Medicine

SYSTEMATIC REVIEW AND META-ANALYSIS

An Exploration of the Role of MicroRNAs in Psoriasis

A Systematic Review of the Literature

Run-Yue Huang, MD, PhD, Li Li, PhD, Mao-Jie Wang, MPhil, Xiu-Min Chen, MD, PhD,
Qing-Chun Huang, MD, PhD, and Chuan-Jian Lu, MD, PhD

Abstract: Psoriasis is recently characterized by a specific microRNAs
(miRNAs) expression profile, which guides the researchers’ efforts to
explore the therapeutic targets and objective biomarkers that reflect the
diagnosis and disease activity in clinical use for psoriasis.

The paper presents a state-of-the-art review of expression and
function of miRNAs in psoriasis along with its clinical implications.

We analyzed all literature searched by keywords ‘‘microRNA’’ and
“‘psoriasis’’ in PubMed (Medline) from inception up to July 2015, and
the references in the literature searched were also considered.

Relevant literature was chosen according to the objective of this
review. Relevant literature was searched by 3 independent investigators,
and experts in the field of miRNAs and psoriasis were involved in
analyzing process.

We included any study in which role of miRNAs in psoriasis was
examined in relation to disease pathogenesis, diagnosis, and treatment.

The specific miRNAs profile has been identified from human
psoriatic skin, blood, and hair samples. It is found that genetic poly-
morphisms related to some of specific miRNAs, miR-146a for example,
are associated with psoriasis susceptibility. Key roles of several unique
miRNAs, such as miR-203 and miR-125b, in inflammatory responses
and immune dysfunction, as well as hyperproliferative disorders
of psoriatic lesions have been revealed. Moreover, circulating
miRNAs detected from blood samples have a potential of clinic
application to be the biomarkers of diagnosis, prognosis, and treatment
responses. Additionally, a new layer of regulatory mechanisms
mediated by miRNAs is to some extent revealed in pathogenesis of
psoriasis.

The dramatically altered mRNA expression profiles are displayed in
psoriasis, and some of these may become disease markers and thera-
peutic targets. Herein, this work underscores the potential importance of
miRNAs to diagnosis, prognosis, and treatment of psoriasis. However,
further study in this field is worth doing in the future, as the exact roles of
miRNAs in psoriasis have not been fully elucidated.
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Abbreviations: AP-1 = Jun/activating protein 1, BCLIL = B-cell
CLL/lymphoma 9-like, CD147 = extracellular matrix
metalloproteinase inducer, CI = confidence interval, C-KIT =
Mast/stem cell growth factor receptor, CXCL1 = chemokine (C-X-
C motif) ligand 1, CXCR5 = C-X-C chemokine receptor type 5,
EGFR = epidermal growth factor receptor, FIH-1 = factor-
inhibiting hypoxia-inducible factor 1, GLS2 = phosphate-
activated glutaminase, IL = interleukin, IRAK1 = interleukin-1
receptor-associated kinase 1, LD = linkage disequilibrium, LST1 =
leucocyte-specific transcript 1, microRNA = miRNA, mRNAs,
messenger RNAs, NCR3 = natural cytotoxicity-triggering receptor
3, NF-kB = nuclear factor-kB, NFIB = Nuclear factor I/B, OR =
Adjusted odds ratio, P2X7R = receptor of purinergic recepter p2x,
ligand-gated ion channel,7, P57 = passenger 57, PASI = psoriasis
Area And Severity Index, PBMCs = peripheral blood mononuclear
cells, PDCD4 = programmed cell death protein 4, ppp6c = protein
phosphatase 6¢, RECK = reversion-inducing-cysteine-rich protein
with kazal motifs, RTN4 = reticulon-4, RUNX3 = runt-related
transcription factor 3, SHIP = phosphatidylinositol-3,4,5-
trisphosphate 5-phosphatase, SNPs = single nucleotide poly-
morphisms, SOCS-3 = suppressor of cytokine signaling 3, STAT3
= signal transducer and activator of transcription 3, STK40 =
serine/threonine kinase 40, TGF = transforming growth factor, Th1/
Th2 =T helper type-1 cells/T helper type-2 cells, Th17 = T helper
type-17, TIMP3 = Metalloproteinase inhibitor 3, TNF = tumor
necrosis factor, TPM1 = tropomyosin alpha-1 chain, Treg cells =
defective regulatory T cells, UTR = 3’ untranslated region,
VEGEF = vascular endothelial growth factor.

INTRODUCTION

soriasis is a chronic inflammatory skin disease that involves

the skin or joints or both in adults, with an overall preva-
lence of 2% to 3% of population worldwide and a substantial
negative impact on the quality of patients’ life.'* There are 5
types of psoriasis, including plaque psoriasis (also known as
psoriasis vulgaris), guttate or eruptive psoriasis, inverse psor-
iasis, pustular psoriasis, and erythrodermic psoriasis, among
which psoriasis vulgaris is the most common one and accounts
for about 90% of cases.® However, pathogenesis of this disease
is still poorly understood, as psoriasis is a complex multi-
factorial disease.® It is widely accepted that the etiology of
psoriasis involves genetic susceptibility, environmental, as well
as sex and age-related factors.* Recently, genetic and epigenetic
anomalies, particularly genetic regulation by aberrant expressed
microRNAs (miRNAs), are indicated to be causative elements
in psoriasis.” Current knowledge of epigenetic involvement of
miRNA deregulation in psoriasis is surveyed here.

