
NLRP3 inflammasome constituents in THP-1 
macrophages,2 which indicated that the NLRP3 inflamma-
some is crucial for ZIKV-induced IL-1β secretion. The 
inflammasome complex has a ring-like structure128 and 
the formation of specks of oligomerized ASC indicates 
the formation of the inflammasome complex,28 with ASC 
oligomerization providing strong evidence of the induction 
of NLRP3 inflammasome activation.129 ZIKV increases 
the formation of specks of oligomerized ASC, which 
directly indicates that inflammasomes, involving caspase- 
1, are crucial for ZIKV-induced IL-1β secretion.125

Dengue virus (DENV) is a mosquito-borne (+)ssRNA 
virus that belongs to the family Flaviviridae and the genus 
Flavivirus having four serotypes, DENV 1–4.130 It 
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contains three structural proteins and seven nonstructural 
proteins.131 It was reported that DENV could activate 
NLRP3 inflammasome and IL-1β production in human 
blood macrophages and platelets.132,133 However, the 
Nonstructural proteins 2A, 2B, and structural protein 
M activate the NLRP3 inflammasome.134,135 M protein 
of DENV is responsible for endothelial dysfunction, and 
vascular leakage resulting in IL-1β mediated NLRP3 
activation.134 DENV stimulates inflammatory NLRP3 
assembly in platelets. By controlling IL-1β, platelets may 
increase vascular permeability.132 DENV M mediated vas-
cular permeability and leakage was confirmed by infecting 
BMDMs with lentivirus-M isolated from NLRP3+/+ and 
NLRP3−/- mice and treated with LPS plus ATP or LPS 
plus nigericin. NLRP3 was activated by ATP or nigericin 
in lentivirus-M-treated BMDMs of NLRP3+/+ mice. IL-1β 
production was significantly higher in ATP or nigericin in 
lentivirus-M-treated BMDMs of NLRP3+/+ mice, resulting 
in NLRP3 involvement M-mediated IL-1β production and 
secretion.134 Another study showed that NS2A and NS2B 
of DENV-2 induce IL-1β secretion and activation of 
NLRP3 inflammasome through Ca++ ion channel and 
mitochondrial ROS model.135 THP-1 and HMEC-1 cells 
were infected with DENV-2 or treated with LPS plus ATP. 
Detection of IL-1β secretion from supernatant or Caspase- 
1 and ASC oligomerization indicates that DENV-2 can 
induce NLRP3 inflammasome. Detection of a higher 
level of NLRP3 expression, ASC oligomerization, and 
Caspase-1 activation from LPS-treated HMEC-1 cells 
transfected with NS2A or NS2B indicates that NS2A and 
NS2B can activate IL-1β mediated NLRP3 
inflammasome.135 Above all, results suggest that DENV 
M, NS2A, and NS2B proteins induce NLRP3 inflamma-
some activation.

Hepatitis C virus (HCV) is an (+)ssRNA virus that 
belongs to the family Flaviviridae and the genus 
Flavivirus.136 It was reported that HCV could induce the 
activation of NLRP3 inflammasome and the production of 
IL-1β by intrahepatic macrophages that delegates liver 
inflammation.137 HCV infects hepatocytes causing liver 
inflammation and tissue damage, leading to fibrosis and 
cirrhosis. These mechanisms underlie liver disease and are 
believed to affect the initiation of liver cancer.138,139 RNA 
sequencing from liver biopsies was done in control and 
Chronic HCV-infected patient group to assess the host 
response with the liver disease during HCV infection. 
Higher expression of IL-1β from the HCV-infected patient 
group indicates that HCV can induce IL-1β production and 

secretion by liver macrophages in chronic HCV-infected 
patients. HCV infected MyD88-knockdown THP-1 
showed higher expression of IL-1β whether HCV infected 
MAVS-knockdown THP-1 had no significant IL-1β 
expression. Again HCV infected TLR7-knockdown THP- 
1 showed significant IL-1β mRNA expression reduction 
resulting from that HCV stimulated IL-1β secretion is 
MyD88 dependent through TLR7 signalling.137 Another 
study showed that HCV genomic RNA is responsible for 
NLRP3 inflammasome activation in human myeloid 
cells.140 HCV infected THP-1 was treated with glyben 
(potassium channel inhibitor) in a dose-dependent manner 
resulting in the blockage of IL-1β maturation, indicating 
HCV-induced NLRP3 activation is potassium efflux 
dependent.137 Transfection of HCV RNA into diphenyl 
iodonium (ROS inhibitor) pretreated THP-1 cells causing 
reduced IL-1β secretion, which means that HCV RNA- 
induced NLRP3 activation is ROS dependent.140 Above all 
data prove that HCV induced NLRP3 inflammasome acti-
vation in potassium efflux and ROS-dependent manner.

