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54 FRANA, ALY Az BHHE AAAY] A ARAY Al etel QT e oFRe] Tt
% el el S0 o0 el FHANY ATAT. E & FHAN, A2 R A 9
g glo] mekelth. AA V124 Asel di@ wal - 85 AF Trelx Ex oo 008 A8 77 %
Sl L TS oHoE 05 T 0ok A T Zajela] ohgel ol we Azl HAE fAT AT
ATk, PR, AE FAL oAAAE EE AX AEE A ARAe sl dete] Rox
e AN QA wgel A5 ofa] AZHG. 8% U P ETr oldAom g A T 23 E
©HS o gHOR 95% Ei 006 AF TR EolA] oFEe] ofa) M-ARE EE ALF AR Lt ol £F
of WiLE 4§ ANA AeezE 44 JEd A5 B B O gat fEd Row HFHEY
A gAe) A8 ARG ARA HEHY W Folge oFEo] Zold ANl HAH tE At AL
94 A= wgel um @ msel dete] e gol

A >, GA AA R/ E= A8A= FEH Al wiste] d E=23 (Hill Slope), ECs H= 1Ck
2

we 5] s AAdEr. @AskA A /e ARA AFoREH 59 HolHe % AAe a¥
(Fx7F dvk Ao axs d4dsE ) 2 = 5% (AY 247153 233 FGrkshr] 98 Akgd ¢
ATH. F7F SHL, 1050 ks JNEsty] e A AAl B AsAE AGFoRM, gFARSYH F59
o|gt AEE ol &% /ME AN AEAS] &5 dF RS XL, A7IA E4FAE AEY PR
gdS ZAar7|a XNBAe XA 2 A4S 2833

ABAE HAGH oz AE TAE AN E B AEX AFES dov= 54 AxAd A2 9/EE AA
AT AAE 28  Jdvk. XNEA7 148 429 de 715 XS MAPK-PK, RAS/RAF, RHO,

FAK1, MEK/MAPK, MAK, MKK, AKT, EGF 4&A|, Her2 &), Her 3 F&A, Her 4 +8&A, o ~E=Z7 584,
I2AAEE 84, ¢t==7 $8A, GPER30, PIK3/PTEN, VEGF <& A=z oAAl, AE Hz, TGFHEr
/SMAD, WNT, &A3/GLI, HIF1 &3}, JAK/STAT, »=3, G1/S #Ao]¢ Wiz, DNA &4 tixd, 2 A EADAL

AF FEol A, A8A = ME ApolE Zdol] TR MEAF AEE FHF. AE Ale]F 24 TS v

FF

A= A A TAS X Z A= (DK4, CDK6, PD-1, 2 Alo]Ed (o & 54, Ate]2d A, B, C, D, E, £ F,
9 G1/S AtelE)el B4H RS xesrh. AR TN, 1A} AEAl= W ar a4HE 1A%

g2 Fddoa, A8 SVEREH AYdc: $Ee 28A 2 @A oE gAYy EffaRFy, dERS
o, getEd, AR BREAE, A2ZEE, ofHERE, SEEEAl FAE, HIAEAY HEE,
AW EE 2=, HAWESGAN=, AAHag, oupRRy wupAlEy, SIREET, o] R
vlo]Z-FEfutol = A ZEE, ASAIY, HAaddz], Eud AJEYeE, EHAEHE AAENW], olu}

I

Hy, oA E, EFQEzt, oAJEY, 2l stueped, reted, JAEHAY, ddeEriels, g
EAln, thAEH, FUEH, dEZEY, d2EHY, G2 EA, gEZEvlels, ESAlels | dURRy
HEHzY, ol AEY, stxsby, AxEY, FHAIEN, ody L,ﬂ%ﬂﬂ%, w@a olA H| o] E
opH]te ¥, BH3 E¥Al, UYHEZFEHA oAERE HEZZE, WIas JAA, AlelF i4*%ﬂﬂw,
S, HEEHNE, ZFQ R, oAHEE, JtREUE, ofEYWEAE, YA EE T, o|2H
gEEn, opbletH R, F2EEA, dzEd, dFFElels, YEFT, ZRAEY, dagd, dE =
E, o}itEld, ARN-509, ARN-810, BIND-014, tiB.ejsld, che}Fivr, @2 5255, LDK378, MI-121, sym004,
EaAEzm~waA by, EgvEd, ohAEd, LY2835219, MPDL320A, QHIFFF5F, Sym004, EAFR
W, EddE, AR, S FAEE, B olEY] 23, ol ARAY x4 FAE vk A=A
7Fe] %3-S Chou and Talalay ®% (Chou, Cancer Res., 70(2):440-446 (2010))& o]&3&te] Ael= 4= i},

