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ABSTRACT: Neurodegenerative diseases (NDDs) are a group of incurable disorders that cause the loss of neurons. To develop 
potential treatments against NDDs, mainly the leading Alzheimer’s Disease (AD), tumor-derived exosomes (TDEs) are being 
explored to test their mitigation effect on human neuronal cell death. We hypothesized that TDEs will protect human neuronal 
cells in the AD model. This study differentiated neuroblastoma cells using 0.5 μM and 5 μM retinoic acid (RA) concentrations. 
The AD model was established using 5 μM of scopolamine hydrobromide (SH). With the optimal conditions determined, the 
protective effects of TDEs on neuronal cells were investigated using a transwell model that allowed the exchange of exosomes 
between neurons and cancer cells. The impact of TDEs on neuronal cells in the AD model was examined by comparing the cell 
viability of neuronal cells with and without exosomes. Our hypothesis was confirmed as the cell viability of neuronal cells was 
significantly higher when TDEs were present than when they were absent. This study suggests a practical approach to using highly 
accessible and cost-effective TDEs to develop potential treatments. Since these exosomes are efficient drug carriers, they can be 
used to create personalized medicine for patients.  
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�   Introduction
Neurodegenerative diseases (NDDs) are a group of neuro-

logical disorders that entail the gradual loss of neurons in either 
the central nervous system (CNS) or peripheral nervous system 
(PNS). The inability of neural cells to regenerate due to their 
differentiated nature leads to the collapse of neural networks 
and the breakdown of communicative circuitry, resulting in se-
vere disabilities and deaths.1 In a single year, NDDs affected 
more than 50 million people worldwide, and the incidence is 
expected to rise as the world’s population ages due to an in-
crease in life expectancy.2 Despite significant efforts to develop 
effective cures, most NDDs remain incurable.3

Alzheimer’s disease (AD) is a multifactorial NDD marked 
by the presence of neuritic plaques and neurofibrillary tangles 
resulting from the accumulation of amyloid-beta peptide (Aβ) 
in the affected brain regions. It is a prevalent cause of cog-
nitive impairment that primarily affects individuals in midlife 
and late life, and its clinical impact is influenced by coexisting 
neurodegenerative and cerebrovascular conditions like head 
injuries, vascular diseases, and infections.4 AD is also known 
as the leading cause of dementia, characterized by a decline in 
cognitive abilities and memory.5 At present, there are around 
50 million AD patients worldwide, and the number is expected 
to double every five years, reaching 152 million by 2050.6 Yet, 
there is no cure for AD other than treatments effective only in 
treating the symptoms.

Tumor-derived exosomes (TDEs) are small membranous 
microvesicles ranging from 30 nm to 200 nm, found in intra-
cellular multivesicular bodies secreted by most types of cells via 
exocytosis. These exosomes contain essential genetic materials 
like DNA, mRNA, microRNA, proteins, and lipids developed 

from their parent cell, and they serve as signal transducers in 
intercellular communication.7 Their high biocompatibility and 
low immunogenicity due to membrane proteins such as tetra-
spanin and fibronectin allow efficient transportation of nucleic 
acids, proteins, and lipids in the interaction between the par-
ent cell and the adjacent cells.8 TDEs are extensively studied 
today because they are significant biomarkers for cancer di-
agnosis and can facilitate tumor cell elimination.9 TDEs can 
foster an immunosuppressive environment that hinders tumor 
cell growth. Moreover, TDEs can be utilized to deliver chemo-
therapy drugs aimed at oncogenic signaling to exert anti-tumor 
effects or to modify parent cells to release altered exosomes 
genetically.10

Given the increasing global prevalence of NDDs with lim-
ited treatments, this research investigates the effects of TDEs 
in pathogenesis and their potential role in future therapies. I 
hypothesize that these exosomes will alleviate cell death asso-
ciated with NDDs by protecting cells from inflammation and 
oxidative stress.

