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ABSTRACT

Cationic Hybrid Liposomes (CL), comprising 87 mol% Dimyristoylphosphatidylcholine (DMPC), 5 mol%
polyoxyethylene(21) dodecyl ether (C{,(EO);), and 8 mol% O,0’-ditetradecanoyl-N-(a-trimethylammonioacetyl)
diethanolamine chloride (2C14ECI), were prepared using the sonication method. A clear CL solution with a
hydrodynamic diameter of 100 nm was maintained for 4 weeks. The inhibitory effects of CL on metastasis were
obtained in human bile duct cancer (HuCCT-1) cells in witro. The inhibitory effects of CL on HuCCT-1 cell
migration using scratch assay were obtained. Furthermore, it was observed that CL significantly suppressed the
invasion of HuUCCT-1 cells and the formation of filopodia on the cell surface in vitro. The anti-invasive effects of CL

on HuCCT-1 cells were attributed to the inhibition of MMP2 (Matrix Metalloproteinase-2). In vivo, therapeutic

effects were demonstrated

intraperitoneal injection of CL.

in a mouse model of peritoneal metastasis of HuCCT-1
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cells following

INTRODUCTION

Bile duct cancer is a prevalent malignancy worldwide, with over
one million people diagnosed annually [1-3]. A multimodal
approach, combining surgical resection and adjuvant
chemotherapy, is commonly employed in its treatment. Surgical
resection proves most effective in achieving a complete cure for
early-stage bile duct cancer.

The characteristic intrahepatic ductal extension of bile duct
cancer makes the liver and adjacent organs frequent sites for
early metastasis [4,5]. Although the surrounding structures can
be initially affected, latestage distant metastasis most commonly
occurs in the liver, lung, and peritoneum, showing similarities in

both perihilar and distal bile duct cancers [6]. Consequently,
there is a need to develop a novel metastasis treatment with
minimal side effects to enhance the quality of life for patients
with bile duct cancer.

Bile duct cancer is a highly metastatic disease that exhibits poor
responsiveness to currently available treatments. The metastasis
of bile duct cancer significantly influences cell migration and
invasion, involving the remodeling of the actin cytoskeleton and
the formation of filopodia- and lamellipodia-like protrusions [7].
Matrix Metalloproteinases (MMPs) are widely activated and
expressed in various tumors, contributing to the metastatic
process. Among them, MMP2 plays a important role in
facilitating cancer cell penetration through the extracellular
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matrix, promoting angiogenesis, and enhancing invasive
characteristics. Additionally, MMP-14 has been implicated in
promoting tumor invasion by activating proMMP2 [8]. MMP2
can digest extracellular matrix proteins, such as type IV collagen,
a major component of the basement membrane. This enzymatic
activity is critical in facilitating tumor cell invasion [9,10].

The Cationic Hybrid Liposomes (CL), which incorporate
cationic lipids, were synthesized through sonication of a mixture
comprising DMPC, 2C14ECI, and PEG surfactants in a buffer
solution [11]. Previous studies have highlighted the noteworthy
inhibitory effects of CL, incorporating cationic lipids, on the
proliferation of human renal cell carcinoma (OS-RC-2) cells and
colorectal cancer (HCT116), demonstrating apoptosis both in
[11,12]. Notably, bile duct cancer is
characterized by a high sialic acid content. Nevertheless, the
metastatic impacts of CL on bile duct cancer cells and its
therapeutic efficacy in murine models of Human Bile Duct
Cancer (HuCCT-1) in wvivo remain unexplored. In this
investigation, we delved into the inhibitory effects of CL,
constituted of 87 mol%dimyristoylphosphatidylcholine (DMPC),
5 mol%polyoxyethylene(21) dodecyl ether (C;2(EO),;), and 8 mol
9%0,0’-ditetradecanoyl-N-(o-trimethyl-ammonioacetyl) diethanol
-amine Chloride (2C14ECI), on the metastasis of HUCCT-1 cells

both in vitro and in vivo.

vitro and in wivo

MATERIAL AND METHODS

Preparation of hybrid liposomes

The CL was prepared by sonicating a mixture containing DMPC
(purity>99%; NOF Co. Ltd., Tokyo, Japan), micellar molecules
Ci12(EO)y1 (Nikko Chemicals Co. Ltd., Tokyo, Japan), and
2CI14ECI (DC-6-14; Sogo Pharmaceutical Co. Ltd., Tokyo, Japan)
in a 5% glucose solution at 45°C with 300 W. The resulting
mixture was then filtered through a 0.20 pm filter.

