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Abstract

Purpose Subretinal fibrosis is an important cause of visual loss in age-related macular degeneration, but its mecha-
nism remains unclear. This study aims to investigate the role of macrophage-to-myofibroblast transition (MMT)

in the formation of subretinal fibrosis and assess whether circ_0001103 can regulate the formation of subretinal
fibrosis by regulating MMT.

Methods Subretinal fibrosis was induced in C57BL/6J mice by laser induction. The expression profiles of circRNAs

in a choroidal neovascularization (CNV) and subretinal fibrosis mice model were accessed via microarray analysis.
MMT was induced by TGF-31 (2.5 ng/ml, 48 h). Immunohistochemistry was used to assess macrophages (F4/80), MMT
(a-SMA) and fibrovascular lesions (collagenl and Isolectin B4) in vivo. The interaction between circ_0001103, miR-
7240-5p, and SLC9A was assessed using a dual-luciferase reporter assay, FISH, RNA immunoprecipitation assay, gRT-
PCR and western blot. Finally, immunofluorescence, paraffin section and choroidal flatmounts were used to observe
the changes of MMT, subretinal fibrosis and CNV after the intervention of circ_0001103 by intravitreal injection on day
7 after laser induction in mice.

Results The results revealed that 58 circRNAs were significantly altered in the RPE-choroid-sclera complexes

of CNV mice (p <0.05, fold change >2.0). Additionally, circ_0001103 increased in MMT and subretinal fibrosis mice.
Circ_0001103 can sponge miR-7240-5p targeting SLCOA to modulate MMT in vitro. Inhibition of circ_0001103 can
suppress MMT, subretinal fibrosis and CNV leakage.

Conclusion circ_0001103 sponge adsorption miR-7240-5p regulates SLCOAT-mediated MMT and subretinal fibrosis.
Inhibition of circ_0001103 can suppress subretinal fibrosis and CNV leakage by inhibiting MMT.
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Age-related macular degeneration (AMD) is the leading
cause of irreversible blindness in people aged 55 [1]. It
is predicted that number of new cases of early and late
AMD patients in 2050 would be 39.05 million and 6.41
million, respectively [2]. Based on pathological features,
AMD is divided into two types: nonneovascular AMD
and neovascular AMD [3]. Neovascular AMD is mainly
characterized by choroidal neovascularization (CNV),
which is the main subtype that causes vision loss in AMD
patients [4]. Many studies have confirmed that vascular
endothelial growth factor (VEGF) is the main factor pro-
moting the formation of CNV, so targeted VEGF is the
first-line treatment method for neovascular AMD [5].
However, anti-VEGF therapy cannot prevent the progres-
sion of subretinal fibrosis [6]. Subretinal fibrosis is the
main reason affecting the treatment of neovascular AMD
and its visual prognosis [7]. If neovascular AMD is not
treated, according to its natural course, the CNV progres-
sion to subretinal fibrosis, which leads to blindness [8].
What’s more, clinical observation over a period of 2 to
6 years found that after repeated injection of anti-VEGF
drugs, subretinal fibrosis and scarring occurred in about
50% of patients, resulting in severe visual impairment [9,
10]. Therefore, it is of great clinical significance to explore
the key mechanism of the formation of subretinal fibro-
sis in the process of neovascular AMD and find effective
intervention measures to improve the visual function of
patients with synergistic anti-VEGF.

Subretinal fibrosis is a complex pathological process
involving multiple cells [8, 11, 12], such as immune cells,
myofibroblasts and excessive amounts of extracellular
matrix proteins [13]. Myofibroblasts play a crucial role
in the process of fibrosis formation. However, myofibro-
blasts is not present in the macula, which is differentiated
from resident retinal cells or infiltrating inflammatory
cells [11]. Studies have shown that myofibroblasts can
be derived not only from pericytes, epithelial cells [14],
endothelial cells [15], but can also be derived from bone
marrow-derived monocytes.

Our previous studies found that macrophages were
infiltrated in CNV lesions and played a key role [16, 17].
Recent studies have found that macrophage to myofibro-
blast transition (MMT) is involved in the formation of
CNV and subretinal fibrosis, and played a key role [18].
However, it is unclear whether effective intervention in
MMT is related to the formation of subretinal fibrosis.

