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thelial cells, AECs)JAT- BB . 753% 4 CSTBL/6T /N BUKHL A 7 LPS+anti-NC 2 F1 LPS + miR-370-3p #1715 (anti-miR-370-
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TR 75 2 R 13 1§ 3 (receptor—interacting serine/threonine—protein kinase 3, RIPK3) \{R & 5§ 25 [ #4285 #4358 (mixed lineage ki-
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Mechanism of miR—370-3p/SESN2 regulating lipopolysaccharide—induced

apoptosis of mouse alveolar epithelial cells
Wu Zhouyou,Li Ting ,Zhang Tengwei, Fang Qiaoyan,Yang Liu,Li Qiao
(First Department of Neonatology , Hunan Provincial Maternal and Child Health Care Hospital )
[ Abstract] Objective : To investigate the mechanism of miR—370-3p/Sestrin2 (SESN2) regulating the apoptosis of mouse alveolar epi-
thelial cells (AECs) induced by lipopolysaccharide (LPS). Methods : C57BL/6] mice were randomly divided into LPS+anti-NC group
and LPS+miR-370-3p inhibitor (anti-miR-370-3p) group, with 12 mice in each group. LPS(5 mg/kg) was given by intratracheal in-
jection to induce acute lung injury (ALI) , and anti-miR-370-3p or anti-NC was injected via the caudal vein of mice. MLE12 cells
were randomly divided into control group (Con+anti-NC ) , Con+anti-miR—370-3p group, LPS+anti-NC group, LPS+anti-miR-370-
3p group, and LPS+si-SESN2+anti-miR-370-3p group. Quantitative real-time PCR was used to analyze miR-370-3p in lung tissue
or cells. Mitochondrial morphology and mitochondrial membrane potential were measured to investigate the protective effect of miR—
370-3p knockdown against LPS—induced mitochondrial dysfunction. Dual-luciferase reporter assay confirmed the targeting relation-
ship between miR-370-3p and SESN2. Results : Compared with the LPS+anti—-NC group, the LPS+anti-miR-370-3p group had sig-
nificant reductions in the expression of miR-370-3p and the protein expression levels of receptor—interacting serine/threonine—protein
kinase 3(RIPK3) and mixed lineage kinase domain—like (MLKL) in lung tissue, as well as a significant reduction in lung inflammation
score (P<0.05) and a significant increase in the protein expression level of surfactant protein C(SPC) in lung tissue (P<0.001). Com-
pared with the LPS+anti-NC group, the LPS+anti-miR-370-3p group had significant reductions in the protein expression levels of
RIPK3 and MLKL in MLE12 cells and the percentage of Pl-positive cells (P<0.05) , as well as significant increases in mitochondrial
fragmentation and mitochondrial membrane potential (P<0.05). MiR=370-3p could inhibit the luciferase activity of SESN2-WT re-
porter gene. Compared with the LPS+anti-miR-370-3p group, the LPS+Si—-SEN2+anti-miR-370-3p group had significant reductions
in mitochondrial fragmentation and mitochondrial membrane potential (P<0.05). Conclusion : The miR-370-3p/SESN2 axis promotes