el Rl A, A BRI AR Ade] ARH Bl AS PWE g TRk ARy b
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Y WA 7] Waske A A Aol Al datel AwH &5 2E AL Uehdth. FA
oA, PHe FAhE AXAY W Y AswelA A gARRE Holw shte) weld A AL Aol
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uEA-gAd 5 ghld g)uolA AlaAol=
A7 R Zslel A 9] MAPK/Erk

MAPK/Erko.2 9] G-vd-AZHPH F&a Aadd

e

SAPK/INK A Zdd Aol =

ANsAE Z=2 &3} p38 MAPK

Ft=/A2FEY AA 7499 A2 & 9A 2=
o E3 Ras, RaF, Mos, MEK, Ervk, MAPK | Cell. Mol. Life Sei. 64(21),
2771-89 (2007) Regulatory
mechanisms of mitogen—
activated kinase signaling.
47 Q1=+ -EGF, FGF, PDGF MLE3, TAK, DLK, MEK, P38, FASEB J. 22(4), 954-65 (2008)
MAPK, MEK. Erk Phosphatase-mediated
crosstalk between MAFK
signaling pathways in the
regulation of cell survival
& F-95 ANEF - IL- | MEEE, MLK, ASK, MKK, SAPK, Expert Opin Ther Targets.
1, IL-6, IL-10, TNFE&3 JNK, MAPK 2008 Feb;12(2):171-83. doi:
10,1517/14728222.. 12.2.171 ~
Pro—inflammatory cytokine—
induced SAPK/MAPK and
JAK/STAT in rheumatoid
arthritis and the new anti-
depression drugs

A4 G029 £8 - 2%, MEEK, MEK, Erk, BMK, SAPK, Biochem&Biophys Res Comm

9 A HIE ?:}_3, =] p38, MAPK Volume 239, Issue 3, 29

Het October 1997, Pages 840-844
Hyvpoxia and
Hypoxia/Reoxygenat ion
Activate pB5PAK, p38Mitogen—
Activated Protein Kinase
(MAPK), and Stress—Activated
Protein Kinase (SAPK)

GPCR 2|3t= -=97, 5-HT, Erk, JNK, p38, MAPK Oncogene 26(22), 3122-42

5| 2E R, ol EH, (2007) G protein regulation

ol =2t & ‘3]1 (2544, of MAPK networks

ZH4, GABA), wEHLE =,

=2 BET J %iE?lcﬂ.

A2, EBU, AUy

B 7. AXE AY - AEAVE AR

MEZAE (Overview)
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APE/A=5Ed AA

THEe] = & oA

F=

F94 A= -Ex. NGF,
FE=7, BINF

PEC & PI3K/AKT & Bad, Bcl
Bak, Bax, BID =+ Bim, Noxa,
Puma, F}Z=sta]

Nature Reviews Molecular Cell
Biology 9, 378-320 (May 2008)
| dei:10.1038/nrm2393-
Expansion and evolution of
cell death programmes

TNF. TRAIL

ASK, INE, P53 & NIK, NF-kB,
Fr2=vA, ROCK

Biochim Biophvs Acta. 2011
Jun;1807(6):735-45. doi:
10.1016/j .bbabio.2011.03.010.
Recent advances in apoptosis,
mitochondria and drug
resistance in cancer cells

FasL

F+2-7}7], BH3, Bid, XIAP.
Bel-2-=3 H=ZEAE E=E,
Bax/Bak, MOMP

Cell Death Differ. 2012
Jan;19(1):42-60. doi:
10.1038/¢cdd.2011.121. Fas
death receptor signaling:
roles of Bid and XIAP

¥ 8. Al¥ x4g - PI3 7]o}A|/Akt /mTOR A& A2

JAE/HEFEY AA

749 B2 & 9N

2z

ol 23 A3 ECM/RGD HEl=

PI3K, FAK, ILK, PDK, Akt

Integrin signalling during
tumour progression Nature
Reviews Molecular Cell
Biology 5, 816-326 (October
2004) doi:10.1038/nrm1490

ol IR, IGFr PI3K, Akt, mTOR, Bcl | Diabetes February 2003 vol.,
52 no, 2 227-231 doi:
10.2337/diabetes.52.2.227
[nsulin Activation of
Phosphat idylinositol 3-Kinase

NRG, HRG, IGF PI3K, PDK, Akt, mTOR Curr Cancer Drug Targets

8(3), 187-98 (2008) The
PTEN/PI3K/AKT signalling
pathway in cancer,
therapeutic implications.

