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The Effect of Radiation on Ehrlich Ascites Tumor Cells
(Part 1.) Relationship between Chromosome Ploidy and Radiosensitivity
in Metastasized Tumor Cells

By

Kunihiko Yoshikubo
Department of Radiology, Jikei University School of Medicine, Tokyo, Japan
(Chief: Prof. Kazuomi Nakahara)

The author is to detect the radiosensitivity between hyperdiploid and polyploid cells, because there
were differences in appearance of polyploid cells between primary and metastatic tumor cells (hyperdi-
ploid Ehrlich ascites tumor) on my previous study. The results were as follows.

1. On the mitotic rate, observing them timely after irradiation the metastatic tumor cells were
more radiosensitive than primary tumor cells.

2. The frequency of chromosome breaks, lagging chromosomes and chromosome bridges per cell
was found to be approximately proportional to the chromoseme number, while frequency per chromosome
was the same.

3. The frequency of cells with micronuclei in metastatic tumor cells was higher than primary tumor
cells in number.

4, The frequency of polynucei was more higher on irradiated tumor cells than immediately before
irradiation, however there was no differences between the primary and metastatic tumor cells.

5. The polyploid cells were more sensitive than hyperdiploid cells with K-ray irradiation.
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TECTF RIS TR EIBUES & U CIRiT 2%,
BT 2 EBL M onk Hh 5240 Nabeshi-
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B MCEZ L Tw5 . —J Yoshida, T.H.
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BEUTHIET 5 2 L2, [BEMCERD S
DR EEFTEHLTS,
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rdiploid Ehrlich }Iﬁ;ﬂ({%ﬁloh"ﬁﬁﬁﬁ@'ﬁ‘%ﬁ:&),
ML s 2 inote.

HIHE ERMEEO
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YOS PIERT© Yoshida, T.H.344 5% Harva-
rd RENLREBIFOLRMT, YetathBia6k
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fansi#E LT\ 54, Ehrlich kit 3 %k
FAELY, AIBEROTHEShTERLL ORE
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Table1 Histological examination in relation to metastasis to liver, lung and spleen
\]gft{s_ffter 7 th day 14th day
B . I BNl ~ | cont. | cont. Do cont. | cont.
Mouse No.. 112‘3|__%___‘511‘2 __1‘_3_‘3!4_‘5‘1‘2
| I
Liver — [+ ==t ]+] ++ ]+ [+ --
— | —| | | N N ——— - e |
Lung AR
__,._h_ — | _ _! - —. _|__ - I____ |— __ __ - — __i __I_: ‘_.:_ | - _._ — N 1 - |
S e R B B I I I I I S el e |
cont.: Control4 : metastasis positive— : metastasis negative

SE LT, BHIREBAR O AR BALL, B4
H B L. i LcgEis HE.
Yutic 3 %GR MR A R (E L, FEAliao
ERBICSWTHE L.

WO EBEE

BAEEE 7 B B CRTBULE L B Lic B T,
Table 1 12T 2 & < Pl wods\ Tk 5 Purr 2 U
ER M 3 Ik iEB RN, Mk Tk S
4 PUiriRBRE 1 Phikisfbatt, REGCR\ T

Fig. 1 Photomicrographs of liver metastasis 14
days after transplantation (X 100 and x 400)

1A GEBEMEE T Aot . HIBREAMICI VTR
R R R Tepoic.

BRE%14H B CHBAE L BoR L 3 T,
Table 1 {3 & & < FFER O VT4
PSR, MBSV efliEBRETH
o, B BALC I\ TR iR ien ot

ER MR E oo —ix Fig. 1, 2R
F kT, TR TR EIRPI C oM AR 2E R Of
N TORSAIRORT L LTAbhBH, Fig,

Fig. 2 Photomicrographs of lung metastasis 14

days after tlanspl.xntatmn (>< 100 and x 400)
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1 TRZ ORBMROFBEIN LIRS . T
EAMMEN T ORI IR O © DR ETH®
DIEBFELLTAHABh %A, Fig. 2 T3 BHmgr
ToRMilaeE Blg s h s .

SBIET TGS EAEOLEkEREDT(E

22T

HERIAE—E D BREE FiCds Tl Al (st
emline cells) 23t DZEFRMINA L b BEA T AL S
ARLTED, TARROIUE Fie@ahi-t-
ICEBHEC R & Te i bk Eiod & 5 o
A bhA. Z i Yoshida, T.H.S05Lpy op
Ehrlich [ » il 28+ % &, polyploid #i
fan BB T 5 = L ¥ BDTH D, THic 2n
Ehrlich 7Ky & hypotetraploid Ehrlich &K
e FERE U OB LA BT X 5 W%
DOHEEBELT, 10RIChi2Bil 0 % i
hypotetraploid o #ijiai3 7 BV Lt n & iR
HLTWB,

FEIWFBR MBI T L, B
TESRTIR O L 2 B 148 B O FFRHE &
Frefho=o 2AEBACBHL, HLidbhi
JEKFED 2 n iRt polyploid HifamE|4 &,
AT 2RO BE covwT B L
gl

FIH EREYO

KEobEL : RGN 2n Ehrlich fikgs, %
SR (X AEHR40H, (AT 16~18 & DR OFIR
Swiss Albino F—= 7 2 ThHb.

KR K 0.2cc% = v AJERENCBIE
L, 14H B HiSAME Lo FFR2 S s ha i L
fe. & OMERY AT AT THBEL, 37004
FRIK10ce & Lic s ¥ — LRl AV 1o

]

Fig. 3 Scheme of transplanted generations after
liver metastasis

a&Eites tumor cells

Mouse of 14 days after
1ransplan1ahon of ascites
tumor cells s

Transplantation fo
intraperitoneal cavity
of liver fragmems

Me;astdsmed t;eneraiim é} E; C 65 _m_l
Iransplaniahcm 0
e \\

intraperitoneal cavity
of secondary ascites

tumor cells "
Meé_astastzed generahon{fr; ‘gé Eg) é§ eﬁf

Lic. TLCHIA D 0.5cck = v AHERE
MLFig. 3Rt EEBIREE L.

