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miR-489-3p inhibits TLR4/NF-kB signaling
to prevent inflammation in psoriasis
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Abstract. Psoriasis is a chronic inflammatory skin disease
whose etiology has not yet been determined. MicroRNAs
(miRs) regulate the early stages of psoriasis and are targets
for therapeutic intervention. The present study aimed to
investigate the functional role of miR-489-3p in psoriasis.
The present study first assessed the expression levels of
miR-489-3p and Toll-like receptor (TLR)4 mRNA using
reverse transcription-quantitative PCR, and also detected the
protein expression levels of TLR4 and NF-«kB via western
blot analysis. TargetScan and miRDB target gene predic-
tion tools were used to confirm the regulation of Toll-like
receptor (TLR)4 by miR-489-3p. Moreover, a Cell Counting
Kit (CCK)-8 assay was conducted to evaluate cell viability,
while cell cycle and colony formation assays were performed
to evaluate cell proliferation. Human keratinocytes (HaCaT)
were co-transfected with TLR4-small interfering RNA
and miR-489-3p-inhibitor plasmids, and analysis of cell
proliferation and inflammatory cytokine secretion was
performed using CCK-8 assay and ELISA. It was found that
miR-489-3p expression was downregulated in patients with
psoriasis. Bioinformatics analysis identified that TLR4 was
a direct target of miR-489-3p. This was confirmed via lucif-
erase reporter assays in HaCaT cells. The overexpression of
miR-489-3p inhibited the TLR4/NF-kB signaling pathway
and reduced cell proliferation. TLR4 silencing alleviated the
effects of miR-489-3p, and enhanced cell proliferation and
inflammatory cytokine secretion. Taken together, these data
suggested that miR-489-3p may be a key effector of psoriasis,
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which promotes inflammatory responses by direct targeting
of TLR4. miR-489-3p therefore represents a promising prog-
nostic biomarker and therapeutic target for psoriasis treatment.

Introduction

The typical clinical manifestation of psoriasis include widely
distributed scaly erythema or plaques that can affect the skin,
joints and fingernails (1). Skin, as the first barrier against
infection and injury, contains a large number of immune cells
from the epidermis and dermis, including keratinocytes (KCs),
Langerhans cells, dermal dendritic cells, macrophages and
T lymphocyte (2). Psoriasis is characterized by the excessive
proliferation and aberrant differentiation of KCs, but is fully
reversible with appropriate therapy (3). Previous studies have
reported that psoriasis can be complicated with diabetes,
vascular disease, arthritis, Crohn's disease, lymphoma and
depression (4,5). The World Health Organization reported
in 2016 that the global prevalence of psoriasis ranged from
0.09-11.43%, and it can occur at any age (6). Psoriasis has
therefore emerged as a public health concern.

MicroRNAs (miRNAs/miRs) are a class of small, endog-
enous, single-stranded, non-coding RNAs that serve a key
role in proliferation, apoptosis, differentiation, invasion and
metabolism (7). miRNAs bind to the 3' untranslated regions
(UTR) of specific target mRNAs via complementary base
pairing, leading to mRNA degradation and the inhibition of
translation (8). miRNAs can directly or indirectly interact
with key genes of the inflammatory pathway to regulate
inflammatory responses, and serve an important role in classic
inflammatory pathways (9). In recent years, the specific roles
of miRNAs in psoriasis have become a hot topic of research.
For example, Chang et al (10) revealed that miR-126 served
an important role in promoting the proliferation and migra-
tion of KCs during skin wound healing, but the mechanism
of action of miR-489-3p was not reported. The present study
performed bioinformatics predictions that identified the
ability of miR-489-3p to directly bind to the 3'UTR of TLR4
and downregulate its expression. The activation of TLR4
triggers its downstream effector NF-kB, which translocates
to the nucleus (11) and enhances the expression of 1L-1f,
IL-6, TNF-a and other pro-inflammatory cytokines (12,13).
Therefore, preventing inflammatory responses in psoriasis
could alleviate disease progression.
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KCs can sense injury-related molecular model molecules
and/or pathogenesis-related molecular model molecules and
activate inflammatory bodies, which induces the inflammatory
response in psoriasis (14). The activation of NF-«B in psoriatic
KCs, leading to the production of a variety of immune-related
proteins, and lead to further inflammatory response (15). In
the present study, human KCs (HaCaT cell line) were used
for studying psoriasis in vitro, and to evaluate the molecular
mechanism of miR-489-3p in inhibiting the inflammatory
response of psoriasis.

