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Effect of CircOGDH on Hypoxia Reoxygenation Induced Neuronal Damage
through miR-24-3p Mediated HOXA1 Upregulation
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Abstract This study aimed to investigate the mechanism of CircOGDH on hypoxic reoxygenation (H/R)
induced neuronal damage by targeting and regulating HOXA1 through miR-24-3p. Ht22 cells were used as the
research object, hypoxia reoxygenation was used to induce neuronal damage, and the cells were divided into
negative control group (si-NC group), CircOGDH silencing group (si-CircOGDH group), overexpression nega-
tive control group (miR-NC group), miR-24-3p overexpression group (miR-24-3p minic group), CircOGDH
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silencing+inhibitor negative control group (si-CircOGDH+anti-miR-NC group), and CircOGDH silencing +miR-
24-3p inhibitor group (si-CircOGDH+anti-miR-24-3p group). Control group and H/R group without transfection
were also set up. The expression of CircOGDH, miR-24-3p and HOXA1 mRNA was detected by qRT-PCR; the
cell activity was detected by CCK-8 method; the oxidative stress level was detected by micro method; apoptosis
was detected by flow cytometry; Western blot was used to detect the expression of HOXA1, Bax and Bcl-2 pro-
teins. The results showed that the expression of CircOGDH and HOXA1 was up-regulated and the expression of
miR-24-3p was down-regulated in Ht22 cells in H/R group, the apoptosis rate, the expression of Bax protein, and
the contents of LDH and MDA increased, the cell survival rate, the expression of Bcl-2 protein, the activities of
SOD and GSH-Px decreased (P<0.05); silencing CircOGDH could up-regulate the expression of miR-24-3p and
down-regulate the expression of HOXA1 in H/R-induced Ht22 cells, improve cell survival rate and the levels of
Bcl-2 protein, SOD, and GSH-Px, reduce the apoptosis rate, Bax protein, the contents of LDH, MDA (P<0.05);
overexpression of miR-24-3p could reduce the expression of HOXAI, increase the cell survival rate, the levels
of Bcl-2 protein, SOD, GSH-Px, and reduce the apoptosis rate, Bax protein, contents of LDH and MDA (P<0.05);
inhibiting the expression of miR-24-3p could partially reverse the protective effect of silencing CircOGDH on
HT22 cells damage. In conclusion, silencing CircOGDH may up-regulate the expression of miR-24-3p, down-
regulate the expression of HOXAL1, improve the oxidative damage of neurons induced by H/R, and inhibit their
apoptosis.

Keywords  CircOGDH; miR-24-3p; HOXAT1; neuron damage
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Table 1 Experimental design
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Experiment

!
Groups

LRIl Eizgay
Detection index

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Control group, H/R group

Control group, H/R group, si-NC group,
si-CircOGDH group

Control group, H/R group, miR-NC group,

miR-24-3p minic group

si-CircOGDH+anti-miR-NC group, si-
CircOGDH+anti-miR-24-3p group

Detection of CircOGDH, miR-24-3p and HOXA1 mRNA expression by qRT-
PCR (experiment was repeated for 3 times)

mRNA expression of CircOGDH, miR-24-3p and HOXA1 was detected by
qRT-PCR; cell activity, oxidative stress and apoptosis were detected by CCK-
8; protein expression was detected by Western blot (experiment was repeated
for 3 times)

mRNA expression of CircOGDH, miR-24-3p and HOXA1 was detected by
qRT-PCR; cell activity, oxidative stress and apoptosis were detected by CCK-
8; protein expression was detected by Western blot (experiment was repeated
for 3 times)

mRNA expression of CircOGDH, miR-24-3p and HOXA1 was detected by
qRT-PCR; cell activity, oxidative stress and apoptosis were detected by CCK-
8; protein expression was detected by Western blot (experiment was repeated
for 3 times)
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Table 2 Primer design
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Primer name Primer sequence

CircOGDH Forward primer: 5'-ATC AGA TAC GAG GGC ACC ATG T-3'
Reverse primer: 5'-GGC TCC GGC ATT CGT GTT G-3'

miR-24-3p Forward primer: 5'-TGG CTC AGT TCA GCA GGA ACA-3'
Reverse primer: 5'-GAT CCA GTC TCA GGG TCC GAG-3'

uo6 Forward primer: 5'-CTC GCT TCG GCA GCA CA-3’
Reverse primer: 5'-AAC GCT TCA CGA ATT TGC GT-3'

HOXALI Forward primer: 5'-CGG CTT CCT GTG CTA AGT CT-3'
Reverse primer: 5-TTC ATT GTG CCA TCC ATC AC-3'