Circular non-coding RNAs are a noval class of widely
expressed non-coding RNAs. It consists of a covalently
closed continuous ring, lacking a 5’ cap and 3’ tail. The
type of RNA formed by this reverse splicing is not only
relatively stable, but also more tissue-specific. Many cir-
cRNAs have been successfully demonstrated as biomark-
ers or therapeutic targets for many different diseases [19].
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CircRNAs are involved in regulating physiological and
pathological responses within cells in a variety of ways. If
circRNAs are located in the cytoplasm, they can sponge
adsorb downstream microRNAs or competitively bind
to corresponding microRNAs, thereby regulating the
expression of target genes and playing a biological role
[19]. Studies have shown that the expression of cyclic
RNA is abnormal in vascular diseases, neurodegenerative
diseases and cancer, and in several retinal diseases, such
as proliferative vitreoretinopathy and diabetes retinopa-
thy [20-23]. However, the role of circular RNA in retinal
fibrosis is still unknown.

In this study, we intend to establish a laser-induced
CNV mouse model, and by sequencing the RPE-choroid-
sclera complex of CNV mice, we can obtain the differen-
tial expression of circular RNA between CNV mice and
normal mice. To investigate the role of circular non-cod-
ing RNA in the formation of MMT and subretinal fibro-
sis, and to provide some experimental basis for exploring
therapeutic targets of subretinal fibrosis.

Materials and methods

Ethics statement

The animal experiments were approved by the Ethics
Committee of the First Affiliated Hospital of Wannan
Medical College (Yijishan hospital). All the mice was
handled according to the rules of the association Vision
and ophthalmology research Animal applications in oph-
thalmology and vision Research.

Cell culture and treatment

RAW?264.7 macrophage cells were cultured with DMEM
medium containing 10% fetal bovine serum. Mac-
rophages were stimulated with TGF-B1 (2.5 ng/ml, USA,
PeproTech) for 48 h. Small interfering RNAs (siRNAs)
were designed and synthesized by Guangzhou RiboBio
Co., Ltd. The siRNA target sequences were shown in
Table 1.

Quantitative real-time PCR

Total RNA was extracted from cells/tissues using a
RNA extraction kit (Qiagen, Netherlands), and RNA
concentration and purity were detected using an ultra-
violet spectrophotometer. cDNA synthesis: (1) removal
of genomic DNA, (2) reverse transcription reaction to
obtain cDNA. After synthesis, the cDNA was frozen at
— 80 C for future use. Primers were designed and synthe-
sized (Table 1). qRT-PCR reaction was performed, and
the standard curve was analyzed.

Western blotting
After the protein was extracted from the cells/tissues,
the protein concentration was determined by BCA
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Table 1 Gene sequences for gRT-PCR

Gene Sequences

5’-CCAATCAGTCGGGCTCCTAT-3”
5'-GCCTTATGTGCGATCGGTTC-3

5'-CTCATAGGCTACAGTCGGGG-3
5’ TGGGGTCTTGCAGATGTCC-3”

5'-ATCAGTGGACAGCTTGTGGA-3’
5"-CGAACGAGGTAGACATGAGC-3’

5’-ATCCGTCCCACCAGTTCATT-3"
5/ -GTGTGTTTGGCTCTTCTGGG-3

5”-AGAGAACGAGAGAGACACCG-3”
5’-CTGCTTGAGATTGCCCGATT-3’

5’ TCACTATGAGCGGGTTGTCT-3
5’-ACCAATGGCCAATGTTGCAA-3’

5'-GCTTTGGCCCTGTTAGTGTC-3"
5"-AGCAGATGAATAACGCCAGG-3”

5'-GGGGAAAGTGAAGCATGAAGG-3”
5’-CACCTTCATCTTGGCCTTCAG-3"

5'-AGCCAAAGGAGGTGATGTCC-3

mmu_circ_0001103 Forward :

Reverse:

mmu_circ_0000270 Forward :

Reverse:

mmu_circ_0000273 Forward :

Reverse:

Forward :
Reverse:

mmu_circ_0000008

mmu_circ_0000214 Forward :

Reverse:

mmu_circ_0000894 Forward:

Reverse:

mmu_circ_0001670 Forward:

Reverse:

mmu_circ_0008802 Forward :

Reverse :

mmu_circ_0001393 Forward:

