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5, LER-TIN6OEESR/NRICTA0Ic, EEHARAO B BEH 20~35ug/g. b
L <138 EF410° /AR THIE, WMHREOR L £ 85%A B 0N EFHBRENSELD
EHRENTLE ", BEOICIIBRTESPHETRED ERIT, ARLEERVPHFLMRL T
HTBRRICBEOEFEARA LUZERA ONEDIEKET D, Z0HIly "B A AMIRIC
BIRAYICHEMT B Z L ALETH Y, EBRICEE LOIEH S EFHAERA "B M 30 pg/g L E.
"B REOEEAS/ MK L CEBES/ EERAKOEN TR LSUENZEE LW SN TS,

Table 1. Capture Cross Section Values of Various Nuclides for Thermal Neutrons

nuclide cross section nuclide cross section
capture value” capture value”

SLi 942 H 0.332
! 3838 C 0.0037
"Mcd 20,000 N 1.75
¥Xe 2,720,000 o <0.0002
*'Sm 41,500 P 0.19
ISIgy 59,002 S 0.52
¥'Gd 240,000 Na 0.536
"MHuf 400 K 2.07

“Cross section capture values in barns,
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ARICELICHRAATIREDEREZHAT L ENTE B0, (LEREL OB ELMBETE
5. WThoOFEE L, YR Y — L% PEG{L$ 5 2 & T EPR (enhanced permeability and retension)
DREBHEY, SEFSFLNFEIVRY—LBRIIBEREIEALICEY, EBOIZI—YT 1
JTEDL I RBREL D LML R TE,
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L 2 AWTEENRORSHEEL A, BERYRRE 6 mg/kg TIIMBENK Y F
BENI G % 6 B8R T 22 ppm. F D% 16~30 BERYIZIS L E 34 ppm T—ETh >7-, 48 BERRKIC
X 25ppm ISIETFT LA OD TN LEIZ 84 Tho 1=,

boron-encapsulated lippsomes boron-lipid liposomes

8 boron QW phospholipid L peg

cluster o boonlpd <D figand

Figure 1. Boron-encapsulated liposomes and boron-lipid liposomes.

—F. a3V BY—ABE~HBRLIMOREICERTHHIIE. ZHFREERLTHD
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Figure. 2. Structures of nido-carborane lipids 1-3 and closo-dodecaborate lipids 4 and 5
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Figure 2. Time course of biodistribution of boron Figure 3. Tumor growth curve of mice bearing colon 26
liposomes prepared from 4c¢ in tumor-bearing mice.  tumors after injection of 20mg'°B/kg of boronliposomes,

thermal neutron irradiation with 0.9-1.4 x 10" n/em®.
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Development of Boron Delivery System for Neutron Capture

Therapy of Cancer

Hiroyuki Nakamura

Department of Chemistry, Faculty of Science, Gakushuin University,
Mejeiro, Toshima-ku, Tokyo 171-8588 , Japan

Boron neutron capture therapy (BNCT) is a binary cancer treatment based on the nuclear reaction of
two essentially nontoxic species, '°B and thermal neutrons. The neutron capture reaction by '°B
produces an a-particle and a lithium-7 ion bearing approximately 2.4 MeV, and these high linear
energy transfer particles afford precise cell killing. Therefore, the marked accumulation and
selective delivery of boron into tumor tissues are the most important requirement to achieve an
effective BNCT of cancers. We focused on a liposomal boron delivery system. Accumulation of
boron in the liposomal bilayer is highly potent, because drugs can be encapsulated into the vacant
inner cell of a liposome. Furthermore, functionalization of liposomes is possible by combination of
lipid contents. Therefore, boron and drugs may be simultaneously delivered to tumor tissues for
both BNCT and chemotherapy. We recently developed the nido-carborane lipid, which has a
double-tailed moiety conjugated with nido-carborane as a hydrophilic function. The longer survival
of tumor-bearing mice injected with the boronated liposomes was observed after BNCT. However,
significant toxicity was also observed in the mice injected at higher boron concentrations. In this
paper, we report synthesis of closo-dodecaborate containing boron lipids. Our design of the boron
lipids is based on biomimetic composition of phosphatidylcholines.
Mercaptoundecahydrododecaborate (B),H;;SH”, BSH) was chosen as an alternative hydrophilic
function of boron lipids. BSH is a water-soluble divalent anion cluster and significantly lowered
toxicity, and has thus been utilized for clinical treatment of BNCT. We prepared the boronated
liposomes from diacylphosphatidylcholines and boron lipids and examined their BNCT effect using
tumor bearing mice. Suppression of tumor growth was observed in the mice injected with the

