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miR-155 promotes an inflammatory response in HaCaT cells
via the IRF2BP2/KLF2/NF-kB pathway in psoriasis
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Abstract. Psoriasis is a chronic inflammatory skin condition
with numerous causes, including genetic, immunological and
infectious factors. The course of psoriasis is long and recur-
rence is common; pathogenesis is not completely understood.
However, there is an association between advancement of
psoriasis and aberrant microRNA (miR or miRNA)-155
expression. Through bioinformatics, the present study aimed
to analyze the differentially expressed genes and miRNAs in
psoriasis and its biological mechanism and function psoriatic
inflammation. First of all, differentially expressed genes
(DEGs) and miRNAs (DEMs) in patients with psoriasis were
identified using GEO2R interactive web application. A psoriasis
inflammatory model was established using lipopolysaccharide
(LPS)-treated HaCaT keratinocytes, which were transfected
with miR-155 mimic or inhibitor. Cell Counting Kit-8 was
used for the assessment of cell viability and proliferation, and
changes in the cell cycle were examined using flow cytometry.
ELISA and reverse transcription-quantitative PCR (RT-qPCR)
were used to detect the expression levels of the inflamma-
tory factors IL-1f and IL-6. The dual-luciferase reporter
assay was used to verify the targeting association between
miR-155-5p and IFN regulatory factor 2 binding protein 2
(IRF2BP2). To verify the targeting association of miR-155 and
the IRF2BP2/kruppel-like factor 2 (KLF2)/NF-kB signaling
pathway, expression levels of IRF2BP2, KLF2 and p65 were
identified by RT-qPCR and western blotting. IRF2BP2 levels
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were also confirmed by immunofluorescence, in conjunction
with bioinformatics database analysis. Overexpression of
miR-155 inhibited proliferation of HaCaT cells and increased
the number of cells in S phase and decreasing number of
cells in G1 and G2 phase. In the LPS-induced inflammatory
state, miR-155 overexpression heightened the inflamma-
tory response of HaCaT cells while inhibition of miR-155
lessened it. Suppression of inflammatory cytokine expres-
sion by miR-155-5p inhibitor was reversed by knockdown of
IRF2BP2. miR-155 was shown to interact with IRF2BP2 to
negatively regulate its expression, leading to decreased KLF2
expression and increased p65 expression and secretion of
inflammatory factors, intensifying the inflammatory response
of HaCaT cells. Therefore, miR-155 may contribute to devel-
opment of psoriasis by inducing tissue and cell damage by
increasing the inflammatory response of HaCaT cells via the
IRF2BP2/KLF2/NF-kB pathway. In conclusion, the results
of the present study offer novel perspectives on the role of
miR-155 in the onset and progression of psoriasis.

Introduction

Numerous causes, including genetic, immunological and viral,
can induce psoriasis, a common chronic inflammatory skin
condition (1). Furthermore, there are multiple cytokine imbal-
ances and intracellular signal transduction abnormalities in the
onset of psoriasis. Psoriasis is linked to excessive activation of
neutrophils, dendritic and T cells and keratinocytes, resulting
in proliferation of the epidermal spinous layer, hyperkeratosis
and parakeratosis, disappearance of the granular layer and
epidermal microabscesses (1-3).

Psoriatic arthritis, lymphadenitis and cardiovascular disor-
ders are among the side effects of severe psoriasis (1,4,5). The
long-term nature and recurrence of the condition imposes a
burden on the lives and wellbeing of patients. Although there
is no cure for psoriasis, numerous targeted therapies effec-
tively alleviate symptoms or slow their progression, including
TNF-a inhibitors etanercept, adalimumab and infliximab (1).
Identifying disease biomarkers may aid personalized
treatment methods to maximize therapeutic effects.

microRNAs (miRNAs or miRs) are highly conserved
non-coding RNAs that are key post-transcriptional epigenetic
factors. miRNAs are involved in translational regulation,
either by binding to target mRNA to degrade it or by physically
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blocking transcription factors to prevent protein synthesis (6).
By controlling keratinocyte differentiation and hyperplasia,
triggering apoptosis and immunological activation, miRNAs
can be crucial in psoriasis (7). miRNAs have been proven to
be effective biomarkers for psoriasis diagnosis, prognosis and
therapy monitoring (8). Upregulation of miR-155 can disrupt
normal epidermal barrier formation by lowering loricrin
(a protein component of the keratinocyte envelope) produc-
tion in keratinocytes in a human external skin model (9).
There is also evidence that skin lesions and peripheral blood
mononuclear cells of patients with psoriasis have higher
miR-155 expression levels, which is key for the prolif-
eration, programmed cell death and inflammatory response of
HaCaT cells. miR-155 may therefore have a key role in the
pathophysiology of psoriasis (10,11).

As a transcriptional corepressor, IFN regulatory factor 2
binding protein 2 (IRF2BP2) inhibits basal transcription
and suppresses enhancer activation and gene expression (12).
IRF2BP2 is widely expressed in different types of cell and
tissue, such as bone marrow, skin, liver, dendritic cells,
basophil cells, and naive CD4 T cells, potentially influencing
cellular signaling pathways (13). IRF2BP2 has a role in main-
taining physiological cell homeostasis by controlling cellular
processes, including angiogenesis, inflammation, cell cycle
and the immune response (12,14,15).

Furthermore, studies have demonstrated the importance of
IRF2BP2 in controlling the inflammatory process (12,16-20).
IRF2BP2 has a critical role in macrophage-mediated inflamma-
tion. Chen et al (16) confirmed that upregulation of IRF2BP2
regulates expression of kruppel-like factor 2 (KLF2), an
anti-inflammatory transcription factor, and promotes M2
macrophage differentiation. Moreover, via suppressing NF-kB
activation, IRF2BP2 upregulation in the heart decreases the
synthesis of pro-inflammatory cytokines (20). However, it is
unclear how IRF2BP2 contributes to the inflammatory response
in psoriasis.

Bioinformatics enrichment tools have served a key role in
analyzing gene function and identifying potential regulatory
mechanisms of gene networks in high-throughput biological
studies (21-23). By using bioinformatics data mining, key genes
associated with diseases can be efficiently identified, promoting
understanding of disease pathogenesis. Furthermore, effective
biomarkers or targets can be utilized to aid in patient diagnosis
and treatment.

The aim of the present study was to screen differentially
expressed genes and differentially expressed miRNAs in
psoriasis by bioinformatics and to explore the role of miR-155
in the occurrence and development of the psoriasis inflam-
matory response and its molecular mechanism, which may
provide a new approach for targeted treatment of this disease.

