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ABSTRACT

Hidradenitis suppurativa (HS) is a chronic autoinflammatory skin disorder of the pilosebaceous unit, with multiple factors con-
tributing to its onset, activity and progression. Alongside a predisposing genetic background, hormonal and microbiome alter-
ations, dysregulation of innate and adaptive immune response, as well as environmental/epigenetic factors contribute to its
immunopathogenic landscape. In the past years, translational investigations identified several distinct inflammatory networks,
not only in the chronic but also in the early stages of disease, making them potential therapeutic targets. Emerging evidence
underlies the important role of keratinocytes in the pathogenesis and progression of HS, acting not only as targets of inflamma-
tory signaling pathways but also as active producers of pro-inflammatory cytokines, chemokines and effector molecules that
may influence disease onset and activity. Despite these insights, different aspects of their involvement remain underexplored,
necessitating further targeted research. This review aims to highlight the experimental evidence supporting the crucial role of

keratinocytes in the inflammatory response and overall pathophysiology of HS.

1 | Introduction

Hidradenitis suppurativa (HS) is a chronic-recurrent cutaneous
disorder of the pilosebaceous unit, recently recognized as an au-
toinflammatory keratinization disease (AIKD) [1-4]. It is clini-
cally characterized by inflammatory nodules, painful abscesses
and pus-draining tunnels in intimate body areas, often accom-
panied by extensive scarring. The most accredited hypothesis of
HS pathogenesis asserts that it is a T helper (Th)1/Th17 process,
which evolves in a three-stage sequence of events: follicular hy-
perkeratosis, occlusion/dilatation of the terminal hair follicle,
and subsequent inflammation [5]. Although still a matter of de-
bate, recent evidence has pointed towards an aberrant inflam-
matory process as the key driver of HS onset and development,
followed by follicular occlusion/plugging/dilatation and further
downstream inflammation. In this context, ‘early’ HS can be
considered a follicular-centred inflammatory process, although

a crucial role is also played by adjacent epidermis and dermis,
as shown by recent evidence [6]. This scenario can lead to re-
current deep-seated nodules and abscesses typically occurring
in apocrine gland-bearing skin and associated with microbiome
dysbiosis and leukocyte infiltration [7]. ‘Later’ HS is associated
with progressive formation of epithelialized tunnels, changes in
immune inflammatory infiltrate, and heavy tissue remodelling
and scarring [8].

Our current understanding of HS physiopathology is mainly
supported by gene expression profiling of skin biopsies, as we
still lack experimental disease models that closely mimic dis-
ease phenotypes or pathophysiological processes. Previous
translational investigations identified several distinct inflam-
matory networks, such as those including T and B cells and
complement cascade as important drivers and potential drugga-
ble targets in HS [9, 10]. Despite many advances in knowledge,
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our understanding of the triggering factors associated with self-
perpetuating follicular/perifollicular inflammation remains
incomplete.

This narrative review retraces and discusses the experimental
evidence of the important contribution of keratinocytes (KCs) in
HS pathophysiology.

2 | Materials and Methods
2.1 | Literature Search

A selective literature search was conducted in PubMed. The
main search was performed using the following terms: ‘hidra-
denitis suppurativa’, ‘acne inversa’, ‘keratinocytes’, ‘hidradeni-
tis suppurativa pathogenesis’. Additionally, relevant keywords
were used in different combinations for free-hand search and
the bibliography of selected articles was reviewed. Our litera-
ture search included only experimental studies specifically in-
vestigating the structure, function and role of keratinocytes in
the onset, activity and progression of HS. Articles written in the
English language and published from 2004 to March 2026 were
considered.

3 | Results and Discussion

Table 1 provides an overview of the main findings of the con-
sidered literature, while Figure 1 illustrates the proposed role of
KCs in HS pathogenesis.

Overall, the results from our literature search showed a pleio-
tropic and active role of keratinocytes in HS pathogenesis across
different stages of disease. Intrinsic defects in KCs differenti-
ation may be associated with the familial form of HS (mainly
caused by gamma-secretase gene mutations), while an intrinsic
pro-inflammatory signature of KCs may act as a primer of in-
flammation in the early stages of sporadic HS. Furthermore, ke-
ratinocytes have been shown to play a key role in dermal tunnel
formation and activity during the later stages of the disease.

3.1 | Early Epidermal/Follicular KC Priming

Different skin layers in HS are associated with distinct inflam-
matory signatures, reflecting a specific disease stage cellular
composition. Epithelial keratinocytes are not only targets of
inflammatory signalling pathways but also active producers of
pro-inflammatory mediators, which could potentially trigger
and amplify disease onset and activity.

In line with this, in early HS lesions, cultured epidermal
KCs have been shown to autonomously secrete C-C Motif
Chemokine Ligand (CCL) 3, C-X-C Motif Chemokine Ligand
(CXCL) 3, and interleukin (IL)-8, which are known to promote
the recruitment of distinct immune cells, including neutro-
phils, CD8+ T cells and natural killer (NK) cells, to the epider-
mis. In the presence of interferon (IFN)-y, which is dependent
on immune cell infiltrate in vivo, cultured KCs also express in-
creased levels of IL-1§, IL-12, IL-23 and IL-36y. In this context,

the close interaction between KCs and immune cells is associ-
ated with a broad inflammatory profile, establishing an early
environment capable of driving HS lesions progression [29].
Interestingly, IL-16, together with interferon y-induced protein
10kDa (IP-10) and CCLS5, is also secreted by KCs isolated from
hair follicles of HS patients, either constitutively or upon pat-
tern recognition receptor stimulations, suggesting a functional
defect of KCs that may lead to a balance prone to inflamma-
tory response [13, 37]. The confirmed overexpression of IL-
18 in HS epidermis, in an NLRP3 inflammasome-dependent
mannet, is able to promote a massive influx of IL-17-expressing
neutrophils, thus exacerbating an inflammatory loop. In the
same context, IL-17-producing cells potentially contribute to
the initiation of cutaneous inflammation in both HS lesional
and perilesional skin [14, 19]. Of note, Daijnoki et al. [25] re-
ported an already overexpression of IL-1f3, IL-23 and TNF-a in
non-lesional HS epidermal skin in the absence of further sig-
nificant increase at the lesional epidermal level. Considering
that during disease progression, inflammatory cells and T
helper (Th)1/Thl7-related mediators’ production is signifi-
cantly pronounced in lesional dermis, the authors speculate
that KCs could act as key driver cells in the HS pathogenic sce-
nario, favoring the switch of non-inflammatory Th17 cells into
dermal inflammatory cells. According to the same study [25],
immunohistochemistry analysis revealed that KCs activity in
HS non-lesional skin is prominent in both interfollicular and
follicular epidermis; this observation confirms previous find-
ings indicating that a dysregulated immune response of follic-
ular KCs may be a potential driver of HS [21]. Noteworthy, Jin
et al. [27] observed that basal progenitors give rise to patho-
genic KCs clones by modulating their cell line restriction, and
these clones are associated with epidermal hyperproliferation
and dysregulated inflammation in HS. By reconstructing the
cell differentiation trajectory and using CellChat modeling,
the authors identified two KCs populations (POSTN/ASSI and
SI00A clusters) able to amplify immune responses in HS. More
in detail, the KCs population more specific to HS is related to
the basal/spinous transitional and early-stage spinous cluster
and hallmarked by S100A7/8/9 and keratin (KRT) 6 family
members that promote the release of IL-1, IL-10 and comple-
ment cascade activation. Notably, IL-1R2, an IL-1 signaling
transduction inhibitor, is decreased across all HS epidermal
populations, suggesting an altered monocyte and Langerhans
cell trafficking in HS. At the same time, all HS KCs subpopu-
lations show an overexpression of IL-1 signaling, confirming a
pronounced priming of innate immunity. In addition, the same
authors demonstrated the activation of several clinically sig-
nificant inflammatory enhancers in HS basal KCs CD49fhigh,
such as the enhancer of S1I00A8 that plays a crucial role in
regulating the local chromatin environment of target loci in
HS KCs, thus highlighting an amplification of HS/KCs-related
genes by epigenetic regulatory mechanisms [27].

Recently, a novel migratory S100+ pathogenic KCs state has
been reported in a preprint by Du-Harpur and colleagues [35].
Basal KCs invading the dermis form inflammatory epithelial
niches which co-localize with COL6AS5+ papillary fibroblasts,
who are responsible for the migratory and proliferative be-
haviour of basal KCs. This finding not only suggests that this
interaction could play a role in the progression of HS but also
reflects the evolutionary origin of the pilosebaceous unit, since
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Keratinocytes/Hair follicle stress
» predisposing genetic
factors
o hormonal dysregulation
e mechanical stress
¢ microbiota alterations
e skin barrier damage
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FIGURE 1 | The proposed role of KCs in HS pathogenesis. KCs could act as drivers of inflammation by integrating predisposing genetic fac-
tors, mechanical stress, hormonal dysregulation, microbiota alteration and immune-related signals. During early stages of disease (upper half of
the figure) intrinsic KCs dysfunction triggers the release of CCL-3, CXCL-3 and IL-8, which in turn promote the recruitment of distinct immune
cells, including neutrophils, CD8+ T cells and natural killer cells, to the epidermis. Then, immune-activated epidermal KCs express a wide array of
proinflammatory cytokines and chemokines—such as TNF-a, IL-1f3, IL-17C, IL-36, CXCL1 and CXCL8, which further drive the recruitment and
activation of several immune cell types, including neutrophils, macrophages and dendritic cells. Crosstalk with Th1 and Th17 cells further amplifies
inflammation through IL-17A/F-dependent signalling, also promoting the shift towards a dermal inflammation in later stages of HS (lower half of
the figure). Dermal tunnels, typical of late HS, are characterized by highly proliferative keratinocytes forming a central lumen. Dermal tunnel KCs
express several proinflammatory mediators including, among others, IL-17C, IL-1f3, IL-6, IL-36c, CXCL1 and CXCLS, that could promote transepi-
thelial chemokine gradients favouring immune cell recruitment and further inflammation. Tunnel KCs are also characterized by increased expres-
sion of K6, K16, and K17, SI00A7/8/9 and neutrophil gelatinase-associated LCN2. Microbial dysbiosis and subsequent biofilm formation within the
tunnel perpetuate the inflammatory context. Dynamic crosstalk among tunnel KCs, fibroblasts and immune cells—together with epithelial-mesen-
chymal transition (EMT)—the latter through overrepresentation of TGF-f receptor signalling pathway, drives tunnel persistence, thus sustaining
HS late-stage chronic inflammation. Based on this pathogenetic model, targeting KCs activity and differentiation with keratinolytics, and immune-
related inflammation with anti-IL-17 agents has already demonstrated efficacy in treating HS. Recent genetic studies have identified, among others,
SOX9, KLF5 and CXCR4 as potential significant factors in the pathogenesis of HS, offering promising novel targets for therapeutic intervention. A
thorough understanding of these genes could lead to increasingly effective treatment strategies.

papillary fibroblasts are necessary for the formation of these
structures [35].

