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Leukemia inhibitory factors: the critical role in tumor development and implications
for targeted therapy strategies
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[Abstract] Leukemia inhibitory factor (LIF) is a pleiotropic cytokine of the interleukin-6 (IL-6) family, which was first identified as
being able to inhibit the proliferation of mouse myeloid M1 leukemia cells and induce their terminal differentiation. LIF is widely
involved in the regeneration of organs, neural development, and immune regulation, and also plays an important role in the
development of tumors. In contrast to its inhibitory effect on the proliferation of leukemia cells, LIF typically facilitates the progression
of many solid tumors. Elevated expression of LIF has been observed to contribute to the development, metastasis, treatment resistance,
and evasion of immune response in tumors, hence correlating with a poor prognosis in patients. Focusing on the functions of LIF
physiology and pathology and the holistic nature of the signaling pathways it regulates and searching for new targeted drugs is
important for the development of targeted therapeutic strategies for the LIF pathway.
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LIF mRNA & LIF-D(4- 3 ) \LIF-M( 43 Fo 28 A
POFLIF-T(HR A =M R E W RHER, e 4%
TR R TG T, X LR RELIF S LEE
AWFREFS BT REZFTEEELRM
20 f 2K AR B0 W 7 A R 3k, LIF-D 3 % & 40 J F &
FEMRX, BN EAREN ",

LIF # % 5§ g i % # & B F % 1k (leukemia
inhibitory factor receptor,LIFR) #1#% & & 130
(glycoprotein 130, gpl30) 4 &K EZ R & A4, A~
FRESHF, B THZ AENE AR HEE %, LIFR
K # gp130 & 4T LIF /- 8 1E 1™, gpl30/LIFR &
AR A% S TAK B S B M R R A R BK, U
LIF 5 LIFR 4 & & %008 fil & gp130 9 3 & N1 ¥ &
FZRAEZRE A, R BE B TAK Kk #E F B
STAT3 & STAT1 Z& & #y B BL {1, STAT3 F STAT1 & — %
WA B 20 A, TR TR R RS, B JAK/
STAT1/3 1 5 1 % 2z 4, LIF & 86 4% %0 7& PI3K/Akt .
mTORC1/p70s6K. Hippo/YAP #¢ MAPK % fz & #
B EREARN A I P REER
1 Rl

1 LIF A YIS AR F ) 2 MIhEE

LIFfE A —F 2 ab Bl F, i o A2 LA
WA EBRAGE LT ARERATHER TR
WG . HZ bR I A 5% X H o %A HE,
B 4, oA 30 4 FH F (differentiation inhibitory
factor, DIM™ | Bf 40 g &I ¥ H F C(hepatocyte
stimulating factor, HSF)"™ . # £ 7T o . H F
(cholinergic neuronal differentiation factor,
CNDFOM, A i '3k 2 4 BB R B AT £ W R & B g
i Bl 47 ) 2
1.1 %o Fmie g & 24

5H AR A G mom L 40 HE e R
A8 R, LIF /N BRIE % BE fig T 40 B B = | 4 30 1 1E
Fl.eb B EFMIETHRMN L ANBFHLERE
. LIF g R BB F 5 £ 88 T 49 B (induced
pluripotent stem cell, iPSC)#y 3 78 , 7 i i 1 77
PI3K/Akt f5 5 @ B , B 7& Tox-3 R EHHEL B K E
#U'Y, JAK/STAT #1 PI3K/Akt 38 % 4 % 5 LIF & /) §
FEfe T 40 0 % ety 4B e Fo 7 1, L 4h, LIF £
/NE A A KB T 28 B (intestinal stem cell,
ISC)  #F F ik, LIF & I /N RAE B o i 3% &5 B 3 7%
AAFTHFARERERH, NRBRZLIF2HEM L
FUEMAEEBRFHETHRARMESN, FRELLE M

