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In-vitro-study of Cellular Synchronization of Brain Tumor for
Combined Chemotherapy and Radiotherapy by Colcemid

Nosuyukr SHiTtarA, TakesHl Kounno and KinToMo TAKAKURA

Department of Neurosurgery, National Cancer Center Hospital

» Summary

The role of cellular synchronization using Colcemid as pretreatment for combined chemoradiotherapy was
investigated. C6 rat brain tumor cells were cultured in RPMI 1640 medium containing 1075-10~7 mol. of
Colcemid for 24 hours. The basic cell kinetics were analysed with pulse-cytophotometer, which facilitated the
analysis of tumor cell cycle phase distribution according to the DNA content. The effect of Colcemid depended on
the concentration. The minimal concentration showing continuous blocking during 48 hours after removal of the
drug was 10~ mol. G, fraction with 2C DNA content was reduced from 749, to 36%. G,, M phase with 4C DNA
content increased from 9%, to 289,. S?phase-cells increased from 179%, to 31%. Polyploid cells in the tetraploid cell
cycle were recongized. Further studies are necessary for ellucidating the mechanism about the leakage of some
arrested cells in metaphase into tetraploid cell cycle system. The resting 36% cells in G4+ G, peak with 2C DNA

conterit might-be evaluated as diploid G, fraction.
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DE YV HROBRIFEFEDO DX, G, fraction 2dh B
ML % SEMIARE~BITEIR  (recruitment)® 33 %,
% 7213 O ¥ £ non-proliferating pool CEREIETL
E5LVOZOOHAMEREZ BRDS. L LB,
G, fraction 3B ETHHEMRDOTH 5 2 5, %
¥, Gy fraction DIEMERPES R L 2D, EBHE
D% cell cycle phase ([CHTET 5 ZMME 3 LT
X & RIS D E VY, target cell cycle phase ([ B
(accumulation), [E]FH (synchronization) ¥ L5 Z LT
XY, SHREFEEOHREED, I biThaHRIC
T DBEMERILEEDZ LN TES. HE LAV
AR RIS L TR TH 5005, — BRMES
HR DR BN D, W OIRBRRZIEDENE T THE
BEFMSEET D Z LI b BT BOTH B,

COXORERE D LT, MEBOBRNES b5
=iz, bbb synchronized chemo-radiotherapy
L OB LOVES R EAL, BRISHET > Tw 3,
ZOBOEBHEELRAIRT 5720, A% 21T -
o, ZZCiX, WMEEE® synchronized chemo-radiothe-
rapy %I, metaphase THRMILZIRE F ¥ 5
Colcemid (desacefhyl-methyl colchicine) o fNfEEREE
MR 5 BYSEEIC 1T B cytostatic effect, 3 X UV
DT cell cycle phase D&% pulse—cytophotometcr T
AL, 1) Colcemid ¢ phase-synchronizer & L T
B3 X % phase &gk, 2) G, fraction (diploid)
3 X O growth fraction DRIFEEIZE L CTRE L.

F R ARMITFE L L To pulse-cytophotometer D75
ROV THLBEEMAHRET 5.
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1) PBYEMEX, N-nitrosomethylurea %3 > EERIXE
3B rat glial tumor C6 cell line® Z{FH L7z, HBHEHEIT
37°C, 5% jRER T AEIRBEEEE C, BEKX, RPMI
1640 |z bovin fetal calf seurm (209%,) (microbiological)
ML, initial subcultivation X, RSk 1074/ml <
BEfA L7z. Colcemid (Ciba Gaigy) 1%, &R IC
BHEL
BEDBICIRBERTR & TR U7, 353RBRMATE 3 H B &8
E 7 Colcemid & 5EHRIBICER L, 248:R Col-
cemid ZfEF & 2. {ERBAME, 3,6, 12, 24554
DO S TR ORIE & cell cycle phase D EHHEMEATH
DOEBERVER LT-. #Hifa%x phosphate buffer solution
(PBS) « 3 Elge# L, +4 Colcemid &rE Licthk, B

