e 40 i 25 022 24 Chinese Journal of Cell Biology 2022, 44(9): 1704—1714 DOI: 10.11844/cjcb.2022.09.0002

miR-32-3piE T ¥ [ Smad3iF T EHER T/ BET
1545 R R 4B SE

gt RERY BECEY RESD kb
(AE K, AR b, FERIEE R 010070; 2P9 520 K2 NI EE B, 122 &}, PEARTEESRE 010017,
PN S EA XN REERE, M NARL FERIERR 010017,
MR IE B, N SR TR DX AU A s A S S0 3k 014060
ML R B, TR E R IR B, £k 014060)

WE % IIKT T miR-32-3pid it ¥e &) Smad3 A P 848 R 45/ F MG P ey mieE A, @
it £ F) SK-N-SH 4m LM 2 T — ANAF 5 fla B ot P 7 72 4547 (cerebral ischemia reperfusion injury, CIRI)
) A% F) 4~/ £ (oxygen-glucose deprivation and reperfusion, OGD/R)4£A!, @ it 4 #1z & F
MmiR-32-3p 84 ¥ 3K A FF AT 2h e IE B An I ikt B TR A BdRE K3, K AT T EPCR. Western
blot. CCK-8Fn7% /3t 4m it A0 4 52 3o A M miR-32-3pid it ¥e.16) Smad3 &t 40 i & /) 4% 7m . 4R B R,
Smad3# miR-32-3p#93f ¥ &, 7 /£ SK-N-SH OGD/RAEA! # miR-32-3p& ik L. CCK-8#7 & A,
5 miR-32-3pA7 ) 7 & F& 28 A=shNCZELA8 b, sh-Smad3F#miR-32-3p#7 4| 7 +sh-Smad3 28 44 ta JtLi& /) 2
FAK. MUs, FIRmiaE et —F 3T Xk R, HIrs| AINCAShNCALAA L, sh-Smad3
FomiR-32-3p#7 4] F| +sh-Smad348 F T ILIRE| £ % WAL & 5% R A FH9 LT . 5SK-N-SHm /AR
b, OGD/R#m it Lats2. Yap/TazA=Smad3/K-F M4k, X245 R K B, 4k 2 Smad3 ™ #6247 #| 40 7%
#. X4 R BLEA, Hippofz T i85 F 49Smad3. Lats2#=Yap/Taz T 463LF AT & 7).
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miR-32-3p Regulates the Vitality in Oxygen and Glucose Deprivation/
Reperfusion Injury by Targeting Smad3
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*Inner Mongolia Key Laboratory of Hypoxic Translational Medicine, Baotou Medical College, Baotou 014060, China,
’School of Medical Technology and Anesthesiology, Baotou Medical College, Baotou 014060, China)

Abstract This study aimed to investigate miR-32-3p regulates the vitality in OGD/R (oxygen-glucose
deprivation and reperfusion) injury by targeting Smad3. For studying CIRI (cerebral ischemia reperfusion injury),
SK-N-SH cells were used to construct an OGD/R model. The target genes of miR-32-3p were predicted and then

used for function annotation through bioinformatic methods. The effect of miR-32-3p on cell viability by targeting
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Smad3 was verified by dual-luciferase reporter system, real-time quantitative PCR, Western blot, CCK-8 and live/
dead cell assay. The results showed that Smad3 is a novel target of miR-32-3p, and miR-32-3p is upregulated in
SK-N-SH OGD/R model. CCK-8 assay demonstrated that cell viability was significantly decreased in sh-Smad3
and miR-32-3p-inhibitor+sh-Smad3 groups, compared with miR-32-3p inhibitor control and shNC groups. Subse-
quently, these results were further supported by the live/dead cell vitality assay. The more dead cells represented
by red fluorescence were observed in sh-Smad3 and miR-32-3p-inhibitor+sh-Smad3 groups, compared with those
in inhibitor NC and shNC groups. Compared with the SK-N-SH cells, the Lats2, Yap/Taz, and Smad3 levels were
observed to decrease in OGD/R cells. These results indicated that lacking Smad3 might inhibit cell viability. These

