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Abstract

Background—Atopic dermatitis (AD) is the most common inflammatory disease. Evolving

disease models link changes in epidermal growth and differentiation to Th2/Th22 cytokine

activation. However, these models have not been tested by in-vivo suppression of T-cell

cytokines. CsA is an immune-suppressant highly effective for severe disease, but its mechanism in

AD skin lesions has not been studied.

Objective—To establish the ability of a systemic immune-suppressant to modulate immune and

epidermal alterations that form the pathogenic disease phenotype, and to correlate changes with

clinical improvement.
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Methods—CsA effects on AD skin pathology were evaluated using geneexpression and

immunohistochemistry studies in baseline, week 2 and 12 lesional and non-lesional biopsies from

19 patients treated with 5 mg/kg/d CsA for 12 weeks.

Results—After 2 and 12 weeks of treatment, we observed significant reductions of 51% and

72%, respectively, in Scoring of AD/SCORAD. Clinical improvements were associated with

significant gene expression changes in lesional but also non-lesional skin, particularly reductions

of Th2-, Th22-, and some Th17-related molecules (i.e IL-13, IL-22, CCL17, S100As, elafin/PI3),

and modulation of epidermal hyperplasia and differentiation measures.

Conclusions—This is the first study that establishes a relationship between cytokine activation

and molecular epidermal alterations as well as correlations between disease biomarkers in the skin

and clinical improvement. The reversal of the molecular phenotype with CsA and the associated

biomarkers can serve as a reference for the successful modulation of tissue inflammation with

specific immune-antagonists in future studies, contributing to the understanding of the specific

cytokines involved in epidermal pathology.
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Introduction

Although atopic dermatitis (AD) is the most common inflammatory skin disorder,1

therapeutic options for moderate-to-severe patients are limited.2–4 The AD phenotype has

been associated with activation of inflammatory pathways and epidermal alterations

(including hyperplasia, increased expression of S100 proteins, and differentiation

abnormalities).2,4–7 It has been recently classified as a Th2/Th22-polarized disease, but Th1

and Th17 have been also proposed to contribute to pathogenesis.8–10 However, the relative

roles of the immune and barrier elements in disease pathogenesis, and the extent to which

their modulation is correlated with clinical improvement are not yet known.5–10

Cyclosporine (CsA) is a potent immunosuppressant that acts primarily on T-cells by

inhibiting calcineurin, and thus signal transduction mediated by TCR activation. It has also

been reported to affect B-cells and dendritic cells (DCs),11–14 and can also suppress some

growth-related pathways in keratinocytes.15–17 The efficacy of CsA in AD has been

demonstrated by numerous studies, and is considered by many as the treatment of choice for

severe AD.18–23 However, its mechanism of action in AD is not established, and studies that

correlate clinical improvement with changes in the immune and epidermal abnormalities in

skin lesions are unavailable. Some studies, using blood from AD patients treated with CsA,

found associations between therapeutic improvement and reduction of IFNγ/Th1 and IL-4/

IL-13/IL-5/Th2 producing T-cells and associated products (i.e CCL17/TARC, IL-13, IL-4,

IL-5, IL-31, IL-6, IL-8), with inconclusive data on Treg modulation.24–31 However, effects

of CsA on T-cells in AD tissues, which show high levels of activation compared to

circulating lymphocytes, have not been investigated. In psoriasis, reversal of the clinical and

histologic phenotypes was strongly linked to suppression of Th1, Th17 and Th22 axes in

skin lesions, establishing it as a primarily immune-driven disease.12 An in vitro T-cell model

Khattri et al. Page 2

J Allergy Clin Immunol. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



has recently demonstrated that in addition to the general immune-suppressive effects, CsA

also directly inhibits IL-22 expression, possibly explaining its therapeutic benefit.32

Our recent investigations with NB-UVB demonstrated for the first time that clinical AD

reversal is associated with reductions in the epidermal hyperplasia and inflammatory

molecules.33 However, since NB-UVB has direct effects on regenerative hyperplasia, we

were not able to definitively link the immune suppression with reversal of the barrier

abnormalities.34 Using CsA, a broad immune-suppressant, we aimed to establish the ability

of a systemic pharmacological treatment to modulate activation of the various immune axes

involved in AD pathogenesis, and to reverse the associated epidermal pathology. This study

links immune suppression with improvement in epidermal pathology, and establishes a set

of biomarkers that correlate with clinical improvement.

