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R &, NF-kBAZ 5 /2 % A7 & doya o, 435 5] 2 @ e gs F 40 i b H 42 & 4L, NF-xB37 4] 7] T 4%
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1% LANF-KB1Z 545 69 4T L3 . NF-kBA5 5834 /£ @ e jm X & K&+ 6918 A vA BNF-kB¥#7 4]
PG BRI 7 & i 6 L A — 423k,
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NF-kB Signal and Leukemia

Liu Xinli, Li Jing, Zhang Jun*
(College of Life and Environment Science, Shanghai Normal University, Shanghai 200234, China)

Abstract Nuclear factor-xB (NF-kB) is broadly expressed in many types of tissue cells. It is involved in
the regulation of a wide range of cell biological behaviors such as cell survival, proliferation, differentiation and
inflammatory cytokine production. By its control of target gene expression, the NF-«kB signal participates in the
regulation of a variety of physiological processes. Deregulation of NF-kB signaling has been detected in large
numbers of diseases, including infectious diseases and cancers, contributing to the pathogenesis and progression of
such diseases. Studies have shown that NF-kB signaling is constitutively activated in a variety of leukemic cells,
especially leukemia stem cells. Inactivation of NF-kB signaling can specifically kill leukemia stem cells while
at the same time causing limited toxicity to normal hematopoietic stem cells, suggesting a potential target for designing
novel anti-leukemia drugs. However, because of their potential for adverse side effects affecting other organs,
the clinical application of NF-«B inhibitors is limited. In this review, we summarize the molecular mechanism by
which the NF-«B signal is activated and transduced. We also discuss the role of NF-kB signaling in the initiation
and progression of leukemia, as well as the potential application of NF-xB inhibitors in the clinical treatment of
leukemia.
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L 2 — T AR A 2R 58 4 43 A0 1 4 A A I 4
JRLPRI K S 3 AR DA REAE () M R G P A, o R
RIRZEBI3% A A0, A2 ) LB AN A rp s i L ) — ol
PERE . H T, K2 808 M a7 3R ARG AL
SRR B TB W IR G AT 7 5 BAR AT AT
50%~70% ) &85 1k BN G2 ift, AH i T 92k o (8 1A A
F 43 /)N B B 975 48 (minimal residual diseases, MRDs)ff]
TE1E, REBUEFH AL @ G W BRI
TR 251 LA, OB IIHT 06 2590, 45 ) & REfS
T BRMRDs ¥ 25470 /2 11 ML Jps A 5T 00 B 2 URGE

NF-kBJ& K AT 2 ) e s 1 VR A 2 A
BIF, T2 AFAE T 2 R 23 4n vy, 32 S0 5 40 A
A7~ HUTH A A EE R OCRE DR () 0k . X B A4S
Bcel2, Mcll. Al. cFLIP. TRAFI. TRAF2. IAPI/2
JeBel-xLA& i 0 17 25 K], Ji 98 38 4t R F-o( TNF-0r)
141 %-1(IL-1). IL-6 Ml cyclooxygenase-255 28 1 731,
PA K eyclin-D1HIMyc %% 41 Jf 14 5 17 %5 8 7. NF-«xB
{5 Mk R T IR LS VRN IR I, FE . R

RES AN A SR . A g T AR A BER e 2
AR R BT NF-«BfS 5 1R T 3
BRSO IR B AR BEII b o e R G K
SRR R AN . I e, NF-xBAE b R 167 (48
5 G DR ZATT 00 e 6B, ORI 22 IR S IR 5%,
NE-kBAHIFIE V6 7 25 MR EL 45 09 5 T R A
ECR AR AT 5™ A SOBMINF-xBA5F 5 4% 3 1) 20 1
HLUEEL. NF-xBA 5 38 i 75 9 A A2 5 Jg b KA
N HAE ARG F L9 T R S A —£53d

1 NF-xBEY4HR K HIE S B HTHA
1.1 NF-kB. IkBFIIKK#EiA
NF-kBZ % A 3554 1 i1, BRelA(p65) RelB.
c-Rel. NF-kB1(p105-p50)FINF-kB2(p100-p52), ‘& 1]
RN i 9 40 2 — AN ZI300 N R FE R 1) v 2 TR 5 41,
Fi JyRel [H) 5 45 #4358k (Rel homology domain, RHD), i%
SERIIR A G SDNALE A K& R ke IXSAS K B AT
B A KR K A FRelA