Additional signalling pathways and effector molecules have been
seen to be differentially expressed in HS skin samples and KCs
cultures, including NOD2 (Nucleotide Binding Oligomerization
Domain Containing 2), RIP2 (receptor-interacting serine/
threonine-protein kinase), CARL (cyclic amine resistance locus)
and SKALP/elafin (skin-derived antileukoproteinase) [22].
During a specific experimental set-up to evaluate the response of
unstimulated and Pam2/muramyl dipeptide (MDP)-stimulated

primary (normal) KCs versus HS KCs isolated from lesional HS
tissue, mRNA expression of NOD2, CARL and SKALP/elafin ap-
pears significantly increased in HS KCs compared with normal
KCs at 6 h, while it decreased significantly at 48 h, suggesting an
early upregulation of these genes in HS KCs. These results have
also been confirmed when comparing HS lesional and peri-
lesional skin, proving a pathogenic role of the NOD2 pathway
and relative factors in the HS early active stage [22]. Therefore,
HS KCs differ from normal KCs in terms of behaviour and tim-
ing, regardless of stimulation. It is worth mentioning that NOD2
is also implicated in syndromic forms of HS [38] and some of its
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well-known comorbid conditions such as inflammatory bowel
disease [39].

Similarly, a state of severe epidermal stress characterized by a
significant over-representation of AP-1-driven signature and
STAT1 activation defines the keratinocytic gene expression pat-
tern in HS [26]. This activation of STAT1 in the HS-affected epi-
dermis may result from IFN-y production and could promote the
expression of key inflammatory genes, thereby orchestrating the
activation of the innate immune system and the adaptive T-cell
response in HS [26].

Taken together, all these findings confirm that epidermal and
follicular inflammation is a hallmark of early HS, both in le-
sional and non-lesional skin. Basing on ex vivo and transcrip-
tome approaches, an intrinsic pro-inflammatory signature in
HS KCs, able to amplify innate immune response, has been
proposed. In this theoretical framework, dysfunctional KCs act
as primers of innate inflammation with the subsequent recruit-
ment of different immune cells, which, in turn, promote a shift
towards an adaptive Th1/Th17 immune response.

3.2 | Tunnel Keratinocyte Programmes

The characteristic feature of ‘late’ HS is the presence of der-
mal tunnels—also known as fistulae or sinus tracts. These
structures, composed of a stratified squamous epithelium and
tunnel-associated infiltrative-proliferative gelatinous mass in
the lumen, have long been considered a fibrotic end-stage of
the disease with unknown inflammatory contribution to HS
[40]. Navrazhina et al. [23] overturned this vision, demonstrat-
ing that epithelialized tunnels drive a robust inflammatory re-
sponse, expressing high levels of pro-inflammatory cytokines
therapeutically targetable, at least in part dependent on IL-17
signalling. More specifically, tunnels are associated with in-
creased gene expression of keratinocyte-derived factors, such
as S100A7/8/9, psoriasiform pro-inflammatory cytokines and
chemokines promoting neutrophil chemotaxis. In addition, a
high amount of T cells, dendritic cells, neutrophil extracellular
traps (NETs) and neutrophils is also present, as also supported
by increased expression of neutrophil activation and transmi-
gration marker, CD177 and CSF3 (colony stimulating factor 3),
a cytokine belonging to the IL-6 family and involved in gran-
ulocytes production, differentiation and function. Lipocalin-2
(LCN2), a glycoprotein previously associated as a marker of
IL-17-activated KCs [15], is also induced in the luminal layers
of the tunnel epithelium [23], identifying it as a biomarker of
disease activity [41]. Compared to epidermal KCs, dermal tun-
nels display increased mRNA expression of IL-17A, IL-17C and
IL-17F [23], as also supported by a single-cell transcriptomics
analysis conducted by Kim et al. [28]. Specifically, dermal tun-
nel KCs cluster over-express IL-17C and IL-1A in stratum cor-
neum, while increased levels of IL-6 and IL-1B are detected
in stratum spinosum and stratum basale, respectively [28]. HS
tunnels also demonstrate higher expression of IL-36a, which
is known to stimulate chemotaxis and immune cell activation.
These findings suggest that secretion of IL-17C and IL-36a
from epithelialized tunnels [23] likely leads to an increased ex-
pression of CXCL1 and CXCLS8, which create a transepithelial
gradient within the tunnel epithelium, which in turn amplifies

neutrophil chemotaxis [23]. Additionally, a spatial transcrip-
tomic preprint study by Marohn and colleagues showed that
dermal tunnel KCs in HS express several genes including
WNT4 and NRGI (neuregulin 1), that interact with FZD6 (friz-
zled-6) and LSR (lipolysis Stimulated Lipoprotein Receptor)
expressed by plasma cells, potentially contributing to their
specific recruitment [19].

Interestingly, KCs in HS dermal tunnels exhibited high levels of
sebaceous and sweat gland-specific marker genes (SCD1, CEA
and SOX10), suggesting that HS tunnels' origin cells might be
multipotent epidermal stem cells with several glandular char-
acteristics [19]. Despite this, KCs lining in HS tunnels showed a
morphology and differentiation pattern matched with that of in-
terfollicular epidermis, supporting the view that infundibulum'’s
epidermal stem cells have dual cell fate [19].

When isolating the epithelium of HS through spatial transcrip-
tomics, more than 700 differentially expressed genes (DEGs)
and 200 dysregulated pathways have been retrieved [32]. KCs
lining the tunnel lumen have a phenotype characterized by
KRT6A/16 overexpression and KRT17, which are also markers of
highly activated and migrating KCs [32]. A marked gene expres-
sion of barrier alarmins KRT6 and KRT16 in HS lesional skin
has also been reported by other research groups, with KRT6
elevation also confirmed by immunohistochemistry [31, 42].
Considering that KRT6 is a marker of activated and proliferative
KCs rather than a barrier-forming molecule [36], this suggests
that the patho-mechanism underlying HS initiation lies in ab-
normal KCs proliferation/inflammation rather than in a barrier
defect [31]. The migratory behaviour of tunnels KCs may also be
a consequence of epithelial-to-mesenchymal (EMT) transition-
related pathways [11, 32]. Indeed, HS tunnels show an increased
gene expression related to pathways for transforming growth
factor (TGF)-B receptor signalling in EMT transition and a
downregulated gene expression of TGF-f signalling, suggesting
a shift of TGF receptor signalling in favour of EMT [32].

EMT-related pathways are also observed through RNA se-
quencing approach to be differentially expressed in hepato-
cyte growth factor (HGF)-stimulated KCs [11]. Basing on these
transcriptomics findings, the authors infer that HS fibroblasts
overexpress HGF, which binds c-Met on KCs and triggers an
EMT programme in tunnel linings. HGF-driven upregulation
of EMT-related transcription factors such as TWIST2 and the
mesenchymal marker vimentin confers a migratory and inva-
sive phenotype on keratinocytes, promoting the formation of
epithelialized dermal tunnels [11].

Other important signalling pathways included those involved
in the defective intrinsic pathway for apoptosis, suggesting that
KCs have an apoptosis-evading property by causing the tunnels
to acquire an invasive quality [32, 43].

Basing on these data, we can state that epithelialized dermal
tunnels represent an active source of inflammatory mediators in
the later-stage HS, although the exact role of tunnels KCs in this
process remains to be fully defined. Transcriptomic data suggest
that tunnel KCs are key players in tunnel formation, structure
and expansion due to their migratory and invasive signature,
but also as active producers of pro-inflammatory mediators such
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as alarmins and chemokines which could trigger and sustain the
tunnels’ inflammatory microenvironment.

Overall, we can hypothesize that dynamic crosstalk among
dermal tunnel KCs, fibroblasts and other immune cells—to-
gether with EMT—collectively drives tunnel expansion and per-
sistence, thereby sustaining chronic inflammation in HS.

3.3 | Genetic/Epigenetic Regulation

The most reported genetic change associated with familial HS
involves the NCSTN gene, whose encoded protein is a fundamen-
tal part of the gamma-secretase complex (GCS), a membrane-
embedded complex that cleaves type I transmembrane proteins
such as Notch [44, 45]. The latter is an evolutionary conserved
cell signalling that is crucial for cell-cell communication and
skin homeostasis through growth arrest and cell terminal dif-
ferentiation [46]. Furthermore, Notch regulates the activity of
both p21, which promotes cell cycle arrest in proliferating KCs
[47], and p63, a master regulatory transcription factor required
for both the proliferative and differentiation potential of devel-
opmentally mature KCs [20, 48].

An experimental study demonstrated that deleting the NCSTN
gene through a keratin 5-Cre-driven epidermis-specific Ncstn
conditional knockout mutant in mice recapitulates the major
phenotypes of HS, including hair follicles hyperkeratosis, in-
flammation and severe cutaneous manifestations, highlight-
ing that NCSTN deficiency and Notch-related downregulation
appear to affect KCs proliferation and differentiation [30].
Interestingly, NCSTN deletion also results in marked early up-
regulation of IL-36a and Sprr2 (small proline-rich protein 2),
which is associated with abnormal skin differentiation and
barrier function. These findings suggest that NCSTN deficiency
leads to impaired Notch signalling, which consequently drives
the upregulation of inflammatory markers like IL-36 and Sprr2
in KCs [30].

Similarly, Shi et al. [24] found that NCSTN mutation in mice
disrupts hair follicle development, causing abnormal struc-
tures that act as a model for human HS. The authors generated
C57BL/6 mice with a NCSTN mutation and examined the ex-
pression of hair cortex cytokeratin and trichohyalin by Western
blot and immunohistochemistry, in addition to Nicastrin and
Notch intracellular domain (NICD). These mice developed
HS-like skin lesions after 6 months, accompanied by downreg-
ulation of the aforementioned factors, indicating that NCSTN
mutations disrupt the development of hair follicles through an
impaired Notch signalling pathway.

Interestingly, a pig model carrying a heterozygous point muta-
tion of NCSTN also simulated HS phenotype. This study demon-
strated that the NCSTN mutation impairs secretase activity,
reducing Notch signalling, which in turn disrupts cholesterol
biosynthesis via the pAMPK-HMGCR (3-hydroxy-3-methylgluta
ryl-coenzyme A reductase) pathway, ultimately promoting skin
barrier dysfunction and inflammation [12].

