gemcitabine

10%

cigplatin VP-16)
2,3

(phenylacetic acid)

taxol



(Phenylacetic acid)

(aromatic fatty acid)
(phenylaanine) phenylacetyl
Coenzyme A:glutamine acyltransferase (glutamine)

(phenylacetylglutamine PAG) 4
5

1984 1986 (nitrogen
excretion)
(hyperammonemia) &8 (250-550 mg/ /day,

3-6 mmol/L)
.
1992
9
(hematopoietic) (solid) >16
(human leukemic cells) e
(hormone-refractory prostatic carcinoma) u (glioblastoma) 13
15 (neuroblastoma) 16 (rhabdomyosarcoma) 1211
(malignant melanoma) 14
(angiogenesis) (immunogenicity)

(intracrania gliomas)



13, 15

275 ug/ml

phenylacetic acid (PA) FDA

18

30 gm

() (gene transcription)

(histone deacetylation) DNA

(DNA methylation) DNA (hypomethylation)
DNA
DNA
. DNA 19, 20
DNA

(chemoprevention)
chemotherapeutic hypomethylating drug 5-aza-2' - deoxycytidine (5AzadC)

(carcinogenesis) 20 (transformation)
() prenylation

prenylation



(signal transduction) (mitogenesis)

1)
3,5 -3 (mevalonate MVA)
3,5 -3 (isoprenoids)
prenyl
G G-like ( ras)
lamins prenylation
) DNA RNA
MVA
prenylation (isoprenylation)
13
22
() Peroxisome proliferator activated receptors (PPARS)
PPARs  nuclear steroid receptor superfamily (receptor)
23 PPARS

(prostaglandins) thiazolidinediones (TZD)
(elcosanoids) (NSAIDs)

(glucocorticoids) (PUFAYS)

PPARS 24



PPARs PPARs

PPARs
nuclear receptor
MAP kinase PPAR? PPAR?
PA-resistant MCF7 PPAR?
PA° PA MAPKkinase (PD98059)
» PA PA
PPAR? MAP kinase
PPAR?
MCF-7 9
p2|CIPWAFL p2|CIPWAFL cyclin-dependent kinase
inhibitor GL *?

LNCaP AI-LNCaP  PC-3

cyclin- dependent kinase inhibitor p27<'**

26



2000 31,554

25.35 % 1845
2374
()
1999 (WHO) (
) 27-29

(smal cel lung carcinoma
SCLC) (non-small cell lung carcinoma  NSCLC)
(sqguamous cell carcinoma  SQCC)

(adenocarcinoma ADC) (large cdl carcinoma LCC)



() -

30, 31

MRNA

DNA 32

() (Diagnostic markers)

SLC NSCLC

(immunohistochemistry  |HC)
(markers) neuroendocrine 33 cytokeratins 34 thyroid transcription factor - 1

(TIF-1)*  mesothelia cdl markers

() (Prognostic markers)

NSCLC



ras

oncogene % HER/c-erbB(epidermal growth factor receptor family)

37 Met/HGFR ®  retinoblastoma (Rb) p16'N<*
¥ oydinE  p27it © ps3 % Bel2 3 FHIT
(fragile higtidine traid) (vascular endothelial growth
factor VEGF) 45 ? (cyclooxygenase COX-2) 40 MMPs (matrix

metalloproteinase) TIMPs (tissue inhibitors of metall oproteinases) 47

() (Predictive markers)
Rs ® p53* HER-2/c-erbB2/neu *°
B - (beta-tubulin)
1999 Monzo L 49  NSCLC 16
B - exonl 4 paclitaxel
paclitaxel B - NSCLC

taxane docetaxd

B -

52, 53



A (retinoids)

54
A RARsS RXRs A
RAR R 3p24.2

RAR R > SCLC NSCLC RAR R

RAR 3 (promotor)

(hyper- methylation)
>0 (placebo-controlled)
13-cis-retinoic acid 6
RAR 13 RARIM RAR 3

57

(cytokerating)
58

(tissue polypeptide antigen  TPA)

(tissue polypeptide-specific antigen  TPS)
-19- (cytokeratin-19-fragments  Cyfra-21-1) ELISA

(proteomic patterns)

()

cisplatin, mitomycin, vinblastine,

5-fluorouracil



(1)
(epidermal growth factor receptor

inhibitors EGFR inhibitors) EGFR (monoclona antibodies)
EGFR -
59
Iressa (ZD1839) ? (tyrosine
kinase) Iressa
% Tarceva (OSI-774) EGFR
? °  CI-1033 erbB
% C225 EGFR
internalization 03
Trastuzumab  ABX-EGF HER2/neu (erbB-2)
EGFR * % NSCLC
(2 (anti-angiogenic agents)

66

(vascular endothelial growth factor

VEGF) VEGF

SUS416  SU6668 SU11248  ZD4190

10



CGP41251 VEGF ® VEGFR
recombinant humanized Mab VEGF (rhuMAb VEGF)
VEGF VEGF
3
%70 MMPIs(matrix metalloproteinases inhibitors)
(cytokines) COX-2 "
(clinical

phase |l trias)



(proliferation) (differentiation) (degth)

(cdl cycle)

(resting phase)

(apoptosis) (necrosis) 2
DNA
72-74 DNA
() (Cell Cycle)
76

12

75



Gl

G2

S

Gl G2
M
(prophase) (metaphase)

7

RNA Gl
(checkpoint) Gl
Gl
DNA
S M
DNA
RNA G2
(anaphase) (telophase)

prophase

(chromatids) (centromere)

(centrosome)

metaphase

(equatorid plane)
anaphase

telophase

13



GO GO

GO
GO
Gl
GO
DNA

(arrest) DNA (repair)

(gpoptosis) ™
()

(cyclin) ? (cyclin-dependent
kinases Cdks) ( ) Cdks serine/threonine ?
cydin Cdks

