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Abstract

Atopic dermatitis (AD) is an inflammatory skin disorder
that is both uncomfortable and distressing to patients,
and its prevalence has been steadily increasing. It is
obvious that the identification of efficient markers of
AD in plasma would offer the possibility of effective di-
agnosis, prevention, and treatment strategies. In this
study, a proteomic approach was used to analyze plas-
ma glycoproteins from both children with AD and
healthy child donors. Several protein spots showing
significant quantitative changes in the AD patients
were identified. Through sequential studies, it was
confirmed that CD5L and ApoE were significantly
up-regulated or down-regulated, respectively, in the
plasma from AD patients compared with that from
healthy donors. In addition, we suggest that the
up-regulated CD5L in AD patients causes eosinophilia
by inhibiting apoptosis or promoting the proliferation
of eosinophils either in combination with or without
IL-5. The glycoproteomic data in this study provides
clues to understanding the mechanism of atopic alter-
ations in plasma and suggests AD-related proteins can
be used as candidate markers for AD.
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Introduction

Atopic dermatitis (AD) is a common pruritic and
chronically relapsing inflammatory skin disease.
AD commonly occurs in infancy and early child-
hood, but can also start or persist in adulthood
(Abramotiv, 2005; Scirica et al., 2007). The patho-
physiology of AD includes a disturbed skin barrier
function, frequent allergic responses to allergens,
defects in the antimicrobial immune defense, and a
genetic predisposition. The number of AD patients
has increased with modernization and industria-
lization; particularly, a dramatic increase of the
incidence of AD has occurred in industrialized
countries (Gold and Kemp, 2005). To develop
effective therapeutic strategies and monitor the
progress of an AD patient, a deeper understanding
of the complex pathogenesis of AD is necessary.

Proteomic approaches have been applied to
analyze many diseases and to probe for therapeutic
purposes (Yuk and Ha, 2005; Lee et al., 2006;
Kang et al., 2007; Lovestone et al., 2007). Among
various subproteomes, the plasma proteome repre-
sents comprehensive physiological or pathological
states. Thus, analyzing the plasma proteome can
provide valuable information for mining disease
marker proteins. Glycoproteome is also a major
subproteome: many clinical biomarkers and thera-
peutic targets are glycoproteins. In particular, the
glycosylation patterns are influenced considerably
by the physiological status (Kim et al., 2004; Zhao
et al., 2006). Therefore, in this study, a differential
glycoprotein profiling of plasma trials of healthy
donors and AD patients was performed. Compared
with the healthy donors, several differentially expre-
ssed proteins were identified in the results of AD
patients. Among them, it was found that CD5L and
ApoE are potential biomarkers in the diagnosis of
AD or in tracking its progress.

Materials and Methods

Reagents
The anti-CD5L antibody (AF2797) and recom-
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binant CD5L protein (2797-CL, MN) were procured
from R&D Systems (Minneapolis, MN). The anti-
ApoE antibody was supplied by Santa Cruz Biote-
chnology (Santa Cruz, CA). The urea, DTT, immo-
bilized pH gradient (IPG) buffer, and the drystrip
cover fluid were obtained from GE HealthCare
(Uppsala, Sweden). The CHAPS, Tris, glycine,
iodoacetamide, bromophenol blue, thiourea, and
ammonium bicarbonate were provided by Sigma
(St. Louis, MO).

Subjects

Human plasma samples were taken from healthy
donors and patients with AD. The age of both the
control and AD patients ranged from 2 to 7 years
old. The protocols of this study were approved by
the Institutional Review Board (IRB) of KRIBB
with the informed consent of the healthy donors
and AD patients. Diagnosis of AD was based on
the criteria proposed by Hanifin and Rajka
(Hanifin and Rajka, 1980) for the criteria to
assess the severity of AD, SCORAD (SCORing
Atopic Dermatitis) was used (Table 1). The
plasma parameters were measured in a clinical
laboratory, and all clinical data are summarized in
Table 1. The control group consisted of eight
children of similar age without a personal or
family history of atopic diseases.

