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Introduction: TRAIL (tumor necrosis factor-related apoptosis-inducing ligand) can induce
apoptosis in a variety of cancer cells. However, drug resistance of tumor and short half-life
seriously affects its clinical targeted therapy. Cabazitaxel (CTX) is a taxane drug, which can
induce apoptosis or autophagy by inhibiting the phosphorylation of PI3K/Akt/mTOR and
sensitive to some drug-resistant tumors. Therefore, we explored the possibility of developing
a mesenchymal stem cell-derived exosomes (MSC-EXO) vector for oral squamous cell
carcinoma (OSCC) to deliver CTX/TRAIL combinations.

Methods: After ultracentrifugation and dialysis, CTX/TRAIL loaded exosomes transfected
MSC (MSCT)-derived exosome (EXO) (MSCT-EXO/CTX) were isolated and purified. The
expression of CD63, CD9 and TRAIL was detected by BCA to confirm the origin of EXO.
High-performance liquid chromatography (HPLC) was used to determine the drug loading of
VPF and draw the in vitro release profile. MTT assay, flow cytometry and Western blot were
used to detect the antitumor effect of MSCT-EXO/CTX in vitro. Subsequently, the antitumor
effect of MSCT-EXO/CTX in vivo was verified by mouse model.

Results: The diameter of the membrane particles was about 60—150 nm. We have proved that
the incorporation and release of CTX in MSCT-EXO can inhibit the activation of PI3K, Akt and
mTOR, which is a possible synergistic mechanism of CTX. MSCT-EXO and CTX can induce
the apoptosis of SCC25 tumor cells in a dose-dependent manner and exert a good synergistic
effect in the proportion range of 10:1-5:1. The inherent activity of MSCT-EXO and the direct
effect of MSCT-EXO/CTX on OSCC confirm that MSCT-EXO/CTX makes MSCT-EXO and
CTX have an efficient synergistic effect and a highly effective pharmacological inhibition on
cancer cells, as verified by the subsequent mouse model. MSCT-EXO/CTX showed the lowest
relative tumor volume and the highest tumor inhibition rate (P<0.05) in vivo.

Conclusion: An MSCT-EXO-based CTX delivery system might be an effective anticancer
method.

Keywords: cabazitaxel, extracellular vesicles, mesenchymal stromal cells, oral squamous
cell carcinoma

Introduction

The recombinant human soluble TRAIL and TRAIL receptor agonists have shown
a good antitumor activity in preclinical studies." Among them, soluble TRAIL can
induce apoptosis of colon, lung, breast and other tumor cells and inhibit the
occurrence and growth of tumor.? The difficulties in the transformation of precli-
nical achievements lie in the short cycle half-life of TRAIL (in rodents, the half-life
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is only a few minutes; in humans, the half-life is approxi-
mately 60 min), the insufficient accumulation of drugs at
tumor targets, the low activation efficiency of DR4 and
DRS5 antibodies on the surface of tumor cells, and the
tumor cells on TRAIL primary or secondary drug
resistance.>*

As a taxol drug, CTX has the same mechanism as
paclitaxel and docetaxel. PI3K, Akt and mTOR participate
in the phosphorylation of caspase-9 and ser196 enhance
the expression of Bal-xl, reduce the permeability of mito-
chondria, inhibit the apoptosis of cancer cells and promote
cell proliferation.® CTX can inhibit the activation of
PI3K, Akt and mTOR pathway by inhibiting the phosphor-
ylation of PI3K, Akt and mTOR.”® Due to the excellent
antitumor activity, CTX has been used as an alternative for
docetaxel and other paclitaxel-resistant patients.” Due to
poor water solubility and high side effects, CTX has
derived a series of formulations, among which nanoparti-
cles are one. The literature has proved that the derivatives
of nanoparticles have a better curative effect and lower
toxicity. '’

Extracellular vesicles (EVs) are submicron membrane
vesicles released by cells, which are composed of lipids,
proteins, and nucleic acids. Evidence shows that EVs
mediate intercellular communication by transferring biolo-
gical molecules from donor cells to nearby or distant
receptor cells under physiological and pathological
conditions."' ™ As natural nanomaterials, EVs can pene-
trate tissues and even the blood-brain barrier. Therefore,
they have a high application value as drug delivery
carriers.'*'® Numerous researchers have used EVs in
recent years to deliver natural small molecular compounds,
DNA, and proteins related to cancer.'’2°

