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Variants of C-C Motif Chemokine 22 (CCL22) Are
Associated with Susceptibility to Atopic Dermatitis: Case-
Control Studies
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Abstract

Atopic dermatitis (AD) is a common inflammatory skin disease caused by multiple genetic and environmental factors. AD is
characterized by the local infiltration of T helper type 2 (Th2) cells. Recent clinical studies have shown important roles of the
Th2 chemokines, CCL22 and CCL17 in the pathogenesis of AD. To investigate whether polymorphisms of the CCL22 gene
affect the susceptibility to AD, we conducted association studies and functional studies of the related variants. We first
resequenced the CCL22 gene and found a total of 39 SNPs. We selected seven tag SNPs in the CCL22 gene, and conducted
association studies using two independent Japanese populations (1% population, 916 cases and 1,032 controls; pad
population 1,034 cases and 1,004 controls). After the association results were combined by inverse variance method, we
observed a significant association at rs4359426 (meta-analysis, combined P=9.6x10"% OR, 0.74; 95% Cl, 0.65-0.85).
Functional analysis revealed that the risk allele of rs4359426 contributed to higher expression levels of CCL22 mRNA. We
further examined the allelic differences in the binding of nuclear proteins by electrophoretic mobility shift assay. The signal
intensity of the DNA-protein complex derived from the G allele of rs223821, which was in absolute LD with rs4359426, was
higher than that from the A allele. Although further functional analyses are needed, it is likely that related variants play a
role in susceptibility to AD in a gain-of-function manner. Our findings provide a new insight into the etiology and
pathogenesis of AD.
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Introduction

Atopic dermatitis (AD) is a pruritic and chronically relapsing
inflammatory skin disease involving disturbed skin barrier
functions, cutaneous inflammatory hypersensitivity and defects in
the antimicrobial immune defense with a strong genetic back-
ground [1]. Predominant infiltration of Th2 cells is a hallmark of
acute atopic AD skin lesions [2]. Most patients with AD have

':'f. PLoS ONE | www.plosone.org

peripheral blood eosinophilia and increased serum IgE levels,
which are reflected in an increased frequency of peripheral blood
skin-homing Th2 cells producing IL-4, IL-5 and IL-13 [1]. C-C
motif chemokine 22 (CCL22) and CCL17 are high-affinity ligands
for CC-chemokine receptor 4 (CCR4) and induce selective
migration of Th2 cells [3]. CCL22 plays a crucial role in
controlling the trafficking of Th2 cells into sites of allergic
inflammation and is considered to be involved in the pathology of
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AD [4]. Keratinocytes from patients with AD highly express
thymic stromal lymphopoietin (TSLP), and CCL22 is produced by
TSLP-treated dendritic cells [5]. CCL22 is upregulated in lesional
atopic dermatitis skin compared with healthy skin [6], and
keratinocytes in the epidermal layer of AD skin express CCL17
and CCL22 [7]. Serum levels of CCL22 in AD patients are

significantly higher than those found in normal controls [8], and

Association between CCL22 and Atopic Dermatitis

the levels correlate positively with disease severity in AD patients
[9]. Strong positive correlations between the levels of CCL17,
CCL22, and total IgE in serum of patients with AD and SCORing
Atopic Dermatitis (SCORAD) have also been reported [10].
Another study reported that overproduction of IgE induced
CCL22 secretion from basophils, which are essential for IgE-
mediated chronic allergic dermatitis [11]. These findings prompt-

ra
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Table 1. Frequencies of polymorphisms of the CCL22 gene.
SNP* Location Amino acid MAFI NCBIf
1 -3075G/A 5'-flanking region o 0.125 15223884
2 -2938G/A 5'-flanking region & 0.208 rs223885
3 -2903T/A 5'-flanking region = 0.333 223886
4 -2668G/T 5'-flanking region - 0.458 134569362
5 -2550G/C 5'-flanking region = 0.458 rs76295899
6 -2511G/T 5'-flanking region = 0.458 rs4784799
7 -2191G/C 5'-flanking region - 0.042 rs76720124
8 -1795G/A 5'-flanking region - 0.458 rs34885482
9 -1775G/T 5'-flanking region - 0.083 1572784894
10 -1618C/T 5'-flanking region - 0.458 177239447
11 -1515G/T 5'-flanking region = 0.333 15223887
12 -1338A/G 5'-flanking region = 0.208 rs182668
13 -961G/A 5’-flanking region o 0.208 rs223888
14 -740A/G 5'-flanking region - 0.083 rs3760071
15 -488T/C 5'-flanking region = 0.333 rs223889 §
16 -215WT/DelG 5'-flanking region - 0.333 rs3214179
17 5C/A exon 1 Ala2Asp 0.125 rs4359426 §
18 88C/A intron 1 = 0.458 rs2074543 §
19 493T/C intron 1 = 0.458 572784897
20 559G/A intron 1 - 0:333 rs223816
21 902C/T intron 1 5 0.333 rs223817
22 2030G/C intron 2 = 0.208 rs223818 §
23 2134T/C intron 2 i 0.208 rs223819
24 2198T/C intron 2 = 0.208 rs223820
25 2314G/A intron 2 5 0.292 rs598366
26 2936A/G intron 2 - 0.125 rs170359
27 3062A/G intron 2 = 0.458 1573557194
28 3766T/A intron 2 & 0.042
29 3970G/A intron 2 = 0.125 rs223821
30 4064WT/InsAAAAC intron 2 A 0.125 rs72030112
31 5222T/C 3L UIR = 0.125 rs170360
32 5978WT/DelT 3" UTR - 0.125 rs57450696
33 5979C/G 3" UTR = 0.375 rs57186204
34 6089T/C 3" UTR = 0.125 rs223823
35 6621A/G 3’ UTR = 0.458 rs121565 §
36 6910G/A 3" UTR 2 0.417 rs658559 §
57 7858C/T 3'-flanking region - 0.458 153859048 §
38 7883G/A 3’-flanking region - 0.458 rs72301
39 8021G/A 3’-flanking region - 0.042 rs11865093
*Numbering according to the genomic sequence of CCL22 (AC003665). Position 1 is the A of the initiation codon.
Minor allele frequencies (MAF) in the screening population (N=12).
NCBI, number from the dbSNP of NCBI (http://www.ncbi.nlm.nih.gov/SNP/).
SSNPs were genotyped in this study.
doi:10.1371/journal.pone.0026987.t001
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Table 2. Clinical characteristics of the subjects.

