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PhD4, Michelle A. Lowes, MBBS, PhD3, James G. Krueger, MD, PhD3,*

1Department of Dermatology, University of California, Davis, Sacramento, California, USA

2Dermatology Section, Veterans Affairs Northern California Health Care System, Mather, 
California, USA

3Laboratory for Investigative Dermatology, The Rockefeller University, New York, New York, USA

4Laboratory of Single-cell Genomics and Population Dynamics, The Rockefeller University, New 
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Abstract

Background: Based on the mounting evidence that Type 17 T-cells (T17 cells) and increased 

IL-17 play a key role in driving hidradenitis suppurativa (HS) lesion development, biologics 

used previously in psoriasis that block signaling of IL-17A and/or IL-17F isoforms have been 

repurposed to treat HS.

Objective: Our research aimed to characterize the transcriptome of HS T17 cells compared 

to the transcriptome of psoriasis T17 cells, along with their ligand-receptor interactions with 

neighborhood immune cell subsets.

Methods: Single-cell data of 12,300 cutaneous immune cells from 8 de-roofing surgical HS skin 

samples including dermal tunnels were compared with single-cell data of psoriasis skin (19,525 

cells from 11 samples) and control skin (11,920 cells from 10 samples). All of the single-cell data 

were generated by the same protocol.

Results: HS T17 cells expressed lower levels of IL23R and higher levels of IL1R1 and IL17F 
compared to psoriasis T17 cells (p < 0.05). HS regulatory T-cells (Tregs) expressed higher 

levels of IL1R1 and IL17F compared to psoriasis Tregs (p < 0.05). Semimature dendritic cells 

(DCs) were the major immune cell subsets expressing IL1B in HS, and IL-1B ligand-receptor 

interactions between semimature DCs and T17 cells were increased in HS compared to psoriasis 

(p < 0.05). HS dermal tunnel keratinocytes (KCs) expressed inflammatory cytokines (IL17C, 

IL1A, IL1B, and IL6) which differed from the HS epidermis KCs (IL36G) (p < 0.05). IL6, which 

synergizes with IL1B to maintain cytokine expression in T17 cells, was mainly expressed by 
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fibroblasts in HS, which also expressed IL11+ inflammatory fibroblast genes (IL11, IL24, IL6, 

and POSTN) involved in paracrine IL-1/IL-6 loop.

Conclusion: The IL-1B-T17 cell cytokine axis is likely a dominant pathway in HS with HS 

T17 cells activated by IL-1B signaling, unlike psoriasis T17 cells which are activated by IL-23 

signaling.

Clinical Implication: Biologics targeting IL-17 isoforms and IL-1B may be effective for HS but 

biologics targeting IL-23 may be less effective for HS.

Capsule Summary:

Unlike psoriasis, type 17 T-cells in hidradenitis suppurativa may be activated by IL-1B 

signaling interacting with neighboring semimature dendritic cells, dermal tunnel keratinocytes, 

and fibroblasts.

Keywords

Hidradenitis suppurativa; psoriasis; IL-17A; IL-17F; IL-23; IL-1; IL-1R1; type 17 T-cells; single-
cell RNA sequencing; T-cell; dendritic cell; keratinocyte; fibroblast

Introduction

Hidradenitis suppurativa (HS) is a painful debilitating complex cutaneous inflammatory 

disease with evolving morphologies from superficial nodules and deep abscesses to draining 

dermal tunnels1. Once formed, HS dermal tunnels do not usually resolve spontaneously 

or with medical treatments, and traditional surgical management results in high rates of 

recurrence and complications2. HS is also associated with comorbidities including diabetes 

and Crohn’s disease. However, no cure exists for this devastating condition. As of this 

writing, there is only one FDA-approved medication for HS, adalimumab, but remission on 

therapy is uncommon3.

