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Neuroblastomas usually occur in childhood and can have a relatively poor prognosis. Additionally, some
antipsychotic drugs have been suggested to be neurotoxic, suggesting they might have therapeutic potential
against neuronal cancer cells. In this study it was shown that 7 days treatment with 10 uM all-trans retinoic
acid (ATRA) could alter SH-SY5Y (an undifferentiated neuroblastoma cell line) morphology in terms of
neurite outgrowths and increased expression of the growth associated protein (GAP43), thus indicating that
ATRA-treatment made these cells more differentiated in character. Next, a comparison of the effects of
chlorpromazine and trifluoperazine, two types of typical first-generation antipsychotic drugs, on the
cytotoxicity of both undifferentiated and ATRA-differentiated SH-SY5Y cells was undertaken. The results
showed that both chlorpromazine and trifluoperazine, were highly cytotoxic to undifferentiated SH-SY5Y
cells (LCso values 5uM and 6uM, respectively). They were also deemed to be more selective towards
neuronal cells compared to non-neuronal cells (COS7 cells). it was shown that cell death induced by
chlorpromazine and trifluoperazine occurred mostly by Ca?“mediated apoptosis. Furthermore, the
cytotoxicity of chlorpromazine and trifluoperazine was decreased when the cells were differentiated with
ATRA (LCs values of 10.5uM and 12uM, respectively), indicating a possible therapeutic window for the
potential use of chlorpromazine and trifluoperazine and potentially other FGAs in the treatment of
neuroblastomas.

© 2020 F Michelangeli. Hosting by Science Repository.

Introduction

Neuroblastomas are a common extra-cranial solid cancer that commonly
occurs in children under the age of 5 years, with the average age of
diagnosis being around 18 months [1]. Neuroblastomas mostly develop
from the adrenal gland, but they can also form in sympathetic nervous
tissue, including in the para-spinal sympathetic ganglia in the abdomen
and chest [1-3]. Although there has been some improvement in prognosis
of patients over the past few years, patients with this type of cancer still
have relatively poor long-term survival rates [1].

SH-SY5Y cells are derived from human neuroblastoma cells and are a
commonly used in vitro model for neuronal cells. This cell line is a sub-
line of SK-N-SH cells that was established in 1970 in cultures from a
bone marrow biopsy of a metastatic neuroblastoma from a 4-year-old
female [4]. By their nature, cancer-derived cell lines are undifferentiated
and typically highly proliferative. SH-SY5Y neuroblastoma cells have
the ability to be differentiated into cells possessing a more mature,
neuron-like phenotype through manipulation of the culture medium [5].
For example, differentiated neuronal SH-SY5Y cells can be generated
by treating cells with all trans retinoic acid (ATRA) [6].
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Previous studies have suggested that patients with schizophrenia have a
lower risk of a number of different cancers compared to the rest of the
population [7, 8]. Many researchers have been investigating the possible
link between the reduction of cancer and schizophrenia [9, 10]. Genetic
factors and antipsychotic drugs have both been considered as
possibilities for the reduced cancer levels in these patients [11-13]. The
aim of this study is to identify the major mechanism by which these
antipsychotic drugs induce neuronal cell death and to determine whether
differentiation of the neuroblastoma cells with ATRA affects drug
cytotoxicity.

Materials & Methods

Stock solutions were prepared by dissolving each drug in DMSO.
Because of its known toxicity, the cells were incubated with DMSO
alone to determine the correct concentration to use in order to minimise
DMSO-induced cell death, which was determined to be < 0.2% v/v. The
concentrations of the stock solutions used were 15 mM chlorpromazine
(Sigma-Aldrich), 15 mM trifluoperazine (Sigma-Aldrich). All-trans
retinoic acid (Sigma-Aldrich) (ATRA) is the most common reagent used
for differentiating SH-SY5Y cells using a concentration range from 1 to
100 pM for different periods [4, 14, 15]. In this study, 10 uM of ATRA
was used with a lower concentration of FBS (2.5% v/v rather than 10%
VIv). SY-SY5Y cells were plated in a 6-well cell culture plate at a density
of 1x10° cells/well with complete growth media (DMEM, 10% v/v FBS,
1% NEAA, 1% Pen/strep, 2 mM L-Glutamine) for 24 hours. After 24
hours, 2 ml of fresh differentiation media containing; DMEM, 2.5% v/v
FBS, 1% NEAA, 1% Pen/strep, 2 mM L-Glutamine and 10 pM ATRA,
was added to each well and changed every two days for up to 7 days.
Cells were viewed and imaged using a Nikon TS100 inverted
fluorescence microscope.

