
Abstract. Background/Aim: This study aimed to elucidate
the therapeutic effects of hybrid liposomes (HL) composed
of L-α-dimyristylphosphatidylcholine (DMPC) and
polyoxyethylene [25] dodecyl ether (C12(EO)25) and the
ability of HL-containing fluorescent probe to detect cancer
in orthotopic graft model mice of breast cancer (MDA-MB-
453). Materials and Methods: HL composed of 90 mol%
DMPC and 10 mol% C12(EO)25 were prepared by the
sonication method. Anti-tumor activities of HL were
investigated in vivo using orthotopic graft-bearing mice of
MDA-MB-453 cells. Results: With regard to the therapeutic
effects of HL for breast cancer, HL inhibited the growth of
MDA-MB-453 cells and induced apoptosis. Intravenous
administration of HL resulted in a remarkable reduction of
relative tumor weight in orthotopic graft model mice of
breast cancer. The TUNEL assay revealed that this effect was
due to induction of apoptosis. With regard to detection
(diagnosis) of breast cancer, enhanced accumulation of HL
carrying a fluorescence probe (Indocyanine green; ICG) was
observed for MDA-MB-453 cells, although no accumulation
of HL/ICG was obtained for normal breast cells. Enhanced
accumulation of HL/ICG into the tumor of orthotopic graft
model mice of breast cancer was observed. Conclusion: HL
and HL/ICG could be theranostic targets since they showed
therapeutic effects and ability to detect (diagnose) cancer in
an orthotopic graft model mouse of breast cancer (MDA-
MB-453).

Breast cancer is one of the leading causes of cancer-related
mortality (1). Early detection of breast cancer is essential to
extend the survival of patients. Breast cancer could be

detected by medical imaging tests such as mammography
with X-ray, ultrasound imaging and magnetic resonance
imaging (MRI). However, mammography and MRI expose
patients to the risks associated with radiation and contrast
medium, respectively. Breast cancer can be mainly treated
by surgical resection, chemotherapy, and radiation therapy.
Surgical resection of breast cancer is curative when cancer
is limited in a primary area without metastasis. However,
surgical resection of the cancer is often accompanied with a
removal of healthy tissue during an operation. Chemotherapy
with anticancer drugs for the whole body is one of the most
widely used treatments for breast cancer. Paclitaxel has been
used as chemotherapy for breast cancer (2). Adjuvant
systemic therapy of the combination of 5-fluorouracil,
epirubicin, cyclophosphamide, adriamycin, and methotrexate
is used for the treatment of breast cancer (3). However, most
anticancer drugs are accompanied with severe side-effects.
Molecular-targeted therapy for tumors has recently attracted
attention in connection with reducing the toxicity of
anticancer drugs. The human epidermal growth factor
receptor (HER-2) is overexpressed in 30% of patients with
breast cancer (4), and therefore the anti-HER-2 antibody
(trastuzumab) targeting HER-2 has been developed (5-7).
However, trastuzumab is effective only in patients expressing
HER-2 (7-8), but this has also side-effects (8). So, drugs
without side-effects are necessary to lead to high Quality of
Life (QOL) of patients.

Theranostics is a treatment strategy that combines
therapeutics with diagnostics. Ideal theranostics for cancer
should have the following advantages: (a) the ability for
selective accumulation in the cancer tissue, (b) ability to
selectively deliver effective therapeutic action, and (c) be
safe and non-toxic products. Indocyanine green (ICG) is a
fluorescent probe that has been widely used in the
biomedical field (8-10). ICG has the attractive properties of
very low toxicity and high absorptance in a wavelength
range of 600-900 nm (11), which is a transparent wavelength
for biological tissues (8-10, 12). A carrier containing ICG as
a fluorescent probe that has high selectivity for cancer will
provide the possibility of the detection of cancer.
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Hybrid liposomes (HL) composed of vesicular and micellar
molecules can be prepared simply by sonication of those
molecules in a buffer solution without contamination with
organic solvent (13-14). Therapeutic effects of an anticancer
drug, 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU), encapsulated
into hybrid liposomes composed of L-α-dimyristoyl -
phosphatidylcholine (DMPC) and polyoxyethylene [20]
sorbitan monolaurate (Tween 20) have been observed in rat
models of meningeal gliomatosis in vivo (15). On the other
hand, HL composed of DMPC and polyoxyethylenedodecyl
ether without any anticancer drug have inhibited the growth
of various types of tumor cells and induced apoptosis in vitro
(16-18) and in vivo (19-21). Following approval of the
Bioethics Committee, administration of HL without anticancer
drugs to patients with lymphoma showed therapeutic effects
(22). In addition, long-term accumulation of HL including
ICG into the tumor in xenograft model mice of colon cancer
has also been reported (23). Furthermore, therapeutic effects
of HL without any drugs in a xenograft model mice of colon
cancer have also been revealed (23). However, therapeutic
effects and accumulation of HL into the tumor of an orthotopic
graft model mouse of HER2-negative breast cancer have not
yet been elucidated.

