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ABSTRACT Translational research has changed the understanding of atopic dermatitis (AD) pathogenesis beyond
the basic mechanisms of immunology. The study in patients of rational therapies based on targeted
therapies (biologicals) provides valuable information from the patient and provides lessons of clinical
immunology on clinically relevant mechanism of AD pathogenesis. AD features such as skin barrier
defect, skin dysbiosis, and pruritus share a common abnormal adaptive immune response process.
Skin-homing CLA+CD4+ memory T-cells produce IL-4, IL-13, and IL-31 which are key mediators in
AD pathogenesis. Lessons learned from AD show that translational immunology allows generating
rational therapies for AD and learning its immunopathogenesis in the patient.
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Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin disease
characterized by a defective epidermal barrier, cutaneous dys-
biosis, pruritus, in a context of abnormal immune response
[1]. The translational research model, originally applied to
plaque psoriasis, has revolutionized the concepts of moderate
to severe AD pathogenesis and has provided relevant clinical
information on the important immunological mechanisms of
AD [2]. Translational research allows validating in the patient
new pathological mechanisms proposed in basic research.
The use of targeted therapies such as humanized monoclonal
antibodies directed to human targets (cytokines, receptors,
cells. . .) in clinical trials, together with advanced technologies
analyzing molecular mechanisms in patients (transcriptom-
ics, proteomics. . .), has demonstrated that AD is a complex
and heterogeneous condition that can now be treated more
effectively with rational therapies directed to the pathogenic
basis of the disease. The “omics” revolution facilitated the
understanding of AD pathogenesis at molecular lever beyond
clinical scores. Now all clinical studies with innovative drug
therapies incorporate this molecular phenotyping of patients
[3]. This review highlights, from a translational immunology
perspective, recently identified immunological mechanisms
involved in moderate to severe AD pathogenesis that are

clinically relevant (Table 1).

Type 2 (T2) Immune Response in AD

Many AD patients exhibit an exaggerated immune T2
response that leads to increased IgE levels. The T2 immune
response consists of the production of IL-4,IL-13, and IL-5 by
memory CD4+ Th2 cells, type-2 innate lymphoid cells (ILC2),

mast cells, and basophils [4]. Thus, T2 immune response

includes adaptive and innate mechanisms. The adaptive
response is based on the capture of allergens, antigens, and
superantigens by antigen presenting cells and presentation to
specific CD4 memory T-cells that are activated and secrete
IL-13, IL-4, IL-31, and IL-22 (Figure 1). On the other hand,
the innate response is based on ILC2 cells that are tissue-res-
ident and produce IL-5 and IL-13. To secrete cytokines, ILC2
lymphocytes need to be activated by epithelial cytokines, also
termed alarmins, produced by keratinocytes. The best char-
acterized alarmins are TLSP (thymic stromal lymphopoietin,
IL-25,11L-33, and IL-1a [1]. They have been very well studied
also in AD [5,6].

Th2 Response and Translational Research in AD

IL-13 and IL4 have been demonstrated to be clinically rele-
vant in AD by targeted therapeutic strategies since neutraliza-
tion of IL-4Ra and IL-13 clearly improved AD by inhibiting
IL4/IL-13 and IL-13 biological activities, respectively [7]. In
recent years, several clinical trials with biological therapies
have sought to explore the relevance of Thymic stromal
lymphoietin (TSLP), IL-25,IL-33 as possible new therapeutic
targets for AD since they induce T2 response in ILC2. Les-
sons from these clinical trials that explore the roles of those
alarmins in AD patients indicate that the neutralization of
TSLP, IL-25 and IL-33 is not effective in improving disease
[8]. In contrast to AD, in asthma the clinical importance of
IL-33 and TSLP is well demonstrated [9]. Since T2 cytokines
can also be produced by CD4+ memory T-cells, at the present
time, clinical efficacy in patients supports more strongly the
relevance of the adaptive immune response in contrast to the
innate response. In fact, CD4+ memory Th2 cells are the most
abundant in inflamed lesions and considered the most import-

ant [1]. Interestingly, blockage of antigen presentation to

Table 1. Targeted Therapies in Moderate-to-Severe Atopic Dermatitis.

