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Abstract

Background—Atopic dermatitis (AD) is classified as extrinsic (ADe) and intrinsic (ADi),

representing approximately 80% and 20% of patients, respectively. While sharing a similar

clinical phenotype, only ADe is characterized by high serum IgE. Since most AD patients exhibit

high IgE, an “allergic”/IgE-mediated disease pathogenesis was hypothesized. However, current

models associate AD with T-cell activation, particularly Th2/Th22 polarization, and epidermal

barrier defects.

Objective—To define if both variants share a common pathogenesis.

Methods—We stratified 51 severe AD patients as ADe (42) and ADi (9) (with similar mean

disease activity/SCORAD), and analyzed the molecular and cellular skin pathology of lesional and

non-lesional ADi and ADe using gene-expression (RT-PCR) and immunohistochemistry.

Results—A significant correlation between IgE levels and SCORAD (r=0.76, p<10−5) was

found only in ADe. Marked infiltrates of T-cells and dendritic cells and corresponding epidermal

alterations (K16, Mki67, S100A7/A8/A9) defined lesional skin of both variants. However, higher
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activation of all inflammatory axes (including Th2) was detected in ADi, particularly Th17 and

Th22-cytokines. Positive correlations between Th17-related molecules and SCORAD were only

found in ADi, while only ADe showed positive correlations between SCORAD and Th2-cytokines

(IL-4, IL-5), and negative correlations with differentiation products (loricrin, periplakin).

Conclusions—Although differences in Th17 and Th22 activation exist between ADi and ADe,

we identified common disease-defining features of T-cell activation, production of polarized

cytokines, and keratinocyte responses to immune products. Our data indicate that a Th2 bias is not

the sole cause of high IgE in ADe, with important implications for similar therapeutic

interventions.

Clinical Implications—Both extrinsic and intrinsic AD variants might be treated with T-cell

targeted therapeutics or agents that modify keratinocyte responses.
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Introduction

Atopic Dermatitis (AD) is a common inflammatory skin disease that together with asthma

and allergic rhinitis forms the atopic triad.1 Both AD and asthma are sub-typed as extrinsic

and intrinsic, representing approximately 80% and 20% of adult atopic patients,

respectively. Extrinsic AD is characterized primarily by high serum IgE, as well as a

personal and familial history of atopy and specific IgEs to food or aeroallergens. Intrinsic

AD shares a similar clinical phenotype but exhibits normal serum IgE, absence of other

atopic diseases, and lack of allergen-specific IgEs.2,3 Although peripheral eosinophilia can

be seen in both, higher recruitment of eosinophils to inflamed tissues4 and prolonged

eosinophil life span have been observed in extrinsic AD.5,6

Since the majority of AD patients exhibit high IgE levels, an “allergic”, IgE-mediated

disease pathogenesis has been historically hypothesized. However, current models also

associate AD with T-cell activation, particularly Th2/Th22 polarization, with a Th1

component in chronic AD, and a possible contribution of Th17.7 Thus, high levels of the

Th2 cytokines (IL-4, IL-13) in AD skin lesions could influence immunoglobulin class

switching, promoting excessive IgE production.8,9 These cytokines have also been identified

as inhibitors of epidermal differentiation and production of antimicrobial peptides

(AMPs).10–12

Inconsistent differences between intrinsic and extrinsic AD have been reported on a limited

array of Th1- and Th2-related cytokines in PBMCs, lesional skin, and atopic patch test sites,

as well as the expression of FCεRI on antigen presenting cells.13–18 Furthermore, prior

comparisons did not measure the more recently discovered Th17 and Th22 T-cells.