Reverse: 5'-GATGTCCTCGCTCTCAAACG-3’
mmu_circ_0000887 Forward: 5 -AGTTAGTGTCCGGGATGTGG-3’
Reverse: 5’-TTCTTATCACACAGGCCGGT-3’
mmu-SLCOAT Forward: 5'-CATCCTTGTCTTCGGGGAGTC-3”
Reverse: 5'-GGAGGTGAAAGCTGCGATTAC-3”
mmu-a-SMA Forward: 5'-GTCCCAGACATCAGGGAGTAA-3”
Reverse: 5'-TCGGATACTTCAGCGTCAGGA-3”
GAPDH Forward: 5'-AAGCCCATCACCATCTTCCA-3”
Reverse: 5'-CACCAGTAGACTCCACGACA-3’
SIRNA-T (mmu_ Forward: 5'-ACCCUGUGGUGCAGAAGAATT-3’
circ_0001103) Reverse: 5’-UUCUUCUGCACCACAGGGUTT-3’
SIRNA-2 (mmu_ Forward: 5’-GUGCAGAAGAACCGAUCGCTT-3"
circ_0001103) Reverse: 5’-GCGAUCGGUUCUUCUGCACTT-3’
SIRNA-3 (mmu_ Forward: 5’-CACCCUGUGGUGCAGAAGATT-3
circ_0001103) Reverse: 5"-UCUUCUGCACCACAGGGUGTT-3
SIRNA-4 (mmu_ Forward: 5'-GGUGCAGAAGAACCGAUCGTT-3"
circ_0001103) Reverse: 5’-CGAUCGGUUCUUCUGCACCTT-3
SIRNA-NC (mmu_ Forward: 5’-GGGCUAAUGAACAAUAAUATT-3’

circ_0001103) Reverse: 5’-UAUUAUUGUUCAUUAGCCCTT-3’

mmu-miR-7240-5p Forward: 5’-UUGGAGAGGACCGCCGUC
mimics GGA-3’
Reverse: 5’-CGACGGCGGUCCUCUCCAAUU-3’

method. The protein samples were transferred to SDS-
PAGE gel for electrophoresis and protein separation, and
then transferred to PVDF membrane. A sealing solution
containing 5% buttermilk was prepared and closed for
2 h, and incubated overnight at 4°C overtnight with pri-
mary antibody. The antibodies included a-SMA (Abcam
Cat#ab7817), SLC9A (Affinity Biosciences Cat#DF9933).

Laser-induced CNV in mice and treatment

C57/BL6] male mice were taken, and after the mice
were completely anesthetized, slit-lamp was used to
examine the eyes of the mice. The best position is
around the optic papilla at 1.5-2PD from the optic disc.
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Using 532 nm laser (multi-wavelength laser therapy
machine, Zeiss Company, USA) photocoagulation 4-6
points, the operation can be implemented according
to the wavelength of 532 nm, power of 100mW, spot
diameter of 50 pum, exposure time of 100 ms standard
implementation. The success criteria of laser mold-
ing: bubbles produced after photocoagulation break
the Brunch membrane. Mice were administrated with
adeno-associated virus vectors containing circ_0001103
small interfering RNA or scrambled shRNA by intravit-
real injection on day 1 after laser induction. The eyes
were enucleated for testing on day 7 after laser.

Immunohistochemistry staining

Eyeballs of each group (6 eyeballs per group) were enu-
cleated, and serial 6-pm sections were prepared on day
7 after laser. The distance from the disrupted RPE layer
to the top of the lesion was chosed for imunohistochem-
istry staining. For choroidal flatmounts, the eyeball was
cut open, the anterior segment was removed, and the
retinal nerve layer was carefully stripped to obtain the
RPE-choroid-sclera complex. The tissue was spread on a
slide, sealed with glycerin, and observed under confocal
microscope. Incubate primary antibody included: Alexa
Fluor®-594 conjugated isolectin (GS-IB4; Invitrogen,
Carlsbad, CA, USA), F4/80(Abcam Cat#ab6640), college
I (Abcam Cat#ab34710), a-SMA (Abcam Cat#ab7817).

Nucleo-cytoplasmic separation

The nuclear cytoplasmic separation kit (Norgen Biotek
Corp, Canada) was used for nuclear cytoplasmic separa-
tion. Cytoplasmic and nuclear markers U6 and GAPDH
control the effectiveness of cell isolation, respectively.

Fluorescent in situ hybridization (FISH)

The induced MMT cells were inoculated in confo-
cal small dishes and cultured to a suitable cell density.
After the cells were fixed, 0.1%TritonX was added at
room temperature for 15 min to make the cells perme-
able. Then hybridization buffer and appropriate concen-
tration of probe were added, hybridization overnight
at 37 °C, and excess hybridization solution and probe
were fully washed. Add DAPI and stain away from light
for 10-20 min. The distribution of circRNA in cells
was observed by confocal microscopy. circRNA probes
and RNA FISH kits are derived from the Gemma gene
(GenePharma, Shanghai, China).

Luciferase reporter assay

All double luciferase experiments were performed in
MTT cells. circRNA 0001103-WT/circRNA 0001103-
Mut (GenePharma) and SLC9A-WT/SLC9A-Mut
(GenePharma) were co-transfected with miR-7240-5p
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simulated/simulated NC using pmirGLO as vector,
respectively. 48 h after transfection, the cells were fully
lysed and tested using the double luciferase reporter gene
assay kit (GenePharma) according to the kit instructions.

