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SRR B Mm & EHHIFRER

TR Taw XWZ M. w8 THA ewE
CHHLITE 2t 2 B, B AR R T S5 L T A,
KSR RN S 5 AR LR TRREARTI I 0, A% 5 RS B o D, AT 435002)

WE &M A 9 R (acute myeloid leukemia, AML)Z —F & 415 ofn F 40 L 68 50 b b 38 F=
AR PR BMIE A MR R, RRFERLT RS, HEHAMLA R AN, L 0L 57 A 3K
RGEBEHGFE A2 B H IR AEIS R, HRRE, AMLO R A SHA AR RE. F5E%
FE RMEERIE . ORI R R A FEIA X, ZLE R H5AMLA A48 X 69K F
(%°FLT3.IDHI/IDH2#2BCL-2%) R & R 5% &k, 12 58 95 (WoROSIE 5 il 9% ZARBE R BOMBIR 12
I ZARBE R B H IR 12, Ser/Thrigk B & M A= tm oL & B ARS8, VA BAR K Fo 95 4m e (FoNK 28 L
Téaft. B2l s) R # R 2% T (32CD33. PD-1. CD47. CD70% )& A F% #tAT4A, AT
KT & 45 AMLA A AU 69 R 50 b, A AML &G ¥e8) 76 57 A T K RS F IRIE
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Advances in the Pathogenesis of Acute Myeloid Leukemia
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Abstract AML (acute myeloid leukemia) is a malignant hyperplastic disease caused by clonal expansion and
loss of differentiation of hematopoietic stem cells in bone marrow, with high morbidity and mortality. Clarifying the
pathogenesis and developing the therapeutic drugs will improve effectively the survival rate of AML patients. However,
the occurrence mechanism of AML is still unknown. Studies have reported that the occurrence of AML is closely related
to gene mutations, signal pathway abnormalities, epigenetic regulation, leukemia microenvironment and immune imbal-
ance. This review mainly discusses the related gene mutations or abnormal expression such as FLT3, IDHI/IDH2 and
BCL-2, abnormal signaling pathways such as ROS signaling pathway, receptor tyrosine kinase pathway, non-receptor ty-
rosine kinase pathway, Ser/Thr kinase activity and cell surface receptors, as well as the imbalance in related immune cells
such as NK cells, T cells and macrophages or abnormal immune molecules such as CD33, PD-1, CD47, CD70. In this re-
view, the research progress of pathogenesis in AML is summarized at the molecular and cellular level, which will provide
a reference for the development of targeted therapeutic drugs for AML.
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1 1197 (leukemia) {48 AR ML, A& — 53 ML T-4H
0 5 I A L D I RS o T o 1 LS 4
TE B BE AN LAt 1E i 1 24 2 b 1 i R, e adh i
Thige, vl o iy s 6 vs N\ A R 3 i 20 2R A48
B, IERASE R, TG 2. IRRRIEA M. H
M G R ARG . SR E R [ I (acute my-
eloid leukemia, AML)/Z & ULI¥ (ML K8, 5 Sk
1 ML [1)80%, £ )L 1 & e m. 70%1165% LA
FAMLEFEZH G —FEAN ST, R R,
AMLIFIRAENHIE A 20, 0T TR 1 )5t
BERR . EFERRAE, F5EERE. BRI
P I E B B A 92 2K 1 45 R R 51 IEEAMLIK
Ao A FEEBRIEFNRER FHERIE, F58E
P55 9% 0 T 7 A S AMLR AE I 7T

1 BERRTHFERIESAMLAE

AMLKR AE 55 € (1) 5 R Je A8 5 e 5 08 % V)
HR, CHENZEPLE I 37— A PR A IAMLAR 5%
BRI R AR Horh BRI () 2R W] RE SR AMLK
AL I E AR TG 5% AL T B 5 LI
Z 5 AMLR A 10 3 R R AR B 1 R 15 41 FMS BRI
Z IR 3(FMS-like tyrosine kinase 3, FLT3). 47
15 R 00 S 1/ e A7 A5 R I LB 2 (isocitrate dehydroge-
nase 1/isocitrate dehydrogenase 2, IDH1/IDH2)F1B4f
i 4k 2983 2(B-cell lymphoma-2, BCL-2).
1.1 FLT3ERAZRZ

FMSHF s & BRI 3(FLT3) A2 T 52 1A i R
Bl , AN A R EREE AR S R, —
5 5% 235 ) 35 RN — /N T 2 R B (tyrosine kinase, TK)
GER AL RN, 153G ML A0 I AA 5 . 3G BE A4 A
EEEAEH Y, FLT3ERAEMMEIERLEE
Wb B KA EAE M, 1 FLT3RCAR 45 & JF 0
FLT3P, FTL3SHAAL &5, 2kERAWIFA
ERRAY, , T IS0 T8 2 R A V7% 1, 3 17T 380 PI3KY
AktHI Ras/MAPKI& %, 3 H DNA FE Gk,
FERG A MG FE A BT TR 0 e IR b FLT32E [
RAZ 7 AML I f5e 5 LK 5 D 5088 AN s A )
K3, fE K28 AMLAN M #G FLT357%% , 331
PR T AR A RS S, R AMLAE G5 ™. 1
PN #6 & Bk B & (internal tandem duplication, ITD) /& #
W UK FLT35% 38 50 (FLT3-ITD), %5 AML 1
25%". DIAMAIZETH UK, /£ AMLAAAE HFLT3-