(A) Rela [T I

RelB | 7| |
C-Rel [] [
NF-xB2ps52 ] l |
NF-kB1 p50 [ ] |
B wBo [ ARD
wBp [ | ARD
IkBs | | bl I |
Bcl-3 ARD
wBe [ ] ARD |
NF-«B1p105 |_| [ 1 ARD | DD | |
NF-kB2 p100[ ] 1 M ARD | DD | |

A: NF-kBK I RelA(p65)« RelB. c-Rel. p50(NF-kB1)HIp52(NF-kB2)&E5 AN 71 o XS 5 AT 40 M E 5 . 5 — N E K U FE Rel A
RelBHlc-ReliX 34N 51 55 N 5 A 5 pSONF-xB 1) FlpS2(NF-kB2) A f1; B: TkBSE i 1 52 M 4% L 2l A R0 &5 0 m] 43 Oy 280 7 (0 46 Tk B
IkBRAIIKBe). JF ML P (1 HEBI3FIKBS) LA S NF-«kB 1 A2 (I Bif44(p 10581 p100) =AMV 5 % . RHD: Rel [ Y 45 44 4uk; TAD: # 5% 0% 45 B8 LZ:
SRS M, DD: AET 45K ARD: ankyrin 42 5 K35, PEST: S PESTIIFS1 .

A: NF-xB family consists of RelA(p65), RelB, c-Rel, pSO(NF-kB1) and p52(NF-«B2), five members which can be further divided into two subfamilies
depending on whether they contain a TAD or not. RelA(p65), RelB and c-Rel contain a TAD and thus belong to Ist subfamily, whereas pSO(NF-kB1)
and p52(NF-kB2) are cleavage products of pl05(NF-kB1) and pl00(NF-xB2) which lack a TAD, placing them in the 2nd subfamily; B: kB family
contains seven members which can be further divided into canonical (including IkBa, IkBf and IkBe), non-canonical(including Bel3 and IkB3), and the

precursors of NF-kB1/2(including p105 and p100) three subfamilies. RHD: Rel homology domain; TAD: transactivating domain; LZ: leucine zipper;

DD: death domain; ARD: ankyrin repeat domain; PEST: proline-glutamate-serine-threonine-rich sequence.
Bl NF-xBFIKBRIEK R
Fig.1 Members of the NF-kB and IkB family
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RelBFlc-Relik 34N il 01, ‘& AT138 &5 A3 % S BTG &5 1)
I (transactivating domain, TAD). 2 VKRG TE
pSONF-kB1)FIpS2(NF-kB2)F > il 1, X 5N B 72 43
531 2 e AH N B R 4R p105(NF-xB 1) Flp 100(NF-kB2)[1)
Bfi =4, ‘eI 1 CTADZE#k (I 1A) . TADZS Fa ik i
LA T e Sou s 7 SO/, BT, 75461
NF-kBIl # 4 — N 55— W5 A A — N 55 K
T BT I S 9 — A, WIRel A/NF-kB1(p50)Fil
RelB/NF-kB2(p52) 5 — A5 i A - F 4 SRR
BUNF-xB5 5 (1) & B35 AL %55 1ipS0FIpS2 % B 1)
[ 058 S U SR AR AR i 2 2 SR T P A T
HA s A g

i B tH IR, ZETCAM IO, NF-xB R 44
i % 5 TB(inhibitor of kappa B4k 4 M 4411 81 1M
. IkBAE A % 5 B IkBa. kBB, IkBS. IkBe.
Bel-3 L &XNF-kB1HI2 [ FT A (p105 H1p100), X LE 5k
F 3 1 K [ RE A5k # HAT B S Rel VAR TLAE TG
%l 7% [ ¥ &2 ¥ #l(ankyrin repeat domain, ARD), Jir
A IRBER (1 R R A IC-3 8 5 HPESTIF 41, %
J7- 51 BT 1 JCAH Y. FRIE 372 25 3% 2 W AR 0 i A 5 3
H A AR 7B AR JL D) BEFI &5 F AT 43
by WA VE (LR IkBa, IkBRAIIcBe).  JF $iL 70 (0, 45
Bel3 FITkBS) L L NF-kB 112 1) 7 #4(p105F1p100)%E
A FE(ENB). S5 P FINF-«B 1/2 (¥ 11 4 32 22
i B HINF-kBIE Pk ) Thfie, 1 35 4 70 P kB AR 45 4
JHLAS [ 2 2800 ) sl s O o A s [ 2 U130,

