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ABSTRACT

A frequently overlooked global health issue includes fungal and mycotoxin contamination, which
infects many staple foods across the globe. Owing to its ubiquitous nature, long-term exposures to
varying doses of mycotoxins pose major health concerns in humans and animals. Fumonisin B; (FB))
is a toxic secondary metabolite commonly found in contaminated maize, known to induce various
toxicities. This study investigated the effects of FB; on inflammatory responses, oxidative stress, and

global DNA methylation in human glioblastoma U87MG cells after a 24-hour exposure.

The MTT assay was performed to determine the FB; ICso value in US7MG cells, which was used for
all subsequent experiments. Following FB, treatment, DNA, RNA and protein were extracted from
US7MG cells and standardized. An ELISA was then conducted using the standardized DNA samples to
assess DNA methylation status. cDNA, synthesized from standardized RNA, was used to measure gene
expressions of DNA methyltransferases (DNMTs), methyl-CpG binding domain 2 (MBD2), superoxide
dismutase 2 (SOD2), catalase (CAT), glutathione peroxidase (GPx), nuclear factor erythroid 2-related
factor 2 (NRF-2), 8-oxoguanine glycosylase 1 (OGG1), interleukin (IL)-6, IL-10 and nuclear factor-
kappa B (NF-kB), via qPCR. Standardized protein samples were diluted in sample buffer and analysed
by western blot to evaluate protein expressions of DNMTs, MBD2, SOD2, CAT, mitochondrial
transcription factor A (TFAM), IL-1B, tumour necrosis factor-alpha (TNF-a), brain-derived
neurotrophic factor (BDNF) and cyclooxygenase-2 (COX-2).

Inflammation is a key mechanism of host immune defense, which is triggered by pro-inflammatory
cytokines and maintained by anti-inflammatory cytokines. In US7MG cells, FB; significantly reduced
the expression of pro-inflammatory cytokines such as IL-1f, IL-6, TNF-a, and NF-xB while enhancing
the expression of the anti-inflammatory cytokine IL-10. Additionally, it decreased the pro-inflammatory

marker COX-2 and increased the anti-inflammatory brain marker BDNF.

Oxidative stress, caused by the imbalance between free radicals and antioxidants, is a known cellular
toxicity mechanism of FB; which results in DNA damage, protein degradation and neurodegenerative
diseases. Here, FB; decreased lipid peroxidation and antioxidant responses of SOD2, CAT, GPx, and
NRF-2, while also inhibiting oxidative DNA damage through regulation of the OGGI gene.
Mitochondria are susceptible to reactive oxygen species (ROS) attack due to oxidative stress, which

leads to mitochondrial dysfunction and mutations in mitochondrial DNA. Although FB, prompted the

Xii




upregulation of Sirtuin 3 (SIRT3), lon protease 1 (LonP1), and heat shock protein (HSP60) to support
mitochondrial health in US7MG cells, it simultaneously caused alterations in mitochondrial DNA by

downregulating mitochondrial transcription factor A (TFAM).

The regulation of gene expression by DNA methylation is suggested to influence biological processes
including neurogenesis and the pathogenesis of brain disorders. FB;-treated US7MG cells displayed
global DNA hypermethylation, evidenced by increased levels of 5-methylcytosine and elevated
expressions of DNA methyltransferases (DNMT1, DNMT3A, and DNMT3B), alongside a significant

decrease in demethylase expression (MBD?2), providing an alternative mechanism for FB, toxicity.

Taken together, this data suggests that FB, over a short period of time, may initially act as a selective
neuroprotective agent by modulating inflammation, oxidative stress and mitochondrial responses, while
also highlighting its potential neurotoxic effects through mitochondrial dysregulation and global DNA

methylation.

Keywords: Fumonisin B, inflammation, oxidative stress, mitochondrial stress, global DNA

methylation, human glioblastoma cells.
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CHAPTER 1

INTRODUCTION

1.1 Background

Mycotoxins are low-molecular weight natural products produced by fungi that are toxic to humans and
animals at low concentrations. These toxins not only pose risks to health but also account for huge
economical losses worldwide (Zain 2011). Storage conditions, environmental factors and ecological
conditions are all contributing features of mycotoxin production and contamination in food, which are
sometimes beyond human control (Hussein and Brasel 2001). Exposure to mycotoxins commonly
occurs through ingestion of plant-based food products, with dermal and inhalation also being possible
exposure routes (Zain 2011). Some of the mycotoxins that pose major health and agro-economic insults

include aflatoxins, zearalenone, trichothecenes, fumonisins and ochratoxins.

Globally, Fusarium verticillioides is among the most prevalent fungal contaminants of maize. This
fungal strain was isolated in 1970 from mouldy maize, which is believed to have caused horse
leukoencephalomalacia in South Africa (Marasas 2001). In 1988, the Fumonisin mycotoxin was
isolated from the Fusarium verticillioides MRC 826 strain (Gelderblom et al. 1988a) and to date 15
different Fumonisins have been documented (Dutton 1996). Of these, Fumonisin B; (FB;) is the most
copious and noxious, posing major health hazards to humans and animals. FB; is a heat-stable and
water-soluble mycotoxin, with inadequate agricultural resources and poor post-harvest storage
procedures contributing to the risk of FB; contamination (Gao et al. 2023). In Algeria, the rate of FB;
contamination in maize samples was reported to be 96.6% with high concentrations of 42.1 mg/kg in
feed (Mahdjoubi et al. 2020). This concentration far exceeds the maximum tolerable daily intake of 2
ug/’kg body weight of FB;, which was set by the European Union and the US Food and Drug
Administration (Gao et al. 2023). FB; ingestion in humans has been associated with oesophageal cancer,
neural tube defects and kidney and liver disease, while in animals it is known to cause pulmonary
oedema, equine leukoencephalomalacia (ELEM) and carcinogenesis (Stockmann-Juvala and
Savolainen 2008). Several potential mechanisms of FB; toxicities have also been proposed, which
include oxidative stress, cytotoxicity, apoptosis and immunotoxicity (Stockmann-Juvala and Savolainen

2008).

Human and animal diets exposed to Fumonisins produce chronic mycotoxicosis which may alter
immunological pathways (Theumer et al. 2002). Inflammation is a response mechanism of the innate

immune system that shields the body from harmful stimuli. Inflammatory responses are triggered by




tissue damage due to mechanical injury, and by the invasion of bacteria and viruses, while excessive
inflammation contributes to disease pathology (Lyman et al. 2014b). The human immune response is
governed by a highly intricate network of regulatory elements. Under physiological conditions, cytokine
inhibitors act as immunomodulators, mitigating the potentially harmful effects of prolonged or
excessive inflammatory reactions (Shaikh 2011). However, in pathological situations, the anti-
inflammatory mediators may fail to adequately control pro-inflammatory activities in immune diseases,
or may excessively inhibit the immune response, increasing the host's vulnerability to systemic
infections (Shaikh 2011). A dynamic and constantly fluctuating balance exists between pro- and anti-
inflammatory cytokines within the human immune system. Pro-inflammatory cytokines such as
interleukin (IL)-1, IL-6, IL-11, IL-8 and tumour necrosis factor-a (TNF-a), along with chemokines, are
known to mediate the acute and chronic inflammatory responses (Shaikh 2011), while the transcription
factor NF-kB is recognized as the regulator of innate immunity (Baltimore 2009). Additionally,
prostaglandins are key mediators of inflammation and immune responses. Inflammatory markers and
cytokines trigger cyclooxygenase-2 (COX-2) activation which results in prostaglandin production
(Arias-Negrete, Keller, and Chadee 1995). In contrast, IL-10 is an essential anti-inflammatory cytokine
for preventing inflammation and autoimmune disorders, as its deficiency can result in the development
of autoimmune diseases and increased tumorigenicity (Iyer and Cheng 2012a). Peripheral inflammation
initiates a neuroinflammatory response that describes the immune responses of the central nervous
system (CNS), associated with the blood-brain barrier (BBB), glia and neurons (Lyman et al. 2014b).
The BBB is a specialized form of endothelium that is permeable to pro-inflammatory markers and can
be triggered by the release of pro-inflammatory mediators, allowing the migration of leukocytes into
the brain (De Vries et al. 1996). Neuroinflammation has been implicated in the progression of several
brain diseases, neuronal death and synaptic impairment. In addition, brain-derived neurotrophic factor
(BDNF) has become a key mediator of neuronal plasticity (Calabrese et al. 2014). It negatively regulates
neuroinflammation, while elevated levels of inflammation can decrease BDNF expression (Porter and

O'Connor 2022).

