Clinical reviews in allergy and immunology

Series editors: Donald Y. M. Leung, MD, PhD, and Dennis K. Ledford, MID

An update on the role of human dendritic cells in patients

with atopic dermatitis

Natalija Novak, MD Bonn, Germany

Dendritic cells (DCs) are without a doubt important key skin
cells that connect information from the environment with the
innate and adaptive immune system. Their function is decisive
for the initiation and inhibition of immune responses, and
therefore they play a central role for both the healthy and
diseased states of the skin. The type, maturation stage, and
function of DCs, as well as the micromilieu in which they are
located and their contact with cellular partners in the
surrounding area, are important cofactors that direct
maintenance of immune homeostasis or breakout of
inflammatory reactions in patients with chronic inflammatory
skin diseases, such as atopic dermatitis. Thus better knowledge
about the exact proinflammatory and anti-inflammatory
properties of DCs in patients with atopic dermatitis and the
disease-specific roles of DC subtypes would allow us to target
these important immune cells with versatile functions for
therapeutic purpose. (J Allergy Clin Immunol 2012 ;mmm:mun-
mEN,)
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Atopic dermatitis (AD) is one of the most common and most
intensively studied chronic inflammatory skin diseases. Several
cofactors, such as an impaired skin barrier function, modifications
of the immune system, and a complex genetic background, direct
the course of AD.'"* Within this complex network, dendritic cells
(DCs) play a pivotal role as central connecting components on the
cellular level. DCs use their dendrites and surface receptors to
facilitate the recognition, phagocytosis, and transmission of infor-
mation between the environment and the innate and adaptive im-
mune systems. However, DCs not only act as important
messengers in patients with AD but also are directly and actively
involved in the aggravation of disease-specific processes leading
to the release of soluble mediators and T-cell activation. Skin
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AD: Atopic dermatitis
DC: Dendritic cell
H4R: Histamine receptor 4
IDEC: Inflammatory dendritic epidermal cell
IDO: Indoleamine 2,3-dioxygenase
IRF-1: Interferon-regulatory factor 1
LC: Langerhans cell
LTA: Lipoteichoic acid
pDC: Plasmacytoid dendritic cell
TSLP: Thymic stromal lymphopoietin

barrier dysfunction is a hallmark of most patients with AD and
is in part based on a strong genetic predisposition.* The disrupted
skin barrier allows numerous foreign antigens to enter the skin
and to activate DCs as a central disease-promoting factor. In ad-
dition, specific cellular modifications and related changes of the
skin microenvironment act secondarily on skin barrier function
in patients with AD.” In this context DCs serve a dual role because
they represent integral parts of the skin barrier and are able to
modulate skin barrier function. However, it is not only enhanced
release of proinflammatory cytokines and chemokines by DCs
that contributes to the pathophysiology of AD. It is more than
likely that diminished responsiveness of DCs to IFN-y or other
factors, usually inducing pathways that counteract T2 immune
responses, contribute to the pathophysiology of AD. Conse-
quently, DCs represent important targets for therapeutic ap-
proaches, which might be aimed at directly or indirectly
reverting individual modifications of DCs and their functions in
patients with AD. In this overview we summarize the most recent
developments and insights into the role of human DCs in patients
with AD.

SUBTYPES OF DCs IN SKIN OF PATIENTS WITH AD

The pattern of DC subtypes and their phenotypic and functional
characteristics in the different compartments change continu-
ously with the severity of skin inflammation. The composition of
skin DCs is governed by resident DCs, DCs actively recruited to
the skin at onset of inflammation, emigration of DCs to the lymph
nodes after antigen uptake, depletion of specific DC subtypes, and
recruitment of particular DC subtypes by therapeutic agents.6

As a characteristic feature, DCs in the skin of patients with AD
are equipped with the high-affinity receptor for IgE (FceRI), and
several subtypes of FceRI-bearing DCs have been detected in the
epidermis and dermis of nonlesional and lesional skin of patients
with AD (Fig 1).
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FIG 1. Schematic overview of DC subtypes in nonlesional and lesional skin of patients with AD. The pattern
of DC subtypes in nonlesional versus lesional skin of patients with AD is shown. LCs predominate in the
epidermis of nonlesional skin, few LCs are also present in the dermis, and the main population of the dermis
are dermal DCs. These cells are supplemented by inflammatory DC subtypes in the epidermis and dermis,
as well as pDCs in the dermis, in lesional skin of patients with AD. dLC, Dermal langerin-positive dendritic
cell; IDDC, inflammatory dendritic dermal cell; Mo, monocyte.