Materials and methods

Microarray. A total of four datasets (GSE166388,
GSE153007, GSE115293 and GSE145305) that included
gene expression profiles from patients with psoriasis
and healthy controls were obtained from The Gene
Expression Omnibus (GEO) database (ncbi.nlm.nih.
gov/geo). The mRNA expression profiles of four psoriasis
and four normal samples were included in the GSE166388

microarray dataset, whereas the mRNA expression profiles
of 14 psoriasis and five normal samples were included in
GSE153007. GSE115293 and GSE145305 both contained
miRNA expression profiles from four psoriasis and four
normal samples. The psoriasis samples were obtained from
biopsy of diseased skin from patients with psoriasis and the
control samples were obtained from biopsy of normal skin
from healthy volunteers.

Identification of differentially expressed genes (DEGs) and
miRNAs (DEMs). DEGs and DEMs were identified using
GEO2R (ncbi.nlm.nih.gov/geo/geo2r/), an interactive web
application that compares samples from GEO database to
identify DEGs. The screening criteria for DEGs and DEMs
were P<0.05 and llogFold-changel=1. Using online bioinfor-
matics tool ChiPlot (chiplot.online/), data were presented as
heat maps and volcano plots. GSE166388 and GSE153007
datasets were used to obtain mRNAs and the GSE115293
and GSE145305 datasets were used to obtain miRNAs asso-
ciated with psoriasis. The online bioinformatics program
Venny 2.1.0. (bioinfogp.cnb.csic.es/tools/venny/) was used to
calculate intersecting DEGs and DEMs.

Gene ontology (GO) and kyoto encyclopedia of genes and
genomes (KEGG) enrichment analysis. For all the overlap-
ping DEGs, GO function annotation and KEGG pathway
enrichment analyses were conducted using Metascape (version
3.5.20240101, metascape.org/gp/index.html#/main/stepl). A
significance level of P<0.01 was applied. R tool org.Hs.eg.db
(version 3.1.0, bioconductor.org/) was used for GO annota-
tion of overlapping DEGs. KEGG pathway gene annotation
for overlapping DEGs was obtained using KEGG REST
API (version 20230301, kegg.jp/kegg/rest/keggapi.html).
Enrichment results were obtained by enrichment analysis
using the clusterProfiler R package (version 3.14.3; biocon-
ductor.org/packages/release/bioc/html/clusterProfiler.html).
Statistical significance was defined as P<0.05 and false
discovery rate (FDR)<0.1.

Prediction of miRNA targets. The downstream target genes of
overlapping DEMs in the GSE115293 and GSE145305 datasets
were predicted using the online bioinformatics tool miRNet
(mirnet.ca/miRNet/home.xhtml). The online bioinformatics
program Venny 2.1.0 was utilized to identify the intersec-
tions between the projected target genes and DEGs. These
intersections were used as point-dysregulated target genes for
construction of regulatory networks.

miRNA-mRNA network construction and core module
analysis. Target gene protein-protein interaction (PPI) files
with a highest confidence level >0.9 were acquired from
the STRING online database (cn.string-db.org/). To create
an interaction network between DEMs and DEGs, the PPI,
miRNA and downstream target gene data were combined and
imported into the Cytoscape 3.9.1 (cytoscape.org/) for visual
analysis. Based on the degree method, the top 10 elements in
the network were calculated using the cytoHubba 0.1 (apps.
cytoscape.org/apps/cytohubba) plugin for Cytoscape. The
component that received the highest score was selected for
further research.
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Screening of co-expressed genes between HaCaT cell line
and psoriatic skin. The raw RNA-sequencing data from
the GSE202683 dataset was obtained from GEO database,
which contained gene expression levels of four HaCaT cell
samples from normal individuals. The sequencing results of
these samples in the dataset were compared using the online
bioinformatics tool Venny 2.1.0 and the overlapping genes
were identified. Using a Venn diagram, the intersection of
the HaCaT genes and the DEGs was identified to extract
co-expressed genes between the psoriatic skin samples and the
HaCaT cell line for further screening.

Prediction of hsa-miR-155-5p targets. miRTarBase 9.0
(mirtarbase.cuhk.edu.cn/~miRTarBase/miRTarBase_2022/php/
search.php) and TargetScan 8.0 (targetscan.org/vert_80/) were
used to predict the downstream target genes of hsa-miR-155-5p.
Venny 2.1.0 was used to obtain the intersection between
co-expressed genes of DEGs and HaCaT cells and predicted
target genes.

Cell culture. Culture of the immortalized human keratinocyte
cell line HaCaT (cat. no. CL-0090; Procell Life Science &
Technology Co., Ltd.) was conducted at 37°C and 5% CO, in
complete medium, which consisted of 89% MEM, 10% FBS
(both Procell Life Science & Technology Co., Ltd.) and 1%
penicillium-streptomycin (Wuhan Servicebio Technology Co.,
Ltd.). The HaCaT cells were authenticated using STR profiling.

Viability of HaCaT cells treated with lipopolysaccharide
(LPS). HaCaT cells in the logarithmic growth phase were
seeded at a density of 2x10* cells/well in 96-well plates, then
cultured at 37°C with 5% CO, overnight. LPS (Sigma-Aldrich;
Merck KGaA) was administered at doses of 0.0, 0.1, 0.5,
1.0, 2.0 and 5.0 ug/ml at room temperature. Following 6, 12
and 24 h stimulation, Cell Counting Kit-8 (CCK-8) reagent
(Dojindo Laboratories, Inc.) was added to each well. Cells were
incubated for a further 2 h at 37°C in 5% CO, and microplate
reader was used to measure the absorbance at 450 nm.

Construction of HaCaT cell inflammatory model. An inflam-
matory model was induced in HaCaT cells by LPS stimulation.
HaCaT cells in the logarithmic growth phase were seeded into
6-well plates and incubated overnight at 37°C with 5% CO,
Subsequently, the medium was replaced and the cells were
stimulated with fresh medium containing 1 yg/ml LPS at 37°C
in 5% CO, for 6 h to establish the inflammatory cell model.
The aforementioned complete medium was added to the cells
for subsequent culture or transfection. Four treatment groups
were subsequently established: Negative control (untreated
cells), LPS, mimic and LPS + mimic. LPS + mimic group
was stimulated with 1 gg/ml LPS for 6 h then transfected with
miR-155 mimic.