% 1 B DfEMIas WAL, 0 0.2cc% %
DERD <y 2 JGEPICBIE L ER2/H &L
T, ChPDBRTHAZS SR BE L. &
D X5 KB R U T L o jikadE R, JF
BAEBA~BE L il ok kchn e £ 4 s
h Z) 502 )

BRI AR IS T, PSS 100054
EEhd2n fifak polyploid fifan &l 44 L
BT, AR LT Aok r s o it -
7o MR ORI A, MR R
BEWOCMINE D E F Acetic Dahlia Yufa 435
SR L D8 LB X CTHIAR SRR L 2
L.

BUHE B

B8 1 RECRBHEEI8E B il & o ks
HMfaAif§ bh, Table2 Rur Fig. 4 iR o & ¢

Table 2 Percentage of 2n and polyploid cells in liver metastasis

Metastasis |

j Control

(Generation| 1 | 2 | 3 [ 1 [ 2|38 [4]s |6 | 7| s |0 [ 1| 12
2n cell ’ B | s || n|e|e[n]n0]n]u| 0 [ o | w [ 93
|Polyploid |7~ g |5 20 |30 | 3 |31 |2 |3 |2 |2 |29 6| 7

All samples comprise 100 metaphasic cells
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Fig. 4 Percentage of 2n and polyploid cells in
liver metastasis
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20r

cont.1 2 3 45 6 78 911 R
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cont.:control  EEEE:polyploid cell [J:2n cell

Fig. 5 Distribution of chromosome number in
primary and metastatic tumor cells
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20F ‘
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20 |
iof % E
Lm_ i B v
40 50" 70 80 90

Chromosome number
polyploid Hifa4330% (i in Ux s W L O
e k&b & L.
LIk B ciE® 8 fUB ¥ T polyploid #fi

AAESHHRESHERE W28E H1H

Jaike6~32% b B, 6 9RE TR20%, s
BIRECR 9B LA LEBILIRETR6 %L
KB & 7 Ut B Roh . R 3 HAR D
o5 20 #8949, polyploid 6 %TH
o P

S HA B O BE RS e 0 Y b 150 Aiivd. Table 3 KO
Fig. 5 CFRTZ &L THH . M TG EFE
4671 mode %745 LA D35%H EHTH DY, 2n
WMlaERA Y B2 h B8R/ AL, pol-
yploid RS E Yetafh B84 i B 92A W/ A
LTWw5 . EBETIYEAMEI464I1C mode 27
LethD26% % Tk b, 2n HiRHH RS
B A s AR A L, polyploid  #iifaifis-
BY A RT6AR D HRATHH LT 5.
Il REAESiE0EE © &5 MR
ZHCBIT BER

iR ca bR T e L, FiER X
ST~ v AR 2 n #{ilg70%, polyploid
HRE30% DIEKEE B DT, Thbibfic
AN RS O W SR R M o\ TR SRR R &
E el 1oy i

BEHABZIROTELTHS.

(1) HEFEC T

(2) BeEfkPE R OEREEIT2WT

(3) EMY AT OCROEATTOWT

(4) IR B O M2\ T

(5) 2n fifaR.* polyploid iAo XxIB4T
B oI ONT

FI1E ERPEYOE

S2EabPR} © SEBRNESN Y 2 n Ehrlich JikHE, €
B4 % 4400, (KIE 16~18 & OREE ORISR
Swiss Albino B=7 A THH.

REAFH: © R v AL A BAE L o]

Table 3 Distribution of chromosome number in primary and metastatic tumor cells

| Chromosome mumber a1 42]43]44‘45 4647 4349'|76|77\i73\179‘80‘8182[83‘84‘8586!87\88‘:39‘90[91 92| Toral

Primary tumor cell 41 9]11|24/35| 9| 2

2 2 ‘ 11 100

Metastatic tumor cell | 2| 2| 7(11|15126| 5| 1| |

|
|
i
3\ \ 202 |5 46 3‘ 13 100
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FEL, FFECER L ciat B L iR
MEUTc. B EEECI AR 0 . 2cc, il
Fwe L2 x10'~3 x10'H%$HLT THHIC
ERRICHEL o BB CRIIERC S TE LR
B2REOBME 7 HE OES A ERTH L.
XBBHZ L TRAEY =AF A CIER LT
#tloem, f58cm, F& 3 emCHEC 2 KA L1
BEEFZFERAL, SERRCEBRCHLTLY
1[8 250R BT 500RfRS% 3 = leofc. MB4HS
fHEXEE 180kVp, TEiit1smA, & B4R
40cm, JEBH 0.7 mmCu + 0.5 mmAl, iR
55.9R/min TH b, #HENEIE Radocon (Pr-
ov. No. 607) % i\~ THRS & [l e L.
Ml O Rt BZR L, JEMRE A (SR
B OB O ¥ ¥ Acetic Dahlia Y dh I
VI L D8 LRI X o CTEARRER LBZEL
ha.

FIH EEAPR

(1) FHEEERDWT

KRR O BB o\ T IRSHERT, FRSH£30
gy, 2WERE, ARERE, ©RRRD, 128:R], 24m5R,
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Fig. 6 Percentage of mitotic cells after X-Ray
irradiation(250R ) I.B.: Immediately Before

; —"'":-_-'."."-':-.q._:_::..-.‘_‘n
|rJ //", -‘-‘"‘\"-\“‘H“
_ : \“ml
) = —— control
"""" metastasis

| T T | | . ,

[B. 0524 8§ 12 2 8 -

Hours

ABRFIEI RO TR DD BRI R L LT, BZEix
#ifd 2.,000fEICE F h 5 4 2l A 432 4 3
S TEELE.

Z OfEFIL Table4 ~ 7 20" Fig. 6 ~ 9 1R/
TELTHB.

