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Extracellular matrix composition directs Schwann cell behaviour in
wound healing
Kihtreiber H', Weiss T, Salek M?, Pfisterer K!, Weninger W+, Bucekova M?, Mildner M*

IMedical University of Vienna

Injury-activated Schwann cells (SCs) have been shown to contribute to wound healing in
mice. Recently, we demonstrated that these SCs also play a significant role in keloid
formation and identified a gene signature characteristic of these SCs. However, how they
contribute to either normal wound healing or pathological scar formation is still unknown.

In the present study, we used scRNAseq datasets from healthy skin, healing wounds, keloids,
and venous ulcers and analysed the SC populations. We observed increased numbers of SCs
in healing wounds and keloids, but low numbers in venous ulcers. Interestingly, the repair-
associated gene signature was fully activated during wound healing and in keloids, but not in
venous ulcers. Given the marked differences in ECM composition among these conditions,
we next investigated the effects of distinct ECM components on SCs. To this end, we
cultured peripheral nerves in 3D matrices composed of fibronectin, collagen |, and collagen
lll, and analysed the outgrowing SCs. While SCs formed well-organized regeneration tracts in
the fibronectin matrix, they exhibited strong activation, along with increased migration and
proliferation, in the collagen Il matrix - effects that were considerably less pronounced in
the collagen | matrix. Since interaction with the ECM is primarily mediated by integrins, we
subsequently analysed their expression profiles in our scRNA-seq datasets. Integrins that
bind laminin - facilitating SC attachment to nerves - were downregulated during wound
healing, while collagen-binding integrins were upregulated, potentially enabling SC
detachment from nerves. Interestingly, laminin-binding integrins were expressed at low
levels in keloids and at high levels in venous ulcers, suggesting that SCs may fail to reattach
to nerves in keloids and may not detach properly in non-healing wounds.

Taken together, we identified a novel mechanism that regulates SC behaviour and
contributes to wound healing and scar formation.

OGDV - AUSTRIAN SOCIETY OF DERMATOLOGY AND VENEREOLOGY 2



The urokinase inhibitor BC-11 attenuates skin fibrosis via
macrophage-fibroblast crosstalk modulation.

Auer LY, Vorstandlechner V2, Harbich P3, Réder S*, Salek M*, Kiihtreiber H*, Golabi B,
Ankersmit H>, Mildner M*

IDepartment of Thoracic Surgery, Medical University of Vienna, 2Department of Plastic and
Reconstructive Surgery, Medical University of Vienna , 3Department of Cardiology and
Intensive Care Medicine, Clinic Ottakring, *Department of Dermatology, Medical University of
Vienna, °Aposcience AG

Methods:

A murine full-thickness wound model was treated topically with BC-11 for eight weeks and
analyzed by single-cell RNA sequencing (scRNA-seq) to determine cell type—specific
transcriptional and signaling changes. Complementary ex vivo human skin cultures were
used to assess cytokine secretion, fibroblast activation, and monocyte recruitment. Key
mediators were quantified by gPCR, ELISA, Western blotting, and Proteome Profiler arrays.

Results:

Single-cell RNA sequencing revealed that BC-11 treatment reduced inflammatory
macrophage and activated fibroblast populations in murine wounds, accompanied by
decreased activation of NF-kB -associated pathways. In ex vivo human skin cultures, BC-11
decreased the secretion of pro-inflammatory cytokines and chemokines, confirming its anti-
inflammatory effect across species. BC-11-treated skin supernatants inhibited monocyte
migration, indicating suppression of inflammatory cell recruitment. Additionally, ELISA
analyses demonstrated reduced levels of collagen and fibronectin after BC-11 treatment,
consistent with attenuation of fibroblast activation. These effects occurred without affecting
tissue morphology or cell viability, supporting a selective immunomodulatory rather than
cytotoxic mechanism.

Conclusion:

BC-11 attenuates inflammation-driven fibrosis by inhibiting monocyte recruitment and
modulating macrophage—fibroblast interactions through suppression of NF-kB-dependent
signaling. These findings identify BC-11 as a promising therapeutic candidate for fibrotic skin
diseases.

OGDV - AUSTRIAN SOCIETY OF DERMATOLOGY AND VENEREOLOGY 3



PPAR. deficiency causes skin dysbiosis and triggers innate immunity

in keratinocytes.
Stefan Blunder?!, Deborah Minzaghi'?, Petra Pavel!, Michael Berktold3, Martin Hermann?,
Christian Ploner®, Cristina Schopf®, Florentine Marx®, Sandrine Dubrac!?

I Department of Dermatology, Venereology and Allergology, Medical University of Innsbruck,
Innsbruck, Austria, > Department of Dermatology, Perelman School of Medicine, University of
Pennsylvania, Philadelphia, United States, 3 Institute of Hygiene and Medical Microbiology,
Medical University of Innsbruck, Innsbruck, Austria, 4 Department of Anesthesiology and
Intensive Care Medicine, Medical University of Innsbruck, Innsbruck, Austria, > Department of
Plastic, Reconstructive and Aesthetic Surgery, Medical University of Innsbruck, 6020
Innsbruck, Austria, ¢ Biocenter, Institute of Molecular Biology, Medical University of
Innsbruck, Innsbruck, Austria

Background: Peroxisome proliferator-activated receptor o (PPARa) is a nuclear hormone
receptor that functions as a transcription factor to regulate glucose, amino acid and lipid
metabolism in numerous tissues. PPARa is also expressed in the skin where its physiological
role remains largely unknown.

Objectives: To investigate yet-unexplored pathways controlled by PPARc. in the epidermis,
including effects on the skin microbiota.

Methods: The microbiotal landscape, gene expression profile and the immune system were
extensively characterized in PPARa-deficient mice and compared to littermate control mice.

Results: In this work, we found decreased bacterial density and dysbiosis associated with
reduced amounts of Staphylococcus in the skin of PPARa-deficient mice compared to
littermate controls. The Nod2 pathway was enhanced, as shown by up-regulation of both
Nod2 and its downstream targets, including the antimicrobial peptides mBD3 and mBDA4.
Moreover, the Th17 immune response was enhanced in keratinocytes and epidermal dendritic
T cells. Topical treatment of PPARa-deficient mice with an antibacterial solution did not
normalize the upregulation of the innate immunity in keratinocytes. However, the up-
regulation of Flg and excessive oxidative stress detected in the epidermis of PPARo-deficient
mice were markedly inhibited by topical antibacterial treatment.

Conclusion: Our study highlights the overarching role of PPARa in regulating the skin
microbiota via the Nod2 pathway and the Th17 immune response in keratinocytes. Moreover,
it demonstrates that the skin microbiota largely controls Flg expression and induces oxidative
stress in mouse keratinocytes. Thus, this work reveals important interplay between PPARa
and the skin microbiota in controlling epidermal homeostasis.
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Collagen modified by reactive lipids has functional consequences
for resident skin cells

Jelleschitz S*?, Kremslehner C*?, Nagelreiter I, Stiegler A2, Salek M, Mildner M?, Auer L3,
Bauer C'?, Fedorova M*, Ni 2%, Gruber F12

IDermatology, Medical University Of Vienna, 2CDL SKINMAGINE, 3Thoracic surgery, Medical
University of Vienna, “Center of Membrane Biochemistry and Lipid Research, University
Hospital and Faculty of Medicine Carl Gustav Carus of TU Dresden

Senescent dermal fibroblasts accumulate with age and secrete reactive lipids—such as 4-
hydroxynonenal (HNE) and oxidized phospholipids (OxPAPC)—that contribute to the
senescence-associated secretory phenotype (SASP). These lipids covalently modify proteins,
including extracellular matrix components like collagen, potentially altering skin structure
and function. Our study investigates how lipid-modified collagen impacts skin cell behavior
and tissue homeostasis.

Using mass spectrometry and biochemical assays, we identified both high and low molecular
weight modifications on collagen types |, I, and IV. HNE-modified collagen induced oxidative
stress responses in dermal fibroblasts, including upregulation of HO1 and HSPA1A, while
OxPAPC-modified collagen promoted inflammatory signaling. Both lipid modifications lead to
elevated MMP1 and MMP3 expression and suppressed collagen | and Ill expression. HNE-
modified matrices also reduced fibroblast proliferation (decreased Ki67), increased ROS and
enhanced lipid peroxidation.

Macrophages cultured on modified collagen showed altered cytokine profiles and impaired
Toll-like receptor 4 (TLR4) signaling, varying by lipid type. In keratinocytes, lipid-modified
collagen IV triggered transient stress responses, upregulation of IL1a and IL8, and
suppression of MMP3/MMP9 possibly via MAPK pathway inhibition.

In 3D organotypic skin models, lipid-modified collagens disturbed keratinocyte
differentiation and increased markers of cellular senescence (reduced LaminB1, increased
YH2AX and p16). HNE modifications reduced epidermal thickness, while OxPAPC led to
parakeratosis.

Our findings reveal that reactive lipids secreted by senescent fibroblasts chemically alter
collagen, inducing stress, inflammation and senescence in surrounding skin cells. These
modifications contribute to long-lasting structural degradation and loss of skin homeostasis,
highlighting a novel mechanism by which senescent cells drive tissue aging.
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Early-Onset Gb3 Accumulation and Cell-Type-Specific Mitochondrial
Dysfunction in Fabry Disease hiPSCs and Derived Cells

Julia Deinsberger 2, Kevin Shani %3, Maksymilian Prondzynski 3, Yongjun Jang %3, John F.
Zimmerman 2, Gere Sunder-Plassmann 4, William T. Pu 32, Kevin Kit Parker 235", Benedikt
Weber 1*

I Department of Dermatology, Medical University of Vienna, Vienna, Austria, % Disease
Biophysics Group, Harvard John A. Paulson School of Engineering and Applied Sciences,
Boston, MA, USA, 3 Boston Children’s Hospital, Harvard Medical School, Boston, MA, USA, *
Division of Nephrology and Dialysis, Department of Internal Medicine Ill, Medical University
of Vienna, Vienna, Austria, > Harvard Stem Cell Institute, Cambridge, MA, USA

*shared senior authorship

Introduction: Fabry disease (FD) is an X-linked lysosomal storage disorder caused by deficient
a-galactosidase A, resulting in globotriaosylceramide (Gb3) deposition. Dermatologically,
angiokeratomas and neuropathic pain are hallmark features. However, the cellular
mechanisms underlying Gb3 deposition and metabolic dysfunction remain incompletely
defined.

Methodology: We reprogrammed peripheral blood mononuclear cells from three male FD
patients into induced pluripotent stem cells (hiPSCs) and differentiated them into
cardiomyocytes as a representative lineage-derived cell model using a 3D bioreactor system.
Gb3 accumulation, mitochondrial function, and oxidative stress were assessed by
immunocytochemistry, Seahorse metabolic profiling, and ROS assays.

Results: FD hiPSCs exhibited Gb3 accumulation already at the undifferentiated stage,
indicating that storage pathology precedes lineage commitment. These primitive cells
showed increased metabolic activity, elevated mitochondrial respiration, and oxidative
stress. In contrast, differentiated cells derived from FD hiPSCs demonstrated impaired
mitochondrial capacity and persistent oxidative stress. This biphasic pattern suggests
compensatory mitochondrial hyperactivity in progenitor cells followed by energy failure in
differentiated cells.

Conclusion: Our findings challenge the assumption that FD pathogenesis is limited to
differentiated tissues and reveal key metabolic abnormalities already present in primitive
cells. This early onset of cellular dysfunction raises questions about embryonic compensation
and underscores the need for early recognition. Therapeutic strategies targeting
mitochondrial dysfunction and oxidative stress may complement substrate reduction to
delay disease progression and organ-specific manifestations.
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Regulation of T cell functions by cytoskeletal proteins in the
melanoma tumor microenvironment

Harikumar N2, Ntayi M*?, Sharma V?, Platzer R3, Brazdilova K2, Borik L!, Lepir G, Hoeller
C!, Dupré LY, Huppa J3, Stary G'2

IDepartment of Dermatology, Medical University of Vienna, 2CeMM Research Center for
Molecular Medicine of the Austrian Academy of Sciences, 3Center for Pathophysiology,
Infectiology and Immunology, Institute for Hygiene and Applied Immunology, Medical
University of Vienna, *Toulouse Institute for Infectious and Inflammatory Diseases (INFINITy),
INSERM, CNRS, Toulouse Ill Paul Sabatier University

Background: The clinical course of melanoma patients has been revolutionized in recent
years by targeted therapy (TT) and immune checkpoint inhibitors (ICls). Despite these
advances, 50% of melanoma patients fail to respond to monotherapy and around 30% of
responders relapse after initial response to therapy. A tumor microenvironment (TME) with
dysregulated T cell populations facilitates the progression and relapse of disease, thereby
also determining a patient’s ability to respond to therapy. Actin dynamics tightly regulate T
cell activation, migration, and effector functions; however, their remodeling in response to
tumor-derived signals remains poorly understood. This study investigates how actin-binding
proteins modulate T cell functions within the melanoma TME.

Methods: Through extensive analysis of single-cell RNA sequencing (scRNAseq) data from
melanoma patient samples, we evaluated the transcriptomic expression and distribution of
actin-binding protein genes across various T cell subsets in the TME. To validate and
characterize these findings, we performed immunofluorescence staining on melanoma
tissues and functionally assessed their role using CRISPR knockout models and antigen-
specific T cell-melanoma cell co-cultures.

Results : scRNA-seq revealed the upregulation of specific actin-binding protein genesin T
cells present in the TME compared to cutaneous T cells from healthy individuals.
Immunofluorescence staining confirmed enhanced expression of these proteins in T cells
infiltrating melanoma tissues. Furthermore, CRISPR-mediated knockout of a key actin-
binding protein in primary human T cells led to reduced proliferation, impaired migration,
and decreased cytotoxic capacity against antigen-expressing melanoma cells.