Cell transfection. miR-155-5p mimic (forward, 5'-UUAAUG
CUAAUCGUGAUAGGGGUU-3' and reverse, 5'-CCCCUA
UCACGAUUAGCAUUAAUU-3"), mimic negative control
(NC; forward, 5-GCGACGAUCUGCCUAAGAUDTDT-3'
and reverse, 5'-~AUCUUAGGCAGAUCGUCGCDTDT-3"),
miR-155-5p inhibitor (AACCCCUAUCACGAUUAGCAU
UAA), inhibitor NC (GUCCCUCACAUCAUAAGCUAA
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UAA), small interfering (si)-IRF2BP2 (forward, 5'-CUAGUG
GAGAGGUCUAUUGTT-3' and reverse, 5'-CAAUAGACC
UCUCCACUAGCU-3") and si-NC (forward, 5'-GCGACG
AUCUGCCUAAGAUDTDT-3' and reverse, 5'-AUCUUA
GGCAGAUCGUCGCDTDT-3') were purchased from Suzhou
GenePharma Co., Ltd. For in vitro transfection, HaCaT cells
were transfected using Lipo8000 (Beyotime Institute of
Biotechnology). The concentration of nucleic acid used is
20 uM. Following transfection for 6 h, the culture medium
was changed to a complete medium, and the transfected
cells continued to be cultured at 37°C in 5% CO, for 48 h for
subsequent experiments.

Measurement of cell proliferation. HaCaT cells in the loga-
rithmic growth phase were seeded in 96-well plates and
cultivated overnight at 37°C in an incubator with 5% CO,.
Following transfection, CCK-8 reagent was added to each
well and the cells were placed in an incubator with 5% CO, at
37°C. After 2 h, a microplate reader was used to measure the
absorbance at 450 nm.

Reverse transcription-quantitative PCR (RT-qPCR).
Following the manufacturer's instructions, total RNA was
isolated from the transfected cells using TRIzol (Thermo
Fisher Scientific, Inc.) and reverse-transcribed. cDNA was
synthesized with ReverTra Ace® gPCR RT kit (Toyobo Life
Science, Inc.), according to the manufacturer's protocol.
gPCR was performed in the CFX Connect real-time system
(Bio-Rad Laboratories, Inc.) using SYBR Green qPCR Mix
(Monad Biotech Co., Ltd.). The thermocycling conditions were
as follows: Initial denaturation at 95°C for 30 sec; followed by
40 cycles of denaturation at 95°C for 10 sec, and annealing and
extension at 60°C for 30 sec. U6 and GAPDH were used to
standardize the levels of miRNA and gene expression and the
2-44¢ method was employed to calculate the relative expres-
sion (24). Table I contains primer sequences that were utilized
in the RT-qPCR.

ELISA. A total of 8x10° HaCaT cells/well were seeded into a
6-well plate, then incubated at 37°C with 5% CO, overnight.
The cells were induced with LPS for 6 h, as aforemen-
tioned. Following transfection, HaCaT cell supernatant was
extracted and centrifuged for 20 min at 1,000 x g at 4°C
independently. Levels of IL-1f (cat. no. E-EL-H0149) and
IL-6 (cat. no. E-EL-H6156) were determined using ELISA kits
(Elabscience Biotechnology, Inc.) following the manufacturer's
instructions.

Western blotting (WB). Total protein was extracted from
HaCaT cells using RIPA lysis buffer and phosphatase and
protease inhibitors (Beyotime Institute of Biotechnology).
BCA kit was then used to measure the protein concentra-
tion (Wuhan Servicebio Technology Co., Ltd.). Protein
(10 ug/lane) were separated using 10% SDS-PAGE, then
transferred to PVDF membranes. The membranes were
blocked at room temperature for 15 min using rapid blocking
solution (Beyotime Institute of Biotechnology), then incubated
with primary antibodies overnight at 4°C. The primary anti-
bodies were as follows: Anti-B-tubulin (cat. no. 10094-1-AP;
1:20,000; Wuhan Sanying Biotechnology), anti-GAPDH
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Table I. Primers used in reverse transcription-quantitative
PCR.

Primer Sequence, 5'—3'

hsa-miR-155-5p  F:CCACGGTCTTAATGCTAATCGTGAT
R: ATCCAGTGCAGGGTCCGAGG
U6 F: AGAGAAGATTAGCATGGCCCCTG

R: AGTGCAGGGTCCGAGGTATT

IRF2BP2 F: TCCTCTTTTGTGTCTCCGCC
R: GGCGGACTGTTGCTATTCCT
IL-6 F: TTCGGTCCAGTTGCCTTCTC
R: CTGAGATGCCGTCGAGGATG
IL-1p F: AAGTACCTGAGCTCGCCAGT
R: CTTGCTGTAGTGGTGGTCGG
KLF2 F: CGCTGAGTGAACCCATCCT
R: CTGTTGAGGTCGTCGTCGG
po5 F: GGCGAGAGGAGCACAGATAC
R: GCCTCATAGAAGCCATCCCG
GAPDH F: AATTCCATGGCACCGTCAAG

R: AGCATCGCCCCACTTGATTT

IRF2BP2, IFN regulatory factor 2 binding protein 2; KLF2, kruppel-
like factor 2; F, forward; R, reverse.

(cat.no.GB12002-100; 1:1,500; Wuhan Servicebio Technology
Co.,Ltd.), anti-IRF2BP2 (cat. no. 18847-1-AP; 1:1,000; Wuhan
Sanying Biotechnology), anti-KLF2 (cat. no. A16480; 1:1,000;
ABclonal Biotech Co., Ltd.), anti-p65 (cat. no. 10745-1-AP;
1:1,000; Wuhan Sanying Biotechnology) and anti-phosphory-
lated (p)-p65 (Ser536; cat. no. 3033T; 1:1,000; Cell Signaling
Technology, Inc.). HRP-linked goat anti-rabbit (cat. no. A0208;
1:1,000; Beyotime Institute of Biotechnology) or anti-mouse
IgG antibody (cat. no. A0216; 1:1,500; Beyotime Institute of
Biotechnology) was incubated with the membrane for 1 h
at room temperature. BeyoECL Star (Beyotime Institute of
Biotechnology) was utilized to visualize the protein bands.
ImagelJ software (version 1.52a; National Institutes of Health)
was used to analyze protein bands.

