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and bullous pemphigoid
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Introduction: Bullous pemphigoid (BP) and prurigo nodularis (PN) are chronic

pruritic skin diseases that severely impact patients’ quality of life. Despite the

widespread attention these two diseases have garnered within the

dermatological field, the specific pathogenesis, particularly the molecular

mechanisms underlying the pruritus, remains largely unclear. Limited clinical

sequencing studies focusing on BP and PN have hindered the identification of

pathological mechanisms and the exploration of effective treatment strategies.

Methods: To address this gap, we collected a total of 23 peripheral blood

mononuclear cell samples from BP and PN patients, as well as healthy

controls, and performed RNA sequencing analysis. By integrating

bioinformatics and machine learning techniques, we aimed to uncover the

shared immune regulatory networks and pruritus-related mechanisms

between BP and PN.

Results: Our study identified 161 differentially expressed genes shared between

BP and PN, which were primarily enriched in immune activation and neural

pathways, providing crucial molecular insights into the pruritus-related

mechanisms of both diseases. Furthermore, using the machine learning

algorithms of support vector machines and random forest, we pinpoint 7

crucial genes shared between the BP and PN databases. Among these, IL-27

emerged as a potential pivotal gene, as its mRNA expression levels strongly

correlated with clinical parameters including pruritus scores, immunoglobulin E

levels, and eosinophil counts. Validation experiments conducted on clinical

samples from an additional 22 participants confirmed the upregulation of IL-27

expression in both BP and PN lesions.

Discussion: This study is the first to unveil the shared inflammatory and immune

pathways common to BP and PN, highlighting the critical role of IL-27 in the

pathogenesis of these conditions. Our findings not only enhance the

understanding of the intricate relationship between BP and PN, but also

provide a foundation for the development of novel therapeutic strategies

targeting these two dermatological conditions.
KEYWORDS

bullous pemphigoid (BP), prurigo nodularis (PN), pruritus mechanisms, il-27, type
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1 Introduction

Pruritus, commonly known as itching, is defined as an

uncomfortable sensation that triggers the urge to scratch. When

pruritus persists for more than six weeks, it is classified as chronic

pruritus, which can significantly impact patient’s quality of life by

disrupting sleep, social interactions, and work capacity (1, 2). Type 2

inflammatory skin diseases, such as atopic dermatitis (AD), prurigo

nodularis (PN), and bullous pemphigoid (BP), are frequently

associated with varying degrees of pruritus (3). Understanding the

mechanism of itching is essential for developing effective treatments

for skin diseases. However, current research has primarily focused on

AD, the most prevalent Type 2 inflammatory skin disease (4–8). For

instance, one study suggests that epithelial cells directly communicate

to cutaneous sensory neurons via thymic stromal lymphopoietin in

AD to promote itch (9). Additionally, protease-activated receptor-2

signaling has been shown to drive several levels of neuro-epidermal

communication in AD (10), and itch-related genetics has been

analyzed using RNA sequencing (RNA-seq) of AD lesional skin

(11). Further exploration is needed into the mechanisms and

treatment strategies for intractable itching conditions like PN and BP.

BP is the most common autoimmune subepidermal bullous

disease, characterized by generalized pruritic urticaria-like plaques

and tense subepidermal blisters (12, 13). Cytokines such as

interleukin (IL)-5, IL-6, IL-10 are elevated in serum and blister

fluids of BP patients (14). PN, recognized as one of the most severe

pruritic skin diseases, presents with localized or generalized pruritus

accompanied by intensely pruritic nodules (15). Despite some

progress in managing pruritus symptoms, current treatments

often fail to provide complete relief (16). The mechanisms of

these diseases, especially their persistent pruritus, are unclear,

limiting the development of effective treatments. Thus,

investigating pruritus mechanisms is vital to enhance patient

quality of life and clinical outcomes.

