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Abstract

Background/Aims: Circular RNAs (circRNAs) are evolutionary conserved circular non-coding
RNAs that play a role in several diseases by sequestering (sponging) microRNAs (miRNAs).
However, their role in psoriasis remains unclear. In the present study, we investigated the
expression of circRNAs and analyzed their potential functions in psoriasis. Methods: The SBC
human ceRNA array V1.0 was used to analyze circRNA expression in psoriatic lesions and
normal healthy skin tissues. Functional analyses were performed using Gene ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis. Putative miRNA
response elements (MREs) were identified using miRNA target prediction software. Six
upregulated circRNAs were verified by quantitative real-time reverse transcription polymerase
chain reaction in psoriatic lesions and healthy skin tissues. Results: A total of 4956 circRNAs
(3016 upregulated and 1940 downregulated; fold change >2 and p<0.05) were identified
as differentially expressed in psoriasis. Furthermore, 4405 MREs were identified among the
differentially expressed circRNAs. hsa_circ_0061012 was upregulated in psoriatic lesions
compared with normal healthy skin tissues. The top five MREs of hsa_circ_0061012 were
hsa-miR-7157-5p, hsa-miR-4769-3p, hsa-miR-6817-5p, hsa-miR-4310, and hsa-miR-6882-
3p. GO analysis was carried out to investigate the biological functions enriched among the
upregulated targets of five miRNAs in psoriasis. The GO analysis identified that most of top 30
of GO enrichment are related to psoriasis. Conclusion: hsa_circ_0061012 might be a candidate
biomarker for psoriasis. The results provide a new perspective for a better understanding of
ceRNA-mediated gene regulation in psoriasis, and provide a novel theoretical basis for further

studies on the function of circRNA in psoriasis. © 2018 The Author(s)
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Introduction

Psoriasis is a chronic, recurrent, and immune-mediated inflammatory disease,
characterized by abnormal proliferation and keratinization of keratinocytes (KCs), which is
mainly mediated by T cells in a polygenic background [1]. The estimated global prevalence of
diagnosed psoriasis varies from 2 to 4% [2], and is higher in adults (0.91 to 8.5%) compared
with that in children (0 to 2.1%) [3]. Psoriasis has shown a marked upward trend in recent
years. The course of psoriasis is comparatively long and recurrence happens frequently,
which seriously affects patients’ quality of life, causing great harm to their physical and
mental health [4]. To date, there is no cure for psoriasis, mainly because its exact etiology
and pathogenesis have not yet been fully elucidated. Many factors are involved, such as
immunity, inflammation, cell proliferation, and apoptosis, and neurotransmitter and
intracellular signal transduction pathways [5]. The immune factor-mediated inflammatory
reaction can promote abnormal proliferation of KCs, ultimately leading to psoriasis; however,
a satisfactory therapeutic effect on psoriasis can be achieved by inhibiting inflammation [6].

Since the discovery of non-coding RNAs (ncRNAs), studies have found that many
ncRNAs, such as microRNAs (miRNAs) and long non-coding RNAs (IncRNAs) long are
involved in the pathogenesis and development of the molecular pathology of psoriasis [7,
8]. However, the expression profile of another class of ncRNAs, circular RNAs (circRNAs),
and their potential biological functions in psoriasis, remain unclear. CircRNAs, generated
by alternative splicing, represent a special class of ncRNA molecules [9, 10]. CircRNAs are
abundant in the eukaryotic cell cytoplasm and show tissue, behavior, and disease specificity
[11]. In contrast to linear RNAs, circRNAs are characterized by a covalently closed loop
structure with neither 5’ to 3’ polarity, nor a polyadenylated tail. CircRNAs are resistant to
RNA exonuclease, which improves their stability [12]. CircRNAs can regulate transcription
or splicing, and interact with RNA binding proteins (RBPs) [13, 14]. Remarkably, emerging
evidence indicates that some circRNAs can serve as competitive endogenous RNA (ceRNA) of
microRNA (miRNA) through its miRNA response elements (MREs), which can competitively
binding miRNAs to release or attenuate translational repression or degradation through
sequestering miRNAs away from parental mRNA [15, 16]. Moreover, circRNAs have been
reported to play essential roles in many life processes, such as aging, insulin secretion, tissue
development, atherosclerotic vascular disease risk, cardiac hypertrophy, and cancer [17].
Importantly, some circRNAs were involved in regulating immunity, inflammation, and cell
proliferation in many types of cells [18-20]. Because these factors contributes to psoriasis,
we predicted that circRNAs also involves in psoriasis. However, nothing is known about the
expression profiles and functions of circRNAs in psoriasis.

