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The Effects of Cisplatin, 5-fluorouracil, and Radiation on Cell Cycle
Regulation and Apoptopsis in Hypopharyngeal Carcinoma Cell Line

Hong-Seok Park, MD, Eui-Kyong Goh, MD, Byung-Joo Lee, MD and Soo-Geun Wang, MD
Department of Otolaryngology, College of Medicine, Pusan National University, Busan, Korea

—ABSTRACT —

Objectives and Background : In head and neck cancer including hypopharyngeal cancer, cisplatin and 5-
fluorouracil (5-FU) usually have been used as neoadjuvant chemotherapeutic agents. We investigated the
difference of the influences of cisplatin, 5-FU and radiation on p53 protein expression and cell responses (cell
cycle arrest and/or apoptosis) in the hypopharyngeal carcinoma cell line (PNUH-12 ; mutant-type p53).
Method : PNUH-12 cells were treated with cisplatin, 5-FU and radiation. The changes in the cells were assessed
by acell cytotoxicity assay, Western blotting (p53 and p21"47/“™"! proteins), DNA fragmentation assay, pro-
pidium iodide (PI) stain and DNA flow cytometry. Results : The expression of p53 protein was increased after
treatment with cisplatin and 5-FU, but not radiation. The expression of p21"47/“"P! protein was increased only
after treatment with 5-FU, not cisplatin or radiation. With cisplatin and radiation, we observed apoptosis in
both by DNA fragmentation and PI stain and increased the S phase in cisplatin and the G2 phase in radiation
by DNA flow cytometry. But, with 5-FU, we couldn’t observe apoptosis by DNA fragmentation and PI stain
but only an increased G1 phase by DNA flow cytometry. Conclustions : In PNUH-12, radiation induced p53-
independent apoptosis and p21""/“""'_independent G2 phase cell-cycle arrest. Cisplatin induced p53-depen-
dent apoptosis and p21"**“**!_independent S phase cell-cycle arrest and 5-FU induced p53 and p21"4*/c%.
dependent G1 phase cell-cycle arrest, not apoptosis. Cisplatin and 5-FU induced p53-dependent pathways, but
radiation p53-independent pathway. The cell responses by cisplatin, 5-FU and radiation were all different pa-
thways. Our results suggest that combined treatmentwith radiation and cisplatin or 5-FU may be effect because
these have different molecular mechanism of cell damage. (J Clinical Otolaryngol 2005516:45-53)

KEY WORDS : Cisplatin - Fluorouracil - Hypopharyngeal neoplasms.

00000020050 30 300

00000020050 40 280

00000000,602-739 00000 00 OO0 10 1000 00000 0000 00000000
000 (051) 240—7332- 000 (051) 246—8668 E—maill gohek@pusan.ac.kr

45



J Clinical Otolaryngol 2005;16:45-53

2

—

N

00000 000 000 0000 0000 000
0000 00 000 000 000 00 00 000
000 0000000 000 0000 000 00 0
00000. 000 00000 000 000000, O
0,000 00 00 0000 50 0000 20~30%
000 000 000 00”00 0 000 000 0
0000 0000 000 0000 000 000 00
00 OO0 O 00000 0000 00000 000
0 00 000 000 00000 00, 0000000
000 OO0 0000 00 00000 00 00 O
oo oo

Cisplatind 5—fluorouracil(5—Fu)D 00O O0O0O0O
0 000 00000 00 0000 0000022 cis
platind DNA 000 crosslinkingd OO0O0O DNA O
00 000 00000 0000 0000 0000 0
000. 5—-Ful DNA 000 000 000 thymidy-
late synthase(TS)O OOOO OOODO oooo®o
00000 cisplatin alonedJ0 OO0O0 0000 OO
00 20~30%0 OOOO0 00, 5—Fualoned 0 000
0 0000 15%0 0000 00.59 Cisplatind 5—
Ful 00 0000 00 0000 40% 000 000
00. 000 0000 000 00000 0000 O
0,0000 00 00,000 00,00 0000,0
000 00 0O 00 00, p53 0000 00,000
000 DNAD 0, 0000 0000 0O 00 00 00
0 oo™ ooooo 000 000000 000
0000 000 00 0000000 000 00 00
oo.