ITDREBHERhoB I, MM FELIMBEEE (LIM kinase,
LIMK)BEER AL, 52040 i B 2280 715 4l A= KA
HARH T . NGUYEN%E FHRIE | FLT3-ITDIE i iR
1k SPRED 1 2 [ A1l miRNAs % - #5ia , i
TP AMLYH L # #7N RNA(microRNAs, miRNAs)
FI7= 4 R AML & 42 . BJELOSEVICZES PHiiE B
FLT3-ITD A {2 it 22 ARG k., #7622 A TR fe
PR HA I AMLZH ff 8 5

AL, #B 1A FLT3RAZ AT AT AML, & 45
WEK 1. WEIZUVS I, midostaurinsg FLT3ER & R
W A M, AT T gl O OO A
JE R, A AMLAH#AE & U, Bt R,
midostaurin 7] B F L 5 AMLEBE Z VUERAEFER,
DHILLONZE MR B, —Ff R /N 7 - S2 R B R
A7) 75 R 2 (gilteritinib) RESIH] FLT35848 ()
AMLARHFLT3E 55 %, FHAMLAMAT. 5
b, PERLAE PR IAH LEAR ALY, gilteritinibA]
FREK T R MR FLT3578 AML S # 1) A A7 1 H 2%
R i m . R, RN T MRFLT3A S RAZAE AML
IVEF, BE NAMLIGT $ A58 7%
1.2 IDHI/IDH2% 335

ST IR It A B (isocitrate dehydrogenase, IDH)
FT = FRIRAGI o 41 R IR i b 75 B B, L IDH
HTTDH2 53 551 48 20 J J5R A0 28 07 4 o A Ak S 47 08 I
N o 3 8, 5 7 A O T T A A T TR
f#% & (nicotinamide adenine dinucleotide phosphate,
NADPH)"™. 5 il A5G I IDHZR A% G FH 1E 1F % 48
fa o4k, FmE A2 % 8 (D-2-hydroxygluta-
rate, 2-HG) ) 7 & 72 A (2 ik e 1 &k A= U3, IDH T
B IDH2 574G 4E AMLH i A7 7F , 295 A AML G
F ) 20%, HoA IDHT AR |5 6%~16%, IDH23R7%
57 8%~19%"". DANGHE "I 7R B, IDH2RAZ 5
0 1 FLT3 5 NRASSE A7 5 PR 11 42 58 0] ek 553 BE A 41
JLF 23 A AT BIR B 1 I 4 4k, TR 4k R P AMLAH g
ORI IDH /29878 ) A AE B AL B LB . CHIT-
FOTIDESE: IWF L & I, IDH1/25937% 5 £ i gg A 1
YI2-2 B RRIIFA R, S DNAFIZA & [ 2L,
TEHEAMLI &

I, B IDHFEAE B A BUE T AML, S 45 L
#1. YARJEAF (ivosidenib) & —Ff [ AR #E [ IDH 58
AF /NS T4 7], #E ) IDHT AR AR, ATR Lk
DAL I AR 2-HG AR 811 51 K FAMLK £, FF
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18IT IDHI R ) AML 3 2, DINARDOZ%: Vil
Il R SEIGAE B, 7E R 3 IDH 15875 (1) 5 5% BUEVA 1)
AMLEEH, FHivosidenibifadT HEFRARAN A R 44
RAEZ WINGHEEE . B FIHT (enasidenib)s & IDH2
(A7, T IDH29E78 ) AMLIE R, %4 Hif 5%
PEREF, Wb T SR A e R, IR A
I3k 2, IR IDH /29878 I $0HIFR E AMLIG YT H
WHER, ETIIRN, 88 AMLIGYT # KB
(177 14 o
1.3 BCL-2EFAREFIL

B4 i ik B2 9% 2(B-cell lymphoma-2, BCL-2)%&
ISR R AT 43 R =28 PR TP 85 (A W BCL-24%
JH TR B E i Bax %5 A AN £ BH3 X 8K 22 5 i Bad
FBid%:. BCL-22& 540MuE T A BCL-2EE AKX
WERUA 2 —, RPUE IR YT I E ZEFR . BCL-2[1
FEAEF R MRET, PR E AP
T BCL-22K [ 2 8] P w5 1 200 R R 1 3R 8 )
BRI PY . WL R B, 7E AMLH BCL-2/) i Kis S
BERBUEA RAE KD, VUSELYRIEHIRE T BCL-2
(3 B I T S AT 3 1R AMLAH i Xk DAAR B3
7R A AT 24 1

HHT AR, $EW BCL-2 B 1677 AMLIFE 7EM
H, SR IfK O RIBCL-2/ 405 vene-
toclaxse — R B LR 24, % BCL-21 BH345 & 45k A
A EER 77, venetoclaxid i #1#] AMLAH fifl # BCL-2
() TR I, AT A 3 248 0 2 R 407 ) 4 i 1 570
VARTAK Z£ 280t 58 3 B, BCL-2 RS SR /N o 14 )
i disarib4h & BH1 451438, 1% /& —Fp 24 () BCL-24)
HilBE L, FAMNAE RSN T4 R 14 1 8 BCL-2-BAK
(AR EAEH], B AT {2t AMLAR A JE T . BLERESR
F W, B[R BCL-2 405 AMLIRYTT BA RIFT
o ik, MBBCL-22 5 AML R AN, A BT
HEAMLIGTT 250 K I8 52 -

