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Purpose: Circular RNAs (circRNAs) are abundant, stable, and evolutionarily conserved noncoding RNAs with impacts on cell
proliferation, differentiation, invasion, apoptosis, and immunity by acting as an miRNA sponge. This study aimed to investigate the
expression of circRNAs in vitiligo and analyze the differentially expressed circRNAs (DEcircRNAs) bioinformatically.

Patients and Methods: Biopsies of five lesional and five nonlesional skins of patients with vitiligo and five healthy skins (control)
were harvested in this study. The expression profiles of circRNAs and DEcircRNAs were determined by microarray analysis and qRT-
PCR. Bioinformatics analysis was used to predict target genes of DEcircRNAs binding to miRNAs and their underlying functions.
Meanwhile, a competing endogenous RNA (ceRNA) network was constructed using Cytoscape.

Results: A total of 817 and 508 DEcircRNAs were identified in lesional and nonlesional skins of patients with vitiligo, respectively.
The results of hsa_circRNA 000957 and hsa_circRNA 101798 validation were consistent with our microarray analysis. Furthermore,
32 miRNA response elements (MREs) and related target genes of DEcircRNAs were identified, whose main functions were involved
in the pathogenesis of vitiligo. Hsa circRNA 000957 and hsa_circRNA 101798 might be candidate biomarkers for vitiligo.
Conclusion: This study provides scientific clues for understanding the mechanism of vitiligo.
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Introduction

Vitiligo is an acquired depigmented skin disease characterized by the patchy depigmentation of skin, mucosa, and hair,
which is caused by the deficiency of functional melanocytes. However, the true pathogenesis of vitiligo is still unclear. At
present, vitiligo is considered to be a polygenic genetic disease driven by a combination of genetic and environmental
factors.' The estimated global prevalence of vitiligo varies from 0.5% to 2%.> The clinical classification of vitiligo is
generally divided into non-segmental, segmental, mixed and undetermined types. The former includes generalized,
universal, acrofacial and mucosal types.® Melanocyte self-destruction through autoimmunity (mainly cellular immunity)
is one of the main theories to explain the pathogenesis of nonsegmental vitiligo (NSV). However, the molecular
mechanism underlying immune imbalance in vitiligo has not been fully elucidated. In recent years, the genome-wide
association study and its extension have been applied to the systematic analysis of genetic variation and could elucidate
complex skin diseases. In addition, genome-wide microRNA (miRNA) research with gene regulation function has been
widely used to reveal the genetic and immune-related pathogenesis of vitiligo.*> The identification of sensitive and
effective biomarkers can help further improve the pathogenesis, diagnosis, and treatment of vitiligo because the cellular
immune destruction of melanocytes is vital in inflammation and cell signaling processes.

Since the discovery of noncoding RNAs (ncRNAs), an increasing number of studies on ncRNAs have indicated the
involvement of miRNAs in the pathogenesis and development of the molecular pathology of vitiligo.® Circular RNAs
(circRNAs) are special endogenous ncRNAs with covalent closed loop structures and without a 5’ cap and a 3’
polyadenylated tail, which are abundant, conservative, and stable. The extensive, conservative, and tissue-specific
properties of circRNAs indicate that they may become a new marker for disease detection in the future.” CircRNAs
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act as a miRNA sponge by binding to miRNAs with miRNA response element (MREs) and hence influence gene
regulation and expression.® In addition, many studies have shown that circRNAs are abnormally expressed in many
human diseases, thus being vital in the pathogenesis and diagnosis of these diseases.*'® Some circRNAs regulate
inflammation, cell proliferation, and immunity of various cells involved in vitiligo.'"'® Recent studies on circRNAs
focus mainly on cancer, neurological diseases, and cardiovascular diseases. Autoimmune diseases (AIDs) are mainly
local or systemic inflammatory symptoms caused by an abnormal immune response to auto-antigens. The regulatory
roles of circRNAs on AIDs have been reported, such as systemic lupus erythematosus (SLE), psoriasis, rheumatoid
arthritis, and multiple sclerosis.'*'® Oxidative stress may induce the pathogenesis of vitiligo by mediating melanocyte
damage through competing endogenous RNA (ceRNA) regulation mechanism.'® However, the expression of circRNAs
has not been analyzed in patients with vitiligo. The present study was performed to describe differentially expressed
circRNAs (DEcircRNAs) in vitiligo and evaluate the potential function of representative candidate circRNAs.

Materials and Methods

Participants and Tissue Samples

Five patients with vitiligo and five healthy humans from the Department of Dermatology, the Second Hospital of Dalian
Medical University, were enrolled in the present microarray-based circRNA profiling study. All procedures involving
human participants were approved by the Medical Ethics Committee and performed in agreement with the Declaration of
Helsinki Guidelines. Informed consent was obtained from all individual participants. The patients involved in this study
were consistent with the diagnostic criteria of vitiligo.” Systemic therapy (glucocorticoids, immunosuppressive agents,
and biological agents), phototherapy, or topical therapy (corticosteroid agents, vitamin D analogs, and tacrolimus) were
not used within 3 months before the collection of specimens. No congenital diseases, acquired autoimmune diseases,
other immune-related diseases, coagulation disorder, or other inappropriate surgical diseases were reported. The samples
of lesional and nonlesional skins from five patients with vitiligo underwent scalpel excision under local anesthesia. The
same procedure was used for the five healthy human skin samples used as control. The control group consisted of five
healthy adult volunteers, whose age, sex, and site of extraction were matched with those in the vitiligo group. The details
about patients with vitiligo and healthy volunteers are shown in Table 1. After excision, the tissue samples were

immediately stored in liquid nitrogen until the case collection was completed for RNA extraction.

