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Boron neutron capture therapy (BNCT) is a binary cancer treatment based on the nuclear reaction of two essential-
ly nontoxic species, B and thermal neutrons. High accumulation and selective delivery of boron into tumor tissue are
the most important requirements to achieve efficient neutron capture therapy of cancers. This review focuses on the

liposomal boron delivery system (BDS) as a recent promising approach that meets these requirements for BNCT. BDS

involves two strategies: (1) encapsulation of boron in the aqueous core of liposomes and (2) accumulation of boron in
the liposomal bilayer. Various boronated liposomes have been developed and significant boron accumulation into tumor
tissue with high tumor/blood boron ratios has been achieved by BDS.
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Fig. 1. Concept of BNCT
(authorized by FFAG-DDS Research Organization) .
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Fig. 2. Structures of BSH, BPA, and SF-BPA

HHARZEDO () B 5id, Fig. 21T DI
WIRHBETHLHRIFEANF > 57 X5 — (BSH:
mercaptoundecahydrododecaborate) 7% i\ T {5
THID THhafEE D BNCT 2RI L 7=, 9 T Lk,
HARIZZOHEZY —RLTETHD, BEELXTH
I3 DI EARIL 250 IEF 2 WA TWD. —4,
1987 FEMIF KRFZD =537 2 /JBR#FEARTH S
BPA (p-boronophenylalanine) 7% Fi Uy T HEM E 4
fED BNCT 2RI L 72, © 1994 41213, S5 Ik
0 BF-BPA 7% /= PET (positron emission tomo-
graphy) ZWiENRHFE I N, H 50 U DG ERAL
DR ZLEEREEZABDLIENTELLDITRES
7.0 £, KRR KOUIHASIZIATIrI Ty
#&FLF T, R FE—10 ¥ L~ BSH & LK
BPA QEEICHKINIL, BAETIEID2DDERY
FIEHN 2 F N ThR &2 7203 A\ O T IS IE R ZE 23 HC 4R
RKONEFHIZEK> THEHLENTNDS, 310 X 5T,
JNIRERK O 51, iraflds 2170 BNCT &
AR FEMOMHAGHE TEWEESEZHEL T
2.
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% Z &5 BNCT U BRIED 1 D& L T—fk
W RS2 ENMFEIND. 2 OREEAFE AN
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FERT D201, HRa IR FZEFOBRIEILHT
bnTE/k. Zliﬁm'C X, RiEEHINTWS YR
»J—/\ DDS (drug delivery system) ZfHW/=58L
WEHRTHRFUNY =2 A7 L [BUF “BDS (boron
delivery system)” &H&9] IZDWTHNT 5.
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DTP-DPPE [ 3- (2-pyridyldithio) propionyl-dipalmi-
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URY —L%HEL, BSHEHALZDL, 20O
)78 — L % anti-human CEA (carcinoembryonic
antigen) £/ 7 O —)Lyifk& SPDP  [N-hydrox-
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TI3XICHORTRERFZ2EOLEAMOSNT
W5, AsPC-1 (b Mg A) MIZZD1 L/
URY — LR 2 M St TRE 2772 &2
%, 60% LA EDEWHITIBBERN R G o Nz, &5
IZ, AsPC-1fifldZBEL7=X—RITZE2HNWT
BNCT #h 2 ~X/=& 2%, BSH ZH AL Tz
WAL YURY — Lz 5 LI~ T, BSH
HALL VR —LERTEZRERXZE 7.8 mg/
kg (RUZADKRE20g E{REL THE) #&5L 1
eI TS L 2~ 7 AT, IS B A
50% LA FICHlZ 67z 19

2-1-2. PEG LR/ —LICLDZENSY 45T
i 1992 4 Hawthorne % |Z, DSPC (dis-
tearoyl phosphatidylcholine) & J L X5 0O— ) %
AW, BSH 7217 T72 < Na,ByoH,o, Na, (n-ByHjs),
Na, (i-ByH;s), KyuByH7H, Na3B,yH;y & WV o 7=k 4
BARUFRAFT I FTAY— (Fig. 4) Z2HALRLY
R —Lz#HELE. ADERICHENLD
EMT6 #iifid 245 L /= BALB/c X ™7 ZIZ% L, 7K
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boron-encapsulated liposomes

D HEEFNEE ALY RY — AR (200 ul) % #
IRIES U, RRFIIR R D £ O ERN G A 2 N
72.9 BSH, Na,Bj(Hyg ZEH AL ZURY —LZEZ
NZTNARTZEE THREICHL T6mg/kg, 7mg/
kg G5 LG AE, WTNbOEBOHRBICHERL
NIV DEBNRY FREISE SN2 fIZAT
Table 1 12779 & D12 BSH OB A, 30KMETH
%, ik (T/B) RURBEIT2THD, MHE
N ZEEIL 8.8ppm THo /=, /=, 20 HD K
UERTNS157 5 A5 — Na, (n-ByHyg) TiE

TRBEODVRY —LANERURRBENSD S Z t#
TE, BERTEEEIT 15mg/kg T 48 B
13 13.6 ppm, T/B [Lid 3.3 THo7/=. BHEENT &
12, Na, (n-ByH;s) OEMAKTH % Na, (i-ByHs)
DEE, BHRTFEEE 11 mg/kg T 48 K& IC
13 13.9ppm ERICREL NIV EFEERNS, T/B
HiZ122;R0L7Z §2FETHRL, Na, (-ByHp)
DNy T 7 —VERDAHZHEG L THEREADENE
BixAond, 24 RMBERENS Y REEIT 1.9
ppm TT/BEIEBLZ 1 THo=I &ML, UR
YV — LK D EERIRNC R HET U N — VR