results suggest that Smad3, Lats2 and Yap/Taz in Hippo signaling pathway may jointly regulate cell vitality.
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SV BRI i 25 (acute ischemic stroke, AIS)
AP WL AR R0 AR S P, iR i
7497 15 BSOR B AR AR T Bk R, A i iR il A D I
o DAL A 2R o L. fE R, 2R R R 4
110075, B4 24077, I HAFEA L1105
NBE TR 25 AV 22 DR 35 -5 i 2 R (0 R0 5
VARG, G AL S AR R BaneEwe . o). A, A
B AR I SR G R R RS s R 0 v L s &
JEHLAE B PRI A PRI ALHEA ) I AR
A P B I A A ZEVE B K P ZET . B R, AIS A A
Y IT 7 B2 R F W A2 B B A v E E, (HL R I
E T I R A R AN I AR — A i A A, B
ZEAF R A 0 20 PR R T BER B, B SR I R VR A A
(cerebral ischemia reperfusion injury, CIRI). X fioj 21
20 &, 1K G B SR AR R 45405 2 K AP I
DAL, 2t SR 6 B B 30, 920> P e I sk % o ) 437493,
TR —Fh RIS, AR TG, W R3EkA]
A ROIE T ALS, B2 20 B S ) B CIRTAE i 20 23
AHREH AL . CIRIF AR AL 3 220 S 4 i e &=
W, BRI A ARSI AT
EBE. MR EE. SO, IG5 E
U= YRt SIS P VA LN i A S T R A = I I A 25
KT miR-32-3p AT FE AR 2, b ana] DL 42 s ko
FERE AL B AR 1, TR 48 iR ZE 0 i i A5 BHL2€ 5] &2
O ™. AEAR 22 9 0E Hh #A miR-32-3p H) it
7., miR-32-3pAetg i 2 KB RER G5, Bor
TELE RO A 1E F ™) miR-32-3p7E LR VR AT 51 s
Db B FE . AR SO FH 48008 035 / FHREVE (oxygen-
glucose deprivation and reperfusion, OGD/R)i%5 5 f
SK-N-SH4M fifd, 41 miR-32-3p/Smad3 % i 4% 41 i i
JI R L/ PR AR A LA

oxygen and glucose deprivation/reperfusion; miR-32-3p; Smad3; Hippo signaling pathway; vitality

TRATTHT BABH 70 R 0, 508 FEnT B ZH AR EL, AIS
F I3 H ImiR-32-3p/K ¥ IF & 1 £93.281%. miR-
32-3p W] e 2 b5 M A5 0« R 9 A 4% AR A 5k If
Je A0 B E T2 JE HLAB A B 5T 3 B miR-32-3p E B I
PR 2R B 1 A A 2R s R IEP., RATTIEAR
PELED G B8 R B, miR-32-3p A] AE#E [ 1 FH
TSmad3t H. BEAEATFT & I, RGMafE fix sk i/
VEE R A KBRS 2R R o e S T IR T 4T e 3
B R0 2 I IR T i, X K T TGFB1/Smad2/315 &
RO, 5 — I FLUE SE, TGFB1/Smad3 {5 5 i %
AT CIRTA BSUASE 28 o 40 P 9 200 20204F, 7R
RNk BR FERE Ak 5 Smads{ 538 4% 2 18] 5% & 1 i FE
oh, FREHE T G R I SmadsE 50 B 0SS
i 47 7 B 52 A 5%, AERmiR-17-5pAJ 3 58 Act A/
Smads {5 5 M ERR MLPES 5 AR R 1E M. [
I, AT B S Smad3 5 CIRLZ [ {1 9% & » BEAL,
X F-Smad3 8 [ ¥ A2 75 BE A 3 B HI| CIRT &
PIHLE], H AT EEARPI A . fEART T, BA1A
LA DL SK-N-SH# 22 BESH i Je 41 i J2 HLOGD/R4H A5
R 5E 0 oK ) B L3 (] . AR A 5T PAmiR-32-
3p N &R, W FimiR-32-3p/Smad3 i % 4l Xt 41 g 3iE
R BB RIS T A B