Methods

Patients’ Characteristics and skin samples

Pre-treatment (week 0), week 2, and post-treatment (week 12) lesional (LS) and non-lesional

(NL) (at least 1 cm from any active lesion) skin biopsies and blood samples were obtained

from 19 patients with moderate-to-severe AD (12 males, 7 females, ages 18–69 years,

median 45 years) who participated in an open label trial with 5 mg/kg/day CsA for 12 weeks

under IRB-approved protocols. Patients were allowed to use emollients only with no other

treatment during the study. Week 0, 2, and 12 LS and NL biopsies (from the same area)

were obtained to evaluate for treatment effect. Disease severity was evaluated by Scoring of

AD (SCORAD) at baseline, weeks 2 and 12. No heterozygous FLG mutations (R501X and

2282del4 allele) were found in the 6 Caucasian patients studied (Table E1, Supplementary

Materials in Online Repository/OR).

Immunohistochemistry

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

antibodies (Table E4).33,35 Epidermal thickness and positive cells per millimeter were

quantified using computer-assisted image analysis software (ImageJ 1.42; National Institutes

of Health, Bethesda, MD). The epidermal thickness measurement included all layers,

including stratum corneum. Pathologic thickness was defined as pre-treatment LS minus NL

epidermal thickness.33,35

Quantitative real-time (RT) PCR and gene-array analysis

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

Technologies, Grand Island, NY), and custom primers were generated as described.33

Affymetrix U133Plus 2.0 arrays (Affymetrix, Santa Clara, CA) were used for gene-arrays,

as reported.33

Statistical Analysis

All 19 patients (including the two non-responders) were included in statistical analyses.

Quality control of microarrays was carried out using standard QC metrics and R package

microarray Quality Control.36 Images were scrutinized for spatial artifacts using
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Harshlight.37 Expression measures were obtained using GCRMA.38 Probe-sets with ≥3

samples, expression values >3, and standard deviation (SD)>0.1 were kept for further

analyses. Expression values were modeled using mixed-effect models with fixed Time and

Treatment factors and a random effect for each patient. Fold changes/FCHs for the

comparisons of interest were estimated and hypothesis testing were conducted using

contrasts under the general framework for linear models in limma package. P-values from

the moderated (paired) t-test were adjusted for multiple hypotheses using the Benjamini–

Hochberg procedure. Hierarchical Clustering were obtained using Euclidean distance and

Mcquitty agglomeration scheme. RT-PCR analysis used log transformed expression values

and similar mixed effect models. Spearman rank correlations were used to correlate clinical

response with variables measured by RT-PCR and IHC.

Results

After 12 weeks of 5mg/kg/day of CsA, 17/19 patients met the therapeutic response criteria

of SCORAD 50 (a decrease of ≥50% in SCORAD index). Pretreatment SCORAD ranged

from 44 to 98 (mean 65.02, SD 15.86); week 2 ranged from 5.9 to 76 (mean 33.34, SD

19.87), and post-treatment from 0 to 59 (mean 17.90, SD 14.51). Two patients did not

achieve SCORAD 50 (non-responders). Pre-treatment serum IgE levels were elevated in

12/19 patients (range 6–70, 530, median 1269, reference range 0–114 kU/L). Serum

eosinophil levels were elevated in 10/19 patients (range 0.6–17%, mean 8%, reference range

0–7%). Mean reductions in SCORAD of 51% (SD 23) and 72% (SD 18) were observed at

week 2 and week 12 (p<0.001, p<0.001), respectively (Figure E1B in Online Repository

(OR)). There were no significant reductions in serum IgE and eosinophil levels (Figure

E1C–D). Epidermal response was evaluated by comparing the thickness and keratinocyte

proliferation markers (K16 and Ki67) at week 0, 2, and 12 in LS and NL biopsies (Figure

1A–D). Mean LS epidermal thickness at week 0 was 197% greater than NL (204.51μm

versus 104.00μm, respectively) and was significantly reduced after 2 and 12 weeks of

treatment (p<0.001), with a mean decrease of 90.2 (SD 14.77μm) at 12 weeks (a reduction

of pathologic epidermal thickness of 79.70, (SD 21.18) (Figure 1C). We also detected

reductions in epidermal thickness of NL skin (a mean decrease of 16.10um; SD 5.30).