Table | Details of the Vitiligo and Control Groups

Sample ID Sex | Age | Type Localization
Vitiligo group

Tl F 32 Generalized Limb
T2 M 30 Sporadic Limb
T3 M 24 Generalized | Trunk
T4 F 45 Generalized | Trunk
T5 M 65 Generalized Trunk
Control group

(o M 35 N.A. Trunk
c2 F 35 N.A. Limb
C3 M 64 N.A. Trunk
C 4 M 64 N.A. Limb
c_7 M 23 N.A. Trunk

Abbreviations: N.A,, not applicable; F, female; M, male; T, test; C, control.
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CircRNA Microarray Analysis

Microarrays

Arraystar Human Circular RNA Microarray V2.0 (Arraystar Inc., MD, USA) was used to screen DEcircRNAs between
lesional skins of vitiligo (T1-1, T2-1, T3-1, T4-1, and T5-1), nonlesional skins of vitiligo (T1-2, T2-2, T3-2, T4-2, and
T5-2), and normal healthy skins (C_1, C 2, C 3, C 4, and C 7), which covered 13,617 circRNA probes on the
microarray.

RNA Labeling and Hybridization

Total RNAs from five lesional skins, five nonlesional skins of patients with vitiligo, and five normal healthy skins were
extracted with TRIzol (Life Technologies, CA, USA) following the manufacturer’s protocol. The purity and quantity of
total RNAs were determined with the NanoDrop ND-1000 (NanoDrop, DE, USA). Sample labeling and array hybridiza-
tion were performed following the manufacturer’s protocol (Arraystar Inc.). Briefly, total RNAs were digested with
RNase R (Epicentre, WI, USA) to remove linear RNAs and enrich circRNAs. Then, the enriched circRNAs were
amplified and transcribed into fluorescent cRNAs by a random priming method (Arraystar Super RNA Labeling Kit;
Arraystar Inc.). An RNeasy Mini Kit (Qiagen, Hilden, Germany) was used to purify the labeled cRNAs, and NanoDrop
ND-1000 was used to measure the concentration and specific activity of the labeled cRNAs (pmol Cy3/ug cRNA).
Further, 1 pg of each labeled cRNA was fragmented with 5 plL of 10 x blocking agent and 1uL of 25 X fragmentation
buffer. Then, the mixture was heated at 60°C for 30 min. Finally, 25 pL of 2 x hybridization buffer was added to dilute
the labeled cRNAs. Subsequently, 50 pL of hybridization solution was dispensed into the microarray gasket slide and
transferred to the Arraystar Human Circular RNA Microarray V2.0 (8x15K, Arraystar). The slides were incubated at
65°C for 17 h in an Agilent hybridization oven (Agilent SureHyb Microarray Hybridization Chamber, Agilent
Technologies, CA, USA). The hybridized arrays were washed in staining dishes (Thermo Shandon, MA, USA) with
a gene expression wash buffer kit (Agilent Technologies), fixed, and scanned with an Agilent Scanner G2505C (Agilent
Technologies).

Data Acquisition and Analysis

Intensity data were extracted from the scanned images with the feature extraction software (version 11.0.1.1; Agilent
Technologies). R software limma package (Shanghai Biotechnology Corporation, Shanghai, China) was used to process
the quantile normalization of raw data and subsequent data. After raw data processing, low-intensity filtering was
performed, and the circRNAs containing flags in “P” or “M” (defined by GeneSpring software) in at least 5 out of 15
samples were retained for further differential analyses. DEcircRNAs with statistically significant differences between two
groups were identified using volcano plot filtering or fold change (FC) filtering. Hierarchical clustering was performed to
show the distinguishable expression pattern of circRNAs among the samples. The statistical significance of the difference
was conveniently estimated using the ¢ test. CircRNAs having FC >1.2 and P values <0.05 were selected as significantly
DEcircRNAs.

Quantitative Real-Time Reverse Transcription—Polymerase Chain Reaction

Quantitative real-time reverse transcription—polymerase chain reaction (qQRT-PCR) was performed to evaluate the
expression of the reference gene B-actin, two upregulated genes hsa_circRNA 101798 and hsa circRNA_ 403250, and
three downregulated genes hsa circRNA 000957, hsa _circRNA 402437, and hsa circRNA 091420 in three lesional
and nonlesional skins of patients with vitiligo and three normal healthy skins so as to validate microarray data. The
cDNAs were synthesized with 3 pg total RNA using specific primers by the Superscript Reverse Transcription System
(Invitrogen, CA, USA). The qRT-PCR reaction system was in a total volume of 10 pL of the mixture, including 5 pL of 2
x master mix (Arraystar), 0.5 uL of 10 uM PCR forward primer, 0.5 pL of 10 uM PCR reverse primer, 2 puL of diluted
first-strand cDNA, and 2 pL of ddH,0. The primers of specific genes designed by Primer Premier 5.0 software are listed
in Supplementary Table 1. The cycling program is 95°C for 10 min, followed by 40 amplification cycles at 95°C for 10 s

and 60°C for 1 min (QuantStudio 5 Real-time PCR System, Applied Biosystems). The melt curve analysis was carried
out after PCR to determine primer specificity, and the relative level of each circRNA was calculated using the standard
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curve method. The Student ¢ test (two-tailed) was used for data analysis. P< 0.05 indicated a statistically significant
difference.

