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Preface

Atopic dermatitis is one of the most common skin disorders, particularly in children. 
The enormous heterogeneity of mechanisms, triggers, clinical severity patterns, 
and treatment strategies have contributed to a huge set of data that allows for more 
personalized management of this condition. In fact, research has identified several 
clinical phenotypes and precise pathogenic mechanisms.

In addition to the standard pharmacological, topical, and systemic treatments, 
new anti-inflammatory, immunomodulatory, and biological agents are currently 
undergoing clinical trials with very promising results, despite the lack of clinically 
robust biomarkers. This book presents the most current physiopathogenic evidence 
in atopic dermatitis and the scientific rationale of the currently available therapeu-
tic arsenal as well as new options for treating severe forms of the disease. Written 
by experts in the field, chapters address some of the most current particularities in 
atopic dermatitis. 

I am convinced that the information contained herein will allow for better 
management approaches to patients with this condition as well as instigate and 
appoint new lines of research. I would like to thank all the contributors and the 
staff at IntechOpen for making this project possible.

Celso Pereira
Clinical Immunology,

Medicine Faculty,
Coimbra University, 

Portugal
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Chapter 1

Introductory Chapter: The 
Multispectrum Faces of Atopic 
Dermatitis
Celso Pereira

1. Introduction

Atopic dermatitis is a chronic or recurrent inflammatory skin disease usually 
related to the atopic march and atopic morbidity. Although the onset of symptoms 
occurs predominantly at pediatric ages, the disease can start at any age and even the 
elderly.

A constellation of conditioning factors has been identified, most of them 
sustained by genetic and epigenetic aspects favoring a Th2 cell profile, intrinsi-
cally associated with many other factors of the skin itself, namely the localized 
immunoinflammatory responses, the skin barrier dysfunction, dysbiosis, neu-
roimmune dysregulation and obviously environmental determinants and many 
others conditions [1]. As a consequence, different phenotypes and endotypes 
result from multiple heterogeneous and complex pathogenic mechanisms that are 
clinically expressed with different levels of severity and in the specific location of 
the lesions [2].

At pediatric ages, the thickness of the skin is markedly reduced compared to 
adults, as well as the population and diversity of resident cells [3]. In case of skin 
inflammatory disease the homeostatic disruption on cells as well on the matrix 
structures determines intrinsic changes in the skin’s adaptive immunity facilitat-
ing an inducible skin-associated lymphoid tissue (iSALT) with critical conse-
quences [4].

The microbiome has a particular interest in all medical areas and aim of 
profuse scientific interest in the last decade. However, it was the results of the 
Sanford study that surprisingly came to prove the magnitude and diversity of 
cell-free DNA in our body [5]. In fact, the placental microbiome is decisive in the 
fetal period. So, gut and skin newborn microbial flora is markedly dependent on 
the maternal clinical condition and the type of delivery, eutocic or instrumented 
[6, 7]. However, the postnatal period, depending on intrinsic and exogenous 
factors, will allow the acquisition of new microorganisms. It therefore occurs a 
process of specialization in niches, and the subsequently interaction with the 
host comes to allow functional differentiations in this own flora having obvious 
consequences on mucosal structures [7].

The skin microbiota in the healthy individuals is highly variable between 
designated areas of moist, such as the surfaces of the antecubital and popliteal 
fossae, and areas of naturally drier skin or sebaceous skin areas, particularly 
regarding the proportions of the Phyla Actinobacteria, Firmicutes, Proteocbacteria e 
Bacteriodetes [8].

Dysbiosis in atopic dermatitis resulting from increased expression of 
Staphylococcus genera, particularly S aureus species, has been consensual for a 
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long time and the acute outbreaks had been frequently described corroborate this 
increase with a parallel decreases in Streptococcus or Propionibacterium species [9]. 
The overexposure in the skin of S aureus and, less frequently to Malassezia furfur, 
results on environment specific conditions that favor a local immunoinflammatory 
hyperactivation in opposition to the protective effect of Acinetobacter species [10].

Atopic dermatitis also has an apparent correlation between the intestinal 
axis and the cutaneous mucosa, with over-expression of Clostridium difficile 
and Faecalibacterium prausnitzii species, reduction of short-chain fatty acids 
metabolites, which may enable future and potential extra-cutaneous therapeutic 
implications [2, 9, 11, 12].

This recent data amplify the complexity of the pathophysiology and immuno-
logical mechanisms in atopic dermatitis already accepted, namely: the skin barrier 
dysfunction, the type 2 inflammatory immune response and other important cell 
axes such as the dependents of cell ways Th22, Th1, Th17 or JAK–STAT signaling 
pathway [13].

The enormous complexity of pathways and mechanisms involved in atopic 
dermatitis is based on a huge heterogeneity of polygenic determinisms, so the 
genome-wide association studies (GWAS) only allow confirming the heritability 
identification in a very limited number of patients. The best documented gene 
mutation is related to filaggrin, but is only present in around 30% of the European 
population [14]. Concerning skin barrier dysfunction other genes has been also 
described (loricrin, keratin-16 periplakin e SPINK5/LEKTI), but it requires more 
research to assess the magnitude and prevalence in a large patients samples studies 
[2]. Likewise for a typical type T2 inflammation the dysfunctions of IL-4 and IL-13 
loci are also far from being present in all patients [2].

Pruritus is one of the hallmarks of atopic dermatitis and can have a dramatic 
and severe impact on the quality of life of patients at all ages. From a clinical and 
pathophysiological point of view, the pruritus induced by histaminergic pathway 
is not a standard feature in opposition to other atopic diseases. In addition to the 
classic inflammatory type T2 cytokines (IL-4 and IL-13), the IL31 and, to a lesser 
extent, TSLP, are strictly related to pruritus signaling, particularly in severe forms. 
Despite the presence of IL-4Rα in afferent neural fibers, these neural structures also 
have IL-31Rα receptors, activated by the release of this cytokine by T2 cells, but also 
by mast cells, dendritic cells and activated keratinocytes [15].

Thus, pruritus is, rather than a clinical sign dependent on the inflammatory 
process, but itself an active intervening part on the pathogenic mechanism, 
allowing increased keratinocyte IL-31 release by damage and scratching, and 
also an increased activation of dermal dendritic cells via TSLP. Symptomatic 
control is, therefore, decisive, in terms of the immense discomfort experienced 
by the patient and also because allow a negative feedback to the underlying skin 
inflammation [13].

In the light of the above, inhibition of IL-4Rα receptors by dupilumab allows for 
a significant control of pruritus thresholds in a very expressive number of patients. 
However, in others, this control is not achieved. Trials with nemolizumab, an anti-
IL-31Rα monoclonal, look like it is highly effective in controlling itching, but with 
significant clinically adverse effects [15].

In an interesting experimental model with human mast cell lines, an alcoholic 
extract of Commiphora myrrha reduced not only the release of histamine, but also 
the production and release of IL-31 by kinase suppressor regulated by an extracel-
lular signal and activation of NF κB [16]. If these results are confirmed in vivo, this 
essential oil could have an enormous impact in the routine clinic associated with a 
reduced burden economic impact.
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The treatments currently recommended by different guidelines and consensus 
from different international scientific societies are strictly guiding in pharmaco-
logical and non-pharmacological care plans, namely: general measures, hydration 
to minimize barrier defects, topical treatments, systemic anti-inflammatory drugs 
for specific conditions and biological treatment for severe forms. Naturally, many 
of the new therapies are very expensive, which limits their access to many patients 
around the world [2, 13, 17].

However, several articles have pointed out other strategies that appear to be 
promising and highly elective in atopic dermatitis.

Emollients are essential to care, and it has been suggested an additional inclusion 
of ceramides or plant extracts with anti-inflammatory activity, despite the need for 
robust evidence [18–20].

Regarding anti-inflammatory therapy, the different classes of corticosteroids, 
calcineurin inhibitors and an inhibitor of the intracellular enzyme phosphodiester-
ase 4 represent the drugs currently available for topical treatment. Inhibitors of the 
JAK–STAT and tyrosine kinase pathways are currently in clinical trials. Delgocitinib 
(a pan-JAK inhibitor) has recently been approved in Japan for the treatment of 
adults with atopic dermatitis [2, 21].

Regarding systemic therapy it is recommended to severe presentations of atopic 
dermatitis, and in recent years it has been seen a profusion of new approaches with 
new biological drugs, some of them already available and many others in clinical 
trials [22, 23]. This topic is developed in a specific chapter in this book.

The spectrum of action of these new drugs, targeting glycoproteins (IgE), 
cytokines, chemokines (or their receptors), cell signaling pathways and cell surface 
receptors, should be submitted to a extensive drug-safety monitoring and rigourous 
pharmacovigilance programs, because most of them are generally ubiquitous in 
multiple cells, tissues and organs and could have potential uncontrolled conse-
quences, even in short-term treatments. In addition, this profusion of new drugs is 
not accompanied by biomarkers that allow a specific selection for different pheno-
types and endotypes, in a pathology as heterogeneous as atopic dermatitis.

The new data that comes from the knowledge of dysbiosis in atopic dermatitis 
must be consistent with new research lines. These findings will allow new thera-
peutic approaches in earlier stages and more primary pathophysiological conditions 
that support the immune-inflammatory process and support the chronicity and 
clinical severity.

The presence of cutaneous biofilms in severe clinical forms and with skin recur-
rent infections and impetiginization has extremely relevance on the clinical point 
of view [24]. Current treatment strategies do not establish nor allow the elimination 
of these structures on the skin surface. However, a growing number of in vivo and 
in vitro investigations have demonstrated that topical extracts of some medicinal 
plants had the ability of biofilms dysruption from bacteria (Staphilococcus spp e 
Streptococcus spp) or fungi (Malassesia furfur and Candida spp) [24, 25].

Like many other chronic conditions in which dysbiosis is subject to extensive 
research, also in allergic diseases and atopic dermatitis in particular, several studies 
sustain that in the treatment plan new approaches will be necessary, some of which 
with very promising in vitro and in vivo results [26]. There are countless potential 
manipulation and modulation possibilities of dysbiosis, but additional studies are 
still necessary to prove the efficiency and safety criteria [27].

Topical application of bacterial lysates or bacteriophage-derived enzymes seems 
to be one of the most feasible strategies. This strategy tends to, selective, replace 
strains considered commensal identified on the skin of healthy individuals or others 
comproved strains with competing effect for S aureus [27]. Another researches 
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address the topical application of non-replicating probiotics that may allow a nega-
tive modulation in the viability of dysbiotic bacterial flora [28].

Bacterial lysates administrated sublingually have been in clinical use since the 
1970s, for the prevention of infectious risk in respiratory pathology. Resulting from 
lysis of heat-inactivated bacterial strains, the composition can be selected and 
adjusted to a very diverse number of strains [29]. Without an obvious reason, its 
use in the clinic was markedly decrease in the late 1990s, but it has recently been a 
subject of interest and rediscovery given the potential of the mechanisms of action. 
In this context, the designation of “trained immunity-based vaccines” has been 
proposed since these vaccines allow effects on both innate and adaptive immunity 
[30, 31]. Among the most relevant mechanisms are the antimicrobial cytokine 
response, overexpression of TLRs; production of specific IgG and induction of 
regulatory T responses and regulation of dendritic cells [31]. In patients with 
strongly impetiginized forms, there is the possibility of personalized prescription 
with one extract containing strains adjusted to dysbiosis. This formulation adminis-
tred at sublingual region, adjacent to the MALT structure, is highly promising from 
an immune point of view, compared to the oral formulas, which is usually restricted 
to formulations and fixed compositions of lysates [32].

Other potential treatment strategies involve the autologous bacterial transplant, 
allogeneic bacterial transplant or even fecal microbial transplantation. On these 
grounds, further and roboust research is necessary [33–35].

Likewise, well-designed studies are needed to define the position and the role of 
probiotics, prebiotics or symbiotics in atopic dermatitis. This subject is developed 
in a chapter of this book, as well the specific criteria for phototherapy in select 
patients.

In view of the enormous clinical heterogeneity, of the physiopathological 
mechanisms, the treatment of atopic dermatitis is a real concern over the oppor-
tunities and therapeutic options already available and all other strategies under 
development and trials [2, 16–23, 36, 37].

So, nowadays the atopic dermatitis treatment is a real challenge in view of the 
enormous clinical heterogeneity, the physiopathological mechanisms, the immuno-
genic aspects and the tremendous variability regarding age, race and ethnicity [37].

In this context, the opportunities with the available therapeutics and all the 
other strategies under development will certainly allow us to increasingly personal-
ize the management plan and in a future that is believed to be close the identifica-
tion of robust biomarkers for phenotypes and endotyps, as also on monitoring 
approach.

The scientific review of some of these aspects in the chapters of this book will 
certainly be tools of great interest and importance in the knowledge of a pathology 
with colossal prevalence and a tremendous impact on the quality of life of these 
patients and their families.
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Chapter 2

Atopic Dermatitis: From 
Physiopathology to the Clinics
Ignasi Figueras-Nart and Oscar Palomares-Gracia

Abstract

Atopic dermatitis is a chronic, pruritic, relapsing inflammatory disease with a 
complex etiopathogenesis. Alterations of the epidermal barrier function together 
with a predominantly type 2 altered immune response are responsible for the het-
erogeneous clinical manifestation. Although pruritic eczematous plaques represent 
the most frequent phenotype, several others are also characteristic. The diagnostic of 
the disease relies on clinical aspects, and no complimentary tests are needed. In the 
literature, we can find a significant number of diagnostic and screening biomarkers; 
however, severity ones are the most reliable and applicable. Patient-tailored treatment 
is mandatory, as not all the patients equally respond to the same drugs. The newly 
released therapies, as well as those under investigation, give hope to AD patients.

Keywords: atopic dermatitis, immunology, type 2 immune response,  
clinical features, eczema, biomarkers, risk factors, treatment, biological agents

1. Introduction

Atopic dermatitis (AD) is a common chronic, pruritic, relapsing, inflammatory 
systemic disease that affects both children and adults. Patients frequently have high 
levels of total immunoglobin E (IgE) and a personal or family history of atopic-
related diseases.

AD is one of the most common inflammatory cutaneous diseases with an inci-
dence that has tripled in the last 3 decades in industrialized countries. Prevalence 
in children population is approximately 15–20%, while it is much lower in adults, 
between 1 and 3%.

Several studies demonstrate that AD has a high impact on patients’ quality of life 
(QoL). For some of them, the impairment in QoL is more significant than in some 
other chronic diseases such as hypertension, diabetes, or even psoriasis [1].

In this chapter, we will make a dual approach to AD. First, we will concentrate 
on the immunological mechanisms of AD and then will discuss the clinical and 
therapeutic aspects of the disease.

2. Immunological mechanisms of AD

2.1 Immunological mechanisms underlying atopic dermatitis

The immune system is a very complex and interactive network of cells and 
molecules to protect the host against potentially dangerous pathogens while 
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keeping at the same time a state of tolerance against self and innocuous non-self-
antigens [2, 3]. The immune system employs a large number of molecular and 
cellular mechanisms that must be tightly regulated to perform this vital function. 
Alterations on these mechanisms lead to the appearance of immune-related diseases 
such as recurrent infections, autoimmunity, tumor tolerance, organ rejection, as 
well as allergic and skin diseases such as AD [2, 4–6].

AD is one of the most prevalent chronic inflammatory diseases of the skin 
affecting both children and adults [7, 8]. The clinical features that characterize 
the disease are dry and scaly skin, eczema lesions, and chronic itching. AD is a 
very complex and debilitating disease that should be considered as a systemic 
disease associated with different comorbidities. The development of AD depends 
on the integration of multiple factors such as genetic background, environmental 
exposure, skin barrier, and immune alterations [9–11]. All these factors cooperate 
and synergize leading to the clinical manifestations of AD. Over the last years, our 
understanding on the immunological mechanisms underlying AD has significantly 
improved [12]. Today, it is well accepted that the inflammatory component of 
AD is mainly driven by aberrant type 2 immune responses, which significantly 
contribute also to barrier defects and itching [5, 13]. Other immune responses 
including Th17, Th22, and, to a lesser extent, Th1 cells can also contribute to AD at 
different stages of the disease as well as in different subsets of patients and pheno-
types [11, 14, 15].

2.2 Orchestration of type 2 immune responses

The immune system employs type 2 immune responses to combat parasites and 
helminths, as well as toxins and venoms [16, 17]. Parasites are pathogens very large 
in size that cannot be engulfed and eliminated by innate immune cells, and danger-
ous venoms/toxins might rapidly spread throughout the body. Therefore, the main 
aim of type 2 immune responses is to expulse away the pathogen from the body or 
destroy the toxins, thus avoiding their systemic dissemination and the lethal conse-
quences for the host. Aberrant type 2 immune responses, due to different and some-
times unknown etiologies, might lead to the development of allergic diseases such 
as asthma or food allergy as well as to skin diseases such as AD [2, 4, 18]. Initially, 
AD was regarded as a Th2-mediated disease; however, recent findings showed that 
type 2 innate lymphoid cells (ILC2s) and other innate immune and effector cells also 
contribute to the orchestration of these responses. Therefore, the term type 2-medi-
ate disease is more adequate according to our current knowledge [19, 20].

Different cell subsets from both arms of the immune system, as well as tissues 
and non-hematopoietic cells, directly contribute to the orchestration of type 2 
immune responses, both locally and systemically [19]. Under normal condi-
tions, the presence of helminths or toxic substances triggers the production of 
large amounts of alarmins such as TSLP, IL-33, or IL-25 by epithelial cells (ECs). 
Alarmins directly activate and expand ILC2s by mechanisms depending on IL-7 
and condition the capacity of dendritic cells (DCs) to induce T helper (Th)2 and 
type 2 CD8+ cytotoxic T-cell (Tc2) responses by mechanisms depending on IL-4 
[21]. Activated ILC2s, Th2, and Tc2 cells produce type 2 cytokines such as IL-4, 
IL-13, or IL-5, which contribute to the recruitment and activation of different 
effector cells such as eosinophils, basophils, and mast cells to the inflamed tissue. 
Type 2 cytokines also participate in the activation of non-hematopoietic cells and 
tissues, which in cooperation with the activated immune effectors’ cells aim at 
eliminating the potentially dangerous invading pathogen/toxin, avoiding systemic 
dissemination.
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2.3 Dendritic cells connect innate and adaptive immune responses

DCs are antigen professional presenting cells (APCs) that link innate and adap-
tive immune responses [2, 22]. They are localized in all peripheral tissues, circulat-
ing in the blood and lymphoid organs. Their primary function is to scan and collect 
antigens in the periphery (skin, airways, or gut), process these antigens into peptide 
fragments, and present them in the context of MHC molecules to naïve T cells. DCs 
express costimulatory molecules and produce polarizing cytokines, which, together 
with their migratory capacity, empower them as the essential APCs in the priming 
of T cell responses [15, 23].

Depending on the type of encountered antigen and the signals that DCs receive 
in the periphery and during the travel to the lymph node, they can generate dif-
ferent types of effector CD4+ T cells [24, 25]. When DCs encounter intracellular 
pathogens (viruses or bacteria), they produce large amounts of IL-12 and induce 
IFN-γ-producing Th1 cells that in turn activate NK cells and CD8+ T cells to combat 
these infections. Aberrant Th1 responses also associate other autoimmune diseases 
[25]. In contrast, extracellular pathogens (bacteria or fungi) condition DCs to 
produce large quantities of IL-23, IL-1β, TGF-β, and IL-6, thus promoting the gen-
eration of IL-17A-producing Th17 cells that contribute to neutrophilic infiltration to 
eliminate these pathogens. Alterations of Th17 responses have been associated with 
different autoimmune diseases and psoriasis [26]. Under certain circumstances, 
mucosal DCs can also generate IL-9-producing Th9 or IL-22-producing Th22  
cells, which contribute to activate mast cells and to promote epidermal hyperplasia, 
respectively [24, 26]. As above discussed, the presence of parasites or venoms acti-
vates ECs and instructs DCs to polarize Th2 cells producing large amounts of type 
2 cytokines such as IL-4, IL-13, IL-5, or IL-9. Aberrant Th2 responses are the main 
drivers of allergic diseases and AD [12, 25]. In addition to these effectors CD4+ 
T-cell responses, DCs can also generate regulatory T cells with potent suppres-
sive capacity, which play a crucial role in keeping homeostasis avoiding excessive 
immune activation and tolerance induction [2, 3, 18, 27].

In humans, blood DCs are classified into two main groups: (i) myeloid dendritic 
cells (mDCs) and (ii) plasmacytoid dendritic cells (pDCs) [28]. According to the 
expression of specific markers, mDCs can be further divided into type 1 mDCs and 
type 2 mDCs [28–30].

pDCs are the primary producers of type I IFNs and are essential in antiviral 
responses, whereas different subsets of mDCs contribute to the orchestration of 
different types of immune responses. Both mDCs and pDCs are different pheno-
typic and functional DC subsets that cooperate to integrate and mount immune 
responses.

In the healthy skin, under non-inflammatory conditions, the number of DCs 
is relatively low with a clear predominance of epidermal and dermal Langerhans 
cells (LCs) [12, 31]. In contrast, the number and composition of DC subsets in the 
lesional skin of AD patients are altered with significant infiltration of inflamma-
tory dendritic epidermal and dermal cells (IDECs and IDDCs, respectively) [12, 
31]. DCs in the skin of AD patients express high levels of the high-affinity receptor 
for IgE (FcεRI), which might play a critical role in the priming and expansion of 
memory T cells. Besides, after IgE-FcεRI cross-linking, DCs produce a plethora of 
chemokines that add to the recruitment of Th2 cells and other inflammatory cells 
into the skin, thus enhancing inflammation. IDECs can also migrate to lymph node 
and polarize and increase the frequency of Th2 cells but also Th1, Th17, and Th22 
as observed during the most chronic phases of AD [12, 31]. Overall, DCs play an 
essential role in the initiation and maintenance of type 2 immune responses in the 



Atopic Dermatitis - Essential Issues

10

keeping at the same time a state of tolerance against self and innocuous non-self-
antigens [2, 3]. The immune system employs a large number of molecular and 
cellular mechanisms that must be tightly regulated to perform this vital function. 
Alterations on these mechanisms lead to the appearance of immune-related diseases 
such as recurrent infections, autoimmunity, tumor tolerance, organ rejection, as 
well as allergic and skin diseases such as AD [2, 4–6].

AD is one of the most prevalent chronic inflammatory diseases of the skin 
affecting both children and adults [7, 8]. The clinical features that characterize 
the disease are dry and scaly skin, eczema lesions, and chronic itching. AD is a 
very complex and debilitating disease that should be considered as a systemic 
disease associated with different comorbidities. The development of AD depends 
on the integration of multiple factors such as genetic background, environmental 
exposure, skin barrier, and immune alterations [9–11]. All these factors cooperate 
and synergize leading to the clinical manifestations of AD. Over the last years, our 
understanding on the immunological mechanisms underlying AD has significantly 
improved [12]. Today, it is well accepted that the inflammatory component of 
AD is mainly driven by aberrant type 2 immune responses, which significantly 
contribute also to barrier defects and itching [5, 13]. Other immune responses 
including Th17, Th22, and, to a lesser extent, Th1 cells can also contribute to AD at 
different stages of the disease as well as in different subsets of patients and pheno-
types [11, 14, 15].

2.2 Orchestration of type 2 immune responses

The immune system employs type 2 immune responses to combat parasites and 
helminths, as well as toxins and venoms [16, 17]. Parasites are pathogens very large 
in size that cannot be engulfed and eliminated by innate immune cells, and danger-
ous venoms/toxins might rapidly spread throughout the body. Therefore, the main 
aim of type 2 immune responses is to expulse away the pathogen from the body or 
destroy the toxins, thus avoiding their systemic dissemination and the lethal conse-
quences for the host. Aberrant type 2 immune responses, due to different and some-
times unknown etiologies, might lead to the development of allergic diseases such 
as asthma or food allergy as well as to skin diseases such as AD [2, 4, 18]. Initially, 
AD was regarded as a Th2-mediated disease; however, recent findings showed that 
type 2 innate lymphoid cells (ILC2s) and other innate immune and effector cells also 
contribute to the orchestration of these responses. Therefore, the term type 2-medi-
ate disease is more adequate according to our current knowledge [19, 20].

Different cell subsets from both arms of the immune system, as well as tissues 
and non-hematopoietic cells, directly contribute to the orchestration of type 2 
immune responses, both locally and systemically [19]. Under normal condi-
tions, the presence of helminths or toxic substances triggers the production of 
large amounts of alarmins such as TSLP, IL-33, or IL-25 by epithelial cells (ECs). 
Alarmins directly activate and expand ILC2s by mechanisms depending on IL-7 
and condition the capacity of dendritic cells (DCs) to induce T helper (Th)2 and 
type 2 CD8+ cytotoxic T-cell (Tc2) responses by mechanisms depending on IL-4 
[21]. Activated ILC2s, Th2, and Tc2 cells produce type 2 cytokines such as IL-4, 
IL-13, or IL-5, which contribute to the recruitment and activation of different 
effector cells such as eosinophils, basophils, and mast cells to the inflamed tissue. 
Type 2 cytokines also participate in the activation of non-hematopoietic cells and 
tissues, which in cooperation with the activated immune effectors’ cells aim at 
eliminating the potentially dangerous invading pathogen/toxin, avoiding systemic 
dissemination.

11

Atopic Dermatitis: From Physiopathology to the Clinics
DOI: http://dx.doi.org/10.5772/intechopen.89108

2.3 Dendritic cells connect innate and adaptive immune responses

DCs are antigen professional presenting cells (APCs) that link innate and adap-
tive immune responses [2, 22]. They are localized in all peripheral tissues, circulat-
ing in the blood and lymphoid organs. Their primary function is to scan and collect 
antigens in the periphery (skin, airways, or gut), process these antigens into peptide 
fragments, and present them in the context of MHC molecules to naïve T cells. DCs 
express costimulatory molecules and produce polarizing cytokines, which, together 
with their migratory capacity, empower them as the essential APCs in the priming 
of T cell responses [15, 23].

Depending on the type of encountered antigen and the signals that DCs receive 
in the periphery and during the travel to the lymph node, they can generate dif-
ferent types of effector CD4+ T cells [24, 25]. When DCs encounter intracellular 
pathogens (viruses or bacteria), they produce large amounts of IL-12 and induce 
IFN-γ-producing Th1 cells that in turn activate NK cells and CD8+ T cells to combat 
these infections. Aberrant Th1 responses also associate other autoimmune diseases 
[25]. In contrast, extracellular pathogens (bacteria or fungi) condition DCs to 
produce large quantities of IL-23, IL-1β, TGF-β, and IL-6, thus promoting the gen-
eration of IL-17A-producing Th17 cells that contribute to neutrophilic infiltration to 
eliminate these pathogens. Alterations of Th17 responses have been associated with 
different autoimmune diseases and psoriasis [26]. Under certain circumstances, 
mucosal DCs can also generate IL-9-producing Th9 or IL-22-producing Th22  
cells, which contribute to activate mast cells and to promote epidermal hyperplasia, 
respectively [24, 26]. As above discussed, the presence of parasites or venoms acti-
vates ECs and instructs DCs to polarize Th2 cells producing large amounts of type 
2 cytokines such as IL-4, IL-13, IL-5, or IL-9. Aberrant Th2 responses are the main 
drivers of allergic diseases and AD [12, 25]. In addition to these effectors CD4+ 
T-cell responses, DCs can also generate regulatory T cells with potent suppres-
sive capacity, which play a crucial role in keeping homeostasis avoiding excessive 
immune activation and tolerance induction [2, 3, 18, 27].

