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Analysis of Cell Kinetics After Irradiation by Flow Cytometry (II)
—Evaluation of Clonogenic Potential of G, Block Cells After
Irradiation by Cell Sorting--

Kiyoshi Akagi and Yoshimasa Tanaka
Department of Radiology, Kansai Medical University
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When the tumor cells are irradiated, the percentage of the cells in the G, + M phase and the
duration of the cell cycle arrested increase with the irradiation dose. This post irradiation growth
inhibition and changes in the cell kinetics observed within 48 hours of irradiation are closely
correlated. Cells in the G, + M phase are reported to be sensitive to irradiation, but little is known
about their clonogenic potential. These celis must be separated for evaluation of their clonogenic
potential. In this study, the clonogenic potential of irradiated G, phase arrested cells was examined by
the flow cytometric cell sorting technique. Fluorescent Hoechst staining, which allows determination
of DNA content in living cells, was used. The results of DNA assay using Hoechst 33342 were agreed
well with those using PI staining. The concentration of Hoechst 33342 required for the DNA assay and
cell sorting in 5 ug at which vital staining is possible with 80% cell viability. Although the clonogenic
potential of non-irradiated cells were not different between those in G, and G, + M phases, that of the
cells arrested in the G, + M phase after irradiation was lower than that of the cells in the G, phase.
The reduction in the clonogenic potential was more notable in the cells subjected to high dose
irradiation. A greater number of cells were arrested for a longer period than the cells irradiated at a
lower dose. The clonogenic potential of the cells correlated well with the duration of G, block.
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Fig. 1 Cytotoxity of Hela cells according to con-
centration of Hoechst 33342.
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Fig. 2 Cytotoxity of periods of exposures time at
5uM concentration of Hoechst 33342,



1422 Radiation induced G, block #f3¢ = = = —J4RLAE

Fig. 112 Hoechst 33342D & 2T @ 2 R0
Bic k)5 MifadEE > ~3. DNA &llE s X o
Sorting W LE IR EL1~5uM TH b, 5uM D
RETHEFRITORTHMEBM,THD = &0
¥ 57z, Fig. 2 oM CTo AL 5 Mias
xR LI O T, AFFRE 2 B 4 70%,
6 IR C $50% L EHE M TH - 12,

2) Hoechst 333421 & 2 DNA EAIE R VR
HEnmRERE D 2t

Fig. 3 1< Hoechst 33342 5uM % v Td1, 3,
6, 9, 12Gy JBA#%, 248§D DNA £ A | 7 5 4
Y., 3Gy DFHTH G, Block 11#2 2 % 23, 24
FEfERER T % & Cell cycle 23 #EfT L, SHREE & [
UDNA e A} 75 8D E o7, 6, 9Gy B
T, 24F5fE#EE L TH G, Block 23FF7E L T
%, Hoechst 333428812 k. 5 4 fifla» DNA &

HSE & @EE LMo P g & 5 DNA &3
BETHAPLE—2F v vRaARThENEL
DNA b 2 } 75 AV B AT,

3) #mBasreE (Cell sorting)

Fig. 4 13 458 D6Gy [ 5 B2 24 W5 ] 1= 77 7€
T5G A E G+M ML 58 L 7. Cell
sortingiZ X - TH 6 i Gl & G,+M o 45
BEL ol h B BB CBET S L G, +
M Hofila e kE <, 7 BEYRLTV5
M SRR F B, X, o G, Bk
Rt Lo THBMRERENRR W Z L &2RT
(photo 1, 2).

4) SBEL 1= G MR, G.+M HifmBE 2 m
= TR EE

Fig. 512 & #% & ¢ o W H24F5 ] # © G, 11,
G+ M a0 EHERE B b 0T, O pHE

Control
Hoechst 33342 5uM 1Gy 24h 3Gy 24h
|
| v
g L l\\_ 1 . \*JJ\ | i ,"\ 1
£
=}
c r ’_
3
6Gy 24h 9Gy 24h 12Gy 24h
Gy
Go+M
N_‘ \//\
l L‘ L " \l N " [l \_‘ o 5 1 \-L

DNA content
Fig. 3 DNA histogram after irradiation (1, & 6, 9, 12Gy) on Hel.a cell by

staining of hoechst 33342 and PI.
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Fig. 4 Series of DNA histogram by staining of Hoechst 33342 and PI.
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Fig. 5 Survival Curve of sorting cells in G, phase
and G;+M phase, 24 hours after irradiation.
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Photo 1 24 hours after irradiation at 8Gy. Sorting
cells in the G, phase.

