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Abstract
Exosomes are the smallest vesicles that can cross the blood-brain barrier and transport proteins, nucleic acids, and other
cell elements to cells. The role of exosomes in drug resistance and their effects on healthy cells have been researched topics
in recent years. This study investigated the effect of exosomes released from TRAIL resistance U87 glioblastoma cells on
healthy L929 fibroblast cells. U87 cells were incubated with TRAIL (5ng/mL) for three weeks to develop drug resistance and
exosomes were isolated with ultracentrifuge. The obtained exosomes were incubated at a concentration of 1 µg/mL-100 µg/
mL on L929 cells for 48 hours, and their cytotoxic effect was examined with MTT assay. After incubation, CXCR4 Protein and
gene expression levels of CXCL-12, PAK4, and 14-3-3β were also examined.
This study showed that exosomes released from TRAIL-resistant cells increase CXCR4, CXCL-12, and PAK4 levels in healthy
cells and do not cause changes in 14-3-3 β oncogenic protein. While 100 µg/mL exosome affected L929 cells, no change was
seen at a lower concentration. Exosomes affect the migration potential of other cells due to drug resistance. It may contribute
to developing different resistance mechanisms in the long term by changing the proliferation and migration abilities of healthy
cells around the tumor cell.
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Introduction

Extracellular vesicles (EVs) are biological nanoparticles
that carry the heterogeneous phospholipid-bilayer
membrane and contents of the cells from which they are
produced, enabling intercellular communication [1,2]. Due to
their natural form, EVs are the most successful nanovesicles,

both biocompatible and interacting with cells. Among these
nanovesicles, they are the smallest (30-140 nm) exosomes,
which can enter cells and even cross the blood-brain barrier
[3]. Since exosomes are not immunogenic, they are not
affected by phagocytic activity, can remain in circulation for
a long time, and are protected from enzymatic degradation
[4]. Exosomes are not toxic and provide more advantages
over synthetic nanoparticles. Therefore, in recent years,
exosomes have shown great potential for drug delivery or
intracellular transport [5,6]. Preclinical studies in exosomemediated drug transport studies have come to the fore in
recent years [7,8].
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Glioblastoma multiforme (GBM) is the most common and
devastating brain tumor, unsuitable for surgical treatment
and highly resistant to radiation and chemotherapy. GBM
develops in middle-aged (45 years and older) people and
accounts for 52% of brain tumors [9,10]. GBM is fast growing
and quickly recurs with an aggressive spread. Therefore,
the potential for drug resistance in chemotherapy is high
[11]. When it spreads aggressively, it spreads to the brain
using tumor microtubules (TMs) and affects the connecting
pathways to the brain. When TM-related structures are
formed, the vascular systems allow the tumor to overgrow,
and this spread of GBM may prevent its surgical removal. The
main function of blood-brain-barriers (BBB) is to prevent
therapeutic interventions and inhibit drug delivery and
uptake [12]. If the BBB is damaged, the natural barrier function
is lost and interrupted, increasing the potential risks of
infection or open channels for pathogenicity [13]. Therefore,
a delicate balance is important to ensure the integrity of the
physical structures of BBBs without deterioration. In GBM
treatment, the unique structure of the BBB selects and blocks
many things from the microenvironment. In the tumor
setting, BBBs cause treatment limitations and reduce drug
bioavailability at sites. Nanoparticles designed to cross BBBs
in GBM treatment should have high biocompatibility and low
side effects [14]. Therefore, to prevent drug resistance in
treatment, therapeutics’ roles in the blood-brain barrier and
therapeutic and healthy cells other than cancer cells are at the
forefront in GBM treatment [15,16]. This study investigated
the effect of exosomes released from resistant glioblastoma,
which is known to cross the blood-brain barrier, on healthy
cells.

Material and Method

Cell Culture and Drug resistance
U87 human glioblastoma cell line was cultured with
a medium containing High Glucose-Modified Dulbecco’s
Eagle Medium (DMEM)/F12 (Sigma, D8437) supplemented
with 10% (v/v) fetal bovine serum (FBS, Sigma, H1270),
100 units/ml penicillin - 100 mg/ml streptomycin (Sigma,
P0781), at 37°C in a humidified atmosphere containing 5%
CO2 in 25 cm2 flasks (Corning, 430639). Then cells were
incubated with human TRAIL recombinant protein (5 ng/mL,
Sigma) for three weeks. During this time, the culture medium
was replaced every three days until the cells reached about
80% confluence.

Exosome isolation

U87 glioblastoma cells that developed resistance were
maintained in FBS and glucose-free medium for 48 hours
[6]. Then the cell medium was collected and centrifuged at
2,000xg for 15 minutes. Next, the cell pellet was removed,
the upper supernatant was taken into a new falcon tube and
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centrifuged at 12,000xg for 30 minutes, and the supernatant
was collected [8]. Finally, the supernatant was centrifuged
by ultracentrifuge at 90,000×g for 4h (Beckman Coulter,
Optima L100). After centrifugation, the pellet was removed
and suspended in PBS, and the protein concentration was
measured using the BCA kit (Intron Biotechnology, 21071).
Particle size, and distribution of exosomes was determined
using Zeta Sizer (Nano ZS-90 Malvern Instruments, England).

