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Abstract — Induction of apoptosis is considered to be the underlying mechanism that accounts for the
efficiency of chemotherapeutic drugs. It has recently been proposed that doxorubicin (DOX) can induce
apoptosis in human leukemic cells via the Fas/Fas Ligand (FasL) system. Comparison of Fas and FasL
mRNA expression between drug- and anti-Fas antibody(Fas-Ab)- induced apoptosis was analyzed for
examining the role of Fas/FasL system in the mediation of drug-induced apoptosis. After HL-60 cells were
routinely cultured, MTT assay was performed for cytotoxicity test. Giemsa staining was carried out to monitor
the apoptosis morphologically. By semiquantitative RT-PCR analysis, the expression of Fas and FasL at 4, 10,
24 hours was determined after DOX and Fas-Ab treatment. Dose-dependent cytotoxicity was induced by
DOX-treatment, while Fas-Ab (reatment showed the similar dose-dependent pattern but the cytotoxicily is not
reached at LDs, at 100 ng/ml concentration of Fas-Ab. In the 10ng/ml DOX and 10ng/ml Fas-Ab treated
group, typical apoptotic cell morphology was shown such as fragmented nuclei and cell membrane budding in
the Giemsa-stained slide. Fas mRNA expression was not changed significantly in the both groups. But, FasL
mRNA expression was induced significantly at initial period of apoptosis. In this study, Fas/FasL interaction
assumed to be involved in drug-induced apoptosis.
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7A2E F3le] apoptosisE w7 EHE 0= deA ghrl(Itoh
=, 1991), Fasell @&3ho 24 A= apoptosisE -3l
AL 2 oteiz] Fas Ligand(FasLy= 1% Az qhlzlg &
= B8 TAZ, 2z, b Sl Ageez by
3}5L TNF familyel] <3} Fase}e] Zehe 2 A %1 apop-
tosis A1 FAEE sk Z0E deizlch(Suda 5, 1993).
gk 2 2A] FE] BAAYESA 7)H AelA] FHZ
apoptosis7} F83F A€ Pdgcty geEAm gl
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-5 FasLe] hge] Zvlsle] 3qtA)2] 7)) Fas/FasLe]
zhgo] a3 A& i oot ARt Villunger 5
(1997)2] Hyol wawl gekAle] 24751024 Fas/
FasL®] %4Z21-g- 8 vf oz} & 7]4e] gl AR o
&3} v} 9le] o} Fas/FasL AFZat-4-9) ghebA]l 2Her)d
ol ] A&l g =7ke] g}

Fas/FasL %9 2 o]Fo]z] Fas A3 A A= Fasol
A Z] death domain¥-$)7} FADD $3} 285} 7 o]¥: )
2| caspase@= proteinase cascaded]] &g}t Al FAdo) F¢
3t 71H e 2h4-5l glrhH(Antoku K 5, 1997). o] 7]%1 ]
= - EBabsl e vlekgl AxlEe] 1 9 A sizlgel
3z o2 x| bel2-family, ceramide, p53 5
Agae] FeiAde] txa oz 434 glvh(Vauxe} Stras-
ser, 1996).

ghabA| o] 2-Lofl A Fas AZA LA A L] FAd 27t Y
5 o] oha} ZFt(Muller £, 1997), 4173 o)A EZE(Fulda
% 1997), A (Micheau 5, 1997), -f-}9H(Sheni} No-
vak, 1997)y5o|4] thekalA] F8Ade] A= glr}. 54
Tt a7 2luls] Eok(Fulda S, 1997), T A2 wWad¥] (Eischen
5, 1997) SoflA] <fE 844 apoptosisel] Fas7| el )7
etk AN AR AA =3 gt

w4 ] Fas A4 2A A et #ald 495 4
HEw, T-4s Al Jurkat 4| E 4] Fas-Ab i{a} &
cytochrom co] o] & B3 n|EF 2]} 7]
5 A o8 deidrlm xAskw alJ_(Krlppner =
1996), B {37 A4 AR e F, HAd4 0,
H|ZX W AL FellA CD402] 544 A o] Fas
< Z71A713. o] & apoptosisZ Skslcly ¥ wElw gf
H(Wang S, 1997). =3 2874 L) U937 A E350]
gt Ag el = Fas H4+Al apoptosis7} oFE $kA]
apotosis®] 523 71Hel T A o] & 0|87 M= ¢

