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Plasma MicroRNA Expression Profiles in Psoriasis
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Background. Psoriasis is an immune-mediated inflammatory chronic skin disease characterized by chronic inflammation in the
dermis, parakeratosis, and excessive epidermal growth. MicroRNAs (miRNAs) are key regulators of immune responses.
Although differential expression of miRNAs has been reported in certain inflammatory autoimmune diseases, their role in
psoriasis has not been fully illuminated. Our aims were to confirm plasma miRNA expression signatures in psoriasis and to
examine their potential influence on psoriasis pathogenesis. Methods. A miRNome PCR array was used to analyse the plasma of
psoriasis patients and healthy donors. We performed miRNA pathway enrichment and target gene network analyses on
psoriasis plasma samples. Results. We found several specific plasma miRNA signatures relevant to psoriasis. The miRNAs
targeted pathways associated with psoriasis, such as the VEGF, MAPK, and WNT signaling pathways. Network analysis revealed
pivotal deregulated plasma miRNAs and their relevant target genes and pathways regulating psoriasis pathogenesis. Conclusions.
This study analysed the expression of plasma miRNAs and their target pathways, elucidating the pathogenesis of psoriasis; these
results may be used to design novel therapeutic strategies and to identify diagnostic biomarkers for psoriasis.

1. Introduction

Psoriasis is an immune-mediated inflammatory chronic skin
disease characterized by chronic inflammation in the dermis,
parakeratosis, and excessive epidermal growth [1]. Skin
lesions of psoriasis are characterized by infiltration of inflam-
matory cells and abnormal differentiation and hyperproli-
feration of keratinocytes [1]. Psoriasis affects 2-3% of the
global population and seriously affects the quality of life of
patients [2, 3]. There are 4 types of psoriasis, including psori-
asis vulgaris, pustular psoriasis, psoriatic arthritis, and ery-
throdermic psoriasis [4]. However, the pathogenesis of
psoriasis is still poorly understood, as psoriasis is a disease
influenced by many different factors [4]. It is widely accepted
that genetic susceptibility, cell cycle, immunity, inflamma-
tion, and neurotransmitters are involved [5–7]. Recently,
abnormal genetic and environmental elements, particularly

deregulated microRNAs (miRNAs) and their associated
genes, have been indicated to be causative factors of psoriasis
[8]. However, only a limited number of genes have been
detected [9]. Currently, psoriasis is mainly diagnosed by clin-
ical features (morphological evaluation of skin lesions). On
occasion, a dermatopathologic evaluation may be helpful to
confirm the diagnosis of psoriasis. However, unlike other
autoimmune diseases, a histopathological examination and
blood tests are generally not valuable tools to diagnose psori-
asis, so diagnostic tests are almost unavailable [10].

The psoriatic lesion is characterized by T cell infiltration,
increased chemokines, and angiogenesis, which may boost
skin inflammation [11]. Increased Th17, CD4+, and CD8+

T cells and the interleukin- (IL-) 17 and IL-23 cytokines have
been found in psoriatic lesions and peripheral blood, suggest-
ing the involvement of innate and adaptive immunity in the
pathogenesis of psoriasis [12, 13].
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Currently, no specific markers that can help diagnose
psoriasis and predict disease progression and remedial effects
are found. Thus, a biomarker that can distinguish clinical
types of psoriasis or can be used as a predictive biomarker
for psoriasis progression is needed.

MicroRNAs (miRNAs) are small noncoding RNAs,
approximately 22 to 25 nucleotides in length on average,
with important roles in posttranscriptional gene expression.
Deregulation of miRNAs and the corresponding target gene
expression have been shown to be involved in psoriasis
pathogenesis [14, 15]. miRNAs play a critical role in vari-
ous autoimmune diseases, including psoriasis [16–18].
Recently, the number of miRNAs involved in immune sys-
tem function and development has increased remarkably,
and there has been a wide-ranging discussion of their pos-
sible use in therapies for immunological diseases [19]. miR-
NAs can regulate the proliferation, differentiation, and
cytokine response of keratinocytes, the activation and sur-
vival of T cells, and the crosstalk between immunocytes
and keratinocytes through the regulation of chemokine
production in psoriasis. Recently, it has become evident
that genetic polymorphisms in miRNA genes and/or in
miRNA-binding sites of target genes can affect miRNA
activity and contribute to disease susceptibility [20]. The
concept that miRNAs take part in the pathogenesis of dis-
eases, especially refractory diseases with unknown mecha-
nisms, might lead to a new efficacious treatment. These
studies emphasized the profound implication of miRNAs
as regulatory molecules in autoimmunity and the intriguing
possibility of using miRNAs as disease biomarkers in
immunological diseases.

Studies have examined the role of miRNAs identified
from human psoriatic skin, blood, and hair samples in rela-
tion to psoriasis pathogenesis, diagnosis, and treatment [4,
21]. Genetic polymorphisms related to specific miRNAs,
such as miR-146a, are associated with psoriasis susceptibility
[4]. Key roles of several unique miRNAs, such as miR-203
and miR-125b, in inflammatory responses and immune dys-
function, as well as hyperproliferative disorders of psoriatic
lesions, have been revealed [22–24]. Moreover, circulating
miRNAs detected from blood samples have the potential to
be used in clinical applications as biomarkers of diagnosis,
prognosis, and treatment responses [4]. These works under-
scored the potential importance of miRNAs in the diagnosis,
prognosis, and treatment of psoriasis. However, further study
in this field is needed, as the exact roles of miRNAs in psori-
asis have not been fully elucidated. High-throughput miRNA
expression studies have been performed to confirm plasma
miRNAs specifically related to psoriasis [11, 24–26], but
few studies have conducted a network analysis of plasma
microRNAs and their target genes in psoriasis patients.

We performed a miRNome PCR array analysis on the
plasma of psoriasis patients. Distinct plasma miRNA signa-
tures relevant to psoriasis compared to healthy controls were
confirmed. Pathway enrichment analysis of target genes of
deregulated miRNAs revealed signaling pathways closely
related to psoriasis pathogenesis, such as the VEGF signaling
cascades, mitogen-activated protein (MAP) kinase pathway,
and wingless-related integration site (WNT) pathway.

The network analysis of the interactions between plasma
miRNAs and target genes/pathways in psoriasis illustrated
psoriasis pathogenesis. This study illuminated some poten-
tial mechanisms of psoriasis pathogenesis by analysing
deregulated plasma miRNAs, which may be used for the
design of novel therapeutic strategies and diagnostic bio-
markers of psoriasis.

2. Materials and Methods

2.1. Patients and Controls. Fifteen clinically diagnosed psori-
asis patients (9 males and 6 females) and four healthy control
subjects were included in our research. The psoriasis patients
had not received systemic immunosuppressive medications
for at least 1 month prior to study participation. The study
was approved by the Ethical Committee of the Beijing Hospi-
tal of Traditional Chinese Medicine. Written informed con-
sent was obtained from all the participants in the study.
This research was performed in adherence to the principles
expressed in the Helsinki Declaration.

