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Role of Reactive Oxygen Species as an Anticancer Effect Induced by 5 - Fluorouracil

- Experimental Study Using a Human Gastric Cancer Cell Line (MKN45) -

Kairyu Kaai (Department of General and gastroenterological Surgery, Saitama Medical School, Moroyama,
Iruma-gun, Saitama 350-0495, Japan)

It is well known that in a variety of anticancer agent, such as Mitomycin C, Adriamycin, CDDP,
reactive oxgen species (ROS) play important roles in cytotoxic effects to tumor cells. However, as to
5-fluorouracil (5-FU) it has not been clear whether ROS can be induced by 5-FU or not and its related to
anticancer effect. Therefore, in order to clarify the role of ROS in cytotoxic process induced by 5-FU, we
measured ROS and 8-oxoguanidine (8-OHdG) of 5-FU-treated MKN-45 (human poorly differentiated
adenocarcinomatous cells of stomach) and HUVEC (Human umbilical vein endothelial cells) cell lines by
flow cytometry. In addition, the relation between ROS and apoptosis was investigated by flow cytometry.
Trend of various enzymes related to active oxygen and promoting / inhibiting factors of apoptosis also
measured by Western blotting method. Levels of ROS and 8-OHdG (specific maker of DNA damage
caused by ROS) increased in MKN-45 cells exposed to CDDP or 5-FU, ROS were increased, whereas
8-OHdG showed no change in HUVEC cells. Level of SOD and p22 proteins increased, whereas catalase
showed no change in MKN-45 cells exposed to 5-FU. Although DNA degradation induced by ROS via
p53 and NF k B enhancement was found in MKN-45 cells exposed to 5-FU. There are no effect of caspase-
dependent apoptotic factors. In summery, our results may indicate that anticancer effect of 5-FU is
mediated mainly through the caspase-independent apoptosis via the ROS induction.
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Mitomycin C'*, Adriamycin®”, cis-diamminedichloro
platinum (I1) (CDDP) ¥ 7z & OHEEIE T, HilE5
ROFBHOBFITEEIE LM (reactive oxygen species
LLUTFROS) W E T B EMNHEMICETN TV 5.
UL, RS AICIHEWVTEH T N5 5-fluorouracil
(5FOIZDWT, ZORIEFRBIOBIENDROSDE 5
Rt LTS i3 n,

Z T T, CDDPICHIF % ROSOFZA L Lk 0%
M5, 5-FUGRINC X DROSOEEE., BLUROSICX S
PG EF R ORI OWTHET Z A 7z.

Bl RE 927 TR 16453 A3LH (ARERAR)

1) {fadH S UHREE

MEKN45#iid (& H poorly differentiated adeno-
carcinomafi#, JCRB 0254) ZZfdiff] U7z, fiifgix, 10%
HRIR IS (LU RFBS, GIBCO£1), streptomycin (J5 45
HU5£) 100 U/ml, 5 X Urpenicillin (BiA%5%) 0.1 mg/ml
7 Z S RPMI1640 (H/KBEH) 2 HVWT, 5% CO,N, T
A VF aX—k U, HilOH#]EEZ0.25% tripsin ImM
ethylenediaminetetraacetic acid (L, FEDTA) IZ & - 7z.
M £ 22 < 107 /mlic F & L 7z o B, (1) 3, 30,
300 p g/mlD5-FU (HAIFERS), 35K T 4, 400 p g/mldD
CDDP (HAMEHE) Z iR L C 2451 > FaxX—F L
7zd?, (2)3ug/md5FU, 38X T4 pug/mld CDDP
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2NN U C 48R DI IFEIRIC K 5 8 2 AT O,
(3) 7 Aa)b ¥ Vg (Sigmath) 10 p M Z Zx 3077 [
BEL, ZTO®K3ug/md5-FUZ AL, 48K
AVFaX=rEIED, @ a-Fa7za—)b
(Sigmatt) 50 p M7z ¥ hn30%) #%, 3 pg/mld5FU%
MU T, 48K A VFaX—rZ2hilFlzt DD
AT R RICH Wz, £z, WREL T FilnE
N 5% #ll i@ (Normal Human Umbilical Vein Endothelial
Cell: CC-2571, Ll FHUVEC = )t #fi 3 ) % 2%FBS,
streptomycin 100 U/ml, 35X U penicillin 0.1 mg/ml 7%
ZE EBM B (Z0EHERR) ZHWT, 5% CO,, 37CT
A VFaxX—hkL7. 0.05% tripsin 1ImM EDTAIC X D
FIEEL, 2} 10°(8 /mUc iRz Lizob, 3ug/
mlD5FU, XU 4 1 g/mlOCDDPZIInL, 48
A ¥ F 2 RX— FZ2 T ERFICROS, 80HAG % il iE
L7z

