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AD: Atopic dermatitis

ADQ: Atopic dermatitis quickscore
DEG: Differentially expressed gene
EASI: Eczema area and severity index
FCH: Fold-change

FDR: False discovery rate

FLG: Filaggrin

GSVA: Gene set variation analysis

IL: Interleukin

LCE: Late cornified envelope

LOR: Loricrin

gRT-PCR: Quantitative reverse transcription polymerase chain reaction

SCORAD: SCORIng of Atopic Dermatitis
TEWL: Transepidermal water loss
Th: T helper

yl/o: Years old
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Abstract:

Background: Although atopic dermatitis (AD) often presents in infancy and persists into
adulthood, comparative characterization of AD skin among different pediatric age-
groups is lacking.

Objective: To define skin biopsy profiles of lesional and non-lesional AD across
different age-groups (0-5 y/o infants with disease duration <6 months, 6-11 y/o children,
12-17 y/o adolescents, 218 y/o adults) versus age-appropriate controls.

Methods: We performed gene expression analyses by RNA-sequencing and real-time
polymerase chain reaction (RT-PCR) and protein expression analysis using
immunohistochemistry.

Results: Th2/Th22-skewing, including IL-13, CCL17/TARC, IL-22 and S100As
characterized the common AD signature, with a global pathway-level enrichment across
all ages. Nevertheless, specific cytokines varied widely. For example, IL-33, IL-1RL1/IL-
33R and IL-9, often associated with early atopic sensitization, showed greatest up-
regulations in infants. Th1l7 inflammation presented a two-peak curve, with highest
increases in infants (including IL-17A and IL-17F), followed by adults. Thl polarization
was uniquely detected in adults, even when compared to adolescents, with significant
up-regulation in adults of IFNy and CXCL9/CXCL10/CXCL11. While all AD age-groups
had barrier abnormalities, only adults had significant decreases in filaggrin expression
(FLG). Despite the short duration of the disease, infant AD presented robust down-
regulations of multiple barrier-related genes in both lesional and non-lesional skin.
Clinical severity scores significantly correlated with Th2/Th22-related markers in all

pediatric age-groups.
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Conclusion: The shared signature of AD across ages is Th2/Th22-skewed, yet
differential expression of specific Th2/Th22-related genes, other Th-pathways, and

barrier-related genes portray heterogenetic, age-specific molecular fingerprints.

Clinical Implication:
As targeted treatments are developing for pediatric atopic dermatitis, molecular skin
profiling reveals specific immune and barrier signatures in different age-groups, which

may inform age-specific therapeutic choices.

Capsule Summary:
Skin profiling portrays the molecular abnormalities of different pediatric atopic dermatitis
age-groups throughout maturation, with a shared Th2/Th22-skewing, relative increase

of the Th17 pathway in infants and adults, and a Thl-polarization only in adult patients.

Key Words: Atopic dermatitis, maturation, pediatric, transcriptomics, Th2, Th22,

epidermal barrier, maturation, normal skin.
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Introduction

Atopic Dermatitis (AD) is the most common inflammatory skin disease and its
prevalence continues to increase worldwide.>? Although AD often presents in infancy
and persists into adulthood,! the evolution of the AD skin phenotype from infancy to
adulthood has not yet been characterized. Since AD may be the window to the atopic
march, understanding immune and barrier changes of AD across pediatric populations
may provide insights into the initiation of other atopic comorbidities, such as food
allergy, allergic rhinitis, and asthma.

Recently, we compared biopsied skin from infants and young children (less than
5 years of age) with AD within six months of disease initiation to skin from adults (=18
years of age) with chronic AD.>* The early disease profile has substantial differences
compared with adult chronic AD. While both share robust Th2/Th22-skewing, infants
have greater Thl7 inflammation, lack Thl polarization, and have different barrier
abnormalities.®*

While data from blood of AD patients in different age-groups were recently
published,” skin of school-aged children and adolescents [ages 5-18 year-old (y/0)] with
AD has not been investigated comprehensively. In blood, the immune fingerprint of AD
was found to be age-specific, with the adult AD phenotype achieved only in adults.® As
cutaneous analyses capture skin dysregulations more accurately and also allow
assessment of barrier abnormalities, investigation of AD skin through development is
imperative.

8

Current therapeutics for extensive AD are sparse®® and therapeutic options

available for pediatric AD patients are even more limited.>*° Narrow targeting agents for
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1113 including for pediatric patients.'**® As new therapies that target

AD are emerging,
different type 2 immune pathway components or other pathways are developed,
characterization of immune and barrier abnormalities in different pediatric AD age-
groups may become more important in the decision-making about optimal choice of
therapeutic agent. A better understanding of age-specific disease markers will also
potentially contribute to identifying novel age-specific treatment strategies.

To discover age-specific biomarkers, AD skin of different age-groups (0-5y/o, 6-11y/o,
12-17y/lo and =18y/o) was compared with age-appropriate controls. Molecular
dysregulations were assessed by RNA-sequencing, real-time polymerase chain reaction
(RT-PCR), and immunohistochemistry (IHC). Biomarker analyses showed different
expression patterns of specific Th2-related cytokines and chemokines across the age
spectrum, although Th2/Th22-skewing was shared among all pediatric groups and
adults. Thl-related products progressively increased with age, including being
significantly higher in adults versus adolescents. For Thl7, despite global up-
regulations at all ages, a two-curve peak of Thl7-related polarization was captured,
highest in infancy and less enriched in adulthood. These data portray the evolution of

AD skin through maturation and improve our understanding of shared and age-specific

disease mechanisms.



171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

Methods

Clinical characteristics

Forty-four patients with moderate-to-severe AD in different age-groups (17
infants with disease duration of less than six months, 0-5y/o, mean age 1.2yrs; 10
children, 6-11y/o, mean age 7.8yrs; 14 adolescents, 12-17y/o, mean age 14.8yrs; 13
adults =18y/o, mean age 45.4yrs) were enrolled after parents and patients 12 years and
up signed Institutional Review Board-approved informed consents and assents (Table 1
and Table E1). The cohort across age-groups was composed primarily of European
American patients. Sensitivity analyses on European American-only patients yielded
similar results to analysis including subjects of all races (Table E7, Fig E15-E16).
Lesional and non-lesional skin biopsies were obtained, and exclusion criteria included
recent use of systemic immunosuppressive treatment and phototherapy (<4 weeks),
topical steroids or immunomodulators (<1 week), or moisturizers (<12 hours) prior to
this study.

Clinical severity was recorded using SCORing of AD (SCORAD), Eczema Area
and Severity Index (EASI), and Atopic Dermatitis Quickscore (ADQ) in pediatric patients
(=18y/0), and SCORAD in adults (=18y/0). IgE levels (IU/ml) were available for some
AD patients. In pediatric participants, measures of epidermal barrier function were
captured using transepidermal water loss (TEWL) of lesional and non-lesional arm skin

(AquaFlux Model AF200; Biox, London, England).*’

RNA-sequencing
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RNA was extracted from skin biopsy samples using Qiagen miRNeasy Mini Kkit,
as previously described.’ Libraries were generated using TruSeq Stranded mRNA
Library Prep kit (Illumina). mRNA was first extracted from 240ng of total RNA using
oligo-dT magnetic beads and fragmented at high temperature. A cDNA library was then
prepared by reverse transcription. Next generation sequencing was performed on
lllumina Hiseq 4000 (Illlumina INc.) with single-ended read 100 cycles. Our sequencing
depth ranged between 35-45M reads and the reference genome used was hgl9
(GRCh37). Image analysis and bases calling was conducted in real-time by the lllumina

analysis pipeline.

