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Introduction
	 There are more known diseases of the skin than any other organ 
system, as the skin is the first defense system against the external  
environment and frequently responds to various outer challenges. In 
this regard, studies on skin diseases-associated factors are important 
in order to understand the complex nature of defense mechanisms  
and various pathogeneses. The rapid development of OMICS,  
including proteome-based proteomics, genome-based genomics, 
and interactome-based interactomics, has enabled dermatologic  
researchers to understand skin diseases and diseases-associated 
factors [1,2]. The term ‘OMICS’ refers to the research areas ending 
in–omics such as proteomics, metabolomics, genomics, lipidomics, 
foodomics, and transcriptomics.

	 Recently, with the efforts of researchers and clinicians, several  
important Atopic Dermatitis (AD) diseases-associated factors 
have been identified; in particular, OMICS integration studies have  
successfully revealed new factors associated with the complexity of 
AD [3-5]. For dermatologic researchers of AD, new methods and 
technologies will be important to gain greater insight into the complex 
pathogenesis of AD and to develop effective and precise therapeutic 
strategies. The OMICS approach is an initial step used to identify 
candidate gene/protein pools of AD. Rapid confirmation by real-time  
PCR, RT-PCR, western blotting, and ELISA detection in  
patient-derived samples as a sequential study could validate observed 
OMICS data to confirm at an early stage the helpful methods to select 
candidates for biomarkers or target gene/proteins of interest. After 
determining the target proteins, functional studies can be conducted 
using cell or animal models, as well as large-scale studies on clinical 
samples from AD patients. Final confirmation and AD mechanisms  
may then be more clearly evaluated during the development of  
effective drugs to treat AD in clinical trials.

AD Types
Characteristics of extrinsic and intrinsic types
	 AD is a chronic relapsing inflammatory skin disease that is  
accompanied by itchy dry skin, lichenification, pruritic excoriations, 
and flexural dermatitis [6-8]. AD is characterized by the distribution  
of eczematous skin lesions with a variety of pathophysiologic  
manifestations in both children and adults [9]. Although most AD  
patients have high serum IgE levels, one subgroup of AD patients 
lacks the sensitization to aeroallergens or food allergens and has  
relatively normal IgE levels. Thus, the two types of AD have been  
defined as extrinsic and intrinsic types [10,11]. Extrinsic AD (ADE) is 
associated with IgE-mediated sensitization and accounts for 70-80%  
of AD patients, while Intrinsic AD (ADI) is not involved with  
IgE-mediated sensitization and is seen in 20-30% of AD patients. 
Since the two types are divided according to serum IgE levels  
and the presence or absence of allergen-specific IgE, laboratory  
parameters such as eosinophil count, Eosinophil Cationic Protein  
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	 The number of Atopic Dermatitis (AD) patients has increased 
with modernization and industrialization, and AD patients and 
their family members experience severe quality of life issues. It is  
generally recognized that a combination of environmental factors 
such as allergens and bacterial infections, as well as genetic factors,  
are the principal inducers of the multiple immunologic and  
inflammatory responses seen in AD patients. In the present review 
article, we focused on the following primary issues from the broad 
category of AD disease that have been reported in research articles, 
including those by the authors’ own research groups: i) AD types: 
characteristics of extrinsic and intrinsic types; ii) current treatments  
of AD and clinical applications; iii) new insights from OMICS  
integration studies for detecting hub genes; iv) summary of AD 
pathogenesis and associated factors; and v) further speculation 
for AD studies. The topics in this review that we focused on are  
expected to contribute to the understanding of AD disease-related 
factors. Since the mechanism of AD disease has been shown to be 
complex, our results may provide new clues to aid understanding of 
AD from the aspect of laboratorial OMICS applications.
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(ECP) level, and SCORAD are also measured in serum samples. In a 
previous study [12], it was shown that ADI was more prevalent than 
ADE in the infant group and that eosinophil count, ECP level, and 
SCORAD were lower in ADI than in ADE in infant AD patients.  
Interestingly, in addition to the two subgroups of AD, a group of infant  
patients without characteristics of ADE or ADI was identified and 
was tentatively classified as ‘indeterminate type’ and proposed as a  
separate entity [12]. More large-scale evidence is needed to confirm 
the intermediate state between ADE and ADI subtypes in further 
studies.

