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Atopic dermatitis (AD) is a chronic and relapsing inflammatory skin disease, generally the 
first clinical manifestation of atopy and the start of atopic march. Effective treatment of AD 
could potentially interrupt the progression of atopic march. MicroRNAs (miRNAs), a recently 
described class of gene expression regulators in inflammatory conditions, affect expression 
of numerous proteins. The role of miRNAs has been investigated in several atopic conditions, 
including asthma, eosinophilic esophagitis, allergic rhinitis as well as atopic dermatitis. 
They have been shown to be involved in the morphogenesis of skin. The therapeutic effects 
of inhibition or overexpression of miRNAs have been demonstrated in murine models. 
Considering their role as master switches of complex cellular processes, they could be potential 
therapeutic targets for inflammatory skin conditions including atopic dermatitis. MiRNAs can 
be detected in different cell-free body fluids, such as serum, plasma, urine and saliva, raising 
the obvious question whether they can be used as biomarkers of disease. This review article 
summarizes what is known so far abut miRNAs and atopic dermatitis.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic and relapsing 
inflammatory skin disease. It is generally the first 
clinical manifestation of atopy and the start of atopic 
march[1,2]. Atopic march refers to the phenomenon 
of progression of atopic dermatitis to asthma and 
allergic rhinitis[3,4]. The defective skin barrier in patients 
with AD might allow allergen exposure through the 
epidermis initiating systemic allergen sensitization 
leading to development of food allergy and asthma[4]. 
Therefore, effective treatment of AD could potentially 
interrupt the progression of atopic march. A deeper 

understanding of the pathogenesis of this condition 
could provide tools for early intervention. The 
pathogenesis of AD is complex, involving genetic 
predisposition with a strong influence of innate and 
adaptive immune responses, as well as environmental 
factors[5]. Interplay between genetic and environmental 
factors leading to skin barrier dysfunction drives the 
natural history of the disease[5]. Specifically, Th2 and 
Th22 pathways, along with inflammatory cytokines 
and mediators are implicated[6].

Inflammation in atopic dermatitis is biphasic: an initial 
Th2 phase precedes a chronic phase in which Th0 
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and microbe invasion, release AMPs which in turn limit 
penetration of microbes and allergens. Keratinocytes 
from skin of patients with AD may not produce 
enough AMPs to control Staphylococcus aureus and 
viral replication, predisposing these patients to S. 
aureus and viral infections. The Th2, Th22 and TH17 
cytokine pathways are associated with the acute 
lesions of AD [6]. In patients with chronic disease, 
there is intensification of these pathways along with 
appearance of a significant Th1 component[6].

A recently described class of gene expression 
regulators in inflammatory conditions is short single-
stranded RNA molecules termed microRNAs 
(miRNAs)[20]. MiRNAs, which are 19-25 nucleotides 
in length, cause gene silencing through degradation 
of target RNAs or inhibition of translation. Since 
each miRNA can have hundreds of target genes, 
together miRNAs can affect expression of numerous 
proteins[20]. It is estimated that miRNAs collectively 
inf luence approximately 30% of genes [21]. The 
importance of miRNAs is evidenced by the fact that 
deletion of Dicer enzyme, required for maturation of 
precursor miRNA is lethal in mice[22]. They have been 
shown to be key regulators in early development, 
proliferation, stress response and apoptosis[23]. They 
have been implicated in the pathogenesis of cancer, 
developmental abnormalities and cardiovascular 
diseases [24]. Not only does each miRNA target 
hundreds of genes, the individual genes are targeted 
by several miRNAs adding to the complexity of these 
interactions. MiRNAs are, therefore, well positioned to 
affect allergic inflammatory pathways. Their role has 
been investigated in asthma, eosinophilic esophagitis, 
allergic rhinitis as well as atopic dermatitis. They have 
been implicated in the morphogenesis of murine 
skin [25]. Murine disease models have shown the 
therapeutic effects of inhibition or overexpression of 
miRNAs, thus making them potential therapeutic and 
diagnostic candidates. 

