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Abstract: In atopic dermatitis (AD), recent research advances have portrayed a complex disease profile based on different subtypes/
phenotypes and underlying molecular mechanisms/endotypes. Extrinsic and intrinsic subdivision is one of the most common types,
defined in terms of total serum immune globulin E (IgE) and/or specific IgE to food and environmental allergens. Extrinsic AD is the
most common type (80%), with high IgE, impaired skin barrier, as well as high incidence of comorbid atopic diseases, whereas
intrinsic AD accounted for 20% of AD, with normal IgE and intact barrier function. Clinical studies have shown that extrinsic AD was
a classic Th2-based inflammatory dermatitis, while the intrinsic subtype presented increased Th1/Th17/Th22 but normal Th2
cytokines. Protein sensitization, a classic Th2 response, has been clearly characterized in extrinsic AD, while metal hapten induces
intrinsic AD’s sensitization, which may be associated with suprabasin deficiency. In this review, we aimed to further expand our
knowledge about similarities and differences between these two subtypes, which will expand our capability to further dissect
pathophysiology of AD and enable us to develop personalized medicine approaches.
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Introduction

Atopic dermatitis (AD) is a chronic, relapsing, and inflammatory skin disorder. According to total serum immune globulin
E (IgE) level or antigen specific-IgE, AD can be classified into extrinsic and intrinsic subtypes.' Patients with
extrinsic AD have high IgE level (>200 kU/L), atopic family history, and increased specific IgE level. But in
intrinsic AD, the level of total serum IgE is below 200 kU/L, and there are no allergen-specific IgE antibodies and other
atopic co-morbidities.® Despite sharing similar clinical and histologic features, accumulating evidence has suggested that
intrinsic AD is a distinct entity. In this review, we mainly clarified the differences of these two types of AD in epidemiology,
skin barrier function, allergens, and inflammatory response, so as to provide new insights for further stratification of
subtypes and more precise medicine approaches to prevent and treat AD (see Figure 1 and Table 1).

Epidemiology

As a chronic inflammatory skin disease, AD is a global public health issue. AD affects 15-25% of the pediatric population
and 2.0-17.6% of the adult population worldwide,” imposing a considerable burden on individuals and society. With regard
to extrinsic AD and intrinsic AD, study in German children reported a prevalence of 73% vs 27%, in Hungarian adults
reported a prevalence of 88% vs 12%, in Dutch patients aged 13—37 reported a prevalence of 78.2% vs 21.8%, and in Korea
patients reported a prevalence of 80% vs 20%, respectively,” which indicated that environmental factors had only a minor
influence on the prevalence of these two subtypes. A 5-year prospective birth cohort study in Germany found that one-third
of pediatric AD were intrinsic types, and females had a higher prevalence.® Subsequent study also demonstrated higher
prevalence of extrinsic AD among adult patients. In the initial phase of that study, 18 (6.9%) patients met the criteria of
intrinsic type. Afterwards, the incidence of intrinsic AD fell to 5.4% during the follow-up of 7.5 years, because four patients
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Figure |1 Comparison between extrinsic and intrinsic AD. Protein and non-protein antigens penetrate the defective epidermis in extrinsic AD, triggering Th2-polarized
cytokine milieu via induction of Langerhans cells (LC). In intrinsic AD, the skin barrier is preserved. Metal and other haptens activate dermal dendritic cells (dDC) via TLR-4,

initiating activation and infiltration of Th2, Th17, Thl, and Th2.
Abbreviations: AD, atopic dermatitis; LC, Langerhans cells; dDC, dermal dendritic cells; IDC, inflammatory dendritic cells; Th, T helper cell; IL, interleukin; INF-y,

interferon gamma; Eo, eosinophilic; CCL, chemokine ligand.

presented respiratory allergies or I[gE-mediated sensitizations. This suggested that the distinction between the two types is
not permanent, and intrinsic AD may become extrinsic type over time.”*'°

Several studies have revealed female preponderance of intrinsic AD both in children and adults."''* Although the
cause of this gender bias remains unclear, the effect of sexual hormones on immune responses and/or much more
exposure to metal-containing jewelry in females could possibly induce occurrence of intrinsic AD. Moreover, according
to a Korean study, intrinsic AD patients (100%) were more likely to deteriorate during pregnancy than extrinsic AD
patients (47.1%), indicating that female sex hormones have a greater influences on intrinsic AD patients than on
extrinsic AD patients.'>'> These interesting phenomena partially demonstrate the modulatory impact of sexual hormones

on the progression of AD.