Quantitative Real-Time Polymerase Chain Reaction

For RT-PCR, reverse transcription to complementary DNA (cDNA) was carried
out using the High Capacity cDNA reverse transcription (Thermo fisher). Pre-
amplification was performed on all samples. TagMan Low Density Array (TLDA) cards
(Thermo fisher) were used for quantitative RT-PCR (qRT-PCR). Primers are listed in
Table E2. 100ng total RNA was used for PreAMP pool and TLDA. Eukaryotic 18S
recombinant RNA (rRNA) was used as an endogenous control. Expression values were

normalized to RplpO0.

Immunohistochemistry

Immunohistochemistry was performed on frozen skin sections as previously

19,20
d

describe using antibodies as listed in Table E3 (also see online supplementary

10
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materials). Epidermal thickness and cell counts were quantified using ImageJ V1.42

software (National Institutes of Health, Bethesda, Maryland).

Statistical Analyses

Statistical analyses were performed using statistical language R (www.R-
project.org). gqRT-PCR data was profiled using TLDA. Summaries of mean expression
of all markers are summarized in a heatmap, where unsupervised clustering was
performed using Euclidean distance and average agglomeration criteria. Threshold
cycles [Ct] were normalized to RplpO by negatively transforming the Ct values to —dCt.
The undetected expression values were estimated for each gene as 20% of the
minimum unlogged expression across all samples. Log,-scale gRT-PCR expression
data were modeled by a linear mixed effect model with biopsy type as a fixed effect and
a random intercept for each patient. Means of each group were estimated using
Ismeans and comparisons of interest were tested using contrast. For correlation studies,
unsupervised hierarchical clustering of variables or samples/patients was performed
using the correlation coefficient as a distance metric with the average agglomeration
algorithm.

RNA-sequencing data was pre-processed using standard pipeline incorporating
quality control metrics, such as FastQC and MultiQC, sequence alignment based on
STAR RNA-sequencing aligner and sequencing reads assignment to genomic features
by featureCounts and voom-transformed. Mixed effect model on R’s limma framework
was used and p-values were adjusted by Benjamini-Hochberg procedure. Differentially

expressed genes were defined by fold-change (FCH)>2.0 and false discovery rate

11
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Results

Normal skin changes from infancy through adulthood

To better understand AD-related changes in different age-groups, we evaluated
changes in healthy skin throughout maturation, using RNA-seq data presented as
heatmaps of previously reported immune and barrier gene-set (Fig E1-E2 and Table
E4). Comparisons between age-groups were considered differentially expressed genes
(DEGS) using a threshold of fold-change (FCH)>2 and false discovery rate (FDR)<0.05.
Overall, while most immune- and barrier-related markers were comparable between
age-groups, a mixed expression pattern was detected, with the largest number of DEGs
found in the adult versus infant comparison. A green box highlights genes that show a
trend of increase with age, as visualized by a blue to red transition from infancy to
adulthood (Fig E1). Among these, the negative regulatory marker IL-37 showed
significant down-regulation in infants compared to adults (FDR<0.05). Pink boxes
indicate clusters of genes that are most up-regulated in infants. These include
regulatory/T-regulatory/Treg markers such as CTLA4, IL-10 and TGF33, as well as
Th17/Th22-related genes, such as CXCL2 and S100P/A7/A9 (FDR<0.05). Using a
Gene Set Variation Analysis (GSVA) curated from previously published datasets,?*?*
we found that while most immune axes were comparable between age-groups
(Th1/Th2/Th22, p>0.05), Thl7 pathway was significantly up-regulated in infants
(p<0.05) (Fig E3A).

Barrier-related genes were slightly intensified in the older age-groups, including
terminal differentiation-related (late cornified envelope/LCE1F/2B/2C/2D, FLG, SCEL),

tight junction-related (CLDN8/11/23) and lipid-related genes (ELOVL5, FADS1/2,

13
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FABP7, SGPP1). Only few lipid-related markers were significantly increased in infants
versus adults (FA2H, LPL, CIDEC, and PPARG) (FDR<0.05) (Fig E2).

Spearman correlation between mMRNA expressions (by RT-PCR) with age
similarly showed that multiple Th17/Th22-related markers were inversely correlated with
age (IL-20, IL-22, S100A7/9/12/8, CCL20, PI3) (r=-0.4, p<0.05), while positive
correlation with age were found for Dbarrier-related markers (loricrin/LOR,
CLDN1/CLDN23) and negative regulatory markers (IL-37, 1L-34) (r>0.4, p<0.05) (Table
E5).

IHC evaluating for epidermal hyperplasia and immune cell infiltrates revealed that
healthy infants had significantly thinner epidermis, with greater counts of TRAIL"
dendritic cells/DCs, eosinophils (major basic protein/MBP* cells), and neutrophils

(neutrophil elastase/NE" cells). On the other hand, older age-groups showed greater

counts of FceR1" DCs (Fig E3B-F).

Shared and uniquely differentially expressed genes unfold the common versus age-

specific features

Global molecular profiling of the age-specific AD transcriptomes by RNA-seq
identified 9,829 DEGs (3,859 up-regulated, 5,970 down-regulated) in lesional AD skin
versus skin of similar-age healthy controls across all age-groups (using the same
threshold of FCH>2 and FDR<0.05) (Fig £4A). Of these, 362 DEGs (3.7%) were shared
among lesional AD skin in all age-groups (154 up-regulated, 208 down-regulated).

Lesional infant and adult AD had a larger number of uniquely expressed genes as

14
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compared to children and adolescents: 3,060 uniquely expressed DEGs were detected
in infants, 236 in children, 643 in adolescents, and 2,766 in adults.

A principal component analysis (PCA) of all lesional and normal samples across
ages using RNA-seq data shows that while the normal skin samples overlap, lesional
AD samples present wider variations with separation seen between adults and pediatric
age-groups (Fig 34B). No clear trends were observed in non-lesional PCA (Fig E4C-D).

The global immune phenotype of AD across age-groups in lesional skin
presented key Th2- (IL-13, CCL17/TARC, CCL18/PARC, IL-4R) and Th22- (IL-22,
S100A7/8/9/12) related markers (Fig 12) (FDR<0.05).*2® Additional Th2-related
products including TSLPR/CRLF2, CCL26, CCL7, and CCL27/CTACK were shared
considering FDR<0.1 and FCH>2 criteria (Table E4). Other shared up-regulated DEGs
across ages in lesional AD included general inflammation (MMP12/25)?" and T-cell
activation/migration/NK-cell (TNFRSF9, CCR7, GZMB, CSF2) markers, while commonly
down-regulated DEGs included the negative regulators 1L-34 and IL-37 (Fig 1 and Table
E4) (FDR<0.05).

Nevertheless, specific age-groups also showed distinct phenotypes. In infant AD
uniquely/higher up-regulated genes included those related to innate immunity (IL-1B, IL-
8), and aryl hydrocarbon receptor/AHR (FDR<0.05).?® Infant-specific DEGs also
included Th2-related cytokines, including the itch cytokine IL-31,% cytokines implicated

in atopy initiation (IL-5 and IL-33),3%3!

and multiple Th17-related markers, including the
key Th17 cytokines IL-17A and IL-17F (Fig 1) (FDR<O0.05). These are in line with the
dominant Thl7-polarization characterizing AD in infants, and further define robust

Thl7-related up-regulations as particularly characteristic of infant AD. Of note, many of

15
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these are significantly higher in infants versus children (e.g, IL-17A, CXCL1, CCL20, IL-
19) (FDR<0.05).