Case

Control

1°* population

Source

Number of samples
Ethnicity

Female

Age (mean * sd)
2" population
Source

Number of samples
Ethnicity

Female

Age (mean =* sd)

The University of Tokyo
Keio University

Kyushu University
Takao Hospital

916
Japanese
43.6%
30.1+9.5

BioBank Japan
1,034
Japanese
43.8%
30.8£12.7

Control volunteers

1,032
Japanese
33.0%
48.5%13.7

University of Tsukuba
1,004

Japanese

54.4%

50.0£9:2

doi:10.1371/journal.pone.0026987.t002
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ed us to conduct an association and functional study to test
whether genetic variations of CCL2Z2 contribute to AD suscepti-
bility.

Several association studies using genetic variants of genes CCLI7
and CCR4 in the CCR4 pathway have been conducted to discover
genetic components in the pathogenesis of atopic dermatitis [12,13].
A promoter polymorphism of CCLI7, -431C>T, increases the
promoter activity and the 431T allele influences higher serum levels
of CCL17 [12], but genetic variants in the CCL/7 gene are not
associated with susceptibility to AD. A recent study also reported
that C1014T polymorphism in the CCR4 gene was not associated
with AD [13]. However, those studies were performed with small
sample sizes and without replication studies. Genetic study of the
CCL22 gene has not been conducted.

In this study, we focused on the CCL22 gene, resequenced the
gene regions including all exons and introns, and carried out
linkage disequilibrium mapping. We performed an association
study using two independent populations and functional analyses
of the related varjants.

Results

Polymorphisms of the CCL22 gene and LD mapping
We identified a total of 39 polymorphisms (Table 1). We next
performed linkage disequilibrium (LD) mapping and calculated

Table 3. Genotype counts and case-control association test results of seven tag SNPs.

Allele Case Control Frequency of allele 2
db SNPID 1/2 171 1/2 2/2 N 171 1/2 2/2 N Case Control P value OR (95%ClI)
1st population
rs223889 T/C 321 435 151 907 360 502 161 1023 0.406 0.403 0.82 %
rs4359426 C/A 706 191 12 909 736 269 16 1021 0.118 0.147 0.0072 0.77(0.64-0.93)
rs2074543 G/C 386 404 113 903 447 469 110 1026 0.349 0.336 0.39 5
rs223818 A/G 563 311 39 913 596 369 56 1021 0.213 0.236 0.093 -
rs121565 A/G 294 439 173 906 325 509 195 1029 0.433 0.437 0.82 =
rs658559 G/A 333 434 134 901 374 491 162 1027 0.390 0397 0.65 =
rs3859048 aT 399 410 103 912 466 448 108 1022 0.338 0.325 0.40 -
2nd population
rs223889 T/C 369 497 163 1029 364 485 150 999 0.400 0.393 0.65 =
rs4359426 C/A 815 202 12 1029 722 249 22 993 0.110 0.148 0.00037 0.71(0.59-0.86)
rs2074543 G/C 404 484 133 1021 418 459 120 997 0.367 0.351 0.26 =
rs223818 A/G 647 331 42 1020 585 351 57 993 0.203 0.234 0.019 0.84(0.72-0.97)
rs121565 A/G 317 530 179 1026 317 500 180 997 0.433 0.431 0.92 =
rs658559 G/A 389 486 154 1029 363 479 148 990 0.386 0.391 0.71 =
rs3859048 C/T 425 484 117 1026 441 446 113 1000 0.350 0.336 0.35 ?
Combined
rs223889 T/C 690 932 314 1936 724 987 311 2022 0.403 0.398 0.63 =
rs4359426 C/A 1521 393 24 1938 1458 518 38 2014 0.114 0.147 0.0000096 0.74(0.65-0.85)
1s2074543 G/C 790 888 246 1924 865 928 230 2023 0.359 0.343 0.16 %
5223818 A/G 1210 642 81 1933 1181 720 113 2014 0.208 0.235 0.0044 0.86(0.77-0.95)
rs121565 A/G 611 969 352 1932 642 1009 375 2026 0.433 0.434 0.93 s
1s658559 G/A 722 920 288 1930 737 970 310 2017 0.388 0.394 0.56 &
s3859048 T 824 894 220 1938 907 894 221 2022 0.344 0.330 0.21 =

P values of the two populations were calculated by logistic regression analysis under an additive model. The combined P values were calculated using the inverse
variance method. OR, odds ratio; Cl, confidence interval; -, not significant.
doi:10.1371/journal.pone.0026987.t003
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Figure 2. Pairwise linkage disequilibrium (r*) among eight
SNPs in strong LD with rs4359426 in 94 control subjects. Two
tag SNPs, rs170360 and rs223823, were selected for further association
study. Underlined SNPs were examined.
doi:10.1371/journal.pone.0026987.g002

pairwise LD coefficients D’ and r” among the 34 polymorphisms
with MAF>10% using the Haploview 4.2 program (Figure 1).
Seven tag SNPs were selected for association studies using tagger
in Haploview 4.2, and these polymorphisms captured 34 of the 34
alleles with a mean r* of 0.990 (r*>0.82). The HapMap JPT
database contains genotype data for six SNPs with MAF>10% in
the region (data not shown). The SNPs examined in this study
covered all six SNPs shown in the HapMap JPT database.