Existing studies suggest that PN and BP may share common

pathologic mechanisms underlying the elicitation of pruritus. For

instance, single-cell RNA sequencing of blister samples and

surrounding erythematous lesions from BP patients has identified Th2

cells as the most critical immune cell subset, with the IL13-IL13 receptor

A1 ligand-receptor pair playing a critical role in immune-stromal

crosstalk in BP (17). Similarly, RNA-seq and differentially expressed

gene (DEG) functional enrichment analysis on patient’s skin biopsies,

revealed the enrichment of IL-4 and IL-13 signaling pathways,

suggesting shared pathogenic mechanism between BP and PN (18).

Also, Hiraiwa et al. reported that scratching and localized inflammation

in PN lead to the exposure of new epitopes on the basement membrane,

thereby generating the production of bullous pemphigoid antibodies,

further supporting a potential correlation between PN and BP (19).

However, most studies to date have focused on the exploring these two

diseases individually, while overlooking potential common or correlating

mechanisms that might exist in between.

In regards to the study of pruritus mechanisms in dermatoses,

the role of serum biomarkers should not be overlooked. As an easily

accessible tool, serum biomarkers can serve as direct and effective

diagnostic and monitoring indicators in clinical practice (3).
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Additionally, multiple cytokines partially secreted by peripheral

blood mononuclear cells (PBMCs), play an essential role in

neuroimmune circuits and pruritus (8, 20, 21). Type 2 cytokines

have been shown to activate mouse and human dorsal root ganglion

neurons, highlighting the essential role in the development of

chronic itch (22). Furthermore, plasma IL-31 and oncostatin M,

both dysregulated Type 2 inflammatory biomarkers, have shown a

strong correlation with pruritus, and biologics targeting IL-31

receptor A have achieved clinical success in both AD and PN

(23–27). Therefore, the peripheral serum and PBMCs, acting as a

crucial link between inflammation and pruritus sensation, may play

a key role in elucidating the systemic pathological processes of

pruritus (4).

Based on these considerations, we have shifted our research

focus to PBMCs for the first time. By systematically comparing the

gene expression patterns of PBMCs in PN and BP patients with

those in healthy controls (HCs) through transcriptome sequencing,

this study aims to explore the potential associations between these

two diseases and their shared and unique molecular mechanisms.

By identifying novel potential serum biomarkers and key molecular

mechanisms, this study aims to provide new perspectives on the

diagnosis, monitoring, and treatment of BP and PN.
2 Materials and methods

2.1 Participants information

This study included two independent cohorts, each consisting

of patients with BP and PN, and HCs. All participants underwent

thorough examination and were diagnosed by two experienced

dermatologists and one skilled dermatopathologist. The diagnoses

of BP and PN were based on the established guidelines, combining

with clinical examination and laboratory investigations (28, 29).

Exclusion criteria included: (1) pregnancy or breastfeeding; (2)

presence of other known systemic inflammatory diseases,

autoimmune disorders or infections; (3) treatment with any

topical medications within 2 weeks, systemic medications within

4 weeks, and biologics within 12 weeks. Samples from the two

cohorts were used for screening and validation of candidate

biomarkers, respectively (Table 1). This study has been approved

by the Ethics Committee of Wuhan Union Hospital, is consistent

with the Helsinki Declaration II, and has obtained written informed

consent from all participants.
2.2 PBMC isolation and RNA extraction

Blood from participants was collected in heparin tubes. PBMCs

were isolated using Lymphocyte Separation Medium (Corning,

Manassas, VA) via centrifugation. Cell counts were performed

using the Cellometer Auto 2000 (Nexcelom, Lawrence, MA) and

cells were cultured at 2 × 106 cells/ml. RNA was extracted from

PBMCs using TRIzol (Invitrogen, Carlsbad, CA). The quality of

RNA was measured using NanoDrop ND-1000 (ThermoFisher
frontiersin.org
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Scientific, Waltham, MA). All raw data have been deposited in the

GEO database under accession number GSE278382.
2.3 Differential expression analysis

Differential expression analysis of BP and PN samples with

normal controls was performed using GEOquery and the limma

package in R software. DEGs were identified based on the criteria of

adjusted P < 0.05 and |log2FC| > 1. Volcano plots and heatmaps

were generated to visualize DEGs in the BP and PN cohorts using

the ‘heatmap’ and ‘ggplot2’ packages. Venn diagram software was

used to identify the common DEGs between BP and PN samples.
2.4 Pathway enrichment analysis