Except for IL-16 and CXCL12, both related with T-cell activation and recruitment
(FDR<0.05),%3® significant up-regulations of key immune DEGs were not found
uniquely in child or adolescent AD. These age-groups mostly exhibited comparable
expression of many Th2 and Th22-related DEGs (e.g, IL-13, CCL17/TARC and IL-22),
lower levels of Thl7-related markers, as detailed above, or slight higher levels of T-cell
migration (CCL19, CCR7), DCs (ITGAX/CD11lc), and Thl-related markers (CCL3,
CCL4, CXCL16) compared to infants, but not to the levels found in adults.

Conversely, lesional adult AD presented numerous unique DEGs with
intensification of the inflammatory tone across various immune axes. Specifically,
multiple Thl-related markers were uniquely expressed or showed significantly higher
expression levels in adults, including CXCL9/10, MX1, interferon regulatory factor-1
(IRF1), IL-12B/p40, and CCR1 (FDR<0.05; Fig 1).

Heatmaps with clustering analysis of non-normalized gene-expression results of
lesional and non-lesional AD skin across age-groups are presented in Fig E5-E8 and
detailed in the supplementary materials.

Using a GSVA on previously published AD-related pathways, including the Meta-

Analysis Derived AD transcriptome/MADAD,?* and key immune pathways,??®

we
observed significant enrichment across AD age-groups in the MADAD and Th2 and
Th22 pathways compared to controls (Fig 2A-D). However, Th17 axis showed highest

expression in infants, while Thl pathway significantly up-regulated only in adults

(p<0.05; Fig 2).

16



332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

For a broader perspective on age-specific AD-related changes of gene
expression, all DEGs in lesional AD versus controls by age-groups were also analyzed
using function-based pathway databases (canonical/KEGG/REACTOME/BioCarta
pathways), which revealed significantly enriched pathways in all age-groups
(FDR<0.05). Of these, some of the pathways were common to two and more age-
groups, and some unique for a specific age (Table E6). Pathways that were significantly
enriched across all ages including those related with cytokine and chemokine signaling,
the JAK-STAT pathway, and adaptive immune system, while pathways only enriched in
children, adolescents and adults included those related with T-cytotoxic/Tc-cell, Th-cell,
and other T-cell receptor/TCR-signaling (FDR<0.05) (Fig E9). IFNy signaling showed
gradual intensification with age, starting in children. The top up-regulated pathways
detected in the infant AD signature included various aspects of cell cycle and replication

and were substantially enriched in that age-group versus other age-groups.

Barrier characteristics differ across atopic dermatitis age-groups

As disrupted epidermal barrier is an important characteristic of AD, genes of
epidermal  barrier components, including epidermal differentiation, lipid
biosynthesis/metabolism, tight and gap junctions, and keratins were assessed using a
previously reported epidermal barrier gene-set (Fig 3 and Table E4).2%343¢

The common signature of barrier impairment included key AD-associated lipid
biosynthesis/metabolism-related genes, significantly down-regulated across all age-

groups, including elongation of very long chain fatty acids protein 3 (ELOVL3),%

reported to improve with dupilumab treatment,*? acyl-CoA wax alcohol acyl transferase

17
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1 (AWAT1),%" and fatty acid 2-hydroxylate (FA2H) (FDR<0.05). Additionally, significant
attenuation of tight junction-related genes in lesional skin, including cadherin (CDH20,
CDH12),*® claudin (CLDN1),* and paracingulin (CGNL1),*® was shared across age-
groups (FDR<0.05). Epidermal differentiation genes that are considered a hallmark of
the barrier dysregulation in AD were not commonly down-regulated across age-groups.
While in adults, multiple terminal differentiation genes showed significant down-
regulations versus controls (LCEs [LCE1B/1C/1E/1F/2C/2D], filaggrin/FLG,
PSORC1C2*) (FDR<0.05), less significant or similar but non-significant trends were
largely observed for other age-groups.

Many markers showed exclusive down-regulation in infants with AD, but not in
other AD age-groups. These included lipid biosynthesis/metabolism-related genes, such
as 7-dehydrocholesterol reductase (DHCR7) and peroxisome proliferator activated
receptor gamma (PPARG), both are also negatively associated with mast cell activation

and hyper-degranulation,**

perpilin 1 (PLIN1), suppressed by the topical drug
adapelene that causes sebum inhibition,** CIDEC, associated with reduced skin surface
lipids and dry skin,** and leptin (LEP), reported to be lower in serum of AD versus non-

AD children (FDR<0.05).*® Moreover, most of these genes were also significantly down-

regulated in non-lesional infant AD.

RT-PCR studies further define atopic dermatitis age-groups and developmental

trajectories

To validate RNA-seq data and evaluate mRNA expressions of key inflammatory

and epidermal differentiation markers in AD, some of which may be poorly detected by
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RNA-seq due to relatively low levels, we performed RT-PCR on a large panel of 71
genes (Fig E10).

PCR was generally in line with the RNA-seq data, and further defined the
common Th2/Th22-skewing across age-groups as well as the unique inflammatory
milieu of each one. Markers of general inflammation (i.e, MMP12) were commonly up-
regulated across ages, with adults displaying the greatest up-regulations (Fig 4). Some
markers exhibited distinct expression patterns. For example IL-17C, an epithelial marker

and a potential therapeutic-target for inflammatory skin disorders,*’“®

was gradually
increased starting in adolescence, while IL-8/CXCL8, associated with childhood
asthma,*® was significantly highest in infants compared with other age-groups (p<0.05)
(Fig E10).

Overall, Th2/Th22-related markers including IL-13, 1L-31, CCL17/TARC,
CCL18/PARC, CCL7, IL-26 and IL-22 showed highly significant up-regulations in
lesional AD across all age-groups versus controls (p<0.05) (Fig 4 and E10). Other Th2-
related chemokines, including CCL13, CCL22, and CCL26, were up-regulated in most
AD age-groups. IL-4R (targeted by dupilumab),®® showed significant up-regulations in
lesional AD skin across all age-groups (for infants, significance was attained only for the
non-lesional comparison, with increasing significance with age (p<0.05; Fig 4 and E10).
In contrast, robust up-regulations were found in infants compared to children in IL-9, IL-
33 and its receptor IL-1RL1/IL-33R (in non-lesional skin), associated with early mite

51-53

sensitization, food allergies and asthma, and in IL-5, associated with induction of

eosinophilic inflammation® (p<0.05) (Fig 4 and E10). Infants also showed the highest
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expression levels of multiple Thl7-related products, including IL-17A, LL37/CAMP,
CCL20, P13, DEFB4B, KYNU, and the Th17/Th22-regulated S100As (Fig 4 and E10).

As over-expression of Thl-related markers is associated with chronicity in long-
standing AD,?® multiple key Thil-related immune mediators were significantly up-
regulated only in adults, including IFNy, CXCL9/CXCL10/CXCL11, STAT1, and MX1
(p<0.001) (Fig 4 and E10). Moreover, IFNy and CXCL9/CXCL10/CXCL11 were
significantly up-regulated in adult lesional skin, even as compared with adolescents,
suggesting that the adult AD phenotype is only achieved in adulthood.

