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ABSTRACT: Medullary thyroid carcinoma (MTC) is a rare endocrine
tumor that frequently metastasizes, but treatment with irinotecan (CPT-
11) is limited because of side effects. MTC is known to overexpress the
somatostatin receptor subtype 2 (SSTR2). Octreotide (Oct) is a soma-
tostatin analogue that has a high binding affinity for SSTR and can be used
as a tumor-targeting ligand. We prepared Oct-targeted liposomes loaded
with CPT-11 using Oct-poly (ethylene glycol) (PEG)-lipid and evaluated
Oct-mediated association and cytotoxicity of the liposomes with anMTC
cell line TT. The association of higher concentrations of modifiedOct-targeted liposomes with TT cells was significantly higher than
PEGylated liposomes and was significantly inhibited by empty Oct-targeted liposomes but not by free Oct. With exposure for 96 h,
the cytotoxicity of Oct-targeted liposomal CPT-11 (IC50: 1.05( 0.47 μM) was higher than free CPT-11 (IC50: 3.76( 0.61 μM)
or PEGylated liposomal CPT-11 (IC50: 3.05 ( 0.28 μM). In addition, empty Oct-targeted liposomes showed significantly higher
cytotoxicity than empty nontargeted liposomes at a concentration where free Oct did not show cytotoxicity, suggesting that Oct as a
ligand showed cytotoxicity. Moreover, Oct-targeted liposomal CPT-11 led to significantly higher antitumor activity and prolonged
the survival time compared with nontargeted liposomal and free CPT-11 at a one-third dose and lower administration times with
free CPT-11. These findings indicated that Oct-targeted liposomes loaded with CPT-11 may offer considerable potential for MTC
chemotherapy because cytotoxicity of both CPT-11 and Oct was enhanced by effective cellular uptake via SSTR2.
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1. INTRODUCTION

Medullary thyroid carcinoma (MTC) is a rare endocrine
tumor comprising a malignant neoplasm of calcitonin-secreting
C cells of the thyroid and represents approximately 3-5% of all
thyroid cancers.1 MTC occurs in a sporadic form in about 75% of
cases, and the remaining 25% are three familial forms: multiple
endocrine neoplasia type IIA (MEN 2A), multiple endocrine
neoplasia type IIB (MEN2B), and familial MTC not associated
with MEN (FMTC).2 The only effective treatment for MTC is
surgical removal of the neoplastic tissue with central lymph node
dissection.3 In the case of total thyroidectomy, however, life-long
hormone replacement therapy is necessary for the patient. Most
chemotherapy or radiotherapy for MTC has inconclusive results.
The lack of effective systemic therapy forMTC shows the impor-
tance of developing new approaches for the treatment of MTC.

Recently, therapeutic approaches for MTC using irinotecan
(CPT-11) have been reported.4,5 CPT-11 is a water-soluble deri-
vative of camptothecin and is converted to SN-38, the active form
of CPT-11, by carboxyl esterase.6,7 CPT-11 inhibits the resealing
of single-strand DNA breaks mediated by topoisomerase I by
stabilizing cleavable complexes and is a cell-cycle-specific drug.8-10

Based on this, a long period of exposure to CPT-11 mediates a
reduction in tumor cells, but treatment with CPT-11 is limited

because of its short half-life and serious side effects, such as bone-
marrow suppression.11 Success in the treatment of MTC with
CPT-11 requires selective delivery to tumor tissues and limited
distribution to normal tissues.

For this purpose, liposomal CPT-11 could be advantageous.
Liposomal drugs reduce renal clearance and, when formulated
for long circulation, may increase accumulation of the drug in a
tumor by a passive targeting process based on the enhanced per-
meability and retention (EPR) effect in leaky tumor tissue. To
further enhance the therapeutic effects of liposomal drugs in
tumors, a variety of targeting ligands have been investigated.
Somatostatin receptors (SSTRs) belong to a seven-transmem-
brane domain G-protein coupled receptor family (SSTR1, SSTR2,
SSTR3, SSTR4, and SSTR5)12 and can serve as a functional
tumor-specific receptor. MTC tumors express all the SSTR
subtypes, and the MTC cell line TT overexpresses SSTR1,
SSTR2 and SSTR5.13 SSTR2 expression was significantly higher
than the other SSTR subtypes in TT cells and was the most
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frequently detected subtype in human MTC.13-15 Octreotide
(Oct) has high binding affinity to all SSTR subtypes,16 especially
SSTR2 (affinity 0.56 nM).12 Oct is an octapeptide analogue of
natural somatostatin with markedly increased metabolic stability,17

resulting in an increased plasma-half-life of >1 h in rats17 and
humans.18 Oct has been marketed as a diagnostic agent.19-21 It
was reported that Oct-modified particles loaded with anticancer
drugs (cantharidin and dihydrotanshinone I) were efficacious in
breast cancer and gastric cancer, respectively.22,23 To the best of
our knowledge, this report is the first to explore the use of Oct-
targeted liposomes for the treatment of MTC.