In humans, blood DCs are classified into two main groups: (i) myeloid dendritic 
cells (mDCs) and (ii) plasmacytoid dendritic cells (pDCs) [28]. According to the 
expression of specific markers, mDCs can be further divided into type 1 mDCs and 
type 2 mDCs [28–30].

pDCs are the primary producers of type I IFNs and are essential in antiviral 
responses, whereas different subsets of mDCs contribute to the orchestration of 
different types of immune responses. Both mDCs and pDCs are different pheno-
typic and functional DC subsets that cooperate to integrate and mount immune 
responses.

In the healthy skin, under non-inflammatory conditions, the number of DCs 
is relatively low with a clear predominance of epidermal and dermal Langerhans 
cells (LCs) [12, 31]. In contrast, the number and composition of DC subsets in the 
lesional skin of AD patients are altered with significant infiltration of inflamma-
tory dendritic epidermal and dermal cells (IDECs and IDDCs, respectively) [12, 
31]. DCs in the skin of AD patients express high levels of the high-affinity receptor 
for IgE (FcεRI), which might play a critical role in the priming and expansion of 
memory T cells. Besides, after IgE-FcεRI cross-linking, DCs produce a plethora of 
chemokines that add to the recruitment of Th2 cells and other inflammatory cells 
into the skin, thus enhancing inflammation. IDECs can also migrate to lymph node 
and polarize and increase the frequency of Th2 cells but also Th1, Th17, and Th22 
as observed during the most chronic phases of AD [12, 31]. Overall, DCs play an 
essential role in the initiation and maintenance of type 2 immune responses in the 



Atopic Dermatitis - Essential Issues

12

context of AD as well as in the generation of other Th cell subsets detected during 
the chronic phases and in different phenotypes of AD patients.

2.4 The immunopathogenesis of AD

The knowledge of the immunological mechanisms involved in the pathogenesis 
of AD has significantly improved over the last years. There are three phases in AD 
development involving different cytokines and cellular signatures that account for 
the clinical manifestations of the disease: (i) initial non-lesional stage, (ii) acute 
stage, and (iii) chronic stage.

2.4.1 Initial non-lesional stage

The structural integrity and permeability to environmental insults are severely 
compromised in susceptible patients displaying skin barrier defects [5, 10]. These 
skin alterations might be originated due to different factors including genetic 
susceptibility (mutations in filaggrin and/or other key genes for stratum corneum 
and skin integrity), alterations in tight junction proteins (TJ), dysregulation of skin 
lipid composition, changes in pH, altered microbiome, high transepithelial water 
loss (TWEL), or high susceptibility to infections and irritants. These skin barrier 
defects allow the penetration of large amounts of allergens, pathogen-derived anti-
gens, and/or other environmental insults into the lower epidermal layers, leading to 
the activation of keratinocytes [7]. Skin DCs uptake the encountered allergens and 
migrate to the closer lymph nodes conditioned by keratinocyte-derived alarmins 
such as TSLP, IL-33, or IL-25. These alarmins also activate tissue-resident ILC2s, 
which produce large amounts of type 2 cytokines facilitating DC migration and 
recruitment of inflammatory cells into the skin [7, 10]. Under these circumstances, 
DCs polarize naïve CD4+ T cells into allergen-specific Th2 cells by mechanisms 
depending on IL-4. The clonal expansion and activation of Th2 cells significantly 
contribute to IgE class-switching at the B level. The generated IgE+ B cells differen-
tiate into plasma cells that produce large amounts of allergen-specific IgE antibodies 
that bind to the surface of mast cells and basophils, leading to the allergic sensitiza-
tion [2, 4]. The induced Th2 cells home back and infiltrate the skin through lymph 
and circulation, leading to the classical skin inflammation observed of this initial 
stage even in the absence of skin lesions.

2.4.2 Acute stage

During the acute stage of AD, activated Th2 cells and ILC2s produce large 
amounts of IL-4, IL-13, IL-31, and IL-5 [12, 24]. IL-5 favors eosinophil recruitment 
into the skin and IL-31 in cooperation with IL-4 and IL-13 play a critical role in 
itching, thus initiating the vicious circle of itching-scratching that contributes to 
increase the damage of the already altered skin barrier and to enhance inflamma-
tion [12]. IL-31 directly act on sensory neurons, but it also promotes the growth 
of sensory nerves and skin hyperinnervation [32, 33]. IL-4 not only contributes 
to increasing the expression of IL-31 [34] but also together with IL-13 to sensitize 
neurons to a large variety of pruritogens such IL-33 and TSLP that increase after 
scratching, thus potentially contributing to chronic itch [32]. IL-4 and IL-13 also 
directly act on keratinocytes by inhibiting their differentiation, the production of 
antimicrobial peptides (AMPs), and altering lipid metabolism, thus enhancing 
barrier disruption. Six IL-13-activated keratinocytes produce an extensive battery 
of chemokines such as CCL17 (TARC), CCL26 (eotaxin), CCL18, and CCL22. In 
cooperation with the increment of vascular permeability induced by IL-4 through 
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the increased of vascular cell adhesion molecule-1 (VCAM-1) on vascular endothe-
lial cells, a massive infiltration of different types of inflammatory cells and vascular 
leakage takes place [5, 7]. Collectively, all these mechanisms account for the typical 
clinical symptoms of the AD acute stage, including itching and eczema lesions 
characterized by edema and spongiosis.

2.4.3 Chronic stage

The perpetuation of this predominant type 2 inflammation might lead to the 
chronicity of the disease [5]. In this phase, inflammation increases and persists 
due to constant activation of keratinocytes, vascular endothelium, inflammatory 
cells, and chronic itching. Remarkably, in the chronic stage, other Th cell subsets 
including IFN-γ-producing Th1, IL-17-producing Th17, and IL-22-producing Th22 
are also infiltrating the skin lesions [11, 15]. Depending on the AD subtypes, the 
relative frequency and contribution of these inflammatory Th cell subsets might 
vary significantly [11, 35, 36]. For example, in Asian AD patients as well as in some 
AD children subtypes, IL-17-producing Th17 cells might contribute to parakera-
tosis resembling typical features of psoriasis. In European-American, African 
American, and children AD patients, IL-22 produced by Th22 cells in cooperation 
with high levels of type 2 cytokines IL-4/IL-13 reinforce defective barrier func-
tion. It also enhances keratinocyte proliferation and promotes epidermal hyper-
plasia, leading to the lichenification and chronic itching typical of chronic stage 
[5, 10, 11, 35, 36].

3. Clinical features of AD

Although AD frequently appears during childhood and tends to subside as the 
patient grows, there is a considerable number of patients who persist in adulthood.

Recently, adult-onset and elderly onset phenotypes have been described [37, 38].
The essential features of AD are eczematous lesions and pruritus. Former can be 

acute, subacute, or chronic.
The clinical presentations, the lesion type and its distribution, are age specific, 

and this is a crucial aspect to consider when examining patients so as not to miss 
diagnose them.

AD phenotypes can be stratified according to multiple characteristics. One of 
the most used is the age-related clinical stratification, which classifies patients into 
four groups [39].

Infantile AD: Patients from 0 to 2 years present with an acute form of eczema, 
which typically affects cheeks, face, sparing nasal-labial triangle, scalp, trunk, and 
extensor surfaces of the limbs. The napkin area is typically respected.

Children AD: From 2 to puberty patients show subacute-to-chronic eczema that 
affects the flexural folds, dorsal aspects of the limbs, perioral area, and napkin area.

Adult AD: Adults typically present with a chronic or lichenified (Figure 1) and 
symmetric eczema that involves flexures, wrist, ankles, eyelids, and cheeks. In 
patients with a longstanding AD, a selective involvement of the neck and dorsal 
aspect of the hands is frequent, showing lichenified brown lesions that resemble 
dirt (Figure 2).

Elderly AD: AD in elderly presents with widespread chronic eczematous lesions 
with significant itch (Figure 3). It is usually misdiagnosed as cutaneous T-cell 
lymphoma, allergic contact dermatitis, or other types of eczema. Further informa-
tion is needed regarding the exact clinical presentation so as not to underestimate its 
real prevalence.
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Adult AD: Adults typically present with a chronic or lichenified (Figure 1) and 
symmetric eczema that involves flexures, wrist, ankles, eyelids, and cheeks. In 
patients with a longstanding AD, a selective involvement of the neck and dorsal 
aspect of the hands is frequent, showing lichenified brown lesions that resemble 
dirt (Figure 2).
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Patients can also be classified according to the age of onset [39]. Bieber et al. 
proposed six phenotypes, which included very early-onset (3 months–2 years), 
early-onset (2–6 yeas), childhood-onset (6–14 years), adolescent-onset 
(14–20 years), adult-onset (20–60 years), and very late-onset (>60 years). The 
majority of patients fall into the first group; however, adult-onset is a recently 
identified group, which represents about 20% of all the cases. The latter group 
includes two subsets, those with AD in the past and a long period of remission 
and those with a very late-onset.

It is important to consider that patients can present not only with widespread 
lesions but also with localized or morphologically distinct phenotypes.

Localized variants include selective eczema of the nipples, hands, eyelids, peri-
auricular area, cheilitis, subnasal region, and genital area. The head and neck type 
are typical of the adult group and show involvement of the upper trunk and scalp.

Morphological variants comprise the follicular type, which presents as aggre-
gated follicular papules, the papulo-lichenoid variant, the prurigo variant that 
resembles a prurigo nodularis, the nummular variant, and erythroderma [5, 37, 40] 
(Figure 4).

Figure 1. 
Lichenified lesions on the posterior part of the legs.

Figure 2. 
Chronic eczema in an adult patient with lichenified brown lesions on the lateral aspects of the neck that 
resemble dirt.
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Silvestre Salvador et al. [37] recently described and classified the clinical forms 
of presentation of AD in adult patients. They identified 11 groups: lichenified/
exudative flexural dermatitis, head-and-neck eczema, seborrheic dermatitis-like 
dermatitis, portrait dermatitis, hand eczema, generalized eczema, prurigo nodu-
laris, nummular eczema, erythroderma, psoriasiform dermatitis, and multiple 
lesions of lichen simplex.

3.1 Diagnostic of AD

The diagnostic of AD is based on clinical features since no specific biomarkers 
or histological hallmarks exist. It relies on the morphology and distribution of the 
lesions, clinical history, and other clinical signs.

Multiple sets of diagnostic criteria have been developed since 1980 when 
Hanifin-Rajka proposed the first, which included major and minor features. It 
requires 3 out of the four major and 3 out of the 23 minor criteria to establish a 
diagnosis. Later, the “United Kingdom Working Party” settled a set, which followed 
the essence of the Hanifin-Rajka’s, but adapted it for epidemiological and clinical 
studies [5].

In 2003, Eichenfield et al. [41] revised the original criteria and elaborated a set 
dividing features into essential, important, and associated (Table 1). It also includes 

Figure 3. 
Widespread eczema in an elderly patient.

Figure 4. 
Erythrodermic variant of AD.
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exclusionary criteria to help with the differential diagnostic. Probably, these criteria 
are the most used in a clinical setting.

In 2016, Liu P et al. [42] proposed an easy-to-use set for adolescents and adults. 
They based the diagnostic on the presence of symmetric eczema for more than 6 
months associated to one or more of the following: family or personal history of 
atopic-related diseases, eosinophilia, and elevated total or specific IgE.

Diagnostic criteria for SD

Essential 
features (must 
be present)

Pruritus

Eczema (acute, subacute or chronic) Typical 
morphology 
and 
age-specific 
patterns

Facial, neck, 
and extensor 
involvement 
in infants and 
children

Current or 
prior flexural 
lesions in any 
age group

Sparing of 
groin and 
axillary regions

Chronic or relapsing

Important 
features (seen 
in most of the 
cases, adding 
support to the 
diagnosis)

Early onset

Atopy Personal and/or family history

IgE reactivity

Xerosis

Associated 
features (help 
to suggest the 
diagnosis of 
AD but are too 
non-specific 
to be used for 
defining or 
detecting AD)

Atypical vascular response

Keratosis pilaris/pityriasis alba/hyperlinear palms/ichthyosis

Ocular or periorbital changes

Other regional findings

Perifollicular accentuation/lichenification/prurigo lesions

Exclusionary 
conditions

Scabies

Seborrheic dermatitis

Contact dermatitis

Ichthyosis

Cutaneous T-cell lymphoma

Psoriasis

Photosensitivity dermatoses

Immune deficiency diseases

Erythroderma of other causes

Adapted from Eichenfield et al. [41].

Table 1. 
Diagnostic criteria proposed by Eichenfield et al. in 2003.
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3.2 Approach to the patient with AD

When considering the diagnostic of AD, it is crucial making a thorough clini-
cal history, which includes information regarding the chronicity of eczema, the 
presence of itch, and the personal and family history of atopy. In children, AD is 
one of the first diagnostics to consider, while in the adult population, probably due 
to a lack of familiarity with adult-onset disease and even when dealing with patients 
with a compatible clinical picture, the first diagnostic suspicion tends to be contact 
dermatitis. Physical examination is also mandatory to determine the morphology 
and distribution of the lesions, which can help to consider or even establish the 
diagnostic [37].

There are controversies regarding complementary tests, which are useful at rul-
ing out differential diagnostics. According to the AAD guidelines, AD is a diagnos-
tic of exclusion and should only be established after excluding other diseases [43].

Patch testing should be considered in patients with adult-onset disease, those 
with a chronic disease who fail to respond to adequate treatment, patients with 
atypical or changing distribution, as well as patients with patterns suggestive of 
allergic contact dermatitis. Patch test should always be assessed according to clinical 
history to determine the relevance of the results [37].

The utility of the prick test is somewhat controversial. A prick for airborne 
allergens could be useful in adults with an airborne pattern eczema involving the 
face, particularly eyelid area, neck, and exposed regions of upper limbs. Testing for 
food allergies might be of help in pediatric patients with generalized eczema that 
worsen when exposed to certain foods, but also in adult patients who are sensitized 
to pollen, as pollen-related foods can cause cross-reaction with airborne allergens 
and trigger flares. Ruling out a protein contact dermatitis could be indicated in 
patients with chronic hand eczema that flares when handling food [37, 44].

A blood test is not mandatory but can be useful at supporting the diagnostic of 
AD. High IgE levels and eosinophilia are frequent in these patients. Other param-
eters such as lactate dehydrogenase (LDH), serum thymic activation regulator 
chemokine (sTARC)/CCL17, CCL27, cationic eosinophilic protein (CEP), and anti-
transglutaminase antibodies may provide with information regarding the severity 
or helping in the differential diagnostic (see biomarkers).

Although the histopathologic picture of atopic dermatitis does not differ from 
other types of eczema, a skin biopsy may help rule out other diagnostics such as 
cutaneous T-cell lymphoma (CTCL), psoriasis, or drug reactions [37].

Including a simple blood test with hemogram, liver function, renal function, 
LDH, total IgE (and specific if the clinical history suggests it), IgA, and antitrans-
glutaminase antibodies would be reasonable during the initial diagnostic workup. 
Indications for a patch test and prick test are those specified before.

3.3 Assessment of the disease severity and impact on the quality of life

After setting up the diagnostic of AD, it is essential to assess the severity of the 
disease and its impact on patient’s quality of life.

3.3.1 Severity

Several scales evaluate the severity; some of them include just objective signs, 
while others also include subjective patient’s symptoms.

Most of the scales are composite score systems, which assess different aspects of 
the disease (Table 2).
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while others also include subjective patient’s symptoms.

Most of the scales are composite score systems, which assess different aspects of 
the disease (Table 2).
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The most used in European countries is the Scoring of Atopic Dermatitis 
(SCORAD). It first evaluates the body surface area (BSA) affected and then gives a 
score from 0 to 3 for each of the following clinical features: erythema, edema, exco-
riation, swelling/crusts, lichenification, and xerosis. Finally, the patient is asked 
to rank pruritus and sleeplessness from 0 (best situation) to 10 (worst situation), 
giving a total score that ranges from 0 to 103, being the latter the most severe. It is 
considered a score from 0 to 25 as a mild disease, 25–50 as moderate, and 50 and 
above as severe.

Eczema area and severity index (EASI) is a scale based on PASI score.
EASI is a more objective tool, which does not include the patient’s symptoms, 

which is widely used in the US and also in the setting of most of the clinical trials. 
It divides the body into four parts, head and neck, trunk, upper limbs, and lower 
limbs. The first step is to assess the affected surface in each of the zones and then 
score erythema, edema, excoriation, and lichenification from 0 to 3. Each score is 
multiplied by a specific quotient, obtaining a final number that ranges from 0 to 72.

The patient-oriented eczema measures for eczema (POEM) is a symptom score 
that measures the subjective symptoms of the patient. The final result ranges from 0 
to 28, being the latter the worst.

Severity Quality of life

Scale Score Description Msc Scale Score Description Msc

SCORAD 0–103 <25 mild
25–50 moderate

>50 severe

8.7 HADS 0–42 
(A/D)

0–7 normal
8–10 

borderline 
abnormal

11–21 
abnormal

N/A

EASI 0–72 ≤7 mild
>7–21 moderate

>21 severe

6.6 DLQI 0–30 0–1 no effect 
at all on 

patient’s life
2–5 small 

effect
6–10 

moderate 
effect

11–20 very 
large effect

21–30 
extremely 
large effect

4

IGA 0–4 0 clear
1 almost clear

2 mild
3 moderate

4 severe

N/A

Symptoms

POEM 0–28 0–2 clear or almost clear
3–7 mild

8–16 moderate
17–24 severe

25–28 very severe

3.4

VAS 
pruritus

0–10 The higher the score, the more severe the pruritus 2–3

VAS sleep 0–10 The higher the score, the more sleeplessness 2–3

SCORAD, scoring of atopic dermatitis; EASI, eczema area and severity index; HADS, hospital anxiety and 
depression scale; DLQI, dermatology life quality index; POEM, patient-oriented eczema measures for eczema; VAS, 
visual analogue scale; MSC, minimal significant change.

Table 2. 
Scales of severity and quality of life.
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Investigator global assessment (IGA) is an easy-to-use scale that describes the 
overall appearance of the lesions and scores the severity from 0 to 3, 0 means a 
clear, 1 almost clear, 2 mild, 3 moderate, and 4 severe disease. Unlike the other three 
scales, it is not a validated score, but a global assessment of the disease.

3.3.2 Quality of life

Assessing disease impact on patient’s quality of life is as important as evaluating 
the severity.

There are over ten disease-specific tests available for AD and more than 25 
generic instruments that can be used in AD [45]. Each of these tools focuses on 
different aspects of the disease, not only regarding the patient but also their family 
or close relatives. Table 2 shows two of the most used scales in assessing QoL.

There are also non-disease-specific questionnaires that study the school or work 
productivity, focusing not only on work absenteeism but also on presenteeism. One 
of the most known is WPAI (Work Productivity and Activity Impairment), which 
is composed of 6 questions regarding the effect of the disease on the ability to work 
and perform regular activities.

3.4 Biomarkers in AD

Biomarkers are an interesting matter of debate nowadays. Although there is 
plenty of literature on the topic, the utility and applicability of them still present 
some concerns.

A biomarker is a common term used across the atopic dermatitis literature. 
There are two definitions proposed by the World Health Organization (WHO) 
and by the National Institutes of Health (NIH) biomarkers definition group, 
which largely overlap. The WHO defines it as “any substance, structure or process 
that can be measured in the body or its products and influence or predict the 
incidence of outcome or disease. Biomarkers can be classified into markers of 
exposure, effect and susceptibility” [46], while the NIH definition is “a character-
istic that is objectively measured and evaluated as an indicator of normal biologi-
cal processes, pathogenic processes, or pharmacologic responses to a therapeutic 
intervention.” [47].

There are two types of biomarkers, those used for selection or stratification of 
the patients and those used for monitoring the clinical response.

The former includes screening, diagnostic, prognostic, and predictive biomark-
ers, while the latter comprises severity and pharmacodynamic markers [48].

Screening biomarkers: Several biomarkers could help in the screening. Mutations 
in the filaggrin gene are present in up to 30% of the AD patients. R501X and 
2282del4 are the most frequent and are dose dependent. These may predict a higher 
risk of eczema herpeticum and an earlier onset of the disease [49, 50].

Other parameters, such as high levels of cord IgE, infantile a-lymphotoxin and 
FcεRI-β during pregnancy, as well as high TEWL and SPINK5/LEKTI, could also be 
useful as screening biomarkers [48].

Diagnostic biomarkers: Although the AD diagnostic is clinical, some biomarkers 
could help to decant the balance toward AD. Total serum IgE is a useful parameter 
for dividing patients into intrinsic and extrinsic phenotypes. Up to 20% of patients 
belong to the intrinsic group, with normal levels of IgE. Consequently, it is an 
unreliable biomarker for diagnostic purposes.

Filaggrin and leukotriene B4 serum levels could be two valuable biomarkers, as 
they have been shown to differ from healthy controls significantly. AD patients tend 
to present higher levels of the former and lower of the latter [51].
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Prognostic biomarkers: The purpose of these markers is to estimate the course and 
evolution of the disease. The only known parameter in this group is the presence of 
some mutations in the filaggrin gene, which could determine a more severe course 
of the disease [48].

Predictive biomarkers: This group identifies patients that are most likely to 
respond to a specific therapy. Currently, as new targeted therapies are arising, 
there is an evident lack of such biomarkers that help to classify and assign a given 
treatment.

Recently, Wollenberg et al. described that higher levels of serum periostin and 
dipeptidyl-dipeptidase 4 (DDP4) conditioned a better response to anti-IL-13 thera-
pies. On the other hand, the presence of single-nucleotide polymorphism (SNP) in 
the gene promoter region of UGT1A9 is related to low mycophenolate blood levels, 
and thus a worse response to the drug. Increasing the dose could solve this lack of 
response [48, 52].

Pharmacodynamic biomarkers: These biomarkers might be relevant when plan-
ning therapeutic regimens for AD patients. Although scarcely used, these may help 
to personalize and enhance efficiently of some systemic treatments.

Tacrolimus is metabolized by CYP3A4 and CYP3A5. CYP3A4*22 and CYP3A5*3 
are seen in slow metabolizers, leading to high blood levels. CYP3A5*3 is associated 
with a fast metabolism, and it entails low blood levels.

Increased activity of UGT1A9 caused by SNPs can lead to a lack of response to 
mycophenolate due to low blood levels [48].

Azathioprine (AZA) adverse events can be predicted by genotyping thiopurine 
methyltransferase. The risk of myelotoxicity and liver toxicity can be assessed by 
monitoring AZA metabolites 6-thioguanine nucleotides and 6-methylmercaptopu-
rine ribonucleotides [53].

Severity biomarkers: Most of the known biomarkers belong to this group. It is 
essential to distinguish between those biomarkers studied in longitudinal studies, 
which give information of the evolution of the parameter along the time and in 
response to the treatment and those derived from cross-sectional studies, which 
provide with an objective measure of severity at a given moment. Lately, most of 
the efforts on biomarkers are focused on identifying combinations of biomarkers, 
which better predict the severity of the disease [54]. Thijs et al. proposed two panels 
of biomarkers, the first of them [55] is made up of TARC, PARC, IL-22, and sIL-2R 
and correlates much better with the disease severity than each of the biomarkers 
alone. The same group elaborated a second panel composed of TARC, IL-22, and 
sIL-2R, which allowed to predict EASI with a sensitivity of 100% and specificity of 
88.9% [56].

Table 3 summarizes these biomarkers.

3.5 Risk factors

Several factors have been associated with the development of AD. Some are 
regarded as risk factors, while others have a protective role.

Atopy family history and loss-of-function mutations in the gene of filaggrin 
are two clear risk factors for AD. About 70% of the patients have a positive family 
history of atopic diseases. The OR for children with one parent affected, compared 
to those without any, is 2–3, while those with the two parents affected it is 3–5.

FLG-null mutations condition a more severe, persistent and early-onset disease 
with a higher tendency to eczema herpeticum [43, 60].

Kelleher et al., have recently described that skin barrier dysfunction at 2 days 
and 2 months of life, as well as neonatal adiposity, increases the risk of AT during 
the first year of life.
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An increase in the transepidermal water loss (TWEL) at 2 days and 2 months 
of life conditions to a higher incidence of AD at 6 and 12 months, regardless of the 
FLG mutations, family history, or presence of itchy flexural rash at 2 months [61].

Besides, a fat mass of the 80th percentile or higher at day two might also be a 
predictor for AD at 6 and 12 months of age [62].

Risk and protective factors are summarized in Table 4.

3.6 Comorbidities

Compared to non-AD patients, patients with AD have a higher incidence of 
comorbidities that include not only the atopic march associated diseases but also 
other disorders. The sequential appearance, since early ages, of atopic dermatitis, 
allergic rhinitis, asthma, and rhinitis is known as the atopic march and is frequently 
seen together in patients with AD. Other diseases as chronic pulmonary disease, 
chronic rhinosinusitis, urticaria, autoimmune disorders, conjunctivitis, eosino-
philic esophagitis, nasal polyposis, obesity, bacterial, fungal, and viral infections 
are also seen more frequently in these patients. Neuropsychiatric disorders includ-
ing anxiety, depression, attention deficit hyperactivity disorder (ADHD), and sleep 
disturbances are also more prevalent in AD patients than controls.

In a study from the US, authors showed that not only these diseases are more 
frequent among AD patients but also that are more likely to occur in those with 
severe disease compared to less severe patients [64].

Finally, an increase in cardiovascular events has been reported in these patients. 
Andersen et al. showed that this higher incidence was due to an increased burden of 
comorbidities and detrimental lifestyle behavior [65]. Brunner et al., later suggested 

Biomarker Cross-
sectional 
studies

Longitudinal 
studies

Conclusion

sTARC/CCL17 Yes Yes Potential biomarker for severity and 
evolution of the disease. Best characterized 
biomarker [54]

Total IgE Yes Yes Could be a good biomarker for the severity 
but not for the disease evolution [54]

cTACK/CCL27 Yes No Potential biomarker for severity [54]

ECP Yes Yes Questionable value as a severity and 
evolution biomarker [54]

EDN Yes No Potential biomarker for the severity. Could 
be a predictor of relapse in severe AD [57]

LDH Yes No Potential biomarker for severity [54]

Periostin Yes No Good correlation with disease severity and 
chronicity [58]

IL-18 Yes No Potential biomarker for severity [54]

E-selectin Yes No Potential biomarker for severity [54]

CD30 Yes No Potential biomarker for severity [54]

IL-2R, IL-4R, IL-31, and 
tryptase

Yes No May correlate with severity. More studies 
needed [54, 59]

ECP, eosinophil cationic protein; EDN, eosinophil derived neurotoxin; LDH, lactate dehydrogenase.