the necrotizing apoptosis of AECs during ALl induced by LPS by
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Z P51 43 (acute lung injury , AL/ %
F 8 %5 A 1E (acute respiratory distress syndrome,
ARDS) J2&—Ff gl JBih A i (416 R , HLARAE 2 5k 18
P I3 405 I 7K i RIAS 52 4 il 04 9 R O e A
RPN ARDS FET- A EHT BT R AT, X 28 H 2%
ARDS IR ARER R — B, Bk, 38 )5 22T
& ALV/ARDS B 036 Y7 #0855 o fili 60 — 6 40 1 45 Bt Fi
A IR S ALLYG B A B2 ) — 205 i, LS 3K
R 1 VRl g K% 4 9 (alveolar epithelial cells,
AECs) B3 BJS , 3Z 4% AECs B U 3 AH 5 1)
35 2Ok S A 6 I A L R SR RE B, I
JnJEl ALVARDS® . [A i, B W AECs 451475 1 43 #L
il AT B8R ALLIYR YT B ULV 7 50 m% . 76 ALLTP 2 4f
BT IJLME M dn s, s BT BRSBTS
WIEAFEIFPESRSEY . It 1 T R W, e g 24
(LPS) W53 iy ALL/NER U R P PEIRAE & AECs JE T
0 B HS SR, 7E ALL FR b 8] & AECs FE
PESRBERIAILTI G ANTERE o S/IMEZRERZIR (MicroRNAs,
miRNAs ) & /N G A A% A% R 43 7, B TA o J 3
PR 235 A9 PR TSP 2B R T IR, %5 T miRNA
A RB S U 5 2R W A M A R A A AT
JERE G E LN FVA M ) AR LA, DR T B S
FIRATRE S ARDS (1 A& ML A 5¢ . miR-370-3p
Yy —Fh B A miRNA , & Al BE 2B 2 2R 1 240 i
TR, e A AR R T AR, Bl
WF9E S B, e 8 i /N UG o miR370-3p 1 3k, JF
PRV Ry e B R TR S 1 2B Wb i A AL
A BE 5 40 A 2k 7 A T BE B A AR DGR Bk A, miR-
370-3p ik 5 LPS 55 i Ll R Ml i A5 ", ME
PRI, OB R D BE 15 5 AECs B2 P E 3R
FEEDIAC B, e B RTRBEGE b, B AR A
FH ALL 8l #1558 5 % F miR-370-3p & 75 2 55 ALI
B AR P PEIR AL, IR & T f# miR-370-3p 5 2 ki 1k
HREZ MBI KRR o

1 MEEFZE

1.1 SE¥shhfenia

AHIFE bl FH Y AR HEYE C5TBLIG) /N B (6 JH i, 22~
24 o)W FLI TS LR IR SR sh WA FRA 7l o T /N BUA
FETEIRIE A 50%~60% IR EE K 24 ~ 26 °C H G R /Z IS 08
12 h 235,

B/ INERUBE LA BN BB AL AN LPS 21 , 441 6 B . LPSZH /)N
SUFH 19% 13 B 240 (40 mg/kg, 5 [ Sigma 28 7)) HEFT RREE
WA RS LPS(S me/kg, M fE A BER K L 2R A KA
FFH O111: B4, 26 [ Sigma—Aldrich 23 7 ) 3K % S ALY, X}

AN RAE ISR R A AR BIER K . eah, b T %58
miR-370-3p 1 il XF LPS 175 5: (19 AL /I BT (19 55 21453 105 5%
Wi, 45 /08 BRUBE AL 43 LPS+anti-NC 2 Fll LPS+miR-370-3p 41l
il 7 (anti-miR-370-3p) 2 , B 4 12 H , LPS+anti-miR-
370-3p #H /Iy U 8 Bk E 5 anti-miR-370-3p (2 mg/kg, [ 1fF
FERR AR TREA PR 1) , 1 LPS+anti-NC 2H /)N B4 T 41 [
1Y anti-NC, 2 dJ5 ,/NRAE WTEST LPS(5 mg/kg) , 12 h
JE A BE /N

1.2 HBIRIEZ M

JINERAT L T RE AR 4% 2 R R, AR5 AL M AR A 0
Hro MBI 3 wm VIR, TR ARG - DL (H&E) Je (0,
et WA T EIE A, i i th 2 B 2R 4= 1
WF5E & HEATIN AL, 4% JR 405 7™ R 3 (A TC H I v Mk A e
TR 3B B RS 6 N R R R P B S TR ) R AT IRy, PR
GG R 0~ .0 5y Fm I Z 55157 <25% i bi s 2 oy
25%~50% 15140 33 43 50%~75% 7455 F1 4 53 >75% 5405 o #5 2
BT AF B A JORE AR
13 ol fdfadl

/NRAECs & MLE12 1 H 36 [E ATCC, IF7E37 'CTH7ES
H 2% 3tk /N LT 9 DMEM/F12 15 3235 (22 H Gibeo A 7))
ESE . FHLPS A3 (5 we/mL) 31 B4 [A) B 18] (O h .6 h .
12 h.24 h)iES AECs $ifi. A T 1l miR-370-3p, Fl miR-
370-3p #0155 (10 nmol/L) 4 BE MLE 12 2l it 24 h.

