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Effects of overexpression of LAT1 in cancer stem cell-like cells on suppression of 
tumor growth by boron neutron capture therapy 

beam at the fluences of 3.3 x 1012 n/cm-2 on 1h after the 
10BPA injection.  

RESULTS: Relative tumor volumes in 10BPA-treated 
mice are shown in Fig. 1. Tumor growth in 10BPA-treated 
T98G/K10 (n=3) and T98G/KC2 mice (n=3) was strong-
ly suppressed for approximately 40 days after neutron 
irradiation. However, such suppression was not observed 
in PBS-treated T98G/K10 and T98G/KC2 mice (data not 
shown). Relative tumor volumes of 2 mice and 1 mouse 
were approximately 2 and 6, respectively on 57th day 
after neutron irradiation in T98G/K10 mice. In contrast to 
T98G/K10 mice, in T98G/KC2 mice, those of 1 mouse 
and 2 mice were immediately 4 and over 6, respectively 
on the same day after neutron irradiation. It seemed that 
tumor regrowth of T98G/K10 mice is delayed compared 
with that in T98G/KC2 mice. These results suggest that 
BNCT is more suppressive on tumor regrowth in CD133 
expressing cell-selective LAT1 overexpression cells 
compared with control cells. We plan additional experi-
ments to confirm the effect of BNCT on tumor regrowth 
using CD133 expressing cell-selective LAT1 overexpres-
sion cells and control cells.  

CONCLUSION: We obtained preliminary data from this 
study, suggesting that BNCT is more effective by manip-
ulation of cancer stem cell-selective LAT1 gene expres-
sion. On the basis of the present data, we plan to perform 
further detailed experiments. 
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Fig. 1. Tumor growth curves in mice transplanted with 
CD133 expressing cell-selective LAT1 overexpressing 
(T98G/K10) or control cells (T98G/KC2).  
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INTRODUCTION:  Outcome from BNCT largely de-
pends on amount of intracellular accumulation of boron 
compound. L-type amino-acid transporter 1 (LAT1) [1], 
through which boronophenylalanine (BPA) is transported 
into cells, is frequently expressed in various types of tu-
mor cells including glioblastoma but not in normal cells 
[2]. We transfected pCMV/LAT1-GFP plasmids into a 
glioblastoma cell line, T98G, and selected several clones. 
The sensitivity of cancer cells to neutron and -ray flu-
ences was well correlated with the expression level of 
LAT1 and the level of BPA uptake in the clones [3]. 
These results suggest that overexpression of LAT1 in 
cancer cells results in enhanced anticancer effects of 
BNCT and BNCT combined with gene therapy is benefi-
cial for tumors with low LAT1 expression. In this study, 
we transfected pCD133-TRE/LAT1-tdTomato/IRES/tTA 
plasmids including a positive-feedback loop into glio-
blastoma cell line, T98G. The plasmids were designed to 
overexpress LAT1 tagged with tdTomato on cytoplasmic 
membranes of CD133 positive cancer cells selectively. 
We confirmed several clones which stably overexpress 
LAT1 in hypoxic microenvironment of spheroids. In this 
study, we examined enhanced effects of LAT1 overex-
pression on BNCT using the clones in which LAT1 is 
selectively overexpressed in CD133 positive cancer cells. 
We have already shown that the CD133 positive cancer 
cells in spheroids are model cells of cancer stem cells [4]. 
We transplanted the clone cells into nude mice and per-
formed neutron irradiation on tumors.   

EXPERIMENTS: We transplanted tumors formed with 
a clone (T98G/K10, 
pCD133-TRE/LAT1-tdTomato/IRES/tTA-transfected, 
LAT1-overexpressed cells in CD133 positive cell selec-
tively), or a clone (T98G/KC2, control plas-
mid-transfected, LAT1-nonoverexpressed cells) into 
femoral region of nude mice. Accumulated amounts of 
10BPA in blood and tumor were measured using prompt 
gamma-ray assay (PGA) on 1 h after 10BPA s.c. injection 
(100 mg/kg, 1 h before irradiation). The transplanted tu-
mors into mice were irradiated with thermal neutron 
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Table 1. Irradiated doses at cells from 6:32-6:42 
am and 6:43-7:43 am on Nov. 16, 2022 (Single 
layer, E-4 rail port)  

Nov. 16, 2022. 

