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showed correlation with the severity of specific eruptions. 
SCCA2 correlated significantly with total serum IgE level. Al-
bumin levels in the uninvolved skin of AD patients showed 
significant correlation with the local severity in the involved 
skin of the same patient and with the trans-epidermal water 
loss. Albumin levels in psoriatic skin were very low, even with 
scratch marks, compared to those in AD skin.  Conclusion:  
FABP-5, albumin and some other proteins in HL seem to be 
useful as biomarkers to evaluate inflammation and skin bar-
rier conditions in AD patients. 

 Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Atopic Dermatitis (AD) is a common chronic and re-
lapsing inflammatory skin disorder. It is generally consid-
ered that AD is caused by the complex interaction of ge-
netic, immunologic and environmental factors, but its ex-
act etiology and pathogenesis have not yet been entirely 
elucidated  [1] . Many lines of evidence strongly support the 
hypothesis that the Th2-type immune response is mainly 
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 Abstract 

  Background:  Atopic dermatitis (AD) has a complicated 
pathogenesis and its clinical features vary greatly among pa-
tients. Although many clinical parameters have been report-
ed, it remains difficult to evaluate AD skin conditions ade-
quately.  Objective:  To support better evaluation of AD 
patients, we attempted to develop a new, objective and 
noninvasive method that assesses skin condition in AD using 
biochemical markers in the skin’s horny layer (HL).  Methods:  
Thirty-six patients with AD, 8 with psoriasis and 16 healthy 
volunteers were recruited. HL samples were obtained by 
tape stripping from involved and uninvolved skin of the 
forearms. Expression levels of 6 proteins in the HL [fatty acid-
binding protein-5 (FABP-5), squamous cell carcinoma anti-
gens 2 (SCCA2),  � -enolase, annexin II, apolipoprotein A-I and 
albumin] were analyzed by immunoblotting and compared 
with clinical data.  Results:  The 6 proteins were detected at a 
high level in AD skin lesions, but scarcely in the normal con-
trols. FABP-5 showed correlation with the local severity of 
the involved skin. Annexin II, apoprotein A-I and albumin 
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involved in the pathogenesis of AD  [2–4] . Elevation of 
blood eosinophil count and serum total IgE level, both of 
which are fundamental features of AD patients, supports 
this hypothesis. However, the Th1-type immune response 
may accompany the chronic phase of AD  [5, 6] . Dysfunc-
tion of the skin barrier is also known to be a key factor in 
AD  [1, 7] . Because of its complicated pathogenesis, the 
clinical features of AD patients vary individually. 

  For the best clinical treatment of AD patients, it is ob-
viously important to correctly evaluate their clinical fea-
tures and conditions. However, there is a lack of stan-
dardization in the assessment of complicated AD activity. 
Although there are many AD severity scales, most of 
them rely on subjective assessment of clinical symptoms 
 [8] . Therefore, these assessments often cause interobserv-
er and intraobserver variability. Immunologic states of 
AD patients are generally determined by measuring some 
blood parameters, such as the eosinophil number and the 
serum levels of total IgE and lactate dehydrogenase 
(LDH), the latter of which is released from impaired skin. 
These measurements also differently reflect the severity 
of AD  [9] . Taken together, it still remains difficult to eval-
uate the severity of skin inflammation correctly and ob-
jectively. Therefore, it seems important to survey reliable 
new biomarkers that better reflect the clinical conditions 
and features of AD skin lesions.

  In preliminary studies we have analyzed by mass spec-
trometry skin proteins which were more highly expressed 
in the horny layer (HL) of skin in AD patients than in 
healthy controls. The HL samples were noninvasively ob-
tained by tape stripping from the skin lesions of AD pa-
tients. From the several proteins identified, we chose 6 to 
be candidate biomarkers for AD skin: fatty acid binding 
protein-5 (FABP-5, or epidermal FABP), squamous cell 
carcinoma antigen 2 (SCCA2),  � -enolase, annexin II, 
apolipoprotein A-I and albumin (unpubl. data). These 
candidate biomarkers were detected at higher levels in 
the HL of AD patients than in healthy controls.

  The present study was aimed at assessing whether 
these proteins can be used as biochemical markers for 
quantitatively evaluating the skin condition of each le-
sion in AD patients, because there is no objective marker 
for such an aim. We analyzed the expression of the 6 pro-
teins in the HL of AD patients and examined the relation-
ship between the expression level of each protein and 
clinical features or laboratory data. We also compared the 
HL levels of these proteins between AD and psoriasis. 
Here we report a new, objective and noninvasive method 
that assesses the skin condition of AD patients using bio-
chemical markers. 

  Materials and Methods 

 Antibodies and Other Reagents 
 Antibodies used to detect human skin proteins and their 

sources are as follows: anti-annexin II rabbit polyclonal antibody 
(H-50), anti-SCCA2 mouse monoclonal antibody (10C12), and 
rabbit anti-enolase polyclonal antibody (H-300) from Santa Cruz 
Biotechnology (Santa Cruz, Calif., USA); anti-apolipoprotein A1 
mouse monoclonal antibody (clone 3F10) from MP Biomedicals 
(Solon, Ohio, USA); anti-human albumin rabbit polyclonal anti-
body from Inter-Cell Technologies (Jupiter, Fla., USA); anti-
FABP-5 rabbit polyclonal antibody from BioVendor Laboratory 
Medicine (Modřice, Czech Republic), and anti-cytokeratine 8 
mouse monoclonal antibody (clone 4.1.18) from Chemicon Inter-
national (Temecula, Calif., USA).

