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A Mechanism Involved in Augmentation of
Anti-tumor Immunity by Irraditaion to the
Tumor : Tumor irradiation promoted

generation of CD4+helper T cells against a
murine immunogenic tumor

Reiko Makidono

It has long been suggested but not generally accepted
that anti-tumor immunity is enhanced by irradiation of the
tumor. In this study, the mechanism involved in enhanc-
ing the effect of irradiation on tumor immunity was ana-
lyzed. 20 Gy of irradiation to a murine hepatoma, MH134,
in the thigh muscle of syngeneic C3H/He mice, augmented
the generation of cytotoxic T cells (CTL)in the spleen. It
was assumed that radiation-damaged apoptotic tumor cells

are readily phagocytosed by macrophages and that tumor |

specific transplantation antigen (TSTAJis presented as a |

complex with MHC class Il antigen on macrophages to CD4+ |
T cells. To examine the hypothesis, that irradiated tumor |

cells induce CD4+ helper T cells required for the generation

of CD8+ CTL, C3H/He mice were immunized with 2 x 107 |

MH134 cells which contained irradiated tumor cells (100 Gy,
in vitro)at varying ratios. When irradiated tumor cells are con-
tained at levels of 60-80 %, the generation of helper T cells
as well as CTL against the tumor was significantly enhanced.
The findings obtained suggest that tumor irradiation enhances
anti-tumor immunity by promoting the induction of antigen-
specific helper T cells , which play a key role in anti-tumor
immunity, i.e., either generating CTL or antibody-forming
B cells depending on the activity of TH1 or TH2 subset cells.

Researdt Code No. 4{}‘3 9

Key words ( .’M+fw!pu I uﬂH C\mmm T Cell.
Enhanced anti-tumor immunity, Tumor-

ire c:dian'n.li

Recerve:.f Apr. 3, 1395, revision accepred Oct. 17, ?995
Department of Immunology, Kururme University School of Medicine

NIPPON ACTA RADIOLOGICA 1996 ; 56 : 575-578

L ®IC

Tocs s o (REBE ) (X, PUIEHS e & iR ¥ 5 & v
I MAH S HTA LAY, Rk Wit"ﬁﬁﬂﬁ shTwi
v L LERE, RIS E ORGSR B G R
DN &G ERGERGE RSO ERWEEE bELY GV E
FoTsBl, €0LbMHIPLETHD. KIFFEDORHE
(&, REESHINE O B IPUMES SRE 2 T 5 2 &, £h
FFNFTHEGIZRIERIZL > TEB SN T Dot
BEAF NS AY, BRI O Rz X D d 2 2L L

THHENLZ T OTHALAZEEZFHL ML,

M S I &

1)o7 A —HEOEEEIZIL, /\"”zl;,-k"“’" =
BEHE Y v 7 — BV TR
<A (4 ~ 64y, M) EEHL f;.
205 IR, [ A THMUFERE S AL/ C3H/He
< ARREONFHEAN, MHI34MIFEZHER L2, F -0
HWAEWMMT O - m ) vosEkiE, {HEREHOME ST &
SELOREL:., 8ERLIVAF—L Ay a2 ERHL
THING &bl L, IEESEIC X 0 ) o SERS 2RI L 72
1%, Nylon wool column{fiJi] L TT#lld % 578 L 7=
:’ﬂﬂﬁaf‘?iﬁﬁﬁi : ":Iﬂli?"la“*ﬁ'i‘ﬁlﬁf‘ & U-’ﬂ"‘i—?‘-iﬁi" X, RPMI 1640

AT R SR
5% T CHiE L 72C3H/He

USA. >%frHI.EE'.1m zmﬂm) fiﬁﬁ Li_. }tﬁ% Fﬂimawéﬂ%
BGREZIE, TR ER AR e R LA,

4) Mgt - = AL S ONZHIIEE, A KRKFEESE
Jﬁtéﬁaﬁia # oy —OERHT M v 738 (ELMR-15
B CHEYT L7z, =7 2A0MEHIIZ10MV X#(3Gy/min) &,
MM OIBEIZ136 MeVETHE MM L7z, 8, ~»7%

— VR LRI P P O BB DA O LS CHlERR L T
WG L 7=, BEESAMRLFEETE, A iR L 110Gy Fagt
e
5)fi17 A b (Winn assay) @ Fi0ONylon wool columnIE{ 4§
PEY 22 SER(THIN) & BRI % A8 4 D IR TR T, 5Gy
SEMBEwy AR TFICBR L. OB IEREY 1
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Table 1 Effect of irradiation to the tumar on the induction of cytotoxic T cells”

Dose of % take of MH134 size of tumor®
irradiation tumor cells

0Gy 100 (8/8)? 0.80 + 0.22 (cm®)
5Gy 100 (8/8) 0.65 = 0.13
10Gy 50 (5/10) 0.46 + 019
20Gy 10 (1/10) 0.38