RNA immunoprecipitation (RIP)

Prepare the complete RIPlysis Buffer. The cells were col-
lected and fully lyzed to prepare immunomagnetic beads.
5ul of IgG was added to the EP tube with magnetic beads,
and 2ul of Ago2 (Abcam) was added to the other tube,
and incubated at room temperature for 30 min. Prepare
the RIP Immunoprecipitation Buffer. Move the 10ulRI-
Plysate supernatant into the new EP, label it as Input,
incubate the EP tube, and rotate 4 C overnight. Prepare
proteinase K buffer, melt the EP tube labeled Input, add
107 pl RIP Wash buffer, 15 pl 10% SDS18 pl 10 mg/ml
proteinase K, and make the final volume 150 pl. Incu-
bate all EP tubes at 55 C for 30 min; Rapid centrifugal EP
tube, placed in magnetic plus. Transfer the supernatant
to the new EP tube and add 250 pl RIP Wash buffer to
make the tube volume reach 400ul. 850 pl of anhydrous
ethanol, stored at —80 °C overnight. RNA-Binding Pro-
tein Immunoprecipitation Kit is Magna RIP Kit (Catalog
No. 17-700).

RNase R

The extracted RNA was divided into two tubes of the
same volume. According to the Reaction system provided
by the instruction manual of Ribonuclease R kit (Gie-
say, Guangdong, China), appropriate amount of RNase
R, 10X Reaction Buffer and RNASe-free Watersh were
added to one tube. The two tubes of RNA were then sub-
jected to RT-RNA analysis.

Statistical analysis

Graph Pad Prism (V6, GraphPad Software, San Diego,
USA) was used to conduct statistical analysis. All data
were expressed as means + SEM. For normally distributed
data, statistical analysis was performed using 2-tailed
Student’s t test or one-way analysis of variance (ANOVA).
*p <0.05 was considered statistically significant.

Results

CircRNA expression profiles in lase induced CNV mouse
model

Firstly, we established a laser-induced mouse model
of CNV and subretinal fibrosis. Then, using a profiling
microarray, we identified 58 circRNAs (32 upregulated,
26 downregulated) were significantly differentially on
day 7 after laser induction (Fold change>2.0, p<0.01,
Fig. 1A). The significantly differentially expressed
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circRNAs are presented as scatter plots (Fig. 1B). To
verify the microarray data results, twelve dysregulated
circRNAs (six highly expressed circRNAs and six lowly
expressed circRNAs) were randomly selected for qRT-
PCR analysis (Fig. 1C). The microarray and qRT-PCR
expression trends were very similar. The results showed
that the reliability and reproducibility of these circRNA
expression profiles were verified.

circ_0001103 expression is up-regulated

in macrophage-to-myofibroblast transition

and in laser-induced CNV lesions

It has been found that TGF-B1 was highly expressed in
the CNV microenvironment [18]. In this study, we stim-
ulated raw264.7 macrophages using TGF-B1 at 2.5 ng/
ml for 48 h (USA, PeproTech), and finally induced mac-
rophage to myofibroblast transition. We detected a-SMA,
a marker of MMT, and found that a-SMA expression
were significantly increased at both mRNA and pro-
tein levels (p<0.001, Fig. 2A—C), circ_0001103 expres-
sion was also increased in MMT (p <0.001, Fig. 2D). It is
known that the function of circRNA is related to its local-
ization in cells, we used FISH to show that circ_0001103
was mainly expressed in the cytoplasm of MMT (Fig. 2E).
We then estimated circ 0001103 stability by treating
the total RNAs from MMT with RNase R. The results
showed circ_0001103 was resistant to RNase R digestion,
while linear mRNA 0001103 was easily degraded (Fig. 2F,
G). The results suggested that circ_0001103 has good
stability.

Next, we took RPE-choroid-sclera complexes of mice
after laser induction on days 7, 14 and 28 to test the top
10 circRNAs of the microarray data results (Fig. S1).
qRT-PCR showed that the expression of circ_0001103
(chr2:168392638-168397133) was significantly higher
than that of normal tissues on days 7, 14 and 28 after
laser induction (p <0.001, Fig. S1).

circ_0001103 regulates macrophage-to-myofibroblast
transition in vivo and in vitro
We designed four different siRNAs for circ_0001103
silencing. It was found that siRNA2 transfection could
significantly reduce circ_0001103 (p<0.001, Fig. 3A).
Therefore, we chose siRNA2 for the experiment to detect
macrophage to myofibroblast transition after induced
by TGE-P1 in vitro. After circ_ 0001103 was decreased,
a-SMA expression were significantly increased at both
mRNA and protein levels (p <0.001, Fig. 3B-D).