The HS microenvironment has been characterized by activation of the IL-17-producing 

T-cells (Type 17 T-cell, T17 cell)4–8 and IL-1 pathway9,10, functional modification of 

dendritic cells and macrophages11,12, and an influx of B-cells and plasma cells13. Based 

on the mounting evidence that the activation of T17 cells plays a key role in driving HS 

lesion development4–8, psoriasis biologics targeting the IL-23/T17 cell autoimmune axis are 

being currently tested to repurpose them for HS treatment in multiple clinical trials14.

In psoriasis, IL-23 from dendritic cells activates T17 cells, and activated T17 cells 

produce IL-1715. Both monoclonal antibodies targeting IL-23 and monoclonal antibodies 

targeting IL-17 are highly effective for psoriasis15. In HS, however, recent clinical 

trials showed contradictory results between monoclonal antibodies targeting IL-23 and 

monoclonal antibodies targeting IL-17: anti-IL-23 monoclonal antibodies did not meet 

their primary endpoint in HS compared to the placebo in phase II trials (NCT03926169 

for risankizumab and NCT03628924 for guselkumab). In contrast, anti-IL-17 monoclonal 

antibody demonstrated statistically significant improvement in HS compared to the placebo 

in a phase II trial (NCT03248531 for bimekizumab)4, and phase III trials (NCT03713632 
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and NCT03713619 for secukinumab)16. A small pilot study with an anti-IL-17R antibody 

was very successful (NCT03960268)6.

Although psoriasis biologics targeting the IL-23/T17 cell autoimmune axis are currently 

being tested to repurpose them for HS treatment14, head-to-head genomic comparison to 

understand different immunity between HS and psoriasis has been challenging due to the 

heterogeneous morphologies of HS. Depending on the morphologies and the size of HS 

tissues obtained for the analysis, gene expression profiles with bulk RNA sequencing are 

highly variant at total skin levels. Single-cell RNA sequencing may overcome the limitation 

of bulk RNA sequencing by segregating gene expression profiles of different immune cell 

subsets, and recent single-cell analyses that compared HS and control skin characterized 

immune cells infiltrated in the HS at single-cell levels11,13. However, until now, immune 

cells involved in the IL-23/T17 cell autoimmune axis were not directly compared between 

HS and psoriasis at single-cell levels11,13.

We compared human skin single-cell transcriptome of T17 cells, regulatory T-cells (Tregs), 

dendritic cells (DCs), keratinocytes (KCs), and fibroblasts between HS and psoriasis17,18 to 

gain insights into the contradictory clinical trial results of monoclonal antibodies targeting 

IL-23 versus (vs.) IL-17 in HS. We found distinct single-cell profiles and ligand-receptor 

interactions of T17 cells in HS different from psoriasis, suggesting the alternative T17 

cell activation pathways in HS. Overall, in HS, there was a predominant IL-1B-T17 cell 

interaction, compared to psoriasis skin which was characterized by an IL-23-T17 cell 

pathway.

Methods

The study was designed to compare single-cell genomic profiles of immune cell subsets 

between HS, psoriasis, and control skin. 12,300 cells from 8 HS samples, 19,525 cells 

from 11 psoriasis pre-treatment lesional skin samples, and 11,920 cells from 10 control 

skin samples were compared for the downstream analyses (Supplemental Table 1). For the 

detailed experiment methods, please see the Supplemental methods section in the article’s 

Online Repository.

Harvesting immune cells from discarded skin specimens collected during HS surgeries

Discarded and de-identified HS skin specimens were collected during HS dermal tunnel 

de-roofing surgical procedures. To label epidermal KCs and dermal tunnel KCs separately, 

the epidermis and dermis of collected skin samples were separated after incubation in 

0.2% Dispase II (Sigma-Aldrich) for 3 hours (Supplemental Figure 1). Then, the epidermis 

and dermis were separately incubated in RPMI-1640 medium with L-glutamine (Cytiva) 

supplemented with 10% human albumin serum (Sigma-Aldrich) in a humidified incubator at 

37°C and 5% CO2. Cells that had emigrated out of the epidermis and dermis were separately 

harvested after 48 hours.