Defective NCSTN may affect KCs proliferation and differentia-
tion not only through Notch, but also through other signalling

pathways, including PI3K(phosphoinositide 3-kinase)/AKT [18],
MAPK (mitogen-activated protein kinases) [17], EGFR (epider-
mal growth factor receptor) [49] and type I interferon pathways,
disrupting the regular hair follicle cycle and contributing to the
onset of clinical manifestations typical of HS.

To study alterations of biological signalling pathways modulated
by NCSTN knockdown in KCs, Xiao et al. [18] used a human im-
mortalized KC cell line treated with small interfering (si) RNA-
targeted NCSTN, demonstrating that the PI3K/AKT is the most
significantly activated pathway associated with KCs prolifera-
tion and differentiation. Moreover, AKT and phosphorylated (p)
AKT levels are inversely correlated with NCSTN levels in KCs
cultures, confirming that NCSTN loss may affect KCs functions
mainly through NOTCH and PI3K/AKT signalling pathways.
Subsequently, a defective NCSTN expression also leads to a de-
creased miR-100-5p expression, which in turn promotes p-AKT
upregulation, thus resulting in KCs proliferation [17]. In addi-
tion, Ncstn KCs-specific-knockout mice showed that NCSTN
loss leads to decreased levels of miR-30a-3p, which in turn neg-
atively affected RAB31 expression [49]. The latter, through its
over-expression, contributes to accelerate the degradation of
activated EGFR, that is one of the most important pathways in-
volved in growth, survival, proliferation and cell differentiation.
In this way, the authors demonstrated that NCSTN/miR-30a-3p/
RAB31 impairs EGFR pathway activation, thus favouring a dys-
regulated KCs differentiation in familial HS [49].

Besides NCSTN, the second most reported change in familial HS
isin the Presenilin Enhancer 2 gene PSENEN, that acts as a reg-
ulatory component of GSC [34]. Zang et al. [50], through human
immortalized keratinocyte line (HaCaTs) treated with potent
short-hairpin RNA targeting NCSTN or PSENEN, reported that
defective GCS components create a state where keratinocyte-
driven inflammation is heightened through the TLR2 (toll-like
receptor 2)/ MAPK axis. This process contributes to the abscess
formation, follicular destruction and chronic inflammation
characteristic of HS, thereby identifying the TLR2/MAPK sig-
nalling pathway as a potential promising therapeutic strategy.

In addition to the ‘classical’ genes implicated in familial HS, re-
cent genome-wide association studies (GWAS) are identifying
other genes involved in follicular differentiation, keratinization
and epithelial remodelling associated with HS risk and onset.

SOX9 (SRY-Box Transcription Factor 9) gene is emerging as a
master regulator of hair follicle stem cells, specifically within
the outer root sheath (ORS) and the bulge region. Mouse mod-
els lacking SOX9 manifest follicular degeneration, epidermal
thickening and dermal scarring [51, 52]; furthermore, SOX9
has the potential to trigger an epigenetic reprogramming,
which may contribute to the formation of sinus tracts with
both interfollicular epidermis and glandular signature [19].
A recent GWAS conducted by Sun et al. [53] identified vari-
ants near SOX9 and KLF5 (Kriippel-like factor), the latter also
involved in regulating epidermal stem cell (ESC) function.
Variants at these loci are located in enhancer regulatory ele-
ments in skin tissue, particularly affecting keratinocytes and
follicle regulation, which has led the authors to hypothesize
that these or other nearby genes may be associated with the ge-
netic risk of HS. Interestingly, KLF5 deletion may lead to skin
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barrier alteration, and its expression is lower in human disor-
ders characterized by disrupted secretion of epidermal sphin-
golipids [54]. On the other hand, when overexpressed, KLF5
may promote hyperproliferation, hyperkeratosis and follicular
occlusion as seen in murine models [55, 56]. It is noteworthy
that SOX9 and KLF5 co-expression is transiently induced
during wound healing, when stem cell populations are acti-
vated for repair, and the induced expression of KLF5 reduces
the expression of SOX9. This homeostasis disruption could ex-
plain the formation of cysts and epithelialized tunnels lacking
the typical differentiation into hair follicles or epidermis [53].

A genome-wide association meta-analysis of 4814 HS cases re-
cently unravelled the involvement of Notch (NCSTN, PSENEN
and TMEDIO—transmembrane emp24 domain-containing
protein 10) and Wnt/B-catenin (WNTI0A) signalling pathways,
both related to epidermal keratinization and hair follicle/KCs
proliferation and differentiation [57], thus confirming that an
aberrant hair follicle formation contributes to the predisposing
genetic background of HS [57-59]. Noteworthy, SOX9 acts as a
Wnt/B-catenin pathway antagonist [60] and its blockage should
increase Wnt/B-catenin signalling pathway and keratiniza-
tion [57], while KLF5 overexpression may disrupt it [61]. These
findings are especially important as further single-cell RNA
sequencing and spatial transcriptomics analyses conducted by
Perez et al. [62] showed that a specific subset of KCs localized
in both surface and HS tunnel epithelium express WNTI0A, one
of the target genes retrieved from the above-mentioned GWAS
[57], thus confirming its crucial role in hair follicle inflamma-
tion [60], although additional experimental validation is needed.

Khan et al. [63] in a recent preprint article experimentally val-
idated a coherent gene module defined by upregulated SOX9,
CXCR4 (C-X-C chemokine receptor type 4) and CD74 co-
expression that maps to aberrant skin epithelial structures. Based
on this model, CD74 in KCs cell membranes influences epithe-
lial cell state by modulating inflammatory and cell proliferation
pathways such as PI3K/Akt, WNT and apoptosis. Furthermore,
NF-xB (Nuclear Factor kappa-light-chain-enhancer of activated
B cells) signalling, via CD74 and CD44, contributes to the activ-
ity regulation of SOX9, CD74 and TNFAIP3 (TNF Alpha Induced
Protein 3). All these genes appear upregulated both during early
follicle development and throughout the hair follicle cycling,
likely induced by CXCR4 inhibition in HS KCs. These results
suggest that the blockage of CXCR4 may restore KCs homeosta-
sis, acting as a novel therapeutic strategy for HS management.

Noteworthy, the same authors proposed a novel model that in-
tersects with that of the main causing mutations of familial HS.
Indeed, GCS loss-of-function mutations negatively affect CD74
processing, thus exacerbating PI3K/AKT-driven inflammation.

Based on these findings, it is widely accepted that genetic vari-
ants in the gamma-secretase complex found in familial HS
disrupt follicular KCs differentiation, triggering a local inflam-
matory response, a mechanism confirmed through functional
validation in animal models and in vitro KC studies. Beyond
GCS-related pathways, genetic association study integrated with
transcriptomic data suggests that HS is also driven by altered
follicular and epidermal differentiation, keratinization and ep-
ithelial remodelling.

Overall, these findings increasingly converge on the concept
that HS is fundamentally a disease of the hair follicle unit,
thereby highlighting the alteration of the hair follicle as a core
pathogenic mechanism and the pilosebaceous unit as the initial
disease target [52].

3.4 | Upstream Triggers Converging on KCs State
3.4.1 | Mechanical Stress

An important aspect that deserves further investigation is
whether skin barrier damage or other upstream trigger factors
such as mechanical stress, hormonal changes and microbiome-
derived signals may actively affect genetically sensitive KCs and
trigger immune-mediated inflammation, thus resulting in the
clinical development of HS.

It is well recognized that HS arises in intertriginous regions that
experience recurrent friction and pressure. Chronic mechanical
stress may increase the frequency of skin micro-injury, triggering
the release of molecular patterns associated with cellular dam-
age—resulting in the consequent release of pro-inflammatory
cytokines—and allowing microbial penetration into the skin [64].
Additionally, in hair follicle biopsies from HS patients, a reduced
number and volume of sebaceous glands have been observed [65];
these reductions are found even in unaffected skin, indicating that
this defect is likely intrinsic to the hair follicle and precedes local
and systemic inflammation. This reduction also results in the loss
of antimicrobial lipids, potentially enhancing the risk of increased
friction and micro-injury [66].

It has also been hypothesized that the effect of mechanical stress
on HS arises from the loss of mechanical support provided by the
pilosebaceous unit [67], leading to the assumption that friction and
pressure may induce abnormal behaviour in KCs, including the
increased proliferation of epidermal KCs via calcium signalling
and pro-inflammatory cytokines release, which exacerbate inter-
follicular hyperplasia and hyperkeratosis [68-70]. Dysregulation
of KCs function in HS can be further traced to reduced expres-
sion of keratin maturation markers KRT2e, 10 and 19 as well as
adhesion molecules such as desmoglein 1 and desmocollin 1 in
the inflamed epithelium, thus impairing wound healing and fa-
vouring hypertrophic scar tissue formation and tissue remodelling
[71]. Major contributors to tissue degradation and remodelling are
elevated levels of matrix metalloproteinase (MMPs) such as MMP2
and 9. Interestingly, an increased release of the latter in human
KCs monolayer has been related to mechanical stress able to mod-
ulate KCs migration, representing an important aspect to explore,
especially in specific HS phenotypes [72]. Of note, some wound
healing-related genes such as GJA1 (connexin 43), LAMAS5 (lami-
nin subunit alpha 5), IL-1A, EDNI (endothelin 1) and keratinocyte
growth factor undergo a downregulation in embryonic stem cell-
derived keratinocytes in response to mechanical stress [73].

3.4.2 | Hormones
In recent years, increasing attention has been paid to the poten-

tial role of hormonal imbalance in the aetiology of HS, particu-
larly that of sex hormones [74, 75].
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Although the exact hormonal role in the pathogenesis of HS is
not yet fully understood, a worsening of HS is often described by
female patients during the premenstrual period and after preg-
nancy, suggesting that the effect of sex hormones on the cuta-
neous immune system may contribute to the onset, progression
and severity of HS [76].

In addition to observational clinical studies, some functional
assays were also conducted to assess the potential role of sex
hormones and their immune-keratinocyte crosstalk. Higher
proportions of androgen receptor (AR)-positive KCs are found
in HS lesional skin, specifically in epidermis, infundibulum and
tunnels of HS lesions when compared to unaffected skin [77],
suggesting a possible role of AR in follicular occlusion and KCs
proliferation. These findings are supported by some microarray
studies, which revealed an enrichment of genes regulated by AR
activation in HS regions compared to uninvolved skin areas.
Of note, transcription factors associated with epidermal stem
cell activity were also identified [78]. In another microarray-
based transcriptomics study, a gender-specific gene expression
profile in apocrine glands from HS lesional skin was observed;
in women, an upregulation of gene signatures involved in
androgen-regulated testicular differentiation was detected,
while in male patients with HS, a downregulation of genes re-
lated to lipid metabolism was found [79].

