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5-fluorouracil (5-FU), a pyrimidine analog, is a widely used anticancer drug, which works through ir-
reversible inhibition of thymidylate synthase. In the present study, it was investigated the anti-pro-
liferative effects and molecular mechanisms of 5-FU using Ewing’s Sarcoma CHP-100 Cells. The pres-
ent data indicated that treatment of 5-FU to CHP-100 cells induced a G1 phase arrest of the cell cycle
in a time-dependent manner. 5-FU-induced G1 arrest was correlated with the accumulation of the hy-
pophosphorylated form of the retinoblastoma protein (pRB) and association of pRB with the tran-
scription factors E2F-1 and E2F-4. Although 5-FU treatment did affect the levels of cyclin-dependent
kinases, the levels of cyclin A and B were markedly down-regulated as compared with the untreated
control group. In addition, 5-FU-induced G1 arrest of CHP-100 cells was also associated with the in-
duction of apoptosis, as determined by apoptotic cell morphologies, degradation of poly(ADP-ribose)
polymerase and Annexin V staining. Furthermore, 5-FU induced the loss of mitochondrial membrane
potential with up-regulated pro-apoptotic Bax expression, down-regulated anti-apoptotic Bcl-2 ex-
pression and cytochrome c release from mitochondria to cytosol. Collectively, the data suggest that
5-FU is effective in inducing cell growth reduction and apoptosis, in part, by reducing phosphor-
ylation of pRB and activating mitochondrial dysfunction in CHP-100 cells.
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[6, 10]. 7H8 FE A AHEEE FEA
uracil %4 Q1 5-fluorouracil (5-FU, CH3FN,O,)

43 338 A S YFOE thymidylate synthase]
A& 9AANA DNA #4+ AsfstAY, RNAY uracilol
A =0l RNAY 7]'s Zols rEdth19]. 1 s g2 A
Y Aol A 5-FUY FgEgol GAZY AxF7] ud g
apoptosis =& Fote] ol FojA L 5ol HiFo gt
[17, 18, 21, 22]. 18] 3 W& 5-FU7} Ewing %9 A& &
A% FEAR IF AEEI Qlov(14, 24], 5-FU 9%
Ewing §%9 5494 9 apoptosis #& 714 A+ of$-
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wHlg Agolt, & AT A E 5FUS Bokdgo o 3
7Rl AR E A7) 93] Ewing % CHP-100 Al 29 F2]

of MAE 9T Brlstn AE $4 AA LA} A2F7)

2@ 2 apoptosis FrE ABA0] JEAS 2AEIA

Mz U
NIZ Bif & MTT assay

2 AT AsE Ewing 5% CHP-100 Al = 10% fetal
bovine serum, penicillin ¥ streptomycin 5°] ¥ RPMI
1640 HJ A (Gibco-BRL, Grand Island, NY, USA)E ©] &34
37°C, 5% CO, 27138}l A Hj kst it 5-FUE Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA)oll A T9)3ted F 749
A4 =2 4sto] AEedth 5-FU A o3 CHP-
100 AIZ9] F4 94 A5g 31817 93t MTT assay S
o] &3tgth. o] & $sted CHP-100 A2 50 M9] 5-FUE
AN Fd A F wAE AASL 05 mg/ml &=
3-(4,5-dimethyl-2 thiazolyl)-2,5-diphnyl-2H-tetrazolium bro-
mide (MTT, Sigma-Aldrich Chemical Co.)& A €3}l 37°C
oA 3AZE T O RES AT HHEo] B B MTT Al
°k& A AL dimethyl sulfoxide (DMSO, Sigma-Aldrich
Chemical Co)E ©]&3t% welldl 844 formazing EF =
3l % 96 well platedl] 200 pl¥
munosorbent assay (ELISA) reader (Molecular Devices,
Sunnyvale, CA, USA)& 540 nmol A FFEE A5

