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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 expressing cancer cells selectively. 
We obtained several transfectants which stably overex-
press LAT1 in hypoxic microenvironment of spheroids. 
We used transfectant spheroids in which LAT1 is selec-
tively 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]. This 
study examined enhanced effects of LAT1 overexpression 
on BNCT in the transfectant spheroids.   

EXPERIMENTS: Spheroids formed with T98G/K10 
cells (LAT1-overexpressed in CD133 positive cell selec-
tively) and T98G/KC6 cells (neo control vec-
tor-transfected clone) were treated with medium contain-
ing 10BPA (0, 20, 40 ppm) or PBS for 2 hours. The sphe-
roids in 1.5-ml cryo-tubes were irradiated with the flu-
ences (boron dose 4.8 Gy + -rays 0.4 Gy for 20 min ir-
radiation, boron dose 10.0 Gy + -rays 0.6 Gy for 40 min 
irradiation) from KUR. The irradiated spheroids were 
transferred from the cryo-tubes to non-adherent dishes 
and then cultured with DMEM for 3 or 7 days. The 
spheroids were fixed with 10% formalin after the culture 
of spheroids.

RESULTS: As shown in Fig. 1, volumes of T98G/K10 
and T98G/KC6 spheroids treated with PBS (0 ppm) were 
relatively decreased (approximately 20% reduction) after 
the irradiation for 20 min or 40 min compared with 

non-irradiated spheroids. When T98G/K10 and 
T98G/KC6 spheroids were treated with 40 ppm 10BPA, 
the significant difference in reduction percentage of the 
volume between T98G/K10 and T98G/KC6 were ob-
served after the irradiation. The reduction percentages in 
T98G/KC6 spheroids were approximately 20% and 30% 
after 20 min and 40 min irradiation, respectively. On the 
other hand, the reduction percentages in T98G/K10 
spheroids were approximately 50% and 60% after 20 min 
and 40 min irradiation, respectively. These results sug-
gests that overexpression of LAT1 in CD133 positive 
cells (cancer stem cell-like cells) may result in enhanced 
sensitivity of spheroids to neutron and -ray fluences. 

Fig. 1. Sensitivity of spheroids including LAT1 overex-
pressed CD133 positive cells to neutrons. Relative vol-
umes of spheroids were measured in 10BPA- or 
PBS-treated spheroids after neutron and -ray irradiation. 

CONCLUSION: This study proposed that overexpres-
sion of LAT1 in cancer stem cells causes enhanced anti-
cancer effects of BNCT. BNCT combined with gene 
therapy seems to be beneficial for tumors including can-
cer stem cells resistant to radiation cancer therapy. 
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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 
pCMV/LAT1-GFP-transfected, LAT1-overexpressed 
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 tumors into mice were irradiated with ther-
mal neutron beam at the fluences of 3.3 x 1012 n/cm-2 on
1h after the 10BPA injection.

RESULTS: Averages of the relative tumor volumes in 
10BPA-treated mice and PBS treated mice are shown in 
Fig. 1. Tumor growth in 10BPA-treated T98G/K4 (n=6) 
was strongly suppressed after neutron irradiation com-
pared with that in PBS-treated T98G/K4 (n=6). In con-
trast to this, tumor growth in 10BPA-treated T98G/K10 
(n=6) was weakly suppressed after neutron irradiation 
compared with that in PBS-treated T98G/K10 (n=6). The 
difference in tumor growth rate was observed between 
10BPA-treated T98G/K4 and T98G/K10, but not observed 
between PBS-treated T98G/K4 and T98G/K10. These 
results suggest that CD133 expressing cell-selective 
LAT1 overexpression is effective in 10BPA-treated cells 
compared with PBS-treated cells. In further experiments, 
we plan to compare the effectiveness of CD133 express-
ing cell-selective LAT1 overexpression between LAT1 
non-transfected tumors and T98G/K4 or T98G/K10 tu-
mors. 

