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285), JE B o/ = WG 45 K s TN PR 454 33 (& 1CD, fir
T AA137-185) , HH AN S IA] 147 XUk BL B-4 B T
B SR Ak, BREE RS 2 AN EE A AL, o AR 80
F1260 5% 54 NADP 2547 2505 25 77109 1 132 5%
FERb S SR A it s HEAGAT B A7 T 565 139 FT 212 5%
Fohb s @ B a5 G AL AL T2 252 FH 275 Bk .
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A ILE RIS SRETEARLE
&1 IDH1 %5491

1.2 IDHI %93 #¢

121 @#EwfF RA AR B-M R M S 8 500 1 R
51, IDH1 2 A77E T 5T N i NADP K ik g . 7E 48
L IE B A AE HL T, 5T b ) IDH T AL S A7 B R 4
R A R o-KG, Ff il s i Ak ANdkiis = 5
ZRBAEIN (TCA) ; [7 I , NADP' £ % H' ik Ji
NADPH. {F4 TCA i a4, a-KG 73751 2 5 &
& AR AN B R A o AR s AR Gk A v
A () NADPH B A N REBR & B IR 77 4, il g2 5
A0 A A AR A s I A Dok e 2 BE AR U S B B
S B i 5 2 WA A B E 5 2 —17, 5 IDH1 i
1R el B R T SR B 2 A A SR

122 Z5& &8 KR¥ IDHITE EHZ LR MF A
WFER R EEEER . IDH L S ERBR A
) 0-KG 7] 48 B £ Tk R A T =X PR 1 55 S 2 R
I E . BRAE T EEER AL AH RN A R o Y At
AR W I Mot 2 B A P A A Y ) o-BRER , J5 o
LW R A B N E R R, AR R
WA EERER 2 —. YES" R, IDH] 5% 1
0 I 2= PR DA it 2 A P 2 4] gk /b 2 R ) R
T 90 ) FHF U o 0 e AR T RE , 2 50 = AR IR R Ok
/W TS Y A S BE PR (1) R, i S0 - 1,6- XU FR 1 1/
2 (fructose-1,6-bisphosphatase 1/2, FBP1/2) Al i iR /i
M P4 R R 2 ¥4 % 1 (phosphoenolpyruvate carboxyki-
nase 1, PCK1).

123 Z5RERHM BHAPRYIDHI A LSS
JHF R R0 g 7 2H 23 rh 0 T 28 1, T M T 2R AR
P B e, IDHI Bl A R AT R A
AR ER £ B8 7= A2 1) NADPH {12 12 8 105 5 e, 12 n] s i
0 R 5 - S PR v A I A0 ) - B A A ] P 3
fEHENE TR 2 . CHU %61 58 K I, MiR- 181a i i
HE e IDH1 $0 IR 5T & A SRR R8s (R i 2 5
-2 AL i ik R ik, AT BEL Lkl Joa AR 2R

2 IDH15pEZ BRIXFH

OV K EMF I 221R 8], IDH1 5 e 0 &8 4
KBTI (ED, 2R MR AL A HI T
IDH 1 3k 7K ) e 248 AN JE R 5848
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2.1 IDH1ZEAB KA R P oy ER 5 EHE

P8 Bz IR g Lk AR K i # b, IDHL IR 3R A
L5188 T R e FEEAE G249 T IDHL sy 2 18 1) 52 Jik
iy 5 A AR O R T IR e T8 AR B A R R T
I, A2E IDHI RIA 3 14 1T B8 5 I 980 4k 27 TR 1
—FlHT SRS . B TR R I, AR /N B R K TB6
P2 g i 3 7)1 30 16 CTPAD 5| e 2 A A4 I
AV A RS TR B B2
(ROS) 3 2 S5 2 b Ak T e 1) 7 5, IR 01l IDH1 £
H R IE e Bl i 1 s T 9 R 2R A & W0 2% A (witha-
ferin A, WA) 1 JB6 P4l i ' TPA /5 5 (1) IDHI 7%
PE AR DA S 2R R AR Th BE B A5G o« AH SCHIF 782038 BN,
TPA Fl/8, UVC % 5 1, IB6 P 1 IDH2 & W B 481k, ;
IDH 1 e i A it 2328 73 1) 14 5 AN ) TPA 1755 1R 48 g
SRR FEAL . IDH T 18 -5 2 b AR o W 401 i 5L A A
KA, AT R R 9 B8 1 R B R A T oh I S I
LR RIAARIEILFNH] . IDH] J2& 15 A2 58 R ik R A%
TR B AR D RE TR () A2 R e i LK
2.2 IDHI i@ i B 42 AL e it 8 K&

