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Advances in the Pathogenesis of Acute Myeloid Leukemia at Gene level
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of Pharmacy, Hospital 971 of Chinese People’s Liberation Army Navy, Qingdao 266071, China)

ABSTRACT: Leukemia is a common hematological malignant tumor, among which acute myeloid leukemia(AML) is the most
common type of hematopoiesis malignant tumor with clonal myeloid primordial cell increasing, and AML is one of the most
common hematopoiesis malignancies in all leukemia. The pathogenesis of the disease is not completely clear, and it is now
thought to be caused by the interaction of many factors at multiple levels and stages. With the continuous development and
progress of modern medicine at home and abroad, the pathogenesis of acute myeloid leukemia at the gene level has been deeply
understood. The novel gene-targeted therapy drugs developed can specifically act on the lesion site, and the effect is remarkable,
the toxicity is relatively low, so that the treatment scheme of AML can be continuously optimized, and the prognosis has been
greatly improved. It brings new hope for the effective and safe treatment of AML in clinic. In this paper, the research progress of
the pathogenesis of AML at the gene level is reviewed in order to find out the potential gene targets and provide references for
develop novel gene targeting drugs for precise treatment of AML.
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G R EER, WMEUEESH SRR 14
TR AN A, B & 36 L STAT .
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P19ARF FHELAEF, 45 200 o J) B 3 7 A 34 i
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AR KR 2O NG 4 SR K
(4q12), J& T2 AR A B A 1S, 045 4t
X (&5 A HEAR TR 1) B X (5 515 5)M
B A T R SO E ME IR 2 X D), C-KI T BE R AR
FE AML W AR HL v R B8 B, C-KIT /F4E% 30
ZFIIRERIF IR R, RAEEAFRKINET,
B M 5| R T M 1) S S B AR AR, e ARV
RRE . RIBMEEERN. BFIESE, C-KIT GEd
ik 2 AL 33 AML 1R A, 25 1 Rl C-KIT I1)
ERIE, 52 MR C-KIT L9748, £ Moore
SN T, KRIL AML I AELE ) C-KIT H K 5%
AL 20%~25%01719, C-KIT &K R4 8 5
HMRTRAR . 17 SHNE T RAZ UK C-KIT B E IR
EEHMMEX D816 #0548, i W2
D816V A0, C-KIT AW T3 C-KIT A&
TC A 1D 11 R P 52 A SR A A AR 400 oSS P T 1 i
BRI, 1 C-KIT BE RS e m, A
5 ATP (PSR A 3G 5, v] e 6 0w T 2 R
BABGTE M, BOE T TGS R S&%, g
M5 e e P, 4N E TR B IE] . R AR
MR G —rp, AR o2 M ES R AR
PRI AML, C-KIT 3K 2375 1) R 8 2 f 45 3
fh R R

2.1.5 [DHI2 RERRL  FirER A
(isocitrate dehydrogenase, IDH)/& =R IR 1%
B, M RATEREBR AR o7 K R
(a-KG). IDH TE N4 AFAE 3 e TRgRY:
S B S5 0 T e B M A R R T R (NADP) K
HYER) IDHI, 2R NADP K HE 1) IDH2 Fl
SRR A O T e A M W A% T BR (NA D ) (i 2% 1)
IDH3. IDH1/2 %3+ LL NADP B ¥, 43 BITE
) N TN R AR /12T IES Y A NG RIS ULR: LR A g
BRI R A K «-KG. NADPH 1 CO,, H
IDHI \ IDH2 3K 53 AL T 2 5 etk q33.3 f1 15
SYetiik q26.1 £ 1 IDH3 WS PL NADYE N4
BB, 75 200044 A b 7 v A5 IR A A0 B 2 AR
0-KG. NADH 1 CO,. KREMFiHE7~ IDH FE K 5
A HEAE TS AML LR HAAHE A F 3L, B35S
S CIE R (I FRAIK, BRI & AML. JuH
#& IDHI A1 IDH2 X 2 P Ay DL B A il = DR 2%

Fp [ BN 26524 2020 4E 2 55 37 55 3 )