Cdk4 Cdk6(Cdk4/6) G1
Cdk 2 S Cdk 1
cyclins Cdks
D-cyclin (D1 D2 D3) Cdk 4/6

14



Gl Gl cycinE  Cdk 2 cyclin E/Cdk 2

GL S 80-82 " cdk 2/cydlin A S
Cdk 1/cyclinB G2/M M
39 cyclin/Cdk
83
cyclin/Cdk ? (kinase activity) (1)
Cdks (2)  CdkIs(Cdk inhibitors) Cdkls

INK4 (inhibitors of Cdk 4 kinase

INK4a INK4b INK4c
6 5 8

cyclin-dependent kinase inhibitor 2A) ; pl pl pl

p19NK4d Cdk 4/6 Cdk 46 D cyclin

8 CIP(Cdk interacting protein)/ WAFI (wild-type p53

activated fragment)/KIP(kinase inhibitor protein) 8

p2|IPWAFL - pp7KIPL - p57KIP2 Cdk 2 Cdk 4/6
% Cdkis (mitogen deprivation)
Cdkls
cyclin/lCDK
Gl
87
Gl S
(restriction point) 88
(checkpoint) Gl D-cydin

Cdkls cyclin E/Cdk 2

15



S Gl DNA
89

(checkpoint) DNA DNA
Gl (S ) G2 (S )
S Gl DNA
G2 (segregation)
Gl cyclin Cdks  Cdkls
Gl cyclin  D-cyclins cyclin

E cycdin D E  Cdks

retinoblastoma family (pRb, p107  p130)

%0 cyclin E  D-cyclins

ot D-type cyclins cyclin E Cdkls

CIPKKIP p2|IPWAFL - po7KIPL Cdk 2 Cdk 4/6

92-95 p2| CIP/WAF1 p27K IP1

cyclin E-Cdk 2 cyclin D-Cdk 4/6

% cyclin D cyclin E

p2|IPWAFL - po7KIPL cyclin D-Cdk 4/6 cyclin
E-Cdk 2
cisplatin DNA
DNA (adducts) Gl
DNA
cyclin D1 p2|CIPWAFL

p2l9PWAFL  cyclin D-Cdk 4/6

16



DNA cyclin D1 p2|CIPWAFL cyclin D-Cdk 4/6

p2|IFWAFL cyclin E-Cdk 2 cyclin
E-Cdk 2
cyclin E-Cdk 2 % DNA
p53(wild-tyep p53) o 53 p2| CIPWAFL
p2|C|PANAF1 p2IC|P/WAFl CyClln E/Cdk 2
cyclin E-Cdk 2 cyclin/Cdks ? pRb
(hypophosphorylation) pRb E2F
Gl
g
p2|C| PIWAF1 pRb
99 p2| CIPIWAF1 p53
100 p53 p2|C| P/WAF1
p53 Gl
p2ICIPVAFL 053 Gl 101,102
p27KIP1
Gl S p27<'F Cdk 2/cyclin E
p27KIPl p27KIP1 103 - 105 p27KIP1
p27KIP1
p27KIPl
p27¢'P postrans ational
ubiquitin-proteasome proteolysis

17



proteolysis p27<'™ 105
p53 106 p53
(tumor suppressor gene)  50% p53
(mutation) (deletion) 107 553
(D) GI-S 2
p53
108 :
p53 DNA damaging agents
etoposide glucocorticoids  cacium ionophores
109 053
(transcriptional activator) p53
p2|0| PIWAF1 110 p2|C| PIWAF1
cyclin-Cdk t p53
(metastasis) 12

18



(homeostasis) : (necrosis)

(apoptosis)
pH
(mitochondrion)
(lysosomal enzymes) 13
(shrinkage)
(chromosome
condensation)  DNA ( DNA fragmentation) 180-200
base-pair DNA
(apoptotic bodies)

114
apoptoss (agarose gel electrophoresis)
DNA 115 5 5

(terminal  deoxynucleotidyl transferase-mediated dUTP nick end-labeling

assay TUNEL Assay) 16117 apoptosis gooptoss

: propidium iodide (P) DNA
118

72

Apoptosis

19



gooptosis

(pro-apoptosis) apoptosis
(pro-survival) apoptosis
pro-apoptosis
pro-surviva
? (protease)
(substrate)
Asparate C 119120 cysteine asparate-specific
protease caspase caspase ?  (zymogen)
? (proteolysis cascade)
(  endonuclease) DNA
2 caspase 14 caspase
121 Caspase prodomains

caspase recruitment domain (CARD) caspasel, -2, -4, -5, -9, -11, -13 ;

death éfector domain (DED) caspase-8, -10 prodomains
caspase-3, -6, -7, -14 caspase
(death receptor) TNFa Fas caspase-8

¢ (cytochrome c)
122

cytochromec Apa 1 caspase-9 caspase-8
caspase-9 caspase caspase-3
(lamin) PARP [poly (ADP-ribose) polymerase]
DNA fragmentation
123 124

caspase

20



Bcl-2

Bcl-2(B cdl lymphoma protein 2)

B
Bcl-2

BHI BH2 BH3 BH4

125

caspase  Bcl-2

(proto-oncogene)
B
BH (Bcl-2 homology)domain

(pro-apoptotic) Bax Bad Bid

Bcl-Xs (anti-apoptotic) Bcl-2  Bcl-XL
BH 4 domain anti-apoptotic Bc-2 BH 4 doman
Raf-1 % p53-binding protein 121 Ba-2  BekXL
BH 3 BH 4 doman loop loop
Bcl-2 28129 1088 vanx Bcl-2
130 Bcl-2
; Bcl-2
B-cell Bcl-2
Bcl-2 Bcl-2  Bcl-XL
Bax (Bak) (1)Bcl-2  Bcl-XL
Bcl-2  Bcl-XL Bax Bak
Bcl-2 131132 2)Bax
Bak Bax
Bcl-2/Bax  Bcl-XL/Bak Bax/Bak