Current clinical treatments of AD
	 Important AD-associated factors such as IgE/FceRI,  
antimicrobial peptides, cytokines/chemokines, proteases/their  
inhibitors, lipid genes, autoantigens, extracellular matrix genes,  
epidermal differentiation complex, and skin barrier function-related 
genes have gradually been identified by the efforts of researchers and 
clinicians. Several cells involved in the pathogenesis of AD such as 
eosinophils, Langerhans Cells (LCs), T lymphocytes (Th1 and Th2), 
mast cells, and keratinocytes have been regarded as important since 
these cells are directly related with several blood factors.

	 The above knowledge has been used to develop clinical treatments 
and associated medicines for treatment of AD patients [13-15]. These 
include 1) anti-IgE drugs for allergic responses such as omalizumab, 
humanized IgG1 monoclonal antibody; 2) emollient treatment for 
dry skin such as ceramide and its derivatives; 3) topical calcineurin  
inhibitors such as tacrolimus (FK506) and pimecrolimus for  
inhibitory effects on the activation of T cells and mast cells;  
4) antipruritic agent, such as a combination of topical doxepin 
and topical corticosteroid for the relief of the itch-scratch cycle or  
capsaicin for reducing the itch sensation; 5) anti-inflammatory agents 
such as topical corticosteroids and TNF inhibitors; 6) antimicrobial 
antibiotics; and 7) UV light therapy. The AD patient population has 
greatly increased in almost every developed country regardless of the 
therapeutic efforts currently used to treat AD patients. Furthermore, 
more significant and effective treatments providing quick relief of  
severe symptoms such as itching still need to be developed. Moreover, 
specific diagnosis and case sensitive treatment are needed for different 
ages and types of AD patients. Thus, more insights are needed into 
the pathogenesis of AD, in addition to elucidating the immunologic  
aspects and genetic background of the disease. To achieve this 
goal, High-Throughput Screening (HTS)-based OMICS studies are  
required to obtain new information. The OMICS used for studying AD 
can be categorized by several developed methods such as proteomics,  
chip-based genomics such as Single-Nucleotide Polymorphism 
(SNP) studies, and interactomics of bioinformatics. Now, more than 
ever, the rapid development of HTS-based techniques has enabled  
researchers to understand AD disease-associated factors, regardless  
of their own drawbacks. New methods and technologies will be  
important to gain more insight into the complex pathogenesis of 
AD and to develop effective and individual therapeutic strategies. 
Still, it is generally recognized that HTS-based studies have their 
own drawbacks, which include discrepancy between translational 
and transcriptional levels of detected proteins, a relatively high cost 
for equipping and maintaining instruments, a prohibitively large 
size of candidate genes/proteins even after significant cut-off of data 
handling, and a limitation in applicable sample size. These problems  
can be improved by several solutions. For instance, sometimes  
minimizing patient-to-patient variation is used to try and overcome  
difficulties in the pooling method. The selection of interesting  

proteins/genes among a large sample size can be contextually  
consulted from previous reported publications. In addition,  
researchers could combine computational predictions via  
Protein-Protein Interaction (PPI) mapping of interactomics to help 
determine target proteins for subsequent studies. The adaptation of 
bioinformatic tools is a time- and cost-saving approach for the next 
step of functional and large-scale clinical studies. In this regards, an 
OMICS integration study based on the data found in HTS approaches 
could be extremely useful for the identification of AD questions for 
diagnostic and clinical purposes.

	 At the end of any AD research process or clinical trial, pruritus  
in AD patients should be considered the top priority. For this,  
pruritus-associated neurofibers and dry skin itching problems should 
receive more focus in further studies than any other AD factors.

