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B 52, X% (Protocatechuic acid, PCA)% — % Byt &
o BAEARBZE - AXR KR -BHT? BEIREHEHER
REMLEFR  RHCEREDNF S 2 HLEESEALELAR
HBER  AAEXBFERALYAES 0B e (human leukemia
cells, HL-60)8y £ kA HHI G4k R » Sapa 2l PCA (> 0.75
mM) RER RV EeUE Heukneis whBf
#4k E & (blebbing)~ B IR 3 > B &t DNA EABEHA
FREDNAWBR  BEABAEATARLT -  KEB
PCA(2 mM)# HL-60 & 38 24 flow cytometry 45 8] % 3R H &
#a# B 4Z & G1 phase - B apoptotic peak 7 6 /N &1% 84 84
Biho o Rtz PCA i faafe N GSH 2 2 REE 4 -
B eBIET BCL-2 R & BERIEE S RB protein
£ BbiRE U L& R B R PCA A735 % % HL-60 A
#HATEGRAIER LR T EZ I - ¥ 4] BCL-2 protein &
%3, #%% RB protein 92 BiLRE -



Abstract

Protocatechuic acid (PCA), a phenolic compound,
exhibited antioxidant, antimutagenic activity and
anticarcinogenic effect previously. In the present study, it
showed significantly inhibitory effect on the proliferation of
human leukemia cells (HL-60) at the concentration above
0.75 mM. Treatment with PCA resulted in morphology
changes, including reduction of cell volume, condensation of
nuclear chomatin, loss of membrane integrity, generation of
apoptotic bodies as well as formation internuclesomal DNA
fragmentation. In addition, the hypodiploid DNA peaks of
propidium iodide-stained nuclei was revealed, and cell cycle
was arrest at G; phase. To explore possible mechanisms of
PCA-induced apoptosis, we investigated the RB protein,
BCL-2 protein, GSH and membrane potential. We proposed
that PCA induced apoptosis by inhibition of BCL-2 protein
expression and destruction of mitochondria. In addition,
unusual phosphorylation and dephosphorylation of RB
protein might play another role in induction of apoptosis.
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HRHARES  TEBEEROER  EHARLTE
BEABBERE REEENACEYREXES BT  BE
ARAMIAS  URBRENERATE HAEREENSE
B a8 EENTARRLE BRTILELTHERRARDY
EHzN  HERHASREIRZENRARABHOER -
FEAMEEG RO HIR > REFBRXLEARA - B
MERAAZAEEWRXBELERE - A FHREMAEA X
X EREARKRY HuLHBHSEAREEDI X
BERFHHBER - AFERABERABRHGREI G AAR
MEBAEYE AR BEFRIIN SRR AHERLT
(apoptosis)fE N 9 X K ¥ »

FAEHXEEHMER L X% (Protocatechuic acid, PCA)
SEERBETARATZIRAS  RETHESERKE -
M THRELERE BRERLZES -

—. RAFHKB{N

PCA %5 —&#ff 5 ¢ phenolic compound > J&# #
BE-AXRBEREF AAAERELBHIERHTRER Y
WPRBERZ BT HAERAMCETRQ) TFREAAE
AREVEAHBRR HHLHER FASHP2HEY -
REHmTREETAHIENERS > flo > PCA BF
antimutagenicity 8z 8£Q2) > 4w ¥ & 7,12-dimethylbenz|a]
anthracene (DMBA) FAf 3] #& &) buccal pouch carcinogenesis
(3) ~ N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN)#Aj 3%
# % bladder carcinogenesis (4) -~ 4-nitroquinoline 1-oxide
3] % & oral carcinogenesis - N-methyl-N-nitrosourea 3% %
& glandular stomach carcinogenesis - azoxymethane ¥ %%
# colon aberrant crypt foci & diethylnitrosamine 3| &2 &)
hepato-carcinogenesis S)E A #4EH > MA X ZHB#H
FHBAEFE > ThAWHEER R E T Y initiation



postinitiation 5 > ¥ AR AR e L K
HH

HH PCA ABEHBHHIRL CASEBEHAFLRE
RegEHE B ATHRAMNA — % ek (Human Leukemia
cell, HL-60)A M5 H & » FimB s RABELERH I G -
E—-FHEFEI B AR EBE -

=, A G0 m (HL-60)

HL-60 g k(A G B @mi)d Collins % AR
1977 & F 2 3 » dbéa BBk £ # acute promyelocytic
leukaemia patient ¥ P BE o umER - BEL - &
# AL % F # & #hoey myeloid cells ( granulocytes )# & X B
6) - 48 & # granulocytes - HL-60 #: % % ¥ #&
receptors ~ R B FH % #E /7 (phagocytosis) ~ &% 22 PMA 3%
¥ & 4 superoxide - 22 DMSO 324 5-7 X > Rlst@&a g
% 4 1t & mature myelocytes -~ metamyelocytes &
neutrophils(7) » L A A E X XL E MR E
(chemoattractants) 2 £ % & H # - K 4 % 2L retinoic
acid ~ PMA or vit. D; B] &, & 4f 4= fts 41t & neutrophils $#
monocyte/macrophage-like cells(8, 9) °

Mkgqody HL-60 saf > RAFHA S BN LB &
o OB EHET - p53 gene deletion # c-myc
gene amplification.... ¥ %5 10,11) - R EHE WAL ZF O R
¥ apoptosis BB HERE > BRAEAFITARMEATHAEAR
Pk A - REARMH -

=. B AHMEILC (Apoptosis)

Apoptosis X & programmed cell death > % &l —4&
A & &Rk (self-destruct) 4748 > A ¥ EhAHaEA iR
# K (self-intrinsic suicide program)R:E % » TR LT
BANLEERRBE A DBENEETHIHBETHY
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Wty
B FRRAENAMKTHI RO MBRE ik
RERESE RBALABZIEERH  RELRB/AE
#EH R o B RAT apoptosis B 0 ZHM A R e
B4 & % 4 (condense) ~ DNA Bloyma i > M=k
S 3 A S48 & sa B BE AT 6,4 84 /) & (apoptotic bodies) - b
apoptotic bodies X N A W B X » Al g RR MG &
macrophage Fi &5 5 E %1t A LEEM T BHIFH -
El#®EHELEERKERK - & lymphocytes % 25 & &
S tmp¥BBR%RELEE B RE(self-reactive) i > 4 g
BEBEHLESF > AABRBENORA ERAF—FTER
RoOAREHFLARECES  HALEF R H# o ischemic
stroke # AIDS...... Z % o Bt apoptosis A4 M 24
REERRTFEA2,13,14,15) - F L E RN k> @A
FRFEIXBELE BB ARNATARERYOER
B A B A B > #43L Retinoic acid 4B A M AT B M
GaBEE EAARSSps bR BAENARET
B EBRER - Rkt FhFF cell cycle HEER A
RiTl e 2 m B ¥ - % %L % proto-oncogene
endonuclease protein ¥ X B A EN S B ENFAHRET -
RTRARERWSERRE  THARERZRDGEERE
Bz e