Single-cell library construction

Single-cell libraries of the epidermis and single-cell libraries of the dermis were separately 

constructed from 2 HS skin specimens with dermal tunnels to compare KC transcriptome 
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between HS epidermis and HS dermal tunnels (Supplemental Figure 1). It was assumed that 

the KC transcriptome in the single-cell libraries of the dermis represents HS dermal tunnel 

KCs, while the KC transcriptome in the single-cell libraries of the epidermis represents HS 

epidermis KCs.

Single-cell library integration and harmonization

We used the Seurat R package (version 4.0.3) installed in R (version 4.1.0) for the 

downstream single-cell RNA sequencing (scRNA-seq) data analysis19. First, we merged 

single-cell libraries which were prepared by the same reagent kit versions and sequenced 

by the same sequencer. Then, the merged single-cell libraries were integrated into a single 

dataset with harmonization. To harmonize the merged single-cell libraries into a single 

dataset reducing batch effects, correspondences between cells in the merged datasets were 

identified, and the correspondences were used for data integration20. All the single-cell 

libraries have been deposited in NCBI’s Gene Expression Omnibus and are publicly 

accessible through GEO Series accession number GSE220116.

Single-cell data analyses

Principal component analysis and graph-based clustering analysis were performed, and then 

the differentially expressed genes (DEGs) and the average gene expression were found 

between HS, psoriasis, and control. For the receptor-ligand interaction analysis, the fold 

changes of statistically significant DEGs (p < 0.05) were entered to calculate receptor-ligand 

interaction between different cell clusters.

Statistical analysis

Differentially expressed genes between HS, psoriasis, and control cells were identified by a 

Wilcoxon Rank Sum test. A value of p < 0.05 was considered significant. p-value adjustment 

was performed using Bonferroni correction for comparisons at total cluster levels. A fold 

change (FCH) > 1.2 and p < 0.05 were used as cut-offs to define differentially expressed 

genes at the levels of target gene expressing cells within a cluster. Fisher’s test was used to 

determine whether the comparison groups differ in the proportion of cells within a cluster.

Results

Hidradenitis suppurativa (HS) single-cells are composed of higher proportions of T-cell 
subset, B-cell, plasma cell, mast cell, and fibroblast cluster cells compared to psoriasis 
single-cells

Dimensionality reduction analysis of 43,745 single-cells of HS, psoriasis, and control 

samples (29 in total) identified clusters of NK cells, CD161+ T-cells, CD8+ T-cells, CD4+ 

T-cells, Tregs, B cells, plasma cells, mast cells, mature DCs, semimature DCs, melanocytes, 

and KCs in different layers of Stratum (S.) corneum, S. granulosum, S. spinosum, S. basale, 

and fibroblasts without subclustering (Supplemental Figure 2A–B). The percentages of cells 

in CD161+ T-cell (6.8% in HS vs. 4.0% in psoriasis), CD4+ T-cell (18.0% in HS vs. 12.5% 

in psoriasis), B-cell (22.3% in HS vs. 0.2% in psoriasis), plasma cell (3.0% in HS vs. 

0.1% in psoriasis), mast cell (1.5% in HS vs. 0.5% in psoriasis), and fibroblast (2.1% in 

HS vs. 0.5% in psoriasis) clusters were higher in HS compared to psoriasis (p < 0.05) 
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(Supplemental Figure 2C). In contrast, the percentages of cells in mature DC (2.7% in HS 

vs. 13.9% in psoriasis), semimature DC (2.7% in HS vs. 4.0% in psoriasis), melanocyte 

(1.2% in HS vs. 2.4% in psoriasis), KC in S. corneum (18.5% in HS vs. 39.6% in psoriasis), 

and KC in S. granulosum (0.5% in KC vs. 3.6% in psoriasis) clusters were lower in HS 

compared to psoriasis (p < 0.05).