Here, we hypothesized that Oct-targeted liposomal CPT-11
could enable selective delivery of CPT-11 and increase the the-
rapeutic efficacy of CPT-11 for MTC. Previously, we succeeded
in preparing liposomes with a high loading efficacy for CPT-11.24

In this study, we prepared Oct-targeted liposomes loaded with
CPT-11 and evaluated the Oct-mediated association and ther-
apeutic potential of Oct-targeted liposomes with TT cells and
TT tumor xenografts in mice, for the comparison of free and
liposomal CPT-11.

2. MATERIALS AND METHODS

2.1. Materials
2.1.1. Materials. CPT-11 was a kind gift from Yakult Co., Ltd.

(Tokyo, Japan). Oct-poly(ethylene glycol)3400-distearoylpho-
sphatidylethanolamine (Oct-PEG3400-DSPE)

25 was purchased
from KNC Laboratories. Co., Ltd. (Kobe, Japan) (Figure 1). Oct
was purchased from Acris Antibodies GmbH (Herford, Germany).
Distearoylphosphatidylcholine (DSPC) and methoxy-PEG2000-
DSPE (PEG2000-DSPE) were purchased from the NOF Corp.
(Tokyo, Japan). Cholesterol, doxorubicin (DXR) hydrochloride,
and Ham’s F-12 medium were purchased form Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). Phytic acid (IP-6)
solution was obtained from Nacalai Tesque Inc. (Kyoto, Japan).
Fetal bovine serum (FBS) was purchased from Invitrogen Corp.
(Carlsbad, CA, USA). Nonessential amino acids were purchased
from MP Biomedicals (Cleveland, OH, USA). Other reagents
were of analytical or HPLC grade.
2.1.2. TT Cell Line Culture. The TT cell was obtained from the

European Collection of Cell Cultures (ECACC, Wiltshire, UK).
This cell line was routinely maintained in Ham’s F-12 medium
supplemented with 10% heat-inactivated FBS at 37 �C in a
humidified atmosphere containing 5% CO2.
2.2. Preparation of Oct-Targeted Liposomes Loaded with

Drug
2.2.1. Preparation of Liposomal CPT-11 andDXR. Liposomes

containing IP-6 (IP-6 liposomes) were formulated following

previously described methods.24 Briefly, DSPC and cholesterol
at a molar ratio of 55:45 (80 mg/32 mg) were dissolved in eth-
anol. Ethanol was removed by rotary evaporation to a smaller
volume, and 80 mM IP-6 solution adjusted to pH 6.5 using
triethanolamine was added immediately, followed by sonication
to decrease the size to approximately 150 nm. Then, the extra
liposomal IP-6 suspension was exchanged for HBS buffer (20 mM
HEPES, 150mMNaCl, pH 7.4) by gel filtration chromatography
using a Sephadex G50 column. The concentration of phospho-
lipid (DSPC) of IP-6 liposomes was determined using a phos-
pholipid C Test Wako (Wako Pure Chemical Industries, Ltd.),
and then total lipid was calculated using DSPC and cholesterol at
a molar ratio of 55:45. IP-6 liposomes were loaded with DXR
or CPT-11 by incubation with CPT-11 (drug:total lipid = 0.6:1,
w/w) at 60 �C for 60 min or with DXR (drug:total lipid =0.2:1,
w/w) at 60 �C for 25 min, and then quenched in ice for 5 min.
Unincorporated CPT-11 or DXR was removed using a Sephadex
G-50 column eluted with saline as the mobile phase.
2.2.2. Modification of Liposomal Drug with Oct. Three types

of liposomes were prepared: conventional non-PEGylated and
nontargeted liposomes (CL), Oct-targeted liposomes (Oct-CL),
and PEGylated, sterically stabilized liposomes (SL). Oct-CL was
prepared by incubation of CL with an aqueous dispersion of
0.25-1.6 mol % Oct-PEG-DSPE with total lipids at 60 �C for
20 min by the postinsertion technique as reported previously.26