KT L si-SESN2 FE Y} MLE12 41 g i SESN2 25 [ 2%
TRESZIA o MLE12 40 i1 5324 : Con 21 . si-NC 2 Fl si-SESN2
2. si-NC 41 Al si-SESN2 41 43 5] H %F B siRNA (si-NC) 5%
SESN2 siRNA (si-SESN2; ¥ § 1 GenePharma £ BR /A F])
YL MLEI2 40124 b,

97 T miR-370-3p/SESN2 18 f%7E LPS 155 28 i A 45
15 H B AR B MLE12 48 i [ #L 43 9 X6 B8 40 (Con+anti—
NC) . Con+anti-miR-370-3p 4 . LPS+anti-NC £ . LPS+anti-
miR-370-3pZH .LPS+si-SESN2+anti-miR-370-3p#H., 7FLPS
R, &40 Lipofectamine 2000 TM A (EH Invitrogen
) ) ¥ anti-NC .anti-miR-370-3p af si-SESN2 #5 YL MLE12
4 24 h, #RJ5 LPS+anti-NC 41 | LPS+anti-miR-370-3p 4 .
LPS+si-SESN2+anti-miR-370-3p 41 fill A LPS 4b B (5 pe/mL)
AR 24 h, 1] Con+anti—-NC 41 , Con+anti-miR-370-3p 41 Jil A
eI SRS 24 1,

14 FERAEEE

5 M 2B 4L 7 B L T 0.01 mol/L Ay 458 2 £k 2% b ik 1%
A, AL S B . 78 37 °CF H 3% H,0, 8} ] N i Ak
YT 10 min J&5 , FH 5% 24 L% M 2 1 (BSA, 38 [# Biofroxx 24
DB 1 h, RJETE 4 CF 5/0 Bt MLKL P58 i A4
(1:100, & [E Proteintech 2% 7] ) Fl H 47 % 11 35 4 7 25 1 C
(SPC)Z swpE LA (1:100, 32[H ABclonal 23] )7 PBS F1F &
. FPBSUEHYI A 3K, I 5 40 (5% FITC L 2EHi e
TgG(1:400)7E PBS P& 2 h, 4MMEAZ 47,67 - k2K
FLN5| Wk (DAPI, Jb 5 Solarbio 23 &) ) Ye {n, , WAL RI% H , I+ ok
6 B 44085 (H AR Nikon 23 7)) 4R BIZ
1.5 % %8 PCR ST

fifi il RNeasy Mini 38077 6 (38 = QIAGEN 2 &) AT il
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SV P PR IBCE RNA RS o 0 c DNA 398 s3] 4 (56
Invitrogen /A &) ) A i cDNA. f# FH TB Green PCR Master
Mix ( H 7% Takara 28 7@ ) £ CFX96 Touch ZE B} PCR ¥l R 42
(3£ Bio—Rad 2 F]) R PR ARXT 235 . R 45440
295 CHIAEME 10 min, 94 CAEPE 15 5,60 “CiR 30 5,40 4>
PEFR o M IARAERY 22" Ty T AAT mRNA 3k, LA U6 1
NS AR T F S AT :miR-370-3p(F) :
5"-CAGGCAGGCAGTATCACTCA-3" ;miR-370-3p(RT) :5’
—AGCTCATATGGGTCCGACAG-3" ,U6(F):5’-TTCCAGCC
TTCCTTCTTG-3",U6(R):5’~-GGAGCCAGAGCAGTAATC-3’,
1.6 &G R iE 57

3 2 BT B 3 AT DT ZH 2R B MLE 12 40 i £ B i) 2
FIBTFRIA . W20 A5 DA 2 A B (o 4 ) 70 8 5 PR e
Tl T8t 6L Y RIPA 28 #i i (b 5T Solarbio 28 ) W& f# . I BCA
2 F A7) A5 (32 [F Thermo Fisher Scientific 23 7)) Il 2
PR o B 5 A5 FE S 2 vl 5 485 1 SRR A (1:4) R A i
10%SDS-PAGE BEJE 73 £ o H6 7% 2 5 fi — 9 £ 0 JBE (56
Millipore 28 7)) J&i , 25 T F 5% B IR 2E W A 1 b, 2R )G 5
B X 22 5 W2 7 % B2 I % 3 (Receptor—interacting serine/
threonine—protein kinase 3, RIPK3) (1:2 000, Y& [E Abcam 2
A IR A R P IS A 45 14 3 (Mixed Lineage Kinase
Domain-Like, MLKL) (1:2 000, 3 [E abclonal 24 7] ) , SESN2
(1:1 500, %% [E Abcam 2\ &) ) i 2% 10 15 14 & 11 C (surfactant
protein C, SPC) (1:2 000, 2 [# Protentech A 7)) Lo (4 HE
(a=Tubulin) (1:10 000, 3% [¥ Santa Cruz A &) ) — P 7E 4 "CHF
B R T 5 AW R0 5 =5k (1:5 000,
YE[E Abcam A EDWFE 1 h 5,1t ECLALF GRS (K E
Thermo Fisher 23 7)) WAL 4577 o
1.7 Hoechst 33342 f= P1 &,