A EFel - GQCSF, IL-3

JAK. Ras, PISK, PDE, akt

The EMBO Journal (2006) 25,
479 - 489
doi:10,1038/s] .emboj . 7600048,

& Protein Kinase Activity of
Phosphoinositide 3-Kinase
Regulates Cytokine—Dependent
Cell Survival PLOS Biology
Published: March 19, 2013
DOI:
10.1371/journal .pbio. 1001515

EEEEIR

PIKK, PISK, Akt, 4E-BPIL,
=5} (Raptor ), PDK

The tor pathwav: a target for

cancer therapy. Nature
Reviews Cancer 4, 335-348 (1
May 2004) |
doi:10.1038/nrc1362

Had Z9~H 99 A
(BCR)

PISK, PDK, Akt, mTOR, PKC

Leukemia. 2004 Feb;18(2):189-
218 JAK/STAT, Raf/MEK/ERK,
PI3K/Akt and BCR-ABL in cell
cvcle progression and
leukemogenesis

270¢] TORC 2 Akt. Dev. Cell 12(4), 487-502 (2007)
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gLE/HEREY AA

FAQ] AR § 94

2z

A1 8 7449
AHZO|E/3EE e,
A Tt A2 =,

PIK A2 =

Z3: JAPK 42 3=, T

EMT, MLL, KDM, UTX, DOTIL,
BRD, TET, SirT1, Hat, SNF,
DNMT, EZH

Epigenetics & Chromatin 2013,
6:28 doi:10,1186/1756-8935-6-
28 Epigenetic coordination of
signaling pathways during the
epithelial-mesenchymal

transition & Cancer Res, 2011
Mareh 15 71(5): 1752-1762.
doi: 10,1158/0008-5472.CAN-
10-3573 Epigenetic Silencing
Mediated Through Activated
PI3K/AKT Signaling in Breast

Cancer
£ 10. AXE A - AEH A
8=
dEd FEA AsdF
AMPK A dd
ot =Z W 2 (Warburg) &2}
E/HEREY AA 7499 A2 & 9A Az

-9, 42 IR, 4

33, E84, slavd,
dEdda £84 A0

AMPE, PLC, CaMEE

(2011) AMP-activated protein
kinase: nature's energy
sensor. Nar. Chem. Biol.
7(8), 512-8.

A&d AMPK, PI3K, Akt, Ras, RaF, (2010) AMP-activated protein
Erk, kinase and its downstream
transcriptional pathways.
Cell. Mol. Life Sci. 67(20),
3407-23
S50 A T o E SEF A F£43 & A}, (2010) The Warburg effect
ANE#olE Ras, PFK, FAS, Kreb 7], and mitochondrial stability

AKT. Bim/Bad/Bcl

in cancer cells. Mol.
Aspects Med. 31(1), 60-74 &
(2011) Aerobic glycolysis:
meeting the metabolic
requirements of cell
proliferation. Annu. Rev.
Cell Dev. Biol. 27, 441-64

e & 4T 9

PI3K, Akt, mTOR, si32HE

(2011) Regulation of cancer
cell metabolism. Nar. Rev.
Cancer 11(2), 85-95

¥ 11. AIX A8 - AlE 37| / DNA &4

B2

A3 F7) glZ&a G1/S B

A F7] iz G2/M DNA &4 o

A

1 o

¥ 12. AX Hg - Ads ¢ 9=

B2

JaK/Stat Az AG: [L-6 584 =2z

NF-kB A&z d

TLR 3=
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JAE/A=wEY AA

THEe] B2 & 4N

A=

TNF

TNFR, NFkB, TRAD, TRAF, TAK,
TAB, NEMO, NIK, IKK, MEKK,
Rela, RelB, kB,

(2011) Regulation of TNF-
induced NF-kB activation by
different cytoplasmic
ubiquitination events.

