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[FEE] BRGS0 Ab BE T S00 0 35 A 13 1 2 P9 B2 4 i (human brain microvascular endothelial cell,
HBMVEC) K415 58 F -1a(hypoxia-inducible factor-la, HIF-Lo ) FIZE AR BT AR I AU A AR 3 2 (succinate dehydrogenase
complex iron sulfur subunit B, SDHB) kKK LRI ATP & A2, PR IRE FIAL RS EAER#ZF HBMVEC IR E
Mo 7 ERE 3R HBMVEC, RITIBENLECT £ 6 HBMVEC 434 5 41 (5F2H 6 L)« IE % W BEZH (A ) AR 241 (B
) AR IR T B (C A1) SRR 25 IR AR A B+ — F L Rt H 082 (dimethyloxalylglycine, DMOG )ZH (D 21 ) Fl 44
PR AT BE+2-ME 40 (E 41). A TARE AL I K HIF-1o 05 A E 505 , 4F HBMVEC BEAT40852025 , ] Annexin V
T A AR T RIIRAE s T ATP Rl G0 e 4 N ATP 5t SR Western blot ¥l %E HIF-1a SDHB Rk, HR
5 A A4, B 41 .C 41D 4R E 41 HIF-1oo 35K P81 B 7R ATP & it B sl , A i 1% B 8 7185 (P<0.05) , B 41 .C 41
I E 21 SDHB Fik /K01 2 F#IE (P<0.05) ;5 B 41 Eb4, C 400 D 4 HIF-1a £ SDHB ik /KEH1 2 FHi , ATP & 5t B3,
AT R BREAG(P<0.05), £ (USATALFERTE I8 HIF-1o F635 00038 SRR T30 HBMVEC SRkl sE 2
AT BB, BAERT EMERIZF HBMVEC S A4 7E M
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[Abstract] Objective The objective of this research is to investigate the protective effects of hypoxia pretreatment on
oxygen-glucose deprivation human brain microvascular endothelial cell (HBMVEC) via detecting mitochondrial function and hypoxia-
inducible factor-lae (HIF -lat) and succinate dehydrogenase complex iron sulfur subunit B (SDHB) expression in oxygen glucose
deprivation HBMVEC. Methods Cultured HBMVEC were randomly divided into 5 groups: sham group (group A), oxygen-glucose
deprivation group (group B), oxygen-glucose deprivation+hypoxia pretreatment group (group C), oxygen-glucose deprivation+hypoxia
pretreatment+dimethyloxalylglycine (DMOG)(group D) and oxygen-glucose deprivation+hypoxia pretreatment+2-ME (group E). Then,
cell apoptosis was detected by Annexin V kit. ATP content was analyzed by ATP assay kit. The level of HIF-1a and SDHB expression
were determined by Western blot. Results Compared with group A, the expression of HIF-la was upregulated, ATP content was
significantly decreased and cell apoptosis was increased in group B, group C, group D and group E (P<0.05), the expression of SDHB
was significantly down-regulated in group B, group C and group E (P<0.05). Compared with group B, the expression of HIF-law and
SDHB was up-regulated, ATP content was significantly increased and cell apoptosis was decreased in group C and group D (P<0.05).
Conclusions Hypoxia pretreatment can protect mitochondrial respiration function in oxygen glucose deprivation HBMVEC via
promoting HIF-1aw and SDHB expression.
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Fs 17 (IR AP S T N RS eSS T
SRR ) 60%~80% , LA 7T s T A B
SPERAESE R R 1A H B IE N 3.3%~
5.2%,3 N A BFRAEHE A 9.0%~9.6%, FET-/5%5H
N 34.5%~37.1%, 1 HEIRIEEN 11.4%~15.4% ,5ET/
BRI N 33.4%~44.6% , JE &I IR A BOE BIR M E
BN IR R R AR R 2 R GRS I
LA AR b R b A G e A
HEh0 B T R, 3¢ 55 ) B A AN R AT E— 20 o il 7K e
SE R RS L AN OIS R 40 B (human brain
microvascular endothelial cell, HBMVEC) £ Ifi JIxi 5
W 14 B 2 B 40, AR AR o B i v B E AR
Fl, ASZEF ] HBMVEC 4085325 22 57 2 Mkl ai
VMRS A SIS B SR SR T BT 2 kit
PERG 2 ARV E R . ORI R AR R RE L 2
ATP & B FEE S, R 4 & 1A B Y i
iSRRI RE R, RN E MM . Lok
ATP & AT ENF IR E AR S 5 46 0T B A2
AT VDIV .V SRR A RIS T
Ko ATP A il FEME DRI B fofe i 2 55 1) 2
B R A TR Lo RSB S
& W £ 2 (succinate dehydrogenase complex iron
sulfur subunit B, SDHB) J&2& ki AW 5 42 544 1T
(B O3, SR LR A = R PR A P 00 DG B il , AT
ST AUV S B 2F XF HBMVEC ' SDHB £ ik &
ATP G B2, TR IR AR T A 35 75 38 2o I 4
3 F-la (hypoxia-inducible factor-la, HIF-1at)
S0 SDHB K3k, KX FW#ZF HBMVEC i {&%
PHER

