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Molecular Mechanism of Fas-mediated Apoptosis in Colon Cancer
Cell Line HT-29 : Apoptosis-related Gene Expression and
Role of Protein Kinase C and Protein Phosphatase

Won Ho Kim, M.D., Sung Ho Ha, M.S,, Jin Kyung Kang, M.D.
and In Suh Park, M.D.

Department of Internal Medicine & Institute of Gastroenterology,
Yonsei University College of Medicine, Seoul, Korea

Background/Aims: Physiologic cell death occurs primarily through an evolutionary
conserved form of cellular suicide termed apoptosis. Recent evidence suggests that
alterations in regulation of apoptosis contribute to the pathogenesis of a number of human
diseases, including cancer, viral infections, autoimmune diseases, degenerative diseases
and inflammatory diseases. Fas antigen(APO-1, CD95) is a cell surface receptor protein
that is broadly expressed in normal and neoplastic cells and can mediate apoptosis in
susceptible cells. Fas is involved in immune-related apoptosis including T-cell selection
m thymus, down regulation of immune response and cytotoxic T-cell mediated cyto-
toxicity. In contrast to immune system, little is known about the function of Fas antigen
expressed on epithelial cells. Recently, however, it has been shown that Fas is also
important for the pathogenesis of liver disease and inflammatory skin disease. We have
recently reported that although colon cancer cells HT-29 express Fas antigen on their
surface, Fas ligation using IgM anti-Fas monoclonal antibody(CH-11) is not sufficient to
induce apoptosis. In addition, cellular activation by IFN-y not only enhances Fas
expression but also sensitizes HT-29 to apoptosis induced by Fas ligation as well as
treatment with cycloheximide and actinomycin D. However, molecular mechanisms of
Fas-mediated apoptosis are yet far from complete understanding. We, therefore, studied
the functional role of Fas and apoptosis-related gene expression in apoptosis of colon
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cancer cell line HT-29 and signal transduction pathways including protein kinase C as
well as protein phosphatase 1 and 2A.

Methods: Fas, Fas ligand and apoptosis related gene mRNA expression was measured
by RT-PCR. Cytotoxicity and cell survival were assessed by LDH assay and MTT assay,
respectively. Apoptosis was detected by confocal microscopic observation of chromatin
condensation after DAPI stain and confirmed by demonstration of DNA fragmentation
in agarose gel electrophoresis as well as TUNEL assay. DNA content was determined
by flow cytometry after staining with propidium iodide and sub-G1 peak was considered
as apoptotic cells.

Results: Fas ligation by IgM anti-Fas monoclonal antibody(CH-11) failed to induce
apoptosis in control HT-29. However, Fas ligation in IFN- ¢ pretreated HT-29 induced
apoptosis dose-dependently, HT-29 expressed very low level of bcl-2 mRNA, which was
not changed by IFN-y pretreatment. IFN-y  pretreatment did not alter the mRNA
expression levels of bax, c-myc, p53, and caspases such as ICE, hich and cpp32. Protein
kinase C inhibitor such as staurosporine and H7 did not inhibit Fas-mediated apoptosis
of IFN- ¢ pretreated HT-29. Fas-mediated apoptosis of IFN- ¢ pretreated HT-29 was not
suppressed as well by protein phosphatase 1 and 2A inhibitor calyeulin AL

Conclusions: Colon cancer cell line HT-29 expresses Fas antigen on the surface which
is not sufficient o induce apoptosis. IFN-g pretreatment sensitizes HT-29 to Fas-mediated
apoptosis, but dose not alter the expression of apoptosis-related genes including bel-2,
bax, p53 and caspases. Fas-mediated apoptotic signal in IFN- 7 pretreated HT-29 maybe
independent with protein kinase C as well as with protein phosphatase | and 2A.

Key Words: Apoptosis, Fas, HT-29, IFN-g, Signal transduction, bel-2, Caspase
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Fas(APO-1, CD95)= 3257)9] ofu]-2fo a2 1
A5l A 1% o} bR 2 4 Tumor necrosis factor-
a (TNF- @) &2](TNF-R1, TBF-R2), CD40, OX40,
CD27, 4-1BB, CD30 9 low-affimity 4214 =)-2] =}
T84 53 F TNF-a 484 F(TNF-« receptor
family)of] s~ o 7078] ofw]icate g
TAE AEAY opule ghghe Al g Doy
HES HEsl 22 “death domain*e]e}s &l
oF. Fasis Y= 9 4uE £ s)5Hel 5
SAE AT G A Lol AL Fubshn P
T-H£ F&Alof] tigh B2 2=l 2 co-stimulating
factor) 2 = 2H8-3hc}"”. Fasel] 23 48 e &
HollAl2] T-M|Ee] Ae, wleulge] 704 (down-
regulation) = T-H|3Eof] 23 HESAef e}
o7 Fas f A4S wolk Ariwe Agial o
T Fask: Wl AE o) elell e Abu] 4 E