In summary, although further studies are needed, hormonal
dysfunction, particularly excessive androgen signalling, appears
to trigger a chain reaction where keratinocytes fail to differenti-
ate properly, proliferate uncontrollably and produce inflamma-
tory signals, resulting in the characteristic lesions of HS [80].

3.4.3 | Microbiome-Derived Signals

The chronic inflammation observed in HS may also be driven by
microbiome perturbations [81]. As demonstrated by Ring et al.
[82], in HS chronic lesions, biofilms aggregated in approximately
75% of sinus tracts and infundibula sharing several similarities
with biofilm infections. The deposition of scattered intradermal
corneocytes and hair fragments as well as abundant keratinous
debris in HS lesions may promote biofilm formation by com-
mensal bacteria, thus potentially enhancing their pathogenic
properties and related inflammation in chronic HS lesions [82].

The skin microbiome in HS exhibits significant dysbiosis,
characterized by a reduction in commensal bacteria such as
Cutibacterium acnes and an increased abundance of anaerobic
and opportunistic bacteria. This shift, mainly in the hair follicles
and lesions, suggests that a dysbiotic microbiome contributes to
the chronic inflammation and pathogenesis of HS [33, 83]. An
experimental study conducted by Williams et al. [16] indicated
a specific HS microbiome characterized by an abundance of
gram-negative anaerobic (GNA) bacteria such as Fusobacterium
Nucleatum (FN) and Prevotella species, although there is still no
direct evidence of the cutaneous KCs barrier response to GNAs.
The authors demonstrated that normal KCs stimulated in vitro
with IFN elicit a specific inflammatory signature; this profile
is different from that caused by gram positives, thus suggest-
ing a specific and unique activation pattern for GNAs. Notably,
this pro-inflammatory signature GNAs-induced overlaps with

transcriptome profile of HS patients’ biopsies and murine mod-
els and, more interestingly, bacteria are spatially associated with
activated KCs in HS tunnels. Finally, the same authors demon-
strated that both TLR-4 and pan-JAK inhibitors attenuate pro-
inflammatory cytokine production from KCs stimulated by
GNAs, underlining their therapeutic potential [16].

Another interesting aspect concerns antimicrobial peptides
(AMPs), key components of innate immunity which may
have pro-inflammatory or anti-inflammatory effects [84].
Keratinocytes isolated from hair follicle of HS patients produce
a distinct and altered pattern of AMPs in response to microbial
products, when compared to normal KCs [13]. This alteration
of AMPs may also be due to an altered IL-22 signalling in HS,
a cytokine critical for AMP induction; Jones et al. [85] observed
lower levels of IL-22 in the cultured KCs supernatant from HS
patients compared to controls while Wolk and colleagues [86]
showed a relative deficiency of IL-22 levels in HS skin compared
to other chronic inflammatory diseases [13, 85-86]. IL-22 is a
member of the IL-10 family and is secreted by different types
of immune cells including IL-22(+) CD4(+) T cells (Th22),
Th17 and IL-22 expressing innate leukocytes (ILC22) [87].
Accumulating evidence reports that IL-22 secreting CD4+ T
cells are not enriched in HS lesional skin [13], further suggesting
that an altered production of IL-22 by immune cells could affect
KCs response, thus contributing to an altered AMPs production.

An upregulation of AMPs secretion is also induced by an in-
creased prevalence of Prevotella and Porphyromonas spp. in HS
skin that leads to an increase in KCs proliferation and recruit-
ment of other immune cells, thus culminating in follicular oc-
clusion [84].

4 | Major Open Questions

To date, our knowledge of HS pathophysiology within the con-
text of its clinical heterogeneity is still fragmented. While HS
is believed to be a multifactorial disease caused by a close in-
teraction between lifestyle risk factors, genetic predisposition,
immune dysregulation and alterations in the skin microbiome,
the precise mechanisms underlying these interactions remain
elusive. Ongoing questions mainly regard the precise mecha-
nisms orchestrating immune cell recruitment, their interactions
at different disease stages, and their interplay with non-immune
cells in determining local inflammation. The contribution of ke-
ratinocytes requires further investigation as well. Indeed, given
the emerging multifaceted role of keratinocytes in the overall
pathophysiology of HS, it will be critical to determine at which
stage of the disease they compete most. It will be equally im-
portant to determine the pathogenic nature of interactions with
other immune cells, mainly neutrophils, and key inflammatory
signalling pathways to guide novel potential targeted and com-
bination therapies.

5 | Conclusions and Perspectives
HS is a heterogeneous cutaneous disorder, whose drivers of

onset, activity and progression as well as modulators of treat-
ment response are influenced by a wide range of factors. The
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inflammatory environment represents one of the most import-
ant targets which require targeted consideration for holistic ther-
apeutic strategies. Distinct immune cells and also keratinocytes
are emerging as crucial players in the inflammatory response
and overall pathophysiology of HS. Although further targeted
research is needed, advances in knowledge have led to consider
keratinocytes not only targets of inflammatory signalling path-
ways in HS but also active producers of pro-inflammatory cy-
tokines, chemokines and effector molecules that may influence
disease onset and activity. Indeed, gene expression studies and
transcriptomic data highlight KCs' pro-inflammatory signature
in both early and late HS alongside the possible contribution in
tunnels formation and expansion in later-stage HS.

Even in familial forms of HS, an important role of keratino-
cytes has been demonstrated. In fact, the presence of gamma-
secretase genes mutations impairs KCs functions, leading to
dysregulated KCs differentiation and abnormal proliferation,
thus contributing to HS phenotype.

In conclusion, given the emerging role of keratinocytes, further
studies are needed to better characterize their inflammatory
signature and genetic profile as well as the interplay with other
immune cells. In this regard, it has been demonstrated, in other
inflammatory disorders such as atopic dermatitis, that KCs crit-
ically control the threshold of inflammatory signalling in the
skin by inhibiting T cell proliferation and cytokine production
[88]. Determining whether the defect in keratinocyte formation
triggers the immune system, or whether it is instead the activa-
tion of the immune system that triggers this inflammatory re-
sponse in keratinocytes, is another particularly interesting topic
to better explore in the context of HS. Another aspect worthy
of further investigation is whether damage to the skin barrier
or other trigger factors—such as mutations, mechanical stress,
hormonal changes and microbiome imbalance—may activate
genetically susceptible keratinocytes and trigger an immune-
mediated inflammation, thereby leading to the clinical develop-
ment of HS. Finally, the identification of specific keratinocytes
clusters with unique signatures could potentially allow the iden-
tification of future therapeutic targets. Indeed, translational
evidence obtained to date demonstrates that epidermal hyper-
keratinisation is central in HS pathophysiology, potentially rein-
forcing the role of keratolytic agents in the treatment landscape
of HS [89].

Azelaic acid (AzA) is commonly used in acne, but literature data
support its use as an adjunctive treatment for HS, particularly in
paediatric patients and when combined with topical clindamy-
cin [90, 91]. A 20% AzA cream has demonstrated a keratolytic
effect on both normal and acne-affected skin, associated with a
reduction in follicular hyperkeratosis. It also has bacteriostatic
and bactericidal properties, but does not affect sebum produc-
tion and composition, or sebaceous glands morphology [92].

Retinoids are a class of chemical compounds consisting of vita-
min A and related derivatives. The therapeutic arsenal for HS
includes both topical and systemic retinoids, due to their kerato-
lytic action and anti-inflammatory properties [93]. As for topical
retinoids, there is still no formal assessment of their efficacy, al-
though third-generation topical retinoids such as adapalene and
tazarotene have demonstrated an important anti-inflammatory

activity [90]. Systemic retinoids, particularly isotretinoin and ac-
itretin, are also considered as a potential HS treatment. Although
some retrospective studies report a significant lesion improve-
ment with isotretinoin [94, 95], its use is often disappointing and
the reported data are inconsistent [89, 96]. Acitretin reduces the
rate of keratinocyte proliferation as well as epidermal/dermal
inflammation by inhibiting leukocyte chemotaxis and proin-
flammatory mediator's release. It may be more effective than
isotretinoin and can be considered in early HS stages or in the
presence of hyperkeratotic follicular lesions [89, 97-98].

It is important to emphasize the systemic retinoids are highly
teratogenic and must not be used during pregnancy. They re-
quire strict adherence to a Pregnancy Prevention Programme
(PPP), including mandatory contraception for at least 1 month
before, during, and 1 month after treatment [99].

Resorcinol is another keratolytic and anti-inflammatory topical
agent that showed a significant improvement of Hidradenitis
Suppurativa Clinical Response (HiSCR) and pain in a retrospec-
tive study consisting of 134 HS patients [100]. A case series also
reported its efficacy in mild HS in terms of inflammatory ac-
tivity and pain reduction in all treated patients [101]. Overall,
although the use of resorcinol is still poorly documented in the
literature, it is typically used for the short-term management of
HS flare-ups, which confirms its role as a valid alternative [102].

In conclusion, in this growing body of knowledge, ‘old” and novel
keratolytic agents should be considered, in combination with
biologics such as IL-17 antagonists and/or small molecules like
JAK/STAT inhibitors, as part of therapeutic strategies for HS
[89, 103]. Also understanding the roles of SOX9, KLF5, CXCR4
and the Wnt/B-catenin pathway in HS pathogenesis could lead
to novel treatment strategies.

Author Contributions

Conceptualization C.M., M.R., and A.V.M. Data Curation C.M. and
M.R. Formal Analysis C.M. and M.R. Funding Acquisition A.V.M.
Investigation C.M. and M.R. Methodology C.M. and M.R. Project
Administration C.M., M.R. and AV.M. Resources C.M. and M.R.
Supervision AV.M. Validation C.M. and M.R. Writing - Original
Draft Preparation C.M. and M.R. Writing - Review and Editing M.R.
and AV.M.

Acknowledgements

This work was partially supported by the Italian Ministry of Health
(Ricerca Corrente) of Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico, Milan (Italy).

Funding

This work was supported by the Italian Ministry of Health (Ricerca
Corrente) of Fondazione IRCCS Ca Granda Ospedale Maggiore
Policlinico, Milan (Italy).

Conflicts of Interest

Chiara Moltrasio and Maurizio Romagnuolo have no competing inter-
ests to declare. Angelo Valerio Marzano reports consultancy and/or ad-
visory board honoraria from AbbVie, Amgen, Boehringer Ingelheim,
Bristol Myers Squibb, Galderma, Incyte, Johnson and Johnson,

Experimental Dermatology, 2026

17 of 21



Leopharma, MSD, Novartis, Otsuka, Pfizer, Sanofi-Regeneron, Takeda
and UCB.

