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Fig. 1. Signalling pathways used by growth factors and oncogene products. The signalling functions
of some oncogene products are shown on the left. The receptor oncogenes, except for mas, all
encode protein tyrosine kinases. Oncogene tyrosine kinases marked with an asterisk may be
receptors but their ligands are currently unknown. PLC-y, phosphoinositide-specific phospholipase
C; PLA,, phospholipase A,; DG, diacylglycerol; IPs, inositol(l, 4,5) trisphosphate; PKC, protein
kinase C; PG, prostaglandin; TX, thromboxane; PKA, protein kinase A. (from Reference 3)
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99 AzAF2AAR Add Fsdel woh? 29 Aol paHgwd, A Fest
AIDSe] A g4 24 QY A Fo gLt o

1. EAQIXI2t +8F2] HEA s Suramln-9~ Z 2 ql A7t :L——.,] 2ao] A get

£ Agate] 2 AH YL dadrd T4

ri

Aze AuAgel ARD F Ax A% 24 2 HPDGF), Aot £33 A BFGF) el 7
e ZAAAY 809 AEALGIT F 2 I, 10~50 sM, 10 sM9) F& x%%ﬂ%*é%,
A Ae AZE 5440 gt Az A A AREGENe] = 48 A sl B4 (ICx: 0
AnAgd A4 &5 4355t /«ﬂ Z254%  nM)¢ HEdgen” d42E 34 0)2]-9}- 4
Jozich FHAAY AzALdE B A 44 AYE AdeE HFTol wol 2AH
7 271 W Eel AAAEEA hormommL A A grgron}, ligandE wlALA labeldle] 4-gA)
2 AR Az Aoy AxAT AR o A$2 A8 5 recepter binding assayE- o}
2 9FE FA ¢

B ARAeR SALAL  ggw FAAAS FeA ATE Adse
N

oncogeneof] a4 FARHE AL AFFL  HgTo] AW Ao =
2 AxHd S Adee A stedth ARS
4 QdAe F&4 AL EBojdom A 2. Protein tyrosine kinase®| X s{H]
= E4dg2= surammc:] <48 2t ¥ Suramin
£ African trypanosomiasis® X 2.3led o Bl Z AN A(EGE), dad5ZA94(PD
Bl ALd gl dEzAY, A dA44 & GF), insulin S-2] peptided ZA¢lA49) 424
Table 1. Inhibitors of protem tyrosme kmase
Comi)ou;d and site of action Activity inhibited* ICso(«eM)* Comments
Binds at ATP site
Bioflavonoids EGF-R, I-R, src, fes, fps 3~30 active in vitro and in wvive, also
inhibits topoisomerase 11
a-Hydroxymethyl phos- I-R 100~200 active against cells in a prodrug
phonates form
Lavendustin A EGF-R 0.01
Amiloride sre 50~100 inhibitor of the Na*/H* antiport
Binds at peptide site
Erbstatins EGF-R>PAF-R, HL-60 1~10 active in wvitro and in wvive but
PTK, sre>I-R unstable, also inhibits topoiso-
merases
Tyrphostins EGF-R, PDGF-R>PAF-R 0,.1~10  active in vitro, slow acting, pos-
>1-R sibly unstable
Dihydroxycinnamate EGF-R 0.5 active iz vitro, unstable
Cinnamamides EGF-R, fegr>src, fps 1~25
Piceatannol pa0>lck 15
Unknown mechanism
Herbimyein A sre>HL-60 PTK 12 active in vitro, inhibited by thiol
reagents
Doxorubicin abl>spleen PTK 20 multiple interaction sites on the
kinase
Staurosporine PDGF R, I-R >EGF-R, 0.60~0.10 active in vitro, also an inhibitor
GF-I- R sre of PKC
Cibacron blue HL~60 PTK <10 a nucleotide analogue
Thiazolidinediones EGF-R 1~6 active in vitro, toxic in vivo
Sulfonylbenzoyl- EGF-R 0.5 active in vitro
nitrostyroles

* R, growth factor receptor; fagainst most sensitive species (from Reference 3)
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= protein tyrosine kinase(PTK)od -2 7}=]5],
2 F4 L ligandr} A et Aol oete] a1
v} 8 s EA QA 484 2] tyrosine kinase A
A 2 A erbstatin®, genistein!®, lavendustin'V
ol ¢HA 9t