A7Ee] A== 2 g)eHPom-Ares £, 1997). A 28T
AZE2] apopiosists Fpo|HA TR Z7)E]T o)=
Fas W9$7}2 9lgthy <22 cH(Bouscary %, 1997).

o|Ats) zro] WiEHe] apoptosisol| 4] Fas, FasL =22
Z71= DOX o]l carboplatin, etoposide, methotrexate,
cytarabine 5] viefgk &obAlY] 2 T4 FES
gk, wg YW T E37) ALHE AL 3
JAANBA] AR A3A 2= FA QY o) Fase] g
o] 2938 Holzlm AAlsle B w(Kakihara =, 1997;
Frisen 5, 1997)2% glvh ¥ A3721& DOX$} FasLY
agonist® Z}-8-31= Fas-AbE Al-§-sle] AT Az
¢l HL- 602' ﬂﬂ'&}cﬁ A A &-§3} apoptosis °J=/¢~°— 22
3} Fas Z FasL mRNA &8 Q348 nas) Bog
2] @& Al apoptosise]] 9)1¢JA]2] Fas/FasL /’;J r2bg o]
F8AE olsldlzr} slsint.
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HL-604 2= Abge] §A4 354 Wdy Alzgs
2] 10% fetal bovine serum(FBS), penicillin(100 U/ml), strep-
tomycin(100 ug/mlye] ArHg RPMI1640 Wiz o4 377C,
5% olAshetn wierlelA wldsiode. AZHAE o
apoptosis EA] ol 3= A8 =) FBS T3 7l %) 2. w4 8}oq
Aa5r).

MEZ=MalE

Fas7| of7fete Al £254-2 stold ] 24, 6-well tissue
culture platee]] 5x10° cells/ml-2- #5387 DOX(Sigma
Chemical Co. USA) 3~400 ng/ml, anti-Fas human mono-
clonal IgM antibody(anti-Fas Ab, clone CH-11, MBL, Japan)
3~100 ng/ml-e- Zh2he] HEFw g Hrlslgs gads
phosphate buffered saline(PBS)e.2 A& shdct. 371, 5%
olatEieks wiekrlell A 3, 24, 48417k ukEAZ] F, 96-
well flat-bottom microtiter plates2] Z+ wellel] 100 14 £-F
g} tl-g, PBSol| £33k MTT stock solution®} incomplete
medium-2- H7lste] MTTE) HE5 =7} 0.5 mg/mlo] =7
&g 37T 4] 4417} F]F WS ATk 1,500 pmol|A]
387 A Re]sle] AFEL A A8k Sorenson's glycin
buffer(0.1M glycine, 0.1M NaCl, pH 10. 5)3} isopropanol-&
12 Egd G908 150 1l Yo AA-g 938 L8417
&, ELISA reader(Molecular Dynamlcs Co. USA)Z 570
mold FHES S siiet.

