Bon a4 . . O BHBASEHTEEHR - Vol. 6, Nod
1988 E 11 }-ﬂ JOURNAL OF RADIATION RESEARCH AND RADIATION PROCESSING November 1888

%ﬁ%‘]ﬁi%ﬁ Hela S-3 ﬁ%é‘]%&z

RSN FOR

W E
Sang Hie Kim ph.D*, Jae Ho Kim, M, D,,ph,D*
(L&Eﬂﬁ—}%i@%h )

‘(Radlatlon Biology Laboratory, Memonal Sloankettctmg
Cancer Center, New.York, N, Y., U. 8. A)

BE WK ENABASWESHSTITRR— AT TS5 BB A 2R,  ARXBR A 200
um E# Hela S-3 SRUCUEEL, MWK, SRIERBMMERE AL BRRMIT $51E g 8K
B, B H—K 2 Gy EHURE FIRA 4 BB A iR fa s M Ash 0 e # .

LR 1, FAREEFRAET, BB MBS R KB MR A R AERAN . 2, BREE

G R LA MO M, HERIRBEUBSRRSANE. SHE—SRE-K, REL
KIFRPREAE — G R L. 3, BEABELRUREREEHE G+ MM I8 th 4 1
s L Gy %nsﬁﬁilﬁﬂﬁtbﬂﬁi"‘a WA Gz+MﬁﬂfﬂiH@tbﬁiliﬁcﬁiEk’, Tﬁﬁ"ﬂf&%ﬂ‘ &&dﬁ(o
BEE RNA S BEHBEN., -

ﬁn%%?&jtﬁ HWE Ziéﬂlﬂﬁﬁﬁﬂc%b&i, &"%JEKET%IE‘]L—I ﬁﬁ?ﬁiki, 913““%7%&
FUAS IR 2R K. ,

x| WESARRE BoEEs: ARIMIE.

. 5] ' %‘“

L 4R S R b3 1 PR LETET%&?L"%"MIEJ ’rﬁﬂ*f&ﬁﬁ@“’@o BA—HIER R # R
FHMAESHBFERLEE, TESSE— J(HRE‘]‘ZGYH*J T RELE T AR, H
RMNBSEAEWENEE, §H— KULE’JH&E#(S?‘XT%EE BT R~ s, Hhkit
SEBABRT FERBE LEN,

B3 % MR IR R CT #r3R 44, MTS, Multicellular Tumor. Spperoxd);g—~7‘r!11ﬂﬁf ¥ P % H
TR R RS . 259, MRS EIMERIT, RN TF AN RER i 35 3Rk
P SR 22 1) B = e 440 SCOR RN 7 AR BE 4 Y éﬁi’,tl%‘éfé*’zy iﬁ%ﬁkjﬁn{bﬁa‘fjmﬁ%{um’\]
SCORRR R, (ECELAT RAME AR R, AR EERER A,

AT T i o BB T R AR A 2, H 5% B RS — KB AT R LR, Zli)‘clﬁ}\ﬁi

e T ML IO BR (AR, MR ik e 3, MR IETY B R B A R S, IR R A R
’\%JESIETXJA%H‘F%*ﬂﬂﬁﬂﬁﬁﬁﬂlﬂﬁﬂﬁ%%%m, FE It EBRBEHAT T REHEEM B,

MR 5 ¥ B

1. BRI SE : :
R F Hela S-3 f, 3% 5 Wit~ HamE & 10% B4 miF. 100 #45/ml &
FEFE R 100 ug/ml B EH) MEM 3% % % (Eagle’s Minimum Essenflal Medlum)rf]ﬁiﬁﬁ*"_—f:{;q(Fﬁg;



WA

Bl Eipt) Hf‘La S-3: Rk A KA AR Bh 7 SRR

19

KT 75 ot 2D, B 5% C0, BRI EGTC, B, GRS R,
HDM%%TFEWE)\ 1% Bif8 ¥ #= 1fi(Noble Agar), 7%

