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MicroRNAs (miRNAs) are endogenous small non-coding RNA molecules that regulate the gene expression at a post-

transcriptional level and participate in maintaining the correct cell homeostasis and functioning. Different specific profiles

have been identified in lesional skin from autoimmune cutaneous diseases, and their deregulation cause aberrant control

of biological pathways, contributing to pathogenic conditions. 
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1. Introduction

MicroRNAs, also known as miRs or miRNAs, are small, highly conserved, non-coding RNA sequences that range from 19

to 25 nucleotides . In recent years, thousands of miRNAs have been discovered employing new advances in molecular

biology and bioinformatics, achieving relevance in translational research. miRNA biogenesis has been broadly

investigated to establish that most miRNAs are transcribed from DNA sequences in the nucleus by RNA polymerase II

(Pol II). Drosha, a member of the RNase III family, with protein DiGeorge syndrome critical region gene 8 (DGCR8),

constitute the microprocessor complex that cleaves the primary miRNAs to generate a 70-nucleotide sequence called

miRNA precursor . This is exported by exportin-5 to the cytoplasm and then processed by RNase III endonuclease

dicer. After processing, the terminal loop is removed resulting in a miRNA duplex that will be incorporated into the

argonaute (AGO) family of proteins. The directionality of the miRNA determines the name of the mature form. Both 5-p

and 3-p strands can be loaded into the AGO proteins; however, the selection of the 5p or 3p is based on the

thermodynamic stability at 5’ ends of the miRNA duplex or a 5’ U at nucleotide position 1. Usually, strands with lower 5’

stability or 5’ uracil are preferentially loaded into AGO and are named “guide strands”. The unloaded strand is called a

“passenger strand”, and it is degraded. After the miRNA duplex is unwound, it is incorporated into the RNA-induced

silencing complex (RISC), forming the minimal miRNA-induced silencing complex (miRISC), and then, the miRNA 20

nucleotide’s (nt’s) mature form is able to recognise and target complementary mRNA sequences (Figure 1).

[1]

[2][3]



Figure 1. MicroRNA (miRNA) biogenesis and regulation of gene expression. miRNAs are transcribed from the genome

into a pre-miRNA. The pre-miRNA is a smaller stem-looped structure that is transported from the nucleus to the cytoplasm

by Exportin 5. Once in the cytoplasm, it is cleaved by DICER and TRBP and results into a small mRNA duplex that is

around 20–25 nucleotides of length. The duplex is separated, and one of the strands is incorporated into the RISC,

formed by AGO member proteins. The mature miRNA is then generated and binds specifically the mRNA transcript by

complementary target recognition. The mRNA–miRNA union prevents the mRNA translation or leads into mRNA

degradation and subsequent gene silencing. AGO: argonaute protein family and RISC: RNA-induced silencing complex.

MicroRNAs can modulate the gene expression at the same cell where they are being synthetised, or they can be

secreted, enveloped in extracellular vesicles (EVs), transported from a parental cell to neighbouring cells and regulate

important biological functions in the recipient cells . Moreover, a single miRNA may have multiple target genes, and a

single gene may be targeted by multiple miRNAs , making them a powerful system for modulating and adjusting the

gene expression, as they approximately regulate around 60% of all the protein-coding genes .

miRNAs are involved in development, organogenesis, proliferation and apoptosis, among other cell processes . Under

normal physiological conditions, microRNAs are regulating correct cell functions. However, in disease, microRNAs may

change, inducing an altered gene expression that leads into an aberrant phenotype .

2. Role of miRNAs in the Skin Pathogenesis of Cutaneous Immune
Disorders

Skin is the largest organ in the human body, and its development and morphogenesis require a highly regulated and

undisrupted miRNA profile. miRNAs’ role in skin physiology is well-known , as they are involved in epidermal and

dermal proliferation, pigmentation, aging, wound healing, skin microbiome and skin immunity, among other processes .