MTT assay

L929 mouse fibroblast cells were cultured with a
medium containing High Glucose DMEM, supplemented with
10% (v/v) fetal bovine serum, 100 units/ml penicillin - 100
mg/ml streptomycin, at 37°C in a humidified atmosphere
containing 5% CO2. L929 cells were seeded into 96 well plates
with 100 µL DMEM at 104 cells/well then U87 exosomes
were placed on them at a concentration of 1 µg/mL, 10 µg/
mL, 100 µg/mL at 48 hours. After the incubation, cell media
was changed with fresh DMEM. A total of 10 μL of the MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) (ODC Research and Development Inc) labeling
reagent was added to each well and incubated for 4 h in a
humidified atmosphere at 37°C incubators with 5% CO2 in
air [17]. An equal amount of DMSO was added to each well
to solubilize formazan precipitate. Then absorbance was
measured by a microplate reader at 570 nm.

Crystal violet staining

After the L929 cells were treated with U87 exosomes,
the potential for colony formation in the cells was examined.
Five hundred cells per well were seeded into 12 well plates,
and crystal violet staining was performed seven days after
exosome application. After incubation, cells were washed
with PBS and fixed with acetic acid/methanol (1:3 ratio) for
30 minutes. After fixation, it was stained with 5% crystal
violet solution for 30 minutes and washed with water. Then
the images were examined under the microscope.

Western blotting and QPCR assay

After the L929 cells were treated with U87 exosomes,
CXCR4, CXCL-12, PAK4, and 14-3-3 β protein expression
levels were analyzed by western blotting [18]. 4-12% SDS
PAGE gels were prepared, 30 µg of protein was loaded into
each well, and the gel was run with an electric current. The
proteins in the gel were transferred to the PVDF membrane
using a semi-dry system. The membrane was blocked with
3% BSA for 1 hour. The primary antibody (1:1000: dilution
of β-actin, CXCR4, CXCL-12, PAK4, 14-3-3 β from Santa Cruz
Biotechnology and ODC Research and Development Inc)
was then incubated overnight, and the secondary antibody
(1:2000 dilution) was incubated at two hours. The bands
were visualized on the imaging system by adding ECL. β-actin
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was used reference protein.

In addition, PAK4 and 14-3-3 β gene expression levels
were analyzed by qPCR [19]. Total RNA from cells was
isolated with the kit according to the manufacturer’s
instructions (PureLink, Life Technologies) and transformed
into cDNA using the kit. One hundred nanograms of cDNA
were programmed at 95°C for 5 minutes, then 40 cycles at
95°C for 15 seconds, 60°C for 1 minute using Sybr Green
PCR Master Mix (Applied Biosytems) in ABI StepOne
Plus detection system. Primer sequences were used for
expression of PAK4 (F: 5’GGGGACCCTCGTTCCTATCTA’3
and
R:
5’GAGCTGCGTACAGTGGCAA’3)
and
14-33β
(F:
5’TGGATAAGAGTGAGCTGGTACA’3
and
R:

5’CGTGTCCCTGCTCTGTTACG’3). GAPDH was used reference
gene and data was analyzed 2-ΔΔCt method.

Results

Cell viability of L929 cells
Cell morphologies of L929 cells were checked with U87
TRAIL resistance exosomes under an inverted microscope
for 48 hours. When exosome was applied to L929 cells, there
was not much change in cell viability at 1 µg/mL and 10 µg/
mL concentrations, while it increased cell viability at 100
µg/mL exosomes. This increase was found to be statistically
significant (p˂0.001, Figure 1).

Figure 1: L929 cells with U87 TRAIL resistance exosomes A) Microscope images and B)Cell viability graphics (***p˂0.001
compare to control).

Migration effects of U87 exosomes on L929 cells

Western blotting and QPCR assay were used to
examine the migration effects of TRAIL resistance U87 cells
exosomes on L929 cells (Figures 2-3). CXCR4 and CXCL12 protein expression levels, which are members of the
chemokine family that cause cancer to spread and invade,

were significantly increased in 10 µg/mL and 100 µg/mL
exosomes in L929 healthy cells (***p˂0.001). However, PAK4
protein expression levels were increased in L929 cells when
only 100 µg/mL exosome was administered (***p˂0.001).
On the other hand, 14-3-3 β protein expression levels, no
significant change was observed in exosome administration.

Figure 2: Western blotting bands and protein expression changes graphics (***p˂0.001 compare to control).
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When the exosomes of 1 µg/ml and 10 µg/ml TRAIL
resistance U87 cells were added to L929 healthy cells, no
significant change was observed, and it increased gene
expression at a concentration of 100 µg/ml (***p˂0.001). In

addition, no significant changes were observed in 14-3-3 β
gene expression levels in the administration of 1 µg/ml, 10
µg/ml, and 100 µg/ml exosomes.

