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SIRT3 1E il Jed v 3 35 W 35 F B . 2006 ~ 30 %6 3 4iE P (19 SIRT3
EAGR — AU BER SIRTS 5 B8/ & J¢ RNA JT 3K
SIRTS3 Ji » 41 id A mROS 3§ fii, i SIRT3 g 3 35 41 il mROS
FEAT . SIRT3 30 mROS B AE B 39 52 W0 44 P9 S0 i 938 41 i
b B B e 6 e i I AR
2.2 RKAZEATIE mROSHIN  ZRhifk DNA 482 fF
TET 2R SR X S 588 30 37 28 T 4ok (& DNA Bt —
ANER S RIS BTV S . T R A IE R A I K AR S BT O A R
A T MO . AR T S B SR B S i mROS 7 A
PRI ERBAR 1 SR V& T8 B 42 3 T M 1 B R D iE — 2D B
ORI AL DNA it i & Gk T WHZ — ND6 5 5 548
AT mROS 7 A FE 4k B 485 2 B 7 Lo Chypoxia-sensi-
tive o subunits, HIF1e) 3§ 58 9 5% % B8 77 . P 54057 N-& Bt
2 i 4R (N-acetyl cysteine, NAC) 4b B ix 26 41 Jfg J5 3% F i 3h
AR . A2 LRI A B LTI R IE B A5 AT IR & A= Bl 4 AL
A BT 5 AR K N T 3G . AEL 5| R kLR A W L RE ) 2
1 e KT 2Ok R DNA S 57 1 5% 72 sl [8] 5 1k %8 728 ] /g A 1
AR T 410 ) K 3 Al o A

WFFE 2 B, 40 5 B8 311 2 i & B8 (succinic dehydrogenase,
SDH) 198 5 R Bk Az 58748 5 B0 A 2873 8 T vg 4% 40 R
KAHY . SDH 2 —BE2 Y5 TCA X5 5 ETC [#§. /£ ETC
TR E AT, SDH Z & Y& H 4 4L % SDHA,
SDHB.SDHC FI SDHD 41§ . H Ji i 1R 0 % 4= SDHA 2 4% .
SDHB.SDHC il SDHD fift 2k i - 5 43 & 1l 8 32 7 {H Jo ik
%3 L B0 mROS JKOF T 808 Rt L8 A% o
LR B T RE R T2 5 TCA JE 3R MY 4E 9] R /R 7K & i (fu-
marate hydratase, FH) #2658 # R RS = L E 5] & .
FH b 4 M 28 59 R IR AR L 5 2k 3 3112 5 4 e H ik 52 1o 7
W2 W BRiZ ) B # NADPH, i NADPH 2 41 il 4
fit ROS 1) T B HU AW F - e 4 5 B mROS A1 hn . [7)
BB FH kR S b s 40 i NRF2 5 26 k. FIH shRNA
YUBK FH SR A 4 i NRF2 R34, 3F— 25 3 i mROS 77 4=, 40 1
i 9e 240 B 3% 4 L 3 SR W] NRE2 23 ) f] SE # R R /v & mROS 7™
Az R T A R A0 i B A B AR T
3 mROSEMBHBRANSENSHESERE
3.1 mROS LB mE LR = BE MM AR 58l MAEKR
T 5AH N Z ARG 5 i AL B R I UL B = B B2 I BG (phos-
phoinositide 3-kinase, PI3K) 4k V. % pl10, 1M J5 pl10 iz 1k
W5 R LI (phosphorylates phosphoinositides, PI) 7= 4 PI(3,4,
5)P3 (PIP3) , 33 Akt JiF MM 5 i 80 40 Hiw 38 i 444 2 0 1
Wb, 10 5 g f B e 55Kk O TR IR Y B R i ik
(phosphatase and tensinhomolog deleted on chromosome ten,
PTEND & — > M 41l i BE &, 7T 7 38 1 PISK R i Akt fF 5
WY 3G M. mROS W & fb PTEN £ JBf 4 MR 5k &, i K