Recent findings show that miRNAs have a role in skin carcinogenesis  and in the pathogenesis of chronic inflammatory

skin diseases, presenting lesional specific miRNA expression profiles that differ from healthy skin . A better

understanding of the role of miRNAs in autoimmune cutaneous diseases will enhance our knowledge of skin disease

pathology. In this section, the most important miRNAs associated with psoriasis, cutaneous lupus disease (CLE) and

atopic dermatitis (AD) are described with special emphasis on their role in the disease pathogenesis.

2.1. Psoriasis

Psoriasis is the most prevalent chronic inflammatory skin disease, with an estimated prevalence in adults ranging from

0.91% to 8.5%, varying by country and ethnicity . Genetic and environmental factors in connection with abnormal

regulation of the immune system are thought to be involved in pathogenesis of the disease. It is characterised by

hyperproliferation and altered differentiation of epidermal keratinocytes and leukocyte infiltration—predominantly,

neutrophils, myeloid cells and T cells, causing the secretion of inflammatory mediators such as TNF-α, interferon-γ (IFN-

γ), interleukin (IL)-1, IL-17 and IL-22, which contribute to psoriatic inflammation . It has been identified that the IL-23/IL-

17 axis is the primary signalling pathway, leading to characteristic molecular and cellular changes in psoriatic skin . It is

widely accepted that psoriasis is a consequence of an impaired crosstalk between the immune system and the structural

cells of the skin. Several studies have been conducted to reveal the role of miRNAs in psoriasis (Table 1 and Figure 2),

highlighting the value of miRNA analysis. The role of miR-203, miR-31, miR-146a, miR-155-5p and miR-21 are described

below.
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Figure 2. Dysregulated miRNAs involved in Psoriasis, discoid lupus erythematosus and atopic dermatitis and their roles in

the disease pathogenesis. DLE: discoid lupus erythematosus and AD: atopic dermatitis.

Table 1. Differentially expressed mRNAs in skin immune diseases. Tissue/cell/fluids in which microRNAs (miRNAs) are

found dysregulated, miRNA expression, validated experimentally target genes, and their biological role in the skin are

detailed.

miRNA Condition Tissue/Cell/Fluid Expression
Target
Genes

Biological Role Ref.

miR-
203

Psoriasis Keratinocytes Upregulated

SOCS3

NR1H3

PPARG

Keratinocyte proliferation,

modulation of cytokines:

TNF-α, IL-24 and IL-8 and

angiogenesis.

miR-31
Psoriasis

DLE

Keratinocytes

Blood

DMSCs

 

Upregulated

(Blood and

Keratinocytes)

Downregulated

(DMSCs)

PPP6C

STK40

Keratinocyte proliferation and

apoptosis. Promotes

Inflammation via NFKB1

activation and chemokine

and cytokine production

(CXCL1, CXCL5, IL-8, IL-1B

and IL-12).

Neutrophile and intermediate

monocyte recruitment.

miR-
146a

Psoriasis

AD

Keracinocytes

Serum
Upregulated

CCL5

IRAK1

CARD10

Protective role disminishing

keratinocyte proliferation and

inflammation supressing IL-

17, CCL5, CCL8 and IFNγ.
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miR-
155

Psoriasis

AD

Keratinocytes

Blood

T cells

Upregulated

CTLA4

PKIA

GATA3

CASP3

Promoted epidermal

proliferation, inflammation, TJ

disruption and inhibits

apoptosis.

T cell proliferation and

promotion of TH17

responses.

miR-21 Psoriasis

Keratinocytes

Blood

T cells

Upregulated
CASP8

SMAD7

 T cell activation and

inhibition of apoptosis.

Keratinocyte proliferation and

inflammation (IL-1β, CCL5

and CXCL10).

miR-
125b

Psoriasis Keratinocytes Downregulated FGFR2
Keratinocyte proliferation and

differentiation.

miR-
424

Psoriasis
Keratinocytes

Serum
Downregulated n.d.