Next, we investigated the effect of circ_0001103
on macrophage to myofibroblast transition in vivo.
Adeno-associated viral shRNA was intravitreally
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Fig. 1 CircRNA Expression Profiles in the CNV Mouse Model. Heat map (A) and scatter plots analysis (B) of differentially expressed circRNAs
between CNV and control samples (P<0.01, fold change >2.0). In heat map analysis, red and blue columns refer to high and low relative expression,
respectively. In plots analysis analysis, green dots indicate no change, blue and red dots indicate significantly downregulated and upregulated
INcRNAs volcano plots analysis. The randomly selected 12 dysregulated circRNAs (six upregulated circRNAs and six downregulated circRNAs)

for qRT-PCR analysis in (C). The microarray and gRT-PCR expression trends were very similar

injected on day 1 after laser photocoagulation to
decreased circ_0001103 expression (Fig. 4A). At first,
we examined the F4/80* macrophage infiltration and
a-SMA* MMT transformation in the laser lesion area
of mice on day 7 after laser. The distance from the dis-
rupted RPE layer to the top of the lesion was chose for
staining. Figure 4C zoomed in area shown in white
circle in 4B. The white arrows indicate the location of
F4/80 and a-SMA cells. The section results showed
F4/80" cells co-express a-SMA in control group on
day 7 after laser induction (Fig. 4B). Further, we chose
choroidal flatmounts. The results showed F4/80 and
a-SMA are co-localisation in choroidal flatmounts
(Fig. 4D Ctrl group). Immunofluorescent stain-
ing showed that silences of circ_0001103 could sig-
nificantly inhibit the expression of a-SMA, but could
not inhibit the expression of F4/80, suggesting that

inhibiting circ_0001103 could affect MMT transforma-
tion in vivo, but not macrophage on day 7 (Fig. 4D-F).

circ_0001103 regulates macrophage-to-myofibroblast
transition serving as a miRNA sponge

We have found that circ_0001103 was more abun-
dant in the cytoplasm than in the nucleus. There-
fore, we speculated that circ_0001103 might act as a
miRNA sponge to regulate gene expression. Circu-
lar RNA Interactome database and analysis showed
that there were two potential binding sites for miR-
7240-5p in circ_0001103 (Fig. 5A). We employed RNA
immunoprecipitation (RIP) assays to show that Ago2
protein can enrich circ_0001103 and miR-7240-5p
(Fig. 5B, C). RNA-FISH confirmed the co-localization
between circ_0001103 and miR-7240-5p, which both
circ_0001103 and miR-7240-5p were mainly localized
in the cytoplasm of MMT (Fig. 5D).
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Fig. 2 circ_0001103 expression is up-regulated in macrophage-to-myofibroblast transition. Gene and protein expression of a-SMA and SLC9A
(A-C) of raw264.7 macrophages stimulated by TGF-B1 (2.5 ng/ml for 48 h) in vitro increased than untreated (control). Gene expression

of circRNA_0001103 (D) of raw264.7 macrophages stimulated by TGF-31 (2.5 ng/ml for 48 h) also increased than untreated (control). RNA

FISH was performed to detect circRNA_0001103 in raw264.7 macrophages by probes (circRNA_0001103). Nuclei were stained with 4,
6-diamidino-2-phenylindole (DAPI). circRNA_0001103 was detected mainly in the cytoplasm (E). Nuclei, blue; circRNA_0001103, red. Scale

bar, 10 um. The expression of circRNA_0001103, mRNA_0001103, nuclear control transcript (U6), and cytoplasm control transcript (GAPDH)
were detected by gRT-PCR in the nuclei and cytoplasm of raw264.7 macrophages (F). gRT-PCR was conducted to detect circRNA_0001103.
mRNA_0001103 was detected as the RNase R-sensitive control (G). Data are presented as mean +SEM, n=6 for each time point. **p <0.001

Next, we constructed wild type and mutant plasmids
of circ_0001103. The wild type and mutant plasmid of
circ_0001103 and the overexpressed gene sequence of
miR-7240-5p were co-transfected into MMT to detect
the fluorescence value. By the same method, wild-
type and mutant SLC9A plasmid and overexpressed
gene sequence of miR-7240-5p were co-transfected
into MMT to detect fluorescence values. The results
showed that the luciferase signal of the co-transfected
group with the wild type of circ_0001103 and the over-
expressed gene of miR-7240-5p decreased (Fig. 5E),
indicating that circ_0001103 could sponge adsorb
miR-7240-5p. In the co-transfection group of SLC9A
wild-type and miR-7240-5p overexpressed genes,
the luciferase signal decreased, indicating that miR-
7240-5p could target gene SLC9A (Fig. 5F).