21



133 ( )

Bcl-2
heterodimers  homodimers Bcl-2
C-terminal (hydrophobic domain)

(endoplasmic reticulum) ;

(translocation)
134,135 Bax  Bax
cytochrome c
cytochromec  Apaf-1 caspase-9
10-1% B2 BokXL
Bax cytochrome ¢
Apd-1 140-

143

22



(phenylacetic acid) —

phenylacetic acid fluorophenylacetamide
phenylacetic acid
fluorophenylacetamide (H1-H6, SCK1 - SCK6)

CH27

23



CH27
(Human Squamous Epithelia Lung Cancer Cdl)

Penicillin, Streptomycin
Amersham ECL detection kit

BIO RAD Acrylamide, Ammonium Persulfate (APS), N,N’-methylene
-bis-acrylamide (Bis), N,N,N' ,N’-tetra-methylethylene-diamine (TEMED).

Biosource Internationa QCB caspasel (Ac-Tyr-Vda-Ala-Asp-7
-amido-4-methylcoumarin Ac-YVAD-AMC), caspase3 (Ac-Asp-
Glu-Va-Asp-AMC Ac-DEVD- AMC), caspase8 (Ac-lle-Glu-Thr-
Asp-AMC Ac-IETD-AMC), caspase9 (Ac-Leu-Glu-His-Asp- AMC
Ac-LEHD-AMC)

Gibco (LA, USA) RPMI 1640, Fetal Bovine Serum (FBS) Non- essential
amino acid (NEAA)

KAMIYA Company (Seattle, USA) caspase inhibitor(Broad-spectrum :
z-Va-Ala-Asp-fluoromethylketone, z-VAD-fmk ) caspase-3 inhibitor
z-A sp-Glu-Vd-A sp-fluoromethylketone (z-DEV D-fmk)

Merck (Darmstadt, Germany)  Phenylacetic acid, NaHCO;, L-glutamine,
Ethylenediaminetetraacetic acid-disodium (EDTA), Glucose,
Dimethyl-sulfoxide (DMSO), Chloroform, Sodium acetate, 100% Ethanol,
Boric acid , Sucrose, Sodium citrate, Sodium dodecy! sulfate (SDS), Glycine,
Methyl alcohol (MeOH), NaCl, HCL, Glyceral, 2-Mercaptoethanol (2-ME).

Pharmingen (Boston, USA) Anti-p53, anti-caspase-3, anti-caspase-8

24



10.

11.

12.

13.

anti-cytochrome c

Roche Diagnostic (Meylan, France) Termina transferase-mediated
dUTP-fluorescensin nick end-labeling (TUNEL)

Santa Cruz Biotechnologies (Santa Cruz, CA, USA) anti-Bcl-2, anti-Bax,
anti-Bcl-XL/s, anti-Cdk 6, anti-cyclin A, anti-cyclin D2 and anti-cyclin E

Sgnma Co (Sant Louis, MO) Propidium iodide (Pl)
4,6-diamidino-2-phenylindole (DAPI)

Transduction Laboratory (Lexington, KY, USA)  Anti-p21°"*YWARL anti-p53,
anti-pRDb, anti-Cdk2, anti-Cdk4, anti-cyclin D1 and anti-cyclin D3

Recombinant Bcl-2-adenovira vector  control adenoviral vector

25



()

Scheme 1
(N-substituted phenylacetamides) H1- H6  SCK1 - SCK6
(N-substituted phenylacetic acid) Compound |
(thionyl chloride)
(phenylacetyl chlorides) Compound ||
H1-H6 SCK1-SCK6

(NMR) (IR)
- (UV) (EIMS) (Element Analyzer)
Sthemel
()
DMSO 400mM
DMSO 1~
0.5% DMSO
144
1. RPMI 1640 Medium
10 g RPM 11640 Medium powder 900 ml Milli-Q 3.79

NaHCO; HCI pH=7.0~7.2 Milli-Q

26



| L 0.45 um

4

RPMI 1640
(streptomycin) 2 mM

(non-essential amino acid

adlanine 13.3 g aspartic acid 11.5 ug asparagine

(filter)

(Complete Medium)

100 U

0.2 um

(penicillin) 100 pg

(L-glutamine) 100 uM

14.7 yg glutamic acid 7.5 ug glycine 8.9 ug

(fetal bovine sacum  FBS)

CH27

? (trypsin) 2.5mM
EDTA) 2.8mM

TEG
12 (Falcon)
24
FBS 5%
24

(hemocytometer)

10.5 pg serine) 5%
1% FBS
5% 37
(subculture) TEG[0.05 mM
(ethylenediamine tetra-acetic acid

5 x10* Iwell

Im5%FBS RPMI 1640
1%

37
trypan blue

27



DMSO CH27 12

PBS 2 % paraformaldehyde
30 0.1 % Triton X-100/in PBS 30
PBS TUNEL (terminal

transferase-mediated dUTP-fluorescensin nick end-labeling)

TUNEL 37 60
PBS DAPI 37 30 PBS
TUNEL
DNA
DMSO CH27 72

extraction buffer (50 mM Tris pH7.5 10 mM EDTA 0.3% Triton X-100)

30 RNase (100 pg/ml) 55 30
proteinase K (400 ug/ml) 55 1
phenol/chloroform 5 ul 100 260 nm
(ng/ml) 10pgDNA 2yl 10X DNA loading
dye 65 I 2 % agarose gdl (2 g agarose in 100 ml 0.5X
TBE) DNA 0.5X TBE buffer (0.5X TBE

buffer containing Tris5.4g boricacid2.75g 2ml 0.5M EDTA pH 8.0)