2 FEEERBRESAMLAE
2.1 ROSIESERE

75 P4 (reactive oxygen species, ROS) & E A
AAE TR 7 G T ISR . ROSTENTE 54
T A R BUR R s 1 B, Bum R
A Ath T 3 25O R -, oA 3 1045 5 B A 4% 1R
AR, 4ERRAE N SEALIE ST . ROSIKATF Y
A 5] AL SR AT, DNAKR A Aty , 14

JNDNARAS , SEIER A AT, M (e 2k 4 p 2
VA Ak, BReSAR FE N RN R AL e S EUE
hE R A P, WA, 7E 60%H) AML & 14 Py & I
ROSIE & 7= Az J2 Bl T J08 T Jie JIg W P& — A% 17 IR 1ol 1R
S ALEF (NADPH oxidase, NOX)Fr 2% 51 &Y, 1
H ROSTH &5 4 I H K /K B AR A0 S A D)5 180 2
FIFEMR A K. ROSHIKEM R{LiE 7 AMLAH R
JJRAR AMLAN RIS , HHTER/INERE F R T IF
W CD34 I HU 384 5 2031, AMLAN M A FLT3-1TD
A FEAKEGE . ROSAKC T A DNAH 15, H.
FLT3-ITDf5 51458 NOX4 [ K iE,, FEROSHFE:H
2, DNAXUEEWT . i f il &, 5l 3 R A
FeoE, et AMLISFE AR . R, F#EFLT3-ITD-
STATS-NOX4/™ 5 ) ROSIT 5 7= A= i = L Wk IR ity
RG] e A 1R IT AMLITE /112,

AGRAWAL-SINGHZE 2 ) AMLHHT & L
g 3 ] 3L A8 A W B2 (peroxiredoxin-2, Prdx2) )i 2]
T LARAH3I AW FIEAIE N, R KT
UUER T B Prdx 2GR 0K, AL J5 2% 1, i3E IROSHF
SR R ] I R AR 2, AMLAH f % 1 4 5, &
HARTG. b iRPrdx23% 3k i FFIRROS/K 7 # #1
AMLANM A K. BFFLR I, TEAMLE K B35 HROS
KT N, 5 A RO OC I 48 A R B 3 oo, HL
ROSIKF- 34 175 F c-Jun¥it i [X 45 & 85 H 1(c-Jun ac-
tivation domain-binding protein 1, Jab 1) [ F1fi 4 ik
J& 2K [ 1(thioredoxin 1, Trxl)FE R 5 %35, {E#EAML
S PR P B, T g R

DL B AR , ROSZ ¥ AMLIF R AE K J
(1), % ROS/K T i) AMLYSBE 7] f & AMLA
PG SIS — (F D). CHMREN, bW s5-
F2 T (tricetin) i@ iF ROSAY F B c-Jun N-¥ii 5 14
TP T ML HL604H Mg i 1 B BATH R M E
T S ES A KRR T TN TED T R
(azelaic acid, AZA)#E ] LAFEMIE ROS/KF, i 1%
Prdxs/ROS/E & i i 1] AML 3 58 BT, Bt
RNIRZ AMLR A ML, 7] 58 AMLIG YT 2 HLHT 1
Bk,
2.2 ZAEEEERMEEIRE—Ras/Raf MEK/ERK
Ehepiiliy

273 25 A B 1 P (mitogen-activated pro-
tein kinase, MAPK)Z ik /& — NG 57 S 2%
BCIR AR, e I I A4 5 40 3R T 1 A2 AR T R



1526

Gk -

P4 (receptor tyrosine kinases, RTK)45 & FFil it 5
B Rast [, #4155 1% 14 8 Rat/40 f 4ME 5 715 3%
fi# (extracellular signal-regulated kinase, MEK), %%
JH IS 41 M #ME 5 B (extracellular signal-regulated
kinase, BERK)K 12 40 i A% P 2% [R5 508, %45
S E 2 A A TR, AR MGG oy
Aoy TG AR T, IS I A G R Ay B R B |
TR KB T 2R RA S, 1208 B S 5 A i
93 0 M TE BR S8 A 1A I Y T 1 R R i 24
HR, =2FHAMLEAEP(E 1), MAPKEBGEFTE
70%~80% ) AML & & i b i SR A8 2 11 W FLT3 1
RASHOE , @i i1 BCL-2 K & 13 517 AML
FIRA, B RN, B 10%~25%0 AML B 174
RASHAF, HAG RASTEAE (] AML 35 4 WM APK 2% Fik
API3KAE Zl 4 Fl, H MAPKAE A4 T
PN R 7, TS EAMLIIN 257 . MAPK{E 5
M 2 S EUET Go/G Y AMLAN A H 15 7 12,
T 490861 AMIL 4 i 348 5