1560

Cys124 F1 Cys71 it 45 G0 M w53 PTEN K%, #E 1M
Ak PISK 3 . mROS s /i 40 il s 9 W2 Bl 40 25 11 50 8% 12
BiF 2A FIVEE T R DEPR A 18, Ake L BERR LI, Akt I
PR T 0 0 R T R A M b gL SRR A BN L Akt X
mROS #U M3 PTEN #17 5 W R B8 2B & . mROS 7] fg
Al Ak G ESEAUE T R R asTT Ll Ah, PIBK G B i
A SE A b i A P AR O B K F L e-fos B cjun RIK
B, BT 3% Ak AP-1 4 0 Johogy 3 1 0

3.2 mROS IR BLAEIE S H Fi&E AT H . K2 50
HRAL TR U BROER BT R T A5k 4 N 2 A0 mROS £ 5
VA e HL R AR Y B 2 — . S5 S B Chypoxia-induc-
ible factors, HIFs) {0 #§ HIFq W4 (HIF 1o, HIF2o #1 HIF3a)
1 HIFR W3 (HIF18 1l HIF2R) . & 4 F HIF« Bl & M % 1
fifi 2(prolyl hydroxylase 2, PHD2) ¥4k J5 4 — 2 51| W 4F ]
R A BRI R L B AR A A R TP A AR S TR
AR A BRI B o A A RO R B ke
REfE M &l PHD2, HALH AT 8 5 mROS % 4k PHD2 1) & 4
F- Wk 74 %, PHD2 [#ff HIFq Z Ml HIFe ER S5 E
i HIF1R 25 AT 57 I8 — R AR A, IF 5 B i 46 ) p300
H1 CBP AH AR I o 3084 fte 42 52 17 G AP 5 o DT 980 476 5 Jie ] 2
T IAE A R R 2 AR R AL T T 2 45 R Y R I R
PR AT R R AL R 1 1 ORI A R T IR
A&F HIFa B2, DL B S5 200, b i | r 58 F
mROS j= 2B 3% W] GB1F R iE b HIFo (282 % Z — A 3F M &
4S5,

3.3 mROS S8 4 B R ROS 540 f AU B R B % .
A0 B W A 2 B = AR i ROS. e b 2ok i 2E B ROS &
i . B 4R mROS -, 5 4% U745 ) 20 Mo A
T WE 9% % B 9 A O 8 £F 4E 411 I8 (cancer-associated fibro-
blasts, CAF) T i 5 F7 4 B JBd S0 B S W40 A 2 o B R Z R K
S, TR PHD2 FAE HIF-1o §a5E 4L 5 5 35 5 0 9% i 5
A 2 45 1 K S T g TR 0 R AR . 7R R A0 i
HIF-lo 1 198 NDUFA4L2 K& & A 0K T i V30 il S 10 i iR
A mROS A= . il mROS HA] i 3 # 3% NRF2 5158 1%
AR A S R S B I 8 A I DY T A
W AR A BRI 4 3R R A R L A, Y TR R O M2
(glycolytic enzyme pyruvate kinase M2, PKM2) & — i ¥ % &
it o P P9 U6 IE B 4 ] PRM2 35 vk 5 bR & A= 25 DDA 2600,
mROS G& & 1L /8 41 i PKM2 2f Jb 220 B2 4k & 410 ) 0% 1. 5
TN A TR 3 AR A e G 0 L S A i AR G R A AR
T g8 40 e 1) A= 77 R B RE 10

4 ETPE A mROS K E & T

4.1 Wb mROS $00 6] g 240 MO 8% FE b A B I AR L
SR A K T S5 55 TE AN T S 0 R Al B B &2 ROS K- 52
200 M AR S I T R T A RO {5 T S T 5 i R
YO 5 T A0 ) SR 2 G . HG e B AR MR E i ) mROS A
ATRERTEZ . fH mROS P A0 ETC 2 fif 16 52 340
1+ 33X 50 T BE I 00 IE F A0 M N TERE M A . BT RE R B,
et ey — W XUIRE S M ) ETC B2 54 1 &, 4 e I8 e
KT FE R FE R JE] B 3 K B i A B O i HIF-
Lo Ifi Ak, NTTTREAR mROS = A . (H 302 7 2 — FOBUIR BT i g

FTHRES 201754 A% 46 5% 114

ML 5 3 — 2 WE 58 . M) NADPH %k i o B 3 3 90
BCR-ABL {55 5538 1 At - B AR mROS 77 28 30 i o 958 410 6 384 4
L T B