2 AdE deodleh olF 59 MIEE Fast
Hralalsn glom™, ulgs Mol R ShFasdhal S
FUsbH 7hAE2] Ade] fuis|z™) aka zhed
off 4 JZ37t FRElE F992) 7HAEel] Fast
Heo| Fadch: ™ 52 Fasyl 7HA1 £ A9
zA40 Thelatelel AAstEs Ao a=
A I ARl A S Fasvll 7] Al 2] o el
F24] =la 9ep”. TNF- o 5ol 4l Fas Ag liga-
tiony- G552 23E Heoli= non-transformed
thaksh 435291 HT-299]|4 Interleukin-8(IL-8) 4}
AL Frale g™ HT299] Hmie] TNF- gl
cHEE &9} Fas Age] Eal4-2 o 4= i) &
# interferon- y (IFN- 7 )2} TNF- ¢2] #8}l.& HT-20
off cgt AMEZFA o all(cytostasis)9} 4] EE 4 o)
FeHEE Bee] 4uA len™, o5} g4
ShA] HT-295 IFN-y 27 #3%] g & Fas Agoll
i3t U FE 49l CH-11E A A2 Aol
Hojrhehiz A4leo] Barso] 9}, [FN- ol
25 MEe] gAY F, AW F7F A= IFN-y
off 2|4k Fas whdl F7} Wt ope} o}z = ut
H A2 gk i VAR S{FHes il
Tl 4o A7ks|n glA|aHY Fas ufr) 4)
FEapge] Babd 7| He ol#sha) Bedsia] gkol,

aheba] Bl SPell 4= IFN-y 22 2]t o)zle}
A EFQ) HT-29¢0| 4 A elz) 3z} ubade]
$H5 ZobEA proiein kinase C$} protein phos-
phatase 1 3] 2AE 53 4137} Fas efsl} #|E4
Hof| Fhod}i=a] Lobrax} slgc)

CH& S HhY
1) Chat M= 3 siet

ATCC(Rockville, MD)& HE| o} ule HyTo29
& 2 pmol/L glutamine, 100 UfmL penicillin, 100
UjmL streptomycin 2 10% < v &4 8 $-glo}y
Hfetal calf serum)e| E¥% Dulbecco's modified
Eagle medium(Gibco BRL, Grand Island, NY)2 &
5% CO2, 37°Ceoll 4] wiedalgi et
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2) HE 3 =o| HEY

AE2] Pels 942 dojdes Basga
o] slgls= 4",6'-diamidine-2"-phenylindole dihy-
drochloride(DAPI: Sigma, St. Louis, MO)2 o 2]}
th-= confocal microscopy(TCS NT, Leica Laser-
technik GmbH, Heidelberg, Germany)= #2balel o},

3) HESY % MEBO §F

96-well plaie{Costar, Cambridge, MA)ell well}
10°708] HT-208 w5t ubal wioksio] A|E7} =
2= A FF oF2 40 ngimL2] IFN- ¥ (R&D Systems,
Minneapolis, MN)oll 64]7F =9t &A)7] 2 A%
& & oA uba wiekbleh ofu) IFN- ©j4]
AE okl 2 H7bako] IFN-y ZIM 2514 Sk
HT-29% 72 zHow Zu|sgdth ofa 71
&X2] mouse anti-human Fas IgM(CH-11: MBL,
Nagoya, Japan)& 7}shal 242] 7 wljekgt Fef lac-
tate dehydrogenase(LDH assay)” * 3= MTT as-
say R AEFA 8 QEYZES 4l &
wofl wbE ®Eat 42 ¢l9ich LDH assay: %
AT ASE 7H AE wfiek dEae el
96-well flat-bottom assay plate(Evergreen Scientific,
Los Angeles, CA)ol| W3 50 mM Li{+) lactic acid
(Sigma), 0.7 mM p-iodonitrotetrazolium violet(Sigma),
0.3 mM phenazine methosulfate % 0.4 mM NAD
(Sigma)s 0.2 M Tris buffer(pH 8.2)ef] 2 47
substrate mixture-5- Z7}gE & 3087 vhg 4131 o} &
490 nmef|4 2] ODE multiwell spectrophotometer
(ELISA processor II, Behringerwerke, Marburg, W.
Germany)5 o] 8o F7gsedek olal] Triton X-100
+ H7lele] MEES S8417] welle] ODE total
ODE #}glcl. MTT assayi= 96-well microtiter plate
of Wikt MES HAG ZRCZ A3G F w
el g AAst welld 50 @4.2] 2 pg/ml MTT
&(Sigma)g H7HE F 447 Fgb 37°Cell 4] ul
Febgict. olo] vletoll 9l formazan 7 A o] A
AHA SEF Fouy 4E59E AARan
welld 50 2] dimethyl sulfoxide(DMSOYS 37}