Association between CCL22 and Atopic Dermatitis

Association of CCL22 SNPs with susceptibility to atopic
dermatitis

We recruited 916 cases and 1,032 control subjects for the 1°**
population and 1,034 cases and 1,004 control subjects for the 2nd
population, respectively (Table 2). We genotyped seven tag SNPs
and all genotype frequencies are shown in Table 3. The rs4359426
(A2D) SNP was associated with AD under an additive genotype
model by logistic regression analysis in the first population
(P=0.0072; OR, 0.77; 95% CI, 0.64-0.93) (Table 3). In a
replication study, rs4359426 was also associated with AD in the
second population (P=0.00037; OR, 0.71; 95% CI, 0.59-0.86)
(Table 3). The direction of association of the SNP was similar in
both of the populations. We combined the results using inverse
variance method, and observed a significant association at
rs4359426 (meta-analysis, P=0.0000096; OR, 0.74; 95% CI,
0.65-0.85) (Table 3). We next performed further mapping analyses
using two genetic variants, rs170360 and rs223823. The two SNPs
were selected from among SNPs that were in strong LD (*>0.87)
with rs4359426 (Figure 2). Among the three variants, the strongest
association was observed at rs4359426 (Table 4).

Contribution of 5'UTR rs4359426 SNP to mRNA
expression levels of CCL22

Next, using allele-specific transcript quantification (ASTQ), we
evaluated whether the related variants could affect the mRINA
expression level in EBV-transformed lymphoblastoid cells. As
rs4359426 was located at the 16th nucleotide from the 5" end of
the CCL22 gene (NM_002990.3), we were not able to design
primers of the SNP for ASTQ) analysis. We therefore designed
PCR primers to encompass a SNP in the 3'-UTR of CCL22
(rs170360) that was in strong LD with rs4359426 (Figure 3A). We
isolated total RNA from 24 cell lines that were heterozygous with
rs170360, and genomic DNA was used as a control for equal
biallelic representation. Predicted haplotype frequencies are shown
in Figure 3B. The ratio of PCR products was approximately 1.6
for cDNAs and 1.0 for genomic DNA from 21 subjects who were
heterozygous for rs4359426 (Figure 3C, left panel); however, such

. PLoS ONE | www.plosone.org

Table 4. Genotype counts and case-control association test results for SNPs rs4359426, rs170360 and rs223823.

Allele Case Control Frequency of allele 2
db SNP ID 1/2 11 1/2 2/2 N 11 1/2 2/2 N Case Control P value OR (95%Cl)
1st population
rs4359426 C/A 706 191 12 909 736 269 16 1021 0.118 0.147 0.0072 0.77(0.64-0.93)
rs170360 T/E 695 199 1.2 906 734 269 20 1023 0.123 0.151 0.011 0.78(0.65-0.95)
5223823 T/C 728 170 1" 909 765 252 10 1027 0.106 0.132 0.0093 0.77(0.63-0.94)
2nd population
rs4359426 C/A 815 202 12 1029 722 249 22 993 0.110 0.148 0.00037 0.71(0.59-0.86)
rs170360 T/C 792 220 19 1031 728 238 26 992 0.125 0.146 0.055 0.84(0.70-1.00)
rs223823 T/C 823 189 8 1020 780 193 19 992 0.100 0.116 0.11 0.85(0.70-1.04)
Combined
rs4359426 C/A 1521 393 24 1938 1458 518 38 2014 0.118 0.147 0.0000096 0.74(0.65-0.85)
rs170360 T/C 1487 419 31 1937 1462 507 46 2015 0.123 0.151 0.0017 0.81(0.72-0.93)
5223823 T/C 1551 359 19 1929 1545 445 29 2019 0.106 0.132 0.0030 0.81(0.70-0.93)
P values of the two populations were calculated by logistic regression analysis under an additive model.
The combined P values were calculated using the inverse variance method. OR, odds ratio; Cl, confidence interval.
doi:10.1371/journal.pone.0026987.t004
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Figure 3. Allelic imbalance of gene expression of CCL22 in EBV-transformed cells with heterozygous genotypes. (A) Genomic
structures, locations and LD of the two SNPs. (B) Haplotypes for the two SNPs in the 1°* population. (C) The allelic ratio of PCR products from
individuals. Heterozygous (left) and homozygous (right) at rs4359426. *Two-tailed P=0.0000006 by the Mann-Whitney U test.

doi:10.1371/journal.pone.0026987.g003

differences were not observed in cells from three subjects who were
homozygous for the C allele at rs4359426 (Figure 3C, right panel).
These results implied an effect of rs4359426 and/or variants in
strong LD with rs4359426 on mRINA expression levels of CCL22.
rs4359426 and rs170360 are in absolute LD in the HapMap
Caucasian populations. We further examined the expression
patterns of rs4359426 and rs170360 using Genevar 3.0.2 dataset,
and confirmed that the expression patterns were similar to our
findings (data not shown).

