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Abstract

Purpose or Objective Osteosarcoma is well-known for its high incidence in children and adolescents and long-term bone
pain, which seriously reduces the life quality of patients. Cisplatin (CDDP), as the first-line anti-osteosarcoma drug, has
been used in many anticancer treatments. At the same time, the serious side effects of platinum (Pt) drugs have also attracted
widespread attention. To accurately deliver Pt drugs to the lesion site and realize controlled release of Pt drugs, certain
modified delivery systems have been extensively studied.

Methods Among them, liposomes have been approved for clinical cancer treatment due to their highly biocompatibility and
superior modifiability. Here, we developed a bone-targeted dual functional lipid-coated drug delivery system, lipid-coated
CDDP alendronate nanoparticles (LCA NPs) to target the bone and precisely deliver the drugs to the tumor site. Cell toxic-
ity, apoptosis and cellular uptake were detected to evaluate the anticancer effect for LCA NPs. Furthermore, transwell assay
and wound healing assay were conducted to estimate the osteosarcoma cell migration and invasion. Hemolysis assay was
utilized to assess the biocapitibility of the kind of NPs.

Results With the aim of bone-targeted unit alendronate (ALD), LCA NPs serve as a rich bone homing Pt delivery system to
exert efficient anticancer effects and synergistically reduce bone resorption and bone loss potentially.

Conclusions By providing a highly biocompatible platform for osteosarcoma therapy, LCA NPs may help to significantly
enhance the anticancer effect of Pt and greatly reduce the systemic toxicity and side effects of Pt towards osteosarcoma.
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Introduction

Osteosarcoma is a primary malignant bone tumor, which
usually occurs in children and adolescents under 20 [1], usu-
ally on the surfaces of long bones [2]. The rapid growth
of osteosarcoma cells derived from bone-forming mesen-
chymal cells directly or indirectly form tumor bone-like
and bone tissues [3]. Abnormal tissue destruction of corti-
cal bone stimulates nerve endings of the periosteum, thus
leading to various kinds of pain [4]. In the middle and late
stage of the disease, the patient may also show symptoms
such as local lumps and muscular atrophy. It is difficult to
detect osteosarcoma in early stage. Meanwhile, rapid disease
development, high risk of metastasis and high mortality of
osteosarcoma make it difficult to be cured.

CDDP is one of the most widely used chemotherapeutic
drugs in clinical practice. CDDP can bind to the DNA of
tumor cells and destroy the function of DNA to inhibit mito-
sis of tumor cells [5]. As a broad-spectrum anticancer drug,
CDDP has obvious anti-tumor effects on various malignant
cancers including osteosarcoma [6]. However, without any
modification, CDDP quickly binds to plasma proteins and
loses its cytotoxic efficacy in vivo. In addition, Pt drugs have
a long half-life and considerable systemic toxicity, especially
nephrotoxicity [7], neurotoxicity [8] and severe gastrointes-
tinal reactions [9]. In order to solve the disadvantages of Pt
drugs, nanotechnology was utilized to modify drugs, lead-
ing to significantly improving the solubility of drugs, reduc-
ing the toxicity of drugs and enhancing the targeting ability
of drugs. Liposomes are one of the most successful drug
delivery systems for clinical translation [10]. At present,
liposomal doxorubicin has been approved by the U.S. Food
and Drug Administration to treat ovarian cancer, metastatic
breast cancer and other tumors [11].

As a drug carrier with good biocompatibility, liposome
carrying CDDP into blood can change the distribution and
pharmacokinetics of CDDP in human body, thus improv-
ing the therapeutic window and reducing the dose and
systemic toxicity of CDDP [12]. Some particular modifi-
cations to liposomes have been extensively researched in
order to improve the targeting ability and triggered releas-
ing ability of CDDP encapsulated liposome, such as add-
ing targeting units and changing lipid composition [13-17].
Due to the slightly acidic environment of the tumor site,
some specific pH-sensitive phospholipids have been stud-
ied to realize the acid-responsive interactions, and serve as
a tumor-environment-responsive nanocarrier [18-20]. The
research of targeting bone cancers within bone marrow is
ongoing. It remains significantly crucial which targeting
ligand binds to that liposome to efficiently deliver the drug to
the bone. At present, the reported bone targeting molecules
mainly include bisphosphates [21-23], oligopeptides [24,
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25], polypropionates [26] and tetracycline-derived agents
[27-29]. In recent years, with the development of imaging
technology of bone diseases, azido group has been found to
have the ability of bone targeting [30]. Bisphosphate, such as
alendronate, is the most widely studied bone targeting ligand
due to its significant bone-targeting effect and shows good
tolerance to the complex chemical environment in vivo. In
addition, alendronate can also inhibit the activity of osteo-
clast, delay and reduce bone resorption and bone loss [31,
32]. In this study, we developed a dual functional bone tar-
geting lipid-coated nanoparticle, which coated CDDP with
alendronate modified lipids, and simultaneously delivered
chemotherapeutic drug — CDDP to exert an influence on
bone cancer treatment and play a role in bone repair function
with alendronate.

