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Abstract

Increasing evidence suggests that long non-coding RNAs (IncRNAs) are of vital importance for various biological processes,
dysregulation of IncRNAs is frequently associated with various diseases such as psoriasis. LncRNAs modulate gene expression at the
transcriptional, post-transcriptional, and translational levels; however, the specific regulatory mechanisms of IncRNAs in psoriasis
remain largely unexplored. This review provides an overview of recent studies investigating mechanisms and functions of IncRNAs
in psoriasis, especially focusing on the role of IncRNAs in keratinocytes, T cells, and dendritic cells.
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Introduction

Psoriasis is a T cell-mediated chronic inflammatory skin
disease characterized by epidermal hyperplasia, abnormal
differentiation of keratinocytes (KCs), and excessive
hyperplasia of blood vessels. The prevalence of psoriasis
ranges from 0.09% to 11.43%, according to the 2016
report of the World Health Organization. In the United
States, the annual economic burden of psoriasis is about
$35.2 bllhon I'and comorbidities lead to higher medical
costs. 2l A crucial causative factor in the onset of psoriasis
is an imbalance in skin immune functions. The inflamma-
tory process of psoriasis is primarily mediated by dendritic
cells (DCs) and T cells, which interact with KCs and cause
epidermal keratinization. The predominant pathological
findings are incomplete keratinization, massive lympho-
cyte infiltration, and extensive skin angiogenesis at
lesion sites. Local skin lesion inflammation during
psoriasis is typically accompanied by a systemic inflam-
matory cascade, and comorbidities include disorders of the
metabolic system, blood vessels, and the nervous system, as
well as autoimmune disorders and systemic tumors.
Moreover, psoriasis is frequently associated with adverse
cardiovascular effects and hyperuricemia. Psoriasis and
uricemia are ethnically specific, and the incidence of
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cardiovascular disease i is 25% higher in psoriasis patients
than in normal subjects.!”) In addition, the risk of chronic
obstructive pulmonary dlsease in psoriasis patients
increases with disease severlty ' To date, the complex
mechanisms underlying psoriasis have not been fully
elucidated. Long non-coding RNA (IncRNA) is non-
coding RNA longer than 200 nucleotides, which can
participate in pre-transcriptional regulation such as
histone modification and DNA methylation as well as
transcriptional regulation regarding enhancer activities,
transcriptional interference, regulatory transcription fac-
tors, variable splicing, competing endogenous RNA
(ceRNA) other post- transcrlptlonal regulation, and regu-
lation of protein translation.””! It has been shown that
IncRNAs are frequently associated with tumor progression
and cellular processes such as proliferation, apoptosis, and
cell differentiation.!®”) In psoriasis patients, research
findings indicate that numerous differentially expressed
IncRNAs (DE IncRNAs) play a crucial regulatory role at
the gene level [Figure 1]. Psoriasis-associated dysregulated
IncRNAs are listed in Table 1. This article reviews research
on psoriasis-related IncRNAs.
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Figure 1: Roles of IncRNAs in the modulation of immunological mechanism of psoriasis. Navy blue lines are IncRNAS; irregular circles represent target proteins; the light green rectangle means that
the biological process. AKT: Protein kinase B; CCHCR1: Coiled-coil alpha-helical rod protein 1; ERK: Extracellular signal-regulated kinase; HLA: Human leukocyte antigen; IL: Interleukin; IncRNAs:
Long non-coding RNA; JAK: Janus kinase; NF: Nuclear factor; NPM: Nucleophosmin; PKR: Protein kinase R; STAT: Signal transducer and activator of transcription; TNF: Tumor necrosis factor.

Table 1: Characteristics of IncRNAs in psoriasis.

LncRNAs Tissue/cell Expression Regulating mechanisms References

IncRNA-MSX2P1 Skin/HaCaT Up-regulated Promote proliferation and Qiao et al Exp Cell Res 20181
suppress apoptosis

MIR31HG Skin/HaCaT Up-regulated Promote proliferation Gao et al Biol Res 20181

IncRNA-H19 Keratinocyte Up-regulated Promote differentiation Li et al Cell Death Dis 20171¢!

IncRNA-RP6-65G23.1 HaCaT Up-regulated Promote proliferation and Duan et al ] Cell Biochem 202017
suppress apoptosis

MEG3 Skin/HaCaT Down-regulated Suppress proliferation and Jia et al BMC Mol Cell Biol 201914
promote apoptosis

PRINS Skin/keratinocyte/ Up-regulated Promote proliferation and Szegedi et al Exp Dermatol 201013,

HaCaT suppress apoptosis Bari et al Arch Dermatol Res 20118
Szegedi et al Int J Mol Sci 201221

HOTAIR HaCaT Up-regulated Promote apoptosis and Liu et al Braz ] Med Biol Res 201822
inflammation

IncRNA HULC HaCaT Up-regulated Promote apoptosis and Zhao et al Biomed Pharmacother 2018%
autophagy

PRANCR Keratinocytes Up-regulated Promote proliferation and Cai et al Genome Res 2020!2¢!
differentiation

LINC00941 Keratinocytes Down-regulated Suppress proliferation and Ziegler et al EMBO Rep 201917
differentiation

AF005081,UC003af, Keratinocytes Up-regulated - Mazar et al Mol Genet Genomics 2010128

BC020554

IncRNA FLICR T cell - Suppress Treg activity Zemmour et al Proc Natl Acad Sci U S A 2017138

LncRNA MALAT1 DC - Promote the expression Wu et al Front Immunol 20184
of DC-SIGN

PSORS1C3 Skin Up-regulated - Holm et al Acta Derm Venereol 200514¢1

ANRIL Skin - - Rakhshan et al Int Inmunopharmacol 202054

CARD14 Skin Up-regulated - Gupta et al ] Invest Dermatol 2016%%!

