hERZE: FaflE 20114 % 41% £ 1083 945~ 950

SCIENTIA SINICA Vitae www.scichina.com life.scichina.com <¢/ SCIENCE CHINA PRESS

it

AR

HIF-1o/ERK J8 #3644 YR 5 K
L& n A1 4%
RE, Bz, GRE, ZKN, TWE TF, G

TR ER AR SR AT, dEaT 100850
* JX &R N, E-mail: pengry @nic.bmi.ac.cn

RIS NGRS

it
S
0
S

WCRE H 391: 2011-05-06; 4232 H 311: 2011-7-12
K HARRFE AT H (5 : 30901169) % B)
doi: 10.1360/052011-547

BE A G ER A ROE A Bk B D 4 TSR 1 HIF-lodo ERK %4 TRkt | X8
AR AN, NN TSR AR R e RO RRAR. 25, 5 F 10 mWrem® Byflida gt | B
100 5 Hebk Wistar A B, 48 4B L 6 min/ok, 5 K/F, %4484 1 A, FARAE 6h,7d, 14d, 18 | )

fo 2 A, KM Real-time PCR, Western blot fun .z 4 At 4% & hif-lo mRNA, HIF-lo, | oo
ERK1/2 #1 p-ERK1/2 #F3ik. R %3, KE#ED hif-la mRNA fo HIF-la&E 457 2.5 #1 5 | ERKI2

mW/em® 21 TA8 415 14d A0 1 H ¥ B3 A, 10 mW/em® 4148 45 14 d~2 F A%, 1838 % ERK1/2 %
WA B B B4R 4T 4 p-ERK1/2 T Lo & Ui £ H M, 2.5 mW/em® 41 p-ERK1/2 %3k T
8 A4k, 541 10 mW/em® 38 435 7 d~1 Fl, p-ERK1/2 F 3 Ty fob 2 0L 3 Ao A p 2 0 38 78
2.5, 5%0 10 mW/em> 4% % K 148 4 5 A Bl D HIF-1af1 p-ERK1/2 &35 8 %%, % W HIF-1a51 ERK
i B E S G 0K AR A B B SRR AR, R R KRS B S R ARG B 1R AL

A SR 71 22 B A S (P AIE 500) T m R S 422 i
R S 3 A PR B A PR i AT TR U, BoAT
IS M R A, AR HLIT T D R4 2
¥ (hypoxia-induced factor, HIF-1av) 2 41 H P Bl 58 WY
Zr OB P N, P I O T U R e RN LA B
R VA, WEGURIN, 2 i 451 45 A5 Y v A7 A e b A4 457
Pin ) HIF-1a 0%, HAESIRIERE R E/ER]. H
i, M AME 5 18 7 34 (extracellular signal-regulated
kinase, ERK)i 5 il 1% 42 28 $ A4 35 A4 HIF-1a [1) 55 2150
2 —. {H HIF-1a Al ERK 3 ¥4 75 Gk K % 5 o 1
ik g SOR WARIE.

DR b, ASHIF 0L 3 A S 4 Ak i K 5 i B0
LR UIEZI TV 2 o VAR NE A T R O 1 S ([ I
HIF-1ofil ERK {55 5l i 1) 32 2243 7 ERK AR 1h 7K
SRR, KA BT O A S B B 2 e 2k
o AR A5 1 A5 L.

1 AR Tk

L1 SRS nH
TEYE Wistar KR 100 2, AT (180+20) g(%
TR B shh0). BENLD 44, RERGR

51 AZEsCiga:

Zhao L, Peng R 'Y, Gao Y B, et al. Activation of HIF-1o/ERK pathway regulates the injury of neuron mitochondria in hippocampus induced by

long-term microwave exposure. SCIENTIA SINICA Vitae, 2011, 41: 945-950, doi: 10.1360/052011-547




A FEEE: HIF-10/ERK B PP K AR S SO e S i 28 oo ok A4 1

BH25 H). 2.5 mWiem? 4025 ). 5 mW/em? 4125
FOF 10 mW/em? 4125 ).