The toxic effects of mycotoxins are primarily linked to oxidative stress. Oxidative stress occurs when
cells are exposed to reactive oxygen intermediates, including superoxide anion, hydrogen peroxide, and
hydroxyl radicals, which damage proteins, nucleic acids, and cell membranes (Storz and Imlayt 1999).
Growing evidence indicates that the cumulative damage from reactive oxygen species (ROS) plays a
role in various diseases. Damage caused to DNA by ROS also presents a major risk to genetic integrity
(Klungland and Bjelland 2007). To combat oxidative stress, cells continuously produce antioxidant
enzymes that neutralize these reactive species and repair the resulting damage (Storz and Imlayt 1999).
Nuclear factor erythroid 2-related factor 2 (NRF-2) promotes the expression of several antioxidant

proteins and enzymes and is regarded as a key regulator of redox metabolism, while also contributing
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to mitochondrial functions (Murakami et al. 2023). Under physiological conditions, superoxide anion
is the most common free radical produced, which is primarily sourced from the mitochondria (Cadenas
and Davies 2000). Within the mitochondria during respiration, the electron transport chain leaks
unpaired electrons into the mitochondrial matrix (Turrens 2003), which interacts with molecular oxygen
to produce ROS (Sena and Chandel 2012). Recent evidence suggests that mitochondrial sirtuins (SIRTs)
play a crucial role in regulating gene expression and the activity of various enzymes, thereby
coordinating oxidative metabolism and stress responses (Wang and Wei 2020). The mitochondrial
protease, LonP1 plays a vital role in maintaining mitochondrial function via degradation of misfolded
and oxidatively damaged proteins, and mitochondrial DNA conservation (Ngo and Davies 2007a). FB;
is known to interrupt mitochondrial respiration by inhibiting complex I of the electron transport chain,
leading to increased production of ROS (Domijan and Abramov 2011). While previous studies have
recognized oxidative stress as a consequence of FB; exposure, the role of the subsequent antioxidant

response in the context of FB; toxicology has not been thoroughly established (Mary et al. 2012).

While almost all cells in an organism carry the same genetic information, not every gene is expressed
simultaneously across different cell types. Epigenetic mechanisms play a key role in creating diverse
gene expression profiles in various cells and tissues within multicellular organisms (Moore, Le, and Fan
2013). Epigenetic modifications, such as DNA methylation and histone modifications, alter DNA
accessibility and chromatin structure, thus regulating gene expression patterns. These processes are
essential for normal development and the differentiation of specific cell lineages in adult organisms
(Handy, Castro, and Loscalzo 2011). The mammalian DNA methylation machinery consists of two main
components: DNA methyltransferases (DNMTs), which establish and maintain DNA methylation
patterns, and methyl-CpG binding domain (MBD) proteins which modify and remove these methylation
marks (Robertson 2005). DNA methylation directly represses transcription by blocking the binding of
specific transcription factors, and indirectly, by attracting MBD proteins and their related chromatin
remodelling functions (Robertson 2005). Optimal establishment and maintenance of DNA methylation
patterns are crucial for mammalian development and for the proper functioning of adult organisms. This
process serves as a powerful mechanism for silencing gene expression and preserving genome stability
(Robertson 2005). While FB; is considered a potent human carcinogen, DNA methylation anomalies
are a defining characteristic of cancer and it significantly contributes to neurological disorders (Ladd-

Acosta et al. 2007).

The brain is a vital organ that serves as the central hub of the nervous system in mammals. Its primary
role is to control and coordinate a diverse range of actions and responses, particularly in the areas of

thought processing, movement, memory, and emotion (Xie et al. 2023a). The processes of brain




development and aging are complex and rely on multiple layers of precise regulation. Owing to its high

polarity and small size, FB, can cross the BBB (Gelderblom et al. 1988a). Although numerous animal

and neural cell culture studies have identified the potential of FB; as a neurodegenerative agent, the

mechanisms of FBi-induced neurotoxicity remain vague.

1.1.1 Aim and research questions

This study aimed to determine the neurotoxic characteristics of FB; in human glioblastoma US7MG

cells by investigating its effects on inflammation, oxidative stress and global DNA methylation. It was

hypothesized that FB; altered brain oxidative homeostasis influencing inflammatory responses and

aberrant global DNA methylation patterns. The following research questions were posed:

X X X X

1.1.2

Does FB; alter the cytokine and NF-kB inflammatory response?
Does FB; predispose US7MG cells to a pro-oxidant state?
Can FB; disrupt mitochondrial homeostasis and maintenance?

Does FB; affect global DNA methylation levels?

Objectives

To determine the cytotoxic effect of FB; in U87MG cells post 24 h exposure

To investigate the inflammatory response of FB,; via the gene and protein expressions of
inflammatory cytokines and brain-specific inflammatory markers, BDNF and COX-2.

To evaluate the impact of FB; on oxidative stress via antioxidant expressions, and oxidative
DNA damage.

To analyse the mitochondrial stress response and maintenance of mitochondrial integrity via
expressions of SIRT3, LonP1 and heat shock protein HSP60.

To measure the effect of FB| on global DNA methylation status, by ELISA, and the subsequent
expressions of DNMTs and MBD2, via western blot and qPCR.

1.1.3 UKZN examination guidelines

This thesis has been submitted in the thesis by manuscript format in accordance with the UKZN

examination guidelines (Appendix 6.1).




1.2 Literature Review

1.2.1 Mycotoxins

The consumption of fungal infected food products poses major health hazards to humans and animals,
including cancer initiation and progression. Globally food security is threatened as mycotoxins pollute
almost 25% of feed annually (Omotayo et al. 2019). Mycotoxins are secondary metabolites of
filamentous fungi which parasitize several crops throughout the food chain. Hundreds of fungal toxins
have been identified; however, not all play key roles in food safety (Shephard 2008). The most
concerning mycotoxins are produced by the Aspergillus, Fusarium, and Penicillium species which
contaminate crops in the field and during storage. Among the mycotoxins produced by these fungal
species, FBi, aflatoxin B; and ochratoxin A are reported to be the most detrimental to mammals,
inducing a range of toxic effects including hepatotoxicity, teratogenicity, immunosuppression,
mutagenicity and carcinomas (Reddy et al. 2010). Several mycotoxicosis disease outbreaks have been
reported in humans and animals upon consumption of food spoilt by mycotoxins (Peraica and Domijan
2001; Reddy and Raghavender 2007), with regulations on tolerable mycotoxin concentration
consumptions established in at least 77 countries (Van Egmond, Schothorst, and Jonker 2007). Despite
the health risks posed by mycotoxins, it is impossible to completely mitigate its contamination from
feed as mycotoxins occur naturally thus it is important to regulate the consumption of contaminated
commodities and understand their toxicities to establish and implement appropriate management

strategies.

1.2.1.1 FB; structure and its role in sphingolipid metabolism

The chemical structure of FB; was discovered in 1988 and it was classified as a sphingosine analogue
since it shares structural similarities with the sphingolipid components sphingosine and sphinganine
(Chen, Wei, et al. 2021a; Gelderblom et al. 1988a). Structurally, FB, consists of a tricarballylic acid, a
methyl and an amino group attached to a long-chain hydroxylated hydrocarbon backbone (Figure 1.1)
(Stockmann-Juvala and Savolainen 2008). FB; can inhibit ceramide synthase thus altering sphingolipid
metabolism leading to cytotoxicity and apoptosis (Chuturgoon, Phulukdaree, and Moodley 2015).
Sphingolipids are present in all eukaryotic cells and mediate numerous cell functions (Stockmann-
Juvala and Savolainen 2008). Sphingolipids are synthesized through de novo mechanisms, with the
main step being the formation of sphinganine. The sphinganine N-acyltransferase enzyme then acylates
sphinganine to ceramide and dihydroceramide. The sphingolipid turnover encompasses the hydrolysis
of sphingolipids to ceramide and further to sphingosine (Stockmann-Juvala and Savolainen 2008).
Inhibition of ceramide synthase by FB; results in decreased ceramide biosynthesis, accumulation of free
sphingosine and sphinganine and decreased re-acylation of sphingosines liberated during sphingolipid

turnover (Domijan 2012).