Thus, the T-cell activation pathways and cytokine circuits in skin lesions of intrinsic versus

extrinsic AD patients have not been well defined and a global analysis of the molecular and

cellular skin pathology of intrinsic and extrinsic AD is unavailable. In this study, we
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compared the skin structure, cellular infiltrates, and molecular markers between intrinsic and

extrinsic AD. Our data identified common disease-defining features of intrinsic and extrinsic

AD, including marked T-cell and dendritic cell (DC) skin infiltration and activation, that are

associated with epidermal alterations (i.e hyperplasia, and barrier abnormalities). Overall,

we have found a higher immune activation in intrinsic as compared to extrinsic AD,

particularly of the Th17 and Th22 immune axes. Additionally, both intrinsic and extrinsic

AD lesions showed marked Th2 activation (high levels of IL-4/IL-13 expression),

suggesting that a Th2 bias is not the sole cause of high IgE levels in extrinsic disease.

METHODS

Patient Population

For this study, we grouped several cohorts of AD patients previously published by our

group7,19–23 as well as three new patients (n total=51). Chronic lesional (>72 hours duration

with lichenification) and non-lesional (≥ 10 cm from active lesions) AD skin biopsies and

serum samples were collected for these studies under Institutional Review Board-approved

protocols. Patients were stratified into extrinsic (42 total, 23 males, 19 females, age=15–81

years; mean age=36.3 years) and intrinsic (9 total, 8 males, 1 female, age=20–67 years;

mean age=40.3 years) AD categories. To define extrinsic and intrinsic status, we primarily

used IgE level, with values >200 kU/L defining extrinsic AD and <200 kU/L defining

intrinsic AD. A summary of the demographics and clinical characteristics is presented in

Table 1 and Table E1 (See Supplementary Table E1 in the Online Repository). Serum IgE

levels ranged between 26–93 kU/L, mean=52.1 kU/L in the intrinsic group and between

200-70364 kU/L; mean=3577 kU/L in the extrinsic group (Reference range=0–200 kU/L;

p=1.14×10−15). Eosinophil counts were significantly increased in the extrinsic group as

compared with the intrinsic group (Extrinsic range=0.30%–13.60%, mean=6%; Intrinsic

range=1.20%–6.70%, mean=2.9%; reference range=0% to 7%; p=0.006). Scoring of Atopic

Dermatitis (SCORAD) index used to evaluate disease severity was similar between the

intrinsic and extrinsic patients (Intrinsic range=42–76, mean=54; Extrinsic range=28–97.5,

mean=53; p=0.46). 2 patients with extrinsic AD were found to have filaggrin mutations (1

heterozygous for the R501X allele; 1 heterozygous for the 2282del4 allele), while 19

extrinsic patients did not. However, 21 extrinsic patients predated our FLG genotyping

studies and mutation information was unavailable.19,21,24 No filaggrin gene mutations were

found in the 9 intrinsic AD patients. No associations between IgE status and age (p=0.49, t-

test), sex, or family history were found (p=0.07, p=1 respectively, Fisher’s Exact test).

Skin biopsies were not taken from skin that was clinically judged as infected. No systemic

or topical treatments were allowed for ≥4 weeks prior to biopsies (see Table E1 in the

Online Repository). Tissue samples were frozen in OCT medium for immunohistochemistry

(IHC) and liquid nitrogen for RNA extraction. Histologic and real-time PCR (RT-PCR)

analyses were previously performed on available non-lesional and lesional skin

samples 7,19–23 with some additional analyses performed for the present study. Due to

limited tissue availability some analyses were only performed on a limited number of

patients (See Methods section in the Online Repository).
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Immunohistochemistry and RT-PCR

IHC was performed on cryostat tissue sections using purified mouse anti-human monoclonal

antibodies (see Table E2 and Methods in the Online Repository). Epidermal thickness was

quantified and positive cells per millimeter were counted manually using computer-assisted

image-analysis software (ImageJ 1.42; NIH, Bethesda, MD).7,19–23

Sample preparation for RT-PCR

RNA was extracted for RT-PCR, which was performed with EZ-PCR Core Reagents (Life

Technologies, Grand Island, NY), and custom primers were generated for analysis (See

primer list in Methods in the Online Repository).