Z ¥ apoptosis 9L % > T ET R T @ARAHANH - KL
BAXEmmE » E5xH T HeEx(cytotoxic T lymphocytes,
CTLs)$# 8 R #&% F fa Je (natural killer, NK)& X3 4 3 fa jig
Sh 45 suvival signals & > RN B EHFH N AN ERER
(intrinsic cell suicide program) > % C# B HE R » MG H
# CTLs &% NK & 43 —# &M cytokin : Fas-ligand
(FasL)> FasL %@k ®m%k & Fas &4 e F%H
ceramide % & £ > M ceramide 45 ¥ P & protein
kinase C #7F# - R 3| & apoptosis &5 £ ;R H N HFH
Tumor necrosis factor (TNF)4, 7 £ & 82 TNF-receptor &
46  tHEBMEAHEERE L Reactive oxygen species
(ROS) » #= M 1 &= 8 £ & apoptosis % necrosis(16, 17,

1"



18,19) -

A-F @ R IFaE o ST A KR F(H R
nerve growth factor, NGF) - B4 7T 4 B & 3% % ROS &4 3%
Au > T4k dm B HE 47 apoptosis(19) - E R S B SMR W E
£ > 4 2l UV & ionizing irradiation B &% € & s DNA
damage - % 4 %a j8 4: 4. (hypoxia) - oncogene activation ~
hormone #| % ~ $17% % 4 - virus infection... ¥ > ZF ¢4 =
BAERSHE  UAmBEfTHEEARLT - Bk cell-cycle
checkpoints /£ cell proliferation 893+ - T —EH 5 £
E2Hy—2% > mHE P p53 protein F & — X £ checkpoint > H
H% 5 E G Y # inducer > B o pZIWAFI/CIPUSDIl
GADD45 ~ BAX (20, 21) - p21 ## %] cyclin-dependent
kinase(CDKSs)7& # » 4 retinoblastoma protein RB #& /% iE
% ¥ ¥ transcription factor E2F - B gk S-phase-specific
genes @A R H > W B MEFEHFN G, phase - F—F & -
p53 bt EIL BAX RirHl BCL-2 %3 > TR mmHY
apoptosis ° E# p53 ke fT3HIE apoptosis - EAHEEH
B T8 — #4841 & protease 894 H ~ BAX R bcl-2 9 %
BAMQRL, 22) - Bt p53 & loss & inactivation ¥ H 3 &
BHELRZERY AR RGHBQI) -

H-Fwm o LFERHF S XEIEE © apoptosis & &
pS53-independent pathway R 47 > 4% induce p2/ & RB
phosphatase & &% 3% > . m fo &£ K15 F (24, 25, 26) - &
apoptosis A E B > EHABEERHAKA — K
& o

i B KX T4 B+ 5 8 apoptosis FE?ELHEH
BB E 12h 85 B8 Caenorhabditis elegans 4 %,
AR ETH 4 > 20 F 14 18 gene £ C. elegans &
apoptosis BE T EHFBESH - L F ced-3 & ced-4 Hm
MAETE—HE - ced9 BB E apoptosis & & (12,
27) - AR R =18 gene ¥ apoptosis ¥ BAT WAL HF KK
H W A & o B Y PN mammalian cells » ced3 &
interleukin-1B-converting enzyme (ICE)# R & » @ ced-9

12



# proto-oncogene bcl-2 b H B R M2, 28) > H &
mammalian apoptosis &5 % £ > ICE 8 bcl-2 % B4 # 4+
g

ICE B 7 cysteine proteases 38 » A5 LM HF H b
& A > w Yama/CPP32B -~ Nedd2 - & E % #R
ICE/CED-3-like-protease activity &4 % 8 apoptosis &)
4 > {2 o A —4& ICE inhibitor : cowpox virus protein —
CrmA protein > Ml E B2 HHFEARNBRELIFH
apoptosis * Bi:~ apoptosis £ ICE s ¥ % #& X W 8 (29) -
& # poly(ADP-ribose)polymerase (PARP) & ICE &
substrates > M PARP X #£ DNA repair - genome
surveillance $# genome integrity & K > B & £
chemotherapy drugs & & ¥ E - proteolytic cleavage of
PARP T # & — 18 early maker(30) -

ER BCL-2 protein 7 & » W EZ A HAREHHE
$ 5> % B HE % #» DNA damage -~ TNF-mediated
cytotoxicity - Retinoid-N-(4-hydroxyphenyl)Retinamide -~
Nitric Oxide £ ROS A7 3] & 4 apoptosis * A HBHE ¥
e Bk THA AR S B —HAARSNAY, 31, 32, &
% % % 8 p53-dependent % p53-independent apoptosis
pathway - it B ® ¥ 4#] ICE activity & B (33, 34) - 7 4 >
BCL-2 %R family ¥y E b B (e BAXYE X EZH%R -
B 3k H 4 apoptosis BBy B4 - BARE—FHA -
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Mok
#® B
. 7k B8 & 7 #: Mini protein I cell (Bio-Rad)

2. 3% B E sk 4% : Horizonal gel electrophoresis system (Life
Technology)

%% P A% : semi-dry electrophoresis transfer apparatus
(Bio-Rad)

4 76 76 E 4& : Spectrophotometer U-2000 (Hitachi)

2 % & B 4&: F-2000 (Hitachi)

% K 1% : Alphalmager 2000

48] 31 85 % 4% . Diaphot 300 (Nikon)

3% J6 BE#% 45 UFX-II A (Nikon)

