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Radiosensitivity of Bone Marrow Stem Cells (1st Report)
by
Yoshimasa Tanaka
Department of Radiology, Tenri Hospital
Masatomo Hashi and Masaji Takahashi

Department of Radiology, Faculty of Medicine, Kyoto University, Kyoto, Japan
(Director: Prof. M. Fukuda)

The radiosensitivity of the colony forming cell appearing as a colony in the spleen of the mice which
have received lethally X-irradiation and isologous bone marrow transplantation was studied by using
«d-d N male mice.

Experimental methods were essentially the same with those reported originally by Till and Mc Cul-
loch in 1961, but spleen weight and uptake of **Fe and 2TUdR by spleen were measured instead of cal-
culation of number of colonies. Experimental results were as follows:

1) Spleen weight and *Fe uptake by spleen were increased markedly after transplantation of bone
marrow cells.

2) The 24-hr uptake of *Fe by spleens of irradiated (880R) mice was a function of bone marrow cell
dose. Linearity of response was achieved over the range 0.2 to 1.6 106 cells when the Fe citrate was
given on day 6 after bone marrow injection.

3) When the transplanted bone marrow (in vivo) were irradiated, %9Fe uptake by spleens exponential-
ly decreased, but the decrease of spleen weight was not so remarkable and not consistent among different
experiments.

4) Uptake of *IUdR by spleens was almost the same results with Fe,

5) The R.B.E. (Relative Biological Effectiveness) of 80Co ¢-Rays compared with 200 Kvp X-rays
was 0.77 determined from uptake of 3¥Fe by spleens.

6) Slight protective effect to the bone marrow stem cells was found by the ligation of femoral vessels.

7) Radiosensitization was not so remarkable by the irradiation under 3 atmosphere oxygen compar-
ed with air but in the non-irradiated groups, spleen weight and *Fe uptake were reduced markedly under

3 atmosphere oxygen.
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THELEC 700~ 900Rads FFEEA BE
% &%  WEIRSHRK 2 AT i, WOfdE CFE
T35, ZWHERIZEE With w3,
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&5 Till, McCullochP299 1z ¥ b fgsh HhjEA
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EEIhi.
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LRI L TwS.
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HTENEZDRD. hh bbb S B R
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Te A SR # 3R> single culture technique T
WIS IR AREETH D, 2B ENT Till
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—EHEETED D Tle , ey A T T
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Fig. 1. Experimental method.
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4) WSS LTk 200kVp X§¢, 0.5mm
Cup7 Az —%{EHL, 20mA, H{HFix 0.5
mmCu % i\ Ffo. #EEI240R/min & GE R
FEEEII60em T Ho7e. S0Co FRENC 13 FE S Eh 4 felRE
HE75cm, FER39R /min. TS L 250kVp X
P EEHE O RUHER & L 7B 0®Co » R.B.E %3k
to. SR REIZ 1 Victoreen Chamber 7.

5) FEXREEEIREERERIOGDANTEE B 21T
W DEBEIEAOKBRE 2 b L& % 0B i
faa dfi L T2 2 B~ v ACEA L CERE R
B B 5 BHMIR RS A~

6) FEEEFINET OB iAo BHREZ
fx B ootk ol ERE 707,

Bin, BE# v2 odic~y A% Ah 3 K
FD b 200 i 2 B BE 21T oE R
BRIMRY & b LT NREEE G E Iz
1c.

3. EEREER
1)  830R4&HMBH < A EaidifarEA L
T 7~ cABoL LEEoicisfini
bhathicies. 2% Boin EET % L znEM
%2%Ufﬁotawfmo%b?é(hgz)

Fig. 2. Spleen colonies followmg fixation in Bo-
uin’s solution.

2 ORBEHHIBRRLAT 5 L& 2 P BB T %
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Erythroblastsy» 5 7c>CTk b, * ofi Myelocyte,
metamyelocyte, megakaryocyte % H & h, gra-
nulopoiesis 4, erythropoiesis 4,3tz ¥ < Z&8&E 1L T

Fig. 3. Histology of colonies. Megakaryocyte is
seen.
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Fig. 4. Histology of colonies. Erythroblasts and

MNeutroblasts are seen.