Data Availability Statement

All data are present in the main text, in the table and in the graphical
abstract.

References

1.M. Akiyama, T. Takeichi, J. A. McGrath, and K. Sugiura,
“Autoinflammatory Keratinization Diseases,” Journal of Allergy and
Clinical Immunology 140, no. 6 (2017): 1545-1547, https://doi.org/10.
1016/j.jaci.2017.05.019.

2.M. Akiyama, T. Takeichi, J. A. McGrath, and K. Sugiura,
“Autoinflammatory Keratinization Diseases: An Emerging Concept
Encompassing Various Inflammatory Keratinization Disorders of
the Skin,” Journal of Dermatological Science 90, no. 2 (2018): 105-111,
https://doi.org/10.1016/j.jdermsci.2018.01.012.

3. M. Akiyama, “Autoinflammatory Keratinization Diseases (AiKDs):
Expansion of Disorders To be Included,” Frontiers in Immunology 11
(2020): 280, https://doi.org/10.3389/fimmu.2020.00280.

4.M. Akiyama, “Diseases Categorized as Autoinflammatory
Keratinization Diseases (AiKDs), and Their Pathologies and
Treatments,” Nagoya Journal of Medical Science 86, no. 1 (2024): 1-15,
https://doi.org/10.18999/nagjms.86.1.1.

5.A. R.J. V. Vossen, H. H. van der Zee, and E. P. Prens, “Hidradenitis
Suppurativa: A Systematic Review Integrating Inflammatory Pathways
Into a Cohesive Pathogenic Model,” Frontiers in Immunology 9 (2018):
2965, https://doi.org/10.3389/fimmu.2018.02965.

6.J. G.Krueger, J. Frew, G. B. E. Jemec, et al., “Hidradenitis Suppurativa:
New Insights Into Disease Mechanisms and an Evolving Treatment
Landscape,” British Journal of Dermatology 190, no. 2 (2024): 149-162,
https://doi.org/10.1093/bjd/ljad345.

7. K. Wolk, O. Join-Lambert, and R. Sabat, “Aetiology and Pathogenesis
of Hidradenitis Suppurativa,” British Journal of Dermatology 183, no. 6
(2020): 999-1010, https://doi.org/10.1111/bjd.19556.

8.K. R. van Straalen, E. P. Prens, and J. E. Gudjonsson, “Insights
Into Hidradenitis Suppurativa,” Journal of Allergy and Clinical
Immunology 149, no. 4 (2022): 1150-1161, https://doi.org/10.1016/j.
jaci.2022.02.003.

9.J. Pham and J. W. Frew, “Hidradenitis Suppurativa: Pathogenesis and
Inflammatory Pathways,” Dermatologic Clinics 43, no. 2 (2025): 179—
191, https://doi.org/10.1016/j.det.2024.12.004.

10. M. Romagnuolo, L. Calabrese, M. D’Onghia, et al., “The Role of
Cutaneous B-Cells in Hidradenitis Suppurativa: From Preclinical
Evidence to Novel Targeted Therapies,” Experimental Dermatology 34,
no. 9 (2025): 70163, https://doi.org/10.1111/exd.70163.

11. N. Shishido-Takahashi, S. Garcet, I. Cueto, et al., “Hepatocyte
Growth Factor Has Unique Functions in Keratinocytes That Differ
From Those of IL-17A and TNF and May Contribute to Inflammatory
Pathways in Hidradenitis Suppurativa,” Journal of Investigative
Dermatology 145, no. 3 (2025): 536-547.e7, https://doi.org/10.1016/j.jid.
2024.07.005.

12. R. Song, K. Liu, Y. Wang, et al., “A Pig Model Carrying Heterozygous
Point Mutation of NCSTN Simulates Familial Acne Inversa and Reveals
Dysregulated Cholesterol Biosynthesis via the Notch-pAMPK-HMGCR
Pathway,” Sci Bull (Beijing) 66, no. 23 (2021): 2343-2346, https://doi.org/
10.1016/j.scib.2021.05.022.

13.C. Hotz, M. Boniotto, A. Guguin, et al., “Intrinsic Defect in
Keratinocyte Function Leads to Inflammation in Hidradenitis
Suppurativa,” Journal of Investigative Dermatology 136, no. 9 (2016):
1768-1780, https://doi.org/10.1016/j.jid.2016.04.036.

14. A. L. Lima, I. Karl, T. Giner, et al., “Keratinocytes and Neutrophils
Are Important Sources of Proinflammatory Molecules in Hidradenitis
Suppurativa,” British Journal of Dermatology 174, no. 3 (2016): 514-521,
https://doi.org/10.1111/bjd.14214.

15. K. Wolk, J. Wenzel, A. Tsaousi, et al., “Lipocalin-2 Is Expressed
by Activated Granulocytes and Keratinocytes in Affected Skin and
Reflects Disease Activity in Acne Inversa/Hidradenitis Suppurativa,”
British Journal of Dermatology 177, no. 5 (2017): 1385-1393, https://doi.
org/10.1111/bjd.15424.

16. S. C. Williams, S. Garcet, H. Hur, et al., “Gram-Negative Anaerobes
Elicit a Robust Keratinocytes Immune Response With Potential Insights
Into HS Pathogenesis,” Experimental Dermatology 33, no. 5 (2024):
€15087, https://doi.org/10.1111/exd.15087.

17.Y. He, C. Li, H. Xu, et al., “AKT-Dependent Hyperproliferation of
Keratinocytes in Familial Hidradenitis Suppurativa With a NCSTN
Mutation: A Potential Role of Defective miR-100-5p,” British Journal of
Dermatology 182, no. 2 (2020): 500-502, https://doi.org/10.1111/bjd.18460.

18. X. Xiao, Y. He, C. Li, X. Zhang, H. Xu, and B. Wang, “Nicastrin
Mutations in Familial Acne Inversa Impact Keratinocyte Proliferation
and Differentiation Through the Notch and Phosphoinositide 3-Kinase/
AKT Signalling Pathways,” British Journal of Dermatology 174, no. 3
(2016): 522-532, https://doi.org/10.1111/bjd.14223.

19. M. Marohn, M.-j. Lin, W.-w. Yu, et al., “Defining Epidermal Stem
Cell Fate Infidelity and Immunogenicity in Hidradenitis Suppurativa at
the Single-Cell Resolution,” bioRxiv (2020).

20. C. Moltrasio, M. Romagnuolo, and A. V. Marzano, “Epigenetic
Mechanisms of Epidermal Differentiation,” International Journal of
Molecular Sciences 23, no. 9 (2022): 4874, https://doi.org/10.3390/ijms2
3094874.

21.C. C. Zouboulis, A. Nogueira da Costa, E. Makrantonaki, et al.,
“Alterations in Innate Immunity and Epithelial Cell Differentiation
Are the Molecular Pillars of Hidradenitis Suppurativa,” Journal of the
European Academy of Dermatology and Venereology 34, no. 4 (2020):
846-861, https://doi.org/10.1111/jdv.16147.

22.T. Gambichler, S. Hessam, M. Skrygan, M. Bakirtzi, D. Kasakovski,
and F. G. Bechara, “NOD2 Signalling in Hidradenitis Suppurativa,”
Clinical and Experimental Dermatology 46, no. 8 (2021): 1488-1494,
https://doi.org/10.1111/ced.14773.

23. K. Navrazhina, J. W. Frew, P. Gilleaudeau, M. Sullivan-Whalen,
S. Garcet, and J. G. Krueger, “Epithelialized Tunnels Are a Source of
Inflammation in Hidradenitis Suppurativa,” Journal of Allergy and
Clinical Immunology 147, no. 6 (2021): 2213-2224, https://doi.org/10.
1016/.jaci.2020.12.651.

24.T. W. Shi, W. Cao, Q. Z. Zhao, H. X. Yu, S. S. Zhang, and Y. B.
Hao, “Effects of NCSTN Mutation on Hair Follicle Components in
Mice,” Dermatology 239, no. 1 (2023): 60-71, https://doi.org/10.1159/
000525526.

25.Z. Dajnoki, O. Somogyi, B. Medgyesi, et al., “Primary Alterations
During the Development of Hidradenitis Suppurativa,” Journal of the
European Academy of Dermatology and Venereology 36, no. 3 (2022):
462-471, https://doi.org/10.1111/jdv.17779.

26. V. G. Frings, L. Jopp, M. Srivastava, D. Presser, M. Goebeler, and
M. Schmidt, “Stress Signalling and STAT1 Activation Characterize the
Keratinocytic Gene Expression Pattern in Hidradenitis Suppurativa,”
Journal of the European Academy of Dermatology and Venereology 36,
no. 12 (2022): 2488-2498, https://doi.org/10.1111/jdv.18465.

27.L. Jin, Y. Chen, S. Muzaffar, et al., “Epigenetic Switch Reshapes
Epithelial Progenitor Cell Signatures and Drives Inflammatory
Pathogenesis in Hidradenitis Suppurativa,” Proceedings of the National
Academy of Sciences of the United States of America 120, no. 49 (2023):
€2315096120, https://doi.org/10.1073/pnas.2315096120.

28.J. Kim, J. Lee, X. Li, et al., “Single-Cell Transcriptomics Suggest
Distinct Upstream Drivers of IL-17A/F in Hidradenitis Versus

18 of 21

Experimental Dermatology, 2026


https://doi.org/10.1016/j.jaci.2017.05.019
https://doi.org/10.1016/j.jaci.2017.05.019
https://doi.org/10.1016/j.jdermsci.2018.01.012
https://doi.org/10.3389/fimmu.2020.00280
https://doi.org/10.18999/nagjms.86.1.1
https://doi.org/10.3389/fimmu.2018.02965
https://doi.org/10.1093/bjd/ljad345
https://doi.org/10.1111/bjd.19556
https://doi.org/10.1016/j.jaci.2022.02.003
https://doi.org/10.1016/j.jaci.2022.02.003
https://doi.org/10.1016/j.det.2024.12.004
https://doi.org/10.1111/exd.70163
https://doi.org/10.1016/j.jid.2024.07.005
https://doi.org/10.1016/j.jid.2024.07.005
https://doi.org/10.1016/j.scib.2021.05.022
https://doi.org/10.1016/j.scib.2021.05.022
https://doi.org/10.1016/j.jid.2016.04.036
https://doi.org/10.1111/bjd.14214
https://doi.org/10.1111/bjd.15424
https://doi.org/10.1111/bjd.15424
https://doi.org/10.1111/exd.15087
https://doi.org/10.1111/bjd.18460
https://doi.org/10.1111/bjd.14223
https://doi.org/10.3390/ijms23094874
https://doi.org/10.3390/ijms23094874
https://doi.org/10.1111/jdv.16147
https://doi.org/10.1111/ced.14773
https://doi.org/10.1016/j.jaci.2020.12.651
https://doi.org/10.1016/j.jaci.2020.12.651
https://doi.org/10.1159/000525526
https://doi.org/10.1159/000525526
https://doi.org/10.1111/jdv.17779
https://doi.org/10.1111/jdv.18465
https://doi.org/10.1073/pnas.2315096120

Psoriasis,” Journal of Allergy and Clinical Immunology 152, no. 3 (2023):
656-666, https://doi.org/10.1016/j.jaci.2023.05.012.

