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ARTICLE INFO ABSTRACT

Keywords: Psoriasis is a chronic immune-related disorder in which both genetic and environmental parameters are in-
miRNA volved. Recent studies have demonstrated dysregulation of long non-coding RNAs (IncRNAs) and microRNAs
IncRNA (miRNAs) in the peripheral blood or skin lesions of patients with psoriasis. While a number of IncRNAs such as
Psoriasis

MEGS3, AL162231.4 and NONHSAT044111 have been down-regulated in the course of psoriasis, others including
PRINS, MIR31HG, RP6-65G23.1, MSX2P1, SLC6A14-1:1, NR_003062 have been up-regulated. Moreover, ex-
pressions of several miRNAs have been dysregulated in this disorder. Among dysregulated miRNAs are miR-126,
miR-143, miR-19a and miR-155 whose diagnostic roles in the psoriasis have also been assessed. Dysregulated
non-coding RNAs in this disorder participate in the regulation of chemokine signaling pathway and immune
response, control of epidermal development and skin barrier as well as modulation of function of certain subsets
of T cells. Besides, these transcripts possibly regulate activity of NF-kB, mTOR, MAPK and JAK-STAT signaling
pathways. Besides, expression levels of circRNAs have been decreased in the psoriasis lesions. Massive altera-
tions in the levels of IncRNAs and miRNAs in the psoriasis lesions or peripheral blood of affected individuals

show participation of these transcripts in the pathogenesis of this disorder.

1. Introduction

Psoriasis is a chronic immune-related disorder of skin which is
caused by complex interactions between genetic and environmental
parameters [1]. Several lines of evidence suggest the role of activated T
cells in the pathogenesis of psoriasis. First, activated CD4 " and CD8* T
cells have been detected in the psoriatic lesions and blood of affected
patients [2,3]. Moreover, clonally expanded T cell receptor p-chain
rearrangements have been observed in the plaques of psoriasis patients.
This antigen-specific T cell selection shows the persistent pathogenic T
cell response in these patients [4]. Finally, investigations in the xeno-
graft models of psoriasis have indicated the significance resident T cells
in the evolution of psoriasis and their role in the production of TNF-a in
these lesions [5]. Based on the role of immunological factors in the
development of psoriasis, therapeutic strategies against TNF-a, IL-23,
and IL-17 have been applied in this disorder [6]. A number of factors
such as mechanical stress, seasonal elements, infectious factors, ultra-
violent radiation, and a number of medications such as 3-blockers have
been recognized as extrinsic risk factors for psoriasis [6]. Moreover,
some disorders such as hypertension, diabetes mellitus and cardiovas-
cular disorders have been demonstrated to co-occur with psoriasis [6].

* Corresponding author.
** Corresponding author.

Recent studies have indicated the role of non-coding RNAs (ncRNAs) in
the pathogenesis of psoriasis [7]. Being classified based on their sizes
into long noncoding RNAs (IncRNAs) and microRNAs (miRNAs), these
transcripts are involved in the regulation of immune responses at sev-
eral regulatory levels [8,9]. MiRNAs mostly regulate immune responses
at the translation level. A number of miRNAs namely the miR-17-92
cluster, miR-150, miR-155, miR-181 and miR-223 are abundantly ex-
pressed in the immune cells and participate in the maturation, differ-
entiation and function of these cells [9]. Notably, several of these
transcripts have been dysregulated in psoriasis plaques or peripheral
blood of patients with this skin disorder [10,11]. As regulators of gene
expression at transcriptional and post-transcriptional levels, IncRNAs
participate in the preservation of hematopoietic stems cells, the dif-
ferentiation and survival of myeloid cell and the activity of several ef-
fector cells in the immune system [8]. In the current manuscript, we
review and summarize the role of ncRNAs in the pathogenesis of
psoriasis.