Table 3. 
Severity biomarkers.
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that inflammatory mediators involved in the atherosclerosis development such as 
CCL7, IL16, PI3, and E-selectin would be responsible for this increase in the inci-
dence and that they were strongly related to the severity of cutaneous inflammation 
rather than obesity or lifestyle behavior [66].

4. Treatment

There is not a single approach to the treatment of patients with AD. It is a 
patient-tailored treatment, which depends on the patients’ predominant symptoms 
and past medical history.

The therapy aims to control the skin barrier disruption, the altered immune 
response, and microbial infections, as well as pruritus [67].

4.1 Topical treatment

Baseline treatment for AD is moisturizers to help to prevent water loss and 
maintaining skin hydration. Emollients, humectants, or occlusive agents should 
be used as a maintenance treatment for all patients with AD. The recommended 
weekly amount is 250-500 g in adult patients and about 100 g in children.

The use of emollients in inflamed skin is poorly tolerated, it is advised to treat 
the inflammation first with topical treatments and then apply the moisturizer, at 
least twice a day [68].

According to the European guidelines for the treatment of AD, an “emollient” 
is a “topical formulation with vehicle-type substances lacking active ingredients,” 
whereas “emollients plus” refers to “topical formulations with vehicle-type sub-
stances and additional active, non-medicated substances” and are meant to target 
specific lesions [68].

Simpson et al. showed that strict emollient therapy from birth in children at a 
high risk of developing AD (a parent or full sibling with AD, asthma, or allergic 
rhinitis) was a practical preventive approach [69].

Risk factors • Family history

• Loss-of-function mutations in FLG gene

• Parents educations: higher education–higher risk

• Urban zones

• Domestic animals: cat increases the risk

• Indoor exposition to chemicals

• Environmental tobacco smoke

• Traffic exhaust

Not risk factors • Age at which food is introduced

• Socioeconomical status

• Type of delivery

• Birth weight

Protective factors • Hydrolyzed formulas or exposition to probiotics

• Exposition to endotoxin, dogs and farm animals at early ages

• Unpasteurized milk

• Helminthic infections

Table 4. 
Risk and protective factors for developing AD [43, 60, 63].
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It is also essential to keep optimal skin hygiene. There are some controversies 
regarding daily bath; however, a short bath of up to 5 minutes with bath oils or non-
irritant and low-allergen formulas, to eliminate crusts and bacterial contaminants, 
is advised.

Adding antiseptics to the bathwater may be useful in cases that show bacterial 
superinfection [68].

4.2 Topical anti-inflammatory treatment and phototherapy

Topical corticosteroids and calcineurin inhibitors are the treatments of choice 
for flares in patients with mild disease (SCORAD <25/EASI <7). Moderate or 
recurrent cases (SCORAD 25–50/EASI 7–21) require proactive therapy with more 
potent corticosteroids, calcineurin inhibitors, or phototherapy. The proactive 
scheme consists of daily application of emollients to unaffected skin combined with 
intermittent use (twice weekly) of the anti-inflammatory drug in usually affected 
sites. Studies have proven long-term security and efficacy in reducing relapses [68].

The amount of topical anti-inflammatory drugs should follow the fingertip unit 
rule (0.5 g), which is the adequate amount for application to two adult palm area 
(approx. 2% of adult body surface area).

Phototherapy, UVA1 and narrow-band UVB, has shown its long-term efficacy 
in AD in multiple studies. Except for high doses of UVA1, it is not indicated during 
flares, but in pruritic and lichenified chronic forms. Most of the times, concomitant 
use of emollients and/or anti-inflammatory therapy is advised.

Severe patients (SCORAD > 50/EASI > 20) require a more aggressive approach 
with immunosuppressive agents or biologicals.

Crisaborole is a topical phosphodiesterase 4 (PDE4) blocker approved in the US 
for the treatment of mild-to-moderate AD in patients 2 years old and older, which 
has shown to be more effective than the vehicle alone. There are no comparative 
studies with topical corticosteroids or calcineurin inhibitors [67, 68, 70].

Topical Janus kinase inhibitors are still not licensed for the treatment of AD, but 
they are in the pipeline of multiple laboratories that are currently conducting phase 
II studies.

4.3 Systemic treatment

Antihistamines: Although the use of systemic antihistamines is widespread in 
the treatment of pruritus in AD patients, the scarce studies available have shown 
a minimal effect on decreasing pruritus. First-generation anti-H1 have a sedative 
effect that can help in decreasing nocturnal itch, but with impaired sleep quality.

Although there is not enough evidence to support the use of both first and 
second-generation anti-H1, the former should be used with caution in patients with 
AD and sleep disturbances.

Corticosteroids: Systemic corticosteroids have been widely used for the treatment 
of AD. Both European and American guidelines recommend to use them for short 
periods (up to 7–10 days), for treating acute flares, at a daily dose of 0.5 mg/kg. 
Long-term use is discouraged due to side effects. A possible rebound after with-
drawal should be considered when treating these patients [71].

Immunosuppressive agents: These are the drugs of choice for most of the 
moderate-to-severe patients. Cyclosporine A (CsA) is the only approved systemic 
drug for the treatment of AD in Europe. It has shown its efficacy both in adults 
and children, although it is not approved under 18 years old. CsA is indicated in 
chronic, severe cases of AD for a maximum of 2 years in a row. Is a fast-acting 
drug with an onset of the efficacy within the first 2 months, but it has a rapid 
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has shown to be more effective than the vehicle alone. There are no comparative 
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Topical Janus kinase inhibitors are still not licensed for the treatment of AD, but 
they are in the pipeline of multiple laboratories that are currently conducting phase 
II studies.
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Antihistamines: Although the use of systemic antihistamines is widespread in 
the treatment of pruritus in AD patients, the scarce studies available have shown 
a minimal effect on decreasing pruritus. First-generation anti-H1 have a sedative 
effect that can help in decreasing nocturnal itch, but with impaired sleep quality.

Although there is not enough evidence to support the use of both first and 
second-generation anti-H1, the former should be used with caution in patients with 
AD and sleep disturbances.

Corticosteroids: Systemic corticosteroids have been widely used for the treatment 
of AD. Both European and American guidelines recommend to use them for short 
periods (up to 7–10 days), for treating acute flares, at a daily dose of 0.5 mg/kg. 
Long-term use is discouraged due to side effects. A possible rebound after with-
drawal should be considered when treating these patients [71].

Immunosuppressive agents: These are the drugs of choice for most of the 
moderate-to-severe patients. Cyclosporine A (CsA) is the only approved systemic 
drug for the treatment of AD in Europe. It has shown its efficacy both in adults 
and children, although it is not approved under 18 years old. CsA is indicated in 
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drug with an onset of the efficacy within the first 2 months, but it has a rapid 
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relapse once stopped. The most used doses range from 2.5 to 5 mg/kg/day. There 
is no clear consensus on how to start, some authors opt for starting at low doses 
(2.5 mg/kg/day) and increase the dose 0.5 mg/kg/day every 2–4 weeks depending 
on the clinical response, up to a maximum of 5 mg/kg/day. Some others prefer 
starting at high doses and reduce the dose until the minimum efficacious dose. 
The main concerns regarding the use of this therapy are toxicities and interac-
tions. Nephrotoxicity is the main side effect, which is more likely to occur in doses 
over 5 mg/kg/day, elderly patients and previous renal impairment. Patients under 
treatment with CsA are advised to take blood pressure regularly and monitor for 
renal parameters [71].

Other immunosuppressants such as methotrexate (15–25 mg/week), azathio-
prine (1–3 mg/kg/day), and mycophenolate mofetil (up to 3 g/day) are used off-
label. These tend to have a slower onset of the effect, around 8–12 weeks, but with a 
more prolonged residual effect once the treatment is stopped [71].

No studies are comparing the efficacy of the three agents; however, Eckert et al. 
have recently shown that patients receiving mycophenolate mofetil required more 
oral corticosteroid than the other treatments, whereas those receiving CsA were the 
patients who needed the least [72].

Two studies compared the overall efficacy of methotrexate and azathioprine and 
concluded to be equivalent [73, 74].

It is essential to regularly monitor these patients for possible side effects, mainly 
liver toxicity.

Biological agents: Despite all the immunosuppressive armamentarium, some 
patients still show a lack of efficacy. Biologicals are highly effective therapies with 
an immunomodulatory effect that specifically target inflammatory cells or media-
tors. Most of the biologicals developed or in development for AD target cytokines of 
the T2 response.

Dupilumab is the first biological licensed for AD. It is a fully human monoclonal 
antibody that blocks a chain of the IL-4 receptor, which is common in the receptor 
for IL-4 and IL-13. It is approved as first-line therapy for adult moderate-to-severe 
AD who are candidates to systemic therapy. Clinical trials showed its efficacy and 
favorable safety profile on AD patients. Taking all the clinical trials together, about 
70% of the patients achieved an EASI 75 or higher with a time-to-full-clinical-
response of about 4 weeks. Pruritus showed a rapid response with an initial 
improvement at 2 weeks [71, 75].

Recent case series have observed a similar response [76].
It has been shown that dupilumab improves the AD inflammatory signature [77].
The main reported side effects were conjunctivitis and local reaction at the site 

of injection.
The recommended dose of dupilumab in adults is an initial dose of 600 mg fol-

lowed by 300 mg every 15 days. There is no need for complementary studies before 
starting the treatment.

Only patients with previous helminthic infections should receive specific treat-
ment before dupilumab.

Due to a lack of data, live and live attenuated vaccines should not be given cur-
rently with dupilumab. It is recommended to be up to date with immunization prior 
to the treatment. Contraindications include hypersensitivity to dupilumab or any of 
its excipients [78].

Currently, dupilumab is also licensed for asthma.

4.4 New treatments

Several other molecules are under investigation [70].
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4.4.1 Biologicals

Tralokinumab and lebrikizumab are fully human monoclonal antibodies that 
target IL-13. They have shown sustained clinical improvement in moderate-to-
severe AD patients in phase II studies with an acceptable safety and tolerability 
profile. Wollenberg et al. showed that patients with higher serum levels of periostin 
and DDP4 had a better response to tralokinumab compared to those with lower 
levels [52].

Tralokinumab has already begun phase III trials, whereas lebrikizumab has yet 
to start.

Nemolizumab, a humanized monoclonal antibody against the receptor A of 
IL-31, has also shown efficacy in phase II trials in patients with moderate-to-severe 
AD. IL-31 plays a role in the pathogenesis of AD and pruritus. The two phase 2 
clinical trial showed not only a rapid and maintained effect on pruritus but also AD 
scores (EASI and BSA) [79, 80].

Fezakinumab is a fully human monoclonal antibody against IL-22. The phase 2a 
clinical trial showed a sustained clinical improvement in severe AD patients [81].

Tezepelumab is a fully human monoclonal antibody that targets TSLP. In the 
phase 2a trial, a non-statistically significant improvement over placebo at week 12 
was observed [82].

There are contradictory papers regarding the efficacy of ustekinumab, a fully 
human monoclonal antibody against the p40 subunit shared by IL-12 and IL-23 
[83–88].

4.4.2 Small molecules

There are several small molecules in development for AD.
Apremilast is an oral PDE4 inhibitor approved for the treatment of obstructive 

pulmonary disease, plaque psoriasis, and psoriatic arthritis [89]. Small series of 
cases have shown its potential as a treatment for AD [90, 91].

Baricitinib, a JAK 1 and 2 inhibitors, abrocitinib and upadacitinib, selective JAK 
1 inhibitors, are currently running phase 3 trials. Phase 2 showed positive results 
regarding efficacy and safety for the three molecules [92].

Finally, delgocitinib, a small molecule that targets JAK 1, 2, 3 and TYK 2 demon-
strated rapid improvement in clinical signs and symptoms with a favorable safety 
profile, in a phase 2 trial [93].
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relapse once stopped. The most used doses range from 2.5 to 5 mg/kg/day. There 
is no clear consensus on how to start, some authors opt for starting at low doses 
(2.5 mg/kg/day) and increase the dose 0.5 mg/kg/day every 2–4 weeks depending 
on the clinical response, up to a maximum of 5 mg/kg/day. Some others prefer 
starting at high doses and reduce the dose until the minimum efficacious dose. 
The main concerns regarding the use of this therapy are toxicities and interac-
tions. Nephrotoxicity is the main side effect, which is more likely to occur in doses 
over 5 mg/kg/day, elderly patients and previous renal impairment. Patients under 
treatment with CsA are advised to take blood pressure regularly and monitor for 
renal parameters [71].

Other immunosuppressants such as methotrexate (15–25 mg/week), azathio-
prine (1–3 mg/kg/day), and mycophenolate mofetil (up to 3 g/day) are used off-
label. These tend to have a slower onset of the effect, around 8–12 weeks, but with a 
more prolonged residual effect once the treatment is stopped [71].

No studies are comparing the efficacy of the three agents; however, Eckert et al. 
have recently shown that patients receiving mycophenolate mofetil required more 
oral corticosteroid than the other treatments, whereas those receiving CsA were the 
patients who needed the least [72].

Two studies compared the overall efficacy of methotrexate and azathioprine and 
concluded to be equivalent [73, 74].

It is essential to regularly monitor these patients for possible side effects, mainly 
liver toxicity.

Biological agents: Despite all the immunosuppressive armamentarium, some 
patients still show a lack of efficacy. Biologicals are highly effective therapies with 
an immunomodulatory effect that specifically target inflammatory cells or media-
tors. Most of the biologicals developed or in development for AD target cytokines of 
the T2 response.

Dupilumab is the first biological licensed for AD. It is a fully human monoclonal 
antibody that blocks a chain of the IL-4 receptor, which is common in the receptor 
for IL-4 and IL-13. It is approved as first-line therapy for adult moderate-to-severe 
AD who are candidates to systemic therapy. Clinical trials showed its efficacy and 
favorable safety profile on AD patients. Taking all the clinical trials together, about 
70% of the patients achieved an EASI 75 or higher with a time-to-full-clinical-
response of about 4 weeks. Pruritus showed a rapid response with an initial 
improvement at 2 weeks [71, 75].

Recent case series have observed a similar response [76].
It has been shown that dupilumab improves the AD inflammatory signature [77].
The main reported side effects were conjunctivitis and local reaction at the site 

of injection.
The recommended dose of dupilumab in adults is an initial dose of 600 mg fol-

lowed by 300 mg every 15 days. There is no need for complementary studies before 
starting the treatment.

Only patients with previous helminthic infections should receive specific treat-
ment before dupilumab.

Due to a lack of data, live and live attenuated vaccines should not be given cur-
rently with dupilumab. It is recommended to be up to date with immunization prior 
to the treatment. Contraindications include hypersensitivity to dupilumab or any of 
its excipients [78].

Currently, dupilumab is also licensed for asthma.

4.4 New treatments

Several other molecules are under investigation [70].
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4.4.1 Biologicals

Tralokinumab and lebrikizumab are fully human monoclonal antibodies that 
target IL-13. They have shown sustained clinical improvement in moderate-to-
severe AD patients in phase II studies with an acceptable safety and tolerability 
profile. Wollenberg et al. showed that patients with higher serum levels of periostin 
and DDP4 had a better response to tralokinumab compared to those with lower 
levels [52].

Tralokinumab has already begun phase III trials, whereas lebrikizumab has yet 
to start.

Nemolizumab, a humanized monoclonal antibody against the receptor A of 
IL-31, has also shown efficacy in phase II trials in patients with moderate-to-severe 
AD. IL-31 plays a role in the pathogenesis of AD and pruritus. The two phase 2 
clinical trial showed not only a rapid and maintained effect on pruritus but also AD 
scores (EASI and BSA) [79, 80].

Fezakinumab is a fully human monoclonal antibody against IL-22. The phase 2a 
clinical trial showed a sustained clinical improvement in severe AD patients [81].

Tezepelumab is a fully human monoclonal antibody that targets TSLP. In the 
phase 2a trial, a non-statistically significant improvement over placebo at week 12 
was observed [82].

There are contradictory papers regarding the efficacy of ustekinumab, a fully 
human monoclonal antibody against the p40 subunit shared by IL-12 and IL-23 
[83–88].

4.4.2 Small molecules

There are several small molecules in development for AD.
Apremilast is an oral PDE4 inhibitor approved for the treatment of obstructive 

pulmonary disease, plaque psoriasis, and psoriatic arthritis [89]. Small series of 
cases have shown its potential as a treatment for AD [90, 91].

Baricitinib, a JAK 1 and 2 inhibitors, abrocitinib and upadacitinib, selective JAK 
1 inhibitors, are currently running phase 3 trials. Phase 2 showed positive results 
regarding efficacy and safety for the three molecules [92].

Finally, delgocitinib, a small molecule that targets JAK 1, 2, 3 and TYK 2 demon-
strated rapid improvement in clinical signs and symptoms with a favorable safety 
profile, in a phase 2 trial [93].
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Abstract

Since the pathogenesis of atopic dermatitis could not be explained only by a 
population genetic and phenotypic profiles, epigenetic regulator factors have been 
considered. Epigenetics is the study of inherited changes in gene expression that 
are not related to changes in its nucleotide sequence. One of the main classical 
regulatory mechanisms in human cells is DNA methylation. It is not clear how 
permanent modifications caused by this process are and whether it is possible to 
affect them by changing the activity of enzymes that trigger remodeling reactions. 
In this chapter we analyze all recent studies in this field. We focus more on meth-
ylation of innate and adaptive immune factors, with an emphasis on T-lymphocyte 
genes such as CD3, CD4, and CD8.

Keywords: atopic dermatitis, epigenetics, DNA methylation, genome-wide 
methylation analysis, immune system

1. Introduction

Atopic dermatitis (AD) is a chronic recurrent inflammation of the skin, 
characterized by impairment of the epidermal barrier that entailing its further 
dysfunction. The predisposition to IgE-mediated hypertension contributes to such 
a malfunction, realized in sensitization to surrounding allergens [1]. This pathology 
is also characterized by infiltration and accumulation of type 2 T helper cells (Th2) 
and eosinophils [2]. Atopic dermatitis is a multifactorial disease. The main triggers 
are various genetically predetermined defects of the epidermal barrier and the 
immune system influenced by environment [1].

Thus, the study of tissues and cells transcriptome involved in the pathogenesis 
of the disease is one of the best options for detecting molecular signs of complex 
diseases such as AD [3]. In one of these studies, it was found that the expression of a 
large number of genes which were responsible for terminal differentiation of kera-
tinocytes was reduced in case of AD compared with healthy controls. These genes 
include filaggrin (FLG), loricrin (LOR), involucrin, late cornified envelope protein 
LCE2B, and genes encoding the S100 family of proteins [4]. This study showed 
that AD is associated with impaired keratinization processes in the epidermis, and 
confirmed another profile study by Sugiura et al., where suppression of LOR and 
FLG expression was determined in the lesional skin [5]. With the help of RNA 
sequencing technology by which transcriptomes of intact and damaged skin of 
patients with moderate and severe AD were compared, an increased expression of 
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the TREM-1 signaling pathway, as well as IL-36, was revealed [6]. The laser capture 
microdissection method once again confirmed that the expression of genes encoding 
skin barrier proteins, including FLG, LOR, CLDN4 and CLDN8, is reduced in affected 
atopic skin; and, on the contrary, the expression of cytokines Th2 and Th17 genes, 
such as CCL22, CCL26, TSLP, and IL-22 etc., is increased [7].

Loss of function mutations in the gene encoding FLG are one of the most signifi-
cant genetic risk factors for AD. A transcriptome profiling study realized by RNA 
sequencing revealed differentially expressed genes involved in the extracellular 
reactions, lipid metabolism, and stress response. In FLG-deficient skin, the stress 
response mediated by type I interferon (IFN) was expressed [8].

However, genetic changes solely do not fully shed light on the molecular 
mechanisms involved in the pathogenesis of AD. Therefore, epigenetic mecha-
nisms involved in the genomic adaptation according to environmental conditions 
may possibly explain how environmental exposure affects the risk of allergy 
development.

Epigenetic mechanisms, in particular methylation, play a key role in immune 
regulation and are influenced by a variety of environmental factors leading to 
persistent molecular changes in genes. The methylation process involves the addi-
tion of a methyl group to the cytosine (C5 position; 5-methylcytosine, 5mC). DNA 
methylation occurs primarily in the context of CpG dinucleotides and is the main 
epigenetic modification involved in the regulation of chromatin structure and gene 
expression [9].

2. Targeted methylation studies

2.1 DNA methyltransferase studies

The main enzymes responsible for the methylation process in humans are DNA 
methyltransferases 1, 3a, and 3b (DNMT1, DNMT3a, and DNMT3b). It is generally 
accepted that DNMT3a and DNMT3b are de novo methyltransferases that form a 
model of DNA methylation at early stages of development, as well as its changes 
during cell differentiation [10]. DNA methyltransferase 1 (DNMT1) maintains the 
methylated state of DNA by attaching methyl groups to one of the DNA strands at 
the sites where the other complementary strand is methylated [9].

In the context of the AD study, only DNA methyltransferase-1 (DNMT-1), an 
enzyme that catalyzes the methylation of cytosine bases in CpG islands, has so far 
been considered. Nakamura et al. for the first time carried out an indirect assess-
ment of methylation status in patients with atopic dermatitis by measuring the 
expression of messenger RNA (mRNA) of DNA methyltransferase-1 in peripheral 
blood mononuclear cells (PBMC) by quantitative RT-PCR. Although the expression 
level of DNMT-1 mRNA had a tendency to decrease in patients with atopic derma-
titis compared with healthy controls, there were no significant differences between 
these groups [11]. However, in the group of patients with AD, the IgE level was also 
taken into account. It was found that the level of DNMT-1 mRNA was significantly 
lower in the high IgE group compared to the control group.

It is common knowledge that many local factors, such as skin impairment, play 
an important role in the development of AD [12, 13]. However, Th2-infiltration in 
response to penetration of allergens and production of cytokines by infiltrated cells 
(for example, IL-4 and IL-5) plays the key role in the development of IgE-mediated 
response and chronic inflammation involving eosinophils [14–16]. It is assumed 
that in these processes DNA hypomethylation contributes to the hyperreactivity 
of Th2 cells in response to allergens and, as a consequence, cytokine-mediated 
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IgE production. It has also been suggested that IL-4-mediated IgE production in 
patients with high serum IgE levels is associated with DNA hypomethylation in B 
cells [16, 17]. In this study the decrease in DNMT-1 expression in PBMCs in patients 
with high IgE levels also confirmed the concept that AD is promoted by lower 
DNMT-1 levels.

On the other hand, the lack of significant differences while comparing DNMT-1 
expression between groups with high and low IgE levels, along with no correla-
tion between DNMT-1 expression and serum IgE levels in the respective patients, 
indicates that DNMT-1 cannot be a factor that solely affects serum IgE. To clarify 
this issue, more studies are needed in which DMNT-1 levels would be assessed in 
patients without AD but with high serum IgE levels.

2.2 FCER1G methylation studies

Based on the opinion that overexpression of the high-affinity IgE receptor on 
monocytes and dendritic cells contributes to the pathogenesis of AD, a group of 
scientists studied the epigenetic mechanism of deregulation of high-affinity IgE 
receptors – FcεRI [18].

Liang et al. measured the methylation level of total DNA of monocytes from 
10 patients with AD and 10 healthy people from the control group. Bisulfite 
sequencing was used as the main method to determine the methylation status of 
the FCER1G promoter region. To determine the functional significance of meth-
ylation changes in FcεRI expression, targeted methylation of the sequence and a 
demethylating agent, 5-azacytidine (5-aza), were used. The levels of FcεRIγ mRNA 
and FcεRI protein were determined using RT-PCR RT, Western blotting, and flow 
cytometry, respectively.

Thus, total hypomethylation in CD14+ monocytes in patients with AD was 
revealed, as well as locus-specific hypomethylation of the FCER1G promoter region 
in comparison with healthy controls. In addition, hypomethylation of FCER1G 
contributed to its increased expression. Targeted methylation in combination with 
a reporter luciferase assay confirmed this association between methylation and 
expression. Moreover, treatment of monocytes of healthy people with 5-azacytidine 
caused a decrease in methylation levels and induction of FcεRIγ transcription and 
expression of surface FcεRI. The authors showed that demethylation of specific 
regulatory elements at the FCER1G locus promotes an increase in FcεRI expression 
in monocytes in patients with AD, which, in turn, leads to an enhanced allergic 
response.

Atopic monocytes with high FcεRI levels are thought to play an important role 
in the pathogenesis of AD. This is due to the fact that monocytes carrying FcεRI can 
differentiate into inflammatory dendritic epidermal cells (IDECs), which intensify 
allergic inflammatory reactions in the skin by stimulating T cells, and are also 
involved in the transition to the chronic course of AD with a predominance of Th2 
[19, 20]. In this study, it was shown for the first time that changes in the epigenetic 
regulation of the FCER1G gene can explain the pathological activation of FcεRI on 
patient monocytes.

2.3 TSLP methylation studies

Thymic stromal lymphopoietin (TSLP) plays an important role in maintaining 
T-cell homeostasis and, apparently, is of great importance in the development of 
allergic symptoms, especially in atopic dermatitis and asthma [21, 22]. Human TSLP 
is overexpressed in keratinocytes of patients with acute and chronic AD. However, 
the mechanism of such TSLP expression remains unclear. The question is whether 
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TSLP expression is regulated by modification of aberrant DNA methylation of 
TSLP promoter in keratinocytes of AD patients [23].

It is known that the TSLP protein cannot be found in healthy skin, in skin lesions 
in patients with nickel contact dermatitis or in patients with disseminated lupus 
erythematosus, as well as in intact skin in patients with AD; however, increased 
levels of TSLP expression are observed in both acute and chronic atopic skin lesions 
[21, 24]. TSLP overexpression in keratinocytes can activate myeloid dendritic 
cells by enhancing the surface expression of CD54, CD80, CD83, CD86 molecules 
and MHC class II molecules on myeloid dendritic cells [25], which lead to Th2-
inflammatory reactions [24].

Luo et al. measured the levels of mRNA and TSLP protein in samples of affected 
skin from 10 atopic children and 10 healthy people from the control group, using 
quantitative RT-PCR and immunohistochemistry [26]. Bisulfite sequencing was 
performed to determine the methylation status of the TSLP promoter; 5-aza, a DNA 
methyltransferase inhibitor, was used to determine the effect of DNA methylation 
on TSLP expression.

As a result, the levels of expression of mRNA and TSLP protein relative to 
β-actin were significantly higher in affected skin regions of patients with AD com-
pared with healthy controls. In addition, hypomethylation of the promoter region 
of the TSLP gene containing 16 CG pairs was found in the affected skin regions. 
Upon treatment of HaCaT cell line keratinocytes with 5-aza, the methylation level 
of the TSLP promoter decreased significantly, while its transcription increased.