New Insights from OMICS Integration Studies for 
Detecting Hub (Core) Genes
	 The HTS applications have the potential to produce many 
data pools that could make interactomic analyses. Among several  
methods, there are currently two kinds of algorithms such as the  
Protein Structural Interactome MAP (PSIMAP) and Protein  
Experimental Interactome MAP (PEIMAP) that have been applied 
to analyze HTS data pools (to see http://www.ncbi.nlm.nih.gov/
pubmed/18215330). PSIMAP is a method that uses the structural 
domain of the Structural Classification of Proteins (SCOP) database; 
thus, the basic procedure of PSIMAP is to infer interactions between 
proteins by using their homologs and as such PSIMAP provides 
a structure-based interaction prediction. Meanwhile, PEIMAP is  
constructed by combining several experimental protein-protein  
interaction databases; thus, it is carried out as a redundancy check 
to remove identical protein sequences from the source interaction  
databases, including functionally classified protein-protein  
interactions. The PPIs can be used by researchers to determine  
protein targets for regulating AD-related pathways. These  
bioinformatic tools may help to identify core proteins among the  
detected candidate genes/proteins and explain their undetermined 
roles in AD. Therefore, several hub genes predicted from the network 
of AD-related factors can be useful as target genes for further study.

	 In the present review, we have successfully classified several  
important hub genes by comparing previously reported results of PPI 
mappings [16-20], and they are listed in Table 1. We found that SFN, 
YWHAE, C1R, TNC, BARD1, SEMA4F, and LPA have been selected 
as important hub genes since they were found multiple times using 
different methods and samples during AD research. The candidate 
proteins listed in Table 1 cited from previous results may provide 
important information to help elucidate the complex nature of AD 
disease. In respect to the comparison between transcriptional and 
translational levels of hub genes, the selected genes were well matched 
in both levels.

	 Stratifin (SFN) was detected earlier in ADE patient-derived skin 
tissues as a meaningful candidate gene but was not predicted as a hub 
gene. It was subsequently detected in AD patient-derived tissues as a 
hub gene in another DNA-chip-based microarray study. The real-time  
PCR analyses showed that the transcriptional level of SFN is  
conspicuously upregulated 4.5-fold in ADI patient-derived  
keratinocytes. In the epidermis, SFN is known to stimulate the  
syntheses of ECM factors (collagen, proteoglycans, and fibronectin) 
and the matrix metalloproteinases [21-23]. SFN is also known to be 
involved in the response to DNA damage, and this protein is involved  
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in the cell cycle (G2 arrest). The lack of SFN expression due to  
hypermethylation has been reported in breast cancer. Thus,  
upregulation of SFN is an interesting target point to establish new 
therapeutic applications to control the process of wound healing for 
AD patients. The predicted SFN-associated PPI networks are shown 
in Figure 1.

	 Accordingly, it is also worthy to pay attention to YWHAE (tyrosine 
3-monooxygenase/tryptophan 5-monooxygenase activation protein, 
epsilon polypeptide), which was predicted as a hub gene along with 
SFN. YWHAE was detected in subsequent proteomic studies such as 
Free-Flow Electrophoresis (FFE) as an important hub protein. Both 
SFN and YWHAE were not well elucidated in AD pathogenesis until  
now and thus they could be potent target proteins among many  
candidate genes found in AD patient-derived samples. YWHAE 
has been shown to play important roles in cell division, signal  
transduction, and the pathogenesis of certain diseases; however, its 
role in AD has not yet been reported.

	 We were able to confirm that some hub genes were associated with 
AD pathogenesis that were previously reported, one of which had  
already been used as a biomarker for the diagnosis of AD disease.  
Such genes included FceRI (Fc fragment of IgE high affinity I  
receptor), which is shown in Figure 1A as a hub gene. FceRI is  
well-known as a factor that responds against external inducers such 
as allergens or bacterial infections that could trigger the pathogenesis 
of AD in a sequential way. Specifically dendritic cells take up allergens  
and induce T cell differentiation into Th2 cells. Th2 cells further  
activate B cells to produce IgE by inducing cytokines. The  
allergen-specific IgE complexes then bind to FceRI on mast cells, and 
the stimulated mast cells release pro-inflammatory molecules, which 
cause acute and chronic inflammation. Bacterial infections, mostly  
the result of colonization by Staphylococcus aureus or Malassezia  
furfur, are typically followed by dysfunction of the skin barrier, and 
this is usually caused by scratching.

	 These findings indicate that the predicted interactome can be used 
to analyze molecular mechanisms, not only of known genes but also 
of novel genes that are associated with AD pathogenesis.

