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tic lesions (11). On the other hand, cytosolic DNA has
recently been identified as a danger signal that activates
inflammasomes containing DNA sensor AIM2 and con-
verting pro-1L-1p to IL-1P (24, 25). LL37 cathelicidin
peptide neutralises cytosolic DNA in keratinocytes and
blocks inflammasome activation (26). Thus, within ke-
ratinocytes, LL37 peptide interferes with DNA-sensing
inflammasomes, suggesting an anti-inflammatory func-
tion for this cathelicidin peptide.

Therefore it seems that LL37 peptide has contrasting
effects in the pathogenesis of psoriasis. On one hand,
released LL37 peptide promotes psoriasis via interac-
tion with extracellular DNA, but on the other hand, it
may suppress psoriasis by interfering cytosolic DNA
within the cell. The effect of calcipotriol to increase the
intracellular L1.37 cathelicidin peptide, along with its
potential to decrease the extracellular concentration of
LL37, is likely beneficial for the treatment of psoriasis.
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may also be anti-inflammatory by reducing nuclear factor kappa
B gene expression.” Similarly, in addition to their inflammatory
role, Langerhans cells are thought to have immunoregulatory
functions.” Indeed, we see that langerin® cells are largely
reduced in lesional than in nonlesional AD skin at baseline, and
significantly increase on clinical reversal after 12 weeks of CsA
treatment (Fig 1, E, and Table E3).

In addition to the RDGP, other possible mechanisms for
disease recurrence in the same areas need to be considered,
including (1) regional differences (increased humidity/friction,
transepidermal water loss, pH, and lipids) that allow increased
antigen penetration, (2) epigenetic modifications, and (3)
microbiome differences.”

In summary, we have demonstrated that although the CsA
RDGP is much smaller than the NB-UVB RDGP, important
structural defects and residual inflammation remain and the
overall size of the RDGP does not predict relapse kinetics. Given
that NB-UVB and CsA have different courses of disease
maintenance on discontinuing therapy, some elements in the
RDGP of each treatment might explain relevant treatment- and
disease-specific mechanisms.
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Proteome analysis of stratum corneum from
atopic dermatitis patients by hybrid quadrupole-
orbitrap mass spectrometer

To the Editor:

The significance of stratum corneum (SC) barrier has been
strengthened especially since 2006, when filaggrin (FLG) muta-
tions and very low expression of profilaggrin/filaggrin monomer
were found in patients with atopic dermatitis (AD) as well as ich-
thyosis vulgaris (IV).' Many other SC constituents and proteases
are also known to be involved in the barrier, as new susceptibility
loci for AD were found by genomewide association study” and
proteome analysis.® Although the SC barrier condition is crucial
for the assessment of AD, comprehensive evaluation of its abnor-
malities in individuals remains to be addressed. It is also notable
that AD can be divided into serum IgE-high extrinsic AD (EAD)
with impaired barrier and serum IgE-normal intrinsic AD (IAD)
with relatively preserved barrier.” Here, we sought to identify
and quantify wide-ranging proteins by proteome analysis of SC
samples obtained by using a noninvasive tape stripping technique.

