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Ellagic acid attenuates ischemic brain injury by targeting the miR-18a/TSP-1 axis

Liu Yike'?, Li Chaofan’, Song Haiyan®, Hu Yuchen', Wang Rumeng', Chen Chunyan"*

'Bayannur Clinical College of Inner Mongolia Medical University, Bayannur 015000; *Department of Neurology,
Bayannur City Hospital , Bayannur 015000;’Medical College of Qinghai University, Xining 810000, China

[Abstract] Objective: To investigate whether ellagic acid (EA) exerts a protective effect on ischaemic brain injury by regulating the
miR-18a/thrombospondin-1(TSP-1) axis. Methods: Ischemic brain injury was simulated using rat brain microvascular endothelial cells
(RBMECs) oxygen-glucose deprivation(OGD) model and rat middle cerebral artery occlusion(MCAO) model. Apoptosis and apoptosis-
related proteins in RBMECs were assessed via TUNEL staining, flow cytometry, and Western blotting (WB). The proliferation,
migration, and tubulogenesis capabilities of RBMECs were assessed using EAU, Transwell, and tube formation assays: MicroRNA
microarray analysis was employed to detect differentially expressed microRNAs in brain tissue from MCAO rats following EA
intervention, with validation via real-time quantitative polymerase chain reaction (qRT-PCR). Bioinformatics prediction of miR-18a’s
action pathways was corroborated through WB, dual luciferase reporter assays, and rescue experiments. Results: Compared with the
OGD group, the EA intervention group showed reduced apoptosis, increased proliferation and migration, and a higher number of tube
formations in RBMECs. In MCAO rats, EA pretreatment markedly improved Longa scores, alleviated brain tissue pathological damage,
and reduced neuronal apoptosis. MicroRNA microarray analysis revealed that miR - 18a exhibited the most significant differential

expression in ischaemic brain tissue following EA intervention compared to controls. qRT-PCR results demonstrated markedly elevated
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miR-18a expression in RBMECs after EA treatment. Bioinformatics prediction identified TSP-1 as a direct target of miR-18a. Western

blotting confirmed that transfection with miR-18a mimic significantly downregulated TSP-1 expression in RBMECs. Dual luciferase

reporter assays validated TSP-1 as a direct target of miR-18a. Rescue experiments demonstrated that inhibiting miR-18a reversed

EA’ s aforementioned protective effects on RBMECs. Conclusion: EA exerts anti-apoptotic and pro-angiogenic effects by modulating

the miR-18a/TSP-1 signalling axis, thereby mitigating ischaemic brain injury. This axis may represent a potential therapeutic target for

post-stroke neuroprotection.

[Key words] ellagic acid; ischemic stroke; angiogenesis; miR-18a; thrombospondin-1
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I E IE AL P 10 mine % JE TUNEL & IR 57 &5 15t
B F C ) TAT Bl [ B2, T 37 CEYEHE H 60 min,
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A: Cell viability was assessed using the CCK-8 assay after treating RBMEC with various concentrations of EA. B, C: Representative images
(B, x200) and quantitative analysis (C) of TUNEL staining (red). D, E: Apoptosis rates were analyzed by flow cytometry using Annexin V-FITC/PI
staining. F=H: Western blot analysis of Bax and Bcl-2 protein expression. -actin served as the loading control. Compared with the control group,
P < 0.05,"P < 0.01; compared with the OGD group, “P < 0.05, “*P < 0.01(n=3).
1 EABH OGD%ESH RBMEC AT
Figure 1 EA attenuates OGD-induced apoptosis in RBMEC
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A, B: Cell proliferation was detected by EAU assay (green). Nuclei were counterstained with Hoechst (blue) (x200). C—E: Western blot analysis of
PCNA and Cyclin D1 expression with B-actin as the loading control. ', G: Transwell migration assay: representative images (F', X200) and quantification
of migrated cells (G). H, I: Tube formation assay on Matrigel : representative images (H, X100) and quantification of total junctions (. J: Mitochon-
drial ultrastructure observed by transmission electron microscopy (TEM). Compared with the control group, P < 0.05, "P < 0.01; compared with the 0GD
group, “P < 0.05, “*P < 0.01(n=3).
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Figure 2 EA restores angiogenic functions and preserves mitochondrial ultrastructure in OGD-injured RBMEC
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A: Neurological deficit scores were evaluated at 1,3, 7, and 10 days post-MCAO using the Longa scale. B: Representative H, E staining images
showing pathological changes in the ischemic penumbra (x100). C, D: TUNEL staining for the detection of apoptotic cells: representative images
(C, %200) and quantitative analysis (D). E-=G: Western blot analysis of apoptosis-related proteins in brain tissue: representative images(E), and
quantitative analysis of Bel-2(F) and Bax(G) protein expression. B-actin was used as a loading control. Compared with the control group, ‘P < 0.05,
“P < 0.01; compared with the MCAO group, “P < 0.05, “*P < 0.01(n=6).
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Figure 3 EA pretreatment ameliorates neurological function and mitigates cerebral ischemic injury in MCAO rats
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Figure 4 EA-mediated neuroprotection involves miR-18a upregulation and subsequent TSP-1 suppression
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RBMEC were transfected with a miR-18a antagomir prior to OGD and EA treatment (50 pwmol/L). A: Representative images of TUNEL staining
(x200). B: Quantitative analysis of TUNEL-positive cells. C: Statistical summary of the total apoptotic cell percentage. D: Representative flow cytometry
dot plots of Annexin V-FITC/PI staining. E: Representative Western blot images of Bcl-2 and Bax. F, G: Quantitative analysis of Bel-2(F) and Bax(G)
protein expression levels, normalized to B-actin. Compared with the control group, ‘P < 0.05, “P < 0.01; compared with the OGD group, **P < 0.01;
compared with the NC group, “P < 0.05,"P < 0.01(n=3).
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Figure 5 Inhibition of miR-18a reverses the anti-apoptotic effects of EA in OGD-injured RBMEC
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A, B: Representative fluorescence images of the EdU assay (A, X200) and quantification of EdU-positive cells (B). C—E: Western blot analysis of
PCNA and Cyclin D1 expression: representative bands (C) and quantification (D, E). F, G: Representative images of the Transwell migration assay
(F, X200) and quantification (G). H, I: Representative images of tube formation on Matrigel (H, X100) and quantification of total tube junctions ().
J: Representative TEM images showing mitochondrial ultrastructure. Compared with the control group, ‘P < 0.05, “P < 0.01; compared with the OGD
group, “P < 0.05, “*P < 0.01; compared with the NC group, P < 0.05, *P < 0.01(n=3).
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Figure 6 Inhibition of miR-18a abrogates the pro-angiogenic and mitochondrial protective effects of EA
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