Immunofluorescence. HaCaT cells were seeded into 24-well
plates covered with slides. Following transfection, the cells
were fixed for 15 min with 4% paraformaldehyde at room
temperature (Wuhan Servicebio Technology Co., Ltd.),
permeabilized for 20 min at room temperature using 0.3%
Triton-X-100 (Wuhan Servicebio Technology Co., Ltd.),
blocked at room temperature for 30 min with 5% BSA (Wuhan
Servicebio Technology Co., Ltd.) and incubated overnight
with primary antibody (anti-IRF2BP2; cat. no. 18847-1-AP;
1:200; Wuhan Sanying Biotechnology) at 4°C. The cells were
treated with FITC-labeled fluorescent secondary antibody
(cat. no. GB22303; 1:2,000; Wuhan Servicebio Technology
Co.,Ltd.) for 1 h at 37°C in the dark. DAPI (Wuhan Servicebio
Technology Co., Ltd.) was applied to counterstain the nuclei
at room temperature for 8 min in the dark, and the slides were
blocked at room temperature for 30 sec with a mounting solu-
tion containing an anti-fluorescence quenching agent (Wuhan

Servicebio Technology Co.,Ltd.). Finally,images were collected
using a fluorescence microscope (Olympus Corporation).

Cell cycle measurement. HaCaT cells in the logarithmic
growth phase were seeded at a density of 8x10° cells/well
into 6-well plates and cultured in an incubator with 5% CO,
overnight at 37°C. Following transfection, the cells were
digested by trypsin at 37°C for 6 min and centrifuged for
5 min at 200 x g at 4°C, followed by PBS wash and an over-
night fixation in 70% pure ethanol at 4°C. The supernatant was
removed by centrifugation for 5 min at 200 x g at 4°C, the cells
were washed once with PBS then resuspended in propidium
iodide for staining at 37°C for 30 min (Beyotime Institute of
Biotechnology). After 30 min light-protected incubation in a
water bath at 37°C, cell cycle measurements were performed
using a BD Accuri C6 Plus Flow Cytometer. ModFit LT 5.0
(vsh.com/products/mflt/) was used for analysis.

Dual-luciferase reporter assay. miR-155-5p mimic (forward,
5'-UUAAUGCUAAUCGUGAUAGGGGUU-3' and reverse,
5'-CCCCUAUCACGAUUAGCAUUAAUU-3"), mimic nega-
tive control (NC; forward, 5'-GCGACGAUCUGCCUAAGA
UDTDT-3' and reverse, 5-AUCUUAGGCAGAUCGUCGC
DTDT-3") were purchased from Suzhou GenePharma Co.,
Ltd. The binding site between miR-155-5p and IRF2BP2 was
predicted by starBase website (rnasysu.com/encori/). The
miR-155-5p target sequence on IRF2BP2 was cloned into the
pmirGLO vector (Suzhou GenePharma Co., Ltd.), and the
dual fluorescein reporter vector IRF2BP2-wild type (WT) or
-mutant (MUT) was constructed. 293T cells (cat. no. GNHul7;
Cell Bank/Stem Cell Bank, Chinese Academy of Sciences)
were cultured at 37°C and 5% CO, in complete medium. 293T
cells were co-transfected with miR-155-5p mimic/mimic
NC and IRF2BP2-WT/MUT using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). Following
co-transfection for 6 h, the culture medium was changed to
a complete medium, and the transfected cells continued to be
cultured at 37°C in 5% CO, for 24 h. luciferase activity was
assessed using the dual-luciferase reporter gene assay system
(Vazyme Biotech Co., Ltd.) according to the manufacturer's
instructions. Firefly luciferase activity was normalized to
Renilla luciferase activity.

Statistical analysis. All data are presented as the mean =+ stan-
dard deviation. GraphPad Prism (version 8.0.1; Dotmatics) was
used for statistical analyses. Unpaired Student's t test was used
to for comparisons between two groups. One-way ANOVA
followed by Tukey's post hoc test was used to compare >2
groups. All experiments were repeated three times. P<0.05
was considered to indicate a statistically significant difference.

Results

Identification of 660 overlapping DEGs in gene datasets of
psoriasis. The raw data from two datasets (GSE166388 and
GSEI153007) were obtained from the GEO database to identify
DEGs associated with psoriasis using GEO2R. There were
2,006 (831 up- and 1,175 downregulated) in the GSE166388
dataset, and 2,259 DEGs (1,116 up- and 1,143 downregulated
mRNAs) in the GSE153007 dataset (Fig. 1). In addition, 660
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Figure 1. DEGs from GSE166388 and GSE153007 datasets. Heat maps of (A) GSE166388 and (B) GSE153007 DEGs. (C) GSE166388 and (D) GSE153007
DEGs shown as volcano plots. (E) Intersecting DEGs of GSE166388 and GSE153007 datasets. DEG, differentially expressed gene; PS, psoriasis; up, upregu-

lated; down, downregulated.

overlapping DEGs, comprising 263 down- and 397 upregu-
lated mRNAs, were obtained using the online bioinformatics
program Venny 2.1.0 (Fig. 1E).

Identification of nine intersecting DEMs in miRNA datasets
of psoriasis. The raw data from GSE115293 and GSE145305
were obtained from the GEO database to identify DEMs. The
GSE115293 dataset had 177 (66 up- and 111 downregulated),
whereas the GSE145305 dataset contained 173 DEMs (106
up- and 67 downregulated; Fig. 2). Additionally, nine inter-
secting DEMs were identified using Venny 2.1.0. These DEMs
included five up- and four downregulated miRNAs (Fig. 2E;
Table II).

GO and KEGG enrichment analysis of intersecting DEGs.
First, all 660 identified intersecting DEGs were subjected to
GO and KEGG analysis using Metascape to investigate their
pathways and functions. The top 20 KEGG pathways and GO

functional annotation results are shown in Fig. 3A and B. The
top 10 KEGG pathways and top 5 GO annotations (including BP,
CC and MF) were then applied to 397 overlapping up- and 263
downregulated genes between GSE166388 and GSE153007.
According to the results, ‘response to biotic stimulus’ in BP,
‘cytosol” in CC and ‘RAGE receptor binding” in MF were the
most enriched terms for upregulated genes in the GO analysis
(Fig. 4A). ‘Measles’, ‘influenza A’ and ‘Epstein-Barr virus
infection” were the primary enriched pathways in KEGG anal-
ysis of the upregulated genes (Figs. 4B and S1). Concurrently,
‘response to endogenous stimulus’ in BP, ‘apical junction
complex’ in CC and ‘transcription coactivator binding’ in
MF were the most enriched terms for downregulated genes
in GO analysis (Fig. 4C). ‘Insulin resistance’, ‘AGE-RAGE
signaling in diabetic complications’ and ‘longevity regulating
pathway-multiple species’ were the key enriched pathways
for downregulated genes in the KEGG enrichment analysis
(Figs. 4D and S2).
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Figure 2. DEMs from GSE115293 and GSE145305 datasets. Heat maps of (A) GSE115293 and (B) GSE145305 DEMs. (C) GSE115293 and (D) GSE145305
DEMs. (E) Intersecting DEMs of GSE115293 and GSE145305 datasets. DEM, differentially expressed microRNA; PS, psoriasis; up, upregulated; down,

downregulated.

