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Low-dose, Whole-body Irradiation with y-Rays
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We first examined the relation between the induction of glutathione and immune functions in mice after low-dose y-
ray irradiation. Thereafter, inhibition of tumor growth by radiation was confirmed in Ehrlich solid tumor (EST) -bear-
ing mice. The total glutathione level of the splenocytes transiently increased soon after irradiation and reached a maxi-
mum at around 4 h postirradiation. Thereafter, the level reverted to the 0 h value by 24 h postirradiation. A significantly
high splenocyte proliferative response was also recognized 4 h postirradiation. Natural killer (NK) activity was also in-
creased significantly in a similar manner. The time at which the response reached the maximum coincided well with that
of maximum total glutathione levels of the splenocytes in the y-ray-irradiated mice. Reduced glutathione exogenously
added to splenocytes obtained from normal mice enhanced the proliferative response and NK activity in a dose-depen-
dent manner. The inhibitory effects of radiation on tumor growth was then examined in EST-bearing mice. Repeated
low-dose irradiation (0.5 Gy, four times, before and within an early time after inoculation) significantly delayed the
tumor growth. Finally, the effect of single low-dose (0.5 Gy), whole-body y-ray irradiation on immune balance was exa-
mined to elucidate the mechanism underlying the antitumor immunity. The percentage of B cells in blood lymphocytes
was selectively decreased after radiation, concomitant with an increase in that of the helper T cell population. The IFN-y
level in splenocyte culture prepared from EST-bearing mice was significantly increased 48 h after radiation, although the
level of IL-4 was unchanged. IL-12 secretion from macrophages was also enhanced by radiation. These results suggest
that low-dose y-rays induce Thl polarization and enhance the activities of tumoricidal effector cells, leading to an inhibi-
tion of tumor growth.
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Effect of Whole-body y-Ray Irradiation on Total Glutathione Level in Splenocytes, Mitogenic Activity and Natural Killer Ac-

Splenocytes were obtained from male ICR mice after whole-body y-ray irradiation at 0.5 Gy, and subjected to these assay. Each point indicates the mean+S.D.
of 5 mice. *, and **Significantly different from the 0 h group at p<{0.05 and p<{0.01, respectively.
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different from the non-added control group at p<<0.05, p<<0.01 and p<0.005, respectively.
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Effect of Exogenous GSH on Total Glutathione Level in Splenocytes, Mitogenic Activity and Natural Killer Activity
Splenocytes were obtained from normal ICR mice, and subjected to these assays. Each point indicates the mean+S.D. of 5 mice.
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Effect of Exogenous Precursors of Glutathione De Novo Synthesis on Total Glutathione (GSH+GSSG) Levels in Spleno-

cytes, Mitogenic Activity and Natural Killer (NK) Activity in the Presence and Absence of Buthionine Sulfoxime (BSO)
Splenocytes were obtained from normal ICR mice and incubated with 1 mm GSH, GSSG, NAC, Cys, or Gly in the absence and the presence of BSO (0.5 mm)
for 3 h. Each point indicates the mean+S.D. of 5 mice. *, **, and *** Significantly different from the corresponding control group at p<0.05, p<0.01 and p<
0.005, respectively. #*Significantly different from the corresponding BSO-non-treated group at p<<0.01, Cont: non-treated control, GSH: reduced glutathione,

GSSG: oxidized glutathione, Cys: cysteine, NAC: N-acetyl-cysteine, Glu: glutamine.
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Fig. 4. Effect of Whole-body y-Ray Irradiation on Tumor

Volume of Ehrlich Solid Tumor (EST)-Bearing ICR Mice

Mice were irradiated with y-rays (0.5 Gy), then immediately inoculated
with Ehrlich ascites tumor cells (1109 cells) subcutaneously into the back
of the right side. They were irradiated twice a week for 2 weeks at a single
dose of 0.5 Gy per time. The solid tumor size was measured with a caliper
twice a week until day 30. *, **, and *** Significantly different from the cor-
responding non-irradiated control group at p<0.05, p<<0.01 and p<<0.005,
respectively.
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Fig. 5. Change in Cytokine Production by Splenocytes after
0.5 Gy Whole-body Irradiation

Splenocytes were obtained from tumor-bearing mice 2 weeks after
tumor cell implantation at 48 h postirradiation. Splenocytes (1X107cells/
well) were cultured for 48 h and culture supernatants were assayed for IFN-y
and IL-4 by ELISA. Values are expressed as means+S.D. of 5 animals. **
Significantly different from the non-irradiated control at p<0.01.
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Fig. 6. Effect of 0.5 Gy Whole-body Irradiation on the
Natural Killer (NK) Activity and the Cytotoxic T Lympho-
cyte (CTL) Activity

Blood lymphocytes were obtained from tumor-bearing mice 2 weeks af-
ter tumor cell implantation. 48 h after the last irradiation. Lymphocytes were
incubated with [3H]uridine labeled target cells at an effector : target ratio of

50 : 1. After incubation for 20 h, cells were harvested and assayed for

radioactivity on y-counter. The radiation was done three times at 4 days in-

terval. Values are expressed as means+S.D. of 5 animals. **, and *** Sig-
nificantly different from the non-irradiated control at p<{0.01 and p<{0.001,
respectively.
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Fig. 7. Effect of 0.5 Gy Whole-body Irradiation on Glutathione (GSH) Content and Production of IL-12 by M¢

Peritoneal cells were obtained from ICR mice at 48 h postirradiation. 80 um monochlorobimane (MCB) was added to a cell suspension and incubated for 10
min. The fluorescent intensity (FI) of GSH-MCB was monitored by argon-ion laser cytometry. Purified M¢ (2 X105 cells/well) were stimulated with 20 ng/ml IFN-

y and 4 ug/ml LPS for 48 h. Culture supernatants were assayed for IL-12 by ELISA. Values are expressed as means+S.D. of 5 animals.
different from the non-irradiated control at p<{0.05 and p<0.01, respectively.

*, and ** Significantly
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Fig. 8. Change in Percentages of Lymphocyte Phenotype after 0.5 Gy Whole-body Irradiation
Blood lymphocytes were obtained from ICR mice after 0.5 Gy whole-body irradiation. Imnmunophenotyping was carried out using flow cytometry. Values are
expressed as means+S.D. of 5 animals. *, and ** Significantly different from the time 0 control group at p<{0.05 and p<{0.01, respectively.
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Fig. 9. Change in Cytokine Production by Splenocytes at Reduction Percentages of B Cells

Peritoneal cells and splenocytes were obtained from BALB/c mice. M¢ were purified with adherence procedures. A part of splenocytes were purified for only T
cells with Nylon Fiber. Non-purified splenocytes and purified splenocytes were mixed at each ratio [Group No. (non-purified: purified) =1 (1 :0),2 (1:0.1), 3
(1:0.2),4(1:0.3),5 (1:0.4)]. EAT was irradiated with 30 Gy. Purified M¢ (2 X105 cells/well) , mixed splenocytes (5X 106 cells/well) and EAT (1 X105 cells/
well) were cocultured 4 days. Culture supernatants were assayed for IFN-y and IL-4 by ELISA. Values are expressed as means+S.D. of 5 wells. ** Significantly

different from the group 1 (non-added purified splenocytes group) at p<<0.01.
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Fig. 10. Enhancement of Tumoricidal Activity via Thl Polarization Induced by Low-dose, Whole-body Irradiation
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