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Abstract: [objective] To explore the specific molecular mechanism of neuronal apoptosis induced by ATM inactiva-

tion.[ Methods] CGNs matured 7 days in vitro were cultured 8 h with 25 K, 5 K or 25 K medium containing ATM-specific
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inhibitors (Ku55933, 10 pmol/L; Ku60019, 15 wmol/L) for Hoechst stain and apoptosis analysis, or cultured for differ-
ent lengths of time (2, 4, 8 h) to detect the protein expression levels of ATM, caspase—3 and cleaved caspase—3 by West-
ern blotting. ATM and GADD45a specific siRNA was transfected into C6 cells and CGNs, and its interference efficiency
was verified by q=PCR and Western blotting. CGNs matured for 5 days in vitro were transfected with ATM specific siRNA
and pCMV-EGFP by calcium phosphate for 48 h, Hoechst staining and apoptosis analysis were performed. CGNs matured
for 7 days in vitro were treated with 25 K medium containing ATM specific inhibitors for 8 h, transcriptome sequencing,
differential expression gene identification and pathway enrichment analysis were performed. CGNs matured for 5 days in vi-
tro were co—transfected with GADD45a specific siRNA and pCMV-EGFP by calcium phosphate for 48 h, then treated
with 5 K or 25 K medium containing 15 wmol/L Ku6 for 8 h. Hoechst staining and apoptosis analysis were performed.[Re-
sults] Compared with the 25 K, CGNs nuclear pyknosis rate, cleaved Caspase—3 and ATM protein expression level were
increased in the 5 K and ATM-specific inhibitor groups. The mRNA and protein expression levels of ATM and GADD45a
were effectively reduced after transfection of ATM and GADD45a specific siRNA in C6 cells and CGNs. Compared with
control, CGNs transfected with ATM specific siRNA showed a higher nuclear pyknosis rate. Totally 835 genes were identi-
fied to be up-regulated and 848 genes to be down-regulated in the Ku55933 treatment group; 454 genes were identified to
be up-regulated and 314 genes to be down-regulated in the Ku6 treatment group; 274 genes were co—up regulated in the
Ku5 and Ku60019 treatment groups, while 179 genes were co—down-regulated in the Ku5 and Ku6 treatment groups and
the expression of ATM downstream target GADD45a was upregulated. The enrichment results showed that TNF signaling
pathway, NF-«kB signaling pathway and Apoptosis signaling pathway were significantly enriched. Compared with control,
mRNA and protein expression levels of GADD45a were increased in inhibitor treatment and 5 K, while knocking down
GADD45a resulted in a decrease in nuclear pyknosis rate in the Ku60019 and 5 K treatment group. [ Conclusion] Loss of
ATM activity induces GADD45a~dependent cerebellar granular neuronal apoptosis.
Key words: neuronal apoptosis; ATM; GADD45a; transcriptome sequencing
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5 BE R 7R 5 DMEM . 0.25% Jif i \FBS %%
Z-EF E P/S  L-glutamine F1 PBS ¥ [ Gibco 2>
A], Trypsin.,DNase . Fil 4 ifd # . Poly—L-lysine . BME
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FLAR A 6 fLARIA [ NEST 22 &, Anti-ATM W5 [ CST
1 Abcam 2y F) , Anti—- GADD45« . Anti—-Cleaved Cas-
pase—3 Fll Anti—Caspase3 ¥4 IJ F CST /A ] , Anti—
GAPDH Iy H Proteintech 2 ®] . HRP-conjugated
Goat Anti-Mouse IgG #11 HRP-conjugated Goat Anti-
Rabbit IgG 4 A L4 TA W, RNAiMax g H Ther-
mo 3 Al , ProFection® Mammalian Transfection Sys-
tem Il F Promega /A F] .
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0.65 cm % 0.65 cm Jy K/, F BB 2R A Y Crebs
G PR AL 15 min 5 2R AL, B0 TR AR LA
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Table 1 Special siRNA sequences of ATM and
GADD45a

Name Sequence
siGADD45a-1 5" GGAUCCUGCCUUAAGUCAATT 3’
siGADD45a-2 5" GGAAAGUCGCUACAUGGAUTT 3’
SIATM-1 5" GGUCUACGAUACUCUUAAATT 3’
SIATM-1 5" GGUCUACGAUACUCUUAAATT 3’

&2 RT-qPCR3|#F7I

Table 2 Primers of related genes

Name Sequence
GADD45%: forward 5" GCAGAAGATCGAAAGGATGG 3’

reverse 5" GTACACGCCGACAGTTATGG 3’
ATM forward 5" ACATGAGCGTGGAGGATTTC 3’

reverse 5" GCAATGGACTTCACCTCATCA 3’
B-actin  forward 5' CAACTGGGACGATATGGAGAAG 3™
reverse 5’ TCTCCTTCTGCATCCTGTCAG 3'™!
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A BB A R R P T AR . 3 T EGEFP FHAE
P IO A [ 48 1 BT 3 EEOR I 2 A B TR