Gene set variation analysis was performed to evaluate pathway

enrichment in BP and PN datasets. All hallmark gene sets were

downloaded from the Molecular Signature Database (MSigDB). An

adjusted P value < 0.05 was considered statistically significant. The

Benjamini and Hochberg method was used for multiple-

testing adjustments.
2.5 Function enrichment analysis of DEGs

We utilized the Gene Ontology (GO) plot package and cluster

Profiler in R for GO functional and Kyoto Encyclopedia of Genes

and Genomes (KEGG) pathway analyses to gain deeper insights

into the roles of hub genes in BP and PN. Annotation terms with a

P-value < 0.05 were considered significantly enriched, and the final

results were presented in a bubble diagram for clear visualization.
2.6 Protein-protein interaction
network analysis

The protein-protein interaction (PPI) networks of DEGs were

constructed using the STRING database. Interactions with a
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combined score greater than 0.4 were considered statistically

s ignificant . The PPI networks were visual ized using

Cytoscape software.
2.7 Selection and functional analysis of
hub genes

Using the cytoHubba plugin of the Cytoscape software, hub

genes were selected with the following selection criteria: K-core=2,

degree cutoff=2, max depth=100, and node score cutoff=0.2. A co-

expression network of these hub genes was constructed

by GeneMANIA.
2.8 Selection of key genes through
machine learning methods

Key genes linking BP and PN were identified using machine

learning methods, including Random Forest (RF) and Support

Vector Machine (SVM) algorithms. The former used the R

package “randomForest” , and the latter utilized the R

package “SVM”.
2.9 Receiver operating characteristic
curve analysis

We used the receiver operating characteristic (ROC) function in

the R package to perform ROC analysis. The area under the curve

(AUC) of ROC was determined to validate key genes and assess

their diagnostic value.
2.10 Gene set enrichment analysis

To investigate the different immune cell types and states in BP

and PN, gene set enrichment analysis (GSEA) was performed by

our differential gene expression data. MSigDB as the reference gene
TABLE 1 Characteristics of study participants.

Characteristic

Discover set Validation set

BP
n=6

PN
n=9

HC
n=8

BP
n=7

PN
n=10

HC
n=5

Age (years), mean ± SD 64.67 ± 8.43 59.56 ± 7.73 52.00 ± 20.07 54.85 ± 10.93 52.90 ± 18.50 54.20 ± 14.34

Female, n (%) 2 (33.33) 6 (66.67) 4 (50.00) 3 (42.86) 3 (30.00) 2 (40)

Body mass index (kg/m2), mean ± SD 23.38 ± 4.35 23.02 ± 2.26 22.51 ± 1.25 23.72 ± 3.22 24.12 ± 1.91 22.62 ± 1.32

Disease duration, mean ± SD 1.03 ± 0.68 3.81 ± 2.89 – 1.30 ± 0.56 4.08 ± 2.92 –

P-NRS, mean ± SD 5.67 ± 2.16 4.67 ± 2.24 0 6.86 ± 1.35 6.10 ± 1.85 0

EOS (G/L), mean ± SD 0.24 ± 0.20 0.28 ± 0.18 0.17 ± 0.20 0.31 ± 0.16 0.36 ± 0.21 0.19 ± 0.08

IgE (IU/ml), mean ± SD 118.90 ± 121.27 310.95 ± 767.23 56.81 ± 55.76 177.10 ± 142.25 241.95 ± 170.65 67.97 ± 55.00
BP, bullous pemphigoid; PN, prurigo nodularis; HC, Health control; P-NRS, pruritus-numeric rating scale; EOS, eosinophil counts; IgE, immunoglobulin E.
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set was used as the reference gene set for gene enrichment

and visualization.
2.11 Enzyme-linked immunosorbent assay
and quantitative reverse transcription-
polymerase chain reaction