kB 1] B fift 1 7 52 ZITKK A (IkB kinases) & 75
Y BRI . IKKI G ) B IR L IkB AR [,
Al 2 T B 1 A R AR T AR, TR TR
NF-kBE A 44, A6 5L 1E N 41 i A 1 75 5 #E DL R (1 3R
ke LA, IKKEHE 2 G YHENF-«BAE 516 2 1)
ERPEIIG . TR0 M A7 A4 P AN IK K 2 59,
S =AW . Hoh, A R A INF«BIE 5
T % I IKK A5 0 o 5 AT e A0 3% Pk T TK K a(TIKK 1)
IKKB(IKK2)F1— A~ i 15 2y GEIKKy(NEMO)ZH .«
EZE YT, IKKoMITKKBHS AE MR 1LIkB, (H iR
AL ST AS [ AR, AT V1 Dh g TR Ky HE A & B
SRVEAT AL TG 1, (HIKK AL A5 W0 R i 3 1 HORTK Ky
WAL e M. 54, A AL JANF-«B1E 5 il
% KK S A 9 P ANKK ol — PNIK(NF-xB in-
ducing kinase)Z fit. ZE & 1 E AT A AR
p100FKI B U) FINF-kB2 ) J A5 AL 14191,

1.2 NF-xBiESE¥%

NF-kBfF 5 i % A W 4k & 210 g 42, 1)
2 LR (LApSO/Rel A-p65 5t — F A4y o) R AR 4 S i1y
(p52/RelB5t AR )NF-kBfii 5 i fL i 20,

28 JLIFINF-xBA5 5 32 22 2 450 i WO TKK B
AW (HIKK o MTKKBE R £ 15 70 AHENEMOZ 1l
) = SR AT Ak, 38 T 3 I R A 5 5 T B A i 1 38k
TENF-«BFAE 510 . 75 A SR 48 i, NF-«xB
IR FNTRB 2 A 10 A AT B A Al S v i A g
RIS TG 252 2R 8 RN, 40
BT il B % 3k B H (adaptor) FVZ 2 AGHEE 2 ) &2 A
Y. fEIXSG YD, 7 F R F RN, 7E
kA BIEKe3 M iz 24k, X Fhgethiz %
T 4 TAK 135 Mg A L 45 5 22 A TAB SRIKK U 52
YR T DAL [ 45 & B IR, 843 X SE i SR AR A
—id. TAKI/ETABIIAE R N A0S . WS I TAK]
HE— 0 Tl B R AL IKK B N IKK A s
(TKK AL 45 4 38 3ok ol 1R A Ik B AL L e 32 221 3 B5 il
b-TrCPl, Jfal i 35 40k i SCF Iz 2= AL il 44 &
2 FZA(KA8) . HiiZ FALIIIRBAY & (A WA P M 1A &R
BefidE o AT AR TBONF - BAE L0 N 40 A, 3k 1 4
FEPRI Rk i A LA 2 v O (18]2)

O 50 A 2 Bl il 38 o] 00 48 I IRINF«BAS 5 s
Lt dn, 4 P 2 FTNFoul i H4F 5 M 52 4 i 55 4
TRADD. CIAP1/2. TRAF2/5HIRIP1%E 40 1 (1) 5 &
MRk b, 3 FRIPIGZ ZALBFCIAPAITRAF
2 A4k, 10 TAK O E KK B (I 2A); TLRAN
ILIRAEHAH MY, B AA 5 3 F i i 2k B FAIM Y D88
IRAK4. IRAKIFITRAF6E &5t 4k I, THid
IRAK4W FHIRAK LM 5 FNF-«Bf5 5 1% 1L(&12B);
T4 il 5% #4(TCR) B4H il 52 #4(BCR) J¢ 4 B 52 f4
CD79a/bF1CD19%5 SPKCb i 4k, 5 ] i it i 5
CARDI11:MALT1:Bcl-10E & 4 (1) 1B 1 1My 303G TKK/
NF-kBA 3 ¥ 48 B0 2% 1) 35 100 (E20); 2E 259
BB 25 45 B 5 S DN A 405 7] 30 2L ATM B 75
$NEMO/CIAP/TRAF6 5/ FIXIAP/ELKS K # ¥ i
IENF-xBf5 5 (KI2D); Bb4b, 4 2 A K H 7 F 4 i
A7~ 1 2 Jz A2 K R F(BGF) 348 1 140 A= K P 1
(SCF). i 5% 40 Jfl A= K X ¥ (GM-CSF) FIIL-3 55 1]
T8 PISK/AK TAITAK 1-TK KA 5 i AR s 3 % 175
T2 BURINF-xBA 538 % 135 4k, JE B RPL A
HAEVY(E2E).
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DNA damage