250 R BRI i CrX ESHEL R 5.9% T A48
PEAHER 2 I RO A SFEIC 1. 1% & WL, 8B
T 8.6% & UMM 4ASH M % Tl = L,
TR C BT B

250 R FRSHER i TR RETERT 5.3% CH B Ht
MREH 2 REfElC 1.0%, ABRR]C 1.2% & W
U, DAgo4inefd] ¥ Ci iR & b (% R3 5%, 48

Table4  Percentage of mitotic cells in control after X-Ray irradiation ( 250R )
;:;.se Hour Immed. | 05 | 2 4 8 | 12 | 24 | 8 | m
P. P. 2.1%| 1.5 0.2 0.3 1.8 2.0 2.8 1.9 1.1
M. P. 1.1 1 il 0.1 0.1 3.4 3.7 3.5 3.0 2.2
A, P. 0.7 0.9 0 0 2.0 1.7 1.6 2.0 1.0
T. P. 1.9 2.3 0.8 0.7 1.4 2.7 3.4 3.1 2.2
Total 5.9 5.8 1.1 1.1 8.6 10.1 | 11.3 10.0 6.5

All sample comprise 2000 cells

P.P.: Prophase M.P.: Metaphse A.P.: Anaphase T.P.: Telophase

Table5 Percentage of mitotic cells in liver metastasis after X-Ray irradiation ( 250R)
\\;;;;Hffiiih tmmed.| 0.5 | 2 4 8 12 24 18 72
P. P. 2.09% 1.5 0.3 0.5 1.3 1z5 3.0 2.8 2.3
M. P. 1.1 1.5 0.2 0.2 1.9 2.0 2.6 3.1 2.8
A. P. 0.7 0.3 0 0 0.4 0.4 0.8 1.7 0.9
A 1.5 1.7 0.5 0.5 2.2 2.1 4.1 3.4 1.6
Total 5.3 5.0 1.0 1.2 5.8 6.0 10.5 11.0 7.6

All samples coraprise 2000 cells
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Fig. 7 Percentage of mitotic cells in each phase
after X-Ray irradiation ( 250R)

% — control
4t ( Prophase) -- metastasis
AT
2F —
\x/ﬁ“ T
I — I 1 1 !
IB. 0524 8 12 24 48 72
Hours
%f : ( Metaphase)

%
4 -
2 -
1B 0524 8 12 24 48 72
Hours
%
4 (Telophase) . =====-c_____
AT ==
VZ T
2= pate
1 1 " 1 1 |
IB 0524 8 12 24 48 T2

BT 1.1%, 72T 7.6% & X b wEiE
Y.

250 R RS R O iR 2 77 A T2\
Z5HE Fig. TRTZELTHS.

T e bl (prophase) TILiEH & [k O
BT L, BH% 2 R CREEERL, LR

HAREZERHESNTE R28E H15

B 2 TN U C24RE i) C I i A AR 3 AN T2IRER] T
RS 1.1%, BB 2.3 CERRD D,

il (metaphase) TILfE & & RO 2 W
Foor 4 B CEffZR L, DRI T 8 RfH]
B2 ECEl A R TS, IEBE T8 &
(O o e = R s

#1] (anaphase) TILHjH & b MRS 2 el
O 4 B CIEE AR L, DA IRE Tk 8 R A
5 A8MFTH ¥ CEM R R TAY, BREAE TIRER 4 1
I U C 48 C iR 2~ T

#40 (telophase) T & b AR OHER Zm
L, BAE24R R cR e % /R L 725 CIniac
wmrs.

500 R [R5 g Gl RATE% 2 R s > 8 IHEfi]
F CEfBRRL, LSRNl C24ifHT12.2% &
BEfEE s LT2RRE Tk 7.5% %R

500 R @ SHEER LR AREHEE 2 Fefdlhs & 8 Wfd)
¥OEMEERL, DAL T8 T12.0%5 &
Bl R L72F Tk 8.5% %R .

& Fig. QRT ZELChSD.

Tieh B TIEE & L B 2 BRED 65 8
BEH & CIEMEAR L, DREIin U C48m5R <R &
{ExRTHIBRE 2.6%, HEBER 3.7% TELR
B, TR CLRIBNE 1.7%, BB 2.6% CT&E
ZERD L.

T & b IR 2 KR 5 8 I E T
EEA R L, 24RHCRE AR T2 I8 3.5
%, R 2.3% TEXRDS.

BICIIME & b RS 2 Rl 6 8 X T
IEMERR L, 24REHCREHEZ R T2 R 2.2

Tableg Percentage of mitotic cells in control after X-Ray irracliation ( S500R )

h‘;;:“““lfffffhh Igg?g?i- 0.5 2 4 8 12 24 48 72

s

PT 219 1.2 0 | 04 | 03 | 13 | 2.6 | 26 | 1.7_
M. P. i1 11| oz | 01| 02 | 2.4 | 85 | 20 | 23|
A P. 0.7 | 0.5 0 0 0 09 | 2.2 | 09 | 0.8

T 19 | 17 | 1.0 | 04 | 08 | 2.3 | 3.9 | 33 | 2.7

[ Total 59 | 45 | 1.2 | 09 | 13| 6.9 | 12.2 | 8.8 | 7.5

All samples comprise 2000 cells
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Table 7 Percentage of mitotic cells in liver metastasis after X-Ray irradiation ( 500R )

= Hours

- [F==ed g5 [ 2 1 | s | 24 48 72

Phase . ; | ’

P. P. 2.0% 1.6 0 04 ] 03 1.0 25 87 238
M. P. 11| 16 | 02 | 03| 03| 11| 23 | 19 | 18
A. P. 0.7 | 04 0 0 0.1 | 0.7 | 1.2 | 0.9 | 1.0
T. P. 15 | 1.5 | 0.8 | 0.4 | 1.1 | 2.0 | 31 | 55 | 33
Total 53 | 5.1 | 1.0 | 1.1 | 1.8 | 48 | 9.1 | 12.0 | 85

All samples comdrise 2000 cells

Fig. 8 Percentage of mitotic cells after X-Ray
il'radiatiot_l ( 500R)

% T

—— control
---==- metastasis

1 1 1
24 48 T2
Hours

%, BB 1.2% CEXRDD
RUITIXIE & b B 2 Bl o SR 2 ©
EfEZR L, NS CI24M T 3.9%, BB
CIX48REEC 5.5% & B % R T .
(2) fﬁé&ﬁ:wﬁ‘&‘tﬁﬁﬁﬂcm T

o, SF%“FE, lZﬂ#FEﬁ, u4ﬂ%'=I’a‘ﬁ 48&??&3&0 72ﬁﬁsﬁ
DYREHEE RO B AR BE L.