Prediction of Target Genes and Construction of ceRNA Network

NCBI PubMed and circBase were used for the data mining analysis of DEcircRNAs.?’ Besides being nuclear transcrip-
tional factors, circRNAs are crucial in regulating miRNAs through MREs of miRNAs incompletely bound to the miRNA
sponge.® MRE prediction of DEcircRNAs validated by qRT-PCR in lesional or nonlesional skins of patients with vitiligo
and the potential target gene mRNAs was performed bioinformatically using Arraystar’s home-made miRNA target
prediction software (Arraystar) based on TargetScan (http://www.targetscan.org/vert 71/) and miRanda (http://www.

microrna.org/microrna’home.do.) algorithm. The predicted targets dysregulated in vitiligo were used to construct

a circRNA-miRNA-mRNA interaction network using Cytoscape (http://www.cytoscape.org/).

Gene Ontology, Kyoto Encyclopedia of Genes and Genomes Pathway Analyses of
Target Genes

The Gene Ontology (GO) project provides a controlled vocabulary to describe gene and gene product attributes in any
organism (http://www.geneontology.org). Biological process (BP), cellular component (CC), and molecular function
(MF) were covered in the GO database and used for differentially expressed mRNAs (DEmRNAs). The P value
produced by topGO denoted the significance of GO term enrichment in DEmRNAs. Kyoto Encyclopedia of Genes

and Genomes (KEGGQG) is a database resource for understanding high-level functions and utilities of the biological
system, which is used to analyze gene function and genome information. The analysis of KEGG enrichment of
DEmRNAs helps in finding out the biological regulatory pathways that have changed significantly under experimental
conditions. The P value (EASE-score, Fisher-P value, or hypergeometric P value) denotes the significance of the
pathway correlated with the conditions. The lower the P value, the more significant the GO term/or pathway (P value
<0.05 recommended).

Results
DEcircRNAs in Vitiligo

A circRNA microarray was used to screen DEcircRNAs so as to examine the expression of circRNAs in lesional or
nonlesional skins of five patients with vitiligo and five normal healthy skin tissues. The distribution and the degree of
dispersion of the hybridization data were evaluated with a box plot. No abnormal distributions of data were found in the
15 samples after log2 normalization in the box plot (Figure 1A). The difference between lesional or nonlesional skin
tissues of patients with vitiligo and healthy skin tissues was shown in the scatter plot of the circRNA expression profile
(Figure 1B).

A total of 817 DEcircRNAs (426 upregulated and 391 downregulated; FC >1.2 and P <0.05) were identified in lesional skins
of patients with vitiligo compared with healthy skin tissues. Further, 508 DEcircRNAs (146 upregulated and 362 downregulated)
were identified in nonlesional skins of patients with vitiligo compared with healthy skin tissues. Also, 82 DEcircRNAs (65
upregulated and 17 downregulated) were identified in lesional skins compared with nonlesional skins of patients with vitiligo.
After removing the repeated data, 1132 DEcircRNAs were identified in the three groups, including 538 upregulated and 594
downregulated circRNAs (Figure 2). Volcano plots were constructed to show the DEcircRNAs intuitively between the two
groups with two important indicators (FC/P value) (Figure 1C). Hierarchical clustering showed that the expression level of
circRNA was clearly distinguished in the associated heat map. The relative expression of circRNA was displayed with a color
scale: red for upregulated expression and green for downregulated expression (Figure 3). The top 10 upregulated and down-
regulated circRNAs based on FC in this study are displayed in Supplementary Tables 2—4. In addition, the origin of the

DEcircRNAs and their distribution on human chromosomes were analyzed. The statistical classification revealed that 538
upregulated circRNAs included 493 exonic, 21 intronic, 20 sense overlapping, 2 antisense, and 2 intergenic, while 594
downregulated circRNAs included 484 exonic, 44 intronic, 42 sense overlapping, 21 antisense, and 3 intergenic. Most of the
circRNAs in the microarray expression profile were derived from exons, with no significant difference between the upregulated
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Figure | (A) Box plot was used to visualize the distributions of circRNAs in the three groups. After normalization, the distributions of the log2 ratios among |5 samples
were nearly the same. (B) Scatter plots were applied to demonstrate the variation in circRNA expression in lesional or nonlesional skins of patients with vitiligo and normal
healthy skin tissues. The expression of circRNAs in the three groups was represented as averaged, normalized signal values (log2). The green lines indicated fold change (FC).
The circRNAs beyond the upper and lower green lines indicated more than a |.2-FC of circRNAs in the three groups. (C) Volcano Plots were displayed to visualize the
differential expression of circRNAs in the three groups. The vertical lines correspond to a |.2-FC (log2 scaled) of upregulation (the right vertical lines) and downregulation
(the left vertical lines), respectively. The horizontal lines represent a P value of 0.05 (logl0 scaled). The red squares in the plot represent the statistically significant
differences of circRNAs (P < 0.05, FC 21.2). Testl, nonlesional skins of patients with vitiligo; Test2, lesional skins of patients with vitiligo. Control: normal healthy skin tissues.

and downregulated circRNAs (P>0.05). The DEcircRNAs were widely distributed on all chromosomes, including

X chromosome (Figure 4).

