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Purpose: The objective of this study was to investigate the antitumor activity, targeting capability, and mechanism of the developed
nanodrug consisting of doxorubicin and exosome (Exo-Dox) derived from mesenchymal stem cells in vitro and in vivo.

Methods: The exosomes were isolated with Exosome Isolation Kit, and the Exo-Dox was prepared by mixing exosome with Dox-
HCl, desalinizing with triethylamine and then dialyzing against PBS overnight. The exosome and Exo-Dox were examined by
nanoparticle tracking analysis (NTA) and transmission electron microscopy (TEM). The antitumor activity, targeting capability, and
mechanism of the developed Exo-Dox were evaluated by cell viability assay, histological and immunofluorescence analysis and
in vivo imaging system.

Results: NTA results showed the size of the exosomes had increased from 141.6 nm to 178.1 nm after loading with doxorubicin.
Compared with free Dox, the Exo-Dox exhibited higher cytotoxicity against osteosarcoma MG63 cells, HOS cells, and 143B cells than
free Dox, the half-maximal inhibitory concentrations (IC50) of Dox, Exo-Dox were calculated to be 0.178 and 0.078 pg mL ™" in MG63
cells, 0.294 and 0.109pg mL ™" in HOS cells, 0.315 and 0.123 pg mL " in 143B cells, respectively. The in vivo imaging showed that MSC
derived Exo could serve as a highly efficient delivery vehicle for targeted drug delivery. The immunohistochemistry and histology analysis
indicated that compared with the free Dox group, the Ki67-positive cells and cardiotoxicity in Exo-Dox group were significantly decreased.
Conclusion: Our results suggested that MSC-derived Exo could be excellent nanocarriers used to deliver chemotherapeutic drug Dox
specifically and efficiently in osteosarcoma, resulting in enhanced toxicity against osteosarcoma and less toxicity in heart tissue. We
further demonstrated the targeting capability of Exo was due to the chemotaxis of MSC-derived exosomes to osteosarcoma cells via
SDF1-CXCR4 axis.
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Introduction
Osteosarcoma is the most common malignant bone tumor that mainly occurs in children and adolescents.' The standard
treatments consist of preoperative neoadjuvant chemotherapy, surgical resection of osteosarcoma tissue, and postopera-
tive chemotherapy with doxorubicin, cisplatin, and ifosfamide.* Despite the fact that 5-year survival rate has improved
from 20%-30% to 60%-70% with the introduction of neoadjuvant therapies,® there are still some patients who fail
chemotherapy due to the severe side effects which they cannot endure.” Therefore, it is of great significance to develop
targeted therapeutic agents with high selectivity and minimum side effects.

At present, the targeted drugs commonly used in clinic, such as Imatinib, Gefitinib, Trastuzumab, have no significant
effect on osteosarcoma patients.* '° Thus, a variety of nanocarriers for chemotherapeutic drugs have been considered
a promising strategy in the targeted treatment of osteosarcoma.'''* Generally, the nanocarriers can be classified into
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organic and inorganic carriers. The inorganic nanocarriers include metallic nanoparticles,'> mesoporous silica
nanomaterials,'® carbon-based nanomaterials,'” and calcium phosphate carriers.'® And the organic nanocarriers mainly
include liposomes,'” polymers,” micelles,”’ dendrimers,** and exosomes.”® Specifically, exosome, as the natural
membrane secreted by cells, was considered to be an ideal drug vehicle due to its excellent characteristics such as
wide distribution in biological fluids, intrinsic homing capability, and its ability to penetrate the blood-brain barrier.”* 2
Our group recently reported that bone marrow mesenchymal stem cell (BM-MSC) derived exomes could be used as
a doxorubicin carrier for osteosarcoma treatment in vitro,”’ however, the developed nanodrug’s (exosome-doxorubicin,
Exo-Dox) therapeutic effect and targeting capability in vivo have not been elucidated.

