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ABSTRACT
Keloid is a skin disease marked by fibroplasia, and fibroblasts viability plays a considerable part in 
keloid. Our research was devoted to assessing the involvement and mechanism of circPTPN12 in 
keloid. The level of circPTPN12 and miR-21-5p was estimated by qRT-PCR in keloid tissues and 
cells. MTT analysis was devoted to evaluating the multiplication of keloid fibroblasts. Additionally, 
transwell assay was dedicated to verifying cell migration and invasion. Furthermore, keloid 
fibroblasts apoptosis level was assessed adopting flow cytometry, and the relevancy between 
miR-21-5p and circPTPN12, miR-21-5p, and SMAD7 was assessed by dual luciferase assay. Similarly, 
RIP and RNA pull-down assay verified the relevance between genes. Moreover, levels of SMAD7 
and proteins concerned in Wnt signaling pathway were appraised by Western blot. The level of 
circPTPN12 declined in keloid. circPTPN12 knockout could enhance the multiplication, migration, 
invasion, and decline apoptosis of keloid fibroblasts. Indeed, miR-21-5p could be packed with 
circPTPN12 sponge, SMAD7 was downstream effect factor of miR-21-5p, and miR-21-5p inhibitors 
partially reversed the promoting effect of silencing circPTPN12 on keloid formation. Otherwise, 
the level of SMAD7 was adjusted by circPTPN12 and miR-21-5p. Silencing circPTPN12 targeted 
miR-21-5p and activated Wnt pathway to accelerate keloid fibroblasts growth. Taken together, 
silencing circPTPN12 promotes the growth of keloid fibroblasts by activating Wnt pathway 
targeting miR-21-5p. CircPTPN12 may play a considerable part in keloid formation, which supplies 
a reference for molecularly targeted therapy keloid.
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Introduction
Keloid, also known as a pathological scar, is caused 
by the abnormal accumulation of collagen after 
a personal skin injuries mainly related to the exces
sive proliferation of fibroblasts and the deposition of 

extracellular matrix. Keloid is characterized by scabs 
and plaques on the surface of the skin. Whose color 
is bright red or lilac, with itching and tingling [1,2]. 
The investigation has validated that keloid formation 
involves various complex factors, such as cytokines, 

CONTACT Xiaoan Zhan oy22841709ciqia@126.com Oncology Surgery, Zhejiang Jinhua Guangfu Tumor Hospital, No. 1296, Huancheng North Road, 
Jinhua, Zhejiang 321000, China

BIOENGINEERED
2022, VOL. 13, NO. 2, 3503–3515
https://doi.org/10.1080/21655979.2022.2029108

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21655979.2022.2029108&domain=pdf&date_stamp=2022-01-21


inflammatory factors, and gene regulation [3]. 
Keloid is supposed to be a benign skin tumor; 
although it is not malignant, it has an eminent recur
rence in clinical [4,5]. In recent years, the formation 
and regulation mechanism of keloid has become 
a research hotspot in biomedicine, and keloid treat
ment needs to be broken through.

Previous researches have verified that many 
genes and transduction channels are devoted to 
keloid formation, including circular RNAs 
(circRNAs) [6]. CircRNAs are non-coding RNA, 
a class of particular RNA.CircRNA that lacks 5’ 
and 3’ ends and forms a closed loop by covalent 
bonds is more stable than linear RNA [7]. Previous 
studies have confirmed that circRNA regulates the 
viability of keloid fibroblasts, thereby controlling 
the process of keloid, including circ_101238 and 
circNPLP1 [8,9]. Among these circRNAs, circular 
RNA PTPN12 (circPTPN12) is a new molecule. 
Studies have confirmed that circPTPN12 is related 
to endometrial fibrosis and can promote endome
trial fibrosis by regulating the circPTPN12/miR- 
21-5p/∆Np63α pathway [10]. Thus, the effect of 
circPTPN12 on keloid and its mechanism has not 
been studied.