Purification of glycoproteins from plasma

To selectively isolate the glycoproteins from the
plasma, a Qproteome total glycoprotein kit (Qia-
37551, Qiagen, Valencia, CA) was used. First, the
spin column was washed with 2.5 ml binding buffer
containing 20 pl of protease inhibitor solution.
Then, 50 ul of the plasma sample diluted with 500
ul of binding buffer was loaded onto the column
and incubated. Next, the column was centrifuged
for 2 min at 500 rpm to remove the nonbonding
fraction. After that, the column was washed with
750 wl of binding buffer twice to wash off the
nonspecific binding. The captured glycoproteins
were eluted with 100 pl of elution buffer ME twice
and then with 100 ul of elution buffer SE three
times. The eluted fraction was collected via cen-
trifugation at 500 rpm for 2 min. The eluted frac-
tions were pooled and a DC protein assay kit
(BioRad, Hercules) was used to monitor the protein
concentrations.

2-DE and image analysis

The samples were applied to precast IPG strips
with a nonlinear pH range of 4-7. Samples were

applied via the rehydration of the IPG strips in a
sample solution (8 M Urea, 2% Thiourea, 4%
CHAPS, 1 mM DTT, 0.5% IPG buffer, a trace
amount of bromophenol blue, and 50 mM Tris-HCI,
pH 7.5) for more than 12 h and run for a
first-dimensional IEF. After the IEF, the IPG strips
were equilibrated twice for 15 min. The first equili-
brium solution contained 50 mM of pH 8.8 Tris-HCI
buffer with 6 M urea, 20% glycerol, 2% SDS, and
1% DTT. In the second equilibrium solution, the
DTT was replaced with 2.5% iodoacetamide. The
proteins in the equilibrated strips were separated
using a second-dimensional 12% SDS-PAGE. After
electrophoresis, the protein spots were visualized
using Coomassie staining. The images were then
processed with Phoretix 2-DE expression soft-
ware (Nonlinear Dynamics Ltd., UK). The spot
volumes were normalized based on the total spot
volume of each gel. The protein spot intensity was
defined as the normalized spot volume that is the
ratio of the single spot volume to the total spot
volume on a 2-D gel (total spot normalization).
Computer analysis allowed the automatic detection
and quantification of the protein spots as well as
matching between the control gels and gels from
AD samples. Statistical significance was accepted
ata level of P < 0.05.

In-gel digestion and mass spectrometry

The spots of interest were manually excised. The
excised protein spots were digested using trypsin
for 16-24 h at 37°C. The digested peptides were
extracted via sonication for 25 min with an extrac-
tion solution [50% acetonitrile (ACN) and 2.5%
trifluoroacetic acid (TFA)], and the extracted peptides
were dried in a vacuum. Then, the extracted
peptides were resuspended in 10 pl 0.1% TFA
followed by desalting/concentration with pZipTipC18
(Millipore Co. Bedford, MA). For peptide mass
fingerprinting, the desalted peptides were dissol-
ved with 1 pl of 50% ACN and 0.1% TFA, and a
0.5 ul drop of peptide was applied to the target
plate and allowed to dry in air. The mass spectra
were acquired via an Axima CFR+ matrix-assisted
laser desorption/ionization time-of-flight mass spec-
trometry (MALDI-TOF-MS, Shimadzu Biotech,
Japan). The obtained mass spectra were analyzed
using a MASCOT PMF search. The following para-
meters were used: the database was NCBInr
(species: Homo sapiens) with the maximum number
of missed cleavage by trypsin at 1. The mass
tolerance ranged from £ 50 to £ 100 ppm. The
allowed peptide modification was carbamidome-
thylation in a fixed modification mode. The proteins
that failed by peptide mass fingerprinting were tried



again using LC-MS/MS (Q-TOF Premier, Micro-
mass, UK).

