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Abstract

Background: Atopic dermatitis (AD) is a complex heterogeneous chronic inflammatory skin disease. Specific IgE
antibodies against autoantigens have been observed in a subgroup of AD patients, however, little is known about
lgG-auto-reactivity in AD. To investigate the presence of autoreactive IgG antibodies, we performed autoantibody
profiling of IgG in patients with AD of different severities and in healthy controls (HC).

Methods: First, we performed an untargeted screening in plasma samples from 40 severe AD (sAD) patients and 40
HC towards 1152 protein fragments on planar antigen microarrays. Next, based on the findings and addition of more
fragments, a targeted antigen suspension bead array was designed to profile a cohort of 50 sAD patients, 123 patients
with moderate AD (mAD), and 84 HC against 148 protein fragments representing 96 unique proteins.

Results: Forty-nine percent of the AD patients showed increased IgG-reactivity to any of the four antigens represent-
ing keratin associated protein 17-1 (KRTAP17-1), heat shock protein family A (Hsp70) member 4 (HSPA4), S100 calcium
binding proteins A12 (ST00A12), and Z (S1002). The reactivity was more frequent in the sAD patients (66%) than in
those with mAD (41%), whereas only present in 25% of the HC. IgG-reactivity to S100A12, a protein including an anti-
microbial peptide, was only observed in AD patients (13/173).

Conclusions: Autoantibody profiling of IgG-reactivity using microarray technology revealed an autoantibody-based
subgroup in patients with AD. The four identified autoantigens and especially STO0A12 could, if characterized further,

increase the understanding of different pathogenic mechanisms behind AD and thereby enable better treatment.

Keywords: Affinity proteomics, Antimicrobial protein, Atopic dermatitis/eczema, Autoantibody profiling,
Autoantigen, Autoimmunity, Co-morbidity, IgG, Protein microarrays, Suspension bead array

Background

Atopic dermatitis (AD, also designated atopic eczema)
is a complex heterogeneous chronic inflammatory
skin disease [1] with 15-30% of children and 2-10% of
adults being afflicted [2]. Defects in the skin barrier
combined with inappropriate immune responses are
considered central in the pathogenesis of AD with con-
tribution of both genetic/epigenetic and environmental
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factors including microbial agents [3-5]. Today there is
an increased awareness that AD not only is associated
with other atopic conditions but also has comorbidities
with other diseases such as autoimmune and cardiovas-
cular diseases suggesting that AD is a systemic disorder
[6]. The different mechanisms behind the development of
allergy related symptoms and the presence of comorbidi-
ties highlight the need to characterize the biological dif-
ferences behind the complex clinical heterogeneity of AD
to identify the proper endotypes to match novel specific
biological treatments [7-9].

AD has been classified into an extrinsic or an intrinsic
type according to the presence or absence of allergen-
specific IgE antibodies [10]. The extrinsic AD phenotype
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is frequently characterized by coexistence of several
IgE-mediated symptoms such as eczema, rhinitis and
asthma, and polysensitization indicating that type 2 sign-
aling pathways in the immune system participate in the
disease development [7]. The other subgroup, consisting
of around 20% of the AD patients, includes those with a
clinical picture of AD but who lack detectable IgE anti-
bodies to known food or aeroallergens and they usually
have normal total serum IgE levels [10]. At present, one
may therefore define this group as suffering from non-
IgE-associated forms of AD [11], but it is also likely that
the corresponding allergens triggering the skin inflam-
mation in this group are not yet defined [12].

Still another subgroup of patients with AD has, in
addition to sensitization against exogenous allergens,
an IgE-mediated reactivity against autoantigens like
epidermal proteins [13, 14]. These patients usually have
a more severe form of AD including high levels of cir-
culating IgE [15]. In addition, to add to the complexity,
cross-reactivity between fungal allergens and the human
homologues manganese superoxide dismutase [16] and
thioredoxin [17] has been observed in AD patients sen-
sitized to the skin commensal yeast Malassezia sym-
podialis [18, 19]. Autoimmunity is usually connected
with increased levels of IgG to self-structures. The term
autoallergy refers to autoimmunity accompanying an
atopic disease with antigen-specific IgE raised against
self-proteins [20]. Although IgG-reactivity (and IgE-
reactivity) has been detected towards dense fine speck-
led autoantigen of 70 kD (DFS70) in AD patients [21,
22], little is in general known about IgG-auto-reactivity
in AD.

In this study we therefore took the approach to per-
form a meticulous analysis of the IgG-reactivity profiles
towards a broad panel of human protein fragments in AD
patients compared with healthy controls (HC) using in-
house developed protein microarrays [23-27]. The aim
was to obtain information if and how IgG-reactivity may
be linked with different clinical phenotypes of AD includ-
ing co-morbidity with respiratory symptoms. Characteri-
zation of autoreactive IgG antibodies and identification
of autoantigens could increase the understanding of dif-
ferent pathogenic mechanisms behind AD and thereby
enable specific prevention and treatments.

Methods

Study population and IgE serology

Adult AD patients and HC were recruited in Stock-
holm, Sweden, during September until May to avoid the
summer season, as described previously [15]. Inclusion
criteria for the AD patients were diagnosis, set by a der-
matologist, according to the UK working party criteria
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[28]. Exclusion criteria were skin diseases other than AD,
autoimmune diseases, immune deficiencies, malignant
diseases, pregnancy or lactation, immunosuppressive
treatment and an age below 18 or above 65 years. Use
of systemic glucocorticoids or systemic antifungal treat-
ment was not allowed for 2 months before the investi-
gation. The severity of the eczema was assessed using
SCORing Atopic Dermatitis (SCORAD) [29] where after
patients with moderate AD (mAD) or severe AD (sAD)
not only restricted to the hands were subjected to the
study. The history of patient reported respiratory aller-
gic symptoms was documented as co-morbidity. The HC
had no clinical symptoms or history of allergy or skin
diseases.

Total IgE and allergen-specific IgE to any of 11 com-
mon aeroallergen sources (dog, cat, horse, birch, tim-
othy, mugwort, pellitory, olive tree, Cladosporium,
Dermatophagoides pteronyssinus, and Dermatophagoides
farinae) included in the mix Phadiatop, were measured
in plasma using ImmunoCAP (Thermo Fisher Scientific,
Uppsala, Sweden) during 2006-2012 at the Karolinska
University Hospital, Stockholm. The reference range for
total plasma IgE was 1.6-122 kU/L and for a positive
Phadiatop > 0.35 kU/L.

Study design

To profile plasma IgG-reactivity in patients with AD
and HC we used two different microarray platforms
(see Fig. 1 for an overview of the study design). First, we
performed an untargeted screening in 80 subjects using
more than 1100 protein fragments on planar antigen
microarrays. To verify findings from this initial screen-
ing phase and with use of additional fragments (see Addi-
tional file 1: Table S1), a targeted antigen suspension bead
array was designed to profile the complete cohort of 257
subjects against 148 protein fragments.