Table II. Overlapping differentially expressed miRs between
GSE115293 and GSE145305.

miR Regulation
hsa-miR-132-3p Up
hsa-miR-4725-3p Up
hsa-miR-25-5p Up
hsa-miR-155-5p Up
hsa-miR-378h Up
hsa-miR-371b-5p Down
hsa-miR-125b-5p Down
hsa-miR-497-5p Down
hsa-miR-199a-5p Down

miR, microRNA.

Prediction of miRNA targets. Using miRNet, the downstream
target genes of nine intersecting DEMs were predicted,

yielding 7,232 anticipated target genes. To identify target
genes for construction of the miRNA-mRNA network,
660 crossover DEGs and projected miRNA target genes were
trimmed simultaneously using Venny 2.1.0 (Fig. 5), resulting
in 340 dysregulated crossover target genes.

miRNA-mRNA network construction and core network
analysis. PPI data from STRING and miRNA and corre-
sponding downstream target gene data were combined and
imported into Cytoscape 3.9.1 to establish an interaction
network between psoriasis DEMs and 340 target mRNAs
(Fig. 6A). hsa-miR-155-5p was linked with the most target
genes, while hsa-miR-4725-3p was linked with the least
number of target genes. The degree approach was employed
to extract the core network using the cytoHubba plugin
in Cytoscape (Fig. 6B). The top 10 elements in psoriasis
included six hub genes with elevated expression, including
cyclin dependent kinase 1, cyclin A2), CCNBI (cyclin Bl),
STATI1, BUBI mitotic checkpoint serine/threonine kinase)
and NCAPG (non-SMC condensin I complex subunit G, as
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Figure 3. GO and KEGG enrichment of DEGs using Metascape database. Top 20 (A) GO and (B) KEGG analysis results for 660 intersecting DEGs. KEGG,
Kyoto Encyclopedia of Genes and Genomes; GO, Gene Ontology; DEG, differentially expressed gene.
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Table III. Topl0 elements of the core network in miRNA-
mRNA network construction.

Node Degree Regulation
hsa-miR-155-5p 258 Up
hsa-miR-497-5p 70 Down
hsa-miR-132-3p 57 Up
hsa-miR-125b-5p 50 Down
CDK1 31 Up
CCNA2 28 Up
CCNB1 26 Up
STAT1 24 Up
BUBI1 23 Up
NCAPG 22 Up

miR, microRNA; CDKI1, cyclin-dependent kinase 1; CCNAZ2,
cyclin A2; CCNBI, cyclin B1; BUB1, BUB1 mitotic checkpoint
serine/threonine kinase; NCAPG, non-SMC condensin I complex
subunit G.

DEGs

Predicted mRNAs

6892

Figure 5. Intersection of 660 DEGs and predicted target genes. DEG,
differentially expressed gene.

well as four miRNAs, including upregulated hsa-miR-155-5p
and hsa-miR-132-3p and downregulated hsa-miR-497-5p
and hsa-miR-125b-5p (Table IIT). hsa-miR-155-5p, which
was upregulated in psoriatic skin, had the highest score and
greatest number of associated genes, suggesting it may serve a
key role in controlling the onset and progression of psoriasis.
Therefore, the function of hsa-miR-155-5p in the control of
psoriasis was investigated.

Screening of co-expressed genes between HaCaT cell line
and psoriatic skin. The original data from GSE202683 dataset
was obtained from the GEO database, which contained gene
sequencing results from four HaCaT cell samples. The expres-
sion data were analyzed using Venny 2.1.0 to obtain 8,835
overlapping genes that were expressed in HaCaT cells (Fig. 7A).
To facilitate screening of target genes, a Venn diagram was
used to illustrate the intersect of the 8,835 overlapping genes
and 660 significantly DEGs screened in psoriatic skin. From
this intersect, 351 co-expressed genes between HaCaT cell line
and psoriatic skin were identified (Fig. 7B).

Prediction of hsa-miR-155-5p targets. The downstream
target genes of miR-155 were predicted using TargetScan
and miRTarBase. In TargetScan database, 556 genes were
predicted, whereas 932 genes were predicted in miRTarBase.
In addition, intersection of 351 co-expressed genes and
predicted target genes was determined using Venny 2.1.0,
from which five candidate genes were obtained, including
IRF2BP2, claudin 1, CARHSP1 (calcium regulated heat stable
protein 1), ARL5B (ADP ribosylation factor like GTPase 5B
and TMEM33 (transmembrane protein 33) (Fig. 8). Psoriasis
etiology is associated with immunological and inflammatory
responses and research has shown that IRF2BP2 is associated
with inflammatory responses (12). Therefore, IRF2BP2 was
selected for further investigation.

Impact of LPS on HaCaT cell viability. The viability of
HaCaT cells treated with LPS was assessed using CCK-8
reagent (Fig. 9). Compared with 0.0 gg/ml LPS, HaCaT cell
viability increased after 6 and 12 h of LPS stimulation but
decreased after 24 h. After 6 and 12 h of LPS stimulation, the
cell viability of HaCaT cells changed significantly when the
concentration of LPS was 0.0-0.5 ug/ml and 2-5 ug/ml. The
viability of HaCaT cells was the highest after LPS stimulation
for 6 h. Since the change of LPS concentration has a great
influence on the viability of HaCaT cells, and when the LPS
stimulation concentration is ~1 ug/ml, the viability of HaCaT
cells is relatively stable. Therefore, treatment with 1 pg/ml
LPS for 6 h was selected for subsequent experiments.

Proliferation of HaCaT cells is inhibited by miR-155-5p over-
expression. HaCaT cells were transfected with miR-155 mimic
and NC to evaluate the effect of miR-155 on the biological func-
tion of cells. miR-155 mimic significantly enhanced expression
of miR-155 (Fig. 10A). HaCaT cell proliferation was assessed
using CCK-8 reagent 48 h after transfection. miR-155 mimic
significantly suppressed HaCaT cell proliferation compared
with control and mimic NC group (Fig. 10B). Overexpressing
miR-155 may prevent proliferation of HaCaT cells.