1 MR55EE

1.1 ##
1.1.1 @ N A 24 BEYH 98 41 il % SK-N-SH,

K B D P B R AV ERA IR~ 7 (R A7 LA
ATCC. HTB-11 ECACC. 86012802),

1.1.2 XA TG ML 375 R0 TG A 5 R 8 R 2
DMEM(dulbecco’s modified eagle medium)% 7
. BRE AN BG4 ILTE (fetal bovine serum, FBS)
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4 H GibcoA @] ; Opti-mem. Trizol. TransStart Tip
Green qPCR SuperMixif i & B b &4 4
PIEARBIR AT ; Mir X™ miRNA S —4% & Bk 7
%+ Mir X™ miRNA qRT PCR SYBR®:{ 7 & [ 35
Clontech/A 7 ; cDNAH IR & (+gDNA-wiper)
W T o M AR DR I A A BR A 5 AL R
FIHIR) v o B R 2 B AR A IR A 7 & B X
IR E R G RIAG & . RIPAZL R M. Western
blot &% & [ R B IR IR L ALY B bR
18 IgGHAL) L FEHif (585 - A0208)W H il =
RAEDHARGR AR ; —Hi Smad3(1:1 000, /MR AT
A, H35 66516-1-Ig). Yapl(1:1 000, %t A, H
%5 13584-1-AP). Taz(1:1 000, MERFIAN, HES
66500-1-Ig). Lats2(%&¥i A, 1:1 000, PTG, Hx 5
20276-1-AP). BCAZE H 5t 43 #7704 H Protein-
tech’A 7 ; GAPDH(1:1 000, %&Hi N, HX5 AP0063)
it & Bioworld 2\ 7] ; HRP Substrote kitl) F 3 EGEA
H]; PBSZE . Live-Dead Cell Staining Kt [
[E BioSharp /A 7]

1.2 753%

1.2.1 fmpfsEfedt g X FEAISK-N-SH4H i
BEAT S L5/ HEVE (OGD/R)!™,, A G if. 375 Al G
AR AL, 1237 CCIIBE IR FRAH (1% 02 94%
N2v 5% COo) 1 H5 7%, i &) BE AU RIZF3 hs, 1l
&4 10% FBSHIDMEME: 7738, F7E5 4 5% CO»-
95% M) 2= A 424 he 143 & 1ISK-N-SH4H i #
FiF ofLi . A EILR 50%0, # Y Smad3
ShRNAJF R Al miR-32-3p il /. #5 YL hi 2 hil 42
Opti-mem, {3 40 ff i 2 4% Y3055 ) Y BRT & A
AR T4 2 hfE, R G R S0 n 285 77 1/
i 6 hfE, kR, 488559748 h, AT /S
45055 . sShRNAFK ik 14 ypGPH1/GFP/Neo. H
&41F , shNC: pGPH1/GFP/Neo-shGAPDH-Homo,
#UF41: 5-GTA TGA CAA CAG CCT CAA G-3'; sh-
Smad3: pGPH1/GFP /Neo-Smad3-Homo, #f1)¥ %: 5'-
GCA ACC TGA AGA TCT TCA ACA-3'.

1.2.2 miRNAsF= ERNA#YIRIFe R 4K TriRzol
FIF M40 B b B B RNA, 4R 5 38 i Mir X™ Mir-
X™ miRNA S — 4% & Al 7l & 5 5 B cDNA.
miRNA KR A2, 5198 5'-GCC GCG
CAA TTT AGT GTG TGT GAT AT-3'. HiScript 1145
—HEcDNA A AR F F(+gDNA-wiper) H T 5 5% s

RNA.
1.2.3 miRNAF* mRNA % 8} £ 2 PCR(real-time
quantitative PCR, qRT-PCR) % miR X™ miRNA
gRT PCR SYBR®™i® | £ 5 TransStart Tip Green gPCR
SuperMix it A &M IR, 8 H qRT-PCRAS Il miR-32-
3pEk Smad3 mRNAMFRIL. T ¥ miR-32-3pf)
51%°NF’: 5'-CGC GCA ATT TAG TGT GTG TG-3'F1
R’: 5'-AGT GCA GGG GTC CGA TT-3'. HT¥ 14
Smad3 i1 5| #°NF: 5'-TGC GGC TCT ACT ACA TCG
C-3"fR’: 5-TGG TAC ATT CGC GGC T-3'. HT¥"
HLats2 ) 51 ¥°NF’: 5'-TCC TTG TGC CTT GCT AAT
G-3'FIR’: 5'-CAT CCT GCG TTC AGC AGT TCC-3'.
qRT-PCREEEG o A0, 75 H 1) 2 I miR-32-3p M.Smad3 7%
P, HormiR-32-3p B Kl (1) A 23 K N UG, Smad33: A
H) N 23 [K N B-actin. human B-actin F*: 5'-TTA GTT
GCG TTA CAC CCT TTC-3'FIR’: 5'-ACC TTC ACC
GTT CCA GTT T-3’; human U6 F’: -3'5'-TCG CTT
CGG CAG CAC ATA TAC-3'FIR’: 5'-GCG TGT CAT
CCT TGC GCA G-3'. i 2 2“7 1T B AR KF,
FEAFE S A T 3K