ROS & S8R K A EE R & . AR5
& B, I £ ¥ (lipopolysaccharide, LPS) 1] DL i &
IDHI 1) 3R 3% , /0 >k B B E W41 s RAW 264.7 H
LPS 5% H,0,1% 577 £ [ ROS ; [, IDHI ()it ik 2>
B A 40 i P o S A P 1 7K F , o] g s i % 7 Kb
ROS R 5, $0 6] Jie e 1) % Jee o A I EPT R B
IDH1 & i3 i 5 40 ifg 9 NADP */NADPH ff] bt 2 {4 3
4 L e 52 S8 A R B A A 5 8 T HR e e 0 )
ROS MR B IEE 20E [ S R A o 2B 35 PR AZE iT I
BifF 70 POV I, , Beobr Ak v 1 0 A Tl - i R AL A
1kl (MnSOD) 1] DL it 98k 2 £ R 44 7 1) ROS £& 78
IDH1 K18 FITE P, 4R 4000 1P o PRk, 15
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IDH 1 P37 14 7T B A2 ek JiIg i A e A2 TR 9O0E IR
RS A OS2 —
2.3 DHI & id % HIF-1o 8 5% % If g £ A

SRS F A F-1alhypoxia inducible factors-1o., HIF-
T FESREASRE T RFEEEAE , o] DL 40 M Y AR
VAR , 43R AR KRIBE B , I HL7E SR Hh
IWAFAER, IDHT A=A 1) o-KG VBN — R R 7 0]
DL il & R F2 AL (prolyl hydroxylases , PHD) [ 7%
PE. IDH1 FAJE, a-KG A kb , PHD 15 LA,
7% HIF-1o 38 #% . HIF-o V2554 £2 21 41 fu 4% 5 HIF-B L
{431 3% (aryl hydrocarbon receptor nuclear translocator,
ARNTJERCTIR — B, 38 17 4R 7 7 1 &5 5 i 2k [
Ji 8 A I R &N 2 G £F Chypoxia-responsive ele-
ments , HREs ) 175 5 il 450 4 ¢ 5 [K] ) #% =% , (2 33k i
(AR o HIF-1a B 1 AT DA 32 2 R 0 1% i 156 1)
FERFRIE AN, W CFE P B R B S i
A 4 B R A 55 8 R A (Glut-1 < Glut-3) 3£ R 1) 3=
IRE, e 2 P R Sk R HE AR R AR
2.4 IDHI1 R TR h I I8 6975 5

H A IDHI 3= 247 2 F RAZ LM . IDH1 (R132) Al
IDH1 (R314C) 548 . IDHI (R132) 58 4% 2 {4 41 Jite F1
AT L BR] ) SRAS , N 132 B L RS SRR R e e A
N R (IDH1 R132H) 80 Bt Z(#2 (IDH1 R132C) ,
f81 IDH1 2% 22 % S 478 B8 1) 5% A1 7, {H /£ NADPH
MAEH T, %4 IDHI B85 o-KG 45 & 8 H 4k
N 2-F R TR (2-HG) .« 2-HG i i 3% 4 11 411 41
HE L H RS- B R - s g R B Ak, 5k
K 4 AE B A AT DNA H 3L fk K kAR
AF 0 i Ah, YANG 2509 8F 78 &% B, 2-HG 5 DNA
& % £2 ¥ ( DNA methyltransferase 1, DNMT1) 4%
GRERBELERPI B FHSE, BEiESS
J& AL T 4] PIP3 & [, A M 440 1] RIP3 44 6t P
o1 it YR BB 4 Bk bR & A2 . T 2-HG B AT 2 3k i
T R Th e, R SRR N “BUR AR . B
KL 2 4 9848 /& IDHI (R314C) H T % NADP*
()26 & 71 B AR T B 2D g 5 A7 R R 3h e AL T o-KG
I35 P o 5 IDHI (R132) R 254K [ AN /] 2 b S 1%
RAFA A4 2-HGPY . IDHI 28725 4 IDH1 AL =4
LI RE o8 (1) Ji Rl 22— , A By T S e S ARy % I g A
1 IML975 (P R

X T IDH1 28 48 A7 i I8 T i b 2 454 F AL
il B A TG e, BT BUE AR 7 2-HG 5 K
Jifr 98 1 2 AE 4, IDHIL 28 748 44 36 T g i i 48 A
o1 Ho 48 GE O A A T 0SS B R R R
Ao BEFPTE R, IDHT RAZ 5, 5K B R SN )
P o-KG AR N 2-HG 4, iE it 5 B 4 A

IDH1 JE B — AR g . 59— J5 1, 2-HG 41
1 PHD [ 3% 1 , AT 38 3 HIF- 1o 38 5% 5 0 fif 3
AEBS L YR, ZHU ZEPNE 5k B, IDH1 R132H %
A% 38 3L 0% AKT-mTOR {5 5 38 % 48 5 A A 3% 1
R T4 A R USTMG 4H it 1 3T B F AR 28
I, IDH1 848 © 5 i 988 I K 12 W7 16 2 1 48 b
Z s

