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[ Abstract] Isocitrate dehydrogenase (IDH), a key enzyme in the tricarboxylic acid cycle, plays an im-
portant role in cellular energy metabolism. When the IDH gene is mutated, the enzyme activity is altered, resul-
ting in an accumulation of a large amount of the tumor metabolite 2-hydroxyglutaric acid (2-HG) , causing se-
vere epigenetic deregulation and dysregulation of gene expression, and promoting tumorigenesis. Recent studies

have shown that IDH1 and IDH2 mutations are closely related to the occurrence and development of a variety of
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10.12290/xhyxzz.2022-0176.
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tumors such as glioma, acute myeloid leukemia ( AML) and intrahepatic cholangiocarcinoma (iCCA) as well

as their clinical treatment. It is of great significance to use IDH gene mutations as molecular indicators for detec-

ting glioma, AML and iCCA tumorigenesis, and developing targeted drugs. This review is focused on the

mechanism of IDH mutation, the relationship between mutant IDH and the development of multiple tumors,

and the progress of treatment of IDH mutation in basic research and drug clinical trials.

[ Key words] isocitrate dehydrogenase mutation ; 2-hydroxyglutaric acid ; chemotherapy ; immunotherapy ; targeted therapy
Funding: Natural Science Foundation of Fujian Province (2022]J01662)

SR IS (isocitrate dehydrogenase, IDH)
1 F1 IDH 2 7EH ARl s . A A BER AL, g
A SR 240 T P AR T A A il T gl b kAR
U, AT SRR R AR B o I R ((a-Ketoglu-
taric acid, o«-KG) | i J5U 0 KA T g Jie W2 08 — A% 1 R
f® (reduced nicotinamide adenine dinucleotide phosphate
oxidase, NADPH) 13 J5t 5 4 T Jig fig P2 e — A% H 1R
(reduced nicotinamide adenine dinucleotide, NADH ),
M NAD (P) H aJ4eF Bt H K (glutathione, GSH)
M Eb S H  (thioredoxin, Trx) AbF iR JFURES LIHE
0241 At A A SN R b PR S AR 4% BF2E A IDH
e IR — AR R S RE, Mg A8 A IDH Jo ik 5 Y
FERSIDH JE A, HEALIRY) R IR o-KG, BT
H 2 FRFE TR (2-hydroxyglutaric acid, 2-HG) X—
BUBHEACS W2 5 R R A R RN IDH BT 58
AECE AR B, S PEBE R AL (acute
myeloid leukemia, AML) HI HF N H S (intrahepatic
cholangiocarcinoma, iCCA) H T b RS U T K
Or TR B R 2 R R R, UL IDH ARy o3 15
SRR AT K T TR0 EL AT E AR SR TR
7 FHOME . AR SCHE IDH e PR 28 28 #L i) K L AE e v
S BT A — 2Rk

1 IDH EERT R EFEHH

IDH & = FRIRAIGFA Y SCFE Mt , 7T AL 5 6 TR 4
R AN a-KG K CO,, FFRH L AU AR s —
% R ( nicotinamide adenine dinucleotide, NAD") /
AT A e B IS — R AT FRBE AR (nicotinamide ad-
enine dinucleotide phosphate, NADP*) (NAD'/NADP")
5l NADH/NADPH, Sy 400 i 6 42 A5 #12E 9 5
FAERT A R, IDH 4145 IDHI, IDH2 A IDH3,
Horr IDH1/IDH2 ZEN 248 ] 51 o-KG 1820 Fil 2-HG
AR, 4L 2 O3 AR R DNA K 3 Ak il
10-11 237 (ten-eleven translocation, TET) & /&K

Med ] PUMCH, 2023 ,14(2) ;346-352

Wi T o-KG BIXUM AR, 25 M8 A a ., R
241 6 14 B2 A3 A A5 A B B AR 2-HG KR
e AT A0 TET FYORR M ms i U AL 1O M, R
FH5-H I MERE  (5-methyleytosine, SmC) Joik AR
R 5-FEH L mERE  (5-hydroxymethylcytosine, ShmC)
fli DNA 54L& 140 T m LIRS 5 -KG Bl 7] £
B % 5 A F- la (hypoxia inducible factor- la,
HIF-1o) BURIFHG OGRSl e, 518 T iF
W 4 K ] 7 (vascular endothelial growth factor,
VEGF) . # 2 H /M R ¥4 B ( Phosphoglycerate kinase,
PGK) SR AHSCHE N ik, LRI e i) & A=
HER (B 1)he