e

1.2 AHZREFABLE

LIFEME R EmBARBE T REEERA,
EARRER S, BL-FERLIFE S LA 2B/ F 26
FARE SR )L AR & IGP-1 Fr IGF-2 B9 4 b, IGF 12
= % F 1 %7 PI3K/Akt 1 % DL B A% 2 45 48 B (neural
progenitor cell,NPC) = & By # 2 JC H7 - fb #1
AR TARERATY., LIFES#5ET LT
N K KRN B A AR e R KRB AR T IR R 4
e Couter radial glia,oRG) T 20 A ; LIF & J7 i 3%
Ae TR 4 F A0 ) M P e 4 4 T (inhibitory
interneuron, IN) B 7= 4 , iX R B LIF 7 5 # 5 ¥ L
{3k o [8] 44 22 T 5 oRG W1 ™. LIF & & & 4L &
ZHHARTRA YT AERL, WH AT
LIF 47138 i s & (R S AT f e 38 A fu Tk 7,
JE B A% & 4547 1R A AT AT LIF 89 siRNA F R # &
HE 20 B sE AL An G A % A K AR BE B Y Y
13 ABRBERFAHL

LIFA 5 RAREENKEME L. LIFEK
SIME B R L 48 A CF RS LAY BT 4RO B B 7R, AT R
WALE ™, BE,LIFE 5% RALAKE A, &
Z LIF & PR/ RALA 545 5 B9 AL A B A g8 1

LIFARE AT ERELIR, UK EZHEE,
HEFEMRTHNEEE, AR RBEHRY K.
LIF AR ot B8 2 R 40 f e R B AL, & H @
FiE R 28 B o, AT AR 28 B 2 R PT. LIF @ 1 5 &
FAREELE A, BRGEMENER, BRI FERN
FRE AR,
1.4 RBF . KIER IR

11 2 frve 28 i (type 11 alveolar cell,ATID)
AR LIF = A 80 £ E R IRE, & X4 LIFR 1z
SH B BT A R A 8] B LR, 5 LIF R Mk i
0 M B TR AR T R P, 8 M T(regulatory T,
Treg) 48 it 6 %% 7= A & ACF B LIF, LIF 3 33 #7 | 1L-6
%58 IL-17A % & B 7k 5k X #F Foxp3 (Treg 44 i 1
AEEHETFOMKAFEMThT R ML REREA
F RORyt B & 3k K 1% 5 Treg 40 R & 7= A [ b,
LIF il 3 ] b 3% 1R ¥ Treg 40 M1 414 Fu 47 %) Th17 &
A NEFETEH. F—7E,LIF2¥¥ DCH
R, S ECE R B AT & M DC K T,

2 LIF 5pE

LIF %540 4 # 2 IA 4 &6 4% 30 1 & 1 20 i 9 38
78, B R Bl G B A % B LR A LIF 8 7 Bl R AL By S 4K
BYAREEER. ELRE . EEME . RRE.
RERBRAFIIRESZ M8+ HUELE T LIF
W E, AR RS E T LIF L X E&
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TEEER. AEREAREERENHKELT, /L
F B A 40 A A R AL UK AL AT & P A LIFS, T A2 i
J& o LIF mRNA & b B % 40 f o B B 09 35 50 4 B (R
ST SRS M AT B T 4 B A B 4 D) R kT
2.1 LIF & 4 fF 8 20 fe T 1

98 T 28 i (cancer stem cell,CSC) = At 8 4
RLEN— AN AE LA, BLA U B R EH o el
A, ENRMEMATMELANEERSH™, &
F% J B 28 42 98 (glioblastoma, GBMD #' , TGF-p i i
Smad i #i V& 1% 5 LIF 7= 4 , B J5 ¥ 7& JAK-STAT # £
% 5 GBM A2 # 48 Al (GBM-initiating cell,GIC)Hy &
REFEA . JUIREE M T PG = RS %
(cancer associated-fibroblast, CAF) /= 4 #y LIF
B, 68 4% & LIFR /2 5 1 % F Nanog 5 Oct4 #Y
Fik, 3w FLIRE T 40 BAT B 41 CD24 /CD44" K-,
kA, LIF Ho 4% %% € O B W8 o T 20 B AR A5 M iy BB 4
# 5% F (super—enhancer, SE) % %l 87 8 1 F F, 3 3¢
B LIF/STATS % /2 & ®INOTCHL 2 5 S BT T4
A8 K EE Rk, BT I8 20 B T 4 AR AR AR
22 LIFR#MBEKEZE

