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Abstract
Circular RNA (circRNA), a novel type of non-coding RNA that consists of a circular loop, has been demonstrated to act as 
a “sponge” for microRNAs (miRNAs). However, the role of circRNAs in keloid remains unknown. In this study, we inves-
tigated circRNA expression profiles in keloid to identify potential diagnostic and therapeutic circRNAs. We performed a 
circRNA microarray assay to determine circRNA expression in keloid and paired normal skin tissues. Quantitative reverse 
transcription polymerase chain reaction was used to evaluate the expression levels of candidate circRNAs. The most sig-
nificantly over-expressed circRNA was used to predict putative miRNA targets and the binding sites of miRNAs with this 
circRNA. Finally, we constructed a circRNA–miRNA interaction network and carried out gene ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway analyses. We found 52 significantly upregulated and 24 down-
regulated circRNAs in keloid compared with normal skin tissue. We confirmed that hsa_circ_0057452, hsa_circ_0007482, 
hsa_circ_0020792, hsa_circ_0057342, and hsa_circ_0043688 were significantly upregulated in keloid tissues. Analysis 
of the circRNA–miRNA interaction network revealed that circRNAs could interact with miRNAs, including miRNA-29a, 
miRNA-23a-5p and miRNA-1976. GO and KEGG analyses indicated that these target genes were involved in biological 
functions and signaling pathways that may play vital roles in the pathogenesis of keloid. This study revealed that circRNAs 
are potentially implicated in the development of keloid and could serve as novel diagnostic and therapeutic targets.
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Introduction

Keloid is a fibroproliferative dermal tumor that results from 
aberrant wound healing in predisposed individuals. Keloid 
is characterized by the hyper-proliferation of fibroblasts and 
excessive deposition of extracellular matrix, especially col-
lagen. Keloid often extends beyond the boundaries of the 
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original injury [1, 2]. Keloid lesions can cause significant 
pain, itching, skin deformity, and even movement dysfunc-
tion if located over a joint, which can lead to serious physi-
cal and psychological impacts on patients. Although several 
treatment methods are available for keloid, such as radiation, 
laser ablation, and intralesional injection, none provide sat-
isfactory results in all patients [1, 3, 4]. Thus, there is a need 
for improved therapeutic approaches. However, the develop-
ment of new therapies is limited by our lack of understand-
ing of the molecular mechanism underlying the formation 
and progression of keloid.

Circular RNAs (circRNAs) were identified recently as a 
new class of non-coding RNA that form covalently closed 
loops by back-splicing (Fig. 1) [5–8]. Compared with linear 
RNAs, circRNAs are more stable and conserved as they are 
protected from RNase digestion because their 3′ and 5′ ends 
are covalently joined [9]. Studies have demonstrated that 
circRNAs can interfere with gene transcription, especially 
in mammals. circRNAs serve as “sponges” for microRNAs 
(miRNAs), sequester particular miRNA families, and sup-
press the ability of miRNAs to bind to their mRNA targets 
[8, 10, 11]. circRNAs have also been reported to play sig-
nificant roles in the development and progression of various 
diseases, including cardiovascular disease, Alzheimer’s dis-
ease, and cancer [12, 13]. To date, it has been reported that 
the abnormal expression of circRNAs in fibrotic diseases, 
including hypertrophic scars and liver cirrhosis, which may 
be further screened biomarkers related to fibrotic diseases, 
and elucidated the role of epigenetics in the complex patho-
genesis of fibrosis. However, there is little information about 
the relationship between circRNAs and keloid, and further 
study is necessary to clarify the potential functions of cir-
cRNAs in keloid.

In this study, we used a microarray assay to evaluate the 
circRNA expression profile in three keloid and paired nor-
mal skin tissues. We found that 76 circRNAs were signifi-
cantly altered in keloid tissue compared with normal tissue. 
Five of these differentially expressed circRNAs were further 
validated by quantitative reverse transcription polymerase 
chain reaction (qRT-PCR). Then, circRNA–miRNA network 
and bioinformatics analyses were used to determine the bio-
logical function and signaling pathways of the target genes 
of the most significant upregulated circRNA. Our results 
indicated that circRNAs might play a crucial role in the for-
mation and progression of keloid.