In the present study, BM-MSCs, which have good performance such as tropism toward osteosarcoma tissue, low
immunogenicity and side effects,”® were employed to produce exosomes for loading doxorubicin. Then, the developed
nanodrug consisting of exosome-doxorubicin was characterized and administered to osteosarcoma loaded nude mouse
model. The antitumor activity, targeting capability, and mechanism were further investigated in vitro and in vivo
(Scheme 1).

Materials and Methods

Cell Lines and Culture

The human osteosarcoma cell line MG63, 143B, HOS and myocardial H9C2 cell line were purchased from the American
Type Culture Collection (ATCC). The mouse bone marrow cells (BM-MSCs) with stable transfection of GFP were
obtained from Cyagen Biosciences Inc (Guangzhou, China), the quality inspection report was done by the company.
MSCs were maintained in MEM (Gibco Life Technologies, Grand Island, NY) containing 10% fetal bovine serum (FBS,
ScienCell, San Diego, California, USA) and 1% penicillin—streptomycin (Gibco Life Technologies, USA). MG63, 143B,
HOS and H9C2 cells were incubated in DMEM (Biological Industries, Israel) supplemented with 10% fetal bovine serum
(FBS, Hyclone Thermo Scientific, USA) and 1% antibiotics. All cell lines were grown in an atmosphere containing 5%
CO, and maintained at 37°C in a humidified chamber (Thermo Fischer Scientific, Waltham, MA, USA).

Exosome Extraction, Drug-Loading and ldentification

MSCs were washed and incubated for 48 h in mesenchymal stem cell medium-serum free (MSCM-sf medium, ScienCell,
San Diego, California, USA) supplemented with 1% MSCGS-sf (ScienCell, cat. 7562) and 1% P/S Solution (ScienCell,
cat. 0503) when they reached 70-80% confluence. The conditioned medium was collected using centrifugation
(3000%xg for 10 min) to discard cell debris. Then, the exosome suspension was mixed with Exosome Isolation Kit
(Umibio, Shanghai, China) to isolate exosomes according to the manufacturer’s instructions. Next, the mixture was
vortexed for 1 min and incubated for 2 h, followed by ultra-centrifugation for 60 min at 10,000 g after it was washed
twice with a large volume of PBS and filtered using an Exosome Purification Filter (Umibio, Shanghai, China). The
pelleted exosomes at the bottom of the tube were resuspended in PBS and centrifuged again at 12,000 g for 10 min to
remove contaminating protein. All procedures were performed at 4°C and prepared exosomes were stored at —80°C until
further experiments.

The preparation of Dox-loaded exosome (Exo-Dox) was based on the following steps. Briefly, the Doxorubicin
hydrochloride (Dox HCI, Ourchem Shanghai, China) solution (1 mg mL—1) and purified exosome solution (1 mg mL—1)
were mixed together for 30 min in a ratio of 7:93 and desalinized with triethylamine for 1 h at room temperature (RT).
Then, the mixed solution was added to dialysis tube prepared by dialysis belt (cat. AT-C-026, Beijing, China) and
centrifuge tube, and the excess Dox was removed by overnight dialysis in PBS solution at 4°C.

Isolated exosomes and prepared Exo-Dox were measured by nanoparticle tracking analysis (NTA) with Zeta View PMX
110 (Particle Metrix, Meerbusch, Germany) and corresponding software Zeta View 8.04.02 and visualized using
a transmission electron microscope (TEM, HT7700, Hitachi, Japan). Western blot analysis was performed as follows:
proteins of exosome were extracted using the Membrane and Cytosol Protein Extraction Kit (Beyotime, Shanghai, China),
and their concentrations were quantified using the Bicinchoninic Acid Protein Assay Kit (Beyotime, Shanghai, China). After
that, samples were electrophoresed on 10% sodium dodecyl sulfate-polyacrylamide gels and transferred to Immobilon
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Scheme | Isolated exosomes were released from BM-MSC cells and loaded with doxorubicin to form a complex (Exo-Dox). We then evaluated the targeted antitumor
effect of Exo-Dox both in vitro (A) and in vivo (B).
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membranes (Millipore, Bedford, MA, USA) and then incubated in QuickBlock™ Blocking Buffer (Beyotime, Shanghai,
China) for 15 min. Then, using standard techniques, the membranes were probed with antibodies, including exosomal
markers TSG101 (Affinity Biosciences, cat.DF8427) and CDS81 (Affinity Biosciences, cat. DF2306). The membranes were
then incubated with secondary antibodies (Affinity) at room temperature for 1 h. Labeling was visualized using the Affinity
ECL Kit (Affinity, Biosciences, Cincinnati, USA) and the FluorChem R detection system (ProteinSimple, USA).

