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Abstract
Background. A keloid is a benign fibroproliferative skin tumor whose formation is regulated by circular 
RNAs (circRNAs). However, the effect and regulatory mechanism of hsa_circ_0038382 on keloid formation 
have not been investigated.

Objectives. This study aimed to identify the function and mechanism of hsa_circ_0038382 in keloid 
formation.

Materials and methods. The expression levels of hsa_circ_0038382, microRNA-940 (miR-940) and T-box 
transcription factor 5 (TBX5) were measured using real-time quantitative reverse transcription polymerase 
chain reaction (qRT-PCR). After cell transfection of keloid fibroblasts, the effect of the hsa_circ_0038382/
miR-940/TBX5 axis on keloid formation was assessed using cell function tools such as the cell count-
ing kit-8 (CCK-8) assay, transwell migration assay and transwell invasion assay. The binding sites among 
hsa_circ_0038382, miR-940 and TBX5 were predicted with CircInteractome and TargetScan, and further 
identified using luciferase assays.

Results. The levels of hsa_circ_0038382 and TBX5 were reduced, whereas the level of miR-940 was elevated 
in keloid samples. Cell function experiments confirmed that hsa_circ_0038382 can inhibit keloid forma-
tion by suppressing proliferation, migration and invasion of keloid fibroblasts. Luciferase assays proved that 
hsa_circ_0038382 can absorb miR-940 to regulate TBX5 expression in keloids. Additionally, the overexpres-
sion of TBX5 restored the effect of hsa_circ_0038382 knockdown on keloid fibroblasts.

Conclusions. This study suggests that hsa_circ_0038382 attenuates keloid formation by regulating the miR-
940/TBX5 axis, which might provide a potential therapeutic target in the treatment of keloid formation.
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Background

A keloid, characterized by the hyperproliferation of fibro-
blasts and abnormal deposition of collagen fibers, is a be-
nign fibroproliferative skin tumor.1,2 Keloid formation 
is caused by cutaneous injuries, including trauma, burns 
and surgery,3 and involves multiple regulators, including 
cytokines, gene regulators and inflammatory factors.4 
The overproliferation of fibroblast, overproduction of col-
lagen and abnormal extracellular matrix remodeling are key 
factors in keloid formation.5 For keloid therapy, the mainstay 
of treatment is conservative therapy, such as surgery alone 
or in combination with depot steroids. However, a high 
recurrence rate often leads to unsatisfactory outcomes.6,7 
Hence, an in-depth investigation of the mechanisms behind 
keloid formation is urgently required for keloid treatment.

Circular RNAs (circRNAs), which are non-coding 
RNAs, are more stable than linear RNAs because they 
form a continuous circle.8 Accumulating evidence reveals 
that aberrantly expressed circRNAs in keloids play key 
roles in regulating keloid formation.9–11 For example, cir-
cRNA nuclear receptor-interacting protein 1 (circNRIP1) 
is overexpressed in keloid tissues, and the downregula-
tion of circNRIP1 expression inhibited the proliferation 
of keloid-derived fibroblasts.10 The overexpression of an-
other circRNA, circ_101238, has been shown to promote 
the proliferation and inhibit the apoptosis of keloid fibro-
blasts.9 We identified a novel circRNA, hsa_circ_0038382, 
by analyzing a keloid circRNA microarray from the Gene 
Expression Omnibus (GEO) database. Because of the lack 
of knowledge regarding the effects of hsa_circ_0038382 
on keloids, this study is the first to investigate the function 
of hsa_circ_0038382 in keloids.