3 IDHI1AEEHH

3.1 Forkhead box O(FOXO)# % B F T A # AT
IDH1 #9 4 %

TE A B Ak 41 B AR 41 B, FOXO #5m] 1 15
IDH1 %% 5% , 1M % IDH2 A1 IDH3 )5 . 76 1E % 40 ffl
H, FOXO {ig 2k IDH1 )32 3% , AT 15 ) B2 o-KG
HMINADPH [{]7K~F 5 7157 IDH1 5% A2 44 [ i g 40 i
H, FOXO 543 3G IDH1 AR Kk, 75 2-HG
K, 2 T b R 24 6 ) 5 DA B ok 4 B 2 R
B 3A)

32 A% 8 T LA 45 & & & (sterol regulatory element
binding protein, SREBP) ¥ i#t i& # J& 1+ IDHI & &

SREBP 14— 8 B 1) 4 5 Bl 1, ol LA 5 2
SR k& R R IE . CA W R A BL, IDHI
J& 87 B A5 AT 4% SREBP i 51 1) SRE J¥ 1], SREBP 1]
B 5% F 5 44 . RICOULT 9 i 58 & B,
SREBP A DL 3k B 4= % IDH1 A1 52 4% % IDH1 1) 3=
1k, —J5 T SREBP R BE i i3 £ 2 Bt e (1) B i = 0F N\
JiE B A5 Rk A2 Mt U 15 IDH [ R GE L 5 — T
SREBP /5 ({1 808 P IDH1 %35 520 2-HG 177 4=
(E3A).

3.3 C/EBP R & & & (C/EBP homology protein,
CHOP) #= C/EBPB 7 /3 /it I (endoplasmic reticulum,
ER) & #t 0+ LA IDHI % &

CHOP #& C/EBP ZX ¥ % 0, 78 1E 5 40 i AR K
REFE o RIE KA, (A ER BN A8 38 e,
CHOP ik = F2 7€ ) DNA 45 &4, 75 %2 5 C/EBP K %
10 Al R 53 AT S B A SR IR I BE DNA 4110
YANG S5V 50 R I, 75 2 L R AN, ER B 3
JI CHOP R IAFI3EE , o 5 C/EBPB JE i 5 — Ak
J& B 456 2 IDH1 J& 3 1 X 48 s0H0E IDHL 3%
Ko P G B IDH 2 3 HIF- 1o (1 B AR A 39 , 3F
T A R A5 T 1) S SR 4 R ) T2 s IDHL 1] R 2 2R
ORI IRIT R S (E3AD .

3.4 #%& B -F NF-E2 48 X B F (nuclear factor erythroid
2-related factor 2,Nrf2) A 4% % IDH1

Nrf2 & SN YE A B84 R0 A AL R IR 2 4%
152 5 4 I B0 SR BB AN T B ROE S



- 648 -

F [ R AR IR Ak K, 2018, 25(6)

BSR4 B AR T s N2 i D] 3R B /) B
LA 5 B R 5 BT [ B, Nef2 38 1E R Bt
Mk I B 7T A4 Cantioxidant response element , ARE )
IS N R O N 2 W A 7 O (A B
B N YR PE A AL B BOE BR T, MITSUISHI
SECORI B L DRSS B M IDHT A8 2 Nrf2 (1) 5 22 41
Bz —, A3 T X FE A B A A ARE, AT 4 B
B0 o HL ik, IDHI AL ™ 9 o-KG 1 4 HIF-1a
() 357431, AT HIF- 1045 530 8%, 3 10 4005 iR
IR CE 3AD

3.5 Human antigen R(HuR) 8 77 4t & /LB IDH1

HuR /2 — M RNA &5 & 8 E 0 SR B 2
WA T)RE. ZAREIL %08 S 4 4 HuR 6k Fé 2L IR 5
& i (PDAD 41 il & , K ILAHE ™ 4 NADPH 1) IDH1
& HuR 75 ME— 512 AL : HuR SR [ 7Y PDA 4]
HLTE S 5245/ B A RE LD B AE L (H IDH 1 E 1% L&
2 i ) I R A S A R MRS FR A N R ek E
b 240 2544, HuR-TDH 1 1 5 il 2 FB R o OGS ] 47
(AT HE 5 (EI3B)

3.6 Nuclear factor-kB (NF-kB){E mRNA #= & & /i &
875 IDHI % &

NF-«kB /& — 1 DNA 45 & [) % 5% A - (transcrip-
tional factor, TF) , ifi] 15 2 F#E L K ) Rk . Brid LA
5 5 R 4 A 5 5 RO A% AH OC R SR B R, MMP2
MMP9, fi& ik I8 1) & B AR, ZHOU 55 3 NF -
B 38 I 1 7 A 2 TR 1 2 3 0 T e 40 M T A
i, A1 32 Jil 8 1) &% 4= s IDH1 /& TNFo 4b B2 ) HeLa Al
HepG2 4 jfd H NF-xB [ #E 3 K 2 — , /£ mRNA Fl £
i 7K FI 45 IDH1 214 s NF-xB A fi# it i IDH1
(1) 2 T 12 J4E 68 40 B 1 ot P AR T I B A X e R