Outlook: Our findings suggest that actin-binding proteins play a pivotal role in modulating T
cell function under inflammatory and immunotherapeutic conditions. Ongoing and further
studies involve in-vitro functional assays using patient-derived samples and genetically
modified mouse models to define how actin remodeling governs T cell behavior and
therapeutic responsiveness within the melanoma TME.
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Investigating IgE-dependent and -independent effects on skin-
resident immune cells in atopic dermatitis

Pfisterer K*, Samardzic D!, Weinzettl P, Symmank D, Shaw L', Campana R?, Huang H?, Farlik
M?, Bangert C!, Vrtala S?, Wielscher M?, Valenta R?, Weninger W+

IDepartment of Dermatology, Medical University Of Vienna, ?Department of Pathophysiology
and Allergy Research, Center for Pathophysiology, Infectiology, and Immunology, Medical
University of Vienna

Atopic dermatitis (AD) is a chronic inflammatory skin disease characterized by recurrent
eczematous lesions, dysregulated immune responses, and impaired epithelial barrier
function. In addition to type | hypersensitivity, patients with AD frequently exhibit type IV
hypersensitivity reactions. However, the mechanisms by which allergens trigger these
immune pathways remain poorly understood.

We recently showed that aeroallergens can penetrate deep into the skin of AD patients,
further compromising the barrier and activating pro-inflammatory pathways in keratinocytes
of sensitized individuals. In this study, we investigated the effects of IgE-reactive house dust
mite (HDM) allergens and non-IgE-reactive peptides on skin-resident immune cells.
Recombinant Der p 2 protein (IgE-reactive) and a mixture of Der p 2 peptides (non-IgE-
reactive) were applied to the skin of HDM-sensitized AD patients and non-sensitized healthy
controls, followed by skin biopsies after 72 hours. Single-cell RNA sequencing was performed
to analyze gene expression profiles of immune and non-immune cells.

Preliminary results indicate that Der p 2 protein activates mast cells, enhances migratory
phenotypes, and induces phagocytic and metabolic pathways in antigen-presenting cells of
AD patients, but not healthy controls. In contrast, exposure to Der p 2 peptides selectively
induced immune—non-immune cell communication networks in AD skin. Notably, CD8* T cell,
dendritic cell, and macrophage signaling pathways were upregulated, with fibroblasts,
keratinocytes, and gland cells acting as primary receiving cell types.

Our findings suggest that different HDM allergen components elicit distinct immune
activation patterns in AD skin, providing insights into the mechanisms underlying both type |
and type IV hypersensitivity in AD.
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The impact of the tumor micromilieu on gd T cell function in
squamous cell carcinoma in Epidermolysis bullosa

Leonie C. Schoeftner?!, Michael Lew'?, Julia Feiser!, Anshu Sharma?, Suraj Varkhande?,
Monika Ettinger3, Susanne Kimeswenger3, Christina Guttmann-Gruber?, Giorgia Nasi,* Iris K.
Gratz1245"

I Department of Biosciences and Medical Biology, University of Salzburg, Salzburg, Austria, 2
EB House Austria, Department of Dermatology and Allergology, University Hospital of the
Paracelsus Medical University Salzburg, Salzburg, Austria, 3 Department of Dermatology and
Venereology, Medical Faculty, Johannes Kepler University Linz, Linz, Austria., 4 Center for
Tumor Biology and Immunology (CTBI), University of Salzburg, Salzburg, Austria, > Benaroya
Research Institute, Seattle, WA, 98101, USA (* last authors contributed equally)

Recessive Dystrophic epidermolysis bullosa (RDEB) is an inherited skin disorder,
characterized by mucocutaneous fragility and blister formation upon minimal trauma.
Almost all RDEB patients will develop highly aggressive cutaneous squamous cell carcinomas
(SCC) before reaching 45 years of age. SCC in RDEB patients not only develop earlier, but
they also have higher metastasis rates compared to SCC in patients without RDEB. Since
there is no effective therapy available yet, SCC are the main cause of premature death in
RDEB patients. The pathomechanisms are still largely unknown but may be linked to immune
cell dysregulation and chronic inflammation, which may render anti-tumor immunity
ineffective. Here we analyzed gamma delta (y8) T cells, a central population of anti-tumor
cells. Whereas y6 T cell function has been studied in various skin cancer types, their role in
regulating the growth of the uniquely aggressive SCC in RDEB patients has not been
investigated. We discovered that circulating y& T cells from RDEB patients have reduced
expression of cytotoxic molecules including granzyme B and granulysin compared to those of
healthy donors. Moreover, we found that tumor infiltrating yo T cells have a heterogenous
phenotype, consisting of cytotoxic but also tissue resident and wound healing y6 T cells,
which might lack anti-tumor function. Furthermore, the altered cytokine milieu associated
with RDEB, might drive phenotypical and functional changes of y6 T cells in RDEB SCC. Our
work is designed to elucidate the mechanisms causing y6 T cells dysfunction in RDEB
patients with SCC and contribute to developing therapies against the highly aggressive SCCin
RDEB patients.
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Characterization of B cells in chronic inflammatory skin diseases
using scRNA-seq
Gansberger S', Oyarzun I, Simon M?, Ziegler-Santos S, Griss J*

IDepartment of Dermatology, Medical University of Vienna

INTRODUCTION: B cells are scarce in healthy skin but play a crucial role in antitumor
responses in skin cancers. However, their role in inflammatory skin diseases remains poorly
understood. Lesional B cells and plasma cells are commonly associated with chronic
inflammation and are frequently observed in chronic wounds, cutaneous lupus
erythematosus, and hidradenitis suppurativa. Conversely, other chronic inflammatory
diseases, such as atopic dermatitis and psoriasis, exhibit minimal or even complete absence
of B cells, even when lesions persist for many years. This suggests that only specific types of
inflammation lead to the recruitment of lesional B cells.

METHODS: To characterize the role of B cells in cutaneous inflammatory diseases, we
collected public single-cell RNA sequencing data from various dermatoses and integrated
them with in-house data from previous projects. The final dataset includes 27 different
diseases, plus healthy skin, comprising 397 samples from 50 publications. This resulted in a
dataset containing over 1.8 million cells. We then subclustered the 53,964 B cells to achieve
a detailed phenotypic characterization.

RESULTS: Characterization of lesional cutaneous B cells revealed a shift in phenotypic
composition between diseases. One group is dominated by naive and activated B cells and
the other is rich in antibody-secreting memory B cells and plasma cells. Furthermore, we
observed marked differences in immunoglobulin usage and cell-cell interactions across
diseases. Finally, when comparing B cell-rich versus B cell-poor samples within scleroderma,
we found that a higher number of B cells correlates with increased immune cell recruitment
and inflammatory responses, underscoring their pathogenic role.

CONCLUSION: Our findings highlight significant differences in the role of B cells across
various inflammatory skin diseases.
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Primary cutaneous follicle center lymphoma spans yet unrecognised
subtypes including polyclonal reactions

Oyarzun I%, Gansberger S', Simon M?, Santos S, Brunner P4, Jonak C!, Griss J!, Cerroni L?,
Shrader A3

IDepartment of Dermatology, Medical University of Vienna, 2Department of Dermatology,
Medical University Graz, 3Leiden University Medical Center, *Department of Dermatology,
Icahn School of Medicine at Mount Sinai

Methods:

Lesional punch biopsies were collected from 11 patients with histologically confirmed PCFCL.
Single-cell RNA sequencing (scRNA-seq) combined with B-cell receptor sequencing was used
to profile the phenotypes of the B cells within the lesions. After reciprocal PCA (RPCA)
samples integration and cell annotation, differentially expressed genes analysis and Cell-to-
cell communication analysis were conducted.

Results:

Interestingly, despite profiling several thousand B cells per sample, only five PCFCL samples
displayed a clearly expanded B-cell clone. Moreover, the observed clonal expansion was
exclusively composed of germinal center B cells with overexpression of genes related with
germinal center arrest such as CXCR4, BCL6 or MTA3 compared with polyclonal samples. This
finding was unexpected, as current B-cell biology suggests that these cells should
differentiate into memory or plasma cells. Blinded assessments by expert histopathologists
aligned with both inter-rater consensus and scRNA-seq—based classifications in only 30% of
cases.

Conclusions:

Our findings reveal previously unrecognized heterogeneity within PCFCL, particularly in
relation to clonal expansion. Moreover, it highlights inconsistencies in the current
histopathological assessment. This suggests that PCFCL is a poorly understood disease and
may include distinct, yet unrecognized, subtypes.
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Highly multiplexed imaging reveals CAF-immune cell niches in
cutaneous carcinomas

Aschenbrenner B?, Forsthuber A%, Krajic N2, Hecke A!, Jessen J!, Lichtenberger B!
IMedical University of Vienna, ?Medical University of Graz

Cancer-associated fibroblasts (CAFs) are key modulators of the tumor microenvironment
(TME), influencing immune cell (IC) infiltration and anti-tumor activity. In skin tumors, we
identified three major CAF subtypes, two of which contribute to immune surveillance
through different mechanisms. Immunomodulatory CAFs (iCAFs), enriched in late-stage
tumors, express cytokines and chemokines that promote IC recruitment and activation.
Matrix CAFs (mCAFs) produce extracellular matrix and ensheath tumor nests, potentially
restricting IC infiltration. Myofibroblast-like CAFs (myoCAFs) comprise a distinct population
with features of pericytes and contractile fibroblasts. They express high levels of RGS5 and
ACTA2 and are likely involved in tissue remodeling and vascular support, rather than ECM
deposition.

While we previously mapped mCAF and iCAF distributions within the TME, their broader
impact on IC activation and infiltration—beyond CD3+ T cells—remained unclear. To address
this, we analyzed keratinocyte cancers, specifically basal cell carcinomas (BCCs) and
squamous cell carcinomas (SCCs), using a custom Imaging Mass Cytometry antibody panel
targeting major myeloid and lymphoid subsets, including activation and exhaustion markers.
Image analysis was performed using Halo, cell clustering and spatial mapping were
conducted with Seurat and Squidpy, respectively.

SCCs harbor a higher density of immune cells than BCCs, particularly lymphocytes. Tumor
immune phenotypes—immune-desert, -excluded, and -inflamed—correlated with CAF
subset composition. Inflamed SCCs were enriched in iCAFs, while immune-excluded BCCs
and SCCs contained more mCAFs and myoCAFs. Notably, infiltrative BCCs were highly
enriched in myoCAFs with elevated aSMA expression, highlighting distinct CAF—immune
interactions that influence tumor progression and therapy response. Spatial analysis
revealed that iCAFs are located in close proximity to lymphocytes and cancer cells, whereas
myoCAFs form fibroblast-rich stromal regions devoid of other cell types. These findings
suggest that targeting specific CAF subsets could enhance immunotherapy efficacy in
keratinocyte carcinomas and potentially other solid tumors.
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ADAM17 defects might lead to decreased activation of EGFR in the
skin

Monika Ettinger®?, Teresa Burner?, Sharma Anshu3, Leonie C. Schoeftner3, Birgit Halwachs?,
Annabelle Luisa Conrady?*, Angelika Lackner?, Isabella Deli*?, Philipp Pimingstorfer®, Markus
Hierl®, Lena Artner-Gent’, Karoline Strobl’, Sabine Altrichter?, Thomas Bauer’, Emmanuella
Guenova?, Ulrich Koller®, Peter Hoger?, Kai Lehmberg?, Iris K. Gratz3, Dirk Schmidt-Arras®’,
Susanne Kimeswenger?", Wolfram Hoetzenecker?*

I Department of Dermatology and Venerology, Kepler University Clinic Linz, Linz, Austria, 2
Department of Dermatology and Venerology, Medical Faculty, Johannes Kepler University
Linz, Linz, Austria, 3 Department of Biosciences and Medical Biology, University of Salzburg,
Salzburg, Austria, 4 Department of Biosciences, Paris-Lodron University Salzburg, Salzburg,
Austria, ° Department of Gastroenterology, Kepler University Clinic Linz, Linz, Austria

¢ Department of Dermatology and Allergology, Paracelsus Medical University, Salzburg,
Austria, 7 Center for Cancer Research, Medical University of Vienna, Vienna, Austria, &
Department of Dermatology, Faculty of Biology and Medicine, University of Lausanne,
Lausanne, Switzerland, ° Department for Pediatric Hematology and Oncology,
Universitdtsklinikum Hamburg-Eppendorf, Homburg, Germany

Background: Neonatal inflammatory skin and bowel disease 1 (NISBD1) is a rare autosomal
recessive disorder caused by homozygous or compound heterozygous loss of function
mutations in the ADAM17 gene, which encodes a disintegrin and metalloproteinase 17. To
date, only five families with NISBD1 have been reported.

Methods: Whole-exome sequencing was performed to identify causative variants.
Histopathological and immunofluorescence analyses, along with gene and protein
expression studies, were conducted on lesional skin. Immunological profiling was performed
via flow cytometry on both skin and peripheral blood. The functional activity of mutant
ADAM17 proteins was assessed and supernatants of CRISPR/Cas engineered keratinocytes
with specific patient mutations were analyzed for shed ADAM17 targets.

Results: Two novel homozygous ADAM17 mutations were identified. Functional studies
demonstrated markedly reduced enzymatic activity of both mutant proteins. In CRISPR/Cas
engineered keratinocytes with the specific ADAM17 mutations we found reduced shedding
of EGFR ligands, leading to reduced EGFR activation and downstream pERK activation in the
skin of one of the patients. In line with this, we found elevated expression of the
proinflammatory cytokine IL12-B. Both patients were treated with anti IL-12B monoclonal
antibody, resulting in clinical improvement of the skin lesions.

Conclusion: This study broadens the genetic and clinical understanding of NISBD1 and
highlights IL-12B inhibition as a promising precision therapy. We propose that decreased
EGFR activation in the skin is responsible for the skin phenotype of NISBD1 patients.
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Fibrofensin: An antimicrobial peptide from human skin

Joshi A2, Numata T2, Chan H?, Nicolas J34, Vocanson M3, Wolf P!, Patra V13, Gallo R?

IMedical University Of Graz, ?University of California San Diego, 3CIRI, Centre International de
Recherche en Infectiologie; INSERM, U1111; Univ Lyon, *Allergy and Clinical Immunology
Department, Lyon Sud University Hospital, Pierre-Bénite, Lyon, France

Antimicrobial peptides (AMPs) such as cathelicidin, human beta-defensins (hBD) 1, 2, and 3,
and calprotectin are well-studied in the skin and typically function via expression in epithelial
cells and granulocytes.

