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3Pattern Recognition Receptors and 
Fulminant Myocarditis

Dao Wen Wang and Rongbin Zhou

3.1	� Brief Introduction

Human bodies as well as living beings can sensi-
tively sense, recognize and defeat infected 
microbes, such as bacteria, fungus, virus and oth-
ers, and also some materials from apoptosis and 
necrosis. It is a unique and important, and daunting 
task, which is essential for the survival of human 
bodies. This is an ability so called innate immune 
system of vertebrates by innate immune cells 
mainly including neutrophils, monocytes, macro-
phages, dendritic cells, natural killer cells, mast 
cells, eosinophils, and basophils. Furthermore, 
monocytes and macrophages swallow and manage 
antigens and transform to lymphocytes to have the 
adaptive or specific immunity.

Humans and organisms recognize self and non-
self (exogenous microorganisms and materials) 
through pattern recognition receptors (PRRs). 

PRRs are distributed on both immune cells and 
non-immune cells, including endothelial cells, 
fibroblasts, and cardiomyocytes. Pathogen-
associated molecular patterns (PAMPs) refer to 
PRR recognition of exogenous microorganisms 
and other pathogens, and corresponding damage-
associated molecular patterns (DAMPs) refer to 
the recognition of endogenous molecules by PRRs 
[1]. Although some controversies exist and many 
action mechanisms need to be figured out it is 
widely accepted that both PAMP and DAMP trig-
ger immune responses via the activation of classi-
cal and non-classical PRRs, so that PRRs signal to 
corresponding cells and initiate a series of cascade 
effects and inflammatory response. Importantly, 
activating immune cells and tissue cells not only 
stimulate innate immune and adaptive immune 
response, but also involve human disorders, even 
severe disease, such as fulminant myocarditis. In 
this chapter, we briefly introduce PRRS and pat-
tern associated molecules and pathogen associated 
molecules, distribution and possible roles of PRRs 
to help understand pathogeny and pathogenesis of 
fulminant myocarditis and further is able to handle 
treatments patients with fulminant myocarditis.

3.2	� Pattern Recognition 
Receptors (PRRs)

PRRs include five main classes, membrane-
bound Toll-like receptors (TLRs) and NOD-like 
receptors (NLRs), retinoic acid inducible gene 
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I  (RIG-I)-like receptors (RLRs), C-type lectin 
receptors (CLRs) and multiple intracellular DNA 
sensors [1]. In addition, several ion channels, 
G-protein-coupled receptors (GPCRs), and trig-
gering receptors expressed on myeloid cells 

(TREMs) can sense DAMPs stimulation and 
have response although they are put under classi-
cal PRRs. Here we list all the PRRs and their 
roles in Table 3.1 [2].

Table 3.1  Common pattern recognition receptors in human immunity

PRRs Cell distribution PAMPs DAMPs
Pro-inflammatory 
functions

Signaling 
pathways

TLRs Most TLRs: 
MyD88-
dependent 
pathways; TLR3: 
TRIF-dependent 
pathways; TLR4: 
MyD88-
dependent 
pathways and 
TRIF-dependent 
pathways

TLR1 
(TLR1–
TLR2)

Mo, DC
Ma, Eo, Ba

Triacyl lipopeptide
Viral proteins

TLR2 
(TLR1–
TLR2, 
TLR2–
TLR6)

Ubiquitous, 
high in DCs, 
Mo, Ma, N, Ba, 
CM

Viral proteins, 
Lipoteichoic acid, 
Arabinomannan, 
Peptidoglycan, 
Zymosan, 
Lipoprotein, Pore 
protein

HMGB1, several 
HSPs, SNAPIN, 
versican, biglycan, 
decorin, 
Eo-derived 
neurotoxin, 
surfactant protein 
A/D, β-defensin 3, 
histone, SAA, Aβ, 
β2-glycoprotein I

Promotes the 
production of 
pro-inflammatory 
cytokines and 
chemokines

TLR3 Ubiquitous, 
high in Mφ, 
DC, NKC, IEC, 
CM

dsRNA Promotes the 
production of 
pro-inflammatory 
cytokines, 
chemokines and 
IFN-I

TLR4 
(MD-2/
CD14)

Mφ, DC, Ma, 
Eo, CM

LPS, HMGB1, 
tenascin-C, 
several HSPs, 
S100s, HMGN1, 
biglycan, decorin, 
heparin sulfate, 
hyaluronic acid, 
fibrinogen, 
fibronectin, 
β-defensin 2, 
surfactant protein 
A/D, lactoferrin, 
neutrophil 
elastase, 
peroxiredoxin, 
histone, SAA, 
ox-LDL

