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Abstract

Background: Tralokinumab is a monoclonal antibody that specifically neutralizes in-
terleukin (IL)-13, a key driver of skin inflammation and barrier abnormalities in atopic
dermatitis (AD). This study evaluated early and 2-year impacts of IL-13 neutraliza-
tion on skin and serum biomarkers following tralokinumab treatment in adults with
moderate-to-severe AD.

Methods: Skin biopsies and blood samples were evaluated from a subset of patients
enrolled in the Phase 3 ECZTRA 1 (NCT03131648) and the long-term extension
ECZTEND (NCT03587805) trials. Gene expression was assessed by RNA sequencing;
protein expression was assessed by immunohistochemistry and immunoassay.
Results: Tralokinumab improved the transcriptomic profile of lesional skin by Week
4. Mean improvements in the expression of genes dysregulated in AD were 39% at
Week 16 and 85% at 2 years with tralokinumab, with 15% worsening at Week 16 with
placebo. At Week 16, tralokinumab significantly decreased type 2 serum biomark-
ers (CCL17/TARC, periostin, and IgE), reduced epidermal thickness versus placebo,
and increased loricrin coverage versus baseline. Two years of tralokinumab treatment
significantly reduced expression of genes in the Th2 (IL4R, IL31, CCL17, and CCL26),
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GRAPHICAL ABSTRACT
This study evaluated early and 2-year impacts of IL-13 neutralization on skin and serum biomarkers following tralokinumab treatment

in adults with moderate-to- severe AD. Specific targeting of IL-13 with tralokinumab improved epidermal pathology and normalized
expression of key biomarkers in serum and lesional skin in patients with moderate-to-severe AD. These data further support the central

role of IL-13 in driving AD pathology and highlight that inhibition of IL-13 alone is sufficient for normalizing the molecular phenotype of AD.
Abbreviations: AD, atopic dermatitis; CCL-17, CC-motif chemokine ligand 17; IFN-y, interferon y; IgE, immunoglobulin E; IL, interleukin; ILC2,
group 2 innate lymphoid cells; Th, T helper cell; TNF-a; tumor necrosis factor a; TSLP, thymic stromal lymphopoietin.

1

Atopic dermatitis (AD), a chronic inflammatory skin disease char-
acterized by recurrent eczematous lesions and intense pruritus,

INTRODUCTION

Thi (IFNG), and Th17/Th22 (IL22, S100A7, S100A8, and S100A9) pathways as well as

increased expression of epidermal differentiation and barrier genes (CLDN1 and LOR).

Tralokinumab also shifted atherosclerosis signaling pathway genes (SELE, IL-37, and

S100A8) toward non-lesional expression.

Conclusion: Tralokinumab treatment improved epidermal pathology, reduced sys-

temic markers of type 2 inflammation, and shifted expression of key AD biomarkers

in skin towards non-lesional levels, further highlighting the key role of IL-13 in the

pathogenesis of AD.

Clinical Trial Registration: NCT03131648, NCT03587805.
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can be associated with pain, sleep loss, and reduced quality of

life.t2 The pathogenesis of AD involves both genetic and environ-

mental factors, contributing to defects in the epidermal barrier,
abnormalities in the skin microbiome, and immune dysregulation
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in both lesional and non-lesional skin areas.? There is growing rec-
ognition of AD as a systemic disease; studies have shown associa-
tions between AD, or AD severity, and atopic diseases, particularly
asthma, allergic rhinitis, and food allergy, psychosocial outcomes,
and cardiovascular risk.2* A meta-analysis derived AD transcrip-
tome was enriched for inflammatory and barrier pathways, as well
as atherosclerosis and lipid metabolism pathways.> The AD im-
mune signature is predominantly type 2-skewed, involving infiltra-
tion and activation of type 2 innate lymphoid cells and T helper
(Th) 2 cells, as well as increased expression of type 2 cytokines,
including interleukin (IL)-4 and 1L-13.% In particular, 1L.-13 has been
identified as a key driver of skin inflammation and barrier abnor-
malities in AD.”"%°

Tralokinumab, a monoclonal antibody approved for the treat-
ment of adults with moderate-to-severe AD, binds to IL-13 with
high affinity, preventing receptor interaction and IL-13 signaling.***?
Tralokinumab has demonstrated efficacy and safety for treatment of
moderate-to-severe AD in pivotal Phase 3 trials over 16 weeks'*
and improved microbial dysbiosis in AD skin by Week 8 of treat-
ment.*> High levels of at least 75% improvement in Eczema Area and
Severity Index (EASI-75) and Investigator's Global Assessment (IGA)
0/1 responses have also been sustained through 2years of contin-
ued treatment.t®

In the context of AD, biomarkers may provide important in-
formation for several uses, including diagnosis, guiding treatment
decisions, evaluating disease severity, and monitoring response
to treatment.” To date, the biomarker with the most support-
ing evidence is serum CC chemokine ligand (CCL)17/thymus- and
activation-regulated chemokine (TARC).} Additional emerging
biomarkers that have been reported to correlate with AD sever-
ity or response to therapy include the following: CCL22/MDC,
CCL26/Eotaxin-3, CCL27/CTACK, and eosinophil counts in serum;
CCL18/PARC, IL-13, and IL-22 in skin; and matrix metalloprotein-
ase (MMP)12 in both serum and skin.t” CCL17, CCL22, CCL18,
and CCL27 likely promote AD by attracting circulating T cells,
particularly Th2 cells and cutaneous lymphocyte-associated an-
tigen (CLA) + memory T cells, to inflamed skin (via CCR4, CCR10,
and CCRS, respectively).®? |L-13, produced by Th2 and innate
immune cells, promotes barrier dysfunction and skin infection by
inhibiting keratinocyte production of skin barrier proteins, lipids,
and antimicrobial peptides, promotes skin thickening by increas-
ing production of collagen, induces additional immune cell recruit-
ment, and contributes to itch by stimulating sensory neurons.”
Eosinophils, drawn to sites of inflammation by CCL26,%° exacer-
bate inflammation and contribute to barrier disruption.21 MMP12
is a marker of general inflammation and likely contributes to tis-
sue remodeling in AD.?2 Additional proposed biomarkers include
total IgE and periostin, as serum levels are elevated in AD patients;
however, levels of these proteins are inconsistently correlated
with disease severity.!’

Inhibition of IL-4 and IL-13 signaling using dupilumab was

previously shown to reduce expression of type 2 biomarkers

and improve epidermal pathology in lesional skin at Week 16.%°
Cellular and molecular changes in AD skin and blood over time fol-
lowing selective therapeutic targeting of IL-13 have not been pre-
viously assessed. Here, we investigated the short- and long-term
impacts of IL-13 neutralization on skin and serum biomarkers fol-
lowing tralokinumab treatment in adult patients with moderate-
to-severe AD.