2) HIRPIE MBS R DAIE

MM ROSIC X O HYEZ 59 % 5 mM 6-carboxy 2/, 7-
dichlorodihydrofluorescein diaceate, di (acetoxymethyl
ester) (C-2938, Molecular probtl) 10 pl Z RHC IR
MU T37°CT307 M1 > FaxX—=kL, 0.25% tripsin
1mM EDTAIC X - THllllz 48 L7z, PBS TRt L 7z.
HRSERER O BtsR A % FACScan (Becton Dickinsontt)
ICCHlE LTz,

3) SOHAGDAIE

Oxidative DNA Damage Assay kit (Kamiya
Biomedical#t) Zffiff L 7z.

0.25% tripsin ImM EDTAIC & - Tl fia 7 #I i L,
500 ul @ 2 % paraformaldehyde T & # L 7z. 1577 [,
KPP FRTAYFaX—=FL, 1mlD70% ethanol %
A TEE. 50 pldblocking solutionZsDD 5,
37°C, 1WA > F 2 X—F L7, 100 p1dDfluorescein
isothiocynate-conjugateZZ KM L, & 51 FEEHGAT
T1RER A > F 2 X— k L 7. FACSIE T L,
FACScan|c CHOCRE ZHIE L7z,

4) Western blotix

#flC 1 mM phenylmethane sulfonyl fluoride
(PMSF) 500 u 172 hnz C%3# L, Bicinchoninic acid
(BCA) Protein Assay Reagent Kit (PIERCE) %=
WCEHERZIT> 2. —COHIlE &L ZE5%
2-mercaptoethanol (Sigmatl) 7% /il 2 7210 % Sodium
dodecyl sulfate (SDS) DA T100°C, 577 DT
WLFR 7 1T > 7z, 10 % SDSs Bl @ polyacrylamide gel
I CTERIKEN 21T 5 720D 5, polyvinilidene difluoride
(PVDF) i (Millipore #1) IZ 455 L Block ace CkHAs
) I TIRM 7oy F 7. 1kGiAE L TH
Cu, Zn-SOD¥ifk (Binding Siteft), ¥iCatalasefifak
(Calbiochemtl), #Hip22fitk (KRR ZEM  Dhikcd:
MHMEE), HINF-« BHUA, $HiBaxbifk, Hipd3hilk,
ricaspase3, 8, 9%ifA, HiApaf 1¥7ifA, Hicytocrome CHifA,

B it

YiFas$ifk, i TNF- o ik (Santa Cruz biotechnology
) ZZNZFNIRERIEH 4, peroxidase £ % 2 X
¥tk (Binding Sitett) 7 455 MIVEF & B 7zDH, ECL
v b (Amershamft) IC & D peroxidase i E & F8 i &
BTCXERT ¢ VL ElcN Ny REe LT L. Z0%
INY RZET VY P A—=RZ—ICTER L.
5) apoptosis DR H

Annexin-V-FITC kit (AW #WF5erT) Z i U7z,

MKN457%, 0.25% trypsin-EDTA T | # L PBS T
P& %, binding buffer 85 u1Z A CTHE. X 5IC
Annexin V-FITC 10 1 & Propidium iodide 5 p 1720 %
TRIB TSNS E Y=, Z0ODH, binding buffer
400 p 17 i 2 FACScanlc & O 50t 2 JlE Lz,
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1) MKN45 #BBalc 31+ 3 5-FUEREIC K S ROS & 8OHAG
DEAL