&7 A enzyme-linked im-

MEF7| 2XE 24

5-FU A glo o2 CHP-100 Al Z9] AZF7] 2% #3}
o AFA BAS fete] Fuld A XS 22 o 2,000 rpm
O = 587 AR st 4F A AAE F phosphate-buf-
fered saline (PBS)E ©] &3} 2~33 AT A A3 4. ol &
A ZE CycleTEST PLUS DNA REAGENT Kit (Becton Dick-
inson, San Jose, CA, USA)E ¢] 43t 14 g A& }0:]

o
T
o3
°R

X ui

4°C, oA 308 T wee AFH WA AE
35-mm meshE ©]&3te] AN EZE £ ¥ flow cytome—
ter (FACSCalibur, Becton Dickinson)E &A1 # & 31k-5-of
tt& Cellular DNA content ¥ histogram< CellQuest soft-
ware ¥ ModiFit LT (Becton Dickinson) Z2 1% < o] 83}
48t

EHZIO| 22|, immunoprecipitation I Western blot
analysis

g d Wl B4E 98 25 mM Tris-Cl (pH 7.5),
250 mM NaCl, 5 mM ethylendiaminetetra acetic acid, 1%
nonidet P-40, 0.1 mM sodium orthovanadate, 2 pg/ml leu-

peptin % 100 pg/ml phenylmethylsulfonyl fluoride”} 3

H lysis buffers o] &3te] AL sttt Lajd oA
A5 TEE 54T

¢t &, Western blot analysisE ¢13 5%

ﬁ

DA £-$ sodium dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresisS ©| &3t &2t PVDF membrane
(Schleicher & Schuell, Keene, NH, USA) 2.2 Z o] A/ At} 7}
Zte] membrane®] A4 A 2 enhanced chemilumines-
cence (ECL, Amersham Corp., Arlington Heights, IL, USA)
A5 ol &sto] dMASY T WIS AT ofe g
retinoblastoma protein (pRB)$} E2Fs Bl d S319) A of 7
#4915 $1¢ immunoprecipitations ¢34, 500 gl T2
& 4°Col A E2F-1 § E2F-4 A9 A9 ¥hE5 143 ¢
A7 B, immunocomplexE protein G/ A- Sepharose beads
(Sigma-Aldrich Chemical Co.)E ©| &3t FHld &, o] &
Western blot analysisell AH&3tth & Aol AHEH 13
& A E2 Santa Cruz Biotechnology Inc. (Santa Cruz, CA,
USA) ¥ Calbiochem (Cambridge, MA, USA)ell A 7% 314
o, 22 FAEL Amersham Corp.olA T3t

DAP| %S 0|25t =4o| SEf Wzl 2

ZH " M EEE PBSE 23] 41 & 0.1 M phosphate buf-
fer (pH 7.2)°ll 349 2.0% paraformaldehyde 174 < (Sigma-
Aldrich Chemical Co.)o.& 1At MEZES IASAT 14
T, HNEZES 53 FAE F 0.05 M phosphate buffer (pH
72)9 25 ng/ml¥ T EZ 344 4,6-diamidino-2- phenyl-
indole (DAPI, Sigma-Aldrich Chemical Co.) 22 A2
3ol A ZO—E— AU °o] & T PBSE 423 Al 81
AzANZ % §Fdv) A (fluorescene microscope, Carl Zeiss)

3kl A fi*«l e 5 st

Annexin V staining0l 2|8t apoptosis?| M £H

5-FU A2l ¢l 93t apoptosis F& AEE FFH o2 24
37] 9l5tel FulE AEZES 2E o 2,000 rppmo. 2 587t
A ZHste] FSde AAAY. ol HEE PBSE ol &
3te] 2~33] A= A A3AL annexin V binding buffer (Becton
Dickinson, San Jose, CA, USA)ol A7 Thg annexin
V-fluorescein isothiocyanate (FITC) ¥ propidium iodide (PI)
£ Agste] GAoA 20% T whEE AFT #HEo] B
% flow cytometerd] & -&A# apoptosis7} ¥ A Z(V'/
PI)E Bl wel BASLT,