  Patients and Evaluation of Their Clinical Features 
 The study was performed from November to December 2006, 

and 36 patients with AD (22 males and 14 females, age range 4–60 
years, average 31.7 years) were recruited. AD was diagnosed at 
Yokohama City University Hospital, based on the criteria of Han-
ifin and Rajka  [10] . The study protocol conformed to the ethical 
guidelines of the Yokohama City University’s ethics committee, 
and informed consent was obtained from each patient prior to 
enrollment in the study. Atopic dermatitis patients were all treat-
ed with topical ointments (moderate corticosteroids, alclometa-
sone dipropionate and/or moisturizing cream) with or without 
antihistamines, according to the severity of itching, at least 3 
weeks before measuring the proteins. AD patients on systemic 
immunomodulatory therapy, such as systemic corticosteroids or 
cyclosporine, were excluded from the study. Topical FK506 was 
used in some of the patients only on their faces. A severity score 
for each eruption (from 0 to 4) was evaluated for erythema, pap-
ule, dry skin/scale, scratch mark, erosion/crust and lichenifica-
tion. The local severity score of a measured lesion was presented 
by the sum of the respective severity scores (0–24) based on the 
modified scoring scale of each eruption shown in the SCORAD 
index  [11] , and clinical features shown by Leung  [12] . Clinical 
characteristics of AD patients are summarized in  table 1 . 

  Among the 36 patients, 16 (11 males and 5 females, age range 
4–60 years, average 31.9 years) agreed to a blood test at the same 
time as HL samples were collected. Blood samples were obtained 

Table 1. Patient baseline characteristics

Characteristic Control
(n = 16)

AD patients
(n = 36)

Psoriasis 
patients
(n = 10)

Age (mean 8 SD), years 31.4810.8 31.7814.1 52.8810.7
Male sex, n (%) 10 (63) 22 (61) 7 (70)
Disease duration 

(mean 8 SD), years – 21.9813.7 23.6810.8
Treatment, n (%)

Antihistamines – 33 (91) 0 (0)
Topical steroids – 32 (89) 6 (60)
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from these patients to measure the number of eosinophils and the 
serum levels of total IgE and LDH. No selection of patients was 
made for the blood analysis. 

  As normal controls, HL samples were collected from 16 healthy 
volunteers (10 males and 6 females, age range 22–58 years, average 
31.4 years). Healthy volunteers had no current or past history of 
atopic diseases (including bronchial asthma, allergic rhinitis and 
conjunctivitis). HL samples were also collected from patients with 
psoriasis, which is considered to exhibit the Th1-type immune 
response and clearly differs from AD in the pathogenesis. Ten pa-
tients with psoriasis (7 males and 3 females, age range 38–75 
years, average 52.8 years) were recruited after giving their in-
formed consent. Since psoriasis occurs mainly in adults and is 
rarer in infants than is AD, the mean age was higher among pso-
riasis patients than AD ones ( table 1 ). All psoriatic patients were 
diagnosed by clinical symptoms and skin biopsy. Patients with 
pustular psoriasis and psoriatic erythrodermia were excluded 
from this study. Topical treatments were moderate corticoste-
roids and/or moisturizing cream at least 3 weeks before measur-
ing the proteins. No patients had received systemic immunomod-
ulatory therapy.

  Preparation of HL Samples 
 HL samples of skin were obtained by tape stripping with skin 

tapes (25  !  25 mm; HL Checker; Asahi Med, Tokyo, Japan). The 
tape was attached to a skin lesion on the patient’s forearm, weak-
ly pressed with a finger, and detached. An additional HL sample 
was obtained with a new tape from the same site of the involved 
skin. To avoid contamination with topical ointments, patients 
who were recruited to this study had stopped topical treatments 
12 h before the HL sample collection. Similarly, a control HL sam-
ple was obtained from a corresponding or close region of unin-
volved skin of another arm. HL samples were also obtained from 
the forearms of healthy volunteers and patients with psoriasis. 
These HL samples on the tapes were immediately stored at –20   °   C 
until their use for protein analysis. For the analysis, HL proteins 
on the gluey surface of each skin tape were extracted with 50  � l 
of 1% SDS in 10 m M  sodium phosphate buffer (pH 6.8) using a 
plastic scraper. The extracts from 2 tapes were combined and son-
icated 3 times for 1 s each. Protein concentrations of the extracts 
were determined using a Bio-Rad DC protein assay kit (Bio-Rad, 
Hercules, Calif., USA). In most cases, 60–150  � g of total proteins 
were recovered in the 100- � l HL extract from each skin site. These 
samples were directly subjected to immunoblotting analysis of 
skin proteins, except for  � -enolase. In the case of  � -enolase, it was 
often difficult to distinguish the specific band from close nonspe-
cific bands. Therefore, the sonicated extracts were centrifuged at 
15,000 rpm for 20 minutes, and the resulting supernatants were 
used for the analysis. 