hv

— H H
100°C @

8 boron Q@ phospholipid L pgg
cluster v boronlipid < ligand ByoH: > (GB)
[n-ByoH 15> [i-BooH1l*
Fig. 3. Boron-encapsulated Liposomes and Boron-lipid Lipo-
somes Fig. 4. Tsomerization of B,H3;
Table 1. Murine Tissue Boron Concentrations from Delivery of Borane Salts by Liposomes®
Boron salts-vehicle Injected boron dose Boron conc. in tumor Tumor/Blood
(mg/kg of body weight) (ppm) ratio
BSH-liposome 7 8.80 20
Na, (n-B,H 3) -liposome 15 13.6 3.3
Naj, (i-ByH g) -liposome 11 13.9 12
Na3 [1- (2/-B10H9) -2-NH3B10H8] -lipOSOme 11 25.4 5.3
Na3 [1- (2’-B10H9) -2-NH3B10H8:| -PEG-lipOSOme 22 46.7 2.4
Unencapsulated Na3 [1- (2/-B10H9) -2-NH3B10HS] 10 4.4 5.0
Lipid 1-liposome 6 25 8.4
Na3 [1- (2’-B10H9) -2-NH3B10H3:| -hpld l—liposome 18 32 6.0

a) Tissue boron concentrations were determined by ICP-AES (inductively coupled plasma-atomic emission spectroscopy) and the 48 h-tumor boron concen-

trations and tumor/blood ratios are shown in the table. b) At 30 h-time point.



196

Vol. 128 (2008)

INTNBETENGND. ZOREWIEEERER,
INH5D2DD ByHly A A KD BDTINS
MIEEMEANICIDIAEN D6, MIdNER % 725
FERIBRL THAEZBRL THWDDTIE WM ESE
ALNTNS,

E7e, 1513 Fig. 512K T & DIT ByHiy 14>
MEEGIET, WY =7 ERINLIZ—D T2
TEIIV-T I MU TIVEMERA T 2, [1-(27-ByoHy) -
2-NH;B,(Hg 13- #4522 R LA
DF U T LHEE DSPC URY —LIZEH AL, #H
MR T ANDERY FZpfizifiNizE 5, &R
T EPRE 11 mg/kg IZBWTEENR Y RIBEIL,
30 BEfE1% T 32.3 ppm, 48 [ T% 25.4 ppm TH
O, T/BHIZS53 &k L/ 9 a>bho—)L &l
T [1-(27-BygHy) -2-NH;3B;(Hg 13~ A > D /)N v 7
7 =K RV RIRE 10mg/kg) Z2&ELEHE
T, 16 FfRICHBE NS Y EN KA E 8.4 ppm
R0, TOBMBAITIE T LU 48 K2 1T13 4.4
ppm L7/ o>7. URY—L%ZHWE DDS T,
PEG 2V RY —ARMICKHEIED I LITXD,
AN RIC KDY RY — LD IABZ kT S
EINTE, TORRYRY —LOMHFEMEZE D
LZEMBICHSNTWS, £I7T, #5113 PEG
2000 % #t & L 7= DSPE (distearoyl phosphatidyle-
thanolamine) 7% DSPC (2% L T 10% A V) T Nay
[1- (2"-ByoHy) -2-NH;3B(Hs] ZN#f L 7= PEG b U
RY—LZRHHL. ZOURY —LERYZREE
22mg/kg THELEEZA, TNETORYHEA
T2 IAY—EHAURY =LK S MAHREEN
ML, MR FREL 6 KifE# T 87.2 ppm,
A8 1% TH 193 ppm THH 2. —F, EENR
U EEEY, 6% T 27.4ppm THH =D

1

NH,"

[n-BaoH1gl* [1-(2'-B1oHg)-2-NH;BoHg]>

Fig. 5. Conversion of (n-ByHs)2~ into [1-(2"-B;Hy)-2-
NH;B,oHg]*~

L, 48 WiE11% Tl3 46.7 ppm ERFEI DR EE & HIT
EPRNRICK ORI ENERT DI EN0M0-
7=, F7- 48D T/B Hld 2.4 TH -/~

2-1-3. ERFEER )R — L4 ZDXDIT,
JRY — LK Z PEGLT 2 Z &Iz, i &
A3 _E L, EPR #HHIC K DRI EE %R
TRNEET DI ENRHEINZA, Lee H51d S
SIS HARTALICER U 2R U ERH AU RY — L4
Z MR IR N DREBIICHL DA ZE 5 72912,
RMETEREM L 2R REAVRY —LZ2HFEL
= WEEBKEESY >IN T dH 5 folate receptor
(FR) T IEHMME TITIERITBR S NZEBAL TOAFE
HLTWaHEY N\ TH5B. —F, FRIZELD
MDA BNWTHEFHNED 5N T NS, 1D FEEET
ZOFRIZHL, EEICHWES N (K,=-100
M) ZHET DD, REICERMESGLZU R
YV — A3 FR Z@EFHH L TWD RN AR E10#
RWICMOAENZ ZENFEIN TS, £
T, 51X, T % PC (phasphatidylcholine), I
L' Z50—)b, PEG-JL 25 0—)l, ¥E-PEG-
DSPE (60 : 35 : 4.5:0.5) 568U /= kS
BMARUFZENHBMYRY —Lz2FHLE £7,
BSH ZURY —LANIZHAL, BEHMIITSHS KB
MG 2 Bp s X B2 & 25, MlENR T HERE
R OR T RBEKAFENITE /2D, BSH
(R HFEE 4uM) TIL 231 ug/10% cell Th > /=,
—7, F&HTF 1mMm OEREZNZZ5E, MEN
Ry E AL 53 ug/10°cell TH > 7= (Table 2).
DT EMS, EREARFTRYRY —L O
WELD AR, HERZHRARTHS FRZEZHLTHDS
T ENURBEN, FERRAEIE T TIEE DHLD A AR
MEG L, TOMRRYFZLHHBEMNMETL TV
ZEMHSMNEIRo 2. RO HET, Hawthorne
573 BA%E L 7= Nas [1- (2°-ByoH,) -2-NH;B(Hg] 7 %
AU ERBESIIRT R RY — L% KB Ml
flrxE=E25, ML NLDOEBRTIE, TOMEE
MRZERMEIEBSH KD TFLAE £z, #5F
Fig. 6 IC/RT LT, WIVKRT O BEWKREET DA
BARY T I HEREGRL, TS O E EH
AUERBESRIRYZYRY — LR, Mg
WERMEICDOVWTHRE Lz, ZOREE, Table 2 12
<9 & DIZ SPD-5 % ASPD-5 Tid BSH Z# A L
FEBEAMATRZRRY —LDOBXZ 3IHEERED
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Table 2. Uptake of Liposomal Boron Compounds by Cultured KB Cells®