29.8S. L. Schell, Z. Cong, M. L. Sennett, et al., “Keratinocytes and
Immune Cells in the Epidermis Are Key Drivers of Inflammation in
Hidradenitis Suppurativa Providing a Rationale for Novel Topical
Therapies,” British Journal of Dermatology 188, no. 3 (2023): 407-419,
https://doi.org/10.1093/bjd/1jac096.

30.J. Yang, L. Wang, Y. Huang, et al., “Keratin 5-Cre-Driven Deletion
of Nestn in an Acne Inversa-Like Mouse Model Leads to a Markedly
Increased IL-36a and Sprr2 Expression,” Frontiers in Medicine 14, no. 3
(2020): 305-317, https://doi.org/10.1007/s11684-019-0722-8.

31. O. Somogyi, Z. Dajnoki, L. Szabd, et al., “New Data on the Features
of Skin Barrier in Hidradenitis Suppurativa,” Biomedicine 11, no. 1
(2023): 127, https://doi.org/10.3390/biomedicines11010127.

32. W. Adawi, C. Ro, D. Scoville, et al., “The Epithelial Transcriptome
of Hidradenitis Suppurativa Tunnels Is More Similar to Cutaneous
Squamous Cell Carcinoma Than to Benign Infundibular Cysts,” Journal
of Investigative Dermatology 145, no. 2 (2025): 423-427.e3, https://doi.
org/10.1016/j,jid.2024.03.051.

33.H. C. Ring, J. Thorsen, D. M. Saunte, et al., “The Follicular Skin
Microbiome in Patients With Hidradenitis Suppurativa and Healthy
Controls,” JAMA Dermatology 153, no. 9 (2017): 897-905, https://doi.
org/10.1001/jamadermatol.2017.0904.

34.R. Francis, G. McGrath, and J. Zhang, “Aph-1 and Pen-2 Are
Required for Notch Pathway Signaling, Gamma-Secretase Cleavage
of betaAPP, and Presenilin Protein Accumulation,” Developmental
Cell 3, no. 1 (2002): 85-97, https://doi.org/10.1016/s1534-5807(02)
00189-2.

35.X. Du-Harpur, C. Ganier, and P. Mazin, “Pathogenic Keratinocyte
States and Fibroblast Niches Define the Tissue Microenvironment in
Severe Hidradenitis Suppurativa,” bioRxiv (2025), https://doi.org/10.
1101/2025.11.11.682326.

36. T.-T. Sun, R. Eichner, W. G. Nelson, et al.,, “Keratin Classes:
Molecular Markers for Different Types of Epithelial Differentiation,”
Journal of Investigative Dermatology 81 (1983): S109-S115, https://doi.
org/10.1111/1523-1747.ep12540831.

37.M. Liu, S. Guo, J. M. Hibbert, et al., “CXCL10/IP-10 in Infectious
Diseases Pathogenesis and Potential Therapeutic Implications,”
Cytokine & Growth Factor Reviews 22, no. 3 (2011): 121-130, https://doi.
0rg/10.1016/j.cytogfr.2011.06.001.

38. A. V. Marzano, G. Genovese, C. Moltrasio, et al., “Whole-Exome
Sequencing in 10 Unrelated Patients With Syndromic Hidradenitis
Suppurativa: A Preliminary Step for a Genotype-Phenotype
Correlation,” Dermatology 238, no. 5 (2022): 860-869, https://doi.org/
10.1159/000521263.

39. L. Eckmann and M. Karin, “NOD2 and Crohn's Disease: Loss or
Gain of Function?,” Immunity 22, no. 6 (2005): 661-667, https://doi.org/
10.1016/j.immuni.2005.06.004.

40.J. W. Frew, K. Navrazhina, M. Marohn, P.J. C. Lu, and J. G. Krueger,
“Contribution of Fibroblasts to Tunnel Formation and Inflammation in
Hidradenitis Suppurativa/ Acne Inversa,” Experimental Dermatology
28, no. 8 (2019): 886-891, https://doi.org/10.1111/exd.13978.

41.J. Mise, B. Marinovic, and Z. B. Mokos, “The Role of Lipocalin-2
in the Pathophysiology of Hidradenitis Suppurativa,” Clinics in
Dermatology 43, no. 4 (2025): 479-484, https://doi.org/10.1016/j.clind
ermatol.2025.05.006.

42.K. R.van Straalen, F. Ma, P. S. Tsou, et al., “Single-Cell Sequencing
Reveals Hippo Signaling as a Driver of Fibrosis in Hidradenitis
Suppurativa,” Journal of Clinical Investigation 134, no. 3(2024): 169225,
https://doi.org/10.1172/JC1169225.

43.R. Gniadecki and G. B. Jemec, “Lipid Raft-Enriched Stem Cell-
Like Keratinocytes in the Epidermis, Hair Follicles and Sinus Tracts in

Hidradenitis Suppurativa,” Experimental Dermatology 13, no. 6 (2004):
361-363, https://doi.org/10.1111/j.0906-6705.2004.00166.x.

44.N. Jurisch-Yaksi, R. Sannerud, and W. Annaert, “A Fast Growing
Spectrum of Biological Functions of y-Secretase in Development and
Disease,” Biochimica et Biophysica Acta 1828, no. 12 (2013): 2815-2827,
https://doi.org/10.1016/j.bbamem.2013.04.016.

45. C. Moltrasio, P. M. Tricarico, M. Romagnuolo, et al., “Hidradenitis
Suppurativa: A Perspective on Genetic Factors Involved in the Disease,”
Biomedicine 10, no. 8 (2022): 2039, https://doi.org/10.3390/biomedicin
€s10082039.

46.R. Okuyama, H. Tagami, and S. Aiba, “Notch Signaling: Its Role
in Epidermal Homeostasis and in the Pathogenesis of Skin Diseases,”
Journal of Dermatological Science 49, no. 3 (2008): 187-194, https://doi.
0rg/10.1016/j.jdermsci.2007.05.017.

47.S. Cialfi, R. Palermo, S. Manca, et al., “Loss of Notchl-Dependent
p21(Wafl/Cipl) Expression Influences the Notchl Outcome in
Tumorigenesis,” Cell Cycle 13, no. 13 (2014): 2046-2055, https://doi.org/
10.4161/cc.29079.

48. A. B. Truong, M. Kretz, T. W. Ridky, R. Kimmel, and P. A. Khavari,
“p63 Regulates Proliferation and Differentiation of Developmentally
Mature Keratinocytes,” Genes & Development 20, no. 22 (2006): 3185-
3197, https://doi.org/10.1101/gad.1463206.

49.Y. He, H. Xu, C. Li, et al., “Nicastrin/miR-30a-3p/RAB31 Axis
Regulates Keratinocyte Differentiation by Impairing EGFR Signaling
in Familial Acne Inversa,” Journal of Investigative Dermatology 139, no.
1(2019): 124-134, https://doi.org/10.1016/j.jid.2018.07.020.

50. H.Zhang, Y. Li, X. Lai, et al., “Upregulation of TLR2 in Keratinocytes
Activates the MAPK Pathway and Plays a Role in the Pathogenesis of
Hidradenitis Suppurativa,” Journal of Dermatological Science 117, no. 1
(2025): 8-17, https://doi.org/10.1016/j.jdermsci.2024.11.002.

51.V. P. Vidal, M. C. Chaboissier, S. Liitzkendorf, et al., “Sox9 Is
Essential for Outer Root Sheath Differentiation and the Formation of
the Hair Stem Cell Compartment,” Current Biology 15, no. 15 (2005):
1340-1351, https://doi.org/10.1016/j.cub.2005.06.064.

52.M. Kadaja, B. E. Keyes, M. Lin, et al., “SOX9: A Stem Cell
Transcriptional Regulator of Secreted Niche Signaling Factors,” Genes
& Development 28, no. 4 (2014): 328-341, https://doi.org/10.1101/gad.
233247.113.

53. Q. Sun, K. A. Broadaway, S. N. Edmiston, et al., “Genetic Variants
Associated With Hidradenitis Suppurativa,” JAMA Dermatology 159,
no. 9 (2023): 930-938, https://doi.org/10.1001/jamadermatol.2023.2217.

54.Y. Lyu, Y. Guan, L. Deliu, et al., “KLF5 Governs Sphingolipid
Metabolism and Barrier Function of the Skin,” Genes & Development
36, no. 13-14 (2022): 822-842, https://doi.org/10.1101/gad.349662.122.

55.A. Khan and L. Petukhova, “Advances Toward the Clinical
Translation of Hidradenitis Suppurativa Genetic Studies,” JAMA
Dermatology 159, no. 9 (2023): 913-915, https://doi.org/10.1001/jamad
ermatol.2023.2205.

56. 1. Sur, B. Rozell, V. Jaks, et al., “Epidermal and Craniofacial Defects
in Mice Overexpressing KIf5 in the Basal Layer of the Epidermis,”
Journal of Cell Science 119, no. 17 (2006): 3593-3601, https://doi.org/10.
1242/jcs.03070.

57. R.Kjersgaard Andersen, L. Stefansdottir, P. T. Riis, et al., “A Genome-
Wide Association Meta-Analysis Links Hidradenitis Suppurativa to
Common and Rare Sequence Variants Causing Disruption of the Notch
and Wnt/B-Catenin Signaling Pathways,” Journal of the American
Academy of Dermatology 92, no. 4 (2025): 761-772, https://doi.org/10.
1016/j.jaad.2024.11.050.

58. C. Moltrasio, R. Moura, A. Conti, et al., “Polygenic Score: A Tool
for Evaluating the Genetic Background of Sporadic Hidradenitis
Suppurativa,” Journal of Investigative Dermatology 145, no. 8 (2024):
1987-1994, https://doi.org/10.1016/j.jid.2024.11.019.

