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Atopic dermatitis (AD)

« AD is the most common chronic inflammatory skin disease, with a lifetime prevalence of up
to 20% and substantial effects on quality of life.

* Symptoms of AD

Pruritus Rash Swelling Infections

» Global epidemiology of atopic dermatitis

Around 101.27 million adults and 102.78 million children worldwide have AD, corresponding
to prevalence rates of 2.0% and 4.0%, respectively.

Tian J, et al. Br J Dermatol. 2023



Pathogenesis of AD
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Therapeutic strategies for AD

Microbiome
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Microarray data analysis of AD transcriptome

GEO dataset:
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GEO: Gene Expression Omnibus; PCA: Principal component analysis



Betacellulin (BTC) is the most downregulated gene in AD skin lesions

Nonlesion Lesion
(n=298) . (n=391)
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S100A9
S100A7A
SERPINB4

Peng G, et al. Int J Mol Sci. 2022.



Structure of BTC
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BTC belongs to the epidermal growth factor
(EGF) family of peptide ligands that are
characterized by a six-cysteine consensus motif
which forms three intra-molecular disulfide
bonds crucial for binding the ErbB receptor
family.

Members of EGF family play important roles in

skin morphogenesis, homeostasis and repair.

However, the role of BTC in skin biology is
unknown.



BTC is downregulated in AD

» Single-cell type analysis of normal human
skin tissues from the HPA web server
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BTC alleviates MC903-induced AD-like symptoms in a murine model

Daily application of MC903 mBTC administration

(1 nmol) to mouse ears /—H
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BTC reduces mast cell infiltration in an AD murine model
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BTC suppresses inflammation in an AD murine model

Real-time PCR ELISA
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BTC suppresses inflammation in an AD murine model
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_i Summary 1: BTC may play a therapeutic role in improving AD symptoms by

Real-time PCR ELISA
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Staphylococcus aureus in AD

Absolute abundances of bacteria

S. aureus

@&, Other bacteria
-

S. aureus commonly colonizes
the skin of AD patients and
contributes to the development
and exacerbation of AD.

Lesional Non-lesional Healthy
AD skin AD skin control skin

Edslev SM et al. Acta Derm Venereol. 2020.
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S. aureus skin colonization is frequent in
AD and common in cancer patients
treated with EGFR inhibitors.

EGFR ligand: BTC
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BTC does not show direct killing effect on S. aureus

Research Article

Epidermal Growth Factor Relieves Inflammatory

Signals in Staphylococcus aureus-Treated Human EGF relieved S. aureus-induced inflammation
Epidermal Keratinocytes and Atopic Dermatitis-Like = and AD-like skin lesions.

Skin Lesions in Nc/Nga Mice

Choi SY et al. Biomed Res Int. 2018.
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How about BTC? BTC does not directly kill S. aureus.



BTC has the potent suppressive effect on S. aureus-induced inflammation

and invasion

* In human keratinocytes

* *
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BTC has the potent suppressive effect on S. aureus-induced inflammation
and invasion
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Summary 2: BTC does not show antimicrobial effect on S. aureus, but it may play a role in reducing

S. aureus-induced inflammation and invasion in AD.



Autophagy pathway is downregulated in AD lesional skin

Ingenuity Pathways Analysis (IPA) of differentially expressed genes between lesional and nonlesional
skin in AD patients

Generic Transcription Pathway
FXR/RXR Activation -

PPAR Signaling -

Keratinization

Peroxisomal lipid metabolism -
IL-10 Signaling -

Fatty acyl-CoA biosynthesis -
Macroautophagy:
Signaling by ERBBZ
Signaling by ERBB4 A
ERK/MAPK Signaling 1
JAK/STAT Signaling -
Ceramide Signaling -

Th2 Pathway -

IL-17 Signaling

Fc epsilon receptor signaling -
Dendritic Cell Maturation -
TREM1 Signaling -

Cell Cycle Checkpoints -
Neutrophil degranulation . . . |

-0 -5 0 5 10

< Z score >

increase in increase in
nonlesioanl skin lesional skin




Autophagy in AD
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The Journal of Clinical Investigation RESEARCH ARTICLE

Human B-defensin-3 attenuates atopic dermatitis-like
inflammation through autophagy activation
and the aryl hydrocarbon receptor signaling pathway

Ge Peng,'? Saya Tsukamoto,"? Risa lkutama,"? Hai Le Thanh Nguyen,"? Yoshie Umehara,' Juan V. Trujillo-Paez," Hainan Yue,'?
Miho Takahashi,"? Takasuke Ogawa,? Ryoma Kishi,>* Mitsutoshi Tominaga,’ Kenji Takamori,** Jiro Kitaura,' Shun Kageyama,®

Masaaki Komatsu,® Ko Okumura,’ Hideoki Ogawa,’ Shigaku Ikeda,"? and Francois Niyonsaba"®
TAtopy (Allergy) Research Center and 2Department of Dermatology and Allergology, Juntendo University Graduate School of Medicine, Tokyo, Japan. 3Juntendo Itch Research Center, Institute for
Environmental and Gender-Specific Medicine, Juntendo University Graduate School of Medicine, Urayasu, Japan. ‘Department of Dermatology, Juntendo University Urayasu Hospital, Urayasu, Japan.

*Department of Physiology, Juntendo University Graduate School of Medicine, Tokyo, Japan. ®Faculty of Intemnational Liberal Arts, Juntendo University, Tokyo, Japan.

lmembrane Phagophore i Autophagosome @ Fusnonwnth Autolysosome (5) Degradation

Peng G et al. J Clin Invest. 2022.

Autophagy is a core molecular pathway for
the preservation of cellular and organismal
homeostasis.

Dysfunctional autophagy plays a crucial role
in causing epidermal barrier defects that
sustain chronic inflammation in AD. hBD-3-
induced autophagy attenuates  skin
inflammation and enhances the TJ barrier in
AD.



BTC induces autophagy activation in human keratinocytes

« The dual role of EGFR signaling in the regulation of
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The potential of BTC to induce autophagy
activation in keratinocytes is needed to explored
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Summary 3: BTC induces autophagy in keratinocytes



Autophagy contributes to BTC-mediated suppressive effect on S. aureus
invasion

* |In human keratinocytes

CHQ + BTC
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CHQ: chloroquine, an autophagy inhibitor that works by blocking the fusion of autophagosomes with lysosomes.



Generation of skin-specific autophagy deficient mice
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Alteration of body weight and TEWL in K14creAtg7F/F mice

Transepidermal water loss
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Autophagy deficiency downregulated skin barrier-related proteins in mice
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Autophagy deficiency exacerbated inflammatory symptoms in AD mice
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Autophagy contributes to BTC-mediated improvement in AD mice
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Autophagy contributes to BTC-mediated improvement in AD mice

Daily application of MC903

(1 nmol) to mouse ear
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Conclusion

« BTC alleviates MC903-induced AD-like symptoms in a murine model.

« BTC has the potent suppressive effects on S. aureus-induced inflammation and S.
aureus invasion.

« BTC induces autophagy activation in human primary keratinocytes.

« Autophagy contributes to BTC-mediated alleviation in AD mice.
Targeting autophagy is a promising option for AD treatment,

and BTC may have the potential to be a novel therapeutic
approach.
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Thanks for your attention!
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