Cyvtokine Growth Factor Rev,
22(5-6), 277-86

ILIR, IRAK, MydBB, TRAF,
TAB, TAK, NEMO, NFkB, RelA,
RelB

(2008) Shared principles in
NF-kappaB signaling. Ce/l

132(3), 344-62

Fas/DR 2|7=

ASE, TRADD, FADD, MEK, JNK,
F}25}A], FLIPs, Bid, ICAD,
CAD, PARP, #}dl

(2011) Non-canonical NF-kB
signaling activation and
regulation: principles and
perspectives, Zlmmunol, Rev,
244(1), 44-54

vE7l, 47 A 2 ZEE See individual references

T RE¥F gz o NFkB Mohan et al, 1008

T 23 A 4 NFkB Mohan et al, 1998

234 23 473 AA N2 NFkB Gao et al, 2005

FEE|ZEZY-HE SER NFkB Zbytek et al, 2004

Aqrdq-1 NFkB Gerstung et al, 2007

v 4% <z} NFkB Biswas et al, 2000; Sethi et
al, 2007

o| ~EZ Al /8 E}-o ~EF}r] 2 | NFkB Hirano et al, 2006

9T 33 22 NFkB Delfino & Walker, 1998

7}A~EF NFkB Ogasa et al, 2003

GMCSF NFkB Ebner et al. 2003

THAIE A7 A NFkB Yao et al, 2004; Kaibori et
al, 2004: Shen et al, 1097

AN NFkB Bertrand et al, 1995:
Madonna et al, 2007

AEA-FAF AF 21" 1 NFkB Liu et al, 2001

HAFAGYE|IE 4 NFkB Raj et al, 2004; Hwang et
al, 2006: Chen et al, 2008

M-CSF NFkB Brach et al, 1991

BeEish 94 £32 NFkB Hoshiva et al, 2003

273 A3 = NFkB Wood, 1995: Carter et al,
1996

FE7Y A NFkB Sun et al, 2008

otz Awl-f-= <1z (PEDF) NFkB Yabe et al, 2001

47 8435 ¢4} (PAF) NFkB Fernandes et al, 2003; Seo
et al, 2006

dAT-FE A A= NFkB Olashaw et al, 1992

25 2HRolE (F22AY, | NFkB Corbiere et al, 2003

=EAG, ElaAd)

T2I2EH NFkB Rengifo-Cam et al, 2007;
Umar et al, 2008

Z2AEFE NFkB Williams et al, 2004

Al NFkB Ho et al, 2007

o =] =5k NFkB Silswal et al. 2005

AA-EdRx ] =4t NFkB Farina et al, 2002: Mathieu
et al, 2005

RET/PTC3 &% =<9 —uia NFkB Russell et al. 2003

S100B NFkB Adami et al, 2004

03 NFkB Baldwin et al, 1991

£9El=E (L-4¥9= NFkB Turutin et al, 2003

7t Z FA)

TGF-2 v NFkB Lee et al, 1995

TGF-H] E}2 NFkB Lu et al, 2004

EZZA) NFkB Wei et al, 2007

¥ 13. AX AHE -2y, € &

AR
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HRE/EFEY AA

TALe] AR g 94

Iz

FGF, IGF, VEGF, SLIT, TDGF

PI3K/Akt

Angiogenesis — pathway map

o AEZUE, =,
HAE~AHE

SEg/AaHRoE 9 H-
ZH2ol= 24T Jsdd

Nueclear Receptor Signaling -
pathway map

Y 4% o7, wH=H,
e dg=d

PI3K & MAPK

ErbB/HER Signaling - pathway map

=&Y, Wnt

ZNRF, Z2]E€E(Frizzled),
WntR, PAR, GSK,Dsh, LGR,
ZH Y, WIX, APC

(2009) Wnt/beta-catenin
signaling: components,
mechanisms, and diseases. Dev,
Ce/l 17(1), 9-26, & (2009)
PARsing the phrase "all in for
Axin"- Wnt pathway targets in
cancer. Cancer Cell 16(b), 366-8
&

