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Many ways lead to Rome: a glance at the multiple
immunological pathways underlying atopic dermatitis

DOI:10.1111/all.12239

In the late 1980s, the discovery of the Th1/Th2 T-cell

response in a murine model by Mosmann et al. (1) intro-

duced a new era in our understanding of inflammatory reac-

tions driven by antigen-presenting cells and T cells in human

diseases. Although it became rapidly clear that this dicho-

tomic view of the T-cell response is a rather simplified way

to understand inflammatory diseases such as atopic dermati-

tis (AD), it took a while to realize that from an immunologi-

cal point of view, this disease cannot simply be qualified as a

Th2 disease. Indeed, since then, many other T-cell profiles

such as Th9, Th17, Th22 and Tregs as well as their more less

specific transcription factors have deeply changed our view of

what could be a physiological response and what could be a

pathological one. Twenty-five years after the discovery of

Mosmann, many textbooks and review articles still mention

AD primarily as a Th2 disease although there are many

immunological arguments which clearly show that there are

at least two steps in the inflammatory response underlying

AD. In their review on the immunology of atopic dermatitis

in this issue of Allergy, Eyerich and Novak (2) have com-

pared the immunological mechanisms leading to AD like the

many ways leading to Rome: many pathways can lead to one

clinical phenotype. This new level of complexity includes

many known and unknown elements of the genetic back-

ground as well as nongenetic pathways such as environmen-

tal factors. Thus, AD represents a paradigmatic genetic

complex disease where gene–gene interactions as well as

gene–environment interactions form a highly complex

mosaic. Indeed, while the epidermal barrier function can be

genetically disturbed, it is also clear that the local microenvi-

ronment such as Th2 or Th22 cells has a deep impact on the

gene expression of filaggrin (FLG) and other structural pro-

teins of the epidermal barrier (3). On the other hand, genetic

abnormalities of these structural proteins can induce an

unspecific inflammatory response as has been shown for vari-

ants of the SPINK5/LEKTI gene. This kind of bidirectional

interaction holds also true for the impact of environmental

factors on the epidermal barrier function and on the immu-

nological pathways (4). Moreover, it is assumed that epige-

netic regulation may also have an impact on the expression

of gene variants either at the level of the keratinocytes and/

or at the level of immune cells located in the skin and in

other organs (5).

Among the various lessons learned over the past years in

our understanding of the complex pathophysiology of AD, the

increasing awareness of the role of the innate immune

response and vitamin D is of paramount importance (6, 7).

The colonization of the skin with Staphylococcus aureus (S.a.)

in patients suffering from AD is a well-known phenomenon.

However, although there are some clear correlations between

this colonization and the total serum IgE or the severity in

individual patients, we still do not understand fully how S.a.-

derived products are modulating the immune response in this

particular population. In other IgE-mediated allergic diseases

such as asthma, it has been shown that bacteria interaction to

Toll-like receptors has a protective effect under some condi-

tions (8, 9) and that it would be of particular interest to better

understand the role of the microbiome in inducing tolerance

or preventing IgE-mediated sensitization. In AD, the high col-

onization with S.a. not only seems to amplify the local inflam-

matory reaction but could also contribute to an increased

generation of IgE directed to a large spectrum of different

allergens and possibly self-proteins. Does the proper response

of immune cells to S.a.-derived products look differently (10)

and could a lack of this response (11) be an explanation for

the above-mentioned phenomena?

Along the same lines, the lack of appropriate secretion of

antimicrobial peptides (AMP) in inflamed skin of AD is

another example of the impact of the adaptive immune

response (Th2 cells) on the innate immune response. This

phenomenon is in sharp contrast to what we see in another

chronic inflammatory skin disease such as psoriasis where

AMP seem to be overproduced by keratinocytes.

Although several ways lead to Rome, this beautiful city

itself recognizes seven historical hills as well as an indepen-

dent state (the Vatican) in its central part. Similarly, the

clinical phenotype of AD is rather heterogeneous and can

potentially be divided into several subgroups based on more

or less validated biomarkers such as total or specific IgE.

This more differentiated view of the complex clinical phe-

notype (12, 13), besides the complexity of the pathways

leading to the phenotype, will allow us to design new strat-

egies for the prevention and treatment of this complex

inflammatory skin disease (14). As highlighted in this

review paper from Eyerich and Novak, several pathways

are probably combined and could result in different clinical

phenotypes. Therefore, besides understanding the different

genetic and immunological pathways leading to AD, our

efforts should also be focused on the discovery and valida-

tion of adequate biomarkers that will ultimately help us to

stratify the clinical phenotype according to a new molecular

taxonomy (15). Progress in genetics and immunology will

largely contribute to this important step in translational

biomedical research.
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