11:17-12:27 am, 
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[/cm2] [Gy] 

Thermal 
neutron  
[/cm2] 
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thermal 
neutron 

Thermal 
neutron 

[Gy] 

Epi-
thermal 
neutron 

[Gy] 

Fast 
neutron 

[Gy] 

Gamma-
ray 
[Gy] 

Physical 
Dose 
[Gy] 

B-10* 
(1ppm) 

10 

U, Cl  1.1E+12 1.9E+11 1.4E-01 1.5E-02 1.0E-01 9.4E-02 3.6E-01 7.9E-02 
U, F  5.5E+11 9.8E+10 7.4E-02 7.9E-03 5.5E-02 9.4E-02 2.3E-01 4.1E-02 

D, Cl  1.1E+12 2.0E+11 1.5E-01 1.6E-02 1.1E-01 9.4E-02 3.7E-01 8.2E-02 
D, F 6.9E+11 1.2E+11 9.2E-02 9.8E-03 6.8E-02 9.4E-02 2.6E-01 5.1E-02 

60 

U, Cl  6.4E+12 1.1E+12 8.6E-01 9.2E-02 6.4E-01 6.2E-01 2.2E+00 4.8E-01 
U, F  2.8E+12 5.0E+11 3.7E-01 4.0E-02 2.8E-01 6.2E-01 1.3E+00 2.1E-01 
D, Cl  6.0E+12 1.1E+12 8.0E-01 8.5E-02 5.9E-01 6.2E-01 2.1E+00 4.5E-01 
D, F 3.5E+12 6.2E+11 4.6E-01 4.9E-02 3.4E-01 6.2E-01 1.5E+00 2.6E-01 
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60 Ce1 3.6E+12 6.4E+11 4.8E-01 5.1E-02 3.5E-01 3.2E-01 1.2E+00 2.7E-01 

60 Ce2 3.3E+12 5.8E+11 4.3E-01 4.6E-02 3.2E-01 3.3E-01 1.1E+00 2.4E-01 





v



×



α

γ

γ

0 0.5 1.0 1.5
0.001

0.01

0.1

1

Gy

SU
RV

IV
AL

 F
RA

CT
IO

N

Surviving frcation vs absorbed dose (Gy)

Gd+

BPA

p=0.72

p=0.36

SCCVII



  
BSH



 

 





1. Synthesis of BPA-IL





Fig.1  Spheroid uptake of BSH-BPMO

Fig.2  Spheroid destruction by neutron irradiation
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INTRODUCTION: 
For achieving effective Boron neutron capture therapy 
(BNCT), we performed the experiments of boron deliv-
ery systems for BNCT using boronododecaborane(10B12 
H11SH; 10BSH) [1, 2, 3].  

Recently, for effective chemotherapy, drug delivery 
using a combination of ultrasound and microbubbles has 
been reported [4]. The interaction of microbubbles and 
ultrasound increases the local permeability of blood ves-
sels, allowing the injected drug to move easily out of the 
vessel and increasing the drug concentration in the tissue. 
The combination of liposomal doxorubicin, microbubbles, 
and ultrasound has been reported to inhibit growth of 
tumors [5]. 

In this study, we evaluated the tumor growth suppres-
sion by intraveneous injection of  10BSH-encapsulated 
PEG liposomes combined with perfluorocarbon mi-
crobubbles / Ultrasound external stimulation system to 
AsPC-1 human pancreatic tumor-bearing mice. 

EXPERIMENTS: 
Human pancreatic cancer AsPC-1 cell was used for the in 
vivo anti-tumor effect evaluation. We prepared AsPC-1 
(5x105) model by transplanting to right lower leg. 
10BSH-encapsulated PEG liposomes (mean 10B concen-
tration : 4466ppm) and bubble liposomes were injected 
via the tail vein, and then ultrasound was applied to the 
tumors. The construction of Bubble liposome is DSPC : 
DSPG : DSPE-PEG2000-OMe = 30 : 60 : 10. The Ultra-
sound condition is below ; Machine : Sonitron2000, In-
tensity : 2 W/cm2, Frequency : 1MHz. We performed 
thermal neutron irradiation at Institute for Integrated Ra-
diation and Nuclear Science, Kyoto University (average 
neutron fluence of 2.0 × 1012 n/cm2). The change in tu-
mor growth and survival rate of the mice reflected the 
anti-tumor effect of 10BSH-encapsulated PEG liposomes. 

While measuring the size of tumor, the weight change 
was also recorded for evaluation of the toxicity of these 
samples.  

RESULTS: 
The experimental results showed that tumor growth sup-
pression in the group treated by 10BSH-encapsulated PEG 
liposomes combined with perfluorocarbon microbubbles / 
Ultrasound external stimulation system and NCT  was 3 
times superior compared with non-irradiated group (only 
treated with 10BSH PEG Lip / Bubble Lip / Ultrasound). 
No significant weight loss were observed after treatment 
suggesting low systemic toxicity of this system. 