© ) M)

mutations

Bcll0
CARDI1
MALT1
MYDS88
TRAFS
mutations
translocations

TAK1
Mutation

IkBa
mutation

A20/CYLD

i deletion

Immunregulation
i Survival

. Inflammation

{ Proliferation

___________________________

A-E: %A FRIEOE (4 JUINF-«BAE 5B ER 11 72, F: Bk B MK 6372 2 A X NF-kBAR 5 (W 0 ke 2IOCHE M Y, a0 IR 5 g 22 %
REA20MICYLDERE 1 2Bz RACBE M MH]; G: NF-«BA5 5 il I 1 SUHE D A M0 2 5 T . AL AE S S S AT AR i 18 S e 21
W% SR H: NE-RBE 5, R T 4 7 (0 CUR0 R L0 1 105 o R A S8, S e R A RN B 3 5 (0 B3 B ., 16
T L 8 R R IR PR R A R i RS 2 A DG T A

A-E: the activation of canonical NF-«B signaling pathway by many different types of stimulation; F: K63 ubiquitination of adaptor proteins is critical
for NF-«B signal activation. Such signaling can be inactivated by A20 and CYLD deubiquitinases which remove unbiquitin from adaptor proteins.
G: NF-xB signal regulates many biological activities including cell survival, cell proliferation, immunity and inflammation through modulation of
expression of target genes; H: mutations of several key mediators in the canonical NF-«B signaling pathway are detected in many lymphomas and
lymphocytic leukemias. Such mutations result in the constitutive activation of NF-«kB signaling, which plays a critical role in the pathogenesis and
progression of hematopoietic malignancies.

El2 ZHENF-«BIES @R
Fig.2 Canonical NF-kB signaling pathway

52 i e AW, AF 2 i (NF-«BA5 5 18 %
F= R A pl00FIReIBI1 — 3R 4 [INF-xBIf ¥
o NF-kB 5 W BE(NTK) b 31X — 15 5 18 % 1) ¢
Wlg. tHTNIKE A AR AT e, oA 4n i rp &
X TRAF2HICIAP1 241 B )2 AL M T 2 59
W7o AE R 32 1 O 40 TR, NIKGE % 5 TRAF2/
CIAPI/TRAF3JE S 531 {EiX—E &), NIK
AT, ZHCIAPI T K482 22 1L i 1 g4
B fifp AR AR Pt . BT LAILAE 40 g o & ARG, ANRETS
INF-kBF 5 [13E (EI3A). Y40 il 52 BAFF(B-
cell activating factor). LTP(lymphotoxin ). TWEAK
(TNF-like weak inducer of apoptosis). CD40C 14 Fl
RANKIL(receptor activatot of NF-«kB ligand)“5 I3 ,
CIAPIH 1 72 25 {6 B5 iR TRAF2RITRAF3, MM #NIK
R A0 M R, S0 R NIKER A R A
A, TR IK K ol FR VS 37 1 FOTKIKHE — 2D I8k

100, F:Ep100%K AR ML BTV, A AT i
PEFpS2/RelBAL 75 W) - HE N4l o A%, 3 ik 1 423 0
N ()R IET 2 5 AR A A R
1) 6 R A 5 N BRI A5 T S AR 4 2 Ty RERO(1E
3BAHI3C).

