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Key Features
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Skin anatomy and
Immunology
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Immunology 101
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Gittler et al. 2012
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Rapid Publication

Differential In Situ Cytokine Gene Expression in Acute versus Chronic

Atopic Dermatitis

Qutayba Hamid Marlr. Boguniewicz,“ and I:Icnald "I" M. Leung*’

Abstract

The mechanisms involved in the initiation and maintenance
of skin inflammation in atopic dermatitis (AD) are poorly
understood. Recent data suggest that the pattern of cyto-
kines expressed locally plays a critical role in modulating
the nature of tissue inflammation. In this study, we used in
situ hybridization to investigate the expression of interleukin
4 (IL-4), IL-5, and interferon-gamma (IFN-y) messenger
RNA (mRNA) in skin biopsies from acute and chronic skin
lesions of patients with AD. As compared with normal con-
trol skin or uninvolved skin of patients with AD, acute and
chronic skin lesions had significantly greater numbers of
cells 1.hat were positive for mRNA, IL-4 (P <2 0.01), and IL-
(P = 0.01), but not for IFN-y mRNA e

However, as compared with acute AD skin leﬂnnr.. chronic
AD skin lesions had significantly fewer IL-4 mRNA-express-
ing cells (P < 0.01), but significantly greater IL-5 mRNA (P
< 0.01). T cells constituted the majority of IL-5-expressing
cells in acute and chronic AIDD lesions. Chronic lesions also
expressed significantly greater numbers of activated EG2 +

eosinophils than acute lesions (P < 0.01), These data indicate
that although acute and chronic AD lesions are associated
with increased activation of IL-4 and IL.-5 genes, initiation
of acute skin inflammation in AD is associated with a pre-
dominance of IL-4 expression whereas maintenance of
chronic inflammation is predominantly associated with in-
creased IL-5 expression and eosinophil infiltration. (J. Clin.
Invest. 1994, 94:870-876.) Key words: atopic dermatitis +
inflammation + cytokines = eosinophils = T cells

Introduction

Atopic dermatitis i
to 10% of children and is

Ph.D., Deparni-
and Respira-

v, Montreal, Queber, Cans , "Department af
e, Denver, nrado SO0206, ans L J :J'

rum IgE levels, a
T11L actual events that ]'J.‘ﬂllll in this inflammatory
tood. However, it is thought
vironmental trigger factors such
C niribute to its
pathogenes 0
characterized by the infiltration of activated T cells and mono-
cyte-macrophages (4, 5). Although cosinophils are not prevalent
mic AD 1 jated with extensive
dermal deposition of eosinophil-granu
In this regard, serum levels of sIL2ZR and eos
in have been reported to correlate with se
Favarable clinical res ses of AD patients 1o
vation as an important
genesis of AD (9, 10).
tion of the immunol elements that play a role
ng and maintaining skin inflammation in AD is critical
for the development of new app hes t-:- treat this

a ‘\LIIJ']Z‘I'![HJ'."[[]HFI of hdpﬂ
cells leads to the release of ¢ ines important in the pathogen-
of allergic di In mice, two types of
clones have been described on the
transcription and secretion (11
txprt.\'.\' mBENA and secrete IL-2 and interferon
] 'l'h

ar u:li adhe-
sion molecule (VCAM-1 1 A sion n le involved in
the migration of on i

vascular endothelial '“:lhwun and sur
well as enhances histamine telenue hum

ion ut IL. 4 :md IL-5- prndu ng Th2 l\-mphn
1. The lack of IFN-y production, as well as the
tant activation of IL-4 and IL-5, is thought to play a
critical role in the pathogenesis of AD and asthma (17-19).
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Systemic Immune Activation

*Peripheral blood in pediatric severe AD shows
proteomic Th2 and Th17 signature (Brunner et al.
2019)

*Peripheral blood in adult severe AD shows increases
in Th2 and Th22 (Czarnowicki et al. 2015)

*Systemic agents such as biologics, small molecules,
and immunosuppressives have been used
therapeutically

Do Not Distribute
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AD Phenotypes and Endotypes
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TEWL AUC (g/m?/hour over 20 tape strips)

AD Endotypes
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AD Endotypes
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» Well-organized periodic
lamellar membrane structures