Cell Viability Assay

The proliferation of osteosarcoma cells and myocardial cells were measured using Cell Counting Kit-8 assay (New Cell
& Molecular Biotech, Co., Ltd, China). MG63, HOS, 143B, and H9C2 cells were maintained at a density of 3000 cells/
well in 96-well plates overnight and then treated with exosomes (0, 0.5, 1 2, 5, 10, 20, 50, 100 and 200 pg mL-1) and
Dox formulations (Dox and Exo-Dox) with the equivalent Dox concentrations of 0, 0.01, 0.025, 0.05, 0.1, 0.25, 1, 5, 50,
10 pg mL™'for 48 h. Subsequently, the CCK-8 reagent was added to the medium, and the optical density (OD) at 450 nm
was measured 2 h later.

Migration Assay

A migration assay was performed in 24-well transwell plates. The upper and lower culture compartments were separated
by polycarbonate filters with 8-um pore diameter (BD Biosciences, San Jose, CA). Equal numbers (50,000 cells) of
MGO63 cells (after treatment of free Exo, free Dox and Exo-Dox for 24 h) in serum free DMEM were added to the upper
chamber. The lower chamber was filled with DMEM containing 10% FBS to induce cell migration, and plates were
incubated for 24 h. Cells that traversed the membrane filter to the lower surface were fixed in 4% formalin for 15 min
before staining with 0.1% crystal violet. Stained cells were counted directly using a microscope (Carl Zeiss Microscope
Systems, Jena, Germany).

In vivo Anti-Tumor Efficacy

All experimental procedures were approved by the Committee of Animal Ethics of our hospital and conducted in
accordance with the Guide for the Care and Use of Animals for research purposes. Nude mice (BALB/c, 4—6 weeks old)
were purchased from SLAC, Shanghai, China. Xenograft mouse model was established by injecting MG63 cells (2 x 10°
per mouse) into the left subcutaneous region of nude mice. Two weeks later, mice with similar tumor sizes were divided
into four groups, and administered saline (control), free Exo, free Dox or Exo-Dox every 3 days x7, respectively. The
dose was equivalent to 5 mg/kg Dox. Tumor sizes were measured every 3 days after intravenous injection of medicine.
On day 21, the mice were sacrificed, and the hearts and tumor specimens were harvested. The tumor volume was
calculated using the following formula: volume = length x width?/2).

Histological and Immunofluorescence Analysis

Pathological characterization of the collected rat specimens containing heart and tumor specimens was performed using
a light microscope (Axioskop 40; Zeiss GmbH, Jena, Germany). Heart tissues were stained with hematoxylin-eosin (HE)
to observe the cardiotoxicity of drugs, and tumor tissues were stained immunohistochemically with primary anti-Ki-67
Antibody (Affinity, Biosciences, Cincinnati, USA) guided by the instructions to investigate tumor cell proliferation. Two
pathologists explored the immunohistochemical signals of specimens. The labeling index of Ki-67 expression was scored
as 0 to 3 based on staining intensities: negative, 0; weakly positive, 1; moderately positive, 2; and strongly positive, 3.
The mean percentage based on staining from 10 random high-power fields of positive tumor cells was also scored as 1 to
3 as follows: 1, <25%; 2, 25%—75%; and 3, >75%. Total scores were determined based on the intensity and percentage of
positive staining in cancer cells. Overexpression was defined as a score >2, and low expression was defined as a score <2.