Our previous research demonstrated lipid-coated nano-
drug delivery system with specific targeted manners exerts
efficient and safe cancer therapy [33, 34]. The nano-drug
delivery system designed in this research makes use of the
natural bone targeting effect of alendronate [35-37] to effec-
tively deliver lipid-coated nanoparticles loaded with CDDP
to the osteosarcoma site, so as to achieve high drug encap-
sulation rate and improving drug enrichment in lesions. In
acidic tumor microenvironment, the CDDP encapsulated in
the lipid-coated nanoparticles was released, which increased
the cell uptake by osteosarcoma cells, resulting in enhanced
cytotoxicity to osteosarcoma cells. Alendronate can not only
play an efficient targeting role as a targeting unit, but also as
a first-line anti-osteoporosis drug, and can assist CDDP in
the treatment of osteosarcoma by reducing bone transforma-
tion and promoting bone formation potentially. This study
provides a unique dual functional anti-osteosarcoma strat-
egy, which can kill osteosarcoma cells and repair damaged
bone tissue at the same time. This bone-targeted lipid-coated
nano-drug delivery system (LCA NPs) greatly reduces the
side effects of the chemotherapeutic drugs and provides a
new idea for chemotherapy of osteosarcoma.

Materials and Methods
Materials

CDDP and ALD were purchased from YuanyeBio (Shang-
hai, China). Cell counting kit 8 (CCK-8), IGEPAL CO-520,
hexanol, cyclohexane and Triton X-100 were purchased from
Sigma-Aldrich (Missouri, USA) and used as received with-
out purification. Traut’s Reagent was purchased from Sangon
Biotech (Shanghai, China). Hydroxyapatite (HAp) was pur-
chased from Macklin (Shanghai, China). 1,2-distearoyl-sn-
glycero-3-phosphoethanolamine-N-[maleimide(polyethylene
glycol)-2000] (ammonium salt) (DSPE-PEG-Mal) was
purchased from Nanocs Incorporation (New York, USA).
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1,2-dioleoyl-sn-glycerol-3-phospate (DOPA), 1,2-dis-
tearoyl-sn-glycero-3-phosphoethanolamineN-[amino(poly
ethyleneglycol)-2000] (DSPE-PEG-2000), Cholesterol and
1,2-dioleoyl-3-trimethy-lammonium-propane (DOTAP)
were purchased and used as received from Avanti (Alabama,
USA). Phosphate buffer saline (PBS), ALP activity kit and
Tris—HCl buffer were purchased from Solarbio Life Sciences
(Beijing, China). Annexin V-FITC (fluorescein isothiocy-
anate) apoptosis detection kit was obtained from Keygen
Biotech (Nanjing, China). Deionized water (DI water) for all
experiments was obtained by a purification system (Milli-Q
1Q 7000, Massachusetts, USA).

Synthesis of DSPE-PEG-ALD

ALD was dissolved into Tris—HCI buffer at pH=28.0 at first,
then 20-fold molar Traut’s Reagent was added in the for-
mer solution. After stirring for 1 h, DSPE-PEG-Mal in the
same buffer was added to react for 24 h at room temperature.
Then the reaction solution was dialyzed for 3 days using
a 500-1000 Da dialysis bag, followed by lyophilization to
get the DSPE-PEG-ALD. '"H-Nuclear magnetic resonance
spectroscopy ('H-NMR, AVANCE III HD 400, Bruker,
Massachusetts, USA) (with MestReNova 9.0 software) and
matrix-assisted laser desorption ionization-time of flight
mass spectrometry (MALDI-TOF-MS, Autoflex MAX,
Bruker Daltonics, Baden-Wiirttemberg, Germany) were
utilized to confirm the structure of the drug. The solvent for
"H-NMR was deuteroxide (D,0).

