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Hepatocellular carcinoma: progress in signaling pathways and therapeutic targets
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[Abstract] Hepatocellular carcinoma is the most commonly-seen primary liver cancer in China, with its etiology still not
fully understood. Research has shown that many signaling pathways are involved in the development and progression of liver
cancer, including vascular endothelial growth factor receptor, epidermal growth factor receptor, platelet-derived growth factor
receptor, insulin-like growth factors receptor, and so on. The abnormality of these signaling pathways finally leads to cell
proliferation, angiogenesis, invasion and metastasis, and apoptosis tolerance. The current treatment of liver cancer mainly
includes drugs, surgery, radiation therapy and immune therapy, but there is still an urgent needs for more effective treatment
with less adverse effect. It is hoped that with the progression in the signal pathways of hepatic cancer, anti-tumor treatments
with these signal pathways as the targets will cast new lights for liver cancer treatment.
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growth factor receptor, EGFR) . Ifil /M fiT 4= 4 4 A
T 3% 1K (platelet-derived growth factor receptor,
PDGFR) . 2k JiE & K 4 & A F 32 1& (insulin-like
growth factors receptor, IGFR) £, X (=538 B 1)
S AR 2 T BN G B L TR L (R RN
BT sz &4 . BRI R kA £
A& G MRETR T VARG IR RV
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Egr e S IEIN e e o iU R L G R TR iR
B AR Fe R A Il B I 25 iR T X — B AR A
THRE. ASCEEE HCC F2AHCAG 57 il ik I
Xt AL AT 28 R AL DRI kB L PRI 1,

®1 BESEBRSEEEGTHYMHINMXR

Tab 1 Correspondences between signaling pathways and targeted therapy

Signaling pathway Targeted therapy

Overall survival

Combination therapy Side effects

EGFRF®!

Cetuximab; gefitinib;

lapatinib

Ras/Raf/Mek/Erk-?

Sorafenib; regorafenib

6. 2-13 months

10. 7 months

Capecitabine, Diarrhea, fatigue,

oxaliplatin hypomagnesemia, mucositis

Doxorubicin Nausea, diarrhea, rash

PI3K/PTEN/Akt/mTOR!! MK-2206 Not reported?® Sorafenib Fatigue, nausea, rash, diarrhea
VEGFRL! Bevacizumab; brivanib 4. 4 months Erlotinib Rash, diarrhea, depression
IGFRLZ] IMC-A12 5. 8-14 months -5 Hyperglycemia, hyponatremia

“;Phase | clinical trial. EGFR: Epidermal growth factor receptor; VEGFR: Vascular endothelial growth factor receptor;

IGFR: Insulin-like growth factors receptor; PTEN: Phosphatase and tensin homolog deleted on chromosome ten; PI3K: Phos-

phatidylinositol 3-kinase;mTOR: Mammalian target ofrapamycin

1 REEKEFRESER

EGFR J& T* ERB % A % 43 I8 1% i ( receptor
tyrosine kinases, RTKs) %%, X.Fx ErbB-1, 4 4k
PCAARZE £ IX. 85 1 DX B oA DX, b L P IX LA i 2
BRI M. EGFR SRS 5 5T iR — 2R 45k
S R BRI AL T O T R 2 R S 5 4 PISK/
Akt/mTOR/Ras/Mek/Erk 45, EGFR 1 B {4 B&
EGF 4k, i& 43 3% 5% b 4 K A 7 o (transforming
growth factor o, TGFa) . XU 17 & (AREG) LA J&
SIF % 454 1 EGF (HB-EGF) 407, B 57 % W]
EGFR 7E 8 IE B 8 v ik 26358 3 F it 235 18] 48
WIS FE o S i AR G . EGFR 1R IATEAERE
g W o R 0 BT, B, B 5T R
EGFR a] 82 i T8 19 73736 Tl A

Hr Lk EGFR MHE &S 0 25 20035 V5 28
Ht (cetuximab) Fl /N 73— 10 1% 2 2 U8t 100 13 7901 35
EERED B LAihE . in kiR %R %8,
cetuximab XFE HCC #5204 HN 0% ~9% ,
PLTCHEREAEAEWI A 1. 3~3. 2 N H P i s AR A2 Ny

6. 2~13 AR I HATLL EGFR A HE 5 259 1
ABEAE R I PR L 38 5 R B At 7€ S RV A
G

2 Ras/Raf/Mek/Erk i@ &

Ras/Raf/Mek/Erk 8 & X #% 7% /E MAPK
6 MAPK 5 5% /2 BEDRSY - % Al B3 50 L o0 A B 6 T
2,76 HCC Wil & iRm0 B 10 5 0 3
65 HCC My & BOB T b % S e 200,
RETE HCC H Ras. Raf R0 KA 5878 (05 & FlHE
AR LN OE H A HE  Ras 38 2% B 305 . A
¢ 2 BA [ I iy 4 20 AH He . 100 %0 HCC FR AR A6z
#| Ras MTEAL . FFFsEE R HBY B n] LUF
i1 Raf/Mek/Erk i % 4% i JiF- 40 M 77 15 F1% 5 &2
il HBY 3k R 4 40 5% 1 HBx 2R 11 &3k, 2 ff
Ras/Raf/Mek/Erk i G 1L, M =5 HCC i)k
A VK. X BERE ST X 2 B iZ0m i T RE O HBV
YL s HCC BE 1 —Fadr 7w .