In the present study, a circRNA microarray was used to identify differentially expressed
circRNAs between psoriatic lesions and normal healthy skin tissues. The expression levels
of selected differentially expressed circRNAs were further verified by quantitative real-
time reverse transcription PCR (qRT-PCR). Finally, we found that hsa_circ_0061012 was
significantly upregulated in psoriatic lesions, indicating that hsa_circ_0061012 might be a
candidate biomarker for psoriasis.

Materials and Methods

Patients and tissue samples

In this study, thirteen psoriatic lesions and six normal healthy skin tissues were collected from the
Department of Dermatology, Qilu Hospital of Shandong University. All psoriatic lesions were consistent with
the diagnostic criteria for psoriasis vulgaris and scored by the psoriasis area and severity index (PASI). The
normal control group comprised healthy adult volunteers, whose age, sex, and site of extraction were matched
with the psoriasis group. Details of the samples are shown in Table 1. Sample weight was evaluated before
the study was conducted. Three lesions, the weight of that is more than 50 mg, were used for microarray
detection, and the other ten, the weight of that is less than 50 mg, were used for qRT-PCR verification.
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Psoriasis case eligibility criteria: no glucocorticoids, Table 1. Details of the psoriasis group (Psor)
immunosuppressants, and biological agents were used  and normal control group (Nor). ‘n.a’ means
for 3 months before specimen collection. Patients with ~ ‘not applicable.’ F: Female. M: Male

psoriasis were not treated with ultraviolet light for 1

. . L Sample ID  Sex Age Localization PASI score

month before specimen collection. No glucocorticoids Psor 1 23 Trunk 20
were applied 2 weeks before specimen collection. No Psor_2 30 Trunk 16.4
congenital or acquired autoimmune diseases and other ~ Psor.3 42 Trunk 19.8
) ) Psor_4 27 Trunk 19.8
immune related diseases were present. No coagulopathy Psor.5 36 Trunk 19.9
and other unsuitable surgical diseases were present. Psor_6 39 Trunk 215
Informed consent was obtained from all individual Psor_7 40 Trunk 235

Psor_8 38 Trunk 23.2

participants included in this study. The study was Psor_9 30 Trunk 26.3

EmZmmmZmIZmmmTZmImm
N
©

approved by the ethics committee of Qilu Hospital of Psor_10 Trunk 25
Shandong University. All tissue samples were preserved Psor_11 29 Trunk 27.2
. Psor_12 27 Trunk 26.7

at -80 °C until RNA extraction. Psor_13 33 Trunk 29
Nor_1 25 Trunk n.a.

. . . Nor_2 32 Trunk n.a.
CircRNA microarray analysis Nor.3 40 Trunk na

RNA extraction and purification. Total RNAs from Nor_4 28 Trunk na.
three psoriatic lesions and three normal healthy skin Nor_5 33 Trunk n.a.
Nor_6 38 Trunk n.a.

tissues were extracted and purified using RNeasy mini
kit (Cat#74106, Qiagen, GmBH, Hilden, Germany). The
RNA integrity coefficient (RIN) number, as a measure
of RNA integrity, was checked using an Agilent Bioanalyzer 2100 (Agilent technologies, Santa Clara, CA,
USA). The purity and quantity of initial total RNA chip samples were determined using a NanoDrop ND-
2000 spectrophotometer (NanoDrop, Wilmington, DE, USA) and an Agilent Bioanalyzer 2100 for quality
inspection, to exclude genomic DNA (gDNA) contamination. RNA integrity was also determined by
electrophoresis through a denaturing agarose gel. Qualified RNA was used in the following chip experiments.

RNA amplification and labeling. Total RNA was amplified and labeled using a Low Input Quick Amp WT
Labeling Kit (Cat.# 5190-2943, Agilent technologies). Labeled cRNAs were purified using an RNeasy mini
kit (Cat. # 74106, Qiagen).

