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Abstract ; Sorafenib ,a multikinase inhibitor with antiproliferative ,antiangiogenic and proapoptotic prop-
erties, constitutes the effective first-line drug approved by FDA for the treatment of advanced hepatocel-
lular carcinoma(HCC). However, primary or acquired drug resistance affects the efficacy of sorafenib in
the treatment. In addition to the resistance of tumor cells and cancer stem cells,the immune cells, stro-
mal cells and other components of tumor microenvironment(TME) also play a key role in the resistance of
HCC to sorafenib through specific cytokines,direct contact,hypoxia,autophagy,or other mechanisms.
This article summarizes the research progress in mechanisms of resistance to sorafenib,to provide infor-
mation for new clinical treatment strategy of hepatocellular carcinoma.

Subject words:hepatocellular carcinoma;sorafenib ; drug resistance ;cancer stem cell ;tumor microenvi-
ronment

JR F VBT 4 Be 7% (hepatocellular carcinoma, HCC)
AR B F I TR IG s RN P B =
BRI E 7 ik atsF Rk, A, 4H9H
ik ST A R Fe s ST e BB AT S KR

FFEAEREEBRERG R BEE A (food and
drug administration, FDA) 4t £ 4974 57 HCC %) — £
AN ACECE I N E UL IE ) AR ES -0 T
B, TWH T ARBEAREBOLIERLETARXEKRA
WASAEA SR, 8 EAEEIP s KRR KFARERMN B TS, 9

e KX K G K 3K Z IR 99 5 (430060), F-mail ;yaoyi2018

@whu.edu.cn
A B H1:2019-01-07 ;16 = B #1:2019-04-01

836

F % 4k (vascular endothelial growth factor receptor,
VEGFR), i #4474 & K B F % 4k(platelet-derived
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1 A& 8 fe A~ & 2 3E o ad w24

1.1 A48 % e A 5

M2 LARIE SR, AT MmAL D kag A K E T 4o
R A Y tm e £ K B -F 3.4 .19 (fibroblast growth factor
3.4.19,FGF3 .4.19) VEGF At #m it &£ K B -F (hepa-
tocyte growth factor, HGF) . & & A % B ¥ (epidermal
growth factor, EGF) % |, 7@ id B 4 k22 5 M 8 &
AR LA S, REL SRR ENE G EEE
¥4 (mitogen-activated protein kinase , MAPK) PI3K/%&
G % # B(AKT serine/threonine kinase 1,AKT) Notch
% Hedgehog 15 5 @ % A 5 & 42 3F w25 1078,
Ungerleider % 1% #L 4 4L £ ¥ B F -B (transforming
erowth factor beta ,TGFR) 7 LB % # % 4K B4 552 i
# (receptor tyrosine kinases, RTKs) #9 & i | ¥ i it
AKT @35 5 & 33k it 25, mi A TCFB 24k |
74 ) LY2157299 48 4% f£ 1K 98 A 2 3 Pk AKT &
I F TR,
12 WEmieNmX#EZATREES

Shao Z 4 "8 52 & I E26 #AL4F 155 1(ETS
proto-oncogene 1,ETS-1) T & F ) X & 4K (preg-
nane X receptor,PXR) # kB -Fa9 &, 53 PXR
TS HhahAax AR g kA Fl AR KBRS,
Liu J % "3E 52 3% 3% ) /R 4E 2 (distal-less homeobox
2,DLX2) & A 55 an o, &) B3R 7 69 45 X B, i@ 4T
#t k& — 9] FT 4L (epithelial B mesenchymal transition,
EMT) Az &40 L X A d miesMs 5 AT & a i
By i 12 R I K 323k R Hua L R AZ F m he
B -F (nucleostemin ,NS)/G % & # 4= 3(G protein nu-
cleolar 3,GNL3) % £ F e fe s mpe b K& kL8
A=k a, TAT p53 wEF A & a Bel-2(B-
cell lymphoma-2,Bcl-2), @43t HCC %1 st % 453k
Tt 2
1.3 %5 RNA

Mk S 8 BF T K ALK 4 3F % 4 RNA (long
non-coding RNA | IncRNA) % fl £ /T )% 69 X A& &R &
FRAEZHM ., XuF LI IncRNA-SRLR 5 4
F Kappa B (nuclear factor kappa b subunit 1,NF-
KB)A#Z4 ,BT GNF 6/ 5554 FE
F 3 (signal transducer and activator of transcription
3,STAT3)id 2 44 7& 4k 7] A2 & 423k Roaf 25, B 55 HCC
B REERETORRER AL,
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##:)s RNA(microRNA ,miRNA )% — 5 /] 49 2F 4 1%
A RNA, 42 miR-122 miR-128 miR-137 .miR-153 .
miR-21 .miR-216a .miR-217 .miR-221 % , T i# #*
RAS/RAF/ERK \PI3K/AKT/mTOR 3, HGF/c-Met/Akt
155 i85 55 HCC fm R st & 453k R i 25140