2 | METHODS
2.1 | Study design

A subpopulation of patients from the phase 3 study, ECZTRA 1
(NCT03131648), and the open-label extension trial, ECZTEND
(NCT03587805), with relevant samples available, were included
in these analyses. These trials have been described in detail else-
where.**1¢ Briefly, ECZTRA 1 was a 52-week, multinational, ran-
domized, double-blinded, placebo-controlled trial in adults with
moderate-to-severe AD. Patients were randomized 3:1 to subcuta-
neous tralokinumab 300 mg, after a 600-mg loading dose on Day O,
or placebo every other week for 16 weeks (Figure S1A). At Week 16,
tralokinumab-treated patients who achieved prespecified clinical
response criteria were re-randomized 2:2:1 to tralokinumab every
2weeks or every 4 weeks or placebo for a 36-week maintenance pe-
riod. Patients who did not meet the prespecified clinical response
criteria at Week 16 were transferred to open-label treatment for
36 weeks.

ECZTEND isanongoing, 5-year, open-label, single-arm, multicenter,
long-term extension trial in patients who complete tralokinumab par-
ent trials, including ECZTRA 1. Patients in ECZTEND received subcu-
taneous tralokinumab 300mg every 2weeks after a 600-mg loading
dose. Endpoints evaluating AD extent and severity, including the pro-
portion of patients achieving EASI-75, percent improvement in EASI
from baseline, and improvement in worst weekly pruritus Numeric
Rating Scale (NRS) from baseline, were evaluated in both trials.

Both trials were sponsored by LEO Pharma and conducted in ac-
cordance with the ethical principles derived from the Declaration of
Helsinki and Good Clinical Practice guidelines and were approved
by the local institutional review board or ethics committee of each
institution. All patients provided written informed consent.

2.2 | Assessments
2.21 | Biopsy and blood collection

Blood samples were collected at baseline and at Weeks 4, 8, and
16 (Figure S1A). Skin biopsy samples (3mm) were collected from le-
sional and non-lesional skin at baseline and 2years of tralokinumab
treatment (52weeks in ECZTRA 1 and 52weeks in ECZTEND) and
from lesional skin at Week 4 and Week 16 of treatment (Figure S1A).
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2.2.2 | Serum biomarkers

Serum protein biomarkers were analyzed as follows: CCL17/
TARC and periostin by ELISA (R&D Systems, cat. # DDNOO and
Thermofisher, cat. # EHPOSTN, respectively); IL-13 and IL-22 by the
Singulex Erenna Assay (EMD Millipore cat. # 03-0109 and # 03-
0059); and IgE by ImmunoCap (ImmunoCap-250, Phadia, using Total
IgE kit reference 52-5292-EN/04).

2.2.3 | Immunohistochemistry

Immunohistochemistry was performed on formalin-fixed and paraffin-
embedded tissues using purified mouse and rabbit anti-human anti-
bodies (Table S1). Epidermal thickness and amount of staining were
quantified per biopsy length using computer-assisted analysis software
(Visiopharm Integrator Software; Version 2018.9.2). See the Methods
section in the supplemental materials for details.

2.2.4 | RNA extraction, sequencing, and qPCR
RNA was isolated from skin biopsies using the miRNeasy Mini kit
(Qiagen, Hilden, Germany) following the manufacturer's instruc-

tions. On-column DNase digestion was performed during the RNA
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extraction. RNA concentration was determined using the Qubit 2.0
fluorometer (Thermo Fisher Scientific). On average, an RNA concen-
tration of 136.2ng/pL was obtained, ranging from O to 467.2ng/uL.
Primers used for RT-gPCR are listed in Table S2.

Next-generation sequencing was performed on Illumina
NovaSeq 6000 (lllumina, San Diego, CA) with single-ended 100
read cycles. Sequencing data were generated from 174 samples
(from 48 subjects). Each sample was split into seven runs for se-
quencing, with each run conducted in four lanes, resulting in 28
FASTQ files of sequence reads per sample. After pre-processing,
the counts of mapped reads for each of 33,121 genes were ex-
tracted from the respective 28 FASTQ files and were then aggre-
gated as a summarized count for each gene in each sample. Minimal
pre-filtering was performed to keep only 25,269 genes with at least
10 reads total. RNA-seq sample quality was assessed using FastQC
(Cambridge, United Kingdom) and MultiQC.?* Samples were aligned
to the human reference genome on the basis of the STAR RNA-seq
aligner,?® and mapped reads were assigned to genomic features
by featureCounts.?® The human reference genome GRCh37 was
used. The Star software version 2.4.2a (Subread/FeatureCounts
1.5.0.post3) was used for alignment. Data were subsequently log,
transformed with voom transform?’ and modeled using a mixed-
effects model with time, treatment, and tissue as a fixed effect and
random effect (using the R limma package) for each patient. The

Benjamini-Hochberg procedure was used to adjust p-values for
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FIGURE 1 Tralokinumab treatment reduces atopic dermatitis (AD)-associated serum proteins over 16 weeks. (A-D) Median percentage
change from baseline over 16 weeks in (A). CCL17/TARC (B). Periostin (C). IgE (D). IL-22 in serum of patients who received tralokinumab

or placebo. Error bars show interquartile range. Number of patients per group is listed below each graph. p-values shown for comparison
between tralokinumab and placebo groups at Week 4, 8, and 16; *p<.05, **p<.01, ***p<.001.
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multiple hypotheses by controlling the false discovery rate (FDR).
gPCR data analyses were done using Biogazelle's gbase+ (www.

gbaseplus.com).

2.3 | Statistical analysis

For the estimation of median change from baseline (Figure 1) an
empirical approach was used and only patients with pairwise com-
plete measurements were included, no imputation was performed.
p-values for the test of differing medians between treatment arms
are based on Wilcoxon rank test. Spearman rank correlation of
change in biomarkers with change in EASI was conducted (Table S3);
only measurements where both EASI and biomarker measurements
were complete are included. Treatment, time, and tissue effects on
skin biomarkers were estimated by linear mixed-effect models with
treatment, time, and tissue, and their interaction, as fixed effects
and random effects for each patient. Contrasts of interest (e.g., fold-
changes vs. baseline, fold-changes in lesional vs. non-lesional tissue)
(Figure 4; Table S4) were estimated with empirical Bayes and tested
for their statistical significance with moderated t-tests. Percentage
improvement in skin biomarkers (Figure 3; Figure S4) was estimated
by the ratio between post-treatment lesional changes and baseline
lesional versus non-lesional changes. Comparison in improvement
across treatments and timepoints was performed with the Wilcoxon
rank test. Inference on histological biomarkers change from base-

line (Figure 2B) was carried out with two-tailed paired t-tests on

log-transformed expression/levels. At a specific timepoint (Week
4, 8, 12, or 16), only pairwise complete observations were used in
the calculations. At a specific timepoint, the hypothesis of the dif-
ference between treatments (tralokinumab vs. placebo) was tested
with two-tailed unpaired t-tests. The shape of biomarkers distribu-
tion was assessed with histograms and summary statistics, including
a set of representative quantiles.