2. LncRNAs and psoriasis

A recent microarray analysis IncRNAs profiles in psoriatic skin
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samples and normal skin samples have shown dysregulation of more ]
than 2000 IncRNAs most of them having cis- or trans-regulated pre- ;‘:j _ _ _
dicted target genes. Dysregulated IncRNAs were enriched in signaling g2 = )
pathways that control immune responses such as JAK-STAT, Wnt and " -
Toll-like receptor as well as cytokine and chemokine related pathways 2 j:; _ §
[12]. Another high throughput data analysis revealed reported differ- g EO % E
ential expression of hundreds of IncRNAs between psoriasis lesions and - < S E
uninvolved skin samples from these patients or normal skin samples. § E 2 g%
Differentially expressed IncRNAs were enriched in immune related % § § b 8
pathways and those participate in the epidermal differentiation [13]. 8 % 2 S B
Jia et al. have made an in vitro model for assessment of the role of é Y % '% %0
MEGS3 in the pathogenesis of using HaCaT and HHEK cells. Expression o8 E E §
of this IncRNA was decreased in these cells and in psoriatic skin spe- é 9 Fé ﬁ B s 8
cimens. MEG3 has been shown to suppress proliferation and enhance E % & éé o Dcé g
apoptosis of activated cells through modulation of miR-21 which inhibit S 2 R § % k=
caspase-8 expression [14]. Li et al. assessed RNA-Seq data of psoriatic E g %g %O 5 é ;
and normal skin samples to recognize psoriasis-related IncRNAs and § £5 % 2 E g —;‘; é
mRNAs. They reported a number of differentially expressed IncRNAs § Dé é ;:’ E 8 o S 5,
and mRNAs and constructed the interaction network between them. e
Finally, they validated expression of an mRNA/IncRNA pair (CCL27 5
and AL162231.4) in psoriatic and normal skin samples. Based on their g 2
results, expression of both genes were down-regulated in the affected § = %;
samples [15]. Table 1 shows the list of down-regulated IncRNAs in the 2 o2
psoriasis. 5 £ %
PRINS is an up-regulated IncRNA in the affected and non-affected é s £ z
psoriatic epidermis whose expression is activated by stress. Szegedi EE ig
et al. have demonstrated that PRINS silencing has changed cell mor- &7 A g
phology and gene expression profile. PRINS regulates the anti-apoptotic 2 % B ki
gene G1P3 in keratinocytes. G1P3 is remarkably over-expressed in E E § ‘:% 2
hyperproliferative affected and non-affected epidermal cells of psoriatic E’ g g § g £
patients compared with normal epidermis. Their experiments demon- 2 ?0 ‘EO E o2 E
strated that dysregulation of the PRINS might diminish sensitivity of E @ EIT; § 2 5
keratinocytes to spontaneous apoptosis through modulation of G1P3 g 2 f -E '% o E
[16]. Gao et al. have reported up-regulation of MIR31HG in the affected E" E % E % 8 g
psoriatic skin compared with normal skin. MIR31HG silencing has g Q 5§ & E S
suppressed proliferation of keratinocytes and prompted cell cycle arrest = 5% &35
in the G2/M phase. Up-regulation of MIR31HG has been shown to be 0
associated with NF-kB [17]. Table 2 shows the list of IncRNAs whose é %
expression has been up-regulated in the psoriasis. 3| £
Few studies have appraised associations between single nucleotide éo o ;xj
polymorphisms (SNPs) within IncRNAs and risk of psoriasis. Rakhshan g 2 _5 N
et al. have genotyped four ANRIL SNPs (rs1333045, rs1333048, E g E g
rs4977574 and rs10757278) in a population of Iranian patients with 4
psoriasis and healthy controls. They reported associations between the § - %
C allele of rs1333048 and the G allele of the rs10757278 and risk of % § g
psoriasis, while the A allele of the rs4977574 was recognized as pro- o Bs g 9
tective allele. Certain ANRIL haplotypes were also associated with risk E e f ‘E- ‘:5:-
of this disorder in Iranian population [20]. The same group has also 3| & 8 ‘é E E
assessed the association between the rs12826786, rs1899663 and Bl 3| Eg = =
154759314 SNPs of the HOTAIR. They reported association between the §°
1512826786 and psoriasis in a way that T allele of this SNP conferred = & E 2 g
risk of psoriasis. They reported no significant difference in HOTAIR _§ 3 § i ‘q‘é i %
haplotype frequencies between patients and healthy subjects [21]. £ TEl . % g 2 8
Table 3 summarizes the results of studies which assessed association & 8| & —§‘ § g § g
between IncRNAs variants and risk of pasoriasis. i g E ‘2 gz g;
= — =0 = o
8le|lgs E°8E°
3. miRNAs and psoriasis & ,“E’ % &é g g2 g £
g 2|28 gEEn2
These small ncRNAs are originated from larger primary RNAs and é
are processed into approximately 22 nucleotide transcripts. These ma- E a = E :”rr Lﬁ —
ture transcripts regulate expression of their target genes at post-tran- < g - [:r: § E q
s . . . . é ~ O 4T LTHO OO O M
scriptional level. Dysregulation in the expression of these transcripts S = ZSCZEa92888R
contribute in the pathogenesis of psoriasis [22]. Fig. 1 shows the me- o = % o q E é %‘ % é E § § § §
chanism of involvement of two miRNAs in the pathogenesis of psoriasis. = ',; ERRE = gz é g9 é’ é’ % &
=3
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Table 3
Variants within IncRNAs which are associated with risk of psoriasis.