LNC-AP000769.1-1: 2, Skin Up-regulated - Yan et al Mol Med Rep 20195

ENST00000557691 and
LNC-HSFY2-10: 1
LNC-MGMT-2:1, Skin
LNC-POLR3E-3:3,
LNC-THRSP-6: 1 and
LNC-PERP-2: 7
AL035425.3 and PWARG6 Skin

Down-regulated -

Down-regulated -

Yan et al Mol Med Rep 20191571

Zhou et al Exp Ther Med 201916%

LncRNAs: Long non-coding RNAs; DC: dendritic cells.
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LncRNAs and Psoriasis

LncRNAs and KCs

KCs are a primary type of epidermis cells and have strong
proliferation and differentiation capabilities, which is
crucial for skin renewal, barrier, and immune functions.
During psoriasis, hyperplasia leads to hypertrophy and
keratinization, which is associated with abnormal KC
proliferation and apoptosis. The characteristic signs of KC
hyperproliferation and abnormal differentiation during
psoriasis are as follows: changes in expression of core pro-
teases and genes in the epidermal differentiation complex;
significant down-regulation of the late KC differentiation
markers such as cysteine-containing aspartate proteolytic
enzyme-14; up-regulation of the early KC differentiation
marker coat protein; reduction in K1 and K10 expression;
and abnormally high expression of K6, K16, and K17 in
psoriatic lesions.'®! Psoriasis-specific dlfferentially expressed
genes (DEGs) occur in KCs and are induced by interleukin
(IL)-17A.”! Excessive polyamine production in psoriatic
KCs was found to facilitate endocytosis of RNA by myeloid
DCs and thereby promote TLR7-dependent RNA induction
and IL-6 production.!!

Expression of IncRNAs in clinical psoriatic lesions

Expression levels of LncRNA-MSX2P1 were found to be
higher in psoriatic skin lesions than in normal skin tissue.!!!
Using RNA sequencing, MIR31HG and IncRNA-RP6-
65G23.1 were reported to be up-regulated in the epidermis
of psoriasis patients.!'?! Psoriasis Susceptibility-Related
RNA Gene Induced by Stress (PRINS) is a non-coding
RNA which is overexpressed in psoriatic and non-lesioned
epidermis, and its expression is induced by stress, suggesting
that overexpression of PRINS in non-lesioned psoriatic
epidermis may play a role in psoriasis susc Btlblllty rather
than in the formation of psoriatic lesions.""*! In contrast,
compared with normal skin tissue, expression of materally
expressed gene 3 (MEG3) was significantly down-regulated
in skin tissue of psoriasis patients./'*

LncRNAs regulate KC proliferation, apoptosis, and
inflammation during psoriasis

mRNA levels of MSX2P1 were found to increase
significantly after treatment with IL-22 in HaCaT and
HNEK cells. The authors selected a “MSX2P1-miR-6731-
5p-S100A7” ceRNA network for further research and
observed a positive correlation between MSX2P1 expres-
sion and S100A7 expression. A luciferase reporter assay
confirmed that MSX2P1 directly targeted miR-6731-5p
and down-regulated expression of miR-6731-5p, which
promotes proliferation, suppresses apoptosis in IL-22-
stimulated KCs and increases expression of ST00A7, IL-
12B, IL-23, human leukocyte antigen (HLA)-C, coiled-coil
alpha-helical rod protein 1, tumor necrosis factor (TNF)-a
and nuclear factor (NF)-kB proteins. Taken together,
IncRNA-MSX2P1 can function as an endogenous sponge
RNA by directly binding miR-6731-5p; this leads to an
increase in S100A7 and other pro-inflammatory cytokines
by inhibiting expression of miR-6731-5p and activating
S100A7 in KCs stimulated b§/ IL-22, which facilitates the
manifestation of psoriasis.!
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Knockdown of MIR31HG was observed to inhibit HaCaT
KC proliferation, which may be due to the induction of
a G2/M phase arrest. After stimulating KCs with IL-17A,
IL-22, TNF-a, and IL-1a, which activated nuclear factor-
kappa B (NF-«kB) signaling, MIR31HG expression in-
creased. Low expression of p65 siRNA, which is a subtype
of NF-kB, led to a significant decrease in MIR31HG
expression induced by cytokines (IL-17A, IL-22, TNF-a,
or IL-1a). Similarly, decreased expression of MIR31HG
was observed in HaCaT KCs treated with an NF-«B
inhibitor. These findings suggest that MIR31HG knock-
down inhibits proliferation of HaCaT KCs, whereas
expression of MIR31THG depends on activation of NF-
kB. MIR31HG thus plays a decisive role in the regulation
of excessive proliferation of 1psoriatic KCs and may be a
potential therapeutic target.!

LncRNA H19 contained two miRNA-130b-3p binding
sites. While miRNA-130b-3p substantially reduced lucif-
erase activity of H19-containing wild type (WT), it
attenuated luciferase activity of the H19 mutant form.
Overexpression of miRNA-130b-3p in KCs led to down-
regulation of H19 expression. During KC differentiation,
expression of H19 increased, while expression of miR-
130b-3p was down-regulated. H19 knockdown, which
reduces expression of DSG1, was found to reduce the levels
of KCs upon calcium stimulation. H19 attenuated
inhibitory effects of miR-130b-3p on DSG1 expression.
In the presence of DSGI1 targeted protector, the inhibitory
effect of H19 knockdown on KC differentiation was
alleviated. Taken together, IncRNA-H19 may act as an
endogenous sponge by directly binding miR-130b-3p and
thereby inhibiting its activity against DSG1 and promoting
KC differentiation, thus it may constitute a new target for
the treatment of psoriasis.''®

In KCs stimulated with a cytokine M5 mix (including IL-
17A, oncostatin-M, TNF-a, IL-22, and IL-1a), expression
of RP6-65G23.1 increased more than five-fold, compared
to the control. Knockdown of RP6-65G23.1 significantly
inhibited cell proliferation, promoted apoptosis, and
induced G1/S phase growth arrest, while overexpression
of RP6-65G23.1 showed the opposite effects. Protein
kinase B (AKT) and extracellular signal-regulated kinase
(ERK)1/2 are essential regulators of cell proliferation and
survival. In HaCaT cells, down-regulation of RP6-
65G23.1 expression inhibited activity of AKT and
ERK1/2 signaling pathways. Expression of anti-apoptotic
Bcl-2 and Bcl-xL proteins was down-regulated in RP6-
65G23.1-depleted HaCaT cells and was up-regulated in
RP6-65G23.1-overexpressing cells.

