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What’s known/what’s new 

• What’s already known about this topic? 
• Classically, uninvolved psoriatic skin has been roughly considered similar to normal skin, though a few articles showed some alterations compared to normal skin.  
• To our knowledge, only one article described the transcriptomic profile in non-lesional vs. normal skin, showing an altered gene expression related to lipid biosynthesis, innate immunity, and keratinocyte differentiation 
• What does this study add? 
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• A complex immunologic activation is detectable in uninvolved psoriatic skin  
• An upregulation of key signaling pathways in psoriasis, in particular the IL-17, IL-22, and IFNγ signaling pathways, was not previously described.  

Abstract: 

 

Background: Psoriasis vulgaris is an inflammatory immune-mediated disease, whose lesional skin is characterized by sharply demarcated, erythematous scaly plaques. Conversely, uninvolved psoriatic skin appears clinically similar to normal skin. However, it has been hypothesized that inflammatory cytokines, such as interleukin (IL)-17, may affect any organ or tissue having a vascular supply or blood leukocytes and, thereby, distant uninvolved skin, as well, could be exposed to increased circulating IL-17 concentrations detected in subjects affected by moderate-severe psoriasis.  
Objectives: The aim of this study was to establish comparative genomic profiles between non-involved skin and normal skin, particularly, determining the immune abnormalities in distant uninvolved skin.  
Methods: We performed a meta-analysis on three gene array studies in order to characterize non-lesional (NL) psoriatic skin transcriptome compared to normal gene expression profile. We investigated the immunologic features of non-involved skin, particularly linked to the IL-17 signaling pathway.  
Results: Overall we detected 252 differentially expressed gene probes in uninvolved skin compared with normal skin, an upregulation of multiple immune-related genes, including IL-17- downstream genes. The increased expression of IL-17-signature genes, including DEFB4 and S100A7, was associated with an increased number of CD3+, CD8+, and DC-
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LAMP+ cells that we observed in NL skin vs. normal controls. Within NL skin, we detected a few T-cells that expressed the T-cell activation marker ICOS, but we did not detect ICOS expression on T-cells in normal skin.  
Conclusions: Our data described the genomic profile in NL skin, characterizing the immune activation that was mainly attributed to IL-17 signaling.  
Introduction Psoriasis vulgaris is an inflammatory immune-mediated disease, characterized by sharply demarcated, erythematous scaly plaques, that results from the combination of an immune dysregulation and an altered keratinocyte differentiation 1. The psoriatic phenotype reflects an altered gene expression profile and associated epigenetic changes 2,3.  The pathogenic mechanism leading to the psoriatic plaque formation is driven by the activation of various antigen-presenting cells (APCs), including mature (DC-LAMP+) and inflammatory (CD11c+) DCs, followed by a wide array of T cell subsets that trigger the tissue response of fibroblasts, endothelial cells, and keratinocytes (KCs) 1,4-6. Multiple pro-inflammatory and pro-proliferative products secreted by DCs (TNFα, IL-6, IL-20, IL-23, NO), T cells (IL-17, IL-22, IL21, IFN-γ), and KCs (AMPs, IL-8, IL-20, CCL20, CXCL-1,-3,-5,-9,-10,-11) are known to mediate the pathogenic circuits 7-9. In this immunologic setting, mounting evidence recognizes the IL-23/T17 axis as the main pathway in psoriasis. Indeed, IL-17 was shown upregulated in both lesional psoriatic skin and bloodstream 10-14. Additionally, an increased number of IL-17-producing T cells have been detected in peripheral blood and lesional skin, and their IL-17 production is mainly dependent on IL-23 stimulation, which is also overexpressed in psoriasis 8,15-20.  
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 Although non-involved skin appears clinically identical to normal skin, some considerations led us to establish comparative genomic profiles. Firstly, more than three decades ago non-lesional was reported to show some histological alterations compared to normal skin, including: a slight increase of dermal CD4+ and epidermal CD8+ cells; focal increase of CD11b+ cells; upregulation of innate immune-related genes (anti-microbial peptides); and alterations in some dendritic cell  subsets 21-23.  More importantly, it has been hypothesized that inflammatory cytokines produced in the skin and released into the systemic circulation are linked to functional pathways associated with metabolic diseases/diabetes and cardiovascular diseases 24. Indeed, any organ or tissue having a vascular supply could be exposed to circulating cytokines, thereby, the effects of pro-inflammatory cytokines such as IL-17 may impact the activation of endothelial cells, adipocytes, or blood leukocytes 14,25. Similarly to other tissues, distant uninvolved skin may be also affected by circulating IL-17 with a consequent activation of IL-17 signaling and expression of IL-17 downstream pathway genes. Secondly, the increased gene expression of lesional psoriatic skin correlates with a low grade of methylation and, surprisingly, non-lesional (NL) skin also shows an overall methylation pattern similar to lesional skin 26.  In this study, we sought to determine immune abnormalities in uninvolved distant skin, particularly linked to the IL-17 signaling pathway. Overall we detected 252 differentially expressed gene probes in uninvolved skin compared with normal skin, including an upregulation of both IL-17- and IL-22-downstream genes and other immune-related genes. 
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Methods 