boronated liposomes two weeks after neutron irradiation.
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Tumor cell destruction in boron neutron capture therapy (BNCT) is due to the
nuclear reaction between °B and thermal neutrons. The thermal neutrons have
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tissue components. However, neutron capture by °B produces lithium ion and
helium (a-particles), which are high linear energy transfer (LET) particles, and
dissipate their kinetic energy before traveling one cell diameter (5-9 um) in
biological tissues, ensuring their potential for precise cell killing. BNCT has
been applied clinically for the treatment of malignant brain tumors, malignant
melanoma, head and neck cancer, and hepatoma using two boron compounds:
sodium borocaptate (Na,°B,,H1,SH; Na,'°BSH) and L-p-boronophenylalanine
(-1°BPA). These low molecular weight compounds are cleared easily from the
cancer cells and blood. Therefore, high accumulation and selective delivery of
boron compounds into tumor tissues are most important to achieve effective
BNCT and to avoid damage of adjacent healthy cells. Much attention has been
focused on the liposomal drug delivery system (DDS) as an attractive, intelli-
gent technology of targeting and controlled release of '°B compounds. Two
approaches have been investigated for incorporation of *°B into liposomes: (1)
encapsulation of °B compounds into liposomes and (2) incorporation of *°B-
conjugated lipids into the liposomal bilayer. Our laboratory has developed
boron ion cluster lipids for application of the latter approach, In this chapter,
our boron lipid liposome approaches as well as recent developments of the
liposomal boron delivery system are summarized.

1. INTRODUCTION

Boron neutron capture therapy (BNCT) was first proposed as a binary
approach to cancer treatment (Locher, 1936). The cell-killing effect of
BNCT is due to a nuclear reaction of two essentially nontoxic species,
boron-10 (°B) and thermal neutrons (Eq. (10.1)).

B +'n —*He(a) + "Li + 2.4MeV (10.1)

The resulting a-particles and Li nuclei are high linear energy transfer
(LET) particles and dissipate their kinetic energy before traveling one cell
diameter (5-9 um) in biological tissues ensuring their potential for precise
cell killing. Their destructive effect is highly observed in boron-loaded
tissues. Therefore, high accumulation and selective delivery of boron-10
into the tumor tissue are the most important requirements to achieve
efficient neutron capture therapy of cancer (Barth ef al, 1990;
Hawthorne, 1993; Soloway et al., 1998). The amounts of boron-10
required to obtain fatal tumor cell damage has been calculated to be more
than 20-30 ug/g of tumor tissue (Barth ef al., 1992). At the same time, the
boron concentration in the surrounding normal tissues and blood should be
kept low to minimize damage to the normal tissues. BNCT has been
applied clinically for the treatment of patients with malignant brain tumors
and malignant melanoma, using sodium mercaptoundecahydrododecabo-
rate (Na,'°B;,H;;SH; Na,'°BSH) (Nakagawa and Hatanaka, 1997;
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Soloway et al., 1967) and L-p-boronophenylalanine (L-'°BPA) (Mishima
et al., 1989; Synder et al., 1958), respectively. Furthermore, positron emis-
sion tomography (PET) using 'F-BPA has been developed (Imahori et al.,
1998). The structures of boron compounds which have been utilized for
clinical treatment of BNCT are shown in Fig. 10.1. Since the achievement
of 1®F-BPA PET imaging, we have been able to predict tumor/blood and
tumor/normal tissue ratios of L-'°BPA before neutron irradiation. This
PET technology also displayed selective accumulation of '8F-BPA in vari-
ous tumors. Thus, BNCT has been applied for various cancers including
head and neck cancer, lung cancer, hepatoma, chest wall cancer, and
mesothelioma (Aihata et al., 2006; Kato ef al., 2004; Suzuki et al., 2007).
Number of cases for treatment of cancers with BNCT at KUR (Kyoto
University Reactor) is summarized in Fig. 10.2. Although the number of