Above 1.6 mol %, Oct-PEG-DSPE precipitates because of its
insolubility in water. SL was prepared by incubation of CL with
aqueous dispersion of 1.6 mol % PEG-DSPE in total lipids. CL
modified with x mol % Oct-PEG-DSPE of total lipids are
henceforth abbreviated as xOct-CL. For example, 0.25Oct-CL
indicates liposomes with 0.25 mol % Oct-PEG-DSPE in total
lipids (Table 1). Empty liposomes were prepared using the same
protocol but without loading drug.
The mean diameter and zeta-potential of the resulting lipo-

somes were determined using a ELS-Z2 (Otsuka, Electronics
CO., Ltd. Osaka, Japan) at 25( 1 �C after diluting the liposome
suspension with water. Drug concentration in the liposomes was
determined after disruption of liposomes using 1% of Triton;
DXR was determined using a UV-1700 PharmaSpec (Shimadzu,
Kyoto, Japan) at 480 nm26 and CPT-11 using a fluorometer
(excitation wavelength 355 nm and emission wavelength 535
nm, Wallac ARVO SX1420 multilabel counter, PerkinElmer
Japan, Yokohama, Japan).24 No drug leaked out from the lipo-
somes during the Oct-PEG-DSPE insertion procedure. The final
Oct concentration after modification of the liposomes was deter-
mined using an Oct-EIA kit (Peninsula Laboratories, LLC, San
Carlos, CA, USA) after disruption of the liposomes by dilution

Figure 1. Chemical structure of Oct-PEG3400-DSPE (MW = ∼5200).
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1:1,000 in 1% Triton. About 84%, 85%, and 70% of Oct ligand
was inserted into 0.25Oct-CL, 0.8Oct-CL, and 1.6Oct-CL,
respectively.
2.3. Cytotoxicity Assay. TT cells were seeded onto 96-well

plates at a density 104 cells/well for 72 h before addition of the
drug. Culture medium was replaced with fresh medium contain-
ing various concentrations of liposomal CPT-11, free CPT-11 or
empty liposomes. After 96 h incubation at 37 �C, the cells were
washed with PBS three times and cultured with fresh medium for
48 h. Then, cell viability was determined using a WST-8 test
(Dojindo Laboratories, Kumamoto, Japan). All measurement
was carried out in quadruplicate. The 50% growth-inhibitory con-
centration (IC50) was calculated using the bootstrap method.27

2.4. Analysis of Cellular Uptake of Liposomes by Flow
Cytometry. Cells were seeded onto 6-well plates at a density
104 cells/well for 72 h before addition of the drug. Cells were
incubated with medium (2 mL/well) containing 0.25Oct-CL,
0.8Oct-CL, 1.0Oct-CL, 1.2Oct-CL, 1.4Oct-CL, 1.6Oct-CL, or
SL at a concentration of 50 μg of DXR/ml for 1 or 2 h. In flow
cytometry and confocal laser scanning microscopy studies, as
described below, DXR was used instead of CPT-11 because
CPT-11 is not excited at 488 nm. Subsequently, cells were washed
three times with PBS (pH 7.4) to remove unbound liposomes,
and the cellular uptake of liposomes was analyzed using a FACS
Calibur flow cytometer (Becton Dickinson, CA, USA) equipped
with a 488 nm argon ion laser and using CELL Quest software
(Becton-Dickinson Immunocytometry System, CA, USA). A
total of 10,000 events per sample were analyzed. The autofluor-
escence of cells was taken as a control. The cells were incubated
without liposomes.
In competitive inhibition experiments, a 20-fold molar excess

of free Oct (84 nmol/mL medium) was added to 1.6Oct-CL
loaded with DXR (Figure 3). The medium in each well (2 mL)
contained 50 μg of DXR/ml, 4.2 nmol of Oct originating from
1.6Oct-CL/ml, and 112 μg of phospholipid/ml. A two volume
excess of empty 1.6Oct-CL or SL (258 μL) was added to 1.6Oct-
CL loaded with DXR. Because all liposomes have a lipid con-
centration 194 μg of phospholipid/mL, the final concentration of
phospholipid in medium was 582 μg/mL (Figure 4Bi,ii). This
was nearly the maximum concentration because greater than
0.6 mg of phospholipid/mL induces cytotoxicity. The cells were
incubated at 37 �C for 2 h.
2.5. Confocal Laser Scanning Microscopy. Cells were