5-FU DK (3 pg/mD) IRINBHIC BV T, ROSIZIE
WINEED 2.24%, S8OHAGIZ 1AM L. LirL,
%3 K U R R (30, 300 pug/mD) #RhNIC BT, ROS
N L 723, 8OHAG DN RED - 7z (Fig. 1).
2) MKN45 #fialc &1 % CDDPEEIC K B R0OS & 80HIG
NEAL

CDDPODOK I E (4 pg/mD) AMELIC BT, ROS
BIERIBED 1.654%1C, SOHAGIX 14651 hn L 7z,

Fluorecence (arbitary units)

3 30 300 5SFU pg/ml

Fig. 1. Intracellular production of ROS and 80HdG in
MKN45 cells treated with 5-FU. MKN45 cells (1x10°/ml)
were incubated for 48 hours without (control) or with various
concentrations(3, 30, 300 p g/ml) of 5-FU and stained with
C-2938 or with FITC-conjugate. Fluorescent intensity was
monitored by flow cytometry. Intracellular generation of ROS
and 80HdG expressed as % of control. MKN-45=human
poorly differentiated adenocarcinomatous cells of stomach
C-2938=6-carboxy-2’, 7"-dichlorodihydrofluorescein diacetate,
di (acetoxymethyl ester). Intracellular generation of ROS;[]
8OHAG; M Each bar is mean &= SD of three determinations
in three independent experiments. *Significant difference
between concentrations 3 p g/ml and 300 pg/ml of 5-FU in
ROS, p<0.05. Kruskal-Wallis test.
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LA L, EiEE (400 pg/ml) OFRINCIBULTROSIHE
hnU7zhY, 8OHAGDHIMIZIXM Tdh - 7= (Fig. 2).
3) 5-FU A0 MKN45 #f&IC 351+ % ROS & 8OHAG DfE
BFEZ1L

MEKN45f i A DO ROSFE £ 1%, 5-FULNINT., 24KF
T, JEARINEED 2.14%, 48HF Tl 245N L 7-.
8OHAG X, 24WF[IT 1.251%, 48[ T 1.39A5IcHEhn
L7z (Fig. 3, 4).
4) CDDPZHINIMKN45 #HREIC 1T B ROS & SOHAGD#E
BFEZ1L

MEKN45#H NI 3513 % ROS A 1&, CDDP#RAND
4R CIERINBED 1.4 5, 48WFRTIX 2.2 f5IHEhN
L 7z. 80HAG!E, 24IKf T1.245%, 48WK¢fE T154%IC
BN L 7z (Fig. 5).
5) 5-FU, CDDP;#INDHUVECHARRIC 3517 % ROS & 80HdG
DRREFHIZA(L

HUVECHIZIC #51F % ROSPEE WX, 5FU (3 pg/ml)
DI T 24KE B IC IE AR INBE D 1.9245%, 48WF [ IC 1
2.35f%. CDDP (4 pg/ml) OFRNNT 24RE 12 2.26 51 1
mLZ’. LML, 5FU, CDDPWWSFhDOFINL->Th,
8OHAG DX EM T - 7= (Fig. 6, 7).
6) 7 AOJVE VB & 5-FUZRNMIMKNAS #REICEH TS
ROS & 80HAGDZE1L