Western blot analysis

The samples were separated using SDS-PAGE. The
protein was transferred onto a PVDF membrane
and blotted with the primary antibody using stan-
dard methods. Detection was achieved using ECL
plus Western blotting reagents (Pierce). The bands
were scanned with a flat-bed scanner and ana-
lyzed using image analysis software.

Cell viability assay of AML14.3D10 cells

AML 14.3D10 cells were maintained in a RPMI
1640 medium containing 10% v/v FBS (Gibco,
Carlsbad, CA) and 1% v/v Antibiotic-Antimycotic
(Gibco, Carlsbad, CA). Approximately 1 x 10°
AML14.3D10 cells were resuspended in 20 ml of
fresh complete medium and incubated for 24 h.
Then, the cells were treated with IL-5 (final 50
ng/ml) or dexamethasone (final 10 uM) in
combination with various concentrations of CD5L
for 24 h at 37°C in a 5% CO; incubator. Before
harvesting, the cultured cells were washed twice
with ice-cold PBS. The cell viability was assessed
by measuring the ability of the cells to MTT, as

Table 1. Clinical data of patients with atopic dermatitis.

Glycoproteomic analysis of atopic dermatitis 679

previously described in the literature (Kang et al.,
2007; Lee et al., 2007).

Results and Discussion

Clinical data in plasma samples of AD patients

AD is very common in children, typically before the
age of 5 (Scirica et al., 2007). Therefore, the focus
of this investigation is on AD in young children. The
diagnosis and severity of AD were monitored
according to the SCORAD value of the patients.
SCORAD was proposed to standardize the clinical
evaluation of AD patients; it is now widely used as
a clinical tool for assessing the severity of AD. The
SCORAD index values of the AD patients in this
study were between 21 and 80. The majority of
patients (6 of 8 patients) had a SCORAD index
above 31. Therefore, the clinical picture was
moderately severe. All clinical data, including the
SCORAD values, are summarized in Table 1.

Isolation of glycoproteins from plasma of healthy
donors and AD patients

Protein glycosylation plays a vital role in a wide

Patient No Age Gender Duration of  Eosinophils SCORAD Total Specific Skin Prick

" (year) symptoms (year) (%) score IgE (IU) IgE® test
9745656 5 F 2 45 40 149 - DP, DF
9809813 2 M 1 8.1 36 188 Cat, Dog ND
9849676 2 M 1 3.8 50 300 DP, DF ND
9861479 5 F 4 0.7 27 300 - Egg, Cat, Aspergillus
9869052 3 M 1 34 52 300 Dog ND
9871941 7 M 3 34 54 188 DF ND
9875962 4 F 1 2.3 21 37 Milk -
9808588 5 M 5 6.1 80 206 - -

®DF, Dermatophagoides farinae; DP, Dermatophagoides pteronyssinus; ND, not determined.

pH 3 pH 10 pH 3

pH 10

Figure 1. Representative LCA lectin
blot analysis of plasma from healthy
control and AD patient. Total plasma
proteins extracted from the healthy
donors and the AD patients were
separated on 2-DE gels and trans-
ferred onto a PVDF membrane. The
membrane was subjected to a lectin

blot and treated with biotin-labeled

Healthy donor

AD patient

LCA. Spots that displayed differently
(marked by circles) were detected.
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Figure 2. The analysis of AD plasma using 2-DE. (A) Representative 2-DE map of plasma from an AD patient. The differentially expressed protein spots
are indicated by a circle or rectangle. The results are summary of 2-DE results from all AD patients and normal control. The spots indicated were identified
using either MALDI-TOF or LC-MS/MS, as outlined in Table 2. (B) Enlargement of the 2-DE gel on up-regulated and down-regulated spots. (C)
Quantitation of the proteins shown in (B). The control volume is expressed as 100% and the volumes of the AD patients as values relative to the control.
The data represent the mean values £ SD.*P < 0.05; **P < 0.01.



