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Effect of Growth Rate of Monolayer Cells on Survival after
Fractionated Irradiation

Kazuhiko Takemasa
Department of Radiology, Keio University, School of Medicine

Research Code No. : 407.2
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This study was performed to determine the effect of the growth rate of monolyer cells on survival
following fractionated irradiation. HeLa and RMUG cells that had different radiosensitivities and
growth rates (Do value: 2.3 vs 1.5 Gy, doubling time: 17 vs 46 hours) were irradiated with 2 Gy every
day. The fractions surviving after fractionated irradiation were compared with those given single
doses. The dose modifying factor for fractionated irradiation was larger in RMUG than HeLa: 1.7 and
1.2, respectively. Two clones from ADGU cells that had the same radiosensitivity but different growth
rates were also given fractionated irradiation, but there was no difference in surviving fractions.
When recovery following two split doses was determined in each type of cell, the results of the
fractions surviving after fractionated irradiation were correlated only with recovery between split
doses. These suggest that the growth rates of monolayer cells may not modify the fractions surviving
after fractionated irradiation, and the monolayer cell system is not suitable for determining the effect
of growth rates on survival following fractionated irradiation.
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1.5mm Cw)#, #E30.9Gy/min, & %\ ik Co- HeLa, RMUG % X o ADGU (P, R, S)#ifa
60y xR ER]. 2Gy/min o TRH L7z, \WTh DOIEFRH RO AR A Fig. 1 iw/RL7%., Hela
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Fig. 1 Growth curves for HeLa. RMUG (panel A ; left) and ADGU (panel B ;
right). Bars are SD of the mean.

2X10° - (A) Hela . (B) RMUG
10° | -
—4 ,é——i
S \} { 3
;
) ? ;
£
g 105 B e nolrad /
= = 2 Gy/day
4 3 Gy/day
Irradiation Irradiation
L L b Lo L by Ll
2x104 1 L Il 1 L 1 1 1
0 2 4 6 8 0 2 4 6 8
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Fig. 2 Growth curves for HeLa and RMUG after irradiation. Cells were irradiat-
ed daily with 2 or 3Gy. Bars are SD of the mean.
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Hiz b ORAMIBENS 1 EREORMN L & b
DL Twie, Lal, MEFRHEENRE L —F
MRS UE T e, %< offatgst
SRTHHERRT T EE L B,

3. AR

# 4 Ol ig © plating efficiency (P.E.) (%,
HeLa : 45~58%, RMUG : 48~62%, ADGU :
8 ~23% Lixotz, 1 ERBHHOBEOLIFFHBY
Fig. 3, ZToOWo Do & nfEi% Table 1R L
fo. B RS H:X ADGU, RMUG, HeLa ®JE
IZ 77z A%, Hela & RMUG & 4 77 i & -
shoulder 23/ & <, nfE131.2~1.5¢ 7cote,
ADGU ixfth o #fg & b /N & 7z Do %R L fc 2%,
nfEix4.2~9.0& 7 b, BiBE7x shoulder o4
FHigEL e, LL, P, REXVS 70—V
DRENICK EREZRIRDLhigh o7,
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&, 1EBEHOLFMEY Fig. 4 1TR L,
Fig. 4A 2% HelLa & RMUG #ifa® 1 BB & o
4R % closed symbol T, 2Gy & A B&H D4
FF iR 1X open symbol TR L7z, Hela it 1 B8
D Do E122.3Gy TH - 1o h’, SEBEHIC X
% Do (eff) fE132.8Gy & 7c b, Do fEo HEEcix
SEIRHIC X 5 HEEMHFEE(DMP)IX1.2T5 -
7z, RMUG i 1 EIf8 8z X % Do {#1.5Gy i=xf L
T, 7EIES O Do(eff){En32.5Gy &7 b, DMF
1.7& o7, by, 2Gy ORHEYERED
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Fig. 3 Single-dose survival curves of five cell lines
in the proliferative phase. HeLa and RMUG have
a small initial shoulder. ADGUs have a large
initial shoulder. Bars are SD of the mean.