  SDS-PAGE and Immunoblotting Analyses 
 SDS-PAGE was performed on 12.5 or 14% polyacrylamide gels 

by Laemmli’s method using a Mini-Protean electrophoresis ap-
paratus (Bio-Rad). HL protein samples were diluted with the SDS 
sample buffer, and 1 protein sample containing 6  � g of protein 
was applied per lane, except for  � -enolase where 2  � g of protein 
was applied to each lane. For immunoblotting, proteins separated 
on gels were transferred onto polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, Mass., USA). The membranes 
were blocked with 5% (w/v) skim milk in PBS at 4   °   C overnight, 

washed 3 times with 0.1% Tween 20 in PBS and incubated with a 
specific antibody ( ! 1,000 dilution) at room temperature for 1 h. 
The incubated membranes were washed 3 times, incubated with 
horse radish peroxidase (HRP)-labeled anti-mouse IgG antibody 
( ! 1,000 dilution) or HRP-labeled anti-rabbit IgG antibody 
( ! 1,000 dilution; Vector Laboratories, Burlingame, Calif., USA), 
and washed 3 times. The washed membranes were finally visual-
ized by the enhanced chemiluminescence method (GE Health-
care, Amersham, UK). Relative intensity of specific bands was 
quantified by the NIH image.

  Estimation of HL Hydration and Transepidermal Water Loss   
 HL hydration and transepidermal water loss (TEWL) were 

measured using Corneometer �    CM825 and Tewameter �    TM300 
with a Multi Probe Adapter MPA (CK Electronic GmbH, Ger-
many) in an ordinary air-conditioned room at the clinic (tem-
perature 24–29   °   C, humidity approx. 40–50%). 

  Statistical Analysis 
 Statistical analysis of the data was carried out to compare the 

levels of each skin protein between AD patients and normal con-
trols or to evaluate the correlation between the protein levels and 
the clinical severity scores, laboratory data, skin moisture or 
TEWL. The Mann-Whitney U test was used to compare 2 groups. 
p  !  0.05 was considered statistically significant for this test. Cor-
relation analysis was performed by the Pearson product-moment 
correlation test, in which p  !  0.01 was considered to be statisti-
cally significant. 

  Results 

 Expression of 6 Proteins in HL of Skin Lesions  
 Among many keratin and nonkeratin proteins detect-

ed in the HL of atopic skin lesions, we chose 6 (FABP-5, 
SCCA2, annexin II, apolipoprotein A-I, albumin and  � -
enolase) and compared their expression levels between 36 
AD patients and 16 healthy volunteers. For the analysis, 
the HL samples were obtained by the tape stripping meth-
od from the forearms of the volunteers, and the proteins 
were extracted with a SDS-containing buffer and applied 
to immunoblotting. The relative quantities of individual 
proteins in the HL samples were determined from the in-
tensity of the immunostained bands ( fig. 1 ). The 6 pro-
teins were detected at high levels in the AD skin lesions, 
but scarcely in the normal controls. The average value of 
 � -enolase in the normal controls was relatively high be-
cause of the presence of a few samples having high values. 
The levels of the 6 proteins including  � -enolase in the in-
volved skin were significantly higher than those of nor-
mal controls. When the uninvolved and involved skin 
samples of AD patients were compared, there were sig-
nificant differences in the levels of FABP-5 and SCCA2, 
suggesting that their expression reflected the severity of 
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the skin lesions. In contrast, annexin II, apolipoprotein 
A-I, albumin and  � -enolase were expressed at relatively 
high levels even in the uninvolved skin of AD patients, 
and the first 3 of these proteins were present at signifi-
cantly higher levels than those of normal controls. 

  Comparison with Severity of Atopic Skin Lesions  
 To show the relationship between the expression of the 

6 proteins and AD symptoms, the HL level of each pro-
tein was compared with the clinical data of atopic skin 
lesions. FABP-5 (R 2  = 0.39, p  !  0.01) showed statistically 
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  Fig. 1.  Comparison of expression levels of 6 proteins in HL sam-
ples among normal control skin and uninvolved and involved 
skin of AD patients.  a  FABP-5.  b  SCCA2.  c  Annexin II.  d  Apoli-
poprotein A-I.  e  Albumin.  f   � -Enolase. HL samples were obtained 
by tape stripping from uninvolved or involved skin in the fore-
arms of AD patients and healthy controls, and the HL proteins 

were extracted from the tapes and analyzed by immunoblotting. 
The relative expression levels of individual proteins were deter-
mined from the intensity of the immunostained bands. Other ex-
perimental conditions are described in ‘Materials and Methods’. 
 *  p  !  0.001;  *  *  p  !  0.05.  
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significant correlation with the local severity score of the 
AD skin, which was determined from the sum of severity 
scores for the erythema, papule, dry skin/scale, scratch 
mark, erosion/crust and lichenification ( fig. 2 a). Albu-
min in the involved skin showed little correlation with 
the local severity score (R 2  = 0.18;  fig. 2 b), whereas that in 
the uninvolved skin correlated with the local severity 
score in the involved skin of the same patients (R 2  = 0.25, 
p  !  0.01;  fig. 2 c). 

  When compared with the severity score of each erup-
tion, the FABP-5 level showed weak correlation with the 
scores of erythema (R 2  = 0.23, p  !  0.01), erosion/crust
(R 2  = 0.20, p  !  0.01) and lichenification (R 2  = 0.31, p  !  
0.01;  fig. 3 a–c). Similar correlation was obtained for an-
nexin II with erythema (R 2  = 0.24, p  !  0.01;  fig. 3 d). In 
addition, apolipoprotein A-I (R 2  = 0.22, p  !  0.01) and al-
bumin (R 2  = 0.22, p  !  0.01) levels in the involved skin tis-
sues showed correlation with erosion/crust ( fig. 3 e, f). 