In this study, we analyzed publicly available bulk RNA-seq datasets from skin samples of
patients with atopic dermatitis treated with either topical therapies or systemic biologics.
The analysis revealed that human beta-defensin 124 (hBD124), a previously uncharacterized
AMP, was consistently upregulated in correlation with clinical improvement, regardless of
treatment type.

Spatial RNA sequencing and protein immunostaining identified fibroblasts as the primary
source of hBD124, with no significant expression observed in keratinocytes or granulocytes.
Its presence was further validated in cultured fibroblasts using gPCR and Western blot.

The mouse ortholog, beta-defensin 25 (mBD25), was likewise detected in mouse skin
fibroblasts. In vitro studies using 3T3-L1 fibroblasts showed that mBD25 expression
decreased in response to Th2 cytokines but increased upon S. aureus infection—both of
which are central to atopic dermatitis pathophysiology.

Recombinant hBD124 peptide demonstrated direct antimicrobial activity against S. aureus
(MIC = 64 uM). Additionally, knockdown of mBD25 in fibroblasts reduced the antimicrobial
capacity of cell supernatants against S. aureus.

We report hBD124 as an uncharacterized fibroblast-derived AMP and propose the term
“Fibrofensin.” Its dermal expression suggests a role in host defense against invasive
infections and highlights fibroblasts as active contributors to immune regulation in atopic
dermatitis.
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The role of Langerhans Cells for vitiligo pathogenesis

Helen Strandt?, Markus Kanduth?, Janine Vierthaler?, Sophie Dieckmann?, Florian
Hornsteiner!, Christoph Tripp?, Patrizia Stoitzner?

I University Clinic for Dermatology, Venereology and Allergology, Medical University of
Innsbruck, Innsbruck, Austria

Vitiligo is an autoimmune disease leading to the progressive destruction of melanocytes by
autoreactive CD8+T-cells. Elevated ROS levels and an inability to deal with cellular stress in
melanocytes are major causes for vitiligo. Stressed melanocytes release DAMP and stress-
receptors, like NLRP1 and NLRP3 are upregulated in vitiligo patients skin. Despite that, the
role of the innate immune system, especially of dendritic cells (DC) in the induction of vitiligo
is still unclear.

Due to their anatomical proximity to melanocytes, we hypothesize that epidermal
Langerhans cells (LC) are activated by melanocyte-stress and present melanocyte-antigens to
induce autoreactive T cell responses.

To investigate the importance of LC for vitiligo, we used a chemically-induced vitiligo model
based on the depigmentation agent monobenzone, which we utilize in a wild type setting
without adoptive T cell transfer. Treated skin area of wild type mice showed an influx of
CCR2+monocytes, but no other inflammatory leukocytes, like neutrophils. Furthermore, DC
expressed higher levels of PD-L1. This marker is expressed on melanocytes of vitiligo
patients; however, its role for skin DC in an autoimmune setting is elusive. Interestingly, we
found that the activation marker CD40 was exclusively upregulated on LC. Therefore, we
used the murine Langerin DTR mice that allow for the DT-mediated depletion of LC, to
investigate if this DC-subset plays a special role for vitiligo. In the presence of LC, we found
an increase in skin CD8+T-cells, as in the human disease. This infiltration was LC-dependent,
as skin T cells of LC-depleted Langerin-DTR mice were not enriched in CD8+T-cells.

Taken together, in this project, we investigate the role of the innate immunity in a chemical-
induced mouse model. We shed light on the role of DC activation and especially LC for
vitiligo pathogenesis and thereby, might help to unravel novel therapeutic strategies for
vitiligo patients.
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Intestinal Inflammation rewires skin immunity and increases
susceptibility to Staphylococcus aureus

Palomo-Irigoyen M*, Dokoshi T3, Gaeta C?, Chan H?, Cavagnero K2, Numata T2, Wagner E?,
Gallo R?

IDepartment of Dermatology, Medical University Of Vienna, ?’Dermatology, University of
California San Diego, *Asahikawa Medical University

Skin diseases often co-occur with gut disorders, and bidirectional crosstalk along the skin-gut
axis influences both gastrointestinal and skin health. Our recent findings revealed that skin
injury increases susceptibility to gut inflammation and alters the composition of the gut
microbiota. To investigate the reverse direction of this interaction, we examined how
intestinal inflammation induced by oral dextran sodium sulfate (DSS) or gut microbiota
disruption caused by oral antibiotics affects skin immunity. Our results showed that both gut
inflammation and antibiotic treatment suppressed skin immune responses, leading to a
marked reduction in IL-1p and IL-24 expression. DSS-induced immune suppression in the skin
increased susceptibility to Staphylococcus aureus (SA) infection, characterized by increased
lesion size, elevated SA colony-forming units (CFUs) and altered expression of pro-
inflammatory cytokines and antimicrobial peptides such as CAMP and REG3y. Interestingly,
both DSS and antibiotic treatments suppressed type 17-like skin inflammation induced by
topical application of Imiquimod. RNA sequencing of the skin showed upregulation of
glucocorticoid response and downregulation of immune-related pathways in DSS- or
antibiotic-treated mice. Publicly available single-cell RNA sequencing of inflamed skin further
identified fibroblasts as a key source of molecular regulators affecting keratinocyte
response. In vitro, fibroblast-conditioned media enhanced antimicrobial response through
REG3y in keratinocytes, pointing to a pivotal role of fibroblast—keratinocyte communication
in skin immunity. Together, our findings demonstrate that gut inflammation and bacterial
depletion promotes skin immune suppression, leading to weakened skin immunity and
increased susceptibility to SA infection.
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Decoding immunomodulatory fibroblast programs shaping the
immune landscape of melanoma

Kholodniuk D*, Forsthuber A, Aschenbrenner B, Lichtenberger B!
IMedical University Of Vienna

Cancer-associated fibroblasts (CAFs) are key regulators of the tumor microenvironment
(TME), yet their heterogeneity and immunomodulatory roles in melanoma remain poorly
understood. We recently identified a subset of immunomodulatory CAFs (iCAFs) enriched in
advanced melanoma, characterized by high expression of inflammatory cytokines,
chemokines, and immune checkpoint molecules.

In vitro iCAFs were generated by exposing primary human dermal fibroblasts to conditioned
media from melanoma cell lines, followed by transcriptomic profiling by bulk RNA
sequencing. The fibroblast secretome was analyzed using ProteoMiner enrichment and 2D-
HPLC-MS/MS proteomics. Functional assays involved co-cultures of induced iCAFs,
melanoma-derived CAFs, and naive PBMC-derived CD4*/CD8"* T cells or monocyte-derived
macrophages, with readouts obtained by flow cytometry and qPCR. Key signaling pathways
were pharmacologically inhibited to assess causality. Bioinformatic analyses included ligand-
receptor mapping, transcription factor inference using VIPER, and validation with melanoma
datasets.

Exposure to conditioned media from metastatic melanoma cells induced a robust iCAF
program driven by IL-1/NF-kB/AP-1 signaling, accompanied by upregulation of CXCL6, CCL5,
POSTN, and TFPI2. Pharmacological blockade of ILIR1 with Anakinra suppressed IL-1
signaling and reduced IL8 expression in iCAFs. Proteomic profiling confirmed activation of
inflammatory response, TNFoa/NF-kB, and IL6-JAK-STAT3 pathways. Functionally, iCAFs
enhanced CD4* and CD8* T-cell activation but also induced regulatory and exhaustion
markers in a melanoma line-dependent manner. The iCAF secretome polarized macrophages
toward an M2-like phenotype, highlighting dual roles in adaptive and innate immune
modulation. Integrated multi-omics analyses identified GREM1 and GREM2 as conserved,
fibroblast-specific pan-CAF markers specifically enriched in iCAFs in skin cancers. Bulk RNA-
seq revealed distinct transcriptomic signatures shaped by melanoma cell line context.

These results identify IL-1-driven fibroblast programs as key regulators of immune
remodeling in melanoma. iCAFs dynamically modulate T-cell activation and macrophage
polarization, positioning them as central orchestrators of tumor immunity. Targeting iCAF-
associated pathways offers a promising strategy to reprogram the stroma and improve
immunotherapy responses.
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Development of an immunocompetent 3D bioprinted melanoma-
on-chip model

Kleiter A2, Kaiser N?, Brunner E?, Zelle-Rieser C!, Strandt H?, Rinner B, Air B3, Collin M3,
Bigley V3, Hagenbuchner J?, Ausserlechner M?, Stoitzner P!

IDepartment of Dermatology, Venereology & Allergology, Medical University Innsbruck, 23D
Bioprinting Core Facility, Department of Pediatrics I, Medical University Innsbruck,
3Haematopoiesis and Immunity Laboratory, Translational and Clinical Research Institute,
Faculty of Medical Sciences, Newcastle University, *Core Facility Alternative Biomodels and
Preclinical Imaging, Medical University of Graz

Melanoma remains one of the most aggressive types of skin cancer and understanding
tumor cell interactions with the immune system is crucial for developing effective
treatments. However, tumor immunology research still relies heavily on mouse models, but
translating these findings to patients is challenging. Therefore, we aim to develop a human
immunocompetent 3D bioprinted melanoma-on-chip model.

To mimic human skin tissue, we designed a customized microfluidic chip to support
fibroblast viability and keratinocyte differentiation. Fibroblasts were bioprinted using a
bioink composed of gelatin-methacrylate (GelMa) and collagen. Keratinocytes were
subsequently jetted on top of the fibroblast layer.

After two weeks at the air-liquid interface. the 3D bioprinted skin model showed proper
keratinocyte differentiation with positive pan-cytokeratin (AE1-3) and cytokeratin 1/10
staining. The proliferative activity (Ki67) was mainly localized in the basal keratinocyte layer.
Vimentin confirmed the presence of elongated fibroblasts, and the skin equivalents
remained viable and structurally stable for up to three weeks.

For the melanoma-on-chip model, MugMel2 spheroids were embedded into the constructs
and cultured for the same period. Laser-scanning microscopy revealed tumor spheroid
growth, and histology confirmed expression of S100 and Ki67. The surrounding fibroblast
and keratinocyte layers preserved their morphology and structural integrity.

Next, we want to incorporate human DC subsets to generate an immunocompetent
melanoma-on-chip model. For this purpose, we differentiated conventional DC type 1 (cDC1)
and cDC2 from CD34+ hematopoietic stem cells and tested their functional properties. We
evaluated their migratory behaviour, cytokine secretion pattern and T-cell stimulatory
capacity. With these experiments we could confirm that human cDC1 and cDC2 generated
from CD34+ precursors are valuable substitutes for tissue-derived DC subtypes for the
generation of 3D bioprinted immunocompetent models.

In conclusion, this melanoma-on-chip model represents a novel preclinical model to explore
tumor-immune interactions, and novel immunotherapies in vitro.
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Spatial transcriptomic profiling of acute myeloid leukemia-
infiltrated skin using Xenium in situ technology

Staller J%, Singh N, Shaikhutdinova R?, Simon M?, Griss J?

IDepartment of Dermatology, Medical University of Vienna

Introduction: Extramedullary involvement in acute myeloid leukemia (AML) is associated
with poor prognosis and presents significant diagnostic and therapeutic challenges. Although
rare, cutaneous manifestations of acute myeloid leukemia (AML) provide insight into
leukemic cell infiltration and the tumor microenvironment (TME). However, the spatial
organization, cellular heterogeneity, and molecular interactions within AML-infiltrated skin
remain largely unexplored. Through high-resolution spatial transcriptomics and cell—cell
interaction profiling, we aim to unravel the complexity of the TME and identify molecular
signatures.

Methods: Biopsies from AML-infiltrated skin lesions were analyzed using the Xenium in situ
platform. This technology enabled high-resolution spatial mapping of cellular populations
and their interactions within the tissue microenvironment. Processed and visualized with
Xenium Explorer, the data were subsequently subjected to comprehensive bioinformatic
analysis.

Results: In total, six samples were successfully collected and analyzed from patients with
AML. All samples passed quality control and segmentation assessments, demonstrating
robust data quality and consistently high cell counts across all samples (22,168-133,929 cells
per sample; mean + SD = 50,014 + 39,657). Our analysis revealed distinct cellular populations
within AML-infiltrated skin, including leukemic cells, diverse immune subsets, and stromal
components. Spatial profiling indicated organized patterns within the tumor
microenvironment (TME), highlighting the distribution of AML cells and their interactions
with surrounding skin tissue. Furthermore, differential expression and pathway analyses
suggested tissue-specific adaptations and dysregulated signaling pathways potentially
contributing to cutaneous AML pathogenesis.

Discussion: By generating a comprehensive, spatially resolved atlas of AML in lesional skin,
we aim to advance our understanding of extramedullary leukemic biology. By combining
Xenium spatial transcriptomics with Seurat-based bioinformatic analysis, we will unravel
molecular features that serve as novel biomarkers or therapeutic targets in cutaneous AML.
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Deciphering functional roles of cancer-associated fibroblast
subtypes in keratinocyte cancers of the skin

Jessen J!, Aschenbrenner B, Lichtenberger B
IMedical University of Vienna

Cancer-associated fibroblasts (CAFs) are key modulators of the tumor microenvironment
(TME), influencing immune cell (IC) infiltration and anti-tumor activity. In skin tumors, we
identified three major CAF subtypes, two of which contribute to immune surveillance
through different mechanisms. Immunomodulatory CAFs (iCAFs), enriched in late-stage
tumors, express cytokines and chemokines that promote IC recruitment and activation.
Matrix CAFs (mCAFs) produce extracellular matrix and ensheath tumor nests, potentially
restricting IC infiltration. Myofibroblast-like CAFs (myoCAFs) comprise a distinct population
with features of pericytes and contractile fibroblasts. They express high levels of RGS5 and
ACTA2 and are likely involved in tissue remodeling and vascular support, rather than ECM
deposition.

To examine functional heterogeneity, we isolated primary CAFs from fresh surgical
resections of keratinocyte cancers and performed collagen-gel contraction assays. We
compared CAFs across tumor entities—nodular (NOD) vs. infiltrative (INF) basal cell
carcinoma (BCC) and well- vs. poorly differentiated squamous cell carcinoma (SCC)—and,
where feasible, across sorted CAF subtypes from these entities.

