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miR-320b Is Down-Regulated in Psoriasis and Modulates
Keratinocyte Proliferation by Targeting AKT3

Yan Wang,1,2 Xiaojing Yu,1 Lihua Wang,2 Weiyuan Ma,1 and Qing Sun1,3

Abstract— We investigated the molecular mechanisms underlying the role of miRNAs in
the pathogenesis of psoriasis to discover novel potential diagnostic markers and treatment
targets. We screened Chinese Han individuals using gene chip technology to identify differ-
entially expressed miRNAs in the epidermal tissue of lesions from patients with psoriasis v-
ersus that from healthy controls. We also used bioinformatics methods and molecular biology
experiments to predict and verify target genes and signaling pathways that may have an un-
derlying role in normal human epidermal keratinocyte (NHEK) proliferation. Differentially
expressed miRNAs were found in the epidermal tissue of lesions from patients with psoriasis;
45 were upregulated, and 71 were downregulated. Among them, miR-320b was significantly
downregulated. Low miR-320b expression levels in NHEKs promoted cell proliferation. The
luciferase assay results showed that AKT3 is a target gene of miR-320b. The protein
phosphorylation levels of STAT3 and SAPK/JNK in the intracellular signaling pathway were
significantly upregulated by miR-320b downregulation. Our findings indicate that miR-320b
negatively regulates NHEK proliferation by targeting AKT3 to regulate the STAT3 and
SAPK/JNK signaling pathways and might participate in the pathogenesis of psoriasis in
Chinese Han populations. miR-320b may also be a novel diagnostic marker or therapeutic
target for this disease.
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INTRODUCTION

Psoriasis is a common immune-mediated, chronic
inflammatory skin disease with an incidence of approxi-
mately 2–3% of the world’s population [1]. The etiology
and pathogenesis of this disease are unknown. Present
studies show that psoriasis is a multifactorial genetic

disease related to different factors, including heredity, en-
vironment, immunity, infection, and psychological factors
[2]. The pathological characteristics of psoriasis are
hyperproliferation, aberrant keratinocyte differentiation,
and inflammatory cell infiltration into the dermis and epi-
dermis [3]. However, the underlying mechanisms regulat-
ing the epidermal defects and immunological dysfunction
remain uncertain.

MicroRNAs (miRNAs) are a class of endogenous,
non-coding RNAs that are approximately 20–25 nucleotides
in length and function mainly by binding to the 3′ untrans-
lated region of target gene mRNA [4, 5]. They are widely
distributed in eukaryotes and are involved in many biolog-
ical processes, including embryonic development, hemato-
poietic processes, fat metabolism, organogenesis, cell dif-
ferentiation, proliferation, apoptosis, and tumorigenesis. In
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recent years, an increasing number of studies have shown
that several miRNAs, such as miR-21 [6], miR-146 [7],
miR-424 [8], miR-203 [9, 10], miR-125 [11], and miR-
197 [12], are associated with the pathology of psoriasis.
One of the pathological characteristics of psoriasis is a
reduction in the mitotic cycle duration in keratinocytes,
and this reduction results in accelerated proliferation. There-
fore, this study screened Chinese Han individuals using
gene chip technology to identify differentially expressed
miRNAs in the epidermal tissue of lesions from patients
with psoriasis versus that from healthy controls. Bioinfor-
matics methods and molecular biology experiments were
also used to predict and verify target genes and signaling
pathways that may have an underlying role in human epi-
dermal keratinocyte (NHEK) proliferation. miR-320 is a
newly discovered microRNA family that is expressed spe-
cifically in epithelial tissues and is involved in skin devel-
opment, homeostasis, and functional maintenance; thus, it is
an important regulatory factor in the skin [13]. miR-320b, a
member of this family, was significantly downregulated in
the epidermal tissue of lesions from patients with psoriasis.
Therefore, we selected miR-320b to study its role in the
pathogenesis of psoriasis.

In addition, this study aimed to provide a solid foun-
dation for further study of the molecular mechanisms of
miRNAs in the pathogenesis of psoriasis. These data may
lead to the discovery of novel diagnostic markers and
treatment targets.