Microarray hybridization. The SBC Human (4*180K) ceRNA array V1.0 (Shanghai Biotechnology
Corporation, Shanghai, China) was used to detect circRNA and mRNA expression profiles. Each slide was
hybridized with 1.65 pg of Cy3-labeled cRNA using a Gene Expression Hybridization Kit (Cat.# 5188-
5242, Agilent technologies) in a Hybridization Oven (Cat.# G2545A, Agilent technologies), according to the
manufacturer’s instructions. After 17 h of hybridization, the slides were washed in staining dishes (Cat.#
121, Thermo Shandon, Waltham, MA, US) using a Gene Expression Wash Buffer Kit (Cat.# 5188-5327,
Agilent technologies).

Data acquisition

Slides were scanned by an Agilent Microarray Scanner (Cat#G2565CA, Agilent technologies). Data
were extracted using Feature Extraction software 10.7 (Agilent technologies). Quantile normalization
and subsequent data processing were performed using the R software package (provided by Shanghai
Biotechnology Corporation, Shanghai, China). Statistically significant differentially expressed circRNAs and
mRNAs between the two groups were defined as fold change = 2 and P-value < 0.05, as estimated by a t-test.

GO and KEGG pathway analysis

Gene Ontology (GO) (www.geneontology.org) is a widely used ontology in the bioinformatics field. We
analyzed the association of the differentially expressed mRNAs with Biological Process (BP), and Molecular
Function (MF) in the GO database. The P value denotes the significance of the GO term enrichment among
the differentially expressed mRNAs. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis is
a systematic analysis of gene function and genome information database, which helps researchers to study
gene and expression information as a whole network. KEGG enrichment analysis of differentially expressed
genes can identify differentially enriched pathways, which is helpful to find the biological regulation
pathways that were significantly altered under the experimental conditions. The enrichment analysis was
performed using Fisher’s exact test in clusterProfiler from R/bioconductor (https://www.bioconductor.
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org/). The standard of selection was the Table 2. Specific primer sequences for quantitative real-
number of genes that fall on a GO term/ or  time reverse transcription PCR (qQRT-PCR). F: Forward; R:
pathway = 2, with a P-value < 0.05. Reverse

qRT-PCR Primer name Primer sequence (5’-3’)

QRT_PCR was performed using a 7900 hSa_Circ_OO31329'F AACCCGGGACTAGAAGGAAA
HT Sequence Detection System (ABI, Foster hsa_circ_0031329-R GCAGGGACAGGACTTTCTCA
City, CA, USA) to evaluate the expression of hsa_circ_0022697-F CCTACGGCAAGGTGTTCCT

Y . ] hsa_circ_0022697-R ACCTTCATGGCGTACAGCTT

six upregulated circRNAs (hsa_circ_0031329, hsa_circ_0061012-F TACTCTTGAGGCCGAGAAGC
hsa_circ_002269, hsa_circ 0061012, hsa circ 0061012-R  GCTGCCATTGGAGTCCTTAT
hsa_circ_0043804, hsa_circ 0062533,  hsa_circ_0043804-F = TGGAAATAATGGTGAAGGTGCT
and hsa_circ_0069260). Total RNA was hsa_circ_0043804-R  GGTGTCACACAGATAAACTTGGTC
extracted from the Samp]es using RNeasy hsa_circ_0062533-F CGAGTTCTACCCCAACTTCG
mini kit (Cat#74106, Qiagen, GmBH, Hilden, hsa_circ_0062533-R CCACAGGCTTGTAGAGCAGA
hsa_circ_0069260-F AACTTGTTGTGTGGGGATCA
hsa_circ_0069260-R CCCAGAAGCAAACAGGACTC
i Gapdh-F TGACTTCAACAGCGACACCCA
Kit (T0y0b0, Osaka, ]apan, FSQ-lOl). A power Gapdh-R CACCCTGTTGCTGTAGCCAAA
SYBR Green PCR Master Mix (ABI, 4368708)
was used for the PCR reaction. The primer

sequences of specific genes are shown in Table 2.