Keratinocyte proliferation via

MEK1/cyclin E1.

miR-
486-3p

Psoriasis Keratinocytes Downegulated K17 Keratinocyte proliferation.

miR-
138

Psoriasis Keratinocytes Downregulated K17
Keratinocyte proliferation and

apoptosis reduction.

miR-
744-3p

Psoriasis Keratinocytes Upregulated KLLN
Keratinocyte proliferation and

differentiation.

miR-
150

Psoriasis Keratinocytes Downregulated
HIF1A

VEGFA

Keratinocyte proliferation in

hypoxic conditions.

miR-
876-5p

Psoriasis
Skin

Blood
Downregulated ANG-1

HaCAT proliferation via

PI3K/AKT, cell adhesion and

invasion.

miR-
183-3p

Psoriasis Keratinocytes Downregulated GAB1
Proliferation and migration of

HaCat cells.

miR-
548a-
3p

Psoriasis Keratinocytes Upregulated PPP3R1 Keratinocyte proliferation.

miR-
217

Psoriasis Keratinocytes Downregulated GFHL2 Keratinocyte differentiation.

miR-
4516

Psoriasis Keratinocytes Downregulation
FN1

ITGA9

Accelerated migration,

resistance to apoptosis and

differentiation.
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miR-
194-5p

Psoriasis

AD
Keratinocytes Downregulated

GRHL2

HS3ST2

Keratinocyte proliferation and

inhibition of differentiation.

miR-
187

Psoriasis Keratinocytes Downregulated CD276 Keratinocute proliferation.

miR-
99a

Psoriasis Keratinocytes Downregulated FZD5/FDZ8 Keratinocyte proliferation.

miR-
130a

Psoriasis Keratinocytes Upregulated STK40

Apoptosis inhibition and cell

viability and migration

promotion. Direct regulation

NFKB pathway via STK40

and inditect regulation of

JNK/MAPK pathway via

SOX9.

miR-
122-5p

Psoriasis Keratinocytes Upregulated SPRY2 Keratinocyte proliferation.

miR-
126

Psoriasis Keratinocytes Upregulated n.d.

Keraintocyte proliferation and

inflammation increasing

TNFa, IFNg, IL17A, IL-22

and decreasing IL-10.

Apoptosis inhibition.

miR-
145-5p

Psoriasis Keratinocytes Downregulated MLK3
Cell proliferation and

chemokine secretion via NF-

kB and STAT 3 activation.

miR-
17-92

Psoriasis Keratinocytes Upregulated CDKN2B

Keratinocyte proliferation and

immune chemotaxis via

secretion CXCL9, CXCL10,

supression of SOCS1 and

STAT1 activation.

miR-
320b

Psoriasis Keratinocytes Downregulation AKT3

Keratinocyte proliferation and

modulation of STAT3 and

SAPK/JNKsingaling

pathways.

miR-
124-3p

Psoriasis Keratinocytes Downregulated FGFR2
Keratinocyte prolfieration,

migration and inflammation.

miR-
184

Psoriasis Keratinocytes Upregulated AGO2
Cytokine dependent

depletion of AGO2.

miR-
221/222

Psoriasis Keratinocytes Upregulated n.d.
Keratinocyte and immune

cells proliferation.
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miR-
181-b

Psoriasis Keratinocytes Downregulated TLR4
Inflammation and

keratinocyte proliferation.

miR-
1307-
3p

Psoriasis Keratinocytes Upregulated n.d.

Induces inflammatory

mediators IL-8, IL-6 and

CCL20.

miR-
381-3p

Psoriasis
Keratinocytes

(EVs)
Upregulated

FOXO1

UBR5

Crosslink with T cells

inducing TH1/TH17

polarisation.

miR-
210

Psoriasis CD4  T cells Upregulated FOXP3
Induces immune T cell

dysfunction.

miR-
138

Psoriasis CD4  T cells Downregulated RUNX3
Modulation of TH1/TH2

balance.

miR-
485-3p

DLE
T cells

Fibroblasts
Upregulated PPARGC1A

T cell activation and

promotion of fibrotic

processes.

miR-
10a-5p

AD Keratinocytes Upregulated HAS3
Inhibitis keratinocyte

proliferation.

miR-
29b

AD keratinocytes Upregulated BCL2 Keratinocyte apoptosis.

miR-
223

AD Blood Upregulated n.d.

