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EDITORIAL 22 

Prurigo nodularis (PN), or chronic prurigo of nodular type, is one of the most pruritic chronic 23 

skin diseases  1. PN patients experience an intractable and severe itch that has a profound 24 

negative impact on their psychological wellbeing as it interferes with their sleep and daily 25 

activities 1, 2. A subset of PN patients have an atopic background (11%-46.3%) 3, 4, and other 26 

potential underlying factors have been identified including dermatologic and non-dermatologic 27 

diseases 4.  Irrespective of the initiating factor, a vicious itch-scratch cycle develops, leading to 28 

the appearance of pruritic, hyperkeratotic, excoriated nodules. Breaking the itch-scratch cycle 29 

in PN represents a significant challenge and in the absence of FDA-approved treatments, 30 

numerous off-label treatments have been tested. However, these generally have a low success 31 

rate 2, causing frustration for patients as well as treating physicians. With new targeted drugs 32 

on the horizon, this is about to change 2. 33 

The development of effective treatments has been hindered by gaps in our knowledge about the 34 

molecular events leading to and sustaining pruritus in PN. Earlier studies suggested neural 35 

dysregulation, inflammation, and aberrant keratinocyte functions as the main pathogenetic 36 

components of PN 2, 5. One important piece of the PN-puzzle has been the identification of a 37 

connection between inflammation and itch. The discovery that IL-31, the “itch cytokine” 38 

mainly produced by immune cells, acts directly on neural cells to induce itch, has brought 39 

neuro-immune interactions into the spotlight 6, 7. IL-31 belongs to the IL-6 cytokine family and 40 

can be produced by several cell types, although the main source at present is thought to be Th2 41 

cells 6. Among a range of inflammatory skin diseases, IL-31 was shown to have the highest 42 

expression in PN 7. IL-31 binds to its heterodimeric receptor composed of an IL-31RA-chain 43 

and an oncostatin M receptor (OSMR) β-chain, and activates the JAK/STAT pathway. Since 44 

OSMR  is broadly expressed, the factor restricting responsiveness to IL-31 is the expression 45 

of IL-31RA-subunit. IL-31RA is expressed on sensory neurons in the dorsal root ganglia, 46 

allowing IL-31 to directly act on the nervous system to induce pruritus. In addition, IL-31RA 47 

is expressed on epithelial cells in which IL-31 can induce itch mediators, as well as on immune 48 

cells and stromal cells, allowing a multifaceted action in the skin. 49 

In a recent issue of the Journal of Allergy and Clinical Immunology, Tsoi et al. reports detailed 50 

molecular characterization of lesional vs. nonlesional skin of patients with moderate to severe 51 

PN  enrolled in a recent phase 2 trial of nemolizumab, a humanized IgG2 monoclonal antibody 52 

directed against IL31RA 8, and show partial reversion of PN-associated transcriptome changes 53 

after 12 weeks of treatment nemolizumab 9. A high number of differentially expressed genes 54 
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(>5000) were identified in PN lesions, many of them related to epidermal differentiation, 55 

immunological changes, and remodeling. Moreover, a complex immunological landscape 56 

emerged with a mixture of IL-31-, Th2- and Th17 signatures, as well as type I- and type II-IFN 57 

responses. Surprisingly, the immune-related gene expression landscape of PN displayed more 58 

similarities with psoriasis than with atopic dermatitis 4. Although these findings are somewhat 59 

surprising, they are supported by recent findings by Belzberg et al., analyzing transcriptomic 60 

profiles in PN patients mainly of African American origin 5. Importantly, despite the above-61 

mentioned similarities, IL-17A - the prototype psoriasis cytokine - was not elevated in any of 62 

the two studies 5, 9. As some of the psoriasis-associated genes (e.g. K6/16, IL-36) also belong 63 

to a wound-healing signature, part of this signature might also reflect a response to physical 64 

trauma and inflammation in excoriated nodules.  65 

Another interesting aspect of the study is that the Th2 cytokines tightly associated with atopic 66 

dermatitis, IL-4 and IL-13, were not found to be significantly upregulated in PN lesions as one 67 

may have hypothesized considering that a subset of PN patients have atopic dermatitis3, 4 and 68 

the observation that IL-4/13R inhibition by dupilumab has been shown to be efficient in PN 69 

patients in several case reports4. Importantly, however, IL-4R was upregulated and the 70 

