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Key Messages

e Atopic dermatitis (AD) is a heterogeneous disease, with differences in prevalence, genetic background, and immune activation pat-
terns, depending on the racial group.

o All patients with AD had strong Ty2 activation, with Ty17/Ty22 strongly upregulated in Asian patients with AD and higher IgE serum
levels (and absent Ty17/Th1 activation) in African American patients with AD.

« These differences necessitate further evaluations of parallel responses in clinical trials with targeted treatments for AD to optimize AD
therapeutics that account for these differences.

e To fully resolve the AD phenotype across its ethnic and other variants, multiple cytokine axes might need to be targeted.
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Objective: To summarize studies investigating ethnical and racial differences in atopic dermatitis (AD)
epidemiology, clinical features, and skin and blood phenotypes.
Data Sources: PubMed literature review (years 2000-2018).
Study Selections: Articles discussing primarily human disease.
Results: Higher overall rates of AD were found in Africa and Oceania as opposed to India and Northern and
Eastern Europe. In the United States, AD prevalence was found to be higher in African American (19.3%)
compared with European American (16.1%) children. Although several studies have consistently found FLG
loss-of-function mutations in up to 50% of European and 27% of Asian patients with AD, FLG mutations were
6 times less common in African American than in European American patients, even in patients with severe
AD. Thus, FLG mutations seem to play less a pathogenic role in patients of African origin than in individuals
of European or Asian ancestry. The immune phenotype of all ethnic groups was characterized by strong Ty2
activation, but important differences in immune polarization exist among the different ethnicities. Asian
patients with AD had stronger Ty17/Ty22 activation than African American and European American patients
with AD, whereas African American patients had the highest serum IgE levels among all groups, while
largely lacking Ty1 and Ty17 activation.
Conclusion: AD is a heterogeneous disease that has differences among various ethnic and racial groups,
which might be important for the development of future, targeted treatments and for personalized medicine
approaches.
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Review the target audience, learning objectives and all disclosures.
Complete the pre-test.
Read the article and reflect on all content as to how it may be applicable to your practice.
Complete the post-test/evaluation and claim credit earned. At this time, physicians will have earned up to 1.0 AMA PRA Category 1
Credit™. Minimum passing score on the post-test is 70%.
Overall Purpose
Participants will be able to demonstrate increased knowledge of the clinical treatment of allergy/asthma/immunology and how new
information can be applied to their own practices.
Learning Objectives
At the conclusion of this activity, participants should be able to:

o Identify racial differences in the presentation of atopic dermatitis (AD).
o Identify differing immune and molecular phenotypes of AD in different ethnic groups with AD.

Release Date: May 1, 2019
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Introduction

Atopic dermatitis (AD), the most common chronic inflammatory
skin disease,' usually starts in early infancy and can develop into a
lifelong therapeutic challenge, especially in its moderate to severe
form.> The origin of this complex disease remains only partly
understood, but it is most likely based on a complex interplay of
genetic predisposition, skin barrier dysfunction, and environmental
factors.® AD is now understood to be an immune-mediated disease
with contributions of multiple inflammatory pathways, particularly
type 2 associated inflammation."> However, unlike psoriasis,*> AD
is a rather heterogeneous disease. Although some patients outgrow
their disease before reaching adolescence or early adulthood,
others have chronic lifelong disease.%’ Other aspects of disease
heterogeneity are intrinsic vs extrinsic disease, allergic comorbid-
ities, such as asthma or rhinitis, and the presence or absence of FLG
mutations.! Only recently it became clear that AD has disease
heterogeneity that also depends on the patient’s racial background,
a yet understudied aspect of immune-mediated disease, which is
now getting more attention across several atopic diseases.® !
Clinically, AD in East Asian populations has been described as
more demarcated than European American populations, consistent
with some molecular features of psoriasis in this patient popula-
tion.!” African Americans, by contrast, are more likely to have
extensor involvement and less frequent flexural involvement
compared with European American patients.!! Diffuse xerosis,
Dennie-Morgan lines, and hyperlinearity of the palms are also more
common in darker skin types.”> In black patients, lichenification
and prurigo nodularis are more frequently seen than in white
patients, potentially because of greater pruritus and consequently
increased rubbing and scratching,'"'#!> and postinflammatory
dyspigmentation is of great concern.'® Importantly, the use of
common scores that depend on erythema (eg, Eczema Area and
Severity Index [EASI], Scoring Atopic Dermatitis [SCORAD], and
others) can strongly underestimate the severity of AD in darker skin
types.'17

Despite the fact that AD is highly prevalent in patients with skin
of color, who also often present with more treatment-resistant AD,
few data exist on the efficacy of AD therapies in these patients,
which have traditionally been studied in white ethnic groups.
White patients still represent most patients studied in clinical
therapeutic trials (eg, 62.1% in AD clinical trials published between
2000 and 2009),'® and only 10.3% of studies interpreted their
results considering race or ethnicity. In this review, we explore the
current understanding of differences in the AD epidemiology and
pathogenesis based on the racial and ethnic backgrounds of
patients to raise awareness of these contributing factors to disease
phenotype and possibly also to varying therapeutic responses in
clinical trials.