The importance of miRNAs in skin development is 
underscored by the fact that their global ablation 
by targeting Dicer 1 prevents hair follicles from 
invaginating, disrupting the epidermal morphology[25,26]. 
M iR-203 has been ident i f ied  as  a  sk in  and 
keratinocyte specific miRNA. Its expression is higher 
in the suprabasal layers compared to the basal 
layer[26]. It can induce keratinocyte differentiation. Its 
critical role in epidermal morphogenesis is supported 
by the observation that overexpression in mice results 
in a thinner epidermis and decreased proliferation[27]. 
MiR-203 directly targets p63 which is critical to the 
development of epidermis [28]. p63 is an essential 

cells and Th1 cells predominate[7]. The Th2 cytokines 
interleukin (IL)-4, IL-5 and IL-13 predominate in acute 
lesions, and in chronic lesions, there is increase of 
interferon-γ (IFN-γ) and IL-12[7]. There is a complex 
interaction between the keratinocytes and T cell 
subpopulations, and their respective cytokine milieu. 
There are numerous T cells in the skin, approximately 
106 memory T cells per square cm of body surface 
area. Keratinocytes in eczema skin produce high 
levels of thymic stromal lymphopoietin (TSLP) that 
signals dendritic cells to drive Th2 polarization [7]. 
Th17 T cells are a subset of memory CD4+ T cells 
that produce IL-17A and IL-17F[8]. Higher Th17 cell 
count has been shown to be crucial to development 
of initial Th2-related phase, while reduced levels 
are seen in the chronic Th-1 mediated phase[9]. IL-
17 is a proinflammatory cytokine highly expressed 
in acute AD, but barely detectable in chronic AD. 
It has been described as a master regulator of 
antimicrobial peptides (AMPs)[10]. Low levels of IL-17 
in the chronic phase of AD correlate with higher risk of 
cutaneous super infections[11]. Th22 cells have been 
characterized recently as IL-22-producung T cells[12]. 
IL-22 which is the prototypical Th22 cytokine is highly 
expressed in AD. High levels of chemokine ligand 
(CCL) 27 can be found in chronic AD lesions[13]. This 
chemokine has been shown to induce homing of Th22 
cells in lesional AD skin. IL-22 is a member of the IL-
10 cytokine family. It also induces AMP production, 
although less efficiently that IL-17. It is responsible for 
epidermal hyperplasia and downregulates filaggrin 
expression[14]. 

The “outside-in” hypothesis proposes that the defective 
barrier allows penetration of allergens and microbes 
into the skin of patients with AD[5]. At the opposite 
end of the debate, the inside-out hypothesis proposes 
a polarized immune response being the cause of a 
defective skin barrier[5]. A strong association has been 
established between loss-of-function mutations in skin 
barrier gene encoding filaggrin (FLG) and AD[15,16]. Up 
to a 40% of patients with AD have FLG mutations[17]. 
The barrier defect in AD patients with FLG mutations 
promotes enhanced allergen penetration leading to 
increased production of TSLP by keratinocytes. This 
in turn leads to a Th2-type milieu. In fact, TSLP has 
been called a “master switch for allergic inflammation”. 
Aside from FLG, loss-of-function mutations in serine 
protease inhibitors (e.g. SPINK5) are associated 
with epidermal barrier dysfunction through increased 
Th1 responses [18].  Innate pat tern recognit ion 
receptors such as Toll-like receptors are expressed 
on keratinocytes and antigen-presenting cells in the 
skin[19]. The TLRs, when stimulated by tissue injury 
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regulator of stem cell maintenance in stratif ied 
epithelial cells. Wei et al found that p63 and miR-203 
have mutually exclusive expression pattern within the 
epidermis during human skin development[29]. MiR-
203 directly represses the expression of p63 [Figure 1]. 
It has been suggested that miR-203 def ines a 
molecular boundary between the proliferative basal 
layer and differentiating suprabasal layers. Premature 
expression of miR-203 can cause repression of p63[27]. 
Moreover, miR-203 affects the post-translational 
expression of suppressor of cytokine signaling-3 
(SOCS-3), which is a negative regulator of Janus 
kinase/signal transducer and activator of transcription 
(JAK/STAT) pathway[26]. There is compelling evidence 
that it induces cell-cycle exit and represses “stemness” 
in epidermal progenitors. In the following review, we 
have summarized what is known so far about miRNAs 
and AD.

