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Abstract

Mycotoxins, which are produced from fungi, have harmful effects on human and animals. It has been reported in several in vivo and in vitro studies that mycotoxins caused
disorders on digestive, urinary, immune, reproduction and nervous systems, however detailed molecular mechanism of toxicity needed to clarify. Mycotoxins could have
potential to inducing neurotoxicity. In this study we aimed to evaluate mycotoxin aflatoxin BI(AFB1) and Fumonisin B1’s (FB1) effects on cellular stress conditions and
endoplasmic reticulum stress molecules gene expressions. Cell survival analysis was conducted by MTT assay. Total-ROS analysis was performed via DC-FDA analysis
with fluorescent microplate reader. IRE1 alpha and Gadd 153 which are endoplasmic reticulum stress molecules gene expressions were evaluated by quantitative (re-
al-time) polymerase chain reaction (QPCR). According to MTT results both AFB1 and FB1 were shown 90% cell survival at 12,5-100uM concentrations range for 24h in
SH-SYS5Y cell line. Both 100 and 50 uM concentrations of AFB1 and FB1 were significantly induced ROS formation in SH-SYS5Y cells (p<0.05). Gadd153 and IRE1-a,
gene expressions were not increased with AFB1 and FB1 exposure for 24h. Further detailed studies that include molecular pathways of cellular damage with longer ex-

posure time needed to clarify mycotoxins neurodegenerative effects.
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Introduction

Today, incidences of neurodegenerative diseases are increasing.
Exposure to environmental toxins plays an important role
in this increase and there is a growing interest in research on
this subjects risk factors as medical conditions, environmental
exposures, lifestyle and genetic factors, play a role in the
development and progression of neurodegenerative discases
[1,2]. Most of neurodegenerative diseases such as Alzheimer’s,
Parkinson’s, and Creutzfeldt-Jacobs are mainly include similar
molecular mechanisms in their pathogenesis. Oxidative stress,
folding errors in cellular proteins and endoplasmic reticulum
stress caused by the accumulation of these unfolded proteins
and induction of apoptosis in nerve cells are shown as common
mechanisms of neurodegenerative diseases [3-5].
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The endoplasmic reticulum (ER), which has key roles in vital
activities in the cell, is responsible for the maturation, folding of
both the cellular and secreted proteins, the control of the folded
proteins and the transfer of the functions to the regions where
they will demonstrate their functions.

Several different factors could cause misfolded proteins and these
misfolded proteins are recognized and removed by ER. However,
when the amount of inaccurate proteins increases excessively,
ER is directed cell to programmed cell death by creating an
unfolded folded protein response (UPR) [6,7].

Mycotoxins which are commonly found in various foodstuffs and
feeds, are the most potent environmental toxin group which have
several adverse effects on humans and animals as hepatotoxic,
nephrotoxic, carcinogenic and mutagenic effects [8, 9].

There are limited data in the literature that mycotoxins may be
associated with neurodegenerative diseases, but the mechanism
of action of this relationship is not fully elucidated. Aflatoxin B1
(AFB1) and fumonisin B1 (FB1) are common mycotoxins with
high toxicity potential. There are studies on the neurodegenerative
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effects of AFB1 and FBI1 in the literature [10]. It has been
reported that FB1 inhibits sphingolipid biosynthesis that reason
of “mouldy corn disease” and AFB1 cause neurodegeneration via
mitochondrial disruptions [8-12].

The aim of this study was to elucidate the effects of fumonisin B1
(FB1) and aflatoxin B1 (AFB1) mycotoxins effects on cellular
stress in SH-SY5Y neuron cell line.

Materials and Methods
Cell culture and MTT Test

SH-SY5Y (CRL2266) cell line was purchased from the
American Type Culture Collection (ATCC, Virginia, USA), and
cells were maintained as manufacturer’s instructions. AFB1 and
FB1 solution was prepared by dissolving in 100% of dimethyl
sulfoxide (DMSO), and stored in -20°C until the day of assays
conducted. Before the cell treatments mycotoxins diluted with
cell culture medium to desired concentrations; and final DMSO
concentration was 1%. Treatments were done at a concentration
range for 24h to evaluate dose-dependent effects. All experiments
were performed in triplicates in three separate days.

The SH-SYSY cells were seeded into 96-well plates (1x104
cells/100 pL cell culture medium/well). After overnight incubation
cells were treated with AFB1 and FB1 at the concentration range
0f 12,5-100uM for 24h. Then MTT was added into each well and
cells were incubated for further 3h at 37 °C in the dark. 100 uL
of DMSO was added and optical densities (ODs) were measured
at 570 nm using a microplate reader (Biotech, Epoch, Vermont,
USA) [13].

Total ROS assay with DC-FDA

Total ROS (Reactive oxygen species) measurement of AFB1 and
FB1 exposed cells were determined by Abcam DC-FDA (2°,7’

140

120
100
80 -
60 -

111

40
20
12.5uM 25uM S0uM 100uM
AFB1 Concentrations

Cell Viability (%)

Med Science 2020;9(2):492-5

—dichlorofluorescin diacetate) Cellular ROS Detection Assay Kit
(ab113851) as manufacturer’s instructions.