Picornaviridae Family (+)ssRNA Viruses
Encephalomyocarditis virus (EMCV) is an (+)ssRNA virus 
that belongs to the family Picornaviridae and the genus 
Cardiovirus.141 Recently, a study demonstrated the rela-
tionship between EMCV and NLRP3 activation. The 
EMCV 2B viroporin interacted with and activated the 
NLRP3 inflammasome, which was originally diffusely 
distributed in the cytosol; in contrast, the viral RNA was 
unable to activate the NLRP3 inflammasome.142 

Moreover, the 2B viroporin increased the [Ca2+]cyt in LPS- 
primed mouse BMDMs infected with EMCV, which 
induced IL-1β secretion.142 Thus, EMCV can induce IL- 
1β secretion in an NLRP3-dependent manner.143 The 2B 
viroporin localizes to the endoplasmic reticulum (ER) and 
Golgi body, which reduces the [Ca2+] in these 
organelles.144 To assess the role of the 2B viroporin in 
changes in [Ca2+]cyt, 2B was transfected into cells and the 
calcium kinetics were assessed using calcium-sensitive 
fluorescent probes, which indicated that 2B has 
a significant role in activating the NLRP3 inflammasome 
in a mechanism involving the ER and Golgi body network. 
After EMCV infection, there was a large increase in the 
fluorescence intensity.142 This indicated that EMCV infec-
tion increases the [Ca2+]cyt via fluxes (involving the stores 
in the ER and Golgi body) that, in turn, activate the 
NLRP3 inflammasome in a calpain-independent manner. 
Another study showed that mitochondrial ROS can induce 
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NLRP3 inflammasome activation.145 The kinetic changes 
in mitochondria produced by ROS indicated that NLRP3 
activation was dependent on mitochondrial ROS. The level 
of mitochondrial ROS was higher at 3 h after EMCV 
infection but decreased at 24 h after infection.142 This 
indicates that EMCV can activate NLRP3 inflammasomes 
by increasing mitochondrial ROS.

Enterovirus 71 (EV-71) is an (+)ssRNA virus that 
belongs to the family Picornaviridae and the genus 
Enterovirus.146 EV-71 can activate NLRP3 inflamma-
somes, resulting in the release of IL-1β.147 THP-1 cells 
were infected with EV-71 to explore whether EV-71 acti-
vates NLRP3, and IL-1β secretion was detected in the 
supernatant. It was also confirmed that heat- or UV- inac-
tivated EV-71 was unable to induce IL-1β secretion by 
THP-1 cells.147 These findings indicate that EV-71 can 
induce the release of IL-1β. Again, caspase-1 activation 
and ASC oligomerization are the firm references for 
inflammasome activation.129 After EV-71 infection of 
THP-1 cells, mature IL-1β as well as caspase-1 was 
detected in the supernatant and ASC was oligomerized. 
Additionally, Ac-YVAD-CHO (a caspase-1 inhibitor) pre-
vented EV-71-induced caspase-1-mediated IL-1β 
secretion.147 These results show that EV-71 can activate 
NLRP3 and induce IL-1β.

Human rhinovirus (HRV) is an (+)ssRNA virus that 
belongs to the family Picornaviridae and the genus 
Enterovirus.148 There are three species (A–C). The HRV 
2B viroporin can activate both the NLRP3 and NLRC5 
inflammasomes.149 After bronchial epithelial cells were 
infected with HRV or transfected with the 2B viroporin, 
2B localized to the Golgi body, as did NLRC5, NLRP3, 
and ASC. After treatment with BAPTA-AM (a Ca2+ che-
lator) or verapamil (a Ca2+ channel inhibitor), 2B activated 
the NLRP3 inflammasome by increasing [Ca2+]cyt, which 
indicated that the HRV 2B viroporin activates NLRP3 
inflammasomes in a process that involves Ca2+ 

channels.150

Foot and mouth disease virus (FMDV) is an (+)ssRNA 
picornavirus that belongs to the genus Aphthovirus.151 The 
2B protein of FMDV, a non-structural protein, can induce 
NLRP3 activation and IL-1β secretion.152 It has been 
reported that signal 2 for NLRP3 activation in response 
to FMDV infection involves K+ efflux and Ca2+ influx but 
is ROS and cathepsin B independent. The 2B protein can 
change the membrane permeability, causing an imbalance 
regarding [Ca2+]cyt in the host cell.153 In particular, amino 
acids 140–145 of the 2B protein are responsible for IL-1β 