Materials and methods

Research subjects and sample collection. The specimens were
collected from 15 patients with psoriasis between March 2018
and March 2019 in The Third People's Hospital of Hangzhou,
including 8 men and 7 women, with an average age of 33.5 years
(age range, 24-68 years). The course of disease ranged from
14 months to 12 years (mean, 6.5 years). All patients with
psoriasis were diagnosed clinically and pathologically, and all
plaques were of progressive plaque type. The Psoriasis Area
and Severity Index (PASI) score ranged from 10-20 (16). The
inclusion criteria were as follows: Patients with psoriasis had
typical erythematous; scaling plaques confirmed by histopa-
thology; systemic therapy including immunosuppressants,
biological agents, glucocorticoids and retinoic acids were
not used within the first 3 months, and external drug therapy
and phototherapy ceased for 1 month prior to the study; no
accompanying autoimmune disease, neoplastic disease or
inflammatory disease. The exclusion criteria were as follows:
Patients with chronic plaque psoriasis in the involuting and
stable stage; pregnancy, lactation and menstruation in female
patients. The healthy controls showed no history of psoriasis
or other skin defects, and no autoimmune or systemic disease,
as well as were comparable to the sex and age of the patients.

All participants provided written informed consent for
their participation. The study protocol was designed and
implemented in accordance with the principles of the Helsinki
Declaration and was approved by The Third People's Hospital
of Hangzhou Ethics Review Committee.

Cell culture. Human KCs (HaCaT cell line) were
purchased from Guangzhou Jennio Biological Technology
(Guangzhou, China). Cells were cultured in DMEM (Gibco;
Thermo Fisher Scientific Inc.) containing 1% non-essential
amino acids and 10% FBS (Thermo Fisher Scientific, Inc.)
at 37°C with 5% CO,. Medium was replaced every 2 days and
cells were passaged when 70-80% confluent.

Cell transfections. Cells were digested with trypsin and then
seeded in 6-well cell culture plates at 5x10°/well. When the cells
reached 60% confluence, they were transfected with 100 nM
miR-489-3p mimic, 100 nM miR-489-3p mimic negative
control using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's procedure for
24 h at 37°C with 5% CO,. miR-489-3p mimic, miR-489-3p
mimic negative control (mimic-con), miR-489-3p inhibitor
and miR-489-3p inhibitor negative control (inhibitor-con)
were purchased from Shanghai GenePharma Co., Ltd.
(miR-489-3p mimics-con, 5-UUCUCCGAACGUGUCACG

UTT-3'; miR-489-3p mimic 5-GUGACAUCACAUAUACGG
CAGC-3"; miR-489-3p inhibitor-con, 5'-CAGUACUUUUGU
GUAGUACAA-3'"; and miR-489-3p inhibitor 5'-GCUGCC
GUAUAUGUGAUGUCAC-3"). Transfection efficiency was
verified 24 h later via reverse transcription-quantitative (RT-q)
PCR.

TLR4 silencing. Cells (1x10°) were transfected with 1.0 ug
TLR4 small interfering (si) RNA5'-CCGGCCGCTGGT
GTATCTTTGAATACTCGAGTATTCAAAGATACACCA
GCGGTTTTTG-3") or scrambled siRNA (si-con, 5'-CCG
GCTCCGGGTGTATCGTTTAATACTCGAGTCTATAGA
AATACACCAGGGCTTTTTG-3'") as a negative control
(cat. no. sc-40260; Santa Cruz Biotechnology, Inc.) using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's procedure for 24 h
at 37°C with 5% CO,.