& retrovirus 4249 HAAS} A £
Fol B B AT A2 dY FHAFLE

Ll

[ ing
o] PTK#4 & #& Ao wz ' Rous
sarcoma virus f-2} 9] -FAA v-srel BExpgk

%k 60Kl ¢l A8 codedtz 93 FHEZ tyro-
sine kinase &40 &4 7} 98 ¢r-f-A Ao| e},
AR vosreoz A" Az FAL oA
] AAdoz HHAINE FANFEEZ her
vimycin A7} A Qleh 9 0o A A A%
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(DP60Y~¢, pYO¥es=des, pldQees—ros, p2QeeE-eil)
L. kinase &4 ¢ 7}A =, ATPS -
phosphate® 7] A bl A 9] phenolic hydroxyl~)
2 &A%}k Phosphotransferase &9 4y &
Az H¥E FA Ao AgHez P
o, o]l virusg 7= Al £ tyrosined] Q1
Azt AEst AsEo] Yk W AAAQ A X
A% virusg] 83 A ALEof JBomologuedt PTK
7 2AFeoz®, PTKE A4 29 443 &
golE Z2d dwe dvkm AzselAd
Retrovirus f-2 9] -FA Aol ot A Fol
t, polypeptide Z2alAtel] o3t A ZFA
tyrosine®] Ql A3t} Frlsle AT AEZAF
o] zAd glojA PTK7F AAAQ 4% 3

tyrosine

Table II. Effect of flavonoids on protein-tyrosine kinase activity of EGF receptor®

ICso(pg/ ml)
Compound
2 5 7 3 4/ PKI RSV-3Y1
Genistein —_ OH OH —_ OH 0.7 7.0
Prunetin — OH OCH; — OH 4.2 25.0
Daidzein — — OH — OH >100 25,0
Biochanin A — OH OH — OCH; 26.0 - 18.0
Genistin — OH Glucose — OH >100 >100
Position ICs0(pg/ml)
Compound —_— —
2 5 7 3’ 47 PKI RSV-3Y1
Apigenin — 1851 OH — OH 25.0 11.0
Acacetin — OH OH — OCHs 40.0 24.0
Flavone — — — — — 50.0 7.0
Kaempferol OoH OH OH — OH 3.2 14.0
Quercetin OH OH OH OH OH 5.0 12.0

2 Protein kinase inhibition (PKI). RSV, Rous sarcoma virus ifrom Reference 18)
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AL oeldct. wepA old @ AN
Ao ZAd 8% targete] Ho PTK
AAA L At B =Ho] 71243
o, @A47x A PTKY At 2§35
o] alz Table [o] &okslo] 9.
2.1. Bioflavonoid

Bioflavonoid= PTKsg} ATPS] @7;}9- A A
oz Ag gk 743 Wol AR o} groupd =
genistein, quercetin, myricetino} 9iv}. Genistein
2. Pseudomonas®] wjokod o 2 B¢ Halg PTK
o] A A EAW, in vitioﬂ]zﬂ EGF receptors}
pp60Y~"c, ppll0#°6~/+s2] tyrosine kinaseZA &
A& e}, cAMP-dependent protein kinases}
protein kinase C,

lo 2 ©
worr

phospholylase kinase, 5'-
nucleotidase Z--& A 2] A& 847 &okor, A431
AEE ol gT in vivo AYPJAE Az
phosphotyrosine leveld] A48 A& 3g k10
Quercetin 9 4] 7+# 3 tyrosine kinases] A & A
o)1} cAMP-~dependent protein kinaset} protein
kinase C, phosphorylase kinase %9} Folx
WEolA el AABYS Yehhgich. Table Tof
A nE ARY T2 4T ol PTKe)
o) 8 A ) &7 flavonoide] A ringd) 51 314
o] hydroxyl group®] EAf-F7t A B F
o3lger], Aringd 793 B ringd] 4499
hydroxylzl= Al &A=t A #Ho] Sl
t}.1® Bioflavonoide] PTK A& &5} A% F
A e R4 e ez wdze
g, olgd HFEES Alzslse Ao
PTKY #A8% 73k 454 probei o] &

2 %+ 9
2.2. Erbstatin
Erbstatine A3 ZAelA 443 tyrosine

krinases] A &l A (ICs: 0.55 pg/ml) 2 A, Strep-
tomyces MH435-hF32] vl gkoll of] A} £-2] 5] 9l o} 19

1 385 PKC diae eEdAs A
AL Veux] gtz PKAS phosphatidy-
linositol kinaseo] wl3}A]: v 23 AN EA L
Yehy ¢}, 20 Erbstating] =& k42 ATPst
7A A 8F= genisteino] 1} orobolate & 7172
septidesti= 7GR o2, ATPS = v]AYAH o2
483t 4% Yo e} 2 Erbstating calf

Kor, J. Pharmacogh.