Upregulation of HNMT

indirectly to degrade

excessive histamine.

miR-
151a

AD Blood Upregulated IL12RB2
Regulation of TH1 cytokines

(IL-2, IFN γ).

miR-
143

AD Keratinocytes Downregulatd IL13RA1
Regulation of IL-13 activitu

and TH2 inflammation.

The first study in 2007 that reported a distinctive skin miRNA signature in psoriasis was published by E Sonkoly et al. .

The study identified miR-203 as a keratinocyte-derived microRNA related to inflammation by targeting the SOCS3 gene.

After that, further studies have confirmed the direct targeting  and its role in the regulation of psoriatic cytokines such

as TNF-α, IL-24 and IL-8 in keratinocytes . Moreover, in vitro experiments showed that miR-203 expression is

upregulated after IL-17 stimulation in HaCat cells and that miR-203 is involved in the activation of the JAK2/STAT3
signalling pathway, which contributes to VEGF secretion and the perpetuation of pathological angiogenesis . Recently,

it has been described that miR-203 negatively regulates keratinocyte proliferation through the direct targeting of NR1H3
and PPARG . Therefore, in psoriasis, the data suggest that miR-203 may be involved in skin epidermal hyperplasia,

inflammation and angiogenesis (Figure 2).

MiR-31 is known to be involved in normal skin physiology by regulating keratinocyte growth and hair differentiation .

High miR-31 levels can be detected in blood and lesional psoriatic epidermis, and its pathogenic role is primarily based on

NF-κB signalling alteration . NF-κB is a crucial mediator in the pathogenesis of psoriasis and participates in

inflammation, cell proliferation, differentiation and apoptosis. Serine/threonine kinase 40 (STK40), a negative regulator of

NF-κB signalling, has been identified as a direct target for miR-31 . The study demonstrated that miR-31 promotes NF-

κB via STK40 targeting and leads to the secretion of CXLC1, CXCL8, CXCL5 and IL-1β, which promote vascular
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endothelial cell activation and attract leukocytes via chemotaxis into the skin. Primary keratinocytes treated with TGFβ1,

which is highly expressed in psoriatic skin, showed an upregulation of miR-31 . This effect was also observed when

keratinocytes were treated with psoriatic-relevant cytokines: IL-6, IL-22, interferon-γ (IFN-γ) and TNF-α , demonstrating

its importance in epidermal inflammation. This miRNA is also involved in keratinocyte proliferation, as in vivo studies

showed that miR-31 promotes epidermal hyperplasia via the direct targeting of PPP6C, a negative regulator of the G1-S

phase progression in the cell cycle . Endothelin-1, a peptide involved in cell proliferation and leukocyte chemotaxis, has

been positively associated with high levels of miR-31 in blood . MiR-31 may play a role in dermal mesenchymal stem

cells (DMSCs) , as low levels in DMSCs of psoriasis patients versus healthy controls are found, but this needs further

investigation. Taken together, miR-31 has a crucial role in psoriasis by promoting epidermal proliferation and inflammation

in lesion sites.

MiR-146a is overexpressed in lesional skin and peripheral blood mononuclear cells (PBMCs) from psoriasis patients 

. It is known for its negative role in epidermal inflammation by targeting NF-κB mediators IRAK1 and CARD10 and

chemotactic attractant CCL5 . Xia et al.  showed that high levels of miR-146a in the skin and in PBMCs of

psoriasis patients positively correlate with IL-17 levels in the skin and serum, respectively. However, target gene IRAK1
was downregulated in PBMCs but not in the skin, showing the asynchronous expression of target genes in local lesions

and peripheral PBMCs. In vivo studies using mice models of Psoriasis showed that miR-146a inhibition promoted earlier

psoriasis-like onset, epidermal hyperproliferation, IL-17 skin inflammation and IL-8 secretion with the increased infiltration

of neutrophils at lesion sites.