This study aimed to demonstrate the therapeutic effects of
HL and their ability to detect(diagnose) cancer in an orthotopic
graft model mouse of HER2-negative breast cancer.

Materials and Methods

Preparation of HL. Hybrid liposomes (HL) were prepared by sonication
of a mixture containing 90 mol% L-α-dimyristoylphosphatidylcholine
(DMPC, NOF Co, Ltd., Tokyo, Japan) and 10 mol% polyoxyethylene
[25] dodecyl ether (C12(EO)25, Nikko Chemicals Co., Ltd., Tokyo,
Japan,) in 5% glucose solution using a bath type sonicator
(ULTRASONIC-CLEANER- WT-200-M, Tokyo, Japan) at 45˚C with
200 W, and filtered with 0.20 μm cellulose acetate filter (Advantec,
Tokyo, Japan).

Dynamic light scattering measurements. The diameter of HL was
measured with a light scattering spectrometer (ELSZ-0, Otsuka
Electronics, Osaka, Japan) using a He-Ne laser (633 nm) at a 90˚
scattering angle. The hydrodynamic diameter (dhy) was calculated
using the Stokes-Einstein formula (Equation 1), where ĸ is the
Boltzmann constant, T is the absolute temperature, η is the viscosity
and D is the diffusion coefficient:

dhy=ĸT/3πηD (Equation 1)

Cell culture. Human breast cancer (MDA-MB-453) cell lines were
obtained from Riken Cell Bank (Tsukuba, Japan). Cells were
cultured in L-15 medium (GIBCO, Gaithersburg, MD, USA)
supplement with penicillin (100 units/ml), streptomycin (50 g/ml)
and 10% fetal bovine serum (FBS, HyClone Laboratories Inc., UT,
USA) in a humidified atmosphere at 37˚C. Normal mouse breast
cells were obtained from normal healthy mice according to a
previous method (24-25), and cultured using RPMI 1640 medium

supplemented with penicillin 100 U/ml, streptomycin 50 μg/ml
and 10% FBS.

Assessment of 50% inhibitory concentration (IC50) of HL in vitro.
The fifty-percent inhibitory concentration (IC50) of HL on the growth
of MDA-MB-453 cells was determined on the basis of WST-8 [2-
(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-
2H tetrazolium, monosodium salt] assay (Cell Counting Kit-8,
Dojindo Laboratories, Kumamoto, Japan). MDA-MB-453 cells
(1.5×105 cells/ml) were seeded in 96-well plates and cultured in a
5% CO2 humidified incubator at 37˚C for 24 h. Cells were cultured
for a further 48 h after adding DMPC (0.25-2.0 mM), and HL (0.25-
2.0 mM on the basis of DMPC concentration). WST-8 solution was
added and the cells were incubated for 3 h. The absorbance at a
wavelength of 450 nm was measured by a microplate reader
(Thermo, CA, USA). The inhibitory effects of HL on the growth of
MDA-MB-453 cells were evaluated by Amean/Acontrol, where Amean
and Acontrol denote the absorbance of water-soluble formazan, in the
presence and absence of HL, respectively.