It can be concluded that DNA demethylation of the specific regulatory region 
of the TSLP gene may contribute to the overexpression of TSLP in the affected skin 
regions in atopic patients. This suggests that aberrant epigenetic modifications play 
an important role in the pathogenesis of this disease.

In another study, the authors tried to reveal the effect of prenatal smoking on 
DNA methylation in case of atopic disorders [27]. Methylation differences associ-
ated with exposure to tobacco smoke were initially identified with the use of 
Illumina Infinium 27 K methylation kits in 14 children in a Taiwanese study cohort. 
Information on the course of the disease and possible risk factors was collected. Cord 
blood levels of cotinine were measured in order to represent prenatal smoking. CpG 
loci, in which statistically significant differences in methylation were found, were 
validated by methylation-dependent fragment separation (MDFS). Differential 
methylation in three genes (TSLP, GSTT1, and CYB5R3) was detected during the 
experiment. Among these, only the TSLP gene showed a significant difference in 
the percentage of promoter methylation after testing with MDFS. The TSLP gene 
was further investigated in a larger sample group (150 children) which completed 
a follow-up study. The TSLP 5’-CpG island (5’CGI) methylation status has been 
found to be significantly associated with prenatal exposure to smoke and atopic 
dermatitis. The degree of the TSLP 5’CGI methylation was inversely correlated with 
the expression levels of the TSLP protein.

Thus, it can be assumed that changes in TSLP 5’CGI methylation decrease the 
regulatory function of the immune system and cause the development of Th2-type 
allergic inflammation in case of atopic dermatitis. The methylation status of TSLP 
5’CGI was also found to differ depending on cotinine levels, and hypomethylated 
TSLP 5’CGI was positively associated with atopic dermatitis. Moreover, the degree 
of TSLP 5’CGI methylation and the level of TSLP protein showed an inverse correla-
tion. This means that severe exposure to smoke can lead to TSLP 5’CGI hypometh-
ylation. Therefore, hypomethylated TSLP 5’CGI is associated with increased gene 
expression and increased TSLP protein concentration. An increased level of TSLP 
protein may also activate Langerhans epidermal cells, contributing to the AD devel-
opment. TSLP was also highly expressed in the lesional skin of atopic patients [24].
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The results of Wang et al. study suggest that prenatal exposure to tobacco smoke 
is associated with a risk of atopic dermatitis, possibly through DNA methylation.

2.4 MICAL3 methylation studies

Cho et al. conducted a research to assess the role of 25-hydroxyvitamin D 
(25[OH]D) deficiency in cord blood in comparison with postnatal 25[OH]D levels 
in AD development during the first 3 years of life and found out how 25[OH]D 
deficiency affects the DNA methylation profile of cord blood leukocytes [28].

Severe 25[OH]D deficiency in cord blood was associated with a higher risk of 
atopic dermatitis diagnosing precisely at the age from 2 to 3. Comparison of differ-
entially methylated CpG sites in accordance with moderate and insufficient 25[OH]
D levels in cord blood revealed the common MICAL3 gene for groups with and 
without pathology. MICAL3 was hypomethylated in the case of low 25[OH]D levels.

Since MICAL3 is a member of the MICAL family of flavoprotein monooxy-
genases involved in axon control and actin remodeling through oxidation of its 
molecules or production of reactive oxygen species (ROS) [29], ROS, induced by 
increased expression of MICAL3, can then suppress the antioxidant defense of the 
fetus, leading to subsequent AD development during the first 3 years of life. This 
process probably also affects the severity of the disease, since a correlation has 
been established between the expression of MICAL3 mRNA and the severity index 
of atopic dermatitis. In addition, MICAL3 expression levels were associated with 
25[OH]D levels in cord blood regardless of the presence of AD.

To reproduce the mechanism of atopic dermatitis associated with ROS, using 
the example of MICAL3, another gene was chosen, 8-oxoguanine-DNA glycosylase 
(OGG1), which, as is known from data on mRNA expression, contributes to the 
development of allergic diseases in combination with oxidative stress reactions 
[30]. Accordingly, in atopic children with 25[OH]D deficiency in cord blood, the 
expression of OGG1 mRNA was 5.22 times higher than in healthy children with 
a sufficient level of 25[OH]D. OGG1 expression levels were found to be inversely 
related to 25[OH]D levels and atopic dermatitis severity index. In addition, there 
is a significant correlation between the expression levels of MICAL3 and OGG1. 
However, studies showing that MICAL3 and OGG1 are directly related have not yet 
been conducted.

2.5 HBD-1 methylation studies

Noh et al. described patterns of DNA methylation of human β-defensin-1 
(HBD-1), a unique antimicrobial peptide expressed in various tissues, including 
the skin [31]. HBD-1 may be associated with a variety of innate immune system 
defects in the AD pathogenesis. A possible mechanism for the decrease in HBD-1 
gene expression in atopic dermatitis was investigated, and the HBD-1 transcription 
restoration in undifferentiated normal epidermal keratinocytes after treatment 
with a DNA methyltransferase inhibitor was shown.

Suppression of HBD-1 in undifferentiated NHEK cells has been shown to be 
regulated by an epigenetic inactivation mechanism involving methylation of DNA 
14 CpG dinucleotide in the 5′-region of HBD-1. In dermatitis-affected skin, the 
frequency of methylation at the CpG 3 and CpG 4 sites within the HBD-1 promoter 
was significantly higher than in healthy skin.

To identify specific CpG sites that play a significant role in HBD-1 expression in 
NHEK cells, bisulfite genomic sequencing of the region upstream of the proximal 
site of the HBD-1 promoter was performed and methylation profiles of 6 CpG 
dinucleotides (from CpG 3 to CpG 8) were determined. Since the single nucleotide 
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polymorphism (rs2978863) is located at the CpG 8 locus within the HBD-1 promoter 
region (GenBank accession no. NC_000008.11) in the NHEK cell line, the other 
five CpG dinucleotides (CpG 3–7) were subjected to bisulfite sequencing analysis. 
Studying the methylation profile of the HBD-1 promoter revealed detectable 
demethylation at the CpG 3 and CpG 4 loci in 2-deoxy-5-azacytidine-treated NHEK 
cells compared with untreated control cells. Such differentially methylated single 
CpG units in the HBD-1 promoter may play a special role in the regulation of HBD-1 
transcription of the NHEK cell line.

Thus, epigenetic modulation of the HBD-1 promoter, that is, DNA methylation 
in two separate CpG units, can affect HBD-1 expression in vitro. In the affected 
skin, both CpG sites were hypermethylated. The failure of skin innate immunity 
leading to increased colonization of S. aureus in atopic patients may be due to an 
epigenetic predisposition of constitutively expressed HBD-1.

3. Genome-wide DNA methylation

3.1 In naive CD4+

Both atopic dermatitis and psoriasis are characterized by a targeted immune 
response via polarized CD4+ T cells. During the polarization of naive CD4+ T cells, 
DNA methylation plays an important role in the regulation of gene transcription. 
Taken into consideration the similarity of immune response of atopic dermatitis 
and psoriasis, Han et al. conducted a study of the global DNA methylation profile 
in naive CD4+ T cells in patients with AD and psoriasis, as well as in healthy people 
using the ChIP-seq method. DNA hypomethylation (more than 4 times) was found 
in T-cell samples isolated from patients with psoriasis and healthy people in 26 
genome sites ranging in size from 10 to 70 kb. These regions were mostly pericen-
tromeric on 10 different chromosomes and randomly overlaid with various defining 
epigenome signals, such as histone modifications and binding sites for transcription 
factors (according to the ENCODE project), which implied the potential influence 
of epigenetic regulation in the development of psoriasis [32].

To determine whether naive CD4+ T cells from patients with AD or psoriasis 
have DNA methylation patterns different from those of healthy people, complex 
genome-wide CpG methylation profiling was performed. The uniquely mapped 
regions coincided with strong histone modification signals such as H3K4Me1, 
H3K27Ac, and H3K4Me3, as well as with transcription factor binding sites in various 
cell lines.

It appears that hypomethylation in some pericentromeric regions of naive CD4+ 
T cells may be a sign of psoriasis, but not atopic dermatitis. It is not yet clear what 
exact role epigenetic changes of these regions play in the development of T cells. 
However, these data show for the first time the importance of such changes in the 
development of immune-mediated skin diseases [33].

The X chromosome encodes many of immune genes, which show a higher 
hypermethylation pattern than other genes. It is known that abnormalities, such 
as inactivation of the X chromosome, can contribute to the impairment of self-
structures recognition and, ultimately, lead to autoimmunity [34]. In addition, 
DNA methylation is involved in the initiation of the X chromosome inactivation, 
as well as in the stable maintenance of the gene silencing state [35]. These studies 
suggest that DNA methylation may affect gene expression on the X chromosome 
or the development of T cells in psoriasis. It was found that DNA methylation is 
dramatically increased in the promoter region of genes on the X chromosome in 
patients with psoriasis. The binding sites for CDPCR3, GATA3, BRN2, and other 
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transcription factors were identified as slightly enriched. The data obtained on 
epigenome changes in T cells show that naive CD4+ T cells may be involved in the 
development of atopic dermatitis or psoriasis even before antigenic stimulation. 
This may be due to the effects of various environmental factors.

3.2 Tissue-specific patterns

To determine the tissue-specific differences in DNA methylation associated with 
AD, the research group of Rodriguez et al. examined the DNA of whole blood, T 
cells, B cells, as well as the affected and unaffected epidermis of atopic patients and 
healthy people from the control group [36]. To identify functional associations, 
they studied the expression profiles of epidermal mRNA.

Whole-genome methylation analysis was performed using Human Methylation27 
BeadCheap. The results for epidermal tissue were different from those for blood 
cells. To determine the intraindividual and interindividual differences in DNA 
methylation, the researchers identified a pairwise correlation of methylated regions 
in the same tissue in samples from patients of similar sex and age, as well as between 
different tissues in the same person. In whole blood, T cells, and B cells, there were 
no significant differences in genome DNA methylation in the pathology group as 
compared with and the control group, and in general, intraindividual differences 
in DNA methylation were greater than those between individuals. A clear link was 
shown in case of comparing similar tissue in different individuals for different 
CpG sites, which partially correlated with altered levels of gene transcripts, mainly 
related to the processes of epidermal differentiation (S100A genes) and reactions of 
the innate immune response - thus, this study confirms the high the level of tissue 
specificity for DNA methylation patterns.

Regarding differentially methylated CpG islands in the epidermal tissue, 9 
regions were identified as reliably associated with atopic dermatitis: in the CFLAR, 
GPR55, MMP7, LOC283487, SH2D2A, and ERP27 genes, these regions were hypo-
methylated, and in the LRRC8C, S100A5, and EBP49 genes, these regions were 
hypermethylated.

Based on analysis of whole genome mRNA expression (using HumanHT-12v3 
Expression BeadChip), significant differences were revealed in seven transcripts 
when comparing samples of the affected skin of patients with AD and the skin of 
healthy people.

From nine selected pairs of differentially methylated regions / differentially 
expressed transcripts using the EpiTYPER system and quantitative PCR, the 
following combinations associated with the development of AD were success-
fully validated: KRT6A/KRT6A and KRT6A/KRT6B (encode keratin); IFI27/IFI27, 
OAS2/OAS2 (belong to the family of proteins regulated by IFN), GDPD3/GDPD3 
and S100A5/S100A2. In most of these pairs, an inverse correlation was observed, 
that is, higher levels of methylation were associated with lower expression of the 
relevant gene, and vice versa. Such dependence is usually observed in CpG islands 
near the sites of transcription initiation, where DNA methylation is associated with 
prolonged silencing of the relevant gene.

Olisova et al. carried out a genome-wide study of DNA methylation using 
the Illumina Infinium Human Methylation450 BeadChip technology [37]. When 
comparing the affected and unaffected skin areas in atopic patients, no difference 
in the methylation profile was found. This suggests that epigenetic changes affected 
the entire skin as a whole, although they have not yet appeared in clinically intact 
skin areas. However, when comparing the affected skin with the skin of healthy 
volunteers, differentially methylated genes of the TSS200 and TSS1500 regions 
were isolated, whose protein products were involved in the pathogenesis of atopic 



Atopic Dermatitis - Essential Issues

42

dermatitis and related processes: steroid hormone biosynthesis and cell metabo-
lism (HSD17B14, HSD17B), epithelial differentiation (KRT31, LCE3D), regula-
tion of DNA-dependent transcription and RNA processing (DMBX1, MTO1, 
SNORD93, WDR36), immune response and activation of lymphocytes (AIM2, 
CD300E, CLEC1A, DEFB135, IL23A), activation of transforming growth factor β1 
(LTBP1), cellular proliferation and apoptosis (SERPINB3, EPR1).

3.3 Replicated methylation

Another genome-wide epigenetic study examined differences in DNA methyla-
tion in atopic dermatitis together with herpetic eczema (HE), and revealed how 
methylation changes in patients with atopic dermatitis, complicated or uncompli-
cated HE [38].

490 significantly differentially methylated CpG sites were identified. Many of 
these were associated with indicators of disease severity, especially with the level of 
eosinophils (431/490 sites). One CpG region was replicated and was significantly 
differentially methylated based severity and phenotype.

The authors found replication for one CpG region associated with total serum 
IgE in the IL4 gene, as well as possible replication for four CpG regions associated 
with HE in the IL13 and IL4 genes. It has also been shown that eosinophil levels play 
an important role in methylation patterns in people with AD, which via molecular 
mechanisms can lead to phenotypic changes.

4.  Epigenetic regulation of immune system factors

It is known that abnormal epigenetic regulation of immune factors and skin 
barriers contribute to the pathogenesis of AD. During the development of immune 
system cells, epigenetic mechanisms are involved in specific changes in the variants 
of immune response [39]. Here are some examples.

Regulatory T cells (Tregs) play an important role in early immune programming 
and the formation of an adequate immune response in relation to pro-allergic or 
tolerant conditions. Tregs are best characterized by the expression of transcription 
factor 3 (Foxp3), which is important for the induction and stability of Tregs [40]. 
Foxp3 is controlled by DNA methylation of its transcriptional regulatory regions. 
Naturally induced by TGF-β Foxp3+ Tregs indicate stable expression of Foxp3, 
which is associated with selective demethylation of an evolutionarily conserved 
element at the Foxp3 locus - a Treg-specific demethylated region. Inhibition of 
DNA methylation by azacytidine, even in the absence of exogenous TGF-β, not only 
promotes induction of Foxp3 expression de novo during priming, but also ensures 
stability of Foxp3 expression upon restimulation. Importantly, stable Foxp3 expres-
sion was detected only in cells with an increased level of TSDR demethylation [41]. 
Research suggests that prenatal environmental factors can alter DNA methylation at 
the FOXP3 locus in cord blood. Babies with low Tregs identified by TSDR demeth-
ylation at birth may have a higher risk of AD developing or sensitization to food 
allergens in the first 3 years of life [42].

In the neonatal immune system, epigenetic regulation can be shifted away from 
Th1-mediated immunity in order to prevent dangerous cellular immune responses 
to the developing fetus. The IFN-γ gene (IFNG), a prototype Th1 cytokine gene 
whose activity is regulated during fetal development, is hypermethylated in the 
promoter regions of resting neonatal CD4+ cells compared to adult ones [43]. 
Similarly, the availability of chromatin at the TBX21 locus, a major regulator of Th1 
clone committing, is attenuated in neonatal CD4+ cells compared to mature cells, 
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and a decrease of transcription factor level in peripheral T cells suppresses IFN-γ 
production [44]. After birth, exposure to a variety of microorganisms and the 
formation of microbiota contributes to the essential activation of Th1 immune 
responses through epigenetic modifications. In a mouse model it was shown that 
prenatal administration of gram-negative bacteria leads to histone H4 acetyla-
tion at the IFNG gene and the associated increase in IFN-γ production in the 
offspring [45].

MicroRNAs (miRNAs) are short, single-stranded RNA molecules that func-
tion with their associated proteins and cause the degradation of targeted mRNAs, 
inhibiting their translation. miRNAs play an important role in a wide range of 
biological processes, including proliferation, differentiation, determination of cell 
development, apoptosis, signal transduction, and organ development. Some miRNAs 
are expressed specifically for each type of cells and tissues and contribute to the 
maintenance of cell identity. Tissue-specific miRNAs function at various levels of 
gene regulation, ranging from control of targeted effector genes, incompatible with 
the differentiated state, to control over the levels of transcriptional regulators and 
alternative pre-mRNA splicing. This multilevel regulation of miRNAs influences the 
gene expression program of differentiated cells [46]. miRNAs, including miR-21,  
miR-146, and miR-223, activated in patients with allergic disorders, are also 
activated in the skin of patients with AD [47]. A study by Herberth et al. showed 
that maternal exposure to tobacco during pregnancy correlated with high levels of 
miRNA-223 and low Treg cell levels, which predisposed children to atopic dermatitis 
during the first 3 years of life [48]. Sonkoly et al. found that miR-155 was one of the 
most activated miRNAs in lesional skin samples from atopic patients in comparison 
with skin samples from healthy people. It has been found that local exposure of 
relevant allergens to intact skin of patients with AD induces miR-155 expression. 
miR-155 suppresses cytotoxic T lymphocyte – associated protein 4 - CTLA-4, 
which negatively regulates the function of T cells. This suppression of CTLA-4, in 
turn, enhances the T cell proliferative response, which can then lead to a long-term 
chronic inflammatory state [47].

5. Conclusion

There is not much evidence on the role of epigenetic mechanisms of innate 
and adaptive immunity regulation in the pathogenesis of atopic diseases, as these 
mechanisms have been studied recently. The described candidate genes involved 
in pathological processes such as dysfunction of the epidermal barrier, enhanced 
transmission of Th2 immunity signals, weakened innate immune responses, etc. 
play an important role in the pathogenesis of AD. Epigenetic studies also indicate 
modifications in genes involved in these mechanisms. Dysfunction of the epithelial 
barrier and immune response reactions together trigger the development of atopic 
dermatitis.

New insights on epigenetic and immunological markers associated with the risk 
of development of atopic dermatitis will help to create new prognostic approaches 
in the management of patients with atopic pathology. In this regard, it is important 
to have a complete understanding of the pathogenic mechanisms of an allergic 
disease.
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Abstract

Atopic dermatitis is a frequent allergic dermatological disorder seen frequently 
in childhood. Affected patients often have a genetic predisposition and other atopic 
diseases like asthma, hay fever and allergic rhinitis. There are several triggering 
factors for atopic dermatitis among which the most recently established one is 
atmospheric or air pollution. The latter is due to the increased in industrialization 
in cities with the emission of waste products in the atmosphere as air pollutants. 
The role played by these pollutants in the pathogenesis of atopic dermatitis still 
remains largely unclear. This chapter elucidates the relationship between atmo-
spheric pollution and atopic dermatitis.

Keywords: atopic, dermatitis, air, pollution, effects

1. Introduction

Atopic dermatitis (AD) is a chronic inflammatory dermatosis of multifactorial 
aetiologies. It is a common disease that frequently occurs in childhood. A rising 
prevalence rate of AD over the past six decades has been reported to be mainly due 
to several environmental factors [1, 2]. In the interplay between the interactions 
predisposing genes, environmental factors, impaired skin barrier integrity, skin 
microbiota, and immune deregulation are at the core of the pathogenesis of AD [3]. 
Established risk factors for AD include a regular diet rich in fresh fruits and fish 
during pregnancy leading to AD in offspring of these women during childhood. 
Avoiding such a diet by pregnant women has been demonstrated to reduce both the 
prevalence and incidence of AD in children and adolescents [4–6]. Furthermore, 
it has been reported that a family history of asthma, hay fever, or eczema is associ-
ated with AD in childhood and this risk increases if both parents have eczema [7]. 
Persons of similar racial and genetic background are at an increased risk of AD in 
metropolitan areas compared with countryside individuals [8]. Urbanization and 
industrialization often occur together. Industrialization in urban areas is often 
associated with atmospheric or air pollution which can be mild to severe depending 
on the degree of industries startups in the town or city concerned. The air pollu-
tion stemming from these industries has recently been positively correlated to the 
development of AD. However, the relationship between atmospheric or air pollu-
tion and AD still largely remains to be elucidated. With the several advancements 
made in industrialization, there is emerging of some chronic diseases which share 
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the same pathophysiological mechanisms with AD. Thus it is important to evaluate 
the contribution of atmospheric pollution in the growing burden of AD.

2. Atmospheric or air pollution and chronic inflammatory diseases

Although air pollution is well known to be harmful to the lung and airways, 
it can also damage most other organ systems of the body. Pollution affects the 
immune system and is associated with allergic rhinitis, hypersensitivity disorders, 
and autoimmune diseases. The lung has a large surface area that comes into contact 
with a myriad of antigens. It sensitization effect and antigen-presenting system are 
quite efficacious and this consequently makes individuals susceptible to autoim-
mune diseases. The pollution of air markedly contributes to illnesses such as sys-
temic lupus erythematosus and rheumatoid arthritis [9]. A Canadian study found 
increased odds of having a diagnosis of a rheumatic disease following an increased 
exposure to ambient particulate matter with an aerodynamic diameter < 2.5 mm 
(PM2.5) exposure [10]. Air pollutants have also been described to trigger or exac-
erbate diseases like juvenile idiopathic arthritis, but the impaired autoimmunity 
related to exposure to air pollution has largely been understudied. Inflammation 
in the bloodstream in response to air pollutants has been found to cause systemic 
vascular (including cerebral vascular) dysfunctions. Studies on animals observed 
that inhaled ultrafine particles from the atmosphere into the nostrils then get in 
contact with the neighbouring olfactory nerve and later to the central nervous 
system, particularly to the brain leading to inflammatory and oxidative stress 
responses [11]. In all the organs that are affected by air pollution, the skin is one of 
the most frequently involved leading to atopic skin disease.

3. Atmospheric or air pollution and atopic dermatitis

3.1 Evidence

Since almost one-third of patients with AD develop this skin disorder within 
their first year of life, it may be important to consider the impact of prenatal 
exposure to air pollution. In a study published almost a decade ago and involving 
469 pregnant women, prenatal exposure to fine air pollutants (fine air particulate 
matter—PM2.5) with subsequent postnatal exposure to the same air pollutants 
and cigarette smoke had their children followed up every three months for a year 
[12]. The prevalence of AD during the first year of life increased by two-fold [12]. 
Likewise, a Swedish study showed an association between AD and lower ventilation 
in the houses, in particular, in the child’s bedrooms [13]. Furthermore, a German 
study found an association between indoor renovation activities (painting, furni-
ture, and floor covering) and the antenatal period, infantile period and early child-
hood and lifetime prevalence of AD, likely in connection with high levels of volatile 
organic compounds (VOCs) [14]. More still, a study of 317,926 Taiwanese children 
found a significant positive association between traffic-related air pollutants such 
as carbon monoxide, nitrogen oxides and AD in both sexes [15]. In the same vein, 
a study conducted on 4907 French children found associations of both history and 
lifetime of AD with urban air pollutants such as NOx, CO, NO2, PM10, and benzene 
pollutants [16].

A USA population-based study found the prevalence of childhood AD to be 
associated with mean annual NO2, sulfur dioxide (SO2), and sulfur trioxide (SO3) 
[17]. A German birth cohort study found that the rates of AD in the first children 
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aged one to six years old was positively correlated with the degree of home proximity 
to motorable roads [18]. Also, the distance from home to the closest road was used 
as the main indicator of air pollution due to road traffics. The highest odds of AD 
occurred in children <50 m from the main road [18]. The authors postulated that 
residents living closer to heavy traffic are exposed to both higher amounts of and 
more toxic air pollutants that are freshly emitted from vehicles moving on these 
roads. Two longitudinal studies assessed the relationship between outdoor pollution 
and childhood AD symptom severity. A South Korean study of 41 children aged 
8–12 years collected symptom diaries for 67 days and found significant associations 
between pruritus severity and daily ambient air particulate matter concentra-
tions [19]. A longer-term study of 22 Korean children using symptom diaries for 
18 months also found associations of AD symptoms with levels of outdoor air 
pollutants [20]. From the aforementioned data, it is clear that outdoor and indoor 
air pollution can cause, trigger and/or exacerbate AD.

3.2 Pathophysiology

As an allergic disease, the triggers of AD may originate from indoor and/or out-
door environmental factors and can interact with the skin by binding to the stratum 
corneum, becoming metabolized, or even penetrating the epidermis and entering 
systemic circulation through dermal capillaries [21]. The biomechanical effect of 
particulate matter is not entirely clear. It contains a myriad of toxic substances such 
as tobacco and alloy smoke, polycyclic aromatic hydrocarbons, organic compounds, 
nitrates, sulphates and metals. These particulates have the capacity to cross through 
the skin, the respiratory tract and blood placental barrier. They also have a slow 
index of sedimentation. Hence, they remain as air suspension over a longtime where 
they have dust mites and pollen ‘carrier’ effects due to their protein linking ability. 
When pregnant women are exposed to polycyclic hydrocarbons, this has several 
adverse effects to the foetas. These negative foetal effects include the formation 
of free radicals, activation of apoptosis, and the production of IgE and cytokines. 
Postnatal exposure to air pollutants increases the effects of prenatal exposure and 
has been implicated in lesions to the skin barrier, with a resulting inflammatory 
process [12, 22, 23]. There are likely multiple mechanisms for the harmful effects 
of different air pollutants. A study of skin biopsies from 75 AD patients found an 
association between severe AD and reactive oxygen species-related damage. This 
finding is in favour of the hypothesis that reactive oxygen species originating from 
environmental exposures cause oxidative stress damage to proteins in the stratum 
corneum [24]. Even short-term exposure to NO2 or volatile organic compounds 
(VOC) caused significantly increased trans-epidermal water loss (TEWL) in both 
healthy individuals and those with AD [23, 25]. VOC may also contribute to T 
helper 2 (Th-2) polarization, suggesting potentially direct effects of pollutants on 
the immune system [26].

4. Public health implications

Air pollution is a public health problem today. Its ill-health effects are increasing 
worldwide. Assessing these effects may be difficult because the source of air pollution 
varies between communities and household situations. Governments should, there-
fore, put in place measures to reduce environmental air pollution in the aforemen-
tioned high-risk areas (e.g. those living close to the roadside) and people-centered 
measures such as facemasks which can reduce inhaled particulates. For instance, 
wearing personal respirators such as facemasks while being active in central Beijing 
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reduced the blood pressure (BP) and heart rate variability, and markers associated 
with cardiovascular morbidity [27]. The beneficial effects of the use of personal 
respirators on cardiovascular parameters markers were almost immediate and 
lasted during the entire exposure time [28]. Air purifiers also reduce air particulate 
matters. Air purification for just 48 hours significantly decreased PM2.5 and reduced 
circulating inflammatory and thrombogenic biomarkers as well as systolic and 
diastolic BPs.