Transcription factor binding to the rs223821 SNP

As rs4359426 was in absolute LD with rs170359, rs223821 and
rs72030112 (n=94) (Figure 2), we further examined the allelic
differences of these three SNPs in the binding of nuclear proteins
by electrophoretic mobility shift assay (EMSA). We could not find
any specific binding of nuclear factor(s) to oligonucleotides
containing rs170359 and rs72030112. However, we observed that

@ PLoS ONE | www.plosone.org

the signal intensity of the DNA-protein complex derived from the
G allele of rs223821 was higher than that from the A allele in the
presence of THP-1 nuclear extract stimulated with LPS (1 ug/ml)
(Figure 4). We confirmed that the complex was diminished by an
excess amount of a non-labeled allele-specific competitor probe
(Figure 4). This result suggested that an unidentified nuclear
factor(s) interacted with the genomic region at intron 2 of CCL22
and the SNP might have an allele-specific effect on expression
through varying affinity for a transcription factor.

Discussion

CCL22 plays an important role in the recruitment of Th2 cells
into the inflammatory lesions of Th2-related diseases such as AD
[14]. A recent study reported upregulation of CCLI7, CCLI8 and
CCL22 expression in patients with AD, and suggested that the
disease-specific chemokines might recruit specific memory T-cell
subsets into the skin [15]. The plasma levels of CCL22 are
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Figure 4. Electrophoretic mobility shift assays of rs223821.
EMSA was performed using nuclear extracts from THP-1 cells stimulated
with LPS (1.0 pg/mf) for 1 hour. DiG-labeled oligonucleotides corre-
sponding to the G allele (lanes 1-5) and A allele (lanes 6-10) were used
as probes. Three independent experiments were performed with similar
results.

doi:10.1371/journal.pone.0026987.g004

significantly elevated in AD patients, and the values strongly
correlate with disease severity [7,10]. We identified and replicated
the rs4359426 (A2D) variant of CCL22, which was significantly
associated with AD. rs4359426 is a non-synonymous SNP and
causes an amino acid substitution in the signal peptide-encoding
region. We examined the influence of the amino acid substitution
on the structure using SIFT (Sorting Intolerant From Tolerant)
software, and the substitution at position 2 from Ala to Asp was
predicted to be tolerated. In addition, no possible impacts of the
amino acid substitution on the structure and function of CCL22
were predicted by PolyPhen-2 (polymorphism phenotyping v2).

Functional analyses of the related variants of CGL22 polymor-
phisms showed that the susceptible allele of rs4359426 might be
involved in higher mRNA expression in ASTQ analysis. We
confirmed that the expression patterns from Genevar 3.0.2 dataset
were similar to our findings. We also demonstrated that the
genomic fragment including the risk allele of rs223821 had much
higher binding affinity to the nuclear factor(s). Although it is
unclear whether higher mRNA expression is influenced by altering
expression enhancer activity or mRNA stability, polymorphisms in
the CCL22 gene appear to be a genetic component of the
pathologic mechanisms leading to atopic dermatitis, putatively via
increased CCL22 mRNA expression.

Genetic studies reveal underlying cellular pathways, and in
some cases, point to new therapeutic approaches. A recent study
using a humanized model of asthma showed a critical role for DC-
derived CCL17 and CCL22 in attracting Th2 cells and inducing
airway inflammation [16]. In the study, administration of a
CCR4-blocking antibody abolished airway cosinophilia, goblet cell
hyperplasia, IgE synthesis and bronchial hyperreactivity [16]. IL-
13 is an important mediator of Th? immune responses, and there
many IL-13-positive cells in AD skin lesions [17]. A recent study
has shown that IL-13 induces a significant increase in the
expression of GCL22 in human keratinocytes, and blocking of

@ PLoS ONE | www.plosone.org

Association between CCL22 and Atopic Dermatitis

CCL22 in IL-13-stimulated cells results in 70-90% inhibition in
migration of CD4+CCR4+ T cells [18]. These findings suggest
that targeting the CCL22/CCR4 pathway might be therapeuti-
cally efficacious as a new treatment for atopic dermatitis.

The involvement of CCL22 has been reported in several
immune-mediated diseases. A recent study has shown by
immunohistochemistry that CCL22 is not expressed in normal
skin and is markedly expressed in the lesions of atopic dermatitis,
allergic contact dermatitis, and psoriasis vulgaris [19]. Another
report has shown that CCL22 is present within the synovial
membrane in rheumatoid arthritis and osteoarthritis patients and
in high amounts in the synovial fluid of patients with rheumatoid
arthritis and psoriatic arthritis [20]. To examine whether the
functional SNPs found in this study are associated with those
diseases will be needed for understanding of the interconnectivity
of the molecular mechanisms underlying distinct diseases.

In summary, we found a significant association between
susceptibility to AD and polymorphisms affecting CCL22 expres-
sion in Japanese populations. Our findings strongly support the
important role of CCL22 in AD. Although the effect of the non-
synonymous SNP on protein function remains unclear, it is likely
that related variants play a role in susceptibility to AD in a gain-of-
function manner. Further functional analyses and replication
studies in other populations are needed; however, our findings
provide insights into the pathophysiology of AD.