MiRNAs have emerged as key mediators of post-transcrip-
tional gene silencing in both pathogenic and pathological
aspects of disorders during the last decade.® Additionally, a
new paradigm of gene regulations and the pathways involved in
pathogenesis of autoimmune disorders and malignant diseases
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has been revealed by previous research on miRNAs.” MiRNAs
are short, single-stranded, noncoding RNAs molecules about 22
to 25 nucleotides in length, capable of negatively modulate gene
expression by binding to the 3’ untranslated region (UTR) of
target messenger RNAs (mRNAs), leading to the degradation or
translational repression of their target mRNAs based on the
degree of complementarity.® MiRNAs have been shown to play
pivotal roles in diverse developmental and cellular processes
implicated in a variety of many autoimmune diseases including
psoriasis.””

It is well known that psoriasis is a chronic inflammatory
skin disorder mediated by a complex interplay among epidermal
keratinocytes, immune cells, and inflammatory mediators.'" Tt
is now clear that miRNAs can regulate differentiation, prolifer-
ation, and cytokine responses of keratinocytes, activation, and
survival of T cells, as well as the crosstalk between immuno-
cytes and keratinocytes.'? However, objective biomarkers that
reflect diagnosis and disease activity have not yet been in
clinical application, although differential expression profile
of miRNAs is described in psoriasis as compared with that
of healthy skin.'* Understanding role of miRNAs in psoriasis
may lead to future insights into disease pathogenesis, diagnosis,
and treatment. In this work, we review all studies focusing on
role of miRNAs in psoriasis in order to provide the information
for further researches in this field and the possible clinical
implications of miRNAs in psoriasis.

METHODS

We searched articles indexed in PubMed (MEDLINE)
database using Medical Subject Heading (MeSH) or Title/
Abstract words (““‘microRNA” and “‘psoriasis’) from inception
up to July 2015. There were no limitations imposed on language
and study types. The additional reports from the reference list of
seminal reviews were also identified. We included any study in
which role of miRNAs in psoriasis was examined in relation to
disease pathogenesis, diagnosis, and treatment.

The searching process was conducted by 3 independent
investigators. Experts in the field of miRNAs and dermatology
were involved in discussion and analyzing process.

ETHICAL REVIEW

The present study is a systemic literature review. We do
not involve human beings or experimental subject in this study,
and no any identifiable private information is collected.

Results and Discussion

Unique miRNAs Identified in Human Samples

During the last decade, unique miRNA expression profile
has been described in psoriasis. However, only few cell- and
region-specific miRNAs have been identified in psoriatic
lesions, as illustrated in Tables 1 and 2.

First, we address specific miRNA expression profiles in
psoriatic skin. By a comprehensive analysis of miRNAome in
normal and psoriatic skin, the most highly upregulated miRNAs
in psoriatic skin was identified.'* These miRNAs are skin-
specific microRNA (miR)-203, hematopoietic-specific miR-
NAs, including miR-142-3p and miR-223/223x, and angiogenic
miRNAs, including miR-21, miR-378, miR-100, and miR-31."*
The study also revealed stratified epidermal expression of an
uncharacterized keratinocyte-derived miRNA, miR-135b, as
well as the epidermal infiltration of hematopoietic-specific
miRNA, miR-142-3p, in psoriatic lesions,'* suggesting that
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miRNA deregulation is involved in pathogenesis of psoriasis
and contributes to dysfunction of the cross-talk between resi-
dent and infiltrating cells, as described previously.? It is
believed that altered local miRNA changes seen in dermal
inflammatory infiltrates are reflected in circulating immune
cells.” For example, both miR-193b and miR-223 are identified
to be presented in dermal inflammatory infiltrates of psoriatic
skin, but they are also expressed in T helper type-17 (Th17)
cells,' suggesting a role of these miRNAs in pathogenesis of
psoriasis, as psoriasis has attracted attention for its character-
istics as a Th17 disease.'® Furthermore, it is reported that miR-
211is signiﬁcantlby increased in epidermal lesions of in psoriasis
skin lesions,'”'® and miR-31 is markedly overexpressed in
psoriatic keratinocytes.'® Also, expression of miR-184 can be
dramatically increased by proinflammatory mediators like IL-
22 in reconstituted human epidermis and human keratinocyte
cell line."

