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The Role of Immune Response Following Local Irradiation

I. Anti-Tumor Cell-Mediated Immunity
Takehiko Tsuchiya

Division of Radiation Hazards, National Institute of Radiological Sciences

Research Code No.: 405

Key Words:  Immune response, Anti-tumor cell-mediated immunity, EL-4 tumor,
C57 BL|6 mice

In radiation biology the main effect of radiation in mammals is cell killing, and it is on this basis
that radiotherapy is carried out. The main factor in the curative effect of radiotherapy depends on the
cell killing effect, but some part of it may be related to the immunological activity of the host in addition
to the cell killing effect of radiation. In this study, specific anti-tumor immunity was exarained by two
methods in mice submitted to local X-irradiation of EL-4 tumors in C57BL/6 mice. One method was
by retransplantation and the other by neutralization.

1) Retransplantation experiments: For these experiments mice were divided into 3 groups.
Tumor cells were inoculated into the left hind legs of the mice in two groups, and the resulting tumors
of the mice in two groups, and the resulting tumors of one of these groups were irradiated after several
days. Tumor cells were subcutaneously injected into the right hind legs of the mice of all 3 groups.

The retransplanted mice of the first group after local irradiation of the tumors indicated suppression
of tumor growth in contrast with the mice of the second group with no-irradiated tumors and the third
group, which showed no suppression.

2) Neutralization experiments: The spleen cells from 3 groups of mice, one inoculated group
whose tumor in the left leg had been irradiated, the second inoculated group whose tumors had not been
irradiated, and the third group of untreated normal mice, were mixed with EL-4 tumor cells at the ratio
of 200: 1 and injected subcutaneously into the hind legs of mice one day after whole-body irradiation of
400 rads of X-ray. Tumor growth was compared among these groups and was found not to be com-
pletely inhibited but significantly suppressed in the group of raice which had heen injected with the
spleen cells from tumor-irradiated mice, whereas no suppression was found in the other two groups.

The survival time of mice was also prolonged in the former group compared with the latter two groups.
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These results suggest that specific anti-tumor cell-mediated immunity may be obtained or enhanced

in host animals by local irradiation of the tumor.
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Fig. 1. Comparison of tumor growth in untreated
normal mice and mice with previously irradia-
ted tumors
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Fig. 2. Comparison of tumor growth in untreated
normal mice and mice with previously irradiated
tumors
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Fig. 3. Comparison of tumor growth in untreated
normal mice and mice with unirradiated tumor
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Fig. 4. Scheme of the procedure of neutralization
method
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Fig. 5. Comparison of tumor growth in mice tre-
ated with spleen cells from normal or tumor irr-
adiated mice and mice injected with tumor cells
only
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Fig. 6. Comparison of tumor growth in mice tre-
ated with spleen cells from tumor-irradiated mice

. or tumor unirradiated mice, and mice injected
with tumor cells only

ERB—2—Db : EBB—2—a LR E
BEBHE L cREOBHET 20T by
FESYE: 3 BRIE 0~ v A DI, 7c HONEE
HBHELERHO~ Y A (BHEKI19HH) OFM
xRV TehEhhfigki 7ok, EBRR—2
—a LEFRICHTH 400 RBH Lic= v 2% 3K
i, 81 FEERIC RS Lic~ v 2 Oliiia s
Auvicd o, 52 BEHCIERE O < v 2D
Mgz Avicd @, 5 3 BRIIEEIRO 2 2 BiE
Lichok Ulc. MMilalursg, 2/ Lb6X
1088/~ A C JEEHIRR (33 hud 1 X104/~
ARG, AL EETRE TR L.
¥ oM HR ClES 0K E SR NE LEFORE
Il L, 208 Fig. 7 1WRd & 5 il
WCHBES Lic= v A D% B CRfng 2 5o
758 1 BECUR Do I B 0 R D 12 2
OFEGEF A L30B8 CTH O, Zhicy LE
2, BI3MIAL X 5> nRMHERL, TOF
BEFARLE 2HETII9.4H, £ 3BETI320.5
HTZ O &5 1 8L Tk 1 B0fEkEThEE
ENRD LI 1 BOVEEEFABIIEEXR L
e

B—2—a, B—2—bOMFEH bLIREE3
T o BT Mt g B bh b

927—(57)
/% « Spleen cells from twmor inradiated mice
401 i /’ @ Tumor onby without spleen cells
] s 3 Spleen cells from mice with tumar
./ }//
e //
E .
S 30t i y /
s /s P
bli o5 v
s /
7 }/
2 "
Il]il--"""'_“"'[”/
i " L i . L
7 10 13 16 19 26

Days after inoculation of tumer cells

Fig. 7. Comparison of tumor growth in mice tre-
ated withspleen cells from tumor-irradiated mice
or tdmor unirradiated mice, and mice injected
with tumor cells only

&, BBt B L0~y A0
T S IR EB R R 2 I 5 & 5 eBlgu i
BdHREWT EAURE R, FoC, JEEREE
WX Bk L, gnlo ko e TRIHE X 2
gk & o g a2 1707z