  Comparison with HL Hydration and TEWL 
 Next, the HL levels of the 6 proteins were compared 

with HL hydration and TEWL, which are well known as 
parameters for the barrier function of skin. The albumin 
level in the involved skin showed good correlation with 
TEWL (R 2  = 0.63, p  !  0.01;  fig. 4 a), while that in the un-
involved skin showed reverse correlation with HL hydra-
tion (R 2  = 0.28, p  !  0.01;  fig. 4 c). Similarly, the levels of 
apolipoprotein A-I in the involved and uninvolved skin 
samples showed positive or reverse correlation with 
TEWL (R 2  = 0.57, p  !  0.01) and HL hydration (R 2  = 0.22, 
p  !  0.01), respectively ( fig. 4 b, d). The other 4 proteins 
showed no correlation with HL hydration and TEWL. 
These results indicate that the levels of the 2 serum pro-
teins in the involved or uninvolved skin reflect the im-
pairment of the skin barrier function. 

  Comparison with Clinical Data of Blood Samples 
 Blood samples were obtained from the 16 of 36 pa-

tients with AD who agreed to the blood tests, and their 
data were compared with the HL protein levels in the AD 
lesions ( fig. 5 ). SCCA2 showed significant correlation 
with the serum levels of total IgE (R 2  = 0.52, p  !  0.01; 
 fig. 5 b) and weak, not significant correlation with the 
number of eosinophils (R 2  = 0.20, p  1  0.05;  fig. 5 a) and 
LDH (R 2  = 0.23, p  1  0.05;  fig. 5 c). In addition, both
FABP-5 (R 2  = 0.67, p  !  0.01) and annexin II (R 2  = 0.37,
p  !  0.05) showed good correlation only with the serum 
total IgE level ( fig. 5 d, e). Albumin showed weak, insig-
nificant correlation with the number of eosinophils
(R 2  = 0.21, p  1  0.05;  fig. 5 f). None of the other proteins 

showed correlation with the blood data. These results 
suggest that among the 6 proteins tested, SCCA2 might 
be the most useful biomarker capable of reflecting the 
laboratory blood data.
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  Fig. 2.  Correlation of HL levels of FABP-5 and albumin in unin-
volved or involved skin of AD patients with local severity scores 
of the involved AD skin.  a  FABP-5 and local severity score in in-
volved skin.  b  Albumin and local severity score in involved skin. 
 c  Albumin in uninvolved skin and local severity score of the in-
volved skin in the same patients. Other experimental conditions 
are described in ‘Materials and Methods’. 
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  Expression of 6 Proteins in Skin Lesions of Psoriasis 
 Psoriasis, a common, chronic, inflammatory and pro-

liferative condition of the skin which occurs with or with-
out itching, is a pathologically and clinically different 
disease from AD. To test whether the HL expression of 

the 6 proteins is specific for AD, we analyzed their ex-
pression in the HL samples of skin from the patients with 
psoriasis ( fig. 6 ). The total severity of the psoriasis lesions 
was scored from 0 to 4. FABP-5 (R 2  = 0.59, p  !  0.01; 
 fig. 6 a),  � -enolase (R 2  = 0.49, p  !  0.05;  fig. 6 b) and an-

y = 3,804x – 1,154.5
R2 = 0.2338

0

5,000

10,000

15,000

20,000

0 1 2 3 4

Erythema

FA
BP

-5

a

y = 3,364x + 1,204.2
R2 = 0.2042

0 1 2 3 4

Erosion/crust

0

5,000

10,000

15,000

20,000

FA
BP

-5

b

y = 2,916.2x – 469.45
R2 = 0.312

0 1 2 3 4

Lichenification

0

5,000

10,000

15,000

20,000

FA
BP

-5

c

y = 1,242.1x – 322.45
R2 = 0.241

0 1 2 3 4

Erythema

0

2,000

4,000

6,000

8,000

10,000

A
n

n
ex

in
 II

d

y = 2,122.3x – 105.58
R2 = 0.2195

0 1 2 3 4

Erosion/crust

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

A
p

ol
ip

op
ro

te
in

 A
-I

e

y = 3,131x + 1,599.6
R2 = 0.2236

0 1 2 3 4

Erosion/crust

0

5,000

10,000

15,000

20,000

25,000

30,000

A
lb

um
in

f

  Fig. 3.  Relationship between protein levels in involved AD skin 
and severity score of each eruption.  a  FABP-5 and erythema.
 b  FABP-5 and erosion/crust.  c  FABP-5 and lichenification.
 d  Annexin II and erythema.  e  Apolipoprotein A-I and erosion/

crust.  f  Albumin and erosion/crust. Proteins other than albumin 
did not show significant correlation between their levels in the 
uninvolved skin and the eruptions.  
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nexin II (R 2  = 0.55, p  !  0.05;  fig. 6 c) showed relatively 
strong correlation with the local severity. SCCA2 showed 
weak correlation (R 2  = 0.25, p  1  0.05;  fig. 6 d). 

  Unexpectedly, albumin levels were very low in the 
psoriasis skin lesions with severe inflammation even 
with scratch marks, as compared with those in the in-
volved and uninvolved skin of AD patients. Typical ex-
amples from psoriasis and AD patients are shown in  fig-
ure 7 . This implies that the skin barrier is impaired mark-
edly in AD lesions, but not in psoriatic lesions. The high 
albumin levels in the uninvolved skin of AD patients also 
suggest that expression of albumin in the HL does not 
merely result from scratches or other skin damage. 