HS Type 17 T-cells (T17 cells) express lower levels of IL-23 receptor and higher levels of 
IL-1 receptor and IL17F compared to psoriasis T17 cells

The expression of T17 cell cytokine IL17A and IL17F was higher, and the expression 

of IL-23 receptor (IL23R) was lower in HS compared to psoriasis at total immune cell 

levels (Figure 1A, p < 0.05). When the average gene expression of pathogenic T-cell subset 

clusters (CD161+ T-cell, CD8+ T-cell, and CD4+ T-cell clusters) was compared between HS, 

psoriasis, and control, HS CD161+ T-cell cluster cells expressed high levels of IL17A, IL17F 
and IL-1 receptor (IL1R1) (Supplemental Figure 3). When T17 cells were defined as T17 

cell lineage marker8,21 (CD161(KLRB1) & IL17A or IL17F) expressing T-cells (CD3D+ 

cells in the T-cell clusters), HS T17 cells expressed high levels of IL17A, IL17F, IL1R1, 

and RORC while psoriasis T17 cells expressed high levels of IL-23 receptor (IL23R), IFNG, 

IL22 and IL26 (Figure 1B).

When HS T17 cell subsets were subdivided by IL17A vs. IL17F expression, 76.4% of HS 

T17 cells expressed either IL17A (13.9%) or IL17F (62.4%), and only 23.6% of HS T17 

cells expressed IL17A and IL17F together (Figure 1C). HS IL17A+ (IL17F+ or IL17F−) 

T17 cell subsets (37.5%) expressed high levels of inflammatory cytokines, such as IL26, 

TNF, and LTA, which have been reported in psoriasis IL17A+ T17 cells17. Within the HS 

IL17A+ T17 cell subsets, HS IL17A+ IL17F− T17 cells (13.9%) expressed high levels of 

inflammatory cytokine (IFNG), transcription factor (RORC), and resident memory T-cell 

marker of CD6922, which have been reported in psoriasis IL17A+ IFNG+ T17 cell subsets17. 

HS IL17A+ IL17F+ T17 cells (23.6%) expressed different resident memory T-cell markers 

of CD103(ITGAE)22 and IL1R1.

HS IL17F+ (IL17A−) T17 cell subsets (62.4%) expressed high levels of proinflammatory 

cytokine IL32, which has been reported to be increased in both HS23 and psoriasis24. When 

IL17A or IL17F expressing T17 cell subsets were compared between HS and psoriasis 

(Figure 1D and Supplemental Figure 4), HS IL17F+ (IL17A−) T17 cell subsets expressed 

lower levels of IL23R and higher levels of IL1R1 and IL17F compared to psoriasis IL17F+ 

(IL17A−) T17 cell subsets (FCH > 1.2 and p < 0.05)

HS regulatory T-cells (Tregs) express higher levels of IL-1 receptor and IL17F compared to 
psoriasis Tregs

When the average gene expression of cells in the Treg cluster was compared between HS, 

psoriasis, and control, HS Treg cluster cells expressed high levels of T17 cell cytokines 

(IL17A and IL17F), IL-1 receptor (IL1R1), IL-6 signaling that prevents immune suppression 

by Tregs25 (IL6), and Treg receptors (CD25(IL2RA), CTLA4, and CCR726) (Figure 2A). In 

contrast, HS Treg cluster cells expressed low levels of functional Treg cytokines (IL10 and 

TGFB1).
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When Tregs were defined as CD3D+ CD4+ CD25(IL2RA)+ FOXP3+ cells in the T-cell 

clusters, HS Tregs expressed higher levels of IL1R1, IL17F, CD25(IL2RA), CTLA4, and 

CCR7 compared to psoriasis Tregs (FCH > 1.2 and p < 0.05) (Figure 2B). When HS Tregs 

with IL17A or IL17F expression and HS Tregs without IL17A or IL17F expression were 

compared, 4.5% of HS Tregs expressed IL17A or IL17F (IL17A/F+). HS IL17A/F+ Tregs 

expressed high levels of IL1R1, IL17A, and IL17F, and low levels of IL2RA, CTLA4, and 

CCR7 compared to HS IL17A/F− Tregs (Figure 2C).