gk 105-7F Feksla 570 nmel] 4 2] ODE 27
shed o}

MESYS] A2 9 YLEFS b3 g4
shEshed o

sample OD - spontaneous QD
todal OD - spontaneous OD

% Cytotoxicity =

sample OD - total OD
% Survival = : —
spontancous OD - ol OD

4) MSHGHAZ AEHHZ} Fas 0§70 MIZEAL
SOl OjxX= HEe o}

Fas SHUEE FAE Hrkebr] 308A 6l pro-
tein kinase C 3| 4|2] staurosporine(Sigma 5-4400)
20 nM3} 1-(5-isoquinoline-sulfonyl)-2-methyl pipera-
zing dihydrochloride(H7: Calbiochem 371955) 10
nM % protein phosphatase 1 2 2A < & A|2] caly-
culin A{Calbiochem 208851) 10 nM<- 451 LAD
assay9} MTT assay & A|#zlo] olF AZHGF
27} Fas w7 4| EAedef] ol #hx]i=%] 2o}y gt}

5) RT-PCR

HES 500 ul £ [4 M guanidine thio-
cyanate, 25 mM sodium acetate(pH 7.0), 0.5% sodi-
um sarcosine, 100 gM 2-ME]e]] &&j4]F] o}2
guanidium thiocyanate-phenol-chloroformS o] s}
o total RNAE F=38}glch 94°Cel] 10 271 vl
&l A A1l RNAS B3 o2 ¢DNA synthesis
kit{(Pharmacia Biotech)Z o] &&la] cDNAS <lg]
c}. PCR 2kl [10 mM Tris-HCl(pH &.3), 50 mM
KCl, 1.5 mM MgCl,, 0.01% gelatin]ol] 100 M
primer, 7} 300 M dNTP @ 05 UZ] Taq poly-
merase(Perkin-Elmer Cetus) S 3 7}slal 04°C 138,
59°C 1%, W 72°C 1823 #e] thermal cycler
(Perkin-Elmen) & 283] wh3- A|Fc}l, FF45L2
cthidium bromidez} E45 1.5% agarose gelel] #
71ed5the] Ttsledl
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Primeri= DNA 4 7| 2 #lzbalgd =] 1 < 7]
Hode cheat et
A -actin(250 bp)*™
S-sense
: 3-00TOGGCCGCCCTAGGCACCA-3'
F-antiscnse
: SNTTGGCCTTAGGGTTCAGGGGGG-3
bcl-2(385 bp)"™*"
S-sense
P S -ACTTGTGGOCCAGATAGGCACCCAG-Y
J-antisense
» S -CGACTTOCGCCGAGATGTCCAGOCAG-3°
bax(540 bp)**"
S-sense
D 3 -CAGCTCTGAGCAGATCATGAAGACA-3
J-antiscnse
P SGCCCATCTTCTTCCAGATGGTGAGC-Y
c-myc(292 bp)*
5-senge
D V-TCGGAAGGACTATCCTGOTG-3°
3-antisense
» S -GCTTTTGCTCCTCTGOTTGG-3
p53(621bp) "
JI-sensc
D S OGAAATTTGOGTGTGGAG-3
J-antisensc
P SCATGCGAATTCAGGCTGTCAGTGGGG-3°

W Control
o,
O IFMN-» pretreated T
100

=

o

=

3%

|:| . I

waEw " 1w w1t 1

Cell survival

ICE(191 bp)™
S-sense
D -ACCTTAATATGCAAGACTCTCAAGCAG -3
J-antisense
© 5-GCGGCTTGACTTIGTCCATTATTGGATA -3°
hich-1(Jch-1, 2} Teh-152}2F 234 bp2} 205 bp)™
J-sense
 SNGTTACCTGCACACCGAGTCACG -3
J-antisensc
D S GOCTGGTTCTTTCCATCTTGTTGTTGGTCA -3
cpp32(544 bpM5)
J-sense
D 3CATGGAGAACACTGAAAACTCAG -3
3-antisense
D S -GTCATCATCAACACCTCAGTOT-3°

Es 1}

HT-292] 2} 20-30%% ML E ol Fasglws
sl glom Fas mRNAS) chal dls o [EN. 5
ARl 2Jste] Fgp-olEHor S
el IEN- 7 X 2 eb 2] o2 o= HT-29¢f 4] &=
1gM @Fas CHUFE A (CH-11)E FasE ligation

sl AE54Y W MEHEE Hslrl Falu

2

<

|

10

070" w0 1

IgM anti=-Fas (ng/mi)