Significant reductions in Ki67 cell counts were observed in LS skin at week 2 and week 12

compared with baseline (p<0.001) (Figure 1D). 17/19 patients showed resolved suprabasilar

K16 expression (not typically expressed in normal skin) in LS skin at week 12 versus K16-

positivity in 19/19 pre-LS samples (Figure 1B). Significant reductions in K16 mRNAs were

seen at week 2 and week 12 (p<0.001, p<0.001 respectively) (Figure 1E). Interestingly, the

2 patients that retained K16-positivity were different from the clinical non-responders. The

mechanistic study was structured to determine whether CsA would “normalize” or improve

the LS towards a NL AD phenotype.

Suppression of inflammatory-cell infiltrates following CsA

We measured infiltrates of CD3+ T-cells, CD11c+ and CD83+ DCs and CD206+

inflammatory dendritic epidermal cells (IDECs) in LS and NL skin throughout treatment

(Figure E2A–D). Marked reductions in LS skin infiltrating leukocytes occurred by 2 weeks
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of treatment, with subsequent reductions through week 12. Overall, cellular infiltrates in LS

skin were reduced to levels measured in baseline NL skin (p<0.001) (Figure E2E–H).

Genomic Reversal of the AD phenotype with CsA treatment

Gene-arrays were performed to define the AD phenotype (the differentially-expressed

genes/DEGs between LS and NL tissues, or the AD transcriptome) and to assess the effects

of CsA on the transcriptome. In this study 519 up-regulated probes (399 genes) and 422

down-regulated probes (310 genes) defined the baseline AD transcriptome (FCH>2 and

false discovery rate/FDR<0.05). Figure 2A illustrates the AD transcriptome at baseline and

the changes induced by CsA at weeks 2 and 12. Significantly altered gene expression

compared with baseline was observed in LS but also in NL skin (red to blue, or blue to red

transition) as early as week 2, with some additional suppression at week 12. At week 12,

post-LS and NL skin showed similar expression levels. 392 and 421 probes were up-

regulated and 141 and 329 down-regulated at weeks 2 and 12, respectively (Table E2). The

diminishing difference between LS and NL skin (where LS approaches NL) is represented in

Figure 2B. Significant changes from the baseline expression of the transcriptome genes were

already observed at week 2 (Figure 2B). Mean genomic improvements in the AD

transcriptome of 84% and 106% were seen, with reductions of 97% and 109% in up-

regulated, and increases of 68% and 102% in down-regulated genes at weeks 2 and 12,

respectively, paralleling significant respective decreases in SCORAD (Figures E3B and

Figure E1B, Table E2).

Major Suppression of Epidermal Proliferation and Inflammatory Pathways with CsA at
week 2 by gene-arrays

A large set of genes were significantly modulated by CsA treatment on gene-arrays at week

2, with smaller changes observed between weeks 2 and 12 (Table E2). Among the most

significantly down-regulated genes with CsA were general inflammatory markers (MMP12,

S100A12), markers of T-cells (granzyme B, CTLA4, CD28), Th2 and eosinophil attracting

chemokines (CCL18, CCL17, CCL22, CCL13), Th17/Th22 related S1007, A8, A9, Th1/

interferon-related products (OASL, CXCL10, CXCL9, STAT1), Th17 related products

(CXCL1, CXCL2, PI3/Elafin, lipocalin 2/LCN2), and DC antigens (CD1b, CD209).

Markers of epidermal proliferation (Mki67, K16) were also among the top down-regulated

genes. Several immune markers, among which major Th2 (i.e CCL17, CCL22) chemokines,

IL-17/IL-22 related genes (i.e LCN2, S100s), and others, showed comparable or even

sometimes higher suppression from baseline levels at week 2 compared to week 12.