. B4k R TFX-20M (Vilber Lourmat)

10. 2% 8 § sk B 48 % #: DS-34 Camera system (Polaroid)
11. & EABH A S K R : Polaroid

12. X & B 6 & R : Kodak scientific imaging film BIOMAX
13. 345 8 #: Eyela Mazela-Z (Tokyo Rikakikai)

14. % % & < ¥ Sigma 2K15

15. 7% %) %= B0 4% : Becton Dickinson Immunocytometry
system (FACS)

Yo,

w

© 0 N v oA

o

1..AF B g SIGMA 72 8] : Protocatechuic acid ~ MTT -~
Proteinase k -~ RNase A - Cycloheximine - Actinomycin
D -~ Leupeptin -~ Aprotinin -~ PMSF -~ sodium
orthovanadate -

2.0 F g% B Bio-Rad /2 8] : Ammonium Persulfate -
TEMED -~ Acrylamide - prestained SDS-PAGE
standard -

3.0 F# A E. Merk 23] : SDS o

4.20 F B8 8 NeoMarkers /2 2 : RB Mouse monoclonal
antibody -
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5.54A F B& B Santa cruza /2 & : BCL-2 Mouse monoclonal

antibody -
ik

[—] % B 22 A&

A G o mig HL-60 & F % 10% Fetal bovine
serum-RPMI 1640 3 % ¥ (AW 4 1% PSN ~ 1%
Glutamine) » 32 % 43 5% CO, ~ 37°CHEE - st H
E-XHEH900rmp ~ 10 4o gR o »
BT 24 IEEHE AR B AL RBEREES 2 X 107ml;
FHREAFARAL wRBEER PRI ER -

[t ERERERE

BB AR T4 2 mM PCA - 33% 24 /o4 > SAf 3
ABHER 100 BHB ; MEAEERR LR PBS wash
WM BEEBRENALY PBS ¥ - mBRREA¥ES S
X 10°/ml > 3 0.5 ml & A cytospin cup P > 34 850 rpm ~ 5
gERERHIBECSTERA L ZBRABHBARFREL -
24 0.1 % haematoxylin % 50 pg/ml propidium iodide £ & 5
THE O RBEABAYR -BELERR PNEBEUKTEE-

[=]MTT assay (Microculture Tetrazolium Assay)

FK b R E % 2 X 107/ml - 3§ 2 ml 4 4= % £ microtiter
plate > fe A 5% 38 /£ 44 PCA - 32 3% 44 /8544 > 32 900 rpm ~
10088 cieiiEE A2 ml RPMI-1640 (no serum)
#2200 pl MTT(5 mg/ml)> & 4k 32 % 4 ek & 4 % 2000g -
3rEECEREER > oA 1.5 mi isopropanol 334 4 37
g HRUN2000 X g ~ Sy -RI1m EFR
B BT Bk 563 nm T R R KA -

[ 9] % 6 4 & b 4% RYZE
* £ 24 Tryphan blue dye exclusion R R 2 > Rém R ¥
& # tryphan blue dye 3t 1:1 B &R 4 » Wl sk # B #

15



B R¥E & E @B 0 % A(total survival cell number)=+ 5 X
2X 10°/ml » FTRBEmpEH - 2L RWGURAT £
24 total cell number R % ;¢ -

[ Z]DNA 7 5 8 Agarose electrophoresis

¥ 6 X 10° cells 4% £ 3 24 PBS(4 1 mM ZnCl,) wash # >
24 500ul lysis buffer(0.5 % SDS ~ 100 mM EDTA ~ 10 mM
Tris ~ 200 pg/ml RNase A ~ pH8.0)%» 37°C F R & 1 /N6 »
# ¥ A 500 pg/ml proteinase K » # 50°C F R & 12~24
JNEE o

HAREZZFHROKE  NEE TN 11 44 e A phenol
B 243210000 rpm ~ 10 &8 CRERZ THL
B o3 F X 1:1 tu#) fw A chloroform-isoamylalcohol(24:1)
EBR 242 10,000rpm ~ 10 &8 oRERZ T4
F B % H L 1:1 W 4] /o A phenol - chloroform -
isoamylalcohol (25:24:1)% & » 2 % X 10,000 rpm ~ 10 %
SRCRERX ERELTEEL oA 1/10 B 3 M sodium
acetate( pH 7.2 )1 2 R AL HBHER - EMN-80°C k
45 overnight -

X 14,000 rpm ~ 20 488 .00 DNA uRG E£ L
KA 70 % alcohol » F kel 14,000 rpm -~ 20 48 &
& MR EFREBERAETE HEH AL alcohol(5 24 0 K
£ %42 ¥ 3%) #% DNA 5% % s, RNase-TE buffer(100 pg/ml
RNase ~ 10 mM Tris ~ 1 mM EDTA - pH 8.0)#& > »
37°C TRE 6 NEF -

# DNA s =k A% 100~1000 4& » 7 OD 2602800m F &
EHERSE BHE4 T4 DNA R 0.5 X TBE buffer -
100V F#EATE Xk -

#E & R% 0 ¥ agarose gel E 0.5 pg/ml Ethidium
bromide T & 30 %4 > Bl kKB P 30 24 ¥
agarose gel EN UV B L4384 -

16



SVE Y AL LN

AE®EEIRA BECTON DICKINSON /x 3 fi s £t
CycleTEST™ PLUS DNA Reagent Kit & % & °

WmAp(5 X 10°)52 900 rpm ~ 5B oERRERE
2 PBS(4 1mM ZnCly)wash % g — R o e A 250 pl Solution
A(trypsin buffer) » 25°C 4R & 10 42 % > H A 200
ul Solution B(trypsin inhibitor and RNase buffer) » # 25°C
BERASRE 10 24 > HF 7 4°C F oA 200 pl Solution
C(propidium iodide) > B AR E 10 44% > & % 24 Flow
cytometer ( FACS )] & -

[t]é 82 DNA % Bf ELISA

B e DNAR R &% % £ 2F  BOEHRINGER
MANNHEIM /7 3 /7 &£ £ 45 Cellular DNA Fragmentation
ELISA kit. R 2 ®& - BhsiizE N4 10 pmol/ml BrdU
labeling reagent # RPMI-1640 medium ¥ > 37°C 3z % 24
B Z &K 900 rpm ~ 10 2 ERCHEK EMNFHILE
%o HEEMBEESL 1 X 10°/ml > B 200 pl ¢y pgn
microtiter plate > ju A &2 E E & PCA 3% 9~12 8 ; &
# % & ¥ Cycloheximide ~ Actinomycin D - Aphidicholin
$# Okadic acid 30 -4 > BAv A 2 mM PCA #4838 % 9 /s
B o