Statistical analyses

The RT-PCR values normalized to hARP were transformed to the log2 scale (Values of 0

were substituted with 20% of the minimum value observed for that gene within each study).

Since data were gathered from multiple studies, the existence of a batch, or study effect must

be addressed and data adjusted. As some studies did not enroll intrinsic patients, all

available extrinsic patients (defined by high IgE status) have been used to estimate the

batch/study effect; and these estimators have then been employed to adjust the batch effect

on all patients. Subsequently, only data from patients with chronic AD and known IgE status

were retained for further analyses.7,19–23

As in previous publications7,19–23, both expression values (in log2) and cell counts were

modeled by a linear mixed-effects model, with Tissue (Lesional/Non-Lesional) and IgE

Category as the fixed effect and a random intercept for each patient. The comparisons of

interest were tested using contrasts. Some markers were excluded from the analyses due to

sample size limitations (minimum sample size criteria for inclusion in analysis was: n=4 per

group for statistical comparisons between groups, and n=6 for the correlation analyses). All

analyses were carried out using statistical language R (www.R-project.org). Word clouds

were created using the homonym package R with word sizes scaled by log2-fold change in

the different comparisons.

RESULTS

We studied a group of 51 patients, of which 42 were classified as extrinsic and 9 as intrinsic

AD. The disease severity (mean SCORAD) was very similar among these groups (53 and 54

for extrinsic and intrinsic AD, respectively; p=0.46) (see patient characteristics in Tables 1

and E1). In the extrinsic group, a significant correlation was found between increased IgE

levels and higher disease activity as detected by the SCORAD (r=0.76, p=3.7×10−7); such a

correlation was not found in the intrinsic group (Figure 1).

The cellular, molecular and gene-expression differences between the intrinsic and extrinsic

AD transcriptomes were analyzed, defining the gene expression differences in lesional and

non-lesional disease phenotypes of extrinsic and intrinsic patients as the respective AD

transcriptomes as previously described (Figures 2–5).7,22,23
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Marked Epidermal Hyperplasia and Increased cellular infiltrates in lesional skin
characterize both atopic dermatitis (AD) subtypes

Both intrinsic and extrinsic AD lesions are characterized by marked increases in T-cells

(CD3+, CD8+; p<0.005 for both) and myeloid DCs (CD11c+; p=0.003 for intrinsic and 0.02

for extrinsic disease) compared with non-lesional skin (Figures 2 and 3). Epidermal

hyperplasia was detected to a similar extent in both variants based on measures of epidermal

thickness (Figure 3A; p=0.86), MKi67 staining (Figure 3B; p=0.16), and mRNA expression

of K16 (Figure 4A; p=0.65). mRNA expression of terminal differentiation products were

similar between both variants (Supplementary Figure E2 in the Online Repository).

Additionally, both AD variants also show similar increases in DC subsets, though some

differences were detected in the magnitude of T-cells and DC infiltrates (Figures 2–3).

Higher infiltrates of T-cells (CD3+, CD8+), myeloid DCs (CD11c+), Langerhans cells (LCs;

CD1a+), and mature DCs (CD83+) were detected in intrinsic AD (p<0.05 for all). Less

significant differences were observed for inflammatory dendritic epidermal cells/IDECs

(FcεRI+, CD206+), resident DCs (CD1c+), atopic DCs (OX40L+, TRAIL). Neutrophils

(Neutrophil Elastase+) were more abundant in intrinsic AD (Figure 3M; Supplementary

Figure E1B in the Online Repository; p=0.009). Counts of eosinophils as detected by major

basic protein (MBP+; Figure 3N and Supplementary Figure E1C in the Online Repository)

and plasmacytoid DCs marked by blood dendritic cell antigen 2 (BDCA2+; Figure 3O) were

greatly increased in lesional extrinsic AD (p=0.08 and 0.008, respectively) compared with

intrinsic AD. Overall, larger cellular infiltrates were detected in intrinsic AD (Figures 2–3, E

Figure 1).