Promotes the 
production of 
pro-inflammatory 
cytokines, 
chemokines and 
IFN-I
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Table 3.1  (continued)

(continued)

PRRs Cell distribution PAMPs DAMPs
Pro-inflammatory 
functions

Signaling 
pathways

TLR5 IEC, CM Flagellin
TLR6 
(TLR2–
TLR6)

Mo, DC, Ma, 
Eo, Ba

Lipoteichoic acid, 
Peptidoglycan

TLR7 Ubiquitous, 
high in pDC, 
Mo, Mφ, Eo, 
B-cell, CM

ssRNA, 
Imidazoquinoline

IgG–
ribonucleoprotein 
complex, 
microRNAs

Promotes the 
production of IFNα 
and other cytokines 
and hemokines

TLR8 Mφ, N, DC ssRNA

TLR9 Ubiquitous, 
high in pDC, 
Mo, Mφ, Eo, 
Ba, B-cell, CM

Non-methylated
CpG DNA

IgG–chromatin 
complex, mtDNA, 
HMGB1

Promotes the 
production of IFNα 
and other cytokines 
and chemokines

TLR10 pDC, Eo, Ba, 
B-Cell, also in 
thymus, gastric 
mucosal tissues, 
cancer cells, 
tonsil and lung

dsRNA 1. 
Antiinflammatory: 
NF-κB, MAPK, 
MyD88, and TRIF
2. 
Proinflammatory: 
Via IL-8, IL-6, 
TNF-α, type I, type 
III IFNs and 
NF-κB

Co-receptor of 
many other TLRs

NLRs
NLRP3 DCs, N, Mo and 

Ma
LPS MSU, glucose, 

cholesterol 
crystals, Aβ, ATP, 
oxPAPC, 
Alu-RNA

Promotes IL-1β 
and IL-18 secretion 
and initiates 
pyroptosis

RLRs
RIG-I Ubiquitous, 

highly in 
epithelial cells 
and myeloid 
cells

5′-triphosphorylated 
RNA, shortchain 
dsRNA

Endogenous 5′ppp 
RNA

Promotes the 
production of 
IFN-I and other 
cytokines and 
chemokines

MDA5 Ubiquitous, 
highly 
expressed in 
epithelial cells 
and myeloid 
cells

poly IC, longchain 
dsRNA

Unedited long 
self-dsRNA, 
endogenous 
retroviral RNA

Promotes the 
production of 
IFN-I and other 
cytokines and 
chemokines

LGP2 dsRNA
CDSs
cGAS Ubiquitous, 

highly 
expressed in 
epithelial cells, 
DCs, 
monocytes, 
macrophages 
and T cells

Cytoplasmic DNA dsDNA Promotes the 
production of 
IFN-I and other 
cytokines and 
chemokines

3  Pattern Recognition Receptors and Fulminant Myocarditis
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Table 3.1  (continued)

PRRs Cell distribution PAMPs DAMPs
Pro-inflammatory 
functions

Signaling 
pathways

AIM2 Ubiquitous, 
highly 
expressed in 
epithelial cells, 
DCs, Mo, Ma, 
B cells and NK 
cells

Cytoplasmic DNA, 
damaged DNA in 
the nucleus

Promotes IL-1β 
and IL-18 secretion 
and initiates 
pyroptosis

RAGE
RAGE Ubiquitous AGEs, HMGB1, 

S100s, Aβ, DNA
Promotes the 
expression of 
pro-inflammatory 
genes, as well as 
cell migration, 
proliferation and 
apoptosis

TREMs
TREM1 Myeloid cells, 

epithelial cells, 
endothelial cells 
and fibroblasts

HMGB1, HSP70, 
PGLYRP1, actin

Promotes 
pro-inflammatory 
cytokine and 
chemokine 
secretion

TREM2 Myeloid cells, 
highly 
expressed in 
DCs, Mo, Ma 
and N

PA, PC, PE, PG, PI, 
PS, CL, SF, SM, 
APOA1, APOA2, 
APOB, APOE, 
APOJ, LDL, HDL, 
VLDL, Lp(a), 
HSP60

Modulates cell 
differentiation, 
survival, 
phagocytosis, 
chemotaxis

CLRs
Dectin-1 DC, Mo, Ma, 

N, mast cells, T 
and B-cell

N-glycans β-Glucan Promotes 
IRF5-dependent 
gene expression

Tyrosine 
kinase-dependent 
and non-tyrosine 
kinase dependent 
pathways

Dectin-2 α-Mannan
MINCLE Mo, Ma, DCs, 

N and B cells
Sin3A-associated 
protein 130, 
β-glucosylceramide

Promotes 
pro-inflammatory 
cytokine 
production

DNGR1 Mainly in DCs F-actin Promotes DC 
antigen 
crosspresentation, 
inhibits IL-10 
production