H,N

H,N" > CO,H

BPA 8F-BPA
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Figure 10.1 Structures of boron compounds utilized for clinical treatment of BNCT.
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Figure 10.2 Number of cases for treatment of cancers with BNCT at KUR.
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cases is increasing, development of new '°B-carriers that deliver an adequate
concentration of '°B atoms to tumors is still an important requirement for
effective and extensive cancer therapy in BNCT.

Recent promising approaches that meet the requirement entail the use
of small boron molecules (Cai et al., 1997; Gedda et al., 1997; Kelly et al.,
1994; Nakamura ef al., 1997; Yamamoto and Nakamura, 1993; Yamamoto
et al., 1995), such as porphyrins (Alam et al., 1989; Kahl and Li, 1996; Kahl
et al., 1990; Miura et al., 1996; Murakami et al., 1993; Woodburn et al.,
1993), nucleosides (Rong and Soloway, 1994; Schinazi and Prusoff, 1985;
Sood et al., 1989; Yamamoto et al., 1992), and amino acids (Kahl and Kasar,
1996; Kirihata ef al., 1995; Malan and Morin, 1996; Nakamura er al., 1998,
2000; Srivastava et al., 1997; Takagaki et al., 1996), and boron-conjugated
biological complexes, such as monoclonal antibodies (Alam et al., 1985;
Goldenberg et al., 1984; Pak et al., 1995), epidermal growth factors (Capala
et al., 1996; Gedda et al., 1996; Yang et al., 1997), carborane oligomers
(Cai et al., 1997; Fulcrand-El Kattan ef al., 1994; Nakanishi ef al., 1999;
Sood et al., 1990), micells (Wei et al., 2003), and dendrimers (Backer et al.,
2005; Shukla et al., 2003; Wu et al., 2004).

Liposomes are efficient drug delivery vehicles, because encapsulated
drugs can be delivered selectively to tumors. Therefore, liposomal boron
delivery system, in this context, is also considered to be potent for BNCT
due to the possibility to carry a large amount of °B compound. Two
approaches have been investigated for liposomes as boron delivery vehicles:
(1) encapsulation of boron compounds into liposomes and (2) incorporation
of boron-conjugated lipids into the liposomal bilayer, as shown in Fig. 10.3.
Our laboratories first synthesized a boron ion cluster lipid which have
double alkyl chains in the molecule and investigated the vesicle formation
of the boron ion cluster lipids (Nakamura et al., 2004). The boron lipid
liposomes are highly potent because drugs, including boron compounds,
can be encapsulated into the vacant inner cell of a liposome. Furthermore,

Boron-encapsulating liposomes Boron-lipid liposomes

& Boron Q. Phospholipid q}\. PEG
cluster Q. Boron lipid  ¢g@» Ligand

Figure 10.3 Boron-encapsulating liposomes and boron-lipid liposomes.
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functionalization of liposomes is possible by combination of lipid
contents. Therefore, '°B and drugs may be simultaneously delivered to
tumor and this will lead to the combination therapy of both BNCT and
chemotherapy for cancers. In this chapter, liposomal boron delivery systems
of both boron-encapsulation and boron-lipid liposome approaches are
described.