Table 1 Plating Efficiency, Do and n Values of
HeLa, RMUG and ADGU Cells

ADGU
HeLa RMUG
Parent Rapid Slow
P.E.(%) 45-58 48-62 8-23
Do(Gy) 2.3 1.5 0.8 1.0 0.8
n 1.2 1.5 9.0 4.2 7.5
WL IGEOEFIR S 1 BREOEF MY H

B35 L, F—HRERHEOSEREC X 5k
HEHFERO EAE, MEEEEE 0 RMUG ©
Foik&E Lz, £IFERRE O BIEHE X DMF ic
BLETEEITHETH -7,

HeLa & RMUG @ FhsE T E o B g g
HRRE > T Tl d, HAERESERE—
ADGU D 7 » — v H AWTRBEOER AT - 12,
1 PR EGY THEABH LB S0EFEREY
open symbol, 1 [EIf&&F DA #i# % closed sym-
bol & T Fig. 4B /R L1z, S EIRBHIER
FIRIFTH#E 1 HeLa ® RMUG X h k<,
Do{ED &Iz X 2 DMFILP:1.9,R:2.3,S:

BAERSE #5248 £715
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L (A) HeLaRMUG [ (B) ADGU
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B 40 | |
C
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w » : \
o | x \ 3\
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| | 24 ADGU-R
2X10™ o h e \ » ® ADGU-S \ A\
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Irradiation Dose (Gy)

Fig. 4 Single-and fractionated-dose survival curves (2Gy daily) for Hela,
RMUG and ADGU. Panel A (left) ; single dose for HeLa (@) and RMUG (&),
2Gy daily for HeLa (O) and RMUG (&), Panel B (right) ; single dose for
ADGU-parent (@), -R (A) and -S (W), 2Gy daily for ADGU-parent (O), -R
() and -S ([0). Bars are SD of the mean.

Table 2 Do and Do (eff) Values by Fractionated

Irradiation
Do and Do(eff) value(Gy)
Treatment ADGU
HeLa RMUG

Parent Rapid Slow
single 2.3 1.5 0.8 1.0 0.8
2Gyx2/day 2.5 1.8 0.9 1.0 1.0
a.p* Q.2+ Q.+ a.m* aQ.»
3Gyx1/day 2.6 2.0 1.3 122 1.2
a.n* .3 Q.e+ Q.2+ a.s:
1.5Gyx2/day 2.7 2.3 1.5 1.6 2.0
.2+ (1.5 (1.9* 1.6+ @.5*
2Gyx1/day 2.8 2.5 1.5 2.3 2.0
a2+ Q. 1.9 2.3 @5
1Gyx2/day 3.0 3.0 2.1 2.4 2.1
(1.3)* (2.00* (2.6)* (2.4 (2.6)*

( )* . The value shows DMF

25T Tz, PIZHXTR, S7r—vil®
RREIERRLICH, EFMERREEEEDER
1% DMF ic g & high -7z,

1EEE#*1~3Gy L LT1H1~2ED5E
BHEZTolchE, FERHOLEFTHEREL D Do

(eff MEZBEH LT Table 2iz;xL7z, DMF X1
ERESHOEF M L Y RDI DofH & DHTERD

L 447 A25H
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EoEwict 2 DMF ozZREZAD LRI
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4, Split-Dose Irradiation ORIz = % [E4E

MR P0.01 & 7 5§38 (HeLa : 10.6Gy,
RMUG : 7.6Gy, ADGU : 5.0Gy) %#% 2 7%l
LT, 304~ 9 B fEifE T split-dose  irradia-
tion #1T\, HMEFROE % Fig. 5wl
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Fig. 5 Recovery between split-doses in the five
cell lines, those are HelLa (O), RMUG (@),
ADGU-P ([1), -R (A) and -S (V). The data are
plotted in terms of the relative survival, defined
as the ratio of surviving fractions for a given
dose delivered as two fractions compared with a
single exposure. Bars are SD of the mean.
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IR o FEAE 23 B AT 7o G HRBUR IS S 00 < AT EEME
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7z spheroid OHFEEE 2 LI € 5 &, HbHR RS
FHLELT D EAME IR, EEMORE
FEMEFE & AR B RO RO B 2 LIE S
ToTWb,

7 W 9% T i% doubling time #317Hf i8] © Hela
L, 438H D RMUG &\ 5 HFEEEE SR 72 5 2
BoMlar BERECHERL, 2R AEEM
JRTERE A R T RHE LR Lz, W ho
fiew % FR S o> M e B e EE VIR R St BB B v HE N
B ERRETF LA, Hela i RMUG X » 3%
ISPEE I AR LT e (Fig. 2), BEHS S
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Table 3 Surviving Fractions of HeLa and RMUG
Cells Irradiated of 8-9Gy

Surviving Fraction

Treatment

HeLa RMUG

8Gy single dose 0.032 0.008
2Gyx4 experimental  0.059 0.043
estimated 0.063 0.036

9Gy single dose 0.021 0.004
3Gyx3 experimental  0.031 0.016
estimated 0.027 0.011