Target ‘ Mechanism ‘ Therapy ‘ Clinical evidence in AD
IL-4RA | Th2 (IL-4,IL-13) Anti-IL-4Ro +
IL-13 IL-13 Anti-IL-13 +
IL-31 IL-31 Anti-IL-31RA +
IL-22 IL-22 Anti-IL-22 +
OX40L | Antigen presentation Anti-OX40L +
CCR4 CCR4 mediated CLA+ T-cell chemotaxis by CCR4 antagonist small +

CCL17 and CCL22 molecule
IL-17A |IL-17A Anti-IL-17A -
IL-5 Eosinophil biology Anti-IL-5 -
TSLP Innate T2 response. TSLP activation of ILC2 Anti-TSLP -
IL-33 Innate T2 response. IL-33 activation of ILC2 Anti-IL-33 -
IL-25 Innate T2 response. [L-25 activation of ILC2 Anti-IL-25 -
IL-23 IL-23/Th17 axis Anti-IL-23p19 -

TSLP = Thymic stromal lymphopoietin.
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Figure 1. Lesson learned from translational immunology in atopic dermatitis (AD). The skin barrier abnormality, together with the itch-scratch-

ing cycle in AD, facilitate skin entry of allergens and Staphylococcus aureus that active pathogenic skin-homing CLA+ CD4+CCR4+ memory

T-cells leading to production of IL-13, IL-4, IL-31, and IL-22. Th2 cytokines further alter the skin barrier, decreasing natural antimicrobial

peptides that promote Staphylococcus aureus colonization. Cytokines IL-4, IL-13, and IL-31 bind to their respective receptors present in

sensitive neurons in the skin that transmit pruritus to the central nervous system. Inflammation is amplified by IL-13-mediated infiltration of
CLA+CD4+CCR4+ T cells attracted by IL-13-induced CCL17 production by keratinocytes.

CD4+ memory T-cells by a humanized monoclonal antibody
that inhibits the OX-OX40L interaction has demonstrated
to be effective in the clinic (Figure 1) [10]). IL-5 constitutes
another T2 cytokine that regulates eosinophil generation and
survival. In AD, neutralization of IL-5 has not provided clini-
cal improvement in patients, whereas in asthma, it constitutes

a biological therapy already approved [8].

Novel Insights on IL-13 Relevance in AD

IL-4 and IL-13 represent the best clinically validated cytokines
in AD due to the efficacy of biologicals targeting IL-4RA and
IL-13. Recent studies in AD lesional skin indicate that IL-13
may have more relevance in the inflammatory processes that
take place in the skin than IL-4 [7]. IL-13 receptors, IL-13RA1
and IL-13RA2, are preferentially found in non-hematopoietic
cells such as keratinocytes and fibroblasts. In addition, IL-13
it is expressed in higher level in AD lesions compared to IL-4,
and transcriptomic analyses have demonstrated a dominant
IL-13 molecular signature [11]. Interestingly, JAK1 is the
most highly expressed member of the JAK family in lesional
AD biopsies and is involved in IL-13 signal transduction [12].
Besides this, IL-13 also plays a relevant role in the recruitment
of pathogenic skin-homing memory T-cells that express the

cutaneous lymphocyte-associated antigen (CLA) positive
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on their surface [1,13]. IL-13 and CCR4 are closely related
in AD inflammation. The CCR4 is a chemokine receptor
preferentially expressed by CLA+CD4+ T-cells [14] whose
ligands are CCL17 and CCL22 and are induced in keratino-
cytes upon IL-13 activation and preferentially attract CLA+
CD4+ lymphocytes [15]. Interestingly, CCL17 is considered a
relevant biomarker for AD [16] and a recent study has shown
that a small molecule antagonist of the CCR4 receptor can
improve AD [17].

IL-13 and IL-4 Affect the Skin Barrier Function

and the Microbial Cutaneous Colonization by
Staphyloccocus Aureus in AD

The skin barrier integrity is damaged in AD cutaneous
lesions making the stratum corneum permeable to allergens,
microbes, and their toxins. Besides genetic structural defects,
such as filaggrin mutations, which are present in some AD
patients, IL-13 and IL-4 reduce the expression of relevant
skin elements involved in the skin barrier such as filaggrin,
loricrin, involucrin and important lipid components [18,19].
By far, Staphylococcus aureus (Sa) is the best characterized
microorganism in AD because it is present on the skin of AD
patients [20]. In fact, Sa skin-colonized AD patients have been

recently shown to present a more severe form of disease than



non-colonized ones [21]. Th2 cytokines have been shown
to facilitate skin colonization by Sa since they reduce the
expression of natural antimicrobial peptides, thus reducing
defenses against Sa infection, favoring Sa skin adherence by

promoting fibronectin production [20].