Fabrication of the LCA NPs

The bone-targeted LCA NPs were synthesized as previ-
ously reported [38]. Briefly, CDDP was mixed with silver
nitrate and heated at 60°C for 3 h, followed with stirring
overnight. Then the silver chloride was participated using
16,000 X g centrifugal force for 15 min. After centrifuga-
tion, the supernatant was filtered using 0.2 pm filter to get
the CDDP precursor. The concentration of the Pt was con-
firmed using inductively coupled plasma mass spectrometry
(ICP-MS, NexION 300X, PerkinElmer, Connecticut, USA).
Then, 100 pL. 200 mM CDDP precursor with 100 pL 20 mM
DOPA was added into oil phased consisted of cyclohexane/
IGPEL CO-520 (71: 29, V: V). In the meantime, 100 pL
800 mM KCI was added into another oil phase contained
cyclohexane/Triton X-100/hexanol (75: 15: 10, V: V). The
volume ratio for these two kinds of oil phase should be 3: 1.
After 20 min stirring of the two solutions, the solutions were
mixed and stirred for another 30 min. Then the same volume
of ethanol was added and centrifuged at 16,000 X g to col-
lect the pellets. After three times washing with ethanol, the
pellets were resuspended in 3.0 mL chloroform. Then 150
pL 20 mM DOTAP, 150 pL 20 mM cholesterol and 150 pL.

10 mM DSPE-PEG-ALD were added into the chloroform.
The chloroform was evaporated by rotary evaporation to get
the lipid film. After that, 3.0 mL water was added to get
the LCA NPs. Liposome extruder (LiposoFast-Basic, Aves-
tin, Ontario, Canada) with 0.22 pm membrane (Whatman,
Buckinghamshire, UK) was used to get the uniform NPs.
To measure the final concentration in LCA NPs, NPs were
demulsificated using 1: 1 methanol first, followed by detec-
tion using ICP-MS.

Characterization of the NPs

The diameter and zeta potential were determined using
dynamic light scattering (DLS, Zetasizer nano SZ90, Mal-
vern, Cambridge, UK). Furthermore, the morphology of
the NPs was detected by transmission electron microscopy
(TEM, Tecnai G2 20 S-TWIN, FEI, Oregon, USA). For pre-
paring the samples for TEM detection, NPs were diluted
and then doped on carbon grid. After negative stained with
2% uranyl acetate, the morphology was characterized using
TEM.

HAp Binding Ability

To detect the binding ability of the NPs, two kinds of NPs
were fabricated. One of the NPs were synthesized using
DSPE-PEG-2000 (LCC NPs), while the other one fabricated
using DSPE-PEG-ALD (LCA NPs). 0.4% Rhodamine PE
was added into the NPs while fabricating. For HAp binding
test, the NPs were dispersed in DI water at the concentration
of 2 mg/mL first. Then the two NPs were incubated with
10 mg/mL HAp for 24 h. HAp was centrifuged at 4000 rpm
for 10 min before detection using microplate reader. The
residual fluorescence of the two NPs was detected with exci-
tation wavelength at 540 nm and emission wavelength at
625 nm.

Cell Culture

Osteosarcoma cell lines (MG63 and U20S) and pharynx
squamous cell carcinoma cell line (FaDu) were bought from
ATCC (Virginia, USA). MG63 cell line was cultured with
Eagle’s Minimum Essential Medium (EMEM, Wisent, Nan-
jing, China) supplemented with 10% (v/v) heat-inactivated
fetal bovine serum (FBS, Wisent, China) and 1% penicil-
lin — streptomycin (v/v) (P/S, Wisent, China). U20S cell line
was maintained in McCoy 5A medium (Wisent, China), with
10% FBS and 1% P/S. FaDu cell line was cultured with Dul-
becco’s Modified Eagle Medium (DMEM, Wisent, Nanjing,
China) supplemented with 10% FBS and 1% P/S. PBS (cell
culture grade) for all cell culture tests was purchased from
Meilunbio (Liaoning, China). All the cell lines were cultured
in a humified atmosphere containing 5% CO,.
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Cell Viability

