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Identification of gene signatures 
and molecular mechanisms 
underlying the mutual exclusion 
between psoriasis and leprosy
You‑Wang Lu 1,2,6, Rong‑Jing Dong 1,2,6, Lu‑Hui Yang 1,6, Jiang Liu 5, Ting Yang 4, 
Yong‑Hong Xiao 1, Yong‑Jun Chen 4*, Rui‑Rui Wang 3* & Yu‑Ye Li 1*

Leprosy and psoriasis rarely coexist, the specific molecular mechanisms underlying their mutual 
exclusion have not been extensively investigated. This study aimed to reveal the underlying 
mechanism responsible for the mutual exclusion between psoriasis and leprosy. We obtained 
leprosy and psoriasis data from ArrayExpress and GEO database. Differential expression analysis 
was conducted separately on the leprosy and psoriasis using DEseq2. Differentially expressed genes 
(DEGs) with opposite expression patterns in psoriasis and leprosy were identified, which could 
potentially involve in their mutual exclusion. Enrichment analysis was performed on these candidate 
mutually exclusive genes, and a protein–protein interaction (PPI) network was constructed to identify 
hub genes. The expression of these hub genes was further validated in an external dataset to obtain 
the critical mutually exclusive genes. Additionally, immune cell infiltration in psoriasis and leprosy was 
analyzed using single‑sample gene set enrichment analysis (ssGSEA), and the correlation between 
critical mutually exclusive genes and immune cells was also examined. Finally, the expression pattern 
of critical mutually exclusive genes was evaluated in a single‑cell transcriptome dataset. We identified 
1098 DEGs in the leprosy dataset and 3839 DEGs in the psoriasis dataset. 48 candidate mutually 
exclusive genes were identified by taking the intersection. Enrichment analysis revealed that these 
genes were involved in cholesterol metabolism pathways. Through PPI network analysis, we identified 
APOE, CYP27A1, FADS1, and SOAT1 as hub genes. APOE, CYP27A1, and SOAT1 were subsequently 
validated as critical mutually exclusive genes on both internal and external datasets. Analysis of 
immune cell infiltration indicated higher abundance of 16 immune cell types in psoriasis and leprosy 
compared to normal controls. The abundance of 6 immune cell types in psoriasis and leprosy positively 
correlated with the expression levels of APOE and CYP27A1. Single‑cell data analysis demonstrated 
that critical mutually exclusive genes were predominantly expressed in Schwann cells and fibroblasts. 
This study identified APOE, CYP27A1, and SOAT1 as critical mutually exclusive genes. Cholesterol 
metabolism pathway illustrated the possible mechanism of the inverse association of psoriasis and 
leprosy. The findings of this study provide a basis for identifying mechanisms and therapeutic targets 
for psoriasis.

With the development of economic levels, the incidence of many infectious diseases such as tuberculosis and 
leprosy is gradually decreasing, while the incidence of immune-inflammatory diseases such as psoriasis, atopic 
dermatitis, systemic lupus erythematosus, etc., is gradually increasing. Psoriasis is a common chronic inflam-
matory skin disease characterized by increased epidermal hyperplasia, erythematous papules, and  plaques1. 
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While not life-threatening, psoriasis significantly impacts patients’ quality of life due to its long duration and 
recurrent  episodes2. The prevalence of psoriasis varies worldwide, ranges from 0.14 to 1.99%3. The exact etiology 
of psoriasis remains unclear, but it is believed to involve multiple factors such as infection, genetics, immune 
system dysfunction, and metabolic  abnormalities4,5. While, leprosy, also known as Hansen’s disease, is a chronic 
granulomatous disease caused by infection with Mycobacterium leprae, primarily affecting the peripheral nerves 
and  skin6. These pathogens typically reside in the subepidermal zone, Schwann cells, macrophages, and perifol-
licular  regions7, leading to skin and peripheral nerve  damage8. Leprosy serves as an ideal model for studying 
immune pathways in disease pathogenesis.

The relationship between leprosy and psoriasis was  enigmatic9,10. The term "lepra" in the Bible was histori-
cally used to describe a condition that we now recognize as psoriasis. The confusion between these two diseases 
persisted for nearly 19 centuries before it was realized that they are indeed distinct and separate  conditions11. 
On the other hand, the coexistence of leprosy and psoriasis is rare, yet the skin lesions of the two conditions 
are remarkably  similar9. The first report on this phenomena dates back four  decades12. Leprosy patients are less 
susceptible to psoriasis. A survey of 45,661 leprosy patients reported a psoriasis prevalence rate of 0.014% in the 
 cohort13. Currently, only sporadic case reports exist regarding patients with both psoriasis and  leprosy9,11,14–18. 
In these two conditions, one disease may confer protection against the development of the other, or there might 
be shared mechanisms influencing the progression of both diseases. Gaining a comprehensive understanding 
how one disease prevents or ameliorates the other holds great significance for psoriasis treatment.

Previous studies have suggested that the mutual exclusion of psoriasis and leprosy may be linked to genetic 
factors, immune responses, and neurological  damage13. Studies have revealed that leprosy and psoriasis share 
numerous susceptible genes, including HLA-Cw06, HLA-DRB104, IL23R, IL12B, and other  genes19–22. Some of 
these susceptible genes play opposing roles in both diseases, for instance, the HLA-Cw06 allele can enhance the 
resistance of psoriasis patients to bacterial  infections21,23, while HLA-Cw*06 allele are significantly negatively 
correlated with  leprosy19,24. Moreover, a recent genome-wide association study (GWAS) found ZFP36L1 gene 
play opposing roles in the two  diseases25, the protective ZFP36L1 genotypes against leprosy are the risk genotypes 
for  psoriasis25. This indirectly suggests a genetic antagonism in susceptibility between psoriasis and leprosy. 
Therefore, some scholars propose a hypothesis that resistance to leprosy may confer an evolutionary advantage 
for the expansion of genotypes associated with  psoriasis10.

Furthermore, psoriasis is characterized by significantly enhanced innate immunity and highly activated 
adaptive immune responses, including Th1 and Th17 responses, along with elevated levels of inflammatory fac-
tors such as TNF-α, IL-17, etc. These factors are essential for the body’s control of invasion and proliferation by 
Mycobacterium leprae26,27. Thus the hyperactive immune state observed in psoriasis enables patients to better 
defend against Mycobacterium leprae.  infection27.

This may be the immunological reason for the "exclusion" between psoriasis and leprosy. In addition, current 
research suggests that neuroinflammation is an essential part of the mechanism underlying  psoriasis28. While, the 
damage and dysfunction caused by Mycobacterium leprae to peripheral nerves, along with a decrease in neural 
secretion, appear to be another immunological reason why leprosy patients do not develop psoriasis.

Nowadays, there have been few studies investigate the mutual exclusion between leprosy and psoriasis based 
on bioinformatics analysis. The potential regulatory mechanisms between the two diseases remain elusive.

