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 Introduction 

 Atopic eczema (AE) is a chronic infl ammatory skin 
disease associated with cutaneous hyperreactivity to en-
vironmental triggers  [1, 2] . The diagnosis of AE is based 
on the following constellation of clinical fi ndings: pruri-
tus, facial and extensor eczema in infants and children, 
fl exural eczema in adults and chronicity of the dermatitis 
 [3] . AE usually presents during early infancy and child-
hood, but it can persist or start in adulthood  [4] . The life-
time prevalence of AE is 10–20% in children and 1–3% 
in adults. Its prevalence has increased two- to threefold 
during the past three decades in industrialized countries. 
Various investigators reported that AE has a complex eti-
ology, with an activation of multiple immunologic and 
infl ammatory pathways  [1, 2, 5] . The clinical phenotype 
that characterizes AE is the product of complex interac-
tions among susceptibility genes, the host’s environment, 
defects in skin barrier function and systemic and local 
immunologic responses. An understanding of the relative 
role of these factors in the pathogenesis of AE has been 
made possible by a variety of approaches, including the 
analysis of cellular and cytokine gene expression in AE 
skin lesions in humans as well as various AE model 
mice. 

 By a complete reading of the genome sequence, we will 
be able to determine the role of genomic DNA sequence 
variation among individuals, such as single nucleotide 
polymorphism, in the pathogenesis of diseases. The com-
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 Abstract 
  Background:  Atopic eczema (AE) is a chronic infl amma-
tory skin disorder with an increasing prevalence in in-
dustrialized countries.  Methods:  Genox Research Incor-
poration was founded in 1996 to identify new genes 
involved in allergic diseases in collaboration with the 
National Children’s Hospital in Tokyo. In the AE project, 
they have discovered several hundred new genes and 
partial DNA sequences by mainly using microarrays. 
Here, I review the results obtained using transcriptome 
analysis, performed by Genox and other investigators. 
 Results:    Transcriptome analysis using skin lesion, CD4+ 
T cells, monocytes and eosinophils derived from AE pa-
tients identifi ed some differentially expressed genes 
which became biologically relevant in the following 
studies. Missing linkages between these genes have 
been found due to the recent development of genomics. 
 Conclusion:    Many AE-related genes found in the ge-
nome-wide studies still remain to be determined regard-
ing their functions and to be systemically organized. Af-
ter the comprehensive characterization of these genes 
by further studies, we will identify the precise molecular 
mechanisms involved in AE and other diseases. 
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prehension of the genome will also accelerate an under-
standing of the transcriptome, evaluating all the tran-
scripts present in a cell  [6] . Messages induced by a new 
therapy, such as unexpected adverse effects, will not be 
missed by using such a comprehensive assay. Allergic dis-
eases will be investigated by understanding the total func-
tional elements comprising the immune system, not just 
a single molecule present in an immunocyte working in 
our immune system  [7] . The current review will summa-
rize the progress in our understanding of the molecular 
biology of AE, especially by focusing on the recent tran-
scriptome analyses. 

 Differentially Expressed Genes in T Cells 

 The key role of immune effector T cells in AE is sup-
ported by the observation that individuals with primary 
T cell immunodefi ciency disorders frequently have ele-
vated serum IgE levels and eczematous skin lesions fol-
lowing successful bone marrow transplantation. Further-
more, in animal models of AE, the eczematous rash does 
not occur in the absence of T cells.  