Validation of Selected circRNAs in Vitiligo

Five circRNAs of the DEcircRNAs were selected for further verification on the basis of raw intensity, P value, and FC
from microarrays. The expression of five candidates was validated by qRT-PCR in the lesional or nonlesional skins of
patients with vitiligo and normal healthy skin tissues. The melt curve analysis was carried out after PCR to determine
primer specificity, and the relative expression of each circRNA was calculated using the standard curve method. As
a result, three circRNAs (hsa_circRNA 000957, hsa_circRNA 091420, and hsa_circRNA_402437) were downregulated
and hsa_circRNA 101798 was upregulated in the lesional or nonlesional skins of patients with vitiligo compared with
normal healthy skin tissues, which were consistent with microarray results. However, the expression of
hsa circRNA 403250 in the lesional skins of patients with vitiligo was not consistent with the microarray result.
Finally, hsa circRNA 000957 and hsa circRNA 101798 were validated with statistical significance in the lesional
and nonlesional skins of patients with vitiligo compared with healthy skin tissues, but with no significant difference

between lesional and nonlesional skins of patients with vitiligo (Figure 5).
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Figure 2 The shared DEcircRNAs between the three subgroups in the Venn diagram.
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Figure 3 Hierarchical clustering showed the expression level of circRNAs in the three groups in the associated heat map. The relative expression of circRNAs was displayed
using the color scale of the fold changes (log2 scaled): red for upregulation (strong intensity) and green for downregulation (low intensity). Each row represents a circRNA,
and each column represents a skin tissue from a patient with vitiligo or healthy control. (A) CircRNAs in |5 sample tissues of patients with vitiligo or healthy controls. (B)
DEcircRNAs between Testl and control. (C) DEcircRNAs between Test2 and control. (D) DEcircRNAs between Test| and Test2. Testl, nonlesional skins of patients with
vitiligo; Test2, lesional skins of patients with vitiligo. Control: normal healthy skin tissues.

Target Genes Predication and Network Construction

Target miRNAs and mRNAs of the DEcircRNAs validated with statistical significance were predicted with Arraystar’s
home-made miRNA target prediction software based on the TargetScan and miRanda algorithm. Further, 29 MREs (hsa-
miR-3197, hsa-miR-4649-5p, hsa-miR-7113-5p, hsa-miR-3937, hsa-miR-1913, hsa-miR-637, hsa-miR-6886-5p, hsa-miR
-4493, hsa-miR-6846-5p, hsa-miR-145-5p, hsa-miR-6856-3p, hsa-miR-711, hsa-miR-6889-5p, hsa-miR-608, hsa-miR
-4713-5p, hsa-miR-4532, hsa-miR-6729-5p, hsa-miR-6887-3p, hsa-miR-7112-5p, hsa-miR-4497, hsa-miR-661, hsa-miR
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Figure 4 Types of DEcircRNA (A) and distribution of DEcircRNAs on human chromosomes (B).
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Figure 5 Validation of the relative expression of five selected circRNAs using qRT-PCR. After validation, hsa_circRNA_000957 was downregulated and
hsa_circRNA_101798 was upregulated with statistical significance in the lesional or nonlesional skins of patients with vitiligo compared with healthy skin tissues. Testl,
nonlesional skins of patients with vitiligo; Test2, lesional skins of patients with vitiligo. Control, normal healthy skin tissues. *P < 0.05, **P < 0.01.
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-1343-3p, hsa-miR-6799-5p, hsa-miR-4749-3p, hsa-miR-6825-5p, hsa-miR-6777-5p, hsa-miR-1281, hsa-miR-4732-3p,
hsa-miR-6848-5p) and 144 related target genes of hsa circRNA 000957 and 4 MREs (hsa-miR-637, hsa-miR-185-5p,
hsa-miR-148b-3p, hsa-miR-152-3p) and 18 related target genes of hsa circRNA 101798 were identified. The
hsa_circRNA_000957/hsa_circRNA_ 101798-miRNA-mRNA network was constructed using Cytoscape (Figure 6).

GO and KEGG Pathway Analysis of the Target Genes

Target mRNAs of the DEcircRNAs with statistical significance were included in GO and pathway analyses to explore
their potential functions in the pathogenesis of vitiligo. The results of the GO enrichment of the target mRNAs are shown
in Supplementary Table SA—C. The association of these mRNAs with BP, MF, and CC in the GO database were

CEINT3

analyzed. The top three enriched GO terms were “response to thyroid hormone”, “sphingosine biosynthetic process”, and

“serine family amino acid catabolic process” in BP; “phospholipase activity”, “bioactive lipid receptor activity”, and

“transforming growth factor-beta binding” in MF; and “sperm part”, “centriole”, and “fibrillar center” in CC (Figure 7A).
The result of KEGG analysis is shown in Supplementary Table 6. The top three pathways were “sphingolipid

LRI

metabolism”, “ether lipid metabolism”, and “VEGF signaling pathway” (Figure 7B). The result of enrichment analysis
showed that the main functions of related target genes of hsa_circRNA 000957 and hsa circRNA_101798 were enriched
in thyroid hormone response, steroid hormone response, signaling pathway, sphingolipid metabolism, and essential
amino acid biosynthesis, all of which were involved in the pathogenesis of vitiligo. Thus, hsa circRNA 000957 and
hsa_circRNA 101798 might be candidate biomarkers for vitiligo. Further studies are needed to confirm their role in

vitiligo.
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Figure 7 GO (A) and KEGG pathway analysis (B) of the target genes. (A) Top 10 GO terms in molecular function, cellular component, biological process correspond to the
DEcircRNAs. (B) Top 10 KEGG pathways for the parental genes of the DEcircRNAs.