Germany). CDNAs were prepared using
random primers and a ReverTra Ace qPCR

miRNA response elements (MREs) predication
The putative MREs of differentially expressed circRNAs and mRNAs were described bioinformatically
using the Arraystar miRNA target prediction software (Arraystar, Rockville, MD, USA).

miRNA target predication and network construction

The targets of hsa-miR-7157-5p, hsa-miR-4769-3p, hsa-miR-6817-5p, hsa-miR-4310, and hsa-miR-
6882-3p were predicated using Targetscan (http://www.targetscan.org/vert_71/) and miRDB (http://
www.mirdb.org/). The predicated targets that were upregulated in psoriatic lesions were used to construct
a miRNAs and targets network using Cytoscape (http://www.cytoscape.org/).

Statistical analysis

All data were expressed as mean * standard deviation (SD). The comparison between two groups
were analyzed using Student’s t-test using SPSS 15.0 software (SPSS, Chicago, IL, USA), a P-value < 0.05 was
considered statistically significant.

Results

Expression pattern of circRNAs and mRNAs

To study the expression pattern of circRNAs in psoriatic lesions and normal healthy
skin tissues, we used a circRNA microarray to identify differentially expressed circRNAs. A
box plot was used to evaluate the distribution of the hybridization data and the degree of
dispersion. The box plot showed that after log2 normalization, no abnormal distributions of
data were found in the six samples (Fig. 1A). Pearson's correlation coefficient r was calculated
for correlation analysis between psoriatic lesions and normal healthy skin tissues (Fig. 1B).
The variation between psoriatic lesions and normal healthy skin tissues was displayed in a
scatter plot of the circRNA expression profile (Fig. 1C). In addition, a volcano plot identified
differentially expressed circRNAs at different P-values and fold-changes between the two
groups (Fig. 1D). Hierarchical clustering revealed that the circRNA expression levels were
distinguishable in the associated heat map (Fig. 2). The analysis identified a set of 4956
differentially expressed circRNAs (Supplementary Table S1 - for all supplementary material
see www.karger.com/10.1159/000493952/). The distribution of dysregulated circRNAs
on human chromosomes is shown in Fig. 3. Among all the differential expressed circRNAs,
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Fig. 1. Expression profile of circular RNAs (circRNAs) detected using a microarray in psoriatic lesions
compared with normal healthy skin tissues. A: Box plots were applied to visualize the distributions of
circRNAs for the two groups. After normalization, the distributions of the log2 ratios among six samples were
nearly the same. B: Block diagram for the correlation coefficient r. The brightness of the color represents the
degree of correlation between samples, and the deeper the brightness, the higher the correlation between
the two samples. C: Volcano Plot visualizing differential circRNA expression between the two groups.
The vertical lines correspond to a 2.0-fold change (FC) (log2 scaled) (upregulation and downregulation,
respectively). The horizontal line represents a P-value of 0.05 (log10 scaled). The red and blue points in
the plot represent the statistically significantly upregulated and downregulated circRNAs, respectively.
Red squares mark differentially expressed circRNAs in psoriatic lesions versus normal healthy skin tissues
(P<0.05, FC 2 2). Blue squares mark differentially expressed circRNAs in in psoriatic lesions compared with
normal healthy skin tissues. (P<0.05, FC < 0.5). D: Scatter Plot demonstrating the variation of circRNAs
expression in Psor (y-axis) versus Nor (x-axis). The values of the x- and y-axes are the averaged normalized
signal values of each group (log2 scaled). The middle green line represents no difference between the two
groups. A point outside the 45-degree line in the figure. In the figure, representing the probe point in the
two groups, indicates that the signal difference is FC 2 2; red represents upregulation and blue represents

downregulation.

3016 were upregulated and 1940 were downregulated (fold change = 2 and P < 0.05)
(Supplementary Table S 1). In the present study, the top 20 upregulated and downregulated
circRNAs (based on fold change) are shown in Table 3. In addition, 1156 upregulated mRNAs
and 569 downregulated mRNAs were found in psoriatic lesions compared with normal
healthy skin tissues (Supplementary Table S2).
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GO and KEGG pathway