Epidermal Barrier Dysfunction
A number of studies have demonstrated the extreme importance of barrier integrity in AD.'®'® Transepidermal water

loss (TEWL), skin surface hydration (capacitance), temperature, erythema index, and elasticity are commonly used to
evaluate skin barrier function. And TEWL and temperature were reported to be positively associated with AD’s
severity.'” Notably, research had repeatedly shown that extrinsic AD exhibits increased TEWL but decreased
capacitance.'® However, study on the correlation between erythema index and temperature and AD’s subtypes has
received little attention.

Additionally, skin electric current perception threshold (CPT) can be used to quantify pruritic sensory threshold of
sensory nerves to external stimulation in AD. Yin et al found that the CPT in non-lesional skin of extrinsic AD was
higher than in healthy control, but not found in intrinsic AD.*® T. Mori also reported this phenomenon.”' Some
dermatologists propose that epidermal nerve fibers are in an activated state in extrinsic AD, with decreased sensitivity
to external stimuli, while the homeostasis between epidermal barrier and sensory nerve fiber in intrinsic AD is not
breached.?'? Altogether, it can be considered that in patients with intrinsic AD, the barrier function and sensory

reactivity to external pruritic stimuli remain normal.
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Table | Summary of Similarities and Differences Between Extrinsic and Intrinsic Atopic Dermatitis

Characteristic Extrinsic Intrinsic
Percentage in total AD 73%—88% 12%-27%
Age of predilection Adult Child
Sex M=F F>M
Atopic comorbidity More often Less
Clinical appearance Similar Similar
Skin barrier function Abnormal Normal
Sensitivity to external stimuli l Normal
FLG mutation®?* 33%—44% 5%-9%
Serum total IgE 1 _
Allergen-specific IgE 1 _
Allergen Protein Metal/hapten

Peripheral blood:

IL-4/13/5% i =
CCLI7/TARC T l
IFN-y - T
Eosinophilia Severe Mild—moderate

Lesional skin:

IL-4/13/5% 1 N
IFN-y i "
IL-17/22 1 1
S100A9/S100A 12 i 1
FceRI/FceRIl expression ratio on epidermal dendritic cells >1.5 <0.5

Abbreviations: AD, atopic dermatitis; M, male; F, female; FLGIL, interleukin; IgE, immune globulin E; IFN-y, interferon gamma; CCL17,
chemokine ligand 17; TARC, thymus and activation regulated chemokine.

Filaggrin (FLG) is an epidermal structural protein that mediates cornification and hydration (osmolytes are formed
during the breakdown of FLG).>* FLG-null (FLG ") mouse showed spontaneous atopiform dermatitis, with substantially
abundant type 2 innate lymphocytes infiltrating into the skin lesions.”* According to a Japanese report, FLG mutations
are detected in 10.5% of intrinsic AD cases, in 44.4% of extrinsic AD cases, and in 3.7% of healthy controls.?
Furthermore, FLG mutations are closely linked to palmar hyperlinearity in extrinsic AD patients, which was
a common feature of extrinsic AD and ichthyosis vulgaris. This is consistent with the report that palmar hyperlinearity
is inversely correlated with intrinsic subtype.?® Certainly, FLG mutation is not the single factor for the disrupted barrier
as several reports demonstrate that the levels of loricrin, involucrin, and keratin in some AD patients without FLG
mutations were significantly down-regulated compared to those in healthy controls.

