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1. Abstract
Purpose: Development of in vitro cell culture model
is on foremost call considering the requirement
of neurological disease management. This is
particularly relevant in the case of neuropsychiatric
diseases especially, schizophrenia where there is a
lack of proper in vitro model.
Methods: In the present study, the properties of
differentiation were assessed when SHSY5Y cell
line were exposed to all trans-retinoic acid at a
concentration varying from 0-100 µM for a period
of 0-7 days for which average neurite length was
calculated. Following this primary observation, we
analysed the expression pattern of synapsin III and
other key molecules like MAPK, TrkB, BDNF and
synaptic markers like synaptophysin, drebrin and
PSD-95 on every alternate day from 0-7 days when
SHSY5Y culture was conferred to 20 µM RA.
Results: We observed that a presentation of 20
µM RA could exert a maximal significant impact on
neurite length on Day 7. A significant and gradual
amplification of synapsin III both at mRNA and
protein level was observed and attained maximal
significance on Day 7. Similar to Synapsin III, MAPK,
TrkB, BDNF, synaptophysin, drebrin and PSD-95
also displayed highest expression on Day 7.
Conclusion: Our observations are important as
these would assist various investigations that employ
SHSY5Y cells for appreciating in vitro studies and
thus could fill the lacunae in the molecular features
of disease models especially like schizophrenia,
where synapsin III is a candidate gene altered in
this disease. To conclude we demonstrate that
differentiated SHSY5Y cells serve as a platform for
neuropharmacological evaluations where there is a
paucity of models.
Keywords: BDNF; TrkB; MAPK; Synaptophysin;
Drebrin.

1. Introduction
Though studies using experimental animals have
provided invaluable information on the pathogenesis
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and pathophysiology of neurological disorders
but development of in vitro cell culture model is
on major demand considering the requirement for
further disease management at cellular level [1] and
it is more taskful for neuropsychiatric disorder like
schizophrenia.
The neuroblastoma cell line SHSY5Y has been
used for studying various neurodegenerative
pathways. Owing to its neurological characteristics
on differentiation, SHSY5Y is subjected to many
differentiating factors for various investigations and
one such prominent factor being all-trans retinoic acid
(RA) - a natural morphogen involved in development
and differentiation of nervous system and their
receptors are expressed in distinct regions in the
adult central nervous system [2,3]. The differentiation
process is initiated with a decrease in cell line
proliferation and extension of neurites and several
signalling pathways like TrkB-MAPK are triggered for
the survival of cell and differentiation at this timeline
[4-8].
Synapsins are proteins which are encoded by three
genes- SynI, SynII and SynIII that code for synapsin
I, synapsin II and synapsin III in mammals. Data on
the former two synapsins-I and II were abundantly
available while the role of lately discovered synapsin
III is still uncharacterised [9]. The role of synapsin III
in axon differentiation in the central nervous system
and its localisation to extra-synaptic sites like soma
and growth cones in the adult brain was described by
Ferreira et al. [10] and Porton et al. [11]. Synapsin III
is identified as a candidate gene in schizophrenia and
was found to be associated to synaptic vesicles and
participates in the neurotransmission [12,13]. The
current data still remains fragmentary owing to the
fact that a few amount of data is available regarding
the role of synapsin III, and still ahead, the factors
that influence its role is not available. TrkB activation
by its ligand BDNF that plays fundamental roles in
cell survival, neuronal cell proliferation is assumed to
modulate the interactions of synapsin III with MAPK/
ERK during neuronal differentiation [14].
Drebrin is a neuronally expressed actin filament
binding protein that has been entailed in the regulation
of neuronal morphology [15,16]. It is a major protein
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expressed in the brain during neuronal development
that plays a role in neuronal migration and formation
of neurite-like processes [15-18]. Synaptophysin is
one of the most abundant polypeptide components
of synaptic vesicles and is believed to be essential
for synaptic plasticity [19]. Both drebrin and
synaptophysin has been implicated in schizophrenia
and was selected in this study.
The present study was intended to evaluate the
properties of differentiation of SHSY5Y cell line on
exposure to RA but in relevance to synapsin III and the
key factors of TrkB pathway along with pre-synaptic
(synaptophysin) and post-synaptic markers (drebrin
and PSD-95). Such an understanding is necessary so
as to design the SHSY5Y cells pertaining to various
disease models in vitro, especially schizophrenia,
where synapsin III is a candidate gene altered in
this disease situation [12]. To accomplish this, the
whole study was planned in two steps. The first part
concentrated on fixing the time and concentration of
RA which can give a maximal significance in neurite
length on SHSY5Y differentiation and the latter part
dealt with the assessment of specific molecules
implicated in schizophrenia.