Structural and lipid metabolism (lipoprotein lipase, leptin, thyroid hormone responsive) and

barrier genes (i.e the tight junction gene claudin 8) showed significant up-regulation from

baseline expression levels mostly evident only at week 12. The NL skin also showed

significant changes in key AD genes at week 12 (Table E2).

CsA Induces Broad Suppression of Inflammatory Pathways by gene-arrays and RT-PCR

A predicted effect of CsA would be to strongly reduce expression of T-cell derived

cytokines and downstream inflammatory pathways regulated by immune cytokines. Figure

E3A shows changes in an immune subset within the AD transcriptome in LS and NL skin at

weeks 2 and 12, whereas lower abundance genes were measured by RT-PCR (Figure 3,
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Table E3). Inflammation is well illustrated by up-regulation (red) of inflammatory genes in

LS skin, and variably in NL skin, appearing stronger in patients with higher SCORAD.

Robust changes were observed in LS but also in NL skin (red to blue transition) already at

week 2, with week 12 LS and NL skin showing similar expression levels (Figure E3A).

Major T-cell, DC, and keratinocyte-related products (i.e IL-4R, JAK-3, ITGAX/CD11c+,

CCL17, IL-7R, S100s, etc) that are increased in AD lesions, showed significantly decreased

expression in LS and also NL skin at week 2 by gene arrays (Figure E3A, Table E2).

Lesional, and variably also NL skin, contain activated populations of Th1, Th2, Th17, Th22,

and Th9 T-cell subsets and increased inflammatory mediators as determined by increased

mRNA production of representative cytokines and chemokines by RT-PCR8,35. General

inflammatory markers (MMP12, S100A12) showed major mRNA decreases at week 12

compared with baseline expression in both LS and NL skin (Figure 3A–B). Strong,

significant reductions were detected in IL-13, IL-19 (shown to induce the Th2 cytokines

IL-4/IL-13)39, IL-9, and IL-22 mRNAs at week 2 (p<0.001) (Figure 3C–D, H–I) with lesser

effects on IFNγ and IL-17 mRNAs (Figure 3M,T). Inflammatory products regulated by

these cytokines, especially Th2-related chemokines (CCL13, CCL17, CCL18), and the

IL-22/IL-17 regulated S100A7, A8, and A9 proteins8,40 are strongly down-regulated at week

2 (p<0.01) (Figure 3E–G, J–L). Evident S100 responses are also suggested by reversal of

epidermal S100A7 protein expression on IHC in LS post-treatment biopsies (Figure E4A)

Few Th2-related molecules showed only modest modulation (IL-5, IL-31, CCL26) and

IL-25 was decreased only in NL skin (Figure E5). Significant reductions in CXCL1, CCL20,

PI3, and IL-8 are also measured at week 2 (Figure 3V–X, S) potentially reflecting decreased

signaling by IL-17 and/TNF (Figures E3A, Table E2). By week 12, larger or more

significant reductions in some cytokine mRNAs are noted (i.e IL-17A). Although only NL

skin shows significant reductions in IFNγ mRNA at week 12, many IFN-regulated genes are

reduced at this time (i.e CXCL9, CXCL10, STAT1, MX1) (Figures E3A and Figure 3). We

found small increases in mRNAs of differentiation genes, particularly at week 2 (significant

for filaggrin/FLG and periplakin/PPL, with a trend of increase for loricrin/LOR) (Figure

E6), despite respective reductions in hyperplasia. Curiously a significant decrease in LOR

was observed in NL skin at week 12. A heatmap summary of all RT-PCR expression studies

at weeks 2 and 12 illustrates the potent inhibition of inflammatory and epidermal

proliferation markers (Figure 4).

Effects of CsA on Epidermal Differentiation

Before treatment, focal absence of a granular layer and parakeratosis are observed (Figure

E4B). Post treatment LS skin has a continuous granular layer and normal appearing stratum

corneum with restoration of orthokeratosis (Figure E4B). We also evaluated for FLG and

LOR protein expression by IHC (Figure E4C–D). Pre-treatment LS expression of LOR and

FLG is relatively faint, and inconsistent. In post-treatment biopsies these proteins show

stronger expression, continuously expressed in the granular layer (Figure E4C–D).