PRI, AT RS MAPKAE 5 38 #5217 AMLEE )
BITYIIT K . HED, 4% Raf& (1 ATPSE & A7 5T
RPNy T SE G PEAHI R W L-779 ZM 33637271
Bay 43-9006% it 25 7 Rafii gt #4938, FH 11 Rafifi
WEPE (GR 1); 1 — R EE A) Raff) 77 2 2 i i 8 1)
Bt Srev PKCAHI PKASE STk I8 g 40 2 1 R G 2 A
SKBH L Rafifid, AT AMLANA R 4= ¥, Bhab,
MOSHOFSKY % M52 285 SR IR | MAPKIH #% 13
TGRS STANRAET., k2, FIHIMAPKIE B GE R T
YA, BOEAIM s, TR AMLI R A 5 R .
B[] MAPKGE 26 5 492 IBE G VR T 1T RETE R R 23
N—FAMLIBST (R8T ik
23 I ERFHBRE SRR E——JAK/STATIE
SiE g

Janus i (Janus kinase, JAK) M5 55 S FlfE
S IR T (signal transducers and activators of tran-
scription, STAT){5 ‘5 il 4%, J& T 3K 52 44K 70 I S PR P Ity
AR R0 M R T2 s AR, JAKF R AL F JAK L,
JAK2. JAK3FAITYK2PYAN R 511, STAT K et 1
AN, 7 5J& STATT. STAT2. STAT3. STAT4.
STATSA. STATSBFISTAT6“Y, JAK/STAT/E 5 il
PRIEANMOIGTE . b IERE R T AR 2 K
SRR, 75 S8 AN IV R G0 M R A R e
s mEEAE

SEHRIOE I JAK-STAT(S 5B 2 5 T %
PERR 0 R A2 R R IE5 TN M Sk bk B 4 i (1 1f o
(T-cell lymphoblastic leukemia)J¥ Al & PIAH ¢ 7, %
TR AR OE 2 SR IR AN R R A . P
To rAGSZ U 0 3 1 G A= 4 iR (myelo-
proliferative Neoplasms, MPN)Z: & &y AMLM, 1X
— I 2 JAK-STAT/E 5 18 6 AH OC 1) PR R A2 5 30
TSI S S IEESB0S , (248 STAT12
1 S72747 fiti g1k, 11 STAT1 S7T27RERR AL T 1 5 i
TR AE R 3k, AT 5 200 AMILAH i 11 585 2k 184 A 150)
(B 1), £ AMLAIE A, JAK/STAT I B8 i #% 5%
TGN 7 STAT3/5 E# S TET1 A 5 T 45 G {2 #E TETI i)
Bk, HTETIER AR EBES A EJAKINE ST L
WG JAK 1553, 29 JAK1/STAT/TET L@ E7F AML
IR T RBR RS B, A, TAR2 T g B RS T
T U RSN ) S T A T 1 A DR R A SR A
LIE 54T iltn, SHAZECIRF S R I, 24 miR-
4867/F AMLAN AL H it A, L B 40 A g i [N+

& 5 IE B KT 2(suppressor of cytokine signaling

2, SOCS2) mRNAK-F- T B, miR-486/)1d ik 23
7% STAT3, e dE4f i i3858, A1, miR-486-SOCS2-
STAT3412 5 | AMLIRE, N AMLIIZ Wi AIVG ST
FRAE 7T AL AR A

W JAK-STAT # %411 AML IS 58 /2 V697 AML
[ B E MG 2 — . KARJALAINENZS: BIHF 53108
JAK1/2401#1| 7 ruxolitinib A& 14 Il AML & 3 % BCL-2
HI#155) venetoclax F BBUBKVE | Wi dL i 24 . Jd o Bk 43
M A2 57 146 %6 52 4k A& P NSC-370284 HE it F 14
MO TET 1 %% 5% R0 5-52 F 2 J s g (ShmC) 12
I, IEREA R SR IA TET 1 AMLAH RSP
NSC-370284 S H L5 14 2R RI UC-514321 #8 HL 424
T TETI{W) ¥ 55% W0s R 1 STAT3/5, #iifil| TET1 )R
ik, T 0 AML4H i 34 5551
2.4 AKtESEEE

Akt, B[ EK F ¥ B(protein kinase, PKB), & —
Tl LE 4 B A7 35 FHR T 2 TR AR 381 AT 1 22 B R /95 2
PR VA , B0 7 Aktl. AKQ2FI Ak =FPEAL . H ILY
PIBK/Akt/mTORE S5 Rl S 5 MK, 145E
Ao, EMRE R A KR TG Akl B 2
fEH . PI3K/Akt/mTORIE E/E AMLYH R H & 4 57
WAL, AT RESEIRAS , 5 B0 8 40 B T A 1
B, BB TS 2 5455, PI3K/Akt/mTORGE 5 () 305



T PR SWERER A AL 7Tt e

1527

5 AMLEFH P REARAARTRA K, il ES
T ZASZARFIRIAF 55 307, CHENGEEPR I,
AML 8 18] 78 J51 40 i Hh oAb PR 7 B 4R 8(C-X-
C motif chemokine ligand 8, CXCLS8)if it PI3K/Akt
G L AMLA R IAE, £ AML R 1 HE AT
ML 2 e R A AR 2 A RNA BT LINC00265
BT AMLAH L A PISK/AKS 5 i@, @i 4%
PI3K/AktiH B8 i 3 AML IS 55 A i

