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Abstract

Background: While hidradenitis suppurativa (HS) shares some transcriptomic and cellular
infiltrate features with psoriasis, their skin proteome remains unknown.

Objective: To define and compare inflammatory protein biomarkers of HS and psoriasis skin.

Methods: We assessed 92 inflammatory biomarkers in HS (n=13), psoriasis (h=11) and control
skin (n=11) using Olink high-throughput proteomics. We also correlated HS skin and blood
biomarkers using proteomics and RNA-sequencing.

Results: We identified 57 differentially expressed proteins (DEPSs) in lesional psoriasis and 64
DEPs in lesional HS skin, compared to healthy controls. Both HS and psoriasis lesional skin
demonstrated a significant upregulation of Thl and Th17 proteins. Healthy-appearing perilesional
HS skin had 63 DEPs compared to healthy controls. Nonlesional HS and psoriasis skin had 24 and
7 DEPs, respectively, compared to healthy controls. TNF and 8 other proteins were significantly
correlated with clinical severity in perilesional skin (2cm from a nodule).

Limitations: Inclusion of only moderate-to-severe patients and the cohort size.

Conclusion: HS has a higher inflammatory profile and is more diffusely distributed versus
psoriasis. Proteins correlated with disease severity are potential disease mediators. Perilesional
skin is comparably inflamed to lesional skin, suggesting the need to treat beyond skin nodules.
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(First bullet) How does this article integrate into what was already known?

Hidradenitis suppurativa and psoriasis share some overlap in transcriptomic profiles, but a
comparison of the skin proteomes has not been performed.

(Second bullet) How does it change practice? That is, what does the article mean to the practice of
dermatology and what should you do as a result of having read this article? What should change in

the way you practice?

This study identifies unique proteins in hidradenitis suppurativa that could be future therapeutic
targets. The inflammation extends to perilesional and nonlesional skin suggesting that this is a

large-field disease.

Keywords
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nonlesional; inflammation

INTRODUCTION

Hidradenitis suppurativa (HS) and psoriasis are inflammatory skin diseases with a
significant burden on the quality of life [1, 2]. HS and psoriasis share mutual
pathophysiology marked by dysregulation of keratinocytes, up-regulation of type I
interferon (IFN) signature, tumor necrosis factor (TNF) and IL-1 signaling, as well as
hyperactivation of the Th17 and IL-12/1L-23 axis [3—-10]. The relatively-recent discovery
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of these pathways in HS has stimulated numerous ongoing trials studying psoriasis-
approved therapeutics in HS, including TNF inhibitors (adalimumab, infliximab), and anti
IL-17 (brodalumab, secukinumab, ixekizumab, bimekizumab), IL-12/IL-23 (guselkumab,
rizakizumab, ustekinumab) and IL-1 therapies (anakinra, bermekimab) [11-24]. While
adalimumab is the only FDA-approved biologic for HS, near half of the patients either
fail to respond or lose response efficacy overtime [25].

Despite the growing research efforts in HS, the pathophysiology of HS remains incompletely
understood [26]. While both HS and psoriasis share similar epidermal alterations (e.g.
epidermal hyperplasia), HS also manifests with unique dermal inflammation including
inflammatory-active epithelialized dermal tunnels [27]. Majority of studies in HS have thus
far focused on transcriptomic profiling but have not examined the proteomic profile of
skin, and therefore have not demonstrated whether the mRNA is actively translated into
functional protein on a proteomic level [3, 4, 28]. Furthermore, recent studies of cytokines
and biomarkers in HS blood have demonstrated an ongoing systemic inflammation further
giving credence to HS as a systemic disease [29]. However, a study comparing the protein
expression of inflammatory markers in HS compared to both healthy control and psoriasis
skin is lacking. We thus sought to characterize the inflammatory proteome in skin and
correlate these biomarkers with clinical severity in HS.

METHODS

Patient Enrollment:

This study was approved by the Institutional Review Board and written informed consent
was obtained. Untreated patients with moderate-to-severe HS (n=13, Hurley Stage 2 and 3),
psoriasis (n=11, PASI =12) and age/BMI- matched healthy controls (n=11) were enrolled in
the study (Supplementary Table 1).