It has been widely confirmed that CircRNAs 
have a hand regulating downstream target genes 
by playing the function of microRNA (miRNA) 
sponge [11,12]. Studies have revealed that miR- 
21-5p is abnormally expressed in the occurrence 
of cancer [13], cardiovascular diseases [14], and 
nervous system disease [15]. Moreover, in keloids, 
autophagy and metastasis of keloid fibroblasts irra
diated by electron beam inhibited miR-21-5p and 
effectively prevented local invasion and recurrence 
[16]. Similarly, Li et al have confirmed that markedly 
enhanced miR-21-5p in keloid epidermis, the migra
tion, and invasion of keloid keratinocytes are con
cerned in miR-21-5p [17]. Nevertheless, the function 
of the circPTPN12/miR-21-5p axis in adjusting 
keloid fibroblast activity is not yet specific. SMAD 
family member 7 (SMAD7), a member of the SMAD 
family, has been validated to be referred to cancer 
progression as a cancer-promoting or suppressing 
factor [18,19]. Li et al have confirmed that exocrine 
SMAD7 secreted by keloid fibroblasts is significantly 
more than normal skin fibroblasts, and exocrine 
miR-21 promotes the multiplication of keloid 
fibroblasts inhibiting SMAD7 [20]. Additionally, 

SMAD7, as a downstream effector, affects the pro
ceeding of lung cancer cells mediated by miR-21-5p 
[21]. Correspondingly, in keloid, the differentially 
expressed circRNAs are related to miRNA-mRNA 
[22]. However, the involvement of circPTPN12/ 
miR-21-5p/SMAD7 in keloid has not been eluci
dated. Based on the above research, the present 
research was devoted to probing the function of 
circPTPN12 adjusting multiplication, apoptosis, 
migration, and invasion of keloid fibroblasts to pro
vide a reference for target treatment of keloid in 
clinical practice.

Materials and methods

Tissue specimen

A total of 40 patients who received keloid treat
ment in Jinhua People’s Hospital from April 2019 
to May 2020 were selected for the study. During 
the operation, keloids and a small amount of sur
rounding normal skin tissue were collected. All 
tissue specimens were frozen in liquid nitrogen 
for 30 min of the same size and stored in-80°C 
refrigerator. Diagnosis of keloid was confirmed by 
the clinicians heading the recruitment teams. All 
patients who voluntarily participated in this study 
have signed an informed consent form. The Ethics 
Committee of our hospital sustained the research 
plan.

Cell culture and transfection

Keloid fibroblasts and normal fibroblasts were sepa
rated from keloid tissues and normal tissues. 
Thenfostered in DMEM cell medium (Zeye 
Biotechnology, Shanghai, China), embodying 10% 
fetal bovine serum at 37°C, 5%CO2as described pre
viously [23]. The fibroblasts were seeded in 6-well 
plates at a density of 2 × 105/well and incubated to 
40 ~ 50% confluence. Logarithmic growth phase cells 
were harvested for research and synthesis of siRNA 
negative control for circPTPN12, siRNA for 
circPTPN12, siRNA negative control for SMAD7, 
siRNA for SMAD7, miR-21-5p mimics, miR-21-5p 
inhibitor, and miR negative control (RiboBio, 
Guangzhou, China). According to the vendor man
ual, Lipofectamine®2000 (Hengfei Biotechnology, 
Shanghai, China) was used for cell transfection as 
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described previously [24]. Cells at passages 3–5 were 
used for this study. Cells were divided into the 
normal group (NC), silencing circPTPN12(si- 
circPTPN12), siRNA control group (si-NC), The 
grouping of miR-21-5p, and SMAD7 is the same as 
above.

Quantitative real-time PCR (qRT-PCR)

According to TRIzol(Invitrogen) steps, total RNA 
was extracted from keloid tissues and fibroblasts. 
Total RNA 450ng was reverse turned into cDNA; 
cDNA was employed as a template for PCR amplifi
cation 20 μL reaction system was used as described 
[25].The following primers were used, circPTPN12 
F: 5ʹ-TCAAAATGAATCTCGTAGGCTGT-3ʹ and 
R 5ʹ-GTGCAAACGTTATGGGGTCT-3ʹ. miR-21- 
5p F: 5ʹ-ACACTCCAGCTGGGTAGCTTATCAGA 
CTGA-3ʹ and R: 5ʹ-CTCAACTGGTGTCGTGGAG 
TCGGCAATTCAGTTGAGTCAACATC-3ʹ. SMA 
D7 mRNA F:5ʹ-ATGCTGTGCCTTCCTCCGCTG 
-3ʹ and R: 5ʹ-CCACGCACCAGTGTGACCGA-3ʹ. 
GAPDH F: 5ʹ-GGAGCGAGATCCCTCCAAAAT 
-3ʹ and R: 5ʹ-GGCTGTTGTCATACTTCTCATGG 
-3ʹ. U6 F: 5ʹ-CTCGCTTCGGCAGCACA-3ʹ and R: 
5ʹ-AACGCTTCACGAATTTGCGT-3ʹ. The PCR 
reactivation conditions were pre-denaturation at 
95°C, 15s, 60°C, 20s, 45 cycles. The data obtained 
from the experiment were analyzed relatively quan
titatively using 2(-ΔΔCt). (∆CT = objective gene- 
GADPH, ∆∆ = ∆CT experiment-∆CT) [26].