 

Patient cohort  For RT-PCR, NL skin samples were obtained from 41 psoriatic patients with moderate-to-severe psoriasis (psoriasis area severity index >12, and body surface area >10) not receiving active psoriasis treatment, while normal skin was obtained from 12 healthy volunteers.  These 41 patients, who were enrolled into an IRB-approved Phase 3, multicenter, randomized trial protocol, represent the same cohort of patients used to define the psoriasis transcriptome in a previous publication 13. Immunohistochemistry and immune cell counts were performed on patients belonging to this cohort and supplemented by additional cases of untreated moderate-to-severe psoriasis from other studies performed at The Rockefeller University.   
Statistical analysis  We performed a meta-analysis on 3 previously published gene array studies 13, 27,28, in order to assess the differences between normal and uninvolved psoriatic skin transcriptomes. In all studies samples from NL and normal skin were hybridized using HG_U133 plus 2 arrays. Similarly to previous meta-analysis 29 comparing lesional vs. NL skin, we used the same pipeline to obtain a robust definition of uninvolved psoriatic skin transcriptome as the set of differentially expressed gens (DEGs) between NL and normal skin. Overall, meta-analysis included 167 NL psoriatic skin samples and 110 normal controls, obtained from 3 different studies previously considered by Suarez-Farinas et al. 
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13,28,30. Succinctly, to obtain an estimate of the NL vs normal effect size, random-effect models were used which take into account the within study variation. Additionally, Gene Set Enrichment Analysis (GSEA) was used to evaluate the enrichment of various gene sets in the NL psoriatic skin gene expression profile 30. To assess the biological meaning of uninvolved psoriatic skin transcriptome, a comparison with various psoriasis transcriptomes, in particular MAD-3 or MAD-5 29 psoriasis transcriptomes (defined by a meta-analysis of 3 or 5 published transcriptomes, respectively) was performed. To evaluate the impact of pathogenically relevant signaling pathways on NL psoriasis transcriptome, multiple psoriasis relevant and previously published gene sets were analyzed.  Additionally, correlations between serum levels of key-cytokines and disease severity were assessed.  Serum cytokine levels were measured in clinical trials conducted on moderate-severe psoriasis patients in periods of no active treatment for psoriasis 13,31 .  Similarly, the correlation between disease severity and the Gene Set Variation Analysis (GSVA)-scores for a collection of gene sets was tested. As previously described 32, GSVA represents a Gene Set Enrichment (GSE) method that estimates variation of any gene-set for each sample, providing evidence about the association between clinical outputs (i.e., disease severity) and the dysregulation of each gene set.  
 

Meta Analysis  The classic application of meta-analysis is to find a single outcome using published data where only the summary statistics are typically available. With microarray experiments, 
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however, a more fortuitous situation of having the complete set of raw data available is commonly achievable. Thus, we took advantage of this feature and modeled the differences in expression values between NL and normal skin uniformly. The general model in a meta-analysis setting is as follows. Let Yij represent the measured effect for study j (j =1, …, J) for a specific gene i. We have, 
Yij =θij +εij,     εij ~ N(0,σ ij

2 )
θij = iμ +δij,     δij ~ N(0,τ i

2 )
    (1) 