Serum IL-27 levels were detected by commercial enzyme-linked

immunosorbent assay (ELISA) kit. Total RNA was extracted from

participants’ PBMCs by TRIzol® reagent (Thermo Fisher Scientific,

Inc.) based on the manufacturer’s instructions. After that reverse

transcription was performed with the PrimeScript™ RT reagent Kit

(Takara Bio, Inc.), and quantitative reverse transcription-

polymerase chain reaction (qRT-PCR) was performed via real-

time quantitative PCR with SYBR Green Real-Time PCR Master

Mixes (Applied Biosystems). mRNA expression levels were

quantified applying the 2−DDCq method and normalized to

ACTB. All primer sequences were presented in Table 2.
2.12 Immunohistochemistry

Tissue microarray slides were purchased from Xi’an Avili

Biotechnology Co., Ltd. (Xi’an, China) (DC-Hea11012). PN and

BP samples used for immunohistochemistry (IHC) were primarily

collected from lesional skin on the limbs. Tissue microarray

specimens were immunostained with IL-27. The extent of

immunostaining was reviewed and scored by two independent

pathologists who were blinded to the clinical details. The score

was determined by multiplying the percentage of positive cells by

the staining intensity.
3 Result

3.1 Clinical characteristics of the
participants and identification of DEGs in
BP and PN

From two participant groups, skin lesions and PBMC samples

were collected. The discovery group had 6 BP patients, 9 PN

patients, and 8 HCs, with PBMC samples subjected to RNA-seq

for DEG identification. The validation cohort consisted of 7 BP

patients, 10 PN patients, and 5 HCs, provided clinical samples to

validate DEGs (Table 1). All patients met established disease criteria

and exhibited characteristic symptoms, such as high pruritus-

numeric rating scale (P-NRS) scores, or eosinophil counts (EOS)
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levels. RNA-seq of PBMC samples identified DEGs relative to HCs

(Supplementary Figures 1A, B). In BP patients, 610 DEGs were

identified, including 309 upregulated and 301 downregulated genes;

in PN patients, 755 DEGs were identified with 556 upregulated and

199 downregulated genes (Figure 1A). GO analysis of DEGs using

Metascape revealed significant enrichment in inflammatory and IL-

6 pathways for both diseases (Figures 1B, C), hinting at their key

roles in BP and PN pathogenesis. Figures 1D, E showed enriched

pathways and expression levels, potentially revealing therapeutic

targets and key regulators in BP and PN inflammation or pruritus.
3.2 Functional annotation of common
DEGs between BP and PN

Using an online Venn diagram tool, we identified 161 DEGs

common to BP and PN, with 46 downregulated and 115

upregulated (Figures 2A, B). To explore their functions roles, GO

and KEGG analyses were performed. GO analysis revealed that

these common DEGs were closely associated with neural and

immune pathways, encompassing immune response, positive

regulation of defense response to bacteria, positive regulation of

T-cell activation, neuronal cell body, and neuronal synaptic

plasticity (Figure 2C). KEGG analysis indicated that these DEGs

were primarily enriched in pathways such as Staphylococcus aureus

infection, phagosome, cytokine-cytokine receptor interaction, Th17

cell differentiation, and Th1 and Th2 cell differentiation

(Figure 2D). Subsequently, a PPI network was constructed to

examine the interactions among the DEGs. The PPI network

revealed clusters tied to processes such as positive regulation of

T-cell activation, regulation of neuronal synaptic plasticity, immune

response, and Th1 and Th2 cell differentiation (Figure 2E).
3.3 Identification of key genes involved in
the pathogenesis of BP and PN

We applied SVM and RF algorithms to identify shared core

genes between BP and PN. The SVM algorithm selected key genes

from BP-PN gene expression data (Supplementary Table 1),

maximizing classification accuracy and predictive performance at

the optimal feature count (Figures 3A, B). The RF algorithm

identified another set of crucial genes, including AKAP12,

CD163, COL23A1, IL-27, IQCH, LINC01037, LOC105378571,

etc. (Figure 3C). To validate essential core genes, overlapping

results from both algorithms were analyzed using a Venn

diagram. IL-27, COL23A1, LINC01037, LOC105378571, and

AKAP12 emerged as highly recognized core genes by both SVM

and RF (Figure 3D).
3.4 Validation of key genes involved in the
pathogenesis of BP and PN

Next, we validated the expression changes of key genes in BP

and PN samples. Compared with the HC group, the gene expression
TABLE 2 The primer sequences of IL-27 and ACTB.