Discussion

Vitiligo is an idiopathic systemic autoimmune disease that affects skin, hair, and oral mucosa. It is a hereditary
acquired disease characterized by the destruction of melanocytes, associated with other autoimmune diseases,
including autoimmune thyroid disease, rheumatoid arthritis, psoriasis, alopecia areata, chronic urticaria, pernicious
anemia, Addison’s disease, adult-onset type 1 diabetes, inflammatory bowel disease, and lupus erythematosus.>'-**
The cause of vitiligo remains unknown; the autoimmune mechanism is the focus of vitiligo. Despite a few other
physical symptoms, vitiligo seriously affects the physical and mental health of patients because of the impact of
appearance.”>** To date, different drug therapies, surgery, and phototherapy have been used in the treatment of
vitiligo, which are not curative; the pathogenesis of vitiligo is under exploration. The involvement of inflamma-
tion and autoimmunity is important in vitiligo, especially in the progression of the disease.> Studies on the role
of miRNAs in vitiligo have been reported.? > As an miRNA sponge, circRNAs can regulate gene transcription,
modulate the expression of parental genes, and participate in the occurrence and development of various
diseases.’® Some circRNAs regulate inflammation, cell proliferation, and immunity of various cells involved in
the pathogenesis of vitiligo, and ceRNA regulation mechanism may be involved in the oxidative stress-mediated
melanocyte injury.'''*'” Therefore, circRNA may be a crucial regulatory factor in the pathogenesis of vitiligo
and may become a new target for the treatment of vitiligo. However, the expression profile and potential
biological functions of circRNAs in vitiligo have not been reported.

In this study, circRNA microarray and qRT-PCR were used to detect the circRNA expression profile and verify
the DEcircRNAs in the lesional or nonlesional skins of patients with vitiligo compared with healthy skin tissues.
A total of 817 and 508 DEcircRNAs were identified in lesional and nonlesional skins of patients with vitiligo,
respectively. Most of the circRNAs in the microarray expression profile were derived from exons. Three major
types of circRNA have been identified: exonic circRNA (ecircRNA), circular intronic RNA (ciRNA), and exon-
intron circRNA (EIciRNA). CircRNA acts as an miRNA sponge in the cytoplasm, which is the major role of
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ecircRNAs. However, ciRNAs and EIciRNAs are located in the nucleus and regulate gene transcription.
DEcircRNAs were mainly derived from exons in the present study, which was consistent with the function of
identified circRNAs. Meanwhile, the DEcircRNAs were widely distributed on all chromosomes, including
X chromosome. After verification, hsa circRNA 000957 was downregulated and hsa circRNA 101798 was
upregulated with statistical significance in the lesional or nonlesional skins of patients with vitiligo compared
with healthy skin tissues, but with no significant difference between lesional and nonlesional skins of patients
with vitiligo. The qRT-PCR results of the other three circRNAs were not completely consistent with circRNA
microarray findings, with minimal difference between lesional and nonlesional skins of vitiligo. It was speculated
that the differences in circRNAs might be related to the genetic background of patients with vitiligo or small
sample size. Hsa circRNA 000957 and hsa circRNA 101798 were located on chromosome 19 and chromosome
16, respectively, which were related to autoimmune diseases such as SLE, psoriasis, and diabetes.>*73¢ Therefore,
they might be involved in the pathogenesis of vitiligo.

The MREs and their target genes were predicted to further examine the potential role of hsa circRNA 000957 and
hsa circRNA 101798 in vitiligo. As a result, 32 MREs and their related target genes were identified, and the circRNA—
miRNA-mRNA network was constructed according to the ceRNA theory.>” The GO analysis was conducted to explore
biological functions. The predicted miRNAs were mainly associated with cancer (colorectal cancer, prostate cancer, lung
cancer, etc.), diabetes, Alzheimer’s disease, cell growth, apoptosis, immune response, and inflammation, such as miRNA-608
and miRNA-148b-3p.*®*° The present study found that the main functions of related target genes of hsa_circRNA_000957 and
hsa_circRNA 101798 were enriched in growth hormone receptor signaling pathway, thyroid hormone response, steroid
hormone response, signaling pathway, sphingolipid metabolism, and essential amino acid biosynthesis, all of which were
involved in the pathogenesis of vitiligo.**** Above all, hsa_circRNA_000957 and hsa_circRNA_101798 might be candidate
biomarkers for vitiligo. However, this is a preliminary study and needs future in-depth studies. Further investigation needs to be
performed to explore the interaction between DEcircRNAs and their target miRNAs. In addition, the data of this paper is based
on a small number of samples. We will expand the sample size to confirm our findings.