Skin and serum sample collection:

HS lesional punch biopsies were obtained at an edge of an active inflammatory lesion, while
perilesional and nonlesional skin biopsies were taken from visually healthy-appearing skin
2cm and 10cm away from the lesion, respectively [30]. Lesional psoriasis punch biopsies
were obtained from an active plaque, and nonlesional biopsies were obtained from healthy-
appearing skin. Skin tissue and serum were processed as previously described [31-34].

Statistical Analysis

Analysis was performed with R language (www.R-project.org) using publicly available
Bioconductor packages (www.bioconductor.org). Olink data was subjected to quality control
(QC) using the QC pipeline [35]. mMRNA and protein (Olink) expression were modeled
under the R limma framework using the mixed-effect linear model [32, 36]. Correlation
between clinical parameters and protein levels were assessed using Pearson correlation.
Gene-set variation analysis (GSVA) was performed, and z-score was quantified for
previously published pathways [33, 34]. The correlation between gene expression (MRNA)
and protein levels was evaluated by Pearson correlation.
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RESULTS

The proteomic profile of HS and psoriasis skin has an increased inflammatory tone

Principal component analysis demonstrated that lesional skin in HS and psoriasis clustered
separately from nonlesional skin and healthy controls (Supplementary Figure 1). An overall
narrower inflammatory tone was observed in psoriasis compared to HS (Supplementary
Figure 2). Using a criterion of |FCH|>1.2 and p<0.05, we identified 57 differentially
expressed proteins (DEPS) in lesional psoriasis skin and 64 DEPs in lesional HS skin,
compared to healthy controls (Figure 1). Lesional skin in both dermatoses showed

a significant upregulation of Th1(IL-8, CCL3, CCL4, CXCL9, CXCL10, CXCL11),
IL-12/IL-23 (CCL3, CXCL9, TNF, IL-17A, IL-12B), Th17 (CXCL1, CCL20, IL-17A),
neutrophil-related (CXCL1, CXCLS, IL-8) and cardiovascular-related (EN-RAGE, OSM,
TNF, MMP-1, IL-8) proteins compared to healthy controls [34]. Anti-inflammatory cytokine
IL-10, which prevents excessive Thl response and limits the production of multiple
inflammatory cytokines including TNF, IL-6 and IL-1a/p, was significantly decreased in
both diseases [37]. Consistent with this, GSVA demonstrated a comparable up-regulation of
Th1 and IL-12/IL-23 pathways but higher Th17 and known psoriasis-signatures in psoriasis
(Figure 2).

Among proteins uniquely up-regulated in HS were mesenchymal-cell produced Hepatocyte
Growth Factor (HGF), which has been shown to play a role in hair follicle growth,
re-epithelialization during skin wound healing and induction of epithelial cell migration,
and CXCLJ5, a neutrophil chemoattractant activated by both IL-1 and TNF [38-41]. Both
Artemin (ARTN), a member of the glial cell line-derived neutrophilic factor related family
which has been reported to be elevated in deep epidermis and dermis and involved

in neuropathic and inflammatory pain, and Neutrophin-3 (NT-3), involved in the neuro-
immune interface of allergic skin disease and diabetic polyneuropathy skin, were elevated in
HS [42, 43] [44, 45]. Proteins involved in continued T cell development and activation
(CD6), eosinophil recruitment (CCL11) and monocyte recruitment (MCP-1) were also
upregulated in HS [46-48].

To better understand how HS inflammation compares to psoriasis, we then directly
compared HS to psoriasis lesional skin and identified an upregulation of 18 DEPs.