2. Materials and Methods
2.1 Cell line and culture maintenance
SHSY5Y cells were procured from National Centre
for Cell Sciences, Pune, India and were cultured in
DMEM/HAM’s F-12 (HiMedia) containing 10% Foetal
bovine serum (Gibco), 100 units/mL penicillin G,
100 mg/mL streptomycin (HiMedia). After attaining
80-90% of confluence, cells were sub-cultured
according to the need of the experiments. The cells
were incubated under standard conditions (37°C
in 5% CO2 with 95% humidity) in Eppendorf - New
Brunswick Galaxy CO2 incubator.
2.2 Preparation of RA stock
All-trans retinoic acid (RA) was purchased from
Sigma Aldrich (Cat No-R2625). A 5 mg/ml stock
solution was prepared in DMSO and stored in light
protected vials at -80°C and diluted with tissue
culture medium right before use. The final DMSO
concentration never exceeded 0.1% in cell culture.
2.3 Differentiation of SHSY5Y using different
concentrations of RA for a period of 0-7 days
Cells were seeded at an initial density of 104 cells/
cm2 in poly L-lysine coated six well plates and grown
in previous conditions. After 60-70% confluence
was attained, RA was added in test groups at a
concentration ranging from 5 µM-100 µM in DMEMHams F12 and maintained in dark. The cells which
did not receive RA served as control and vehicle
control were the ones that were treated with 0.1%
DMSO alone. After incubation with RA at the end of
experimental period, cells were washed thrice with
medium and further studies were carried out. The
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experiments were conducted in triplicate, i.e., N=3
wells.
2.4 Neurite length assay
To analyse the average neurite length, cells were
observed using an inverted microscope and images
captured using a digital camera connected to the
microscope at 100x. An average of 35 cells per field
was counted and the neurite length was measured
using Magnus Pro software on the captured images.
Average neurite length was calculated as the total
neurite length normalised to the number of cells
included in the analysis. Independent cell culture
experiments were conducted in triplicate.
2.5 Analysis of mRNA and protein levels of
synapsin III, ERK, BDNF, TrkB, synaptophysin
and drebrin in RA (20 µM) differentiated SHSY5Y
The next aim was to check the expression level of
synapsin III, ERK, BDNF, TrkB, synaptophysin and
drebrin at various time intervals after they were
conferred to RA (20 µM). Cells were seeded at
an initial density of 104 cells/cm2 in six well plates
and grown in previous conditions. After 70-80% of
confluence was attained, 20 µM RA was added in all
of the test groups grown in DMEM-Hams F12. The
test groups were analysed every alternate day from
a period of 0-7 days after RA treatment. The cells
which did not receive RA served as control.
2.6 qRT–PCR studies
After the respective time interval, cells were washed
with the medium thrice, harvested using TRIsoln
(Merck-Genei) to isolate total RNA. cDNA was
obtained from mRNA using cDNA synthesis kit
(Thermo Scientific).Genes for GAPDH, BDNF, TrkB,
ERK, synapsin III, synaptophysin, drebrin, PSD-95
were amplified from 20 ng of cDNA from each group
using their corresponding primers (Sigma).
The primers used for qRT-PCR are listed in Table 1:
Table 1. Primers used for qRT-PCR.
S. No Primers
1
2
3
4
5
6
7
8