28



PBS)

DMSO CH27

10 ml PBS 1000 rpm 4 5
80 % ethanol/PBS 4x10°
PBS RNase (DNase free, 100 pl/ml in
propidium iodide (40 my/ml, in PBS) 30
PBS 19 5ml

(flow cytometer FACScan)

Cdl-FIT (Becton Dickinson Instruments)

DMSO CH27 8 24
(Protein extraction)
PBS 2 4 5000 rpm 35
eppendorf tube eppendorf tube

RIPA buffer [S0 mM Tris, PH7.4 150 mM

NaCl | % Nonidet P-40 0.25 % sodium deoxycholate 1 mM EDTA 1mM

EGTA *5 % 2-mercaptoethanol *5 nmgy/ml leupeptin *0.2 mM phenylmethyl

sulfonylfluoride 5ng/ml aprotinin *1 mM soybean trypsin inhibitor *1 mM

NaF (*add before use)] 20-30
100,000 x g 4 30 Bradford
595 nm (mg/m) (

BSA standard curve )

29



eppendorf tube -80
(SDS-PAGE Electrophoresis Assay)

1.5 mm discontinuous acrylamide gel  gel

stacking gel 4% acrylamide separating gel acrylamide

running buffer (25 mM Tris 192 mM glycine 0.1 %
SDS) 4X protein loading dye (8 % SDS 0.04%
serva blue R-250 40 % glycerol 200 mM Tris pH 68 10 %

2-mercaptoethanol) 95~ 100 denature 10
Multimarker
80 \Volt. stacking gel 120 Volt.
(Western blot)
PV DF membrane (Millipore) methanol Milli-Q
membrane transfer buffer (50 mM Tris 40
mM glycine 0.375 % SDS pH 9.0-9.4 20% methanol) gacking
gd transfer buffer
transfer buffer 4
membrane (mA) (
= x Of 7% ) 1 10 membrane 5%
[TBST (blocking) 30 TBST

(1000 ml TBST : 24.22 g Tris 87.75 g NaCl 10 ml tween 20) membrane
10 3 (Primary antibody) 4 24
TBST 10 3 (secondary antibody; anti-mouse

30



1gG; 1:12,5000) 1 TBST ECL
(enhanced chemiluminescence) membrane

X-ray film (Kodak)
(Cytosolic Fractionation)

DMSO CH27 8 24
48 72 PBS extraction buffer (50 mM Tris,
pH 7.4, 0.3% 2-mercaptoethanol, 5 mM EDTA, 10 mM EGTA 5 ng/mi
leupeptin, 5 ng/ml aprotinin, 10 nmgy/ml soybean trypsin inhibitor, 0.2 mM
phenylmethyl-sulfonylfluoride) 0 Dounce
homogenizer 100,000xg 4 30
(cytosolic fraction) Bradford

145

eppendorf tube -80

Caspase (Caspase Activity Assay)
Caspase
DMSO CH27 8 24 48 72
PBS (50 mM Tris, pH 7.4, 150 mM

NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM DL-dithiothreitol, 1% Nonidet R40,
0.25% sodium deoxycholate, 5 nmg/ml leupeptin, 5 ng/ml aprotinin, 10 nmg/ml
soybean trypsin inhibitor, 0.2 mM phenylmethyl-sulfonylfluoride)

10,000xg 4 30 Bradford 20 ug
100l microtiter plate
caspase 100 UM caspase-1

(Ac-Tyr-Va-AlaAsp-7-amido-4-methylcoumarin Ac-YVAD-AMC),

31



caspase-3 (Ac-Asp-Glu-Va-Asp-AMC Ac-DEVD- AMC), caspase8
(Ac-lle-Glu-Thr-Asp-AMC Ac-IETD-AMC) caspase-9
(Ac-Leu-Glu-His-Asp-AMC Ac-LEHD-AMC) (peptide

caspase assay buffer (40 mM

substrates) caspase

HEPES (pH 7.4), 20 % glycerol (v/v), 1 mM EDTA, 0.2 % NP-40 and 10 mM
DL-dithiothreitol) 37 2 Fluorescence

spectrophotomer (excitation wavelength, 360 nm; emission wavelength, 460 nm)

Statistical analysis

+
(mean = SD) Student’ st-test P<0.05 P<0.01
P <0.001

32



Flow cytometer FAScan (Becton Dickinson)

Hoefer miniVE (Hoefer) Hoefer
PS500XT (Hoefer) Bio-RAD SEMI-DRY Trandfer cell
(Bio-RAD)  Orbitron rotator Il (Boekel model 260250)

Olympus I X70.
Fluorescence spectrophotomer
ELISA (Enzyme-Linked Immunosorbent Assay) reader

(37 Incubator)

(Laminar Flow)

33



(dkyl chain) H1 - H6
SCK1 - SCK6 002 02 2mM CH27
H1-H6  SCK1-SCK6 CH27

H1-H6 SCK1-SCKG6

4-fluoro-N-butylphenylacetamide (H6) 2-fluoro- N-butylphenylacetamide

(SCK6) H6 SCK6 CH27 LC50 08 0.4mM (
) H6  SCK6

34



4-Fluoro-N-butylphenylacetamides (H6)
CH27

4- Fluor o-N-butylphenylacetamide (H6)

CH27
H6 DNA
DAPI TUNEL CH27
H6
( A) H6
TUNEL DNA DNA TUNEL
A DNA
H6 DNA (DNA ladder)
DNA ( B)
CH27 H6
H6 Bcl-Xs
Bcl-2 Bcl-2 Bcl-XL
Bax Bad Bd-Xs 146
H6 CH27 Bcl-2
Bcl-2 Bcl-XL Bax Bad Bcl-Xs
H6 CH27 2mM H6