Where between-study variance i2 represents the variability between studies, and it is usually estimated by the DerSimonian and Laird method 33. And σ 2 represents the within-study variance for the ith study. Both Yij and σ 2 (called as summary statistics) are already known from previous analysis/study. i is regarded as the average measure of differential expression across all datasets/studies for this gene. This is the parameter of interest and may be estimated along with its a standard error (se) as:  
u
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         (2) 
Where wij equals to the inverse of the variance of Yij.  To decided if a fixed-effect model or a random-effects model is more appropriate for the data, we used the Cochran's Q statistic to test the nule hypothesis Ho: i2 =0 (fixed effect) versus Ha: i2 >0 (random effect). Since Cochran's Q follows a χ

−

2  distribution under the null hypothesis 34, this test favored the random-effect model.. The, the overall fold changes (LFC) between NL and normal skin on the log2 scale (i.e., the parameters of interest in this analysis) and their corresponding standard errors were calculated using Equation 2. 
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Dividing this estimate by its estimated standard error, the resultant Z-score, being assumed to follow a standard normal distribution, is used to decide statistical significance of a gene. The resulting adjusted p-values using Benjamini and Hochberg procedure, which control for false discovery rate (FDR), are used to decide the statistical significance of genes along with LFC.    
Model fitting   For each study, a moderated t-test was used to analyze differences (on the log2 scale) among NL and normal samples. The summary statistics (Yij and σ 2 in Equation 1) were recorded and would be the input in the meta-analysis. Then, the overall fold changes (LFC) between NL and normal skin on the log2 scale (i.e., the parameters of interest in this analysis) and their corresponding standard errors were calculated using Equation 2. The resulting adjusted p-values using Benjamini and Hochberg procedure, which control for false discovery rate (FDR), are used to decide the statistical significance of genes along with LFC.    
RNA processing and reverse transcriptase–polymerase chain reaction   Skin biopsies were snap-frozen in liquid nitrogen and stored at 80°C until used. RNA was extracted using the Qiagen RNeasy Fibrous Tissue Mini Kit (QIAGEN, Valencia, CA) for either gene array or RT-PCR procedures. To perform RT-PCR, the RNA extracted from skin samples was processed using Taqman 16-gene and 48-gene low-density array cards were used for RT-PCR analysis. The 16-gene 
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cards were tested on NL skin biopsies and normal samples. The 48-gene cards were tested on 12 healthy/normal and 41 pairs of psoriasis skin biopsy samples, using the same gene-identifying probe set published by Suárez-Fariñas M et al. 13. The resulting data were normalized to human acidic ribosomal protein expression (Gene Symbol: RPLPO).   
Immunohistochemistry and immunofluorescence 

 

Skin samples Skin punch biopsies were obtained from normal volunteers and patients with moderate-to-severe chronic plaque psoriasis. The biopsy specimens were frozen in OTC (Sakura, Torrance, CA, U.S.A.) and stored at −80°C for immunohistochemistry and immunofluorescence.  
Immunohistochemistry and Immunofluorescence  Frozen tissue sections of psoriatic NL, and normal skin were stained using standard procedures for both IHC and IF as previously described 35.   
Immunohistochemistry Staining was performed with antibody targeting C/EBPδ, LCN2, DEFB4, and S100A7 (Table S1). According to the primary antibody species, either biotin-labeled horse anti-mouse antibodies (Vector Laboratories, Burlingame, CA, U.S.A.) or biotin-labeled rabbit anti-goat antibodies (Vector Laboratories, Burlingame, CA, U.S.A.) were amplified with avidin-biotin 
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complex (Vector Laboratories) and developed using chromogen 3-amino-9-ethylcarbazole (Sigma Aldrich, St Louis, MO, U.S.A.).     
Immunofluorescence Frozen skin sections from NL psoriasis patients and controls were fixed with acetone and blocked in 10% normal chicken serum (Vector Laboratories) for 30 minutes. Primary antibodies for CD3, CD8, and ICOS (Table S3) were incubated overnight at 4°C and amplified with the appropriate secondary antibody goat anti-mouse IgG1 conjugated to Alexa Fluor 488 and chicken anti-goat Alexa Flour 594 (Invitrogen, Eugene, OR) respectively, for 30 minutes. IF images were acquired using the appropriate filters of a Zeiss Axioplan 2 wide-field fluorescence microscope (Thornwood, NY) with a Plan Neofluar 20 × 0.7 numerical aperture lens and a Hamamatsu Orca Er-cooled charge-coupled device camera (Bridgewater, NJ), controlled by the METAVUE software (MDS Analytical Technologies, Downington, PA). Images in each figure are presented both as single-color stains (green and red) located above the merged image, so that localization of two markers on similar or different cells can be appreciated. Cells that co-express the two markers in a similar location are yellow in color. A white line denotes the dermoepidermal junction. Dermal collagen fibers gave green autofluorescence, and antibodies conjugated with a fluorochrome often gave background epidermal fluorescence. 
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Results 