BHEOEFRYHE TS L, £HFMROHEMEE
AR TIEEOERIKE o, FEIR
HTREFMBOALPBLTI D LHER S
5, LoL, 1 ERBHOLEEMED Do 6 & HEIR
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HEE D\ HeLa @1.212%f L T#\» RMUG i1
1.7& 7 b, BATEEEE DB MR 0 J7 35 &R H O
WEAKE {ZIF T (Table 2),
HERERERC S EBH YT - cBE, Miao
AHERCPETHRTFELT, KL split-
dose irradiation TR LI BEEI H S T
5%, AEBRCHA VMR TE, £ERY0.01:F
LA % 2 HERH LIcBE, HXERERE
X AEEFAE, Hela 1.4, RMUG, 2.0T,
RMUG O F A K& fcoT\7z, Helak L OF
RMUG i 1 EI8~9Gy B& L& &, 1B
2~3Gy # 1 B 18, BHES~IGy O 5 HIBE A
TolcBEDEFEH % Table 31" L%, Hela
255\ E3Gy —~EIBSHIZ BT 2 HEFRL L
nZHh0.50, 0.30& 7 b, RMUG 120.44, 0.22&
Tto Tz, ThZhoMic 5 EBHE 21T -7
%, BHECEEEEI R 5L LT, #4
HFERLEFLC Table 31izRm LI, SEBHEOM
f@ % [B118 75 plateau 102 3 5 R Ll B L
&, SERSFOEICEE L EFMREE R -
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HEShAEFRI Y ERTHRTTHB, L
LEBRIWFhofilcbEEREMR Y 0 #RlXh
Sl L REITin» T Fe, 458188 5 RS e cell
cycle DZELD I & D MAHRIESZ WA RIcD 2 &
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&\ RIS B0, FEREIREREIE R
BECREI T bE2BA LRABEDIERLE
Y, SEIERSFR O AT DR A IR
LleiEr 5z Tuote iR fn b~ 7z,

HeLa & RMUG Tlt origin 238 7c b, Mz&Hg
RE L HEBHRFOBERE LRSI, &
WbOEF%E< BT, ADGU X b B iREVS
MR- CHIEREDOR S 2807 v — v %58
R U7, ADGU-R & Sififaic 5 &84 %770 Do
(eff MEXEHT5 &, 1EHE SEEBBDH
LI WA RIROEFMB AL RL, Mo iSHE
BRI & h it -1, —7F, ADGU-
R, Sk HeLa % RMUG & h 5 EIE & o g8 %
KX & { %V}, Do {ED L ic X 5 DMF i22.3~2.5
& o - Tuwie, ADGU @ split-dose irradiation B
A bR BEEEENE, fhoMiaL bk x<
3.8~4.2LMe Tk Y, VY HEIRH P OELF
ik, BERBEORELIKEEETH L
wREE LT\ e, ADGU-S (385 A8 < 451 e S
#1Z PLD repair 734 U CHEFFICHET 5 T HE
LE 2 bNMAD, ADGU © 3&E#E® PLDR @
BEIE—THoc (REH.

EEAR EvX, MRER o £ FIEE MR 0 HFE S R
WRIZEET D EHEIhTLBMD, KB
RIBEREOBEREYIFHTL L0 L3 bk
7o, TOBEHE LT, ARFTHREFERD Do
ERIEEE & Licto, BAHHRO 4 MO B
EFRICHB ST, BHES KT 4EERR
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Bz A © AR AR A Ml o B 0 AR E MR B
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%, BB Cc B OEFMEIEL, BiE
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T\ B9, dish & L 7856 (AR B i 1z
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WHED A < B b, in vivo T® tumor bed effect
&4 HI Ui 7o ), B iliin s BT, S5
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EREEIZLT B EEZBNS,

F & ®

AR E O R 5 BB EE I o BB 21T
Vv, MR BREGEEE & eI X S iR
DBAtRARET L1,

1. doubling time »317KfE T Do {E532.3Gy ®
Hela & % 4« 43Ff[] £ 1.5Gy © RMUG z2Gy ©
HHBEZIT, AFHMEY 1 BB E L
LA, SEIBSIC X B dose modifying factor
(DMF) %, RMUG #31.7, HeLa 1.2k Hé7f#E
DB\ RMUG 013 5 5 BB S o+ K & <
ZTuwie,

2. BEHREEE M S EIBHBODEIIRA—T
HBHH, WEEEORLS ADGU Mamko 2
Bose—vicpEBHET-BEd, £FE
WWERRRDn T, FEIRHLE 1 EBHOL
FRoOZER I, HHGEE X D split-dose irradia-
tion FRicBlZZ S h A EI1E & AR eB 2 7R L7z,

Llbkoz Lok, HEEERERMARY HGICEE,
A A Bl KR D AIEC D ZEA LA B HEFEE BE 53451 R S B
DOMfEFRICE LI THELYRN T H & L 1#
LwieEzbhie,

APFFRD—EE, JCNEREDRE (REHS [ EH2
FE, 01480275) B L OGFEET A~ 1 —HIREIRIGIC L - 1
SEERRLTHMEYERLET,

Mkt sichich, EEFMEEMYTE. L BEEREL
FHHRAEEERARE =B8R URFRA R B CEH
HLET.