LIFEHIEAEL HMRAMBENRE T LIEE
BAER . BRI AR P, R E 4 B DL B 4t LIF By
7 A TR K RS, ot 48 ARt B AR R R AT 4
GRE O MEMERE R AR B A X E e
(tumor—associated macrophage, TAM) % 28 Hfg 41, 7]
DL i % 4wtk YO E M & (tumor
microenvironment, TME) . L AR & = B9 B¥ & 48 % BE
Ji7 40 B 7= A B LIF %k vk STATS 12 5 18 2 5L AR % 40 A
TR Fu 2 2, 3] B STATS 86455 5 FLIRE 48 fL CXC %
JF #5 4h BH F B R (C-X-C subfamily chemokine
ligand, CXCL) &4 4, CXCL ¥ K 3T 3k %0 v& ERK1/2/
NF-«kB/STAT3 15 5 DA% # fit & A8 > Jig B5 48 fg o LIF
1 & £, B FBEE B circSCARS 7 LA T 5
miR-140-3p f2 miR-335 45 & & # ¥ LIF & ik 7 #7E
LIF/STAT3 & & , 3 3wl 7 R 8 40 e 19 & K fu 4%
B, e Ah, LIF 5 5 4 R AF 4 40 i 09 300 , LIF
A BAR BT TGF-B B AL 20 & & W 4 1 o 28 B 40 2 R
- I NG € R N2 o= R S
2.3 LIF % F %2z %)

TAMZTME# & F B8 AEMF| 4. &L HA
KR, TAMBRIE S LIF L ki %, A B
2 L, 79 R 38 LIFR 4 T 2 A 4E Sz W #lE A w2 1
A, WEBEATEHEEWLIF 1 IL-6 &%
BB TAM B Y, 5 2 K AL, BB
7 & 1k 89 SOX9 % [F & {7 # LIF 43k, % & £ % 40
AR A TAM, RJ8T TAM B9 CCL2 5 TL-10 # — 25 47 ]

T4 M Th 6", B — % @ ,LIF 3 jm CCL2 % ik LR #
TAM By % %, F 4 B % 20 i CXCLO % [ # 4T & W 1%
2 Bk SR 404 28 B M CDST T 40 B eI E YT . R RD
P B 28 B, LIF 5 34 PANF-«B 4K % % & &% % TLR9
55 T H A, LIF 89 4 30 4 {7 ¥ PMN-MDSC 48 A 64
A2 Fu fp AT E I, 1F T 28 B Y 3 7E P GR 2L B AT
75 F1
2.4 LIF 3] K&t 254

KHEILLKR,CAF— AW ANRERFERE
(pancreatic ductal adenocarcinoma,PDAC)TME
Fh B AR 40 B A AR I8 AR, B CAF 4 R B B 8
HER G G LR AR T AT MY % K, B R T PDAC
M. IL-1 2R R R ER AR E 20
LIF ¥ 5 ¥ v& JAK/STAT 15 5 %5 5 3 1 3t R JE A8 % &
#F 4 28 B (inflammatory CAF, iCAF)HY ¥ i , iCAF #&
PDACH#t B  WITT A F X Ex EEH A,
Fiee & 40 g 7= A B9 LIF 18 38 87 STAT3 {5 5 38 3%, L
E v 40 A Y A (R 98 B M2 AL R AL KT (R 3 B e LT
LA™, LIFPEE M EF L E k&, @
STAT3/1D1/MDM2 3% # [ ## p53, pb3 Wik %k T B 4% &
W e 20 fe An 45 B S b A% AR 8 4R B T 2 g e T
S, B 4% 4wk LIF {5 5 38 33 STAT1/PI3K/
Akt K it & LR B4R G R F ol
(myeloid cell leukemin—1,Mcl—-1)#y % & & € #
FE % By AL T 2
2.5 AvJE AT LIF 6985

R B R 1 = dEF B A2 B, LIF 7 7 ] B 40 i Fe 4
S 38 WA [B] B LR LA AR IR SR o R ATHE
W, XETLIFEEBREI T X ER LN
b, BERERNZE B HAMIN R AR E S, U
FORF anf A F B s R F kA,
251 FUWEfEE