Epidemiology of AD

The prevalence of AD shows large differences worldwide,
ranging from 0.2% to 24.6% in certain locations,' as revealed by the
International Study of Asthma and Allergies in Childhood, which
studied more than 350,000 participants in 60 countries from 1999
to 2004. In general, higher rates of eczema were found in Africa and
Oceania, as opposed to India and Northern and Eastern Europe,
which had lower rates.”” Even within Africa, disease prevalence
rates had a wide range, depending on the study center, of 4.7% to
23%. Similarly, the AD prevalence in the Asia-Pacific region is 4% to
30% in various study centers.'” The mean eczema prevalence per
country is given in Figure 1, and the mean prevalence of severe
eczema is displayed in Figure 2, showing many high prevalence
countries to be located in Africa.

In the United States, AD prevalence is higher in African Amer-
ican children compared with European American children.!!

African American children are 1.7 times more likely to develop
AD compared with European American children, even after
adjustment for various factors, such as health insurance coverage,
metropolitan vs rural environment, or household income.'"?° This
difference is also reflected by a 3-fold higher likelihood of African
American children to be diagnosed with AD during a dermatologist
visit, despite the fact that they are significantly less likely to seek
dermatologic care.!" Similarly, Asians and Pacific Islanders are 7
times more likely compared with whites to be diagnosed with AD
at a dermatologic office visit.!"?! Overall, eczema remains a top
concern in dermatologic visits in various different US populations
with skin of color.?? %4

Genetic Differences

AD is thought to have a considerable genetic component,
although it is not a classic monogenetic disease. More recently,
genome-wide association studies (GWASs) are now also focusing
on African, Hispanic, and Asian populations in addition to only
white populations.'! The largest GWAS to date identified 31 AD risk
loci, with variations among ethnic groups for many of these
markers.”® Genes potentially involved in the pathogenesis of AD are
genes of immune regulation and epithelial barrier function.!!

FLG loss-of-function mutations are currently the best studied
genetic risk factors for the development of AD, and harboring FLG
mutations is the strongest risk factor for AD.?6~?% This mutation
results in a defective expression of the epidermal barrier protein
filaggrin, which is a central component of the skin barrier function
and of epidermal terminal differentiation, including the regulation
of skin pH and epidermal hydration.?® FLG loss-of-function muta-
tions are associated with more severe and persistent AD, a higher
degree of immune dysregulation, and increased rates of skin
infections and allergic sensitization.’*>® Several studies have
consistently found loss-of-function mutations in up to 50% of
European and 27% of Asian patients with AD.>*“° The most frequent
FLG loss-of-function mutations (R501X, 2282del4, S3247X, R2447X)
have been found in 7% to 10% of white Europeans,*®*! but these
mutations are usually absent in Asian individuals, who exhibit FLG
null mutations that are unique to their respective ethnic
groups.>**? In contrast, FLG mutations are 6 times less common in
African American than in European American patients,*® and data
from Ethiopia failed to find an association between FLG null mu-
tations or copy number variations and the development of AD.*>#
Overall, FLG mutations seem to be much less frequent in patients of
African descent than European or Asian descent, despite the fact
that they have increased frequencies of AD. Thus, FLG mutations
seem to play a less pathogenic role in patients of African origin than
in individuals of European or Asian ancestry. Higher numbers of FLG
mutations in (Northern) Europeans might be explained by genetic
pressure because FLG deficiency (and thus a decreased skin barrier)
might enhance immunity to infections and has a role in increasing
vitamin D biosynthesis, which could be relevant for especially
higher latitudes.'#

Because of the strong difference in FLG mutation frequencies
and in light of the fact that skin inflammation is present in patients
with AD with and without FLG mutations, other genes are likely
involved in the origin of AD. Whole exome sequencing analyses of
Ethiopian and African American individuals with AD found
associations with loss-of-function mutations of FLG2, encoding a
protein that is closely related to filaggrin.**~*’ In one study, African
American children with an FLG2 mutation were more than 50%
more likely to develop persistent AD compared with those without
these variants.*® Consistently, FLG2 expression levels in skin
showed an inverse correlation with active skin inflammation
attributable to AD.*® Importantly, associations of AD with FLG2 have
not been found in Europeans.*®>° Other variants in barrier genes
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Figure 1. World map of eczema prevalence. Cross-sectional data on eczema symptoms defined as an itchy flexural rash in the past 12 months in the age group of 13 to 14 years.
Data are based on 663,256 participants from 230 centers in 96 countries. The mean prevalence per country is depicted. Data are modified from Odhiambo et al’® with

permission.

