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Effects of Collagen Coating, Fetal Bovine Serum Concentration,
Differentiation Agents, and Neurotoxin Application on In Vitro
Modeling of Parkinson's Disease Using SH-SY5Y Cell Culture

SH-SY5Y Hucrelerinin Kialtirlenmesinde Kollajen Kaplama, Fetal Sigir Serum Konsantrasyonu,
Diferansiyasyon Ajanlari ve Norotoksin Uygulamasinin Parkinson Hastaliginin
in vitro Modellemesine Etkileri
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ABSTRACT

Objective: This study aims to optimize SH-SY5Y culture conditions to develop
precise in vitro disease models for Parkinson's disease (PD) research. It seeks to
investigate the effects of various factors such as collagen coating, fetal bovine serum
(FBS) concentration, differentiation agents, and neurotoxin treatments on cellular
behavior and disease modeling.

Materials and Methods: The human neuroblastoma SH-SY5Y cell line
was cultured in DMEM/F12 supplemented with heat-inactivated FBS, penicillin-
streptomycin, and L-glutamine. Collagen coating was applied to assess its impact
on cell differentiation, while the ideal cell density and serum ratio for generating
neurite-like cells were determined through experimentation. The MTT assay was
employed to evaluate the cytotoxic effects of paraquat, while dopamine levels
were quantified using ELISA. Gene expression was analyzed via real-time gPCR.
Immunofluorescence staining and neurite length measurements were conducted to
validate the PD model and assess cellular morphology.

Results: Cells cultured at a density of 5x10° cells/cm? with collagen and 2%
FBS exhibited characteristics of dopaminergic neurons upon exposure to retinoic
acid. Conversely, paraquat treatment induced neurotoxicity, resulting in decreased
dopamine levels and impaired neurite outgrowth.

Conclusion: This study investigated the optimization of SH-SY5Y cell culture
conditions for PD modeling. Key findings include optimal cell density, FBS
concentration, and beneficial effects of collagen coating. Additionally, an effective
paraquat neurotoxicity protocol has been established, providing a solid framework for
future research on neuronal differentiation and degeneration.

Key words: Parkinson's disease, SH-SY5Y cells, neuronal differentiation,
neurotoxicity, in vitro modeling
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Amag: Bu calisma, Parkinson hastaligi (PH) arastirmalari igin dogru in vitro
hastalik modelleri gelistirmek amaciyla SH-SY5Y kiltiir kosullarini optimize etmeyi
amaglamaktadir. Kollajen kaplama, fetal sigir serum (FSS) konsantrasyonu,
diferansiyasyon ajanlari ve norotoksin tedavileri gibi cesitli faktorlerin hicresel
davranis ve hastalik modellemesi tizerindeki etkilerini arastirmayi hedeflemektedir.
Yontem: Insan noroblastoma SH-SY5Y hiicre hatti, isi ile inaktive edilmis FSS,
penisilin-streptomisin ve L-glutamin ile desteklenmis DMEM/F 12 iginde kilttirlenmistir.
Hicre diferansiyasyonu (izerindeki etkisini degerlendirmek igin kollajen kaplama
uygulanmis, ideal hticre yogunlugu ve serum orani ise deneysel olarak belirlenmistir.
Parakuat'in sitotoksik etkilerini degerlendirmek icin MTT testi kullaniimis, dopamin
seviyeleri ELISA ile dlgiilmUstir. Gen ekspresyonu gergek zamanli gPCR ile analiz
edilmistir. Parkinson modelini dogrulamak ve hticresel morfolojiyi degerlendirmek igin
immiinofloresan boyama ve nérit uzunlugu élglimleri yapilmistir.

Bulgular: 5x10° hiicre/cm? yogunlugunda kiiltirlenmis hicreler, kollajen ve %2
FSSile retinoik asit maruziyetinde dopaminerjik néron 6zellikleri sergilemistir. Bununla
birlikte, parakuat tedavisi norotoksisiteye neden olmus, dopamin seviyelerinde
azalma ve norit bilylimesinde bozulma gézlenmistir.

Sonug: Bu calisma, PH modellemesi icin SH-SY5Y hiicre killtlirii kosullarininin
optimizasyonu arastirmistir. Temel bulgular arasinda optimal hiicre yogunlugu, FSS
konsantrasyonu ve kolajen kaplamanin faydali etkileri yer almaktadir. Ek olarak,
noronal farklilasma ve dejenerasyon konusunda gelecekteki arastirmalar igin saglam
bir cergeve saglayan etkili bir parakuat nérotoksisite protokolli olusturulmustur.

