Submitted: 23 September, 2022  Accepted: 30 November, 2022

Published: 15 February, 2023

DOI:10.22514/ejgo.2023.012

ORIGINAL RESEARCH

European Journal ofﬁ\‘r
Gynaecological Oncology

GLUT1-mediated magnetic liposomes for targeting bone

metastatic breast cancer
Ze Zhao''*, Yi Zhao?*, Changqing Chen!, Changwei Xie!

1 Department of Orthopedics, the First
Affiliated Hospital of Henan Polytechnic
University (the Second People's Hospital
of Jiaozuo City), 454001 Jiaozuo, Henan,
China

2Department of Translational Medicine
Center, the First Affiliated Hospital of
Zhengzhou University, 450052
Zhengzhou, Henan, China

*Correspondence
zezhao0910@163.com
(Ze Zhao);
zhaoyi0910@163.com
(Yi Zhao)

Abstract

Bone metastatic breast cancer is a malignant tumor in bone due to the metastasis of breast
cancer, and its incidence is increasing worldwide. Treatment of cancer metastasized to
bone is still a challenge because of the anticancer drugs lack target specificity. Finding an
effective treatment for bone metastasis remains an urgent issue. In order to enhance the
delivery of paclitaxel (PTX) to the bone metastases lesions, a novel glucose derivative
was designed and synthesized in this work, which was used as liposome ligand to
develop the magnetic liposome G-MLip (Glucose-modified magnetic liposome). The
liposome could improve the drug formulations in the bone metastases mediated by
glucose transporter 1 (GLUT1) and then target cancer cells. The PTX-loaded magnetic
liposome PTX-G-MLip was prepared by the film hydration-ultrasound method. And the
characterizations, such as size, zeta potential, encapsulation efficiency, release profile,
stability, hemolysis, were well evaluated. What’s more, the enhanced target ability
was also investigated in vifro and in mice. The metastatic bone-targeted capacity was
confirmed that the PTX concentration from PTX-G-MLip in the bone metastases lesions
was markedly increased in the presence of magnetic field (MF) compared with the free
PTX and other liposomes. Inspired by the enhanced targeting ability, glucose-modified
magnetic liposomes could serve as an effective drug delivery system for targeting and
treating bone metastases.
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1. Introduction

Bone metastatic is a malignant tumor in bone due to the
easily metastatic characteristic, and its incidence is increasing
worldwide [1-3]. The cancer cells, such as breast carcinoma
and prostatic carcinoma, metastasize easily to bone tissue
due to the suitable proliferation conditions of bone tissue for
carcinoma cells [4—7].

The patients with bone metastasis suffer bone pain, hy-
percalcemia, and pathological fractures, resulting in reduced
quality of life [8]. Surgery is the first-line treatment option
bone metastases, but for patients with bone metastase ad-
vanced, surgery is difficult to completely remove the tumor
and requires combination therapy with other antitumor treat-
ments. In the past, numbers of chemotherapeutic agents have
emerged for the treatment of bone metastase, such as paclitaxel
(PTX), doxorubicin (Dox) [9, 10]. While, the application of
chemotherapeutic drug is limited due to the poor targeting
ability, and the low blood flows at bone further blocks the
effect of chemotherapy. Therefore, it is urgently needed to
develop novel strategies to deliver drugs to the metastasis bone
tissue [11].

It is well known that cancer cells need more glucose than
normal cells to support the normal life state of cells, which

was named as Warburg effect [12]. Hence, compared with
the normal cells, the bone metastatic breast cancer cell has a
high expression of glucose transporters (GLUTSs), especially
GLUTI. The study for targeting the Warburg effect and treat-
ments for bone metastase is a hot research topic in the medical
field. What’s more, among the hydroxyls of glucose, the C-6
position glycosylation is suitable for the transport by GLUT1
as our previous report [13, 14]. And our previous study
also has reported a combretastatin A-4 derivative (CA4D)
modified with glucose, which could target the cancer cells and
then release CA4D with the hydrolase, hence improving the
concentration and reducing the dose and toxic side effects [14].