MIR-155 IS OVEREXPRESSED IN SKIN OF 
PATIENTS WITH AD 

MiR-155 represents a typical multifunctional miRNA 
with crucial role in a variety of physiological and 
pathological processes such as hematopoietic lineage 
differentiation, immunity, inflammation, cancer and 
cardiovascular diseases[30]. It was the first microRNA 
to be studied in miR-deficient mice, establishing its 
pleiotropic effects on dendritic, T cells and B cells. 
Multiple studies have established a critical role of 
miR-155 in T cell differentiation. It has been shown 
to indirectly promote Th1 polarization. It has been 
suggested that miR-155 promotes Th1 only in the 
absence of Th2 polarizing cytokines [31]. It targets 
c-Maf, a transactivator of IL-4 promoter to attenuate 
Th2 pathway[32]. Dicer is a nuclease essential to miR 
biogenesis, the deficiency of which in CD4+ T cells 
leads to diminished proliferation and increased cell 
death upon activation[33]. CD4+ T cells deficient in Dicer 

are predisposed to differentiation into IFN-γ producing 
Th1 cells. MiR-155 is the only miR known to influence 
CD4+ T cell differentiation, via known targets SOCS-
1 and c-Maf. Banerjee et al.[33] showed that miR-155 
over-expression favored CD4+ T cell differentiation 
towards Th1 pathway while its antagonism biased the 
cells towards Th2 differentiation. 

Global miRNA expression in healthy and lesional 
skin of patients with atopic dermatitis was compared 
by using TaqMan microRNA low density arrays by 
Sonkoly et al.[34]. They identified 44 miRNAs that were 
significantly differentially expressed in AD lesions. Of 
these, 34 were downregulated and 10 were upregulated 
compared to healthy skin. The miRNA with the highest 
overexpression was miR-155. MiR-155 is known to be 
involved in carcinogenesis, immune cell development 
and regulation of innate and adaptive immune 
responses [35]. Further analysis of healthy human 
organs and tissues revealed high levels of expression 
of miR-155 in thymus, spleen and lung (organs rich in 
immune cells). Healthy skin had relatively low levels of 
expression of miR-155 compared with other organs. 
Further analysis of a panel of cells present in healthy 
skin, inflamed skin or both revealed expression in T 
cells, dendritic cells, fibroblasts and mast cells, which 
have all been implicated in the pathogenesis of chronic 
skin inflammation. Immunohistochemical staining and 
phenotyping established that CD4+ cell population 
was the largest in both atopic dermatitis and control 
skin, followed by dendritic cells. It was concluded that 
CD4+ T cells (TH cells) were major contributors to 
the increased expression of miR-155 in patients with 
AD[34]. Furthermore, miR-155 was found to be involved 
in TH cell activation and differentiation. Moreover, 
quantitative real-time PCR analyses showed that miR-
155 mRNA was significantly induced after exposure to 
staphylococcal superantigen. Staphylococcus aureus 
colonizes the skin of 90% of patients with AD and 

Figure 1: Role of miR-203 in skin development (red arrows indicate inhibitory effect)
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represents a trigger factor for skin inflammation. Dust 
mite exposure via atopy patch testing with dust mite 
allergen also led to increased miR-155 levels after 48 h 
of allergen exposure[34]. Furthermore, CTLA-4, a major 
inhibitory molecule of T-cell responses was identified 
as a novel target of miR-155, demonstrating that miR-
155 regulates the proliferation of TH cells. Blockade 
of CTLA-4 has been shown to enhance allergic 
sensitization and eosinophilic airway inflammation in 
genetically predisposed mice with increased eosinophil 
numbers, IgE levels and IL-13 levels[36]. The successful 
treatment of chronic inflammatory diseases by the 
CTLA-4-immunoglobulin fusion protein abatacept is 
evidence of its ability to efficiently inhibit inflammatory 
responses [37]. MiR-155-mediated suppression of 
CTLA-4 expression appears to be crucial in the 
pathogenesis of AD, making miR-155 a promising 
target for therapeutic intervention. The multifunctional 
role of miR-155 is summarized in Figure 2.

