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Induction of Apoptosis in FRTL-5 Thyroid Cells by Okadaic Acid

Ji Hyoung Cho, M.D.,* Ki Yong Chung, M.D.,* Jong Wook Park, M.D.**
Department of Surgery* and Immunology,** Keimyung University College of Medicine, Daegu, Korea

Objectve : Okadaic acid is a specific inhibitor of serine/threonine protein phosphatase 1 and 2A. In order to
know the mechanism of apoptosis induced by okadaic acid, we treated FRTL-5 thyroid cells with okadaic acid
and measured the changes of important proteins that are involved in apoptosis.

Materials and Methods : We measured caspase 3 activity, PLC- 7 1 degradation, the expression of XIAP,
cIAP1, cIAP2, and cytochrome c release in okadaic acid-treated FRTL-5 thyroid cells.

Results : Okadaic acid-induced caspase 3 activation and PLC- 7 1 degradation and apoptosis were dose-
dependent with a maximal effect at a concentration of 80 nmol and time-dependent with a maximal effect at 24
hours after treatment. The elevated caspase 3 activity in okadaic acid treated FRTL-5 thyroid cells are correlated
with down-regulation of XIAP and cIAPI, but not cIAP2. General and potent inhibitor of caspases, z-VAD-
fmk. abolished okadaic acid-induced caspase 3 activity and PLC- 7 1 degradation. The release of cytochrome ¢
in okadaic acid-induced FRTL-5 thyroid cells was dose-dependent with a maximal effect at a concentration of
80 nmol.

Conclusions : These findings suggest that mechanism of okadaic acid-induced apoptosis is associated with
cytochrome c release and increase of caspase 3 activation in FRTL-5 thyroid cells.
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1. NEHF JA)

Ao b3t AEE Rat?] FRTL-5 2 A 2T
ATCCAH®IZ) o)A FoF wolA] ARESIAITE I3 HE
= diploid AE]8] 5~20 A% passage AES ARR3s)
%tk FRTL-5 V34 AEZF+ 6H vl E o] g3te] Al
X 9% HAZAQ 37T, 5% CO.E B¥E CO, wiop]
AX wljFsdtt. 6H viAl= Coon’ s WEA F12 #jx]
o 5% calf serum, 1 mmol nonessential amino acid,
bovin thyrotropin (1milliunit/mL), insulin (10 £ g/mL),
cortisol(0.4ng/ml), transferrin(5 xg/mL), glycyl-L-
histidyl—L—lysin acetate (10ng/mL) ¥} somatostatin(10
ng/mL)-& H7Fsto] Alz3IITh vioke MEE oF 4847
A0 5 Ay vjokste} 6—well plate == 12-well plate
A L3 5o AEE F-Fsto] A,

2. 3% SAYN

Zok glaloukA)| 2 A protein phosphotase inhibitoré!
okadaic acid(Ok), PKC inhibitor$! Ro 31-8220(Ro),
arsenic trioxide, curcumin 2! protein kinase C(PKC)

activatorg! phorbol myastrate acetate (PMA)+= Sigma
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trypsin 223 & 3000rpmeilA] 587 445kl A
FE A FA AEE 4F 9l F

27} g% lysis buffer (50mmol Tris—HCL pH 8.0,
5mmol EDTA, 150mmol NaCl, 0.5% Nonidet—40) 2 &
33t o2, 10,000g004 2083 YAlEeste s H
ato] & child RS Atk F Bl FEH0 oy
< Bradford Al9Fs AHEER] A% aiSich A%E T o
A Z22d 50 p0s 8% reducing SDS—polyacrylamide
gelollA] A7]19%5E B3te] Eelasith
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AEANN FE3 F DHAE A7195E ot #EF o
£ 20% methanol, 25mmol Tris, @ 192mmol glycine
bufferdtell Al nitrocellulose T2 AL o]FAIFH L
©] 2+ Ponceau 0% F45e] il ofF #F7E

Q18 & 5% non—fat dry milk solution®® 3087+ 4
u

7o ukgo] iyt wg Tris—Tween buffered saline
(TTBS) 2.2 5% 222 63] A&t A%3te] ho-
rse radish peroxidase’} #-2H8 o]2FHA|Ql goat anti—
IgG A9} 2417 WH-SA17) 2 thA) 3 TTBSE 63 4|
sy, FFH o7 THTE AAT ¥ ECL &9
127k ¥h8-A)17 00, Kodak filmell 7H33t0] heht band
o) FAE wjwslol vy iy fF 2 3y JEE G
shlet, ool A¥olA Western blot 2~33] W3}
o] Agsiglr.
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T olak FAIE thA] WhEAIA A APAH-S ECLEH L

