¢ H %
ZE YT ALlH

E F- & B4 Cephalochromin v 4| F&
dm¥e AR M AL 43
Study on the Mechanisms of Anticancer Activity
of a Fungal Secondary Metabolite,

Cephalochromin, in Nasopharyngeal Carcinoma
Cells

hERE EET Bl
Adyvisor : Shin-Hun Juang
EHERE L

Graduate student : Cheng-Pan Lin

L - A T B



>

B e B B i, v
BB B . ittt \Y%
B2 R e VII
T IX
EE 3 ORI~ S = UUTTTTOTUNrURrORUOR X1
¥-F HT.. .. fH ) = 1
Yo% &%...00...... 0. ... . 3
EI vgierr}i;ﬁ .3
528 BEHRIN . WA, 9
P2 B BRI 3 R 10
EEE S - A O 10
- ~F &M

.................................



>
>

i

14
4

AN

2
-
1
.

7

S 1] = 21
shofe k= 47302 T-Annexin V/PL 24 2450 . 22

e = & 377> 2 I - Hoechst 33258 / Propidium Iodide B4 % .23

/

S TP A T 24

S T I B 38
~Caspase & 7 39 B R T 40
»Fas/FasL F=v B2 IRE). . 41

P53 ATFIE Bd FAIRET) 42

II



AN NpS3 T ERE P21 R AT, 43

1 ~ p53-independent G; arrest 49 B 39 F & o 43
B T B B 45
L3 B T 54
2 )I?(- .................................................................................. 57
- 60
B oo eeneenen g B T e veeee e eereer e, 64

I



Tab. 1

Primer information............ooiiiii i e 60
Tab. 2

ICs values of cephalochromin against human cancer cell lines................... 61
Tab. 3

The cell cycle distribution of cephalochromin treated HONE-1 cell..............62
Tab. 4

The time & dosage studies of cephalochromin-induced apoptotic population
distribution of HONE-1 cell.........ccooiiiiii e, 63

v



"l P e

Fig. 1

Chenimical structure of cephalochromin.......................... 64
Fig. 2

Cephalochromin-induced growth inhibition in human nasopharyngeal carcinoma
NPC-TWOT CelIS. . neiteiei e 65
Fig. 3

Cephalochromin-induced growth inhibition in human nasopharyngeal carcinoma
HONE-T CellS..uuiniiii et 05
Fig. 4

Time effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma HONE-1 cells at 1 uM cephalochromin............... 67
Fig. 5

Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma HONE-1 cells for 24 h......................... 68
Fig. 6

Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma NPC-TWO1 cells for24 h............................ .. 70
Fig. 7

Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma HONE-1 cells for 48 h....................oooiiiiis 72
Fig. 8 Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma NPC-TWO1 cells for48 h............................... 74
Fig. 9

Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma HONE-1 cells for 72 h......................conl. 76
Fig. 10

Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma NPC-TWO1 cells for 72 h...................ooel 78
Fig. 11

Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma NPC-TWO1 cells for 96 h.........ccccocvveveeeei i 80
Fig. 12

Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma NPC-TWO1 cells for 120 h........................... 82
Fig. 13

Induction of chromosome condensation by cephalochromin in human
nasopharyngeal carcinoma HONE-1 cells...................ooooiiiiii s 83



Fig. 14

The theory of Annexin-V detection method...................coiiiiiii i, 84
Fig. 15
Cephalochromin induced apoptosis population detected by Annexin-V............85
Fig. 16
Two major apoptosis PaAthWay.......coveiiiiiii i e 86
Fig. 17
The caspase expression level of cephalochromin treated HONE-1 cell............87
Fig. 18
The m-RNA level of caspase9 of cephalochromin treated HONE-1 cell line....89
Fig. 19
The Fas / FasL status of cephalochromin treated NPC cell lines....................... 90
Fig. 20
P53 signaling pathway.........c.oiiioriiii i e 92
Fig. 21
The mRNA level of p53 of cephalochromin treated NPC cell lines................ 93
Fig. 22
The p53 expression level of cephalochromin treated HONE-1..................... 94
Fig. 23
The p21 expression level of cephalochromin treated NPC cell lines.............. 95
Fig. 24
The p53 dependent and independent G1 arrest in response to stress.................. 96
Fig. 25
The Cdc25A status of cephalochromin treated NPC cell lines..................... 97
Fig. 26
The Chk2 status of cephalochromin treated HONE-1 cell.......................... 98

VI



&

R s F 97 # WA LR Fdt EXMAR Y 27 &80
TR e G R ER R bR e AR T RS G 1 FURR E A 2
i a ERP AL G TURTRE R E S SRS R R o PR

BE R R B B AR A2 0 B L KRR %
BRI &4 o L d B R Cosmospora vivior ( tR & &
89051501 ) # 4 & dcip &8 i 4= » H @ > cephalochromin ¥t % f& /& % 3757

LhF e dre gk o 50 - HIFEHH AR 2 W o P EE O
cephalochromin #4779 HONE-1 %2 NPC-TWO01 A #f f sFl& mbe fRig (7
FUR S T 7 o figt dnfe & 47 0% % W I cephalochromin € i = w7 i¥
HipFmeFh? G HoprtBFam g3 Bfoit SRR G RIEM G
H I foit & 4 AIL mve bhenE 4 RS Mo b B L B IE A Bk
®wmre 72 | BF > € F sub-Gy #ehA 4 o S| * Hoechst 33258 /
propidium iodide g4 § % f= Annexin V-FITC apoptosis detection kit =77}
B > 2% I cephalochromin A& 2 /i§ = ‘w?e 7 = adF e g d wre k= BT 4T

514 o d %t Fas 4 - B p53 e & dv > 8- H a3 %5~ Ba pS3

52 H T 539 > » X | cephalochromin =% % & B it o FJpb » AP fa ey >

cephalochromin ¥ r2fgd % i* Fas/FasL> i€ fohys pS3 % caspase-8 i '

VII



g EPR S o 5

VIII

#t > cephalochromin % - &£ 4

N

F

s
|

SR .
U

¢

K: 1)

Pz %k~ | caspase-§ o



Abstract

According to the recently information release from the Department of Health, the
malignant tumor is the number 1 cause of death in Taiwan for the last 27 years.
Although, several great improvement have been established for treating cancer,
developing the drug resistance by the cancer cells causes the curative effect
generally not good. Therefore, the new antitumor medicine's research and
development appear urgent. At present the source of antitumor agents is major
1solated or derivatives from the plant or the animal, but recently, several studies
demonstrated that the fungus also obtain the effective anti-tumor active
compounds. In this study, we identified a fungal secondary metabolite,
cephalochromin, which posseses a strong antitumoral activity against several
human cancer cell lines. Since cephalochromin exerts comparably great
anti-proliferative effect toward human nasopharyngeal carcinoma HONE-1 and
NPC-TWO1 cells, we therefore investigated the mechanisms of action of
anticancer efficacy of cephalochromin in this type of cancer. Results
demonstrated that cephalochromin induces cells arrest in the G; phase in the
time- and doseage-dependent manner. Significant appearance of sub-G
population and Annexin V-positive cells indicates that cephalochromin-induced
cell death proceeded through an apoptotic pathway. Furthermore, we found that

cephalochromin only activate the caspase-8, but not caspase-9. The finding that

IX



cephalochromin-induced apoptosis through a memebrane-mediated mechanism
was supported by up-regulated expression of Fas and FasL. Furthermore,
up-regulation of p53 was found after cephalochromin exposure. Above results
indicated that cephalochromin is a effective anticancer agent which could
induced cancer cell apoptosis through a p53-mediated caspase-8 /
Fas-FasL-dependent pathway and worth for further development.

Key word :

malignant tumor; cancer; antitumor agent; fungus; nasopharyngeal carcinoma,;

cell cycle arrest; apoptosis; caspase-8.
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ACP : enoyl-acyl carrier protein
ATCC : American Type Culture Collection
BCA : bicinchoninic acid
Cdc25A : cell division cycle 25 homolog A
Cdk : cyclin dependent kinase
DEPC : diethylpyrocarbonate
D,-H,O : double distilled H,O
DMF : dimethyl formaldehyde
DMSO : dimethyl sulfoxide

DTT : dithiothreitol

ELISA : enzyme-linked immunosorbent assay

FACS : fluorescence activated cell sorting

Fabl : bacterial enoyl-acyl carrier protein reductase
HPLC : high performance liquid chromatography

NPC : nasopharyngeal carcinoma

ICs : the concentration of drug that inhibited 50 % of cell growth
MTT : methylthiazole tetrazolium

NCBI : National Center for Biotechnology Information
PARP : poly ADP ribose polymerase

PBS : phosphate-buffer saline

PDE : phosphodiesterase

PMSF : phenylmethylsulphonyl fluoride

PS : phosphotidyl serine

PVDF : Polyvinylidene fluoride

RT-PCR : reverse transcription and polymerase chain reaction
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SDS : sodium dodecyl sulfate

SDS-PAGE : sodium dodecyl sulfate — poly acrylamide gel electrophoresis
TLC : thin layer chromatography

Tm : melting temperature

TEMED : N,N,N',N'-tetramethylethylenediamine

Tris Base : Tris ( hydroxymethyl ) aminomethane

Tris HCI : Tris ( hydroxymethyl ) aminomethane hydrochloride
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LTH1-116-1 ( cephalochromin )> &k p 5 #* FEF2 BFPT LR

By o

(=)~ Fok* mbe
1. Colon carcinoma ( HCT-116 : from ATCC ).
2. Leukemia ( Jurkat, CCRE-CEM : from ATCC ).
3. Lung carcinoma ( NCI-H6611 : from ATCC).
4. Nasal pharyngeal carcinoma ( HONE-1 : from ATCC, NPC-TWOI :
from FIRDI in Taiwan ).

5. Renal carcinoma ( A498 : from ATCC).

(Z2) >~ - Bt

1. Actin (I-19): sc-1616 : Santa Cruz Biotechnology, Inc.
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2. ATR Antibody : Cell Signaling Technology®.

3. Caspase-3 Antibody : 610323 : BD Transduction Laboratories™ .
4. Caspase-7 Antibody : #9492 : Cell Signaling Technology®.