Exosome (EXO) is a kind of extracellular vesicles,
which is secreted after the fusion of intracellular multi-
vesicular bodies and cell membrane. Although most cells
can release EXO, mesenchymal stromal cell (MSC)-
derived EXO (MSC-EXO) shows unique advantages.
Compared with the production of other cell types, that of
EXO from MSC is more significant and persistent.”'
MSC-EXO has good stability in human plasma and can
be preserved at —20 °C.**?* Several studies have shown
that EXOs are easy to be surface modified, provided they
have high targeting and cell uptake rate.”**> MSC-EXO
can be used as a new drug carrier because it can efficiently
load drugs and control their release, and can also protect
drugs by shielding the effect of carriers. We speculated
that MSC-EXO could be used as a carrier to deliver CTX/

TRAIL in the treatment of drug-resistant oral squamous
cell carcinoma. It can not only effectively reverse the
multidrug resistance of tumor but also improve the sensi-
tivity of chemotherapy drugs, and reduce the toxic and
side effects of chemotherapy drugs on normal tissues,
which is a new strategy for cancer treatment.

Materials and Methods

Materials

CTX was purchased from MedChemExpress (New Jersey,
US) SCC25 cell line from ATCC (Manassas, VA, USA)
and cultured in an RPMI-1640 medium containing 10%
FBS. Adult mesenchymal stem cells in good condition
were purchased from ATCC. MSCTs were established by
transfection of MSCs with lentivirus-expressing human
TRAIL*® They were cultured and preserved in an
RPMI-1640 medium containing 17% FBS. To isolate
EXO derived from MSCTs, cells were cultured in an
RPMI-1640 medium containing 10% FBS without EXO.
Other cell culture reagents were all purchased from Sigma.

Isolation of MSCT-EXO/CTX

MSCTs were cultured in an RPMI-1640 cell culture med-
ium containing 10% FBS at 37 °C and 5% CO, to prepare
drug-loaded EXO. The medium was changed every 48 h. It
was changed to RPMI-1640 without EXO but with 0.3 mg/
mL of CTX and 10% FBS for 48 h. It was then collected and
centrifuged at 300 g for 10 min and then centrifuged again
at 2000 g at 4 °C to remove cells and fragments. Thereafter,
the medium was vacuum-filtered using a 0.22-um filter
(Membrana, Germany). It was concentrated with 100 kDa
(PES, Sartorius, Germany) for 5 times and finally ultracen-
trifuged at 1 x 10° g at 4 °C for 2 h. The EXO product was
filtered using a 0.22-pm membrane filter and washed with
phosphate-buffered saline (PBS) twice. The final product
was stored in PBS at =80 °C.

Characterization of EXO and Mass

Spectrometry
After centrifugation, EXO samples were resuspended with
10 pL of PBS and then added to a copper net for 2 min
precipitation. A filter paper was used to absorb the suspen-
sion. At 80-120 kV, a JEM-1400 transmission electron
microscope (JEOL, Japan) was used for observation.

A sodium phosphate buffer solution with a pH of 7.4 and
0.5% Tween-80 was prepared. The PBS solution (100 mL)
was collected and added with 0.5 g of Tween-80; 2 mL of
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MSCT-EXO and MSCT-EXO/CTX were also collected and
placed into a dialysis bag (MCWO: 8000—14,000). Both ends
of the dialysis bag were clamped, and 40 mL of sodium
phosphate buffer containing 0.5% (w/v) Tween-80 was
placed into the beaker. The solution was used as a dialysate.
The beaker was placed into a constant temperature shaker, in
which the rotating speed was set to 100 r/min, and the
temperature was 37 °C. The CTX standard was used. In
accordance with the HPLC method, acetonitrile and water
were used as the mobile phase. The flow rate was 1 mL/min,
and the wavelength was 230 nm.