Comparative transcriptome analysis offers a potential avenue for gaining insights into the mechanisms under-
lying mutual exclusion between psoriasis and leprosy. Thus, the objective of this study was to identify hub genes 
and related signaling pathways that are mutually exclusive between psoriasis and leprosy. We analyzed two gene 
expression datasets, namely GSE54456 and MTAB-10318, and employed integrated bioinformatics and enrich-
ment analysis to identify mutually exclusive genes and their functions in psoriasis and leprosy. Furthermore, we 
utilized the STRING database and Cytoscape software to construct protein–protein interaction (PPI) networks 
and identify hub genes. Finally, we identified three crucial hub genes and examined their correlation with 
immune cells, followed by evaluating their expression pattern at the single-cell level. This study is expected to 
provide novel insights into the inverse association of psoriasis and leprosy.

Materials and methods
Data sources
Information on the annual incidence rate of leprosy and psoriasis were obtained from GBD 2019 database with 
the Global Health Data Exchange (GHDx) query tool (http:// ghdx. healt hdata. org/ gbd- resul ts- tool).

The leprosy transcriptome dataset E-MTAB-10318 (33 leprosy samples and 9 normal control samples) was 
obtained from the ArrayExpress database (https:// www. ebi. ac. uk/ biost udies/ array expre ss/). Psoriasis transcrip-
tome datasets were obtained from the GEO database (https:// www. ncbi. nlm. nih. gov/ geo/), including GSE54456 
(92 psoriasis samples and 82 normal control tissue samples), validation set GSE13355 (58 psoriasis samples and 
58 non-lesion samples), GSE30999 (85 psoriasis samples and 85 non-lesion samples), GSE34248 (14 psoriasis 
samples and 14 non-lesion samples), GSE41662 (24 psoriasis samples and 24 non-lesion samples), and GSE14905 
(33 psoriasis samples and 28 non-lesion samples). Additionally, the single-cell dataset GSE150672 included 4 
cases of leprosy, 5 cases of psoriasis, and 3 cases of normal controls (Table S1).

During the process of data integration, five datasets (GSE13355, GSE30999, GSE34248, GSE41662, GSE14905) 
detecting psoriasis gene expression using the GPL570 chip were integrated. Genes expressed in all samples were 
retained for further analysis. Batch effects were eliminated using the Combat function in the sva  package29.

The national age-standardized incidence rates of leprosy and psoriasis were extracted from the GBD 2019 
study, encompassing data from 204 countries. To visualize the data, world maps were created using the ggmap 
R package.

http://ghdx.healthdata.org/gbd-results-tool
https://www.ebi.ac.uk/biostudies/arrayexpress/
https://www.ncbi.nlm.nih.gov/geo/
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Identification of DEGs in psoriasis and leprosy
The R package DEseq2 was utilized to identify differentially expressed genes (DEGs) in psoriasis vs. normal and 
leprosy vs. normal, respectively. The criteria for selection were FDR < 0.05 and |Log2FC|> 1.

Candidate mutually exclusive genes signaling pathway enrichment analysis and PPI interac‑
tion network
The R software  clusterProfiler30 was employed to analyze the enrichment of gene ontology (GO) terms and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) signaling pathways for the candidate mutually exclusive genes. 
The STRING database (https:// string- db. org/) was used to construct the PPI network, and interactions with a 
medium confidence score greater than 0.4 were considered statistically significant. Subsequently, Cytoscape was 
used to visualize the PPI network. The GeneMANIA database (https:// genem ania. org/) was utilized to identify 
critical mutually exclusive genes interaction patterns.

Internal validation
For the E-MTAB-10318 and GSE54456 datasets, receiver operating characteristic (ROC) curves for the hub 
genes were generated using the pROC  package31. Additionally, the area under the curve (AUC) was calculated 
for each ROC curve. Box plots were created to compare the expression of hub genes between the case and the 
normal control group using appropriate software packages. Pathway and gene set enrichment analysis was also 
conducted using Hetionet v1.032.

External validation
GSE74481 (66 leprosy and 9 normal control samples) from the GEO database was selected as the external valida-
tion set. The GSE13355, GSE30999, GSE34248, GSE41662, and GSE14905 datasets (214 psoriasis and 209 normal 
control samples) were integrated as part of the validation set. ROC curves associated with the hub genes were 
generated based on gene expression in the external validation set. Box plots were used to further illustrate the 
differences in gene expression between the case and the normal group.

Transcripts‑based isoform expression analysis
Raw reads were processed with Trimmomatic (v0.39) to trim low-quality reads and remove adapters. The result-
ing filtered reads were then aligned to the Homo sapiens (GRCh38) genome using HISAT2 (v2.2.1). Transcripts 
were identified and quantified utilizing StringTie (v2.2.0) against the Homo_sapiens.GRCh38.84.gtf annotation 
file (ftp:// ftp. ensem bl. org/ pub/ relea se- 84/ gtf/ homo_ sapie ns/ Homo_ sapie ns. GRCh38. 84). The R package DEseq2 
was utilized to identify differentially expressed transcript (DET). Raw counts were subsequently normalized 
using the vst function in the DESeq2 package. The difference in transcript expression between two groups was 
assessed using the Wilcoxon rank-sum test.

Immune infiltration analysis
Using mRNA expression profiles normalized by DEseq2, single-sample gene set enrichment analysis (ssGSEA) 
in the R software GSVA package was employed to quantify the abundance of 28 immune cell types in psoriasis 
and leprosy samples. The cor.test function was used to calculate the correlation between hub genes expression 
levels and abundance of immune cells.

Single‑cell data analysis
The expression matrix GSE150672 was obtained from the GEO database. Quality control and dimensionality 
reduction were performed using the Seurat software package (v4.1.1). During the initial quality control step, 
Seurat objects were created for the normal and psoriasis groups, and genes expressing < 200 were filtered out. 
Genes expressed in fewer than 3 cells were also excluded. The remaining cells’ gene expression profiles were 
normalized, and 2000 hypervariable genes were identified from each sample using the VST method. All genes 
were scaled, and principal component analysis was performed. Unsupervised clustering (resolution = 0.5) was 
used to cluster the cells, and the top 20 principal components were visualized using Uniform Manifold Approxi-
mation and Projection (UMAP). Cell type annotation was performed using the singleR package (v1.8.1), with 
manual annotation for optimization. Single-cell level-based gene set enrichment analyses were integrated with 
Hub Genes using irGSEA (v1.1.2), with the enrichment score calculation method set to UCell.

Results
Global epidemiology
Age-standardized incidence rates per 100,000 population for leprosy varied from 0 to 24.3 cases in 2019 people 
(Fig. 1A). Age-standardized incidence rates per 100,000 population for psoriasis varied from 12.9 to 251.7 cases 
in 2019(Fig. 1B). There was an inverse association between the incidence rates of leprosy and psoriasis in the 
majority of countries.

Identification of DEGs
A total of 1098 DEGs were identified in leprosy transcriptome data, with 910 genes upregulated and 188 genes 
downregulated (Fig. 2A) (Table S2). Clustering analysis based on the expression levels of DEGs showed that 
most leprosy samples clustered together (Fig. 2B). In psoriasis transcriptome data, 3839 DEGs were identified, 
with 1641 genes upregulated and 2198 genes downregulated (Fig. 2C) (Table S3). Clustering analysis based on 
the expression levels of DEGs showed that psoriasis samples clustered together (Fig. 2D).

https://string-db.org/
https://genemania.org/
ftp://ftp.ensembl.org/pub/release-84/gtf/homo_sapiens/Homo_sapiens.GRCh38.84
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To identify mutually exclusive critical genes between psoriasis and leprosy, we took the intersection of genes 
with opposite expression direction in the two diseases. 48 candidate mutually exclusive genes were identified 
by taking the intersection. Among them, 35 genes were upregulated in leprosy and downregulated in psoriasis 
(Fig. 2E), while 13 genes were downregulated in leprosy and upregulated in psoriasis (Fig. 2F).