Apoptosis 9l(Giemsa staining slide)

A28 FE B A AESE weiols Fehago
100 p1 A s}32 10% methanol £ 0 & 587F 7% &
7% #e]Z modified Giemsa solution(Sigma Chem-
ical Co., USA) 20 - A 5he] 1087+ s}y =8
T2 28] AH, 2%} F Apoptosis®] HefEhAl<l EHE
< Fashoick
Semiquantitative RT-PCR

ApoptosisE- {18} 37 o] W] Fase} Fasle] whadg wat
8l7] #3te] Villunger %3 Friesen 59 A¥-L aby3}e]
AA 5l DOX, Fas-Ab 22 10 ng/ml A4S 4, 10, 244]
E+ UltraspecTM RNA kit(Biotecx,
USAYE Al435]e] total RNA,—E_'— Z&35)a, UV 8503054
2 260 nmol|A FHES EA st Fzke] H%E 1 ug/ml
2 e Total RNA 2 ugell oligo(dT) pnmer— Hof
15 ylz sfod 707 587 w7 ohe, & gl
o] Fglt). o7]e M-MLV RT 5 X reaction buffer, 25 mM
dNTP, Recombination RNasin Ribonuclease inhibitor(25U,
Promega, USA), M-MLV Reverse Transcriptase(200U, Pro-
megays EI F 25 ul $9FCE 3] 427094 6087 4l
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Table 1. Used Primer and the result size for PCR

Primer Nucleotide sequence Result size
GAPDH Sense accacagtccatgecatcac (948-967) 451 bp
Antisense tecaccaccetgttgetgta(1399-1380)
Fas Sense ctcagtacggagttggogaa (143-162) 1098 bp
Antisense aattgcatatactcagaactg (1241-1221)
FasL Sense aggactgagaagaagtaaaa (134-153) 966 bp
Antisense cigaatacaacattcteggt (1100-1081)

2 A7}, A= first-strand cDNA]] Taq DNA polymer-
ase(TaKaRa, Japan)E A8l PCR(Perkin Elmer, 2400,
USAYE shieh. whe EUFE 947, 57 WA The,
house keeping gene?l GAPDH7Z-$-< 2lcycle, Fast
30cycle, FasL<= 33cycle-2- BH-8-X| Z o}

oluf Z=EF7AL 94Tl A 30%, 60TA 30z, 7209
A 3022 dct. AW 2 E Table 19] A4 S& A
$o] ZEele] Soldql bandE BT PCRY an-
nealing SE9) e WL Eohed 60CE Aakedm 713
FrA PoT 2R HHE A A7) e
B2 A3l 1% agarose A17]°3% & 2 ug/ul Ethi-
dium Bromide §-ololl4 582} 433 2pol4] sl
Z45}3L band?] F%=ZF TINA Image Analyzer(Ver. 2.09 g)
£ olgale] sy}, olw dlE2FeRE GAPDH
(Glyceraldehyde 3-phosphate dehydrogenase}s AM2-5}% 37
Q27 H)s) 2748 R 52 v waa

oz

DOXZ} Fas-Ab0j| 2|8t MZEMES HA}

HL-60 AZF) & sHAE 72 FeHE Aais
o), FEATY AF HFEE 3ngmle] AFEHEA
2318 AEAASE] R T vlsle] Svlste SR 2
FIL 16 ng/mle] TR AR e = FRIEH] A2AEE
ol WEE #2359l 53] 400 ng/mle] ] T
HE| A A EAEEo] 247 el A e FAF] Axdhes o
& B3cHFig. 1A).

A Aele] AY AFEelAs FETulo] oE A=
AEgS Hodcl = 3-6 ngmle] AEXol ¥ 25 ng/ml
olAke] T m o s 24| 7ol oF 75%, 48A]7ke]] 70%,
T2 7| 55% HEL] AFAELL] HMIHE Fo
AEAEE W37} = gen) 25 ngml o4 F=
ol AZzAEE] wsjekite] & Ao/l gl FU¥
< 31l cH(Fig. 1B).
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Fig. 1. Percentage survival of HL-60 cell with varying con-
centration. Dose- and time-dependent induction of apoptosis
in HL-60 cell was shown in A) DOX-treated HL-60 cell and
B) Fas-Ab-treated HL-60 cell. Data are mean+SD of tripli-
cate results. Cell viablity was determined by the MTT assay.