EHB—3 1 1.5X10°D [EHMIN % £ TR
BTeBML, BiH1EMNE « BHES < 1@
2,500 R DS 21T\, MRS 3 ERE A & b
& DA R 7. BTH IS 400R D4
HRBHIThhlc<y A% A BChiT . 5818
WIS BE Ui = v Ao JE 2 X108~ &
A LGRS X103 = v AR BA Li-boR
SIS L7c. 28 2 BEGIER < o A 2 X
108 & IEg5HIHE 5 %102 & % FIRE R e W B4 L
fo. B3P IHLABRO L 0%, HABLE
2HELRERD L DR AR T FBl L. &8
3, AffCofila b~y A Y nE 1, 2L
L lic. 1, FeRHolBEBEosERE, 8
3, AT TEEHOERY L.
FOFEE, B 1Tk 4 U | RO @O
HEFEDH D 18 THEL Lich il 3 PLidffigg o 4
BIED DR L EMERF L. E2 T4
NCEFLISHT 2L, 19H T2 UM% L.
O LEBAPLCIIEERB—1, B—22:AL
L5 CIEBRE Uil B\ o5 3 BEClEg ol
HAZD i, EHEFAB DL 4 BE24. 50 st



928—(58)

L, S 331339.8H LEEEH D b iz,
5 B

AREBHRERVIEIREBA S h B 08
WSR2 RS S hic o L 12 X 2o Cr oS
THHIEEREN D S B X 5D L xR
Lic. BHEESYHVSE, BErBEE
R LD, HHVREESOLEI TR LR
O THIESE &  WESSRYiko BT %
LORHHETTTRIILERTLA®,
B R BAE L Ry Ao tie Xk
HEF Mt O HEA b5 & L IWESh T
WA X b NG OB A BT B
Sh, FOBBOBERC I 2T rOBEICHES
MR R BT 5 2 &, BRI FRLD
HEFHEOBRENEE ORBEIC L oTRcHZ &
e E3E BT & T\ B0V = 4 b
G BB LB S i T OBIEE
[ES A b 2 BEL BRI % LETT% L o3E
DFERPFENTWD. T boHEEM:D
EF LictE D GRS L 56T % 2 SR O BT
JRGHT 3010209 35 5\ kg o in vitro TF
DOIEF RS Lz 0R R TA- LI X
DT, fEE OFES MR R E O RS
BHZ EH in vitro OB TREIATWS. 20X
5 TeHilE DRIt 5650 £ o[BS R T H B
L DOF|ED® L b h, AEBRCOHIES MR
bAVWREBCERYTHETERELHS. AT
Difid B D FHE W E BRI B 7o Bk 4
FEDS in vitro HERT/REN 2B DAH B = L hidE
FEhTwa, ZEH1PH\V-FA U EL4 [EF%
Hv, R in vitro ¢ 3,000 RBE Lizb DT
HFE L, 3BHEIFEE in vitro T 3,000 R RS L
fo b O T BINFIE AT OFc = ¥ AL DT, in
vitro BERIC 10T fifattefE o MBI » bh
TW52, Zz LI3AERTO in vive BEHC
L O TR CHUEE M Rtk 565 0 18 b A AT REM:
DHBZERTBELTWELDLEELD.

=77, NCOFREFMED 2 BT R 5
SRR E R T ol B L R Tl o BE
TOWT, KV V3B in vitro T PHA it

HEEZRERESER 5365 HL05

EDORIFTHTT 5 BUGHEEY AT, RS iz
TIRISHEAMET U, JEE R et R
e X DETTHC LRRLIEY 23b 5. ¥
te—BIERECR BB DA F VI TRHE R
BT in vitro TOMIEMERIEREDIET %
RLTWBHA? b5, chbor LidfBshe X

h IERRA MR I MET T 5 0, TR
FHC X b HUEESE ML Bt Se iy D B T o LIRSS
HHETHRERLEI-RFBELCWHIH5E
2B, L LZhbDOMEBHNEG Th 5 &
&, BB A5V ABROMBEESNBE I TS
ATREMED D D, AKRBRIEREBE TS 2 Ll
BiswWwiBbh b,

Vagge 5%, LeFrancois L% (L 1w d LT
Hix DHEL HRT, FAEBRCSWTEE~DR
FHSIC &2, & OFF R HUTEEHMIa: 5 o
WIS LB T A 2 L3 b ThBd L E L
B, LIcdi > CTRERIIKR D 2 ORI RSy
Blezbb0THAS. Ticbhb, 1) [EFOKK
SRR IR T 5854, & RIS oo
TETWD MEERER LD PHAYEST oD, 2)
IR D X 5 I IEHHEMBT 3\~ T3 Einhorn 59
PIRT X 5 BN X b B B R R Tl
HEREOHBEOWERARTLOTHY, 20z
E AR O IE TR T 5 JRghe & sl e
R B b EECHD LELS.