1 #MRETE

1.1 ZHAERESR

HBMVEC (4 774t5 : #1000, Sciencell A #] , 3
EDE IR 10%864- M3 1Y) DMEM #5373
(HE7= 45 1 11995065, GIBCO A H], £H), BT
37°C 5%CO, K5 3246 TP W BE 55 5%, Fr A 80% 5
B, FH 0.25% 6 8 B (4 7 45 : 25200 056,
GIBCO A w], I 57

1.2 e K hb P

K BEHLECT- 2238 HBMVEC 408 5 41 (B4
6 FL): IEH XFHAZH (A 41) SAWERIZFZL (B 4) 4aUhk
FIZF LA (C 4l). AP LA ik
P+ R JE BTE H 24 B2 (dimethyloxalylglycine,
DMOG)ZH (D 2 ) FANE #1355 + I A Bl Ak 3 +2 -ME 41
(E4). A HARATAMTALER, (UAESRBUE FRT 24 h
PGSR B T DMEM ; B 4H B 11T 24 h
W TG DMEM, % 5%C0, Fll 95%N, 1< A4k
SRANPR 4 h 5 HEIE R DMEM, 8 5 m 55 5540
HYR 2L SR 20 hy C H AR TS 5%0,.5%CO0, Fil
90%N, IR A S AR T Ab 38 24 0", kb #0435 ok
JEALFRIE] B 41, 4T 4EBERIRE ;D 4R E 453 5 TR
PALFERT 30 min THEFEFE A A 1 mmol/L. DMOG
110 pmol/L 2-ME "™, G2 4b B[R] C 41
1.3 s T

21 2 R 5 (2% 10° N /ml), 45 FhF
LR AN, BFL 1 ml, 54 6 FLUEAFALBE, Zb3SS
W5 8 ] Annexin V-FITC i 5 & (477 #t 5 .
RCFK302, I ifg i gL R A2 1 AR A PR A\ )i BR
WA S UL B fT e, FWOEIE R A B s
(Nikon 23 F], HAS)#EA FULEE , 20 ff B 5t 2 (.5 S P
PR AT A0AE , ST R UR T A A EL A
1.4 ATP &HE

21 e 28 5 R 23 B (2x10° N/ml) , HE R F
6 FLA , 43 2H S Ab ¥y 5] 1, A 32 o i 240 i
PIATP 5, E 7 AR ATP 5 il i) £
(A7 4t5 1 ab83355, Abcam 2wl , e [E ) E B 45 , fff
FAEGEFRUM 5E , ATP S5 i AL R E RN wmol/g.
1.5 Western blot ] X¢ HIF -1a A1 SDHB % H 7K

XP

Y8240 1 285 3 O 22 53 % (2% 10° A~ /ml), FEE
T 6 fLA, BHFL 2 ml, B4 6 FL, 432 S Ak #E 5 =[]
b A PREESS , FF I L PBS YA, SR T,
i BCA ZEMERIGIMA FRER R, A
RIS MR T, 45 10%SDS-PAGE HLIK /0 85, 5%
B, B, BEREE B B & H— PR it
HIF-la (FBEEE 1 : 1 000, 47 #t5 :ab51608,
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Abcam 23], B [E) FREHT SDHB(FAREE 1 : 1 000,
A FEHES 1 ab14714, Abcam 2~ W), BEE) AR BB
B -tublin (FFEFE 1 : 1 000, 2 774t 5 : EM1701 59,
B LR EE ARG R AT 4 CIEE R, TR,
HIF-1a H B2 A SEST S — 9T, SDHB Fl B-tublin
IMAESTR =Pt (FBJE 1: 10 000, A= #t5 .
ZB-2305, b TR S AW ABR A ]  EREE 2
h, GEARE, B = N RS S ', SRR . R
FH Image J BG4 (40 4540 KA, LLERY
Attt K BEA S B-tublin K BE I HLAE S e H 2 11
2R IKE -
1.6 Giilobr