Figure 1.1: Chemical structure of FB, (Chen et al. 2023). FB;: Fumonisin B,

Animal, neuronal and glial cell studies have documented that FB; alters sphingolipid metabolism. In
rats subjected to several subcutancous FB; injections, the brain sphinganine and sphinganine to
sphingosine ratio was enhanced with the highest FB, dose (Kwon, Schmued, and Slikker 1997). Another
rat study showed that impaired sphingolipid metabolism from a single subcutancous FB; dose was a
result of direct action of FB; on the brain alternatively to sphingoid base transfer from the blood (Kwon,
Sandberg, and Slikker 1997). FB; exposure to cultured hippocampal neurons resulted in decreased
complex sphingolipid levels and ceramide synthase inhibition (Harel and Futerman 1993). In
hippocampal neurons treated for 66 h with FBi, a reduction in complex sphingolipid ganglioside,
sphingomyelin, and glucosylceramide were observed (Schwarz et al. 1995). In primary rat cerebrum,
sphingosine and sphinganine to sphingosine ratio was increased following 5 days of FB, exposure,
while after 10 days, FB; decreased sphingosine levels (Kwon, Slikker, and Davies 2000). Following
FB, treatment for 4 days in murine BV-2 microglial and murine N2A neuroblastoma and 8 days in
primary astrocytes and primary cortical neurons, Osuchowski and Sharma (2005a) observed an increase
in sphinganine along with a decrease in sphingosine levels. In cultured rat hippocampal neurons,
treatment with FB; led to decreased synthesis and complex sphingolipid ganglioside levels and impaired
axonal growth, suggesting that ceramide and sphingolipids are essential for optimal neuron
development (Harel and Futerman 1993). In Caco-2 cells, FB; halted cellular folate uptake by its
receptors by diminishing complex sphingolipids (Stevens and Tang 1997a). Additionally, disrupted
folate intake by FB; was associated with mouse embryotoxicity and neural tube defects (Sadler et al.

2002).

1.2.1.2 FB; occurrence and its global impact

Unlike other mycotoxins, FB; is mainly produced by fungi in growing crops, prior to harvesting (Stoev
2013). Maize and maize products are more prone to FB; contamination, compared to crops such as rice,
rye, wheat, oats and barley which are contaminated by FB; at lower levels (Chen, Wei, et al. 2021a).

Post harvest, damp maize falls prey to FB; contamination due to poor storage and management
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conditions (Carbas et al. 2021). FB; is also heat tolerant, therefore, humid storage environments
contribute to the risk of FB; contamination. In maize kept at 27.29 to 32.14% humidity with
temperatures of 28.97 to 32.14°C and pH 5.5, Fumonisins have shown great stability (Bryta et al. 2017).
Therefore, the contamination of FB; in agricultural crops is more prevalent in temperate tropical regions
of countries. FB, has been detected in maize globally with the mean daily FB; intake being estimated
to range from 12 to 140 pg per person, depending on the geographical region. However, some

individuals consume as much as 2,500 pg FB; per day (FAO/WHO. 2001).

In Hungary and Sardinia, high FB; concentrations of up to 300 mg/kg have been recorded in maize-
based feed (Bottalico et al. 1995; Fazekas, Kis, and Hajdu 1996). The rate of FB; contamination in feeds
from Nigeria, Brazil and Korea were documented as 93.3%, 99.1% and 97.1%, respectively (Vargas et
al. 2001; Kim et al. 2013; Akinmusire et al. 2019). In developed countries, the maximum and mean FB;
concentration was reported as 2.5 and 0.4 mg/kg feed in Italy and 0.4 and 0.2 mg/kg feed in Portugal
(Gutleb et al. 2015; Almeida et al. 2011). Contrastingly in developing countries, the FB; maximum and
mean concentrations were 53.9 and 8.2 mg/kg feed in South Africa, 42.1 and 14.8 mg/kg feed in Algeria
and 143.0 and 9.1 mg/kg feed in Thailand (Mahdjoubi et al. 2020; Tansakul et al. 2013; Phoku et al.
2012b). In hot and humid provinces of South China, the rate of FB| contamination was up to 100% with
the maximum contamination concentration resulting from the Guangxi Province of 71.1 mg/kg feed
(Gong et al. 2009). Conversely, the dry northern areas of China had remarkably lower FB;
contamination rates such as 19.2% in Ningxia, 24.5% in Gansu and 38.1% in Heilongjiang, with
conforming maximum contamination concentrations of 2.2, 2.9 and 0.3 mg/kg feed respectively (Liu,
Jiang, et al. 2017; Wei et al. 2013). In Iran, 50% of maize and 40.9% of rice samples presented FB
contamination with a mean level of 223.64 pg/g in maize and 21.59 pg/g in rice (Alizadeh et al. 2012).

In Bulgaria, the mean FB; quantity in pig/chicken farm feeds amounted to 5564.1 + 584.4 pug/kg and
3254.5 +480.6 pg/kg in 2006 and 2007 (Stoev, Dutton, et al. 2010). In South Africa, the detected mean
FB, content was 5289 + 1034 pg/kg and 5021 + 844 pg/kg in feed samples from pig farms in 2007 and
2008 (Stoev, Denev, et al. 2010). These farms were plagued with kidney injuries, which were likely
caused by the exposure to high FB, concentrations. In Spanish pigs, a maximum of 3959 pg/kg of FB;
was detected in feed samples (Arroyo-Manzanares et al. 2019). In 12 feed components of European
fish, 3576 pg/kg of FB; was reported (Pietsch 2020). Chinese feed tests revealed that approximately
96% of feed was contaminated with a maximum of 6568 pg/kg FB; (Wang et al. 2013). These findings
highlight the seriousness of herd health and economic development. Additionally, maize and maize
products are major components of pet feeds, making them vulnerable to FB; contamination which could

lead to chronic damage in pets (Witaszak et al. 2020).




In humans, the influence of FB; is mostly dependent on the dietary habits in the area they reside. In 3
Tanzanian villages, where the food of children between 12 and 22 months is predominantly maize-
based, FB; was recorded in 96% of urine samples, with the village of Kigwa showing the highest level
of urinary FBy, followed by the Nyabula and Kikelelwa villages (Shirima et al. 2013). The differences
in FB; contamination in these 3 Tanzanian villages were attributed to the different maize intakes in the
respective areas. Maize is inexpensive in Brazil therefore, it is primarily used in industrial beer;
however, beer in which maize is the main constituent is also contaminated with FB, (Peters et al. 2017).
During the 1995 unseasonal rains in 27 villages of the Indian Deccan plateau, ingestion of damaged
sorghum and maize resulted in an outbreak characterized by diarrhoea, borborygmi and abdominal pain
(Bhat et al. 1997). Epidemiological investigation of the food from affected households contained high
contents of FB; and Fusarium spp. compared to feed from unaffected households. Maize forms part of
the staple diets of regions such as the Transkei in South Africa and Linxian in China. These regions
show higher prevalences of primary liver and oesophageal cancers which are associated with exposure
to dietary FB1 (Domijan 2012). Similar trends were also seen in populations of Brazil, the United States,
Kenya, Zimbabwe and Italy, where high maize intake contributed to the risk of oesophageal cancer
development (Stockmann-Juvala and Savolainen 2008). Additionally, a prospective study revealed no
significant association between the risk of oesophageal squamous cell carcinoma and serum
sphingolipid levels, even though increased sphingolipid levels serve as biomarkers of FB; exposure
(Abnet et al. 2001). A link between neural tube defects and FB;-contaminated food has also been
established. In parts of South Africa, Mexico, Texas and Guatemala, FB; has been implicated in the
development of neural tube defects (Domijan 2012). Exposure to FB; from maize tortillas, consumed
by Mexican American women in Texas before pregnancy and during the first trimester, was associated
with increased occurrence of neural tube defects in children (Missmer et al. 2006). Epidemiological and
clinical studies have reported folate deficiency as a major contributor to neural tube defects (Werler,
Louik, and Mitchell 1999; Blom et al. 2006). Therefore, FBi-induced sphingolipid metabolism
disruption may impact folate uptake and subsequently increase the risk of neural tube defects (Marasas
et al. 2004). The aforementioned data highlights the global crisis of FB; contamination which poses

health risks to humans and animals.

