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[ ZE]BHY: R microRNA B FFAG LR IR B 1L (subarachnoid hemorrhage , SAH) Ji5 Ifil P35 UM (vascular smooth
muscle cell, VSMC)# T AR EZAE I microRNA, F7i% : B 6. SAH J5 VSMC T-HRL . SR )5 R microRNA St i 22
52323k microRNA 65 % qRT=PCR J5 % 07 6 H K 1 microRNA 145 AT, J1-38 55 2F W45 B B0 P 00 HE m] Rl iy 5k
R, S58 . 05d 200 pwmol/L %A LT 1 (oxyhemoglobin , OxyHb)FEH] 24 h, i Zh7ES7. SAH Ji7 VSMC JAT-R . MTT &0 B/~
200 wmol/L. OxyHb ZH1FH 24 h JF WG (absorbance , A){E A 0.197 + 0.131, J A AN I JA -2 30.233 +7.231, 5 HiAth
ZHAH L 25 5 W 5 (P<0.05) o SR )5 383 microRNA S0 A, 4845 25 5 K58 microRNA 22 A4~ Horh i 25 FiRRY 16 4, W& TR 6
A, Hoh microRNA145 22 328K L 28 qRT-PCR KIE, SAH & VSMC H microRNA 145 S H #0k,, F4E R B, Bel-2/1f
SGEE E1B19000 FHE VEHIFE [ 3(Bel-2/E1B 19 kDa—interacting protein 3, BNIP3) Jy H AT BEMUAT AL . 4538 : microRNA145 Al fE &
W SAH J5 VSMC T4 745, microRNA145 AT AE#d BNIP3 HI56(5 5342, S8 T SAH J5 VSMC JHT, &I 1
IR I AR 2E
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MicroRNA microarray analysis for vascular smooth muscle cell apoptosis after

subarachnoid hemorrhage
Li Yingbo,Zhao Xiangqin, Jiang Yinghong,Chen Di,Wang Shali
(Institute of Neuroscience ,Chongqing Medical University)

[ Abstract ]Objective : To select microRNA , which plays an important role in the apoptosis of vascular smooth muscle cells(VSMC) af—
ter subarachnoid hemorrhage (SAH) by microRNA microarray. Methods ;Firstly ,the model of VSMC apoptosis after SAH was estab—
lished, then, microRNA microarray was used to screen differentially expressed microRNA. Finally,the screened out microRNA145 was
validated by qRT-PCR and biological information database was used to predict the possible target genes. Results ; Model of VSMC
apoptosis after SAH was established successfully. MTT assay showed that A value of 200 wmol/L. OxyHb group was 0.197 £ 0.131 after
24 h and apoptosis rate was 30.233 = 7.23 , with significant differences compared with those of other groups(P<0.05). There were
22 differently expressed microRNAs, 16 microRNAs of which were up-regulated,6 microRNAs were down-regulated obviously and
microRNA145 was the greatest change one among them. MicroRNA 145 expressed highly in VSMC after SAH, which was validated by
qRT-PCR. It was suggested that Bel-2/E1B 19 kDa—interacting protein 3(BNIP3) may be the target gene for it. Conclusions;mi—
croRNA145 may be the molecular target regulating VSMC apoptosis after SAH. MicroRNA145 causes apoptosis of VSMC after SAH,
induce and increase cerebral vasospasm possibly through BNIP3 related signaling pathways.
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SRR CHE . HET, T SAH 5 CVS YL wALH 3= %
EEHEXT I PN B2 A AR5 7 18T, Chen ZEMA K
AN R AR R PR T CVS R4 R T
AeH EEAMA O (H LN SAH J5 B4 P 2
YRR AR YT, 7N R HI AR R, R,
E— G BIEH SAH 5 B4R T i B PR R, -
o> TS, B Rk i E A e