Pathway enrichment analysis and PPI interaction network of candidate mutually exclusive 
genes
We performed KEGG and GO enrichment analysis on the 48 candidate mutually exclusive genes. Enriched path-
ways were selected based on adj. p. value < 0.05 and count > 1, resulting in 10 enriched KEGG pathways, includ-
ing cholesterol metabolism, arachidonic acid metabolism, amino acid biosynthesis, insulin resistance, synaptic 
vesicle, etc. (Fig. 3A) (Table S4). Additionally, 24 GO terms were enriched, including biological processes (BP), 
cellular components (CC), and molecular functions (MF), such as monocarboxylic acid biosynthetic process, 
steroid esterification, specific granule, etc. (Fig. 3B) (Table S5).

Then, 48 candidate mutually exclusive genes were used to construct a PPI network using the STRING data-
base. The genes within this network mainly involved in vitamin K metabolic process, Lipoprotein metabolism 
(Table S6). APOE, CYP27A1, FADS1, and SOAT1 were identified as hub genes after applying the degree filter. 
(Fig. 3C). Further analysis of these genes using the GeneMANIA database revealed their involvement in pro-
cesses such as regulation of plasma lipoprotein particle levels, sterol homeostasis, clearance of plasma lipoprotein 
particles, etc. (Fig. 3D).

Internal validation
In the E-MTAB-10318 dataset, APOE, CYP27A1, FADS1, and SOAT1 had AUC percentages of 80.1%, 83.5%, 
73.4%, and 93.3%, respectively (Fig. 4A). In the GSE54456 dataset, APOE, CYP27A1, FADS1, and SOAT1 
had AUC percentages of 6.4%, 4.6%, 12.8%, and 19.0%, respectively (Fig. 4E). In the E-MTAB-10318 dataset, 

Figure 1.  Incidence estimates of leprosy and psoriasis per 100,000 population by country in 2019. (A) 
Incidence of leprosy in 2019; (B) Incidence of psoriasis in 2019.
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APOE, CYP27A1, FADS1, and SOAT1 showed higher expression levels in leprosy compared to the control group 
(Fig. 4B). In the GSE54456 dataset, APOE, CYP27A1, FADS1, and SOAT1 showed lower expression levels in 
psoriasis compared to the control group (Fig. 4F).

External validation
In order to verify the robustness and credibility of our result, leprosy GSE74481 dataset, psoriasis integrated 
dataset and GSE66511 were used for external validation. Based on the expression trends and AUC values across 
all datasets, APOE, CYP27A1, and SOAT1 were determined to be critical mutually exclusive genes. The ROC 
curves showed that APOE, CYP27A1, and SOAT1 had high AUC percentages in the GSE74481 dataset (reaching 
99.2%, 91.5%, and 85.1%, respectively) and low AUC percentages in the psoriasis integrated dataset (reaching 
15.0%, 15.0%, and 29.2%, respectively) (Fig. 4C and G). Box plots showed APOE, CYP27A1, and SOAT1 was 
upregulated in leprosy tissues, whereas their expression was downregulated in psoriasis tissues (Fig. 4D and H). 
In GSE66511 dataset, APOE, CYP27A1, FADS1, and SOAT1 were also significantly downregulated in psoriasis 
(Fig. S1A). GSE66511 displayed the significant diagnostic value of those genes in psoriasis (Fig. S1B).

Analysis of transcripts‑based isoform expression
A total of 2887 DETs were identified in leprosy transcriptome data, with 2556 transcripts upregulated and 
331 transcripts downregulated (Table S7). In psoriasis transcriptome data, 16,160 DETs were identified, with 
6892 genes upregulated and 9268 genes downregulated (Table S8). Candidate Mutually Exclusive Genes 

Figure 2.  Results of differential expression analysis. (A) Volcano plot of differential expression in leprosy; (B) 
Heatmap of differentially expressed genes in leprosy; (C) Volcano plot of differential expression in psoriasis; 
(D) Heatmap of differentially expressed genes in psoriasis; (E) Venn diagram of up-regulated genes in leprosy 
and down-regulated genes in psoriasis; (F) Venn diagram of down-regulated genes in leprosy and up-regulated 
genes in psoriasis.
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transcripts-based isoform were investigated. In the E-MTAB-10318 dataset, APOE_1(ENST00000252486), 
CYP27A1_1(ENST00000494263), CYP27A1_2(ENST00000258415), CYP27A1_4(ENST00000466602), 
FADS1_1(ENST00000350997), FADS1_2(ENST00000536991) and SOAT1_3(ENST00000367619) showed 
higher expression levels in leprosy compared to the control group (Fig. 5A). In the GSE54456 dataset, APOE_1, 
APOE_2, APOE_4, CYP27A1_2, CYP27A1_4, CYP27A1_5, FADS1_1, FADS1_2, FADS1_21, SOAT1_1, 
SOAT1_2 and SOAT1_3 showed lower expression levels in psoriasis compared to the control group (Fig. 5B). 
APOE_1, CYP27A1_2, CYP27A1_4, FADS1_1, FADS1_2 and SOAT1_3 exhibit opposite expression trends in 
psoriasis and leprosy group.

Analysis of immune cell infiltration
Subsequently, we quantified immune cell infiltration in leprosy and psoriasis using ssGSEA. The results showed 
that the level of immune cell infiltration in leprosy was generally higher compared to normal control samples 
(Fig. 6A). Among the 28 types of immune cells analyzed, 19 showed higher infiltration levels in leprosy compared 
to normal controls (Fig. 6B). Similarly, the level of immune cell infiltration in psoriasis was generally higher than 
in normal control samples (Fig. 6C), with 23 out of 28 immune cell types exhibiting higher infiltration levels in 
psoriasis compared to normal controls sample (Fig. 6D). Notably, 16 immune cell types showed higher infiltra-
tion levels in both leprosy and psoriasis samples compared to normal controls.

Furthermore, we investigated the correlation between critical mutually exclusive genes expression levels and 
immune cell infiltration levels in psoriasis and leprosy. In leprosy, the expression levels of APOE and CYP27A1 
were positively correlated with the levels of 18 immune cell types. Memory B cells and central memory CD8 T 
cells showed a negative correlation with the expression levels of APOE and CYP27A1. SOAT1 exhibited a positive 
correlation with 8 immune cell types (Fig. 6E). In psoriasis, APOE expression levels showed positive correlations 
with the levels of 10 immune cell types and negative correlations with 6 immune cell types. CYP27A1 expression 

Figure 3.  Pathway enrichment and PPI network. (A) Chord diagram of KEGG enrichment analysis; (B) Bubble 
diagram of GO enrichment analysis; (C) PPI network diagram; (D) hub genes interaction diagram.
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levels were positively correlated with 10 immune cell types and negatively correlated with 6 immune cell types. 
SOAT1 expression levels exhibited a positive correlation with 4 immune cell types and a negative correlation 
with 3 immune cell types (Fig. 6F).