Bcl-Xs Bcl-2 Bcl-XL Bax Bad

35



H6 cytochrome ¢ caspase-3

PARP
cytochrome c cytochrome c Apaf-1
caspase-9 caspase-3 caspase-3
PARP 7= 149 H6

(Western blot analysis)

anti-cytochrome c, anti-PARP anti-caspase-3

cytochromec PARP caspase3 CH27
H6 cytochrome c
cytochrome c cytochrome c
caspase-3 PARP
H6 cytochrome c caspase-3
H6 caspase
caspase
150 H6 caspase
caspase (effectors) caspase
caspase CH27 H6
8 caspase-9 caspase-3 24 48
caspase-8 48
caspase-1 CH27

36



caspase
H6
H6

z-VAD-fmk
cytochrome ¢

caspase-3

37

H6
A)
B)



2-Fluoro-N-butylphenylacetamides (SCK6)
CH27

2-Fluoro-N-butylphenylacetamides (SCK6) CH27

151

GO/G1
K6 CH27
1ImM SCK6 0, 8, 24, 48
SCK6  CH27 Gl
S 48 SCK6 Gl
Gl 85.9 %
64.5 % 1mM
CH27
SCK6 G1
SCK6 Gl SCK6
CH27 Gl
SCK6 8 p53  p2l@PWARL
48 K6 Cdk2 Cdk4 cycdinA
cyclin E cyclin D3
pRb, Cdk6, cyclin D1 cyclin D2
SCK6 ( ) SCK6 Gl
p53  p2lcPWARL Cdk2 Cdk4 cyclinA cydlin

E cyclin D3
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SCK®6

SCK6 CH27
SCK6 48 72
SCK6 Gl
SCK6
DNA DAPI
TUNEL DNA DNA DAPI
TUNEL ( A) DNA
SCK6 DNA SCK6
DNA (DNA ladder)
DNA ( B) K6 CHZ27
SCK6  Bcl-2
Bcl-2
192 SCK6  CH27
1ImM SCK6 24,48 72
Western blot 48 K6 Bcl-2
72 BckXL ( A)
Bax SCK6 CH27
Bcl-2  Bcl-XL
Bcl-2 SCK6 CH27
CH27 50 moi(multiplicity of infection) adeno-Bcl-2 (
) SCK6 Western blot

39



B adeno-Bcl-2

Bcl-2
Bcl-2 Bcl-2
adeno-Bcl-2 Bcl-2 CH27
SCK6
SCK6 caspase
caspase
153 SCK6 caspase
caspase (effectors) caspase
caspase A SCK6 24
caspase-9 72 SCK6
48 caspase-3 SCK6 12
caspase-8 caspase-1 SCK6 Western
blot SCK6 48 72 procaspase-3
17 kDa PARP (
B) SCK6 cytochrome ¢
SCK6 cytochrome ¢
caspase9 -3
SCK6 caspase
caspase-3 (z-DEVD-fmk) (z-VAD-fmk) CH27
SCK6 SCK6
caspase-3 ( C) caspase-1
(z-YVAD-fmKk) ( ) SCK6

caspase
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(glioblastoma)

(promyelocytic leukemia) 10,13

Hudgins 1995
B - (B
-oxidation) B - 14
(carboxyl group)
(alkylcarboxyl group) (para) (ortho)

( ) 21
(carboxyl group)

(amides) Hudgins
21

(alkyl chain)
H1-H6 SCK1-SCK6 (Schemel)
CH27 H1 - H6 SCK1 -
SCK6  CH27
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H1-H6 SCK1
- SCK6 H1-H6 SCK1-SCKG6
4-fluoro-N-butylphenylacetamide (H6)
2-fluoro-N-butylphenylacet- amide (SCK 6) DNA
H6 SCK6 CH27
H6 SCK6
DNA

72

caspase

Fas activated death domain (FADD)

123,124,14
caspase 3124149 H6

CH27 8 caspase-9

48 cytochrome ¢

cytochrome ¢ caspase-9

procaspase-3 caspase-3 caspase-3
PARP caspase z-VAD-fmk
H6 cytochrome ¢
caspase-3-like H6
caspase

caspase z-VAD-fmk  Xenopus egg extracts

140

cytochrome ¢ H6

Fas/FasL ( ) H6

42



Fas

cytochrome c

H6

Bcl-2

cytochromec

Caspases
H6

caspase-9

caspase-9

cytochrome ¢ gpoptosis-inducing factor

> Bok2 Bcl-X

bcl-X (splicing)
Bcl-2
Bck-2 158
Bcl-XL  Bcl-Xs

Bcl-Xs Bcl-2  Bcl-XL

Bcl-Xs

cytochrome c

SCK6

159

129,158,160-162

H6

CH27

CH27

43

cytochrome c

caspase-3

caspase

Bcl-2

156,157

Bcl-XL

Bcl-Xs

156,157

158 Bcl-Xs

Bcl-2

Bcl-2 Bcl-XL Bcl-Xs Bax

cytochrome c

H6

caspase

K6

MCF-7

CH27

CH27



24

p53 p21CIP1/WAF1
SCK6 CH27 p53
p21¢PWAFL cycline-dependent
kinases (Cdks) Coks sering/theronine 163
Caks p2]CIPYWAFL SCK6 CH27
p21 < PHWAFL Cdk2 Cdk4  Cdk6
Cdks ? Gl S
SCK6 Cdk2 Cdk4 cyclin
A cydinD3 cyclinE Agami  Bernards 2002
Gl Cdk4 Cdk6  D-type cyclin
Gl Cdk2 cyclinE Cdk2-cyclin E
G1 s 9% SCK6 Gl
Cdks cyclins Gl
Gl/S (checkpoint) Bartkova
1997 104
SCK6 CH27 Bcl-2
Bcl-2 Bcl-2
SCK6 48 Bax
Bcl-2 Bcl-2
SCK6 Bcl-2
Bcl-2 p53
p53 Bcl-2 165
SCK6 p53