Anahtar kelimeler: Parkinson hastaligi, SH-SY5Y hicreleri, noronal diferansiyasyon,
nérotoksisite, in vitro modelleme
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Introduction

he SH-SY5Y cell line, derived from the SK-

N-SH cell line isolated from a 4-year-old
neuroblastoma patient's bone marrow [1], exhibits
a range of human-specific proteins and protein
isoforms absent in rodent primary cultures.
Known for producing neuroblastic (N-type) cells
capable of substrate adhesion (S-type) and
transdifferentiation [2], SH-SY5Y cells contain a
small fraction of S-type cells despite originating
from three consecutive subclones of N-type
cells. Several differentiation protocols have been
developed to enhance SH-SY5Y as a neuronal cell
culture model [3]. Differentiation induces cells into
the GO and G1 phases, leading to synchronized
cell cycles and the formation of a homogeneous
neuronal population [2], accompanied by specific
events such as neuritic structure formation and
synaptophysin-positive synapse development [4].

Retinoic acid (RA) addition to the culture medium
is a well-established method for SH-SY5Y
differentiation, known for its growth inhibitory and
differentiation-inducing properties [5]. Typically,
RA is applied at 10 yM for 3-5 days in serum-
free or low-serum media [4], although protocol
variations exist.

Simultaneous stimulation of adhesion and growth
factor receptors is emphasized for SH-SY5Y
differentiation [6]. The influence of the extracellular
matrix (ECM) on neuroblastoma differentiation
is evident, with ECM composition changes
inducing morphological differentiation [7]. This
underscores the role of ECM-derived signals in
guiding neuroblastoma differentiation, particularly
given the impact of ECM stiffness and biophysical
properties on neuroblastoma processes [8].
Moreover, the overlap between signaling pathways
involved in the biophysical cross-relationship and
RA-mediated neuritogenesis suggests a potential
influence of mechano-transductive signals from
the ECM on neuroblastoma differentiation [9].

Collagen, fibronectin, and Ilaminin, ECM
components, are widely employed in cell culture
to enhance cell adhesion. Collagen, in particular,
affects cortical progenitor cell proliferation and
differentiation, promoting neuronal fate while
inhibiting early progenitor cell proliferation [10].

Establishing a reliable human neuron culture
method is vital for accurately modeling the human
nervous system and studying neurodegenerative
diseases. This study aims to determine the
optimal RA/collagen/low-serum combination to
stimulate adhesion and growth factor receptors
simultaneously in SH-SY5Y cells and to establish
an in vitro model of PD using paraquat, a
neurotoxin.

Materials and Methods
Cell culture

The human neuroblastoma SH-SY5Y cell line
(ATCC, Rockville, MD, USA) was acquired from the
SAP Institute (Ankara, Turkey). Cells were cultured
in a 1:1 mixture of DMEM/F12 supplemented
with 10% (v/v) heat-inactivated FBS, 100 U/ml
penicillin and 100 pg/ml streptomycin, 1% (v/v)
L-glutamine and maintained in a humidified CO:
(5%) incubator at 37°C. Upon seeding, cells were
allowed to proliferate for 24 hours until reaching
80-90% confluency, with medium renewal every
other day.

Investigation of the effect of collagen during
differentiation of SH-SY5Y cells

Some of the six-well plates were coated with 5
pg/cm2 collagen (A10483-01, Gibco) following the
manufacturer's instructions, while others were left
uncoated. Subsequently, cells were seeded into
the wells at a density of 5x10* cells/cm?2. After a
24-hours incubation at 37°C with 5% CO2, cells in
the wells were treated with RA (10 uM) (R2625,
Sigma-Aldrich) supplemented medium containing
2% FBS. The medium was refreshed every other
day. Cell images were captured under an inverted
microscope (Zeiss Axio) on days 0, 3, and 6.

Determination of optimum cell density and
serum ratio in the generation of neurite-like
differentiated-SH-SY5Y (d-SH-SY5Y) cells

Six-well plates were coated with collagen, and
cells were seeded into the wells at densities of
5x10%, 1x104, and 5x10* cells/cm2. Following a
24-hours incubation at 37°C with 5% CO?, cells
were treated with medium containing varying
proportions of FBS (1% and 2%) and RA (10
puM). The medium was refreshed every other day.
On day 6, cell images were captured under an
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inverted microscope (Zeiss Axio).