In addition to CXCL5 and HGF, we observed a significant upregulation of IL-6 and

IL-6 family cytokine Leukemia Inhibitory Factor (LIF). HS had an upregulation of

TNF superfamily TNFSF14/LIGHT expressed on immature dendritic cells (DCs), and
TWEAK, which has been implicated in chronic inflammation [49-51]. IL-24, expressed
by keratinocytes during wound healing, was also elevated in HS. [52, 53]. Psoriasis, on the
other hand, showed upregulation of 14 proteins compared to HS, including IL-17 cytokines
(IL-17A/C and CCL20), CXCL1, IL-8, IL-12B and IL-20. HS perilesional and lesional
skin shared a highly similar proteomic profile. In a direct comparison of HS lesional to
perilesional skin, lesional skin had only 1 significantly up-(CXCL1) and 1 down-regulated
(TNFSF14) protein.
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Nonlesional HS skin is more inflamed than nonlesional psoriasis skin

We next compared the proteomic profile of nonlesional skin in HS and psoriasis [54, 55].
Compared to healthy control skin, HS and psoriasis had 24 and 7 DEPs, respectively. Unlike
psoriasis nonlesional skin, HS had a significant upregulation of TNF, CCL20, IL-6, IL-8
and IL-12B cytokines. GSVA analysis demonstrated a higher dysregulation of Th17 and
IL-12/1L-23 pathways in HS versus psoriasis nonlesional skin (Figure 2).

MRNA expression and protein levels in HS tissue are significantly correlated

Majority of previous studies have focused on the transcriptomic analysis of HS skin
however whether these transcripts are actively translated into protein products has not been
determined. We therefore assessed if there was a correlation between mRNA levels and the
protein levels in the skin. We first limited the RNA-sequencing (RNA-seq) analysis to only
those transcripts that overlapped with the Olink inflammation panel. There was a significant
correlation between mRNA and protein levels within lesional skin and perilesional as
compared to healthy control skin (r=0.78, p<0.01, and r=0.76, p<0.01, respectively) (Figure
3). The correlation between nonlesional skin was also significant but less pronounced
(r=0.57, p<0.01). We note that in both perilesional and lesional HS skin several neutrophil-
associated proteins (MMP1, CXCL1, CXCL5, CXCLS6, IL-8, S100A12) had a higher mRNA
expression compared to protein levels, both relative to healthy controls.

Protein expression in the skin is correlated with clinical parameters

We then correlated clinical parameters (absolute granulocyte, lymphocyte, neutrophil counts
and IHS4) with protein biomarkers in the skin (Pearson correlation (r) = 0.5 and p value

of <0.1) (Supplementary Table 2). TNF protein levels in nonlesional (r=0.75, p=0.01),
perilesional (r=0.60, p=0.04) and lesional skin (r=0.64, p=0.02) significantly correlated with
IHS4 score (Figure 4). TNF levels were not correlated with BMI or other clinical parameters
(absolute granulocyte, lymphocyte and neutrophil counts), suggesting that the correlation is
specific to clinical severity of HS. In perilesional HS skin, levels of 9 proteins (CXCL10,
CXCL11, FGF23, IFNvy, IL-10, SLAMF1, ST1A1, TNF and TRANCE) correlated with
IHS4 score. None of these proteins in the skin correlated with BMI or absolute lymphocyte
count. In nonlesional skin, expression of 20 proteins correlated with IHS4. Among these,
members of Thl family (CXCL9, CXCL10 and CXCL11), TNF and IL-17A had a positive
correlation with IHS4. In lesional HS skin, only protein levels of TNF had a significant
correlation with IHS4 score, likely due to the highly neutrophilic environment and protease
associated degradation, which may affect the stability of proteins.

Protein expression in HS blood and skin is significantly correlated

We also correlated protein expression between serum and skin in HS patients (Figure 5).
There was a significant correlation between protein levels in blood and lesional (r=0.67,
p<0.01) and perilesional (r=0.61, p<0.01) skin. In total, 26 proteins were up-regulated, and
26 proteins were down-regulated in HS lesional skin and blood, both relative to healthy
controls. Common proteins that were up-regulated in HS blood/skin include Thl cytokines
((CXCL9 (FCHgkin=5.32, FCHpjgoq=1.48), CXCL11 (FCHgkin=3.25, FCHpjgoq=1.49)),
IL-12/1L-23 cytokines ((CXLC1 (FCHgyin=14.19, FCHpj00q=1.07), TNF (FCHgin=3.61,
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FCHploog=1.26)), the Th17 cytokine CCL20 (FCHgin=6.37, FCHpjo0q=1.29), and HGF
(FCHgin=1.85, FCHp00q=1.16). Not all proteins were overexpressed in both tissue
compartments. We detected increased expression of 15 proteins including MCP-1 and
MMP-1 uniquely in skin. Conversely, expressions of 25 proteins, including VEGF-A,
immunoregulatory IL-10RB, and growth factors TGF-alpha and FGF isoforms, were
upregulated only in blood.