that have been associated with AD are CLDN1 in Ethiopians (early-
onset AD)’! and SPINK5, a serine protease inhibitor involved in
epidermal homeostasis, in AD of East Asian patients.?>>°

Differences among ethnic groups have also been described for
polymorphisms of genes involved in innate and adaptive immunity,
especially Ty2 signaling pathways.>’ Coding genetic poly-
morphisms of the interleukin (IL) 4 receptor « (IL-4Ra) have been
implicated in susceptibility to both atopy and asthma.’® An asso-
ciation between IL-4/IL-4Ra polymorphisms and susceptibility of
AD has been described in Egyptians®® and for IL-4 and IL-13/IL-
13Ral in Korean, Japanese, and Chinese populations.’®~%> One
polymorphism (Q576R), showing augmented IL-4Ra—dependent
signaling in a mouse model,*® is especially associated with severe
asthma and increased allergen sensitization in the context of
maternal smoking® and is overrepresented in African Americans
(70% allele frequency vs only 20% in whites).’®%* Another study
describes a potential role for IL-4Ra single-nucleotide poly-
morphisms in baseline lung function among African American pa-
tients with asthma.®”

A TSLP variant has been associated with less persistent AD in
white and black populations, and in interferon regulatory factor 2
polymorphisms were associated with increased AD risks in these 2
groups.®®%” high-affinity IgE receptor 1A and Toll-like receptor 2,
both markers found on atopic dendritic cells, were characterized in
Japanese populations.®° In Mexican and Korean populations,
mutations in §-defensin 1, an antimicrobial peptide, were associ-
ated with elevated AD risks.”®’! Single-nucleotide polymorphisms
of the Tyl lead cytokine IL-12 and its receptor have also been
described in Koreans with AD.”?

Differences in the AD Immune Phenotype

Even healthy skin from European, African, and Asian pop-
ulations have certain differences in gene expression patterns,’””
conceivably influencing immune circuits of AD in different pop-
ulations. The fact that AD is primarily a T-cell-driven disease’*”>
has initially been reported with T-cell-targeting therapeutics,
such as alefacept, efalizumab, and cyclosporine.”® 78 The Ty2 axis is
central to disease pathogenesis, as demonstrated by the clinical
efficacy of the IL-4Ra blocker dupilumab.”® Importantly, Ty2
activation has been described across all races and ethnicities
investigated.'>®°~82 However, immune activation patterns of AD
lesions are more complex and heterogeneous than just Ty2-centric
inflammation. Although EASI-75 responses were obtained in
roughly half of patients receiving dupilumab in several phase 3
studies, the other patients did not reach this end point,”® but the
causes remain to be elucidated. Besides Ty2 activation in European
American, African American, Japanese/Korean, and Chinese indi-
viduals,'>39782 additional Ty cell axes were also described at
different expression levels in these AD populations (Table 1), and
their individual roles will need further investigations in with spe-
cific targeted therapeutics. Ty1 activation is present in in chronic
AD of European Americans, with lower levels found in infants with
early-onset disease.®>%4 Patients of Asian origin (Japanese, Korean)
with AD had additional, strong Ty17 activation, overlapping clini-
cally and molecularly with some hallmarks of psoriasis.”> An
ongoing clinical trial (clinicaltrials.gov Identifier: NCT02594098)
will elucidate the contribution of the Ty17 immune axis to AD,
whether it is propathogenic or protective, and whether different
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Figure 2. World map of severe eczema prevalence. Cross-sectional data on eczema symptoms defined as an itchy flexural rash in the past 12 months in the age group of 13 to
14 years. Data are based on 663,256 participants from 230 centers in 96 countries. The mean prevalence per country is depicted. Data are modified from Odhiambo et al*° with

permission.

expression levels in European American vs Asian individuals affects
clinical efficacy of the IL-17 secukinumab.

Asian patients also had greater Ty22 and lower Tyl skewing
than European Americans but comparable Ty2 activation.'” Pe-
ripheral blood from these Asian patients further showed decreased
Tyl (interferon vy, CCL2, CCL3, CCL4) related measures than Euro-
pean Americans, but both groups had mutual upregulation of Ty2
measures (IL-13, CCL13, CCL17, CCL22), with further increases in
CCL26 in Asian individuals.®! The increases in Ty17 mediators as
seen in the skin of Asians with AD'? were not seen in the peripheral
blood of the same patients, but IL-22 levels were higher in AD
serum samples from Asian patients than samples from European
American patients,®! which is consistent with increases in the skin
of Asians with AD."?