serumel 4 474 BRI AE, 4 o
A erbstating] §5A4 E A5 =8y A2
5} methyl 2, 5-dihydroxycinnamater} T =
.2 o] GEAE 49 o] AFAE AT
93, A 33 zAq A & tyrosine kinaseo] o
QA= 23 A8 B4 (ICsx: 0.15 pg/mb) 2 et
v ek

/) C NHCHOus.,
CY -
L

OH
9.3. Hervimycin A

Hervimycin A% benzoquinoid ansamycinAl &
WA EA BAT W el AzBHE AL
w22 gy T2 ov-sre oncogene?]
dol 9 4E 93¢ 344 I %A
A7) = 2] ;}.xg}%ﬁ_ A 2] 5 ¢} 2 Hervimy-
cin A9 RAE2-9= src FHA AFEQL po0T
o) A1} tyrosines) Ql AE7t FeAMHE FRoh=
7o) upstream %919 Acg AR
Herbimycin A% sre, yes, fps, ros, abl, erbBst:
7-.2. oncogeneso] @A WP AzFAE A
Aoz HBANE 24L& Ehigiert, ras
mye, serine/threonine kinase raf F-of o8 A
g5 oo deAdE F4E YA EEe
7 AR A RAE nedFRhE

0

CH3
OCH3H NOCO

CH, CH, OCH,
3. Protein kmase Ce} X

Ca++, phospholipid-dependent protein kinase
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(protein kinase C, PKC):= A=z A#As £3)

ZgPA 5L 23 B Az Ve =
A= protein-serine/threonine kinaseo] v, 29
PKCe] 7| 2A4ql Fx& 7|4 @Ael} ATP
7} A3 catalytic domainz} phospholipidi}
diacylglycerol (DAG), phorbol ester 50} 233}
X regulatory domain o 2 F-4 = o] glv}, 2 PKC
= phospholipase C¢] #-42 & phosphoinositides
o} AFEHE B4R DAGH SdH FAsR
t}, 2 4}5] tumor promotorq] phorbol esterss}
2 39 HF}EEL DAGH AAd oz Axw
o intercalations}o] PKCE A=A o= B4
3w, phorbol estere] t}oFat A 842 PKCe
ZA G ol 7lel gtz AzrEh 1986w ©]

% PKCE %49 24Fom Hof 9ot A
FHAR T, o5 2

7k

we} PKCY 750l &%
£ cellular processol &= <
29 AA% A9 o2 A HFE] A
$E A5AE B PKCY AdAZA A4¥
ol A Byl sHgE-& Table Mol veiglon,
g gxAq SEe e b 2

Table III. Inhibitors of protein kinase C

Site of action ICso (M)

Compound

Catalytic domain  staurosporine 0.0027
UCN-01 0. 0041
UCN-02 0. 062
K252a 0.02

. sangivamycin 11

Regulatory domain calphostin C 0.05
polymyxin 10
adriamyecin 50
tamoxifen 50~250

3.1. Staurosporine
Staurosporine-2- 8} A F o & 58 2] = indolo-
(2, 3-aJcarbazole chromophore® 7}Az Y&
alkaloid #3%= FAF AL A &
go] YE FFgER ALor nIHYHW
Staurosporine A 7}2] <d# R FHFE FA
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in vitrool A 747 73 PKCe A3 &4 (ICs :
2.7aM) & Vel g ow, PKAICs : 8.2aM),
p60*—sr¢ PTK(ICq : 6. 4 nM), EGF receptor PTK
(ICs, : 630n1M) 5] tyrosine kinaseo] = ]
e e on®, in vivel A%
3% Y= g5tk Staurosporine (*H]
phorbol dibutyratee] %ol G &F& FA B
Aoz wol PKCY catalytic domaing targeto
2 3% @4 gtk Staurosporine®) o) FF
280 Alze] 18 FA (ICs : Hela S3 cells
<3nM, MCF cells 90 nM) = 23 FE3, d&
25} Lol W@ 4§ FE PRCY A

#Ae) Qe o FHR

4,

3.2. UCN-011} UCN-02

UCN-013 UCN-02% staurosporineg A A3}
X Streptomyces sp. No. 1269 ] okl ol A ub
715 ¢l 323, staurosporinete] ol A& C-79
§15 0] hydroxyl/) & A= ¥ Aeolw AA
o Qo)A el th, UCN-01& PKC(ICs, : 4.1
nM), PKA(ICy : 42 nM), p60"™"* PTK(ICs, :
45nM)o] sk} A8 &S e gla, Hela
(ICs: 230 nM), MCFA%(ICs: 3100M) 59
E§EE A zol % 5L ek gleh UCN-
023 PKC(ICs, : 62 nM), PKA(ICs & 250 nM)¢j
date] UCN-01nvr Adides we ANRA
& ooz C79 gAMA wE Y 2
ol2 neFgrh. E3 UCN-01-2 staurosporine
b= 9% oncogenes] od FAWYD ALE
%33 4] P388 murine leukemia®} & in vive

modelol| A ¢t E e theh gt
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NCH,
H

