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1.2 Cell Cycle Regulation
1217 &

EFFY AEEE 34 cyclin-dependent kinase(CDK)
family o] 24529 GAJstol] oJate] v Fws] A A
th olgt Z& CDK €49 XH(regulation) F-3 t}¢ksh
AZE B3l o]Fo] A=, dF EXAY, D) cyclin®] YA}
s}3, 2) 9148} ¥k-2ophosphorylation events)o] 843 2 &
g3}, 3) CDKE A3t D F(peptides)o] A4, 28 2
g3 23, 4) I3 T 99

55 90
o|#% CDK &4 =& T, AXEL Al 4%
7 DNA A I8 AMELE F AXZE z22le 3%
(genome) 9] A D(mitotic transfer) S-S AWs}Y AE3}A =
2 5 A "ok ole} 22 Aixe] MEFT|(cell cycle)E
Aol A= H2 &9 flste, MEes 2 7EA 9] cell
cycle checkpointsZ 7He*'. o) AP L, AT AL

of7IAlFl = AlEAIZAY 7 (growth-promoting signal
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AENSAG B4 74 JEESo FHAHLE ol =W
o]l FAERo], w7IAZ CDKs9} 159] regulators
ZNAEA 33 &3] SAEH, e 8o Aol gy
EET Ju 53 o) ZAAME 7bg Bl ATHT e
o)) Alg]E retinoblastome(RB) pathwayo]th. AAre] A9
o= D-typed] cyclins 2] dhkKcyclin D)9} &4 Cdk4/
Cdk67t &3l (complex)& ©]Fo] RB protein(pRb)e] 14t
3= o] ANlZle g, MEF7]9] G1/S phase®] A transition)
o] dojdt}. wiA, pRbel 14tsl7} CDK ] A& Sl
oate] HAER] PO, AEF7Ie] o] Az rKcell
cycle arrest). Cdk4¢} Cdk6S A 3llst= &2 Q) CDK A8)
AZ INKAE & 5 A, AL BE A7+ gollA] vlZ o)
INK47} e]8-= pathway 2] o8] CDK Asl] JEE]
A wWolgo] By sy >,

Ft o]3g CDK ZH71d ¥ AEF7] J7|™e] 4
A DH BR-o] S YFEe Uwd] 4 34
o] Woj HRHY 9o, B H(REL o)y A EFY
A 71dE vg o2 g A2 Al e HE 2 159
7hg ol B3l 7heps] ela) Bz} gk
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1.2.2 M|Z 7|2} CDKs/Cyclins

A EF7] g dF9 AA & Folt). o] AlAl= F 7HA
9 293 847 FAHo Qrt. &, Cyclin-dependent
kinases(CDKs) ¢} cyclino] 1A o]th tf -2 ME Yo &

A EHE protein kinase$} Z¢o], CDKsE ojE EA ez o)
serine®} threonine 2] ¢1Arslol #od3= F A olt}k Protein
kinases= M| X 810 2 REQ AT E ZE3lT K t}E §49)
IdRE A&3] dgshe 715 Zeth & s protein
kinaseo| <Jsl| shte] T Z(target protein)e] QA4S HW,
IRE N8BT sl A7) Su-5AAY 2 9NYEE
ALHoZ QAksl FHol A3rF AGHy, 2 Qs x|
7o) ZPAL.

FHH CDKsiz 719 stEUQl cyclin@loles ol 5=



AMZ & Al Mg 93 Cyclin-dependent kinase A &) &4 23

#4318 4 gtk & cyclino] oot A &gt target THAE
“rEEle] @48 Jeld & e Aojth meElA AEF7)9
ik FEnit &3 cycliniedk complex7t A& 11, )&
2] oH target YA Q] QlAELE A of sl A 7F FAA
;itk. 1¥H CDKs] level 2 HAFQ cell cycleTSt 4]
JAA FAHE ¥, cyclin®] level2 w9 §EHo|t)
}8}A cycliniedk complex®} 84 53 #93 22, I
2% djol cyclino] &% EAsh= 719] o o wat 2
o 2y vl o] AFEHAAT o] cyclind] ojg &
ek, E ohE 2 A7 SAZ

