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miR-20b-5p Targets MAPK1 to Regulate Ferroptosis of Brain

Microvascular Endothelial Cells during Intracerebral Hemorrhage*
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ABSTRACT Objective: To investigate the effects and mechanism of miR-20b-5p on the function of brain microvascular endothelial
cells (BMVEC) treated with oxygen glucose deprivation (OGD) /Hemin. Methods: BMVEC were divided into Control group, agomir-NC
group, agomir-miR-20b-5p group, antagomir-NC group and antagomir-miR-20b-5p group. The cells were transfected with Lipofectamine
2000 reagent. After BMVEC transfection, BMVEC was divided into Control group, OGD/Hemin group (O/H), OGD/Hemin+agomir-NC
group (O/H+agomir-NC), OGD/Hemin+agomir-miR-20b-5p group (O/H+agomir-miR-20b-5p), OGD/Hemin+antagomir-NC group
(O/H+antagomir-NC) and OGD/Hemin+antagomir-miR-20b-5p group (O/H+antagomir-miR-20b-5p). BMVEC in Control group were
cultured normally, and BMVEC in other groups were treated with OGD/Hemin. BMVEC proliferation was detected by MTT assay.
BMVEC apoptosis was detected by TUNEL staining. BMVEC migration was detected by Transwell. The levels of superoxide dismutase
(SOD), glutathione peroxidase (GSH-Px) and malondialdehyde (MDA) were measured using a commercial kit. Fe*" content was deter-

mined using Iron Assay kit. The levels of miR-20b-5p and MAPK1 mRNA were detected by qRT-PCR. The protein expression levels of
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MAPKI1, Bax, Bcel-2, glutathione peroxidase 4 (GPX4) and prostaglandin peroxidase synthase 2 (PTGS2) were detected by Western blot.
Fluorescence intensity of MAPK1 was detected by immunofluorescence staining. Results: Compared with Control group and agomir-NC
group, the level of miR-20b-5p in BMVEC of agomir-miR-20b-5p group increased (P<0.05). Compared with Control group and an-
tagomir-NC group, the level of miR-20b-5p in BMVEC of antagomir-miR-20b-5p group decreased (P<0.05). Compared with Control
group, miR-20b-5p level in BMVEC of O/H group decreased, cell viability decreased, TUNEL positive rate and Bax protein expression
level increased, Bcl-2 protein expression level decreased, the number of migration decreased, SOD and GSH-Px activity decreased, MDA
content increased, Fe** content and PTGS2 protein expression level increased, GPX4 protein expression level decreased, the mRNA and
protein expression level and the relative fluorescence intensity of MAPKI increas (P<0.05). Compared with O/H group and
O/H+agomir-NC group, the miR-20b-5p level in BMVEC of O/H+agomir-miR-20b-5p group increased, the cell viability increased, the
positive rate of TUNEL and the expression level of Bax protein decreased, the expression level of Bcl-2 protein increased, the number of
migration increased, the activity of SOD and GSH-Px increased, the content of MDA decreased, the content of Fe** and the protein
expression level of PTGS2 decreased, the protein expression level of GPX4 increased, the mRNA and protein expression level and the
relative fluorescence intensity of MAPK1 decreased (P<0.05). Compared with O/H group and O/H+antagomir-NC group, miR-20b-5p
level in BMVEC of O/H+antagomir-miR-20b-5p group decreased, cell viability decreased, TUNEL positive rate and Bax protein expres-
sion level increased, Bcl-2 protein expression level decreased, the number of migration decreased, SOD and GSH-Px activity decreased,
MDA content increased, Fe* content and PTGS2 protein expression level increased, GPX4 protein expression level decreased, the mRNA
and protein expression level and the relative fluorescence intensity of MAPKI increased (P<0.05). Conclusions: This study suggests that
upregulation of miR-20b-5p inhibits the ferroptosis pathway by inhibiting the expression of MAPK1 in OGD/Hemin-treated BMVEC.
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24 .agomir-miR-20b-5p 2 4 Ml an-
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antagomir-NC £H(O/H-+antagomir-NC)F1 OGD/Hemin-+antagomir-
miR-20b-5p 2 (O/H+antagomir-miR-20b-5p ), OGD/Hemin Ab ¥l
TEZS3CHER 1, RIS DMEM K 3R89 37°C 5%
CO, F1 37°C .95% O, %4 F 43 %155 3% BMVEC 10 min, X J5
76 Hemin (10 uM) A9 DMEM E; 3884 37°C (5% CO,.94%
N, Hl 1% O, IREE SR FHEFRANM 2 h, SR 5 F a7 10 251
THFR.