Cell toxicity of the drugs in vitro was estimated by MG63,
U20S and FaDu. Briefly, MG63 and U20S cells were
inoculated into 96-well plates at a density of 5x 10* cells/
well and adhered overnight. CDDP, CDDP + ALD, LCA
NPs were added into the 96-well plate based on a consistent
Pt concentration, and the concentration of ALD group was
based on the ALD containing in the LCA NPs. Meanwhile,
to obtain cell viability curves and IC, values of each group,
a series of concentration gradients of Pt (0, 0.1, 1, 10, 50,
100 pM) were set. In detail, 96-well plates were incubated
in the incubator for a further 24 h. The medium was care-
fully aspirated and discarded. To each well, medium contain-
ing 10% CCK-8 was added to the cells. The absorbance at
450 nm was measured with a microplate reader.

Cellular Pt Uptake

The two osteosarcoma cell lines (MG63 and U20S) and
a pharynx squamous cell carcinoma cell line (FaDu) were
seeded into 24-well plate, with a density at 2.5 X 107 cells
per well. Cell lines were treated with the groups contain-
ing consistent Pt concentration, 10 pM Pt at 37°C. After 4 h
incubation, cells were washed twice with PBS and digested
with 75% HNO; and 25% HCI. At last, the Pt uptake by cells
were determined using ICP-MS.

Cell Apoptosis

For apoptosis detection, MG63 and U20S cell lines were
seeded into a six-well plate followed by treated with 10 pM
Pt at 37°C for 4 h. The ALD concentration was determined
according to Pt concentration in all the groups. After collec-
tion of the cells, they were incubated with Annexin V and
propidium iodide (PI) according to manufacturer’s protocol.
The data was collected using BD Accuri™ C6 Plus Flow
Cytometer (BD Bioscience, New Jercy, USA) and analyzed
by FlowJo software.

Cell Invasion Assay

Cell invasion was determined using transwell with 8 pm
polycarbonate membrane chambers (Corning, New York,
USA). Briefly, 100 pL serum-free medium was added into
the upper chamber first, then 200 pL cells at a density of
2.5%10° cells per mL in serum-free medium was added into
the upper chamber. 750 pL. complete medium was added into
lower chamber afterwards. After that, cells with different
treatment groups were incubated for 24 h. Then the upper
chamber was washed by PBS and fixed using 3.7% formal-
dehyde solution. At last, crystal violet was used to stain the
cells invaded through the membrane.
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Wound Healing Assay

Wound healing assay was performed to detect the migra-
tion ability of osteosarcoma cell lines. Cells were seeded in
a six-well plate for adhesion. Then the adhesion cells were
scraped a 1| mm wound by pipette tips and then washed
with PBS. After that, cells were treated using 0.1 uM Pt for
MG63 cell line and 1 pM Pt for U20S cell line. Images were
captured after 48 h treatment and the wound was calculated
to evaluate the cell migration.

Hemolysis Ability

Mice whole blood was collected and then centrifuged at
10,000 x g for 5 min to collect the red blood cells. And the
red blood cells were washed with PBS for three times before
being incubated with drugs. CDDP, ALD, CDDP with ALD,
and LCA NPs at 10 pM were incubated with the red blood
cells to see whether they could lead to hemolysis. PBS with
0.1% Triton X-100 was treated as a positive control. After
4 h incubation, all the groups were centrifuged, and the
supernatant were utilized to detect the OD value at 577 nm.

Statistical Analysis

All data were presented as the mean + SD. Data analysis of
variance was performed using GraphPad Prism 8.0 (China)
and Origin 2018 (Origin Lab, USA) using one-way ANOVA
and multiple t-test. P-value < 0.05 will be considered statisti-
cally significant.