GPCRs
FPR1 Ubiquitous, 

high in N, Mo 
and Ma

N-formylated 
peptides, cathepsin 
G, FAM19A4, 
annexin 1

Promotes 
chemotaxis of N 
and Mo/Ma, 
induces SIRS

FPR2 Ubiquitous, 
high in N, Mo 
and Ma

Aβ42, SAA, 
oxLDL, LL-37 and 
other peptides

Promotes 
chemotaxis of N 
and Mo/Ma

D. W. Wang and R. Zhou
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Table 3.1  (continued)

PRRs Cell distribution PAMPs DAMPs
Pro-inflammatory 
functions

Signaling 
pathways

P2Y2R Ubiquitous, 
high in 
epithelial cells, 
N, DCs, Mo and 
Ma

ATP, UTP Promotes 
migration and 
activation of 
various immune 
cells

P2Y6R Ubiquitous, 
high in stromal 
cells, N, Mo, 
Ma and T cells

UDP Promotes 
proliferation and 
cytokine and 
chemokine 
production in 
stromal cells

P2Y12R Mainly in 
platelets, also in 
DCs, Mo, Ma 
and T cells

ADP Promotes platelet 
activation and 
Th17 
differentiation

CaSR Ubiquitously 
expressed

Ca2+ Promotes 
monocyte/
macrophage 
recruitment and 
NLRP3 activation

GPRC6A Ubiquitous Ca2+ Promotes NLRP3 
activation

PAFr Ubiquitous, 
high in 
epithelial cells, 
endothelial 
cells, CM and 
astrocytes; Ma 
and DC

Phosphorylcholine-
containing bacterial 
components

Induces severe 
pathophysiology 
and loss of 
contractility in 
heart

Ion 
channels
TRPM2 Ubiquitous ROS Promotes 

chemokine 
production and 
NLRP3 activation

Other 
TRPs

Ubiquitous ROS Promotes the 
production of 
inflammatory 
neuropeptides

P2X7R Ubiquitous ATP Promotes cytokine 
and chemokine 
production, 
NLRP3 
inflammasome 
activation and T 
cell activation

Aβ β amyloid, NLRs Nucleotide binding oligomerization domain-like receptors, RLRs RIG-I-like receptors, IEC intes-
tinal epithelial cell, Dcs dentritical cells, CDSs cytosolic DNA sensors, cGAS cyclic GMP–AMP synthase, PAFr platelet 
activating factor receptor, Mo monocytes, Ma macrophages, N neutrophils, AIM2 absent in melanoma 2, GPCR 
G-protein-coupled receptor, HMGB1 high-mobility group box 1 protein, HSPs heat shock proteins, oxLDL oxidized 
lowdensity lipoprotein, oxPAPC oxidized 1-palmitoyl-2-arachidonylsn-glycero-3-phosphocholine, P2X7R P2X7 recep-
tor, P2Y2R P2Y2 receptor, PA phosphatidic acid, PC phosphatidylcholine, PE phosphatidylethanolamine, PG phospha-
tidylglycerol, PGLYRP1 peptidoglycan recognition protein 1, PI phosphatidylinositol, PS phosphatidylserine, RAGE 
receptor for advanced glycation end products, RIG-I retinoic acid inducible gene I, RLRs RIG-I-like receptors, FPR1 
N-formyl peptide receptor 1, HSPs heat shock proteins, IFN-I type I interferons, SAA serum amyloid A, SF sulfatide, 
SIRS systemic inflammatory response syndrome, TREM1 triggering receptors expressed on myeloid cells 1, TRPs tran-
sient receptor potentials, CM cardiomyocytes

3  Pattern Recognition Receptors and Fulminant Myocarditis
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3.2.1	� Membrane-Bound TLRs

As one of the earliest PRRs discovered in immune 
system, Toll-like receptors (TLRs) have numer-
ous family members and are essential in inflam-
matory responses. Up to date, at least 15 TLRs 
have been found and identified in mammalian 
and constitute a big family, of them 12 being 
mouse TLRs (TLR1–TLR9, TLR11–TLR13), 10 
being human TLRs (TLR1–TLR10), and addi-
tional 2 discovered recently, respectively, 
TLR14  in fish species and chicken specific 
TLR15 [3–5]. PRRs are widely expressed on the 
cell membrane (TLR1–2, TLR4–6 and TLR10), 
intracellular compartment membranes (TLR3, 
TLR7–9) and distributed in the cytoplasm [6].