Liposome, as a novel drug delivery system, has the ad-
vantages of high targeting ability, slow release behavior, re-
ducing drug toxicity and improving drug stability [15]. The
PEGylation can prevent the liposome from getting trapped
by the reticuloendothelial system, which contributes to the
long-circulating [16]. What’s more, magnetic nanoparticles
(MNPs), chemically iron oxide (Fe3O,), have been regarded
as new delivery tools used to diagnosis, gene therapy, and
targeted therapy [17-19]. And Fe3O4 magnetic nanoparticles
are also used in the drug delivery system to increase the ther-
apeutic efficacy based on their super-paramagnetic properties.
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FIGURE 1. The illustration of PTX-G-MLip to target bone metastatic breast cancer. PTX: paclitaxel; Fe3O4: chemically

iron oxide.

Magnetic liposome, which encapsulates the MNPs inside, has
attracted attention as controlled release drug delivery agents
because of the permeability under low frequency magnetic
fields.

In the present work, a novel liposome ligand, compound
6, was designed and synthesized. And PTX-loaded magnetic
liposomes were prepared by the lipid film hydration-ultrasound
method, and a systematic study has been conducted to charac-
terize the properties. Improved bone metastasis accumulation
was detected through in vivo studies (Fig. 1).

2. Materials and methods

2.1 Chemistry

2.1.1 Synthesis of compound 2

Sodium hydride (NaH, 1.33 g, 55.51 mmoL) was dissolved in
anhydrous dimethyl formamide (DMF, 100 mL), and glucose
(1.00 g, 5.55 mmoL) was added into the above solution, then
the mixture was stirred at room temperature. After 0.5 h, ben-
zyl bromide (BnBr, 4.94 mL, 41.63 mmoL) was added, and the
reaction was kept to be stirring for another 24 h. The reaction
was quenched by adding excess methyl alcohol (CH30H), and
the solvent was removed with rotary evaporators. The residue
was re-dissolved in 100 mL dichloromethane (CH5Cls), which
was then filtrated and washed with saturated sodium chloride
(NaCl) solution. After removing CH»Cls, purification of the
residue was performed through column chromatography to
give the intermediate 2 (2.74 g, 78.37%) as a white solid (mp
88-90 °C). 'H NMR (Nuclear magnetic resonance) (400 MHz,
CDCIl;3 (Deuterium chloroform), ppm): § 3.47-3.57 (m, 2H),
3.65(t, 2H, J =7.2 Hz), 3.74 (d, 1H, J = 4.8 Hz), 3.77-3.80
(m, 1H), 4.52-5.02 (m, 11H), 7.13-7.41 (m, 25H). Elemental
Analysis: calculated C, 78.07; H, 6.71, found C, 78.00; H,
6.79.

2.1.2 Synthesis of compound 3

The acetic acid-acetic anhydride (AcOH-Ac,0, 1:5, 15 mL)
was added into liquated zinc chloride (ZnCl,, 1.08 g, 7.92

mmoL), and then the mixture was cooled to 0 °C. The com-
pound 2 (1.00 g, 1.59 mmoL) in Ac,O (5 mL) was added into
the above reaction slowly at 0 °C. Subsequently, the mixture
was heated up to 25 °C and stirred for another 1.5 h. Then,
50 mL ice water was added. After filtration, the filtrate was
concentrated under vacuo, and the residue was purified to get
intermediate 3 (0.75 g, 81.33%) as a white solid (mp 113—115
°C). 'H NMR (400 MHz, CDCl3, ppm): 6 2.05 (s, 3H), 3.48—
3.58 (m, 3H), 3.66 (t, 1H, J = 8.8 Hz), 4.22-4.97 (m, 11H),
7.24-7.38 (m, 20 H). Elemental Analysis: calculated C, 74.21;
H, 6.57, found C, 74.27; H, 6.52.

2.1.3 Synthesis of compound 4

To the solution of 10 mL CH3OH containing sodium methox-
ide (CH30ONa, 25 mg, 0.48 mmoL) was added compound 3
(0.50 g, 0.86 mmol), and then the reaction solution was stirred
for 5 h at room temperature. Then, water (20 mL) was added
to quench the reaction, and then filtrated. After washing with
saturated sodium bicarbonate (NaHCO3) aqueous solution, the
filtrate was concentrated to get compound 4 (0.44 g, 95.17%)
as a white solid (mp 104—106 °C). High resolution mass spec-
trum (HRMS): electrospray ionization (ESI+) calculated for
C34H3606Na [M+Na]t 563.2410, found 563.2415. Elemental
Analysis: calculated C, 75.53; H, 6.71, found C, C, 75.59; H,
6.77.