 In AE, memory T cells expressing the skin-homing 
receptor, a cutaneous lymphocyte-associated antigen 
(CLA)  [8] , produce increased levels of Th2 cytokines. 
These include interleukin (IL)-4 and IL-13, which are 
known to induce isotype switching to IgE synthesis, as 
well as IL-5, which plays an important role in eosinophil 
development and survival. These CLA+ T cells produce 
abnormally low levels of interferon (IFN) � , a Th1 cyto-
kine known to inhibit Th2 cell function  [1, 2, 9] . Genox 
Research Incorporation (Genox) was founded in 1996 to 
identify new genes involved in allergic diseases in col-
laboration with the National Children’s Hospital (re-
named in 2002 to National Center for Child Health and 
Development) in Tokyo. In the AE project, they fi rst ex-
amined differentially expressed genes present in phyto-
hemagglutinin (PHA)-stimulated peripheral blood 
mononuclear cells derived from severe AE patients. They 
also used quantitative methods such as real-time PCR to 
determine the expression levels of differentially ex-
pressed genes. At fi rst, these investigators found mark-
edly decreased PHA-induced IFN �  production in AE pa-
tients with hyper IgE ( 1 10,000 IU/ml) who were insensi-
tive to topical glucocorticoid therapy compared with 
those who were sensitive to the same treatment and with 
normal controls  [10] . Using an oligonucleotide microar-
ray (GeneChip, Affymetrix), IFN �  was found in the 4 
most differentially expressed genes among 5,600 genes 

 [11] . Since upregulation of transcriptional levels in crude 
cells is often simply caused by an increase in cell number 
of a certain cell type, they purifi ed CD4+ T cells from AE 
patients and examined differentially expressed genes. A 
number of genes, including CC chemokine receptor 
(CCR)4, an IL-2-inducible T cell-specifi c tyrosine kinase, 
a heterodimer receptor for laminin, very late antigen 6 
consisting of integrin  �  1  and integrin  �  6  molecules and a 
T cell-specifi c global gene regulator, as well as special AT-
rich sequence-binding protein 1 were shown to be highly 
expressed in patients with moderate and/or severe AE in 
comparison with controls or patients with mild AE. Be-
cause the products of these upregulated genes infl uence 
chemotaxis, adhesion, migration and Th2 polarization, 
the investigators suggested that circulating T cells may 
function differently in severer AE  [12] . In the same series 
of the experiment, they have found a strong correlation 
between a transcription factor, a suppressor of cytokine 
signaling (SOCS)3 expression and the clinical severity of 
AE, as well as serum IgE levels  [13] . SOCS3 is a negative 
signal transducer specifi c for IL-12 as well as a signal 
transducer and activator of transcription 4 signaling, and 
thereby downregulates IFN �  production and Th1 immu-
nity. SOCS3 was later found to be upregulated in an AE-
like skin lesion in an AE model NC/Nga mouse  [14] . 
IFN �  and IL-12 production by peripheral blood mono-
nuclear cells increased signifi cantly after successful treat-
ment with topical glucocorticoids, while the production 
of IL-1, IL-4 and IL-13 was not signifi cantly changed 
 [15] . Therefore, according to the fi ndings obtained by 
Genox’s genomic analysis, downregulation of Th1 cyto-
kines, but not upregulation of Th2 cytokines, seems to 
be an important marker for evaluating AE disease activ-
ity. However, in contrast to the above observation, Wohl-
fahrt et al.  [16]  used nylon membrane-based cDNA ar-
rays to fi nd several genes for IL-4, IL-5 and IL-13, mac-
rophage-derived chemokine (MDC) CC chemokine 
ligand (CCL)22 and monocyte chemotactic protein 
(MCP)-4 (CCL13) markedly upregulated in freshly iso-
lated and restimulated CD4+ T cells from patients with 
allergic asthma or AE compared with healthy subjects. 
They also found that fractalkine (CX3CL1), I-309 (CCL1) 
and IL-8 were expressed at a higher level in AE patients 
compared with other subjects. It would be interesting to 
determine the absolute expression levels of these genes 
among the same AE population by using more quantita-
tive methods. 
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 Differentially Expressed Genes in Monocytes 
and Eosinophils 

