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Brain Cancer Cell-derived Exosomes Protect Scopolamine-in-
duced Death of SH-SY5Y Neuron Cells
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ABSTRACT: Exosomes are the nano-sized extracellular vesicles secreted by most of the cell types. The role of exosomes in cells
is to function as important intercellular messengers and contributors to both disease development and health. Many studies have
discovered the role of exosomes in Alzheimer’s disease (AD). Exosomes have been shown to induce apoptosis and neuronal loss.
On the other hand, exosomes possess the ability to reduce brain amyloid-beta and to transfer neuroprotective substances between
cells. However, the effect of exosomes derived from cancer cells has never been investigated. In this study, it was hypothesized
that exosomes derived from cancer cells protect neurons from cell death because these exosomes are known to contain many
cancer-promoting substances that proliferate cancer cells. This study found that exosomes derived from the A172 brain cancer
cell line increase cell viability of differentiated SH-SYS5Y neuron cells from scopolamine hydrobromide (SH)-induced cell death.
Since cancer-derived exosomes have potential as therapeutic tools for AD with their neuroprotective effects, further studies are
required to determine what substances inside the exosome protect the neuron cells from SH-induced cell death.
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B Introduction

Alzheimer’s disease (AD) is a type of dementia that inter-
feres with memory, thinking, and behavior; it is a progressive
disease that worsens over time.! Early-stage Alzheimer’s
symptom entails having difficulty learning since it typically
originates in the part of the brain that controls learning.! Sub-
sequently, Alzheimer’s patients go through severe symptoms,
such as behavioral changes, confusion surrounding dates and
events, and difficulty speaking and swallowing.” Two abnormal
brain structures, plaques and tangles, are suspected of damag-
ing nerve cells, and therefore leading to Alzheimer’s.” Plaques
are deposits of protein fragment beta-amyloid that takes space
between nerve cells, and tangles are twisted fibers of a protein
called tau.? Despite the common belief that Alzheimer’s is re-
served for the elderly, approximately 200,000 Americans have
younger-onset Alzheimer’s disease.*

SH-SY5Y is a human-derived cell line isolated from the
bone marrow of a four-year-old female with neuroblastoma.’®
SH-SY5Y cells can be differentiated from a neuroblast-like
state into mature human neurons using retinoic acid (RA).
The molecular mechanism of retinoic acid’s role in neuronal
differentiation has yet to be determined. However, a previous
study hypothesized that it might regulate receptor tyrosine ki-
nase-like orphan receptor * (ROR1) for retinoic acid-induced
differentiation.® In this experiment, retinoic acid is used to dif-
ferentiate SH-SY5Y into neuron cells.

Scopolamine hydrobromide (SH) causes cytotoxicity and
downregulation of neuronal and glial cell markers.” SH blocks
the activity of muscarinic acetylcholine receptor, which is fre-
quently observed in those with AD. Even though SH cannot
induce the full range of deficit seen in patients with AD, SH is
often used to mimic the damage of AD in cell culture models.”

Therefore, SH is used to mimic the damage of Alzheimer’s dis-
ease on differentiated SH-SY5Y in this study.

The exosome is an extracellular vesicle released from cells
that carries proteins and nucleic acid materials, including all
types of RNA.® Cancer cell-derived exosomes also carry the
biological contents of cancer cells but have different effects.’
The four effects of cancer cell-derived exosomes are the
formation of metastatic lesions, the acquisition of the capacity
to avoid attacks from immune cells, the acquisition of migratory
and invasive capacity, and the enlargement of cancer tissue
angiogenesis and cell proliferation.'® Also, cancer cell-derived
exosomes are messengers of signals that involve pathogenesis,
development, progression, and metastasis of cancer cells.'’

In this investigation, the goal was to discover the effects
of cancer-derived exosomes on cell viability of differentiated
SH-SY5Y cells. It was predicted that these exosomes would
increase the cell viability of neuron cells by delivering cancer
cell-derived proteins and RNAs, which are known to enhance
the cell cycle and inhibit apoptosis. Therefore, considering the
close relationship between cancer cell-derived exosomes and
cell proliferation and survival, the protective effect of cancer
cell-derived exosome on cell viability of SH-induced neuronal
cell death was examined.

B Methods
SH-SY5Y and A172 cell line culture:

SH-SY5Y and A172 cell lines were purchased from Korea
Cell Line Bank (KCLB). The cells were maintained at 37 °C
in a COz incubator. Cells were trypsinized and fresh RPMI
media (GIBCO) was provided every three or four days.