H AT, A5 B E B SAH J5 148 S 4 L4
fitl (vascular smooth muscle cell, VSMC ) £7 7 i T- ¥t
S HPAT-Z 2 F e PR oA OGS R, R,
VSMC ()95 B A8 7 SAH J& CVS i &4 & B
] BE R BN SR EAEE R (R VSMC PR T
X CVS S5 A EAEAVE T, Haml iz sl & fin 50k
3 CVSIERAEREMER, HRMFRAZ . ARRE
2] Li %52, Chen S5PUE FIT A SC 30 5 AL 4% & B, SAH
JE R VSMC B A7 B I 3 e A a4 . It
HAER T 2595 , CVS A BTt | AR i i 4
W B A AN [FRE A R o 3 DA T 2
B VSMC T HA SZAEH . PridTiR PR T BE
B3GR

ILAEK , microRNA [ H B, A #h 28 28 G 5 9 1)
PGP HE TR R LR (HJ2 X SAH J&5 microRNA
X VSMC P T (I, B A WAHSCHRE , A
FYHE SEE SAH J§ VSMC T 4Rl 4R )5 R
A microRNA 75 it i ik 22 200 . e H
A= A5 BB I i BE HS AR V. microRNA A FIIE A |
WA R SAH J5 VSMC P TR FAILH], Rl AR
FHER AL S %

1 #RFTTE

1.1 2535450

A 1L 2135 1 (oxyhemoglobin, OxyHb) MTT ., [k 25 [ fifi
(£ H Sigma A F]) ; DMEM 355255 G4 135 (321 chemicon
/N H]) smicroRNA IS (BB BIA AR ) .
1.2 VSMC 78 T4 A o 3 5 B A
121 ARG WS A10 K UM 32 30 k-1 LAm e bk (2
PRt A E AR B ) ) 2R T 5 BN BE RS 55 (10%)i6
AMiE) o I 2~3 d SRR ALk TR 57
1.2.2 OxyHb ¥#IMHIE  JCHAHF FIL OxyHb % TDMEM
FEFEWE B0 (10 000 t/min, 10 min) , 2235 J5 48606
FETHIN % OxyHb ¥R | -20 CHEAF & H .
123 MTT ZE OxyHb X VSMC HFEIMEH A K
BB 3~4 AROF-I HILANA , AR SR AN, a3k Eob T4
PIEEL 103104 N0 ReR 3] 96 FLHR , BRLIATR 200 wl, 1553
BYTICA N HZEE, 2 A ACK [ BE 1 OxyHb %,
i HZHREE H7 0,10,100 200 wmol/L, 43 BIVEH] 3.6.12 .24 h
S B LI MTT #598(5 mg/ml F PBS Fiil,pH=7.4)20 ul, 4k

WFE 4 h, ZbBETR B R/ VDAL NS SR VTR, AL
150 wl DMSO, 423 10 min, (25 597853 Al , P4 570 nm
WA, P IR G e W A4S I 7 45 FL IR 5% B (absorbance, A)
fH.
1.2.4 AL (flow cytometry, FCM) A& OxyHb X} VSMC
TS RFER K 200 pmol/L OxyHb % Wi /E il 24 h J& 1Y
VSMC IERIELLAE 1000 vmin B0 S min, B 13, 4 °C
HWive i) PBS Vi VEANAE 2 YK, 100 pl PBS 27 i ik 5 &k 4
(AHEBCE S =1 x 10°4) FeFE] 1.5 ml EP &P A S pl
AnnexinV-FITC , R¥% 4] )5 4 CHEOEIFT 15 min, X5 N
A 10 pl PLREEREET 5 min, B8 5 3L BI_E FCM 40477
1.3 microRNA 7%} 7 i Z 5+ &£ microRNA

FEI 200 pmol/L OxyHb ¥ AEH 24 h J& H 40 M1
SAH J& VSMS #i T-HEELAN i, DAL B B RNAL B
microRNA A5 46 A b JE 7 40 67 , O 2 th 2 34 2% 538
microRNA 35 2040 ; (1) X BEEH . VSMC 35 337EH 24 h; (2)
FEAIZH 284 200 pmol/L OxyHb ¥5 371 24 h, 24 h )5
PEIUE RNA e S 538 il _ A BRA RIHET TAffymetrix
microRNAE 5 K I (5 [Al 9 5 : G20130103-LYB) , fii JH]
Affymetrix microRNA % FF {4 X 49 41 45 r 45 548 254743
M, 38 2o SRR (8 25 7 SR MU IE, OF F P EL bR AL, 23
B L PIAEEA T microRNA AUBRHEME S LA, FIWThRifE
AL 5 X BRAH (3R GA B LU >2 ik B <0.5 ke
S
14 AR qRT-PCR[ %% B & # € & PCR(real-time quantitative,
PCR]7 %3 microRNA 145 3 — % #iA