Fas-ABE x]2]5}lz 24, 48A]7F A3}lE, Giemsa 9-H2 3
3=}, apoptosis?] EA9l cell membrane blebbing, apop-
totic body, FAA 55 2 o9 AL PAY 4 94l
thFig 2). o] W) Fae] 2 eael Exel Azt 3}
T2 DA eshe) A9 HeFAel AL AFe
F(DOX 3-16 ng/ml, Fas-Ab 62525 ng/ml) ¥ F¥=T
(DOX 80-400 ng/ml, Fas-Ab 100 ng/ml)el|4] Z Zfe]S ¥
o)A erskAIt e mFe) AZ3%A) Apoplosise] H42
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Fig. 2. Moporlogmal examination of Apoplotlc cell by Giemsa
staining.

A) anti Fas-Ab 12.5 ng/ml 24 hr treated cell (x 400)

B) DOX 3.2 ng/ml 24hr treated cell (< 400)

C) anti Fas-Ab 100ng/m] 48hr treated cell (x 400)

D) DOX 16 ng/ml 48hr treated cell (X 400)

Anrow in A), B), C) indicate a typical apoptotic cell with
fragmented nuclei. And arrow in D) indicate a cell membrane
budding. Cell was staind with Giemsa solution and photo-
graphed under LM microscopy (magnification, X 400).
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Fig. 3. Fas, FasL, GAPDH mRNA expression. Semiquantita-
tive RT-PCR of Fas and FasL. mRNA after DOX treated and
Fas-Ab treated HL-60 cell is seen. After DOX and Fas-Ab
treatment, Increased expression of FasL is seen at 4 hr and
gradually decreased at 10, 24 hr. GAPDH was used as in-
ternal control for semiquantitative RT-PCR. (D4H, D10H,
D24H indicates 4, 10, 24 hr DOX treatment, and Ab4H, Ab
10H, Ab24H does 4, 10, 24 hr Fas-Ab treatment)

ol AlZEEe] o] we| FE= ot
Fas@} FasL mRNA 2H3{9| Hisl(Fig. 3)
skl EAD) NXAZES TEisld apoptosisE
kg = 9l AR R AElgl F2) Fasi FasL mRNA2]
Byl okalg v wdAslgch 10 ngmlFEEL] DOXE A9
2] 447} AT Fasl WAL o o] A= Z7}edcir}
10X 7k A= 320 27}, 244 7kell = 150 Az 2 7k43}
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Fig. 4. Comparison between DOX treated and Fas-Ab treated
HL-60 cell

A) Fas mRNA expression pattern in 4 hr, 10 hr, 24 br

B) FasL. mRNA expression pattern in 4 hr, 10 hr, 24 hr

The data shown are from a repersentative experiment of three
independent experiments performed. (D4H, D10H, D24H
indicates 4, 10, 24 hr DOX treatment, and Ab4H, Ab10H, Ab
24H does 4, 10, 24 br Fas-Ab treatment)

oFAFE- BolHle Fas il o) &atd v 71 2 744

#Hol vehdA] ookl 22t 10 ng/mlsE=2] Fas-Ab
iiﬂ/‘] ol 4x7kellA] FasL *Z&de] 4.74, 10A17koll4] 2.
9ufl, 24| 7}of| A 2.18] 7)== ofARe B¢l ¥ Fas W3S
DOX AzlZsh 27 $-21317] 2745t 74814 shsheh.
DOX 2] 75} Fas-Ab 22| ®5 FasL Wl -S5-A)5 oF
Apol 5w, aXZkelA] Aol o] 25Tk} A2ke] b
me} 2H4she 78S Hols g dlsisiti(Fig. 4A, B).
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Fas/FasL A}:&21-4-9] apoptosisel| A 2] F=84]-2- ufgdu]o)
9ol AXAA Eel] Nk AF2)4] ZAMA] Fas, FasLEba 2
Z7}(Levercus 5, 1997). F e -2-0] k=2l s8] 214
A apoptosis(Lee 5, 1997), o] & o] &3t 7|foja] &
2] Az Zo] 3] o] Foix B-& Zige] ¥s{Alz §)
o). E3F Fas w7 AlTAETdH dars do79
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apoptosisol 4] ceramide-S