AHNHIEH (E 30,
3.7 IDHI:# i 0-KG R 458 57 TGF-B 12 5 %t it 73
R

JistJeg 4 s 20 R R 5~ TGF-B A2 Bl 2T 4 41 a3 4 1
BB A, 05 A 1R 8 41 48 40 i [ SORRIe AE AH 0 i 4
221 . (cancer-associated fibroblasts, CAF)] 3 & &
FE I 32 Ry, AR MR ) AR AR R Je rp i 3
AR, HOU S5 i ¢ K B, TGF-BE 5 Al T
W IDH1 Rk , 35 1 i o {1 2k 4 2 ok e £ Qs 33 hn 48 i
W a-KG B, A2 B o-KG Sl ek g 21 8
H3KA4 [ = F 3 AL 3] Cavl ik, Cavl RIERFIKG
A i TGF-B 52 {4 (TGF-P receptor, TGFBR) & [ [4
i, T 0 1) TGFBR SR 30E TGF-B A5 5, AT B0
AT YEANL, (2 2 i Jea & e (B 3D)
3.8 iz &t TIDHI #9412

T 24 6 e DR R0 g 5 TR = M 7K 52 0K
YR T B LR 1 AL, i FLsh 4 i bz R R B
lif 14 1% 4% Cubiquitin proteasome pathway, UPP) /£ 1X —
SRR R EEAEH B3 2 RIEEMAEELZ RGN
Filg M1 E2 72 R &5 B () B IR T 455 I 1R = (1) IS4
I 268 A R AR B fRCO . SRR 2 (1R
PECTNE IR, $0 R S P B3 V2 R T R I i
TE IR A e v 22 O B L AT IO T i e 4 2
B ¥ 25 R I B — B B RER . E3Z RiE
el 52 & Nef2 12 = R BB iR E A T kA
Bae fgeoo0 ., [R] Ikt , W00 38 o 40 1) UPP i 4% , 4 35 Nrf2
FRE 1, BE T 45 & 22 F i 4E 2 KL IDHL, 41 1 HIF-1a
55 I B IO R IR AL T AR (B 3AD

FEHELL fpRg o, 55 IDH 1 AH S AR ML 4515
SYIE 3

1 IDHI1 FERFEP HIIEIE S THLH 2L

g 2 714 WML

FUIERY oyie IDH1 FEARAAE AL 7 AR BUE AR 2-HG , U AR ] i 2 1

Y IR FOXO i IDH1 F8ARAA () 3635 , 5 2-HG 7K F , 41 32 Fof 88 2010t 1) 384 5 DA Je it 4 2 (9 2
iV

B e 1A e SREBP T] A& 412 BF 43 2 Bk A (1) 59 388 2 108\ M 107 2 B F2 18 715 IDH1 (194835 ; SREBP /1 5 3L
R IDH1 [ 3RIE 5200 2-HG [ 77 A4

RN ] CHOP 5 C/EBPB ¥ i — AR EE IDHL, T HIF-10, B4 5 10 2 (0 2R 4 i 13 T 1)

T E S NF-«B 38 18 424 U 32 IR Fe) % S 8 -4 e A0 e o A Qe i 5

SUEREYE M

875 IDH 1 B 2048 240 2 1 PP 4L T 1 DNA 451457 852 %5 ATM, $11 DNA {15 5 i f2e0
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AT TGF-BA5 5 52ma e & A4

&3 IDH1 95 FIEEHLE

4 B B

WA J& —Ff Mg IR At 23 2545 21 1 B Ak P9
FACAE W), e 0% 4 i) 41 A 18 5, B 400 A R, B ¢
i % 370 PR 0L A 5 ) B A 3 T 400 B F 9 1 A
oA L) A 5 3B AE D — P R SR 1 B A4
HFAAN G UPP & 45 . FLPuf e i) A= v 1 2 H A i
FUIREE KU, I WA R % 30 1) i 988 175 72 711 DMBA Fl
{37 TPA 175 S/ IDH1 & FH R IEFE 0 R %, 18

REE HEAERAR IDH 1 K R AT IR I 1 o-K G H4EHF
IDHI [ IE & AREE sl . 1E 8 WA T REIHE 9 4 7,
TDH 1 Q0] 45 A% 5 AT 25k 485 1 22 0 1 Jeb gl 26 R A
FH P ELAA L A1) A2 e g A 25 T3 7 PO F

2% b ATk, IDH AR Sy — b i o A 15 i 7 22 Fof e
AR RIE K RAE T OB H 2584, i TPA
75 )5 IDHI [ 2 1 B0 , 6 PR BRAR 5 i R R LA
NADPE N 52 Z 44K () IDH2 ) & F 31k FE LK F
FHARH IS S b, 75517 B R g i AL o, 4R 4b
0 41) R 3k 3% 38 TDH 43 5] 384 555 R0 00 1) 1 5 &40 g 1 e
T NOAERE AR E 92 T IDHL 78 530 g &k A %
MIVEFT . IR, 551 IDH1 AR A IR IRE 6 97 R8T #E s
Tt 8 = SCH K, T R A2 il 8 48 1) 14 2540 oK SR A % (1)
N

(& £ x #]

[1] WARBURG O. On respiratory impairment in cancer cells[J]. Sci-
ence, 1956, 124(3215): 267-272. DOI: 10.1126/science. 124.3215.
267.

