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Abstract 
Psoriasis is a long-lasting, widespread disease characterized by inflammation throughout the body, 

caused by the immune system, and it affects approximately 2% of the population. The disease known 

as psoriasis is a complicated condition that is caused by a number of genes and is affected by both 

genetic and environmental factor factors. Inflammatory responses to bacterial psoriasis are influenced 

by NOD2, which is a member of the NOD1/APAF1 family of apoptosis genes and plays a role in 

producing these responses. The activation of the transcription factor NFκB is responsible for the 

regulation of these responses. The NOD2 receptor is an intracellular receptor that is capable of 

recognizing microbial components that are derived from peptidoglycan found in bacteria. Furthermore, 

it has the potential to cause inflammation in the mucosal tissues, in addition to its role in maintaining 

the equilibrium of the mucosal environment where it is found.  
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Introduction 
Psoriasis, also known as PS, is a chronic inflammatory condition that is brought on by the 

immune system. It is characterized by the excessive growth of skin cells, the infiltration of 

white blood cells into the skin, and inflammation. This contributes to the formation of 

distinct red and scaly patches on the skin [1].  

Plaque PS is the predominant form of PS, constituting over 80% of all cases. Plaque PS is 

distinguished by red and scaling spots or plaques on the outer surfaces of the body, On the 

other hand, it can also have an effect on the folds of the skin, as well as the palms, soles, and 

nails [2]. 

NOD2, which stands for nucleotide binding and oligomerization domain-containing protein 

2, is a member of the NLRC subfamily of NRLs. It was the 2nd member of the family to be 

recognized, following NOD1. The protein that makes up the NOD2 receptor is made up of 

1040 amino acids and has a molecular weight of 110 kilodaltons. In humans, the 

NOD2/CARD15 gene, which is located on chromosome 16 q 12, is responsible for its 

production [3].  

 

Genetic basis of psoriasis 

The human leukocyte antigen (HLA) types HLA-Cw6, B13, B17, B27, Bw57, and HLADR4 

have been linked to the development of psoriasis. Individuals carrying the HLACw6 gene 

variant exhibited a risk for developing PS that was ten times higher than that of the general 

population. Furthermore, there is a distinct correlation between guttate PS in children, 

erythrodermic PS, and the expression of HLA-B13 and HLA-B17 [4]. 

One-third of patients reported positive family history of the disease. Twins’ studies suggest 

that the affection of one monozygotic twin with PS increases the chance for the other twin 

more than 55% to have PS, while it is around 20% for dizygotic twins. It was found that if 

both parents were affected, the risk for their descendants to develop PS was 41%, while the 

risk was 14% if one parent is psoriatic [4]. 

Researchers discovered 24 genetic loci linked to PS, many of which have been named PS 

susceptibility loci (PSORS) (PSORS-1 through PSORS-9). These are hypothesized to be 

underlying PS pathogenesis pathways. The chromosomal regions that are associated with 

skin barrier function, IL-23 signaling, nuclear factor kappa β (NF-kB) and interferon (IFN) 

signaling, and IL-17 cell responses have been discovered to contain genetic variants.  
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However, specific genes that are associated with 

susceptibility have not yet been identified [5]. 

 

Genetic loci associated with Psoriasis 

PSORS-1, the major genetic determinant of psoriasis: 

The PSORS1 gene is a component of the Major 

Histocompatibility Complex (MHC), which can be found on 

chromosome 6p21. PS was found to have a significant 

correlation with three genes that are encoded, specifically 

HLA-C, CCHCR1, and CDSN. A receptor that is a member 

of the MHC class I, HLA-C is involved in immunological 

responses by presenting antigens to CD8+ T lymphocytes. 

This is how it contributes to the immune system. One of the 

proteins that can be found in keratinocytes is called 

CCHCR1, and it plays a role in the process of skin cell 

shedding. Psoriasis is characterized by a disruption in this 

process. Psoriasis is characterized by the shedding of skin 

cells, which is also affected by CDSN, which is another 

protein that is found in keratinocytes and plays a role in the 

cell turnover process [6].It is believed that HLA-Cw6 has a 

strong affinity for various PS autoantigens, possibly even 

more than one. When HLA-Cw6 interacts with CD8+ T 

lymphocytes, it is able to display a specific auto-antigen 

known as ADAMTS-like protein 5, according to Arakawa et 

al. [7]. Moreover, additional investigation has shown that 

HLA-Cw6 has a high affinity for LL-37 [8]. 