2.2. Sample Preparation and RNA Extraction. Whole blood
samples of healthy controls and psoriasis patients were col-
lected using ethylenediaminetetraacetic acid- (EDTA-) con-
taining tubes. All blood samples were centrifuged at 3,000 g
for 20min at 4°C. We collected the supernatants and then
centrifuged again (13,000 g for 15min at 4°C) to remove
the cellular components. Finally, the purified plasma sam-
ples were obtained and stored at -70°C until further pro-
cessing. One millilitre of each sample was subjected to
RNA extraction.

Total RNA from each plasma sample was extracted using
TRIzol-LS Reagent (Invitrogen Life Technologies) according
to the manufacturer’s instructions. The concentration and
purity of RNA was determined with NanoDrop ND-1000.

2.3. miRNA Profiling by Exiqon miRNA qPCR Panel.
According to the RT2 RNA QC PCR Array Protocol, RNA
isolation (including homogenization, phase separation,
RNA precipitation, RNA washing, RNA elution, and isola-
tion of small-quantity RNA), RNA yield and quality assess-
ment (including UV absorbance and denaturing agarose gel
electrophoresis), cDNA synthesis (including diluting tem-
plate RNA, preparing reagents, combining reagents, vortex-
ing and centrifuging reagents, and incubating and heat
inactivating reagents), and real-time PCR (including prepar-
ing reagents, diluting cDNA template 80x in nuclease-free
water, combining reagents, vortexing and centrifuging
reagents, and real-time PCR amplification) were performed
by Exiqon miRCURY-Ready-to-Use PCR-Human-panel-I
+II-V1.M (Exiqon miRNA qPCR panel, Vedbaek, Den-
mark), which could detect 764 miRNAs in plasma to iden-
tify differentially expressed miRNAs on the ABI PRISM
7900 system (Applied Biosystems) [27, 28]. Real-time PCR
amplification was followed by melting curve analysis. Melt-
ing curve analysis of the PCR product(s) was performed to
verify their specificity and identity. The relative expression
between psoriasis patients and normal controls was esti-
mated by the 2−ΔΔCt method. We calculated the ΔΔCt for
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each gene across two groups using the following equations,
where group 1 is the control group and group 2 is the exper-
imental group. Finally, we calculated the fold change for
each gene from group 1 to group 2 by 2−ΔΔCt.

ΔCt group 1ð Þ = average Ct – average of housekeeping
genes’ Ct for group 1 array,

ΔCt group 2ð Þ = average Ct – average of housekeeping
genes’ Ct for group 2 array,

ΔΔCt = ΔCt group 2ð Þ − ΔCt group 1ð Þ:
ð1Þ

2.4. miRNA Target Gene Prediction. Screening of differential
plasma miRNA was performed by the TwoClassDif database,
and hierarchical clustering was performed by EPCLUST
[29, 30]. The RVM t-test was applied to filter the differen-
tially expressed plasma miRNAs for the control and exper-
imental groups because the RVM t-test can raise degrees
of freedom effectively in the cases of small samples. After
the significant analysis and FDR analysis, we selected the
differentially expressed plasma miRNAs according to the
P value threshold. A P value < 0.05 was considered to have
a significant difference.

MicroRNA target genes were predicted using the follow-
ing miRNA target prediction tools: miRanda (August 2010
release) [31] and TargetScan (http://www.targetscan.org/
vert_71/) [32]. Only genes predicted by both databases were
chosen as conjectural miRNA targets for pathway analysis.

2.5. Pathway Enrichment and Network Analysis of MicroRNA
Targets. Gene Ontology (GO) (http://www.geneontology
.org) is a widely used database for functional enrichment
analysis, which is helpful for understanding the functions of
genes and proteins. GO analysis was applied to analyse the
main function of the differentially expressed genes according
to the GO database, which is the key functional classification
system of NCBI and can organize genes into hierarchical cat-
egories and uncover the gene regulatory network on the basis
of biological processes and molecular functions [33, 34].
Enrichment provides a measure of the significance of the
function: as the enrichment increases, the corresponding
function is more specific; this correlation helps us find
those GO terms with more concrete functional descriptions
in the experiment.

Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis is an enrichment and network analysis of
a gene function database, which helps researchers find
deregulated biological signaling pathways [35]. Pathway
analysis was used to determine the significant pathway of
the differential genes according to KEGG, Biocarta, and
Reactome. We turned to Fisher’s exact test and the χ2 test
to select the significant pathway, and the threshold of signif-
icance was defined by P value and FDR [35, 36].

In addition, the PathNet analysis is conducted, indicating
the interacting relation between enriched pathways. The
PathNet was the interaction net of the significant pathways

of the differentially expressed genes and was built according
to the interaction among pathways of the KEGG database
to find the interaction among the significant pathways
directly and systemically. It could summarize the pathway
interaction of differentially expressed genes in diseases and
determine the reason why certain pathways were activated
[36, 37].

Moreover, intersecting genes of GO and KEGG were
detected, and a miRNA-gene network was constructed. The
relationship between plasma miRNAs and genes was counted
by their differential expression values according to their
interactions in the Sanger miRNA database, indicating the
pivotal plasma miRNAs and genes in the pathogenesis of
psoriasis [38]. A P value threshold of 0.05 and FDR correc-
tion were applied to the analysis.

2.6. Statistical Analysis. The relative quantification of plasma
miRNAs was calculated by the equation 2−ΔΔCt. Data were
expressed as the mean ± standard deviation (SD). A P value
≤ 0.05 was considered statistically significant. All statistical
calculations were performed using SAS 9.4 software (Beijing
Hospital of TCM Version, Order Number 9C1XJD).

3. Results

3.1. Global miRNA Expression Analysis of Plasma from
Psoriasis Patients and Controls. To identify plasma miRNA
expression signatures associated with psoriasis, we analysed
global miRNA expression profiles by the miRNome PCR
array in plasma derived from 15 psoriasis patients and 4
healthy volunteers. The clinical characteristics of patients
included in the miRNome PCR array study are reported in
Table 1. In the pool of plasma miRNAs, we identified that
15 plasma miRNAs were upregulated and 15 plasma miR-
NAs were downregulated (P ≤ 0:05, fold change ≥ ∣2∣) in the
plasma of psoriasis patients compared to healthy volunteers,
showing a statistically significant difference between psoriasis
patients and volunteers (Figure 1 and Table 2). Figure 1
shows that the colour of the patient group was different from
that of the control group, which indicated the difference in
plasma miRNA expression between the two groups.

3.2. Pathway Enrichment Analysis of Plasma miRNAs
Deregulated in Psoriasis. To identify all the biological path-
ways targeted by deregulated plasma miRNAs in psoriasis,
a pathway enrichment analysis based on annotated gene tar-
gets in GO was performed. This database can be used to eval-
uate miRNA regulatory action and to identify molecular
pathways regulated by miRNAs. A functional pathway anal-
ysis using the KEGG pathway database was also performed.
Genes targeted by deregulated miRNAs may be significant
to psoriasis pathogenesis. Of note, a distinct enrichment of
certain pathways was found; for example, pathways relevant
to the immune system and proteoglycan metabolism and sig-
naling pathways regulating apoptosis and/or the cell cycle
were found [39].