-
sJsted AEAYT 4% 2
9 4 9lrks ARe] 1A AeHGulbin 5, 1997).

o]2 &t Fas/FasL AFEx-8-2] Faiel] tlie] #Ens
A 2A BolA s wA RRAAA AZAE
£-9) 93}9} Fas/FasL 0al o o] AA= T v 2¥ o
S A}A1L HolzE g)X) "k ekE- -fHA) apoptosisZ} THE

5} Ras, Rachdli 2 E2) 774 o
=]

R
E3}e] thefgl HhE-Ee] 2

Fas/FasL AAZaRgmte 2= oojd Zo)zha A3}
o}z 8l = Fig. 4.(A, B)ol|4 F 7 25 Fag/FasL w3 <
Ap& fxlgte] v Fig, 1A, B)S] AlZ2A4E2 A3 of
EAE T A3 zEEelA 50%e]sm " AxQ4E
fo] AtEle Wb A AT A AT o|atlA
= o olake] EAEEe] MEER] ¢ Aol 100
ng/mle] sEEellA 72A7F ARs|= 50% ol4ke] M EAY
Z5-2 BT}

DOX, Fas-AB # 2] 2.5 apoptosis#] v}eli}= A|Z2] 3
5ty 5424l ¥ & 2 FE 7 apoptotic body 5
Az 2ol A= AE Fig 2004 2 5 9ldd=
g, ol wE7AlY WA EFe] UBTAHEe] gt
etoposide A 2| A] viehle Al £ Hejshal Wishe} vl
2 o) frAber A3l ch(Dubrez 5+, 1996).

Azl ok, A2 2)F oA Fas 2 FasL T3 AL
DOX % Fas-Ab H&]¥ BFell4 Fas mRNAL) &-& ¥
#7h g9l whH FasL mRNAS] hel-& F F BFol]
47} & 2] A] FasL whel-L DOXA 2 A] 48] Fas-AB # 2] A
4amAER AAF FriEle] sl 104]7keA 324,
2.98] A% ZrlEle] 9l9l 7 244kl A & 1.50Y, 2,16 A
E2 Aa} 2bAme] ke okAE B9k DOX, Fas-Ab X
27 =5 FasL gle] £7)| o}l o]z Fas/FasL 4
F2ha-g Eale] tiokal AlE Alsddapie] s o
24, 48, 7277}l AAA] apoptosisE FATRE A A EA
&g WiE e Aor FAsrh w3k HL-604 =
o4} oFE, 3A 22T LTl A Fas *D3-2 BlZrol v 3]
Z Ael7t g e zHde] B w FasL wE3vP)
apoptosiss 717 F28 7Y Aolzke A2 3
it} HL-604| %o Fas-AbS #]sle] 43§ Furukawa
=(1996)2) B 36l oJspa A EF7)] FeF, 53] cde2
A1) promotorel] |3l Fas-responsive element2] 2k
g0 AETF7] HEe] AA olajgh AlZAEES) s}
zo= o2 A=)

Fag wrgle] Ae)7) ¢lrte Aalk= Fobd|Fel Plasma-
cytomaSol| th§l Fas-AbA2] 4| Fas whdle] A zAl&gx)
UAgE dge] guke R (Villunger 5, 1997)= THE
A}, o]# 3 Aol WA T F3hatA Fol] et
= wslE Qe Aoletn 43519 2 DOX 2 Fas-Ab A
ol FasL wle] Z7Hsls AL 439] A3l s

Me o &

ol

)

o] 9ETrt A L] HEE $)3] FasL L3-S Fxsla o
2%} FasL o] in vitro wlof3td el B4 LES]
AzAbz g o388 sk Aol obd7 A8k