 

PSORS-2 locus 

The initial identification of the PSORS2 region was 

accomplished through the use of linkage analysis on a multi-

generational pedigree from North America, which indicated 

that the disorder was inherited in an autosomal dominant 

manner [4]. Later on, extended Asian kindred were found to 

have linked to the same region. Thanks to advances in next-

generation sequencing, we now know that these two 

families' disease segregation is due to mutations in the 

CARD14 gene. It is worth mentioning that pityriasis rubra 

pilaris and generalized pustular PS, two disorders 

phenotypically similar to plaque PS, have both been found 

to encompass CARD14 mutations. CARD14 mediates 

TRAF2-dependent NF-κB signal transduction and is highly 

expressed in keratinocytes, where it encodes an adaptor 

protein. Mutations in CARD14 increase cytokine 

production, which in turn promotes inflammation [9].  

 

PSORS-4 locus  

Based on the fact that two EDC genes (LCE3B and LCE3C) 

encode two late cornified envelope proteins, the PSORS4 

region is located on chromosome 1q21 and spans the 

Epidermal Differentiation Cluster (EDC). There is evidence 

to suggest that disruption of skin barrier function plays a 

pathogenic role in PS [10]. 

 

Nucleotide binding and oligomerization domain- 

containing protein 2 (NOD2) 

The second member of the NLRC subfamily of NLRs to be 

discovered, following NOD1, is NOD2. In humans, the 

NOD2/CARD15 gene on chromosome 16q12 encodes the 

NOD2 receptor, a protein containing 1040 amino acids and 

a molecular weight of 110 kDa [3]. 

 

Structure 

The C-terminal part of the NOD 2-like receptor molecule 

includes a leucine-rich repeat domain, which is recognized 

to be involved in protein-protein interactions. The protein's 

central region contains a NOD domain, a crucial component 

for self-oligomerization. Apoptosis and NF-kB activation 

pathways are known to be impacted by two CARD domains 

located in the N-terminal region [3]. 

 

Expression 

Despite the fact that it is present in monocytes, 

macrophages, dendritic cells, hepatocytes, preadipocytes, 

oral cavity, lung, and intestinal epithelial cells, it is present 

in intestinal stem cells and ileal Paneth cells to a greater 

extent than it is in any other type of cell. As is the case with 

NOD1, NOD2 is found in the cytoplasm; however, it is able 

to detect bacterial invasion at the entrance site by being 

recruited to the plasmatic membrane [11]. Additionally, their 

expression in psoriatic skin was recently verified [12]. 
 

NOD2 signaling 

To eliminate infections and protect tissues from injury, the 

innate immune system must be activated. NOD2, which is 

an intracellular receptor for microbial components and is 

made from bacterial peptidoglycan, is responsible for 

regulating mucosal homeostasis as well asinflammatory 

responses. The effector domain of the NOD2 protein is 

made up of two tandem N-terminal CARDs. These CARDs 

are responsible for facilitating distinct homophilic 

interactions with molecules that contain CARDs further 

downstream. NOD2 self-oligomerizes and recruits the 

downstream adaptor molecule, RIP2, through homophilic 

CARD-CARD interaction in response to the activation 

signal that is provided by muramyl dipeptide, which is a 

component of the cell wall of some Gram-positive bacteria 

as well as some Gram-negative bacteria [13]. 

The ubiquitination of the essential modulator NF-kB α 

occurs when RIP2 is an active protein. The stimulation of 

the IKK complex takes place, which then leads to the 

phosphorylation of the inhibitor of transcription factor NF-

kB, which is known as IKBα. Following this, NF-kB travels 

to the nucleus, where it begins the process of transcription 

of genes that promote inflammation, such as cytokines, 

growth factors, and various factors that stimulate immune 

cells. The IKK complex is accountable for the activation of 

MAP kinases and the transcription factor Activator Protein 

1, both of which play a role in the processes of cell 

proliferation, differentiation, and death. TGF-β activated 

kinase 1 is the target of RIP2, which in turn activates the 

factors that are being discussed [13]. 

 

Function of NOD2 

An amino NH2-terminal CARD domain is possessed by 

NOD 1 and 2, which are prominent members of the NLRC 

subgroup. These proteins are involved in the process of 

identifying bacterial pathogens that are present in the 

cytoplasm. These receptors, which are found inside of cells, 

have been shown to be capable of detecting fragments of 

bacterial peptidoglycan and initiating proinflammatory 

pathways such as NF-kB, according to research [14, 15]. 