Antigens

The antigens used in this study were human protein
fragments produced within the Human Protein Atlas
project (www.proteinatlas.org) as described previously
[30-32]. Briefly, protein fragments with an average
length of 80 amino acids and mostly ranging between
50 and 150 amino acid residues were designed in silico
with low homology to other human proteins, cloned
and expressed in Escherichia coli (E. coli) as fusion pro-
teins with an N-terminal hexa-histidine albumin binding
protein (His6-ABP) tag, and validated with mass spec-
trometry subsequent to immobilized metal affinity chro-
matography purification. Protter v 1.0 (http://wlab.ethz.
ch/protter/start/) [33] was used for visualization of pro-
tein sequence and region of fragments.
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Fig. 1 Study design and method overview. a In the initial untargeted screening, a subset of 80 subjects was analyzed for IgG-reactivity towards
1152 protein fragments using planar antigen arrays. b In the targeted analysis phase, the complete cohort of 257 subjects was profiled on antigen
suspension bead arrays including 148 protein fragments selected from the screening as well as from literature (see Additional file 1: Table S1). Planar
and bead-based arrays included protein fragments that were either spotted on the array glass slides (a) or coupled to the beads (b). Antigens were

human protein fragments expressed with an N-terminal hexa-histidine albumin binding protein (His6-ABP) tag. Arrays were incubated with plasma
and autoantibodies detected using labeled anti-human IgG. HC healthy controls, AD atopic dermatitis, mAD moderate AD, SAD severe AD
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Planar antigen microarrays

In the screening phase of the study, planar antigen
microarrays produced in the routine antibody validation
workflow within the Human Protein Atlas project [34]
(www.proteinatlas.org) were used to generate autoanti-
body profiles in plasma for 80 subjects. Each microarray
slide consisted of 21 identical subarrays, each subarray
containing 384 protein fragments. Three of these array
designs comprising in total 1152 protein fragments were
selected randomly and used in an untargeted screening.
The screening was performed as described previously
with minor changes [23], see Supplementary Methods
in Additional file 1. Data in the form of median fluores-
cence intensity (MFI) per array spot were used in further
analysis. Cut-off levels for positive [gG-reactivity were set
in a sample-specific manner to account for the individual
background of each sample. The cut-off was calculated
based on the sample median of all 384 protein fragments
on each of the subarrays plus 10 or 30 times the median
absolute deviation (MAD). For each sample, the signal of
individual protein fragments was then compared to the
cut-off and positive IgG-reactivity to a particular frag-
ment defined as a fragment signal above the cut-off. The
frequency of reactive individuals in sAD and HC were
compared and protein fragments selected for further

analysis in the targeted screening based on the following
criteria: Fisher’s exact test P value <0.05 or >10% unit
difference.

Antigen suspension bead arrays

A targeted antigen suspension bead array was designed
to profile the complete cohort including 257 subjects
(Fig. 1). This design was based on results from the initial
screening, including the top findings as defined from the
above mentioned criteria of statistical significance or fre-
quency of reactivity. Additional protein fragments were
included to represent targets from the literature [35—
38]. Availability of protein fragments within the Human
Protein Atlas (www.proteinatlas.org) resulted in a set of
148 fragments representing 96 proteins (see Additional
file 1: Table S1 for a list of all fragments, sequences and
the source for inclusion). For 62 of the 96 proteins, each
protein was represented by two to four fragments that
covered different regions of the protein (exemplified in
Additional file 1: Fig S1B and D where two fragments
were included for these proteins). The protein fragments
were coupled to color-coded carboxylated magnetic
beads (MagPlex, Luminex corp., Austin, TX, USA) to
create an antigen suspension bead array that was incu-
bated with the samples as previously described [23], see
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Supplementary Methods for more details. Data in the
form of MFI, counted on at least 30 beads per fragment,
were compared to sample-specific cut-offs as described
for the planar array. For each sample the median MFI
across all 148 fragments plus a factor of 10-70 times the
MAD were used to create cut-off levels. Again, positive
IgG-reactivity was determined by relating the signal of
individual protein fragments to the cut-off. Signal inten-
sities were also compared across groups after transforma-
tion where the sample median MFI across all fragments
was subtracted from the raw MFI and divided by the
MAD, thereby creating adjusted MFI values where the
signal is expressed in MADs above or below the median.
Results are expressed as frequency of reactive individuals
(% of subjects with IgG-reactivity above the cut-off level)
and as intensity expressed as adjusted MFL

Statistical analysis

Data analysis and visualization were performed in R
[39]. Fisher’s exact tests were used per protein fragment
to compare reactivity frequencies between groups. Wil-
coxon rank-sum tests were used per fragment to compare
intensity levels (adjusted MFI) between groups. Unad-
justed P values <0.05 were here considered significant.
Hierarchical clustering was performed on binary data
(IgG-reactivity “yes” or “no”).

Results

Study population

In total 173 adult AD patients, 18-65 years (median
28 years), and 84 HC, 18-65 years (median 39 years)
were included in the study according to the inclusion and
exclusion criteria in the Methods. Clinical and demo-
graphic characteristics are presented in Table 1. Among
the AD patients, 29% were classified as sAD and 71% as
mAD. The majority of patients with AD had current or a

Page 4 of 13

history of rhinoconjunctivitis and/or asthma (80%). Total
IgE levels were elevated (>122 kU/L) in 55% of the AD
patients, 70% of patients with sAD and in 49% of patients
with mAD. A positive Phadiatop, defined as detectable
IgE antibodies to a mixture of 11 common aeroallergens,
was found in 76% of the AD patients.

Untargeted screening

In the first screening phase (Fig. 1a), antigens represent-
ing keratin associated protein 17-1 (KRTAP17-1) and
$100 calcium binding protein Z (S100Z) together with 21
additional antigens showed a difference in the frequency
of IgG-reactivity between sAD patients (n=40) and HC
(n=40) of at least 10% units. Three of these antigens
(representing the family with sequence similarity 9 mem-
ber C, FAMIC; the olfactory receptor family 2 subfam-
ily T member 11, OR2T11; and the S100 calcium binding
protein A3, S100A3) had significantly higher reactiv-
ity in SAD compared to HC (P<0.05). These in total 23
antigens were selected for further analysis in the tar-
geted analysis phase (listed in Additional file 1: Table S1
as “Screening (P<0.05)” or “Screening (>10% reactivity
difference)”). Additional fragments that had not been
represented on the planar antigen arrays and that cov-
ered other regions of the represented proteins were also
included. This resulted in a final selection of 47 protein
fragments based on the screening phase (see Additional
file 1: Table S1).