Apoptotic DNA measurements using flow cytometer. MDA-MB-453
cells were seeded at a density of 1.5×105 cells/ml in 60 mm dish and
incubated in a humidified atmosphere of 5% CO2 at 37˚C for 24 h.
DMPC (0.1-0.6 mM), and HL (0.1-0.6 mM on the basis of DMPC
concentration) were added into each dish and the dishes were
incubated for 48 h. Cells were centrifuged and then suspended in
PBS(–) containing 1 mg/ml RNase, 0.1% Triton X-100 and 40 μg/ml
propidium iodide (PI, Molecular Probes, OR, USA) in a dark room.
The percentage of apoptotic cells was analyzed using a flow
cytometer (Cyto FLEX, Beckman Coulter, CA, USA).

Fluorescence depolarization method. Membrane fluidity of intact
MDA-MB-453 cells was evaluated on the basis of fluorescence
depolarization method with the fluorescent probe 1,6-diphenyl-1,3,5-
hexatriene (DPH) (Nacalai Tesque, Japan) (18, 26-27). After the pre-
incubation for 24 h, the cells were treated with 0.05% Trypsin/EDTA
and suspended in phosphate buffered-saline (PBS (–)), and then DPH
(0.1 μM) was added into the cell suspension (1.0×106 cells/ml). The
changes of cell membrane fluidity for DPH-labeled MDA-MB-453
cells (2.5×105 cells/ml) after treatment with HL were evaluated.
After labeling of MDA-MB-453 cells with DPH, plasma membrane
fluidity (p-value) was measured using a fluorescence
spectrophotometer (F-7100, HITACHI, Co. Ltd., Tokyo, Japan).

Assessment of therapeutic effects of HL in vivo. The mice were
handled in accordance with the guidelines for animal
experimentation set out in Japanese law. The animal studies were
approved by the Committee on Animal Research of Sojo University.
BALB/c-R/J mice were kindly provided by Prof. Okada (Kumamoto
University, Japan) (28) and bred in an environment that was 100 %
freshly ventilated every 1 h for 14 times and had room temperature
25±1˚C, humidity 50±10% and 12 h illumination cycle. The MDA-
MB-453 cells (5.0×106 cells in 50 μl of matrigel) were orthotopically
implanted into the mammary gland of anesthetized mice. The mice
were randomly grouped on the basis of tumor volume by the
stratified randomization method at 14 days after inoculation of
MDA-MB-453 cells. Five mice were included in each group. HL
(Dose: 136 mg/kg for DMPC) were intravenously administered once
a day for 21 days following the inoculation of MDA-MB-453 cells.
The tumor volume was measured using vernier caliper and calculated



using the equation of V=0.5×a2×b, where a and b denote the smallest
and longest superficial diameter, respectively (20, 29-30). Tumors on
mammary gland were removed from anaesthetized mice after
completion of administration with HL and weighed.

Terminal deoxynucleotidyl tranferase-mediated dUTP-biotin nick
end labeling (TUNEL) method in vivo. Detection of apoptotic cells
was performed using the TUNEL method included in the apoptosis
detection kit (S7100, Merck Millipore, Darmstadt, Germany)
according to manufacturer’s directions. The tumors on mammary
gland were removed from anesthetized orthotopic graft model mice
of breast cancer after the treatment with HL and fixed in 10 %
formalin solution. Paraffin-embedded sections were made, and
detection of apoptotic cells was performed on the basis of the
TUNEL assay. The mammary gland sections including tumor were
stained with 3,3’-DAB chromogen and observed by an optical
microscope.

Fusion and accumulation of HL into the cell membrane. The fusion
and accumulation of HL carrying a fluorescence probe (Indocyanine
Green; ICG, Tokyo Chemical Industry Co., Ltd., Tokyo, Japan) into
the membrane of MDA-MB-453 cells was observed using
fluorescence cell imaging system (EVOS FL; Thermo Fisher
Scientific Inc., MA, USA). MDA-MB-453 (2.0×105 cells/ml) cells
and normal breast cells (1.0×105 cells/ml) were seeded in glass
bottom dishes and incubated in a 5% CO2 humidified incubator at
37˚C for 24 h. The cells were treated with HL carrying a
fluorescence probe ([DMPC]=100 μM, [C12(EO)25]=11.3 μM,
[ICG]=1.1 μM) for 150 min. The nuclei of cells were stained with
Hoechst 33342 (Molecular Probes, Inc., OR, USA) solution for 30
min. The stained cells were observed using fluorescence cell
imaging system (710/40 nm Excitation; 775/46 nm Emission).