A study of biopsy specimens from patients with AD of Han
Chinese descent found increased Ty17 skewing with decreased Ty1
activation compared with European Americans with AD,%? similar
to Japanese/Korean patients.®> However, samples from Han Chinese
patients also had increases in neutrophil counts compared to
European American patients with AD.®? In addition, these Chinese
samples had even stronger Ty2 activation than EA samples. Similar
to their Japanese and Korean Asian counterparts, the Chinese
patients’ samples also had prominent parakeratosis,'>%> which was
less frequently found in European American patients with AD.'
Overall, East Asian (Japanese, Korean, Han Chinese) AD seems to
be characterized by increased Ty17 levels and some psoriasiform

features,'>®? even in patients with much higher IgE levels than the

European American AD group that served for comparisons. In
general, African American patients with AD had highly elevated
serum IgE levels (higher than European American and Asian
patients with AD),®! similar to what has been seen in other atopic
diseases, where African American patients had the highest IgE

Table 1
Molecular Differences in Atopic Dermatitis Skin Biopsy Specimens, Depending on
Racial Background

Race/Ethnicity Immune Skewing Other Features
European American Tyl 11 IgE 11
Ty2 111 Filaggrin | |
Tyl7 1 Loricrin | |
Ty22 111 Neutrophils 1
African American Tyl (1) IgE 111
T2 111 Filaggrin ({)
Tyl7 (1) Loricrin | |
Ty22 111 Neutrophils 1 1
Japanese/Korean Tyl 1 IgE 11
Ta2 111 Filaggrin | |
Tyl7 11 Loricrin | |
Tu22 111 Neutrophils 1 1
Han Chinese Tyl 1 IgE 11
T2 111 Filaggrin |
Tyl7 11 Loricrin | |
Tu22 111 Neutrophils 1

Upward arrows indicate increase; downward arrows, decrease.
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levels.®>~%7 The overrepresentation of polymorphisms augmenting
IL-4Ra—dependent signaling®®%%%4 might play a key role in this
regard because enhanced IL-4Ra signaling is associated with
increased IgE production.’* African American patients furthermore
had the higher numbers of high-affinity IgE receptor 1—positive
dendritic cells, in addition to increases in IgE levels.* The strong
Ty2 and allergic skewing in African American patients is further
emphasized by the high correlation seen between disease severity
(SCORAD) and IgE only in African American but not European
American patients with AD, as well as the correlations between IL-
13 expressions in lesional and nonlesional skin with SCORAD in this
population.®? Importantly, Ty17 (IL-23p19, IL-36G, CXCL1) and Ty1
(interferon vy, MX1, IL-12RB1) activation were largely absent in Af-
rican American skin as opposed to European American skin with
AD.®? In addition, expression of innate immune (tumor necrosis
factor, IL-18) mediators was lower than in European American
patients, but strong Ty2/Ty22 skewing was common to both the
African American and European American groups.®’ Filaggrin
downregulation was less in African American patients than in Eu-
ropean American patients, but loricrin downregulation was stron-
ger than in European American patients.®°

Therapeutic Implications

The emerging clinical, epidemiologic, and molecular differences
among various ethnic phenotypes holds important therapeutic
implications. It is crucial to understand how the differences in
phenotypes may affect therapeutic responses and ultimately in-
fluence selection of therapeutics. Although novel treatments
approved (dupilumab) or being tested for patients with AD (anti-
—IL-22, anti—IL-17C, anti-0X40, anti—IL-33) show great promise in
AD, it is likely that a one-size-fits-all approach is not going to be
applicable to this heterogeneous disease because EASI-90 treat-
ment responses are often seen in less than 50% of patients.® Thus,
personalized medicine strategies that will be able to identify the
responders to a particular drug at baseline, as recently reported in a
study with IL-22, may be warranted.®®3° It may be that to be able to
fully resolve the AD phenotype across its ethnic and other variants,
several cytokine axes may need to be targeted via bispecific anti-
bodies or through oral drugs that target more than one axis, such as
the JAK inhibitors.”°

Conclusion

There is an increasing bulk of clinical, epidemiologic, and mo-
lecular data outlining differences among various ethnic AD patient
populations. These differences mandate further evaluations of
parallel responses in clinical trials with various treatments for AD
to optimize AD therapeutics that account for these differences.
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