1075, 5x 1075, 1078, 5 107, 10~7 mol o 5 B

99 Cell growth of cultured Ce glioma
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Fig. 1 The stathomokinetic effect of 24 hour-
Colcemid-infusion on the experimental rat Cg
glioma in culture

EENER 2 BAkG, 24,48, 7255 317 2 IR 0 R
BiTo7z. ‘ ;

2) Pulse-cytophotometer (PHYWE. ICP 11) : &%}
B 7o OBALEE. ll% 0.2% trypsine JLERIC X
Y, H¥e—vE V&L, EO (1,500 rpm, 10 min)
X 5z PBS ¢ 2 ERELEEE (1,500 rpm, 10 min). %@
1%, 969 ethyl alcohol # 1%, cell suspension MIREE
CTHIfEEE 21T (1 W) . PBS T 2 ERL¥ER L,
0.19% RNA ase 8% % 10 m/ jinz, 37°C 20 min, incu-
bation L, My RNA %%+ 5. WEg, PBS ©
2EBE e & 475 (1,500 rpm, 10 min). X & |z pepsine
#% 10 m/ (pepsine 10 mg: 0.29% HCI, 100m!) %%,
37°C 1 R incubation 4 5. Pepsine QUEIL, & bic
PBS |2 T 2 [EE0EER 247 5 . 0.019% ethidium bromide
(ethidium bromide 10 mg: tris-buffer 100ml) Hufa )k %
10ml fnz, ZRiZ 1 RMET 5. HRik% pulse-cyto-
photometer {Z %>/ histogram %455

m ES

1. Colcemid ) ¥EFEINGISHE

FREICBIT % Co-strain DAERMBE Fig. 1 2R
4. Control ¢35 154 3 H H ¢ logarythmic phase
iZA%. 6 HE XV plateau stage iZfBfTL T\ 3.
Colcemid {EFZEIL, 5x1077" mol DL EEE Cix{fER
PR EEIRIZIREZED 525, 107 mol DRET
V245 RE R I AR SR DB 3 E8® Hihv s, Colee-
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Fig. 2 Pulse-cytophotometric histograms of human
lymphocytes (upper) and rat experimental glioma
G strain (lower). Ordinate: cell number/channel.
Abscissa: relative fluorescent intensity of ethidium
bromide stain proportional to the neclear DHA
content. The first peak at 2C represents cells with
G;DNA content. The sceond peak is due to the -
cells with G,MDNA content. S phase cells are
lying between the two peaks

mid #ERE L 2R OMIEEFEOIREL, FRERCL->T
Bizs., @ 107° mol~107¢ mol DEEE IC KW T
FEFELRED DT, BIE72iEH: cytostatic effect
1L 9%, @5x1077 mol~ 107 mol {KEE I BT
1¥, Colcemid BrEBKE HIZFREDEEI B LI,
Colcemid DEH M reversible TH B Z LHARE h%’)
CEJc, H§GE pattern [IFEBOREZ R L, FFHEFELSED
hs, .
2. Pulse-cytophotometer [{Z & 3 cell cycle phase
DAE
a) MBLLTOEEAY VBREB X OERBERR
WE#E > histogram
SEHEET G,—S—>Gy—>M D4 cell cycle phase %
BBN, AN DNA BOBE» LA D L, HRERELT
5 LABI @ G, phase 12 ® 5 #lifiRix, Z OHEAAEA ©DNA
BxH+% 2CDNARLT2) ERAEKMICAS L,
DNA Ejxs#EmL, ZoOHicBET % M X 2C - 4C
DNA BoOBTEEE TH5MIBICHYET 5. ERENRE

%
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Fig. 3 The change of the fraction of G,, M phase

by the Colcemid 24 hour-infusion of each concen-
tration

# % 7 G, phase 3 X U' M phase i3, G, OMIfEOKEEE
BEOfED 4CDNA B2H T 2 MIICHYT 52 Licsk
%. Histogram OBAFD iz Ch-strain DORHRE L
T, Ficoll-Contray iz &k » TE LY v BR& 5
L7z (Fig. 2 upper).