�   Methods
Cell culture and maintenance:
A172 glioblastoma cells and SHSY5Y neuroblastoma cells 

were cultured in RPMI1640 cell culture media supplement-
ed with FBS and antibiotics. When the cells reached 70-80% 
confluency, cells were detached from the culture plate using the 
Trypsin-EDTA cell dissociation buffer and moved to the new 
culture dish to maintain the cells in healthy condition.

Retinoic acid and scopolamine hydrobromide treatment:
Retinoic acid (RA) and scopolamine hydrobromide (SH) 

were purchased from Thermofisher. RA and SH stock solu-
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tions were prepared with DMSO solvent. This study used the 
indicated diluted conditions for RA and SH.

Cell viability analysis and imaging using a fluorescence mi-
croscope:

The AO/PI staining method was used to assess cell viabil-
ity in this study. First, the cell culture medium was removed. 
Then, a staining solution containing acridine orange (AO) and 
propidium iodide (PI) was prepared by diluting 100 μg/mL of 
each in PBS. The staining solution was added to the cells and 
incubated in the dark at room temperature for 5 minutes. After 
incubation, cells were analyzed under a Luna-FL cell counting 
device, where live cells appeared green and dead cells appeared 
red. The number of live and dead cells was measured, and the 
percentage of viable cells was calculated. This process was re-
peated in triplicate to ensure reliable results.

Exosome isolation from the glioblastoma cancer cells:
The cell culture media containing exosomes was collect-

ed when the A172 cells reached 80% confluency. Then, the 
manufacturer provided Total Exosome Isolation Reagent (In-
vitrogen) instructions to precipitate and enrich the exosome 
from the collected cell culture media. The cells and debris 
were removed after the condition media was centrifuged for 
30 minutes at 2000 x g speed. To the 10 mL of cultured media, 
5 mL total exosome isolation reagent was added. The mixed 
solution was vortexed to make a homogenous solution. Then, 
the sample was incubated at 4 °C overnight. After the incuba-
tion, the samples were centrifuged at 10,000 x g for 1 hour at 
4°C. After aspirating the culture media, the exosome pellet was 
collected at the bottom of the tube. The exosome pellet was 
resuspended with the 1mL PBS buffer.

�   Result and Discussion 

Neuroblastoma cells are differentiated into neuronal cells 
during normal embryonic development using RA. Different 
RA concentrations were treated to determine the appropriate 
RA concentration. Six different RA concentrations (0 μM, 0.5 
μM, 5 μM, 7.5 μM, 15 μM, 25 μM) induced cell differentiation 

in neuroblastoma cells. The differentiated cells were incubated 
for three days, and cell imaging was done to examine the cells 
(Figure 1). Neuroblastoma cells in the no-treatment group (0 
μM) are clustered tightly and grew abundantly in the culture, 
which yielded the highest cell number among the neuroblas-
toma cells of different RA concentration groups. No neurites 
are observed in these neuroblastoma cells. Neuroblastoma cells 
in the 0.5 μM RA treatment group are differentiated into 
spindle shapes. These cells are separated individually and grow 
minor neurites to connect the neuronal cells. Neuroblastoma 
cells in the 5 μM RA treatment group are differentiated into 
neuronal cells but have many toxic, round shapes. These cells 
grew more abundantly than those in the 0.5 μM RA treatment 
group. Neuroblastoma cells in 7.5 μM, 15 μM, and 25 μM 
RA concentration groups are primarily found in toxic, round 
shapes, which signifies that these concentrations create an 
exceedingly toxic environment for cell differentiation. These 
results indicate that 0.5 and 5 μM RA concentrations are opti-
mal conditions to induce cell differentiation in neuroblastoma 
cells. Therefore, 0.5 μM and 5 μM RA concentrations are ap-
propriate conditions to differentiate the neuronal cells from 
SHSY5Y cells.