MATERIALS AND METHODS

Participants

This study was approved by the Research Ethics
Committee of Qilu Hospital, Shandong University (No.
KYLL 2015 108) and was performed in accordance with
the principles of the 1964 Declaration of Helsinki. All
study participants provided informed consent. Patients
were diagnosed with psoriasis according to the diagnostic
criteria for psoriasis [14] and histopathological analyses at
the Department of Dermatology at Qilu Hospital, Shan-
dong University, from June 2015 to December 2015. The
recruited patients did not have other types of skin diseases
or other immune or neoplastic diseases. In addition, they
had not received systematic treatment with glucocorticoid
steroids, immunosuppressive agents, tretinoin, or other
drugs during the past 3 months, and they had not received
phototherapy or psoriasis treatment using external prepa-
rations within the past month. Our test group consisted of

10 Chinese Han patients with psoriasis; 3 were males, 7
were females, and the average age was 36.1 years (range
19–52 years). Our normal control (NC) group consisted of
ten healthy individuals, 4 males and 6 females, with an
average age of 44.4 years (range 25–63 years). Normal
skin tissue samples were obtained from this cohort during
plastic surgery, and lesion skin samples were obtained from
lesions from the patient cohort. All sample tissues were
treated with formalin and embedded in paraffin. Paraffin-
embedded tissues were cut into 5–10-μm slices. The le-
sions were identified using a microscope, and the epider-
mal tissue was scraped with a sterile surgical blade and
placed into a 1.5-mL sterile centrifuge tube.

RNA Quantification

RNA was extracted with TRIzol (Invitrogen Life
Technologies, San Diego, CA, USA) and purified using
an RNeasy Mini kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions. Purified RNA concen-
trations were measured using an ND-1000 spectrophotom-
eter (NanoDrop, Wilmington, DE, USA), and electropho-
resis was performed to assess RNA integrity.

miRNA Labeling and Microarray Hybridization

Total RNA was extracted from four patients with
psoriasis and four normal controls. The miRNA was la-
beled with a miRCURYTMArray Power Labeling kit (Cat
no. 208032-A, Exiqon, Vedbaek, Denmark), using 1 μg of
labeled RNA with 2 μL of water and 1 μL each of CIP
buffer and CIP enzyme. The reaction mixtures were mixed
and incubated at 37 °C for 30 min, followed by 95 °C for
5 min to terminate the reaction. Next, 3 μL of the labeling
buffer, 1.5 μL of the fluorescent label (Hy3™), 2 μL of
DMSO, and 2 μL of the labeling enzyme were added,
followed by incubation at 16 °C for 1 h. The reaction was
stopped by incubating the samples at 65 °C for 15 min.
After labeling was complete, the samples were hybridized
to a miRCURYTM LNA Array (v.18.0) microarray
(Exiqon) using 25 μL of the sample mixed with 25 μL of
hybridization buffer. Then, the samples were denatured for
2 min at 95 °C and incubated on ice for 2 min. Hybridiza-
tion was performed with a 12-Bay Hybridization System
(Nimblegen Systems, Inc., Madison, WI, USA) for 16–
20 h at 56 °C. After hybridization, the slides were washed
several times using a wash buffer kit (Exiqon) and scanned
using a GenePix 4000B microarray scanner (Axon Instru-
ments, Foster City, CA, USA).

2161miR-320b Is Down-Regulated in Psoriasis and Modulates Keratinocyte Proliferation by Targeting AKT3



Scanning and Data Analysis

GenePix Pro 6.0 (Axon Instruments) was used to read
the chip and scan the image and for grid alignment and data
extraction. Replicated miRNAs were averaged, and
miRNAs with intensities ≥ 30 in all samples were chosen
to calculate the normalization factor. The expressed data
were normalized using median normalization. After nor-
malization, significantly differentially expressed miRNAs
between the two groups were identified through fold
changes and P values, which were evaluated twice. The
fold changes were used to screen for differential miRNA
expression between the two samples, and finally, hierar-
chical clustering was performed to identify distinguishable
miRNA expression profiles among the samples.