The acidic pH in skin maintains the skin barrier function. First, the acidic mantle decreases the skin colonization of
pathogenic bacteria by exerting a strong antimicrobial effect.*”*® In addition, there is evidence that the pH of the skin
surface plays a role in desquamation, homoeostasis of the permeability barrier, and integrity/cohesion of the stratum
corneum. AD patients with FLG deficiency have increased skin pH, which activates degrading proteases and inhibits
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lipid synthesis enzymes.?® Taken together, elevated skin pH can hinder barrier recovery and aggravate barrier breakdown.
In a pilot study by a German group, AD patients with FLG loss-of-function mutations had higher epidermal pH than
those without mutations.® Thus, the surface pH may also be important to differentiate extrinsic and intrinsic AD due to
a higher FLG mutation rate in extrinsic AD.

Although patients with intrinsic AD possess a normal epidermal barrier, itch induced by inflammatory cytokines
inevitably leads to scratching, thus creating a secondary barrier defect. It is possible that intrinsic AD evolves into an
inflammatory pattern similar to that of extrinsic AD once a secondary barrier defect has occurred. Hence, simultaneous
control of itch is particularly critical in the primary management of intrinsic AD in addition to anti-inflammatory therapy
(Figure 2).

Inflammatory Response Pattern
AD is widely recognized as a Th2-based disease. Patients with extrinsic AD have elevated levels of Th2 cytokines (IL-4, IL-5,
and IL-13), while those with intrinsic AD have high Th1 but low CCL17/thymus and activation-regulated chemokine (TARC)
levels.'®* Accordingly, eosinophil numbers and the eosinophilic cationic protein (ECP) serum levels are higher in extrinsic AD.
In an in vitro experiment, extrinsic AD patients produced less IFN-y and GM-CSF than intrinsic AD patients when peripheral
blood mononuclear cells were stimulated with an anti-CD3 antibody.>® When co-cultured with normal B cells, T cells isolated
from extrinsic AD skin biopsies were able to induce high levels of IL-13-mediated IgE production, but not in intrinsic AD,
suggesting that there are some differences in cytokine micro-environment between the two subtypes’ serum.> '

Allergens interact with local antigen-presenting cells (APCs) through defective epidermis, further triggering activation of
T cells. Activated effector T cells then are induced to express skin homing receptor (CLA+CD45R0O+), migrating to the
epidermis and secreting Th2-dominated cytokines to initiate flare of dermatitis.”>® Interestingly, individuals with atopic
diseases express high levels of Fas and Fas-ligand in the Thl compartment, resulting in activation-induced cell death
(AICD). Those Thl cells present characteristic apoptosis in vivo by degrading procaspase and activating caspase-8, skewing
the immune response in favor of surviving Th2 cells. However, in non-atopic patients (intrinsic AD, intrinsic-type asthma,
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Figure 2 The evolvement from intrinsic AD to extrinsic AD. External allergens interact with local antigen-presenting cells through epidermis, triggering activation of
immune cells. Activated effector cells then secrete various cytokines (including pruritogenic cytokines) and migrate to the epidermis, initiating flare of dermatitis. The itch
induced by inflammatory cytokines in intrinsic AD leads to scratching, thus creating a secondary barrier defect. So it is possible that intrinsic AD evolves into an
inflammatory “common” pathway similar to that of extrinsic AD.

Abbreviations: AD, atopic dermatitis; S. aureus, Staphylococcus aureus; LC, Langerhans cells; dDC, dermal dendritic cells; IDC, inflammatory dendritic cells; Eo, eosinophilic;
MC, mast cells; Th, T helper cell; IL, interleukin; INF-y, interferon gamma; CCL, chemokine ligand.
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psoriasis, and contact dermatitis), circulating Th1 cells did not undergo apoptosis.” These findings may explain the mechanism
about high Th2 cytokines in extrinsic AD. In contrast, effector T cells in the epidermis of AD patients do not demonstrate any
apoptosis despite expressing Fas and Fas-ligand, because they are protected against apoptosis by IL-2, IL-15, and extracellular
matrix proteins.”’