Different RA concentrations are induced to differentiate 
neuroblastoma cells to observe the changes in cell morphology 
when RA stays intact with cells for a longer time. Six different 
RA concentrations (0 μM, 0.5 μM, 5 μM, 7.5 μM, 15 μM, 
25 μM) induced cell differentiation in neuroblastoma cells, as 
shown in Figure 1. The differentiated cells were incubated for 
seven days, and cell imaging was done to examine the cells. 
Neuroblastoma cells in the no-treatment group (0 μM) are 
attached without gaps, and neurites have not fully developed 
(Figure 2). This group yielded the highest cell line viability 
among the neuroblastoma cells of different RA concentration 
groups. When 0.5 μM of RA was induced in neuroblastoma 
cells for differentiation, cells developed neurites with small 
gaps between them to connect the cells. The cells developed 
into spindle shapes, a characteristic of neuronal cells. Neu-
roblastoma cells in the rest of the RA concentration groups 
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Figure 1: Retinoic acid (RA) treatment changes the cell morphology 
and differentiates the neuroblastoma SHSY5Y cell line. Different RA 
concentrations (0 μM, 0.5 μM, 5 μM, 7.5 μM, 15 μM, 25 μM) were incubated 
for three days. These results suggest that 0.5 μM and 5 μM RA concentrations 
are optimal for inducing differentiation in SHSY5Y neuroblastoma cells while 
minimizing toxicity.

Figure 2: Effect of RA treatment on cell differentiation and neuroblastoma 
SHSY5Y cell line viability. Different RA concentrations (0 μM, 0.5 μM, 5 μM, 
7.5 μM, 15 μM, 25 μM) were incubated for seven days. These findings suggest 
that a concentration of 0.5 μM RA is optimal for promoting differentiation 
while maintaining cell viability in SHSY5Y neuroblastoma cells over a seven-
day incubation period.
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(5 μM, 7.5 μM, 15 μM, 25 μM) are mainly found in round 
shapes, which means that these RA concentrations are too tox-
ic for neuroblastoma cells to differentiate and survive. These 
results indicate that 0.5 μM RA concentration is an optimal 
condition to induce cell differentiation in neuroblastoma cells. 
Therefore, 0.5 μM RA concentration is appropriate when cell 
cultures are incubated for three and seven days.

Different concentrations of SH are induced in neuronal 
SHSY5Y cells to determine the right SH concentration for 
experimentation. The appropriate SH concentration will de-
crease the cell viability by nearly 50%. Different concentrations 
of SH (0 μM, 5 μM) are exposed to differentiated neuronal 
cells. The cells were incubated for seven days, and cell imaging 
was done to examine the cells (Figure 3). Differentiated neu-
ronal SHSY5Y cells in the no-treatment group (0 μM) yielded 
a cell viability of 98.7% because no SH was added to cause tox-
icity. The cells developed long neurites that confirmed them to 
be neuronal SHSY5Y cells. However, when 5 μM of SH was 
added to the cell culture, nearly half of the cells died, with a 
cell viability of 50.7%. More significant gaps exist between the 
cells, and some fail to connect through their neurites. These re-
sults indicate that 5 μM SH concentration is optimal to induce 
toxicity in neuronal SHSY5Y cells. Therefore, 5 μM SH con-
centration will be used as the AD model because it decreases 
the cell viability by nearly 50%.

Next, the transwell model was designed to create an isolat-
ed environment of neurons and cancer cells while allowing 
exosome exchanges through the membrane pores. By allow-

ing exosomes to pass, we investigated the effects of exosomes 
produced from the cancer cells on neurons. The cell culture 
media were shared in the upper and bottom chambers in the 
transwell model. Therefore, the upper chamber had 4 μM 
membrane pores on the bottom, allowing exosomes from 
the cancer cells to pass through (Figure 4). Since the bottom 
chamber had neurons, the exosomes could pass through the 
pores and reach neurons. This transwell model was tested in 
24 well culture plates.