3.3. Calphostin C

Calphostin®} =z GEs5& 2Fql Clados-
porium cladosporioides?] wlj FRo A} H-z]s)g]
23 calphostin®] 454 %o} A calphostin
Cob A &34 40| 7b4 #ehgch. Calphostin
C 0.05 pMel A4 PKCol o} & IC,, & v}ehuj gl
2y, PKAY p60 v-sre] PTKe| s 4= 50
pMAANE A& & nojx) @80z, PKC
of dd Sejdelz By AHALe A}
et 49 v} -$o] calphostin Ci= PKC9] catalytic
domaing A3} 842 ¢¥ 5. [*H]phorbol dibutylate
o A%E F¥Aez Adee Aoz wo
regulatory domaine] &3} PKCe] specificst
A g A o)t Calphostin C= Z-HEE A xe]
Aol EA4 a3 (ICs ¢ 0.23 uM/Hela S3 cells,
0. 18 #uM/MCF-7 cells) & vFelv| 9} o0, in vitro
o Al DNA9} #-838}x ¢48-o 24 calphostin C
9 YAZILL PKCo| AoiFge] sQae
&A1 3k e

4. Protein phosphatase2| x{&ifX|

AZ AEAGE S daste d

Kor. J. Pharmacogn.

HAASE Fachs Ao dAAL. wwA
o serine/threonines] A g8tz Y <darAE
ero) A1-3}3} = phosphatases(PPs)+=  glycogeno]
A R4 5 AN AA 2R o
veh, AEFH zFHdE @A PPse
catalytic subunite] 4= HsAlod] g 74
Aol wret 29 Fgbr FFAG(PPL, PP2A,
PP2B, PP2C 5).47 o] ahs} PPt £.4-%39)
A48 24 el $xsz 9E Aoz wo,
AZA% 20 A0 BARD UEE ¢ 4
9heh. 49 o]l T fof tyrosined] A Y=
9l A7) & ®He] 44313l & protein tyrosine phospha-
tase(PTPase) = ¥ A Yok ol B& AL 24
o #edtE AnA D] U gAld] 2L
22429 Fepashy, insulin A, Waat
gAstst e AxIFY 2FAE HAAF A
L 37‘3"%, o] 9 otwlx A wWlg-& PPss}
= ot homologyE Bgog 1 A EE
23 9¢ ez FRAW w
A3l A2 kinase} phosphatases] 4
ol A F¢dog oY FYL =23
2 Az ARrALS Az FAL

4.1. Okadaic acid

Okadaic acid¥= black sponge¢l - Harichondria
okadaii 2 % ¥] %23 marine toxino Z, wo
polyether linkage® 713 E3et Awa $x4
o)k o] HFEFL FA AT donwd
ob 2}, mouse skin bioassayo] 4] tumor promoter
24 gsgort PKCE #4337 ggto
w4 protein phosphatase 1(IC; : 10 nM) 5}
protein phosphatase 2A(ICs : 0.1 nM) S = &
3ttt 4" Phosphatase?] Fa4e] e 44=
ol bl A Aoz wE a7 Aol g
A& 2% A A 7F @o] wH AR ¢ ol
%= glch Okadaic acide] sk o} %, o] Rele)
A F7} F43) b 89 on, o] &) 8 phosphatase
AfAY A doz AT WY AzALH

%W@
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REL) zAste FYEA2A 9%
i ohye Aol 447 AT E 2A 5]
A% Ao Adud,

= O
=4

5 1 9le] MHEME X &HH|

AZE AnAdd Fod gxzd ¢
AT A Ao} Az Fads) Ax
Aotel SAnd e e
o ARA G F23
o dFoz FHAA
o™, ras2 Y8 A2 FuE A
AA7le SFEE A2 HdT Ao
AL Cattd Az A A 2
& AEE w2 oy 2z Az Fx
calmodulin 2] Cat+ 7 g}ehul 2o 23}
o]5 o 2 calmodulin®] = 37 = oy &
= AEH 91w} * Phosphatidyl-inositol 4, 5-
bisphosphateE- 7} 23| sto] inositol 1,4,5-
triphosphateg}  diacylglycerol¢- wl=2= phos-
phoinositide-specific phospholipase C2] A &) 4] %
AZ 75l 43¢ F Aoz 7lddd. 0 4
2ot 8 29l 24 Az HZAHo
2 Az wwz)s DNAFA
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