MiR-155-5p has been shown upregulated in blood and psoriatic lesional skin . It is involved in the keratinocyte cell

cycle, as in vitro studies showed that miR-155 inhibition decreases keratinocyte proliferation and increases the expression

of PTEN, PIP3, AKT, BAX and BCL2 apoptotic genes . Another study supported this finding by showing that miR-155-

5p overexpression impairs keratinocyte apoptosis possibly by targeting CASP3, a validated direct target of miRNA-155-5p

. This miRNA is also involved in inflammation, as keratinocytes treated with TNF-α upregulated its expression.

Moreover, when cells were stimulated with LPS and overexpressed miR-155-5p, there was an increase of TLR4; NF-κB

proteins together with the levels of secreted TNF-α and IL-18, IL-6 and IL-1β via inflammasome NLRP3/CASP1 activation

. CXCL8 is also upregulated in miR-155-5p-overexpressed keratinocytes via the GATA3/IL37 axis . Elevated miR-

155 levels have also been observed in DMSCs ; however, further research is needed to establish its role. Overall, miR-

155-5p is involved in keratinocyte proliferation, apoptosis and inflammation in psoriasis.

Finally, epidermal cells and infiltrated T cells in psoriasis lesions have shown increased miR-21 expression . In vitro, it

is regulated by LncRNA MEG3 and regulates keratinocyte proliferation via the direct targeting of CASP8 . It also

promotes proliferation by regulating the AKT/PI3K and TGFβ signalling pathways . Regarding its role in

inflammation, UVB-exposure promoted miR-21-3p upregulation in keratinocytes. This upregulation led to the production of

proinflammatory cytokines IL-6 and IL-1β and chemokines CCL5 and CXCL10 in keratinocytes . The expression of

miR-21 is increased in both TH1 and TH2 differentiated T cells after activation with anti-CD3 and anti-CD28, indicating

that this miR is involved in T-cell activation regardless the T-cell subtype. Moreover, it has an antiapoptotic effect on the

activated T cells .

Therefore, this miRNA can contribute to psoriasis pathogenesis by modulating the cell cycle and inflammation in

keratinocytes and T cells.

Twenty-seven further miRNAs have also been described in psoriasis pathogenesis. They are detailed in Table 1 

.

2.2. Cutaneous Lupus Erythematosus (CLE)

Cutaneous lupus erythematosus (CLE) is an autoimmune chronic disease that includes a broad range of dermatologic

manifestations. CLE is divided into several subtypes, but discoid lupus erythematosus (DLE) is consistently reported as

the most common subtype, and this may be because, as a chronic disorder, it is easier to identify compared to the more

evanescent and nonscarring acute cutaneous and subacute cutaneous forms (SCLE) . The CLE overall prevalence is

estimated to be around 73.24 per 100,000 according to several USA studies . The pathogenesis of CLE is not

completely understood. It seems to be multifactorial and involves genetic predisposition, environmental triggers and

abnormalities in the immune response. Findings indicate that UVB may act as a trigger, promoting skin damage and

keratinocyte apoptosis. There may be a defective apoptosis/cell clearance, and the immune system is activated against

autoantigens.
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CLE lesions share extensive lymphocytic infiltrates with a high predominance of CD4 T cells with an imbalance towards T-

helper 1, cytotoxic CD8+ T cells, as well as interferon type 1 signature and proinflammatory cytokines, IL-1α, IL-1β, IL-8,

TNF-α and IL-6 . To date, we have published the only microRNA study in CLE—in particular, discoid lupus . The

study identified in DLE lesions a different microRNA signature (miR-31 and miR-485-3p) when compared to nonlesional

sites. The relevant identified miRNAs and their potential role in CLE pathogenesis are detailed below.

MiR-31 was identified as a keratinocyte-derived miR located in the DLE lesional epidermis. It is involved in epidermal

apoptosis by promoting the upregulation of apoptotic genes (BIM, BAX, P53 and CASP3) when overexpressed. Moreover,

as in previous reports, we also found that it enhances NF-κB activation and the secretion of inflammatory cytokines such

as IL-1β, IL-12 and IL-8 in keratinocytes. The crosslink between keratinocytes and lymphocytes is of critical importance in

cutaneous autoimmune diseases, and it was found that miR-31 promotes the attraction of neutrophils and intermediate

monocytes; therefore, it enhances the recruitment of immune cells into the DLE lesion sites, perpetuating inflammation.