X ik

1) Withers HR, Peters L]: Basic principles of
radiotherapy. (In) Textbook of radiotherapy
(3rd ed), Fletcher GH (ed), pl92—206, Lea &
Febiger, Philadelphia, 1980

Fletcher GH, Jessee RH: The place of irradi-
ation in the management of the primary lesion
in head and neck cancers. Cancer 39 : 862—867,
1977

Griffin TW, Pajak TF, Gillespie BW, et al:
Predicting the response of head and neck can-
cers to radiation therapy with a multivariate
modelling system : An analysis of the RTOG

2

—

3

o

(94)

5)

6)

1

8)

»

100

12)

13

14

15)

16)

HEREm O MM & S RIBH LR

head and neck registry. Int J Radiat Oncol Biol
Phys 10 : 481—487, 1984

Fertil B, Malaise EP: Inherent cellular
radiosensitivity as a basic concept for human
tumour radiotherapy. Int J Radiat Oncol Biol
Phys 7: 621--629, 1981

Elkind MM, Sutton-Gilbert H, Moses WB, et
al: Radiation response of mammalian cells in
culture. Radiat Res 25: 359—2376, 1965

Dale RG: Time-dependent turnour repopula-
tion factors in linear quadratic equations:
Implications for treatment strategies. Radioth-
er Oncol 15: 371—382, 1989

Norin T, Onyango J: Radiotherapy in Bur-
kitt’s lymphoma. Conventional and super-
fractionated regime. Early results. Int ] Radiat
Oncol Biol Phys 2: 399—406, 1977

Fowler JF: What next in fractionated radio-
therapy ? Brit J Cancer 49(Suppl): 285-—300,
1984

Puck TT, Marcus PI: Action of X.rays on
mammalian cells. ] Exp Med Biol 7: 3—28,
1956

Nozawa S, Nakazawa Y, Sakayori M, et al:
Characterization of a newly established ovar-
ian cancer cell line (RMUG). Human Cell 1. : 342
—2343, 1988

Withers RH, Peters L]: Basic principles of
radiation therapy (3rd ed). (In) Textbook of
Radiotherapy. Fletcher GH (ed), pl14—116, Lea
& Febiger, Philadelphia, 1980

Bristow RG, Hill R : Comparison between in
vitro radiosensitivity and in vivo radioresponse
in murine tumor cell lines I1. In vivo radiore-
sponse following fractionated treatment and in
vitro/in vivo correlations. Int J Radiat Oncol
Biol Phys 18: 331—345, 1990

Deacon J, Peckham M]J, Steel GG: The
radioresponsiveness of human tumors and the
initial slope of the cell survival curve. Radiat
Oncol 2: 317—323, 1984

Thames HD, Peters LJ, Withers HR, et al:
Accelerated fractionation vs hyperfractiona-
tion : Rationales for several treatment per day.
Int J Radiat Oncol Biol Phys 9: 127—138, 1983
Trott KR, Kummermehr J: What is known
about tumour proliferation rates to choose
between accelerated fractionation or hyper-
fractionation ? Radiother Oncol 3: 1—9, 1985
Schwachfer JHM, Crooijmans RPMA, Hoogen-
hout J, et al: Radiosensitivity of human
melanoma spheroids influenced by growth rate.

BARBERSE #52% #HT15



Int J Radit Oncol Biol Phys 19: 1191—1197,

1990

17) Hermens AF, Barendsen GW : Changes of cell
proliferation characteristics in a rat rhab-

domyosarcoma before and

after x-irradiation.

Eur J Cancer 5: 173—189, 1969

18) Withers HR, Mason KA :

The kinetics of

recovery in irradiated clorogenic mucosa of the
mouse. Cancer 34 : 896—903, 1974

19) Moulder JE, Fischer JJ:

ERU4 47 A25H

Radiation reaction

¥rige fE

20)

1015

of rat skin : The role of the number of fractions
and the overall treatment time. Cancer 37 : 2762
—2767, 1976

Ito H, Barkley HT Jr, Peters LJ, et al:
Modification of tumor response to cyclophos-
phamide and irradiation by preirradiation of
the tumor bed: Prolonged growth delay but
reduced curability. Int J Radiat Oncol Biol
Phys 11 : 547—553, 1985

(95)