Accumulation of HL into tumor of orthotopic graft mouse model of
breast cancer. The accumulation of HL carrying ICG (HL/ICG) into
tumor on the mammary gland in orthotopic graft model mice of
breast cancer was observed noninvasively using fluorescence
macroscopic in vivo imaging system (Excitation: 725-825 nm,
Emission: 790-900 nm, AEQUORIA, Hamamatsu Photonics K.K.,
Hamamatsu, Shizuoka, Japan). HL/ICG (Dose: 136 mg/kg for
DMPC) was intravenously administered in mice at 28 days after the
MDA-MB-453 cells (5.0×106 cells in 50 μl of matrigel) were
inoculated into mammary gland. After the injection of HL/ICG, the
biodistribution of the HL/ICG was investigated at 0.5, 2, 24, 48 h
using fluorescence macroscopic in vivo imaging system. The tumors
on mammary gland tissues were removed from anesthetized
orthotopic graft model mice of breast cancer 24 h after the treatment
with HL and observed by a fluorescence microscope.

Statistical analysis. Results are presented as mean±S.D. Data were
statistically analyzed using the Student’s t-test. A p-Value of less than
0.05 was considered to represent a statistically significant difference.

Results
Physical properties of HL. The morphology of HL composed
of 90 mol% DMPC and 10 mol% C12(EO)25 was examined
on the basis of dynamic light scattering measurements.
Hydrodynamic diameter (dhy) of HL was under 100 nm with
the distribution being narrow and single. HL were stable for

more than one month. In contrast, DMPC liposomes were
unstable and precipitated after 14 days. 

Inhibitory effects of HL on the growth of human breast cancer
cells. The inhibitory effects of HL on the growth of human
breast cancer (MDA-MB-453) cells were evaluated using the
WST-8 assay. The results are shown in Figure 1. Fifty percent
inhibitory concentration (IC50) value of DMPC liposomes on
the growth of MDA-MB-453 cells was 413 μM. In contrast,
IC50 value of MDA-MB-453 cells treated with HL was 
169 μM, about one-third of that of DMPC liposomes. HL
remarkably inhibited the growth of MDA-MB-453 cells. 

DNA fragmentation by HL in human breast cancer cells.
Apoptotic DNA in MDA-MB-453 cells treated with HL was
examined using flow cytometer. The results are shown in
Figure 2. HL treatment resulted in a dose dependent increased
in apoptotic DNA rate in MDA-MB-453 cells which reached
72%. On the other hand, the apoptotic DNA rate in MDA-
MB-453 cells treated with DMPC liposomes was 4%. 

Change of membrane fluidity of human breast cancer cells
by HL. Membrane fluidity of MDA-MB-453 cells after the
treatment with HL was investigated using the fluorescent
lipid probe, DPH. The results are shown in Figure 3.
Fluorescence depolarization (p-value), indicating plasma
membrane fluidity of MDA-MB-453 cells treated with HL,
was significantly decreased as compared with that of control
and DMPC liposomes. Membrane fluidity of DMPC
liposomes was smaller than that of HL (18). 