BRI T kN Yuhas 248 A4y 19,

BE4L

B R 510°~1.0 10°/5 ml 35 75 REO S B o, B 9%
FAr. FMEREANOEIL. EBEGNES Hﬁ/ﬂUEH’JFUE,\U_ﬁﬁ%ﬁ—Fa JARAE B~

~ 8 K, REBHIRAEREX 200 um

W §2:200 um

HIBRHE, BHEBIE 1% HNERE 32N 1 mlSE SRR 16 mm % L8 B 7 4% py (Linbo Mwlti~well
plate), */‘S‘LWRTE)\—*Aﬂ?WUﬁEﬁEﬁE%, RIGTE 3T°CTF CO, AN F, B=RER

W TRESA BB ERE R
KB, BOPHE, BRE A1 1249
Rk, ERFTRK RS =

e

%'Zﬁjﬁaljz{zyj{ao ill’)l‘;g“a] vﬁ‘ITE N

: é’éin %(L’(o

2. Wt
27T M 'Cs B 41 (Gam-

macell 40, Afomic Energy of Canada,

 L+d), 78 %% Exradon T—1(0.05

ml)TE i1 3 3 A AEIE T % W 18,

.1.0Gy/min, FSt 8 BRI

o)) iﬁikz‘i%’r 2, 4, 6.8, 10Gy -

2) FRH>HHH 26y/ K, - &
B, 1~5X% : r o
L) 2ayRas @ 1. sGy/J\,'

& H IR (A 6 /N, T~5K, @
1.0Gy/%, BE= k(lﬁj kg 4 /J\ fh‘),
1~5%K, . 4
3. RESE -, ] Co
TSGR A B 4 e B Rk
B R ST RN 5 A s R B R A oA ER
e, BB 5 2, 10, 025 % BEMEAE 37°C
TH K 8min, FRERERITHIRS
0t B . 22 13 (Coulter CounterB), 7
ﬁ’
dishes, Falcon) {78 7% }f,ﬁjiﬁkg/‘ &
FIRSEMH S AEFHEM, &% EA;’J@
8. )\ Held S-3 2R fhsy B FIi 45 5 48 14
EEVHEEP. E DR 50~80%, T

B Fi 75 60 mm 3 35 M Py (Petri-

-4

&

(@) %)

10y gingle dose C10 e ZGi/f_,.lg"/Day

T 9

8. 8.

T ?

6 6

5 5

4 4

3 3
E 2r. i : 2
% 1+ 0.2,.496..8,710%! k-
= 0 1 ! L1 1 1 ’ \ L4 .
& 3 6 9 12 1518 0 3 ¢ 9 12 15

X% Day . R# Day

$,.9 @
510 1,5Gy/F, 3F/Day 10 1Gy/F, 3F/Day
@9 =3 9 x'f:s
K 8 ‘
& 8k
= 7

6 .' 6

3 5

3 3
ZL 2
1 1 )
FEN TN DR WA N o [ WO N TR S
0 3 6 9 12 15 18 3 6 9 12 15 18
R¥ Day : x# Day
B 1 StA Hela S-3 kA Kofgm

Fig. 1 Radiation effect on Hela S-3 spheroid growth
— e—0Gy, —o0—x1 Day, —A— x2 Day '
- —A—x3Day, —8—x4Day, —[]- x5Day

Ho SRR AR 1009543, EENEGEMT HEER.