According to the findings of this discovery, the significance 

of peptidoglycan specificity in the activation of these 

receptors to produce an immune response has been revealed. 

D-glutamyl-meso-diaminopimelic acid (iE-DAP) is a 

peptidoglycan pattern that is present in both gram-positive 

and gram-negative bacteria. In response to this pattern, 

NOD1 causes the activation of NF-kB, which promotes the 
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growth of the bacterial population. Muramyl dipeptide, on 

the other hand, is a common peptidoglycan motif that can be 

found in both gram-positive and gram-negative bacteria. It 

is responsible for activating NOD2. Both NOD1 and NOD2 

are able to provide an additional layer of defense for the 

host, which allows them to coordinate an immune response 

by searching the cytosol for microorganisms that have 

invaded the body [16]. 

 

NOD 1 and 2, inflammatory mediators and immune 

response: 

There is a wide variety of genes that are activated as a result 

of the recognition of ligands by NOD1 and NOD2, and a 

significant number of these genes are dependent on the 

activation of NF-kB. In dendritic cells, macrophages, and 

monocytes, the activation of NOD1 and NOD2 occurs, 

resulting in the production of pro-inflammatory cytokines 

such as IL-1β, IL-6, TNFα, CXCL8/IL-8, KC, IL-10, IL-18, 

IL-12p40, and IL-12p70. Additionally, the manifestation of 

co-stimulatory molecules and adhesion molecules is 

observed. One of the outcomes of inducing the NOD 

pathway in epithelial cell lines is the release of pro-

inflammatory substances, such as TNF, IL-6, CXCL8/IL-8, 

CCL2, and CXCL5, in addition to the release of 

antimicrobial peptides, specifically β-defensin 2. For the 

recruitment and stimulation of effector cells, as well as the 

inflammatory processes that lead to the establishment of an 

appropriate immune response, each and every one of these 

components is absolutely necessary [17]. 

 

The impact of NOD2 activation on the adaptive immune 

responses 

Research has shown that NLRs play a role in both initiating 

the innate immune response and promoting adaptive 

immunity. The capacity of NOD2 to facilitate adjuvant 

action has been proven, as the simultaneous injection of 

human serum albumin (HSA) and MDP leads to the 

production of IgG1 antibodies against this particular T cell-

dependent antigen [18]. 

 

NOD 2 and autophagy 

Innate and adaptive immunity, adaptation to starvation, 

degradation of misfolded or aggregated proteins or damaged 

organelles, and removal of intracellular pathogens are all 

examples of the physiological activities that autophagy 

engages in. Autophagy is a cellular stress response that 

enhances cellular survival by engaging in these 

physiological activities such as these. One can argue either 

way about the significance of NOD1 and NOD2 in the 

process of autophagy [19]. 

Through the actions of NOD1 and NOD2, the autophagy 

protein ATG16L1, which is an essential component of the 

autophagic machinery, was brought to the plasma 

membrane at the point where bacteria entered the cell. A 

mechanism that did not involve the adaptor RIP2 or the 

transcription factor NF-kB was responsible for this 

recruitment, which took place [18].  

Additional research has uncovered evidence of a mechanism 

that activates autophagy through NOD2, without the need 

for RIP2. The activation of NOD2 by MDP induces 

autophagy in dendritic cells, and this process requires the 

presence of RIP2. Researchers have found that the activity 

of RIP2 tyrosine kinase has two effects on NOD2-dependent 

autophagy. Firstly, it activates p38 MAPK, which promotes 

autophagy. Secondly, it counteracts the suppression of 

autophagy caused by the phosphatase PP2A [20]. 

 

Role of NOD2 in PS: 

Tervaniemi et al. [21] conducted a study in which the 

transcriptomes of split-thickness skin grafts were analyzed 

in order to investigate the characteristics of psoriatic 

epidermis, with a specific emphasis on epidermal 

thickening, which is a prominent characteristic of psoriatic 

therapy (PS). For this particular purpose, they decided to use 

RNA 5'-end sequencing. The significance of NLR signaling 

pathways was brought to light by the fact that the psoriatic 

epidermis exhibited elevated levels of expression of the 

NLR signaling genes NOD2, PYCARD, CARD6, and IFI16 
[22]. Integrative analysis of the methylome and transcriptome 

in the Chinese Han population demonstrated that NLR 

signaling is a prominent molecular mechanism involved in 

PS [23]. 