Results and Discussions

Synthesis of the DSPE-PEG-ALD

Systemic gene delivery by non-viral vectors offers various
benefits, especially in terms of security(39). The FDA has
given the go-ahead for clinical studies for lipid-based gene
carriers, which are among the most frequently used non-viral
vectors, especially during the COVID-19 global pandemic
[40, 41]. For fabrication of bone-targeted lipid-coated drug
delivery system, ALD was sulfhydrylated using Traut’s Rea-
gent (2-Iminothiolane) first. Traut’s Reagent could introduce
sulthydryl group (-SH) to ALD while reacting with the pri-
mary amine group (-NH2) in ALD. Then DSPE-PEG-Mal
reacted with thiolated ALD to get the DSPE-PEG-ALD. The
chemical reaction progress was illustrated in Fig. 1A. The
chemical structure of synthesized DSPE-PEG-ALD was
determined using 'H-NMR (Fig. 1B). ALD had a distinctive
signal for CH, protons at 2.0 ppm (b, c in Fig. 1B), which
was also seen in the spectra of DSPE-PEG-ALD while can-
not be found in DSPE-PEG-Mal. Also, other characteristic
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peak of ALD (a in Fig. 1B) can be found in DSPE-PEG-
ALD,. Additionally, the exact mass of the DSPE-PEG-ALD
was confirmed using MALDI-TOF (Fig. 1C). The exact mass
for DSPE-PEG-Mal and DSPE-PEG-ALD were calculated
by ChemDraw, they were 2292 and 2699 respectively. These
results were convinced with the result of mass spectrum.
"H-NMR and MALDI-TOF demonstrated the successful
conjugation for ALD with DSPE-PEG-Mal.

Fabrication of the LCA NPs

LCA NPs were fabricated to combine the chemotherapeu-
tic agent, CDDP, and the bisphosphonate agent, ALD. The
synthesis process of the NP was exhibited in Fig. 2A and B.
Firstly, a CDDP precursor, cis-[Pt(NH;),(H,0),],(NO5), was
prepared to enhance the poor solubility of CDDP. Water in
oil in water phase was utilized to prepare the micro-emulsion
for the whole reaction. The well-prepared bone-targeted NP
could target bone by DSPE-PEG-ALD first. In most cases,
the presence of PEG aids in reducing nonspecific interaction
to increase circulation time [39]. Furthermore, DOTAP and
cholesterol on the outer lipid layer could contribute to cell
membrane interaction, endosome escape and reduce sys-
temic cytotoxicity respectively. DOPA was the main com-
position in the inner layer of LCA NPs. DOPA, as a neutral
“helper lipid”, could enhance deliver efficiency and regulate
the size of the NPs [42, 43]. The average diameter of NPs
detected using DLS was 144.4 +20.23 nm with the uniform
polydispersity index (PDI) value less than 0.1 (Fig. 2C). The
zeta potential distribution was +47 +9.33 mV, indicating the
NPs were cationic liposome. Additionally, the morphology
of the negative stained NPs was captured using TEM. As
shown in Fig. 2D, NPs presented as spherical shape with a
diameter around 120 nm. Lipid-coated cisplatin NPs (LCC-
NPs) was synthesized as a control group to further confirm
the targeting ability of ALD. TEM and DLS demonstrated
that there is no significant difference for characterization of
LCA-NPs and LCC-NPs. The size and zeta potential of the
two kinds of NPs were almost the same. In sum, we suc-
cessfully synthesized a uniform distributed lipid-coated NPs
loaded with CDDP and ALD, which could target bone and
further be applied for osteosarcoma therapy.

Cellular Uptake

In osteoblastic or osteoblastic-like cells, it has been sug-
gested that ALD conjugation on particles may boost their
cellular accumulation and help distribute in the bone com-
pared to the other tissue [22, 44]. To determine the Pt uptake
ability of the drugs, cells in 24-well plate were treated for
24 h at the same concentration of Pt, and then the cells
were digested using hydrochloric acid and nitric acid fol-
lowed by ICP-MS detection (Fig. 3A). For MG63 cell lines,
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nearly 250 ng Pt in LCA NPs group was uptaken per well,
while only 50 ng, 70 ng and 120 ng for CDDP, CDDP with
ALD and LCA NPs respectively. In addition, we also dem-
onstrated the uptake ability using U20S cell line. More Pt
uptake was found in LCA NPs group for this cell line. Fur-
thermore, in order to further confirm the specific targeting
ability of ALD in osteosarcoma cell lines, we check the cel-
lular uptake of the four groups in a kind of nasopharyngeal
carcinoma, name FaDu cell lines. We found that LCA NPs
cannot be taken more by FaDu cell lines. In sum, we can
confirm that lipid coating can help tumor cells get more
Pt, while the LCA NPs can be more easily to be uptake by
osteosarcoma cell lines, which is one of the most important
properties for cancer therapy.