EH—% B 96 well microtiter plate » & — well fu A
100pl coating solution( A 4 Anti-DNA antibody) > 3 L
adhesive cover foil # 4°C R & overnight - R R X LT &
#t solution > Ae A 200 pl incubation solution » A £ B R JE
30 44> %47 solution > 24 250 pul washing solution % 3 % -
#X 3 o4 0 HFE4# it solution o

Sample 7 — T B M # > sw A 20 pl washing buffer
concentration 758 well i > RE 30 54 =y well
POEH lyse » 24 22 900 rpm ~ 10 4488 .0H 100 pul L3
B M sk EF R R AR FR-80°C -

17



W2 BT B3 &) sample 7 37°C &3 A & 0 B 100 pl Ao
A B Anti-DNA antibody coated &) microtiter plate > 37°C
BE 60 4 > ZHRE®R » B34 250 pl washing solution
P 3k 8 %3454 B X sk solution - #§ it microtiter plate
Ko BRAABLEIE > 500~1000 WA 5 448> 8 3% 1-20°C
Bap 10 545 -

e 100pl conjugation solution (A 42 Peroxidase-labeled
anti-BrdU antibody ) # gt plate > # 37°C R & 60 4-4% >
FERER » F 24 250 pl washing solution % 3 % » H%k 3
44 0 B &L solution > FHF e 100 pl substrate
solution 32 250 rpm #% % 10~30 54 > m# A 25 Wl IM
H,S0, stop solution > £ 250 rpm # % 1 448 > 7 450 nm
BERTESOPERNARRAEZIRE -

[\] 7 4% 52 5 BE 3 R

mpp(l X 109 &&= 1 uM Rodaminel23 =+ 44
B A A PCA > 2 PBS wash & 58% > /o A 3ml 4 1% Triton
100 &5 PBS % 4ais lyse » B4 L 6000 X g ~ 15 8%
B 2ml EFR  HEEAER EXEmyysisnm F RIZ °

[L]GSH R %

M X 1094104 PCA #3n 4Rk 48K F &N
#% > 22900 rpm ~ 10 0 8BECHBERZREE > oA 1 ml
buffer(5% meta-phosphoric acid ~ 0.1 M Na,HPO, -~ 0.005
M EDTA - pHS8.0) » &34 % 1t4& 22 3000 rpm ~ 10 48 8
SEREF R 0 R 25 ul A LB R protein 4855 B 400 pl
E#% » sen 1.5 ml phophate-EDTA(0.1 M Na,HPO, -
0.005 M EDTA -~ pHS8.0)$# 100 pl o-phthaldehyde (1
mg/ml) - AERBARE 15 4548 > A& L kERK
Ex/Emssp/q200m T B & °

[ +]Protein # B # Western blotting

18



A (1.5 X 10132 900 rpm ~ 10 @3 H ¥k -
# L PBS(2 1 mM ZnCly)wash #a g — X » Ao A 500~700 pl
RIPA buffer (150 mM NaCl ~ 1 % NP40 ~ 0.5%
deoxycholic acid ~ 0.1% SDS ~ 50 mM Tris ~ pH7.5)' 3
AH ¥ty 1 mM sodium orthovanadate -~ 81 pg/ml
aprotinine - 170 pg/ml leupeptin ~ 100 pg/ml PMSF > #
A E %4 mix R & 30 44 B X e 100 pg/ml PMSF % -
# 10,000 X ¢ (12,500 rpm) ~ 10 4548 ~ 4 °C TH SR LE
% > Bp 91 45 2| total cell lysate -

a8 XER U BIO-RAD 3 A £ £ ¥ Bio-Rad
Protein Assay R 5% & °

& 7o 24 BSA standards #  — 4% % 4 4 > F 3 sample &
Bio-Rad protein assay dye 24 #B AR E S 4 B4 4L
ODsys F 3 £ » By 7] # 45 protein 2 & -

B — & & protein £ loading buffer(4 ml 2d-water ~ 1 ml
0.5M Tris ~ 0.8 ml Glycerol ~ 1.6 ml 10 % SDS ~ 0.4 ml
2-B-mercaptoethanol ~ 0.2 ml 0.05 % bromophenol blue -~
pH 6.8) 1:1 thfi2 4 » # 95°C Aok 10 248 - A %4
/N B #E spin down e

¥ sample Ao AEE well B > A EEB 100V » TRB
150 V #/7 Bk - HFEXRERE » BN kR iter
paper(Whatman 3MM) #® — 3k nitrocellulose
membrane(Sartorius Nitrocellulose Blotting Membrane) »
filter paper $# nitrocellulose membrane % %] ¥ % &
transfer buffer(5.8 g Tris ~ 2.9 g Glycine ~ 0.37 g SDS -
200 ml Methanol ~ 800 ml 2d-water)$L 2d-water 15 44§ -
A SEMI-DRY ELECTROPHORESIS TRANSFER
apparatus(BIO-RAD):E 7% G 5 #% (0.2 A ~ 70 min) °

AMHEEpi&e NC paper B AES 5 %BAEBHE TBS
buffer(10 mM Tris ~ 150 mM NaCl ~ 0.05 % Tween-20 ~
pH 8.0)W » £® Tk & 30 445 - 4 % NC paper E N5
0.5~1 pg primary antibody ~ 1 % BSA £ 3 %A 548
TBS buffer > A 4 °CAKEBEREE D 16 [ F - RE Tl A
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TBS buffer 7t NC paper W% (15 ~ 10 ~ 5 ~ 5 45-4%) -
#& NC paper & A2 2200 4% #% & &) Horseradish Peroxidase
conjugated goat anti-mouse antibody(¥X TBS dilute) > £ &
TRE 45~60 448 » # % 2L TBS wash ==k (15 ~ 10 ~ 10
) -

#% Amersham ECL reagents Mg E R Z A% mABE
# NCpaper L RE2 244  KEL BB S HRE
R &P E M2 Kodak film 8 58 3~10 448 &3 F Bt %
%o BITRARE -