TLRs consist of three parts, a N-terminal 
domain (NTD), which located outside the mem-
brane (ligand recognition domain), a middle sin-
gle helix transmembrane domain, and a C-terminal 
domain (CTD) towards the cytoplasm (effector 
domain), respectively [7]. Ligand recognition 
domain is extracellular region which have leu-
cine-rich repeats (LRRs) in charge of the pattern 
recognition of Toll/IL-1R (TIR) domain same as 
IL-1R and TLRs related with signal transduction 
(Fig. 3.1). Extracellular region specifically recog-
nizes ligands. Once TLRs recognizing and bind-

ing with corresponding PAMPs or DAMPs 
ligands, TIR domain transform signal to cytoplas-
mic region and results in sequential inflammation 
in myeloid differentiation factor 88 (MyD88)-
dependent and MyD88-independent pathways 
(including TIR domain-containing adaptor induc-
ing IFN-β (TRIF), TRIF-related adaptor molecule 
(TRAM), B-cell adaptor for phosphoinositide 
(BCAP), and Sterile α- and armadillo-motif-con-
taining protein (SARM)) (Fig. 3.2).

3.2.2	� TLR1–2 and TLR6

TLR2 recognizes various microbial components 
including Gram-positive bacteria’s peptidogly-
can, lipoproteins/lipopeptides and lipoteichoic 
acid, mycobacteria’s lipoarabinomannan, 
Trypanosoma cruzi’s glycosylphosphatidylinosi-
tol anchors, Staphylococcus epidermis’s phenol-
soluble modulin, fungi’s zymosan and Treponema 
maltophilum’s glycolipids and also LPS.  This 
phenomenon may arise from the heterophilic 
dimerization of TLR2 with TLR1/6 and others, 
which are functionally linked to TLR2. In addi-
tion, TLR2 functionally cooperates with dectin-1 
that recognize the fungal cell wall component 
b-glucan.

Ectodomain
NTD

Transmembrane
domain

Endodomain
TIR domain

Leucine-rich repeats (LRRs)

C-terminal domain (CTD)

Ligand bound receptor

lg-like domain

TLR IL-R

Fig. 3.1  Similar structural features of TLR and IL-R
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Fig. 3.2  Distribution of TLRs in the cell membrane and endosomal compartments, and detection of various PAMPs by 
TLRs

3.2.3	� TLR4

It is well known that TLR4 is vital for LPS recog-
nition, which is a classic example. TLR4 is also 
responsible for recognizing DAMPs, endogenous 
ligands, including the extra domain A of fibro-
nectins, heat shock proteins (HSP60 and HSP70), 
heparan sulfate, oligosaccharides of hyaluronic 
acid and fibrinogen which, however, requires 
very high concentration [8].

3.2.4	� TLR5

TLR5 is also located in cell membrane and it 
expresses in both immune cells and tissue cells 
(on the basolateral of intestinal epithelium, and 
subepithelial compartment of intestinal endothe-
lial cells) [9, 10]. TLR5 can recognize flagellin 
by the interaction of TLR5 and flagellin. Because 

of its expression location, it can fight microbes 
via flagellin and dsRNA sensing and stimulation 
production of proinflammatory cytokines and 
interferons at the mucosal surface.

3.2.5	� TLR3 and TLR7-9

TLR3 and TLR7-9 are known as nucleic acid-
sensing TLRs. Because they are located in the 
endosomal compartment, and host-derived single 
strand RNAs are generally not delivered to endo-
somes, they are not aberrantly activated by self-
nucleic acids. However, in some cases TLRs are 
nevertheless activated by internalized self-nucleic 
acids. TLR3 exists in cytoplasm and responds to 
double-stranded RNA and then induces cytokine 
production through a signaling pathway depen-
dent on MyD88 [11]. TLR7/TLR8 recognize the 
same ligands in some cases, probably because 

3  Pattern Recognition Receptors and Fulminant Myocarditis
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they are highly conserved in structure [9]. Recent 
studies suggest that TLR7/TLR8 can recognize 
single-stranded RNA of viruses (including 
human immunodeficiency virus, and influenza 
virus). While TLR9 recognize CpG DNA no mat-
ter bacterial CpG DNA or viral-derived CpG 
DNA. A/D-type and B/K-type are the two major 
types of CpG DNA. B/K-type CpG DNA induces 
the release of IL-12 and TNF-α, and other inflam-
matory cytokines [9]. While A/D-type CpG DNA 
can effectively induce plasmacytoid dendritic 
cells to produce IFN-α.