Gene set variation analysis (GSVA) was performed as previously

d28

describe using unsupervised sample-wise enrichment in the R

software GSVA package with the z-score method, and Spearman

correlations were performed with the R stats package.?”°

3 | RESULTS

3.1 | Patient disposition and baseline
characteristics

All 802 patients randomized in ECZTRA 1 had blood samples col-
lected; 299 (n=223, tralokinumab; n=76, placebo) patients were
randomly selected to be included in these analyses (Figure S1B).
Among patients with analyzed serum samples, a subgroup of 50
patients (n=35, tralokinumab; n=15, placebo) consented to donate
skin biopsies. Of the skin biopsy subgroup, a further subgroup of 13
patients, who were treated with tralokinumab in ECZTRA 1 and con-
tinued into ECZTEND, provided additional skin samples at 2 years of
treatment (Figure S1B).

(A) (B) Change from baseline (%)
Week 0 Week 4 Week 16 Non-lesional - :?0 - 2|0 - I'ﬂ Q ‘(I) 2|0 3,0
: 2 Epidermal
Epidermal .
thickness thicknisss 2 *

S100A7

LOR

CDTlc

CK16 intensity in
epidermis

Ki-67 cells in
epidermisy

S100A7 intensity

in epidermis
LOR %
coverage *
CDTlc cells B Week 4 (n=32)

¥¥

W Week 16 (n=29)

FIGURE 2 Tralokinumab treatment normalizes atopic dermatitis (AD)-associated epidermal barrier pathology over 16 weeks. (A)
Representative histology panels from non-lesional or lesional sites at the indicated time points following initiation of tralokinumab treatment
in one patient who achieved primary endpoints. Panels for epidermal thickness show Masson's Trichrome staining; remaining panels show
immunostaining (red) for the indicated markers. (B) Percentage change from baseline to Week 4 or Week 16 of tralokinumab treatment in
the indicated measures of epidermal barrier pathology. All statistics presented are for Week 16. *p <.05, **p<.01, ***p <.001. Black stars,
significance of comparison between Week 16 and baseline; blue stars, significance of comparison between tralokinumab and placebo groups

(data for placebo [n=14 at Week 4/16] not shown).
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FIGURE 3 Tralokinumab treatment further improves the transcriptomic profile in lesional skin from Week 16 to 2years. (A) Summary
heat map of mean expression levels of differentially expressed genes (defined by criteria of FCH 21.5 and FDR <0.1) in lesional and non-
lesional skin of patients receiving tralokinumab or placebo at the indicated timepoints. (B) Overall percentage improvement in differentially
expressed genes (as in A) at Week 16 and 2years relative to baseline in lesional skin. (C). Effect of tralokinumab or placebo on expression

of genes upregulated (red) or downregulated (blue) in atopic dermatitis (AD). Dotted line represents expression level in non-lesional skin.
***p <.001. Error bars superimposed on plots represent means + SEM. ***p <0.001 2V, 2years; AD, atopic dermatitis; BL, baseline; FCH, fold
change; FDR, false discovery rate; LS, lesional; NL, non-lesional; W16, Week 16.

Baseline characteristics were largely consistent between the sub-
groups analyzed and the overall population randomized in ECZTRA
1 (Table 1). However, the smaller 2-year biopsy subgroup included
a higher proportion of moderate patients (IGA 3), but higher mean

EASI compared to all randomized patients.

3.2 | IL-13 neutralization with tralokinumab
reduces AD-associated serum protein expression and
epidermal pathology by Week 16

At baseline, levels of serum biomarkers including IL-13 and IL-22

were elevated relative to published reference values in healthy

31,32

controls, with 86% of patients having baseline serum IgE

above 1501U/mL. Serum levels of IL-13 were positively correlated
with levels of CCL17/TARC, periostin, and IL-22 (Figure S2A).
Serum levels of all four molecules correlated with baseline EASI
(Figure S2B). Tralokinumab treatment led to decreased serum
levels from baseline of the type 2 biomarkers CCL17/TARC,
periostin, and IgE by Week 4, with further reductions at Week
16 (Figure 1A-C). Serum levels of IL-22 were similarly reduced
following tralokinumab treatment (Figure 1D). The change from
baseline to Week 16 was significantly greater with traloki-
numab treatment than placebo for all four serum biomarkers
(Figure 1A-D).

At Week 16, improvements in EASI and pruritus NRS were
greater for patients receiving tralokinumab versus placebo (Table 2).
Changes in these clinical measures were largely consistent across
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FIGURE 4 Treatment with tralokinumab improves expression of Th cell pathway genes over 2years. (A-D) Heat maps of mean expression
levels of differentially expressed genes in the (A). Th2 (B). Th1 (C). Th17 and (D). Th22/IL-22 gene set pathways. Tables show FCHs between
the indicated groups. "p<.1, *p<.05, **p<0.01 ***P<0.001 2Y, 2years; BL, baseline; FCH, fold change; LS, lesional; NL, non-lesional; W16,

Week 16.

the different biomarker subgroups. Change in EASI from baseline to
Week 16 correlated with changes in serum CCL17/TARC, periostin,
and IL-22 (Table S3).

At baseline, biopsies from lesional skin showed increased epi-
dermal hyperplasia compared to non-lesional biopsies (Figure 2).
At Week 16, tralokinumab treatment demonstrated significantly
reduced epidermal thickness and reduced expression of the cell
proliferation markers CK16 and Ki-67 compared to baseline;
these improvements in epidermal hyperplasia were significantly
greater in tralokinumab-treated patients versus placebo (Figure 2).
Expression of the antimicrobial peptide SI00A7 and the immune
cell marker CD11c were significantly reduced relative to baseline
after 16 weeks of tralokinumab treatment (Figure 2). Compared

to baseline, there was significantly increased coverage of the skin
barrier protein loricrin in lesions of tralokinumab-treated patients
at Week 16 (Figure 2).

3.3 | Gene expression in lesional skin further shifts
toward a non-lesional transcriptional profile over
2years of IL-13 neutralization with tralokinumab

RNA-seq was used to identify 1908 genes that were differentially
expressed between lesional and non-lesional skin at baseline using
criteria of fold change >2 and false discovery rate <0.05 (Figure S3).
Increasing improvement towards a non-lesional profile was observed
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TABLE 2 Clinical response to tralokinumab at Week 16 and 2years in the serum biomarker and skin biopsy subgroups.

Skin biopsy subgroups

=299)

Serum biomarker subgroup (N

=13)

2-year biopsy (n

=50)

Week 16 biopsy (n

=802)

All patients (N

=13)

Tralokinumab (n

=15)

Placebo (n

=35)

Tralokinumab (n

=76)

Placebo (n

=223)

Tralokinumab (n

=197)

Placebo (n

=601)

Tralokinumab (n

2years
61.5

Week 16

19.7 25.7 20.0

38.6

17.3

334

EASI-75 (%)

-53.5 -28.3 -78.1

-33.0

-51.5

-36.7

-55.6

Mean EASI change

(%)
Mean EASI change

-27.2
-5.2

-10.1
-2.1

-18.4 (31)
-2.8(29)

-11.0

-18.0

-12.4 (182)
-2.2(167)

-17.6 (561)
-2.9 (514)

-1.9(72)

-2.9 (202)

Mean pruritus NRS

change

GUTTMAN-YASSKY ET AL.