Mitochondrial membrane potential (MMP, Aym)2|
24

5-FU A gl el ot CHP-100 A £2] MMP # W3t 3= &
=2A3l7] Yste] FHlE AEE] 10 M 5,5,6,6'-tetra-
chloro-1,1,3,3'-tetraethyl-imidacarbocyanine iodide (JC-1,
Sigma-Aldrich Co.) &< Agjste] 202 &k A-2olA v



B+ 4392 AASL PBSE A 7}so
T flow cytometerd] &-&AA MMPS| W

+
(Systat Software Inc., San Jose, CA, USA)—% 0] &3]
ttestE o] £3le EAA XS At

5-FUOl 2lgt CHP-100 MIZ2| G1 arrest &t

5-FU7} Ewing £ CHP-100 Al 29] 249 n]X& 48
B43817] $18t9 CHP-100 Al Z o 50 M| 5-FUE AH A7t
(0~72417h) &<+ A2ld $, MIT assays 333 oh. Fig. 1A
of Uebdl ukel o] CHP-100 Al Z ol 5-FUS A Azt
Z 7t we} CHP-100 A2 9] F4o] oA o= oA =it
d & 5o 24N 7 Aol A ARl A o A ) oFE CHP-100
Az vlste] o 62% =] AEES Y=, ol &

HAGAE D M Foll A BEE Aot uf§ A
A 120 o
& 100 Hy 2
ol J\ |
B 80 * o N H
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Fig. 1. Inhibition of cell viability and induction of G1 arrest
of the cell cycle by 5-FU in CHP-100 Ewing’s sarcoma
cells. Cells were incubated in the presence of 50 uM
5-FU for the time indicated. (A) The growth inhibition
was measured by the metabolic-bye-based MTT assay.
The data shown are means + SD of three independent
experiments. Each point represents the mean + SD of
three independent experiments (* p<0.05 vs. untreated
control). (B) The percentages of cells in G phase were
calculated by a DNA flow cytometer. Data represent the
means of two independent experiments.
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t}H26, 27].

5-FU A gloll w& CHP-100 Al £ 2] 2] A7} A ZF7
Aol ojw g Y& v A=A 5 2817 Y8k 50 uM9]
5-FU7F A gl d iAol A e AEZES g 22 flow cy-
tometry &4 AAIY A= Fg. 1B} 2} 5—FU7]- A 2] =]
A o5& 270 A wjkE CHP100 A28 AA AEF7] B
T F, sub-Gl7] & A &g UmA Alx el A G17] el
e ME NEE F 58% J=HA T 5-FU A A7t
o Z7tell whek G7)eol &3he MEe] HEr #2373 S7hE
o] 48417 D 72417 Aol A oF 83% L 90%E VEFREO
H, Ao 7] D G2/M7]el AFHE AEY HrE
ZaEAY. ol A NAAE, FEIAE, AFTAE
FAE, AL E 53 Z2E 89 FAEAA Yepd

A} frAksta[l, 27, 29], 5-FU A glel &g CHP-100 Al X
9o ZAAA T HEF7] Gl arrest} dFHo] UL 9u|gS