Therapeutic effects of HL in an orthotopic graft model mice
of breast cancer. The time course of tumor volume changes in
an orthotopic graft model of breast cancer after the treatment
with HL was measured. HL were intravenously administered
once a day for 21 days after the inoculation of MDA-MB-453
cells into mammary grand. The results are shown in Figure 4.
The average tumor volumes were 144.64±29.79 mm3,
122.21±22.44 (p<0.05 vs. control) and 92.49±14.04 (p<0.05
vs. control) mm3 in the control, DMPC and HL group,
respectively. A notable reduction of tumor volume (64%) was
obtained in orthotopic graft model mice of breast cancer that
was intravenously treated with HL without drugs after the
inoculation of MDA-MB-453 cells. Next the relative tumor
weight in the orthotopic graft model mice of breast cancer
treated with HL was examined. The results are shown in
Figure 5. Orthotopic graft model mice of breast cancer treated
with HL (0.389±0.044 g/100g b.w., p<0.05 vs. control) had a
significantly lower relative tumor weight compared with the
animals in control (0.514±0.117 g/100g b.w.) and DMPC
group (0.493±0.092 g/100g b.w.). Next, the therapeutic effects
of HL on orthotopic graft model mice of breast cancer were
observed by performing autopsy. As shown in Figure 6,
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reduction of tumor in orthotopic graft model mice of breast
cancer treated with HL was observed, while enlargement of
tumor in the control group was confirmed. 

Induction of apoptosis by HL for orthotopic graft model mice
of breast cancer. The mechanism of the therapeutic effects of
HL on tumors of the mammary gland of orthotopic graft model
mice of breast cancer was examined using the TUNEL method
in vivo. HL were intravenously administered in the orthotopic
graft model mice of breast cancer once a day for 21 days after
the inoculation of MDA-MB-453 cells. Tumors on mammary
gland were removed from anaesthetized mice immediately after
the treatment with HL. Induction of apoptosis by HL was
evaluated using TUNEL staining. The results are shown in
Figure 7. Many apoptotic cells were observed in tissue sections
of tumor on the mammary gland of orthotopic graft model
mice of breast cancer after intravenous administration with HL.
On the other hand, few apoptotic cells were observed following
administration of DMPC. 

Selective accumulation of HL in MDA-MB-453 cells in vitro.
Accumulation of HL (HL/ICG) carrying ICG for MDA-MB-453
cells was examined using fluorescence microscope. The
results are shown in Figure 8A. Remarkable accumulation of
HL/ICG into MDA-MB-453 cells was attained, while less
accumulation of DMPC/ICG and C12(EO)25/ICG was
observed. ICG alone did not accumulate in MDA-MB-453
cells. Next, accumulation of HL/ICG in normal breast cells
was examined. The results are shown in Figure 8B. HL/ICG
did not accumulate in normal breast cells. Selective
accumulation of HL/ICG only in MDA-MB-453 cells but not
in normal breast cells was obtained in vitro.

Accumulation of HL into tumors in vivo after a prolonged
period of time. Accumulation of HL/ICG into tumors of
orthotopic graft model mice of breast cancer was assessed in
vivo using fluorescence imaging. MDA-MB-453 cells were
orthotopically transplanted into mammary gland of BALB/c-R/J
mice. HL/ICG intravenously administered once at 28 days after
the MDA-MB-453 cells were inoculated to mammary gland of
mice. Accumulation of HL/ICG into tumor was noninvasively
investigated using fluorescence macroscopic in vivo imaging 
24 h after the intravenous injection of HL/ICG. Furthermore,
strong green fluorescence indicating accumulation of HL/ICG
into the tumor on mammary gland resected from anesthetized
model mice was observed at 24 h (Figure 9). In contrast, less
accumulation of ICG in the tumors of the orthotopic graft model
mice of breast cancer was observed within 24 h after the
injection of DMPC/ICG, C12(EO)25/ICG. Disappearance of
green fluorescence of ICG from the orthotopic graft model mice
of breast cancer within 24 h following injection of ICG alone
were revealed. HL could accumulate into tumor cells on
mammary grand of orthotopic graft model mice of breast cancer
for a prolonged period of time.

Discussion

Molecular targeted therapy for tumors has been used for breast
cancer. HER-2 is overexpressed in 30 % of patients with
breast cancer (4), and therefore anti-HER-2 antibody
(Trastuzumab) targeting HER-2 has been developed (5-7).
However, the efficacy of Trastuzumab for patients with HER2-
negative breast cancer and trastuzumab-resistant Her2-positive
breast cancer is limited (7, 8). Therefore, anti-cancer drugs
against HER2-negative breast cancer are needed.