Ptk Ul o 1k 2 & oifigfafk (chroma-
tid) oMY 2 Eh 248 (chromoso-
me break) &, JR kOGSO R T D
Reta/ (A G)F (chromatid break) k734 %h T
WBIP i Lic Ytk oiBEo 1ok L
THEAES (reunion) 55 ), & OEEAEHE
fE¥efaff (dicentric chromosome), =EIREEYE
{4 (tricentric chromosome) J; OBk Yok (ring
FEHRT 50, BEMBET CHEE
CHHEEGELTRDEIL00RYBELE. B
BRI ZMIAR20 BT & F h B Y IR,
UCBHREAOBYEE L.

% DfEFIL Table 8 ~15% 1* Fig.10,

chromosome)

11

Fig. 8 Percentage of mitotic cells in each phase
after X-Ray irradiation ( 500R)

——— control
% ------ mefastasis

4r: (Prophase) e

\/ / ‘-‘H“-““-w-.y
— ] 1

IB.0524 & 1'2 24 48 T2
Hours
%
4 (Metaphase)
=
Pt
2 AT “::'“?‘:_—_::_—:__”_
| "3-"-'{" 1 1 1
1B. 0524 8 ]2 24 48 2
Hours
%
al (Anaphase)
di __./j?:?_“::::“_____ .
LR e ; :
IB. 0524 8 12 24 48 2
.. Hours
4r (Telophase) <l e,
7T
2‘ :-_“ -
B 0524 82 A 28 72
Hours
TELTHA,
250R MRSXEFEE T, L F UM LB EH%30

AT 1.2%, SWMT 5.7% L BEMEYRL, L
BRI LT85T 1.2% %R, Fetal) kg

VRIRAHE307C 1.5%, 8WERIT 5.9% LIkl
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Table 8 Frepuency chromosome breaks and
reunion in control after X-Ray
irradiation ( 250R )

Hours

Immed.

EENEED e

Table 12

G.28% W1 H

Frequency of chromosome breaks

and reunion in control after X-
Ray irradiation ( H500R )

— T Hours| Immed. | s "
| before ‘ 0'5‘ 8 ‘ 12 ‘ 24 l 48 i 72 \“‘“‘xh__ before I 0.5 8 \ 12 ‘ 2 | 48|72
‘Total number Total number o '
e e ey 1002 | 929| 924| 949 956/ 957 981 of chromoaomej' 1002 | 958 9500 903) 977(1010( 979
Chromosome | i | Chromosome o ' e
ey 3 11) 52 35| 36/ 26| 12 becak 3 20| 103| 87 55 52| 14
Chromatid e Chromatid
Break 0 14| 55 24| 17} 7| 0 oyt 0 25/ 134] 102| 47| 37 9
Reunion 0 of 11 5/ 2 0 0 Reunion 0 0| 35/ 30| 14| 12 3
All samples comprise 20 metaphasic cells All samples comprise 20 metaphasic cells
Table 9 Percentage of chromosome breaks Table 13 Percentage of chromosome breaks
and reunion in control after X-Ray and reunion in control after X-
irradiation ( 250R ) Ray irradiation ( 500R )
~—— Hours| Immed. = Hours| Immed. -
i oo | 0.5 8 |12 | 24 | 48 | 72 —— HoursImmed 1 0.5 8 | 12 | 24 | 48 | 72
Chromaosome [ | Ceromosome P ,
heeal 0.32| 1.2 5.7{ 3.7 3.8/ 2.7 1.2 Exeak 0.395| 2.1]10.9| 9.7 5.6| 5.2| 1.4
Chromatid 0 Chromatid =
becak 0 1.5| 5.9 2.5i§ 0.7 0 Licak 0___2._?141.111.3 48_3_?_{3
Reunion 0 0 . 1.1/ 0.5/ 0.20 0| O Reunion 0 03.7 3.3 1.4/ 1.7 0.3
Table 10 Fequency of chromosome breaks Table 14 Frequency of chromosome breaks
and reunion in liver metastasis and reunion in liver metastasis
after X-Ray irradiation ( 250R ) after X-Ray irradiation ( 500R.)
————__Hours/ Immed. — Hours[Immed. | "
~HoursTmmed: | 0.5 8 |12 | 24 | 48| 72 ~_ Hourslmomed- | 0.5 8 [ 12| 24| 48 | 72
Total number ) Total number | ‘
ergeetammreinsll 1191 |11621053| 963 986{1040/1007 e e 1191 i1144 996/ 9881083/1005| 960
Chromosome ' Chromosome F
) 9 18| 29| 47| 35 34/ 12 break 9 31 106 123] 86/ 84| 15
Chromatid ! . Chromatid e
bresk 0 39 70, 32| 30 14 6 berak 0 20| 129 112| 97| 49 _E
Reunion 0 0 35 6 2 0 0 Reunion 0 0 30| 23 21 4 3
All samples comprise 20 metastatic cells All samples comprise 20 metaphasic cells
Table 11 Percentage of chromosome breaks Table 15 Percentage of chromosome breaks
and reunion in liver metastasis and reunion in liver metastasis
after X-Rayirradiation ( 250R ) after X-Ray irradiation ( 500R.)
Hours| Immed. — Hours/Immed. | i
\"\H-._._,_‘ before 0'5. 8 |12 |24 48|72 ‘ H\‘“*-H..._ﬁ before 0.5 8 |12 | 24|48 |72
Chromosome ‘Chromosome: 1
break 0.8% I.GES 4.9 3.6 3.33 | break O.S%ELZEEIZ'ﬁ 8.0/ 8.4/ 1.6
Chromatid Chromatid . 1
hreak 0 3.3 6.7 3.3&3 1.3/ 0.6 | e 0 i?ffll.?: 9.0[ 4.9 _.f
Reunion 0 |3.8 0.6/0.20 0| O ‘Reunion 0 01(3.0 2.3 1.9 0.4 0.3