1.2.3 MTT ;54 BMVEC 3%  OGD/Hemin Ak # J5 , #f
BMVEC(5x 10° /M4 / £L)4EF0E] 96 fLA b 53R 48 h, RS
JIA 10 WL MTT $55% 4 h, BRI 490 nm 4b ' %5 FE
(0OD),

1.2.4 TUNEL #f#iM BMVEC )J§T= OGD/Hemin #bF )5,
4%% % W [ i BMVEC 4b B 30 min, 3% H,0, I 7 10 min,
0.3% Triton X-100 3 & 4L F 5 min, SR 5K 415 50 wL Y
TUNEL S iR &Y ZiaEREE 1 h, DAPT 4% 10 min, J1]75¢
6 £ TUNEL FHPEZR

1.2.5 Transwell #il BMVEC i£%  OGD/Hemin AbF1J5 ¥4
BMVEC FTCILIR 550 58, TR A0 MO o 1x 10° A
/mL, #%J5 B 200 wL Jin A % Transwell |2Z, F &I A 800 pL
F 10%JI6 48 LI ) DMEM- $i 585 . 175 S 40M0E S 48 h )5, 0%
TR B INE T RMAAHIH] 4%2 R HEEREE 30 min, 1%45 5
L8 20 min, 7E WG T ITHEUT RS 40

1.2.6 SR EIERR#EM  OGD/Hemin ZbFH5 , 422 B il 157
SRV K BMVEC 53R & , 780 2440, 2%
Ji 4°C [12000% g Z5.0 5 min, Y4E L3, it WST-8 A
SOD,DTNB #:Kuil GSH-Px, it Z R ik il MDA
1.2.7 Fe* &4l OGD/Hemin 4b¥E5 ,  BMVEC H] PBS
B, REH 1x 100 DAL S 100 WL 85 Hr 28 mhiliR &

agomir-NC ,agomir-miR-20b-5p ,an-

.antagomir-NC

4°C [ 16000% g &5.0» 10 min, Jt4E Fi. ¥ 100 pL B£ 5 H1 5 wL
Bl JFFIA 96 FLARH, SRIGIA 5 pL () Fe? e 8 ik,
FHIMA 5 wL BRI, 37°CHFAE 30 min, JiTA 100 pL 4%
B, 37 CHER 60 min. AFFR{AGIN 593 nm () OD {EFFi5
Fe* i,
128 BEREMBEEFQCT 4 MAPKI 3'UTR fyHF A= 7
B 58 A8 AU 4 A psicheck2.0 7 O0 F M 4R 5 B Ak, M
MAPKI1-WT #l MAPK1-MUT Jfi%i, fi#i /i Lipofectamine 2000
¥ MAPKI-WT #l MAPKI-MUT 5 agomir-NC 1§
agomir-miR-20b-5p —iE L4 YL 3] BMVEC Fp, #44% 48 h J5 , fii
FHRCHE 2R BT A5 2 R ARG I 3 30) G U e 5 0 R i 1
1.2.9 gRT-PCR #4 il mRNA Fik7k F  TRIzol izt 5 43 B
BMVEC i RNA, i RT reagent Kit with gDNA Eraser #£1T
k5% {#i ] TB Green Premix Ex Taq II £ PCR &% L1 TH"
B PN :95°C 5 min,95°C 105,60°C 20s,72°C 155,40
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Relative expression level of miR-20b-5p
S
1

1 %8 BMVEC Hif) miR-20b-5p X1 R i% &
Fig.1 Relative expression of miR-20b-5p in BMVEC of each group
Note: Compared with Control group, *P<0.05; Compared with agomir-NC
group, “P<0.05; Compared with antagomir-NC group, “P<0.05.