1.2 e st i 1%

R FH I i A8 e S R AT 4 B 3 SRR AL A
SR TR Sy 2.5, 5 K1 10 mW/em?. 55 5 i) ]
6 min/IK, FREHIRECN 5 Wk, FreiEa 1 AL )
SN 2R B4R [RMELAS T A 34

1.3 Real-time PCR A0 K R S4 A hif-1a
mRNA £k

K Trizol(Invitrogen, 3% ENZIAES /5 6 h, 7 d,
14.d, 1 FJFI2 H &2 KBRS A 208 RNA, RHTE 2R
JSCHE AN 96 o 1 T SR A G cDNA( B AT,
), LA R H v % i &0 B (glyceraldehyde  phosphate
dehydrogenase, GAPDH) 4 N &, & L F 5l
GAPDH( [ ¥jf: 5-GTGCTGAGTATGTCGTGGAG-3',
Fif: 5-CGGAGATGATGACCCTTTT-3"); hif-la(
i 5-GCATCTCCACCTTCTACCC-3', Fiif: 5'-CT-
CTTTCCTGCTCTGTCTG-3"). X/ Real Master Mix
(SYBR Green)(RIRAEMF A RA A, hE)HEATH
W RN A 95 CTIARE 10 ming 95°CAEYE 15 s,
60°CiE K/ZEM 1 min, BB, It 40 7R,

1.4 Western blot 4K B i S2H4 HIF-1afi
ERK1/2 & #ik

60 ng AR E A S B M (0.1 mol/L
Tris HRZEMH(PH 6.8), 4% T LB IR I, 10% B-3i
B OWE, 20% H I, 0.01% B, WK, 95°C
Ik 10 min, VK EEEGAT T e AR RN -2R N A
T e Tt e HL YK IR AR TS 5%, 43 B I 6%). LUK 45 i,
IR FE il BT R R I S JEE, 5% Mt g 9 b i e 1A,
PU HIF-lom %Pt ERK1/2 57 Pip-actin(1:1000)4°C
A, MRS BRI A B AR 1 SR BT 1gG BRI
B 1gG(1:5000)1E 1], BRG 5% e 5%

L5 S AT AR K i 404 p-ERK1/2
xKik

S TS G 6h,7d, 14d, 1 HR12 H
TEARBU, 10%22 Mhs /R BAREDE 1S, #RUK
EWE . VI S HEOE 2K, 3% H,0, EiW A
10 min, 0.1%/# 2 FIEFHTSE S 10 min, p-ERK1/2 —

946

PU(1:200), EIRH 37TCHFE 1 h 5, 4°CIEH, mAEY
EFRC PR 1gG(1:200), 37°CHEF 40 min, M
HRP-SA(1:200), 37°C##H 30 min, DAB W4, 5 ~
PR ROR, R KuE, HARR R AZ, B
KB RN, 6 SE G ] PBS A0 — ik
I 1 %o et

1.6 FEMRS K =TT

I 7500 system SDS #X] hif-1a mRNA FIAH
% )2 GAPDH mRNA #4734, N CMIAS-II
B BT A (Leica, #8[H) i1 HIF-1a 5HAHN A 2
B-actin 1) 4% Y X 43 )% % J& (integral optical density,
IOD)LLAE, [FIEY68% 10x40 f5AEF ~, AE41 4l
O BENLER 5 ANEF, BEAT P36 %% (mean
optical density, MOD)ll & & 53 #7.

L7 Giiheabr

S 56 KA 15y DA SS OR bR fE 22 (X £5) Ko, SR
SAS BRAFREAT LI R 2K 5 2200 A LB A A
AHEE, #78 P<0.05, **7~ P<0.01.