In summary, IncRNA-RP6-65G23.1 facilitates KC prolif-
eration by activating the AKT and ERK1/2 pathways,
which affects the G1/S process. In addition, it may regulate
KC apoptosis by up-regulating the expression of Bcl-2 and
Bcl-xl proteins, thereby increasing the probability of
developing psoriasis.

MEG3 was found to be significantly down-regulated in
human immortalized keratinocytes (HaCaT) and normal
human epidermal keratinocytes (NHEKs) cells. Low
expression of MEG3, which promotes proliferation of
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Act-HaCaT and Act-NHEKs, decreased expression of
caspase-8 and Bax and increased expression of Bcl-2
protein which inhibits apoptosis. A dual luciferase reporter
assay demonstrated direct binding of miR-21 by MEGS3.
Overexpression of MEG3 significantly reduced expression
levels of miR-21. Therefore, IncRNA MEG3 may be a
competitive endogenous substance of miR-21 during
psoriasis. In Act-HaCaT and Act-NKEK, overexpression
of miR-21 reverses the decrease in cell proliferation rates,
increases apoptosis rates, increases caspase-8 and Bax
expression, and decreases Bcl-2 expression caused by
overexpression of MEG3. A dual luciferase reporter assay
revealed the binding site of caspase-8 and miR-21. Several
downstream proteins of caspase-8, cleaved caspase-8, cytc,
and apaf-1 are regulated by miR-21 and MEG3. In
summary, MEG3 may alleviate excessive proliferation and
insufficient apoptosis of psoriatic KCs by regulating miR-
21 and caspase-8 expression.!!

One of the genes regulated by PRINS ncRNA, G1P3, is an
interferon-induced gene with anti-apoptotic effects in
cancer cells. In vitro, G1P3 protein levels are the highest
in proliferative KCs, and down-regulation of G1P3 leads to
increased apoptosis rates. Loss of control of PRINS
ncRNA may be associated with the pathogenesis of
psoriasis and may reduce the sensitivity to spontaneous
KC apoptosis by regulating G1P3.!"3!" Silencing PRINS
exerted no effect on NF-kB activity of lipopolysaccharides
(LPS)-induced HaCaT cells and NHKs, indicating that
PRINS may affect the function of KCs independently of
NF-kB signaling.!'®! Studies have shown that in UVB-
treated fibroblasts and cancer cells, nucleophosmin (NPM)
is transported into the nucleus. Similar translocation of
NPM in KCs cultured under UVB radiation was
detected.!'”?%! Knockout of the PRINS gene causes
NPM to remain in the nucleoli of KCs irradiated with
UV-B, indicating that PRINS may differentially affect
regulation of proliferation and differentiation of cells as
well as stress responses.!!!

HOX antisense intergenic RNA (HOTAIR), a recently
discovered IncRNA that plays a critical role in gene
regulation and chromatin dynamics, was highly expressed
in HaCaT cells after 16 h of UVB irradiation. In UVB-
treated HaCaT cells, overexpression of HOTAIR signifi-
cantly reduced survival rates of cells, increased apoptosis,
inhibited expression of Bcl-2 protein, and promoted the
production of apoptosis-related factors (Bax, caspase3,
and 9), TNF-a, and IL-6 protein expression. Over-
expression of HOTAIR inhibited cell viability, improved
apoptosis, and increased protein expression of TNF-a and
IL-6. Moreover, HOTAIR also increases expression of
RNA-dependent protein kinase R (PKR) mRNA.
HOTAIR overexpression reduced cell viability after
UVB treatment by increasing PKR and increased apoptosis
rates and protein expression of the inflammatory factors
TNF-a and IL-6. PKR overexpression activated the PI3K/
AKT and NF-kB pathways. Therefore, HOTAIR plays an
essential role in promoting UVB-induced apoptosis and
inflammatory damage by up-regulating KC PKR.!**

In a previous study, highly up-regulated in liver cancer
(HULC) was the first IncRNA which was found to be
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highly expressed in hepatocarcinoma cells.”**! In UVB-
treated HaCaT cells, HULC expression levels were
significantly higher than those in the control group. HULC
knockdown increased cell viability and decreased apopto-
sis rates; however, expression of LC3-II and Beclin-1 was
markedly down-regulated, and expression of p62 protein
was significantly up-regulated. HULC overexpression
suggested the opposite effect. mRNA and protein levels
of Bcl-2 interacting protein 3 (BNIP3) decreased when
HULC was knocked down in UVB-treated HaCaT cells.
JAK/STAT (1/3) inhibitor (ZM 39923) markedly inhibited
up-regulation of p-JAK-1, p-STAT-1, p-STAT-3, and
BNIP3 protein caused by overexpression of HULC. In
UVB-stimulated HaCaT cells, HULC overexpression
resulted in decreased apoptosis rates after treatment with
the autophagy inhibitor 3-MA. In UV-stimulated HaCaT
cells treated with JAK/STAT (1/3) inhibitor (ZM 39923),
HULC overexpression and low BNIP3 expression led to
reduced apoptosis rates. UVB treatment reduced HaCaT
cell viability, increased apoptosis and autophagy, and up-
regulated expression of HULC. HULC overexpression
reduced activity of the JAK/STAT (1/3) signaling pathway,
reduced cell viability, promoted apoptosis and autophagy,
and up-regulated BNIP3 mRNA and protein levels. In
conclusion, IncRNA HULC up-regulated BNIP3, activated
the JAK/STAT (1/3) signaling pathway, and accelerated
UVB-induced HaCaT cell damage. This study provides a
feasible target for the clinical treatment of UVB-induced
KC injury.!**!