 The role of IL-4 and IL-13 in the pathogenesis of skin 
infl ammation was recently addressed by treating NC/Nga 
mice with an IL-4/IL-13 receptor inhibitor, kept under 
conventional conditions. Surprisingly, treated mice dis-
played an increased eczema severity and IgE levels, sug-
gesting a downmodulatory role for IL-4 and IL-13 in the 
skin infl ammatory immune response [for a review, see 
ref.  17] . This raised the possibility that IL-4 and IL-13 
may regulate the production of proinfl ammatory cyto-
kines by monocytes/macrophages in AE etiology, as well 
as in autoimmune diseases  [18] . Thus, the Genox group 
examined the transcriptome information in peripheral 
blood monocytes derived from AE patients. They found 
that genes for the Toll-like receptors (TLR)2, TLR4 and 
TLR6, a signal transducer for TLR stimulation called 
‘ATP-binding cassette transporter’ (TAP2), CD36 and 
the  � -chain of the high-affi nity IgE receptor Fc �  receptor 
I (Fc � RI � ) were markedly upregulated in monocytes de-
rived from AE patients  [19] .  

 CD36 has been recently found to be a selective and 
nonredundant sensor of microbial diacylglycerides that 
signal via the TLR2/6 heterodimer  [20] . TLR2 is essen-
tially involved in the protection against  Staphylococcus 
aureus   [21] , which often colonizes on the AE skin. Unlike 
other TLRs, TLR2 stimulation does not induce the ex-
pression of IFN � / �   [22] . IFN � / �  stimulates the produc-
tion of IFN �  via the signal transducer and activator of 
transcription 4 in human T cells but not in mouse T cells 
 [23] . A bacterial lipoprotein abundant in  S. aureus  can 
modulate allergen-specifi c Th2 effector cells in an allergic 
response in vivo for a prolonged period via stimulation 
of the TLR2 signaling pathway  [24] . Taken together, 
monocytes derived from AE patients can induce strong 
infl ammation by producing more proinfl ammatory cyto-
kines including TNF � , granulocyte-macrophage colony-
stimulating factor (GM-CSF), IL-6 and IL-18  [25]  in re-
sponse to  S. aureus  via upregulation of the TLR2 signal-
ing pathway. Furthermore, antigen-presenting cells 
derived from these TLR2-upregulated monocytes are 
considered to be more sensitive to allergen  challenge. 

 Interestingly, only TLR2 among all TLRs is upregu-
lated in response to glucocorticoid treatment in respira-
tory epithelial cells. Homma et al.  [26]  claimed that the 
TLR2 upregulation results in the production of  � -defen-
sin, and thus works for protection from bacteria. It should 
be determined whether TLR2 is upregulated in AE skin 
and whether the upregulated TLR2 accelerates allergen 

sensitization. Regarding the upregulation of the Fc � RI �  
chain in AE monocytes, it is known that AE skin, com-
pared with nonatopic skin, contains an increased number 
of IgE-bearing dendritic cells, which are sometimes de-
rived from peripheral blood monocytes, expressing Fc � RI. 
The increased expression of Fc � RI on dendritic cells in 
atopic skin is due to the enhanced expression of the Fc � RI �  
chain and is preserved by increased IgE levels  [27] .  

 Next, the Genox investigators determined the tran-
scriptome expression in eosinophils derived from AE pa-
tients. Several genes, such as those for cytokine receptors, 
e.g., GM-CSF receptor (GM-CSFR)  � - and  � -chain and 
IL-3 receptor (IL-3R)  � -chain, CD44 and platelet-activat-
ing factor receptor were expressed at signifi cantly higher 
levels in AE patients than in healthy volunteers  [28] . It is 
known that eosinophils in infl ammatory tissues are acti-
vated and express more GM-CSFR and IL-3R than pe-
ripheral blood eosinophils  [29] .  