Photo 2 24 hours after irradiation at 8Gy. Sorting
cells in the G, +M phase. Observed many dividing
cells.



1424

AR 130.01T G, +M HAMIIE TX0.002& X b
EHFERIMETT 2, MEHENZHE TG +MH
DEFRVEBIET LTS Z &p - 1,
z =

K X B AR B A - 5 AR RE O ST
1, OE<HB*H %1 3 v %FIH L1 Autor-
adiographylz X 2SO EH, @Flow cyto-
metry (FCM) 1=k %2 DNA&Ee 2+ 73 amb
DHFHET VOB S Gy, S, G+ M Hif
faosEoRY, @H v v voffbb i
BrdU =/ 7 m— A 8ifEE AW CFCM I & 5
faE RO Thh TnwA, 2D FCM iz X
% fEFT I Autoradiography 1= kb~ T 3= Hf (1 i 2
THERHECER 2 bh 53, Zh bR
Wi SRR RS 0 2213 DNA &0 EE - O
d DIZiEE 231 G,-S-G, & Cell Cycle (317
L, 1ERE (B cGy) T G, Block 22 b, 4
UBESEE PERABECHRE S h T\ 5012,
RxoiioXB®RTH G, Block (MEMRE (2~3
Gy) THBEDK/NCBIR L, BHHE 6 ~ 8 BF
Mo bR h, TOEEH80%EE\2, £D
HERFRER AR B I » TE < 725, G, Block
DR ENIREC L 5 TR Y, 3Gy ofFE T
(X18KFHIR 121 G, Block DfEERAEE BV2, F
L T Z @ Radiation induced G, Block @ {1
AT EHREED 1 2L LTHL BB X
htws, £8, MEAGIH 4 1 o va vk
Autoradiography OWF3ET, =0 5aLEEOEF
12T G, Gap DEICHMFEBEXEEL T
HZOTHRIEVHEREL TVWB I 204 3
Fa AW FEFARERE cHiRBY L G +M Ho
MR o L TR ARV C LIt
TORINIEE D, Z ORSHREZE & Mg
e OBIRE BT T 5 L BEHE EEIhL
G +M lofifarit 258 L, To 2w = —HRi
RBEADUENRDS, Ll, BHE ERS
hic G+M#iofifan = = = — RISV T
TR B D T R LV H Y1 2o vd
H \ 7z Autoradiography #° FCM iz & % ¥
DNA &#IE i & b BaHR, sEHIic X 2 s
RBOE(LoF T G,+M o B# ek

(78)

Radiation induced G, block #ifiam = » = — JZHAE

L, ZodigeyFIH U CIEEMROREHST, S
AlORZERB~OFRECSWTHRE ST
Y, HMlREAMcEET £y o % 45
Bt 2 B 2 o0 RS B, 1296 G
b G+rMifilao FnkEwELFIHL
T, WOSEETT 5 ik TH B, Rice bk G, S
Rl % 99% D MEE T G, + M BIIIE %2 70% TE 5
B EHELTHBY, 5 123 45EHK < HYH
V72 DNA & i #5 < Vital Staining iz £ %
Flow cytometry cell sorting @i % v iz 4
BEREA B S, S HICk DNA fic3i-5 < 4 4ia
O DNA R8s T %, 1978412 Jovin Bz
X o THEwIiC Z @ Vital Stainig izt~ 3 & | i
tBoFHENRE S YD, Hoechst 3334213
Benzimidazole Z 0L &HTH 7+ 5 ) 7HI &
LChiF S hic¥WE T, %1 adenine-thimidin %t
MR FORATH S, DNAKCKEGTS &
SRAER (351~365nm) OfhEEIC X D, 470nm DML
HHxFEST A, Jovin HicXx B &, 3T3B(Balb/C),
CHO fifaie & Tids~10uM, 904, 37C TRIF /s
rEpnBoh, MladEdd v EHE LT
5% B Rat OL#M, v+ 704735 2
b= < #iilE T & 10 M C37°C 9045 C LLEHY ZCE L
fefEarcEEtd Rohiovi@mE L Tuw
AHY, % f: Pallavincini 521X KHT Sarcoma %5
M T37C, 1204 THefa LT RIiF/s DNA & & |
75 A REBTWAY, =0 Hoechst 333421 X % 4
BicbE 4 oMENE S, 1olilaEk s o
phase specific 7B % T HBERH H'0,
A2 20 T 19804 Lydon & (X DAPI (4',6-dimi-
nido-2-phenylindole), Hoechst 33342 @ Vital
staining © FCM Cell sorting ¢ =F B C (L 4: A 3
B O Mutagenic 12X B8 & Z i E3E L C
B8