3.2.6	� TLR10

As one of the least-known members of TLR fam-
ily, the TLR10 gene was first cloned 20 years ago 
[12]. TLR10 is mainly distributed in immune 
cells including spleen, lymph nodes, thymus, ton-
sils and lungs, among which the highest expres-
sion is in B cells, followed by plasmacytoid 
dendritic cells. TLR10 also expresses in tissue 
cells, such as gastric mucosal tissues, cancer 
cells, TLR10 can recognize dsRNA and recruit 
MyD88 for signal transduction. In addition, it 
suppresses the production of type I interferon. 
Additionally, TLR10 can serve as co-receptor of 
many other TLRs, for example, it can work 
together with TLR2/TLR4 to recognize LPS and 
with TLR2/TLR6 to recognize synthetic diacyl-
ated lipoprotein (FSL-1).

3.2.7	� NLRs

NLRs belong to intracellular PRRs, a large family 
of intracellular sensors that investigate the pres-
ence of PAMPs and DAMPs in the cytoplasm. 
NLRs are composed of three domains: (1) the 
central nucleotide-binding domain (NBD) that is 
critical in nucleic acid binding and oligomeriza-
tion of NLRs; (2) the LRR of C-terminus for 

ligand recognition, and (3) an N-terminal effector 
domain comprising the caspase activation and 
recruitment domain and other protein interaction 
domain [3]. There are five subfamilies of NLRs: 
the NLRC subfamily, the NLRP subfamily, the 
NLRB subfamily; the NLRA subfamily; and 
NLRX subfamily [3, 7, 13]. After NLR oligomer-
ization, pro-caspase-1 is recruited directly or via 
apoptosis-associated speck-like protein, and pro-
moting the formation of inflammasome [13].

3.2.8	� NLRP3 Inflammasome

The NLRP3 inflammasome is activated by a vari-
ety of molecules including microbial molecules, 
environmental stimuli, and many metabolites. 
The NLRs sense a common intracellular mole-
cule. Many endogenous molecules have been 
linked mitochondrial damage to NLRP3 inflam-
masome activation, which recruit NLRP3 and 
trigger inflammasome. Ion fluctuations may 
involve NLRP3 inflammasome activation. Thus, 
the NLRP3 inflammasome is critical in various 
acute and chronic diseases.

3.2.9	� RLRs

As a kind of intracellular PRRs, RLRs has three 
main members, melanoma differentiation-
associated gene 5 (MDA5), RIG-I, and labora-
tory of genetics and physiology 2 (LGP2) [1, 3, 
14]. Similar to TLR7 and TLR9, RLRs have 
innate antiviral immunity (Fig. 3.3).

RIG-I induces the expression of IFN-β and 
therefore it has antiviral activity. RIG-I has three 
parts: the DexD/H helicase domain, RLR family 
domain with ATPase and helicase activities; The 
N-terminus with two caspase activation and 
recruitment domains (CARD) [15]. The 
C-terminus is composed of the C-terminal 
domain (CTD) for the recognition of viral RNA, 

D. W. Wang and R. Zhou
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Fig. 3.3  RLRs’ structure and ligand recognition. In contrast to RIG-I, MDA5 has no self-inhibitory ability due to the 
lack of a repressor domain. LGP2 cannot transmit signal because there is no CARD
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Fig. 3.4  Development of innate and adaptive immunity

and the repressor domain (RD) [3]. MDA5 is 
similar to RIG-I (Fig.  3.4). Very long double 
strand RNAs (>300  bp) can efficiently activate 
MDA5 regardless of the structure of the MDA5 
terminus. LGP2 cannot recruit molecules due to 
the lack of CARD, but it plays a role in regulating 

the viral nucleic acid’s recognition by RIG-I and 
MDA5 [16]. LGP2 reduces the production of IFN 
and inflammatory factors by negatively regulat-
ing RIG-I-mediated viral dsRNA recognition, 
ultimately suppressing the antiviral innate 
immune response.
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3.2.10	� Cytoplasmic DNA Sensors

Cyclic GMP-AMP synthase (cGAS) and absent 
in melanoma 2 (AIM2) are the two main DNA 
sensors, which are critical in antimicrobial immu-
nity. Activation of cGAS or AIM2 by self-DNA 
resulting from cell damage induces cellular senes-
cence, and promotes cancers and inflammation.

3.2.11	� CLRs

CLRs are phagocytic PRRs that are rarely studied 
and understood. Once CLRs recognizing and 
binding PAMPs through PRRs, pathogens are 
eliminated by phagocytosing into cytoplasmic 
vesicles for digestion.

3.2.12	� Non-pattern Recognition 
Receptors

Non-pattern recognition receptors include 
TREMs, RAGE, ion channels and GPCRs. They 
sense DAMPs and PAMPs, and therefore pro-
motes the activation and migration of immune 
cells after activated.