range of cellular processes, such as cell adhesion
and signaling, stabilization of protein folding and
function, oncogenesis, and immune responses
(Hakomori, 1989; Kim and Varki, 1997). It is
proposed that nearly 50% of human plasma
proteins are glycosylated. To test the possibility
that the expression or glycosylation pattern of
plasma glycoproteins are altered or changed in AD
patients, Lens culinaris agglutinin (LCA) lectin blot
analyses of the plasma proteins obtained from
healthy donors and AD patients were initially
conducted. LCA binds a1,6-fucose branching with
a weak affinity, thus showing a relatively broad
spectrum of carbohydrate moieties for recognition.
Figure 1 shows the representative results of a
2-DE LCA lectin blot. It is noteworthy that the
plasma from the AD patients shows a somewhat
different pattern compared with that from healthy
donors. This result strongly suggests that diffe-
rential expressions or glycosylation patterns of
several glycoproteins may be related to AD patho-
genesis. Next, to thoroughly investigate the diffe-
rential expression profiling of glycoproteins from
the plasma of AD patients, analysis of the plasma
glycoproteins was undertaken using proteomic
tools. First, an LCA-sepharose 4B column was
used to isolate the glycoproteins from the human
plasma samples. However, this column did not
efficiently remove most of the serum albumin;
consequently, the presence of various low-abundant
proteins on the 2-DE gel was masked (data not
shown). It was then decided that a Qproteome total

Table 2. Sixteen differentially expressed glycoproteins in AD patients.
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glycoprotein kit would be used to efficiently enrich
the plasma glycoproteins. The total glycoprotein
spin columns in the Qproteome total glycoprotein
kit contained ConA and WGA lectins. They were
used for the general enrichment of the total
glycoprotein population from the plasma/serum
samples. 1-DE gel analysis of the glycoprotein
fractions shows efficient removal of albumin and a
similar overall glycoprotein pattern of the plasma
from the healthy donors and AD patients (data not
shown).

Differentially expressed glycoprotein spots in
plasma of patients with AD

To investigate the glycoproteins that showed signi-
ficant quantitative changes in the plasma between
the healthy donors and the AD patients, the plasma
glycoproteins enriched by a Qproteome total glyco-
protein kit were separated by 2-DE (Figure 2A).
The protein spots that showed significant changes,
greater than 1.5 fold in magnitude, between the
healthy donors and the AD patients were scored.
Statistical significance was accepted at a level of P
< 0.05. A total of 29 spots showed a significant
change in the AD patients. Among these, a total of
16 spots were identified using MALDI-TOF or
ESI-Q TOF MS/MS. These are listed in Table 2. Of
these, six spots including CD5L were up-regulated
and ten spots including ApoE were down-regulated
(Figures 2B and C, respectively). The glycopro-
teome results demonstrated that various proteins

Spot D Seq.  Matched Mass Expectation Mascot® NCBI Fold
No. cov. (%) peptides (kDa) value (score) change
52 Fibrin B 33 13 7.95 51.3 9.9E-05 92 gi|223002 -2.77
355  Transferrin [Homo sapiens] 11 10 6.81 77.0 MS/MS 385 gi|15021381 -1.88
522  IGHA1 protein [Homo sapiens] 23 10 6.78 541 0.0023 78 gi|62204992  -1.83
529  IGHA1 protein [Homo sapiens] 26 10 8.07 54.3 0.00099 82 gi|16741036  -1.66
579  B-fibrinogen precursor 26 15 8.31 54.8 MS/MS 757 gi|182430 -1.65
622  Fibrinogen y chain 32 10 5.37 514 MS/MS 594 gi|14488402 -3.28
638  Serpin peptidase inhibitor, 29 12 5.37 46.8 7.3E-06 103 gi|6855601 +2.64