MTT assay

MTT assay was performed as described previously 
[27]. After transfected 24 h, 8 × 103fibroblastsper 
well were cultivated in 96-well plates. Another 
blank control group was set up, and only a cell 
culture medium was added. After 12, 24, 48, and 
72 h of culture, 5 mg/mL MTT 10 μL (Zeye 
Biotechnology) was supplied and hatched for 4 h. 
After absorbing the supernatant, dimethyl sulfoxide 
(DMSO) was added, and it was put in a constant 
temperature oscillation box and oscillated 10 min at 
37°C. Each well’s optical density(OD) value was 
assessed at the 490 nm wavelength on the automatic 
enzyme labeling instrument.

Flow cytometry

Apoptosis assay was performed as described [28]. 
Aftertransfection24 h, fibroblasts were inoculated 
into a 6-well plate with a concentration of 3 × 105 

cells per well, precooled with 70% ethanol, and 
placed overnight at a temperature of 4°C. 10 μL 
Annexin V FITC and 5 μL propidium iodide stain
ing solution (0.25 mg/mL) were added and mixed 
gently, then incubated 20 min at room tempera
ture and avoided light was detected by flow 
cytometry.

Transwell assay

The transwell tests were conducted as described 
[29]. The diluted Matrigel (3.9 μg/μL) 60 ~ 80 μL 
was added to the polycarbonate film in the upper 
chamber of Transwell, and the Matrigel was poly
merized into gel at 37°C 30 min. In the lower 
chamber of Transwell, 10% fetal bovine serum 
(FBS) 600 μL was added as chemokine; the serum- 
free medium of the cells to be tested was made 
into single-cell suspension, and each kind of cell 
was made into 3 holes; 1 × 105fibroblasts per well 
was accurately added to the upper chamber hole, 
and the cell suspension volume was 100 ~ 200 μL, 
which was placed in 5%CO2 37°C for 24 h. When 
the culture time was over, the upper chamber fluid 
was discarded, carefully removed the upper cham
ber, and wiped off the cells that had not passed 
through the membrane with a wet cotton swab. 
The Transwell plates were fixed with 10% formalin 
and stained with 0.05% crystal violet for 30 min. 
The number of cells passing through the mem
brane was directly observed under an inverted 
microscope.

Dual-luciferase reporter assay

Human embryonic kidney cell 293 (HEK293; 
Procell, Wuhan, China) cells (4.5 × 104) were 
grown in a 48-well plate and cultured to 70% con
fluence. Then circPTPN12-WT or circPTPN12- 
MUT and miR-21-5p mimics or Phage NC (Kosmo 
Biotechnology, Tianjin, China) were co-transfected 
into HEK293 cells with Lipofectamine® 2000. After 
transfection48 h, luciferase activity was verified 
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according to the manufacturer’s instructions as 
described [30].

RNA immunoprecipitation (RIP) assay

RIP was carried out as described [31].2 × 107 fibro
blasts were collected and lysed with the same volume 
of H1P lysate. The diameter of centrifugation was 
420 mm, and the centrifugal diameter was 10 min. 
The supernatant was obtained. According to the 
instructions of RIP kit, the buffer (including RNase 
inhibitor, protease inhibitor, DNase) and 100 μL cell 
lysate were added to the EP tube containing magnetic 
beads, IgG or Ago2 antibody was added, incubated 
overnight at 4°C, The supernatant was discarded, and 
500 μL RIP Wash Buffer was washed for 6 times. 
15 μL diethylpyrocarbonate was used to dissolve and 
purify RNA in water, stored at −80°C. The group 
without antibody was the positive control group 
(Input), the group with IgG antibody was the negative 
control group (anti-lgG), and the group with Ago2 
antibody was the experimental group (anti-Ago2).