This study was approved by the Ethical Committee of
Hamamatsu University School of Medicine. EAD was defined
as IgE levels of less than 400 kU/L or 200 < IgE <400 plus class
2 or more of IgE specific to Dermatophagoides pteronyssinus and
Dermatophagoides farinae, and IAD was defined as serum IgE
levels of 200 kU/L or less or 200 < IgE < 400 plus class 0 or 1
of the specific IgE.” Enrolled in this study were 8 patients with
EAD (mean age, 28.1 = 9.1 years; 5 men, 3 women; mean serum
IgE level, 4260.6 = 5278.9 kU/L), 4 patients with IAD (mean age,
47.8 = 6.1 years; 1 man, 3 women; mean serum IgE level,
153.8 + 64.2 kU/L), 3 patients with IV (mean age, 59.3 = 22.1
years; 3 men), and 3 normal healthy subjects (mean age, 28.3 =
3.2 years; 3 men). After obtaining informed consent, we collected
SC by using a stripping technique with a cellophane tape (Nichi-
ban Co, Tokyo, Japan) from the flexor surface of the forearm of
the subjects. The SC-harvested tape was dipped in 10 mL of
toluene. After removal of the insoluble tape backing, the sample
was centrifuged and the precipitate was washed with toluene 6
times to remove residual adhesives. SC proteins were extracted
from the dried sample by solubilization in 50 mM Tris-HC1 (pH
6.8) containing 1% SDS and sonication. Acetone-purified extracts
were reconstructed with 7 mol/L urea and 50 mM NH,HCOs. Ten
microgram protein samples were denatured and digested by In-
solution tryptic digestion and guanidination kit and purified by
C18 spin columns. The samples were solved by 0.1% formic
acid solution and analyzed by using Q Exactive hybrid
quadrupole-orbitrap mass spectrometer (Thermo Fisher Scienti-
fic, Waltham, Mass). By the mass spectrometer and the
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FIG 1. Characterization of patients with AD or IV by liquid chromatography (LC)/MS/MS analysis and
immunohistochemistry. A, Representative LC/MS/MS analysis of SC. MS spectra were examined in the in-
dividual subjects. Note that nonspecific signals, such as polymer and contaminants, were not detected.
Substances were detected by using the Mascot search engine (Matrix Science, London, UK; version 2.4)
against SwissProt database of human. The amounts of individual proteins were semi-quantified by using
the Proteome Discoverer v.1.4 software (Thermo Fisher Scientific). B, Comparison of FLG amounts between
normal healthy subjects and patients with EAD, IAD, and IV. FLG quantity was decreased in patients with
EAD, IAD, and IV than in normal subjects (**P < .01). C, Representative hematoxylin and eosin staining his-
topathology of the epidermis and dermal eccrine sweat glands in a normal subject and a patient with EAD.
Scale bar is 100 um (top). Representative mmunohistochemical staining for GCDFP15 (bottom). Red arrow-

heads, acrosyringium. Scale bar is 100 um.

subsequent database analysis (Fig 1, A), we identified 421 pro-
teins (see Table El in this article’s Online Repository at www.
jacionline.org). We divided the measurement of each substance
by the amount of glyceraldehyde 3-phosphate dehydrogenase.
The data were expressed as mean = SD in each group. The log-

transform values were compared between the subject groups by
using ANOVA. Furthermore, multiple comparisons of each of
the patient groups and healthy controls were conducted by using
the Tukey test. See this article’s Methods section in the Online Re-
pository at www.jacionline.org.
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TABLE I. Categories of representative proteins detected by proteome analysis

SwissProt

C accession no. Protein name

Normal{n=3) EAD(n=28) I[IAD(n=4) IV{n=3) Pvalue

P01834

Filaggrin-

Arginase-1

P values were calculated by using ANOVA.

Boldface indicates P < .05 by ANOVA test.

*P < .05 in normal controls vs patients with EAD with Tukey test.
TP < .05 in patients with EAD vs IV with Tukey test.

We categorized the representative substances into 5 groups
(Table I). In the samples from patients with AD, considerable
amounts of inflammation-associated plasma substances (category
1), such as albumin and Ig gamma-1 chain C region fragments,
were included. The doses of these substances were higher in pa-
tients with EAD than in patients with IAD. Because the intensities
of AD and pruritus were comparable between patients with EAD
and TIAD (SCORing Atopic Dermatitis, 53.2 * 14.9 vs 46.3 =
18.5; visual analog scale of pruritus, 64.8 * 252 vs 69.3 *
39.1), elevation in the levels of inflammatory substances may
be a characteristic of EAD. Even the patients with I'V, possessing
S1701X, S2554X, or S2889X hetrozygous FLG mutation, had
higher amounts of inflammatory substances than did healthy con-
trols, suggesting that the barrier perturbation may induce subclin-
ical inflammation.

When we focused on category 2 (SC barrier constituents, Table
1), FLG was significantly reduced in patients with EAD and also
tended to be low in patients with IAD and IV than in normal
healthy controls (Fig 1, B). Notably, even in patients with IAD,
which is considered to have no severely perturbed barrier
function,’ the amount of FLG was low. Although not statistically
significant, FLG-2 was decreased in patients with EAD. Desmo-
some constituents, including corneodesmosin, desmocollin-1,
desmoglein-1, and desmoplakin, were not changed among the 4
groups.