ahte] M 27 AXF71E B3l AE FFs) HdaiAe
218 % cyclin:cdk complex 2} mechanismo] 2 &35 o] 4
s]ojok g} FA]7I(quiescence)oll JUH M EIF £EE AlF
17 FAGILEY A}, AU AS 82 e Ao
cyclin De|THeyclin D& A XEE-2 =8} mitogenel] 9
A 3 FRFo] A8 F UEF ZHED. o] cyclin D
+= Cdk4, Cdk6(o] T 7FA] A4 E 7153 FHAA o8 34
iE o] WE AR @) 2k 3 S phasest Al
215)7] B A7 A<l & Z7]/%7] Gl phased] A+ cyclin E
3] Aol FEHI, o] Cdk29} complexd A H
t}. o] complex?} ojopst SZ o] Aol 7153tct S phase
3L F{i=e], DNAZ} 47 2138 £ cyclin A7} 5
bt oA Z7)dl Cdk29t 1813 Hal Cdkl(=Cde2)}
218l Btk o] complexs $7] G2 phase7tx] A& EThl,
cyclin B7F $3381H A Cdkl 2 cyclin B2} complex & ©]F o]
S| ZF718) A DA mitosis(M phase)Z R Y EFHA,
2l eycle eventE& whx]A] H}

M
(mitosis)
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Cell cycle: A schematic overview

12.3 G1 progression 3! cell cycle| H|&tF(restriction
point)

oAl AFE NS ez HAH cell growth cycled]
ZET o3t BEINE, AFFE AT AES AF e
vk AEE YH-ZHE] mitogenic(cell growth 7)) FEE
antimitogenic(cell growth ®3A)) signal & #Yglo] TA =L,

o] signalell )&l cell cycleo] ZAHch Tk o]El cell
cycle clocke] ZFo] BA=H X7} AAH = L ol
© FRYE7 g kst Al ¥ A1) Gl phase?] A
L. 2/3%¢F 9t stimulation® QL Z Fy o] A7) Egh wh
mitogenic stimulationg 3] 59, W™X] phaseE2 o5 4
LA A== Re & F Urk oA T AHHlA cell cycle
clockdll = F71/%71G1 phase | X dF2] FEo] AT AL
2 FZF9 o, o]AL FFo AT (restriction point T
R point))elgt FH3IHth & AE7} G1& 2/3% 3T,
o] 873 pointd] T}2A F 3, o] pointoll A A E= “AlE
AR 5 FE S AN oF gk o] AFAA A2 437l
o]§A &g signale] ABHW, MET FHIIY ohA] GO(F
A 7)) phase 2 B3|, vl ¢] 794 A4 Azgc)

o]¢} 7}+o] R point®] & &2 cellular proliferation control £}
A J8E 3k Aotk R pointE FE3IL SEQ| HYel
A3-3t9, YA M phase7bA] 9] K8)-& & opd(thALe] 53,
DNA¢] &4 3ol gl & AXle] vk wabA] wkef of §F
E(R point)©] AR, ME= EA) gle] cell cycles W=
A =2, 12 218 M E9] neoplasiaZ} A == Fo|o

1.2.4 RB protein(pRb)Z} R point2| = =(transition)

R point decision®l|A] AR A Z F3 A4S 3= 43
(R point switch)= retinoblastoma proteing] pRbolt}. =,
pRbe] A QAFsHhypophosphorylation) Bl ¢14kE}7} Yol
3= oA =¥, pRbE R point transitionS #3hA] &t} wt
M Q14+3}7t dojubH, pRbe inhibitory powerE AHASHA|
%]o R point transitiono] Yojif, M EE= F7] GI phaseZ 7!
d3tA Aok T2y O W BEE ol AALYHA cell cycle
o] g dct wat A EE QA gMEf A= pRbe]
¢l4ta}7t Ao, R point transitiono] =¥&HA Hof, A&
F-EAQA Az gl ofsh wegEE Aoty IHTH o
A F23 pRbe] Qlitsle oj9A 2AHE AU Hw
2 H}Z cyclin D&E 183 Cdk4 or Cdk6, Cdk2 o]t} -4l
cyclin D$} Cdk4/62] complexesel]l €& pRbe) <14HEl7t Al
ZAE T(REZFQ] 48}, cyclin E:Cdk2 complexesol] ]3-
#ZZ < FAAksHhyperphosphorylation)7} WA o], A=
pRb+ inactiveH 2 cell cycles JAE o+ AE FHE A4
3tA "ok