Among those miRNAs, of particular significance is miR-
203, which has been identified to be exclusively expressed by
keratinocytes and upregulated in psoriatic lesions with skin-
specific properties,>*® Additionally, in normal human kerati-
nocytes, the increased miR-203 is reported to be induced by
combinations of proinflammatory cytokines, such as interleukin
(IL)-1a, IL-17A, IL-6, and tumor necrosis factor (TNF)-a,>!
which coupled with a critical role of miR-203 in epithelial
differentiation,* suggesting that miR-203 is crucially impli-
cated in hyperproliferative phenotype of psoriatic lesion.

Some miRNAs are downregulated in psoriasis-affected
skin (Table 2). When compared with healthy skin, miR-125b
is suppressed in keratinocytes in psoriasis lesions, being one of
the most downregulated miRNAs in psoriasis skin.® The
differentially expressed miRNAs profile has been identified
recently in normal skin versus psoriatic involved and unin-
volved skin, and it is revealed 4 dramatically differential
distributed miRNAs that are hsa-miR-99a, hsa-miR-150, hsa-
miR-423, and hsa-miR-197.>* Expressions of hsa-miR-99a and
hsa-miR-423 were lower in psoriatic involved and uninvolved
skin as compared with normal skin. Hsa-miR-150 was down
regulated in uninvolved psoriatic skin, as compared with normal
and psoriatic lesion skin. Hsa-miR-197 was under expressed in
psoriatic lesion skin, less than in normal skin, with the level in
uninvolved skin similar to that in normal skin. This study
confirmed that miR-203 was upregulated in psoriasis lesion
samples as compared with normal skin samples, and intrigu-
ingly a significant down regulation of miR-203 in the unin-
volved psoriatic skin as compared with psoriatic lesion and
normal skin was revealed.**

Second, expression of miRNAs in whole blood, plasma,
and peripheral blood mononuclear cells (PBMCs) from patients
with psoriasis and healthy controls has been explored in several
studies. It is found that expression of miR-146a was up-
regulated both in lesions and PBMCs of psoriatic patients,
and positively correlated with 1L-17 expression.”> MiR-193b,
miR-223, and miR-143 are found to be significantly upregulated
in the PBMCs from patients with psoriasis, as compared with
healthy controls.?®!> The serum miR-1266 levels are consider-
ably higher in psoriasis patients than in healthy control subject,
and importantly, the level of this miRNA is demonstrated to
have weak inverse correlations with Psoriasis Area Severity
Index (PASI) scores and body surface areas of involved skin.'®
Moreover, in patients with plaque psoriasis, the plasma levels of
miRNA-33 were significantly higher than in controls,>’ and
miR-210 expression is increased significantly in CD4 (+) T
cells.?® These observations suggest that circulating miRNAs
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TABLE 1. Several Key miRNAs Specifically Over-Expressed in Psoriasis

Roles of miRNAs Or Potentials of

Characteristics and Other

MiRNAs Region, Tissues or Cells Expressed Target Gene Clinical Implications Information References
MiR-203 Psoriatic lesion tissues; Keratinocytes in ~ SOCS-3 TNF-a IL-24  Roles to induce epithelial differentiation  Skin-specific miRNA; Exclusively =~ 22072
Psoriatic lesions; Normal human and suppress skin immune responses by expressed in psoriatic
keratinocytes stimulated by combinations fine-tune cytokine signaling. keratinocytes.
of pro-inflammatory cytokines
miR-184 Human keratinocyte cell line stimulated —— - —— 19
by IL-22
miR-135b Stratified epidermis of psoriatic lesions - - An uncharacterized keratinocyte- 14
derived miRNA.
miR-142-3p  The epidermal infiltration of psoriatic skin —— Serum levels of miR-142—3p can be Hematopoietic-specific miRNA; 1451
significantly downregulated by TNF- Serum level of miR-142-3p is not
inhibitor etanercept in responders. upregulated in patients with
psoriasis compared with healthy
controls.
miR-193b Th17 cells; Dermal inflammatory — - — 15.16.26
infiltrates of psoriatic skin; PBMCs.
miR-223 Th17 cells; Dermal inflammatory — The potential to distinguish between Hematopoietic-specific miRNA; 14,16,26
infiltrates of psoriatic skin; PBMCs psoriasis and healthy controls;
Significantly correlation with PASI score;
Down-regulation by methotrexate and
TNF-inhibitor etanercept.
miR-21 Epidermal lesions of in psoriasis skin - It contributes to skin inflammation in —— 17.:40-42
lesions; Psoriasis epidermal cells and psoriasis lesions.
dermal T cells
miR-31 Psoriatic keratinocytes STK40 FIH-1 Positive role in inflammatory response by —— 13:49.34
inducing NF-kB activity as well as the
basal and TNF-a-induced production of
cytokines and chemokines; Negative role
in keratinocyte differentiation through
suppressing Notch activation.
miR-184 The reconstituted human epidermis and - - —— 19
human keratinocyte cell line stimulated by
1L-22
miR-19a Psoriasis hair roots - It is inversely and significantly correlated - 2
with duration between symptom onset and
the first visit to the hospital in psoriasis
patients.
miR-424 Psoriasis hair shaft; Blood samples of MEKI Cyclin El1 - - 27,3048
patients with psoriasis
miR-143 PBMCs - It is significantly correlated with the PASI - 15,26

score; Serum levels of miR-143 can be
down-regulated by methotrexate.
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é - may have potentials for the diagnostic, prognosis, and treatment
S| e %9 ¢ markers of psoriasis.
< o 4 Third, the profile of miRNAs expression was also
& examined in hair root and shaft obtained from patients with