Determination of concentration and time-
dependent effects of paraquat on d-SH-SY5Y
cell viability by MTT assay

SH-SY5Y cells (passages 20 to 45) were
subcultured into 96-well plates at a density of
5x10°% cells/cm?. Cells were treated with medium
supplemented with 10 yM RA for 6 days to
enhance the dopaminergic phenotype and induce
differentiation into neurite-like cells. d-SH-SY5Y
cells were exposed to different concentrations of
paraquat (0, 250, 500, 1000, and 2000 pM) for
24 hours. Subsequently, 3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium  Bromide (MTT)
(SE2039502-Serva) solution was added to the
wells at a final concentration of 5 mg/ml, followed
by further incubation for 4 hours at 37°C, 5%
CO2. The supernatants were removed, and the
pellets were dissolved in 200 pl/well of DMSO.
The solubilized blue crystals were measured
colorimetrically at 570 nm and 690 nm using a
microplate reader (Bio-tek Instruments, Inc.). Cell
viability percentage was calculated relative to the
colorimetric intensity of control cells.

Enzyme-Linked ImmunoSorbent Assay (ELISA)

The Human Dopamine (DA) ELISA Kit
(MBS045009; MyBioSource, San Diego, CA), with
a sensitivity of 1.0 pg/mL, was employed to quantify
the concentrations of DA in (d)-SH-SY5Y cells
following treatment with RA and RA+Paraquat,
adhering strictly to the guidelines provided by
the manufacturer. Absorbance of samples was
recorded at 450 nm. The experimental procedure
was conducted in triplicate for validation purposes.

Neurite length measurements

Images were analyzed using ImagedJ software,
and neurites were manually traced using the
Imaged Plug-In Neurond. The cumulative neurite
length from all cells and the cell count from the
DAPI channel were utilized to calculate the
relative neurite length. Additionally, the numbers
of NeuN+ cells were determined from images
of (d)-SH-SY5Y cells. Three independent cell
culture experiments were conducted, and at least
three different images were captured for each
experiment. At least 50 neurites per condition

were quantified for length from the images.

Real-Time Quantitative Polymerase Chain
Reaction

Real-time qPCR analyses were conducted
following previously established protocol (Bucolo
et al.,, 2012), with slight modifications. Each
reaction for the gene of interest was performed
in a final volume of 10 pyL, comprising 3 pL of
cDNA, 0.4 pL of Milli-Q water, 5 pyL of SensiFAST
SYBR No-ROX master mix (Bioline, Australia),
and 0.8 pL of corresponding forward and reverse
primers (5 uM, Sigma-Aldrich, Castle Hill, NSW,
Australia) to achieve a final primer concentration
of 400 nM. The sequences of the primers for the
RT-PCR were as follows: NeuN Forward primer
(5'-3'): CTACAGCGACAGTTACGGCA, Reverse
primer (5'-3") ATGGTCCGAGAAGGAAACGG;
GAPDH Forward primer (5'-3")
CAGCCTCAAGATCATCAGCA, Reverse primer
(5'-3") TGTGGTCATGAGTCCTTCCA.

Immunofluorescence staining of (d)-SH-SY5Y
cells with Anti-Tyrosine Hydroxylase antibody

To validate the establishment of an in vitro
Parkinson's model, SH-SY5Y cells were seeded in
collagen-coated 6-well plates at a density of 5x103
cells/cm?, differentiated with RA treatment for 6
days, and then treated with paraquat (1000 uM) for
24 hours. Following fixation with paraformaldehyde
for 15 minutes, cells were blocked with phosphate-
buffered saline (PBS) containing 0.1% Tween-20
(v/v) and 5% bovine serum albumin for 30 minutes
at room temperature. (d)-SH-SY5Y cells were
immunostained with NeuN antibody (GeneTex
(GTX133127) at a dilution of 1:1000, which
labels  dopaminergic/noradrenergic  neurons.
After overnight incubation at 4°C, cells were
incubated with secondary antibodies (Alexa Fluor
594 anti-rabbit 1gG, Cell Signaling Technologies
(8889) at a dilution of 1:250, along with DAPI at
room temperature. Cells were observed under
a fluorescent microscope at 40X magnification.
In order to provide a semi-quantitative analysis
of staining intensities, we utilized ImagedJ v1.51
(n = 10 images per experimental condition were
analyzed for NeuN-IR).