CDla"FceRI" Langerhans cells (LCs), which express the
Langerhans cell marker langerin (CD207), predominate in nonle-
sional epidermal skin of patients with AD.” Inflammatory den-
dritic epidermal cells (IDECs) are recruited to the epidermis on
inflammation. IDECs express, among other surface markers,
mannose receptor/CD206, CD1b, and, in addition to FceRI, the
low-affinity receptor for IgE (FceRII/CD23).® However, inflam-
matory DC subtypes with quite similar surface markers have
been identified in the dermal compartment of lesional skin of pa-
tients with AD as well.” The dermal compartment comprises
blood dendritic cell antigen 1—positive/CD1c*/FceRI* DCs and
a few CDla*/FceRI*/CD207" DCs."” Approximately half of
the CDIc™ population is also positive for CD1a and expresses
the chemokine receptor CCR7, which is important for their re-
cruitment to lymph nodes.'" FceRI*/CD123*/blood dendritic
cell antigen 2—positive plasmacytoid dendritic cells (pDCs) are
nearly absent from the epidermal skin of patients with AD'%'?
but are recruited to the dermis on allergen challenge."?

LCs are assumed to be capable of maintaining the physiologic
homeostasis of the skin. Both exogenous and endogenous danger
signals increase, and epidermal LCs are supplemented by IDEC
subtypes that are most likely recruited from the dermal compart-
ment and precursor cells in the blood.'* Immigration of IDECs
goes along with the development of clinically visible eczematous
skin lesions of different severity.'®'> In addition, sequential bi-
opsy specimens taken before and after application of allergens
to the skin during atopy patch testing revealed increased FceRI

expression on epidermal DCs, rapid influx of IDECs to the
epidermis, and reduction of LCs in the epidermis. After topical
treatment of AD, the number of epidermal DCs decreases
significantly.'®

The low number of pDCs in the epidermis of patients with AD
is supposed to be in part responsible for the high susceptibility of
patients with AD to viral skin infections.'? Furthermore, the near
absence of epidermal pDCs and reduced release of type I inter-
ferons by pDCs after FceRI-mediated allergen challenge'’ might
further contribute to the relatively low levels of type I interferons
in the skin and overbalance of Ty2 cytokines. Whether pDCs of
patients with AD express histamine receptor 4 (H4R), as recently
shown for pDCs of patients with psoriasis,'® is currently unclear.

Changes of DC subtypes in the epidermis and dermis during
eczema development is driven by a complex modification of the
type and level of chemokines in the cellular microenvironment in
response to allergen challenge.'® Moreover, dermal pDCs in pa-
tients with AD have been demonstrated to release high amounts
of CCL22" as a characteristic feature. CCL22 binds to the che-
mokine receptor CCR4 and plays a role in the recruitment of
Ty2 cells to the skin in patients with AD. Both Ty2 cytokines
and IL-10 present in skin of patients with AD are assumed to be
in part responsible for the relatively low number of pDCs in
skin of patients with AD because they are supposed to favor
cell death of pDCs.'”° Because pDCs play an important role
in defense against viral infections, the relatively low number of
pDC:s in skin of patients with AD and the decreased capacity of
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pDCs to release IFN-o and IFN-f3 in response to viral antigens af-
ter allergen challenge'’ might, together with other risk factors,
contribute to the high susceptibility of patients with ADs to dis-
seminated viral skin infections.*' >

As shown recently, components influencing the differentiation
and nature of DCs in the skin include, among others, memory Ty
cells.** Invitro experiments with monocytes and Ty cells revealed
that Ty2 cells and soluble factors released by those T cells
promote the generation of DCs from human monocytes with char-
acteristics of DCs present in lesional skin of patients with AD.
Moreover, DCs generated in the presence of Ty2 cells further-
more support the release of Ty2 cytokines of cocultured Ty2
cells, indicating a feedback regulation between differentiating
DC subtypes and the type of Ty cells in the microenvironment.
This could lead to the amplification of disease-specific Ty cell
responses in vivo.