Analysis of critical mutually exclusive genes expression at single cell level
We analyzed the expression of critical mutually exclusive genes in different cell clusters in the single-cell tran-
scriptome dataset. After cell annotation, a total of 12 cell types were identified across the samples (Fig. 7A). The 
marker gene of 12 cell types was list in Table S9. The top 10 marker gene of Fibro and KC were highly expressed 
in isolated fibroblasts and keratinocytes cell, respectively, in dataset GSE94655 (Fig. S2). The critical mutually 
exclusive genes were mainly expressed in Schwann cells (Fig. 7B). Schwann cells and fibroblasts had the highest 
cell density across all samples (Fig. 7C). The proportion of Schwann cells was higher in leprosy compared to 
psoriasis samples (Fig. 7D).

Discussion
Psoriasis and leprosy rarely coexist, and there is evidence of an inverse association between these two conditions 
in terms of epidemiology, immunology, and genetics. However, the underlying mechanism is poorly understood. 
Here, the first time to our knowledge, we conducted an integrated analysis of the transcriptomes of psoriasis and 
leprosy to identify mutually exclusive critical pathways, genes, and cells between those two conditions. Our find-
ings revealed that the mutually exclusive genes were predominantly enriched in pathways related to cholesterol 

Figure 4.  ROC curve and expression level of hub genes. (A) ROC curve of 4 genes in E-MTAB-10318; (B) 
Expression level of 4 genes in E-MTAB-10318; (C) ROC curve of 4 genes in GSE74481; (D) Expression level of 
4 genes in GSE74481. (E) ROC curve of 4 genes in GSE54456; (F) Expression level of 4 genes in GSE54456; (G) 
ROC curve of 4 genes in psoriasis integrated dataset; (H) Expression levels of 4 genes in the psoriasis integrated 
dataset.
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metabolism, fatty acid metabolism, and other processes. Among DEGs, APOE, CYP27A1, and SOAT1 confirmed 
as critical mutually exclusive genes, exhibiting opposite expression patterns in psoriasis and leprosy. Notably, 
these genes were mainly expressed in Schwann cells. Our study sheds light on potential mechanisms underly-
ing the mutual exclusion between psoriasis and leprosy, providing a foundation for future research in this field.

By analyzing the transcriptomes of psoriasis and leprosy, we identified 45 genes with opposite expression 
trends in the two diseases. Functional enrichment analysis revealed that they are involved in the cholesterol 
metabolism pathway. Previous studies have indicated higher cholesterol concentration in psoriatic lesions com-
pared to normal  controls33, and the accumulation of cholesterol in keratinocytes inhibits cholesterol and fatty 
acid  biosynthesis34. Additionally, M. leprae can alter host lipid metabolism, facilitating infection and bacterial 
 persistence35,36. Cholesterol concentration in leprosy lesions is also elevated compared to normal  controls37. 
Previous studies have shown upregulation of genes associated with cholesterol and fatty acids in  leprosy38. Thus, 
cholesterol metabolism may exhibit a mutually exclusive pattern in psoriasis and leprosy.

Four hub genes APOE, CYP27A1, FADS1 and SOAT1 were downregulated in psoriasis, while were upregu-
lated in leprosy. When validating hub genes in an external dataset, three critical mutually exclusive genes were 
identified, namely APOE, CYP27A1, and SOAT1. Six isoforms from 4 hub genes exhibit opposite expression 
trends in psoriasis and leprosy groups. The isoform accounting for the majority of the hub gene expression 
belongs to these six isoforms. We observed that identical genes and their specific RNA variants are expressed 
differentially in both conditions, aligning with the findings of the Kõks et al.39.

All three critical mutually exclusive genes were involved in cholesterol metabolism pathway. Among them, 
APOE encodes apolipoprotein E, which plays a crucial role in lipoprotein transport and lipid  metabolism40. 
APOE downregulation has been observed in psoriatic lesions, contributing to the proliferation of epidermal 
keratinocytes and the formation of psoriatic  plaques41,42. On the other hand, APOE has been associated with 
 leprosy43. Single-cell transcriptome sequencing has showed APOE upregulated in leprosy  lesions44. Plasma lipo-
proteins elevation promote the survival of M. leprae36.

CYP27A1 encodes cytochrome P450 oxidase, which is involved in the synthesis of cholesterol, steroids, and 
other  lipids45. Yu et al.46 found CYP27A1 was downregulated in psoriasis. CYP27A1 hydroxylates  cholesterol47 
and elevated cholesterol levels in psoriatic lesional skin play a critical role in IL-17A signaling and suppress 
cholesterol and fatty acid biosynthesis  genes34. While, CYP27A1 in M. leprae host cells may oxidize cholesterone 
produced by M. leprae, regulating host cell functions and promoting the invasion and persistence of M. leprae48.

Figure 5.  Expression level of hub genes transcripts. (A) Expression level of 4 hub genes transcripts in 
E-MTAB-10318, (B) Expression level of 4 hub genes transcripts in GSE54456.
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SOAT1 encodes Sterol O-Acyltransferase 1, which is essential for maintaining cellular cholesterol 
 homeostasis49. SOAT1 was downregulation in psoriasis skin  lesions50, The function SOAT1 in psoriasis and 
leprosy has not been extensively studied. SOAT1 expression level was positively correlated with macrophages, 
neutrophils, Th17 cells, and activated dendritic cells, while negatively correlated with plasmacytoid dendritic 
cells or natural killer cells in  glioma51. Inhibition of SOAT1 expression can have anti-inflammatory effects by 
altering free cholesterol levels or oxysterol  levels52.

We further analyzed the differential immune cells between leprosy and normal control samples, as well as pso-
riasis and normal control samples. The infiltration levels of 16 immune cell types were found to be higher in both 
leprosy and psoriasis samples compared to normal controls. Transcriptome analysis of psoriasis demonstrated a 
significant increase in γδT cells, resting NK cells, M0 macrophages, M1 macrophages, activated dendritic cells, 
and neutrophils in the  skin53,54. While, immune cell infiltration in leprosy has not been extensively reported. 

Figure 6.  Analysis of immune cell infiltration in leprosy and psoriasis. (A) Heatmap of immune infiltration 
in leprosy; (B) Boxplot of differences in immune infiltration between leprosy and normal controls group; 
(C) Heatmap of immune infiltration in psoriasis; (D) Boxplot of differences in immune infiltration between 
psoriasis and normal controls group; (E) Correlation between critical mutually exclusive genes expression levels 
and immune cell abundance in leprosy; (F) Correlation between critical mutually exclusive genes expression 
levels and immune cell abundance in psoriasis.
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Correlation analysis between APOE, CYP27A1, SOAT1, and immune cells revealed positive associations between 
the expression levels of APOE and CYP27A1 and the abundance of six immune cell types in both psoriasis and 

Figure 7.  Critical mutually exclusive genes expression at single-cell level. (A) UMAP representation of cell 
distribution from psoriasis, leprosy and normal skin; Clusters are distinguished by different colors, with the 
identity of each cell cluster shown on the right. (B) Critical mutually exclusive genes expression in different 
types of cells. (C) Density scatterplot of critical mutually exclusive genes set; (D) The proportion of each type of 
cell is different among each group.