X 3 1 Ok 1) 22 57 22 38 microRNA145 (170125 6 IE

MR microRNA145 1753315149 (PCR S H Invitrogen
ARV IFE I, RS LT 1751 : miRNA 145 1E 4]
314 5° ~GTCCAGTTTTCCCAGGAAT-3" , )L [M 514 5 -TG~
GTGTCGTGGAGTCG-3"; N U6 IE[a5]#) 5’ -CTCGCTTC-
GGCAGCACA-3’, ZIa15 |41 5’ ~AACGCTTCACGAATTTGCGT-
37). PRIANNL RNA 78 S5 SR R e S i s
¢DNA, cDNA TERF5HE K51 WVE T R AT PCR,JFAE PCR S
KRR IMATOCIHRES , FIHPOLIE & RS B4 PCR
TR, R SR 270 B R R HEA T A S &t
1.5 microRNA145 Yok B 770

iz FH] miRanda (http:/www.microrna.org/miranda_new.html)
MiRBase Targets (http ; //microna.sanger.ac.uk/targets ) | Pictar
(http; //pictar.bio.nyu.edu/cgi—bin/Pic—Tar_vertebrate.cgi) , Tar—
getScan (http ; //targetscan.org ) Fl BibiServ 2 #1 3 [A] i i 4% 4:
FIFELRER I , K3 microRNA 145 FTAERYHEIIEIN . 255
Br, [RIIN 228 B 43R0 | i PR 7 A9 TR 3, EICZR /2 3 ik
PR AL R ZE R AN 263K 22 5% microRNA AU AT RESE LA, A
0 28 PR SF RE R (4 A BB, O HL5 0 A8 &
G A R T FILA R B PR DG I B PR SRy 2 e e R R K]
1.6 st

JIE A R 3R SPSS 17.0 Ge it R AT Ge it 43
Bro THRTORHARIE + BrEZE (o £.5) 28, ZA R A
EhEr s ZH [R] P P L3R 77 255 1 Student—Newman—
Keuls# 55, MIZHA] LA ST AEAS ¢ K, KRSk E =
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2.1 MTT &M % OxyHb %+ VSMC ¥ 54 44 75 A

MTT A8 45 52 % | BE 25 OxyHb ¥ B Y38 = L K AR
B[R] R ZE K, VSMC [ 5 (absorbance , A) {EZ /) (
1), HAi OxyHb EH 24 h JERCRII ., XFHEZHN 0.611 +
0.171,1 pwmol/L £} 0.514 +0.154,10 wmol/L £ % 0.496 +
0.144,100 wmol/L £H 4 0.389 +0.152,200 pmol/L £} 0.197 +
0.131, FEtE,200 pmol/L OxyHb Z17EFH 24 h %y 1 2 (5%t
MEZH 1 pmol/L ZH 1 10 pmol/L ZHAH It 2% 70 i, P<0.05) ,
S SRR HA AL AR

091
0.8
0.7
06k 3 % ARZH
a E1 pmol/L
051 :
i!i‘j 0.4+ . | 2 E10 pmol/L
- 2 |B100 pmol/L
) . 3
0.3 E E3200 pmol/L
0.2+ 8 =
01t fﬁ E,E E

3h 6h 12h 24 h

a. 5XFIRAIHIE , P<0.05

B 1 AERE OxyHb fEA VSMC 3.6.12.24 h J5
MTT #i g5 R
Fig.1 MTT assay of VSMC treated with different concentrations
of OxyHb after 3,6,12,24 h

2.2 FCM #m] OxyHb %7 VSMC 74 = #94F )

FF FCM S AN [a] e B OxyHb 1 FH 24 h 5 4% 26 40 il
BT R PEAT T, B 0 wmol/L 4H M 5.365 + 2.310,
10 pmol/L £}y 9.323 + 4.324 100 wmol/L 414 12.36 +4.745
200 wmol/L £ 4 30.233 +7.231, H:4 LA 200 pmol/L OxyHb
fEHI24 b JE AR T3 0 L TH ok 35 (5 0] B AL AR L 22
S5, F=19.546,P=0.000, 3 H5 10,100 pmol/L ZHAH EbAT)
R G T24255 , P<0.05) , RSUR - (1K1 2.3)