More robust immune activation in intrinsic atopic dermatitis

Intrinsic and extrinsic AD were both associated with significant increases between lesional

and non-lesional AD in gene expression levels of Th2-(IL-10, IL-13), Th22-(IL-22), and

Th1-(IFN) defining cytokines. The IL-17/Th17-(IL-17, IL23p40, and CCL20; p=0.002,

0.05, and 0.004 respectively) and Th9-(IL-9) related products were significantly increased

only in lesional intrinsic AD skin. Moreover, when comparing lesional skin in intrinsic and

extrinsic AD, significant increases were detected in expression levels of genes related to

inflammation (MMP12; p=0.006), as well as Th2-(CCL18, CCL22, TSLPR, OX40L), Th22-

(IL-22), IFN/Th1-(MX-1), Th17-(IL-17, CCL20), and Treg-(FOXP3, p=0.06) related

molecules. IL-19 (p=0.12) was the only cytokine that was increased in extrinsic versus

intrinsic lesional AD skin (Figures 4).

Overall, lesional skin in intrinsic AD shows similar or higher Th2 and Th1 activity but

significantly more robust Th22 and Th17 immune responses compared with extrinsic AD.

Intrinsic AD showed a strong Th17 molecular fingerprint in lesional skin (Figures 2–4,

Supplementary Figure E3A–B in the Online Repository). Non-lesional skin appeared,

overall, to be very similar between the two groups, and only a small number of genes

(OX40L, FOXP3, IL-33; p=0.09, 0.08, and 0.08 respectively) showed any appreciable

differences between intrinsic and extrinsic AD (Figures 4L, 4DD, Supplementary Figure

E3CD in the Online Repository).
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Epidermal and T-cell pathway activation defines the atopic dermatitis transcriptome
regardless of IgE status

To best visualize similarities and differences between extrinsic and intrinsic AD, we have

created word clouds with the respective protein (by immunohistochemistry) and mRNA

gene expression (by RT-PCR) AD phenotypes and scatter plots of the differences between

these phenotypes (see Methods and Online Repository for details). The word clouds are

scaled proportionately, with numbers added (in black) to illustrate relative fold change

(FCH) differences. Significance is conveyed by color (Figure 5A–F). The diameter of the

circles in the scatter plots is proportionate to the relative FCHs, and greater significance of

the phenotype differences are emphasized by darker colors.

Overall, as illustrated in Figure 5A–F, the intrinsic AD phenotype is characterized by both

higher leukocyte cell counts and gene expression for a subset of inflammatory genes.

However, only selected cellular infiltrates and genes showed significant differences in the

intrinsic versus extrinsic AD phenotypes (Figure 5C, F). Of particular interest are significant

increases in expression of IL-17A (p=0.002), found only in the intrinsic AD transcriptome

(Figure 5F).

Both intrinsic and extrinsic AD phenotypes showed significant activation of mRNA gene

expression of the S100 epidermal responses and the Th1, Th2, and Th22 inflammatory

pathways by RT-PCR. Contrary to our expectation, not only there was no Th2 bias in the

extrinsic group, but we actually found higher immune activation of all immune axes,

including Th2, in the intrinsic group (Figure 5D–F).

Associations with disease activity in intrinsic and extrinsic atopic dermatitis

To correlate disease activity (determined by the SCORAD) with variables measured by IHC

and RT-PCR in lesional skin, we used the Pearson correlational coefficient. In the intrinsic

AD group, mRNA and protein expression of several inflammatory mediators in lesional

tissues was correlated with the SCORAD (Figure 6A, Supplementary Tables E3–4 in the

Online Repository). These included inflammatory mediators, such as interferon-α (r=0.81,

p=0.03, n=7), S100A12 (S100 Calcium-Binding Protein A12/Enrage; r=0.75, p=0.05, n=7),

Matrix metalloproteinase 12 (MMP12; r=0.66, p=0.07, n=8), Tumor Necrosis Factor Ligand

Superfamily 10 (TRAIL; r=0.75, p=0.05, n=7), and the Th17-associated chemokine CCL20

(r=0.68, p=0.09, n=7) (Figure 6A, Supplementary Tables E3–4 in the Online Repository).

