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Raf-1 Kinase and Tumor Therapy
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Abstract Since Raf kinases were identified as products of retroviroal oncogenes, the Raf kineses have
been intensively studied. Raf kinases are not only the bona fide effectors of the Ras, but also activators of the typi-
cal ERK signaling pathway, which provide an important link between Ras and ERK. Ras-Raf-MEK-ERK signaling
pathway is involved in many biological process including cell proliferation, differentiation and apoptosis. As a node
of the Ras-Raf-MEK-ERK signaling pathway, Raf kinases play a crucial role in tumorgensis. Raf-1, a key member
of Raf family, regulates cell motility by controlling the activity of Rok-a, and apoptosis by suppressing the activity
of the proapoptosis kinases, ASK1 and MST2. In this review, we described the regulation of Raf-1 kinase and its
role in the tumorgensis. We also summarized the latest development in tumor therapy targeting Raf-1.

Key words Ras-Raf-MEK-ERK signaling pathway; Raf kinases; tumor therapy; Raf-1; apoptosis; cell
mobility

RafJili ¢ 545 3/ il i Raf-1/C-Raf. B-Raffll T Raf-1Z: 5 i A I, I3 T LIiRaf-1 4§
A-Rafo = ANFIGERCAHSS IR R AEA DG . Raf-142 SRR V6 T 1R SO Uk e
T SE G AIE (13 0 AR Y s AR KR A O
{100 4 R 280 7 T R 4 O BREAE . Raf-1fg 4 3 i 1 Raf-189%&#LL KA
SR AN M A A AR T AR 2 P AR B R, 6 1.1 Raf-18945#4

Je I R AR Je Ay B AR A . A SC B Rafli 1 /& thrafk K 9 6 (1) 8 11 724, Hov 4L
Wk H 390: 2013-12-18 Hexz Hl: 2014-04-14

[ 5 A AR AR GIE S U1302225) 1 2 B 44 e i RHE A G (i HE 'S - 2012HA008) % By 14y B A

*HIHAE# o Tel: 0871-6593327, E-mail: xtrgfq@hotmail.com

Received: December 18, 2013 Accepted: April 14,2014

This work was supported by the National Natural Science Foundation of China (Grant No.U1302225) and High-End Technology Talents Foundation in Yunnan
Province (Grant No.2012HA008)

*Corresponding author. Tel: +86-871-6593327, E-mail: xtrgfq@hotmail.com

9 £ tH RN T 2014-07-21 10:09 URL: http://www.cnki.net/kems/doi/10.11844/cjcb.2014.08.0423 .html



JA VDS : Raf- 10 5 IR 167 1163
(A)  the structure of Raf-1 protein
61 194 254 335 627
ratt [ JES [ ] [ CR3 | |
56 131 139 184 338 341 355 363 497 563
RBD  CRD Neregion — ATP- \ ivation
binding segment
domain
(B) the structure and phosphorylation residues of Raf-1 protein
PAK1, PAK3,
Growth factor PRCo=>
KSR, MEK.
L CR3 |
PrA Ser 14-3-3
Bl Raf-1E BB EHIARBERLIBEGS
Fig.1 Structure and phosphorylation sites of Raf-1 protein
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Fig.2 Tumor-related signalling pathways of Raf-1
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. EVFZ A, JUIHIEAE S 1T VE00E B-Raf

&1 Raf-1#151
Table 1 Inhibitors of Raf-1

Ry W9
Compound Tumors
Sorafenib Leukemia, Hepatocellular carcinoma (HCC), Renal tumor,

Pancreatic cancer, Bladder cancer, Lung cancer,

Neuroendocrine tumors, Thyroid carcinoma, Squamous cell carcinoma

LErafAON (NeoPharm, Inc)
ISIS 5132 (Isis Pharmaceuticals)

Advanced malignant tumor
Ovarian cancer, Breast cancer

Gastrointestinal stromal tumors, Papillary thyroid carcinoma,

Non-small cell lung cancer, Ovarian cancer, Colorectal carcinoma

Pheochromocytoma, Medullary thyroid carcinoma

Colon cancer, Renal cell carcinoma, Hepatocellular carcinoma, Melanoma

Dabrafenib
AZ628 Melanoma
GW5074 Huntingdon’s disease
ZM336372

Hepatocellular carcinoma
PLX-4720
NVP-BHG712 Melanoma, Malignant glioma
CEP-32490