Evolving clinical data have found that there is a similar or higher level of Th2 and Thl activity in intrinsic lesional
skin, but a more significant increase in Th17 and Th22 responses compared to extrinsic AD lesions.>* Accordingly,
a higher level of IL-17/IL-22-controlled antimicrobials, SI00A9 and S100A12, were found in intrinsic lesions. In
addition, clinical trials showed that, in extrinsic AD, Th2 cytokines correlated positively with disease severity and
negatively with barrier products (loricrin, periplakin, and FLG), while in intrinsic AD Th1l and CCL20 levels correlated
with disease severity. Studies afterwards revealed a lipid metabolism and inflammatory pathway (II-36RN, IL-36a/y, IL-
22, and CCL22) overlap between psoriasis and intrinsic AD,*>>” indicating IL-23/Th17 and IL-22 as pathological
cytokines of the two diseases.

Study on the molecular mechanism of AD’s pathogenesis is the basis of targeted therapy. Although dupilumab (anti-
IL-4R o) has significantly improved AD patients’ symptoms, including lesions, pruritus, and life quality, not all patients
have a good efficacy.*® Considering that AD is a systematic atopic disease, some patients usually have other concomitant
diseases, including alopecia areata, chronic rhinosinusitis with nasal polyposis, and asthma.*' Janus kinase inhibitor may
have a better efficacy for refractory AD with concomitant diseases via blocking upstream signals.**> At present, specific
therapy targeted on intrinsic and extrinsic AD is very limited. However, study on this aspect enables us to further
dissect AD’s inflammatory mechanism. There have been extensive studies on drugs targeted on other cytokines,
including IL-22, IL-31, and TSLP. In a recent phase II clinical study, anti-IL-22 (fezakinumab7) was effective and
safe at ameliorating AD clinical manifestations and transcriptome.*® Anti-p40 (IL-12/IL-23 common subunit) by
ustekinumab presented a limited efficacy on AD severity, but with the improvement of common immune markers
mRNA (IL-22/IL-17-induced S100As), which may be correlated with dose of medicine and sub-group analysis.*

IgE Level

Immunoglobulin class switching in AD lesions is affected by the cytokine milieu. In many studies, the increase in IL-13
and IL-4 produced by skin-homing T cells induces the activation of B cells and the production of IgE. According to
a recent study, both AD types produce similar levels of mRNA of Th2 cytokines (IL-4, IL-13, and IL-31).*” Therefore,
the level of IgE is not exclusively explained by Th2 activation. A Japanese study in vitro found that upregulation of
interferon-y could suppress IgE production, thus contributing to the normal IgE level in intrinsic AD.** In intrinsic
lesional skin, FOXP3, a regulatory T-cell marker, was also upregulated, which could relieve immune inflammation via
inducing IgG4 production and inhibiting IgE production. Moreover, cytokines in the peripheral blood and lymph nodes
may reduce IgE production by interfering with maturity of B cells. The absence of allergen-specific IgE in intrinsic AD
may be explained by unidentified allergens (such as self-allergen), or there may be production of other immunoglobulin
classes with unknown function.**

Previous studies have shown that severity of extrinsic AD is significantly correlated with the serum total IgE levels.
IgE activates effector cells via FceRI and/or FceRII to initiate allergic inflammation. It has been observed in animals that
the expression of FceRI on APCs (such as Langerhans cells, epidermal dendritic cells), basophils, and mast cells was
correlated with the total IgE level.> An increased FceRI on epidermal DC (EDC) from the epidermis of AD patients in
both types has been demonstrated, but Oppel et al found a lower level of FceRI on EDC in intrinsic AD compared to
extrinsic AD.* FceRI/FceRII expression was 1.5 in extrinsic AD, while a ratio of 0.5 was observed in intrinsic AD.?’ It
is still not clear whether lower expression of FceRI on EDC is the reason or result of lower epidermal and serum IgE in
IAD patients compared with that in extrinsic AD. Although SCORAD scores are positively associated with IgE levels in
extrinsic AD, effects of anti-IgE treatment are ambiguous. Thus, serum total IgE may be a key effector of allergic
sensitization, involved in atopy march and aggravation of AD. In view of this, targeted anti-IgE intervention could be
a preventative measure for high-risk groups.
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Allergens