Y v ¥BRiL blastogenetic stimulation D 7RWRY , &%
BRaRR, MISREZTDLY, T TOMEE G il
+% 2CDNAEZ2B+5Z itk , £ population 3
—onE—7 (2CDNA) &£H+5. %7,
CHF BT MBS 14,000TH Y, EhT B B AR Xt
B, i aE cdh 5. Y ok histogram % pulse-
cytophotometer DEEHEROKBL LT\ 5. Fig. 2
Ce—straind a3 18,000 ¢ histogram % 57323,
A AGHDE LB O -2 BT 5. BHIN2C
DNA B84 5 —2 13 G, cell (diploid) 7z & U4y
Za D Gy phase 2 Hic 2R <, 2%FH® 4C DNA
Bliz—8 L7z — 2725 G,phase LU M phase i b
5L R, 200 —7 DBITEIC S phase Ol
fBAFEET S, 4 phase i3 (diploid Go+G,) fraction
74%, S phase 23 17%, (G,+M) phase 9% ¥ #2%. |

b) Colcemid |z X % cell cycle phase DZEE)

G, phase 3 X (' M phase [z b 5 fifa %, 4% histogram

HEMIL, Colcemid fEH 24555 & O Colcemid
Btk 48R ORRFFEL Z Fig. 3 1R Y. RBER
(1077 ~107% mol) - Colcemid {EFIEELAE, 3 BT

histogram

Jower|Z

~ Gy+M phase DEMHED o, 12HEE THIHETS.

1255 % 2> HIRIBEEIR (<1077 ~1077) T, G+M
phase (37 L AR T 555, WREIR (107°~107°) ¢
BRSO, 24EERI R 18~20% IcES. E7-, Colcemid
BREROEENEZ A TS, 107° mol DL EOBPE T,
51z Ggy M~ accumulation j3iHs L, 485X
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Fig. 4 Change of the cell cycle distribution under
Colcemid effect (5x107¢ mol concentration).
1) Control: Before treatment. 2)~5) DNA histo-
gram after 3, 6, 12 and 24 hours contact with
Colcemid. 6) DNA histogram at 24 hours after the
removal of Colcemid. Abscissa: nuclear DNA
content. Ordinate: cell counts
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Fig. 5 The change of cell cycle phase distribution
by the most diluted concentration of E: 107 mol
1) Control: before treatment. 2)-5) DNA histo-
gram after 3, 6, 12 and 24 hours contact with
Colcemid. 6) DNA histogram at 24 hours after the
removal of Colcemid

28 ~30% DIEICET 2. 5x 1077~ 10~7 mol DIEMEEE ¢
13, 4B E & LIBERER T, 48RRI

104 (1) 10r(4)
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Fig. 6 The cell cycle distribution of Cg glial tumor
at 48 hours after removal of Colcemid of each
concentration

EE G,, M phase @3#/n23H3R L, synchronous growtho
pattern %7R¥. ¥7c, Sphase KFET MY,
Colcemid {EMBAREH, 3 RHB T CicARICHEML,
ZO%E bIHKAEIEE LR L, 107 mol TR
Colcemid 144885/ 12 134 population 030% %
L@ %, Histogram |z k 588)% Fig. 4, 5, 6 iz~

c¢) Colcemid |z & Y 435 tetraploid cell cycle sys-
tem

Fig. 6 |z &8 o Colcemid [RrE4#481 K oo histogram
BT D, Gy XU M phase BERT BH 20—
nAFIz, 4CDNA BV LOEBME A+ 5 tetraploid
cell cycle [Z)@3 2MBEHFENHIEL TWvw 5. Zhid,
10-" mol |z T ¢ Colcemid {EF]BRIET 6 BEfH
LD LI, WEEMETRT.