5FUD » @ ¥x I T & 9 fl i O ROS 1 2.18 45,
8OHAGIZ2.09f5 TH > 7zh, 7 Aa)VE Vg & 5FU
AN CIERIEAC LEXTROSIZ1.71£%, 8OHAGIZ1.87
FEICIR D WA 2R LTz (Fig. 8).
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Fig. 2. Intracellular production of ROS and 80HdG in MKN45
treated with CDDP. MKN45 cells (1 X 10°/ml) were incubated
for 48hours with various concentrations(4, 400 pg/ml) or
without (control) of CDDP and stained with C-2938 or with
FITC-conjugate. Fluorescence intensity was monitored by
flow cytometry. Intracellular generation of ROS and 80OHdG
are expressed as % of control. Each bar is mean == SD of three
determinations in three independent experiments. Significant
difference between concentrations 4 pg/ml of CDDP and 300
pg/ml in ROS(*), p<0.05. in 8OHAG(§), p <0.05. Kruskal-
Wallis test.
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Fig. 3. Flowcytometric histogram of ROS, SOHdG in MKN45
cells. (A)-ROS(24hr), (B)-ROS(48hr). (C)-8OHAG (24hr),
(D)-80HAG (48hr). (A), (B). MKN45 cells were incubated for
24hr or 48hr in the absence or presence of 5-FU (3 pg/ml), and
then the culture medium was replaced with freshly prepared
RPMI-1640 medium containing 5 pM C-2938. After 30 minutes
of incubation at 37°C, fluorescence intensity was monitored by
flow cytometry. (C),(D). MKN45 cells were incubated for 24h
or 48h in the absence or presence of 5-FU (3 pg/ml), and then
the cells were washed with PBS. The cells were suspended
in 500 pl of 2 % paraformaldehyde. Thereafter incubation
for 15 min, the cell was fixed in ice-cold 70 % ethanol and
stored at 20 °C . After addition of blocking solution, the cells
were incubated for lhour. After addition FITC-conjugate, the
cells were incubated for lhour at 37°C , fluorescent intensity
was monitored by flow cytometry. Solid line : control, solid
histogram : 5-FU-treated cells.
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7) a- a7 zO—)b& 5-FUZRIIMKNAS #ERZIC 1
BHROSDZEAL

a-h37 za— VOIS X O ROSD DI
N7z (Fig. 9).
8)p22, SOD, A2 —tEHENEE

5FU (3 ug/ml) AN 485121, p22id IR INEE
D175 L, SODIX 141517z LhL,
25— DZEIEFED S Nah - 7z (Fig. 10).
9) apoptosis

5-FU (3 pg/mD NS X D annexinV D HDCHRE D%
RFIE NN B 5 N Tz, FERINEE L LIk d 2 &, 24 REf
T 4715, W% 48RS T 7AICE U7z (Fig. 11).

2 Lt

Fluorecence (arbitary units)
*

0 3 6 24 48 Time(h)

Fig. 4. The time dependent change of ROS and 8OHdG
induced by 5-FU in MKN45 cells. MKN45 cells were
incubated for various times (3hr, 6hr, 24h, 48h) in the absence
or presence of 5-FU(3 pg/ml) and stained with C-2938 or with
FITC-conjugate. Fluorescent intensity was monitored by flow
cytometry. Intracellular generations of ROS and 80HdG are
expressed as % of control. Data are expressed as means = SD
of three experiments. *Significant difference from untreared
control in ROS, p<<0.05. Kruskal-Wallis test.
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Fig. 5. The time dependent change of ROS and 8OHdG
induced by CDDP in MKN45 cells. MKN45 cells were
incubated for various times (3hr, 6hr, 24h, 48h) in the absence
or presence of CDDP(4 pg/ml) and stained with C-2938 or
with FITC-conjugate. Fluorescent intensity was monitored
by flow cytometry. Intracellular generations of ROS and
80HAG are expressed as % of control. Data are expressed as
mea &= SD of three experiments. *Significant difference from
untreared control, p<<0.05. Kruskal-Wallis test.
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Fig. 6. The time dependent change of ROS and 8OHdG
induced by 5-FU in HUVEC. HUVEC were incubated for
various times (3hr, 6hr, 24h, 48hr) in the absence or presence
of 5-FU(3 pg/ml), and stained with C-2938 or with FITC-
conjugate. Fluorescence intensity was monitored by flow
cytometry. Intracellular generations of ROS and 80HAG are
expressed as % of control.
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Fig.7. The time dependent change of ROS and 8OHdG
induced by CDDP in HUVEC. HUVEC were incubated for
various times (3hr, 6hr, 24h) in the absence or presence
of CDDP(4 ug/ml), and stained with C-2938 or with FITC-
conjugate. Fluorescent intensity was monitored by flow
cytometry. Intracellular generations of ROS and 80OHdG are
expressed as % of control.
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SFU ascorbic acid+5FU