Note: Data presented as observed ignoring rescue medication use. For EASI-75, patients with missing data at Week 16 were imputed as non-responders.

Abbreviations: EASI, Eczema Area and Severity Index; n, number of subjects in analysis set; NRS, numeric rating scale.

in samples from patients receiving tralokinumab (n=235) but not
placebo (n=15) over 16 weeks of treatment (Figure S3A). Altered
gene expression relative to baseline was apparent by Week 4 of
tralokinumab treatment (Figure S3B). At Week 16, the expression of
genes dysregulated in AD improved 46.6% in tralokinumab-treated
patients compared to 16.4% improvement in patients receiving pla-
cebo (Figure S3B). Gene expression approached non-lesional levels
in tralokinumab-treated patients at Week 16, while minimal changes
were observed in patients receiving placebo (Figure S3C).
Transcriptomic analysis of a subgroup (n=13) of tralokinumab-
treated patients with biopsy data available at both Week 16 and
2years identified 1274 differentially expressed genes between le-
sional and non-lesional skin at baseline using criteria of fold change
>1.5 and false discovery rate <0.1 (Figure 3). A noticeable shift in
genomic profile was seen from baseline to Week 16 in patients re-
ceiving tralokinumab, but not placebo, with further shifts toward a
non-lesional profile by 2 years of tralokinumab treatment (Figure 3A).
In this subgroup, tralokinumab improved expression of genes dys-
regulated in AD by 39% at Week 16 and 85% at 2years, compared
to a worsening to 15% more lesional phenotype in patients receiv-
ing placebo at Week 16 (Figure 3B). Tralokinumab-induced reversal
of the transcriptional dysregulation (in both up- and downregulated
genes) in lesional relative to non-lesional skin at Week 16 and 2 years,
compared to limited changes with placebo (Figure 3C). Interestingly,
at 2years, tralokinumab treatment also modified the transcriptomic
profile of non-lesional skin (Figure 3A). These changes in transcrip-
tomic profile at 2years of tralokinumab treatment were accompa-

nied by further improvements in EASI and pruritus NRS (Table 2).

3.4 | IL-13 neutralization with tralokinumab
modulates key immune pathways in skin

Gene set enrichment analysis was used to evaluate the impact of
tralokinumab relative to placebo on previously reported gene sig-
natures related to key immune pathways. At Week 16, patients re-
ceiving tralokinumab had significant decreases in mean expression
of Th2, Th22/IL-22, and Th17 gene signatures in lesional skin relative
to patients receiving placebo (Figure S4A). Tralokinumab treatment
shifted the expression of several key type 2 markers in lesional skin,
including CCL18, CCL22, and IL4R, towards non-lesional skin levels
(Figure S4B).

Examination of the 2-year subgroup showed tralokinumab treat-
ment continued to modulate gene expression related to Th cell
function over 2years, with further shifts towards non-lesional pro-
files from Week 16 to 2years (Figure 4). Key genes downregulated
with tralokinumab treatment included the Th2 pathway genes IL4R,
CCL17, and CCL26; the Thl pathway gene IFNG; the Th17 and Th22
pathway genes S100A7, S100A8, and S100A9; and the Th22 pathway
gene IL22 (Figure 4). Tralokinumab also significantly reduced expres-
sion of the itch-associated cytokine gene IL31 at 2years (Figure 4A).

Long-term tralokinumab treatment led to upregulation of epider-
mal differentiation complex (EDC) and cornified envelope (CE) genes
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to levels comparable to non-lesional skin, including CLDN1 and LOR
(Figure S5A). Notably, many of these genes, including LOR, also
showed increased expression in non-lesional skin from baseline to
2years (Figure S5A). Interestingly, a strong shift toward non-lesional
expression patterns was also observed in atherosclerosis signaling
pathway genes, including vascular inflammation-associated genes
(e.g., SELE, IL37, and S100A8) after 2 years of tralokinumab treatment
(Figure S5B).

Expression changes of key immune and barrier genes from base-
line to 2-years were validated by qPCR (Table S4). In lesional skin,
significant reductions were observed in genes including MMP12, PI3,
IL4R, CCL17, CCL18, IL13, S100A7, and S100A8; in non-lesional skin

FLG expression increased, and IFNG decreased, significantly.

4 | DISCUSSION

Previous data have shown that targeting both the IL.-4 and IL-13
pathways, via targeting of the shared IL-4Ra subunit, improves the
skin abnormalities characterizing AD. This study further increases
our understanding of the pathophysiology of AD, as it shows for the
first time that specific targeting of IL-13, but not IL-4 signaling, with
tralokinumab, normalizes expression of key AD biomarkers in serum
and lesional skin of patients with moderate-to-severe AD. Treatment
with tralokinumab improved epidermal pathology and reduced lev-
els of inflammatory mediators and abnormal skin barrier markers
towards those of uninvolved skin, while also modulating subclinical
inflammation seen in non-lesional skin. Improved gene expression
was apparent by Week 4, and further improvements in the tran-
scriptomic profile of lesional skin were observed through 2years of
tralokinumab treatment. These molecular data align with previous
studies showing clinical improvement with tralokinumab as early as
Week 4 for some patients, progressive improvement in clinical re-
sponse over 1lyear, and high levels of disease control at 2years of
treatment in ECZTEND.*1¢

The increased shift toward a non-lesional transcriptional profile
over 2years of IL-13 inhibition, including improvement in markers of
AD skin pathology, Th2 inflammation, and atherosclerosis, together
with the sustained clinical response observed in ECZTEND, may
represent an example of disease modification. To be considered
disease-modifying, a treatment should improve clinical signs and
symptoms of a condition and delay or prevent underlying pathology;
such a bar can only be met when clinical data are accompanied by
strong supportive evidence from a biomarker program.3® This study
is the first long-term investigation of key biomarkers in combination
with known clinical outcomes'® over 2years of biologic treatment
for patients with AD.

In addition to Th2 inflammation, IL-13 neutralization modulated
Th17 gene signatures, which have been described to be elevated in
chronic AD lesions, particularly in children and people of Asian de-
scent, who comprised approximately 20% of the study population at
baseline. However, the importance of this pathway is not clear, as anti-
IL-17A targeting has not been effective for AD treatment.? Although

the mechanism by which tralokinumab reduces Th17- and Th-22-
regulated genes is unknown, similar suppression of these pathways
was also observed following targeting of both IL-4 and IL-13 signaling
with dupilumab.?® As the reduction in Th17 and Th22 gene signatures
occurred more slowly than changes in Th2 signature, these changes
could be secondary effects of improvements in the skin barrier and
inflammatory environment upon targeting the IL-13 cytokine.