AR AML A2 . IDHI/2 B RA )5,
2§ IDH1/2 FERISRAS B A s 1 Th Re), 5 E
W% IDH1/2 B 564+ A, 43 0l 76 40 i o3 AN 8 R A
] NADPH # o-KG ifJ5 A R-2-HG, Mifif#
RN a-KG 7K R FE, T R-2-HG K F=,
T B TR D] 2 Bl a-KG AR 10U 42U,
i gm i N L8R SRk . DNA = 6L I B AR A
RIEHFak, B & BHT I 1M 40 i 7 A 412 35
P, IDH BN 4 SH4ETFRERE, &
BH: Yoy B () K 2 PR A At 2 FE R B AX, T s e
HThae, HRARMPIE AL 132 HiBT R
A RAF ) IDHT R132. 140 %50 1 K £ 548 ) IDH2
R140 F1 172 %145 KAERAMW IDH2 R172, H
IDH1/2 3R RAL) Y 6%~19%. HETEX IDH %
DAL BB [ 24, 6 30 N I R R B8 B B
2.1.6 ABL-BCR Rh&HERH WKL, B9 55
AR LI ABL s LR 5 22 5 Yo R R
f) BCR & D5 AH B 5 A % Js PR 9 3k 4% 245 B 7= A2 (1)
ABL-BCR fh&3EH, 78 AML R 3 T A7AE,
2 A L R 1 AT P210 25 25 1 1 0 I A R i g
WE M, BRI OE wet/B-catenin . JAK2/STATS
PI3BK/AKT/MTOR %5 55 S &4, i F3K
g o 3 5 R . T2 . 2 1%~5%1020 1
ABL-BCR Fh& 2R IA/E AML B35
2.1.7 TEL-ABL @& 2[R TEL J&8 T ETS Kik#%
ST, B 9934 F1 12p13 1 5 AT T K )
TEL-ABL Rl 5], 3 A —Fft % L 1) 6 R HE 7,
G 2k R 5 B0 L AL AN TE T, A AT
F B BCR #l TEL 7E Rl & 8 1 i E BRI R &
ABL fEE PTK(E H B2 RIS )& 71, M
B0 107 20 T R A . I 3 IR A AN A R A TE
AN AML B3, 2905 15.6%127),
2.1.8 TEL-JAK2 f&H:  TEL-JAK2 & 5L
& TEL 5 PTK @& 5 —mi&GEE, &H 9p24
b J4K2 FER G4 & 12p13 L) TEL/ETV6 FE 1K
M7= AR )R8 il G B R A A IR AL,
JAK2 (1) PTK Fp2 PR30 , dEm s NiEs 5% 5
R, AR AL R E R, W
ALAEAN 5] AML 9 91 & A=
2.2 IhREBRCIERAR

DhREER I AR B 2 KRR, fHIEH
LN — SR RE G I R G850 0 L SR N il i
DR] S 0 4 5 57 BT S50 266 R k5 R A SR8 1) T Ak

TR, AT H0 I LT AR 20 A PR 23 A A T,
Chin J Mod Appl Pharm, 2020 February, Vol.37 No.3 -373.



Difesh RS 2 P, BPIER fhG A S
SRAF, {i# E A RUNXI(AMLI)-RUNXITI(ETO)+
CBFB-MYHII. PML-RARo F1 NUP98-HOXA9 %,
M5 & @5 CEBPA. PUI. AMLI %,

2.2.1 RUNXI(AMLI)-RUNXITI(ETO)fh& &K
% Tl M08 1 MR A7 A2V . CBFa Al CBFp 11 2E Al
AR B AN M AL 2 12932, CBFo 8 AML1 &
H, B4 4N RUNXL, i%3ERF &M T
21922, ZWhSEE A RUNXI1 HA & B k10 A g 4
SFPE. AML W ECE UL RUNXI-RUNXITI fili 63
R(BEAE i %N AMLI-ETO i35 [R) 2 B e ik
1(8;21)(q22,q22) B AL B3, W8 RoR, % HE A
& 7E AML 4 & 5%~20%12%%62%1, RUNXI-
RUNXITI @A 2RSS RUNX1-RUNXITI @é
HH, HEAEFEZZAEILEIY) 1/mSin3A/4H &
HL OB E, TR L HM R A&, 5l
0254 A F (core-binding factor, CBF)IJEgEHL A 1
RAZ, e o ARSI ) B AR A RUNX 2R 1 #%
SRV P T i R TR 3R RN i 40 o Ak, AR
Al RES S MR R AE