Fig. 8. Intracellular production of ROS and 8OHdG in
MKN45 cells. treated with 5-FU and ascorbic acid. MKN45
cells were incubated for 48h in the absence or presence of
5FU(5 pg/ml) and ascorbic acid and then stained with C-2938
or with FITC-conjugate. Fluorescent intensity was monitored
by flow cytometry. Intracellular generation of ROS and
80HAG are expressed as % of control.

aserbic acid



5-FU OIS FEBUC BT B 1 MR DRE| T39

10) caspase3, 8, 9, Apaf, TNF- a, Fas, cytocrome C &H
EDZE(L

caspase3, 8, 9, Apaf, TNF- o, Fas, & 5-FU RN T
D 5N T, cytocrome Cld5-FUGRMITIEMH
S Niah o 7z (Fig. 12).
11) p53, Bax, NFKBEHENDZEIL

5FU (3 pg/mD #RN48K; i #51C, P53IX IEIRINEE

Fluorecence (arbitary units)

SFU 5FU +a-Tocopherol a-Tocopherol

Fig. 9. Intracellular production of ROS in MKN45 cells
treated with 5-FU or a-tocopherol. MKN45 cells were
incubated for 48h in the absence or presence of 5-FU (5 p g/
ml) and a-tocopherol and then stained with C-2938 or with
FITC-conjugate. Fluorescent intensity was monitored by flow
cytometry. Intracellular generations of ROS are expressed as
% of control.

(1)control

(2) 5-FU

p22 22kDa
SOD 25kDa
catalase 60kDa

Fig. 10. Western blotting patterns, p22, SOD and catalase
in MKN45 treated for 24hrs with 5-FU. Western blot analysis
of p22, SOD and catalase in MKN45 treated with 5-FU (3 ug/
ml) for 48hr. Total protein (20 ug) from the homogenates
of MKN45 was subjected to SDS-polyacrylamide gel
elecrophoresis (7.5 % or 12 %)polyacrylamide gel under
reducing conditions. Molecular mass expressed in kilodaltons
(kDa). The lane labels are(1) untreated control (2) 5-FU
treated.