3.2.13	� RAGE

RAGE is expressed in various types of cells and 
tissues. RAGE can bind a series of endogenous 
ligands, including advanced glycation end prod-
ucts (AGEs), HMGB1, S100 proteins (S100s) 
[17]. In turn, these ligands upregulate RAGE 
expression, forming vicious circle. RAGE activa-
tion plays important roles in cardiovascular dis-
ease via inducing inflammation and activating 
NF-κB signaling.

3.2.14	� PRMs

Both cellular PRRs and extracellular soluble 
PRMs belong to PRMs. Extracellular soluble 
PRMs play a key role in nonspecific humoral 

immunity [1, 3]. Extracellular soluble PRMs 
have various family members including pen-
traxin, collectin, and ficolin. Once the various 
pathogenic factors are identified, they are elimi-
nated by complement, opsonization, and neutral-
ization of inflammatory regulation activated by 
extracellular soluble PRMs; in addition, extracel-
lular soluble PRMs interact with and regulate 
cell-associated PRRs to co-regulate the innate 
immune response. As typical representatives of 
pentraxin, liver-produced CRP and serum amy-
loid P components are nonspecific proteins in 
systemic inflammatory responses. They bind to 
phosphorylcholine and bacterial outer membrane 
protein A of pathogenic microorganisms. 
Mannose-binding lectin (MBL) is the main part 
of collectin, and is formed by homotrimer, of 
which consists of a CRD that recognize sugar 
structures (mannose, fucose and glucose, an 
alpha helix, and a backbone formed by collagen 
and surfactant protein (SP) helices) on the patho-
gen membranes. Although structurally similar to 
collectin, ficolin can recognize bacteria with 
fibrin-prototype carbohydrate recognition struc-
tures due to its binding with N-acetylglucosamine 
and LTA.

3.2.15	� Myeloid Cells’s Triggering 
Receptors

There are two classes of TREM, TREM1 and 
TREM2, both of which are innate immune 
membrane receptors. TREM1 is mainly distrib-
uted in bone marrow cells and non-immune 
cells; TREM2 is highly expressed by myeloid 
cell types. Activating antibodies activate 
TREM1 on neutrophils and monocytes, promote 
the release of pro-inflammatory cytokine and 
chemokine, and enhance inflammatory 
responses. Intracellular proteins, including 
HMGB1, peptidoglycan recognition protein 1 
(PGLYRP1), HSP70, and extracellular actin, are 
its ligands. A number of endogenous lipids and 
lipoproteins that bind to and activate TREM2 
have been identified, although further identifica-
tion is required.

D. W. Wang and R. Zhou
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3.2.16	� G-Protein-Coupled Receptors

N-formyl peptide receptors (FPRs) and P2Y 
receptors (P2YRs) belonging to GPCRs, bind to 
various endogenous DAMPs and exogenous 
PAMPs to promote inflammation. FPR is widely 
distributed, and in addition to being expressed in 
leukocytes [18], it is also expressed in a variety of 
non-immune cells, including hepatocytes, and 
fibroblasts. Formylated peptides belong to both 
PAMPs and DAMPs. FPR has many ligands that 
are structurally and chemically unrelated. 
Activation of FPR by these ligands elicits distinct 
cellular responses. Serum amyloid A (SAA) and 
oxidized LDL participate in the pathogenesis of 
chronic inflammatory diseases by binding to 
FPR. Nucleotides such as ATP and UTP released 
into the extracellular space through necrosis and 
apoptosis bind to P2 purinergic receptors to trig-
ger pro-inflammatory immune responses. P2Y2R 
signaling promotes the activation of a variety of 
immune cells. UDP activates the stromal cell’s 
P2Y6R signaling, whereas ADP-mediated activa-
tion of P2Y12R is critically involved in platelet 
activation and aggregation. P2X7R with seven 
members promotes immune responses in a num-
ber of ways.

3.2.17	� Actions of PRRs

PRRs bind their ligands and act through various 
ways. They can co-act and have crosstalk between 
receptors.

3.2.18	� Phagocytosis and TLRs

The first step in defensing against microorgan-
isms is phagocytosis [9]. Once pathogens are rec-
ognized by TLRs, the expression of inflammatory 
molecules are enhanced, thereby promoting the 
development of adaptive immunity (Fig.  3.4). 
After binding to TLRs, pathogens are recognized 
and devoured by innate immune cells, and then 
antigenic peptides are presented to naive T cells. 
Simultaneously binding of antigen to TLRs 

induces inflammatory cytokines and costimula-
tory molecules, Naıv̈e T-cells, including Th1 
cells are guided to produce adaptive immunity.

3.2.19	� TLR Signaling Pathways

The TLR signaling pathway includes a variety of 
molecules (protein kinases, transcription factors, 
etc.), all of which converge on canonical signal-
ing pathways.

