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The innate immune system recognizes pathogen-associated molecular motifs through pattern recognition receptors
(PRRs) that induce inflammasome assembly in macrophages and trigger signal transduction pathways, thereby
leading to the transcription of inflammatory cytokine genes. Nucleotide-binding oligomerization domain (NOD)-like
receptors (NLRs) represent a family of cytosolic PRRs involved in the detection of intracellular pathogens such as

mycobacteria or viruses.

NLR antimicrobial immunity SSRNA virus

| 1. Introduction

Pattern recognition receptors (PRRs) play an important role in non-specific immunity. In a sense, these receptors
provide a universal alarm signal that enables the rapid transmission of danger information and thus an immediate
host defense. PRRs recognize not only pathogen components, such as lipopolysaccharide, glycolipids, and nucleic
acids, but also toxic metabolic products. An important class of intracellular PRRs is the nucleotide-binding

oligomerization domain (NOD)-like receptor (NLR) family L2,

| 2. The NLR Family

In humans, the NLR family includes at least 23 receptors that share a similar structure. Most proteins belonging to
the NLR family contain three domains: an N-terminal signaling domain (pyrin domain (PYD) or caspase recruitment
containing domain (CARD)), central nucleotide binding and oligomerization domain (NOD1 or NOD2), and C-
terminal agonist sensing/binding domain (Leucine Rich Repeat (LRR)) El. Based on the N-terminal region, this
family has been divided into four groups: (1) NLRP (NOD-like receptor P; P for PYD), (2) NLRC (NOD-like receptor
C; C for CARD), (3) NLRA (NOD-like receptor A; A for the acidic transactivating domain), (4) NLRB (NOD-like
receptor B; B for the baculovirus inhibitor of apoptosis (BIR)) (Table 1).

Table 1. Structures of the NLR subfamilies.
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2.1. NLRP

The most abundant group of NLRs is the NLRP subfamily, consisting of 14 proteins that are mostly composed of a
PYD effector domain, a central NOD domain, and a C-terminal LRR domain. NLRP1 and NLRP10 have a different
structure. NLRP1 protein has an additional finder function domain (FIND) and a caspase activation and recruitment
domain (CARD), whereas NLRP10 lacks the LRR domain [&. Recent studies have shown that autolytic proteolysis
within FIND is non-specific for inflammasome activity [, but the specific function of this domain is unknown. In
contrast, CARD has the ability to attach caspases involved in inflammation and apoptosis (caspase 1) L4 Many
receptors in this subfamily (NLRP1, NLRP3, NLRP6, NLRP7, NRLP10, and NRLP12) are involved in

inflammasome formation 221,

2.2. NLRC

The NLRC subfamily consists of six proteins, NOD1, NOD2, NLRC3, NLRC4, NLRC 5, and NLRX1—also named
NOD5 or NOD9—and their common feature is the presence of the LRR and NOD domains. NLRX1 is unique

because of the fact that, unlike the other NLRs, it is located in the mitochondria. The protein is referred to as
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NLRX1 since its N-terminus has not been completely defined €. There are different receptor structures in the
NLRC subfamily. NOD1 and NLRC4 have one CARD domain and NOD2 has two CARD domains, while NLRC3,
NLRCS5, and NLRX1 still do not have an identified NH2 domain . The best known proteins are NOD1 and NOD2,
which recognize different bacterial and viral components 23l NOD1 recognizes gamma-glutamy! diaminopimelic
acid (iE-DAP), a peptidoglycan product of Gram-negative bacteria. In contrast, NOD2 recognizes muramyl
dipeptide (MDP) present in the peptidoglycans of most bacteria 2413, Recent studies have shown that NLRs can
also recognize some viruses through NOD2, which reacts with viral single-stranded RNA (ssRNA), leading to type |