Semimature dendritic cells are the major immune cell subsets expressing IL1B in HS

When the average gene expression of mature and semimature DC clusters was compared 

between HS, psoriasis, and control, HS mature DC cluster cells expressed high levels 

of MHC class II molecules (HLA-DRA), and skin DC markers of DC-LAMP(LAMP3), 

CIITA, CD86, CD40 and PD1-L1(CD274), which have been described in psoriasis mature 

DCs17 (Figure 3B). When mature DCs were defined as HLA-DRA+ DC-LAMP(LAMP3)+ 

cells in the mature DC cluster, HS mature DCs expressed higher level of IL6R, CCR7, 
DC-LAMP(LAMP3), and CIITA, and lower levels of LCN2 and LYZ compared to psoriasis 

mature DCs (FCH > 1.2 and p < 0.05) (Supplemental Figure 5).

HS semimature DC cluster cells expressed high levels of skin DC markers (CD11c(ITGAX) 

and CD14) and regulatory DC markers (BDCA3(THBD), LILRB2, and IL10) as described 

in psoriasis semimature DCs17, but they expressed low levels of IL23A in contrast to 

psoriasis semimature DC cluster cells (Figure 3B). Importantly, semimature DCs were the 

major immune cell subsets expressing IL1B in HS9,27. The expression of IL1B was higher in 

HS compared to psoriasis at total immune cell levels (p < 0.05), and the expression of IL1B 
was the highest in the HS semimature DC cluster among all clusters (Figure 3A). When 

semimature DCs were defined as HLA-DRA+ THBD(BDCA3)+ cells in the semimature DC 

cluster, HS semimature DCs expressed higher levels of IL1B, IL1A, and IL6 compared to 

psoriasis semimature DCs (FCH > 1.2 and p < 0.05) (Figure 3C and Supplemental Figure 6).

HS dermal tunnel keratinocytes (KCs) express inflammatory cytokines different from HS 
epidermis KCs

When the average gene expression of KC clusters was compared between HS dermal tunnel, 

HS epidermis, psoriasis, and control, the HS dermal tunnel KC cluster expressed high levels 

of IL17C and IL1A in S. Corneum, IL6 in S. Spinosum, and IL1B in S. Basale (Figure 4B).

When KCs were defined as cells in the KC-S. Corneum, KC-S. Granulosum, KC-S. 

Spinosum, and KC-S. Basale clusters, the HS dermal tunnel KCs expressed higher levels 

of IL1B and IL1A compared to psoriasis KCs (Figure 4C, FCH > 1.2 and p < 0.05). HS 

epidermis KCs expressed higher levels of IL36G compared to the HS dermal tunnel KCs 

(Figure 4A and 4D, FCH > 1.2 and p < 0.05). Both the HS epidermis KCs and the HS 

dermal tunnel KCs expressed higher levels of IL1RL1(ST2) compared to psoriasis KCs. 

The expression levels of IL1RL1(ST2) were higher in HS epidermis KCs compared to HS 

dermal tunnel KCs (Figure 4A–D and Supplemental Figure 7, FCH > 1.2 and p < 0.05).
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HS fibroblasts are IL11+ inflammatory fibroblasts expressing paracrine IL-1/IL-6 loop genes

HS fibroblast cluster expressed the highest levels of IL11+ inflammatory fibroblast genes 

(IL11 and IL24)28–30 and fibroblast paracrine IL-1/IL-6 loop genes (IL6 and POSTN)31–

33 among all clusters (Figure 5A). When fibroblasts were defined as COL1A1+ cells in 

the fibroblast cluster, HS fibroblasts expressed higher levels of IL11, IL24, IL6, POSTN 
together with IL1B, IL33, and CCL20 compared to psoriasis fibroblasts (Figure 5B and 5C, 

FCH > 1.2 and p < 0.05).