2.1.4 Synthesis of compound 5

Stearic acid (1.35 g, 4.75 mmoL) was dissolved in CH,Cl;
(20 mL), and dicyclohexylcarbodiimide (DCC, 1.31 g, 6.33
mmoL) and dimethylaminopyridine (DMAP, 77 mg, 0.63
mmoL) were added into the above solution. Then the mixture
was stirred at 0 °C. After 0.5 h, compound 4 (1.71 g, 3.17
mmolL) in tetrahydrofuran (THF, 20 mL) was added slowly,
and the reaction was kept to be stirring for another 5 h at
ambient temperature. Filtration was performed and the filtrate
was concentrated with rotary evaporators, which was further
purified through chromatography to give intermediate 5 (1.90
g, 74.35%) as a white solid. 'H NMR (400 MHz, CDCls,
ppm): 0 0.89 (t, 3 H, J = 7.2 Hz), 1.24-1.29 (m 28 H),
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1.60-1.65 (m, 2 H), 2.31-2.35 (m, 2 H), 3.50-3.70 (m, 4 H),
4.24-498 (m, 11 H), 7.25-7.39 (m, 20 H). HRMS: (ESI+)
calculated for CsoH7gO7Na [M+Na]t 829.5019, found
829.5016. Elemental Analysis: calculated C, 77.38; H, 8.74,
found C, 77.45; H, 8.62.

2.1.5 Synthesis of compound 6

Compound 5 (68 mg, 0.084 mmoL) and 10 mg Pd/C (10%)
were added into 10 mL CH3OH, and the mixture was stirred
under hydrogen pressure at ambient temperature for 7 h. Then,
the Pd/C was removed by filtrating and the filtrate was con-
centrated with rotary evaporators, which was further purified
through chromatography to give ligand 6 (34 mg, 92.13%) as
a white solid. 'H NMR (400 MHz, dimethyl sulfoxide-dg
(DMSO-dg), ppm): 4 0.85 (d, 3 H, J = 6.8 Hz), 1.23 (s, 28
H), 1.49 (s,2 H), 2.26 (t, 2 H, J = 6.8 Hz), 2.99-3.05 (m, 1 H),
3.11-3.13 (m, 1 H), 3.73-3.77 (m, 1 H), 3.95-4.00 (m, 1 H),
4.25(d,1H,J=11.2Hz),4.54(d, 1 H,J =6.8 Hz),4.77 (d, 1
H,J=4.4Hz),4.89(d, 1 H,J=3.2Hz),505(d, 1 H,J=5.6
Hz), 6.35 (d, 1 H, J = 4.4 Hz). HRMS: (ESI+) calculated for
Co4Hy607Na [M+Na]t 469.3141, found 469.3145. Elemental
Analysis: calculated C, 64.54; H, 10.38, found C, 64.65; H,
10.43.

2.2 Preparation of Fe;0, MNPs

The monodisperse Fe304 MNPs were prepared according to
our previous report [19]. That is to say, Fe(acac)s (353 mg, 1
mmoL), 1,2-hexadecanediol (1.29 g, 5 mmoL), oleic acid (0.85
g, 5 mmoL) and oleylamine (0.80 g, 3 mmoL) were dissolved
in 10 mL phenyl ether, and the mixture was stirred at 200 °C.
After 30 min, the reaction was stirred at 265 °C for another 30
min. Then, the mixture was cooled to ambient conditions, and
20 mL ethyl alcohol (CoH5OH) was added. Subsequently, the
precipitate was separated through centrifugation (5000 rpm, 10
min) and the product was re-dissolved in hexane with 25 pL
oleic acid and 25 pL oleylamine. Then, the precipitation and
dissolution process is repeated, resulting in Fe304 MNPs in
hexane.