E-7t=sl 2% BOM YEI=
A4g, 7y

FHe Y, CBP, GSK

Journal of Mammary Gland Biology
and Neoplasia

October 2003, Volume 8, Issue 4,
pp 435447

Wnt-Cadherin Connections in
Normal and Neoplastic Mammary
Epithelium

TACE, ADAM,
Neur, Mib,

A 21 (Epsin),

DLL, JAG

#2839 (juxtacrin) A=},

NOTCH, = =A](Fringe),
#3, 28 A7l=, v,
ZHAdd

(2011) Notch signaling in solid
tumours: a little bit of
everything but not all the time.
Nat. Rev, Cancer 11(5), 338-51 &
(2011) Notch signaling:
simplicity in design, versatility
in function. Pevelopment 138(17),
3503-612. & (2011) Notch
signalling in T-cell
lymphoblastic leukaemia/lymphoma
and other haematological
malignancies. J. Pathol. 223(2),
262-73

Hh, Shh, Dhh

CDO, BOC, Ptch, Smo,
Gli,KIF, myc, A}o]Z% D.E

(2010) Interactions between
Hedgehog proteins and their
binding partners come into view.
Genes Dev. 24(18), 2001-12 &
(2009) Paracrine Hedgehog
signaling in cancer. Cauacer fes.
69(15), 6007-10 & (2011) The
Hedgehog's tale: developing
strategies for targeting cancer.
Nat. Rev, Cancer 11(7), 493-501,
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Ex. 4 Eglarey Her2 4=-2-7 MAPK, RHO, AKT, B2, B3
FAKL, RAS/RAF,
PIE3/PTEN, A=A
23
Ex. b Hl%’-l g EGFR MAPK, RHO, AKT, Bl, B2, B3,
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29 53 Wgshl BaHE A4S e,

AE B e A,

T
o =
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A 71549 Sel
A AR o Ae xakac

AEAE. AT Erbitw)s Aold AFNget 2 TRy ARE 5] ,
R (R SR A, 49 4 D £8A GO LAl 4y DAk Azl e
NN 9] g x <l
glol 2ass] 9

AT, AFAR

A EZEY. JEZE c2F2#0|E (Tarceva)w H-2AX <, AL 2 2 Ay & §39 s
Azst7] fla ARgE k= ]‘ﬂr Ay A7 AAF =84 (EGFR)ZollA 2Hg3l=, 7193 ElZAal

oltt. AEREHS, v FHo oA A THEI JHE EAdWOE=, ’2}34 A AR
H2a 7uAlE BelAdow xAgth. F&AS] ofvlieAal 4RI (ATP) Zd Feldl 7H94 wo=
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& 209 FHHAA, EGFR (9] A QA &) B HER2/neu (13t EGFR 8 2)9F #dE B2 71UA
&d& AAAZIT. HERZ/neud] 3 TALE oAdolM ud e 54 /& HAdH

SAET Al ABATIA] =

EAEY. AR (Taotere) AFH02 AR G-FAHED sty FRolnt (5, AX 282 Y
T, R, dd, AYA, R 0-2AZ A gl ARe) F2 ASHT. EASAE sheten okE R gl

ojar, stZeedl (g&)e] -3 FARA ot}

GSK1059615. EFE01 A E|= 3-71ubAl] A4l (PISK A4, ¢elld Fo S s, PISK/AKT/mTOR 7
29| AR EAFO|AEE 3-7)uhal Eae] JAld] 93 7k UM o8 ofEolth, 4] Fzo oA
= 2% 2% 43S J9A
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g oA A o]

Fzay. 323y (Votrient)S VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-a/B o] #&3st ¥ Helx vjz-uAg 4
£ ElZA AuA A, 2 FF A4S sty dPA8E oAA I E -7 Eolt},
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oA ARSEE FEud FAAIQD oFEot). Elolw|d | ]E gaie vrtd A ANE F& st A4
AA Aot} FuAEAR

FFA A EFE]. FFRIATERTL (Xeloda)2 HeolAd F4<t 2 =Y =
ofth. FHAAERIE, DNA Fd= AT FF 2A 9] s =2 &k,
FaHor AfYE, ZzR=g o)),
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2 4 e A3 Y AHSET. EXolAmEiAl-1S DNA HAE WA=, @ TR AX AER
olojX|= & gao|th. Y] AL MEAEAE 2 SHE DNA 7FEe] g & o]oj i),

ojg] = E7F. o]& :=H|Zt (Camptosar):= 2 C}%LQ] ] o AFEE oFEolt}t. ol :HZE Exo|Au A 19 o
A A 21, SN-380] 7lgisfol] & A ). d tHAFE-Z SN-389] 93t EXolAwEA] 19 YAl= A=
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