4. MR BNARINEER
# T;aganqs v%“”ﬁzﬁiﬂ‘(ﬂi’ﬁiﬁ
AR,

. DNA 71 RNA & B RN $ &, RIS EA T EA BH
%®®WWWBQL%ﬁL%&,MAmJMHmh¥w&ﬁﬁR£%&ﬁ,m‘



20 : ﬁmma‘a'ﬂmﬁlz X T , e

N0.25 /}Mﬁu DNase (Sigma, D—4638)3%%] 1.0 mg/ml ¥k f, ¥ 37°C F30’ J5HX 0.2 ml 4
BB, MM 0.4 mIEETE#(0.08 mol/L HCI, 0.15mol/LNaCl, 0.1%Tritonx —100, Sigma),
30 # /SN 1.2 mlAY 5% {8 (Polyscience Inc,, Warrington, PA, py & 0.2 mol/L Na,HPO,:
0.1 mol/L ¥i# B FE##%, 0.15mol/L %ﬂ;!@m, 1m mol/L Sodium EDTA, 6ug/mliy o 13,
PH6.0), FrEREHTFERTHT. BERBE, & RNE MBS H s ARFRAE X B
E— KBRS, 2 ER% &S 10 min > B 7R 4 e # FC 200 (Ortho Instrument,
Westwood, MA) b3 DNA fii RNA & Bz, REa3EH DNA, 4% RNA, BKE W
BB 5 5010° A ko MMARE K BRI EARER % o WA MIIHER AT B Hl(Nova 1220, Data
General Corp., Westboro, MA)A# & ##2. M DNA f1 RNA Eﬁ\qﬁEDT"}tﬁfﬂ]}j‘jﬁnp G,.
S, G, +M HigiaE & TEb. HAZE #ﬁ?ﬁkiﬁkui, B AT HEHE R — 3%51%937:)53[
SHA#THR, '

1. REEEK , | - :

"E 1% 200um B B HeLa"s-3 R w'“FSIETFB'JEE&%% KBRS REEREMELE K,
ﬂtﬁiﬁﬂrﬁfﬁi\éﬁﬂﬂ%ﬁﬁﬁs%o B 15~ 18 REER poop R R, HRKBAKEY, SR ER 4
EE*’J 1000~1200 um, J¥ & Fm—z*m %BRﬁ:%i%jz, %Fafﬂiﬁk Be KRG ER

wr T
E 9 10°
3
§ 8
x . -
E 2k % 107t
= .8
< 6 S
o =10°?
&5 =
& £
i :n 10-3
53 %
% ~2 . %
% . 10
1k A
0 4 A 3 N N . 1 1 1 i [ Al 3
3 6 9. 12 15 13 , 0 2-4 6 8 1012 14
X4 Day i < - #ft Dose (Gy)
, 2 FTRAAHESESNE . ¢ B3 Hela SIREESERAR
: . EFERBREEREEEE : ‘ K
00Gy; o 1.5Gy/iK; 2iR/K X3 A, BIXNE - By 2GY/IK/Rx1—5
N2GY/IR/Fx4;  x BKHIE 8 Gy G L5GY/IR, 2 /R X1—5
D. 1Gy/ik, 3K/ Kx1—5
Fig, 2 Different fractionated radiation S B A GERT A
effect on Hela S-3 spheroid Fig. 3 Surviving curves of Hela S-3 cells
growth under thp same total : grown as spherods after irradigtion.
dose, : _ A, Single dose B, 2Gy/F, 1F/Dayx1-5
0 Gy, 01,5 Gy/F 2F/Dayx 3, A C, 1.5Gy/F, 2 F/Day x 1-5
N2 Gy/F/Day x 4; X Single dose 8 Gy - D, 1Gy/F, 3F/Day x 1-5

Dashedline represents the expected survwmg
curve (calculated value, see text) -



Ham  BAEEs Hela S-3 SRikEE KM MBS NN 21

3 L \/\/\/
R S N f
z SRS G VY WS SHU S 1 A
202 3 4.5 6 7 2 3.4 3 87
2 D R B § .
%g @ sr @ N L
*4 . - / 4 u‘

P,

3 ' ~ 3 /

2 \“" 2 \ \/

T R

nnnnﬁ mmmmm
R Day
B4 7}5{%1): G2+M ﬁﬂ%ﬂ@#ﬁﬁé&zﬂ*?ﬂﬁ(ﬁu%%xﬂl%ﬁlﬂ)
a) Fpst . b) 2Gy/IR/K
©) 1.5Gy/ik 2R/K & 1Gy/R 3K/R

Fig, 4 Kinetic changes of relative values of cells in G, + M phase after irradiation,
: arrows represent the time for Irradiation,

a) Control " b) 2Gy/F/Day
¢) 1.5 Gy/F 2F/Day d) 1Gy/F 3 F/Day
£ o . ’ s
' ; . b) :
P : : 2 :
i ) o ot ‘ I
% lr"o-—.__o—l“ R I \.‘_.’_.___.___.\
> At Y G B | S RS U VY NS WSO VA
20T 34567 %123 405 61
B tte et '
0
s _ .
s 0 ‘ R T
® 2 ‘ r o :
® 1 =~ 1l ’ S
'0'72345_670'1234557
wan n , mummm
o RW Days .
|5 HHEG ﬁﬁ*[ﬂﬂ@*ﬁﬁﬁzwi‘}:%
@) kit ) 2Gy/R/E
. ©) 1.5Gy/IR  2R/K d) 1Gy/ik 3K/E
Fig, 5 Kinetic changes of relativg ‘values of cells in G, phase after irradiation,
» a) Control - b) 2Gy/F/Day
c) 1 SGY/F ZF/Day ' d) 1Gy/F 3 F/Day

