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Overexpression of hsa_circ_0001861 inhibits pulmonary fibrosis through
targeting mir-296-5p/bcL-2 binding component 3 axis
Tao Wu, Shikui Wu, Hailu Jiao, Jun Feng, Xiang Zeng
Department of Respiratory and Critical Care Medicine, First Affiliated Hospital of Hunan Provincial College of Traditional Chinese
Medicine, Zhuzhou, Hunan, China

Pulmonary fibrosis is a progressive lung disorder. Evidence has shown that hsa_circular (circ)RNA_0001861
is dysregulated in pulmonary fibrosis. However, the detailed function of hsa_circRNA_0001861 in pulmonary
fibrosis remains unexplored. To investigate the function of hsa_circRNA_0001861 in pulmonary fibrosis,
human pulmonary fibroblasts in vitro were used, and cell counting kit-8 (CCK-8) and 5-ethynyl-2’-deoxyuri-
dine (EdU) staining were performed to assess cell viability and proliferation, respectively. Western blot analysis
and reverse transcription-quantitative PCR (RT-qPCR) were used to evaluate protein and mRNA levels.
Meanwhile, the relationship among hsa_circRNA_0001861, miR-296-5p and BCL-2 binding component 3
(BBC3) was investigated by RNA pull-down assays. Furthermore, an in vivo model of lung fibrosis was con-
structed to assess the function of hsa_circRNA_0001861 in lung fibrosis. The data revealed that TGF-β1 sig-
nificantly increased the proliferation of pulmonary fibroblasts, while this phenomenon was markedly abolished
by hsa_circRNA_0001861 overexpression. hsa_circRNA_0001861 overexpression markedly inhibited TGF-
β1-induced fibrosis in pulmonary fibroblasts through the mediation of α-smooth muscle actin, E-cadherin, col-
lagen III and fibronectin 1. Meanwhile, hsa_circRNA_0001861 could bind with miR-296-5p, and BBC3 was
identified to be the downstream mRNA of miR-296-5p. In addition, the upregulation of hsa_circRNA_0001861
clearly reversed TGF-β1-induced fibrosis and proliferation in pulmonary fibroblasts through the upregulation
of BBC3. Furthermore, hsa_circRNA_0001861 upregulation markedly alleviated pulmonary fibrosis in vivo.
Hsa_circRNA_0001861 upregulation attenuated pulmonary fibrosis by modulating the miR-296-5p/BBC3
axis. Hence, the present study may provide some insights for the discovery of new methods against pulmonary
fibrosis.
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Introduction
Pulmonary fibrosis is a subtype of progressive and chronic

lung-related disease.1 Pulmonary fibrosis includes hypersensitivity
pneumonitis, sarcoidosis, pulmonary fibrosis and radiation-
induced fibrosis.2,3 Pulmonary fibrosis is the most severe lung con-
dition, causing lung function decline, lung parenchyma fibrosis,
respiratory failure and the progression of pulmonary fibrosis,
which can in turn lead to mortality.4 In addition, it has been shown
that environmental exposure, cigarette smoking, viral infection and
exposure to occupational hazards could cause the occurrence of
pulmonary fibrosis.5-7 Drug administration is the main treatment
method against pulmonary fibrosis, with the outcomes remaining
unfavorable.8 Therefore, it is essential to explore new strategies
against pulmonary fibrosis.

Recently, the reports on new biomarkers (e.g., mRNAs and
miRNAs) related to the progression of pulmonary fibrosis have
been increasing.9-11 For example, glycoprotein Krebs von den
Lungen-6, chemokine (C-C motif) ligand 18, surfactant protein-D
and matrix metalloproteinase-1 could act as the diagnostic biomark-
ers for pulmonary fibrosis;12,13 meanwhile, circular RNAs
(circRNAs) are non-coding RNAs with a closed structure, mainly
distributed in the cytoplasm.14 It has been reported that circRNAs
participate in the regulation of gene expression.15 CircRNAs could
regulate parental gene levels by modulating RNA transcript
activity.16 In addition, circRNAs participated in progression of pul-
monary fibrosis.17 A previous study indicated that
hsa_circ_0001861 level was downregulated in patients with pul-
monary fibrosis, suggesting hsa_circ_0001861 might have potential
in treatment of pulmonary fibrosis.18 However, the detailed function
of hsa_circ_0001861 in pulmonary fibrosis remains unknown. 