In category 3 (SC barrier—related enzymes), acid ceramidase
was increased in patients with IAD and IV, suggesting its possible
contribution to ceramide deficiency. Arginase-1, bleomycin hy-
drolase, calpain-1, caspase-14, and cathepsin D are enzymes to
process FLG to natural moisturizing factors. Arginase-1 and
bleomycin hydrolase were decreased in patients with EAD, as
reported previously.” Patients with EAD had increased levels of
kallikrein 5 and kallikrein 7, which are involved in corneodesmo-
some cleavage, protease-activated receptor-2 signal induction, and
profilaggrin processing,’ consistent with previous observations.®

Among antimicrobial peptides (category 4), there was a
tendency that dermecidin, but not the other proteins, was reduced
in patients with EAD and IAD. This suggests that the impaired
defense against microbes may be attributable to the reduced
production of dermcidin.

Category 5 is represented by prolactin-inducible protein (also
known as gross cystic disease fluid protein 15 [GCDFP15]), whose
amount was significantly reduced in patients with EAD. Because
GCDFP15 is produced by sweat glands,” our data presumably
reflect the decreased sweating in patients with AD. The reduced
production of GCDFP15 was confirmed by immunohistochemical
staining of eccrine sweat glands, which showed the positive stain-
ing of the epidermal acrosyringium (Fig 1, C, left) and the secre-
tary potion of dermal eccrine glands (Fig 1, C, right) in the skin of
normal healthy persons but not in the skin of patients with AD.
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The present proteome study allows us to quantify wide-ranging
proteins in SC, and AD is a representative target for this analysis.
The clinical accuracy and applicability of this analysis were
proven by the reduction in FLG in patients with EAD. Informa-
tion obtained from this comprehensive study is useful not only for
the evaluation of the patient’s SC condition but also for the
detection of critical proteins involved in the pathogenesis of AD.
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Trends in hospitalizations for food-induced
anaphylaxis in US children, 2000-2009

1o the Editor:

By most estimates, the US prevalence of food allergies has been
increasing. Earlier studies also support a corresponding escalation
in health care utilization for food-induced anaphylaxis (FIA),
including increased numbers of emergency department (ED)
visits and hospitalizations. In contrast, a recently published
article by our group reported that FIA-related ED visits did not
differ statistically for children younger than 18 years between
2001 and 2009.° To more fully understand these trends in
anaphylaxis care, we used a nationally representative pediatric
database to describe the frequency and characteristics of FIA
hospitalizations in children over the same time period (2000-
2009).

Data were obtained from the Healthcare Cost and Utiliza-
tion Project Kids® Inpatient Database, the only all-payer
pediatric inpatient care database in the United States. The
Healthcare Cost and Utilization Project Kids® Inpatient
Database consists of a stratified random sample of
12,039,432 inpatient discharges from 27 to 44 states during
the 4 periods of our study: 2000, 2003, 2006, and 2009. See
this article’s Online Repository at www.jacionline.org for a
description of data collection and estimation procedures.”
Our analysis was exempted from human subjects review by
our institutional review board.

Patients younger than 18 years were included if 1 of the first
3 diagnosis categories included a relevant diagnosis code for
FIA®: dermatitis due to food (693.10); anaphylactic shock due
to adverse food reaction (995.60-995.69); adverse food reac-
tion, not elsewhere classified (995.70); or other anaphylactic
shock (995.00). Sensitivity analyses were performed with (1)
more inclusive codes (693.10, 995.00, 995.3 [allergy, unspeci-
fied, not elsewhere classified], 995.60-995.69, 995.70); (2)
more exclusive codes (693.10, 995.60-995.69, 995.70); and
(3) limiting food allergy codes to the first diagnostic category
only.