Materials and Methods

Subjects

A total of 1,950 case subjects with AD were recruited from
several hospitals as described [21]. Case subjects in a second
population were obtained from the BioBank Japan [22]. All case
subjects were diagnosed according to the criteria of Hanifin and
Rajka [23]. A total of 1,032 control volunteers in the first set who
had no history of AD were recruited by detailed physicians’
interviews. For the second set, a total of 1,004 controls who had
never been diagnosed with AD were recruited during their annual
health checkup in the University of Tsukuba (Table 2). All
individuals were Japanese and gave written informed consent to
participate in the study. This research project was approved by the
ethics committees at the Institute of Medical Science, the
University of Tokyo and the RIKEN Yokohama Institute.

Resequencing of the CCL22 gene and genotyping

We first resequenced the CCL22 region to identify genetic
variations using DNA from 12 subjects with AD. We surveyed the
gene from 3 kb of the 5" flanking region to a 1 kb continuous 3’
flanking region of the last exon on the basis of genomic sequences
from the NCBI database (NC_000016.9). The PCR product was
reacted with BigDye Terminator v3.1 (Applied Biosystems), and
sequences were assembled and polymorphisms identified using the
SEQUENCHER program (Gene Codes Corporation, Ann Arbor,
MI).

Genotyping of the seven SNPs in CCL22 was performed by the
TagMan™ allele-specific amplification (TagMan-ASA) method
(Applied Biosystems) and multiplex-PCR based Invader assay
(Third Wave Technologies).

Allele-specific transcript quantification (ASTQ)

We conducted allelic expression analyses by TagMan assay
using SNP genotyping probes as described [24]. EBV-transformed
lymphoblastoid cells were obtained from the Health Science
Research Resources Bank of Japan. Genomic DNA was used as a
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control for equal biallelic representation. The allelic ratio for each
¢DNA and genomic DNA was measured.

Electrophoresis Mobility Shift Assay

EMSA was performed using nuclear extracts from THP-1 cells
stimulated with LPS (1.0 pg/ml) for 1 hour. DIG-labeled
oligonucleotides corresponding to the G allele (lanes 1-5) and A
allele (lanes 6-10) were used as probes. The oligonucleotide
sequences were 5-ATCGCCTGAACCCGGGAGTTGGAG-
GTIT for the G allele and 5-ATCGCCTGAACCCAG-
GAGTTGGAGGTT for the A allele. For competition, a 100-
fold excess of unlabeled G or A allele oligonucleotides or unrelated
oligonucleotides (Un) (TFIID) was used.

Statistical analysis

We calculated allele frequencies and tested agreement with
Hardy-Weinberg equilibrium using a chi-square goodness-of-fit test.
We then compared differences in the allele frequencies between case
and control subjects by logistic regression analysis under an additive
model and calculated odds ratios (ORs) with 95% confidence
intervals (CIs). Results for the Ist and 2nd populations were
combined by fixed effect inverse-variance method using Genome-
Wide Association Meta Analysis (GWAMA, http://www.well.ox.
ac.uk/gwama/tutorial.shtml) [25]. We applied Bonferroni correc-
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Background: Pruritis caused by atopic dermatitis (AD) is not
always well controlled by topical corticosteroid therapy, but
use of tacrolimus often helps to soothe such intractable
pruritis in clinical settings. Objective: To determine the
anti-pruritic efficacy of topical tacrolimus in treating AD in
induction and maintenance therapy. Methods: Prior to the
study, patients were randomly allocated into two groups,
induction therapy followed by tacrolimus monotherapy
maintenance, and induction therapy followed by emollient-
only maintenance. In the induction therapy, the patients
were allowed to use topical tacrolimus and emollients in
addition to a low dose (<10 g/week) of topical steroids.
Patients showing relief from pruritis were allowed to proceed
to maintenance therapy. Recurrence of pruritis in
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maintenance therapy was examined as a major endpoint.
Results: Two-thirds of patients (44/68; 64.7%) showed relief
from pruritis after induction therapy. Pruritis recurred in
23.8% (5/21) of the tacrolimus monotherapy group and in
100% (21/21) of the emollient group during maintenance
period, a difference that was statistically significant. Conclu-
sion: Use of topical tacrolimus is effective in controlling
pruritis of AD compared to emollient. (Ann Dermatol 24(2)
144~ 150, 2012)
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INTRODUCTION

Atopic dermatitis (AD) is a common chronic or chroni-
cally relapsing, severely pruritic, and eczematous skin
disease whose prevalence appears to have increased
significantly in recent decades'?. The control of pruritis, a
primary symptom of AD, is very important in its treatment
since pruritis itself is an unpleasant sensation that often
disturbs patients’ sleep. Additionally, incidental scratching
exacerbates and sustains skin eruptions, thereby signifi-
cantly reducing patient quality of life. However, pruritis



caused by AD is not readily controlled with clinically
available oral antihistamines, probably due to the pre-
sence of many inflammatory pruritogenic factors other
than histamine®>. Thus, one of the simplest and most
practical answers is to reduce or eliminate skin inflam-
mation by the use of strong anti-inflammatory agents such
as topical corticosteroids. Indeed, this strategy is effective
in most cases in treating pruritis as well as skin inflam-
mations caused by AD®. However, there are substantial
numbers of patients undergoing topical corticosteroid
therapy who still suffer from intractable pruritis and whose
extensive scratching aggravates their dermatitis. Calci-
neurin inhibitors are a relatively new treatment for AD,
and orally administered cyclosporine has been reported
effective in treating refractory pruritis in patients with AD’.
Similarly, the anti-pruritic effects of topical calcineurin
inhibitors have also been reported®. Thus, the purpose of
this study was to further evaluate the anti-pruritic efficacy
of topical tacrolimus, a calcineurin inhibitor, in the

Tacrolimus as an Anti-pruritic Treatment

treatment of patients with AD in inductive and main-
tenance treatment.