analysis of the differentially

expressed mRNAs

To identify the possible
etiological factors and key genes
in the pathogenesis of psoriasis,
we analyzed the GO enrichment
of differentially  expressed
mRNAs and the results are
shown in Supplementary Table
S3. We analyzed the association
of these differentially expressed
mRNAs with BP and MF in
the GO database. Through
GO enrichment analysis, the
important functions that are
associated with the differences
between the two groups and
the corresponding genes can be
found. The top three enriched
GO terms were “defense
response”, “immune response”,
and “cellular response to
cytokine stimulus” in BP (Fig.
4A); and “cytokine receptor
activity”, “hydrolase activity”,
and “phospholipase activity”
in MF (Fig. 4B). The results of
KEGG analysis are shown in
Supplementary Table S4. The top
five pathways were “Cytokine-
cytokine receptor interaction”,
“Cell cycle”, “Systemic lupus
erythematosus”, and “NOD-
like receptor signaling
pathway” (Fig. 4C). The results
of the enrichment analysis
showed that most genes and
pathways were associated with
inflammation. Thus, a series of
specific genes and pathways
involved in psoriasis were
closely related to inflammation,
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Fig. 2. Heat Map showing a distinguishable expression profile
of circular RNAs (circRNAs) between the two groups. The values
correspond to the different colors representing the fold change
(log2 transformed) of each sample. Black stands for 0, indicating
no change in gene expression; red represents upregulation, and
green represents down-regulation; the brightness of the color
represents the degree of increased or decreased gene expression.

which further confirmed that psoriasis is an immune mediated inflammatory skin disease.

Predication of common MRE:s of differentially expressed circRNAs and mRNAs

To evaluate the potential functions of differentially expressed circRNAs in psoriasis, the
putative MREs of differentially expressed circRNAs were described. A total of 4405 circRNAs
were predicted to have MREs (Supplementary Table S5). Moreover, we predicated the MREs
of differentially expressed mRNAs. Common MREs of differentially expressed circRNAs and
mRNAs were shown in Supplementary Table S6.
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Fig. 3. Distribution of dysregulated circular RNAs (circRNAs) in human chromosomes.

Validation of

expression

To verify the results from
the circRNAs microarray, we
selected six differentially
expressed circRNAs based on
the function of differentially
expressed mRNAs, that have
common MREswith differentially
expressed  circRNAs.  These
differentially expressed mRNAs
is STAT1, FOSL1, HIF1A, and

circRNA

IL6  (Supplementary  Table
S6). All of them involves in
regulating immunity and

inflammation, which contributes
to psoriasis [21-23]. The
details of hsa_circ_0061012,
hsa_circ_0069260, hsa_
circ_0022697,hsa_circ_0043804,
hsa_circ_0031329, and hsa_
circ_0062533 were shown in
Table 4. The verification results
using qRT-PCR analysis are
shown in Fig. 5. The expression
patterns of these six circRNAs
from qRT-PCR results showed
that only hsa_circ_0061012
expression was upregulated
in psoriatic lesions compared
with that in normal healthy skin
tissues.

Table 3. Top 20 upregulated and downregulated (fold-change =
2 and P < 0.05) circRNAs sorted by their fold change in psoriatic
lesions versus normal healthy skin tissues. Note: Fold-change

refers to the absolute ratio (no log scale) of normalized intensities
between two groups