- 2. BORON-ENCAPSULATION APPROACH

§

Liposomal boron delivery system was first reported by Yanagié et al.
(1989, 1991). They investigated a BSH-encapsulated liposome which was
conjugated with a monoclonal antibody specific for carcinoembryonic
antigen (CEA). A new murine monoclonal antibody (2C-8) was prepared
by immunizing mice i.p. with CEA producing human pancreatic cancer cell
line, AsPC-1. SDS-PAGE and Western blot analysis showed that 2C-
8 monoclonal antibody recognized CEA. This anti-CEA monoclonal anti-
body was conjugated with large multilamellar liposomes incorporated '°B
compound (Cs,!°BSH). The liposome was prepared from egg yolk
phosphatidylcholine, cholesterol, and dipalmitoylphosphatidylethanola-
mine (1/1/0.05), and Cs,'"°BSH was encapsulated. The liposomes were
treated with dithiothreitol and suspended in the N-hydroxysuccinimidyl-3-
(2-pynidyldithio)propionate-treated antibody solution for conjugation. This
immunoliposome was shown to bind selectively to human pancreatic carci-
noma cells (AsPC-1) bearing CEA on their surface and inhibit tumor cell
growth on thermal neutron irradiation (5 x 10!2 neutrons/cm?) in vitro.
Furthermore, the theraputic effects of locally injected BSH-encapsulated
immunoliposome on AsPC-1 xenografts in nude mice were evaluated.
After intratumoral injection of the immunoliposomes, boron concentrations
in tumor tissue and blood were 49.6 + 6.6 and 0.30 + 0.08 ppm, respec-
tively. Tumor growth of mice with intratumoral injection of BSH-
encapsulated immunoliposomes was suppressed with thermal neutron
irradiation (2 x 102 neutrons/cm?) in vivo. Histopathologically, hyaliniza-
tion and necrosis were found in the immunoliposome-treated tumors
(Yanagié et al., 1997).

Hawthorne and coworkers succeeded in the preparation of boron-
encapsulating liposomes with mean diameters of 70 nm or less from dis-
tearoylphosphatidylcholine (DSPC) and cholesterol in 1992. The hydrolyt-
lcally stable borane anions B10H102-, B12H118H2“, B20H17OH4_,
ByoH;¢*>~, and the normal form and photoisomer of B, H;2~ were
encapsulated in liposomes as their soluble sodium salts. Although the
boron compounds used do not exhibit an affinity for tumors and are
normally rapidly cleared from the body, liposomes were observed to
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selectively deliver the borane anions to tumors. High tumor concentrations
were achieved in the therapeutic range (>15 ug of boron per g of tumor)
while maintaining high tumor-boron/blood-boron ratios (>3). The most
favorable results were obtained with the two isomers of BogH 3%~ These
boron compounds have the capability to react with intracellular compo-
nents after they have been deposited within tumor cells by the liposome,
thereby preventing the borane ion from being released into blood (Shelly
et al., 1992). Furthermore, an apical-equatorial (ae) isomer of the
B,oH;NH;3~ ion, [1-(2'-B;oHo)-2-NH;B,oHg]*>~, which was produced
from the reaction of the polyhedral borane ion ByoH;g?~ with liquid
ammonia, was encapsulated into liposomes prepared with 5% PEG-200-
distearoyl phosphatidylethanolamine. The PEGylated liposomes exhibited a
long circulation lifetime due to escape from reticuloendothelial system
(RES), resulting in the continued accumulation of boron in the tumor
over the entire 48-h experiment and reaching a maximum of 47 ug of
boron per g of tumor (Feakes et al., 1994).