[+ —]Establishment of HL-60-bcl-2 Clones

# — % % human BCL-2 ¢cDNA &) pCAj-bcl-2 expression
vector A HL-60 &afe /3 - {# &= B overexpress BCL-2
protein > 3t BCL-2 overexpression HL-60 cells 4 & & X %

A R%ﬁﬁﬁa‘%ﬁ% °
[+ =] Statistical analysis

G FEAHUAEI B ARG TRE > A test RE
B A p<005RAEERLE -

20



EX

[— 4= B 3£

UAREES PCA®O ~ 005~ 01~ 1 - 2mM)ﬁi¥
4 j 44 )N85 4% > 1L MTT assay(total 48 h) R Z & s o 5 1% >
EmiheE MTT 2B & Formazan - I isopropanol #
crystal X #2 % » PNk & 563 nm R E B KE 0 X E PCA #
ZRHEMEE 100 %FEER  AHLOLERZRZILE BXE
BRPCAREAImMBE2LoME - mBEFEFERNT
%% 82 %& 55 % o (Fig. 1)

[t 4 kdh &

AREEREA HL-60 tafo k> 214 0.1 % DMSO #9312 %
RPEZ B EEN AR LB En 24 MEER o if
PlAedhty 2445 48 EpRIE 2] 5548 W 0.1 mM PCA
EEANY=BELE ; X058 1.0 mMEFE > 24 h
Bt RAEFEMH S ERFE 1.0 mM & - £ 48
DNEFERRI I H 60 Y%t mis Ak k(BB E R control 4k
B); MEE2 mM HFH 24 P i ke AR
Jm o A8 NEFEF R Hp 4] T2 Yot pe £ K o (Fig. 2)

(=] &

23EAiE 24 % control BmBER LAY
B MU 2 mM PCAREN WM KB ASAEEHY
BE o WHREH AL - som A B E A & % W (apoptotic
bodies) » & Jg B & & K X & (blebbing) - 5 —F @ » R
haematoxylin $1 propidium iodide #¢ ¥ & 4 - T & %| control
BB EREHINREAK LS HBBEREHE
BEAGHEK - HRE2 mM PCA théafl - RITTEHERLWE
¥edglmeg  ERANRG@BRABREELER
% & - (Fig. 3, Fig. 4)
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[vg |DNA B &

L 2mMPCA 43 £l 1.5~24 /054 > & DNA 3%
REEX - TABE RN 9 MHHEA DNA ladder &5 1
3> B DNA Br & s 180bp s % - Mk 4R E % PCA
R¥E% - BHRAE PCAEERM 075 mM R L8> &g
DNA #+ € % ladder 8 & 3 - (Fig. 5, Fig. 6)

ZTE—% ZE DNA FE A A ELISA &7 AR
BT  WmBE BB ERBRFNTERESL B AL
FRRESH PCA @832 % 12 iF-BERXPCAREE 0.1
mM £ 05 mMBE > A DNAE R REFH R 2
GBI AFABEGER MBEEA 1 mM X B
DNA B & 8% control 483 fu 4~5 4% - (Fig. 7)

[ %] 4= Fe 38 #A

% HL-60 mp ¥ 2 mM & PCA 24 » A EMBEAREF
R 3% 4= B M - B 34 Flow cytometer (FACS) R 4 #f = fi 8
# o

FRAmAtaBtEgs kB 45 49 % B Ein
G; phase » b #4(3.3 %)B » hypodipoid cells » 2 £ 29%
# 22%R] 4 %1 & S phase £ G,/M phase ° & v A PCA 12
INEFEAR 0 Gy phase B94mfe — H ¥ 3] 64 % I G/M &
S phase & & Ba Rl Y 5 H 2] 24 B H EE » Gp phase #
B 2 42% » S phase $i G/M phase a8 $ B I FH T
AR B ENBIAS —Kcell cycle - MA B EHE
L 7T % %] apoptotic peak 44 9 /B 45 5 & - (Fig. 8, Fig.
9)

[ ]GSH

GSH % a7 4 & % % 4 thiol compound » £ 4 F &%
EmBpHARATIHAE  BRATRAF LA LB
ANGSHH S E - &ERXEFEUA2mMPCA REBMf - H
GSH 2 En 1/ Bz RG> B 15 B3 /8
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REZINAERYBR VAL (RBERRE control @8- 4
&Y 4%5 10%) - (Fig. 10)

[ ‘£]Membrane potential

BXBRF o REBRTERwBAREATARAET X
primary target > & 474 A Rhodamine 123 7 9§ 7 4= 18 73 &
PERRAFAEEMYAD - MR 2 mM PCA RHE% >
Rhodamine 123 @ H AN 0.5 N SHB A HH/ERA £ 15
NN % 0 P ¥4 T 37.4 % Rhodamine 123 9 &
(248 F] 65 F] control & b)) A1 X @ A& ImM X LK #
Fl R (48 B B R control @18 > & 31%) > Hk PCA
HriwmaBEeyEabTALE - (Fig. 11, Fig. 12)

[N\] &3 5] & ¥ PCA 89 %

% T # PCA %% HL-60 cells AT AH A H#E > &
17 4% 4= B0 78 7o 52 2 Cycloheximide (cyclo ; & & 8 & s 3 #
#) ~ Actinomycin D (Acti-D ; RNA 4 & ¥ %] #]) -
Aphidicholin (AP ; DNA 4 & # %] #)%# Okadiac acid
(OA ; phosphatase inhibitor) 30 4~4& > B e A 2 mM PCA
W E 12 EA U ELISA X2 & DNABHER-

ERXARHE 2 mM PCA HFAWBEILT > DNA BHE
control &2 % 5.2 4 ; e v OA 200 nM $# 400 nM # >
R 3 e 4.2~6.7 4% 5 T F kA A Cyclo 0.5 pg/ml ~ AP 0.05
pg/ml # Acti-D 0.25 ng/ml % > DNA B & 8] 2 %1 3w 5.7 ~
5.2 8 4.3 4 - (Fig. 13)