2.3 Preparation of PTX-loaded magnetic
liposomes (PTX-G-MLip)

The PTX-loaded magnetic liposome (PTX-G-MLip) was made
using the film hydration-ultrasound method as our previous
report [13]. Soybean phospholipids (SPC, 0.29 g) (Shanghai
Taiwei Chemical Company, Shanghai, China), cholesterol (77
mg), liposome ligand 6 (13.5 mg) and PTX (10 mg, Sangon
Biotech (Shanghai) Co., Ltd., Shanghai, China), Fe304 MNPs
in hexane (1.5 mL) were dissolved in chloroform (CHCls, 20
mL). And then, the mixture was dried to form a thin layer
of uniform film on a rotary evaporator, which was further
dried in vacuum for 4 h. Subsequently, the film was hydrated
in 10 mL distilled water with gentle oscillating at 37 °C for
0.5 h to obtain crude liposomes, which was further sonicated
intermittently by a probe sonicator at 80 W for 80 s. At last,
the un-encapsulated magnetic nanoparticles was separated by
magnet. The entrapment efficiency (EE%) of drug was carried
out using the high performance liquid chromatography (HPLC)
system (Agilent, Palo Alto, CA, USA). The mean size and zeta

potential of liposomes were detected by Malvern Zeta sizer
Nano ZS90 (Malvern Instruments LTD, Malvern, UK).

2.4 Drug release behavior in vitro

The drug release behavior in vitro was evaluated through
dialysis [2]. Briefly, 0.4 mL liposomes loading with paclitaxel
or naked paclitaxel were placed into dialysis bags (8000—
14,000 Da), which was then cultured in phosphate buffer (PBS)
containing 0.1% (v/v) Tween 80. Then, the released drugs were
detected with HPLC at 0, 1, 2, 4, 8, 12, 24 and 48 h.

2.5 Stability of liposomes in serum in vitro

The serum stability of liposomes in fetal bovine serum (FBS,
Shanghai Yuanye Biotechnology Co., LTD, Shanghai, China)
was evaluated by measuring the turbidity variations [13].
Namely, the mixture of equal volume liposomes and FBS was
incubated at 37 °C with shaking (45 rpm). Then, measuring
the transmittance at 0, 1, 2, 4, 8, 12, 24 and 48 h was carried
out at 750 nm on a microplate reader (SpectraMAX i3x,
Molecular Devices, Sunnyvale, USA).

2.6 Hemolysis assays

The safety of ligands-modified liposomes was further eval-
uated through hemolysis assay [2]. Briefly, separation of
the red blood cells from the fresh mouse blood was carried
out and the cells were further washed with PBS for several
times. Afterwards, the cells were diluted with PBS at 2% (v/v).
The liposomes (0.4 mL) with different concentrations were
cultured with 0.1 mL RBCs (red blood cells) solutions at 37 °C,
and the liposomes mixed with PBS or 1% (v/v) Triton X-100
were used as negative and positive controls respectively. After
2 h, the mixture was centrifuged for 10 min (10,000 rpm), and
the absorbance was measured with at 540 nm. The hemolytic
rate was calculated according to the equation below:

Asample—ANegative
The percent rate (%) = Ai' t?” —A;V, = i x 100%, where
ostive egative

A is the absorbance at 540 nm.

2.7 Cytotoxicity assay

The cytotoxicity assay of liposomes was evaluated with the 3-
(4,5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT, Beyotime Institute Biotechnology, Haimen, China).
In briefly, Dulbecco’s Modified Eagles Medium (DMEM)
containing 10% FBS, streptomycin penicillin was used to the
cancer cells MDA-MB-231 cells at 37 °C in incubator. The
cells seeded in a 96-well plate with a density of 5 x 103
cells/well were incubated for 24 hours, and the liposomes with
various concentrations (0.1-20 pg/mL) were added into the
well. After culturing for another 24 h, MTT solution (20 uL,
5.0 mg/mL) was added and the mixture was cultured for 4 h at
37 °C. Afterwards, DMSO (150 pL) was added into the wells
and the absorbance was measured with at 490 nm. The cell
survival rate was calculated according to the equation below:

The cell survival rate (%) = Agampie/Acontroi % 100%,
where A is the absorbance at 490 nm.