Boron-containing folate receptor-targeted liposomes have been devel-
oped by Lee and coworkers (Pan et al., 2002). Expression of the folate
receptor (FR) is frequently is amplified among human tumors. Two highly
ionized boron compounds, Nay[B;,H;;SH] and Najz(ByoH;7,NH,),
were incorporated into liposomes by passive loading with encapsulation
efficiencies of 6% and 15%, respectively. In addition, five weakly basic
boronated polyamines investigated were incorporated into liposomes by a
pH-gradient-driven remote-loading method with varying loading efficien-
cies. Greater loading efficiencies were obtained with lower molecular
weight boron derivatives, using ammonium sulfate as the trapping agent,
compared to those obtained with sodium citrate. The in vitro uptake of
folate-conjugated boron-encapsulating liposomes was investigated using
human KB squamous epithelial cancer cells, which have amplified FR
expression. Higher cellular boron uptake (up to 1584 ug per 107 cells)
was observed with FR-targeted liposomes than with nontargeted control
liposomes (up to 154 pug per 107 cells), irrespective of the chemical form of
the boron and the method used for liposomal preparation.

Kullberg and coworkers investigated EGF-conjugated PEGylated lipo-
some delivery vehicle, containing water-soluble boronated phenanthridine,
WSP1, or water-soluble boronated acridine, WSA1, for EGFR targeting.
In the case of WSA1, a ligand-dependent uptake was obtained and the
boron uptake was as good as if free WSA1 was given. No ligand-dependent
boron uptake was seen for WSP1-containing liposomes. Thus, WSA1 is a
candidate for further studies. Approximately 10° boron atoms were in each
liposome. A critical assessment indicates that after optimization up to 10°
boron atoms can be loaded. In vitro boron uptake by glioma cells
(6.29 + 1.07 ug/g cells) was observed with WSA1-encapsulated EGF-
conjugated PEGylated liposomes (Kullberg et al., 2003).
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Cetuximab-conjugated liposome was also investigated as an althernative
immunoliposome for targeting of EGFR (+) glioma cells. Lee and coworkers
developed cetuximab-immunoliposomes via a cholesterol-based membrane
anchor, maleimido-PEG-cholesterol (Mal-PEG-Chol), to incorporate
cetuximab into liposomes. BSH-encapsulated cetuximab-immunoliposomes
were evaluated for targeted delivery to human EGFR gene transfected
F98gGrr glioma cells. Much greater (approximately eightfold) cellular uptake
of boron was obtained using cetuximab-immunoliposomes in EGFR(+)
F98gGrr compared with nontargeted human IgG-immunoliposomes (Pan
et al., 2007).

Maruyama and coworkers developed a new type of target-sensitive
liposomes, in which transferrin-coupling pendant-type PEG liposomes
were extravasated effectively into solid tumor tissue in colon 26 tumor-
bearing mice, and internalized into tumor cells (Ishida et al., 2001). Trans-
ferrin (TF) receptor-mediated endocytosis is a normal physiological process
by which TF delivers iron to the cells and higher concentration of TF
receptor has been observed on most tumor cells in comparison with normal
cells. TE-PEG liposomes showed a prolonged residence time in the circu-
lation and low RES uptake in tumor-bearing mice, resulting in enhanced
extravasation of the liposomes into the solid tumor tissue. Once at the
tumor site, TF-PEG liposomes were internalized into tumor cells by recep-
tor-mediated endocytosis. TF-PEG liposomes were taken up into endo-
some-like intracellular wvesicles. Therefore, the clearance of TF-PEG
liposomes from tumor tissue is so impaired that they remain in the tumor
interstitium for a long time. Thus, the potential of liposomes for selective
delivery of therapeutic quantities of '°B to tumors has been studied
(Maruyama et al., 2004). TF-PEG liposomes and PEG liposomes encapsu-
lating Na,'°BSH were prepared and their tissue distributions in colon 26
tumor-bearing mice after i.v. injection were compared with those of bare
liposomes and free Na,'°BSH. When TF-PEG liposomes were injected at a
dose of 35 mg '°B/kg, a prolonged residence time in the circulation and low
uptake by the RES were observed in colon 26 tumor-bearing mice, result-
ing in enhanced accumulation of '°B into the solid tumor tissue (e.g.,
35.5 ug of boron per g of tumor). TE-PEG liposomes maintained a high
'9B level in the tumor, with concentrations over 30 ug of boron per g of
tumor for at least 72 h after injection. On the other hand, the plasma level of
9B decreased, resulting in a tumor/plasma ratio of 6.0 at 72 h after
injection. Administration of Na,'°BSH encapsulated in TF-PEG liposomes
at a dose of 5 or 20 mg '°B/kg and irradiation with 2 x 102 neutrons/cm?
for 37 min produced tumor growth suppression and improved long-term
survival compared with PEG liposomes, bare liposomes, and free
Na,'°BSH. Masunaga and coworkers evaluated biodistribution of
Na,'°BSH- and Na,!'°B;(H;-encapsulated TF-PEG liposomes in SCC
VII tumor-bearing mice (Masunaga et al., 2006). The time course of the
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change in the °B concentration in tumors loaded with both liposomes were
similar except that 1°B concentrations were greater 24 h after the loading of
Na,'°B,oH;o than Na,'°BSH in TF-PEG liposomes and '°B concentration
in tumors was 35.6 ug of boron per g of tumor with injection of
Na,!°B;oH;-encapsulated TF-PEG liposomes (35 mg '°B/kg).