11

Vol.:(0123456789)

Scientific Reports |         (2024) 14:2199  | https://doi.org/10.1038/s41598-024-52783-0

www.nature.com/scientificreports/

leprosy patients. Recent studies have shown that peptides derived from human APOE exhibit immunomodula-
tory and antibacterial  effects55. CYP27A1 is highly expressed in bone marrow immune cells and macrophages 
and promotes breast cancer by impairing T cell  expansion56.

At the single-cell level, the expression levels of APOE, CYP27A1, and SOAT1 were found to be highest in 
Schwann cells and fibroblasts. Schwann cells not only support repair and promote axonal regeneration in the 
peripheral nervous system but also contribute to the dissemination of Bacillus leprae in leprosy  patients57. The 
increased cholesterol in leprosy patients leads to lipid accumulation in Schwann cells in the form of lipid droplets, 
regulating inflammation and immune  responses35. Leprosy involves peripheral nerves at some point during the 
course of the  disease58, while patients with psoriasis may experience remission following nerve  injury28.

Furthermore, mutually exclusive genes were found to be enriched in lipoprotein metabolism and the vitamin 
K metabolism pathway. Notably, vitamin K has been recognized for its role in sphingolipid  formation59. Sphin-
golipid regulate a diverse range of processes such as cell proliferation, differentiation, inflammation, endocytosis, 
and neural transmission. For instance, in psoriasis, elevated levels of S1P can inhibit the proliferation of keratino-
cytes involved in the formation of the stratum corneum and promote their differentiation, S1PR1 modulators 
can ameliorate  psoriasis60,61. Mycobacterium leprae, the causative agent of leprosy, is capable of synthesizing 
sphingolipids to enhance its entry into host  cells62. The bacterium interacts with specific sphingolipids on the 
cell membrane, potentially facilitating its invasion of macrophages and Schwann  cells63,64 and, consequently, 
leading to infection. In the context of leprosy, the bacterium can infect Schwann cells, resulting in damage to 
peripheral  nerves65. Schwann cells are acknowledged for their sphingolipid  production66, and their infection may 
disrupt the delicate balance of sphingolipids in nerve cells, potentially contributing to nerve damage. In addi-
tion, Mycobacterium leprae has been demonstrated to exert influence on host immune responses by altering the 
host’s sphingolipid  metabolism67, thereby impacting the immune system’s efficacy in combating the infection.

In summary, our study utilized transcriptome data to elucidate the mutually exclusive mechanisms underlying 
leprosy and psoriasis. Notably, APOE, CYP27A1, and SOAT1 identified as candidate mutually exclusive genes 
between the two diseases, with their involvement in cholesterol metabolism pathways. These findings provide a 
theoretical basis for further research in this field and contribute to our understanding of the mutual exclusion 
between leprosy and psoriasis at a molecular level. However, it is important to note that our study has limita-
tions, such as the limited information available in public databases and the reliance on bioinformatics analysis. 
Further experimental verification is necessary to confirm our findings, despite the support from previous studies.

Conclusion
Current bioinformatics studies have provided valuable insights into the transcriptomic profiles of leprosy and 
psoriasis, revealing potential mutually exclusive genes between these two diseases. Among these genes, APOE, 
CYP27A1, and SOAT1 have been identified as critical mutually exclusive genes and are associated with cholesterol 
metabolism pathways. These findings suggest the molecular mechanism that contributes to the mutual exclusion 
of leprosy and psoriasis, providing a foundation for further research in this field.

Data availability
Statistical analyses were performed using the R 4.2.0 software. All data generated or analyzed during this study 
are included in this published article. The gene expression profiles and clinical data can be found at the GDC 
portal and GEO (https:// www. ncbi. nlm. nih. gov/ geo/) and the ArrayExpress (https:// www. ebi. ac. uk/ biost udies/ 
array expre ss/) database. Software and resources used for the analyses are described in each method section. 
All R scripts and data generated or analyzed during this study are available from the corresponding author on 
reasonable request.

Received: 30 June 2023; Accepted: 23 January 2024

References
 1. Armstrong, A. W. & Read, C. Pathophysiology, clinical presentation, and treatment of psoriasis: A review. JAMA 323, 1945–1960. 

https:// doi. org/ 10. 1001/ jama. 2020. 4006 (2020).
 2. Ryan, C. et al. Genital psoriasis is associated with significant impairment in quality of life and sexual functioning. J. Am. Acad. 

Dermatol. 72, 978–983. https:// doi. org/ 10. 1016/j. jaad. 2015. 02. 1127 (2015).
 3. Parisi, R. et al. National, regional, and worldwide epidemiology of psoriasis: Systematic analysis and modelling study. BMJ (Clin. 

Res. Ed.) 369, 1590. https:// doi. org/ 10. 1136/ bmj. m1590 (2020).
 4. Lønnberg, A. S. et al. Heritability of psoriasis in a large twin sample. Br. J. Dermatol. 169, 412–416. https:// doi. org/ 10. 1111/ bjd. 

12375 (2013).
 5. Zhao, Q. et al. Intestinal dysbiosis exacerbates the pathogenesis of psoriasis-like phenotype through changes in fatty acid metabo-

lism. Signal Transduct. Target. Ther. 8, 40. https:// doi. org/ 10. 1038/ s41392- 022- 01219-0 (2023).
 6. Walker, S. L. & Lockwood, D. N. Leprosy. Clin. Dermatol. 25, 165–172. https:// doi. org/ 10. 1016/j. clind ermat ol. 2006. 05. 012 (2007).
 7. Budhiraja, V., Rastogi, R., Khare, S., Khare, A. & Krishna, A. Histopathological changes in the arrector pili muscle of normal 

appearing skin in leprosy patients. Int. J. Infect. Dis. IJID Off. Publ. Int. Soc. Infect. Dis. 14(Suppl 3), e70-72. https:// doi. org/ 10. 
1016/j. ijid. 2009. 11. 018 (2010).

 8. Spierings, E., De Boer, T., Zulianello, L. & Ottenhoff, T. H. Novel mechanisms in the immunopathogenesis of leprosy nerve damage: 
The role of Schwann cells, T cells and Mycobacterium leprae. Immunol. Cell Biol. 78, 349–355. https:// doi. org/ 10. 1046/j. 1440- 1711. 
2000. 00939.x (2000).

 9. Vora, R. V., Pilani, A. P., Jivani, N. & Kota, R. K. Leprosy mimicking psoriasis. J. Clin. Diagn. Res. JCDR 9, Wj1-Wj02. https:// doi. 
org/ 10. 7860/ jcdr/ 2015/ 14518. 6545 (2015).