 

Uninvolved skin shows an increased expression of IL-17-downstream genes To assess possible IL-17 effects on distant uninvolved skin, we investigated the expression of proteins known to be upregulated in keratinocytes by IL-17, namely LCN2, S100A7, and DEFB4, and C/EBPδ, a key-transcription factor mediating IL-17 signaling.  We observed an enhanced staining for LCN2, S100A7, and DEFB4 in the granular and uppermost spinous layers of the epidermis of NL psoriatic skin vs. non-psoriatic controls (Fig. 1). The expression of IL-17-induced genes co-localized with an increased expression of C/EBPδ in fully differentiated keratinocytes, which are confined in the upper portion of the epidermis (Fig. 1). Because of this enhanced expression of IL-17-regulated proteins, we performed a comprehensive gene array analysis in order to examine the whole gene expression profile as well as selected gene expression by RT-PCR in unaffected skin.  
Non-lesional skin gene profiles suggest active IL-17-, IL-22, and IFN-γ- signaling.  To examine gene expression in NL psoriatic skin compared with the normal controls, we conducted a meta-analysis on three published studies 13,27,28 with expression profiles from NL skin of psoriatic patients and normal skin. We followed the same methodology we used to derive a robust signature of lesional vs NL skin using these 3 studies (the MAD-3 psoriasis transcriptome) 29. In total, we identified 252 gene transcripts differentially expressed in NL psoriatic skin compared to normal skin, using criteria of FCH≥1.4, and false discovery rate (FDR)≤ 0.05. Overall, 81 gene probes were up-regulated 
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and 171 were down-regulated (Table S2 and Table S3, respectively). We found an increased expression of immune-related genes, mainly represented by AMPs (DEFB4, S100A7, S100A7A, S100A8, S100A9, and PI3), and other immune-related, KC-derived products including CXCL10, SERPINB3, SERPINB4, and RNAse7 (Table 1).   The gene array analysis showed an elevated expression of IL-17 signature genes (i.e., DEFB4) and some genes, including S100A7, S100A7A, S100A8, and S100A9 that are known to be induced by both IL-17 and IL-22 (Table 1). We confirmed this increased genomic expression of AMP mRNAs by RT-PCR measurement, also detecting an upregulation of other IL-17-downstream genes playing a crucial role in psoriasis that did not appear within the microarray gene list such as IL-1β, a proinflammatory gene, and IL-19, an epidermal hyperplasia inducer (Table 2). An enhanced expression of IL-22 associated with an upregulation of AMPs was also found in NL vs. normal skin, whereas a less consistent increase in IL-17A and IL-17F mRNAs was detected in NL skin vs. normal controls (Fig. S1). In addition to an IL-17 imprinting, the overall gene expression analysis, including gene array and RT-PCT data, showed an upregulation of both IL-22 and IFN-γ signaling pathway characterizing uninvolved skin. RT-PCR confirmed a higher expression of IFN-γ itself and IFN-γ-signature genes (CXCL-9, -10, -11, MX-1, STAT1, and MMP9) in NL skin compared to normal skin (Table 2). The gene array list also included some upregulated genes related to the KC differentiation process, namely SPRR2D, SPRR2G, SPRR3, LCE3D, and CNFN. We also correlated NL psoriatic skin transcriptome with various gene sets using gene set enrichment analysis (GSEA).  
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Additionally, we used gene set enrichment analysis (GSEA) to identify if there was a ‘typical psoriatic lesion’ signal on the NL skin transcriptome. The differences in gene expression profiles of uninvolved psoriatic skin compared to normal skin, was strongly enriched of psoriasis genes identified in previously published lesional psoriasis transcriptomes  (i.e., the DEGs presented in the original studies used in this meta-analysis and the MAD5 trancriptome) (Table 3). This analysis also detected an enrichment of: (i) genes belonging to the epidermal differentiation complex list; (ii) genes induced by IL-17 in both keratinocytes and reconstructed human epidermis (RHE); (iii) sets of genes related to various immune signaling pathways including Th22/IL-22, IL-1, and Th1; (iv) genes synergistically or additively induced by IL-17+IL-22 stimulation (Table 3). Notably, GSEA detected an enhanced Th2 signal and an enrichment of DEGs identifying the atopic dermatitis transcriptome (AD LS vs. AD NL). Additionally, a significantly higher expression of CCL18, a Th2-polarizing chemokine, was measured by RT-PCR. 
 