 Differentially Expressed Genes in Skin Lesion 

 Upregulation of transcriptional levels in a crude tissue 
is often caused by an increase in recruitment of a certain 
infl ammatory cell type. Indeed, Genox faced the diffi -
culty in determining whether the upregulated genes in the 
skin are truly upregulated in the skin-dwelling cells or ar-
tifactually upregulated by the contamination of infl am-
matory cells. Nomura et al.  [30]  have succeeded in solving 
this problem in their microarray study on AE skin speci-
mens by comparing the tissues derived from AE and pso-
riasis. They identifi ed several genes for chemoattractant 
cytokines and chemokines, which play a central role in 
defi ning the nature of the infl ammatory infi ltrate in AE, 
to be differentially expressed. For example, cutaneous T 
cell-attracting chemokine (CCL27) is highly upregulated 
in AE and preferentially attracts CLA+ T cells into the 
skin. Compared with psoriasis, several CC chemokines 
such as I-309 (CCL1), RANTES (CCL5), MCP-4 (CCL13) 
and eotaxin (CCL11) are increased in AE skin lesions and 
likely contribute to the chemotaxis of CCR3-expressing 
eosinophils, macrophages and Th2 lymphocytes in AE 
skin. Selective recruitment of CCR4-expressing Th2 cells 
into AE skin may also be mediated by MDC (CCL22) and 
thymus and activation-regulated cytokine (CCL17), 
which are increased in AE. It would be concluded that 
skin-dwelling cells in AE patients preferentially produce 
several CC chemokines such as I-309 (CCL1), MCP-4 
(CCL13) and MDC (CCL22). However, as reported by 
other investigators  [16] , purifi ed CD4+ cells from AE pa-
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tients preferentially express CC chemokines. Therefore, 
in a future study, it should be determined whether T cells 
or tissue-dwelling cells can predominantly produce these 
CC chemokines after obtaining highly purifi ed cells from 
AE patients. 

 Persistent skin infl ammation in chronic lesions may 
be due to elevated IL-5 and GM-CSF expression in the 
skin leading to enhanced survival of eosinophils, mono-
cyte/macrophages and dendritic cells. In addition, extra-
cellular matrix molecules deposited in chronic skin le-
sions have been found to enhance the survival of memo-
ry T cells  [31] . When compared with normal skin or 
uninvolved skin of AE patients, acute skin lesions have a 
signifi cantly greater number of IL-4, IL-5 and IL-13 
mRNA-expressing cells, but few IFN �  or IL-12 mRNA-
expressing cells. Chronic AE skin lesions have signifi cant-
ly fewer IL-4 and IL-13 mRNA-expressing cells, but a 
greater number of IL-5, GM-CSF, IL-12 and IFN �  
mRNA-expressing cells than acute AE skin lesions. How-
ever, compared with psoriasis, AE skin produces more 
Th2 cell-attracting CC chemokines, even in the chronic 
skin lesion  [31] . 

 Epidermal keratinocytes from AE patients produce a 
unique profi le of chemokines and cytokines following me-
chanical stimulation, e.g. scratching, or exposure to pro-
infl ammatory cytokines such as TNF � . Keratinocytes in 
AE are also reported to be defi cient in their ability to syn-
thesize antimicrobial peptides needed for innate immune 
responses against microbes, and thus, this allows the col-
onization of  S. aureus  on the skin  [32] . The same authors 
reported that IL-13 is a key role cytokine downregulating 
the production of antimicrobial peptides by keratinocytes 
 [33] . Interestingly, another group has recently identifi ed 
that staphylococcal enterotoxin-B stimulated T cells to 
produce IL-13  [34] .  