It has been reported that intrinsic AD patients manifested higher positive rate to nickel, cobalt, and/or chrome in patch
tests than the extrinsic group, and they have higher metal concentrations in blood and sweat.*®*" Therefore, some
dermatologists propose that although protein allergens that induce typical Th2 responses are not sensitized by
intrinsic AD patients, patients with intrinsic AD may be sensitized to other antigens such as metals.**

Another Japanese report found that intrinsic AD patients showed higher sweat concentration of nickel, inversely
related to serum IgE.*® These data are in accordance with the normal IgE level and high metal allergy incidence in
intrinsic AD, further demonstrating that metal hapten is an allergen of intrinsic AD. A recent observation suggests that
bacterial superantigens bind to Toll-like receptor-2 (TLR-2) on monocytes and upregulate FceRI, initiating flare of
dermatitis in extrinsic AD, whereas nickel/cobalt activates APCs via TLR-4 in intrinsic AD.® Furthermore, eliminating
metals from the diet and contact could reduce skin eruptions in some AD patients; meanwhile their serum metal levels
were decreased compared to healthy controls. Considering the ubiquity of metals in the environment and inconsistent
correlation of symptoms and intake of metals, avoidance of metals is not recommended.*’

A recent report showed that high incidence of metal allergy in intrinsic AD may correlate with the absence of
suprabasin (Sbsn). Sbsn is expressed in epithelia’s suprabasal layers, involved in epidermal differentiation, metal’s
absorption, and allergy in the upper digestive tract. And the SBSN™'~ mice exhibit intact skin barrier function, but
abnormal upper digestive tract epithelium that presents increased Ni absorption and high allergy to Ni, which is similar in
intrinsic AD.*® The implication of Sbsn’s deficiency in human intrinsic AD warrants further investigation.

Summary

AD is an extremely complex skin disease, with high heterogeneity. Current guidelines about the evaluation and treatment of
atopic dermatitis almost are underpinned by clinical severity. In this review, we investigated the similarities and differences
between extrinsic and intrinsic atopic dermatitis from epidemiology, skin barrier function, allergens, and inflammatory
response. Extrinsic AD is a classic Th2-based disease, with defective skin barrier and high serum and lesional IgE, and
extrinsic AD patients commonly have atopic history and are easily allergic to protein allergens. Intrinsic AD patients only
make up about 20% of the total AD patients, and the condition is more common in females and children. With normal serum
and lesional IgE and preserved skin barrier, patients with intrinsic AD have a more complex inflammatory mechanism,
implicating Th2, Th1, Th17, and Th22. However, intrinsic AD may transform into extrinsic AD with the development and
progression of disease. Although the distinction between intrinsic and extrinsic AD subtypes has expanded our understanding
about the pathogenesis of AD, there is still much work to be done to understand the patho-mechanisms and heterogeneity
of AD, which potentially contributes to future endotypic- and genetically based management of AD.

In recent years, some scholars put forward the concept of “residual disease genomic profile (RDGP)”, which indicates
that although the dermatitis has been clinically resolved, differentially expressed genes coding inflammation-associated
cytokines did not reach 75% improvement. Comparing the RDGP between extrinsic AD and intrinsic AD subjected to
the same therapy is another area of interest. In aggregate, AD is mainly a Th2-mediated systemic rather than lesion-
limited disease. Classifying AD into different endotypes, not merely intrinsic and extrinsic forms, will add important new
aspects to strive for a target, the tolerated and effective prevention and treatment for AD.
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