Bcl-2
166

p53 Bax CK6 Bax
caspase
Fas activated death domain caspase-8
caspase-8 cytochrome ¢ 122123
SCK6 CH27 caspase
cytochrome ¢ cytochrome ¢ Apaf-1
caspase9 caspase9 caspases
caspase-3  caspase-/ A B
SCK6 Bcl-2  Bcl-XL cytochrome ¢
caspase9  caspase-3 PARP
Bcl-2 caspase

SCK6 CH27
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p-fluorophenylacetamides (H1 — HE)

o-fluorophenylacetamides (SCK 1 —

SCK6)  CH27 p-fluorophenylacetamide  N-akyl group
o-fluorophenylacetamides
p- 0- 0 P
4-fluoro-N-butylphenylacetamide  (H6)
2-fluoro-N-butylphenylacetamide (SCK6)  cytotoxicity LC50
0.8 04 mM phenylacetic acid CH27
DNA
PA  H6, SCKG6
() H6 CH27 H6 CH27
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The 1999 WHO classification of maignant lung epithelia neoplasms

WHO Classification of Pulmonary Carcinomas

Squamous cell carcinoma (SQCC)

Variants: Papillary, Clear cell, Small cell, Basaloid.
Small cell carcinoma (SCLC)

Variants: Combined small cell carcinoma.
Adenocarcinoma (ADC)

Acinar

Papillary

Bronchioloalveolar carcinoma

— Non-mucinous (clara cell/type Il peumocytes)

— Mucinous (goblet cell)

— Mixed mucinous and non-mucinous

Solid

Adenocarcinomawith mixed subtypes:

Variants: Well-differentiated fetal, Mucinous

(“colloid™), mucinous cystadenocarcinoma, Signet

ring adenocarcinoma, Clear cell carcinoma
Largecell carcinoma (LCC)

Variants: Large cell neuroendocrine, combined

large cell neuroendocrine, Basaloid,

Lymphoepithelioma-like, clear cell, large cell with

habdoid

Adenosguamous car cinoma (ADSQ)
Carcinomaswith pleomor phic, sarcomatoid
or sar comatous elements
Carcinomas with spindle and/or giant cells
Pleomorphic carcinoma
Spindle Cell carcinoma
Giant cell carcinoma
Carcinosarcoma
Pulmonary blastoma
Carcinoid tumor
Typica carcinoid
Atypical carcinoid
Salivary gland tumors
M ucoepidemoid
Adenoid cystic
Others
Unclassified carcinoma
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4-Fluoro-N-substituted-phenylacetamides H1-H6

UV, | max IR MS

Compound Y:)dd Mp (MEOH) nco (MY 'HNMR (CDCl3) d
G ) (loge (cmh) miz
H1 8 116-117 2053 1643 153 3.38(2H,s CH,CO), 7.04- 7.12 (2H, m H-35),
(381) 7.24-7.31(2H, m H-2,6)
H2 87 99-100 2051 1651 167 2.75(3H,d, J=4.8Hz, NHCH3), 350 (2H, s,
(3.9) CH,CO), 6.98-7.04 (2H, m, H-3,5), 7.18-7.24 (2H,
m, H-2,6)
H3 78  107-108 2051 1650 181  1.04(3H,t,J=7.2Hz, NHCH,CHs), 3.18-3.27 (2H,
399) m, NHCH,CHj), 348 (2H, s, CH,CO), 6.97-7.03
(2H, m, H- 35), 7.17-7.24 (2H, m, H-2,6)
H4 8 9091 2049 1647 195 0.82(3H,t, J=7.5Hz, NHCH,CH,CHs), 1.39-1.46
(399) (2H, m, NHCH,CH,CHs), 3.11-3.18 (2H, m,
NHCH,CH,CHs), 350 (2H, s, CH,CO), 6.97-7.03
(2H, m, H-35), 7.18-7.24 (2H, m, H-2,6)
H5 88 101-102 2046 1658 209 1.06(6H,d, J=6.6 Hz, NHCH(CHs) 2), 346 (2H, s,
(4.00) CH,C0), 3.99-4.06 (1H, m, NHCH(CHs) ), 6.97-
7.03 (2H, m, H-35), 7.17-7.24 (2H, m, H-2,6)
H6 79 7677 2047 1643 209 0.85(3H,t, J=7.2 Hz, NH CH,CH,CH,CHs),
(3.96) 1.22-1.25 (2H, m, NHCH,CH,CH,CHs), 1.39-1.42

(2H, m NH CH,CH,CH,CHs), 3.15-3.21 (2H, m,
NH CH,CH,CH,CHs), 349 (2H, s, CH,CO), 6.97-
7.03 (2H, m H-35), 7.17-7.24 (2H, m, H-26)

1. The UV spectrawere recorded on a Shimadzu-160A UV-Vis recording spectrophotometer as methanolic
solution.

2. IR spectrawere recorded on a Nicolet Impact 400 FT-IR spectrophotmeter as KBr pellets.

3. MS spectrawere measured with aV G Platform Fisons instrument.

4. NMR spectrawere obtained on a Bruker Avance DPX-200 FT-NMR spectrometer in CDCl3.

The following abbreviations are used: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet.
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2-Fluoro-N-substituted-phenylacetamides SCK1-SCK6

F
3 2 0]
. CH —C//
4 2 N
NH-R

W, Imat IR? MS®
Yidd  Mp . .
Compound o ) (MEOH) nco (MY H NMR (CDCl3) d
0
(loge (emb) miz