  As shown in  table 1 , the mean age, gender balance 
and ongoing treatment in the psoriasis group consider-
ably differed from those of the AD group. To correct for
the differences, we performed an alternative analysis, in 
which 2 older psoriasis patients, who had been treated 
without corticosteroids, were removed from the psori-
atic group. This lowered the mean of age from 52.8 to 
48.6 and improved the differences in topical steroid 
treatment (from 60 to 75%) with a little change in the 
gender balance (from 70% male to 75%) in the psoriatic 
group. This alteration produced small changes in the 
correlation between the expression of the marker pro-
teins and the local severity: annexin II (R 2  = 0.65, p  !  
0.05), FABP-5 (R 2  = 0.28, p  1  0.05),  � -enolase (R 2  = 0.26, 
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  Fig. 4.  Correlation of HL levels of albumin and apolipoprotein A-
I in uninvolved and involved skin of AD patients with HL hydra-
tion and TEWL in the measured areas.  a  Albumin and TEWL of 
involved skin.  b  Apolipoprotein A-I and TEWL of involved skin. 
 c  Albumin and HL hydration of uninvolved skin.  d  Apolipopro-

tein A-I and HL hydration of uninvolved skin. Albumin and apo-
lipoprotein A-I levels in involved skin showed correlation with 
TEWL levels, while the 2 protein levels in uninvolved skin showed 
weak reverse correlation with HL hydration.      
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p  1  0.05) and SCCA2 (R 2  = 0.25, p  1  0.05; data not 
shown). Even in this modified analysis, the averaged al-
bumin level in the psoriasis group (831  8  733.5) was far 
lower than that in the AD group (4,462  8  5,172.1, p = 
0.005).

  Discussion 

 In this study, we analyzed the expression of 6 proteins 
in the HL of uninvolved and involved skin tissues of AD 
and psoriasis patients, as well as healthy controls. All the 
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  Fig. 5.  Correlation of expression levels of 4 HL proteins in AD skin 
lesions with data of blood samples.  a  SCCA2 and eosinophils.
 b  SCCA2 and serum total IgE.  c  SCCA2 and serum LDH.  d  FABP-
5 and serum total IgE.  e  Annexin II and serum total IgE.  f  Albu-
min and eosinophils. SCCA2 showed correlation with all blood 

data, eosinophil number and serum total IgE and LDH levels. 
Both FABP-5 and annexin II showed correlation only with serum 
total IgE level, while albumin showed very weak correlation with 
eosinophil number. 
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proteins showed greatly increased expression in the AD 
skin lesions as compared with the control samples.

  FABP-5, a member of the fatty acid-binding protein 
family, is mainly expressed in the skin, but also in other 
tissues such as heart, intestine and adipose tissue  [13] . In 
the skin, FABP-5 is thought to play an important role in 
the differentiation of keratinocytes. FABP-5 is also known 
as psoriasis-associated fatty acid-binding protein homo-
log (PA-FABP) because its expression level is greatly ele-
vated in involved skin lesions of psoriasis  [13] . FABP-5 is 
localized in the epidermis just below the HL, but it is not 
found in the basal layer of psoriatic skin  [13] . FABP-5 is 
expressed in the epidermal transit amplifying cells  [14] , 
and these cells are increased in number in lesions of pso-
riasis  [15, 16] . In the present study, FABP-5 showed close 
correlation with the local severity and the score of ero-
sion/crust and lichenification in AD lesions, as well as the 
IgE level in serum. Because of its high expression in pso-
riasis, FABP-5 is not a specific marker for AD, but seems 

to reflect inflammatory activity of skin lesions in both 
AD and psoriasis. Its aberrant expression may also be re-
lated with the enhanced proliferation of keratinocytes. 
Possible roles of FABP-5 in the Th2-type response and 
IgE production remain to be clarified. 

  We also found weak correlation between annexin II 
and erythema. Annexin II is an intracellular protein, but 
also exists on the cell surface  [17] . It is involved in cyto-
skeletal regulation. Annexin II on the cell surface is able 
to bind tissue plasminogen activator, and this binding
enhances pericellular proteolytic activity  [17] . Such ac-
tivity may be involved in AD activity.

   � -Enolase also showed a relatively high expression in 
AD skin as compared with normal controls, but its cor-
relation with AD symptoms was not significant.  � -Eno-
lase showed significant correlation with the local severity 
of psoriasis. It was detected at a high level in HL, which 
may depend on disruption of epidermal cells in AD skin 
as  � -enolase is an intracellular enzyme for glycolysis. Re-
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  Fig. 6.  Correlation of expression levels of 4 HL proteins in skin lesions of psoriasis with local severity score.
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cent studies have shown that  � -enolase also acts as a cell 
surface receptor for plasminogen activator in both mam-
malian cells and pathogenic bacteria, possibly allowing 
these cells to invade human tissues  [18] . It is also known 
that autoantibody against  � -enolase is involved in auto-
immune disease  [19] . Many previous studies have shown 
that sera of patients with severe AD contain autoantibody 
specific for self-proteins, supporting the hypothesis of 
autoreactivity as a pathogenic factor in AD  [20, 21] . Thus, 

it also seems possible that  � -enolase is involved in the 
pathogenesis of AD as an autoreactive factor. 

  SCCA2 showed relatively poor correlation with AD 
symptoms, but its level in the HL correlated significantly 
with that of IgE and weakly with that of LDH and the eo-
sinophil number. Thus, the expression of SCCA2 seems 
to reflect the immunological state of AD patients. SCCA 
belongs to the serine proteinase inhibitor family serpin. 
SCCA1 inhibits papain-like cysteine proteinases such as 

Involved

10,400 11,500 3,540 5,610

998 189 527 106

Involved UninvolvedUninvolved
Ps

or
ia

si
s

A
to

p
ic

 d
er

m
at

it
is

  Fig. 7.  Typical examples of involved and uninvolved skin condi-
tions of AD and psoriasis patients and immunoblots of albumin 
in the HL samples. Insets indicate immunoblots of albumin in 
each HL sample, and the values represent the relative intensity of 

albumin bands. Note that the albumin levels were very high even 
in the uninvolved skin of AD patients, but low in the psoriasis skin 
lesions with severe inflammation even with scratch marks.                 



