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Abstract. – OBJECTIVE: Reliable biomarkers 
are required for clinical use in atopic dermati-
tis (AD). MicroRNAs are mediators of post-tran-
scriptional gene silencing, and specific expres-
sion patterns are being characterized in AD. To 
assess whether microRNAs could be useful bio-
markers for clinical use in patients with AD.

MATERIALS AND METHODS: Systematic re-
view of all articles identified in SCOPUS and 
PubMed through the PRISMA statement. Litera-
ture was summarized in narrative form and re-
sults are presented per category.

RESULTS: From a total of 118 identified refer-
ences 11 manuscripts were included for qualita-
tive analysis, after selecting them according to 
the eligibility criteria. An aberrant expression of 
microRNAs characterizes AD, which facilitates T 
cell polarization towards a Th17 phenotype, es-
pecially miR-155. There is also altered regula-
tion of Th1/Th2 phenotypes by overexpression of 
miR-151a. The aberrant keratinocyte function ob-
served in AD could also be due to altered expres-
sion of microRNAs, specifically miR-146a, miR-
143 and miR-29.

Finally, miR-203 may reflect the extent of inflam-
mation in AD, in parallel with the tumor necrosis 
factor pathway and immunoglobulin E levels.

CONCLUSIONS: MicroRNAs are easily identi-
fiable molecules in a variety of cells and body 
fluids that may be useful as diagnostic (miR-155 
and miR-146a) and disease severity (miR-203) 
biomarkers in patients with AD.
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Introduction

Atopic dermatitis (AD) is a chronic, relapsing 
inflammatory skin disorder, commonly associ-
ated with asthma and allergic rhinitis1. Its prev-
alence is estimated to be 10% to 30% in children 
and 2% to 10% in adults, and predominantly af-

fects individuals living in industrialized and ur-
ban areas1,2. Its pathophysiology remains elusive, 
although it appears to be the result of complex in-
teractions between genetic factors, environmen-
tal triggers and immunological mechanisms3. In-
deed, abnormalities in the production of filaggrin, 
ceramides and antimicrobial peptides cause skin 
barrier dysfunction, resulting in transepidermal 
water loss, dry skin and changes in the pH of the 
skin’s surface. A deregulated skin barrier facili-
tates the penetration of allergens and pathogens, 
which eventually triggers inflammation. From an 
immunologic point of view, AD is characterized 
by a biphasic pattern, with T helper 2 (Th2)-type 
immune responses in acute skin lesions that in-
clude the production of cytokines, such as in-
terleukin 4 (IL-4), IL-5 and IL-13, while a shift 
towards a Th1 response is found in chronic skin 
lesions, which is dominated by the production of 
interferon gamma (IFN-g) and IL-12. Newer data 
suggest that all types of T cells may be expanded 
over time, and there may be a highly diverse rep-
ertoire with activation of Th17 and Th22 pheno-
types, in addition to the aforementioned Th1 and 
Th2 responses. Finally, there is a characteristic 
production of chemoattractant molecules such as 
the chemokines C-C motif ligand 17 (CCL17) and 
22 (CCL22), which play an important role in the 
eczematous reaction4. 

Recently, microRNAs (miRNA or miR) have 
emerged as key mediators of post-transcription-
al gene silencing in inflammatory diseases, of-
ten called inflamma-miR. MiRNAs are unique 
non-coding RNA chains, of approximately 22 to 
25 nucleotides, capable of negatively modulating 
gene expression by binding to the 3´ non-cod-
ing region (UTR) of multiple messenger RNAs 
(mRNA), which leads to degradation or trans-
lational repression of those mRNAs. Although 
miRNAs do not deactivate the expression of their 
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target genes, they reduce the number of mRNAs 
and proteins. The influence of a specific miRNA 
on the expression of a single mRNA may go un-
noticed; however, because miRNAs are directed 
towards several mRNAs of the same pathway, a 
single miRNA can have a critical influence on a 
complete pathway. Since each miRNA may have 
hundreds of gene targets, they are able to modu-
late the production of a large amount of proteins. 
Among the functions regulated by different miR-
NAs are processes of differentiation, proliferation 
and activation of both keratinocytes and T cells5.