pRb&] QI4ksle} FAlo] WA E = K ThE mechanismo] &}
U 9=, 2RE transcription® X3l transcription
factor¢l E2F(E2F1,2 & 3)¢] €437} 131°]t). pRb7} 214k
3} slo] A RO H, E2F= pRbol] A E o] glo] #Ado] &
A =A% pRbe] #AR14ksk7b WA EH pRbol|A] Frejeo] &
3& ZA Fvh /2]9 E2FE S phased] 333 sl A3
QA B IS gened LHAI = HEE Stk
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Cyclm E pmwmn 1 ,f',;,’gmms}
°'°“"‘ RB e KIP1 | INKaA.
B& = (E2F; p27 lpw |
Anti-Mitogenic T
Signals
1.2.5 pRbo] olatsiol &S F= o|Hx}3
RZRES] 2F] g pRbY HEAHA 2H 7S
pRb&] <litalolth. oju3t mitogens: cyclin D12] W&S

Z£1713, o] cyclin D12 Cdk4 T Cdk69} AFs},
pRb2] E&A31E o}7] AZIt) o]# 3§} cyclin DI12] mitogen
o] 2% A§A =212 Ras-Raf-Map kinaseol] ¢35t signal
transduction cascadedl] 2]l ZZH ) o]AL pRby} A&
H Al Eol] glojME Ras-Raf-Map kinase pathwayE blocking
S%, Gl arrest7} Yolukx] = Apalzm Muld 4 ok =
Ras-Raf-Map kinase pathway 9] 222l E# = pRb 14}
S F=2T 5 Yok 2} o) 3l cyclin D1 AR A o=
o], cyclin D2, D32] ZH-2 cAMP levelo] 2JaljA] o] Fo]
At F cAMPY level cyclin D22] level9 positive
regulatore]t}. o]g} Zro] {ARgE 7)15E ZrEoE B3l
oheFst -7 Aol o8] 4o 2FL AR AR OIS
Tl 3 HalE= Zlelth

2)F9] Az 93l A cyclin Ev} cyclin E:Cdk2 complexes
o] g4o] ZAHHET= TAE obd LHER stk IE T
2313 cyclin D19} levele} o|® critical threshold®)] t}tlE
A 9, cyclin E:Cdk2 complexesZ}t A4 5 o] pRbe) Q14ks}
£ ANZFste Ao g HQlth & cyclin D:Cdk4 F+= cyclin D:
Cdk6 complexes ¢ 40| cyclin EQ] &8-S G833 AL
2 Btk o] AL v FFIEE of7lolX st A
< A&tk

Cyclin :CDK complexes®] 14k} 84S JAg= dE 3
9l 913420 2= Cdk inhibitor p27& 5 4 Qith o] p27&
cyclin E:Cdk2¢] A3}, I5& EEY3 M7= A2
Z geiA vk I Yol AEAAT gA 24 F shigl
TGF-f= % t}Z Cdk-inhibitorgl pISINK4B 9] A8 &4
3} Al71H, o] p15+= Cdk4/6 blockingdted Gl arrestE #%
AlZitk. kA R pointsE E343F cellsoll A= TGF-7}
growth-inhibitory powersS 34 3}7 Hch

GO phase) trapped Ho] A= cellsoll= high level 2] p21
3} p27 Cdk inhibitors7} EA}3led, w|Zko|gtE A= = 9]
£ o]u] gt cyclin:CDK complexesE A el T12iv} o] A

e

=&

]

)

¥l mitogenic stimulations7} YA E ™, M E W 2] p27 level
o] g% AE A o|gf 2 p213 p274]] 2] cell
cycle control2 G1 mid-phase7[A| 2 &#H ok

