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Learning Objectives

Upon completion of this learning activity, participants should be
able to:

1. Describe skin barrier and immune abnormalities implicated in
the pathophysiology of atopic dermatitis

2. Recognize therapeutic implications of key research insights for
targeted therapies in atopic dermatitis




Clinical vignette

» You are asked to see Noel, a 22 year old college student
with a history of chronic pruritic eczematous rash
present since infancy involves his face, trunk and all 4
extremities including flexural aspects

» Course complicated by superficial skin infections
including with MRSA as well as past history of localized
HSV infection, but no recurrence; no history of deep
seated abscesses or PNAs, no warts or molluscum

» Intermittent asthma treated with prn ICS & SABA and
SAR treated with prn antihistamines

» He wants to understand his illness...what lies beneath,
not just here for another Rx!
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Recent insights into atopic dermatitis and implications for
management of infectious complications

Increased susceptibility to infection or colonization with microbial organisms: S. aureus™®, Herpes simplex

*epidemic of CA-MRSA in US

Boguniewicz M, et al. J Allergy Clin Immunol 2010;125:4




Staphylococcal Superantigens
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Atopic dermatitis pathophysiology...it’s complicated
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Skin commensals and intact skin barrier promote tolerance
Induction, while skin barrier impairment and dysbiosis can
drive type 2 inflammation
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Atopic dermatitis subjects colonized with S. aureus have a
distinct phenotype and endotype

» Compared to S. aureus (-) AD pts, S. aureus (+) AD pts had more
severe disease based on all scoring systems except itch (NRS)
» higher levels of type 2 biomarkers (eosinophil count, tige, CCL17, and periostin)
» significantly greater allergen sensitization (Phadiatop and tIgE)
» greater barrier dysfunction (TEWL and SC integrity) and higher serum LDH

» FLG mutations did not associate with S. aureus (+) colonization

» Adult AD pts colonized with S. aureus have more severe disease,
greater type 2 iImmune deviation, allergen sensitization, barrier
disruption, and LDH elevation than noncolonized AD subjects

Simpson EL, et al. J Invest Dermatol 2018;138:2224



Staphylococcus epidermidis protease EcpA can be a
deleterious component of the skin microbiome in atopic
dermatitis
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Microbiome in AD
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Altered composition of epidermal lipids correlates with
Staphylococcus aureus colonization status in atopic dermatitis
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Lipid abnormalities in atopic skin are driven by type 2
cytokines

» Lipids in the stratum corneum of AD patients differ substantially in
composition from healthy subjects

» RNA sequencing analysis performed on stratum corneum of AD as
compared with healthy subjects identified decreased expression of
fatty acid elongases ELOVL3 and ELOVLG6 that contributed to
observed changes in atopic skin lipids

» 1L-4/IL-13 inhibited ELOVL3 and ELOVL6 expression in keratinocyte
cultures in a STAT6-dependent manner

» Data strongly support the pathogenic role of type 2 immune activation
In AD skin lipid metabolism

Berdyshev E, et al. JCI Insight 2018;3:€98006
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Role of filaggrin in the skin and structural and biophysical
consequences of filaggrin deficiency
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Genetic and immunologic influences on filaggrin expression
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Genes associated with atopic dermatitis

Gupta J, et al. J Allergy Clin Immunol 2016;138:676
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Type 2 immune responses in human chronic rhinosinusitis

.
3

Allergen, virus, bacteria
% @

1

TSLP, IL-33, [L-25

|

S ’ el
R LR N

TSLP—

()

<
Naive T cell

@.‘

Eosinophil

o
ILC2
Tight junction \ ILT[: llL;S,
.“ [ IL-4, IL-13 sest
- ... ‘.:..‘...
OSM Te2 @/’/.. 3
@T&v Monocyte/macrophage J_
g -PA
M2 macrophage t
® o)
Neutrophil 2

FXIII-A —> a,-PI—— Plasmin

-
-

Fibrin cross-link

-
- -
—~

|

Fibrin degradation

Degrﬁnﬁl;tion

AhR
: (o)’; — Yy — P
b

IgE

Ll R R R

DNA trap

IL-4* IL-21*Tfh cell

(o)
)

B cell @
!