1.2.1.3 FB; as a neurotoxin

Over the past few decades, extensive research has been conducted on FB; toxicity; however, minimal
studies have explored its potential in neurodegeneration therefore, the underlying mechanisms of FB;
neurotoxicity are not fully understood. ELEM is a neurotoxic condition linked to FB;-contaminated
feed which has a high mortality rate. ELEM is characterized by focal necrosis of cerebral white matter
with the development of nervous symptoms such as depression, aimless circling, paresis, ataxia, head

pressing and blindness (Wilson et al. 1990). In experimental horses, donkeys and ponies, FB; was
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reported to be the causative factor of ELEM, upon being fed naturally contaminated Fumonisin feed or
administered with pure FB; (Wilson and Maronpot 1971; Ross et al. 1993). Horses injected with FB;
presented characteristic ELEM lesions in the brain (Marasas, Kellerman, et al. 1988), while horses
orally fed FB, also presented the same effect (Kellerman et al. 1990). In 45 feed samples of the USA,
FB, levels above 10 ppm were reported in samples associated with ELEM compared to the controls
which contained 8 ppm FBi, suggesting a threshold for FBi-induced ELEM of 10 mg/kg (Ross et al.
1991). Apart from dietary contamination, factors such as individual susceptibility, previous exposure
and length of exposure to FB; also contribute to the development of ELEM (Voss, Smith, and Haschek
2007a). Small focal haemorrhages in cerebral white matter, which is similar to the CNS changes in
ELEM, were detected in rabbits gavaged with purified FB; (Bucci, Hansen, and LaBorde 1996). In
adult female Fischer rats, hyperaemia was observed in the brain, however, these rats were fed FB; in
combination with another maize contaminant (Pepeljnjak, Petrik, and Klari¢ 2005). Developing rats
displayed significantly reduced brain and body weight which led to hypomyelination, following
multiple subcutaneous FB; dosages (Kwon, Schmued, and Slikker 1997). In developing rats, FB; was
also reported to cross the BBB upon single subcutaneous FB; dosage; however, high-dose FB; was only
present at low levels in the brain whereas at low-dose treatment no FB; was detected in the brain (Kwon,
Sandberg, and Slikker 1997). The authors suggested that this observation could be a result of low lipid
solubility and the large molecular weight of FB,. FB; also crossed the BBB in carps leading to necrosis
of nerve cells, degeneration and brain oedema (Kovaci¢ et al. 2009). In rats fed FB; for 42 days (1.0
and 3.0 mg/kg body weight), cell body was significantly reduced in neuronal populations (Sousa et al.
2014). Another rat study showed a significant reduction in nerve conduction velocity after receiving
FB, for 2 weeks (Banczerowski-Pelyhe et al. 2002). In fish, reduced body-weight gain, brain oedema
and increased degenerative cells were observed upon receiving FB, for 42 days in fish feed (Kovaci¢ et
al. 2009). In adult pigs, exposure to 5.0 mg/kg body weight FB; for 6 months resulted in reduced
regional brain and hypophyseal acetylcholine hydrolase functions (Gbore 2010). Pigs fed FB; also
showed a vacuolated cerebral cortex, with some visible glial and neuronal cytolysis under the meninges
which also showed signs of congestion and oedema (Stoev et al. 2012). Beef cattle presenting abrupt
blindness upon grazing on Fusarium contaminated maize displayed optic acute myelin oedema and

nerve degeneration (Sandmeyer et al. 2015).

Several in vitro cell culture studies have demonstrated that FB; disrupts axonal outgrowing and
myelination before FBi-induced cell death. However, it remains unclear which brain cell type or tissue
is more sensitive and the likely target of the degenerative effect of FB,. Although FB; inhibited axonal
growth in primary rat hippocampal neurons, FB, was reported as non-toxic in hippocampal neuron
cultures after a 48 h treatment (Harel and Futerman 1993). Continued exposure to FB; for 5 days showed

no FBi-induced changes in DNA or protein levels in glial cultures (Kwon, Slikker, and Davies 2000).

9




This trend was also observed by Galvano, Campisi, et al. (2002) in FB; treated primary rat astrocytes
which showed no change in cell viability. While cytotoxicity of FB; in glial cells may be limited, FB;-
induced cell death seems to be frequent in glial cells. Exposure to 9 umol/L"! FB; for 24 h reduced
viability by 65% in rat C6 glioblastoma cells (Mobio et al. 2000). In human U118MG glioblastoma
cells, 100 umol/L™! FB; treatment at 72 h and 144 h reduced cell viability by 73% compared to the lower
concentrations which showed no cell death (Stockmann-Juvala et al. 2004b). In human SH-SY5Y
neuroblastoma and mouse GT1-7 hypothalamic cells, 48 h exposure to 100 pmol/L! of FB; reduced
cell viability to approximately 80% while longer exposure times of 72 h and 144 h further decreased
viability to 70% (Stockmann-Juvala et al. 2004c). Furthermore, it was suggested that neural cells are
more sensitive to FB; than glial cells; however, in a study by Osuchowski and Sharma (2005a) murine
BV-2 microglial cells showed cytotoxicity within 4 days of treatment with 20 umol/L!' FB; compared
to primary astrocytes which showed cytotoxicity after 8 days of treatment with 50 umol/L™! FB;. In
human SH-SY5Y neuroblastoma cells and primary rat astrocytes, low cytotoxicity was reported in cells
with neural origins upon FB; treatment (Domijan and Abramov 2011). Furthermore, treatment of 100
umol/L™! FB; for 48 h showed cytotoxicity in human SH-SY5Y neuroblastoma cells (Stockmann-Juvala
et al. 2004¢), while treatment at 200 pmol/L! FB; for 24 h showed no cytotoxicity (Domijan and
Abramov 2011). In humans, FB; has reportedly caused embryonic neural tube defects which prevent
neurodevelopment (Marasas et al. 2004). This phenomenon was also reported in pregnant LM/BC mice
which displayed a 79% likelihood of developing neural tube defects, while the neural tube defect was
avertible by folic acid supplementation (Gelineau-van Waes et al. 2005b). Cell death was also observed
in mouse primary astrocytes following 8 days of incubation with 50 umol/L"! FB; (Osuchowski and
Sharma 2005a), whereas incubation for 6 days showed no viability changes (Galvano, Campisi, et al.
2002). FB; cytotoxicity is distinctly dependent on various factors such as length of exposure,
concentration, cell type and species, therefore, it is difficult to compare in vitro results of FB;

cytotoxicity.