s,

. » 3. BORON LIPID-LIPOSOME APPROACH

o

Development of lipophilic boron compounds, embedded within the
liposome bilayer, provides an attractive method to increase the overall
efficiency of incorporation of boron-containing species, as well as raise
the gross boron content of the liposomes in the formulation. Hawthorne
and coworkers first introduced nido-carborane as hydrophilic moiety into
the amphiphile and this single-tailed nido-carborane amphiphile was utilized
for liposomal boron delivery using tumor-bearing mice (Feakes et al., 1995;
Watson-Clark ef al., 1998). They synthesized the nido-carborane amphi-
phile 1 (Fig. 10.4) and prepared boronated liposomes composed of DSPC,
cholesterol, and 1 in the bilayer. After the injection of liposomal suspensions
in BALB/c mice bearing EMT6 mammary adenocarcinomas, the time-
course biodistribution of boron was examined. At the low injected doses
normally used (5-10 mg '°B/kg), peak tumor boron concentrations of
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Figure 10.4 Structures of nido-carborane lipids.
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35 pug of boron per g of tumor and tumor/blood boron ratios of ~8 were
achieved. These values are sufficiently high for the successful application of
BNCT. The incorporation of both 1 and the hydrophilic species, Nas[1-
(2'-B1oHo)-2-NH;3B; oHg]|, within the same liposomes demonstrated signif-
icantly enhanced biodistribution characteristics, exemplified by maximum
tumor boron concentration of 50 ug of boron per g of tumor and tumor/
blood boron ratio of 6.

Our laboratories designed the nido-carborane lipid 2 (CL), which has a
double-tailed moiety conjugated with nido-carborane as a hydrophilic moi-
ety (Nakamura et al., 2004). This lipid has a symmetric carbon in the
lipophilic alkyl chain. Analysis in a transmission electron microscope by
negative staining with uranyl acetate showed a stable vesicle formation of
CL. Furthermore, we focused on overexpression of TF receptor on most
cell surfaces. Thus we investigated active targeting of the boron liposomes
to solid tumor by functionalization of TF on the surface of their liposomes
and achieved a boron concentration of 22 ug '°B per g of tumor by the
injection of the liposomes at 7.2 mg '°B/kg body weight with longer
survival rates of tumor-bearing mice after BNCT (Miyajima et al., 2006).
The detailed protocols for synthesis of the CL and in vivo BNCT effects of
the CL-liposomes are described.

4. NiDO-CARBORANE LIPID LIPOSOMES

4.1. Synthesis of the nido-carborane lipid (CL)

Chemical synthesis of the nido-carborane lipid (CL) is shown in
Scheme 10.1. Reaction of two equivalents of heptadecanol with 3-
chloro-2-chloromethyl-1-propene using NaH as base gives the diether 4
in 93% yield and the hydroboration of 4 gives the corresponding alcohol 5
in 71% yield. The alcohol 5 is converted into the propargyl ether 6 in 48%
yield by the treatment with propargyl bromide, and the decaborane cou-
pling of 6 is carried out in the presence of acetonitrile in toluene under
reflux condition to give the corresponding ortho-carborane 7 in 80% yield.
The degradation of the carborane cage by the treatment with sodium
methoxide in methanol affords the nido-carborane lipid 2 (CL) in 57% yield.