Conclusion

We identified the DEcircRNAs in the lesional or nonlesional skins of patients with vitiligo compared with healthy skin
tissues. Furthermore, MREs and target genes of DEcircRNAs were predicted, and the circRNA-miRNA-mRNA network
was constructed by bioinformatics analysis. Then, the GO and KEGG pathway analyses were carried out to explore the
underlying mechanism of DEcircRNAs in vitiligo, which needs further exploration.

Ethical Approval

All procedures involving human participants were approved by the Ethics Committee of the Second Hospital of Dalian
Medical University and performed in agreement with the Declaration of Helsinki Guidelines. Informed consent was
obtained from all individual participants.

Acknowledgments
This work was supported by the National Natural Science Foundation of China (N0.81273921, No.81872528) and the
Project of Dalian Medical Science Research (No.1712046).

Disclosure
The authors report no conflicts of interest in this work.

References

1. Bergqvist C, Ezzedine K. Vitiligo: a focus on pathogenesis and its therapeutic implications. J Dermatol. 2021;48(3):252-270. doi:10.1111/1346-
8138.15743

2. Wang Y, Li S, Li C. Clinical features, immunopathogenesis, and therapeutic strategies in vitiligo. Clin Rev Allergy Immunol. 2021;61(3):299-323.
doi:10.1007/512016-021-08868-z

794 https: Pharmacogenomics and Personalized Medicine 2022:15

Dove!


https://doi.org/10.1111/1346-8138.15743
https://doi.org/10.1111/1346-8138.15743
https://doi.org/10.1007/s12016-021-08868-z
https://www.dovepress.com
https://www.dovepress.com

Dove Zhang et al

w

o w

[ BN

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—

32.

33.

34.

35.

36.

37.

. Iannella G, Greco A, Didona D, et al. Vitiligo: pathogenesis, clinical variants and treatment approaches. Autoimmun Rev. 2016;15(4):335-343.

doi:10.1016/j.autrev.2015.12.006

.Jin Y, Andersen G, Yorgov D, et al. Genome-wide association studies of autoimmune vitiligo identify 23 new risk loci and highlight key pathways

and regulatory variants. Nat Genet. 2016;48(11):1418-1424. doi:10.1038/ng.3680
Zhang X. Genome-wide association study of skin complex diseases. J Dermatol Sci. 2012;66(2):89-97. doi:10.1016/j.jdermsci.2012.02.017

.Cui TT, Yi XL, Zhang WG, et al. miR-196a-2 rs11614913 polymorphism is associated with vitiligo by affecting heterodimeric molecular

complexes of Tyr and Tyrpl. Arch Dermatol Res. 2015;307(8):683—692. doi:10.1007/s00403-015-1563-1

.Qu S, Yang X, Li X, et al. Circular RNA: a new star of noncoding RNAs. Cancer Lett. 2015;365(2):141-148. doi:10.1016/j.canlet.2015.06.003
. Hansen TB, Jensen TI, Clausen BH, et al. Natural RNA circles function as efficient microRNA sponges. Nature. 2013;495(7441):384-388.

doi:10.1038/nature11993

.He R, Liu P, Xie X, et al. circGFRA1 and GFRA1 act as ceRNAs in triple negative breast cancer by regulating miR-34a. J Exp Clin Cancer Res.

2017;36(1):145. doi:10.1186/s13046-017-0614-1
Chen J, Li Y, Zheng Q, et al. Circular RNA profile identifies circPVT1 as a proliferative factor and prognostic marker in gastric cancer. Cancer Lett.
2017;388:208-219. doi:10.1016/j.canlet.2016.12.006

.Zhou Z, Du D, Chen A, Zhu L. Circular RNA expression profile of articular chondrocytes in an IL-1beta-induced mouse model of osteoarthritis.

Gene. 2018;644:20-26. doi:10.1016/j.gene.2017.12.020

Wang M, Yu E, Wu W, et al. Circular RNAs: a novel type of non-coding RNA and their potential implications in antiviral immunity. /nt J Biol Sci.
2017;13(12):1497-1506. doi:10.7150/ijbs.22531

Li CY, Ma L, Yu B. Circular RNA hsa circ_0003575 regulates oxLDL induced vascular endothelial cells proliferation and angiogenesis. Biomed
Pharmacother. 2017;95:1514-1519. doi:10.1016/j.biopha.2017.09.064

Xie R, Zhang Y, Zhang J, Li J, Zhou X. The role of circular RNAs in immune-related diseases. Front Immunol. 2020;11:545. doi:10.3389/
fimmu.2020.00545

Liu H, Zou Y, Chen C, Tang Y, Guo J. Current understanding of Circular RNAs in systemic lupus erythematosus. Front Immunol. 2021;12:628872.
doi:10.3389/fimmu.2021.628872

Qiao M, Ding J, Yan J, Li R, Jiao J, Sun Q. Circular RNA expression profile and analysis of their potential function in psoriasis. Cell Physiol
Biochem. 2018;50(1):15-27. doi:10.1159/000493952

Ouyang Q, Wu J, Jiang Z, et al. Microarray expression profile of circular RNAs in peripheral blood mononuclear cells from rheumatoid arthritis
patients. Cell Physiol Biochem. 2017;42(2):651-659. doi:10.1159/000477883

Zurawska A, Mycko MP, Selmaj KW. Circular RNAs as a novel layer of regulatory mechanism in multiple sclerosis. J Neuroimmunol.
2019;334:576971. doi:10.1016/j.jneuroim.2019.576971

