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Circular RNA DLGAP4 Inhibits Ischemic Stroke-Induced
Microglia M1 Polarization and Proinflammatory Cytokine
Production, Possibly through the NF-xB Pathway
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Circular RNA DLGAP4 (circ_DLGAP4) participates in the progression of ischemic stroke (IS), but whether it
could regulate microglia activation to affect IS injury is unclear. This study aimed to explore the effect of
circ_ DLGAP4 on IS-induced microglia polarization and inflammatory cytokines, and the underlying
mechanism. BV-2 cells (microglia) were transfected with circ_DLGAP4 overexpression (oeCirc), short
hairpin RNA plasmid (shCirc), or corresponding negative control plasmids (0eNC and shNC). oeCirc or
0eNC transfected cells were also treated with phorbol 12-myristate 13-acetate (PMA). Subsequently, BV-2
cells were treated with oxygen-glucose deprivation and reperfusion (OGD/R) to mimic IS. Circ_ DLGAP4
was reduced in OGD/R-stimulated microglia versus normal microglia. Circ_ DLGAP4 overexpression
decreased cluster of differentiation (CD)68 and CD86, but increased CD206 and arginase-1 in OGD/
R-stimulated microglia, suggesting that circ_ DLGAP4 overexpression might inhibit M1 but facilitate M2
polarization of microglia. Besides, circ_ DLGAP4 overexpression reduced tumor necrosis factor-a,
interleukin (IL)-18, and IL-6, but elevated IL-10 in OGD/R-stimulated microglia, indicating that circ_ DLGAP4
overexpression reduced proinflammatory cytokines but facilitated anti-inflammatory cytokines. Circ_
DLGAP4 overexpression decreased p-nuclear factor kappa-B (NF-«B) and p-NF-«B inhibitor (I«B)-a in
OGD/R-stimulated microglia, suggesting its inhibition of the NF-kB pathway. Notably, circ_DLGAP4
downregulation reversed the above phenomenon. PMA facilitated M1 polarization and proinflammatory
cytokines but inhibited M2 polarization and anti-inflammatory cytokines in OGD/R-stimulated microglia.
Interestingly, PMA attenuated the effect of circ_ DLGAP4 overexpression on the above-mentioned
processes in OGD/R-stimulated microglia. In conclusion, circ_ DLGAP4 may attenuate IS injury by
inhibiting microglia M1 polarization and proinflammatory cytokine production, which may be attributed to the
inactivation of the NF-kB pathway.
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Introduction

Ischemic stroke (IS) accounts for approximately 85%
of all strokes, which is the second contributor to death and
disability worldwide (Saini et al. 2021). Although some
progress has been made in the treatment of IS, the progno-
sis of IS patients is still dismal (Mendelson and
Prabhakaran 2021; Paul and Candelario-Jalil 2021).
Microglia are the major immune cells in the brain, which
are closely engaged in the pathology and progression of IS

(Jurcau and Simion 2021; Var et al. 2021; Zeng et al. 2022).
After IS, microglia are activated, and its M1 polarization
facilitates the secretion of proinflammatory cytokines,
which accelerates neuronal damage and secondary brain
injury (Ma et al. 2017; Qiu et al. 2021; Xue et al. 2021);
meanwhile, microglia M1 polarization is generally associ-
ated with the high expression of several cell markers, such
as cluster of differentiation (CD)68 and CD86 (Jiang et al.
2020). Oppositely, the M2 polarization of microglia could
facilitate the recovery following IS, which is characterized
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by the production of anti-inflammatory cytokines and
expression of several markers, such as CD206 and argi-
nase-1 (ARG1) (Ma et al. 2017; Jiang et al. 2020). Inspired
by this, seeking a potential strategy that inhibits microglia
M1 polarization and facilitates its M2 polarization may be
meaningful to improve the management of IS patients.