5. Caspase-8 (1C12) Mouse mAb : Cell Signaling Technology®.

6. Caspase-8 p18 (D-8): sc-5263 : Santa Cruz Biotechnology, Inc.
7. Caspase-9 Antibody (Human Specific) : Cell Signaling Technology®.
8. Caspase-9 Antibody : ab25758 : abcam®

9. Cdc2 p34 (17) : sc-54 : Santa Cruz Biotechnology, Inc.

10. Cdc25A (144): sc-97 : Santa Cruz Biotechnology, Inc.

11. Chk1 (FL-476): sc-7898 : Santa Cruz Biotechnology, Inc.

12. Chk2 (Thr68) antibody : #2661 : Cell Signaling Technology”.
13. Cyclin E (C-19) : sc-198 : Santa Cruz Biotechnology, Inc.

14. Fas (C-20): sc-715 : Santa Cruz Biotechnology, Inc.

15. FasL (C-178) : sc-6237 : Santa Cruz Biotechnology, Inc.

16. PARP Antibody C2-10 Cat # : 4338-MC-50 : Trevigen, Inc.

17. PARP (46D11) Rabbit mAb : Cell Signaling Technology®.

18. p21“*' : BD Transduction Laboratories' ™.

19. p53 (Ser15) Antibody : #9284 : Cell Signaling Technology”.
20. p53 (Ser20) Antibody : #9532 : Cell Signaling Technology®.

21. p53 (DO-1): sc-126 : Santa Cruz Biotechnology, Inc.
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(z) >~ = &fuil
1. donkey anti-goat [gG-HRP : sc-2020 : Santa Cruz Biotechnology, Inc.
2. goat anti-mouse IgG-HRP : sc-2005 : Santa Cruz Biotechnology, Inc.
3. goat anti-rabbit [gG-HRP : sc-2004 : Santa Cruz Biotechnology, Inc.

4. rabbit anti-goat I[gG-HRP : sc-2768 : Santa Cruz Biotechnology, Inc.

(T)~mes % 24 A
1. '35 & * & : Fetal bovine serum pp  Biological Industries
(ISRAEL).
2. mRE s A R B & L
HyQ® MEM /EBSS > -5 HyClone Laboratories (Logan, Utah).
RPMI Medium 1640 » fp Invitrogen Corporation.
3. Glutamax-1 100x : pEp GIBCO™ Invitrogen Corporation.
4. Penicillin-Streptomycin-Glutamine : P GIBCO™ Invitrogen

Corporation.
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(=)~ F 5% * primer set ( Tab. 1-1), purchased from Blossom Biotechnology

Inc.
1. Caspase-9 primer set
2. GAPDH primer set

3. p53 primer set[16]

(5) TR F 52 3R
1. ALBUMIN, FRACTION V (source : bovine blood) : ptp USB

Corporation (Cleveland, USA).

2. APS (Ammonium persulfate) (Ultrapure, ACS Reagent Grade) : Fp

USB Corporation (Cleveland, USA).

3. 30% Acrylamide/Bis Solution 37.5 : 1 (26.5%) : F&p BIO-RAD.

4. Bromophenol blue (purity reagent) : Fp BIO-RAD.

5. /4 % & # chemiluminescent HRP substrate ( Immobilon
Western® ) : F£p MILLIPORE company.

6. DMF (dimethyl formaldehyde) : B p SIGMA-ALDRICH, Inc.

product of Germany.

7. Glycerol (Ultrapure) : FE£p USB Corporation (Cleveland, USA).

13



8. Glycin (Ultrapure, MB Grade) : f£p USB Corporation (Cleveland,
USA).
9. Hoechest 33258 : f£p SIGMA-ALDRICH, Inc. product of

Germany.

10. paraformaldehyde (Reagenent Grade) : Fp SIGMA-ALDRICH,

Inc. product of Germany.

11. prestain marker : PageRuler™, #SM0671, Bp Fermentas Life

Science.

12. propidium iodide : £ p SIGMA-ALDRICH, Inc. product of

Germany.

13. SDS (sodium dodecyl sulfate) : £ p USB Corporation (Cleveland,

USA).

14. sodium chloride (Ultrapure, ACS Reagent Grade) : Fp USB

Corporation (Cleveland, USA).

15. TEMED (N,N,N',N'-tetramethylethylenediamine) (Ultrapure) : P& p

USB Corporation (Cleveland, USA).
16. Tris (Tris(hydroxymethyl)aminomethane) (Ultrapure, MB Grade) :

pp  usb® USB Corporation (Cleveland, USA).

17. TRITON® X-100 : Bp USB Corporation (Cleveland, USA).

14



18. TWEEN® 20 : pp USB Corporation (Cleveland, USA).

19. TRIzol® reagent : P&p Invitrogen' ™ life technology.

(M)~ @5k Kit
1. Annexin V-FITC Apoptosis Detection Kit II (Cat No.:51-6710AK

(556570)) : B p BD Biosciences Pharmingen, San Diego, CA 92121.
2. BCA™ Protein Assay Kit (Prod # 23225) : pp Thermo Scienrific,

Rockford, USA.

3. RevertAid™ First Strand cDNA Synthesis Kit (#K1622) : B A

Fermentas Life Sciences, EU.

(1)~ F&* £+
1. VacuCap® 60 Filter Unit w/ 0.2 um Supor” Membrane, Pall

Corporation.
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CREXA

1. pet B 2k pH-V pH-mV meter : UltraBASIC, Denver Instrument.

2. & 37X L :TB-214, Denver Instrument.

3. Hg® 44 Alde %  KUBOTA-3740, Kubota Corporation.

4, ¥z |78 32 & 48 : ASTEC SCA-165DS.

5. ¥k 9 B3 ¥ & : GeneQuant pro, Amersham Pharmacia.

6. /R iR : Power Station 300, Labnet International, Inc.

7. % 5 Multiple Gel Caster, Amersham Biosciences.

8. 32 T A, : GHE330-A, GENEPURE.

9. ELISA reader : MULTISKAN ASCENT - Thermo Electron
Corporation » manufactured in Shanghai, China.

10. FACScan : BD company.
11. Transblot® SD semi-dry transfer cell.

12. Thermal cycler : My Cycler™, Bio Rad.
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— »LTH1-116-1 ( cephalochromin ) #7797 %/

241 * - #4 5 %A HE ) Cosmospora vilior Strain # 89051501 5 i& {5
FREHEMTA EH A SRS H F o FREALT ¢ AR EhY IRl
» 1 22 ¢ Erlenmeyer flasks ¢ » & & H ¢ 4 » 10 g Bacto'” Malt
Extract ( Becton, Dickinson and Company, Sparks, USA ) fr 500 % =
Ik o BB E AR 25~30°C THHEF 30 % - PR
TS NF SRR Y PR ENE Y v BF R 3 %
PR TR RRR G E TR I BT GRS
?OARA f#18 8 % Sephadex LH - 20 column (3 cmi.d. x 65 cm) §3
HPLC > ™ P a4 A 4-Aiii 25ml/min T# % -5 - BRAS (9
18 ml) =i * EtOAc/ acetic acid/ H,O (85:10: 10, v/v/v) i 5 E B
e fl* TLC ¥ H 24 » ¥ % g E 5 254nm % ¢k REHE B 2 4p
R ¢ Rt & 4o Bots A3 9 LTHI-116-1 ( purity > 95 % ) o
i & ¥ %4+ B>t phenolic dimmer. Bis ( naphtha-y-pyrone ) #72 $ o j&_

o & 'ﬁ 7 3 3R 2 35 41 > cephalochromin £ j&_ Cephalosporium sp.
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(PRL 2070 ) A4 i iv k> 3 Tt 4 £ 4 cephalochromin[17-19] - H
AEN S BHSAUE LS LR A (Fig 1) e
BT E L AL KBS o BE § (gram) “$ 113G

-

518 FF[&H L i B (mol) » £ Ry 7iF £ 2 o

Il

g [ N 7
e BN A <+
23

it 5 WA H DMSO ##F > e~ 20 mM <hstock solution 8 4 % ¥ %

20°C rkfaiE A -

= N dmre ke F
J *FP& 4%+ ( HONE-1» NPC-TWO1 ) » % & fm % $& ( HCT-116) »
Ttk (A498) ¥ 8 % & MEM/EBSS medium 7 e 10 % fetal
calf serum fv 1 % penicillin-streptomycin-glutamine * - & J w7 &
( CCRE-CEM - Jurkat ) » ** % ‘m*2 $k ( NCI-H661 ) 32 % A RPMI medium
1640 7 4v 10 % fetal bovine serum fr 1 %
penicillin-streptomycin-glutamine » ° %73 w2 tk 3 3% & = 37 °C 4 {o-k

F2FF 5%CO;, chugh a7 o

(-) B RRapy
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e 1 =g medium 4 %% & MEM/EBSS medium v
RPMI medium * s e 22 gm v 2.0 gm 7 sodium bicarbonate o I
BE pH 3 7.2 - fe 4% H medium solution % ™ 0.2 um

® . . [ . o W . 24 . £r s
VacuCap #Ejm~ #Lic > FEFE 3 Fe# » 4°Crkfaig * o

(= ) ~ EDTA-trypsin e %

Component Weight
NaCl 8 gm
KCl 0.4 gm

Glucose 1 gm
NaHCO; 0.35 gm
Phenol red 0.005 gm
Trypsin 0.5 gm
EDTA 02¢g
Dissolve in D,-H,0 to 1 L

PH F#F3 72~73 2@ ¢ 1 02pum 5 VacuCap” i

T B 20°C BEHE Y o

19



(=) ~PBS e @]

Component Weight
NacCl 80 gm
KH,PO, 2.4 gm
Na,HPO, 14.4 gm
KCl 2 gm
Dissolve in D,-H,O to 10 L

A pH X 745 pEgis 0 # P BIE B R F 40 AR

*E‘:]" o (FLIPIE B K o
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= ~F LA PR