2 R

2.1 KRIEDHS hif-lo mRNA 254k

RS G AN R) SR R B 4127 hif-1o mRNA
(1) Real-time PCR il 25 5L WL 1. 5B S 4AH L,
2.5 mW/cm® ZH hif-lo mRNA T4 5155 6 h~14 d %) 5
Bk, HIEEFHZER; 5 mWiem® A TARHG 7
d~1 AN, LRSS 14 d 302 P<0.01); 10
mW/cm? 4 T4E5 5 6 h~2 Fib, JFLLEST S 6 h, 1
FA 2 Ay B2 (P<0.05 5L P<0.01).

5 25

o

g 2

® o0

2 1.5 o 2.5 mWicm?
El 85 mW/cm?

> @ 10 mW/cm?
> 05

=

& 0

17
BHENE

Bl1 HEKIESEARIEDHSAF hif-lo mRNA 1
Real-time PCR #1145 R



PEERE EaRE 2011 B41% F 100

22 KR S44 HIF-loEH 2L

ARG R T 2 HIF-1a 8 (AR 1545 51 L E
2 R 3. SEARSTAAMEE, 2.5 mW/em?® 4] HIF-1o04K
H 4R S 6 h~2 HS R, DIARS 5 7d, 14d
U1 H B8 52 (P<0.05 BY P<0.01); 5 mW/cm® 21 T4
BTG 14 d 11 5 IN(P<0.05 % P<0.01); 10 mW/
em® L TARSHE 14 d, 1 A 2 HI4 820 (P<0.01).

2.3 KRGS 414 ERK1/2 f p-ERK1/2 F H 254k

KU 2120 ERK1/2 R IE AR 45 HL LI 4 F1
5. SEEST AL, S TR S 6 h~2 A
ERK1/2 JoH {2 5t

p-ERK1/2 K1k 45 5 WL IE 6~8. p-ERK1/2 &
B 5 Bt ALK BT T o 28 0 T R TP VR R ORI
b 35 BHPER L (B 6A); TAE 2.5, 5 A1 10 mW/em® 41 1)
PUEZTW; N R sty 7 N 7 o g ] KEE
o B A (8] 6B-6D). LA 10 mW/em?® 41 441, &
WJ5 14 d, p-ERK1/2 Rk (K 7). Git4i R e,

6h 7d
0 25 5 10 0 25 5 10
HIF-1o e w— o— - > B =

B-actin r— - -— — -— = —
14 d 18 28
0 25 5 10 0 25 5 10 0 25 5 10
HIF-1d eap cplD == o GG — —— == ="

B-actin o S A G — —— . S —

2 MEKESERRESALS P HIF-10RIEM
Western blot # 3l 45 5
6 h~2 H ot J5 I ], 0~10 77548 5457 - (mW/em?)

25
L
£ 20
§ o0
9 15} . O 2.5 mWiem?
E * B 5 mW/cm?
w 10 g 8 10 mWicm?
I
[m]
o 5t P
| L e | [Fe:
0 1 L o e e e kil |
6h 7d 14d 1A 2H
igEIoNiE
B 3 M KPES EXRESHAT HIF-10REH EE
STER

6h 7d
0 25 5 10 0 25 5 10
ERK12 ~ik S i o B == a =

B_adin.-.._.__.—-———--.-.——
14d 18 28
0 25 5 10 0 25 5 10 0 25 5 10

ERK1Z = S SR S o o = —

f-actin ™= - . - S — —— T SR S —

B4 HEKiEsSERREDHSAS ERKL2 EORIEN
Western blot R 45 5
6 h~2 H R4 J5 1), 0~10 7548 557 (mW/em?)

o0

@ 2.5 mWicm?
B85 mW/cm?
@ 10 mW/cm?