[2] WARBURG O. On the origin of cancer cells[J]. Science, 1956, 123
(3191): 309-314. DOI: 10.1126/science.123.3191.309.

[3] HSU C C, TSENG L M, LEE H C. Role of mitochondrial dysfunc-

tion in cancer progression[J]. Exp Biol Med (Maywood), 2016, 241
(12): 1281-1295. DOI: 10.1177/1535370216641787.

[4] SRINIVASAINAGENDRA V, SANDEL M W, SINGH B, et al. Mi-
gration of mitochondrial DNA in the nuclear genome of colorectal
adenocarcinoma[J]. Genome Med, 2017, 9(1): 31-45. DOI: 10.1186/
$13073-017-0420-6.

[5] KING A, SELAK M A, GOTTLIEB E. Succinate dehydrogenase
and fumarate hydratase: linking mitochondrial dysfunction and can-
cer[J]. Oncogene, 2006, 25(34): 4675-4682. DOIL: 10.1038 / sj.
onc.1209594.

[6] PARKER S J, METALLO C M. Metabolic consequences of onco-
genic IDH mutations[J]. Pharmacol Ther, 2015, 152 (1): 54-62.
DOI: 10.1016/j.pharmthera.2015.05.003.

[7] CARDACI S, CIRIOLO M R. TCA cycle defects and cancer: when
metabolism tunes redox state[J/OL]. Int J Biochem Cell Biol, 2012,
2012: 161837[2018-03-02].https://www.ncbi.nlm.nih. gov/pmc/arti-
cles/PMC3408673/. DOI: 10.1155/2012/161837.

[8] UNRUH D, SCHWARZE S R, KHOURY L, et al. Mutant IDH1 and
thrombosis in gliomas[J]. Acta Neuropathol, 2016, 132(6): 917-930.
DOI: 10.1155/2012/161837.

[9] OKOYE-OKAFOR U C, BARTHOLDY B, CARTIER J, et al. New
IDH1 mutant inhibitors for treatment of acute myeloid leukemia
[J]. Nat Chem Biol, 2015, 11(11): 878-886. DOI: 10.1038/nchem-
bi0.1930.

[10] LI L, PAZ A C, WILKY B A, et al. Treatment with a small molecule
mutant idhl inhibitor suppresses tumorigenic activity and decreases
production of the oncometabolite 2-hydroxyglutarate in human
chondrosarcoma cells[J/OL]. PLoS One, 2015, 10(9): e0133813[2018-
03-02]. https://www.ncbi.nlm. nih. gov/pmec/articles/ PMC0133813/.
DOI: 10.1371/journal.pone.0133813.

[11] LI W J, ZHAO Y F. Withaferin suppresses tumor promoter 12-O-tet-
radecanoylphorbol 13-acetate-induced decreases in isocitrate dehy-
drogenase 1 activity and mitochondrial function in skin epidermal
JB6 cells[J]. Cancer Sci, 2013, 104(2): 143-148. DOI: 10.1111/
cas.12051.

[12] MONDESIR J, WILLEKENS C, TOUAT M, et al. IDH1 and IDH2

are



650 -

F [ R AR IR Ak K, 2018, 25(6)

mutations as novel therapeutic targets: current perspectives[J].J
Blood Med, 2016, 7(3): 171-180. DOI: 10.2147/JBM.S70716.

[13] DIMITROV L, HONG C S, YANG C, et al. New Developments in
the pathogenesis and therapeutic targeting of the IDHI mutation in
glioma[J]. Int J Med Sci, 2015, 12(3): 201-213. DOI: 10.7150/
ijms.11047.

[14] METALLO C M, GAMEIRO P A, BELL E L, et al. Reductive glu-
tamine metabolism by IDH1 mediates lipogenesis under hypoxia[J].
Nature, 2011, 481(7381): 380-384. DOI : 10.1038/nature10602.

[15] XU X, ZHAO J, XU Z, et al. Structures of human cytosolic NADP-
dependent isocitrate dehydrogenase reveal a novel self-regulatory
mechanism of activity[J]. J Biochem, 2004, 279(32): 33946-33957.
DOL: 10.1074/jbc.M404298200.

[16] GEISBRECHT B V, LIANG X, MORRELL J C, et al. The mouse
gene PDCR encodes a peroxisomal delta(2), delta(4)-dienoyl-CoA
reductase[J]. J Biol Chem, 1999, 274(36): 25814-25820. DOI:
10.1074/jbc.274.36.25814.

