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Induction of Apoptosis in Human Osteosarcoma Cell Lines(Saos-2)
by Single Fraction High Dose Irradiation
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A single fraction of 50 Gy extracorporeal irradiation, as a modality of limb-sparing operation, has
been used to achieve tumor necrosis in osteosarcoma. Although this modality of radiation therapy
preserving the mobility of a joint is commonly practiced, the precise knowledge on the radiobiologi-
cal response of osteosarcoma cell has remained to be elucidated. We therefore observed whether a
single high dose irradiation caused apoptosis in osteosarcoma cells and whether the commitment to
apoptosis was associated with cell kinetics. We also investigated radiation dose response along the
time course for development of apoptosis following single high dose irradiation. The morphologic
change in apoptosis was observed by fluorescence with Hoechst 33258 and the degree and the frac-
tion of cells by flow cytometry. Irradiation of osteosarcoma cells with 10, 30 and 50 Gy resulted in
chromatin condensation and apoptotic body formation. The degree of apoptosis in osteosarcoma cells
was 29.5+3.56%, 39.9+4.83% at 24 and 48 hours after 10 Gy irradiation ; 41.1+3.93%, 66.9+
5.21% at 24 and 48 hours after 30 Gy irradiation ; and 48.0+3.69%, 75.6+4.65% at 24 and 48 hours
after 50 Gy irradiation. The fraction of cells in cell-cycle kinetic was 39.2+4.3% in G2/M, 22.1+
4.65% in G1 at 24 hours after 10 Gy irradiation ; 51.0+4.3% in G2/M, 20.4+4.7% in G1 at 48 hours
after 10 Gy irradiation ; 40.3+3.9% in G2/M, 26.1+4.7% in G1 at 24 hours after 30 Gy irradiation ;
59.243.9% in G2/M, 5.9+5.1% in G1 at 48 hours after 30 Gy irradiation ; and 44.3+4.2% in G2/M,
21.1£3.5% in G1 at 24 hours after 50 Gy irradiation. The fraction of cells at 48 hours after 50 Gy
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irradiation could not be observed because of irradiation induced cell death of most of cells. All values
for irradiated cells showed accumulation in G2/M phase and reduction in G1 phase, irrespective of

irradiation dose.

The results suggest that a single fraction of high dose irradiation with 50 Gy results in accumula-

tion of cells at G2/M phase, leading to apoptosis.

Key Words : Osteosarcoma cell, Irradiation, Apoptosis, Cell-cycle distribution

M E
FLE] &7 X8 /LY AR BEs] & v
Hoz AME AEE $4 29 50 Gray (018t Gy
olgt $HE A9 WAL ZARsle] Fe| SR Fe

2 FAY B2 ARsE QLS AE olagol
2o Hasm JoP?, aeu olE Eae YA
A 9 B2 A8 594 Ade 2 AEE 3
2o disle] Haaldrl wiiel, Ax oA nd
o] wWhald A} B F8F A X oigk A A

ahA ko] et AFRnE BA &rh

O}EjiA]*(Apoptosm)*‘f— o] FHA el 93
A =5 (programmed cell death)°l8 &HA
glom, o]-}__x_L_EA]}\_J SRR ARz}, ME
U Kade wisgal, §34 2ddd, Az
Sl o8 ARE B3lM FAesle HFolle ofx=
EAAE A9ty dEAn Y5, ofEZEA]L]
5 2 Eo] FAR R oA FL3 GEgL o
oha BaE s g,

o) A T 2 HY T AEF T Gy,
10 Gy9 BAME ZAME & F ofZZEAlA7E 24
&9, ofEZEA|x WAL B AZFTI A
AA% F First Gap(Gl) 719 24 2 Second
Gap/Mitosis (G2/M) F719] FAl< #A 7} ik
JJ.}_J‘ﬂoiq_Z.g,IUJ
et B A7 Al angake] WAkl 2APH

% NEF(Saos-2) % oIEIZEAAE LAPA

% o
W, A 2AF BEE AZFS] oA
3

r

of WA AL 0 A2 Bt of
A, EF g% AN 2} B
Fol MEFTG) MG S FEAS
A S,

1. Alechat

i1
Ho
o
>
H
4

= HEF 28 B Be 8% AZF
Saos2 (KCLB30085) & Eagle’'s minimal essen-
tial medium (GIBCO BRL, LifetechnologiesAl,
10% fetal calf serum(GIBCO BRL,
LifetechnologiesAt, France)# &4 peni-
cillin 100unit/ml, streptomycin 100ug/mi& 7}
sto] ey, AEFE 6709 Thar £71904 1

FUol| 23] wjFAE wBst AEFE KA SR

France),

N

2. MIE o L ERARM ZRA}

r

Feers W e #Asy] ate] Thar 7]
wokd AEFe 49 194, trypsin E4 Aelst
o AEZE gojll & x5 £%7] (hemocytome-
ter) 2 1x10709) AZ7} HEE 2Es lar]
Az K7t 239 24 well WEE71 370 &
7 9 well® BEFIAoH, Azt wE ¥sE =
Avslzl Yated Zzhel 24 welle 1EF9] WA
FAF T FA], 24713Y, 48AIFC B2 A ESte] #Es)
At 7z AlZRde) wE #Zde 47 3719 well
2 FAdste 33 #AEE s