30Gy 70 (7/10) 060 + 0.18

1) 2.5x 10° MHI34 cells were mixed with 5.0 x 107 NW-column passed T cells and transplanted subcutaneously 1o 5Gy irradiated

syngeneic mice (neutralization test, tumor cells : T cells=1 : 20).
2) Number of animals per group.
3) Size of the tumor was measured on Day 7. Mean size +standard deviation

Table 2 Relative anti-tumor capacity of mice immunized with non-irradiated ancl/or irradiated MH134 hepatoma cells

rejection of tumor cells
group
Day 7 Day 14 Day 21 Day 28
1( 0%)" 20% (2/10) 2 60% ( €/10) 60% ( 6/10) 50% ( 5/10)
I ( 20%) 20% (2/10) 60% ( €/10) 60% ( 6/10) 60% ( 6/10)
m ( 40%) 20% (2/10) 60% ( 6/10) 50% ( 5/10) 60% ( 6/10)
v ( 60%) 40% (4/10) 100% (10/10) 100% (10/10) 100% (10/10)
vV ( 80%) 20% (2/10) 100% (10/10) 100% (10/10) 100% (10/10)
VI (100%) 10% (1/10) 60% ( 6/10) 60% ( 6/10) 40% ( 4/10)

1) Each group of mice were intramusculary immunized with 2 x 107 tumor cells containing irradiated cells at varyng ratio as
indicated in the parenthesis on Day 0, and 1 x 10" tumor cells serially transplanted into peritoneal cavity to examine the capacity

of tumor rejection.
2) Number of animals subjected to the experiment.

XxEHIIL 720,

6) FLTNPHUAM D MIE © ~ 7 A lfifh Ot #fi%, TNP
e PORIFRIMER (R. MOIMER) ZER L, REEmiEC X
> TllE L7,

T)EEZERE | Student-t test 12 & -7z,

& R

1) BB Din vivo BBSHC & 2 BEEHIREO{EE

FEEEHIRE 2 KERRSPAPMICRERE L, RBRIcEE 74 v K
TV 2y MR R OEREM O RE L ETI47-
720 KREHAPICZ2 x 10MEOESIRLZ i+ 2 &, 7 HE
KIIITER e’ DIEEE TR L 72#%, 1482 521HHEIC
AT TI00%4EH T 5. 7 H B IR S/ EH 12 0 -30Gy
ICTORLZMEE TS L, 28HHICMOTHROIEEGE
EHEZPRT A MIE DA, BT 520Gy HEEt
(&, MEBHSHEETEL A B IC(EHE L 72 (Table 1, 10 GyDHHE
p < 0.01, 20Gy B4+ D54 p < 0.001).
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2) FRGHIES AT DI IEE & D18 1E A

invivolBgHZ X - THS SR O, NS
DR (1585 S N7 0o 72 40HD) & BRSNS (s S h7e
L) OEBLREMILRIZ L B LA Z SN T OWE
Db &Iz, HBEHEBEARE (in vitro 10GyB8ET ) & JEHBEHHES
Mz R HRTRE L. #LTEFAFRLO—EHKT
B e wIE L, MEHEPEGR (EEmEwE) & ik L7z, #
DFER, MR & BT O EAR0 608 5\ 11340 : 80
Po%b b & FUIRbMEE S N7 (Table 2). FEEHHINE S
TORETIEEDMAER R I Lz, o ZHORE
B CREBHIAL (F v ) 7= )12 LToME L 72~ LS —TH
Haz TNP-MHI134Mla THRIET 2 Z LI2 X o TRIRA, ~Ib
—THIFED b, it/ EETH (CTL) D5k
PR SN2 RIERAHOLEE, FILRESA TSI &
AR L7z (Table 3, &EHEROELEL, IV V B IVEL
THbp<0.001. LA IVHEVETIE7SEEED EE).
L7zA¥oC, BEHEDin vivolB4Tlx, 20GyHETIZ L - T
JEEAICHBES AR - ML BE SN0 EE
MR A R S N EATRBE & e,
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Table 3 Anti-TNP responses in mice immunized with constant number of MH134 tumor cells consisting
of varyng ratio of non-irradiated and irradiated cells

log, antibody titer
group

198 + 7S 7S
I ( 0%) 46 + 09 0
I ( 20%) 44 + 08 0
m ( 40%) 43 + 06 0
v ( 60%) 76 + 06 20 £ 0
v ( 80%) 74 + 06 10 £ 0
VI (100%) 68 + 08 0
unprimed 27 £ 13 0

# Same as the legend of Table 2. Percentage of irradiated cells among the cells used for immunization is shown in the
parenthesis. Fach group consisted of 6 mice. Mice immunized with combination of non- irradiated and/or irradiated
tumor cells at varyng ratio were boosted with 1 x 10° TNP-MH134 cells 35days after primary immunization. The anti-
TNP agglutinating antibody titers on Day 8 were shown in the Table.

z =

AROESIEEIZ L 5EFVEROMIE, By
B Tt Ha g (PR G IE L) 1, BESSAFSRAY 2 CD4 + NIV
IS—THIFAD5L Y, CTLOMb (e 7 iEgs 155 i) %
T B L FRL.