7 S48

-

)
o

7. Cytochrome ¢ #2 5%

FRTL-5 7734 Aol thekst 52 okadaic acid&
A2|8hal 2441k wjokste] 8%t QX E PBS buffer?
13 A)A38F & 0.16 gmol PMSF7} 8% 50419 hyp-
otonic buffer (20mmol HEPES, pH 7.4 ; 10mmol KCl.;
2mmol MgCl, ; Immol EDTA)E #7)3le] okslA W&
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EgstEA 4CAAM 2083 §HE5t] fajA1ATh 15,000
rpmollX 48] A2 TAS 3|48 F spectroph-
otometerd ©|-§-3to] BRAL FI}3lon, 40 g9 &
WAL 12% reducing SDS—PAGEA A A7) 4 E s}
Western Blot #41& 43815ic)

8. Caspase 3 BY¥k &%

6—well plate®]l Y 9] MES ¥F5t2 Ho] A
7Fe A 93 RPMI MRS ©]431 MEE 24417 wljoks)
At 1 F ks FEZ okadaic acid sk 244
7F Bt viekst & oS 2Eske] ARSIt 30ug
9] 218 100 £mol®) caspase 3 substrate 1°¢] 37}
¥ 200 «L2) PBS$} £33t AJ7F H=E 405nmolA ca-

spase FAHEE SA3IT

¥y 3

1. 93 3 S9SNl 23t apoptosis f

W AEAM ] o8] FF gEteiA|el 2J3t apopt-
osis #E Y-S A7) 93199 protein kinase C(PKC)
activatorql PMA, protein phosphotase inhibitorg] oka-
daic acid, PKC inhibitor$! Ro, arsenic trioxide, curcumin
S 24412 A 3 ¥ apoptosis FE Al HHIE= ca-
spase 3 &4 847 PLC-7 19 A @& SN
o} 2 AlEE PMA, Ro, arsenic trioxide®] 215k
apoptosis7} FEEA] 43toL} okadaic acid @ curcumin
A2l Al caspase 3 847 PLC-719 Hgd d4S
3151}, 3] protein phosphotase inhibitor$! okadaic
acidell ¢J314] apoptosis7} & FEES < UAHFig. 1).

2. Okadaic acid°fl 28t caspase 3 &% ¥ PLC-y 14
BH

Okadaic acid A2 €8t FRTL-5 3 A Eol A
caspase 3 84 ¥ PLC— 719 A dAe &437] 9
sk 10, 20, 40, 60 2 80mmol FE9Y okadaic acid&
24N At § d¥Ag F2319 caspase 3 B4
pro—caspase 3 ¥d 4L U PLC—y19 HFd &S =
A8tk Okadaic acid 40 nmol EE)4 %€ caspase 3
g7do] FAsHA F7F8I5 ) Okadaic acidel] 9% caspase
3 BHe v JEHog Fr}sl9th Caspase 3 7]3
2 457 PLC— 719 #45 813 27 okadaic acid
40nmol FEoAFE 23] F7HES FAsh