FIA visit rates were calculated and analyzed by age, sex,
race (white, black, Asian/Pacific islander, other), Hispanic
ethnicity, US region (Northeast, Midwest, South, West),
and hospital location/teaching status (rural, urban/teaching,
urban/nonteaching). Total costs were estimated by applying the
Healthcare Cost and Utilization Project Cost-to-Charge Ratio
Files.” All charges (amount hospital billed for services) and costs

1.60

1.40
120 / P<0.001
1.00 /

0.80 /

0.60

Rate per 1,000 hospitalizations

v
0.40
0.20
0.00
2000 2003 2006 2009
Year

FIG 1. Food-induced anaphylaxis hospitalizations (per 1000 total hospital-
izations), by year.
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METHODS

Sample collection and storage

The study was approved by the Ethical Committee of Hamamatsu
University School of Medicine and performed at the University Hospital of
Hamamatsu University School of Medicine. Written informed consent was
obtained from all subjects. Human SC samples were obtained from the
forearms and upper arms of 3 normal volunteers (3 men; age, 28.3 * 3.2
years), 8 patients with EAD (5 men and 3 women; age, 28.1 = 9.1 years), 4
patients with IAD (1 man and 3 women; age, 47.8 £ 6.1 years), and 3 patients
with IV (3 men; age, 59.3 * 22.1 years). Tape stripping was performed at least
24 hours after the last topical application. On sampling, we avoided the skin
with severe eczema, moderate to strong lichenification, excoriation, crust, and
secondary infection and the skin in joint areas. The SC was obtained by
stripping using the Nichiban cellophane tape (organic solvent-stable tape with
organic solvent-soluble adhesive; Nichiban, Tokyo, Japan). The tape was
applied to the flexor surface of the subjects’ forearm and the upper arm. SC
samples were obtained from 12 different places using 10 cm length of
Nichiban tape. The SC samples on the tape were immediately stored at —20°C
until treatment with toluene. When the tape was dipped in 10 mL of toluene, all
adhesives were dissolved and any attached SC was suspended. After the
insoluble tape backing was removed, the sample was centrifuged at 3000 rpm
for 15 minutes. The precipitate was washed with 5 mL of toluene 6 times to
remove any residual adhesive. After the toluene treatment, the purified
samples were air dried, weighed, and kept at —20°C.

Protein extraction and purification

Dried SC samples were dissolved by 1% SDS lysis buffer (50 mM Tris HCI,
pH 6.8, and 1% SDS) in 1.5 mL protein LoBind tube (Eppendorf, Hamburg,
Germany). The samples were then homogenated and sonicated for 20 minutes
(interval, 30 seconds; sonication, 30 seconds). The suspension was centrifuged
at 13,000 rpm for 15 minutes at 4°C. The supernatant was collected and put into
a fresh 1.5-mL protein LoBind tube, and 100% acetone was added at 10 times
of the sample volume. It was incubated at —80°C overnight and centrifuged at
15,000 rpm for 30 minutes at 4°C. The supernatant was discarded and the pellet
was completely dried by using an evaporator for 15 to 30 minutes at room
temperature. Dehydrated pellet was dissolved in 10 pL of 7 mol/L urea for 30
minutes at 60°C. Furthermore, 90 pL of 50 mM ammonium bicarbonate was
added to the sample solution. Protein concentration was measured by using the
Lowry method with DC Protein assay kit (Bio-Rad, Hercules, Calif). All
reagents used were Liquid Chromatography - Mass Spectrometry grade.

Protein digestion

Ten microgram proteins were denatured with No-Weight DTT (Thermo
Fisher Scientific) for 5 minutes at 95°C and alkylated by iodoacetamide
(Thermo Fisher Scientific) for 20 minutes in the dark at room temperature.
After 20 minutes, activated trypsin protease, MS grade (Thermo Fisher
Scientific), was added to the sample and incubated overnight at 37°C. Trypsin
protease reaction was stopped by trifluoroacetic acid (Thermo Fisher Scien-
tific). Peptides were purified with Pierce C18 Spin Columns (Thermo Fisher
Scientific), according to the manufacturer’s instructions. Purified peptides
were dried by using an evaporator at room temperature. Finally, peptides were
dissolved in 0.1% formic acid (Thermo Fisher Scientific). All reagents used
were LC/MS grade.