In the extrinsic group, high correlation coefficients between SCORAD and lesional skin

expression were noted for inflammatory mediators (i.e. S100A12), Th2-related cytokines

such as IL-4 (r=0.67, p=0.07, n=8), and the Th2-promoting cytokines IL-21 (r=0.67, p=0.07,

n=8)25 and IL-19 (r=0.62, p=0.09, n=8).26,27 Furthermore, a strong negative correlation was

detected only in the extrinsic group between the SCORAD and mRNA expression of

terminal differentiation genes such as LOR (r=−0.59, p=0.02, n=16) and PPL (r=−0.43,

p=0.09, n=16) (Figure 6B, Tables E3–4 in Online Repository).
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Discussion

Although intrinsic AD represents a minority of AD patients, it is important to clarify

whether it represents a single disease spectrum along with extrinsic AD or whether different

immune mechanisms underlie the two variants.

Numerous studies have tried to define differences and similarities in pathogenic mechanisms

of extrinsic and intrinsic AD.2,4,14,16,28–30 Such studies have suggested common disease

features of epidermal hyperplasia and increased infiltration of T-cells and DC subsets, but

indicated a Th2 bias and increased eosinophils in extrinsic AD.2,14,16,31 While previous

studies of T-cell polarization in skin lesions of extrinsic and intrinsic AD have focused on

Th1 and Th2 subsets/cytokines, activation of novel T-cell subsets, Th22 and Th17 T-cells

might also be important for disease pathogenesis. While AD becomes increasingly

recognized as associated with Th22, the role of Th17 T-cell in AD is still controversial.32–34

A few studies showed an increased Th17 axis in AD35,36, but overall the Th17 pathway is

much less activated in AD compared to psoriasis.20 IL-17 and IL-22 cytokines derived from

the newly recognized T-cell subsets have major effects on epidermal keratinocytes (i.e.

regulating the transcription of S100A7, A8, and A9 mRNAs in human keratinocytes).37,38

The onset of acute AD shows significantly higher synthesis of these cytokines, coupled with

marked epidermal activation and increased detection of the S100s gene expression, in

comparison with uninvolved AD skin.7 Additionally, the Th2 (IL-4, IL-13, IL-31) and Th22

(IL-22) cytokines were shown to suppress epidermal differentiation.10,37,39 Thus, polar

cytokines might interact to produce the pathologic epidermal phenotype in AD.7,37,38,40

However, the relative balance of T-cell activation and cytokine circuits of the novel T-cell

subsets (Th17, Th22) in skin lesions of extrinsic and intrinsic AD have not been

characterized.16,41,42

The present study provides novel insights into T-cell subsets that are activated in extrinsic

versus intrinsic AD. IL-22 mRNA expression is significantly elevated in lesional versus

non-lesional skin of both AD variants, although expression level is significantly higher in

lesional intrinsic compared to extrinsic skin. Production of IL-17 cytokine and its related

products IL-12/IL-34p40, Elafin and CCL20 are also highly up-regulated in intrinsic AD

compared to extrinsic lesional skin. S100A7, A8, A9, and A12 mRNAs are highly up-

regulated in lesional skin versus non-lesional skin of both intrinsic and extrinsic AD.