Several miRNAs play a role in crosstalk be-
tween keratinocytes and immune cells, and a 
differentiated expression of miRNA profiles be-
tween patients with AD and healthy individuals 
has already been described. However, the mea-
surement of miRNAs as biomarkers that may re-
flect the diagnosis and disease activity are not yet 
in clinical use. An adequate understanding of the 
role of miRNAs in AD may lead to the clarifica-
tion of new pathogenic pathways and to develop 
useful knowledge in the fields of diagnosis and 
therapy. The objective of this study was to sys-
tematically review studies investigating the clini-
cal role of miRNAs in patients with AD.

Materials and Methods

We searched all indexed articles in the SCO-
PUS and PubMed (MEDLINE) databases using 
the Medical Subject Heading (MeSH) “microR-
NAs” and “atopic dermatitis”, while the key-
words “atopic”, “dermatitis”, “microRNA” and 
“miRNA” were also used. In all searches we 
used “AND” as the Boolean operator. A single 
researcher (RTH-R) performed all electronic 
searches between December 1 and 8, 2018, with 
language restriction to English and Spanish, with-
out a publication date limit and including studies 
from the inception and until November 30, 2018. 
Any original study that examined, in humans, the 
role of miRNAs in AD was included. We ruled 
out review articles and book chapters. We import-
ed citations into the Excel program (Microsoft 
Office 97 for Windows) and manually deleted du-
plicated items. In the analysis of the manuscript 
title, all articles that satisfied the following were 
included: 1) studies that included patients with 
AD, and 2) studies with miRNA analysis in AD. 
In the abstract screening, those studies in which 
there was no analysis of any miRNA in AD were 
excluded. Finally, in the analysis of the full text, 

we excluded those manuscripts in which the role 
of at least one miRNA in humans with AD had 
not been studied. The systematic review was 
carried out under the principles of the Preferred 
Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) statement.

Since the present study did not include exper-
imental subjects or identifiable private informa-
tion, the protocol was not reviewed by the Local 
Ethics Committee.

Results 

A total of 118 references were identified (96 
from SCOPUS and 22 from PubMed). After re-
moving 27 duplicates, 91 articles were eligible for 
title and abstract screening. Seventy-nine articles 
were eliminated during this phase and 12 articles 
were eligible for full-text reading. An additional 
article was excluded after full-text reading due to 
lack of data, and 11 articles were finally included 
in qualitative analysis. The flow chart is presented 
in Figure 1, while Table I summarizes the main 
studies and their findings.

Discussion

MiR-155
The miR-155 is an endogenous non-coding 

RNA of approximately 22 nucleotides, on chromo-
some 21q21.26. A study on skin biopsies showed 
the existence of miR-155 overexpression during 
activation and differentiation of T cells in patients 
with AD. MiR-155 upregulation was associated 
with decreased levels of cytotoxic T-lympho-
cyte antigen 4 (CTLA-4), an important negative 
regulator of T cell activation that contributes to 
development of chronic skin inflammation7. The 
miR-155 is a proinflammatory factor in epithelial 
cells and a regulator of apoptosis by modulating 
CTLA-4, favoring the chronic induction of Th1 
type responses in AD8,9. An interesting study in 
AD patients who did not received immunosup-
pressive drugs or desensitization therapy reported 
increased Th17 cells percentage, miR-155 expres-
sion, retinoic acid-related orphan receptor gamma 
t (RORγt) mRNA expression and IL-17 mRNA 
expression and plasma concentration in AD; con-
versely, mRNA expression and plasma concen-
tration of the suppressor of cytokine signaling 1 
(SOCS1) was decreased10 . In addition, positive 
correlations were found between miR-155 expres-
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sion and disease severity, Th17 cells percentage, 
RORγt mRNA expression and IL-17 mRNA ex-
pression and plasma concentrations.

Thus, miR-155 is overexpressed in AD and it 
may play an important role in the differentiation 
and functioning of Th17 cells by directly inhib-
iting SOCS1 activity. It is likely that miR-155 
facilitates the activation and tissue infiltration 
by eosinophils in AD and other diseases such as 
asthma, reinforcing its participation in the patho-
physiology of allergic diseases5. Besides its role as 
inflamma-miR, miR-155 can act as an onco-miR, 
favoring cell proliferation in processes such as cu-
taneous T cell lymphoma11.

MiR-223
A study12 sought for the expression of miR-223 

in relation to prenatal exposure to tobacco smoke 

and the development of AD. The authors report-
ed a relationship between miR-223 and elevated 
concentrations of urine cotinine (a marker used to 
measure exposure to tobacco). This miRNA was 
suggested to induce alterations in the fetal im-
mune system, generating a higher susceptibility 
for the development of AD in children exposed in 
utero to tobacco smoke.