O}‘EEE}‘L}: WAE 9 MxErE #ZEr] 9
sl T 27104 witE AERE A (YA,
trypsin £4& sl AEZE Hojd F AEsy &

F712 1x1074e] AEs} b=
AP ZAME 25 | FE)
50 Gy& 374 2tz} BRstgdon, A7) we W
g2 zAlelr] 9ste] Zb fke] HjkEA)E =A,
247 7L, 48A7HE 3N E TR

25% AEFE QAN olgate 4¥rE)
(NELACA}, Japan, 200rad/min, 6MEV)2 <

2 243t 10 Gy
3H 30 Gy& 3,
o

_2_



Alel 10 Gy, 30 Gy 28lz 50 Gys Zzh 24K
Qow, WA ZAE FA|, 244171, 48M7 o
WA ABH WsE Basgen, BAM 24

1A e E&F AEFs Hla #AFsT

3, HEfsts msl U sHo| T oAl

A7t & X ZEAAE FAT] H3l] A2
% phosphate buffered saline(PBS)22 23]
AA3 o2 methanol® 13315tk DNAGA Al
21 bisbenzenamide fluorchrome (Hoechst No.
33258, ©I8l Hoechst) 5meg2 Hank’s €94 100m!
o] =o]i merthiolate 10mgS H7}ste] BEAo
2 AR flsted W Euelqict REde
slidedll 1ml& ®Fg Thaol 3083 A2 o
st 9 & FRR 338 AAg U g3d

7 (Nikon#}, Japan) 2.2 #2313},

Azl Alxd 9 ge ﬁﬁﬂ@ H3lE #Eshy)
43}04 WAl 2A} B A EFE PBSE 23] A3

Wright &de=2 da¢ o 23 AvA
(NikonA}, Japan)©o.2 #2319,

EJ?: _1}1,

4, OZZEAIA WME 3 MzEFT| Zxo| ¥st

AR 2AL  oujkE AEFE
2g T U4 EEsid MEE ?rﬂo} ﬂ%
AEZE PBSZ 23 Al#Hg Hd ¥a ET&% 70%
ethanol2 33t nAH HAx:= PBSE 23
A8kt RNase A £ Agoal 3083
2|3k th2ell Propium iodide{(50ug/ml) &H o2
A8k

AEF718] EX 9 ol ZZEAA DPEL {4
F £]7) (Becton DickinsonAt FACS System,
Germany) 3 ¥ 717l £3d Modifit DNA &
X 2Y Zaa@s o]&std AIRF B A w
2t A8kt
BAAT= P37

~

=2 33" DNAYTH 5%
HEZFE 28l HEX

9 Axe g gaEsiyich

bl

5. EAXME]

SPSS(Window version 7.0, USA) ¥4 ==
OAE o] 83l ofZZEAA HAES t-testZE 7
A3tsch

UAjol] mgaFe] WAL 2ALEE Fof] AE ujk
ol BatE F8E AEFe Fuehy Wils 4
ZZo] A&xFgen e BA=o Jehdt (Fig
1-A,B).

o] PFFAMoNA F&F MEFE FAAe] =
HyA @ oz g0 vigmekel gyg B
A3, & e BdE] 27 ojde] 2Zdo s
WA olXZEAA A AU (Fig. 2-A,B,C).

2. OIZZEANA SME Ol MZFT| B2

kA &

ZAPBIA] ghe FEF AEFoM AE
F7] 9 DNA #AFEXNS 29, Q1 F79 64. 1+
3.2%, G2/M F7]= 11.3+ 2

Fig. 1. Morphologic change in osteosarcoma cells.
A. Non-irradiated osteosarcoma cells
B. Osteosarcoma cells incubated 24 hours after 10 Gy
irradiation, show marked cytoplasmic shrinkage
and fragmented nuclei(Wright staining X 400).
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Fig. 2. Hoechst staining of nuclei in attached osteosarco-

ma cells.
A. Non-irradiated cells
B. Cells incubated 48 hours after 10 Gy irradiation,
show chromatin condensation. ’
C. Cells incubated 48 hours after 10 Gy irradiation,
show apoptotic body(Hoechst staining x 400).
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Fig. 3. Appearance of diploid cells in non-irradiated osteosarcoma cells.
A. DNA content frequency histogram shows high G1 phase.
B. Dot-plots of FACS analysis shows accumulation of G1 phase.
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Fig. 4. Appearance of apoptotic cells in osteosarcoma
cells after exposure of 10 Gy.
A. DNA content frequency histogram shows accu-
mulation of G2/M phase.
B. Dot-plots of FACS analysis shows marked appear-
ance of apoptosis and accumulation of G2/M phase.
AP: apoptotic cells
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Fig. 5. Percentage of apoptosis in irradiated osteosarco-
ma cells. The cells at 48 hours after 50 Gy irra-
diation show highest apoptosis.
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Fig. 6. Analysis of cell-cycle phase distribution.
A. Irradiation with 10 Gy shows accumulation of
G2/M phase.
B. Irradiation with 30 Gy shows more accumula-
tion of G2/M phase than 10 Gy.
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