T BA, NF-xBIf) &8 {5 5 3 i fLE & A5 5
T %0 X AE T fENF-BI 4 {5 5 08 i
th, IkBAE [ 1 [ AR (T NF-B — 58 4K 45 3R ik T 78
NF-«kBAE£ ML A5 i %, W) 38 it p 1002 p52 (1)
AR, A5 S S

2 NFxBESBRARNFAELART
891 F
21 AFETFARESANFEEE. ERMNEEH
RIE

FIILI ) SORTE, Y2 58T 0 L300 M
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(A) & BAFFR/TACI, (D)CD40/LT[3 R/TACI
amplification/

Translocation

| -
RAF? TRAF2/3 & cIAP1/2
deletion/mutation
Silencing

NIK
amplification/
Translocation

P100
activating
mutations

©

: Lymphoid organogenesis '
i B cell survival and maturation |
i Dendritic cell activation %:
{ Bone metabolism

A RZ RN, NIKIE # 5 TRAF2/CIAPTRAF3TE IR 54, ANGETE SNF-«BA SR 16, B: 4l L2 BIRIBIN, CIAPH 2 2L i
TRAF2FITRAF3, AT NIKF TSR0 K T 0 NF-xBA5 ' C: AFZ IUNF-«BAE 5 R B LA Y2 Ui Re; D: A5 2 P R v Al 21 i ik
BoEAR . XS SAE 2l T I B AR MUNF-xBAS 5, 162 R SR R R ke s AE

A: without stimulation, NIK normally forms a complex with TRAF2/CIAP1/TRAF3, thus can’t induce NF-«xB activation; B: upon stimulation, CIAP
mediates the ubiquitination and degradation of TRAF2 and TRAF3, thus releasing NIK to the cytoplasm and inducing NF-«B activation; C: the

important biological function of non-canonical NF-«B signaling; D: mutations of several critical mediators of non-canonical NF-kB signaling pathways
have been detected in multiple myelomas. Such mutations induce a constitutive activation of non-canonical NF-«xB signaling which plays a key role in
the pathogenesis of multiple myeloma.
E3 FRHNF-xBESHEZ A EEIEE
Fig.3 Non-canonical NF-kB signaling pathway and multiple myeloma

e AR, HRIR AL o T R AR I s Bl i, 40
Jio 5l #H 41 o (hematopoietic stem cells or hematopoietic
progenitors, HSCsaHPs) [ & PEIE G . 7 40 B 15 A
T/ INPEZ M GG S5 0 . M 1S A= 40 a8 2, ]
W LI 73 D R B R PN 2R 2 44 1 AL 40 i
AR BE 0] 43 g S A R . S L R
B8 A A0 A I 2 SR AR AR I, AN VR R N
TRRAENBET S e s AR R SR, RNk
SRR, (AT —FhBEEG, 2 B8P H i S
Al A A7 3~54E,

2 b, s 40 B(LCs) - 3E B — 1 — R 41
i, & Bl 195 T 41 (leukemia stem cells, LSCs)+
11 111975 #H. 41 i (leukemia progenitors, LPs)FIAH X 15 ik
K A 197 40 B (leukemia blasts, LBs)ZH . LSCs
S — /INFERR IR ILCs (15 T AT LCs0.1%~1%)2 24,
[F] 1E HHSCs—Ff, BT A B ig. B 1k
SR AUG PR 458 S5 R e . S LPSHMILBsAN [, /b & fE
4 H—LSCsHV AT A5 32 A4/ Bl AR N L (AL . A
FEHRE7R, MRDsH R B8 4 & 4R I AH X i 1 R 24 1)
LSCs®2%. Jr LA, LSCss (I A A R K

(AR5 o A0 JEC T B AR 7R LS Cs A2 AR B (1 1M 5 &2
R A I R I ) e 6 H bR
2.2 NF-kBESHES A MFMEPIHFEFEL

50 K IR, NF-kBAE 2 Bl IS (1) 1l R 400k
JiRe A FR AL, BLEE SRS R I (AML).
SRR R MR (ALL) 1888 & (A 0% (CML).
LM R M (CLL) 22 KPR 86 (MM). ik
EL 980 R B 3 2E 7 0 28 B E(MDS) R, Il PR bR
AT R I, 76H B840 M, NF-xBI¥ 35 #£ /EMDS
) [ 1L 95 4% A sk 2 v B Sl 3 B4 7R s R
(1)1 i 40 o, NF-xB (135 P B S v 1 1 a4
J, ELCE P () R 1 0 P i B B, 8
ZRNF-kB1 7% 46 5 (I 1 K A2 A 5GP, 200145,
GuzmanZ52F 57 &K B, NF-kBifPE7/EAMLIFLSCs
W 4 v T IE WP HSCs, AR AMF 98 & B, LSCs X NF-«xB
1 FI(MG-132, & 1 #4440 i) 771 2 thalidomide 1
lenalidomide%5)i5 5 (V8 T (I BUKYE I B T IEH
HSCso {HAEIX LGN, i BNF-kBAE 5 R 4L
AR SRR H T AN 2