In vitro Release Experiment

The solution (100 mL) was prepared in accordance with
the preparation method of the sodium phosphate buffer
solution, and 0.5 g of Tween-80 was added to the solution.
The MSCT-EXO/CTX solution (2 mL) was placed into a
dialysis bag (MCWO: 8000-14,000). Both ends of the
dialysis bag were clamped, and 40 mL of a sodium phos-
phate buffer solution containing 0.5% (w/v) Tween-80 was
placed into a beaker as the dialysate. The beaker was
placed into a constant-temperature shaker, in which the
rotating speed was set to 100 r/min, and the temperature
was 37.0 °C. LM samples were collected from the dialy-
sate at a predetermined time interval. A buffer solution
was added to compose the volume of the dialysate. The
sample (1 mL) was centrifugated at 14,000 rpm/min for 10
min. HPLC was used to determine the content of CTX in
the dialysate at each time point and the total amount before
dialysis.

Cytotoxic and Apoptosis Analysis

SCC25 cells were inoculated into six-well plates with 5 x
10° cells per well and cultured for 24 h. The growth of
SCC25 cells converged to approximately 70%. Four
groups (CTX, MSCT-EXO, MSCT-EXO:CTX (free
MSCT-EXO + free CTX) and MSCT-EXO/CTX) were
added to the six-well plates. At the end of administration,
the blank wells were set as the negative control group. In
the experimental group, cells were digested with trypsin
without EDTA, beaten gently, centrifuged, and collected.
Then, the cells were resuspended; thus, the cell concentra-
tion was 1x10° cells/mL. Cell suspension (100 pL) was
absorbed, and 5 pL of tested drugs, including CTX (2pg/
mL), MSCT-EXO (20pug/mL), MSCT-EXO:CTX (20pg/
mL), MSCT-EXO/CTX (20 pg/mL), and PBS medium,
were added. After treatment, floating and adherent cells
were collected and stained with AF647, annexin V

(Invitrogen), and 2 pg/mL of DAPI (Sigma). Cell death
was evaluated via flow cytometry.

Western Blot Analysis
EXO source detection: The samples of MSCT-EXO were
collected, and protein content was detected using the BCA
method and separated by SDS-PAGE electrophoresis.
After electrophoresis, the gel was removed, and the protein
was transferred to a PVDF membrane, which was sealed
with 5% skimmed milk powder for 1 h. They were incu-
bated with the first antibody of CD9, CD63, CD90,
TRAIL, GAPDH, Bcl-2, and Bax (1:1000) prepared
using 10% skimmed milk powder at 4 °C for overnight.
After washing by using TBS, the corresponding 10%
skimmed milk powder was added to prepare the second
antibody (1:5000) and incubated at room temperature for 2
h. ECL development was observed after TBS cleaning.
Phosphorylation of PI3K, Akt and mTOR:SCC25 cells
were treated with CTX, MSCT-EXO, MSCT-EXO:CTX,
MSCT-EXO/CTX for 24 h, then the protein was extracted
and quantified. The protein was transferred to a PVDF
membrane, which was sealed with 5% skimmed milk
powder for 2 h. 5% skim milk seal, PI3K (1:500), p-
PI3K (1:400), AKT (1:500), p-AKT (1:400), mTOR
(1:500), p-mTOR (1:500) and p-actin (1:500) were
added, respectively, overnight at 4 °C. After three times
of washing with TBS, the samples were incubated with
horseradish  peroxidase-labeled secondary antibody
(1:1000) for 2 h at room temperature. After washing with
TBS, ECL luminescence test was carried out. f-actin was
used as the internal control to evaluate the expression level
of each sample.

Cell Uptake

MSCTs were seeded in a confocal dish with 5 x 10° cells
per well, containing 100 pg of pure EXO. The cells were
labeled with DiR (60,017, Biotium) in 1 mL of PBS,
ultracentrifugated at 1 x 10° g for 3 h, and resuspended
with PBS. They were incubated at 37 °C, 0 °C, 5 °C, 10 °
C, 15°C, or 4 °C (pH 7.4) by using an Opti-MEM medium
instead of the original medium. Then, they were washed
with cold PBS twice, fixed with 4% paraformaldehyde for
15 min at room temperature, washed with PBS twice, and
stained for 15 min with Hoechst 33,342 (63,493, Sigma
Aldrich) at 1:2000 at room temperature. Confocal laser
scanning showed the cellular uptake of nanoparticles. To
measure the uptake of EXO, trypsin was used to digest the
cells, PBS was used to wash them, and the DiR signal was
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analyzed by flow cytometry (Invitrogen Attune NxT,
Thermo Fisher, USA).