 Apoptosis-Related Genes 

 AE is usually thought to be an allergen-driven disease 
with prominent roles played by antigen-presenting cells 
and effector Th2 cells. But keratinocytes provide an im-
portant window to the environment and are also thought 
to contribute to the development of AE. Here, I introduce 
several genomic fi ndings regarding the interaction be-
tween keratinocytes and T cells. Keratinocytes produce 
infl ammatory mediators that promote or maintain aller-
gic infl ammation, exert apoptosis that is induced by acti-
vated T cells  [35]  and respond to staphylococcal toxins 
and various pathogen-associated molecular patterns bear-

ing microbial agents [for a review, see ref.  1, 2] . Clearly, 
these fi ndings have highlighted a more active role of the 
epithelium than was previously recognized. Indeed, ther-
apeutic effects of topical glucocorticoid or FK506 are 
considered to be mediated by two different mechanisms, 
i.e. inducing apoptosis of T cells and eosinophils and 
blocking apoptosis of keratinocytes  [36] . Genomic stud-
ies performed by Genox identifi ed several known genes 
such as bcl-2 and bcl-xL  [28]  as well as newly found genes 
 [37, 38]  regulating apoptosis of T cells and eosinophils 
differentially regulated in AE patients. 

 Genetic Analysis of AE-Susceptible Genes 

 Many attempts have been made to identify the genes 
susceptible to the onset of AE. Since AE is an atopic dis-
order, candidate genes involving IgE and Th2 cytokines 
have been extensively examined. There has been particu-
lar focus on chromosome 5q31–33, as it contains a clus-
tered family of Th2 cytokine genes, i.e. IL-3, IL-4, IL-5, 
IL-13 and GM-CSF  [39] . Case-control comparisons have 
suggested a genotypic association between the IL-4 gene 
promoter region and AE, as patients with AE tend to have 
an increased IL-4 gene promoter activity. Similarly, this 
is the case with IL-13 coding region variants, a gain-of-
function polymorphism in the  � -subunit of the IL-4 re-
ceptor. These genes are also found among the candidate 
genes for ‘atopy’ asthma, since most of these studies in-
cluded patients with elevated IgE levels. Genes unrelated 
to IgE or Th2 cytokines should also be involved in the 
pathogenesis of AE. NC/Nga mice undoubtedly represent 
the best characterized mouse model of AE currently avail-
able. Subcutaneous injection of TGF- �  1 , a regulatory cy-
tokine, into these mice led to signifi cant clinical improve-
ment of skin lesions. Additionally, another regulatory cy-
tokine, the IL-10R �  gene, was found among a candidate 
locus of these mice by reciprocally crossing and subse-
quently backcrossing NC/Nga with BALB/c mice [for a 
review, see ref.  17] . Indeed, patients with IPEX syndrome 
lacking the FOXP3 gene responsible for regulatory T cells 
exert systemic skin eczema and hyper IgE as well  [40] .  

 Human genome screens have been performed and 
identifi ed susceptibility loci for AE on chromosome 3q21 
 [41] , which have not been linked to asthma candidate 
genes. This region encodes the costimulatory molecules 
CD80 and CD86 and may therefore modulate T cell re-
sponses. Another human genome screen reported a link-
age of AE to loci on chromosomes 1q21, 17q25 and 20p. 
Interestingly, these same regions are known to contain 
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psoriasis susceptibility genes, which suggests common 
candidate genes involved in the control of skin infl amma-
tion. Although AE and psoriasis are distinct skin diseases, 
both conditions involve dry, scaly skin and disrupted epi-
dermal differentiation. 

 AE is characterized by dry skin and even involves non-
lesional skin and increased transepidermal water loss. 
This impairment of the skin barrier function in AE leads 
to increased antigen absorption contributing to the cuta-
neous hyperreactivity characteristic of AE. In particular, 
ceramides serve as the major water-retaining molecules 
in the extracellular space of the cornifi ed envelope, and 
the barrier function of these complex structures is pro-
vided by a matrix of structural proteins that are bound to 
ceramides  [42, 43] . 