PS vulgaris and pustular PS, two types of psoriasis, have 

been associated with mutations in the CARD14 gene, a 

member of the CARD family. Upon comparing psoriasis 

patients to healthy controls, researchers identified an 

additional 15 rare missense variations in the CARD14 gene 
[24]. CARD14 gain-of-function mutations were discovered to 

induce spontaneous skin inflammation resembling psoriasis 

by enhancing keratinocyte reactions to IL-17A. 

Hyperactivation of CARD14 in living organisms was 

sufficient to induce psoriasis mediated by IL-23/IL-17 [25]. 

Moreover, there is a broad consensus that inflammasomes 

play a significant role in the pathogenesis of psoriasis, as 

well as in the activation of CARD 15 in the epidermis 

affected by psoriasis [12]. 
 

Role of NOD2 in psoriasis treatment  

NOD-like receptors, including NOD2, play a crucial role in 

the innate immune response by identifying bacterial 

peptidoglycan. This recognition triggers the activation of 

NF-κB and the synthesis of pro-inflammatory cytokines like 

IL-1β, IL-6, and TNF-α. These cytokines play a role in 

creating the inflammatory conditions in psoriasis by 

encouraging excessive growth of keratinocytes and 

maintaining long-term inflammation [26]. 

The activation of NOD2 can worsen the inflammatory 

response by interacting with other pattern recognition 

receptors (PRRs) and increasing the production of 

cytokines. The heightened inflammatory state plays a 

crucial role in the development of psoriasis, which is 

characterized by an increase in the growth and a decrease in 

the proper maturation of keratinocytes [27]. 

Genetic variations in the NOD2 gene have been associated 

with a higher vulnerability to psoriasis, suggesting a genetic 

predisposition related to this receptor. These genetic 

variations can result in abnormal functioning of the NOD2 

protein, which in turn contributes to the inflammatory 

processes seen in psoriatic skin lesions [28]. 

 

Therapeutic Implications 

Targeting the NOD2 pathway represents a promising 

therapeutic strategy for psoriasis. Inhibitors that specifically 

target NOD2 or its downstream signaling pathways could 

potentially attenuate the inflammatory response. Blocking 

NOD2 activation or inhibiting key molecules in it signaling 

cascade, such as NF-κB, may reduce cytokine production 

and alleviate psoriasis symptoms [29]. 
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Current biologic therapies targeting TNF-α, IL-17, and IL-

23 may also influence pathways involving NOD2. 

Understanding the interactions between these pathways can 

enhance the efficacy of existing treatments or lead to new 

combination therapies that more effectively address the 

underlying inflammation in psoriasis [30]. 

Modulating the skin microbiome presents another potential 

therapeutic approach, as NOD2 recognizes bacterial 

components. Adjusting the microbiome to reduce pro-

inflammatory microbial patterns through probiotics or 

antibiotics could decrease NOD2-mediated inflammation 

and improve psoriasis outcomes [31]. 

Gene therapy offers a novel intervention for patients with 

specific NOD2 mutations associated with severe psoriasis. 

Techniques such as CRISPR/Cas9 could be used to correct 

these mutations, potentially reducing disease severity and 

improving patient quality of life [32]. 

Research into small molecule inhibitors of NOD2 activation 

is ongoing. These inhibitors could provide a less invasive 

option compared to biologics, offering an alternative 

treatment for patients with moderate to severe psoriasis. 

Such small molecules could directly inhibit NOD2 or its 

downstream signaling pathways, providing targeted 

therapeutic effects [33]. 

Combining NOD2 inhibitors with other anti-inflammatory 

agents or immune modulators might provide a synergistic 

effect. This approach could enhance overall treatment 

efficacy, reduce disease severity, and offer new therapeutic 

options for patients with challenging cases of psoriasis [34]. 

 

Conclusions 
NOD2-like receptors play a significant role in the 

inflammatory pathways involved in psoriasis. Targeting 

these receptors and their downstream effects offers a 

promising avenue for developing new treatments. By 

reducing NOD2 activity, it may be possible to alleviate the 

chronic inflammation and keratinocyte hyperproliferation 

that characterize psoriasis. Continued research into the 

specific mechanisms and interactions of NOD2 will be vital 

for translating these insights into clinical practice. 
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