LncRNA  Numbers of clinical samples (tissues, serum, Risk variant  Reference
etc.)
ANRIL 286 patients with psoriasis and 300 age-/ rs1333048 [20]
sex-matched controls were recruited. rs10757278
154977574
HOTAIR 286 patients with psoriasis and 300 age-/ rs12826786  [21]

sex-matched controls were recruited.

4. Down-regulated miRNAs in psoriasis

Xu et al. demonstrated down-regulation of miR-125b in the psor-
iasis. The main cell type accountable for down-regulation of miR-125b
levels in psoriasis lesions has been the keratinocyte. Overexpression of
this miRNA in primary human keratinocytes inhibited proliferation and
increased transcription of numerous differentiation markers. Functional
studies revealed interaction between miR-125b and FGFR2 [25]. This
miRNA has also been shown to interact with BRD4 and inhibit ex-
pression of the Jagged-1 ligand. Moreover, miR-125b suppresses Notch
signaling pathway and inhibit the proliferation of psoriasis cells [26].
Let-7b has also been down-regulated in the psoriasis. Over-expression
of this miRNA in the keratinocytes suppresses acanthosis and decreases
the disease severity following treatment with imiquimod. Let-7b en-
hances differentiation of keratinocytes through suppression of IL-6 ex-
pression. This miRNA also negatively modulates the ERK signaling
pathway in the keratinocytes of patients with psoriasis [27]. Another
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study has assessed expression of miRNAs in the keratinocytes of pa-
tients with psoriasis and control samples using the miRNA microarray
technique and subsequent real time PCR method. Authors have de-
monstrated down-regulation of miR-145-5p in psoriatic skin lesions.
Functional studies have verified the inhibitory effects of this miRNA on
MLK3 expression. Moreover, up-regulation of miR-145-5p in normal
human epidermal keratinocytes has been shown to inhibit cell pro-
liferation and chemokine production. This miRNA controls activity of
NF-xB and STAT3 signaling through modulation of MLK3. Notably,
transfer of agomiR-145-5p into the skin cells has reduced epidermal
hyperplasia and has amended the psoriasis-associated phenotypes [28].
Moreover, expression of miR-187 has been decreased in inflammatory
cytokines-induced keratinocytes and skin samples obtained from pa-
tients with psoriasis. This miRNA suppresses keratinocytes hyperproli-
feration through inhibiting CD276 expression. Experiments in animal
model of psoriasis have shown the role of this miRNA in reducing
acanthosis and decreasing the severity of psoriasis [29]. miR-194 is
another downregulated miRNA in skin lesions of patients with psoriasis.
Up-regulation of this miRNA has suppressed cell proliferation and sti-
mulated the differentiation of keratinocytes. GRHL2 has been re-
cognized as a direct target of miR-194 [30]. The STAT3 suppressor
miRNA, miR-4516 has been down-regulated in skin samples obtained
from patients with psoriasis. This miRNA also targets the extracellular
matrix protein fibronectin 1 and integrin subunit a9. Forced over-ex-
pression of miR-4516 in human keratinocytes has been shown to inhibit
cell motility and proliferation through inhibition of expression of genes
establishing cytoskeletal reorganization. In addition, it stimulates
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Fig. 1. miR-138 is decreased in patients with psoriasis. This miRNA binds with 3’ UTR of RUNX3 to suppress its expression. Thus, down-regulation of miR-138 leads
to up-regulation of RUNX3 which increases Th1/Th2 ratio [23]. miR-210 is increases in the psoriasis. This miRNA binds with 3’ UTR of FOXP3. FOXP3 is a master
transcription factor for differentiation of Treg cells. Thus, miR-210 over-expression leads to reduction in the numbers of Treg cells [24].
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Table 5 (continued)