In alignment with previous reports that type 2 cytokines suppress
production of lipids and structural proteins in the skin barrier,?! we
found that specific targeting of IL-13 with tralokinumab increased
loricrin coverage by Week 16 and increased expression of EDC and
CE genes to near non-lesional levels by 2years. Tralokinumab sig-
nificantly reduced the epidermal hyperplasia characteristic of AD
lesions over 16 weeks, as shown by decreased epidermal thickness
and reduced Ki67 and CK16 staining. Interestingly, we observed
CK16 staining in the basal layer of non-lesional skin, which differs
from previously reported staining patterns. We confirmed this ex-
pression pattern using in situ hybridization of CK16 mRNA in the
basal layer of both non-lesional AD and healthy skin biopsies (data
not shown), indicating that the CK16 antibody used has higher sen-
sitivity than those used in previous publications. In patients with
AD, non-lesional skin is also characterized by barrier defects and
immune abnormalities.>* The transcriptome of non-lesional AD skin,
which is characterized by reduced expression of EDC and terminal
differentiation genes, represents an intermediate between healthy
and lesional skin, with the degree of dysregulation correlating with
disease severity.34 In this study, 2years of tralokinumab treatment
led to an improvement in several genes identified as dysregulated in
non-lesional skin,3* including markers of barrier integrity (LOR, FLG)
and skin inflammation (CCL18, IFNG), suggesting that IL-13 targeting
moves the non-lesional skin phenotype toward a healthy transcrip-
tomic profile. Several key immune and barrier genes were not dif-
ferentially expressed in skin between baseline and 2 years including,
for example, periostin, which was significantly reduced in serum at
Week 16; this could potentially reflect the smaller sample size at
2years or variance between skin and serum.

In addition to skin inflammation and barrier disruption, an altered
epidermal microbiome, dominated by increased Staphylococcus au-
reus colonization, is an important hallmark of AD skin.?! The reduced
type 2 inflammation and improved barrier integrity observed in this
study mirror the recent results demonstrating increased microbial di-
versity and decreased S. aureus colonization in patients treated with
tralokinumab in the ECZTRA 1 trial.® Collectively, these data show
that specific targeting of IL-13 improves multiple molecular hallmarks
of AD, providing a likely underlying mechanism for the improved clin-
ical signs observed in patients treated with tralokinumab.

The atherosclerosis pathway, which includes genes associated
with vascular inflammation, was first associated with AD through
a meta-analysis derived AD transcriptome.® There is also evidence
suggesting that modulation of the vagus nerve may regulate in-
flammation associated with both atherosclerosis and AD.**"%7 The
observed shift of atherosclerosis pathway genes towards a non-
lesional profile following 2years of tralokinumab treatment could
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therefore be secondary to the overall AD improvement rather than a
direct effect of IL-13 inhibition.

Specific inhibition of IL-13 reversed the molecular phenotype
of AD, including the significantly reducing expression of markers
associated with AD severity (CCL17, CCL22, CCL26, and IL22) and
itch (IL4R, IL13, and IL31).}”38 Together with improvements in EASI
and pruritus NRS with tralokinumab treatment, our results highlight
the role of IL-13 as a key driver of AD pathophysiology. These data
align with previous results showing that 16 weeks of treatment with
dupilumab, which targets both IL-4 and IL-13 signaling, suppressed
molecular markers of inflammation in serum and lesional skin and
improved epidermal barrier markers in AD patients.?® These results
support the role of targeted biologic therapy for long-term AD man-
agement, and the idea that disease modification may occur with IL-
13 targeting treatment.

Limitations of the current study include the lack of a healthy
skin comparison group at any timepoint and the lack of a placebo
comparison group and serum sample analysis at 2years. In addi-
tion to its limited sample size, the cohort of patients with 2years
of tralokinumab treatment may be enriched for patients with
clinical improvement, as patients had to opt in to continue into
ECZTEND.! The 2-year biopsy cohort also had some variance in
baseline characteristics compared to the larger subgroups-no-
tably more moderate disease and a lower proportion of Asian
patients-which could have contributed to observed changes be-
tween Week 16 and 2years.

A further limitation is the fact that bulk RNA sequencing does
not provide information on cell type-specific changes and therefore
may miss changes in low frequency cell types.®? Another possible
confounding factor is the use of TCS, which was allowed as rescue
medication if considered medically necessary by the investiga-
tor through Week 16 in ECZTRA 1 with optional use permitted in
ECZTEND. There were no restrictions on TCS use prior to sample
collection and there is evidence that TCS can modulate expression
of immune and barrier genes in skin.?!

In summary, tralokinumab treatment significantly improved
aberrant immune activation in skin and blood, epidermal barrier
pathology, and markers of atherosclerosis in adult patients with
moderate-to-severe AD. These data further support the central
role of IL-13 in driving AD pathology and highlight that inhibition
of IL-13 alone is sufficient for normalizing the molecular pheno-
type of AD.

AUTHOR CONTRIBUTIONS

All authors contributed to the acquisition, analysis, or interpretation
of data; critically reviewed and revised the manuscript for important
intellectual content; approved the final draft for publication; and are
accountable for their contributions and the integrity of the work.

ACKNOWLEDGEMENTS

ECZTRA 1 was, and the ongoing ECZTEND clinical trial is, spon-
sored by LEO Pharma A/S. The authors wish to thank the partici-
pants who donated biopsies, the investigators who collected biopsy

samples, and the histology team at LEO Pharma: Marianne Munk
Petersen, Trine Gejsing, Liselotte Butzkowsky Gurzulidis, Josephine
Hebsgaard. Medical writing support, including assisting authors
with the development of the manuscript drafts and incorporation
of comments, was provided by Clair Geary, PhD of Alphabet Health
(New York, NY), supported by LEO Pharma A/S, according to Good
Publication Practice guidelines (https://www.ismpp.org/gpp-2022).

FUNDING INFORMATION

ECZTRA 1 was sponsored by LEO Pharma A/S. The ongoing
ECZTEND clinical trial is sponsored by LEO Pharma A/S. Medical
writing support was funded by LEO Pharma A/S, according to Good
Publication Practice guidelines (https://www.ismpp.org/gpp-2022).
The authors received no honoraria related to the development of

this publication.