Characteristics and Other
Information

Clinical Implications
The serum levels of this miRNA is

demonstrated to have weak inverse
correlations with PASI scores and body
surface areas of involved skin
It impaired the immunosuppressive
functions of Treg cells in CD4(+) T cells

Roles of miRNAs Or Potentials of
Target Gene
FOXP3

Blood samples

Region, Tissues or Cells Expressed
CD4(+) T cells

Blood samples of patients with psoriasis

miR-1266

MiRNAs
miR-33
miR-210
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from healthy controls, while inhibition of

miR-210 can reverse the immune
dysfunction in CD4(+) T cells from

patients with psoriasis vulgaris.
A significantly increased risk of psoriasis

IRAK1 EGFR

Psoriatic lesions; PBMCs

miR-146a

is associated with the rs2910164 miR-
146a CG and GG genotypes; Positively

correlation with IL-17 expression.

interleukin; PASI = psoriasis area and severity index; PBMCs = peripheral blood mononuclear cells; SOCS-3 = suppressor of cytokine

T helper type-17; TNF = tumor necrosis factor.

FIH-1 = factor-inhibiting hypoxia-inducible factor 1; IL
signaling 3; STK40 = serine/threonine kinase 40; Th17

psoriasis, healthy controls, and patients with at03pic dermatitis,
another chronic inflammatory skin disorder.**~° The studies
have demonstrated that hair root levels of miR-19a are signifi-
cantly up-regulated only in psoriasis compared with normal
controls, and relative miR-19a levels are inversely and signifi-
cantly correlated with duration between symptom onset and the
first visit to the hospital in psoriasis patients.”’ Additionally,
hair shaft miR-424 levels are found to be significantly upre-
gulated only in patients with psoriasis comgared with normal
controls and those with atopic dermatitis.** These findings
suggest that either hair root miR-19a levels or hair shaft
miR-424 levels are effective as disease marker of psoriasis.

Altogether, these differentially expressed miRNAs may
function as regulators of gene expression in skin or other tissues/
organs and potentially lplay a role in psoriasis pathogenesis
(depicted in Table 1).3" We will discuss these issues in the
following sections, as unique miRNAs identified in human
samples provide important new avenues for therapeutic inter-
ventions in psoriasis.

Genetic Polymorphisms Related to miRNAs
Contributes to Psoriasis Susceptibility

Psoriasis has a strong genetic background, and it has
become apparent that genetic polymorphisms in miRNA genes
and/or in miRNA binding sites of target genes can affect
miRNA activity and contribute to disease susceptibility,'*>>
which can be supported by the following studies addressed. For
instance, in a genome-wide interaction analysis, it has been
identified 4 single nucleotide polymorphisms (SNPs) in miRNA
(miR-324-3p, miR-433, and miR-382) target sites which inter-
act with 5 SNPs to contribute to psoriasis.”> These 5 interacting
pairs of SNPs in genes leucocyte-specific transcript 1 (LST1)/
natural cytotoxicity-triggering receptor 3 (NCR3), C-X-C che-
mokine receptor type 5 (CXCRS5)/B-cell CLL/lymphoma 9-
like(BCLIL), and phosphate-activated glutaminase (GLS2) are
located in the tar%et sites of miR-324-3p, miR-433, and miR-
382, respectively.’?

The miR-146a rs2910164 SNP was genotyped in a total of
521 Han Chinese patients with psoriasis and 582 healthy
controls, and it is found that a significantly increased risk of
psoriasis is associated with the rs2910164 miR-146a CG and
GG genotypes [adjusted odds ratio (OR), 1.38; 95% confidence
interval (CI), 1.06—1.80].>* A further study has elucidated the
possible mechanisms account for the increased risk of psoriasis,
as evidenced by the data showing that the rs2910164G allele in
miR-146a weakens its suppression on the proliferation of
keratinocytes through the decreased inhibition of the target
gene, epidermal growth factor receptor (EGFR), which is over-
expressed in psoriatic lesions and contributes to hyperprolifera-
tion of keratinocytes in psoriasis.>* Additionally, interleukin-1
receptor-associated kinase 1 (IRAK1) is another miR-146 gene
target, and it is reported that IRAK1 rs3027898 polymorphism
is associated with susceptibility of psoriatic arthritis,>> and
inability of miR-146a inhibiting target gene IRAK1 may con-
tribute to the persistent inflammation in lesions of psoriasis.?®

Extracellular matrix metalloproteinase inducer (CD147)
is a member of the immunoglobulin superfamily expressed
ubiquitously in circulating immune cell populations. It is
observed that expression level of CD147 in PBMCs is elevated
in psoriasis patients, while the rs8259 T allele of CD147 is