The circRNAs that interact with microRNAs (miRNAs) 
to regulate downstream target genes have been confirmed 
in multiple human diseases, such as cancer, osteoporosis 
and cardiac hypertrophy.12–14 In keloids, circRNA protein 
tyrosine phosphatase non-receptor type 12 (PTPN12) has 
been reported to target the miR-21-5p/SMAD7 axis, thereby 
inhibiting keloid fibroblast growth.15 Our study predicted 
that miR-940 might be the downstream miRNA of hsa_
circ_0038382 using CircInteractome (https://circinterac-
tome.nia.nih.gov/) analysis. The miR-940 has been reported 
as a tumor promoter in breast cancer16 and endometrial car-
cinoma,17 and as an antitumor factor in non-small cell lung 
carcinoma18 and esophageal squamous cell carcinoma.19 
However, the effects of miR-940 on keloids remain unknown. 
Here, we explored the influence of miR-940 and the interac-
tion between hsa_circ_0038382 and miR-940 on keloids.

T-box transcription factor 5 (TBX5), containing a DNA-
binding domain T-box sequence, can induce cell apoptosis.20 
Previous studies have confirmed the antitumor function 
of TBX5 in colon cancer,21 non-small cell lung carcinoma22 
and cutaneous melanoma.23 Nevertheless, the mechanism 
of action of TBX5 in keloids remains unclear. Using Tar-
getScan (https://www.targetscan.org), TBX5 was predicted 

to be the target gene of miR-940; however, the relationship 
between TBX5 and miR-940 has not been reported. There-
fore, we explored the function and mechanism of action 
of TBX5 in keloids.

Objectives

Based on a bioinformatic analysis and a literature review, 
we speculated that hsa_circ_0038382 might affect keloid 
formation through the miR-940/TBX5 axis. Therefore, 
the present study aimed to identify the function of the hsa_
circ_0038382/miR-940/TBX5 axis on keloids, and assess 
whether it could be a novel therapeutic target for keloid 
treatment.

Materials and methods

Microarray analysis

The GSE184097 from the GEO database is a circRNA 
expression microarray containing keloid and normal skin 
samples. The ASCRP3013082 is the ID of hsa_circ_0038382 
in  GSE184097. The  GEO2R was used to  identify hsa_
circ_0038382 expression in keloids and normal skin samples. 
The binding sites of hsa_circ_0038382, miR-940 and TBX5 
were predicted using CircInteractome and TargetScan.

Clinical sample collection

Keloids and paired normal skin tissues (>5 cm from 
the keloid) were collected from 28 patients in our hospi-
tal. None of the patients had received radiotherapy, che-
motherapy or laser treatment before surgery. Our study 
was approved by the Ethics Committee of Wuhan Wuch-
ang Hospital, China (approval No. 2022006). All patients 
signed an informed consent form. The clinical character-
istics of the patients are presented in Table 1.

Real-time quantitative reverse 
transcription polymerase chain reaction 
(qRT-PCR) 

Total RNA was isolated using RNAiso Plus (TaKaRa, 
Tokyo, Japan), and miRNA was isolated using the miRNeasy 
FFPE Kit (BioTeke, Wuxi, China). Reverse transcription 
was performed using a PrimeScript RT kit (TaKaRa). Real-
time quantitative reverse transcription polymerase chain 
reaction was performed using SYBR™ Green PCR Master 
Mix (TaKaRa) with the following primer sequences: hsa_
circ_0038382: forward, 5’-CGGGCCTATATGGAGAA-
CAA-3’ and reverse, 5’-TCTCTCCTCACTGCCCAACT-3’; 
miR-940: forward, 5’-GTATAAAGGGCCCCCGCT-3’ 
and reverse, 5’-AGGGTCCGAGGTATTCGCACT-3’; and 
TBX5: forward, 5’-CTCAAGCTCACCAACAACCA-3’ and 

https://circinteractome.nia.nih.gov/
https://circinteractome.nia.nih.gov/
https://www.targetscan.org
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reverse, 5’-CAGGAAAGACGTGAGTGCAG-3’. The rela-
tive expression was calculated using the 2−ΔΔCT method24 
with glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
and U6 as internal references.