4 MLE12 411 (1x10° 20 B/ AL ) i 7E 6 FLIEG TR M 35 3 A
b IR EAT RS E BOAL EE . B A 5 Hoechst 33342(1 pwg/mL)
FIPI(5 pg/mL) ( L Beyotime 23 &) ) 7E 37 ‘C T HFH 15 min,
fdt 1 Eclipse Ni-U %€ i i 52 ( H 4% Nikon 22 &) ) i 42 50
EE
1.8 &EhBAS

Mito—Tracker H 2 Y (0 W EL L RARIE A5 . 24 FLAR R
9 MLE12 4l Jfs 76 28 I T 1] 4% 22 5 I v [ 5E 15 min, J]
PBS ¥4 3 ¥k, F 100 nmol/L Mito—Tracker £I. CMXRos ( _I- 7
Beyotime A F )% & 30 min, 726 R MEE T IRBURIE
1.9 ZAEKRBEeEG R E

fifi i JC—1 23 #1230 &5 (¥ Beyotime 23 5] ) I 2 Ze b 44
PR AR, WA AE 48 FLAR T G 35 9 MLE12 i (1 x 10°
ML) . HIPBS BEIRANML , SX)5 L& T 100 wL DMEM/F12
B IR JC-1 TARR IR (BE 3R 28 5 JC-1 TARR W)
eI 12 1) —RAE 37 CRARE I H 20 min. 2G4
BEARTFIEMG . R -5 6 LU B ITAN 2R A4 g H 457 1) 25 4k o
W L1/ AT T e T Y IR BE SR B, 9K 5 3 3ot Tmage J 50
P53 BT LA 28 S
110 MR F Bk E R A 547

¥ Targetscan R miR-370-3p AR UiE S A, 3
T miR-370-3p I SESN2 &5 & v i o i i 4% & 44 miR-370-

3p G540 5 1 SESN2-WT 88 MUT F B4l A 2 pmirGLO 24
(= [E Promega 23], ¥ 7 SESN2 - 4= 71 (W'T) B SESN2-
FASK(MUT) f4 . {8 1] Lipofectamine 2000 1744 SESN2—-
WT.SESN2-MUT . #4& il miR-370-3p Fokidt ik Y ] MLE12
M, 24 h 5, i 5T Nano—Glo X 2¢Ot 2 i 4z 45 7 1 (26 [
Promega /) VI DG 2R R M
L1l %itgrx

K I SPSS 22.0 #EATGe it /3 BT o BT A Bl ¥ B IE S 4
IR « R (2 s) B FiE, 242 MBS
TF R H K 86 5 22 40 R) L B8R B O 22 40, B 3 5
Bonferroni K¢ 1EJEATAL ) B LL AR . 656 K 1 =0.05

2 &% R

2.1 LPS# % AMif AECs ¥ miR-370-3p & i% LA

9 7 # 5 miR-370-3p 75 AL ] & 75 & AR A8 4k, A it
B2 1 S S N ST LPS B L T — AN I FH 19 ALL
JINERURSE TR, 3 T 30/ BSOS 2 ik 4T e 0 i s o i 960 P 384
IR B BT B 1A) o S0 RRZEAR LE, LPS 2 ALL/INVER
JitiZH 21+ miR-370-3p %34 L (1=15.840,P<0.001) ([ 1B) ,
AN KT T LPS JC T AECs tF' miR-370-3p ik, HikN
g5, X AR LG, LPS 20 AECs H' miR-370-3p ik
3% F34(:=18.020,P<0.001) (E 1C) .
22 miR-370-3p #9341 8,42 T LPS# F 49 ALL /> R 64 7
25 Ao IR