2.8 Targeting metastatic bone in mice

The ability of liposomes that targeting metastatic bone in vivo
was evaluated on the Kunming mice bearing MDA-MB-231
tumors in the tibia. The mice were purchased from Chengdu
Dashuo Experimental Animal Co., Ltd (Chengdu, China). And
the tumor-bearing mice model was established according to our
previous report [6]. The mice were randomly divided into four
groups, PTX, PTX-Lip, PTX-G-MLip in absence of magnetic
field and PTX-G-MLip in presence of magnetic field (0.5 T).
The mice were administered with PTX (calculated as PTX,
10 mg/kg) via the tail vein. After injection, the mice were
sacrificed through cervical dislocation at the predetermined
time 0.5, 1, 2, 4 and 8 h. The bone metastatic lesions were
excised, rinsed with 0.9% NaCl, dried over filter paper and
weighed. The bone tissues were digested with aqua regia
and the concentration of PTX was analyzed using the HPLC
conditions mentioned above.

2.9 Statistical analysis

GraphPad 8.0 (San Diego, USA) was used to analyze the date.
Statistical comparisons were performed by Student’s z-test.
Mean = standard deviation (SD), n= 3. p-values less than 0.05
were considered significant. *, ** *** indicates p < 0.05,
0.01, 0.001 of PTX-Lip, PTX-G-MLip or PTX-Lip, PTX-G-
MLip + MF compared with PTX group. #, ## indicates p <
0.05,0.01 of PTX-G-MLip + MF compared with PTX-G-MLip

group.
3. Results and discussion

3.1 Chemistry

The preparation of liposomes ligand 6 was in Fig. 2.

Briefly, the hydroxyl groups of glucose (compound 1) was
etherified with benzyl bromide under alkaline condition (NaH)
to obtain the intermediate 2, followed by the selectively ace-
tolysis of the C-6 to get compound 3. Subsequently, the C-
6 was deacetylated in the presence of CH3OH to give the
intermediate alcohol 4, which was further coupled with stearic
acid in the presence of DCC and DMAP to give compound
5. At last, treatment of compound 5 with 10% Pd/C in the
hydrogen atmosphere to get the desired liposome ligand 6. The
title compound and important intermediates were characterized
by their respective nuclear magnetic resonance (NMR) (Varian
INOVA 400) and mass spectrum (MS) (Waters Micromass
GCT).

3.2 Preparation and characterization of
liposomes

The particle size, polymer dispersity index (PDI), EE% and
zeta potential were characterized for the liposomes and the
results were showed in Table 1. As the results shown, the size
of the liposomes was about 120 nm, and the transmission elec-
tron microscopy (TEM) indicated that PTX-G-MLip exhibited
spherical shape (Fig. 3A). What’s more, the size of PTX-G-
MLip was a little larger compared with uncoated liposomes
PTX-Lip, which was likely because of the encapsulation of
magnetic FesO4 nanoparticles. The PDI of the both liposomes

101

was about 0.2, which revealed that these liposome had a good
mono-dispersion. And the EE% was over 80%. All these
results suggested that these had suitable physical and chemical
properties that was crucial to in vivo study.

TABLE 1. The characterization of different PTX-Lip
and PTX-G-MLip (n = 3).

Liposomes PTX-Lip PTX-G-MLip
Size (nm) 108.5 £ 4.2 1203 £2.5
PDI 0.215 £ 0.019 0.227 £ 0.023
EE (%) 91.45 £3.26 85.58 £2.87
Zeta potential (mV) -16.5+13 -20.7+ 1.9

PTX: paclitaxel; PDI: polymer dispersity index; EE:
entrapment efficiency; PTX-G-MLip: PTX-loaded glucose-
modified magnetic liposome.

As the Fig. 3B showed, the naked paclitaxel had a rapid
release behavior, and this group released more 80% PTX after
culturing for 12 h. While, the liposomes groups exhibited the
slow release behaviors. And only about 60% paclitaxel was
released from the PTX-loaded liposomes over 48 h-incubation.
What’s more, there was no significant difference between
PTX-Lip and PTX-G-MLip in the release characteristics, and
both of the liposomes showed burst initial release patterns.