124 AMEEFSH  EARNERAMAEGO)
SIMTIERERT 2 o =38 ARk RE . Al A AN o T
UiGe. Fisherksffitaie H Tl £ R RiEEH. £
C¥EEARNE R T, GO £ RK MPHE N T
0.05H A2 25 1. BRAT & S 40 M A F 0 2k
DR AN R 4 7 R 4 F(KEGG) B s E HE AT % 42 &
53 4. Fisherkf ke 3o H T4l 22 S Rk EH . £
S EARMEL T, BEEE£R%H/NT0.05
) PSR R EN . e, R3E KEGGRH 3 45
B 53 R T71%, WX EEIE T 70 2K . KEGG™S,
W B 7R 2R A (https://www.omicshare.com/tools/
Home/Soft/seniorbubble)ill 1 .

125 MR KFBIRE F B F| FH TargetScank
PETI miR-32-3p NI FLIELA , & miR-32-3p 5
Smad3 )45 G0 . M8 T &4 Smad3 3-FEEIPEIX
(untranslated region, UTR)&7E 45 &7 5 1 R
R F AR, G355 42 A Smad3 3-UTRANI R4S 7Y
Smad3 3'-UTR. #Smad3-WTHISmad3-MUT%} 5l 5
miR-32-3p i, miR-32-3p 41l 751 Bz He ] 4 o) H
Y FE e YeSK-N-SHI A . AL AN 75 i 75
ARG R AT A R $e a8 hE, IR,
FAPBSHESE 4 3R 2 BRA D R EGR & RSk
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IR G AR R AR A P, A DU 4 B N O R
TEES

12.6 Z&@fepik  FIRIPAZLRBNGNHL A 43 55
SR H. A FHBCASE E 5 40 ik ) & e B R
FESL IR T . FE 5 Z 20 min, JRJG7E120 V i
o B SR TR s T e Y P P K A3 S o HLIK S,
W R4 °CHE T I 2IPVDFE |, 300 mA
E 90 min. PVDFELE = T FH 3 P (5%
REFLITBSTIA )& H1 he  — 370 B [ 15 00 F%,
SRIGAEZ IR TR %2 hilid °Cid . I TBSTIH B3
R, BEIX10 min. —HUH B AERMRE, HAEZERT
LPVDFEME1 he Pe¥k)E, {8 FHHRP Substrote kit
WoRER 4501, 778 HImage Pro Plus 3.084 43 AT
X 8 H K

1.2.7 CCK-8 KiSK-N-SHANMLEFHK(1x10°4> 200 uL)
AR 96U, BAFEM SN EE . HARES
JE IR F50%I, 5 YeshRNAJF KL BimiR-32-3p. R Jq,
W 3 77k 4 1] e B TR, B R S 4 LIRS R
524 hinA20 pL/FLCCK-8RF, JFIER; 748 85 7%
1.5 ho 7E450 nm[FJEPOCY K Al &A™ FL I I 't
JE(D)H -