Establishment of Xenograft Model

SCC25 cells were digested and collected, washed with
serum-free medium RPMI-1640 twice, and resuspended
with a serum-free medium to make the cell density
5x10° cells/mL. The mice were placed in a biosafety
cabinet and anesthetized with an anesthetic breathing
device. The anesthetic gas was isoflurane. After anesthe-
sia, 75% ethanol was used to wipe the back of the mice for
disinfection, and an insulin needle was used to suck 120
pL of cell suspension, which was injected subcutaneously
into the right rear back of the mice. After the modeling,
the mice were put back into the cage and then into the
feeding room after waking up. The state and size of the
transplanted tumor were observed regularly. After 1-2
weeks, the transplanted tumor grew to 100-200 mm’,
and then the drug was given. All animal experiments
were approved by the animal ethics committee of Hebei
Medical University (201,902,007). All experimental pro-
cedures were conducted in accordance with the guidelines
for the humane treatment of experimental animals ( { The
Three Rs and the Humanity Criterion) , published in
2009).

Pharmacodynamic Study in Animal Groups

The tumor-bearing mice were randomly divided into four
groups with five animals in each group. The groups were
the saline, CTX, MSCT-EXO, MSCT-EXO:CTX, and
MSCT-EXO/CTX groups. The dosage of MSCT-EXO
was 1.59 mg/kg, MSCT-EXO/CTX was 1.61 mg/kg, that
of MSCT-EXO:CTX was 1.59 mg/kg+0.25 mg/kg, and
that of free CTX was 0.25 mg/kg. The frequency of
administration was once every 2 days, the length and
width of the transplanted tumor were measured using a
vernier caliper before each administration, and the weight
data of mice were recorded. After each recording, the
tumor volume was calculated using the following formula:
tumor volume V (mm’) = length x width?/2.

At the end of the experiment, the animals were eutha-
nized with a carbon dioxide suffocation. After the tumor
was removed and PBS was used to clean the residual
blood, photos were taken and recorded. Each tissue
(tumor) was weighed to calculate the tumor inhibition rate.

Tumor inhibition rate (%) = (tumor weight in the PBS
group — tumor weight in the experimental group)/tumor
weight in the PBS group x 100%

Statistical Analysis

The data were analyzed using GraphPad Prism 6 software
and one-way ANOVA. Dunnett’s post-test or Student’s
t-test was used to compare the differences. The significant
probability values were *P < 0.05, **P < 0.01, and **P <
0.001.

Results
Isolation and Characterization of MSC-
EXO

The MSCT-EXO/CTX was characterized by particle size. The
experimental results showed that the particle size of the
synthesized MSCT-EXO/CTX EXO was approximately
60150 nm. Particle size uniformity and narrow size distribu-
tion were observed (Figure 1A and B). CD63 and CD9 were
typical markers of MSC-EXO (Figure 1C); CD63, CD9, and
TRAIL were expressed in MSCT-EXO (Figure 1C and D);
CD81 was expressed in MSCs (Figure 1C).

Drug Loading and in vitro Drug Release
A regression equation prediction model was established by
the concentration of CTX standard solution detected by
HPLC (Figure 2A). The entrapment efficiency and drug
loading were 93.7+1.53% and 15.43+0.44%, respectively.
The drug content in MSCT-EXO/CTX was detected by
dialysis. The release profile of CTX was detected by
dialysis in a phosphoric acid buffer medium containing
0.5% Tween-80. Figure 2B shows that in the release med-
ium, 57.8% of CTX was released from MSCT-EXO/CTX
within 10 h, and 82.5% of CTX was released within this
period after reaching the final release time point. In the
first 15 h, MSCT-EXO/CTX showed a fast release feature.
Afterward, the drug release rate slowed down, and the
final drug release entered the platform stage. Finally,
almost no CTX was released from MSCT-EXO/CTX.