d) Diploid G, fraction L growth fraction D #HL7E

Fig. 7 X 107 mol &> Colcemid ‘4, 48EefEI# D
histogram T& 55, G;+G, » 2C DNA BIZHHET 5
v—2i3, BREETEDONS. ZOM, MRBEHESE
vohTwignz b (Fig. 1) 2ZET 5L, Go+G, v
— 7 iz L, Colcemid [ RGO HRES Diploid G,
fraction AL L, Ez,
ploid cell cycle DFIRRICTEIT L7~ % proliferating cell
L 55%., Fig. 7 - v diploid G, fraction 369%,, growth
fraction 64% DEZES.

v % =
B3k 0 4 BTSRRI BV Tk, H-thimidine ¢

S phase, G, M phase, tetra-
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Fig. 7 The remaining cells within G, +G, DNA content peak may be estimated diploid-G, cells and tetraploid
cell cycle induced by endoreduplication can be recognized from the histogram

fEflic X ¥ autoradiography TIABRERHIC b 2 ML Z
EmAIL, BEMEET C, ARG hHIMEEREL, €h
DOMEEZ L LITHBDO AT A—F —DPRESNTEL
%%, G phase 3 X' G, phase 2B L Ti3, R 2 2
WHrEEgETH - i, DNARAOLREBEEZL LI
G; BX U G, phase BT 5 HENRAL LN, K
Feulgen YN AER L SN TE RN, ThbREOR
EBECEE DY, £ MBI LIRER S - 7.

LZ AWM, 19674, Lepecq™ 75 ethidium bromide |z &
% DNA fREEREREL BT L, T 0k, Dittrich &
Gohde® %3 automated pulse-cytophotometer %52k L,

HE oK% DNA % HERYIC Lo b EX Mgk (1077
~1007) o ¥IEEEIC#EN L7z DNA histogram & L T%
FZ LicEEh LTSk, cell cycle @4 phase % DNA
histogram } U CHBHAS BB TESZ X5k >T
Eie. ZOHETIE, BRI cell suspension DIREE TE
B, RaENDI LIEHRDS. ik, BIEPHEED
conditioning & U CfR L 72 % single cell Z LB L5 5
DT, TOEBRTIX Ficoll-contray $hic X 5 NEEH Y v
ANEREFERH L Tn5. Histogram DR & LTI, G, &

M phase j3[E U DNA & (4C) 28350, Fl—or
— 7 CHEE L TLEWERBR MRV, ZORERKRT
HBHNB, TOEBROBEIIE, G, BX U M phase (3[F]
UHEBRZEE B T5 2 b, bxTHREERHT
% MAE X 72 £, mitotic index DRRFFITIT R - Iz,

& T Colcemid OEELFKHEIER L, OHEBOPH
(metaphase) 28T, spindle OFEKIBIET subunit
protein (6S) |z#E& L, microtubule ¢ polimerization
FEEL, AEEIEPHREETH L™, @lateS
phase 33 X (8 G, phase (2 & 2 MICEZBEM L,
mosome D 4384 % A U poliploid cell # %%+ % endore-
duplication DIERA BB LVH 2R/ THB. ZD2
SOERIZ, TR FENMIL Uiz mechanism £ X %D
Thb. Fie, HZEMEIEREZ—ERE CREHIT,
HRANBRE A+ 5 L, subunit X OREEIAEREL,
anaphase ~ : T4 525, F£, 2x107%mol L EDE
BE TG IR 2B E L b b U, MR
Eahad Licks.