Knockdown of the PRANCR gene was found to inhibit KC
proliferation and reduce cloning ability; however, it had no
effect on KC apoptosis. In primary KCs lacking PRANCR,
1136 DEGs were identified, and expression of 927 genes
was reduced. A total of 209 up-regulated genes were
enriched in several pathways, most notably genes related to
mitogen-activated protein kinase (MAPK) pathway sig-
naling. The analysis tool Enrichr was used to determine
that E2F4 and FOXM1 were transcription factors of
PRANCR. PRANCR gene knockout in primary KCs
elicited significant down-regulation of the target gene of
transcription factor E2F4. Moreover, expression of cell
cycle genes with CHR sites was indirectly inhibited by
TP53 through CDKN1A and E2F4 which are collectively
known as the TP53-CDKN1A-DREAM-CHR path-
way.?>) In PRANCR-deficient primary KCs, expression
of 210 genes in the P53-CDKN1A-DREAM-CHR path-
way was strongly suppressed. Furthermore, the TPS3-
DREAM genes involved in the G2/M checkpoint control,
that is, CHEK2, CDK1, CCNB1, CCNB2, and CDC25C
were also down-regulated by PRANCR knockdown. In
primary human fibroblasts, PRANCR knockdown
resulted in impaired proliferation and reduced expression
of the G2/M checkpoint control genes CCNB1, CCNB2,
CDC25C, and CDKI1. In primary KCs which expressed
PRANCR at low levels, TP53 and E2F4 protein expression
was relatively unchanged, CDKN1A protein expression
increased, and expression in the nucleus was also higher. In
summary, PRANCR regulates KC proliferation and cell
cycle progression. Transcriptome analyses showed that
PRANCR controlled expression of 1136 genes and
strongly enriched expression of late cell cycle genes
containing CHR promoter elements. In addition,
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PRANCR deletion can lead to increased total CDKN1A
and nuclear CDKN1A (p21) levels, and these factors
control KC proliferation and differentiation. These
observations suggest that PRANCR is an IncRNA which
regulates epidermal homeostasis; moreover, also other
candidate IncRNAs which may play a role in this process
were identified.!**!

Transcriptome sequencing analyses revealed that expres-
sion of LINC00941 which is encoded on chromosome 12
was highest in undifferentiated precursor KCs and was
significantly reduced at the beginning of terminal differen-
tiation. In KCs, LINC00941 knockdown resulted in
increased mRNA levels of the early differentiation gene
KRT1 and of the late differentiation gene SPRR3 and of
filaggrin. In LINC00941-deficient human epidermal tissue,
mRNA and protein abundance of the early differentiation
gene KRT10, of late differentiation gene SPRR4, and of
loricrin were increased. In undifferentiated primary human
KCs, 28 well-characterized genes critical to epidermal
differentiation and located in the epidermal differentiation
complex were prematurely expressed in LINC00941-
knockout epidermis, including 16 of 18 LCE genes, the
loricrin gene, and SPRR4. SPRRS was almost not detected.
However, SPRRS expression levels increased significantly
after the onset of epidermal differentiation and reached the
highest levels at late differentiation stages. In KCs and
human organoid epidermis, SPRR 5 knockdown resulted in
a decrease in mRNA and protein abundance of early and
late differentiation genes (SPRR3, KRT1, FLG,and LOR).
In total, expression of 54.8% of 126 genes that were
suppressed in SPRRS5-deficient epidermal tissues was
induced in LINCO00941-deficient organ-type epidermis.
In human KCs, double-deletion of LINC00941 and SPRR S
resulted in decreased levels of keratin 1 and filaggrin.
SPRRS considerably differs from other members of the
human SPRR family regarding phylogeny and its function
as an indispensable regulator of human epidermal
differentiation. RNA sequencing revealed the importance
of LINC00941 and SPRRS for maintaining appropriate
epidermal homeostasis. Compared with mRNA, the
nuclear concentration of LINC00941 was increased, and
its role in inhibiting premature activation of LCE and
SPRR gene clusters was identified.

In summary, IncRNA LINC00941 is an important regulator
of human epidermal homeostasis. It is enriched in precursor
KCs and inhibits KC differentiation. LINC00941 can
inhibit expression of SPRRS, a positive regulator of KC
differentiation. In LINC00941-deficient organic epidermis,
expression of 54.8% of the genes suppressed in SPRRS-
deficient epidermal tissues was induced, suggesting that
LINC00941 and SPRRS share a common mode of action.
These observations provide insights into to the highly
complex regulatory network of epidermal homeostasis,
which is crucial for understanding the molecular basis of
epidermal development and skin diseases.*”]

A novel ncRNA array platform was developed using
Invitrogen/Life Technologies Corporation to identify
IncRNAs in KCs, and AF005081 and UCO003af were
found to be up-regulated only at 120 h, while BC020554
was only up-regulated in submerged epidermal equivalents
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and was down-regulated upon differentiation. A third
expression change pattern was observed in IncRNA
AKO022798, and expression was lower during the
submerged phase but was up-regulated during early
differentiation and then gradually decreased during the
transformation process; however, further experiments are
needed to identify the functions of these IncRNAs. 12!

LncRNAs and T cells

One of the pathological characteristics of psoriasis is the
activation of the Th1/Th2 axis and abnormal balance of
Th17 and regulatory T (Treg) cells.!*” Th1 and Th2 are the
first discovered CD4™" T cell subsets which are characterized
by secretion of interferon (IFN)-y and IL-4, respectively.

Without affecting the activity of IFN-y, the use of anti-IL-23
p19 Guselkumab at the highest dose resulted in a psoriatic
area and severity index reduction rate of more than 75% in
all patients,?%3!! suggesting that Th1 cell-related IFN-y
plays a major role in the initiation and pathogenesis of
psoriasis; however, it is not a core factor during chronic
inflammation. Th2 cell-specific cytokine IL-4 can complete-
ly block the function of IL-23, which can lead to Th17 cell
activation and differentiation. Therefore, IL-4 can inhibit
the inflammatory response mediated by Th17 cells, which
improves skin lesions in psoriatic patients.*?