IODERK/IODp-actin

E5IENE
5 WMikKiEsERREDHALS T ERK12 BARIEN
ERMTER
(o IR o2 SR - : :
b A%
b 84 . - sF D6, T
,(_'C) - ¥ 3 ’.’-‘.-\z-': -l (D)‘v ,‘_ C s 8 p A o
: 4 p :.f '-u',‘.‘-_f\:-, i :r
,--\' N . ‘,} > &) v ’ _.‘i. “v 4
N £ ’ G‘i \J & 5 :f$~
i F 3 S QIR ¢ 48
s 0 £ No S, »
Bl6 MBKHEME 14 d KRIESARAMZIT p-ERK1/2
FiL(SPx200)

(A) BEES4, 77 p-ERK1/2 T b RERERIE G5, (B) 2.5

mW/em? 41, 7% p-ERK1/2 T i vh BAR B A (C) 5 mW/em® 4,

7~ p-ERK1/2 T Rt o A2 3R YE; (D) 10 mW/em® 41, 7R
p-ERK1/2 T % M A% rh 5 R A 3 (508 1

S EAE S AL, 2.5 mW/em?® 4 p-ERK1/2 %15 45
WG 1 283, 5 mW/em? 4 p-ERK1/2 £ik T

947



A FEEE: HIF-10/ERK B PP K AR S SO e S i 28 oo ok A4 1

WG 6 h~2 AR héas, DS E 7 d~2 i
AF 5 % (P<0.05); 10 mW/cm?® 41 p-ERK 172 221k T4 5}
Ji 6 h~2 ¥R hEas, DG 7 d~2 SR
#(P<0.05 B} P<0.01)( 8).

(B 6 £ © - B

é % - * 8 - S
A7) : Y @ 5
Rel o s ) ~
Caling o X LN X
L, DLW G . ° > -
i PACT SO M R
Aﬁ)’ -‘p £ J\;'% I"
S € L7, 3o, £V :
Lo, O REE L R .
Lo e (T2
D ™, o O0, %
a ._&’ﬂ vglo i % '
""n(_' AN ¥ v @

B7 10 mW/em i KRS E A R D140 p-ERK1/2
15 (SP x200)
(A) @415 6 h, 7~ p-ERK1/2 T MU 2 ik s A g5 B2k (B) fadt
J& 7 d, 7~ p-ERK1/2 T2 FiafZ -p SARSCARHPE; (O) Fi5 14 d,
7~ p-ERK1/2 T M8 A% v S kR s (B P (D) $&ii s 1 H,
7 p-ERK1/2 F MR % Hh S A o (0 b

o 8 [
;
& BF
[a] ol
% 4 02.5 mWicm?
2 =5 mW/em?
& & 10 mW/cm?
a2t
o
g HE
0 14d 18
BGHE
K8 EKIELEXREDHAT p-ERK1/2 KK
ERMTER

3 Wik

HIF-1 FH 4 i 1 3 32 114 B 7k A1 52 S0 15 (1 o i
FEAT R, LR EE T HIF-La )35t ARk,
FH T HIF-1 PSR E N S P e 40 i 2k A7 S5 G5 . 1l
e R AR KRV RS S5 VF 2 A A i B 3 DA 5,
IRl T 6 HIF- 1o WF £ 27E H .

HIF- 1o/ i i 48055 2 Rl E T C T2

948

W, T AEE AR R (i RO A0 e R A
A5 HIF-1a ik Fss AV 30 #1100
mW/em? B SRS KR 5 min, KIS 2
DM IUI HIF-10E A A3 TS S 6 h~
1 d BFHPE. AR, Tk K IR S HIF-1o &2k (1 i
FUAR L.