2.2.2 CBFB-MYHII Fh& 2K CBF 2t CBFo
(AML D)V EAZ AT CBEB VB 4 A 4 — B8 4 .
CBFp ERENLT 1692204, CBFB-MYH11 fi & FEIH
F&H inv(16) (p13q22)E% t(16;16)(p13;q22) Z AL T A
331, %R &I gt CBFB-~Fi UNLER R (1 5 4
(smooth muscle myosin heavy chain, SMMHC)f &
EH. WFFIESE, CBFB-SMHHC fl &8 [ F 82
JE L B SR CBF g im FH b il & 40
MBI 34, XL R H ) CBEB/MYHII FHYEZH
MRS IGEFEAR S, AW Y, &5 KIGKE
M, ZFEFEAETE AML 4] 5 5%~8%!19201,
2.2.3 PML-RARo F&HEER HCRIRIECAH 5
P ARFENL R RARa JER, 580t (M40 Ml 5340 BH
AERYIRIT B, AT 3 B B4k 4 i A 1T
IR . PML-RARo &I t(15;17)(q22;q22) Je Ak
G I T B3k Je ik b Ril& 26 KBS, Falini
SOV 9T R I, PML-RARa £ AML 214 13%
RAEFERIFA o 1ZRE R R R IE AT RARa
TEAZ A TR 2 A AN R oA 1R R 4, A K 4t A B
T TE R G2 i B BSY, i HL e A I 2 A
PR 5 R S 5 0 50 1 530 CBF Zhagsk ok,
i S5 3¢k XL 4T B 186 B RN AE 355 RE 7 TR EL OE R
I8 .20 M A B AL

2.2.4 NUP98-HOXAY fli&HEE  AML B3 %

-374 .- Chin J Mod Appl Pharm, 2020 February, Vol.37 No.3

LB t(7;11)(p15;pl5) Je ok B A%, 7= A
NUP98-HOXA9PT, NUP9S8 R4 3K, NUPYS
BB HI ML SR AEAE S 11 B 12 WS T, HOXA9
(W S AEAN T TA A1 IB ZIA]. iXFE NUPYS-
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RERMFRIL, FHFTALMM AR RS, FE
PO A0 hE, P o S I . A2
T IR2639400 A4 4.2%~14%) AML H3& 17 1E
CEBPA 3K 577, H CEBPA RN ¥ H4 2 fhoear
A, AHE C-3i FEARAN N-3i Z AR 101, Hodh C-3 5
A= R C/EBPo B, % A MR IE &
W kXL DNA 4iGheds, AReEUE G-CSF %
fhZIE, PHEG G-CSF S R4l B, M
SRR RS . S BCARL 2 A 20 o Y
B, BA 9 KIE A AML #6E. CCAAT 14581
455 HH A(CEBPA)FE TR K L 2 19 1) 3% 5 IR 7
CCAAT ¥ 745685 A o(C/EBPa)i@ {2 21 I
/A4 M TRRL 2R 23 A A 4E G 5, 721G I R G
RIS R R B T N-2ig RAE = A 1)
p30 ARG TS BIE 2 TADL, {H2@id
HHARKE W pUIMHEAER, w4#l4K C/EBPa
H 5 DNA 458 TAE IS WO, T a4
F0) S GCSF 32165 S Thfg1,