S100A9 and S100A12 mRNA levels are higher in intrinsic versus extrinsic lesions, which

might be explained by the higher expression of both IL-17 and IL-22 in intrinsic lesional

skin and their potential synergistic effects on production of these S100s. Production of

cathelicidin/LL-37 has also been reported to be lower in extrinsic compared to intrinsic skin

lesions.13,43 Since LL-37 is strongly induced by IL-17 in human keratinocytes, the

previously noted difference in LL-37 expression in intrinsic AD might be explained by

higher levels of IL-17. Additional evidence for higher IL-17 activation in intrinsic lesions is

suggested by the mRNA expression of the IL-17-regulated CCL20 and Elafin, as well as

greater numbers of neutrophils in intrinsic AD, likely reflecting an increased Th17/IL-17

axis in intrinsic disease. Epidermal hyperplasia, which was comparably elevated in intrinsic

and extrinsic skin lesions (Figures 3A, 4A), could be directly stimulated by IL-22 over-

production in skin lesions; additionally, however, it could also be influenced by other
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cytokines such as IL-19, IL-20, and IL-24.44,45 From the study of IL-17 blockade in

psoriasis46, it also appears that this cytokine can regulate keratinocyte hyperplasia, but most

likely through secondary effects on induction of other cytokines, e.g, IL-19, IL-36, and

IL-23, that have direct effects on keratinocyte growth.47,48

The cytokine environment within skin lesions might also influence immunoglobulin class

switching. Several studies support the idea that high levels of IgE, produced by activated B-

cells in extrinsic AD, are regulated by increased production of IL-13 or IL-4 cytokines by

skin-homing T-cells.2,14,29,30 Conversely, higher production of interferon-γ in T-cells from

intrinsic AD could suppress IgE production while stimulating IgG4 levels.2,14,16,29,30

Hence, from past work, one could hypothesize that differential activation of Th2 T-cells in

skin lesions of intrinsic versus extrinsic disease might be the cellular basis for increased IgE

production in extrinsic patients. Instead of the expected Th2 bias in extrinsic compared with

intrinsic AD skin lesions, our study showed that the mRNA levels for the Th2 cytokines

IL-4, IL-5, IL-13, and IL-31 were similarly elevated in skin lesions from both AD forms.

Thus, the regulation of IgE levels is more complex than Th2 activation in the skin.

Consistent with the concept of interferon-γ as a suppressive cytokine for Th2 activation48

and IgE production14,29, we measured higher mRNA levels for this cytokine and its induced

molecules (CXCL9, CXCL10, and MX-1) in lesional intrinsic versus extrinsic AD skin. We

also showed increased levels of the regulatory T-cell marker FOXP3 in lesional intrinsic

skin, which has recently been shown to suppress allergic inflammation through induction of

IgG4 and inhibition of IgE49, reflecting an alternative mechanism for the attenuated IgE

production in intrinsic AD. Another potential consideration is that IL-17A cytokine blocks

the Th2 cytokine effects through negative regulation of the TSLP immune pathway50,

ultimately suppressing IgE production in intrinsic AD. Additionally, regulation of IgE

production might also take place outside the skin, e.g. cytokine levels in the blood affecting

circulating B-cells, which are more activated in AD compared to normal controls, or that

levels of cytokines in lymph nodes affect B-cell class switching and IgE production.8,51–53

Since we observed a correlation between the SCORAD and IgE levels in extrinsic AD, we

should also consider mechanisms by which IgE might increase cellular immune activation in

the skin. Although we did not detect increased protein expression of the high affinity IgE

receptor (FcεRI) in lesional extrinsic AD skin, its increased expression, previously noted on

IDECs by flow cytometry,3,54,55 might provide a molecular target for IgE binding that

potentially influences more complex immunological circuits in the skin. Although a few

reports showed inconclusive effects of anti IgE targeting,56–58 the benefit from such an

intervention still needs to be determined, particularly for extrinsic AD.