circ_0001103/miR-7240-5p/SLC9A mediates
macrophage-to-myofibroblast transition in vitro

To investigate whether circ_0001103 sponging miR-
7240-5p regulating SLC9A can modulate macrophage-
to-myofibroblast transition, circ_0001103 was silenced
by siRNA2 transfecting in MMT. Data showed that,
after inhibiting circ_0001103, the gene and protein
expressions of a-SMA and SLC9A decreased than TGF-
Blgroup (Fig. 3B-D, all p<0.001). Next, we transfected
macrophages with miRNA-7240-5p mimic. The results
showed the gene and protein expressions of a-SMA and
SLC9A decreased than TGEF-Plgroup (Fig. 3B-D, all
p<0.001). Then, we co-transfected macrophages with
the circ_0001103 siRNA2 and miRNA-7240-5p mimic.
The results showed the gene and protein expressions of
a-SMA and SLC9A were significantly lower than that
of TGEF-Blgroup, circ 0001103 siRNA2 group, and
miRNA-7240-5p mimic group (Fig. 3B-D, all p<0.001).
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Hl TGF-p1
TGF-B1+circ_0001103 siRNA2

B TGF-B1+miRNA-7240-5p mimic
TGF-B1+circ_0001103 siRNA2+miRNA-7240-5p mimic

B TGF-B1
TGF-B1+circ_0001103 siRNA2

B TGF-B1+miRNA-7240-5p mimic
TGF-B1+circ_0001103 siRNA2+miRNA-7240-5p mimic

miRNA-7240-5p mimic

Fig. 3 circRNA_0001103/miR-7240-5p through SLC9A mediates macrophage-to-myofibroblast transition in vitro. Raw264.7 macrophages were
transfected with SiRNA targeting the sequence of circRNA_0001103 (4 different siRNAs for circ_0001103 silencing is designed), scrambled siRNA
(siRNA-NCQ), or left untreated (Ctrl) for 36 h of incubation. circRNA_0001103 was significantly reduced after siRNA2 transfection (p <0.01, A). After
induced by TGF-B1, raw264.7 macrophages were transfected with circRNA_0001103 siRNA2, miR-7240-5p mimic, circRNA_0001103 siRNA2

plus miR-7240-5p mimic. Gene and protein expressions of a-SMA and SLC9A significantly decreased in circRNA_0001103 siRNA2 transfection
group and miR-7240-5p mimic transfection group than TGF-B1 group (B-D, all p <0.001). After co-transfected with circ_0001103 siRNA2

and miRNA-7240-5p mimic, gene and protein expressions of a-SMA and SLC9A significantly decreased than that of TGF-B1group, circ_0001103

SIRNA2 group, and miRNA-7240-5p mimic group (B-D, all p<0.001)

Therefore, the results indicate that circ_0001103 spong-
ing adsorb miR-7240-5p regulates SLC9AIl-mediated
macrophage-to-myofibroblast transition induced by
TGF-B1.

circ_0001103 regulates subretinal fibrosis and CNV in vivo

To verify the effect of circ_0001103 on CNV and sub-
retinal fibrosis, adeno-associated viral shRNA is designed
for circ_0001103 silencing, circ_0001103 shRNA was
intravitreally injected at day 1 after laser photocoagula-
tion. Immunofluorescent staining The CNV formation
area was investigated by showed IB4 fluorescence stain-
ing, and the subretinal fibrosis formation area was inves-
tigated by Collegelfluorescence staining. The results
showed that silences of circ_0001103 could significantly

inhibit CNV area on day 7 (Fig. 6, all p<0.001), the and
fibrosis area of circ_0001103 silence group were signifi-
cantly reduced (Fig. 6, all p<0.001). It was demonstrated
that inhibition of circ_0001103 can affect the formation
of CNV and subretinal fibrosis.

Discussion

In this study, through the establishment of laser-
induced mouse CNV model and TGF-p1 induced MMT
cell model, it is found that circ_0001103 is a key fac-
tor regulating the transformation of macrophages into
myofibroblasts and inducing the formation of subreti-
nal fibrosis. Further studies showed that circ_0001103
regulated SLC9A1-mediated macrophage transforma-
tion into myofibroblasts and the formation mechanism
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0.

Fig. 4 F4/80a-SMA* lesions in CNV fibrotic lesions and the effect of blocking circRNA_0001103. Mice were administrated with adeno-associated
virus vectors containing circRNA_0001103 small interfering RNA or scrambled shRNA by intravitreal injection on day 1 after laser induction.