s
& AN

CHP-100 MZ2| pRB/E2Fs Z=0f| O|Xl= 5-FU<

AEZSHE AEZLE 2 BAE 2Hse 744 e
1 Ao we 2HHE B4 FAolH, T W3
E F7) 2dd #ostes B2 FAAS0 WAL 15 @
B 54 8 7159 olsfol #ste 2 XHO] slef stoh
1 %, retinoblastoma tumor suppressor f+AAH9] AFE<l
pRBE G17]0] A S7]1 29| Hold] #Hoste $83 guld=
A1, ¥1R148} (unphosphorylation) el pRBE SAI 719 7] Al ¢l
Y5 dMA S AA B4 L 25 AAEA QA9
St E2Fs family @A Ao 2 159 245 A
Fe A0z deA dv2 32 & A3AY AZEEE 9el
M+ Gl cyclin-dependent kmases (Cdks)ell o3 q14ts}
(phosphorylation) = pRB®] &&4 317} &+ T[5, 32]. whet
A ATl A 5-FUS| Azl ofs) CHP-100 Al E£E0] G17]]
A F2 o] A=A Wzl pRBY Q4o B A= 5-FU9
FFS AT Fig. 249 AF oA & F 9l %o] 5-FU¢
Al Az A3t whet ©Rl4kstE pRBY ol F7ketHA
Aoz Q4atstE pRBY Bd 4 TAHUAT, E2Fs
familyo] 43} F2F-1 2 E2F49] L& 2 Wiy} gt
(Fig. 2A). o121k pRB & of QI4bstel] wE E2Fs family
ddstel A o B8 AR A3} 5-FU Ag] Ao A
of me}l prBOLE] Aol HAb F7tetA TS & 4 ANTH(Fg.

2B). welA 5-FU A glo| ¢ pRBY ©<l4tstZ E2Fs i A

-

e _]1.).

of

S3o A% ZuH ol 729 W] Ba g A=
AARA Ao Fdee Ao dau
CHP-100 MEQ 52 MEF7| XX BRSO wal|

O0|Xl= 5-FUS| Hsk
Cyclin ¥l A2 AN BEof dAH 2HAAREA 3
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Fig. 2. Increased association of pRB with E2Fs by 5-FU in CHP-
100 cells. (A) After treatment with 50 uM 5-FU for the
time indicated, cells were lysed and then equal amounts
of cell lysates were separated on SDS-polyacrylamide
gels and transferred to PVDF membranes. The mem-
branes were probed with the indicated antibodies and
the proteins were visualized using an ECL detection
system. Actin was used as an internal control. (B) Total
cell lysates (500 ug) were prepared and immunopreci-
pitated with anti-E2F-1 or E2F-4 antibodies, separated on
8% SDS-polyacrylamide gels, and transferred onto PVDF
membranes. Western blots were probed with anti-pRB,
anti-E2F-1 and anti-E2F-4 antibodies and an ECL de-
tection system (IP, immunoprecipitation).

i

¥ cyclin-dependent kinase (Cdk)ol Z&3te] 159 kinase
g4E F7AY. 58] Gl A ERA R 8T HE
cyclin®] D- type cyclinsZA] cyclin D1, D2 ¥ D3°] &&A
Aed o] 52 Cdk2, Cdk4 9 Cdkest HJAE 4o =
pRBY] Ql4tsto] 71dfgini]2, 5. 0|24 A ZES S7|29 A
o7} 7Hsd A, Gl F719lA 871 27129 Aol cyclin
E7} #ofstw o) Cdk2dt 22 o 121l AlEF7
9] 5719] Ao BLF cyclin® 2 cyclin A°] 1L, ©] 9} com-
plexE ©|F& kinasew Cdk20]™, G274 M7] 29| # o]
ol & cyclin B8 Cde2 (Cedkl)7t BLE A2 A g
[20, 28]. whekA 5-FU A 2lol & Gl arrest A4 A&
cyclin 3 Cdk @259 Td ¥3E =A% 234, 2AHE
Cdks (Cde2, Cdk2 ¥ Cdk4)9] 2@ 2 wisy} glgloy
(Fig. 3A), 571 A3 o] F o] FA 2HAAEAN 9T st
cyclin A ¥ cyclin BY] &8 5-FU A g A7te] A 3}o] w}a}
Ak 1 wrd o) g2 FASA 74l th(Fig. 3B). 1g 1
cyclin D29 2&L vlwA HHE FE& FAFHALU, cy-
clin D19} ¥3& 5-FU A g] 43 Aol 74 vA #2E

A Time (hr)
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Fig. 3. Effects of 5-FU on the levels of cyclins and Cdks in
CHP-100 cells. Cells were incubated in the presence of
50 uM 5-FU for the time indicated, and then the cellular
proteins were separated by SDS-polyacrylamide gel
electrophoresis and transferred to PVDF membranes.
The membranes were probed with the indicated anti-
bodies, and the proteins were visualized using an ECL
detection system. Actin was used as an internal control.