Fig. 1. Fas-mediated cell death measured by LDH assay (A) and effect of Fas ligation on the cell survival measured
by MTT assay(B). For LDH assay, various doses of mouse IgM anti-human Fas monoclonal antibody were
added to control and IFN- ¥ pretreated(40 ng/ml) HT-29 cells for 24 hours and then LDH in the culture media
was measured. For MTT assay, various doses of mouse IgM anti-human Fas monoclonal antibody were added
to control and IFN-  pretreated(40 ng/ml) HT-29 cells for 24 hours and then cell survival was measured with
tetrazolium-based semi-automated colorimetric assay.
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Fig. 2. Nuclear morphology of control and apoptotic HT-29 cells observed by confocal microscopy after
staining with DAPI(x 1,000).(A) Control HT-29.(B) HT 20 cells were pretreated with 40 ngfml
IFN-7 for 6 hours and incubated overnight with fresh media. On the following day, cells were

incubated with 50 ng/ml of mouse IgM anti

A gk2 ubH IFN-y F & X 3F HT-29¢0) 4= &
2] S-ekol] d]#l|sled LDH assay® S48t HEE
ol Zzlabar MTT assay 2 SH %1 ]'a A =

o] FhAstglchFig. 1), IFN- ¢ 3 x| 3k -_zur,-.u
& HESAL Zrp e AMEFO Tl ME

Aol 7 elalelol. 2, IFN- ¢ 4 4] 2] 3k HT-290]

1=

A 30 ng/mL2] IgM &HFas GhUF28ka| & FasJ
ligation&lo] AbE S F 58 4| E o] Z=4]3Ee 1I|
&to] DAPIS Aol 4] AEulgle] FaEo] #upa:
oz 7ol ¢S Y9l ev(Fig. 2), DNA frag
mentation(Fig. 3), TUNEL assay 3! Pl o4 % 4
Eufl2] DNA oF-& FHAERE Y72 FHslo] Ad
2 alsbglet”

HT-292- ol §- # 2 cka] bel-2 mRNAS
2 glel oo hel2 mRNAS IFN- ¢ # x| of] 2la)
of wWHpalx] ekl o] '{-1:&]-.{:—:}1 ol H sk o)
9} 7te] Fas mRNA HF& 2 IFN- y H2]2]el] 2}
of F7slsicHFig 4). e} bel22} ghA A
AeZ LA bax,
c-myc W p53 mRNA 92 IFN-y #22ef <
she] Wl2bsln] phgbeh(Fig. 4). IFN- ¢ H X% #H %

uba s}

g ZAHsi=d] To]si=

human Fas monoclonal amibody for 24 hours.

Fig. 3. Agarose gel electrophoresis of DNA extracted
from control and apopiotic HT-29 induced by Fas
ligation in IFN- ¢ pretreated cells.
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Fig. 4. mRNA expressions of apoptosis-related genes and
caspases measured by RT PCR, HT-29 cells were
treated with 40 ng/ml IFN-» for 4 hours and
total RNA was extracted which was reverse
ranscribed and amplified. M: marker. C- control
HT-29, 1. IFN-y pretreated HT-20

2] HT-29¢l4 ICE, hich 9 cpp32 = | 3 a) e o)
A 59 A8 ol ZHEels caspase {3 A}
o] mRNA wH&l w3 2le) 7} glel ch(Fig 4).

Protein kinase C al|a|2] staurosporines} H7-2
2 AA7d AEE fubaba] ekoton] [FN-g 2
2% HT-2901 4] Fas w7 Ml EAD S o g2}
7182 ekgkchFig. 5, 6).

5E3F protein phosphatase 1 ) 2A o] 1|49l caly-
culin A% 1 A7} A4S fubsla) el o o]
IFN-y 712 2|3k HT-290]] 4] Fas o7l 4]E40o

M 3Al7) 2] phokek(Fig. 7).
i &

Fas& whedslar li= 4| Ee} #A) 2} % Fasol| 2
i Aol % dolubs A ofyar 7HAe] g)
v Al ZEe ARt Awe] gubw]i=d) 4L gpE
sk A= obF 7] Bwlaa) ok o8 So
HA22T/VGH, HuH6, Huh7, PLC/PRF/S, HepG2,
2215 5 o8] F79 39 MEFE B5E FasE
Mbadsla QlAlnk Fas ligationol] o] & ) Eapa o
PLC/PRF/Sel| 4]0k deojuhe}™, dialel 4| EFel
HT-290|| 4 %= w37} 2] & HT-292 A F 3 o
FasE W sl ¢l#]ub Fas ligationed] 2]3F 4bwd
o] F5]A] o= wbel IFN-y 2 2] %)% HT-290)
Mz Soldt IgM &Fasshal|e] 5o u)esle]
Aol FurE o 0 FasE widsla gl gz
HT-29o] &HFasylal] 22 FasE ligations}sl Age
TREA ko) I8 4AH4e GER|n™ pa
ligatione| T-HE “=&alof] )3 HzAZelalz
e ALE B F AHE el A3
o zZ|nt FasE 53k olw 753 el 27} 4=
W AdgE o)o)ghe}, IFN-y 227} HT-29
ol 4 Fas vl AlEAHE Z712)9)= o] 5 ma)
wigeteh shed due gl A, IEN-y 7]
Fas Wl & S A7) 28 FasS S 4159 7%
7t Sdisle] Ade] dold 5 9l w22 Yy
Heba Az 5 93, S, IFN-7 ol 2)slo]
LA A Eol M= FasE E8 Abo) A
b zddokn £ =% glon], A, IFN- 5 of
2|4t HlE2] ofW o} & W&} Fas oA LA
Holl gt 548 FPA7 3 Agg S5
Sk AL IFN-y HH 2ol 2|sfe] HT-209
Fas Ghj 22} mRNA W& o] Z7bx|n(Fig, 4), o
# HT-293 MESidel] FasE abslsla glaut
Fas ligationol] 2]%1 #wle] fuim)z] bl wim
IFN-y X x| HT-290) 4= Ado] Sulg o}
© AUE Bagh vh o} B el e o=
HT-290l|.4] = Fas ligationo]] o]3le] #|Eme] &
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#—# |FM- ¥ + Staurosponneg
= = = 8 Slaurosporine
o—0 |[FMN-