Targeted analysis

The complete cohort of 173 AD patients (123 mAD and
50 sAD) and 84 HC (Table 1) was analyzed using the tar-
geted antigen suspension bead array covering 148 pro-
tein fragments representing 96 proteins (see Fig. 1b and
Additional file 1: Table S1). Group comparisons were first
made on the level of frequency of subjects with positive

Table 1 Characterization of the AD patients and healthy controls

N Gender F/M  Age (years) SCORAD? Rhino- Total plasma Total plasma Phadiatop
conjunctivitis IgEP> 122 kU/L  IgE® (kU/L) positive®
and/or asthma
current
or history

n(%F) Median (range) Median (range) n (%) n (%) Median (range) n (%)

AD patients 173 99/74 (57) 28 (18-65) 34 (14-70) 139 (80) 95 (55) 160 (2-15,100) 132 (76)
Severe® 50 17/33(34) 29 (18-65) 54 (41-70) 45 (90) 35(70) 460 (2.5-15,100) 43 (86)
Moderate® 123 82/41 (67) 28 (18-63) 31 (14-40) 94 (76) 60 (49) 120 (2-6810) 89 (72)

Healthy controls 84  52/32 (62) 39 (18-65) NA 0(0) 0(0) 19 (2-120) 0(0)

AD atopic dermatitis, F female, M male, N number of individuals, n number of positive individuals, NA not applicable

@ Objective SCORAD [29], severe AD defined as SCORAD > 41
b ImmunoCAP (Thermo Fisher Scientific), reference range 1.6-122 kU/L

¢ Phadiatop (Thermo Fisher Scientific), plasma IgE-reactivity to any of 11 common aeroallergens, reference range > 0.35 kU/L
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Fig. 2 Antigens showing significant difference in IgG-reactivity between healthy controls (HC) and atopic dermatitis patients (AD) or between
HC and moderate (mAD) and/or severe (sAD) atopic dermatitis patients when analyzed using antigen bead arrays. a The frequency (%) of subjects
with IgG-reactivity to KRTAP17-1, HSPA4, ST00A12 and S100Z. b The adjusted median fluorescence intensity (MFI) of all subjects with positive
reactivity highlighted in red. Adjusted MFI was defined as the sample median across all protein fragments subtracted from each signal and divided
by the MAD. The number of subjects with positive reactivity out of the total is indicated below each figure. Significant P values of pairwise group
comparisons indicated by *P<0.05, **P<0.01, ***P <0.001, ****P<0.0001, Fisher's exact test (a) and Wilcoxon-rank sum test (b)

IgG-reactivity (Fig. 2a and Table 2). Applying sample-
and protein fragment-specific cut-off levels, a significant
difference in the frequency of IgG-reactivity was identi-
fied for four antigens representing KRTAP17-1; heat
shock protein family A (Hsp70) member 4, HSPA4; S100
calcium binding proteins A12, S100A12; and S100Z, dif-
ferentiating between AD and HC or HC and any of the
two subgroups of mAD and sAD (Table 2 and Addi-
tional file 1: Table S2). Both KRTAP17-1 and S100Z
were included from the untargeted screening where
they showed a higher frequency of reactivity in sAD
compared to HC. The other two, HSPA4 and S100A12,
were not part of the initial screening. The four antigens

showed >10% reactivity in either AD patients or in any
of the two subgroups and were selected for further char-
acterization. Positive IgG-reactivity to KRTAP17-1 was
observed in significantly higher frequency in AD patients
(32%) as well as in mAD (28%) and sAD (40%) compared
to HC (15%) (Fig. 2a and Table 2). KRTAP17-1 was repre-
sented by a protein fragment covering amino acid 7-38
(Additional file 1: Fig S1A, in red). HPSA4 was found
reactive in 21% of AD patients and showed differential
reactivity comparing sAD and HC (Fig. 2a and Table 2).
Two protein fragments covering different parts of HSPA4
were included in the analysis and reactivity was identified
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Table 2 IgG-reactivity? and adjusted MFI® to four antigens detected in the targeted screening of the complete cohort

using antigen bead arrays

Gene

KRTAP17-1

HSPA4

S100A12

$100Z

Gene description

Keratin associated protein 17-1

Heat shock 70 kDa protein 4  S100 calcium bind-

ing protein A12

$100 calcium binding protein Z

Ensembl ENSG ID¢ ENSG00000186860 ENSG00000170606 ENSG00000163221 ENSG00000171643
Uniprot Q9BYP8 P34932 P80511 Q8WXG8
Protein fragment ID HPRR3460778 HPRR4220528 HPRR400165 HPRR3460547
Number of IgG-reactive n (%) n (%) n (%) n (%)
individuals
AD patients (N=173) 55(32) 36 (21) 13(8) 8 (5)
Severe (N=50) 20 (40) 15 (30) 5010 704
Moderate® (N=123) 35(28) 21(17) 8 (6) 1(1)
Healthy controls (N =84) 13(15) 9(11) 0(0) 34)
P values®
Calculated on proportion positive individuals
AD versus HC 0.006 0.054 0.006 1.00
SAD versus mAD 0.15 0.07 0.53 0.0008
SAD versus HC 0.002 0.009 0.006 0.04
mAD versus HC 0.03 0.23 0.02 0.31

Adjusted MFI of individuals Median (Q1-Q3)

Median (Q1-Q3)

Median (Q1-Q3) Maedian (Q1-Q3)

AD patients (N=173) 2(43-18.2) 2(1.3-98) 6 (0.8-6.5) —17(=21t0—=06)
Severe (N=50) (46 23.3) 0(1.2-213) 6 (1.0-6.5) —18(— 22t005)
Moderate® (N=123) 1(43-159) 2(13-87) 23(08-63) —17(=21t0—10)

Healthy Controls (N=284) 8(34-10.5) 8(1.1-7.2) 8(0.2-2.0) —16(—20t0o—0.2)

Pvalues

Calculated on adjusted MFI values

AD versus HC 0.01 036 0.000003 0.16

SAD versus mAD 0.26 0.63 0.50 0.35

SAD versus HC 0.01 032 0.00008 0.78

mAD versus HC 0.054 048 0.00003 0.09

AD atopic dermatitis, sAD severe AD, mAD moderate AD, HC healthy controls, N number of individuals, n=number of positive individuals

? IgG-reactivity was defined using sample-specific cut-offs based on the sample median across protein fragments and the median absolute deviation (MAD), see

“Methods” section

b Sample median across protein fragments was subtracted from each signal and divided by the MAD, see “Methods” section

¢ Ensembl version 88.38
d Objective SCORAD [29], severe AD defined as SCORAD > 41
¢ Fisher’s exact test

f Wilcoxon rank-sum test

towards the region of amino acid 526-577 (Additional
file 1: Fig S1B, in red).