Circular RNA DLGAP4 (circ DLGAP4) is derived
from exons 8, 9, and 10 of the DLGAP4 gene, which is also
engaged in IS pathology and progression (Feng et al. 2023;
Liu et al. 2023; Zhang et al. 2023). For instance, one previ-
ous study reports that circ DLGAP4 attenuates oxygen-
glucose deprivation (OGD)-stimulated human cortical neu-
rons-2 cell injury and inflammation by regulating the
microRNA (miR)-503-3p/neuronal growth regulator 1 path-
way (Qiu et al. 2022). Another study indicates that circ_
DLGAP4 modulates the miR-320/Kriippel-like factor 5
pathway to facilitate angiogenesis in IS rats (Feng et al.
2023). Moreover, circ DLGAP4 serves as a sponge of
miR-6085, which further regulates the growth differentia-
tion factor 11 to inhibit oxygen-glucose deprivation and
reperfusion (OGD/R)-stimulated human brain microvascu-
lar endothelial cell apoptosis and oxidative stress (Liu et al.
2023). However, whether circ. DLGAP4 could regulate
microglia polarization to influence IS progression is cur-
rently unclear.

Accordingly, this study aimed to explore the engage-
ment of circ. DLGAP4 in IS-induced microglia polarization
and inflammatory cytokine production, as well as the under-
lying mechanism.

Methods

Cell culture and OGD/R

Normal BV-2 cells (Procell, Wuhan, China) were cul-
tivated with 10% fetal bovine serum (FBS) (Procell) con-
taining Dulbecco’s Modified Eagle Medium (DMEM)
(Procell) at 37°C, 21% O, and 5% CO,. To mimic IS in
vitro, OGD/R was conducted (Yao et al. 2022). In brief,
BV-2 cells were incubated in DMEM without glucose/FBS
at 95% N, and 5% CO, for 2 hours (h), followed by being
maintained in 10% FBS containing DMEM at 21% O, and
5% CO, for 24 h.

Cell transfection

Circ_ DLGAP4 overexpression (Geneseed,
Guangzhou, China), short hairpin RNA plasmid (oeCirc
and shCirc) (Geneseed), and relative negative control plas-
mids (0eNC and shNC) (Geneseed) were transfected into
BV-2 cells. To complete transfection, Hieff Trans®
Universal Transfection Reagent (Yeasen, Shanghai, China)
was applied. The cells were collected at 48 h after transfec-
tion for OGD/R. BV-2 cells incubated with 1 uM phorbol
12-myristate 13-acetate (PMA) for 24 h after being trans-
fected with 0eNC or oeCirc (24 h after transfection) (Zhao
etal. 2016). Afterward, OGD/R was performed.

Immunofluorescence (IF)

After OGD/R, BV-2 cells were fixed by 4% parafor-
maldehyde (Beyotime, Shanghai, China). Then, permeabi-
lization by 0.3% Triton X-100 and sealing by 5% bovine
serum albumin (BSA) (Servicebio, Wuhan, China) were
completed. Afterwards, cells incubated with CD68 (1:500;
Abclonal, Wuhan, China), CD86 (1:100; Abclonal), CD206
(1:1,000; Proteintech, Wuhan, China) and ARGI1 (1:100;
Abclonal) overnight at 4°C. Cy3 conjugated secondary
antibody (1:500, Servicebio) was successively incubated
with cells for 1 h. The results were analyzed under an
inverted fluorescence microscope (Motic, Xiamen, China).

Enzyme linked immunosorbent assay (ELISA)

The supernatant was collected after OGD/R. ELISA
were completed according to tumor necrosis factor (TNF)-a
(Solarbio, Beijing, China), interleukin (IL)-15 (Elabscience,
Wuhan, China), IL-6 (Elabscience) and IL-10 (Beyotime)
ELISA kits’ protocols.

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR)

RNA was isolated with an RNA Isolation Kit (cwbio,
Shanghai, China). The linear RNA was removed by RNase
R (Beyotime). Reverse transcription and qPCR were
accomplished by RT Master Mix (Biomarker, Shanghai,
China) and qPCR PreMix (Tiangen, Beijing, China),
respectively. The following primers were applied: circ
DLGAP4 forward, 5" AAGTGAACAAGGGACGCTGAC
37, circ DAGAP4 reverse, 5" ACTGCTCTGGACTGTG
ACTGA 3"; GAPDH forward, 5" GTGCTGAGTATGTCGT
GGAGTCT 3’, GAPDH reverse, 5° GCATTGCTGA
CAATCTTGAGTGAGT 3".

