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Circ-gabra5 exacerbates cognitive impairment in Alzheimer’ s disease mice by
regulating AKT through miR-455-3p
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[ Abstract] Objective TTo explore the role of circ-gabra5 in the pathogenesis of Alzheimer’s disease
(AD) in mice. Methods APP/PS1 double transgenic AD mice (6 months old) were selected as the
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experimental group, and C57BL/6 wild-type (WT) mice were enrolled as the control group. The mice were
divided into an AD group and an AD mice with circ-gabra5 knockout (AD+circ-gabra5 knockout) group, with 5
mice in each group. After total RNA was extracted from mouse brain, differential expression of circRNA was
detected, and real-time quantitative PCR (RT-qPCR) was used to validate the top 6 circRNA genes with
differences. Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses
were performed. Using hippocampal stereo injection of lentivirus to knock out the circ-gabra5 gene, the
learning and memory function of mice was detected with Morris water maze test, and the number of A3 plaques
in mouse brain tissue was observed through immunohistochemistry. Transmission electron microscopy was
utilized to observe the mitochondrial damage and synaptic count in mouse neurons. Dual luciferase reporter
assay and RNA binding protein immunoprecipitation (RIP) assay were employed to verify the interaction
between circ-gabra5 and miR-455-3p. Western blotting was apllied to detect the expression level of AKT
protein. Results There were 273 differentially expressed genes screened between AD mice and WT mice,
including 163 up-regulated and 110 down-regulated genes. Circ-gabra5 had the largest fold difference of 1. 39
(P<0.05). GO and KEGG analyses suggested that the functional expression differences between AD mice and
WT mice were enriched in thyroid hormone, PI3K/AKT, RNA metabolism and other signaling pathways.
Knocking out of circ-gabraS gene in AD mice resulted in obvious improvement in cognitive impairment in
Morris water maze test, decreased AP plaques by immunohistochemistry, and attenuated neuronal
mitochondrial damage and more cortical synapses in AD mice by transmission electron microscopy (P<0. 05).
According to the starBase database prediction, circ-gabra5 and miR-455-3p have complementary sequences.
Dual luciferase reporter assay and RIP assay confirmed the interaction between circ-gabra5 and miR-455-3p.
Database bioinformatics analysis predicted that miR-455-3p and AKT have complementary sequences. qPCR
indicated that knocking down the circ-gabra5 gene in primary cultured neurons of AD mice resulted in a
decrease in miR-455-3p expression, and subsequent Western blot analysis showed a decrease in AKT protein
level (P<0.01). Conclusion Circ-gabra5 exacerbales cognitive impairment in AD mice by regulating AKT
protein through miR-455-3p, increases AP deposition in brain tissue, aggravates neuronal mitochondrial
damage, and reduces the number of neural synapses.
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Table 1 Primer sequences of target genes

Primer sequence
Upstream: 5" -GGACGTTCCTCAAACCCAGA-3’
Downstream:5'-GACAAGGAGGGTTTGGGTCA-3’

Target gene

circ-gabra5

Upstream : 5'-CTCAACTGGTGTCGTGGAGTCGGCAAT-
TCAGTTGAGGTGTAT-3’

R - D
miR-4553P 1) nstream s 5'-ACACTCCAGCTGGGGGGCAGTCCAT-
GGGCAT-3'
& Upstream: 5’ CCGCCTGATCAAGTTCTCCT 3

Downstream:5’ CAGACCCATGAGCCCACATT 3’
cire-Olfin] Upstream: 5" -GUCUUGGACAGGCGGACCCAGAGA-3’
Downstream:5'-CTGGAGACCAAGTTCAAGCAGGTG-3
Upstream: 5'-GATGTT ACATCCCTGCTTAACAACA-3’
Downstream: 5'-TGCTGTGCGAGTGGGATCCGCCG-3’
Upstream:5'-CAGGAAGCAGGACATCGGC-3’
Downstream:5"-GGCTCCTCTGATGCTGAGAC-3’
Upstream : 5" -TCTTGTCATCGAAGACCTGCT-3’
Downstream:5'-TCAACATTGAGGCACATTCCT-3’
Upstream:5'-CAGAGCGCTTCTGAAGACCAA-3’
Downstream:5'-GCAGTAGGGACAGCCTCATTG-3'
Upstream:5"-AGAGCCTGTGGTGTCCG-3'
Downstream:5'-CATCTTCAAAGCACTTCCCT-3’
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A: CircRNA volcano of differential gene expression between AD and WT mice; B: Heat map of the top 10 genes with differential up-
regulation or down-regulation of circRNA expression in AD and WT mice; C: Relative expression levels of the top 3 up-regulated or
down-regulated circRNA expression in AD and WT mice; D: GO analysis of differentially expressed genes; E: KEGG analysis of