MIR-146A EXPRESSION IS INCREASED IN 
KERATINOCYTES IN AD

Another microRNA that has been shown to play a 
key role in the inflammatory process of AD is miR-
146a. Leukocyte-rich organs such as thymus and 
spleen had high expression of miR-146a, as opposed 
to healthy skin, indicating the infiltrating leukocytes in 
eczematous and psoriatic skin express mi-R146a[38]. 
Skin inflammation in AD is complicated with secondary 
infections, such as Staphylococcus aureus that lead 
to activation of the nuclear factor kappa B (NF-kB) 

pathway in keratinocytes[19,39]. The expression of miR-
146a is dependent on NF-kB. It moreover, suppresses 
the NF-kB signaling pathway through targeting of IL-1 
receptor-associated kinase 1 (IRAK1), TNF receptor-
associated factor 6, v-rel avian reticuloendotheliosis 
viral oncogene homolog B (RELB), and caspase 
r e c r u i t m e n t  d o m a in - c o n t a i n i n g  p r o te i n  10 
(CARD10) [38,40-43]. MiRNA-146a may, therefore, be 
involved in a negative feedback mechanism of 
TNF-α signaling pathway. Mice deficient in miR-
146a have been shown to spontaneously develop 
autoimmunity due to activation of NF-kB [43,44]. 
Rebane et al.[45] showed that the level of miR-146a is 
increased in keratinocytes from patients with AD. MiR-
146a upregulation was associated with inhibition of 
numerous proinflammatory factors, including IFN-γ-
inducible genes. IFN-γ induces expression changes 
of thousands of genes in keratinocytes [14]. MiR-
146a was found to downregulate 410 genes in IFN-
γ-stimulated keratinocytes pointing to a strong anti-
inflammatory effect of this microRNA in chronic AD 
in this study[45]. Enhanced expression of NF-kB-
dependent miR-146a in lesional and nonlesional 
skin of patients with AD has been demonstrated as 
well[38]. Its expression is increased in skin of patients 
with psoriasis also supporting the assumption that 
this is a general characteristic of inflammation in 
skin[26]. The anti-inflammatory function of miR-146a 
in the skin is thought to involve targeting of NF-kB 
pathway activating elements CARD10 and IRAK1, 
and suppression of IFN-γ-inducible genes CCL5, 
CCL8 and ubiquitin D (UBD)[45]. CARD10 and UBD 
could be novel factors linking the IFN-γ and NF-kB 

Figure 2: Multifunctional role of miR-155 (red arrows indicate inhibitory effect). gAD: atopic dermatitis; IFN-g: interferon-g; IL-4: interleukin-4
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pathways. CCL5 and CCL8 are known to attract T 
cells, macrophages and eosinophils[46,47]. Figure 3 
summarizes the above information on role of miR-
146a in skin inflammation. Considering the important 
role of miR-146a in suppression of innate immune 
responses in keratinocytes, its overexpression may 
have a potential role in treatment of AD and other 
inflammatory skin conditions. The success of TNFα 
blockers in treatment of psoriasis leads us to believe 
that miR-146a could be a novel therapeutic target 
as well. 