HHRRY LA, LR EFLIFN R RBLHLE
HFXBRANDNAEFEAFAEEFEAMRSH
TAHFAT RN EE L. EILRE L A B, LIF
JB 3 F X B B & -CpG 4 A & B MeCP2 5 % fn 4
E B H3-Lys9-— B E N (B FMH R L) EEE M
R R AR L E K, W H3-Lysd-— 7 &K A ACF
(BFHBENRID)E M. AR LI, HE G H3-
Lys27-= ¥ # 4k & F F A B UTX fE 4 £ & 20 j 1Y 38
Fh, M EHE GH3-Lys27T- = F XMW A E,F R LIF
AL B4 E A H3-Lys27- LBtk , R & B & LIF
Kk,
252 WEERE

HU %P8 52 A 52, LIF 2 ff 8 47 4| B F p53 B B
BH XA, 53 5 LIFEHE S —NA 4 F 9 # pb3
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L THEL, LRAETFEAAN/DNRA AL
B A LIF R ik K F . R EDY, UK WIPL =
SIRT1 ] 4% % p53 F #k 4 5% 4 & 40 fe 78 + LIF 09 %%
FAFFHEEAT.
253 NEEBEER
BERIHRBEF ZHEEN IR, EEM
B WA 4B EHEAF S H T 20 hypoxia-
inducible factor 2a,HIF-2a), § Z HIF-2 & LIF
BN F R P HFHNRER N T E A, ERLIFH
B, HEBE R F AT R BR B IR B g B o F
ZBTBA6 H#y £ FE 38 Jm , 3 3 31 SNAT1 Hy #% 8 42 {8
EMT,ZBTB46 #t 5 LIF £ H B B 21 F R B % 6 3 % &
LIF % 1k LLU{R 2 51 7] R % B FiF 8 & K Fo g oy it 2
MY, A A E 2L, LIF &2 B 48 B & STATS
B E R R EEAT,STATS S LIF B8 F 4 &, F A%
7E JAK2/STATS 3 % J5 38w LIF k3. 446 E-Box 4
4 [F VB & 1 (zinc finger E-box binding
homeobox 1,ZEB1)/Z gE R ¥ EMT Wy %% [ F, £ 4 &
Fake FUIRE RAEE BB TR FHFET T
R 1 ™. (B — T % B oR, £ 4 1 50% #7 GBM
o 3, 22 5| ZEB1 k% , #£ 15% B9 1K % Bl B 8 (11 4% Ao
MPOFREBN K, 4 HEEE KRk, MZEBLE
LIF 89 )5 ol F X 8.4 A 40 &l 49 & IR 8 iF g T 48
L B9 LTF &34, AT 40 41 44 4 B B 8 P g T 48 Al e
B R EH AR L,

3 LIF{ERBERMEE YRS

BRESSY % *V#F 57 & 3., PDAC 48 47 v f %8 4 i An
JB 20 B34 38 LIF, (B 2R 26 5 48 e 7] L4 WL LIF . 42
PDAC % # 1 v& 1 PDAC /N RA% & o, LIF & & 5 ft 8 N
MWEFEEEMX, XITAREREKH,LIFE—FE
W E AR RS WT T R, B — A REE AT
5, ] IR i AR A = A4 & B (pancreatic cancer—
associated neural remodeling, PANR)ZE PDAC & ¥ 4
BERggtEPHPE, £LEMELE E Cox B
MR, R EASA P LIFN AR RS R AR
FLREREFEROM AR E R, LIFATERA
ShEgES FEMHEERFERETRA X.
JR IR B0 E LIF K F g TR HE, £46%
Ui, M vE LIF bb E b A& 9747 & 47 (CA199 F2 CEAD E 8B &
BTN A B2 An AL 5 F2™, B B myE LIF
AFE AR BT EELEERXS., ERE
MR EH T, ETRNEZMEF WELIFAKFHEE
B, GBM BEFH e FANFER LR, LIF 5 CCL2
e mGBM(mul tifocal GBM) = [&] 7t Jit IE &Y fi¥ 96 g M o 57
EBR . FRFAXMUTEARLAGBINEKE,HE