RA0.H, cyclin D39] 74 5-FU A gl whet A3 4=
28 cydin ¥ Cdk B Ao #d Za AA 7} HEF]
AP WA 07 F9ats A2 ok W 479 Cdks
of g AAHAQ 24 A oA 4 F& A7 2749
=3

5-FUOH 2/st CHP-100 MIZQ| apoptosis &

g A A S BAA R A RA G B A DFHQ
apoptosist WE A Qe o AEY Z5< necrosis
of Hlate] thekgt MEWE A T AzHEAA S
53 558U AxAE Aotk AP A apoptosis7t ¥
ol MEellA & 4 e 7 dubddl fste Jesy o
2 Az 2717P Z45H, 99 &3 DNAY T slo|t
[9, 10]. B2 5-FU Aol o3k CHP-100 Al £ F2{ A7}
apoptosis 47 G A AFe] J=AE 5“313} ]| $13hed
4% 9 5FUZF A A A W g NZE o 3
Aol BolA o2 Adste FFE < DAPI @4 & AA G
Atk Fig. 4A0] el Ao A & 4 9l 5ol A4 vl 2] of A
A+ CHP-100 Al Z ol A= 3o Jelj7h 518k A dA =L
U 5-FUZF Agld Az A$e A ALY F7be wet
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Fig. 4. Induction of apoptosis by 5-FU in CHP-100 cells. Cells
were treated with 50 yM 5-FU for the time indicated.
(A) The cells were fixed and stained with DNA specific
fluorescent dye DAPI solution. The stained nuclei were
observed under a fluorescent microscope (Original mag-
nification, 400x). (B) Total cell lysates were prepared and
Western blot analysis was performed using antibodies
to PARP and caspase-3, and an ECL detection system.
Actin was used as an internal control. (C) To quantify
the degree of apoptosis induced by 5-FU, cells were
stained with FITC-conjugated Annexin V and PI for
DNA flow cytometry analysis. Apoptotic cells are de-
termined by counting the % of annexin V/PI cells and
the percent of annexin V*/PI " cells. Results shown are
expressed as the mean of three independent experiments
(* p<0.05 vs. untreated control).

apoptosis7} Yol A ELoAM HEPH oz AAee G4 §
Z ol 93 apoptotic body?] dAo] % i} 5745 ¢] DNA¢]
dHF 2 AR € T AN oF2H caspase-39] &
A 57l wet apoptosis7t doitE A #EEHE poly
(ADP-ribose) polymerase (PARP) T4 o] ©#H 3} 3411,
13]% 5-FU A gl we} 5715 Atk (Fig. 4B). W5 5-FU9| A
gl oJste] PARP7} B H AT, 4 F caspase-39] T
@ 37he 22T Y 18y B 4§ pro-caspase®]
A& active-caspase FEI 2 cleavage’t o] ¢ A=
J 5] 22 5-FU & ¢ apoptosis =0l caspased] 273
ot Ao R AZtEt ¢ 5FU Ao wE apopto-

&

‘.