It , PI3K/Akt/mTORME 5 il H/E AMLK
R B REERE (B 1), W% I8 R 2L
T AMLAH MG 5E , 1238 B b 1) S8 41wl LAME
AMLYATT BIHE fP, WU I, 7 2 (matrine)
BERES T AMLANARIA T2, thEEHHI Ake)BERE 1L, #11
1 mTOR S 7 JEE 47 p70S6K A1 4EBP1, M 3
AMLANME H W . PEIZE R B, PHEER A (salviano-
lic acid A, SAA)fE i & I AMLAZH N Akt B4R
o, T A A bR R R ARG . LIS R B,
(7 s 0 PI3 KRN 40 £ 19 25 £ 1 A il v A 1 400 o) 571
CUDC-907 £ 4k PN #h S 56 i 2 e 15 5 AMLZH [ 17
2. UEAh, ZHANGEE A &R I, miR-139-5pid it 4
7] Tspan 3] AMLAH L (1 PI3K/AktE B, #1fi] AML
2 L P A RS
2.5 NotchfE 5@

Notchf 5 28 4t 4H i 15 58 A1 73 A4 1) 32 2L 75
#% o Notch )R IA 52 hit S AN JAE 4H M A 7 4n TL-1
IL-645 1%, Notch 5 BC /& 45 & J5 W% Notch & 5
B 1ZIE A U Notch 324K, 43 7l 7 Notch-1.
Notch-2. Notch-3# Notch-4; A T./MHKEA, Jag-
ged-1. Jagged-2. Delta-like-1(DII-1). DII-341Dll-4,
XU TR SRR, 3550 WiE S .
AMLH Notch/7 518 4 2 UT B 1), Notchid #% 7153+
FIL =5 AMLE BTG AE A7 A7 R, InAML
B fa 2 B 9 F R B PR D2(serine-
threonine protein kinase D2, PRKD2) 31k, {2 ff
NotchlIT 3Rk, Wi AMLAN i 3 58 AN Ak 7 i 245 (B
).

Notchifl # 1 £ 4 AMLTIUS fabr A6 T7 H#EFR 9,
WU Notehs2 1697 AMLIF 5Elg 2 — 7, S A7 B Fe 4k
TS NotchBE B AML, W1 e A K FAEE A
7(epidermal growth factor-like protein 7, EGFL7)#i
5 DI4Z R 8 G PE 45 &, 38U Notch(E 5 B FT B
T, B FAMLAM R T, 32 F /N F30E Noteh (3

SIE K, MEESZELIAYT AMLIY H 1, a1 N-H 2 e
AW (N-methylhemeanthidine chloride, NMHC) A
L5 NotchfiL 4 D114 45 &80 Notch{E 518 % 1. 3417
BRI/ T T R (AZA) AT E 38 7E (1 Notchifi
7R, AZARESEHENKAN TN A 5H, e Notch I F
Notch23 1A Fill, 53 Notchf{z 518 B4 MG M K
FEPLAMLR N,

3 REBRESAMLAE

Fa RIS ST R R RIS
IR 1A 55 (tumor microenvironment, TEM)HJAE £,
H 2RI AMLIT A A 5 R o G e 4 i B A LA
S AH, R AR S DR O BR U, W SRR
(nature killer, NK)ZH i i /7 5 40 o 25 14 A FH Rl
FUZR B8 i 7, iR 4 i mT e i B S R
5 FRIAE G R e A% Fie 3g £EL 27 ) L A B ke il s AL A
(1) G U 5 By, B8 I S e b ite, AMIL R A= A
55 G0 9255 W63 B IR G, 8 it AR 2 A i ) 3 P
YT S IR, S S 4 M Dy R, 3 T Se
AMLAH AR I G e b i, 550 AMLA i 8% 1 38 5 U4
] AMLAH M S 2 TR BT 7, 5 S R, ol A
REITAML. [ B AMLE AE 5 6035 B2 2 8] f) 9%
2, AAMLEF 1) 587 R A BB
3.1 REMAMELAEHESAMLAE
3.1.1 NK@mfe  NKAHHJE T R ARk E A M 5K
WRE R, S AT M e 92 M PR RS Bk (0] DG B AR
RS, 2 PR B 18 28 45 %) S B 4H R 4 U
AMLZH A 38 = 1) NK4H B 1 & & A1) BE S I 992
iU, GONCALVESZ: SHRIE | {21 AMLAH AL %
938 W63 1] 3 WA 38 43 Tim-3-galectin-9 A i 55 bk E2 41 g
A5 NKAHM 78, AR 58 AMLZH I S 22 8 i
AMLAH A A B 55 NKAH M 52 445 (1 6l [ 202 1 ] 5 350
NKAH A F T L SR 9k 557