Reference

Function and comments

Signaling Pathways

Targets/Regulators

Source

Numbers of clinical samples (tissues, serum, etc.)

miRNA

There is a significant correlation between relative hair miR-19a
levels and disease duration. The hair root miR-19a levels can

18 patients with psoriasis and 22 healthy controls were

recruited.

be a marker reflecting the subjective severity of symptoms in

psoriasis.
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terminal differentiation of these cells [31].
Table 4 shows the list of miRNAs whose expression has been down-
regulated in the psoriasis.

5. Up-regulated miRNAs in psoriasis

The miRNA miR-31 has been shown to be induced by NF-kB in
psoriatic epidermis. Knock out of this miRNA suppresses keratinocytes
hyperproliferation, reduces acanthosis and diminishes the disease se-
verity in the animal models of psoriasis. miR-31 has functional inter-
action with ppp6c to inhibit its expression [39]. This miRNA has also
been shown to directly bind with the serine/threonine kinase 40
(STK40), a negative regulator of NF-xB signaling to inhibit its expres-
sion. Expression of this miRNA is increased by TGF-B1, a cytokine
which is over-expressed in psoriasis skin [40]. STK40 has also been
targeted by miR-130a, a miRNA that enhances viability and migration
of keratinocytes. In addition, miR-130a indirectly regulates SOX9-as-
sociated JNK/MAPK signaling [41]. Expression of miR-126 has been
increased in psoriatic lesions compared with paired normal skin sam-
ples in association with Psoriasis Area and Severity Index (PASI) score.
Forced over-expression of miR-126 has increased cell proliferation and
reduced apoptosis in HaCaT cells. These effects were accompanied by
over-production of TNF-a, IFN-y, IL-17A, and IL-22 while down-reg-
ulation of IL-10 levels [42]. In addition, expression levels of miR-146a
and miR-146b have been increased in the psoriatic lesions. Proin-
flammatory cytokines have a prominent role in induction of expression
of these miRNAs particularly miR-146a in keratinocytes and fibroblasts.
FERMT1 has been identified as a target of miR-146a. Notably, re-
assessment of genome-wide data from of a large cohort of psoriasis
patients and healthy subjects revealed a moderate association between
genetic variants in the miR-146a coding gene and this disorder. These
two miRNAs have been suggested to alter inflammatory reaction and
proliferation of keratinocyte [43]. Expression of miR-142-3p has been
shown to be elevated in M5-induced HaCaT cells. Suppression of miR-
142-3p significantly inhibited proliferation and increased apoptosis in
these cells, as demonstrated by diminished levels of the antiapoptotic
Bcl-2 protein, and simultaneous enhancement of the proapoptotic
protein Bax. These events were accompanied by reduction of M5-as-
sociated inflammatory reactions. Notably, miR-142-3p has been shown
to directly target Sema3A. Therefore, suppression of miR-142-3p de-
fend HaCaT cells against M5-associated hyperproliferation and in-
flammation-induced damage by modulation of expression of its target,
indicating the role miR-142-3p/Sema3A axis as a therapeutic target for
precluding keratinocyte [44]. Expression of miR-155 has been shown to
be elevated in psoriasis tissues compared with normal tissues [45] and
in peripheral blood mononuclear cells of these patients compared with
controls [46]. miR-155 silencing significantly diminished cell pro-
liferation, altered cell cycle progression and enhanced the quantity of
apoptotic cells. Moreover, its silencing modulated expression of several
apoptosis-associated genes including PTEN, AKT, Bax and Bcl-2 [45].
Over-expression of miR-21 has been demonstrated in skin abrasions of
patients with psoriasis and in association with down-regulation of
TIMP-3 expression and stimulation of TACE/ADAM17. In vitro and in
vivo studies have shown that over-expression of miR-21 is resulted from
dysregulation of activity of Jun/AP-1 and subsequent induction of the
IL-6/STATS3 axis. Suppression of miR-21 amended pathological features
both in xenotransplants and in a psoriasis-like mouse model indicating
the role of this miRNA as a therapeutic target in psoriasis [47]. Ex-
pression of miR-200s has been shown to be higher in affected skin of
patients with psoriasis compared with both their unaffected skin sam-
ples and skin samples from controls. Moreover, expressions of miR-200c
and miR-200a were higher in peripheral blood of patients compared
with controls. There were significant correlations between expression
levels of miR-200c and both PASI and disease duration as well as de-
terminants of heart dysfunction [48]. miR-210 is another up-regulated
miRNA in the psoriasis. This miRNA has been shown to stimulate Th17
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and Thl cell differentiation but preclude Th2 differentiation via sup-
pressing STAT6 and LYN expression. Suppression of miR-210 expres-
sion has reversed the immune imbalance and the progress of psoriasis-
like inflammatory responses animal models of psoriasis. Mechan-
istically, expression of this miRNA is induced by TGF-f and IL-23
through activation of HIF-1a [49]. Expression of miR-210 has also been
up-regulated in CD4(+) T cells of patients with psoriasis vulgaris. This
miRNA negatively regulates expression of FOXP3, thus weakening the
immunosuppressive effects of Treg cells in CD4(+) T cells [50]. Ex-
pression levels of miR-369-3p, miR-1266 and miR-31 have been ele-
vated in serum samples of patients with psoriasis [51-53], indicating a
possible role for these miRNAs as non-invasive diagnostic markers for
this skin disorder. Table 5 shows the list of up-regulated miRNAs in the
psoriasis.