It has been shown recently that both DCs enriched from the skin
of patients with AD and the skin of patients with psoriasis are able
to induce any kind of T-cell response in vitro.>> This implies that
the micromilieu and stimuli activating DCs in the skin specifically
in the context of the respective disease influence the nature of Ty
cell priming and might thereby direct disease-specific immune
responses. Moreover, release of chemokines by DCs, such as
CCL17,CCL18, and CCL22,%° and other skin cells might further-
more regulate the type of Ty subtypes recruited to the skin.”
Consequently, the intrinsic capacity of skin DCs to drive any
type of T-cell response could be targeted by using therapeutic
approaches aimed at changing factors in the cellular micromi-
lieu of DCs. In this context it has already been shown that the
amount of IL-5, IL-13, and IL-10 in the skin of patients with
AD decreases in response to topical treatment with calcineurin
inhibitors.?”-*® Thereby DCs could be instructed to terminate
the polarization of disease-specific T cells to prime T cells
with antagonistic tolerogenic properties instead to attenuate
allergic skin inflammation.

ROLE OF DCs IN SKIN BARRIER FUNCTION

As one of the hallmarks of the disease, skin barrier function in
patients with AD is profoundly impaired. A close and complex
interrelation of skin barrier dysfunction and DCs within the skin
acts as another comodulator of the course of AD. Part of the skin
barrier dysfunction is based on genetic modifications, such as
loss-of-function mutations in the filaggrin gene or other gene
regions encoding components of the epidermal differentiation
complex, proteases, and protease inhibitors.>® Filaggrin muta-
tions have been shown to be present in patients with inherited
skin barrier impairment, such as ichthyosis vulgaris, and in about
one third of white patients with AD. Filaggrin plays a role in the
outer epidermal layer, and loss-of function mutation carriers show
a reduced expression of the protein, leading to skin barrier dys-
function. Additionally, skin barrier dysfunction is secondarily im-
paired by disease-specific changes in the skin, such as the nature
of the micromilieu (eg, Ty2 cytokines), and soluble mediators
present in the skin of patients with AD, such as thymic stromal
lymphopoietin (TSLP).*32 The upper part of the mechanical
skin barrier comprises the stratum corneum and the stratum gran-
ulosum. Among the latter, tight junctions represent transmem-
brane proteins, to which the claudin family belongs.33 Claudins
are capable of modulating of transepithelial electrical resistance
to both maintain protection and disrupt skin barrier function.
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Claudin-1 plays an important role in the enhancement of barrier
function. Reduced claudin-1 levels have been observed in the
skin of patients with AD, and a haplotype-tagging CLDN1 single
nucleotide polymorphism has been demonstrated to be associated
with AD.* This is of particular immunologic importance because
DCs in the skin closely interact with tight junctions® by elongat-
ing their dendrites in response to activation to establish cellular
connections with keratinocyte tight junctions. A complex inter-
play of DC dendrites and keratinocyte tight junctions allows an-
tigen uptake and penetration through DCs while the integrity of
the skin barrier is maintained. Consequently, genetically predeter-
mined deficiency of the tight junctions can lead to the disorgani-
zation of both DC function and skin barrier function and enhance
the risk of penetration of particular antigens to the skin of patients
with AD.

Another role of DCs in skin barrier function might derive from
the capacity of epidermal LCs and dermal DCs to induce IL-22—
producing CD4™ T cells from naive T cells, as well as T cells in
the peripheral blood in vitro.>> However, it is unclear in which
way they induce Ty22 cells, but it is very likely that IL-6 and
TNF-a released by maturing DCs might contribute to this process
because both cytokines have been demonstrated to be important
for T2 polarization.*® Both CD4" and CD8" Ty22 cells have
been demonstrated to be present in epidermal skin lesions of pa-
tients with AD in contrast to Tiy17 T cells, which are only present
in low amounts.” Because IL-22 induces hyperplasia and acan-
thosis of keratinocytes and downregulates expression of proteins
of the epidermal differentiation complex, such as involucrin,
loricin, and filaggrin,**° T;22 induction by DCs might directly
affect skin barrier dysfunction in patients with AD.

Another way in which DCs might impair skin barrier function
in patients with AD is based on their capability to produce IL-25,
a cytokine that they produce in the skin of patients with AD in
increased amounts.*® This is important because IL-25 not only
increases Ty2 cell responses and cytokine production but also
profoungisly downregulates filaggrin synthesis of keratinocytes
in vitro.”