CAFs from INF BCC showed substantially higher contractility than those from NOD BCC.
Similarly, poorly differentiated SCCs exhibited significantly greater contractile capacity
compared to well-differentiated counterparts. This indicates that more benign cancer types
feature a different fibroblast composition than more aggressive types. These functional
differences align with our recent observations that myoCAFs are enriched in INF BCC, rare in
NOD BCC, and common in SCC irrespective of grade.

Keratinocyte cancers harbor entity-specific CAF programs with distinct mechanical outputs.
The myoCAF-dominated milieu of INF BCC correlates with heightened contractility, providing
a plausible mechanistic link to invasive growth and potential immune exclusion, whereas
NOD BCCs lack this contractile drive. These findings underscore the importance of stratifying
by tumor entity and CAF subtype when assessing fibroblast function and suggest that
targeting contractility-related pathways may be particularly relevant in INF BCC.
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Single-cell RNA sequencing characterization of rare subtypes of
primary cutaneous B cell lymphoma

Simon M?, Gansberger S?, Oyarzun |3, Latzka J?, Trautinger F?, Jonak C%, Griss J!

I Department of Dermatology, Medical University of Vienna, ?°Department of Dermatology
and Venereology, University Hospital of St. Pélten, Karl Landsteiner University of Health
Sciences

Introduction: Primary cutaneous B-cell ymphomas (pcBCL) are a diverse group of non-
Hodgkin lymphomas that originate from B-cells, manifesting in the skin. While this group of
diseases is relatively rare, it includes even rarer subtypes that remain poorly understood.
Especially for marginal zone lymphoma (MZL) there is an ongoing discussion if only non-class
switched variants are true lymphomas.

Methods: We conducted single-cell RNA sequencing analyses, complemented by BCR-seq, on
lesional punch biopsies from patients with rare subtypes of cutaneous BCL. These included
cases with non-class switched MZL (n=3), subcutaneous follicle centre lymphoma (subcFCL,
n=1), subcutaneous MALT lymphoma (subcMALT, n=1), and secondary cutaneous diffuse
large B-cell lymphoma (scDLBCL, n=1). The data were integrated with a comprehensive in-
house dataset encompassing all classical forms of pcBCL: pcMZL (n=9), pcFCL (n=5), pcDLBCL-
LT (n=4), and B-cell rich lymphoid proliferation (n=5) cases.

Results: Among the three non-class switched MZL cases, two showed significantly higher
clonal expansion (>50%) compared to the class switched MZL cases (<5%). The third case,
with low clonal expansion, showed additional IgE expression in the top clone, suggesting
potential misclassification due to lack of routine IgE staining. SubcMALT was distinct from all
other samples, characterized by memory B cells and plasma cells positive for IgA, similar to
gastric MALT lymphoma. SubcFCL showed lower clonal expansion and different phenotypic
composition compared to their primary cutaneous counterparts. No differences were found
between scDLBCL and pcDLBCL-LT.

Conclusion: Our data reveal significant heterogeneity among pcBCL cases and highlights that
current histopathological differentiation between class-switched and non-class switched
pcMZL may not be precise enough to distinguish relevant subtypes.
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Integrative analysis of multi-omics data to elucidate potential
antitumor mechanisms of a ketogenic diet in melanoma
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Pediatrics, University Hospital of the Paracelsus Medical University, 2Department of
Dermatology and Venereology, Medical University of Graz, 3Cell Therapy Institute, Paracelsus
Medical University, *Department of Biosciences and Medical Biology, Paris Lodron University
Salzburg, °>Core Facilities, Medical University of Vienna, ®Department of Laboratory Medicine,
Medical University of Vienna, “Center for Tumor Biology and Immunology, Department of
Biosciences and Medical Biology, Paris Lodron University Salzburg, 8Department of
Dermatology and Allergology, University Hospital of the Paracelsus Medical University

The ketogenic diet (KD) is a highly attractive approach to target metabolic vulnerabilities of
tumor cells. Using metabolic profiling, we recently showed that different human melanoma
cell lines engrafted into mice exhibit distinct metabolomes, partially independent of genetic
driver mutations. Moreover, we demonstrated that treatment of these genetically and
metabolically heterogeneous melanoma xenografts with a KD effectively reduced tumor
growth. Targeted metabolomics of plasma and tumor samples revealed significant changes
in amino acid and lipid metabolism induced by the KD.

To further elucidate antitumor mechanisms of the KD, bulk RNA sequencing was performed
on xenograft tissue from mice bearing BRAF-mutant, NRAS-mutant or BRAF/NRAS wild-type
melanoma treated with either KD or control diet. Transcriptomics and metabolomics data
integration was conducted using mixOmics DIABLO, correlation analysis as well as joint
pathway analysis.

Correlation analysis between KD-regulated metabolites and the transcriptome identified
several metabolite-gene pairs, which were subjected to joint pathway analysis. Joint
pathway analysis showed enrichment of lipid-related pathways, such as sphingolipid
metabolism and phosphatidylcholine catabolism, across all xenografts. Moreover, mixOmics
DIABLO analysis revealed good correlation between metabolites and genes in the different
xenograft models. The discriminatory analysis on the combined dataset of all xenografts
helped to identify the latent component that separates KD from control samples. Joint
pathway analysis based on component loadings recovered several pathways detected in the
correlation-based analysis.

Integrative metabolomic-transcriptomic analysis revealed both shared pathway-level
alterations across xenografts and xenograft-specific patterns. Using a latent variable
approach, we identified a principal component that clearly distinguished KD-treated from
control diet-treated mice. Both analytical strategies consistently highlighted differences in
amino acid and lipid metabolism between the two groups. However, to determine whether
these metabolic changes directly contribute to the antitumor effects of the KD, further
downstream functional analyses are required.
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Pruritic-like reactions on the background of targeted EGFR therapies
Gladkova M*, Jin R, Strobl K!, Bauer T%, Sibilia M*

ICenter for Cancer Research, Medical University of Vienna

Targeted anti-cancer immunotherapies against the epidermal growth factor receptor (EGFR)
have substantially improved tumour control but often lead to severe cutaneous adverse
events, such as folliculitis, rash, bacterial superinfections and pruritus.

To investigate the mechanisms underlying these toxicities, we established several GEMMs
harbouring EGFR deletion: EgfrAep mice with a keratinocyte-specific EFGR knock-out
showing extensive pro-inflammatory signalling, skin barrier, and hair follicle defects; c-Kit
mutated EgfrAep mice, lacking mast cells; and EgfrAep K5-SOS model with attenuated
tumour development.

EgfrAep mice develop pronounced inflammatory signalling, compromised skin barrier
function, structural hair follicle defects, and marked pruritic behaviour. Transgenic K5-SOS
overexpression in our setting partly rescued cutaneous phenotypes by restoring ERK
pathway activity, though behavioural analysis distinguished persistent hypersensitivity from
itch resistance, especially affecting grooming behaviour. Pathogenic S. aureus colonisation
localised to areas of barrier breakdown but did not dictate pruritic severity, and mast cell
deficiency did not influence pruritus, pointing to alternative, mast cell-independent
mechanisms.

Our group recently proved that JAK1/2 inhibition improves skin inflammation and barrier
restoration. To test JAKi pruritus modulation, we applied topical Ruxolitinib (3%, 3 days) to
the recent EGFRAEgr2 model but found no immediate relief from itch. Similarly, short
treatment with the TYK2 inhibitor Deucravacitinib showed little effect.

Currently, we are focusing on dissecting neuroimmune contributions to pruritic phenotypes.
Multiplex immunofluorescent staining for pan-neuronal (e.g., PGP 9.5, BllI-tubulin) and
specific neuronal markers (e.g., NGF) is underway to illuminate the putative involvement of
sensory neuronal circuits and nerve fibre pattern development in driving persistent itch.

These data might indicate that hypersensitive skin prone to itch is sustained by
neuroimmune signalling rather than acute immune reactions. Taken together, our study
aims to decipher the complex crosstalk between skin, immune, and neural compartments
and to narrow the sequence of skin adverse events improving therapeutic options for
patients suffering from pruritis.
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Modelling intercellular communication driving matrix formation in
healthy and fibrotic skin conditions
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Recent studies highlight the crucial role of Schwann cell - M2 macrophage interactions in
driving the initiation and progression of keloids, which are fibrotic skin lesions characterized
by abnormal and excessive extracellular matrix (ECM) accumulation.

To investigate this process, we established a novel three-dimensional in vitro model utilizing
the self-secreted matrix of dermal cells derived from keloid or healthy skin. Subsequently,
we incorporated monocytes and differentially polarized macrophages from blood into the in
vitro models to assess their effects on skin fibroblasts and Schwann cells derived from large
nerves, as well as the reciprocal influence of Schwann cells on macrophages.

Models generated from keloid-derived dermal cells showed enhanced ECM production and a
higher degree of collagen fibre alignment compared to those derived from healthy skin cells.
Schwann cells from large nerves and fibroblasts derived from healthy skin exerted minimal
effects on macrophage phenotype. In contrast, macrophages markedly influenced Schwann
cell gene expression in a phenotype-dependent manner, as revealed by RNA sequencing. Co-
culture of Schwann cells with monocytes induced only minor transcriptional changes in
Schwann cells. However, co-culture of monocytes with fibroblasts increased collagen fibre
alignment. Exposure to M1 macrophages promoted a pro-inflammatory phenotype in
Schwann cells with upregulation of genes involved in antigen presentation, whereas M2
macrophages enhanced the expression of ECM components and factors associated with TGF
beta signalling.

Overall, our in vitro model recapitulates key features of keloid pathology observed in vivo,
providing a valuable platform for mechanistic studies and the evaluation of potential
therapeutic strategies. The crosstalk between Schwann cells and M2 macrophages in keloids
may represent a critical mechanism driving excessive matrix deposition, thereby contributing
to the persistent and uncontrolled growth characteristic of these fibrotic lesions.
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Recruitment and activation of CD8+ T cells sustain skin lesions in
chronic cutaneous lupus erythematosus

Ribera Franco L'?, Gail L*?, Deckert F12, Aguilar Gonzalez A2, Heil P!, Stary G'?
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Background:

Cutaneous lupus erythematosus (CLE) is a type I-interferon-driven autoimmune skin disorder
affecting approximately 5 per 100.000 individuals worldwide. It is characterized by interface
dermatitis, with immune cell infiltrates and autoantibody deposition in the dermo-epidermal
junction (DEJ). Multiple immune and non-immune cell types contribute to disease, including
B cells, plasmacytoid dendritic cells (pDCs), T cells, and keratinocytes. Chronic CLE (CCLE)
lesions show increased CD4+ and CD8+ tissue-resident memory T cells (TRM), suggesting a
role in disease persistence, their function and antigen-specificity remain poorly defined.

Methods:

We performed single-cell RNA sequencing and paired TCR sequencing on blood and lesional
skin from CCLE patients to characterize transcriptional states and clonal relationships across
T cell subsets. Immunofluorescence staining was used for spatial localization of T cell
populations within lesions. Ongoing epitope identification integrates computational
predictions with ex vivo stimulation assays.

Results:

We identified clonally expanded CD8+ T cells shared between circulation and lesional skin.
These proliferating T cells expressed cytotoxic gene profiles, including elevated GZMB, PRF1
and GNLY. Spatial imaging revealed that CD8+ T cells represent the predominant T cell
subset in CCLE lesions. While some exhibit a TRM phenotype, most lesional CD8* T cells lack
canonical TRM markers, indicating active recruitment of circulating T cells during
inflammation.

Conclusions:

Our data demonstrate that clonally expanded CD8* T cells with cytotoxic effector profiles
accumulate in CCLE skin and circulation and likely contribute to local tissue inflammation.
These findings highlight CD8+ T cells — both resident and circulating — as key drivers of
chronic cutaneous lupus and potential therapeutic targets.
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Early skin immunity to Candida auris is shaped by epithelial and
stromal responses
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Cranio-Maxillofacial and Oral Surgery

Introduction:

Candida auris is an emerging multidrug-resistant yeast that persists on human skin and
spreads in healthcare settings. While this skin tropism is well recognized, the epithelial-
stromal mechanisms that shape early colonization and defense are poorly understood.

Methods:

Ex vivo human skin models recapitulating clinically relevant wounding and human primary
keratinocyte (KC) and fibroblast (FB) cultures were infected with C. auris to characterize
early host-pathogen interactions. Cytokines and myeloperoxidase (MPO) were quantified by
enzyme-linked immunosorbent assays and multiplex bead-based analyses; cytotoxicity by
terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling staining and lactate
dehydrogenase release; and transcriptional responses by bulk RNA sequencing. Antifungal
activity of recombinant antimicrobial peptides was evaluated in vitro.

Results:

On wounded as well as intact skin, C. auris formed robust biofilms and induced IL-1B and IL-
6, whereas MPO induction required dermal invasion. Compared with C. albicans, cytokine
and MPO responses were attenuated, consistent with weaker innate recognition. In full-
thickness skin, C. auris caused minimal epithelial apoptosis but selectively reduced leukocyte
viability, indicating immune-cell depletion without overt tissue damage. KCs and FBs
mounted pro-inflammatory programs with shared upregulation of IL-6/CXCL8 induction. KCs
additionally induced TNF-a, and CXCL2/3, and FBs contributed CCL28. RNase 7 and the short
isoform of thymic stromal lymphopoietin (sfTSLP) emerged as inducible antifungal effectors.
At micromolar concentrations, recombinant RNase 7 and sfTSLP inhibited C. auris growth, in
line with membrane-disruptive features. Transcriptional responses were conserved across
two clade | isolates, indicating strain-independent epithelial-stromal activation.

Conclusions:

Across ex vivo wounded skin and primary KC/FB cultures, C. auris persists through robust
adhesion and attenuated innate sensing, while IL-6/CXCL8-driven inflammation and the
induction of RNase 7/sfTSLP highlight epithelial routes to limit colonization.
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Dissecting fibroblast reprogramming and inflammatory circuits in
acute and chronic cutaneous GVHD
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Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a curative therapy for
leukemia and other hematologic disorders, but a substantial proportion of patients develop
graft-versus-host disease (GVHD). GVHD manifests in acute and chronic forms, each driven
by distinct pathogenic mechanisms. The skin is a major target organ of both forms and
provides an accessible source of primary patient material for mechanistic studies. Fibroblasts
are the main structural and regulatory cells of the skin and have recently emerged as key
players in inflammatory skin diseases. Distinct fibroblast subsets were detected in lesions
across different diseases and seem to drive local immune responses. However, their role in
GVHD remains poorly defined, and a systematic analysis of fibroblast heterogeneity in
GVHD, especially in acute GVHD lesions, is lacking.