enriched pathways of differentially expressed genes
B 1 circ-gabra5 FTEFEE AD/MNRAALR M RIE

(n=5,%+s)

Figure 1 Expression of circ-gabra5 in transgenic AD mouse brain tissue (n=5,x+s)

R2 BBAEZFRMURIEETH circRNA EERFR
Table 2 Basic information of the top 10 circRNAs with differential expression
circRNA Gene name Log2FC P value circRNA Gene name Log2FC P value
circRNA_41461 gabra5 1.39 0.013 252 537 circRNA_012503 Pbx3 -1.16 0.029 232 944
circRNA_33199 Olfml1 1.30 0. 026 408 421 circRNA_36555 Gml11892 -1.12 0. 037 296 564
circRNA_29978 App 1.09 0. 043 489 311 circRNA_25826 Meg3 -1.11 0.038 966 511
circRNA-40341 Snca 0.99 0. 031 004 102 circRNA_35922 Syt6 -0.90 0.032 888 216
circRNA_30828 Dlgapl 0.91 0.031 621 877 circRNA_44628 Uncl3c -0. 89 0.014 532 489
circRNA-44786 Rasgrfl 0. 88 0.019 419 708 circRNA_31872 Gnal -0. 88 0. 029 205 953
circRNA-43589 Cpne7 0. 86 0. 032 123 864 circRNA_29357 Hic2 -0. 84 0. 004 375 740
circRNA_29008 Nell2 0. 84 0. 031 775 058 circRNA_21495 Rab3gap2 -0.83 0. 038 690 641
circRNA_26775 lqgap2 0. 80 0.017 561 821 circRNA_28035 Uggt2 -0.78 0. 015 300 105
circRNA_33631 Tancl 0.74 0.039911718 circRNA_24012 Trim37 -0.76 0. 046 462 182
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£ 3+ P<0.01 80 AD-sh-circ-gabras 6 30+ P<0.01
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A: qPCR verification of the relative expression level of circ-gabra5 in AD mice after lentiviral injection; B: Escape latency time

of each group of mice in Morris water maze test; C: Number of platform crossings for each group of mice in Morris water maze

test; D:Target quadrant dwelling time of each group of mice in Morris water maze test; E: Immunohistochemical assay showing

the number of AR plaques in the mouse brain; F: Transmission electron microscopy displaying neuronal mitochondria ;

G : Transmission electron microscopy displaying mouse neural synapses. Black arrows indicate ABplaques; Yellow arrows

indicate mitochondria; Red arrows indicate neural synapses
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Figure 2 Knocking down circ-gabra5 can improve cognitive impairment and pathological changes in AD mice (n=5,%+s)
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A: Nucleotide complementary pairing between circ-gabra5 and miR-455-3p; B: Dual luciferase report assay showing the binding of

circ-gabra5 to miR-455-3p; C: RT-qPCR showing circ-gabra5 and miR-455-3p detection in beads using RIP assay
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Figure 3 miR-455-3p is the target of circ-gabra5 (n=>5,x+s)
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A: Nucleotide complementary pairing between AKT and miR-455-3p; B: Western blot assay showing AKT protein expression

after circ-gabra5 knockout; C: After adding miR-455-3p inhibitor to silence circ-gabra5 AD neurons, RT-qPCR showing the

relative expression level of miR-455-3p; D: Western blot assay showing AKT protein expression level

& 4

circ-gabra5 i@ it miR-455-3p i35 AKT EEARIE (n=5,%+s)

Figure 4 Circ-gabra5 regulates AKT protein expression through miR-455-3p (n=>5,x+s)
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