Real-Time PCR Verification of miRNAs

Six differentially expressed miRNAs were selected
for real-time PCR (RT-PCR) to verify the miRNA micro-
array results, and a fluorescent real-time quantitative meth-
od was used. Primer Premier 5.0 (Premier Biosoft, Palo
Alto, CA, USA) was used to design primers (refer to
Table 1), which were synthesized by Shanghai Kang
Cheng Biological Co., Ltd. (Shanghai, China). RT-PCR
was performed in 384-well plates using an ABI 7300
system (Applied Biosystems, Foster City, CA, USA). The
total reaction volume was 10 μL, which consisted of 2 μL
of the corresponding cDNA template, 5 μL of 2× Master
Mix, 0.5 μL of each PCR-specific primer (10 μM), and
2.5 μL of water. RT-PCR for U6 and other miRNAs was
performed under the following thermocycling conditions:
95 °C for 10 min and then 40 cycles at 95 °C for 10 s and
60 °C for 60 s; finally, the fluorescence intensities were
measured. The specificity of the reactions was determined
by melting curve analysis. The relative miRNA expression
levels were calculated using the 2−△△CT method.

Computational Prediction of miRNATargets

The target genes of miR-320b were predicted using
two types of miRNA target gene prediction software, Mi-
randa and TargetScan 2. These software programs respec-
tively identified 5982 and 1573 potential target genes, of
which 553 target genes, including AKT3, CMPK1, PTEN,
and RUNX1, were found in both analyses. AKT3 was
further investigated in cell proliferation experiments.

Cell Culture

NHEKs were used for the in vitro experiments. A
specimen was originally obtained as leftover normal skin

from a child under 6 years of age following surgery, and
permission for use was provided by informed consent.
After cutting the skin tissue into pieces, the minced tissue
was soaked in a digestion solution containing a dispersant
enzyme and type I collagenase for 60min at 37 °C. Trypsin
was added, and following a 30-min digestion, DNase was
added for 5 min to obtain single cells. Next, Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% fetal
bovine serum (FBS) (Thermo Fisher Scientific, Waltham,
MA, USA) was added to neutralize the enzymatic reac-
tions, and the sample was passed through a 100-μm cell
filter. After centrifugation, the pelleted cells were cultured
in DMEM containing 10% FBS and 10 mmol/L ROCK
protein kinase inhibitor, which was replaced 3 days later
with fresh CnT07 medium (Premedical Laboratories Co.,
Ltd., Beijing, China). The purified NHEKs were obtained
after 2–3 passages, and the third passage of NHEKs was
used for the subsequent experiments.

Quantitative PCR to Measure miR-320b Expression in
NHEKs

Cells were harvested from 6-well plates at 80%
confluency and centrifuged at 760×g for 5 min. The
supernatant was discarded, and RNAwas extracted from
the cell pellet using a Tripol kit (Cat no. 3101–100,
Shanghai Pufei Biotech Co., Ltd., Shanghai, China).
Complementary DNAwas obtained by reverse transcrip-
tion using an M-MLV kit (Cat no. M1705, Promega,
Madison, WI, USA) and reverse transcription primers
from Guangzhou Rui Bo Biological Technology Co.,
Ltd. (Guangzhou, China). U6 was used as a reference
gene to normalize the RT-PCR data, and the data were
analyzed by the 2−△△CT method.

Transfection

Lentiviral transfection was used to downregulate the
expression of miRNA-320b in NHEKs, and changes in cell
proliferation were observed. NHEKs were divided into a
miR-320b-kD (DOWN) group and a normal control (NC)
group. The lentiviral vectors (HSA-MIR-320B-Sponges
and GV369) and the target sequence (5 ′-TTGC
CCTCTCGACCAGCTTTTCTTCTTGCCCTCTCGAC
CAGCTTTTCTTCTTGCCCTCTCGACCAGCT
TTTCCGTATTGCCCTTCTGCCCTTCTLCCCTTCTG
CCCTCTCGACCAGCTTTTCTTCTTGCCCTC
TCGACCAGCTTTTCTTC-3′) were designed and pre-
pared by Shanghai Genechem Co. Ltd. (Shanghai, China).
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3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide Assay and Bromodeoxyuridine Staining

The in vitro growth of NHEKs (5 × 103 cells/well)
was measured in a 96-well plate using 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) as-
says. For each time point, three wells were seeded for each
group, followed by a 24-h incubation at 37 °C and 5%CO2

for cell adhesion. The assays were performed for each
group at 24 h (day 1), 48 h (day 2), 72 h (day 3), and
96 h (day 4) by adding 20 μL of MTT (5 mg/mL) per well.
The plates were incubated for 4 h at 37 °C and 5%CO2 and
then centrifuged (2000×g) for 5 min. The supernatants
were discarded, and 100 μL of DMSO was added per well
to terminate the reaction. The optical density (OD) of each
well was measured using a spectrophotometer at 490 nm.