During psoriasis, Th17 cells exert their effects by secreting
IL-17A, IL-17F, IL-26, and TNF, forming a feedforward
inflammation network with KCs, activating STAT-1 and
NF-«kB signaling pathways, and inducing secretion of
proinflammatory factors from KCs. At present, most studies
are focused on the role of IL-17A in psoriasis. IL-17A can
inhibit KC differentiation and promote KC proliferation by
down-regulating the regenerating islet-derived protein 3
alpha, and it stimulates KCs to produce antimicrobial
peptides, which causes more inflammatory cells to infil-
trate.!>3! Currently, it remains controversial whether the
number of Treg cells changes during psoriasis. Studies have
revealed that the number of Treg cells in peripheral blood
and tissues of psoriasis patients is significantly increased and
is positively correlated with the severity of the disease.l**!
However, the number of Treg cells in peripheral blood of
psoriasis patients decreased, which can be counteracted by
anti-TNF-a  treatments.*>! Chen ez al*® found that
expression levels of IL-21 in CD4 + T cells derived from
patients were higher in vitro, which can promote differenti-
ation and proliferation of Th17 cells and inhibit differentia-
tion of Tregs, causing an imbalance of Th17/Treg cells.

Expression of IncRNAs in clinical psoriatic lesions

PRINS was found to be highly expressed in non-lesioned
psoriatic epidermis (24-fold higher than in normal
epidermis). The abundance of PRINS transcripts in
psoriatic plaques did not reach the levels observed in
non-lesioned psoriatic epidermis; however, it was signifi-
cantly higher than that in healthy epidermis (12-fold).
Epidermal specimens from healthy patients and psoriasis
patients were treated with a mixture of T cell lymphokines,
I[FN-y, and IFN-y + IL-3 + granulocyte-macrophage
colony-stimulating factor. T cell lymphokine therapy
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exerted no substantial effect on PRINS expression in
healthy epidermis, whereas in untreated psoriatic epider-
mis, PRINS expression was five-fold reduced after
treatment with a T-lymphokine mixture. The level of
PRINS in non-skin lesions of psoriasis was reduced, but it
was not expressed in normal epidermis due to the effects of
T lymphokines, suggesting that PRINS overexpression
plays a role in susceptibility to psoriasis rather than merely
in psoriasis symptoms.

Regulation of IncRNA expression in FLICR knockout
mice

In the ImmGen compendium of immunocyte gene
expression, only IncRNA foxp3 long intergenic noncoding
RNA (FLICR) was detected in Treg cells. FLICR and
Foxp3 occurred in combination, but only during the final
stage of CD25hi in the process of Treg differentiation.
Ppplr3f and Foxp3 transcripts increased slightly in
FLICR-deficient mice. Treg cell differentiation and ho-
meostasis did not seem to change, with normal proportions
of Treg in the thymus, spleen, and lymph nodes. Compared
with wild-type mice, FLICR knockout mice showed t1$hter
Treg distribution. Down- regulation of FoxP3 FOXP3
CD4* T cells significantly decreased Treg cells

LncRNAs modulate T cell-mediated immune
dysfunctions

FLICR, which was present in Treg cells in all peripheral
lymphoid organs, was found at lower levels in specific Treg
cell populatlons occumng in several non- lymph01d tissues.
A decrease in FoxP3' cells was observed in Treg cells
transfected with locked nucleic acids, confirming a direct
effect of FLICR RNA on FoxP3 expression. Higher FLICR
levels were observed in cells with lower FoxP3 levels.
FoxP3' cells that usually appeared in low IL-2 cultures
were essentially absent in Treg cell cultures of FLICR
knockout mice. IL-2 reduced the expression of FLICR in
cell cultures A ChIP sequencing analysis of human Treg
cells®** showed slight STATSb accumulation in the FLICR
promoter region, indicating that IL-2 may directly inhibit
the FLICR pathway. Characteristic genes that were
overexpressed in Treg cells tended to be underexpressed
in wild-type cells, and the transcripts most affected by
FLICR deletion were Treg cell-characteristic genes.
Similarly, expression of FoxP3 binding genomic targets
in wild-type Treg cells was mostly lower than that in KO
Treg cells. Compared with wild- -type, FLICR  mice,
transgenic FLICR cannot restore FoxP3!° Treg cells in
vivo, nor can it restore sensitivity to low IL-2 supply in
vitro. FLICR IncRNA, which acted as a negative regulator,
regulated Foxp3 expression, resulting in decreased FoxP3
protein levels in the Treg cell subpopulation. In absence of
IL-2, the effect of FLICR was particularly conspicuous. By
contrast, IL-2 inhibits FLICR expression.

In the mouse and human genomes, FLICR is adjacent to
Foxp3 and is expressed particularly in mature Treg cells,
however, it only plays a role in the cis gene. FLICR changes
the chromatin accessibility of the conserved non-coding
sequence 3/accessible region 5 region of Foxp3. Stability of
Foxp3 is essential for maintaining the dynamic balance of
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Treg cells and preventing autoimmunity. FLICR IncRNA
down-regulates Foxp3 expression and inhibits Treg
activity, which indirectly exacerbates psoriasis.!*®!

LncRNAs and DCs

DCs, as antigen-presenting cells, act as a bridge connecting
innate and adaptive immune responses. DCs not only
stimulate activated effector T cells and memory T cells, but
also induce activation and proliferation of T cells. A large
number of plasmacytoid dendritic cells (pDCs), mature
and immature DCs, and inflammatory dendr1t1c eplthehal
cells, among others, occur in psoriatic lesions.*” Further-
more, interactions between DCs and CD4* and CD8* T
cells in psoriatic epithelial tissue may stimulate activation
of the latter and produce proinflammatory mediators
leading to the onset of psoriasis.