OVERSTIMULATION OF DCs AS A PATHOGENETIC
FACTOR IN PATIENTS WITH AD

Frequent activation and stimulation of DCs results from a broad
range of putative ligands available in the surrounding of skin DCs
as a result of the deficient skin barrier, repetitive mechanical
damage induced by scratching, and a high number of microbes
that colonize the skin of patients with AD. Staphylococcus aureus
enterotoxins,*! allergens,“2 components of Malassezia sympodia-
lis,* or others are among these trigger factors. Moreover, specific
receptors, such as FceRI or C-type lectin receptors, expressed by
skin DCs in patients with AD allow the uptake of a wide range of
antigens. One important stimulator of skin DCs in patients with
AD is the IL-7-like cytokine TSLP, which is strongly expressed
by keratinocytes in the lesional and nonlesional skin of patients
with AD. Both skin barrier dysfunction and proinflammatory
cytokines, such as IL-13, TNF-a, IL-4, or IL-13, in the skin of
patients with AD are able to induce TSLP expression.‘m’45 In ad-
dition, genetic modifications that might putatively affect TSLP
promoter activity have been demonstrated to be associated with
AD as another reason for enhanced TSLP levels in the skin of pa-
tients with AD.*® Furthermore, reduction of transcription factor
specificity protein 1 in lesional skin of patients with AD might
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indirectly enhance TSLP levels by increasing the activity of
kallikrein-related peptidases.47

Activation of human epidermal LCs with TSLP in vitro leads to
the upregulation of MHC class II and CD86 expression and en-
hanced release of the T2 cell-attracting chemokine CCL17/thy-
mus and activation-regulated chemokine.*® Additionally, after
coculture with TSLP-stimulated LCs, T cells produced more
Ty2 cytokines, such as IL-4, IL-5, IL-13, and the inflammatory
cytokine TNF-a.. Most interestingly, DCs are not only target cells
for TLSP, but under specific circumstances, such as stimulation
with house dust mite allergens, they are also capable of producing
TSLP in murine models.*’

Colonization of the skin of patients with AD with S aureus is
high, and S aureus is responsible for secondary infections of the
skin, which in a subgroup of patients affects the severity of the
disease. S aureus enterotoxins, as well as other factors, such as
lipoteichoic acid (LTA), as components of the bacterial cell
wall are responsible for this phenomenon. With the help of
wash fluids from the skin of patients with AD, it has been demon-
strated that LTA in these fluids profoundly stimulates the release
of the inflammatory cytokines IL-1f3, IL-6, and TNF-a by DCs
in vitro.”® In this way S aureus components, such as LTA, might
contribute to DC-mediated inflammation in patients with AD. Be-
cause LTA is supposed to bind to Toll-like receptor 2 and inflam-
matory cytokine production was dependent on MyD88 activation
in this model, this effect might be mediated through pattern-
recognition receptors expressed by DCs.>

DCs in the skin of patients with AD express the IgE receptor
FceRI in high amounts. Expression of FceRI on the cell surface
and the number of FceRI-expressing DCs in the epidermis
increase rapidly after allergen challenge.’' It is thought they are
capable of taking up allergens through IgE and that this mecha-
nism contributes to the amplification of the inflammatory reaction
in the skin.*? FceRI-expressing DCs in lesional skin of patients
with AD coexpress CD9 and CD81.>> CD9 and CD81 belong to
the tetraspanin family. They associate with FceRI and enhance
FceRI-mediated signals in vitro. Most of the roles of tetraspanins
are not related to direct ligand receptor binding but consist of their
interaction with their partner proteins to enhance or silence the
mediated signals. Therefore CD9 and CD81 on skin DCs in pa-
tients with AD might amplify FceRI-mediated signals and
thereby contribute to the strength and type of the initiated immune
response as another cofactor that amplifies DC activation in
patients with AD.

Histamine is released in high amounts by mast cells but also by
other cells in the skin. Therefore an immunomodulatory role of
histamine on DCs, which express histamine receptors, as well as a
putative influence of therapeutic pathways targeting histamine
receptors, has been discussed for a long time. Histamine promotes
Tyl polarization by DCs through H4R by reducing their capacity
to release IL-12 and IL-27."® Expression of H4R has been demon-
strated for IDECs in lesional skin of patients with AD, as well as
6-sulphoLacnac (slan) expressing DCs (slan-DCs).53 4 Slan-DCs
are present in peripheral blood and are characterized by a high
capacity to produce proinflammatory cytokines, such as IL-12
or TNF-a..>* Because stimulation of DCs through H4R agonists,
as well as inhibition with H4R antagonists, profoundly changes
their functional properties54’55 and H4R antagonist treatment
attenuates DC-mediated, allergen-specific T-cell responses,5 6
H4R-mediated DC stimulation might represent another important
trigger factor in patients with AD.
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LACK OF DC-MEDIATED COREGULATORY
PATHWAYS AS ANOTHER PATHOGENETIC
FACTOR IN PATIENTS WITH AD