In this project, we aim to characterize GVHD-specific fibroblast states and dissect fibroblast—
immune interactions to evaluate their therapeutic potential. We employ a multimodal
approach combining single-cell RNA sequencing, spatial transcriptomics,
immunofluorescence validation, and CRISPR-knockout co-culture models for mechanistic
investigation.

In initial analysis, we integrated single-cell transcriptomic profiles of fibroblasts from acute
and chronic GVHD skin lesions with a reference human skin fibroblast atlas to identify shared
and disease-specific states. Preliminary results indicate that fibroblasts in acute GVHD
acquire a pro-inflammatory phenotype characterized by interferon-response and allograft-
rejection signatures, alongside downregulation of tissue-protective programs. These findings
suggest a potential role of fibroblasts in amplifying inflammatory cascades during GVHD.
Spatial mapping and functional validation of fibroblast subsets of interest will further define
their role in tissue pathology and help to identify putative targets for both acute and chronic
GVHD. Ultimately, defining fibroblast states in GVHD may identify novel biomarkers and
therapeutic avenues to prevent or mitigate transplant-related morbidity.
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A POTENTIAL NOVEL BIOMARKER: LL37 FOR DISTINGUISHING
ATOPIC ECZEMA FROM PSORIASIS
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Classic plaque-type psoriasis (PSO) is easily distinguishable from typical eczema (atopic
dermatitis, AD) based on clinical features. However, cases with overlapping phenotypes are
still often challenging for specialists. While several research efforts aimed to find reliable
biomarkers to distinguish these two inflammatory skin diseases, no single marker has yet
been proven effective in making this distinction independently.

Our objective was to identify a single biomarker, that can discriminate the two diseases.
Based on literature review, we selected 7 potential biomarkers (IL-17A, I1L-17C, IL-25, IL-
36RA, CCL27, INOS, LL37) for investigation by immunohistochemistry (IHC) in skin samples
from patients with classical AD, PSO and healthy controls. Sensitivity and specificity of the
most promising candidate were calculated in an extended cohort. Additionally, the
diagnostic accuracy of the candidate molecule was also assessed in patients with clinically
ambiguous diagnoses.

Among the 7 selected molecules only LL37 and INOS showed significantly different
expression in AD and PSO, while the other molecules exhibited no significant differences
between the two diseases. We further investigated the promising LL37 in an extended
cohort, its sensitivity was 85.7% and specificity 73.5% (AUC=0.87; p<0.001). This model was
applied on patients with uncertain diagnosis, giving 85.7% diagnostic accuracy with the
diagnoses made by the pathologist on histological examination.

The LL37 molecule may be a promising biomarker when AD and PSO are difficult to
distinguish from each other based on clinical symptoms alone. Its investigation, especially on
the stratum corneum by the non-invasive tape-stripping sample collection could be a
potentially useful diagnostic method.
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Background:

Erythema migrans (EM), caused by the tick-transmitted spirochete Borrelia burgdorferi, is
the first and most common manifestation of Lyme disease. If left untreated, infection may
lead to local and systemic neurologic complications. However, the impact of B. burgdorferi
on dermal nerve fibers, and whether this varies with disease stage, remains unclear.

Methods:

We investigated interactions between B. burgdorferi and dermal nerve fibers in acute skin
infection, focusing on Calcitonin Gene-Related Peptide (CGRP), a neuropeptide linked to
neurogenic inflammation. Analyses included immunofluorescence imaging, flow cytometry
and single-cell RNA sequencing of human skin biopsies from EM and healthy controls, as well
as an ex vivo skin infection model.

Results:

B. burgdorferi spirochetes were observed co-localizing with cutaneous nerve structures
(UCHL1* Schwann cells). CGRP expression was elevated in infected compared to healthy skin
and skin following tick bite alone, and was significantly enriched around dermal nerve fibers
in direct proximity to spirochetes, suggesting local neuropeptide release upon bacterial
contact. Single-cell RNA sequencing revealed upregulation of the CGRP receptor component
CALCRL in acute infection, particularly in antigen-presenting cells (APC), T cells, and NK cells,
with the receptor accessory component RAMP1 upregulated in APC. FACS analysis further
showed increased expression of RAMP1 on CD8* T cells, B cells and dermal dendritic cells in
B. burgdorferi-infected ex vivo skin explants.

Conclusions:

These findings demonstrate neuropeptide upregulation during acute cutaneous B.
burgdorferi infection and provide first evidence of CGRP-mediated neuro-immune
modulation in Lyme borreliosis.
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Desmocadherins are adhesion proteins of the cadherin superfamily and their calcium
dependent cell-to-cell adhesion function is well studied. They are of utmost importance to
maintain long-term cellular adhesion, especially in the epidermal skin layers. However, since
their calcium binding sites are located extracellular, not much attention has been given to
them, while studying disease associated with impaired intracellular calcium homeostasis
such as Darier Disease (DD) and Haley-Haley Disease (HH). Therefore, we decided to
investigate the exact calcium depending characteristics of desmocadherins to evaluate the
possibility of a disease induced decrease of extracellular calcium levels, leading to lower
binding affinity of homophilic trans interactions of desmocadherins. The most important
desmocadherins for structural integrity in the epidermis include Desmoglein 1, Desmoglein
3, Desmocollin 1 and Desmocollin 3. We aim to characterize as many of these calcium
dependent hetero- and homophilic trans interactions as possible through single molecule
force spectroscopy, with the ultimate goal to evaluate if even slightly decreased extracellular
calcium in the epidermis can have an impact on barrier function of the skin and contribute to
an acantholytic phenotype in DD and HH. Until now, our early results suggest that
homophilic trans interactions of Desmoglein 3 need a high calcium concentration (Kd = 1.58
mM). As well as previous findings of Waschke, J et.al for homophilic trans interactions of
Desmoglein 1 (Kd = 0.8 mM). This overlaps with previous studies (Pekka T. L. et.al.), showing
an overall reduced calcium presence in lesional and non-lesional basal epidermal skin in DD
patients. Additionally, we hypothesize that exposure to the environment due to impaired
epidermal integrity in DD and HH, further leads to deregulated extracellular calcium
homeostasis. This investigation suggests the merit of further research on extracellular
calcium concentrations in the epidermal layers as well as calcium signaling in DD and HH.
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Impact of HDAC1 catalytic activity on epidermal differentiation and
skin homeostasis
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Histone deacetylase 1 (HDAC1) is an important epigenetic regulator that — via removing
acetyl groups from histones and non-histone proteins — can either repress or activate gene
expression. HDAC1 is a ubiquitously expressed nuclear enzyme that, together with histone
deacetylase 2 (HDAC2) forms the catalytic core of three canonical co-repressor complexes.
Previous studies have shown that HDAC1 and HDAC2 are partially redundant, and the loss of
one will compensate for the other. Furthermore, knockout of HDAC1 leads to destabilization
of co-repressor complexes, suggesting an additional no-enzymatic role as a scaffold protein.
To overcome this, we generated a novel mouse model in which catalytically inactive HDAC1
(H141A) replaces endogenous wild-type HDAC1 specifically in keratin 5-positive tissue, such
as the epidermis and skin appendages (Hdac1Clep). HDAC1 proteins derived from epidermis
of Hdac1Clep and a from control mouse strain expressing the wild type isoform instead of
the endogenous HDAC1 (Hdac1WTep) mice were expressed at levels comparable to
endogenous HDAC1 and were equally well incorporated into co-repressor complexes.
However, HDAC activity found in the epidermis of Hdac1Clep mice was significantly lower
than compared to wildtype and Hdac1WTep mice. Inactivation of HDAC1 in Hdac1Clep mice,
but not in any control strain, resulted in pathological skin changes, including impaired
epidermal homeostasis, increased immune cell infiltration, and abnormalities in skin
appendages. Using single-cell and bulk RNA sequencing, we discovered that inactivation of
HDAC1 in the epidermis causes a significant dysregulation of genes involved in keratinocytes
differentiation, as well as inflammatory and metabolic processes. We can conclude that our
mouse model of cell type-specific inactivation of HDAC1 allows for the study of its important
enzymatic function in development and disease of the skin.
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Disrupted intermediate filament networks from mutant keratin
cause cytoskeletal fragility and keratinocyte death during epidermal
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Epidermal differentiation disorders (EDDs) represent a heterogeneous group of inherited
skin conditions. Autosomal dominant keratin mutations, with the mutant protein exerting a
dominant-negative effect over the wild-type keratin, disrupt the keratin cytoskeleton by
destabilizing intermediate filaments in keratinocytes. This underlies severe skin disorders
such as epidermolytic ichthyosis, pachyonychia congenita, and palmoplantar keratoderma,
characterized by skin fragility, hyperkeratosis, fissuring, and chronic wounds.

In this study, we investigated the cellular and molecular consequences of the recurrent KRT9
missense mutation p.N161S, associated with palmoplantar keratoderma. Patient-derived
palmar keratinocytes and skin biopsies revealed that this mutation profoundly disrupts the
assembly of KRT9-containing intermediate filaments, leading to cytoskeletal collapse during
keratinocyte differentiation. This structural destabilization coincides with mislocalization of
key epidermal barrier proteins, altered expression of palmoplantar-specific keratins, and a
marked increase in keratinocyte cell death.

Palmar keratinocytes which express KRT9 upon differentiation, showed heightened
susceptibility to apoptosis, suggesting that filament disruption directly triggers cell death
during epidermal maturation. In vivo, patient skin displayed significant CD3* T cell
infiltration, consistent with an inflammatory response likely secondary to ongoing
keratinocyte loss. Single-cell RNA sequencing (scRNA-seq) of patient epidermis confirmed
widespread dysregulation of differentiation and cornification pathways, along with robust
activation of apoptotic and inflammatory signaling in keratinocytes.

Together, our findings identify keratin filament instability and keratinocyte cell death as
central events in the pathogenesis of KRT9-associated EDD. These results highlight the
importance of cytoskeletal integrity in epidermal homeostasis and suggest that targeting
apoptotic and inflammatory pathways may offer therapeutic benefit in keratinopathic skin
disorders.
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Precision gene editing for dominant keratin mutations: overcoming
delivery barriers using dissolving microneedles
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Epidermal differentiation disorders (EDDs) encompass a diverse group of inherited skin
diseases. Many of these are caused by autosomal dominant mutations in keratin (KRT)
genes, where the mutant protein exerts a dominant-negative effect on the wild-type KRT.
This disrupts the KRT cytoskeleton by destabilizing intermediate filaments within
keratinocytes, leading to compromised skin integrity. Such molecular defects underlie severe
conditions including epidermolytic ichthyosis, pachyonychia congenita, and palmoplantar
keratoderma, all characterized by skin fragility, hyperkeratosis, painful fissures, and chronic
wounds. Due to their monogenic origin, keratinopathies are excellent candidates for precise,
targeted genetic correction therapies. Our research specifically addresses the p.N161S
mutation in KRT9. Leveraging advanced gene editing tools, we aim to achieve accurate
correction at the DNA level using lipid nanoparticles (LNP) as delivery vehicles. In addition to
in vitro experiments with patient-derived primary keratinocytes, we are focused on
optimizing effective in vivo delivery. Our findings reveal that LNP injections localize deep
within the dermis, bypassing the epidermis where target cells reside. Traditional skin
pretreatment techniques, such as microneedling and laser poration on human skin explants,
have proven insufficient, as LNP become trapped in the stratum corneum or within
microchannels. To overcome these challenges, we are developing a novel delivery system
that integrates LNP-encapsulated gene-editing components with dissolvable microneedle
patches. We propose that this minimally invasive method enables localized, direct delivery
to the basal epidermal layer, targeting keratinocyte stem cells responsible for skin renewal
and long-lasting therapeutic outcomes. This innovative delivery platform holds significant
potential for durable, mutation-specific correction of dominant keratinopathies. By
establishing an efficient, patient-friendly gene editing approach, our work aims to
revolutionize treatment options for KRT-related skin disorders and pave the way for broader
applications of gene therapy in dermatology.
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Transcriptomic Profiling point towards Hair Follicle Fibroblasts as
Regulators of Immune Privilege in Alopecia Areata
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Background: Alopecia areata (AA) is a chronic immune-mediated condition marked by acute,
non-scarring hair loss, ranging from small patches to complete scalp or body hair loss. AA
arises partly from the collapse of the hair follicle's (HF) immune privilege, and T cell-
mediated cytotoxicity predominantly targeting the lower HF. For extensive cases, high-dose
systemic corticosteroids or Janus-Kinase (JAK) inhibitors are the first-line treatment to which
only ~ 40% respond to, leading to unnecessary side effects. Moreover, while current
treatments aim to suppress inflammation, they fail to restore the HF immune privilege and
are linked to high relapse rates.

Methods: To gain deeper insights into AA pathogenesis for improved patient stratification
and therapeutic approaches, we employed single-cell RNA sequencing to analyze AA lesions
at various disease stages with or without treatment.

Results: Interestingly, our analysis reveals that, although perilesional skin in patch-type AA
exhibits no clinical signs of disease activity, its inflammatory infiltrate, unlike in control skin
from more distant sites (>10 cm), only marginally differs from the one of lesional skin.
Through detailed characterization of the epidermal and dermal niches - whose roles in AA
pathogenesis remain incompletely understood - we identified hair follicle—specific fibroblast
subsets (HF-Fibs) that correlate with disease activity and that exhibit a transcriptomic
signature reflecting loss of immune privilege in lesional skin. Strikingly, perilesional HF-Fibs
retain a transcriptomic profile indicative of intact immune privilege, which might explain the
absence of clinical disease activity despite the presence of a prominent inflammatory
infiltrate.