Transmittance of the liposomes cultured in PBS containing
50% FBS was detected. And the results were showed in
Fig. 3C. Even after 48 hours of culture, the transmittances of
the two groups were still over 90%, which suggested that the
liposomes had good stability to avoid interacting with serum
protein.

Hemocompatibility is an important factor that influences the
applications of liposomes in vivo. The results of hemolysis
assays suggested that both of the two liposomes had limited
hemolysis with phospholipids concentration up to 600 nmoles
(Fig. 3D). Therefore, the magnetic liposome PTX-G-MLip
could be considered as innoxious, which revealed that it had
a good biosecurity.

3.3 Cytotoxicity assay

The results of cytotoxicity assay for different liposomes on
MDA-MB-231 cells was showed in Fig. 4. The naked pacli-
taxel had a higher inhibition rate on cancer cells than that of
the liposomes loading with paclitaxel, which maybe because
the naked PTX could be transported into cells through passive
diffusion, without the release process. It was also noticed that
PTX-G-MLip could significantly inhibit the proliferation of
MDA-MB-231 compared with PTX-Lip group, which maybe
attribute to the modification of glucose on the surface that
mediated by transporter GLUT1.

3.4 Targeting metastatic bone in mice

To evaluate the targeting ability for metastatic bone in mice,
the metastasis mice model was established and the paclitaxel
concentration was detected after administration. As expected,
it was interesting found the concentrations of liposomes groups
were markedly higher than that of naked paclitaxel group.



102

OH
0 NaH, BnBr ZnCl, CH;ONa
Houﬁégﬁ BnOW&gBB o& —
HO n  Ac,O-AcOH n CH3;0H

BnO
1
3

OH Stearic acid,
0 DCC, DMAP 0

BnO n
BnO B onc, Bnouﬁé(%an

BnO

4 5
0

Pd/C, H, 0

CH30H HO%&)H

6

FIGURE 2. Preparation of liposomes ligand 6. NaH: Sodium hydride, BnBr: Benzyl bromide, DMF: Dimethyl Formamide,
ZnCl2: zinc chloride, AcOH-Ac,O: acetic acid-acetic anhydride, CH3ONa: Sodium methoxide, CH30H: methyl alcohol,

DCC: Dicyclohexylcarbodiimide, DMAP: Dimethylaminopyridine, CH2Cly: Dichloromethane, Pd/C: palladium on carbon, Hs:
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FIGURE 3. The characteristics of liposomes in vitro. (A) TEM of PTX-G-MLip. (B) The PTX release behavior of naked
PTX, PTX-Lip and PTX-G-MLip (C) The transmittance of PTX-Lip and PTX-G-MLip in 50 % FBS. (D) Hemolysis percentage

of PTX-Lip and PTX-G-MLip. (n = 3, mean £+ SD). PTX: paclitaxel; FBS: fetal bovine serum; PTX-G-MLip: PTX-loaded
glucose-modified magnetic liposome.
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MF compared with PTX group. #, ## indicates p < 0.05, 0.01 of PTX-G-MLip + MF compared with PTX-G-MLip group. PTX:
paclitaxel; PTX-G-MLip: PTX-loaded glucose-modified magnetic liposome.
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And the PTX concentration in the metastatic bones of PTX-
G-MLip groups in absence of or presence of magnetic field
were dramatically enhanced compared with PTX-Lip group.
This was attributed to the cancer targeting ability of glucose
and high transport efficiency of GLUT1. What’s more, PTX-
G-MLip group in presence of magnetic field (PTX-G-MLip +
MF) had an increased concentration than that of PTX-G-MLip
group absence of magnetic field. The Fig. 5 also revealed
that the concentration paclitaxel of PTX-G-MLip + MF group
was 2—-5-fold higher compared with the naked paclitaxel group,
2-3-fold higher compared with the PTX-Lip group, and 1-
2-fold higher compared with the PTX-G-MLip group. All
the results suggested that PTX-G-MLip in the magnetic field
could enhance the targeting-delivery of drug to the metastatic
bone, which may contribute to reducing the side effect on other
tissues and improving the therapeutic effect.