Figure 3: PAK4 and 14-3-3 β gene expression levels graphics (***p˂0.001 compare to control).

Discussion

TRAIL, known as tumor necrosis factor-associated
apoptosis-inducing ligand, is a member of the TNF
superfamily. TRAIL shows cytotoxicity in cells and is a
protein used in treating various cancers because it is applied
systemically. TRAIL is a protein that triggers apoptosis in
cells. It has been shown that resistance to TRAIL-mediated
apoptosis can occur differently in cells that develop TRAIL
resistance. TRAIL is a protein that triggers apoptosis in
cells. In the primary mechanism of TRAIL, this protein,
which binds to cell death receptors, triggers apoptosis in
two different ways. First, when it binds to the DR4/DR5
receptors, FADD activates and changes the ratio of Bax and
Bcl-2 from mitochondrial proteins and causes the cell to
die with the activation of caspase-3 and caspase-9. Another
way for TRAIL is to trigger cell death by activating TRADD
and TRAF-2, increasing the expression of caspase-8 through
NF-kB activation [20]. Moreover, it is reported that miRNAs
contribute to this apoptosis pathway and play a role in
the TRAIL signaling mechanism [21]. It has been shown
that resistance to TRAIL-mediated apoptosis can occur
differently in cells that develop TRAIL resistance TRAIL
drug resistance is evaluated chiefly as dysfunctions of DR4
and DR5 death receptors due to mutations, loss of Bax and
Bcl-2 function, decreased caspase activations, mitogenactivated protein (MAP) kinases defects, and the functioning
of various nuclear factors [22-24].
It is known that
TRAIL develops resistance in glioblastoma, and new studies
show that different pathological conditions are exhibited due
to the development of this resistance [25].
Preclinical studies have shown that TRAIL
administration does not have a toxic effect on healthy cells

but has a tumoricidal activity on GBM [26,27]. In addition,
some studies have reported that the combined use of TRAIL
and bortezomib, which are used in GBM treatment, induced
apoptosis in GBM cancer cells and patient-derived primary
GBM stem cells [28]. On the other hand, it is thought that
combination therapies or new nanocarriers developed by
TRAIL can be resisted [29]. Not only the chemotherapeutics
used but also the exosomes released from cancer cells
contribute to the development of drug resistance in cancer.
Exosomes are small vesicles found in blood,
urine, saliva, and other body fluids that contain many
biomolecules secreted by cells. Exosomes released in the
microenvironment of cancer cells enter the circulation and
have outstanding contributions to the development of drug
resistance in heterogeneous nature of tumor [30]. A study
showed that exosomes released by lung cancer cells, which
developed resistance to cisplatin, activate miRNAs in other
cells and induce drug resistance, which changes mTOR
expression levels [31]. It has been reported that exosomes
secreted by breast cancer cells resistant to azithromycin
provide drug resistance by rearranging the cell cycle and
genes associated with apoptosis [32]. It has been reported
that exosomes derived from colon cancer cells resistant
to cetuximab support drug resistance by increasing Akt
phosphorylation levels in cells [19]. It has been shown that
exosomes released from sorafenib-resistant liver cancer cells
contribute to resistance by modulating the TGF-β signaling
pathway via lncRNAs [33]. It has been shown that exosomes
induce sunitinib resistance in kidney cancer cells [34]. In
this study, we examined the effect of exosomes released
from TRAIL resistance glioblastoma cells on healthy cells.
We detected the effects of the contents of exosomes on
CXCR4, CXCL-12, PAK4, and 14-3-3 β proteins that cause
migration in cancer cells but have low expression in healthy
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cells. The PAK4 protein, a member of the six known p21activated kinases (PAK) protein family, impairs DNA repair
in glioblastoma and contributes to migration and resistance
development [35]. 14-3-3 β is an oncogenic protein and has
been reported to have the potential to be a new therapeutic
target in glioblastoma. Because 14-3-3 β plays a role in tumor
growth and progression [36]. Reports that CXCR4, a receptor
of the chemokine family that contributes to the spread and
proliferation of cancer cells, and its ligand, CXCL-12, are a
novel therapeutic target in glioblastoma patients [37].
Our study shows that exosomes released from TRAILresistant cells increase CXCR4, CXCL-12, and PAK4 levels in
healthy cells and do not cause changes in 14-3-3 β oncogenic
protein. Released exosomes, miRNAs that develop due to
drug resistance, and proteins that play a role in migration can
cause changes in healthy cells by infiltrating various nucleic
acids. Since exosomes can easily cross the blood-brain
barrier, they can transfer signals related to drug resistance
to other cells and cause the cells to lose their natural forms.

Conclusion

Finally, our study showed that exosomes released from
drug-resistant cancer cells act on healthy cells and affect
proteins that contribute to cancer metastasis and spread.
Health cells respond like cancer cells, and the deterioration
of their systems shows that high concentrations of exosomes
cannot be eliminated inside the cell and may affect healthy
cells in cancer patients.
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