B A LA inhibitors A F 5 F ok a5
o B b & E 3% inhibitors 89 3 & % PCA £ 2 4y 55 1
Yy BB PCAHREZEL FH R 2mMPCA R
eyt > L DNA B control % 1.9 4 HAAE
Acti-D 0.1 ng/ml $ Cyclo 0.05 pg/ml %> X & & H dm i 4 &
Y& (MDNA B BE# control 2% 0.2 2 0.8 12432 1
ZREERLER)ART PCA2% > DNA B &R 3 40 0.9
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BGHRITZLZEE R E£E) £ inhibitors & & A& R4
A8 A @ # B PCA 3% % 4 apoptosis F —2£37 8 RNA
# protein 4- g 5 M 1& B &t AP (0.025 pg/ml) 4 & 4.4 DNA
hE¥MOTEEZEERZR) WAPCAK > R BR# o
QAE(ZHEZLER) B4 SOnMOAHmmE L HEN -

BEL OA % DNA E & control 8% 14 (2 F &
HER) PCAFEHIIFZH - h KR control &a.3%
174 OAalone LR 2R ERELR) B R EHR
% apoptosis YT R F I HFER - 2d 7 DNA B R& B
PEMRKE B AP 2 OA ¥ ER/MERERWET
%o o M R Jo Ao B Actinomycin D 2% Cycloheximide # # & &
PCA - &1 X PCA E% R E > £ DNA fragment & 3%V 3
% REMEPCAHEFHARATERT  REENEGK
# RNA R a4 248 - (Fig. 14)

BAE AR =R R E ¥
(a) BCL-2 protein
BCL2 EHBETRWHARATHEL > BEHMA
THPCAREZEABYEBCL2 2 4% MmNl
o A 2mMPCA R¥4# > 248N 0O ~ 1.5~ 3
6 9 - 12 ~ 24 h) BCL-2 protein 4 £ A% » B X X%t
24 Bio-Rad protein assay kit R X E a4 52 —&% ' &
2B RAWBAE 1.5/ FRAE 26~32 % BCL-2 protein % 2|
¥l RSB REREEFRE Kk M 4w > BCL-2 protein
RABBBEFAEG69T3 % F—F o AARBEEY PCA
RE 12/ PEHZE - RES0S5mM H R ER/IPH 2% @ 1
mM $ 2 mM PCA R 2 5] % 4 22 %% 26 % - (Fig. 15, Fig.
16)
(b) RB protein
AN HERAM/EIHE 0 hypo-phosphorylated #
~ (p105-115/hypo)Z Rb protein $L3p 4] dn il £ & ~ 12 % b B &
bR TH B BLRMELBTHPCARTEHE RDprotein
gtz 8o X 2 mM PCA RE s - » 3 B4
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hypo-RB BA# 3 o > B hyper-RB #¥ &7 > 9 IR
hyper-RB & hypo-RB % 88820 » #38 PCA X e
R mAE RBAEY EB%ILA W - Fig. 17)

[+ ]bcl-2 transgene cells

B E4F 400 2L 2 mM PCA B ¥ 4 HL-60 cells ﬁ BCL-2
protein — H #&F£ 26~32% %R - BB AHER
BANIRE #—FREFBCL2EPCAZFAT REA
& /1 R B B5 apoptosis &) # 4T - Bl 4% > &A1 X ELISA #77 %
REEEBR -

B EE 2 mM PCA 12 /e52 4 > DNA BfE 3
control &5 5.74 £ ; M BN —EK K& %k #H BCL-2 protein
AR HL-60 mfe - 22 12 W EHE RASHES
W DNA B A A (R control B2 2R ERER) A
PCA £ R A W7 B A3 % 3.4 42 (BF th control 48 % 2.4 42t
DNA fragment) > & 45 %0 PCA 3% % &) apoptosis #L3# # &=
B2 BCL-2 %R % %A EWMH % - (Fig. 18)
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Bk

R HH apoptosis Wy 5| BRE AR RBRF R R
i — 4 % £ Pierre Golstein > AH A TITH=HBER &4
%] % signalization - control and excution & structural
alteration - fa B UL 2| LT3N & %% > 7T 45 # & BL# caspases »
BCL-2 family & mitochondria R & s EAN A H LT 35)-
HATHR HL-60 B LA ¥R DNA ladder & 4 R (H
FBN) RAEAT GRA Y PCA (> 075 mM) » &3]
R RAFRELTHES T M d L& time course #) 3
K+ HL-60 #afakémfa B 3£ AT 12 pE# block ® Gy
phase(Fig. 8) » % 9 /N8 % hypodiploid cells 2 & X & 3
Ao 0 24 /NEFZ B3R 4 dm BB AT B 4R B AT 5 — R cell cycle ;
DNA ladder B # % £ £ /&4 338 . BCL-2 protein #
15 ) BEFH 445 — B ¢ level » Rb protein B 7 3 B
# hypo form ##H > 9 JEHHEABBKRD 5 H IR
Rhodamine 123 # 9 & & 4 # 7% 4§ 40 membrane potential
( mitochondria )7 0.5 M £ LB HE - 1S PHAFR
ABNEE =gl GSHRAN 15 MNHEF RV WURER -
B ¢t & apoptosis 5 4 9B 3R > PCA 3] 58 cell cycle
arrest £ apoptosis B R R LBEFT A BBENEER
FTRAAH -

B PCA H@mpEn GSHRHEF RV HALR - @ GSH
MR AR RN A LERKERRR C2REA L
P BAEMRAAABLCHH@E9,50) &7 GSH F4£
PREE O RTRERKLBTIRXLAGE? & data BT
mitochondria T 4£ % PCA s # & — 18 target > XK FTRE
membrane potential B E X TR 3| R AH L 36,37 £
mitochondrial membrane £ & & {84 3% & & apoptosis &
&) protein > — & BCL-2 family > £ { % outer mitochondrial
membrane ;5 % — 18 & cytochrome ¢ ° fr# mitochondrial
intermembrane space ° cytochrome ¢ ¥ £ d i /9 X H # 4%
% ¥iE % cytosol » H & ribosome ¥ ¥ 5, apopcytochrome ¢
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TEERELEN > EBETHHMA T E A M cytosolic
cytochrome ¢ & ICE family - dATP 2B R E » &R H AR
ICE family € # %4t » 5 DNA fragment &, & $ 3% > Bt
cytosolic cytochrome ¢ # 3% A& $1 apoptosis initiation % §f °
fa BCL-2 #] B # ® i cytosolic cytochrome ¢ %
mitochondria i % £ cytosol & £& /1 (38, 39, 40, 41) -