LncRNAs regulating immune tolerance in DCs

MALATT IncRNA, originally discovered in tumors, was
recently reZE)orted to be associated with innate immune
responses.[*>*3 In DCs, MALAT1 expression peaked 12 h
after LPS stimulation. ChIPBase (http://rna.sysu.edu.cn/
chipbase/) was used to predict the two potential binding
sites of NF-kB p65, which is a key mediator and
transcription factor involved in stimulation of MALAT1
promoter points -1537 and -1037. In LPS-stimulated DCs,
PDTC, which is an inhibitor of NF-kB, can significantly
reduce MALATT1 expression. Similarly, SC-514, which is
an IKK2 inhibitor, can inhibit p65-related transcriptional
activation of the NF-kB pathway.

In LPS-stimulated MALAT1-suppressed DCs, the protein
levels of CD80, CD86, and MHCII increased, and
overexpression of MALAT1 produced the opposite result.

After inducing MALAT1 expression in LPS-stimulated
DCs, protein levels of the proinflammatory cytokines IL-6,
IL-12, and IFN-y decreased, and mRNA levels of anti-
inflammatory cytokine IL-10 increased significantly.

Compared with LPS-DC co-cultures, the proliferation
ability of T cells co-cultured with DCs expressing high
levels of MALAT1 was reduced. When MALAT1-over-
expressing DCs were co-cultured with T cells, the number
of Treg cells was significantly higher than that of LPS-DCs.
Remarkably, Treg cells of MALAT1-overexpressing DCs
(from BALB/c mice) exhibited suppression of T cell
proliferation in presence of DCs as stimulators, but not
in presence of DCs from normal mice, whereas no marked
difference in T cell proliferation occurred between DCs
induced by various types of LPS. These findings confirmed
that MALAT1-overexpressing DCs were tolerant, which
impaired activation of effector T cell responses and
induced formation of Treg cells with antigen-specific
inhibition.

DC-specific intercellular adhesion molecule-3 grabbing
non-integrin (DC-SIGN), an immunomodulatory receptor,
plays a paramount role in DC immune responses and T cell
activation by selectively up-regulating IL-10. In DCs,
overexpression of MALAT1 resulted in a significant
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increase in DC-SIGN mRNA levels; however, the opposite
effect was observed after MALAT1 knockdown. The
combination of MALAT1 overexpression and DC-SIGN
knockdown led to a significant increase in the number of
costimulatory molecules, compared with only MALAT1-
overexpressing DCs; however, no significant difference
compared to control DCs was observed.

Suppression of the initiated T cell response was markedly
stronger in DC-SIGN* DCs than in LPS-stimulated DCs
and DC-SIGN™ DCs. DC-SIGN * DCs induced generation
of Treg cells, in contrast to LPS-DCs and DC-SIGN™ DCs.
In addition, IL-10 mRNA levels in Treg cells induced by
DC-SIGN™ were significantly higher than those in Tregs
cells induced by LPS-DCs or DC-SIGN .

MALAT1 was significantly enriched in Ago2 immunopre-
cipitate, compared with IgG control immunoprecipitate,
indicating that MALAT1 may be regulated by ceRNA.
Starbase screening revealed that the MALAT1 sequence
contained three possible binding sites to bind miR-1535,
that is, WT1 (4467-91), WT2 (5031-51), and WT3 (5375-
98), and miR-155 was also observed in Ago2 immunopre-
cipitate. After MALAT1 knockout, miR-155 expression in
DCs is up-regulated. It was reported that DC-SIGN was
indirectly targeted by miR-155 by directly inhibiting
PU1."*" MALAT1 knockout significantly reduced the
levels of PU.1 and DC-SIGN proteins in DCs, and miR-155
mimics partially undid the effects of MALAT1 on PU.1 and
DC-SIGN protein levels.

DCs, which are parts of dermal microvascular units, are
derived from bone marrow hematopoietic stem cells. As
the predominant antigen-presenting cells of the human
immune system, DCs can affect activation of T cells and the
development of chronic inflammation, and MALAT1
expression was up-regulated in DCs. MALAT1 plays a
regulatory role in promoting DC tolerance and in inducing
immune tolerance i vivo and in vitro. MALAT1 promoted
DC-SIGN expression by acting as an miR-155 sponge,
which is essential for the maintenance of DC tolerance and
for increased tolerance of the DC-SIGN * subgroup.!*’!

LncRNAs as potential biomarkers of psoriasis

The psoriasis susceptibility 1 candidate 3 gene
(PSORS1C3) was recently identified using Basic Local
Alignment Search Tools, express sequence tag, and 5’ and
3’ rapid-amplification of cDNA end. PSORS1C3 RNA
transcripts of the expected size were part of the total RNA
of normal skin, tonsils, psoriatic skin lesions, and non-
cutaneous skin lesions. Pyrosequencing revealed a total of
11 single nucleotide polymorphisms (SNPs) in PSORS1C3,
of which SNP 15721489 was most strongly correlated with
psoriasis. When stratifying all SNPs, HLA-Cw*0602
produced a strong correlation with psoriasis; however,
when stratifying HLA-Cw*0602 only, none of the
PSORS1C3 SNPs were correlated with psoriasis. The
correlation of psoriasis and various SNPs was suggested to
be due to a linkage imbalance with HLA-Cw*0602. Taken
together, PSORS1C3 was detected in normal and psoriatic
skin, and a total of 11 SNPs were discovered using
coding region sequencing. Three SNPs were found to be
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significantly correlated with psoriasis. Due to a linkage
disequilibrium, this association seemed to depend on HLA-
Cw*0602.1*¢! Further research is required to confirm
potential regulatory effects of PSORS1C3 during psoriasis.