00000 000 ps53-000 000 ps3-000
0 000 00.000 000 0000 00 0000
00 p21-000 000 p21-000000 p21-0
000 000 0O0. 000 00 0000 00,00
00 00,0000 00,p53 0000 00 O 00
00 000 00 000 00 000 00 O0.

0 00000 000 p53 0000 000 00 00
00000 PNUH-12200 cisplatin, 5—Fud 00O

46

O 00 0O pSs3, p21 O0OO0O 00O OOooo, oo
Oood ooooD oo ooooo ooo.

=] EH
[¢) =

MZEHHS

0o ooo oo

00000 OO DMEM, fetal bovine serum(FBS),
0.05% trypsin—0.02% EDTA 0O 0O 2100units/ml pe-
nicillin—streptomycin(GIBCO Co., New York, USA)
0 00000. 00000 Cco, 00O (NAPCOD6101—
HO O0O00O0O0.

ooag

000
000000 000000 0000 000 000 O
000000 000 PNUH-120 O0o0o00.*2

oo oo

PNUH—-1200 2100units/mI0 penicilin—streptomy-
cind 10%0 FBSO OO0O DMEMO 0OOO0O 370,
5% CO, 00000 ODOO0OO. 000 oooobo oo
00 2~-30 000 0000 6~70 OO PBSO OO
O O 0.05% trypsin—0.02% EDTAO OO0 OO0
00od0o 00000 O 000 ooobo ooo oo
0000 Oooobo Oobo bobdoo o obgog e~
70 00 0000000 0bObO booboo.

NESY 8N

000 OOO0O 96 well plate) welld 1.8x 10*
cells/welld 000 OO OOOO OO O, cisplatind
5-Fu0 0000 000 OO, 370, 5% Co, OO0
OO0 O00O0O0O0O. IBL 437C irradiator(CIS Biointerna-
tional ™, Paris, France) 0000 000 OO0 OO
000. 2400, 4800 O 3—(4,5—dimethylthiazol—
2-yl)—2,5—diphenyltetrazolium bromide(MTT) 100
plo0 0000 400 OO0 O OO0 O OO0 for-



000 000000 00000 Cisplating 5—Fuorouracil, 000000 0000 O DO0OO0O0 OO0 OO

mazan 000 DMSOO OO 540 nmO0O O0OOO
gooog

Western Blot

000 PNUH-12 000 0000 O0O0OO 0O O
000 cisplating 5—-Fu, 0 000 OO0 0O0O0O O
2400 0000 lysis bufferd 00 4000 100 O
0 00000, 12,000rpmO00 1000 OOOOO O
0000 O000O0. 000@50 unpo 5% sample loa-
ding bufferd 00O, SDS—polyacrylamide gel 000
00 O 15Vv0O 3000 gel0 OO OO0 OOO nitro
cellulose membrane(Amersham Corp.)0 OO0, O
0, nitro cellulose membranell 5% nonfat dry milk
0 OO0 TNT buffer(0.5% Tween—20, 100 mM
Tris—cl pH 7.6 1.5M NaCl) 0O 100 00O 000
00 000 00O0O0O0.10 00 p53(0ncogene, Ab—
2)0 5000 0000 10000 00000, TNT buffer
0 1000 0OO0OOD 50 00O O, 10000 OO0 2
0O O0[Anti—-mouse IgG, peroxidase—linked species—
specific whole antibody(from sheep NA931 ECL™)]
0 100 O00000. OO0 TNT bufferd 1000 O
000 50 OO0 O, supersignal chemiluminescent
substrate(Pierce)d 0000 O0O0O0O OO, radiogra-
phic filmO 0O000O0O. 00 0000 00O p21 (Bio-
science, 610234)0 OO western blottingdl OO0
oa.

Propidium iodide(PI) staining

000 PNUH-12 000 1x 10%mi0 00 000
0000 000 000 0000 4800 00 00O
00. 000 PBSO OO 70% ethanold 500 OO
0 0O, PI(propidium iodide Sigma, USA)O OO0O0O
00000 000 ooooo.