Sequence (5’ to 3’)
Fp: TTTCATTGTGTGCTCGCGTT3
BDNF
Rp: TGCTTCTTTCATGGGGGCAG
Fp: GGGACTACTGTTGCCTATCCC3
TrkB
Rp: GTCACAGCTCACAACAAGCA
Fp: CAGTGAGCTCTAGCAAGGGAG
ERK
Rp: CCTTCCAATAAGGAGCTTGGA
Fp:TGTCTTCTGGGCCTCACCTA
Synapsin III
Rp: TAGCCATTAGGCAGGTTGGC
Fp: AGCTCTCGAATGGAAATCTGAC
Synaptophysin Rp: AATGCGGTAGGATACCACTTTC
Fp: ACTCAAAAGGAGGGGACCCA
Drebrin
Rp: TACAGGAGGCGGAACCTTTG
Fp: TACGACAAGACCAAGGACTGC
PSD-95
Rp: GGAATGAAGCCAATGTCGTCG
Fp: AGAAGGCTGGGGCTCATTTG
GAPDH
Rp: AGGGGCCATCCACAGTCTTC
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qRT-PCR was performed in 10 μl reaction mixture
containing 1 μg of cDNA, 5pmol of forward primer, 5
pmol reverse primer and 5 μl SYBER Green master
mix (2x) and made up with MQ water. All samples
were initially denatured at 95°C for 10 min before
cycling and subjected to melt curve analysis after
cycling. The amplification conditions are as follows:
a denaturing step at 95°C for 45 s, annealing step
at appropriate Tm (°C) for 45 s and an extension
step at 72°C for 45 s. The optimized number of
cycles for specific genes was 33-38 cycles. GAPDH
served as intrinsic control. All qRT-PCR experiments
were performed in triplicate and qRT-PCR data was
normalized to GAPDH expression. The comparative
threshold cycle (CT) values were derived from
qbasePLUS Software. The ΔΔCT method of relative
quantification was used to determine the fold changes
in expression. Expression fold value=2-ΔΔCT.
2.7 Western blot studies
Cells were washed with PBS and lysed with 1x lysis buffer
containing 50 mM Tris-HCl (pH-8.0), 150 mM NaCl, 0.02%
sodium azide, 100 μg/ml phenylmethanesulfonyl fluoride,
1 μg/ml aprotinin and 1% TritonX 100 on ice. Solubilized
cells were centrifuged at 10,000x g for 20 min and the
supernatant was collected. Protein concentrations were
determined by Bradford assay. Protein samples (20-40
μg) were loaded onto a 12%-15% SDS-polyacrylamide
gel separated by electrophoresis and then transferred
to PVDF membranes. Membranes were blocked with
10% fat-free milk in Tris-buffered saline (TBS) at room
temperature for 1 h. Membranes were then probed with
primary antibodies against target proteins- BDNF, TrkB,
PI3K, Akt, mTOR, MAPK, Synapsin III, synaptophysin,
drebrin (Santa Cruz Biotechnology) overnight at 4°C.
Table 2 shows primary antibodies at different dilutions
were used for Western blot.
After overnight incubation, the membrane was
washed with TBS-T followed by probing the
membranes with the corresponding secondary
antibody (Cell signaling technologies, USA) for 2 h
at room temperature. After washing membranes with
TBS, the membrane was developed by enhanced
chemiluminescence (Biorad).
2.8 Statistical analysis
Results were analysed as Mean ± SD (Mean ±

Standard Deviation). Statistical analysis of the data
was performed with Student’s t-test and one-way
analysis of variance (ANOVA). Bonferroni correction
was performed and p values ≤ 0.05 were considered
as significant.

3. Results
3.1 Neurite length analysis
A significant increase in average neurite length
in RA supplemented SHSY5Y culture when
compared to the control cells that did not receive RA
supplementation were observed. However, the level
of significance varied both with the concentration of
RA and the period of exposure. A concentration of 5
µM RA enhanced average neurite length at significant
level when compared to their corresponding control
cells (Day 0) only at Day 7 (p=0.05) while a similar
significant change was brought on Day 3 itself when
the culture was subjected to a higher concentration
of 10 µM of RA (p=0.05). Unlike the previous
concentrations of RA, it was found that when SHSY5Y
cells were supplemented with 20 µM RA a significant
increase in neurite outgrowth when compared to
their corresponding control cells was recorded as
early on Day 1 (p=0.04).The increase was at its
maximum with a remarkable significance on Day7
(p=0.001) (Figures 1A and 1B). On exposure to 50
µM, 75 µm, 100 µM RA, the average neurite length
was significantly higher when compared to their
corresponding control cells on Day 7 (p=0.01 for 50
µM RA, p=0.05 for both 75 µM and p=0.04 for 100 µM
RA) but was less significant when compared to that
of 20 µM RA treatment on Day7. Interestingly, 100
µM RA exposures to SHSY5Y were accompanied
with the loss of normal morphology in cells with their
drifting towards round morphology by Day 7. Unlike
RA supplemented cells, 0.1% DMSO treated cells
showed no significance from their corresponding
control cells even after 7 days (Figure 1A).
3.2 qRT-PCR Studies
The mRNA levels of synapsin III, ERK, BDNF, TrkB,
synaptopysin and drebrin in control and experimental
groups were analysed using qRT-PCR. A significant
elevation in levels of synapsin III from Day 1 to Day 5
(p=0.04, p=0.02, p=0.009 for Day 1, Day 3 and Day 5,
respectively) of RA treatment when compared to that