Western blot

Protein was extracted by Total Protein Lysis Buffer
(Sangon, Shanghai, China) and separated by SuperPAGE™
gel (Epizyme Biotech, Shanghai, China), followed by elec-
trically transferred to nitrocellulose membrane. Next, the
protein was probed with nuclear factor kappa B (NF-«xB)
antibody (1:5,000; Proteintech, Wuhan, China), p-NF-«B
antibody (1:2,000; CST, Danvers, Massachusetts, USA),
NF-xB inhibitor (IxB)-a (1:3,000; Proteintech, Wuhan,
China) and p-1xB-a (1:2,000; CST, Danvers, Massachusetts,
USA). At last, the horseradish peroxidase (HRP)-
conjugated secondary antibody (1:5,000; Epizyme Biotech,
Shanghai, China) was incubated with the membrane.

Statistical analysis

All data were analyzed by GraphPad Prism (GraphPad
Software, Boston, Massachusetts, USA) and presented as
mean + standard deviation. Unpaired t-test and Tukey’s test
were used to perform analysis. P < 0.05 was considered
statistically significant.
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Results

Effect of circ. DLGAP4 on BV-2 cell polarization and
cytokine production under OGD/R-stimulation

According to IF (Fig. 1A), CD68 (P < 0.01) (Fig. 1B),
CD86 (P < 0.01) (Fig. 1C), CD206 (P < 0.05) (Fig. 1D),
and ARG1 (P < 0.05) (Fig. 1E) were increased in the OGD/
R group compared to the normal group. TNF-a (P < 0.05)
(Fig. 1F), IL-6 (P < 0.01) (Fig. 1G), IL-14 (P < 0.01) (Fig.
1H), and IL-10 (P < 0.05) (Fig. 11) were also elevated in the
OGD/R group versus (vs.) the normal group. These find-
ings indicated the IS cellular model was established suc-
cessfully. Interestingly, circ. DLGAP4 was decreased in the
OGD/R group vs. the normal group (P <0.01) (Fig. 1J).

Of note, this study used short hairpin RNA plasmid to
treat BV-2 cells. The significance of short hairpin RNA lied
in its higher stability and longer duration of action com-
pared to small interfering RNA during transfection.
Therefore, the use of ShARNA might make our findings more
reliable. It was found that circ. DLGAP4 was increased in
the oeCirc group compared to the 0eNC group (P < 0.001),
while it was decreased in the shCirc group vs. the shNC
group (P < 0.01), indicating the transfection was successful
(Fig. 2A). CD68 (Fig. 2B) and CD86 (Fig. 2C) were
reduced in the oeCirc group compared to the 0eNC group
(both P < 0.05). CD206 (Fig. 2D) and ARG1 (Fig. 2E)
were higher in the oeCirc group than the 0eNC group (both
P < 0.05). These findings indicated that circ DLGAP4
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overexpression might inhibit microglia M1 polarization and
promote microglia M2 polarization. Representative images
of CD68, CD86, CD206, and ARG1 detection by IF were
exhibited in Fig. 2F. TNF-a (Fig. 2G), IL-1p (Fig. 2H), and
IL-6 (Fig. 2I) were decreased in the oeCirc vs. the 0eNC
group (all P < 0.05). On the contrary, IL-10 was increased
in the oeCirc vs. the 0eNC group (P < 0.05) (Fig. 2J).
These findings indicated that circ DLGAP4 overexpression
inhibited proinflammatory cytokines, but promoted anti-
inflammatory cytokines. Of note, circ. DLGAP4 downreg-
ulation exhibited the opposite effects as its overexpression.

Effect of circ_ DLGAP4 on the NF-kB pathway in BV-2 cells
under OGD/R stimulation

NF-«B, p-NF-«B, IxB-a, and p-IxB-a were detected by
western blot (Fig. 3A). It was found that p-NF-«B/NF-«B (P
< 0.01) and p-IxB-0/1xkB-a (P < 0.05) were decreased in the
oeCirc group vs. the 0eNC group. However, p-NF-xB/NF-«xB
(P <0.01) and p-IxB-o/TxB-a (P < 0.05) were increased in the
shCirc group compared to the shNC group (Fig. 3B). These
findings suggested that circ DLGAP4 overexpression inacti-
vated the NF-xB pathway in BV-2 cells under OGD/R stimula-
tion; its downregulation showed an inverse trend.