250 R FRSHER I TUk, P IS E30
G 1.6%, 12FEIC 4.9% s EfEd L, B
B LTI 1.2% % RT . Rt ST

— 80 —

wiRL, DBEA L T48HET 0.7% % =T, B
LTRSS 8 BERC 1.1%, 128HEC 0.5%,
4B T 0.2% %7 .
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Fig. 10 Percentage of chromosome breaks and
reunion after X-Ray irradiation ( 250R )

%| (Control) %! (Metastasis)
151 15
wmm chromosome break
s chromatid break
C—33 reynion

10 101

B05 6 12 24 48 72
Hours

Fig. 11 Percentage of chromosome breaks and
reunion after X-Ray irradiation { 500R )

%, |Control] %) (Metastasis)
15

s CHPOMOSOME break
=== Chromatid break
— FEUH\OHIOL

48 12 1805 8 12 24 48 72
Hours Hours

2%

ITIRSH430/ T 3.3%, BWFET 6.7% & Rl
L, L#BEA LTTRRET 0.6%%~T. B
FEALIRES 8T 3.8%, 128 0.6%,
24F5fET 0.2% %R T .

500 R FRETHER T1, Fe b bt iat#30
T 2.1%, 8WEHIT10.9% & EEEERL, L
BRWA U CT2RHET 0.9% %3 . HREAILIRA
# 8T 3.7%, LMREA LC72H/T 0.3%
wRT .

S00R MR GHIARE TI, ik UIMnL B30
ST 2.7%, 12BIT12.5% EEEfER R L, B
B LTI T 1.6% %R . Reta i Il
(TBE304r T 1.8%, SHERETC12.9% & iElE
ZaRL, DEBEA LCRET 1.2%%RT. B
LIRSS S HEIT 3.0% R L, DEBEASL
TT2WRIC 0.3% %77 .

(3) EBHPMAEEFROGEMEFTONT

SHER U B oo\ T BBEHERT, FEEHE30

81

4y, SIRpR, 12WpfH], 24R¥lH], 48W5RIK U T2RHE
DEFREOAE KR EAFLEE L. Blfa
Table 16 Frequency of lagging chromosomes

and chromosome bridges in control
after X-Ray irradiation ( 250R )

|=——_ HoursImmed.
~——_ | before

0.5]8j12‘24‘48[72_

Damaged cell 2 29 72| 77 1’4! 66| 43

Lagging R e T
S hOIniOSOme 1 26| 183| 155 115 88| 40

Chromosome x . o
brigde 2 25| 64| 115 73] 36| 21

All samples comprise 100 anaphasic cells

Table 17 Frequency of lagging chromosomes
and chromosome bridges in liver
metastasis after X-Ray irradiation
( 250R)

~——__  HoursImmed. | 1 I [ e
o hetore | 09 8 |12 |24 | s8] T2
Damaged cell 3 35| 78 'I"Ei 71| 59 51
Lagging 3 | 37 224 215 197 75 90
chromosome e o i O |
Chromosome I
e 0 | 30 93 97‘ 132 49) 46

All samples comprise 100 anaphasic cells

Table 18 Frequency of lagging chromosomes
and chromosome bridges in control
after X-Ray irradiation ( 500R)

~—-_  Hours/Immed. "
Hoursilmmed | 0.5] 8 | 12| 24 |48 | 72
Damaged cell 2 | 42 85 93 :39‘ 85| 60
Lagging 1 57| 267| 324| 311| 143 126
chromosome i
{Chromosome 2 | 30| 105 160 152 80| 65
! bridge |

All samples comprise 100 anaphasic cells

Table 19 Frequency of lagging chromosomes
and chromosome bridges in liver
metastasis after X-Ray irradiation
( 500R)

T Hoursmmed- 0.5 8 |12 | 24|48 | 72

—__| before

Damaged cell 3 48 39| 92| 90, 85 73

Lagging o e _1_
chromosome 3 I 52) 292| 371 3137@. 142

Chromosome o |
e 0 ) 142 180| 215 127] 80|

All samples comprise 100 anaphasic cells
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Fig. 12 Frequency of lagging chromosomes after
X-Ray irradiation { 250R)

—— control

E4DO ------ metastasis
L
s 200 LT
= )"—- ------ -
"“\__\‘___ -
/ I ] L -___-___HT-‘-“L_-::::;:]
IB. 05 g8 12 24 48 T2
Hours

Fig. 13 Frequency of chromosome bridges after
X-Ray irradiation ( 250R)
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L]
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]

[S

= 200
LI_,,;—#H—T)’T:-{\TH‘::“M‘:"—?”—“ '' --- —
BO5 812 o 48 1
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Fig. 14 Frequency of lagging chromosomes after
X-Ray irradiation ( 500R )

control
400 P mefastasis
7] Lot e e S
£ 2 ~
2200 / \ )
‘ 1 1 | L 1 ]
IB. 05 8 12 24 48 72
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Fig. 15 Frequency of chromosome bridges after
X-Ray irradiation ( 500R )

— control
L — metastasis
2
£
2200 P iy e .
1 1 L 1 L 1
1B. 05 g8 I2 24 48 72
Hours

& (lagging chromosome) @riciL, Yefaff% iz
X, Ptk dine X ekl (fragment)
& BRERINE S 2 52 TIEM I TBI D T & fnwn e
hEmEEhT\H5.