CONFLICT OF INTEREST STATEMENT

Emma Guttman-Yassky is an employee of Mount Sinai and has re-
ceived research grants from and/or is a consultant for Boehringer
Ingelheim, Leo Pharma, Pfizer,Cara Therapeutics, UCB, Kyowa
Kirin, RAPT, Amgen, GSK, Incyte, Sanofi, Bristol Meyers Squibb,
Aslan, Regeneron, Anaptysbio, Concert, Abbvie, Almirall, Apogee
Therapeutics, Apollo Therapeutics Limited, Artax Biopharma Inc.,
AstraZeneca, Centrexion Therapeutics Corporation, Connect
Biopharm, Eli Lilly, Enveda Biosciences, EscientPharmaceuticals,
Inc., Fairmount Funds Management LLC, FL2022-001, Inc,
Galderma, Gate Bio, Google Ventures (GV)Immunology, Horizon
Therapeutics USA, Inc., Inmagene, Janssen Biotech, Japan Tobacco,
Jasper Therapeutics, Merck, Nektar Therapeutics, Novartis
Pharmaceuticals. Corporation, NUMAB Therapeutics AG, OrbiMed
Advisors LLC, OTSUKA, Pharmaxis Ltd, Pioneering Medicine VI, Inc.,
Proteologix US Inc, Regeneron Pharmaceuticals, RibonTherapeutics,
Inc., SATO, Schrédinger, Inc., Sun Pharma Advanced Research
Company (SPARC), and Teva Branded Pharmaceutical Products
R&D, Inc. Kenji Kabashima has received consulting fees or advisory
board honoraria from Japan Tobacco Inc., Chugai Pharmaceutical,
Maruho, and Pola Pharma, and has received research grants from
LEO Pharma, Japan Tobacco Inc., P&G Japan, Eli Lilly Japan, Tanabe
Mitsubishi, Ono Pharmaceutical, Kyowa Hakko Kirin, Pola Pharma,
AbbVie, Sanofi, and Kyorin Pharmaceutical. Delphine Staumont-Sallé
has served as an investigator for Abbvie, Amgen/Celgene, Galderma,
Eli Lilly, Leo Pharma, Novartis, Sanofi-Regeneron, has received
consulting fees from Abbvie, Astra-Zeneca, Eli Lilly, LEO Pharma,
Janssen, Novartis, Sanofi, Pfizer, and has received speaker fees from
Abbvie, Eli Lilly, Janssen, Novartis, Pfizer, and Sanofi. Walter Nahm
is an investigator for Foamix and LEO Pharma. Sylvia Pauser has
served as an investigator in clinical trials sponsored by ALK Abello,
Almirall, Amgen, Bay Pharma, Cutanea, Dermira, Dr. August Wolff,
Dr. Reddy's, Eli Lilly, Galderma, Glenmark, Janssen, LEO Pharma,
Menlo, Merck, Moberg, Novartis, Regeneron Pharmaceuticals, Inc.,
Sanofi Genzyme, Sun Pharma, UCB. Joel Correa Da Rosa was an em-
ployee of LEO Pharma A/S. Britta Cathrina Martel, Daniel Elenius
Madsen, and Petra Arlert are shareholders in and employees of LEO

85U8017 SUOWIWOD) 8AITER1D) 3|dealdde sy Ag peusenob afe seoiie YO ‘8sn JO Sa|nJ oy Areiqi8uljuO A8 |1 UO (SUOTPUOD-pUe-SULIRYLI0O" A3 1M ARe.q 1[I |UO//SANY) SUOIIPUOD Pue SWiB | 3L 38S *[7202/80/82] UO A%eiq1Tauluo 48| ‘8oueIH aueIyooD Aq 80T9T |/TTTT OT/I0pAU0D A8 im Ateiq Ul |uo//Sdny wolj pepeojumod ‘9 ‘20 ‘S66686ET


https://www.ismpp.org/gpp-2022
https://www.ismpp.org/gpp-2022

GUTTMAN-YASSKY ET AL.

Pharma A/S. Mads Roepke and Louise Steffensen were employ-
ees of LEO Pharma A/S. Andrew Blauvelt has served as a speaker
(received honoraria) for AbbVie, Bristol-Myers Squibb, Eli Lilly and
Company, Pfizer, Regeneron, and Sanofi, served as a scientific ad-
viser (received honoraria) for AbbVie, Abcentra, Aclaris, Affibody,
Aligos, Almirall, Alumis, Amgen, Anaptysbio, Apogee, Arcutis, Arena,
Aslan, Athenex, Bluefin Biomedicine, Boehringer Ingelheim, Bristol-
Myers Squibb, Cara Therapeutics, CTl BioPharma, Dermavant,
EcoR1, Eli Lilly and Company, Escient, Evelo, Evommune, Forte,
Galderma, Highlightll Pharma, Incyte, InnoventBio, Janssen, Landos,
Leo, Lipidio, Merck, Monte Rosa Therapeutics, Nektar, Novartis,
Overtone Therapeutics, Paragon, Pfizer, Rani, Rapt, Regeneron,
Sanofi Genzyme, Spherix Global Insights, Sun Pharma, Takeda, TLL
Pharmaceutical, TrialSpark, UCB Pharma, Union, Ventyx, Vibliome,
and Xencor, and has acted as a clinical study investigator (institu-
tion has received clinical study funds) for AbbVie, Acelyrin, Allakos,
Almirall, Alumis, Amgen, Arcutis, Athenex, Boehringer Ingelheim,
Bristol-Myers Squibb, Concert, Dermavant, Eli Lilly and Company,
Evelo, Evommune, Galderma, Incyte, Janssen, Leo, Merck, Novartis,
Pfizer, Regeneron, Sanofi, Sun Pharma, UCB Pharma, and Ventyx.
Kristian Reich has served as advisor and/or paid speaker for and/or
participated in clinical trials sponsored by Abbvie, Almirall, Amgen,
Boehringer Ingelheim, Bristol-Myers Squibb, Celgene, Forward
Pharma, Gilead, Galderma, Janssen-Cilag, Kyowa Kirin, LEO Pharma,
Lilly, Medac, Novartis, Ocean Pharma, Pfizer, Sanofi, UCB; Professor

Reich is co-founder of Moonlake Immunotherapeutics.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on re-
quest. All requests are reviewed independently of LEO Pharma by
an external Patient and Scientific Review Board. The data are not

publicly available due to privacy or ethical restrictions.

ORCID

Emma Guttman-Yassky "= https://orcid.org/0000-0002-9363-324X

REFERENCES

1. Silverberg JI. Atopic dermatitis in adults. Med Clin North Am.
2020;104(1):157-176. doi:10.1016/j.mcna.2019.08.009

2. Langan SM, Irvine AD, Weidinger S. Atopic dermatitis. Lancet.
2020;396(10247):345-360. doi:10.1016/s0140-6736(20)31286-1

3. Hjuler KF, Bottcher M, Vestergaard C, et al. Increased prevalence
of coronary artery disease in severe psoriasis and severe atopic
dermatitis. Am J Med. 2015;128(12):1325-1334.e2. doi:10.1016/j.
amjmed.2015.05.041

4. Silverberg JI, Greenland P. Eczema and cardiovascular risk fac-
tors in 2 US adult population studies. J Allergy Clin Immunol.
2015;135(3):721-728.€6. doi:10.1016/j.jaci.2014.11.023

5. Ewald DA, Malajian D, Krueger JG, et al. Meta-analysis derived
atopic dermatitis (MADAD) transcriptome defines a robust AD
signature highlighting the involvement of atherosclerosis and lipid
metabolism pathways. BMC Med Genet. 2015;8:60. doi:10.1186/
$12920-015-0133-x

6. Wollenberg A, Weidinger S, Worm M, Bieber T. Tralokinumab in
atopic dermatitis. J Dtsch Dermatol Ges. 2021;19(10):1435-1442.
doi:10.1111/ddg.14545