2.2 miR-20b-5p Xf O/H 4b32 9 BMVEC 185K 2M
5 Control £ [%% , O/H 21 BMVEC 1 miR-20b-5p /K-
FANIETE 71 FAR (P<0.05), 5 O/H 20l O/H+agomir-NC £

Relative expression level of miR-20b-5p

>

%%, O/H+agomir-miR-20b-5p 44 BMVEC 1) miR-20b-5p 7K
SRR B G ¥ JE R (P<0.05). 5 O/H #H il O/H+an-
tagomir-NC £ [, 4% , O/H+antagomir-miR-20b-5p 2 BMVEC
F) miR-20b-5p 7K F-FZHAL TG Sy HBEAL(P<0.05), VLA 2,
2.3 miR-20b-5p X} O/H 4b32 5 BMVEC JET-HIZ M

5§ Control #H %% ,0/H #H BMVEC {4 TUNEL {4 % #
Bax & [ FiAK T F5, Bel-2 B FHAFRIBAKCFREIR(P<0.05), 5
O/H 2 Fl O/H+agomir-NC £ [t %5 , O/H-+agomir-miR-20b-5p 21
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Fig. 2 miR-20b-5p levels and relative cell activity in BMVECs in each group

Note: A: Relative expression level of miR-20b-5p; B: Relative cell viability; Compared with Control group, *P<0.05; Compared with O/H group, *P<0.05;

Compared with O/H+agomir-NC group, “P<0.05; Compared with O/H-+antagomir-NC group, * P<0.05.
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(P<0.05), 5 O/H 4 fil O/H+antagomir-NC £H [V, % ,0/H+an-  [4FEAATETHE (P<0.05),GPX4 (R 1755 /K TR (P<0.05),
tagomir-miR-20b-5p 4 BMVEC Wi i) Fe?* & & Al PTGS2 {9 LK 7 F1E 8.

Control O/H O/H+agomir-NC

40

204

TUNEL positive rate (%)

O/H+agomir-miR-20b-5p  O/H+antagomir-NC ~ O/H+antagomir-miR-20b-5p
& 3 &4 BMVEC g TUNEL 4R
Fig. 3 TUNEL staining results of BMVEC in each group
Note: A: TUNEL stained image (X 200), blue: DAPI, green: TUNEL; B: Positive rate of TUNEL; Compared with Control group, *P<0.05;
Compared with O/H group, “P<0.05; Compared with O/H+agomir-NC group, P<0.05; Compared with O/H-+antagomir-NC group, * P<0.05.
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Fig. 4 Protein expression of Bax and Bcl-2 in BMVECs in each group
Note: A: Results of Western blot; B and C: Relative expression levels of Bax and Bcl-2; Compared with Control group, *P<0.05;
Compared with O/H group, “P<0.05; Compared with O/H+agomir-NC group, “P<0.05; Compared with O/H+antagomir-NC group, * P<0.05.
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Note: A: BMVEC migration image in Transwell experiment (X 200); B: Number of migrating cells statistics; Compared with Control group, *P<0.05;

Compared with O/H group, “P<0.05; Compared with O/H+agomir-NC group, “P<0.05; Compared with O/H+antagomir-NC group, * P<0.05.
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Note: A-C: SOD, GSH-Px and MDA levels, respectively; Compared with Control group, *P<0.05; Compared with O/H group, *P<0.05;
Compared with O/H+agomir-NC group, “P<0.05; Compared with O/H-+antagomir-NC group, * P<0.05.
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Fig. 7 Fe* content levels of BMVEC in each group
Note: Compared with Control group, *P<0.05; Compared with O/H group,
#P<0.05; Compared with O/H+agomir-NC group, “P<0.05; Compared with
O/H+antagomir-NC group, * P<0.05.
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Fig.8 Fe* content and GPX4 and PTGS2 protein expression levels of BMVEC in each group
Note: A: Results of Western blot; B and C: Relative expression levels of GPX4 and PTGS2; Compared with Control group, *P<0.05; Compared with O/H
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Position 7597-7603 of MAPK1 3'UTR 5" .. . ACACCUGUAAUUGCAGCACUUUG. . .
RRRRY

hsa-miR-20b-5p 3" GAUGGACGUGAUACUCGUGAAAC
A
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Fig. 9 miR-20b-5p targeted inhibition of MAPK1 expression in BMVEC
Note: A: Potential binding sites of miR-20b-5p and MAPK; B: Relative
luciferase activity; Compared with agomir-NC group, *P<0.05.
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Fig. 10 mRNA and protein expression levels of MAPK1 in BMVECs of each group

Note: A and B: Relative expression levels of MAPK1 mRNA and protein, respectively; Compared with Control group, *P<0.05; Compared with O/H

group, “P<0.05; Compared with O/H+agomir-NC group, *P<0.05; Compared with O/H+antagomir-NC group, * P<0.05.
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