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Atopic dermatitis (AD) is the most common chronic inflammatory disorder of the skin.
It is characterized by skin—barrier dysfunction, immune dysregulation and itch—scratch
behavior. Patients with AD exhibit a wide spectrum of signs and symptoms, and AD
phenotypes reportedly differ depending on age, region, ethnicity, etc.! Comprehensive gene
expression (transcriptome) analyses revealed that the pathogenesis of AD involves both
adoptive and innate immune responses through complex interactions among various tissue—
resident cells and inflammatory cells, and that AD endotypes also differ depending on age,
region, ethnicity, etc.? Therefore, the efficacy of anti-AD remedies, especially recently
authorized ones, should be optimized to those endotypes.

Mouse models are indispensable for studying and optimizing the efficacy of drugs for
diseases with multiple phenotypes and endotypes. To date, more than 20 mouse models of
AD have been reported. These models can be divided into two groups based on
spontaneous/inducible onset of AD. Several genetically—defined mice spontaneously
exhibited AD symptoms, as summarized in a recent review article in the Journal.® On the
other hand, various inducible models have been reported that use a special diet or topical
application of haptens, antigens, a cytokine, chemicals and others (Table I). Some of the
stimulants, such as haptens, antigens and staphylococcal enterotoxin B, activate mainly
adoptive immune responses, whereas others activate mainly innate immune responses. A
major advantage of such inducible models is that we can investigate the precise
mechanisms of not only the exacerbation but also the resolution of the skin lesions.

During the natural course of AD, most patients experience recurrent exacerbation and
resolution of their skin lesions over time. As a result, patients exhibit multiple different
manifestations of the skin lesions, ranging from erythema to xerosis, acanthosis and
lichenification. However, the mechanisms behind resolution of AD have been poorly
understood, simply because there is no way to assess the molecular kinetics deep under the
skin without using an invasive technique.

But now, in this issue of the Journal, Pellefigues et al.* provide novel information
about the molecular mechanisms behind AD resolution by using an MC903-induced AD
model mouse. They report that epithelial-derived thymic stromal lymphopoietin (TSLP)
directly activated basophils, while basophil-derived IL-4 and macrophage colony—
stimulating factor (M-CSF) regulated both keratinocyte proliferation/differentiation and
macrophage differentiation toward the M2 type. During skin lesion resolution, IL-4 was
associated with restoration of barrier function through induction of two barrier proteins,
filaggrin and desmoglein. Moreover, M2 macrophages played important roles in
efferocytosis, tissue repair and remodeling. Thus, basophil-derived IL-4 likely plays
pivotal roles in both exacerbation and resolution of AD.

However, that study had some limitations. First, none of the mouse models of AD fully
recapitulate human AD: several recent transcriptome—profiling studies demonstrated that
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well-known AD models share only 4-37% homology with human AD.>® That is
presumably because mouse skin and human skin are anatomically different: the mouse
keratinocyte layer is very thin, and its barrier function is weak compared with human skin.
Some such mouse models do not manifest itch—scratch behavior. In addition, to sufficiently
induce chronic type 2 responses in the skin, repeated exposure is indispensable for
switching from an initial type 1 response to a type 2 response especially in hapten—induced
models, and for switching from an innate immune response-triggered type 2 inflammation
without itchiness to those with significant itch-scratching behavior accompanied by
pathological changes in the dorsal root ganglia in the MC903 (calcipotriol)—induced
model.*

We are very curious whether a resolution mechanism exists in other AD models and
also in human AD. In addition, if IL-4/IL-13 is indispensable for induction of M2
macrophages, does the resolution process differ between AD patients treated, or not treated,
with dupilumab, a monoclonal antibody against the IL-4 receptor o chain? We believe that
future studies in AD models that take into account the time—axis of AD will help us
understand and modulate the resolution of atopic dermatitis over time, which is one of the
poorly understood aspects of human atopic dermatitis.
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TABLE I. Inducible mouse models of atopic dermatitis

Treatments Mouse AD induction mechanism Clinical/pathological Findings of Referencest
strain features transcriptome
analysis*
Diet
Elimination of Hairless Marked scratching behavior due to Epidermal thickening; Type 2 Fujii M, Exp
unsaturated fatty mice induction of allopregnanolone inflammation; itch Dermatol 2005
acids from diet (hr/hr)
Topical Applications
Haptens
Oxazolone, Hairless Following initial type 1 response, Epidermal hyperplasia; Type 2 17% homology to Man MQ, J Invest
repeated exposure mice repeated exposure induces hapten— inflammation; itch human AD Dermatol 2008
(hr/hr) specific type 2 response
DNCB, repeated CBA/J Following initial type 1 response, Epidermal hyperplasia; Type 2 Share common Kim YW, Sci Rep
exposure repeated exposure induces hapten— inflammation; itch pathway dysregulation 2021
specific type 2 response
DNFB, 2X, 14 BALB/c Hapten—specific type 1, 17 and type 2 Epidermal hyperplasia; Type Kitamura A, Sci
days apart responses 1, 17 and type 2 inflammation; Rep 2018
itch
TNCB, repeated NC/Nga Following initial type 1 response, Type 2 inflammation with Kim YH, J Vet Sci
exposure (8W) repeated exposure induces hapten— high IgE production; itch 2020
specific type 2 response
CMIT/MIT with BALB/c Repeated exposure induces barrier Type 2/type 17 inflammation Go HN, Sci Rep
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Antigens

OVA with
mechanical barrier
disruption

HDM extract

HDM + SEB

Cytokine
IL-23 injection

Chemicals and others

Vitamin D or its
analog, MC903
(calcipotriol)
Particulate matter

(PM 2.5)

BALB/c

NC/Nga

C57BL/6

CCR2™"

C57BL/6J

Hairless
mice

(hr/hr)

dysfunction with type 2/type 17

responses

OVA-—specific type 2 responses to
TSLP; T—cell activation is
indispensable

Barrier dysfunction, antigen—specific
and non—specific type 2 responses
Activation of T cells with SEB—specific
repertoire; mast cell activation is

indispensable

Induction of IL-22, TSLP and IL-4

TSLP induction and basophil activation

PAHs, major components of PM2.5,
induce TNF—o production via

activation of AHRs, leading to barrier

Epidermal hyperplasia; Type 2 11% homology to

inflammation; itch human AD
Epidermal thickening; Type 2
inflammation; itch

Epidermal thickening; Type 1,  Some overlap in global
type 17/22, type 2 gene expression
inflammation profile changes
Acanthosis; hyperkeratosis; 37% homology to
epidermal thickening; Type 1,  human AD
type 17/22, type 2

inflammation

Epidermal hyperplasia; Type 2

inflammation; itch

Th1/Th2 inflammation; itch

2020

Wang G, Clin Exp
Allergy 2007

Matsuoka H,
Allergy 2003
Kawakami Y,

Allergol Int 2007

Bromley SK,
PLoS One 2013

Li M, Proc Natl
Acad Sci USA
2006

Kim BE, JCI
Insight 2021




dysfunction

AD, atopic dermatitis; DNCB, dinitrochlorobenzene; DNFB, dinitrofluorobenzene; TNCB, trinitrochlorobenzene; CMIT/MIT, chloromethylisothiazolinone/

methylisothiazolinone; OVA, ovalbumin; HDM, house dust mite; SEB, staphylococcal enterotoxin B; CCR2, C-C chemokine receptor 2; PAHs, polycyclic aromatic
hydrocarbons; AHRs, aryl hydrocarbon receptors; TSLP, thymic stromal lymphopoietin.

*Transcriptome analyses were performed in References 5-9.