Statistics
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Data were derived from a minimum of three
independent experiments. Mean values are
presented, with error bars indicating the standard
error of the mean (SEM). Statistical comparisons
between the control group and the treated groups
were performed using an unpaired two-tailed
Student's t-test for parametric data, or the Mann-
Whitney U test for non-parametric data. For
multiple group comparisons, one-way ANOVA
was utilized, followed by Tukey's HSD post hoc
test for parametric data with equal variance, or
the Games-Howell post hoc test for parametric
data with unequal variance, to conduct pairwise
comparisons between the groups. Statistical
analysis was performed using the IBM SPSS
version 21.0 software package. Statistical
significance was set at p <0.05 as appropriate.

Results

Effect of collagen, cell density and serum ratio
in forming neuron-like SH-SY5Y cells

The impact of collagen on the differentiation
of SH-SY5Y cells was investigated. Enhanced
adhesion of (d)-SH-SY5Y cells was observed
in collagen-coated wells compared to uncoated
wells, resulting in improved cell differentiation.
However, at high cell densities, cells were found to
be overcrowded, resulting in reduced cell viability
by the 6th day (Fig 1A). Therefore, future SH-SYS5Y
differentiation protocols should be conducted in
collagen-coated wells. Furthermore, optimization
of the fetal bovine serum (FBS) concentration in
the medium and cell seeding density per well were
prioritized.

5x103 cells/cm2

Treatment with medium containing 1% FBS:
Although there were cells that adhered and formed
neurite-like connections, it was observed that
most of the cells lost their adhesion and became
suspended.

Treatment with medium containing 2% FBS: It was
observed that 80-90% of the cells formed neurite-
like connections with neighboring cells, and the
cell density per well was appropriate.

1x10% cells/cm2

Treatment with 1% FBS-containing medium: It was

determined that there were less adherent cells
compared to the 5x10° cells/cm? group, that the
adherent cells did not form neurite-like structures,
and that the suspended cells were more.

Treatment with medium containing 2% FBS: It was
observed that the cells provided neurite outgrowth,
but the cell density in the well was too high.

5x10% cells/cm?

Treatment with medium containing 1% FBS: It
was observed that almost all of the cells were
suspended.

Treatment with medium containing 2% FBS:
Compared to the cell group at the same density
treated with medium containing 1% FBS, it was
determined that the cells had a better tendency
to adhere to the ground, but the cell density was
higher.

As a result, it was determined that 5x103 cells/
cm? density and medium containing 2% FBS
were suitable for SH-SY5Y differentiation. It was
decided to meet these conditions in future studies
(Fig 1B).

Effect of paraquat on (d)-SH-SY5Y cell viability

Paraquat decreased (d)-SH-SY5Y cell viability in
direct proportion to concentration and exposure
time. There was no statistically significant
difference in the viability rates of (d)-SH-SY5Y
cells applied 250 or 500 uM paraquat for 24
hours, compared to control (Table 1). However,
a statistically significant reduction in cell viability
was observed in (d)-SH-SY5Y cells treated with
1000 or 2000 yM paraquat compared to the control
(Table 1).

According to ISO 10993-5 standards, four
qualitative classification groups were based on to
determine the cytotoxic effect levels of chemicals
tested in vitro. According to this standard, it is
stated that the total cell concentration of highly
cytotoxic substances causes cell death above
50%, while 50-79% of substances with moderate
cytotoxic effect, 80-89% of substances with
mild cytotoxic effect, and 90% of non-cytotoxic
substances. It has been stated that it provides
cell viability equal to or more than 90% (Iso and
STANDARD 2009).
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Figure 1: Photomicrographs of SH-SYS5Y cells treated with RA in collagen-coated and uncoated wells on days 0, 3, and 6 (A), cultured with different cell
density and FBS ratios (B) (20X magnification) (Scale bar: 100 pm).
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The 24-hour application of 1000 yM paraquat
concentration was determined to be the application
that significantly reduced cell viability compared
to the control, but did not show a high toxic effect
on the cells. Further studies were continued with
this application.

Table 1. MTT results of paraquat at 24 hours in each dilution compared

to control group

24 hours
Groups Mean of Cell Viability (%) | SD p value
Control 100 4 =
250 pM Paraquat 98 5 0.950
500 pM Paraquat 95 4 0.445
1000 pM Paraquat 69 2 0.001*
2000 pM Paraquat 50 3 0.001*

SD: standart deviation, *p values compared to control group.

Changes of DA, NeuN and Neurite lengths
in (d)-SH-SY5Y cells in response to RA and
Paraquat exposure

As presented in Table 2, there was a significant
increase in DA concentration in the RA+ group,
indicating that RA treatment supports the function
of dopaminergic neurons. Conversely, application
of paraquat to (d)-SH-SY5Y cells has led to a
decrease in the elevated dopamine levels.