 

Increased infiltration of immune cells profiles non-inflamed skin.  Because we detected increased expression of multiple chemokines, we examined immune cell subsets in NL skin. Immune cell markers included CD3+, CD8+, DC-LAMP+, and NKp46 for T-cell, dendritic, and NK/NKT subsets that infiltrate psoriasis skin lesions. An increased number of CD3+, CD8+, and DC-LAMP+ cells was measured in NL skin vs. normal controls, with a significant difference for CD3+ and DC-LAMP+ cell count (p=0.025 and p=0.00032, respectively) (Fig. 2a). T-cells increased in NL psoriatic skin were mainly dermal (Fig. 2b), with only a rare T-cell detected in the epidermis. Likewise, the increase in 
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NK/NKT cells detected in NL skin was also mainly dermal. The increase in CD8+ cells in NL skin appears to be due to combined expression on T-cells (cells co-expressing CD3 and CD8) as shown in Fig. 2c and likely NK cells (CD8+ but CD3- cells).  Within NL skin, we detected a few T-cells that expressed the T-cell activation marker ICOS, but we did not detect ICOS expression on T-cells in normal skin (Fig. 2d).  
High levels of circulating cytokines correlated with the upregulation of their 

matching signaling pathways in non-lesional skin.  In order to substantiate the hypothesis of an altered gene expression in non-lesional skin induced by cytokines released from involved areas and acting at distant skin sites, we sought to correlate disease severity with the transcritpomic analysis obtained in NL vs. normal skin, as well as serum levels of pathogenic cytokines including IL-17, IL-22, and TNF-α. As showed in Fig. S2, disease severity significantly correlated with both IL-17 (r:0.642; p=0.045) and TNF-α blood levels (r:0.435, p=0.001), while no correlation could be evaluated for other cytokines, namely IL-22 and IFN-γ, because their bloodstream concentrations were below the detection limit. As confirmatory proof about the correlation between IL-17 serum levels and disease severity, another set of previously published data was analyzed. In this proof-of-concept study, wherein 16 moderate-severe patients were treated with guselkumab 31 (an anti-p19IL23 agent), IL-17 serum levels significantly correlated with disease severity (r:0.586, p=0.017) (Figure S3).  Additionally, we evaluated a potential link between disease severity and upregulated signaling pathways detected in NL skin, providing a strong correlation between individual 
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PASI scores and various signaling pathways (Table S4) related to IL-17 (r:0.26, p=0.0199), IL-1 (r:0.31, p=0.0056), and IFN-α (r:0.28, p=0.0107).  
Discussion  A major focus of transcriptomic analysis in psoriasis has been defining the disease-related transcriptome by the identification of genes that are differentially expressed between psoriasis vulgaris plaques and background NL skin or normal human skin.  In some studies, comparisons have included both NL skin and skin from non-psoriatic (normal) controls. Thus, as early as 2003, gene array studies detected some differences in gene expression between normal, healthy controls and NL psoriatic skin 25. Differences noted included higher expression of S100A7 (psoriasin) and STAT1 in NL skin 25. In 2008, a gene array study of psoriasis 28 was conducted with a focus on expression of genes that are modulated by Type 1 interferons. That study compared gene expression in psoriasis lesions to both NL skin and to normal controls. Decreased expression of several transcription factors in NL psoriatic skin vs. healthy control skin was noted, as were decreases in expression of cell adhesion and tight junction proteins. Upregulated genes were also detected, but they were not individually listed in the report. The following year, Gudjonsson et al. 27 published a report with an explicit focus on comparing gene expression in NL psoriatic skin vs. healthy controls. That study identified 223 transcripts from 178 unique genes as being differentially expressed in NL skin 27 using a FCH>1.4 and (unadjusted) p<0.05.  Many of the dysregulated genes mapped into pathways of lipid biosynthesis, keratinocyte terminal differentiation, or innate immune pathways. Small increases in S100A7, S100A9, IL1F9, and DEFB4 (IL-17 pathway products) were detected, but the increases were less marked compared to the present report. In this study, we 
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detected differential expression of 252 transcripts between NL psoriatic skin and healthy controls using criteria of at least a 1.4-fold change and a FDR < 0.05.  