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. The Known miRNAs Specifically Downregulated in Psoriasis

Regions, Tissues or Cells Target Roles of miRNAs or Potentials of Other Key Information About
miRNAs Responsible for Downregualtion Genes Clinical Implications Expression References
miR-125b Keratinocytes in psoriasis lesions FGFR2 It can suppress cell proliferation It is one of the most downregulated 23,46
and prolong differentiation of miRNAs in psoriasis skin.
human psoriatic keratinocyte;
NB-UVB phototherapy can
significantly increase miR-125b
levels.
Hsa-miR-99a Keratinocytes, in the upper part of IGF-1R Inhibiting keratinocyte Concurrent with hsa-miR-423, hsa- 23, 24
the epidermis proliferation; Driving miR-99a is lower in psoriatic
keratinocytes towards involved and uninvolved skin as
differentiation; compared to normal skin.
hsa-miR-150 Keratinocytes; The upper part of - —— Hsa-miR-150 is lower expressed in 24
the epidermis; It is evenly uninvolved psoriatic skin, as
distributed throughout the psoriatic compared to normal and psoriatic
epidermis lesion skin.
hsa-miR-423 Keratinocytes; It is evenly - —— It is hardly detected in the psoriatic 24
distributed throughout the normal lesion and uninvolved skin.
epidermis
hsa-miR-197 Keratinocytes; —— —— It is excluded from the basal layer 24
of normal, uninvolved and psoriatic
lesion skin and also was absent in
the upper part of the epidermis in
uninvolved and psoriatic lesion
skin. This miRNA is
downregulated in psoriatic lesion
skin, less than in normal skin, with
the level in uninvolved skin similar
to that in normal skin.
miR-424 Psoriatic skin of animal models of MEKI1 Cyclin E1 —— This miRNA is increased in blood 27,3048

psoriasis

and in hair shaft obtained from
patients with psoriasis.

FGFR2 =fibroblast growth factor receptor 2; IGF-1R = insulin-like growth factor-1 receptor; MEK1 = protein expression of mitogen-activated protein kinase kinase 1.
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associated with significantly decreased psoriasis suscepti-
bility.*® Interestingly, the rs8259 polymorphism of CD147 is
located in a seed region for miR-492 binding.® Therefore, this
study suggests that miR-492 may physiologically suppress
CD147 expression and the CD147 rs8259 polymorphism is
associated with decreased psoriasis susceptibility through
affecting miR-492 binding.*®

Additionally, by using TagMan Genotyping Assay,
1$9264942T > C polymorphism in HLA-C gene was genotyped
in 292 patients with psoriasis vulgaris and 254 controls, and the
results demonstrated that these HLA alleles are associated with
psoriasis vulgaris.®” In addition, rs9264942C allele has been
described to be in strong linkage disequilibrium (LD) with
another SNP, rs67384697 ins/del, which by affecting a miRNA
binding is responsible for regulating HLA-C expression.>”

Role of miRNAs in Inflammatory Response and
Immune Dysfunction

In disorders of inflammatory responses, immune cells of
the innate and/or adaptive immune system are activated and
recruited to the site of inflammation.*® Attraction and activation
of immune cells is regulated by a variety of different cytokines
and chemokines, which can affect or be affected by miRNAs in
autoimmune diseases like psoriasis.*® A characteristic miRNAs
profile in psoriasis skin suggests putative functions of these
miRNAs in perturbed cytokine production and signaling during
chronic inflammatory skin conditions in psoriasis. As stated
previously, miR-203 is a well-known miRNA identified to be
uniquely expressed in psoriasis keratinocyte. Up-regulation of
miR-203 in psoriatic plaques is shown to be concurrent with
down-regulation of an evolutionary conserved target of miR-
203, suppressor of cytokine signaling 3 (SOCS-3), which is
involved in inflammatory responses and keratinocyte func-
tions.> By screening a panel of cytokines that are upregulated
in psoriatic skin for regulation by miR-203, it has been estab-
lished the genes encoding the proinflammatory cytokines TNF-
o and 1L-24 as direct targets of miR-203 in primary keratino-
cytes.?® These findings suggest a role of that miR-203 serves to
fine-tune cytokine signaling and may dampen skin immune
responses by repressing key proinflammatory cytokines.?’