The presence of RA, a known neurogenic
soluble factor, facilitated the emergence of well-
developed neurites. The mean neurite length in
the RA-differentiated group showed a significant
increase compared to the control group. Paraquat
treatment, on the other hand, caused a significant
reduction in mean neurite length compared to the
RA group only (Table 2).

The study investigated whether RA and paraquat-
induced changes in neurite outgrowth correspond
with alterations in neuronal marker expression.
gRT-PCR analysis demonstrated that the level
of NeuN, a neuronal marker, expression in cells
treated with both RA and Paraquat was lower
than that observed in cells treated solely with
RA (Table 2). Immunofluorescence analysis of
NeuN exhibited variations consistent with those
observed in neurite length and NeuN mRNA
expression. RA administration led to robust NeuN
immunostaining. However, in the (d)-SH-SY5Y
group treated with 1000 yM paraquat for 24 hours
following 6 days of RA application, a discernible

decrease in NeuN expression level was observed
compared to the group receiving only RA (Table 2
and Fig 2).

Discussion

The study's findings encompass the optimization
of cell seeding density within SH-SY5Y cell culture
conditions aimed at PD modeling. Moreover, it
elucidates several critical aspects concerning the
necessity of differentiation factors, FBS within the
culture medium, collagen for substrate adhesion,
and neurotoxic agents for inducing degeneration.

PD is a chronic, progressive disorder characterized
by both motor and non-motor symptoms, as well as
the loss of dopaminergic neurons in the substantia
nigra pars compacta region of the brain and the
formation of intracellular inclusion bodies known
as alpha-synuclein. It is the second most common
neurodegenerative disease worldwide after
Alzheimer's disease, with an estimated prevalence
of approximately 1% among individuals over the
age of 55 [11-13].

In the context of PD models, numerous studies
have established the importance of optimizing
various parameters such as cell density,
differentiation protocols, and serum concentrations
to enhance neuronal differentiation and model
disease pathologies accurately [14—-17]. However,
inconsistencies in the literature regarding the
optimal conditions for cell differentiation and the
precise role of extracellular matrix components,
like collagen, highlight a gap in understanding
[18—-21]. Additionally, the variable effects of
FBS concentration on cell proliferation and
differentiation, as well as the specific impact
of neurotoxins like paraquat on dopaminergic
neurons, necessitate further investigation. This
study addresses these gaps by systematically
optimizing the cell density and FBS concentration
for SH-SY5Y cell differentiation, elucidating the
effects of collagen coating on cell adhesion and
differentiation, and establishing a neurotoxin
treatment protocol that balances cytotoxicity
and relevance to PD pathology. This research
not only corroborates existing findings but also
provides new insights into the precise conditions
required for reproducible and accurate neuronal
differentiation and degeneration modeling in vitro,
thereby contributing to the resolution of previously
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Figure 2: Representative images of NeuN and DAPI immunofluorescence in undifferentiated, retinoic acid differentiated and retinoic acid+paraquat treated
SH-SY5Y cells. (40X magnification) (Scale bar: 100 pm).

Table 2. Results on changes in dopamine (DA) concentration, neurite length, mRNA expression level, and integrated density of NeuN in SH-SY5Y cells in

response to retinoic acid (RA) and paraquat exposure

RA (-) RA (+) RA (+) + Paraquat

Mean SD p value Mean SD p value Mean SD p value
The concentration of DA (pg/ | 2 1 - 8 1 0.001* 5 1 0.062*
ml)
Mean neurite length (pm) 17 0.5 - 30 0.7 0.001* 20 0.6 0.001#
NeuN mRNA expression 1 0.5 = 6 0.8 0.001* 3 0.4 0.002#
(normalized to GAPDH)
NeuN integrated density 10 1 - 29 2 0.001* 10 1 0.001#
(arbitrary unit)

Mean: Absorbance (OD), SD: standart deviation, *p values compared to control group, #p values compared to RA (+) group.

conflicting data in the literature. FBS, essential for neuronal cell proliferation,

differentiation, and maturation, is a Vvital

In this study firstly, the impact of collagen coating
on SH-SY5Y cell differentiation was investigated.
It was observed that collagen-coated wells

component of cell culture media, sourced from
fetal bovine blood. However, the exact amount

promoted enhanced cell adhesion and improved
differentiation of SH-SY5Y cells, corroborating
previous studies highlighting the importance
of extracellular matrix components in neuronal
differentiation [22].