1 29 cell cycle clock regulation?] 24 7|AEL &9l
g o] BA @& AAolrt 11 F9 & 7]HMOE Cde25A
phosphatase7} 1th. Mitogeno] cell stimulation3}¥, Myc
protein&] §A3¢] induceH 3, o] Myc Cdc25A phosphatase
o] AAjHA-S- X A)7itk o] Cdc25A phosphatase+= inactive 3t
Cdk 2 5-8] phosphate groupsE A A3}a] CdkE active form 2.
2 AZAIY, A S 287 H1e A ERA AL e

2. AT Y

2.1 M ZMZH|(cell growth inhibition assay)

96 well plateo]] T}kl =ro] AJdEZAo] XH media
50 2 ME7} 5x10°cell/mlo] E3HE ulx] 5048 Po) &
100 d/well7} = A gtth Microplate< 37°C, CO, incubatore]|
A 123 24X 7F Fb vl <F gk AIZHEE aFE Alx e A%
AAE ZAs}71 S8 2z wello]l MTT dyed 1544 BF ¥,
formazen AL &l 37CoA 2A7+ESH vloE 3o}
¥ target cancer cell line(%° 2+ HL-60
02 7HEEHS 1,500pm o g A E sk
A= A& A A3k H, Solubilization/stop £9-& Z wello
100 # 233137 84 formazeno] & 52 wi7ix] & EE
ol MEARF JAFTEE S35 HsiA 77F 570nmel A
ELISA reader(molecular device, USA)& AF&-51] &8k

Formazeno] &4}
MEZ XA A

2.2 Immunoprecipitation 3 Cyclin-dependent Kkinase
Y &H

©2.2.1 Cdk4 2} Cdec2 kinase &4 x| =H

Cdc2 kinase &4 9A)¢] &AL nocodazole(lug/ml) &} 20
A7t Aol 2l M phase arrest © Hela cell extractS
Cdc2 kinase®] sourceZ, Cdk4 kinase &3 A+ total HeLa
cell extract® A3t 50mM Tris, pH 7.4., 2mM DTT,
10mM MgCl,, ImM EGTA, 40mM p-glycerophosphate,
0.1mM sodium vanadate, 14Ci[(7-"P] ATP(50pM ATP)1&]
3 Histone H1 & GST-Rb peptide & &35+ 2 of] A
HEAL FEHE 7l FF2547F HEE RIS 26k
300Co A 158 ¥+&-3ick the- 100% trichloroacetic acidE 6
W 7t G2 9ol 408 F<t EAE, 10,000 x goll A
155 gAlea] 3 5 A== 150 & p-81 paperol spotting g+
t}. Spot¥ p-81 paper& 75mM phosphoric acidZ 1584 3
W A Z 3t A2 A7) F radioactivity S liquid scintillation
counter(Backman, San Diego, CA, U.S.A)E &3 3}
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0.2.3 chE =& gl Mt

tdet TS A E AFEEZS HL-60 Ao A2t
-+, AEE 1,500rpm 107 3t YA FE 8t 28 ¥ PBSE
A gch DA lysis buffer(5S0mM Tris-HC1 pH 7.5, 5mM
EDTA, 150mM NaCl, 1% Triton X-100, ImM PMSF, 1 x
crotein inhibitor tablet)& ¥ qstAAE FE5 Y7 A7) &,
17°C water bathol| A §& g3ttt of A0S 33 gkEg &
lesisEl Al EE 15,000rpm, 4T, 30% T YAHEH s} A+
SAE e F A FHEY 712 -70THA BAdich 53
g AL i F 1y 9 TDW 94 & 4o 171082
#Ag & [ xZ 323 Bio-Rad Protein assay(cat 500-
£006)solution z+ wellol] 2004 #ZF3hc} 127 96 well
rlate S #Z 41& = ELISAE o]£3lod 595nm #pgo =z &3