Gene
Forward primer
(5’ to 3’)

Reverse primer
(5’ to 3’)

IL-27 CTTGGCTGGCGGCTCA CCAAAGTGTAGGTCCCTGGC

ACTB GCCGCCAGCTCACCAT GCTGACTGTGAACTCCCTCC
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levels of IL-27 (Figure 4A) and COL23A1 (Figure 4C) were

significantly upregulated in both BP and PN, while the expression

levels of LINC01037 (Figure 4E), AKAP12 (Figure 4G), and

LOC105378571 (Figure 4I) were significantly downregulated.

ROC curve analysis showed that IL-27 (Figure 4B, AUC=0.925),

COL23A1 (Figure 4D, AUC=0.933), AKAP12 (Figure 4H,

AUC=1.000), and LOC105378571 (Figure 4J, AUC=0.975)

achieved high areas under the curve, indicating robust robust

diagnostic and predictive capabilities. In contrast, LINC01037

(Figure 4F, AUC=0.542) exhibited a lower AUC value.
3.5 Identification of the association
between key genes and clinical features

We delved into the key genes IL-27 and COL23A1, which were

significantly upregulated in both BP and PN diseases, to ascertain

their roles. By analyzing patient clinical samples and the scratching-

related metrics P-NRS, immunoglobulin E (IgE) levels, and EOS, we

found strong positive correlations between IL-27 mRNA expression
Frontiers in Immunology 05
and P-NRS (R = 0.71, P = 0.00013) (Figure 5A), IgE (R = 0.86, P =

2e-07) (Figure 5B), suggesting its potential as a crucial indicator of

itching perception. A moderate correlation with EOS (R = 0.54, P =

0.0085) (Figure 5C) was also observed. In contrast, COL23A1

showed weaker associations with P-NRS (R = 0.69, P = 3e-04)

(Figure 5D) and insignificant correlations with IgE (R = 0.36, P =

0.093) and EOS (R = 0.4, P = 0.061) (Figures 5E, F). Based on these

findings, we hypothesized that IL-27 plays a pivotal role in

regulating pruritus in regulating pruritus in BP and PN.
3.6 Verification and detection of IL-27
expression levels in validation clinical
samples of BP and PN

To further investigate the potential correlation between IL-27

and pruritus, as well as validate the diagnostic value of altered IL-27

expression in BP and PN, we collected clinical samples and

systematically analyzed the expression of IL-27. IHC staining of

the affected skin lesion areas revealed strong positive expression of
FIGURE 1

Differential expression analysis and pathway enrichment annotation of BP and PN. (A) Bar charts showing the number of DEGs in BP patients or PN
patients in comparison to health controls. (B, C) Using Metascape, we identified five pathways that were enriched in the BP patients (B) or PN
patients (C). DEGs with an absolute value of log2-fold change greater than 1 (|log2FC| > 1) were used for the pathway analysis. (D, E) The genes
corresponding to the GO pathways were shown on the heatmaps. Each GO pathway is represented by the colored bar on the left.
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IL-27 in the lesion tissues of BP and PN patients compared to HCs

(Figure 6A). qPCR analysis showed significantly higher IL-27

mRNA expression levels in PBMCs from BP and PN patients

compared to the HC group (Figure 6B). Furthermore, ELISA

results from serum samples indicated that the concentrations of

IL-27 in the sera of BP and PN patients were also significantly

higher than those in the HC group (Figure 6C). These findings

underscore the crucial role of IL-27 in the pathogenesis of BP and

PN and its potential as a diagnostic biomarker.
3.7 GSEA analysis in BP and PN

Furthermore, we utilized GSEA to assess the immune cell types

and states in BP and PN sample datasets. The results indicated that

the most significantly upregulated immune infiltration terms in BP
Frontiers in Immunology 06
were mainly concentrated in pathways related to B cells (Figure 7A),