interferon production [28IL7],

2.3. NLRA and NLRB

In the other two subfamilies (NLRA, NLRB), one member of each has now been identified, a class Il transactivator
(CITTA) and a neuronal apoptosis inhibitory protein (NAIP), respectively. What distinguishes these receptors from
the others is the presence of an acidic activation domain (AD) in NLRA and BIR in NLRB &I&!, CIITA activation is
regulated by a number of post-translational modifications, such as acetylation, phosphorylation, and ubiquitination.
CIITA activates MHC class Il gene expression in different populations of antigen-presenting cells (APCs). In the
absence of CIITA expression, MHC class Il activation does not occur. CIITA is responsible for the expression of
accessory proteins required for proper peptide presentation through MHC class 11 #2819 NAIP member, NLRB, is
involved in host defence and cell survival. The characteristic feature of this protein is the inhibition of apoptosis by
suppressing the activities of caspase (CASP) 3 (CASP3), CASP7, and CASP9; the autocleavage of pro-CASP9;
and the cleavage of pro-CASP3 by CASP9 4l129],

| 3. Structure and Expression of NOD1 and NOD2

Through sequence-homology searches, NOD1 and NOD2 as the first members of the NLR family will be identified.
The NODL1 receptor consists of 953 amino acids and is located on chromosome 7p14-p15, while NOD2 contains
1040 amino acids and is located on human chromosome 16p21 [21[22l23] \Whijle NOD1 shows a ubiquitous
expression pattern, NOD2 is more strongly expressed in macrophages, dendritic cells, paneth cells, keratinocytes,
epithelial intestinal cells, lung epithelial cells, oral epithelial cells, and osteoblasts (24]). Both receptors recognize
peptidoglycan residues, with NOD1 reacting with the peptidoglycan (PG) group containing gamma-glutamyl
diaminopimelic acid (iE-DAP), which is mainly found in Gram-negative bacteria 12l[23126] The NOD2 receptor
senses MDP structures found in both Gram-positive and Gram-negative bacteria 1427, Recent studies suggest
that NOD2 directly binds MDP with high affinity 28, and N-glycolyl MDP more strongly modulates the host
response compared to N-acetyl MDP [22. An increasing number of studies suggest that, in addition to
peptidoglycan recognition, NOD1 and NOD2 may respond to danger signals or damage-associated molecular
patterns (DAMPs). Endoplasmic reticulum (ER) stress contributes to inflammatory diseases such as Crohn’s
disease and type 2 diabetes. ER stress induced by various microbial infections can be interpreted as a danger
signal recognized by NOD1 and NOD2. Brucella abortus infection was shown to induce ER stress, which promoted
NOD1/2-dependent inflammation and IL-6 production B9, Furthermore, bacterial effector proteins can activate
NOD1 and NOD2. Shigella flexneri effector proteins, such as OspB and IpgB2, and Salmonella enterica serotype,

https://encyclopedia.pub/entry/27494 3/13



NOD1, NOD2, and NLRC5 Receptors | Encyclopedia.pub

Typhimurium SipA and SopE, induce NF-kB activation in a peptidoglycan-independent, but NOD1- or NOD2-
dependent, manner 3132331 Recent studies have shown that NLRs can also recognize certain viruses through
NOD2, which reacts with viral sSRNA, leading to type | interferon production 287 Finally, NOD1 and NOD2
signaling leads to the activation of host defense mechanisms, such as the production of pro-inflammatory cytokines
and antimicrobial molecules B433 NOD1 and NOD2 are cytoplasmic receptors, but their activation depends on
their location in endosomes and in the plasma membrane 28137381 The recruitment of NOD1 and NOD2 to the cell
membrane occurs through interaction with the actin cytoskeleton 240 Rho GTPases, which are responsible for
regulating the actin cytoskeleton, are known to be able to interact with and activate NOD1 B2, Furthermore, NOD2
binds to regulators of the actin cytoskeleton, GTPase Arf 41 Moreover, transport to the cell membrane requires