Biomarkers that correlate with clinical improvement and reductions in epidermal
hyperplasia

We have evaluated which markers are associated with clinical and histological disease

reversal by determining the correlations of each variable measured in LS skin by IHC and
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RT-PCR with improvement in SCORAD (clinical disease reversal), and reduction in

epidermal hyperplasia/thickness (histological disease reversal) (Table E4A–B).

Key Th2, Th22, but also Th1 and Th17-related markers were highly correlated with clinical

improvement. These included IL-13, IL-22 cytokines and associated chemokines (S100A7,

S100A9, S100A12/IL-22, and CCL17, CCL18, CCL22, CCL26/IL-13), and the Th1/IFN-

related CXCL10 chemokine. Reductions in epidermal thickness and in CD3+ T-cells and

DCs (CD83+ and CD206+) infiltrates were also significantly correlated with clinical

improvement (Table E4A). The reduction in epidermal thickness was highly correlated with

reductions in the proliferation marker/K16, inflammatory markers (MMP12, S100A12),

Th2-related cytokines (IL-13, IL-19), and Th17/Th22-related genes (S100s, PI3), and also

with elimination of CD83+ DCs (Table E4B).

We have also evaluated for major immune and epidermal markers that showed significant

improvements across the CsA and NB-UVB treatments41 (Table 1). We found that

hyperplasia and S100 response of the epidermis are highly reversible biomarkers of disease.

Suppression of Th2 and Th22 cytokines is related to extent of S100 down-regulation in both

treatments. Largest dynamic change in biomarkers include S100A12, S100A9, IL-13, IL-22,

IL-19, MMP12 (all >10 FCH decrease with CsA), markers of hyperplasia (thickness, K16,

Mki67), and cellular markers of T-cells and DCs (CD3, CD11c, CD206).

A non-responder analysis was conducted between responders and non-responders, including

significantly different markers as illustrated in Figure E7A–B. Despite lack of differences in

inflammatory markers at week 2, the lack of response at week 12 was associated among

non-responders with lack of improvement in key AD molecules, particularly the Th2/IL-13

and Th22/IL-22 cytokines, and the inflammatory marker MMP-12 (Figure E7B). The non-

responders also showed lack of improvements in epidermal thickness, and DC markers

(CD11c and CD206) (Figure E7A). The patients that retained K16 positivity after treatment

but were clinical responders, showed intermediate cytokine modulation between non-

responders and responders (data not shown).

Discussion

Whether AD is fundamentally a disease of barrier dysfunction or underlying immune

activation is still debated,2,4 but evolving disease models link changes in growth and

differentiation of epidermal keratinocytes to specific T-cell subsets and associated cytokines.

AD lesions show increased leukocyte infiltration, production of inflammatory mediators,

reactive epidermal hyperplasia in which S100 proteins are up-regulated,2,4,8–9 and

suppression of terminal differentiation products (filaggrin, loricrin, etc).4,35,42 The Th2/IL-4/

IL-13 and Th22/IL-22 cytokines are implicated as drivers of key pathogenic AD

features.2,4,42–45 IL-22 has been linked to many aspects of epidermal pathology in AD,

including inhibition of epidermal differentiation, induction of hyperplasia, and up-regulation

of S100s, and has been strongly correlated with disease activity.33,40,46 IL-4/IL-13 have

been reported to inhibit differentiation, production of antimicrobial peptides/AMPs,47–48 and

Th17 activation,49 but have not previously been reported to promote epidermal hyperplasia.
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CsA induces rapid clinical reversal, and is considered the “gold-standard” for inhibiting skin

inflammation. This is the first comprehensive study of AD that establishes the ability of a

systemic immune- suppressant to modulate the immune activation and epidermal aberrations

that characterize the AD phenotype, and to correlate associated changes with clinical

improvement. Rapid clinical responses were seen within 2 weeks of CsA treatment,

associated with strong suppressions of immune and epidermal phenotypes. Clinical

responses continued to improve significantly between weeks 2–12, paralleled by further

reductions in IL-13, IL-22, and S100s mRNAs. CsA treatment resulted in large reductions in