Overexpression of miR-155-5p arrests cells in S phase.
Following transfection with the miR-155 mimic and corre-
sponding mimic NC, flow cytometry was conducted. miR-155
mimic group had significantly fewer cells in G1 and G2
phases and significantly more cells in S phase compared with
the control and mimic NC groups. However, there was no
significant difference in the cell cycle distribution between
the control and mimic NC groups (Fig. 11). Overexpression
of miR-155 promoted cells from G1 phase into S phase and
arrested cells in the S phase, thus significantly the number of
cells in S phase.

miR-155 and pro-inflammatory cytokines are expressed
at higher levels following LPS stimulation. RT-qPCR results
showed that miR-155 expression was significantly higher
following LPS stimulation compared with untreated control
(Fig. 12A). Similarly, levels of IL-1p and IL-6 inflammatory
cytokines were also higher (Fig. 12B and C). ELISA demon-
strated IL-1f and IL-6 levels were significantly elevated
following LPS stimulation (Fig. 12D and E). These results
suggested that LPS promoted the secretion of inflammatory
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Figure 6. miRNA-mRNA network and key modules. (A) miRNA-mRNA regulatory network. Orange, upregulation; green, downregulation; triangle, miRNA;
ellipse, mnRNA. (B) Core network was retrieved using the cytoHubba plug-in. The red icon has the highest score, followed by the orange icon and the yellow
icon has the lowest score. miRNA, microRNA.

A ~ HaCaT3 B
HaCaT DEGs

Figure 7. Co-expressed genes between HaCaT cell line and psoriatic skin. (A) Co-expressed genes in four HaCaT cell samples in the GSE202683 dataset.
(B) Intersection of 8,835 co-expressed genes and 660 DEGs. DEG, differentially expressed gene.

351 iRTarB
i M armase factors by HaCaT cells. LPS was successfully used to establish

an in vitro inflammatory cell model. In line with the afore-
mentioned bioinformatics study, levels of miR-155 were raised
during in vitro inflammatory stimulation.

Overexpression of miR-155 enhances inflammatory response
of HaCaT cells following LPS stimulation. RT-qPCR results
demonstrated that overexpression of miR-155 significantly
increased expression of miR-155 and inflammatory response,
as indicated by the increased IL-1f3 and IL-6 levels compared
with NC group (Fig. 13A-C). ELISA showed that the concen-
trations of IL-1P and IL-6 secreted by HaCaT cells stimulated
with LPS were significantly enhanced by sustained overex-
pression of miR-155 (Fig. 13D and E). These findings verified
that overexpression of miR-155 increased the response to
inflammation in HaCaT cells.

Targetscan

Figure 8. Intersection of 351 co-expressed genes and predicted target genes Inflammatory response induced by LPS stimulation in
of miR-155-5p. miR, microRNA. HaCaT cells is suppressed by silencing miR-155. RT-qPCR
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NC, negative control.

demonstrated that suppressing miR-155 expression during
LPS stimulation significantly decreased miR-155 expression
levels compared with NC (Fig. 14A). Silencing miR-155
expression significantly reduced the expression of IL-1f3 and
IL-6 (Fig. 14B-E). Taken together, these findings indicated a
significant decrease in the inflammatory response of HaCaT
cells under inflammatory conditions when miR-155-5p was
silenced.

miR-155-5p interacts with IRF2BP2 to negatively regulate
IRF2BP2 expression. starBase was used to predict binding sites
between miR-155-5p and IRF2BP2 (Fig. 15A). Dual-luciferase
reporter assay was used to verify whether miR-155-5p
targeted IRF2BP2. miR-155-5p mimic significantly inhib-
ited luciferase activity of IRF2BP2-WT in 293T cells, while
luciferase activity of IRF2BP2-MUT and pmirGLO groups
did not change (Fig. 15B). HaCaT cells were transfected with
miR-155-5p mimic/mimic NC or miR-155-5p inhibitor/inhib-
itor NC to determine the association between miR-155-5p and
IRF2BP2. The expression of miR-155-5p was significantly
elevated following transfection with miR-155 mimic and
significantly decreased upon transfection with miR-155 inhib-
itor (Fig. 15C). The RT-qPCR showed that, compared with the

Knockdown efficiency of si-IRF2BP2 is shown in Fig. S3.
RT-qPCR and ELISA showed that under LPS stimulation,
the gene expression and protein secretion of IL-1f and IL-6
were significantly decreased in the miR-155 inhibitor group
compared with inhibitor NC group (Fig. 16A and B). Under
LPS stimulation, gene expression and protein secretion levels
of IL-1p and IL-6 in miR-155 inhibitor + si-IRF2BP2 group
were significantly increased compared with miR-155 inhibitor
group (Fig. 16A and B). miR-155 inhibitor increased expres-
sion of IRF2BP2 gene and protein under LPS stimulation
(Fig. 16C and D). However, expression levels of IRF2BP2
gene and protein were significantly decreased in the miR-155
inhibitor + si-IRF2BP2 compared with the miR-155 inhibitor
group. Collectively, these results suggested that inhibition of
inflammatory cytokine expression by miR-155-5p inhibitor
was reversed by knockdown of IRF2BP2 and miR-155-5p
regulated inflammation in HaCaT cells by targeting IRF2BP2.

miR-155 may promote inflammatory response of HaCaT
cells via the IRF2BP2/KLF2/NF-«xB pathway. To examine
the molecular mechanism underlying how miR-155 targets
IRF2BP2 to promote inflammation in HaCaT cells, an inflam-
mation model was induced by stimulating cells with 1 ug/ml
LPS for 6 h. Gene expression levels of IRF2BP2, KLF2 and
p65 were determined by RT-qPCR and protein expression
levels of IRF2BP2, KLF2, p65 and p-p65 were determined
by WB. Following LPS stimulation, gene expression levels of
IRF2BP2 and KLF2 were decreased, while the expression of
p65 was increased compared with the control group (Fig. 17A).
RT-qPCR (Fig. 17B) and WB (Fig. 17C-E) results confirmed
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Figure 13. Expression of miR-155, IL-6 and IL-1f and cytokine secretion following overexpression of miR-155 and LPS stimulation. Reverse transcrip-
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that the IRF2BP2 expression was significantly reduced in
the LPS, mimic and LPS + mimic groups compared with the
control. Similarly, KLF2 expression was suppressed. However,
compared with the control group, p-p65 protein expression
was higher in the LPS, mimic and LPS + mimic groups. In
summary, under inflammatory conditions, overexpression of
miR-155 inhibited IRF2BP2 and decreased KLF2 expression.
p-p65 protein expression increased and secretion of inflamma-
tory factors IL-1f3 and IL-6 were enhanced, thereby promoting
the inflammatory response of HaCaT cells.