Post-transfection, cells were cultured in complete media
for 48 h. TLR4-siRNAs were purchased from Shanghai
GenePharma Co., Ltd. Transfection efficiency was verified
48 h later via RT-qPCR.

miRNA target prediction and dual luciferase reporter assays.
TargetScan v.7.2 (http://www.targetscan.org/mamm_31/) and
miRDB (http:/mirdb.org/) miRNA target prediction database
were used to identify the target genes of has-miR-489-3p.
TLR4 3'UTR wild-type (WT) and TLR4 3'UTR mutant
(MUT) plasmids were cloned into pGL3 luciferase reporter
vectors (Promega Corporation). HaCaT cells were seeded
into 6-well plates at a density of 5x105/well. Cells were
co-transfected with TLR4 luciferase reporter constructs (1 ug),
miR-489-3p mimics (100 nM) or miR-489-3p mimic-con using
Lipofectamine 2000 at 37°C with 5% CO, for 24 h. Luciferase
activity was assessed using a Dual-Luciferase Reporter Assay
system (Promega Corporation) after 24 h post-transfection.
Relative luciferase activities were calculated by firefly lucif-
erase activities/Renilla luciferase activities.

Cell proliferation assays. Cell proliferation was determined
using Cell Counting Kit-8 (CCK-8) assays (MedChemExpress)
according to the manufacturer's protocol Cells were seeded at
the density of 4x10* cells/well into 96-well plates and incubated
for 0-3 days, and then CCK-8 (10 1) were added at different time
points (0, 24, 48 and 72 h) at 37°C and further cultured for 2 h.
The optical densities were measured at 450 nm using an auto-
matic microplate reader (INFINITE M200; Tecan Group, Ltd.).

Colony formation assays. Cells were seeded in 12-well plates
(=300 cells/well) 24 h post-transfection. Cells were cultured
at 37°C with 5% CO, for 14 days, and the medium was replaced
every 3 days. Cells were stained with crystal violet (2%) at 37°C
for 30 min and observed and photographed under a light
microscope (Olympus Soft Imaging Solutions GmbH) and
colonies =50 cells were counted with Image J software v.1.52
(National Institutes of Health). Experiments were performed
on a minimum of three independent occasions.

Cell cycle assays. Cell cycle analysis was performed via
flow cytometry. Cells (2x10° cells/ml) in 6-well plates were
trypsinized and fixed in pre-chilled 75% ethanol at 4°C
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overnight. Cells were harvested by centrifugation at 800 x g
at 4°C for 10 min. The supernatants were discarded and then
resuspended in PBS with 50 ug/ml propidium iodide (PI),
100 ug/ml RNase A and 0.2% Triton X-100 and incubated
in the dark for 30 min at room temperature. PI, RNase A
and Triton X-100 were all purchased from Sigma-Aldrich;
Merck KGaA. Cells were captured on a flow cytometer
(FACSCalibur; BD Biosciences), and cell cycle data was
analyzed using CellQuest software v.2.0 (BD Biosciences) and
ModFit LT v.2.0 (Verity Software House, Inc.).