- Prevalence of ultra long chain
hydrophobic fatty acids in
ceramides

- Disorganized lamellar bilayers

- Change in ceramide classes
composition

» Reduced fatty acid chain length
in ceramides

» Presence of polar phospholipids

QEDS C id Ceramides with Ceramides with
sl short-chain fatty acids long-chain fatty acids

ﬁ Phospholipids % Cholesterol esters l Free fatty acids
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Stratum Corneum Lipid and Cytokine Biomarkers at Two Months of Age Predict
the Future Onset of Atopic Dermatitis

Infants _
high risk + no risk Bijrth FLG mutation

groups

(n=161) 60 | ALOXE3
//‘\\ 2 mo +mmm) : i ; 4 ALOX12B

I:li\_ - 4 |

P |
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x‘l
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L
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Abbreviations: ALOXE3: arachidonate lipoxygenase 3; ALOX12B: arachidonate 12-lipoxygenase, Cl: confidence interval; CER: ceramides;
FHx: family history; mo: months; OS-CER: omega-hydroxy fatty acid sphingosine ceramides; SM: unsaturated sphingomyelins; STS: skin
tape strip; TSLP: thymic stromal lymphopoietin a i
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Asthma

AB13BP, ACO1,
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Genetic predisposition

*Filaggrin (FLG) is a major structural component of
the stratum corneum
Loss of function is most common genetic link to AD

*FLG expression is reduced in AD lesional skin
(Howell et al. 2007)

*|L-4 and IL-13 lowers FLG expression (Howell et al.
2007)

*FLG is not everything

Do Not Distribute



Microbial Dysbiosis

. Decr?ased bacterial diversity in AD (Kong et al. 2012, Callewaert et al.
2020

* Increase staphylococcus aureus in severe AD (Gong et al. 2006)

 S. aureus roles in pathogenesis
* Enhanced protease activity and downregulation of skin barrier proteins
« Upregulation of proinflammatory cytokines (TSLP, IL-4, IL-12, IL-22)
 Stimulate mast cell degranulation
* Induced t cell independent B cell expansion
* Decrease in more protective bacteria
« Superantigens induce cytokine production and IgE production (Niebuhr et al. 2010)

 Treatment with dupilumab increases microbial diversity and decreases S.
aureus (Callewaert et al. 2020)

» Malassezia implicated in skin barrier dysfunction, inflammation, and head
and neck AD (Glatz et al. 2015)

Do Not Distribute



Genetic determinants
of barrier dysfunction
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Intracellular
Signaling and
Therapeutic
Targets
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Th2 cytokines
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_ Tezepelumab
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Effe Ct Of B I O I'Ogl C S - AD lesional skin (n = 26) = AD non-lesional (n = 26) —e- Healthy skin (n = 26)
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Effe Ct Of B i O I og ics & AD Ezi;lial skin (n = 26) -= AD non-lesional (n = 26) —e- Healthy skin (n = 26)
on Skin Barrier
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AD, Dupilumab decreased
TEWL, normalized lipid
composition, and increased
ceramide chain length
(Berdyshev et al. 2022)
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Atopic March Evidence

Clinical evidence

*Overall prevalences from birth cohort studies (Rhodes et
al. 2002, Gustafsson et al. 2000)

«Correlation between AD severity and risk of other atopic
disease (FA, asthma, allergic rhinitis)

* Association between peanut allergy and FLG mutations
(Brown et al. 2011, Brough et. A 2014)

Experimental evidence

*Peanut exposure initiates Th2 responses in mice (Strid et
al. 2005)
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Key Points

* Atopic dermatitis pathophysiology is complex

* Atopic dermatitis is characterized by epidermal barrier
dysfunction and immune dysregulation

* A primary function of skin is to be a barrier from the external
environment

* This barrier includes the physical structure of the epidermis
and the connection to the immune system

*Skin barrier dysfunction can predispose to type 2
inflammation and atopic dermatitis

* Type 2 inflammation can decrease skin barrier function
*AD pathogenesis includes skewed Th2/Th22 axis but Th1
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Key Points Continued

*Genetic predisposition, including FLG deficiency, can
iIncrease risk of atopic dermatitis and atopic disease

* There are differing endotypes of AD

*Microbial dysbiosis contributes to AD by inducing
icnﬂammatory response and decreasing skin barrier
unction

*Pathophysiology informs therapeutic interventions

* Therapeutic success helps us to understand
pathophysiology
*AD might be the “window” into the development of other

atopic conditions and a small subset follow the
prototypical atopic march .......
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