We then analyzed key immune and barrier markers in lesional and non-lesional
AD in parallel with normal skin (Fig 5) to reflect developmental trajectories. The T-cell
migration marker CCL19 presented up-regulation with age only in lesional AD, while in
non-lesional and normal skin expression levels remained similar across ages. The Th2
markers, IL-31 and CCL17, did not show a consistent trend in normal skin, but
presented greater up-regulation in specific ages (infants and adults, respectively), with
up-regulation versus normal skin detected across all ages. While Thl-related markers
were intensified in adults only in AD skin (IFNy, CXCL10), Thl7-related markers were
most up-regulated in infants in both normal skin and AD (DEFB4B, PI3, S100A12), with
an increase towards adulthood in AD, but not in normal skin. Terminal differentiation
(FLG, LOR) markers were most down-regulated in adult AD versus controls, where
normal skin presented greater expression level with age, while AD skin presented only
modest increases in expression. The tight junction-related marker CLDN23 showed a
comparable expression in AD versus normal skin across ages, with minor gradual up-

regulation with age in all tissues.
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Epidermal hyperplasia and compromised skin barrier characterize atopic dermatitis

across ages

IHC was also performed to evaluate for protein expression of epidermal
differentiation/proliferation markers, as well as immune cell infiltrates. All AD age-groups
showed significant increases in epidermal hyperplasia in lesional skin, assessed by
thickness, Ki67" cell counts, and K16 staining and mRNA expression (p<0.01; Fig
6A,C,E, and Fig E11-E12). Overall, the greatest abnormalities in non-lesional AD skin in
terms of the proliferation marker K16 were seen in infants, with positive staining
decreasing with age (14/19 in infants [74%], 5/10 in children [50%], 6/13 in adolescents
[46%], and 4/13 in adults [31%]). Healthy controls were negative for K16 staining across
all ages (Fig 6A,C). Conversely, impairment of the key epidermal differentiation
markers, FLG and LOR, was most significant in adult AD (p<0.05; Fig 6B,D and Fig
E11B,D).

We next assessed for inflammatory infiltrates including CD3" T-cells, CD11c"
myeloid DCs, CD206", TRAIL" and FceR1" Inflammatory DCs, DC-LAMP™* mature DCs,
CDIc" resting DCs, as well as for polymorphonuclear infiltrates including eosinophils
(major basic protein/MBP™ cells), neutrophils (neutrophil elastase/NE" cells), and mast
cells (tryptase™ cells) (Fig 6, E11-E14). Overall, CD3" T-cells and all DC subsets were
significantly increased in lesional AD across all age-groups starting at disease initiation
in infants. The highest counts of MBP/eosinophils and NE*/neutrophils were found in
infants, with MBP™ cell counts being higher in infant non-lesional AD than in lesional

skin of other age-groups (p<0.01; Fig 6K-L, Fig E14).
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Th2/Th22-related markers correlated with  SCORAD across atopic dermatitis age-

groups

To define common AD as well as unique biomarkers in various age-groups, we
correlated mMRNA expressions by RT-PCR with clinical variables (age, SCORAD, EASI,
pruritus AD) and TEWL, the functional barrier measure®* using Spearman correlations
(Table 2 and Table E5).

In all pediatric age-groups SCORAD correlated robustly (r>0.4, p<0.05) with key
Th2 and Th17/Th22-related markers, but these markers differed between lesional and
non-lesional samples as well as in different age-groups, as presented in Table 2. For
example, IL-22 significantly correlated with SCORAD in non-lesional adolescent AD and
in lesional child AD, and the Th17/Th22-related S100As correlated with severity in
lesional and non-lesional adolescent AD. Th2-related products positively correlated with
SCORAD included cytokines (IL-31, IL-13), chemokines (CCL18, CCL13, CCL17,
CCL22), and cytokine receptors (IL-4R, IL-1RL1/IL-33R/ST2), all implicated in AD
pathogenesis (r>0.4, p<0.05) (Table 2).>>>8

Robust positive correlations with age were found only in lesional skin. These
included IL-17RA, which maintains skin barrier and immune homeostasis,>
CCL22/MDC, which was previously correlated with AD severity in serum,®® and the T-
regulatory marker FOXP3 (r>0.4, p<0.05).°* Among markers negatively correlating with
age was the Th17/Th2-regulated cytokine, IL-19 (in both lesional and non-lesional skin),

previously shown to be highly and significantly increased in early AD in infants,** and
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IL-33 (in lesional skin), associated with early allergy sensitization (r<-0.4, p<0.05) (Table

E5).%2

23



472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

Discussion

Despite the significant burden of AD in both pediatric and adult populations, the
molecular signature of AD skin in different pediatric age-groups has not been fully
characterized. We performed comprehensive profiling of AD across age-groups
(infants/toddlers with disease duration of <6 months, 0-5y/o; children, 6-11y/o;
adolescents, 12-17y/o; and adults =18y/o) to identify age-specific versus shared
immune and barrier dysregulations, taking into account changes related to normal
maturation in healthy individuals. Thus, our results portray the evolution of AD-related
changes in the skin throughout life. Moreover, while reports on immune-aging and
immune-senescence show up-regulation of proinflammatory markers with aging even in

63-68

response to non-pathogenic skin challenge, the molecular characteristics of normal

skin throughout maturation is still elusive. Previous blood studies suggest that infants

69,70

present over-expression of Tregs and a greater Thl7 lineage capacity versus

adults,”*

and the latter present a greater Thl-development potential.”* In lymphatic
tissues a developmental Th switch was postulated to occur after three years of age.”
Our healthy control data provide a unique glimpse into these processes in human skin.
In our youngest age-groups we found the greatest decrease in the negative regulators
(i.e, IL-37 and IL-34, both significantly correlated with age across all age-groups), with
the largest increase in Treg-associated markers (IL-10, TGF(3, CTLA4) displayed in
infants, simulating physiologic or pathogenic states of impaired immunity and
inflammation.®®">"*"® |nfants also presented an enriched Th17 pathway compared to

other age-groups. These findings may reflect the developing cutaneous immune system

in infants, with age-dependent changes in regulatory and protective or defensive
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mechanisms.?%"17®

Analysis presenting key immune and barrier markers as
developmental trajectories in both normal and AD skin further reveals how AD alters
normal skin development. For example, the greatest down-regulation of terminal
differentiation genes (FLG, LOR) in AD versus controls was detected in adults, a result
of a gradual up-regulation of these markers in normal skin but not in AD skin, where
expression levels increases were less prominent.

Generally, all AD age-groups express a common genomic fingerprint, featuring
robust Th2 and Th22 skewing. Common Th2-related markers included IL-13,
CCL17/TARC, CCL18/PARC, and IL-4R. Common Th22-related markers included IL-22
and the S100As. The shared immune signature also included genes of general
inflammation (e.g, MMP12), T-cell activation/migration (e.g, TNFRSF9, CCR7), and
negative regulators (IL-34 and 1L-37). We also found positive and significant correlations
of Th2/Th22-related markers with SCORAD in all pediatric age-groups, further
highlighting their pathogenic significance in AD regardless of age.