Importantly, many of genes detected map into the IL-17 pathway that is strongly up-regulated in psoriasis vulgaris skin lesions and in the bloodstream of patients affected by moderate-to-severe psoriasis 13,36. Compared to Gudjonsson study 27, overall we detected a much stronger inflammatory signal than a metabolic signal in NL skin. It is important to note that biopsies in this previous study were taken from a cross section of mild-to-severe psoriasis patients and that patients may have been on active therapies for psoriasis at the time of the biopsy. Conversely, in our study, for immunohistochemistry, immunofluorescence, and RT-PCR, we analyzed NL skin of moderate-to-severe patients (at least 10% body surface affected with disease) who were off active systemic treatments for at least 4 weeks or topical treatments for at least 2 weeks before the biopsy was taken. Whilst meta-analysis was performed on a broader spectrum of disease severity, ranging from mild to severe psoriasis, in order to obtain a more potent signal detection. We would predict that with higher baseline severity of psoriasis and without active treatment, that T-cell activation and IL-17 synthesis in skin lesions would be higher, leading to potentially higher levels of circulating IL-17 in the blood. IL-17 effects may be observed not only on lesional skin cells but also on bloodstream cells, which showed an increased expression of pro-inflammatory mediators (i.e., CXCL5, CXCL1, IL-8) and extravasation-mediating adhesion molecules (i.e., PECAM, ITGA4, CD99) after in vitro IL-17 stimulation, and their in vivo downregulation after IL-17 blockade 14. Similarly, circulating IL-17 could affect other organ, tissues, or distant uninvolved skin, and, thus, it may represent the driving cytokine for many of the gene transcription changes detected in this study. IL-17 synergistically or additively acts with another key-cytokine in 
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psoriasis pathogenesis 9, namely TNF-α, and both of them showed circulating levels correlating with disease severity. As we previously published, these two cytokines are crucial in driving the most relevant inflammatory circuits characterizing psoriasis 9.  While T-cells and mature dendritic cells appear to be higher in number in NL psoriatic skin vs. healthy control skin, we found that only a subset of patients had higher expression of IL-17, IL-22, and IFN-γ compared to normal controls. Hence, we favor the hypothesis that circulating IL-17 is the inducer of IL-17 pathway gene products in NL skin, rather than requiring an endogenous T-cell activation response. Most of the immune-related genes detected in this study are AMPs, which are known to be strongly expressed in lesional psoriatic skin, and their expression is stimulated by both IL-17 and IL-22 signals. Notably, together with IL-17, we detected enhanced IL-22 expression levels in uninvolved skin compared to normal skin. These upregulated signaling pathways significantly correlated with disease severity and blood cytokine levels. Additionally, in this study, an altered expression of some epidermal differentiation complex genes was also detected. Moreover, we noted that very few intra-epidermal T-cells are present in this study, which clearly distinguishes NL skin from active plaques. In active plaques, many CD8+ T-cells can be found in the epidermis and a subset of these cells are IL-17-producing cells (Tc17 T-cells) 37. Still, T-cells appear to be somewhat more activated in NL skin based on ICOS expression in some and higher IL-17 mRNA is some samples might lead to locally produced IL-17 as an inducer of some of the changes we have noted (Fig. S1).  Since IL-17 regulated genes are transcribed by the dual factors NFkB and C/EBP, it is also possible that higher levels of C/EBP β (Chiricozzi et al., 2014) and C/EBPδ in NL skin might increase sensitivity of psoriatic keratinocytes to IL-17 stimulation 
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38. Patients with moderate-to-severe psoriasis also have highly consistent increases in circulating TNF-α 13 (mean increase 2.5-fold, p = 10-50), which provides a signaling cytokine for enhanced activation of NFκB 13. Many psoriasis-related genes have synergistic or additive responses to TNF-α and IL-17, so the interaction of these cytokines in NL skin could drive important sets of genes identified in this report 9. Still, NL psoriatic skin is grossly normal with respect to skin structure.  We do not know the threshold of cytokine levels that are needed to convert background skin into frank lesions, but in most studies, levels of key cytokine transcripts, e.g., IL-23 and IL-17A/F are elevated by 5-10-fold or more compared to NL skin 31. Another factor that should be considered is that NL skin might have higher expression of regulatory pathways that prevent uncontrolled T-cell activation and expansion. In this study we detected an increased expression of Th2-related genes, which could indicate higher Th2 tone in NL skin.    Unfortunately, we do not know whether gene differences we detected here will be reversible with treatments that reverse the pathology of lesional psoriatic skin, but testing the ability of psoriasis treatments to affect pathologic gene expression in distant sites (uninvolved skin and co-morbid tissues) should be investigated in future studies. If reversible gene expression occurs in NL skin, this could be the best and most accessible “sensor” for pathologic effects of inflammatory cytokines on background tissues in psoriasis patients. Overall, the magnitude for altered gene expression in NL skin is similar to the magnitude of increased expression of inflammatory gene products in peripheral blood leukocytes of psoriasis patients, which is consistent with this possibility 14.  
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Table 1. Upregulated immune gene transcripts and epidermal keratinocyte 
differentiation-related gene transcripts detected in uninvolved psoriatic skin. 