In addition, many enriched pathways were found to be
relevant to the multisystemic features of psoriasis. Figure 2
graphically represents enriched pathways in psoriasis. The
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enriched pathways were associated with angiogenesis (i.e.,
angiogenesis, positive regulation of angiogenesis, blood ves-
sel remodelling, blood circulation, VEGF signaling pathway,
and PI3K-Akt signaling pathway), cell cycle (positive regula-
tion of the cell cycle, cell death, and negative/positive regula-
tion of cell proliferation), and apoptosis (apoptotic process,
intrinsic apoptotic signaling pathway, and PI3K-Akt signal-
ing pathways). Moreover, other associated enriched path-
ways in GO and KEGG databases were implicated in the
immune response (i.e., T cell receptor signaling pathway, T
cell activation, B cell receptor signaling pathway, leukocyte
transendothelial migration, and natural killer cell-mediated
cytotoxicity) and the inflammatory response (i.e., chemokine
signaling pathway, negative chemotaxis, NF-kappa B signal-
ing pathway, and JAK/STAT signaling pathway).

Moreover, the MAPK and WNT pathways were found to
be significantly enriched in psoriasis patients (Figure 2).
Psoriasis-associated plasma miRNAs target MAP kinases; it
has been reported that miR-148a-3p targets MAPK1,
MAP2K3, MAP3K4, and MAP4K3 [40–43]. Some miRNA
target genes associated with the MAPK pathway were also
found in our analysis: miR-320c and miR-320d were found
to target MAPK1.

Interestingly, the pathways related to stress and nerves
(central and peripheral) were found to be distinctly enriched
in their responses, such as in their response to stress, neuro-
trophin signaling pathway, long-term depression, glioma,
Alzheimer’s disease, nerve development, dopaminergic syn-
apse, and serotonergic synapse.

The “proteoglycans in cancer” pathway was overrepre-
sented in the plasma miRNAs of the patients studied. These
target genes include FGF1, WNT1, WNT10B, WNT11,
WNT10A, and WNT4.

3.3. Network Analysis of Pathways Targeted by Deregulated
Plasma miRNAs in Psoriasis. The interactions of the path-
ways regulated by deregulated plasma miRNA target genes
were determined by a network analysis including 49 pathway
interactions constructed by KEGG (Figure 3).

Densely interconnected nodes expected to be associated
with important biological processes of psoriasis pathogenesis

were represented. The pathway network is graphically repre-
sented in Figure 3. The most enriched pathways, such as the
MAPK, WNT, VEGF, and JAK/STAT signaling pathways;
apoptosis; cell cycle; and pathways in cancer, were detected.
Interestingly, the T cell receptor signaling pathway, B cell
receptor signaling pathway, and natural killer cell-mediated
cytotoxicity were significantly enriched. Moreover, the path-
ways related to long-term depression, Alzheimer’s disease,
and glioma were enriched.

3.4. Network Analysis of Deregulated Plasma miRNAs and
Target Genes. The relationship between the deregulated
plasma miRNAs and the target genes in psoriasis was
determined by network analysis. A microRNA-target gene
network comprising 28 microRNAs and 144 target genes
was constructed (Figure 4). The deregulated plasma miR-
NAs and targeted genes were relevant to biological pro-
cesses confirmed in psoriasis pathogenesis, such as immune
response, inflammation, angiogenesis, and apoptosis. There-
fore, plasma microRNAs regulating genes relevant to psoria-
sis were identified.

Interestingly, some of the targeted genes were relevant to
immune and inflammatory responses, such as IL4R. More-
over, upregulated plasma miRNA target genes associated
with B cell receptor (BCR) (EGR3) and T cell receptor
(TCR) (MLLT3, DUSP3, DUSP5, DUSP7, DUSP8, DUSP16,
NR4A3, CD34, CD58, CD8A, CD247, and CD276) adaptive
immune responses implicated in psoriasis were identified.

Moreover, target genes regulated by deregulated plasma
miRNAs were also associated with the innate immune
response, such as STAT2 (miR-214-3p and miR-665),
STAT3 (miR-665), and genes belonging to the NF-kappa B
pathway, including PLCG1 (miR-218-5p), PRKCB (miR-7-
5p), CSNK2A1 (miR-760), and XIAP (miR-7-5p, miR-320c,
and miR-320d). Notably, several miRNA-targeted genes were
involved in the JAK/STAT signaling pathway that regulated
PIK3R3, STAT3, JAK1, SOCS5, IL4R, IL11, JAK3, SOS1,
and SOS2. The JAK/STAT signaling pathway is relevant to
autoimmune diseases, which indicates that psoriasis is an
autoimmune disease [44]. In addition, JAK/STAT signaling
pathway inhibition is used for treating psoriasis [45].

Moreover, target genes of deregulated plasma miRNAs
participated in angiogenesis; these target genes include
PIK3CD, PIK3C2B, MAPK1, AKT2, and PIK3R3.

In addition, genes relevant to apoptosis were also targeted
and include BCL2L11, PIK3CD, PIK3R3, PIK3C2B,MAP3K5,
MAP3K11, and MAP4K4.

To detect the relationship between gene expression and
deregulated plasma miRNAs, a network analysis was per-
formed. The most upregulated miRNAs, such as miR-214-
3p, miR-7-5p, miR-761, and miR-665, targeted significant
pathways in psoriasis pathogenesis. The most targeted gene
was DAGLA.

4. Discussion

Currently, systematic analyses of plasma miRNA expression
profiles in psoriasis are being performed [4, 11, 22–26]. How-
ever, the potential roles of identified miRNAs in psoriasis

Table 1: Clinical characteristics of psoriasis patients.

Patients utilized for a gene array study 15 (100%)

Sex

Male 9

Female 6

Age at diagnosis 36:80 ± 10:16
Types of patients

Plaque psoriasis 15 (100%)

Psoriatic arthritis 0

Pustulosis of the palms and soles 0

Erythrodermic psoriasis 0

Stage

Active stage 11 (73%)

Stable period 4 (27%)
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have not been predicted with bioinformatics analysis, so
further study is necessary in this field. Thus, a global
miRNA expression profile in the plasma of psoriasis
patients was determined to identify miRNAs associated
with psoriasis, assisting in the analysis of potential path-
ways involved in psoriasis pathogenesis. Deregulated
miRNA-targeted pathways, such as the inflammatory
response, angiogenesis, apoptosis, and/or cell cycle pathways,
indicated a corresponding impact on psoriasis.

The target genes were completely associated with repre-
sentative characteristics of psoriasis. Some genes targeted
by deregulated plasma miRNAs were associated with angio-
genesis (i.e., VEGF pathway) and adaptive and innate
immune responses, and proinflammatory genes, such as
IL4R, were also identified. In addition, the JAK/STAT path-
way, which is related to autoimmune diseases [44, 46], such
as psoriasis [45, 47, 48], was also observed. Plasma miRNA

target genes play a role in apoptosis, which is associated
with psoriasis pathogenesis. AKT2 participates in the
PI3K/AKT/mTOR signaling pathway as a critical mediator
in psoriasis [49]. SDC2, a target of miR-665 and miR-1207-
5p, was found to be upregulated in the blood and lesions of
psoriasis patients and to be involved in angiogenesis and
the migration and retention of leukocytes [39, 50].