Materials and methods

Sample preparation

Patients with keloid were recruited from the Second Affili-
ated Hospital of Kunming Medical University from Octo-
ber 2014 to May 2015. Medical records were examined 
to identify patients’ medical history and clinical features. 
Before inclusion, all keloid tissue was confirmed by clinical 
or pathological examination, and the course of disease was 
more than 1.5 years. The site of the lesion is limited to the 
anterior chest, ear lobe and lower extremities. No patient 
had received any topical or systemic therapy for at least 
2 months before undergoing a skin biopsy. The skin tissue 
of the healthy control group was taken from patients with 
trauma or cosmetic surgery, and the risk of keloid in these 
controls was excluded. We listed the relevant information 
for the sample in Table 1. Skin biopsy tissues were stored 
temporarily in RNAlater (QIAGEN, Valencia, CA) until 

Fig. 1   Biogenesis of circRNA 
and its regulation on micro-
RNA. Introns and exons were 
spliced and spliced to generate 
linear RNA and circular RNA 
(circRNA), in which circRNA 
biogenesis included three pat-
terns, including exon circRNA 
(ecircRNA), exon–intron 
circRNA (elciRNA) and intron 
circRNA (ciRNA). Mature 
microRNA (miRNA) can inhibit 
the synthesis of proteins by 
targeting and degrading linear 
RNA. circRNA is considered to 
be a sponge of miRNA, which 
can down-regulate its expres-
sion by adsorption of miRNA, 
thus interfering with the above 
effects of miRNA
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RNA extraction. All participants provided written informed 
consent, and the study was approved by the Ethics Commit-
tee of Kunming Medical University.

RNA isolation

Total RNA was extracted from keloid and normal skin tis-
sues using an RNA isolation kit (Ambion, Inc., Carlsbad, 
CA) following the manufacturer’s instructions. The samples 
were checked for quantity and quality on a NanoDrop-1000 
spectrophotometer (Thermo Scientific, Wilmington, DE) 
and Agilent 2100 Bioanalyzer (Agilent Technologies, Palo 
Alto, CA), and then stored at − 80 °C.

circRNA microarray

Total RNA was treated with ribonuclease R (Epicenter, 
Madison, WI) to remove linear RNA species. Subsequently, 
the enriched circRNAs were amplified and transcribed into 
fluorescently-labeled circRNAs using random priming. The 
labeled circRNAs were purified with an RNeasy Mini Kit 
(QIAGEN, Valencia, CA), and the concentration of the 
labeled circRNAs was assessed using a NanoDrop ND-1000. 
A mixture of 1 μg labeled circRNAs, 5 μL blocking agent 
(10 ×), and 1 μL fragmentation buffer (25 ×) was heated at 
60 °C for 30 min. Then, 25 μL hybridization buffer (2 ×) was 
added to dilute the labeled circRNAs. Hybridization solu-
tion was added to the gasket slide and incubated at 65 °C for 
17 h. Finally, the hybridized array was washed, fixed, and 
scanned using an Agilent scanner.

qRT‑PCR

Total RNA was extracted from skin tissues and‘RT reactions 
were performed with an RNA First-Strand cDNA Synthesis 
Kit (Tiangen Biotech Co., Ltd., Beijing, China), followed 
by PCR with a qPCR Detection Kit (Tiangen Biotech Co., 
Ltd.). All of the primers used in this study are listed in 
Table 2. The cycling conditions were as follows: 95 °C for 
15 min, and then 40 cycles at 94 °C for 20 s and 60 °C for 
34 s. Fold changes were calculated with the comparative 
threshold cycle (2−ΔΔCt) method. Human β-actin was used 
as a normalization control. Data analyses were performed 
via GraphPad Prism version 6.00.

Predicting miRNA binding sites of circRNAs

The targeted miRNAs and corresponding miRNA response 
elements of circRNAs were obtained using circBank (http://
www.circb​ank.cn/) and circBase (http://www.circb​ase.
org/). We firstly identified each circRNA by querying the 
circBase database [14]. Next, the targeted miRNAs of the 
corresponding circRNA were screened using the circBank 
database [15].

In our previous studies, miRNAs from the same sample 
have been probed by microarray [16]. In this study, we fur-
ther integrated the predicted circRNAs-targeted miRNAs 
with the microarray results to obtain the intersection miR-
NAs [17].