Altered expression of miRNAs can be used as a tool for differ-
entiation of psoriatic lesions from normal skin samples. Expression le-
vels of miR-155, let-7i, miR-146a, miR-21 and miR-223 has been in-
creased in the peripheral blood mononuclear cells of patients with
psoriasis. Moreover, expressions of miR-21, miR-146a and miR-223
have been elevated in plasma samples of patients as well. Based on the
results of receiver-operator characteristic (ROC) curve analysis these
miRNAs can be used for discriminating patients from healthy subjects.
Notably, there was a significant correlation between baseline expres-
sion levels of miR-155 in peripheral blood mononuclear cells and PASI
score. Expression of this miRNA could differentiate patients' specimens
at baseline and after treatment [46]. Table 6 summarizes the results of
studies which assessed diagnostic power of miRNAs in the psoriasis.

6. Circular RNAs (circRNA) and psoriasis

Moldovan et al. have identified circRNA signature of affected and
non-affected psoriasis skin using RNA-seq and RNA chromogenic in situ
hybridization techniques. They reported a significant decreased in the
expression circRNA in affected skin compared to non-affected skin.
Totally, they detected 298 unique high-abundance circRNAs in the af-
fected and unaffected skin samples, more than one-third of them being
common between these two set of samples. Yet, all of these circRNAs
were mostly expressed at lower amounts in the affected tissues. The
same situation was reported when comparing the affected and un-
affected samples from each individual patient. This expression change
has been occurred mostly in the epidermis. Notably, most of circRNAs
were decreased independently of their associated linear host genes.
Factors that influence circRNA biogenesis or the amounts inflammatory
cells in the lesion did not affect the levels of circRNAs. Down-regulation
of circRNAs might be due to high proliferation and turnover rates of the
keratinocytes in the affected skin and lower differentiation status of
these cells [57], since expressions of circRNAs are mostly increased
during differentiation [58].