seeded onto 6-well plates at a density 104 cells/well for 72 h
before addition of the drug. Cells were washed three times with
PBS and then incubated with 1.6Oct-CL loaded with DXR in the
presence or absence of a two volume excess of empty 1.6Oct-CL
or SL for 2 h at 37 �C, as described above. After incubation, the

cells were washed three times with PBS and fixed with 10% for-
maldehyde in PBS at room temperature for 15 min. Then, the
cells were washed two times with PBS and coated with Aqua
Poly/Mount (Polyscience, Warrington, PA, USA) to prevent
fading and covered with coverslips. The fixed cells were observed
using a Radiance 2100 confocal laser scanning microscope (Bio-
Rad, Hercules, CA, USA) with an excitation wavelength at 488 nm
and an emission wavelength at 560 nm utilizing a LP560 filter.
2.6. Cellular Distribution of Liposomal CPT-11 Observed

by Fluorescence Microscopy. Cells were seeded onto 35 mm
glass dishes at 104 cells/dish for 72 h before addition of the drug.
Cells were treated with medium containing 1.6Oct-CL loaded
with CPT-11 for 2 h at 37 �C. After incubation, the cells were
fixed and coated as described above. Cells were examined
using an inverted microscope, ECRIPS TS100 (Nikon, Tokyo,
Japan) with an Epi-Fluorescence Attachment (Nikon) a utilizing
a UV1A filter.
2.7. In vitro Drug Release. The release of the drug from

liposomes into phosphate-buffered saline (PBS, pH 7.4) was
monitored by a dialysis method. Dialysis was carried out at 37 �C
under sink conditions using seamless cellulose tube membranes
Spectra/Por CE (MWCO 2000, Spectrum Laboratories, Inc.,
Rancho Dominguez, CA, USA). The initial concentration of
CPT-11 was 500 μg/mL. The sample volume in the dialysis bag
was 1 mL, and the sink solution was 200 mL. After various time
intervals, aliquots were withdrawn and the CPT-11 concentra-
tions were analyzed as described above.
2.8. Therapeutic Study. To generate TT tumor xenografts, 1

� 107 TT cells suspended in 100 μL of PBS containing 50%
Matrigel (Collaborative Research, Bedford, MA, USA) were ino-
culated subcutaneously into the flank region of four female ICR
nu/nu mice (6 weeks of age, purchased from Oriental Yeast Co.,
Ltd. Tokyo, Japan). The tumor volume was calculated using this
formula: tumor volume = 0.5ab2, where a and b are the larger and
smaller diameters, respectively. When the average volume of
xenograft tumors reached about 100 mm3, therapy was started
(day 1). Antitumor activity was assessed by measuring tumor
volume change after intravenous injection of CPT-11. Liposomal
CPT-11 (10 mg/kg Oct-CL and 10 mg/kg CL) was adminis-
tered on days 1 and 4, and 30mg/kg free CPT-11 and saline were
administered on days 1, 4, and 7. The data of free CPT-11-treated
or saline-treated mice were referring to our previous data.24

Tumor volume and body weights were measured for individual
animals. The mean increase in life span (% ILS) was calculated
using the formula 100� {(median day of death in treated tumor
bearing mice)- (median day of death in control tumor-bearing
mice)}/(median day of death in control tumor-bearing mice).
Animal experiments were performed with approval from the
Industrial Animal Care and Use Committee at Hoshi University.
2.9. Statistical Analysis. Data are expressed as mean ( SD.

The statistical significance of data was evaluated using Student’s
t test. P < 0.05 was considered as significant.