Li S, Zeng H, Huang J, et al. Identification of the competing endogenous RNA networks in oxidative stress injury of melanocytes. DNA Cell Biol.
2021;40(2):192-208. doi:10.1089/dna.2020.5455

Glazar P, Papavasileiou P, Rajewsky N. circBase: a database for circular RNAs. RNA. 2014;20(11):1666—-1670. doi:10.1261/RNA.043687.113
Laberge G, Mailloux CM, Gowan K, et al. Early disease onset and increased risk of other autoimmune diseases in familial generalized vitiligo.
Pigment Cell Res. 2005;18(4):300-305. doi:10.1111/j.1600-0749.2005.00242.x

Alkhateeb A, Fain PR, Thody A, Bennett DC, Spritz RA. Epidemiology of vitiligo and associated autoimmune diseases in Caucasian probands and
their families. Pigment Cell Res. 2003;16(3):208-214. doi:10.1034/j.1600-0749.2003.00032.x

Bleuel R, Eberlein B. Therapeutic management of vitiligo. J Dtsch Dermatol Ges. 2018;16(11):1309-1313. doi:10.1111/ddg.13680

Porter J, Beuf AH, Lerner A, Nordlund J. Response to cosmetic disfigurement: patients with vitiligo. Cutis. 1987;39(9):493-494.

Sandoval-Cruz M, Garcia-Carrasco M, Sanchez-Porras R, et al. Immunopathogenesis of vitiligo. Autoimmun Rev. 2011;10(12):762-765.
doi:10.1016/j.autrev.2011.02.004

Shi Q, Zhang W, Guo S, et al. Oxidative stress-induced overexpression of miR-25: the mechanism underlying the degeneration of melanocytes in
vitiligo. Cell Death Differ. 2016;23(3):496-508. doi:10.1038/cdd.2015.117

Sahoo A, Lee B, Boniface K, et al. MicroRNA-211 regulates oxidative phosphorylation and energy metabolism in human vitiligo. J Invest
Dermatol. 2017;137(9):1965-1974. doi:10.1016/j.jid.2017.04.025

Lv M, Li Z, Liu J, et al. MicroRNA 155 inhibits the proliferation of CD8+ T cells via upregulating regulatory T cells in vitiligo. Mol Med Rep.
2019;20(4):3617-3624. doi:10.3892/mmr.2019.10607

Sun X, Wang T, Huang B, Ruan G, Xu A. MicroRNA-421 participates in vitiligo development through regulating human melanocyte survival by
targeting receptor-interacting serine/threonine kinase 1. Mol Med Rep. 2020;21(2):858-866. doi:10.3892/mmr.2019.10878

Huo J, Liu T, Li F, Song X, Hou X. MicroRNA-21-5p protects melanocytes via targeting STAT3 and modulating Treg/Teff balance to alleviate
vitiligo. Mol Med Rep. 2021;23(1):51. doi:10.3892/mmr.2020.11689

. Alhelf M, Rashed LA, Ragab N, Elmasry MF. Association between long noncoding RNA taurine-upregulated gene 1 and microRNA-377 in

vitiligo. Int J Dermatol. 2022;61(2):199-207. doi:10.1111/ijd.15669

Al Robaee AA, Alzolibani AA, Rasheed Z. MicroRNA-183-5p regulates MITF expression in vitiligo skin depigmentation. Nucleosides Nucleotides
Nucleic Acids. 2022;20:1-21. doi:10.1080/15257770.2022.2066126

Vidal AF, Sandoval GT, Magalhaes L, Santos SE, Ribeiro-dos-Santos A. Circular RNAs as a new field in gene regulation and their implications in
translational research. Epigenomics. 2016;8(4):551-562. doi:10.2217/epi.16.3

Tomlinson MJ, Pitsillides A, Pickin R, et al. Fine mapping and functional studies of risk variants for type 1 diabetes at chromosome 16p13.13.
Diabetes. 2014;63(12):4360-4368. doi:10.2337/db13-1785

Nath SK, Namjou B, Hutchings D, et al. Systemic lupus erythematosus (SLE) and chromosome 16: confirmation of linkage to 16q12-13 and
evidence for genetic heterogeneity. Eur J Hum Genet. 2004;12(8):668—672. doi:10.1038/sj.ejhg.5201209

Hensen P, Windemuth C, Huffmeier U, et al. Association scan of the novel psoriasis susceptibility region on chromosome 19: evidence for both
susceptible and protective loci. Exp Dermatol. 2003;12(4):490-496. doi:10.1034/j.1600-0625.2003.00040.x