 Marker Proteins for Evaluating Skin 
Condition in Atopic Dermatitis 

Int Arch Allergy Immunol 2009;150:89–101 99

cathepsins K, L and S  [22, 23] , while SCCA2 inhibits chy-
motrypsin-like serine proteinases such as cathepsin G 
and mast cell chymase  [24] . Past studies have suggested 
that SCCAs may be involved in psoriasis and AD, prob-
ably as proteinase inhibitors  [25, 26] . The mRNAs of 
SCCA1 and SCCA2 are highly expressed in the involved 
skin of AD patients, and the Th2-type cytokines IL-4
and IL-13 – but not the Th1-type cytokines IFN- �  or 
TNF- �  – induce expression of SCCAs in cultured kerati-
nocytes  [26] . Based on the present and past findings, it 
seems likely that the elevated level of SCCA2 in the HL
of AD patients reflects the Th2-type allergic response. 
SCCA2 may be used as a biomarker for the allergic re-
sponse. 

  Both albumin and apolipoprotein A-I are major serum 
proteins. The HL levels of these proteins showed positive 
or reverse correlation with TEWL and HL hydration. It 
has been shown that TEWL and HL hydration correlate 
well with the severity of AD patients, suggesting that dys-
function of the epidermal barrier is involved in the patho-
genesis of AD  [27, 28] . The permeability barrier dysfunc-
tion is in part attributed to a decreased ceramide content 
in the HL of AD skin  [29] . In addition, recent studies re-
vealed that dysfunction of filaggrin is also associated 
with AD  [30–32] . Filaggrin plays an important role in the 
barrier function of the skin  [33] , and the loss-of-function 
mutations of this gene cause ichthyosis vulgaris  [32]  and 
appear to be involved in the pathogenesis of AD  [30, 31] . 
It seems obvious that the increased levels of albumin and 
apolipoprotein A-I, as well as the high TEWL level, reflect 
the impairment of the epidermal barrier function. How-
ever, the high albumin levels cannot be caused only by 
scratching or other skin damage because in this study al-
bumin was detected even in the clinically uninvolved 
skin of AD patients, but scarcely in the severe skin lesions 
of psoriasis with many scratch marks. It should be noted 
that the HL level of albumin in uninvolved skin of AD 
patients correlated well with the total AD activity. This 
implies that the high level of albumin in the HL of AD 
patients is an intrinsic skin factor in these patients. Seide-
nari and Giusti  [28]  have also reported a correlation be-
tween AD activity and TEWL level in uninvolved skin in 
AD patients. Unlike water, albumin is a high molecular 
weight protein of 68 kDa. Therefore, in addition to the 
dysfunction of the epidermal barrier, elevated permeabil-
ity of blood vessels and the epidermal basement mem-
brane may be required for the high albumin content in 
HL. These additional factors may limit the albumin level 
in the HL of psoriatic skin, which often exhibits the dys-
function of the epidermal barrier. The low HL hydration 

in AD skin suggests that the osmotic ability of albumin 
does not affect the HL hydration level. 

  Because of the low number of psoriasis patients in our 
study, it is difficult to compare the expression patterns of 
the marker proteins between AD and psoriasis. Never-
theless, it can be said that FABP-5 and annexin II were 
highly expressed in both AD and psoriasis skin lesions. 
Expression of these proteins appears to reflect inflamma-
tory activity or tissue damages of these skin lesions. In 
contrast, the HL level of albumin in uninvolved skin of 
AD correlated with the local severity, whereas it was 
scarcely detected in psoriasis skin. The HL expression of 
 � -enolase appeared to correlate with the local severity of 
psoriasis skin, but poorly with that of AD skin. It seems 
possible to discriminate skin conditions between AD and 
psoriasis by using these different marker proteins. 

  The clinical conditions of AD patients are generally 
diagnosed by direct observation of their skin conditions. 
This subjective method often causes inter-observer and 
intra-observer variability. In some cases, immunological 
states of AD patients are assessed by blood analyses such 
as serum IgE level and eosinophils. In addition, skin con-
ditions can be examined by the measurement of HL hy-
dration and TEWL, which are affected by room tempera-
ture and humidity. So far, no methods that use biochem-
ical skin markers have been used for evaluating skin 
conditions of AD patients. The present study is the first 
to show that the biochemical markers in the HL can be 
used to assess the local severity of each lesion in AD pa-
tients quantitatively and objectively. Among the 6 pro-
teins tested, FABP-5 seemed to be the best marker to as-
sess the level of skin inflammation. A high serum albu-
min level in HL appears to be an etiologic factor for AD. 
Measurements of these and other markers seem to be use-
ful for evaluating the skin conditions of each lesion in AD 
patients. Since these data indicate directly the level of 
skin inflammation and barrier function of the measured 
lesion, more appropriate treatment for each lesion can be 
chosen using this method. In this point, the present study 
is distinct from existing criteria, such as blood data and 
skin scores, which express the total condition of AD.