Dynamic light scattering measurements

The diameter of CL was measured using a light scattering
spectrometer (ELS-8000, Otsuka Electronics, Osaka, Japan)
equipped with a He-Ne laser (633 nm) at a 90° scattering angle.

Coefficient: dy=kT/3 nD Equation 1

The diameter (dhy) was calculated using the Stokes-Einstein
formula (Equation 1), where « represents the Boltzmann
constant, T is the absolute temperature, 1 denotes viscosity, and
D stands for the diffusion.

Cell culture

HuCCT-1 cells were obtained from the American Type Culture
Collection (Manassas, VA, USA). HuCCT-1 cells were cultured
in RPMI-1640 (Gibco,  Gaithersburg, MD),
supplemented with 1 unit/ml penicillin, 50 pg/ml streptomycin,
and 10% fetal bovine serum (HyClone Laboratories, Logan,
UT). The cells were maintained in a 5% CO; humidified
incubator at 37°C.

medium
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Assessment of growth inhibition by CL

The 50% inhibitory concentration (IC50) affecting the growth of
tumor cells was determined utilizing the WST-8 assay [242-
Methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5(2,4-disulfophenyl)-2H-tet
Sodium  Salt;  542,4-disulfophenyl)-3-(2-methoxy-4-
nitrophenyl)-2-(4-nitrophenyl)-2H-tetrazolium,
sodium salt] (Cell Counting Kit8, Dojindo Laboratories,
Kumamoto, Japan). Cells (5.0 x 10* cells/ml) were seeded in 96-well
plates and cultured in a 5% CO, humidified incubator at 37°C for
24 h. Subsequently, cells were cultured for an additional 48 h
following the addition of DMPC (0.1-5 mM), HL21, or CL (0.1-2
mM based on the DMPC concentration). The WST-1 solution was
introduced, and the cells were incubated for 3h. Absorbance was

razolium

inner salt, mono

measured at 450 nm using a spectrophotometer (Emax; Molecular
Devices Co., California, USA). The inhibitory effects of CL on
tumor cell growth were assessed using Amean/Acontrol, where
Amean and Acontrol represent the absorbance of water-soluble
formazan in the presence and absence of CL, respectively.

Invasion assayin vitro

The in wvitro assessment of cancer cell invasion employed a
Biocoat™ Matrigel™ invasion chamber (BD Biosciences, NJ, and
USA) equipped with cell culture inserts featuring an 8 um pore
size membrane and a thin layer of Matrigel basement membrane
matrix. In brief, 450 uL of HuCCT-1 cells (4.0x10* cells/mL) were
ressuspended in a serum-ree medium containing either a 5%
glucose solution (control) or HL (100, 200, 300 uM). This cell
suspension was added to the cell culture insert of a Biocoat™
Matrigel™ invasion chamber. Subsequently, 0.7 ml of medium
supplemented with 10% FBS served as a chemoattractant and was
added to the outer chamber. The cells were incubated at 37°C in a
humidified 5% CO; environment for 24 h.

To quantify tumor cell invasion, non-invading cells were gently
removed from the upper surface of the membrane using a
cotton-tipped swab. Cells on the lower surface of the membrane
were fixed with ethanol and
Subsequently, the cells were photographed under a light
(ECLIPSE ~ TS100; Nikon, Tokyo, Japan).

Microscopic fields on the lower surface of the membrane were

stained with crystal violet.
microscope

counted to determine the number of cells that successfully
invaded through the Matrigel layer and the membrane. The
results are expressed as the number of invaded cells per
microscopic field.