Osteosarcoma Tropism Mechanism of Exosomes

The total protein concentrations in cells and exosomes were determined using a BCA protein assay kit and equal amounts
of protein were separated by SDS-PAGE gels and transferred to PVDF membranes. Antibodies against CXCR4, SDF1
and Tubulin were obtained from Affinity Biosciences (1:1000; Cincinnati, USA) and the negative marker calnexin was
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obtained from Thermo Scientific (Waltham, MA, USA). The immunoreactive bands were visualized using Affinity ECL
Kit (Affinity Biosciences, Cincinnati, USA) and quantified using ImageJ software.

Construction of CXCR4 Knockout (KO) and Overexpression (OE) Cell Lines

The single guide RNAs (sgRNAs), plasmid vector, and empty vectors purchased from Ubigene (Guangzhou, China) were
used to construct MG63 CXCR4 knockout and overexpression cell lines, denoted as MG63 CRCR4- or MG63 CXCR4+ cell
line, respectively. For the disruption of the CXCR4 gene in osteosarcoma, the plasmids containing each target sgRNA
sequence (sgRNA1 forward: 5-CACTTCAGATAACTACACCGAGG -3’ and sgRNA2 reverse: 5-GAAGCATGAC
GGACAAGTACAGG-3") and the corresponding negative control vectors were transfected into MG63 cells. Forty-eight
hours later, stably transfected clones were screened using puromycin. Transfection efficiency was confirmed by Western blot
analysis. The lentiviral packaging plasmid YOE-LV001-hCRCR4 (Ubigene, Guangzhou, China) was used to construct
CXCR4 overexpression cell line according to the manufacturer’s instructions.

In vivo Imaging of Fluorescent Labeled Exosomes

MG63, CXCR4 knockout MG63 (MG63 CXCR4-) and CXCR4 overexpression MG63 (MG63 CXCR4+) cells were
injected into male BALB/c nude mice to generate xenograft tumor models. Exosomes isolated from MSC cells were
incubated with 1,1'-dioctadecyl-3,3,3’,3'-tetramethylindotricarbocyanine iodide (DiR) for 30 minutes. Saline (control),
free DiR and Exo-DiR were injected intravenously into osteosarcoma bearing mice at a single DiR dose of 50 pg/kg.
After anesthesia with isoflurane inhalation, the mice were scanned at different times (1, 3, 6, and 12 h) after injection
using an in vivo imaging system (Bio-Real Sciences, Vienna, Austria) to detect the migration of fluorescent labeled
exosomes in murine organs. The mice were euthanized at the final time point, and the major organs and tumors were
extracted and immediately imaged again.

Statistical Analysis
All experiments were performed with at least three replicates per group. The statistical significance was determined using
t-test and two-way analysis of variance with Tukey’s post hoc test. P values <0.05 were defined as statistically significant.

Results and Discussion

Characterization of the BM-MSC Derived Exosomes and Exo-Dox

The BM-MSCs were cultured in serum-free mesenchymal stem cell medium, supernatants were collected, and exosomes
were extracted using Exosome Isolation Kit. As shown in Figure 1A and B, nanoparticle tracking analysis (NTA) showed
the peak diameter of Exo and Exo-Dox was 141.6 and 178.1 nm, respectively, indicating increased diameter of Exo after
loading with Dox. Transmission electron microscopy (TEM) revealed the typical lipid bilayer membrane encapsulated
nanoparticles, and the diameter of Exo-Dox increased compared with free Dox, which was consistent with the results
obtained by NTA (Figure 1C and D). Figure 1E demonstrated that the proteins of TSG101 and CD81 were positively
expressed in BM-MSC derived exosomes.

