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INTRODUCTION TO SKIN ALLERGIES

The skin is our largest organ and plays a major role in many physiological functions. No other organ demands so much attention and concern in both states of disease and health. It represents the first barrier to our environment and has fundamental importance for human interactions and mental health. In allergic skin diseases that affect a significant proportion of our population from childhood to advanced age, skin integrity is critically impaired.

It is easy to inspect the skin and to obtain biopsies. The immune system of the skin represents a complex network of keratinocytes and immune cells, including the skin-specific antigen presenting Langerhans cells. Lessons learned from allergic skin can often be transferred to other target organs, i.e., lung, nose, and gut. Accordingly, in the last decade skin allergy developed to a thriving field.

Skin allergies may start in early life, for example atopic eczema, or may occur in middle life such as urticaria, but can also develop in senescence like contact dermatitis or chronic pruritus. Some diseases are inherited such as hereditary angioedema and some are acquired by genetic alterations such as mastocytosis. Many skin allergies are long-persisting and are associated with a significant impairment of healthy related quality of life. Some skin allergies may exist only during early life such as childhood atopic dermatitis, whilst others persist for the rest of the life such as contact dermatitis. In skin allergies with periodic attacks, e.g., angioedema, the triggering factors often remain unclear. Topical treatment was used for a long time in many skin allergies, with more or less effect. Fortunately, over the past years we have considerably expanded our therapeutic armamentarium (Table 1). Moreover, additional biologic and small molecule drugs dominate pharmaceutical pipelines.


Table 1. Examples of skin allergy treatment approaches under investigation in clinical trials or with recent approval (in bold).
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This short summary aims to describe a selection of recent achievements in the field of skin allergies, to point out knowledge gaps, and to encourage scientists to perform and communicate innovative research. It should be regarded as an invitation to all scientists and clinicians to participate open access Frontiers in Allergy by proposing research topics and by submitting exciting manuscripts.



URTICARIA AND ANGIOEDEMA: A MATTER OF IgE-RELATED AUTOIMMUNITY?

During the last years international guidelines of high quality have been established to support clinicians in the management of patients with different urticaria subtypes (1). In daily praxis, especially chronic urticaria, i.e., chronic spontaneous urticaria (CSU) and chronic inducible urticaria (CINDU), are challenging. National and international guidelines recommend the use of omalizumab, the first and only anti-IgE antibody approved for use, after failure of antihistamines at standard and increased dose (1). Nevertheless, as of now, many questions are still open regarding omalizumab in chronic urticaria. How it works is not clarified in detail, although interrupting autoimmunity type I and IIb are preferred hypotheses (2). The ligelizumab phase III trial program (Table 1) will have to confirm the promising results of the phase II trial (3) demonstrating superiority compared to omalizumab. Prospective clinical trials including CINDU subtypes and angioedema without wheals, but also including special populations, i.e., children and adolescents, elderly, obese patients, and patients with concomitant immunosuppressive or biological treatment or with cancer are required to approve efficacy and safety of omalizumab and other anti-IgE therapies (4). In addition, as of now, easy-to-use tools to identify non-responders, to predict the required duration of treatment and consented strategies on how to wean anti-IgE therapy are lacking. Additional anti-IgE approaches such as UB-221 and DARPins are under investigation (4, 5). DARPins are able to neutralize free IgE and actively dissociate pre-formed IgE:FcεRI complexes. Future insights into the mechanism of action of the various anti-IgE approaches may shed light not only on chronic urticaria and angioedema but also on other diseases in which IgE plays a major role. Whereas, until global approval of omalizumab in 2014, treatment of chronic urticaria was rather frustrating for both, patient and physician, currently, a multitude of clinical trials are on the way. Aside IgE, several other molecules not only targeting mast cells but also eosinophils, basophils, and lymphocytes are addressed (Table 1). The results will elucidate whether chronic urticaria is only a matter of IgE-related autoimmunity, or whether yet to defined urticaria endotypes must be considered that may need another specific treatment. Moreover, in urticaria pathophysiology, recently identified receptors on mast cells, such as Mas-related gene-protein coupled receptor X2 (MRGPRX2) and Siglec-8, are more and more focused (2). Interestingly enough, there is increasing evidence that these receptors are also relevant for other target cells, e.g., eosinophils and basophils (6).



ANGIOEDEMA WITHOUT WHEALS: WHAT ARE THE CULPRIT MEDIATORS AND WHICH MUTATIONS ARE RELEVANT?

The current classification of angioedema without wheals distinguishes several acquired and hereditary forms (7). In general, angioedema can be mediated by bradykinin and/or mast cell mediators including histamine (7). Nevertheless, this may be an oversimplification as increased bradykinin levels have been shown in urticaria as well (8). Both, bradykinin and histamine, are immediately degraded and therefore not available for routine assessment. Thus, biomarkers for differential diagnosis and, much more important, to predict angioedema attacks, are vitally needed. Whilst the genetic alterations of SERPING 1 gene in hereditary angioedema (HAE) resulting in C1 inhibitor deficiencies are well-known, several other genes have become into focus, for example genes for FXII, plasminogen, angiopoietin (7). In contrast, in bradykinin-mediated Angiotensin converting enzyme (ACE-)-inhibitor induced angioedema an underlying genetic predisposition has not been identified so far.