The study investigated the effects of exosomes produced 
from glioblastoma brain cancer cells on neuronal cells in the 
SH environment. We hypothesized that the exosomes would 
have a protective effect on the neuronal cells. Different SH 
concentrations (0 μM, 2.5 μM, 5 μM, 10 μM) are added to 
environments with neuronal cells without cancer cells, and 
this was repeated to those with cancer cells. The transwells are 
incubated for seven days and imaged. In the transwells of 0 
μM SH concentration, there are no notable differences in the 
survival of neuronal cells between transwells with and without 
cancer cells. Since there is no stress condition, the neuronal 
cells are tightly clustered on the bottom of the transwells. 
There are also no notable differences between transwells with 
and without cancer cells when 2.5 μM SH concentration was 
added. Still, fewer neuronal cells survived than the transwells 
of 0 μM SH concentration. Moving onto transwells with 5 
μM SH concentration, the transwell with cancer cells had 
more neuronal cells surviving than that without cancer cells. 
Similarly, neuronal cells residing in transwells with 10 μM SH 
concentration barely survive, but more live cells are found in 
transwells with cancer cells than those without cancer cells. 
Therefore, we speculated that the exosomes produced from 
cancer cells protected the neuronal cells and increased the 
possibility of neuronal cells surviving through the SH concen-
trations.

Figure 3: Scopolamine hydrobromide (SH) affects differentiated neuronal 
SHSY5Y cells’ morphology and viability. SH treatment decreases cell viability. 
These findings establish that a 5 μM SH concentration is optimal for 
inducing toxicity in neuronal SHSY5Y cells, making it suitable for modeling 
Alzheimer's disease by reducing cell viability by approximately 50%. Figure 5: Co-incubation with glioblastoma brain cancer cells’ exosome 

protects the neuronal cells from cell death using the transwell. After the 
neuronal cells were incubated with the cancer cells for seven days, neuronal 
cells in the bottom chamber were imaged. The exosomes produced by cancer 
cells increased the survival rate of neuronal cells in the presence of SH 
concentrations.

Figure 4: The transwell model was used in this study to separate the neurons 
and cancer cells and co-cultured. Neurons were cultured in the bottom 
chamber, and the cancer cells were cultured in the upper chamber. The cells 
were completely separated since the cancer cells could not move through the 
transwell. However, since they share the same culture media, molecules smaller 
than 4 μM can pass through the membrane pore.
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It is important to note that this study had some limitations. 
Our experiment analysis was restricted to only two types of cell 
lines, namely glioblastoma cells and SHSY5Y neuroblastoma 
cells. Therefore, further investigation is needed to test more 
diverse human brain cells to understand better the impact of 
cancer-derived exosomes on neuronal cells in toxic conditions. 
Our experiment used in vitro models derived from cell differ-
entiation. Since in vitro models do not perfectly represent in 
vivo, a mouse experiment should be performed to validate the 
study’s results. Our experiment tested the protective effects of 
exosomes against SH-dependent brain cell death. Future stud-
ies can employ other AD models to observe if the exosomes 
function similarly to how they did under SH concentrations. 
Our experiment was restricted to cancer-derived exosomes 
when testing their effect on the viability of neuronal cells. Fu-
ture studies can conduct a control experiment with exosomes 
derived from non-cancerous cells to observe their effect on the 
viability of neuronal cells. This will emphasize the unique pro-
tective effect of cancer-derived exosomes on neuronal cells.

Addressing the variability in exosome composition is im-
portant for interpreting experimental results. Factors such as 
cell source, cancer type, and isolation method may contrib-
ute to the variability and reproducibility of our experimental 
results. Therefore, standardizing exosome isolation and charac-
terization of exosome composition is essential to enhance the 
reliability of future clinical trials.

This study proposes a potential method to develop AD 
treatment. Previous studies identified the contents of cancer 
cell exosomes, including cell proliferating proteins and miR-
NA. This study discovers the protective effects of exosome 
treatment on stressed brain cells. Since exosomes are easily 
accessible and cost-effective, they qualify as suitable resources 
for developing AD treatment. Exosomes can also easily diffuse 
to human cells, making exosome treatment effective for AD 
treatment. Lastly, exosomes are efficient carriers of drugs that 
can be used to develop personalized medicine to treat cells in a 
degenerative environment.
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