£9634 45 ¢ AulfEr 100 pul 3% ¢ N 5 HONE-1 (4,000 fm¥e
/ 3)» NPC-TWOI1 (2,500 %2 / 3)> CCRE-CEM (20,000 w% /
it ) Jurkat (20,000 (w?2 / 3t) > HCT-116 (4,000 fwm? / 3t )
NCI-H661 (4,000 0% / 3¢ )+ A498 (4,000 fm% / 3t )e37°C T3 %
e e RE4E 18 > F 4o x 50l 7 kR 2 RIEEF EJE o F72h {51
methylthiazoletetrazolium ( MTT ) 4 45 = 2 ip| 2 w2 EH % o

MTT assay .- a8 % 5 ¢ & * chff Bl P 4% 4w 5o /5 P o 7o % o
> 0E o ASnimie %Fi%%ﬁ ® > MTT ¢ 4% 318 /n ¢ formazan - Formazan
- BERI AR PBP T o FHleRlaE e 5B well @ 4 r
15 ul MTT stock solution (5mg/ml) » 37°C 55 % 4 | P& » 3 fmre st
MTT é_ﬂ‘ff_“ﬁwﬁ ¢z 3R R o0 d 2t formazan 7 B Mg B
24 PSR Ae » 75 ul MTT — lysis buffer » gt 5 #Fig #-¢ 4= 2 3 |2
formazan ;3 23 25 = % & G953 ko 5iE 8] PF 37 °C et % 18 > 11 ELISA
reader fx. 570 nm 3k R T P E Xk (B o FAPR TP HF Rk TE_«JIF% FHE

& Bpr A b7 el w,% P 1IN 21 8 N R R EERE D o] M
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MTT - lysis buffer e = 4=

Component Weight
DMF
( dimethyl formamide ) 400 ml
- 2.4 gm
( sodium dodecyl sulfate ) 4 g

Dissolve in D,-H,Oto 1 L

z s dwfe g A3 | -Annexin VPl # & 4 47,2
fmPzenig Bl > AFF 3 @ % g BD Biosciences Pharmingen 14 &

Annexin V-FITC Apoptosis Detection Kit I o § 2% =4 FE E Y g T
FLIp o AP BN 1X 10° ehim®e o @i B chpE BE > JT B 9
thim?e o 4% medium % B if e 5 3 4740 Sml v F ¢ > 2 PBS
Felmie 1 o=x o Rkt o PBS transfer FIR| K| chgre g ¢ o 2R
12 1 ml EDTA-trypsin &J2 2 33 % 37°C § | ~4a > @ wiz i3
transfer <& Flfe - Bac g o & 4°C TH< (200X g) 10 445 - ¥
B FR g T F A BB ~ 100 pl 1 X binding buffer & £ =%
% 0 B PpF4e ~ 5 ul FITC Annexin V and 5 ul 50 ug / ml propidium
lodide - EdEHrs B FHE Y #FE 15 A48 £ 4 » 400 pl 1 X binding

buffer » — ] B 2R mie R A 4T o
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-

T >~ w4 #7732 1l - Hoechst 33258 / Propidium lodide g##
B Ao - P PHEEVZ ZAFERY A PR hle

¥ 5 37°C MR e # B REEETS ALY Bkt » B R AJE o FIE AR T
EpFs Agpa 3V Y & 4L 4 ~ 2 ml propidium iodide 5 ug / ml -
37C 8% 1o “,ﬁ%—i propidium iodide ;%% > * PBS jjie- = >
Bogp o AT R & A fie Bl e9 Hoechest 33258 (20 pg/ ml) 9% 7% 2
ml 4c >3 & ¢ 37°C £ % 15 A48 o & ¥ 7 Hoechest 33258 /3
o &g 0 PBS(2ml) k- =t 0 s gg o B8 14 4 % para-formadehyde
(2ml) 3R TEFALI0 Ao RS A BER Y BN Y 2
FOoFR P REE T Rt MR T RSP F B E R 2 -

B % propidium iodide f- Hoechst 33258 & ¢ B » 7 F g £ & 3
“t 7 e o 14 propidium iodide k3R o & 12 8k ey § k5 AT sd ey

ik R 5 620nm e @ % Hoechst 33258 @ % » & 12 UV ¥ #h sk %k

B o sty R E ko & 5 510~ 540 nm o
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* o~ S FE AT
NP AT A PR IR SRR e T B GE (T e i P
At Rk Ty chlwie > A% 2mlPBS rikimie o £ e r 1ml
EDTA-trypsin » £ % 2 & ¢ &% Z B {5 > &% ",/Tt 5 4 EDTA-trypsin ° 2%
B g s 37°C R EARREE 2-3 A4 Flwme S BIER
SR AT T 4e 2 AR P b EDTA-trypsin i % o gt B enfm be it
PEPLA R AL > Mems e B Sml BLed Y 0 B 4°C T 300X g
w10 & 48 ip ) Gr Y T AL B ATV BB ERGFE A
IR E e MBATHE  Bfgtr » 1ml-20°C g4 k0 75% ‘}f]ﬁ‘l‘r?&ﬂ
%o
ffh s RS e R P AR g L4~ 3mIPBS»4°C
T 300X g e 10 A4 MRS P FRE TS AT e B o
R A F RN BBACE > £ 2 1ml 2 0.1 % Triton-X & H £ &
o FRE W20 4480 8 * Triton-X 0P O wir BELE 30k A
[ SF A A/T UE RN o RiEA 4°C T 300X g £ A - =0 10
A R o P - AN ‘ﬁj ik dERCE BEACE e BB 0 4o 0.5 ml
propidium iodide 25 pg / ml §v RNAse A0.25 % (w/ V) JJ2 I i % 30

LA e Bfo BlmPe A B 35 5L 0 TPV UGN e R AT o
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JEon 3% Pz ik CellQuest pro 1§ B #7 1 chficdy > A i ¢ * ModFit

LT™ for MAC 4 45 fm® 3k #p A fF cngh i o

» Fd FER

BE 11X 10 hime st 3445 ¢ » SR & 37°C chid k phii i %
BoBgRER oL FARFERDERFRB AR o FR L
Yo b enpFE R o L% sk PBS iFikim®e 2 = o F 4~ 0.3 ml protein lysis

buffer o Protein lysis buffer %4 7 2 %47 § & aape = [20-22] » 2 F %

TR - g o HoA AR

Component aqd fnal Stock concentration Volume

concentration
150 mM NaCl 4 M 375 ul
50 mM Tris-HCI (pH 7.4) 1M 500 pl
1 % SDS 10 % 1000 pl
1 % Triton X-100 100 % 100 pl
1 mM PMSF 100 mM 100 ul

D,-H,O Dissolve to 10 ml

&1 R hE_PMSF # - 87 ¥ i #& ¢ serine protease #r#|&| > &

7% % 100 % DMSO - g & -k 9 methanol ¢ isopropanol * > Z P %

s
rw.

Tk kiR e FP AT BB fEm22 % > 4 4r » PMSF Mz
b H ] Bov g 4 ko
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‘v ~ protein lysis buffer érim? 4588 ¢ LFE 5~10 248 - BF
* rubber policeman #-‘w®e =i 4] T > AR {s e & i eppendorf ¥ o &
REE 1 L PERE o ARF A BT 0 P e % genomic DNA %7 A
FRAR R X ET S S EE 20 L RF S Ao BEF o
712,000 X g i e 4°C TR 15 A4 B iR 20°C

W E o

- ﬁf'gf
o P~dnfe Foo F{S 0 2N R * bicinchoninic acid (BCA) = & k 4~

174 N e i P g

o

Fv Fenzg & o frig * 1 B & ¥ _Thermo
Scientific company #k @ 8 o T & 14 F8 13 ¥ Thermo Scientific company
g r FEP o

BERDYIT  BEETY 39 Imgml>B0ul>Sul> 10ul >
15ul>20pul > 25l » 96 3445 » A & & 4e x 25ul> 20 pl > 15 ul > 10 ul >
S5uls 0pl vz = ZAg K o B fs =+ 34 £ 4c » BCAreagent 200 pl » % 37 °C
AP % 30440 £ 14 ELISAreader Bl€ 570 nm kR T ek sk

B X RI R ER PR B EAAN P I E RIS TE R T2

Ik
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AN ¥
BB 2 v BRte o 4o 1/3 B2 4 X sample buffer
Rigar 100°C-kipSréa P B I FRALIEEFT SDS-PAGE &
¥oo kg i & P enEi-Fed FIED ot g o

4 X sample buffer = & 7 & 4o

Component Content Final concentration
glycerol 4 ml 40 %
bromophenol blue 0.5 mg 0.4 %

0.5 M Tris pH 6.8 5 ml 250 mM

SDS 400 mg 4 %

B-mercaptoethonal 1 ml 10 %
Total D,-H,O 10 ml
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b sy

F-v 44 > SDS-PAGE 4 i + %} (stacking gel) v %%

( separating gel ) = iF 3R> o

& W) % stacking gel v separating gel °

Separating gel ( pH 8.8 ) Total 12 ml
% 10 % 12.5% 15 %
W00 Acvlamide (O o4m | zoml | 375ml | 45ml
1.5 M Tris-HCI pH 8.8 3.0 ml 3.0 ml 3.0 ml 3.0 ml
APS (0.1 g/10ml) 0.6 ml 0.6 ml 0.6 ml 0.6 ml
10 % SDS 120 pl 120 pl 120 pl 120 pl
g N MLy I
TEMED 5.0 ul 5.0 ul 5.0 ul 5.0ul
D,-H,O dissolve to 12 ml
4 % Stacking gel (pH 6.8 ) 2.5 ml 5.0 ml 9.0 ml
40 % Acrylamide W 0.25 ml 0.5 ml 0.9 ml
0.5 M Tris-HCI pH 6.8 0.65 ml 1.3 ml 2.34 ml
APS (0.1g/10ml) 125 ul 250 ul 450 pl
10 % SDS 25 ul 50 ul 90 ul
.......... AP S B
TEMED 4.0 ul 8.0 ul 15.0 ul
D, H,O dissolve to 2.5ml 5.0ml 9.0 ml
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LR R ExE > AR ¥ | X Lamellae tank buffer i
VLR B e A e well 0 1212 K,/TT A B & % > 9 acrylamide °

B EFR P b s L0180 b A stacking HEF LT T AL
iT separating #H4x+ i+ % o 12 1 X Lamellae tank buffer /#2 % 2 % 1& -