In vitro Cytotoxicity and Antitumor Activity
The drug encapsulation efficiency, release profile, and cellular uptake of Exo-Dox in vitro were investigated in our
previous work.?” In this study, the cytotoxicity of free Exo and the antitumor activity of Exo-Dox were further
investigated after incubating with different cells for 48 h (Figure 2A and B). As shown in Figure 2A, the free Exo
showed no significant cytotoxicity for osteosarcoma MG63 cells, HOS cells, 143B cells and myocardial HOC2 cells even
at a high concentration of 200 ug mL ', which demonstrated the excellent cytocompatibility of BM-MSC derived Exo.
As shown in Figure 2B, the Exo-Dox exhibited higher cytotoxicity against osteosarcoma MG63 cells, HOS cells, 143B
cells than free Dox, the half-maximal inhibitory concentrations (IC50) of Dox, Exo-Dox were calculated to be 0.178 and
0.078 pg mL ™" in MG63 cells, 0.294 and 0.109 pg mL ™" in HOS cells, 0.315 and 0.123 pg mL ™" in 143B cells, respectively.
However, in myocardial H9C2 cells, the Exo-Dox exhibited lower cytotoxicity than free Dox, the IC50 of Dox, Exo-Dox
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Figure | Characterization of exosomes: the size distributions of blank exosome (A) and exosome-doxorubicin (B) measured by NTA. The mean particle diameters were
141.6 nm for free exosome and 178.1 nm for exosome-doxorubicin. The morphology of blank exosome (C) and exosome-doxorubicin (D) as observed by TEM. (E)
Western blotting analysis of the exosomal proteins CD8| and TSGI0I.

were calculated to be 0.149 and 0.461 pg mL ™', respectively. Moreover, considering that the osteosarcoma cells took about
24 hours to pass through a generation, we performed 24 h CCK-8 assay of MG63 and HIC2 cells. As shown in Figure S1A,
no obvious cell death was observed after incubating with free exosome at the concentration of 200 pg mL ™" for 24 h, which
indicated that the exosome had excellent cytocompatibility. In addition, as shown in Figure S1B, the IC50 (9.94ug mL-1 for
Dox and 5.67ug mL™" for Exo-Dox) for MG63 cells and (5.09ug mL™" for Dox and 25.72ug mL™" for Exo-Dox) for HOC2
cells were calculated automatically by using Graphpad prism 6.0, showing that the tumor cytotoxicity of Exo-Dox was
stronger than free-Dox in MG63 cells, but in myocardial HOC2 cell line, the cytotoxicity of Exo-Dox was much weaker than
that of free Dox, which was the main reason for using exosome as nanocarrier.

Transwell assay (Figure 3A and B) was carried out to investigate the effects of free Exo, free Dox, or Exo-Dox on
migratory capacity of MG63 cells. As shown in Figure 3B, the treatment of free Dox suppressed migration to a degree
(=50%) compared with control group, and Exo-Dox treatment enhanced the suppression of MG63 migration compared
with free Dox, whereas the treatment of free Exo did not cause an additional suppression. The results showed that Exo-
Dox enhanced Dox-induced inhibition of MG63 cells’ migration. Collectively, from the results mentioned previously, we
could see that the Exo-Dox could suppress proliferation and migration of osteosarcoma cells effectively and showed
weakened cytotoxicity for myocardial cells, this may be attributed to the specific interaction of the membrane proteins in
the surface of MSC-derived Exo and osteosarcoma cells.

Effect of Exo-Dox on Tumor Growth Inhibition in vivo
We further evaluated the in vivo therapeutic efficacy of Exo-Dox against MG63 cells in a xenograft nude mouse model.
The tumor volumes and body weights of the mice were monitored at regular intervals. As shown in Figure 4A and B, the
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Figure 2 Cell viability of MG63, HOS, 143B and H9C2 cells treated with blank exosome (A), free doxorubicin and exosome-doxorubicin (B) detected by cell counting kit-8
(CCK-8). The inset shows the IC50 of free doxorubicin and exosome-doxorubicin, where the value was calculated according to (B). Mean values and standard deviations