Interestingly, IgG-reactivity above the cut-off value to
S100A12, was only observed in AD patients (8%) with
significant differences found between AD or subgroups
of AD and HC (Fig. 2a and Table 2). The reactive pro-
tein fragment for S100A12 mapped to amino acid 3-92,
thereby covering 98% of the full protein sequence (Addi-
tional file 1: Fig S1C, in red). Significantly higher reactiv-
ity to S100Z was found in sAD patients compared to both

HC and mAD (Fig. 2a and Table 2). S100Z was repre-
sented by two protein fragments with the reactive region
mapped to amino acid 34-71 (Additional file 1: Fig S1D,
in red).

The four antigens with differential reactivity were
further explored by group comparisons on the level of
adjusted MFI (Fig. 2b and Table 2). For KRTAP17-1 and
S100A12, most of the significant differences in IgG-reac-
tivity frequency (Fig. 2a) were also observed on the inten-
sity level (Fig. 2b).
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Total 32% (n=55) Total 21% (n=36) Total 40% (n=20) Total 30% (n=15)
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AT n=5 S n=2 /
Anti-$100Z / Anti-S100A12 Anti-5100Z / Anti-S100A12

Total 5% (n=8) Total 8% (n=13)

49% (n=84) of the AD patients
showed IgG-reactivity to any of
these four antigens whereas 51%
(n=89) were negative to all.

C IgG-reactivity in 123 patients with moderate AD

Anti-KRTAP17-1
Total 28% (n=35)

Anti-HSPA4
Total 17% (n=21)

n=29 n=10

/—«’*_"'%ﬂ

Anti-S100Z
Total 1% (n=1)

/ Anti-S100A12
Total 7% (n=8)

41% (n=51) of the patients with
moderate AD showed IgG-reactivity
to any of these four antigens whereas
59% (n=72) were negative to all.

bead arrays. AD atopic dermatitis

Fig. 3 Concordance between IgG-reactivity for the antigens representing KRTAP17-1, HSAP4, ST00A12 and S100Z. a 173 AD patients, b 50 severe
AD patients, € 123 moderate AD patients, and d 84 healthy controls. IgG-reactivity based on analysis of the complete cohort using targeted antigen

Total 14% (n=7) Total 10% (n=5)

66% (n=33) of the patients with
severe AD showed IgG-reactivity to
any of these four antigens whereas
34% (n=17) were negative to all.

IgG-reactivity in 84 healthy controls

Anti-KRTAP17-1
Total 15% (n=13)

Anti-HSPA4
Total 11% (n=9)

n=11 n=6

/—f_"'ﬁq-m

Anti-S100Z
Total 4% (n=3)

/ Anti-S100A12
Total 0% (n=0)

25% (n=21) of the healthy controls
showed IgG-reactivity to any of
these four antigens whereas 75%
(n=62) were negative to all.

Forty-nine percent of the AD patients showed IgG-
reactivity to any of the four antigens representing
KRTAP17-1, HSPA4, S100A12 and/or S100Z (Fig. 3a).
IgG-reactivity to those antigens was more frequent in
the sAD patients (66%) than in those with mAD (41%),
whereas reactivity only could be found in 25% of HC
(Fig. 3b—d). Subjects reactive to any of the four anti-
gens were subjected to hierarchical clustering to show
any overlap in reactivity (Fig. 4). Here it was evident
that most subjects were reactive to single antigens
only, shown by the three clusters corresponding to 76%
of all reactive subjects (single reactivity to KRTAP17-
1, HSPA4 or S100Z). Notably, this pattern differed for
S100A12 where all 13 AD patients reactive to this anti-
gen also showed reactivity to HSPA4 and five of them
also to KRTAP17-1 (Fig. 3a). This pattern was the

same in sSAD and mAD, whereas no HC showed IgG-
reactivity to S1I00A12 (Fig. 3b—d). Four clusters with
17% of the IgG-reactive subjects included reactivity
to two antigens (Fig. 4). Reactivity to three antigens
was observed in two clusters, corresponding to 7% of
the IgG-reactive subjects (Fig. 4). There was no sig-
nificant difference in the frequency of IgG-reactivity
between females and males (Fig. 4) and also no associa-
tion between age and adjusted MFI for any of the four
antigens.

Associations to allergen specific IgE and total plasma IgE

Investigating the relation to allergen specific IgE defined
by a positive or negative Phadiatop, revealed signifi-
cantly higher frequency of IgG-reactivity to KRATP17-1
in AD patients with positive Phadiatop compared to HC



Mikus et al. Clin Transl Allergy (2019) 9:6

Page 8 of 13

male

:

Subjects per cluster

IgG-reactivity

[ EE g - | o
EEEREE —_— n=8 (8%) no
SES S ==""" Group
== E = . AD
EEEREE HC
ES-E == Subgroup
EEEEEE I B s~0
=S=_E == mAD
e n=53 (50%)
e Gender
i E=E=F "= F
= M
: E ; : —— Respiratory symptoms
P yes
P no
= - e Phadiatop (kU/L)
L 1 —— pos (20.35)
E ; ; ——— n=22 (21%) neg (<0.35)
D —— IgE (KU/L)
THHEHE B >122
E=ESE_ = ’ n=6 (6%) <122
= e m— = n=2(2%)
EESE- SN — 1 n=2(2%)
SE=E = == | 5%
11 — e | N=2(2%)
928832 3 7 2 2
283258 = 2 &8 8
SgFEE X = ¢ ¢
k-] 3 o] N

Fig. 4 Hierarchical clustering of subjects with IgG-reactivity to the antigens representing KRTAP17-1, HSAP4, ST00A12 and S100Z. Clustering of
the subjects showing positive IgG-reactivity to any of the four antigens when analyzed using antigen bead arrays. The number of subjects in each
cluster and percentage of all subjects with IgG-reactivity are shown. Clinical characteristics annotated in rows. Respiratory symptoms included a
history of or current rhinoconjunctivitis and/or asthma. HC healthy control, AD atopic dermatitis, mAD moderate AD, SAD severe AD, F female, M

as well as higher frequency of IgG-reactivity to S100A12
in AD patients irrespective of Phadiatop compared to
HC (Fig. 5a and Additional file 1: Table S3). These dif-
ferences were also observed when comparing adjusted
MFI (Fig. 5b and Additional file 1: Table S3). Subdividing
AD patients into subgroups of total plasma IgE lower or
higher than 122 kU/L, only showed differences between
any of the AD subgroups and HC for KRATP17-1 (Addi-
tional file 1: Table S3) and S100A12 (Fig. 5b, d and Addi-
tional file 1: Table S3). Details for all four antigens can be
found in Additional file 1: Table S3.