19824 Fried & X flifaRic & % Mt & ik
BROE I OWTHEHRTHB, Zhick bk
HeLaS3ifita i3 m ¢, #MEEIRENIZ  IEH K
HcH s, Biiladko SK-DHL2M D i & R
Z#:eHH, Human Lymphoma, Bone marrow
cell FXDHREHTH D EMEL TVW5HY, ¥
19864E 12 1 Sieman & 13 = & Hoechst % & 12 f*

HABMEE H49E Hll5



wAR W AR14

% Cell cycle specific 7e@FEMEizowvC KHT
sarcoma H13 @ #l ¥ C vk B 808 S B R 7 <
e gt FERR e YR Ho ) L < Ml fa
BEGENT S, Lal, BB Shiciifao
F Bk X v, 7 Cell cycle specific
eEHIz 2T G, G,+M ittt ~ch
B SHiMianingELEm - L X HEL T
W 57, 19884FE Erba & (X L12104# fa % B« T
Hoechst 33342 CD{RZEMED /NS BN D L
DNA e A} 27 7 ADDHDEFRE, Jetatt s
A iRERE, MAaENEE, DNA B>\ TlE LT
%' hoechst 33342 (0.5~5ug) (3o H5EH
& [[kkic DNA single strand break (ssbh) #3| %
o, ¥ UVEBHTL DNAsshb d#in3 5,
RWDNA LR+ 75 2% B30 BELEDL/
1000.5¢g/ml T cell growth oEH & G,+M
BHROEELZEDLAIEETREL T\ 5,
BADRETIIEBHO G & G +M Hi# i
Tk e = —JUREEICE R 2%, RS S hicf
RTEGHILL GHMBloLEHERNE T2
AT, BRI T 5 G+ M B o
MREINHE > TEFRDOBA 77T D% Hoe-
chst 33342 Cell Cycle Specific 7eFH M 121 Tk
1e<, G, S HEkaIC T G, block M 477
BEREFLTWEZ E&5RT.

Pallavincini 5% in vivo (= 2 KHT E#)
T b 17Gy 8 51 #2108 [ 1< 77 76 3 % I 55 4 g
Gy, S, G+ M HlOEFEEBFL T2, £h
X E, G, G+MHE o 4 1347.4%,
40.8% & G, A MBioER > B 52, FohEFEE
3G HANTT.2%, G,+M #12322.8% & #3845 L,
G+ M D EFEOE T2 HME LT3, &
D G, Block & hi- izt iBi+16HE
wEhOMBID &2 & E 2 bR, G, Block
MERRFE AR S E0MIIED 2 v = — TR AEED
b, EFERVIEEE LR LRGBS
ENREE R, LaL, MBERCL-T, K
#ETY G, Block RO DffEFRREI S E< T
HHIERE 2 b OB AKX T hiE, oM
RO & AFRIBIRMBE b Ah ey, ¥
oM EBEINCLE 5 G, Block Shi-fifan £ xR

SERCICH11H 25H

(79)

1425

DX T 12tk Phase Specific 7z Hoechst 33342 #1
fagm kD E5R & UV B X 5 B0 HELE
bEZOWSERHNELET 5, Bx LREH24
BIWCFEEET A G, Block #ifae = » = -2 BE I
DWTHE L. ERERS Tk G, Block 4%
ZoTh, 2KHEERT D &, G-M-G, & Cell
Cycle 13 #17L,DNA € 2 } 7 5 & FZLIZRE &
higuns, 3Gy BHH2UISRIC AT 5 G Mo
HEFFRIZEL, 6, 9, 12Gy & EBEINCHE - TH
LI G, Block fifigd = » = — BB CLE T3
5, SHRIHBAR EAFCHERN LIRS 5 G,
Block #ifigoH R ikt L, ARR0EDRE % Hilm ARk
FHHRBR L LAV 3 b0 KRR, ©
D FCM Cell sorting O fiiid K\ ic@iro & %
zbhi,
i 3