RT-gPCR.Total RNA was extracted using TRIzol® (Invitrogen;
Thermo Fisher Scientific, Inc.), and RNA concentrations and
purity were measured via UV spectrophotometry (Nanodrop
Technologies). A total of 1 ug total RNA was reverse tran-
scribed using PrimeScript RT reagent kit (Takara Bio, Inc.).
The conditions for RT were as follows: 37°C for 10 min,
followed by 85°C for 5 sec and followed by holding at 4°C.
SYBR Premix Ex Taq II (Tli RNaseH Plus) (Takara Bio,
Inc.) was used to detect miR-489-3p and TLR mRNA expres-
sion levels using the ABI PRISM 7000 instrument (Applied
Biosystems; Thermo Fisher Scientific Inc.). The housekeeping
gene GAPDH was used as the control of TLR4 and the small
nuclear RNA U6 was used as the control of miR-489-3p. The
thermocycling conditions used were as follows: Denaturation
at 95°C for 30 sec, followed by 40 cycles at 95°C for 5 sec and
60°C for 30 sec. The following primers were used: miR-489-3p,
forward, 5-GCGCGGTGACATCACATATAC-3' and reverse,
5-AGTGCAGGGTCCGAGGTATT-3"; U6 forward, 5'-GCT
TCGGCAGCACATATACTAAAAT-3'and reverse, 5'-CGC
TTCACGAATTTGCGTGTCAT-3"; TLR4 forward, 5'-TTT
GGACAGTTTCCCACATTGA-3' and reverse, 5'-AAGCAT
TCCCACCTTTGTTGG-3"; and GAPDH forward, 5'-ACA
ACTTTGGTATCGTGGAAGG-3' and reverse, 5'-GCCATC
ACGCCACAGTTTC-3". Melting curves were used to monitor
non-specific amplifications. Relative Ct values were quan-
titated using the 244 method (17) were AACq=(Cq target
gene-Cq control gene) experimental group-(Cq target gene-Cq
control gene) control group.

Western blot analysis. Cell proteins were extracted in
RIPA buffer (Sigma-Aldrich; Merck KGaA). Nuclear
proteins were extracted using CelLytic™ NuCLEAR™
reagent (Sigma-Aldrich; Merck KGaA). Proteins were
quantified using a BCA assay, and equal concentrations
(50 ug/lane) were resolved on 12.5% polyacrylamide gels
at 130 V. Proteins were transferred to PVDF membranes
and blocked in 2.5% skimmed milk at 37°C for 1 h.
Membranes were probed with primary antibodies overnight
at 4°C, including anti-rabbiti-TLR4 (1:1,000; cat no. 13867,
Abcam), anti-rabbit-NF-xB p65 (1:1,000; cat no. 3034,
Cell Signaling Technologies, Inc.), phospho-NF-«B p65
(1:1,000; cat no. 3033; Cell Signaling Technologies, Inc.),
anti-rabbit-Lamin B (1:2,000; cat no. 194109; Abcam)
and anti-rabbit-f-actin (1:2,000; cat no. 115777,
Abcam). Membranes were washed in TBS containing 0.1%
Tween 20 and labeled with Goat Anti-Rabbit IgG H&L (HRP)
antibodies (1:3,000; cat no. 7090; Abcam) for 1 h at room
temperature. Membranes were then washed and proteins were
visualized using the ECL detection system (Amersham; Cytiva)

on a ChemiDoc Bio-Rad system (Bio-Rad Laboratories, Inc.).
Band intensities were semi-quantified using ImageJ software
v.1.52v (National Institutes of Health).

ELISA. HaCaT cells (1x10°) were seeded into 6-well plates to
80-85% confluence. The cell culture supernatant were collected
by centrifugation at 2,000 x g for 10 min at 4°C in order to
remove debris. ELISA assays were performed according to the
manufacturer's instructions to detect the secretion of TNF-a
(cat no. ab181421; Abcam), IFN-y (cat. no. ab46025; Abcam),
1L-22 (cat. no. ab216170; Abcam), IL-4 (cat no. ab215089;
Abcam) and IL-1f (cat no. ab214025; Abcam). Gradient dilu-
tion of the standard was used to draw a standard curve. The
OD value was evaluated at 450 nm using an automatic micro-
plate reader (INFINITE M200; Tecan Group, Ltd.). Three
replicates were performed.

Statistical analysis. Data were analyzed using SPSS 20.0 (IBM
Corp.). Unpaired t-tests were used to compare between two
groups, and a one-way ANOVA was used to compare multiple
groups, followed by Dunnett's post hoc analysis. Pearson's
correlation coefficient analysis was used to determine the corre-
lation between two variables. All experiments were repeated
three times. P<0.05 was considered to indicate a statistically
significant difference. Data are presented as the mean + SD.