3. RESULTS

3.1. Characterization of Oct-Targeted Liposomes. Lipo-
some size and zeta-potential of CL, Oct-CL and SL are listed in
Table 2. The average diameter of prepared liposomes was
approximately 134-154 nm with a narrow, monodisperse dis-
tribution (less than 0.2 polydispersity indexes). As the Oct
concentration increased from 0 to 1.6 mol %, the zeta-potential
of liposomes decreased. The Oct amount of each Oct-CL was

Table 1. Oct-PEG Component (mol %) for Each Liposome
Formulation

formulation Oct-PEG3400-DSPE PEG2000-DSPE

CL 0 0

0.25Oct-CL 0.25 0

0.8Oct-CL 0.8 0

1.0Oct-CL 1.0 0

1.2Oct-CL 1.2 0

1.4Oct-CL 1.4 0

1.6Oct-CL 1.6 0

SL 0 1.6
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more than 70% of the theoretical values. The loading efficiencies
of CPT-11 were approximately >82% in all liposomes except CL
(data not shown). The average diameter and amount of CPT-11
loaded in all types of liposomes did not change for at least 1
month at 4 �C in the dark (data not shown).
3.2. Effects of Oct Surface Density of Oct-CL on Cellular

Uptake. We examined the selectivity of Oct-CL for delivery into
TT cells, which highly overexpress SSTR2, by flow cytometry. As
shown in Figure 2, the mean fluorescence intensities of 0.8Oct-
CL, 1.0Oct-CL, 1.2Oct-CL, 1.4Oct-CL and 1.6Oct-CL were
approximately 1.1-fold, 1.2-fold, 1.2-fold, 1.7-fold and 1.7-fold
greater than for SL, respectively, after a 2 h incubation. The
cellular uptake of free DXR was ∼3 times higher than 0.25Oct-
CL (data not shown). When paying attention to the effects of the
Oct surface density of liposomes on cellular association, a higher
Oct surface density, more than 1.4 mol % of liposomes was more
effectively associated with TT cells. The fluorescence intensities
of 1.6Oct-CL after a 2 h incubation increased 2-fold more than
after 1 h, whereas that of SL did not increase (data not shown).
This finding indicated that the cellular association of Oct-CL
increased in an incubation-time-dependent manner, but that of
SLwas not. From this result, 1.6Oct-CLwas used in the following
experiments as Oct-CL, and SL was used as a control for the 2 h
incubation.
3.3. Competitive Inhibition Study. First, to investigate the

cellular association of Oct-CL via SSTR, a competitive inhibition
study was performed using free Oct as a competitive inhibitor.
In the presence of a 20-fold excess of free Oct (84 nmol/mL

medium) with a 2 h incubation, a competitive effect, a decrease of
cellular uptake of Oct-CL, was not observed (Figure 3). Next, we
tried to use Oct-CL without drug loading (empty Oct-CL) as a
competitive inhibitor, because addition of drug-loaded liposomes
has the possibility of increasing the cytotoxicity due to DXR.
Figure 4A illustrates the scheme of the competitive cellular asso-
ciation of Oct-CL loaded with DXR with empty Oct-CL. The
cellular uptake of Oct-CL loaded with DXR in the presence of
two excess volumes of empty Oct-CL (i) was compared with that
of empty SL (ii) by flow cytometry (Figure 4B) and confocal
microscopy (Figure 5). As shown in Figure 4B, the mean fluo-
rescence intensities of DXR loaded with Oct-CL in the presence
of empty Oct-CL decreased by approximately half compared
with in the presence of empty SL. This finding indicated that the
cellular uptake of Oct-CL loaded with DXR was blocked sig-
nificantly by empty Oct-CL compared with empty SL.
To confirm differences in the cellular uptake of Oct-CL loaded

with DXR in the presence of empty Oct-CL or SL, intracellular
localizations were observed by confocal microscopy (Figure 5).
The presence of empty Oct-CL decreased the localization of
DXR-loaded Oct-CL in the nucleus (red fluorescence of DXR)
compared with that of empty SL, corresponding to the results of
Figure 4Bi and Figure 4Bii, respectively.
3.4. Drug Release from Liposomal CPT-11. Before the

investigation of cellular uptake of 1.6Oct-CL and SL, the release
of drug from each liposome was examined. The profiles of CPT-
11 release versus time are presented in Figure 6. Both 1.6Oct-CL
and SL showed slow drug release, about 17% drug release for 24 h
in PBS at 37 �C. There were no significant differences between
1.6Oct-CL and SL in drug release at each time point. This result
suggested that 1.6 mol % Oct-modification did not affect drug
release from liposomes.
3.5. Cellular Uptake Oct-CL Loaded with CPT-11. Next, we

tried to observe the cellular distribution of liposomes loaded with
CPT-11 by fluorescence microscopy (Figure 7). TT cells were