Running buffer % # > £ e % 10 X Lamellae tank buffer §

stock solution » fie @ erast & 1L G 4o

10 X Lamellae tank buffer
Tris 30.285 ¢
Glycine 187.675 g
D,-H,0 TolL(pH&.3)

pH T % 83+ 5 4°C #* -

1 X lamellae tank buffer for use :

Volume ( ml ) Volume (ml ) | Volume (ml)
10 x lamellae tank buffer 20 40 50
10 % SDS 2 4 5
D,-H,0O 178 356 445
Total 200 400 500

Feds T AR 70V %) 40 4 4Bk stacking stager 3 dye AR T IR
h- ek T L #TR 100V 5 100 A 454 5 separating stage » &

2R dye front 7 7 & IV 5 a0 4 o
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P oo L o 370 Ao ] e transfer buffer » H fiz & 40T

Tris base 0.582 ¢
Glycine 0.292 ¢
SDS 0.1g
D,-H,0 70 ml

Dissolve well

Methanol 30 ml

PVDF %% %12 100 % methanol /=iE ¥ 30 #;i /%€t transfer
buffer ¥ & * o

Ja A 7t 2L transfer buffer 272 5~10 4 4& -

& dye front §4 3 BiTW 5 TP B T Rho4£ ¥ & Transblot® SD
semi-dry transfer cell + L 4f + 4 R % L2 transfer buffer B R4+ g
Bo @R ARG FiedA 2 > L4 b transfer buffer %/« PVDF
o g R ¥ Y PVDF Woend 2o AR DR WG F e chA 24 0 RES
ERR R RBERE 4 R o dEE o transfercell hE S 0 K ET
RERE A 250mA T BT 40 AdacndEd o

#7415 PVDF %10 5 5% %4 e TTBS A R e ot 2L
FB R ZEYIRIEG30 44 32F % PVDF 2B A7 — SFll

(- AR enfF e B 1:250~1:1,000) % 5% %tfqdmifs i
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TTBS ai% ¥ »4°C #&#5 4 {5 > 11 TTBS-membrane washing
solution #i% » # 10 & 48 { - =K%k » @4 3 = - PVDF #f- i =
o dmFMRLIRE LT D BB RY (2 s ]
5,000 ~1:10,000 )" ¢tk 4°C ¥4 2 ] Fis £ * TTBS ifix 30 4 &
& 10 A~ &k - KRR o

TTBS-membrane washing solution iz % :

Stock concentration | Working concentration Working Volume
1 MTris(pH7.5) 20 mM 10 ml
4 M NaCl 500 mM 62.5 ml
Tween 20 0.1 % 500 pl
D,-H,;0 427.5 ml
Total 500 ml

Fhifs— = -,‘%"-J;’a 2 & {5 4~ R e © 4 & & B2A| chemiluminescent
HRP substrate ( Immobilon Western® MILLIPORE) » & * 2 i BB 48 Ip
#FH v & IRFA; (FUII-LAS-4000) » * & * Multi Gauge ( Fugifilm

company ) =5k mIR Rl E 7 A 4T o
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-+ v RNA F&

F € NPC-TWO1 4= HONE-1 & $Rm%2 ¢ & 3! total RNA ; #7
E = e A/ Invitrogen' " life technology 2 # #74 & &1 TRIzol”
reagent i€ * £ { o

Hh o B 1X10° w2 dti Y Fich o B AL
e17 confluence ) 80 % ™ #F f wmfe PR Prd) 4 & > @ g =
mRNA # F @58 & B well 94 0.5ml =» TRIzol® reagent’ # ¥ 5
A48 (5 14 scrapper #EAEH-fmre 3T T Y 1.5ml MRE RS F P o b
~ chloroform (0.2 ml / Iml TRIzol® reagent ) » 3r#iR £ 353 » 2 B # %
15 ~48> ARiGE4°C T 12000 X g gt 15 ~4 o o i1 & ¢
A 3 Ko R S-kA T k& G phenol k0¥ BFJE R 7 genomic DNA -
Jo B+ R eid ik T RTRE B g ¢ 0 1 2R 23 4 isopropyl alcohol
(0.5ml/ Iml TRIzol® reagent ) i& {7/ % 2 H 10 A 4o 4°C ~
12,000 X g # 10 A48 0 HE R - ¥ IR RNA adpe g &
FRAL LA BB o # Y T5% JFF S 1:1(TRIzol” reagent) ifi% @
Boo fRis 4°C T w7500 X g g 5 A4 M D F R b S B o

.5 12 50 ul DEPC H,O #7%
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% 1 ul RNAextract & 3 4c » 49 ul DEPC H,0 # 50 i 47 »
£ 50 lDEPCH,0 # * Pifedev Hi- 5 iz 7Rl - A5 3 =
&% 50pul 0 50 @ AFMaiR o RE OD e - a3 o Pk AT

L
12}

2 E e kit 260 nm fr 280 nm St @& 0T 5 ko F A260=1 pF
%7 RNA ek R 5 50pug/mle 36 TR A280 %38 o |

fa kR PF > A260/A280 ' EEAF A 1.8~2 2 FF o

L KR L pstdi & & (RT-PCR)
#7350 RT-PCR ¢ 7 & @43 > 5 L LE7F EaF EHRNA &
fE4k= cDNA (¢ » L7 R &frsal Ki¢ cDNA 5 7 KR & F
&3 4e cDNA g -
F gk 2 Z AP 2~4 ug RNA » 1 pl oligo-dT primer > 1 pul 10
mM dNTP 4= DEPC-D, H,O %% 13 ul> 4%t 65°C 15 #» 43¢ RNA
WERES B RiE S Ad e BFEYE R foadRritiodto 1 FR
£353 o L 4 > 4 ul5xfirst strand buffer » 2 ul 0.1 M DTT 12 42 °C
Sv# 2 44518 Wik 4 ~ 1l superscript I ( Invitrogen® ) 4§ 42 °C
e 50 4480 RS T72°C e 15 A 4w o

REprsar o Bk &k BisenAdd 05~2ul 18.5ul D,
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-H,0> 2.5 ul 10 X viogen PCR buffer> 0.5 pl 10 mM dNTP 0.5 pl forward
primer ( 10 uM )> 0.5 pl reverse primer ( 10 uM )> 1 ¢ 0.5 pul Tag DNA
polymerase o £ 4c#t 3 94°C4 » 45 > feddF e 2 §_ 94 °C 30

#) » annealing 45 #, (annealing /§ & € & & * ¢h primer % @ F T

Bz ) 72°C30 §) (extension ePpF ¢ ik fR B ¥ & o ki FA ¥~ /]
m 3 #Tic > — @ 3 0 Taq polymerase x5 & 1000 bp / min ) o i%

R T 30 B 0 72°C10 A4 R 4°C

ey R el & 5 B 10 ulsample 1% 2 % agrose gel 4 &
P

Primer ek » " U A AR AT T P IHm2 FHEH X ¥ Y
&% e primer set 2% & d g TR EHOF K (Tab. 1) -

B L &35 NCBI Sequence Viewer v2.0
( http://www.ncbi.nlm.nih.gov/ ) > 35 3| X &g e p #& 2K F]<h full-length
cDNA sequencec ¢ » £ % @ * Integrated DNA Technologies #7F % ¢
IDT SciTools Primer Quest™ #- full sequence BE_* 393 2% 3+

Primer X :reangH

1. G+ Ccontent &4+ & <3 50 % o

2. K3Heh primer ¢ F & i > — &_ forward primer> ¥ — &_reverse
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primer > % i¥ primer 7 annealing temperature (Tm ) # g7 ¥
TR BRI A 2~4°C 1T oo
3. mfé6bmerp > A& 234 GorC o
4, 3 #HEW 2~3 B GorCo
5. %3 primer & 18mer M b oo - i h 18~25 2 FF o
FEHEMFE T 0 primerset ¢ 0 ! $ Blossom Biotechnology Inc.

( http://www.blossombio.com.tw/c-inner0.html ) 37L& o
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LA i -3 5L
T3 o5 %
N ALy YL
W % fhig % &g > cephalochromin $f37 % " fw % $h gt dri e 3 24

Gk o % B B FPR an e $h (HONE-1 f¢ NPC-TWOL ) o 23 dr 41 in s 5
78R B AP A% MTT assay 07 2 Bl £ 2 13 w2 i ’ﬁi%*"ﬂ 6 0 &= 570 nm
kT P formazan ek E 0 TR E P JT T2 h (Frd] 50 % wre 3 4
(ICso) #hF »xik B o B3| H & Wl ICsp 4 Tab.2 > # ¢ cephalochromin #f
NPC-TWO1 ¢ ICs, £ 0.77 £0.41 uM (Fig. 2 )> % HONE-1 ¢ ICs, £ 1.18
£0.37uM (Fig.3) ¢ Af P9 % inid v ¢ > 58 th NPC in% thon 234
cephalochromin /&J2 {8 & &40 4t S SR "F’i‘ o FIpL AL M A R H FIR

e FR s R Bk e im e 5N 0 13 cephalochromin shd i R 8 dE e - E

i o

= v G1IS dmrei¥ iy g F

d cell-proliferation assay 7. % & 7+ > cephalochromin %z ¢ & = Fr |
MR A TEE o 2NE B Ad RSB A 2 > PRSI A e B 4
Frd| i ?—‘ﬁ' Ao NP RE TR e Pt T EF g Sd FRwre i

it +

Ruts

@ TR iE S mfzip b M4 P4k augd =0 it EFT
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vR— e 3 B F 7 Flpt AP A% propidium iodide % ¢ K 1P| dw e ik Hp
DNA sz e i - 2 E @ % i3 i i 7 3 S dicdh cfc B o 193550 i el
3%+ HONE-1 m®2 k4 |35 cephalochromin 1 uM # 4 g2 24 ~72 -]
FEiS > e k) G gt B8 40.46 % H AT 6448 % 0 B EF S H e
B 46.75% TR D 31.86% 0 Go~M Hp et G 12.77% TR I

3.66 % (Fig.4) o i&35.P cephalochromin ¢ & = fw¥ 3 P iR df (20 G, %
ARF o P REAPFR A 1 UM St E P RJITEAR T  HONE-1 wf gk 72
)RS IR sub-Gy enfA) o Rdgimie A4 2 R G o 7 i 0 H

NPC-TWOl & % » &4 sub-G; {350 # HONE-1 % cat > 2 @i 96 |

B,

PReni & P R is o ML £ PRIk R H e A § BB I B 4 i sub-Gy
(Fig. 11) > 24k enFa330 7 120 h & 4 gD (6 a3 4o vt ) { 4o P B (Fig.