 10. Bassukas, I. D., Gaitanis, G. & Hundeiker, M. Leprosy and the natural selection for psoriasis. Med. Hypotheses 78, 183–190. https:// 
doi. org/ 10. 1016/j. mehy. 2011. 10. 022 (2012).

https://www.ncbi.nlm.nih.gov/geo/
https://www.ebi.ac.uk/biostudies/arrayexpress/
https://www.ebi.ac.uk/biostudies/arrayexpress/
https://doi.org/10.1001/jama.2020.4006
https://doi.org/10.1016/j.jaad.2015.02.1127
https://doi.org/10.1136/bmj.m1590
https://doi.org/10.1111/bjd.12375
https://doi.org/10.1111/bjd.12375
https://doi.org/10.1038/s41392-022-01219-0
https://doi.org/10.1016/j.clindermatol.2006.05.012
https://doi.org/10.1016/j.ijid.2009.11.018
https://doi.org/10.1016/j.ijid.2009.11.018
https://doi.org/10.1046/j.1440-1711.2000.00939.x
https://doi.org/10.1046/j.1440-1711.2000.00939.x
https://doi.org/10.7860/jcdr/2015/14518.6545
https://doi.org/10.7860/jcdr/2015/14518.6545
https://doi.org/10.1016/j.mehy.2011.10.022
https://doi.org/10.1016/j.mehy.2011.10.022


12

Vol:.(1234567890)

Scientific Reports |         (2024) 14:2199  | https://doi.org/10.1038/s41598-024-52783-0

www.nature.com/scientificreports/

 11. Dogra, S., Kaur, I. & Kumar, B. Leprosy and psoriasis: An enigmatic relationship. Int. J. Lepr. Mycobact. Dis. Off. Organ Int. Lepr. 
Assoc. 71, 341–344. https:// doi. org/ 10. 1489/ 1544- 581x(2003) 071% 3c0341: Lapaer% 3e2.0. Co;2 (2003).

 12. Wahba, A., Dorfman, M. & Sheskin, J. Psoriasis and other common dermatoses in leprosy. Int. J. Dermatol. 19, 93–95. https:// doi. 
org/ 10. 1111/j. 1365- 4362. 1980. tb002 60.x (1980).

 13. Kumar, B., Raychaudhuri, S. P., Vossough, S. & Farber, E. M. The rare coexistence of leprosy and psoriasis. Int. J. Dermatol. 31, 
551–554. https:// doi. org/ 10. 1111/j. 1365- 4362. 1992. tb027 16.x (1992).

 14. Pai, V. V., Kikkeri, N. N., Athanikar, S. B. & Rao, R. Psoriasis and leprosy: A mystifying coexistence. Cutis 92, E3-4 (2013).
 15. Raiol, T. K., Volpato, S. E., Santana, J. M., Ferreira, I. S. & Takano, D. M. Leprosy associated with psoriasis. Lepr. Rev. 86, 368–373 

(2015).
 16. Thawani, R. & Goel, A. Leprosy and psoriasis co-existence. Indian J. Med. Sci. 66, 241–244 (2012).
 17. Sheikh, U. A. & Hill, C. Case report: Leprosy and psoriasis: A rare coexistence. Am. J. Trop. Med. Hyg. 103, 206–208. https:// doi. 

org/ 10. 4269/ ajtmh. 19- 0646 (2020).
 18. Li, J. et al. Case report: Lepromatous leprosy and psoriasis: An uncommon coincidence. Am. J. Trop. Med. Hyg. 108, 317–319. 

https:// doi. org/ 10. 4269/ ajtmh. 22- 0324 (2023).
 19. Alter, A. et al. Human leukocyte antigen class I region single-nucleotide polymorphisms are associated with leprosy susceptibility 

in Vietnam and India. J. Infect. Dis. 203, 1274–1281. https:// doi. org/ 10. 1093/ infdis/ jir024 (2011).
 20. Liu, H. et al. Genome-wide analysis of protein-coding variants in leprosy. J. Investig. Dermatol. 137, 2544–2551. https:// doi. org/ 

10. 1016/j. jid. 2017. 08. 004 (2017).
 21. Nair, R. P. et al. Sequence and haplotype analysis supports HLA-C as the psoriasis susceptibility 1 gene. Am. J. Hum. Genet. 78, 

827–851. https:// doi. org/ 10. 1086/ 503821 (2006).
 22. Tang, H. et al. A large-scale screen for coding variants predisposing to psoriasis. Nat. Genet. 46, 45–50. https:// doi. org/ 10. 1038/ 

ng. 2827 (2014).
 23. Henseler, T. & Christophers, E. Disease concomitance in psoriasis. J. Am. Acad. Dermatol. 32, 982–986. https:// doi. org/ 10. 1016/ 

0190- 9622(95) 91336-x (1995).
 24. Shankarkumar, U., Ghosh, K., Badakere, S. & Mohanty, D. Novel HLA class I alleles associated with Indian leprosy patients. J. 

Biomed. Biotechnol. 2003, 208–211. https:// doi. org/ 10. 1155/ s1110 72430 32100 19 (2003).
 25. Wang, H. et al. Identification of ZFP36L1 as an early-onset psoriasis risk gene demonstrates opposite associations with leprosy and 

psoriasis in the Chinese population. J. Eur. Acad. Dermatol. Venereol. JEADV 34, e520–e523. https:// doi. org/ 10. 1111/ jdv. 16437 
(2020).

 26. Saini, C., Ramesh, V. & Nath, I. CD4+ Th17 cells discriminate clinical types and constitute a third subset of non Th1, Non Th2 T 
cells in human leprosy. PLoS Negl. Trop. Dis. 7, e2338. https:// doi. org/ 10. 1371/ journ al. pntd. 00023 38 (2013).

 27. Rosenberg, E. W., Noah, P. W. & Skinner, R. B. Jr. Psoriasis is a visible manifestation of the skin’s defense against micro-organisms. 
J. Dermatol. 21, 375–381. https:// doi. org/ 10. 1111/j. 1346- 8138. 1994. tb017 58.x (1994).

 28. Zhu, T. H. et al. The role of the nervous system in the pathophysiology of psoriasis: A review of cases of psoriasis remission or 
improvement following denervation injury. Am. J. Clin. Dermatol. 17, 257–263. https:// doi. org/ 10. 1007/ s40257- 016- 0183-7 (2016).

 29. Leek, J. T., Johnson, W. E., Parker, H. S., Jaffe, A. E. & Storey, J. D. The sva package for removing batch effects and other unwanted 
variation in high-throughput experiments. Bioinformatics (Oxford, Engl.) 28, 882–883. https:// doi. org/ 10. 1093/ bioin forma tics/ 
bts034 (2012).

 30. Yu, G., Wang, L. G., Han, Y. & He, Q. Y. clusterProfiler: An R package for comparing biological themes among gene clusters. Omics 
J. Integr. Biol. 16, 284–287. https:// doi. org/ 10. 1089/ omi. 2011. 0118 (2012).

 31. Sachs, M. C. plotROC: A tool for plotting ROC curves. J. Stat. Softw. https:// doi. org/ 10. 18637/ jss. v079. c02 (2017).
 32. Himmelstein, D. S. et al. Systematic integration of biomedical knowledge prioritizes drugs for repurposing. Elife https:// doi. org/ 

10. 7554/ eLife. 26726 (2017).
 33. Pietrzak, A., Michalak-Stoma, A., Chodorowska, G. & Szepietowski, J. C. Lipid disturbances in psoriasis: An update. Mediat. 