For cell viability assays of these adherent cells, the crystal violet assay
was used Cells were plated at 40x10* per well in a 24-well plate and
incubated overnight [16]. The next day, the wells were washed with PBS,
and then 4% paraformaldehyde in PBS (Affymetrix) was added to the
cells and incubated in the CO, incubator for 20 minutes. The cells were
then washed with PBS and stained with 1% crystal violet (dissolved with
5% ethanol in dH,0) for 30 minutes at room temperature. Then the cells
were washed three times with dH,O and left to air dry for 1 hour. 10%
acetic acid was added to each well and incubated at room temperature
for 20 minutes with shaking. The absorbance of the samples was
measured using a plate reader set at a wavelength of 570 nm and acetic
acid was used as the blank. In some cell viability experiments either
50uM caspases 3 inhibitor (Ac-DEVD-CMK) (Sigma-Aldrich) or 10uM
BAPTA-AM (Sigma-Aldrich) was pre-incubated with the cells for 4
hours before the drugs were then added.

Cells treated with ATRA were collected over 7 days and proteins
solubilized and extracted using RIPA buffer. Following protein
determination, 30 pg of the cell protein extracts were added to each well
of a 10% polyacrylamide gel and the proteins separated [17, 18]. Once
the proteins were transferred onto PVDF membranes they were immune-
stained with either anti-GAP 43 antibody (GeneTex), a growth
associated protein, used as a neuronal differentiation marker, or with
anti-actin antibody (Sigma-Aldrich) a housing keeping and loading
marker [19].
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To determine whether cell death was via apoptosis, the cells were seeded
in sterilised 35-mm glass bottom dishes and incubated until they reached
70% confluency. The cells were treated with the drugs in media without
FBS and phenol red and then incubated for 24 hours. After 24 hours, 2
UM of Nuc View 488 Caspase-3 substrate (Biotium) was added to the
cells and left for 1 hour, then examined under the fluorescence
microscope using a 20x Obj. lens under brightfield and fluorescence
channels (Aexe= 488 nm and Aem = 502 nm).

For LDH release assays to monitor necrosis, cells were seeded in 6-well
cell culture plates and incubated overnight. The next day, the old media
was removed, and fresh media, without FBS or phenol red, was added.
The cells were treated with drugs for 24 hours, and the control was
treated with 10% Triton X-100 (Sigma-Aldrich) for 1 hour. The solution
from each well was centrifuged at 1500 rpm for 10 minutes. In a cuvette,
500uL of each supernatant was added to 500 pL of the cocktail buffer
(0.66mM Sodium pyruvate, 100mM Potassium phosphate, 0.23mM R-
Nicotinamide adenine dinucleotide NADH; pH 7), and the absorbance
change was measured by a spectrophotometer at 340 nm. % LDH release
was calculated as the experimental rate divided by the rate observed for
the Triton X-100 treated cells.

Results

Bright field microscopy was used to determine morphological changes
to SH-SY5Y cells treated with 10 uM ATRA for 7 days. The results
presented in Figure 1A, show micrographs of control cells and SH-SY5Y
cells treated with 10 pM of ATRA at different times (day 0 control, day
3, day 5, and day 7). There were obvious changes in cell appearance and
particularly in the length of neurites on each cell. In control cells, some
cells showed only a few neurites of relatively short length (Figure 1A).
However, upon ATRA treatment for 7 days (Figure 1A), it was clear that
most cells had longer neurites compared to control cells. These results
were quantified as observed in Figure 1B, which showed that the neurites
increased in length from < 50um in the control cells to an average of
150pm, in cells treated with ATRA for 7 days. Figure 1 C & 1D shows
that the expression of neuronal differentiation marker GAP 43 also
increased substantially (by a factor of 3-4) upon exposure to 10uM
ATRA over the 7 days.

After the confirmation of cell differentiation, when the SH-SY5Y cells
had become more neuronal-like, the effects of the FGA drugs were tested
on these cells. On the 7" day, the differentiation media was replaced with
complete DMEM media (except without FBS), and SH-SY5Y cells were
treated with chlorpromazine and trifluoperazine for 24 hours. Cell
viability was then determined by the crystal violet assay. The results in
(Figures 2A & 2B) show a significant difference in the toxic effect of
chlorpromazine and trifluoperazine for differentiated and non-
differentiated SH-SY5Y cells. In addition, it was also noted that cells
treated with ATRA for 7 days had a lower number of viable cells
compared to untreated cells. This probably also reflects the fact that
differentiated cells proliferated more slowly than undifferentiated cells
[20].
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Figure 1: Effects of RA treatment on SH-SY5Y neuronal cells.