HAp Binding Ability

In addition to being a bone cell-seeking molecule, bispho-
sphonates (such as ALD) which have a strong affinity for
the surfaces of calcium phosphate, can specifically target
bone mineral and act as powerful inhibitors of osteoclast-
mediated bone resorption [21-23, 45]. Since bone micro-
environment is rich in hydroxyapatite (HAp), the effects of
bisphosphonates on natural bone mineral have previously
been modelled using synthetic HAp. The binding affinity
of the detection of NPs for HAp can represent the targeting
ability of the NPs to the bone site to a certain extent. The
schematic illustration of ALD-modified NPs for bone min-
eral target is shown in Fig. 3B.

In order to further warrant the bone mineral target prop-
erty of the LCA NPs for future possible in vivo study, two
kinds of NPs with different lipid coating were fabricated.
Moreover, fluorescence was added into the two kinds of NPs.
LCA NPs were coated with DSPE-PEG-ALD we synthe-
sized, while LCC NPs were coated with DSPE-PEG-2000.
As shown in Fig. 3C, the residual fluorescence in the super-
natant was determined and we found that significantly less
fluorescence was detected in LCA NPs groups, which means
more fluorescence was bonded with HAp. With ALD modi-
fication, the HAp binding affinity of LCA NPs was signifi-
cantly increased to 50% compared to non-modified NPs,
confirming the favorable bong targeting potential. We can
conclude from this result that LCA NPs can target bone site
for further osteosarcoma therapy.

Anticancer Effects In Vitro

Due to excellent cellular uptake and bone-targeted properties
as shown in Fig. 3, NPs may exert anticancer effects in vitro.
The anticancer functions were further tested by calculat-
ing the cell viability and ICs, of a pharynx squamous cell
carcinoma cell line, FaDu and two osteosarcoma cell lines,
MG63 and U20S. After treatment with LCA NPs, more
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Fig.3 Cellular uptake and bone-targeted property of the NPs (A)
Cellular uptake of the three cell lines for 24 h. The p-value was deter-
mined using one-way ANOVA. (*p<0.05, ***p<0.001); (B) Sche-
matic illustration of ALD-modified NPs for bone mineral targeting;
(C) HAp binding affinity represented using residual fluorescence
intensity. The variance was conducted by t-test (****p <(0.0001).

than 99% of MG63 and U20S cells were killed at a 10 pM
concentration of Pt (Fig. 4A, B). Compared to the Pt alone
group, LCA NPs significantly increased the cytotoxicity of
Pt drugs to more than twofold than CDDP. Moreover, ICs,
was significantly decreased in three cell lines after treatment
of lipid coated NPs (Fig. 4C), which indicated that lipid
coated NPs may help avoid severe systemic side effects of
Pt. To be specific, ICs, was significantly decreased in LCA
NPs than LCC NPs for osteosarcoma, while LCA showed
distinguished efficiency in nasopharyngeal carcinoma.
This further confirmed the targeting ability of ALD. Mean-
while, no significant cytotoxicity of LCA NPs was observed
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compared to the LCC NPs in the FaDu cell line. Here, we
can make a conclusion that LCA NPs could be expected to
be a safe and effective anticancer nano-drug system after
further verification, which could be a promising powerful
tool for osteosarcoma therapy.

Cell Apoptosis

As a programmed cell death process, apoptosis regulates
the destruction of a cell. Apoptosis assay is an significant
property in anticancer drug treatment [46].

Cell apoptosis was detected using flow cytometry by
Annexin V-PI kit. Annexin V can bind to phosphatidylser-
ine, while PI can stain DNA in dead cell nucleus. Thus cells
stained with Annexin V but PI negative can be recognized as
early apoptosis cells. U20S cell line was treated with 10 pM
Pt for 4 h, and the results analyzed by FlowJo was presented
in Fig. 5. 17.8% early apoptosis cells were detected in LCA
NPs treated group, while few apoptosis was found in other
groups. This demonstrated LCA NPs could promote apopto-
sis of U20S cell line, thus further exerting promising favora-
ble anti-cancer effect.