In 2019 new game changing drugs, namely subcutaneous C1-INH (Berinert 2000/3000) and Lanadelumab, got global approval for long-term prophylactic treatment of HAE (Table 1) (9). Regarding their high costs, real-world data will have to define which patients should ideally receive these drugs and at which state of their disease. Although HAE is a rare disease, several RCTs are ongoing, for example those investigating efficacy and safety of anti-FXII mAb (Garadacimab) or a plasma kallikrein inhibitor (Berotralstat) (Table 1).



ATOPIC DERMATITIS: WHICH DRUG FOR WHICH ENDOTYPE?

Multiple immune pathways have been associated with atopic dermatitis and different classes of topical and systemic treatments have been developed (10). Among them are anti-cytokine biologicals, receptor antagonists, and tyrosine kinase inhibitors (Table 1). Two of them already got approval, dupilumab (anti-IL-4/-13) and baricitinib (JAK-1/-2 inhibitor). A different approach is the development of topical treatments, e.g., phosphodiesterase4 (PDE4) inhibitors such as crisaborole. Future studies will have to address which treatment is eligible for which atopic dermatitis endotype and/or in which inflammatory phase of the dermatitis. Furthermore, immunological studies might identify additional atopic dermatitis endotypes aside intrinsic and extrinsic atopic dermatitis (11). From the clinicians perspective other open questions of these new treatment approaches are long-term safety, treatment duration, and combination therapy.



SKIN MASTOCYTOSIS: HOW IS IT RELATED TO SYSTEMIC MASTOCYTOSIS AND ALLERGIES?

At least adult-onset skin mastocytosis is highly suggestive of systemic mastocytosis (12). So far, it has not been clarified why some patients with skin and/or systemic mastocytosis suffer from intermittent anaphylaxis and others do not. Although international guidelines give support about how to manage patients with mastocytosis, in daily practice there are many questions and few answers. Most recommendations, for example, that histamine-liberating drugs should be avoided, are based on theoretical thoughts and have not been substantiated by appropriate clinical trials. Interestingly enough, the absence of urticaria/angioedema in severe anaphylaxis might be associated with mastocytosis (13). Diagnosis and management of mast cell activation syndrome and alpha tryptasemia are debated. Very recent data identified hereditary alpha-tryptasemia as a valid genetic biomarker for severe mediator-related symptoms in mastocytosis (14). Again, in mastocytosis several new drugs such as c-kit inhibitors, receptor antibodies (Table 1), and also anti-tryptase antibodies (15) are appearing on the horizon (Table 1).



PRURIGO NODULARIS, CHRONIC PRURITUS: CAN WE SPECIFY AN ITCH SPECIFIC TREATMENT?

Facing the challenges of chronic pruritus and Prurigo diseases such as prurigo nodularis is discouraging. Nevertheless, advances have been made in understanding the pathophysiology of itch (16). Regarding prurigo nodularis anti-cytokine mAbs such as dupilumab and nemolizumab (anti-IL-31), and receptor antagonists such as Vixarelimab targeting OSMRβ, which mediates signaling of interleukin-31 (IL-31) and oncostatin M (OSM) are investigated (Table 1). Moreover, for chronic pruritus other systemic treatments have been developed that target the neural system such as nalbuphine (17).



OTHER EXCITING RESEARCH TOPICS

The skin is the body's first line of defense and its frequent exposure to chemicals present in personal hygiene products, household products, or materials used in the work environment can result in the development of skin allergy. Allergic contact dermatitis is a complex skin allergy characterized by the interplay between the innate and adaptive immune system (18). There is increasing evidence that allergic contact dermatitis could be treated by biologics but prospective clinical trials are lacking (19).

Another interesting question is the role of the skin microbiome, not only in relation to the body (20) but also related to the development of (skin) allergies (21).

Finally, most drug hypersensitivity reactions manifest on the skin (22). The use of biologics, immune check point inhibitors and small molecule drugs constantly increases our understanding of the complex skin immune system. The border between adverse drug reactions and drug hypersensitivity is floating and for most reactions the pathomechanism has not been clarified so far (23).



CONCLUSION AND PERSPECTIVES

It is great to see that with regard to skin allergies the number of clinical trials is increasing. The outcome of innovative treatment approaches will expand our horizons and deepen our understanding of skin immunology and skin allergy (Figure 1). Interestingly enough, albeit the itch in CSU, in atopic dermatitis, and prurigo nodularis is considered to be different from a pathophysiologic point of view, some treatment approaches, for example dupilumab (anti-IL-4/-13), are investigated in all these diseases. Growing knowledge might enable step-by-step adjustment of our diagnostic and treatment algorithms toward precision medicine (24). Nevertheless, at the moment each milestone opens new questions. The skin is easy to access, therefore skin allergies are attractive for research purposes and hopefully young scientists and clinicians will be attracted to solve remaining and upcoming mysteries with the goal of prescribing the right medication, at the right dose, to the right patient.
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FIGURE 1. Skin allergies result from a deregulated interplay between genetic predisposition, the innate and adaptive immune response, and environmental factors. In light of this complexity a wide range of therapeutic approaches from avoidance strategies to targeted therapies and immunotherapies has been developed.
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