SCK1 93 103104 205.7 1662 153 344(2H, s, CH,CO), 7.08-7.14 (2H, m, H-3,5),

(391) 7.25-7.31(2H, m, H-4,6)
SCK2 73 97-98 204.9 1656 167 2.74(3H,d, J=4.8 Hz, NHCH3), 354 (2H, s,
(3.88) CH,CO), 7.04-7.12 (2H, m, H-3,5), 7.24-7.27 (2H,
m, H-4,6)
SCK3 81 90-91 204.9 1647 181 1.05(3H,t,J=7.2Hz, NHCH,CHy), 3.18-3.27 (2H,
(4.05) m, NHCH,CHj), 353 (2H, s, CH,CO), 7.01-7.12

(2H, m, H- 35), 7.20-7.30(2H, m, H-4,6)
SCK4 71 6566 2049 1653 195  0.83(3H,t,J=7.5Hz, NHCH,CH,CHs), 1.38-1.50
(4.02) (3H, t, NHCH,CH,CHs), 3.12-3.19 (3H, t,
NHCH,CH,CHs), 354 (2H, s, CH,CO), 7.01-7.12
(2H, m H-35), 7.20-7.32 (2H, m, H-4,6)
SCK5 79 111112 2038 1647 195 1.06(6H, d, J=6.6 Hz, NHCH(CHs) »), 349 (2H, s,
(4.06) CH,CO), 3.97-4.08 (1H, m, NHCH(CHs) »), 7.02-
7.11 (2H, m H-35), 7.22-7.27 (2H, m, H-4,6)
SCK6 81 5556 2047 1653 209  0.88(3H,t,J=7.2 Hz, NH CH,CH,CH,CHs),
(3.99) 1.24-1.32 (2H, m, NH CH,CH,CH,CHs), 1.38-1.45
(2H, m NH CH,CH,CH,CHs), 3.18-3.29 (2H, m,
NH CH,CH,CH,CHs), 364 (2H, s, CH,CO), 7.05-
715 (2H, m, H-35), 7.25-7.30(2H, m, H-4,6)

1. The UV spectrawere recorded on a Shimadzu-160A UV-Vis recording spectrophotometer as methanolic
solution.

2. IR spectrawere recorded on a Nicolet Impact 400 FT-IR spectrophotmeter as KBr pellets.

3. M S spectrawere measured with aVVG Platform Fisons instrument.

4. NMR spectrawere obtained on a Bruker Avance DPX-200 FT-NMR spectrometer in CDCls.
The following abbreviations are used: s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet.
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Cdl cycleanalysisfor PA and SCK 6-treated CH27 cells

Treatment

(percentage of the cell number)

Time (h) Cdl cyde Control PA SCK6

Gl 63.5+ 3.4
0 S 28.1+1.6
G,/M 84+21

Gl 66.1+2.4 59.7+0.3 66.2 + 1.0

8 S 28.1+35 32.3+38 30.1+20

G,/M 58+23 10.3+25 3.7+22

Gl 67.3+0.8 61.0+0.5 71.0+0.3

24 S 26.4+1.2 29.9+0.9 243+ 0.8

G,/M 6.3+ 05 9.2+05 46+11

Gl 647+ 25 63.3+0.8 85.6+ 1.3

48 S 200+ 2.7 311+ 1.2 105+ 1.3

G,/M 6.3+ 0.8 56+ 1.7 39+02

After being cultured in the presence of vehicle, PA or SCK6 for O, 8, 24 and 48
hours, the cells were stained with propidium iodide and analyzed for cell cycle
distribution by FACScan. The proportion of cells in the GO/G1, S and G2/M
phase of the cell cycle are shown. The data are from one representative experi
-ment (n=3). Similar results were obtained in three other independent experi
-ments.
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Diagram of cell cycle
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Effects of Phenylacetate and 4-fluoro-N-substitude-phenyl
acetamides (H1-H6) on CH27 cdl viahility.

CH27 cdlls were treated with PA and phenylacetamides for 4 days. Cell
viability was measured by calculating cell number and the percentage of
cell viahility was calculated as aratio of drug-treated cells and control cells
(treated with 0.5% DM SO vehicle).
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Cytotoxic effect of H6 in CH27 cells

(A) Dose-dependent response. Cells were incubated with various
concentration of H6 for 3 days.

(B)Time-course response.  Cells were treated with 2 mM H6 for the
indicated time points.  After incubation, cell number was
determined by trypan blue dye exclusion method.
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Effects of phenylacetate and 2-fluoro-N-substitude-phenyl-
acetamides (SCK 1-SCK 6) on cell growth.
CH27 cells were treated with phenylacetate and N-alkyl-2-(2-fluoro-
phenyl)acetamides for 4 days. Cell number was measured by trypan blue
dye excluson method and the percentage of cell growth was calculated
as a ratio of drug-treated cells and control cells (treated with 0.5%
DMSO vehicle).
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Antiproliferative effect of SCK6 in CH27 cédlls.

(A) Dose-dependent response.  Cells were incubated with
various concentration of SCK6 for 3 days.

(B) Time-course response. Cells were treated with 1 mM SCK6
for the indicated time points. After incubation, cell number was

determined by trypan blue dye exclusion method.
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Induction of apoptosis by H6.

CH27 cells were treated with 0.5% DM SO as vehicle control or treated with

2mM of H6 for 2 days. Cells were harvested and washed with ice-cold PBS,

followed by fixation in 2% paraformaldehyde/PBS for 30 min. Cells were

permesbilized in 0.1% Triton X-100/PBS for another 30 min, and then

washed with digtilled water.

(A) Cdls were incubated with 1 ng/ml DAPI, or TUNEL reaction mixture
and stained cells were examined by a fluorescence microscopy.

(B) DNA fragmentation. Cells were treated with PA and H6 for 2 days.
Cdlular DNA was extracted and analyzed by agarose gel electrophoresis.
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Regulation of Bcl-2 family proteins by H6.