SH-SYS5Y cells were plated in a 6-well plate at a density of 100,000 cells per well. After 24 hours, cells were incubated with media containing 10uM ATRA.
(A) Images were taken under the light microscope 20x on days: 0, 3, 5, and 7 (black bar denotes 50um) (B) shows the average increase of neurite length
over the time period analysed. These results were typical of three separate experiments. (C) shows the immunoblot highlighting the increase in expression
of the differentiation marker GAP43, as well as the immunoblot for actin, from protein extracts of the cells treated with ATRA over 7 days. (D) shows the
ratio of GAP43 relative to Actin. The data represents the mean + SD of three experiment; ***, p < 0.001 for unpaired, 2-tailed t-test.
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Figure 2: Effects of Chlorpromazine and Trifluoperazine on the viability of differentiated and undifferentiated SH-SY5Y cells.

The figures show the effects of ATRA on the cell viability of SH-SY5Y after 7 days of the treatment. Also shown is the effect of: (A) chlorpromazine (5
uM) and (B) Trifluoperazine (6ptM) on untreated SH-SY5Y and differentiated SH-SY5Y cells. The results are presented as % to the control (DMSO-treated
cells) of mean + SD and repeated 3 times. (** p < 0.01 and *** p < 0.001, for the unpaired, two-tailed t-tests.) Also presented are the dose-dependent cell
viability effects of (C) chlorpromazine and (D) trifluoperazine on both ATRA-differentiated and non-differentiated SH-SY5Y, as well as single
concentration values for COS7 cells. Data are the mean + SD of 3 repeats.
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To determine the LCs, for chlorpromazine, the control and differentiated
cells were treated with different concentrations of these drugs. As can be
seen in (Figure 2C), the LCsy of chlorpromazine on SH-SY5Y was
determined to be 5 + 1 uM. However, there was an increase in the LCso
in the ATRA-differentiated SH-SY5Y cells to 10.5 + 1.5 pM. Figure 2D
also shows an increase of the LCs, for trifluoperazine from 6 £ 1 uM in
the undifferentiated cells to 12 + 2 uM in the ATRA-differentiated cells.
Figures 2C & 2D also shows the effects on cell viability of 12uM
chlorpromazine and 10pM trifluoperazine on the undifferentiated non-
neuronal COS7 cells for comparison. These FGAs drugs were less
cytotoxic to non-neuronal cells compared to undifferentiated SH-SY5Y
neuronal cells.

In order to determine the major mechanism by which chlorpromazine
and trifluoperazine cause cell death, Nuc-View 488 caspase-3 substrate
was used. This method identifies cells undergoing apoptosis by causing
the cells to emit green fluorescence when caspase 3 is activated within
cells. Figure 3A shows a number of micrographs in which the untreated
SH-SY5Y cells are viewed using a fluorescence microscope set to
register both green fluorescence and low levels of white light in order to
observe all cells. As can been seen in the DMSO control little or no
brightly fluorescent cells can be observed, however, if treated with the
LCs for each drug, for 24 hours, the images show a substantial number
of fluorescent cells. Upon quantification (Figure 3B & C) the % of
apoptotic cells were determined to be 85 + 5 % for chlorpromazine and
67 + 12 % for trifluoperazine. Therefore, the major cell death pathway
induced by these drugs is apoptosis.
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Figure 3: Effects of Chlorpromazine and Trifluoperazine on apoptosis of SH-SY5Y cells.

Cells were seeded in sterilised glass bottom dishes and incubated for 24 hours. After 24 hours, cells were treated with chlorpromazine and trifluoperazine
and incubated for 24 hours. Before examination, cells were treated with 2 uM of caspase-3 fluorogenic substrate for 1 hour. (A) shows superimposed
brightfield light and fluorescence images for cells treated with DMSO alone (control), cells treated with 5 uM chlorpromazine; and cells treated with 6 pM
trifluoperazine. (B) shows the percentage of apoptotic cells when treated with chlorpromazine (5uM). (C) the percentage of apoptotic cells when treated
with trifluoperazine (6uM). The data represented the mean + SD, of 3 repeats. (statistically significant at **** p < 0.0001, using unpaired, two-tailed t-

tests.).

In order to further confirm whether cell death was by apoptosis and
activated through caspase 3, The SH-SY5Y cells were preincubated with
50uM of the caspase 3 inhibitor (Ac-DEVD-CMK) for 4 hours prior to
exposure with chlorpromazine (5uM) or trifluoperazine (6uM) for 24
hours, after which cell viability assays were performed. Figure 4A,
clearly shows that preincubation with the caspase 3 inhibitor affords
significant protection against cell death by both drugs by increasing the
level of viable cells exposed to these drugs from about 50% in the
absence of the caspase 3 inhibitor to about 80% viability in the co-
presence of the caspase inhibitor.