dia= ¥

21.2.4 Western blot

ANEEA HFFE Ay F APEO-1247hE AEE
1,500rpm o2 AR & ROy D-PBSE AAH3ch A3
A REe MEE cell lysis buffer(50mM Tris-Cl pH 8.0, 5mM
EDTA, 150mM NaCl, 1% Triton X-100, 1mM PMSF, 1x
Frotease inhibitor(complete tablet))Z 2 suspension 3+c}. &+
s 1spension® M XE& homogenizerZ lysis A7l &, o204
0% #Xg & 15,000rpmollA 30E7F AHEY st F&
1 @A Bio-Rad el SlAste] Mgt vl A30-
5)ug)2 10-15% SDS-PAGES] E2lA17]1 &, PVDF membrane
o] transferd-t}. Transferd} membrane® 5% non-fat dried
wilk7t E£3¢E TBS-T buffer® ©]8&3e] non-specific
hinding siteZ A A17]1 ¥ TBS-T buffer2 Al g} A
727 28] Fojdhz B AES] A (antibody)E ]88t
rembraned] F2AI7] B Gl A S 0] ubg kAL B 7] 93
FCL-plus reagent(Amersham, Buckinghamshire, UK)Z q}t
i+, X-ray filmell =&5te] Azl

2.2.5 Immunoprecipitation 3 Western blot

H Ag u-2 protein-protein interaction® ##3}7] ¢k
IF © 2 co-immunoprecipitation ©. 2 573 ZA th A2 o
#- & western blot2 2 elgit) wjef & 22 A Fo] RIPA
b affer(50 mM Tris-HCL; pH 8.0, 150mM NaCl, 1% Nonidet
140, 0.1% SDS, 0.5% deoxycholate, SmM NaF, 1 mM
sodium o-vanadate, and proteinase inhibitors)E 7}sl 1A]7F
9 g floll WhAIBled lysis Al715L, 94 BeE T 3
£ #Hath o] ASol 8 total protein® F AME-ET ThyY
<2 Y 5] Zt7ke) whS wbeo] 500m9] AL Fv]3l
4. protein AT G-Sepharose CL-4B 50u & 7}8ll 2A1 7+
¢ 4°CollA preclearingA7itl. Protein A T G beadol

Preclearing® @] @o) antibody(2ug)E 7}13F] 4 CollA] 124]
7F vk~ Al7It) Antigen-antibody 2 binding AJZ1 & pr

A T G bead 504 & 7}3] 4oCol|A 2A)7F uk-&3l 2
spin-downA]# protein A EE G bead-antibody &3 <]
binding 3 22 YL d=vh ZADNZA antigen-
antibody-protein A or G bead¢dl] lysis buffer(50 mM Tris-
HCl; pH 8.0, 150mM NaCl, 0.5% Triton X-100, 5 mM
NaF, | mM sodium o-vanadate, and proteinase inhibitors)st
33] M)A sty, buffer A(100 mM Tris-HCI; pH 7.6, 20 mM
MgCl,, 2mM DTT, and proteinase inhibitors)Z 23] A gt
t}. Immunoprecipitated &8 ©¥Z o] histone H1 X
GST-Rb peptide7} ¥3d R buffer(50 mM Tris-HCl; pH
7.4, 10 mM MgCl, 50 mM p-glycerophosphate, 20 mM
EGTA, 1 mM DDT, 10 #gM ATP, 25 mM NaF, and 1 i
[(-PPIATP)o] A FEAE FEEE 7hste] 30CoA 158
B2 x| ZIth 158 8k2-3t F 2xSDS-loading buffer £#-8 1
o] ¥re-& E=g A7, 100TCAA 587 7183 & 10~18%
SDS-PAGEZ 7719 %E3}o] autoradiography £ 24§t}

otein

2.3 Flow cytometry 24

AE W DNAS ¢ SA37] A 2 EA, AFEE
£ 338k HL-60 M| %(3-5 % 10%ells/ml)E PBSZ % W A%
3k & 0.5ml PBSZ cellg # suspensiondlt). 2 HEH A
o 70% NEHS/PBS Sml-E o] 4TolA 12A17F 73 A7
ok 2AHE NEE 1,500rpm o2 108 QAR 531 A2 9
& AlASZ PBS(with 1% BSA) SmlZ AH3d. 185
0.1mg/ml RNase A & ]2]3}3 37Col|A] 30& whSA|7ITh
2E 3yo] Fulg M x4 0.2mg/ml P.I(propidium iodide)
2 gty A2l" MEE 4T 2 adsty 303w
SAZIty Aol A= FASTAR flow cytometry(Becton
Dickinson, San-Diego, CA, U.S.A)E A %Ith