Co-morbidity with respiratory allergic symptoms

The majority of patients with AD, irrespective of sub-
group, had current or a history of rhinoconjunctivitis
and/or asthma (Table 1) in combination with elevated
total plasma IgE and a positive Phadiatop (Fig. 6a). This
pattern was also observed among the 84 AD patients
with IgG-reactivity to at least one of the antigens for
KRTAP17-1, HSPA4, S100A12 or S100Z (Fig. 6b).
Details for the separate antigens are shown in Fig. 6¢—f.
The proportion of sAD was significantly larger (P<0.01)
among the patients with IgG-reactivity to any of the
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Fig. 5 |gG-reactivity to the antigen representing ST00A12 subdivided
by Phadiatop and total plasma IgE. Antigen showing significant
difference in reactivity between healthy controls (HC) and atopic
dermatitis cases (AD) or between HC and moderate (mAD) and/or
severe (sAD) atopic dermatitis when analyzed using antigen bead
arrays. The frequency (%) of subjects with IgG-reactivity to STO0A12
subdivided by Phadiatop (a) or total plasma IgE (b). The adjusted
median fluorescence intensity (MFI) of all subjects subdivided by
Phadiatop (c) or total plasma IgE (d). Adjusted MFI was defined by
subtracting the sample median across all protein fragments from
each signal and dividing the result by the MAD. Subjects with positive
reactivity are highlighted in red. The number of subjects with positive
reactivity out of the total is indicated below each figure. Significant

P values of pairwise group comparisons indicated by *P < 0.05,
**P<0.01, **P<0.001, ****P<0.0001, Fisher's exact test (a, b) and

Wilcoxon-rank sum test (c, d)

four antigens compared to the group of patients with-
out any reactivity, whereas the proportion of patients
with rhinoconjunctivitis and/or asthma, elevated total
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plasma IgE and positive Phadiatop was similar (Fig. 6b
compared to Fig. 6g).

Discussion
With the aim to obtain information if autoantibody-based
IgG-reactivity can be associated with AD we discovered
that auto-reactivity to S100A12 was only observed in
AD patients using antigen microarray technology. Three
additional proteins KRTAP17-1, HSPA4, and S100Z had
a significant increased IgG binding reactivity in plasma
samples from AD patients compared to HC and more
frequently in the sAD patients than in those with mAD.
Access to large collections of expressed and purified
proteins in combination with microarray technology
allows for screening of autoantibody reactivity towards
hundreds to thousands of antigens in parallel while con-
suming only small sample volume enabling detection of
potential novel autoimmune targets [24]. Planar array
formats offer higher theoretical multiplexing in terms of
antigens and bead-based formats provide higher sample
throughput, making the use of both formats beneficial
[40]. The methods used in this study relied on the use of
human protein fragments of various lengths and with low
similarity to other proteins. Depending on the coverage
of the full protein sequence, different conformations are
possible and most likely allow for both linear and con-
formational epitopes to be recognized. Furthermore, as
the fragments are expressed as recombinant products
in E. coli, post-translational modifications (PTMs) such
as glycosylation are not present and reactivity towards
epitopes dependent on PTMs will not be detected. Uti-
lizing protein fragments instead of full-length proteins
mean that for some proteins only a subset of the possi-
ble epitopes are present and could result in that poten-
tially autoreactive sequences are not covered or that the
fold makes the epitope inaccessible to binding. However,
we included several fragments from different parts of
the protein when designing the targeted antigen array,
thereby increasing the coverage and allowing for closer
localization of the reactive region of a protein. This was
the case for both KRTAP17-1 and S100Z, where two
fragments were included to represent each protein and
reactivity identified to only one of them (Fig. S1). Despite
differences between the two used array formats as well as
increased heterogeneity of individuals when considering

(See figure on next page.)

Fig. 6 Concordance between rhinoconjunctivitis and/or asthma ever, AD severity (moderate or severe), elevated total plasma IgE and positive
Phadiatop. a 173 AD patients, b 84 AD patients with IgG-reactivity to KRTAP17-1 HSPA4, ST00A12 and/or S100Z, ¢ 55 AD patients with IgG-reactivity
to KRTAP-17, d 36 AD patients with IgG-reactivity to HSPA4, e 13 AD patients with IgG-reactivity to ST00A12, f 8 AD patients with IgG-reactivity to
$100Z, and g 89 AD patients without IgG-reactivity to any of the antigens for KRTAP17-1 HSPA4, STO0A12 and/or S100Z. IgG-reactivity based on
analysis of the complete cohort using targeted antigen bead arrays, showing frequencies. Elevated total plasma IgE defined as > 122 kU/L. AD

atopic dermatitis
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the whole cohort, KRTAP17-1 and S100Z were success-
fully verified in the bead array assay.

S100A12 and S100Z belong to the heterogeneous S100
family of calcium-binding proteins [37]. SI00A12, predomi-
nantly expressed and secreted by neutrophil granulocytes, is
also known as calgranulin C and as extracellular newly iden-
tified RAGE-binding protein (EN-RAGE) [41, 42]. S100A12
can trigger pro-inflammatory signaling through TLR4 and
exert antimicrobial activity [41]. The reactive protein frag-
ment used for SI00A12 in our study mapped to amino acid
3-92, thereby covering 98% of the full protein sequence
including the antimicrobial peptide (Fig S1C, in red). Anti-
microbial peptides and proteins (AMPs) are effector mole-
cules of the innate defense system and are mainly produced
by epithelial cells including keratinocytes [43]. Studies have
shown that SI00A12, also classified as an epithelial cytokine,
is expressed at very low levels in normal epidermis, but it is
highly overexpressed in lesions of psoriasis [44, 45], UVB-
irradiated skin [46], and tape-stripping of the skin induce
fast and long-lasting AMP expression [47]. In addition, S100
proteins are overexpressed in conditions associated with
water loss, such as during wound repair why it has been
suggested that SI00A12 is a potential therapeutic target for
dermal scarring [48]. The skin barrier in AD is characterized
by dry itchy skin with increased permeability and water loss
[1], and with enhanced expression of several AMPs [49, 50]
including S100A12 [45]. Regarding serum levels, SI00A12
has been found to be the most significant marker for pso-
riasis disease activity and therapeutic response [45] and as
a sensitive and specific diagnostic marker of other inflam-
matory responses [42], such as asthma where S100A12
provokes mast cell activation and thereby might exacer-
bate allergic inflammation [51]. Recently, serum levels of
S100A12 were found to be differently expressed between
four identified AD disease clusters (see Supplemental
table E2 in Ref [8]) and were reported significantly upreg-
ulated in AD patients versus healthy controls with a cor-
relation between the S100A12 serum levels and SCORAD
[52]. In addition, increased serum levels of S100 proteins
including S100A12 have been found especially associated
with auto-inflammatory diseases, and therefore suggested
as promising targets for treatment [53]. In future studies
it would thus be interesting to see whether autoantibodies
against SI00A12 in AD have a mechanistic connection to
serum levels of this protein and to increased expression of
S100A12 in the skin.