Further examination of in vitro cell proliferation was
performed using a bromodeoxyuridine (BrdU) kit (cat. no.
11647229001, Roche, Basel, Switzerland) according to the
manufacturer’s instructions.

Dual-Luciferase Reporter Assay

The miR-320b binding site of AKT3 was predicted
by Targe tScan sof tware (ava i lab le a t h t tp : / /
www.targetscan.org). Mutated miR-320b binding site
(pMIR-REPORT Luciferase-AKT3–3′UTR (MT)) and
wild-type binding site (pMIR-REPORT Luciferase-
AKT3–3′UTR (WT)) sequences of AKT3 were inserted
into a reporter plasmid. Experimental plasmids (pMIR-
REPORT Luciferase-AKT3–3′UTR (WT)), Obio Bio
(H9684; pMIR-REPORT Luciferase-AKT3–3′UTR
(MT)), and Obio Bio (H9685) were constructed and se-
quenced by Obio Technology Corp., Ltd. (Shanghai). Li-
pofectamine 2000 (Invitrogen) was used to co-transfect
wild-type or mutant dual reporter vectors with miR-320b
mimics in 293T cells (Chinese Academy of Sciences Cell
Bank,China). The cells were cultured after transfection.
After 48 h, the luciferase activity was measured using a

dual-luciferase reporter assay system (Promega, USA) ac-
cording to the manufacturer’s instructions.

Western Blot Analysis

Following transfection, cells from the KD and NC
groups were washed twice with Dulbecco’s phosphate-
buffered saline (DPBS) (Cat. no 14287072, Thermo Fisher
Scientific), and then pre-cooled 2× lysis buffer was added.
The cells were scraped off and transferred into micro test EP
tubes (Eppendorf, Hamburg, Germany) and kept on ice for
10–15 min, followed by sonication consisting of four 5-s
pulses at 200 W, followed by a 2-s interval between pulses.
The sonicated samples were centrifuged (12,000×g) at 4 °C
for 15 min, and the protein concentrations were measured by
the supernatant BCA method with a BCA protein assay kit
(Cat no. P0010S, Beyotime Biotechnology, Haimen, China).
The protein concentration of each sample was adjusted to
2 μg/μL, and sodium dodecyl sulfate-polyacrylamide gel
electrophoresis was performed. The proteins were then trans-
ferred onto polyvinylidene difluoride (PVDF) membranes.
The PVDF membranes were blocked (room temperature)
with a Tris-buffered saline-Tween 20 (TBST) solution con-
taining 5% skimmedmilk at 25 °C and then incubated with a
rabbit monoclonal antibody diluted at 1:2000 (ab32505,
Abcam, Cambridge, United Kingdom) at 4 °C overnight,
followed by incubation with an enzyme-labeled secondary
rabbit IgG antibody at a dilution of 1:5000 at room temper-
ature for 1 h (sc-2004, Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA). Visualization was performed using X-
ray autoradiography and a Pierce™ ECL Western blotting
substrate kit (Thermo Fisher Scientific, USA) according to
the manufacturer’s instructions.

Table 1. Primer Sequences used for Real-Time PCR for miRNAVerification

Gene Primer sequence for reverse transcription

U6 5′-CGCTTCACGAATTTGCGTGTCAT-3′
has-let-7d-3p 5′-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAGAAAG-3′
hsa-miR-30d-5p 5′-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACCTTCCAG-3′
has-let-7g-5p 5′-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAACTGTA-3′
hsa-miR-320b 5′-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACTTGCCC-3′
hsa-miR-1246 5′-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACCCTGCT-3′
hsa-miR-4475 5′-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACATAATG-3′

Fig. 1. Differential expression of miRNAs in psoriasis lesions and normal
tissue. Differential expression of miRNAs in the epidermal tissue from
patients with psoriasis (n = 4) and normal controls (n = 4). Red indicates
high relative expression and green indicates low relative expression. mi-
RNA with expression fold change > 2 and with FDR < 0.05 was consid-
ered statistically significant.