Table 2. Primary antibodies at different dilutions.
Antibody
BDNF
TrkB
PI3K
Akt
mTOR
MAPK
Synapsin III
Synaptophysin
Drebrin
β- Actin
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Cat no, Company
sc-20981,Santa cruz biotechnology
sc-8316,Santa cruz biotechnology
sc-7177,Santa cruz biotechnology
sc-1619, Santa cruz biotechnology
sc-8319, Santa cruz biotechnology
sc-292838,Santa cruz biotechnology
sc-30098,Santa cruz biotechnology
sc-9116, Santa cruz biotechnology
sc-366274,Santa cruz biotechnology
Santa cruz biotechnology

Dilution for Immunoblot
1:1000
1:1000
1: 500
1: 500
1: 500
1:500
1:400
1: 1000
1: 1000
1: 1500
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Figure 1A: Changes in average neurite length (µm) in SHSY5Y cell lines (Control cells) and SHSY5Y cells exposed to
varying concentrations of RA (10-100µM) for a period of 0-7 days including vehicle control (0.1% DMSO). Average neurite
length was the highest in the experimental group supplemented with 20µM RA on Day 7. Statistical significance determined
using ANOVA, Bonferroni tests. Data presented as Mean±SD. N=3 wells. *= p≤0.05, ** p≤0.01, ***=p≤0.001 and was
considered significant when compared to their corresponding cells at Day 0 (before RA supplementation). NS=Nonsignificant when compared to their corresponding cells at Day 0. Figure 1B: Representative micrographs of SHSY5Y cells
that were exposed to 20µM RA from Day 0 (without RA supplementation) to Day 7 on every alternate day. Neurites are
shown with arrows Magnification=100X, Bar= 80µM

of control cells was observed and the expression was
highly significant on Day 7 (p=0.001). Concordantly,
there was a significant hike in the levels of ERK
expression level on RA treatment from Day 1
(p=0.04, p=0.02, p=0.003 for Day1, Day 3 and Day
5, respectively) and displayed maximum significance
on Day 7 (p=0.001) when compared to that of control
cells (Figure 2). A significant rise in the level of BDNF
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from Day 1 of RA supplementation (p=0.03 on Day 1)
was recorded which rose to a high significance from
Day 5 to Day 7 (p=0.001). Unlike the ligand BDNF,
its receptor Trk B presented a marked significant
increase in its mRNA levels right from Day 1 (p=0.01)
and it was also highly significant on Day 7 (p=0.001)
(Figure 2).
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Figure 2. mRNA levels of synapsin III, ERK, TrkB, BDNF, synaptophysin, drebrin and PSD-95 analysed with qRT-PCR in
control (SHSY5Y cells) and experimental groups (SHSY5Y cells differentiated with 20µM RA) assessed every alternate
day from Day 1 to Day 7. ANOVA was performed and significant levels correspond to Bonferroni corrected values. Results
were expressed as Mean ± SD.
* represents p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001 and was considered significant when compared to control. N=3. NS=Nonsignificant when compared to control

Synaptophysin did exhibit higher level that was
revealed from Day 1 (p=0.04) of RA application when
compared to that of control cells and was remarkably
significant on Day 7 (p=0.001). Both PSD95 and
drebrin was shown to significantly express by Day 3
(both p=0.03) with much prominence on Day 7 (both
p=0.001) (Figure 2).
3.3 Western blot studies
The levels of proteins viz. synapsin III, ERK, TrkB,
BDNF, synaptophysin and drebrin were analysed
through Western blot. The expression of synapsin III
was significantly higher on RA induction (p=0.04 on
Day 1) when compared to that of control cells and
ISSN 1860-3122

attained maximum significance on Day 7 (p=0.001).
ERK also presented a similar pattern of expression
with a significantly higher expression on Day 7
(p=0.001) when compared to that of control cells.
The levels of TrkB were significantly elevated on Day
1 (p=0.01) when SHSY5Y cells were conferred with
20 µM RA and the expression was maximum on Day
7 (p=0.001). The levels of BDNF were significantly
elevated from Day 1 of RA induction (p=0.04) with
remarkable levels from Day 5 to Day 7 (p=0.001).
Synaptophysin had also displayed a significantly
higher expression on Day 1 of RA treatment (p=0.03)
when compared to that of control cells but a marked
increase in the level was found on Day 7 (p=0.001).
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Drebrin level did show a significant rise by Day 3 and
was highly significant by Day 7 (p=0.001) (Figure 3).