2 IDH ERRESMERTRIEXE

HAT, #oksZ it R IDH LK R 5 %
Fi iR & A KR RIS B VAR 56 e I R O A
N JLE R AR BRI AR A 2 R G
IDHT 278 5 UL T 2 ) e Joi 9% i 40k & A e o 3 24
JeEE v A R S TR AN R i b LT S
IDH1 B A= 700 g S J8g £ 2 A B, TDH 28 78 19 Ji¢ I g
SR ORYT BUS A B WU B4R, P ALRE
) (median overall survival, mOS) 1] #E K 16 4>
AT #120% ) AML 5B % 776 IDH1/2 %748, 5
HoAl B 58 R [/, AML BB % b IDH2 A& K & T
IDH1MY H TDH 3% A 28 25 14 31 YA [) 5 15t A
[, IDHI 2848 F M H2%, 1 IDH2 R4S B35 Tils
B CCA AR T IR b R A R T I P
Bt AR R R R M TR R LT
WOV 2y 20% [ iCCA R H A7 4F IDHI %848, IDHI
RI132C & iCCA " & UL A 28 A8 07 o520 98 K B,
IDH1/2 28751 iCCA BB 1, 4 FI 7 4EMRE &R (4
WK 10.5% . 45.3% 1 45.3%) 4. F KT IDH B 2E Rl
iCCA % (9 h41.7% . 71.5%F181.3%)* , %
T N, 5 IDH BFARURE A H, IDH 28 48 R fip
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/ N
FRE SHMIET SR
\ / o
CET 1
£ DX
FE 2 HIDH

O A

IEEAM oY

B 1 IDH SN A S B A A i 35 L]
IDH: SeAPERiRIbe s ; TET1. 10-11 {0 H

A T IR NAD ™ 5 0 1 o i) 0 T ol 12 A M e 7%
fitf (nicotic acid phosphoribosyltransferase, Naprt)
FELIFEAR NAD*KF-, 340 IDH 2848 19 iCCA .35 X}
BEMIE (temozolomide, TMZ) F1ER Wi ¢ H %
PEIRE A W0 ) 5% (poly adenosine diphosphate ribose
polymerase inhibitor, PARPi) 85 2 T 25 ) B SR
M e 28 R

3 IDH EERTHEXMERTHE

3.1 &7
HAl, IDH 52748 iY i e H & 1 vk TMZ+4 Bh %

PCV (KRB, WEET, REHK) k7
R BFSTEB, fE 2 B IDHI RI32H %8 28 1% FR 8
BRI S-S M L2 AT T 0 R A A A K e
iﬁ@?ﬂiﬂﬁﬁﬂﬁLmo H R A4 (natural killer, NK) 48
JfL i S A AR AT AN 2 A5 D (natural killer
group 2 member D, NKG2D) 2 A5 51| b Je8 41 A b #)
B A, DA & 043 il 88 40 200, TDH 28 728 Jie o 8
DNA &5 RS, ATl NKG2D FiifA& UL16BP1
A UL16BP3 {% 5%, fdfi NK 40 J0 12 25405 il g 40 i,
NI SR AR Je AR 25 W) 5 - 2- M AR
M E A DNA B R4 2 ( DNA methyltransferase
DNMT) 1 #0470, 8955 IDH 2875 ik i DNA i
HEEAL, MR NK 40 T i Je 240 6 A % 40 06 1k, 9
il iR AR, 5= 4k T PR 24 3 Sk A ) DNMT 3
Fi e PE I DNA FVZH 2 v P A, 53R e
YEFIMLEN AR, — 300 3 AR JE A Fn BT +L M 5k 53R 97
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23 {5 IDH1 Z€ 72 AML & 1 1/ 10 91 i K i 56
(NCT02677922) /R, MASZEH 18.3%, HLL
f# 23k 60.9% %, HHT, IDH 287451 iCCA BHH ik
T P AL VAR G AT 05 %8, mOS Firp i ot e A
74 (median progression-free survival, mPFS) 43 %l
KILTAHAS.04H
3.2 BEITIE

BT T AT B e BT s L T
GRS AR TARRAE T J9k 8 4 B0 3ok A A S 4 i 551
IR T I B A 2 A5 g ) e e A i 3 T
BN E 04T )5 (human leukocyte antigen, HLA) 43
T, R RE T R AN R, AT R AR O

FERY P, —T0 IDHI B IR YT IDHL R132H 2878
AL~ IV B 1 G IR IAE8  (NCT02454634) 3R

WY, HCRTE 93. 3% i B K E RIENLE, 82% 1Y
BB 2 ENTBRIEE T PR, 5
Fi IDHT RS HAH [, S E 3R 5 IDH #0570 8¢5
WY, PR IDHT R132H 58 728 JiE 5 R /1N LAY
AP BRI FRIPMHESLT [EA] k1
(programmed death-ligand 1, PD-L1) 57 5 IDHI
R132H 5P v 1B 5 6 7 I B (& 1 T 301l IR
XY (NCT03893903) 1F 7E#E 47 o, Bunse %1 %
W, TR, P (] -1
( programmed death-1, PD-1) TR 7 5 IDHT 31956 551
U EREEACIEGRANVAN: Wik N AS 50 K2 ol T & N
ELA 3 3 PD- 1 #Hl5013A Y7 IDH 58248 i e i i R 156
(NCT03557359 . NCT03718767. NCT03925246) IF7E