monocytes (Figure 7B), and Th2 cells (Figure 7C). And PN samples

exhibited B cell (Figure 7D), Th cell (Figure 7E), and Th2 cell

pathway infiltration (Figure 7F). The similarities in immune cell

types between BP and PN further suggest potential overlaps in the

pathogenesis of these two diseases.
4 Discussion

BP and PN are chronic, pruritic Type 2 skin diseases with

limited research on specific serum biomarkers. This study,

pioneeringly, sequenced PBMCs from patients with BP and PN,

alongside HCs, to analyze transcriptome changes linked to pruritus.

We innovatively identified IL-27 as a novel potential biomarker,

correlated with pruritus and inflammation severity. This finding
FIGURE 2

Functional annotation of DEGs. (A) The Venn diagram shows the intersection of downregulated DEGs from the BP and PN samples, respectively.
(B) The Venn diagram shows the intersection of upregulated DEGs obtained from the BP and PN cohorts, respectively. (C) Bubble chart illustrating
the significant enrichment terms of co-expressed DEGs in terms of GO enrichment analysis. (D) Bubble chart illustrating the significant enrichment
terms of co-expressed DEGs in the KEGG analysis. (E) The PPI networks including the interactions of DEGs, and positive regulation of T-cell
activation, regulation of neuronal synaptic plasticity, immune response, and Th1 and Th2 cell differentiation.
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paves the way for new treatments and deepens our knowledge of IL-

27 in BP and PN.

Previous studies have demonstrated that Type 2 immune

responses and key cytokines, such as IL-4, IL-13, and IL-31 play

crucial roles in the pathophysiological process of chronic pruritus

(30). Although BP and PN differ in clinical manifestations, they may

share common pathophysiological processes. Persistent pruritus in

BP is largely driven by robust Th2 cell-mediated immune responses,

characterized by elevated Th2 lymphocyte subsets and mast cell

infiltration in the lesions, along with elevated EOS counts and IgE

levels in the peripheral blood (31–34). Notably, EOS are the primary

source of itch-inducing cytokines in the skin and serum of BP

patients (35). In PN, the upregulation of IL-4 and IL-13 sustains and

amplifies the Th2 cell-mediated immune response, further

recruiting EOS and mast cells, stimulating IgE production, and

exacerbating the vicious cycle of itching through interactions with
Frontiers in Immunology 07
IL-31 (36–39) These cytokines not only act directly as pruritogens

for primary sensory neurons and modify sensitivity to other itch

mediators, but also mediate peripheral sensitization mechanisms as

well as abnormal neuro-immune-epithelial interactions (40–42).

Our sequencing results indicate shared pathways in BP and PN

pathogenesis, including the positive regulation of T-cell activation,

Th2 cell differentiation, and modulation of neuronal synaptic

plasticity. The findings suggest that, as typical Type 2

inflammatory skin diseases, BP and PN may involve significant

neuro-immune interactions that play a crucial role in the initiation

and maintenance of pruritus. Additionally, these pathological

changes related to inflammation and itch perception are also

prominent in the peripheral circulation.

By employing the SVM and RF machine learning strategies, we

discovered IL-27 as a key gene highly expressed in the PBMCs of

patients with BP and PN. Correlation analysis of clinical data
FIGURE 3

Identification of key genes in BP and PN. (A, B) Identification of hub genes for SVM algorithms. (C) Identification of hub genes for RF algorithms.
(D) Venn diagram screening overlapping hub genes from SVM and RF.
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revealed a strong positive correlation between IL-27 expression and

clinical P-NRS, as well as significant correlations with the allergic

maker IgE levels and EOS counts. IL-27, a member of the IL-6/IL-12

cytokine family, is primarily produced by myeloid cells and signals

through a receptor composed of IL-27Ra and gp130 subunits, that

is present not only on innate immune cells but also on adaptive

immune cells, allowing IL-27 to broadly influence immune

responses (43, 44).