The hypothesized model of barrier inhibition via activation of Th2 cytokines10,11,59,60 could

be operative in both extrinsic and intrinsic AD. However, our results noted strong

correlations between disease activity/SCORAD and Th2 cytokines (IL-4, and IL-5),

paralleled by negative correlations with barrier products (i.e LOR, PPL, and FLG) only in

extrinsic AD (Figure 6B). In contrast, intrinsic AD demonstrated strong correlations

between the SCORAD and Th1/IFN related genes (i.e. IL-1β, and IFNα) and the IL-17-

related CCL20 chemokine (Figure 6A). Thus, in intrinsic AD, there may be competing

effects of Th1, Th17 and Th2 cytokines on epidermal differentiation, so that cytokine-effect

models may differ in this disease variant. Emerging studies of IL-4R (REGN668/
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clinical.trials.gov) and TSLPR blockade (MK8226-003/clinicaltrials.gov), which are being

conducted in patients with both AD forms, may help clarify the physiological effects of Th2

cytokines on skin disease and associated barrier pathology.

We acknowledge a few inherent limitations of this study, including a retrospective design,

several patient cohorts stratified for the extrinsic versus intrinsic analysis, and an unbalanced

sample size. Nevertheless, our study defines molecular characteristics of both disease

variants with significant differences between intrinsic and extrinsic AD. Our data, supported

by the similarly effective therapeutic responses of extrinsic and intrinsic AD patients to

Cyclosporine A, a broad T-cell suppressant61, suggest that both AD forms are primarily T-

cell driven. Beyond the Th2 antagonism that could be used regardless of disease variant, the

high expression of IL-17, IL-22, and IL-23/IL-12p40 suggest that use of other selective

antagonists against these cytokines might have potential therapeutic benefits in AD, as

directed by similarities and differences between its extrinsic and intrinsic forms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

AD Atopic Dermatitis

Th1 Type 1 Helper T Cell

Th2 Type 2 Helper T Cell

Th17 Type 17 Helper T Cell

Th22 Type 22 Helper T cell

Treg Regulatory T-cell

SCORAD Scoring of Atopic

IL-x Interleukin (x identifies the type)

CCL-x CC Chemokine Ligand-x (x identifies the type)

CXCL-x CXC Chemokine-x (x identifies the type)

IL4RA Interleukin 4 Receptor α

IL23p40 Interleukin 23 Subunit p40

IgE Immunoglobulin E

IgG Immunoglobulin G

TNF Tumor Necrosis Factor
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AMPs antimicrobial peptides

FceRI Fc Epsilon Receptor 1

DCs Dendritic Cells

LC Langerhans cells

IDEC Inflammatory dendritic epidermal cells

PBMC Peripheral blood mononuclear cell

MBP Major Basic Protein

BDCA2 Blood dendritic cell antigen 2

FOXP3 Forkhead box P3

FCH Fold change

hARP Human acidic ribosomal protein

IHC Immunohistochemistry

RT-PCR, Real time PCR

IFN Interferon

LOR Loricrin

PPL Periplakin

FLG Filaggrin

TSLP Thymic Stromal Lymphopoietin

TSLPR Thymic Stromal Lymphopoietin Receptor

IL-12/23p40 Common p40 subunit of Interleukins-12 and -23

IL-4R IL-4 Receptor

K16 Keratin 16

S100A-(7,8, 9, 12) S100-Calcium binding protein A(7, 8, 9, 12)

MMP12 Matrix metalloproteinase 12

TRAIL Tumor Necrosis Factor Ligand Superfamily 10
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Figure 1.
Scatter plot of the correlation between IgE and Scoring of atopic dermatitis (SCORAD) in

extrinsic (red) and intrinsic (blue) atopic dermatitis (AD) categories; lines represent linear

regression within each group. Only extrinsic AD exhibits a significant Pearson correlation

between SCORAD and IgE (R=0.76, p=3.7×10−7), which is lacking in intrinsic AD

(R=0.11, p=0.77).
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Figure 2.
Representative H&Es and immunohistochemistry of lesional and non-lesional skin of

extrinsic and intrinsic atopic dermatitis (AD) patients. A; H&E demonstrates similar

hyperplasia in extrinsic and intrinsic lesions. B–F; Large T-cell (CD3+), myeloid dendritic

cell (DC) (CD11c+), mature DC (CD83+), inflammatory DC (FCεRI+), and atopic DC

(OX40L+) infiltrates are evident in lesional skin of both groups. (10x). ANL, non-lesional;

AL, lesional.
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Figure 3.
Bar-plots of cell-counts (immunohistochemistry) in lesional and non-lesional intrinsic and

extrinsic atopic dermatitis (AD). A–B, Similar epidermal hyperplasia (Thickness, Ki67+).