In contrast to miR-203, overexpression of miR-31 con-
tributes to skin inflammation in psoriasis lesions by regulating
production of inflammatory mediators and leukocyte chemo-
taxis to the skin, as evidenced by a study showing that, in human
primary keratinocytes, specific inhibition of miR-31 suppressed
the basal and TNF-a-induced production of IL-1@B, chemokine
(C-X-C motif) ligand 1 (CXCL1)/growth-related oncogene-a,
CXCL5/epithelial-derived neutrophil-activating peptide 78,
and CXCLS/IL-8."> Moreover, this study also showed that
inhibition of endogenous miR-31 in keratinocytes decreased
the capability of keratinocytes to activate endothelial cells and
attract leukocytes.13 Furthermore, both in vitro and in vivo
studies demonstrated that, in psoriatic keratinocytes, miR-31
expression was up-regulated by transforming growth factor
(TGF)-B1,"* which is a cytokine highly expressed in psoriasis
epidermis.®” Additionally, it has been demonstrated that miR-21
can regulate a variety of immune cells.*” For example, in
activated human T cells, specific inhibition of miR-21 increased
the apoptosis rate,!” and thus, overexpression of miR-21 may
contribute to skin inflammation in psoriasis lesions, as psoriasis
is a T cell-meditated autoimmune skin disease.*'

Several lines of evidence clarified that functions of circu-
lating immune cells are regulated by miRNAs in psoriasis. It is
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well known that an immune dysfunction manifested by abnor-
mally activated T cells and defective regulatory T (Treg) cells
may glay an important role in pathogenesis of psoriasis vul-
garis.®® The immune dysfunction in patients with psoriasis
vulgaris is found to be induced by overexpression of miR-
210, whose target gene is forkhead box P3 (FOXP3).** It is
reported that overexpression of miR-210 inhibited FOXP3
expression and impaired immunosuppressive functions of Treg
cells in CD4 (4) T cells from healthy controls, while on the
other hand, inhibition of miR-210 increased FOXP3 expression
and reversed immune dysfunction in CD4(+) T cells from
patients with psoriasis vulgaris.

The above-addressed miRNAs, miR-31, miR-21, and miR-
210 play a positive role in inflammatory response and immune
dysfunction of psoriasis, suggesting that inhibition of these
miRNAs may be a potential therapeutic option in psoriasis,
while, intriguingly, miR-138 may have protective effects
against immune dysfunction in psoriasis. It is reported that
transfection with miR-138 inhibitor into CD4(+) T cells from
healthy controls resulted in the increased expression of Runt-
related transcription factor 3 (RUNX3), which is a susceptibility
gene for psoriasis and a target gene of miR-138, and the
increased ratio of T helper type-1 cells (Th1)/T helper type-2
cells (Th2). Moreover, transfection with miR-138 mimic into
CD4(+) T cells from psoriasis patients led to suppression of
RUNX3 and the decreased ratio of Th1/Th2.*! Therefore, it is
suggested that miR-138 plays a protective role by regulating the
balance of Th1/Th2 via inhibiting RUNX3 expression
in psoriasis.

Role of miRNAs in Hyperproliferative Phenotype of
Psoriatic Lesions

Psoriasis is well known to be a hyperproliferative skin
disorder, characterized by intense proliferation and abnormal
differentiation of keratinocytes.*** Because miRNAs are
important posttranscriptional regulators of keratinocyte gene
expression, they assist in modulating the fine balance between
cell proliferation and differentiation in psoriatic skin.?>*> For
instance, based on the miRNA and mRNA profiles, miR-21,
miR-205, miR-221, and miR-222 are found to have the follow-
ing potential mRNA targets in psoriatic skin: programmed cell
death protein 4 (PDCD4), tropomyosin alpha-1 chain (TPM1),
P57, mast/stem cell growth factor receptor (C-KIT), reticulon-4
(RTN4), phosphatidylinositol-3,4,5-trisphosphate 5-phospha-
tase (SHIP), metalloproteinase inhibitor 3 (TIMP3), rever-
sion-inducing-cysteine-rich  protein  with kazal —motifs
(RECK), and nuclear factor I/B (NFIB), all of which are likely
to be involved in cellular growth, proliferation, apoptosis, and
degradation of the extracellular matrix and further contribute to
phenotype of psoriatic skin lesion.*

As stated above, miR-125b is one of the most down-
regulated miRNAs in psoriasis skin.>> Skin biopsies from 12
patients with psoriasis were collected before, during, and after
narrow bound Ultra Violet B Light (NB-UVB) therapy, and it is
shown that NB-UVB phototherapy significantly increased miR-
125b levels.*” The other studies showed that transfection with
miR-125b precursor RNA into human primary keratinocytes to
overexpress miR-125b significantly suppressed proliferation
and induced the expression of miR-203, which is a differen-
tiation-induced miRNA with suppressing effects on skin inflam-
mation.”®> Conversely, inhibition of endogenous miR-125b
using miR-125b inhibitor oligonucleotide promoted cell pro-
liferation and delayed differentiation.”> Mechanism study has

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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revealed that miR-125b suppresses cell proliferation of psoriatic
keratinocytes through inhibiting its directly target gene fibro-
blast growth factor receptor 2 (FGFR2),?* a receptor expressed
on keratinocytes and reported to be upregulated in lesional
psoriasis skin.

In addition to miR-125b, studies also showed that over-
expression of miR-99a inhibited keratinocyte proliferation
through directly targeting insulin-like growth factor-1 receptor
(IGF-1R), which is involved in skin development and patho-
genesis of psoriasis.>* Moreover, overexpression of hsa-miR-
99a in keratinocytes drives them toward differentiation, as
evidenced by increased expression of Keratin 10,%* an early
differentiation marker.”> However, interestingly, expression of
miR-99a can be increased by IGF1 in PHK cell line,?*
suggesting that miR-99a acts together with IGF1 signals to
maintain the balance between keratinocyte proliferation
and differentiation.