Despite these shared molecular abnormalities, major variations between age-
groups were detected. Overall, infant and adult AD skin displayed the most significant
dysregulations when compared to other AD age-groups. While infants exhibit the
greatest Thl7-related enrichment (e.g, IL-17A, IL-17F), chronic, long-standing adult AD
reveal unique Thl-skewing (e.g, IFNy, CXCL9/CXCL10/CXCL11). Analyzing publicly
available function-based pathway databases,”* we found the greatest representation of
genes related to cell growth and proliferation in infant AD versus controls, suggesting

the rapid development of lesional AD in infancy. Thus, in agreement with findings
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recently published based on flow-cytometry in AD blood,?® the adult skin phenotype of
AD is achieved only at adulthood.

Although the levels of Thl7-related products in infant AD skin are comparable to
those found in psoriasis,®* we found these expression levels are not persistent in older
pediatric age-groups. In fact, enrichment of the Th1l7 pathway was also detected in
normal infant skin, and even after normalization of AD skin by controls of the same age-
groups, these results were sustained. In addition, despite pathway-level up-regulation
versus controls, AD skin of children exhibits the lowest levels of Th1l7-related genes as
compared to other AD age-groups. These results in our youngest age-group could be
attributed to the role of Thl7-related cytokines and chemokines in the developing
immune system, first encountering multiple extrinsic pathogens early in life. Th17 cells-
generated products such as IL-17A and IL-17F, which showed the greatest up-
regulations in infant AD, are of pivotal importance for anti-microbial defenses by
recruiting and expanding immune response, both cellular and humoral.®*

During early life and soon after AD starts to manifest, the initiation of other atopic
diseases, including food-allergy, allergic rhinitis, and asthma, also takes place and has
been termed the atopic march.?? Indeed, in the infant AD age-group, multiple markers
associated with these atopic comorbidities were up-regulated significantly versus
children and older age-groups. For example, IL-33 and IL-9 are associated with early
mite and peanut allergic sensitization,”>*? IL-33 and its receptor IL-1RL1/IL-33R alter
mast cell and basophil functions and induce asthma and allergic rhinitis,® IL-5 plays a

30,84

key role in asthma induction and eosinophilic inflammation, and IL-8 was suggested

as an important mediator in childhood asthma.®®
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AD skin is also characterized by a disrupted epidermal barrier, with reported
abnormalities of epidermal differentiation, keratinocyte junctions, and lipid
composition.”>®® These components were down-regulated in all AD age-groups, most
prominently in lesional skin. Although epidermal differentiation markers such as FLG
and LCEs were most down-regulated in adults, multiple barrier-related genes were most
down-regulated in lesional and non-lesional infant AD, despite the short duration of the
disease in this age-group. Positive staining of the entire epidermis by the epidermal
hyperplasia marker K16 was most prevalent in non-lesional infant skin versus other
age-groups, supporting our gene expression findings. These findings argue that barrier
impairment plays an important role at disease onset. Although our results cannot
resolve the dispute of whether AD originates as immune vs. barrier dysregulation (i.e,
inside-out versus the outside-in hypotheses),*® these findings suggest both are
particularly robust very early in AD development.

Differences in expression levels of various therapeutic targets across ages, most
of which are Th2-related markers, may potentially reflect differing responses to
therapeutics based on age. For example, the itch cytokine IL-31, known to perpetuate
the itch-scratch cycle of AD and other AD-related features, such as epidermal terminal

differentiation disruption,®”**

is a target for inhibition by AD therapeutics. IL-31
antagonists have shown greater improvement of pruritus-related assessments than
clinical scores in adult AD and are currently being tested in adolescents.?>*® The even
greater increases that were found in infants and children vs. adolescents and adults

suggests additional benefit from IL-31 targeting in younger pediatric patients. On the

other hand, IL-13 cytokine is consistently and significantly up-regulated versus controls

27



563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584
585

in all AD age-groups. As such, IL-13 antagonists, which are in clinical trials,**

may
benefit AD patients across all ages. Nevertheless, these speculations need to be
carefully investigated in age-specific clinical trials to establish whether age-related
differences in efficacy exist and determine underlying mechanisms.

This study has a few limitations. Despite inclusion of different age-groups, this is
not a longitudinal, prospective study and reflects a single time-point measurement of
different patients in different ages. FLG mutations were not assessed in our cohort, and
different races were included. Additionally, the pathogenicity of immune axes and
specific cytokines and chemokines presented in different age-groups cannot be further
validated without future targeted clinical trials.

In conclusion, our findings shed light on the development of AD skin throughout
life and offer, for the first time, a broader view of the molecular dysregulations resulting
in the AD phenotype during maturation. Moreover, our results provide a glimpse into the
initiation of other atopic comorbidities as part of the atopic march. The molecular
characterization of adult AD facilitated the development of AD-targeted treatments by an
applicable bench-to-bedside approach. Our skin profiling portrays the immune and
barrier abnormalities of different pediatric AD age-groups and suggests age-related
differences that may guide the development of targeted, age-specific therapies. Specific
cytokine and barrier abnormalities characterize different AD age-groups and should be

carefully considered when future therapeutic agents are being developed or tested for

younger AD patients.
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Table 1. Patient characteristics

Infant AD Infant Child AD Child Adolescent [Adolescent p Adult AD Adult
n=17 controls value In=10 controls value AD controls value In=13 controls value
n=13 n=13 n=14 n=5 n=15

Age (y), mean (SD) | 1.2(1.2) {1.2(0.8)| 0.9 | 7.8(2.1) | 7.9(2.3) | 0.94 | 148 (1.7) 14.2 (1.8) 0.5 |45.2 (14.6)|35.6 (10.0)| 0.06
Female sex, n (%) 8(47.0) | 7(53.8)| 1 6 (60.0) | 7(53.8) 1 6 (42.8) 3 (60.0) 0.6 7 (53.8) 8 (563.3) 1
Clinical severity measures
SCORAD, mean 58.1
(SD) (12.4) NA NA [64.3 (15.7) NA NA | 62.1 (20.0) NA NA [65.1 (13.3) NA NA
EASI, mean (SD) 15.3 (8.8) NA NA [19.8 (12.6) NA NA | 27.4 (22.8) NA NA NA NA NA
TEWL, lesional, 32.9
g/h/m2 mean (SD) (13.8) NA NA [36.8 (17.6) NA NA | 51.2 (25.9) NA NA NA NA NA
TEWL, non-
lesional, g/h/m2 16.2 (8.0) NA NA [25.6 (10.5) NA NA | 25.6 (13.5) NA NA NA NA NA
mean (SD)
Pruritus ADQ (SD) [17.2 (9.3) NA NA | 26.8 (5.5) NA NA | 22.0(9.4) NA NA NA NA NA
IgE, IU/ml, mean 5830.6 1072 6136 230
(SD) (858.3) NA NA (915.8) NA NA (5943.6) NA NA (291.0) NA NA
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Table 2. Spearman correlations of skin biomarkers with AD clinical severity based on SCORAD, r>0.4/<-0.4 and p<0.05