125 AiFan preodr i Trizol IHRBUT
435 CGNs ol RNA, ST T P AR AR, J5 21 i R AR S5
i S AR E A Tlamina I 5 2 i 385 R B (Novo-
gene ) N FITE L. 25 5 FER A3 AT B SEX) AR 1) read-
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AL, 5 K AR BEOR R B[R] (2.4 .8 h) J ¥4 K il &)
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[F7] S [) J5 -t A 0 3] ATM 85 1 3% 3k 7K O BRI, 2%
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A: CGNs matured for 7 days in vitro were cultured with 25 K and 5 K medium for 8 h and analyzed by Hoechst staining. Representative fluorogram

of nuclear staining (scale, 15 pm). B: 1) P < 0.05, compared with 25 K group. C: CGNs matured for 7 days in vitro were cultured in 25 K and 5 K medi-

um for different time, respectively, and the protein expression levels of ATM, Caspase—3 and Cleaved Caspase—3 were detected by western blot. D: The

relative density of ATM and Cleaved Caspase—3 were analyzed by Image J software. 1) P < 0.05, compared with 25 K group. n=3.
El1 75 KESH CGNs AT HATM & B RIXME(R
Fig. 1 ATM protein expression was decreased in CGNs apoptosis induced by 5 K
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A: CGNs matured for 7 days in vitro were cultured in 25 K medium with or without ATM~-specific inhibitors for 8 h and analyzed by Hoechst stain-

ing. Representative fluorogram of nuclear staining (scale, 15 pm). B: 1) P < 0.05, compared with DMSO group. C: CGNs matured for 7 days in vitro were

cultured in 25 K medium with or without ATM-specific inhibitors for different time, respectively and the protein expression levels of ATM, Caspase—3

and Cleaved Caspase-3 were detected by Western blotting. D: The relative density of ATM and Cleaved Caspase—3 were analyzed by Image] software.

1) P < 0.05, compared with DMSO group. Ku5: Ku55933, Ku6: Ku60019. n=3.
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Fig. 2 Pharmacological inhibition of ATM activity induced apoptosis of CGNs cells

2.2.2  siRNA #7#) ATM % 5 CGNs & 4 3 & o 2
feR T W TG AT e B A AERE AR B
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A: C6 cells transfected with ATM specific siRNA for 48 h and RT-qPCR was performed to detect ATM mRNA levels. 1) P<0.05, compared with

siNC group. B: CGNs mature for 5 days in vitro were transfected with ATM specific siRNA by calcium phosphate for 48 h, and the ATM protein expres-

sion level was detected by Western blotting. C: The relative density of ATM was analyzed by Image] software. 1) P<0.05, compared with siNC group. D:

Hoechst staining and apoptosis analysis were performed after transfection of CGNs with ATM specific siRNA and pCMV-EGEFP 48 h. White arrows indi-

cate transfected cells. bar=15 wm. 1) P<0.05, compared with siNC group. n=3.
siRNA #1#] ATM %5 CGNs & 4 22 2 1 4R i =

E3

Fig.3 SiRNA inhibits ATM induced typical cell apoptosis in CGNs

PRI ATM JS , AT T T 2 sk il )y . &
BT o FH PP 4 1) 25 55 S 2 N AR AR B 2 1
) 45 R 7R KuS Ab B2 Ku6 ZbHHZH |5 K b B2
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5 st a1y g5 R — 30, ATM 3 MRS
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g5 B4l 7R, GADD45a 2 A 7K S 78 2 B 2 10 ]
ATM 1 PE AR 5 KAR R E] B[] (2,48 h) J5 34 i
F LW, 2R ARG E AR ATM: F
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Description

CGNs matured for 7 days in vitro were cultured in 25 K medium with or without ATM-specific inhibitors for 8 h and transcriptome sequencing was

performed. A: principal component analysis (PCA). B: Heat map of differential gene expression. Ordinate represents gene clustering; The abscissa

represents the clustering of samples. Red means upward, blue means downward. C, D: Volcano map of differentially expressed genes. Green dot:

down-regulated differential gene; Red dots: up—regulated differential genes; Blue dots, no differentially expressed genes. E, F: Veen map of differen-

tially expressed genes. G: KEGG pathway enrichment analysis of differentially expressed genes.
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Fig.4 Transcriptome sequencing after pharmacologic inhibition of ATM
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A: C6 cells were transfected with GADD45a specific siRNA for 48 h and RT-qPCR was performed to detect mRNA levels of GADD45a. 1) P<
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and the GADD45a protein expression level was detected by western blotting. C: The relative density of GADD45awas analyzed by Image] software. 1) P
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