12) -

P ehREe ?

A% 3 k& e cephalochromin % &J2 fm ¥ $k HONE-1 fr
NPC-TWO1 o 5 24 h {8 > &4 17 clicdp 7 Flimre 38 Gy 04 15 vt G & %)
#_4046% 2 B % 5139 % = 4541% 2 % 1 57.7% > m Sphase » Ftk

i 5284 ey 14 (Fig. 5-6 ) o I #4748 h ( Fig. 7-8 ) 4= 72 h ( Fig. 9-10)
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EAREFER AR SmE S FHREIR G AP (Tab.3) - &4 P

7 cephalochromin [ PFi$ & Z 5 & & 2 K G, BiF o

= I TR
% 7 /235 cell-proliferation assay fw#2 3§ 4 X D4 e a5 8 d 30k §

JEenglgg 2 F3% 5 v ensl o AP ¢ * Hoechst 33258 v propidium iodide

’4,,»

B A RE 7% L S B A 4B L AST e % chDNA > 2 ¢ chi B
%t Hoechst 33258 ¥ 17 id ¥ 4 B fw P2 cnim?e WOig » fwie § ¢ ¥ im Pz 5ok
4 %8 DNA £ {73 » @ propidium iodide F'| & # 7 i (E B fw%e 2_ fm e W o

1945 F Z%eni: % 0 3 L HONE-1 538 cephalochromin 2 uM A&J2 24 h

6 RS BAcET™ E R L A chromosome condensation 35 ( Fig.

13) ¢ iz % % 57 cephalochromin ¢/aJ®:E w?e DI 7 A= e > &4 F

7 ' ¥l B
EF S pcvendiI s JI* @R 1 & Annexin V-FITC apoptosis
detection kit IT k3% fmPe (5 d -~ RS s mie 5= gt GIE EEF L &

PESL P A R A G e o
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Annexin V & - falm% p 39 F - v apoptotic cell #si& w2 5t 1 PS
( phosphatidylserine ) 7 %% chi & 4+ (Fig. 14) > % AnnexinV 1 47 -
B fluorescein isothiocyanate ( FITC ) ¥ sk fA B - F|pt § wre 5 g 4 fuig
phosphatidylserine £ Annexin V 3 & FF> % if § enF s 7 A o
% % WP F] ¥ ket £ 9 521 nm (FL1) e

o Hf- AR D o himve

‘3\\-

e Bi‘/‘]‘ v 2. 7%| propidium iodide > v € £ DNA
@ % propidium iodide # /% 7 i mPe iR ~ fmiz P APPSO PG &
wE= P imie o H e enst ip @ 4 3 5 T propidium iodide ¥ 14 %
LiED|mie P BPIEPIR o — © propidium iodide fri:pEyipeit & - v
Y kR R T EE 20~30 B 0 FR R & B AT s > TE A
FClwre ik B RID] 562~ 588 nm (FL2) ¥ koo

Tt AP 2 Annexin V-FITC {= propidium iodide % chim?z > 5 d
g e RN g 0 - B ¥ endwfe & I Annexin V-FITC (- ) ~ propidium
iodide ( -) ° early apoptotic m*z T I Annexin V-FITC ( +) ~ propidium iodide
(-) - late apoptotic sw* T I Annexin V-FITC (+) ~ propidium iodide (+) °

%18 Annexin V-FITC / propidium iodide #Z % p|% = B P H L%
I > * A E 0 cephalochromin i = 7 'w%% % ¢ Annexin V-FITC (+) »

propidium iodide (- ) ** B3 4 IR % 0 A BGE_24h 5 2.14 % H 4 3] 5.21
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% > 48h e 1.04% 3] 15.63% > 72 3 475% 3| 32.86 % (Tab.4) - Fr $&
1o e - kR enE e EJE imie > (5iE 24h - 48h -~ 4r 72 h > Annexin
V-FITC ( +) > propidium iodide (-) ** & 7= Sg pF R 3 4v @ 3 4e > 12 8 UM @
sfmre G 0 HRAeant t)d 24h 9 521% 2 B F] 72h 9 32.86 % o

d F % ch¥icdp & B o cephalochromin #7514 ehimbe 7= 5 d = BT

ZEETES S

7 ~Caspase 47/ Fv JF& RN

}a g5 e sp ) A 47 % % 5 A B 5038 HONE-1 fe NPC-TWOL 4 %
F 72 )1 B ICsy BEIER T 96 ) BFEF LS > IR sub-G °
Hoechst 33258 / propidium iodide %4 - —F‘I ) e A5 85 + 1 I chromosome
condesation 752 o p53 Fv B & R AT B BIp L F AR DS o Ko )
TR OREES ORI RNE Y S FR A PR BT e PR AR chm e R Y
g-v Bt d > BB RARE Blwie k- B JT b caspase UL E4A R T
T A FLE > B AT Y P A caspase X PR (Fig. 16) o

HANPGIEEF B ESRRRILIS Db 5 caspase 8 kv AR
B o AP ILREE ek B 40 0 $T481:0 caspase-8 0 e L AAE e

caspase-8 7 A Erds i, (Fig. 17A) o g3 cephalochromin i = w?s /¥
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= RS F At A4 d caspase-8 fuE it fTag s o

¥ ¢k 5 caspase-9 F-v FenA R AP FIRLG AR FE D A oA > B G
%77 /% 1t e caspase-9 I L F AP ¥ e 4 (Fig. 17B ) iz 8~ B 5 &R % >
#7020 2§ % RT-PCR k¥ | caspase-9 =ik F1A = . F 7 AL o ji
RT-PCR % %% %%+ 5§ % (Fig. 18) > caspase-9 ehfA Flise EFn v F & iy
Flleehken s > B § AR AL A o

d caspase-8 {r caspase-9 fhij-v & It Ho 2P 3 7> cephalochromin

Fikwve k- anph T 85 d caspase-8 B it @ ok o

- o AN & KFT T caspase 8 i (L 16 0T PR B A IR
caspase-3 /-7 14 % PARP &_F 7 A&7E 4 > 4ot — % o ¥ #2353 caspase-8 #7513
- P LB GRS R T

J€_ caspase-7 chd > F B8R af BkiE % (Fig. 17C) > 3 full length &9
caspase-7 BEFR e Sv F DR T R0 AR 0 3 i 0 ALy ¥reh cleavage

caspase-7 itk f I AT @ H A o FIUL BI04 0§ BUEL 0

# +Fas/FasL #F §& R

7

J&_ caspase-8 fE (LA 0 Jap|H BB RV A sl igita

% (Fig. 16) > F]t 2 i/ i B¥_caspase-8  #5ifij—v B FAS/FasL %R - %5
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S MA %L Fas &% L FasL evdd T4 R As phimee k1 354 s
¥ niFa; (Fig. 19) »

= “P53 A FtZ Fi FEREY

F] L i mre ix P F B 4 47 0 cephalochromin i & 7 G, m¥e ik H) chis
o F) e b B o TP L 8- HATT ARG & Gi/S BT M
KIS LR op53 ¥ U A me T a PSR me it £ oo T
AP g4 pS3 Few Fen® it BTy AT e T ehiRF Y pS3 i
[

A r g > RS KA pS3 Fd HdA M FREFES L
PR3 4r > p53 AR R 7 & IRB Se g% (Fig. 22A) o #7112 cell cycle
arrest ¥ i .55 d 32 p53 0 i@ F I p53-mediated cell signaling pathway £
Z% o 24ps @ % RT-PCR #& & p53 m-RNA % it o & 5% &7 5 JLen
fmte 8 p53 I m-RNA ehd s % § 442 (Fig. 21 )ei3 B 3% % 45 91 p53 ¢
512 fe oo FA RS a2 ARTFIE S AR A LT AR
P53 F ARGE EH 4o PR

p33 i BAAF L e PF E i p53 £ F . S s £ B EE R AR

ﬂ*nj}&ﬁ‘&:‘* 7 pS3 A_FE F W 4 P pS3 FARERPL (L iz ¥ (% § [23] (Fig.

20) 0 Ffd & B g% > §p) p53 (serlS) fr p53(ser20) 7 b AR I i
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B¢ Fgd R0 B ARARELGE b o #F DA 2[EE pS3 s i AR iRd
A E ek d oo BRI pS3 Bt eni g o 1 & A oser20 ¢ =% (Fig.