SCORAD
LESIONAL SKIN NON-LESIONAL SKIN
INFANTS CHILDREN ADOLESCENTS INFANTS CHILDREN ADOLESCENTS
Marker r P value Marker r P value | Marker r P value || Marker r P value | Marker r P value | Marker r P value
IL21 0.574 0.016|CCL21 0.842 0.004 | CAMP 0.697 0.007fIL26 0.493 0.044|1L9 0.870 0.002 |CXCL1 0.925 <0.001
1L34 -0.575 0.016|IL1B 0.830 0.006 | K16 0.574 0.035]||IL1IRL1 0.485 0.049|1L19 0.850 0.006 | S100A12 0.859 <0.001
PPL -0.569 0.017]IL31 0.827 0.003|IL23A 0.560 0.040(fIL37 -0.483 0.049 | DEFB4B 0.800 0.014 | DEFB4B 0.842 <0.001
LCN2 -0.510 0.036 | IFNG 0.77 0.014 | S100A8 0.552 0.044 IL17F 0.749 0.020|1L1B 0.789 0.001
CCL22 -0.499 0.041 | MMP12 0.745 0.018|IL4R 0.538 0.050 PPL 0.700 0.043 | S100A8 0.771 0.002
1L22 0.733 0.021 |FLG -0.622 0.020 CLDNS8 -0.883 0.003 |CXCL11 0.758 0.003
CXCL1 0.721 0.024 CLDN1 -0.833 0.008 | S100A9 0.754 0.003
IL4R 0.721 0.024 IL33 -0.783 0.017|CCL17 0.754 0.003
IL15 0.709 0.028 IL34 -0.717 0.037 |KRT16 0.749 0.003
CXCL11 0.697 0.031 IL20 0.745 0.003
0OX40 0.697 0.031 CAMP 0.723 0.005
IL10 0.697 0.031 CCL19 0.719 0.005
IL17A 0.693 0.026 IL10 0.697 0.007
CCL18 0.685 0.035 IL22 0.697 0.007
CCL13 0.685 0.035 IL23A 0.692 0.008
CCL7 0.673 0.039 CXCL9 0.675 0.010
IL13 0.661 0.044 CCL7 0.666 0.011
FOXP3 0.648 0.049 PI3 0.657 0.013
CLDN1 -0.709 0.028 IL19 0.648 0.015
CCL20 0.644 0.015
LCN2 0.644 0.015
CXCL8 0.640 0.016
MMP12 0.635 0.017
IFNG 0.631 0.018
CCL13 0.626 0.019
CXCL10 0.626 0.019
KYNU 0.607 0.021
IL31 0.603 0.022
S100A7 0.596 0.028
IL13 0.591 0.029
CCL18 0.569 0.037
CCL22 0.565 0.038
886
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Figure Legends

Figure 1

Immune genes. Summary heatmap of immune genes from multiple pathways in lesional
and non-lesional AD versus normal skin across age-groups using RNA-seq, by criteria
of fold change (FCH)>2 and false discovery rate (FDR)<0.05. Samples are sorted by
hierarchical clustering. Tables show DEGs presenting comparable (top) and differential

(bottom) expression across AD age-groups. N, normal; NL, non-lesional; LS, lesional.

**FDR<0.001, **FDR<0.01, *FDR<0.05, *FDR<O0.1.

Figure 2

Gene-set variation analyses (GSVA) for major T-helper immune pathways (A-E). Red
bars represent means. Black symbols: significance of comparison to normal; red
symbols: significance of comparison between lesional and non-lesional skin; symbols in

other colors: significance of comparison between respective groups. N, normal; NL,

non-lesional; LS, lesional. ***P<0.001, **P<0.01, *P<0.05, TP<0.1.

Figure 3

Epidermal barrier-related genes. Summary heatmap of barrier-associated genes in
lesional and non-lesional AD versus normal skin across age-groups using RNA-seq, by
criteria of fold change (JFCH|)>2 and false discovery rate (FDR)<0.05. Samples are

sorted by hierarchical clustering. N, normal; NL, non-lesional; LS, lesional.

#*FDR<0.001, **FDR<0.01, *FDR<0.05, *FDR<O0.1.
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Figure 4

gRT-PCR analysis of selected inflammatory genes in skin of different AD age-groups
and age-appropriate controls. Values show log2 expression and are presented as
means + SEMs. Red bars represent means. Black symbols: significance of comparison
to normal; red symbols: significance of comparison between lesional and non-lesional

skin; symbols in other colors: significance of comparison between respective groups.

CON, controls; NL, non-lesional; LS, lesional. ***P<0.001, **P<0.01, *P<0.05, TP<0.1.

Figure 5
gRT-PCR analysis of selected inflammatory and barrier genes of different AD and
normal skin age-groups presented as line charts, representing developmental

trajectories. Values show log2 normalized expression and are presented as means +

SEMs. **P<0.001, **P<0.01, *P<0.05, *P<0.1.

Figure 6

Immunohistochemistry studies assessing AD across pediatric and adult age-groups. A-
B, Representative immunohistochemistry images of keratin 16 (K16) and filaggrin (FLG)
staining at 10x magnification in AD age-groups and age-appropriate controls. C-D,
Corresponding mRNA expression levels by gRT-PCR. Values show log2 expression
presented as means + SEMs. Red bars represent means. E-L, Boxplots depicting cell
counts of skin infiltrates in non-lesional/lesional AD and healthy skin across age-groups.
Values are presented as means + SEMs. Black symbols: significance of comparison to

normal; red symbols: significance of comparison between lesional and non-lesional
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933  skin; symbols in other colors: significance of comparison between respective groups.

934 NL, non-lesional; LS, lesional. ***P<0.001, **P<0.01, *P<0.05, *tP<0.1.
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FIGA