WAz Epibas (Fig.3, Fig.4.). Erythrobla-
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Fig. 5. Spleen weight and *Fe uptake by spleen
as a function of bone marrow cell dose, Assay
performed on day 6after marrow injection.
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Fig. 6. Spleen weight and twenty four hour up-
take of **Fe by spleens of irradiated mice
(8B0R) as a function of days after bone ma-

__rrow transplantation,
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F:g 7. Hlsmlogy of colonies. (4 days after bone
marrow transplantation). A few erythroblasts
are seen,
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Fig. 8. Survival curve for colony-forming cells
in mouse bone marrow transplants irradiated
in vivo with a singleTdose of X-rays,
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Fig. 9. Spleen weight and *Fe uptake by spleen
as a function of exposure dose of X-rays.
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DF R, LDs 13 120R THo'.
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PEHR - oBfRE Bl Lich o Fig. 9. TH
A

$9Fe JEIF ST IMT 2 T exponential =
W35 (Fig.9, Fig.10, 12) gk Fe &
B TR BRI C H ot

4)  200kVp Xjgiz®i4% ®Co ¢ R.B.E. %
Hizo# Fig.10CH 5. Fig. 9 of{E% Semilog
w7 ey 35L&, 200kVp X fi, %Co o #to
P& 4kic extrapolation No. % ki 1.45 T Ho
fo. ZTFe fBEGERA 50\ i S TR E T
ZHBLCES L, 200kVp X% T3 100Rads,
80Co Tt 130Rads ¢hH %o, R.B.E. 11 0.77
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Fig. 10. Uptake of **Fe by spleens as a function
of dose of 200-kvp X-rays and *Co -rays.
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Fsg. 11. Spleen weight in X-irradiated mice (880
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marrow after ligation of the femoral vessels.
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Fig. 12. Uptake of *Fe by spleens of irradiated
mice injected with normal or bone marrow
after ligation of the femoral vessels.
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Fig. 13. Spleen weight in X-irradiated mice (880
R) injected with bone marrow of mice irrad-
iated at 3 atm. O, or air.

OfExET.
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5023 % MRSHRET et 5 & 100R/ 140R
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6) 3RECHRMET CEFBH LIEAD
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Fig. 14, Uptake of **Fe by spleen in X-irradia-
ted mice (880R) injected with bone marrow
of mice irradiated at 3 atm. O, or air.

) _‘n-l-4

[ [ \K

°
250 \

125

)

wn

Spienic Uptake of

I00 200 300 400
Exposure Dose (Rads)

Fig. 15. Twenty four hour splenic uptake of
#IUdR in X (830R) irradiated mice injected
with normal bone marrow or bone marrow
irradiated (O-400 Rads) in vivo.
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E =

19614F Till, McCulloch 12 L oTHR S RT-
JEo—-om 2 m = —% Becker® Lajtha!®, Till,
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Cell) X O EhI-bDLELZLRTHNS., &
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D2EFWRIRBZ EnD, 2u=—DEi
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RETRBHE, o BEERBH~ v A i
fak HEA L C30H AETF R o n T R s JFEOw .,
d) ZififE~ 7 Ay Erythropoietin 2 X %
T Ml % R 1 % © b X B C
¥Fe L H CATHEET A2 HEETHS.

xR = —JRIREAR 4 ~5 HE X Y AIRCTR
2B le D kfE 9 ~10H CHEE 1 ~2mE 7 b
TP xES. LrLIIENGIC S LAk E
I THRED 2 7 = —33Fa L CEMNEE L
s, L1205 ~20 2 TR X EW
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T v = —HEEOHEIHET S 27 = 0¥
BB LHREE L CEAT HAIREE bl
bR,

P37 B wE & LT EEE Y 7ok
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72 &b X KEEMKEEA 0.2x100 ~ 1.6Xx 108
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Flic—EDOBRA R bhiREL . (Fig. 5).
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REEZse3 = E g\, = oFEC LY o)
BEFERC LB 2 0 LRk ENCHETE DN
FEM = v = - R SIERE A B LW 2 X
5 1317)18) .

= 3

MR O BUR R O EE OWEE & L

T Till FofFol @bt~ v A B

Mo = R = —BEEOH SRS E A, FRIC A~
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