Conclusion: While in-depth analysis of cellular interactions will be essential to determine the
functional relevance of our findings, our data point towards hitherto unknown pathogenic
mechanisms in AA.
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Primary cutaneous B-cell ymphomas (PCBCLs) represent a diverse spectrum of extranodal
non-Hodgkin lymphomas. Among them, primary cutaneous diffuse large B-cell lymphoma,
leg type (pcDLBCL-LT), displays an aggressive clinical behavior, whereas primary cutaneous
follicle center lymphoma (pcFCL) and primary cutaneous marginal zone lymphoma (pcMZL)
are generally indolent. In previous work, our group applied scRNA-seq to these PCBCL
subtypes and compared their profiles with those of B-cell-rich lymphoid proliferations (rB-
LP). The analysis revealed that pcMZL, pcFCL, and rB-LP share evidence of an ongoing
germinal center reaction, a feature lacking in pcDLBCL-LT. However, the precise cellular
interactions within the germinal center in these conditions remain unclear, as do the key
differences in cell-cell interactions between these lymphoma subtypes and healthy tissue.

We performed ligand-receptor interaction analyses using CellChat on scRNA-seq data from
PCBCL subtypes and rB-LP controls. To investigate spatial organization, we plan to integrate
the GHIST deep learning framework, combining spatial transcriptomics with scRNA-seq data
to predict gene expression at single-cell resolution from histology images. This approach will
enable prediction of gene expression from histology slides, effectively expanding our cohort
at lower cost. On this expanded dataset, we will also study cell-cell interactions, further
elucidating the spatial and molecular mechanisms underlying indolent versus aggressive
PCBCL subtypes.

Comparative analyses identified both shared and disease-specific cellular interactions.
Interactions unique to pcDLBCL-LT highlighted signaling pathways potentially contributing to
its aggressive phenotype, while those shared with rB-LP and pcMZL reflected features of
indolent disease.

Distinct cellular communication networks distinguish indolent from aggressive PCBCL
subtypes. Integrating spatial and single-cell data will provide a high-resolution map of these
ecosystems, offering insights into mechanisms of aggressiveness and potential therapeutic
targets.
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The 2022 global MPOX outbreak rapidly spread within high-risk populations before declining
unexpectedly within months, reflecting the rapid development of protective immunity.
MPOX induces long-lasting immunity, suggesting the establishment of durable local immune
mechanisms. Tissue-resident memory T cells (TRMs) are prime candidates for mediating this
sustained antiviral defense. However, the molecular mechanisms driving the establishment
of TRM-mediated immunity following MPOX infection remain poorly defined. In particular,
the identity of precursor cells that give rise to the TRM pool is not well understood. Using
MPOX as a model of localized viral infection, this study aims to unravel how TRM immunity is
established and maintained.

Blood and lesional skin were obtained from 3 MPOX patients during the pustular phase of
the infection and subjected to single-cell RNA and TCR sequencing. The data were integrated
and compared with healthy blood and skin samples from 3 age- and sex-matched controls.
The results were validated with tissue immunofluorescence and flow cytometry.

MPXV was exclusively found in skin keratinocytes, which also had high expression of
interferon response genes. Among all immune cells, T cells, DCs and macrophages had the
highest transcriptional changes in MPOX lesional skin. Immunofluorescence staining
confirmed the presence of pDCs and B cells in direct proximity to infected keratinocytes. T
cells and macrophages were exclusively found in the dermis, surrounding the infected
regions. We observed a strong influx of blood central memory T cells into MPOX skin
accompanied by expanded shared T cell clones shared between blood and skin compared to
healthy skin.

The in situ immune cell distribution hints at the organization of skin tertiary lymphoid
structures during the course of the MPOX virus infection. Blood-derived, skin-expanding
central memory T cell clones contribute to the skin T cell repertoire and could be the
precursors for MPOX-specific TRM cells.
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Characterising the Germinal Center Reaction in Cutaneous B Cell
Lymphoma
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Primary cutaneous B-cell ymphomas (PCBCLs) represent a diverse spectrum of extranodal
non-Hodgkin lymphomas. We recently completed the largest single-cell RNA-sequencing
studies for these entities to date and showed that the three indolent subtypes show an
active germinal center reaction. This was characterised through an ongoing somatic
hypermutation in B cells and the presence of T follicular helper cells and follicular dendritic
cells. Yet, a functional germinal center reaction requires direct contact between these cells,
which requires spatial analyses.

Methods

We created a 6-plex immunohistochemistry panel to allow the identification of B and
germinal center B cells (CD20+, CD21-, CD38+), T follicular helper cells (CD3+, CXCR5+), and
follicular dendritic cells (CD20-, CD21+, CD23+). Each section was subjected to 6 successive
rounds of antibody staining, followed by TSA visualisation with fluorophores Opal 520, Opal
540, Opal 570, Opal 620, Opal 650, and Opal 690. Multiplexed slides were scanned on a
Vectra Multispectral Imaging System version 2 following the manufacturer's protocol
(InForm 2.4, Perkin Elmer). All phenotyping and subsequent quantifications were performed
blinded to the sample identity using QuPath version 0.5.1

Results

We were able to process a total of 45 samples from patients spanning all three subtypes of
primary cutaneous B cell lymphoma, as well as samples of reactive-B cell rich lymphoid
proliferation (rB-LP). Using our 6-plex marker panel we were able to clearly identify our
target cells and could demonstrate their spatial proximity in several samples.

Discussion

These results do support our scRNA-seq data and match an ongoing germinal center
reaction. Nevertheless, it also shows that single slides may not be sufficient to detect this in
every sample. Here, the processing of total punch biopsies used for scRNA-seq analyses
seemed to have a higher sensitivity
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Background

Recessive dystrophic epidermolysis bullosa (RDEB) is a rare genetic skin disease caused by
mutations in COL7A1, leading to defective type VII collagen. Patients with RDEB are at high
risk of developing aggressive squamous cell carcinomas (SCC), which are the leading cause of
premature death. Current treatment options for RDEB-SCCs are limited. Using a
transcriptome-guided computational drug screen, we identified the janus kinase 2 (JAK2)
inhibitor fedratinib as a candidate drug for the treatment of RDEB-SCCs. This study aimed to
evaluate the anti-tumor potential of fedratinib in preclinical models.

Methods

The effects of fedratinib on tumor cell proliferation, viability, and apoptosis were assessed
using cell-based assays. Downstream signal transducer and activator of transcription 3
(STAT3) phosphorylation status was analyzed by Western blot. In vivo efficacy was evaluated
in patient-derived xenograft mouse models. Bulk RNA-seq of xenograft tumors was
performed to investigate transcriptional changes induced by fedratinib treatment.

Results

In vitro, fedratinib reduced tumor cell viability in a dose-dependent manner and induced
caspase-mediated apoptosis. Treatment significantly decreased phosphorylation of STAT3. In
vivo, fedratinib significantly suppressed tumor growth. Transcriptomic analysis revealed
significant alterations in pathways regulating cell cycle progression, including
downregulation of E2F targets and G2-M checkpoint gene sets.

Conclusions

Fedratinib, identified through computational drug screening, demonstrates preclinical
efficacy against RDEB-SCCs, supporting its potential as a targeted therapeutic option for
RDEB-SCC patients.
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Borrelia burgdorferi, a spirochete bacterium, is the primary causative agent of Lyme
borreliosis and is transmitted to humans via bites from infected Ixodes ticks. Following entry
through the skin, B. burgdorferi may infect dermal tissues, causing acute cutaneous Lyme
disease (erythema migrans), and can disseminate systemically.

We investigated the dermal migration of B. burgdorferi using an ex vivo human skin model.
Live bacteria (2 x 10° spirochetes) were injected subepidermally into explanted skin from
abdominoplasty patients. Injected skin samples were incubated for 48 hours at 34°C in RPMI
media. Biopsies were taken at 2, 24, and 48 hrs post-injection at the injection sites (0 cm),
and distances of 1 cm, 2.5 cm, and 5 cm from the injection site. Skin biopsies were lysed,
homogenized, and DNA was purified. Quantitative PCR targeting the flagellin gene of B.
burgdorferi was used to detect bacterial presence.

Results showed robust detection of the B. burgdorferi flagellin gene at injection sites,
accounting for 108 spirochetes. 2hrs after injection, there were no borrelia detected in sites
distant from injection. Within 24 hrs, B. burgdorferi was most robustly detected in distances
up to 1 cm from the injection site but could migrate up to 5 cm in some explants. At 48 hrs,
no further significant migration was observed compared to the 24 hr samples.
Quantitatively, the gPCR signal at the 1 cm mark was comparable to that reached at 10% - 10®
Borrelia spirochetes in the concomitant positive control B. burgdorferi titration.
Extrapolating from these experimental values, we next modelled migration speed using a
diffusive random walk model. Calculations revealed a diffusion coefficient of 0.64 um?/s.

These findings demonstrate that B. burgdorferi can migrate short distances in human skin ex
vivo within 24 hrs, explaining the expanding skin rash as symptom of acute cutaneous Lyme
disease.
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Abstract

Dermal Fibroblast are heterogenous. During development, dermal fibroblast progenitor
different into different fibroblast lineages which has diverse role in cutaneous wound repair
and skin fibrosis[1].

Epigenetic regulation, particularly histone acetylation, is crucial for cell differentiation, but
its specific role in fibroblast lineage commitment remains largely unexplored. Histone
deacetylases (HDACs) modulate histone acetylation and gene expression and have been
implicated in fibrosis across different organs. But its role in dermal fibroblast activation and
lineage commitment is unknown.

Method

In this study, we aimed to elucidate the function of HDACs in the regulation of fibroblast
lineage commitment and skin fibrosis. HDAC inhibitors (HDACi) are injected into pregnant
mice to investigate its effect in fibroblast lineage commitment during development. Primary
dermal fibroblasts are extracted and treated with HDACi to examine its effect on TGF beta
stimulated activation and insulin induced adipocyte differentiation. HDAC expressions are
also analyzed in mouse skin animal model and human fibrosis sample.

Result

HDAC 1/2 are highly expressed in both human and mouse skin fibrosis.

HDAC inhibitor can promote adipogenesis in insulin induced adipocyte
differentiation and block TGFB1-mediated fibroblast activation HDAC inhibitor affect
dermal fibroblast lineage commitment during development.

Conclusion

HDAC inhibition can change fibroblast cell fata, by inhibiting myofibroblast activation and
promoting adipogenesis differentiation. HDAC inhibition also modulate fibroblast lineages
commitments during development. These results highlight the importance of HDACs in
fibroblast cell fate determination and their potential role in skin fibrosis. Targeting HDACs
may offer a novel therapeutic strategy for treating fibrotic skin diseases.

Reference
1. Driskell, R.R., et al., Distinct fibroblast lineages determine dermal architecture in
skin development and repair. Nature, 2013. 504(7479): p.277-281.

OGDV - AUSTRIAN SOCIETY OF DERMATOLOGY AND VENEREOLOGY 40



P23

miRNA profiles distinguish different wound types in patients with severe
subtypes of Epidermolysis bullosa

Caterina Barone?, Roland Zauner?, Michael Ablinger?, Sonja Dorfer?, Julia I. Hummel'*, Vanessa
Walch¥*, Monika Wimmer?, Lena Schmid ?, Christina Guttmann-Gruber?, Ulrich Koller®, Josefina
Pifidn Hofbauer®, Johann W. Bauer®?, Martin Laimer'?, Verena Wally'?

1 EB House Austria, Research Program for Molecular Therapy of Genodermatoses, Department of
Dermatology and Allergology, University Hospital of the Paracelsus Medical University Salzburg,
Austria. 2 Department of Dermatology and Allergology, University Hospital of the Paracelsus Medical
University, 5020 Salzburg, Austria. 3 EB Research Institute GmbH, Salzburg, Austria. * Department of
Biosciences and Medical Biology, Paris-Lodron University of Salzburg, Austria.

INTRODUCTION

Patients affected by the rare genodermatosis epidermolysis bullosa are prone to developing chronic
wounds that are at high risk of evolving into squamous cell carcinoma (SCC). Currently, malignant
lesions are identified by clinical examination and monitoring as well as punch biopsies of suspicious
areas, followed by histological evaluation.

AIMS
Our aim is to investigate whether different JEB-wound types (acute or chronic wounds and
histologically confirmed SCCs) can be differentiated based on their miRNA expression profiles.

METHODS

We used wound swabs from JEB-wounds as well as SCC lesions, to compare respective miRNA
profiles. Purified miRNA served as starting material for miRNA library preparation (QlAseq, Qiagen)
and subsequent miRNA-sequencing (lllumina NextSeq) followed by miRBase v22 annotation
(sRNAtoolbox, applying default parameters). All further data analysis was conducted in statistical
software R.

RESULTS

In this study, we found that wound swabs contain miRNAs that distinguish the distinct EB-related
lesion types. More in detail, when comparing chronic and acute wounds, we were able to identify
157 differentially expressed miRNAs (p < 0.05) in JEB samples. Moreover, also the comparison
between wounds and SCCs revealed differences in the abundance of various miRNAs (p < 0.05).

CONCLUSION

We were able to demonstrate that expression profiles of distinct miRNAs are characteristic for

specific wound types in patients with severe subtypes of EB. These expression profiles hold the
potential to facilitate in the future the development of diagnostic assays or the identification of
therapeutic targets.

FUNDING ACKNOWLEDGEMENT
The authors gratefully acknowledge the support of the WISS 2025 project “ServEB”
(20102/F2300645-FPR) and DEBRA Austria.

OGDV - AUSTRIAN SOCIETY OF DERMATOLOGY AND VENEREOLOGY 41



P24

Targeting Langerhans cells for cancer vaccination using
mannosylated nucleic acid-based scaffolds
Claudia Zelle-Rieser’, Antonia Resag'-3, Simon Christian Vinther?, Helen Strandt?, Barbara Del

Frari®, Theresia Stigger?, Bastian Schilling>®, Julidn Valero®7, Jergen Kjems?’, Patrizia
Stoitzner?!