(Fig. 2).
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Fig. 1. Effect of various drugs on caspase 3 activity in FRTL-5 th-
yroid cells. FRTL-5 thyroid cells were treated with 80nmol
okadaic acid, 20nmol PMA, 1.5 zmol Ro, 100 #mol cur-
cumin and 8 zmol arsenic trioxide for 24 hours. Equal
amounts of cell lysates (40 « g) were subjected to electro-
phoresis and analyzed by Westemn blot for caspase 3 and
PLC-7 1. The proteolytic cleavage of PLC-7 1 was indi-
cated by arrow. Enzymatic activities of caspase 3 were
determined by incubation of 20 £ g of fotal protein with
200 ¢ mol chromogenic substrate (DEVD-pN) in a 100 L
assay buffer for 2 hours at 37TC. The release of chromo-
phore p-nitroanilide (PNA) was monitored spectrophoto-
metrically (405nm) .
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23t 3 cIAP13} cIAP2 ¥ XIAP @d o] Wi Wes-
tern blot WHOE I3t IAP2 ©@lZE okadaic
acid Aol o3l T @ Byt veRbA] it 1
Hu cIAP13 XIAP ©H¥AL okadaic acidol &% &
How Wo] ZhAadhz WS Balth 53] XIAP w42
e 714 okadaic acid®E 20nmol FEE @ wfiiE
Uelsith(Fig. 4).
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Fig. 2. Effect of okadaic acid on caspase 3 activity and proteo-
Iytic cleavage of PLC- 7 1. FRTL-5 thyroid cells were treated
with indicated concentrations of okadaic acid. Equal
amounts of cell lysates(40 Q) were subjected to elect-
rophoresis and analyzed by Westem blot for caspase 3
and PLC-7 1. The protfeolytic cleavage of PLC-y 1 was
indicated by arrow. FRTL-5 thyroid cells were freated with
the indicated concentratfions of okadaic acid for 24
hours and harvested in lysis buffer. Caspase activity was
determined as described in Fig. 1. Data are mean values
from three independent experiments and bars represent
standard deviations.
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Fig. 4. The expression levels of IAP family proteins in FRTL-5 thyroid
cells after treatment with okadaic acid. FRTL-5 thyroid cells
were freated with indicated concentrations of okadaic
acid. Equal amounts of cell lysates(40 «g) were resolved
by SDS-PAGE, fransferred fo membrane and probed with
specific antibodies (anti-ciAP1, anti-clAP2, and anti-XIAP).
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Fig. 3. The expression levels of Bcl-2 family proteins in FRTL-5 thyr-
oid cells after freatment with okadaic acid. FRTL-5 thyroid
cells were freated with indicated concentrations of oka-
daic acid. Equal amounts of cell lysates (40 1« g) were res-
olved by SDS-PAGE, transferred to memibrane and probed
with specific antibodies (anti-Bcl-2 and anti-Bcl-xL) .

Fig. 5. Kinetic analysis of okadcic acid mediated caspase 3 ac-
fivity and proteolytic cleavage of PLC-y 1. FRIL-5 thyroid
cells were treated or untreated with 60nmol okadaic
acid for the indicated periods of time. Equal amounts of
cell lysates (40 ¢ @) were subjected fo electrophoresis and
analyzed by Western blot for caspase 3 and PLC-y 1. The
proteolytic cleavage of PLC- 7 1 was indicated by arrow.
FRTL-5 thyroid cells were freated with the indicated con-
centrations of okadaic acid for 24 hours and harvested in
lysis buffer. Caspase activity was determined as described
in Fig. 1. Data are mean values from three independent
experiments and bars represent standard deviations.
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& 1241712 %Atk Okadaic acid 2] A)7ko]
rl %2 fﬁ’b% 18417 w5-E A2

(Fig. 5).

6. Okadaic acid M= Ao == JAP X Bcl-2 family
IIKlOI Hl‘ﬁ qil-

Okadaic acid Ag] A7} w2= JAP ¥ Bel-2 family
o) uhe] WHalE 2Ab3l7] 98+ okadaic acidE 60
nmol FEE A F 61 HA 07 dilA g FE3)0]
IAP family @4 e] WS FH39T) cJAP1Y XIAP
Sele 12A17HE ZAaskglo o]—':— ol e
okadaic acid A& A|7bol] 2jEH O
Bel-2 W& 24417kl 24 @*o% B30} Bel-xL
chilA e 19A)7HE] 7Has7] AlZskedt} Okadaic acid
o &Jgt Bel-xL e 2@ At &2 o7 7431

t}(Fig. 6).

7. Okadaic acid®l €%t apoptosis 2SI caspase
3 2AZ4 Higt I
Okadaic acidol &J3F apoptosis T 5334 caspase
3 &N E A7) 138k caspase 39 E0]¢l A3
AR &H2 Z-VAD—fmk(VAD peptide) & D5 = 60
nmol %2 okadaic acid® EAlo] &l$t £ caspase 3
49 9 PLC—y1 ©hde] Adk d48 2ARII Ca-
spase 3 A# AL VAD peptidex caspase 3 AL
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okadaic acid® AHeHA] &2 UZET FT22 A3
t}. &3 caspase 39 7|3 WA g FLsk= PLC-71
Ao Aot dAE BHEE FRlskIt(Fig. 7).