MATERIALS AND METHODS

Inclusion/Exclusion

Patients with AD who were >10 years old and whose
visual analogue scale (VAS)-itch scores (max=100) were
30~ 80 were recruited after written informed consent was
obtained. Patients whose VAS-itch scores were >80 were
excluded because of their desperate need for anti-pruritic
treatment including antihistamines or more potent systemic
anti-inflammatory treatment. Conversely, patients whose
VAS-itch scores were <30 were excluded because of their
lesser need for additional anti-pruritic therapy and the
limited window in assessing pruritis improvement. Patients
who had been treated with orally administered cortico-
steroids, cyclosporine, or antihistamines within two weeks
prior to the registration were also excluded because of

] Recruited with informed consent (n = 70) ‘
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their potential influence on pruritis.
Study design

All of the patients received induction (1~4 weeks) and
maintenance (>4 weeks) therapy. Prior to the study,

Table 1. Baseline values of patients

patients were randomly allocated in advance into two
groups: patients who received topical tacrolimus mono-
therapy as maintenance therapy after induction therapy
and patients who received emollient only for maintenance
therapy after induction therapy. In the induction therapy,

Total (n=70) Completion of study (n=42)
Tacrolimus Emollient- Tacrolimus Emnollient
monotherapy- allocated Total monotherapy (h=21) Total
allocated (n=35) (n=35) (n=21)

Gender, numbers (%)

Male 17 (48.6) 20 (57.1) 37 (52. 12 (57.1 9 (42.9) 21 (50.0)

Female 18 (51.4) 15 (42.9) 33 (471 9 ( ) 12 (57.1) 21 (50.0)
Age (yr)

Mean (SD) 30.5 (13.2) 30.8 (11.9) 30.7 (12.5) 31.3 (13.6) 31.3 {13.3) 31.3 (13.3)

10~ 24, numbers (%) 12 (34.3) 14 (40.0) 26 (37.1) 9 (42.9) 6 (28.6) 15 (35.7)

25~35, numbers (%) 13 (37.1) 10 (28.6) 23 (32.9) 5 (23.8) 8 (38.1) 13 (31.0)

36~64, numbers (%) 10 (28.6) 11 (31.4) 21 (30.0) 7 (33.3) 7 (33.3) 14 (33.3)
Institution, numbers (%)

Kyushu University 14 (40.0) 14 (40.0) 28 (40.0) 12 (57.1) 9 (42.9) 21 (50.0)

University of Tokyo 12 (34.3) 13 (37.1) 25 (35.7) 4 (19.0) 8 (38.1) 12 (28.6)

National Center for Child 3 (8.6) 4 (11.4) 7 (10.0) 2 (9.5) 2 (9.5) 4 (9.5)

Health and Development

(Allergy Division)

Social Insurance Chuo 1 (2.9) 2 (5:7) 3 (4.3) 0 (0.0 2 (9.5) 2 (4.8)

General Hospital

Saitama Medical University 2 (5.7) 0 (0.0 2 (2.9) 2 (9.5) 0 (0.0) 2 (4.8

National Center for Child 1 (2.9 0 (0.0 1 (1.4) 1 (4.8) 0 (0.0 1 4

Health and Development

(Dermatology Division)

St. Marianna University 1 (2.9) 1 (2.9) 2 (2.9 0 0 0

School of Medical Hospital

Hiroshima University 1 (2.9 1 (2.9) 2 (2.9 0 0 0
Numbers (%)

Complications -yes- 19 (54.3) 20 (57.1) 39 (55.7) 11 (52.4) 11 (52.4) 22 (52.4)

Past history -yes- 21 (60.0) 26 (74.3) 47 (67.1) 13 (61.9) 16 (76.2) 29 (69.0)

Family history* -yes- 15 (46.9) 24 (72.7) 39 (60.0) 8 (42.1) 14 (70.0) 22 (56.4)
Complications (details)

Asthma 10 (31.3) 10 (30.3) 20 (30.8) 6 (28.6) 6 (28.6) 12 (28.6)

Allergic rhinitis 10 (28.6) 18 (51.4) 28 (40.0) 6 (28.6) 10 (47.6) 16 (38.1)

Allergic conjunctivitis 1 (2.9 0 (0.0 1(1.4) 1 (4.8) 0 (0.0) 1 (2.4)

Scoliosis 1 (2.9) 0 (0.0 1 (1.4) 0 0 0

Autistic tendency 1 (2.9) 0 (0.0 1 (1.4) 0 0 0
Medical history

Asthma 14 (40.0) 18 (51.4) 32 (45.7) 9 (42.9) 11 (52.4) 20 (47.