RNA pull-down assay

Pull-down experiments were conducted as 
described [32]. A total of 1 × 107fibroblasts were 
collected, lysed, and broken by ultrasound. The 
circPTPN12 probe was incubated with M-280 
magnetic beads (Life Technologies) at 25°C for 
2 h to form probe-coated beads. The cell lysate 
containing circPTPN12 probe or oligonucleotide 
probe was incubated at 4°C overnight. After wash
ing with a washing buffer, the RNA mixture bound 
to the beads was eluted with RNasy Mini Kit 
(QIAGEN, Hilden, Germany) for qRT-PCR.

Western blot

Western blot analysis of protein expression was 
performed as described previously [33]. The lysate 
was added to each group of fibroblasts, and the 
supernatant was absorbed by 4°C. Protein quantifi
cation was performed by bicinchoninic acid (BCA) 
assay. After sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) electrophoresis, the 
membrane was transferred and sealed, and SMAD7, 
cyclinD1, c-myc, and the internal reference protein 
GAPDH primary antibody (1: 1000) were added 

and incubated overnight at 4°C. After TBST wash
ing, the sheep anti-rabbit second antibody (1: 2500) 
was incubated at room temperature for 1 h. The 
mixed chemiluminescence solution of the same 
volume reacted with PVDF membranes (Millipore, 
Bedford, MA, USA), exposed and preserved. The 
image analysis was performed using ImageJ 
(National Institutes of Health, MD, USA) software.

Statistical analysis

Statistical analysis was carried out by SPSS21.0 sta
tistical software (SPSS Inc., Chicago, IL, USA). The 
measurement data were expressed as mean ± stan
dard deviation (x ± s). Each independent experiment 
was repeated three times. The independent sample 
t-test was used for the comparison between groups.

Results

This study investigated the potentials of circPTPN12 
in keloids and explored the mechanism. In in vitro 
assays, we confirmed that silencing circPTPN12 
could accelerate viability and suppress apoptosis of 
keloid fibroblasts via miR-21-5p/SMAD7 axis.

CircPTPN12 declined in keloid, and silencing 
circPTPN12 could promote the growth of 
keloid fibroblasts

To discover the role of circPTPN12 in keloid forma
tion, firstly, the level of circPTPN12 in keloid tissue. 
As shown in Figure 1(a), it was revealed that 
circPTPN12 was dramatically down-regulated in 
keloid tissue compared with normal skin tissue. 
Moreover, it was also implied that the expression 
of circPTPN12 in keloid fibroblasts was remark
ably lower than that in normal fibroblasts 
(P < 0.05, Figure 1(b)). Therefore, we speculate 
that circPTPN12 may play a significant part 
in keloid formation. To study the role of 
circPTPN12 in keloid formation, we used si- 
circPTPN12 to carry out loss of function. First of 
all, we evaluated the transfection efficiency of 
si-circPTPN12 by detecting the expression of 
circPTPN12. The results illustrated that si- 
circPTPN12 could markedly attenuate the level of 
circPTPN12, revealing that si-circPTPN12 can 
be applied to the subsequent loss of function 
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experiments (P < 0.05, Figure 1(c)). MTT and 
flow cytometry demonstrated that silencing 
circPTPN12 markedly increased the survival 
rate of keloid fibroblasts and inhibited the apop
tosis rate of keloid fibroblasts (P < 0.05, Figure 1 
(d,e)). Otherwise, the Transwell experiment 
proved that silencing circPTPN12 also promoted 
the migration and invasion of keloid fibroblasts 
(P < 0.05, Figure 1(f)). This indicates that 
circPTPN12 knockout promotes the prolifera
tion, migration, and invasion of keloid fibro
blasts and inhibits the apoptosis of keloid 
fibroblasts, suggesting that circPTPN12 may 
play a negative part in keloid formation.