JEE 2k LR 2 RIERUSASHE S B T2 (21,
TN ASHE S 5 S8R (TSTA, tumor specific transplanta-
tion antigen) %388 L TV 2 L EN S 5. FFIZ e FEHTIE
ENHARWO b ONE 0D, —EOMEE T3 Z D7
BIEF LAV THEEA STV 2Y, SRR L 72 FEERAEDS
OB TSR TBY, oI L ThifkEd R
OIS b Mt e KIC b S s a9, IR D
BVINESBEPURE AEAET B & &, FAUIMESHIEE &
Mz FEh A &R - T AHERAMB (207 7 —
V)0, FEMEHE S PEUR (MHC, major histocompatibility
antigen ), class I ¥ 7zidclass T & DAL LT, THIZIZ
PRENA. TN, ZhzZOHESZEER(TCR, T cell
receptor) |Z & - TElali L, 1EHEMINE (CD4+ ~ )L/ 3—THIN,
CD8+% 7213CD4+MDCTL R E)I25ME$ 5. T ORIEFLED
BRICBWT, HUEMOS 2 EETH GERESR) v~ 707
7—=JIZk ) ARSIV OTIE, EERERE(CTLO
L) B L2 EATRIEE N TV AY,

mHc X hiFE s EEMEE, 777 —-YIl&
BEE - M AR TEAL VPRI S, EHET & 225
L7 OBRBOEMALIZ L Y, CD4+ AV s—THlLD
SLDRE R NG, LA o T, ZOSUEEDIEE,
&S BUR MBS DMz, JRFOMHENH 5\
TR R I D E AR SN A T ENEZ LS.

CD4+ ~L2S—THIIE, WTFNOEERIGIZBNTH#
¥BAIMBTH LY. BHREKSIZBVWTE, £OT
HB - BRI B AV S—BERE() 7 4 A A VER)D

ER ST H25H

BB X - T, MM S UG (CTLO4ME) 30 I3HUARE
e FGIE RIS AT &85, & HROIEEMTIZ, ~v
JS—THINL D5 % L IZCTL (CD8+, IFN-yDABIZIL-2 % PE
1) DG B 2 & AT STV B, FRECEDIFTE
PRLELEZ SNTVWBLDY, AL S-THIIE, ZDMELE
T5Y 74 H 4O S, THI L TH2OHMIALIZ 5
52 LRSS NTVEY, THIZ A 7D) 7 +H4 >
|, IL-2, IFN-y, LT(TNF- g) % &, TH2% 1 714, IL-4,IL-
5. IL-6, IL-10%2 & Th B, Thbid, FREFNHEICHEN
WIERT Y v 74384 2L THIEIE N TWwB &%
Z5NA, + L CTHI OBt eERIG &, TH2OZ
MR EET 2 2 AR IR TS, 2O
Mo eld, 4T 644 b h A > HHWIEEERT A
£ b HA AT PR 2 5) 12X - T, AR
LHMTEETH B, BRI IICDA+ NV —=THIRED 5
AT A 2 EAVRENTAS, FO L & ORGHBALR
GHeth e E12 X o TTHI ETH2/3F > A% bR 2 T HE
YA B0 LaL, FAPVTRIRMELTwE I ED
IL-2, [FN-y, IL-12, (TGF-B8)% &Di%513, THIEM % &
XCTLOMLEARET A 2 L AaifE s N5, FRIEE, 1IL-12
DEY % CTLHEAE L B TR ShTw a2,
B a R L, AN A PR ISR () 35
HEyTifibhs, L7zhi> T, BRETEOEFHEEDTH 2 9
BEKAOBELIEEARKICS 25 2L BB, BAHED
B E A XAT & 72 (SRR A & R R i oA O
WFge). #LTHE7 T b a—-Lk L TORER—RBEHE
LB EBETE D W AR IED IZ oW Tilkim S e
%, BUTORIBICELE TS, EHERIEOLE,H
X, UE X0 HUR OFERIEAE & TTRE L 3 5 hE O IREHE
AR S, SRR X B R ek O HEE (FRRET
MO DORAE) 1T, EHNOHESA TRV E
BESL-MBEOEERED L ZRLERE 2L I LHTR
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