22B) -

A~ p53 TAgEFd F p2l 7R R

FE_pS3 t ser20 chix ¥ b ALBEERL 1Y @ gl A5 4R pS3 T b p2l
Cdk inhibitor gene » € 4% /% (b @ F = fmbe chiz i o

FP A EEBE kR p2l Ak DS (Fig.23) 0 d BEF RS
i cephalochromin 4 UM &2 24h (& ehim®e B p2l ehd g ot i §_
JAB R L 48h » T2hp2l R REBET ST 0 e ps3

ser20 gps it enik WA G 4 > ho

7 ~p53-independent G, arrest A74f ¢ F £ &

fF PR 7 pS53-independent G, arrest 4 B 3¢ F Cdc25A o Cdc25A
4 - & dual-specific phosphotase > # 1% 5 /&t Cycline / CDK complex > i#
ST AR OB @ e k) TR o DAL RIS Cde2SA S L
BdZ s 0 H Fed A ILE 5 (Fig.25) o

¥ oob Ay i e Cde25A et #5309 Chk2 eh& 25> d 9582 %5
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7 Chk2 g %3+ 7% (Fig.26) -
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$1% b
AP HREFF NFERL o FAERAAHNEE R OuM >
20 uM > 50 uM kB ehE R (T A iR 0 Bd2 A498 (renal carcinoma ) ¢
HCT116-1 ( colon carcinoma ) » Hep3B ( hepatoma ) » H661 ( lung carcinoma ) »
NPC-TWOI ( nasalpharyngeal carcinoma ) % 5 k7 3% ienimiz th o & Bk
RFe 2 Renf koA eng % X a0 ICso 4o% F /]38 10uM 1 §
- ¥ 45-] dosingrange ° { - H i1 50 % ‘mie e Ep kR F & o A
IR kR E 40 uM > ¥ iE {72 2 &0 serial dilution % =% ﬁrﬁ % 10 uM -
25uM > 0.625uM > 0.156 uM. %7 BER 4 OuM Bx = BERHR > 5
i MTT jmJ2is > o ELISA reader P 570 nm ek ki@ o a‘r% blank =
Bk B {8 o B A e e 2 100 % m el vk i E 2 Ao B R
2k Eid 50% 1 F o RE P AR B Naed] 50% ARG R
T E 73 i 1Csp
1 MTT F 5% > 2 3| cephalochromin ¥} & B ¥ tkeh 1Cs A
B -E_0.77+0.41 uM (NPC-TWO01 ) > 1.18 £0.37 uM ( HONE-1 ) > 1.37 £ 0.69
uM (CCRE-CEM) > 1.77 £ 0.07 uM ( Jurkat ) » 2.21 £ 1.39 uM ( HCT-116) >
2.51+ 1.20 uM ( NCI-H661 ) » 12.01 £2.79 uM (A498 ) (Tab. 2 ) - & i w ™ $k
1 1Csg FE R X P> T3 A [Cs) hAFELS B2 ) o 8 F shni
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% > J vFl& w2t ¥ cephalochromin ‘* f&ATR » Flt it e M B R R T
E T imie A KRk o T i B dme (6% iS00 § E PR e e
T &R Bechimie JRECT o

Jo e W e 3R B o MTT TRV N A m;.i%”ﬁ - - HEH54e
R EES= s ,T* A E e 3 3 BMeniE® (cytotoxicity ) 5 = £ # -
@Flmizin b M4 L %&{’%% ¥imre 4 £ A 4 g iT*  (cytostatistic) o

KOLERT S R eV %’-j’%ﬁ propidium iodide & F® £2 fm?z p e DNA %
&gt > RS RN e ReDF SR R 4 0 £ d MRHE B RAUHRL
(562 ~588nm) ¢ detector FL2 z & #cdfp 2N e B 2u 2 5 e ¥ 0 Gy
phase 4N ( % 2 & 2N §EH ) ¥ T 5 w2 ¥ 7 G, ~ M phase 2N
F] AN eh%R ¥ 27 _5 Sphase > @ | > 2N % BT w25 sub-G -

KA 2 E R 1X10" hine o iR (T A IR 0 A 7 e

2

WPE T A B B EELAYT s A S 0 FliiE b e e 3

1P ff 5 0 € 3¢ = ofe fF £ contact inhibition < Contact inhibition 4 2 #-

®dnfe A K IRF > v i RN Rl2Z T € %R Gy accumulation T

NN
o

i 24h>48h>72h 7 kR cephalochromin i & 4 &2 NPC

cell e AT FHAY chwzik G b B h 35~45% > @ SEES
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B imre B Gy A G a0t bl R H 4 B e B E > blde
HONE-1 'wm?s (i 24h 7 b 845 kR JIL(s > G A ot bl gy e
40.46 % H 4r 5| 16 uM AZL 5t 51.39 % (Fig. 5 ) 7 i Addh ¥ 4 5 7R -
ER R LuM v 2uM 22 T > e Jg? 24 h #0 cellcyele #23 *
<P B0 4pM b #E e A iy | A2 B R L R
F B 48h o 72h {8 4 %?P_%’K 2137 Gp accumulaion FA5 0 3 72
ho#f g et & e 3R sub-Gie & 1 F W RF A IR LIS ShR % YR 4 uM
fo SuM (v 5 BH Ak g (G E 3 4 B9 8 1 ICy) -

Jé_ cell cycle /»a\+fr“,4r? TG W2t d) G phase shigFch > & 72h £

P EGE chime o G 45 Bl 8 IRM AR sub-Gy o Sub-Gl 1A 4 5

e ey o VUL G E ek [24] - Fw‘ﬁﬁsi%éﬁiwj EREZ B g
Al AT EM G T > B S wie HORTORA  fc i i ihim e
R ST B RECRe e Sap ) RIS EIECE i R I At
= imre Pl Ed R M w2 o Al - il B e AR E et 5
R mgﬁbm@%& ,}FP; imPe € § IR m”?.‘ﬁ;ﬁﬁ’DNA /}Exﬂﬁ\li F %7

Henlfa, o hE B ehd > me N 3557 ¢ E T me b BHY > v Pk

"\

ey

A5 &= | %8 (apoptosome) I Gd F & (FH B2 w i it o A HESESE
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Fogag ¥ et A SIFF UK B o FUt 53 cephalochromin

P chm e HTiE A e = NP S F e [ AR A e et = B Ak

ATl AR Bkt b > AR * 7 Hoechst 33258 / propidium iodide B
Ferd Z U RBIETE AL D K= DlFA) 0 ¥ w @ % Annexin V-FITC
apoptosis detection kit % +b #e K T #F fr cnfy g e fode (S L e b e BF
FEFER?F > &4 carlyapoptosis et 5|5 @72 ; FHEF FRFRET
A G P AR PR IR o

JEF B el @ R (Fig. 9) fmPe $k HONE-1 # cephalochromin 2 M
)k & RS2 24 h o Propidium iodide A 4c & ] e F e HF) F 5 %

23 yEie e d (Fig 9-a,d) BRAR A d & Xpes ™ v @k B A &
¢ F ko ATl i R h o Aonwfe ¥ A M o @ Hoechst 33258 R &
fm e B A TT R mie P T {oimiz P S DNA B4 st g UV
FALES H¥ % (Fig 9-be)r REHTH L2+ 3 s ime o
chromosome & F EFRFA,4 24 o @ & (s WK (Fig. 9-c,f) { ‘viw e
Hoechst 33258 ( +) » propidium iodide ( - ) » *7/4 cephalochromin #-:g = & 7

apoptotic feature 7 chromosome condensation °
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5 ¢k > j&_Annexin V-FITC apoptosis detection 7§ % ¥ % IR > & $ o J2
24h {é » & 4c % Annexin V-FITC (+) > propidium iodide ( - ) early
apoptosis 't GliEFEFl e 214 % 2% 3 8 uM a2 5.21 % (Tab. 3)s &2
% 24h4uM b bR 4 3.01% 0 F el edp i T B LA ST 50
%o a4 48h PFe H - 50 2 A 8 uM RJZ ez BRI _24h &0
521% < % 3] 15.63% (Tab.3)e ¥/7 72h {2 % % 32.86%(Tab.3) -
I 3 r Lk B B e i A4 early apoptosis vt B 4o A5 ko A F i
I erAp BEBE TR o TI*U—EL cephalochromin 2tk R A% % - 13 = ‘o
carly apoptosis =7+t /Iill)jj' AKX P BE I v o pL o J e JT 2 4 B T {e early apoptosis
vblenBl kg o 2 pM BB g frd ] e A v BEAR £ 3E S dmie =
fe s £ 2 P AT o A UM P& H RJE h 3 48h 4 G - bR % > 28 72h
(62 5 k= et G P R cnd B 0 B or i MBI £ ¢0 cephalochromin 4w v 5

= 3 lateresponse fiAjom F|7 8 uM wPz early apoptosis £t G| R &

¥

fcci 4e (Tab.3) o

RSP FWRT - B &F BH4les FLI/FL2 ¢ (Fig. 11)>
"f;’ 7 d1 70 late apoptosis efEA) 0 F|ETE_d AR * e Pl e
e oo TPt A b SR e Rk PF 0 JF 01 EDTA-trypsin a2 e x4

IE

Foan Fle vt e i 2 2 R B AT R ER7 4 F|pF > propidium iodide
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o~ dmre g P ot R eni & o 8 12 CellQuest pro dic k8 & FL1 4o FL2
£ compensation 7 {8 4 % & el o
J&_ apoptosis detection H7F AR FILT B g A w2 ©d A=

2

AR T RAPRET A PRSP E SA RS hied Bk R
Ao P 2 BRATVES MELBELE (Fig. 16)> - 45~ X WHELID (the
death receptor pathway ) » * & ¢ 48 /S (extrinsic pathway ) 5 ¥ - &8
%88 /= (the mitochondrea pathway ) » * f£ 5 P 4842 (intrinsic pathway ) e

#7100 5 7 FEEL cephalochromin & 5 d P 40 et h 4R T g = e =
AR T NPC Ptk 30 B caspase-8 {r caspase-9° .4 % % I caspase-8
i 24h4uM PRJET PR o o ds $raacnii ) 0 B 2. 0 caspase-9 P g 7
Flie R AL ETAA A, o Tl 5 — A5 caspase activity E_A 55 (e #1012
— 4 11 procaspase 753% 3 f 0§ F A HLELH 0 procaspase )’T}u € A7 BT
&b o F]pt Vi L cephalochromin ¢ fx#+ caspase-8 @ & it i5d b 4nER T
V- M R A

50 FEIRITEE B RFEA S #Bl 7 Fas/FasL @& 3R o 3 3 Fas/FasL

‘J&E’?

ek L B dr ) e F e gl e g i‘;ﬂﬁ?%\»m(Fig.l9)’4,Tﬁ,{
e

cephalochromin +# # ? 'm¥Pe ke Fas/FasL £ % £ > 313 Fas/FasL 13-
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v F AR > R{SFH T deathreceptor T e Ll i > Fla ff
procaspase-8 & it ¥74d o