CircPTPN12 could sponge miR-21-5p in keloid 
fibroblasts
Using the StarBase tools to predict the potential target 
miRNA of circPTPN12. As shown in Figure 2(a), 
miR-21-5p was found to have a binding site for 
circPTPN12. By detecting the expression of miR-21- 
5p in keloid tissues and fibroblasts, we found that the 
expression of miR-21-5p in keloid tissues and fibro
blasts was higher than that in normal skin tissues and 
normal fibroblasts, respectively (P < 0.05, Figure 2(b, 
c)). To further confirm the binding relationship, we 
carried out the dual-luciferase reporter gene experi
ment. We found that miR-21-5p mimics could dra
matically reduce the luciferase activity driven by the 

Figure 1. CircPTPN12 declined in keloid tissue and keloid fibroblasts, and silencing circPTPN12 could promote the growth of keloid 
fibroblasts. (a) qRT-PCR was applied to detect the expression of circPTPN12 in keloid tissue. (b) qRT-PCR was applied to detect the 
expression of circPTPN12 in keloid fibroblasts. (c) qRT-PCR was used to detect the transfection efficiency of circPTPN12 knockdown. 
(d) MTT assay was applied to assess the cell viability of keloid fibroblasts. (e) Flow cytometry was used to detect cell apoptosis of 
keloid fibroblasts. (f) Transwell assay was applied to assess the cell migration and invasion of keloid fibroblasts. ** P < 0.01, *** 
P < 0.001.
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circPTPN12-WT reporter vector. In contrast, the luci
ferase activity of circPTPN12-MUT reporter vector 
had no effect, which confirmed the complementary 
binding relationship between circPTPN12 and miR- 
21-5p (P < 0.05, Figure 2(d)). To further identify 
whether miR-21-5pis can function as a sponge 
miRNA of circPTPN12. RIP analysis showed that 
circPTPN12 and miR-21-5p in Ago2 particles were 
more abundant than those in IgG particles 
(P < 0.05, Figure 2(e)). Furthermore, The RNA 
pull-down assay with biotinylated miR-21-5p 
(miR-21-5p-bio) probe increased the level of 
circPTPN12 compared with the miR-21-5p inves
tigation in the control group (NC-bio) (P < 0.05, 
Figure 2(f)). At the same time, qRT-PCR results 

indicated that circPTPN12 silencing could accel
erate the level of miR-21-5p in keloid fibroblasts 
(P < 0.05, Figure 2(g)). Furthermore, correlation 
analysis showed a negative correlation between the 
expression of miR-21-5p and circPTPN12 in 
keloid tissues (P < 0.05, Figure 2(h)). All data 
supported that miR-21-5p could be a sponge 
ofcircPTPN12 in keloid.

MiR-21-5p directly targeted SMAD7 in keloid 
fibroblasts

At the same time, the target gene of miR-21-5p 
was predicted by StarBasetools. We found comple
mentary binding sites between SMAD7 3’UTR and 

Figure 2. CircPTPN12 could sponge miR-21-5p in keloid fibroblasts. (a) CircPTPN12 contained a conserved binding site of miR-21-5p. 
(b) qRT-PCR was applied to detect the expression of miR-21-5p in keloid tissue. (c) qRT-PCR was applied to detect the expression of 
miR-21-5p in keloid fibroblasts. (d) The binding of circPTPN12 and miR-21-5p was verified by dual-luciferase reporter gene assay. (e, 
f)The combination of circPTPN12 and miR-21-5p was verified by RNA immunoprecipitation and pull-down assays. (g) qRT-PCR was 
used to detect the level of miR-21-5p after low expression of circPTPN12. (h) Pearson correlation analysis was used to detect the 
correlation between circPTPN12 and miR-21-5p in keloid tissue. *** P < 0.001.
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miR-21-5p (Figure 3(a)). Similarly, dual-luciferase 
reporter experiments with SMAD7 3’UTR-WT 
and SMAD7 3’UTR-MUT. The results showed 
that miR-21-5p mimics memorably inhibited the 
luciferase activity of SMAD7 3’UTR-WT but did 
not affect the luciferase activity of SMAD7 3’UTR- 
MUT (Figure 3(b)). Otherwise, we detected the 
level of SMAD7 in keloid tissues and fibroblasts 
by qRT-PCR analysis and found that the expres
sion of SMAD7 in keloid tissue and fibroblasts 
decreased (P < 0.05, Figure 3(c,d)). Pearson’s ana
lysis confirmed a negative correlation between the 
expression of SMAD7 and the expression of miR- 
21-5p (P < 0.05, Figure 3(e)). In addition, we 
found that miR-21-5p suppressed the level of 
SMAD7 in keloid fibroblasts transfected with 
miR-21-5p mimics (P < 0.05, Figure 3(f)). 
Therefore, we determined that SMAD7 was the 
target of miR-21-5p in keloid. To further confirm 
the role of miR-21-5p/SMAD7 in keloid, miR-21- 
5p inhibitor and SMAD7 low expression plasmid 
were co-transfected into keloid fibroblasts, and the 
transfection efficiency was verified by qRT-PCR 
(P < 0.05, Figure 3(g)). MTT assay showed that 
the survival rate of keloid fibroblasts decreased 
after miR-21-5p inhibitor transfection while 
increased after low expression of SMAD7 
(P < 0.05, Figure 3(h)). Moreover, flow cytometry 
showed that apoptosis of keloid fibroblasts 
increased after miR-21-5p inhibitor transfection 
but decreased after low expression of SMAD7 
(P < 0.05, Figure 3(i)). Otherwise, the migration 
and invasion level of keloid fibroblasts decreased 
after miR-21-5p inhibitor transfection, while the 
level increased after low expression of SMAD7 
(P < 0.05, Figure 3(j)). This suggested that the 
miR-21-5p/SMAD7 axis could regulate keloid 
progression.