Colon cancer, Medullary thyroid carcinoma




1166

SEAR (P A0 B, AR A AE B k) AN B R I
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JHHr, B-Rafff 5 1% 400 1 571 68 /v FERKBE R L. H
I, BAVFBIXAEE518: FRRIA 296575 5 1
Raf-1 [FJY§ — SR Ak GEAE A7 24 SR Rat Vi i 7% VRS 4k
ERKA5 5 # 51l % . Heidorn%5'#EK-Ras5e 4% Jf H.
B-Raf’k i 1/ bl JR (L S A A rp 453 21 5 Bk — 5
45 R o

4 BESRE

b o> T AW R I R, PARaf-1 20 3 R
J IR Y6 T B 2 B AT G FIA AT o T Raf-1
TR AE A 5 0 B 0 U 1 DA R VT 2 A 4% I o B AR
PG R 4 T R P A, SLAE R VR T T TN
RAEEEEVER, DIRaf- 18 S 6T i LA AE
i AR H 39 AN AS ) s PR R 56 v B, 9 5 4R S8 14k
77 AR B A # k/N ELRS S PR S 4 o, DR e DL
Raf- 148 SRR 7 A A K N 5% W F0ER A,
TE KB 73 A% 41 75 47 Ras/Raf/MEK/ERK A5 5
i %, B3 A% Ras/Raf/MEK/ERK A5 5 # 5 3i i
IR, LARaf-14 $E R IR V6 7 BT 5o B8 i e,
MG AR FEHE NG RVA T, A DL 1R b8 v 7 it
FEEAINEREEEPIRrS



JAJEPRAE : Raf- L5 R V697

1167

S %3k (References)

Bonner TI, Kerby SB, Sutrave P, Gunnell MA, Mark G, Rapp
UR. Structure and biological activity of human homologs of the
raf/mil oncogene. Mol Cell Biol 1985; 5(6): 1400-7.

Wasylyk C, Wasylyk B, Heidecker G, Huleihel M, Rapp UR.
Expression of raf oncogenes activates the PEA1 transcription
factor motif. Mol Cell Biol 1989; 9(5): 2247-50.

Kolch W, Heidecker G, Lloyd P, Rapp UR. Raf-1 protein kinase
is required for growth of induced NIH/3T3 cells. Nature 1991;
349(6308): 426-8.

Jamal S, Ziff E. Transactivation of c-fos and beta-actin genes by
raf as a step in early response to transmembrane signals. Nature
1990; 344(6265): 463-6.

LiJ, Fan Y, Zhang YN, Sun DJ, Fu SB, Ma L, et al. The Raf-
1 inhibitor GW5074 and the ERK1/2 pathway inhibitor U0126
ameliorate PC12 cells apoptosis induced by 6-hydroxydopamine.
Pharmazie 2012; 67(8): 718-24.

Dhillon AS, Meikle S, Yazici Z , Eulitz M , Kolch W. Regulation
of Raf-1 activation and signalling by dephosphorylation. EMBO
12002; 21(1/2): 64-71.

Chong H, Lee J, Guan KL. Positive and negative regulation of
Raf kinase activity and function by phosphorylation. EMBO J
2001; 20(14): 3716-27.

Nassar N, Horn G, Herrmann C, Scherer A, McCormick F,
Wittinghofer A. The 2.2 A crystal structure of the Ras-binding
domain of the serine/threonine kinase c-Rafl in complex with
RaplA and a GTP analogue. Nature 1995; 375(6532): 554-60.
Emerson SD, Madison VS, Palermo RE, Waugh DS, Scheffler
JE, Tsao KL, et al. Solution structure of the Ras-binding domain
of c-Raf-1 and identification of its Ras interaction surface. Bio-
chemistry 1995; 34(21): 6911-8.

Mott HR, Carpenter JW, Zhong S, Ghosh S, Bell RM, Campbell
SL, et al. The solution structure of the Raf-1 cysteine-rich do-
main: A novel ras and phospholipid binding site. Proc Natl Acad
Sci USA 1996; 93(16): 8312-7.