7. Conclusions

In the present manuscript, we summarized the data pointing to the
dysregulation of IncRNAs and miRNAs in the psoriasis. LncRNAs and
miRNAs have functional interactions that are involved in the regulation
of immune responses and the pathophysiology of inflammatory dis-
orders such as psoriasis. Massive dysregulation of ncRNAs in the psor-
iatic lesions indicates that the combined functions of numerous ncRNAs
might participate in the pathogenesis of psoriasis [12]. Dysregulated
ncRNAs were mostly associated with Treg cells differentiation and ac-
tivity as well as a number of signaling pathways such as NF-kB, mTOR,
MAPK and JAK-STAT [12]. Moreover, expressions of several IncRNAs in
the keratinocytes have been shown to be modulated by cytokine
treatment [13]. Thus, these transcripts are actively involved in the
pathophysiology of psoriasis. LncRNAs participate in the pathogenesis
of psoriasis through various mechanisms among them is their function
as competing endogenous RNAs (ceRNAs) to decrease bioavailability of
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Table 6

Diagnostic value of miRNAs in psoriasis patients.

Sensitivity ~ Specificity Reference

Area under curve (AUC)

Distinguish between

Numbers of clinical samples

miRNA

[35]
[36]
[56]
[46]

87.5%
97.1%
90.3%
97.1%

x
S
R
= o m o —
N w53 B
nNNO S

9o T M 1
N @ MmN I
N QG ®©
Soocococa

shes psoriasis patients from normal subjects.
shes psoriasis patients from normal subjects.
shes psoriasis patients from normal subjects.

shes progressive stage
shes stable stage

nguishes psoriasis patients from normal subjects.

Dist
Dist
Disti
Dist
Dist
Dist

11 patients with psoriasis and 11 healthy age- and gender-matched volunteers participated in this study.

147 psoriasis patients and 120 healthy volunteers were enrolled in this clinical study.
In total, 194 psoriasis patients and 175 healthy controls were recruited.

18 patients with psoriasis and 22 healthy controls were recruited.

miR-126
miR-143
miR-19a
miR-155
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miRNAs. Several such examples have been identified in the context of
psoriasis. For instance, MEG3/miR-21 axis contribute in the patho-
physiology of psoriasis through modulation of caspase-8, cleaved cas-
pase-8, cytc, and apaf-1 [14]. Moreover, expression studies in IL-22-
stimulated keratinocytes have shown the role of the MSX2P1-miR-
6731-5p axis in the regulation of SI00A7 [19]. Such IncRNA/miRNA/
mRNA trios are putative therapeutic targets in psoriasis.

Genomic variants within IncRNA and miRNA coding genes are ex-
pected to alter risk of psoriasis. Yet, few studies have addressed this
point. Although associations between HOTAIR and ANRIL genomic
variants and risk of psoriasis have been pointed in the Iranian popu-
lation, the molecular mechanism of such associations has not been
identified. Moreover, such associations have not been verified in other
populations. Therefore, future investigations should unravel weather
these SNPs alter immune responses or proliferation/apoptosis of kera-
tinocytes.

Another subgroup of ncRNAs namely circRNAs have also been
shown to be decreased in the psoriatic lesions. Yet, it is not clear
whether this altered expression is the cause or effect of psoriasis. There
is no evidence regarding the functional role for these transcripts in the
pathogenesis of psoriasis through modulation of miRNA profile [57].
Therefore, future studies should focus on the importance of these
transcripts in the pathogenesis of this disorder to find whether circRNAs
can be used as biomarkers for psoriasis.

Finally, expression levels of miRNAs in the serum or peripheral
blood mononuclear cells can distinguish patients from healthy subjects.
However, little is known about the diagnostic role of IncRNAs in
psoriasis. Based on the functional interaction between miRNAs and
IncRNAs, it is expected that some panels of IncRNAs and miRNAs could
be used as diagnostic panels for psoriasis. However, this research field
should be explored in future.
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