Hett {4 (chromosome bridge) (3., @)jFE {4 (cen-
tromere) % RpORRYLtafk AGIRTERAL TREA LT
BRI EA~BE T 5 2 OB X R 5179, g%
B 100 A h B B E AR

HAESHHME&ME B28% 1%

UCROEFORLHEL, FCEh 2 a6
SfffaE S LCHEE LK.

F DFERIE Table16~19% 0F Fig.12~15125k3"
ZELTHB.

250 R RS I CL, B R B G430

73 C26M, SMFRIT 183l iEEfEE AL, L
B> U C 72l CAOERRD B . B ARER R
304y C25M@, 12WEHC 115 & wmisfEsm L, Ll
B U C e C21ERRD 5 .

Sy C3TME, 8 WEfi]hs Ho4RfHE E ClEER R L, L
B U 72 [ECO0MERED B . B G ias
#3049 C30MH, 24F5RTC 132(8 & IEEER R L,
LU UC 7o C46fzED 5 .

500R RS FitfiE T, i a ki iBg#s0
4rCSTE, 8 WHrMElA H24aRefs * CRsER T L, Ll
B LT T2RE ] TI26( 580 %

52, 8 IRfiElAs H4SHHE ¥ TEE R L T2
[EC 14288 % % . P fEiBI LIRS #3050 C43
@, SHefla SRl % ClEfEdR L, LIS
L C 7205 E] CR0EER W 5 |

(4)  /MER R O & B A o\ T

WK OISR o T BEER, FAYHE 30
gy, 2WEfE], AWGfE, SR, 12W5R, 24R%R,
ASHFE) B O T2 ] D /N TR B I O 4 % Al R e 22
Liz. /Mg (micronucleus) 3, Hufafk@ilrrsig
EWRMAE O T WHEMRT 23E T B &R e
BEARTHERERD EELZBRE . — &N
(polynucleus)ix, Yufafk il ifiiiss = fcbh b
5, BRIELMT B A DlEET X I SR it 4
AT B EE L HRB® ey diia 2,000
PSS ANE RO S OS2 5w Lt

T DOFERE Table 20~23F ¢ Fig. 16, 17105
TEELTHS.

250 R PRSP R © 1k, /NIRRT
A & B R 4SRN 4.5% & sl a s
SN IBSERT 0.4% D & O BEEOEES
i 1.5%, &IEfE 0.4% CHInOBHEm AL LR S
W, ERFHE T —E OIS,

250R BSHERB @I, NI RS 54SEE L T

7.1%, T2WFMET 4.7% LR L v &l & R

— 82 —
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Table 20 Percentage of cells with micronuclei
in control after X-Ray irradiation

IQ;JI;S D"Se' 250R 500R
| Tmmed. before 0.3% 0.3
0.5 0.2 0.4
2 0.3 0.6
1 0.5 0.5
8 0.5 | 0.6
12 1.5 1.7
24 1.7 3.1
48 45 9.0
72 4.0 8.6

All samples comprise 2000 cells

Table 21 Percentage of cells with micronuc-
lei in liver metastasis after X-Ray

irradiation
Hou——— 2% 250R S00R
Immed. before 0.4% 0.4
0.5 0.6 0.5
2 0.9 0.9
4 0.6 0.7
8 0.4 0.6
12 1.7 1.9
24 2.1 5.6
48 7.1 11.8
72 4.7 9.5

All samples comprise 2000 cells

Table 22 Percentage of polynuclei in control
after X-Ray irradiation

ous 0 250R 500R
Immed. before 0.49 0.4
0.5 0.4 0.8
2 0.7 1.1
4 1.2 1.5
8 0.6 2.2
12 0.8 1.5
24 1.2 1.0
48 1.3 1.2
72 1.5 25 |

All samples comprise 2000 cells

. SR ERT 0.7% 0 b OB ED
Sl 2.3%, HEE 1.2% CHEIMOMEFD A 5
Nn5H, EENEECIE—EOEAILAED .
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Table 23 Percentage of polynuclei in liver-
metastasis after X-Ray irradiation

Howrs %% 250R 500R
Immed. before 0.725 0.7
0.5 1.9 1.6

2 1.6 1.2

4 1.3 L3

8 1.5 2.1

12 1.4 1.4

24 1.2 0.5

48 2.3 1.8

72 2.1 0.8

All samples comprise 2000 cells

Fig. 16 Percentage of cells with micronuclei
after X-Ray irradiation ( 250R )

—— control
N metastasis
10
5 > T — _‘_-‘“_“‘-—
| e
‘. 3 ts2- : ; _--% ] 1
1B.0524 8 12 24 o -

Hours

Fig. 17 Percentage of cells with micronuclei
after X-Ray irradiation ( 500R )

% — control
oF metastasis e T =
”,/ e e
e
5+ v
g
! l---‘rﬁ".—‘—T“'"T”j’l/ I I -
1B. 0524 8 12 24 48 72
Hours

500R R4 it Cud, MR E SR I
FIA 2 B4R T 9.0%, T2RFfHIT 8.6% &5
ExRT. ML BHEORRE 2.5%, &
KM 0.8% CHIMDIEF A A B B A, FEREE
BETII—EOEMILED .