Cell culture and transfection

Human keloid fibroblasts (HKFs; CP-H235) were pur-
chased from Procell Life Science and Technology Co., 
Ltd. (Wuhan, China), whereas normal human dermal 
fibroblasts (HDFs; BNCC358600) were purchased from 
the BeNa Culture Collection (Beijing, China). All cells were 
cultured in Dulbecco’s modified Eagle’s medium (DMEM) 
containing 10% fetal bovine serum (FBS), 1% penicillin and 
1% streptomycin under 5% CO2 and at 37°C.

Silencing RNAs (siRNAs) targeting hsa_circ_0038382 
(si-hsa_circ_0038382), negative control (NC) of siRNAs, 
miR-940 mimic, and mimic-NC were constructed by Ri-
boBio (Guangzhou, China). The hsa_circ_0038382 and 
TBX5 overexpression vectors were also constructed by Ri-
boBio using pcDNA3.1-circRNA or pcDNA3.1 vectors. 
The  corresponding empty vector (pcDNA3.1-circRNA 
or pcDNA3.1) was used as the NC of the overexpression 
vector. For cell transfection, the 50 nM vectors mentioned 
above were transfected into HKFs at 50% confluence. After 
transfection for 48 h, qRT-PCR was performed to assess 
the transfection efficiency.

CCK-8 assay

Human dermal fibroblasts were seeded in a 96-well cell 
culture plate (3000/well). After transfection for 0, 24, 48, 
and 72 h, 10 μL of cell counting kit-8 (CCK-8) solution 
(Dojindo, Kumamoto, Japan) was pipetted into each well 

and incubated for another 2 h at 37°C. Finally, the optical 
density (OD) value was recorded at 450 nm using a micro-
plate reader (YK-SY96A; Yunke, Beijing, China).

EdU assay

The 5-ethynyl-2’-deoxyuridine (EdU) assays were per-
formed to assess cell proliferation using an EdU cell pro-
liferation kit (Solarbio Science & Technology Co., Ltd., 
Beijing, China). Transfected HKFs (1  ×  104 cells/well) 
were seeded in 96-well plates and incubated overnight. 
The next day, 100 μL of 50 μM EdU solution was added 
to the HKFs and incubated for 2 h. After washing the HKFs 
with phosphate-buffered saline (PBS), the cells were fixed 
with fixative, treated with 0.1% Triton X-100, washed with 
PBS, and incubated with 100 μL of Apollo staining reac-
tion solution. Then, the cells were incubated with 100 μL 
of 1 × Hoechst 33342. Finally, they were observed and 
photographed using a fluorescence microscope (Olympus 
BX51; Olympus Corp., Tokyo, Japan).

Transwell migration and invasion assays

Matrigel diluted with a serum-free medium at a ratio of 1:8 
was added to the polycarbonate film and incubated over-
night for the invasion assay, but not for the migration assay. 
After transfection, 1 × 105 HKFs were added to the upper 
chamber with 200 μL of serum-free medium. Simultane-
ously, 600 μL of medium containing 10% FBS was added 
to the lower chamber. After incubation for 24 h, migratory 
and invasive HKFs were fixed using 4% paraformaldehyde 
and stained with 0.05% crystal violet. The cells were ob-
served under an optical microscope (Olympus CX21; Olym-
pus Corp., Tokyo, Japan). The number of cells was calculated 
in 5 random fields in each transwell chamber using ImageJ 
software (National Institutes of Health, Bethesda, USA).

Luciferase assay

Wild-type vectors of hsa_circ_0038382/TBX5 (hsa_
circ_0038382-WT/TBX5-WT) and mutant vectors 
of  hsa_circ_0038382/TBX5 (hsa_circ_0038382-MUT/
TBX5-MUT) were constructed by RiboBio using pMIR-
REPORT™ (Ambion, Austin, USA) vectors. Subsequently, 
each of the constructed luciferase reporter vectors was 
transfected into HKFs at  70% confluence along with 
miR-940 mimic or mimic-NC. After transfection for 48 h, 
luciferase activity was evaluated using a dual-luciferase 
reporter assay kit (Promega, Madison, USA).