Obtaining target genes of integrated miRNAs

Target genes of integrated miRNAs were detected by tar-
getScan (http://www.targe​tscan​.org/vert_71/) and miRTar-
Base (http://mirta​rbase​.mbc.nctu.edu.tw/php/index​.php) [18, 
19]. The interaction network of circRNAs and miRNAs was 
delineated using Cytoscape 3.01 [20].

Bioinformatics analysis

Gene ontology (GO) analysis was performed to predict the 
potential functions, including biological process, molecular 
function, and cellular component, of the target genes using 
the Database for Annotation, Visualization, and Integrated 
Discovery (DAVID) version 6.8. Kyoto Encyclopedia of 

Table 1   The clinical information of included subjects in microarray 
analysis and PCR

Characteristics Keloid Healthy control

miRNA microarray
 Sample size (n) 3 3
 Age (year) (mean ± SD) 29.6 ± 6.8 30.9 ± 7.5
 Course (months) (mean ± SD) 62.3 ± 21.1 –

qRT‐PCR
 Sample size (n) 14 14
 Age (year) (mean ± SD) 28.6 ± 7.2 27.1 ± 8.2

Course (months) (mean ± SD) 58.2 ± 19.7 –

Table 2   Primer used for qRT-
PCR analysis of circRNA

CircRNA name Forward primer(5′- > 3′) Reverse primer(5′- > 3′)

hsa_circ_0057452 ACG​AGG​TGC​ACA​TGG​TAT​GC AGG​AAA​TCC​ACG​AGC​TCC​CT
hsa_circ_0007482 CAC​CAA​ATT​CCT​CGA​CCG​CA TGG​CTG​AGC​TCA​AAC​ACC​TCC​
hsa_circ_0020792 GGC​CCG​TGT​TTG​ACT​CAA​CT CTG​GGG​AAG​TTG​TCG​AAG​ATCA​
hsa_circ_0057342 AAT​CAG​GTA​GAC​CCG​GAC​GA CCG​TCA​TAA​AAC​TCA​GCC​TCTGT​
hsa_circ_0043688 TTT​GTG​TGG​CAC​AAG​GAC​CC GCC​CTT​ACT​GTA​GCT​CCT​CCG​

http://www.circbank.cn/
http://www.circbank.cn/
http://www.circbase.org/
http://www.circbase.org/
http://www.targetscan.org/vert_71/
http://mirtarbase.mbc.nctu.edu.tw/php/index.php
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Genes and Genomes (KEGG) pathway annotations were 
used for pathway analysis of the target genes by the KEGG 
Ontology-Based Annotation System (KOBAS) version 2.0 
[21, 22].

Statistical analysis

Data analysis was performed Using Statistical Program for 
Social Sciences (SPSS) version 18.0 software (SPSS, Chi-
cago, IL, USA). All data are presented as the mean ± stand-
ard error of the mean and analyzed with Student’s t test. 
Figures were created using GraphPad Prism version 6.0. 
P < 0.05 was considered statistically significant.

Results

circRNA differential expression profile in keloid

We detected a total of 91,334 circRNAs in three pairs of 
keloid and normal healthy skin tissues by microarray analy-
sis. The differentially expressed circRNAs were selected 
based on P-value and fold change filtering. Our results 
revealed that 76 circRNAs were identified with a fold 
change ≥ 2.0 and P-value < 0.05, among which 52 circRNAs 
were upregulated and 24 were downregulated. Figure 2 and 
Supplemental Tables 1 and 2 list the differentially expressed 
circRNAs and the most upregulated and downregulated 
circRNAs.

Interestingly, of the 76 differentially expressed circR-
NAs, the parental genes of 31 circRNAs were derived from 
sequences encoding collagen. Among them, the paren-
tal genes of 9 circRNAs are derived from chromosome 2 
(Fig. 2c). We also found that the majority of these dysregu-
lated circRNAs were exonic, followed by antisense circR-
NAs (Fig. 2d).