D5.0715%, Baxid 14115, NFkBIX131HICENL 7
(Fig. 13).
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Fig. 11. Flowcytometric Analysis of Apoptosis induced
by 5-FU in MKN45 cells. MKN45 cells (1 X 10°/ml) were
incubated for 48hours with 5-FU (3 pg/ml) or without
(control) and then the cell were incubated lhour at 37°C with
0.5 p g/ml FITC-conjugated AnnexinV in HEPES-buffered
RPMI culture medium. Thereafter the cells were washed
twice with fresh medium, Fluorescent intensity was measured
by flow cytometry. Solid line : control, solid histogram : 5-FU-
treated cells.
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Fig. 12. Western blotting patterns of cytocrome C and
caspase 3 in MKN45 treated with 5-FU. Western blot analysis
of cytocrome C and caspase 3 in MKN45 treated with 5-FU
(3 1 g/ml)exposed for 48hr. Total protein (20 ug) from the
homogenates of MKN45 was subjected to SDS-polyacrylamide
gel elecrophoresis(7.5 % or 12 %)polyacrylamide gel
under reducing conditions. Molecular mass expressed in
kilodaltons(kDa). The lane labels are (1) untreated control (2)
5-FU treated.
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Fig. 13. Western blotting patterns of p53, Bax and NF k B
in MKN45 treated with 5-FU. Western blot analysis of p53
and NF k B in MKN45 treated with 5-FU (3 pg/ml) for 48hr.
Total protein (20 pug) from the homogenates of MKN45 was
subjected to SDS-polyacrylamide gel elecrophoresis (7.5%
or 12%)polyacrylamide gel under reducing conditions.
Molecular mass expressed in kilodaltons(kDa). The lane
labels are(1) untreated control (2) 5-FU treated.
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5-FUZ, Heidenberger D ¥& . (19574) H 5404
ZRBLUIESH, SEOBFEICHNTS2F—FI Y
7 eix-o7®. T, 5FUDEE R H O 5 #
FFOFMDHSMMCEN, 2DDEEFEAEZSNT
W3, —DIid, DNAGKEE Z5 2K IF T
H%. 5FUREKRNTY e RaE) 2V UBKkER
# dyhydropryimidine dehydrogenase (DPD) IC X > T
MR MICF- B-alanine lIC 3R E D, Dz unic
5FUIY Vgt #2321 CTFdUMPIC 75 %. FAUMP &,
TR, B XU DNAD de novo R KIEETH %
F 2 V)V I 2 thymidylate synthase (TS) D 3%
Tternary complex ZEKd 5. TDE& ZTTSHHEE
N TR AV UDNAG EFHE DA C T HilEE %)
BB 5. i, RNABREREZ KT Hr Th 5.
FESHIRENIC BT, 5FUR Y Vg{b X, FUMP,
FUDPZ# CFUTP . & %. TOFUTPEZHL D AT &
RNAICHBERS S VE CHUBG IR RS N 5 1.

Mitomycin C, Adriamycin7z & D3/ > R iiffE 5K
TiE, MlEANTF/ SN I+ oIk
% & EIWCHEAEETNTZROSICK D, DNABEMNYIKT &
% 12D ITHEMIIEIZPEIk 9 5. CDDP, BleomycinZs £
T, BEA A ORI L TROSDFEAICE > T
DNAREEMNRC 5. TOX DI, UG IEHZ RS
2 BFICROSHB G 2 il V2 UL,
5-FUIC BT, TSTEMFHEFIC X %2 DNAGKESE &,
FUTPIC & % RNABKREFREDNBHE CTH B L T AN D,
PSR R A BT 2 ROSO SO EE 5
% 23D, IR LMD 5-FUZIN
IS K DR e BT &V S i, NARIRE-D,

B it

HeLaffifg\5-FUZRINIC & © SOD TG D572 Az &
WIOREREDRHZDHRTHB .

Z T T, 5FUIC & 2 HilEE s R OFEE T £ ROS
& DRARZRRGET L 7z

4 id, ROSOMIEICHDE I 6-carboxy2’, 7-
dichlorodihydrofluorescein diaceate, di (acetoxymethyl
ester) 2. T oHtaERIE, MEMNICED A X
N2 EMKDRENTERIEZ K S Te DRI NDIE
HAVD 7L, HIRENICH B ROSICK gt Ehiz b &
ICHOE AT 9. T b, FACSIC X 3 H0EH
EDOREIC K> T, MIIANROSEMNGHIITE 5.

ROSD pEA I, 5FUMMKIEE Bul/mD) O & FIiC
2L, BRBEHEDPENZE, ZoOEAKITX DM
L7z, 9], 5FUE, BEMEEE & STV D,
RS BRI CDNAGEFHHENE U, & i R R
TRNABKREFEZEDNHBIT 2 T & ANEE, HEMCE
N SEOBRNCEVT, KEEERMORET
ROSOELENFHCEBEE TH - 1=

T, ROSDS L, b RuvFS5 VML & —HIEEE
ICKXODNABEEN:ELS. b Radv T UIEDNA
DT 7 = Uk L S LT 8hydroxy-2” deoxyguanosine
(80HAG) ZJEKT % T £H 5, 8OHAG IZROSIC & %
DNA[EEDIFIE L A5 X N3 ™, 4H, CDDPHE XU
5FU D ##E1C K& D MKN45 ¥ Hil i v o> 8OHAG 1 #5 /i
Uiz, ERRMEIEE O 5FUIC#5% S Nz sy
T, ROSHE XU BOHAG D FEA MR S Nz, £7z41
FEAEFIRINC & O, ROS8OHIG DK FEFRD - C
EM D, 5FUDHESGSHICIZROSHBE G L, KR
DNAGHKEEDN S 72 5 T N5 A REENEN DN,