CircRNA P-value  Fold-change Regulation Chromosome Host gene
hsa_circ_0060531  0.001 442.297 up chr20 PI3
hsa_circ_0060532  0.005 330.084 up chr20 PI3
hsa_circ_0060533  0.004 270.233 up chr20 PI3
hsa_circ_0014221  0.012 269.952 up chrl S100A9
hsa_circ_0014220  0.018 238481 up chrl S100A9
hsa_circ_0014222  0.012 172.332 up chrl S100A8
hsa_circ_0082476  0.001 143.673 up chr7 AKR1B10
hsa_circ_0024028  0.002 128.780 up chril HEPHL1
hsa_circ_0043630  0.002 127.062 up chr17 KRT16
hsa_circ_0036722  0.001 126.226 up chr15 RHCG
hsa_circ_0043629  0.001 123.373 up chr17 KRT16
hsa_circ_0082477  0.001 113.821 up chr7 AKR1B10
hsa_circ_0043627  0.003 112.113 up chr17 KRT16
hsa_circ_0088732  0.018 88.896 up chr9 LCN2
hsa_circ_0024027  0.001 69.580 up chr11 HEPHL1
hsa_circ_0043626  0.004 69.111 up chr17 KRT16
hsa_circ_0024030  0.000 68.749 up chr11 HEPHL1
hsa_circ_0043625  0.002 61.240 up chr17 KRT16
hsa_circ_0043628  0.004 60.214 up chr17 KRT16
hsa_circ_0034646  0.003 38.131 up chr15 CHAC1
hsa_circ_0009406  0.000 12.378 down chrl MEGF6
hsa_circ_0012485  0.007 7.531 down chrl RAB3B
hsa_circ_0013241  0.021 7.229 down chrl F3
hsa_circ_0052001  0.001 7.063 down chr19 MYH14
hsa_circ_0009387  0.012 6.846 down chrl PLCH2
hsa_circ_0062161  0.036 6.812 down chr22 CECR2
hsa_circ_0061091  0.004 6.748 down chr20 LAMAS
hsa_circ_0009385  0.003 6.709 down chrl PLCH2
hsa_circ_0013239  0.015 6.672 down chrl F3
hsa_circ_0070956  0.007 6.638 down chr4 PHF17
hsa_circ_0071668  0.036 6.488 down chr5 ZDHHC11
hsa_circ_0032865  0.012 6.278 down chr14 EML5
hsa_circ_0087523  0.000 6.223 down chr9 WNK2
hsa_circ_0009383  0.009 6.185 down chrl PLCH2
hsa_circ_0001946  0.001 6.128 down chrX CDR1
hsa_circ_0089755  0.005 6.087 down chr9 EHMT1
hsa_circ_0072455  0.003 5.983 down chr5 FST
hsa_circ_0069182  0.008 5.854 down chr4 SLC2A9
hsa_circ_0049170  0.002 5.737 down chr19 OLFM2
hsa_circ_0030018  0.047 5.429 down chr13 POSTN
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Fig. 4. Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis. A: Top 10 GO
enriched biological process terms for the differentially expressed mRNAs. B: Top 10 GO enriched molecular
function terms for differentially expressed mRNAs. C: Top 10 KEGG pathways enriched for differentially

expressed mRNAs.

Table 4. Detail of six circRNAs that were chosen for qRT-PCR validation. Note: Fold-change refers to the

absolute ratio (no log scale) of normalized intensities between two groups

CircRNA P-value Fold-change Regulation Chromosome Sequence length Host gene
hsa_circ_0061012  0.003 3.059 up chr20 446 SLMO2-ATP5E
hsa_circ_0069260  0.000 3.108 up chr4 1399 LAP3
hsa_circ_0022697  0.000 2.188 up chr11 2927 RPS6KA4
hsa_circ_0043804  0.003 2.750 up chr17 156 STAT3
hsa_circ_0031329  0.000 4.021 up chr14 502 PSME2
hsa_circ_0062533  0.021 2.168 up chr13 519 DIAPH3
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Fig. 5. Expression levels of hsa_
circ_0061012, hsa_circ_0069260, hsa_
circ_0022697, hsa_circ_0043804, hsa_
circ_0031329, and hsa_circ_0062533
in psoriatic lesions compared with
that in normal healthy skin tissues.
The results of quantitative real-time
reverse transcription PCR (qRT-
PCR) were evaluated using the 2724CT
method. Results are represented as
means * standard deviation (SD). *P
values < 0.05.

Fig. 6. Circular RNA (circRNA)/
microRNA (miRNA) interaction
network for hsa_circ_0061012. The
interaction network of differentially
expressed circRNAs (red nodes) and
their five complementary binding
miRNAs (blue nodes) was presented
by the cytoscape software.

MiRNA response elements analysis of differentially expressed hsa_circ_0061012

To further investigate the regulatory mechanism of hsa_circ_0061012, we analyzed
MREs in hsa_circ_0061012 using the Arraystar miRNA target prediction software. The
results showed that the top five MREs of hsa_circ_0061012 are hsa-miR-7157-5p, hsa-miR-
4769-3p, hsa-miR-6817-5p, hsa-miR-4310, and hsa-miR-6882-3p (Fig. 6). Following, we
predicated the targets of these five miRNAs. The targets that were upregulated in psoriatic
lesions were used to construct a miRNA and target network, shown in Supplementary Fig.
S1. Most targets of hsa-miR-7157-5p and hsa-miR-4310 are overlapped. The target number
of hsa-miR-4769-3p is most and the target number of hsa-miR-6817-5p is least.