Verification of selected circRNAs

To validate the microarray data, the five most significantly 
differentially expressed circRNAs (hsa_circ_0057452, hsa_
circ_0007482, hsa_circ_0020792, hsa_circ_0057342, and 
hsa_circ_0043688) were selected for qRT-PCR verification 
in keloid and perilesional tissues of 14 patients and 14 nor-
mal healthy samples. The expression patterns of these five 
circRNAs were consistent with the results of the microarray 
analysis (Fig. 3).

circRNA–miRNA network

According to the qRT-PCR results, we selected these five 
upregulated circRNAs to construct a circRNA–miRNA 
interaction network. Through the circBank and targetScan 

databases, we found that 5 kinds of circRNAs could tar-
get 726 miRNAs. Among them, miRNA-4768-3p can be 
adsorbed by four circRNAs, including hsa_circ_0057452, 
hsa_circ_0007482, hsa_circ_0020792 and hsa_circ_0057342.

In previous studies, we analyzed the miRNA expression 
profiles of the above samples using microarray. We have 
detected 264 differentially expressed miRNAs, and found 
that 125 of them were down-regulated. To further screen the 
target miRNAs of circRNAs in keloid tissue, we integrated 
the predicted miRNAs and the down-regulated miRNAs 
in the microarray results. We first standardized the name 
of each miRNAs and screened out the same miRNAs in 
both groups. Finally, the intersection of the predicted miR-
NAs and the microarray is detected. Of the predicted 726 
miRNAs of 5 circRNAs, a total of 24 miRNAs were also 
explored by the microarray and two miRNAs, including 
miRNA-5010-5p and miRNA-3177-3p, can simultaneously 
be adsorbed by two circRNAs (Fig. 4a).

Based on the sequence alignment of the targetScan soft-
ware, we obtained the seed sequences for each circRNA to 
adsorb the corresponding miRNAs (Fig. 4b). Among them, 
has_circRNA_0057342 has three sites that can adsorb 
miRNA-29a by sponge. The other two miRNAs (miRNA-
23a-5p and miRNA-1976) have three sites on the has_
circ_0020792 sequence, respectively.

GO and pathway analyses of the target genes

To predict the potential target genes of these 24 miRNAs, 
we used three databases (targetScan, miRanda, and miR-
Base) and identified a total of 2138 target genes. We next 
determined the potential functions of these target genes, GO 
and pathway analyses were performed using DAVID and 
KOBAS (Fig. 5). Biological process analysis showed that 
these target genes could regulate transcription, DNA-tem-
plated regulation of transcription, DNA-templated negative 
regulation of transcription from RNA polymerase II promot-
ers, and positive regulation of cell proliferation. Molecular 
function analysis showed that these targeted genes were pri-
marily involved in protein binding, metal ion binding, DNA 
binding, ATP binding, and nucleic acid binding. The cellular 
component may be linked with nucleus, cytoplasm, cyto-
sol, membrane, and intracellular function. Pathway analysis 
revealed that these target genes were involved in cancer, viral 
carcinogenesis, cAMP signaling, and cell cycle pathways, 
which may play vital roles in the pathogenesis of keloid.

Discussion

Increasing evidences suggested that circRNAs perform 
crucial roles by regulating physiological and pathologi-
cal processes [23]. Recent studies have demonstrated that 
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circRNAs are involved in several fibrotic diseases, including 
hepatic fibrosis and cardiac fibrosis. Chen et al. revealed the 
expression pattern and regulatory capacity of differentially 
expressed circRNAs in radiation-induced liver fibrosis and 
found that 179 circRNAs were upregulated and 630 were 
downregulated [24]. In myocardial fibrosis, a total of 43 dif-
ferentially expressed circRNAs were identified, consisting 
of 24 upregulated and 19 downregulated circRNAs [25]. 
Twenty-nine significantly differentially expressed circRNAs 
were identified in photoaged human dermal fibroblasts, of 
which 12 were upregulated and 17 were downregulated [26]. 