Fusion and accumulation of CL into the cell
membrane

The fusion and accumulation of CL, including a fluorescent
probe  (I-palmitoyl-2-[12-[(7-nitro-2-1,3-benzoxadiazol-4-yl)Jamino]
dodecanoyl]-sn-glycero-3-phosphocholine, NBDPC; Avanti Polar
Lipids, Alabama, U.S.A.), into the membrane of HuCCT-1 cells
were performed using a confocal laser microscope (TCS-SP; Leica
Microsystems, Berlin, Germany).
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Cells (2.0 x 10° cells/mL) were cultured in a 5% CQO, humidified
incubator at 37°C for 24 h. Subsequently, the cells were treated
with cardiolipin (CL) ((DMPC]=0.45 mM,[C,(EO),{]=0.027 mM,
[2C14ECI]=0.044 mM,[NBDPCJ]=0.022 mM) containing
fluorescencelabeled lipids for 4 h and were observed using a
confocal laser microscope equipped with a 488 nm Ar laser line

(detection at 505-555 nm).
Scratch wound assay in vitro

The motility of HuCCT-1 cells was evaluated through the scratch
wound assay. Cells were initially seeded into tissue culture dishes
at a concentration of 2.5 x 10° cells/ml and cultured in a
medium supplemented with 10% FBS until nearly confluent cell
monolayers were formed. Subsequently, these monolayers were
meticulously wounded using a 200 ul sterile pipette tip, and any
residual cellular debris was eliminated through PBS(-) washes.
The injured monolayers were then incubated in a medium
containing 10% FBS, with or without the addition of 100 uM
HL. After a 19-hour incubation period, cell images were captured
using a light microscope (EVOS fl, Life Technologies, CA, USA).
The migration area was quantified using Image] software (version

1.46r; National Institutes of Health, Bethesda, MD, USA).

Assessment of MMP-2 by ELISA
HuCCT-1 cells were initially seeded at a density of 5.0 x TO¥ cells

per well and incubated for 24 hours. Subsequently, the cells were
treated with CL (0.15 uM) for an additional 24 hours. Following
the treatment, the cells underwent a series of steps: they were
washed with PBS(), trypsinized, centrifuged at 1100 rpm for 5
minutes, and then fixed with 4% formaldehyde for 10 minutes.
To enable permeabilization, a solution of 0.1% triton X in PBS (-)
was applied to the cells for 10 minutes at room temperature.
Following this, the cells were subjected to two washes and then
incubated with an anti-MMP2 rabbit monoclonal antibody
(Abcam ple, Cambridge, UK) at a concentration of 5 pg/ml. This
incubation took place at room temperature for 30 minutes.
Subsequently, the cells were exposed to Alexa Fluor 488® Goat
Anti-Mouse IgG antibody at a concentration of 10 pug/ml in a
humidified box at 4°C for 1 hour. After this incubation period,
the cells were washed again and analyzed using a flow cytometer.

Therapeutic assessment of CL using peritoneal
metastases model mice of human bile duct cancer in

VIVO

The mice were handled in accordance with the guidelines for

Japanese law. All

experiments received approval from the Committee on Animal

Research of Sojo University. BALB/cR/] mice, generously
provided by Prof. Okada (Kumamoto University, Japan), were

animal experimentation under animal

utilized [13]. Mice were bred under specific conditions, including a
100% fresh ventilatory change 14 times per hour, a temperature
maintained at 25 + 1°C, humidity set at 50 + 10%, and a light/
dark cycle of 12 hours. The mice were randomly grouped
based on body weight, employing the stratified randomization
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method, with five mice in each group. HuCCT-1 cells (5.0 x 10°)
were intraperitoneally injected into BALB/c-R/] mice (n=5).
Subsequently, CL (136 mg/kg/d for DMPC, 65.7 mg/kg/d for
Ci(EO)y, 65.7 mg/kg/d 2CI14ECI) was administered
intravenously once daily for 14 days. Tumor nodules were
macroscopically counted, and the collected mesenteries were
weighed.

Statistical analysis

Results are presented as mean + S.D. Data were statistically
analyzed using Student’s ttest. A p value of less than 0.05 was

considered to represent a statistically significant difference.

RESULTS AND DISCUSSION
Physical properties of CL

We prepared a mixture containing DMPC (purity>99%; NOF
Co. Ltd., Tokyo, Japan), C;(EO);; (Nikko Chemicals Co. Ltd.,
Tokyo, Japan), and 2CI14ECI (DC-6-14; Sogo Pharmaceutical
Co. Ltd., Tokyo, Japan) by sonicating it using a bath-type
sonicator in a 5% glucose solution, as described previously
[11-12]. The sample solutions were stored at 37°C.