Wan PT, Garnett MJ, Roe SM, Lee S, Niculescu DD, Good VM,
et al. Mechanism of activation of the RAF-ERK signaling path-
way by oncogenic mutations of B-RAF. Cell 2004; 116(6): 855-
67.

Hatzivassiliou G, Song K, Yen I, Brandhuber BJ, Anderson
DJ, Alvarado R, ef al. RAFinhibitors prime wild-type RAF to
activate the MAPK pathway and enhance growth. Nature 2010;
464(7287): 431-5.

Tran NH, Frost JA. Phosphorylation of Raf-1 byp21-activated ki-
nase | and Src regulates Raf-1 autoinhibition. J Biol Chem 2003;
278(13) : 11221-6.

Leicht DT, Balan V, Kaplun A, Vinita SG, Ludmila K, Melissa D,
et al. Raf kinases: Function, regulation and role in human cancer.
Biochim Biophys Acta 2007; 1773(8): 1196-212.

Dhillon AS, Hagan S, Rath O, Kolch W. MAP kinase signalling
pathways in cancer. Oncogene 2007; 26(22): 3279-90.
Kholodenko BN, Hancock JF, Kolch W. Signalling ballet in
space and time. Nat Rev Mol Cell Biol 2010; 11(6): 414-26.
Wang HG, Rapp UR, Reed JC. Bcl-2 targets the protein kinase
Raf-1 to mitochondria. Cell 1996; 87(4): 629-38.

Wu X, Carr HS, Dan I, Ruvolo PP, Frost JA. P21 activated ki-

nase 5 activates Raf-1 and targets it to mitochondria. J Cell Bio-

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

chem 2008; 105(1): 167-75.

Jin S, Zhuo Y, Guo W, Field J. P21-activated kinase 1 (Pakl)-
dependent phosphorylation of Raf-1 regulates its mitochondrial
localization, phosphorylation of BAD, and Bcl-2 association. J
Biol Chem 2005; 280(26): 24698-705.

Hindley A, Kolch W. Raf-1 and B-Raf promote protein kinase C
theta interaction with BAD. Cell Signal 2007; 19(3): 547-55.

Le Mellay V, Troppmair J, Benz R, Rapp U. Negative regulation
of mitochondrial VDAC channels by C-Raf kinase. BMC Cell
Biol 2002; 3: 14.

Kim SY, Park SG, Jung H, Chi SW, Yu DY, Lee SC, et al. RKIP
downregulation induces the HBx-mediated Raf-1 mitochondrial
translocation. J Microbiol Biotechnol 2011; 21(5): 525-8.

Hsu YL, Chen CY, Lin IP, Tsai EM, Kuo PM, Hou MF.
4-Shogaol, an active constituent of dietary ginger, inhibits me-
tastasis of MDA-MB-231 human breast adenocarcinoma cells by
decreasing the repression of NF-kappaB/Snail on RKIP. J Agric
Food Chem 2012; 60(3): 852-61.

Piazzolla D, Meissl K, Kucerova L, Cristina R, Manuela B. Raf-
1 sets the threshold of Fas sensitivity by modulating Rok-alpha
signaling. J Cell Biol 2005; 171(6): 1013-22.

Ehrenreiter K, Piazzolla D, Velamoor V, Sobczak I, Small JV,
Takeda J, et al. Raf-1 regulates Rho signaling and cell migration.
J Cell Biol 2005; 168(6): 955-64.

Rubiolo C, Piazzolla D, Meissl K, Beug H, Huber JC, Kolbus A,
et al. A balance between Raf-1 and Fas expression sets the pace
of erythroid differentiation. Blood 2006; 108(1): 152-9.

Tobiume K, Matsuzawa A, Takahashi T, Nishitoh H, Morita K,
Takeda K, et al. ASK1 is required for sustained activations of
JNK/p38 MAP kinases and apoptosis. EMBO Rep 2001; 2(3):
222-8.

Yamaguchi O, Watanabe T, Nishida K, Kashiwase K, Higuchi Y,
Takeda T, et al. Cardiac-specific disruption of the c-raf-1 gene
induces cardiac dysfunction and apoptosis. J Clin Invest 2004;
114(7): 937-43.