Protein expression of mitogen-activated protein kinase
kinase 1 (MEK1), which is a signal kinase of cell proliferation
and a predicted target gene of miR-424, is increased in psoriatic
skin, as miR-424 level is markedly downregulated in psoriasis
skin in vivo.*’ The in vitro studies showed that transfection of
specific inhibitor of miR-424 in normal human keratinocytes
led to upregulation of MEK1 protein, and resulted in increased
cell proliferation.*’

Finally, the genetic deficiency of miR-31 in keratinocytes
inhibits their hyperproliferation, decreases acanthosis, and
reduces the disease severity in psoriasis mouse models,”” and
such effects are supported by another report addressing that
interference with endogenous miR-31 decreased the ability of
keratinocytes to activate endothelial cells and attract leuko-
cytes."?

Taken together, these findings validated that the aberrant
microRNA expression contributes to the skin phenotype of
psoriasis, mainly including keratinocytes hyperproliferation
and abnormal skin differentiation. Undoubtedly, investigation
of the regulatory mechanisms of keratinocyte proliferation by
miRNAs may lead to new treatments and disease activity mar-
kers.

Potentials of Serum MiRNAs as the Biomarkers in
Psoriasis

MiRNAs found in the blood are considered to be relevant
as disease biomarkers,® since miRNAs are present in circula-
tion in a stable form and their levels are altered in diseases.”'
MiR-223 and miR-143 have been identified to be significantly
upregulated in PBMCs from patients with psoriasis compared
with healthy controls.”® Moreover, serum levels of miR-424 and
miR-33 have been also demonstrated to be increased in patients
with psoriasis compared with healthy controls.>”** It is there-
fore suggested that these miRNAs may have the potential to
distinguish between psoriasis and healthy populations. Impor-
tantly, miR-223 and miR-143 are found to be significantly
correlated with the PASI score,®® suggesting that these 2
miRNAs may serve as novel biomarkers for disease activity
in psoriasis.

Additionally, there is a study showing that after 3 to 5
weeks of treatment with methotrexate following a significant
decrease in psoriasis severity, miR-223 and miR-143 were
significantly downregulated in PBMCs from patients with
psoriasis.?® In another study, it is reported that serum levels
of miR-106b, miR-26b, miR-142—-3p, miR-223, and miR-126
can be significantly downregulated by TNF-inhibitor etanercept
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in responders (PASI change >50%), while serum levels of these
miRNAs are not upregulated in patients with psoriasis com-
pared with healthy controls.* Though it is not related to disease
severity, change of the serum levels of miRNAs by anti-TNF-«
therapy may reflect a previously unknown effect of treatment
with anti-TNF-a agents. Nevertheless, these observations
strongly suggest that some of serum miRNAs may also function
as the potential biomarkers for therapy response in psoriasis.

Possible Signaling Mechanisms Underlying miRNAs
Action

MiRNAs are endogenous small regulatory RNAs that
stabilize cellular phenotypes and fine-tune signal transduction
feedback loops through regulation of gene networks, thereby
regulating the development of inflammatory cell subsets and
have a significant impact on the magnitude of inflammatory
responses.'> However, only a few reports have addressed
signaling mechanisms underlying mRNAs actions, studies
about the signaling mechanisms involved in function of miR-
NAs in psoriasis are still on the way.

In the course of psoriatic inflammation, attraction and
activation of immune cells is regulated by a variety of different
cytokines and chemokines, which are predominantly regulated
by transcription factors such as nuclear factor (NF)-«B, signal
transducer and activator of transcription 3 (STAT3), and Jun/
activating protein 1 (AP-1).%” NF-«B is constitutively activated
in psoriatic epidermis, and the NF-kB activation triggered by
inflammatory mediators like TGF-B1 induces transcription of
miR-31 in keratinocytes and mouse model of psoriasis.'>>°
Protein phosphatase 6 (ppp6c), a negative regulator that restricts
the G1 to S phase progression, is diminished in human psoriatic
epidermis and is directly targeted by miR-31. NF-«kB activation
inhibits ppp6c expression directly through induction of miR-31,
and enhances hyperproliferation of epidermis in psoriasis.>® In
turn, miR-31 can induce the basal and TNF-a-induced pro-
duction of cytokines and chemokines, as stated previously,
through stimulating NF-kB activity in human primary kerati-
nocytes.'®> Serine/threonine kinase 40 (STK40), a negative
regulator of NF-«kB signaling, was identified to be a direct
target for miR-31. Mechanism study demonstrated that silen-
cing of STK40 rescued suppressive effect of miR-31 inhibition
on cytokine/chemokine expression, indicating that miR-31
regulates cytokine/chemokine expression via targeting
STKA40 in psoriasis keratinocytes."?