Notably, the VEGF, MAPK, and WNT signaling path-
ways, which are involved in psoriasis pathogenesis [50],
were targeted by plasma miRNAs deregulated in psoriasis
patients. The VEGF signaling pathway plays an important
role in psoriasis [51]. Moreover, molecules associated
with MAPK have been reported to be upregulated in
the blood of psoriasis patients [52], and the p38 MAPK
pathway is involved in psoriasis [53]. In addition, the WNT
pathway is involved in skin inflammation in psoriasis
patients [54].
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Figure 1: Hierarchical clustering of plasma samples. Heatmap showing expression of candidate miRNAs that are deregulated in the plasma of
psoriasis patients compared with the plasma of normal controls (comparatively upregulated and downregulated miRNAs are indicated by red
and green, respectively). The first 4 columns showed plasma from healthy individuals. The last 15 columns showed plasma from psoriasis
patients. The lines indicate deregulated plasma miRNAs.
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The “proteoglycans in cancer” pathway was prominently
targeted by deregulated plasmamiRNAs of psoriasis patients.
Although the pathway is typically associated with many types
of cancers, proteoglycans are important in angiogenesis and
in the migration and retention of leukocytes [39]. Target
genes such as AKT2, WNT1, WNT4, WNT10, WNT11,
FGF1, FGF7, FGF9, FGF11, and FGF14 are involved in
inflammation, which is a typical feature of psoriasis. Thus,
proteoglycan metabolism was significantly affected by
deregulated plasma miRNAs in psoriasis.

To prioritize pathways that may be important for psoria-
sis pathogenesis, a pathway network analysis was performed.
The network analysis indicated significant pathways in psori-
asis pathogenesis, such as apoptosis, cell cycle, angiogenesis,
inflammatory response, T cell immune response, VEGF,
MAPK, WNT, JAK/STAT, NF-kappa B, and B cell response.
Interestingly, pathways in the network were relevant to pso-
riasis pathogenesis. In addition, enriched pathways related

to long-term depression, Alzheimer’s disease, and glioma
were detected.

Our data were associated with pathogenesis in psoriasis
patients. We found that miR-214-3p, miR-7-5p, miR-761,
miR-665, and miR-1207-5p showed the highest degree in
the network analysis of deregulated plasma miRNAs and
their target genes. Interestingly, some of the pathways were
targeted by upregulated miRNAs, such as miR-7-5p and
miR-761, whereas some of the pathways were targeted by
downregulated miRNAs, such as miR-214-3p, miR-665,
and miR-1207-5p.

It has been reported that psoriasis, a psychosomatic dis-
ease, is closely related to chronic stress (i.e., depression and
anxiety) via the hypothalamic-pituitary-adrenal (HPA) axis,
which secretes neuroendocrine mediators and triggers skin
inflammation in psoriasis [55–57]. In addition, stress can
induce the interaction between mast cells and microglia
and lead to inflammation [58], and inflammation of the

Table 2

MicroRNA Sequence P value Fold change (patients/control) Regulation

(a) Plasma miRNAs upregulated in psoriasis patients versus healthy subjects

hsa-miR-1271-5p CUUGGCACCUAGCAAGCACUCA 0.0005695 3.31 Up

hsa-miR-299-5p UGGUUUACCGUCCCACAUACAU 0.0006351 12.54 Up

hsa-miR-760 CGGCUCUGGGUCUGUGGGGA 0.001499 5.21 Up

hsa-miR-7-5p UGGAAGACUAGUGAUUUUGUUGU 0.0022822 2.68 Up

hsa-miR-92b-3p UAUUGCACUCGUCCCGGCCUCC 0.0045117 3.17 Up

hsa-miR-130b-5p ACUCUUUCCCUGUUGCACUAC 0.0054175 2.43 Up

hsa-miR-510-5p UACUCAGGAGAGUGGCAAUCAC 0.0155792 9.3 Up

hsa-miR-224-3p AAAAUGGUGCCCUAGUGACUACA 0.015879 3.68 Up

hsa-miR-218-5p UUGUGCUUGAUCUAACCAUGU 0.0167446 5.52 Up

hsa-miR-379-3p UAUGUAACAUGGUCCACUAACU 0.0267967 3.13 Up

hsa-miR-761 GCAGCAGGGUGAAACUGACACA 0.033785 2.41 Up

hsa-miR-10b-3p ACAGAUUCGAUUCUAGGGGAAU 0.0344881 4.04 Up

hsa-miR-624-5p UAGUACCAGUACCUUGUGUUCA 0.0364547 2.74 Up

hsa-miR-577 UAGAUAAAAUAUUGGUACCUG 0.044155 3.05 Up

hsa-miR-935 CCAGUUACCGCUUCCGCUACCGC 0.0455152 4.76 Up

(b) Plasma miRNAs downregulated in psoriasis patients versus healthy subjects

hsa-miR-665 ACCAGGAGGCUGAGGCCCCU 0.0003116 0.065 Down

hsa-miR-320d AAAAGCUGGGUUGAGAGGA 0.0023854 0.42 Down

hsa-miR-10b-5p UACCCUGUAGAACCGAAUUUGUG 0.0109296 0.43 Down

hsa-miR-1260a AUCCCACCUCUGCCACCA 0.0121104 0.42 Down

hsa-miR-362-3p AACACACCUAUUCAAGGAUUCA 0.0130663 0.49 Down

hsa-miR-214-3p ACAGCAGGCACAGACAGGCAGU 0.0169923 0.37 Down

hsa-miR-30a-5p UGUAAACAUCCUCGACUGGAAG 0.0170545 0.37 Down

hsa-let-7b-3p CUAUACAACCUACUGCCUUCCC 0.0235985 0.45 Down

hsa-miR-638 AGGGAUCGCGGGCGGGUGGCGGCCU 0.0240685 0.36 Down

hsa-miR-320c AAAAGCUGGGUUGAGAGGGU 0.0241893 0.39 Down

hsa-miR-504-5p AGACCCUGGUCUGCACUCUAUC 0.0248942 0.21 Down

hsa-miR-100-5p AACCCGUAGAUCCGAACUUGUG 0.0254685 0.36 Down

hsa-miR-765 UGGAGGAGAAGGAAGGUGAUG 0.0363717 0.24 Down

hsa-miR-887-3p GUGAACGGGCGCCAUCCCGAGG 0.038367 0.23 Down

hsa-miR-1207-5p UGGCAGGGAGGCUGGGAGGGG 0.0478966 0.13 Down
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hypothalamus can also induce the secretion of neuroendo-
crine mediators and skin inflammation [59]. miR-214-3p
plays an important role in depressive-like behaviours, cog-
nition defects, Alzheimer’s disease, and endothelial cell dys-
function and mediates neural apoptosis, neuropathic pain,
and the growth, migration, and invasion of glioma cells
[60–65]. miR-7-5p is relevant to vascular endothelial cell
proliferation, glioma, brain damage, and cognitive dysfunc-
tion [66–69]. Moreover, it has been reported that miR-7-5p
boosts apoptosis but inhibits cell proliferation and apoptosis
of T lymphocytes, explaining the function of miR-214-3p
and miR-7-5p in psoriasis [70, 71]. It was reported that
miR-1207-5p may exert an inhibitory effect on VEGF
[72]. We indicated that miR-214-3p and miR-7-5p can
regulate the VEGF pathway by deregulating NFATC4,
PIK3R3, PRKCB, and PIK3CD, and angiogenesis typically
occurs in psoriatic lesions [1]. Upregulated miR-761 has
been found to be involved in modulating the proliferation
and migration of glioma cells and in inducing skin inflam-
mation by the neuroendocrine system and HPA axis [73].
Downregulated miR-665 has been found to be involved in
cognitive dysfunction and astrocyte and neuroblastoma cell
growth [74–76].