Antisense non-coding RNA in the INK4 locus (ANRIL) is
linked to the risk of immune-related diseases and coronary
artery disease.l*”*JCASP14 is one of the genes regulated
by ANRIL, and it is involved in inflammatory and
apoptosis processes and in the pathogenesis of psoria-
sis.*”! Four ANRIL SNPs (rs1333045, rs1333048,
rs4977574, and rs10757278) were selected, which have
been shown to play a role in immune-related diseases and
appeared to be related to cancer risk,*%%3! for genotype
analyses in patients with psoriasis and in healthy controls.
In all inheritance models, rs1333048, rs4977574, and
rs10757278 were associated with psoriasis risk, and
rs1333045 was not associated with psoriasis. Compared
with the control group, the C allele of SNP rs1333048 was
more prevalent in psoriasis patients. Moreover, the A allele
of rs4977574 exerted protective anti-psoriatic effects, and
the G allele of rs10757278 may be associated with a higher
risk of psoriasis. C-A-G-A haplotypes (rs1333045,
rs1333048, rs4977574, and rs10757278, respectively)
were psoriasis-protective haplotypes, and C-A-G-G and T-
C-G-G haplotypes were psoriasis risk factors.

Genotyping of four SNPs (rs1333045, rs1333048,
rs4977574, and rs10757278) was performed in 286
psoriasis patients and 300 age/sex-matched controls to
determine the role of ANRIL as a risk factor for psoriasis;
however, further studies are required to verify whether this
is associated with immune responses.

A total of 263 DE IncRNAs were identified using 18
psoriasis lesion samples and 16 healthy control samples in
the RefSeq database. Of these, 109 were highly expressed
and 154 were expressed at low levels. The RefSeq
database, the GENCODE IncRNA set, and the data of
Hangauer et al®’! were used to compile a reference
database consisting of 67,157 IncRNAs. Using this
database, 62,826 expressed IncRNAs were observed.
Compared with the control group, 971 IncRNAs were
DEGs during psoriasis, 572 of which were overexpressed.
qPCR revealed that the three IncRNAs TRHDEASI,
CYP4Z2P, and HINT1 were differentially expressed in
psoriatic skin lesions, which was in line with RNA
sequencing results. Twenty-eight of the top-30 overex-
pressed IncRNAs in the combined database were also
observed by Li et al,°®! as were 27 of the top-30 IncRNAs
expressed at low levels. In total, 157 DE IncRNAs were
identified in the skin of psoriasis patients before and after
anti-TNF-a monoclonal antibody adalimumab treatment.
A total of 377 DE IncRNAs occurred in the skin of healthy
subjects after treatment with adalimumab. Comparison of
the expression of GENCODE IncRNAs and RefSeq
mRNA transcripts revealed that 933 IncRNAs were highly
correlated with 1143 protein-coding genes.

CARD14 IncRNA was observed to be overexpressed in
psoriatic lesions overlapping with CARD14, a gene
involved in NF-kB activation, by examining 36 known
and newly discovered psoriasis gene loci reported by Tsoi
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et al.®”) The authors used the web-based RNAsnp tool to
predict that CARD14 SNP rs9902358 can cause signifi-
cant changes in the secondary structure of CARD14
IncRNA. The other two DE IncRNAs associated with
psoriasis are LINC00302 and IL12RB2 with the SNPs
rs6677595 and rs9988642, respectively. However, the
functions of the three above- mentloned IncRNAs durmg
psoriasis require further research.”®

LncRNA microarray results showed that 2194 IncRNAs
were dysregulated in psoriatic lesions and in normal
tissues, 1123 of which were up-regulated and 1071 were
down-regulated. Using hierarchical cluster analysis to rank
the samples according to expression levels, LNC-
SLC6A14-1:1 was found to occur at the highest expression
levels, and NONHSAT044111 was the least-expressed
IncRNA. Based on the results of a microarray, a total of
1725 mRNAs with abnormal expression were identified,
1157 of which were overexpressed, and 568 were down-
regulated. The IncRNA DEFB4A occurred at the highest
expression levels and WIF1 at the lowest levels. Target
genes of 1549 dysregulated IncRNAs were predicted using
a target prediction software. Among them, 1447 dysregu-
lated IncRNAs had cis-regulated target genes, 397
dysregulated IncRNAs had trans-regulated target genes,
and 295 dysregulated IncRNAs had trans- and cis-
regulated target genes. It is worth noting that 3740
mRNAs are regulated by dysregulated IncRNAs. Among
them, 1460 mRNAs may be regulated in cis, 2588 mRNAs
in trans, and 308 mRNAs in cis and trans form. Further
analysis and integration of DE IncRNA maps showed that
489 mRNAs were abnormally expressed. These mRNAs
may be regulated by dysregulated cis- or trans-acting
IncRNAs. Among them, 289 abnormal mRNAs may be
regulated by cis-acting IncRNAs and 262 by trans-acting
IncRNAs.

According to RT-qPCR results, three IncRNAs (LNC-
AP000769.1-1:2, ENST00000557691, and LNC-HSFY2-
10:1) were up-regulated, and four IncRNAs (LNC-
MGMT-2:1, LNC-POLR3E-3:3, LNC-THRSP-6:1, and
LNC-PERP-2:7) were down-regulated, which was in line
with microarray results. While Inc-PXDNL-4:1 expression
was down-regulated in psoriasis tissues, NON-
HSAT066260 and ENST00000547006 expression levels
were lower in psoriasis tissues than in normal tissues,
which was inconsistent with microarray results.l*”! Further
research is needed to determine the functions of these
IncRNAs in skin tissue, particularly in psoriasis patients.