1 Department of Dermatology, Venereology and Allergology, Medical University of Innsbruck,
Innsbruck, Austria, ? Interdisciplinary Nanoscience Center (iNANO) and Department of
Molecular Biology and Genetics, Aarhus University, Aarhus, Denmark, 3 Institute of
Immunology, Faculty of Medicine Carl Gustav Carus, Dresden University of Technology,
Dresden, Germany, 4 Department of Plastic, Reconstructive and Aesthetic Surgery, Medical
University Innsbruck, Innsbruck, Austria, > Department of Dermatology, Venereology and
Allergology, Universitdtsklinikum Wiirzburg, Wiirzburg, Germany, ® Department of
Dermatology, Venereology and Allergology, University Hospital Frankfurt, Frankfurt,
Germany, ’ Department of Molecular Biology and Genetics, Aarhus University, Aarhus C,
Denmark

Introduction:

Langerhans cells in the epidermis are promising targets for in situ tumor antigen delivery due
to their capacity for antigen uptake and initiation of robust anti-tumor immune responses.
Clinical studies have shown that dendritic cells can be directly targeted in the skin using
monoclonal antibodies against C-type lectin receptors, effectively inducing anti-tumor T cell
responses. In addition to monoclonal antibodies, C-type lectin receptors can also be
addressed using sugar molecules, which are their natural ligands.

Methods:

We used a nucleic acid-based Holliday Junction scaffold, fully modified for nuclease
protection and decorated with mannose residues to target Langerin. The scaffold was
evaluated for its binding specificity and antigen delivery capacity using in vitro generated
monocyte-derived Langerhans cells and human epidermal cell suspensions. Antigen
presentation was assessed via T cell activation assays.

Results:

Mannosylated Holliday Junctions revealed the highest binding affinity to both monocyte-
derived Langerhans cells and epidermal Langerhans cells, demonstrating specificity and
valency-dependent interactions. When loaded with peptide antigens, these scaffolds
significantly enhanced T cell activation, indicating effective antigen presentation by
Langerhans cells.

Conclusions:

Our study introduces a promising mannose-decorated nucleic acid-based platform for
precise targeting of Langerhans cells and efficient antigen delivery. This approach holds
broad potential for the development of skin-based cancer immunotherapies.
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Cutaneous T-cell ymphomas (CTCL) are a subset of non-Hodgkin lymphomas, present in the
skin that do not show extracutaneous involvement at the time of diagnosis. They are
characterized by clonal proliferation of malignant skin-homing T-cells, and comprise 75-80%
of primary cutaneous lymphomas in the West (Willemze et al., 2019). The most common
subtypes include mycosis fungoides (MF) and Sézary syndrome (SS).

Early-stage patients show good prognosis, however, approximately 20-25% patients progress
to advanced-stage defined by presence of tumours, involvement of lymph nodes, viscera,
and/or blood. In such patients, allogeneic haematopoietic stem cell transplantation (allo-
HSCT) is the only potentially curative option, however, it is associated with high post-
transplant relapse rate and treatment associated morbidity and mortality. Therefore, there
is an unmet need for identifying markers of progression to advanced stages, enabling early
identification of patients requiring aggressive therapy.

To characterise malignant T-cells as well as the TME in advanced-stage disease, we are
creating a collection of scRNA-seq, scTCR-seq, and PhIP-seq (Phage immunoprecipitation
sequencing) dataset of patients with aggressive and non-aggressive CTCL. This dataset
currently consists of 179,262 cells from 44 samples across 22 patients. In the initial analysis,
we observed differences in benign polyclonal infiltrate between aggressive and non-
aggressive disease. Next, we will identify features of the TME and malignant T-cells specific
to aggressive disease, and use PhIP-seq to profile the antibody repertoire of patients to
obtain a comprehensive picture of their past and present infections to highlight microbiome
associated mechanisms of disease progression. We will validate these signatures in situ using
multiplexed immunohistochemistry (IHC).

By characterizing the disease in this multimodal systems approach, we will provide the very
first comprehensive picture of disease progression in advanced CTCL.
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Single-cell Multi-omic Analysis of Fibrotic Skin Diseases

Hecke A, Lichtenberger B?, Forsthuber A!
IDepartment Of Dermatology, Medical University Vienna

Fibrosis is a pathological process characterized by excessive deposition and remodeling of
the extracellular matrix (ECM), leading to tissue stiffening and loss of function. In the skin,
fibrosis is a hallmark of systemic sclerosis (SSc), a complex autoimmune disease with high
morbidity and limited therapeutic options. The mechanisms driving aberrant fibroblast
activation and persistence in SSc remain incompletely understood, particularly with respect
to the epigenetic and transcriptional programs governing pathogenic myofibroblast
differentiation. Here, we combine single-cell RNA sequencing (scRNA-seq) and single-cell
chromatin accessibility profiling (scATAC-seq) to dissect the cellular, molecular and
epigenetic landscape of fibrotic skin in SSc. By integrating newly generated and publicly
available datasets from Ssc patient biopsies, we identify distinct fibroblast subpopulations
characterized by differential expression of ECM-related genes, cytokine signaling pathways,
and transcriptional regulators of fibrosis. Multi-omic integration reveals subset-specific
chromatin accessibility signatures, highlighting key enhancer regions and transcription factor
networks that may underlie stable activation states and epigenetic memory in fibroblasts.
Together, our data provide a high-resolution atlas of fibroblast heterogeneity in SSc skin,
uncovering candidate regulatory elements and master transcriptional programs that drive
aberrant fibroblast differentiation or activatin. This work offers new insights into the
epigenetic mechanisms of fibroblast plasticity, and establishes a framework for identifying
potential therapeutic targets aimed at reversing or preventing fibrosis in SSc and related
fibrotic disorders.
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Comprehensive Multi-Omics Profiling Reveals HPyV9 Infection in a case of
Granulomatous and Hyperkeratotic Dermatosis
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IDepartment of Dermatology, Medical University of Vienna, ?Department for Internal Medicine |,
Medical University of Vienna, 3CeMM, Research Center For Molecular Medicine of the Austrian
Academy of Sciences

Background:

Granulomatous skin inflammation in immunocompromised individuals may be associated with
atypical infectious triggers. Human polyomavirus 9 (HPyV9), a virus with a prevalence of 11-70%,
though rarely active in immunocompetent individuals, has not previously been linked to
granulomatous skin disease.

Methods:

Granulomatous skin biopsy samples from a patient with extensive dermatosis were subjected to a
comprehensive array of analytical procedures, including histopathological examination, gPCR, scRNA-
seq, and Xenium spatial transcriptomics. Additionally, scRNA-seq was done on peripheral blood.
Immunohistochemistry was performed to characterize the histological features of the tissue. Single-
cell RNA sequencing was employed to delineate immune cell populations and to detect viral
transcripts using the python package scPathoQuant. Spatial transcriptomics was utilized to validate
the results and to map the spatial distribution and interactions of virus-infected cells.

Results:

scRNA-seq of skin and blood samples revealed the presence of multiple monocyte/macrophage
subsets, including a prominent population expressing SIGLEC15. HPyV9 RNA transcripts were
detected predominantly in myeloid cells, particularly in monocyte clusters in the blood and
macrophage clusters in the skin. Viral reads co-localized with expression signatures of cell cycle
activation. The presence of HPyV9 in lesional skin, blood and bone marrow was confirmed by qPCR.
Histopathological analysis revealed granulomatous inflammation, predominantly comprising CD68+
macrophages, with some exhibiting co-expression of Ki-67, thereby substantiating the occurrence of
macrophage proliferation. Xenium spatial analysis corroborated these findings, localizing HPyV9-
positive macrophages within granulomatous areas.

Conclusion:

This study identifies the presence of HPyV9 infection in proliferating macrophages within
granulomatous skin lesions and peripheral blood of an immunocompromised patient. The findings
indicate a potential role of HPyV9 in driving granulomatous inflammation, possibly via macrophage
infection and proliferation. These observations broaden the spectrum of viral associations with
granulomatous dermatoses and highlight the efficacy of scRNA-seq and spatial transcriptomics in
elucidating cell type-specific viral involvement in cutaneous inflammation.
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Introduction: The EB House Biobank (EBB) hosted by the EB Research Institute is a
specialized repository that collects and stores biological samples from patients with
epidermolysis bullosa (EB) and healthy volunteers, along with medical and genetic data.
Besides providing an (updated) analysis of key characteristics of the entire EBB, our main aim
is to analyze potential determinants of pain and pruritus at the single-sample level.

Methods: Samples are taken upon written informed consent of the patient and/or their legal
guardians in accordance with the guidelines of the University Hospital Salzburg and the
Declaration of Helsinki (Ethics committee vote numbers: 415-E/2118/9- 2017). Data analyses
are based on descriptive statistics, and nonparametric rank-based multiple contrast tests.

Results: Since 2017, 1741 samples from 509 individuals have been collected (n = 736 swabs ).
The median age of EB patients was 16 years (interquartile range 7-32), and 204 (43%)
persons were women. Samples were primarily from severe recessive dystrophic EB (788;
45%) and junctional EB (172; 10%) patients, complemented by 523 samples (30%) from
healthy donors. For EB samples, additional data on itch and pain scores, as well as wound
dressing types, were collected. Among those with available dressing information, Mepilex
Lite® (n = 56) and Adaptic® (n = 26) were the most frequently used bandages. Itch and pain
scores were significantly lower in acute compared to chronic wounds (p = 0.0171 for itch and
p = 0.0018 for pain ). For chronic wounds in the RDEB subgroup, the age of the patient was
negatively correlated with itch (Spearman’s rho = -0.61).

Conclusions: The EBB offers extensive quantitative and qualitative data across various
sample and EB types, enabling insights into key patient-relevant outcomes like pain and itch.
To strengthen findings on wound and bandage types, more standardized and structured
clinical data is needed.
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Restoring Youthful Skin Repair Through Metabolic Modulation
Li X', Forsthuber A*, Tournier P?, Becquart P2, Habib S?, Lichtenberger B!
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Epithelial tissues such as the skin possess a remarkable capability to constant renewal and
regeneration, a feature that is essential for survival as the skin forms a protective barrier
against external insults and water loss. With advancing age, however, the skin comprising
the epidermis with its appendages (hair follicles, sebaceous and sweat glands), dermis and
dermal white adipose tissue (DWAT) becomes thinner, less elastic, more fragile. The decline
in regenerative capacity contributes to increased susceptibility to injury, infection, and
impaired wound healing. This decline in tissue regeneration poses significant challenges to
an increasingly older population.

Aging-dependent alterations in skin architecture are accompanied by profound changes in
the connective tissue compartment and dermal fibroblast function, the key cell type
responsible for extracellular matrix (ECM) synthesis and remodeling. In young skin,
fibroblasts are dynamic regulators of tissue homeostasis, actively producing and reorganizing
ECM components. In aged skin, however, fibroblasts exhibit reduced proliferative capacity,
altered metabolic activity, and impaired ECM deposition, leading to dermal thinning,
stiffness, and loss of mechanical resilience. Despite their quiescent appearance, fibroblasts
remain metabolically responsive and thus represent promising targets for rejuvenation
strategies.

Intriguingly, a combination of Wnt-mediated osteoprogenitor expansion with either
intermittent fasting or nicotinamide mononucleotide (NMN) supplementation markedly
restores youthful levels of bone healing in aged mice. We find that both cyclical nutrient
deprivation and NMN supplementation significantly affect dermal thickness and the ECM in
aged skin.

These findings uncover a previously underappreciated link between systemic metabolic cues,
and fibroblast-mediated tissue homeostasis, offering a promising therapeutic avenue for
restoring youthful skin repair in aged mice and human individuals with impaired wound
healing.
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Mechanisms of disease chronification in human cutaneous Graft-
versus-Host Disease following allogeneic hematopoietic stem cell
transplantation
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Cutaneous graft-versus-host disease (GvHD) represents an important factor for morbidity
and mortality among patients who received allogeneic hematopoietic stem cell
transplantation (HSCT). The skin is the most commonly affected site of acute GvHD and, if
not adequately treated, chronic GvHD can lead to persistent inflammation and fibrosis.
Despite available treatments, therapeutic responses are often insufficient, highlighting an
urgent need for a deeper mechanistic understanding to guide the development of more
effective interventions.

This project investigates the immunological mechanisms driving chronic inflammation in
cutaneous GvHD, a widely accepted model disease for T cell-driven skin inflammation. Blood
and skin samples are collected from patients with acute and chronic GvHD, with re-sampling
of chronic cases 12 months after treatment initiation. Using single-cell RNA sequencing
(scRNA-seq) we characterise immune cell subsets, transcriptional profiles and intercellular
communication networks. By tracking cellular states from acute to chronic and post-
treatment chronic GvHD, we aim to identify long-lived pro-inflammatory populations, such
as pathogenic tissue-resident memory T cells (TRM), as potential therapeutic targets.

We established a cohort of acute and chronic cutaneous GvHD patients and generated
paired skin and blood scRNA-seq datasets. Using scRNA-seq, we charaterised host- and
donor-derived T cells and identified long-lived TRM subsets, which likely sustain chronic
inflammation. Building on this, we will further examine immune cell dynamics during the
acute-to-chronic transition and from pre- to post-treatment to identify persistent pro-
inflammatory cell populations and signaling networks that may guide development of novel,
remission-inducing therapies.

Our findings are expected to uncover key mechanisms of disease persistence and immune
dysregulation in the skin of GvHD patients, with the long-term goal of identifying novel
targets for precision therapies aimed at halting or reversing the chronification of cutaneous
inflammation.
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ServEB: Integrating Multi-Aspect Statistical Analysis and Artificial-
Intelligence-Based Imaging to Advance Clinical Research and Care in
Epidermolysis bullosa: First Results
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Introduction:

ServEB combines clinical expertise, digital imaging, molecular signatures, advanced statistical
analyses, and artificial intelligence to improve the assessment of trial outcomes, facilitate patient
self-reporting through mobile devices and apply multi-aspect statistical analysis to enhance data
validity.

Methods:

ServEB focuses on applying Al tools to advance existing whole-body 3D stereophotographic imaging.
Imaging recognition tools are assessed for their validity and level of automation to accurately detect
and quantify EB lesions, such as wound size and lesional skin areas. Imaging data is acquired via
standardized as well as patient-self photography. In parallel, a mobile app is conceptualized for the
upload of clinical images and the collection of patient-reported outcomes, such as pain and pruritus
scores. Finally, all collected data will be harmonized and analyzed using suitable multi-aspect
statistical methods. Multivariate statistical approaches are employed to appropriately address the
complexity of the dataset. Identification of applicable instruments involves comprehensive
simulation studies to test for statistical performance measures (type-l-error and power), thereby
allowing for valid inference and supporting the planning of future studies.