Experimental Dermatology, 2026

19 of 21


https://doi.org/10.1016/j.jaci.2023.05.012
https://doi.org/10.1093/bjd/ljac096
https://doi.org/10.1007/s11684-019-0722-8
https://doi.org/10.3390/biomedicines11010127
https://doi.org/10.1016/j.jid.2024.03.051
https://doi.org/10.1016/j.jid.2024.03.051
https://doi.org/10.1001/jamadermatol.2017.0904
https://doi.org/10.1001/jamadermatol.2017.0904
https://doi.org/10.1016/s1534-5807(02)00189-2
https://doi.org/10.1016/s1534-5807(02)00189-2
https://doi.org/10.1101/2025.11.11.682326
https://doi.org/10.1101/2025.11.11.682326
https://doi.org/10.1111/1523-1747.ep12540831
https://doi.org/10.1111/1523-1747.ep12540831
https://doi.org/10.1016/j.cytogfr.2011.06.001
https://doi.org/10.1016/j.cytogfr.2011.06.001
https://doi.org/10.1159/000521263
https://doi.org/10.1159/000521263
https://doi.org/10.1016/j.immuni.2005.06.004
https://doi.org/10.1016/j.immuni.2005.06.004
https://doi.org/10.1111/exd.13978
https://doi.org/10.1016/j.clindermatol.2025.05.006
https://doi.org/10.1016/j.clindermatol.2025.05.006
https://doi.org/10.1172/JCI169225
https://doi.org/10.1111/j.0906-6705.2004.00166.x
https://doi.org/10.1016/j.bbamem.2013.04.016
https://doi.org/10.3390/biomedicines10082039
https://doi.org/10.3390/biomedicines10082039
https://doi.org/10.1016/j.jdermsci.2007.05.017
https://doi.org/10.1016/j.jdermsci.2007.05.017
https://doi.org/10.4161/cc.29079
https://doi.org/10.4161/cc.29079
https://doi.org/10.1101/gad.1463206
https://doi.org/10.1016/j.jid.2018.07.020
https://doi.org/10.1016/j.jdermsci.2024.11.002
https://doi.org/10.1016/j.cub.2005.06.064
https://doi.org/10.1101/gad.233247.113
https://doi.org/10.1101/gad.233247.113
https://doi.org/10.1001/jamadermatol.2023.2217
https://doi.org/10.1101/gad.349662.122
https://doi.org/10.1001/jamadermatol.2023.2205
https://doi.org/10.1001/jamadermatol.2023.2205
https://doi.org/10.1242/jcs.03070
https://doi.org/10.1242/jcs.03070
https://doi.org/10.1016/j.jaad.2024.11.050
https://doi.org/10.1016/j.jaad.2024.11.050
https://doi.org/10.1016/j.jid.2024.11.019

59.L. A. Cavalcanti Brandao, R. Rodrigues de Moura, B. Rodrigo
Assuncdo, et al., “Genomic Profiling in Hidradenitis Suppurativa:
InterOmics Pipeline for DNA-RNA Sequencing Highlights HLA
Variants, Keratin-Associated Mutations and Extracellular Matrix
Alterations as Contributing Factors to HS Pathogenesis,” PLoS One
20, no. 6 (2025): e0326458, https://doi.org/10.1371/journal.pone.
0326458.

60. D. Wu, D. Bai, M. Yang, B. Wu, and W. Xu, “Role of Sox9 in BPD and
Its Effects on the Wnt/B-Catenin Pathway and AEC-II Differentiation,”
Cell Death Discov 10, no. 1 (2024): 20, https://doi.org/10.1038/s41420-
023-01795-2.

61. B. B. McConnell, S. S. Kim, K. Yu, et al., “Kruppel-Like Factor 5 Is
Important for Maintenance of Crypt Architecture and Barrier Function
in Mouse Intestine,” Gastroenterology 141, no. 4 (2011): 1302-1313.

62. 0.D. Perez, M. J. Lin, M. K. Pomeranz, et al., “Response to Andersen
et al's A Genome-Wide Association Meta-Analysis Links Hidradenitis
Suppurativa to Common and Rare Sequence Variants Causing
Disruption of the Notch and Wnt/B-Catenin Signaling Pathways,”
Journal of the American Academy of Dermatology S0190-9622, no. 25
(2025): 703, https://doi.org/10.1016/j.jaad.2025.04.064.

63. A. Khan, P. A. Gould, Y. Luo, et al., “The Polygenic Architecture of
Hidradenitis Suppurativa Reveals Signaling Mechanisms That Implicate
Epithelial Remodeling,” medRxiv [Preprint]. 2025.07.25.25332168
(2025), https://doi.org/10.1101/2025.07.25.25332168.

64.C. Y. Hsieh and T. F. Tsai, “Friction-Induced Skin Disorders-A
Review,” Dermatitis 34, no. 4 (2023): 278-286, https://doi.org/10.1097/
DER.0000000000000934.

65.S. Kamp, A. M. Fiehn, K. Stenderup, et al., “Hidradenitis
Suppurativa: A Disease of the Absent Sebaceous Gland? Sebaceous
Gland Number and Volume Are Significantly Reduced in Uninvolved
Hair Follicles From Patients With Hidradenitis Suppurativa,” British
Journal of Dermatology 164, no. 5 (2011): 1017-1022, https://doi.org/10.
1111/j.1365-2133.2011.

66.V. W. Nielsen, S. F. Thomsen, and H. B. Naik, “Hidradenitis
Suppurativa Pathogenesis: Extrinsic Factors,” Journal of the American
Academy of Dermatology 91, no. 6S (2024): S17-S21, https://doi.org/10.
1016/j.jaad.2024.07.1524.

67.R. Kjersgaard Andersen, A. Strunk, R. Tannenbaum, J. Boer, A.
Garg, and G. Jemec, “Prevalence of Marfan Syndrome, Ehlers-Danlos
Syndrome, and Osteogenesis Imperfecta in Patients With Hidradenitis
Suppurativa,” Journal of the American Academy of Dermatology 86, no.
2 (2022): 471-474, https://doi.org/10.1016/j.jaad.2021.09.047.

68.S. M. Seyed Jafari, R. E. Hunger, and C. Schlapbach, “Hidradenitis
Suppurativa: Current Understanding of Pathogenic Mechanisms and
Suggestion for Treatment Algorithm,” Frontiers in Medicine (Lausanne)
7 (2020): 68, https://doi.org/10.3389/fmed.2020.00068.

69.D. Lu, Y. Gao, B. Huo, et al., “Asymmetric Migration of Human
Keratinocytes Under Mechanical Stretch and Cocultured Fibroblasts in
a Wound Repair Model,” PLoS One 8, no. 9 (2013): €74563.

70.J. Boer, M. Nazary, and P. T. Riis, “The Role of Mechanical Stress in
Hidradenitis Suppurativa,” Dermatologic Clinics 34, no. 1 (2016): 37-43,
https://doi.org/10.1016/j.det.2015.08.011.

71.J. W. Frew, J. E. Hawkes, and J. G. Krueger, “A Systematic Review
and Critical Evaluation of Inflammatory Cytokine Associations in
Hidradenitis Suppurativa,” FI000Res 7 (2018): 1930, https://doi.org/10.
12688/f1000research.17267.1.

72.F. Reno, V. Traina, and M. Cannas, “Mechanical Stretching
Modulates Growth Direction and MMP-9 Release in Human
Keratinocyte Monolayer,” Cell Adhesion & Migration 3, no. 3 (2009):
239-242, https://doi.org/10.4161/cam.3.3.8632.

73. T. Cherbuin, M. M. Movahednia, W. S. Toh, and T. Cao, “Investigation
of Human Embryonic Stem Cell-Derived Keratinocytes as an in Vitro
Research Model for Mechanical Stress Dynamic Response,” Stem Cell

Reviews and Reports 11, no. 3 (2015): 460-473, https://doi.org/10.1007/
$12015-014-9565-5.

74.P. T. Riis, H. C. Ring, L. Themstrup, and G. B. Jemec, “The
Role of Androgens and Estrogens in Hidradenitis Suppurativa—A
Systematic Review,” Acta Dermatovenerologica Croatica 24, no. 4
(2016): 239-249.

75.N. Abu Rached, T. Gambichler, J. W. Dietrich, et al., “The Role
of Hormones in Hidradenitis Suppurativa: A Systematic Review,”
International Journal of Molecular Sciences 23, no. 23 (2022): 15250,
https://doi.org/10.3390/ijms232315250.

76. E. Collier, V. Y. Shi, R. K. Parvataneni, M. A. Lowes, and J. L. Hsiao,
“Special Considerations for Women With Hidradenitis Suppurativa,”
International Journal of Women's Dermatology 6, no. 2 (2020): 85-88,
https://doi.org/10.1016/j.ijwd.2020.02.005.

77.W. Yu, J. Barrett, P. Liu, A. Parameswaran, E. S. Chiu, and C. P.
Lu, “Novel Evidence of Androgen Receptor Immunoreactivity in Skin
Tunnels of Hidradenitis Suppurativa: Assessment of Sex and Individual
Variability,” British Journal of Dermatology 185, no. 4 (2021): 855-858,
https://doi.org/10.1111/bjd.20520.

78.T. D. Gauntner, “Hormonal, Stem Cell and Notch Signalling as
Possible Mechanisms of Disease in Hidradenitis Suppurativa: A Systems-
Level Transcriptomic Analysis,” British Journal of Dermatology 180, no.
1(2019): 203-204, https://doi.org/10.1111/bjd.17093.

79.C. C. Zouboulis, A. Nogueira da Costa, S. Fimmel, and K. C.
Zouboulis, “Apocrine Glands Are Bystanders in Hidradenitis
Suppurativa and Their Involvement Is Gender Specific,” Journal of the
European Academy of Dermatology and Venereology 34, no. 7 (2020):
1555-1563, https://doi.org/10.1111/jdv.16264.

80. R. Gratton, C. Del Vecchio, L. Zupin, et al., “Unraveling the Role
of Sex Hormones on Keratinocyte Functions in Human Inflammatory
Skin Diseases,” International Journal of Molecular Sciences 23, no. 6
(2022): 3132, https://doi.org/10.3390/ijms23063132.

81.C. E. Johnson and H. B. Naik, “Microbiome Perturbations in
Hidradenitis Suppurativa,” Dermatologic Clinics 43, no. 2 (2025): 193-
202, https://doi.org/10.1016/j.det.2024.12.005.

82. H. C. Ring, L. Bay, M. Nilsson, et al., “Bacterial Biofilm in Chronic
Lesions of Hidradenitis Suppurativa,” British Journal of Dermatology
176, no. 4 (2017): 993-1000, https://doi.org/10.1111/bjd.15007.