CONCLUSION: We obtained preliminary data from this 
study. On the basis of the data, we plan to perform further 
detailed experiments in this study. 
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Fig. 1. Tumor growth curves of LAT1 overexpress-
ing tumors (T98G/K4) and CD133 expressing cell 
selective LAT1 overexpressing tumors (T98G/K10).  
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INTRODUCTION: 
For effective Boron-neutron capture therapy(BNCT), it 

is necessary to accumulate Boron atoms into the tumor 
tissues selectively. We performed the experiments of bo-
ron delivery systems for BNCT using boronododecabo-
rane(10B12 H11SH; 10BSH) [1, 2, 3]. The 10BSH is difficult 
to be kept in the cytoplasm and nucleus in the cancer 
cells, so we need to develop some functional delivery 
systems. In this study, we evaluated 10BSH / hyaluronic 
acid / protamine-mixed with cationic liposome 
(10Boro-plex) or polymer (10Boro-PEI) as neutron capture 
therapy agent by in vivo experiment on AsPC-1 human 
pancreatic tumor-bearing mice. We also use electro-
poration combined catinic liposome / polymer as an 
method for selective delivery of compound into the cells 
by open the membrane poles elcectorically in the field of 
gene therapy and chemotherapy [4, 5]. 

EXPERIMENTS: 
  10Boro-plex were prepared mixed with 1.3mL of 
10BSH(6mg/mL), 0.15mL of a solution of 10mg/mL hya-
luronic acid sodium, and 0.05mL of 10mg/mL of prota-
mine incubating at room temperature for 30min, then, 
these mixing solutions were poured into cationic Lipo-
some; Genetransfer. 10Boro-PEI were prepared mixed 
with 1.3mL of 10BSH(6mg/mL), 0.20mL of a solution of 
10mg/mL hyaluronic acid sodium, and 0.10mL of 
10mg/mL of protamine incubating at room temperature 
for 30min, then, these mixing solutions were poured into 
0.40mL of Polyethyleneimine(PEI; Exgen). Human pan-
creatic cancer AsPC-1 cell was used for the in vivo an-
ti-tumor effect evaluation. We prepared AsPC-1(5x105) 
model by transplanting to right lower leg. Electroporation 
was performed after intra-tumoral injection of 0.1mL of 
10Boro-plex, then, we performed thermal neutron irradia-
tion at Institute for Integrated Radiation and Nuclear 

Science, Kyoto University (average neutron fluence of 
3.0 × 1012 n/cm2). The change in tumor growth and sur-
vival rate of the mice reflected the anti-tumor effect of 
10Boro-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 10Boro-plex injected group by NCT was 
4.5 times superior compared with non-irradiated group 
(only 10Boro-plex injection), and tumor growth suppres-
sion in 10Boro-PEI injected group was 2.3 times superior 
compared with non-irradiated group (only 10Boro-PEI 
injection). No significant weight loss were observed after 
treatment suggesting low systemic toxicity of this system. 

We attempted to enhance of retention of 10Boron atoms 
by mixing 10Boro-plex / 10Boro-PEI. The mechanism of 
transfection in 10Boro-plex and 10Boro-PEI is thought as 
endocytosis and proton-sponge effect, respectively. Elec-
troporation is very effective to increase the ratio of trans-
fection of the genes and compounds into the cytoplasms 
of cancer cells.  

It is easily heterogeneous of the concentration of 10B in 
the tumor by intratumoral direct injection, so it is thought 
that combination with the methods of gene delivery sys-
tem and electroporation was effective to accumulate the 
10B compound into the cancer cells. We hope to apply 
these techniques including gene therapy ansd elec-
trochemotherapy acutually using in clinical to BNCT for 
local advanced cancers. We also consider and develop the 
more safety and stable 10B delivery systems. 