Boron compounds f-L- [Boron] L- [Boron] f-L- [Boron] +1 mM folic acid
BSH 231 14 53
Na, [1- (2'-ByoHy) -2-NH;BoHs) 108 2.2 18
SPD-5 671 76 297
ASPD-5 770 75 352
SPM-5 132 17.6 33
ASPM-5 154 67 132
SPM-5,10 1584 154 1331

a) Cellular uptake of boron, following a 2 h incubation at 37°C with a variety of boronated agents, each containing 4 um total boron, entrapped in
either FR-targeted (f-L-[boron]) or nontargeted control liposomes (L-[boron]). The values indicated were micrograms of boron per 10° cells.

SPM-5,10

Fig. 6. Structures of Boronated Polyamine Derivatives

BN ERESD RN A SN, T 51T, SPM-5,
10 28 AL ZEREAI AT R RY — LTI,
< 2 LITHMIBEN R D RIS 1584 ug/10° cell &
BSH ZH AL L EREGHAR TR RY —L0DH
KFTEERS . E2AM, ERENAZHGE
E% T3 BSH % Nas[1- (2-B;oHo) -2-NH;BHg] % %
AL ZZHERESRIR T R RY — LZ EmWiEA
BOAHFHEHENRIIALNBZNEOD, HEHFE
EOBAEHER (50%FEE) XA 5 NZDITH L,

SPM-5,10 Z ¥ A L2 ERAE G TIAR T RY RY — LA
TRZOHEAHEDRENIFTEAEASN TNERNT
EmG, KRUHELEY SPM-5,1013, HEREZAKZE
ALTHROAENTVSD TR, URY —AHM
SN TEZEMBNICERDIAENTH S ATRENED
Ezohb.

2-1-4. EGF fEFEH ) R — L4 A e 35 578 (R
D 1D Tdh5EGF (LEMREMEAT) 1, M
RHEICHBE L TWL 202K ERAE LT, Ml
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VLTI EIRET D, D BEGF ZAKIE£ < D
JEEMlEEm TEAEHRL T\, £Z T, EGF %
UARY —LAEHICHEAI®EDZEITKD, Z0
EGF-EGF ZAAEOHM AR ZFMA L T, JEEH
NOREBMNRY =7 T 1 2T BRI N TS, 19
Kullberg 51, Fig. 7R LD b TELLEY,
WSP1 U WSAL & U Ry — LIZE A L7z EGF #
BRIR TR RY —LZBHFEL 2. 20 WSPI 13 #
FHF2@EFRTRREFI0@MNSRDIREET
lipophilic 2R T HE YV FIAY —THBHINEKT &
phenanthridine 72 5720, WSAllZ hHILRS > &
acridine 2 5720, WTENHKIBEHOR T RZILEY
TH 5. Invitro EFTIE, Table2 IZR”T LD
JRY —MNTE A SNz WSPL, WSALIZWINH
MARD FEROAAEDN, TN ZH 1.80 ppm,
0.29 ppm EEWVWDIZH L, EGF &R RY — 4
TiZ, 2.21 ppm, 6.29 ppm & 412 WSA1L #f ARIT
FEF T m W EGE RSN A S Nz

2-1-5. TF S8 Y R — A Transferrin
(TF) 1%, IMmiEHIZ 2.5 mg/ml & £ T 5 EkiG%E
NI THD. 1DOONT AT 2iE2D
DA F EHTE, MRERAIZHEBEL TV
TF ZR/REFHEART D EICXD, MENICEZ %
DAL, EEMIEDZ < TIZ O TF ZBAKNEFH
LTWwa, Hilisik, o TF-TF 25460 HAME
MZEFHALT, TFZURY —LREICHESSI TR
TF-PEG U Ry —LZBFEL, HEEMEDLE

=NEEE . ﬁH3CIe
[
) 4

- 5HCI
e 0

N '(i HN \ /N
VGAN
T O
WSA1

Fig. 7. Schematic Structure Formula of A, WSP1 (water
soluble boronated phenanthridine, upper) and B, WSAI1
(water soluble boronated acridine, lower)

IR =TT 4 T L7Z. 201 DD RY —
LAZIEBEZF 20D TFNFEEG L T0WEEHED
S5NTW5S, 51T, ZoOHIia BDSIZHAL,
BSH % TF-PEG U iR — AWNIZEH AL in vitro T
MRANR T FROAAZRE L& 2 A, Fig. 812
RT X DI TF-PEG U RY —ADHH PEG-U R
V—L&DH 10 5L EEWR Y EEBEN RSN
2.2 F- KM TR ICIRMU 884 TT
X, ZOFRTEOEMEMNHE 7. Colon 26
RYUZARGRAMAAZBEL /23 D 2% WA K
NOMEBRTIE, MARTHEREZBSHHALZ
TF-PEG U R — A KT TF-PEG U Ry — A D]
HEBRRFITIK T Uz, —F, BENER Y RRE
& PEG U iR — ATl 48 FFRI#413 35 ppm 12 33
L, TORKMORBEEBITETFTLTNE, 72
REf£1213 20 ppm & 72> 7=DIZHK L, TF-PEG U
R —LDHE 12 KEEZIZBWTHHB K Z 35 ppm
ERWERMEZER L. 2, RUREEO T/N
iZ, PEG U R — AT 48 BFfE T 2.0, 72 K§f
#%T25THo7=. TF-PEG U RY — L TlE 48
MTHRTHRBEED T/N HIZ 2.5 & PEG URY —A
DEBHERFEANEEDLSRIN TN, T2 KEHE T
14 6.0 LIEEITENENESNZ. ZOXDIT, E
BNRYRBERVOFRYFREDOT/NILES, H
FEZER L 2D TOREFITHS., 512, A
513 Colon 26 Ml ZBAE L 72~ 7 X2 HWWT
BNCT $h 52 # N7z, ETlRRA=X DT 72 Bifii#g