The eyes were enucleated for testing on day 7 after laser (A). Wax-embedded sections from mice laser model on day 7 after laser were stained

for F4/80 (green) and a-SMA (red) and imaged by confocal microscopy. Scale bar=50 um. C zoomed in area shown in white circle in 4B. Arrows
indicating F4/80 and aSMA cells. Quantitative measurement of F4/80* and a-SMA* lesions in different groups in 4D. The section results showed
approximately 75% of F4/80" cells co-express a-SMA in control group on day 7 after laser induction (B). Choroidal flatmounts were taken on day

7 after laser treatment to stained for F4/80 (green) and a-SMA (red). The results showed F4/80 and a-SMA are co-localisation in choroidal flatmounts
and approximately 75% of F4/80" cells co-express a-SMA in control group on day 7 after laser induction (D Ctrl group). The a-SMA™ cell lesions,

but not F4/80* cell lesions area receiving circRNA_0001103 small interfering RNA significantly reduced on day 7 (D-F). Data are presented

as mean+ SEM, n=6 for each time point. **p <0.001

of subretinal fibrosis through adsorption of mmu-miR-
7240-5p (Fig. 7). Circ_0001103 can regulate the trans-
formation of macrophages into myofibroblasts and the
formation of subretinal fibrosis.

Subretinal fibrosis secondary to CNV is the main cause
of vision loss in nAMD [24]. Formation of subretinal
fibrosis is a pathological process of excessive extracel-
lular matrix secreted by glial cells, macrophage, RPE
cells, endothelial cells, and et al. [11, 25]. However, its
specific pathogenesis and interventions are still unclear.
Myofibroblasts are the main cells that cause subreti-
nal fibrosis [8]. Myofibroblasts are the activated form of
fibroblasts, which are thought to be differentiated from
resident retinal cells or blood-derived inflammatory cells.
Several studies have found that RPE cells can transform

(See figure on next page.)

into EMT, leading to subretinal fibrosis [7, 26]. Endothe-
lial cells through endothelial to mesenchymal transition
(EndoMT) can lead to macular fibrosis [27]. In our study,
it has been found that macrophages can transform into
myofibroblasts in a certain microenvironment, leading to
fibrosis.

Previously, we established a mouse model of laser-
induced CNV formation and found that macrophages
migrated to the lesion during CNV formation,
Arg-1+YM-1+M2 macrophages can promote CNV
[17, 28]. In different microenvironments, macrophages
can differentiate into different subtypes, and different
subtypes of macrophages in turn play different roles in
shaping the environment [29, 30]. In this study, we have
found that MMT marker a-SMA can be co-expressed

Fig. 5 circ_0001103 sponge adsorption miR-7240-5p regulates SLC9A1-mediated macrophage-to-myofibroblast transition. The potential

binding sites sequence of miR-7240-5p on circRNA_0001103, SLC9A on miR-7240-5p (A). The cytoplasm and total cellular fractions were isolated
from MTT cells, and then immunoprecipitated using IgG or Ago2 antibody. circRNA_0001103 and miR-7240-5p amount in the immunoprecipitate
was determined by gRT-PCR (B, C, all p < 0.001). RNA-FISH were conducted to detect circRNA_0001103 and miR-7240-5p expression

in circRNA_0001103 and miR-7240-5p. The results showed that both circRNA_0001103 and miR-7240-5p mostly existed in the cytoplasm (D).
Scale bar, 20 um. E shows that luciferase activity circRNA_0001103 after transfected with circ_0001103 WT, circ_0001103 Mut, miR-7240-5p
mimic, or miR-7240-5p NC. The result shows that the luciferase activity of circRNA_0001103 is significantly decreased in circRNA_0001103 WT

and miR-7240-5p mimic transfection group. F shows that luciferase activity SLCOA after transfected with SLCOA WT, SLCOA Mut, miR-7240-5p
mimic, or miR-7240-5p NC. The result shows that the luciferase activity of SLCOA is significantly decreased in SLCOA WT and miR-7240-5p mimic
transfection group. Data are presented as mean+SEM, n=6 for each time point. **p <0.001
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with macrophages F4/80 marker by paraffin sections and  participate in macular fibrosis by transforming them-
choroidal flatmounts, The formation of subretinal fibro-  selves into myofibroblasts.

sis can be influenced by intervention of MMT. Such, TGE-P is a profibrotic mediator that can induce a vari-
our results suggest that infiltrating macrophages may ety of interstitial transformations including macrophage,
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Fig. 6 Effects of circRNA_0001103 shRNA on CNV and subretinal fibrosis area. A showes choroidal flatmounts stained with isolectin B4 (CNV) at day
7. B showes the CNV area receiving circRNA_0001103 shRNA significantly reduced at day 7 (p <0.001). C showes choroidal flatmounts stained

with collagen | (fibrosis) at day 7. D showes the subretinal fibrosis area receiving circRNA_0001103 shRNAsignificantly reduced at day 7 (p <0.001).
All samples were received Intravitreal administration of circRNA_0001103shRNA or Scr shRNA at day 1 after laser induction of CNV. Data are

presented as mean+SEM, n = 6 for each timepoint. **p <0.001
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Fig. 7 Model of circRNA_0001103 function and the mechanism of regulation of macrophage to myofibroblast transition and subretinal fibrosis.
The figure showed that circ_0001103 sponge adsorption miR-7240-5p regulates SLCOAT-mediated macrophage to myofibroblast transition
and subretinal fibrosis and neovascularization. TGF-31 is a major stimulator in macrophage to myofibroblast transition