The differentially expressed miRNAs we identified do not
correspond to those of other studies in psoriasis, and a possi-
ble explanation of the discrepancy is that most of the previ-
ous studies used samples such as psoriatic lesion tissues,
keratinocytes, hair roots/shaft, PBMCs, psoriasis epidermal
cells, and dermal T cells, but not plasma [4, 21–24]. miRNA

profiling in plasma samples may be quite different from
miRNA profiling in local skin cells such as epidermal kerati-
nocytes, Th17 cells, and PBMCs. miRNAs have been identi-
fied to be deregulated in (1) psoriatic lesion tissues (miR-
203, miR-21, miR-146a, and miR-423), dermal inflammatory
infiltrates of psoriatic skin (miR-142-3p, miR-193b, and
miR-223), the stratified epidermis of psoriatic lesions (miR-
135b and miR-150), the upper part of the epidermis (miR-
99a and miR-150), and psoriatic skin of animal models of
psoriasis (miR-424); (2) keratinocytes (miR-99a, miR-150,
miR-423, and miR-197), keratinocytes in psoriatic lesions
(miR-31, miR-203, and miR-125b), normal human keratino-
cytes stimulated by combinations of proinflammatory cyto-
kines (miR-203), and the reconstituted human epidermis
and human keratinocyte cell line stimulated by IL-22 (miR-
184); (3) psoriasis epidermal cells and dermal T cells (miR-
21), Th17 cells (miR-193b and miR-223), and CD4(+) T cells
(miR-210); (4) psoriasis hair roots (miR-19a) and psoriasis
hair shafts (miR-424); and (5) PBMCs (miR-193b, miR-
223, miR-143, and miR-146a).

miR-1266 and miR-33 have been detected to be deregu-
lated in blood samples of patients with psoriasis. miR-1266
is overexpressed in psoriasis serum samples [77], which
may be differentially expressed in plasma. In addition, since
miR-33 is involved in the posttranscriptional regulation of
genes associated with lipid metabolism, one study reported
that the plasma levels of lipid and glucose metabolism-
related miR-33 are increased and correlated with insulin in
psoriasis patients [78].
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The potential limitations of the study are as follows: (1)
We analysed deregulated miRNAs in the plasma samples
from psoriasis patients, and the plasma miRNA profiles
may be different than the miRNA profiles in skin tissue. (2)
We identified the upregulation or downregulation of plasma
miRNAs, and the changes in mRNA and gene expression
were not confirmed. (3) Therapeutic interventions were not
included in our study, so we cannot associate the expression
of plasma miRNAs with the treatment responses; these
experiments can be done in the future.

5. Conclusion

In summary, we studied the global plasma miRNA expres-
sion profile in psoriasis. Using this approach, we clarified
specific plasma miRNA expression profiles that character-
ize psoriasis. The study analysed the expression of plasma
miRNAs and the target pathways, elucidating the patho-
genesis of psoriasis. This study illuminated some mecha-
nisms of psoriasis pathogenesis by analysing deregulated
plasma miRNAs, which may be used for designing novel
therapeutic strategies and identifying diagnostic biomarkers
for psoriasis.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest
regarding the publication of this article.

Acknowledgments

This work was supported by the National Natural Science
Fund Project (grant number 81673974) and the Beijing
Natural Science Fund Project (grant number 7172097).

References

[1] W. Ouyang, “Distinct roles of IL-22 in human psoriasis and
inflammatory bowel disease,” Cytokine & Growth Factor
Reviews, vol. 21, no. 6, pp. 435–441, 2010.

[2] Y. K. Zhao, Y. Q. Zhang, F. Wang et al., “Developing shingles-
induced Koebner phenomenon in a patient with psoriasis: a
case report,” Medicine, vol. 94, no. 26, article e1009, 2015.

BBC3
hsa-miR-379-3p

FOXO3

SLC1A2

COL5A1

STAT3

TGFBR2

SH2D2A PDPK1

hsa-miR-665

CDKN2D

CADM1

ACIN1FGF14

FGFR1
E2F2

VAV2

hsa-miR-510-5p

SFRP2
PML hsa-miR-935

hsa-miR-1271-5p
SHC1

PDGFA

DAB2

ARHGEF12

GRK5

SOX17

UBE2B

NGFR

SDC1

TRAF4

CSNK1D

MTHFR
FGF9

FBXW11
CTNND1

FOXO1SEMA6A RALB
DSG2

ABAT
STK4 C1D

hsa-miR-299-5p

hsa-miR-224-3p
CSNK1A1

RNF41

ETS1

hsa-miR-1260a

FZD4 PRKCA

CD8A

CSNK2B

hsa-miR-577
RARA

KRAS

PRLR
UNC5D

AXIN1

LRP6
DLG3

ADCYAP1R1

MEIS1

hsa-let-7b-3p RARB
HYOU1

WNT3

hsa-miR-1207-5p

PTK2B

TGFBR1

MEF2C
GRIN2A

NRAS

DVL3

DRD2

NFATC4

hsa-miR-761
PGF CD247

CD276
NTN1

PPM1A

HTR2C
ITCH

PIM1

VAPAADORA2A

RASSF5

BCL2L11

CTBP1
hsa-miR-214-3p

hsa-miR-362-3p

CDH1

CSNK2A1

OSM

TBL1X

hsa-miR-765hsa-miR-10b-3p

KCNJ11

GLI2

WNT7B

BTG1

MAGED1
SMAD4FZD5MAPT

IGF1 PAK2hsa-miR-760 SFN

WWTR1
GNAO1

hsa-miR-130b-5p

CUL3
BDNF

FGF1

TRAF5

hsa-miR-218-5p

APH1B

PLCG1

EPHB2
hsa-miR-30a-5p

EPHA7
RABEP1

BRCA1

hsa-miR-624-5pPRKCB

PSEN1
TSC1

EGFR

SMAD2

SMG1

PIK3CD

hsa-miR-504-5p

LIF

GJA1B4GALT1

DNM1L

hsa-miR-320c

YWHAQ

RAD21

YWHAZ

hsa-miR-320d

ACVR2B

GUCY1A3

YWHAG

CNOT7

XPO1

XIAP

EIF2AK1
LIMD1

SH3GLB1

BMPR2

hsa-miR-7-5p

CACNB4

CTNNB1

DAGLA

hsa-miR-92b-3p

SGK1

CDH2

NF1

hsa-miR-638

NOTCH1

HDAC4

hsa-miR-10b-5p

NR4A3NEDD4

CDK6
CYP27B1

SLIT1
TBL1XR1

Figure 4: Network analysis of deregulated plasma miRNAs and target genes (the red squares indicate upregulated miRNAs, whereas the blue
squares indicate downregulated miRNAs).