of FBS required during the differentiation of SH-
SY5Y cells into neurons varies [23]. Deviating
from the optimal FBS concentration poses risks;
inadequate levels may compromise cell viability
and hinder differentiation, while excessive
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levels can impede neuronal differentiation by
maintaining an undifferentiated state. Additionally,
variations in FBS concentration can lead to
inconsistent experimental outcomes. Alongside
FBS concentration, cell density during neuronal
differentiation is critical for orchestrating cellular
interactions and signaling pathways essential for
functional neuron development [24]. Optimal cell
density fosters effective cell-cell communication,
promotes neurite outgrowth, and supports synaptic
connection establishment, thereby influencing the
efficiency and fidelity of neuronal differentiation
processes. Deviations from optimal cell density
can disrupt these interactions, impairing neuronal
maturation and functionality [25]. Hence,
meticulous control and optimization of both FBS
concentration and cell density are imperative
for achieving reproducible outcomes in neuronal
differentiation studies conducted in vitro.

Findings to determine the optimal cell density and
serum ratio for neurite-like formation in SH-SY5Y
cells revealed that a density of 5 x 102 cells/cm?,
medium containing 2% FBS, and 6 days of RA
application optimally supported neurite growth.
These findings are consistent with previous reports
indicating the critical role of serum concentration
in neuronal differentiation [26] and demonstrating
the effect of 2% FBS concentration on neurite
elongation in SH-SY5Y cells [27].

The establishment of an optimal neurotoxin
treatment protocol, balancing toxicity and
relevance to disease pathology, is crucial for the
development of a neurodegenerative cell model.
The cytotoxic effects of paraquat on (d)-SH-SY5Y
cell viability were also assessed in this study.
Exposure to paraquat resulted in a decrease in
cell viability proportional to concentration and
duration; however, it was determined that the most
effective neurotoxicity in (d)-SH-SY5Y cells was
induced by a 24-hours application of paraquat at a
concentration of 1000 pM, which did not exhibit a
high degree of toxicity on the cells. These findings
are in line with previous studies demonstrating the
neurotoxic effects of paraquat [28].

Additionally, changes in DA levels and NeuN
expression in response to RA and paraquat
exposure were examined. RA treatment led to a
significant increase in both DA concentration and

NeuN expression. However, exposure to paraquat
resulted in attenuation of the RA-induced elevation
in dopamine and NeuN levels; this suggests
a potential neurotoxic effect on dopaminergic
neurons. These findings are consistent with
previous studies showing that paraquat causes
a decrease in DA level and NeuN expression in
neuronal cells [29,30].

Lastly, alterations in neurite lengths further
corroborated the neurotoxic effects of paraquat
and the neurogenic properties of RA. RA treatment
facilitated neurite outgrowth, while paraquat
exposure resulted in a significant reduction
in neurite length. These findings highlight the
potential utility of the SH-SY5Y model established
by paraquat administration for studying neuronal
development and neurodegenerative processes
in PD. In summary, the findings of this study
emphasize the complex interaction between
environmental toxins and endogenous factors
to build a proper and reliable in vitro PD model.
Additionally, they offer valuable insights into
optimizing SH-SY5Y cell culture conditions for
modeling PD.

Limitations

Itis important to acknowledge several limitations in
this study. Firstly, the use of a single cell line, SH-
SY5Y, may limit the generalizability of the findings
to other cell types. Future studies incorporating
a broader range of cell lines and environmental
factors are warranted to address these limitations
and enhance the translational relevance of these
findings.

Conclusion

In conclusion, this study optimized the culture
conditions of SH-SY5Y cells to enhance their
utility in PD modeling. We established that a cell
density of 5 x 10® cells/cm?, 2% FBS, and six
days of RA treatment support optimal neuronal
differentiation. Collagen coating significantly
enhanced cell adhesion and differentiation.
Additionally, a 24-hours exposure to 1000 uM
paraquat effectively induced dopaminergic neuron
degeneration, aligning with PD pathogenesis.
These findings resolve inconsistencies in the
literature and establish a robust framework for
future research, offering valuable insights for
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optimizing in vitro models to study neuronal
differentiation and neurodegeneration in PD.

Conflict of Interest: The authors declare no
conflict of interest related to this article.

Funding sources: The authors declare that this
study has received no financial support.

Ethics Committee Approval: The current study
has no study with human and human participants.
The study is not subject to ethics committee
approval. Ethics Committee Approval is not
required for cell culture studies.