R T 25 A 304 miR-370-3p X ALI A48 4% 45
TELPS 45245 (2.5 mg/kg, i.L.) Wi 1 d, CS7BL/6] /N B R i ik i 5
miR-370-3p #ll il I (2 mg/kg) . 5 LPS+anti-NC £ A I ,
LPS+anti-miR—-370-3p 41 i 41 41 o miR-370-3p ik B #
Ik (1=22.430, P<0.001) , Ff HJili &6 & 4 ¥F 7 8 & B AK =
3.320, P=0.026) , & ST it =i 19 98 1 240 Bt et 96 25 s A
it 3 R JEE i /> (T 2A~C)

WEVEUH T e — P AR R PR 4 A6 T, J2 ALLFP AECs 4B
TS EE R, 5 LPS+anti-NC 41 A I , LPS+anti-miR-
370-3p £ fili 41 21 b RIPK3 ., MLKL & [ /K - 8 25 3 /> (1=
8.460.1=9.520, %] P<0.001) , 1fif SPC & 4 /K - & 2 3% Jin (¢=
3.950,P=0.012) (1 2D), K T ib— F I miR-370-3p ()
R E R AL/ AECs BSRIEP:JH T, i FH 0 i ¢
JE Kz SPC A MLKL () 45 47 o 25 3 7R, 7€ LPS+anti-
miR-370-3p 4+, SPC I MLKL & F17E ALL/IN B fiti 21 21
LRRW (E2E) . B2, X R W] miR-370-3p A
T T LPSIAES ) AL/ AECs RYIRSEE T
23 miR-370-3p &4 3p %) i £ 4k 41 LPS k138 T AECs #9377,
YR

TE MLE12 4il ffd 7 LPS 4b #LJ5 , M8 3 RIPK3 . MLKL L)
] 48 1Pk 6 34 1 8 (F=135.260 . F=150.840, 2] P<0.001)
(F3A) . R T HE— LT LPS 5 514 AECs SE T (90 5T, {ff
JH Hoechst 33342/PT 4% 6,35 [ BF 41 i I 1) S8 B 1 . ABFTE &
BHLTPS il 38 LA A o) 440851 A 0y 20075 S PTARRER (BB e 2 1k 1) 32
) (F=93.820, P<0.001) (1 3B) . 4554 LPS 15 T AECs
IFEHER T
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I3 o 67
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0- T = 0- X
i Control ALI Con LPS
A. HREXTHliZH S B2 A T 6 B. ifiZH4{HmiR-370-3p #ik C. MLE 12411fg ' miR-370-3p# ik

¥ :a, 5 Control 45X Con ZHAH L , P<0.001
1 LPSiESAhFn AECs A miR-370-3p Fix ki

#

=3
("I‘A
o
=
o
o
=

F=

g
=
=
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=

]

. . . LPS+anti-
LPS+anti-NC | -p 370 3p

A. fiigl 21+ miR-370-3p mRNA ik

LPS+anti—

LPS+anti-NC miR—370—3p

1.0 LPS+anti-NC

B, H&LXTHHTZH,/JTIE”A# f“@

RIPKS‘- -_——- - — ....‘

MLKL’—--—-—- —— .—’

SPC ‘- e X ~-‘

(x—Tuhu]in[— — e G — — — —‘

D. 35 15T 0 5 it 2

MLKL

LPS+anti—-NC

LPS+anti—
miR-370-3p

E. HEDe

FRIPK3

LPS+anti-miR-370-3p 3 .
: 2, 1
1

SV

T
y .~ LPS+anti-
LPS+anti—-NC miR-370-3p

C. /N ZH 28 95 P43

2.0 1 .
mm [PS+anti-NC

| B LPS+anti-miR-370-3p

f ],I‘I I,r‘l I

RIPK3 MLKL SPC
MLKLFISPCZE 17K

DAPI Merge

EARESE

BE7

SEREMSPCHIMLKLAY SR (L. SPC, £If: MLKL)