100} o - - o Control

Cell death
2
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ﬂ i 1 i i ']
w2 w' w1

lgM anti-Fas (ng/mi)

Fig. 5. Effect of protein kinase C inhibitor, staurosporine, on Fas-mediated apoptosis of control and 1FN-
r pretreated(40 ng/ml) HT-29 cells. Fas antigen was ligated with various doses of mouse 1gM
anti-human Fas monoclonal antibody for 24 hours with or without staurosporine(20 nM). Cell
death and cell survival was measured by LDH assay and MTT assay, respectively.

o—— |FMN- ¥ +HY

- -9 H7

g |FMN-¥
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Q= = = 0 Control
N =
g »
BOF . i
E _."' o
0o o T )

107 1" w0t 1w w0t 10?

8

Cell survival

G B L i M i
([ R T S T kR [ M SR (1 &

IgM anti-Fas (ng/ml)

Fig. 6. Effect of protcin kinase C inhibitor, HT, on Fas-mediated apoptosis of control and TFN- ¥
pretreated(40 ngfml) HT-29 cells. Fas antigen was ligated with various doses of mouse IghM
anti-human Fas monoclonal antibody for 24 hours with or withowt H7(10 nM). Cell death and
cell survival was measured by LDH assay and MTT assay, respectively.

whE| A gk Wb IFN-p HXH X3 HT-29¢) A=
fek o)EHl Fas w7l AEADo] frisls #
elsbelch(Fig. 1). vk IFN-» A 23 HT-29
off el A FAdE o Alsls cycloheximide =
mRNA #A}S o #d|lsl+= actinomycin DS 7H 7))
o] Awe| Hul¥|= Zle g Yol IFN-y 3
2| 2 Fas vldle| Z7b=]5l o]of| whit}l Fass S54h
A& e ZBErt SdsEe]l AdHe] doid & 8=
oz & dA dohs shsA S wag 5 U

a1} cycloheximidey= THHE hA-E <A@ %
ok opuz} MEM AFHDHEE AN
AsE 7PAEE™ A4 Mz259) AHapoptotic
co-stimulaton) 2} 3L e  Ealck= A4S Fhelsld
[FMN- y #1223k HT-299]| 4] Fas ofj7l 4| 3ZAHe]
fubE]E o|fell ok AW F IFN-yof] 2lsle]
4] 3hEl M Eof| A FasS S Alde 23
g}7) ZaEick= 7 sl e = gl wel
# IFN-y 72X &k HT-290i|4 Fas o 7§ 4|34}
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*—=# [FN- ¥ +Calyculin A
o- - - » Calyculin A

o—o IFN- 7

100F o - - o Contred

Cell death
=

L

Taw T ﬂn—-—-—.—-—-‘.

o oo owt o g

Cell survival

D a " i 3
07 1w o 1w 1P
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Fig. 7. Effect of protein phosphatase 1 and 2A inhibiior, calveulin A, on Fas-mediated apoptosis of
control and IFM- y pretreated(40 ng/ml) HT-29 cells. Fas antigen was ligated with various doses
of mouse 1gM anti-human Fas monoclonal antibody for 24 hours with or without calyculin A{10
nM). Cell death and cell survival was measured by LDH assay and MTT assay, respectively,

Heo] FEl= o] f5 IFN-p of] 28k Fas o7y 4l
2] oA = Aol wWEl Kol IEN- o 9
§ HT-29 4| 2] $4 817} Fas ol ] | 3E 2 of
W s S92 weln) @ 5 9o}
ksl T-HE W NKAEe| o)ale] B4y
© IFN- 7 3= tfefst 7]5-2 717 Ao|Evjelo
A gt gl A E 5 ofe] E§e vodgE
T BHAAY dFN 28 Yo IFN-y =
S T-AE, gl E, 9 Au]a)Eel2] HLA
DR, platelet-activating factor receptor 2 intercellu-
lar adhesion molecule- 1(ICAM-1) 5-2] el ] 7}
drigkde] S A9, gialer g Eas
HT-29| 4] IFN-y 7} Fas W1#3 Zsp4)7 mn)
obel Fas w7 MEAHE Z7ba 7)) 44
o IEN-7 7} Solele ol 34zl agte] wiealz)o)
Fas vij7l} #|E£A}do) Slofdt sl e a)a)dhe}
A2 fHY W EHYo] dHH oz wldu}
o o]FolA = WAL A (initiation), =2
(promotion) 5 313l (progression) 52| thA|= L}
of & 7 e, Tl o) =g weta Ao glo]
A FEFE AlEe] 4L 2w At ol 4
Al T4 2] F7F Wab obuzl A)E Acell death)
7t HEROIE Ak, MEAE Zdes §
A= ghel EabgEeh Wz Fo) glol4 b