Cytotoxicity

Cytotoxicity and Half Maximal Inhibitory
Concentration (IC50)

Before testing the effect of drugs, whether MSCT-EXO
can inhibit the growth of SCC25 cells was determined.
The results showed that MSCT-EXO and CTX could inhi-
bit the growth of SCC25 cells in a dose-dependent manner
(Figure 3A and B). Figure 3C depicts that the proportion
of CTX and MSCT-EXO was closely related to their
synergistic killing effect on cancer cells. The IC50 values
of free CTX and MSCT-EXO in various proportions were
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Figure 2 (A) Regression curve of CTX based on the HPLC results; (B) Release curve of CTX.

relatively different. MSCT-EXO and CTX exerted a high EXO/CTX group exhibited a good synergistic effect in the
synergistic effect when the proportional range was 10:1-  range of 10:1-5:1. However, the optimal synergistic ratio
5:1. MSCT-EXO/CTX and MSCT-EXO:CTX could inhibit  could not be tested due to the limitation of the drug
the activity of SCC25 cells (Figure 3D). The inhibitory loading of MSCT-EXO.

effect of MSCT-EXO/CTX was significantly higher than

that of the MSCT-EXO:CTX group (P < 0.05), and the = Apoptosis Induced by MSCT-EXO/CTX

combined index (CI) value was lower (CI = 0.55) at the  Apoptosis effects were induced by CTX, MSCT-EXO,
same proportion. Therefore, we speculated that the MSCT- MSCT-EXO:CTX and MSCT-EXO/CTX on SCC25 cells
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and CTX in SCC25 cells. *Comparison between MSCT-EXO:CTX and MSCT-EXO/CTX groups, P < 0.05.

in a dose-dependent manner, in which CTX had a limited role
in apoptosis induction (Table 1). CTX loaded by MSCT-
EXO was more effective in killing cancer cells than free
MSCT-EXO:CTX (100:15) group, which induced more
apoptosis in SCC25 cells compared with free MSCT-EXO:
CTX at different concentrations (P<0.05). Annexin V/DAPI
was used to confirm the killing capability of MSCT-EXO/
CTX to SCC25 cells. The results showed that the apoptosis-
inducing effect of MSCT-EXO/CTX on SCC25 cells was
higher than that of other groups (P<0.05). These data indi-
cated that MSCT-EXO/CTX could effectively induce cancer
cell apoptosis, which could also reduce the dosage of free
drugs (Figure 4, Table 1).

Cell Uptake

Human EXO can be internalized by cancer cells to inhibit the
proliferation of cancer cells and kill them. To determine
whether MSCT-EXO has direct effects on squamous cell
carcinoma, we evaluated MSCT-EXO internalization in
SCC25 cells. Flow cytometry and confocal microscopy were
used to detect the intracellular staining of SCC25 cells and
quantify endocytosis in a time-dependent manner. As shown

in Figure 5, SCC25 cells effectively ingested EXO in an
increasing manner during 15 h. The geometric mean of fluor-
escence intensity (MFI, SCC25) increased from 827+ 136 in 5
hto 1362 = 193 in 10 h and to 2035 + 324 in 15 h because
substantial chromatids were internalized. The MIF of the
negative control group at 4 °C was 382 + 105, which con-
firmed the active internalization of EXOs to cancer cells. To
determine whether the EXOs are certainly internalized or only
membrane bound, we confirmed their cytoplasmic localization
via confocal microscopy, as shown in Figure 5. The EXOs of
confocal microscopy were stained with DiR (yellow).
Confocal microscopy confirmed that the EXOs were effective
with time-dependent internalization into SCC25 cells.

Inhibition of PI3K/Akt/mTOR Signaling Pathway
Activation

Western blotting showed that SCC25 cells treatment with
CTX (2 pg/mL) MSCT-EXO (20 pg/mL), MSCT-EXO:
CTX (20 pg/mL) and MSCT-EXO/CTX (20 pg/mL) for
24 h, the phosphorylation levels of PI3K, Akt and mTOR
were significantly inhibited (Figure 6, P<0.05), while the
expression of total PI3K, Akt and mTOR did not change
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Table | The Apoptosis Rate in Different Groups (%S, n=4)
Concentration Control CTX MSCT-EXO MSCT-EXO:CTX MSCT-EXO/CTX
CTX(0.1pg/mL)/MSCT-EXO(png/mL)
10 0.89+0.03 310.62a 11.7£1.13b 23.7+2.1c 36.3+2.8d
20 0.92+0.8 8.82+1.74c 23.3+3.9d 58.9+3.2e 91.4+1.03f
30 1.2+0.73 17.18+2.34g 37.8+3.7h 88.7414.3 97.311.8k

Notes: Within the same row, the different superscripted letters indicate significant differences (P<0.05). a, b, ¢, d, ¢, f, g, h, j, k - Statistically significant differences between

different groups.

significantly (P>0.05). The inhibition of PI3K/Akt/mTOR
signaling pathway activation by MSCT-EXO/CTX on
SCC25 cells was higher than that of other groups (P<0.05).