Liquid chromatography/MS/MS analysis
Peptides suspension dissolved in 0.1% formic acid was analyzed by using
Q Exactive (Thermo Fisher Scientific). Liquid chromatography was carried
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out using a Thermo Easy-nL.C 1000 HPLC equipped using a C-18 column (3
pm particle size, 150 X 0.075 mm internal diameter) (Nikkyo Technos, Co,
Ltd, Tokyo, Japan). Eluted peptides were analyzed on Nanospray Flex Ion
Source. Buffer A for the pump consisted of 0.1% formic acid in LC/MS-grade
water; buffer B for the pump consisted of 0.1% formic acid in LC/MS-grade
acetonitrile. Gradient conditions for pump B were as follows: 0% to 35% B
from O to 120 minutes. A total of 5 uL of the prepared peptides was injected
onto the enrichment column for concentration/purification. Flow rates were
300 nL/min. Some parameters in Orbitrap were as follows: spray voltage, 2.0
kV; capillary temperature, 250°C; m/z (mass to charge ratio) range (ms), 350 to
1800. AGC ion injection targets for each FTMS scan were 70,000 (60 ms max
injection time). AGC ion injection targets for each MS? scan were 17,500 (50
ms max ion injection time). Full MS/dd-MS? (Top10) was used in this
analysis.

Database searching

The raw data was processed using Proteome Discoverer (version 1.4.0.288,
Thermo Fischer Scientific). MS/MS spectra were searched with Mascot
(version 2.4, Matrix Science, London, United Kingdom) engine against the
SwissProt Homo sapiens protein sequence database. Peptides were generated
from a tryptic digestion with up to 2 missed cleavages, dynamic modifications
of methionine oxidation, and a static modification of cysteine carbamidome-
thylation. Precursor mass tolerance was 10 ppm, and product ions were
searched at 0.02-Da tolerances. Peptide spectral matches were validated using
percolator based on q values at a 1% false discovery rate.”!

Protein selection

For each of the 18 tissue specimen data files (3 normal healthy, 8 EAD, 4
IAD, and 3 IV), Proteome Discover was used to export the list of identified
proteins to Excel. For quantification purposes, we utilized the node “The
Precursor Ions Area Detector” of Proteome Discoverer, which calculates the
area under the curve of each precursor ion using integration. For greater
accuracy, it uses an average of the 3 most abundant peptides per protein rather
than all peptides per protein to calculate the protein area. The number of
peptide spectral matches for each protein in each sample was also used for
quantification (spectral counting). We exported a table from Proteome
Discoverer that contained SwissProt accession numbers, protein names, the
number of peptide spectrum matches, and the protein area for each protein
from each sample file. Both the number of spectral counts and the protein area
estimates for each protein in each sample were used for further statistical
validation. Unmodified/modified and shared (homologous) peptides were also
present in the output list from Proteome Discoverer. Dynamic exclusion was
setto 10s.

Statistical analysis

Protein production levels were normalized by glyceraldehyde 3-phosphate
dehydrogenase, and these log-transform values were compared between 4
types of groups (healthy, EAD, IAD, and IV) by using ANOVA. Furthermore,
multiple comparisons of each of the EAD, IAD, IV groups and healthy
controls were conducted by using the Tukey test.
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TABLE E1. Complete list of proteins identified by using liquid chromatography/MS/MS analysis

SwissProt accession no. Protein name

Alpha—galactosxdaseV A
Alpha—lactalbumm

Pl 7050

P07355
P09525
P08758.

Apbilpoproteiri Al
Apolipoprotein A-Il

Dosee - = = ,,,Carbomc anhydrase" o
P23280 e Carbonic anhydrase 6

QuUH2 - ‘,Carboxypeptldase A4
P16870 B

PI4384 . o ;

P31944 Caspase 14

(Continued)
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TABLE E1. (Continued)

SwissProt accession no. Protein name

CD59 glycoprotem

A6NC98 Coiled-coil domain-containing protein 88B

(Continued)
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TABLE E1. (Continued)

SwissProt accession no. Protein name

P20930
Q5D862.

P11142
P04792
P54652

Hxstxdme ammonia-
- Histidine-rich glyco

g kappa chain V-II region SIE
Ig kappa cham V IV reglon Len

Ig lambda cham V I kregl V SH
0CG04 o o Ig lambda-1 chain C regions
POCGO5 Ig lambda-2 chain C regions

(Continued)

—144—



J ALLERGY CLIN IMMUNOL LETTERS TO THE EDITOR 960.e5
VOLUME 134, NUMBER 4

TABLE E1. (Continued)

SwissProt accession no. Protein name

P40926 ’ \ k ' ’ Malate dehy’drocrenase’ mltochondnal

(Continued)
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