It is thought that the Bubble Liposome / Ultrasound 
stimulation is effective to increase the concentration of 
the compounds into the cytoplasms of cancer cells. We 
hope to apply these techniques from the surface of the 
body to the tumour site in the body acutually using in 
clinical to BNCT for local advanced cancers [6,7]. 

Figure 1. Tumor growth suppression by intraveneous injec-
tion of 10BSH entrapped PEG Liposome combined with 
perfluorocarbon microbubbles / Ultrasound external stimu-
lation system with thermal neutron irradiation on AsPC-1 
model in vivo 
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Enhancement of Tumour Growth Suppression by Bubble Liposome / Ultrasound 
Stimulation on Intraveneous Injection of 10BSH entrapped PEG Liposome for  
Boron-Neutron Capture Therapy to Pancreatic Cancer Model in vivo 
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INTRODUCTION: 
The cytotoxic effect by 1 m-range high LET Auger elec-
tron, and long-range gamma rays was estimated on Gad-
olinium-neutron capture therapy(GdNCT) [1, 2, 3]. For 
effective GdNCT, it is necessary to accumulate Gadolin-
ium atoms into the tumor tissues selectively. We per-
formed the experiments of Gadolinium delivery systems 
for GdNCT using meglumine gadoterate (Magnescope; 
C16H25GdN4O8 - C7H17NO5 ; MW:753.86). The Magne-
scope is difficult to be kept in the cytoplasm and nucleus 
in the cancer cells, so we need to develop some function-
al delivery systems.  

Recently, for effective gene transfectins, drug delivery 
using a combination of ultrasound and microbubbles has 
been reported [4, 5]. The interaction of microbubbles and 
US increases the local permeability of cancer cell mem-
brane, allowing the injected plasmid DNA to move easily 
into the cells and increasing the concentration of plasmid 
DNA in the cancer cells. 

In this study, we evaluated Magnescope / hyaluronic 
acid / protamine-mixed with cationic liposome 
(157Gd-plex) as neutron capture therapy agent by in vivo 
experiment on AsPC-1 human pancreatic tumor-bearing 
mice. We also use perfluorocarbon microbubbles / Ultra-
sound external stimulation system combined catinic lip-
osome as an method for selective delivery  

of 157Gd compound into the cells. 

EXPERIMENTS: 
  157Gd-plex were prepared mixed with 1.2mL of Mag-
nescope (0.38 mg/mL), 0.24mL of a solution of 10mg/mL 
hyaluronic acid sodium, and 0.12mL of 10mg/mL of pro-
tamine incubating at room temperature for 30min, then, 
these mixing solutions were poured into 0.24mL of cati-
onic Liposome; Lipofectamine3000. Human pancreatic 
cancer AsPC-1 cell was used for the in vivo anti-tumor 

effect evaluation. We prepared AsPC-1(5x105) model by 
transplanting to right lower leg.  

Ultrasound stimulation was performed after in-
tra-tumoral injection of 0.1mL of 157Gd-plex and 0.04mL 
of bubble liposomes, then, we performed thermal neutron 
irradiation at Institute for Integrated Radiation and Nu-
clear Science, Kyoto University (average neutron fluence 
of 3.0 × 1012 n/cm2). The change in tumor growth and 
survival rate of the mice reflected the anti-tumor effect of 
157Gd-plex. While measuring the size of tumor, the 
weight change was also recorded for evaluation of the 
toxicity of these samples. 

RESULTS: 
  The experimental results showed that tumor growth 
suppression in the treated group of 157Gd-plex / Bubble 
Liposome / Ultrasound stimulation on NCT was 2 times 
superior compared with non-irradiated group. No signifi-
cant weight loss were observed after treatment. 