8. Okadaic acid M={) 2t MEAZ cyctochrome ¢
o f2 Y
Okadaic acid®l 213t apoptosis FE#A T|EEE
glo}e] cytochrome c7F A|EAZE FEHE=AE AR
25le] o8] 59 okadaic acide 23 F AxA &

Relative caspase 3 activity (405nm)

Control VAD Ok VAD + Ok

Fig. 7. Caspase-mediated apoptosis induced by okaddic acid.
FRTL-5 thyroid cells were incubated with z-VAD-fmk or sol-
vent for 1 hour before treatment with okadaic acid. Equal
amounts of cell lysates (40 ¢ Q) were subjected to electro-
phoresis and analyzed by Western blot for caspase 3,
PLC-7 1, and Bax. The proteolytic cleavage of PLC-7 1
was indicated by arrow. FRTL-5 thyroid cells were incuba-
ted with z-VAD-fmk or solvent for 1 hour before treatment
with okadaic acid. Caspase activity was determined as
described in Fig. 1. Data are mean values from three
independent experiments and bars represent standard
deviations.
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Cytochrome-c
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Fig. 6. Kinetic analysis of okadcic acid mediated expression levels
of Bcl-2 and IAP family proteins. FRTL-5 thyroid cells were
treated with 60nmol okadaic acid for the indicated pe-
riods of time. Equal amounts of cell lysates(40 ¢ g) were
resolved by SDS-PAGE, fransferred to membrane and pr-
obed with specific antibodies (anti- Bcl-2, anti-Bcl-xL, on'n—
ClAP1, anfi-clAP2 and anti-XIAP) .

Fig. 8. Release of cytochrome ¢ in okadaic acid-freated FRTL-5
thyroid cells. FRTL-5 thyroid cells were treated with indicat-
ed concentrations of okaddaic acid. Cytosolic extracts we-
re prepared as described under Material and Methods.
Cytosolic protein(30 £ g) was resolved on 12% SDS-PAGE
and then fransferred to membrane and probed with sp-
ecific antl-cytochrome ¢ antibody, or with anti-Hsp 70 to
serve as control for the level of protein loaded.

— 146 -



2 ¥ cytochrome c& #1311t} ME AR 2] cytochrome
¢ ¢ A2 40nmol 59 okadaic acidE g o
e F43] Srheks d4e 1ok Alxd gade] 4
S 95to] Hsp70 ©MA-S Western blot 02 #<lst 2
7 FAdFe] @A loadings B9 & 4 YA Fig. 7).
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Okadaic acid+ protein phosphatase 13 2A2) #8)#]
2 7P A9 o AREE= C38 A4k polyether 3
S22 FF< Halicondria okadai S04 2& Ha]5
AT”'?. Okadaic acidel st b 4t = o7, o 23}
2 apoptosis F% & vkt A=A a7t H1 FHgl
~ %1}, apoptosis F% 7]7e| digt HEet 71 ofAl gh
AT gAY, B Ao M= okadaic acidel ¢Jg
FRTL-5 #AHA A2 4824 2 apoptosis 590 1]
Ae Qe sk vl velrt apoptosisBg ol ##E
oy gl dexd s A AETAQ] W oR o]y
3}a12} stk .

Okadaic acidy= ¥HEZF<) apoptosis® 4079 1
717022 caspase 37} #EEO| Q= AoE d¥A Q)
TP B el M= okadaic acid7t A A ZF) ap-
optosisE FEA7H 1 71H 22 M caspase 371 #ois}
= AZ 37 88 WA FRTL-5 334 AlE5e) o
oF3t F59] okadaic acid(10~80nmol) & 24417+ 28] &
& caspase 3 BAY caspase 3 7)AE &Z&3h= PLC—
71 DA 74 g B4l o] A7 okadaic acid
o 9J8t FRTL-5 A2 apoptosiss 5} A7F
JdEAocy GxHgh 32 kDa2 caspase 3= H&A43}
o] A9 (upstream) & caspase 8, 99l 2J&) Aoty
W 243ke Feig ATV, weby wgs) Feyo
caspase 3 T2 oA e G4 FE9 caspase 37F
F7Y8H 9usty1® FRTL-5 1M Aol okadaic
acidg A3t Ay caspase 39 B|ZA FHEQ] caspase
3 A ok A9} caspase 3 A9 Fui7t Eely]
9o ol FARE- okadaic acidel 23 FRTL-5 AZF
9] apoptosis 5ol caspase 37} #olE-S AlAlEHE

NEF7) 2742 783 7]5& 3= Rb @9 2, A
29 A% AYA 9 PKC deltas), PLC—y1 &z =
caspase 39 71A% Zgdvty BusEy Qop Y B oA
YoM % okadaic acidS M3 A3} PLC—y 1 @29
B3 Aol #Riglen o] Aut= okadaic acidell &%t
apoptosisT 5= ZA el caspase 37} Fojslo] 7 ArEA
PLC- 719 #43} fog Aoz Azgnt T3 cas-
pase 39 #4317} okadaic acidell 218+ apoptosis &%

ol

7 #o] gleAE &R1sy] Hste] caspase 3EA B
£ A3sk= VAD peptideZ okadaic acid@} Alel X2
3t5ch, VAD peptidet caspase®l A7 AdiAZ 24
o7 caspase 39 FHE JAshs ALE HPU
Okadaic acid® A3t 7o) VAD peptideZ FA|l 2%
A7 ) caspase 3 /92 A ¥ PLC-y1 @A
B 0] vbA) 7t vk or o] A= okadaic acidel &gt
apoptosisT el caspase 37} AHA 0 E HAATE Ho
T