- 40 (—
9o
)
S8 30—
O ©
c o
O
c X 20 —
S
Q ¢
2= 10
. Bl - B
TF-PEG TF-PEG PEG Bare
+
free TF

Fig. 8. Receptor Specific Binding and Internalization of TF-
PEG Liposome to Colon 26 cells
Colon 26 cells (1106 cells) were incubated with TF-PEG liposomes
with an average of 20 TF molecules per liposome, PEG liposomes or bare
liposomes, containing 30 ug in 1°B concentration, respectively, for 1 hr at 4°
C. Blocking tests of TF-PEG liposomes-cell binding were performed with ex-
cess dose (50 ug) of free TF.
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DR FREENHHMMENZ ENS, FTFEUR
V—NEBELTHS 72 BB TR 2
3 2 X 102 thermal neutrons/cm? T 37 7 [E {7
o7, RUREE 3BSmg/kg &5 LZHES, PEG
JiRY —LA, TF-PEG URY — A EHITEFEITH
W BNCT $ R0 50, ~ 7 ZEEIS T RS
BEM LAY, 10-14 HEIZIZWT O BIEE
U7z, W7 S EMBIR L 20, BREIEIAHS
Nizinolz. £, ®UFERE 35S mg/kg &5 L7
L% 120 HE, ETIZASNBN> L. —
77, R FIRE 20 mg/kg # 5 L 728513, BNCT
HFRIFTRM|ETL, TS 100 HETiE PEG
URY —L&2HKE5 LT ZADEGFERIT 20% ThH
S0 L, TF-PEG U RY —LAZH5 L=<
TADEFRIZTI0% & TF 2 L2 EiICkD
RN Y — 7 T 1 D7 BRMBEEE TR W SN
ZD&IIZ, VRY—LZRAWERTETFTUNY —
AT LEBNCT T2 Z LT, EFITEHW
BENRENIEIND Z ENEIESNT-.

X7z, Bk - /NEFSIEZO TF-PEG U Ry — A
Bl & i LT, Na,BjH,, &% A L 7= TF-PEG
JiRY — LD SCC VII %7 2@ ks ARl iz
ﬂTéBMﬁ@%%@ﬂbt2%ﬁ5 &, HE5E

2 BN (P-cell) 721 Tz < & 1R R AE O Mg

HN{ CH,CH,0)CH,CH NH, — +
75 0

CI)J\O

(Q-cell) IZ%t9 % BNCT %) £ % in vitro THEHL
7z&Z A, TF-PEG URY — LD PEG U R
V—LEXDBHREHTHO, Q-cell iZHENMENR
WHIN/-, 512, SCCVII izl /=<
™7 Z % il W\ T decahydrodecaborate (GB) & U8
BSH Z#f A L7z TF-PEG U R — A DAEKNERD
FoMmzERANZETA, BENRY FREIIHRGR
(B 5R D FRE @ 35 mg/ke) 24 Rl THEMEEDN K
K&, BSH # A TF-PEG U Ry — ATl 21.1
ppm THo =Dz L, GB # A TF-PEG U 7R
Vo — AT 35.6ppm & GB E#H AU RY —ADEMN
EEERBENE N ENgh oz, L LRans,
T/B lIEWTNOHEHBLZ 05 THD, MHD
HMRTRRENGNZ EN Mo 7. GB EHA
TF-PEG U RY —L&H 5 L 7= XD T/B 3
2.5 &30 = 12 K% TIE, 12.6 ppm & NZ

HE DKL .
2-1-6. HAKFESA YR —L  Lee 513 Fig.
Y9I RTEDICPEG-OIL AT O—)LIZY L1 i

13 RZEHELEY, Mal-PEG-Chol % #i /-
CERL, INZFVURY —LAITKHL, EGFR
T/ 7 oF— )Lk z S S €7 Cetuximab-PEG
UiRY —ALZBFE L2 1512, HSPC (hydro-

genated bsoy phosphatidylcholine), I 1L X 5 0O —

CH,Cl,, EtsN

B ———S—————

0 0
0 + | N O0-N
Jiy QW »5
HZNQCHZCHZO}CHZCHT—H 0 0 o 4
75

CHCly, EtN

[;f \//\m/N{CHZCHZO}CHZCHT—N/H\

0

Fig. 9. Synthetic Scheme for Mal-PEG—-Chol
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)l', PEG-DSPE, Mal-PEG-Chol (60 : 35 : 5 :
0.5) MH5FBL /= PEG-U RY — ALITK L,
Cetuximab ZEFEEHA IV RY —LARWITTF A
I—TIIVEEBRICKDEM Lz, BE1umM b0,
25-35ug DHIERPEG L TR ERED SN TN
5. Invitro DENT X)) EBRTIEZ, Z D Cetux-
imab-PEG U 7Ry — Al EGFR 2% L TWw 5 #l
il (F98ggrr) WCBWTHLD ABLMNA S IZMN,
EGFR ZZ8H L TWs WEF AR (F98wr) Tl
WMOAADRBENTEMO>DE., TOZEITED
EGFR 25 L TW S MERWICY —7 T 1 >
JTEDLZENRINT.