HATHF TSI S PR M e A R (ALCCLE R B8 & 3D
A NAC X bR 36 97 35 AR K, AR BT R 2 of i 3 AR 00,
B RPUAAR R IR 9T A R W AT RE SR T B AR R G
SR FH 38 38 9 B0 R AR A T R AR R B R NS 2 S e R R
ORI A AR, e RGO e R X ROS B0 |43
[N EP LN PN R R T 7N A = R LN ET =W N R )]
il e A A o R i — 2 RO BIF O T B R 1 e S
SRR A5 S VA T R RE — R AT AT O
4.2 A mROS /K P38k £ M 25 S0 Mhoyss 40 e 225 o 4 i iy
mROS Fh & % & FIE & R T H 50 1k 5 58 5 K& K7, B
mROS 5 B T8 (Y4 B IR B0k K 7 B AT A2 3k i & 2B L R
J& . I iR Al P9 mROS 52 BE T L AT AL TRXD A4S 2f
B B % . 5 TRX1 i A LS A 1 Askl 35 b, ok 1 #4005
e INK.p38MAPK @ i, FIHPL I T H T2 gu i di v, BESR
mROS 3o 5 B % il 96 40 i 5L A A% 3 4 P A ot 2 003 1t 175 5 e
968 40 M P9 2 Bt i 0 mROS 585008 4l M8 T R W AT . B
A WFE R 06 /N F A& ) SMIP004 i HE 2 5k % fig 1%
AR ARG 3 J Y 23 b ok / SR AR B 45 I H K TR mROS 7K SF 38 i
) ARG e G s A = N e o/ 5 e | s O AT I
NAC S P A AR 3 52000 0 R H /Ny 7 ATN-224 4l §t R
1 Z Gi s SOD1 A] 5 B8 40 i 08 7=, DA I IR K-Ras i 515
AR PR M 5 el A R & T L H R th AT WF ST R L NG IR
BRD5459 . BRD56491 Hil BRD9092 #E Tt 5 b 8 41 il ¥ mROS
KT o H TG 35 7% BE Jil 98 40 1, 156 W3 o 98 400 S 1 0% e o kB A
i 2 AR O (HE A T RO R P T R B T e A
i i gRE A A AN R Sl — R SR T R B 98 RE T I

MR A E RN EEES HER, SR LR
AL R 28 735 L S0 Sk DR IR ORI 0 S PR o 20 3 5 g A il
mROS A& J5 3 & VI A 56 . 0 1 B AR mROS 7K 5790 4 HAH 56
55t 3 U T B e AR AU R Ak BE T 7 T S A0 i P
TPk SO0 A 3R 1 S TR A O T X e R LA T
B o7 YRI5 o (R 5 A ] B 15 5 mROS 3 w36 97 i, 4
PR E T B R AT RE S F — 2B G 4k PISK R HIF %542 ik i g
AR 2B TN R SR R 4 ROS Sk 8 T 4 1k 41 43 2
b T8 40 i 4 3 - A ST A0 8 5 AT SR o S A 1 X R
JIEL 1Y 3 BT 8

S ik

[1] Woo HA.Yim SH, Shin DH, et al. Inactivation of perox-
iredoxin I by phosphorylation allows localized H(2)O(2)
accumulation for cell signaling[J]. Cell, 2010, 140 (4)
517-528.

[2] Sporn MB, Liby KT. NRF2 and cancer: the good, the bad
and the importance of context[ ] ]. Nat Rev Cancer,2012,
12(8) :564-571.

[3] Neumann CA, Krause DS, Carman CV, et al. Essential
role for the peroxiredoxin Prdxl in erythrocyte antioxi-

dant defence and tumour suppression[ J]. Nature, 2003,



FREZ 2017 54 A% 46 5% 11

[4]

[6]

[7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

424(6948) :561-565.

Denicola GM,Karreth FA, Humpton T]J,et al. Oncogene-
induced Nrf2 transcription promotes ROS detoxification
and tumorigenesis[ J . Nature,2011,475(7354) :106-109.