Cedlls were treated with vehicle or 2 mM H6 for indicated time points.
After treatment, whole cell protein extracts were prepared as described in
Materia and Methods. Equal amount of total proteins were resolved in
SDS-polyacrylamide gels. Western blot analysis was performed using
specific antibodies against Bcl-2 family proteins.  Blots were re-probed for
b-actin to normalize each lane for protein content.
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H6 caused the cleavage of PARP and caspase-3 and accumulation of
cytosolic cytochrome c.

CHZ27 cells were treated with H6 (2 mM) for indicated time points (8, 24 and
48 h). After treatment, total proteins were extracted and were separated by
SDS-PAGE, transferred onto PVDF membranes, and then blotting using
PARP and caspase-3 specific antibodies. For cytosolic cytochrome c
anaysis, the cytosolic fractions were separated by SDS-PAGE and
transferred onto PVDF membranes. Western blot anaysis was performed
using specific antibody for cytochrome c.
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Activation of caspases by H6.

Cells were treated with PA and H6 for different time periods or treated with
0.5% DMSO as vehicle control. Cell lysates were prepared and enzymatic
activity of caspase-1-, caspase-3-, caspase-8- and caspase-9-like protease
were determined by incubation of 20 ng of total protein with fluorogenic
substrates, Ac-YVAD-AMC, Ac-DEVD-AMC, Ac-IETD-AMC and
Ac-LEHD-AMC, respectively, for 2h a 37 . The release of AMC was
monitored spectrofluometrically (excitation = 360 nm emission = 460 nm).
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Effects of caspase inhibitor on H6-induced caspase activation,
cytosolic cytochrome ¢ accumulation and apoptosis. Cells were pretreated
with the broad-spectrum caspase inhibitor 2VAD-fmk for 1 h, and then
combined stimulated with PA or H6.

(A) Cytosolic cytochrome c.

(B) Caspase-3 activity, apoptotic cells were detected.

82



p2l
Cdk 2

Cdk 4
Cyclin A

Cyclin E

Cyclin D3

ﬁ-ﬁcﬁn

- -
— -

-

_— P T—— e = Yy —
A S — S —— — R —
T —— R —
D S = — e —— — —

A — A S —— .

Expression of cdll cycle regulatory proteinsin SCK 6 treatment.

Cells were treated with vehicle or 1 mM SCK6 for indicated time points.
After treatment, whole cell protein extracts were prepared as described in
Materiadls and Methods. Equal amount of total proteins were resolved in

SDS-polyacrylamide gels. Western
specific antibodies against proteins.
normalize each lane for protein content.

blot analyss was performed using
Blots were re-probed for b-Actin to
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Induction of apoptosis by SCK6.
CH27 cells were treated with 0.25% DM SO as vehicle control or treated with
1 mM of SCK6 for 3 days. Cells were harvested and washed with ice-cold
PBS, followed by fixation in 2% paraformaldehyde/PBS for 30 min. Cells
were permeabilized in 0.1% Triton X-100/PBS for another 30 min, and then
washed with digtilled water.
(A) Cells were treated with 1 ng/ml DAPI, or TUNEL reaction mixture and
stained cells were examined using a fluorescence microscopy.
(B) DNA fragmentation. Cells were treated with phenylacetate and SCK6 for 3
days. Celular DNA was extracted and andyzed by agarose gd
electrophoresis.
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A Involvement of Bcl-2 in SCK 6-induced apoptosis.
Western blot analysis of Bcl-2 family members.

Cells were treated with vehicle or 1 mM SCK6 for indicated time points
After treatment, whole cell protein extracts were prepared as described in
Materials and Methods. Equal amount of total proteins were resolved in
SDS-polyacrylamide gels. Western blot anaysis was performed using
specific antibodies against Bcl-2, Bcl-X, and Bax proteins. Blots were
re-probed for b-Actin to normalize each lane for protein content.
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B Involvement of Bcl-2in SCK 6-induced apoptosis.
Inhibition of SCK 6-induced apoptosis by Bcl-2 overexpression.

CH27 cdlls was infected with control adenovira vector or adeno-Bcl-2 vector
for 4 h, and then treated with vehicle or 1 mM SCK®6 for another 72 h.
After treatment, apoptotic cells were estimated using in situ TUNEL assay,
and the cdllular content were determined by Western blot assay.
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A Involvement of caspase cascade in SCK 6-induced apoptosis.
Activation of caspases by SCK®6.

Cells were treated with phenylacetate and SCK6 for different time periods or
treated with 0.25% DM SO as vehicle control. Cell lysates were prepared and
enzymatic activity of caspase-l, caspase-3-, caspase-8 and caspase-9-like
proteases were determined by incubation of 200 ng of total protein with
fluorogenic substrates, Ac-YVAD-AMC, Ac-DEVD-AMC, Ac-IETD-AMC
and Ac-LEHD-AMC, respectively, for 2 h at 37 . The release of AMC
was monitored spectrofluometrically (excitation = 360 nm emission = 460
nm).
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B Involvement of caspase cascade in SCK 6-induced gpoptosis.
Determination of cytosolic cytochrome ¢ and caspase-3.

The cytosolic cell lysates were analyzed by Western blot and used
anti-cytochrome c and anti-caspase-3 specific antibodies.
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C Involvement of caspase cascade in SCK 6-induced apoptosis.
Effects of caspase inhibitor on SCK 6-induced apoptosis.

Cdlls were pretreated with the broad-spectrum caspase inhibitor zVAD-fmk
for 1 h, and then combined stimulated with phenylacetate or SCKG6.
Apoptotic cells were determined by in situ TUNEL assay.
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A Possible mechanisms of H6-induced apoptosis via upregulation
Bcl-Xs and activates caspase cascade in CH27 cells.
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B Possible mechanisms of SCK6-induced apoptosis via G1 cell cycle

arrest, downregulation Bcl-2 and activates caspase cascade in CH27 cells.
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