2-2. KRUFREEE BDS ZDEDIT, ZHEK
WEDRIFEI TR —AF 2 EHALZURY —
LZERANWT, SWEENRZES SN2 BDS ERK
TELHUHEMIREINTERZ., LrLans, M
INTWDHRTREAURY —LIEIEFITENA T
CEETHOEERBIENRIBEKRTHDZEMS, T
N EOEREIIRHETH 2 EFFFIC, 20X
IREMETTOURY — AR EEDBENE L TN
%, B, TOXRIBENWRTHRT TAY—1F
JIREOUIRY — LAz 5L, HAMED
BKEINEHTEZ < B>TLS. URY—LDIFE
T, o THEMEEERICEDBECESEL T
WBZDBENEL, O THEAKRTIZEST%
BATENL, EFICHBETRYEEZTUNY —
TE2EEZOGNS. 51T, URY—LBENIZHE
VHEEBEAIEDHIET, URY—LANITHNAK
IR ER R IR BEEIMEATED 2 EMN S, BNCT &
BEBREO I ER— 3 RN AREE 12D, 2
Z Tl3, Hawthorne 51 X5 #HTO—AKHF
FAF TR —BEICEDRTEY R —LD
BIRME &, DO THFE L 7z AR D
FAFT IV IAY—BEEINNSERLIZYR
Y — L% AWz BDS IZDWTHMNT 5.

2-2-1. —ASHARVRAFTVT7AY—EE U
RY —LBENIZHR T FZE AL - BDS O & O#H
1%, Hawthorne 52 &> THE I N/ —AH K
DHFEAFTITAY—IEE 1 (Fig. 10) Z2HWizH
DTH> 7. Figure 11 IZRT LD, THRT
1 1-octadecyne % S ix S H, closo B4 /1)L KRS >
FEKRELZOB, Ty —)ViEkbKEBIEHD) T
LEWHET D LKA F D nido B 7)1 IR
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Fig. 10. Structures of nido-Carborane lipids

H
1) CH4CN, toluene T Nvg (CH2)15CH3
BioH14 N A
2) CHa(CHa)1s—C=CH KQ A
)
KOH, EtOH .

Fig. 11. Synthesis of the Carborane Lipid 1

SUNRE1ZER L. ZoEWTxEHE 16 D
feER VB AL & /KIEVE D nido T H1 VR 5 2 ERALIN S
RAMBEMES T TH D, 51, DSPC, IL X
T 0O—)b, nidoBH) KT VIEEL 3:3:1) 7
S5URY—LZRMLI=. ZOB, nido # VR
TURE1OURY —LEHANRIIBLZ 80% T
Hol. EMT6 fildzBE L =~ T A ZHWTE
KNI Bz ifiN/z& 5, Table 1 IZRT &
DITRERTFRRE 6 mg/kg TRIEHNRY FiR
5% 6 FERI T 22 ppm, F D 16-30 KL
BEXZF34ppm T—ETHo /=, 48 BEEEIZIL 25
ppm I FL/ZH DD T/N HIZ 84 TH-o7-. —
743, DSPC, L X5 0O—)b, nido®HIVRT N5
BH1(1:1:1) HoRAELAEYRY—LATIE,
B1OHEHAMEIZSNB% EMMTFL, mUREE 10
mg/kg THELZEZA, BRRKBEBENKY FREE
X 17ppm ST L. 2512, meNEICEWH
UL7zA%>27 5 A% —, Nagl[l-(2"-BgHy) -2-NH;
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BiHs] #WNE LU ARY —A4L% DSPC, IL X7
O—)b, nido AR IgE 1 (1:1:0.6) »n
ST, ZOURY —LEERERYRRE 18
mg/kg ERWRETHREGLZEZA, BHENKRY
FIEEE DY 30 BEE121213 48 ppm ICHE L, 48 FERA
%% 32ppm EEWRY RIRE LR L2, £/ 48
REfEI2 D T/N Hld 6.0 TH > 7=,

222, ZAHAKRVRATLVTAY—BE —
Fi, DNHONFTV R —LD - THEARILE
512, TORTHEY R —LNREITERT D720
i, SO TFERERL TWS Y UEEOX S IE
BN A THIUT I WEE X -, £ T,
Fig. 0 DL DS ICZABRIFEA A2V FTAF —NF
BH2aHalt L. W RUFEAF OV TAY—IEE2
DERRAF— A% Fig. 1212R7T. £7, Cl17 D%
FEEFFOT7IO—=)Eyr0l) RERIGSHE, 2
AHEEHRr 2T —T A TERLAL 7 1 > 4
ELEDSE, E RORYEMKIRICIEOAFL T 1 >
4%7 ) =)V 5 EEM|L= Jo)NLF) 7o
REOKFZLFT NI LERANTT2FL > 2EBA
L7a)VFNIT—7)6 EL7zD5E, MLI
BERFCY 2T LWL ART >y T
U770, BIVRT CHERTELEZDD, 1
HEMMTHZ LIk, A FHFRTHEY T
Y —lEE2 #1952 LTI Lz, alkliz14 >
PEFRTHEY IZAY—FE 2L TZEDORI 7 ILIE
RIZDWTHE L, mUHERZ X5 —FE2 (1.0

Cq7H350
C7Ha50H a 17M135 b
Cy7H350
4
Ci7H350 OH . CiHgs0 0N
C47H350 C47H350
5 6
H
d  Ca7Hss0 0 /"'('i\ e 5
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ey
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Fig. 12. Synthesis of the Carborane Lipid 2

Reagents: (a): (1) NaH, THF, (2) CH,=C (CH,CD,, 93%, (b): (1)
BH; * Me,S, (2) H,0,, NaOH, 71%, (¢): (1) NaH, THF, (2) propargyl
bromide, 58%, (d): BjoHy4, CH;CN, toluene, 80%, (¢): NaOMe, MeOH,
57%.

mg), HAMETHD It (0.5mg) %K
(Sml) ITHA, BWIBERIZIRS ETEHRL TED
U7, % #1#%, Shephadex G-75 5 A7 0 N7
T4 —HNTHERELE Honizryo 0 ar
ZENENETFHEMBETHE LN VIV B % iR
U7z, &TBEAMEEIT JEOL 100c 2 Wiz, Z D
B Fig. BIZARTELDIZ, 797 ar1hbid
400-600 nm D KES DN 7V, 757 3>
21513 150-200nm O KES DX 7 IV L
TNWBZ ENGMho .