In the skin microenvironment, IL-27 is primarily secreted by

epidermal keratinocytes and antigen-presenting cells, such as

macrophages and dendritic cells (45). IL-27 exerts a regulatory

effect on Th2 cells, and has been shown to maintain inflammatory

responses in chronic eczema by inducing the production of C-X-C

motif chemokine ligand 10 and enhancing the survival of epidermal

cells (46). Suwanpradid et al. found that IL-27 derived from

macrophages can promote skin hypersensitivity and play a role in

human allergic contact dermatitis (47). Xu WD et al. showed that

IL-27 regulate eosinophil function by stimulating downstream

signaling, such as nuclear factor-kappa B and mitogen-activated

protein kinase pathways (48). Additionally, IL-27 has been

implicated in cutaneous inflammation and pruritus, as it can

upregulate the transcription of protease-activated receptor 2 in

the skin, which in turn enhances neural fiber density, elevates the
Frontiers in Immunology 08
expression of nerve growth factor and endothelin-1, intensifies

hypersensitivity reactions, and potentiates the responsiveness of

dorsal root ganglion cells to non-histaminergic pruritogens, thereby

inducing skin inflammation and itching.

Moreover, GSEA revealed notable similarities in B-cell and Th-

cell states between BP and PN, also indicating shared

immunopathogenesis. Elevated IL-27 levels in PBMCs, skin lesions,

and serum of both patients suggests its involvement in immune cell

activation and neural hypersensitivity. Given its immunoregulatory

properties, IL-27 has been considered a potential therapeutic target

for Th2-mediated allergic diseases. Our current findings suggest the

importance of IL-27 in peripheral itch signal transmission and may

be an important pruritus feature in BP and PN.

This study is the first to directly sequence PBMCs from BP and

PN patients, using proprietary clinical samples to mitigate biases

associated with database reliance on public datasets. By integrating

bioinformatics and machine learning, we pinpointed IL-27 as a

critical player in BP and PN pathogenesis, providing new insights

into pruritus mechanisms. Yet, the small sample size limits the

generalization of our findings. Larger-scale experiments and clinical

studies are necessary to validate IL-27’s functions. We aim to

overcome these limitations through further validations

and analyses.
FIGURE 4

Validation of the key genes in BP and PN. (A) Histograms showing the expression levels of IL-27 in the gene profile of BP and PN samples compared
to healthy controls. (B) ROC curve analysis of the IL-27. (C) Histograms showing the expression levels of COL23A1 in the gene profile of BP and PN
samples compared to healthy controls. (D) ROC curve analysis of the COL23A1. (E) Histograms showing the expression levels of LINC01037 in the
gene profile of BP and PN samples compared to healthy controls. (F) ROC curve analysis of the LINC01037. (G) Histograms showing the expression
levels of AKAP12 in the gene profile of BP and PN samples compared to healthy controls. (H) ROC curve analysis of the AKAP12. (I) Histograms
showing the expression levels of LOC105378571 in the gene profile of BP and PN samples compared to healthy controls. (J) ROC curve analysis of
the LOC105378571. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001.
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FIGURE 6

Verification of IL-27 expression in validation clinical samples. (A) IHC staining for IL-27 expression in clinical BP (N=7), PN (N=10) and HC (N=5)
lesions. (B) qPCR analysis showing the expression level of IL-27 expression in clinical PBMCs. (C) ELISA detecting the serum secretion of IL-27. * P <
0.05, **** P < 0.0001.
FIGURE 5

Clinical characteristics of key gene. The correlation between mRNA expression level of IL-27 and the clinical characteristics, P-NRS (A), IgE (B), and
EOS (C). The correlation between mRNA expression level of COL23A1 and the clinical characteristics, P-NRS (D), IgE (E), and EOS (F).
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5 Conclusion

In summary, BP and PN share similar inflammatory and

immunological features in their pathological processes, particularly in

the mechanisms that trigger itching. This study is the first to propose

and validate IL-27 as the common and specific key molecule linking

these two pruritic inflammatory skin diseases. These findings not only

provide novel insights into the potential relationship between BP and

PN, but also opens new avenues for exploring more effective

therapeutic strategies and developing novel therapeutic targets.
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