Antitumor Effect of MSCT-EXO/CTX in
vivo

At the beginning of tumor growth, the tail vein was injected
once every other day, the length and width of tumor were
measured with a vernier caliper at each time of administration,
and the weight of mice was recorded. The entire experimental
period lasted 19 days. At the end of the experiment, the mice
were euthanized, and the transplanted tumor was dissected and
weighed. The toxicity and side effects of the nanosystem could
be evaluated using the body weight change of mice. As
showed in Figure 7A, the transplanted tumor grew rapidly in
the PBS group. There was no significant change in the weight

Control

of mice treated with MSCT-EXO, MSCT-EXO:CTX and
MSCT-EXO/CTX (Figure 7B). The weight of mice in CTX
group decreased to 93.48%, and no weight recovery was
observed at 18 days, which may be due to the non-specific
toxicity of CTX. The MSCT-EXO/CTX group showed the
highest antitumor effects, and the tumor growth inhabitation
was approximately 63.7% (Figure 7C). As shown in
Figure 7D, compared with PBS group, the tumor volume of
mice treated with CTX, MSCT-EXO, MSCT-EXO:CTX or
MSCT-EXO/CTX group decreased significantly (P<0.05).
MSCT-EXO/CTX group showed the lowest relative tumor
volume and the highest tumor inhibition rate (P < 0.05).

Discussion
CTX is a chemical semisynthetic small-molecule compound of
taxanes.”’ In June 2010, the US Food and Drug Administration

CTX MSCT-EXO
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approved CTX to treat cancer patients who have not improved
after docetaxel treatment. In the following years, it was listed in
the United States, Germany, Britain, Italy, and other countries.
As a taxane drug, CTX has the same action mechanism as
paclitaxel and docetaxel, which are used to stabilize microtu-
bules. CTX can bind to p-tubulin subunits, which can make cell
growth stay at G2/M phase and promote stable microtubules,
thus inhibiting cell mitosis and interphase cell function.*®
Compared with docetaxel and paclitaxel, CTX has a better
antitumor activity when used as a small-molecule chemother-
apeutic drug in tumor treatment. Therefore, CTX has been used
as an alternative drug for paclitaxel-resistant patients.*’
However, as an anticancer chemotherapy drug, it has the
same disadvantages, such as hydrophobic property, as other
drugs. Thus, Jevtana, a type of commercial product of cabazi-
taxel, uses polysorbate 80 (Tween 80) as a solvent (containing
60 mg of CTX in 1.5 mL of polysorbate 80), but it has created
serious adverse effects in clinic.’**' To inhibit the disadvan-
tages of poor water solubility and serious side effects, a series

of dosage forms is derived from the raw material, among which

nanoparticles are one of the best types. Considerable literature
has proven that the derivatives of these systems have high
efficacy and low toxicity.*

TRAIL has been widely concerned by researchers
since its discovery. The specific killing effect on tumor
cells has been leading people to explore the clinical appli-
cation of TRAIL.> Nevertheless, for a long time, neither
the recombinant TRAIL protein with increased stability
nor the more specific TRAIL antibody has achieved clin-
ical success. Therefore, the single drug application of
TRAIL might not be able to achieve the desired effect,
but it might be a way to explore the combination of
TRAIL with other drugs.**** The study of TRAIL indica-
tions should also be conducted in parallel. The drug resis-
tance of tumor cells to TRAIL is a considerable obstacle to
its application.®> At present, finding unique biological
indicators sensitive to TRAIL is particularly important.

Bone marrow mesenchymal stem cells usually do not
express secretory TRAIL.*® Under TNF-o stimulation,

bone marrow mesenchymal stem cells express membrane-
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Figure 6 Effects of MSCT-EXO/CTX on PI3K/Akt/mTOR signaling pathway in SCC25 cells I: Control; 2: CTX; 3: MSCT-EXO ;4: MSCT-EXO:CTX; 5: MSCT-EXO/CTX. a, b,

¢, d- Statistically significant differences between different groups.

binding TRAIL but not secretory TRAIL.>” MSCTs can
secrete EXO-carrying TRAIL. In addition, the expression
of EXO in MSCTs is higher than that in untransfected
MSCs or empty body lentivirus-transfected MSCs. For the
treatment method of TRAIL, the combination of other drug
and nanotechnology can enhance the tumor-targeting effect
of TRAIL and reduce the side effects, thereby providing a
promising treatment method.