3. A dnt 3l WY

3.1 CDKs2} X35l small chemicals

ol e MEFr|e] ZHVHAE Hig o E B AR
Eo] 7|E9 A} 2= FAEE A Y T U= 2
AE tAsH T CDKse] A EDES AA T +28 +
HE 4 Aok 1) F9A EZ(purine-based compounds)g]
olomoucine® 1 {EZ#E, 2) butyrolactoned] =&, 3)
flavopiridolA] &4, 4) staurosporine® UCN-01A4] &3, 5)
suramined] 23, 6) 9-hydroxyellipticined] 832 123 7)
FEu QA el E2<] toyocamycin, sangivamycing] %
Aok

olE AAES CDKY ATP-binding pocketo| ] ATPS}

Clo
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7R A A (competitive inhibition)& 3= ALE FFHEY
t}. o] Zo|MXE olomoucine® 1 -FEA|, butyrolactone,
flavopiridol 1#]3. toyocamycin FEAEL CDK oj£]¢]
kinasesoll & &4d¢] Al flE, & CDKA tig 2§ H=3
A (specificity)S Hol& wHH, oA AFE Yol A3
ASE T8 Aeio] gt olARE e Mg B
o]= 4719 AaA TFo wisted FT A LotEHES
gttt

« Olomoucine, roscovitine, CVT-313 12|31 purvalanol

FHAz7 w3 Cdc2(Cdkl) As|Al= 6-dimethy]l aminopurine
(DMAP; IC,=120pM)o|1 o™, o] EFL AEe] &y 3
AHe AF JAFR L 2HAM A2 mitosisE FAATE &
e 1Y ™. o] DMAPERH £ o 840 3d f=A
7t AEReH, 1 F /M £33 EZo] olomoucine ]
%, o] olomoucined] EAL 788 Cdc2 A EAC,= 7
Mo, EAlo) 74sk dejAjelty, & Cde2, Cdk2, Cdk5 1
222 MAP kinaseol thall M= M @98 84S Hol= v
Uz CDKell tsirs A E40] §l& F=xolth o]
% olomoucine?] Eo}3t Asj@Ad71d0] Bol BiFHoglth
. walA o] olomoucine> 722§ FREAZ YFHI Qo
U, SHEe MEF7E FA AT Ao| apoptosiset Aol

=718 QRE & o HEd] dyEoiHor & el

= g FAALY EAZA roscovitineS HE T U,
olomoucined]] B3] Cdc2 Al EAdo] 10¥] oA} ke dm,
CDK A3 714 olomoucinesy} T3 ZAoZ FHEHACH
7B g ek Cdc2 A & o] roscovitineo] HEIHE &
bz SFEZ CVT-313S 5 4 dow®, Cde27t obd
Cdk29] AE Ex2 2Zd dF A FEE+ purvalanol
A%t B7} 91tF’. E3] purvalanol BE Cdk2/cyclin A 9A) &
A(in vitro)©] olomoucine®] B)&) °F 1,000887} $-5-3}}.

> @ | o

HN
w XL

HN

I HN \>
R AN |
N & N,
N
uo\/L I > \/[ S >\
ﬂ/’\N T HO\/\NJ\N l N>
Fa wo ) )~
Purvalanol A ( Ry=CH(CHy),, Ry=H )
. e Purvalanol B Ry=CH(CH;),, R;=CO,H )
Olomoucine (R=H,R;=CH;) M 3 2’
Roscovitine ( RyaCH;CHy0 Ry=CH(CH ) ) CVT-313 Compound 52 (Ry=R;=H )

+ Butyrolactone

Butyrolactone< olomoucine 5 3= G2 Aspergillus
terreus var. africanus 1IFO88352] v ok 0 2 HE] HEjd 1|
A% 27} tAF AHgoltF!. flelA dFE DMAP fef E3E
3} 7rol, butyrolactone= Cdk4oll tis A= Asigo] glor),
Cdk29} Cdc2el) tis] A=A A &d& Hole Edoln,
human WI-38 cell line& ©]&3} in vitro A @A pRbe] ¢l