Li T,Kon N,Jiang L,et al. Tumor suppression in the ab-
sence of p53-mediated cell-cycle arrest, apoptosis,and se-
nescence| J |. Cell,2012,149(6) :1269-1283.

Jiang L,Kon N, Li T,et al. Ferroptosis as a p53-mediated
activity during tumour suppression[]J]. Nature, 2015, 520
(7545) :57-62.

Bell EL,Guarente L. The SirT3 divining rod points to ox-
idative stress[J]. Mol Cell,2011,42(5) :561-568.

Finley LW, Carracedo A, Lee J,et al. SIRT3 opposes re-
programming of cancer cell metabolism through HIFlq
destabilization[ ] ]. Cancer Cell,2011,19(3) :416-428.

Bell EL, Emerling BM, Ricoult S], et al. SirT3 suppresses
hypoxia inducible factor 1a and tumor growth by inhibi-
ting mitochondrial ROS production[J]. Oncogene, 2011,
30(26) :2986-2996.

Park SJ,Sharma LK, Li H,et al. A heteroplasmic,not ho-
moplasmic, mitochondrial DNA mutation promotes tu-
morigenesis via alteration in reactive Oxygen species Gen-
eration and apoptosis[ J ]. Hum Mol Genet,2009,18(9):
1578-1589.

Dahia PL. Pheochromocytoma and paraganglioma patho-
genesis:learning from genetic heterogeneity[ J]. Nat Rev
Cancer,2014,14(2) :108-119.

Guzy DR, Sharma B, Bell E, et al. Loss of the SdhB, but
not the SdhA, subunit of complex [ triggers reactive Ox-
ygen species-dependent hypoxia-inducible factor activation
and tumorigenesis[ J ]. Mol Cell Biol, 2008, 28 (2): 718-
731.

Ishii T, Yasuda K, Akatsuka A, et al. A mutation in the
SDHC gene of complex [l increases oxidative stress., re-
sulting in apoptosis and tumorigenesis[ ] ]. Cancer Res,
2005,65(1) :203-209.

Sullivan LB, Martinez-Garcia E, Nguyen H, et al. The
proto-oncometabolite fumarate binds glutathione to am-
plify ROS-dependent signaling [ J]. Mol Cell, 2013, 51
(2):236-248.

Ostman A, Frijhoff J,Sandin A.et al. Regulation of pro-
tein tyrosine phosphatases by reversible oxidation[]J]. J
Biochem,2011,150(4) :345-356.

Rao RK, Clayton LW. Regulation of protein phosphatase
2A by Hydrogen peroxide and glutathionylation[ J]. Bio-
chem Biophys Res Commun,2002,293(1):610-616.

Tan PL, Shavlakadze T, Grounds MD, et al. Differential
thiol oxidation of the signaling proteins Akt, PTEN or
PP2A determines whether Akt phosphorylation is en-
hanced or inhibited by oxidative stress in C2C12 myo-

tubes derived from skeletal muscle[ J]. Int J Bioc Cell Bi-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

1561

0l,2015,62:72-79.

Liu SL, Lin X, Shi DY, et al. Reactive Oxygen species
stimulated human hepatoma cell proliferation via cross-
talk between PI3-K/PKB and JNK signaling pathways
[J]. Arch Biochem Biophys,2002,406(2):173-182.
Semenza GL.. Hypoxia-Inducible factors in physiology and
medicine J . Cell, 2012,148(3) :399-408.

Bell EL, Klimova TA, Eisenbart J.et al. The Qo site of
the mitochondrial complex [[[ is required for the trans-
duction of hypoxic signaling via reactive Oxygen species
production[ J]. J Cell Biol,2007,177(6) :1029-1036.
Philip B, Ito K, Moreno-Sanchez R, et al. HIF expression
and the role of hypoxic microenvironments within primary
tumours as protective sites driving cancer stem cell re-
newal and metastatic progression [ J]. Carcinogenesis,
2013,34(8):1699-1707.

Sanjudn-Pla A, Cervera AM, Apostolova N,et al. A targe-
ted antioxidant reveals the importance of mitochondrial
reactive Oxygen species in the hypoxic signaling of HIF-
lalphal[J]. Febs Letters,2005,579(12) :2669-2674.
Zhang D, Wang Y, Shi Z, et al. Metabolic reprogramming
of cancer-associated fibroblasts by IDH3«a downregulation
[J]. Cell Rep,2015,10(8):1335-1348.