- AHoncogene) 9] ¢Fe] ﬂi%‘f‘lﬁ]'(tumr-mppr&smr
genejof] U2 vhal Fa A sl Ao
DA ek AE Ade] gAHA o o
ihme] AHE fubslar A A whEo) Zajals
Tl #Hdeath gene)?} F412 fubals 4w e of
Alshz f4 2Hproto-oncogene) o] Abwksl 2pg o)
Tl 2l3te] o] fojZl= e YUnbH o] 2]z}
olck. 2L} o] gt o] S R chidled 4
el dgE 25 a5 gl emye 5
ol %A fHAE AT sk A=
7 S487 flel4 e competence signal® pro-
gression signale] 2 2 3lc}l. Competence signal-=
M| FA T} Aol glols] FEH o g
45 048k progression signal<= 4| 3E 2] ==.4]
o} A& FEEEc) S, competence signalel] ©]a)
of #4515 AMEE= progression signalel] ©]3)od
FHEzU] DNA S 33} 4ol 4 check points i
Al FshALt progression signalel] o] 4e] g)en
Aol olsle] AlALC bel2 FAAE ey
W EEH Al Aded Peldts Fad =4
UAZA bel2E sl A 7]n] H|Ee] 240
W glet AEE oalste] MTe azs
A, bel-22] 2H87]3 2 o}=7)7) T
HA YA gkorn] b2 fAA S AL )
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Fodal= FHel didt 7|4 e Ei=]o] 1A
oko} bel-27} M|V dhbgy K AEHGE =
Ao s HE AL oAstae) feEa gl
" aeh) MEEA TE)E Meyiotoxic T lym-
phocyte; CTL) wij A} A4 52 Z-folli= bel2 5
AAL Aol MES Az Ye] KA Hst
m g pel2o] A o i Byl elein &
s edek #H < bel-xL, bol-xS, bax, mcl-1 "3 Alr,
bad, bag-1 5 bel-22} 5430 bel-23F FAHAE
clone=| @l e}, e-mye FH 2= HE F7]2] S7] el
Aol AEgos Axe A4 9 F4AE
Z2Hs 2]Tolli e-myeo] ME ApHok yhof
b Ade] iRl |, c-myce] HFEE
A Ee] 243 Ade] kgt high tumover 4l
7} %=l ras, bel-2 2 gbfH A EE FAle W
A=A F9 A FAATE A" A2 S
o] shelabA] feb. c-myedt FAbsbA] ps3 gl
Ad Geeld Fadt of@e gyt ps3
2 DNa Hftctwjog 7 AHabA Q) 2k (transcripti-
onal activator)2ld] MZE 7] G172 HHdH
{check point)& Fallgbe] S7]e| ZIial7]ell Sk4
DNAS] el & FHA$het DNAZT 545 4 3
A P53ell 2)a}ed p2I(WAFI, Cipl X sdil)2) #
A7}y Z2Vabed p2ie] Gl7lell= cyelin E-cdk22}
2l §57]ell+= PCNA(proliferating-cell nuclear
antigen)2} A¥sto 74 HFEF7| 2] FAPE A=t
g, ps3 A4 whgzellA wAH =4 ER
etoposidec]] 2]¥t A2 <A =] A5k o F A=l
ol Al ofuks WhA| b Zle® Kol ps3
olEA AEE DNAYE =4sl HEE AAHR
kg Fe ¢ F Ao F, ps3 DNA
7} &4 AEe] A4HE fiee §H  Hapop-
togene)i 24 A4#H el DNAS #2147 =dl T2
# eSS 322 “Guardian of the Genome o]z}
i

of 2| 7} Aol 2l chakit H|Eef| fois|
Aol glelA Al oAt FARbe] o¥E
el A2 AMEAES] F1HE sl S 7
5 = ddabd F2 slect. upehs] 2o

dlMe Ad ol fFHA wd ] wst IFN-y
A2 26l o]# AEAH P4 Sk fiklol
%)=7] ool il] glujed IFN- * % H3Ee| HT-29
of| 4] bel-2, bax, c-mye, p53 52| AE =Hof| 3
olsh= FrAA2] mRNA WS RT-PCRE &7
shgleh HT-292 ofl§ 32 k2] bell mRNAS
whalalaw glel e pel2 mRNAT IFN-y 313 ]
ofl 2ale] wsbalAl ekbet. ER bax, c-myc
p33 mRNA HFE S IFN-y 2 x) el 2fsle]
&2 gksivHFig. 4).