5. Conclusion

Atopic dermatitis is a growing disease; the risk factors are numerous and include 
air pollution. Air pollutants act by several mechanisms including the synthesis 
of reactive oxygen species which will cause a weakening of the skin barrier and 
thus exposes individuals to various degrees of atopic dermatitis. The increasing 
urbanization and development of countries that increase air pollution will probably 
aggravate this disease. Air pollution has a proven effect on the burden of AD. This 
should sensitize the general population especially AD patients and public health 
authorities in particular about the impact of air pollution on pollution health, 
especially dermatology health.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

Atopic dermatitis (AD) is an itchy chronic relapsing inflammatory skin
condition mostly affecting children than adults. Eczematous conditions are com-
mon worldwide with increase in the prevalence in both developed and developing
countries. AD in adults is of two types – the first type starts as AD in childhood and
gradually progresses to adulthood (Persistent AD) and the second type results from
AD developing in adulthood (Adult-onset AD). The article reviews and discusses
this condition in adults considering the epidemiology, risk factors, pathogenesis,
diagnostic criteria, and management of this condition.

Keywords: Atopic dermatitis, Adult, Adult-onset Atopic dermatitis, Eczema

1. Introduction

Atopic dermatitis (AD) is an itchy chronic relapsing inflammatory skin condi-
tion mostly affecting children than adults with atopy. Atopy was derived from the
Greek word “atopos” by Coca and Cooke in 1923 for the grouping of asthma, hay
fever and asthma. [1] In an article by Kanwar, atopic dermatitis (AD) or atopic
eczema was defined as “an itchy, inflammatory skin condition characterized by
poorly defined erythema with edema, vesicles, and weeping in the acute stage and
skin thickening (lichenification) in the chronic stage,” [2] and in the year 2000,
Bannister and Freeman originated the term adult-onset atopic dermatitis for the
condition in adulthood. [3] AD usually occur as a continuum of childhood AD but
few cases start in adulthood, hence, the term - Adult onset AD. AD in adults is of
two types – the first type occurs as AD in childhood and progresses to adulthood
condition (Persistent AD) while the second type results from AD developing in
adulthood (Adult-onset AD). Eczema in adults usually runs a prolong course
impairing quality of life, relationships and sex life, and occupation. [4]

Atopy refers to “the genetic tendency to develop allergic diseases such as allergic
rhinitis, asthma and atopic dermatitis (eczema). Atopy is typically associated with
heightened immune responses to common allergens, especially inhaled allergens
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and food allergens.” [5] Rang et al. defined atopy as ‘a familial hypersensitivity of
the skin and the mucosa to environmental substances, associated with increased
production of immunoglobulin E (IgE) or altered pharmacologic reactivity.’ [6] The
ETFAD/EADV Eczema task force consensus 2020 defines atopy as the ‘familial
tendency to develop Th2 responses against common environmental antigens. [7]

The definition by ETFAD/EADV encompasses both subtypes of atopy – the
extrinsic (IgE-associated) subtype, and the intrinsic (non-IgE-associated) subtype.
Most AD affected persons have atopic diathesis. The Japanese Dermatological
Association defines atopic diathesis as: (1) Personal or family history (asthma,
allergic rhinitis and/or conjunctivitis, and atopic dermatitis), and/or (2) Predispo-
sition to overproduction of immunoglobulin E (IgE) antibodies. [8] The Japanese
Dermatological Association criteria is based on three clinical features that must be
present for diagnosis of AD: (1) pruritus, (2) exanthematous features and their
distribution, and (3) chronically relapsing course.

2. Etiology

The increasing number of adult AD cases in recent years has elicited interest in
determining factors causing and modifying the disease in adults. Susceptibility to
AD is attributable to both genetic and environmental causes. [9] The study by
Thomsen et al., showed that AD susceptibility and incidence are mainly due to
genetics with 82% cases of AD associated with genes and 18% associated with
nonshared environmental factors. [9] A monozyotic twin of an affected person has
a sevenfold risk of developing AD compared with a threefold increased risk in
dizygotic twin. [9]

Intrinsic IgE-mediated allergic inflammation may play an important role in the
pathobiology of elderly AD, similar to other age groups of AD. [10] About 5–15% of
cases have intrinsic non-IgE-allergic eczema. [4] Most of the adult AD patients have
sensitivity to aeroallergens such as cat epithet, dog epithel and housedusthouse dust
mites [11] while common food allergies affect only few. [4] There is a high inci-
dence of contact sensitization to environmental allergens such as nickel (in metals),
thiomersal (in eyedrops), fragrance mix (in cosmetics) and lanalcolum (in cos-
metics) in adult AD. [11] An increased occurrence of occupational allergic and
irritant contact dermatitis among adult AD cases have also been observed. [4]
Immunoglobulin E-mediated tests, atopy patch tests (APT), epicutaneous tests
(ET), in vitro allergy and Prick tests are usually positive on contact with environ-
mental allergens and to aero allergens. [11]. Pollens are associated with seasonal
relapse of AD.

There is specific immediate and delayed sensibilization to Malassezia
sympodialis in both intrinsic and extrinsic AD in adults. High rates of sensitization
to Dermatophagoides farinae and/or Dermatophagoides pteronyssinus have been
documented in patients with extrinsic allergy. House door mite (HDM) refers to a
large number of dust dwelling mites including the American HDM,
Dermatophagoides farinae Hughes, and the European HDM, Dermatophagoides
pteronyssinus. HDM is a common household aeroallergen known to cause asthma,
allergic rhinitis and AD. The indoor level of HDM is associated with the severity of
skin lesions. [12]

The proportion of contact sensitization to environmental allergens in the 34
adult atopic patients was remarkable (14 of 34, 41%). Out of the verified contact
allergens, nickel, fragrance mix, thimerosal and lanalcolum proved to be relevant.
House dust mite and cat epithel proved to be the most common relevant
aeroallergens. D. pteronyssinus and D. farinae sensibilization was high, particularly
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in patients with severe skin symptoms on the face, eyelids and hands. Pollens
should be considered in patients with seasonal relapse of AD. Sensitization to animal
epithel was usually indicated by the flare-up of skin symptoms upon contact with
animals. The relevance of the eliciting effects of sensitization could easily be
supported in most cases by the medical history and the distribution of skin symp-
toms. In some adult AD patients with long-lasting AD, the relevance of triggering
factors is hard to determine.

The intrinsic (non-IgE-allergic) eczema subtype affects 5–15% of cases. Classical
food allergy has a low importance, although non-IgE-mediated and pseudoallergic
reactions can cause eczema. Sensitivity to aeroallergens, especially dust mite, is
demonstrated in the majority of adult AD patients, including elderly adults, by
immunoglobulin E-mediated tests and/or atopy patch tests. Occupational allergic
and irritant contact dermatitis is increased. In adults, as in children, Staphylococcus
aureus colonization is very high, whereas adult skin is more heavily colonized with
Malassezia yeasts. Immediate and delayed sensitization to Malassezia sympodialis is
specific for intrinsic and extrinsic AD, occurring especially in head-and-neck
eczema. [4]

In the study by Pónyai et al., [11] atopy patch and epicutaneous tests (APT, ET),
which were supplemented by in vitro allergy and Prick tests – sensibilization was
evaluated by the comparison of in vivo and in vitro test results, medical history and
skin symptoms. The incidence of contact sensitization to environmental allergens
was remarkable: 13 of the EG, 1 of the IG (14 of 34, 41%) The allergens causing
positivity were nickel (6 of 13), thiomersal (3 of 13), mercury-amidochlorate (3 of
13), mercury-chloride (2 of 13), iodine chlorhyrdoxyquin (1 of 13), lanalcolum (1 of
13) and fragrance mix (1 of 13). Among the detected allergens, the following were
relevant: lanalcolum (1 of 13: cosmetics), fragrance mix (1 of 13: cosmetics), nickel
(1 of 13: metal objects), thiomersal (1 of 13: eyedrops).

3. Epidemiology

Atopic dermatitis often develops in infancy with about 75% occurring at less than
6 months and 90% before 5 years with about 60–70% resolving in the early teenage
years. [1] AD is manly a disease of children with prevalence of 10–20% in children in
developed countries. [13] A prevalent rate of 6% was found among children by
Oninla et al. [14] at a dermatology centre while Ayanlowo et al. [15] documented a
prevalence of 15% at another dermatology centre in Nigeria, a developing country.

Adult AD prevalence is 1–3% of adults world-wide. [4] Approximately 40% of
childhood AD persist till adulthood. [16] Adult-onset AD was reported by 1 out of 4
adults with AD. [17] Variable age of onset of adult AD from 18 to 71 years has been
reported. [2] About 9% of the cases seen at a contact dermatitis clinic had AD with
first onset at 20 years and above while an additional 8% had both adult-onset AD
and contact dermatitis. [18] An incidence rate of 18% was reported among adults
presenting at a contact dermatitis clinic in a study by the Postgraduate Institute of
Medical Education and Research (PGIMER), Chandigarh. A female preponderance
was found in adult AD in some studies though no gender predilection was reported
in children. [16, 18]

4. Risk factors

Atopic dermatitis runs a chronic course with acute exacerbations due to triggers
such as exposure to allergens (commonly pollens), skin irritants (for example
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woolen fabrics, exfoliating soaps, and detergents), stress conditions, skin dryness,
dry weather conditions, skin infections and food such as peanuts, gluten, eggs, soy,
dairy products and alcohol. [17] Persistence of atopic dermatitis till adulthood was
associated with early onset AD, childhood allergic rhinitis, hand eczema, allergic
contact dermatitis and increased specific IgE to Malassezia furfur. [19]

5. Pathogenesis

Various studies reported AD as a disease resulting from a complex interplay of
genetic factors, immunologic mechanisms, biochemical factors, environmental
triggers, and pharmacologic factors. [20–24] Sehra et al., [24] described the patho-
genesis of this disease and stated that it should translate to treatment strategies. In
the review by Leung, [20] AD was initially considered as a disease mediated by a
bone-marrow derived cell. This was based on the report that a bone marrow trans-
plant from an AD donor in positive immediate skin tests and symptoms of atopy in
the recipient. Also, patients with primary T cell immunodeficiency disorders were
found to have elevated serum IgE levels, eosinophilia, and skin lesions of AD.
Recently, Leung along with other researchers’ reported that AD occurs as a complex
interplay of immunologic, microbial, and epithelial interactions. [25]

Recent evidence also revealed that the underlying pathogenesis of AD has
shifted from focusing primarily on generalized immune system abnormalities in
Th1/Th2 cells to a complex interplay between primary epithelial barrier defect in
skin membrane (possibly a genetic defect) and dysregulation of immunological
mechanisms involving specific signaling pathways. [25, 26] These abnormalities
lead to membrane barrier defects resulting in increased transepidermal water loss
(TEWL) and increased allergen exposure as well as immunologic alteration toward
atopy. [27]

The exact pathogenesis remains unclear and the underlying mechanism that is
well known in the disease development and progression has been atopy. Children
with early onset AD often develop allergies to common environmental or food
allergens or infective agent [28] with positive skin prick test (SPT) or elevated
antigen-specific serum immunoglobulin E (IgE). This type of AD where specific IgE
plays a central role in AD is known as Extrinsic AD. The severity of AD has been
found to correlate directly with the number of SPT and/or levels of antigen-specific
IgE. [29] Extrinsic form accounts for about 45–75% of AD cases. [24]

Although total Ig E elevation is mostly seen in many AD individuals, other
factors also modulate the pathophysiology of AD giving rise to the non-atopic or
non-T-2 inflammation form of the disease. These are: genetic factors, age, gender,
maternal history of atopy, [24] ethnicity, [30] socioeconomic status, [31] environ-
mental factors, and early daycare attendance. [24] The intrinsic form might also
affect as many as two thirds of AD individuals. [32]

5.1 Pathogenic mechanisms

5.1.1 Epidermal barrier dysfunction

A strong family history has been reported in 40–60% of AD patients with
filaggrin (FLG) null mutation in 20–30%. [33, 34] Genetic mutations involving the
epidermal differentiation complex (EDC) gene on chromosome 1q21 impairs epi-
dermal differentiation resulting in stratum corneum barrier dysfunction. [35] The
nonsense mutations occur in the EDC gene encoding FLG which is also implicated
in asthma associated with AD. [36–38] The gene codes for profilaggrin, a large
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precursor protein molecule which is subsequently hydrolyzed to ten to twelve units
of FLG. [39]

Palmer et al., reported two independent loss-of-function genetic variants -
R510X and 2282del4 - mutations of the skin barrier gene encoding filaggrin (FLG)
as very strong predisposing factors. [38] FLG, a filament aggregating protein, binds
keratin intermediate fibers to the envelope of the stratum corneum cells and facili-
tates terminal differentiation of the epidermis. [38] Therefore, filaggrin is needed
for the formation of skin barrier to maintain hydration and provide protection from
environmental insults and infective agents. [40, 41] Recent studies have linked
genetic FLG mutations to Th2 mediated AD and not non-Th2 inflammation AD
giving rise to suggestions that skin barrier defect underlies the development of
secondary allergic symptoms and respiratory atopy. [24] The degree of membrane
disruption directly correlates with the severity of AD. [42]

The study by Pellerin et al. showed that the stratum corneum of lesional skin as
well as the clinically nonlesional skin of adults AD patients has reduced expression of
FLG and FLG-like proteins. [43] This was found to be as a result of nonsense muta-
tions, proinflammatory cytokines and some defects in the proFLG processing. The
study concluded that skin inflammation contributing to the AD-related epidermal
barrier dysfunction is by downregulation of FLG and FLG-like proteins. FLGmutation
has been identified as themost common genetic factor associated with AD and present
in 15–50%. [44] However, 40% of FLG mutant gene carrier do not have AD. [38]

The epithelium inAD also have decreased barrier-stabilizing proteins such as loricrin
(LOR), involucrin (IVL), and proline rich particles. [44] Tumor necrosis factor-alpha
and interleukin (IL)-4 result in downregulation of LOR and filaggrin (FLG). [29, 45] In
AD lesional skin, lipid synthesis is reduced [46] due to increased expression of enzyme
stearoyl-CoA desaturase leading to increased unsaturated fatty acids and abnormal
keratinization. [47] Th2 cytokines and IFN-γ also reduces long-chain free fatty acids
(FFA) and ester linked-hydroxy (EO) ceramides in the skinmembrane. [48, 49]

Many researchers have reported that defective skin barrier particularly in the
epidermis preludes the pathologies seen in AD development mainly in the following
ways: [26, 50–52].

• Defects in epidermal proteins such as FLG, keratins, transglutaminases, loricrin,
involucrin reduces skin hydration and inflammatory thresholds while increasing
skin pH, inflammatory cytokines, and allergen and microbes permeability. [26]

• Reduction in claudins increases transepidermal water loss (TEWL), reduces
hydration, and allows allergens and microorganisms invasion. [53]

• Decreased long-chain FFA and ceramides increases TEWL and infections. [26]

• Decreased cathelicidin and human β-defensins increase microbial infections
(mostly Staph. aureus) and pro-inflammatory cytokines. [26]

5.1.2 Immune system dysregulation

Polymorphisms of genes in the Th2 signaling pathway particularly cytokine
receptors (IL-4R and IL-13R) are associated with immune dysfunction in AD. [54–57]
Also implicated are genes transcribing for IL-31 and IL-33, thymic stromal
lymphopoietin (TSLP) and its receptors (IL-7R and TSLPR), interferon regulatory
factor 2, signal transducer and activator of transcription (STAT) 6, Toll-like receptor
2, and high-affinity IgE receptor (FcRI), [26, 54, 56, 58–60] vitamin D receptor and
cytochrome P450 (CYP27A1 variant involved in D3 metabolism). [61, 62] Environ-
mental factors (mostly allergens, microorganisms, smoke, and chemical irritants) also
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cause modifications in DNA resulting in epidermal and genetic changes (epigenetic
changes) without changing the DNA sequence of the corneocytes. [56]

Of recent, the skin epithelium was found to produce IL-25, IL-33, and/or TSLP
(in response to extracellular molecules such as parasites and allergens) which acti-
vates skin group 2 innate lymphoid cells (ILC2). ILC2 produces IL-5, IL-9 and IL-13
which are Type 2 cytokines. [63] The TH2 cytokines (IL-4, IL-13, IL-31) and TH22
cytokine (IL-22) are believed to play roles in the overall pathogenesis of atopic
dermatitis but mostly acute AD (Figure 1). [64–66]

Figure 1.
Pathogenesis of atopic dermatitis. Damage to the skin barrier allows penetration of the skin by allergens,
environmental factors and infective organisms activating the skin antigen-presenting cells (APCs). The APCs migrate
to lymph nodes and stimulate naive T cells differentiation into TH2 cells and B lymphocytes. Damaged epithelial cells
releases TSLP,TNF-α and IFN-γ and other TH2 cytokines (mostly IL-25 and IL-33) which induces mostly TH2
inflammation and subsequently keratinocyte apoptosis.TH2,T helper 2 cells; ILC2, innate lymphoid cell; TSLP,
thymic stromal lymphopoietin; TSLPR, thymic stromal lymphopoietin receptor. Cited from reference [100].
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IL-4 is primarily produced by mast cells, Th2 cells, oesinophils and basophils.
[67] IL-4 stimulates both the humoral and innate immunity. It reduces the expres-
sion epidermal differentiation complex (EDC) genes which regulates keratinocytes
function. It activates B cell production which ingests antigens and presents them as
major histocompatibility complex (MHC) II molecules to which T cells bind leading
to cytokine production and signals to other phagocytes. The T cells further stimu-
late these activated B cells and differentiation into plasma cells leading to antibody
production. IL-4 enhances the development of Th2 cells, suppresses the formation
of major terminal differentiation proteins by downregulating the encoding genes
for FLG, LOR, and IVL, increases fibronectin, and increases adhesion of S. aureus to
the skin. [64, 68–71]

IL-13 acts similarly to IL-4 and these two are the most frequently produced
cytokines by Th2 cells. IL-13 promotes tissue inflammation by inducing cellular
migration (CD4+ T-cells, mast cells, eosinophils, and macrophages) to the dermis.
[68, 71] Both IL-4 and IL-13 hinders keratinocyte differentiation resulting in mem-
brane barrier dysfunction and increase periostin expression stimulating skin
remodeling in chronic AD. [72, 73] They induce cytokines, epidermal dysfunction,
suppress antimicrobial peptides (AMP), and stimulates allergic nflammation.
[64, 74] Another study by Howell et al., [74] showed that filaggrin gene expression
by keratinocytes stimulated by IL-4 and IL-13 was significantly reduced when
compared with normal skin. [75]

IL-5 is produced by Th2, eosinophils and mast cells though eosinophils are the
primary IL-5Rα-expressing cells. It functions as an eosinophil colony-stimulating
factor, B-cells growth factor and increases immunoglobulin secretion – mostly IgA.
[68, 76] IL-31, a cytokine mainly produced by CD4+ Th2 cells is a potent mediator
of inflammation. [77] Monocytes, epithelial cells, and T cells have the receptor – IL-
31R, on their cell membrane. [77] IL-31R induces and potentiates pruritus in AD
[76, 78] by production of natriuretic peptide in the brain and chemokine release
from keratinocytes. [79]

According to Rebane et al., IFN-γ is the characteristic cytokine induced by Th1
cells. [80] In acute AD, immunoglobulin G (IgG) inhibits the production of IFN-γ.
[81] Interferon-gamma is secreted predominantly by activated lymphocytes such as
CD4 T helper type 1 (Th1) cells and CD8 cytotoxic T cells. [82] Other cells produc-
ing IFN-γ are natural killer (NK) cells, B cells and antigen-presenting cells (APCs) –
macrophages, and these cells aggregate in the skin during inflammatory reactions
and infections. [83] Werfel et al., reported that CD8 T cells are part of the early
cellular response in AD. [84] Higher CD8 IL-13+ 1CLA1 frequencies were seen in
adults compared with children with AD. [85] CD8 T cells constitute 15% of allergen-
specific T cells in the skin. [86] These cells stimulates the production of interferon-γ
(IFN-γ), IL-13, and IL-22. [87–89] It was also reported that IFN-γ upregulated 3
apoptosis-related genes (NOD2, DUSP1, and ADM) and stimulates the
overexpression of 8 genes (CCDC109B, CCL5, CCL8, IFI35, LYN, RAB31, IFITM1,
and IFITM2) in keratinocytes of lesional skin.

TH17-associatedmolecules (IL-17A, peptidase inhibitor 3/elafin, and CCL20) are
consistently upregulated in both patients with acute and chronic AD. IL-17 production
is higher in intrinsic AD, and severe AD. [90] It reduces FLG and INVwhile stimulating
antimicrobial peptide human beta-defensin 2 (HBD-2) in keratinocytes. [91, 92]

Apart from elevated IgE levels and eosinophilia, Leung reported that the
peripheral blood has the following immunologic responses: [20].

• Increased basophil spontaneous histamine release

• Decreased CD8 suppressor/cytotoxic number and function
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• Increased expression of CD23 on mononuclear cells

• Chronic macrophage activation, increased GM-CSF, prostaglandin E2, and
IL-10

• Expansion of IL-4– and IL-5–secreting Th2-type cells

• Decreased numbers of IFN-γ–secreting Th1-type cells

• Increased serum sIL-2 receptor levels

• Increased serum eosinophil cationic protein levels

• Increased soluble E-selectin levels

• Increased soluble vascular cell adhesion molecule-1 levels

• Increased soluble intercellular adhesion molecule-1 levels

These immunologic changes underlies the skin inflammatory process in AD.
The cellular and cytokines infiltrates in the skin depends on the duration of the

lesion. Cellular infiltrates particularly T cells occur as an immune response in AD
patients. T lymphocytes are moderately increased in the dermal layer of nonlesional
skin with marked increase in acutely inflamed areas and acute flares of chronic
lesions resulting in epidermal cell apoptosis and spongiosis. Nonlesional skin has no
eosinophils and macrophages, and cytokines seen are IL_4, IL-13 and IL_16 [20, 80]
In acute lesional skin, cellular infiltrates consists of mostly T-cells, moderate
amount of inflammatory dendritic cells (IDCs) mostly Langerhans cells, eosino-
phils, macrophages, IL-4, IL-13, IL-5, IL-22, IL-16, IL-31 and Granulocyte-
macrophage colony-stimulating factor (GM-CSF). (20). Chronic lesional skin has
mostly eosinophils and macrophages with moderate number of T cells, GM-CSF,
and cytokines type are IL-4/13, IL-5, IL-12, IL-16, IL-31 and Interferon-γ. (20).

a. Acute Dermatitis: According to Grittler, AD is currently considered a biphasic
disease depending on the type of cellular immune response to numerous
environmental antigens and infections. [64] An initial phase of acute disease
characterized by predominantly Th2 cells, as well as ThH22 and few
eosinophils progresses to a chronic disease and a switch to mostly Th1 cells,
and Th17 cells. Th2 lymphocytes are the most predominant cells in all AD
phenotypes, and play a key role in all allergic inflammation. [40, 93]
Infiltration by Th2 cells are more in the acute phase than other phenotypes.
These cells are targeted in immunotherapy for precision medicine. [94, 95]

b. Chronic Dermatitis: Allergen specific T-cell clone (TCC) from spontaneous
chronic lesional skin of AD patients was found different from the TCC
isolated from inhalant allergen patch test lesions. [86] These TCC are
allergen-nonspecific cells that produce IFN-γ and the chronic changes seen in
the skin and were found to be Th1 cells. [84] Many other studies also reported
that Th1 cells increases in the lesions in chronic AD from an initial Th2
polarization. [96–98]

The Janus kinase-signal transducer and activator of transcription (JAK/STAT)
pathway acts downstream of more than 50 cytokines. [99] It is central to
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inflammatory processes involving B-cells, T-cells, neutrophils, macrophages and
natural killer cells. Inhibitors of this pathway reduce are anti-inflammatory.

5.2 AD clinical phenotypes

AD has variable phenotypes that vary with age of onset, race, clinical course
(acute or chronic), disease severity, therapeutic response, reactions to infectious
agents, and allergic/irritant substances, IgE reactivity, and presence of other allergic
diseases (asthma, allergic rhinitis, and food allergies). [94]

There are three main phenotypes of atopic dermatitis (Figure 2): (1) nonlesional
skin, (2) acute AD, and (3) chronic remitting relapsing AD with acute flares. The
underlying cellular and immune mechanisms in all three phenotypes are based on
dysfunctional immune response as well as epithelial disruption. It is believed that
underlying these complex clinical phenotypes are biomarkers that can be validated,
and qualified for precision medicine for individualized treatment of AD. [100]

(2) non–type 2 immune response AD - with Th1-, Th17-, and Th22-induced
inflammatory process and resultant epithelial dysfunction. [101–103]

5.3 Pathological markers

Disease assessment can be done pathologically. Biomarkers, such as CCL17, can be
used for assessment of AD severity while filaggrin deficiency is being considered as a
potential candidate for prognosticating the disease. Indoleamine 2,3-dioxygenase has
been found useful as a predictive marker for viral skin infections [104].

5.4 Triggers for AD onset and exacerbation

Triggers are predisposing factors to AD episodes or flares. The control of these
triggers are paramount in the treatment of AD. [105] and in improving the quality
of life by maintain a disease free periods for the affected individuals or patients.

Atopic dermatitis may be triggered by microbial agents (common cold, second-
ary infection of lesions and skin infections), food (commonly due to eggs, milk,
peanuts, wheat, soy, tree nuts, and fish and other sea foods), [106] aeroallergens
(mostly house dust mites, molds, pollens, cigarette smoke, and animal dander),
cosmetics, fragrances, weather (extremes of temperature and sweating), [106, 107]
clothing such as wool [108], irritants, and sex hormones. [109] The two types of
allergic reactions that can result from these triggers are – (1) Immediate allergic

Figure 2.
Proposed atopic dermatitis Endotypes. Adapted from reference [100].
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reactions: IgE mediated type III with activation of the complement system, and (2)
Delayed allergic reactions: due to activation of T lymphocytes and eosinophils. [110]

A. Microbial agents.

Dysfunctional adaptive immune response resulting in increased total and spe-
cific IgE levels, [111, 112] and innate immune system abnormalities such as
reduced chemotaxis of cells to skin and antimicrobial peptide levels, Toll-like
receptor defects [113] are the underlying factors contributing to skin infection
and colonization. Disruption of the epidermal barrier facilitates microbial
infection and colonization in AD patients. [114] The skin of AD individuals are
highly predisposed to colonization or infection by various organisms most
especially Staphylococcus aureus and Herpes simplex virus. [115]

The microbial organisms produce superantigens which stimulates marked
inflammation. S. aureus has been implicated as a trigger of AD and as a factor
responsible for chronic relapsing clinical course. [16] It releases toxins and
superantigens that stimulates the innate immune response leading to T cells and
macrophages production. It has been found in the skin of 80–100% AD indi-
viduals. [16] Specific IgE antibodies against staphylococcal enterotoxins
corresponding to severity of the disease have been found inmost AD cases. [16]
The stimulation of chemokines such as TH2 cytokines IL-4 and IL-13 leads to
reduced mobilization of human beta-defensin-2 (HBD-2) and impairs
keratinocytes clearing of Staph. aureus while their neutralization significantly
leads to clearance of the infective agent. [115–117] Apart from areas of infec-
tion, S aureus also colonizes normal-appearing skin in AD patients. [117]

Viral skin infections occur in AD patients more than other individuals with-
out atopy. These infections may be localized or widespread. The most fre-
quently seen viral infections are herpes simplex, warts and molluscum
contagiosum. According to Damour et al., susceptibility is increased by
overexpression of Th2 cytokines - IL-4, IL-13, IL-25, IL-33, and TSLP, low the
AMP cathelicidin LL-37 and HBD-2 production; reduced IFN-γ, defect in
cellular immune response by NK cells and dendritic cells. [115]

HSV may present as umbilicated vesicles, punched out erosions, impetigo-like
lesions or secondarily infect atopic skin lesions. [115] Tzanck smear, PCR and
viral culture can be used to confirm diagnosis. Also, fungi infection particularly
Malassezia sympodialis has been found to contribute to chronic inflammation in
AD, and it is associated with specific IgE antibodies againstM. sympodialis. It
was found to be more common in patients with head and neck type of AD.