However, the functions of dysregulated circRNAs in keloid 
remain unclear. In our study, we screened the expression 
pattern of circRNAs in keloid using microarray analysis 
and identified 52 upregulated and 24 downregulated circR-
NAs. Furthermore, five circRNAs were selected for qRT-
PCR analysis to evaluate their expression levels in 14 pairs 
of keloid and normal tissue. We found that the expression 
patterns of hsa_circ_0057452, hsa_circ_0007482, hsa_
circ_0020792, hsa_circ_0057342, and hsa_circ_0043688 
were consistent with the microarray results. Therefore, our 
findings indicated that these circRNAs may be biomarkers 

Fig. 2   Differential expression of circRNAs between keloid and nor-
mal skin tissues. a Differentially expressed circRNAs were showed 
by volcano plots. The red (up-regulated) or green (down-regulated) 
points indicated > 2 fold-change (P < 0.05). b Hierarchical cluster 
analysis of all the differential circRNAs. Red bands indicated high 

expression and green indicated low expression. c Distribution of cir-
cRNAs on human chromosomes, and red histogram showed the num-
ber of parental genes incoding collagen. d Characteristics of differen-
tially expressed circRNAs. (Color figure online)
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of keloid and may also be involved in the occurrence and 
development of keloid.

Several studies have explored the mechanisms of circR-
NAs in the pathogenesis of fibrosis. circRNA_000203 was 
found to be upregulated in diabetic mouse myocardium as 
well as angiotensin II (Ang-II)-induced mouse cardiac fibro-
blasts and it can enhance the expression of fibrosis-associ-
ated genes by suppressing the function of miRNA-26b-5p 
[27]. Another study also suggested that circRNA_010567 
promoted mycocardial fibrosis of mice by downregulating 
miRNA-141 [25]. In our previous studies, miRNA micro-
array studies have been carried out in the same tissues (3 
keloids and 3 normal tissues), and the differential expression 
of miRNAs, has been screened out, of which 125 have been 
down-regulated. Due to the sponge adsorption of miRNA 
by circRNA, the expression of circRNA and miRNA was 
negatively correlated. The results of this study showed that 
of target miRNAs that the five upregulated circRNAs, 24 
down-regulated miRNAs were simultaneously detected in 
miRNA microarray of same samples [16]. This suggests that 
these circRNA–miRNA interaction pathways may play a key 
role in the development of keloids.

Previous studies have suggested that miRNA-23a and 
miRNA-29a play crucial roles in fibrotic diseases, includ-
ing keloid, liver fibrosis and renal fibrosis [28–30]. In our 
study, the selected has_circ_0020792 has three sites for 
miRNA-23a adsorption, and has_circRNA_0057342 also 
has also three sequences that match miRNA-29a. There-
fore, the two pathways, has_circ_0020792-miRNA-23a and 
has_circRNA_0057342-miRNA-29a, may be the pivotal 
signaling pathways regulating keloid development.

GO enrichment analysis indicated that the genes targeted 
by the most differentially expressed circRNA functioned 
in several biological processes, cellular components, and 
molecular functions that are associated with extracellular 
matrix and collagen metabolism. KEGG pathway analysis 
demonstrated that these target genes were involved in cancer, 
cAMP signaling, and cell cycle pathways. Previous research 
suggested that abnormal extracellular matrix-receptor inter-
actions, the PI3 K/Akt signaling pathway, and focal adhe-
sion can damage cell adhesion, leading to a disorder in the 
arrangement and proliferation of fibroblasts [31–33]. Mul-
tiple signaling pathways, including cell cycle and cAMP 
signaling, are involved in the occurrence and development 

Fig. 3   Validation of selected circRNAs by quantitative real-time PCR
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of keloid [34, 35]. Taken together, these findings indicated 
that circRNAs play a critical role in the pathogenesis and 
development of keloid, and may serve as new diagnostic and 
therapeutic targets.

However, there are some limitations that need to be 
considered when evaluating the results of this study. The 
key limitation of the circRNA differential expression 

profile analysis used here is the small sample size, which 
could lead to a bias in the results. In addition, we used 
skin tissue rather than specific cell types isolated from 
skin tissue, such as fibroblasts and keratinocytes. Finally, 
further cellular and animal studies are needed to confirm 
the functions of the differentially expressed circRNAs.

Fig. 4   Prediction for circRNA–miRNA interactions and binding sites. a Interaction analysis of 5 circRNAs and miRNAs. b Binding sites 
between circRNA and miRNAs
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Conclusion

Our study showed the aberrant circRNA profile of keloid. 
The circRNA–miRNA interaction network and GO and 
pathway analyses support the hypothesis that dysregulated 
circRNAs may play a role in the pathogenesis and devel-
opment of keloid. However, the functions of circRNAs in 
keloid still need to be studied further.
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