2.3 microRNA %K 7% ik £ 5 %5 microRNA

FEI 200 pmol/L OxyHb W AEH 24 h J5 19 4 MAE
SAH J5 VSMC TR 20, AR PR B RNA , i1 7
JRRSERE , WA ANHE P UYL RNA , 2858 M6
DUSE A s Asso s T Aol Ao o THIIR T 1.9, FRIIAIRE S
FH 1.0% 0 RS MR e F ik, T DL I A6 1 288, 188, %77, %
W] RNA SEREVELT TEREAR IS 7565 5 RNA ZOR (81 4), #A
JE AT T microRNA SO A, A& & 3, SAH Ji5 VSMC 2k
£ 22 4~ microRNA ik kA B2 F e As (16 4~ L, 6 4~
T ), Hotp microRNA145 252 ARkt K, [ GE 7.354 4%
(& D) WIEME THHE BA5 W7E SAH J5 VSMC T+ i &
FAF I microRNA145,

2.4 qRT-PCR * microRNA145 % 7 F ik 04 ToiE
SFREZH I 200 wmol/L OxyHb %W 7 24 h 2H microR-

NA145 FFHXF IR 23 & 0.234 7 £0.054 1 F1 1.677 8 +
0.123 9, ZM T REAS ¢ KB IESE BT 2= 9 Go it 73 X
(t=—-18.484,P=0.000) , Z5F /R ALAIL] VSMC 5 %) HRZ1AH
L, microRNA145 I FRE, S5k 451 —3,

1.001 1.003

S g
= =3
o= 53
Sq =3
s ] % s RS :
0" 10 100 100 10* 10° 10! 10> 10° 10*
Annexin-V Annexin-V
< 1.002 - 1.004
= S
2 21
=2 T E e
S57 . E
2 ] P i 2] |
100 10! 100 10° 10 T10° 10 100 10 10*

Annexin-V Annexin-V

1.001~1.004 43551 >4 X3 HE 2 (10 wmol/L 4 |
100 pmol/L £ ,200 pmol/L £H

B2 AREIRE OxyHb {EF VSMC 24 h J§
FCMZH B =46
Fig.2 Apoptosis of VSMC treated with different concentrations
of OxyHb after 24 h detected by flow cytometry

TR (%)
8

XA 10 wmol/L#H 100 wmol/L #6200 wmol/L 21
a. 50 IRGIA EE , P<0.05
B 3 AEiRE OxyHb £ VSMC 24 h j§ FCM
HAA T RN LR
Fig.3 Apoptosis of VSMC treated with different concentrations
of OxyHb after 24 h detected by flow cytometry

1 2

1. XFI82H ;2. 200 wmol/L OxyHb 7EF 24 h 4H
B 4 RNAHBKE
Fig.4 Electrophoresis of RNA
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% 1 SAH 5 VSMC AT HZERFKiEH microRNA ( B4 )
Tab.1 Differentially expressed microRNA in VSMC apoptosis
after SAH( part )

microRNAZ FR R
microRNA 145 7.353 632
microRNAS505 3.099 218
microRNA218-1 2.941 225
microRNA181h-1 2.565 880
microRNA128-1 2.564 912
microRNA19h-2 0.460 260
microRNA206 0.379 078

2.5 microRNA145 ¥z 3k B T

MBS 2 A DA P AT T A0 35 DR ) T (L Vg FC
HIRAED , HHTLEATEr, microRNA145 1R T RL AL
% (3 2), BNIP3 W5, 456 w7 SOk, K F/E D mi-
croRNA 145 [FHEIE

% 2 microRNA145 SBEE TN ( &B4> )
Tab.2 Target genes prediction of microRNA145 ( part )
SEEETON Ay BRI A AR SR
BCL2/ 9% 8 E1B19000 i H.1E il