B. Aeroallergens.

Aeroallergens are one of themost common environmental allergens causing AD
flares or worsening. Many AD individuals have been found to have delayed
hypersensitivity reactions to aeroallergens identified in their environment or
reported by the patients while they have no reactions to aeroallergens which
they had not been exposed to. Aeroallergens often producing delayed reactions
with patch tests in adults AD are house dust mite, pollens (weed, grass and
tree), and danders. [118] Adults with IgE sensitization to these aeroallergens
have increased risk of developing persistent lesions of AD and other allergic
diseases. [119] Control measures such as the use of allergen-impermeable mat-
tress encasing, acaridae spray containing tannic acid and benzylbenzoate has
been found to reduce the house dust mite antigen, Der p1. [120]
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C. Food allergens.

Food allergy refers to an adverse immune-mediated reaction to ingested food
product which is reproducible. [121, 122] Food intolerance is an undesirable
non-allergic food reactions that does not involve the immune system (lactose
intolerance). Prevalence of FA in adults is about 1–2%. [122] Some double-
blind placebo-controlled oral food challenges (DBPCFCs) have shown that FA
in adults AD are considerably lesser than in children, may not correlate with
skin prick testing (SPT) or patch testing, and there may be little benefit to
elimination diets. [123] However, a significant association has been reported
between the IgE-mediated food allergy and severity of AD in adults. [124]

The immune reactions are of three types: [122].

a. IgE-mediated (immediate hypersensitivity reaction) - serum specific IgE
antibody present with specific symptoms on ingestion of the food allergen
within 2 hours. Symptoms include:

i. Skin symptoms – itching of lips and/or eyes, eye redness, swelling of lips/
tongue, urticaria, angioedema, flushing, rash, exacerbation of eczema;

ii. Gastrointestinal symptoms – nausea, vomiting, diarrhea, pain and
bloating;

iii. Respiratory symptoms – nasal itching, rhinorrhea, sneezing,
wheezing, dyspnea, or anaphylaxis;

b. Non-IgE-mediated (T-cell mediated with histological changes); (c)
Combined reactions.

The skin is affected in 86% of food allergies and 38% respiratory system involve-
ment. [121] The “priority antigens”which constitutes >90% of FA are dairy products,
eggs (chicken), nuts (e.g., hazelnuts, walnuts, almonds, cashews, peanuts), soy
beans, fish, crustaceans and shellfish, gluten foods (e.g., wheat, rye, barley), sesame
and mustard. [121, 125] Less commonly: legumes, some fruits/juices (e.g., apple,
grape), and vegetables (e.g., onions celery, carrots). [125] It is thought that raw food
ingestion and food borne microbes may act as antigen. [126] This elicits immune
responses by binding to immature gut villus, by increasing gut permeability, and by
antigen transfer. [126] Food antigens produce anaphylactic reactions in sensitized
individuals due to loss of oral tolerance to these antigens. [127].

Current therapies for FA entails strict avoidance of the offending food and aller-
gen immunotherapy (AIT) - oral immunotherapy (OIT), sublingual immunotherapy
(SLIT) and epicutaneous immunotherapy (EPIT) to ensure clinical desensitization,
sustained unresponsiveness to allergens, and oral tolerance. [127] SLIT and EPIT are
safer and more tolerable than OIT due to lesser ingestion of protein. [128]

6. Clinical features

6.1 Clinical symptoms and signs

Adult AD presentations are variable and differs by age, severity and course of
the disease (acute or chronic course). It is a relapsing and remitting condition, with
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episodes of disease exacerbation that occurs as frequently as two or three times per
month. [13] Clinical symptoms and signs of adult/adolescent AD as reported by Liu
et al., [129] in a multicenter study (42 dermatological centers) of 1605 AD cases
over 12 years old (in decreasing percentages) are:

Pruritus (98.6), Xerosis (74.1), Associated environmental/emotional factors
(73.9), Personal or family history of atopic diseases (61.4), Itching upon sweating
(56.0), Flexural dermatitis (52.0), Facial pallor/facial erythema (35.5), Intolerance
to wool (30.2), Eczema/AD before 12 years old (29.5), Scalp eczema/pityriasis
(28.8), Urticaria/angioedema (26.8), Periauricular fissuring/eczema (25.8), Hand
and/or foot dermatitis (24.7), Ichthyosis/palmar hyperlinearity/keratosis pilaris
(23.3), Eyelid eczema (20.8), Eczema/AD history before 2 years old (20.2),
Perifollicular accentuation (19.5), White dermographism (19.0), Nummular
eczema (18.4), Pompholyx of hand/foot (17.2), Liable to skin infections (16.8),
Anterior neck folds (16.7), Cheilitis (15.0), Perineum eczema (14.3), Orbital dark-
ening (11.4), Pityriasis alba (9.5), Breast eczema (7.9), Recurrent conjunctivitis
(7.3), Dennie–Morgan infraorbital fold (6.1), Anterior subcapsular cataracts (3.4),
Keratoconus (1.3).

The characteristic sites of distribution of skin symptoms for adult AD are the
hands, shoulders, neck, flexures, face and eyelids. The extremities and the trunk
were less involved. [11] Adult AD characteristically presents as lichenified eczema
on both extensor and flexural surfaces of the flexures, face, neck, shoulders and
hands. In elderly adults, eczematous erythroderma is common. [4] Pruritus is a
major symptom and major criteria in AD. It increases in the night.

6.2 Clinical patterns of adult AD

Three clinical patterns have been described by Heli et al. [130]

1.Chronic, persistent AD

2.Relapsing course

3.Adult-onset AD

Some classify the clinical features into (a) adult-onset AD, and (b) persistent AD
and AD with relapsing course grouped together as persistent/recurring infantile or
childhood AD. [131] In the elderly, AD can occur as geriatric onset AD, geriatric
recurrence of typical childhood AD, and geriatric recurrence and /or continuation
of adult AD. [10]

Persistent AD – refers to childhood AD running a chronic recurrent course up to
and even in adulthood; occurs in 20–30% childhood cases. [131] Presentations are
similar to children with flexural involvement (flexor surface of extremities) in
majority of patients with pre-adult-onset. [132] The flexures are the areas initially
involved. The flexor surface of arms and legs are also more highly involved than
other body areas in these patients than those with adult-onset adult AD. [132]
Affected cases usually have diffuse, lichenified, symmetrical lesions in the flexures
mostly with facial eczema, dirty neck, and variable involvement of hands, limbs
and trunk. Dirty neck, and vitiligo-like lichenified lesions in the flexures are signs of
chronicity. [133–135]

Relapsing AD – this refers to childhood AD with complete resolution before or
during adolescence, and recurrence in adulthood; occurs in about 12.2% cases of
childhood AD. [131] Adult AD cases are prone to contact hand eczema while fewwith
contact eczema have AD. According to Salvador et al., many of these patients have
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chronic hand eczema as a result of atopy precipitated by irritant substances (heat,
dust, soaps, etc) at work places or jobs causing wet hands. [131] This is often confused
with contact irritant dermatitis and it is difficult to distinguish the two. [131, 136–138]

Adult-onset AD – In a study by Son et al., the body-site distribution of areas
initially involved showed that the head and neck areas are the sites initially affected
at the onset in adult-onset AD in contrast to flexural areas in pre-adult-onset AD.
[132] The trunk was the most common area affected while flexural surfaces of arms
and legs are the most affected area in persistent AD. [132]

From the study by Tanei et al., the senile-type AD usually have involvement of
the face and neck, trunk, lichenification in flexural and extensor surfaces of arms
and legs. [139] The antecubital and popliteal surfaces are less affected. Cases with
moderate to severe eczema have other features of AD: erythroderma particularly on
the face (atopic red face), loss of lateral eyebrows (Hertoghe sign), facial pallor,
dirty neck (eczema with reticulate, ripple, or poikilodermic pigmentation), goose
skin and Dennie–Morgan infraorbital folds. [139]

Tanei [140], described 3 types of lichenification in the antecubital areas of
elderly patients with AD:

a. Localized lichenified eczema in the elbow fold;

b. Diffuse lichenified eczema in the elbow fold and flexure site of the arm;

c. Lichenified eczema around the scarcely involved elbow fold (reverse sign).

In the elderly, the classical type of localized lichenified eczema at elbow and knee
folds is less common than the reverse type where lesions are around unaffected folds.

6.3 Clinical assessment of AD in adults

Assessment of AD should be done to determine the appropriate treatment as
well as monitor response to therapy. SCORAD – SCORing Atopic Dermatitis – is a
clinical tool for assessing the severity (extent/spread, intensity, and symptoms) of
atopic dermatitis both objectively and subjectively. [141, 142] It was developed in
1993 by the European Task Force on Atopic Dermatitis to provide a consensus
approach to AD management and useful in both children and adults. [143] Intensity
of the symptoms was giving a weight of 60% and 20% each was allocated to spread
(extent) and subjective signs (insomnia, itch). [144]

It consists of 3 components – A (Area or Extent), B (Intensity), C (Subjective
symptoms). The formula for obtaining the total AD score of an individual is A/5 + 7B/
2 + C. Area is expressed as a percentage of the whole body using the rule of 9 with a
maximum value of 100%. Intensity has a maximum of 18 from a score of 6 for each of
redness, swelling, oozing/crusting, scratch marks, skin thickening (lichenification),
and dryness (assessed in an area where there is no inflammation). Subjective symp-
toms are itch or sleeplessness assessed on a scale of 0–10 for each with a maximum 20.

7. Diagnostic criteria

Reports of AD in adults are not common and the clinical features are not cate-
gorical. However, the diagnosis of atopic dermatitis (AD) is based on its clinical
symptoms regardless of age or sex of the individual. According to Tada [8], in the
review of AD diagnostic criteria, the first concept of AD was described and
published in 1933 by Wise and Sulzberger. [145]
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The first diagnostic criteria published was in 1961 by Rajka. [8] Both Hanifin and
Rajka modified and combined their criteria in 1980 to form the most commonly
used criteria (Table 1), [146] and many dermatological societies have also devel-
oped their criteria for this condition. According to Tada, the diagnostic standard by
Hanifin and Rajka is useful in AD diagnosis in children and it also remains useful in
adults as well. It has 6 major and 23 minor criteria.

According to the UK Working Party on AD in childhood, to qualify as a case of
atopic dermatitis, the individual must have an itchy skin condition plus three or
more of the following: history of flexural involvement, a history of asthma/hay
fever, a history of a generalized dry skin, onset of rash under the age of 2 years, or
visible flexural dermatitis. This has a sensitivity of 85% and specificity of 96%. [147]
AD can consequently be diagnosed mainly by clinical symptoms and signs.

8. Complications

• Impetigo contagiosa

• Eczema herpeticum

• Molluscum contagiosum

• Erythrodermic eczema

• Ocular complication (keratoconus, cataract and/or retinal detachment)

• Kaposi’s varicelliform eruption

9. Differential diagnoses

Differentials of adult-onset AD are seborrheic dermatitis, allergic contact dermati-
tis, cutaneous T-cell lymphoma, polymorphous light eruption, actinic prurigo, and

Major criteria (3 or more needed for diagnosis):

1. Pruritus
2.Typical morphology and distribution
3.Flexural lichenification in adults
4.Facial and extensor involvement in infants and children
5.Dermatitis - Chronically or chronically relapsing
6.Personal or family history of atopy (asthma, hay fever, atopic dermatitis)

Minor criteria (3 or more needed for diagnosis):

(1) Xerosis (2) Ichthyosis/palmar hyperlinearity, keratosis pilaris (3) Immediate (type I) skin test
reaction (4) Elevated serum IgE (5) Early age of onset (6) Tendency toward cutaneous infections
(especially staph. Aureus and herpes simplex), impaired cell mediated immunity (7) Tendency toward
non-specific hand or foot dermatitis (8) Nipple eczema (9) Cheilitis (10) Recurrent conjunctivitis (11)
Dennie-Morgan infraorbital fold (12) Keratoconus (13) Anterior subcapsular cataracts (14) Orbital
darkening (15) Facial pallor, facial erythema (16) Pityriasis alba (17) Anterior neck folds (18) Itch
when sweating (19) Intolereance to wool ad lipid solvents (20) Periofollicular accentuation (21) Food
intolerance (22) Course influenced by environmental and emotional factors (23) White
dermographism, delayed blanch

Table 1.
Hanifin and Rajka diagnostic criteria for atopic dermatitis.
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psoriasis, prurigo simplex, scabies,miliaria, ichthyosis, xerotic eczema, hand dermatitis
(non-atopic), psoriasis, immunodeficiency diseases, collagen diseases (SLE, dermato-
myositis), Netherton syndrome. In children, scabies, tinea corporis, seborrheic derma-
titis, nutritional deficiency and allergic contact dermatitis are close differentials. [148]

10. Investigations

Investigations for AD are rarely required. Most investigations are carried out to
identify triggering factors where applicable. A skin prick test is used for food and
aeroallergen sensitization. Extracts or fresh food, and aeroallergens can be tested by
placing them directly on the skin, which is then pricked through the liquid. This can
also apply for local foods, which can be crushed with saline and similarly tested. The
‘prick-prick test’ can also be used by pricking the food with a lancet and then pricking
the skin. The test site is observed in 15–20 minutes and the wheal reaction measured
and recorded. A positive control with histamine should be ≥3 mm and a negative
control is done with normal saline. [149] Patch tests are performed to diagnose
allergic contact dermatitis (ACD); or a worsening dermatitis as a result of ACD to a
constituent of the topical treatment. [150] Patch test is done for superimposed allergic
contact dermatitis; in cases of suspected hand dermatitis. The highly specific atopy
patch test is used to diagnose type IV hypersensitivity reactions.

Skin biopsy is usually required when there is erythroderma and a need to identify
the underlying etiology. Histological findings can be suggestive of AD; however, they
are not reliable for making a diagnosis. Total serum IgE levels are not specific for AD
and does not correlate with disease severity. It is elevated in 50% of cases of AD.

In adult AD, colonization with Staphylococcus aureus is high and adult skin is
more heavily colonized with Malassezia yeasts. [4] A positive ImmunoCAP assay
for Malassezia species may be carried out. [149] This can then be treated with
appropriate oral therapy. Swab tests can be carried out where necessary for sec-
ondary bacterial infections. Other tests are carried out appropriately based on other
associated findings from the history or clinical examination.

11. Management

A very important part of management of AD is the education and counseling of all
AD patients. With good understanding of the disease and what aggravates it, disease
control can be achieved with the right skin care plan and an understanding of how to
manage the flares. Successful management requires identification, elimination and
prevention of specific identifiable and non-identifiable trigger factors. Managing AD
requires a multispecialty approach which involves the dermatologist, allergologist,
psychologist and nutritionist. Treatment regimens are usually based on the severity of
the condition (Table 2). Evaluation and treatment according to ETFAD/EADV
Eczema task force 2020 consensus paper is useful in routine clinical practice for AD
in adults. [7] Patients should be educated on all available therapeutic options and they
must actively participate in choosing the best option for themselves and their cir-
cumstance. Treatment regimens should be discussed and explained to individuals and
their families to ensure adherence and compliance. Expectations, limitations, thera-
peutic options and prognosis are key to the overall management of AD.

Topical treatment.
The use of emollients is required both during an acute phase and as maintenance

therapy as it forms the cornerstone of treatment for all types and severity of AD.
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Therapeutic baths in salt-rich water, colloidal oatmeal, wet –wrap dressings and
topical antibiotics play an important role in this part of AD treatment.

Topical corticosteroids (TCS) are mainly used during a flare (Table 3). There
are various potencies and dosages which are used based on severity of AD. TCS are
used in active disease for up to 4 weeks and then 2 to 3 times weekly for preventive
treatment. Topical calcineurin inhibitors (TCIs) are recommended for mainte-
nance. Tacrolimus is more effective than pimecrolimus, and has been shown to be
effective and well tolerated. [150–152] TCIs suppresses calcineurin which stimulates
the expression of interleukin 2 (IL-2), a cytokine that regulates the T cell response.
TCIs inhibit mast cell and neutrophil activation, basophil, eosinophil, and
Langerhans cells functions.

Crisaborole, a topical phosphodiesterase-4 (PDE-4) inhibitor which
downregulates the T-cell signaling pathways by inhibiting cAMP degradation is
effective in reducing skin inflammation. [153]

Other forms of topical therapy include therapeutic baths in salt-rich water or
colloidal oatmeal; diluted bleach baths and wet –wrap dressings and topical antibi-
otic when required.

Phototherapy can be used for moderate to severe AD, particularly where topical
therapy has failed. Narrow band UVB in combination with medium dose UVA is

Severity Eruption TCS application

Severe Primarily severe swelling/ edema /infiltration
or erythema with lichenification, multiple
papules, severe scales, crusts, vesicles,
erosion, multiple excoriations and
pruriginous nodules

Use of very strong or strong rank TCS is the
first-line treatment. Strongest rank TCS are
also available for refractory pruriginous
nodules if sufficient effects are not
achieved by applying very strong rank TCS

Moderate Primarily moderate erythema, scales, a few
papules and excoriations

Use of strong or medium rank TCS is the
first-line treatment

Mild Primarily dryness, mild erythema and scales Use of strong or medium rank TCS is the
first-line treatment

Slight Primarily dryness with negligible
inflammation

Topical application of medicines other than
TCS (emollients)

Table 3.
Severity of eruption and topical corticosteroid (TCS) application. TCS, topical corticosteroid. [cited from
Japanese guidelines for atopic dermatitis 2020. https://doi.org/10.1016/j.alit.2020.02.006, an open access
article under the terms of the http://creativecommons.org/licenses/by-nc-nd/4.0/].

General
measures

Mild Moderate Severe

Educate patients Mildly potent TCS Moderately potent TCS Potent TCS

Emollients TCIs Crisaborole Short course: OCS

Bath oils Crisaborole Wet wrap therapy Short course: Cyclosporine A

Avoid triggers NB-UVB/PUVA1 Biologics: Dupilumab

Antihistamines
(Sedating type)

Long course: azathioprine, MMF

Antibiotics Phototherapy: PUVA1

Bandages

Table 2.
The treatment recommendations according to severity in adult AD.
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effective. [154–156] This mode of treatment however does have long term adverse
effects (skin malignancies), and may not be available in all settings.

Systemic treatment (Dosages and side effects cited from Megna et al.) [157].
AD is being recognized as a systemic disease with atopic and nonatopic

comorbidities. This plays an important role in the subsequent management and
therapeutic implications for this condition.

Systemic therapy is required for chronic, severe cases, resistant cases, and when
topical therapy has failed to control the disease. These include antihistamines, oral
corticosteroids, immunosuppressive drugs and biologics. Combination of both top-
ical and systemic is indicated for severe and resistant cases. [157]

Antihistamines may help to reduce itching. [158] Hydroxyzine and diphenhy-
dramine hydrochloride provide a certain degree of relief but are not effective
without other treatments.

Erythromycin, clarithromycin or cephalosporins can be used for 7–10 days for
widespread bacterial skin infections. They are not recommended for use where
there is no evidence of clinical infection as staphylococcal organisms are known to
colonize the skin of AD patients. Systemic antifungals - itraconazole and ketocona-
zole – useful for cases with Malassezia sympodialis infection. [159]

1.Non-biologic drugs (Immunosuppressant and other)

a. Oral corticosteroids (OCS) are effective for short term treatment for
acute flares (Table 2) OCS rapidly improve the clinical symptoms of AD
and are best used for short courses up to 1 week. [157] Long term use of
oral steroids is not recommended because of the well-known side effects
associated with them. These include hypertension, gastric ulcers,
osteoporosis, diabetes and Cushing syndrome; as well as a rebound flare
which can occur when they are abruptly stopped. They should be tapered
to avoid relapse and rebound of AD. [157, 159–161] Dosage: Varies with
type, AD severity, and comorbidities). Important Side effects: Diabetes,
hypertension, skin atrophy, gastric ulcer, osteoporosis, glaucoma,
pigmentary changes on prolonged use, and Cushing syndrome.

b. Cyclosporine is the most widely used and first choice of systemic agents
for the control of AD not responding to topical therapy. It is an
immunomodulatory drug that inhibits interleukin by selective inhibition
of cytokine transcription in activated T lymphocyte. Those on
cyclosporine require close monitoring to avoid common side effects
(nephrotoxicity, tremors, hypertension, electrolyte imbalances, etc.).
Baseline tests and regular monitoring is required; particularly their renal
status. Cyclosporine remains the only approved drug for systemic
treatment of adult AD. Dosage: 2.5 to 5 mg/kg/day. Important Side
effects: Nephrotoxicity, Hypertension, nausea, diarrhea, headache,
paresthesia and myalgias.

c. Methotrexate is effective in the treatment for moderate to severe AD. AD
control be achieved with at a low dose for prolonged periods without any
significant risk to the patient. It is a relatively safe drug. [162] Dosage:
5–25 mg/week. Important Side effects: Liver dysfunction, gastrointestinal
complaints, hematological abnormalities, fatigue, and headache.

d. Azathioprine is a purine synthesis inhibitor that reduces leukocyte
proliferation. Various studies have been carried out with varying results.
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It is used off label in situations where cyclosporine is contraindicated, or
there has been no response. Dosage: 2–3 mg/kg twice a day. Important
Side effects: Gastrointestinal disturbances, liver dysfunction, and
leucopenia.

e. Others:

i. Mycophenolic mofetil (MMF) - Dosage: MMF:1000–2000 mg/
day; EC-MPA enteric-coated mychophenolate sodium: 1440 mg/
day. Side effects: Gastrointestinal disturbances, liver dysfunction,
fatigue, hematological abnormalities and flu-like syndrome.

ii. Alitretinoin - Dosage: 30 mg/day. Side effects: Headache, TSH
elevation, teratogenicity

2.Biologics

This class of pharmacological agents are engineered to target specific
mediators of inflammation. Over the past decade, studies have reported the
efficacy of targeted therapy blocking cytokines or mediators which play a role
in AD pathogenesis. [163] According to Deleanu et al., based on mechanism of
action, novel biologic therapies are classified into: anti IL-4 (Dupilumab) and
anti-IL-4/IL-13 agents (Lebrikizumab, Tralokinumab), IgE directed therapy
(Omalizumab), IL-22 blockers (Fezakinumab), anti-IL-12/23 (Ustekinumab),
IL-31 directed therapy (Nemolizumab), thymic stromal lymphopoietin
directed therapy (Tezepelumab), phosphodiesterase inhibitors (Apremilast,
Crisaborole), and JAK inhibitors (Tofacitinib). [163]

a. Rituximab (anti-CD20) is a monoclonal antibody against the protein
CD20, which is primarily found on the surface of immune system B
cells. [157] It reduces the expression of IL-5 and IL-13 by lowering B cell
activation of T-cells. [164] Data on its use in adult patients with severe
AD is limited. [157, 165] Dosage: 500–1000 mg iv (2-cycle infusion
2 weeks apart). Side effects: Headache, fever, nausea, diarrhea,
weakness, flushing, muscle or joint pain, increased risk of infection,
hematological abnormalities

b. Dupilumab, (anti-CD20) is a human monoclonal antibody that targets the
shared α subunit of the IL-4 and IL-13 receptors, effectively blocking Th2
immune response. It is the only biologic drug licensed for treatment of
adult AD. Clinical trials (Phase I-III) demonstrated its efficacy, as well as
good patient and clinical reported outcomes using the SCORAD, IGA,
DLQI and EASI assessment tools and health related quality of life (HRQoL)
measures. [166] Long term use and safety profile still need to be established
from ongoing studies. Dosage: 300 mg every 1–2 weeks. Side effects:
Increased risk of infection, headache, and gastrointestinal disturbances.

c. Others:

i. Interferon-γ and infliximab have been used in severe AD and
there are limited studies on their use. [163–165]

ii. Ustekinumab (anti IL-12, IL-23) 45 mg for patients ≤100 kg;
90 mg for patients >100 kg; at weeks 0 and 4 then every
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12 weeks. Side effects: Headache, myalgia, increased risk of
infection, fatigue, injection site reactions.

iii. Omalizumab (anti-IgE): Dosage: 150–600 mg every 2–4 weeks
Side effects: Increased risk of infection, injection site reactions,
headache

3.Small molecules

Apremilast is a new drug involved in modulation of multiple anti-
inflammatory pathways targeting phosphodiesterase type IV (PDE4) inhibi-
tion. Apremilast downregulates pro-inflammatory transcription of several
cytokines such as TNF-α, IFN-γ, IL-2, IL-5, IL-8 and IL-12. [163] There are
limited studies and data on its use in AD. Dosage: 20–30 mg twice a day. Side
effects: Headache, nausea, diarrhea.

Ultraviolet (UV) therapy [157] has the following functions:

• reduces the number of epidermal nerve fibers and expression of axon guidance
molecules reducing itching,

• upregulates production of FoxP3-positive regulatory T cells thereby reducing
AD severity

• inhibit DNA synthesis hence keratinocyte proliferation,

• suppresses antigen-presenting cells such as Langerhans’ cells,

• induces T lymphocyte apoptosis and

• suppresses anti-inflammatory mediator production

It is often used as second-line treatment for moderate-to-severe AD, resistant/
relapse, chronic and poor topical response cases.

Broadband useful in adult AD: UVB (290–320 nm), narrow-band (NB) UVB
(311–313 nm), excimer laser (308 nm), UVA-1 (340–400 nm), psoralens and UVA
(PUVA), and combined UVA/UVB (280–400 nm).Narrow-band UVB radiation
and medium-dose UVA1 are the most effective and safe for short and long term
treatment.. Medium-dose UVA1 is the only type used in acute flares. Therapy is
usually thrice weekly. Known side effects are nausea, fatigue, headache, itching,
skin burns, blistering, erythema, irregular pigmentation, photodamage, actinic
keratosis, and herpes virus reactivation as well as a higher risk of skin cancer,
premature photoaging and skin cancers.