ZDROSOKEFTH BN, MIEAICIZFY > F
Frr—¥, ¥ruatF s+ —+E, NO synthetase
(NOS), NADPH# F3 Z—+¥7x %< DROSH#EA SR
HEND 5. FRICMMCICBWTIENADPHA F3 2 —
Y ARG R EENTNE2Y?, SE, BRI
2271y MEICTNADPH A F 3 2 — ¥ OiE AL
Y71y FTHEpREHAZMMNLIE T A, 5FU
NN A8 RF A IC p22 EH DIMMHS N TH > 7z.
L&, SODE EDWHERMRE, RGN Z R
LizZ &5, 5FUIC X %1% e 35 42 I NADPH
oxidase W59 B b, THIC, WEORX—IS—F
Fv REEEIC K B HAER & LT SOD D pE4Hhn
FHIE Nz,

TN % TCDDPIC & % ROSFEADE L FADER L
ENTWVEYH, SEOFEEBICINT, CDDP & [HE
5FUIC & - C, EMifidic B> 32 ROSDHEEINE X O,
S8OHAG O HEIMAFES 5 Niz. THhicDWVWTIE, 5-FU
ISINDERIIEIC E > TRERA ML A &> TROS
FEAEDTUEL, DNARENG|ERKIINZ EEZ D
Niz. —77, JERERIRE O MmE NI Tld, 5-FU,
CDDPIC & b ROSHEhNZE A7z DD, 8OHAGD L
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BN iairolzc e h 5, 5FUICKSROSZST LT
DNARGICW 5 Z i3V EVnEDEEZ BN,

F7z, ROSIC K 5 DNAEFIIMODNAOAL ST,
S hay RV 7ODNA (MDNA) ICE N5 ZD8
ROSHEREZERENZI AV RUT T, 205
ENE Uz & ZROSOBHNTHHETHS. ROSHLHIMN
PUBLRTOUNBREZB A T2 & &, HWROTEMEZRIE
MtDNAIC [ % 5 2, MtIDNAJRIGIC & 2 iz 5 RHE,
SHIISEIC D, PUEEMRDREHEINL DL E
EZBHTLETES.

F /=, 5-FUIC & % apoptosisic DU T i, cytocrome C,
caspase 9, caspase 3DZH)/H Western blotit Tl
bNaholc eI baY R THRZENLEE
apoptosisl I5E N7z, F 7z, Fas, caspase SOLHE
BRIZNT &5, Fasz/19 % apoptosis & 137E T 7z.
FICTINF-0 DEHEZRD LNEM - T e D, WHE
DapoptosisZ /T L7z EDTIEiEVWEEZ 5Nz,

—7, ROSOMIEEEY 7 F IV THBNF-kBD
EEMVEDEN, BaxBRUpb3FEEMN L= &
M5, caspase —independent 7% apoptosis iC & O i fiE 5
ERET B EEZ 5Nz,

TNET, 5FUIC DV TIFHEAINED DNA A b,
RNARSRERSE E DS M SN TE D, RO
MEHC &K 0, 5FUIC X2 PUESEIEHIC, ROSDFER
AT A > DNAETE, B XU ROSOFEABINCIES
NF-k B, Bax, p537% /T L 7z caspase —independent’x
apoptosis G L TWbEDEEZ NP,

5-FU

caspase-3 /- .
apoptosis
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5 8 &

MR 2 BTz, R ERRAIREE GH s -
ISV TS —RSVEL D) LR =Bl
OERLH, L8, LM, 755 I A AR
PR —280%, k2T OEFEEICR#V T LE
9. RBRUT & S B O EPREFICE#N T U
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