IL1B ligand-receptor interactions between semimature DCs and T17 cells are increased in 
HS compared to psoriasis

To elucidate the interactions of T17 cells with neighboring immune cells that were 

more activated in HS compared to psoriasis, we analyzed ligand-receptor interactions 

using differentially expressed genes between HS and psoriasis of T17 cells, mature DCs, 

semimature DCs, KCs in dermal tunnels, and KCs in the epidermis. The ligand-receptor 

interactions of IL-17F (ligand: IL17F, receptor: IL17RA or IL17RC), IL-1B (ligand: IL1B, 

receptor: IL1R1), IL-6 (ligand: IL6, receptor: IL6R), and IL-33 (ligand: IL33, receptor: 

IL1RL1(ST2)) were increased in HS compared to psoriasis since the expression of both 

ligands and receptors in the immune cell subsets was increased in HS compared to psoriasis 

(Figure 6, p < 0.05).

When we selected the 10 most enriched ligand-receptor interactions in HS compared to 

psoriasis, IL1B (semimature DCs) – IL1R1 (T17 cells) was the most enriched interaction 

with T17 cell receptor expression (Figure 6). The interactions with T17 cell ligand 

expression included IL17F (T17 cells) – IL17RC (dermal tunnel KCs and epidermis KCs) 

or IL17RA (semimature DCs)34. The interactions with fibroblast ligand expression included 

IL6 (fibroblasts) – IL6R (mature DCs and dermal tunnel KCs, and epidermis KCs) and IL33 
(fibroblasts) – IL1RL1 (dermal tunnel KCs and epidermis KCs).

Discussion

In this study, we have analyzed single-cell transcriptomic data from HS skin obtained 

during de-roofing dermal tunnels and compared it to psoriasis and healthy skin processed 

in the same manner. Prior single-cell transcriptomic studies of HS focused on increased 

B cell and plasma cells13, functional modification of dendritic cells and macrophages11,12, 

and relative reduction of Tregs11. This study extends those findings to characterize the 

transcriptome of IL17A+ or IL17F+ T17 cells and their ligand-receptor interactions with 

neighborhood immune cell subsets in HS compared to psoriasis by utilizing our immune 

cell-enriched single-cell transcriptomic approach17. In HS, there was a predominant IL-1B-

T17 cell cytokine axis (Figure 6), compared to psoriasis skin which was characterized by 

an IL-23-Th17 pathway15. This data has important implications for the treatment of HS, 

suggesting that agents that target IL-1B and IL-17 should be more successful than those that 

target IL-23 (Supplemental Figure 8), and this has been largely borne out in HS clinical 

studies conducted to date.
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IL-17 is a critical pro-inflammatory cytokine, with a key role in host defense against 

microbes. Aberrant IL-17 expression is linked to chronic inflammatory skin diseases such as 

psoriasis, where it can be targeted for effective treatment15. In recent studies, IL-17 mRNA 

and protein were shown to be expressed in HS lesions, IL-17 was found in suppurative 

discharge, and serum IL-17 was elevated35–40. Our data showed cellular expression of both 

IL17A and IL17F in HS T17 cells, providing support for the concept that agents targeting 

both of these cytokines, and/or blocking the IL-17 receptor, could be a successful approach 

to reducing the effects of IL-17 in HS. Early small studies of anti-IL-17R (brodalumab) in 

HS were promising (NCT03960268)6, and two anti-IL-17 agents have recently completed 

phase III trials for HS supporting this observation (NCT04242446 & NCT04242498 for 

bimekizumab and NCT03713632 & NCT03713619 for secukinumab)41. Furthermore, our 

data implies that the effects of IL-17A blockade and IL-17F blockade might be different in 

HS patients as 76.4% of HS T17 cells expressed either IL17A or IL17F and only 23.6% of 

HS T17 cells expressed IL17A and IL17F together (Figure 1C). HS T17 cell transcriptome 

was different depending on the expression of IL17A or IL17F as observed in psoriasis T17 

cells17. HS Tregs may be more dysfunctional than psoriasis Tregs as 4.5% of HS Tregs 

expressed IL17A or IL17F, and HS Tregs expressed higher levels of IL17F compared to 

psoriasis Tregs (Figure 2B–C, p < 0.05).