Theranostics is a treatment strategy that combines
therapeutics with diagnostics. Theranostic medicines have
the ability for selective accumulation in cancer tissue.
Theranostic medicines can selectively deliver effective
therapeutic action. Theranostic medicines should be safe and
nontoxic products. ICG has the attractive properties of very
low toxicity and high absorptance in a wavelength range of
600 to 900 nm (11), which is a transparent wavelength for
biological tissues (8-10, 12). A carrier containing ICG as a
fluorescent probe and having high selectivity for cancer will
provide the possibility of detecting cancer.

The fluidity of membranes of tumor cells is generally
higher compared with normal ones. Remarkable long-term
accumulation of HL carrying ICG into the tumor in
xenograft model mice of colon cancer has also been
reported (23, 31). Furthermore, therapeutic effects of HL
without any drugs in the xenograft model mice of colon
cancer have been revealed (23, 31). Accumulation of HL
into human colon cancer (HCT116) cells without affecting
the normal mouse colon cells using fluorescence
microscopy have been reported (31). These results suggest
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Figure 1. 50% inhibitory concentration (IC50) of HL and DMPC
liposomes on the growth of MDA-MB-453 cells for 48 h. Values are
presented as mean±S.E. *p<0.05 (vs. DMPC). 



that HL can distinguish between normal and tumor cells on
the basis of the fluidity of cell membrane.

According to the morphology of HL, dhy of HL has been
kept stable for more than one month at room temperature. HL
can be stored for a longer time span before its application in
vivo. There is a possibility that HL below 100 nm in diameter
might evade the reticular endothelial system (RES) (32) and
also be the appropriate candidate for in vivo and clinical
intravenous administration. 

Theranostics (detection and therapy of cancer) properties
of HL were examined using orthotopic graft model mouse of
breast cancer of HER2-negative. 

The IC50 values of HL on the inhibition of the growth of
MDA-MB-453 cells were remarkably lower than that of DMPC
liposomes. HL treatment also resulted in a dose dependent
increase in the apoptotic DNA rate in MDA-MB-453. These
results indicate that HL induced apoptosis and inhibited growth
of MDA-MB-453 cells. Membrane fluidity of MDA-MB-453
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Figure 2. Apoptotic DNA rate for MDA-MB-453 cells treated with HL for 48 h. Values are presented as mean±S.E. *p<0.05 (vs. DMPC).

Figure 3. Time courses of fluorescence polarization (p-value) change for DPH-labeled MDA-MB-453 cells after the treatment with HL.



cells treated with HL was significantly increased as compared
with that of control and DMPC liposomes. These results suggest
that the increase in the membrane fluidity could be related to
early events in HL- induced apoptosis.

The therapeutic effects of HL for orthotopic graft model
mice of breast cancer after the inoculation to mammary
gland were examined. Reduction of tumor volume and

weight in the group of mice treated with HL was observed,
while enlargement of tumors in control and DMPC groups
was confirmed. These results indicate that HL could be
effective in an orthotopic graft model mice of breast cancer
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Figure 4. Tumor volume change of orthotopic graft model mice of breast cancer treated with HL after inoculation of MDA-MB-453 cells to the
mammary gland. Values are presented as mean±S.D. *p<0.05 (vs. control, DMPC).

Figure 5. Relative tumor weight of orthotopic graft model mice of breast
cancer treated with HL after inoculation of MDA-MB-453 cells to the
mammary gland. Values are presented as mean±S.D. *p<0.05 (vs.
control, DMPC).

Figure 6. Micrographs of tumor in mammary gland on orthotopic graft
model mice of breast cancer after the treatment with HL using HE
staining. Scale bar: 1 mm.



in vivo. Many apoptotic cells were observed in the tumor
section of breast cancer orthotopic graft model mice treated
with HL using the TUNEL method. These results indicate
that intravenous injection of HL inhibits the growth of

MDA-MB-453 cells by inducing apoptosis in breast cancer
orthotopic graft model mice .

With regard to detection (diagnosis) of breast cancer by
HL, remarkable enhanced and selective accumulation of HL
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Figure 7. Micrographs of tissue sections of tumor on mammary gland of orthotopic graft model mice of breast cancer after the treatment with HL
using the TUNEL method. Arrows: apoptotic cells. Scale bar: 100 μm.