Results

miR-489-3p targets the TLR4/NF-kB axis in psoriasis.
The present study first assessed the expression level of
miR-489-3p via RT-qPCR analysis. Downregulation
of miR-489-3p expression was observed in psoriasis vs.
healthy tissue (Fig. 1A). In addition, upregulation of TLR4
and nuclear NF-kB expression levels, downregulation of cyto-
plasmic NF-kB expression levels were detected using western
blot analysis (Fig. 1B-E). A comparison of the PASI between
the patient and health control samples revealed that the PASI
was significantly higher in patients with psoriasis (P<0.05;
Fig. 1F). The correlation between PASI and miR-489-3p,
NF-«B p65 and TLR4 expression levels was determined using
Pearson's correlation coefficient analysis. The results demon-
strated that PASI was positively correlated with miR-489-3p
expression and cytoplasmic NF-kB p65 expression. Moreover,
PASI was negatively correlated with NF-kB p65/Lamin B and
TLR4 expression (P<0.001; Fig. 1G-J). These results suggested
that miR-489-3p expression may promote enhanced inflam-
mation in psoriasis by suppressing NF-kB/TLR4 expression.

miR-489-3p inhibits TLR4/NF-«kB signaling. To confirm the
regulation of TLR4 by miR-489-3p, TargetScan and miRDBA
tools were used to predict potential target genes. From this
analysis, it was found that miR-489-3p could bind to the
3'UTR of TLR4 (Fig. 2A). Dual luciferase assays in HaCaT
cells transfected with TLR4-WT luciferase reporter identi-
fied a significant loss of TLR4 activity in cells co-expressing
miR-489-3p mimic (P<0.05). However, no such effect
was observed for the TLR4-MUT reporter (P>0.05) in
miR-489-3p overexpressing cells (Fig. 2B). RT-qPCR analysis
was conducted to verify the transfection efficiency, and the
results demonstrated that the expression levels of miR-489-3p
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Figure 1. Expression levels of miR-489-3p and TLR4/NF-«kB signaling in psoriasis. (A) Expression level of miR-489-3p in skin specimens from patients with
psoriasis was detected via reverse transcription-quantitative PCR. (B) Western blot analysis of the protein expression levels of (C) TLR4, (D) cytoplasmic
NF-«xB p65 and (E) nuclear NF-kB p65 in skin specimens from patients with psoriasis. (F) PASI in patients with psoriasis and healthy controls. Correlations
between PASI and (G) miR-489-3p, (H) cytoplasmic NF-kB p65, (I) nuclear NF-kB p65 and (J) TLR4. "P<0.05 vs. Control. TLR4, Toll-like receptor 4;

PASI, Psoriasis Area and Severity Index; miR, microRNA.

were significantly upregulated in HaCaT cells transfected
with miR-489-3p mimic, compared with cells transfected with
miR-489-3p mimic-con. Furthermore, the expression levels
of miR-489-3p were significantly downregulated in HaCaT cells
transfected with miR-489-3p inhibitor, compared with cells
transfected with miR-489-3p inhibitor-con (P<0.05; Fig. 2C).
Western blot analysis confirmed that the overexpression of

miR-489-3p inhibited TLR4 and nuclear NF-kB p65 expression
and upregulated cytoplasmic NF-kB p65; when miR-489-3p
expression was inhibited, the TLR4 and nuclear NF-xB p65
expression were upregulated and the cytoplasmic NF-«B p65
was downregulated (P<0.05; Fig. 2D-G). The results suggested
that miR-489-3p upregulation inhibits the inflammatory
response of skin cells via TLR4/NF-kB signaling.
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Figure 2. miR-489-3p inhibits TLR4/NF-xB signaling. (A) TLR4 was the target gene of miR-489-3p, as predicted via bioinformatics analysis. (B) HaCaT
cells were transfected with luciferase reporter plasmids containing WT or MUT TLR4 3'UTR, together with miR-489-3p mimic or miR-489-3p mimic-con.
(C) miR-489-3p expression in HaCaT cells transfected with different plasmids, as detected via reverse transcription-quantitative PCR. (D) Western blot
analysis of the protein expression levels of (E) TLR4, (F) cytoplasmic NF-kB p65 and (G) nuclear NF-xB p65 in HaCaT cells transfected with different
plasmids. "P<0.05 vs. inhibitor-con; “P<0.05 vs. mimic-con. WT, wild-type; MUT, mutant; UTR, untranslated region; con, negative control; miR, microRNA;