RIS, A FMERTFEI I —RE2MSHES
NE=XRTINDOMBEH TCOREERZFHN57-0, M
BHIZBTSEHASINEIN A > OHHEREDE
EZBRL 7z mWEPIC ETES NS 7 VIR
EARFELL TG X 7 VR =9/1 1T 5 X D1
A, 31 C TR T v VALY —F—ZHNTHhH
<#RLU, 0-18 REfH] CTHIFRHIC BT 2 HOLiRE & Hl
TL& £ BREICBIT BT 7 IIVEEROEE
B A BEH, Triton X-100 TR 7 )L ERHEL,
NI ZI)IIns U —ASI NN tA > OEEHE
ZRBICHIE Uz, #EE %2 Fig. 412U AL
A EHALERTFEY AL —XT7)VOMTE
VAR D HOCTREE /)Y 0-18 REf OHIERFFHINTIX, &
EAREBLIBWZ ENspino . E/z, Triton
X-100 TR EMEL, X750 1) —2Z
SN IDVEA > OHOEERE B RERHIN TIE—E
ThHhHIENS, WA EHALERYRET
AH =T 7)iE, 37°C TRIMEP TIRILETH
HZENGINo . FEBRIZDDS THWSENT NS

+:200-nm-
T

BB 05,0009
-

I
)

7)1 ¢ el lzaion 75 Frad CB-ipid  BIANUE : 8OKY.
]

Fig. 13. Transmission Electron Micrographs of the Vesicle
Formation Prepared from the nido-Carborane Lipid 2 in the
Fractions 1 (a) and 2 (b) after Sephasex G-75 Column
Chromatograpy
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—® - + Triton X-100
—@— Vesicle solution

fluorescence intensity

.9
time / h

Fig. 14. The Fluorescence of the Vesicle of the Fraction 2, in
which Calcein was Encapuslated by the nido-Carborane
Lipid 2, in a Bovine Serum Albumin (BSA)

The square plot shows the fluorescence intensity of the BSA solution
containing the vesicle fraction 2 and the circle plot shows that of the solution

after destruction of vesicles by the addition of Triton X-100.

DSPC URY —LNDA F MR FET T A5 —]&
H2OMOAABEEIIOWTHRHANLE., £7,

DSPC (distearolyphosphatidylcholine; COATSOME
MC-8080), I L A5 0O—)L (CH), "UFEI T
HY—EE2%21:1: X TXDHEZ 0-1 OHFH TR
L, URY—LzHHELLDL, 20U VIFEE
TUEOREEERLZ. FNUEDOERITIT ICP-
AES %% /=, [FHkiC, DSPC, CH, v #E”Y
5 A% — 5’8 2, PEG-DSPE (distearoylphospha-
tidylethanolamine; COATSOME ME-8080) % 1 :
1:X:0.11 TXDffiZE 0-1 OHPHTIES L, PEG-
URY =Lz LEDE, 20U VFEERTHE
DiEEZERL L. #R%Z Fig. 15 1Z/7 9. DSPC
(distearolyphosphatidylcholine; COATSOME MC-
8080), aAL X5 1—)L (CH), R"UHKI TFTAHY—
JEE 2 5B /= bare- URY — AT, BE

LIRTHFE TAY—EHE 2 DEEZE -1 IZHEMNT 5
> THRLND YU RY —ANDRY FEED LF]
LTHEMT5ZENnhoTz. £k, HEERENT &
IZDSPC ERUHERV ITAH—FE2 DU RY —LA
HORAIZ 15 TURY —LZBKRT S &N
sy 7=, DSPC,CH, F®UH#J I A5 —lgH 2,
PEG-DSPE /n 5% L 7z PEG-U RY — A THIAE
BROMERNA SN BRETDIHRTHET TAY—IE
BH20EG%Z 0-1ITHEMTZIT-> THESND UR
V—LANORTREEDHFAL THML, £0
DSPC EHRUFEY T AL —FE2DURY —LHFD

2/ DSPC ratio in a liposome

@ bare-liposome
O PEG-liposome

1.00
O

0 0.2 0.4 0.6 0.8 1

the mixing ratio, X

Fig. 15. Incorporation of the nido-Carborane Lipid 2 into
Liposome Membranes
The bare-liposome was prepared from DSPC, CH, and 2 (the mixing ra-
tioof 1 : 1 : X, X=0-1), and the PEG-liposome was prepared from DSPC,
CH, 2, and PEG-DSPE (the mixing ratio of 1 : 1 : X : 0.11, X=0-1).

HEEEEIE 15 Th o 7.

2-2-3. TF#ERBAVREEY RV —L L BDS

DL, ZORIVFEAF I FTAY —FHE
&, REBRURY—LZBRL, SMETHDH
WA 2 EHALZURY —ATIRMERICBIT S
TIVtEA>DY ) —=AEH SN TZDT, Z0D
RUBAF I ITAY—RE2 LD AT OA1ILR
A7y F2)IaU U UIEE, ES5ITEFEREED
ALLSNAFELZ T X T2 22 EBHiL A
MR R — L& BHAL, RI2A Tz >
BRI # Y S A5 —URY —LZakL, )N
AR R % AN T AR NG ARG N 1 TR R 2
127220 mPETHIIRIRE D72 DT F—10 i
RAF >0 A5 —[BEDERE Fig. 12 12R7 5
BV — MZHE> TITo 7=,