B 1A NK I 197 7578 AMLYR T H Ok 52
KVFE . KOERNERZE BVL I FeAlt ik i CD133 54
(293 C3-SDIE)AJ & & $f 5 NK4H i J /X CD133FH
PEAMLA BT B0E « URURE AT, AT ENK 2
HOXT AMLANME IR (K 1) WILLIAMSSS BRI,
CD16 " NK-924H g 5 $7T [ 1195 41 M 470 i 1) e A B
A8 FH AT iR AMLAR AL /N R A7 2% - SHANG A5
IR TE TR 1A NK AT T AMLPIR AR I IE7E
HEAT . R NKAHHL A TT AMLYS & —Ffn (1) 5%
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Jrik.
3.1.2 Temhe TR ELAH M (TN M) B e s &
GLit) 32 B RS 43, TANIE A T 1) G L&A [ 17
Htd 5 EEE . SUNSERIRE 5T R L, AMLE B8
WAV Z g0 R 7 5, T HE 40 i B8 7 1 2%
BN REAMLA R EEJF K 2 —. AMLEAT
1t 2 T BB [ TCRAZ A S BTN MR Th g T 55, 358
TCR IMFIE, K B TAIM Dy 5.

B X TN PTAMLIT IR YT, T E R k& PR 2
£ (chimeric antigen receptor, CAR) T Jifd 5 3% J7 7%
H/ZRE RAENTREEARE S SOE EETH
Jf, FETHH L ik ik & B E, Bl i) & CAR-T4H ff,
i (1] % B AMLH 2 i, CAR-TEH o 52 1 18 51 il g
S M TR, 51 R A G 3 R S B AMIL A i £
A A1, DRIOUK &5 it 1) FH 75 K 48 %o % =2 4
NKG2D¥JCAR-THH i Ay Bt Ji 45 & 18, R W1 B xf
NKG2DEC & I CAR-THH i B A7 & 2 I HTAMLAH A
TEME(ER D). LINGEETHIE B 81 [m) CBY Bk R A 4 11
FICAR-TZH fL Bk & PD-1UT BRIGITAMLE A & &7
2o KIMAEEE B, CD33Hk [ 41 g A 52 $E 1 CD33
[FICAR-THIMIFE M, RVFIERA B RS ES0 TA
R B AR . DRI, CAR-TEH L7324 T AML
BT B A BRI R A 5
3.13 Evmgmie EWRNME SR M g A, A
T IEA B, A T ITA AR , HSE5ZH
LR, BN FRIA BT A B ey 24k, EAITR
A PR G FH Al IR e 1 R 701
EWR4 Rt 2 5 AMLI R AR, B 7036 B g X B
Y1 3= B P M2 R A B, PR IR A A AR A7
1278, Hte. MNZG. SR, I AR RN G ] 25
7 TR 335 Bl g (1) B 00N, XUZEPA R Gidth 40 #r 1
53641 AML A 44 P4 i 83 2 3 74 11 41 il (tumor infil-
trating lymphocytes, TIL) 415 4% 4 ffd - B4H A . T4 -
HH P R 4T i A S 200 L S ) 0 A 1 L, 4 SRR B AR
o BEIAE S A E . B IERE R (. Sk
ESL 20 A P 10 A0 18 4 bR EL 40 1 S, AMIL B A
W TILsF 73 A0 K AR i 35 2%, HLAML A # M2 E R4
i ) BE SR8 T 38 R M2 [ A5 35 4 F-CD2067/E AML
HE Rk, R E YK EIRE S5 AMLTUE A R
HX.

Bt BV 40 M 6 77 AMLIRIRIF 528 55/, T Bl
RANIHRET . YANGZE 78 K& W, pyridoxine(4E/E

FB6) [ ik M 15 T A% B R R RE M4 AT
T2, 7EU93 741 Hig H 4K #icaspase-3 71 5 4 fig 8 12 5 7E
THP-141 i FIGSDMEA- S A e £ 1, &5 SRR 0
I FF 1 1 R AR /N 43 Tpyridoxine A 1 4 — Ff 8 78 1)
AMLIGITT 254
32 BRESTFHRESAMLAAE
321 CD33  CD33:EMEVRERSS & 32 A S RAIRERE 5>
USRI R 72—, FER 2 i)z k™. B
FLF W, CD337E AMLJZ 6 Y HELH i Hh 1) 3k ki
85%, H.CD337KF = i AML B #4235 2 ALY, CD33
15 LT BT AML 5 4 o 4 iy OB A RF 43R0
IR AR 2 — b F T AMLAZ T (4 B Bl A iE 4100

#E17 CD33¥a 97 AMLE A HE 1N A 5, W
K1 . #m CD33WIGIT 25 I+ % 2k 90
mylotarg(gemtuzumab ozogamicin, mylotarg) & —Ff
Pk 29 BEY), B RTERMNATAEY), s
BEADNUEE DNA I 22 1T 3 2t AMLAH st 1= 070
CD331 /& CAR-THH il ££ I R Hi 1256 Hh 3¢ fo 25 1
Pr). 7ENSG/NRMBHEBERH, H1CD33 CAR-T
YA G YT AT S5 IR I B, S AT i A Y
KENDERIANZE P ] CAR-T4H g $1 17 75 22 Bk B4
HH 4T CD33BLEE T8 Fr Bt (CAR-T 33), 455 IR,
CAR-T 33HA B EHAMLIEH, A 1B K/ R A7
I5f[A] . ROTIROTIS: "B 7T & W, il %k CD33
oy T A R 1715 5 R A 4H D (cytokine-induced
killer, CAR-CIK)4H i, 1E 2“5 HAGI7 (B, v
% AMLI R, SEIN2% A% . CAR-NKZH 4
CD33-CAR-NK-924H g 8 FH T 52 & 3 16 AMLIF i PR
IR,