Based on the above data, we hypothesized that
hsa_circ_0001861 might inhibit the progression of pulmonary
fibrosis. Therefore, the aim of the present study was to assess the
function of hsa_circ_0001861 on pulmonary fibroblast growth.
This study may provide new insights to assist the discovery of new
strategies for the treatment of pulmonary fibrosis.

Materials and Methods

cell culture
Human pulmonary fibroblasts were obtained from Procell Life

Science & Technology Co., Ltd. (Wuhan, China), and 293T cells
were purchased form American Type Culture Collection.
Pulmonary fibroblasts were maintained in DMEM containing FBS
(10%), penicillin (100 U/mL) and streptomycin (100 μg/mL) at
37°C with 5% CO2. To mimic pulmonary fibrosis in vitro, cells
were exposed to TGF-β (5 ng/mL; R&D system, No. 7754-BH) for
48 h as previously described.19

cell transfection
cDNA oligonucleotides inhibiting the BCL-2 binding compo-

nent 3 (BBC3) level were cloned into the pLVX-shRNA (BBC3
shRNA). Next, BBC3 shRNA plasmids were transfected into 293T
cells. The supernatant was collected at 48 h. BBC3 shRNA super-
natants were then infected into fibroblasts. Subsequently,
puromycin (2.5 μg/mL; No. A1113802; Gibco, Waltham, MA,
USA) was used to select the transfected cells. The sequences for
shRNAs were as follows: 
BBC3 shRNA: 5’-ACGACCTCAACGCGCAGTA-3’; 
NC shRNA: 5’-UCUCCGAACGUGUCACGU-3’.

For hsa_circ_0001861 overexpression, pcDNA3.1-

hsa_circ_0001861 (hsa_circ_0001861 OE) or pcDNA3.1 (NC)
was applied to transfect the cells for 48 h, according to the manu-
facturer’s instructions. The procedure was performed as previously
described.20

reverse transcription-quantitative Pcr 
(rt-qPcr)

TRIzol (Takara Bio, Inc.) was used to extract total RNA. Next,
the EntiLink™ Kit (ELK Biotechnology, Co. Ltd., No. EQ003)
was used for RT into cDNA, according to the manufacturer’s
instructions. Regarding as RT for miR-296-5p and U6, stem loop
RT primers are needed. The primers were obtained from ELK
Biotechnology, Co. Ltd. and listed as follows: 
miR-296-5p: 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTC
AGTTGAGACAGGATT-3’;
U6: 5’-AACGCTTCACGAATTTGCGT-3’. 

SYBR Green was used in RT-qPCR analysis using Agilent
System (Agilent Technologies, Inc.). The following thermocycling
conditions were used for the qPCR: Initial denaturation at 95˚C for
5 min; followed by 40 cycles of 95˚C for 10 sec, 60˚C for 30 sec
and 72˚C for 30 sec. The primers were obtained from Genepharma
and listed as follows: 
miR-296-5p: forward 5’-TTAGGGCCCCCCCTCA-3’ and reverse
5’-CTCAACTGGTGTCGTGGAGTC-3’; 
Hsa_circ_0001861: forward 5’-TGATTCGTAGTGGGATCC-
GAG-3’ and reverse 5’-CAGCATCCAGGATCCTCTTGT-3’;
BBC3, forward 5’-GGACGACCTCAACGCACAGTA-3’ and
reverse 5’-AGGGTGTCAGGAGGTGGGAG-3’;
β-actin: forward 5’-GTCCACCGCAAATGCTTCTA-3’ and
reverse 5’-TGCTGTCACCTTCACCGTTC-3’;
U6: forward 5’-CTCGCTTCGGCAGCACAT-3’ and reverse 5’-
AACGCTTCACGAATTTGCGT-3’. 