9Journal of Immunology Research



[3] M. Jiang, W. Ma, Y. Gao et al., “IL-22-induced miR-122-5p
promotes keratinocyte proliferation by targeting Sprouty2,”
Experimental Dermatology, vol. 26, no. 4, pp. 368–374, 2017.

[4] R. Y. Huang, L. Li, M. J. Wang, X. M. Chen, Q. C. Huang, and
C. J. Lu, “An exploration of the role of microRNAs in psoriasis:
a systematic review of the literature,”Medicine, vol. 94, no. 45,
article e2030, 2015.

[5] J. L. Harden, J. G. Krueger, and A. M. Bowcock, “The immuno-
genetics of psoriasis: a comprehensive review,” Journal of
Autoimmunity, vol. 64, pp. 66–73, 2015.

[6] C. F. Mok, C. M. Xie, K. W. Sham, Z. X. Lin, and C. H. Cheng,
“1,4-Dihydroxy-2-naphthoic acid induces apoptosis in human
keratinocyte: potential application for psoriasis treatment,”
Evidence-based Complementary and Alternative Medicine,
vol. 2013, Article ID 792840, 19 pages, 2013.

[7] K. Nordlind, K. Thorslund, S. Lonne-Rahm et al., “Expression
of serotonergic receptors in psoriatic skin,” Archives of Derma-
tological Research, vol. 298, no. 3, pp. 99–106, 2006.

[8] R. M. Trowbridge and M. R. Pittelkow, “Epigenetics in the
pathogenesis and pathophysiology of psoriasis vulgaris,” Jour-
nal of Drugs in Dermatology, vol. 13, no. 2, pp. 111–118, 2014.

[9] W. H. Boehncke and M. P. Schon, “Psoriasis,” The Lancet,
vol. 386, no. 9997, pp. 983–994, 2015.

[10] S. K. Raychaudhuri, E. Maverakis, and S. P. Raychaudhuri,
“Diagnosis and classification of psoriasis,” Autoimmunity
Reviews, vol. 13, no. 4-5, pp. 490–495, 2014.

[11] J. E. Hawkes, G. H. Nguyen, M. Fujita et al., “MicroRNAs in
psoriasis,” The Journal of Investigative Dermatology, vol. 136,
no. 2, pp. 365–371, 2016.

[12] C. Tillack, L. M. Ehmann, M. Friedrich et al., “Anti-TNF
antibody-induced psoriasiform skin lesions in patients with
inflammatory bowel disease are characterised by interferon-
γ-expressing Th1 cells and IL-17A/IL-22-expressing Th17
cells and respond to anti-IL-12/IL-23 antibody treatment,”
Gut, vol. 63, no. 4, pp. 567–577, 2014.

[13] D. Fu, X. Song, H. Hu, M. Sun, Z. Li, and Z. Tian, “Downreg-
ulation of RUNX3 moderates the frequency of Th17 and Th22
cells in patients with psoriasis,” Molecular Medicine Reports,
vol. 13, no. 6, pp. 4606–4612, 2016.

[14] M. Masalha, Y. Sidi, and D. Avni, “The contribution of feed-
back loops between miRNAs, cytokines and growth factors
to the pathogenesis of psoriasis,” Experimental Dermatology,
vol. 27, no. 6, pp. 603–610, 2018.

[15] K. N. Ivey and D. Srivastava, “MicroRNAs as developmental
regulators,” Cold Spring Harbor Perspectives in Biology,
vol. 7, no. 7, article a008144, 2015.

[16] M. Dolcino, E. Tinazzi, A. Pelosi et al., “Gene expression
analysis before and after treatment with adalimumab in
patients with ankylosing spondylitis identifies molecular path-
ways associated with response to therapy,” Genes, vol. 8, no. 4,
p. 127, 2017.

[17] S. A. Jimenez and S. Piera-Velazquez, “Potential role of
human-specific genes, human-specific microRNAs and human-
specific non-coding regulatory RNAs in the pathogenesis of
systemic sclerosis and Sjögren's syndrome,” Autoimmunity
Reviews, vol. 12, no. 11, pp. 1046–1051, 2013.

[18] R. P. Singh, I. Massachi, S. Manickavel et al., “The role of
miRNA in inflammation and autoimmunity,” Autoimmunity
Reviews, vol. 12, no. 12, pp. 1160–1165, 2013.

[19] R. M. O'Connell, D. S. Rao, A. A. Chaudhuri, and
D. Baltimore, “Physiological and pathological roles for micro-

RNAs in the immune system,” Nature Reviews Immunology,
vol. 10, no. 2, pp. 111–122, 2010.

[20] A. Pivarcsi, M. Ståhle, and E. Sonkoly, “Genetic polymor-
phisms altering microRNA activity in psoriasis–a key to solve
the puzzle of missing heritability?,” Experimental Dermatol-
ogy, vol. 23, no. 9, pp. 620–624, 2014.

[21] M. B. Løvendorf, H. Mitsui, J. R. Zibert et al., “Laser capture
microdissection followed by next-generation sequencing iden-
tifies disease-related microRNAs in psoriatic skin that reflect
systemic microRNA changes in psoriasis,” Experimental Der-
matology, vol. 24, no. 3, pp. 187–193, 2015.

[22] Q. Liu, D. H. Wu, L. Han et al., “Roles of microRNAs in pso-
riasis: immunological functions and potential biomarkers,”
Experimental Dermatology, vol. 26, no. 4, pp. 359–367, 2017.

[23] Y. Liu and Q. Liu, “MicroRNAs as regulatory elements in pso-
riasis,” Open Medicine, vol. 11, no. 1, pp. 336–340, 2016.

[24] E. Sonkoly, T. Wei, P. C. Janson et al., “MicroRNAs: novel reg-
ulators involved in the pathogenesis of psoriasis?,” PLoS One,
vol. 2, no. 7, article e610, 2007.

[25] M. B. Løvendorf, J. R. Zibert, M. Gyldenløve, M. A. Røpke, and
L. Skov, “MicroRNA-223 and miR-143 are important systemic
biomarkers for disease activity in psoriasis,” Journal of Derma-
tological Science, vol. 75, no. 2, pp. 133–139, 2014.

[26] X. M. Chen, Y. Zhao, X. D. Wu et al., “Novel findings from
determination of common expressed plasma exosomal micro-
RNAs in patients with psoriatic arthritis, psoriasis vulgaris,
rheumatoid arthritis, and gouty arthritis,” Discovery Medicine,
vol. 28, no. 151, pp. 47–68, 2019.