GO analysis of the targets of five miRNAs

To further investigate the regulatory mechanism of hsa_circ_0061012, GO analysis of the
targets of five miRNAs were carried out. As shown in Fig. 7, most of top 30 of GO enrichment
are related to psoriasis, such as T cell selection [24], response to interleukin 4 [25], and
regulation of NF-kappaB import into nucleus [26].
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Fig. 7. GO analysis of the upregulated targets in psoriatic lesions of five miRNAs.

Discussion

Psoriatic skin is characterized by inflammation infiltration of the dermis and hyper
proliferation of the epidermis [27]. Although the etiology of psoriasis remains unknown,
it is a complex, multifactorial disorder that is influenced by genetic, epigenetic, and
environmental factors [27]. T cell- and immune active molecules-mediated inflammatory
reactions play an important role. To date, different systematic drugs and biologic therapies
have been used to treat moderate to severe psoriasis [28]. However, these treatments are
not curative, and the study of the pathogenesis of psoriasis is ongoing. circRNAs have been
reported to play essential roles in regulating immunity, inflammation, and cell proliferation
[18-20]. It is known that psoriasis is an immune-mediated, chronic inflammatory disorder
that is mediated by elements of the innate and adaptive immune systems [29-31]. So
circRNAs may be an important regulatory factor in the development of psoriasis and may
be new therapeutic target for psoriasis. However, the expression profile of circRNAs and
their potential biological functions in psoriasis have not been reported so far. In the present
study, we utilized circRNA microarray to provide comprehensive circRNA expression profile
between psoriatic lesions and normal healthy skin tissues, in an attempt to explore the
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possible involvement of dysregulated circRNAs in the development of psoriasis. We identified
a large number of differentially expressed circRNAs from diverse genomic locations: 3016
circRNAs were significantly upregulated and 1940 were downregulated between two groups.
This is the first report about the comprehensive circRNA expression profile in psoriasis and
our results will give a novel theoretical basis for further studies on the function of circRNA
in psoriasis.

circRNAs are rich in miRNA binding sites (miRNA response elements, MREs), and they
are believed to playing a role of miRNAs sponges in cells, leading to relief of the inhibitory
effect of miRNAs on their target genes and, ultimately, increased expression of the target
genes. In this mechanism the circRNAs act as competitive endogenous RNAs (ceRNAs) [15,
32]. CircRNAs play an important role in the regulation of diseases via their interaction with
disease-associated miRNAs [33]. Our results showed that all 4405 dysregulated circRNAs
had miRNAs binding sites, and were thus predicted to play a regulatory role via the ceRNA
mechanism.

In this study, we used qRT-PCR validation for six circRNAs in the 10 psoriatic samples.
hsa_circ_0061012 was significantly upregulated (fold change 2.49) between the two groups,
and the difference was statistically significant (P < 0.05). hsa_circ_0061012 has five miRNA
binding sites (hsa-miR-7157-5p, hsa-miR-4769-3p, hsa-miR-6817-5p, hsa-miR-4310, and
hsa-miR-6882-3p). To further investigate the potential regulatory role of hsa_circ_0061012
in psoriasis, we predicated the targets of these five miRNAs, and GO analysis was carried out to
investigate the biological functions enriched among the upregulated targets in psoriasis. The
GO analysis identified that most of top 30 of GO enrichment are related to psoriasis, such as
T cell selection [24], response to interleukin 4 [25], and regulation of NF-kappaB import into
nucleus [26]. These results suggested that aberrant expression of hsa_circ_0061012 might
be involved in the pathogenesis of psoriasis. However, the detailed regulating mechanism
needs further study.

In a future study, we will screen more differentially expressed circRNAs and expand
the sample size of verification. This is a limitation of this paper, and it is also important for
further research. hsa_circ_0061012 knockdown or overexpression experiments will be used
to further evaluate the potential role of hsa_circ_0061012 functioned as ceRNA in psoriasis.

Conclusion

In conclusion, this is the first report of using a microarray to investigate the circRNA
expression profile in psoriasis. hsa_circ_0061012 was significantly upregulated in psoriatic
lesions, indicating that hsa_circ_0061012 mightbe a candidate biomarker for psoriasis. Taken
together, our research results provide a new perspective toward a better understanding
of ceRNA-mediated gene regulation in psoriasis, and provide a novel theoretical basis for
further studies on the function of circRNA in psoriasis.
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