4. Discussion
In the present study, SHSY5Y cells were
differentiated with varying concentrations of RA for
seven days to inspect the changes in morphology as
there is insufficient literature uncovering the effect
of different concentrations of RA on SHSY5Y in
relevance to average neurite length. Further, this part
of the work of determination of the effect of different
concentrations of RA from Day 1 to Day 7 could be a

work plan in choosing d-SHSY5Y cells for assessing
the expressional variations of the proteins involved in
neuronal differentiation, survival and synaptic plasticity
and hence in disease conditions like schizophrenia.
It is well-known that RA binds to its nuclear retinoic
acid receptors to regulate the transcription of
neurotrophin receptor genes and thereby it was
reported to enhance neurite outgrowth [20]. The
role of RA in adult neurogenesis by enhancing the
ability of multipotent progenitor cells of neurons and
glial cells in hippocampal culture to differentiate to
neuronal phenotype was also described earlier
[21,22]. It was observed in the present study that

Figure 3. A) Immunoblots of synapsin III, ERK, TrkB, BDNF, synaptophysin and drebrin of Control (SHSY5Y cells) and
experimental groups (SHSY5Y cells differentiated with 20 µM RA) and assessed every alternate day from Day 1 to Day 7.
B) B1 and B2 are corresponding densitometric representations of Figure 3A. ANOVA was performed and significant levels
correspond to Bonferroni corrected values.
Results were expressed as Mean ± SD
* represents p≤0.05, **p ≤ 0.01, ***p ≤ 0.001 and was considered significant when compared to control. N=3
NS: Non-Significant when compared to control
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the neurite outgrowth was triggered on Day 1 and
was extensive after seven days in cultures subjected
to 20 µM of RA and was highly significant than any
other concentrations of RA at any time period. This
implicated that SHSY5Y cells when differentiated for
seven days with 20 µM RA serve a better representation
for neurological studies with augmented neurite
outgrowth. At highest dose of 100 µM of RA there
was a change in morphology of SHSY5Y probably
owing to the accumulation of substrate adherent S
type cells at higher concentration as also observed
by Arcangeli et al. [23].
When SHSY5Y cells were supplemented with 20
µM RA, a significant upregulation of synapsin III
(both mRNA and protein level) was observed. This
might reflect the result of cellular processes following
neurite outgrowth on RA treatment as this was the
stage where there could be an active process of axon
and dendrite elongation. The results were similar to
the observations made by Ferreira et al. [10] showing
a cardinal expression of synapsin III in cultured
mice hippocampal neurons after few days of plating
and identified the expression of synapsin III as fine
puncta of axonal spots during hippocampal neuron
maturation. This was also evident from another
study in cultured human NTERA-2cl.D1 cells that
documented a significant transcriptional upregulation
of all synapsins of which synapsin III revealed a
magnificent augmentation on differentiation with RA
[24]. According to the current observations, synapsin
III also finds its role in synapse maturation owing to
its very high significant expression in high neuritic
connectivity after seven days of RA treatment when
the process of establishing of a refined neuronal
network happens as observed in the average neurite
length in seven days (Figure 1).

in control cells there was a gradual increment in TrkB
on RA induced differentiation showing the maximal
protein expression on Day 7(p=0.001) (Figures
2 and 3B1). The significant increase in BDNF as
observed in the study on RA induction would have
probably activated its receptor TrkB to proceed to
downstream and activate its docking sites to hire
various intermediates of intracellular signaling
pathway like MAPK/ERK signaling pathway (Figures
2 and 3B1). The expression pattern of BDNF-TrkB at
different intervals of RA treatment was comparable
to that of the expression frame work of synapsin IIIMAPK and it may be speculated that TrkB activated
by BDNF also play a major role during RA induced
differentiation as both the levels of mRNA and protein
were found to be parallel to the maximal neurite
connections Supporting the current observation,
BDNF-TrkB signalling was also thought to play a
role in inducing neuritis through PI3K according to
a recent study [29]. The variations in the level of
presynaptic and neuronal differentiation marker
like synaptophysin is involved in several crucial
aspects of synaptic vesicle trafficking, including the
initiation of neurotransmitter release [30,31] and
hence was assessed in the present study owing to its
implications in schizophrenia [32,33]. The changes
in neurite length with corresponding changes in the
expression of synaptophysin following differentiation
of SHSY5Y by RA were reported earlier [34,35]. A
marked significance in the mRNA and protein level of
synaptophysin by Day 7 following RA supplementation
(20 µM) in the present study indicates that synaptic
vesicles are more mature by Day 7 as also supported
by Sarkanen et al. [36]. It is quiet noteworthy that this
increase in the level of synaptophysin coincides with
the time course in which maximal neurite length was
observed.