H i J LR RS CD33 7 v IEAE A
#[7) CD33 BV YT FIE IR AR T & A4 Fe TRAL AR
BT U BRI . DU e 1 e =R S
PR A PR 24 (CARYIE ) o 128 250w 41 f 102
XELTPYE AR AT RE T IR, 9 AMLIGTT 2 b8 77
%o FIRWFEIE B T CD33/EIR R & L B R,
H &0l R 2 BB a7 I
322 PD-1  FERFIR4IMUAE T 32441 (programmed cell
death-protein 1, PD-1)7&—Ff S 25 s 061177, 75 %
P2 KN AR TR Ak U, FE P PEAH A T e A4 1 (pro-
grammed cell death-ligand 1, PD-L1)yPD-11)— 85 %
Bifh, fEPUR S d R Iz RE 1, 4 PD-15
H e A& PD-L 1HI PD-L245 & I w] 10 480 i % 46 10
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Table 1 Summary the therapeutic drugs and methods of AML
FHRIFER (5T 501 T e ik &) VRTT RCR LI 27 CHR
Related gene, signaling pathways or immune  Therapeutic drugs Category Therapeutic effects or mechanisms References
cells and molecules or methods
Gene FLT3 Midostaurin TKI Improve the four-year survival rate [10-11]
from 44.3% to 55.4%
Gilteritinib TKI Prolong the survival time, and [12-13]
improve the remission rate
IDH1/IDH2 Ivosidenib IDH1 inhibitor Reduce the incidence of adverse [20-21]
events, and improve the remission
rate
Enasidenib IDH2 inhibitor Reduces hypermethylation of [22]
abnormal histones and restores the
differentiation of bone marrow
BCL-2 Venetoclax Inhibitor Inhibit the high expression of BCL-2  [27]
in AML cells, and promote the
cell apoptosis and inhibit the cell
proliferation of AML cells
Disarib Inhibitor Promote the cell apoptosis of AML [28]
cells
Signal ROS Tricetin Compound Induce the cell apoptosis of HL60 [35]
pathway cells by ROS-mediated c-Jun
N-terminal kinase activation
CKI Mixture of chinese Reduce the ROS level, and regulate [36-37]
medicine the Prdxs/ROS signal pathway to
AZA Small molecule inhibit the cell proliferation of AML
compound cells
Ras/Raf/MEK/ERK L-779, Small molecule Binding to the Raf kinase domain [43]
7ZM 336372, inhibitor and inhibit the Raf kinase activity
Bay 43-9006
JAK/STAT Ruxolitinib JAK1/2 inhibitor Increase the sensitivity of venetoclax ~ [51,53]
and reverse the drug resistance in
AML
NSC-370284, UC-  Compound Act directly on STAT3/5 that a
514321 transcriptional activator of TET1,
and inhibits the expression of TET1
and inhibit the cell proliferation of
AML cells
Akt Matrine Alkaloid Induce the cell apoptosis of [60]
AML cell, or inhibit the Akt
phosphorylation, and inhibit the
mTOR and its downstream substrates
p70S6K and 4EBPI, leading to the
cell autophagy in AML
SAA Compound Inhibit significantly the Akt [61]
phosphorylation of AML cells and
inhibit the tumor growth
CUDC-907 Inhibitor Induce the cell apoptosis of AML [62]
cells
Notch AZA Small molecule Promote the higher expression of [70]

inhibitor

Notch 1 and Notch 2, activating the
Notch pathway and exerting the anti-
AML effect
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Related gene, signaling pathways or immune  Therapeutic drugs Category Therapeutic effects or mechanisms References
cells and molecules or methods
Immune Immune cells  NK cells Fc-optimized McAb Enhance the activation, degranulation ~ [80]
CD133antibody and dissolution of primary CD133"
(293 C3-SDIE) AML cells, and promote the
clearance of AML cells by NK cells
T cells CAR-T Cell immunotherapy =~ CAR-T cells targeting NKG2D [86-87]
ligand against AML. And CAR-T
combined with PD-1 silencing
therapy has a significant effect on
AML
Macrophage  Pyridoxine Compound Induce selectively the programmed [93]
cell death of monocytes-macrophages
Immune CD33 Mylotarg Antibody-drug Promote the breakage of single-and [97]
molecules conjugate double-stranded DNA, leading to
AML cell death
CAR-T 33 Cell immunotherapy ~ Anti-AML [99]
CAR-CIK Cell immunotherapy  Slower the progress of AML and [100]
improve the remission rate
PD-1 Nivolumab, McAb Activation the antitumor activity of T~ [108]
Pembrolizumab cells
CD47 CD47 antibody McAb Block the CD47/SIRPa signal and [111]
promote the phagocytosis, and
enhance the clearance of AMLcells
CD70 Cusatuzumab McADb Block the CD70/CD27signal [118]

transduction to eliminate the LSCs
for AML treatment

TKI(tyrosine kinase inhibitor): B %R EF 17 ; CKI(compound kushen injection): & /7% S 4 ; AZA(azelaic acid): T —FR;
SAA(salvianolic acid A): FFHEFRA; McAb(monoclonal antibody): 5.4/i; LSC(leukemia stem cells): [ L T4 .