BRERALYXEBERLE @GS » # E mitochondrial
membrane potential (Ay)# & #& 4t (depolarization) & 3] &
B &) permeability transition > R GHEBEHL A EHFEE
14 » 3t & apoptosis-inducing factor (AIF) » AIF F # & 3]
RABRLT  EdNAyY HBERYE cytochrome ¢ &
realse(35, 38) » B st PCA # BCL-2 & & 2V 7T f 1
cytochrome c release #| cytosol > & f 4& apoptosis & % ; 3
— % & » PCA % mitochondria Ay 9 % » LT EH
A— kB ARETESR -

B FACS L5400 PCA R34 > =3 block &
G, phase > f mammalian cells e B ¥ Z & K B &
checkpoints R 34 - £ + G; checkpoint & 3 D-type
cyclins(D; ~ D, ~ D;)~ E-type cyclin ~ A-type cyclin -
cyclin-dependent kinase (cdk4 -~ cdk6 -~ cdk2) ~ cdk
inhibitory proteins (CKls: p21 ~ p27....)# retinoblastoma
protein (Rb) * £ + D-type cyclins £ 218 cell cycle P& T
Go phase 4t R X R A5 H S 69 @ E-type cyclin 7 late G
phase Bids X & % % - # A S phase # BpiLif 4 #f - A-type
cyclin B 7 late G, phase & & 3,> 3 #£ 8 A M phase AT}
3 i - £ cdk4,6-Cyclin D # ¢dk2-Cyclin E # Rb protein 47
%14 » Rb protein € # transcription factors (E2F)#
B » % s, hyperphosphorylated Rb protein(p120)- 4% S phase
7% 5088 8% 48 47 (42, 43, 44, 45) {2 R $a 1 % 5] £ % (40 DNA
damage -~ radiation) > R] p53 protein € K ¥ &k # i induce
p21 protein & H #H - p2l #E b ¥4 cdkd,6-CyclinD
cdk2-Cyclin E & 85 B 1L 45 /) > 4 41 B8 block 7 G, phase(21,
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46, 47) - 12 & 7 p53 protein A cdk4,6-Cyclin D /£ HL-60
cells ¥R X248 XML H pS53-independent
apoptosis A7 3| & & G, arrest ¥ & & 3 % Rb phosphatase
activity % p53-independent p21/p16/p27 # c¢dk4,6-Cyclin &
cdk2-Cyclin E ¢4 25 B 1t g5 /7 eh ¥ #1465 A » % % 1& Rb kinase
HERRE L RFFQ6,34) R PCARE G 3
/W51 > Rb protein F a8t £ > 1244 FACS L
&) apoptotic cells p4E A 3 % (8 0 B4 F) » BT ode K
okadiac acid ( A X # #| protein-serine/threonine
phosphatase 7E1£) > 4 & L #p 4] DNA fragment & £ & > %
% okadiac acid & & T # 3] & apoptosis ’ {24 3 Qing Ping
Dou % A# i - ¥ 4] protein-serine/threonine phosphatase
M4 0 30 248 W hypodiploid cells 5 k& 1 $.(26)° B it
#% PCA &4 H# 3% DNA damage @4 Rb protein
dephosphorylation - # M 5] % apoptosis & T fE k48 & 2 -

1 RB protein # 9 /JBF K & & 2 » #3F Qing Ping Dou #
1996 585 (52)45 & » hypophosphorylated RB protein & it
iR t9#% ICE family t1 s £ 20 8 h B7(p48 & p68 ) B st A
PCA m #i#% &) HL-60 & 5 > X ICE family protein & % 3
ZEHEL AR PCA REHFF CKls xR XKMEMK Rb
kinase avtivity 24 4% cell arrest + S| R KL R G T4 -

ARG TH T - &7 BCL-2 protein & & 34 3y ¥
HHR L BT E—F#AR BCL-2 protein (¥ #4EA - £
PCA FHHARATTREA—FBR T BLAMETRAHR
BCL-2 protein overexpression # transgene HL-60 cells F] £
UPCARHE > £ E&MA & DNA fragment % § & B1& 14
RE EAMHATCKATLE BT 2WH -

f# BCL-2 2 & BCL-2 family Y84 4+ —§ » BCL-2
family % &3 %4 BCL-xL -~ BCL-w ~ MCI-I -~ BAX -~
BIK ~ BAK ~ BAD $ BCL-xs ' BT = # s #6 & BCL-2 B} #
BAEHHARRTCHEN BEEZHISERNRBR - 25
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%t BCL-2 family s B /5 # & & b8 & dimer R L&
W4 & 4o BAD . BCL-2 &% BCL-xL # &% %3 % A 3%
RTHEE 18 BAD 3 3B % 1L(Gw & & Raf-1 kinase) >

RE & & KkM BCL-2 944 > 4 BCL-2 FH¥ th cell survial
S o B BCLxL # R A8 48 b pore-forming
H B > & % 8 B 4 permeability transition € ¥ %
apoptosis ° {2 g5 4% BCL-2 ¥ #1(35,51)> B st PCA $1 BCL-2
family Z A RERRBRFHIPERTHE -

B BCL-2 5T e # & cytochrome ¢ ~ AIF 8 FH - R
FHix L T 2564 ICE/caspase » RET AL T A —FH
M RE& BCL-2 pathway > W B33 & ICE/caspases
(35) > 1248 ¥ ¥ B data - &5~ overexpression BCL-2 HL-60
cells R RATHABE T B ZF PCAEEREH ICE
family - RIF #F#—F&HH -

Bt #&iEm PCAR TR KREG T L34 BCL-2
WRR - # BCL-2 & fTHmpfEdhk nEEA
HATHESZN  F—FTRELTHEZBHH RB protein
# 58 1L %4 RB protein £ 8581t R & =38 block # Gy
phase(Fig. 19) » @ PCA £ & ¥ ICE/caspase protease F &
BEXMBENVE  MRABRMASSEEERTY -
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Fig. 1 Cytotoxity of PCA in HL-60. HL-
60 cells were treated with various doses of
PCA for 44 h, then incubated with
thiazolyl blue (MTT) for 4 h (total 48 h).
Data represented as percent of 0 mM
PCA. *p<0.05 compared with 0 mM
PCA(control group, 0.1% DMSO).
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Fig.2  Effect of PCA on HL-60 cell proliferation.
Cells were incubated in various concentration of PCA,
after indicated time total cells were calculated. Results
represent the mean + SD of three independent
experiments.
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Fig.3 Morphology of HL-60 with or without 2
mM PCA treatment. Cells were treated with
0.1% DMSO (a) or 2 mM PCA (b) for 24 h.
Cells treated with PCA showing membrane
blebbing, cell shrinkage and apoptotic bodies
appearance.