e I NI i N B S i )
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NF-kBf5 5 S0 0] Ge 515 S g rh st &
By TR AESRAR A K. i, FEMALTHE B3
R v P CBAH i bk (R (DLBCL) %% 8 4 % B4
J bk B SR 4 e v, R I MALTI . Bel-10RMICARDII
SEFLR SR AR [EH BRITHE B 41 i, X s 3
i i (1) 2% 11 40 B CARD11:MALT1:Bcl-105 44,
T IKK/NF-kBf5 5 3 25 /-7 BAT A0 52 44 A4t
SO I OB AR AP A5 P8 IR R 5340 1|
EIKK/NF-kB15 5 [ RF S B is AL, vl Be 2 5 80X
Tl S TR0 EEL 98 s ) 3 B Ji DRI

TE 53 22 B iR 40 i v A I TRAF3 . NIK
CIAPI/cIAP2 R TRAF 275 JE K] ) 98 AR 33 b 5 [R] i
it IR 8 (1 T AR SINFBAE 5 OB 4.
A1, NIK(MAP3K G ) 00 AR H AT E o AEASZ R
(1) I 41 i, NTKCH 3 # TRAF3 52 4E 21 iz #4014
FLIECIAP/CIAP2 FITRAF255 41 1% (1) 52 4 h T e vz
FAWA I E A RGP XL R R R AR
T S INIK I TRAF3 I 45 &, 5 iKcIAP1/cIAP2
FITRAF2[¥ZIE, T3 BINIK A 11 1T F e P36 n
T i i 2 AR . NIKGH o O IKK el — 25 4 NF-«B2/
p100N T, 48 1l I NF-xB2/p521li 5 [ 1% 45 5 1 Fr 4
T,

BEAL, 7557 BAN 2 1 9k 2 40 i 1 s . BN
T M 94k E2 987 A Hodgkin’sibk EL983 1, 43 Sl K6 U 381 Bel-
3. NF-«kB2FIkBo 55K 19845 . [A] I K R, fEDNA
FIRNAT REBGLAH IR LR R L5 9 75 4 1
LMP]1(latent membrane protein 1)~ vFLIP(J & . cFLIP
1) AN Tax 55 43 01l 38 1 POENIKORIKK T 75 3 NF-xB
M35, 53 3 {EEpstein-Barripi 8« Kaposi [RIJ8 AH 1)
I 92 (KSHV) S N ZET-3#k 98 9 #E(HTLV) %6 75 5 11
I E T S e R 1 R A A e ke A 4

ELAE 246K 22 K500 2 40 11 o RORE 40 i 1
Joa R, A D BINF-kBAE 5 o 584 . fEIX Lk
1995 1, NF-xBAF 5 [R5 A6 ) 6852 (4 L5952 1111
YA, TRV, 1L 40 A e A o 40 o0 A ) 2
3 T UITNF. IL6FIGM-CSF2 b, 1] it J& I G NF-xB
IR . GuzmanZEPIRHT SR IR, /EAMLE
(ILSCsHIKKAR 5 [ 15 7 5 1) fe & 5 BINF-«BfF
FRPELTE W IR R o (H S AN BRI, 7 I
R R A e o 1 b1 et e o S PS R o X T
PRIKK AR A NF-x B R 80054 149