were obtained from three independent experiments.
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tumors of the control and free Exo groups progressed rapidly, indicating these two groups had no significant antitumor
effect. However, the free Dox and Exo-Dox groups exhibited significant antitumor activity. Furthermore, at day 21 after
drug administration, compared with the free Dox group, the Exo-Dox group had a 6-fold decrease in tumor volume. The
mean tumor volume of Exo-Dox treated group was statistically significantly smaller than that of control group, free Exo
group and free Dox group, respectively (P<0.01). In addition to changes in tumor volume, the tumor weight at the
endpoint was also examined (Figure 4C and D). As shown in Figure 4D, the mean tumor weight of the free Dox group
and Exo-Dox group were statistically significantly lower than that of control group and free Exo group, and the mean
tumor weight of the Exo-Dox group was statistically significantly lower than that of free Dox group. Overall, these
in vivo results showed synergistic effect of Exo and Dox against MG63 solid tumors, which was consistent with results
obtained in vitro, indicating the Exo-Dox might preferentially interact with osteosarcoma cells.

Immunohistochemistry and Histology Analysis

Immunohistochemical staining against Ki67 could be used to investigate tumor cell proliferation.”> As shown in Figure 5A,
the Ki67-positive cells in control group and free Exo group were significantly more abundant than that in free Dox group and
Exo-Dox group, suggesting that free Dox and Exo-Dox could effectively abrogate the tumor-proliferation rate. Moreover,
compared with the free Dox group, the Ki67-positive cells in Exo-Dox group were significantly decreased, indicating the

A Control free Exo free Dox Exo-Dox

Tumour

B Control free Exo free Dox Exo-Dox

Heart

Figure 5 The immunohistochemical staining of Ki-67 of the osteosarcoma tissues (A) and HE staining of heart tissue sections (B) from osteosarcoma-bearing mice treated
with saline (control), free Exo, free Dox or Exo-Dox. Ki-67 positive cells were counted using Image Pro Plus 6.0 software.
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tumor inhibition was enhanced when using Exo-Dox. Furthermore, we found that the Ki67 level was not significantly altered
between control group and free Exo group, showing that free Exo had no effect on tumor cell proliferation. These results were
in accordance with the in vitro results of cell apoptosis assays, which could be explained by the fact that the membrane proteins
in the surface of MSC-derived exosomes could specifically interact with the membrane proteins of MG63 cells.

Figure 5B showed the hematoxylin and eosin (H&E) staining of heart tissue after treating with different treatments.
From Figure 5B, we can see that no obvious cardiac muscle tissue damage was observed in free Exo-treated groups
compared with the control group, indicating that Exo had no effect on cardiac muscle tissue necrosis. In the free Dox
group, the cardiomyocytes were significantly swollen, degenerated and necrotic, accompanied by vacuolar degeneration
in the cytoplasm and rupture of myocardial fibers. However, compared with free Dox, Exo-Dox could significantly
reduce the cardiotoxicity (Figure 5B), which could be ascribed to the chemotaxis of MSC-derived exosomes to
osteosarcoma cells via SDF1-CXCR4 axis (Figure 6).

The in vivo Imaging and Biodistribution of MSC-Derived Exo

The tumor-targeting effect of MSC-derived Exo in vivo was evaluated by using a tumor xenograft mouse model (BALB/
C nude mice). To further verify the targeted mechanism of of MSC-Exo, CXCR4 knockout MG63 (MG63 CXCR4-) and
CXCR4 overexpression MG63 (MG63 CXCR4+) cells were also used to construct xenograft tumor models. Figure 7A
indicated that the MG63 CXCR4- and MG63 CXCR4+ were successfully constructed.

Figure 7B shows the images obtained after live mice were scanned at 1 h, 3 h, 6 h, 12 h post-injection. As shown
in Figure 7B and C, at 1 h after administration, the DiR signal was visualized mainly in the liver in free Dir group,
Exo-DiR CXCR4+ group, Exo-DiR NC group and Exo-DiR group. At 3 h after administration, the fluorescence
signal was observed in tumor regions of Exo-DiR CXCR4+ group and Exo-DiR NC group, then increased slightly at
6 h after administration. At 12 h after administration, there was strong fluorescence intensity in tumor regions of Exo-
DiR CXCR4+ group and Exo-DiR NC group. However, the fluorescence intensity of tumor regions in control group,
free DiR group and Exo-DiR CXCR4- group had no significant changes at 12 h after administration.