The 2-ΔΔt method was used to quantify the data.21 β-Actin or U6
was used for normalization.

cell counting kit (ccK-8) assay
Pulmonary fibroblasts (10,000 cells/well) were cultured in a

24-well plate overnight. Next, cells were exposed to TGF-β1,
TGF-β1 + NC or TGF-β + hsa_circ_0001861 OE for 24, 48 or 72
h. Next, CCK-8 (10 μL; no. C0038; Beyotime Institute of
Biotechnology, Shanghai, China) was added into each well.
Following incubation for 2 h, a microplate reader (DR-200Bs,
Wuxi Hiwell-Diatek Instruments Co., Ltd., Wuxi, China) was used
to measure absorbance (450 nm). The procedure was performed as
previously described.22

5-ethynyl-2’-deoxyuridine (EDU) staining
In this study, cell proliferation was measured with an EdU cell

proliferation kit (Guangzhou RiboBio Co., Ltd., Guangzhou,
China; no. C10310-1). Briefly, 2×104 cells were fixed with 4%
paraformaldehyde for 30 min at room temperature, and then incu-
bated with EdU (5 μM) reagent for 2 h, followed by incubation
with Apollo dye solution in the dark for 30 min. After that, 4’,6-
Diamidino-2-phenylindole (DAPI) was used for staining the nucle-
us for 5 min, and a fluorescence microscope (Olympus Co., Tokyo,
Japan; IX51, light: mercury lamp, objective: 20x) was used to
observe the data. The procedure was performed as previously
described.23

Dual luciferase assay 
The wild-type (WT) and mutant (MUT)

hsa_circ_0001861/BBC3 were sub-cloned into the vectors (pmiR-
RB-Report™; Guangzhou RiboBio Co., Ltd.). Lipofectamine®

2000 (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) was used to transfect the cells together with miR-296-5p
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agomir (Guangzhou RiboBio Co., Ltd.), control vector and the
WT- or MUT-hsa_circ_0001861 plasmid for 48 h, according to the
manufacturer’s instructions. A Dual-luciferase System (Promega
Co., Madison, WI, USA) was used to evaluate the luciferase activ-
ity. The procedure was performed as previously described.24 The
sequences for miRNAs were listed as follows: 
miR-296-5p agomir: 5’-AGGGCCCCCCCUCAAUCCUGU-3’;
miR-NC: 5’-ACTGGAGACACGTGCACTGTAGA-3’.

rNa pull-down
The biotinylated hsa_circ_0001861 and bio-ctrl originated

from GenePharma Co., Ltd. (Shanghai, China), and streptavidin-
conjugated magnetic beads were used to coat them. Cells were
lysed, and magnetic beads were used to incubate the cells for 6 h.
The RNA was extracted, and RT-qPCR was used to assess the
enrichment of miR-296-5p. The procedure was performed as pre-
viously described.24

Wound healing assay
Pulmonary fibroblasts (5x105 cells) were plated into 6-well

plates and incubated overnight. A pipette tip (200 μL) was used to
make the wound across the monolayered cells. The suspension
cells were incubated in DMEM without FBS after being washed
twice with PBS. pcDNA3.1-hsa_circ_0001861 was used to trans-
fect the cells. A light microscope (IX51, objective: 20x; Olympus
Co.) was used to monitor the wound. The wound was observed
regularly and imaged after 48 h. ImageJ software (National
Institutes of Health) was used to assess cell migration area as pre-
viously described.25 Wound healing rate (%) = (migration dis-
tance/original distance) ×100. Migration distance was the differ-
ence between the width of the wound at 0 h and 48 h, while origi-
nal distance was the width of the wound at 0 h.

tUNEL staining
Pulmonary fibroblasts were fixed with 4% paraformaldehyde

for 20 min and then permeabilized with 0.1% Triton X-100 for 10
min. Next, cells were stained with TUNEL reagent A and B (cat.
no. 11684817910; Roche, Basel, Switzerland) for 1 h at 37°C in
darkness. The nucleus was counterstained with DAPI for 20 min in
darkness. Finally, images were observed under a fluorescence
microscope (IX51; Olympus Co.) and the apoptotic cells were ana-
lyzed using the Image-Pro Plus software (Media Cybernetics,
Rockville, MD, USA).