H A EFESE A TIlm PRAFFERY Ras #1501 A RhiJE
J& (sorafenib) , onafamib, regorafenib, AZD624, J
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1 sorafenib AT | 2 F B, B Raf S58B4
VEGFR-2/-3, PDGFR-B, Flt-3, -Kit %, H & 3k
FDA #t #7697 M 1 HCC, (A It sorafenib fz H A i
5. IRRUFIEFENT , sorafenib 4 0] ¥ o o7 5 AE 77 3
709 A HERTEE 10, 7 A H B 2E I ] A4 4K
M 2.8 A IER ] 5.5 A4~ A 4 sorafenib 55 Fg
R REW M HCC g it R K, BE T
P . {H sorafenib fF7EMETE . B 55N R KV
H AT FZ T HCC 35 R &6 I U) BR 5 1B &2 &
(A EEYT . AW L1 7R, Mek i 7] G 42 41
il e 1) 2B R 9 A B3 B S BRI Meke 1004 5]
AZD6244 W] BHAS Erkl/2 f)300E o DI 9818 ik 97 £E
KI5 bR 20 M 0 T FLEC P 40 i il 57 2 3 L
BT R e

3 PI3K/PTEN/Akt/mTOR i& i

AR 5 A0 3R T S 2 AR i EGFR
IGF-1R %54 J5 Wk IR ILEE 3-8 (phosphatidyli-
nositol 3-kinase, PI3K) 1 [ # #0005 » 5 2040 o 7
Wam L SR R A R R B VI ER . HBV IE
JE R PISK 38 & 4 il J 200 it i) 47 336 A0 7 19 &
il PISK J&—Fh s AR L ol i — R 51 BB NR
PR LIE A — (E i PIP2.PIP3, 45 — = {fi o] f& ik
B2 AR/ T BRI Akt BB  (E 40 LR
J T E -9 A2 98 T2 0 5 BAD, GSK-38 45 iR
Ak DT 08 ] 8015 200 L6 5 0 A5 A A DR 1 e S
o WS IR A J5 R 2L R 7 410 43 B
W, KA PISKCA 248 1) [ & h 29 50% 15 5%
22 HORJG A A7 /N 3 4R Ake (75 fb 2
WHEAR G E R MBS ENER R, Akt (1305
AR 5 0 L 3l W) b R BB R (mammalian
target of rapamycin, mTOR) g, i & S 2040 g 4=
FEReJIMBg m, PTEN ®] i PIP3 5@ iR 1k, 9 1
Akt PTG AT 6 ) 81 200 Y . Sh a3k
W1, A PTEN S Ba i) K B 8 % 908 IR
Hor 66 20 B 2 B HCC, BGX 6K SR JFIF 4 20 %
BUTFA0 M6 55 B 1 2, Akt SR TR BEE R B
PTEN m#isht, HCC B # B/E AR B E R,
i, PTEN G 71 5 Akt il IR AT e p Ay HCC
TR H 259 .

MK-2206 J&—Fgi B 11 RS #4 Ake $ il 551, 7]

35230 L A A T TG AL AN T 32 1 HCC B 19
BER B . 24 soralenib 5 MK-2206 & H
2, 7] 52 ]k HCC 4 ffd %} sorafenib (40 I3k B4
Ao FE . PISK 4 i 57 40 perifosine, Lv29004
wortmannin SFHREA GG PE BRI TIE IR
R, JEHIRSMZER B mTOR #]7) rapamycin
B everolimus BEWS i 2 M M A1l i) HCC 4
MR IR HCC [ AR A A HCC
RIS 25

4 VEGFR &

VEGFE J2& $) 304 Az i i 2 28 8 1, 7E 40 3%
HCC B4 2 B0 ik B 3 o of 7 0 98k
A7 R] Hy Z2 R0 FF 4 i o W B 45 HCC 4ifig i 2 E
AL b R I R VA . A OT ISR, VEGE
FRMROL S BRI 2 00RE 5C, O HL AT DL AT
AT o PRIk o 20 400 A 88 o T 1 245 0 T
RERC HCC IR BT L A

DRSS —Fh B 41 A VEGF $sipediik, 2
2T IRIT IR HCC M3 I PRVLER F T DL AK;
BT EA B BT 52 L (AT A AR 0l 2 R I
ke JE S R AR T 7 R AT e 1t — 28 i s PR T 5
PR BOR FSEHT & B brivanib & —Ffp £
i RTK 5], ][5 i e i) VEGE Kt er
e KR F (fibroblast growth factor, FGF){&
L RERS WA A AT DD BR eI SR S 1 HCC
HHPAL B ATEI T, Brivanib i 3 P b, £ 58
RIVER RS 2 0 i ETH . BRTEE R
it A linifanib & andetanib, ¥ BA &I 193477 HCC

JEVN

5.
5 IGFR {E51BH

IGFR {553l % i Bo A& IGF-1 /11 DA K i =7 4k
MIEAER. 2 HCC &AE, %05 5 Bk 5% 3%
1 - IGF 5530 % 19 330 g 38 i 2 i M5 55 B g
i P13K/Akt . MAPK i B4t HCC 4 g 98 =, fie ik
A K 38 B IGE-11 L IGF-1R M IRS Byt %
IR A T A M G G R R L 3 HCC R 28
P, BEAh. 78 HBV M6 H) HCC 3, HBx 2 [ i
#E IGE- [l ik, X fif B T HBV @ i i &k A2 K e
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H TR IGF-1R #5732 222 B s B it 14
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Fipter HCC A kR o B4R F YA 530 %
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HCC W3R77 ik #5202 H AT J0) 7 20
Mt 52 5% A A0 I 2590, 540 2067 48 A8k
W HCC Wy RXER, X215 HCC B4 K i
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RERCH AT HCC MRS 25 W i, % T ATE L
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