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Abstract

Objective: To explore the role of the cGAS-STING pathway in the regulation of autophagy flux by
Neuritin after SAH.

Methods: (1) Male SD rats were subjected to endovascular perforation to establish SAH model, and the
severity of SAH was graded and confirmed by H&E staining. (2) According to the experimental design, the
rats were randomLy divided into the Sham group, Sham + AAV9-NC group, Sham + AAV-Nrnl group, SAH
group, SAH + Vehicle group, SAH + C-176 group, SAH + CMA group, SAH + AAV9-NC group, SAH +
AAV9-Nrnl group, SAH + AAV-Nrnl + Vehicle group, and SAH + AAV-Nrnl + CMA group. (3)
Neurological behavior modified Garcia score, blood-brain barrier permeability was evaluated by the evans
blue extravasation test, and brain edema was evaluated by the wet-dry weight method. These three methods
were used to evaluate the extent of brain injury. (4) The ratio of autophagy marker protein LC31I/ LC31 was
detected by ELISA experiment. (5) The co-expression of Neuritin and STING with the microglia marker
protein Ibal, as well as the expression changes of the lysosomal marker protein LAMP1 co-expressed with
the neuronal marker protein NeuN was detected by immunofluorescence staining technique. (6) The
expression of Neuritin, autophagy-related proteins LC3II, LC3I, P62, and STING pathway-related proteins
STING, P-STING, TBKI1, and P-TBK1 were detected by Western blot analysis. (7) The ultrastructural
changes in autophagy-related organelles were observed by TEM.

Results: (1) The successful establishment of the SAH model in rats was confirmed by macroscopic
observation and H&E staining.

(2) The SAH grade in the Sham group was 0. Rats with a SAH grade less than 9 were excluded from
this experiment. There was no significant difference in the SAH grades between all SAH groups.

(3) The successful overexpression of Neuritin protein in the cerebral cortex of rats was demonstrated by
Western blot analysis (P<0.01).

(4) The co-expression of Neuritin and STING with the microglia marker protein Ibal was showed by
immunofluorescence staining.

(5) The neurological behavioral scores of rats decreased, brain water content and Evans blue
extravasation increased after SAH (P<0.01, P<0.001, P<0.001). The neurological behavioral scores
increased, brain water content and Evans blue extravasation decreased in the SAH + AAV9-Nrl group
compared with the SAH + AAV9-NC group. (P<0.001, P<0.05, P<0.01).

(6) The ratio of LC3 II/I in the cerebral cortex of rats increased, and the expression of P62 and LAMP1
in neuronal cells increased after SAH (P<0.001, P<0.001, P<0.001). The ratio of LC3 II/I further increased,



and the expression of P62 and LAMP1 in neuronal cells decreased after Neuritin treatment. (P<0.01, P<0.001,
P<0.001).

(7) The expression of STING, P-STING, and P-TBK 1 increased after SAH (P<0.01, P<0.01, P<0.01).
The expression of STING, P-STING, and P-TBK1 reduced (P<0.05, P<0.05, P<0.05), and the ratio of LC3
II/T decreased, and the expression of P62 and LAMP1 reduced after C-176 treatment (P<0.001, P<0.001,
P<0.001); the expression of STING, P-STING, and P-TBK1 increased (P<0.05, P<0.05, P<0.05), and the
ratio of LC3 II /I increased, and the expression of P62 and LAMP1 increased after CMA treatment(P<0.01,
P<0.05, P<0.01).

(8) The expression of STING, P-STING, and P-TBK1 increased after SAH and then reduced after
Neuritin treatment (P<0.01, P<0.01, P<0.001). The neurological behavioral scores decreased while the brain
water content and Evans blue extravasation increased in the SAH + AAV9-Nrnl + CMA group compared
with the SAH + AAV9-Nrnl + Vehicle group (P<0.001, P<0.001, P<0.05). The expression of STING, P-
STING, P-TBK1 increased (P<0.05, P<0.05, P<0.001), and the expression of P62 and LAMP1, and the ratio
of LC3 I/ increased (P<0.05, P<0.001, P<0.01).

(9) Severe organelle swelling and the number of autolysosomes did not increase significantly after SAH
by transmission electron microscopy; organelle swelling reduced and autolysosomes numbers increased after
Neuritin treatment. Organelle swelling reduced and autolysosomes numbers increased after C-176 treatment,
while cell swelling increased, ruptured organelles, and no autolysosomess were observed after CMA
treatment. Fewer autolysosomes were observed in the SAH + AAV9-Nrnl + CMA group compared with the
SAH + AAV9-Nrnl + Vehicle group.

Conclusion: Neuritin alleviates EBI by repairing damaged autophagy flux after SAH, which is achieved
by regulating the cGAS-STING pathway.

Key words: Subarachnoid hemorrhage; Early brain injury; Autophagy flux; cGAS-STING pathway;

Neuritin
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