Using RNA sequencing data produced from 99 psoriasis
lesions, 27 non-lesion psoriasis tissues, and 90 normal skin
biopsies, 2942 previously annotated new IncRNAs and
1080 expected new skin-specific IncRNAs were detected.
Notably, over 40% of the new IncRNAs were differentially
expressed, and the proportion of DE transcripts between
protein-encoded mRNAs in psoriatic lesions and previ-
ously annotated IncRNAs was lower than that in non-
lesioned or normal skin. A host of IncRNAs, especially
those that were differentially expressed (IncRNAs G2608,
G25746, and G36220), were co-expressed with genes
involved in immune-related functions, which increased
their abundance in the epidermal differentiation complex.
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Moreover, different tissue-specific expression patterns and
epigenetic characteristics of the new IncRNAs were
identified, some of which (e.g., G26054, G26445,
G2579, G6839 etc) have been shown to be affected by
cytokmes (IL- 17)

DE IncRNAs, miRNAs, and mRNAs were screened by
analyzing data of accession numbers GSE54456 and
GSE74697. Accordingly, a psoriasis-related IncRNA-
miRNA-mRNA network based on the ceRNA theory
was proposed. In addition, systematic literature searches
using the PubMed and Web of Science databases helped
identify miRNAs that had previously been confirmed to be
abnormally expressed during psoriasis, and a specific
IncRNA-miRNA-mRNA sub-network related to miRNA
was produced. Moreover, gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes enrichment analyses
suggested that 253 IncRNAs, 106 mRNAs, and 1156
mRNAs were differentially expressed in the skin of
psoriasis patients and healthy controls. In the down-
regulated IncRNA-mediated ceRNA network, only two
IncRNAs, AL035425.3 and Prader-Willi/Angelman region
RNA 6 (PWARS6) interacted with more than five miRNAs,
suggesting that these IncRNAs may play a role in the
mechanism underlying psoriasis.

In a different study, RNA sequencing of psoriasis patients
and healthy subjects showed that 5328 genes were
dlfferentlally expressed.!®?! Differential expression analysis
of psoriasis patients before and after treatment revealed
2657 DEGs. Furthermore, four DE IncRNAs were selected
to examine their effects, and TRHDE-AS1, CYP4Z2P, and
HINT1 were differentially expressed, in line with the RNA
sequencing results. The top-three GO terms of psoriasis
patients and healthy subjects were genes of virus
reproduction, nuclear division, and mitosis, all of which
were significantly up-regulated. In psoriasis patients, the
top-three GO terms were mitotic, nuclear division, and
viral reproduction processes, all of which were markedly
down-regulated. Using the WGCNA software package, 64
module-characteristic gene module eigengenes (MEs) were
identified in psoriasis patients, compared to healthy
subjects, and three of these MEs were significantly
associated with psoriasis. Comparing untreated and
treated psoriasis patients, 70 MEs were identified, six of
which were strongly correlated with positive responses to
blologlcal therapy.[®! The functional role of these factors
requires further validation.

Conclusions and Outlook

The pathogenesis of psoriasis is complicated and depends
on numerous factors such as autoimmunity, environmen-
tal influences, and heredity. LncRNAs have attracted
considerable attention as fundamental biomodulator
factors. We review a series of IncRNAs, of which
IncRNA-MSX2P1, MIR31HG, IncRNA-H19, IncRNA-
RP6-65G23.1, PRINS, HOTAIR, HULC, and PRANCR
were found to be up-regulated during psoriasis. They affect
KC proliferation and apoptosis and induce production of
inflammatory factors. Similarly, expression of AF005081,
UCO003af, and BC020554 increased; however, their
specific functions require further examination. MEG3


http://www.cmj.org

Chinese Medical Journal 2021;134(4)

and LINC00941 were down-regulated during psoriasis. In
addition, IncRNA FLICR inhibits Treg cell activity by
down-regulating Foxp3 expression. LncRNA MALATT1 is
associated with tolerance functions of DCs and induction
of immune tolerance. Many studies suggested that
IncRNAs such as PSORS1C3, ANRIL, CARD14, LNC-
AP000769.1-1:2, ENST00000557691, LNC-HSFY2-
10:1, LNC-MGMT-2:1, LNC-POLR3E-3:3, LNC-
THRSP-6:1, LNC-PERP-2:7, AL035425.3, and PWARG6
are potential biomarkers of psoriasis through RNA
sequencing and microarray analysis, which, however,
requires experimental verification.

Several potential applications of IncRNAs in clinical
diagnosis and treatment have been suggested recently,
and a growing body of evidence confirms that IncRNAs are
involved in skin development, hair growth, and wound
healing, with the underlying mechanism likely based on
microRNA regulation. LncRNA H19 was reported to
accelerate cell proliferation, extracellular matrix remodel-
ing, and wound healing in diabetic foot ulcer through
elevation of connective tissue growth factor and activation
of the MAPK signaling pathway.[®?! A recent study
revealed that IncRNA cancer susceptibility candidate 15,
an independent indicator of disease prognosis, is up-
regulated during melanoma progression and participates
in distant metastasis of melanoma.!®*! LncRNA SAMM-
SON interacts with p32, the main regulator of mitochon-
drial homeostasis and metabolism, which increases its
mitochondrial targeting and carcinogenic effects, suggest-
ing that SAMMSON targeting reduces survival rates of
melanoma patients.!**! LncRNAs play an emerging role in
normal and malignant hematopoiesis'®’'; moreover, epi-
gallocatechin gallate was found to improve the cholesterol
metabolism and to change expression profiles of intracel-
lular IncRNAs in HepG2 cells, suggesting that IncRNAs
may play a crucial role in cholesterol metabolism.!®®! In
addition, IncRNAs modulate fibroblast-like synoviocytes,
differentiation of T lymphocytes and macrophages, and
affect bone formation and balance of chondrocytes.!®”!
Although numerous functions of IncRNAs have been
studied, many challenges remain to be addressed. For
example, abnormal expression of IncRNAs during psoria-
sis and the underlying mechanisms remain unclear.
Furthermore, functional differences between IncRNAs
and other epigenetic factors and whether changes in
IncRNAs play a causal role in disease progression require
clarification.

Taken together, IncRNAs play a vital regulatory role
during psoriasis. Identifying disease-related IncRNAs in
psoriasis patients may help establish new biomarker
systems and find potential therapeutic targets. Studying
the role of IncRNAs in psoriasis occurrence and develop-
ment may thus be crucial for future in-depth psoriasis
research.
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