PRE and endothelial cells [6]. Xu et al. have discovered
that TGF-B1 was increased in the retina after laser treat-
ment in CNV and subretinal fibrosis Mice model. Thus,
in this study, we have used TGF-f1(2.5 ng/ml, 48 h) to
stimulate raw264.7 macrophages to myofibroblasts

transition. We detected a-SMA, a marker of MMT,
and found that a-SMA expression were significantly
increased at both mRNA and protein levels. These results
have suggested that macrophages transform to myofi-
broblasts (MMT) during subretinal fibrosis and which is
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involved in the formation of subretinal fibrosis. TGF-p1
may be a key driver of MMT in subretinal fibrosis.

CircRNAs are non-coding RNAs that are involved
in regulating physiological and pathological responses
within cells in a variety of ways [31]. CircRNAs’ biologi-
cal function is related to its localization in the cell. In
the nucleus, circRNAs can activate genes transcription,
or competitively bind to target genes, mediating genes
expression. A better understanding of the impact of
genetic inheritance is essential to advance personalized
treatment approaches [32]. In the cytoplasm, circRNAs
containing miRNA response elements (MREs) which can
sponge adsorb downstream miRNAs or competitively
bind to corresponding miRNA-binding sites to regulate
the expression of target genes [33, 34].

Through sequencing screening, we found that
circ_0001103 was expressed in both the laser-induced
CNV and subretinal fibrosis mouse model and TGEF-
Bl induced MMT model. Through nucleoplasmic
isolation and FISH experiments, it was found that cir-
cRNA_0001103 was mainly located in the cytoplasm.
Bioanalysis showed that circRNA_0001103 had a bind-
ing site for miRNA-7240-5p. The results suggested that
the molecular mechanism of circRNA_0001103 regu-
lating MMT may be competitive binding of miRNA-
7240-5p. Next, we used co-immunoprecipitation and
dual luciferase assay. The results showed that com-
pared with IgG group, there was an increasing trend in
Ago2 group. The circ_0001103 wild-type + miR-7240-5p
mimic group and SLC9A wild-type + miR-7240-5p mimic
group of dual Luciferase were decreased. The combina-
tion of circRNA_0001103 with miRNA-7240-5p and
miRNA-7240-5p with SLC9A was confirmed, that is, cir-
cRNA_0001103 regulates the expression of downstream
target gene SLC9A through competitive binding with
miRNA-7240-5p.

Finally, in order to verify the biological effects of mmu_
circ_0001103, we used vitreous injection technology and
found that after circ_0001103 was inhibited, both MMT
and subretinal fibrosis were inhibited in mice, revealing
that circ_0001103 is a potential molecular target to inter-
vene in subretinal fibrosis.

In conclusion, in this study, we have found abnormal
expression of circular RNA in the mouse model of CNV,
further confirming that circ_0001103 may be a new target
affecting subretinal fibrosis. Our results has implicated
that macrophage to myofibroblast transition may be an
important pathological process in the formation of sub-
retinal fibrosis. Xu et al. found that macrophages undergo
macrophage to myofibroblast transformation in a cer-
tain microenvironment, and these cells play an impor-
tant role in the formation of subretinal fibrosis, which is
consistent with our findings. Furthermore, we found that
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circ-0001103 can regulate the transformation of mac-
rophages into myofibroblasts, affecting the formation of
subretinal fibrosis, laying an experimental foundation for
future intervention measures [18]. Although the studies
have shown that circ_0001103 can sponge adsorption
with miR-7240-5p, mediating macrophage to myofi-
broblast transition and subretinal fibrosis growth, there
are still some limitations in this study. Firstly, whether
circ_0001103 is expressed in human is unclear. There is
a lack of experiments on humans in this study. Secondly,
in this study, experiments were done in mice, and the
number of animals was small. There was a lack of experi-
ments and validation in larger sample sizes of mice and
primates. Thirdly, the mechanism by which circ_0001103
regulates macrophage to myofibroblast transition and
subretinal fibrosis is complex. In the future, more experi-
ments are needed to be carried out in order to explore.
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