ORCID and Author contribution: F.G.K. (0000-
0002-7248-7933) was responsible for formulating
the hypothesis, analyses and writing the report.

Peer-review: Externally peer reviewed.

REFERENCES

1. Hoffmann LF, Martins A, Majolo F, Contini V, Laufer S, Goettert MI. Neural regeneration
research model to be explored: SH-SY5Y human neuroblastoma cells. Neural Regen
Res 2022;18:1265-6. https://doi.org/10.4103/1673-5374.358621.

2. Ross RA, Spengler BA, Biedler JL. Coordinate Morphological and Biochemical Inter-
conversion of Human Neuroblastoma Cells2. JNCI: Journal of the National Cancer
Institute 1983;71:741-7. https://doi.org/10.1093/jnci/71.4.741.

3. Pahiman S, Hoehner JC, Nanberg E, Hedborg F, Fagerstrom S, Gestblom C, et al.
Differentiation and survival influences of growth factors in human neuroblastoma. Euro-
pean Journal of Cancer 1995;31:453-8. https://doi.org/10.1016/0959-8049(95)00033-F.

4. Adem A, Mattsson MEK, Nordberg A, Pahiman S. Muscarinic receptors in human
SH-SY5Y neuroblastoma cell line: regulation by phorbol ester and retinoic acid-in-
duced differentiation. Developmental Brain Research 1987;33:235-42. https://doi.
0rg/10.1016/0165-3806(87)90156-8.

5. Melino G, Thiele CJ, Knight RA, Piacentini M. Retinoids and the control of growth/death
decisions in human neuroblastoma cell lines. J Neurooncol 1997;31:65-83. https://doi.
0rg/10.1023/A:1005733430435.

6. Ivankovic-Dikic |, Gronroos E, Blaukat A, Barth B-U, Dikic I. Pyk2 and FAK regulate
neurite outgrowth induced by growth factors and integrins. Nat Cell Biol 2000;2:574-81.
https://doi.org/10.1038/35023515.

7. Hahn M, Glass T, Koke J. Extracellular matrix effects on a neuroblastoma cell line.
Cytobios 2000;102:7-19.

8. Kumar S, Weaver VM. Mechanics, malignancy, and metastasis: The force journey of
a tumor cell. Cancer Metastasis Rev 2009;28:113-27. https://doi.org/10.1007/s10555-
008-9173-4.

9. Discher DE, Janmey P, Wang Y. Tissue Cells Feel and Respond to the Stiffness of
Their Substrate. Science 2005;310:1139-43. https://doi.org/10.1126/science.1116995.

10.  Ali SA, Pappas IS, Parnavelas JG. Collagen type IV promotes the differentiation of neu-
ronal progenitors and inhibits astroglial differentiation in cortical cell cultures. Develop-
mental Brain Research 1998;110:31-8. https://doi.org/10.1016/S0165-3806(98)00091-
1.

11.  Pekel NB. Diabetes Mellitusun Parkinson Hastalijinda Non-Motor Semptomlar Uzerine
Etkisi. Acta Med Alanya 2019;3:293-9. https://doi.org/10.30565/medalanya.569168.

12.  Hawkes CH, Del Tredici K, Braak H. A timeline for Parkinson’s disease. Parkinsonism
& Related Disorders 2010;16:79-84. https://doi.org/10.1016/j.parkreldis.2009.08.007.

13.  Erdem NS, Gencer GYG, Ozkaynak SS, Ugar T. Effect of Subthalamic Nucleus Deep
Brain Stimulation Treatment on Non-motor Symptoms and Sleep Quality in Parkinson’s
Disease Patients. Acta Med Alanya 2023;7:59-65. https://doi.org/10.30565/medalan-
ya.1221314.

14, Maria S, Helle B, Tristan L, Gaynor S, Arar A, Michele M, et al. Improved cell therapy
protocol for Parkinson’s disease based on differentiation efficiency and safety of hRESC-,
hiPSC and non-human primate iPSC-derived DA neurons. Stem Cells 2013;31:1548—
62. https://doi.org/10.1002/stem.1415.

15.  Gantner C, Cota A, Thompson L, Parish C. An Optimized Protocol for the Gener-

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

ation of Midbrain Dopamine Neurons under Defined Conditions. STAR Protocols
2020;1:100065. https://doi.org/10.1016/j.xpro.2020.100065.