1.2.2  Inflammation

The inflammatory response involves the synchronized activation of signalling pathways that regulate
the expressions of inflammatory mediators in both resident tissue cells and inflammatory cells from the
bloodstream (Lawrence 2009). Inflammation is a common underlying factor in numerous chronic
diseases, including cardiovascular disorders, bowel diseases, diabetes, arthritis, and cancer (Libby
2007). While the processes of the inflammatory response depends on the specific nature and location
of the initial stimulus, they all share a common mechanism, which can be summarized as follows: 1)
recognition of harmful stimuli by cell surface pattern receptors; 2) activation of inflammatory pathways;

3) release of inflammatory markers; and 4) recruitment of inflammatory cells (Chen et al. 2018).
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The ancient Roman encyclopaedist Celsus defined inflammation by the presence of “rubor, calor, dolor,
tumor,” meaning redness, heat, pain, and swelling. Today, scientists understand inflammation as the
activation of the innate immune system in response to irritants or a loss of homeostasis due to factors
like stress, obesity, and aging (Porter and O'Connor 2022). Acute inflammation arises when tissue
injury, pathogens, or harmful stimuli are detected, prompting leukocytes to migrate to the affected area
to eliminate the stimuli and to repair damage. In contrast, chronic inflammation is a prolonged and
maladaptive response caused by various factors, including chronic diseases, aging, smoking, high-fat
diets and obesity (Porter and O'Connor 2022). Chronic inflammation also contributes to chronic
conditions like allergies, arthritis, and autoimmune diseases, which frequently coexist with depression

(Porter and O'Connor 2022).

Toll-like receptors (TLRs) on the plasma membrane of innate immune cells detect invading pathogens
or signals from damaged cells. TLRs are a type of pattern recognition receptor (PRR) that recognize
and bind to pathogen-associated molecular patterns (PAMPs) (Jiménez-Dalmaroni, Gerswhin, and
Adamopoulos 2016), such as lipopolysaccharides found in the cell walls of gram-negative bacteria as
well as damage-associated molecular patterns (DAMPs) in a process known as “sterile inflammation.”
Activation of TLRs triggers an intracellular signalling cascade, activating the transcription factor NF-
kB, which leads to the upregulation of pro-inflammatory mediators, including cytokines, chemokines,
and cellular adhesion molecules (Shih, Wang, and Yang 2015), along with the induction of ROS
(Lingappan 2018). Among these mediators, macrophage-derived TNF-a, IL-1B, IL-6, and IL-10 are
particularly notable for their roles in regulating the immune system and their broader effects on the body

(Abdulkhaleq et al. 2018).

1.2.2.1 Pro-inflammatory cytokines

The IL-1 family comprises 11 distinct ligands and antagonistic receptors, which trigger local and
systemic inflammation or promote anti-inflammatory responses, independently (Dinarello 2011). Their
primary sources are T and B lymphocytes, mononuclear phagocytes, fibroblasts, and keratinocytes
(Shaikh 2011). IL-1P is a key pro-inflammatory cytokine that regulates the host's innate immune
response. Its inflammatory function has evolved to combat microbial infections and facilitate tissue
repair (Dinarello 2011) (Figure 1.3). The recognition of homeostatic disturbances prompts the
processing of IL-1p, enabling it to initiate inflammatory activities. However, chronic overproduction or
sustained exposure to IL-1f is known to contribute to the pathogenesis of diseases such as inflammatory
bowel disease, gout, theumatoid arthritis, and type 2 diabetes. Pharmacological inhibition of IL-1p

signalling can directly or indirectly limit the progression of these diseases (Dinarello, Simon, and van
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der Meer 2012). IL-1 also plays a central role in neuroinflammation, being implicated in various CNS
disorders such as traumatic brain injury, stroke, Alzheimer's disease, and multiple sclerosis (Mendiola
and Cardona 2018). As a pleiotropic cytokine, IL-1f activates microglia and astrocytes, leading to the
synthesis of additional pro-inflammatory and chemotactic mediators in the CNS (Shaftel, Griffin, and

O'Banion 2008).

IL-6 is produced by various cell types, including mononuclear phagocytes, T cells, and fibroblasts (Toi,
Harris, and Bicknell 1991). In addition to stimulating the liver to synthesize acute phase proteins, [L-6
serves as a growth factor for mature B cells and promotes their final maturation into antibody-secreting
plasma cells. It also plays a role in T cell activation and differentiation and is involved in the induction
of IL-2 and IL-2 receptor expression (Shaikh 2011). Elevated levels of IL-6 have been observed in
numerous chronic inflammatory and autoimmune conditions, such as thyroiditis, type I diabetes,
rheumatoid arthritis, systemic sclerosis, mesangial proliferative glomerulonephritis, and psoriasis, as
well as in neoplasms like cardiac myxoma, renal cell carcinoma, multiple myeloma, lymphoma, and
leukaemia (Hirano et al. 1990; Shaikh 2011). IL-6 is frequently used as a marker for the systemic
activation of pro-inflammatory cytokines (Hirano 1992) (Figure 1.3). While it is a strong inducer of the

acute-phase protein response, IL-6 also exhibits anti-inflammatory properties (Tan et al. 1990).

TNF-a and P are cytokines that bind to shared receptors on the surface of target cells, exhibiting several
common biological functions (Dalton et al. 1993) (Figure 1.3). TNF-a is produced by activated
macrophages, monocytes, fibroblasts, mast cells, and certain T and natural killer cells (Hart et al. 1989;
Jain-Vora et al. 1998). TNF-a and IL-1 share many pro-inflammatory characteristics. Like IL-1, TNF-
o can induce fever either directly by stimulating the synthesis of prostaglandin E2 in the vascular
endothelium of the hypothalamus or indirectly by promoting the release of IL-1 (Shaikh 2011).
Additionally, TNF-o shares an important inflammatory role with IL-6 and IL-11, specifically in
inducing the liver to produce acute phase reactant proteins. TNF-a and IL-1 also have secondary
inflammatory effects by stimulating IL-6 synthesis in various cell types (Shaikh 2011). Thereafter, IL-
6 mediates its own effects and those of TNF-o and IL-1 in inducing fever and the acute phase response,
thus preserving the inflammatory response via a cascade of cytokines with overlapping functions
(Shaikh 2011). During sepsis caused by gram-negative bacteria, lipopolysaccharides (endotoxins)
released from these bacteria trigger widespread production of TNF-a (followed by IL-1 and IL-6) by
macrophages. The systemic release of these cytokines is responsible for the fever and hypotension

characteristic of septic shock (Shaikh 2011). Furthermore, chronic production of TNF is thought to
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contribute to metabolic changes leading to cachexia associated with chronic parasitic infections and

certain cancers (Shaikh 2011).

NF-kB is a key regulator of pro-inflammatory gene expression, promoting the transcription of various
pro-inflammatory cytokines, chemokines, adhesion molecules, matrix metalloproteinases, COX-2, and
inducible nitric oxide synthase (Baeuerle and Baichwal 1997; Tak and Firestein 2001) (Figure 1.3). NF-
kB is highly activated in inflammatory sites across various diseases, including inflammatory bowel
disease, rheumatoid arthritis, multiple sclerosis, psoriasis, and asthma. This NF-«kB activation is linked
to the recruitment of inflammatory cells and the production of pro-inflammatory mediators such as IL-
1, IL-6, IL-8, and TNF (Li and Verma 2002). It remains unclear whether the rise in pro-inflammatory
cytokines is a cause or a consequence of NF-kB activation. While genetic alterations in NF-xB have
not been directly associated with these diseases, persistent NF-kB activity may result from defects in
the regulatory mechanisms governing its activation (Li and Verma 2002). Targeted inhibition of NF-
kB activity has proven effective in managing inflammatory diseases in various animal models. For
instance, blocking NF-kB activity through the overexpression of inhibitor kappa B-a reduces both the
inflammatory response and tissue damage in rheumatoid synovium (Bondeson et al. 1999).
Additionally, the use of NF-kB decoys has shown effectiveness in animal models of rheumatoid arthritis

(Miagkov et al. 1998).