4.2. Stability of the nido-carborane lipid vesicles

The stability of the boron cluster vesicles in fetal bovine serum (FBS), which
can be considered as a model of blood, is examined using the vesicle
solution. A boron cluster vesicle fraction is added to FBS (the volume
ratio FBS:vesicle solution = 9:1) and the mixture is incubated at 37 °C
with stirring. The fluorescence of the FBS solution is measured at 0-18 h.
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Scheme 10.1 Synthesis of the boron lipid 2. Reagents: (a) 1—NaH, THF, 2—CH,NC
(CH,Cl),, 93%; (b) 1—BH;-Me,S, 2—H>0,, NaOH, 71%; (c) 1—NaH, THF,
2—propargyl bromide, 58%; (d) BjoHis, CH3;CN, toluene, 80%; (e) NaOMe,
MeOH, 57%.

No increase of the fluorescence intensity of the FBS solutions is observed
during 18 h. Therefore, the calcein encapsulated into the boron cluster
vesicle is not released. This result indicates that the boron cluster vesicle
prepared from the nido-carborane lipid is quite stable in the FBS solution
at 37 °C.

4.3. Incorporation of the nido-carborane lipid into
liposomal membranes

The effect of the accumulation ratio of DSPC and CL on the liposome
formation is examined under various mixing ratios. PEG liposomes are
prepared from DSPC, CH, CL, and PEG-distearoylphosphatidylethanola-
mine (DSPE) (1:1:x:0.11, x = 0—1). The lipid concentration is estimated by
phosphorus assay (Fiske and Subbarow, 1925). Boron content is determined
by inductively coupled plasma atomic emission spectroscopy (ICP-AES).
Very interestingly, the ratio of DSPC and CL in the liposomes increased in
proportion to the increase of the mixing ratio of CL to DSPC in the
solution. Furthermore, it was observed that CL was incorporated into the
liposome membranes with five times higher concentration than DSPC
(Nakamura et al., 2004) (Fig. 10.5).
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Figure 10.5 Incorporation of the mido-carborane lipid (CL) into liposomal mem-
branes. The bare-liposome was prepared from DSPC, CH, and CL (the mixing ratio
of 1:1:x; x = 0-1), and the PEG-liposome was prepared from DSPC, CH, CL, and
PEG-DSPE (the mixing ratio of 1:1:x:0.11, x = 0-1).

5. TRANSFERRIN-CONJUGATED NIDO-CARBORANE
LiriD LIPOSOMES

5.1. Preparation of liposomes

TF(—)-PEG-CL liposomes are prepared from DSPC, CH, DSPE-PEG-OMe,
DSPE-PEG-O-(CH,)sCO,H, and CL (molar ratio 1:1:0.11:0.021:0.25)
by the reverse-phase evaporation (REV) method. A mixture of DSPC, CH,
DSPE-PEG-OMe, and CL are dissolved in chloroform/diisipropylether mix-
ture (1:1, v/v) in a round-bottomed flask. The volume ratio of the aqueous
phase to the organic phase is maintained at 1:2. The emulsion is sonicated for
1 min, and then the organic solvent is removed under vacuum in a rotary
evaporator at 37 °C for 1 h to form a lipid gel. The gel obtained is subjected to
extrusion through a polycarbonate membrane of 100 nm pore size, using an
extruder device (Lipex Biomembrane, Canada) thermostated at 60 °C. Purifi-
cation is accomplished by ultracentrifuging at 200,000 g for 20 min at 4 °C,
and the pellets obtained are resuspended in PBS buffer. Liposome size is
measured with an electrophoretic light scattering spectrophotometer
(ELS-700, Otsuka Electronics, Tokyo).
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