We attempted to enhance of retention of 157Gd atoms 
by mixing 157Gd-plex. It is thought that the Bubble Lipo-
some / Ultrasound stimulation is effective to increase the 
ratio of transfection of the genes and compounds into the 
cytoplasms of cancer cells. We hope to apply these tech-
niques including gene therapy and electrochemotherapy 
acutually using in clinical to GdNCT for local advanced

Figure 1.  Tumor Growth Supression by NCT with 
Intra Tumoral Injection of 157Gd-plex /Bubble Lipo-
some and Ultrasound Stimulation   
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Boron-compound diagnostics in the plant using a neutron capture reaction 
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INTRODUCTION:  Mutation breeding of plants is a 
method of expanding genetic variation by artificially in-
ducing mutations into the target DNA.  The process starts 
by exposing seeds to chemicals (e.g., ethyl methanesul-
fonate, dimethyl sulfate) or radiation (e.g., -ray, ion-beam, 
neutron) in order to improve the new crops with desirable 
characters or phenotypes.  More than 3,000 mutagenic 
plant varieties have already been released around the 
world, and more than 450 of these varieties were produced 
in Japan.  Approximately 80% of them are caused by -
ray radiation.  On the other hand, -rays have a low linear 
energy transfer (LET), suggesting that they cannot deliver 
high energy locally to the target DNA, resulting in low rel-
ative biological effectiveness (RBE) and low mutation 
rates.  We therefore focused on the phenomenon that a 
stable isotope of boron (10B) irradiated by low-energy neu-
trons undergo a nuclear reaction into a high-energy helium 
nucleus -particle) and a lithium nucleus.  Since those 
heavily charged particles can efficiently generate DNA 
double-strand breaks in the target cells, they would mutate 
or induce cell death.  In fact, this reaction has been ap-
plied in combination with 10B-compounds, such as p-bo-
ronophenylalanine (BPA), in a therapy to selectively de-
stroy cancer cells, known as the boron neutron capture 
therapy (BNCT).  However, BPA has not been well 
characterized in terms of mutagen for the mutation 
breeding.  Therefore, to determine how much BPA 
added externally is absorbed by the seeds and where ab-
sorbed BPA localizes in them, in situ high-resolution vis-
ualization technique capable of detecting BPA in the seeds 
was examined with a solid-state nuclear tracking detector, 
CR-39. 

EXPERIMENTS: Plant materials and growth condi-
tions> Seeds used in analysis were harvested from a dwarf 
tomato cultivar, ‘Micro-Tom’ (Solanum lycopersicum L).  
Micro-Tom was originally derived for home gardens as the 
dwarf cultivar, but is now used as a major material for var-
ious plant research.  The original seeds were obtained 
from Inplanta Innovations Inc. and seeded on the moder-
ately moisturized vermiculite and cultivated at 23°C under 
a 16-h light/8-h dark cycle in a 60%-humidified growth 
chamber.  A week later, their seedlings were transferred 
to the hydroponic media containing major nutrients (1 mM 
Ca(NO3)2, 0.5 mM KH2PO4, 0.5 mM K2SO4, 1 mM 
MgSO4, and 1.5 mM NH4NO3) and micronutrients (75 M 

EDTA-Fe, 46 M H3
11BO3 M MnSO4 M ZnSO4, 

M CuSO4, and 0.8 M Na2MoO4) under the same 
conditions. 
In situ visualization of BPA in a Micro-Tom seed> Micro-
Tom seeds were immersed in BPA solution (100 mM) for 
24 hrs.  A mounted slice (10- m thickness) of the seeds 
onto a solid-state nuclear tracking detector, CR-39 (20 
mm×30 mm) was irradiated with epithermal neutron for 
20 min by applying the pneumatic tube in the graphite ther-
mal column (Tc-Pn) of Kyoto University Research Reactor 
(KUR).  The irradiated CR-39 plate was etched in 6 M 
NaOH solution for 60 min at 70°C, and the resulting etch-
pits were observed under an optical microscope as small 
black spots.   

RESULTS: Both Figs. 1(A) and (B) show a cross sec-
tion prepared from the same Micro-Tom seed, which 
was harvested from a parental strain cultivated in the 
10B-free hydroponic media.  Fig. 1(A) is an optical mi-
croscopic image of the cross section of the seed.  Black 
and white arrows indicate albumen and embryo, respec-
tively.  On the other hand, Fig. 1(B) is in situ visualiza-
tion of BPA-distribution in the cross section.  A large 
number of etch-pits derived from 10B contained in BPA 
were concentrated on the outer seed coat and were barely 
detectable inside the seed.  This strongly suggests that it 
is very difficult for BPA alone to pass through the seed coat. 
Since prolonged immersion (over 24 hrs) of seeds in a BPA 
solution may turn on germination, in order to increase BPA 
penetration into the seed, BPA concentration and carriers 
such as surfactants would need to be considered. 

Fig.1 Detection of BPA in the Micro-Tom seed. 
 (A): Optical microscopic images of the cross section of 
the seed.  Black and white arrows indicate albumen and 
embryo, respectively. (B): In situ visualization of BPA. 

(A) (B) 
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