DISCUSSION

This is the first study comparing the proteomic profile of nonlesional, perilesional, and
lesional HS skin versus psoriasis and healthy controls. One previous study identified 17
proteins upregulated in HS, 14 of which overlapped with the 64 DEPs we identified in our
study [56]. However, that study did not detect TNF, or neutrophil-associated (CXCL1, IL-8)
proteins that were detected in our analysis. In our study, we extracted proteins directly from
frozen tissue and were able to quantify all 92 analytes within the Olink inflammation panel
whereas only 75/92 proteins were detected after ex vivotissue culture by other groups [31,
32, 56]. Other studies of select proteins reported an increased expression of 1L-1, IL-17A,
TNF, IL-8, CXCL16 and RANTES in HS skin, consistent with our findings [6, 57-59].

We demonstrate skewing towards Thl (IL-8, CXCL9, CXCL10, CXCL11) and Th17
(IL-17A, CCL20, CXCL1) in HS, as well as an increase of TNF which was previously
identified by transcriptomic analysis [3, 28, 60, 61]. We also detect neutrophil-related
proteins (CXCL5, CXCL6, CXCL1, IL-8). While HS and psoriasis share epidermal features,
HS has discernable dermal inflammation and the presence of immunologically active
dermal tunnels [27]. We identify novel proteins previously not reported in HS which

may reflect tunnel biology. Artemin (ARTN), whose elevated expression in skin has been
associated with hyperalgesia and Neutrophin-3 (NT-3), whose levels are increased in skin
of patients with diabetic neuropathy, are both elevated in HS [45, 62, 63]. This suggests
neuroinflammation might contribute to pain common in HS patients [42, 43] [44, 45,

64, 65]. Tunnels are inflammatory-active, epithelialized structures unique to HS, and their
development is not well understood [27]. Hepatocyte Growth Factor (HGF) and epithelial-
derived IL-24, both elevated in HS skin, might influence formation of epithelialized dermal
tunnels [52, 53, 66, 67].

We show that expression of TNF in the skin is significantly correlated with IHS4. The

role of TNF as a disease driver is firmly established through antagonism in clinical studies
[9, 19, 20, 28, 60]. Previous work has shown that elevations of TNF in HS skin may be
correlated with Hurley staging [6, 28, 60]. We found that TNF protein levels in both skin
and blood were significantly correlated with IHS4 but were not correlated with other clinical
parameters (BMI, absolute granulocyte, lymphocyte, or neutrophil counts), establishing

a direct association with disease activity. While TNF could originate either from innate
inflammatory pathways or activated T cells, our data presents evidence that activated polar
T cell subsets including Thl (CXCL9, CXCL10, CXCL11, IFNy) and Th17 (IL-17A,
CXCL1) may correlate with disease activity in perilesional and nonlesional skin.

JAm Acad Dermatol. Author manuscript; available in PMC 2023 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Navrazhina et al.

Page 7

To our knowledge, this is the largest study integrating the inflammatory cytokines in HS
serum and skin using an unbiased panel of 92 biomarkers. While one group compared

levels of 30 protein between HS skin and blood, they did not find strong skin-blood
correlations [59]. We found a correlation between skin mRNA and protein expression, as
well as significant correlation between protein levels in HS skin and blood. This suggests
elevated mMRNAs are being actively translated into protein products in the skin, and that
resulting proteins may be released into skin and potentially diffuse into the blood, as has also
been proposed for elevated cytokines measured in the blood of psoriasis patients.