Discussion

Psoriasis is a chronic and recurrent inflammatory skin condi-
tion with a complicated pathophysiology. The molecular
processes underlying the onset and recurrence of this illness
may be impacted by numerous variables, including immu-
nological, genetic and environmental factors. According
to a previous study, skin barrier malfunction and clinical

psoriasis may result from interaction between immune cells
and epidermal keratinocytes, which may stimulate signaling
pathways, promote production of inflammatory chemokines
and cytokines and induce aberrant differentiation and overp-
roliferation of epidermal keratinocytes (25). Further study of
the molecular mechanisms underlying proliferation and aber-
rant differentiation of epidermal keratinocytes may therefore
promote understanding of the pathogenesis of psoriasis (26).
Small non-coding RNAs known as miRNAs are key for
controlling post-transcriptional gene expression. To control
translational suppression or degradation, miRNAs bind
in entire or partial complementation to the 3'-untranslated
region of mRNAs that code for proteins (27,28). miRNAs
control keratinocyte differentiation, proliferation, apop-
tosis and inflammation and activation of T cell subsets, in
addition to serving numerous roles in inflammatory skin
disorders (29,30). A previous study observed notable upregula-
tion of miR-155, miR-146a and miR-21 in skin lesions from
patients with psoriasis (31). The pathogenesis of psoriasis is
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Figure 14. Expression of miR-155, IL-16 and IL-1f and cytokine secretion following inhibition of miR-155 and LPS stimulation. Reverse transcription-quan-
titative PCR was used to ascertained (A) miR-155, (B) IL-1f and (C) IL-6 gene expression levels. ELISA was performed to measure the levels of (D) IL-1$
and (E) IL-6 in the culture media of HaCaT cells. "P<0.05, “"P<0.01, *"P<0.001, “*“P<0.0001. LPS, lipopolysaccharide; miR, microRNA; NC, negative control.

associated with dysregulation of miRNA expression and regu-
latory targets, which may be useful indicators for diagnosis,
monitoring disease progression and assessing efficacy of
treatment (32,33). Therefore, understanding miRNA-mediated
regulatory mechanisms of psoriasis offers opportunity to
uncover the pathogenesis and improve the treatment strategy
for this condition.

In psoriasis, upregulation of miR-155 reduces loricrin levels
in keratinocytes, which alters the functions of the epidermal
barrier (9). In addition, toll-like receptor 4 activation enhances
the inflammatory response triggered by miR-155 in an in vitro
keratinocyte model (34). miR-155 also promotes cell prolifera-
tion and inhibits apoptosis in psoriasis via the PTEN signaling
pathway (11). Furthermore, by targeting tumor protein p53
inducible nuclear protein 1, miR-155 increases glycolysis in
psoriatic mesenchymal stem cells. Compared with normal
human bone marrow mesenchymal stem cells, psoriatic

mesenchymal stem cells showed significantly higher glycolysis
levels and dysregulated glucose metabolism, highlighting its
role in metabolic problems associated with psoriasis (35). In
the pathophysiology of psoriasis, the production and release of
proinflammatory cytokines such as TNF-a, IFN-vy, and IL-1p
are increased (1). Wang et al (36) showed that miR-155 affects
development of psoriasis by regulating the GATA binding
protein 3)/IL37 axis, which regulates the production of
proinflammatory cytokines IL-6 and C-X-C motif chemokine
ligand 8 in response to TNF-a activation. Additionally, tissue
with psoriatic lesions exhibits a notable increase in miR-155
expression (36). Beer et al (9) discovered that proinflammatory
cytokines IL-17, INF-y and IL-1f effectively increase miR-155
expression in keratinocytes in vitro. These findings align with
the present upregulation of miR-155 expression and promotion
of inflammatory factor production after establishing an in vitro
inflammatory model with LPS.
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Figure 15. Effect of miR-155 on target gene IRF2BP2. (A) starBase database was used to predict binding sites between miR-155-5p and IRF2BP2.
(B) Dual-luciferase reporter assay was used to validate the interaction between miR-155-5p and IRF2BP2. (C) Transfection efficiency of miR-155 was
measured by reverse transcription-quantitative PCR. (D) Reverse transcription-quantitative PCR was used to measure the IRF2BP2 mRNA expression.
(E) Western blotting was utilized to determine the relative IRF2BP2 protein expression. (F) Localization and relative expression of IRF2BP2 protein were
detected by immunofluorescence. "P<0.05, “P<0.01, “"P<0.001, “**P<0.0001. miR, microRNA; IRF2BP2, IFN regulatory factor 2 binding protein 2; NC,
negative control; WT, wild-type; MUT, mutant.
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Figure 16. Inhibition of inflammatory cytokine expression by miR-155-5p inhibitor is reversed by knockdown of IRF2BP2. (A) RT-qPCR was used to determine
gene expression of IL-1p and IL-6 inflammatory cytokines. (B) Levels of IL-1f3 and IL-6 in HaCaT cell culture medium were determined by ELISA. (C) IRF2BP2
gene expression was detected by RT-qPCR. (D) IRF2BP2 protein expression was detected by western blotting. "P<0.05, “P<0.01, ""P<0.001, “""P<0.0001. RT-q,
reverse transcription-quantitative; miR, microRNA; IRF2BP2, IFN regulatory factor 2 binding protein 2; NC, negative control; si, small interfering.
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Figure 17. Effect of miR-155 on IRF2BP2, KLF2 and p65 following LPS stimulation. mRNA expression of IRF2BP2, KLF2 and p65 following (A) LPS
stimulation and (B) transfection was determined by reverse transcription-quantitative PCR. Relative protein expression levels of (C) IRF2BP2, (D) KLF2
and (E) p65/p-p65 were measured by western blotting. “P<0.05, “P<0.01, “"P<0.001, “""P<0.0001. LPS, lipopolysaccharide; miR, microRNA; IRF2BP2, IFN
regulatory factor 2 binding protein 2; p-, phosphorylated; KLF2, kruppel-like factor 2; NC, negative control.