The highest frequency of IgG-reactivity was found
against the keratin associated protein 17-1 (KRTAP17-1)
among the AD patients (32%) and up to 40% among the
sAD patients (Table 2) and with significantly higher fre-
quency compared to HC (15%) for the two subgroups of
AD (Fig. 2a). Keratin associated proteins (KRTAPs) are

Page 11 of 13

one of the main structural components of hair, and are
expressed in distinct cell populations of the hair folli-
cle involved in hair formation, where KRTAP17-1 shows
strong expression in the upper hair cuticle [54]. The hair
cuticle structure is severely damaged and distorted in
lesional and non-lesional AD [55]. This could result in an
increased exposure of altered structural hair components
to the immune system inducing autoantibody production.

The majority of the AD patients had also current or a
history of rhinoconjunctivitis and/or asthma in combi-
nation with elevated total plasma IgE and were positive
in Phadiatop with a higher proportion in the sAD com-
pared with the mAD group (Table 1). However, cluster
analysis did not reveal any particular subgroup associated
with increased IgG-reactivity to any of the antigens for
KRTAP17-1, HSPA4, S100A12 and/or S100Z besides more
frequent IgG-reactivity in the sAD than in the mAD group.
The data would thus, rather suggest that IgG-reactivity to
any of these four antigens reflects AD severity rather than
co-morbidity with respiratory allergic symptoms.

IgG-reactivity to KRTAP17-1, HSPA4 and S100Z, but
not to S100A12 was also observed in 21 of the 84 HC
(25%) (Fig. 3d) compared to 49% of the 173 AD patients
reactive to any of the four antigens (Fig. 3a). Autoantibod-
ies are not necessarily pathogenic, but often observed in
healthy individuals [56]. It has been suggested that “natu-
ral” IgG autoantibodies might participate in an adaptive
debris-clearance mechanism [57], which could be the case
for the three autoantibodies we found both in HC and in
AD patients. Pathologic autoantibodies can induce dis-
ease through several different pathways [56]. Whether the
autoantibodies against SI00A12 we detected in a subgroup
of AD patients are protective, pathogenic or merely an epi-
phenomenon remains to be determined. One hypothesis
could be that production of these autoantibodies is induced
by the chronic inflammation with enhanced expression of
S100A12 in the skin and that they could either exhibit anti-
inflammatory or pro-inflammatory activities connected to
the function of S100A12. A mechanism could be that the
autoantibodies possess a pathogenic function by binding
to and clearing S100A12, thereby preventing the protein
from exerting its antimicrobial function and potentially
contributing to increased susceptibility to skin infections.
Further studies in additional sample cohorts are needed in
addition to the characterization of isotypes and subclasses
of autoantibodies in AD and the elucidation of their func-
tional activity in vivo.
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Conclusions

We have utilized an untargeted array-based screening
on more than 1100 protein fragments followed by the
analysis of 257 human AD and HC plasma samples in an
antigen suspension bead array representing 96 selected
proteins. Introducing array methodologies for detailed
phenotype characterization of the autoantibody IgG
profile in patients with AD have here provided the pos-
sibility for identification of novel candidate autoantigens.
We have found a subgroup of AD patients with IgG-reac-
tivity to four autoantigens, among those S100A12 with
antimicrobial activity. Further characterization of their
implication for AD could be part of the need to develop
personalized strategies for prevention and management
to break, terminate or reverse the natural course of this
chronic disease.

Additional file

Additional file 1. Supplementary Methods, Table S1, Table S2, Table S3
and Fig ST.

Abbreviations

AD: atopic dermatitis; AMPs: antimicrobial peptides and proteins; HC: healthy
controls; His6-ABP: N-terminal hexa-histidine albumin binding protein; HSPA4:
heat shock protein family A (Hsp70) member 4; KRTAP17-1: keratin associated
protein 17-1; mAD: moderate atopic dermatitis; MAD: median absolute devia-
tion; MFI: median fluorescence intensity; PTM: post-translational modifications;
ST100A12: S100 calcium binding protein A12; S100Z: S100 calcium binding
protein Z; sAD: severe atopic dermatitis; SCORAD: scoring atopic dermatitis.

Authors’ contributions

PN, AS: Conception of the study; MM, CJ, NA, PN, AS: Study design; CJ, AS:
Sample collection; MM, CJ; Acquisition of data; MM, CJ, PN, AS: Data analysis
and interpretation; MM, CJ, PN, AS: Drafting the manuscript. Critical revision
of the manuscript for intellectual content: all authors. All authors read and
approved the final manuscript.

Author details

! Affinity Proteomics, Department of Protein Science, ScilifeLab, KTH Royal
Institute of Technology, Stockholm, Sweden. 2 Department of Clinical Science
and Education, Karolinska Institutet, and Sachs’ Children and Youth Hospital,
Sédersjukhuset, Stockholm, Sweden. 3 Institute for Immunological Research,
University of Cartagena, Cartagena, Colombia. * Clinical Genomics, Scilifelab,
Stockholm, Sweden.

Acknowledgements

We thank, the nurses and doctors at the Dermatology Clinic, Karolinska
University Hospital, Stockholm, Sweden, for skillful patient handling. We also
thank Eni Andersson and Cecilia Hellstrom in the Affinity proteomics group at
ScilifeLab and the entire staff of the Human Protein Atlas for their great efforts.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials

The datasets used and/or analysed during the current study as well as the R
code used for data analysis are available from the corresponding author on
reasonable request.

Page 12 of 13

Consent for publication
Not applicable.

Ethics approval and consent to participate

This study was conducted in accordance with the Helsinki Declaration ethical
principles for medical research, and was approved by the Regional Ethical
Review Board in Stockholm (Dnr 04-593/1 with addition Dnr 2008/1122-32).
All participants gave their written informed consent.

Funding

This study was supported by grants from the Swedish Research Council,

the Centre for Allergy Research, Karolinska Institutet, the Cancer and Allergy
Foundation, the Hesselmans Foundation, through the regional agreement on
medical training and clinical research (ALF) between Stockholm County Coun-
cil and the Karolinska Institutet and the Karolinska University Hospital, and the
ChAMP (Centre for Allergy Research Highlights Asthma Markers of Pheno-
type) consortium which is funded by the Swedish Foundation for Strategic
Research, the Karolinska Institutet, AstraZeneca & Science for Life Laboratory
Joint Research Collaboration, and the Véardal Foundation. The funders had

no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 26 April 2018 Accepted: 4 January 2019
Published online: 31 January 2019

References

1. Weidinger S, Novak N. Atopic dermatitis. Lancet.
2016;387(10023):1109-22.

2. BieberT. Atopic dermatitis. N Engl J Med. 2008;358(14):1483-94.

3. Caubet JC, Eigenmann PA. Allergic triggers in atopic dermatitis. Immunol
Allergy Clin North Am. 2010;30(3):289-307.

4. Leung DY, Guttman-Yassky E. Deciphering the complexities of atopic
dermatitis: shifting paradigms in treatment approaches. J Allergy Clin
Immunol. 2014;134(4):769-79.