BriRmmimEs Hﬁiﬁ, Tfﬁﬂ%ﬂﬂl%ﬁ\%ﬂjﬁ‘ﬁﬁ% ERFBERSET, BRBSERELK
SZME BE S A KBERE, LB HES 2 Gy Ak, I/EEXLBAFRH KULE 1.2), T
AERH AR EIRE SRR EERMFIORTAM . ERHARBREE 10 Gy FEREHTESO
R HAR], B BE 5 IR tﬁéﬁﬁffﬂiﬁtd\(ﬂ%ﬁﬁﬁﬂ)e ﬁTﬁE%éﬂiH@FELFfﬁlﬁﬁﬁf‘#fJ
JRETR REERR s ’f’J?’ffﬂJ:f%%TI““

2, BREFLE. T



22 »-Eﬂﬁ%%%ﬁli%ﬁ . Eo%

(a). (b)
82 : :
’;‘, 1 g b g 1 ——l\.—'—‘ﬁ tag §
2o Tr T e s 67 0 1t 34567
ks trr 1 ¢
PO . @
gl m——NL e~
= * . . N . N N g
01T 3 4 5 6 7 07y 2 3 4.5 6 1
8 | ey
. J “ n " . X% Day.
| 5 BUUE SHMRENBEISEN
a) Rtk b) 2Gy/IR/R ©) 1.5Gy/Ik 2K/K d)1Gy/,k 3R/R
_ Fig g, Kinctic changes of relative -values of cells in s phase after irradiation, - -
a) Control b) sz/F/Day . ©.1,5Gy/F 2F/Day _‘ d) 1Gy/F 3F/Day

$kH%@%%%ﬁ&ﬁ%%ﬁ%Fi%ﬁu,ﬁﬁ%mﬁﬁ%ﬂ%&&ﬁﬁfﬁﬁ%ﬁﬁ
BIHEATo [ 3 RRIRI 4 BT IS IR £y 08 MR A 7 28, 43 VA 49 3OS 5 A
L REARTF RRAS, MELRASRIRARMEAERGTUEL, BASENEMEH
A, EBTFEABE K, K 1.5Cy ZHBEBHZK, B 1.06y, & FLRIEH
e &EFHD EMTF: L B

BRBUH Dy=0.90Gy .

HEASEBS Dy=1.0Gy _ o

BHOEHS (1) SBZKk4A D,=1.26y (2) EA=)k4 D,=1.4Gy
DE%&EA%W%K%MMﬁ@f,&ﬁTSiﬁﬁ%@,%hﬁﬁ%ﬁﬁ%ﬁﬁﬁ%%ﬂ

B oA A S
3. AMAYEESE .

BUST G Gy + M i L Bl R BB S . BKMST 2 Gy A1 4 Gy 5 4 /B, G, +M i 4
ML PIENA EF, B 18 NK G+ MMM 0% 474, {B 24 M EFFIAT W, 48 NHEF
STRIKTE, PEBE G, + M M4 LL B ME G, 1S B 4R i bt BIROIR 2. B 4R B 4tIE 7 KA
G, +M Bl LBl B AT b ZEE— KNS S 24 /N G, + MBIz LbBIER A 380, BRF®
KR4S T — kB S BT, BRMS HARSH G, + M i L 4l 4 5 3 N, 4 B
ZGYﬁTG+M%%meﬁ?E%M%K¥,ﬁﬂ%ﬁﬁﬂﬁf FIEZ R, WE 5. 65
To Gy + MM LLBIR ML R G, ML Pl D, 270 S B tED . RTAZLFRSE
RS HBFRS 3Gy, WEHE G, + M BB AN RS B 8 48H 2Gy 4, WE%E
TR MER RN RS E L, ERSEE 4 R G+ M MBI T BK T B B T A4 BT K
. RGXB G, 7S Hi 48N LB ESE ST RIKTE), AR BT84 347, 3 6 RE G, + M i
bR BT, XN ERBSERG, AEBLRMENRE 5~8%HE 1 4 i, £ER
&ﬁ%&%%&#wﬁﬁﬁaK?%%%EH%E%%WRNA%%mﬂ%%ﬁ&ﬁ,ﬁ&ﬁ%
Bk, , 3 -