“interleukin 4- and 13-signaling” was enriched in PN, suggesting the involvement of Th2 71 

immunity in the pathogenesis of PN.  This is also in agreement with the study by Belzberg et 72 

al 5, where a Th2 signature was observed in a subset of PN patients of European origin. These 73 

results, also considering ongoing clinical trials with dupilumab for PN2, warrant for further 74 

investigations of the involvement of Th2 immunity in PN.  75 

An important question answered by this new study is whether inhibition of IL-31RA can reverse 76 

the extensive gene expression changes in PN. Results presented by Tsoi et al. indicate that 77 

inhibition of IL-31RA not only effectively decreases itch but can also partially reverse the PN 78 

signature after 12 weeks of treatment. As expected, IL-31-responses were consistently 79 

decreased by nemolizumab. Of note, among the genes specifically normalized by nemolizumab, 80 

the most profound effects were found on IL22, and IL-36A/G.  IL-22 has been implicated as an 81 

important cytokine in PN, and its decreased levels may contribute to normalization of epidermal 82 

thickening 5, while IL-36 is involved in an autoinflammatory loop in keratinocytes and its 83 

decreased levels may contribute to decreased inflammation and neutrophil infiltration.  In 84 

addition, genes involved in cell proliferation/differentiation, and IL-4- and IL-13-signaling 85 

were specifically decreased by nemolizumab. Notably, a set of genes in the PN signature, such 86 

as those associated with basal keratinocytes, were also reversed in the placebo group. While 87 
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pruritus is commonly reduced to some extent by placebo in clinical trials, it is noteworthy that 88 

partial normalization of gene expression occurs in this group, perhaps as a result of a - 89 

previously underestimated - neuro-epithelial communication. 90 

Altogether, results presented in this study provide valuable insights into the pathogenesis of PN 91 

and the role of IL-31RA/ IL-31-signaling in the disease. The broad effects of IL-31RA 92 

inhibition on gene expression are consistent with multiple effects of IL-31 on inflammation, 93 

itch and epidermal functions 6, and with the known distribution of IL-31RA being expressed on 94 

keratinocytes, stromal cells, and immune cells, in addition to neurons 6. The observed effects 95 

of IL-31RA inhibition can thus be mediated through inhibition of IL-31 responses in a range of 96 

cell types.  97 

Some questions to be addressed in future studies include the transcriptional/immunological 98 

heterogeneity of PN. Similar to atopic dermatitis, showing an immunological heterogeneity 99 

among ethnic groups, there are some indications for an ethnic heterogeneity in PN, which could 100 

be further explored 3, 5. Another open question is whether PN patients with or without associated 101 

atopy differ in their immunological profiles, even though the epidermal barrier impairment has 102 

been shown to be similar in these groups10, and whether such differences could direct therapy 103 

decisions. While the limited number of patients has precluded the identification of 104 

transcriptional changes potentially correlating with therapy response, this would be of interest 105 

to explore in the future. Finally, further studies would be needed to identify the contribution of 106 

different cell types to nemolizumab-action, as well as the dynamics of the response, to 107 

understand the primary and secondary changes upon IL-31RA inhibition, and the durability of 108 

the response, clinically and molecularly.  109 

The results of Tsoi et al outline PN as a disease with neuroimmune alterations characterized by 110 

inflammation, epidermal alterations, fibrosis, and pruritus. The effects of IL-31RA-inhibition 111 

on the PN transcriptome confirm the pivotal role of the “itch cytokine” in the pathological 112 

neuroimmune circuits that sustain PN. If the revolutionary approach to interrupt pathways of 113 

communication between the immune system and the nervous system will hold up in the future, 114 

then patients with PN will finally have an effective remedy. 115 

  116 
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FIGURE LEGENDS 150 

Figure 1. Inhibition of IL-31RA by nemolizumab improves the PN transcriptomic 151 

signature associated with pruritus, epidermal functions, inflammation and remodeling. In 152 

the study of Tsoi et al, comparison of PN lesional vs. nonlesional skin revealed transcriptomic 153 

changes related to pruritus, keratinocyte proliferation/differentiation, inflammation, and tissue 154 

remodeling - processes that have been associated with IL-31 action in the skin. Inhibition of 155 

IL-31 signaling by nemolizumab, an antibody targeting IL-31RA, leads to partial reversion of 156 

the PN transcriptomic signature related to these biological processes. These results identify IL-157 

31 signaling as a central hub in the pathogenesis of PN. 158 
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