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Bieber T. Interleukin-13: targeting an underestimated cytokine in
atopic dermatitis. Allergy. 2020;75(1):54-62. doi:10.1111/all.13954
Furue K, Ito T, Tsuji G, et al. The IL-13-OVOL1-FLG axis in atopic der-
matitis. Immunology. 2019;158(4):281-286. d0i:10.1111/imm.13120
Szegedi K, Lutter R, Res PC, et al. Cytokine profiles in intersti-
tial fluid from chronic atopic dermatitis skin. J Eur Acad Dermatol
Venereol. 2015;29(11):2136-2144. doi:10.1111/jdv.13160

Tsoi LC, Rodriguez E, Degenhardt F, et al. Atopic dermatitis is an
IL-13-dominant disease with greater molecular heterogeneity
compared to psoriasis. J Invest Dermatol. 2019;139(7):1480-1489.
doi:10.1016/j.jid.2018.12.018

May RD, Monk PD, Cohen ES, et al. Preclinical development of
CAT-354, an IL-13 neutralizing antibody, for the treatment of se-
vere uncontrolled asthma. Br J Pharmacol. 2012;166(1):177-193.
doi:10.1111/j.1476-5381.2011.01659.x

Popovic B, Breed J, Rees DG, et al. Structural characterisation
reveals mechanism of IL-13-Neutralising monoclonal antibody
Tralokinumab as inhibition of binding to IL-13Ral1 and IL-13Ra2. J
Mol Biol. 2017;429(2):208-219. d0i:10.1016/j.jmb.2016.12.005
Silverberg JI, Toth D, Bieber T, et al. Tralokinumab plus topical
corticosteroids for the treatment of moderate-to-severe atopic
dermatitis: results from the double-blind, randomized, multi-
centre, placebo-controlled phase IIl ECZTRA 3 trial. Br J Dermatol.
2021;184(3):450-463. d0i:10.1111/bjd.19573

Wollenberg A, Blauvelt A, Guttman-Yassky E, et al. Tralokinumab for
moderate-to-severe atopic dermatitis: results from two 52-week,
randomized, double-blind, multicentre, placebo-controlled phase Il
trials (ECZTRA 1 and ECZTRA 2). Br J Dermatol. 2021;184(3):437-
449, doi:10.1111/bjd.19574

Beck LA, Bieber T, Weidinger S, et al. Tralokinumab treatment im-
proves the skin microbiota by increasing the microbial diversity in
adults with moderate-to-severe atopic dermatitis: analysis of micro-
bial diversity in ECZTRA 1, a randomized controlled trial. J Am Acad
Dermatol. 2022;88(4):816-823. doi:10.1016/j.jaad.2022.11.047
Blauvelt A, Langley RG, Lacour JP, et al. Long-term 2-year safety and ef-
ficacy of tralokinumab in adults with moderate-to-severe atopic derma-
titis: interim analysis of the ECZTEND open-label extension trial. J Am
Acad Dermatol. 2022;87(4):815-824. doi:10.1016/j.jaad.2022.07.019
Renert-Yuval Y, Thyssen JP, Bissonnette R, et al. Biomarkers
in atopic dermatitis-a review on behalf of the international ec-
zema council. J Allergy Clin Immunol. 2021;147(4):1174-1190.e1.
doi:10.1016/j.jaci.2021.01.013

Ferran M, Santamaria-Babi LF. Pathological mechanisms of
skin homing T cells in atopic dermatitis. World Allergy Organ J.
2010;3(3):44-47. doi:10.1097/WOX.0b013e3181d675f8

Islam SA, Ling MF, Leung J, Shreffler WG, Luster AD. Identification
of human CCR8 as a CCL18 receptor. J Exp Med. 2013;210(10):1889-
1898. doi:10.1084/jem.20130240

Yuan Q, Campanella GS, Colvin RA, et al. Membrane-bound eo-
taxin-3 mediates eosinophil transepithelial migration in [L-4-
stimulated epithelial cells. Eur J Immunol. 2006;36(10):2700-2714.
doi:10.1002/€ji.200636112

Beck LA, Cork MJ, Amagai M, et al. Type 2 inflammation contrib-
utes to skin barrier dysfunction in atopic dermatitis. JID Innovations.
2022;2022:100131. doi:10.1016/j.xjidi.2022.100131

Brunner PM, Suarez-Farifias M, He H, et al. The atopic dermatitis
blood signature is characterized by increases in inflammatory and
cardiovascular risk proteins. Sci Rep. 2017;7(1):8707. doi:10.1038/
s41598-017-09207-z

Guttman-Yassky E, Bissonnette R, Ungar B, et al. Dupilumab
progressively improves systemic and cutaneous abnormali-
ties in patients with atopic dermatitis. J Allergy Clin Immunol.
2019;143(1):155-172. doi:10.1016/j.jaci.2018.08.022

Ewels P, Magnusson M, Lundin S, Kaller M. MultiQC: sum-
marize analysis results for multiple tools and samples in a

85U8017 SUOWIWOD) 8AITER1D) 3|dealdde sy Ag peusenob afe seoiie YO ‘8sn JO Sa|nJ oy Areiqi8uljuO A8 |1 UO (SUOTPUOD-pUe-SULIRYLI0O" A3 1M ARe.q 1[I |UO//SANY) SUOIIPUOD Pue SWiB | 3L 38S *[7202/80/82] UO A%eiq1Tauluo 48| ‘8oueIH aueIyooD Aq 80T9T |/TTTT OT/I0pAU0D A8 im Ateiq Ul |uo//Sdny wolj pepeojumod ‘9 ‘20 ‘S66686ET


https://orcid.org/0000-0002-9363-324X
https://orcid.org/0000-0002-9363-324X
https://doi.org//10.1016/j.mcna.2019.08.009
https://doi.org//10.1016/s0140-6736(20)31286-1
https://doi.org//10.1016/j.amjmed.2015.05.041
https://doi.org//10.1016/j.amjmed.2015.05.041
https://doi.org//10.1016/j.jaci.2014.11.023
https://doi.org//10.1186/s12920-015-0133-x
https://doi.org//10.1186/s12920-015-0133-x
https://doi.org//10.1111/ddg.14545
https://doi.org//10.1111/all.13954
https://doi.org//10.1111/imm.13120
https://doi.org//10.1111/jdv.13160
https://doi.org//10.1016/j.jid.2018.12.018
https://doi.org//10.1111/j.1476-5381.2011.01659.x
https://doi.org//10.1016/j.jmb.2016.12.005
https://doi.org//10.1111/bjd.19573
https://doi.org//10.1111/bjd.19574
https://doi.org//10.1016/j.jaad.2022.11.047
https://doi.org//10.1016/j.jaad.2022.07.019
https://doi.org//10.1016/j.jaci.2021.01.013
https://doi.org//10.1097/WOX.0b013e3181d675f8
https://doi.org//10.1084/jem.20130240
https://doi.org//10.1002/eji.200636112
https://doi.org//10.1016/j.xjidi.2022.100131
https://doi.org//10.1038/s41598-017-09207-z
https://doi.org//10.1038/s41598-017-09207-z
https://doi.org//10.1016/j.jaci.2018.08.022