MiR-483-5p
The miR-483-5p modulates fibrogenesis 

through the regulation of collagen homeostasis. 
An analysis of serum and urine samples from 
AD patients found an association between high 
levels of serum miR-483-5p and elevated levels 
of immunoglobulin E and soluble type I (TN-
FRI) and type II (TNFRII) receptors for tumor 
necrosis factor8.

Figure 1. Flow chart of study selection according to the PRISMA statement.
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MicroRNA Tissues 
or body fluid

Suggested 
target

Main finding Reference

miR-151a Plasma and 
serum

IL12RB2 Suppression of Th1 response with a shift towards Th2 
response by inhibiting the expression of the il12rb2 
gene.

Chen et al14

miR-155 Plasma, skin SOCS1 Elevated miR-155 expression was found in AD, and 
its levels correlated with disease severity, Th17 cells 
percentage, ROR-gt and IL-17 levels. The decrease in 
SOCS1 activity resulted in elevated levels of ROR-gt, 
which in turn resulted in an enhanced Th17 response.

Ma et al10

Skin, 
peripheral
blood cells

CTLA-4 miR-155 expression was upregulated in chronic skin 
lesions, predominantly in infiltrating immune cells. 
Overexpression of miR-155 in T cells resulted in de-
creased CTLA-4 levels and increased proliferative 
responses.

Sonkoly et al7

Skin CTLA-4 The level of miR-155 expression distinguishes AD 
patients from those with mycosis fungoides and cu-
taneous T-cell lymphoma, suggesting a relevant role 
for miR-155 as a regulator of cell proliferation in neo-
plastic processes (onco-miR). 

Ralfkiaer et al11

miR-223 Maternal 
and cord 
blood

FOXP3 Maternal exposure to tobacco smoke during pregnan-
cy correlates with the level of miR-223 expression 
in both maternal and cord blood. High expression of 
miR-223 was associated with a decrease in the num-
ber of regulatory T cells in maternal and cord blood. 
Children with low regulatory T cells at birth had an 
increased risk of AD during the first 3 years of life. 

Herberth et al12

miR-483-5p Serum 
and urine

MKNK1 MiR-483-5p was upregulated in serum of AD chil-
dren, and its level was associated with other atopic 
conditions (rhinitis and asthma).

Lv et al8

miR-203 Serum 
and urine

SOCS-3, TNF, 
IL-24

MiR-203 was upregulated in serum from children 
with AD, in association with increased serum levels 
of tumor necrosis factor receptor I (TNFRI) and II 
(TNFRII).
MiR-203 was downregulated in the urine of children 
with AD, and this was inversely associated with ab-
normal serum IgE levels.

Lv et al8

Skin MiR-203 expression was higher in skin samples from 
AD patients compared to samples from patients with 
mycosis fungoides.

Ralfkiaer et al11

miR-29b Skin, serum BCL2L2 MiR-29b was significantly upregulated in lesional 
skin and sera from AD patients, and miR-29b levels 
correlated with AD severity. Furthermore, miR-29b 
was critically involved in the apoptosis of keratino-
cytes by a mechanism dependent on the bcl2l2 gene. 

Gu et al16

miR-146a Skin NF-kB,
IRAK1,
CARD10

MiR-146a expression is increased in keratinocytes 
and chronic lesional skin from AD patients. In addi-
tion, miR-146a inhibited the expression of inflamma-
tory molecules such as ubiquitin D, CCL5 and CCL8 
chemokines in keratinocytes.

Rebane et al18

miR-143 Skin IL-13Rα1 MiR-143 suppresses IL-13-dependent activity and in-
flammation through targeting IL-13Rα1 in epidermal 
keratinocytes, thereby modulating the production of 
epidermal barrier proteins such as filaggrin, loricrin, 
and involucrin.