release after NLRP3 activation as they are involved in 
pore formation in the cell membrane, which allows ion 
efflux. FMDV RNA also activates NF-κβ, which is 
involved in signal 1 and regulates the transcription of pro- 
IL-1β and pro-IL-18. After FMDV infection, activated 
NLRP3 induces IL-1β secretion, independent of the RIG- 
1 inflammasome. FMDV-infected RAW264.7 cells 
secreted IL-1β after NLRP3 inflammasome activation by 
the induction of NF-κβ p65, which is involved in signal 1. 
Mice and porcine macrophages infected with FMDV pro-
duced ASC, caspase-1, and IL-1β levels that varied over 
time and with different infection doses. The FMDV 2B 
protein activates NLRP3 inflammasomes by decreasing 
[K+]cyt and increasing [Ca2+]cyt, causing the release of 
IL-1β.152 This evidence shows that the FMDV 2B protein 
can activate NLRP3 inflammasomes via ion channel for-
mation in a ROS-independent manner.

These findings show that the proteins of certain RNA 
viruses activate NLRP3 inflammasomes, including by 
binding to specific sites on NLRP3. However, the precise 
mechanisms underlying NLRP3 activation via these pro-
teins are not yet known. Therefore, further investigation is 
needed to understand the complete mechanisms underlying 
NLRP3 activation by these proteins.

RNA Viruses That Inhibit NLRP3 
Inflammasomes Using 
Virus-Encoded Proteins
It has been reported that many viral proteins can inhibit 
inflammasome activation as we see in Figure 2.154

Orthomyxoviridae Family (-)ssRNA Virus
Mutant influenza viruses without NS1 or with NS1 with 
deletion of the N-terminal RNA-binding domain (but not 
the C-terminal region) can induce the secretion of IL-1β 
and IL-18 after the production of mature caspase-1. This 
process involves the N-terminal domain of NS1.155 

Additionally, the PB1-F2 protein of influenza virus 
reduces the mitochondrial membrane potential, which 
inhibits NLRP3 activation.156 Again, PB1-F2 protein of 
highly pathogenic influenza A (H7N9) seized the IL-1β 
secretion from IAV-infected macrophages resulting the 
inhibition of RNA-induced NLRP3 inflammasome 
activation.157 However, this protein is the subject of debate 
concerning its pro-inflammatory properties. Another study 
has shown that extracellular protein aggregate PB1-F2 
phagocytose is known for its macrophages contributing 
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to NLRP3 overactivity and increased IL-1β and IL-18 
secretion.158 It is still unknown how extracellular and 
intracellular fabricate PB1-F2 contributes to viral 
pathogenesis.157 PYD-containing viral proteins, such as 
the Shope fibroma virus (SFV)-encoded PYD-only pro-
tein/macromolecule (vPOP) and the M13L protein of pox-
virus, co-localize and associate with ASC via PYD–PYD 
interactions and then prevent caspase-1 activation and IL- 
1β production.159,160 The NS1 protein of influenza A virus 
can inhibit the NLRP3 inflammasome,161 with NS1 pro-
teins from both extremely infective and low-pathogenicity 
strains dramatically reducing IL-1β and IL-18 secretion by 
LPS- and ATP-treated THP-1 cells. NS1 overexpression 
inhibits the transactivation mediated by the transcription 
factor NF-κβ, reducing the transcription of pro- 
inflammatory cytokines. The interaction of NS1 with 
NLRP3 in NS1-expressing THP-1 cells prevented 
NLRP3 inflammasome activation.161 These results show 
that the influenza virus NS1 protein can inhibit NLRP3 
inflammasomes; this involves reducing the transactivation 
mediated by NF-κβ, thus preventing caspase-1 maturation 
and IL-1β and IL-18 secretion.