 A Glu420Lys polymorphism variant in the SPINK5 
gene, which encodes serine proteinase inhibitors, has 
shown a signifi cant association with AE in two indepen-
dent cohorts  [44] . This gene is expressed in the outermost 
layers of the skin and has been implicated in Netherton 

disease, an autosomal recessive disorder characterized by 
ichthyosis and atopy. Recently, SPINK5–/– mice faith-
fully replicating key features of the Netherton syndrome 
were established. In these mice, abnormal desmosome 
cleavage is seen in the skin through degradation of des-
moglein 1 due to stratum corneum tryptic enzyme and 
stratum corneum chymotryptic enzyme-like hyperactiv-
ity. This leads to defective stratum corneum adhesion and 
a resultant loss of the skin barrier function  [45] . Although 
the human SPINK5 gene is located on chromosome 
5q31–33, its function is primarily unrelated to IgE pro-
duction and is involved in an AE-unique function, the 
skin barrier dysfunction. 

 Conclusion 

 AE-related genes identifi ed by transcriptome analysis 
using clinical samples are summarized in  table 1  and  fi g-
ure 1 . Genome-wide transcriptome analysis is often per-

Transcriptsa CD4+ T cells Monocytes Eosinophils Skin

IL-4, IL-13 d or ] ] ] d (cell number)
IL-12 ] f ] d (chronic AE)
IFN� f (severe AE) ] ] d (chronic AE)
IL-3R ] ] d ]
GM-CSFR ] ] d ]
CCL1b d ] ] d
CCL5 ] ] ] d
CCL11 ] ] ] d
CCL13 d ] ] d
CCL17 ] ] ] d
CCL22 d ] ] d
CCL27 ] ] ] d
CCR4 d ] ] d (cell number)
TLR2, TLR6 ] d ] ]
TLR4 ] d ] ]
CD36 ] d ] ]
TAP2 ] d ] ]
SOCS3 d ] ] d
VLA6 d ] ] ]
ITK d ] ] ]
SATB1 d (moderate AE) ] ] ]

VLA = Very late antigen; ITK = inducible T cell-specifi c tyrosine kinase; SATB1 = spe-
cial AT-rich sequence-binding protein 1.

a Transcripts differentially expressed in skin lesion [30], peripheral blood monocytes 
[19], CD4+ T cells [10–13, 16] and eosinophils [28] derived from AE patients are summa-
rized in this fi gure. 

bCC chemokines: CCL1 = I-309; CCL5 = RANTES; CCL11 = eotaxin; CCL13 =
MCP-4; CCL17 = TARC = thymus and activation-regulated cytokine; CCL22 = MDC; 
CCL27 = CTACK = cutaneous T cell-attracting chemokine.

  
  

  Table 1.  Differentially expressed genes in 
the AE patients obtained by transcriptome 
analyses 
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formed independent of hypothesis. Therefore, until a few 
years ago, such newly found genes sometimes seemed ir-
relevant to clinical aspects or even to biological signifi -
cance. Some missing linkages between these genes have 
now been found and the biological importance of these 
genes is increasing due to the recent development of ge-
nomics. However, many AE-related genes found in these 
genome-wide studies still remain to be determined re-

garding their functions and to be systemically organized. 
As summarized in  fi gure 1 , immunological aspects of AE 
have been extensively investigated so far. Now, it appears 
necessary to focus on the role of skin lesion in AE patients 
as well as the interaction between skin and infl ammatory 
cells. After comprehensive characterization of these genes 
by further studies, we will identify the precise molecular 
mechanisms involved in AE and other diseases. 

  
  

  Fig. 1.  Differentially expressed molecules in AE patients. Representative molecules which are differentially ex-
pressed in AE patients found in the transcriptome research are shown in the boxes. Transcripts differentially 
 expressed in skin lesion  [30] , peripheral blood monocytes  [19] , CD4+ T cells  [10–13, 16]  and eosinophils  [28]  
derived from AE patients are summarized. PAMPs = Pathogen-associated molecular patterns; SEB = staphylococ-
cal enterotoxin-B; PAFR = platelet-activating factor receptor; explanations of other abbreviations are provided 
in table 1. 
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