Zeng et al17

Table I. Main studies on deregulated microRNA in atopic dermatitis (AD).
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MiR-203
Activation of keratinocytes results in the pres-

ence of miR-203, whose main target gene is the reg-
ulator of cytokine production SOCS-313. Analysis in 
children with AD showed increased serum miR-203 
levels, with a parallel response of the concentrations 
of TNFRI, TNFRII and immunoglobulin E. How-
ever, miR-203 was significantly decreased in the 
urine of AD children compared with healthy chil-
dren, and urine miR-203 levels were significantly 
associated with abnormal serum immunoglobulin 
E levels. This suggests that urine miR-203 levels 
may be a useful biomarker to reflect the severity 
of inflammation in AD8. Recently, Ralfkiaer et al11 
compared the expression of miR-203 in skin biop-
sies from patients with AD, early fungoid mycosis 
and advanced cutaneous T-cell lymphoma. Notably, 
the authors observed that miR-203 was upregulated 
in AD and downregulated in fungoid mycosis and 
cutaneous lymphoma, suggesting a tumorigenesis 
suppressing effect for miR-203.

MiR-151a
An elegant study conducted in plasma and 

blood cell samples from 500 patients with AD 
and 200 healthy controls described that miR-
151a is differentially expressed in the plasma of 
patients with AD. In transfected T cells, miR-
151a was found to regulate the expression of the 
IL-12 receptor (IL12RB2) by targeting two loci 
in the 3’ untranslated region of the il12rb2 gene. 
Overexpression of miR-151a causes a decrease 
in the Th1 phenotype while favoring the Th2 
response, a characteristic phenomenon of the 
chronic phase of AD14. 

 
MiR-29b

The miR-29b is predominantly located in the 
nucleus, acting as an element that directs nucle-
ar functioning and is characteristically expressed 
at low levels, except in mitotic cells15. An exper-
imental study16 identified that miR-29b is one of 
the most significantly upregulated miRNAs in 
skin lesions from patients with AD compared to 
healthy controls, and its expression is associated 
with the development of AD. Furthermore, silenc-
ing of miR-29b was found to inhibit the IFN-γ-
induced keratinocyte apoptosis, which could be 
attributed to the upregulation of its target gene, 
Bcl2L2. BCL2L2, as a member of the Bcl-2 fami-
ly, is one of the key regulators of apoptosis. These 
results suggest that keratinocyte apoptosis, which 
is typically seen in AD, might be mediated at least 
partially through the miR-29b/BCL2L2 axis.

MiR-143
Interleukin 13 is a key Th2 cytokine that has 

been shown to impair the function of the epithe-
lial barrier by inhibiting the production of several 
epidermal barrier proteins such as filaggrin, loric-
rin, and involucrin. In 2016, Zeng et al17 demon-
strated IL-13 as a potential target for miR-143, a 
miRNA known to be an important tumor sup-
pressor. In this study, the expression of miR-143 
was inhibited in human epidermal keratinocytes 
after stimulation with IL-13, while miR-143 was 
shown to negatively regulate the functioning of 
the IL-13 receptor (IL-13Ra1) by targeting its 3’ 
UTR. In addition, IL-13 inhibited the expression 
of filaggrin, loricrin and involucrin in human ke-
ratinocytes, while forced expression of miR-143 
eliminated the negative regulation induced by 
IL-13 on the production of epidermal barrier pro-
teins. Together, these data suggest that miR-143 
may suppress the inflammation induced by IL-13 
in keratinocytes5,17.

MiR-146a
In inflammatory skin conditions, CD4+ 

CD25high T cells, myeloid dendritic cells and mast 
cells express high levels of miR-146a. This abun-
dant expression suggests that miR-146a could 
play an important role in the functioning of regu-
latory T cells during skin inflammation13. In AD, 
expression of miR-146a is increased in keratino-
cytes and chronic lesional skin, and it may inhib-
it the expression of chemoattractant molecules, 
such as CCL5 and CCL8. Moreover, in vivo and 
in vitro experiments show that miR-146a-medi-
ated suppression in atopic skin inflammation oc-
curs by blocking the signaling of nuclear factor 
kB (NF-kB), a pivotal mediator of inflammatory 
responses in innate and adaptive immunity18.

Conclusions

AD is an inflammatory skin disease that dis-
plays a particular miRNA expression profile, 
which can lead to the development of novel dis-
ease markers and potential therapeutic targets. 
Acknowledging the absence of reliable markers 
for AD in clinical use, miRNAs are potential 
biomarkers since they are easily identifiable mol-
ecules in a variety of tissues, cells and body flu-
ids. Most of the miRNAs studied in AD may be 
useful as diagnostic markers, with a special focus 
on miR-155 and miR-146a; meanwhile, miR-203 
could be a marker of disease severity.
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