T-cell and DC infiltrates, by week 2, with further reductions at week 12. Suppression of all

inflammatory axes was observed, with impressive reductions in Th2, Th22, and Th9-

associated products, but also in some Th1/IFNγ and Th17-related markers. Strong inhibition

of Th2-related products (IL-13, IL-19, CCL17, CCL18, CCL26) and the Th9 cytokine IL-9,

were measured with treatment. Robust decreases in IL-22 gene expression and reductions in

several IL-17-related genes (PI3, CXCL1) were also observed. Since IL-22 and IL-17

synergistically regulate S100A7-9, the marked reductions in these molecules with CsA, are

likely related to suppression of these cytokines. When changes induced by CsA in our AD

study are compared to those reported in psoriasis patients12 there is overall similar

suppression of general inflammatory markers (S100A12, MMP12), and interferonγ/Th1 axis

genes (CXCL10) (Table E6). However, while in psoriasis patients there is higher

suppression of the Th17 axis and both subunits of IL-23/p40 and p19, AD patients show

higher inhibition of IL-22, and significant down-regulation of the Th2 axis that has not been

measured in psoriasis.

Regenerative hyperplasia was also reversed with CsA, as indicated by strong reductions in

epidermal thickness and proliferation markers (K16 and Ki67). Cytokines and growth

factors known to regulate epidermal hyperplasia (i.e. IL-19, IL-22, FGF, VEGF) were

strongly down-regulated by CsA. Furthermore, the suppression of Th2/IL-13, IL-19 and

IL-22/IL-17-modulated genes (i.e S100A7-9, PI3/elafin) was correlated with the reduction

in the pathologic epidermal hyperplasia. We also found small mRNA increases in

differentiation genes (i.e FLG, LOR, and PPL) with CsA treatment, coupled with parallel

stronger protein expressions, orthokeratosis and restoration of granular layer by IHC,

suggesting that the regenerative hyperplasia is turned off with treatment.

In comparison to our prior NB-UVB study,33,41 CsA resulted in greater, and more

significant improvements in the immune and epidermal phenotypes, with highly significant

decreases already evident at week 2. The effects of CsA in our data also extend to NL skin,

which shows similar but milder reversal of the inflammatory and epidermal components.

The improvement in NL skin was not seen in our NB-UVB study in which the inhibitory

effects were mostly limited to LS skin.33

In this study, we have established robust genomic and cellular signatures of successful

suppression of the AD phenotype after CsA treatment that can be used as a point of

comparison for future studies with targeted therapeutics. This study defines a broad set of

biomarkers that correlate with clinical disease improvement and/or the suppression of

pathological hyperplasia. We have also outlined a set of biomarkers across both CsA and

NB-UVB treatments that contain key pathogenic elements of AD, including Th2, and Th22
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cytokines and chemokines, S100 proteins, and epidermal markers, which could serve as a

reference for effectiveness analyses in future trials (Table 1).

Our data support the model of cytokine-induced alterations in keratinocytes that includes

induction of S100 proteins by IL-22 and IL-17, and the negative effects of IL-4/IL-13 on

epidermal differentiation.2 However, absolute proof of immune-mediated pathogenesis is

not possible since CsA has some direct effects on keratinocytes.50,51 Future studies with

specific immune antagonists are needed to determine the contribution of specific cytokines

to the pathologic epidermal phenotype. We are now experiencing an exciting new era in AD,

with narrow-targeted therapeutics entering clinical trials.52–54 Reversal of the molecular

disease phenotype with CsA and the associated response biomarkers will thus be valuable as

a point of reference for assessing the modulation of tissue inflammation in current and future

AD studies.

Supplementary Material

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

AD Atopic dermatitis

AMP Antimicrobial peptide

CsA Cyclosporine

CCL2 chemokine, CC motif, ligand 2/ Monocyte Chemotactic and Activating

Factor (MCAF)

CCL13 chemokine, CC motif, ligand 13/ Monocyte Chemotactic Protein 4 (MCP4)

CCL17 chemokine, CC motif, ligand 17/ Thymus and Activation-Regulated

Chemokine (TARC)

CCL18 chemokine, CC motif, ligand 18/ Pulmonary and Activation-Regulated

Chemokine (PARC)

CCL20 chemokine, CC motif, ligand 20/ Macrophage Inflammatory Protein 3-alpha

(MIP3A)