Exosome isolation from cell culture media:

From its cell culture media, the exosome of the A172 cancer
cell was isolated. After harvesting 8 mL cell culture media of
A172,it was mixed with 4 mL exosome isolation reagent (Sig
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ma). Then, the culture media/reagent mixture was incubated
in 4 °C overnight. 1 mL 1X PBS (WELGENE) was used for
resuspension. The isolated exosome is then stored in -80 °C
for long-term storage. Negative control exosome was prepared
from RPMI 1640 cell culture media (i.e. treated the same but
no cells added) to check if the media is completely depleted
with any exosomes from cancer cells.

Retinoic Acid (RA) treatment:

The retinoic acid stock solution was made to have a
concentration of 5 mM. 15.022 mg retinoic acid powder
(SIGMA, R2625) was dissolved in 10 mL. DMSO (JUNSEI,
lab no. 201414005). After vortexing, the mixture of retinoic
acid powder and DMSO, was filtrated of small floating
matter by using a 0.22 filter on the tip of the injector. Final
concentration of 5 mM of RA was used to differentiate SH-
SY5Y cells into neurons.

Scopolamine hydrobromide (SH) treatment:

Scopolamine hydrobromide stock solution was made to
have a concentration of 50 mM. 109.5 mg scopolamine
hydrobromide powder (SIGMA-ALDRICH, PHR1470) was
dissolved in 5 mL. DDW (BIONEER, C-9011). The working
condition for the scopolamine hydrobromide solution was
decided as 2 mM, after examining and comparing the effect
of five different concentrations of scopolamine hydrobromide.

Western blot analysis:

Whole-cell lysates were prepared using Passive Lysis Bufter
purchased from Promega (Madison, WI). The cell extracts
(50 pg) were loaded on a 15% sodium dodecyl sulfate-
polyacrylamide gel for electrophoresis, and proteins were
transferred to polyvinylidene fluoride membranes with a Mini
Trans-Blote tank (Bio-Rad, Hercules, CA). The membrane
was probed with antibodies against Flotillin-1 (ab41927,
Abcam), CD63 (EXOAB-KIT-1, System Bioscience), and
GM130 (cell signaling). All secondary antibodies (Santa Cruz
Biotechnology, Dallas, TX) were incubated for 1hr. Detection
was performed using an Amersham ECL GST Western
Blotting Detection Kit (GE Healthcare Life Sciences,
Piscataway, NJ).

Analyzing the total cell number and cell viability in

SH-SY5Y:

The cells were trypsinized and afterwards isolated exosome
and SH were incubated for 72 h.The percentage of viable cells
was measured by counting cells, which were stained by acridine
orange/propidium iodide, an apoptosis indicator, with the Lu-
na-FL Dual Fluorescence Cell Counter (Logos Biosystems).

Statistical analysis:

Data were expressed as the mean values + standard error and
analyzed by Student’s t-test using Prism 7 and Microsoft Ex-
cel. All statistical results were considered significant if p-values
were 0.05 or less.

B Results and Discussion
Differentiation of SH-SY5Y cells to neuron cells by

retinoic acid:

Several studies indicated important differences between un-
differentiated and differentiated SH-SY5Y cells.>'? When
SH-SY5Y cells are undifferentiated, they appeared to be
non-polarized and proliferate rapidly.'> When they are differ-

entiated, the cells appeared to be branched and extend long

with a decrease in cell proliferation.12
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Figure 1: Images of SH-SY?Y cells treated with DMSO and 5mM Retinoic
Acid (RA).

To confirm the differentiation of SH-SY5Y to neuronal cells
by RA, we checked the changes in cell morphology and cell
confluence. Figure 1 shows the change in cell morphology
of SH-SY5Y cells after 5 mM RA treatment. Compared to
the SH-SY5Y that was treated only with DMSO, SH-SY5Y
with 5 mM RA displayed longer and narrower cell shape with
fewer numbers of cells (Figure 1). This result indicates that
RA successfully differentiated SH-SYSY cells into neurons.
However, the neuronal characteristics were not fully validated
by the classical neuronal markers in this experiment.
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Figure 2: The protein expression level of GM130, Flotillin1, and CD63
analyzed by western blot. The protein size of the target proteins is indicated
in kDa.