TR, IR Es R AR A
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3.3 EiaT
3.3.1 IDH M5

IDH 400§ 70038 2o /F FH -F i 98 440 Jfd e i) IDH. 58 4%
(s, ¥ 2-HG WRIE MR IE % K, Miis S 4% [
A DNA ZH LAk, Pl g 2R K AR IEAE R SR
i), BDK: IDH #6590 43 8 IDHT 065 . TDH2 #04]
FIFN IDH1/2 #5503 Ffr,

IDH1 #pifilsn) . AR e A Bk, 8w, /N F
EEXT IDHT 2878 (9 0441 51, DiNardo 2£1°°) Xf IDH1 %8
AR AML B AT IR A B IR YT I T I R 58
(NCT02074839) KM, TEE KEXMEHTE AML #1364
B 125 BB E T, S8 AT ko8 4 G AR I I 2
IR 30. 4%, TERGEMMRN21.6%, BAKE
N 41.6%; T IR B 5E R IDHL 848 %4k
g iR, 24030 L4 T 5IRIT N R SEMG
(adverse event, AE) (=32%), fuHf QT MK |
IDH 3 bEiA e . LI, I /INBR 8020 T 40 i 22
Mellinghoff %53 B 58 & BL, 500 mg/d 7 i) AR 2
AIRYT IDHI 5878 W 191 16 5 96 ml 4R 45 B4 1942 bk,
A0S 2 K 58 97 45 ) B5F ), 9 2% G e b T R 1 AR K
Andronesi %58 T s RAF 7 45 3 s AR e AR iR
J7IE 1A, 2-HG /KPR TR 70% (95% CI. 0.043
~0.091, P=0.019) , —HipkL SAREAiIAYY IDHT %
GRS N I 7 o S 1 O 7
(NCT02073994) 2B, 73 fi] IDH1 %€ A% i 19) 0 4 9
(cholangiocarcinoma, CCA) #2532 ARJEAH (500 mg/d)
BY7, SR mPFS 4 3.8 N, mOS N 13.8 4
AP R iR, ZHAE W 1~2%, =275
(82%) . E (34%) ., 1815 (32%) ., M (27%) .
BROEGE (27%) MK (23%) f& R W, H
46 BB SIHITA CH AE, Hrh 4 il AE (=3
9, AR Z B ORI A B R B L D
Ab, — I bR 22 o TG RS ( NCT02989857)
Fedg T 3CAR e A 5 22 R IR T R T U B Bk AR
IDH1 %8748 CCA BF SRR, SRRFAMLL,
TR A mPFS BEEK (1.4 MHEK 2.7 4
H) U e BE WoR, iR WL AE (=3 4)
JREIK (%), KAREAA A 3 FIHBSIRITA &
B AE (=340), HARmMa ZMaE, s, s A
W, ALY R SR TT M G SE T ], — T
IDH1 #0471 IDH305 7697 IDHI %8725 5 Fh B i i) f
TR, 2-HCWR EFRIL 597 8F ARG, HATe
TFIRAE SE I R 56 0 IDHI 4 %) BAY1436032 fiE
ke SN 2-HG AR AE R AE K, IHiESHW

2 IDH1 240 /5278 () AML 4 i 86 2401k, HRTE
FF AR KM RAR

IDH2 #0500 . IR Je A 2 F M, T ad | s iR
f BT X IDH2 242 AR, FT A iE AML B 40 i 7
b, ZHEA IDH2 M, HAEASN S IDH2 5748 K
R140Q . R172S 1 R172K 454 fig J1 7 T B 4= 784 IDH2
40 £, Xt IDH1 ZEAR KT HIAVE T, T 2017 4E4
FEE 2 B SR (Food and Drug Administra-
tion, FDA) it Brir, M TiRIT&E &/ Tk IDH2
AR AML'®) . — 0GR JE A B 24 6 97 IDH2 %878
AML B & B T/ 86 R L5 ( NCT01915498) i
N, BER mOS R 11,3 A, 2 e ldE R,
5IRITHOCH AE G SR R ME (31%) . b
(23%) . M40 M0 (21%) . 355 (18%) . B
TR (18%) M3 (18%), — IR 4 50 ~
650 mg/d, 28 KA—AFIAIEYT mIDH2 I 7Y
/1 KI5 (NCT01915498) & ¥, IDH2-R140
o IDH2-R172 2875 AML £ 1) 5 L AL 16 S AH AL,
BEM mOS N 8.8 AW wAMKEL R, 5i6
JPAHRH AE (=3 %) BiEEHARIMAE (10%) .
M/NIE D (7%) #IDH 04k & HF (6%) .
It, HriZWi IDH2 2875 AML Z4F 35 ] MR JE A ¥
AT AR R