CCL22 chemokine, CC motif, ligand 22/ Macrophage-derived chemokine (MDC)

CCL26 chemokine, CC motif, ligand 26/ Eotaxin 3
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CTLA4 Cytotoxic T-Lymphocyte Antigen 4

CXCL1 Chemokine, CXC motif, Ligand 1/ Melanoma growth stimulating activity

(MGSA)

CXCL2 Chemokine, CXC motif, Ligand 2/ Macrophage inflammatory protein 2-

alpha (MIP2-alpha)

CXCL9 Chemokine, CXC motif, Ligand 9/ Monokine induced by gamma interferon

(MIG)

CXCL10 Chemokine, CXC motif, Ligand 10/ Interferon-gamma inducible protein 10

(IP10)

DC Dendritic cell

DEG Differentially expressed genes

FCH Fold change

FDR False discovery rate

FGF Fibroblast growth factor

FLG Filaggrin

IDEC Inflammatory dendritic epidermal cell

IFNγ Interferon gamma

IgE Immunoglobulin E

IHC Immunohistochemistry

IL Interleukin

IL4R Interleukin 4 Receptor

IL7R Interleukin 7 Receptor

IL12Rβ2 Interleukin 12 Receptor β2

IRF-1 Interferon Regulatory Factor 1

ITGAX Integrin alpha X/CD11c

K16 Keratin 16

LCN2 Lipocalin-2

LOR Loricrin

LS Lesional

MMP12 Matrix metalloproteinase 12

MX1 Myxovirus resistance 1

NB-UVB narrow band ultraviolet B

NL Non lesional
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OASL 2′-5′ oligoadenylate synthetase like

PI3 Peptidase inhibitor 3

PPL Periplakin

RT-PCR Real-time PCR

S100A S100-Calcium binding protein

SCORAD SCORing of Atopic Dermatitis

SD Standard deviation

SEM standard error of the mean

STAT1 Signal Transducers and Activators of Transcription

TARC Thymus and Activation Regulated Chemokine

TCR T-cell receptor

Th1 Type 1 Helper T-cell

Th17 Type 17 Helper T-cell

Th2 Type 2 Helper T-cell

Th22 Type 22 Helper T-cell

Treg regulatory T cells

UV Ultraviolet

VEGF Vascular Endothelial Growth Factor
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Clinical Implications

Alternative approaches to inhibiting T-cell derived cytokines could produce better-

tolerated long-term therapies for patients with moderate-to-severe atopic dermatitis.
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Figure 1.
Representative staining with H&E (A) and proliferation marker K16 (B). All 19 LS samples

were K16-positive at wk0 and only 2/19 LS samples retained positivity at wk12. Significant

decreases in epidermal thickness (C), Ki67+ cell counts (D), and K16 mRNA expression (E)
with CsA. Wk/week; LS/lesional; NL/non-lesional; FCH/fold-change; Mean±SD(C–D);

Mean±SEM(E); post-versus-pre p-values *p<0.05/**p<0.01/***p<0.001
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Figure 2.
Genomic differences in patients with AD before and after CsA treatment. Significant

changes in differentially-expressed genes/DEGs defining the AD transcriptome (A) occur by

wk2 in NL and LS skin (B). Heatmaps are arranged by patient SCORAD (white-to-black

gradient); pink=patients with unknown SCORAD. Red/upregulated; Blue/downregulated;

AD/atopic dermatitis; Wk/week; LS/lesional; NL/non-lesional; FCH/fold-change.
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Figure 3.
Significant down-regulation of inflammatory markers following CsA in AD skin as

quantified by real-time/RT-PCR. A–X) Post-versus-pre-treatment mRNA expression

differences (FCHs) of selected genes, as grouped by the inflammatory pathway, in LS and

NL AD at wks2 and 12 of treatment. Wk/week; FCH/fold-change; Mean±SEM with post-

versus-pre p-values. See Table E3 in OR for confidence intervals.
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Figure 4.
A summary heatmap of mRNA changes (RT-PCR) in wks2 and 12 LS and NL skin with

fold-changes/FCHs (blue, red) Wk/week; post-versus-pre p-values *p<0.05/**p<0.01/

***p<0.001.
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