Overall, these results showed that MSC derived Exo could serve as a highly efficient delivery vehicle for targeted
drug delivery. At 12 h after administration, the organs and tumors were harvested, and the fluorescence images were
captured (Figure 7D and E). The images showed that in the tumor tissue, the fluorescence signals in Exo-DiR CXCR4+
group and Exo-DiR NC group were stronger than in other groups. In liver and lung tissue, there was strong fluorescence
signal in all groups except control group. Whereas, in heart tissue, the fluorescence signals in Exo groups were weaker
than in free DiR group. Collectively, these data suggested that MSC derived Exo performed well in targeted drug delivery
to osteosarcoma tumors.

The results in Figure 7 indicated that BM-MSC exosomes could accumulate at the tumor site in vivo and could be
used as a nanodrug carrier of doxorubicin to suppress proliferation and migration of osteosarcoma cells in vitro and
in vivo (Figures 2—4). The mechanisms involved in the targeting effect of exosome for osteosarcoma were evaluated
here. Osteosarcoma cells contain a lot of overexpressed surface proteins compared with normal cells.*® Owing to this
characteristic, there might be specific enhanced receptor-mediated internalization of BM-MSC exosomes in osteosarcoma
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Figure 6 The expression of CXCR4, SDFI and tubulin proteins in 143B, MG63, HOS, H9C2, BM-MSCs cells and purified exosome measured by Western-blot analysis.
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Figure 7 The biodistribution of DiR-labeled exosomes was examined by in vivo imaging of DiR fluorescence. (A) the expression of CXCR4 protein in MG63 cells after the
knockout or overexpression of CXCR4 gene. (B) Nude mice bearing subcutaneous MG63, MG63 CXCR4+ and MG63 CXCR4- xenograftsOreceived intravenous injection
of saline, free DiR or Exo-DiR (50 pg/kg DiR) and were scanned at different times (I, 3, 6, and 12 h) after injection using an imaging system. (C) Fluorescence imaging of
excised organs from tumor-bearing mice 12 h after IV injection with saline, free DiR or Exo-DiR. (D) Graphical representation of the fluorescence intensity of the tumor site
at the selected time point in the five groups. (E) Organs were removed and DiR dye signals in each organ were quantified after injection. The scale bar is in arbitrary units
and is a colorimetric representation of the minimum and maximum signals; all the depicted images are reconstructed with the same scale. Mean % SD, n = 5. ns, not
significant. *p < 0.05, ***p < 0.0001 when compared with the indicated groups.

cells. Additionally, the mutual interaction of osteosarcoma cells and MSCs in metabolic reprograming has been
studied.’'? This evidence suggested that the cell membrane composition of exosomes may provide them with specific
targeting properties. As shown in Figure 6, osteosarcoma cells highly expressed CXCR4 protein, while exosomes and its
parent cell (mesenchymal stem cells) expressed SDF-1 protein. The interaction of SDF-1 and CXCR4 induced exosomes
tending to the site of osteosarcoma. Thus, we speculated that mesenchymal stem cell derived exosomes exerted
osteosarcoma targeting effect via SDF1-CXCR4 axis.

Conclusion

In conclusion, our data suggested that MSC-derived Exo could be used as excellent nanocarriers to deliver chemother-
apeutic drug Dox specifically and efficiently to osteosarcoma, resulting in enhanced toxicity against osteosarcoma and
less toxicity in heart tissue. Our results further showed that the mechanism of targeting capability of Exo could be
ascribed to the chemotaxis of MSC-derived exosomes to osteosarcoma cells via SDF1-CXCR4 axis. This work may pave

the road for new targeted approaches in osteosarcoma treatment.
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