Effect of PMA on circ_DLGAP4-regulated NF-kB pathway
in BV-2 cells under OGD/R stimulation

Circ DLGAP4 was not different between the PMA
group and the 0eNC group (P > 0.05), as well as between
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Fig. 1. Circ. DLGAP4 was reduced in BV-2 cells under OGD/R stimulation.
Representative images of [F-detected CD68, CD86, CD206, and ARG1 (A) and comparison of protein relative fluores-
cence intensity of CD68 (B), CD86 (C), CD206 (D), ARG1 (E) between the OGD/R and normal groups. Comparison
of TNF-a (F), IL-6 (G), IL-1$ (H), and IL-10 (I) level in supernatant between the OGD/R and normal groups. Compari-
son of circ. DLGAP4 expression of cells between the OGD/R and normal groups (J). *P <0.05; **P < 0.01.



280 J. Ding et al.

g 4 4
] L2 02 Sz 02>
3 = 23 25 2
s 8 52, 52, z2
s 03 3 =] © S
x c - c c it =
S Se £y $e S0
x 25 © 02 L3 foRs)
< 28 o3 3 e85
o =9 5g <3 =2
= © O © 1 S 01 p i}
[a) © 2 o & IS OB
o i} Qs as xS
2 o= o= o= <=
o ]
> O & L &
S . .
Farots
S

shNC oeCirc oeNC Control
TNF-a (pg/mL)
in supernatant

IL-1B (pg/mL)
in supernatant

shCirc

Control

shNC oeCirc oeNC
IL-6 (pg/mL)
in supernatant

IL-10 (pg/mL;
in supernatant

shCirc

Fig. 2. Circ DLGAP4 inhibited BV-2 cell M1 polarization and proinflammatory cytokine production under OGD/R stimulation.
Comparison of circ. DLGAP4 expression of cells among the control, 0eNC, oeCirc, shNC, and shCirc groups (A).
Comparison of protein relative fluorescence intensity of CD68 (B), CD86 (C), CD206 (D), and ARG1 (E), as well as
representative images of CD68, CD86, CD206, and ARG1 by IF (F) among the control, 0eNC, oeCirc, shNC, and
shCirc groups. Comparison of TNF-a (G), IL-18 (H), IL-6 (1), and IL-10 (J) level in supernatant among the control,
0eNC, oeCirc, shNC, and shCirc groups. *P < 0.05; **P < 0.01; ***P <(0.001.

the oeCirc + PMA group and the oeCirc group (P > 0.05), were increased in the PMA group vs. the 0eNC group, sug-
suggesting that PMA did not affect circ. DLGAP4 expres- gesting that PMA activated the NF-«B pathway. Notably,
sions (Fig. 4A). According to western blot (Fig. 4B), p-NF-xB/NF-xB (P < 0.001) and p-IxkB-a/IxB-o. (P < 0.05)
p-NF-«B/NF-«B (P < 0.01) and p-IxB-o/IxkB-a (P < 0.01) were also elevated in the oeCirc + PMA group vs. the oeCirc
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Fig. 3. Circ DLGAP4 inactivated the NF-xB pathway in BV-2 cells under OGD/R stimulation.
Representative images of NF-xB, p-NF-«B, 1xkB-a, and p-IxB-a by western blot (A) and comparison of protein expression
of p-NF-«B/NF-«B and p-IxB-a/IxkB-a (B) among the control, 0eNC, oeCirc, shNC, and shCirc groups. *P <0.05; **P <0.01.
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group, suggesting that PMA attenuated the effect of circ_
DLGAP4 overexpression on the NF-xB pathway (Fig. 4C).

Effect of PMA on circ DLGAP4-regulated BV-2 cell
polarization and cytokine production under OGD/R
stimulation

CD68 (Fig. 5A) and CD86 (Fig. 5B) were increased in
the PMA group vs. the 0eNC group (both P < 0.01), and ele-
vated in the oeCirc + PMA group vs. the oeCirc group (both
P < 0.01). CD206 (Fig. 5C) and ARG1 (Fig. 5D) were
reduced in the PMA group vs. the 0eNC group (both P <
0.05), and reduced in the oeCirc + PMA group vs. the oeCirc
group (both P < 0.05). These findings indicated that PMA
facilitated microglia M1 polarization and inhibited microglia