[27] X. Zhou, W. Zhu, H. Li et al., “Diagnostic value of a plasma
microRNA signature in gastric cancer: a microRNA expression
analysis,” Scientific Reports, vol. 5, no. 1, article 11251, 2015.

[28] E. Hofsli, W. Sjursen, W. S. Prestvik et al., “Identification of
serum microRNA profiles in colon cancer,” British Journal of
Cancer, vol. 108, no. 8, pp. 1712–1719, 2013.

[29] G.W.Wright and R. M. Simon, “A random variance model for
detection of differential gene expression in small microarray
experiments,” Bioinformatics, vol. 19, no. 18, pp. 2448–2455,
2003.

[30] R. Clarke, H. W. Ressom, A. Wang et al., “The properties of
high-dimensional data spaces: implications for exploring gene
and protein expression data,” Nature Reviews Cancer, vol. 8,
no. 1, pp. 37–49, 2008.

[31] Y. Cao, J. Wang, H. Zhang et al., “Detecting key genes regu-
lated by miRNAs in dysfunctional crosstalk pathway of myas-
thenia gravis,” BioMed Research International, vol. 2015,
Article ID 724715, 10 pages, 2015.

[32] D. M. Garcia, D. Baek, C. Shin, G. W. Bell, A. Grimson, and
D. P. Bartel, “Weak seed-pairing stability and high target-site
abundance decrease the proficiency of lsy-6 and other micro-
RNAs,” Nature Structural & Molecular Biology, vol. 18,
no. 10, pp. 1139–1146, 2011.

[33] Gene Ontology Consortium, “The Gene Ontology (GO) pro-
ject in 2006,” Nucleic Acids Research, vol. 34, no. 90001,
pp. D322–D326, 2006.

[34] M. Ashburner, C. A. Ball, J. A. Blake et al., “Gene Ontology:
tool for the unification of biology,” Nature Genetics, vol. 25,
no. 1, pp. 25–29, 2000.

[35] M. Kanehisa, S. Goto, S. Kawashima, Y. Okuno, and
M. Hattori, “The KEGG resource for deciphering the genome,”
Nucleic Acids Research, vol. 32, Supplement 1, pp. D277–D280,
2004.

10 Journal of Immunology Research



[36] M. Yi, J. D. Horton, J. C. Cohen, H. H. Hobbs, and R. M.
Stephens, “WholePathwayScope: a comprehensive pathway-
based analysis tool for high-throughput data,” BMC Bioin-
formatics, vol. 7, no. 1, p. 30, 2006.

[37] S. Draghici, P. Khatri, A. L. Tarca et al., “A systems biology
approach for pathway level analysis,” Genome Research,
vol. 17, no. 10, pp. 1537–1545, 2007.

[38] R. Shalgi, D. Lieber, M. Oren, and Y. Pilpel, “Global and local
architecture of the mammalian microRNA-transcription fac-
tor regulatory network,” PLoS Computational Biology, vol. 3,
no. 7, article e131, 2007.

[39] A. Pelosi, C. Lunardi, P. F. Fiore et al., “MicroRNA expression
profiling in psoriatic arthritis,” BioMed Research International,
vol. 2018, Article ID 7305380, 15 pages, 2018.

[40] A. Helwak, G. Kudla, T. Dudnakova, and D. Tollervey,
“Mapping the human miRNA interactome by CLASH reveals
frequent noncanonical binding,” Cell, vol. 153, no. 3, pp. 654–
665, 2013.

[41] F. V. Karginov and G. J. Hannon, “Remodeling of Ago2-
mRNA interactions upon cellular stress reflects miRNA com-
plementarity and correlates with altered translation rates,”
Genes & Development, vol. 27, no. 14, pp. 1624–1632, 2013.

[42] M. M. Pillai, A. E. Gillen, T. M. Yamamoto et al., “HITS-CLIP
reveals key regulators of nuclear receptor signaling in breast
cancer,” Breast Cancer Research and Treatment, vol. 146,
no. 1, pp. 85–97, 2014.

[43] A. W. Whisnant, H. P. Bogerd, O. Flores et al., “In-depth anal-
ysis of the interaction of HIV-1 with cellular microRNA bio-
genesis and effector mechanisms,” MBio, vol. 4, no. 2, article
e000193, 2013.

[44] K. Hirahara, D. Schwartz, M. Gadina, Y. Kanno, and J. J.
O'Shea, “Targeting cytokine signaling in autoimmunity: back
to the future and beyond,” Current Opinion in Immunology,
vol. 43, pp. 89–97, 2016.

[45] J. Kahn, S. C. Deverapalli, and D. Rosmarin, “JAK-STAT sig-
naling pathway inhibition: a role for treatment of various der-
matologic diseases,” Seminars in Cutaneous Medicine and
Surgery, vol. 37, no. 3, pp. 198–208, 2018.

[46] L. Duffy and S. C. O'Reilly, “Toll-like receptors in the patho-
genesis of autoimmune diseases: recent and emerging transla-
tional developments,” ImmunoTargets and Therapy, vol. 5,
pp. 69–80, 2016.

[47] F. Gómez-García, P. J. Gómez-Arias, J. Hernandez et al.,
“Drugs targeting the JAK/STAT pathway for the treatment
of immune-mediated inflammatory skin diseases: protocol
for a scoping review,” BMJ Open, vol. 9, no. 5, article
e028303, 2019.

[48] S. Banerjee, A. Biehl, M. Gadina, S. Hasni, and D. M. Schwartz,
“JAK-STAT signaling as a target for inflammatory and auto-
immune diseases: current and future prospects,” Drugs,
vol. 77, no. 5, pp. 521–546, 2017.

[49] C. J. Malemud, “The PI3K/Akt/PTEN/mTOR pathway: a fruit-
ful target for inducing cell death in rheumatoid arthritis?,”
Future Medicinal Chemistry, vol. 7, no. 9, pp. 1137–1147, 2015.

[50] M. Dolcino, A. Ottria, A. Barbieri et al., “Gene expression pro-
filing in peripheral blood cells and synovial membranes of
patients with psoriatic arthritis,” PLoS One, vol. 10, no. 6, arti-
cle e0128262, 2015.

[51] M. E. Marina, I. I. Roman, A. M. Constantin, C. M. Mihu, and
A. D. Tătaru, “VEGF involvement in psoriasis,” Medicine and
Pharmacy Reports, vol. 88, no. 3, pp. 247–252, 2015.

[52] Y. Xiong, H. Chen, L. Liu et al., “MicroRNA-130a promotes
human keratinocyte viability and migration and inhibits
apoptosis through direct regulation of STK40-mediated NF-
κB pathway and indirect regulation of SOX9-meditated
JNK/MAPK pathway: a potential role in psoriasis,” DNA and
Cell Biology, vol. 36, no. 3, pp. 219–226, 2017.

[53] A. Mavropoulos, E. I. Rigopoulou, C. Liaskos, D. P. Bogdanos,
and L. I. Sakkas, “The role of p38 MAPK in the aetiopathogen-
esis of psoriasis and psoriatic arthritis,” Clinical and Develop-
mental Immunology, vol. 2013, Article ID 569751, 8 pages, 2013.