2 BB fm e stk A5 3E Rm 24 AL

Xin HW & U5 52 BF 9% 47 4% B a0 f2 (label re-
taining cancer cells, LRCC) #iA A & — BF 47 04 it 78
F %8 J2 (cancer stem cell,CSC 3% tumor initiating
cell | T-IC), stk 45 dF B A I — & &t 25, & 453k
R 97 )5 LRCC f2 73 tm P 69 b &80 2 LA e df,
RAAERATH LRI BB T mieey s, @il
WAEMEZFAA A KB T | (insulin like growth factor
1,1GF) %= ok, £F 4 4 Ji. £ K B -F (fibroblast growth fac-
tor, FGF) 12 5 4% $- 1 8t & 35 4F &t 257 Sakurai T
S8R AR G £ 8 5 7] (Gankyrin ) i 7& 1L-6/
STAT3 43 i@ % )5 , T LA CSC #4947 &4 R A R
(B-cell-specific moloney leukemia virus insert site 1,
Bmil) o L& 2m B0 B T o T 69 Rk, RA I F R4
3 et 25 54 it HCC o9 & J .

3 AP B ER B AT R 5 3E 6 2 AL

B J% ##% 2R 3% (tumor microenvironment, TME) &,
35 9% A8 £ m 4 4 Be (cancer associated fibroblast,
CAF) T Z 3k 2m i (hepatic stellate cells,HSC) | sz 4
7 & %8 i (vascular endothelial cell, VEC) | -F 7 L @
A B fm e | gm ie 9 Bk i (extracellular matrix , ECM) ,
VA B S, i Fm K JE tm ML G B P M T 48 B (regulatory
cells, Tregs), A J& 48 X E * %9 ¢ (tumour-associated
macrophages , TAM) #= A J& 48 % P 4 ¥ 48 & (tlumor-
associated neutrophils, TAN)% ,if L3 A B K &, v
N S RN R R A
% HCC stk = E R, Amitit T HCC &
AR,
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AKEFTAEAHEX B R T, K3hEIRHM
VEGF # 0 % A &, 31#& 40 VEGF & 77 69 @t 25 5 1
= ,Kuczynski % 25k 2 & I 95 5T VL RAR B3 A&
B AR, TR N TG 6 e A A R
Ikt Ho e F ARG TT A2
32 EABKR Ymie

FEAN K R AT Ym0 P BRI R E T,
< i@ iF 4 36 EGF FGF HGF IL-6 \VEGF .PDGF | £
& & % l(angiopoietin 1,ang-1) ang-2 3k f 48 fe 47
4 B F-1(stromal cell-derived factor-1,SDF-1/CXCL12)
Fo 4 % % & B (matrix metallopeptidase, MMP) 4 | i@
it IL-6/STAT3/Notch 43 5 i@ % 3% 7% HCC 28 iz 49 T
sk AL, 31 A& HCC xf & 424k Rt 25 21, HSC # &,
& 3R 35 7E 1L CAFs 49 £ % % /& ,Khawar 1A &
2% #L Huh-7 a5 HSC 3h3% Fc a3+ & 354 R84
R TEAR SR m B AR AL i RIRANAF T o
33 APAR X EE e

¥ 9 A8 5% B " 48 ftfumour-associated macrophages,
TAM) A& & & 78 3R 5 4% 4a B 69 32 08 M2 B v 4m e T2 %
Wei X &2 % gL A A v [ B T 4 85 29 ie (helper T
cell 2, Th2)%m it B F 8 7 o9 B A E AL 69 B o4 2w il
(alternatively activated macrophage ,M2) & A | T i it
F % & K B F % 4k (epidermal growth factor receptor,
EGFR)/ B-i% 2R & & (B-catenin)4z 5 i 2% 3t 4m 8, 3%
I A3 A& 45k dt 25, Lovet 5 2% L HCC %a i
¥ VEGF-A 1§ & & ik T # § TAM + HGF LA, 5t
FHOW G SR e R R Bl R R AR R
34 BbEAR K PR A e

Zhou SL % P13E 52 ¥ 95 A8 & P M2 45 48 A8 (tumor-
associated neutrophils, TAN) i# it 45t CC R AL H
F fe ARk 2(C-C motif chemokine ligand 2,CCL2)#= CC
Z A F Bk 2 (C-C motif chemokine ligand 17,
CCL17)¥% E * 41 o A= Tregs 4m it 3% 48 %) HCC, 42 3%
o BT R AR BB KRR R A2
3.5 EMT

kR me Rk AR R TN, mEHAR
R, m L FE M /) T, R A EMT 42 & /1 & 2 38
3% 5 4R b A HOC o 25 4k B A 35 A L EMT &
X EEEG T AHRE™, Zhang 57K A4
25 5% G (galectin-1,Gal-1) £ HCC %9 e ¥ i & &,
T i 3E A fig B VU BT PI3K/3-i4 By 22 5 BR/ 2 208 4 By
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AKT B % EMT, A 5 & 35 3k Rt 25, 2Loh, Jode
— R 915 5 @ % 4o 22 3L R F ALK G % B (mitogen-
protein  kinase , MAPK) ,Wnt/B-Catenin ,
Notch1 \,TGF-B/smad \Hedgehog 4 , 7T i #& EMT % 2
Rk FWH B F 1 (snail family transcriptional re-
pressor 1,Snail ) & i& , 5| & & 353k Rdt 25 22