Allergic rhinitis 10 (28.6) 17 (48.6) 27 (38.6) 6 (28.6) 10 (47.6) 16 (38.1)

Pollen allergy 0 (0.0) 1 (2.9 1(1.4) 0 (0.0) 1 (4.8) 1 (2.4)

Family history

Atopic dermatitis 12 (37.5) 17 (651.5) 29 (44.6) 6 (31.6) 10 (50.0) 16 (41.0)

Asthma 4 (12.5) 5 {15:2) 9 (13.8) 2 (10.5) 2 (10.0) 4 (10.3)

Allergic rhinitis 2 (6.3) 8 (24.2) 10 (15.4) 1 (5.3) 6 (30.0) 7 (17.9)

Pollen allergy 0 (0.0) 2 (6.1) 2 3.1 0 (0.0) 1 (5.0) 1 (2.6)
Treatment within the last month

Topical corticosteroids 30 (85.7) 26 (74.3) 56 (80.0) 18 (85.7) 14 (66.7) 32 (76.2)

Topical tacrolimus 19 (54.3) 19 (54.3) 38 (54.3) 13 (61.9) 11 (52.4) 24 (57.1)

Oral antihistamines 10 (28.6) 12 (34.3) 22 (31.4) 5 (23.8) 6 (28.6) 11 (26.2)

Emollients (heparin) 3 (8.6) 3 (8.6) 6 (8.6) 2 (9.5) 2 [9.5) 4 (9.5)

SD: standard deviation. *65 of 70 in Test 1 and all subjects in Test 2 answered this question.
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all of the patients were treated with topical tacrolimus (of
0.03% for patients <16 years old and of 0.1% otherwise)
and emollients twice daily in addition to their usual
topical corticosteroid treatment (maximum use, 10 g/week),
and change of VAS-itch score was examined. Patients who
showed a reduced VAS-itch score by >20 points were
considered to show relief from pruritis, while only such
induction therapy responders proceeded into maintenance
treatment. In maintenance therapy, recurrence of pruritis,
mean change of VAS-itch scores, and the percentage of
patients with pruritis recurrence were measured. Patients
who showed increased VAS-itch scores of >20 points
were categorized as suffering from pruritis recurrence in
maintenance treatment. Secondarily, skin severity score
was monitored using the SCORing Atopic Dermatitis
(SCORAD) score’. This study was an open label,
randomized, multi-center study and was approved by the
internal ethical review boards of Kyushu University and
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other institutions.
Statistical analysis

The confidence interval (Cl) for the proportion of subjects
who experienced pruritis relief was estimated in the
induction therapy using Fisher’s exact method assuming a
binomial distribution, while changes in VAS-itch score
and SCORAD were assessed using the paired t-test. The
cumulative proportion of pruritis recurrence was esti-
mated using the Kaplan-Meier method, while the Cl was
estimated using Greenwood’s method in maintenance
treatment. The percentage difference in pruritis recurrence
between the two groups was assessed using Fisher’s exact
test. The mean difference between VAS-itch score and its
95% Cl were estimated using analysis of covariance
(ANCOVA). The time elapsed before pruritis recurrence
was assessed using the stratified log-rank test, with
institutions divided into “Kyushu University,” “University
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Fig. 2. Change in visual analogue scale (VAS)-itch score and disease severity after add-on tacrolimus therapy. (A) Pruritis (mean VAS-itch
score - standard deviation) reduced after add-on topical tacrolimus therapy. (B) There was no statistical difference in mean VAS-itch
score between responders and non-responders before the add-on therapy. (C) There was a significant decrease in VAS-itch score in
responders after the add-on therapy. (D) SCORing Atopic Dermatitis (SCORAD) score reduced after the add-on topical tacrolimus

therapy.
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of Tokyo,” and “other institutions.”

RESULTS

A total of 70 patients with AD were registered, 68 of
whom completed induction therapy (Fig. 1). A total of 44
of the 68 patients experienced pruritis relief (64.7%; 95%
Cl, 53.1~76.4%), while 43 of the 44 responders pro-
ceeded to maintenance therapy. The median and mean
(standard deviation, SD) of the induction therapy period
among the 43 patients were 15 days and 17.9 (7.1) days,
respectively. Twenty-one patients each in the tacrolimus
monotherapy group and the emollient group completed
the maintenance treatment. No marked bias was apparent
in the baseline data of the patients who were registered
compared to those who completed this whole study
(Table 1).

In the induction therapy, mean VAS-itch score (SD)
decreased from 51.1 (16.6) to 32.3 (22.1) (Fig. 2A), while
the mean difference, 18.8 (95% Cl, 13.5~24.1), was
statistically significant (p<<0.0001). There was no statistical
difference in mean VAS-itch score between responders
and non-responders before the induction therapy (Fig. 2B),
but there was a significant decrease of VAS-itch in res-
ponders after treatment (Fig. 2C). Data on disease severity
(SCORAD) after the induction therapy were obtained from

Recurrence of pruritus during maintenance therapy
1.0 1 —s
0.9 K

0.8 1 pommmm——e

0.7 i

! p <0.0001
06 T |

0.5 4

—— Tacrolimus monotherapy group

50 of the 68 subjects who completed treatment (43 of the
44 pruritis-responders and 7 of the 24 non-responders).
Mean SCORAD (SD) of the 50 subjects decreased from
29.1 (11.1) to 17.3 (10.6) (Fig. 2D), and the mean
difference of 11.8 (95% Cl, 9.0~14.7) was statistically
significant (p<0.0001).

Cumulative itch recurrence in the tacrolimus monotherapy
maintenance group and emollient maintenance group at
day 28 was 23.8% (95% Cl, 10.7~52.9%) and 100%,
respectively in maintenance treatment (Fig. 3), and the
difference between the two groups was statistically signi-
ficant (p<0.0001). The median time to pruritis recur-
rence in the tacrolimus monotherapy group and the
emollient group was >28 days and 3 days (95% CI, 2~5
days), respectively (Table 2). The mean VAS-itch score in
the tacrolimus monotherapy group was well controlled as
shown by values of 28.1 (15.4) at the start and 29.6 (20.9)
at the end of maintenance treatment, while that in the
emollient group significantly increased from 19.3 (16.7) to
50.7 (17.0) (Table 3). The mean change in VAS-itch scores
was 1.50 (3.30) in the tacrolimus monotherapy and 31.4
(2.59) in the emollient group, respectively, in maintenance
treatment (Fig. 4), and the difference, 28.6 (95% Cl, 19.8
~37.5), was statistically significant (p<0.0001).

