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INTRODUCTION: Radiotherapy is one of the major
therapeutic modalities for eradicating malignant tumors.
However, the existence of radioresistant cells remains
one of the most critical obstacles in radiotherapy and ra-
diochemotherapy. Standard radiotherapy for tumor treat-
ment consists of approximately 2 Gy once a day, 5 days a
week, over a period of 5-8 weeks. To understand the cha-
racteristics of radioresistant cells and to develop more
effective radiotherapy, we established a novel radioresis-
tant cell line, SAS-R, from SAS derived from human oral
squamous cell carcinoma. SAS-R cells continue to pro-
liferate under daily exposure to 2 Gy of X-rays for more
than 30 days. We call those “clinically relevant radiore-
sistant” (CRR) cells.  Our preliminary experiments
showed that tumor tissues of CRR cells transplanted into
nude mice were richer in tumor blood vessels compared
with their radiosensitive parental cell lines, suggesting
that the growth of SAS-R cells is dependent on blood
vessels. Therefore, we think that targeting tumor endo-
thelial cells in radioresistant tumors could be a promising
strategy to overcome radioresistant tumor. In this study,
we performed boron neutron capture (BNC) method tar-
geting tumor endothelial cells using polyethylene glycol
(PEG)-°B-liposomes (PEG-10B).

EXPERIMENTS: Three days before experiments,
1x10° cells of SAS and SAS-R were injected subcuta-
neously into hind legs of male Balb/c nude mice (4 weeks
old). The day of the exposure experiment tumor diame-
ter was approximately 3-4 mm.  For irradiation of tumor
endothelial cells by « -particles, PEG-°B were admi-
nistered. The compound was suspended in physiologi-
cal saline at a concentration of 2500 ppm and was in-
jected via the tail vein. Three hours after the adminis-
tration, mice were exposed to neutron radiation at the
Research Reactor Institute, Kyoto University (RRIKU).
We determined the exposure period at the calculation
dose of 28 Gy-Eq at an organ level. Tumor size was
determined by caliper measurements daily. Blood ves-
sels in tumor were immunohistochemically stained for
CD34.

RESULTS: We first examined the tumor size of SAS
and SAS-R daily after exposure. Within 20 days after
exposure to « -particles, the tumor size of SAS and
SAS-R was not significantly different (data not shown).

Fig.1. Histological analysis of tumor end othelial
cells14 days after exposure to 28 Gy of a-particles.
Blood vessels were visualized by CD34 staining. (A)
SAS tumor without a- particles. (B) SAS tumor
without a- particles. (D) SAS-R tumor after exposure
to a-particles. Arrow; blood vessels.

Mice were sacrificed on days 14 after the exposure.
Histological examination showed that the center of the
tumor was entirely necrotic both in SAS and SAS-R tu-
mors. As was our preliminary study, CD34 positive
blood vessels were more abundant in SAS-R tumors than
in SAS-tumors (Fig. 1). Surprisingly, 14 days after
BNC the density of CD34 positive blood vessels in-
creased in SAS-R tumor exposed to « -particles com-
pared to control SAS-R tumor but did not in SAS tumor
irrespective of « -particles exposure.

DISCUSSION: In this research we tried to target tu-
mor endothelial cells of radioresistant SAS-R tumors,
because our preliminary experiment showed that the den-
sity of blood vessels in SAS-R tumors was higher than
that in SAS tumors. We selectively exposed endothelial
cells to o -particles, we used BNC with PEG-'B.
However, the tumor volume of SAS and SAS-R was not
significantly different after exposure to 28 Gy of «
-particles for the examination period. We think that the
necrotic part contributes to the ostensible volume of tu-
mors. Therefore, we need exclude necrotic part for the
assessment of experimental radiotherapy. Moreover, to
our surprise blood vessel density in SAS-R tumors in-
creased by BNC therapy. This tendency was not ob-
served in SAS tumors. Therefore, further studies are
needed to confirm how blood vessel density contributes
to tumor radiotherapy.
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INTRODUCTION: The vascular damage is considered
to be cause of radiation injury of the lung. However, this
is an indirect proof mainly based on histopathology.
General radiation like as X-ray or gamma-ray is homo-
geneously delivered to all kinds of cell consisting tissue.
Therefore, it not apparent which kind of cell plays a
leading role of radiation injury in general. New idea is
necessary to overcome this point. We made a new clever
idea to solve this difficulty. It is a use of boron neutron
capture reaction (BNCR). This reaction emits He nucleus
(alpha-particle) and Li nucleus with extremely short
range not exceeding one cell diameter.

MATERIALS AND METHODS : Sodium borocaptate
(BSH-2Na) involving 12 B-10 atoms in a molecule is
encapsulated into liposome. If the diameter of liposome is
large enough, it stays in blood vessel and does not leak
into the tissue. When B-10 in the liposome receives neu-
tron, two particles mentioned above are emitted and hit
endothelium of blood vessel selectively. We prepared
400nm diameter liposome containing BSH at the level of
10,000ppm B-10. They were injected into C3H/He fe-
male mice of 7 week old via tail vein. Mice were irradiated 7.5
Gy of gamma-ray 24 hour before liposome injection and neu-
tron irradiation. The liposome emulsion just before injec-
tion contained B-10 at 5,000ppm. So, 0.1, 0.2 and 0.3
ml of it were injected 1 hour before neutron ir radiation.
Neutron irradiation time was 30 min. As a control, mice
of gamma-ray irradiation alone were prepared. They re-
ceived pre-dose of 7.5 Gy and following test dose of 3, 6
and 9 Gy of gamma-ray. Three and 6 months later, each
3-4 mice were killed and the lungs were examined ma-
cro- and microscopically.

RESULTS: Only 1 mouse died by 6 months after treat-
ment. The activity of all mice seemed not to be impaired.
Figures show lung epecimens excised from mice 6
months after the neutron or gamma-ray treatment.
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Fig. 1. 7.5Gy(y)+Liposome+Neutron.

Fig. 2. 7.5Gy(y)+y-ray.

There exists no apparent macroscopically difference
among them. At present, microscopic examination is in
progress.
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