GAPDH Forward primer: 5'-CTG GGC TAC ACT GAG CAC C-3'

Reverse primer: 5-AGT GGT CGT TGA GGG CAA TG-3'
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Fig.1 Comparison of CircOGDH, miR-24-3p, and HOXAI mRNA in Ht22 cells of each group
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E2 RLEHt224ACIrcOGDH, miR-24-3p. HOXA1FRIAELES
Fig.2 Comparison of CircOGDH, miR-24-3p and HOXA1 expression in Ht22 cells of each group
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Fig.3 Apoptosis of Ht22 cells in each group
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Fig.4 Bax and Bcl-2 protein bands in Ht22 cells of each group
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Table 3 Comparison of survival and apoptosis of Ht22 cells in each group

ZH A% TATIR/%

(?r:)]ips fuffal rate /% fpopisis 1% Bax/GAPDH Bel-2/GAPDH
Control 98.3446.31 6.34+0.71 0.15+0.03 0.87+0.07
H/R 54.23+£5.17" 45.3043.86" 0.62+0.06" 0.2540.03"
si-NC 56.18+5.69 43.01+4.05 0.64+0.05 0.27+0.03
si-CircOGDH 76.36+6.60* 21.3242.57* 0.26+0.02* 0.55+0.04*

#P<0.05, ScontrolH L *P<0.05, 5si-NCALHLEL
#P<0.05 compared with control group; *P<0.05 compared with si-NC group.

R4 FAH2MMBERGIEIRELR
Table 4 Comparison of oxidative damage indicators of Ht22 cells in each group

frijlps LDH /U-L" SOD /U mg" MDA /nmol-mg ' GSH-Px /U'mg"’
Control 96.32+8.34 55.23+4.71 0.89+0.05 75.46+6.87
H/R 323.25+21.02° 18.32+1.99* 6.60+0.33" 20.33+2.65"
si-NC 330.55+23.41 17.76+1.80 6.2340.25 21.3442.03
si-CircOGDH 202.354+20.38%* 38.16+3.02* 2.14+0.12* 59.82+4.66*

P<0.05, Hcontrol4LLL#K, "P<0.05; *P<0.05, 5si-NCALLL#L -
#P<0.05 compared with control group; *P<0.05 compared with si-NC group.
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Fig.5 Apoptosis of Ht22 cells in each group
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Fig.6 Comparison of miR-24-3p, HOXA1, Bax, and Bcl-2 expression in Ht22 cells of each group
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Table S Comparison of survival and apoptosis of Ht22 cells in each group

Ao 2% T H /%

Gthles ﬁfivil rate /% Epopisis /% Bax/GAPDH Bel-2/GAPDH
Control 97.60+7.31 7.34+0.68 0.18+0.04 0.89+0.08
H/R 53.23+6.17" 45.7843.76" 0.69+0.06" 0.28+0.02°
miR-NC 54.184+6.00 45.01+4.25 0.65+0.04 0.26+0.03
miR-24-3p minic 75.36+6.78* 20.38+3.01* 0.25+0.03* 0.62+0.05*

"P<0.05, Lcontrol 41 LLA; *P<0.05, 5miR-NCALLLEL .
“P<0.05 compared with control group; *P<0.05 compared with miR-NC group.

w6 FHHQ2ME WIRGISIRILER

Table 6 Comparison of oxidative damage indicators of Ht22 cells in each group

fifips LDH /U-L"' SOD /U'mg" MDA /nmol'mg ! GSH-Px /U'mg"'
Control 97.32+48.67 56.23+4.71 0.89+0.06 78.46+6.27
H/R 330.25+22.02" 19.32+1.79* 6.70+0.35" 21.33+2.15%
miR-NC 335.55+25.62 18.76£1.91 6.45+0.22 21.78+2.10
miR-24-3p minic 193.35+20.38* 40.13+£3.05* 2.3540.13* 61.12+4.76*

“P<0.05, Econtrol 41 LLAE; *P<0.05, 5miR-NCALELEL
"P<0.05 compared with control group; *P<0.05 compared with miR-NC group.
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Fig.7 Apoptosis of Ht22 cells in each group
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A: relative expression level of miR-24-3p; B: HOXAI mRNA relative expression level; C: HOXAI, Bax, Bcl-2 protein expression band map and pro-

tein relative expression levels; “P<0.05 compared with si-CircOGDH+anti-miR-NC group. 7n=6.
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Fig.8 Comparison of miR-24-3p, HOXA1, Bax and Bcl-2 in Ht22 cells of each group