Western blot assay
Radioimmunoprecipitation assay buffer (Beyotime Institute of

Biotechnology) was used for protein isolation, and bicinchoninic
acid assay kit (Beyotime Institute of Biotechnology) was per-
formed to quantify the proteins.26 Subsequently, proteins were sep-
arated on an SDS gel (10%) and then transferred onto PVDF mem-
branes (Invitrogen; Thermo Fisher Scientific, Inc.). Following
blocking with 5% skimmed milk, membranes were incubated with
primary antibodies against α-smooth muscle actin (α-SMA; cat.
No. ab108531; dilution, 1:1,000; Abcam, Cambridge, UK), E-cad-
herin (cat. no. ab40772; dilution, 1:1,000; Abcam), collagen III
(cat. no. ab184993; dilution, 1:1,000, Abcam), β-actin (cat. no.
ab8226; dilution, 1:1,000; Abcam) and fibronectin 1 (cat. no.
ab2413; dilution, 1:1,000; Abcam). Next, membranes were incu-
bated with HRP-conjugated secondary antibodies for 1 h (cat. no.
ab288151; Abcam; 1:5,000). An enhanced chemiluminescence
detection kit (cat. no. NCI5079; Thermo Fisher Scientific, Inc.)
was used to assess the immunoreactive signals. The AlphaEaseFC
software (Alpha Innotech, San Leandro, CA, USA) was used to
analyze the intensity of each band. β-Actin was considered as the
internal control.

animal study
Male C57BL/6 mice (n=20; 18-22 g, 9-12 weeks) originated

from Vital River Laboratories, Ltd. (Beijing, China) and placed in
SPF conditions, following the guidelines of ARRIVE
(https://arriveguidelines.org/). The present was approved by the
Ethics Committee of the First Affiliated Hospital of Hunan
Provincial College of Traditional Chinese Medicine (approval no.,
20210903). Bleomycin was used to induce pulmonary fibrosis in
vivo.27 The animals were divided into the control, bleomycin
(BLM), hsa_circ_0001861 OE and BLM + hsa_circ_0001861 OE
groups. Pentobarbital (1%; 40 mg/kg) was used 1% to anesthetize
mice by intraperitoneal injection. Afterwards, mice in the BLM
and BLM + hsa_circ_0001861 OE groups were administered using
sterile saline containing BLM via intratracheal injection (50 μL; 1
unit/kg). Meanwhile, mice were treated with either lentivirus par-
ticles overexpressing hsa_circ_0001861 via intratracheal injection
(1x1011 vector) following BLM administration for 3 days.28

Finally, the animals were killed using CO2 (took place in 2021),
and animal death was confirmed by heartbeat and respiration (> 3
min) at a displacement rate of 40% of the chamber volume/min.

Immunohistochemical staining 
4% paraformaldehyde overnight at 4˚C was used to fix the tis-

sues, which were then paraffin-embedded and cut into 5-μm-thick
sections. Next, anti-collagen I (cat. no ab138492; 1:200; Abcam)
and anti-α-SMA (cat.no ab124964; 1:200, Abcam) primary anti-
bodies were used to label the samples overnight at 4�, and then the
sections were probed with a secondary antibody (cat. no AS-1107;
Aspen Biosciences, San Diego, CA, USA) for 50 min at 37°C. A
light microscope (IX51, objective: 20x; Olympus Co.) was used to
observe the data, and the results were analyzed by Image-Pro Plus
software. The procedure was in accordance with the previous
report.29 Sections processed without the primary antibodies were
set as negative controls. 

Histology and fibrosis analysis
To fix the tissues overnight, 4% paraformaldehyde was used,

then tissues were paraffin-embedded and cut into 5-μm-thick sec-
tions.30 Subsequently, the sections were routinely stained with
hematoxylin and eosin (H&E); to determine the degree of lung
fibrosis, Masson’s trichrome staining was performed. The slides
were observed using a light microscope (IX5; Olympus Co.), and
the fibrosis area was measured by the Image-Pro Plus software. 

statistical analysis
Each experiment was repeated in triplicate. The data are

expressed as the mean ± SD. GraphPad Prism software (version
7.0) was used in data analysis. ANOVA and Tukey’s tests were car-
ried out for multiple group comparisons. A p-value <0.05 were
considered to indicate a statistically significant difference.

results 

Hsa_circ_0001861 overexpression reverses 
tGF-β-mediated fibroblast function

It was reported that TGF-β was considered as a vital factor in
progression of fibrosis.31 Thus, to assess the role of
hsa_circ_0001861 in pulmonary fibrosis, pulmonary fibroblasts
were treated with 5 ng/mL TGF-β. As shown in Figure 1A, the
level of hsa_circ_0001861 in pulmonary fibroblasts was decreased
by TGF-β, and the level of hsa_circ_0001861 was markedly
increased by pcDNA3.1-hsa_circ_0001861 in pulmonary fibrob-
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lasts (Figure 1B). TGF-β significantly increased the viability of
pulmonary fibroblasts, while the overexpression of
hsa_circ_0001861 reversed this phenomenon (Figure 1C).
Consistently, TGF-β-induced fibroblast proliferation was marked-
ly restored by hsa_circ_0001861 upregulation (Figure 1D). In
combination, these findings showed that hsa_circ_0001861 over-
expression reversed TGF-β-induced migration in fibroblasts.