According to Xu et al (11), miR-155 affects progression
of the cell cycle in HaCaT cells by controlling genes that are
part of the signaling pathway associated with cyclin, which
causes the cell cycle to move from Gl to the S phase. IRF2BP2
has an important role in both cell cycle regulation and prolif-
eration: Koeppel et al (37) demonstrated that overexpression
of IRF2BP2 increased the number of cells in S phase and
decreasing the number of cells in G2 phase. The present study
demonstrated that overexpression of miR-155 in HaCaT cells
significantly impacted cell cycle progression, causing most
cells to transition from Gl to the S phase and preventing
entry into the G2 phase, resulting in a notable increase in
S phase cells. These results aligned with those previously
reported (11,37). The present study also verified that miR-155
directly targeted IRF2BP2 expression.

NF-«kB controls production of growth genes and the immu-
nological response and is found in the cytoplasm. NF-xB
is associated with several physiological and pathological
processes as it is essential in cell proliferation, inflammation
and carcinogenesis (38,39). Following activation of the NF-xB
pathway, p-IxBa is activated and degraded and the p65/p50
complex is activated by post-translational modification and
transported to the nucleus to participate in transcriptional
regulation of downstream target genes (38). A previous study
demonstrated that LPS stimulation induces the activation and
signaling of the NF-kB (p65/p50) proinflammatory transcrip-
tion factor complex, thereby promoting expression of p65/pS0

and subsequently upregulating miR-146a and miR-155 (40).
In line with previous research (40), the present study demon-
strated that both LPS stimulation and miR-155 overexpression
significantly increased levels of p-p65 protein at ser536.
Increased phosphorylation of the p65 subunit led to activation
of the NF-«xB pathway.

Using chromatin immunoprecipitation and luciferase
reporter assay, a previous study discovered that IRF2BP2
binds KLF2 promoter and promotes KLF2 expression in a
myocyte enhancer factor 2C-dependent manner (16). As
members of the zinc finger family of DNA-binding tran-
scription factors, KLFs are key for a number of biological
processes, including inflammation, differentiation and
proliferation (41). In addition to serving as a key regulator in
certain aberrant and pathological conditions such as rheuma-
toid arthritis, atherosclerosis and bacterial infection, KLF2
also regulates immune cell activity and function (42-45).
Patients experiencing either acute or chronic inflammation
exhibit a 30-50% decrease in KLF2 expression (46,47). In the
present study, decreased expression of KLF2 was confirmed
by RT-qPCR and WB, consistent with the literature (46,47).
According to some studies (46,48), KLF2 mediates inhibition
of the activity of pro-inflammatory NF-«B, thereby inhibiting
the inflammatory response. To inhibit transcriptional activity
of the NF-kB proinflammatory signal, KLF2 is recruited to
the p300/cAMP response element-binding protein-associated
factor. This results in a decrease in production of numerous
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Figure 18. Feedback loop for miR-155. Following LPS stimulation, miR-155 maintains the inflammatory state of psoriasis by targeting the IRF2BP2/KLF2/NF-«xB
pathway. LPS, lipopolysaccharide; IRF2BP2, IFN regulatory factor 2 binding protein 2; miR, microRNA; KLF2, kruppel-like factor 2; p, phosphorylated.

inflammatory genes and cytokines such as IL-1, IL-8 and
TNF-a (42,46,48.,49).

According to Masalha et al (50), miR-155 exerts a positive
feedback function in controlling inflammatory signals. By
binding to their receptors, pro-inflammatory cytokines such as
IL-1pB, IFN-y, TNF-a and IFN-a trigger inflammatory signals
via NF-kB. This increases expression of miR-155 due to NF-kB
binding to miR-155 promoter. In addition, miR-155 targets
PTEN and suppressor of cytokine signaling 1, two inflam-
matory signaling inhibitors. The PI3K/AKT pathway, which
activates NF-«B, is inhibited by PTEN. Thus, by blocking
PTEN via the PI3K/AKT pathway, miR-155 triggers inflam-
matory and NF-«xB signals. Sustained inflammatory signaling
results in greater secretion of inflammatory chemokines,
increasing the cytokine repertoire at the inflammation site.
This increases signaling that activates miR-155 expression,
maintaining inflammation in psoriasis (50).

The present study discovered that miR-155 expression
was increased in HaCaT cells following LPS stimulation.
High miR-155 expression inhibited the target gene, IRF2BP2,
leading to decreased expression of KLF2 gene. This weakened
the inhibitory effect of the KLF2 anti-inflammatory gene on
NF-«B activity. The transcriptional activation domain of p65
was activated, expression of p-p65 protein was enhanced and
the activation of NF-«xB in the nucleus increased inflammatory
factor expression, promoting the inflammatory response of
HaCaT cells. Activated NF-«xB binds to the miR-155 promoter
to increase the expression of miR-155. Thus, a novel positive
feedback loop may exist in which miR-155 enhances p-p65
expression via IRF2BP2/KLF2, activates NF-kB, promotes
self-expression and maintains the inflammatory state in
psoriasis (Fig. 18).

The present study identified miR-155 and IRF2BP2
as potential psoriasis biomarkers. In the LPS-stimulated
HaCaT inflammatory cell model, overexpression of miR-155
promoted the inflammatory response, while inhibition
of miR-155 attenuated it. Suppression of inflammatory
cytokine expression by miR-155-5p inhibitor was reversed
by knockdown of IRF2BP2. Mechanistically, miR-155
was shown to regulate inflammation in HaCaT cells via
IRF2BP2/KLF2/NF-«B.

In conclusion, based on bioinformatics analysis of
clinical samples from patients with psoriasis, the present study
confirmed that miRNA-155 decreased IRF2BP2 expression.
miRNA-155 also decreased KLF2 expression, which reduced
the inhibitory effect of KLF2 on NF-«B transcription activity
and increased p-p65 protein expression, thereby increasing
expression of inflammatory genes and cytokines. This mecha-
nism results in heightened inflammatory reactions and harm
to tissue and keratinocytes and may serve a role in the onset
of psoriasis. The results of the present study therefore provide
new information on how miR-155 controls development and
course of psoriasis.

The present study also had certain limitations. miR-155
inhibitors were not used for dual verification and few
psoriasis-associated indicators were detected. Further studies
are required to detect psoriasis-associated indicators such as
TNF-a, IL-17 and IL-23 and determine whether IRF2BP2
overexpression can reverse the increase of inflammatory
cytokines induced by miR-155 mimic.
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