GBM £# W BT 548 X s WA LIFEIE FHF &
S g gk & S M (immune checkpoint blockade,
ICB) &Y B9 fiF 8 B & W 1~ R UG A8 X, 4871 o LIF Ak
F 5 TME  Z Rk B kKT 2R, B LIF
B #f g — A T B TCB LM W A AR

TR RERESRT LIF ¥ BRI 8 7 H2 o
Ao T & KT RE B U6 T RORL B A AR R A R RE
Mo AT, R M LIF AR & W ic S 7 —
W RRYE . Flam, B0 F & 0 LIF i 7& A -F 1 a2 8H
HMERA, FHit, FELIF a4 Mg XA W
HthE AT S A G R TR L W, s, LIF
B R R R R R RE R, A A E i E LIF
ACF I & B R B AL E R

4 LIF#REAIS0 =) SR A

LIF@E AT £ hEHETNEEER, BT
HEFENMEETREETLNE S, BREF X
H LIF B9/ 4 F 30 1 7 Ao o Fo d 0K ] T F0 98 899697
SE B 45 RAE 52, o Fu 04k DL R FEL T LIFR A8 %% 8 804
0 A R
4.1 T AeE

B YUE 448 48 LIF/LIFR &b & 4 4 1% it & ik e
I F AL A H EC330 5 EC359 2 & 2 el LIFR 41 41 7,
EC330 * LIFR % F 1t 7 #9 4 A 88 /7, ([E EC330 B & %
EEEFE, TESEARAZIZAREXER XA E
AN RRNSENTR RN, EiEa X
EC330 #F 4T 4 44 161 1% 5 b & 4 EC359, ;R & T ¢
LIFRZE & A E e m > T 5K B8 2 haE Lk
Jil,EC359 £ BT-549 4 fg 4% & & £ I 1 5 EC330 46 4
BT VE M . 5 EC330 48 6] ,EC359 B # 5 LIFR 4 &
DA 2 FELWT LIF/LIFR 48 & & A ,BC359 4 2 8, 55 7
LIF/LIFR # 4% (A, 4 STAT3.mTOR #7 AKT) &9 3 7& , ¢
i A I = P M FLEEJE (triple negative breast
cancer, TNBC) #9 1z % &8 77 , % 5 TNBC 4 A /& —— F 41
#ITNBC R A EBENAEK™, £#1IAFEANEE
(endometrial cancer, EC) B9 #F %™ & ,EC359 &
AR RHERENFMHEEER T HEREH RRN
KBEFEG D EMHHEEHE, B8 LIFR 7 4|
7 EC359 T & ik, 47 7697 11 AL EC By T 8 /N4 F 97 i o

KEFWEN —FLEELERA, BHERERK
UM, I R AR R T 24, [ K R B R A
HIEE CNERFLMHMIE AR EEEST,
DI GIORGIO 4" #| A EC359 Hy %5 # % % & FDA #k &
MG E AT AR, KT L E A
H A HI LIFR & 1A , 74 4h 52 30 & BF 2L & 45 47 %] PDAC
20 j8 % LIF/ JAK/STAT3 18 B T 4001 40 B 3 78 An 1T #52
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LIF 8y o Fo 0 fhk B 90 BH BE 96 75 £ Fb 1 7] K A
BISLRE F AR BERLIFNBUEER .. AR %H,
LIF = o 47 4 7] LA FEL W7 LIF %4 7 25 48 B 1% 4t 12 3 15 A
FHAT | B e £ K, L RE I A b LIF % 5 80 B i 24
Mo Fltm,LIF # Fo ik 5 & 78 4% B 16 il RE 7 IR
PDAC /N R BE A 3 A K Hy ifJE ", MSC-1(AZDO171) &
Northern Biologics/Celgene /2 8 JF & 89 & I~ 4t
LIF AR w4k, BT 5 LIF 4 4 K BT T iF
JAK/STAT3 3 B B9 v o £ — TUAE B #A 524K 08 B9 i
JR A% B (NCT03490669) %, AZDO171 72 B A 7| & T 45
FAHBRFN LA E R FHm %M, & EF0
T8 P9 W22 3| p-STAT3 B9 & 2>, CD8" T 28 Jifl iy 3%, 3 4 A
FMLIM2 B vk 40 B L Bl v e 4%, R R LA Al T B4
WL R R s, F— @, 8T ARFEELR
By LIF &35 51 B W &4 T 5 1 xF 1CB i6 97 M iy
A K, F b R 2 R XHFNSC-1 5 27t &
BATE BB AT R Y X AR 4 B N B
A 2 2| T B E ,MSC-1 B9 ¥ 7 (R 1E B 48 A 3 1R 4t
PP SR KT gk, 5 PD-1 B HuBk A H5E T i K
T, HE— 5 B MSC-1 BT L, 1 7 — Bk R 1T
R B (NCT04999969) #+ & E & #l £ # 41
(durvalumab)Ex f| 7& J7 B # PDAC.