Table 2. Size and Zeta-Potential of Oct-Targeted Liposomesa

formulation size (nm) zeta-potential (mV)

CL 151.9( 5.5 -5.1 ( 0.1

0.25Oct-CL 141.3 ( 6.1 -11.2( 3.5

0.8Oct-CL 141.6( 9.4 -17.8 ( 6.9

1.0Oct-CL 153.9 ( 6.2 -18.1( 4.3

1.2Oct-CL 134.2( 5.4 -15.3 ( 1.9

1.4Oct-CL 147.6 ( 2.4 -17.3( 4.7

1.6Oct-CL 136.6( 3.2 -19.5 ( 1.3

SL 144.7( 1.6 -20.1( 1.6
aMean ( SD (n = 3).

Figure 2. Effect of Oct surface density on cellular association of Oct-
CL. DXR-loaded liposomes modified with various Oct-PEG-DSPE
concentrations (mol %) were incubated with TT cells at 50 μg/mL
DXR for 2 h at 37 �C. Each value represents the mean ( SD of
three experiments. (*) Differences are statistically significant from SL
at P < 0.05.

Figure 3. Association of Oct-CL loaded with DXR with TT cells in the
presence or absence of free Oct by flow cytometry. 1.6Oct-CL loaded
with DXR was incubated in the presence of a 20-fold excess of free Oct
(84 μM) at 50 μg/mL DXR for 2 h at 37 �C. Untreated indicates
autofluorescence of untreated cells.
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incubated with Oct-CL loaded with CPT-11 for 2 h at 37 �C.
Blue fluorescence due to CPT-11 (Figure 7A) was observed
weakly in Oct-CL loaded with CPT-11 at the same location as
TT cells (Figure 7B). This finding indicated that Oct-CL loaded
with CPT-11 was taken up into the cells as well as Oct-CL loaded
with DXR.
3.6. Effect onCytotoxicity ofOct-Targeted Liposomes. To

evaluate the cellular uptake of Oct-CL loaded with CPT-11, the
cytotoxicity with TT cells was measured using a WST-8 assay.
The doubling time of TT cells is 83 h; therefore, a 96 h incu-
bation was set in this experiment. As shown in Table 3 and Figure
S1 in the Supporting Information, free CPT-11, Oct-CL, and SL
increased cytotoxicity in an incubation-time-dependent manner.
Free CPT-11 showed higher cytotoxicity than liposomal CPT-11
with 48 h and 72 h incubations. After a 96 h incubation, the IC50
value of Oct-CL was the highest (1.05( 0.47 μM), whereas free
CPT-11 (3.76( 0.61 μM) and SL (3.05( 0.28 μM) gave similar
cytotoxicity results. Therefore cytotoxicity of Oct-CL loaded
with CPT-11may be due to cellular uptake of liposomal CPT-11.

In addition, 8.4 μM Oct originating from empty 1.6Oct-CL
significantly decreased TT cell viability to 60% after a 96 h incu-
bation compared with empty SL (corresponds to the amount of
PEG-DSPE of Oct-CL) (Figure 8). Cytotoxicity of liposomes
modified with more than about 12 μMOct was observed due to
the lipids. On the other hand, cytotoxicity of free Oct was not
observed independent of the Oct concentration (data not shown).
3.7. Antitumor Effect of Oct Modified Liposomes on TT

Tumor Xenografts. To examine the effect of Oct modification
of liposomes on cytotoxicity in vivo, the antitumor activity of Oct-
targeted liposome and nontargeted CL loaded with CPT-11 was
evaluated following two intravenous injections into TT tumor
bearing mice (Figure 9). 1.6Oct-CL reduced the tumor size in
mice after the final injections, and the reduced tumor size was
maintained until day 23, whereas CL maintained tumor growth
suppression only until day 10. 1.6Oct-CL suppressed tumor
growth significantly compared with CL, free CPT-11, or saline.

Figure 5. Effects of empty 1.6Oct-CL (i) or SL (ii) on the cellular
association of 1.6Oct-CL loaded with DXR with TT cells determined by
confocal microscopy. The experimental conditions were the same as for
Figure 4B. Scale bar denotes 100 μm.

Figure 4. Scheme (A) and DXR fluorescence (B) of cellular association of 1.6Oct-CL loaded with DXR with TT cells in the presence of two excess
volumes of empty 1.6Oct-CL (i) or empty SL (ii) for 2 h at 37 �C by flow cytometry. Each value is the mean( SD for three experiments. (*) Differences
are statistically significant at P < 0.05.