M2 polarization; in addition, PMA reversed the effect of circ_
DLGAP4 overexpression on microglia M1 and M2 polariza-
tion. Representative images of CD68, CD86, CD206, and
ARG detection by IF were shown in Fig. SE. TNF-a (Fig.
5F), IL-1p (Fig. 5G), and IL-6 (Fig. 5H) were increased in the
PMA group vs. the 0eNC group (all P < 0.01), and elevated
in the oeCirc + PMA group vs. the oeCirc group (all P <
0.05). However, IL-10 was reduced in the PMA group vs. the
0eNC group (P < 0.05), and decreased in the oeCirc + PMA
group vs. the oeCirc group (P < 0.01) (Fig. 5I). These find-
ings suggested that PMA facilitated proinflammatory cyto-
kines but inhibited anti-inflammatory cytokines; meanwhile,
PMA reversed the effect of circ. DLGAP4 overexpression on
proinflammatory and anti-inflammatory cytokines.
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Discussion

Circ DLGAP4 is involved in the pathology and pro-
gression of IS, and its dysregulation has been reported by
some previous studies (Bai et al. 2018; Zhu et al. 2019; Qiu
et al. 2022; Liu et al. 2023). For example, a clinical study
reports that blood circ DLGAP4 is lower in IS patients than
controls (Zhu et al. 2019). Besides, circ. DLGAP4 is
decreased in the plasma of IS patients compared to non-
stroke controls, as well as reduced in the mouse stroke
model compared with the sham (Bai et al. 2018). Notably,
a few in vitro studies also explore the dysregulation of circ
DLGAP4 in IS cellular models (Qiu et al. 2022; Liu et al.
2023). According to a study, circ. DLGAP4 is decreased in
human cerebral cortical neuronal cells after OGD stimula-
tion (Qiu et al. 2022). Another study finds out that OGD/R
stimulation reduces circ DLGAP4 in human brain micro-
vascular endothelial cells (Liu et al. 2023). Considering the
involvement of microglia in IS (Zeng et al. 2022), it is
meaningful to investigate the dysregulation of circ_
DLGAP4 in microglia, but no relevant evidence is found.
In the current study, it was found that circ DLGAP4 was
decreased in OGD/R-stimulated microglia compared to nor-
mal microglia, which was consistent with previous in vitro
studies (Qiu et al. 2022; Liu et al. 2023). A possible reason
might be that the occurrence of IS created an environment
of hypoxia and nutritional deficiency, which might lead to
changes in gene expression in cells (Mitroshina et al. 2021).
Therefore, IS resulted in a decrease in circ. DLGAP4 in
microglia. Subsequently, abnormal expression of circ
DLGAP4 may further exacerbate IS injury by promoting
inflammation and oxidative stress (Qiu et al. 2022; Liu et
al. 2023). Therefore, the decrease in circ. DLGAP4 might
be a sign of IS injury. However, this speculation should be
validated by subsequent studies.

According to previous studies, microglial activation is
also closely engaged in the pathology and progression of IS
(Luo et al. 2022; Qiu et al. 2023). For instance, one study
reports that microglial activation leads to aggravated
inflammation and neuronal apoptosis in cerebral ischemia-
reperfusion rats (Qiu et al. 2023). Another study elucidates
that microglial activation exacerbates locomotor deficits
and neuronal pyroptosis in middle cerebral artery occlusion/
reperfusion injury mice (Luo et al. 2022). In terms of circ
DLGAP4, it also participates in the progression of IS (Bai
et al. 2018; Qiu et al. 2022; Liu et al. 2023), but evidence
regarding the regulation of circ DLGAP4 on microglia
activation in IS injury is currently unclear. This study dis-
covered that circ. DLGAP4 inhibited M1 polarization and
proinflammatory cytokine production, but promoted M2
polarization and anti-inflammatory cytokine production in
OGD/R-stimulated microglia. In contrast, its downregula-
tion exhibited the opposite effects. The potential reasons
would be that: (1) circ. DLGAP4 could bind to AU-rich ele-
ment RNA-binding factor 1 to inhibit microglia M1 polar-
ization and promote M2 polarization (Liu et al. 2022). (2)

circ. DLGAP4 could regulate the miR-503-3p/neuronal
growth regulator 1 pathway to suppress proinflammatory
cytokine production but accelerate anti-inflammatory cyto-
kine production (Qiu et al. 2022). Therefore, circ_
DLGAP4 could regulate polarization and inflammatory
cytokine production in OGD/R-stimulated microglia.
Notably, CD206 and ARGI were increased by circ_
DLGAP4 in OGD/R-stimulated microglia, which was con-
sidered as microglia M2 polarization (Plastira et al. 2016;
Zhang et al. 2019). However, it might be better to use dou-
ble staining with type 2 cytokines (such as IL-4 and IL-10)
to confirm the microglia M2 polarization, which could be a
study direction for our subsequent studies.