O’Neill E, Rushworth L, Baccarini M, Kolch W. Role of the
kinase MST2 in suppression of apoptosis by the proto-oncogene
product Raf-1. Science 2004; 306(5705): 2267-70.

Niault T, Sobczak I, Meissl K, Weitsman G, Piazzolla D, Mau-
rer G, et al. From autoinhibition to inhibition in trans: the Raf-1
regulatory domain inhibits Rok-alpha kinase activity. J Cell Biol
2009; 187(3): 335-42.

Ehrenreiter K, Kern F, Velamoor V, Meissl K, Gergana GK,
Sibilia M, et al. Raf-1 addiction in Ras-induced skin carcinogen-
esis. Cancer Cell 2009; 16(2): 149-60.

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell 2000;
100(1): 57-70.

Wang X, Thomson SR, Starkey JD, Page JL, Ealy AD, Johnson
SE. Transforming growth factor {beta}! is upregulated by ac-
tivated Raf in skeletal myoblasts but does not contribute to the
differentiation-defective phenotype. J Biol Chem 2004; 279(4):
2528-34.

Riesco-Eizaguirre G, Rodriguez I, de la Vieja A, Costamagna E,
Carrasco N, Nistal M, et al. The BRAFV600E oncogene induces
transforming 400 growth factor beta secretion leading to sodium
iodide symporter repression and increased malignancy in thyroid
cancer. Cancer Res 2009; 69(21): 8317-25.

Samuel DS, Ewton DZ, Coolican SA, Petley TD, McWade FJ,



1168

36

37

38

39

40

41

42

43

44

45

46

47

Florini JR. Raf-1 activation stimulates proliferation and inhibits
IGF-stimulated differentiation in L6A1 myoblasts. Horm Metab
Res 1999; 31(2/3): 55-64.

Ehrenreiter K, Piazzolla D, Velamoor V, Sobczak I, Small JV,
Takeda J, et al. Raf-1 regulates Rho signaling and cell migration.
J Cell Biol 2005; 168(6): 955-64.

Zebisch A, Staber PB, Delavar A, Claudia B, Karin H, Katja F,
et al. Two transforming C-RAF germ-line mutations identified
in patients with therapy-related acute myeloid leukemia. Cancer
Res 2006; 66(7): 3401-8.

Yu J, Deshmukh H, Gutmann RJ, Emnett RJ, Rodriguez FJ, Wat-
son MA, et al. Alterations of BRAF and HIPK2 loci predominate
in sporadic pilocytic astrocytoma. Neurology 2009; 73(19):
1526-31.

Jones DT, Kocialkowski S, Liu L, Pearson DM, Bicklund LM,
Ichimura K, et al. Tandem duplication producing a novel onco-
genic BRAF fusion gene defines the majority of pilocytic astro-
cytomas. Cancer Res 2008; 68(21): 8673-7.

Jones DT, Kocialkowski S, Liu L, Pearson DM, Ichimura K ,
Collins VP. Oncogenic RAF1 rearrangement and a novel BRAF
mutation as alternatives to KIAA1549: BRAF fusion in activat-
ing the MAPK pathway in pilocytic astrocytoma. Oncogene
2009; 28(20): 2119-23.

Ciampi R, Knauf JA, Kerler R, Gandhi M, Zhu Z, Nikiforova
MN, et al. Oncogenic AKAP9-BRAF fusion is a novel mecha-
nism of MAPK pathway activation in thyroid cancer. J Clin In-
vest 2005; 115(1): 94-101.

Palanisamy N, Ateeq B, Kalyana-Sundaram S, Pflueger D,
Ramnarayanan K, Shankar S, et al. Rearrangements of the RAF
kinase pathway in prostate cancer, gastric cancer and melanoma.
Nat Med 2010; 16(7): 793-8.

Mendel DB, Laird AD, Xin X, Louie SG, Christensen JG, Li G,
et al. In vivo antitumor activity of SU11248, a novel tyrosine
kinase inhibitor targeting vascular endothelial growth factor
and platelet-derived growth factor receptors: Determination of
a pharmacokinetic/pharmaco dynamic relationship. Clin Cancer
Res 2003; 9(1): 327-37.

Montagut C, Settleman J. Targeting the RAFMEK-ERK pathway
in cancer therapy. Cancer Lett 2009; 283(2): 125-34.