MiR-485-3p was found in the infiltrating lymphocytes and fibroblasts in DLE lesions. It is involved in the activation of CD4+

and CD8+ T cells and, also, in promoting fibrosis by enhancing fibrotic genes SMAD3, COL3A1 and TGFβR in fibroblasts.

This fibrosis may occur, as miR-485-3p may be targeting peroxisome PPARGC1A, which is known for exerting a

protective function of fibrosis development  and was found downregulated in fibroblasts that overexpressed miR-485-

3p. Studies showing the direct target of PPARGC1A by miR-485-3p support this finding .

2.3. Atopic Dermatitis (AD)

Atopic dermatitis is a complex, systemic inflammatory disorder associated with a variety of clinical features . It is the

most common chronic inflammatory skin disease, with a prevalence of 15–20% of children and 1–3% of adults worldwide.

It has high heritability; occurs frequently with other atopic diseases (asthma, allergic rhinitis and food allergies) and its

incidence has increased two to three-fold in recent years in industrialised countries .

AD is characterised by an epidermal barrier disruption, activation of a T-helper 2 response and alteration of the skin

microbiome . IgE and eosinophils are increased, which, in turn, are thought to boost inflammation and skin damage

through the production of reactive oxygen species, inflammatory cytokines and the release of toxic granule proteins .

miRNA expression profiles in the skin lesions of AD patients have been determined by microarray. The elevated

expression of let-7i, miR-24, miR-27a, miR-29a, miR-193a, miR-199a and miR-222 was reported . Gu et al. also

reported a multitude of dysregulated miRNAs (e.g., upregulation: miR-4270, miR-211, miR-4529-3p and miR-29b and

downregulation: miR-184, miR-135a and miR-4454) in AD skin biopsies . From the identified miRNAs, we describe

below the functional role of some of the most relevant in the skin pathogenesis of AD.

MiR-155-5p in AD lesional skin is predominantly expressed in infiltrating immune cells. This miR plays a role in the

regulation of allergen-induced inflammation by targeting CTLA4, a negative regulator of T-cell activation . It affects T-

cell proliferation and differentiation by shifting towards a TH17 response . The expression of this miR has been

analysed in different disease stages in an AD mice model, and it was found to be increased in the elicited phase of the

disease compared to controls . Increased levels of miR-155-5p have also been detected in vitro in HaCAT cells

stimulated with TNF-α, and it promotes inflammation and epithelial tight junction (TJ) changes by the direct binding of

PKIA . Taken together, miR-155-5p promotes T-cell activation, epidermal inflammation and TJ disruption in AD.

Previous studies have demonstrated that miR 146a is involved in the inflammatory response of atopic dermatitis (AD).

MiR-146a expression is increased in keratinocytes and the chronic lesional skin of patients with AD expression. MiR-146a

may have an anti-inflammatory role, alleviating chronic skin inflammation in atopic dermatitis through the suppression of

innate immune responses in keratinocytes. It inhibited the expression of numerous proinflammatory factors, including IFN-

γ-inducible and AD-associated genes CCL5, CCL8, and ubiquitin D (UBD) in human primary keratinocytes stimulated with

IFN-γ, TNF-α or IL-1β. Studies demonstrated that miR-146a-mediated suppression in allergic skin inflammation partially

occurs through the direct targeting of the upstream NF-κB signal transducers caspase recruitment domain, containing

protein 10 and IL-1 receptor-associated kinase 1. In addition, CCL5 was identified as a novel, direct target of miR-146a . It

is worth mentioning that the upregulation of miR-10a-5p, miR-29b, miR-223 and miR-151a have also been described in

the inflammatory response and keratinocyte apoptosis for AD patients  (Table 1).

Finally, miR-143 has been found downregulated in the lesional skin from AD patients . It targets IL-13 receptor alpha 1

(IL13R), modulating IL-13 activity. IL-13 is a cytokine involved in TH2 responses that is highly expressed in AD skin

lesions. Therefore, miR-143 may contribute to AD pathogenesis by favouring TH2 responses.
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