Figure 6. Percentage of CPT-11 released from 1.6Oct-CL and SL as a
function time at 37 �C. CPT-11 concentrations were measured as
described in Materials and Methods using PBS as a sink solution at
pH 7.4. Each value represents the mean ( SD of three experiments.
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Body weight loss was not observed in any of the groups (data not
shown). Median survival for mice treated with saline was 68 days,
compared with 88 days for free CPT-11-treated, 103 days for CL-
treated, and 217 days for 1.6Oct-CL-treated mice. Treatment
with liposomal CPT-11 significantly increased survival time.
Therefore, %ILS of 1.6Oct-CL treated group was significantly
improved compared with that of the CL-treated and free CPT-
11-treated groups. This finding indicated that Oct modification
of liposomal CPT-11 enhanced antitumor effect in vivo.

4. DISCUSSION

In this study, we prepared Oct-CL loaded with CPT-11 and
demonstrated that high Oct-surface-density significantly inc-
reased the cellular association of Oct-CL via SSTR and approxi-
mately 2-fold higher cytotoxicity when compared with free CPT-
11 and PEGylated liposomes with TT cells using a 96 h exposure
period. Recently, it was reported that 0.5 mol % Oct-modified
liposomes loaded with anticancer drug were selectively taken by
the cells and were effective for the treatment of SSTR-positive
breast cancer and gastric cancer.22,23 In the case of transferrin-
targeted liposomes modified with transferrin-PEG-DSPE, the
cellular uptake of liposomes was dependent on the concentration
of transferrin-PEG-DSPE.28 Therefore, we increased the con-
centration of Oct-PEG-DSPE in the liposomes and found that
the cellular uptake of the Oct-CL increased more effectively with
high Oct-surface-density, more than 1.4 mol % (Figure 2).

Two striking observations in this study were as follows. First,
the cellular uptake of Oct-CL was significantly inhibited by empty
Oct-CL. The competitive inhibition study of cellular uptake of
ligand-modified liposomes was generally done using excess free
ligands, not using ligand-liposomes such asOct-CL. For example,
it was reported that the cellular uptake of transferrin-targeted
liposomes was inhibited by 20-fold excess transferrin.28 In this
study, 20-fold excess free Oct did not inhibit the cellular uptake
of Oct-CL (Figure 3). In the competitive inhibition study via

SSTR, 100-, 1,000- or 1,000,000-fold excess of Oct was used.29-31

These experiments had a very high cost, and Oct has been
reported to be used as an anticancer drug.32,33 This information
suggested that the use of such an excess Oct was not suitable for
competition of the cellular uptake of Oct-CL because of increases
in cytotoxicity. Gabizon et al.34 reported that liposome binding is
multivalent, in other words, several ligands contribute to cellular
uptake, and the overall affinity for the target cell is the product of
the individual affinities of the ligands participating in binding. It
could be predicted that the affinity of free Oct and Oct-CL to
SSTR are not the same. In this regard, we used empty Oct-CL
and empty SL as a competitive inhibitor and as a control, respec-
tively (Figure 4B). The cellular uptake of Oct-CL loaded with
drug (Oct concentration 7.2 μM) was inhibited significantly by
empty Oct-CL with 14.4 μMOct, compared with empty SL. This
finding indicated that Oct-CL associated via SSTR, and the
affinity of Oct-CL to SSTR was substantially higher than that of
free Oct.

Figure 7. Cellular uptake of liposomal CPT-11 observed by fluores-
cence microscopy. TT cells were incubated with 1.6Oct-CL loaded with
CPT-11 for 2 h at 37 �C. Blue fluorescence; location of CPT-11. Dark
field (A), and bright field (B). Scale bar, 50 μm.

Table 3. IC50 of Free CPT-11 and Liposomes Loaded with
CPT-11 on TT Cells after Various Incubation Timesa

IC50 (μM)

formulation 48 h 72 h 96 h

free CPT-11 7.43( 6.73 5.10( 1.85 3.76( 0.61

1.6Oct-CL 29.05( 19.40 8.72( 1.14 1.05( 0.47*

SL 22.50 ( 19.50 8.65( 2.26 3.05( 0.28
aMean( SD (n = 4). (*) Differences are statistically significant from SL
at P < 0.05.