We measured the apparent mean hydrodynamic diameter (dhy)
of the CL based on dynamic light scattering [11-12]. The
hydrodynamic diameter (dhy) of CL was 100 nm with a single
and narrow size distribution, which remained stable for more
than one month. In contrast, DMPC liposomes were unstable
and precipitated after 14 days. The absorbance of HL21 (95 mol
% DMPC/5 mol% CI12(EO)21) gradually increased (>400 nm)
over time. These results suggest that CL with a diameter smaller
than 100 nm can avoid detection by the Reticular Endothelial
System (RES); therefore, they should be suitable for intravenous
injection, both in vivo and for clinical applications [14].

Inhibitory effects of CL on the growth of HuCCT-1
cells

We investigated the ICsy of Chloroquine (CL) in inhibiting
the growth of human bile duct cancer (HuCCT-1) cells through
an in vitro WST-8 assay. The ICsy values of chloroquine (280
uM, p<0.05, compared to DMPC and HL21) against HuCCT-1
cells were significantly lower than those of DMPC liposomes
(>1000 pM) and HL21 (400 pM). Importantly, chloroquine
exhibited robust inhibitory effects on human bile duct cancer

cells (HuCCT-1).
Inhibition of migration in HuCCT-1 cells by CL

The study investigated the anti-migratory effects of CL, which
are associated with the suppression of motility in HuCCT-1
cells. The analysis of the anti-migratory effect of CL on
HuCCT-1 cells was conducted using the scratch wound assay,
and the findings are presented in Figure 1. Notably, the
scratched area of HuCCT-1 cells treated with CL remained
significantly larger compared to the control group treated with

DMPC and HL21 cells [15,16].
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Figure 1: Inhibitory effects of HL on HuCCT-1 cell migration
using a scratch wound assay. (A)Yellow lines indicate the
initial wound area and red lines indicate migrating cells. Scale
bar; 200 pm. (B) The relative area of migrated HuCCT-1 cells
in the presence or absence of CL for 19 h. *Significant
difference from the control (p<0.05). Note: Yellow line (0);
Red line (19 h); Scale bar (200 um); [DMPC] (0.15mM);
Control (H); DMPC (m ); HL21 (m ); CL (mm).

To further elucidate the effects of CL,
experiments were conducted at low concentrations (0.15 mM) to
ensure that it did not impact cell growth or inhibit ICsq values
(0.38 mM) (Figure 1A). Results indicated that CL markedly
inhibited HuCCT-1 cell migration in comparison to cells treated
with glucose (control), DMPC, and HL21. The inhibitory effects
of CL on HuCCT-1 cell migration were statistically significant
when compared with the control groups treated with glucose,

DMPC, and HL21 (p<0.05) (Figure 1B).

anti-migration

In summary, these findings strongly suggest that CL effectively
suppresses the migration of HuCCT-1 cells.

Suppression of the pseudopodia formation in

HuCCT-1 cells by CL

Pseudopodia formation by tumor cells plays a crucial role in the
(17,18].

Therefore, we investigated the suppressive effect of CL on

migration and invasion of surrounding tissues
pseudopodium formation in HuCCT-1 cells using confocal laser
microscopy. The results are presented in Figure 2. Few
pseudopodia were observed on the surface of HuCCT-1 cells
treated with CL (0.15 mM). In contrast, many pseudopodia were
observed on cells treated with glucose (control), DMPC, or
HL21. These findings suggest that CL blocks the actin

cytoskeleton, thereby inhibiting the migration of HuCCT-1 cells.
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Figure 2: Micrographs showing the pseudopodium in
HuCCT-1 cells treated with CL for 19 h using a confocal laser
microscope. Scale bar; 120 pm.