77— e A B2 AT & #Y JAB-BX300 #4710, B4
T ER M HT 2 E R HT 251 % ¥ 5 (Investigational New
Drug, IND), ¥ FF /& 1 / 11 a #A 8% 27 52 (8 I SRR 30 o
43 RBETHHY TS

EXERBAZWMARYERH, RBETAZ
B R A AR = HE % (magnolin) B H B F 1t
P98 vE M o 4 % % LIF 3 33 {8 3 STATS 8% L (v 3¢
fmMcl-1 % F & ik, K = g & BB 45 40 %) LIF 3 i FAL Y
STAT3/Mc1-1 15 & % 5 5k & 3 fiF /& 40 i B "% A 40 g
I BAE # o  — A A R 5 1R B A A —— O
7t 4 % (solamargine) , 7 LA 3 3T LIF/p-STAT3 i #
& TAM B 37 #% 14 L A7 %) AF 48 Jig & (hepatocellular
carcinoma, HCC) 89 4 K #u EMT, [7] B 38 3T I 1 E "% 28
fifl MDSC.DC 0 T 28 g 2% & 5k & vl TME o B 2L 4t %, 5%
2R B HFUHCCHIE A ™. EhBR K 2 R B T Ik &
B A T, B R Y R B B K B BE 5 LIF & 4, i
1t b p-AMPK &% 5 B8 40 B B o | R B FRL v e 4E
MEEZRMENFBEHEEK,

WA, Z 8 R FHMB N EERTR
Ra,ER =R LT 8 ZERD T Hep3B fn
Huh7 HCC % B % = ¢ CD133' F 48 i ¥ & 7 % 5 HCC
# CSC #y 44k, , 1 &8 3 3T ¥k [{] 5-FU 5 I 48 497 ] LIF/
JAK1/STAT3 fu NF-xB 1z & i B , {58 007 25 1 19 40

HEEAY,
5 4 15

S ERE FLIFEMHEHRBEF A ELE
ZAER , ¥ 1w LIF & 4 3 1F £ LIF 33 & 34 K A v 8
— A BTN IE T . ¥ E LIF 6 SR e L 3 1T A
LIF T RA UKL EME TR ENX#ES
WE . N g TR B TT R Y S8 1A LIF U657 P B 4R
BT —MHATHGT R, RN E, B THRRERES
MBERETEEMARIENGE RIS, 7 —FLIF
B o R AR M O S — 2 4 LA E BR R — FR v A 1Y B
Y& V6T # R ——LLLIF 3697 ¥ 5 89 ARALFLIF
FARMSC-D7 & Hal EAE#HAT I g Rk %, &3
HE T H A, 5 5 ICB /T B Fl s B B 4L b g
IT 3o

ETLIFRBREMRBLAREFTHNERENR, BHT L
FLHHAUBHRRRGERETHFER. EHENHM
TR LIF 3T % £ B HLH A0 LIF £ 7 | B g = 80 T %
65 @B TR 45 P8 & LIF B9 £ 8 R K &
SAEH . EREERE,LIF X B8 4 B 7= A 3E DL
B 40k 77 KA EAE R , L7 & TME = £ LLF 450k 77
ARREEM. LIFEMHERER BT R EFTEEN
B AMER BT LIF 723X 23 A2 o o #0715 R A AL
L, RNT MLIFERIT B R x @ ER, #
T FRKEAMEENBEEIET 7R, XA REEELIF
BT RN EREE,

[& % 3 #f]
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