Western blotting

Total protein was obtained from HKFs using a Total Pro-
tein Extraction Kit (PI250; Applygen Technologies Inc., Bei-
jing, China). After determining the protein concentration 
with the aid of a BCA kit (Pierce, Rockford, USA), sodium 

Table 1. Clinical characteristics of 28 patients with keloid

Variable Number (total = 28)

Age, median (range) [years] 36 (26–48)

Sex

Male, n 13

Female, n 15

Number of keloid nodules

1 11

2–4 9

≥5 8

Location

Face, neck 5

Trunk, shoulder 17

Extremities 6

Symptom

Itching 10

Pain 1

Itching & pain 17
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dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) gels (10%) were used to separate 20 μg of protein. 
The separated proteins were transferred onto polyvinylidene 
fluoride (PVDF) membranes. The membranes were blocked 
with 5% skim milk and incubated with TBX4 antibody 
(ab137833; Abcam, Cambridge, USA) or GAPDH antibody 
(ab9485; Abcam) at 4°C overnight, followed by the incuba-
tion with a fluorescent rabbit antibody (LI-COR Biosci-
ences, Bad Homburg vor der Höhe, Germany) for 3 h at 37°C. 
The protein blots were acquired using Odyssey 3.2 (LI-COR 
Biosciences).

Statistical analyses

All experiments were performed in  triplicate, and 
the data were analyzed using GraphPad Prism v. 8 (Graph-
Pad Software, San Diego, USA) with a paired or unpaired 
Student’s t-test (between the 2 groups) or analysis of vari-
ance (ANOVA) test (>2 groups), followed by the Tukey’s 
multiple comparisons test. All data were identified as nor-
mally distributed using the Shapiro–Wilk test. Data are pre-
sented as a mean ± standard deviation (M ±SD). The value 
of p < 0.05 was considered statistically significant.

Results

hsa_circ_0038382  
was downregulated in keloid

The  GSE184097, a  circRNA microarray, was down-
loaded from GEO DataSets, and differentially expressed 

circRNAs were compared in keloid samples (n = 4) to nor-
mal skin samples (n = 4) with an adjusted p-value < 0.05 
(Fig. 1A). In the GSE184097 microarray, GSM5577905, 
GSM5577906, GSM5577907, and GSM5577908 were 
the keloid samples, whereas GSM5577909, GSM5577910, 
GSM5577911, and GSM5577912 were the adjacent nor-
mal skin samples. The hsa_circ_0038382 expression was 
reduced in the 4 keloid samples compared to the 4 adja-
cent normal skin samples (Fig. 1B and Table 2). We col-
lected keloid and adjacent normal tissues from 28 patients 
to  identify the expression of hsa_circ_0038382 in our 
clinical samples. Our qRT-PCR data further showed that 
hsa_circ_0038382 levels were reduced by 50% in keloid 
tissues compared with paired normal skin tissues (Fig. 1C). 
Similarly, the expression of hsa_circ_0038382 in HKFs 
was downregulated by more than 50% compared to that 
in normal HDFs (Fig. 1D). The bioinformatics analysis 
and qRT-PCR experiments confirmed the downregulation 
of hsa_circ_0038382 in keloids.

Table 2. Sample values for hsa_circ_0038382 in GSE184097

Source Sample Value

Keloid dermal 
fibroblasts

GSM5577905 5.18

GSM5577906 5.42

GSM5577907 5.46

GSM5577908 5.40

Normal dermal 
fibroblasts

GSM5577909 6.81

GSM5577910 6.82

GSM5577911 5.94

GSM5577912 6.03

Fig. 1. The hsa_circ_0038382 was 
downregulated in keloid. A. Differentially 
expressed circular RNAs (circRNAs) 
in GSE184097; B. Downregulation 
of hsa_circ_0038382 in keloid samples; 
C. hsa_circ_0038382 expression was 
reduced in keloid tissues as identified using 
real-time quantitative reverse transcription 
polymerase chain reaction (qRT-PCR), n = 28; 
D. hsa_circ_0038382 expression was reduced 
in HKFs as identified using qRT-PCR