SilencingcircPTPN12 down-regulated SMAD7 
to promote keloid formation by targeting 
miR-21-5p

To further verify whether circPTPN12 regulates 
keloid formation through the miR-21-5p/SMAD7 
axis, we co-transfected si-circPTPN12 and miR-21- 
5p inhibitors into keloid fibroblasts. The successful 
transfection of si-circPTPN12 and miR-21-5p inhi
bitors was confirmed (P < 0.05, Figure 4(a)). 

Subsequently, MTT assay and flow cytometry indi
cated that miR-21-5p inhibitors could reverse the 
effect of circPTPN12 gene knockout on prolifera
tion and apoptosis of keloid fibroblasts (P < 0.05, 
Figure 4(b,c)). Otherwise, the increase in the num
ber of migration and invasion keloid fibroblasts 
promoted by circPTPN12 silencing could be 
restored by miR-21-5p inhibitors. Thus, we con
firmed that miR-21-5p plays a vital role in regulat
ing keloid formation by circPTPN12.

Silencing circPTPN12 targeted miR-21-5p/ 
SMAD7 axis and activated Wnt pathway to 
strengthen the growth of keloid fibroblasts

The proteins cyclinD1 and c-myc associated with the 
Wnt signaling pathway were up-regulated in keloid 
fibroblasts after low expression of circPTPN12, but 
down-regulated after down-regulation miR-21-5p 
(P < 0.05, Figure 5(a)). Therefore, the Wnt signaling 
pathway in keloid might be activated by down- 
regulation of circPTPN12 and up-regulation of 
miR-21-5p. Our results indicate that silencing 
circPTPN12 targets the miR-21-5p/SMAD7 axis 
and activates the Wnt signaling pathway, thus affect
ing the progression of keloid.

Discussion

There are still many problems to be solved in the 
clinical treatment of keloid, including drug injection, 
surgical resection, and perioperative radiotherapy, 
but recurrence and postoperative deformities cannot 
be avoided entirely [34,35]. Therefore, keloid treat
ment is changing from simple surgical resection to 
comprehensive treatment, and combined gene ther
apy is one of the research hotspots. In contrast, the 
etiology and molecular pathology of keloid forma
tion and progression are still unclear. Genetic sus
ceptibility is considered to be important in the 
pathogenesis of keloid formation. However, envir
onmental factors and epigenetic mechanisms may 
also play a key role. Epigenetic modification is an 
important research field in studying the molecular 
pathogenesis of keloid [36,37]. In the present 
research, we devoted ourselves to the function of 
circRNAs in keloid. It is found that circPTPN12, 
a new type of circRNA, may play an inhibitory 
role in keloid formation.
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In recent years, circRNAs have been referred to 
as the progress of keloid. CircRNAs were differen
tially expressed in keloid fibroblasts, and circRNAs 

were mainly referred to as apoptosis, adhesion 
plaques, PI3K-Akt, and metabolic pathways [6]. 
Similarly, Zhang et al have detected an average of 