ER Stress markers gene expression analysis

RNA isolation was performed from cell lysates using the High
Pure RNA isolation Kit (Roche Diagnostic GmbH), according
to the manufacturer’s instructions. A fixed amount of RNA from
each sample was used for cDNA synthesis. cDNA was prepared
using the Transcriptor First Strand cDNA Synthesis kit (Roche
Diagnostic GmbH) according to the manufacturer’s instructions.
The gene expression levels of IRE1 alpha and Gadd 153 were
analyzed by quantitative (real-time) polymerase chain reaction
(qPCR ) using Light Cycler 480 machine (Roche Diagnostic
GmbH) with Real Time Ready Catalog Assay (Roche Diagnostic
GmbH) according to the manufacturer’s instructions. PCR
amplifications were performed according to manufacturer’s
instructions in triplicate. A reaction mixture without cDNA
template was used as a negative control. The expression levels
(2AACt) was calculated as described previously [14].

Statistical analysis

Data were analysed by one-way ANOVA followed by post
hoc Dunnett’s test and expressed as mean + SD. The level of
statistical significance was set at p<0.05. All analyses were
performed using the statistical package SPSS version 20.0 for
Windows (SPSS Inc., Chicago, Illinois, USA).

Results
Cell culture and MTT Test

According to MTT results both AFB1 and FB1 express 90%
viability at the concentration range of 12,5-100uM for 24h
(Figure 1).
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Figure 1. SH-SY5Y cells were shown approximately 90% viability with 100-50-25 and 12,5 uM concentrations of AFB1 and FB1 mycotoxins. There were no statisti-

cally difference between groups

Total ROS assay with DC-FDA

It has been observed that 100 and 50 pM concentrations both
AFBI and FB1 were significantly induced ROS formation in SH-

SYSY cells (p<0,05) (Figure 2). With AFBI exposure, Total-ROS
increased 302,7 and 313,8 fold in 50 uM and 100 uM concentrations
and with FB1 exposure Total-ROS increased 330,5 and 347,2 fold.
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Figure 2. Total-ROS induced by AFB1 and FB1 higher concentrations (100 and 50 uM) compared to control. (* p<0,05)

ER Stress markers gene expression analysis
Gaddl153 and IRE1-o0, biomarkers of ER stress mechanisms and
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these biomarkers gene expressions were not significantly changed
with AFB1 and FB1 exposure for 24h (Figure 3).
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Figure 2. Relative gene expression level of AFB1 and FB1 of IRElalpha and Gadd153. There were no significant difference between groups (p>0,05) for Gadd153 and

IRE1 alpha in both AFB1 and FB1 exposure in SH-SYS5Y cell line

Discussion

Neurodegenerative diseases are multifactorial progressive
disorders which affect about 30 million individuals worldwide.
Several multifactorial effect such as abnormal intracellular
protein dynamics and protein aggregation, oxidative stress
and free radical formation, mitochondrial dysfunction and
bioenergetics deterioration, cause neurodegeneration. There are
studies suggesting that chronic mycotoxin exposure may cause

neurodegenerative diseases. Although there are many studies on the
mechanism of neurodegeneration, a molecular target for treatment
has not yet been determined [15,16]. Several studies have reported
that mycotoxins induce neurotoxicity in experimental animals [10].
There are also in-vitro studies on the toxic effects of mycotoxins in
various neuronal cell lines. It has been reported that exposure to FB1
disrupts axonal growth and myelinization and these changes are
observed before cell death. It has been observed that FB1 disrupts
myelin formation and delays oligodendricide maturation, but has
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no cytotoxic properties [17-20]. Stockmann-Juvala et al. reported
that FB1 exposure reduced the survival rate of SH-SYSY cells by
approximately 80% for 48 hours exposure [20]. The toxic effects
of FB1 on SH-SYSY cells are controversial and different effects
have been reported in different studies. Studies investigating the
neurotoxic effects of aflatoxin are limited in the literature [21,22].
There is no literature study investigating the relationship between
the ER stress mechanism and mycotoxins, which play an important
role in triggering cell death in the neurodegeneration mechanism.
In current study, according to MTT results both AFB1 and FB1
express 90% viability at the concentration range of 12,5-100uM
for 24h. It has been observed that 100 and 50 uM concentrations
both AFB1 and FB1 were significantly induced ROS formation
in SH-SYSY cells (p<0,05). Gadd153 and IRE1-a, biomarkers of
ER stress mechanisms, gene expressions were not increased with
AFBI and FBI exposure for 24h.

Conclusion

In summary, this study demonstrates that AFB1 and FBI1 not
reduce cell viability for 24h exposure. However ROS formation
was induced with high concentrations. ER stress was not induced
via AFB1 and FB1 exposure. Further and detailed in-vitro and/or
in-vivo studies with different exposure durations needed to clarify
neurotoxic effects of AFB1 and FB1 mycotoxins.
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