DNA electrophoresis

000 PNUH-12 000 1x 10° celmiO seeding
00 0000 ooobo oo oboob boo ooog
000 O 4800 O0O0OO lysis bufferd 0OOO0O.
4000 3000 OOOO 4000 1000 12,000rpm

47

00 ODO0000O0O 0000 OO o,50000 400
00 protenage K(Gibco, Co. BRL)O OOOO0O. Phe-
nol extraction OO OO DNAO OOOO 5.0M NaCl
O 100% isopropanold OO0O0O O OO OO -700
00 100 o000 12,000rpmO0 1000 OOOO
00,0000 0000 pellet 0000 OO 2%
agarose geld 0 1x TAE buffer0 3~400 (50V) O
00000 ethidium bromided O0O0O0O UV transillu-
minator0 00 DNA OO0 000 0000OO.

DNA flow cytometry

PNUH-120 1x 10%mi0 000 OO0 0000 O
U0 0 U000 000 ooo 480000 ooo oo
0 PBSOOOO OOOO. CycleTest™ PLUS DNA
Reagent Kit(Becton Dickinson. San Jose. CA)O O
000 DNAODO O FACSort flow cytometer(Bec-
ton Dickinson. San Jose. CA)U 0000 OOOOO
00 ooood.

2 1

MESY 8

Cisplatin OO0 000 OO OO0 00000 OO
o000 Oo0ODO. 4800 OOO ICs0 3 pMODO
U.5-Fi000 OO OO OO0 OO oo ooo
00 cell survivald O00000. 4800 000 1Cs0
30 yMOOO(Fig. 1). 0 000 000 (A~2 Gy/min)
000 000 ooboodo oooo, o ooo ooo
gobooo boubo oboooob.bbod bog oo
00000 o000 ooo ooood.

p53 H4 1t p21 C4

Cisplatin(3 p M, 12hr)0 5-Fu(30 p M, 12hr)0
00000 00 O0oo ps3 0000 ooood. 5-
FuOOOOO p21 OO0O0O OO0 OOOOOO cis-
platin 00000 p21 0000 00O O0O0OO OOO
(Fig. 2). 4, 6, 8 Gy/min0 0OOO OOOOO O
p530 p21 0000 OO0 OOO0.



J Clinical Otolaryngol 2005;16:45-53

Survival rate (%)

—0— 146Gy

2

Days

Fig. 1. Cytotoxicity of cisplatin, 5-FU, and irradiation in
PNUH-12 cells with cell growth determined by MTT assay.
Cells were treated with cisplatin (A) and 5-FU (B) for 24h,
48h and irradiation at 1-=16 Gy/min for 2—6 days (C).
Viability was expressed as percentage of cell growth
relative to untreated controls (means SD). The results
are derived from three different experiments.
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Fig. 2. Western blot analysis showing expression of p53
and p21WAFI/CIPI proteins in response to cisplatin, 5-FU
(A), orirradiation (B) in PNUH-12 cells. Cells were treated
with cisplatin at 3 M or 5-FU at 30 M for 12h and irradio-
tion at 4—16 Gy/min for 24h. The results of a single re-
presentative experiment are shown.
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Fig. 3. Cell cycle analysis by flow cy-
tometry. Characteristic DNA histo-
grams of PNUH-12 cells, showing the
progressive cell cycle changes ob-
served affer 24h of freatment with
cisplatin at 3 M (B) or 5-FU at 30 M
(C) and irradiation at 2 Gy/min (D),
4 Gy/min (E), 8 Gy/min (F), and 16
Gy/min (G), as compared with the
untreated controls (A). Treated cells
and controls were stained with pro-
pidium iodide, measured by FACS
and cell phase distributions were de-
termined using the CELLQuest. Mar-
kerO cell cycle. M10 G1 phase, M20
S phase, M30 G2/ M phase.
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Fig. 4. DNA fragmentation analysis showing induction of
apoptosis. PNUH-12 cells were treated with different
concentrations of cisplatin, 5-FU as indicated for 48h
(A), or with 32—128 Gy/min irradiation for different time
intervals (B). MO 100 bp DNA marker, CO untreated
control.
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Fig. 5. Apoptosis in PNUH-12 cells treated with cisplatin,
5-FU, or irradiation by Propidium lodide staining. The
figure is a fluorescent microscopic view of nuclear sta-
ining with Propidium lodide after the following treat-
ments. AO Control. BO Cisplatin at 8 M, 48 h. CO 5-FU ot
160 M, 48 h. DO Irradiation at 32 Gy/min, 48 h. EO Irra-
diation at 64 Gy/min, 48 h. FO Iradiation at 128 Gy/min,
48 h. The arrow indicates a condensed and fragmented
apoptotic nucleus.
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