Dhomen N, Marais R. BRAF signaling and targeted therapies in
melanoma. Hematol Oncol Clin North Am 2009; 23(3): 529-45,
iX.

Eisen T, Ahmad T, Flaherty KT, Gore M, Kaye S, Marais R, et
al. Sorafenib in advanced melanoma: A phase II randomised dis-
continuation trial analysis. Br J Cancer 2006; 95(5): 581-6.
Wilhelm SM, Carter C, Tang L, Wilkie D, McNabola A, Rong
H, et al. BAY 43-9006 exhibits broad spectrum oral antitumor
activity and targets the RAF/MEK/ERK pathway and receptor

tyrosine kinases involved in tumor progression and angiogenesis.

48

49

50

51

52

53

54

55

56

57

58

59

60

Cancer Res 2004; 64(19): 7099-109.

Xu TR, Lu RF, Romano D, Pitt A, Houslay MD, Milligan G, et
al. Eukaryotic translation initiation factor 3, subunit a, regulates
the extracellular signal-regulated kinase pathway. Mol Cell Biol
2012; 32(1): 88-95.

Khazak V, Astsaturov I, Serebriiskii IG, Golemis EA. Selective
Raf inhibition in cancer therapy. Expert Opin Ther Targets 2007;
11(12): 1587-609.

Davis RK, Chellappan S. Disrupting the Rb-Raf-1 interaction: A
potential therapeutic target for cancer. Drug News Perspect 2008;
21(6): 331-5.

Dasgupta P, Sun J, Wang S, Fusaro G, Betts V, Padmanabhan
J, et al. Disruption of the Rb-Raf-1 interaction inhibits tumor
growth and angiogenesis. Mol Cell Biol 2004; 24(21): 9527-41.
Kinkade R, Dasgupta P, Carie A, Pernazza D, Carless M, Pillai S,
et al. A small molecule disruptor of Rb/Raf-1 interaction inhibits
cell proliferation, angiogenesis, and growth of human tumor xe-
nografts in nude mice. Cancer Res 2008; 68(10): 3810-8.

Rudin CM, Marshall JL, Huang CH, Kindler HL, Zhang C, Ku-
mar D, et al. Delivery of a liposomal c-raf-1 antisense oligonu-
cleotide by weekly bolus dosing in patients with advanced solid
tumors: A phase I study.Clin Cancer Res 2004; 10(21): 7244-51.
Dritschilo A, Huang CH, Rudin CM, Marshall J, Collins B, Dul
JL, et al. Phase I study of liposome-encapsulated c-raf antisense
oligodeoxyribonucleotide infusion in combination with radiation
therapy in patients with advanced malignancies. Clin Cancer Res
2006; 12(4): 1251-9.

Hall-Jackson CA, Eyers PA, Cohen P, Goedert M, Boyle FT, He-
witt N, et al. Paradoxical activation of Raf by a novel Raf inhibi-
tor. Chem Biol 1999; 6 (8): 559-68.

Rajakulendran T, Sahmi M, Lefrangois M, Sicheri F, Therrien
M. A dimerization-dependent mechanism drives RAF catalytic
activation. Nature 2009; 461(7263): 542-5.

Hatzivassiliou G, Song K, Yen I, Anderson DJ, Alvarado R,
Ludlam M]J, et al. RAF inhibitors prime wild-type RAF to ac-
tivate the MAPK pathway and enhance growth. Nature 2010;
464(7287): 431-5.

Poulikakos PI, Zhang C, Bollag G, Shokat KM, Rosen N. RAF
inhibitors transactivate RAF dimers and ERK signalling in cells
with wildtype BRAF. Nature 2010; 464(7287): 427-30.

Heidorn SJ, Milagre C, Whittaker S, Nourry A, Duvas IN,
Dhomen N, ef al. Kinase-dead BRAF and oncogenic RAS co-
operate to drive tumor progression through CRAF. Cell 2010;
140(2): 209-21.

Xu TR, Vyshemirsky V, Gormand A, Von KA, Girolami M,
Baillie GS, et al. Inferring signaling pathway topologies from
multiple perturbation measurements of specific biochemical spe-
cies. Sci Signal 2010; 3(134): ra20.