Another important innate pro-inflammatory cytokine is IL-1, and IL-1B is higher in 

HS suppurative discharge than IL-1A39 (Figure 3 and Supplemental Figure 6). Cytokine 

expression pattern of HS lesional skin is marked by a dominant IL-1B presence9,10, 

and semimature DCs were the major immune cell subsets expressing IL1B in HS9,27. 

Considering that semimature DCs are BDCA3(THBD)+ IL10+ regulatory DCs in human 

skin17, regulatory DCs in HS may be dysfunctional expressing high levels of IL1B (Figure 

3C). In HS, a small anti-IL-1R antibody study (anakinra)42,43 and a small anti-IL-1A study 

(bermekimab)44–47 have shown promising results. However, given the more widespread 

expression of IL1B, our data suggest anti-IL-1B agents may be more effective than anti-

IL-1A in HS (Supplemental Figure 6).

IL-23 is a heterodimer composed of a unique IL-23p19 and shared IL-23p40 chain, and is 

predominantly produced by dendritic cells to drive Th17 cell activation. IL-23 has shown 

to be elevated in HS lesional skin35. A biologic targeting this shared IL-23p40 chain 

(ustekinumab) has been evaluated in a phase II HS study with some benefit47,48. Recently, 

however, two phase II studies of anti-IL-23p19 agents (NCT03926169 for risankizumab and 

NCT03628924 for guselkumab) failed to meet their primary clinical endpoint compared to 

the placebo49. Our data showing low IL-23R expression on T17 cells may explain why these 

agents were not successful in HS (Figure 1).

Fibroblasts, whose gene expression profiles showed phenotypes of IL11+ inflammatory 

fibroblasts (IL11 and IL24)28–30 and fibroblasts involved in paracrine IL-1/IL-6 loop (IL6 
and POSTN)31–33, were the major immune cell subsets expressing IL6 in HS. IL-6 has 

many systemic roles, including increasing acute phase reactants, Th17 cell activation50, and 

Treg dysfunction25. IL-6 has shown to be elevated in HS skin, suppurative discharge, and 

serum39,51. Hence, IL-6 may play a role in the systemic effects of HS such as comorbidities 

including anemia.
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IL-32 is a pro-inflammatory cytokine that has not been well studied in skin diseases. It was 

specifically elevated in HS at the cutaneous mRNA, protein, and serum level compared 

to psoriasis and atopic dermatitis23. IL-32 protein was expressed in HS lesions in T 

cells, dermal natural killer cells, macrophages, and dendritic cells. IL-32 may amplify 

inflammation in HS as it can be produced by cytokines including IL-1B and in turn increase 

the production of cytokines such as IL-1B, IL-6, and TNF. In this study, IL32 appears 

to be produced by IL17F+ T17 cells. This cytokine may also be involved in fibrosis, a 

prominent feature of HS lesions52. IL-32 may offer a possible upstream therapeutic target 

that is specific to HS.

These data also support the potential contribution of dermal tunnel KCs to the pathogenesis 

of HS lesions. Recent studies have implicated dermal tunnel KCs as active participants in 

HS inflammation, rather than simply bystanders53. In our study, KCs lining dermal tunnels 

expressed high levels of IL17C, IL1A, IL1B, and IL6 (Figure 4B), and they expressed higher 

levels of IL1B and IL6 compared to KCs lining the epidermis (Figure 4D, p < 0.05).