The NF-kB Signaling: NF-κB, which is com-
posed of p50 and p65, is critically involved in 
cellular inflammation and immune responses. 
After TLRs recognize and receive stimulation of 
antigens, they trigger the expression of proteins 
in TLR-mediated signaling pathways [9]. The 
dimerization of TLRs which is formed via TLR1 
or TLR6, as well as homodimers is necessary for 
the recognition of microorganisms. The cytoplas-
mic TIR domain of dimerized TLRs recruit 
MyD88, which then induces inflammatory cyto-
kines, such as TNF-α and IL-12 [9]. MyD88 is 
essential for all TLRs. Different activation of 
TLRs may results in different profiles. Activation 
of TLR3-4 and TLR7-9 signaling pathways lead 
to induction of type I interferon (IFN) in distinct 
mechanisms, but not TLR2 and TLR5 mediated 
pathways.

MyD88-dependent signaling pathway plays a 
key role in TLR1-2 and TLR4, TLR6 signaling. 
Upon stimulation, IRAK-4, TRIF, TIRAP, and 
TRAM are recruited to TLRs by MyD88, which 
subsequently promote nuclear factor κB (NF-κB) 
and MAPK activation through the IRAK com-
plex and two non-catalytic subunits, and ulti-
mately lead to the production of tumor necrosis 
factor (TNF), IL-6, IL-1, chemokines and other 
pro-inflammatory cytokines [9, 19].

MAPKs are a class of serine-threonine protein 
kinases that respond to a variety of extracellular 
stimuli. MAPKs are activated by IRAK-1  in a 
MyD88-dependent pathway of TLRs, activated 
p38 MAPK leads to the secretion of pro-
inflammatory molecules [3].

The TBK1–IRF-3 signaling: IRF-3 is a tran-
scription factor and is critically involved in the 
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Fig. 3.5  PRR-mediated inflammasome signaling and signal transduction

synthesis of type I IFN. TRIF is the adaptor pro-
tein in the MyD88-independent pathway, and 
promotes the expression of type I interferon, and 
therefore exerts antiviral effect.

In addition, there is an inflammasome signal-
ing. Inflammasome is a multi-protein complex in 
the cytoplasm assembled by PRRs. NLRP1, 
NLRP3, NLRC4, IPAF inflammasome, and 
AIM2 are inflammasome. After recognition of 
PAMPs or DAMPs by inflammasome, Caspase-1 
is recruited and activated. Then proIL-1β/proIL-
18 is spliced into mature cytokines by activated 
Caspase-1 (Fig. 3.5).

3.3	� Pyroptosis and its Pathway

Pyroptosis, Pyroptotic cell death, is controlled by 
the inflammatory caspases. Caspase 1 is pro-
inflammatory and is linked with the secretion of 
mature IL-1β and IL-18 [20]. Pyroptosis was 
originally defined as “caspase 1-dependent 
necrosis” due to its strict requirements for cas-

pase 1 [21]. Further, the inflammasome complex 
and the non-canonical inflammasome pathway 
were discovered in 2002 and 2011, respectively. 
They were identified in pyroptosis in 
inflammasome-dependent form. After those, 
there are many advances and importantly it was 
found that various members of gasdermin family 
play key roles in pyroptosis processing. 
Therefore, pyroptosis need redefinition. More 
recently, it was defined as “gasdermin-induced 
cell necrosis,” a new definition that applies to all 
gasdermin members that may lead to cell death.

Gasdermin family at least include five classes 
of members, gasdermin A, B, C, D and E. These 
gasdermin proteins all involve pyroptosis through 
pore formation role in cell membrane. Each gas-
dermin protein has conserved amino- terminal 
domain (NTD) which has membrane-forming 
activity, and carboxy-terminal domains. In the 
quiescent state, the gasdermin protein maintains 
itself in an autoinhibitory state by binding of 
NTD with the carboxy-terminal domain (CTD) 
[22]. However, the aspartic acid residue of 
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Fig. 3.6  Gasdermin D mechanism to pyroptosis

GSDMD in the linker between NTD and CTD 
can be recognized and cleaved by activated cas-
pase-1, caspase-4, caspase-5 and caspase-11, and 
the cleaved NTD is in non-covalent binding state. 
Due to its high affinity for membrane phospho-
lipids, the NTD of GSDMD translocate to the 
plasma membrane, induces pyroptotic bubble 
formation and membrane lysis. Therefore, mem-
brane lysis induced by GSDMD is the final step 
in LPS-induced pyroptosis mediated by caspase-
11, caspase-4 and caspase-5. In fact, NTD of 
other gasdermins has similar lipid-binding prop-
erties and induces intracellular pyroptosis. 
Following figure shows mechanisms of gasder-
min activation and pore formation and pyroptosis 
occurs [21] (Fig. 3.6).