5. Schneider L, Tilles S, Lio P, Boguniewicz M, Beck L, LeBovidge J, et al.
Atopic dermatitis: a practice parameter update 2012. J Allergy Clin Immu-
nol. 2013;131(2):295-9.e1-27.

6. Brunner PM, Silverberg JI, Guttman-Yassky E, Paller AS, Kabashima K,
Amagai M, et al. Increasing comorbidities suggest that atopic dermatitis
is a systemic disorder. J Invest Dermatol. 2017;137(1):18-25.

7. Anto JM, Bousquet J, Akdis M, Auffray C, Keil T, Momas |, et al. Mecha-
nisms of the development of allergy (MeDALL): introducing novel con-
cepts in allergy phenotypes. J Allergy Clin Immunol. 2017;139(2):388-99.

8. Thijs JL, Strickland |, Bruijnzeel-Koomen C, Nierkens S, Giovannone B,
Csomor E, et al. Moving toward endotypes in atopic dermatitis: identifica-
tion of patient clusters based on serum biomarker analysis. J Allergy Clin
Immunol. 2017;140(3):730-7.

9. WerfelT, Allam JP, Biedermann T, Eyerich K, Gilles S, Guttman-Yassky E,
et al. Cellular and molecular immunologic mechanisms in patients with
atopic dermatitis. J Allergy Clin Immunol. 2016;138(2):336-49.

10. Tokura Y. Extrinsic and intrinsic types of atopic dermatitis. ] Dermatol Sci.
2010;58(1):1-7.

11. Campana R, Moritz K, Marth K, Neubauer A, Huber H, Henning R, et al.
Frequent occurrence of T cell-mediated late reactions revealed by atopy
patch testing with hypoallergenic rBet v 1 fragments. J Allergy Clin
Immunol. 2016;137(2):601-9.e8.

12. Casagrande BF, Fluckiger S, Linder MT, Johansson C, Scheynius A,
Crameri R, et al. Sensitization to the yeast Malassezia sympodialis is
specific for extrinsic and intrinsic atopic eczema. J Invest Dermatol.
2006;126(11):2414-21.

13. Navarrete-Dechent C, Perez-Mateluna G, Silva-Valenzuela S, Vera-Kellet C,
Borzutzky A. Humoral and cellular autoreactivity to epidermal proteins in
atopic dermatitis. Arch Immunol Ther Exp (Warsz). 2016;64(6):435-42.


https://doi.org/10.1186/s13601-019-0240-4

Mikus et al. Clin Transl Allergy

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

(2019) 9:6

Valenta R, Mittermann |, Werfel T, Garn H, Renz H. Linking allergy to auto-
immune disease. Trends Immunol. 2009;30(3):109-16.

Mittermann |, Wikberg G, Johansson C, Lupinek C, Lundeberg L, Crameri
R, et al. IgE sensitization profiles differ between adult patients with severe
and moderate atopic dermatitis. PLoS ONE. 2016;11(5):e0156077.
Andersson A, Rasool O, Schmidt M, Kodzius R, Fluckiger S, Zargari A,

et al. Cloning, expression and characterization of two new IgE-binding
proteins from the yeast Malassezia sympodialis with sequence similarities
to heat shock proteins and manganese superoxide dismutase. Eur J
Biochem. 2004;271(10):1885-94.

Limacher A, Glaser AG, Meier C, Schmid-Grendelmeier P, Zeller S,
Scapozza L, et al. Cross-reactivity and 1.4-A crystal structure of Malassezia
sympodialis thioredoxin (Mala s 13), a member of a new pan-allergen
family. J Immunol. 2007;178(1):389-96.

Balaji H, Heratizadeh A, Wichmann K, Niebuhr M, Crameri R, Scheynius

A, et al. Malassezia sympodialis thioredoxin-specific T cells are highly
cross-reactive to human thioredoxin in atopic dermatitis. J Allergy Clin
Immunol. 2011;128(1):92-9.e4.

Schmid-Grendelmeier P, Fluckiger S, Disch R, Trautmann A, Wuthrich B,
Blaser K, et al. IgE-mediated and T cell-mediated autoimmunity against
manganese superoxide dismutase in atopic dermatitis. J Allergy Clin
Immunol. 2005;115(5):1068-75.

Hradetzky S, Werfel T, Rosner LM. Autoallergy in atopic dermatitis. Allergo
JInt. 2015;24(1):16-22.

Ochs RL, MuroY, SiY, Ge H, Chan EK, Tan EM. Autoantibodies to DFS 70
kd/transcription coactivator p75 in atopic dermatitis and other condi-
tions. J Allergy Clin Immunol. 2000;105(6 Pt 1):1211-20.

Watanabe K, Muro'Y, Sugiura K, Tomita Y. IgE and 1gG(4) autoanti-

bodies against DFS70/LEDGF in atopic dermatitis. Autoimmunity.
2011,44(6):511-9.

Ayoglu B, Haggmark A, Khademi M, Olsson T, Uhlen M, Schwenk JM,

et al. Autoantibody profiling in multiple sclerosis using arrays of human
protein fragments. Mol Cell Proteomics. 2013;12(9):2657-72.

Ayoglu B, Mitsios N, Kockum I, Khademi M, Zandian A, Sjoberg R, et al.
Anoctamin 2 identified as an autoimmune target in multiple sclerosis.
Proc Natl Acad Sci USA. 2016;113(8):2188-93.

Haggmark-Manberg A, Zandian A, Forsstrom B, Khademi M, Lima Bomfim
I, Hellstrom C, et al. Autoantibody targets in vaccine-associated narco-
lepsy. Autoimmunity. 2016;49(6):421-33.

Pin E, Henjes F, Hong MG, Wiklund F, Magnusson P, Bjartell A, et al. Identi-
fication of a novel autoimmune peptide epitope of prostein in prostate
cancer. J Proteome Res. 2017;16(1):204-16.

Sjoberg R, Mattsson C, Andersson E, Hellstrom C, Uhlen M, Schwenk JM,
et al. Exploration of high-density protein microarrays for antibody valida-
tion and autoimmunity profiling. N Biotechnol. 2016;33(5):582-92.
Williams HC, Burney PG, Pembroke AC, Hay RJ. The UK. Working Party’s
Diagnostic Criteria for Atopic Dermatitis. Ill. Independent hospital valida-
tion. Br J Dermatol. 1994;131(3):406-16.

Kunz B, Oranje AP, Labreze L, Stalder JF, Ring J, Taieb A. Clinical validation
and guidelines for the SCORAD index: consensus report of the European
Task Force on Atopic Dermatitis. Dermatology. 1997;195(1):10-9.
Berglund L, Bjorling E, Jonasson K, Rockberg J, Fagerberg L, Al-Khalili
Szigyarto C, et al. A whole-genome bioinformatics approach to selec-
tion of antigens for systematic antibody generation. Proteomics.
2008;8(14):2832-9.