Summary of AD Associated Factors and Pathogenesis
	 On the basis of previous findings, we demonstrated the pathologic 
process of AD and summarized its associated factors as illustrated in 
Scheme 1 (Figure 2). It is known that the prevalence of AD is due to 
complex factors such as innate genetic problems and environmental  

triggers. Clinically, it is known that AD simultaneously triggers  
asthma and allergic rhinitis for which the levels of serum IgE and  
peripheral eosinophils are elevated; therefore, AD is defined as a  
systemic disorder [24].

	 Regarding the genetic factors in AD, several candidate genes  
located on different chromosomes have been introduced via linkage 
analyses and genetic polymorphisms. SNP genetics have revealed that 
the associations of SNPs and haplotypes in cytokines such as IL-5,  
IL5RA, IL9, IL9R, IL12, IL12R, and IL-18 were strongly associated 
with the allergic type of AD but not with the non-allergic intrinsic  
type [25-28]. These data support that such cytokines upregulate 
IgE production to control eosinophils in the peripheral blood. The  
haplotypes in DEFB1 that are responsive to cutaneous colonization  
and infection by bacteria were significantly associated with  
susceptibility to AD, indicating that DEFB1 has a primary effect on 
skin inflammation and/or skin responsiveness to any kind of allergic  
reaction [29]. Analyses of the SNPs and haplotypes in SPINK5 and 
gene-gene interactions between SPINK5 and the DEFB1 showed  
associations with the susceptibility to the allergic type of AD [30]. 
The SNPs from DEFB1 and SPINK5 affect individual susceptibility to 
the development of ADE in an additive manner. Recently, the SNP 
in FLT4 was also found to be associated with AD [31]. These studies 
provide evidence for a significant interaction between allergens and 
suggest that SPINK5 and FLT4 may contribute to ADE susceptibility.
Regarding the immunologic aspects of AD, microbial infections in 
AD patients have been considered to be one of the important issues  
in the pathogenesis of AD, which is due to colonization by  
microorganisms and lipoteichoic acid, peptidoglycan,  
lipopolysaccharide, and S. aureus toxin B [32,33]. These infections 
are more seriously followed by dysfunction in both the skin barrier  
[34] and antimicrobial defensive peptides [35]. As mentioned  
previously, several blood factors associated cells in AD such as  
eosinophils, LCs, keratinocytes, and pro-inflammatory cells such as 
Th1, Th2, Th9, Th17, and Th22 have been studied extensively. Such 
studies found that these cells produce cytokines such as IL4, IL5, IL6, 
IL9, IL10, IL12, IL13, IL17, IL22, and IL31 [36-38] and chemokines 
such as CCL1, CCL2, CCL3, CCL4, CCL5, CCL8, CCL11, CCL13, 
CCL17, CCL18, CCL20, CCL22, CCL24, CCL26, CCL27 and CX3CL1 
[39-41]. These factors are thought to somehow be associated with AD 
and play important roles in the pathway of disease occurrence. A  
previous study showed that Th2 cells were involved in inducing the 
acute stage of AD while Th1 cells could be prominent in the chronic 
stage of AD to sustain inflammation.

Gene symbol Gene name Sample source Detection Method Cited references

SFN Stratifin Biopsy tissues 34K-oligo gene chip/Affymetrix 
gene chip [18,19]

YWHAE
Tyrosine 3-monooxygenase/tryptophan 
5-monooxygenase activation protein, epsilon 
polypeptide

Biopsy tissues/Primary cultured 
fibroblasts

Affymetrix gene chip/Free-flow 
electrophoresis [19,20]

C1R Complement component 1, r subcomponent Primary cultured fibroblasts 8K-cDNA gene chip/Free-flow 
electrophoresis [17,20]

TNC Tenascin C Primary cultured fibroblasts 8K-cDNA gene chip/Free-flow 
electrophoresis [17,20]

BARD1 BRCA1 associated RING domain 1 Primary cultured fibroblasts/Primary 
cultured keratinocytes

8K-cDNA gene chip/Free-flow 
electrophoresis [17,20]

SEMA4F Semaphorin 4F Primary cultured fibroblasts 8K-cDNA gene chip/Free-flow 
electrophoresis [17,20]

LPA Apolipoprotein A Primary cultured fibroblasts 8K-cDNA gene chip/Free-flow 
electrophoresis [17,20]

Table 1: The hub genes/proteins predicted via PPI mappings from HTS results.
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Figure 1: PPI mapping for SFN and YWHAE.