1.2.2.2 The anti-inflammatory cytokine IL-10

IL-10 was first identified by Fiorentino, Bond, and Mosmann (1989) as a novel immune mediator
produced by T helper 2 (TH2) cells, which inhibit IL-2 and IFN-y synthesis in TH1 cells. Peripheral
IL-10 is secreted by various innate immune cells, such as natural killer cells, mast cells, dendritic cells,
macrophages, eosinophils, and neutrophils, including adaptive immune cells like TH1, TH2, TH17,
regulatory T cells, and B cell subsets (Moore et al. 2001; Nouél et al. 2014; Saraiva and O'Garra 2010a).
IL-10 is expressed by microglia, astrocytes, and neurons within the CNS. Upon activation, IL-10
receptors suppress the release of pro-inflammatory cytokines such as TNF, IL-1f, IL-6, IL-8, IL-12,
and IL-23, while increasing the release of anti-inflammatory mediators like the IL-1 receptor antagonist
and soluble TNF receptors from innate immune cells (Kwilasz et al. 2015) (Figure 1.3). Moreover,
activated IL-10 receptors inhibit both the proliferation and cytokine production of CD4+ T cells,
affecting TH1 synthesis of IL-2 and [FN-y as well as TH2 synthesis of IL-4 and IL-5 (Sabat et al. 2010).
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IL-10 is found in concentrations sufficient to have a physiological effect on the host's response to
systemic inflammation. Studies have shown that patients who express high IL-10 and lower TNF-a
levels are more likely to succumb to meningococcaemia and other community-acquired infections
(Dickensheets et al. 1997; Joyce et al. 1994; Marchant et al. 1994). Inadequate IL-10 responses
following systemic injury can also have negative outcomes. For example, low lung IL-10 levels in
patients with acute lung injury increase the likelihood of developing acute respiratory distress
syndrome. In animal models, administering IL-10 during endotoxemia improves survival rates (Shaikh
2011). Humans given IL-10 after endotoxin exposure experience fewer systemic symptoms, reduced
neutrophil activity, and decreased cytokine production compared to those treated with a placebo (van
Der Poll et al. 1997). Additionally, mice with a genetic deletion of the IL-10 gene are more prone to
endotoxin-induced shock than normal mice (Lehmann et al. 1995). IL-10 generally protects against
systemic inflammation after toxin-induced injury but increases vulnerability to fatal infections in
various experimental studies (Westendorp et al. 1997; van Dissel et al. 1998). This should be considered
when using anti-inflammatory cytokines in clinical settings. IL-10 knockout mice also spontaneously
develop chronic inflammatory enteritis resembling human inflammatory bowel disease, suggesting that
endogenous IL-10 levels play a crucial role in controlling inflammation in response to gut-associated
bacteria (Pajkrt et al. 1997; Dai, Kohler, and Brombacher 1997; Greenberger et al. 1995). Consequently,
IL-10 is being explored in clinical trials as a potential anti-inflammatory treatment for inflammatory

bowel disease and other conditions.

IL-10 has the potential to act as a neuroprotective agent. By inhibiting the production of
proinflammatory mediators in microglia, IL-10 prevents the activation of astrocytes and directly
suppresses the binding of p65 NF-kB (Balasingam and Yong 1996). This reduction in NF-kB activity
leads to increased expression of excitatory amino acid transporter-2, which helps prevent the harmful
accumulation of synaptic glutamate (Bachis et al. 2001; Kim et al. 2011). Additionally, certain neuronal
populations express functional IL-10 receptors which enhance neuronal survival, when activated (Boyd
et al. 2003). For instance, IL-10 activates the PI3K-AKT pathway downstream of IL-10R1, which
protects neurons from glutamate-induced excitotoxicity as well as hypoxic and ischemic injury by
stimulating the transcription of survival genes and controlling intracellular Ca®" levels (Sharma et al.
2011; Tukhovskaya et al. 2014; Zhou et al. 2009). Moreover, IL-10 prevents glutamate-induced
neuronal apoptosis via the restoration of suppressed anti-apoptotic factors like Bel-2 and Bcel-x1 and by

reducing the expression of caspase-3 (Zhou et al. 2009; Bachis et al. 2001).
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1.2.2.3 Neuroinflammation

The CNS is undoubtedly the most complex system we encounter in daily life. CNS disorders disrupt
and often deteriorate the structure and function of this intricate organ (Ransohoff 2016).
Neurodegeneration is a frequent feature of these disorders and involves the gradual loss of previously
established CNS functions such as learning, judgment, mobility, memory, and coordination (Ransohoff
2016). Neurodegenerative diseases typically manifest later in life, making age a crucial factor in the

development of major neurodegenerative disorders.

The endothelial layer, known as the BBB, and the transport of molecules across it are critical to
understanding how peripheral inflammation can lead to prolonged and harmful neuroinflammation.
Initially, it was believed that inflammatory cytokines and other proteins were too large to cross the
blood into the brain. However, over the past two decades, various transport mechanisms have been
identified. Active transport systems within the BBB have been found to facilitate the entry of cytokines
like TNF and IL into the brain (Gutierrez, Banks, and Kastin 1993). Certain regions, such as the
circumventricular organs, which have an incomplete barrier at the blood—brain interface, are areas
where cytokine transport is concentrated (Quan et al. 1999). Cytokines such as TNF-a, IL-6, and IL-1§
also negatively affect the integrity of the BBB, increasing its permeability and allowing leukocytes to
enter the brain (Laflamme, Lacroix, and Rivest 1999; Terrando et al. 2011). Cytokine levels are known
to influence BBB permeability by altering the resistance of tight junctions in endothelial cells within
brain vasculature (Wong, Dorovini-Zis, and Vincent 2004). Elevated cytokine levels upregulate
inflammatory cytokines and COX-2 transcription in the endothelium (De Vries et al. 1996). Damage to
key tight junction proteins, such as occludin, can further increase permeability, possibly by disrupting

its interaction with the cytoskeleton.

Microglial cells are key players in neuroinflammation. When exposed to cytokines and other signalling
molecules during acute inflammation, microglia transition from an inactive, ramified state to an
activated, phagocytic form, releasing pro-inflammatory mediators. During chronic neuroinflammation,
these cells can stay activated for prolonged periods, continuously releasing large amounts of cytokines
and neurotoxic molecules, which contribute to ongoing neurodegeneration (Liu and Hong 2003).
Astrocytes, another type of glial cell, release pro-inflammatory signalling molecules such as TNF-a
when activated in the cortex and midbrain (Kipp et al. 2008). These cells also play crucial roles in
synaptic function and regulation. While microglia are responsible for a much larger release of

inflammatory cytokines (Liu et al. 2012), the combined response from both types of glial cells may
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significantly contribute to the neurodegeneration observed in dementia (Cagnin et al. 2001; Xing,
Bachstetter, and Van Eldik 2011). It is well-established that there is dynamic communication between
BBB endothelial cells, glia, and neurons (Abbott, Rénnbick, and Hansson 2006), suggesting that a

neuroinflammatory response in one cell type will likely affect others.

The COX enzyme converts arachidonic acid into eicosanoid groups, including prostaglandins and
thromboxane’s, which play various roles in inflammation (Hamberg and Samuelsson 1973) (Figure
1.3). The pathways of its two primary isoforms, COX-1 and COX-2, are increasingly linked to
neuroinflammation and neurodegeneration, with COX inhibitors, such as non-steroidal anti-
inflammatory drugs, showing several therapeutic potentials. These isoforms have distinct functions in
normal physiology and disease states. COX-1 is expressed in microglia, where it contributes to
prostaglandin synthesis (Hoozemans et al. 2001). Activation of these cells may result in an
overproduction of prostaglandins. Several elements of the COX-1 pathway promote inflammation,
leading to harmful neuroinflammation and cognitive decline (Matousek et al. 2010). Additionally,
pathological connections have been identified in conditions such as traumatic brain injury (Schwab et
al. 2002) and neurodegenerative diseases like Alzheimer’s disease (Sung et al. 2004). COX-2
expression is mostly seen in neurons and is linked to synaptic function and memory formation (Wang
et al. 2005; Cowley, Fahey, and O'Mara 2008). Notably, COX-2 demonstrates anti-inflammatory
properties (Gilroy et al. 1999; Aid, Langenbach, and Bosetti 2008), underscoring the complexities of
eicosanoid signalling in both neuroprotection and neurodegeneration, as well as the challenges in
developing therapeutic approaches. Cytokine signalling also plays a role in these pathways; for instance,
IL-1B-induced activation of MAPK enhances COX-2 gene expression (Lacroix and Rivest 1998).
Additionally, the COX pathway itself promotes the production of IL-6, illustrating one of the many

positive feedback loops in the systemic inflammatory response (Anderson et al. 1996).