22.6 PUI 53RA  PUL i Spil 3RS
ETS R 12—, EESHE /404,
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CRARA Y RSN s S ) S P A RN
Fyetatk 11p11.22 L. PU.1 BT 5 Mk S 4p 5
BRI PU.T A s 256 T 1 B BE R (1 i s iis i, E
32 100200 PR P 1 B T - LR A PR P A A
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2.2.7 DNMT34 FEFTAE  1EH LK) DNA H%
I — RIS, DNMT 1L H L5 3
DNA 77 £, DNMT34 3:KJ&T DNMT %
W, AT 2p23 Gethdk B4, DNMT3A 4t () H 5
RS 5N LH RN, EREA CpG R
(e ST R A B A & — AW R ER], RefH
Wk IR 72 A5 DNA 454, M 5 K %=
15, 5 EK iRz, DNMT34 11
WARBME T RIERENEYHER . AAR
B, AL 20 DNA AL 0 T T A Fa e
B A8, FTRE S b A i 8 B 2k
TERB I RGO AR R, NTTIZ A T R I
% . DNMT34 KRB AML i il b 25 5
13.3%~30%[0-2643451 " H DNMT3A 3[R i £ 515
AT B e R R R X 1) R882 {1 &, R A& TE
FEHFAIH CpG X AE B+ X 3145461, 5[z
PEHEEALAS A o R882 A W] [H T B 4= Y DNMT3A
g ST NI 3 7 NG AP BTV ! Il 7 S e ol
DNMT3A W H B R B iE Ve, NI 320 DNA H
BRI AEBL S, DNMT3A4 R882 F84% -5 1) i 1t
BT R FE AR 5 D Re o oK, BRIEAE ST
WK DNMT3A R878H L [K 848 n] fE 4= il it
DNA 1 AL AB 1 1T 5 20 mTOR 15 5 18 B 4 =
WOE, 1 4E i oG BE B CDKIL 3Rk 11,
M TS B B 1 A E 1 EZH2 8RR AL, 17 5
i H3K27 = HEALIE, mAFH AML K4E. X
—H R RN R B 2 N2 5 AML HIEE ]
YRIT SR ALV 7E 1 B A
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Tab.1 Mutations and their incidence in acute myeloid leukemia
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AR, BEEXT AML RIBALHI I ABIRAN T
fift, 5K AML IVF 2 e H L DR L2 T WAl . R
1 W51, £ AML 1, Soh o WL 2 DN R A8 A 5
FLT3. C-KIT. NPMI. RAS }: DNMT34. A,
AN T R NI 9 3K 1 TR A R AL 1) B AR B i
£ AML MAMAAL . B0 MR 7 o O 15 B A
o Bribz 4h, 5 AML ()R AR &3 DI
B DR GRAR I B DR i A I8 A0 45 5 DNA H A0 AR G 3
(Rl 5 a0 TET2 A WT 1 20 85 B 5 40 ASXLI
MLL t9%% . EZH2 1 KMT24; AMLI RAVDL K&
TEL-PDGFRp &%, HAEl, FHTAXHR
FE IR O R REAL, A VE 2 11 1) 24 9 0 4 o 87
T I R BE &b T I PRI P B o B % R 452 14 38
TV T 2 R R (1) B DR AR, Gk T FLT3 B R4
HIEEAL, AR H S 2 BRI 4 11 57)(TK D), &4 b
WA 5 & JeRe A U T KIT 58 8 54 E+
[F5AE, (HIXF 17 5 4METFH) D816V A TERL,
BCE R SIZAR T TK PR 9878 (1) 8 Y % 9 738 L
AR 2 R TR AW B, NG RIREEY
B¢ 1] Quizartinib A Crenolanib LA Az £ 51 [n] ik & FR
PABGHIHFI(HLHE 2017 45 4 H 28 HEEE M A
B E B Rt i T ECE TR FLT3
PER) KW Z kMR bR Je )55 EF X RUNXI-
RUNXITI CBEp- SMHHC F1 PML-RARo. @5 3 K]
Bl &) CBF Zhagwh et 5848, 735 I & A 3%
(RN R R 2K R BRI Ro5-3355. /Mo T
B[ 77 AT-10-49 F4x S aQ4E IR SE s 4 x4

RAR B3] i L RA Y KA % 2 ik
FLT3 FLT3-ITD. FLT3-TKD D835 30~35 [7]
NPMI1 - 27~33 [5.7-8]
Ras N-RAS. K-RAS. H-RAS 11~33 [9-10,13,15]
i C-KIT 8 THMNEFRAZ, 17 FHNRFRAE, C-KITDSI6V R4 20~46.1 [6,17,19]
DIReFAF TR
IDH1/2 IDH1 R132. IDH2 R140. IDH2 R172 6~19 [24]
ABL-BCR 9 55 22 SYAR G ALY L 1~5 [19,26]
TEL-ABL 9q34 F1 12p13 HAIE K 15.6 [27]
TEL-JAK?2 9p24 5 12p13 Gfif 4 - -
RUNXI(AMLI)-RUNXITI(ETO) t(8;21)(q22,q22) 5 I Jlk 5~20 [19,26,29]
CBFB-MYHI1 inv(16)(p13q22)3% t(16;16)(p13;q22) 5 1 FE k. 5~8 [19,26]
PML-RAR« t(15;17)(q22;q22) 5 i FE ik 13 [26]
hee B kM RAR NUP98-HOXA9 t(7;11)(p15;p15) e (o b 25 - -
CEBPA C-Ii A% . N-3 R A5 4.2~14 [5,26,39-40]
PU.I - - -
DNMT34 DNMT34 R882. DNMT34 R878H 13.3~30 [6,26,43,45]
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7] B 1 CEBPA W B A F 3 %% PML-RARo % CEBPA
TEPEA A, o B R H 22 2 E Ak B IO/ 4T
AME ST I (MAP/ERK) 5 FLT % %2 B2 1 4
il AN 4 S SRR YRR s EF 0T IDH /2 55 R 5878 () #E
[ 00 a4 70045 TE AL T I RIS B Be i) IDHT
71 Ivosidenib(AC-120)/12017 £ 8 A 1 HEHE & &
2 i I BV B R HE T IDH2 R SRR )
FB T, 1 X T IDH 5 R 54 5 AT 3
2-HG X —i & R =4, w1ER AML
S, KRR TT IS RR R — RS R AR bR B
TR RIS AML R4 RIEFEDIM
M) DNMT3A4 R878H ThAEHUR R, BIEAA
B Rz AR R AT B R 25, (HIX A4 5 AML
(I PRIE T FRARL T W 7ESE 25 X T NUP9S-HOXAY
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