clade A, member 1
641  Fibrin B 5 2 7.95 51.3 1.5E-10 150 gi|223002 -3.23
656  Hemopexin precursor 41 1 6.57 51.5 MS/MS 83 gi|386789 -2.41
683  CD5L [Homo sapiens] 18 8 6.26 39.6 0.0051 75 gi|37182111  +2.19
705  HP protein [Homo sapiens] 34 15 5.45 38.8 3.7E-06 106 gi|78174390 +1.51
746  Complement component 4B 20 20 5.78 47.9 0.0062 78 gi|40737343  -2.21
816  Apolipoprotein E 38 12 5.65 36.1 MS/MS 580 gi[178849 -2.33
906  Proapolipoprotein 32 7 5.45 28.9 MS/MS 420 gi[178775 +1.82
909  Proapolipoprotein 46 17 5.45 28.9 MS/MS 863 gi|178775 +1.50
911 Chain C, Crystal structure of Lipid- 71 23 5.27 28.0 4.6E-07 235 gi|90108666  +1.52

Free Human Apolipoprotein A-I

®Mascot score greater than 61 are significant (P < 0.05).
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involved in blood clotting (coagulation), including

fibrinp, fibrinogeny, C4B4, and IGHA1 protein, were
decreased in the plasma of the AD patients.

Validation of ApoE protein level in AD patients

To verify the differential expression of the ApoE
protein, the plasma expression level of ApoE was
also analyzed via Western blotting. As shown in
Figure 3, the level of ApoE in the plasma from the
AD patients was significantly reduced (P < 0.05).
ApoE has long been known to be an essential
constituent of plasma lipoproteins. In addition to its
well-recognized roles in lipid metabolism and
atherosclerogenesis, ApoE has been shown to be
involved in several pathophysiologic processes not
directly related to lipid transport. Recently, it was
known that inflammation could impair lipoprotein
metabolism and produce a wide variety of changes
in the plasma concentrations of lipids and lipo-
proteins (Ripolles et al., 2006). In the glycoproteome
data in this study, several apolipoproteins were
differentially expressed. While ApoE was down-
regulated, proapolipoprotein and the crystal structure
of lipid-free human apolipoprotein Al were up-
regulated. Therefore, it is speculated that the plasma
lipoprotein level of the AD patients changes as a
result of the inflammatory reaction during AD
pathogenesis. Further studies regarding ApoE are
necessary to provide insight into the pathogenesis
of AD and whether ApoE can be utilized as a
potential specific marker protein for AD.

AD patients Healthy donors

L W™ e w

1.2

1.01

0.8 1

0.6 1

Fold

0.41

0.2 1

0.0

AD patients Healthy donors

Figure 3. Validation of the ApoE expression level via Western blotting.
(A) Western blot analyses of serum protein (5 pl) from four healthy do-
nors and six AD patients were conducted. (B) Quantitation analysis of the
gel bands was conducted using Image J software. Significant differences
(P < 0.05) were measured via a median plus ANOVA.

Validation of CD5L protein expression level in AD
patients and the effect on the proliferation of
eosinophils

CDS5L (also known as an IgM-associated peptide,
apoptosis inhibitor 6, and Spa) is a soluble protein
belonging to group B of the scavenger receptor
cysteine-rich (SPCR) superfamily (Sarrias et al.,
2004, 2005). It is expressed through macrophages
present in lymphoid tissues, and it binds to
different cells of the immune system, which
suggests that it may play a role in immune system
regulation. In addition, CD5L appears to play a role
as an inhibitor of apoptosis. It was demonstrated
that CD5L supports macrophage survival and
enhances the phagocytic function of macrophages
in Corynebacterium parvum-induced hepatitis
(Haruta et al., 2001). Recently, it was reported that
CDS5L inhibits the apoptosis of T cells and NKT
cells in Corynebacterium-induced granuloma for-
mation in mice (Kuwata et al., 2003). Yusa et al.
also reported that CD5L induced strong and
sustained growth inhibition of B lymphocytes in
combination with TGF-B1 (Yusa et al, 1999).
Therefore, it has been proposed that CD5L has
different functions depending on the types of target
cells and combination with other cytokines.