Bax & 7K. HOXAI mRNA/KF. HOXA1EH
FIL/KF-. LDHE . MDA & 75 (P<0.05).
2.6 miR-24-3p5 CircOGDH. miR-24-3p5
HOXAIHER )k RIIE

w9, B 10f77, i#Id TargetScanZi#& 2 HE M

miR-24-3p 5 CircOGDH. miR-24-3p5 HOXAI{7-4E
GELAT S WEE 9T R, miR-24-3p minic 5 CircOG-
DH-WT [ HOXA1-WTH 3 G 2 (1) 41 B %< 't 2 g
P32 2K T miR-NC 5 CircOGDH-WT J HOXAI-WT
YL (P<0.05); miR-24-3p minic. miR-NC5
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Table 7 Comparison of survival and apoptosis of Ht22 cells in each group

éﬂnl W 2R [Y 7ut::/0
M T, R Bax/GAPDH Bcl-2/GAPDH
Groups Survival rate /% Apoptosis /%
si-CircOGDH+ 75.36+6.50 23.3242.67 0.28+0.02 0.58+0.04
anti-miR-NC
si-CircOGDH+ 56.45+5.26" 44.0343.98" 0.69+0.05" 0.23+0.03"
anti-miR-24-3p
"P<0.05, si-CircOGDH+anti-miR-NC# Li#4 »
"P<0.05 compared with si-CircOGDH+anti-miR-NC group.
*8 BEH22ME IR
Table 8 Comparison of oxidative damage of Ht22 cells in each group
45 B B B B
LDH/U-L"' SOD /U'mg! MDA /nmol'mg’ GSH-Px /U'mg"'
Groups
si-CircOGDH+anti-miR-NC 205.354+21.38 39.26+3.08 2.48+0.19 57.42+4.03
si-CircOGDH+anti-miR-24-3p 251.32+20.35% 25.48+2.12° 4.89+0.23" 32.25+3.017
#P<0.05, 5si-CircOGDH-+anti-miR-NC41 Lh 4% .
“P<0.05 compared with si-CircOGDH+anti-miR-NC group.
CircOGDH 5’ CUGCACCUGUUGCUGCUGAGCCC 3’
IR
miR-24-3p 3'GACAAGGACGAC- UUGACUCGGU 5’
&9 miR-24-3p5CircOGDH 3'UTRZ A =
Fig.9 miR-24-3p and CircOGDH 3'UTR binding sites
HOXA1 5'AUCAGUUAUCCUUUGUGAGCCU 3’
[T
miR-24-3p 3' GACAAGGACGACUUGACUCGGU 5’
E10 miR-24-3p5HOXAI 3'UTRG & RIS
Fig.10 miR-24-3p and HOXA1 3'UTR binding sites
R WRAREIRE LW
Table 9 Report experiment of double Luciferase
NN 1
o . .
Groups Luciferase activity
CircOGDH-WT CircOGDH-MUT HOXAI-WT HOXAI-MUT
miR-NC 1.05+0.12 1.024+0.10 1.03+0.09 1.00+0.10
miR-24-3p minic 0.58+0.06* 0.9740.08 0.44+0.06* 0.98+0.08

*P<0.03, L5miR-NCAL LA .
*P<0.05 compared with miR-NC group.

CircOGDH-MUT K HOXA 1-MUT3: 5 YL 45 (1) 21 o 5%
F R B IEMETC . % 5 (P>0.05).
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5 5. CireRNAJE T —25 241 AE 415 RNA, H
FEPR A 2T 5 B A0 mRNA BT822 48 | Al i 5
P JORE S LR BORN 2 7 722 5 e i o XU
RASRRE, nIE R A XS W RS A Y0 bs
Fpren AR I KR IIL, CircOGDHIEH/RE S HIH22
B Rk, HITER CircOGDHARIA AT ALK
3% H/RIE S 1 HR240 i/ . CircRNAFI miRNA &
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M, CireRNAJE 7 LA miRNAZ 5705 1
Jog FRAE PRI FE ), VR 2 WA X R AFEAE I,
miRNAFRIE WA T AR, 259088 [R] 6 7 B Rk