lipid modification (S-palmitoylation) for recruitment to the cell membrane 42,

Upon recognition of the appropriate agonist by NOD1 and NOD2 receptors, activation of pathways whose primary
targets are MAPK, caspase-1, and NF-kB occurs. These activations lead to the transcription of relevant genes and
the production of inflammatory mediators. The activation of NOD1 and NOD2 signaling pathways is regulated by
post-translational modifications, such as phosphorylation and ubiquitination. The recognition of iE-DAP and MADP
by NOD1 and NODZ2, respectively, leads to a change in receptor conformation and exposure of the CARD domain,
which recruits and activates receptor-interacting serine/threonine kinase 2 (RIP2) 2L43I44] The activation of RIP2
kinase is necessary to activate the inflammatory signaling pathway associated with NOD1 and NOD2 receptors 431,
In the next step, RIP2 can lead to the ubiquitination of the essential modulator of NF-kB (NEMO) and activation of
the IKK (IkB kinase) complex. The IKK complex phosphorylates the inhibitor of kappaB (IkBa), which is then
degraded, and the released NF-kB is translocated to the cell nucleus. In the cell nucleus, NF-kB dimers bind to

kappaB (kB) elements, activating pro-inflammatory cytokines and factors responsible for immune cells, among
others 481471148149 (Figyre 1).
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Figure 1. NOD1 and NOD2 signaling pathway. Gamma-glutamyl diaminopimelic acid (iE-DAP) and muramyl
dipeptide (MDP) activate the nucleotide-binding oligomerization domains 1/2 (NOD1) and (NOD2), respectively.
Activation of NODs leads to the recruitment of receptor-interacting serine/threonine kinase (RIP2). In the next step,
activated RIP2 can lead to ubiquitination of the essential modulator of NF-kB (NEMO) and activation of the IKK (IkB
kinase) complex. The activated IKK complex phosphorylates the inhibitor of kappaB (IkBa). The activated IKK
complex phosphorylates the kappaB inhibitor (IkBa), leading to the release of NF-kB, which, after translocation to
the cell nucleus, binds to kappaB (kB) elements, thereby activating pro-inflammatory cytokines. NOD1 and NOD2
also activate mitogen-activated protein kinases (MAPKS), such as p38, c-Jun N-terminal kinase (JNK), and
extracellular signal-regulated kinase (ERK). NOD1 and NOD2 also interact with the NLRP3 inflammasome, which
leads to caspase-1 activation and IL-18 and IL-1 production. Activation of NOD1 and NOD2 results in the
formation of a TBK1 and the inhibitor of the nuclear factor kappaB kinase (IKKg) complex, which leads to the
expression of type | IFNs. As well, through the interaction of NOD2 with mitochondrial antiviral signaling protein

MAVS, the expression of IFN | genes occurs.

The formation of nodosome complexes can also lead to the activation of one of the three major MAP kinase
families: p38, c-Jun N-terminal kinase (JNK), and extracellular signal-regulated kinase (ERK). As a result, the
MAPK pathway is activated, and p38, JNK, and ERK translocate to the nucleus and phosphorylate AP-1
transcription factors responsible for the expression of pro-inflammatory cytokines and chemokines [E45951]
(Figure 1).
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In addition to the pathways mentioned above, NOD 1 and NOD?2 receptors can also activate the interferon
signaling pathway. Sabbah et al. showed that NOD2 not only recognizes MDP, but also interacts with viral sSRNA
(16 The researchers revealed that RSV activates NOD2 through the mitochondrial antiviral signaling protein
(MAVS), which leads to the activation of the regulatory transcription factor, interferon 3 (IRF3). In subsequent
steps, IRF3 migrates to the nucleus and activates type | IFN (IFNa/p) genes. Interestingly, the IFN pathway is also
activated during bacterial infections. The mechanism is not fully understood, but it has been shown that upon
binding of bacterial ligands, conformational changes of NOD1 and NOD2 occur, followed by the formation of the
RIP2-TRAF3 complex, which recruits TANK shunt kinase 1 (TBK1) and the inhibitor of nuclear factor kappaB
kinase (IKKg). These two kinases form a TBK1-IKKe complex that drives IRF3-dependent expression of IFNP and
type | IFN genes 5253l (Figure 1).