C–L, Both variants showed significant increases (greatest in intrinsic patients) in T-cells

(CD3+, CD8+), various dendritic cells (DCs), and Langerhans cells (CD11c+, CD1a+,

CD83+, CD1c+, FcεRI+, TRAIL+, OX40L+) in lesional versus non-lesional skin. M–O,

Neutrophils (NE) were increased in intrinsic lesions; extrinsic lesions exhibited increased

eosinophils (MBP+) and plasmacytoid DCs (BDCA2+). Degree of significance between any

comparisons indicated if p<0.1. Asterisks in parenthesis (top-right corners) represent

significance of the interaction term (Anova model); if present, the AD phenotypes greatly

differ between the variants. Mean±SEM. *p<0.10, **p<0.05, ***p<0.01, ****p<0.001.

ANL, non-lesional; AL, lesional.
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Figure 4.
Bar-plots of mRNA expression in lesional and non-lesional skin from intrinsic and extrinsic

patients. A-DD, Similar hyperplasia and activation of all inflammatory axes characterize

lesional versus non-lesional skin in both variants. Intrinsic lesions exhibited more significant

increases in markers of inflammation, Th1, Th22, Th17, and Tregs. Degree of significance

between any comparisons indicated if p<0.1. Asterisks in parenthesis (top-right corners)

represent significance of the interaction term (Anova model); if present, the AD phenotypes

greatly differ between the variants. Mean±SEM. *p<0.10, **p<0.05, ***p<0.01,

****p<0.001. ANL, non-lesional; AL, lesional.
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Figure 5.
Word-clouds representing the atopic dermatitis (AD) phenotypes, as determined by lesional

and non-lesional differences (by IHC, RT-PCR) for (A, D) intrinsic and (B, E) extrinsic AD.

Word sizes are proportional to fold-change (FCH) differences, which are scaled relative to

the numbers in black. Significance, up/down-regulation indicated by color (see key).

Scatter-plots compare extrinsic with intrinsic phenotypes, in C) IHC and F) RT-PCR. Circle

diameter represents relative differences; darker colors represent increased significance.
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Figure 6.
Word-clouds representing correlations between cellular and molecular markers (IHC, RT-

PCR) and disease severity (SCORAD) in lesional A) intrinsic and B) extrinsic atopic

dermatitis. Words in the clouds are proportional to the correlation coefficient between

markers and SCORAD and are color-coded for significance and up/down-regulation (see

key). A perfect correlation is indicated by 1 (black).
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Table 1
Patient Characteristics and Demographics

Summary of clinical characteristics and demographics of atopic dermatitis (AD) patients, categorized as

intrinsic AD by IgE levels <200kU/L and extrinsic AD with IgE levels 200kU/L. IgE levels and eosinophil

counts differed significantly between the groups (p=1.4×10−15 and 0.006, respectively), while mean Scoring

of atopic dermatitis (SCORAD) was very similar among the groups (p=0.46).

Intrinsic Extrinsic p-value

IgE (kU/L)* 52.1 ± 22.7 3,576.2 ± 11,429 1.4×10−15

SCORAD* 54 ± 10.6 53 ± 17.3 0.46

Eosinophils (%)* 2.9 ± 0.02 6 ± 0.03 0.006

Total Number of Patients (n) 9 42 -

Gender (Males/Females) (n) 8 / 1 23 / 19 0.07

Family or Personal History of Atopy (Positive/Negative/Unreported) (n) 3 / 6 / 0 8 / 14 / 20 1

*
Mean±SD.
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