A striking report by Jovanovic et al. [25] highlighted
the existence of presumed sites for MAPK/ERK for
synapsin III and it was later reported that a tuning
of phosphorylation and dephosphorylation at this site
regulates synaptic vesicle trafficking within the presynaptic terminal so as to maintain proper synaptic
connections [9]. The significantly very high levels
of ERK observed in the current study was also
supported by the observations of activated MAPK/
ERK pathway made in SK-N-BE(2)C neuroblastoma
on RA induction [26] (Figures 2 and 3B1). MAPK/
ERK regulates translation of synaptic proteins and
hence the protein related synaptic plasticity [27]. The
concordant expression pattern of synapsin III and
MAPK observed in the current study suggest that
synapsin III act downstream to MAPK and hence may
be involved in maintaining the synaptic connections
at high neurite length (Figures 2 and 3B1). There are
also evidences suggesting the role of neurotrophins
and their receptors in neurite outgrowth and their
survival. It was reported that treatment of BDNFantisense oligonucleotides reduced neuronal
survival by 35% in neuroblastoma culture and the
addition of BDNF rescues cells from death [28].
Contradictory to the almost null expression of TrkB

Drebrin, which is a post-synaptic marker supports
polarization of actin filament and plays a role in
the modulation of synaptic plasticity [37,38]. It has
been shown that diminution of drebrin expression in
developing hippocampal neurons had an impact on
the width and density of filopodia spines [39]. Drebrin
may also guide microtubule tips to actin rich filopodia
which is a fundamental step in the formation of a neurite
[40,41]. It was shown to play a role in the formation
of axonal filopodia by regulating the emergence of
filopodia from actin patches [42]. The observation
of a marked significance in the mRNA level of PSD95 (Figure 2), a major scaffolding protein involved in
dendritic spine density, on Day 7 in SHSY5Y cells after
RA presentation and the expression levels of MAPK is
consistent with the reports of Yoshii and ConstantinePaton [43] who suggested that MAPK/ERK regulates
transcription of PSD-95 in neuronal cultures (Figures
2 and 3). Corroborating these findings along with the
expressional variations of BDNF-TrkB it is suggested
that BDNF increases spine density through PSD95 mediated through MAPK/ERK (Figures 2 and 3).
The argument holds good as per the reports made
by Alonso et al. 2004 who stated that ERK activation
is necessary for BDNF to increase dendritic spine
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density in hippocampal CA1 pyramidal neurons.
Though there is a huge data of evidence regarding RA
induction in neuroblastoma cells and its role in neurite
outgrowth and establishing synaptic connections,
the fate of synapsin III in such conditions is not yet
described. It may be recalled that synapsin III was
expressed to the maximum when SHSY5Y cells were
differentiated with 20 µM RA for 7 days, the time point
at which neurite length were largest in conjunction
with increased expression of key molecules like
BDNF, TrkB and MAPK/ERK (Figures 1-3). Based on
the current data it may be presumed that BDNF-TrkBERK pathway can influence the expression pattern of
synapsin III as observed in the similarity of expression
pattern of the same to that of synapsin III. Further
analyses should provide additional insights into the
participation of synapsin III in the mechanisms of its
role in neurite outgrowth and how the BDNF-TrkBERK pathway tunes the expression of synapsin III
and leads to the stabilization of synaptic machinery
which is dysregulated in many neurological disorders
including schizophrenia.

5. Conclusion
More studies devoted to the role of cytoskeletal
proteins during neuronal extensions are essential
to describe their interplay during the sprouting
and elongation of neuronal extensions. Such an
understanding is necessary so as to design the
SHSY5Y cells pertaining to various disease models in
vitro, especially schizophrenia, where synapsin III is a
candidate gene altered in this disease situation [12].
According to the above observations, upregulated
levels of BDNF, Trk B and synapsin III in 20 µM
RA differentiated SHSY5Y for 7 days may serve as
best in vitro representation for use in various neurotoxicological and pharmcological investigation and
this can be chosen to mimic neurological conditions
that are characterized by altered neurotrophins and
synapsins as in schizophrenic conditions. Meanwhile,
the authors do agree that there are some constraints
to the elucidation of the data. This is an in vitro cell
line model and the results accounted here need
further confirmation in primary neuronal cultures.
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