Hsa_circ_0001861 overexpression restores 
tGF-β-induced upregulation of fibrotic proteins

To evaluate the function of hsa_circ_0001861 in pulmonary
fibrosis, wound healing was performed to assess cell migration. As
indicated in Figure 2A, TGF-β-induced fibroblast migration was
markedly restored by hsa_circ_0001861 upregulation. TGF-β
reduced the level of E-cadherin, but elevated the levels of collagen
I, α-SMA and fibronectin in fibroblasts, while this phenomenon
was restored by hsa_circ_0001861 overexpression (Figure 2 B-F).
In conclusion, hsa_circ_0001861 overexpression restored the
TGF-β-induced upregulation of fibrotic proteins.

Hsa_circ_0001861 binds to mir-296-5p
To validate the target miRNA of hsa_circ_0001861, the

starBase database (https://starbase.sysu.edu.cn/index.php) was
used. In Figure 3A, miR-296-5p was predicted to be targeted by
hsa_circ_0001861. The luciferase activity in WT-
hsa_circ_0001861 was markedly decreased by miR-296-5p
agomir, while hsa_circ_0001861 did not affect the luciferase activ-
ity in MT-hsa_circ_0001861 (Figure 3B). The enrichment of miR-
296-3p was upregulated by probe-hsa_circ_0001861 (Figure 3C).
Meanwhile, it has been reported that excessive proliferation of pul-
monary fibroblasts could contribute to the occurrence and progres-
sion of lung fibrosis.32 Among the downstream targets of miR-296-
3p, BBC3 upregulation could inhibit cell proliferation.33 Thus, it
could be hypothesized that hsa_circ_0001861 might inhibit the
pulmonary fibrosis through mediation of miR-296-3p/BBC3 axis.
BBC3 was identified as the downstream target of miR-296-5p
(Figure 4A). miR-296-5p upregulation markedly inhibited the
luciferase activity in WT-BBC3 (Figure 4B). Furthermore, the
level of BBC3 in fibroblasts was markedly increased by
hsa_circ_0001861 overexpression (Figure 4C). In conclusion,
hsa_circ_0001861 bound to miR-296-5p.

                                                                    [European Journal of Histochemistry 2023; 67:3839]                                                  [page 225]

Figure 1. Hsa_circ_0001861 overexpression reversed TGF-β-mediated fibroblast function. A) Pulmonary fibroblasts were exposed to
TGF-β (5 ng/mL); the level of hsa_circ_0001861 in pulmonary fibroblasts was investigated by RT-qPCR. B) Pulmonary fibroblasts were
transfected with pcDNA3.1-hsa_circ_0001861 or pcDNA3.1 for 48 h; the level of hsa_circ_0001861 in pulmonary fibroblasts was inves-
tigated by RT-qPCR. C) Pulmonary fibroblasts were treated with TGF-β, TGF-β + pcDNA3.1 or TGF-β + pcDNA3.1-hsa_circ_0001861;
the viability of pulmonary fibroblasts was assessed by CCK8 assay. D) The proliferation of pulmonary fibroblasts was tested by EdU stain-
ing. **p<0.01 compared to control; ##p<0.01 compared to TGF-β.