b
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PathScan

A PathScan® antibody array kit (Cell Signaling Tech-
nology Danvers, MA, USA) was used to detect and compare
changes in the signal transduction of important signaling
molecules between cells from the KD and NC groups. After
removing the culture solution, the cells were washed 1–2
times with ice-cold PBS, followed by the addition of 1× cell
lysis buffer with 1 mM phenylmethylsulfonyl fluoride. The
cells were placed on ice for 2 min, and the concentration
range was adjusted to 0.2–1.0 mg/mL with the array dilution
buffer before use. For PathScan® array detection, 100 μL of
blocking solution was added to each well and incubated at
25 °C for 15 min. Following the removal of the blocking
solution, 50–75 μL of cell lysis samples was added to each
well and incubated at 25 °C for 2 h or 4 °C overnight. The

wells were washed three times for 5 min, each time with 1×
array cleaning solution, followed by the addition of 75 μL of
1× antibody test mixture solution and a 1-h incubation. Next,
the wells were washed four times for 5 min, each time with
1× array cleaning solution. Following a 30-min incubation
with 75 μL of 1× HRP-linked streptavidin and four addition-
al washes using the 1× array cleaning solution, the device
was disassembled, and the slide was immersed in a 1×
cleaning solution. Imaging was performed using a chemilu-
minescence imaging system (CLINX ChemiScope 5300).

Data Analysis

SPSS statistical software version 19.0 (IBM Corp.,
Armonk, NY, USA) was used for data analysis and

Fig. 2. Measurement ofmiR-320b expression in the epidermal tissue from
patients with psoriasis (n = 6) and normal controls (n = 6) by qRT-PCR
assay. Compared to control group, miR-320 expression in lesions of
psoriasis vulgaris was significantly downregulated. qRT-PCR real-time
quantitative fluorescence polymerase chain reaction; *comparison be-
tween the two groups, P < 0.05.

Fig. 3. Mir-320b expression in NHEKs detected by qRT-PCR. The amplification curve shows a single peak, demonstrating there is no non-specific
amplification.

Fig. 4. Cell proliferation test by MTT. NHEKs were transfected by lenti-
virus and divided into a miR-320b-KD (DOWN) group and a normal
control (NC) group. Cell proliferation was measured by MTT assay 96 h
after transfection. Data were analyzed using Student’s t test. *P < 0.05;
**P < 0.01.
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statistical comparisons. The data are presented as the mean
± standard deviation (mean ± SD) unless otherwise stated,
and a t test for two independent samples was performed for
comparisons between the experimental and control groups.
P < 0.05 was considered statistically significant.

RESULTS

Identification of Multiple Aberrantly Expressed
miRNAs in the Epidermal Tissue of Lesions from
Patients with Psoriasis

The threshold criteria of a fold change > 2 or < 0.5
and a P value ≤ 0.05 revealed 116 differentially expressed
miRNAs in the epidermal tissues of four patients with
psoriasis compared to those found in four healthy controls.
Of these differentially expressed miRNAs in the epidermal
tissue of lesions from patients with psoriasis, 45 were
upregulated, and 71 were downregulated (Fig. 1).

miR-320b Expression Was Down-Regulated in Epi-
dermal Tissue Lesions in Psoriasis

We found that miR-320b expression levels were sig-
nificantly lower in epidermal tissue lesions in patients with
psoriasis than in normal control tissue (fold change of
0.497, P = 0.0034). Quantitative reverse transcription
PCR (qRT-PCR) was used to measure miR-320b expres-
sion in the epidermal tissues of six patients and six normal
controls. We verified that miR-320b expression levels were
significantly lower in the epidermis of patients with psori-
asis than in the epidermis of normal controls (P = 0.0005;
Fig. 2).

Increased Hsa-miR-320b Expression in NHEKs

According to quantitative PCR results with U6 as an
internal reference for standardization, hsa-miR-320b was
highly expressed in NHEKs (Fig. 3).

Hsa-miR-320b Inhibits Keratinocyte Proliferation

Next, cell viability was measured by MTT assays at
24, 48, 72, and 96 h after transfection. We found that
keratinocyte proliferation was significantly higher in the
KD group than in the NC group (P < 0.0015; Fig. 4).
Furthermore, after 3 days of transfection, cell viability
was evaluated using BrdU incorporation on day 4. The
results also showed that keratinocyte proliferation was
significantly higher in the KD group than in the NC group
(P < 0.05; Fig. 5).