Inflamm. https:// doi. org/ 10. 1155/ 2010/ 535612 (2010).
 34. Varshney, P. et al. Transcriptome profiling unveils the role of cholesterol in IL-17A signaling in psoriasis. Sci. Rep. 6, 19295. https:// 

doi. org/ 10. 1038/ srep1 9295 (2016).
 35. de Macedo, C. S. et al. New insights into the pathogenesis of leprosy: Contribution of subversion of host cell metabolism to bacte-

rial persistence, disease progression, and transmission. F1000Research https:// doi. org/ 10. 12688/ f1000 resea rch. 21383.1 (2020).
 36. Mattos, K. A. et al. Mycobacterium leprae intracellular survival relies on cholesterol accumulation in infected macrophages: A 

potential target for new drugs for leprosy treatment. Cell. Microbiol. 16, 797–815. https:// doi. org/ 10. 1111/ cmi. 12279 (2014).
 37. Cruz, D. et al. Host-derived oxidized phospholipids and HDL regulate innate immunity in human leprosy. J. Clin. Investig. 118, 

2917–2928. https:// doi. org/ 10. 1172/ jci34 189 (2008).
 38. Elamin, A. A., Stehr, M. & Singh, M. Lipid droplets and Mycobacterium leprae infection. J. Pathog. 2012, 361374. https:// doi. org/ 

10. 1155/ 2012/ 361374 (2012).
 39. Kõks, S. et al. Psoriasis-specific RNA isoforms identified by RNA-Seq analysis of 173,446 transcripts. Front. Med. 3, 46. https:// 

doi. org/ 10. 3389/ fmed. 2016. 00046 (2016).
 40. Huang, Y. & Mahley, R. W. Apolipoprotein E: Structure and function in lipid metabolism, neurobiology, and Alzheimer’s diseases. 

Neurobiol. Dis. 72(Pt A), 3–12. https:// doi. org/ 10. 1016/j. nbd. 2014. 08. 025 (2014).
 41. Sobolev, V. V. et al. LC-MS/MS analysis of lesional and normally looking psoriatic skin reveals significant changes in protein 

metabolism and RNA processing. PLoS One 16, e0240956. https:// doi. org/ 10. 1371/ journ al. pone. 02409 56 (2021).
 42. Karpouzis, A. et al. Apolipoprotein E gene polymorphism in psoriasis. Arch. Dermatol. Res. 301, 405–410. https:// doi. org/ 10. 1007/ 

s00403- 009- 0968-0 (2009).
 43. Wang, D. et al. A pleiotropic effect of the APOE gene: Association of APOE polymorphisms with multibacillary leprosy in Han 

Chinese from Southwest China. Br. J. Dermatol. 178, 931–939. https:// doi. org/ 10. 1111/ bjd. 16020 (2018).
 44. Mi, Z. et al. The immune-suppressive landscape in lepromatous leprosy revealed by single-cell RNA sequencing. Cell Discov. 8, 2. 

https:// doi. org/ 10. 1038/ s41421- 021- 00353-3 (2022).
 45. Lu, J. et al. The role of CYP1A1/2 in cholesterol ester accumulation provides a new perspective for the treatment of hypercholes-

terolemia. Acta Pharm. Sin. B 13, 648–661. https:// doi. org/ 10. 1016/j. apsb. 2022. 08. 005 (2023).
 46. Yu, Z. et al. High-throughput transcriptome and pathogenesis analysis of clinical psoriasis. J. Dermatol. Sci. 98, 109–118. https:// 

doi. org/ 10. 1016/j. jderm sci. 2020. 03. 006 (2020).
 47. Cubillos, S. & Norgauer, J. Low vitamin D-modulated calcium-regulating proteins in psoriasis vulgaris plaques: S100A7 overex-

pression depends on joint involvement. Int. J. Mol. Med. 38, 1083–1092. https:// doi. org/ 10. 3892/ ijmm. 2016. 2718 (2016).
 48. Marques, M. A. et al. The essential role of cholesterol metabolism in the intracellular survival of Mycobacterium leprae is not coupled 

to central carbon metabolism and energy production. J. Bacteriol. 197, 3698–3707. https:// doi. org/ 10. 1128/ jb. 00625- 15 (2015).
 49. Rogers, M. A. et al. Acyl-CoA:cholesterol acyltransferases (ACATs/SOATs): Enzymes with multiple sterols as substrates and as 

activators. J. Steroid Biochem. Mol. Biol. 151, 102–107. https:// doi. org/ 10. 1016/j. jsbmb. 2014. 09. 008 (2015).
 50. Di Meglio, P. et al. Activation of the aryl hydrocarbon receptor dampens the severity of inflammatory skin conditions. Immunity 

40, 989–1001. https:// doi. org/ 10. 1016/j. immuni. 2014. 04. 019 (2014).
 51. Guo, X. et al. Comprehensive analysis of sterol O-acyltransferase 1 as a prognostic biomarker and its association with immune 

infiltration in glioma. Front. Oncol. 12, 896433. https:// doi. org/ 10. 3389/ fonc. 2022. 896433 (2022).

https://doi.org/10.1489/1544-581x(2003)071%3c0341:Lapaer%3e2.0.Co;2
https://doi.org/10.1111/j.1365-4362.1980.tb00260.x
https://doi.org/10.1111/j.1365-4362.1980.tb00260.x
https://doi.org/10.1111/j.1365-4362.1992.tb02716.x
https://doi.org/10.4269/ajtmh.19-0646
https://doi.org/10.4269/ajtmh.19-0646
https://doi.org/10.4269/ajtmh.22-0324
https://doi.org/10.1093/infdis/jir024
https://doi.org/10.1016/j.jid.2017.08.004
https://doi.org/10.1016/j.jid.2017.08.004
https://doi.org/10.1086/503821
https://doi.org/10.1038/ng.2827
https://doi.org/10.1038/ng.2827
https://doi.org/10.1016/0190-9622(95)91336-x
https://doi.org/10.1016/0190-9622(95)91336-x
https://doi.org/10.1155/s1110724303210019
https://doi.org/10.1111/jdv.16437
https://doi.org/10.1371/journal.pntd.0002338
https://doi.org/10.1111/j.1346-8138.1994.tb01758.x
https://doi.org/10.1007/s40257-016-0183-7
https://doi.org/10.1093/bioinformatics/bts034
https://doi.org/10.1093/bioinformatics/bts034
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.18637/jss.v079.c02
https://doi.org/10.7554/eLife.26726
https://doi.org/10.7554/eLife.26726
https://doi.org/10.1155/2010/535612
https://doi.org/10.1038/srep19295
https://doi.org/10.1038/srep19295
https://doi.org/10.12688/f1000research.21383.1
https://doi.org/10.1111/cmi.12279
https://doi.org/10.1172/jci34189
https://doi.org/10.1155/2012/361374
https://doi.org/10.1155/2012/361374
https://doi.org/10.3389/fmed.2016.00046
https://doi.org/10.3389/fmed.2016.00046
https://doi.org/10.1016/j.nbd.2014.08.025
https://doi.org/10.1371/journal.pone.0240956
https://doi.org/10.1007/s00403-009-0968-0
https://doi.org/10.1007/s00403-009-0968-0
https://doi.org/10.1111/bjd.16020
https://doi.org/10.1038/s41421-021-00353-3
https://doi.org/10.1016/j.apsb.2022.08.005
https://doi.org/10.1016/j.jdermsci.2020.03.006
https://doi.org/10.1016/j.jdermsci.2020.03.006
https://doi.org/10.3892/ijmm.2016.2718
https://doi.org/10.1128/jb.00625-15
https://doi.org/10.1016/j.jsbmb.2014.09.008
https://doi.org/10.1016/j.immuni.2014.04.019
https://doi.org/10.3389/fonc.2022.896433


13

Vol.:(0123456789)

Scientific Reports |         (2024) 14:2199  | https://doi.org/10.1038/s41598-024-52783-0

www.nature.com/scientificreports/

 52. Luo, L., Guo, Y., Chen, L., Zhu, J. & Li, C. Crosstalk between cholesterol metabolism and psoriatic inflammation. Front. Immunol. 
https:// doi. org/ 10. 3389/ fimmu. 2023. 11247 86 (2023).