2023_4.qxp_Hrev_master  19/10/23  11:54  Pagina 225

Non
-co

mmerc
ial

 us
e o

nly



                             article

Hsa_circ_0001861 overexpression restores 
tGF-β-induced proliferation and fibrosis 
in fibroblasts through bbc3 upregulation 

To further confirm the mechanism underlying the function of
hsa_circ_0001861 in fibroblasts, fibroblasts were transfected with
BBC3 shRNA. As shown in Figure 5A, the level of BBC3 in
fibroblasts was significantly downregulated by BBC3 shRNA. The
inhibitory effect of hsa_circ_0001861 on the proliferation of TGF-
β-treated fibroblasts was significantly rescued by BBC3 knock-
down (Figure 5B). Meanwhile, TGF-β elevated the levels of 
α-SMA and collagen I in fibroblasts, which was partially rescued

by pcDNA3.1-hsa_circ_0001861 (Figure 5 C-E). By contrast,
BBC3 knockdown could significantly aggravate the TGF-β-
induced upregulation of collagen I and α-SMA (Figure 5 C-E). The
effect of hsa_circ_0001861 overexpression on these proteins was
abolished by BBC3 shRNA (Figure 5 C-E). Furthermore, the
upregulation of hsa_circ_0001861 markedly induced the apoptosis
of TGF-β-treated fibroblasts, while the apoptotic effect of
hsa_circ_0001861 was markedly rescued by BBC3 shRNA (Figure
6 A,B). In conclusion, hsa_circ_0001861 overexpression restored
TGF-β-induced proliferation and fibrosis in fibroblasts through
BBC3 upregulation.

[page 226]                                                   [European Journal of Histochemistry 2023; 67:3839]

Figure 2. Hsa_circ_0001861 overexpression restored TGF-β-induced upregulation of fibrotic proteins. A) Pulmonary fibroblast migration
was assessed by wound healing assay. B-F) The protein levels of α-SMA, collagen I, E-cadherin and fibronectin in pulmonary fibroblasts
were assessed by Western blot. **p<0.01 compared to control; ##p<0.01 compared to TGF-β.
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Figure 3. Hsa_circ_0001861 bound with miR-296-5p. A) Starbase was applied for predicting the downstream of hsa_circ_0001861. 
B) The luciferase activity was assessed by dual luciferase activity. C) The enrichment of miR-296-5p in pulmonary fibroblasts was
assessed by RNA pull-down. **p<0.01 compared to control.

Figure 4. BBC3 was identified to be the downstream mRNA of miR-296-5p. A) Targetscan was used to predict the downstream mRNA
of miR-296-5p.B) The luciferase activity was assessed by dual luciferase activity. C) Pulmonary fibroblasts were treated with pcDNA3.1
or pcDNA3.1-hsa_circ_0001861; the level of BBC3 in pulmonary fibroblasts was tested by RT-qPCR. **p<0.01 compared to control.
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Hsa_circ_0001861 overexpression alleviates 
the progression of pulmonary fibrosis in vivo

To verify the function of hsa_circ_0001861 in pulmonary
fibrosis, an in vivo model was constructed. As demonstrated in
Figure 7 A,B, BLM significantly induced fibrosis and inflammato-
ry infiltration in mice, which was markedly restored by
hsa_circ_0001861 upregulation. Consistently, the BLM-induced
upregulation of collagen I and α-SMA in mice was markedly abol-
ished by hsa_circ_0001861 upregulation (Figure 7 C,D). In com-
bination, the overexpression of hsa_circ_0001861 attenuated the
progression of pulmonary fibrosis in vivo.

Discussion
It has been reported that pulmonary fibrosis manifests as an

increase in internal fibrous connective tissue and a decrease in
parenchymal cells.34 The progression of oropharyngeal freezing
could lead to the structural injury and dysfunction of organs.35

CircRNAs have been shown to participate in pulmonary fibrosis.

For example, Zhang et al. indicated that circ0044226 could regu-
late the lung myofibroblast transition and fibrosis;36 circRNA
homeodomain-interacting protein kinase 3 could modulate lung
fibroblast-to-myofibroblast transition by binding to miR-338-3p.14

In the present study, it was found that hsa_circ_0001861 was
downregulated in TGF-β-treated pulmonary fibroblasts, and
hsa_circ_0001861 overexpression could inhibit TGF-β-caused
fibroblast proliferation and fibrosis by sponging miR-296-5p.
Hence, the present study first investigated the function of
hsa_circ_0001861 in pulmonary fibrosis and the mechanism
underlying the function of hsa_circ_0001861 in pulmonary fibro-
sis, revealing that hsa_circ_0001861 may act as a key mediator in
pulmonary fibrosis.