Fig. 4 Morphology of HL-60 with or without
PCA treatment. Cell were treated with 2 mM
PCA(a, ¢) or 0.1% DMSO (b, d) for 24 h, then
stained by haematoxylin (a, b) or P.I. (¢, d).
Cells treated with PCA showing DNA
condensation and fragmentation.
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Fig. 5 DNA fragmentation of HL-60 cells induced by
PCA. Agarose gel electrophoretic patterns of DNA
were isolated from PCA-treated and untreated HL-60
cells. HL-60 cells were treated with 2 mM PCA for
various times. After extraction, pure DNAs ( 20 pg )
were electrophored in a 1.5 % agarose gel, stained
with ethidium bromide, and photographed under UV
illumination.
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Fig. 6 Dose response of DNA fragmentation induced
by PCA. HL-60 cells were treated with various
concentration of PCA for 24 h. After extraction, pure
DNAs were electrophoresed in a 1.5 % agarose gel,

stained with ethidium bromide, and photographed
under UV illumination.
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Fig. 7 Dose response of DNA fragmentation
induced by PCA in HL-60 cells. 2 x 104
cells/well were incubated in the present or
absence of PCA for 12 h. After the time
indicated, cells were directly lysed in the wells
and cytoplasmic DNA fragments were removed
for testing by ELISA. Data represent the mean
+ SD of three independent determinations. *p <
0.05 compared with control group( 0.1%
DMSO treatment alone).
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Fig. 8 Redistribution of cell cycle induced by PCA.
HIL-60 cells were incubated with 2 mM PCA for
indicated time, then washed and harvested. The cells
were fixed and stained with propidium iodide (P.L.)
and the DNA content was analysis (including
apoptotic and nonapoptotic cells) by flow cytometry.
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Fig. 9 Redistribution of cell cycle induced by
PCA. Cells were incubation with 2mM PCA for
indicated time, then washed and harvested. The
cells were fixed and stained with propidium iodide
(P.I.) and the DNA content was analyzed
(including apoptotic and nonapoptotic cells) by
flow cytometry. The number of cells in each phase
of the cell cycle was calculated.
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Fig. 10 Effect of PCA on cellular GSH
content. Cells were treated with 2 mM PCA
or 0.1% DMSO. Data represented as
percentage (compared with control group at
indicated time). *p<0.05, compared with
control group (0.1%DMSO) .
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Fig. 11 Time course of membrane potential .
HL-60 cells were pretreated with rhodamine
123 for 30 mins, then treated with 2 mM PCA
or 0.1% DMSO for various times. Data were
determined by measuring the fluorescence of
rhodamin 123, and represented as percentage
( compared with control at indicated time).
*p<0.05 versus control group.
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Fig. 12 Dose response of membrane potential.
Cells were pretreated with 1 uM rhodamine
123 for 30 mins, then incubated with various
doses of PCA for 1.5 h. Data were represented
by measuring fluorescence intensity of
rhodamine 123. *p<0.05 versus 0 mM PCA
(0.1% DMSQ, control group ).
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Fig. 13 Effect of modulators on PCA-induced

HL-60 apoptosis. Cells were pretreated for 30
- min with various dose of agents, and for a

further 12 h incubation with 2 mM PCA.
DNA fragmentation were quantitated by

ELISA methods.
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DNA fragmentation (0D, )
!

Fig. 14 Effects of modulators on PCA-induced HL-60
apoptosis. Cells were pretreated for 30 mins with
previously determined noncytotoxic dose of
Cycloheximide (Cyclo, 0.05 pg/ml), Actinomycin D (Acti,
0.1 ng/ml), Aphidicholin(AP, 0.025 pg/ml), Okadiac
Acid(OA, 50 nM) and for a further 9 h incubation with 2
mM PCA. DNA fragmentations were quantitated by
ELISA Methods.

*p<0.05 (compared with DMSQO)

#p<0.05 (compared with PCA treated alone)
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Fig. 15 Time course of PCA on bcl-2 protein
expression. Cell were treated with 2 mM PCA for
various times. Total cell lysates extraction were
performed as described in methods. Lysates (15ug)
were electrophoresed on 12% SDS-PAGE, and blotted.
Results were expressed in densitometric units. *p
<0.05, compared with initiate protein expression.
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Fig. 16 Dose response of PCA on bcl-2 protein
expression. Cell were treated with various dose of
PCA at indicated times. Total cell lysates extraction
were performed as described in methods. Lysates
(15ng) were electrophoresed on 12% SDS-PAGE, and
blotted. Results were expressed in densitometric units.
*p <0.05, compared with initiate protein expression.
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Fig. 17 [Effects of PCA on Rb protein expression in
HL-60 cells. Cells were treated with 2 mM PCA for
various times. After extraction, Equal cell lysates (20
ug protein ) were electrophoresed on 8% SDS-PAGE,
and blotted.
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Fig. 18 Comparison of DNA fragmentation between
HL-60 cells and Bel-2 transfected HL-60 cells induced by
PCA. 2 x 104 cells/well were incubated with PCA or 0.1%
DMSQO (control) for 12 h, then cells were directly lysed in
the wells and cytoplasmic DNA were removed for testing
by ELISA. Data represent the mean + SD of three
independent determinations. *p <0.05 compared with
0.1% DMSO treatment alone. #p<0.05, compared with
PCA-treated HL-60

47



— PCA

(DNA damage| / \

| ) .

Mitochonedria
&QB dephosphorylation

9 membrane potential loss

AN

v \_ %CL—Z )
?
G,arrest) {ICE/caspase] y

( Apoptosis )

Fig. 19 Possible mechanisms of apoptosis induced by PCA.
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