GSE184097 – circRNA microarray for 
keloid samples and normal skin samples; 
HDFs – normal human dermal fibroblasts; 
HKFs – human keloid fibroblasts; **p < 0.01.
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hsa_circ_0038382 attenuates keloid 
formation in vitro

To verify the function of hsa_circ_0038382 in keloids, 
we  transfected HKFs with hsa_circ_0038382 overex-
pression or knockdown vectors. The qRT-PCR was used 
to determine the transfection efficiency, which showed 
that the  hsa_circ_0038382 overexpression vector in-
duced >  6-fold increase in  hsa_circ_0038382 expres-
sion in  HKFs, and si-hsa_circ_0038382 caused a  70% 
decrease in its expression in HKFs (Fig. 2A). The CCK-8 
assay demonstrated that the proliferation of HKFs was 
impaired in the hsa_circ_0038382 overexpression group, 
whereas it was enhanced in the si-hsa_circ_0038382 group 
(Fig. 2B). The EdU assay was used to confirm the change 
in the proliferation of transfected HKFs. The results re-
vealed that the hsa_circ_0038382 overexpression vector 
led to >60% decrease in the EdU-positive rate, whereas 
hsa_circ_0038382 knockdown resulted in a 1.8-fold in-
crease in the EdU-positive rate (Fig. 2C). Transwell migra-
tion and invasion assays revealed that the overexpression 
of hsa_circ_0038382 promoted migration and invasion 
of HKFs, whereas hsa_circ_0038382 knockdown inhibited 
the migration and invasion of HKFs (Fig. 2D). These data 
indicate that hsa_circ_0038382 attenuates keloid forma-
tion in vitro.

miR-940 targeted by hsa_circ_0038382 
promotes HKF proliferation

To identify the key miRNA binding to hsa_circ_0038382, 
an  online tool, CircInteractome, was used to  predict 
miRNA binding to hsa_circ_0038382. Based on the Cir-
cInteractome prediction, 2 binding sites were found be-
tween hsa_circ_0038382 and miR-940 (Fig. 3A). After 
performing a luciferase assay to identify the binding sites, 
the miR-940 mimic induced a 50% decrease in lucifer-
ase activity in the hsa_circ_0038382-WT group, a 40% 
decrease in  the  hsa_circ_0038382-MUT1 group, and 
a 25% decrease in the hsa_circ_0038382-MUT2 group 
(Fig. 3B). However, the luciferase activity in the co-hsa_
circ_0038382-MUT group was affected by the miR-940 
mimic. Compared to normal skin tissues, the expres-
sion of miR-940 in keloid tissues showed a 5-fold eleva-
tion (Fig. 3C). The Pearson’s correlation analysis showed 
that the expression of hsa_circ_0038382 was negatively 
correlated with miR-940 expression in  keloid tissues 
(R = −0.6620, Fig. 3D). After the transfection of HKFs 
with the miR-940 mimic, the proliferation of HKFs was 
enhanced (Fig. 3E). These results prove that miR-940 
could be targeted by hsa_circ_0038382 and contribute 
to the proliferation of HKFs.

Fig. 2. The hsa_circ_0038382 
attenuates keloid formation in vitro. 
A. Real-time quantitative reverse 
transcription polymerase chain 
reaction (qRT-PCR) identified 
the high transfection efficiency 
of hsa_circ_0038382 overexpression 
vectors and si-hsa_circ_0038382 
vectors in human keloid fibroblasts 
(HKFs); B. Cell counting kit-8 (CCK-8) 
assays detected the effect of hsa_
circ_0038382 on the proliferation 
of HKFs; C. The 5-ethynyl-2’-
deoxyuridine (EdU) assays further 
detected the effect of hsa_
circ_0038382 on the proliferation 
of HKFs; D. Transwell migration 
and invasion assays measured 
the effect of hsa_circ_0038382 
on the migration and invasion of HKFs 
with the quantification of cell number 
at ×200 magnification