A transient burning sensation by topical tacrolimus, the
only distinguished side effect, was recorded in 32 of 69

Increment of pruritus after maintenance therapy
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Fig. 3. Cumulative recurrence of pruritis in maintenance therapy.
Tacrolimus monotherapy group (solid line) showed significantly
much lower recurrence of pruritis compared to that of the
emollient group (dotted line).

Table 2. Median time to pruritis recurrence in maintenance
therapy

15
10

L

Tacrolimus monotherapy

T Al
Emollient

Fig. 4. Efficacy of tacrolimus monotherapy in maintenance
therapy. The emollient group showed more pruritis than the
tacrolimus monotherapy group at the end of maintenance
therapy. VAS: visual analogue scale.

Table 3. Change of pruritis (mean [standard deviation]) after
maintenance therapy

Time to recurrence Before After
Tacrolimus monotherapy >28 days Tacrolimus monotherapy 28.1 (15.4) 29.6 (20.9)
Emollient 3 days Emollient 19.3 (16.7) 50.7 (17.0)
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patients (46.3%), excluding one dropout patient who never
returned after initial registration) in the induction therapy.
The other minor side effect was acne/folliculitis (3 cases,
4.3%), herpes simplex (1 case, 1.4%), wart (1 case, 1.4%),
and the common cold (2 cases, 2.9%) throughout the
study period.

DISCUSSION

In the induction therapy of this study, patients were
allowed to use topical tacrolimus and emollients in
addition to low-dose application (<10 g/week) of topical
steroids. Almost two-thirds of the patients with AD experi-
enced pruritis relief after the induction therapy. In these
responsive patients, sequential maintenance by topical
tacrolimus monotherapy was found to be significantly
effective in controlling pruritis caused by AD compared
with emollient only.

Orally administered cyclosporine appeared to effectively
treat intractable pruritis in patients with AD as previously
mentioned’. However, various adverse effects, such as
systemic immune suppression, hypertension, headache
and possible renal failure, should be considered and
carefully monitored before and during administration.
Topical tacrolimus, on the other hand, can basically avoid
all of these undesirable adverse effects and is therefore
more suitable for use in daily clinics, except for possible
local immune suppression of the skin. However, one of
our earlier studies and another report showed that topical
tacrolimus was not associated with an increase in cuta-
neous infection'®"". Ultraviolet therapy is another option
for treating intractable pruritis in patients with AD'?, but it
carries the possible risk of developing skin cancer in the
long run'’, raising a concern about its use, particularly in
infants.

Hon et al."* evaluated the clinical efficacy of topical tacro-
limus for reducing the sensation of pruritis in children
with AD. Three boys and four girls with AD were treated
with topical tacrolimus for a consecutive two-week period
after a one-week run-in. Nocturnal scratching activity
measured using a DigiTrac movement recorder was
reduced from 115.0 g/min to 71.5 g/min (p=0.028) after
two weeks of treatment.

Such anti-pruritic effects of topical tacrolimus are thought
to be due to its anti-inflammatory action considering the
fact that the efficacy of 0.1% tacrolimus ointment was
similar to that of 0.1% hydrocortisone butyrate ointment
or 0.12% betamethasone valerate ointment when applied
for three weeks in adults''®. However, pruritis is not
always readily relieved even after topical application of
more potent corticosteroids in clinical settings. Several
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Fig. 5. Change of SCORing Atopic Dermatitis (SCORAD) in
induction therapy between treatment-responding (blue circle)
and non-responding patients (red circle) in induction therapy.
Forty-three treatment-responding patients showed significantly
reduced SCORAD compared to that of 7 non-responding patients
in induction therapy as assessed by analysis of covariance
(p=0.001).

unique characteristics of tacrolimus that appear to be
related to its anti-pruritic effects, such as inhibition of the
epidermal sensory nerve extension'’, transient release of
substance P from sensory nerve endings'®, and suppression
of mast cell degranulation' have been reported. There is
currently no conclusive answer as to what governs the
mechanism of anti-pruritic action of tacrolimus; however,
one important fact is that topical tacrolimus does have an
anti-pruritic property that topical corticosteroids lack".
We reproduced these results in a very similar experi-
mental setting and extended the findings that the curious
anti-pruritic effects of tacrolimus might not be simply due
to its anti-inflammatory effects or anti-epidermal nerve
extension effects™. In this study, the treatment responders
(patients with decreased pruritis) showed a better change
in SCORAD (disease severity) than non-responders in the
induction therapy when data available were analyzed by
ANCOVA (Fig. 5). However, we cannot determine from
this whether the improved disease severity might come
from less itching/scratching by the direct action of topical
tacrolimus or that improved disease severity resulted in
less production of various inflammatory pruritogens to
bring about less pruritis.  Anyhow, controlling
itching/scratching is important in the formation of allergic
skin reaction®', and further investigations will be needed
to precisely identify the mechanism of action of anti-
pruritic effects by anti-inflammatory agents.

Finally, this is an open study; therefore the possibility of a
placebo effect (no exact vehicle control was used) should
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