7E ra, 5 LPS+anti-NC A H. , P<0.05; b, 5 LPS+anti-NC 444 H. , P<0.001
2 miR-370-3p M HIR R T LPSHSH9 ALI/NR B R BB R (G AR FE 1A =

R T it B B ] miR-370-3p & 75 &5 AECs F1
ALLARBEHE T AR ITAG T 76 LPS JIH T miR-370-
3p B0 700 X MLE12 40 g /) 52 1 . B miR—-370-3p 417 il 51
(10 nmol/L) Tl 4k Bf 24 h J& , MLE12 41l i1 4% 5% LPS(5 wg/mL)
REFE24 h, S5 EIR, 5 Contanti-NC 4148 [ , LPS+anti-NC
ZH MLE12 41 Jf *h RIPK3 . MLKL & H 3 ik W 2 8 fn (P<
0.001) , - H. PI FH P 40 e & 4 b & 35 m (P<0.001) . 5
LPS+anti-NC 21 #H It , LPS+anti-miR-370-3p ZH th' RIPK3,

MLKL 2K [13¢34 i F A% (P=0.005 ., P<0.001) , If H PT B 41
JHLE 3 b R 3 AR (P=0.004) (F 4A~B) . B2, ik Se 4 3¢
B, AR A LPS JB4 T , miR-370-3p UM IS T AECs Y3
FEMERT
2.4 #pH miR-370-3p 4R & AR AR 7 5L e & A AR B v A AR
CMXRos 42 {0 i 2 58 95 G YL {4 1 7R Con+anti-NC 2H Fl
Con+anti-miR-370~3p 20 MLE12 4 Jifi i} 77 75 52 %% il 28 s 1
2 , T AE LPS+anti—NC £ F LPS+anti-miR-370-3p 21 MLE12
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A B T B R Bk, 5 LPS+anti-NC 4140 Eb, LPS+
anti-miR-370-3p 41 24 4 ) Bt Ak 1 35 14 i (P=0.018) ([&]
5A) . AT IC-1 4387 LAVFAL 41 B o 9 S¢m.  LN[EI 5B iR,
5 Con+anti-NC 20 AH [t , LPS+anti-NC 41 MLE12 41 it & 7
TR B 4 68 5 Ol R T AR (1) 21 €8 9¢ )65 i (P<0.001) , 3 1
SYm BEFERL . AL F , LPS+anti-miR-370-3p ZH /4 o Fl
21 (0,5 ' 3 3 4 1) [ AT TS i (P=0.022) , 2 B 30 il miR—
370-3p HBJ3iHE T LPS YA Y Sym FEHL

2.5  Sestrin2(SESN2)5Z miR-370-3p #9 A4 T # mRNA $ei7

getScan . RNAhybrid 1 PITA %5 5% , SESN2 /& AECs H' miR-
370-3p I EZ M. 18 6A /R T fii i TargetScan VLT miR-
370-3p KR 1 51 B9 SESN2 (4 3" UTR H Y H Bt . 28K
2 38 FE K 5E 2 7R miR—-370-3p %F SESN2-WT $ 38 3 [A 1)
PN Z WG HLA I MEF (P=0.017) , 17 24 45 & 07 15 2878
i, 28 G R BHE M R R AR 3252 (B 6B) o 7E MLE12 4fi il £
LPS 4bFH 5 , Wi %¢ 5] SESN2 3K N H . teAh , 78 AR [l e i
A miR—=370-3p 41 il 5 4 YL i) MLE 12 41 i P, WE2 2 SESN2
Feak LAk BRI L (I 6C) .

M5 4 B K [F] A9 miRNA #0350 T H. miRanda ., Tar- T W4T miR-370-3p /2 5 3 i 97 5 SESN2 1Y) % 35 4
.
LPS c LN
6h 24} 31 —
- < C
0Oh 12 h 1 H—é} = 0h
RIPK3 | oy S e S T 24 3 b = 24h
2 a a
- - &
MLKL - - - m 14 ] l
o =Tubulin - - - - 0- r T
RIPK3 MLKL
A B URENE P E 4 P RIPK3 . MLKLE X
LPS 80
A}
b
X 60
Jlung
_ £ 40 b
= 2
¢ &
=
0 6 1224
i) (h)
B. Hoechst 33342/PIXCE Y (K8 41 5 174 ¢ 24 1k T Ch
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