miRNAs were reported to be involved in lung fibrosis. For
example, Rackow et al suggested that miR-338-3p could attenuate
TGFβ-caused myofibroblast differentiation through the upregula-
tion of phosphatase and tensin homolog;37 Zhou et al. found that
miR-302a-3p could promote the progression of pulmonary fibrosis
by targeting tet methylcytosine dioxygenase 1.38 Meanwhile, miR-
296-5p was involved in the progression of fibrosis.39 This study
indicated that miR-296-5p could be sponged by hsa_circ_0001861

Figure 5. Hsa_circ_0001861 overexpression restored TGF-β-caused proliferation and fibrosis in fibroblasts via upregulation of BBC3.
Pulmonary fibroblasts were transfected with BBC3 shRNA. A) The expression of BBC3 in pulmonary fibroblasts was tested by RT-qPCR;
pulmonary fibroblasts were exposed to TGF-β, TGF-β + pcDNA3.1-hsa_circ_0001861 or TGF-β + pcDNA3.1-hsa_circ_0001861 + BBC3
shRNA. B) The proliferation of pulmonary fibroblasts was tested by EdU staining. C-E) Pulmonary fibroblasts were exposed to TGF-β,
TGF-β + pcDNA3.1-hsa_circ_0001861, TGF-β + BBC3 shRNA or TGF-β + pcDNA3.1-hsa_circ_0001861 + BBC3 shRNA; the levels of
α-SMA and collagen I in pulmonary fibroblasts were assessed by Western blot. **p<0.01 compared to control; ##p<0.01 compared to 
TGF-β; ^^p<0.01 compared to TGF-β + OE.
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in pulmonary fibrosis. Therefore, this study first investigated the
detailed role of miR-296-5p in pulmonary fibrosis. BBC3 plays
crucial roles in cell behavior regulation.40 In the present study,
BBC3 was identified as the target of miR-296-5p. Hence,
hsa_circ_0001861 could inhibit the progression of pulmonary
fibrosis by modulating the miR-296-3p/BBC3 axis. On the other

hand, Smad family member 2 (Smad2) and Smad3 are known to be
key mediators in TGF-β signaling, and the phosphorylation of
Smad2/Smad3 could lead to the progression of fibrosis.41 Thus, the
effect of hsa_circ_0001861 in TGF-β/Smad signaling needs to be
confirmed soon. According to the previous reference, apoptosis
could play an important role in pulmonary fibrosis.42

                                                                    [European Journal of Histochemistry 2023; 67:3839]                                                  [page 229]

Figure 6. BBC3 knockdown reversed the apoptotic effect of hsa_circ_0001861 on TGF-β-treated fibroblasts. A,B) The apoptosis of
fibroblasts was detected by TUNEL staining. ##p<0.01 compared to TGF-β; ^^p<0.01 compared to TGF-β + OE.

Figure 7. Overexpression of hsa_circ_0001861 attenuated the development of pulmonary fibrosis in vivo. A,B) The histological changes
and fibrosis in tissues of mice were observed by H&E and Masson staining. C,D) The levels of α-SMA and collagen I in mice were inves-
tigated by immunohistochemistry staining. **p<0.01 compared to control; ##p<0.01 compared to BLM. 
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In addition, BBC3 could inhibit autophagy, and it could promote
fibrosis through regulating autophagy.33,43 Moreover, activation of
autophagy could promote TGF-β-induced fibrosis through regula-
tion of collagen I and α-SMA.44,45 Thus, BBC3 knockdown could
partially reverse the effect of hsa_circ_0001861 on fibrosis through
inhibiting autophagy, and the mechanism by which BBC3 knock-
down regulates the levels of collagen I and α-SMA will be investi-
gated in coming future. This study was not without limitations. First,
other miRNAs targeted by hsa_circ_0001861 in pulmonary fibrosis
were not explored. Secondly, other targets of miR-296-5p in fibrosis
were not investigated, and it is essential that they are studied in the
future. Thirdly, the mechanism through which BBC3 knockdown
regulates the levels of collagen I and α-SMA was not explored. In
addition, the role of BBC3-mediated apoptosis in pulmonary fibrosis
remains to be confirmed. Finally, BBC3 expression using specimens
was missed. Hence, further analysis is essential in the future.

Hsa_circ_0001861 upregulation was found to attenuate
bleomycin-induced pulmonary fibrosis progression in a mouse
model, by indirectly targeting BBC3. Therefore, the present study
may provide a new theoretical basis to clinicians for improving the
treatment strategy against pulmonary fibrosis.
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