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Antitumor Effects by Low Dose Total Body Irradiation
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Total-body irradiation (TBI) with 0.02—0.25 Gy has been reported to have antitumor effects. In mice, low-dose
TBI induces tumor growth delay, antimetastatic effects, suppressive effects on the incidence of spontaneous thymiclym-
phoma, sensitization of tumor to ionizing radiation, and decrease in TDjs, value. In artificial metastasis, 0.20 Gy TBI
suppressed lung metastasis when it was conducted between 3 h before and 3 h after tumor cell injection into a tail vein.
In spontaneous metastasis, 0.15—0.20 Gy TBI suppressed lung metastasis. Irradiation with 0.15 Gy twice a week from
11 weeks of age for 40 weeks significantly suppressed the incidence of spontaneous thymic lymphoma in AKR/J mice,
which caused prolonged life span. Low-dose TBI has been used in the clinical treatment of lymphomatous malignancies
including chronic lymphocytic leukaemia (CLL) and non-Hodgkin’s lymphoma (NHL) . The usual practice was to give
0.1 Gy TBI three times a week or 0.15 Gy TBI two times a week to a total dose of 1.5 Gy. Despite this low total dose,
low-dose fractionated TBI could induce long-term remissions and was as effective as the chemotherapy to which it was
compared. Experimental data suggest that the antitumor effects of low-dose TBI could be explained by immune enhance-
ment, induction of apoptosis, and intrinsic hypersensitivity to low-dose irradiation. Possible mechanisms of immune en-
hancement are elimination of the T-suppressor subset of lymphocytes and augmentation of the immune response includ-
ing alteration of cytokine release and enhanced proliferative activity of lymphocytes to mitogenic stimuli.
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Fig. 1. Effect of Low-Dose Total Body Irradiation (TBI) on
Artificial (A) and Spontaneous (B) Lung Metastasis

A: Viable tumor cells of 3X10? were injected into tail vein of WHT/Ht
mice. Mice were irradiated with 0.15 Gy before or after tumor cell injection.
Fourteen days later, mice were killed, and their lungs were removed and fixed
in Bouin’s fluid for 24 h. Total number of superficial visible colonies per lung
was scored. B: Viable tumor cells of 3X10% were injected subcutaneously
into a hind leg of WHT/Ht mice. Mice were irradiated with 0.10—1.00 Gy
12 days after tumor injection. Thirty two days after the injection, mice were
killed and total number of superficial visible colonies per lung was scored.
Data were expressed as the ratio of the number of lung colonies observed in
irradiated mice to that in sham-treated mice. Bars indicate S.E. of 20—40
mice for each point. *p<0.05.
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Fig. 2. Effect of OK-432 Alone (A) or OK-432 Plus 0.15 Gy
TBI (B) on Spontaneous Lung Metastasis

One thousand viable tumor cells were injected into one hind leg of each
WHT/Ht mouse. Forty days later, the mice were killed. Their lungs were re-
moved and fixed in Bouin’s fluid for 24 hr. Total number of superficial visible
colonies per lung was scored. A: Injection of OK-432 alone on specified days
after tumor implantation. B: Injection of OK-432 on specified days after
tumor implantation plus 0.15 Gy TBI on 20th day. Dotted lines indicate the
lung colony number of the control mice. Bars indicate S.E. of 10 mice for
each point. *p<0.05.
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Fig. 3. Effect of 0.15 Gy TBI and/or OK-432 on Con A (A)
and PHA (B) Responses
OK-432 was injected 3 days, 2 days, 1 day, or 4 hr before assay with or
without 0.15 Gy TBI. TBI was carried out 4 hr before the assay. When
OK-432 was injected 4 hr before the assay, TBI was carried out just after
OK-432 injection. Bars indicate S.E. of 4 mice for each point. *p<0.05.
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Fig. 4. Effects of Chronic, Fractionated Low-Dose TBI on the Incidence of Thymic Lymphoma in AKR/J Mice and on Mean Sur-

vival Time of AKR/J Mice

Mice were irradiated with 0.05 Gy three times a week or 0.15 Gy twice a week from 11 weeks of age for 40 weeks. A: Effects of TBI on the incidence of thymic
lymphoma. B: Effects of TBI on mean survival times. C: Effects of TBI on mean survival times for the subgroups with lymphoma. D: Effects of TBI on mean sur-
vival times for non-lymphoma-bearing subgroups. The mean total absorbed dose was 5.12 Gy in mice irradiated with 0.05 Gy three times a week and 10.54 Gy in
mice irradiated with 0.15 Gy twice a week. Bars indicate S.E. of 40—45 mice. *p<{0.05.
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Fig. 5. Effects of Ionizing Radiation of IL-6 Expression in
Macrophages

Peritoneal macrophages were collected from WHT/Ht mice. Macro-
phages were collected by peritoneal lavage with 5 ml of phosphate-buffered
saline (PBS) and washed with PBS three times. Then, macrophages were
resuspended in RPMI-1640 medium and cultured in a CO, incubator at 37°C.
Two hours later, culture dishes were washed with PBS three times to elimi-
nated all cells except macrophages. After 16 hr incubation, cells were used
for irradiation. A: Macrophages were irradiated with 0.1 or 2.0 Gy and then
incubated in a CO, incubator for 0.5—5.0 hr. B: Macrophages were irradi-
ated with 0.1, 0.5, 2.0, 5.0 or 10.0 Gy and then incubated in a CO; incubator
for 2 hr. After incubation, total RNA was prepared from them and reverse-
transcribed. IL-6 mRNA was measured by competitive PCR and normalized
to the quantity of GAPDH mRNA measure by the same method. Bars indi-
cate S.D. of the results from three independent preparations of macro-
phages. *p<{0.05.
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