1.2.2.4 FB; immunotoxicity

Generally, mycotoxin immunotoxicity is described as the detrimental effects imposed on systemic and
local immunity caused from exposure to mycotoxins. Mycotoxins can repress the immune response
resulting in reduced resistance to tumours and infections by the host (Sun et al. 2022). Alternatively,
mycotoxins can trigger the immune response prompting autoimmune effector cells and autoantibody
production. This could induce a pathological immune response against tissues, further damaging tissue
structures (Sun et al. 2022). The damage caused to the body by FB; exposure, leads to the accumulation
of toxic products which perturb optimal immune functioning, resulting in immunotoxicity (Zhu and
Wang 2022). In chicks fed FB; for 4 weeks, the response of the secondary antibody to the vaccine was
significantly reduced suggesting that FB; caused immunosuppression in chicks (Li et al. 1999). Stoev

et al. (2012) also reported a significant decrease in antibody titre, when pig feed contained 10 mg/kg
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FB,, which altered humoral immune responses during vaccination. In avian lymphocyte cells, FB;
hindered differentiation and proliferation ultimately affecting immune function (Keck and Bodine
2006). In porcine lymphocytes FB; decreased cellular activity to 50% of its original level upon exposure
for 72 h at a concentration of 101.15 pg/mL (Kachlek et al. 2017), while in human lymphocytes, survival
dropped by 3.5% and 11.3% upon 24 h exposure to 5 and 20 ug/mL FB;, respectively (Mwanza et al.
2009). Broiler chickens displayed reduced macrophage chemotaxis and phagocytosis when
administered 15 mg/kg of FB; (Cheng, Ding, and Chang 2006). Decreased macrophage capacity in birds
results in metabolic and immune system disorders and aggravates chlamydia severity (Grenier et al.
2016). Reduced macrophage capacity also exacerbated pathogen infection in Mycoplasma pneumoniae
infected swine fed FB, (Posa et al. 2013). IL-1, IL-2, IFN-a and IFN-y expressions were increased in
FB; (15 mg/kg) fed rats whereas mRNA levels of /L-4 and /L-10 were also increased in rat spleen
mononuclear cells after being fed 100 ppm (parts per million) FB; (Wang, Wu, et al. 2016). Studies in
FB, gavaged pigs revealed an increase in /L-8, IL-18 and IF'N-y expressions in bronchoalveolar lavage
fluid (Halloy et al. 2005). In human dendritic cells, IFN-y expression was also enhanced along with its
related chemokine CXCL9, when exposed to FB; (Stockmann-Juvala, Alenius, and Savolainen 2008).
In vitro, lipopolysaccharide activation in the mouse macrophage cell line and mice peritoneal
macrophage treated with FB; promoted the expression of TNF-o (Dugyala et al. 1998). A dose-
dependent increase in TNF-a and IL-1p expression in human colon adenocarcinoma and gastric
epithelial cells suggests that FB; can stimulate cytokine release in gastrointestinal cells and
subsequently trigger inflammation (Mahmoodi et al. 2012). In porcine kidney cells, TNF-o. mRNA was
elevated, establishing TNF-a as a key toxicity marker (Chen et al. 2020). In porcine liver and jejunum,

significantly enhanced NF-kB and IL-8 expressions led to apoptosis (Régnier et al. 2017).

Contrastingly, FB, also reduced relative bursal weight and cytokine expressions of IL-10, IL-2, IFN-a.
and IFN-y (Cheng, Ding, and Chang 2006), whereas continuous exposure of FB; in the spleen
significantly downregulated /L-4 but increased IFN-y after 28 days (Taranu et al. 2005). 7 days of FB;
exposure in piglets also led to reduced levels of IL-8 protein and gene expressions (Bouhet et al. 2006).
Additionally, researchers have also established a link between cellular immunity and sphingolipid
metabolism destruction and its products which can alter the expression of immune-related receptors
(Dresden-Osborne and Noblet 2002). For instance, FB; hinders the immune response by altering CD3,
CD4 and CD8 expressions on cell surfaces via sphingolipid metabolism (Blank et al. 2005). In BALB/c
mice thymus and spleen cells, CD4" and CD8" contents were reduced, and primary lymphocytes were
affected by exogenous sphingosine (Johnson and Sharma 2001). /n vitro exposure of FB; to thymic and
splenic cells induced cytotoxicity and brought significant changes to cell surface receptors CD3, CD4

and CD8 (Johnson and Sharma 2001; Blank et al. 2005).
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1.2.3  Brain-derived neurotrophic factor (BDNF) expression

Mature BDNF is recognized as the biologically active neurotrophin form, exhibiting a strong affinity
for the tropomyosin-related kinase B (TrkB) receptor (Klein et al. 1991; Mizui et al. 2014). Both BDNF
and TrkB are found in presynaptic axon terminals and postsynaptic dendritic compartments of neurons,
allowing for bidirectional release and activity. When mature BDNF, or other neurotrophins with a lower
affinity for TrkB, such as neurotrophin-4 and neurotrophin-3, bind to the extracellular domain of the
TrkB receptor, the intracellular domains of the receptor dimerize and auto-phosphorylate at one of three
tyrosine residues (Porter and O'Connor 2022). Phosphorylation at each of these residues triggers a
unique signalling cascade: Ras-PI3K-Akt, Ras-MAP kinase-Erk, or phospholipase Cy. These pathways
activate transcription factors like CREB, leading to cell proliferation, survival, synaptogenesis, and
memory formation (Porter and O'Connor 2022) (Figure 1.2). As is typical for neurotrophic factors,
BDNF plays a crucial role in the development and differentiation of new neurons (Alderson et al. 1990;
Kniisel and Hefti 1991), promotes long-term potentiation (Korte et al. 1995), and supports neuron
survival (Grothe and Unsicker 1987; Bathina and Das 2015). BDNF is widely expressed in both the
developing and mature CNS as well as in various peripheral tissues, including muscle, liver, and adipose
tissue (Cassiman et al. 2001; Mousavi and Jasmin 2006; Ukropec et al. 2008). Reports often indicate
regional variations in BDNF mRNA levels and protein concentrations within the CNS, which may be
influenced by regulatory mechanisms, mRNA decay (Malter 2001), or the anterograde transport of
BDNF (Altar et al. 1997).
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Figure 1.2: BDNF signalling cascade. Upon activation of TrkB by mature BDNF, receptor intracellular
domains dimerize and auto-phosphorylate 1 of the 3 tyrosine residues. This triggers a signalling cascade
that activates CREB. Contrastingly, proBDNF binds to P75SNTR, activating NF-kB, resulting in
inflammation and apoptosis (Porter and O'Connor 2022). BDNF: brain-derived neurotrophic factor;
TrkB: Tropomyosin-related kinase B; CREB: cAMP response element-binding protein; P7SNTR: p75

neurotrophin receptor; NF-kB: Nuclear factor-kappa B

In previous years, studies on BDNF focused mainly on its role in energy homeostasis. An in vivo study
of BDNF and neuronal plasticity by Lapchak and Hefti (1992) revealed that chronic intraventricular
administration of BDNF prevented weight gain. Since then, numerous studies have demonstrated that
central administration of BDNF suppresses appetite, promotes weight loss, increases locomotor activity,
and raises resting metabolic rate (Pelleymounter, Cullen, and Wellman 1995; Naert et al. 2006). An
obese phenotype is seen in BDNF-conditional knockout mice, where BDNF is deleted after birth and
restricted to the brain (Rios et al. 2001). In addition to its central effects, BDNF also has peripheral
actions that influence glucose metabolism, food intake (Yamanaka et al. 2008) and energy expenditure
(Yamanaka et al. 2007). Both centrally and peripherally administered BDNF lowers blood glucose and
enhances energy expenditure in animal models of type 2 diabetes (Nakagawa et al. 2000). The combined

effects of central and peripheral BDNF are evident in cases where BDNF is globally reduced, as seen
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in rodents and humans with gene haploinsufficiency, leading to obesity and hyperphagia (Gray et al.

2006).