12. Conclusion

There is a worldwide increase in Adult AD with no standardized guidelines
for its management. This condition greatly affects the quality of life of individuals
and side effects from some of the drugs further limit the long term use of some
forms of treatment. Biologic therapies are likely to change the course of the disease:
decrease exacerbations, increase flare free periods and improve the quality of life.
International guidelines therefore need to be developed based on further research
on systemic immunotherapy options.
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13. Pictures

Atopic Dermatitis in a male child with flexural involvement.

Atopic Dermatitis in a young adult female with involvement of head, neck, and
extensor surfaces of elbows.
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Chapter 6

Phototherapy in Atopic Dermatitis
Aleksandra Lesiak, Magdalena Ciazynska  
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Abstract

Atopic dermatitis (AD) is an inflammatory, recurrent and chronic disease that 
occurs in 2–10% of the population. Therapy of AD could be divided into topical 
(corticosteroids, calcineurin inhibitors) and systemic (cyclosporine, methotrexate, 
azathioprine or biological treatment). Phototherapy is taken into consideration 
as a second-line treatment, when topical therapy is unsuccessful. We distinguish 
many types of phototherapy, e.g. narrowband UVB (311–313 nm), UVA-1 therapy 
(340–400 nm), UVA/B combination, UVA therapy plus 8-methoxypsoralens 
(PUVA), 308 nm excimer laser (EL) and blue light. Phototherapy is effective in 
many cases, whether in adults or in children. It should be remembered that during 
therapy possible side effects may occur. Among them the risk of carcinogenesis is 
the most severe.

Keywords: atopic dermatitis, phototherapy, eczema, NB-UVB therapy,  
UVA-1 therapy PUVA therapy, blue light

1. Introduction

Atopy refers to a personal tendency to heightened immune responses to small 
doses of allergens and as a result producing IgE antibodies. As a consequence a 
patient develops certain types of diseases, such as atopic dermatitis, allergic rhinitis 
and asthma.

Atopic dermatitis (AD) is a dermatosis that occurs in 2–5% of the population 
and is one of the most common dermatoses. Nowadays in developed countries over 
the past three decades the number of cases of AD has almost tripled. The main 
symptoms of the disease are pruritis, abnormally dry skin and erythema. Atopic 
dermatitis is characterized by chronic or relapsing course. The onset of AD in 
most cases is observed during early childhood. In infants, lesions appear mostly 
on cheeks and extremities, whereas in children and adults – in flexural areas. The 
lesions are combined with hyperkeratosis and lichenification. Triggering factors 
such as stress, wool intolerance or sweating may worsen the course of AD. During 
therapy avoiding those is highly desirable. Staphylococcus aureus is one of the micro-
organisms which can be found on the skin of AD patients. It is present not only on 
erythematous lesions, but also on a “healthy” skin.

The first line of AD therapy is a short-term regimen – when the patient uses 
medicines only when inflammatory lesions occur, but in recent years the therapy 
is more focused on proactive and long-term maintenance. Drugs should be applied 
continuously or one/two times a week. The basic rule in the therapy is to use emol-
lients which restore epidermal barrier and create an occluding coating. Therefore, 
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they protect the skin from triggering factors. In mild course of AD using topical 
corticosteroids and topical calcineurin inhibitors is recommended. In moderate 
to severe cases of AD phototherapy, cyclosporine, methotrexate, azathioprine or 
systemic corticosteroids may be administered. Phototherapy (using ultraviolet light) 
is also useful in other inflammatory skin diseases, like psoriasis. We distinguish the 
following types of phototherapy:

• broadband UVB (290–320 nm),

• narrowband UVB (311–313 nm),

• UVA-1 therapy (340–400 nm),

• UVA therapy plus 8-methoxypsoralens (PUVA),

• 308 nm excimer laser (EL),

• blue light (BL).

2. Mechanism of action

Phototherapy (specifically broadband UVB) in atopic dermatitis has been used 
since 1970 and its effectiveness is clinically proven [1]. The mechanism of skin 
lesions development in atopic dermatitis is connected with activation of T-cell infil-
tration into the skin, which leads to increasing proliferation of keratinocytes and as 
a result thickening of the skin. Th2 cells accumulate and produce various cytokines, 
such as IL-4, IL-31, IL-13. Th1 cells, INF- γ, Th22 cells and IL-22 were also found 
in chronic atopic lesions [2]. Common type of drugs used in AD are immunosup-
pressants. We divide them into systemic (cyclosporine) and topical (tacrolimus, 
pimecrolimus) types. They act by inhibiting calcineurin which leads to a decrease in 
activation of T cells. It indicates that targeting T cells may be an effective approach 
in therapy of AD.

Artificial or natural ultraviolet radiation leads to deep immunosuppression 
which induces apoptic death in activated T cells. Many factors, such as wavelength, 
dosage of radiation, amount of UV sessions have an impact on the intensity of 
immunosuppressive effect of UV radiation. In general UV radiation could be dived 
into UVB (with wavelength between 280 and 320 nm) and UVA (with wavelength 
between 320 and 400 nm). Overall UVB light has a higher immunosuppressive 
impact than UVA. Psoralens in PUVA therapy are molecules whose purpose is 
intercalation of DNA. After UVA radiation psoralens are binding to the DNA. This 
results in stopping cells proliferation [3]. Nowadays more and more diseases are 
treated with biological therapy. Owing to good safety profile, accessibility, only 
topical immunosuppression and cost-effectiveness of UV radiation, phototherapy 
is still a very popular AD therapy. Biological effects of UV radiation are complex 
and could be classified into instantaneous and delayed [4]. Damage of DNA and 
cytoplasmic membrane, induction of cytoplasmic transcriptional factors and chro-
mophore’s isomerization initiates immediate stunted growth and, as a consequence, 
apoptosis [5].

After UVB radiation, photon’s absorption causes changes of DNA molecular 
structures. As a result, transcription of DNA is paused and cell cycle in fibroblasts 
and epidermal cells stops (phototype I reaction) [6]. In PUVA phototherapy after 
psoralen application with following UVA radiation, reactive oxygen species are 
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damaging DNA and cell membrane (phototype II reaction) [7]. After only one hour 
DNA starts to repair and the cells start to proliferate. As an effect in 48–72 hours 
after UV radiation short-term effects are reversing. Long term effects refer to 
inhibition of immune cells which causes immunosuppression. Induction of apoptosis 
in epidermal and dermal T cells is a crucial mechanism [8]. Apoptosis after UVB 
radiation concerns keratinocytes too, leading to lesions clearance. Moreover, UVB 
and PUVA activate T regulatory (Treg) cells and decrease the amount of presenting 
antigen in Langerhans cells [9].

After UV radiation cytokine secretion and number of macrophages are limited. 
Acting through reactive oxygen species, neutrophils and NK cells are suppressed 
[10]. As an effect cytokine balance is changed – decrease of inflammatory cytokines 
IL-2, IL-8, IL-9, IL-17, IL-22, IL-23, TNF-a and IFN- γ with simultaneous induction 
of immunosuppressive cytokine – IL-10 [11].

3. Types

3.1 NB-UVB

NB UV-B has been in use of AD treatment since 1990 [28]. It emits highly selec-
tive UV-B light wavelengths (from 311 to 313 nm, without shortwave length UVB) 
[12]. Sunburning potential of NB UV-B is evidently lower than broadband UV-B (BB 
UV-B) [13]. Due to the long list of advantages, like safety profile, effectiveness, acces-
sibility NB UV-B could be pondered as a first-line treatment [14]. It has been estab-
lished in many randomized trials that NB-UVB therapy improved the scores of AD 
and the necessity for applying potent topical corticosteroids was reduced [15]. These 
type of positive results remained up to six months after the scheme of NB-UVB was 
finished [16]. Contrary to UVA, NB UV-B does not penetrate the dermis, therefore it 
is limited to the epidermis [15]. Patient’s tolerance to UV radiation and pigmenta-
tion of the skin determines the dosage of UV-B. When it comes to the methods of 
adjusting UV-B dose which should be administered, the most popular is defining 
“Minimal Erythema Dose” (MED). MED refers to the smallest UV-B dose which is 
capable of provoking minimal erythema on the patient’s skin [17]. Skin phototype 
can play a role in determining UV-B dosage. Measuring skin reflectance is another 
way of UV-B dose calculation and it was derived from defining the skin pigmenta-
tion. It is called reflectance-guided UV-B and recently it has become highly popular 
[18]. Most physicians use NB UV-B treatment schedule which consists of three 
sessions of radiation every six weeks [19]. In early studies, researchers used nearly 
erythemogenic dose of NB UV-B, but recently it was proven, that reducing a dose 
by half can give similar outcome, higher tolerance and lower risk of carcinogenesis. 
Reports comparing UV-A1 and NB-UVB are ambivalent [15]. Some of them point to 
superiority of NB UV-B, other do not show statistically significant differences [20]. 
In some cases NB UV-B can be combined with UV-A1 in one therapy schedule with 
satisfying clinical effect [21].

In literature there is strong evidence proving efficacy of AD therapy using 
NB-UVB. In a study with a test group of 21 adults with severe course of the disease, 
administering air-conditioned NB-UVB thrice a week for twelve weeks caused 
reduction of severity (68%) and reduction of topical corticosteroid application 
(88%). 15 of 21 patients showed positive result 24 weeks after therapy ended [12]. 
Brazzelli et al. in their study reported efficacy of treating AD with NB UV-B, 
proceeded by oral short-term cyclosporin A (four weeks) and four-six-week-long 
washout phase. Radiation was administered three times a week and lasted up to 
two months [22]. There were some studies concerning NB UV-B therapy of atopic 
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dermatitis in children. Jury et al. in their retrospective trial on 25 children with AD 
showed almost total reduction of lesions in 17 patients [23]. NB-UVB is a recom-
mended therapeutic option in pregnancy [24].

Prospective clinical trial with 29 children (3–16 years old) pointed 61% reduc-
tion in SASSAD score (Six Area Six Sign Atopis Dermatitis) in a group exposed 
to NB UV-B radiation in comparison to untreated patients (P < 0.05). Moreover, 
children without therapy experienced a decrease in the quality of life with a rise of 
disease severity [25].

3.2 UVA1

Development of UVA1 (340-400 nm) lamps was a response to appearing side 
effects, such as long exposure time or risk of sunburn when using UVA-2 (320-340 nm) 
radiation. UVA-1 penetrates deeper into the dermis than UVA-2 and UVB [26]. We 
distinguish different types of doses:

• high dose (80–130 J/cm2),

• medium dose (40–80 J/cm2)

• low dose (<40 J/cm2) [27, 28].

It should be mentioned that a huge inconvenience of UV-A1 in high dose is 
overheating of the device, which can be unsafe. Studies showed that UV-A1 is more 
efficient in AD therapy and has higher efficacy than UV-AB. Krutmann et all proved 
that UV-A1 phototherapy effectiveness is approximately the same as therapy with 
fluocortolone [28]. Medium doses of UVA-A1 have the advantage over high doses 
of UVA-A1 when it comes to reducing adverse drug events and enhancing toler-
ance. The effectiveness and relapse time do not differ strongly between these two 
options of therapy. Therefore the UVA-A1 radiation should be the preferable one 
[1]. UVA-A1 in low doses is practically ineffective, thereby it is not considered to be 
a therapeutic agent [28]. Common treatment schedules of UVA-A1 at medium dose 
(maximum 80 J/cm2) in atopic dermatitis therapy are 3–5 sessions every 3–8 weeks. 
Patient should spend 10 minutes to 1 hour in every phototherapy session [15, 29]. 
Speaking of acute cases of AD, using UV-A1 radiation is more suitable, comparing 
to UV-B [15]. Majoie et al. examined 13 adults (20–56 years old) suffering from 
chronic atopic dermatitis in a randomized investigator-blinded trial and proved 
that NB-UVB and medium dose of UVA1 are comparably efficient in the reduction 
of AD symptoms [20]. The disadvantage of UV-A1 therapy is the cost and the size 
of UV-A1 lamps. Moreover, they demand a presence of ventilation machines, what 
could be financially unachievable for some centers [30]. To meet the expectations 
of the patients engineers created a filter to eliminate wavelengths above 530 nm and 
disperse the excessive heat. It is called Cold-light UV-A1 and it is consider a more 
effective option than UV-AB and classic UV-A1 in treatment of AD flares [31].

3.3 PUVA

PUVA (psoralen and ultraviolet A) is a combination of UVA light and psoralens – 
a substance causing photosensitizing effect. Nowadays in use there is an 8-methoxy-
psoralen (8-MOP), which leads to permanent damage of DNA [13]. Psoralens are 
available in many various formulations, such as pills, cream or bath lotion [32]. In 
bath-PUVA, the patient is taking a bath in warm water with 8-MOP 20–30 minutes 
before UVA session. In case of choosing cream formulation, the regimen is conducted 
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30–60 minutes before radiation [32]. Using topical psoralens could be desired, for 
example in patients with strictly localized lesions. In literature it is proven that PUVA 
phototherapy could be a successful form of atopic dermatitis therapy [33]. Although, 
we should remember that in comparison with other inflammatory diseases treated 
by PUVA, in atopic dermatitis patients require more phototherapy sessions [15]. 
Der-Petrossian M. et al. in a randomized trial compared PUVA bath therapy with NB 
UV-B – there were no significant differences between these types of phototherapy 
[33]. In another study Tzaneva S. et al. showed that after PUVA therapy (using oral 
5-methoxypsoralen, 5-MOP) patients had longer remission times and higher change 
in AD scoring compared to UV-A1 phototherapy [34]. Heinlin et al., in his random-
ized and placebo-controlled trial demonstrated superiority of balneophototherapy 
and NB-UVB combination over only NB-UVB. Patients’ complex therapy had higher 
reduction of SCORAD score not only at the end of treatment, but also after 6 months. 
(P respectively <0,004 and < 0,04) [16]. Because of mutagenic properties of PUVA 
therapy, it should be reminded that it could not be a chronic form of therapy and 
using it should be limited [30].

3.4 UVA/B combination

UVA and UVA combination (280-400 nm) can be conducted by using special 
machines emitting these UV spectrums or as two separate sessions. In clinical trial 
Valkova and Velkova proved that combination UVA/B phototherapy with topical 
corticosteroids reduced the treatment duration significantly in comparison to only 
UVA/B (P = 0.02) [35]. Grandulad et al. investigated reduction of SCORAD, days 
in remission and the improvement in quality of life using ciclosporin and UVA/B. 
Ciclosporin had statistically significantly better scores compared to UVA/B photo-
therapy sessions [36]. Jekler [37] and Larko [38] showed that using the combination 
of UVA/B radiation is more effective than monotherapy of UVA or UVB.

3.5 Excimer laser

Monochromatic excimer laser (MEL) is a kind of single-wavelength light 
source of 308 nm. The advantage of this therapy is a frequency of sessions – every 
7–15 days [39]. MEL could be used on the localized skin lesions. One study showed 
good ability of alleviation of prurigo in AD. However, further clinical trials are 
needed [40].

3.6 Blue light

Blue light (400-495 nm) is a novel therapeutic option. Becker et al. in his 
observational study showed that using blue light devices could the suitable in treat-
ment severe atopic dermatitis. In addition, it provided to long term improvement. 
Observed adverse effects were mild and transient – redness, warmth or itching 
the skin. [41] Kromer et al. is performing a multicenter, prospective randomized, 
placebo controlled, double blinded trial with 150 patients suffering from AD to 
investigate effectiveness of blue light devices. Currently there are no official results, 
but that investigation appears to be promising [42].

4. Side effects

Like every therapeutic agent, phototherapy may cause some side effects. Most 
of them are mild and short-term, for example skin burning (connected with wrong 
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dosage of UV or inadequate radiation schedule), pruritus, hyperpigmentation, dry-
ness and tenderness. Induction of polymorphic light eruptions and viruses reinfec-
tion (such a herpes simplex) are also observed. When it comes to long-term adverse 
effects, photo-aging and induction of cutaneous malignancies can occur [14]. These 
cutaneous malignances can be caused by combing UV radiation with other thera-
peutic factors. There is a reported case of a melanoma diagnosis in a patient with 
mastocytosis who was treated with UVA1 and PUVA bath therapy previously [42]. 
In literature we can find two cases of Merkel cell carcinoma after UVA1 therapy in 
patients who were treated with immunosuppressants for blood dyscrasias [43].

Lately new therapeutic options were presented. One of them is 308 nm 
monochromatic excimer light. It is dedicated for patients with localized and 
therapy-resistant lesions [44]. In comparison to other immunosuppressive agents, 
phototherapy has a better safety profile, adverse effects are milder and better-
tolerated [23]. PUVA systemic therapy can cause hepatotoxicity, nausea, vomiting, 
cataract, long-term photosensitivity and probable skin cancer. Topical use of 
psoralens can limit or help avoid these inconveniences [45]. However, please note 
that atopic dermatitis is a chronic and recurrent disease which implicates many 
phototherapy sessions and increases the risk of carcinogenesis [16]. Many clinical 
trials showed that phototherapy in children with AD is effective and, in most cases, 
well tolerated. There is, nonetheless, high risk of photocarcinogenesis. In younger 
patients long-term maintenance therapy should be conducted in as short time as 
possible [23]. In conclusion, this way of AD treatment is one of the last therapeutic 
options. Claustrophobia and lack of cooperation is typical for small children and it 
has to be taken into consideration as a challenge in this kind of therapy [15]. Despite 
this, in children with refractory or severe atopic dermatitis we may consider using 
phototherapy. Generally, in such cases, NB UV-B is a therapy of choice and PUVA 
should be avoided [23]. It should be also remembered that there are no randomized 
trials of phototherapy of AD in pregnancy [30]. UV treatment require specific 
amount of time and availability, which can be problematic for patients who are 
attending school or have strict work hours. To meet these demands, there are some 
home phototherapy devices accessible.

5. Conclusions

Phototherapy is considered as a safe and successful therapy in management 
of atopic dermatitis. When topical corticosteroids and calcineurin inhibitors are 
ineffective, phototherapy could be considered as a second line treatment, whether 
in combination with systemic drugs or without them. The most effective types 
of phototherapy are UVA1 and NB-UVB; UVA1 should be pondered in acute 
flares whereas NB-UVB in recurrent atopic dermatitis. In children and pregnancy 
NB-UVB has a good safety profile. Using UVA1 medium dose of radiation has an 
advantage over others. Due to safety profile narrow-band UVB is favored over 
broad-band UVB. Potential adverse effects are usually mild and transient, although 
the risk of carcinogenesis should be always considered.
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Abstract

Allergic diseases are the most common chronic diseases in children and no 
complete agreement on effective measures for primary prevention is available. 
Atopic family history is one of the most important risk factors for the development 
of asthma. A decline in microbial diversity due to modern lifestyle particularly in 
urban areas was proposed to have an important role in allergic epidemic. Recent 
studies are more focused on the specific mode of prevention such as probiotic usage 
in early pregnancy and infants period. It is well known that the composition of the 
gastrointestinal microbiota has been postulated to play a role in the development of 
allergies because it promotes potentially antiallergenic processes: TH1-type immu-
nity, generation of TGF (which has an essential role in suppression of TH2-induced 
allergic inflammation and induction of oral tolerance), and IgA production, an 
essential component of mucosal immune defenses. Probiotic interventions adminis-
tered during pregnancy and breastfeeding offer a unique opportunity to influence a 
range of important maternal and infant outcomes.

Keywords: allergy, atopic dermatitis, probiotics

1. Introduction

According to the epidemiological data, half of pediatric population will suffer 
from allergic diseases until the end of 2020. With that prevalence of more than 
30%, they represent the most common disorders of children, adolescents, and 
adults [1]. A great increase of the prevalence of allergic diseases globally in the 
last 10 years are best described in a concept of “allergic epidemic” [2]. Germany 
multi-center allergy study is one of the most important epidemiological studies 
on allergic diseases, showing age related manifestation of allergic diseases, best 
described in “allergic march” concept. Allergies start in early infancy as an atopic 
dermatitis or food allergies, followed with the development of respiratory aller-
gies such as allergic rhinitis and/or asthma [3]. Different from all other chronic 
diseases such as diabetes mellitus, hypertension, etc., allergic diseases manifest 
as it has been previously mentioned early in infancy, according to some authors 
even prenatal. It is well known that allergic diseases are multifactorial, so both 
environmental and genetic factors may play an important role in their pathogen-
esis. Identification of prenatal and early postnatal factors is of a great importance 
for early prevention and intervention [4–6]. Due to many phenotypes and geno-
types as well as different patients’ needs although a great availability of pharma-
cological options, treating allergies still represents a great challenge. Detection 
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of individual risk factors and identification of predictive markers are of a great 
importance in primary prevention, early intervention, and immune modulation 
of a natural course of allergic diseases [7]. It is well know that the development 
of immune system starts in 11 gestation week with the production of IgE anti-
bodies. Detection of specific IgE antibodies on inhalatory and nutritive allergens 
is not possible in cord core blood. Except dry skin other clinical manifestation 
of allergies is not presented in infants. Atopic dermatitis will develop in the first 
year of life in a case of a great transdermal water loss between 2nd day of life and 
2nd month of life. As we have already mentioned, both genetic and “in utero” 
environmental factors are responsible for allergy development. Uni or bilateral 
positive family history of allergies, diet habits, obesity, smoking, and drug use 
during pregnancy, season at time of birth as well as gestational age, the way of 
delivery are known to be an very important risk factors. Primary prevention 
and early intervention can prevent the development of atopic march. It includes 
treating skin with emollient creams, breast feeding in the first year of life, pro-
biotics, and vitamin D during pregnancy and during the first year of life, early 
introduction of solid food as well as allergens [8]. Many hypotheses on causes 
of the increase in allergic diseases have been suggested. One of the most inves-
tigated hypotheses is “hygiene hypothesis”, helping us to understand early-life 
events. It is well known that early exposure to common bacterial triggers such as 
endotoxins, LPS, or hemlines might have an allergy preventive effect.

The second worldwide accepted concept of reduced exposure (exposure to small 
amounts of foreign proteins) in exclusively breastfeeding children may rather lead to 
tolerance than to clinical allergic disease. Other routes of exposure via inhalation or 
via the skin cannot be totally avoided; interventional studies on avoidance/reduction 
of indoor allergen exposure (house dust mite and cat) have not shown convincing 
results. EAACI evidence-based recommendation for prevention of food and respira-
tory allergy prevention includes: no special diet during pregnancy or for the lactating 
mother, exclusively breastfeeding for 4–6 months, if needed hypoallergenic formula 
is recommended, avoids exposure to tobacco smoke, and avoids pets at home [9, 10].

2. The role of microbiome

All plants, animals, and humans live in close association with microbial organisms. 
The Human Microbiome Project has showed that the human body contains trillions 
of microorganisms which outnumber human cells by 10 to 1. Their genes encoded 
proteins essential for human survival. The role of microbes is of particular impor-
tance in gastrointestinal tract where they are involved in break down proteins, lipides, 
and carbohydrates in monomers suitable for absorption [11]. They are also involved 
in vitamin synthesis as well as in immuno modulation. Mice raised under germ free 
conditions have suffered from deficit in innate and adaptive immunity suggesting 
that the microbiome may play a crucial role in maturation of child immune system. 
Furthermore, experimental studies in germ free mice showed that those mice devel-
oped easily allergic diseases. Reconstruction of neonate mice with a conventional 
microbic protected the animals from allergic diseases.

The protective role of exposure to a wide diversity of microbial is best described 
in children raised on traditional farms [12]. Those children have a much lower 
prevalence of asthma, have fever, and allergic sensitization in comparison to 
children grown up in urban areas expect those who are exposed to environmental 
microbes (those who keep dogs indoors) [13].

Gut microbiota is one of the most investigated topics in the last couple of 
years. Human microbiota represent a community of commensal, symbiotic, and 
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pathogenic bacteria that live in and on human body with the widest and probably 
most important community in human gut.

3. History of probiotics

Several thousand years ago, ancient Roman scientist Gaius Plinius Secundus 
Maior recommended fermented milk to treat gastrointestinal problems. Benefits 
of probiotics contained in sour milk cream or yogurt are mentioned even in Holy 
Bible. In 1900, Moro isolated the first bacteria that produced lactic acid Bacillus 
acidophilus later called Lactobacillus acidophilus. Ilja Iljic Mecnikov was the first 
scientist who proved benefits of so-called good lactic acid produced bacteria par-
ticularly on gastrointestinal tract. In his hypothesis on autointoxication, he claimed 
that human body is intoxicated with toxins and pathogenic bacteria from food and 
he proposed consumption of lactic acid bacteria contained in Bulgarian yogurt in 
treating this disorder. The bacteria isolated from Bulgarian yogurt later became 
famous under name Lactobacillus delbrueckii strain, substring bulgaricus.

Henri Tiser from Pasteur Institute isolated Bifidobacterium bifidum from the feces 
of health breastfeeding infants and advised that bacteria for treating infants with diar-
rhea. Anri Boulardii French microbiologist discovered and isolated Saccharomyces 
boulardii that was used in South-eastern Asia for thousands of years for treating 
cholera [14]. Lactobacillus rhamnosus GG strain is one of the most investigated bac-
teria strain. IT was discovered by two scientists Sherwood Gorbach and Bari Goldin 
in 1983 [15]. Word probiotic comes from a Greek word pro+bios that means “for life” 
and it is used for the first time in 1953 when Kollath described organic and nonorganic 
food additives that are necessary for treating malnutrition. In 1965, Lilly and Still 
well described probiotics as substances that are produced by one microbe in order to 
stimulate the growth of another microbe contrary to the term antibiotics.

In 2001, World Health Organization (WAO) defined probiotics as live microbes 
that can have a positive effects on wellbeing if they use in a proper way and 
quantities.

In 2002, Food and Agriculture Organization and WHO published recom-
mendation for probiotics in food [16]. In 2014, WHO reviewed probiotic defini-
tion in terms of needs for evidence base clinical efficacy of certain probiotics 
strains. Nowadays, worldwide accepted definition of probiotics is: probiotics are 
live microbes which benefits and positive effects on human health if they use in 
adequate quantities are proven in control clinical studies [17, 18]. Old concept of 
sterile “in utero” development has been abandoned. According to recent studies, 
colonization of fetal gut started in utero predominantly with maternal oral, vaginal, 
and gut microbiota. Neither placenta neither amniotic fluid is sterile; fetus received 
its first dose of probiotics with the ingestion of amniotic fluid [19, 20].

The most relevant prenatal factors for the formation of gut microbiota are maternal 
hygiene, particularly dental, diet, infectious, and antibiotics usage. Perinatal factors are 
also antibiotics during delivery, gestational age, the way of delivery, and medical staff 
in delivery room [21]. Post natal factors include: skin to skin contact, breast feeding, 
pets, baby bathing, as well as other environmental factors. To summarize all those 
maternal as well as placental factors have a key role in the development of a child gut 
microbiota. Moreover, the presence of pathogenic bacteria in amniotic fluid can induce 
a cascade of inflammatory response and prostaglandin synthesis that leads to the 
uterus contraction and preterm delivery. In utero infection particularly chorioamnion-
itis presents key risk factors for preterm delivery.