  In our tape-stripping method, HL samples are non-
invasively and quickly obtained from the skin lesions of 
patients at a clinic. Since the immunoblotting analysis 
of marker proteins required a procedure that is time-
consuming (about 2 days) and complicated, we are cur-
rently developing a rapid and simple method using ELI-
SA or protein chips by which the whole assay can be 
completed in a few hours. However, our method obvi-
ously requires further validation with an increased 
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number of HL samples. Moreover, it is unknown wheth-
er the elevated expression of FABP-5 and other markers 
is involved in the pathogenesis of AD or a secondary ef-
fect. Aberrant expression of these skin proteins must re-
flect some specific tissue conditions in AD patients. It 
seems possible that these proteins, in part, contribute to 
the development of AD symptoms. When the patholog-
ical meanings of the aberrant expression of these mark-
er proteins in AD skin are elucidated, this method would 
become a more important tool to characterize or evalu-
ate complicated skin conditions of AD patients. Such 

biochemical information would be useful for choosing 
the best clinical treatments for AD patients. Functional 
studies of the marker proteins are currently under in-
vestigation. 

  Acknowledgments 

 This study was supported by the Consortium R&D Projects 
for Regional Revitalization, Ministry of Economy, Trade and In-
dustry of Japan, and in part by a grant-in-aid from the Ministry 
of Health, Labour and Welfare of Japan.
 

 References 

  1 Leung DY, Boguniewicz M, Howell MD, No-
mura I, Hamid QA: New insights into atopic 
dermatitis. J Clin Invest 2004;   113:   651–657.  

  2 Kay AB, Ying S, Varney V, Gaga M, Durham 
SR, Moqbel R, Wardlaw AJ, Hamid Q: Mes-
senger RNA expression of the cytokine gene 
cluster, interleukin 3 (IL-3), IL-4, IL-5, and 
granulocyte/macrophage colony-stimulat-
ing factor, in allergen-induced late-phase cu-
taneous reactions in atopic subjects. J Exp 
Med 1991;   173:   775–778. 

  3 Hamid Q, Boguniewicz M, Leung DY: Dif-
ferential in situ cytokine gene expression in 
acute versus chronic atopic dermatitis. J Clin 
Invest 1994;   94:   870–876. 

  4 Hamid Q, Naseer T, Minshall EM, Song YL, 
Boguniewicz M, Leung DY: In vivo expres-
sion of IL-12 and IL-13 in atopic dermatitis. 
J Allergy Clin Immunol 1996;   98:   225–231. 

  5 Grewe M, Bruijnzeel-Koomen CA, Schöpf E, 
Thepen T, Langeveld-Wildschut AG, Ruzic-
ka T, Krutmann J: A role for Th1 and Th2 
cells in the immunopathogenesis of atopic 
dermatitis. Immunol Today 1998;   19:   359–
361. 

  6 Grewe M, Gyufko K, Schöpf E, Krutmann J: 
Lesional expression of interferon-gamma in 
atopic eczema. Lancet 1994;   343:   25–26.  

  7 Sator PG, Schmidt JB, Hönigsmann H: Com-
parison of epidermal hydration and skin
surface lipids in healthy individuals and in 
patients with atopic dermatitis. J Am Acad 
Dermatol 2003;   48:   352–358. 

  8 Charman C, Williams H: Outcome mea-
sures of disease severity in atopic eczema. 
Arch Dermatol 2000;   136:   763–769. 

  9 Mukai H, Noguchi T, Kamimura K, Nishio-
ka K, Nishiyama S: Significance of elevated 
serum LDH (lactate dehydrogenase) activity 
in atopic dermatitis. J Dermatol 1990;   17:  
 477–481.  

 10 Hanifin J, Rajka G: Diagnostic features of 
atopic dermatitis. Acta Dermatol Venereol 
Suppl 1980;   92:   44–47. 

 11 Kunz B, Oranje AP, Labrèze L, Stalder JF, 
Ring J, Taïeb A: Clinical validation and 
guidelines for the SCORAD index: consen-
sus report of the European Task Force on 
Atopic Dermatitis. Dermatology 1997;   195:  
 10–19.  

 12 Leung DY: Atopic dermatitis: immunobiol-
ogy and treatment with immune modula-
tors. Clin Exp Immunol 1997;   107(suppl 1):
25–30. 

 13 Siegenthaler G, Hotz R, Chatellard-Gruaz D, 
Didierjean L, Hellman U, Saurat JH: Purifi-
cation and characterization of the human 
epidermal fatty acid-binding protein: local-
ization during epidermal cell differentiation 
in vivo and in vitro. Biochem J 1994;   302:  
 363–371. 

 14 O’Shaughnessy RF, Seery JP, Celis JE, Frisch-
auf A, Watt FM: PA-FABP, a novel marker of 
human epidermal transit amplifying cells 
revealed by 2D protein gel electrophoresis 
and cDNA array hybridisation. FEBS Lett 
2000;   486:   149–154.  

 15 Iizuka H, Ishida-Yamamoto A, Honda H: 
Epidermal remodelling in psoriasis. Br J 
Dermatol 1996;   135:   433–438. 

 16 Iizuka H, Honda H, Ishida-Yamamoto A: 
Epidermal remodeling in psoriasis (II): a 
quantitative analysis of the epidermal archi-
tecture. J Invest Dermatol 1997;   109:   806–
810. 

 17 Kassam G, Choi KS, Ghuman J, Kang HM, 
Fitzpatrick SL, Zackson T, Zackson S, Toba 
M, Shinomiya A, Waisman DM: The role of 
annexin II tetramer in the activation of plas-
minogen. J Biol Chem 1998;   273:   4790–4799.  