MIRNAS IN SERUM AND URINE

MiRNAs have been found in serum and plasma, 
urine, tears and amniotic fluid making them promising 
biomarkers for various diseases [48,49]. Lv et al.[50] 

performed a genome-wide miRNA profiling in serum 
and urine of children with AD. The study confirmed 
stable expression of miRNAs in serum and urine. Ten 
serum miRNAs and 17 urinary miRNAs were identified 
as significantly differentially expressed between 
children with AD and controls. MiR-483-5p and miR-
205 were upregulated in both serum and urine in 
children with AD compared to controls. Patients with 
higher IgE levels had significantly higher expression 
of miR-203 and miR-483-5p in serum compared 
to controls. MiR-483-5p in serum was found to be 
significantly associated with other atopic conditions 
such as rhinitis and/or asthma, reflecting the multi-
organ/tissue involvement of atopic conditions. MiR-203 

was upregulated in serum but was markedly decreased 
in urine of children with AD[50]. Patients with higher 
IgE levels in serum had significantly lower expression 
of miR-203 in urine, but higher expression in serum 
compared to controls. This contrary phenotype of miR-
203 could due to its expression from other organs 
such as the esophagus. MiR-203 has previously 
been identified as a keratinocyte-specific miRNA 
overexpressed in psoriasis[26]. Serum levels of miR-
205 have been found to be significantly lower among 
patients with lupus compared to controls, and are 
thought to positively correlate with renal function[49]. 
It was, moreover, demonstrated that upregulated 
miR-203 in serum was significantly associated with 
expression of sTNFRI and sTNFRII. However, neither 
sTNFRI nor sTNFRII were shown to be the direct 
downstream targets of miR-203. 

Sonkoly et al.[26] have also described a specific miRNA 
expression profile for psoriasis. They performed 
a comprehensive analysis of all human miRNAs 
registered in mirBase 8.0 in skin lesions of patients 
with psoriasis and compared it to expression in healthy 
skin and lesional skin of patients with AD. Increased 
psoriasis-specific overexpression of miR-203 and 
miR-146 was detected. MiR-21 was significantly 
upregulated in both psoriasis and AD, compared 
to healthy skin. A target of miR-203 is suppressor 
of cytokine signaling (SOCS-3) which has a role in 
inflammatory responses and keratinocyte functions. 
The upregulation of miR-203 was found to be 
associated with down-regulation of SOCS-3[26]. On the 

Figure 3: Role of miR-146a in inflammation in atopic dermatitis (red arrows indicate inhibitory effect). AD: atopic dermatitis; IFN-g: 
interferon-g; IL-4: interleukin-4; NF-kB: nuclear factor kappa B
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contrary, the expression of miR-125b was decreased 
significantly in both psoriasis and AD [26]. Another 
interesting observation in that study was that miR-
203 was expressed more than 100-fold higher in skin 
compared to other organs, including esophagus and 
cervix that contain squamous epithelium. However, 
mature forms of miR-146a, miR-21 and miR-125b were 
detectable in all studied organs. A synopsis of the 
major miRNA players in atopic dermatitis is provided 
in Table 1.

Since their discovery in mammalian cells approximately 
10 years ago, the role of miRNAs in immune system 
has been extensively studied. MiRNAs can be 
detected in different cell-free body fluids, such as 
serum, plasma, urine and saliva. This obviously raises 
the question whether serum miRNAs can be used as 
biomarkers of disease. Numerous studies have shown 
that miRNAs can be used as diagnostic as well as 
prognostic markers in various cancers, tissue injury 
and inflammation. The connection between miRNAs 
and allergic inflammatory conditions such as asthma, 
allergic rhinitis and eosinophilic esophagitis is being 
extensively investigated. Only a few studies have 
delved into the role of miRNAs in atopic dermatitis. 
While we are learning about the expression profile 
of miRNAs in inflammatory skin conditions and their 
impact on inflammation, the question that needs to 
be answered is what drives this aberrant expression. 
Considering their role as master switches of complex 
cellular processes, they could be potential therapeutic 
targets for inflammatory skin conditions including 
atopic dermatitis. A potential challenge with biological 
treatments is the inbuilt redundancy in signaling 
pathways which al lows natural compensation 
of effects of biologics targeting single genes or 
proteins. MiRNAs, however, target multiple genes 
simultaneously, hence, may offer an opportunity to 
modulate the functioning of whole pathways rather 
than individual components. With accumulating 
knowledge about the role of miRNAs in inflammation, 
along with development of safe, effective and specific 
methods of miRNA delivery systems, these novel 

gene expression regulators could potentially be used 
as personalized therapeutics in the near future. 
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