Figure 8. Enhanced selective accumulation of HL (HL/ICG) carrying ICG for MDA-MB-453 cells using fluorescence microscope. A) Fluorescence
micrographs of MDA-MB-453 cells after the treatment with HL/ICG for 3 h. Scale bar: 100 μm. B) Fluorescence micrographs of normal breast
cells after the treatment with HL/ICG for 3 h. Scale bar: 100 μm.



(HL/ICG) carrying ICG in MDA-MB-453 cells was observed
using the fluorescence microscope. In contrast HL/ICG did
not accumulate in normal breast cells. The membrane
fluidity of tumor cells is higher as compared with that of
normal cells (33-35). These results suggest that there is
enhanced selective in vitro accumulation (diagnosis) of
HL/ICG only in breast cancer cells having high membrane
fluidity, but not in normal breast cells. Enhanced
accumulation of HL/ICG into the tumor of orthotopic graft
model mice of breast cancer was noninvasively also
observed 24 h after the intravenous injection of HL/. In
contrast, less accumulation for ICG in the orthotopic graft
model mice of breast cancer was observed within 24 h after
the injection of DMPC/ICG, C12(EO)25/ICG. Disappearance
of green fluorescence of ICG from orthotopic graft model
mice of breast cancer within 24 h following injection of ICG
alone were revealed. ICG has been used to evaluate liver
function in clinical practice, because ICG is immediately
removed from circulation through liver (9-10, 12). So,
DMPC/ICG, C12(EO)25/ICG, and ICG alone could be

excreted from liver through the intestines. These results
indicate that HL could accumulate into tumor cells in
mammary gland of orthotopic graft model mice of breast
cancer for a prolonged period of time. It is noteworthy that
detection (diagnosis) of tumor of orthotopic graft model mice
of breast cancer by accumulation HL/ICG is highly selective.

No side-effects of HL in chronic toxicity tests in healthy
rats have been reported in vivo (22). We have already
reported the pharmacokinetics of HL using normal mice and
rats (20, 22). HL circulated in blood for 3 hours after
intravenous administration to normal mice, and then
metabolized in the liver (20). 

In clinical application, a prolonged survival of more than
one year was attained in one patient with lymphoma in last
stage after the intravenous injection of HL without any side-
effects. In addition, a remarkable reduction of the lymph
node neoplasm (solid tumor) was observed after local
administration (2 times/week) of HL (22). These results
suggest that HL could be a novel theranostic agent for breast
cancer without severe side-effects.

ANTICANCER RESEARCH 38: 5645-5654 (2018)

5652

Figure 9. Enhanced long-term accumulation of HL (HL/ICG) carrying ICG intravenously administered once at 28 days after the inoculation of
MDA-MB-453 cells on mammary gland of the orthotopic graft model mouse of breast cancer. Circles indicate tumors.



Conclusion

It is established, for the first time, that hybrid liposomes
(HL) have therapeutic effects and for the ability to detect
tumors in an orthotopic graft model mouse of breast cancer.
HL having hydrodynamic diameter under 100 nm were
successfully preserved over 4 weeks. 

Regarding the therapeutic effects of HL for breast cancer,
HL without drugs inhibited the growth of MDA-MB-453
cells and induced apoptosis in vitro. Remarkable reduction of
relative tumor weight on mammary gland of orthotopic graft
model mice of breast cancer intravenously administered with
HL was also obtained. Induction of apoptosis for MDA-MB-
453 cells in tumors of orthotopic graft model mice of breast
cancer intravenously administered with HL was observed
using the TUNEL method. 

Regarding the ability of HL to detect (diagnose) breast
cancer, enhanced selective accumulation of HL/ICG carrying
a fluorescence probe (ICG) only in breast cancer cells having
high membrane fluidity, but not in normal breast cells was
confirmed in vitro.

Enhanced accumulation of HL/ICG into the tumor cells in
mammary gland of orthotopic graft model mice of breast
cancer was non-invasively observed after the intravenous
administration with HL/ICG in vivo. The results of this study
indicate that HL could be of theranostic significance in
patients with breast cancer in the future.
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