TLR4, Toll-like receptor 4.

miR-489-3p inhibits KC hyperproliferation and inflamma-
tion. To verify the effects of miR-489-3p on the proliferation
of KCs in vitro, the viability of HaCaT cells was assessed using
CCK-8, cell cycle and colony formation assays to determine
cell proliferation. The CCK-8 assay revealed that the viability
of HaCaT cells transfected with miR-489-3p mimic was
significantly decreased (P<0.05), whilst cells transfected with
miR-489-3p inhibitors showed higher levels of viability in a
time-dependent manner (P<0.05; Fig. 3A). Colony formation
was impaired in HaCaT cells transfected with miR-489-3p
mimic (P<0.05), whilst the colony forming ability of HaCaT
cells transfected with miR-489-3p inhibitor was increased
(P<0.05; Fig. 3B and C). Flow cytometry assays identified that
miR-489-3p overexpression inhibited G,/M cell cycle progres-
sion (P<0.05; Fig. 3D and E), which was enhanced by the
transfection of miR-489-3p inhibitor (P<0.05; Fig. 3D and E).
The ELISA results demonstrated that the levels of TNF-a.,
IFN-v, IL-22, IL-4 and IL-1 were significantly increased in
cells transfected with miR-489-3p inhibitor (P<0.05; Fig. 4),
but were declined in cells transfected with miR-489-3p mimic
(P<0.05; Fig. 4). These data indicated that miR-489-3p inhib-
ited the proliferation of KCs and the secretion of inflammatory
cytokines.

miR-489-3p targets TLR4 to inhibit KC hyperproliferation
and inflammation. To confirm that miR-489-3p inhibits the
TLR-mediated inflammatory response, HaCaT cells were
co-transfected with TLR4-siRNA and miR-489-3p inhibitor
plasmids, and cell proliferation and inflammatory cytokine
secretion were assessed. A RT-qPCR assay was conducted to
verify the transfection efficiency, and the results indicated that

the expression levels of TLR4 were significantly downregu-
lated in HaCaT cells transfected with TLR4 siRNA compared
with those transfected with TLR4 si-con (P<0.05; Fig. 5A).
Moreover, the expression levels of TLR4 were significantly
upregulated in HaCaT cells transfected with miR-489-3p
inhibitor + TLR4 si-con compared with transfected with
TLR4 si-con + inhibitor-con (P<0.05; Fig. 5B), while the
expression levels of TLR4 were significantly downregulated
in HaCaT cells transfected with miR-489-3p inhibitor + TLR4
si-RNA compared with cells transfected with TLR4
si-con + miR-489-3p inhibitor (P<0.05; Fig. 5B).

The ability of cells to survival and form colonies were
significantly upregulated in the cells transfected with
miR-489-3p-inhibitor + si-TLR4-con compared with the cells
transfected with miR-489-3p-inhibitor-con + i-TLR4-con
and significantly downregulated in the cells trans-
fected with inhibitor + si-TLR4 compared with the cells
transfected with miR-489-3p-inhibitor + si-TLR4-con
(P<0.05; Fig. 5C-E). Consistent with these findings,
G,/M progression was also significantly increased in the
miR-489-3p-inhibitor+ si-TLR4-con group compared
with the miR-489-3p-inhibitor-con + si-TLR4-con group;
and decreased in the miR-489-3p-inhibitor + si-TLR4
group compared with the miR-489-3p-inhibitor +
si-TLR4-con group (P<0.05; Fig. 5F and G). The secretion
levels of the inflammatory cytokines TNF-a, IFN-vy, IL-22,
IL-4 and IL-1p in cells transfected with miR-489-3p-in-
hibitor + si-TLR4-con were significantly higher compared
with those transfected with inhibitor-con + TLR4 si-con
and the secretion levels were significantly lower in the
cells transfected with miR-489-3p-inhibitor + si-TLR4
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Figure 4. MicroRNA-489-3p inhibits inflammation. ELISA was used assess the secretion of various inflammatory cytokines. “P<0.05 vs. inhibitor-con;
"P<0.05 vs. mimic-con. con, negative control.