500 R HRAHIERS M Tk, /MR R G148 fE T
11.3%, 72W:[C 9.5% & xR X n SiEx =T,
SR MRS RO REE 2.1%, RIEfE 0.5%
THINOBEF 4R B 545, EREE T —%E
OFFENEFRD o,

(5) 2n g r polyploid g X HLiE &

— 83 —



84

BROLEB2\WT

RBROEB O\ TR0, 8K,
12M5fe], 24FFf], ASRFMIROST2REE] D 2 n fifi &
polyploid a4 125 L. Bz i/ z4ia

100fEHicE ¥h s 2n fifg & polyploid Hifad
EEEL bR,

T DR Table 24~27% ¢ Fig. 18, 19173

Table 24 Percentage of 2n and polyploid

cells in control after X-Ray irra-

diation ( 250R )

H AR E F O o & sk

Hi28% H1F

Table 27 Percentage of 2n and polyploid
cells in liver metastasis after
X-Ray irradiation ( 500R )

=

Polydloid cell

Houh 2n cell
Immed. before 707, 30
0.5 74 26
) £ 12
12 94 6
24 87 13
48 8 15
72 a1 9

All samples comprise 100 metaphasic cells

Fig. 18 Percentage of 2n and polyploid cells after
X-Ray irradiation ( 250R)

;I;:E--- "_“"“"---—---.I 2n cell Polyploid cell
Immed. before | 9495 6
0.5 94 6
8 96 4
12 98 2
24 95 5
48 88 12
72 95 5

All samples comprise 100 metaphosic cells

Table 25 Percentage of 2n and polyploid
cells in liver metastasis after
X-Ray irradiation ( 3 250R)

Eon 2n cell | Polyploid cell
Immed. bejore 709 30
0.5 71 29
8 78 22
12 88 12
24 93 7
48 86 1
72 92 8

All samples comprise 100 metaphasic cells

Table 26 Percentage of 2n and polyploid
cells in control after X-Ray

irradiation ( H00R )

H—‘-H""““--\ —

lr?g‘ (Control) % [ Metastasis)
00 - 100 pa 2
8o 80+ § % i
ﬁUl‘ 60
40’- a0f
201 20 |

| L

IB.05 8 12 24 48 72
Hours

B2 polyploid cell

Fig. 19 Percentage of

IBO58 122448 72
Hours

[J2n cell

2n and polyploid cells

after X-Ray irradiation ( 500R )

% { Cantrol) % ( Metastasis)
100 100F
80+ 80F
g0 r 60
aof a0}
20r 201 ‘
B0O58 12 24 4872 IB0US 8 12 24 45 72
Hours ours

B2 polyploid cell

TELTHD.

[C12n cell

250 R fBE S L R4 8 Bl T polypl-

Honts — 2n cell Polyploid cell
Immed. before 9495 6
0.5 96 4
8 97 3
12 99 1
28 93 7
48 86 14
72 90 10

All samples comprise 100 metaphasic cells

oid fifia4 %, 1286fIC2 % L WA L, 48HfEC
12% L3835 3 72Wefs ¢ 5 Y a T,

250 R FRGHER I LIRS & BT polypl-
oid #ifE22% , 128:fET12%, 24 C 7 % &
AU, 48FFMHT14% & N3 5 MR C 8 %
~T.

S00R PRSI % CLx g5k 8 FRefil©  polypl-

— B —
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oid i3 %, 12MfIT1 % EWA L, 48kfHT
149 L #4503 5 BT C10% T

500 R FASTEERS 8 C 1L FRSTE: 8 BfElT  polypl-
oid #Aa12% , 12FFEIEIT 6 % LA L, 48MWF[H]
T15% &N+ 5 0372 E ¢ 9 B u AT

gIVE &

SRR TR Uiciodic, A & 58
PR WTEBRERORED bh b R EREE
Bl S bEEo R 5 IS O R E
Mxmas AR CTHMBIE, FOEUIER O S
&, B OAROREEE, MR U S
#fa, 2n ffaZ ot polyploid #iffad XHRMESHH
OB L THR Lic, TOMEERRIETS &
WRODZTELTHD.

FIEL[HTX, v AEEACEBELE
OB, BT O 3\ THEBFANCIERE ©
RobhbzZ bwHo. TihbbBEETHE
T 40, Ml C80% DB R R0,
BHEE14E B TR O & b 2fiEBE:
THote. R LEMETx, Bt 7 B E RO
HH&E b 2pliEBEEchok.

#1EE A3, BHMEL14E B OFBESA
RO D = v AR L CEREOE LY
L 5-X, polyploid Hifaat 6 % 2> 5302 i3
BT e, FLTEOTRIENREY 7HE
TR B LT &, iR SH Tk
polyploid fifaik26~32%wh b, EBIIfLET
6 % &7z h R &R CREFRBIC RS

FIEOAXBRAEFHEDO > B HRME B LT
%, ERI IR LTRSS oEE BN
ST BT

Hu o RGN B L Ci R SHE BT el L TRy
flix/RL, FEaffncdT2EamELSRLT
ThHHN, EBBOTNRPEGENRL L, Licn
> T EEL S 2\ . RS AR 8 Iefdlns &
Bbiv, BEOFRE &b oEmERL
T

BIFR EA RO YO AT B LTk
RALTEWERZRL, ¥FLgREckwTER
FEOFHENMEER T L.

INETERZEE Ui &R i\ TR 0
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PEVEERRL, W& SEEOEE & L
U B 48 I ik EE R R LT . SR

KHARE & RS O, /- 250RBASHE S00R
BAtORCAE OZERRD bh, BRYEZE T
3, —EDEI D Tt Ao,

2n a0 polyploid o> X RIS #2 D%
BB L Cix, W3 & 4 polyploid ffilffad il 2
EWTH Y, BRI T R & F
UYEdipiicin s = Ermmbhic.