4. Discussion

Bone metastasis is a malignant tumor in bone due to the
metastasis of cancer in other organs, especially breast cancer
and prostate cancer. And it is a common complication of breast
cancer patients. The increased number patients with breast
cancer could develop into bone metastases during the course
[17]. However, bone metastasis is still a great challenge to treat
because of the low blood flows in bone tissue and low targeting
ability of chemotherapeutic drugs. Recently, numerous studies
have reported to use PTX as chemotherapeutics to treat bone
metastasis [2, 6, 20, 21]. Despite the advances in surgical
techniques and chemotherapy in the treatment, the cure rate
for advanced bone metastasis remains low and the mortality
rate remains high. Hence, there is an urgent need to develop
novel strategies to deliver PTX to the site of metastasis for the
treatment of bone metastasis.

Most drugs are rarely distributed to the bone and have little
effectiveness on the treatment for bone metastases. The low
blood flows in bone tissue prevents the drug PTX from achiev-
ing the metastasis site. To date, many bone bone-targeting
ligands, such as tetracyclines, bisphosphonates, and acidic
amino acid have been developed and used to deliver anti-tumor
drugs. Despite the bone-targeting ability could be achieved,
the above bone-targeting moieties lack the cancer-targeting
affinity, which limits the entrance of drugs into cancer cells.
Therefore, the improved delivery of PTX to bone and uptake
on cancer cells could battle this issue. In our previous studies,
we designed and prepared the bone targeted liposomes using
RGD (Arg-Gly-Asp) tripeptide or folic acid as ligands, and
the results suggested that these liposomes could increase the
uptake on cancer cells [2, 6].

As we all know, the cancer cells need more glucose than
normal cells to maintain their normal life state, which is called
Warburg effect. Therefore, the cancer cells have an overex-
press of GLUTI to uptake more glucose as energy. Hence,
targeting the Warburg effect is a hot topic in the medical field
in recent years. In our previous study, we also used glucose
mediated by GLUT1 to increase the uptake of cancer cell [14].

Magnetic liposome is a physical targeting agent developed
rapidly in recent years. Magnetic liposomes are made by
mixing ferromagnetic substances (such as FesOy4, v-FesOs,

etc.) into the liposomes. When the liposome enters the
body, it is guided and located the effect of external magnetic
field, which then releases the drug in the magnetic field area,
so as to play the role of local concentration of the target
area or the target area interception. Magnetic liposome has
the advantages of lipid carrier and magnetic guidance, which
makes its targeting and specificity stronger and faster, so as to
achieve high efficiency, fast and low toxicity effect.

Here, in this study, a novel cancer-targeting glucose deriva-
tive 6 was synthesized, which was used as liposome ligand.
The liposome had superior character, such as the suitable size,
PDI and potential, the slow release behavior, the stability
in serum, the low hemolysis. Also, we found that PTX-G-
MLip could significantly enhance the uptake on MDA-MB-
231 cells to induce the cell death. Interestingly, the results of
targeting metastatic bone showed that PTX-G-MLip remark-
ably increased the concentrations of PTX in the metastatic
bones under the external magnetic field. Compared with our
previous study, the conventional cancer-targeting liposomes
(RGD-Lip and FA (folic acid)-Lip) could only improve the
drug concentration in bone with 1.6-3.5 times [2, 6], which is
inconsistent with PTX-G-MLip without magnetic field. While,
the concentration paclitaxel of PTX-G-MLip + MF group was
2-5-fold higher compared with the naked paclitaxel group. In
conclusion, the study is very promising and some more work is
being done, namely, the target ability and activity evaluations
in vitro and in vivo. And we will report the significant results
in due time.

5. Conclusions

In summary, the magnetic liposome coated with glucose,
PTX-G-MLip, was designed and prepared for achieving
the targeting-delivery of PTX to bone metastasis. The
characterizations, such as size, zeta potential, encapsulation
efficiency, release profile, stability, hemolysis, and
cytotoxicity, were well evaluated. And the results suggested
that the liposomes had the superior physicochemical and
biological characteristics. What’s more, the results of targeting
ability in mice for bone metastasis showed that the magnetic
liposomes PTX-G-MLip could enhance the concentration of
PTX in metastatic bone tissues. In conclusion, the study is
very promising and some more work is being done.
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