AEAY

x£3

232 oA sk, MEF71¢] Gl phase arrestE FE3lE 3
o] FAHUH?. T2} o] MEFE v]2] digitonin 0 Z A
23 o] butyrolactoneS HIstH, AE FAFA(cell
permeability)o] ¢ A3st=lo} o] F23] FolErhs ©&
Aol £Aa}7)E 3}’ Butyrolactoned AME3te] B 712 =
oF M EFol 3t in virro T S AFEo] ol BiEo]
o} elekEo 2 o] A 752l FRH T U e
JOH

/S

CH;0,C

4N
_</ > OH
\
= 0
/ HO

Butyrolactone 1

» Flavopiridol(1L.86-8275)

Flavopiridol-2- 9150l|lA ABSH= Dysoxylum binectariferum
ojg &9 ZV|2HY Fed AW YLEEY FEA &
e 8 BB Aot o] 222 M&d EGF 4
A3 tyrosine kinase A3 ~FFPE T3 LIHAS W
(IC,=214M), LFZo] Cdk4E T3¢ 2P CDKs A @40l
o $ithe Aol FHHAE of EZE Al Cdk29
ATP binding pocketoll /] ATPS} AR Ao 2 Z&3thy BT
g3 A’

Flavopiridol = Al EZE3 FYsH A2l X23iA
=8, N EF7)9 G1, G2 phase arrestS §3A| 7], §}
ot MEFQ MCF7 2 71} thedet & Az dis) 7=
AR Bole Aol FYPeA RIHY A 53
o] flavopiridol & T2 EZ &= g2 FUAARY AL 9

& AFAY Foll AL WS LAY FFolrt

—

OH
T
= 0 OH
2 HO

N

Flavopiridol ( R=Cl)
L868276 (R=H )

» Toyocamycin, Sangivamycin
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d EZolth o] EFL EYCEREH T #HAgd
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Cdk29} Cde2(Cdk1)oll Thal A AFget Medal §2(IC, = 0.88
¢M/Cdc2, 5.1pM/Cdk2)S ZHe Edholtl”. o] 28e 7]
base)2} Hsugar) 2 E FAAE D-forme FZE Aol A
go] Edojt). &R & MEFE o]83 in virro FFNA] A
E BIAdo] A43E] Axsld, SRFEZA 9 24 7Ee T
golgh o] Hje] kot welxd 15 fEA ATE
q&8ted, 220 Al T F A 4] 953 gE
l-forme AEL EAL sMuretygn L-toyocamycin-<
protein kinase A, protein kinase C, casein kinase IIof] th3g}
GA R Cde2d] tig Ao 33, 10, 428 ¥oH, L-
cangivamycin®] 794l 71, 9, 59 o] &AL B Yt}

CONH , .
HO — N/ N>
\ (0]

Sangivamycin Toyoecamycin

» Paullone
oA AFst v} = flavopiridolee] AJF AHgel] A

o}, m)=¢] National Cancer Institute®] computer—based
tlgorithm (‘OMPAREOHH—E flavopiridole-like activities &
A FEES A7) AlFEet e, 1 247 paullone ® 1L
o FLEAE 2 Hh=2-3}9 T} 3] kenpaullone(9-bromopaullone)
2 Cdkl/cyclin B, Cdk2/cyclin A 182 Cdk2/cyclin E9)
3 IC,, ol 242} 0.4uM, 0.68sM 12T 7.56M<Q] oS- %
gk Edolry. 1evh Cdkd/cyclin DIl g IC,, 32 1
Ao g4 ok 100pMol AT, & Cdksoll th Agst A
Aol 9l Edo|tl. H&o] Cdk29] crystal structureE o]
-3t molecular modeling studiesZ E3|, paullonesx= Cdk2
2] ATP-binding domain £]2] FHo|A Cdk2< y¥H2-3}dd,
ATP-binding siteo| A competitived}A] AL oJA5= Ao
2 RAE[Y TrEE AL 19 FEA|<9 kenpaullone
o]} 2. ATP-binding pocketoll A& A2 s 714-&
o Aom WAk AF 19 B4 & siteol] B A
27} e X9 Folrh

s

SO
R

Paullone (R=H)
Kenpaullone ( R=Br)