O nEr'
o

i
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sis ft AEE annexin V MO ZE 3o &Rl A,
5FU A2 Mztel S7tell wet frold oz 43 S7HE S
& ANTHFig. 40). wetA & AT A 5-FU Aol
oJ%k CHP-100 M%< Gl arrest fridell & F2 A7}
apoptosis =9 AAHAEFE 2 vshs Z0lH, caspase?]
24 S7H7F #AsdS Thede BoFE Aot

5-FUOHl 2|8 CHP-100 M= O|EEE2|0t 7|59

nEZE=gole 753 A3H apoptosis 2H Fad 9
& 8t Bdl-2 familyol] <8k @A S0l = B2 ¥ BalxL
A3+ anti-apoptotic T 2 7 Bax,
Bak ¥ Bad 5% Z-& apoptosisg %3l pro-apoptotic
gz Aol glon, 152 dimer® FHE Z st
TH< ol Fa Y7, 12]. L2 apoptosis = A& ol wet
o] 5 Atolol @ ol AAAA HH HEZE o} WHETH
A EZAE cytochrome c9} 22 apoptosisE st &2
o] WZ5 0] caspase® /47 DNAY TH 3t e} AHE en-
donucleased} Z2 T4 9 &4o] F7HET7, 15]. WetA &
ATl A= 5-FU Al g CHP-100 Al & 9] apoptosis
T3t Add 714 = et Bl-2 familyoll £3b= Bel-2
3! Bax] 2d WS ARSI Fig. 5A Uehd 23k A
& R0l 5FU A ARE o £A 0.2 Bd-29| o] Ha
AaH Sl oH, pro-apoptotic B A Sl Baxd] L w4 F
7HE ATk, o] 2lg WEy} nEEE g ot V)% o] 4% A
o] A=AE 2AE7] st MMP 3] W3tE JC1 94 <

Fotol £4% A3k, 5-FU A A3t A3 wet rEZET
of 715 &4 A X MMP #9] &40] - F7kst it
(Fig. 5B). o] & & P EZ g0l 7|5 £42 cytochrome ¢
o Axd feok 2 ddAol slerz A4 9 5FUZt
A w A A wjekE CHP-100 XS5 Axd 9 nEZ
Tefol dAE F2sto] cytochrome ¢ HE W3S A
& A3, 5FU Agol whet MZA W cytochrome ] &
Aoz S7HE NS At At (Fig. 5C). webA £ ¢
T A= 5-FU Ao wh B2l thE Bax® A2l
Td 7L EZ gt v wge fieglen, o
w2} apoptosis =0 A A HEE s+ cytochrome ¢
A EZAZ9f o] 5ol weg} CHP-100 Al E7} apoptosisE =3}

& Yo

ol ’¢9] A4 5-FU A 2o mE CHP-100 Al E ] 4
A= Gl arrestet A#A o] 9loH, 5-FU Ao 93 Gl
arrest= pRBY| 2Q14tgte] W& 7] W #d FHAE
TE Ads FEsAe A0E AZ4En of&e 5FU A
o g CHP-100 A= 9] A& A3} apoptosis fr=o w2
ZolH, & 7)o & Bcl-2 family B A E9] B wo] o3t
]E:"CE]"}«] Tl &4 Aol A=

IT)

A

53} 22 apoptosisE
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Fig. 5. Effects of 5-FU on the expression of Bcl-2 family proteins
and cytochrome ¢, and values of MMP in CHP-100 cells.
(A) Total cell lysates were prepared from cells treated
with 50 uM 5-FU for the time indicated and Western blot
analysis was performed using antibodies to Bcl-2 and
Bax, and ECL detection. Actin was used as an internal
control. (B) The cells were stained with 10 uM JC-1 for
20 min at 37°C. The mean JC-1 fluorescence intensity was
then detected using a flow cytometer. Data represent the
means of two independent experiments. (C) The cyto-
solic and mitochondrial proteins were extracted and
Western blot analyses were performed using the in-
dicated antibodies and an ECL detection system. Actin
and cytochrome ¢ oxidase subunit 4 (COX IV) were used
as internal controls for the cytosolic and mitochondrial
fractions, respectively.
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