Atopic Dermatitis
Infants Children |Adolescents] Adults |Markers

N NL LS|N NL LS|{N NL
1L 1 1 AR DD
In ;- Markers Infants Children Adolescents Adults
4 NLvsN LSvsN NLvsN LSvsN NLvsN LSvsN NLvsN LSvsN
I CCR7 ————- -1.14 2.10% 1.95 4.77**4 1.97 5.27*% | 2.38% 7.94%%%
i CXCR1 ————| 1.16 2.52% 1.98 4.68%% | 1.41 3.61% 9.44%xx| 18.60%%*
f ccL17 ---—-| 1.48 4.76%x | 3.83 12.60%*4 1.36 4.64% 5.58%% | 15.20%%*
1 IL12RB2 —| 1.56 3.17*%% 2.11 3.87*%% 1.52 2.46% 2.88%xx | 4.85%%%
i IL2RA —-—-|-1.00 2.34% 2.14 4.21%*4 1.09 2.81% 2.51% 7.57%%%
| il CCL22 ———- 1.16 3.08%* 1.45 4.51**4 1.56 2.90% 3.22%%* 10.70%**
[y . CCR5 ————- -1.17 2.09% 1.42 2.66%% | -1.13 1.67 1.73 3.56%%%
TNFRSF9 —— 1.00 5.34%% 2.99 5.99%% 1.52 3.58 9.80*** | 36.30%*%*
I . -1.18 1.56+ 1.75 3.01%*% 1.25 2.18% 1.19 3.22%%%
i 1.16 6.07**x| 1.20 6.50**% —-1.15 4.67* 2.72+ 12.50%%*
d _— 1.89+ 2.10% 1.66 3.71%% | 2.33 4.87%% | 4.30%%%| 6.87%%*
i 18.80%** [171.00%**| 17.90** |109.00**H 6.98 60.60%** [33.60%%* |215.00%**
S100A8 ———| 15.10%** [144.00%*%| 13.00% 69.60%*% 4.40 45.20%%* [19.60%** [125.00%**
S100A7 —-—| 17.30%**| 86.90**%| 22.00%**| 90.60**5 9.60+ | 43.80%** |45.90%** |173.00%**
PI3 —————— 6.44%* | 47.80%*%] 3.67 16.70%%% 2.38 17.10%* |10.20%* | 62.10%**
S100A12 --| 7.44** [130.00**% 5.23 23.30**4 5.80 55.60%%* |[18.40%%* | 73.00%**
| 3.14%* 5.55**% 2.66 4.82*%% 1.02 2.85+ 2.04 5.23%%%
N\ 4.16%* 33.40%*% 3.20 6.44** 1.98 3.47+ 2.51 9.34%%*
4.33%% | 16.40%%%] 13.40%* | 52.30%*x 9.90+ | 29.50%** [16.80%**| 55.50%**
k 6.09**x| 11.00*** 5.63* 7.99**4 4.26 7.06%* 3.38% 12.70%%%
i ] 1.32 3.00%*% 1.54 2.82%%% 1.54 2.36%% | 1.82%% 3.75%%%
i 7.39%+ [136.00%*% 3.74 39.40**4 5.36 26.80%* [12.40%* [136.00%**
3.86% 54.80%*% 6.99+ 20.10%*% 4.90 18.40%%* |16.10%** | 77.90%**
8.47*+ | 36.60%*%| 5.44 24.90%*4 2.54 12.00% |47.20%** [251.00%**
A 4.48%*x| 13.10%*%] 3.14 8.10%*% —1.01 3.01+ 5.29%%x | 19.70%%*
r 4.70%* | 28.50%*% 6.99+* 17.60%*%4 1.27 2.94 7.95%%x | 13.90%%*
1.15 2.03+ 2.26 5.46**% 1.26 3.54* 2.82% 6.75%*%*
i 1.37 5.40%*% 3.71 6.01%* | —1.05 1.88 1.12 3.27%
T 3.32+ 19.10%**] 2.96 4.92% -1.66 1.76 5.21% 22.30%%*
! - 4.01%*x| 13.70%*%] 1.99 6.32%*4 2.96 5.92%% | 1.75 4.14%*
| 50.30*%** 1906.00***| 1.36 4.69+ 4.42 16.40** 2.32 22.00%**
-2.15%% | =7.06%*% -1.19 -2.78%%4 -1.22 —-4.18%%x [-1.79+ —2.92%%%
[ . -1.42 =9.73*%x%| -=2.21 -3.81% -1.87 —8.38** |-5.06%* |-12.60%*%*
) D R PR DD
q Infants Children Adolescents Adults
= NLvsN LSvsN NLvsN LSvsN NLvsN LSvsN NLvsN LSvsN
1 STAT3 ———-} -1.13 1.50% 1.50 1.53% 1.07 1.15 1.92%%4  2.42%%%
1] cxcL1y ——— IRFl ————— 1.31 1.41+ 1.36 1.38 -1.06 1.12 1.99%*%  3.65%%%
s 1.59 3.85%% | 5.14% |12.00%** | -1.19 1.34 1.80 4.74%*
1.06 1.56 -1.07 2.84 1.14 2.68 2.80 10.90%*+
-1.23 1.75% 1.50 2.49%%% | 1.43 2.67%% 1.78% 3.63%%4
-- -1.09 1.52 -1.17 1.24 -1.64 1.40 1.88 3.96%%4
— -1.19 1.10 1.27 1.52 1.32 2.58+ 1.02 2.38%
1 1.98 2.86+ 1.37 5.57* 7.10 13.40%* 5.13% 25.50%%4
1.14 1.67 3.97+ 7.44%%% | 2.62 5.10%* 1.88 4.24%%
5.43%% | 40.30%**| 2.13 2.26 1.12 3.04 2.23 18.70% %4
U L cAMP 1.42 11.60***| 1.35 4.14% 1.32 5.03* 2.16 7.96%%X
I 2.24 22.00%**| 1.38 3.44+ -1.66 4.27+ 3.19+ 13.00%*4
1.17 1.64 -1.10 1.68 1.10 1.37 75.20%*%5 97.90%%4
[ 1.31 1.05 1.15 1.43 2.18 1.99 4.72%% 5.78%%4
U \- -2.06% |-1.98+ 1.17 1.10 -1.10 -1.10 5.71%%4 15.50%%%
-1.08 1.87** |-1.00 1.30 -1.11 1.03 1.02 1.36
_— ] 1.04 2.37 1.52 1.48 1.21 1.35 2.19 6.39%*
1.79% 2.27+% |-1.18 -1.11 -1.60 -1.29 1.08 1.58
l ‘ -1.22 3.64* |-1.09 1.46 -1.97 -1.25 -1.03 1.20
CXCL10 ——-} 2.94 6.03% 2.01 2.30 -1.38 1.64 2.94 10.20%*
— cxcLll —--f 2.22 4.21% [-1.37 -1.29 -2.07 -1.26 1.47 4.13%
— IL17F ————} 1.37 3.44%% |-1.08 1.60 -1.47 1.12 2.74+ 2.23
! ﬁ - TNFRSF4 ——} —1.34 1.22 1.03 1.61 1.24 3.01% -1.27 2.02+
cD69 —- 2.16+ 3.17+* |-1.10 1.23 -1.16 1.37 1.03 1.89
[— J I 3.52% 4.64%+ | 2.09 2.18 1.51 3.11 3.54+ 6.60%*
2.16 3.85+* | 1.34 -1.71 2.32 2.22 1.21 2.64+
i * 1.44 8.46%*%|-1.08 1.79 -1.63 1.04 1.25 -1.05
1.26 7.16%*x| 2.33 4.81%% 1.06 3.96% -3.76% -1.26
. _— 1.64 3.03* |-1.04 1.01 -1.08 1.48 -1.15 1.57
| ;5 | 1.28 3.26%% | 1.01 -1.12 -1.02 1.31 -1.34 -1.10
_ F - 2.41%%%| 2.30%*x| 1.18 -1.02 -1.45 -1.63 -1.28 -1.20
3.83%%%| 3.02%%%|-1.05 -1.42 -1.49 -2.07+ -1.79+ -1.84+
— ; _— 4.75%*%| 2.55% 1.54 -1.02 -1.85 -2.85+ -1.74 -1.60
2.54%% | 2,17 |-1.46 -1.95+ -1.95 -3.05% -2.30% —-2.70%*
— | -1.64+ |-3.38%*x|-1.36 -2.10% -1.04 -1.82 —337.00%*%-364.00%*%
n —2.39%%%| —2.29%% | 1.21 1.24 1.16 -1.11 -1.18 -1.14
. -1.40% |-1.93**%| 1.05 -1.04 1.01 -1.21 1.40% 1.45%
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FIG ?