Hsa-miR-320b Targets AKT3

Double luciferase reporter gene system assay results
showed that the luciferase activity was significantly lower
in the co-transfected miRNA-320b mimics and pMIR-
REPORT Luciferase-AKT3–3′ UTR (WT) cell group and
miRNA-320b mimics and pMIR-REPORT Luciferase-
AKT3–3′ UTR (MT) cell group than in the other two
groups (Fig. 6). These findings indicated that miRNA
(hsa-miR-320b) can regulate the luciferase expression of
the 3′UTR of the AKT3 gene (P < 0.0001). However, after
mutating the binding site, there was no significant change
in this regulatory relationship (P = 0.0507), suggesting that
miRNA (hsa-miR-320b) does not regulate AKT3 expres-
sion through this binding site.

Fig. 5. Cell proliferation detected by BrdU. The proliferation viability of
primary keratinocytes in the miR-320b-knockdown (down) group was
higher than that in the normal control (NC) group at day 4 (P < 0.05).
Histograms show plots of aOD450 and bOD450/fold change versus time.
*P < 0.05.
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Protein Levels of the Target Gene AKT3 in Transfected
Cells Detected by Western Blot Analysis

NHEKs were harvested 48 h after lentivirus transfec-
tion, and AKT3 levels were detected by Western blotting
using GAPDH as an endogenous control. We found that
AKT3 levels were higher in the hsa-miR-320b-KD group
than in the NC group (Fig. 7). Next, we investigated other
proteins related to AKT3-mediated intracellular signaling
pathways and found that miR-320b knockdown in NHEKs
significantly increased STAT3 and SAPK/JNK protein
phosphorylation levels (Fig. 8).

DISCUSSION

Psoriasis is an immune-mediated, chronic inflamma-
tory skin disease. The pathogenesis of this disease is related
to heredity, environment, immunity, and other factors but
has not yet been fully elucidated. miRNAs are short, non-
coding RNAs that affect the post-transcriptional levels of
target genes and have a role in many biological processes,
such as growth, development, proliferation, and differenti-
ation. Many studies have confirmed that there are signifi-
cant differences in miRNA expression in patients with

Fig. 6. Prediction of miR-320b binding site in AKT3 and miR-320b regulation on target gene (AKT3). a Predicting miR-320b binding site in AKT3 3′UTR.
b Detection of miR-320b regulation on target gene AKT3 by double luciferase reporter assay. The miR-320b binding site on AKT3 was predicted by the
targetscan software (available on http://www.targetscan.org).The results showed that the luciferase activity of the wild-type AKT3 3′UTR reporter vector was
significantly inhibited compared to that of the control group (P < 0.0001). After mutating the predicted binding site, miR-320b still had a significant inhibitory
effect on luciferase activity (P < 0.0001). There was no significant change in the regulatory relationship (P = 0.0507).
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psoriasis, and miRNAs play an important role in the path-
ogenesis of psoriasis [6–12].

miR-320, a tumor suppressor gene, is a newly dis-
covered miRNA that is significantly downregulated in a
variety of tumors, including colorectal cancer, cervical
cancer, and cholangiocarcinoma [15–20]. miR-320 not
only inhibits the G1/S transition of the normal cell cycle
[21] but also inhibits tumor cell proliferation [22]. It has
been reported that miR-320 can be used as a tumor
suppressor to inhibit fatty acid synthase (FASN) expres-
sion, which inhibits osteosarcoma cell proliferation [23].
Some scholars have found that miR-320 inhibits gastric
cancer proliferation by targeting the FOXM1-P27KIP1
pathway [24]. That study found that miR-320b can inhibit
colorectal cancer cell proliferation by targeting c-MYC
directly to downregulate its mRNA and protein expres-
sion [25]. As aberrant miR-320 expression is found in
many tumors, the role of miR-320 in disease development
and its molecular mechanisms are also attracting atten-
tion. Psoriasis is a non-neoplastic disease characterized
by the hyperproliferation of keratinocytes. A study by
Wei et al. found that miR-320 expression is significantly
lower in psoriatic lesions than in healthy control skin
tissues; miR-320 may participate in psoriasis develop-
ment by regulating the expression of its downstream
target gene survivin [13]. This study also found that
miR-320b is downregulated in the epidermal tissue of

AKT3 GAPDH

a

b

Fig. 7. Effect of hsa-mir-320b on AKT3 protein expression by western
blotting. The level of AKT3 in the miR-320b-KD(DOWN) group was
increased compared to that in the normal control (NC) group. GAPDHwas
used as an endogenous control.
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Fig. 8. Investigation of changes in the activation of the signaling pathway using the PathScan intracellular signaling array kit. Downregulation of miRNA-
320b was associated with increased protein phosphorylation in the STAT3 and SAPK/JNK pathways. NC normal control, miRNA-down miR-320b-
knockdown; *compared with negative control, P < 0.05.
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psoriasis lesions. Downregulating miR-320b promotes
keratinocyte proliferation.