Not only mechanisms leading to overstimulation and over-
activation of DCs but also alleviated immune responses contribute
to the pathophysiology of AD. Single nucleotide polymorphisms in
the IFN-vy (IFNG) and IFN-y receptor (IFNGR1) genes have been
shown to be associated with AD, in particular in patients with a his-
tory of AD complicated by severe disseminated cutaneous viral in-
fections (eczema herpeticum).’” Lower IFN-y protein production
in PBMC:s of patients with AD after stimulation with HSV antigens
invitro has been demonstrated as well.”!>” Reduced IFN -y receptor
I and IFN-y receptor II expression of DCs in the skin of patients
with AD and lower responsiveness of DCs of patients with AD to
IFN-v have been shown,”® and is mirrored by attenuated phospho-
rylation of signal transducer and activator of transcription 1, induc-
tion of indoleamine 2,3-dioxygenase (IDO), interferon-regulatory
factor 1 (IRF-1), and interferon-inducible protein 10 expression.
The reduction in induction of these interferon-dependent parame-
ters might result from genetic modifications, as well as factors
related to the Ty2-dominated disease-specific micromilieu.
Interferon-inducible protein 10/CXCL10 is released by DCs to at-
tract Ty1 cells, and therefore reduced Tyl cell recruitment might
contribute to the Ty2 cell overbalance in patients with AD.>
IRF-1 is important for the production of IFN-vy, and reduced IRF-
1 induction might contribute further to the T2 overbalance in pa-
tients with AD.® Moreover, the tryptophan-catabolizing enzyme
IDO plays a role in the induction of suppressive pathways and is di-
rectly dependent on the induction of IRF-1. Thus attenuated IDO
induction is very likely to contribute to the uncontrolled inflamma-
tion seen in patients with AD.®"%* Together, attenuated IFN-y in-
duction and responsiveness of DCs in patients with AD might be
the cause of alleviated Tyl immune responses in patients with
AD, which are usually strong counteractors of Ty2 immune
responses. In addition to impaired or alleviated defensive immune
responses, anti-inflammatory or tolerogenic pathways might be de-
ficient in patients with AD as well. In this regard components from
pollen, such as phytoprostanes or adenosine, have been demon-
strated to influence DC function.®* Most importantly, adenosine ex-
erted different effects on DCs of nonatopic compared with atopic
donors. Stronger induction of regulatory T cells was observed after
incubation of DCs of nonatopic subjects with adenosine, whereas
adenosine-preincubated DCs of atopic subjects did not induce reg-
ulatory DCs but displayed stronger induction of Ty2 cells.®* On the
basis of these data, missing DC-mediated tolerogenic and anti-
inflammatory immune responses to immunoregulatory substances
in pollen might represent an important prerequisite for the manifes-
tation of inflammatory allergic reactions in atopic subjects, includ-
ing patients with AD.

HOW TO DIRECT THE PHENOTYPE AND PATTERN
OF DCs IN THE SKIN FOR THERAPEUTIC PURPOSE

On the basis of the versatile functions of DCs in AD described
above, therapeutic approaches might differentially target DCs
directly or indirectly. Among these, directing the differentiation,
immigration, and emigration of particular DC subtypes in the skin
represents a promising approach. Additionally, modulation of the
cellular microenvironment and type of soluble factors around
DCs to promote the positive influence of tolerogenic DC subtypes
would be another interesting approach.
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FIG 2. Summary of the versatile functions of DCs in skin of patients with AD. Pathways modified in patients
with AD involving skin DCs are shown. Mechanical damage and skin barrier impairment allow penetration
of the upper parts of the skin by allergens and microbial components, which come into contact with DCs.
TSLP-stimulated DCs amplify Ty2 polarization, and inflammatory DC subtypes are recruited to the skin and
predominate in the epidermis and dermis. In addition, regulatory pathways counteracting allergic skin in-
flammation are modified and attenuated in patients with AD as well. Eo, Eosinophil; INF-R, IFN-y receptor;
IP-10, interferon-inducible protein 10; M, mast cell; p-STAT1, phosphorylated signal transducer and activa-

tor of transcription 1; Treg, regulatory T cell.