AEBY, SZHIESE %2 FH L T phase-synchroni-
zation #RL7zbiTTh 5. Cb-cellline @ cell cycle

chro-
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time {38 & IS 24BERILAN TH B 20 B, EERIVIZ A N
i, T OATREENE cell cycle 2EIICEDIT,
mitotic phase |zE Y, Colcemid DIER % 5 17 52
BEDF =Tt Gy M phase @ & — 7 Ic2f+ % 13T
5%, Colcemid {ERIBRMMR2IEHIOREAT G, + M
phase [321% G Y, proliferating pool |z % % #BFZAH 4
RTEBEFRERP oI T OB Puck L Steffan'?
@ Colcemid |z X % mitotic index DEFER, : MI at
time t = exp (t+tm) In 2/T — 1 (MI = mitotic index,
tm = duration of mitotic phase, T = cell cycle time) 7>
53T, 4 growth fraction % block LxzRwnwzZ ¢ %
RLTW5S, ReOfERIL, ZORREEHETD L,
KO 4EOBEREDF B LN TED.

@ S phase DM : growth curve DFERZRAL T
fEMTT % &, S phase OBINIIERREKEELZRL TV
5.z, SHEADHEE L cell cycle time £{A533 L
BEEL, 24F:RHLAPNIC mitotic phase 3T 5 Z L
T&7%<{ /4%, Colcemid DA RKIZE 2 5 EMIZ,
Borum#® <> Lacour &P D ¥4 ¢1390% @ﬁﬁjﬁﬁﬁ%&?ﬁ
RNA, protein SRR bEEERL ‘metabolism 4Kz
BEZRETZLERITRY, BRAOFRL—BLT
w5,

® Endoreduplication |z X % tetraploid cell cycle sys-
tem?P ~ > leakage 234 U %, = DS 1077 mol DI
BEEIZB WL R B, poliploid cell 28 HERREHE & & b
MY 5.

® 5x 1077 mol LI T DEEE 1%, Colcemid ¢ mitotic
block DYER X —HMEMEL TR Y, cell growth DEFHMAH
=w b D (1078 mol PL_ETix mitotic block D{ERIX
BHELTNW3).

@ Long G, phase OfEfE : Gy % cell cycle phase ¢
Lok bZORMAEEL, RRH Gypbase L X &
BLObBHB.

Synchronization [z BV T b - L bEELBbIh 5 &
Lix, 248 contact IRV T 1078 mol PL E G
G,-+M phase ¢ accumulation % S phase DERIZ X Y
cell cycle B HEBRICHEITS D70, BRERBRHT Gt
M phase 2% maximum {2725 LW 5 HRiLh b, ETOX
10~7 mol PLF X mitotic block 23ZHE L, FIFAHEFED
&R, BE Gy+M phase ~OHEMERD. ZORKT
28~30%® G, M phase 0EME B2 TH Y, KA
OFeh Lz PR BB ORFERIBRE TR L TV 5.
Diploid G, fraction O, Fx OFER» L G36%,
growth fraction 64% O¥fE% 745, pulse-cytophoto-
meter OERIC XY, HHRERAITTROMER 2 LICHIE

PDEETHY, ERBERFACBNTLIEER BB O
parameter DEREE S LA TE, BEHEO LTE
EREELRS.

T R BRI B B B98I £\ 43, 19634F Bagshow
5P NEAC X 5 BRRMBEMIEL LT,

(bromouridine, thimidine analoque), augmentation(O,),

sensitization

potentiation (5FU, FUDR, methotrexate), additivity
(alkylating agents, actinomycin D) @ 4 #£% S8 L T
5. Elc, 19664ELk, #£5, EF 5T,
deoxyuridine |z % FMfEEF~ O BURFRIEEA & LTOR
B X CBRBIOWEET> TV, Zh bR me-
chanism & yxBilic, #iRED cell cycle phase iz X 5 K
BEEOZELHFEEh T 5. #H <X, Henshow )
Francis® ¢ Drosophila melanogaster (33 730 g 17./*‘
T) OFEEBRFECRIT D BERBZEOERL HIX L E
Y, Dewey &% {3 L~P 59 mouse o fibloblast 33 J UViE
AIEITIS 1T B cell cycle phase DHUNFRRZMLZ R T,
F 7z Sinclair?®?® ¥ chinese hamster |z 33T, Tera-
shima 5% 13 Hela {0 FFARE#EE L b Lig, cell oy-
cle phase ® 5 H T G, 38 L' M phase 12 28 72 g
BEMEODH S Z LEREL TS, '