A Eo] Adg 2 als, ghabd =4 vins
7hed, AT Hay Aue] £4 9 AFEFEY T
225 4 A% 5 chekek A5l ofsle] fE
9 4= glel o]l ciukdt A2 MEAW G
o] A<= cAMPE] 23, protein kinase C'” 4 tyro-
sine kinase ¥4 % 2] ¥ &, oxidative stress, cera-
mide 9 nitric oxide®] A4 52 Fihsl= ookt
ATAT A2 E ARG et chakd
AFel] 2]gh opakdt A8 FEHaE vkl
Asie deisiel Adelet 3349 Ao
wloslglehA wke-2 fuldbcka AzbE s glch
ol#] & 4 .;.3#“‘ tF"‘.3:1 ARol A AH-E A
1A das {FHAE FoHe Alx=e] AHx
nematode?] Caenorhabditis cleganse]] 4] ApHeof| <
5 v)Rs 29 f3HAEE deAA = e,
ced-3(ced; cell death defective)®} ced-4= H|E7}
S Fedslar ced 92 AHE FE| HEE R
Tl sl Ao Bel-2eb fAHEE chefds
ghso] Ao} Apde] shak ghubel C. elegans®]
ubal 7)ol ced-3 WFElo] 7hak ™ Rar-1 4] ZEel]
ced-35 TFE A F|w AAdo] dojdhs A4S
A A Y ced-37 F83 HES g3
E A44e B3l ced 3 §AHA AET F4
# E479 AL o 7FA 7L cloneX] 92
= o] 52 3] kDa2] pro-interleukin-1 4 (pro-
IL-1 2yE 175 kDa2] #4323} IL-13 2 F#A]7]
= interleukin-1 A converting enzyme(ICE)2} &
o] & cysteine proteaseq]o] g F ™, 2
T caspasee} v w9l o} Ced-32} ICE Abe] 2]
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P 2] 321 Fas o7l HT-29 H)F4psle] 72 -

ofu A4t AEd2 of 28%e] Ak H A a4 Ho)
FEAol 1 =3 Fog HHo Ba A ¢
27 FYU3 Ao Hol C elegansol| 4] Ced-39}
#o] ICE ®=& ICEZ{family) cysteine protease =,
caspase?} EF-5F2| H Eel| 4 Aol Tofs}l= 3
8 Z3e] Fdelel. HaA) deiA 9l caspase
ofi= Nedd2/Ich-1"", prICE(protease resembling ICE),
CPP32/Yama/apopain™™ ™ TX/Ich-2/ICE 11"
ICE=IIT", Mch-2™ 1] Mch-350] glow] cjaksl
Absell 2lgt chekst djEe] Aol caspaseo
A gel] cHEE A7) ghds] ZeaPs| o glel B oo
Toll = IFN-y H2 26l 2)3F HlE AW 7Hy
7He 718 L Ateke] Slelbe] IEN-p 2] A
2] HT-29¢]4] ICE, hich 9 cpp32 %5 caspase §-
H2p wbE o] W3bE RT-PCRE &3 sl9 =] IFN-
v AA= H 58] HT-29¢0 4 ICE, hich 2! cpp32
T AEAHAY Fgo] AsichAle] 2=
caspase i HAk2] mRNA Wbl mal zho)sb gled
tHFig. 4),

HaEgh vhel Po) Awg Subals= ooyl =)
T MEAY Ca'e) A cAMPE] =3 protein
kinase C*" % tyrosine kinase HAx0 HE, oxi-
dative stress, ceramide %! nitric oxide®] 44 =2
Egrshe okt A5G s 487,
Ad A% ADdHEE AT 2F 9 L9
Farell mah 2e)Ft gl Zlew Azkslw gl
Protein kinase C3= diacyl glycerol 81418 & %3}
© A=l 2lute] HAuE = ATAGA T2 A
A2 F5 9 A8l £33 a4 wdel AE
e FASE wla edAa )R st Hew
A 2o 7L IPN- ¢ "3 keratinocyte2] Fas
w7 Al EAH-E protein kinase C g4 ¢171e] TPA
of] 2)sle] F7d=]=dl protein kinase C 2f 4 72l
H7Z TPA]| 2j3F A F-5 o as}a)ut Fas
of7l A O AAE AlsA e ke ds
phorbol ester 9 zymosanel] 2]&le] Fbs = o4
AE Apda} vl Hfoba Lol topoisomerase
T =} A2 ctoposides!] 2|sto] fuls= AlEA
™2 protein kinase C 2] a2 staurosporinee]| 2]

she] oA = = vhed™ protein kinase C of A4 =}
b Ads FbslAg 2 ATl g8k 4w
a FAAANZZ et B el ol 4= protein
kinase C <] 4|49l staurosporines} H7L- 1 73
b AHE fUelA gskew IEN.y 2 x4
HT-290i]4 Fas of 7] A|AZAES ol flaizu) 22
&2 pEskohFig. 5, 6).