Gasdermins express in different tissues 
including the organs in digestive, respiratory, 
urinary, reproductive, circulatory systems and 
other tissues. Especially, we note that the heart 
and artery have expression. Recently, some 
studies found that in mice with coxsackievirus 
B3 induced myocarditis, heart levels of GSDMD 
p30 and IL-1β and HMGB1 were elevated and 
the inhibition of pyroptosis signaling attenuated 
myocarditis, which suggest that pyroptosis 
involves in pathophysiology of myocarditis [23, 

24]. Therefore, we have reason to believe, 
pyroptosis play a vital role in part in fulminant 
myocarditis.

3.3.1	� Expression of PRRs 
and Responses to Ligands 
in Heart

Human and mammal heart express almost all 
PRRs and after the stimulation of ligands the 
expression of PRRS in whole heart and cardio-
myocytes is dramatically upregulated. S. aureus 
peptidoglycan, E. coli LPS and S. typhimurium 
flagellin induced chemokine KC production by 
activating TLR2, TLR4 and TLR5. The IL-6 and 
MIP2 production mediated by LPS and lagellin, 
respectively, both significantly reduced by pyrro-
lidine dithiocarbamate (PDTC), a chemical 
inhibitor of NF-κB.  These indicate that TLRs 
promotes the expression of proinflammatory 
cytokines, chemokines and cell surface adhesion 
molecules by NF-κB signaling [25].

Although the most types of PRRs express in 
different tissues and cell types in human, their 
expression patterns are different and different 
PAMPs and DAMPs or ligands have different tar-
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Fig. 3.7  Development of fulminant myocarditis

get PRRs. On the other hand, same PRRs in dif-
ferent cells may have different response to same 
ligand because some cell may be refractory to 
some special ligand stimulation, such as platelet-
activating factor receptor (PAFr), one of GPCRs, 
express in cardiomyocytes, endothelial cells and 
neurons. However, after exposure to 
phosphocholine-containing bacterial compo-
nents, three types of cells uptake in a PAFr-
dependent manner, but with different 
pathophysiological consequences. Non-
inflammatory manifestations appear in endothe-
lial cells and neurons, while cardiomyocytes 
rapidly lose contractility and die, because endo-
thelial cells and neurons are refractory to the 
phosphorylcholine-containing bacterial compo-
nents and there is no classic-type NF-B response 
[26]. Therefore, we can meet fulminant myocar-
ditis, fulminant pancreatic, fulminant type I dia-
betes, fulminant hepatitis and others after exposed 
to different pathogens and injury in clinic, which 
may have same or similar pathogenesis and 
pathophysiological mechanisms.

Finally, we try to raise the proposals for fulmi-
nant myocarditis based on our some experiments 
and clinical practice (Fig. 3.7) [27, 28, 21]. (1) 
exogenous pathogens, either infection of virus, 
bacteria, fungus or other microbe, chemicals 
including proteins, nucleus acids, antibiotics, 
allopurinol and others such as seafood, or some 
vaccination, enter the body, as antigens or ligands 
susceptible to cardiomyocytes, bind to PRRs on 
cardiomyocytes, either TLRs or others, mem-
brane PRRS or cytoplasm PRRs, sequentially 
triggering downstream signaling, especially 
NF-kB pathway. Thus, inflammatory storm form. 
Importantly, these PAMPs successively or simul-
taneously activate innate immune cells, mono-
cytes, lymphocytes, neutrophils, eosinophils, and 
then together with cardiomyocytes produce 
inflammatory storm; (2) These reactions also 
induce adaptive immune response, including pro-
duction of anti-myocardial antibodies by 
B-lymphocytes and direct attack to heart by toxic 
T-cells; (3) PAMPs and DAMPs induce pyropto-
sis and their consequence results in proinflamat-
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tory storm. These inflammatory factors can 
strongly stun the heart, inhibiting calcium han-
dling and pump function; (4) Immune check-
point inhibitors induced fulminant myocarditis: 
Programmed cell death protein 1 (PD-1)-
mediated and cytotoxic T-lymphocyte antigen 4 
(CTLA4)-mediated pathways, and immune 
checkpoint pathways, are activated by tumor 
cells to evade recognition by the immune system 
[23, 29, 30]. Immune check-point inhibitors acti-
vate the antitumour immune of T-cells via target-
ing the molecules of these pathways. However, 
T-cells targeted antigen may be shared with 
tumors, heart and muscles and thus, the activated 
T-cells will attack heart and induce fulminant 
myocarditis. Additionally, immune check-point 
inhibitors can activation of cardiac antigen-
reactive T cells block antigen-presenting cells.
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