It is still not entirely clear how the NOD1 and NOD2 signaling pathways are regulated. Several studies have shown
that certain molecules can positively or negatively affect NOD1 and NOD2 activation pathways. GRIM-19 protein
and vimentin have been described as positive regulators of this process. They are required for NF-kB activation
after MDP recognition by NOD2 [B4I55], A negative regulator of NOD signaling is the Erbin protein, which, when
bound to NOD2, inhibits MDP-induced signaling 28. Moreover, overexpression of Centaurin -1 (CENTP1), a
GTPase-activating protein, inhibits NOD1- and NOD2-dependent expression of NF-kB 7,

| 4. Structure and Expression NLRC5

Among NLR members, NLRC5 contains the largest number of LRRs, consisting of 713 amino acids, making it the
largest protein in this receptor family B8, The complete human NLRC5 gene consists of 1866 amino acids and is
located at locus 16913 B2, NLRCS5 responds to viral components and lipopolysaccharides, and is highly sensitive
to interferon y (IFN-y) [B8I8YEL N|_RC5 has a structure similar to the other receptors belonging to the NLR family;
however, the N-terminal CARD of NLRCS5 is characterized by the folding of the death domain, making it an atypical
CARD domain 82, Furthermore, the NOD domain of the NLRC5 receptor contains the Walker A and Walker B
regions, which are required for the binding and hydrolysis of nucleotide triphosphate, respectively. The Walker A
motif is essential for NLRC5 migration into the nucleus and, consequently, for the transactivation activity of major
histocompatibility complex (MHC) class | genes B384 The structure of NLRCS5 is highly conserved in many
mammalian species; the homology of human NLRC5 to mice NLRC5 is 64% [83], suggesting that NLRC5 shows
similar functions in different organisms.NLRC5 is highly expressed in immune cells and tissues, such as the

spleen, lymph nodes, bone marrow, thymus, intestine, lung, and bone marrow B2I6A65],

NLRC5 has different functions depending on its localization. In the cytoplasm, NLRC5 can inhibit nuclear factor
kappa B (NF-kB) signaling by interacting with IkB kinase alpha/beta (IKKa/B) so that NEMO does not bind to IKK
and autophosphorylation and kinase activity are inhibited 2263 NLRC5 in the cytoplasm is involved in the
regulation of type | IFN, but data on the effect of this receptor on IFN | are conflicting. Some studies suggest that
NLRCS5 interacts with RIG-I and MAVS, resulting in an enhanced IFN | response. (Figure 2) However, there are
also reports suggesting that NLRC5 inhibits the IFN | response [62l88I67] The formation of the inflammasome is

important in the recognition of the infectious agent and in modulating the host immune response. It has been
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speculated that NLRC5 may lead to the activation of the inflammasome and even to the formation of its own
inflammasome 8], NLRCS5 is involved in the activation of the NLRP3 inflammasome. The overexpression of
NLRCS5 leads to the increased activation of caspase-1, which converts pro-IL-1p into active IL-13 B4E8] (Figure 2).
Tong et al. and Kumar et al. observed similar levels of IL-1B secretion in wild-type and NLRC5-/- mice 671691,
Recent studies suggest that NLRC5 interacts with tumors through multiple pathways, such as B-catenin, TGF-[3,
and Akt [LA7L7Z2] 1t js worth noting that most of the presented functions of NLRC5 are still unclear and debatable,

so further studies on this receptor are needed.

Figure 2. NLRCS5 signaling pathway. As a result of the interaction of NOD-like receptor C5 NLRC5 with kB
kinase alpha/beta (IKKa/f3), the NEMO IKKa/B complex is not formed and nuclear factor kappa B (NF-kB)
expression is stopped. The interaction of NLRC5 with mitochondrial antiviral signaling protein (MAVS) and RIG-I
leads to the formation of a complex of NLRC5 plus MAVS and RIG-I, which contributes to the expression of IFN I.
Overexpression of NLCR5 activates caspase 1 (CASP1), which converts pro-IL-1[3 to active IL-1[3.
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