Clin Oncol Res doi:10.31487/j.COR.2020.02.03

As previous studies have also shown that exaggerated levels of cytosolic
levels can be a potent mediator of cell death and we have previously
demonstrated that these antipsychotic drugs can inhibit SERCA Ca?*
pumps which would contribute to cytosolic Ca?* elevation, BAPTA-AM,
membrane permeable Ca? chelator was used to ameliorate any such
intracellular Ca?* increases [21, 22]. Figure 4B again clearly shows that
preincubation of the cells with 10uM BAPTA prior to treatment with
both chlorpromazine and trifluoperazine again significantly improved
cell viability which indicates that, at least in part, the cytotoxicity of the
antipsychotic drugs is via a Ca?-mediated mechanism. Furthermore,
treatment of the cells by either chlorpromazine or trifluoperazine did not
significantly increase the leakage of lactate dehydrogenase (LDH) from
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SH-SYS5Y cells, indicating little effects on plasma membrane
permeability, the major hallmark of necrosis (Figure 4C).
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Figure 4: Effects of Chlorpromazine and Trifluoperazine on cell viability in the presence of Caspase 3 inhibitor and BAPTA-AM and on LDH release in

SH-SY5Y cells.

Cells were plated at 40x10* per well in a 24-well plate and incubated overnight. Cells were then incubated with 1ml DMEM (without FBS or phenol red)
and pre-incubated with either 50uM caspase 3 inhibitor (Ac-DEVD-CMK) (A) or the intracellular Ca?* chelator, BAPTA-AM (10uM) (B) for 4 hours prior
to treatment with chlorpromazine (5puM) or trifluoperazine (6uM) for 24 hours, after which cell viability assays were performed. Loss of membrane integrity
(a marker for necrosis) was monitored by leakage of the cytosolic enzyme LDH. (C) Shows the relative amount (% compared to triton—treated cells) of LDH
activity from the surrounding media when cells were incubated with chlorpromazine (5uM) or trifluoperazine (6uM) for 24 hours. 100% LDH release was
deemed to occur when cells were treated with triton X.-100 for 1 hour. All values are the means + SD and n=6, repeated 3 times. Statistical significance, p-

values were determined, using unpaired, two-tailed t-tests.
Discussion

This study aimed to investigate the effects of FGA on more differentiated
neuronal cells by exposing SH-SY5Y to ATRA. Firstly, this study has
shown observations similar to those of other studies on treating SH-
SY5Y with ATRA in terms of morphological changes (i.e. increased
neurite growths) and in terms of the increased expression of a
differentiation neuronal marker, GAP43 [19, 23]. On comparing the
toxicity of FGA drugs, chlorpromazine and trifluoperazine on
differentiated versus undifferentiated SH-SY5Y cells, significant
differences were observed. As seen in (Figures 2A-2D) these drugs had
a more toxic effect on the undifferentiated SH-SY5Y cells compared to
the differentiated cells. This finding could be an indication that FGA
might be able to selectively kill neuroblastoma cells compared to the
more “normal” cells which are less sensitive to these drugs. Furthermore,
we have determined the potency for these drugs on a non-neuronal cell
line (COS 7 cells) to be higher than for the undifferentiated SH-SY5Y
cells by at least a factor of 2, which would indicate that they are
selectively more toxic towards undifferentiated neuronal cells.

This study also showed that the major mechanism of cytotoxicity caused
by these antipsychotic drugs is through Ca?*-mediated apoptosis and

Clin Oncol Res doi:10.31487/j.COR.2020.02.03

there is little evidence of cell death by necrosis, Another class of
antipsychotic drug, haloperidol was also reported to induce apoptosis
(although the Ca?*-mediated effect was not investigated), while another
study in SH-SY5Y cells did suggest that haloperidol could also cause
LDH release and therefore induce necrosis [24, 25]. Put together, these
findings his would suggest that different types of antipsychotic drugs
may induce cell death by different means.

It is clear that a more systematic investigation of these typical FGAs (of
which there are at least 20 others available) should be undertaken, in
order to ascertain if any have a much greater potency of cytotoxicity
especially when comparing undifferentiated versus differentiated
neuronal cells and neuronal versus non-neuronal cells. If a larger
therapeutic window in potency can be found within this class of
antipsychotic drugs, this could form the basis of a potential new therapy
for the treatment of neuroblastomas. In support of the possible role of
this family of drugs as anticancer agents, a recent study by Mu et al.,
(2014) found that thioridazine, also a FGA drug, had an inhibitory effect
on the cell viability of gastric cancer cells [26]. Furthermore, other
researchers have reported that the risk of colorectal cancer is reduced in
patients using antipsychotic drugs, which again supports the potential
anticancer properties of these typical, first generation antipsychotic
drugs [10, 27].
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In conclusion, this study has shown that some commonly prescribed
typical FGA drugs are highly cytotoxic to undifferentiated human
neuroblastoma SH-SY5Y cells by inducing Ca?*-mediated apoptosis.
However, once the cells become differentiated with ATRA, these drugs
are less cytotoxic, which may therefore warrant further investigation into
the use of these drugs as a possible therapy for neuroblastomas.
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