 18 Pancholi V: Multifunctional alpha-enolase: 
its role in diseases. Cell Mol Life Sci 2001;   58:  
 902–920.  

 19 Gitlits VM, Toh BH, Sentry JW: Disease as-
sociation, origin, and clinical relevance of 
autoantibodies to the glycolytic enzyme eno-
lase. J Investig Med 2001;   49:   138–145.  

 20 Neuber K, Mähnss B, Hübner C, Gergely H, 
Weichenthal M: Autoantibodies against 
CD28 are associated with atopic diseases. 
Clin Exp Immunol 2006;   146:   262–269. 

 21 Ochs RL, Muro Y, Si Y, Ge H, Chan EK, Tan 
EM: Autoantibodies to DFS 70 kd/transcrip-
tion coactivator p75 in atopic dermatitis and 
other conditions. J Allergy Clin Immunol 
2000;   105:   1211–1220. 

 22 Takeda A, Yamamoto T, Nakamura Y, Taka-
hashi T, Hibino T: Squamous cell carcinoma 
antigen is a potent inhibitor of cysteine pro-
teinase cathepsin L. FEBS Lett 1995;   359:   78–
80. 

 23 Schick C, Pemberton PA, Shi GP, Kamachi Y, 
Cataltepe S, Bartuski AJ, Gornstein ER, 
Brömme D, Chapman HA, Silverman GA: 
Cross-class inhibition of the cysteine pro-
teinases cathepsins K, L, and S by the serpin 
squamous cell carcinoma antigen 1: a kinetic 
analysis. Biochemistry 1998;   37:   5258–5266. 

 24 Schick C, Kamachi Y, Bartuski AJ, Cataltepe 
S, Schechter NM, Pemberton PA, Silverman 
GA: Squamous cell carcinoma antigen 2 is a 
novel serpin that inhibits the chymotrypsin-
like proteinases cathepsin G and mast cell 
chymase. J Biol Chem 1997;   272:   1849–1855. 

 25 Takeda A, Higuchi D, Takahashi T, Ogo M, 
Baciu P, Goetinck PF, Hibino T: Overexpres-
sion of serpin squamous cell carcinoma an-
tigens in psoriatic skin. J Invest Dermatol 
2002;   118:   147–154. 

 26 Mitsuishi K, Nakamura T, Sakata Y, Yuyama 
N, Arima K, Sugita Y, Suto H, Izuhara K, 
Ogawa H: The squamous cell carcinoma
antigens as relevant biomarkers of atopic 
dermatitis. Clin Exp Allergy 2005;   35:   1327–
1333.  

 27 Sugarman JL, Fluhr JW, Fowler AJ, Bruckner 
T, Diepgen TL, Williams ML: The objective 
severity assessment of atopic dermatitis 
score: an objective measure using permeabil-
ity barrier function and stratum corneum 
hydration with computer-assisted estimates 
for extent of disease. Arch Dermatol 2003;  
 139:   1417–1422.  



 Marker Proteins for Evaluating Skin 
Condition in Atopic Dermatitis 

Int Arch Allergy Immunol 2009;150:89–101 101

 28 Seidenari S, Giusti G: Objective assessment 
of the skin of children affected by atopic der-
matitis: a study of pH, capacitance and 
TEWL in eczematous and clinically unin-
volved skin. Acta Derm Venereol 1995;   75:  
 429–433.  

 29 Imokawa G, Abe A, Jin K, Higaki Y, Ka-
washima M, Hidano A: Decreased level of 
ceramides in stratum corneum of atopic der-
matitis: an etiologic factor in atopic dry skin? 
J Invest Dermatol 1991;   96:   523–526.  

 30 Palmer CN, Irvine AD, Terron-Kwiatkowski 
A, Zhao Y, Liao H, Lee SP, Goudie DR, San-
dilands A, Campbell LE, Smith FJ, O’Regan 
GM, Watson RM, Cecil JE, Bale SJ, Compton 
JG, DiGiovanna JJ, Fleckman P, Lewis-Jones 
S, Arseculeratne G, Sergeant A, Munro CS, 
El Houate B, McElreavey K, Halkjaer LB, Bis-
gaard H, Mukhopadhyay S, McLean WH: 
Common loss-of-function variants of the 
epidermal barrier protein filaggrin are a ma-
jor predisposing factor for atopic dermatitis. 
Nat Genet 2006;   38:   441–446. 

 31 Nomura T, Sandilands A, Akiyama M, Liao 
H, Evans AT, Sakai K, Ota M, Sugiura H, 
Yamamoto K, Sato H, Palmer CN, Smith FJ, 
McLean WH, Shimizu H: Unique mutations 
in the filaggrin gene in Japanese patients 
with ichthyosis vulgaris and atopic dermati-
tis. J Allergy Clin Immunol 2007;   119:   434–
440. 

 32 Smith FJ, Irvine AD, Terron-Kwiatkowski A, 
Sandilands A, Campbell LE, Zhao Y, Liao H, 
Evans AT, Goudie DR, Lewis-Jones S, Arse-
culeratne G, Munro CS, Sergeant A, O’Regan 
G, Bale SJ, Compton JG, DiGiovanna JJ, Pres-
land RB, Fleckman P, McLean WH: Loss-of-
function mutations in the gene encoding fil-
aggrin cause ichthyosis vulgaris. Nat Genet 
2006;   38:   337–342.  

 33 McGrath JA, Uitto J: The filaggrin story: 
novel insights into skin-barrier function and 
disease. Trends Mol Med 2008;   14:   20–27. 

  