T SRAF SR I, AE — 1 i 453 495 A5 Y o A7 A 2k R
S HIF-1a (IRRGE « B ALFITE AL R 15 B s,
DR Uk, AT 50 6 i 390 A S ) A K T O 50 T Ao
ZICE RS T IR R IR b, AN T 4RSS 6 h~2
m [K#F 5 hif-lo. mRNA Fl HIF-1oE (13RI, 4587k
LA A AR S I, HIF-la ik B 2 5o, B 2.5
H1'5 mW/em?® 41 HIF- 1o 32 34 5 3900 (1035 AL 25022, i
10 mW/em® 41 HIF- 1o FEAM]. JLR R Al g e A
(i) 2 S 1) 0o ¥ S 45347 LA S A LA IR 2.5 A5
mW/cm® 41 f¥] HIF-1a3& A58, alfigd T W A
FEHE 100 P LR AT IR B A2 451 R HIF- Lol 4 1)
AN EE; R E AL, AR RE ) T B S Bk
AU HIF-1a B BT, i 1 K 30 R 4L 8OR B0
YEVIR, 5o AR RN, HIF-laiG G e S
ZAFERIA RS, AE e UERE R . A ATP
AN A0 A3 25 7 T R 3 i 4 F ). 10 mW/em?
41 HIF-1oFF 25240, ] fig 55 5 7 2 5 i 5 B4 4
X, DASUGVEBON HIF-1o, 2GS 3 oA 1w [ T s
ML

LRRIARTEE HIF-1000E &2 WA B4, ]
Reld i s HIF-1o800 2 17 S 5 18 42 1 22 R 5%
1 ) A, S0 HIF-1 SRR ) i,
A S RE TR T 48 %) )5 ERK 8 4% 5 T R 15 .
iR, MO ERK1/2 A WA W2, (H2
p-ERK1/2 = 3G A, HLBE A 71 & 1 38 0 S0 AR
SRR, SRR P R O Tl v L p-ERK1/2 2K
WS ERK {55 M, M i e sE Rk, xF
ERK 15 ‘538 % (1) R0 IR 22, mT Be e Sl e 2 1
FLEAR R, WA 0% & 1) Ca™ AN
ROS HER, LUK A% Al 2B K IR e L2 AR prg s 1),
T BRK i 4 3 B2k WA B4 5 HIF-1a 30 1+
RO 8, AW S 4R 5 )5 ERK il
B A HIF-1adbifb, (HEATZ A B R ], &
AR N B RN 2 —, J& i Bk — P i &
BN ZY.

2t b, AW &L HIF-1o81 ERK &S5



PEERE EaRE 2011 B41% F 100

Tl R e S R AR KL AR, JFTREAIEIE R Al BEAE N RS S HIF-1oud 5 38 B NS AL LA
LR AR BT IPER]. PSR ARDS HIF-10/ERK SR RIBEST, 4 HIF-1 AE N3 AL, S0 K697
A O A S i R AR T LRI R B E R SRR R I AE AT R

PN

1
2
3
4

10

11
12

13

14
15

16

17

Semenza G L. HIF-1 and mechanisms of hypoxia sensing. Curr Opin Cell Biol, 2001, 13: 167-171

Semenza G L. HIF-1: upstream and downstream of cancer metabolism. Curr Opin Genet Dev, 2010, 20: 51-56

Horowitz M. Genomics and proteomics of heat acclimation. Front Biosci (Schol Ed), 2010, 2: 1068—1080

Sun F Y, Guo X. Molecular and cellular mechanisms of neuroprotection by vascular endothelial growth factor. J Neurosci Res, 2005, 79:
180-184

Chen W Y, Chang M S. IL-20 is regulated by hypoxia-inducible factor and up-regulated after experimental ischemic stroke. J Immunol,
2009, 182: 5003-5012

Choi Y K, Kim C K, Lee H, et al. Carbon monoxide promotes VEGF expression by increasing HIF-1alpha protein level via two distinct
mechanisms, translational activation and stabilization of HIF-1alpha protein. J Biol Chem, 2010, 285: 32116-32125

EJ, B, Bhs, G SR MR SN K BU HIF-1a32i852 0. o E AL TE, 2007, 23: 1161-1163

Solaini G, Baracca A, Lenaz G, et al. Hypoxia and mitochondrial oxidative metabolism. Biochim Biophys Acta, 2010, 1797: 1171-1177
Moeller B J, Cao Y, Li C Y, et al. Radiation activates HIF-1 to regulate vascular radiosensitivity in tumors: role of reoxygenation, free
radical, and stress granules. Cancer Cell, 2004, 5: 429-441