¥, LEREOFFITN T, (LEEREH O ZM
BafEF A cell cycle phase & O EE CREMICHFZE SN T
W5, [LEREANL,
specific, S phase specific with self-limitation), @) cell-
cycle nonspecific [z KBjE 5.

1) S phase specific drugs

SHlicoAER L, fio phase iz d 2 MllaiC IR ES
5. %%, DNA &5k & BRI HE ¥ 5 (Ara-C, hydroxy-

urea, guanazole).

5—bromo—2—

(D cell cycle specific (S-phase-

2) S phase specific drugs with self-limitation”

S Mz D BEHERAZH R 2 77325, RNA, protein &k
EREEEL, flio phase KHHMIPOEET S Z L2
D, 2fkd cell cycle time H5BIE L T S B~ DFEIIA L
BN, cell killing ORHPJEKT 3% (methotrexate, 6—
mercaptopurine, 5-FU).

3) Cell-cycle non-specific

Proliferating, non-proliferating (2B {% 72 < BE7F @
DNA L& L, HMIEZIR%E%E + % (Cyclophaspha-
mide, BCNU, CCNU, dounomycin, actiomycin, adria-
mycin).

BLED T & <, (LERERIRHEEO cell cycle phase
specificity H38H 5 4212 72 BT HEW, BIALE & L T o target
cell cycle phase ~OMILFM, HHOFHEIHT SR
T 7. {bFHEEDOSE 1L, methotrexate”, hydroxy-
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urea'®, Ara-C'® 0OffEf#%, FRBEBMI NIRRT,
FBE S phase specific drug Z{FH+ 52 2icky, 0
FOENBRESRTVWS, £, HEBARICB W T
1, 5-FU® i3} (X hydroxyureal® -G, S phase ¥
%, BB G, M phase ~ORFHESTS, dauno-
mycin®, bleomycin®® %z X 5 E#RY /e G, M phase ©
EREARLICHRELDD. L LD,
zation {3 BB E, HE Y cytocydal iR OEN
FEHIFREE O S CRERET S 2 L &, Rk
TS EEMIEO RABRZ OB 2 HICEE LR TR
Wi,

PUED X5 f;ﬁ%&;v\ 6, HMEE® synchronizing
chemoradiotherapy {z38 L 7238%] & L T, Vinca alkaloid
& nitrosourea ZRHEIBAFOEAZEDLED S L1, HR
BIBREAT O IBRERED TH 5 Z LBTRRENB TH
55, ¥, BERICBWTY, HO synchronizing
eﬂect‘&;‘@ﬁ}ﬁmc pulse-cytophotometer TERHEL,
BB, BERREEToh S LThid, BEO
RMDERICETILDOLEZD.

synchroni-

vV Bl

FMIEE %4 % synchronized chemoradiotherapy o

HRERESE L LT, C6-rat glial strain #{#ff L, meta-
phase stopper & L TCanbis Colcemid n[FFE, HiE
%h 8% pulse-cytophotometer (ICP-11) CHIE, fEHTL,
LT ORRER.

1. Colcemid % 1077 ~ 1075 mol >4 <241
YeRY, 5247 cytostatic effect 2D 7z,

2. Colcemid Fa3g, 5x1077 ~ 1977 mol D{KEE
G, cytostatic effect (XE HICIEERL, A
growth 2%, %7, 107~ 10D EEBEE IR\ TIRAE
FEAHIg R R L, T2RBILL BRI R DR T 5.

3. 1075~107° mol DOEWE TR\ Tik G, M phase
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