[54] W. Wang, X. Yu, C. Wu, and H. Jin, “IL-36γ inhibits differen-
tiation and induces inflammation of keratinocyte via Wnt sig-
naling pathway in psoriasis,” International Journal of Medical
Sciences, vol. 14, no. 10, pp. 1002–1007, 2017.

[55] Y. Chen and J. Lyga, “Brain-skin connection: stress, inflamma-
tion and skin aging,” Inflammation & Allergy Drug Targets,
vol. 13, no. 3, pp. 177–190, 2014.

[56] S. M. Mueller, S. Hogg, J. Mueller et al., “Functional magnetic
resonance imaging in dermatology: the skin, the brain and the
invisible,” Experimental Dermatology, vol. 26, no. 10, pp. 845–
853, 2017.

[57] A. Alexopoulos and G. P. Chrousos, “Stress-related skin disor-
ders,” Reviews in Endocrine & Metabolic Disorders, vol. 17,
no. 3, pp. 295–304, 2016.

[58] T. C. Theoharides and M. Kavalioti, “Stress, inflammation and
natural treatments,” Journal of Biological Requlators &
Homeostatic Agents, vol. 32, no. 6, pp. 1345–1347, 2018.

[59] K. G. Burfeind, K. A. Michaelis, and D. L. Marks, “The central
role of hypothalamic inflammation in the acute illness
response and cachexia,” Seminars in Cell & Developmental
Biology, vol. 54, pp. 42–52, 2016.

[60] Y. Zhang, Q. Li, C. Liu et al., “MiR-214-3p attenuates cognition
defects via the inhibition of autophagy in SAMP8 mouse
model of sporadic Alzheimer's disease,” Neurotoxicology,
vol. 56, pp. 139–149, 2016.

[61] Y. Fan and Y. Wu, “Tetramethylpyrazine alleviates neural
apoptosis in injured spinal cord via the downregulation of
miR-214-3p,” Biomedicine & Pharmacotherapy, vol. 94,
pp. 827–833, 2017.

[62] J. Wang, W. N. Wang, S. B. Xu et al., “MicroRNA-214-3p: A
link between autophagy and endothelial cell dysfunction in
atherosclerosis,” Acta Physiologica, vol. 222, no. 3, article
e12973, 2018.

[63] C. Xu, T. He, Z. Li, H. Liu, and B. Ding, “Regulation of
HOXA11-AS/miR-214-3p/EZH2 axis on the growth, migra-
tion and invasion of glioma cells,” Biomedicine & Pharmaco-
therapy, vol. 95, pp. 1504–1513, 2017.

[64] L. Liu, D. Xu, T. Wang et al., “Epigenetic reduction of miR-
214-3p upregulates astrocytic colony-stimulating factor-1
and contributes to neuropathic pain induced by nerve injury,”
Pain, vol. 161, no. 1, pp. 96–108, 2020.

[65] Z. F. Deng, H. L. Zheng, J. G. Chen et al., “miR-214-3p targets
β-catenin to regulate depressive-like behaviors induced by
chronic social defeat stress in mice,” Cerebral Cortex, vol. 29,
no. 4, pp. 1509–1519, 2019.

[66] C. Y. Yin, W. Kong, J. Jiang, H. Xu, and W. Zhao, “miR-7-5p
inhibits cell migration and invasion in glioblastoma through
targeting SATB1,” Oncology Letters, vol. 17, no. 2, pp. 1819–
1825, 2019.

[67] Z. Liu, Y. Liu, L. Li et al., “MiR-7-5p is frequently downregu-
lated in glioblastoma microvasculature and inhibits vascular

11Journal of Immunology Research



endothelial cell proliferation by targeting RAF1,” Tumour
Biology, vol. 35, no. 10, pp. 10177–10184, 2014.

[68] G. Li, M. Huang, Y. Cai, Y. Yang, X. Sun, and Y. Ke, “Circ-
U2AF1 promotes human glioma via derepressing neuro-
oncological ventral antigen 2 by sponging hsa-miR-7-5p,”
Journal of Cellular Physiology, vol. 234, no. 6, pp. 9144–9155,
2019.

[69] H. Xu, B. Nie, L. Liu et al., “Curcumin prevents brain damage
and cognitive dysfunction during ischemic-reperfusion
through the regulation of miR-7-5p,” Current Neurovascular
Research, vol. 16, 2019.

[70] J. N. Deng, Y. Q. Li, Y. Liu et al., “Exosomes derived from
plasma of septic patients inhibit apoptosis of T lymphocytes
by down-regulating bad via hsa-miR-7-5p,” Biochemical
and Biophysical Research Communications, vol. 513, no. 4,
pp. 958–966, 2019.

[71] H. Luo, H. Liang, Y. Chen et al., “miR-7-5p overexpression
suppresses cell proliferation and promotes apoptosis through
inhibiting the ability of DNA damage repair of PARP-1 and
BRCA1 in TK6 cells exposed to hydroquinone,” Chemico-Bio-
logical Interactions, vol. 283, pp. 84–90, 2018.

[72] P. C. Chao, M. Y. Cui, X. A. Li, Y. Jiang, B. C. Lin, and Z. B. Li,
“Correlation between miR-1207-5p expression with steroid-
induced necrosis of femoral head and VEGF expression,”
European Review for Medical and Pharmacological Sciences,
vol. 23, no. 7, pp. 2710–2718, 2019.

[73] G. F. Li, L. Li, Z. Q. Yao, and S. J. Zhuang, “Hsa_circ_
0007534/miR-761/ZIC5 regulatory loop modulates the pro-
liferation and migration of glioma cells,” Biochemical and
Biophysical Research Communications, vol. 499, no. 4, pp. 765–
771, 2018.

[74] N. Prashad, “miR-665 targets c-MYC and HDAC8 to inhibit
murine neuroblastoma cell growth,” Oncotarget, vol. 9,
no. 69, pp. 33186–33201, 2018.

[75] X. Lu, S. Lv, Y. Mi, L. Wang, and G. Wang, “Neuroprotective
effect of miR-665 against sevoflurane anesthesia-induced cog-
nitive dysfunction in rats through PI3K/Akt signaling pathway
by targeting insulin-like growth factor 2,” American Journal of
Translational Research, vol. 9, no. 3, pp. 1344–1356, 2017.

[76] W. C. Sun, Z. D. Liang, and L. Pei, “Propofol-induced rno-
miR-665 targets BCL2L1 and influences apoptosis in rodent
developing hippocampal astrocytes,” Neurotoxicology, vol. 51,
pp. 87–95, 2015.

[77] N. S. Seifeldin, S. B. El Sayed, and M. K. Asaad, “Increased
microRNA-1266 levels as a biomarker for disease activity in
psoriasis vulgaris,” International Journal of Dermatology,
vol. 55, no. 11, pp. 1242–1247, 2016.

[78] S. García-Rodríguez, S. Arias-Santiago, J. Orgaz-Molina et al.,
“Abnormal levels of expression of plasma microRNA-33 in
patients with psoriasis,” Actas Dermo-Sifiliográficas, vol. 105,
no. 5, pp. 497–503, 2014.

12 Journal of Immunology Research



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