DSPC (distearoylphosphatidylchorine; COAT-
SOME MC-8080), L A5 O—)l, DSPE-PEG-
OMe (distearoylphosphatidylethanolamine-polyethyl-
eneglycol-OMe; DSPE-020C), DSPE-PEG-CO,H
(DSPE-034GC), Gk LA F > MKRIFEY TR
& —fgE 2% 1:1:0.11:0.021 : 0.25 DR TH
BL, IS EE 150mg %2, 7OoOR)VLAEDA
V7O T—F)LD 1 1K 2ml SN LU 7=
AUHF 25 TITNN LA XU BREMA, 55
NIRIVYaz 1 HEERICELZDS, 3
FETERBEZBELE. GoNkBEY V2T
A M=% —=ZHNWT 100nm ORY H—RF—k
fRzZmL CTH1 X284, izl (200000 g) 20 77
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THi® L, PBSbuffer ICMABERE L., 2O
FORLTHONERIEI FAY—URY —L%E
Mes buffer |21 AdE I B (3L %Z 5 umol/ml), ethyl-
3- (3-dimethylaminopropyl) carbodiimide (EDC; 21
umol), N-hydroxysulfosuccinimide (S-NHS; 28 ymol)
EMATZ., BEMEERTIS pEH<#EHL,

Sephadex G25 1 I L& B L TURY —LT T T
a>uESELUE. oYU RY —ABRRIZNT >
A7 EMARRTIREMNEBLEZ KSR
B %=L (200000g) 20 7 THEE L, PBS
buffer [ZMAEIK E Uiz, Z OBERICHESE
wEMA, FBOHEELD (200000 g) 20 77 THERL,

Blood] —e—TF(+H)

--00--TF()
50.00
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L
3
° 2500
X
0.00 T & 1—
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op 1500
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& 1000
=
X 5w
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20.00
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Fig. 16.

PBS buffer 2 A fFER E L 7=,
FTHBLEFRIRY TAY =RV =LK K
FUAT Y MBI TR T ALY — IR — L
ZHWTI T ANTO &R BT 5504 2 H1lE L
. 3UF1R5STININLEARXY D EE0RTHE
7T AY—URY — L% BALB/c YT X (4146
A, KE16-18g) ITIEHLZDE, 1-48 FEICH
WTR T ADIMK, i, FlE B GO Pz
HFAMO ML, BHEMOBIHEEZRIEL 2. #3R
% Fig. 16 [T/ U7z, MEENCIZBE G- ORFRE, itk
IG5 21T 5 Khkas NIRE (% Dose) %7K
Uz, BEZI— R 125 IV XU > O RHEERI

Lung —o—TF(#)

--0--TF()
Lo
2
<
X
Time (hr)
Kidney ——TF({)
--0--TF()
12.00
Xl
3
B e
X
0.00
Time (hr)
Tumor —— TF(+)
-0} TRE)
L0
L
E
X

80

Time (hr)

Time Course of Biodistribution of Tf(—)-PEG-CL Liposome (TF(—)) and the Tf(+)-PEG-CL liposome (TF(+))

Liposomes encapsulating '2I-tyraminyl inulin (500 ug lipid/200 uL) were injected into male BALB/c mice (7 weeks old, weighing 20-25 g) via the tail vein.
The distribution of liposomes was measured by determining the radioactivity of each tissue. The percent dose/g in each tissue is plotted on the vertical axis and the

time (h) after administration is plotted on the horizontal axis.
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EICKDAEM U, mRFORELRME, RS2
T x ) EMBRERT RS T AE =R — LRI
BRI ET TALY =R —AEBHITEPNIC
KFUR —7, M- Bk - BEcidho > 27
TV EMBIR U E Y I A =R —LDHNK
DEEETEEL TWS I EN Mo, TR
HEBMHPREDK TS TR 5 Z &5
Sz, HRENZ &2, BETIEINS AT >
JEMRIR T FY T A5 — U R — AN AE S
TEENFEDLL TVWEDICKHL, hS2AT U >
BAIRIR T £ 5 25— R — L TIERERRRE &
BRAKERELTBD, REMEBTHLNI AT
TV IEEBMBERY R TAY =R —LDB X
ZT3IMBORETHD NNz

RIZ, WA TR % AW TR TS B 3
WZDOWTHE L7z, Z£RIZ Colon 26 fllfid 2 #AH L
72 BALB/c XU A (A 6 HHfH, 16-18g) 1T~
ATz EMBRTFERT TR — R — L%
R #E—10 JE T 7.2 mg/kg, 14.4 mg/kg Z=NZh
ke 5 U, 72 K & ledas 2 70 E LR FiRE
7027 Ry BEICKOBEE Lz BlEgGNTY F#
BIE% Fig. 171RL7z. RUHE—10EET 7.2 mg/
kg, 14.4mg/kg %5 L 7=~ A TIiE, 72 KR,
A - i - IRCIIR Y FBEIZEAEA SN
Moz, fifi - IR TIEBLE 10ppm, ffiTIERES
BEICHAIL T 14.4mg/kg B 5D5HE, BLZ 35

Muscle | 007.2 mg/kg injection

Lung |

Blood :]

Spleen I—|—|
HH
Tumor I-|-| . .

0 40 80 120

Boron Conc. (ppm)

Fig. 17. 9B Concentration in Various Tissues 72 h after In-
jection of Tf (+)-PEG—CL Liposomes into Tumor-bearing
Mice

10B_enriched Tf (+)-PEG-CL liposomes were injected into tumor-bear-
ing mice, in which colon 26 cells were transplanted into the left thigh, via the

tail vein at a dose of 7.2 mg °B/kg (200 ul of liposome solution) .

ppm R EZBRENA SN, —F, Fig. 15 Tl
fii - MK CTEEAEA XY > OERNALNIZNT
EMS, RUFETTAY—URY —LDNGRUERD
FAFT TR —BENERELEEEAS5NS.

fefiEg - FHig ClIIEE ICEWR T ESBENA LN, £
DEEIZHREEICHAIL TWE, EENEY EEE
BEAHTHDET2mg/kg %5 LG HTIE 22
ppm, 14.4 mg/kg $¢5 D TIL 40 ppm TH > 7z,