1.2.8 E/sumiesen e, Kk E 1) SK-N-SHAH
P P T 78 5576 TEAR 129035 97 ML epy, 76 18 J6L 48
M5 546 (37 °C 5% CO,)HFEEFE. HUNfRAE
L FN50%H, % JeshRNAJI AL BimiR-32-3p. #5446 h
J&, T e B R FR B IR R48 he RIRIG IR,
F1x PBSZZ 12 1 i 41 U3 ¥k, A J& H Live-Dead Cell
Staining Kit#44tf. FLtaf ] 7930 min, 85 1< PBS
VR, %, Ao IR A A S I .
129 %itatr  AXHMATA REES T
K H Graphpad Prism 8.0 /17 . fiiH VNOVA
46 A Dunnett 2 5 LG EURT 50 70 B B0 1) 3 1k
*P<0.05, **P<(.01. ***P<(.001F1****P<0.000 1
PN N EE G2

2 R
2.1 Smad3EmiR-32-3pAIEHEl S

{5 FH 2B W0 %08 2 TarBase. TargetScanfl miR-
Walk 7 miR-32-3p ) #E I K], 48 J5 8 3 $i s e 1)
TR 45 594758 X (E1A). F I David8dis & H
b 25 D 34T VR 45 R R W, miR-32-3p 7] fg il i
Hippo s 5 i % 2 55 i e M 451497 « 75 98 33 453 4% A fig

S5 40 B T2 (BB AT 1C) o
2.2 miR-32-3p7ESK-N-SH OGD/Ri&&!ch |iff

WATZ /T C&AEW] , miR-32-3pfE AIS
RERIES, fEL, FATE KB miR-32-3p ] fEiE
Hippoi& /& RIEAEH . Rk, AT ZEHF L miR-32-
3pHI LAl o, AR T SK-N-SHIP) & HE
FIZF /FHEVE (OGD/R)BEAY . TEH & MR FIZF 3 h
J&, 8 FH 2 10% FBSIHDMEMES 775, 768 5% CO.-
95% M7= AR R 24 he FEAFERIZF G, MBHES
KA, AR FIIRSE. OGD/RJE, 44 K
R W AR T IE R AN, 40 1 34 5 R A A g
JEE TR, A)E, R R T miR-32-3p7K
PRI . FRATAIL, OGD/R-3h4H i - ] miR-32-3p
KA 2 v T SK-N-SHAH AL (B 20), X 53R AT T2 /i
MaE R —80®, SRJE, TR G A A ALL A7) 1)
OGD/R-3h4H i miR-32-3p 17K (K 2D), X755 &
AV T SR 5 FATTRFHHOGD/R-3h4H A 155 7Y 3
1T Ja 80198, IR miR-32-3p/Smad3i% S CIRIKIHL
il o
2.3 miR-32-3pENSmad3fEE FRRIA

£ Hippof5 5@ & H &K 3L H 45 2 K Smad3 . ff
FHSK-N-SHZH i, 8 o X0 7 o't 5 g4 75 2 R 3 A 43
T miR-32-3pX} Smad3 mRNA 3'-UTRIFPE K 50
(El3A), XL HERN, 5 NC miRNAAH L, miR-
32-3pAbFH 5, Smad3 ) 3'-UTR % ) S BEHE L FAAK T
57.9%(&3B). /%, Smad3 ) 3-UTRZAE 5 , miR-
32-3pAh B I AN BE OB XS B S M, R W miR-
32-3p ] LA B %45 & Smad3 ) 3'-UTR I ey
FRPEIEAUE £ B, miR-32-3p ) B 240 5 2 Smad3.
T ok, AT IR FAmiR-32-3p s 15 2> 5 M SK-N-SH
211t Smad3 FI AN R IE KRR K. SR
X HRZH(NC)A B, 3 A miR-32-3p ) 41 il H Smad 3
mRNAZKF- 5 2 BEAR(EI3C), & A K F t AR (&
3D). 5L FINCHI4H A B, %5 YmiR-32-3p
41551 ) 211 B A Smad3 I mRNA R 25 4 it 7K 1 24 3184
The X gk 3% B, miR-32-3p5 Smad3#)3"-UTRAH
HAEH, §0Smad3 5 K (1 S £IE .
2.4 miR-32-3p/Smad35HXTOGD/REZAAEE 4 HIFZ N

1E 2 10 (A SE 56 7, FATTHIE SEmiR-32-3p 1] LA #H
A FE U 1 Smad3 ) Kk . Ik, FRATHE— 4R T
miR-32-3p/Smad3 1 15 il 7E B 1L 7 98 v 451 05 2k e
I1EFH . OGD/RAH HARYE £ Je i b s A 7o
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A: VennE i 7RmiR-32-3p TIN5 K 2 [ 4776 £ & FImRNAs. B:
YA LE RN 531 D g o