83. A. Soto-Moreno, S. Haselgruber-de Francisco, J. Ledn-Pérez, et al.,
“The Microbiome in Hidradenitis Suppurativa Tunnels: A Systematic
Review,” International Journal of Dermatology 64, no. 10 (2025): 1802-
1812, https://doi.org/10.1111/ijd.17892.

84.M. B. Lousada, T. Lachnit, J. Edelkamp, et al., “Exploring the
Human Hair Follicle Microbiome,” British Journal of Dermatology 184,
no. 5(2021): 802-815, https://doi.org/10.1111/bjd.19461.

85.D. Jones, A. Banerjee, P. Z. Berger, et al., “Inherent Differences in
Keratinocyte Function in Hidradenitis Suppurativa: Evidence for the
Role of IL-22 in Disease Pathogenesis,” Immunological Investigations
47, no. 1 (2018): 57-70, https://doi.org/10.1080/08820139.2017.1377227.

86. K. Wolk, K. Warszawska, C. Hoeflich, et al., “Deficiency of IL-
22 Contributes to a Chronic Inflammatory Disease: Pathogenetic
Mechanisms in Acne Inversa,” Journal of Immunology 186, no. 2 (2011):
1228-1239, https://doi.org/10.4049/jimmunol.0903907.

87. M. Perusina Lanfranca, Y. Lin, J. Fang, W. Zou, and T. Frankel,
“Biological and Pathological Activities of Interleukin-22,” Journal of
Molecular Medicine (Berlin, Germany) 94, no. 5 (2016): 523-534, https://
doi.org/10.1007/s00109-016-1391-6.

88. P. Seiringer, S. Eyerich, K. Eyerich, et al., “Keratinocytes Regulate
the Threshold of Inflammation by Inhibiting T Cell Effector Functions,”
Cells 10, no. 7 (2021): 1606, https://doi.org/10.3390/cells10071606.

89.C. C. Zouboulis, F. G. Bechara, F. Benhadou, et al., “European
S2k Guidelines for Hidradenitis Suppurativa/Acne Inversa Part 2:

20 of 21

Experimental Dermatology, 2026


https://doi.org/10.1371/journal.pone.0326458
https://doi.org/10.1371/journal.pone.0326458
https://doi.org/10.1038/s41420-023-01795-2
https://doi.org/10.1038/s41420-023-01795-2
https://doi.org/10.1016/j.jaad.2025.04.064
https://doi.org/10.1101/2025.07.25.25332168
https://doi.org/10.1097/DER.0000000000000934
https://doi.org/10.1097/DER.0000000000000934
https://doi.org/10.1111/j.1365-2133.2011
https://doi.org/10.1111/j.1365-2133.2011
https://doi.org/10.1016/j.jaad.2024.07.1524
https://doi.org/10.1016/j.jaad.2024.07.1524
https://doi.org/10.1016/j.jaad.2021.09.047
https://doi.org/10.3389/fmed.2020.00068
https://doi.org/10.1016/j.det.2015.08.011
https://doi.org/10.12688/f1000research.17267.1
https://doi.org/10.12688/f1000research.17267.1
https://doi.org/10.4161/cam.3.3.8632
https://doi.org/10.1007/s12015-014-9565-5
https://doi.org/10.1007/s12015-014-9565-5
https://doi.org/10.3390/ijms232315250
https://doi.org/10.1016/j.ijwd.2020.02.005
https://doi.org/10.1111/bjd.20520
https://doi.org/10.1111/bjd.17093
https://doi.org/10.1111/jdv.16264
https://doi.org/10.3390/ijms23063132
https://doi.org/10.1016/j.det.2024.12.005
https://doi.org/10.1111/bjd.15007
https://doi.org/10.1111/ijd.17892
https://doi.org/10.1111/bjd.19461
https://doi.org/10.1080/08820139.2017.1377227
https://doi.org/10.4049/jimmunol.0903907
https://doi.org/10.1007/s00109-016-1391-6
https://doi.org/10.1007/s00109-016-1391-6
https://doi.org/10.3390/cells10071606

Treatment,” Journal of the European Academy of Dermatology and
Venereology 39, no. 5 (2025): 899-941, https://doi.org/10.1111/jdv.20472.

90.J. W. Frew, J. E. Hawkes, and J. G. Krueger, “Topical, Systemic and
Biologic Therapies in Hidradenitis Suppurativa: Pathogenic Insights
by Examining Therapeutic Mechanisms,” Therapeutic Advances in
Chronic Disease 10 (2019): 2040622319830646, https://doi.org/10.1177/
2040622319830646.

91.1. E. Deckers and E. P. Prens, “An Update on Medical Treatment
Options for Hidradenitis Suppurativa,” Drugs 76, no. 2 (2016): 215-229,
https://doi.org/10.1007/s40265-015-0516-5.

92. A. Fitton and K. L. Goa, “Azelaic Acid. A Review of Its
Pharmacological Properties and Therapeutic Efficacy in Acne and
Hyperpigmentary Skin Disorders,” Drugs 41, no. 5 (1991): 780-798,
https://doi.org/10.2165/00003495-199141050-00007.

93.E. Molinelli, H. Gioacchini, A. Marani, et al.,, “Topical and
Systemic Retinoids in the Management of Hidradenitis Suppurativa: A
Comprehensive Literature Review,” Dermatol. Ther. (Heidelb.) 14, no. 5
(2024): 1079-1091, https://doi.org/10.1007/s13555-024-01169-1.

94.8S. Chu, L. Michelle, C. Ekelem, C. T. Sung, N. Rojek, and N. A.
Mesinkovska, “Oral Isotretinoin for the Treatment of Dermatologic
Conditions Other Than Acne: A Systematic Review and Discussion
of Future Directions,” Archives of Dermatological Research 313, no. 6
(2021): 391-430, https://doi.org/10.1007/s00403-020-02152-4.

95. K. Bouwman, P. Aarts, K. Dudink, et al., “Drug Survival of Oral
Retinoids in Hidradenitis Suppurativa: A Real-Life Cohort Study,”
American Journal of Clinical Dermatology 23, no. 6 (2022): 905-914,
https://doi.org/10.1007/s40257-022-00725-9.

96. A. Soria, F. Canoui-Poitrine, P. Wolkenstein, et al., “Absence of
Efficacyof OralIsotretinoinin Hidradenitis Suppurativa: ARetrospective
Study Based on Patients’ Outcome Assessment,” Dermatology 218, no. 2
(2009): 134-135, https://doi.org/10.1159/000182261.

97.]. Boer and M. Nazary, “Long-Term Results of Acitretin Therapy for
Hidradenitis Suppurativa. Is Acne Inversa Also a Misnomer?,” British
Journal of Dermatology 164, no. 1 (2011): 170-175, https://doi.org/10.
1111/j.1365-2133.2010.10071.x.

98. L. Matusiak, A. Bieniek, and J. C. Szepietowski, “Acitretin Treatment
for Hidradenitis Suppurativa: A Prospective Series of 17 Patients,”
British Journal of Dermatology 171, no. 1 (2014): 170-174, https://doi.
org/10.1111/bjd.12884.

99. P. Brzezinski, 1. J. Feszak, J. Smigielski, P. Kawczak, and T. Baczek.
Compliance with the European Pregnancy Prevention Programme
in Isotretinoin Treatment: Safety Outcomes and Dose-Related
Correlations,” Journal of Clinical Medicine 14, no. 10 (2025): 3497,
https://doi.org/10.3390/jcm14103497.

100. E. Molinelli, V. Brisigotti, O. Simonetti, et al., “Efficacy and
Safety of Topical Resorcinol 15% Versus Topical Clindamycin 1% in
the Management of Mild-To-Moderate Hidradenitis Suppurativa: A
Retrospective Study,” Dermatologic Therapy 35, no. 6 (2022): e15439,
https://doi.org/10.1111/dth.15439.

101.J. Boer and G. B. Jemec, “Resorcinol Peels as a Possible Self-
Treatment of Painful Nodules in Hidradenitis Suppurativa,” Clinical
and Experimental Dermatology 35, no. 1 (2010): 36-40, https://doi.org/
10.1111/§.1365-2230.2009.03377.X.

102. E. Molinelli, D. Febi, and E. De Simoni, “A Narrative Review of
Local Therapies in Hidradenitis Suppurativa: Treatment Landscape
and Current Issues,” Dermatol. Ther. (Heidelb.) 16 (2026): 1869-1887,
https://doi.org/10.1007/s13555-026-01712-2.

103. C. A. Maronese, C. Moltrasio, G. Genovese, and A. V. Marzano,
“Biologics for Hidradenitis Suppurativa: Evolution of the Treatment
Paradigm,” Expert Review of Clinical Immunology 20, no. 5 (2024): 525-
545, https://doi.org/10.1080/1744666X.2023.2298356.

Experimental Dermatology, 2026

21 of 21


https://doi.org/10.1111/jdv.20472
https://doi.org/10.1177/2040622319830646
https://doi.org/10.1177/2040622319830646
https://doi.org/10.1007/s40265-015-0516-5
https://doi.org/10.2165/00003495-199141050-00007
https://doi.org/10.1007/s13555-024-01169-1
https://doi.org/10.1007/s00403-020-02152-4
https://doi.org/10.1007/s40257-022-00725-9
https://doi.org/10.1159/000182261
https://doi.org/10.1111/j.1365-2133.2010.10071.x
https://doi.org/10.1111/j.1365-2133.2010.10071.x
https://doi.org/10.1111/bjd.12884
https://doi.org/10.1111/bjd.12884
https://doi.org/10.3390/jcm14103497
https://doi.org/10.1111/dth.15439
https://doi.org/10.1111/j.1365-2230.2009.03377.x
https://doi.org/10.1111/j.1365-2230.2009.03377.x
https://doi.org/10.1007/s13555-026-01712-2
https://doi.org/10.1080/1744666X.2023.2298356

	The Multifaceted Role of Keratinocytes in Hidradenitis Suppurativa Pathogenesis
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Literature Search

	3   |   Results and Discussion
	3.1   |   Early Epidermal/Follicular KC Priming
	3.2   |   Tunnel Keratinocyte Programmes
	3.3   |   Genetic/Epigenetic Regulation
	3.4   |   Upstream Triggers Converging on KCs State
	3.4.1   |   Mechanical Stress
	3.4.2   |   Hormones
	3.4.3   |   Microbiome-Derived Signals


	4   |   Major Open Questions
	5   |   Conclusions and Perspectives
	Author Contributions
	Acknowledgements
	Funding
	Conflicts of Interest
	Data Availability Statement
	References