SR SPSS 21.0 Geit 2@ 8 AT Bt b . I
AR BT R A B bR i 22 (s ) 27, 4L 1]
LA R B R R 2293 B (One way-ANOVA ), 24
(B PIR LL R LSD+ 5 ki TR 30 . P<0.05 iy 22
SHGHE

2 & R

2.1 TR ATP i

5 A4, B 4 .C4.D 4 ME i
KBTI (P<0.05); 5 B 41 H#,C 4 D 44
JHT R BRER(P<0.05); 5 C 4L EL%:, E 440 i
TR BT (P<0.05, % 1.8 1),

5 A, BAH . .CH.DAMEH ATP & &
B 9/ (P<0.05); 5 B 4HELH,C 4H D 4 ATP &
B BN (P<0.05); 5 C 44, D 41 ATP & it
BB TR E 41 ATP & 28 Bd > (P<0.05,38 1)

F 1 SHMERATACERIATP &7 (v )

AR fLEGEL) AT AR(%)  ATP F R (pmol/g)
AL 6 32:19 1.52:0.12
B4 6 36.0+8.3" 0.56+0.09"
CH 6 23.5£10.0" 0.99:0.15"

D 41 6 12.8+4.4% 1.270.10%
E4l 6 44.2+8.7* 0.630.10*

5 A, P<0.05; 5 B 4 HEE, P<0.05; 5 C 4 HL#, P<
0.05; A 4 : IEH X HELL 5 B 4 UMHRIZR 4L 5 C 1 - SE0MHHI 20+ (IS A
FRAL; D A EURERIZE + IR AL P+ DMOG 415 E 41 SR #12F +R 4
kb FE+2-ME 20 ; DMOG : — Fi 3L B i H 24 iR
2.2 HIF-1a #1 SDHB & /K

5 A ,B 4 .C4.D4ME 4 HIF-1a 25
FKSEB B TF i (P<0.05); 5 B A e#e,C 4H.D A
HIF-1o 25 FH 7K B T 5 (P<0.05) ;5 € 4 H%:, D

60
S 40
H
B
2 20
=
0

Afl B4 C#H D#H E4 ®

2151

45 A LLHEE, P<0.05; 5 B ALHLAR, "P<0.055 5 C 4L HLER, P<
0.05;DMOG : - F & wi it H &k
B 1 AT KT A A A ZCIE IR AR 13 5
B: B 4L CRUMERIZR L) AU T2 65 C - C 21 CRURERIZR {15 4 4 70
2 AT D D 2 SRR 2 + IR A AL B+ DMOG 41 4
PHT Y 5 B 2 OB 2R+ I A FR42 - ME 2 ) A T e
F - A T
1 HIF-la & KRBT E 41 HIF-la S 1K
SERA R (P<0.05, % 2, 18 2),

5 A4 ,B 4 .C 41 .E 41 SDHB & [17/KF

B FE (P<0.05); 5 B41Eb4,C 41.D 41 SDHB
FEKFHETE (P<0.05); 5 C4HE,DH
SDHB # 1 /KF- B . 7+ 75, E 2 SDHB & 17K F-H
HREE(P<0.05,3 2,8 2),
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2 4 HIF-1a Fil SDHB A5 FKF (%, xxs )

251 FLE(HL) HIF-la SDHB
A# 6 21.4+4.0 100.4£6.5
B4 6 57.8+8.0° 49.4+1.6*
C4H 6 74.1£2.9% 77.4+3.0%
D 6 105.746.5" 102.745.1%
E#4 6 52.0+6.0* 36.0£12.2*

5 A4, P<0.05; 5 B 4lHE, P<0.05; 5 C 4, P<
0.05; A 21 : IEH % HELT 5 B 41 : EUMERIZR4 5 C 2 - EURERI 3R +AIR AL i Ah
PR ; D 4 SEWERZ+ R FAL B+ DMOG 415 E 41 - EMiH 2+ A 15
AEFE+2 ME 41;DMOG: — F SR H 4002 s HIF -l o AR R -l
SDHB : 2R AR BRFIRR I AR &R 5L 2

Al B#H CH DH EH

mMa-.Pd."..‘.‘.-.