A Western blot analysis was conducted on the
plasma from the AD patients using anti-CD5L
antibody (Figure 4A). As shown, CDS5L is signi-
ficantly up-regulated in the plasma of the AD
patients. Following this, we tested the effect of
CD5L on the proliferation of the AML14.3D10
human eosinophil cell line (Figure 4B). The
AML14.3D10 human myeloid leukemic cell line has
been used as a model cell line for the study of
eosinophil (Baumann and Paul, 1998; Yoon et al.,
2005). Interestingly, CD5L increases the prolife-
ration of the AML14.3D10 cell in a dose-dependent
manner with IL-5 (Figure 4C). Furthermore, CD5L
prevents AML14.3D10 cells from apoptosis or the
growth inhibition effects induced by treatment with
dexamethasone (Figure 4D). These data regarding
the effect of CD5L on the proliferation of the
eosinophil cell line strongly suggest that there is an
interconnection between the CD5L plasma level
and AD. Eosinophils act as effectors in the inflam-
matory reactions of allergic diseases including AD
(Trautmann et al., 2001; Simon et al., 2004; Ryu et
al., 2007). AD patients suffer from eosinophilia, an
accumulation of eosinophils due to the increased
survival or decreased apoptosis of eosinophils,
which correlate with disease activity (Trautmann et
al., 2000; Domae et al., 2003). It is known that the
inhibition of the apoptosis of eosinophils can be
achieved by an increased expression of survival
factors, as well as a disruption of death signals
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Figure 4. Validation of the CD5L expression level and effect of CD5L on AML14.3D10 proliferation. (A) Western blot analysis of the serum protein (5 pl)
from six healthy donors and six AD patients were conducted. Quantitation analyses of the gel bands were conducted using Image J software. Significant
differences (P < 0.01) were measured via a median plus ANOVA. (B) CD5L increases the proliferation of the AML14.3D10 cells. AML14.3D10 cells were
seeded into 96 well plates and grown for 24 h. The cells were then treated with CD5L (== IL-5 or Dexamethasone). At each time point, the cell viability
was measured. (C) CD5L induces the proliferation of AML14.3D10 cells in a dose-dependent manner in the presence of IL-5. (D) CD5L induces the pro-
liferation of AML14.3D10 cells in a dose-dependent manner in the presence of Dexamethasone.

(Simon, 2000). It is known that IL-5 is the most
critical cytokine in mediating increased eosinophil
differentiation, activation, and survival (Oldhoff et
al., 2005; Simon and Simon, 2007). Based on
these results and other reports, it is suggested that
an increased CD5L may induce eosinophilia in AD
patients in either in combination with or without
IL-5 as a survival factor. Therefore, CD5L may be
feasible as a potential biomarker in the diagnosis
and treatment of AD, although CD5L was reported
as candidate marker in asthma and liver cirrhosis
(Wu et al., 2005; Gangadharan et al., 2007).

In conclusion, several glycoproteins that may be
involved in AD were identified through a glycopro-
teomic approach, even though the number of

patients was rather small. Among them, it was con-
firmed that CD5L and ApoE were differentially
expressed in the plasma of AD patients. According
to gene expression data from normal and AD skin
tissue samples (http://www.ncbi.nlm.gov/geo/gds_
browse.cgi?gds=2381), CD5L and ApoE are also
differentially expressed in AD patients, which is
consistent with our proteomic results. In future
studies, we plan to investigate the detailed roles of
the altered levels of these proteins during the
progression of AD pathogenesis and whether or
not these changes are specific to AD. This
glycoproteomic analysis and further characteri-
zation of the identified proteins can provide valua-
ble information that can build a deeper unders-
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tanding of AD.
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