compared with the cells transfected with miR-489-3p-inhib-  Discussion

itor + si-TLR4-con (P<0.05; Fig. 6). These results suggested

that miR-489-3p regulated KC proliferation by inhibiting  The pathogenesis of psoriasis is both complex and poorly
TLR4 and the inflammatory response. characterized, involving multiple factors such as immunity,
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level of TLR4 in HaCaT cells transfected with different plasmids was detected via reverse transcription-quantitative PCR. (C) Cell Counting Kit-8 assays
were used analyze cell proliferation. (D) Colony forming ability was analyzed using a colony formation assay, (E) and the results were quantified. (F) Flow
cytometry was used to assess the cell cycle and (G) the results of G,/M were quantified. “P<0.05 vs. inhibitor-con + si-con; “P<0.05 vs. inhibitor + si-con.

con, negative control; TLR4, Toll-like receptor 4; si, small interfering RNA.

inflammation, cell proliferation and apoptosis, as well as a
common immune-mediated pathway to cause abnormal prolif-
eration, differentiation, apoptosis and local inflammation of
KCs (3). Various cells (including dendritic cells, T lympho-
cytes, vascular endothelial cells and KCs), cytokines,
chemokines and intracellular signal transduction are involved
in this pathological process (18,19). Abnormal KC hyper-
proliferation, accompanied by hyperkeratosis, disfunction
and inflammatory cell infiltration, are the main pathological
features of psoriasis (20), and KCs serve an important role in the
development of psoriasis. KCs form the epidermis of the skin,
and maintain its mechanical barrier function by promoting
wound healing. KCs, which have undergone a complete differ-
entiation cycle, overlap and arrange with adjacent cells in the
stratum corneum, forming a strong skin barrier (21). As key
players in innate immune defenses, KCs express a variety of
pattern recognition receptors, including TLRs 1-6 and 9, and
retinoic acid-inducible gene I-like receptors (22), that form
the initial responses to internal and external environmental
stimuli. KCs undergo terminal differentiation via the spinous
layer and granular layer of the epidermis, and begin to secrete
keratin (K) 1 and K10 from the spinous layer, resulting in a
loss of the nucleus in the stratum corneum (23).

The excessive proliferation of KCs is an important histo-
pathological cause of psoriasis (19). During the terminal
differentiation process, the nucleus is retained and the

differentiation cycle is incomplete, which is accompanied by
lipid secretion and reduced horny transparent particles, thus
disrupting the normal skin barrier (24). In recent years, the
regulation of KCs via psoriatic-associated miRNAs has been
an area of intense research interest. Tsuru et al (25) reported
that miR-424 was poorly expressed in psoriasis and influ-
enced cell proliferation by regulating the expression levels
of mitogen-activated protein kinase 1 and cyclin El in KCs.
Moreover, Xu et al (26) revealed that miR-125b was lowly
expressed in patients with psoriasis and that its overexpression
inhibited KC proliferation and differentiation. Chang et al (10)
also observed that miR-126 served an important role in the
proliferation and migration of KCs during wound healing.
However, to the best of our knowledge, the relationship
between miR-489-3p and psoriasis has not been previously
reported, and studies on miR-489-3p have focused on its role
in cancer development. The overexpression of miR-489-3p
may can delay the development of various diseases. For
example, the overexpression of miR-489-3p in bladder cancer
cells can inhibit tumor cell proliferation and invasion (27),
whilst in osteosarcoma, miR-489-3p inhibits tumor cell metas-
tasis via the paired box 3/MET pathway (28). Furthermore,
Jiang et al (29) reported that miR-489-3p inhibited neuronal
growth via its regulation of PI3K/AKT signaling during spinal
cord injury. The present study demonstrated that miR-489-3p
expression was downregulated in psoriasis, and that its
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Figure 6. TLR4 silencing inhibits microRNA-489-3p inhibitor-induced inflammation in KCs. ELISA was used to assess the secretion of various inflammatory
cytokines. "P<0.05 vs. inhibitor-con + si-con; “P<0.05 vs. inhibitor + si-con. con, negative control; TLR4, Toll-like receptor 4; si, small interfering RNA.

