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Development of Neutron Capture Therapy using intra-nucleus Gadolinium delivery
to refractory scirrhous carcinoma
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Gadolinium neutron capture therapy (GANCT) is one of the particle therapy by

the reaction with gadolinium atom (Gd) and the thermal neutron. Gd induces cell cytotoxic effects
by the Auger electron which is high LET of range 1p m and gamma rays of few mm ranges by reacting
with a thermal neutron. We applied cationic liposome, and cationic polymer, as the Gd delivery
system. We prepared Gadolinium-Polyplex; Gd-plex (Gd / hyaluronic acid / protamine-mixed with
cationic liposome). The increase effect of AsPC-1 human pancreatic tumour growth suppression was
recognized in the Gd-plex or Gd-PEIl treated groups with thermal neutron irradiation. Hyalinizations
with significant degenerations were seen in the irradiation group, and apoptosis was thought as one
of the mechanism of tumor growth suppression. We had the augumentation effect of tumour growth
suppression by GANCT using electroporation. We hope to apply to the intensive treatments for
pancreatic cancers and hepatic cancers.
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& ;% (Neutron Capture Therapy ; NCT) DBARZ#MBEL TS, AR =D Lh i FHIREE
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Tumour growth suppression by GANCT 2hours after intratumoral injection of
157Gd-plex to AsPC-1 pancreatic tumor model

GdNCT Non-irradiation --=--=-==n=e-euu--

157Gd-plex '5’Gd solution Non-treated 57Gd-plex '5Gd solution Non-treated

Relative Growth Rate 1.31+0.54 2.98+0.86 2.7710.47 5.95£0.79  5.50+1.98 5.1412.96
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157Gd concentration in organs after intra-tumoral injection of '5’Gd -plex
using ICP-masspectroscopy

157Gd concentration (ppm)

Tumour Blood Liver Kidney Lung Heart Spleen
Gd-plex 2h 847.9 #174.0 225.51+64.3 8.116.8 19.4+6.0 33.7+22.2 18.3#17.2 11.4%11.1
Gd-plex 6h 1255.7 ¥172.4 219.7 +66.0 4.7 2.2 55.9+34.1 3.0 +2.0 29+23 3.6 £0.5
Gd-plex 12h 574.9 £91.6 49.4%13.5 3.5%1.0 40.8%4.3 1.910.9 21%1.6 2.110.6
Control 9.7 £3.6 1.8 1.8 3104 7.8%71 6.2 £1.0 9.2+8.3 7.3+3.9
@ Laser—Ablation ICP-Masspectrometry
R YGd R FDFBEHEDORE: HE staining  '*’Gd-Imaging
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Voltage Pulse width Pulse interval Time Attenuation rate Polarity

Pouring Pulse 100V 30msec

Transfer Pulse 20V

50msec

50msec

50msec

3 10% A

3 40% +/-



Augmentation of electroporation of tumor growth suppression by GANCT

Day3 Day6 Day10 Day13 Day17 Day20

GdNCT

PEHEP  1.147+0.375 1.450%0.610 2.222+0.589 3.254%0.150 3.49210.280 5.270%0.094
Lip+EP  1.19910.128 1.604%0.517 2.075t0.788 2.657+1.024 3.84511.510 4.017£1.615
Non+EP  1.28410.195 1.82210.113 2.66310.420 2.82510.943 3.888%1.491  6.09411.556

PEI 1.235£0.280 1.772£0.382 3.169+0.963 3.923%1.341 5.610%2.083  7.720+1.819
Lip 1.521+0.357 2.217+0.569 3.11710.908 4.034t1.254 6.213+1.551 7.522+1.499
Non 1.482+0.183 2.17310.536 2.943£0.663 3.97711.241 4.535%1.926 6.169+2.469

Non-irradiation

PEI+EP  1.675+0.607 2.548+0.189 3.490+0.953 5.986%0.299 7.098+1.067 9.138+2.981
Lip+EP  2.001+0.144 3.221+0.621 5.375%1.713 7.259+1.563 10..032+2.400 12.655%*2.750
Non+EP 1.700+0.315 2.523%+0.571 4.450+1.509 5.300+1.515 6.948+1.839  8.549+1.810

© BNCTIZkbEEEENHIZNE

FIRAAEEYEL T, Polyoxoboronate (His[V12'°B3,0g4Nasl- 13H,0; °Bs,, MW: 2616.52 ) ZHLVT.
Boro—plex Z{ERL. BNCT RUILVrARL—av kP EEEIEIIHIIZE 1T 5@ REHEZL
=0 ""Bas—polyplex ZEHZMRNITFAL, B FRBIICKIILIMORL—L 30 E1To1%. 2 BfE &
[Z BNCT %1727, °B32-polyplex & AsPC-1 FEREZIEHZET /LI BNCT LI=&C5, JEMRETRICL

. EEDBREIGIAEZEShEL,

Tumour growth suppression by BNCT with '°Bs;-polyplex with electroporation

Relative tumour growth rate
Day5 Day12 Day18 Day25

10B,,-plex 2.748+0.188  3.494*0.939 2.155+0.301 2.468+0.847
BNCT

Non-treated 3.512+0.983  3.801+0.969 4.595+1.832  7.301+3.487

10B,,-plex 3.649+1.258 4.572+0.804 7.391+2.201 11.138+2.293
Non-irradiation
Non-treated 2.960+0.722 5.028 +2.161 7.8951+4.041 12.971£11.231
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157Gd-plex/PEl-polymeriE S #E S A Z R 1=, B FRHIZL5157Gd-plexiREF TIL,
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TIAENRBDHLN, TR —L AW EFIEIEINF D AD=ZXLD—DTHEEEZ NI,

17Gd-plex/PEI-polymerfE & A Z AL \=HRY =) AT YN — AT LTIE, WOWI )L 3y

TRALEYGARFEZEZETHBIRNIAT HAEICIBATESEZEA TS, F=.

®1Gd-plexZ ERNDEEFAN D THEEL, 5%, BHBEKRMAEEED-LEEZ TS,

® "Gd-plexDERBERICTEMAERTFRITS1ZGALIWEEZTLNS, = ""Gd-plex /
PEl-polymerD & E/BET 2 . FRETHEM]., FEZEMAE, REEELOMEEMNRICEATITMES
'f&?i—[l\f:l'\o

MoDEBERNIZRSEREIL. BEERND'B/GdEENH—4EE25H5AEELTIE.
CED(Convection Enhanced Delivery). ElectroporationZ D A& HEETLI=L),

ILORARL—2arFBAVWNCTICR SRS EREIH DEEREMEELI-IELY . EHFAR
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