Figure 3. MiR-21-5p directly targeted SMAD7 in keloid fibroblasts. (a) SMAD7 contained a conserved binding site of miR-21-5p. (b) 
The binding of SMAD7 and miR-21-5p was verified by dual-luciferase reporter gene assay. (c) qRT-PCR was applied to detect the 
expression of SMAD7 in keloid tissue. (d) qRT-PCR was applied to detect the expression of SMAD7 in keloid fibroblasts. (e) Pearson 
correlation analysis was used to detect the correlation between SMAD7 and miR-21-5p in keloid tissue. (f) qRT-PCR was used to 
detect the level of SMAD7 after overexpression of miR-21-5p. Cotransfection of miR-21-5p inhibitors and si-SMAD7 into keloid 
fibroblasts. (g) The levels of miR-21-5p and SMAD7 were detected by qRT-PCR. (h) MTT assay was applied to assess the cell viability 
of keloid fibroblasts. (i) Flow cytometry was used to detect cell apoptosis of keloid fibroblasts. (j) Transwell assay was applied to 
assess the cell migration and invasion of keloid fibroblasts. * P < 0.05, ** P < 0.01, *** P < 0.001.
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Figure 4. Silencing circPTPN12 targeted miR-21-5p/SMAD7 axis and activated the Wnt pathway to strengthen keloid fibroblasts’ 
growth. Cotransfection of miR-21-5p inhibitors and si-circPTPN12 into keloid fibroblasts. (a) The level of SMAD7 was detected by 
qRT-PCR. (b) MTT assay was applied to assess the cell viability of keloid fibroblasts. (c) Flow cytometry was used to detect cell 
apoptosis of keloid fibroblasts. (d) Transwell assay was applied to assess the cell migration and invasion of keloid fibroblasts. (e) 
Western blot was applied to assess the levels of cyclinD1 and c-myc. (f) The mechanism diagram indicated that silencing circPTPN12 
targets the miR-21-5p/SMAD7 axis and activates the Wnt signal pathway, thus affecting the progression of keloid. ** P < 0.01, *** 
P < 0.001.

Figure 5. Silencing circPTPN12 targeted miR-21-5p/SMAD7 axis and activated the Wnt pathway to strengthen keloid fibroblasts’ 
growth. (a) The protein levels of cyclinD1 and c-myc were induced after silencing circPTPN12, while partly reversed by inhibition of 
miR-21-5p in keloid fibroblasts. Data were shown as mean ± SD.*** P < 0.001.
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120 and 12 circRNAs up-regulated and down- 
regulated in keloid compared with normal controls 
by high-throughput sequencing [38]. These find
ings suggest that circRNAs are essential in 
keloids. Moreover, circPTPN12 has been shown 
to promote the progression of endometrial fibro
sis [10]. The present study proposed that 
circPTPN12 was low expressed in keloid, and 
silencing circPTPN12 induced the viability of 
keloid fibroblasts and declined apoptosis, which 
indicated that circPTPN12 had an inhibitory 
effect on the growth of keloid. Keloid scars are 
characterized by collagen accumulation in the 
extracellular matrix (ECM). Mech of the litera
ture on ECM acknowledges the involvement of 
circRNAs in the degradation or accumulation of 
ECM. Circ_15698 accelerated ECM accumula
tion in diabetic nephropathy [39].Circ_4099 
regulated ECM synthesis by arresting miR-616- 
5p to inhibit SOX9 in intervertebral disc degen
eration [40]. Based on these, we deduce that 
circPTPN12 may participate in collagen produc
tion and accumulation in ECM, which could be 
a breakthrough point for future research.

MiRNAs are small non-coding RNAs involved 
in skin fibrosis. The length of these small RNA 
ranges from 18 to 25 nucleotides. It modifies gene 
expression by binding to the target messenger 
RNA (mRNA), which leads to the degradation of 
target mRNA or inhibition of translation into pro
teins [41]. It is reported that many miRNAs are 
abnormally expressed in the keloid. For instance, 
miR-196b-5p is declined in keloid. Additionally, 
miR-196b-5p inhibitors can promote the viability 
of keloid fibroblasts and the level of extracellular 
matrix, which is achieved by targeting FGF2 
[42]. Jin et al have confirmed that miR-124-3p 
promotes apoptosis of keloid fibroblasts and 
inhibits fibroblast-induced angiogenesis by target
ing TGFβR1 [43]. Otherwise, Studies have con
firmed that circ_101238/miR-138-5p/CDK6 axis 
plays a potential regulatory role in keloid [8]. 
Lv and other related reports also show that 
circCOL5A1plays the role of ceRNA and induces 
keloid formation by sponging miR-7-5p to recruit 
Epac1 [38]. Construction of interaction network 
based on circRNA-miRNA-mRNA [44].Evidence 
suggests that miR-21-5p affects ECM formation 
in uterine fibroids [45]. This study assessed the 