OE-NC – negative control of hsa_
circ_0038382 overexpression 
vector; OE-circ – hsa_circ_0038382 
overexpression vector; si-
NC – negative control of si-
hsa_circ_0038382; si-circ – si-hsa_
circ_0038382; OD – optical density; 
**p < 0.01.
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TBX5, a target gene of miR-940,  
inhibits HKF proliferation

To  explore the  downstream regulators of  miR-940, 
TargetScan, an online tool, was used to predict the tar-
get genes of miR-940. According to TargetScan predic-
tions, there is a binding site between TBX5 and miR-940 
(Fig. 4A). The luciferase assay further confirmed the bind-
ing site between TBX5 and miR-940, because the miR-940 
mimic reduced the luciferase activity in the TBX5-WT 
group but did not affect the luciferase activity in the TBX5-
MUT group (Fig. 4B). Compared with normal skin tis-
sues, TBX5 expression was significantly reduced in ke-
loid tissues (p < 0.01, Fig. 4C). The Pearson’s correlation 
analysis revealed a negative correlation between TBX5 
and miR-940 expression in keloid tissues (R = −0.7279, 
Fig. 4D), and a positive correlation between TBX5 and 
hsa_circ_0038382 expression in keloid tissues (R = 0.7335, 
Fig. 4E). After the transfection with the TBX5 overexpres-
sion vectors, the proliferation of HKFs declined (Fig. 4F). 
These data confirm that TBX5 targeted by miR-940 pro-
motes the proliferation of HKFs.

TBX5 overexpression reversed the effect 
of hsa_circ_0038382 knockdown on HKFs

Since TBX5 acts downstream of the hsa_circ_0038382/
miR-940 axis, we transfected HKFs with hsa_circ_0038382 
knockdown with or without the TBX5 overexpression vec-
tors. Western blotting showed that the TBX5 protein expres-
sion was inhibited by 50% in HKFs with hsa_circ_0038382 
knockdown. However, TBX5 overexpression vectors recov-
ered the effects of hsa_circ_0038382 knockdown on TBX5 
protein expression (Fig. 5A). We performed cell functional 
experiments to explore whether TBX5 could recover the ef-
fect of hsa_circ_0038382 on the proliferation, migration 
and invasion of HKFs. As shown in Fig. 5B, the increase 
in  proliferation induced by  si-hsa_circ_0038382 was 
reversed by the co-transfection with TBX5 overexpres-
sion vectors in HKFs. The EdU assay further confirmed 
that the overexpression of TBX5 recovered the increase 
in the EdU-positive rate caused by si-hsa_circ_0038382 
(Fig. 5C). Similarly, the enhanced migration and invasion 
abilities of HKFs caused by hsa_circ_0038382 knockdown 
were impaired by the co-transfection with TBX5 overex-
pression vectors (Fig. 5D). Cell function experiments identi-
fied that the positive effect of hsa_circ_0038382 downregu-
lation on HKFs was reversed by the overexpression of TBX5.

Fig. 3. The miR-940 targeted by hsa_
circ_0038382 promotes human 
keloid fibroblast (HKF) proliferation. 
A. CircInteractome predicted the binding 
sites between hsa_circ_0038382 and miR-
940; B. Luciferase assay confirmed the binding 
sites between hsa_circ_0038382 and miR-940 
in HKFs; C. Real-time quantitative reverse 
transcription polymerase chain reaction 
(qRT-PCR) confirmed the upregulation of miR-
940 in keloid tissues, n = 28; D. Pearson’s 
correlation analysis confirmed the negative 
correlation between hsa_circ_0038382 and 
miR-940 in keloid tissues; E. Cell counting kit-8 
(CCK-8) assays revealed the positive effect 
of miR-940 on the proliferation of HKFs