AKT, also known as protein kinase B (PKB), is a
serine/threonine protein kinase that was originally
identified as a viral oncogene, V-akt homolog. The
AKT family includes three subclasses, AKT1, AKT2,
and AKT3. Changes in AKT expression and activity
can lead to cell apoptosis, aberrant proliferation, and
even cancer development [26]. Studies have shown
that AKT1 and AKT2 expression in psoriatic lesions
is not significantly different from that in normal skin.
In contrast, AKT3 expression is significantly higher in
psoriatic lesions than in normal skin tissue. These data
suggest that increased AKT activity in psoriasis le-
sions may be related to increased AKT3 levels [27].
AKT is a direct protein target downstream of the
phosphoinositide 3 kinase (PI3K) signaling pathway.
Many studies have shown that the PI3K/AKT signal
transduction pathway is an important pathway for cell
survival; is involved in cell growth, cell proliferation,
angiogenesis, cell energy metabolism, and tumor cell
invasion; and plays an important role in cell growth
and proliferation [28]. Studies have shown that AKT
kinase activity is significantly higher in the lesions of
patients with psoriasis than in normal skin. Increased
AKT activity can cause excessive keratinocyte prolif-
eration and dermal papillary hyperplasia [29].

Signal transducer and activator of transcription-3
(STAT3), which is an important transcriptional regulator,
plays an important role in regulating cytokine networks,
cytokine, and inflammatory mediator gene expression and
immune responses and participates in the pathogenesis of
psoriasis [30].

c-Jun N-terminal Kinase (JNK), also known as
stress-activated protein kinase (SAPK), is a member
of the mitogen-activated protein kinase (MAPK) fam-
ily. JNK signaling pathways can be activated by a
variety of factors, including cytokines, growth factors,
and stress (such as ionizing radiation, heat shock, and
oxidative damage). A large number of experiments
suggest that JNK signaling pathways plays a crucial
role in cell differentiation, apoptosis, stress responses,
and the occurrence and development of various human
diseases [31]. Studies have found that IL-1α and IL-
1β produced by keratinocytes can stimulate fibro-
blasts to secrete keratinocyte growth factor (KGF)
through the JNK substrate c-Jun, JunB transcription
factors, and KGF released by fibroblasts. KGF re-
leased by fibroblasts stimulates the proliferation and
differentiation of keratinocytes by paracrine signaling

[32]. Therefore, the JNK signaling pathway is also an
important aspect of the pathogenesis of psoriatic cells
and the relationship between keratinocytes and
fibroblasts.

The regulatory mechanisms of miRNA genes in
psoriasis are sophisticated. Multiple miRNAs can syn-
ergistically control a single gene. The same miRNA
can also regulate multiple mRNA molecules, but most
of the regulatory mechanisms remain unclear. Al-
though many studies have found that the AKT3,
STAT3, and SAPK/JNK signaling pathways play a
role in the pathogenesis of psoriasis, the role and
molecular mechanism of miR-320b in this disease
are not clear enough and have not yet been studied.
In this study, we found for the first time that miR-
320b was significantly downregulated in epidermal
keratinocytes in psoriatic lesions. miR-320b could
regulate the gene expression of AKT3. STAT3 and
SAPK/JNK phosphorylation levels increased follow-
ing miR-320b knockdown. This finding implies that
miR-320b plays an important role in the pathogenesis
of psoriasis in a Chinese Han population, which pro-
vides a novel diagnostic or therapeutic target for pso-
riasis. However, there are some limitations and unre-
solved issues, including a small sample size, in this
study. Further experiments are needed to identify the
miR-320b regulatory binding sites in AKT3. Then, the
signaling pathways that they participate in can be
mediated and applied in clinical trials.
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