3.6 H# A

w21 HCC gk b £ 8 B % o Zhou TY %
ZIBEFT Yes Mk & G (YAP) W Az 45 45 fo de
AW ey R X Lt HCC 4 i & 7% 5F 2k 8 4m 1 8
T, A F kB RA . #sh, Zhao D F VA L
% 329k RE F 0918 A5 5 B T 2a(hypoxia inducible
factor 2 subunit alpha, HIF-2a) £ 3 T # & &4 & K
A - a(transforming growth factor alpha, TGF-a)/%& &
A KEF2REZE, 5 AR IRE T HCC o5t 2
it 2,

37 B %

B T S5 B KA K e %A B, Lu 5
RRE I m A @R G CD24 MG A Lk i
A Rt 25 HCC 2o it & i R ik, T bl ik & & 5% i B
2 (protein phosphatase 2A ,PP2A) & & = 4 3§ /w5t
% mTOR/AKT i 7289 X 7% it M3 ik Ah A L k42
R, W bE AL Z 4 (the receptor of ad-
vanced glycation endproducts, RAGE) & HCC 4g g
B kik il it AMPK/mTOR 4R #ib 7 X 3 m B o4, 5F
314 HCC % fe 5t & 323k Radt 251590
3.8 stk

2m fe, 9 & R (extracellular matrix, ECM) £ & &,
HhBREGRTERGF, THRAMEMIERY
EE RS Azzariti A F P E I HSC /= 4 ¢ &£
i# &8 332 (laminin-332,1n-332) , 4 24 B J& @0 i &
& £ a3l A= a6P4 H 4 F ey BLlk , 5] AL 45 A 52
(focal adhesion kinase, FAK)Z Z 4L & Y & 35 9k B
%4, Nguyen ¥ % IL'E A5 R & & 69 f BR300 i 5
A F Bl AE T HASY c-Jun B K 5% % 5 (c-Jun
N-terminal kinase,JNK) % 5 i 9% 28 1L 48 1) 3¢ % 45 4F
et o Hesh,Gao F UL BRSSP MBI A S,
PR AR AL B ST RAL 69 BT A4 R BLAUAR, A
& Yes H9X% g 1 314 HCC st k35 3E Rat 25 .
39 @i

USRI 2 40 BT VA S ik % AR A M TE P
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F X mpe R T AE TR KE T, XA
FAR M Ay 3 AR K 6 5k £ A (senes-cence-associ-
ated secretory phenotype,SASP), Niu LL % %' &
SASP ¢y s R A AR &M, G W RA-F 6 T VAE R
V2, plo A mia R A M E 5 BT, o s
5 1(inhibitor of differentiation protein 1,ID1)7F 3f =T
B % SASP 48 % #9 pl6/1L6 iE % 5 5] A2 Bk Bk AL AKT
WSS ki dE R

4 % 15
RIEREAGTRHATROER &S5 T
w12, VRIS E T F AR — 2 ¥is, HCC
T f pibfeF otk EALE RIIERAS,
{2t HCC A kAo & e, sol, M8 R B F 89 AR
mie., AR meAmiest ik RmE, LTadmieR
F A AHEEAL HCC stk R, B AR
B A7 HCC af & 42 dF R4 &t 25 bl 47 T F 4K &,
12K % HERRTMEmMAY, A EIBHERSE
PRy G kI R K AFRAMTR Y,

H % HCC xF & 454k Rag i 25, AT B 2L F L
SR (1) RF 78 R B F 69 CAFs TAM @ e, 3t
N & J2dE Rdt 2h 6 Bk 4 T AUH) 2 F 3t — IR
R (2) #1713 %5 5% RNA, 4 miRNA | ¥ 4% 3F % 52
RNA Z 23k RNA % 2 4~ HCC s+ & 45 4F R4y
i 25 IR TIRAAT R 3 (3) B AT K % & fam HCC =%
FAE B AOM 69 A AT E D R IRE R B F AL
R TmpaK-FAahdhRK-F, BE8EEESBRREN
BEF o B 2, Sk st 5 19 8 6 B S AR G R AR aE
Jit 77 HCC A 20 32 AR 37 69 B34 Fa it 7 Y247
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