 Indirubin

HAEHOo 2 Z2| A myelocytic leukemia®] X Foj ARE-F]
I = Danggui, Longhui, Wan® ZHE indigo-isomer®]
indirubine] ==Y}, Indirubin B 19 FEASL cell
cycle®] late G137} G2/M phasedl| A arrestE %319, o=
Cdk ¥ Rb phosphorylatione] Ao &%+ ZAYe] FHEHY
}. Indirubine& 7] BE Cdksel] el A9 £U8 27
(IC,,=10kM)& H4Yow, X-ray crystallographic studiesiz
olomoucin, roscovitines} 7+o] ATP-binding siteol] #-ofslt}
= Atdo] B dct

NH

Tz

o}

Indirubin (R=H )
Indirubin-5-sulfonic acid ( R=SOsH )
5-chloroindirubin ({ R=Cl )

3.2 CDKs9| Xsl| TH43(CKI)

CKI7} abA = o]zl AZ7kA], AL S olg) QAL
o FEAGRE st CDK 2 94*“ L&, o] CKIZE &
sHAl B8 & AE AU el ThFE FHelA AEH
o] gt} A= adenoviral vectorE ©]8-3}a] CKI -F2 212 A
x3e g dgyo] §yHo], CDKE 9A|3}7] 93 CKI«
g8 3 A3 cvbd & A HATk oles A3 A A=
W EFo Hg MEF hFHQ CKICI plé6s =YANZ 4
3}, cell cycle®] S phase22] 219do] oA B(G1 phase arrest)
I FA Ao AT ZRAE A7 2HAE B Y5HA
o, &3k ofdicuolB ~E o143l pl6S EUAIR & M=
FE 5% in vivo AFNAME, plo2] T F A X AJgo)
7F BR1E 7= sk

©}21%t adenovirus-mediated pl6 &3 AES
ol§ A= YMETol AAFA < pRb7t
pI6s] 102 o] ofa=A,
HolH AEFNAE AF JAE #FS F
T ER g FuEe AL Ho F ASedA BE pl6
o e E7ste dHEFS AFE APE(apoptosis)
dojutA] gstth= Aeolth 2y pl63 p53E FAl co-
infectionA]7] o}d|izrlola) A A Ao GAxLFe] 54
& apoptosis& & & 4 A"

3 p21, p279] el x ofdlliutol X HEAH S F3
A o] A AT in vitro2} in vivodlA BT <15 )
oo 5169 AokE el p279) obdlmrtolaia 7hd

B A2 5
Este Aol
Rb a7t A& &z

gtk Aol
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in vitro 28 e A= apoptosise] WAo] B, 18
U g gAE 2818 d4o] CDKY oalo] olaja] §it
HAEAE $98A FUoh 28U AEHSE pl6, p21 1
2T p279 olElmulo)|HAE o]&d e G- XFWo|
AAHCE 48 F YE /A0l AN EUTHE FolA o)
% 7Rz & 4 k.

3.3 CDKs<2| X3} small peptide mimics

CKI2] &<l @wia<l pl63} p21¢] small peptide
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o FHHA, oI5 peptidesE OGN FHE Aokl E
£0 2 =N F Y7t s EA BAEA HUL, &
drAEe A7 23 1 aAFo] doiAA HUY 1 F
7 REARoz iy Wi WS Zu2le] antennapedia
protein Z2] 16702 olujizAt A Ho| MEY A ELES} 7|5
o A&l HHHUIL, ©] ofviAt AN Fol pl6e] small
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2 AAdAgA 249 EA0 Cdkd, 65 A3 F22A Gl
arrest9} A E o] -3BHsenescence)E oF7| A7tk A7 A
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3}, GAE 2] Cdkd/cyclin D complex& 738 3] a3t Gl
arrest$} 32 42 Ad® BIFHAGT.
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