Mitsuishi Y. Taguchi K,Kawatani Y,et al. Nrf2 redirects
glucose and glutamine into anabolic pathways in metabolic
reprogramming[ J]. Cancer Cell,2012,22(1) :66-79.
Israelsen W].Dayton TL,Davidson SM, et al. PKM2 iso-
form-specific deletion reveals a differential requirement
for pyruvate kinase in tumor cells[J]. Cell,2013,155(2) ;
397-409.

Anastasiou D, Poulogiannis G, Asara JM, et al. Inhibition
of pyruvate kinase M2 by reactive Oxygen species con-
tributes to cellular antioxidant responses [ J]. Science,
2011,334(660):1278-1283.

Noto H, Goto A, Tsujimoto T, et al. Cancer risk in dia-
betic patients treated with metformin:a systematic review
and meta-analysis[J]. PLoS One,2012,7(3) :e33411.
Sanchezsanchez B, Gutiérrezherrero S, Lopezruano G, et
al. NADPH oxidases as therapeutic targets in chronic
myelogenous leukemia [ J ]. Clin Cancer Res, 2014, 20
(15):4014-4025.

Harrison IP, Selemidis S. Understanding the biology of
reactive Oxygen species and their Link to cancer; NAD-
PH oxidases as novel pharmacological targets[]]. Clin
Exp Pharmacol Physiol.2014,41(8) :533-542.

Martinez EE, Anderson PD, Logan M, et al. Antioxidant
treatment promotes prostate epithelial proliferation in
Nkx3. 1 mutant mice[ J]. PLoS One,2012,7(10) :e46792.
Sayin VI,Ibrahim MX, Larsson E,et al. Antioxidants ac-
celerate lung cancer progression in mice[ J]. Sci Transl

Med,2014,6(221) ,221ral5.



1562

[32] Sena LA, Li S, Jairaman A, et al. Mitochondria are re-
quired for antigen-specific T cell activation through reac-
tive Oxygen species signaling[ ] |. Immunity,2013,38(2) ;
225-236.

[33] Raj L,Ide T,Gurkar AU,et al. Selective killing of cancer
cells by a small molecule targeting the stress response to
ROS[J]. Nature,2011,475(7355) :231-234.

[34] Ricobautista E,Zhu W,Kitada S,et al. Small molecule-in-
duced mitochondrial disruption directs prostate cancer in-
hibition via unfolded protein response signaling[ ] ]. Onco-

doi:10. 3969/j. issn. 1671-8348. 2017. 11. 043

FTHRES 201754 A% 46 5% 114

target,2013,4(8) :1212-1229.

[35] Glasauer A,Sena LA, Diebold LP,et al. Targeting SOD1
reduces experimental non-small-cell lung cancer[ J]. J Clin
Invest,2014,124(1).117-128.

[36] Adams DJ,Boskovic ZV . Theriault JR,et al. Discovery of
small-molecule enhancers of reactive Oxygen species that
are nontoxic or cause genotype-selective cell death[]J].

ACS Chem Biol,2013,8(5):923-929.

(e fi B #1:2016-10-18 &[] H ] :2016-12-06)

I R % M R LR 0 R A P LR R

koo R LVKRAFOFR
(EREHKXFWES —Erka 4 400010)

CR$EIRT ™, T Bk 22 5 g Jdk s B5 )L
[(FESES] R714 [X#ARiRm] A

BRMER = (RSA) AR SR — R MR A ESE 2 K 2 K
PLEM ARG R AR A S FRBEAL 1% ~5%,. BF
BARRG R A A S B 7 0 ) L M R A R R TR 2
—T, RSA WEIHE A4, bk Y €0 A | 26 58 38 i 500 45 4 5 3 L 9 4y
WPH B BB R A, 2 506 (1 RSA SR A B A 1 B
AR = (URSA), IR KA 2 48 1.0 B o 2 5 RSA
MREF N KGR AR IE 2 50X MR E AR E &
™ O B B AR AR IR AR R S M 2. 10 %
~50 % Lo RIS B IR, S PRI 4 AT RE SRR SR B RS 6 4
HE1AERT, RSA B R E W™ 51 iy 1k 28 6t 45 45 15 S b
W Sk A - 43 - g (NED £ 4222 8] 19 A BV P L 0%
AR P 22 A 8 D9 G Sl B B 4 IS X B N 38 AR 05 I
SR 200 B R RUIG LR E L S B0 R AE SR BT R
25 JRy 0 B R 00 = o SR E 0 (HDCP) | 72 J5 VAR A 81 43 5 i 3%
FEfg (PTSD) W 7= LA . A< SO0 3 T 36 RSA GRAE BER It
TR A T 3 A B i B A AL 45 T
1 OB RSA BEHM