Atopic Dermatitis Atopic Derma
Infants | Children | Adults Infants Children Adolescents Adults
NL LS|N NL LS| N NL LS|N NL LS NLvsN LSvsN NLvsN LSvsN NLvsN LSvsN NLvsN LSvsN
-1.25 —2.64% -1.23 -1.31 1.02 -2.13 —4.38%% —4.66%*
-1.51 -3.02% -1.50 -1.26 1.07 -2.04 —4.07%% —4.57%%
-2.05 -3.38%% -1.34 -1.22 1.17 -1.71 —4.09%* —4.12%%
-1.13 -1.46 -1.00 1.21 1.23 -1.36 -3.61% -3.07%
-1.33 -1.72 -1.16 1.04 1.21 -1.41 -3.55% -3.22%
-1.23 -1.60 -1.36 1.11 1.41 1.02 —-4.66%% —-4.25%%
] -1.23 -1.57 -1.50 1.40 1.93 1.05 -3.36 -4.29%
-1.13 -1.38 -1.73 -1.25 -1.14 -2.56 -3.06+ -3.39%
-4.26%% —9.61%%% -1.57 -2.09 -1.43 -4.43% —5.77%% —8.83%%%
-1.46% —1.94%%* -1.39 -1.64% -1.32 -1.62+ -1.59% —2.05%%*
—1.71%% —1.82%% -1.40 -1.34 -1.29 -1.63+ —-1.78%% —2.49% %%
PSORS1C2 —3.23%% -3.45%% -1.95 -1.76 -1.63 -4.85% -2.36+ —4.25%%
FADS2 —4.81%% —6.97%* 1.04 -2.19 -3.59 -35.90***| -1.66 ~10.40%**
FADS1 -1.54 -1.70 1.19 -1.22 -2.91 —-11.40%*x| -1.29 —4.77%%
-6.29% -10.40%* -1.37 -2.11 -4.20 -33.40%*x| -1.56 -10.30%*
—1.79%% —1.76%% 1.11 -1.06 -1.53 —2.32%% 1.11 -1.13
—2.74%%%| —3.30%%% 1.14 -1.15 -1.25 -2.58%% 1.53 -1.19
-3.23%*x| -1,71% 1.36 1.36 -1.34 -2.03+ 1.20 -1.24
-1.75 -1.72 1.17 1.42 1.02 -2.35 -1.07 -1.40
| -1.83%* —2.19%*% 1.05 1.05 1.21 -1.27 -1.29 -1.31
e -2.80%%%| -2,12% -1.09 1.20 1.03 -1.40 -1.52 -1.60
-1.79% —2.29%% -1.30 -1.29 1.04 -1.24 —3.21%%% —3.26%%%
] -2.19 -2.36+ 1.49 2.35 2.67 1.79 -1.82 -1.72
—2.62%%x | —2,68%k* 1.07 1.06 1.13 1.21 1.19 1.28
| =2.47%%%|  -2,19%%* 1.11 1.05 1.33 1.07 1.22 1.09
-2.83%xx| -1.67% -1.05 1.19 1.04 1.39 1.73% 1.95%%*
-1.81 -2.14 1.15 -2.54 -2.06 -4.69% 3.23% 1.72
-5.31% -1.61 -4.33 -1.83 -12.00 -31.10%**| 1.33 1.21
-6.06% -1.90 -7.55 -4.68 -20.00 ~72.60%* 1.32 2.04
-9.36%% | -28.60%%* -1.18 -4.314 -4.00 -43.00%**| -2.60 -6.12%
—22.60%%* | —62.60%** -2.00 -8.14% -4.26 -60.50%*x| -2.58 -14.00%*
-19.70%* [-101.00%** -1.59 -12.80% -9.76 -95.50%**| -5.93 =36.50%%x
—28.90%** |-262.00%** -2.99 -14.70% -9.73 -119.00** | -3.01 -18.00%
—2.24%%x | -3.86%%* -1.43 —2.18%* -1.54 - =3.73%xx| -1.42 —2.59% %%
—9.11%%% | —20.90%** -1.30 -3.17% -1.98 -6.72%* | -1.36 -3.20%
—4.99%%x | —9.44%%* -2.01 —-5.04%% -1.84 —5.50%% 1.13 -1.90
-1.91%% —2.92%%* 1.10 -1.64 -1.14 -2.32% -1.01 -1.61+
-2.08% —3.54%%* 1.05 -1.56 -1.14 -3.09%* | -1.29 —2.92%%%
-2.60% -3.16%* -1.33 -1.89 -3.19 -8.19%*x| -1.33 -2.92%
-1.66 -2.69% -1.06 -1.96 -3.08 -11.50%**| -1.64 —5.02%%*
-3.79+ -8.62%% -1.26 -2.08 -4.38 -52.00%*%| -2.21 -8.44%%
-1.48+ -1.87%% -1.05 -1.43 -1.68 -2.47*% | -1.23 —2.03%%
1.31 -1.71% -1.52 —2.87%%% -2.23 —5.24%%x| —2,33%x —3.46%%*
2.16% -1.63 -1.38 —5.54%%% -2.64 -7.80%*%| -1.87 —4.35%%%
-1.12 -2.60+ -2.79 ~13.00%** -2.94 =37.70%%%| -6.58%%* —22.50%**
—2.45%% =7.04%%* -1.32 —3.94%%x -2.40 -7.56%xx| -1.72 —4.43%%*
-2.04 —3.78%* -1.17 ~7.08%%* -1.99 -11.50%**| -2.80+ —6.52% %%
-1.62% —2.61%%* -1.13 —2.22%%% -1.11 -2.20** | -1.08 —1.78%*
-1.27 —5.71%%* -1.36 —3.51%% -1.89 -8.43%xx| -1.56 -2.59%
—1.63%%x | —2,32%%% 1.07 -1.18 -1.07 -1.45% 1.18 -1.00
-1.53 —-6.10%* 1.29 -2.19 -1.42 -2.26 -1.56 -2.77
-1.75 —5.55%% 1.48 -2.54 -1.37 -3.09 1.06 -1.76
-2.28% —4.07%%* 1.26 -1.32 -1.44 -2.31 1.05 -1.58
-2.13 —-8.32%% 3.04 -1.70 1.10 -2.93 1.26 -1.48
-2.90 -12.50%%* 3.15 -1.24 1.21 -2.02 1.53 -1.13
-1.68 -7.08% 5.51 -1.23 1.27 -2.86 1.29 -1.92
—3.44%%x |  —4.71%%% -1.36 -2.27+ 1.22 1.24 -2.14+ —2.84%%
1.14 -1.11 1.10 -1.32 -1.72 -3.11%* | -1.07 —2.02%%
1.22 -1.01 1.23 -1.17 -2.66 -5.00%* | -1.22 -2.18%
1.42 -1.08 1.27 -1.17 -1.08 -2.08% 1.23 -1.23
| -1.02 1.02 1.57 1.07 -1.09 -2.95% -1.25 —2.55%%
| 2.57% 1.06 -1.21 -2.41% -1.35 -4.60%* | -2.54% —3.36%*
1.09 1.11 -1.22 -1.12 -1.55 -2.43% -1.45 -1.72+
1.21 -1.65+ -1.22 —2.43%% -1.24 -1.91 -1.70 —3.09%%*
1.68+ -1.01 -1.48 —3.63%%% -1.52 -2.61% -1.55 —2.57%%
2.04 -1.21 1.40 -1.71 -1.78 -2.76 -1.48 -2.39+
2.17 -1.72 -1.36 -2.10 -1.45 -9.92%% | —-8.52%%% | -20.10%**
2.69%* 1.60 -1.32 -2.42% -2.30 -3.41% —5.68%%* —5.7T***
2.19 3.37% -1.40 1.08 -1.63 -1.40 -3.79% -3.28%
1.60+ 2.53%%% 1.21 1.73+ -1.33 -1.42 1.15 1.16
2.21% 3.58% %% 1.75 1.60 -2.27 -3.32% 1.45 -1.03
SPTLC1 —— 2.18%%* 2.43%%% 1.53 1.29 -1.01 -1.39 1.80% 1.78*
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