Several good examples exist in support of the hypothesis that
changes in the pattern of DC subtypes do not represent simply the
result of changes accompanying the different disease states but
are rather primarily responsible and decisive for the maintenance
or restoring of a balanced immune homeostasis or the breakdown
of tolerance and manifestation of allergic inflammation in the
skin. With the help of murine langerin—diphtheria toxin receptor
mice and selective elimination of epidermal LCs and dermal
langerin-positive DCs, it has been demonstrated that allergic
hypersensitivity reactions are much more intensive in the absence
of epidermal LCs.®* This implies that antigen-specific contact hy-
persensitivity reactions can be actively suppressed by epidermal
LCs. Comparable anti-inflammatory protolerogenic properties
might be exerted by epidermal LCs in patients with AD.

Because LCs represent the main epidermal DC subpopulation
in nonlesional skin of patients with AD, rapid influx of other DC
subtypes with inflammatory properties as a dominating feature
might be responsible for the breakdown of tolerance and onset of

inflammation accompanied by eczema development in patients
with AD. Therefore restoring the steady-state situation and the
dominance of LCs might represent a promising therapeutic
concept to attenuate the inflammatory reactions. Most likely,
this could be achieved by tight control of the differentiation of
DCs and their precursor cells invading from the surrounding
blood vessels and dermal compartment. TGF-f8 is an important
soluble factor supporting LC differentiation, which binds to
respective TGF-( receptors. Increased expression of TGF-$
receptors on LC precursor cells and enhanced LC differentiation
is supposed to represent a putative way in which the topical
immunomodulator tacrolimus, which has been used for the
treatment of AD in clinical practice very successfully for several
years now, might reduce the relative number of inflammatory
DCs. This is in favor of the reconstruction of the overbalance of
LCs, which accompanies improvement of the skin lesions.®
However, not only topical immunomodulators but also gluco-
corticoids applied systemically are capable of modifying allergic
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immune responses and target LCs. This has been demonstrated
through examination of sequential skin biopsy specimens taken
from patients with nickel allergy undergoing epicutaneous patch
testing with nickel with and without systemic glucocorticosteroid
treatment.®® Glucocorticosteroids maintained skin LCs in an im-
mature state and increased their TGF-3 production and capacity
to induce regulatory T cells. Together, these mechanisms went
along with the active suppression of the development of eczema-
tous skin lesions in nickel-sensitized subjects exposed to nickel. It
is more than likely that quite similar DC-mediated tolerogenic
pathways might be necessary to avoid the manifestation of aller-
gic skin inflammation in patients with AD. As a consequence,
modifications of complete absence of such counterregulatory
pathways might be the basis for the propagation of allergic skin
inflammation.

CONCLUSION

Much research effort over the last years has concentrated on the
identification of dysregulated genetic and immunologic pathways
that could lead to the manifestation of AD. Within this dense
network of skin immune cells, DCs play an outstanding role and
are therefore at the center of focus (Fig 2). Because of their ver-
satile roles in the pathophysiology of AD, their multifaceted char-
acter, and their capacities to both promote and prevent the
manifestation of allergic skin inflammation, DCs represent prom-
ising cellular targets for therapeutic approaches in the future.

What do we know?
o Inflammatory DC subtypes are recruited to the skin dur-
ing the development of eczematous skin lesions.

Skin barrier impairment is a critical factor in patients
with AD and is part of this impairment that is genetically
predetermined.

TSLP amplifies DC-driven Ty2 cell polarization in pa-
tients with AD.

S aureus (enterotoxins), M sympodialis, and allergens are
trigger factors of AD.

HA4R is expressed by LCs, IDECs, and slan-DCs in pa-
tients with AD.

Topical treatment with tacrolimus leads to the reduction
of inflammatory DC subtypes in the skin.

What is still unknown?

o Mechanisms leading to the depletion of epidermal DCs af-
ter local glucocorticosteroid treatment
How to target specifically skin barrier impairment and
restore, for example, filaggrin reduction in patients with
AD

How to revert TSLP-driven effects on DCs in patients
with AD

In which way these factors exactly interact with DCs in
patients with AD

H4R expression and function on pDCs in patients with
AD and how to target H4R in patients with AD

Which DC subtypes are primarily targeted by different
AD therapies
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