WT – wild-type hsa_circ_0038382; 
MUT1 – mutant at site 1 of hsa_circ_0038382; 
MUT2 – mutant at site 2 of hsa_circ_0038382; 
co-MUT – mutant at site 1 and 2 of hsa_
circ_0038382; NC – negative control 
of miR-940 mimic; + – co-transfection; 
miR-NC – negative control of miR-940 mimic; 
OD – optical density; *p < 0.05; **p < 0.01.
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Discussion

Recently, the circRNAs have been reported to partici-
pate in keloid formation.10,11,25 This study revealed that 
the novel circRNA, hsa_circ_0038382, was downregulated 
in keloid tissues and fibroblasts, and it enhanced the pro-
liferation, migration and invasion abilities of keloid fibro-
blasts. Moreover, we showed that hsa_circ_0038382, miR-
940 and TBX5 form a circRNA-miRNA-mRNA regulatory 
network to regulate keloid formation.

The circRNAs play key roles in multiple human diseases, 
although they do not code protein.26–28 Due to the rapid 
development of RNA sequencing technology, microar-
ray analysis has been a good method for identifying key 
circRNAs in human diseases.29 Zhang et al. applied high-
throughput RNA sequencing technology and bioinfor-
matic analysis and confirmed that the key circRNAs in ke-
loids were hsa_circRNA_0008259, hsa_circRNA_0005480 
and hsa_circRNA_0002198.30 In this study, we achieved 
a  circRNA microarray of  keloids (GSE184097) from 
the GEO database and confirmed that hsa_circ_0038382 
was downregulated in keloid samples. After transfect-
ing hsa_circ_0038382 overexpression vectors or si-hsa_
circ_0038382 into keloid fibroblasts, hsa_circ_0038382 
was found to inhibit keloid formation, which uncovered 
the function of hsa_circ_0038382 in keloids for the first 

time. Currently, the treatment of keloids includes surgi-
cal excision combined with radiotherapy, corticosteroids, 
pressure therapy, and other treatments.31 However, because 
of the high recurrence rate, no single treatment has been 
proven to be the most effective.6 We identified the abnor-
mal expression of hsa_circ_0038382 in keloids. Its overex-
pression inhibited keloid formation. Our results suggested 
that hsa_circ_0038382 may be a biomarker for keloid prog-
nosis, and emerging drugs targeting hsa_circ_0038382 
may effectively inhibit keloid formation.

An increasing number of studies have reported that 
the regulatory network formed by circRNAs, miRNAs and 
mRNAs participates in biological processes such as cell 
proliferation,27 cell apoptosis32 and cell differentiation.33 
Liu et al. confirmed the regulatory network formed by cir-
cPTPN12, miR-21-5p and SMAD7 in keloid fibroblasts, 
showing that circPTPN12 inhibits the  growth of  ke-
loid fibroblasts by targeting miR-21-5p/AMAD7 axis.15 
The  circ_101238 targets the  miR-138-5p/CDK6 axis, 
promoting the proliferation and inhibiting the apopto-
sis of keloid fibroblasts.9 In this study, we used keloid 
fibroblasts to confirm that hsa_circ_0038382 could bind 
miR-940 to upregulate the target gene (TBX5) of miR-
940. In other words, hsa_circ_0038382, miR-940 and 
TBX5 formed the regulatory network to regulate keloid 
formation.

Fig. 4. T-box transcription factor 5 
(TBX5), a target gene of miR-940, 
inhibits human keloid fibroblast 
(HKF) proliferation. A. TargetScan 
predicted the binding site between 
TBX5 and miR-940; B. Luciferase 
assay confirmed the binding 
site between TBX5 and miR-940 
in HKFs; C. Real-time quantitative 
reverse transcription polymerase 
chain reaction (qRT-PCR) confirmed 
the downregulation of TBX5 
in keloid tissues, n = 28; D. Pearson’s 
correlation analysis revealed 
the negative correlation between 
TBX5 and miR-940 in keloid tissues; 
E. Pearson’s correlation analysis 
revealed the positive correlation 
between TBX5 and hsa_circ_0038382 
in keloid tissues; F. Cell counting kit-8 
(CCK-8) assays proved the negative 
effect of miR-940 on the proliferation 
of HKFs