[17] GUAY C, JOLY E, PEPIN E, et al. A role for cytosolic isocitrate de-
hydrogenase as a negative regulator of glucose signaling for insulin
secretion in pancreatic B - cells[J /OL]. PLoS One, 2013, §(10):
€77097[2018-01-10]. http: /www. ncbi. nlm. nih. gov/pmc/articles/
PMC3795013. DOI: 10.1371/journal.pone.0077097.

[18] RONNEBAUM S M, ILKAYEVA O, BURGESS S C, et al. A pyru-
vate cycling pathway involving cytosolic NADP-dependent isoci-
trate dehydrogenase regulates glucose-stimulated insulin secretion
[J]. J Biol Chem, 2006, 281(41): 30593-30602. DOI: 10.1074/jbc.
M511908200.

[191 YE J, GU Y, ZHANG F, et al. IDH1 deficiency attenuates gluconeo-
genesis in mouse liver by impairing amino acid utilization[J]. Proc
Natl Acad Sci U S A, 2017, 114(2): 292-297. DOIL: 10.1073/pnas.
1618605114.

[20] BOGDANOVIC E. IDHI, lipid metabolism and cancer: shedding
new light on old ideas[J]. Biochim Biophys Acta, 2015, 1850(9):
1781-1785. DOI: 10.1016/j.bbagen.2015.04.014.

[21] BOGDANOVIC E, SADRI A R, CATAPANO M, et al. IDH1 regu-
lates phospholipid metabolism in developing astrocytes[J]. Neuro-
sci Lett, 2014, 582(2): 87-92. DOI: 10.1016/j.neulet.2014.09.015.

[22] CHU B, WU T, MIAO L, et al. MiR-181a regulates lipid metabo-
lism via IDH1[J/OL]. Sci Rep, 2015, 5: 8801[2018-01-10]. https://
www.ncbi.nlm.nih. gov/pmc/articles/PMC4350072/. DOI: 10.1038/
srep08801.

[23] LIU X, LING Z Q. Role of isocitrate dehydrogenase 1/2 (IDH 1/2)
gene mutations in human tumors[J]. Histol Histopathol, 2015, 30
(10): 1155-1160. DOI: 10.14670/HH-11-643.

[24] KIM J Y, SHIN J Y, KIM M, et al. Expression of cytosolic NADP'-
dependent isocitrate dehydrogenase in melanocytes and its role as
an antioxidant[J]. J Dematol Sci, 2012, 65(2): 118-125. DOI:
10.1016/j.jdermsci.2011.12.007.

[25] ROBBINS D, WITTWER J A, CODARIN S, et al. Isocitrate dehy-
drogenase 1 is downregulated during early skin tumorigenesis
which can be inhibited by overexpression of manganese superoxide
dismutase[J]. Cancer Sci, 2012, 103(8): 1429-1433. DOI: 10.1111/
j-1349-7006.2012.02317 .x.

[26] MAENG O, KIM Y C, SHIN H J, et al. Cytosolic NADP(+)-depen-

dent isocitrate dehydrogenase protects macrophages from LPS-in-

duced nitric oxide and reactive oxygen species[J]. Biochem Bio-
phys Res Commun, 2004, 317(3): 558-564. DOIL: 10.1016 / j.
bbrc.2004.03.075.

[27]1 ITSUMI M, INOUE S, ELIA A J, et al. Idh1 protects murine hepato-
cytes from endotoxin-induced oxidative stress by regulating the in-
tracellular NADP +/NADPH ratio[J]. Cell Death Differ, 2015, 22
(11): 1837-1845. DOI: 10.1038/cdd.2015.38.

[281 ZHAO Y F, WANG L M, CHAI S L, et al. Tamoxifen protects against
acute tumor necrosis factor alpha-induced cardiac injury via improving
mitochondrial functions[J]. Free Radic Bio Med, 2006, 40(7): 1234-
1241. DOLI: 10.1016/j.freeradbiomed.2005.11.009.

[29] FU J, ZHANG J, GONGYY, et al. Regulation of HIF-1 alpha by the
proprotein convertases furin and PC7 in human squamous carcino-
ma cells[J]. Mol Carcinog, 2015, 54(9): 698-706. DOI: 10.1002/
mc.22131.

[30] PARTCH C L, GARDNER K H. Coactivators necessary for tran-
scriptional output of the hypoxia inducible factor, HIF, are directly
recruited by ARNT PAS-B[J]. Proc Natl Acad Sci U S A, 2011, 108
(19): 7739-7744. DOI: 10.1073/pnas.1101357108.

[31] MIMEAULT M, BATRA S K. Hypoxia-inducing factors as master
regulators of stemness properties and altered metabolism of cancer
and metastasis-initiating cells[J]. J Cell Mol Med, 2013, 17(1): 30-
54. DOI: 10.1111/jemm.12004.