Exosome isolation from A172 cell culture media:

Human A172 cell line was used to collect brain cancer
cell-derived exosomes from cell culture media. The western
blot was used in this experiment in order to make sure that the
exosome was completely isolated in our experiment without
any contamination of cell lysate. Three samples were analyzed
in this experiment: cell lysate for positive control, exosome
isolated from RPMI1640 cell culture media for the negative
control to make sure the media is truly depleted of cancer-de-
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media (Figure 2). Figure 2 shows that the cell lysate contained
all proteins, but the exosome isolated from RPMI 1640 media
does not contain any proteins. It also demonstrates the pres-
ence of canonical exosome proteins (Flotillinl and CD63)
and the absence of Golgi protein GM130 from isolated A172
derived exosome (Figure 2). Taken together, the western blot
demonstrated that A172 derived exosome produces high qual-
ity purified exosomes free from other cellular contaminants.
Protective effect of cancer cell exosomes on SH-mediated neu-

ronal cell death :
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Figure 3: Effect of exosome pre-treatment on total cell number and cell
viability of SH-SY5H. Three biological replicates were measured (n=3).

To confirm the protective role of cancer cell-derived
exosomes on SH-SYSY cell death driven by SH, we pretreated
exosomes on SH-SY5Y for 1 hr. Then, the cells were further
incubated with SH for 24 hr to induce cell death. To compare
the effect of cancer cell-derived exosome on cell viability,
we prepared four different groups of samples: no treatment,
SH only, media exosome with SH, and cancer cell-derived
exosome with SH. No treatment sample was used as a negative
control that was not treated with SH and exosomes. The SH
only sample was treated only with SH but not pretreated with
any exosomes. Media exosome with SH sample was pretreated
with RPMI1640-derived exosome and SH was post-treated.
Cancer cell-derived exosome with SH sample was pretreated
with cancer cell-derived exosome and SH was post-treated.

Figure 3 demonstrates the effect of cancer cell-derived exo-
some on SH-SYSY cell number and cell viability. The cancer
cell-derived exosome has no significant effect on total number
of live cells (Figure 3A). However, cancer cell derived exo-
some significantly increased the cell viability compared to SH
only sample and media exosome with SH sample (Figure 3B).
Since this experiment only analyzes the early effect of cancer
cell-derived exosomes on cell viability that the incubation time
of both exosome and SH is limited to 25 hr., further experi-
ments are needed to examine the change in cell viability for
longer incubation times.

Exosomes are involved in the spread of ‘toxic’ proteins in
neurodegenerative disorders such as AD, Huntington’s disease
(HD), and Parkinson’s disease (PD).!»'* The mutated or
misfolded proteins induce neuronal cell death.”® On the other
hand, the role of exosomes on neuronal protection, nerve
regeneration, and neuronal development have been studied,
indicating the release of exosomes by neurons, microglia, and
astrocytes.”” However, the role of exosomes derived from
cancer cells on neuronal protection has never been investigated.
In this study we found that brain cancer derived exosomes

have neuroprotective effects against SH-mediated cell death
on differentiated neuronal SH-SYS5Y cells. A previous study
indicated that cancer derived exosomes from lung cancer
cells inhibit cell apoptosis of normal lung fibroblast."® Colon
cancer cells secrete exosomes to promote self-proliferation by
shortening mitosis duration.'® These studies suggested that
exosomes from cancer cells delivered functional, transportable
mRNA, miRNA, and oncogenic proteins and activated
proliferation-related cellular pathways. Therefore, delivering
these substances by cancer derived-exosome likely contributed
to inhibiting neuronal cell death induced by SH. However,
future studies are needed to confirm which molecules from
the cancer-derived exosome protect the neurons.

SH is known to cause cell death through intrinsic apopto-
sis in neuronal cells.’” In addition, scopolamine decreased cell
viability and MMP, and increased caspase-3 activation and
PARP cleavage in SH-SY5Y cells."” Therefore, it is possible
that cancer derived exosomes may block the intrinsic pathway
of apoptosis to protect SH-SY5Y cells. However, screening of
apoptosis markers is needed to elucidate the molecular mech-
anism of neuroprotective effect induced by cancer-derived
€xX0somes.

B Conclusion
It was discovered that the cancer cell-derived exosomes

have a protective role on neuronal cell death caused by SH.
However, since our experiment was solely on the SH-SY5Y
cell line, further experiments with different neuron cells are
needed to confirm the role of cancer cell-derived exosomes.
Since the research indicates that cancer-derived exosomes have
potential as therapeutic tools for AD with its neuroprotective
effect, further study is required to determine the substances
inside the exosome that are responsible for the protection
from SH-induced neuronal cell death. It will also be necessary
to identify the effect of cancer-derived exosomes from many
different types of brain cancer cell lines for performing
validation experiments.
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