Gorski D H, Beckett M A, Jaskowiak N T, et al. Blockage of the vascular endothelial growth factor stress response increases the antitumor
effects of ionizing radiation. Cancer Res, 1999, 59: 3374-3378

Wit, pee, BReT, 55 BLR AT BN MND. NOS & 21 LDH i PE 0. B #EE BHR 2 244), 2003, 24: 231-233

Fan X, Heijnen C J, van der Kooij M A, et al. The role and regulation of hypoxia-inducible factor-lalpha expression in brain development
and neonatal hypoxic-ischemic brain injury. Brain Res Rev, 2009, 62: 99-108

Moon E J, Sonveaux P, Porporato P E, et al. NADPH oxidase-mediated reactive oxygen species production activates hypoxia-inducible
factor-1 (HIF-1) via the ERK pathway after hyperthermia treatment. Proc Natl Acad Sci USA, 2010, 107: 20477-20482

Pages G, Milanini J, Richard D E, et al. Signaling angiogenesis via p42/p44 MAP kinase cascade. Ann N 'Y Acad Sci, 2000, 902: 187-200
Narasimhan P, Liu J, Song Y S, et al. VEGF Stimulates the ERK 1/2 signaling pathway and apoptosis in cerebral endothelial cells after
ischemic conditions. Stroke, 2009, 40: 1467-1473

Minet E, Michel G, Mottet D, et al. Transduction pathways involved in hypoxia-inducible factor-1 phosphorylation and activation. Free
Radic Biol Med, 2001, 31: 847-855

Hur E, Chang K Y, Lee E, et al. Mitogen-activated protein kinase kinase inhibitor PD98059 blocks the transactivation but not the
stabilization or DNA binding ability of hypoxia-inducible factor-1 alpha. Mol Pharmacol, 2001, 59: 1216-1224

949



XERAkE: HIF-10/ERK I T 7 bl 1 U1 A BBOK B it S e 22 e 2l b A i 4

Activation of HIF-10/ERK Pathway Regulates the Injury of Neuron
Mitochondria in Hippocampus Induced by
Long-term Microwave Exposure

ZHAO Li, PENG RuinYun, GAO YaBing, WANG ShuiMing, WANG LiFeng,
DONG Ji, XU XinPing & SU ZhenTao

Institute of Radiation and Irradiation Medicine, Academy of Military Medical Sciences, Beijing 100850, China

Change of HIF-1o/ERK signaling pathway and its significance in the damage of the hippocampus induced by
microwave exposure provides new targets for in-depth study of microwave injury mechanisms and prevention and
control measures and approaches. 100 male Wistar rats were exposed to microwave at 2.5, 5 and 10 mW/cm® The
exposure time was 6 min/times, 5 times/week, and the exposure was continuous for one month. Rats were sacrificed at
6 h, 7 d, 14 d, one and two months after exposure. The expression of hif-1la. mRNA in hippocampus was detected by
real-time PCR. HIF-1a, ERK1/2, p-ERK1/2 expression were detected by Western blot, IHC and image analysis. The
mRNA and protein levels of HIF-1a in hippocampus were increased significantly at 14 d and one month in 2.5 and 5
mW/cm? groups, while decreased from 14 d to two months in 10 mW/cm? group. There was no significant change of
ERK1/2 within two months in exposure groups. In sham group, p-ERK1/2 was expressed weakly positive in neuron
cytoplasm of hippocampus, while there was no changes in 2.5 mW/cm? group, and p-ERK1/2 was expressed positive or
strong positive from 7 d to one month in 5 and 10 mW/cm? group. Therefore, HIF-1a. and p-ERK1/2 expression in
hippocampus were changed after 2.5, 5 and 10 mW/cm® microwave exposure, which indicated the activation of HIF-1o
and ERK pathway participated in the processes of hippocampus mitochondria injury induced by microwave, and might
repair the mitochondria injury.

microwave, hippocampus, mitochondria, HIF-1a, ERK1/2
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