98 BNIP3
HHA3
93 Add3 NI 3
93 Fam108cl 108/ F4IAIUZ I cl
90 Bagd  BCL2JCIG/AESEH 4
89 Fnde3a A 3a mYeFidiE G MR ZE ) da)
88 Pappa  UFURAHCIMAK AT A
3 % i

HATA E s 20 SAH 5 VSMC 7EAE T
PG HAR T2 B S i TR SE LR (R I 4 L Heep
Ogihara S547E OxyHb JI R 1A R: 55 09 Bl ik vSMC
AR R 2B T TR R 2R ADP BbE L
BMFIFIR IR I OxyHb HIEOT 20 M BE RO
FPES TR OxyHb BIELS VSMC (g T ]
AEJE SAH J5 CVS MHLHI Z — . Zhou ZFPHRIE , 7E
SAH J& KAz IR Kk CVS Y S 56 R 16 Ji 1L 1 J2
Yl f VSMC BA T &A= L, VSMC o 2
PERCAETE SAH J& CVS [ &4 & J@ vhn] B4 v
RHEER AR, (B, VSMC T3 CVS 58 3%
AEFERVER, Hagi ol B s X Tk CVS Stk
HERRMER, HITHF R AL, RIS R R TT
THIZE B T A ANIRG Y SZ 045 5 . TERTI 5256
i o A R B SAH 5 1) VSMC A% A Bt 4% 46 | L
A NERS, (BREN AT 2 A S BT
Rb1 J& , MR 25 A BT ek | AR NG A O 4530 028 1 i

AT EA AN FIRR BE A e, X AT S e VSMC 1)
T HAREEMEA ., PRTIRITR TRERC IR
¥7 S

T 4 2 , — 23 1 AE B 4 Y microRNA
B HH R, A 28 2R BT Y B A R L T Y LS
microRNA J&—ZEKEH 19~25 MZ R A iD
JNGFTF RNA, TESIIAR N microRNA 3 558 i H#0
A 37 -UTR XA FEL BN, M #E LR mRNA B
B, BE5MREE IR 5 eSS g
FHEPEEE . HETC AT microRNA 34K H Fh T
G1) 5 D U] S S RS B R R R AR . — P R
microRNA 5 JE K mRNA 584 B oAb, 5] #E R
mRNA [FJFFA# . 3 —FPJE microRNA S5EIERImRNA
ANGEAH AN , DT AE B 5 3R ZKOF 41 o)
ImRNA [3Ri5, REHTC 2K 1 000 2 F
microRNA | Ji$2 F /0 30% LA FAYFEH %k | JE R
ZRI PR AE M4 . B2, & F SAH J5 microRNA X}
VSMC T 04, AR WA CHRE . P LA mi
croRNA K128 SAH Jii VSMC JHT-HIMLEE A 5K
i — BB 1 SRS

H T i SAH J5 VSMC 7= 4H ¢ microRNA
AN PREZH 7E R E B microRNA FRik i B
FoAR K SAH 4144 F , VSMC 1) microRNA 61k
S gE R LA 22 > microRNA Fak & A4 i 35 7%
S P microRNA 145 22 %78k K . qRT-PCR
SEEGAIER T3 — 5,

P& Zou ZF O IE , microRNA145 2T 4FE KB &
PRI — 2 BAG IR A A9 microRNA, & BIBFFE
e A B, HET A L microRNA145 2240
] f4 fib 983 AH 56 3k [H ,0CT4 . SOX2 KLF4 ¢ -MYC,
RTKN . YES.STATI .DFF45 JAM-A Fascin Mucin 1,
IRS-1.FLI1 .ELK-1.RREBI ,TNFSF10 %, )\ 1} £
54 e A K L RS A= 2% TR I AE I g I A AR
RCE P L R T SR L2009 4F R ETH 41
Gladstone /0> ML BARAFFE T, M K 2F LR R A
Ytk E S A AR B YIRS Aab O LT
FITHIBRIZERK Cordes FE Nature 1R T T4
H oA iz 5 40 i T Sk A S R L RIS
i A fT5ESE T microRNA145 F1 microRNA143 X}
INELO AL ARG & RO IE VSMC B . R
microRNA 145 1 microRNA 143 F- 858 1+ I KLF4 |
myocardin Fl Elk—1 [ 31k, 1M E i VSMC 701k,
THIIETE . B H 2, microRNA 145 F B AE R EST
IR, EAER L RGP BRI L — e T R HiRGE
microRNA 145 J£ 7525 SAH I} VSMC T
R IAAFEIRIE . 4548 microRNA 155 F 45 5 A1 2 K7
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B SCHk A P i A S, microRNA145 78 SAH J&5 X%
VSMC TRy e 2] 17 G VER