mechanism of circPTPN12 in keloid. Here, it was 
revealed that circPTPN12 sponged miR-21-5p. 
Moreover, enhanced miR-21-5p in keloids, which 
was similar to the results of Yan et al [17]. 
Furthermore, si-circPTPN12 induced the pheno
type of keloid fibroblasts, which was reversed by 
miR-21-5p inhibitors, showing that miR-21-5p 
was concerned with regulating keloid formation 
by circPTPN12. Additionally, SMAD7, as 
a downstream target of miR-21-5p, was declined 
in keloids. Furthermore, it was revealed that the 
low expression of SMAD7 reversed the function of 
miR-21-5p inhibitors. In addition, the level of 
SMAD7 was adjusted by circPTPN12/miR-21-5p 
axis. Consistent with previous reports by Li and 
others, SMAD7 may be a target for treating keloid 
[20]. The interaction of circPTPN12/miR-21-5p/ 
SMAD7 axis in keloid can further reveal that 
circPTPN12 inhibits keloid formation.

Wnt protein is a family of secretory proteins 
that exist widely in the body. Reports have con
firmed that SMAD7 can contribute to pituitary 
adenomas’ proceeding by activating the Wnt path
way [46]. Furthermore, low expression of miR-17- 
5p protects nasal epithelial cells from injury by 
targeting SMAD7 to inactivate the Wnt pathway 
[47]. In this study, we found that silencing 
circPTPN12 activates the Wnt signal pathway by 
regulating the miR-21-5p/SMAD7 axis, thus 
affecting the progression of keloid. Therefore, 
this study has some limitations. First of all, this 
study focuses on the effects of circPTPN12 on the 
proliferation, migration, invasion, and apoptosis of 
keloid fibroblasts. Previous studies have confirmed 
that malignant phenotypes such as extracellular 
matrix and angiogenesis play an essential role 
in studying keloids [42,43]. Therefore, the research 
needs to be further investigated. Otherwise, 
this study preliminarily explored the role of 
circPTPN12 in keloid from the cellular level and 
tissue level, which needs to be further confirmed 
by animal experiments. Finally, it is not clear 
whether circPTPN12 regulates the occurrence of 
keloid by affecting the expression of other down
stream proteins or regulating different signaling 
pathways. Taken together, we believe that silencing 
circPTPN12 promotes the proliferation, migration, 
invasion, and inhibition of apoptosis of keloid fibro
blasts by targeting miR-21-5p/SMAD7 pathway and 
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activating Wnt signaling pathway, thus promoting 
the formation of keloid. This study reveals for the 
first time the mechanism of the effect of circPTPN12 
on keloid formation, and the appearance of 
circPTPN12/miR-21-5p/SMAD7 axis also provides 
a reliable target for the treatment of keloid.

In summary, circPTPN12 was lowly expressed 
in keloid, while miR-21-5p was highly expressed, 
and the correlations were negative. Silencing 
with circPTPN12 expression could promote fibro
blasts’ proliferation and migration ability and inhi
bit apoptosis, which may act by targeting the 
negative regulation of miR-21-5p and may become 
a molecular target for scar therapy. However, this 
study only investigated the effect of circPTPN12/ 
miR-21-5p axis on the proliferation, migration, 
and apoptosis of scar cells through in vitro cellular 
assays and circPTPN12/miR-21-5p axis on scar 
formation needs to be investigated in vivo through 
nude mice experiments.

Conclusion

This is the first study to report that silencingcirc 
PTPN12 promotes keloid fibroblasts’ growth to the 
best of our knowledge. At least in part through the 
upregulation of miR-21-5p expression and, therefore, 
the downregulation of SMAD7 expression. The above 
findings indicate that the circPTPN12/miR-21-5p/ 
SMAD7 axis may be a promising therapeutic target 
in keloid.

Abbreviation

CircRNA: circular RNA; miRNA: micro RNA; SMAD7: 
SMAD family member 7; FBS: fetal bovine serum; qRT- 
PCR: quantitative Real-time PCR; DMSO: dimethyl sulfoxide; 
RIP: RNA binding protein immunoprecipitation assay; OD: 
optical density; BCA: bicinchoninic acid; SDS-PAGE: sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis; ECM: 
extracellular matrix
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