TBX5-WT – wild-type TBX5 3’UTR; 
TBX5-MUT – mutant TBX5 3’UTR; 
miR-NC – negative control of miR-
940 mimic; OE-NC – negative control 
of TBX5 overexpression vectors; 
OE-TBX5 – TBX5 overexpression 
vectors; OD – optical density; 
**p < 0.01.
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The role of miR-940 has been reported in multiple dis-
eases, such as sepsis,34 spinal cord injury35 and cancer.36 
The overexpression of miR-940 has been shown to induce 
the progression of cervical cancer. However, its overexpres-
sion inhibits the malignancy of lung cancer.37 These previ-
ous studies suggest different roles of miR-940 in various 
cancers. The effect of miR-940 on keloids as benign skin fi-
broproliferative tumors should be explored. Here, we con-
firmed that miR-940, downstream of hsa_circ_0038382, 
contributes to the proliferation of keloid fibroblasts. In ad-
dition, our study identified TBX5 as the target gene of miR-
940 in keloid fibroblasts.

The overexpression of TBX5 inhibits colony forma-
tion but induces cell apoptosis, thereby attenuating cell 
proliferation and invasion in  tumor cells.20,21 In non-
small cell lung carcinoma cells, low levels of TBX5 indi-
cated poor tumor-node-metastasis (TNM) stages, his-
topathologic type and lymph node status. Additionally, 
the overexpression of TBX5 suppressed tumor growth 
in vivo.22 In cutaneous melanoma, TBX5 knockdown 

promotes cutaneous melanoma cell proliferation, migra-
tion and invasion, suggesting an antitumor role of TBX5 
in  cutaneous melanoma. Similar to  a  previous study 
on  TBX5 in  other cancers, our study confirmed that 
the overexpression of TBX5 inhibits the proliferation 
of keloid fibroblasts. In addition, in hsa_circ_0038382 
knockdown experiments, the overexpression of TBX5 
restored the promotive effect of hsa_circ_0038382 in ke-
loid fibroblasts.

Limitations

There are some limitations to our study. The study used 
the microarray analysis and cell function experiments 
to evaluate the effects of keloid formation, but the effect 
of the hsa_circ_0038382/miR-940/TBX5 axis on keloid 
formation in vivo needs to be further investigated. More-
over, the clinical value of the hsa_circ_0038382/miR-940/
TBX5 axis needs to be explored by collecting more clinical 
samples.

Fig. 5. Overexpression of T-box 
transcription factor 5 (TBX5) reversed 
the effect of hsa_circ_0038382 
knockdown on human keloid 
fibroblasts (HKFs). A. Western blotting 
detected the expression of TBX5 
protein in transfected HKFs;  
B,C. Cell counting kit-8 (CCK-8) assay 
(B) and 5-ethynyl-2’-deoxyuridine 
(EdU) assay (C) detected 
the proliferation of transfected 
HKFs; D. Transwell migration 
and invasion assays measured 
the abilities of migration and 
invasion of transfected HKFs with 
the quantification of cell number 
at ×200 magnification

si-NC – negative control 
of si-hsa_circ_0038382; 
si-circ – si-hsa_circ_0038382; 
OE-NC – negative control 
of TBX5 overexpression vector; 
OE-TBX5 – TBX5 overexpression 
vector; GAPDH – glyceraldehyde 
3-phosphate dehydrogenase; 
OD – optical density; **p < 0.01.
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Conclusions

This study, for the first time, demonstrated the inhibi-
tory effect of hsa_circ_0038382 on keloids by suppressing 
the proliferation, migration and invasion of keloid fibroblasts. 
The miR-940/TBX5 was identified as the downstream regu-
lator of hsa_circ_0038382 in keloid formation. Our results 
provide novel therapeutic targets in keloid prevention.
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