IDH1/2 il 50, AR e A b R, = s i
A5 —ARET X TDH1/2 2838 Y XU I 370 ), A9 %
B, 7€ IDH 58 745 e g8 i JE A B A v fR 7 J2 A n]
BN MR A KA 2-HG KRl T g s
IDH1 523725 R IDH2 1) 5 F4 4 AH B 3G 45 € 1 AMLL
AAFVETR 25 (v FE ML, R L 28 A8 A0 IDH 58 A8 7
IDH2 (14 %L 410 968 1 FH A0 T BR- S5 g K S8 456 P 410 98 £
Y =T FRhRSE . T, Al R
JAIE RIS (NCT02481154) 3 A #H 93 {4 IDH1/2
SAF W SR B (S 52 B ), IRIT
FRANMREZ), BH LR, B28d R 1AM, B
BRI RS L E RN EZ R, SRER, R
B R A AE ] <100 mg/d B 3 B0 H R4 A9 % 4
TE TG AL 6 B 5 R i mPFS Ol 36.8 N A, HEi
T JF e B i mPEFS i 3.6 S A, JoseAk IDH1/2
ZE7F I PR R I 32 Mk R A vk AR
N, 64 BB SIRYFAROCH) AR, Fih 29 fi B =
3YAE [ (7.7%) weAHE W], TIRITH L
Ferwtil, HE, CHFRREEA 50 mg/d 5&RE
RNGIT A G B & i It Ak TDH 5878 2 i %
I RIS (NCT04164901)
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3.3.2 HAbAm R

ZHR R BE R A B [ poly ( ADP-ribose)
polymerase, PARP] 45| . HJZH PARP, A &t
JE AR Bel-2 25 R M 1AL B W75 6 U B 1)
2 ) Sulkowski 51 4 E IDH1/2 %2745 5 § A
PR 20 ( homologous recombination, HR) #HtFg, fiff
iR 240 ML PARP 410 1k 5 g 5 R Il A T BIF Y 3R
WY, 25%p il PARP Y 1 T A8 35 4R v H A IR T Oy i
BFRL, AR R M 25 R WAL ALY L Ny
TR R BRG WL A BRL A — Fl
R PARP S5, T HE R CCA 4 A T S Uk
P, O B R S B A R R AR OG, R
PG E ) PARP-1, %55 DNA 451475 1 46 Jfd 04
T-RARERRAR S RON 0, Uk, PARP 4015 5 HAb
IR AIRYT IDH SRR, TR TS .

Bel-2 #1f5): IDH1/2 578 19 5 AML 4 g
FC IDH1/2 B A BAH A X6 Bel- 2 00 i 5770 24t 4% 5 1t 19 8
JEVETT R, H AR L R G0 R A (RS 2 i 7S
FEASTHL h CLF AR DGRFSE ! IDH1/2 2875 B A AML
20 B Sk 30 R 2-HG A S B R L AR R T Y
M2 C B ALE ( cytochrome coxidase, COX) bin
M, BRARERLIRTE Bel-2 144 751 kb 2 )5 fok & 40 it 08
TR, AT 3G Jn X Bel- 2 410 i 58] 0936 7 B
PECY L YA SRR 2GR T IDHL/2 SR AE I B K/
IAYE AML 8, 4 B8 22, 4E%s s hi fl &
FAL I AR T B8 FDA HiLifE F A BE i 22 3 1k 1k
Y7 IDH1/2 2875 () 4 AML B 3%, BUA BF 58 % W]
YR sOh A 25 I B AL 25 W K G 9T R AE IR T IDHL/2
RASWE K/ METRTE AML B3 TS T R AT AL,
58 42 G2 fifk 5058 42 5% kP LV 2 AR 00 IR 02 A 50%
mOS # 15 A2,

4 NNESRE

IDH1 FI IDH2 275 J& A 4% i S AR 96 - 0%
PE MR, IDH %€ A8 ]2 2-HG E 50 ik I 5T 98
AML, iCCA L MAYIREY, WRKEAEMNR
JYH0 AL, IDH #0500 A VE FHF IDH AR g1, ffifk
P ECE AR 2-HG kA, TR RS S A E AR
DNA K WAk, S0l higs & g . &1 XF IDH 28725 (1 41
250 . SREVR T A R Jy IDH 5878 [ 116 7 4 R
WA,

EEREk: RERARFTIRERABEAL,;, HHET
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