Upregulated immune gene transcripts 

 
Probe set 
ID 

 
Gene 
symbol 

 
Description NL vs 

Normal 
(Log2) 

NL vs Normal      
(Fold Change) 

 
NL vs 

Normal 
FDR 

207356_at DEFB4 defensin, beta 4 1.81 3.51 1.06E-13 205916_at S100A7 S100 calcium binding protein A7 1.73 3.32 7.33E-14 202917_s_at S100A8 S100 calcium binding protein A8 1.45 2.73 1.75E-12 209720_s_at SERPINB3 serpin peptidase inhibitor, clade B (ovalbumin), member 3 1.18 2.27 2.45E-09 211906_s_at SERPINB4 serpin peptidase inhibitor, clade B (ovalbumin), member 4 1.00 2.00 1.34E-06 232170_at S100A7A S100 calcium binding protein A7A 0.97 1.96 3.28E-08 203535_at S100A9 S100 calcium binding protein A9 0.91 1.88 1.14E-08 203691_at PI3 peptidase inhibitor 3, skin-derived 0.89 1.85 5.17E-07 204533_at CXCL10 chemokine (C-X-C motif) ligand 10 0.63 1.55 9.39E-07 233488_at RNASE7 ribonuclease, RNase A family, 7 0.51 1.42 3.82E-06 
Upregulated epidermal keratinocyte differentiation-related gene transcripts 
 
Probe set 
ID  

Gene 
symbol 

 
Description NL vs 

Normal 
(Log2) NL vs Normal   

(Fold Change)  
NL vs 

Normal 
FDR 232082_x_at SPRR3 small proline-rich protein 3 1.23 2.35 3.98E-14 208539_x_at SPRR2D small proline-rich protein 2D | small proline-rich protein 2B 1.13 2.19 1.81E-11 
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224328_s_at LCE3D late cornified envelope 3D 1.03 2.04 2.41E-12 236119_s_at SPRR2G small proline-rich protein 2G 1.01 2.01 8.16E-09 224329_s_at CNFN cornifelin 0.56 1.47 3.10E-09    
Table 2. RT-PCR results. Immune genes showing an increased expression in 
uninvolved psoriatic skin compared to normal skin. 
 

ID Description 
NL vs 

Normal 
FCH 

NL vs 
Normal  

Raw pValue 

DEFB4 defensin beta 4 99.51 3.67E-12 
IL22 interleukin 22 23.25 1.45E-05 

CXCL10 chemokine (C-X-C motif) ligand 10 15.6 1.73E-06 

IL19 interleukin 19 12.9 0.0012 

IFNA1 interferon alpha 1 6,03 8,37E-05 
SERPINB3 serpin peptidase inhibitor, clade B, member 3 4.91 1.46E-05 
CCL18 chemokine (C-C motif) ligand 18 (pulmonary and activation-regulated) 4.39 0.0037 
IL1B interleukin 1 beta 4.18 0.0016 
IL17F interleukin 17F 2.78 0.2007 
CD209 cluster of differentiation 209 (DC-SIGN) 2,74 0,056 
CXCL9 chemokine (C-X-C motif) ligand 9 2.46 0.0373 
IL17A interleukin 17A 2.26 0.1942 
IFNγ interferon gamma 2.15 0.2949 
STAT1 signal transducer and activator of transcription 1 1.81 0.0175 
CD1E cluster of differentiation 1E 1.78 0.112 
OASL 2',5'-oligoadenylate synthetase-like 1.69 0.0907 
MX1 myxovirus resistance 1, interferon-inducible protein p78 1.56 0.1335 
CEBPD CCAAT/enhancer binding protein (C/EBP), delta 1.37 0.273 
CD69 cluster of differentiation 69 1.36 0.4663 
JAK2 janus kinase 2 1.33 0.1603 
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CXCL11 chemokine (C-X-C motif) ligand 11 1.06 0.9205 
CD207 cluster of differentiation 207 -1.69 0.711 
IFNB1 Interferon beta 1 -1.77 0.4957 
MMP9 matrix metalloproteinase-9 -3.27 0.0409 
 