Results:

Results indicate type-l-error control of the tested nonparametric approaches at the two-sided 5%
level and high-power results in moderate to large sample sizes. The R package npmv yielded stable
and competitive power at both very small and large sample sizes. Semiparametric MANOVA achieved
the highest power at small to moderate sample sizes but with a highly liberal type | error rate. Al-
based algorithms for detection and quantification of affected skin areas are under development, with
first 3D imaging results currently being evaluated.

Conclusion:

This project indicates the value of integrating Al tools, clinical, morphological and molecular data as
well as advanced statistical methods to enhance EB research, reduce patient burden, and improve
data accuracy. Early results hold promise for significant improvements in clinical trial design and
patient care.
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Differences in organ involvement, treatment patterns and response
rates among subtypes of cutaneous sarcoidosis- insights from a
large two-center cross-sectional cohort
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Background: Sarcoidosis is a rare systemic granulomatous disease that frequently affects the
skin, manifesting as plaque-type, papular-type, scar, subcutaneous sarcoidosis, lupus pernio,
or erythema nodosum. However, data comparing these subtypes regarding organ
involvement, treatment response, and clinical course remain limited.

Methods: We established a large two-center cohort of biopsy-proven sarcoidosis patients
stratified by cutaneous involvement (none vs. distinct cutaneous subtypes). Demographic
and disease-specific characteristics, patterns and severity of extracutaneous organ
involvement, treatment responses, clinical course, and organ leading to diagnosis were
compared across subgroups.

Results: The cohort included 125 patients (median age 53 years, 57% women), 99 with and
26 without cutaneous sarcoidosis. All subtypes were represented: plaque (n=39), papular
(n=19), scar (n=15), subcutaneous (n=13), erythema nodosum (n=9), and lupus pernio (n=4).
Organ involvement was significantly less severe in patients with cutaneous compared to
non-cutaneous sarcoidosis (p<0.0001). Among cutaneous subtypes, papular sarcoidosis
showed the mildest and least widespread systemic involvement. Lymph nodes (64%) and
lungs (48%) were most frequently affected, with significant inter-subtype variation.
Cutaneous lesions led to diagnosis in 78% of cases. Only 11% achieved remission with topical
therapy, whereas systemic glucocorticoids (21%) and immunosuppressants (37%) accounted
for most remissions. Sirolimus, hydroxychloroquine, and TNF inhibitors were the most
effective agents. Relapse occurred in 40% and long-term (>1 year) systemic therapy was
required in 46% of patients, with marked subtype-dependent differences.

Conclusions: Cutaneous sarcoidosis subtypes display distinct patterns of organ involvement
and disease course, implying divergent underlying molecular mechanisms. These differences
are clinically relevant for personalized management regarding organ screening and
treatment strategies.
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Quantitative phospholipidome of healthy human skin

Hassinger MY, Kuttner S!, Juric V?, Trafoier T, Ortner-Tobider D*, Tollinger S, Schmuth M!,
Keller M?

IDepartment of Dermatology, Medical University of Innsbruck, ?Institute of Human Genetics,
Medical University of Innsbruck

The human skin comprised of three main layers, epidermis, dermis and subcutis, serves as a
protective barrier for the human body. To achieve this, complex epidermal lipid lamellae,
mainly composed of ceramides, cholesterol and free fatty acids, form a hydrophobic sealing,
preventing outwards epidermal water loss and inwards diffusion across the stratum
corneum, the topmost epidermal layer. The relative composition and structure of these
lipids has been shown to have pathophysiological importance in skin barrier diseases
including atopic dermatitis, psoriasis and epidermal differentiation disorders. Despite the
known importance of the abovementioned lipid classes, less is known about the role of
phospholipids. Therefore, the goal of this research was to establish a method to analyse the
phospholipid profile across various layers of human skin.

We collected, ex vivo skin punch biopsies from six healthy female patients. Skin layers were
separated using dispase and trypsin. Following homogenization, lipids were extracted and
measured by LC-MS/MS. Data were analysed using TASQ for a targeted and MS-Dial for an
untargeted lipidomics approach. The results were semi-quantified using internal lipid
standards and normalized with a Pierce protein assay.

Our findings provide a detailed picture of the phospholipidome in the dermis as compared to
the epidermis and the stratum corneum. The lipid profiles across the skin layers revealed
several phospholipids, for example PE 36:4 and PC 35:1, that showed distribution patterns
not previously described in the literature. In addition, we identified novel phospholipid
species in human skin, including the plasmalogens PE P-34:2 and PC P-36:4. Furthermore, we
applied our method to assess differences in lipid composition between different body
regions and age groups; i.e., upregulation of fatty acid species in breast skin.

These findings expand our understanding of the phospholipidome in human skin. The results
will likely be relevant for deciphering the pathomechanisms of skin barrier diseases.
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The distribution of putative skin autoantigens is not limited to a
specific type of inflammatory skin disease
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Inflammatory skin diseases (ISD) are characterized by a dysregulation of the normal immune
response leading to inflammatory processes. In addition to known trigger factors such as
allergens, microorganisms drugs, stress, autoantigens are also suspected triggers and have
been proposed as potential factors in the pathogenesis of ISD. In the last decades several
human-skin derived autoantigens have been described, that are recognized by T cells and
trigger their activation, e.g., KRT17, LL37, and ADAMTSL5 for psoriasis, BP180 and DSG1/3
for pemphigus and lichen planus (LP), or a-NAC for atopic dermatitis (AD).

To gain further insight into the presence and distribution of autoantigens in different
subtypes of ISD, we established a comprehensive autoreactivity map for a total of 57
patients with psoriasis (n=15), AD (n=10), LP (n=10), pityriasis rubra pilaris (PRP, n=9), or
healthy controls (n=13). Patients’ PBMCs were exposed to 8 autoantigens so far described in
psoriasis, AD, or LP, as well as to keratinocyte debris; and proliferation rates against these
antigens were analyzed by FACS using CFSE-staining. Finally, these autoantigen- specific
proliferation rates were correlated with patient-specific disease scores and durations.

T cells from psoriasis, LP, but also healthy donors showed the highest, and PRP the lowest
autoreactivity. The total number of positive autoantigens per patient was highest in
psoriasis, followed by LP, AD and PRP, but did not correlate with disease duration. In
addition, the relative proliferation rate of psoriatic autoantigens KRT17, ADAMTSL5, LL37,
and BP180 correlated positively with PASI score. However, disease-related autoantigens
described in the literature were not restricted to this defined ISD subtype in this cohort.

In conclusion, the distribution of putative skin autoantigens is not restricted to a specific
type of ISD, indicating an epiphenomenon at lesion sites rather than a direct cause of the
elevated immune response in ISD.
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Background/Introduction:

Skin lesions of atopic dermatitis (AD) patients are characterized by heterogeneous skin T-cell
populations. Literature has established important roles for memory T cells in the
pathogenesis of AD, but we do not have enough information about the states and
characteristic functions of these cells. We did deep analysis of the resient memory T cell
populations in the skin of healthy and AD samples regarding cytokine expression, migration,
co-signaling, survival and transcription factors.

Methods:

Previously published single-cell RNA with antibody-derived tags (CITE-seq) were integrated
and annotated by canonical mRNA/ADT markers. Weighted nearest neighbor analysis
isolated CD4* cytokine-producers for reclustering. Gene-module AUC scores helped rank
cells for cytokines, receptors, co-signaling, migration/trafficking and survival modules,
summarized by cluster. TF activity was inferred using a collecTRI/decoupleR framework.

Results:

In CD3* cells, two Trm clusters, a transient T-cell population and Tregs expanded in AD.
Pathogenic AD cytokine transcripts (IL-13, IL-22) localized to expanded Trm and transient
clusters. Reclustering CD4* cytokine-producers helped identify AD-biased IL-13* (CLO) and IL-
22* (CL3) modules. CLO showed a recirculating Tcm-like profile with high CCR4 and
egress/recirculation signatures (SELL, CCR7, KLF2, S1PR1), lower ITGAE, reduced co-
inhibitory molecules and stronger co-stimulation (ICOS, CD27, ITGB2). Survival programs and
TF signals included LEF1/TCF7, STAT2, GATA3 and SPI1. CL3 exhibited tissue retention with
high ITGAE and minimal egress markers, relatively higher CTLA4, receptor-module
enrichment (IL17RB, IL4R, TGFBR1/3, IL6ST, TNFRSF18), and proliferative/stress TFs (E2F
family). A non-pathogenic CL1 displayed low receptor and co-signaling scores and weak
survival signatures.

Conclusions:

AD skin contains two pathogenic CD4* programs: a recirculating IL-13* Tcm-like subset and a
tissue-retained IL-22* Trm subset. Divergent migration, co-signaling, survival and TF
networks nominate selective therapeutic entry points and suggest systemic—skin crosstalk
driven by the IL-13* module.
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Background:

Morphea is a localized fibrosing skin disorder characterized by recurrent inflammation and
tissue remodeling. The frequent recurrence of lesions at previously affected sites suggests
that tissue-resident immune mechanisms contribute to disease persistence. However, the
cellular programs underlying this local disease memory remain poorly defined.

Methods:

Paired lesional and never-lesional biopsies and matched blood samples from three patients
with active generalized morphea were analyzed by single-cell RNA sequencing (10x
Genomics). Integrated analysis was performed using Seurat and Scanpy pipelines with cell—-
cell communication inference by LIANA and NicheNet.

Results:

Integration of over 50,000 high-quality single-cell transcriptomes identified major immune
and stromal cell populations with distinct lesional clustering. Lesional skin was enriched for
CD8* CD69* CD103* tissue-resident memory T cells (TRM) displaying a proliferative,
interferon-high phenotype marked by IRF8, CDC20, and CCL20 expression, along with
reduced CCR4, CCRS, and IL6R signaling. In parallel, lesional fibroblasts upregulated
extracellular matrix and wound-healing genes, including COL1A1, FN1, and ACTA2,
consistent with a profibrotic state. Ligand—receptor analysis highlighted TNF-TNFR1, IFNy—
IFNGR2, and TGFB1-TGFBR interactions linking TRM and fibroblast compartments.

Conclusion:

Single-cell RNA sequencing reveals an interferon-driven TRM population and activated
fibroblast states in morphea, suggesting that TRM—fibroblast crosstalk sustains localized
fibrosis and may represent a novel therapeutic target.
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Introduction

In psoriasis, keratinocytes derived from clinically unaffected, non-lesional skin exhibit increased
sensitivity to stress. Our previous research indicated that stress-related proteins, which display
altered expression in psoriatic non-lesional skin compared to healthy controls, may affect
mitochondrial function. Consequently, the present study aimed to determine whether non-lesional
keratinocytes contribute to these alterations.

Methods

Mitochondrial functions were comprehensively compared between keratinocytes derived from
psoriatic non-lesional, previously lesional but clinically resolved, and healthy skin using high-
resolution respirometry. Mitochondria were visualized in cultured keratinocytes as well as in healthy,
non-lesional, lesional, and resolved skin tissues by immunofluorescence staining. Additionally,
mitochondrial ultrastructure in the various tissue samples was examined using electron microscopy.

Results

No significant differences were observed in oxidative phosphorylation capacity, ATP-independent
respiration, or residual oxygen consumption between non-lesional, resolved, and healthy
keratinocytes. In contrast, maximal mitochondrial respiratory capacity was reduced in both non-
lesional and resolved keratinocytes compared to healthy controls. Furthermore, both non-lesional
and resolved keratinocytes exhibited a mild increase in cytochrome c release relative to healthy cells.
Hydrogen peroxide (H,0,) production, as an indicator of reactive oxygen species generation, was
significantly elevated during both oxidative phosphorylation and leak respiration in non-lesional and
resolved keratinocytes compared to healthy counterparts. Additionally, mitochondrial staining
intensity was higher in keratinocytes derived from non-lesional and resolved skin than in those from
healthy skin. Enhanced mitochondrial staining intensity was also detected in non-lesional, lesional,
and resolved epidermis. Moreover, mitochondria appeared less structured in basal keratinocytes
from non-lesional, lesional, and resolved skin.

Conclusions

In conclusion, our findings indicate enhanced mitochondrial biogenesis accompanied by
mitochondrial dysfunction in psoriatic epidermis compared to healthy epidermis. These alterations
may contribute to the heightened stress sensitivity of psoriatic keratinocytes and further support the
notion of a persistently stressed state in both non-lesional and resolved epidermis.
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Background

Segmental vitiligo accounts for 5% to 27.9% of all vitiligo cases and is taken as difficult to treat. Since
both skin melanocytes and neural cells originate from the embryonic neural crest, and many patients
with segmental vitiligo have a history of mental or neurological stress prior to onset, the hypothesis
that "the primary cause of segmental vitiligo is not autoimmune-related but rather linked to mental
and neurological stimulation or injury" has been proposed.

In this study, the psychological characteristics of 376 clinical cases of segmental vitiligo, the
additionally implemented psychological and neurological therapies, and their therapeutic outcomes
were noted. These findings offer insights for validating the hypothesis.

Methods

During 4 years, attention to onset timing was given 376 segmental vitiligo patients who were
documented by a vitiligo specialist in Tianjin, China. Interventions included oral medications such as
vitamin B1, mecobalamin tablets, hypnotics, and sessions with psychologists for counseling.

Results

Among the cases, many experienced psychological stress or intense mental and neurological
stimulation before disease onset, such as changes like joining a new school or participating in high-
stakes work evaluations.

Common personality traits of the patients included introversion, being easily startled, poor
emotional regulation. Some parents of the segmental vitiligo children faced psychological challenges
before onset.

Among the 376 patients, 124 consistently participated in the dedicated treatment program with
follow-up intervals not exceeding 12 weeks. The average time to observe improvements (such as
reduction in depigmented areas or appearance of pigmentation spots) was 36.2 + 20.1 days, and a
median time of 33 days.

Conclusions

The etiology of segmental vitiligo is positively correlated with mental and neurological stimulation or
injury. With the deeper insights of its causes, incorporating psychological support and neurological
care into treatment strategies can potentially improve therapeutic outcomes.
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