Protein phosphatase 1 3 2A<]Al42) okadaic
acid®} calyculin A3= glucocortocoid2} CD3 ligation
ol 23 THZE2] Al gl heat shockd} ub44 =
Aell 213 BHES] A4S dalslog s
chuf 2] =helad3dephosphorylation)i= A4o] o]
21 fl3tel % et Az Alzts) gt
AEAdGeinio] st HEE MEo) 4za,
2443 A gl Bl glold Fag d8g 9
oot kelA gl e EakEzicizle) g
2l okadaic acid®} calyculin A= =& =Rl e
2 A7 AEARE dog|7 s sfuat g
Ve QA AEsl AdstH A o)
225 A=A ol A Beea] el 8 =
el B dFoll 4= protein phosphatase 1 4 24
HaA| A9 calyculin A= 1 =pa)7} A2 kst
2] gkekoo] IFN-y # % %3t HT-29¢)| 4] Fas ul]
N AEAL S wWoha] 72 okehehFig. 7). wfa)a]
IFN- 7 2] x|k HT-290l|4] Fasol] 2|3k e 4
¥ protein kinase C H:i= protein phosphatase |
WA AR SgFog Hdua|a) Az
pils

Afhyhe] AE| M E= g Fub-Le)] oale] Ay
o] Holub= ¥ =2 Fo| sljo|c). tHaid)s
T-HI%E 8 NKA|Eel| o)sfo] 4455 IFN- y 7}
cladqt AlES2] HT-292] Fas bl e =s)a)7
o obdel Fas w7l AlEAdel] digt gas
F7HAZIG B e Ak dE=ukse o8
7] H ol A Fase] o €2 A Abghc}

E<| =

Fas(APO-1, CD95)= 4| EEHo|| vt =]l 40
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HZH Fade] 9l MEel A AE F2ebe
AEE Al 2 adfofl4i IFN-7 A%
s thabgh AlEe) HT-2000 4 AW ol §4H %)
Hbd o] W3S otol B0 protein kinase C%} pro-
tein phosphatase & 534 4137} Fas vl #l] 4] E 40
of] ShedpA] Lelrnz} sedcl A E=4 )
HEAEFE 212} LDH assay$} MTT assay i 4
gkalgl oo A2 DAPL ¢d4 & confocal
microscopy & FHEHE wle] dHeuisz holste]
I DNA fragmentation®} TUNEL assay % 4] E
DNA <F9] Frag e =4 HEsdch 4
Wb ed @bl = G472 gl caspase mRNAZ|] wba
< RT-PCRE &33}qglc}. IFN-y A2 x)s4] <
T = HT-29¢ 4 3= 1gM &FFas thel 28}
(CH-11)2 FasE ligationdhe] & H|E=A gl 4%
AEF2] Wshol SElaba] ghslou) IFN-»
A|%F HT-290l| M= #all2] & foll wledsle] LDH
assay ® FHAE A E54Ye] Z7}ali MTT assay
2 SR AEAEFe] haddden qESA
2] S7b e AEEY Fas AFE A 79l
sech HT-298 ol$ A2 <k2] bol-2 mRNAS
Hbgskar glelem] bel-2 mRNAY= IEN-p  #]3] %)
of] 2]aled WHEla)a] ghgbou} Fas mRNA HiH 2
IFN-y Hxx]el| 2j3le] F=|gick. bax, c-myc
W ps3 Fol AE it fAH A9l ICE, hich 9
cpp32 5-2] caspase -H2} mRNA v 3} [FN-
y Al 2jsle] wolslA] gkgkel IEN-y A
2 2|5k HT-29¢)| 4 Fas o7} A EAd 3
kinase C a2l staurosporine®} H7«l| 2)&)e]
o A= 2] ¢kgtov] protein phosphatase 1 =l 2A
2 A AN 2] calyculin AT IFN- 7 & & X]8F HT-29¢|
A Fas off 7 A EAE Sl 8hA] 7] A gkshet. o) 4
2] Z#E HT-290] W¥sl3a Y+ Fast 4| EA
HE skl A% SRR 240 =A Esla
Fas o] AEAx Age] o}z fleiH=
IEN-y of] 2]3} drajH] 2] 425 aschs 4
Aa & A%k IFN-py HAa)e] o 4
A2 =, Al F7 Adbs IFN-y el 2]t Fas
wE S gk olyil o AAHE =gien

protein

zhgele] Fubs e el AT bel2, bax, c-myc,
p53, p21, ICE, Ich, CPP32 5 AdHy 3=l n
e F FAH e whEe] wWElele] Yol W4
+ o & oF = gledel =R IFN- ¢ H A 2]8
HT-29¢l]4] Fasol| 2]} A}b= 4] F 1= protein kinase
C ®:+= protein phosphatase 1 = 2A A 2gl= =
HE e g Hds|gfel Azhaiao

AMOICHY: A)3EAFH | Fas, HT-29, IFN-y, A%

Herd 2, Caspase
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