w ® N
Zif%f“ﬁﬁfﬁﬁﬁtﬁf > %I &R 5B Hela S- SRWEH’JLJEL&WW( ." 2_), HER BT



%4k B Hela S-3 R & KSR ERE 2

5t R K T ANFI RSB 00, RO A B R e 2H FL R R 46 BT E
BB SR R A KRB R, th A B RS 2 Gy MBS B AR, ¥HE K F6Gy B E
AR, i H RS 2 Gy Xk M R, M Ak S0 v B4 H U A B %%&%a
D 55 S5 BR34BT R I SRR DI RTRE AT, A L RO SR R
R o KA 2R A — BRI 3), 48RS S A L 8 15 T K B @oxmmm
AR A % S ilh A F&ﬁm1%EM£%%WHH%m%M{Em%%ﬁ&%# Bl i
S, AR BB IR B R T R AR 1 B 1 R B LT 45 0, ‘%m%“?ﬂ
BT R R TR, AL SRR B N B 2 I R T u&z@—x@ﬁmrﬁm
KA B AEFIR 12 GY)RAE 5~8% A1 1 M, B LA H AR EREA. AR AL R
¥ 200 um B 7% HeLaS-3 BRANBETY, HATHR Y LHIZ S4B, HIHES BB s B 5
E, T 2 T ST A 7 2 AR I R S R O R T R B A R T, TR AR ST
o R B I SR M S — —BE, AL 1A 32 AR R 28 UK 5 1.5 O 94
B, BdS s RREE 3 i S RIS T i rﬁﬁh%hﬂhﬁ@ﬁ,%
Txh%%ﬁm%%wﬂﬁ&ﬁ%%ﬂ,ﬁhT&‘ﬂmL“%ﬁﬁL . BT B R R
GEBEN, EEEREEF AR E L% R MR 5 TTEEE.

O SCRR I 38 4E —B o2, mﬁﬁmmm%mwmiwme+MmmwummmmocMm
. Hieber 401~ 43 B4R , B X 70 @ B F 5142 G, + M IR B B AU Sk —0, T E 8

'ﬁﬂ%@m$mﬁﬁﬁmﬂaﬁ%,NE”DEEQKih¢“%ﬂﬁﬁ%ﬁﬁﬁf2mﬁﬁ,
G, + M B LBl LA BURSTAT 3 ~ 4 18, RMHALHHHARSBMERBS G, + M W FIH
Ro EHSHEG, + M AR S A EKE, RESHIR S BE RULE 4. i
RGBSR H G, + M B B L ARBL, FE A 5 KM Bk, BHES 4K,
MBI A RSB ARTF . BEAE XA BB BMSE AR IE S LNREARS, BEF
B BSOS IA] G + M YT 40 b (1 8 B B /K O MLA o AR SE IR P 38 4 OB 4 BB 4100 R 5 Rk
12 Gy, FTREE LIFSE— & B BRI G, + M imi, RN EZEARE, BE—%R
MJ@@%#&M%W&% — M, HISB M AR E LRI R TR A S RRE

5BV G G+ M 35140 it EL 1 60 3 0 S R Q%%hwWMJ,%ﬁGﬂwwﬂﬁ o T 44
5 RNA & 8 F 09 BBCE ARG — 8, '

A SIS ALl PR R U 40 B0 5 Rk 1S HA%W@%MM%E&;Eﬁw$m%m%ﬁ#%'
peflib AR S 3tE— 3 B B S R A 400 wm 10 Hela S-3 3k )W TMZ & 4 Ia
ﬁ&ﬂiu}ﬁﬁ%m%w,mmﬁwﬁﬁﬁﬁwm%mﬁﬁ?ﬁm,ﬁgw%gm%m%ﬁ%
iR —EBH . | o o