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

GUTTMAN-YASSKY ET AL.

single report. Bioinformatics. 2016;32(19):3047-3048. doi:10.1093/
bioinformatics/btw354

Dobin A, Davis CA, Schlesinger F, et al. STAR: ultrafast universal
RNA-seq aligner. Bioinformatics. 2013;29(1):15-21. doi:10.1093/
bioinformatics/bts635

Liao Y, Smyth GK, Shi W. featureCounts: an efficient general pur-
pose program for assigning sequence reads to genomic features.
Bioinformatics. 2014;30(7):923-930. doi:10.1093/bioinformatics/
btt656

Law CW, Chen Y, Shi W, Smyth GK. voom: precision weights unlock
linear model analysis tools for RNA-seq read counts. Genome Biol.
2014;15:R29. doi:10.1186/gb-2014-15-2-r29

Kim M, Mikhaylov D, Rangel SM, et al. Transcriptomic analysis
of the major orphan ichthyosis subtypes reveals shared immune
and barrier signatures. J Invest Dermatol. 2022;142:2363-2374.
doi:10.1016/j.jid.2022.03.022

Hanzelmann S, Castelo R, Guinney J. GSVA: gene set variation
analysis for microarray and RNA-seq data. BMC Bioinformatics.
2013;14:7. doi:10.1186/1471-2105-14-7

Fang H, Knezevic B, Burnham KL, Knight JC. XGR software for
enhanced interpretation of genomic summary data, illustrated
by application to immunological traits. Genome Med. 2016;8:129.
doi:10.1186/s13073-016-0384-y

Shukla R, Santoro J, Bender FC, Laterza OF. Quantitative deter-
mination of human interleukin 22 (IL-22) in serum using Singulex-
Erenna® technology. J Immunol Methods. 2013;390(1-2):30-34.
doi:10.1016/}.jim.2013.01.002

St Ledger K, Agee SJ, Kasaian MT, et al. Analytical validation of a
highly sensitive microparticle-based immunoassay for the quan-
titation of IL-13 in human serum using the Erenna immunoassay
system. J Immunol Methods. 2009;350(1-2):161-170. doi:10.1016/j.
jim.2009.08.012

Bieber T, Cork M, Reitamo S. Atopic dermatitis: a candidate
for disease-modifying strategy. Allergy. 2012;67(8):969-975.
doi:10.1111/j.1398-9995.2012.02845.x

Suérez-Farifias M, Tintle SJ, Shemer A, et al. Nonlesional atopic
dermatitis skin is characterized by broad terminal differentiation

35.

36.

37.

38.

39.

defects and variable immune abnormalities. J Allergy Clin Immunol.
2011;127(4):954-964.e1-4. doi:10.1016/j.jaci.2010.12.1124
Boettger MK, Bar KJ, Dohrmann A, et al. Increased vagal mod-
ulation in atopic dermatitis. J Dermatol Sci. 2009;53(1):55-59.
doi:10.1016/j.jdermsci.2008.08.003

Caravaca AS, Centa M, Gallina AL, Tarnawski L, Olofsson PS. Neural
reflex control of vascular inflammation. Bioelectron Med. 2020;6:3.
doi:10.1186/542234-020-0038-7

Gidron Y, Kupper N, Kwaijtaal M, Winter J, Denollet J. Vagus-
brain communication in atherosclerosis-related inflammation: a
neuroimmunomodulation perspective of CAD. Atherosclerosis.
2007;195(2):e1-e9. doi:10.1016/j.atherosclerosis.2006.10.009
Cevikbas F, Lerner EA. Physiology and pathophysiology of itch.
Physiol Rev. 2020;100(3):945-982. doi:10.1152/physrev.00017.2019
Wang Y, Navin NE. Advances and applications of single-cell se-
quencing technologies. Mol Cell. 2015;58(4):598-609. doi:10.1016/j.
molcel.2015.05.005

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Guttman-Yassky E, Kabashima K,
Staumont-Salle D, et al. Targeting IL-13 with tralokinumab
normalizes type 2 inflammation in atopic dermatitis both early
and at 2years. Allergy. 2024;79:1560-1572. doi:10.1111/
all.16108

85UB017 SUOWILLIOD 3AIIER.D 3deal|dde auj Aq paueA0B 88 DI VO ‘35N JOS3|NJ 0} AXIq1T 3UIUO AB|IA UO (SUORIPLIOD-PUR-SWRYLIOD A8 | 1M AReaq | U1 |UD//SdNY) SUO RIPUOD Pue swis | 8y} 83s *[7202/80/82] U0 A%eiqi8uliuo A8|IM ‘Souei- 814000 AQ 8OTIT'IIB/TTTT OT/I0p/LOD A3 1M Afeiq 1 pulUo// Sy WOJ) papeolumoq ‘9 ‘7202 ‘S66686ET


https://doi.org//10.1093/bioinformatics/btw354
https://doi.org//10.1093/bioinformatics/btw354
https://doi.org//10.1093/bioinformatics/bts635
https://doi.org//10.1093/bioinformatics/bts635
https://doi.org//10.1093/bioinformatics/btt656
https://doi.org//10.1093/bioinformatics/btt656
https://doi.org//10.1186/gb-2014-15-2-r29
https://doi.org//10.1016/j.jid.2022.03.022
https://doi.org//10.1186/1471-2105-14-7
https://doi.org//10.1186/s13073-016-0384-y
https://doi.org//10.1016/j.jim.2013.01.002
https://doi.org//10.1016/j.jim.2009.08.012
https://doi.org//10.1016/j.jim.2009.08.012
https://doi.org//10.1111/j.1398-9995.2012.02845.x
https://doi.org//10.1016/j.jaci.2010.12.1124
https://doi.org//10.1016/j.jdermsci.2008.08.003
https://doi.org//10.1186/s42234-020-0038-7
https://doi.org//10.1016/j.atherosclerosis.2006.10.009
https://doi.org//10.1152/physrev.00017.2019
https://doi.org//10.1016/j.molcel.2015.05.005
https://doi.org//10.1016/j.molcel.2015.05.005
https://doi.org/10.1111/all.16108
https://doi.org/10.1111/all.16108

	Targeting IL-­13 with tralokinumab normalizes type 2 inflammation in atopic dermatitis both early and at 2 years
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study design
	2.2|Assessments
	2.2.1|Biopsy and blood collection
	2.2.2|Serum biomarkers
	2.2.3|Immunohistochemistry
	2.2.4|RNA extraction, sequencing, and qPCR

	2.3|Statistical analysis

	3|RESULTS
	3.1|Patient disposition and baseline characteristics
	3.2|IL-­13 neutralization with tralokinumab reduces AD-­associated serum protein expression and epidermal pathology by Week 16
	3.3|Gene expression in lesional skin further shifts toward a non-­lesional transcriptional profile over 2 years of IL-­13 neutralization with tralokinumab
	3.4|IL-­13 neutralization with tralokinumab modulates key immune pathways in skin

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