BVE & &

B EC, EREKEOEBCR T 2#H AT
¢ Dunhum ££% = k% & 2430 " BHM:EE
D 5B TH0L IS ED bR ad, HERE
AL EXhEEERLD TRy, 2ok
Stewart®®3, 50D ERIER D 5 LEHE CER
DRHENHED I, ThICEBENRD LIS
PO2UFERELT5. ThEThEBOERIC
R Sh T~y A0fEFx Ehdlich §, Kr-
ebs 2, Crocker tumor 180, Sarcoma 3742 %
B, CH F=wvAalkiZbivsd ARFEETE
DEB LA L Satod™3, B oA il
BOYY RO A THIRAICIZ19.5%, B
Cik39. 5% B Eb bhic L fELTW5.
Ehrlich [l s AR, SEON<Y
ADRHETCBELTCHEY v fi~0EB%
BEL, BERSEDT LRV EY E LT
%. X bic Nabeshima®®i, E#iRH» S« 0
EofEEAmE 2 Bl LSS 28
L, FFE O i s 2o o, BTk
BEAERDBRIEDIcE WS, FFEOFERIT
B TBHE 148 B OFFER O Cx, i
A2 OlER 2500, MU TIR4 (RBD bhishs
2feZ ik Nabeshima®® oifidh L —F L, b
B M o fEk b2\ Tk Yoshida, T.H.
O L —F L.

1950448 1T A>T EB AU & X A YLkl
e ANCTE D, FEIEHIKEE (stemline cells 3ii)

OEEH Makino?22201 1 h 118 x 1 Haus-
chka?® Levan'®, Yoshida, T.H.4D4%  Sachsi0d,

Hsul04ie X o> TER Shicpt, Hsu'Od i



86

g & BEENT I\ TR b A L7 genotype %
FoT 50 THPT, BEHNThIIMMD popu-
lation 2FERY ICAB EDH T LR G LTV
5. Tichb Kaziwara MERRAE, LEia
B X >T, sE& LT hyperdiploid ¢ pop-
ulation C#H27z% @AY hypertetraploid ¢ pop-
ulation {22827 = L # 38, Ising!?)3 Ehrlich
JEAKSED -~ & A 2 — DIENTHAEFB6H B 761
Y, EOFLWRAEFBIR <Y ACRLTbH#
FEhszlx@Bwl. 25K Levan®x Ehr-
lich KRR T Krebs 2 [EkfED 200811
T BB CREA RO EBELTE Y,
Z DA B o BIF I B v i fo b Sk
BAbE & Uiz b0 5 5 13 & b 5 9103040048
S5 | EE DERRT B\ THER MR 2 e
KERBEE LT H, A—EBEPMT 20 {1
fa70%, polyploid Hifa30% oA THEh T
D EMmbhre. QWSRO M &
B ESEHORRE L5 2w, Buvofil
OHERFE—FRMTH D &, Ehicd & OB
CRLTHBIES AU EbicoTHoEIAN
RIS 2 X2, AFREHEEL TS EEL
bhs,

F U E ORI & BGHRRE T ov T
x el Ed R Tl bh T s, Jlaoim
BE &\ 5 LA B 13— haploid o> #iila o st
RRSZ MR O EG L, BT T oh TER
TeB L HHiE 4 ¢ OININZNIN8INININE)
WAEBED T T oM THEHRREZ L E L &
B EWV ST DTINPOI U U S SE &
SRR ORI, B2 TcBIRATHD S
"3]’: é: [ 5 *E%: ij) BJ-D 615)20)26‘) )

AU 2 B 27 PR ¢t Marshak 2629538
fERPE DK 2 S & X RSHES o B R

THOol L WEL TS, Jefafkyilios b2 ii

TR AL T 5oL IR L TH S
EV S HEDRE O LAYV L fopivoT po-
lyploid > 5 » Ui E%L 234 { Wbt e
PEGEVLHREREZRLTWS. L L Sax 4582
%, haploid #ifiz X » polyploid Hifjam Finiyefa
G OB G I otc EHE LTV 5.

ARSI REEME H28% $18

HHEOFER» LHWBEE T, BHEOoSZHD
IR FRSR X 24058 T, ISR 48R CE D gE
EEREE T2 0%, ZRIRBEE RS2 e i s Efg
CHEls Wy v rd g RINTHBCA DT L
FExbhd . & UTEBEOI IS OS2
H b oEE R B O, WBHCHE L ks
MHREVTDEEZBRE . & b yvtafkim,
ETFREA RGO EE o BRI polyploid
DL EBEO L, ZOREIE Bish-
op?, Conger 49 Swaminathan %87 ke L
—HLTW5%. XHREO 2n JifaL polypl-
oid gD E| 4k, polyploid Hifaem i »33% B
BEENRE VD, ThITHIERS B oL ¥ 7235
BOEGRKRE D EEL LR, T EE
A8 T3S & b —REAYIC polyploid & AsHEn
T %H3, endomitosis |2 & 5 polyploid ifiaed i
mMMB Bl ELLRS.

NG G AR & B AR D T\ Yt Rl
FOVET 2 EfilaEhe B s h TR En D &3
AR DR REECIRIERE O S o1
PN G <, B Otk o HBIERE & & 175
REBS. Ui LG OEE B adk
Yo U TIERIC A 7e {3840 Bk D % 13
et 5o Lie BRI Eh B, Fhik
COX5 MR LT E D EEL LR
5.

BVIE & H®

2 n Ehrlich  JEACKR AR D I~ D lEB 4 4
FEFRICARER L, IFIA~IES L 2o poly-
ploid HifaAi30%viins 5 & & &4of-. FL
TR R AG & SRR RR AT IR o B R e o
TRFEL, KOFKRELEL.

1. SZBE T, ERRIXERHSORE
BRSBTS R W E

2. QoAU SEREEAT O el fiE ©
W, RBEAEBOTHT 2 EEA IR U Tk B 2T
X HEEFTIEBE O L Z

3. NEBBITI, EBEROFE OHBEE
=R

4. SEMRETE, XEBEHEMEMOBATE
3 5 DT DO RN Fus .
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5. 2n ffifaR vt polyploid fiffd XfkHasT#%
DAEFTLL, polyploid i CH b
2n HfAC I U TR G A

LLEDfEH X b 2n Ebrlich JKiEcil, &%
bR N Y R AT N (AR ) ks A
LRz oo b hic.

(BHLoERE, WA0EIL AL 1736 B RES K
HEFLMEBE K 0 B4l 4 AGEH25E B KR ¥
BB R TRERLE, )
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