||~ RT@ — Activation
£ —| Inhibition
NOX) ] -
e, ! RafMEK'
ROS) 1
l
Jablb ERK) -
ROS pathway Jﬁ_]) MAPK pathway Notch pathway|
L

J

Bl EIEAMLA S S SEER
Fig.1 The signaling pathways that regulating the occurrence of AML

V2 il I PD-1, M S50 T4 235 | 4%
T R AR G e ki, S0 A5 iy A= 10%1, HAROUNZE!!
WERE M, FEAMLEZE 1, PD-L1AIPD-14) 5 ££ JE i

Jo P 3% LT 40 B RN TR M Rk B . IR, )
PD-1 7] 0% TN S % 36 M T A 20697 AML. B
LI P 1R 58 T i FH 1) PD- 130141 71 2 Nivolumab il
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Pembrolizumab, 1] F -5 44 ¥ v 1 1 st o,

3.2.3 CD47 CDA4772& —Fh | {2 R IE I 5 &
M, 1,215 575 8 1 a(signal regulatory protein a,
SIRPo) (P ECAA , 12 8 1 7 5 W6 240 it 6 5% 5 W0 &4 ff 0
PR I8, B HOE I 8 35 5 e R YU R MY,
P FERRAE R . BRAh, Br T ERR4EM, CD474rF1E
NKAAML . A SORANA . T M e 35075 1R 79 e 240 i,
Z 540 N IVER®, CD47/EAMLH ik, il
1 5 SIRPag & KA il Fr Wi A 1 1% MAJETISE M
FR I, AMLANNL Z 1 CD47 1) IE M F0e/FE F ;
T CDA7 ()32 AT % AMLAH i ) 52 I A0,
FH A CDATIHAR BT AR NT A4 FELIT CD47/SIRPoy
] Y 5 A W AR SR S SR PR e AR .
F C 3 S I AL 58 4 N VR BT CD47 5 5 [ B A4 B iy
CD47/SIRPofE 5 1] 4 hn 44 4b 15 Wk 2 fitd Xf AML 46
JRL AR AR A T, 518 3o AMLAZH A R0 B A g 112
CD47H 7 J11E 9 AMLIE BLIG T ¥R UL A3 SCHT
FUUE B CDA7AE T e 51 % AMLIC B 25 7 1 oA B %
T, BRI S AR A s PELINTE 2 o T AML
TR TT SRBE

324 CD70  CD704r¥, MR NG =AM K&
[ (intergrin-associated protein, IAP), f& % ¥ it 5 ik
RO, [z RIS T 2R IiuR T . CD70/2 MR IR AE
[Al ¥ (tumor necrosis factor, TNF ) Z & [k 2 2 —,
TERYE Sy A R R R EZAER, CD70M) 5%
R T 2 A M 2 M IR 1 (%) 43 A G R A 5 ) g
&, CD70it vl i 5 H A& CD2 7T BEAEH 2 5/
325 i Jeg 4 AR RN R 9 14 TEH A A A7 3% U1 RIETHER
2 R R B, CD70/CD274E AMLJE 46 4 #E 41 A
FATAMLT-4H i/ AH 40 i b 22358, 176 {8 B 4H i AR
% ; AMLAH M i CD70/CD2745 5 45 S T4 i
SR RIEFE T, AR Wnti& 2, ek FRa i 7 2450
HEE | 8L B 5 B P B T CD70/CD2 740 ELAE A AT
%5 AMLIEUA L HELN D A1 AML T /A 40 g A i At
FRAM AR 2> 240 504k, F0HI 40 B A= K AR TR X, FF
F KL AML/N R AFIE I (] . #2 [/ CD70/CD27{5 5
WARHE I AMLIGYT 5 M (% 1) RIETHERS: ¥
WL KRB, N aCD70H 50 BE Hi 44 (cusatuzumab) A
B [a) 1K CD70%3 19 [ 5 T 41 (leukemia stem
cells, LSCs), [ CD70/CD27{5 5@ %, fE4&4MI
SRR SLI6 HRH BRLSCs, M EA 7 AMLIY H
i

4 458

BIRBEE T HOAR IR R, AMLIE Ay —Fia
[ LB, 3Eih 1 SR R R SR AR AR 7,
BBETUGHE. T, AGREAMET S
AMLR AE M RS H L A5 2@ B M s 5 T
(0 P LB, FE AR TR R IA T 2540 R S T
AMLIN R 52 2 AME Sl B (3L R %, 215 5@
B2 £ PR I 4 B, 06 T AMLAN L 15 53 B
(0158 SUEH R R NER TC . IEAh, 15 Sl s 5 4 %8
R AR YIAR G, A LA R, 3L 17 FEAMLY
R B B R R R G AT T R
LU AMLIATT HR B R 5, B ERW 1. 9]
AMLI R HUBK AAMLYE T 2590 10 IF R 42 Gt 3
Fr 0 S BB, U S A VR T T R R e T I
R T AML I I R T7
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