Paramyxoviridae Family (-)ssRNA Viruses
The MV V protein can interact with both NLRP3 and 
NLRP1 to suppress inflammasome assembly, thereby pre-
venting caspase-1 maturation and IL-1β release.162 

Additionally, various other proteins from numerous 
viruses can inhibit inflammasomes and prevent inflamma-
some formation by interacting with inflammasome 
components.117,163 The MV V protein can inhibit the IL- 
1β secretion induced by MV infection.117 A study showed 
that LPS- and ATP-treated THP-1 cells expressing the MV 
V protein only secreted a very small quantity of IL-1β, 
indicating that NLRP3 inflammasome activation was 
blocked by the MV V protein. In contrast, when the 
THP-1 cells expressing the MV V protein were treated 
with poly(dA:dT), the IL-1β secretion was much higher 
than in the prior experiment, which indicates that the MV 
V protein does not disturb the IL-1β secretion pathway, 
only the NLRP3 inflammasome pathway. The V protein 
binds to the C-terminal domain of NLRP3 to prevent 
NLRP3-mediated IL-1β secretion.117 The V protein co- 
immunoprecipitated with the NLRP3 inflammasome 
when HEK293T cells were co-transfected with plasmids 
encoding the V protein, further indicating that the 
V protein interacts with NLRP3.117 Thus, the V protein 
inhibits NLRP3 inflammasome activation by binding with 

the C-terminal domain of NLRP3, thereby preventing the 
secretion of IL-1β.

The SeV V protein can inhibit the release of IL-1β by 
preventing NLRP3 inflammasome assembly.164 THP-1 cells 
infected with SeV without the V gene secrete a large amount 
of IL-1β.164 NLRP3-deficient cells infected with this mutant 
SeV exhibited reduced IL-1β secretion, indicating the essen-
tial role of NLRP3 inflammasomes in the abovementioned 
IL-1β secretion. The SeV V protein interacts with NLRP3, 
which inhibits NLRP3 self-oligomerization, and subse-
quently inhibits ASC recruitment, thereby inhibiting 
NLRP3-dependent ASC oligomerization. This successively 
prevents full activation of the NLRP3 inflammasome and 
thereby prevents IL-1β release. Thus, the SeV V protein 
inhibits NLRP3 inflammasome assembly and IL-1β 
release.164

Picornaviridae Family (+)ssRNA Virus
The EV-71 2A protein, along with the EV-71 3C protein, 
inhibits NLRP3 inflammasome activation.147 EV-71 2A and 
3C proteases were transfected into 293T cells to assess the 
resultant NLRP3 levels and cleavage sites in NLRP3. After 
the 2A and 3C proteases cleaved NLRP3, 65-kDa and 90- 
kDa fragments, respectively, were produced. Co- 
immunoprecipitation assays in co-transfected 293T cells con-
firmed the interactions of 2A and 3C with NLRP3. It was 
reported that the Q225–G226 pair is the cleavage site for 3C, 
while the G493–L494 pair is the cleavage site for 2A. 
Additionally, 3C and 2A expression dose-dependently 
decreased the IL-1β secretion by HEK293T cells, but the 
IL-1β secretion was increased after transfection of 293T 
cells with pro-IL-1β, ASC, pro-caspase-1, and NLRP3. 
These results indicated that the EV-71 2A and 3C proteases 
cleave NLRP3, thus inhibiting NLRP3 inflammasomes.147

Conclusions
Recent research demonstrated that, during certain patho-
gen infections, NLRP3 is able to detect specific ligands, 
activate caspase-1, and induce the release of various pro- 
inflammatory cytokines with major roles against viral 
infection.117

In the past few years, intense efforts have been put into 
the investigation of the relationship between virus and 
NLRP3 inflammasome. Viral RNA, viroporin, and infec-
tious viral particles activate the NLRP3 inflammasome.154 

Recent progress has been made to reveal the critical roles 
for RNA viruses in activation and inhibition of NLRP3 
inflammasome. Most RNA viral infection activates or 
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inhibits NLRP3 inflammasome by regulating ion channels 
and ROS model. The studies showed that K+ efflux plays 
a critical role in NLRP3 activation, however, Ca2+ channel 
and ROS model remain controversial. Notably, Nek7 as an 
undisputed essential positive regulator which is required 
for the stimuli or ion channel-mediated NLRP3 inflamma-
some activation.165,166 Clearly, further work is needed to 
understand the mechanisms by which viruses regulate 
Nek-NLRP3 inflammasome. Another study has shown 
that DNA virus can also induce NLRP3 activation.167 

During HSV-1 infection, the stimulation of interferon 
genes (STING) recruits NLRP3 and allows NLRP3 to 
locate an endoplasmic reticulum, thereby promoting the 

development of NLRP3inflammasome. Again, STING 
integrates with NLRP3 and eliminates interactions 
between K48 and K63 NLRP3 polyubiquitination, 
encouraging the activation of inflammasome. Signals 
from cGAS-STING-NLRP3 are important for host security 
HSV-1-free infections.167