There is a substantial body of evidence supporting transplacental immune 
regulation during pregnancy. Maternal IgGs loaded with, for example, microbial 
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components from the mother cross the fetal-maternal barrier by an active process 
from 13 weeks gestation [22], conveying temporary passive immunity [23] and 
influencing fetal innate immune development [24]. In contrast, cellular components 
are generally separated by the placenta, with some leakage in both directions with-
out preference toward a specific cell type [25]. This cellular leakage is functionally 
important, as maternal cells residing in fetal lymph nodes induce fetal regulatory 
T cells that suppress antimaternal immunity [26]. Transplacental immune regula-
tion may be further mediated by cytokines and hormones [27], through bacterial 
products such as short-chain fatty acids or lipopolysaccharides (LPS) [28, 29].

Santner-Nanan et al. have demonstrated a strong correlation of peripheral blood 
Treg cells between the mother and the fetus [30]. In contrast, there was no significant 
Treg cell correlation between the father and the fetus, implicating that the specific 
context of pregnancy, that is, the placental environment, rather than haploidentical 
genetic parental similarity to the fetus, is responsible for this correlation. Maternal 
infant alignment in Treg cells appeared to be mediated by IL-10, a pleiotropic cyto-
kine with potent immunoregulatory properties [31]. Treg cells are characterized by 
increased expression of the IL-10 receptor-α (IL-10RA), making them more sensitive 
to the effects of IL-10. The IL-10 regulates Bcl-2 expression in Treg cells, which could 
contribute to Treg cell survival in both the mother and the infant [32].

In the context of alignment between maternal and infant Treg, the evidence that 
has been studied suggesting an association between complicated pregnancy with 
preeclampsia and an increased risk of asthma, as well as allergic offspring sensitiza-
tion [32]. A potential antecedent common to both mother and child is the mother’s 
microbiome and its metabolic products, including short-chain fatty acids (SCFA).

Maternal IgG may play a key role in mediating the association between the 
maternal microbiome and fetal immune development. Of the five immunoglobulin 
classes, maternal IgG is the only antibody that significantly crosses the human 
placenta [22]. The active transport of IgG occurs via the neonatal Fc receptor (FcRn) 
within the syncytiotrophoblast (ST) cells at the surface of the chorionic villi of 
the placenta. Once bound to the FcRn receptor, IgG is packaged in endosomes and 
protected from degradation until it dissociates into the fetal circulation [33, 34].

This materno-fetal IgG transport is an important mechanism that confers 
passive humoral immunity to the fetus, so that after birth, the infant is protected 
against infections while its own immune system develops [22, 28]. Allergen-specific 
maternal IgG also plays a role in the induction of immune tolerance in infant [35]. 
Until recently, maternal IgG transfer during gestation had only been linked to fetal 
humoral immunity, but there is now good evidence that maternal IgG also plays 
a crucial in fetal innate immune development [24]. 61.1% of bacteria isolated in 
meconium of preterm infants (younger than 33 gestational weeks) are those that 
are also isolated from amniotic fluid, the majority of them belong to the three 
strains: Enterobacteria, Enterococcus, Lactobacillus, Photorhabdus, and Tanarella. 
Those bacteria are found to have a negative correlation with gestational age which 
suggests their important role in initiation of preterm delivery [36, 37].

4.  Gestational age is a second important factor in the development of 
infant gut microbiota

Studies have been already proven that certain bacteria in amniotic fluid can 
provoke preterm labor. Preterm babies in comparison to term babies have more 
anaerobe bacteria. This fact can be described with several facts: preterm babies 
are at high risk of postnatal complications such as asphyxia, acute respiratory 
distress development, neonatal sepsis, necrotic enterocolitis, etc. In terms of that 
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they are prescribed more often both oxygen and antibiotics treatment that are 
together increase hospitalization days particularly in NICU – Neonatal Intensive 
Care Unit. Only three bacteria strains are found in preterm babies at 10 days of life: 
Enterobacteria (E. coli and Klebsiella), Enterococcus faecalis and Staphylococcus 
aureus, and haemolyticus. On the other side, colonization with bifidobacteria in 
preterm infants is postponed [38]. The way of delivery is the third factor for gut 
microbiota development. A great number of data suggested that cesarean section 
alongside with the intrapartal antibiotics usage is independent risk factors for gut 
disbiosis. During vaginal delivery, an infant become colonize with maternal vaginial 
bacteria. Grounlad and authors showed that even 6 months after delivery gut of 
infants born on caesarian section contain less bacteria of Bacteroides fragilis strains. 
Finland study has proven more bacteria of Clostridium strain in children born 
on vaginal way in comparison to those born via cesarean section. Lactobacillus, 
Prevotella, and Sneathia strains are predominant in gut microbiota of children 
born vaginal way, while on the other side, Staphylococcus, Corynebacterium and 
Propioni bacterium strains are dominant in another group of children born on 
caesarian session [39]. Postnatal prevention includes at the first place breast feeding 
followed with the onetime introduction of solid food and allergens. Breastfed chil-
dren are proved to have predominantly bifidobacteria strains in their gut microbiota 
while infants fed with formulas had more bacterioides strains. It is well know that 
mothers milk contain special ingredients that can have immuno modulation effects 
on infants immune system. Rutava and authors showed that there is a special 
interaction between gut microbiota and transforming growth factor beta from 
human milk that are most potent antiinflammatory factor of a great importance 
also for maturation of intestinal tract as well as the production of IgA antibodies. 
According to this hypothesis bacteria from uterus have been actively transported 
in breast gland and secrete in human milk and in that way transfer immune toler-
ance to the infants. Moreover, it is proven that if mother use probiotics particularly 
Lactobacillus strain during breast feeding increase the number of bifidobacteria in 
gut of breast-fed infants [40].

Intestinal microbiology of early life has been best described in the first thousand 
days concept (PAI 2014). According to that hypothesis, the first thousand days 
of early life (230 days prenatal and 2 years postnatal) are crucial for establishing 
of symbiosis for the whole life. This is one of the most important mechanisms of 
evolution f as intestinal microbiota is in close relation with etiopathogenesis of 
allergic, autoimmune disease, and tumors [41].

5. Probiotic in prevention of atopic march

The development of allergic diseases is best described in a concept of atopic 
march. Allergies start in early infancy with atopic dermatitis, followed by IgE 
mediated food allergies and asthma development ended up with allergic rhinitis. 
As we have already mentioned early, intervention is crucial for interrupt atopic 
march and preventing allergies.

It is very well known for almost 20 years that Lactobacillus rhamnosus GG 
strain 1 × 106 cfu/g given to atopic pregnant women followed with 6 months 
of postnatal administration to infants can significantly prevent the develop-
ment of atopic dermatitis at the age of 2 years. Furthermore, protective effects 
were long lasting for two more years. On the other side, significant increase of 
atopic dermatitis prevalence has been recorded in the control group in the fol-
low up period [42]. Double blind, randomized, placebo control PandA study 
investigated the preventive effects of three strains combination Bifidobacterium 
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bifidum W23B (1 × 109 cfg/g), Bifidobacterium lactase W52 (1 × 109 cfu/g) and 
Lactococcus lactic W58 (1 × 109cfu/l). Administration of this combination to 
atopic mothers in the last 6 weeks of pregnancy and infants in the first year of life 
showed preventive effects in the first 3 months of life with the significant changes 
in intestinal microbiota and decrease in the level of IL-5 production [43]. Those 
results are in accordance with the results of Zhang meta-analysis who showed 
that prenatal and postnatal administration of probiotics may reduce the risk of 
atopic disease in families under risk of allergy and hypersensitivity reaction to 
food. According to those authors, administration of probiotics to infants born 
via cesarean section can even benefit more from probiotics [44]. Probiotics are 
also have positive impact on SCORAD reduction in placebo control study on 27 
infants with atopic dermatitis who were breast-fed and received Bifidobacterium 
lactose Bb-12 1 × 109 cfu/g and Lactobacillus GG 3 × 108 cfu/g in comparison to 
place group [45]. Majamaa and collaborators showed significant improvement of 
atopic dermatitis and reduction in fetal concentration of antitripsin-1 and TNF as 
well as up regulation of Il-10 and down regulation of pro inflammatory cytokines 
and total IgE antibodies level in infants on hypoallergenic milk formulas who 
concomitantly received Lactobacillus rhamnosus GG 5 × 108 cfu/g in comparison 
to placebo group [46]. Pessi’s study showed similar Il-10 level improvement in 
children allergic to cow milk proteins who received Lactobacillus rhamnosus GG 
2 × 1010 cfu/g pro doses [47]. Those results are controversial in terms of asthma 
and wheezing prevention. Two meta-analysis of Elazab and coauthors and Azad 
and coauthors have failed to prove positive effects of probiotics administration in 
pregnancy and postnatal on the asthma and wheezing development. Recent meta-
analysis of randomized control study of Wei and coauthors did not find enough 
results to support recommendation of probiotics for asthma prevention in infants 
[48]. In Filipovic and coauthors study, it is found that Lactobacillus rhamnosus GG 
(LGG) formulation with Zn and vitamin D3 supplementation during the postna-
tal period (in infancy and early childhood) reduce the severity of atopic dermati-
tis. Type of delivery, type of feeding breast-feeding versus adapted milk formulas 
were not found to be statistically associated with risk of atopic dermatitis [49]. 
According to European Academy for Allergy and Clinical Immunology, there is 
no official recommendation for probiotic treatment in patients with food allergy 
[50]. Overall probiotics are proven to have positive effects in primary prevention 
of allergies even prenatal. According to the results from several studies probiotics 
have both local and systemic effects. They act locally on the intestinal tract via 
promoting immune tolerance. Systemically, they act antiinflammatory reducing 
Th17 response and stimulating TLR and Th1 immune response [51, 52].

6. Conclusion

According to the epidemiological data, allergic diseases have been increasing in 
the last decades, despite a great variety of effective treatment available. Standard 
pharmacological treatment of allergies is only symptomatic without the capabil-
ity to change the natural course of allergic disease. Immunotherapy is the only 
treatment with the immunomodulatory effects. The second option is probiotics 
that are not only capable to prevent atopic march but also to prevent the devel-
opment of allergic disease prenatal. Despite a great number of placebo control 
randomized studies and meta-analysis, we are still looking for the best probiotic 
and adequate dose for each level of intervention: prenatal, early postnatal as 
well as for different manifestation of allergic diseases (atopic dermatitis, food 
allergies, asthma, and allergic rhinitis).
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Chapter 8

Biologicals in Atopic Dermatitis
Suvarna Samudrala

Abstract

Atopic dermatitis (AD) is a debilitating condition, and its management in both 
children and adults can be challenging for clinicians and patients alike. The current 
treatment options approved by the Food and Drug Administration (FDA) have 
variable efficacies, and long-term adverse effects, which further complicate the plan 
of management. There has been considerable progress towards the use of targeted 
medicines like biologicals and small molecular agents for atopic dermatitis. Various 
molecules targeting the TH2 pathway, JAK/STAT pathway, cAMP, IL-22, Il-12/IL-23 
and IgE, have been developed, and are being studied extensively in both adults and 
pediatric patients of atopic dermatitis. Currently, only Dupilumab is approved by 
the FDA for the treatment of moderate to severe refractory atopic dermatitis. The 
other biological agents are currently in phase 2 or phase 3 trials. There is a paucity of 
multicentric, large-scale studies on the above drugs, along with a lack of compara-
tive studies with the existing modalities of treatment. Therefore, more studies with 
a larger sample size and longer follow up periods are needed to determine their 
efficacy and long-term safety profiles. Overall, these agents are likely to be a part of 
the therapeutic armamentarium for atopic dermatitis in the near future.

Keywords: atopic dermatitis, biologicals, Dupilumab, Th2 pathway, JAK/STAT 
pathway

1. Introduction

Atopic dermatitis (AD) is a debilitating condition, and its management in both 
children and adults can be challenging for clinicians and patients alike. About 20% 
of patients with AD manifest with moderate to severe forms of the disease, which 
are refractory to conventional treatment. The current treatment options approved 
by the Food and Drug Administration (FDA) have variable efficacies, and long-
term adverse effects, which further complicate the plan of management [1].

There has been considerable progress towards the use of targeted medicines like 
biologicals and small molecular agents to block specific cytokines, their receptors, 
or transcription factors. The indications for these agents are also rapidly expanding, 
from adults to the pediatric population. Their formulations range from injections to 
oral tablets, and topical creams and ointments [2].

Advances in understanding the various immunopathological changes occurring 
in atopic dermatitis have allowed the identification of various therapeutic molecular 
targets and synthesis of various biological agents [1].
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2.  Classification of biological agents (based on their mechanism of 
action)

1. IgE directed therapy-Omalizumab

2. Th2 inhibitors:

• Anti IL-4-Dupilumab

• Anti IL-4/IL-13 agents-Lebrikizumab, Tralokinumab

• IL-31 directed therapy-Nemolizumab

3. Anti IL-12/23 agents-Ustekinumab

4. IL-22 blockade-Fezakinumab

5. Thymic stromal lymphopoietin directed therapy-Tezepelumab

6. JAK inhibitors-Tofacitinib, Abrocitinib, Delgocitinib, Upadacitinib,  
Ruxolitinib, Baricitinib

7. Miscellaneous agents

2.1 IgE directed therapy-Omalizumab

Omalizumab is a recombinant humanized monoclonal IgG1 antibody, which 
has been approved by the FDA for the treatment of moderate to severe persistent 
asthma and chronic spontaneous urticaria. It has also been shown to be beneficial in 
chronic inducible urticaria, allergic rhinitis, eosinophilic esophagitis, food allergy, 
anaphylaxis, as premedication in allergen specific immunotherapy, Churg-Strauss 
disease, eosinophilic otitis media, allergic bronchopulmonary aspergillosis, chronic 
rhinosinusitis, bullous pemphigoid, contact dermatitis and atopic dermatitis [1].

Mechanism of action
It is composed of 5% murine and 95% human sequence. Omalizumab combines 

with the free, soluble IgE, blocking its binding to its receptors, and subsequently 
preventing allergen-induced mediator release.

It dramatically reduces the serum levels of free IgE (by 99% in the first two 
hours after administration), which then downregulates the expression of IgE 
high-affinity receptors on immune cells. It also decreases the expression of several 
cytokines (such as IL-5, 8, 13) and inhibits the recruitment of immune cells (T-cells, 
eosinophils, and macrophages) to the affected sites. Therefore, it inhibits both the 
immediate and the late inflammatory phases. It is also involved in apoptosis of mast 
cells and eosinophils.

Omalizumab in AD
Anti-IgE therapy in AD has shown conflicting results. Although most data from 

small randomized trials, case series and case reports documented clinical benefit 
and resolution of eczema, a small number of studies showed no improvement of 
disease with Omalizumab. Filaggrin mutations and raised serum IgE levels were 
associated with a poorer response to Omalizumab [3]. All of the studies noted the 
safety profile in both adult and pediatric population treated with Omalizumab. 
However, the variable response to treatment and lack of standardized dosing 
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protocols remain major drawbacks. Another notable conclusion of placebo-con-
trolled studies showed no significant improvement with Omalizumab compared to 
the control groups [1].

2.2 TH2 inhibitors

2.2.1 Anti IL-4 (Dupilumab)

Dupilumab was approved by the FDA in 2017 for the treatment of adults with 
moderate to severe refractory atopic dermatitis [1]. It was further approved in 
2020 for children aged 6 to 11 years with moderate-to-severe atopic dermatitis [4]. 
Currently, it is the only biological approved for the treatment of AD.

Dose—It is available as prefilled syringes containing 300 mg 0r 200 mg of 
the drug

• Adults and children (6–11 years weighing >60 kgs): Loading dose of 600 mg 
subcutaneously followed by 300 mg every 2 weeks

• Pediatric patients (weight > 30-<60 kgs)-400 mg s/c loading dose followed by 
200 mg every 2 weeks

• Pediatric patients (weight > 15-<30 kgs)-Loading dose of 600 mg subcutane-
ously followed by 300 mg every 4 weeks

Mechanism of action
Both IL-4 and IL-13 are key drivers of the Th2-mediated allergic inflammation. 

They synergistically act via a common receptor, IL-4Rα, to activate the signaling 
proteins [signal transducer and activator of transcription 6 (STAT6) and Janus 
kinase-1 (JAK1)]. IL-4 induces the immunoglobulin isotype class switch to IgE, 
promotes the Th2 phenotype, prevents T-cell apoptosis, renders the T-cells refrac-
tory to corticosteroids, and induces the expression of VCAM-1 on endothelial cells, 
subsequently promoting the recruitment of T-cells, eosinophils, basophils and 
monocytes. Gene polymorphisms in IL-4, IL − 13 and IL-4Rα have been associated 
with AD in certain populations.1 In the presence of IL-4 and IL-13, keratinocytes 
exhibit significantly less FLG gene expression, leading to epidermal barrier dys-
function. Dupilumab is a fully humanized monoclonal antibody against interleu-
kin-4 (IL-4) receptor-α (IL-4Rα) [5].

Dupilumab in AD
Dupilumab has been a major addition to the therapeutic armamentarium of 

moderate to severe refractory AD.
Administration of dupilumab leads to the following molecular changes:

1. downregulation of markers of epidermal proliferation

2. downregulation of inflammatory mediators

3. upregulation of structural proteins

4. upregulation of lipid metabolism proteins

5. upregulation of epidermal barrier proteins resulting in normalization  
of skin.
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6. Reduction in genes activating T cells

7. reduction in serum levels of CCL17 (or thymus and activation-regulated che-
mokine), a key regulator of Th2-mediated immunity and a specific biomarker 
of AD disease activity [6].

Mono-therapy or combined therapy with Dupilumab has shown to be benefi-
cial in the effective control of disease, improvement in skin lesions, significant 
reduction in pruritus and an improved quality of life of affected patients. Studies 
have shown that the transcriptome of skin lesions of AD resembled that of the 
non-lesional skin after only 4 weeks of treatment with Dupilumab. Many clini-
cal trials investigating the efficacy and safety of Dupilumab in AD have shown a 
rapid and marked improvement of disease activity, and a safe profile of adminis-
tration [1].

A phase 3 trial [7] conducted in 251 adolescents showed statistically signifi-
cant improvement in the signs, symptoms, and quality of life after 16 weeks of 
Dupilumab injection, with the 2-weekly regimen showing a better response.

In pediatric patients, a multi-centre review [8] done on 111 children showed ≥2 
point improvement in the Investigator Global Assessment (IGA) score in 64.3% 
patients after 9 weeks.

The mean dosage used in children was 8.7 mg/kg loading dose followed by 
5.1 mg/kg maintenance dose every other week.

Adverse effects reported include worsening of alcohol flushing; new regional 
dermatitis in face, conjunctivitis and eosinophilia have been reported with 
Dupilumab [9, 10].

2.2.2 Anti Il-4/Il-13 agents: Lebrikizumab and Tralokinumab

IL-13 is overexpressed in the skin lesions of AD patients and appears to nega-
tively regulate the expression of genes encoding crucial structural proteins (such 
as loricrin, involucrin), leading to be the impairment of the epidermal barrier. 
Lebrikizumab and Tralokinumab selectively target IL-13 and prevent the formation 
of the IL-13Rα1/IL-4Rα heterodimer receptor signaling complex [11]. Significant 
clinical improvement has been seen in moderate to severe AD in a small number of 
Phase 2 studies, with a good safety profile. However, concomitant topical cortico-
steroid therapy in enrolled patients limits data regarding their efficacy. Therefore, 
further studies are needed to confirm their beneficial effects in AD [1]. It is cur-
rently in Phase 3 trials. It is given subcutaneously every 4 weeks, but its effective 
dose is yet to be determined [12].

2.2.3 IL-31 directed therapy: Nemolizumab

It is a humanized monoclonal antibody against IL-31 receptor A. IL-31 is 
expressed predominantly by Th2 lymphocytes, functions to target keratinocytes, 
epithelial cells, eosinophils, basophils and monocytes. It is overexpressed in AD 
skin lesions [13]. A phase 3 randomized, double blind, placebo-controlled clinical 
trial [14] noted a significant clinical improvement profile in adult patients with 
refractory moderate to severe AD, as compared to the placebo group. However, the 
duration of the study was only for 16 weeks. Further studies are needed to confirm 
long-term efficacy and safety profile. The maximum efficacy has been seen with 
60 mg subcutaneous injections given every 4 weeks.



115

Biologicals in Atopic Dermatitis
DOI: http://dx.doi.org/10.5772/intechopen.95229

2.3 Anti IL-12/IL-23 agent: Ustekinumab

Ustekinumab is a human immunoglobulin G1κ monoclonal antibody against 
the common p40-subunit shared by IL-12 and − 23. IL-23 is responsible for Th17 
cell development, and is associated with tissue damage in several inflammatory 
conditions. IL-23 levels positively correlates with the severity of atopic dermatitis 
among children. Results regarding the utility of Ustekinumab in the treatment of 
AD brought inconclusive results. While several case reports have suggested the 
efficacy of Ustekinumab in severe AD, some others show a moderate effect or a lack 
of it. This may be due to the multifactorial aetiopathology of the disease. Recently, 
Noda et al. [1] showed a predominant Th17 immune pattern in Asian AD patients. 
Such data is valuable for identifying individuals who are most likely to benefit from 
therapy. Further studies are needed to determine its efficacy and safety and the 
treatment of AD.

2.4 IL-22 blocker: Fezakinumab

IL-22 promotes epidermal hyperplasia and skin barrier dysfunction in AD. 
Fezankinumab is an anti IL-22 antibody. Phase 2 placebo-controlled studies have 
shown progressive and sustained clinical improvement of moderate-to-severe AD 
after 12 weeks of treatment. It is given intravenously with a loading dose of 600 mg 
followed by 300 mg every 2 weeks [1, 15].

2.5 Thymic stromal lymphopoietin directed therapy

TSLP is a pivotal pro-inflammatory cytokine in both acute and chronic skin 
lesions of AD. Tezepelumab is a human monoclonal antibody that prevents the 
interaction of thymic stromal lymphopoietin (TSLP) with its receptor [1]. Phase 2a 
trials [16] using 280 mg subcutaneous injections every 2 weeks showed an insig-
nificant improvement in the EASI and SCORAD values after 12 weeks of treatment. 
Therefore, it is unlikely to be a major treatment option in the near future.

2.6 JAK inhibitors

Targeting of the Janus kinase (JAK) and spleen tyrosine kinase (SYK) pathways 
attenuates signaling via multiple immune pathways (Th1, Th2, Th17 and Th22) and 
enhances keratinocyte differentiation [17]. Although these drugs have emerged as 
promising treatment options for AD, their long-term safety profiles are yet to be 
determined [4].

Tofacitinib shows specificity for JAK3, baricitinib mainly inhibits JAK1 and 
JAK2, upadacitinib, ruxolitinib and abrocitinib are selective for JAK1. Delgocitinib 
inhibits JAK1, JAK2 and JAK3. At present, baricitinib and upadacitinib are also at 
the final stages of clinical development for atopic dermatitis [18].

2.6.1 Tofacitinib

The first JAK inhibitor to be studied in humans, has been developed in both 
topical and oral formulations, although only oral tofacitinib is commercially 
available [4]. A single phase 2a randomized, double-blind, vehicle-controlled 
study on 69 adults with mild-to-moderate AD showed significant improve-
ment(−81.7% vs. −29.9%) in the EASI score after 4 weeks of applying 2% 
tofacitinb ointment [19, 20].
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2.6.2 Delgocitinib

0.025% and 0.5% ointment has shown encouraging results in recent Phase 3 
[21] studies in adult patients, and Phase 2a studies [22] in pediatric patients with 
moderate to severe AD up to 4 weeks and 28 weeks respectively, with no serious side 
effects

2.6.3 Oral Abrocitinib

Oral Abrocitinib was evaluated in a phase 3 double-blind placebo-controlled 
trial, [23] and was effective and well tolerated in adolescents and adults with 
moderate-to-severe atopic dermatitis. In this trial, 387 patients (aged ≥12 years; 43% 
women) with moderate-to-severe atopic dermatitis (60% with moderate disease; 
40% with severe disease) were randomly assigned (2:2:1) to receive oral abrocitinib 
100 mg, 200 mg, or placebo once a day. At week 12, 37 (24%) of 156 patients in the 
abrocitinib 100 mg group and 67 (44%) of 154 patients in the abrocitinib 200 mg 
group had achieved an Investigator Global Assessment response of clear or almost 
clear (score 0–1) compared with six (8%) of 77 patients in the placebo group, and 62 
(40%) of 156 patients in the abrocitinib 100 mg group and 96 (62%) of 154 patients 
in the abrocitinib 200 mg group achieved a 75% improvement or more in Eczema 
Area and Severity Index (EASI) score from baseline, compared with nine (12%) of 
77 patients in the placebo group. This seems to be a promising future option for AD.

2.6.4 Baricitinib

Phase 2 RCT [24] in 124 adults with 2 mg and 4 mg qd dose of Baricitinib 
showed significant reduction in pruritus and inflammation after 16 weeks. The 
common adverse effects noted were headache, increased creatine phosphokinase 
levels and nasopharyngitis.

2.6.5 Ruxolitinib

Phase 2 RCT was conducted in 252 adults with AD, to study the efficacy of 0.15% 
cream qd, 0.5% RUX cream qd, 1.5% RUX cream qd and 1.5% RUX cream bid. The 
study showed significant symptomatic improvement after 4 weeks of application, 
which was sustained for 12 weeks, with good tolerability and no major adverse 
effects [19, 25].

2.7 Miscellaneous

Studies with the following drugs have either failed to demonstrate a significant 
improvement or are currently under phase 2 trials:

• Mepolizumab-a humanized monoclonal anti-IL-5 antibody

• Rituximab - a chimeric monoclonal antibody against CD20

• Tumor necrosis-α factor/receptor (TNF-α) inhibitors such as Infliximab, 
Etanercept, and Adalimumab.

• High-dose intravenous immunoglobulins (IVIGs)

• Anti IL-17: Secukinumab
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• Anti IL-6: Tocilizumab

• Recombinant human interferon-γ (rhIFN-γ)

• Natural AhR (therapeutic aryl hydrocarbon receptor) modulating agent: 
Tapinarof

• T-cell modulating agents (Efalizumab and Alefacept) [1]

• Anti IL-1α-Bermekimab [26].

3. Conclusion

Biologicals offer exciting prospects in the future management strategies for 
atopic dermatitis. However, the paucity of multicentric, large-scale, randomized 
trials, a high cost of treatment, along with a lack of comparative studies with the 
existing modalities of treatment are the major obstacles to their large scale use in 
clinical practice. Therefore, more studies with a larger sample size and longer follow 
up periods are needed to determine their efficacy and long-term safety profiles. 
Although Dupilumab is currently the only biological drug approved by the FDA 
for atopic dermatitis, other biologicals have also shown promising results and are 
expected to be a major part of the therapeutic armamentarium for atopic dermatitis 
in the near future.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
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