Be¥F o APIEHE I 18 0 caspase-8 H#-€ iE 1Y T ¥ executioner
procaspase-3 /-7 » #7144 * caspase-7 antibody ¥ 1§ ;P caspase-7 % it
A5 ot full length caspase-7 ehd-vd LI+ F T 5073, 7 i cleavage form

e caspase-7 I @& & *x e it (Fig. 17-¢) > 2B A PRI FHEL bur

—_—

P

3% o do % R FERh caspase-3 /-7 A_F S ey iR E iE- b R P late apoptosis
marker : PARP #_F #7% it %r4&2:% 4 cephalochromin 5! % apoptosis =74 f#&
BEET S

j%_ cell cycle analysis cr#fcdpf® 7 > (518 cephalochromin a2 > ¢
1% = f FPF 0% $k Gy phase acummulation > = ij‘uiﬁé = #73) e G arrest o j¥_
v }P‘%J%J W IR[25,26] 0 € F R Gyarrest s A & & L pS53-dependent fr
p53-independent o F]pt » p53 hE R FE > ¥ A7 K F H_ p53-mediate G,
arrest @ 5lAzinimPe F= o SpBFIMGPAPHRY 0 S L EE O BRELE S
P rdlienimie > B pS53 i REIAF oA 2 EF A REF ALRE T
b 5 p53 ek R4FA54 fo Fas 3 B[27,28]
LR ngiftil”ﬁﬁ“m"emp% AFFAEE-F L2 ﬁ?’”%#ﬂ“’"

=9 B p53 accumulation it imy ¢ OE_{OF R e9[29,30] 0 trrdpdle
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p53 &3 ®B ARAGIF LeniiA) o 4 3 ’7}}?\—;}5 ! NPC em?s 37 i &
T4 Gk o & p53 A F]F e codon280 3 G— C A2 transversions
Sffa) > wrilig & ps3 B 3]0 ERF L pS3 AMEF SR T G 2
Jeda 2t NPC-TWOL #0 ps3 4 i &0 4 59[32] > 7 4 ¥ § < jra= {45 ¢
HONE-1 4= NPC-TWOl fm# 4k } e p53 &% $:1[33] > p53 2% ¥+ 8§
e F|F chrt iy X PP opS3 F dwie P E LG 1EH a0 f pS3 & 5
e g 3= e BOH o Pt iow R0 pS3 3% A mutant type ¥ 0 p53
%3 B i 0 ek F 2 B U pS3 B R E e B p53 ¢ § RN
A et i [34] o 2 R PIN A DR pS3 fovt 2 G pS3 b pF
3 amee 0 BE 0 pS3 4 4 et i EARF B K [35]0 R S R E R
BESR pS3 Adpdled B AR P BEE &S RILIE D P AR G
A5 (Fig. 14a)o Srpt > 2 2000 ¢ £ -1 F %k 5 971 * etk p53 B ik i
teiRl > RS pS3 HeerdR WA FIEE T A A U gk ehat a o
Ea- "/f TH AT pS3 F-d Fendis o APy A 7 p53 independent
G arrest 4p B eh3-v F Cdc25A » % % 4o (Fig.24) - 2 g ) Cde25A %
Ak down-regulated - Cdc25A & - #& dual-specific phosphetase » v 13§ 34 ¥
Wi - RS ] BRIt i Chk2 #7drd] o 7 i 2% P R 1 0 Chk2 £ 3R ¢

47 F| Chk2 ks 1t ehha) (Fig 25) o B it 4 th Chk2 7 el
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Cdc25A end gipa it 1% F]pt o™ 25en cyclin E/ Cdk2 45 & %8 & /% 24 >
fm¥e @2 J€_ Gy phase i& » Sphase o 71/ ig = “r3} ¢ p53 independent G1
arrest ( Fig. 20 ) o :78p 787 7 3 I[36] > Cdc25A hf A4r» ¥ Kk p p53> 7
BB HETATE R P R AP R o T A PSR Cdc25A ¢h
dpwnregulation ¥ it .4 p53 Fitkh Fo wipe AR BRI a0 Chk2 &
A g o tE T pS3 Fo FA ARSI B Bk 1A 40 p53 mRNA

i RT-PCR 7§ %+ 3 AR cofi2) (Fig. 13) ° FJt 39 F A < fr
RFVE A S KGR 0 pS3 PG Ascd il o

pS3 F-v FEAEBI A T APE Ao S L8R (R pS3serlS fr

ser20 H 5 d vRip = ¥ el BpRpL i #rag = B 1 0 IR p53 A ser20 =hix

B P Ak > d b cephalochromin g & NPC cell line 7 p53 4% 14

Wy
Th

it A T oA d AT T PRI e PR T enAp B B0 B0 Bt & pS3
ST PEIRA s A F p21 endRdl ok R A ASR B S ol e R o B B B i

BEmeRETEF AR 5 F R e p2]1 Fv A RIV LT [
oL e P i p21 PG ARSI E S IR g B RS PR A R R AR R

T GIBE TR
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) ﬁ—'-
p

-%g\?

L =3
R _q_

BB g B 3 0 8 R P R B RE A A U e i
L4 BAp % Fspen- 2 o pldoix TER 1P RRE S (Taxol® ) @ &
1% Ay TR FBEIRERES > 7R TRAPE AP A TR A b L

Eehz @4 R Egithaic £5 - T 1 8 B9 P2inp B

MR L R G F[37] 0 5 GRS R
FEEY A MBS B S A 0 3 R SR R ARk

P18 1R 0 A AT AR R R R R

e R B 2 [ RE Tk o j&_ cephalochromin ek 0 = 2 AR B R IR &

R £

E

$o bt e 2 o PUE R AT T o 2 o

Cephalochromin #_E F #ifg /& h% 5 [12] > €~ & 7| HE 4 B4
¢y PR UG HT S RE e gk 0 £ H e
NPC s 3t 2 s R mieth o B2 72h £ 50 % ‘e Fri| a3 7%
ERFiE 0772041 uM (NPC-TWO1 ) (Fig.2) > 1.18+0.37 uM
( HONE-1 )(Fig.3)

JE Pz T 8P & 47 0 3V IR cephalochromin € i# & NPC Mw’z thind
£ B F

£ 2% & G, phase- itk (hie % &7 cephalochromin §_ >t E f&¥e & — |4

Pl T HBEL o FEAFHRY FR 0 SHRDBFN T2 )L

sarg eh
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Fd A= F BB NiPEF cephalochromin i = ik enim e 5t
.8 d - B Ars g o H e 427 Hoechst 33258 / propidium iodide g

A7 % ¥ B AAT 5 |7 chromosome condensation #3154 Annexin

’Ell"\

V-FITC apoptosis detection kit §F 3% I jm Pz 5w & I PS 0t 53 4c > @
g R4 early apoptosis fPfFfc 0 Flut e AP S w4 e S R B o
G, F e arrest © 7 #IE_mRNA k=t d p53 @ & L ghiZzhd |}
j\ﬁ » p53 AL A, o FPFs PEEE pS3 A ser20 iz ¥ P ERpR I en
A2 P ORERE 4e 0 P70 P53 ke B g AE 1Y oo p53 e T 2F p2l v HR G
As b a5 > TR R e B F b G phase i3 > p53 dependent
7 Gyarreste ¥ ¢F > d 2 Cdc25A 77§ AL f A I enfia) o BEAR T a0 B pS3
independent G, arrest /S A fcd > % i & Chk2 enE v F A %ﬁ I A

gL o ATAERIE A p53 B HEM I Cde25A dig %k o B EEfow A b

cephalochromin 314 ‘m?2 & 4 /&= > H &= B = A 4P 7 caspase —
g P endee B A IR 0 g IR caspase-8 F AR ErE: A o Flpt dhiplie ik ALY
caspase-8 Ap B ¢k = BTG M oo

J&_Fas /FasL & I3 JBis B caspase b PFaffcds B it end-v £
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e cephalochromin #<7# &5 1
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AR Sk F R HRRE P

%_ death receptor ## kx> o % i j¥_ caspase-7 1% I o
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Tab. 1 Primer information

name Primer sequence Yield bp
53 forward primer 5'- GCGTGTGGAGTATTTGGA 379 b
P reverse primer 5'- GAGAGGAGCTGGTGTTGTT p
Caspase 9 forward primer 5'- TGGACGCCATATCTAGTTTGCCCA 146 b
P reverse primer 5'- AGAGTGAGCCCACTGCTCAAAGAT P
GAPDH forward primer 5'- CCCATCACCATCTTCCAG 345 bp

reverse primer 5'- CAGTCTTCTGGGTGGCAGT

Primer sets used in the experiment.
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Tab. 2 ICs, values of cephalochromin against human cancer cell lines.

Cell line Cell Type ICso (pM)
NPC-TWO1 nasopharyngeal carcinoma 0.77 £0.41
HONE-1 nasopharyngeal carcinoma 1.18 £0.35
CCRE-CEM leukemia 1.37 £0.69
Jurkat leukemia 1.77 £0.07
HCT-116 colon carcinoma 2.21+1.39
NCI-H661 lung carcinoma 251+1.2
A498 renal carcinoma 12.01 £2.79

Cells were treated with various concentratins of cephalochromin for 72 h. Cell
survival were determined by MTT assay. The 1Cs value resulting from 50 %
inhibition of cell growth was calculatedgraphically as comparison with control
growth. Each value represents the mean + S.D. of three independent experiments.
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Tab. 3 The cell cycle distribution of cephalochromin treated HONE-1 cell

HONE-1 Conc. G{ % Site G, % Site S % Debris %

OpM 4046  74.08 12.79 143.22 46.75 0.06
1uM 3829 7547 14.57 146.12 47.14 0.05
2uM 39.85 75.04 14.19 144.85 45.96 0.07

24h 4uM 4242 74.88 12.07 144.68 45.51 0.16
SuM 47.42 74.3 9.44 144.11 43.14 0.31
16 uM  51.39  74.62 14.48 144.46 34.13 1.24
0uM 58.05 73.3 12.93 142.72 29.02 0.06
1 M 58 73.73 12.41 143.01 30.03 0.77
2uM 5739  73.17 11.45 142.38 31.16 0.18

8h 4uM 61.64 73.09 7.05 142.55 31.3 0.37
SuM 6944 73.19 7.41 141.19 23.09 1.8
16 uM  64.49  73.45 12.55 142.1 22.97 10.06
OuM 70.68 70.28 5.11 136.69 24.21 1.23
1puM 6448  73.69 3.66 143.33 31.86 6.35

2k 2uM  59.79  72.42 7.88 143.5 32.33 6.09
4uM 62.84 7472 7.32 148.81 29.83 16.35
SuM 74.17 74.62 8.2 136.2 17.63 29.34
16 pM 734 66.28 0.2 132.58 26.4 30.62