Chen Y, Li C, Tan C, Liu X. Circular RNAs: a new frontier in the study of human diseases. J Med Genet. 2016;53(6):359-365. doi:10.1136/

jmedgenet-2016-103758

Pharmacogenomics and Personalized Medicine 2022:15 https: 795

Dove:


https://doi.org/10.1016/j.autrev.2015.12.006
https://doi.org/10.1038/ng.3680
https://doi.org/10.1016/j.jdermsci.2012.02.017
https://doi.org/10.1007/s00403-015-1563-1
https://doi.org/10.1016/j.canlet.2015.06.003
https://doi.org/10.1038/nature11993
https://doi.org/10.1186/s13046-017-0614-1
https://doi.org/10.1016/j.canlet.2016.12.006
https://doi.org/10.1016/j.gene.2017.12.020
https://doi.org/10.7150/ijbs.22531
https://doi.org/10.1016/j.biopha.2017.09.064
https://doi.org/10.3389/fimmu.2020.00545
https://doi.org/10.3389/fimmu.2020.00545
https://doi.org/10.3389/fimmu.2021.628872
https://doi.org/10.1159/000493952
https://doi.org/10.1159/000477883
https://doi.org/10.1016/j.jneuroim.2019.576971
https://doi.org/10.1089/dna.2020.5455
https://doi.org/10.1261/RNA.043687.113
https://doi.org/10.1111/j.1600-0749.2005.00242.x
https://doi.org/10.1034/j.1600-0749.2003.00032.x
https://doi.org/10.1111/ddg.13680
https://doi.org/10.1016/j.autrev.2011.02.004
https://doi.org/10.1038/cdd.2015.117
https://doi.org/10.1016/j.jid.2017.04.025
https://doi.org/10.3892/mmr.2019.10607
https://doi.org/10.3892/mmr.2019.10878
https://doi.org/10.3892/mmr.2020.11689
https://doi.org/10.1111/ijd.15669
https://doi.org/10.2217/epi.16.3
https://doi.org/10.2337/db13-1785
https://doi.org/10.1038/sj.ejhg.5201209
https://doi.org/10.1034/j.1600-0625.2003.00040.x
https://doi.org/10.1136/jmedgenet-2016-103758
https://doi.org/10.1136/jmedgenet-2016-103758
https://www.dovepress.com
https://www.dovepress.com

Zhang et al Dove

38. Wang Y, Li F, Ma D, Gao Y, Li R, Gao Y. MicroRNA-608 sensitizes non-small cell lung cancer cells to cisplatin by targeting TEAD2. Mol Med
Rep. 2019;20(4):3519-3526. doi:10.3892/mmr.2019.10616

39. Mollazadeh S, Fazly Bazzaz BS, Neshati V, et al. Overexpression of MicroRNA-148b-3p stimulates osteogenesis of human bone marrow-derived
mesenchymal stem cells: the role of MicroRNA-148b-3p in osteogenesis. BMC Med Genet. 2019;20(1):117. doi:10.1186/s12881-019-0854-3

40. Patel S, Rauf A, Khan H, Meher BR, Hassan SSU. A holistic review on the autoimmune disease vitiligo with emphasis on the causal factors.
Biomed Pharmacother. 2017;92:501-508. doi:10.1016/j.biopha.2017.05.095

41. Regazzetti C, Joly F, Marty C, et al. Transcriptional analysis of vitiligo skin reveals the alteration of WNT pathway: a promising target for
repigmenting vitiligo patients. J Invest Dermatol. 2015;135(12):3105-3114. doi:10.1038/jid.2015.335

42. Yamada T, Hasegawa S, Inoue Y, et al. Wnt/beta-catenin and kit signaling sequentially regulate melanocyte stem cell differentiation in
UVB-induced epidermal pigmentation. J Invest Dermatol. 2013;133(12):2753-2762. doi:10.1038/jid.2013.235

43. Kleuser B, Japtok L. Sphingolipids and inflammatory diseases of the skin. Handb Exp Pharmacol. 2013;216:355-372. doi:10.1007/978-3-7091-
15114 18

44. Saha B, Singh SK, Mallick S, et al. Sphingolipid-mediated restoration of Mitf expression and repigmentation in vivo in a mouse model of hair
graying. Pigment Cell Melanoma Res. 2009;22(2):205-218. doi:10.1111/j.1755-148X.2009.00548.x

Pharmacogenomics and Personalized Medicine Dove

Publish your work in this journal

Pharmacogenomics and Personalized Medicine is an international, peer-reviewed, open access journal characterizing the influence of genotype
on pharmacology leading to the development of personalized treatment programs and individualized drug selection for improved safety,
efficacy and sustainability. This journal is indexed on the American Chemical Society’s Chemical Abstracts Service (CAS). The manuscript
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/pharmacogenomics-and-personalized-medicine-journal

796 n W in u Dove Pharmacogenomics and Personalized Medicine 2022:15


https://doi.org/10.3892/mmr.2019.10616
https://doi.org/10.1186/s12881-019-0854-3
https://doi.org/10.1016/j.biopha.2017.05.095
https://doi.org/10.1038/jid.2015.335
https://doi.org/10.1038/jid.2013.235
https://doi.org/10.1007/978-3-7091-1511-4_18
https://doi.org/10.1007/978-3-7091-1511-4_18
https://doi.org/10.1111/j.1755-148X.2009.00548.x
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Participants and Tissue Samples
	CircRNA Microarray Analysis
	Microarrays
	RNA Labeling and Hybridization
	Data Acquisition and Analysis

	Quantitative Real-Time Reverse Transcription–Polymerase Chain Reaction
	Prediction of Target Genes and Construction of ceRNA Network
	Gene Ontology, Kyoto Encyclopedia of Genes and Genomes Pathway Analyses of Target Genes

	Results
	DEcircRNAs in Vitiligo
	Validation of Selected circRNAs in Vitiligo
	Target Genes Predication and Network Construction
	GO and KEGG Pathway Analysis of the Target Genes

	Discussion
	Conclusion
	Ethical Approval
	Acknowledgments
	Disclosure
	References