Immunological Mechanisms of Pruritus

Itch is probably the symptom that most affects the quality of
life of AD patients, and it is part of the itch-scratching cycle
that most patients suffer from [22]. The adaptive immune
response is responsible to a great extent of the pruritus pres-
ent in AD as demonstrated by biological therapies and small
molecules that inhibit key signaling pathways involved in
pruritus. There are 2 different immunological mechanisms
behind the adaptive immune response and signal transduction
of itch by sensitive nervous fibers in the skin. CD4+ Th2 cells
producing IL-4 and IL-13, and the Th2 related IL-31. These
3 cytokines stimulate sensitive cutaneous fibers that express
their specific receptors to transmit pruritus to the central
nervous system through JAK1 kinase signaling [23]. The
relevance of IL-4 and IL-13 in pruritus is supported by the
important release of itch by neutralizing antibodies to IL-4RA
and IL-13 in moderate to severe patients. In addition, small
molecules that act as JAK inhibitors and block JAK1 signaling
of IL-4 and IL-13 receptors, are also potent therapies that act
on immune-mediated itch. IL-31 is a unique cytokine since it
is mainly involved in pruritus generation. CLA+CD4+ mem-
ory T-cells constitute the main source of IL-31 [24]. IL-31
binds to the IL-31RA that it is expressed in cutaneous sensi-
tive neurons and transduces signaling through JAk1 signaling.
The relevance of IL-31 in itch in AD patients is supported by
the antipruritic activity of anti-IL-31RA which is currently in
phase III trials [25].

Immunological Response In AD: Beyond
Th2 and Th1

The classical model of AD pathogenesis where the acute
phase is Th2 and the chronic stage is Th1 has evolved to
more a complex scenario including Th1, Th2, Th17, and
Th22 cytokines [26]. However, the presence of all those
T-cell subtypes in AD does not imply they are clinically rel-
evant players. At present, translational research has demon-
strated that only some of them are important, although
it cannot be discarded that in different AD phenotypes,
endotypes, or ethnicities these cytokines may be relevant.
IL-22, IL-17A and IL-23 are well characterized mediators
of inflammation in psoriasis; however, they are also present
in AD inflammation. The study of specific antibodies for
these cytokines in AD patients has clarified their role in this
disease. Neutralization of IL-22 improved AD preferentially

in patients with increased lesional expression of IL-22 at

baseline [27]. Current efforts to demonstrate the clinical
relevance of IL-17A and IL-23 have failed since neutral-
ization of those cytokines in patients has not provided any
clinical benefit [8]. In relation to the immune response,
new technologies in simultaneous quantification of serum
biomarkers of immune response have allowed to classify
moderate to severe AD patients into 4 endotypes which
demonstrate patients heterogeneity. These are IL-1R1 and
skin-homing tropism, dominant Th1/Th2/Th17 response,
Th2/Th22/CCl18 response, and low levels of Th2 cytokines
and eosinophilia [28].

Circulating CLA+ Memory T Cells and AD

Circulating T-cells expressing the CLA antigen represent a
subset of memory T-cells that reflect cutaneous immunologi-
cal abnormalities taking place in the skin [29]. They are used
to understand atopic dermatitis phenotypes as possible cell
biomarkers of disease [30,31]. The translational relevance
of this subset in AD, which also exists in human circulation
as resident memory Th2 cells, as well as in the skin [32],
has been further studied during dupilumab treatment of
moderate to severe AD patients. At week 4 of treatment,
dupilumab decreased IL-4, IL-13 and IL-22 production
in CLA+CD4+CCR4+, but not in the CLA- memory T
cells subset [33,34]. These results indicate that circulating
skin homing lymphocytes preferentially respond to IL4RA
blockage in AD patients and are in line with the relevance
of adaptive immune response in AD in the current model
of AD [1].

Conclusions

Current translational immunology results support a simpli-
fied model of AD pathogenesis (Figure 1), where patients
carry an abnormal immune response that reacts to agents
accessing the skin trough a permeable skin barrier, in the
context of the itch-scratching circle. Circulating CLA+C-
D4+CCR4+ memory T-cells infiltrate non-lesional skin and
become activated by antigen presenting cells and secrete I1L-4,
IL-13, and IL-31 among other cytokines. IL-4 and IL-13, and
in particular IL-13 due to the presence of the IL-13 receptor
in the skin and greater amount of IL-13 than IL-4, alter
skin barrier function. In addition, IL-13 would promote Sa
colonization by decreasing natural antimicrobial peptides
and adherence through increased production of fibronec-
tin. Those 3 cytokines mediate pruritus by binding to their
specific receptors in sensitive neurons that transmit pruritus
to central nervous system. IL-13 would promote inflamma-
tion by the recruitment of skin-homing CLA+CD4+CCR4+
that are attracted by IL-13-activated keratinocytes that
produce CCL17.
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