Table1. Tumor growth suppression of by intra-tumoral in-
jection of 10Boro-plex / 10Boro-PEI and Electroporation with 
thermal neutron irradiation on AsPC-1 model in vivo 
----------------------------------------------------------------------     

Tumor growth rate 
     Day8         Day15         Day25 

---------------------------------------------------------------------- 
BNCT 
10Boro-plex+EP   3.02±0.44    2.71±1.69     3.84±3.68 
10Boro-PEI+EP    3.14±1.17    4.62±3.28     6.15±5.61 

Non NCT 
10Boro-plex+EP   5.86±3.35    9.02±5.14    17.35±13.54 
10Boro-PEI+EP    4.52±1.12    5.79±1.72    13.86±2.86 
---------------------------------------------------------------------- 
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INTRODUCTION: 
Gadolinium reacts thermal neutron and offers cytotoxic 

effect by 1 m-range high LET Auger electron, and 
long-range gamma rays on Gadolinium-neutron capture 
therapy(GdNCT) [1, 2, 3]. It is necessary to accumulate 
high concentration of Gadolinium atoms into the tumor 
tissues selectively for effective GdNCT. Electroporation 
is an method for selective delivery of compound into the 
cells by open the membrane poles elcectorically in the 
field of gene therapy and chemotherapy [4, 5].  In this 
study, we evaluated the electroporation with intra-tumoral 
injection of 157Gadolinium-Polyplex; 157Gd-plex (gado-
linium / hyaluronic acid / protamine-mixed with cationic 
liposome) by in vivo experiment on AsPC-1 human pan-
creatic tumor-bearing mice. 

EXPERIMENTS: 
  157Gd-plex were prepared mixed with 1.5mL of Gado-
linium compound “Magnescope” (MW: 753.86), 0.2mL 
of a solution of 10mg/mL-hyaluronic acid sodium, and 
0.1mL of 20mg/mL of protamine incubating at room 
temperature for 30min, then, these mixing solutions were 
poured into cationic Liposome; Genetransfer. 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. Electroporation 
was performed after intra-tumoral injection of 0.2mL of 
157Gd-plex, then, we performed thermal neutron irradia-
tion at Institute for Integrated Radiation and Nuclear 

Science, Kyoto University (average neutron fluence of 
2.0 × 1012 n/cm2). The change in tumor growth and sur-
vival 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: 
  Thirty percent of tumor growth suppression was 
achieved in the 157Gd-plex+EP group in NCT groups 
compared with non-irradiated group. The tumor growth 
suppression of the 157Gd-plex+EP group was superior 
than the only 157Gd-plex injected group by NCT.  
  We attempted enhancement of retention of gadolinium 
atoms by mixing 157Gd-plex. The experimental results 
showed that the tumor growth suppression of 157Gd 
-plex+EP group was revealed superiority compared to the
group with 157Gd-plex group after NCT, and no signifi-
cant weight loss were observed after treatment suggesting
low systemic toxicity of this system. We would like to
consider the techniques to perform EP in the body. The
157Gd-plex will become one of the candidates for Gd de-
livery system on NCT. Moreover, the body weight of the
mice did not decrease after the treatments, which indicate
the safety of 157Gd-plex / 157Gd-plex+EP and the GdNCT.

Table1. Augmentation by electroporation of tumor 
growth suppression by GdNCT with intra-tumoral 
injection of 157Gd-plex on AsPC-1 model in vivo 
--------------------------------------------------------------------- 

Tumor growth rate 
    Day8           Day15             Day25 

--------------------------------------------------------------------- 
GdNCT 
157Gd-plex+EP   1.604±0.517   2.657±1.024     4.017±1.615 
157Gd-plex  2.217±0.569    4.034±1.254  7.522±1.499 

Non NCT 
157Gd-plex+EP    3.221±0.621  7.259±1.563     12.655±2.750 
--------------------------------------------------------------------- 
Tumor growth suppression in 157Gd-plex+EP group by 
NCT was 3times superior compared with non-irradiated 
group. Tumor growth suppression in 157Gd-plex+EP 
group was 1.8times superior compared with 157Gd-plex 
group in NCT groups. 
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Fig.1 Tumor accumulation of BPA-BPMO by confocal microscopy



- 213 -



- 214 -



- 215 -



- 216 -



- 217 -



MeMe

MeMe

O

O

N
N

CF3

CO2H

R

H
R

O

NH

N
B

N
F

F

Me

Me

Me

Me

N

O

O

S

10BH

10B

2–

2Na+

1a

1b

1c

0.1 1 10 100
0

100

200

300

1c

- 218 -



- 219 -



- 220 -



- 221 -