1E25%~30% [ B N F15%[1) )L i{IB-ALLYE A

PL J295%ICMLE A H #471(9;22) 1) G (0 44 5 £,
X F 3T Ber/Abl A L Al A 2 IR, %8 2
NF-«kB ] 22 % 1R 77 2 R P BEC . MunzertZ5:00% B,
NF-kBfi5 5 fEBct/AblFH EB-ALLJG AR A ) 11 11057
9 b RE S AL, [FIAE, ZECMLY A (1) 1 1L 95 41 A
b A SO ONF-«BAE 5, {HIKKE P 20
ARAR, 776X Fh 4l B I NF-xBA5 5 (30 T fig A
A FIKK . Bueso-RamosZ5:BUAF5¥AE I, 1T CML
{17 410 FE 20 P 78 FRONF-xBI #2205 Ak, S 80T 1
it I BT R RIS TIS 7 13697 IS CMLIR A TR 24
UG 52 %, BT LANF-xBRE AL AR 2 352 Hed A
1955 40 f 6 A6 T7 25 )it 24 1) B4 R Rl ET-ALL
o, NF-kBA5 5 (35 16 1T 6 i Noteh s 5 St (1 B £
g5 . NotchfF 5 18 i #I HINF-«B 41 3 15 A FCYLD
(1 IA T 5 EENF-«BI RS0 . DH54e7R, NF-xB
{55 A Notchfs 5 % S I T-ALLE A F R JE BT 6 75
FEINE-xB5 5 0] 51 T-ALLGH Mo R 72150, gt ah,
WA LR, FEAMLAN M, Notchn] fEH T 5 5
R F RIS T SNF-BRITE LY, 7EB-CLL
1, FurmanZ5BR1 Cuni %55 i i 97 1 R I, NF-xBfi
5 AEB-CLLJ A Itk B 40 Bl rh Fr 454k . NF-xBfS
5[R0S NI e 2 B i A BE Hh C40F1 CD4OLIY) 55 43
WAERIIEAY . 5346, PIBKAIAKY 2 11 B ) L
WENF-kBfi5 51534,

2, TR R 22 R 8 I 52, NF-kBA 5 i
(1) R S 80E 2 1 I R A R R BRI R
AIE, FE PR 0 a1 5 P R 3 005 PR ¥R T A T
EHBIERD).

3 NF-kBESEBEMIGEIRKETA
I % 84 5z A

FH T NF-kBTE [ 995 o 2% 2 42 5 1R 4 H, B A
T b NF-« B IR VA 7 11 1995 0 Bk 8 52 31 R} 2%
FATH . NF-kBITE LR Z M E S I8 754511
gh L SENF-«B 8 n] LUER 65 5 i@ 2 AR TR
#E A, HPIKKAENF-«BAE ik fe e 2 0 2
EH o IKKI)RE 3% 2K 7] 5] iENF-«B£E Mt 5 4E 28 i
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Table 1 The function of NF-kB in the development of leukemia

[SRiIREE] NF-«kBZ 5 H I35 A BB LT

Leukemia type Mechanisms of NF-kB involved in the pathogenesis of leukemia

MM The mutations of TRAF3, NIK, cIAP1/cIAP2 and TRAF2 lead to the aggregation of NIK protein to activate the non-
canonical NF-kB signaling pathway

AML Inflammatory molecules such as TNF-a secretion by leukemia cells excessively activate of the IKK-NF-«B signaling
through its receptor activation; leukemia pathogenic genes constitutively activate IKK-NF-«B by inhibiting the negative
regulators such as A20 and CYLD

T-ALL Notch signaling constitutively activates NF-kB by suppressing the expression of negative regulator CYLD

CML Leukemia fusion protein Ber/Abl activates IKK-NF-«xB signaling through MEKK 1

B-CLL PI3K-Akt and Ber/Abl activate IKK-NF-«B signaling

B-cell lymphoma

The mutation of CD79, MALT1, Bcl-10 and CARDI11 causes the activation of chronic B cell receptor signal and exces-

sive activation of TLR signaling caused by the MyD88 mutation, then causes constitutively activation of the IKK/NF-

kB signaling

Hodgkin’s lymphoma

The mutation of IkBa gene induces the activation of NF-xB

22 NF-xBi5 S @IS FI7E6 7T B mfs B 1E AL

Table 2 The mechanism of NF-kB inhibitors in clinical treatment of leukemia

EiRPIELES

Inhibitor species

FERIBL

Mechanisms

PS-1145, AS602868, aspirin, salicylic acid and other anti-inflammatory drugs as well as  Inhibit NF-«B signaling through inhibition of the activ-

resveratrol, curcumin, parthenolide, vincristine, triptolide and other natural compounds

MG-132, boron bortezomib PS341, 4-hydroxy chalcone ketone

BAY11-7082, cryptolepine

ity of IKKf

Inhibit NF-«B signaling by blocking the degradation of
IkBs, NF-xB1/p105 or NF-kB2/p100

Inhibit DNA binding of NF-xB
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