 53. Gong, X. & Wang, W. Profiles of innate immune cell infiltration and related core genes in psoriasis. BioMed. Res. Int. 2021, 6656622. 
https:// doi. org/ 10. 1155/ 2021/ 66566 22 (2021).

 54. Su, W., Wei, Y., Huang, B. & Ji, J. Identification of hub genes and immune infiltration in psoriasis by bioinformatics method. Front. 
Genet. 12, 606065. https:// doi. org/ 10. 3389/ fgene. 2021. 606065 (2021).

 55. Pane, K. et al. A new cryptic cationic antimicrobial peptide from human apolipoprotein E with antibacterial activity and immu-
nomodulatory effects on human cells. FEBS J. 283, 2115–2131. https:// doi. org/ 10. 1111/ febs. 13725 (2016).

 56. Ma, L. et al. 27-hydroxycholesterol acts on myeloid immune cells to induce T cell dysfunction, promoting breast cancer progres-
sion. Cancer Lett. 493, 266–283. https:// doi. org/ 10. 1016/j. canlet. 2020. 08. 020 (2020).

 57. Jessen, K. R. & Arthur-Farraj, P. Repair Schwann cell update: Adaptive reprogramming, EMT, and stemness in regenerating nerves. 
Glia 67, 421–437. https:// doi. org/ 10. 1002/ glia. 23532 (2019).

 58. Kar, S., Krishnan, A., Singh, N., Singh, R. & Pawar, S. Nerve damage in leprosy: An electrophysiological evaluation of ulnar and 
median nerves in patients with clinical neural deficits: A pilot study. Indian Dermatol. Online J. 4, 97–101. https:// doi. org/ 10. 4103/ 
2229- 5178. 110625 (2013).

 59. Ferland, G. Vitamin K and the nervous system: An overview of its actions. Adv. Nutr. 3, 204–212. https:// doi. org/ 10. 3945/ an. 111. 
001784 (2012).

 60. Masuda-Kuroki, K., Alimohammadi, S. & Di Nardo, A. The role of sphingolipids and sphingosine-1-phosphate-sphingosine-
1-phosphate-receptor signaling in psoriasis. Cells https:// doi. org/ 10. 3390/ cells 12192 352 (2023).

 61. Zhao, Y. et al. Pathogenic sphingosine 1-phosphate pathway in psoriasis: A critical review of its pathogenic significance and 
potential as a therapeutic target. Lipids Health Dis. 22, 52. https:// doi. org/ 10. 1186/ s12944- 023- 01813-3 (2023).

 62. Geiger, O., González-Silva, N., López-Lara, I. M. & Sohlenkamp, C. Amino acid-containing membrane lipids in bacteria. Prog. 
Lipid Res. 49, 46–60. https:// doi. org/ 10. 1016/j. plipr es. 2009. 08. 002 (2010).

 63. Díaz Acosta, C. C. et al. PGL I expression in live bacteria allows activation of a CD206/PPARγ cross-talk that may contribute to 
successful Mycobacterium leprae colonization of peripheral nerves. PLoS Pathog. 14, e1007151. https:// doi. org/ 10. 1371/ journ al. 
ppat. 10071 51 (2018).

 64. Scollard, D. M. The biology of nerve injury in leprosy. Lepr. Rev. 79, 242–253 (2008).
 65. Sugawara-Mikami, M. et al. Pathogenicity and virulence of Mycobacterium leprae. Virulence 13, 1985–2011. https:// doi. org/ 10. 

1080/ 21505 594. 2022. 21419 87 (2022).
 66. Schira-Heinen, J. et al. Modulation of specific sphingosine-1-phosphate receptors augments a repair mediating Schwann cell 

phenotype. Int. J. Mol. Sci. https:// doi. org/ 10. 3390/ ijms2 31810 311 (2022).
 67. Mohammed, S. A. et al. Sphingolipids, mycobacteria and host: Unraveling the tug of war. Front. Immunol. 13, 1003384. https:// 

doi. org/ 10. 3389/ fimmu. 2022. 10033 84 (2022).

Author contributions
Y.W.L. and L.J. analyzed the data. R.J.D. and L.H.Y. wrote the main manuscript text. T.Y. and Y.H.X. prepared 
figures. Y.-Y.L. and Y.J.C. designed the study. R.R.W. verified the analytical methods. All authors reviewed and 
approved the final manuscript.

Funding
This work was partially supported by the National Natural Science Foundation of China (82260624, 82272356, 
82203934), the Talent Introduction Project of Hubei Polytechnic University (21xjz33R, 21xjz34R), the Science 
and Technology Planed Project of Yunnan Province Science and Technology Department (202201AY070001-
038), the "Ten-thousand Talents Program" of Yunnan Province (YNWR-MY-2018-039), the Project of AIDS 
Bureau of Yunnan Province, the Yunnan Province Clinical Center for Skin Immune Diseases (ZX2019-03-02).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 52783-0.

Correspondence and requests for materials should be addressed to Y.-J.C., R.-R.W. or Y.-Y.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.3389/fimmu.2023.1124786
https://doi.org/10.1155/2021/6656622
https://doi.org/10.3389/fgene.2021.606065
https://doi.org/10.1111/febs.13725
https://doi.org/10.1016/j.canlet.2020.08.020
https://doi.org/10.1002/glia.23532
https://doi.org/10.4103/2229-5178.110625
https://doi.org/10.4103/2229-5178.110625
https://doi.org/10.3945/an.111.001784
https://doi.org/10.3945/an.111.001784
https://doi.org/10.3390/cells12192352
https://doi.org/10.1186/s12944-023-01813-3
https://doi.org/10.1016/j.plipres.2009.08.002
https://doi.org/10.1371/journal.ppat.1007151
https://doi.org/10.1371/journal.ppat.1007151
https://doi.org/10.1080/21505594.2022.2141987
https://doi.org/10.1080/21505594.2022.2141987
https://doi.org/10.3390/ijms231810311
https://doi.org/10.3389/fimmu.2022.1003384
https://doi.org/10.3389/fimmu.2022.1003384
https://doi.org/10.1038/s41598-024-52783-0
https://doi.org/10.1038/s41598-024-52783-0
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Identification of gene signatures and molecular mechanisms underlying the mutual exclusion between psoriasis and leprosy
	Materials and methods
	Data sources
	Identification of DEGs in psoriasis and leprosy
	Candidate mutually exclusive genes signaling pathway enrichment analysis and PPI interaction network
	Internal validation
	External validation
	Transcripts-based isoform expression analysis
	Immune infiltration analysis
	Single-cell data analysis

	Results
	Global epidemiology
	Identification of DEGs
	Pathway enrichment analysis and PPI interaction network of candidate mutually exclusive genes
	Internal validation
	External validation
	Analysis of transcripts-based isoform expression
	Analysis of immune cell infiltration
	Analysis of critical mutually exclusive genes expression at single cell level

	Discussion
	Conclusion
	References