[32] ARMITAGE E G, KOTZE H L, ALLWOOD J W, et al. Metabolic
profiling reveals potential metabolic markers associated with Hy-
poxia Inducible Factor-mediated signalling in hypoxic cancer cells
[J/OL]. Sci Rep, 2015, 5: 15649[2018-01-10].https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC4623531/. DOI: 10.1038/srep15649.

[33] ZHAO S, LIN Y, XU W, et al. Glioma-derived mutations in IDH1
dominantly inhibit IDH1 catalytic activity and induce HIF-lalpha
[J]. Science, 2009, 324(5924): 261-265. DOI: 10.1126 / science.
1170944,

[34] SMOLKOVA K, DVORAK A, ZELENKA J, et al. Reductive car-
boxylation and 2-hydroxyglutarate formation by wild-type IDH2
in breast carcinomacells[J]. Int J Biochem Cell Biol, 2015, 65(2):
125-133. DOI: 10.1016/j.biocel.2015.05.012.

[35] YANG Z, JIANG B, WANG Y, et al. 2-HG inhibits necropto-
sis by stimulating DNMT 1-dependent hypermethylation of the RIP3
Promoter[J]. Cell Rep, 2017, 19(9): 1846-1857. DOI: 10.1016/j.cel-
rep.2017.05.012.

[36] SANNE A M, NAVIS A C, LENTING K, et al. Identification of a novel
inactivating mutation in Isocitrate dehydrogenase 1 (IDH1-R314C) in
a high grade astrocytoma[J/OL]. Sci Rep, 2016, 6: 30486[2018-01-10].
https://www. ncbi. nlm. nih. gov / pmc/ articles / PMC4962051/. DOI:
10.1038/srep30486.

[37] FIGUEROA M E, WAHAB A O, LU C, et al. Leukemic IDH1 and
IDH2 mutations result in a hypermethylation phenotype, disrupt
TET2 function, and impair hematopoietic differentiation[J]. Cancer
Cell, 2011, 18(6): 553-567. DOI: 10.1016/j.ccr.2010.11.015.

[38] WAITKUS M S, DIPLAS B H, YAN H. Isocitrate dehydrogenase
mutations in gliomas[J]. Neuro Oncol, 2016, 18(1): 16-26. DOI:
10.1093/neuonc/nov136.

[39] ZHU H, ZHANG Y, CHEN J, et al. IDH1 R132H mutation enhanc-
es cell migration by activating AKT-mTOR signaling pathway, but
sensitizes cells to 5-FU treatment as NADPH and GSH are reduced



b

VRN, A . IDH1 7E R A A J vh B F B LI L w92t Jee - 651

[J/OL]. PLoS One, 2017, 12(1): ¢0169038[2018-03-02]. https://
www.ncbi.nlm.nih. gov/pmc/articles/PMC5215606/. DOI: 10.1371/
journal.pone.0169038.

[40] IZQUIERDO-GARCIA J L, VISWANATH P, ERIKSSON P, et al.
Metabolic reprogramming in mutant IDH1 glioma cells[J / OL].
PLoS One, 2015, 10(2): ¢0118781[2018-01-10]. https://www. ncbi.
nlm. nih. gov/pmc/ articles/ PMC5063515/. DOI: 10.1371/journal.
pone.0118781.

[41] CHARITOU P, RODRIGUEZ-COLMAN M, GERRITS J, et al.
FOXOs support the metabolic requirements of normal and tumor
cells by promoting IDHI1 expression[J]. EMBO Rep, 2015, 16(4):
456-466. DOI: 10.15252/embr.201439096.

[42] SHECHTER I, DAI P, HUO L, et al. IDHI1 gene transcription is ste-
rol regulated and activated by SREBP-1a and SREBP-2 in human
hepatoma HepG2 cells: evidence that IDH1 may regulate lipogene-
sis in hepatic cells[J]. J Lipid Res, 2003, 44(11): 2169-2680. DOI:
10.1194/j1r.M300285-JLR200.

[43] RICOULT S J H, DIBBLE C C, ASARA J M, et al. Sterol Regulato-
ry Element Binding Protein regulates the expression and metabolic
functions of wild-type and oncogenic IDH1[J]. Mol Cell Biol,
2016, 36(18): 2384-2395. DOI: 10.1128/MCB.00163-16.

[44] UBEDA M, WANG X Z, ZINSZNER H, et al. Stress-induced bind-
ing of the transcriptional factor CHOP to a novel DNA control ele-
ment[J]. Mol Cell Bio, 1996, 16(4): 1479-1489. DOI: 10.1128 /
MCB.16.4.1479.

[45] DAVID R, HABENER J F. CHOP, a novel developmentally regulat-
ed nuclear protein that dimerizes with transcription factors C/EBP
and LAP and functions as a dominant-negative inhibitor of gene
transcription[J]. Genes Dev, 1992, 6(3): 439-453. DOI: 10.1101/
gad.6.3.439.