spHp . — . —
Bublin (S

150
~ abce
S T
z 100f
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= a
g ac
3 sof
£
=
0 ®
A4l B4l Cc4 D4l E4
4151
150
100
%
3
@ 50
2]
T
a2
un
0
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415

5 A A, P<0.05;5 B 4 H#E, P<0.05; 5 C 4 HL#, P<
0.05; A 41 : IEH X HRZL 5 B 41 - SRR 4 5 C 4 - SRR 5 IR T Ak
FRLH ;D 20 : F L+ IR A TR I+ DMOG 413 E 20 : 0B 20+

TiAb i +2-ME 4 ; DMOG: — F B Bk H 208 ; HIF-1 o IR A SR -

Lo; SDHB : ZRRAASE AR S i 52 & A2 2
B 2 £%4H HIF-1o F11 SDHB 2K /K FL#E A Western blot 255 ;B
HIF-1o 25 7K HE; C: SDHB 28 K HL AR

3 3 i

SRR 25 AL A R AT 2 2 L/ A Y

RS, BT 12 SR RIAE B A A i R R 2
B AR ZWF5E K JCHE DMEM #1 5%C0,.95%N,
A B S A SR 2 2 A T8 1 25 5 L A AT
BRENH L 4 h BIATXF HBMVEC i 5 B & 146
3107, T U 2R S 4 IS 24 h 4 R
Vi PR eI R B AS ISR F 40
25 4 h SV AL, IFEIR R (LSRR 24 h
VEATL RIS e RN T 52 , VARG 4 T b 3
A2 HBMVEC 474

ZORIACR AN ATP 45 B 32 S5, 2Rk
ATP & T Z S 2 GRS, 48 NADH-Q
FALIE FRG (R DAY 1) BEHIR-Q AL
i (WIS ) UQ-AIH(a 2 C AR5 G
(&Y MiEE C Al (LiRIESYN)
HI ATPase(ATP &R GV ), il it — R 5B
AW S5 2T B, ATP, 2R AR W A e 2
3 ™ T (N O, BE R ™ A Sk
SR I/ T S BOO WL I A
PERRAR ", ABFFT & B, fE4 T HBMVEC U]
LRALTRIS AN ATP A R L, ELAH A T
SR, oA T I 7 SO 2R A epy T e A
LRI 55 S IR 1 R

BEFARRIGE SR LR S A 11 B S, 77
TEF R AT TR , S ZR AR A [ 25 2, =
RIRIEIR O — SNBSS S R RE, RN AR PR E
LG, SDHB LR G911 i — A B,
TEAERR A 1 Mo A Rl =
A e 45 5 BT U 2R T SDHB #6347k
SRR, RN ATP ARk A R R,
SDHB 2157/ FFak i 5 4 T i e 2 )
ZRAET P ATP 2 R/ i 2 5 S5

AWFITHE L, I Ndufsd 3£ BN (5 &
Wy 1 SREBG VB FCRs . R IR B Il R b 3 vl
FER T TR/ N A L A BT R, IR Pk
FAE 2 Fh 2R AR G I BRI b LA (4P 4
I Hik— 4PV 5 HIF-10 80485 ™, HIF-1a
S BT SRR 1, B AR Y ) A A
B, HC LA 5 S I O R S R AR K
FAOGHYSE 100 FHEEIEE 2 HIF 1o SE R, 7T 5
HURED 4 SO R (s St . TR A R
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Vi, HIF-1o AT REVEFH T SDHB £ A, {23 SDHB &
P . AWFIEES R R I AR A AL FE 24 h AT L)
{23 HIF -l F35, 7E HIF 1o 283588 0 A [ 1,
SDHB A2kt 2 &340, HBMVEC (%) ATP & A th
B, 20 YA To0E A s AR AR A TR B S A 45T
HIF-lo B4 7E R DMOG A #E—5fiik HIF-1a 357,
WiE—AE JE SDHB 3£k, fEi#F ATP & 5L, Ik 2>
HEIHTS; 445 T HIF-1a IPH5] 2-ME B, {4 15
A PR HIF -1 SDHB 2 ATP & i 0 42 i/ F 24
e

gi bRk, AT BEREE T A HIF-1a 6
RRALHE SDHB 2 G B, 8048 U0 3 35 BT 3k 2
KRS A0 M, KX ER#HIZF HBMVEC )
T e
FIZEZE A (R AR LR 25 0

S 3k
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