Our findings that inflammation extends to perilesional and nonlesional skin have importance
for conceptualizing HS pathogenesis and for adopting scoring systems that incorporate
measures beyond inflammatory nodules (currently considered the main “lesion” in affected
HS regions). In previous work, we found that perilesional skin may contain deep dermal
tunnels with active inflammation despite appearing visually healthy on the surface [68]. This
is coupled with intense production of inflammatory transcripts in deep dermis of HS skin,
especially in skin with tunnels [27]. Therapeutic modulation of dermal inflammation has
been demonstrated by Doppler ultrasound and by reduced drainage from surface ostia that
are termini of dermal tunnels at the epidermis [14, 27, 68]. The differences in inflammatory
gene expression in nonlesional HS skin compared to healthy controls also supports the

view of HS pathology as not discreetly localized within the visibly affected regions of

the skin. Accordingly, HS might be better characterized as a “field’ disease rather than
focused only on localized nodules. This view is reflected in alternative scoring systems

such as the IHS4, which considers both inflammatory nodules and draining tunnels/fistulae.
Measurement approaches that do not integrate perilesional involvement may provide a
limited measurement of disease.

Limitations of our study include the use of a biomarker panel with only 92 inflammatory
proteins as other proteins beyond those examined may also play a critical role in HS
pathogenesis. We also note that HS lesions are heavily infiltrated by activated neutrophils,
thus there is high production of many proteases that can degrade extracellular proteins [27].
Therefore, detection of mMRNA transcripts without detecting elevated protein levels could
reflect more rapid degradation of that protein in a highly inflammatory environment. As
such, some overproduced proteins in HS lesions might be rapidly degraded and would not
be measured in our assay. Another limitation is the inclusion of only moderate-to-severe
(Hurley stage 2—-3) patients, and we believe that patients with new onset or Hurley Stage 1
disease should also be studied in the future.

Taken together, our results highlight the need for further biomarker studies in HS that
integrate the skin and blood proteome, and associate measured abnormalities with clinical
disease activity scores and changes with disease improvement induced by a range of
established and evolving therapeutic approaches. We identify a number of new proteins
that are dysregulated in HS, and which could contribute to overall disease activity, as well
as the complexity of the therapeutic approaches. This may explain the difficulty of treating
HS with “narrow’ cytokine antagonists, as is highly successful with psoriasis that shows
predominantly Th17 pathway activation.
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ABBREVIATIONS
BMI Body Mass Index
DC Dendritic Cell
FCH Fold Change
FDA Food Drug Administration
GSVA Gene Set Variation Analysis
HiSCR Hidradenitis Suppurativa Clinical Response
HS Hidradenitis Suppurativa
IFNy Interferon gamma
IHS4 International Hidradenitis Suppurativa Severity Score System
IL Interleukin
MAD3 Meta-analysis derived psoriasis dataset
mMRNA Messenger RNA
PASI Psoriasis Area and Severity Index
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TH T helper cell
TNF Tumor necrosis factor
WBC White Blood Cell Count
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Figure 1:
Heatmap of proteins in healthy controls (HC), hidradenitis suppurativa (HS) and psoriasis

skin. The table shows fold change (FCH) of nonlesional (NL), perilesional (PL) and lesional
(LS) skin relative to HC with stars denoting significance. * <0.05 ** <0.01 ***<0.001.
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Bubble plot comparing Gene Set Variation Analysis (GSVA) scores between hidradenitis

suppurativa (HS) and psoriasis skin relative to healthy controls. Bubble diameter is

proportional to the Z score while the color of the bubble reflects the significance (p value).
Abbreviations: nonlesional (NL), perilesional (PL), lesional (LS), healthy controls (HC).
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Figure 3:
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Protein levels (NPX units, Olink) versus gene expression (MRNA, RNA-sequencing) in
hidradenitis suppurativa (HS) lesional as compared to healthy control (HC) skin. The size

of the circle depicts the difference in log FCH between HS and HC skin by Olink and

RNA-sequencing. R is Pearson correlation.
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Correlation of clinical parameters (IHS4 and BMI) and protein expression of TNF in
perilesional hidradenitis suppurativa (HS) skin. r is Pearson correlation.
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Olink proteomics in hidradenitis suppurativa (HS) blood versus lesional skin. r is Pearson

correlation.
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