5 % X W h |
[1_1 H. K. Awao, M. Barsonm, M E. Merzabam S. Omar, S. E. Badawy, S, Ezzat, H. E. Baki,
A, Zaki, Am J Clm Oncol, 6,91 (1983).
{21 H. D, Thames Jr,, L. J. Peters, H. R, Withers, G. H, Fletcher Int J Radiat Oncol Biol Phys,
9:127 (1983).
[ 31 R. R. Meoz, Int J Radiat Oncol Biol Phys, 10,831 (1984).
[ 4] H. R, Withers. Radiology. 114,199 (1975).
[ 57 A. E. Howes, J. M. Brown, Int J Radiat Oncol Biol Phys,, 5,13 (19797,



24 O BHEBRSESIE®HR Beok

£ 6] H. R. Withers, Advances in Radiation Biology. Vol. 5, pp.241,Acad. Press Inc., New  York,
(1975).
[ 71 R. M. Sutherland, R. E, Durand, Current Topic in Radiation Research Quarterly, 11,87 (1976).
[ 83 R. M., Sutheraland, H. A. Eddy. B. Bareham, K. Reich, D Vanantwerp, Int J Radiat Oncol
Biol Phys. 5,1225 (1979). _
£9] Y. Samo, D. F, Deen, S. M. Oredsson, L. J. Marton, Cancer Research, 144,577 (1984).
C10] J. M. Yuhas, A. E, Tarleton, J. G. Harman, Cancer Research, 38,3539 (1978).
{111 8. Q. He. S. H. Kim, J. H, Kim, Int J Radiat Oncol Biol Phys, 11,1137 (1985). -
[12] J. H. Kim, S. H. Kim. E. W. Hahn, Radiat Research, 93,416 (1983).
[13] J. M. Yuyhas, A. P, LI, A. O. Martinez, A, J. Badman, Cancer Research, 37,3639 (1977).
{141 F. Traganos. Z. Darzynkiewicz, t. sharpless, M. R. Melamed, J Hist-che, & Cytochem. 25,46
(1977).
151 R. Jostes, Y. Sano, L. Marton, D. Deen, Prodeedings of the 7th Internatlonal Congress of
Radiation Research, DI-17, Amsterdam, (1983).
[1s] P. Wathe, R. E. Durand, M. T. Kademan, Int J RaplatlonRadlat Oncol Biol Phys 4:983 (1978).
{171 1. B. Mitheal, J. S. Bedford, S. M. Bailey, Research, 79,520 (1979).
[18] R. E. Durand, Radiation Research, 81,85 (1980). ‘
[19] S. L. Cao, S. Skog, B. Trubukat, Acat Radiologica Oncol, 22,35 (1983).
.[20] L. Hieber, H. P. Beck, C. Lucke-Huhle, Cytometry, 2,175 (1981).

FEEWEIE . 1987 £ 1 A 23 2]

EFFECT OF HYPERFRACTIONATED IRRADIATION ON
THE GROWTH AND CELL KINETICS OF HeLa S-3
SPHEROIDS

He Shaogin Sanghie Kim Ph,D.*  Jacho Kim, M, D. Ph,. D.*
(Dept. of Radiation Oncology, Cancer Hospital, Shanghai Medical University)
(*Radiation Biology Laboratory, Memorial Sloan-Kettering Cancer Center)

ABSTRACT Controversy exists about the validity of 'hyperfractionated radiation
inverse of conventional fractionated radiation from clinical trials. 1t is necessary to
design a real advantage of hyperfractionated radiation, compared with the conventional
fractionation schedule of radiation treatment. To investigate the basic radibbiological
response of hyperfractionated radiation, the 200um HeLa S-3 spheroid were used in
this study. The quantitative changes in growth rate, surviving fraction and cell kine-
tics of spheroids after various dose fraction schedules were compared. The data of
growth rate and surviving fraction assays showed that repair and redistribution of
cells during the radiation periods are important. Cell kinetics study showed a quite
constant pattern of G,+M block in the conventional radiaiton g’rohp.'but a fluctuated
pattern was seen in the hyperfractionated radiation groups. For ftirther mimicking the
clinical trail, a larger size of spheroid which have certain hyporic cells was necessary
to being used in experiment.

KEY WORDS Multicellular Tumor Sphcroxd Hyperfractxonated Radiation: Cell
Kinetics