2ol caspase TS A3k o] TEES] 750l
bl A 31 QIUHYPE o)5 dhuld Z thEA]] TAP family
W22 Bel-29) #& 7|H7 g AHAORE caspase
A4S Aggrtn FEA T JTPOPH. B oA
okadaic acid o] W& caspase inhibitordl cIAP1,
cIAP27} XIAPS] 8 A 55 Western Blot HoE &<l
& A#} okadaic acid A el cIAP2 THHA o] njok
A raxzon, TAP family @93 Z cIAP19} XIAP
chal WS cJAP2 Bk o dA43] ATE Bt o]
A= okadaic acidell 213 cIAP13%} XIAP Weiz g
Zhame AMA 07 caspase 3 B4 F71E ob7Iske] PLC-
y1 ol 2as fesl= Zlog AT Caspased
g4 TAP family @A 2lo|% cytochrome c%2] &
#AMo] B Hu PP, Cytochrome ci= T]EEC=e
ofef] EAlSH= M ARZA apoptosis7t 2 WE UIE
FZrglolol AEA %oz fjgrt Caspase 3 849
Az AGe] 3ol Q] AF9ehA| 2] Z2ERJIAE cytochrome
c7} vlERE o} WA sle]Eo] cytosolE #E|=HW ca-
spase 9% Apaf—1 @A} A3} caspase 95 EA
3} A7), 8439 caspase 9+ THA] caspase 35 A
ATk A A3 et B AT A okadaic acid
Azle] ¢Jal FRTL-5 M ZelM cytochrome ¢} A
A Uz FeEE7E £33 23 cytochrome ¢
)7} okadaic acid HAFE SEH R fFego] w2
glem, o] A7E Ko} okadaic acidE caspase 3 &4
sh= 28 1 9 w19 apoptosis AZHEIGol|E #Ho
& o 4 gitk

olite] AHE ol SEF SolM F-el¥= okadaic acid
= 2P A 2520 FRTL-5¢) apoptisis® -2k = 312
W, 2 /1A 82 caspase 37} #AETE & ¢ Uk Ok-
adaic acidel ¢l3 apoptosis F5 o] E4o] & ghet
oA EA AMEE 7pe/do] g AAbehE, EF 2 A
T-o] Aol ) B okadaic acid) apoptosis F57170]
wr} g3 #yPogA o] B &8Ado] waA|get
a1 Azt

{o i W
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(o] o]
L1 =

2 AFoM= FRTL-5 @A) A protein phos-
phatase type 1(PP—1)3} type 2A(PP-2A) 49 o
AlAR) okadaic acidell 2J$+ apoptosis % 7]l ot
o o|g|stzA} 39tk FRTL-5 AT thakst =
%(10~80nmol) & okadaic acidE 2] 3t ¥ caspase 3
9 PLC~71 #3& B & A7 40nmol FEoI42E
caspase 3847 PLC— 71 £&o] Yyehdg Rlslyich
Okadaic acid®l 23 apoptosis F& 7|3& ZAKSE A3
anti—apoptotic 7]%5°] 3= Bcl-2 @z dhs-e njoks)
Al sl ont Bel-xL& 5% S&3oz 43 74
£ B3tk Caspase 3 A484S Adsh= IAP vl =
cIAP2+ okadaic acidel] 9 WA 9kgrovt cIAP13
XIAP &l B2 55 9EA 02 k4319 t) Okadaic
acid®ll 23t apoptosis F- 5= caspase 3 Y&l 7)1A
< B9tk Caspase 3 E0)|dAAS okadaic acid$} FA]
o 2] A apoptosis7} AAH 0 PLC— 71 Tz o]
A AU E HAHT) Caspase 39 AL S53k=
cytochrome c& #-2l%& okadaic acid A2 FEo] gJ&4
o7 FEeleh 2302, okadaic acidel 28+ apop-
tosis fr=+ caspase 3 2&Zo|n, Bel-29) IAP family

S ] gato] o) Row Azt
F HOL: s -

pase 3.

Okadaic acid - Apoptosis - Cas-
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