FCM Cell sorting @ BRI TLLT D #5 8
i,

@ Hoechst 333421z & % DNA £HI% % PI 4t
BIZLARBREIS—HKLEL, ~FA §EICE
% fifa @i L& < Vital staining 23ATgEA AT ©
»H%5,

@ HABRBEHE G +MUcERLZ5- &
BT D G Block Shicfifgd 2 v = -5
BRGHMRL VETLTVWSZ 2T, &
72 G, Block DiffFFREI O R\ EfFERH O G,
Block filam 54, X hEFERMETLTE D,
G, Block @ #FHs[E] & G, Block #fa o 4 &K
BECHET 5 & LA - 7z,

< O B 58 BB NG BE U A B T SR B A% AR BB %8
(5621001685 K8 DiBBIC X h T S hiz,

X #

D #RAR i, HEEE, EREIE  FCM iz & % S
AfQE B35 B E R O BT, FEOREH,
27:1523--1527, 1981

2) BHHAE, HEHE=, i SRRk S EE
#HfaEE D Flow Cytometry iZ X % fi##7, AE
M, 45:396—397, 1985

3) Jovin DJ, et al: Analysis and sorting of living
cells according to deoxyribonucleic acid con-
tent. J] Histochem Cytochem 25 : 585—589, 1977

4) Hoshino T, et al: Clonogenicity of multiple
population of human glioma cells in vitro sort-



1426

5

6

7

8

9

Ry

St

)

L

—

10)

o

L

ed by DNA content. Cancer 50 : 997—1002, 1982
Pallavicini MG, et al: Cell cycle distribution
of choronically hypoxic cells and determina-
tion of the clonogenic potential of cells ac-
cumulated in G2+ M phase after irradiation of
a solid tumor in vivo. Cancer Res 39: 1891
—1897, 1979

Durand RE, Olive PL: Cytotoxicity,
Mutagenicity and DNA damege by hoechst
33342. ] Histochem Cytochem 30: 111—1186,
1982

Siemann DW, Keng PC: Cell cycle specific
toxicity of the hoechst 33342 stain in untreated
or irradiated murine tumor cells. Cancer Res
46 : 3556—23559, 1986

Gohde W, Meistrich M, Meyn R, et al: Cell-
cycle phase-dependence of drug-induced cycle
progression delay. ] Histochem Cytochem 27:
470—473, 1979

Fried J, Doblin J, Takamoto S, et al : Effects
of hoechst 33342 on survival and growth of
turnor cell lines and on hematopoietically nor-
mal bone marrow cells. Cytometry 3: 42—47,
1982

Erba E, Ubezio P, Broggini M, et al: DNA
damege cytotoxic effects and cell cycle pertur-
baton of hoechst 33342 on L1210 cells in vitro.
Cytometry 9: 1—6, 1988
Terashima T, Tolmack L] :
sensitivity on HeLa cells during the division
cycle. Nature 190 : 1210—-1211, 1961

Changes in X-ray

12)

13)

14)

15)

16)

17

18)

Radiation induced G. block fifz® = = = —JERLEE

Raju MR, Tobey RA, Jett JH, et al: Age
response for line CHO chinese hamster cells
exposed to X-irradiation and alpha particles
from plutonium. Radiation Res 63: 422—433,
1975

Lydon M], Keller KD, Thomas DB: Vital
staining and sorting by flow microfluorometry.
J Cell Phys 102: 175—181, 1980

Rice GC, Dean PN, Gray JW, et al: An ultra-
pure in vitro phase synchrony method employ-
ing centrifugal elutration and viable flow
cytometry cell sorting. Cytometry 5: 289-—298,
1984

Rice GC, Gray JW, Dean PN, et al:
Fluorescence-activated cell sorting of the
induction and expression of acute thermal tol-
erance within the cell cycle. Cancer Res 44 :
2368—2376, 1984

Tobey RR, Crissman HA:
effects of three
mammalian cell cycle progression. Cancer Res
35: 460—470, 1975

Hamori E, Arndt-Jovin D], Grimwde BG, et al :
Selection of viable cells with known DNA
content. Cytometry 1: 132—135, 1980
Watanabe I, Okada S: Study of mechanisms
of radiation induced reproductive death of
mammalian cells in culture: Estimation of
stage at cell death and biological description of
processes leading to cell death. Radiation Res
27 : 290—306, 1966

Comparative

nitrosourea derivatives on

(80)

BAERSE $49% H15