38 2 T AL P2 WO R A | AR R A )
microRNA 145 FEH0 [ 1815 BNIP3 ELIT-2f e (FE i)
TBES3=98) ,2010 4F Chen Z50E Cancer Research
R T T microRNA145 H [ 45 BNIP3 BB
T WA, microRNA 145-BNIP3 #U ] 45
Y TP53-miR145-BNIP3 —AIF & 42 % 4% 1) — &5
oy FERTFIMRE 0 & R B R B T AR
TLMER . WEICIERH, ZERTSI RS T microRNA145
JERAER Y, 1 BNIP3 J& R A0, il A Tk
microRNA 145 ¥ {5 FRBNIP3 , [RlHHFEFE T 215 5
F (apoptosis—inducing factor, AIF) B9 [ I , T
HMARM I FET . X — T8 R T R A A0
1, AT TR . 456G microRNA145 ith
2, S ARG, 7E SAH 5 VSMC (194
- IRA AT REAEAE S PR ML , microRNA 145
TRA AT RE @ 3 #0815 7 ] BNIP3, NTii 2 5 SAH J&
VSMC JET-1 R

Bel-2 FiEEAEZS ST MEHT-N EER
iz — , Horft BNIP3 J2AA 1A 2 AR 417 5 8 F
W Bel-2 HGEHEHZ—, BNIP3 {EH Bel-2 %
B S AR R TR B, 2 B e 2Rk AR AR 1
SANME TR E W, BNIP3 (1955 238 (Bl R
FTH AR SE) 5 g i 1 Je G B FUAS R TS A OG
Dhingra ZPRFSE & 3, BNIP3 160> 1L 2R S 40 i
JHT 7T A5 T AR R B AE 780 WLk i35
i JC BNIP3 3Rk L, B30 B0 e i i A
BNIP3 [ 61k B a3 @R BNIP3 3 R R BH 1k
S O UL LR T 0T 5 L St i e O LR SR

FFEHE— 20220 BNIP3 755 4 MO FE T % 4
S R SRS 25 3 0, A PR 4, 3 AN 1 R
Caspase [ITG L AIMLEZR C AR, ER HATXS
Caspase B PEANAEAE T @ B IHLELE A T Hed il
WAIATR R, BNIP3 415 Caspase JEAR 55114 21 i
AT R UL v AS A8, B R, R
WY G(endonuclease G,Endo G)FIAIF 1E Rk
IRIIRERREAR A N UE 5>+, MIFE S5 T Caspase JEK
HPEANMAE T B . ATF 2 B0 B LR A T RE e ps
W TFz—, 257 Caspase AR AR 21 0 HE
TS, ATF RAAAE T LR N A (8] () 8 T A1
KM, A2 2R W T 15 5 1R
Ja, LRRIRIE T i Zh Rim B ML FLIE T T, AL
VFE G ARRE S I K , FF56 A0 B0A% i T 5 |
DNA 9K F BESL# B ALF 25 B 0% A A% il 0 454k
‘B A9 DNA R AE R 0 e R S B

Endo G 1R fig)& AIF AHEAEH 43 F . Endo G &
—FhZRRLIR DNA fiff, 5 H N GRR Bk 2 e
Al LU B, 5 ATF 256 9% B LA Caspase JE
s v 7 0K Y € DNA 55 V1A AZ/MARE |- 3t
[FIfEE DNA R S 20 100 52 H R 1
ME— K Caspase WGP DNA A %, FoAT 14
I, 76 SAH J5 B9 VSMC 8 1= AFHE microRNA 145~
BNIP3-AIF/Endo G ¥4 #% , S8 T 7€ SAH B K
A VSMC AT, iR IFINE T CVS, 2084k T
kA5 007 , 37 J B S g g A0 in AR SE
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