KEGG/r Hr#E £ K AU . C: miR-32-3pH 3 [A] (1) 3 R AR 3 My A3 7

A: Venn diagram showed the overlapping mRNAs among the predictive target genes of miR-32-3p. B: collection of target genes by KEGG analysis. C:

gene ontology analysis of miR-32-3p target genes: biological process, cell composition, and molecular function.
[El1 HippolsSiAEHAISmad3 EmiR-32-3pHI 40
Fig.1 Smad3 is a direct target of miR-32-3p in Hippo signaling pathway

& 4

A R=

41 : miR-32-3pd il 551 XF « miR-32-3pHfl il 71 41
(Smad33## /i), shNCZHL. sh-Smad34H(Smad3 )& /b))
miR-32-3p i 7] +sh-Smad32H (Smad3 7y /> ). HIH
e BEAUAAR Hb Smad3 7K ~F- (1) T v B AR . 8 Ao il 241 i

W 280, AT qQRT-PCR VAR € # Ye iR . 5l
1] 771 6 1 ZH AH HE, miR-32-3p 441 71 41 AlmiR-32-3p
5171 +sh-Smad3 41 ) miR-32-3p/K - & 2 [, 1M
Smad37F sh-Smad3 41l miR-32-3p |7 +sh-Smad3
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A: 20f5 AR RS IR AM . B: OGD/RJS SK-N-SHARMIA B A& 528, C: qRT-PCRAINIOGD/REHffimiR-32-3p7/K~F-. D: OGD/RAH 4%
P Fmimic)d, K FHqRT-PCREEMImiR-32-3p7KF-. *P<0.05, **P<0.01, ***P<0.001,

A: normal cells were observed under a 20% microscope. B: morphological changes of SK-N-SH cells after OGD/R. C: qRT-PCR was used to detect the
levels of miR-32-3p in OGD/R cells. D: after OGD/R cells were transfected with different mimics, the level of miR-32-3p was detected by qRT-PCR.

*P<0.05, #*P<0.01, ***P<0.001.

E2 sEMEETERZT/BEETEIEESK-N-SHAMEA T

Fig.2 Changes in normal SK-N-SH cells after oxygen and glucose deprivation/reperfusion

A AT shNCAL (I 4A R 4B) . Bifi 5, Xt
I ) A= AT AT T . CCK-83 TR, 5
miR-32-3p 1|77 %6} B 2 AIShNC 4 AH L, sh-Smad34H.
AImiR-32-3p | 75)+sh-Smad3 41 1) 40 i 7% 77 55 2 B&
R(E4C). 240 M FmiR-32-3p/K V- 32 2| H0H i, 5
sh-Smad3 41 F miR-32-3p il 77| +sh-Smad3 ZHAH LL
Y ff v 38 B (E14C) . BRI, X — 3G I AR IA B HF
AERKF . X AT AE 5 Smad3 RN KA 95, X L
gE R — AR TIEACAM IS I E . 5
1 1] FINCHIShNCZH AH L, 7Esh-Smad32H FlmiR-32-
3p#liiill 7+sh-Smad3 20 H U 82 21 5F £ 41 8 5 AR 3R
LT 40 L(El4D). 25 ik, X a2k R s =
Smad3 1] fg 2 HH| 40 IS 7.
2.5 Smad35Hippofs 5 & i B Lats2F1Yap/Taz
H[EEA MG I HE R

Lats2. YapFflTaz/&Smad3f FifE H. % FK,
FATT AR A AEOGD/R 45 77 3 74 H Lats2- Yap/ Tz Al
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Fig.3 miR-32-3p affects the transcription and expression of Smad3
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Fig.4 Effects of the miR-32-3p/Smad3 axis on cell viability in OGD/R cell
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Fig.5 Smad3 may function together with Lats2 and Yap/Taz of Hippo signaling pathway to affect ischemia-reperfusion injury
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Fig.6 Lats2 is not a target of miR-32-3p
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Fig.7 A model of miR-32-3p/Smad3 function on ischemia-reperfusion injury
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