NF-«B pathway is closely engaged in the inflammation
process, and its role in IS has been reported by some previ-
ous studies (Kong et al. 2022; Pu et al. 2022). For instance,
the NF-«B pathway facilitates nerve injury and neuroin-
flammation in both in vivo and in vitro 1S models (Xian et
al. 2021). At the same time, a previous study states that the
NF-xB pathway modulates the production of inflammatory
cytokines, such as TNF-a, IL-1a, IL-14, and IL-6, as well
as microglia activation after cerebral ischemia-reperfusion
injury (Pu et al. 2022). Additionally, the NF-xB pathway
facilitates microglia polarization toward the M1 phenotype
and inhibits microglia M2 polarization in middle cerebral
artery occlusion mice and OGD/R-induced microglia cells
(Kong et al. 2022). In the current study, it was found that
circ. DLGAP4 inactivated the NF-«B pathway in OGD/
R-stimulated microglia, and its downregulation showed the
opposite effects. Besides, the addition of PMA reversed the
effect of circ DLGAP4 on NF-xB pathway, polarization,
and inflammatory cytokine production in OGD/
R-stimulated microglia. These findings suggested that circ_
DLGAP4 might inactivate the NF-xB pathway to inhibit
OGD/R-induced microglia M1 polarization and proinflam-
matory cytokine production, but promote microglia M2
polarization and anti-inflammatory cytokine production.
However, according to previous studies, PMA is an NF-xB
pathway activator, as well as a microglia M1 polarization
stimulator (Jin et al. 2021; Kushwah et al. 2022; Lei et al.
2023). Therefore, the reversal of circ DLGAP4’ impact on
microglia polarization and inflammatory cytokine produc-
tion by PMA might not be exclusively attributed to the acti-
vation of the NF-xB pathway. Hence, our findings should
be validated by subsequent studies. Additionally, it should
be clarified that we only applied IF to detect CD68, CD86,
CD206, and ARG, and further studies should consider
using the data of mRNA or western blot to further confirm
the findings of this study. Moreover, microglial cloned
BV-2 cells were used in this study. Although BV-2 cells are
commonly used microglial cell lines, the morphologies,
adhesion properties, and proliferation rates of BV-2 cells
are different from primary microglia (Wang et al. 2021).
Meanwhile, some microglia-specific genes, such as integrin
subunit beta 5 and MER proto-oncogene, tyrosine kinase,
are rarely expressed in BV-2 cells (Butovsky et al. 2014;
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Wang et al. 2021). Therefore, BV-2 cells might not fully
represent primary microglia characteristics. Further studies
should consider applying other microglial cell lines, such as
N9 cells and human immortalized microglia (HMO6) to
validate the findings of this study.

Inspiringly, our study found that circ DLGAP4 was
reduced in microglia after IS injury, which suggested that
circ. DLGAP4 might have the potential to serve as a bio-
marker for IS patients (Zhu et al. 2019). At the same time,
we further discovered that circ. DLGAP4 might inactivate
the NF-xB pathway to inhibit microglia M1 polarization
and proinflammatory cytokines, which might be helpful in
attenuating IS injury. Clinically, although revascularization
therapies made advances in treating IS patients, the progno-
sis of IS patients was still unsatisfactory (approximately
3.29 million deaths were caused by IS in 2019, worldwide)
(GBD 2019 Stroke Collaborators 2021). Considering sec-
ondary brain injury was a crucial cause for poor prognosis
in IS patients, and circ DLGAP4 might help to ameliorate
this process, our findings may enhance the management of
IS patients.

To sum up, circ. DLGAP4 is decreased after IS; its
overexpression inhibits IS injury by suppressing microglia
M1 polarization and proinflammatory cytokine production,
which may be possibly due to the inactivation of the NF-«xB
pathway. Our findings may provide a theoretical reference
that circ. DLGAP4 may be beneficial in attenuating IS pro-
gression. However, the detailed mechanism should be vali-
dated by further studies.
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