Ferrari E, Cardinale A, Picconi B, Gardoni F. From cell lines to pluripotent stem cells for
modelling Parkinson’s Disease. Journal of Neuroscience Methods 2020;340:108741.
https://doi.org/10.1016/j.jneumeth.2020.108741.

Dwane S, Durack E, Kiely PA. Optimising parameters for the differentiation of SH-SY5Y
cells to study cell adhesion and cell migration. BMC Res Notes 2013;6:366. https://doi.
org/10.1186/1756-0500-6-366.

Moretto E, Stuart S, Surana S, Vargas JNS, Schiavo G. The Role of Extracellular Matrix
Components in the Spreading of Pathological Protein Aggregates. Front Cell Neurosci
2022;16. https://doi.org/10.3389/fncel.2022.844211.

Xicoy H, Wieringa B, Martens GJM. The SH-SY5Y cell line in Parkinson’s disease
research: a systematic review. Mol Neurodegeneration 2017;12:10. https://doi.
0rg/10.1186/s13024-017-0149-0.

Zhai Y, Quanwei W, Zhu Z, Zheng W, Ma S, Hao Y, et al. Cell-derived extracellular
matrix enhanced by collagen-binding domain-decorated exosomes to promote neural
stem cells neurogenesis. Biomedical Materials 2022;17. https://doi.org/10.1088/1748-
605X/ac4089.

Fiore NJ, Tamer-Mahoney JD, Beheshti A, Nieland TJF, Kaplan DL. 3D biocomposite
culture enhances differentiation of dopamine-like neurons from SH-SY5Y cells: A model
for studying Parkinson’s disease phenotypes. Biomaterials 2022;290:121858. https://
doi.org/10.1016/j.biomaterials.2022.121858.

Grosman-Dziewiszek P, Wiatrak B, Dziewiszek W, Jawien P, Mydlikowski R, Bolejko
R, et al. Influence of 40 Hz and 100 Hz Vibration on SH-SY5Y Cells Growth and Dif-
ferentiation—A Preliminary Study. Molecules 2022;27:3337. https://doi.org/10.3390/
molecules27103337.

Simdes RF, Ferrao R, Silva MR, Pinho SLC, Ferreira L, Oliveira PJ, et al. Refinement of
a differentiation protocol using neuroblastoma SH-SY5Y cells for use in neurotoxicology
research. Food and Chemical Toxicology 2021;149:111967. https://doi.org/10.1016/j.
fct.2021.111967.

Liu Q, Li L, Sun H, Zhang J, Ma W, Zhang T. [Effect of serum on the differentiation of
neural stem cells]. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi 2018;32:223-7. https:/
doi.org/10.7507/1002-1892.201710113.

Biffi E, Regalia G, Menegon A, Ferrigno G, Pedrocchi A. The Influence of Neuronal Den-
sity and Maturation on Network Activity of Hippocampal Cell Cultures: A Methodological
Study. PLOS ONE 2013;8:683899. https://doi.org/10.1371/journal.pone.0083899.

Kaya ZB, Santiago-Padilla V, Lim M, Boschen SL, Atilla P, McLean PJ. Optimizing SH-
SY5Y cell culture: exploring the beneficial effects of an alternative media supplement
on cell proliferation and viability. Sci Rep 2024;14:4775. https://doi.org/10.1038/s41598-
024-55516-5.

Singh S, Somvanshi RK, Kumar U. Somatostatin-Mediated Regulation of Retinoic
Acid-Induced Differentiation of SH-SY5Y Cells: Neurotransmitters Phenotype Charac-
terization. Biomedicines 2022;10:337. https://doi.org/10.3390/biomedicines10020337.

Tanner CM, Kamel F, Ross GW, Hoppin JA, Goldman SM, Korell M, et al. Rotenone,
Paraquat, and Parkinson’s Disease. Environmental Health Perspectives 2011;119:866—
72. https://doi.org/10.1289/ehp.1002839.

lzumi Y, Ezumi M, Takada-Takatori Y, Akaike A, Kume T. Endogenous Dopamine Is
Involved in the Herbicide Paraquat-Induced Dopaminergic Cell Death. Toxicological
Sciences 2014;139:466-78. https://doi.org/10.1093/toxsci/kfu054.

Shi G, Zhang C, Bai X, Sun J, Wang K, Meng Q, et al. A potential mechanism clue
to the periodic storm from microglia activation and progressive neuron damage in-
duced by paraquat exposure. Environmental Toxicology 2024;39:1874-88. https://doi.
0rg/10.1002/tox.24053.

Acta Medica Alanya 2024:8:2 115