BT, FIARATY MR FET T X
H—URY —AERTHE—10 EE T 7.2mg/kg %
BUHENAS D X% 72 R, FEEL Y 27U )b
B AR —IZAN, Rz IS L
o, T HRENIFEE R EE PR ICB W T 2X
102 neutrons/cm? T 37 pfMH L=, > hOo—
WEBRELTHRIYEI IR —URY —LEHKEL
TWRWR T ZBRBRICHIETRE Lz, BERO
IR Z Fig. 18IZ/R L. RUKRYV TAY—U
R —LZ2HEEL TWRWIYT AT, #HFRES
BONFHFMN 2 HTH>2DITHL, FUEY
FAY =R —LERTFREET 7.2mg/kg %5
LR DATE, FEHFm2 HEBET L5 ST
MNRNA SN,

N5 DOFERIT, KE NCI (National Cancer In-
stitute) @ Nanotech News for Cancer Therapy T#f
TEINZ.® ULnLENs, ISITEBENKY ERE
Eambolz0il, ZORIFEIITAY—1URY —
L 14mg/kg 5 L7225, 50%DTT XA
PEEENA SN

--{- - Control

100 —il— 7.2 mg/kg injection

80
=

2 60
>
1S

& 40
X

20

0

0 10 20 30 40 50
Days

Fig. 18. Survival Curve of Tumor-bearing Mice after Neu-
tron Irradiation for 37 min in KUR Atomic Reactor
The mice were injected with 7.2 mg '°B/kg of the Tf (+)~-PEG-CL-lipo-
some and incubated for 72 h before irradiation. Control indicates survival
rates of tumor-bearing mice after neutron irradiation without administration
of Tf(+)-PEG-CL liposomes.
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—7%, Hawthorne 5%, HEFEER “AEAFR D
FAF T AFZ—EEIZHAEL TWBDN, #5
DORTFEYRY —LIHEG R T FRE 6 mg/kg T
T2 REILINICY D A D@ kdEENAs Nl &%
WELTWNWD. 2

2-2-4. BEU—ABEKRIRAA VTR Y -5
HOBRZ ZDEIIT, ZAHKRIEAFT IS
x&~%§iﬁi@$W$U$v~A%%%b,E
BANOIRIEET LI ENGN o2, KDME
BHEETHD. bhibiud, ZOFRTHEYRY —LA
DT, ZAERIRA TV TR —REDK
RIS TH B nido BUAIIVR T I2X 2 HD TR
RANEEZEZ -, T, X0EFETIERICR
WNELSEBEOHBKTHNSN TS BSHIZEH
L, Fig. 19 ® &£ 5 75 fiii 25 i& #2 ! undecahydrodo-
decaborate ZH T H R MNRARTIRA A2V T A& —
foE 8 N9 23 L7=.30 Z0lsE L, NSraTELs
RIZHEMRD IRE SR U AEZAEL TR, U
2 —EALIC TR TV (8) AT A IV IN A — R (9)
%% L, undecahydrododecaborate §#%& S Z 4L
TRHEALTWS, INSDAERIRA AV 5
25 —fEE % Fig. 20 lTR T KD BRERAF—LT
BRRICEIN Uz, 20U R — A REREFTAR L
2%, Fig. 21 1T /T &S12, DXL M )LBIR
URIBEDOHE, ZFED 5% £TMATSHIME
HTCRERIYRY —LEBKRT 5T ENho Tz,
Fz, EERUZANOREGHRY FEREE 20 mg/kg T
BaEERIA S NRh oz BIFE, ERLICHET

Phosphatidylcholines
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|: H3N \/\O/('I;SO]TZ/\OCOR }
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Hydrophobic tail
O
m Y/\.:/\OCOR
.W ” OCOR
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2 NMe," (ozg )

8a: R = myristoyl, Y = O 9a: R = myristoyl, Y = NHCO,
b: R = palmitoyl, Y =0  b: R = palmitoyl, Y = NHCO,
¢: R = stearoyl. Y = O ¢: R = stearoyl, Y = NHCO,

Fig. 19. Design of Advanced Boron Lipidsbased on Biomi-
metic Composition of Phosphatidylcolines
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11a: R= C13H27
b: R = Cq5H34
€ R=Cy7H3s

NaH, BnBr, BnO/”\\”’\ H,0, BnOo” > OH

10 THF O7§ AcOH (:)H
68% 83%
RCO,H,
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Fig. 20. Synthesis of the Boron Lipids 8 and 9
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Fig. 21. Time-dependent Fluorescence Intensities of Calcein-
encapsulated Liposomes Composed of 8b with Various Ra-
tios ((a) X=0.25, (b)=0.5, (¢c)=0.75) in FBS

Fluorescence intensity is plotted on the vertical axis and incubation time
is plotted on the horizontal axis. The black plots show the fluorescence inten-
sity of the FBS solution containing liposomes and the white plots show that

of the solution after destruction of liposomes by the addition of Triton
X-100.
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Fig. 22. Synthesis of Boron Lipids

WL R TG TELDOIHoREHEETHD, 2
B DOEEHEICERT A ENNEELIND. £
DI=DIT, T HEETREL NG TR UECED
DORFEZT TR, URY —L%ZMHN= BDS OH
FEMBEAIZIFZE SN TER., AFETIE, STYFEDY
RV —LANER BDS ERURFEEZEAWEZY R
YV — LEE AT BDS IZ2OWTENLE. F7-, &
BT TERN 2D, URY —ABROREN
i, U UIEES R REEORMELTTR<aL
ZTO—=)VEFENEETHDHIEIZEFHL, 0D
JVATO—)VIZKRYFEEEATSHIET, UR
V—LABEICEBIEEL I ENWS 7 SO —FIzDONnT
BHIFFE I LTS, 3239 BNCT 128 W T 1950 F 4L
2B X 7= BSH, BPA & W9 2 FILUAMICIE, £
FEERRIN A S N o R BEANIFR RN 5B L T
Wy, BRI O RS S BIfE BNCT ICHEIETE 5
INBUIER G D BRFE RS I T TS, Bk
TIRDNE TIN5 DK 28I 41T T E AU HE SR e
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