AEAS S A Y, S B
miR- 1907 1A 2 fif S s 0] 44 28 20 i (1 45243 121
T 72 % I miR-24-3p 1] LAYk 4% S5 A0 3. 4]
JULZ BRI T AR B, sk 553 Bl 5 25 175 3 1 /N B U 2
PENC, miR-24-3pid n] A g i R 5 A P A8,
NI 50 SRR 1 R s s 17 SR RIS /52 4R
7S Z AL 6 miR-24-3p £ALE %, I miR-
24-3pFRIE A AN K AR A s A e T O BT
CircOGDHAM HOXAfEA Mg I1EH , DA =335
5 miR-24-3pfEERE A 0 &, A4S B 78 K I Cir-
cOGDHATHOXA17E H/R 5 B He2241 i ¥4 i,
miR-24-3p N, JUEK CircOGDH A] LA # miR-24-3p
Feik B, fuaifE HOXA 1K, B H2240 i 45
i

A FUUE B miRNAZ 5 T B 2 ik 46 o 1) 46
ORI, BT R REE 4 S B AR B A
W miR-142a-5pHE % i@ it §E 7] MFN 115 S 2R 1A Th g
BRRS . BoRifAR H WA 20 B T 1Y, T miR-24-3p ] PA
B [A) STAT3, H | S0 SLEFN A BRI T, AR A48 T
Pafs, BB P R U SRl 2 B 7T 3 B miR-
24-3p £ fixi dof IIL P8 33 45345 400 i PP AR Sk B0, FEAC
WF 5T, miR-24-3p7E H/RE 5 1) Ht2240 Jiig {3
ik, TYTERCircOGDH ] LA HEmiR-24-3pR ik, Yk
H2240 045457, 5 miR-24-3p ik ) 45— & FERE Y
FEYTER CircOGDHX} H/R 175 S5 11 Ht22 401 Jifd 45343 1) 1
PHE . XU CircOGDH A LI #% miR-24-3p ik,
WHEH/RE S FIH2240 i 45145 -

TE— T T SO T T4 R 4 RF R 40
SRR SRES R ORI, AT AT A TR P A KT, 3
5 HOXA 15 2 Jo oAb EXI I H R RIERE ST, N
ABUEEALT GSH, 277] DL 2 #H] HOXAT [ ZR1E 1
WA R A P FEARBE T, HOXAL/E H/RIEF
(1 HE22 A = 2 0E , [FIB i 440 =4 MDA
LDH/KF BT, St )i SOD A GSH-PxiFPE
B, ULER CircOGDHE# 1t R 1A miR-24-3p34 1] LA
I HOXA1KIE , ekt ey A mie, ]k
I AU 2 B i S58 7R miR-24-3p Al L 5
HOXAI 3'UTR&; &, HEHOXA15R1A; miR-24-3p

5 CircOGDH 3'UTR WA 44 &4 15, YTER CircOGDH
A DU miR-24-3p3KiA, FIHHOXAL, 5 AW 5
X miR-24-3p. HOXA 1R IE KT A I 45 AR 7F

I
= o

miR-24-3ptH 5 4 g 07 T A BRI FR AR OC, AE
SV IR A A s R, N BERGE S | miR-24-
3pFRik, (EHHE MY T Y, miR-24-3pif 7 UL
BEBPNT™ A, T 55 45 40 26 B8 5 5 S 11 iR
A bR AR T, SR P R P AT R I
HOXA 1E4H 3 7 At 473 v = A 8, IR D01
RCE I R IE, miR-18a-3p4l R HOXAL, TER
HOXA 1R LA & 40 i - P 14k, HOXAL
Al 3 i % PI3K/AK T/mTORAE 53 i 51 11 figs %
RG] i 40 f g8 T2 2 FEAHE AL, miR-24-3p ]
PLER A HOXAL, FUifi$5 HOXA1ZIE , 0] He2240 i
J8T.. YIBK CircOGDHELE 1 % 1A miR-24-3p, #n]
DLADH HOXA1R A, AIAMHI M T X 5w
PUER CircOGDH A g i i miR-24-3p3Kik, i
HOXA1KIE, WHEH/RIE M & u 831, #
HET,

zi BTk | PUER CircOGDHEL # i %% miR-24-
3p, ATLAMMHIHOXA1ZEIA, MM IHIH/R I T (IHE22
1 it SR AL B SRR AR R T . B NAREIE A 3h
YIsEie R AR AL, F— P REH— S
Y5256 CircOGDH. miR-24-3p. HOXA1=# )%
RNV, A AR i ke I 453 3 3 7 2 41 B 22 ]
Reff 8 bn. AL, PIBK/AKT/mTOR/E Sl i 52
AT I AR 5 A 2 0 AL R AR A AT TR
HEHLA Y, HOXA 12 75 e 13 PI3BK/AKT/mTORAE
S S 5 ra frt— 2 0.
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