 
 
Table 3. Pathways enriched in uninvolved psoriasis skin by using GSEA. ES: enrichment scores. NES: normalized enrichment scores. FDR: false discovery rate.   
 
 
 
PATHWAYS  No. of 

genes in 
pathway 

ES NES FDR 

Epidermal Differentiation 
Complex 33 0.63 2.07 4.22E-04 

Epidermal Differentiation 
Complex- Cornified 
Envelope 

50 0.59 2.12 2.85E-04 
Psoriasis Transcriptome 
Up 39 531 0.43 2.16 3.56E-04 

Synergistic  IL17 & IL22 in 
KC 31 0.43 1.42 0.06 

IL17+TNF Up in KC 33 0.46 1.55 0.031 

KC+IL1 Up  56 0.43 1.64 0.016 

KC+IL-17 Up 53 0.44 1.66 0.015 

KC+IL-17 Up 40 165 0.39 1.74 0.009 
ADDITIVE IL17 & IL22 in 
KC 9 26 0.56 1.78 0.008 
Psoriasis Transcriptome 
Up 24 1009 0.34 1.76 0.008 
MAD5  Psoriasis Up 29 675 0.35 1.78 0.008 
MAD3  Psoriasis Up 29 1069 0.34 1.79 0.007 
Psoriasis Transcriptome 
Up 13 597 0.37 1.90 0.003 
Psoriasis Transcriptome 
Up 41 1038 0.34 1.80 0.007 
Th22 and IL-22 14 0.62 1.66 0.015 
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Th1 11 0.58 1.48 0.045 
Th17 11 0.69 1.70 0.012 
AD LS vs. AD NL Up 237 0.38 1.75 0.009 
Th2 18 0.61 1.76 0.009 
 
 
Figure legends. 
 
Fig. 1. IL-17-signature genes are increasingly expressed by terminally differentiated 

keratinocytes in non-lesional skin compared to normal skin. IL-17-signature proteins including lipocalin 2 (LCN2), S100A7, HBD2, and C/EBPδ (top) expression was predominantly localized in the spinous-granular layer of the epidermis, with a more marked staining in NL skin vs. normal skin. NL, non-lesional.   
 

 

Fig. 2. Immune cell infiltration and activation in non-lesional skin. Increased number of CD3+, CD8+, or DC-LAMP+ cells in NL skin vs. Normal skin (a). Enhanced dermal staining for CD3 and NKp46 markers in NL skin vs. Normal by immunohistochemistry (b). Co-expression of CD3 and CD8, showed by immunofluorescence (c), demonstrating the increased presence of CD3/CD8 + T cells in non-lesional skin mainly localized within the dermis, whereas a few cells were localized within the epidermis (white arrows). Scattered detection of T cell activation marked by ICOS expression only in NL skin (d, white arrows). NL, non-lesional; DC-LAMP, dendritic cell lysosome-associated membrane glycoprotein.   
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Supplementary figure legends. 

 

Fig. S1. Gene expression levels of IL-17A and IL-17F in non-lesional skin vs. normal 

skin.  RT-PCR results for both IL-17A and IL-17F showed higher levels of both IL-17A and IL-17F mRNAs in NL (blue dots) vs. normal skin (yellow dots). Some of the NL skin samples showed an increase of IL-17A and IL-17F gene transcripts compared to normal skin. NL, non-lesional.  
Fig. S2. Disease severity correlating with cytokine serum levels. Psoriasis Area Severity Index (PASI) scores correlated with circulating levels of IL-17 (A) and TNF-α (B).   
Fig S3. Additional correlation between IL-17 serum levels and disease severity. 
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