[46] YANG X J, DU T D, WANG X, et al. IDH1, a CHOP and C/EBP-
responsive gene under ER stress, sensitizes human melanoma cells
to hypoxia-induced apoptosis[J]. Cancer Lett, 2015, 365(2): 201-
210. DOI: 10.1016/j.canlet.2015.05.027.

[47] XU C, HUANG M T, SHEN G, et al. Inhibition of 7,12-dimethyl-
benz(a) anthracene induced skin tumorigenesis in C57BL/6 mice by
sulforaphane is mediated by nuclear facter E2-related factor 2[J].
Cancer Res, 2006, 66(16): 8293-8296. DOI: 10.1158/0008-5472.
CAN-06-0300.

[48] ABOONABI A, SINGH I. Chemopreventive role of anthocyanins in
atherosclerosis via activation of Nrf2-ARE as an indicator and mod-
ulator of redox[J]. Biomed Pharmacother, 2015, 72(1): 30-36. DOI:
10.1016/j.biopha.2015.03.008.

[49] CHEN C, KONG A N. Dietary chemopreventive compounds and
ARE/Eq RE signaling[J]. Free Radic Biol Med, 2004, 36(12): 1505-
1516. DOI: 10.1016/j.freeradbiomed.2004.03.015.

[50] MITSUISHI Y, TAGUCHI K, KAWATANI Y, et al. Nrf2 redirects

glucose and glutamine into anabolic pathways in metabolic repro-
gramming[J]. Cancer Cell, 2012, 22(1): 66-79. DOI: 10.1016/j.ccr.
2012.05.016.

[511 ZAREI M, LAL S, PARKER S J, et al. Posttranscriptional upregula-
tion of IDHI by HuR establishes a powerful survival phenotype in
pancreatic cancer cells[J]. Cancer Res, 2017, 77(16): 1-12. DOI:
10.1158/0008-5472.CAN-17-0015.

[52] L1 J, LAU G K, CHEN L L, et al. Interleukin 17A promotes hepato-
cellular carcinoma metastasis via NF-kB induced matrix metallopro-
teinases 2 and 9 expression[J/OL]. PLoS One, 2011, 6(7): 21816
[2018-01-10]. https: //www.ncbi.nlm.nih.gov/pmc/articles/PMC3131
399. DOI: 10.1371/journal.pone.0021816.

[53]1 ZHOU F, XU X H, WU J, et al. NF-kB controls four genes encod-
ing core enzymes of tricarboxylic acid cycle[J]. Gene, 2017, 621
(1): 12-20. DOI: 10.1016/j.gene.2017.04.012.

[54] L1 Q, ZHANG D, WANG Y, et al. MiR-21/Smad7 signaling deter-
mines TGF - f1-induced CAF formation[J/OL]. Sci Rep, 2013, 3:
2038[2018-03-02]. https://www. ncbi. nlm. nih. gov / pmc / articles /
PMC3687228/. DOI: 10.1038/srep02038.

[55] HOU X, ZHANG J, WANG Y, et al. TGFBR-IDH1-Cavl axis pro-
motes TGF-f signalling in cancer-associated fibroblast. Oncotarget,
2017, 8(48): 83962-83974. DOI: 10.18632/oncotarget.20861.

[56] LIU J, SHAIK S, DAI X, et al. Targeting the ubiquitin pathway for
cancer treatment[J]. Biochim Biophys Acta, 2014, 1855(1): 50-60.
DOI: 10.1016/j.bbcan.2014.11.005.

[57] ROSSI M, AQEILAN R I, NEALE M, et al. The E3 ubiquitin ligase
Itch controls the protein stability of p63[J]. Proc Natl Acad Sci U S A,
2006, 103(34): 12753-12758. DOI: 10.1073/pnas.0603449103.

[58] WANG X, TROTMAN L C, KOPPIE T, et al. NEDD4-1 is a proto-
oncogenic ubiquitin ligase for PTEN[J]. Cell, 2007, 128(1): 129-
139. DOL: 10.1016/.cell.2006.11.039.

[59] FURUKAWA M, XIONG Y. BTB protein Keap1 targets antioxidant
transcription factor Nrf2 for ubiquitination by the cullin 3-Roc 1 li-
gase[J]. Mol Cell Biol, 2005, 25(1): 162-171. DOI: 10.1128/MCB.
25.1.162-171.2005.

[60] JARAMILLO M C, ZHANG D D. The emerging role of the Nrf2-
Keapl signaling pathway in cancer[J]. Genes Dev, 2013, 27(20):
2179-2191. DOI: 10.1101/gad.225680.113.

[61] INOUE S, LI W Y, TSENG A, et al. Mutant IDH1 downregulates
ATM and alters DNA repair and sensitivity to DNA damage inde-
pendent of TET2[J]. Cancer Cell, 2016, 30(2): 337-348. DOI: 10.
1016/j.ccell.2016.05.018.

[FsBHAT  2018-01-02 (&= HEAT 2018-03-19
[(Ax4msg] Ewa