Plasma cell

Excessive fibrin deposition and edema

Cao P-P, et al. Ann Allergy Clin Immmunol 2019;122:33




Role of type 2 cytokines in
Atopic Dermatitis
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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 that were positive for mRNA, 1L-4 (P < 0.01), and IL-
5 (P < 0.01), but not for IFN-y mRNA expressing cells.
However, as compared with acute AD skin lesions, chronic
AD skin lesions had significantly fewer I1.-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 AD 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 infl ion is predominantly iated with in-
creased IL-5 expression and eosinophil infiltration. (J. Clin.
Invest. 1994. 94:870-876.) Key words: atopic dermatitis «
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Introduction

Atopic dermatitis (AD)' is a chronic skin disease affecting up
t0 10% of children and is the major cause of occupation-related

disability caused by skin disease. It is associated with intense
pruritus, increased serum IgE levels, and peripheral blood eosin-
ophilia (1, 2). The actual events that result in this inflammatory
skin condition are poorly understood. However, it is thought
that genetic susceptibility, environmental trigger factors such
as allergens, and altered immune responses contribute to its
pathogenesis (3). Acute and chronic skin lesions in AD are
characterized by the infiltration of activated T cells and mono-
cyte-macrophages (4, 5). Although eosinophils are not prevalent
by routine histology, chronic AD is associated with extensive
dermal deposition of eosinophil-granule major basic protein (6).
In this regard, serum levels of sIL2R and eosinophil cationic
protein have been reported to correlate with severity of skin
disease (7, 8). Favorable clinical responses of AD patients to
cyclosporin A also implicate immune activation as an important
mechanism in the pathogenesis of AD (9, 10).

Identification of the immunologic elements that play a role
in initiating and maintaining skin infl ion in AD is critical
for the development of new approaches to treat this common
and often debilitating skin disease. Studies of T cell clones
support the concept that activation of a subpopulation of helper
cells leads to the release of cytokines important in the pathogen-
esis of allergic diseases. In mice, two types of CD4+ T cell
clones have been described on the basis of their cytokine gene
transcription and secretion (11). T helper type 1 (Thl) cells
express mRNA and secrete IL-2 and interferon-gamma (IFN-
) but not IL-4 or IL-5. In contrast, Th2 cells elaborate IL-4
and 1L.-5 but not IFN-vy. Both subpopulations of T cells produce
IL-3, GM-CSF, and TNF-a. IL-4 acts as an IgE isotype-specific
switch factor (reviewed in reference 12), promotes mast cell
growth (13), and induces the expression of vascular cell adhe-
sion molecule (VCAM-1), an adhesion molecule involved in
the migration of mononuclear cells and eosinophils into sites
of tissue inflammation (14). IL-5 promotes the differentiation,
vascular endothelial adhesion and survival of eosinophils as
well as enhances histamine release from basophils (reviewed in
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AD phenotypes and related endotypes
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Dupilumab, a fully human monoclonal antibody targeting IL-4
receptor-alpha

Type | IL-4 receptor binds IL-4 Type Il IL-4 receptor binds IL-13Ra2 receptor
IL-4 or IL-13 binds IL-13
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Dupilumab
progressively improves
systemic and
cutaneous
abnormalities in
patients with atopic
dermatitis

Guttman-Yassky E, et al.
J Allergy Clin Immunol 2019;143:155
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AD patients from phase 2 & 3 trials pre-/post-dupilumab

Photos courtesy of Dr E Guttman-Yassky

Boguniewicz M, et al. Ann Allergy Clin Immunol 2018;120:10



Therapeutic targets
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