NLRP3 inflammasomes have been explored in research 
on colonic epithelium homeostasis168 and they are impli-
cated in the development and invasion of various human 
cancers such as gastric,169 breast,170 lung,171 and skin172 

cancer. NLRP3 is a primary tissue damage sensor and 
a sterile inflammatory activator.173 NLRP3 Inflammasome 
activation enables homeostasis restoration after traumatic 

Table 1 Summary of the Components of RNA Viruses That Affect the NLRP3 Inflammasome

RNA Viruses That Activate the NLRP3 Inflammasome

Virus Activator Possible Mechanism References

Influenza virus vRNA ROS/M2 ion channel [29,109]

Enterovirus 71 (EV-71) vRNA ROS [147]

Rift Valley fever virus (RVFV) vRNA MAVS [85]

Respiratory syncytial virus (RSV) vRNA ROS and K+ efflux [112]

Newcastle disease virus (NDV) vRNA ROS [114]

Human immunodeficiency virus (HIV) vRNA [122]

Measles virus (MV) vRNA [2]

Sendai virus (SeV) vRNA MAVS [119]

Zika virus (ZIKV) NS5 protein ROS [125]

Dengue virus (DENV) NS2A, NS2B protein ROS and Ca2+ influx [135]

Severe acute respiratory syndrome coronavirus (Sars-CoV) 3A viroporin ROS, Ca2+ influx and K+ efflux [105]

Encephalomyocarditis virus (EMCV) 2B protein ROS [142,145]

Human rhinovirus (HRV) 2B protein NLRC5 and Ca2+ influx [149]

Foot and mouth disease virus (FMDV) 2B protein Ca2+ influx and K+ efflux [152]

RNA Viruses That Inhibit the NLRP3 Inflammasome

Virus Inhibitor Possible Mechanism References

Influenza virus NS1 protein Blocks caspase-1 activation [155,156]

Measles virus (MV) V protein Blocks IL-1β secretion [117]

Sendai virus (SeV) V protein Blocks NLRP3-dependent ASC oligomerization [164]

Enterovirus 71 (EV-71) 2A and 3C proteases Directly cleave NLRP3 [147]

Notes: Influenza virus, EV-71, RVFV, RSV, NDV, HIV, MV, and SeV activate the NLRP3 inflammasome through their viral RNA, whereas ZIKV, EMCV, HRV, DENV, Sars-CoV 
and FMDV use virus-encoded proteins to activate the NLRP3 inflammasome. Influenza virus, EV-71, RVFV, and EMCV activate the NLRP3 inflammasome through the ROS- 
mediated pathway, DENV uses both ROS and Ca2+ influx, RSV uses ROS and K+ efflux, SeV uses MAVS, Sars-CoV uses ROS, Ca2+ influx and K+ effluxes, FMDV uses Ca2+ 

influx and K+ effluxes, and HRV uses NLRC5 and Ca2+ influx. Influenza virus, MV, SeV, and EV-71 inhibit the NLRP3 inflammasome using virus-encoded proteins, blocking 
various cytokines.
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tissue damage by promoting damage clearance, tissue 
recovery and regeneration.173,174 Some research indicates 
that activation of NLRP3 facilitates epithelial integrity and 
restoration during infection through IL-1β and IL-18 
production.175,176 There is almost no doubt that the dysre-
gulated NLRP3 inflammasome is involved in the pathogen-
esis of several infectious, allergic and inflammatory 
disorders. Therefore, it is crucial to consider the molecular 
processes by which NLRP3 inflammasome activation is 
triggered and terminated. These pathways demonstrate that 
the body generates an adequate inflammatory response that 
prevents unnecessary collateral harm, which may otherwise 
contribute to autoimmune and autoinflammatory pathology.

On the whole, PRRs and inflammasome expression in 
the tissues play a monitoring and triggering role for the 
pathogens. Except for the inflammation activation, in gen-
eral, PPRs and NLRP3 promote the tissue recovery.177,178 

Therefore, we have reason to speculate that virus infection 
might destroy the NLRP3-mediated tissue repairing. Upon 
viruses infection, viruses use their own genomes, proteins 
or by-products to regulate inflammation, different condi-
tions produced in different infection stages, in-depth 
further study based on different infection stages and status 
plays an important role in the control of inflammation.

Many RNA viral proteins have been shown to mediate 
NLRP3 activation or inhibition (Table 1), and viral induc-
tion of NLRP3 inhibition might facilitate virus rescue of 
the antiviral immune defenses of the host. More research 
on the association between viral infections and NLRP3 
activation will likely promote the development of novel 
therapeutics (including inhibitors) for managing RNA viral 
infections and associated diseases. Our review provides 
the summarization of research on the consequences of 
infections involving RNA viruses.
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