Figure 1A: Left, PPI map for overlapping PEIMAP and PSIMAP predicted from ADE patient-derived skin tissues. Right, PPI map for ADE patient-derived skin 
tissues. Green circles indicate SFN or YWHAE location.

Figure 1B: The overlapping map of PEIMAP and PSIMAP from AD patient-derived fibroblasts. Labels with red and blue colors indicate the hub proteins. Red  
proteins are proteins that interact with more than 25% of the total proteins in the network. The blue ones are proteins that interact with between 20% and 25% of 
the total proteins in the network. The thickness of the edge between two proteins represents the number of reference databases. The thickness of edges is only 
used in PEIMAP. The data were from references [18-20], respectively.
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	 Additional external inducers such as food allergens (cow’s milk, 
hen’s eggs, wheat, and soy) and inhalant allergens (house dust mite, 
pollen, and animal dander) also act as provocative factors in AD,  
especially for children with AD [42-44]. Infants are more allergic to 
food, and a variety of specific allergenic responses to factors such as 
inhalant allergens are connected with clinical severity; infant AD has 
many distinctive features in its laboratory variables as compared with 
AD in other age groups.

	 Dry skin in AD usually induces itching and results in exacerbating 
scratching that increases the susceptibility to inflammation. For this 
reason, various moisturizer applications have been a basic treatment 
for AD patients, and some emollients are regarded as able to prevent 
skin inflammation in AD [45]. The cause of dry skin in AD is still  
unclear but it is assumed that skin barrier related genes such as  
Filaggrin (FLG), ceramides, sphingomyelin, and glucosylceramide 
associated genes are involved in dry skin when they malfunction  
[46-48]. Thus, stratum corneum hydration level and  
transepidermal water loss are laboratorial monitoring parameters for 
clinicians [49,50].

	 Mental factors are also known to be associated with itching in AD 
patients [51]. Psychological stress such as anxiety is thought to be  
associated with the induction of pruritus through mediating  
neuropeptides such as neuropeptide Y and substance P in AD [52,53].

	 Previous attempts at profiling the proteomic expression patterns of 
AD patient-derived cells suggested new information regarding their 
responses toward outward stimulation of the dermis and epidermis, 
including several metabolic enzymes. Metabolic enzymes are not well 
elucidated in AD pathogenesis; however, HTS-based research implied 
that their dysregulation is associated with ECM factors involved in 
AD for skin barrier function and lipid formation, which are correlated 
with the induction of dry skin.

	 In addition to the well-known factors for inducing AD, we 
have obtained more insight into AD-associated factors by OMICS  
studies regarding hub genes that might play central roles.  
Interestingly, YWHAE was previously found in melanogenesis as a 
hub gene [54], which implied that YWHAE is importantly related  
to skin pigmentation. Specifically, when the tyrosinase gene was  
overexpressed in HEK293 cells, it induced high pigmentation in cells. 
OMICS integration studies showed that YWHAE was importantly  
detected as a hub gene (Figure 3). We believed that skin pigmentation 
related with AD was not a triggering factor but might be associated 
with resolution or somehow involved with several important genes 
downstream of AD occurrence. In addition, our recent unpublished 
data on siRNA integrating ALDH1 downregulation in keratinocytes 
showed that the silencing of ALDH1 gene expression is associated  
with pigmentation metabolism as revealed by the gene ontology  
enrichment analysis. Cumulatively, this evidence all supports the  
association of skin pigmentation with AD disease.

Further Pinpoint Speculation for AD Study
	 In further studies, there are several questions to be raised,  
including how to apply AD-associated factors newly identified in  
laboratory research into clinical applications? What are the important 
genes to be targeted and how can clinical output be quickly obtained 
using the selected target genes? Are the biomarkers or hub genes  
gradually revealed in AD truly important for therapeutic approaches?  
Before we can answer these questions, we suggest one piece of the  
puzzle to move AD studies forward: our significant findings  
concerning the ALDH1 enzyme.