However, there were few limitations to our study. The
anticancer effects and mechanism of LCA NPs were not
investigated in vivo. LCA NPs have to be studied more in
animal models, and research into the underlying processes
that invasion inhibition and apoptosis induction in vivo is
necessary.

Cell Invasion and Migration

One of the primary causes of morbidity and death in patients
with osteosarcoma is distant metastasis [47]. As a result,
transwell invasion assay and wound healing assay were per-
formed to investigate the influence of LCA NPs on MG63
and U20S cell lines as described in previous studies [48,
49].

Cell invasion and migration were performed using 8§ pm
membrane transwell and wound healing assay. First of all,
cells were seeded into the upper chamber of the transwell,
while some of them can invade into the lower membrane of
the chamber. After scrapped out the upper chamber cells,
migrated cells were captured and counted. As it is shown
in Fig. 6A and D, all the groups with treatment can induce
cell invasion. CDDP and ALD could accelerate cell inva-
sion, while LCA NPs induced a minimum of invaded cell
among them. Additionally, wound healing assay was con-
ducted to reveal the cell migration ability. Attached cells
were scratched and treated for 48 h. Represented images
of the two cell lines after treatment for 48 h for different
groups were shown in Fig. 6B and C. Moreover, quantita-
tive analysis was performed according to the images. Cell
lines treated with CDDP and ALD migrated even more than
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Fig.6 Cell invasion and migra- A
tion. (A) Represented images
invaded cells; Wound healing
assay performed on (B) MG63
and (C) U20S cell lines; (D)
(E)(F) Quantitative analy-

sis of (A)(B)(C). Statistical
analysis was performed using
one-way ANOVA. (**p<0.01,
*#%p <0.001, #***p <(0.0001).

_Control

mges W

(]

u20s

o

Cell numbers per field

control group, which indicated that chemotherapeutic and
bisphosphonate drugs could induce cell migration. Briefly
combining CDDP and ALD could delay migration to some
extent. Furthermore, LCA NPs showed the most significant
inhibition rate among all the groups. Taken together, based
on the aforementioned data, LCA NPs could significantly
prohibit cell invasion and migration, which provides a prom-
ising treatment strategy for osteosarcoma.

Biosafety of the Drugs

Although the excellent cytotoxicity of chemotherapeutic
drugs is needed for cancer treatment, the biosafety is also
important for drugs. One of the weaknesses for CDDP is
nonnegligible systemic toxicity it caused. Whether drugs
can cause hemolysis can be recognized as a criterion for
biosafety [50]. The red blood cells were incubated with dif-
ferent drugs for 4 h. OD value at 577 nm of the superna-
tant was detected to evaluate the hemolysis (Fig. 7). It has
been found that the hemolysis in LCA NPs was significantly
lower than any other groups, while no significant difference
was detected compared to negative control. In this part,

300
200 .
100

0-

CDDP +ALD LCANPs
7T 3= Y,

% of migration area
% of migration area

*kk

Fig.7 Hemolysis ability of the drugs. OD value at 577 nm of red
blood cells after 4 h incubation with drugs. (*** p<0.001, n.s., no
significant difference).
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biocompatibility was evaluated by hemolysis assay. Based
on the all previous data, it can be concluded that LCA NPs
enhanced Pt drug accumulation in tumor cells without bring-
ing obvious cytotoxicity.

Conclusions

In this project, ALD was conjugated with DSPE-PEG-2000
to realize the bone target property of the NPs. CDDP was
encapsulated into a lipid inner layer to enhance its solubil-
ity and significantly boosted the anti-cancer effect, includ-
ing increased cancer cell toxicity supplemented with less
migration and invasion. The design of this delivery system
not only fully played the targeting advantages and potential
bone repair ability of ALD, but also provided a new idea for
improving the solubility and bioavailability of CDDP. In
the meanwhile, the biosafety of LCA NPs can be promised.
In sum, a bone-targeted lipid coated CDDP NP was suc-
cessfully fabricated. We can conclude that LCA NPs can
be utilized as an effective and safe chemotherapeutic agent
for osteosarcoma therapy, although the systematic in vivo
test and the overall bone-targeting metabolism need to be
considered in the future.
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