Figure 8. Effect of Oct concentrations on cell viability of Oct-CL
compared with SL. TT cells were incubated with empty 1.6Oct-CL or
empty SL for 96 h at 37 �C. (*) Differences are statistically significant
at P < 0.05.

Figure 9. Effect of Oct-modification of liposomal CPT-11 on antitumor
activity in mice bearing TT cells. Antitumor activity of Oct-CL loaded
with CPT-11 was compared to that of CL or free drug. Liposomal CPT-
11 (4, 10mg/kgOct-CL;b, 10mg/kg CL) was administrated on days 1
and 4, and free CPT-11 (0, 30 mg/kg) and saline (O) were admini-
strated on days 1, 4, and 7. Arrows indicate the day of drug injections.
Each value represents the mean ( SD (n = 4). (*) Differences are
statistically significant from free CPT-11 at P < 0.05.
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Second, the cytotoxicity of Oct-CL loaded with CPT-11 incu-
bated for 96 h was higher than that of free CPT-11 and SL loaded
with CPT-11. The cytotoxicity of free CPT-11 increased in an
incubation-time-dependent manner from 24 to 96 h in TT cells,
as reported previously.4 The long incubation times may lead to
metabolization of CPT-11 to SN-38, the active form of CPT-11
in TT cells. As a result, the cytotoxicity of free CPT-11 after the
96 h incubation increased 6-fold compared with at 48 h, and that
of Oct-CL increased ∼25 times, resulting in the highest cytoto-
xicity among free CPT-11 and SL. These findings suggested that
a long incubation time caused CPT-11 release from the inner
liposomes, which was converted to the active form SN-38, and
consequently increased the cytotoxicity. The receptor-mediated
endocytosis mechanism of Oct-CL significantly facilitated cellular
uptake and the cytotoxic potential of CPT-11 compared with SL.

The question remains why 1.6Oct-CL showed higher cyto-
toxicity than free CPT-11, which freely diffuses into cells. Empty
1.6Oct-CL as a control of 1.6Oct-CL (correspond to 4.2 μM of
Oct-PEG-DSPE) at 96 h incubation in the cytotoxicity experi-
ments was shown to have no effects (Figure 8). However, empty
1.6Oct-CL showed higher cytotoxicity than empty SL liposomes
modified with PEG-lipid corresponded to Oct-PEG-DSPE
(8.4 μM) of 1.6Oct-CL at 96 h incubation, at the concentration
where free Oct did not show cytotoxicity, suggesting that Oct as a
ligand showed cytotoxicity.

With regard to Oct activity, Oct was reported to produce an
antiproliferative action in insulinoma cells and pituitary tumor
cells.12,35 These findings suggested that Oct may show an anti-
proliferative effect in TT cells. From this, Oct may lead empty
Oct-CL to showing a stronger cytotoxicity than empty SL
because Oct-targeted liposomes were taken up effectively via
SSTR. However, further experiments are needed to clarify these
points in vitro.

To examine the effect of Oct-modification of liposomal CPT-
11 on cytotoxicity in vivo, the antitumor activity of 1.6Oct-CL
loaded with CPT-11 was compared with that of free and lipo-
somal CPT-11 in mice bearing TT cells (Figure 9). In an in vitro
study, Oct increased the cellular association of liposomal CPT-11
(Figure 2), and empty 1.6Oct-CL decreased the viability of TT
cells (Figure 8). Therefore, it was estimated that 1.6Oct-CL
selectively associated with TT tumor xenografts, led to signifi-
cantly higher antitumor activity, prolonged the survival time and
improved % ILS, compared with CL and free CPT-11 at a one-
third dose and lower administration times with free CPT-11.
This finding suggested that Oct-modification of liposomal CPT-
11 improved therapeutic efficacy for MTC.

5. CONCLUSION

In conclusion, the present study showed that higher concen-
trations of modified Oct-CL associated effectively with TT cells
via the somatostatin receptor and had higher cytotoxicity than
free CPT-11 or PEGylated liposome SL. These findings indi-
cated that Oct-targeted liposomes loaded with CPT-11 may offer
considerable potential for MTC chemotherapy because cyto-
toxicity of both CPT-11 and Oct was enhanced by effective cellu-
lar uptake via the somatostatin receptor.
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loaded with CPT-11 for TT cells incubated for 48, 72, or 96 h.
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