overexpression in human immortalized KCs in vitro inhibited
cell proliferation and colony forming ability. This indicated
that the overexpression of miR-489-3p in psoriasis inhibited
the proliferation of KCs.

Bioinformatics predictions identified that TLR4 was a
target of miR-489-3p, the negative regulation of which was
confirmed using a luciferase assay. To further corroborate the
present findings, the expression levels of TLR4 and NF-kB
were detected in KCs transfected with miR-489-3p-mimic
or miR-489-3p-inhibitor plasmids. To confirm these findings,
TLR expression was silenced using siRNA technology. The
results demonstrated that miR-489-3p negatively regulated
TLR4 and NF-«kB expression in KCs.

TLRs serve a crucial role in protecting the host from
a variety of exogenous and endogenous pathogens (30).
Moreover, TLRs are key mediators of innate and adaptive
immunity, and are activated upon stimulation by pro-inflam-
matory factors to activate the inflammatory response (31).
NF-«B is a multi-directional nuclear transcription factor that
is ubiquitous in the cytoplasm (32,33). In response to TLR
activation, NF-kB translocates to the nucleus and induces
the expression of an array of genes that mediate innate and
acquired immune regulation, cell adhesion, inflammatory
response and anti-apoptotic stimuli (34,35). NF-kB activates
TNF-a, IFN-vy, IL-22, IL-4, IL-1f and other cytokines, all
of which serve key roles in the inflammatory response (36).
Thus, inflammatory cytokines can be targeted therapeutically

for the treatment of psoriasis (37). The relationship between
TNF-o and miRNAs in psoriasis is also well-characterized.
For instance, Pivarcsi et al (37) reported that miR-146a and
miR-125b regulated the secretion of TNF-a. After treatment
with TNF-a targeting compounds, miR-128a was highly
expressed, while miR-142-3p and miR-181a were downregu-
lated (37). The present study demonstrated that miR-489-3p
inhibited the secretion of TNF-a, IFN-y and IL-22 in KCs.
It has been shown that TLR4/NF-«kB negatively regulated
the inflammatory responses of miRNAs. For example,
Loubaki et al (38) reported that miR-146a regulated immune
responses via TLR4 signaling in sepsis, while Liu et al (39)
revealed that miR-129-5p targeted high mobility group box 1
to inhibit autoimmune encephalomyelitis-related epilepsy via
the TLR4/NF-«xB axis.

Psoriasis is caused by the involvement of the skin in an
autoinflammatory reaction caused by the abnormal interaction
between epidermal KCs and immune cells (40). The present
study simply used HaCaT cells as the cellular model, and this
was a single in vitro study that did not consider the complex
immune mechanism of psoriasis. In future studies, animal
models will be established to further examine the role of
miR-489-3p in the treatment of psoriasis.

In summary, the present study demonstrated that
miR-489-3p negatively regulated the expression of TLR4 at
the post-transcriptional level and inhibited the proliferation of
KCs and prevented the secretion of inflammatory cytokines
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via inhibition of the TLR4/NF-kB pathway in psoriasis. These
results highlight miR-489-3p as a promising therapeutic target
for psoriasis.
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