However, little is known about the factors responsible for
intracellular signaling between ligand activation and NF-kB
activation. Notch plays a critical role in various disorders
through interplaying with or depending on NF-kB signals, =
and importantly Notch signaling is a feature of psoriasis.>
Notch can undergo hydroxylation by factor-inhibiting hypoxia-
inducible factor 1 (FIH-1). MiR-31 is an endogenous negative
regulator of FIH-1 expression that results in keratinocyte differ-
entiation, mediated by Notch activation. Therefore, a mechan-
ism is defined for keratinocyte fate decisions where Notch
signaling potential is, in part, controlled through a miR-31/
FIH-1 nexus.> Taken together, it is elucidated a signal trans-
duction feedback loop, in which miR-31 and NF-kB play a key
role, and this feedback loop contributes to inflammatory
responses and skin phenotype of psoriasis finally (Fig. 1A).

In addition to NF-kB activation, STAT3 is also crucial to
the development of psoriasis, as STAT3 phosphorylation and
translocation to nucleus results in keratinocyte proliferation.*
Ectopic expression of hsa-miR-4516 directly targets STAT3
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FIGURE 1. Possible signaling mechanisms underlying miRNAs action with the examples of miR31 and miR-21. A, a signal transduction
feedback loop, in which miR-31 and NF-«B play a key role, has been delineated. This feedback loop contributes to inflammatory responses
and skin phenotype of psoriasis. B, a complex network formed by miR-21 activity and STAT3 activation contributes to keratinocytes
proliferation in psoriasis. The detailed information of these signals is seen in the related body text. AP-1 = Jun/activating protein 1;
CXCLs =chemokine (C-X-C motif) ligands; FIH-1 =factor-inhibiting hypoxia-inducible factor 1; IL=interleukin; NF-«B = nuclear factor
kB; ppp6c = protein phosphatase 6¢c; P2X7R = receptor of purinergic recepter p2x, ligand-gated ion channel,7; STAT3 =signal transducer
and activator of transcription 3; TGF-B1 = transforming growth factor 81; Th17 =T helper type-17; VEGF = vascular endothelial growth

factor.

protein by binding to its 3’UTR in human keratinocytes, which
is supported by a report showing that overexpression of hsa-
miR-4516 downregulated STAT3 and p-STAT3 and induced
apoptosis in human keratinocytes.>® Using patient-derived skin
samples and mouse models of psoriasis, a study demonstrates
that miR-21 expression is increased in epidermal lesions of
patients with psoriasis, and the increased miR-21 may be
a consequence of impaired transcriptional activity of
Jun/activating protein 1 (AP-1), leading to activation of the
IL-6/STAT3 pathway.'® Additionally, it is revealed that a
P2X7R (receptor of purinergic recepter p2x, ligand-gated
ion channel, 7)-dependent mir-21 angiogenesis pathway that
leads to the expression of vascular endothelial growth factor
(VEGF) and IL-6, which may be involved in development
of psoriatic lesions.”” Of note, both STAT3 and VEGF are
Thl17-related cytokines and positively correlated with expres-
sion of Th17 in psoriasis.*> Now, a complex network critically
involved by miR-21 and STAT3 is delineated in psoriasis
keratinocytes (Fig. 1B).

Conclusions and Future Directions

In summary, psoriasis is a chronic and complex inflam-
matory skin disease with lesions displaying dramatically altered
mRNA expression profiles, and some of these may become
disease markers and therapeutic targets. In this review, we
present an overview of what is currently known about role of
miRNAs in psoriasis. Specifically, we focus on the differential
expression profile, immune and inflammatory responses, and
hyperproliferative skin disorder associated with miRNAs in
psoriasis. Although the exact roles of miRNAs in psoriasis
have not been fully elucidated, a new layer of regulatory
mechanisms mediated by miRNAs is revealed in the
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pathogenesis of psoriasis. The goal of drawing clinically
relevant conclusions about role of miRNAs in psoriasis will
be aided by some novel methods that enable fast and sensitive
epigenomic profiling in the future.

Additionally, considering a fact that objective diagnostic
markers have not been in clinical use for psoriasis, miRNAs
levels could be useful biomarkers for diagnosis, prognosis, and
therapeutic value in psoriasis. It is because miRNAs are easily
detected in a Variet;/ of sources, including tissues, serum, and
other body fluids.” In particular, it has been proved that
miRNAs detection in human skin is robust irrespective of
preservation method, as miRNAs are less prone to RNA degra-
dation than mRNAs due to lack a poly-A tail.*®

Anyway, our systematic literature review highlights the
potential of miRNAs aberrantly expressed in psoriasis in devel-
opment of novel therapeutic strategies and useful biomarkers
for disease diagnosis and prognosis. However, although specific
miRNAs profile in psoriasis has been to some extent identified,
signal transduction mediated by specific miRNAs and the
relationships among these specific miRNAs in psoriasis are
largely unknown. Further studies in this field could be prom-
ising research directions leading to better understanding in
psoriasis pathogenesis.
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