5 FollA] Fase} FasL @3ofil-2 £ o] WA 5
w99 © vE Ars @ w2 DOX, Fas-Ab A7
Ale] A ZAZEE W3} o E HE wEdchd DOXS A
Fohy Z471A ¥ ol e &AF 5] g3l
FasL mRNA 2 Alo]e]e] 71A o8 &A& #Hog A
7V2) 917 Gamen S(1997)0] 48H Fas u]2) &4 2ol
2)g apoptosis7| Al =& 7 7}FAd Y AL 2 A o)

AAbe 22-e 31} Fas/Faslo] AL32E-2 A £ 4
ZA51= okl 22 e 4ES I AT T AAA
al ol&j7} 7heaid Z o= EHged) 1 d2M A
L8259 bel2 family, p53 52| TS R I8 =EES A
HRw thid FLEAEEE R 3 AFdMs
Fase} Bax9] wale] AtztaAel ¢lckz 38| 2 Sla(Egle
. 1997), 7¥ekAl %2 HepG2, Huh7, Hep3BA|Ee]| sl
%o}A] bleomycin, cisplatin, methotrexate 58 2§
Muller $(1997) p53 2)&2] 9l oF4F2. % Fas, FasLia 2
Zol7} #etAle] 73l ok <A o gt A, A
8143 2] AR o) Fas 254 we] 2 ashc)w 24k v} 9l

# 2 Suda £(1996)e) o) 5~&A FasLe] 7|&o] A
HA AR O okl Z|AEe] g e ap8slm gl
L0) wksj2a glETl Tanaka $(1998)2 metalloprotein-
ase?] Zhg-ol] 2)gle] 84l A= EA) s}z FasLe] 7]
5ol 7189 AAbs vhEA AEHA T AZ didk 2
Z71%50] sloke Ze ohEnt gk

APARNE B2 Fofolr] Fas/FasL HA 9] o]-&-&
ze3le] Brl DOX #ute] ok} Fas-Abr} W& A%
ol MEFAL Z 4 97 o1& 2&7|A = Ao]7} gl
2 7102 AE 2R Fas-Abd] AZE547]1%-S BA
2 olgst Wy o Fokx o] g 29E 1Y A
0.2 FRRA o)# gk A& Whgstel s DOX2] A&7}
Fas w74 AZEA ] A43gHA o2 24517 Fas-Ab
2] FAFol7t defEte] oS Frie 23 (Mizutani 5,
1997)e} deiAbEgbrm & 4= glct.

%7} © 2 Fas, FaslL2] A& 2kgol 3k ApAst g
#)5}] Fas AZAGAA F88 P4 84059 FADD,
caspasee)) T&F A FAFE A gl A1 A& Q) apoptosis
ol 9lex] Fas/FasL A}ZAh4-0) Q&3 FbA|S 714
olgfshed] Be 2] F & 3l A= o

2 =

| —

RAFAMEH A E HL-600] glels] DOXel| 2|8k AL+t
714 Al apoptosisell &4l o] T FIL ol F
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5 9]&A el apoptosis & W}ebs1E Wb, FasLe} S-dgt 7]
=9 F= Fas-Ab Bl A AEEoiEs FreiEao|glx|
gk 25 ng/mle]Ake] oM FEe uhE MEE P
7] ol&] ¥}, o] & DOX H Fas-Ab 2] Tl gle{ A Fas v
N Az A A A L] o352 Fas/FasL mRNA2) uh3-& =1
2 2A3le B Ay T 7 REo|A] Fas aof &1
ot glodwd v FasL wbad opake 4, 10, 24417kl 4] 7}
Hel Q9T 47 A FH 2 L3S B 4
slsdch AT oA DOXE AFRsle 72$ 2 =
4712& Fas o|E*o[7| ¥l FasL o4l 7|14 A
© 2 A7rE 9l Fas-Abs} 54 T4 A4 L2 A9
Ag 9 Alw AR
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