There are several limitations to our study. Since the study analyzed discarded and de-

identified HS skin specimens collected during surgical procedures, patient demographics 

and current treatment information were not available. The biological specimens were limited 

in number, but they were all collected from the same lesion type in patients with moderate-

severe HS. The transcriptome data and in silico ligand-receptor interaction analysis were not 

validated by functional studies at protein levels.

Overall, our data show that the predominant IL-1B-Th17 cytokine axis in HS offers a 

rationale for exciting therapeutic targets, hopefully offering new biological treatment options 

for patients with HS. Future studies will continue to explore this cytokine axis across greater 

numbers and types of HS surgical and biopsy specimens.
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Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

DC Dendritic cell

HS Hidreadnitis suppurativa

KC Keratinocyte

NK Natural Killer

S. Stratum

scRNA-seq Single-cell RNA sequencing

T17 Type 17 T-cell

Treg Regulatory T-cell

UMAP Uniform Manifold Approximation and Projection
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Figure 1. 
T17 cell gene expression comparison between HS and psoriasis. A, IL17A, IL17F, and 

IL23R expression comparison between HS, psoriasis, and control in total immune cells (*p 
< 0.05). B, The average gene expression of T17 cells and non-T17 T-cells, split by HS, 

psoriasis, and control. C, The average gene expression of HS T17 cells, split by IL17A 
or IL17F expression. IL17A (red), IL17F (green), and IL17A and IL17F coexpression 

(yellow) within the T-cell subset clusters visualized in low-dimensional space. D, Volcano 

plot displaying differentially expressed genes of IL17F+ T17 cells between HS and psoriasis 

(vertical dotted line = fold change of 1.2, horizontal dotted line = p-value of 0.05).
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Figure 2. 
Treg gene expression comparison between HS, psoriasis, and control. A, The average gene 

expression of the Treg cluster, split by HS, psoriasis, and control. B, Volcano plot displaying 

differentially expressed genes of Tregs between HS and psoriasis (vertical dotted line = fold 

change of 1.2, horizontal dotted line = p-value of 0.05). C, The average gene expression of 

HS Tregs, split by Tregs with IL17A/F expression vs. Tregs without IL17A/F expression.
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Figure 3. 
DC gene expression comparison between HS, psoriasis, and control. A, IL1B expression 

comparison between HS, psoriasis, and control in total immune cells (*p < 0.05) and 

immune cell subset clusters (violin plot). B, The average gene expression of the mature 

and semimature DC clusters, split by HS, psoriasis, and control. C, Volcano plot displaying 

differentially expressed genes of semimature DCs between HS and psoriasis (vertical dotted 

line = fold change of 1.2, horizontal dotted line = p-value of 0.05).
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Figure 4. 
Keratinocyte gene expression comparison between HS, psoriasis, and control. A, IL36G and 

IL1RL1(ST2) expression comparison between HS epidermis, HS dermal tunnel, psoriasis, 

and control in immune cell subset clusters (violin plot). B, The average gene expression of 

the keratinocyte clusters, split by HS dermal tunnel, HS epidermis, psoriasis, and control. C, 
D, Volcano plots displaying differentially expressed genes of keratinocytes between (C) HS 

dermal tunnel and psoriasis and (D) HS dermal tunnel and HS epidermis (vertical dotted line 

= fold change of 1.2, horizontal dotted line = p-value of 0.05).
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Figure 5. 
Fibroblast gene expression comparison between HS, psoriasis, and control. A, IL11, IL24, 

IL6, and POSTN expression comparison between HS, psoriasis, and control in immune cell 

subset clusters (violin plot). B, The average gene expression of the fibroblast cluster, split 

by HS, psoriasis, and control. C, Volcano plot displaying differentially expressed genes of 

fibroblasts between HS and psoriasis (vertical dotted line = fold change of 1.2, horizontal 

dotted line = p-value of 0.05).
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Figure 6. 
Top 10 ligand-receptor interactions of IL-17F, IL-1B, IL-6, and IL-33 that are increased in 

HS compared to psoriasis
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