L L7k AL SRS Lo TH
TS AN ABE H R T LI BT % 2 o i
o R e TN i o G WD 3 2 X1 o )
BEDHE 2 Fp LT LK D 2 o0 #EINE. 1)
BT o CRigEE 5 Wi b HHVITIEA RS
fifari<s e 7 7y —SRERSh, TOEHNY
v ARG S hHESME % b ofc ) v B
BLicC & X b, 2) [EEOFEDIDITH
HT52E2 RBHEE Killer T-cell 7z 50
335 Suppressor T-cell” 23GFEZE L, IR
ST X v R E B = iz X b Killer T-cell
& AT 5 pFFa DFIL . Suppressor T-cell o5
DA KE AT Killer-T-cell 2355 &
LW X O THER RV RRIh D L& Th



WEF0514E10H 250

A5,

Fhe—Ji Z OB S0 Y ORI BT
DT H D . TinYER o R A
T3 & DA M S fs O W R X h B KSR
FETWS. L2 TSI MolEE 2% v
TED X5 Ie S ELY b DT BRT5 2
LEBIT, BShT X A5 BRGSO
HoOEHBoMBEER T WEEL T\W5,

KRET S Y ) R, XERH B stk
BROERT Be sl o B ES, ABFERIIMTF, T RIBF oMk
O E~OB R RME L .

Te d ABFR © — 1k 0I5B B e B VA 484 BE
801047, 49EEI01043 0 M % Z iz = L Wi T 5.

1)
2)

3

4)

5)
6)
7
8)

9

10)

X B’
Belehradek, J. Jr., Barski, G. and Thonier,
M.: Int. J. Cancer, 9 (1972), 461—469.
Cerottini, J.-C. and Brunner, K.T.: Advanc.
Immunol., 18 (1974), 67—123.
Deckers, P.J., Davis, R.C., Parker, G.A. and
Mannick, J.A.: Cancer Res. 33 (1973), 33—
39. :
Einhorn, J., Fagraeus, A. and Jonsson, J.:
J. Clin. Endocrinol. Metah., 25 (1965),
1218—1224.
Einhorn, J., Fagraeus, A. and Jonsson, J.:
Radiat, Res., 28 (1966), 296--301.
Einhorn, N. Wasserman, J. and Packalen,
T.: Acta Radiol. Ther. Phys. Biol., 9 (1970),
225—232.
BiAES : THEE, 52 (1976), 45—47.
Glas, U. and Wasserman, J.: Acta Radiol.
Ther. Phys. Biol.,, 13 (1974), 83—94.
Gowland, G., Stone, J., Roberts, B.E., Wilson,
J. and Cook, L.: Acta Radiol. Ther. Phys.
Biol,, 13 (1974), 313—318.
Al 3L RSB T. HAREESER
(BAR4TE) HERSFSHBNEAS, 453—
458.

29—(59)

11) Le Francois, D., Youn, J.K., Belehradek,
J- Jr. and Barski, G.: J. Nat. Cancer Inst.,
46 (1971), 981—987.

12) Le Francois, D., Troise, G.D., Chavaudra,
N., Malaise, E.P. and Barski, G.: Int. J.
Cancer, 13 (1974), 629--639.

13) ik, WREEEYS : WSk (B 49
), HAEIE.

14) Mancini, A.M., Corinaldesi, A., Tison, V.,
Rimondi, C,, Ferracini, R.: Lancet I. (1965),
1397—1398.

15) Mikulska, Z.B., Smith, C. and Alexander,
P.: J. Nat, Cancer Inst., 36 (1966), 29—35.

16) O’Gorman, P., Staffurth, J.5. and Ballentyne,
M.R.: J. Clin. Endocrinol. Metab., 24
(1964), 1072—1075.

17) RE®—, TESEME, WA, fEE—R :
EFobYh, 613 (ER424), 618—625.

18) KEF—, TR, ALY, HEE—:
BE 0bYs, 618 (BH42E), 665—67L1.

19) KEFH—, FTRFHE, AN, HEE— :
B¥ obvh, 618 (FBM42%E), 725—735.

20) KE®E—: oMK, 13% (19674), 600—
605.

21) REF—: oK, 163 (1970%), 651—
657.

22) Paranjpe, M.S. and Boone, C.W.: Int. J.
Cancer, 13 (1974), 179—-186.

23) Rosenau, W. and Morton, D.L.: J. Nat.
Cancer Inst.,, 36 (1966), 825—836.

24) fEBE—%,CR oK, 208(19744),
77—83.

25) Vaage,J.: Cancer Res., 33 (1973), 493—503.

26) Vasudevan, D.M., Brunner, K.T. and Cerot-
tini, J.-C.: Int. J. Cancer, 14 (1974), 301-—
313.

27) Vose, B.M., Moore, M. and Jack, G.D.:
Int. J. Cancer, 15 (1975), 308—320.

28) HEEA : gk, UNEE—EE (1972),
294—301.

29) Youn, J.K., Le Francois, D. and Barski, G.:
J- Nat. Cancer Inst., 50 (1973), 921-—926.