	 In previous studies, ALDH1 (EC 1.2.1.3) was detected as  
being significantly downregulated in AD, and this metabolic enzyme 
was thought to somehow deeply associate with AD disease [55,56].  

Figure 2: AD pathologic processes with associated factors.

Genetic background may accelerate or trigger AD occurrence when matched with environmental factors. The principle inducers are itching and inflammation, which 
are associated with outer allergens or microbial infections. For most AD patients, serious scratching disrupts skin barrier function, and this exacerbates the severity 
of AD. Clinically, some AD patients also have asthma and allergic rhinitis. Our recent unpublished data suggest that AD genes are also involved with pigmentation, 
which may occur downstream of the AD pathologic process.
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Among the profiled genes/proteins, ALDH1 could be one of the most 
promising target enzymes for obtaining insight into AD. To elucidate  
the mechanisms, our group recently conducted a siRNA OMICS  
integration study to identify the role of ALDH1 keratinocytes. 
The marked decrease in ALDH1 expression levels in both ADE 
and ADI patients seen in that study may provide new factors for  
understanding the pathogenesis of AD, which can help clarify the 
identities of the metabolic enzymes involved in the development of 
AD far beyond simple immunologic aspects. ALDH1 is the second 
enzyme involved in the metabolism of alcohol. The classical function  
of this enzyme is to catalyze the conversion of acetaldehyde into 
acetic acid in the alcohol metabolism pathway, along with ADH, 
ALDH2, and catalase. However, the isoenzyme ALDH2 actually plays 
a more important role than ALDH1 in acetaldehyde metabolism,  
predominantly in the mitochondrial matrix, while ALDH1 is  
cytosolic. Therefore, ALDH1 is believed to have more varied roles, 
which have been revealed recently: ALDH1 was proposed as a 
marker for cancer stem cells [57,58] and including lung cancer [59], 
breast cancer [60], colon cancer [61], and pancreatic cancer [62]. 
ALDH1 also oxidizes retinol to retinoic acid that was involved in the  
developing retina [63] and, also plays an important role in  

adipogenesis [64]. Besides, it has reported that ALDH1 appeared to be 
decreased in the substantia nigra in Parkinson’s disease patients and 
also in the ventral tegmental area in schizophrenic patients [65,66]. 
It was suggested that the low expression levels of ALDH1 correlated 
with the dysfunction of the dopamine neurons. These studies appear  
to indicate that ALDH1 may possess additional physiological  
functions that are related to disease.

	 Obviously, if the role of ALDH1 was restricted to alcohol  
degradation, ALDH1 may seem less important than ALDH2; however, 
ALDH1 appears to function in additional pathways other than alcohol 
metabolism such as allergic diseases and various types of cancers. A 
more complete view of the many functions of ALDH1 is gradually  
being revealed; these functions appear to extend beyond the  
classical functions of ALDH1. In this regard, it is extremely  
interesting to consider the role of ALDH1 in skin cells, as well as 
the role of ALDH1 in the pathogenesis of AD. Therefore, the exact 
role of ALDH1 in the pathogenesis of AD and the downregulation  
phenomenon require further study.

Concluding Remarks
	 To cope with the rapidly increasing number of AD patients,  
making specific diagnoses and administering case sensitive  

Figure 3: The hub gene YWHAE detected in tyrosinase-induced pigmentation.

(Left) overlapping of PSIMAP and PEIMAP. (Right) PEIMAP. Labels with red or blue indicate hub proteins. The methodological conditions were the same as for 
Figure 1. Green circles indicate YWHAE location.
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treatments are important. Regardless of the various approaches, 
quick and specific treatment methods for AD patients are currently  
lacking. Therefore, HTS-based OMICS integration approaches 
could help researchers gain additional insights and could reveal new  
pieces of the AD pathogenesis puzzle. In this review we suggested new 
AD-associated factors based on previous reports (ALDH1, YWHAE, 
SFN, C1R, TNC, BARD1, SEMA4F, and LPA) as hub genes. The  
functions of most of these hub genes have not been well reported in 
AD or in the pathogenesis of other diseases. Although we did not  
suggest a direct role or utility of any hub gene that appears to be  
important in AD, we did provide hub genes to be targeted in further 
trials of AD diagnostic markers and/or treatment.
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