The cell source of EXO is important to judge whether
EXOs have antitumor activity or promote tumor growth.
For example, EXO derived from human umbilical cord
Wharton’s jelly mesenchymal stem cells has been shown
to reduce the growth of T24 bladder cancer.’® Similarly,
EXO isolated from normal human bone marrow mesench-
ymal stem cells has been reported to inhibit cell cycle
progression and induce the apoptosis of hepatoma
(HepG2) and Kaposi cells.”” However, Roccaro et al
found that BMSCs from multiple myeloma patients can
promote the growth of multiple myeloma tumor cells,
whereas BMSCs from healthy patients can inhibit the
growth of multiple myeloma tumor cells.*® Therefore, the
function of EXO is closely related to the source of MSCs.
Choosing appropriate MSCs could avoid possible adverse

reactions.

In this study, CTX-induced MSCT-EXO was prepared
through ultracentrifugation and 0.22 pum filtration. The
results of TEM and DLS showed that EXO nanoparticles
had a narrow particle size distribution. The EXO system
contained TRAIL and CTX and exerted a good antitumor
effect through the synergistic apoptosis-promoting effect.
MSCs were first transfected with TRAIL (MSCTs) and
then incubated with CTX. High-speed centrifugation
could remove the microbubbles with particle sizes higher
than 220 nm, followed by further purification via sucrose
density gradient ultracentrifugation. The composite EXO
exhibited high drug loading with a good release curve. The
delivery system showed a good antitumor activity in vitro,
and the antitumor mechanism of the codrug-loaded system
was also investigated at the cellular level. The results
showed that the nanosystem could promote the apoptosis
of tumor cells through synergistic effect, which was con-
sistent with the cytotoxic test. PI3K, Akt and mTOR play
important roles in many cell processes, including prolif-
eration, apoptosis, cell cycle progression, cell migration
and autophagy. To better understand the mechanism of cell
cycle arrest and apoptosis induced by MSCT-EXO/CTX,
the effect of MSCT-EXO/CTX on OSCC cell targets was
studied by Western blot. We demonstrated that MSCT-
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Figure 7 In vivo antitumor effects of the MSCT-EXO/CTX nanosystem (A) Picture of the heterotopic transplanted tumor in mice; (B) Tumor weight curve of each group;
(€) Tumor inhibition rate of each group; (D) Tumor volume curve of each group. a, b, ¢, d - Statistically significant differences between different groups.

EXO/CTX effectively reduced the protein levels of
p-PI3K, p-AKT and p-mTOR. MSCT-EXO/CTX showed
better efficacy than free mixed drug group.

Compared with the MSCT-EXO:CTX group, the
MSCT-EXO/CTX group showed higher toxicity and apop-
tosis rate and a better synergistic effect. This result might
be attributed to the fact that the MSCT-EXO/CTX group
had a fixed proportion and was a whole, which could enter
the cells at a fixed proportion at the same time, thus
showing a stronger cytotoxicity and a higher apoptosis
rate. This phenomenon is consistent with previous studies,
such as those on gemcitabine and paclitaxel loaded in

mesoporous silicon*' and cisplatin and metformin-loaded

nanocubes.*? Both groups showed higher cytotoxicity or
apoptosis induction than the free drug group. In addition to
the abovementioned reasons in vitro, the high efficiency in
vivo could also be attributed to the cell-homing effect of
EXO derived from mesenchymal stem cells and the short
half-life of the hydrophobic drug CTX in vivo.

To sum up, we successfully collected CTX-related
EXO from MSCT and proved that MSCT-EXO can induce
the apoptosis of OSCC partly via the inhibition of PI3K/
Akt/mTOR signaling pathway activation. In particular,
MSCT-EXO can significantly improve the apoptosis effect
of CTX on SCC25. However, the apoptosis-promoting
mechanism of MSCT-EXO with CTX and the effect of
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tumor homing need to be further studied. With the in-
depth study of stem cell EXO and the extensive applica-
tion of synergistic therapy, drug-induced MSCT-EXO is
expected to develop into a clinical anticancer treatment
method.
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