N AN KR GE  B .4 RSA % 5 (010 4o K £ 8 &2 i
Jii B AR B Uy 3L 5 ) AL 2 SRR R R N ) % R [l A B 4R
T 150 B I T RSA Lo P 0 BILIE 3, 28 5 B0 T 3.
RSA BEZE/DZ ] 2 WIH T i B B o] A0 X5 8K L o B2 .0
o7 S5 e L B0 R L 3 N OIRAS R HLAR AL T R TR
MG RN NET RS B RO 5 Y 5 58 8 45 Rk
TR AT B LA PR R A 2 A 3 AT R AS EAT R U B
W9+ Z0E R % 2 . Fichna 255 #ff 58 3 W 7= L . 7= . HDCP 4§
AT YR I S0 5 1 4 S 0 o6 2R 01 L Bk SR R MR 4
G- IR R G U, S BN kR, gk
L5 P9 B2 40 L5 40 - B % = HDCP Lt £ 5| 1 i 435 fofe 1y f5k 4 - 35
R R G R R AR BRI B A W A S B AT
YRRt 0BT WS R — o . EWNAFR R, 2

EE R KA (1989 —) AT BE LI A% £ EZNE L LMK .~

[XERS]

1671-8348(2017)11-1562-03

G300 R AR IR L R 0 B TR R AR B AR R AE R 0
FEJER AL I R AE WA X £, B AN R . A2
WO AT R R BUBIR IR AR LE A VB Z ) T R
7 e o R AR R E e R I R T, K&
BRI ST 3R W], L AT T R G 0 AL A kT R e M A 1Y 5
TR N R SR I AR T R A L M R R 0 BN
REG TR AW E 5 F AL, P18 AR 52 &4 %
S I b AR WRAS By 1 G s 0 A P B3 £ AR AT A B AT
W WR A 5 K A R B B I AN T R OB R R AR G T
6 LT PR 1 JRURS: o FLJRR S 02 15 R G IS L L T R R
LB EH KRR AR EZ ",

UT R0 2 M 0 SR BUR S L L R RSA Zotk . 22T 5
HBLIAR | FE AT AR, R 43 B I PTSD, A BR 56 7R B R
I i T 45 K A i R 5 B 28 R T Ry 7 IS AR E AR 22 TF 5% 3k W 3
71 e B a0 LT WUA YT I B IR YT ROR B3 1516 IR
%,

2 DEMHEXMFREZW

T R M) 2 6 2 o0 BRI JE b 05 N M AR A 0 BRYE
55 2 AR R VAR SR AN R0 R A T R e 2 4 1 AR AR T R
FAL 2 DIae M s AR W R L AE K R T Mo 4
i it B AL 2% 3 K AP R 0
2.1 XEIREE R W RCR BT RILTH AR
T 8 3% 143 - ¥ BE A 3 i 4 1% 388 iR L 2 BETE R [R) B R
Az 1 A5 & VAR S5 AN B WA T RE R ) B A S K il vk o T
NOBEFRM BN ER WG ILERK KT Al fe i UG JLE N
BB LE AR K Z R (FGR) VIR VB 7 IR LS MAE T %
AN RAEIRES Ry . WF 58k BN DK 2 1 2 I Sh B Ry 2 4,
RSA B35 025 5y b Bl 7 SO iR 45 7 4 ob i 0 oy S
7 RAR BT L CFGR, i JL WG JE 5815 B0 80 1E % & % 0 2tk
W, Carmichael %7 HF 58 R B, 2 K AL F B okoR & &

BE1EE . E-mail. 1317954623@qq. com.,