Suppression of invasion of CL in HuCCT-1 cells by
CL

The invasion of tumor cells represents a critical early stage in the
progression of tumor metastasis. In this study, we explored the
anti-invasive effects of CL on HuCCT-1 cells through a Matrigel
invasion chamber assay. Figure 3, illustrates the obtained results.
(0.15 mM), CL
demonstrated anti-invasive effects without adversely impacting
cell growth or inhibition, as evidenced by an 1Csq value of 0.28
mM. Comparing the treatment groups, including control,
DMPC, and HL21 cells, with those treated with CL, a
significant inhibition of invasion in HuCCT-1 cells was
observed (Figure 3A). Furthermore, the dose-dependent nature
of this inhibition is depicted in Figure 3B, where the invasion
rate of HuCCT-1 cells decreased markedly with increasing CL
concentrations. Remarkably, these anti-invasive effects of CL

Notably, even at low concentrations

were notable at concentrations below the ICsy value, indicating
its efficacy in impeding invasion without compromising cell
viability. In summary, treatment with CL exhibited a substantial
and dose-dependent reduction in the invasion of HuCCT-1 cells
when compared to control, DMPC, and HL21-treated cells.
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Figure 3: Inhibitory effects of CL on HuCCT-1 cell invasion
in witro invasion assay using a Matrigel invasion chamber. (A)
Representative images of the invading cells in the presence or
absence of CL. The cells were then stained with crystal violet;
(B) Relative number of invading HUCCT-1 cells treated with
CL. Significant difference (*p<0.05) compared with the
control. Note: Control ( l ); DMPC ( ™ ); HL21 ( m ); CL
(mm),

Inhibitory effects of MMP-2 by CL on invasion

We investigated the impact of CL on matrix metalloproteinase-2
(MMP-2) activation in HuCCT-1 cells using ELISA. The results
are illustrated in Figure 4. The reduction in the relative protein
expression of MMP-2 in HuCCT-1 cells treated with CL was less
pronounced compared to cells treated with glucose (control),
DMPC, or HL21. Currently, we are exploring the inhibitory
effects of HL on the activation of MMPs such as MT1-MMP and
MMP-9 in HuCCT-1 cells in vitro. These findings suggest that
CL inhibits the inversion of HuCCT-1 cells in vitro.
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Figure 4: Relative MMP-2 expression in CL-treated HuCCT-1
cells. Significant difference (*p<0.05) compared with the
control. Note: Control ( B ); DMPC ( ™ ); HL21 ( m ); CL
(mm)

Therapeutic effects of CL for peritoneal metastases
model mice of bile duct cancer in vivo

We investigated the therapeutic effects of intravenous CL
treatment on tumor growth in a peritoneal metastasis model of

bile duct cancer. The results are presented in Figure 5. Model
mice treated with CL exhibited a significant reduction in
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mesenteric weight (p<0.05) compared to the control group
(Figure 5A). The number of tumor nodules in the mesenteries of
CL-treated model mice was significantly lower than that in the
control group (Figure 5B). Notably, there was a substantial
decrease in the number of tumor nodules on the mesentery in
CL-treated mice compared to the control group (Figure 5C).
Remarkable therapeutic effects were observed in a mouse model
of peritoneal metastasis of bile duct cancer following intravenous
CL treatment, without the use of additional drugs.

(A) (B) +
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= E
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Armows : tumer nedules

Figure 5: (A) Mesentery weight in peritoneal metastasis model
mice of bile duct cancer in wivo treated with CL after
inoculation with HuCCT-1 cells. *: p<0.05 (vs. Control.) (B)
Decrease of Number of tumor nodules caused by CL in model
mice with bile duct cancer. (C) Photographs of the mesentery
of mice treated with CL r in a mouse model of bile duct
cancer. Scale bar: 1 cm. Note: Control (Il ); CL ().

CONCLUSION

We demonstrated the invasive inhibition of HUuCCT-1 cells by
CL. The noteworthy aspects of this study are as follows: (a) The
IC50 value of CL for the growth of HuCCT-1 cells was
significantly lower than that of DMPC liposomes and HL21. (b)
We determined the inhibitory effects of HL on HuCCT-1 cell
migration using the scratch wound assay. (c) We observed
suppressive effects of CL on pseudopodium formation in
HuCCT-1 cells. (d) The anti-invasive effects of CL on HuCCT-1
cells were achieved through the inhibition of MMP2. (e) Using a
scratch wound assay, we investigated the inhibitory effects of HL
on HuCCT-1 cell migration. (f) In a peritoneal metastases
mouse model of bile duct cancer, remarkable therapeutic effects
were observed with intravenous treatment of CL without
additional drugs. The results of this study may offer advantages
for the clinical application of chemotherapy in patients with bile
duct cancer.
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