Tegel H, Steen J, Konrad A, Nikdin H, Pettersson K, Stenvall M, et al. High-
throughput protein production-lessons from scaling up from 10 to 288
recombinant proteins per week. Biotechnol J. 2009;4(1):51-7.

Tegel H, Tourle S, Ottosson J, Persson A. Increased levels of recombinant
human proteins with the Escherichia coli strain Rosetta(DE3). Protein Expr
Purif. 2010;69(2):159-67.

Omasits U, Ahrens CH, Muller S, Wollscheid B. Protter: interactive protein
feature visualization and integration with experimental proteomic data.
Bioinformatics. 2014;30(6):884—6.

Uhlen M, Fagerberg L, Hallstrom BM, Lindskog C, Oksvold P, Mardinoglu
A, et al. Proteomics. Tissue-based map of the human proteome. Science.
2015;347(6220):1260419.

Cuppari C, Manti S, Salpietro A, Valenti S, Capizzi A, Arrigo T, et al. HMGB1
levels in children with atopic eczema/dermatitis syndrome (AEDS). Pedi-
atr Allergy Immunol. 2016;27(1):99-102.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

57.

Page 13 of 13

Katayama S, Bruhn'S, Scheynius A, Lundeberg L, Kere J, Andersson A, et al.
Epigenetic modifications in skin-homing CD4* CLAT T-cells of atopic
dermatitis patients relate to mRNA expression changes in high mobility
group proteins. In: Conference: 2(nd) Inflammatory skin disease summit,
November 16-19, 2016, New York. Exp Dermatol. 2016;25(Suppl 4):36-7.
Kizawa K, Takahara H, Unno M, Heizmann CW. S100 and S100 fused-type
protein families in epidermal maturation with special focus on ST00A3 in
mammalian hair cuticles. Biochimie. 2011;93(12):2038-47.

Marenholz |, Rivera VA, Esparza-Gordillo J, Bauerfeind A, Lee-Kirsch MA,
Ciechanowicz A, et al. Association screening in the Epidermal Differentia-
tion Complex (EDC) identifies an SPRR3 repeat number variant as a risk
factor for eczema. J Invest Dermatol. 2011;131(8):1644-9.

lhaka R, Gentleman R. R: a language for data analysis and graphics. J
Comput Graph Stat. 1996,5:299-314.

Ayoglu B, Schwenk JM, Nilsson P. Antigen arrays for profiling autoanti-
body repertoires. Bioanalysis. 2016;8(10):1105-26.

. BagheriV. ST00A12: friend or foe in pulmonary tuberculosis? Cytokine.

2017;92:80-2.

Pietzsch J, Hoppmann S. Human S100A12: a novel key player in inflam-
mation? Amino Acids. 2009;36(3):381-9.

Schroder JM. Antimicrobial peptides in healthy skin and atopic dermatitis.
Allergol Int. 2011;60(1):17-24.

Mirmohammadsadegh A, Tschakarjan E, Ljoljic A, Bohner K, Michel G,
Ruzicka T, et al. Calgranulin C is overexpressed in lesional psoriasis. J
Invest Dermatol. 2000;114(6):1207-8.

Wilsmann-Theis D, Wagenpfeil J, Holzinger D, Roth J, Koch S, Schnautz

S, et al. Among the S100 proteins, STOOA12 is the most significant

marker for psoriasis disease activity. J Eur Acad Dermatol Venereol.
2016;30(7):1165-70.

Kennedy Crispin M, Fuentes-Duculan J, Gulati N, Johnson-Huang

LM, Lentini T, Sullivan-Whalen M, et al. Gene profiling of narrowband
UVB-induced skin injury defines cellular and molecular innate immune
responses. J Invest Dermatol. 2013;133(3):692-701.

Harder J, Dressel S, Wittersheim M, Cordes J, Meyer-Hoffert U, Mrowietz
U, et al. Enhanced expression and secretion of antimicrobial peptides

in atopic dermatitis and after superficial skin injury. J Invest Dermatol.
2010;130(5):1355-64.

Zhao J, Zhong A, Friedrich EE, Jia S, Xie P, Galiano RD, et al. STO0A12
induced in the epidermis by reduced hydration activates dermal fibro-
blasts and causes dermal fibrosis. J Invest Dermatol. 2017;137(3):650-9.
Ballardini N, Johansson C, Lilja G, Lindh M, Linde Y, Scheynius A, et al.
Enhanced expression of the antimicrobial peptide LL-37 in lesional skin of
adults with atopic eczema. Br J Dermatol. 2009;161(1):40-7.

Harder J, Schroder JM, Glaser R. The skin surface as antimicrobial barrier:
present concepts and future outlooks. Exp Dermatol. 2013;22(1):1-5.
Yang Z, Yan WX, Cai H, Tedla N, Armishaw C, Di Girolamo N, et al. ST00A12
provokes mast cell activation: a potential amplification pathway in
asthma and innate immunity. J Allergy Clin Immunol. 2007;119(1):106-14.
Brunner PM, Suarez-Farinas M, He H, Malik K, Wen HC, Gonzalez J, et al.
The atopic dermatitis blood signature is characterized by increases in
inflammatory and cardiovascular risk proteins. Sci Rep. 2017;7(1):8707.
Kessel C, Holzinger D, Foell D. Phagocyte-derived S100 proteins in autoin-
flammation: putative role in pathogenesis and usefulness as biomarkers.
Clin Immunol. 2013;147(3):229-41.

Rogers MA, Langbein L, Praetzel-Wunder S, Winter H, Schweizer J. Human
Hair Keratin-Associated Proteins (KAPs). Int Rev Cytol. 2006;251:209-63.
Kim KS, Shin MK, Kim JH, Kim MH, Haw CR, Park HK. Effects of atopic
dermatitis on the morphology and water content of scalp hair. Microsc
Res Tech. 2012;75(5):620-5.

. Ludwig RJ, Vanhoorelbeke K, Leypoldt F, Kaya Z, Bieber K, McLachlan SM,

et al. Mechanisms of autoantibody-induced pathology. Front Immunol.
2017,8:603.

Nagele EP, Han M, Acharya NK, DeMarshall C, Kosciuk MC, Nagele RG.
Natural IgG autoantibodies are abundant and ubiquitous in human sera,
and their number is influenced by age, gender, and disease. PLoS ONE.
2013;8(4):60726.



	The antimicrobial protein S100A12 identified as a potential autoantigen in a subgroup of atopic dermatitis patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population and IgE serology
	Study design
	Antigens
	Planar antigen microarrays
	Antigen suspension bead arrays
	Statistical analysis

	Results
	Study population
	Untargeted screening
	Targeted analysis
	Associations to allergen specific IgE and total plasma IgE
	Co-morbidity with respiratory allergic symptoms

	Discussion
	Conclusions
	Authors’ contributions
	References