Cell cycle analysis data. HONE-1 treated without / with cephalochromin from 0 to
16 uM after 24 h, 48 h, and 72 h.
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Tab. 4 The time & dosage studies of cephalochromin-induced apoptotic
population distribution of HONE-1 cell

Time Conc. UL . UR ‘ LL LR |
uM ( necrosis ) (late apoptosis ) | (normal cell ) |(early apoptosis )

0 7.66 % 8.11 % 82.09 % 2.14 %
o 2 6.14 % 9.29 % 80.09 % 4.48 %

4 341 % 5.07 % 88.51 % 3.01 %

8 4.39 % 3.54 % 86.85 % 521 %

0 2.6 % 5.84 % 90.52 % 1.04 %
i2h 2 241 % 7.38 % 85.58 % 4.63 %

4 2.26 % 6.58 % 88.74 % 242 %

8 1.36 % 7.5 % 75.51 % 15.63 %

0 1.46 % 12.08 % 81.71 % 475 %
o 2 1.26 % 9.4 % 82.39 % 6.95 %

4 3.07 % 13.73 % T4.4T7 % 8.73 %

8 0.74 % 5.32 % 61.08 % 32.86 %

UL : upper left UR :upperright LL:lowleft LR :low right

Partition data of HONE-1 treated without / with cephalochromin, after 24 h, 48 h,
and 72 h, double stained with Annexin V-FITC and propidium iodide, detected by
FACScan, analyzed by CellQuest pro.
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Fig. 1 Chenimical structure of cephalochromin
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Fig. 2 Cephalochromin-induced growth inhibition in human nasopharyngeal
carcinoma NPC-TWO1 cells. Cells were treated with various concentrations of
cephalochromin for 72 h. Cell survival were determined by MTT assay.
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Fig. 3 Cephalochromin-induced growth inhibition in human nasopharyngeal
carcinoma HONE-1 cells. Cells were treated with various concentrations of
cephalochromin for 72 h. Cell survival were determined by MTT assay.
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Fig. 4 Time effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma HONE-1 cells. (A) Histogram of cell cycle distribution.
Cells were treated with 1 X 1Cs, of test compound for the indicated time analyzed
for PI-stained DNA content by flow cytometry. (B) Quantification of the phased of
cell cycle.
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Fig. 5 Dosage effect of cephalochromin on cell cycle progression in human
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distribution. Cells were treated with various concentrations of cephalochromin for
24 h analyzed for PI-stained DNA content by flow cytometry. ( B ) Quantification
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Fig. 6 Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma NPC-TWO1 cells. ( A ) Histogram of cell cycle
distribution. Cells were treated with various concentrations of cephalochromin for
24 h analyzed for PI-stained DNA content by flow cytometry. ( B ) Quantification
of the phases of cell cycle.
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Fig. 7 Dosage effect of cephalochromin on cell cycle progression in human

nasopharyngeal carcinoma HONE-1 cells. ( A ) Histogram of cell cycle

distribution. Cells were treated with various concentrations of cephalochromin for
48 h analyzed for PI-stained DNA content by flow cytometry. ( B ) Quantification
of the phases of cell cycle.
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Fig. 8 Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma NPC-TWO1 cells. ( A ) Histogram of cell cycle
distribution. Cells were treated with various concentrations of cephalochromin for
48 h analyzed for PI-stained DNA content by flow cytometry. ( B ) Quantification
of the phases of cell cycle.
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Fig. 9 Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma HONE-1 cells. ( A ) Histogram of cell cycle
distribution. Cells were treated with various concentrations of cephalochromin for
72 h analyzed for PI-stained DNA content by flow cytometry. ( B ) Quantification
of the phases of cell cycle.
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Fig. 10 Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma NPC-TWO1 cells. ( A ) Histogram of cell cycle
distribution. Cells were treated with various concentrations of cephalochromin for
72 h analyzed for PI-stained DNA content by flow cytometry. ( B ) Quantification
of the phases of cell cycle.

78



(A)

ﬁﬁlﬁ 11 |5ﬁI{ L1l

Murmber

[ pebris
Aggregates
Apoptosis
Dip G1

M pip G2
Dip S

,l Control

onllllll?jllllz?jllllm?jlll

Mumber
O?I 1 1 Iz?:ll 1 1 Id?:ll 1 1 IB]_-.:II 1 1 1

1IIII|IIIH

160 200

80 120
Channels (FL2-A)

[ pebris
Aggregates
Apoptosis
Dip G1
Dip G2
Dip S

cephalochfjomin

Number

o ? L1 a?DI L1 |4?U L1 EPDI

40 160 200

80 120
Channels (FL2-A)

IIIIE?:I'IIIB]:':IIIII

4

Murnber

O pebris

Aggregates
Apoptosis
Dip G1

M pipc2
Dip S

c)?llll.llllla?:lllll3

40 80 120
Channels (FL2-A)

] 8uM
cephalochrpmin

40

80 120
Channels (FL2-A)

79

II LI I T T &

160 200

] pebris
Aggregates
Apoptosis
Dip G1

M bipc2
Dip S

160 200



(B)

% of Total Cells o
— oM
9 e
o / = X *Sub G1
70 -
60
50
40
30 -
wp T “-§.§'=.'.'
e —p————= == —
o o A
0 \(omemmmm=-" >< ........... X -!
control 2 M 4pM -

concentration (uM)

Fig. 11 Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma NPC-TWOI cells. ( A ') Histogram of cell cycle
distribution. Cells were treated with various concentrations of cephalochromin for
96 h analyzed for PI-stained DNA content by flow cytometry. ( B ) Quantification
of the phases of cell cycle.
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Fig. 12 Dosage effect of cephalochromin on cell cycle progression in human
nasopharyngeal carcinoma NPC-TWO1 cells. ( A ) Histogram of cell cycle
distribution. Cells were treated with various concentrations of cephalochromin for
120 h analyzed for PI-stained DNA content by flow cytometry. ( B )
Quantification of the phases of cell cycle.
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Fig. 13 Induction of chromosome condensation by cephalochromin in human
nasopharyngeal carcinoma HONE-1 cells. HONE-1 cells were treated
without/with cephalochromin 2 uM after 24 h, double stained with Hoechst 33258
and propidium iodide, the morphology change. a, d were propidium iodide stained,
exited by green light emission red light. b, e were Hoechst 33258 stained, exited
by UV radiation emission blue light. ¢, f were emerged pictures.
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Fig. 14 The theory of Annexin-V detection method.

FITC-Annexin V conjugation with PS on apoptotic cell membrane. Adapted from
http://polymers.nist.gov/researcharea/Biomaterials/Peptide Derivatized SCK Na
noparticles.cfm
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Fig. 15 Cephalochromin induced apoptosis population detected by Annexin-V.
Dot plot of HONE-1 treated without / with LTH1-116-1 2 uM, 4 uM, 8 uM, after
24 h, 48 h, 72 h respectiv, then double stained with Annexin V-FITC and
propidium iodide. Flouroscence was detected by FACScan, analyzed by CellQuest

pro.
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Fig. 17A The caspase expression level of cephalochromin treated HONE-1 cell.
HONE-1 treated without / with cephalochromin at different concentration after 24
h, 48 h, 72 h, caspase-8 expression by western blot. -Actin as internal control.
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Fig. 17B

HONE-1 treated without / with cephalochromin at different concentration after 24
h, 48 h, 72 h, caspase-9 expression by western blot. f-Actin as internal control.
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Fig. 17C
HONE-1 treated without / with cephalochromin at different concentration after 24
h, 48 h, 72 h, caspase-7 expression by western blot. f-Actin as internal control.
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Fig. 18 The m-RNA level of caspase9 of cephalochromin treated HONE-1 cell
line. HONE-1 treated without / with cephalochromin at 4 uM after 24 h, 48 h, 72 h,
caspase9 cDNA expression by RT-PCR.
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Fig. 19A The Fas / FasL status of cephalochromin treated NPC cell lines.
HONE-1 treated without / with cephalochromin at different concentration after 24
h, 48 h, 72 h, Fas / FasL expression by western blot. f-Actin as internal control.
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Fig. 19B
NPC-TWOI treated without / with cephalochromin at different concentration after
24 h, 48 h, 72 h, Fas / FasL expression by western blot. B-Actin as internal control.
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Fig. 20 P53 signaling pathway.
Different phosphorylation site on p53. The fig. is adapted from
http://www.cellsignal.com/pdf/9284.pdf
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Fig. 21 The mRNA level of p53 of cephalochromin treated NPC cell lines.
NPC-TWOI1 and HONE-1 were treated without / with LTHI1-116-1 at 4 uM after
24 h, 48 h, 72 h, p53 cDNA expression by RT-PCR.
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Fig. 22A The p53 expression level of cephalochromin treated HONE-1.
HONE-1 treated without / with cephalochromin at different concentration after 24
h, 48 h, 72 h, p53 expression by western blot. 3-Actin as internal control.
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Fig. 22B
HONE-1 treated without / with cephalochromin at different concentration after 24
h, 48 h, 72 h, phospho p53 expression by western blot. B-Actin as internal control.
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Fig. 23A The p21 expression level of cephalochromin treated NPC cell lines.
HONE-1 treated without / with cephalochromin at different concentration after 24
h, 48 h, 72 h, p21 expression by western blot.
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Fig. 23B

NPC-TWOI treated without / with cephalochromin at different concentration after
24 h, 48 h, 72 h, p21 expression by western blot.
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Fig. 24 The p53 dependent and independent G1 arrest in response to stress.
Adapted from www.bioon.com.
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Fig. 25A The Cdc25A status of cephalochromin treated NPC cell lines.
HONE-1 treated without / with cephalochromin at different concentration after 24
h, 48 h, 72 h, Cdc25A expression by western blot. 3-Actin as internal control.
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Fig. 25B
NPC-TWOI treated without / with cephalochromin at different concentration after
24 h, 48 h, 72 h, Cdc25A expression by western blot. f-Actin as internal control.
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Fig. 26 The Chk2 status of cephalochromin treated HONE-1 cell.
HONE-1 treated without / with cephalochromin at different concentration after 24
h, 48 h, 72 h, pChk2 expression by western blot. f-Actin as internal control.

98