1.2.3.1 Neurogenesis and neuroprotection of BDNF

Energy balance has been shown to influence BDNF levels and neurogenesis in the hippocampus.
Dietary restriction increases neurogenesis in the adult mouse hippocampus, a process linked to elevated
BDNF expression, although this effect is absent in BDNF heterozygous mice (Lee, Seroogy, and
Mattson 2002). In Huntington mutant mice, where BDNF expression is reduced, dietary restriction
normalizes BDNF levels in the hippocampus, striatum, and cerebral cortex to those found in wild-type,
ad libitum-fed mice, and helps reverse obesity, abnormal locomotor activity, and hyperphagia (Duan et
al. 2003). Conversely, a diet high in saturated fats reduces BDNF levels and impairs cognitive function
(Molteni et al. 2002). Environments rich in stimulation and exercise boost BDNF expression in the
hippocampus and enhance learning (Olson et al. 2006). On the other hand, studies in rats have shown
that consuming a high-fat diet, particularly one rich in saturated fats, decreases BDNF levels and adult
hippocampal neurogenesis (Park et al. 2010). This inhibition of neurogenesis was linked to elevated
malondialdehyde (MDA) levels, a marker of lipid peroxidation, and direct administration of MDA was
found to suppress neurogenesis (Park et al. 2010). Additionally, maternal consumption of a high-fat diet
was shown to reduce hippocampal BDNF levels and impair dendritic arborization in the hippocampal

neurons of offspring (Park et al. 2010).

During development, neurotrophic factors are essential for neuronal survival as they inhibit apoptosis
in developing neurons (Wyllie, Kerr, and Currie 1980; Bathina and Das 2015). BDNF is particularly
neuroprotective in the hippocampus, especially against ischemic damage (Beck et al. 1994; Chen et al.
2013). BDNF reduces glutamate-induced apoptotic cell death by acting upstream of caspase-3-like
enzymes and increasing the expression of the antiapoptotic protein Bcl-2 (Almeida et al. 2005). BDNF
is not always protective; in some cultured hippocampal and cortical neurons, it can be toxic (Friedman
2000). While TrkB receptor activation enhances long-term potentiation and neuronal survival,
activation of the p75NTR receptor can lead to apoptosis and long-term depression (Woo et al. 2005;
Barrett 2000). BDNF has been shown to protect against oxidative stress by preventing the buildup of
peroxides and increasing antioxidant enzymes in hippocampal neurons (Mattson et al. 1995). In rats,
local application of BDNF to the spinal cord reduced lipid peroxidation and decreased oxidative stress,
possibly due to reduced microglial activation (Joosten and Houweling 2004). In neurodegenerative

diseases like Huntington's and Alzheimer's, low BDNF levels contribute to neuronal degeneration
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(Hock et al. 2000). Tg2576 mice fed a high-fat diet developed obesity and insulin resistance due to
hyperphagia, and this abnormal feeding behaviour was linked to increased amyloid plaque formation
and reduced hypothalamic BDNF levels (Kohjima, Sun, and Chan 2010). Oxidative stress plays an early
role in Alzheimer's disease (Keller et al. 2005). Vitamin E, an antioxidant, can mitigate oxidative stress,
and its supplementation has been shown to counteract high-fat diet-induced reductions in BDNF,

suggesting that BDNF levels are responsive to oxidative stress (Wu, Ying, and Gomez-Pinilla 2004).
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with their respective functions (prepared by author using Microsoft Word).
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1.2.4 Oxidative Stress

Oxidative stress is a significant factor in the development of various diseases, including arthritis, cancer,
autoimmune disorders, aging, cardiovascular diseases, and neurodegenerative diseases. As we age,
along with genetic and environmental risk factors, the oxidative-redox system becomes imbalanced,
leading to increased levels of ROS and reactive nitrogen species (RNS). In this context, mitochondria,
which use oxygen for energy production, are considered a primary source of oxidative stress (Islam
2017). Excessive stimulation of nicotinamide adenine dinucleotide phosphate (NADPH) and the
electron transport chain results in an overproduction of ROS. While moderate concentrations of
ROS/RNS are important for physiological processes, such as signalling pathways, inducing mitogenic
responses, and defending against pathogens, excessive production and a failure to balance these with
endogenous antioxidant defenses can lead to oxidative damage (Figure 1.4) (Islam 2017). This includes
post-translational modifications and the oxidation of proteins, lipids, and DNA/RNA, which are
common features of many neurodegenerative diseases, especially since the brain is particularly
vulnerable to reactive species (Bhat et al. 2015). The brain is highly metabolically active yet has a
limited capacity for cellular regeneration compared to other organs, making the impact of reactive
species particularly significant (Bhat et al. 2015). Recent evidence suggests that oxidation products
serve as biomarkers for certain neurodegenerative diseases. For instance, markers of lipid peroxidation,
such as 4-hydroxynonenal and MDA, have been found in the substantia nigra, while protein nitration
markers are observed in the hippocampus and neocortex of patients with Parkinson’s disease.
Additionally, markers related to protein nitration have been elevated in the same regions, alongside
increased levels of 4-hydroxynonenal and MDA in the cortex and hippocampus of Alzheimer’s disease

patients (Bhat et al. 2015).
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Figure 1.4: The imbalance between ROS and antioxidants promotes oxidative stress, resulting in
detrimental health effects due to damageto lipids, protein and nucleic acids (prepared by author)
(Akhigbe and Ajayi 2021). ROS: Reactive oxygen species. The lightening shape represent damage to
lipids, protein and DNA.

1.2.4.1 Reactive species and antioxidant defense

Adding an electron to molecular oxygen produces a superoxide anion radical. This superoxide anion
can arise from metabolic processes or from the activation of molecular oxygen through physical
irradiation and subsequent interactions with other molecules to generate primary and secondary reactive
species. These species can form directly or through enzyme or metal-catalysed processes (Wu, Cobbina,
et al. 2016). Additionally, within the mitochondrial electron transport chain, some electrons can
prematurely "leak" to oxygen during energy transduction, resulting in the formation of superoxide anion
(Valko et al. 2004; Kovacic et al. 2005). The enzyme inducible nitric oxide synthase facilitates the
production of nitric oxide radicals in biological tissues. Notably, water makes up approximately 80%
of cells. The radiolysis of water by energetic radiation leads to the generation of hydrogen peroxide,
molecular hydrogen, and free radicals, such as hydroxyl and hydrogen radicals (Sterniczuk and Bartels
2016). Superoxide is detoxified by superoxide dismutase enzymes, which convert it into hydrogen
peroxide. Although hydrogen peroxide is not a free radical and is, therefore, less reactive than
superoxide anion, it falls under the category of ROS because of its close involvement in the generation

and detoxification of free radicals (Burton and Jauniaux 2011). Due to its non-polar nature, hydrogen
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peroxide can easily diffuse through cell and organelle membranes, functioning widely as a second
messenger in signalling pathways. It is then further detoxified into water by the enzymes catalase (CAT)
and glutathione peroxidase (GPx) (Burton and Jauniaux 2011). It is crucial for antioxidant enzymes to
work together, as an imbalance between superoxide and hydrogen peroxide concentrations can lead to
the formation of much more harmful hydroxyl ions. This reaction is catalysed by free ferrous ions in
the Fenton reaction (Burton and Jauniaux 2011). The hydroxyl ion has a very short lifespan,
approximately 10® seconds, and reacts with any nearby biological molecules in a diffusion-limited
manner. Due to its extreme reactivity, there are no known scavengers for hydroxyl ions (Burton and

Jauniaux 2011).

Enzymatic defenses help prevent oxidant damage through transition metals at their core, which can
change valence states as they transfer electrons during the detoxification process (Burton and Jauniaux
2011). Two isoforms of superoxide dismutase convert superoxide into hydrogen peroxide: the
manganese form, found exclusively in the mitochondria, and the copper-zinc form, located in the
cytosol. Subsequently, hydrogen peroxide is broken down into water by CAT or GPx. The activity of
GPx depends on the availability of reduced glutathione (GSH) as a hydrogen donor (Burton and
Jauniaux 2011). GSH serves as the primary cellular thiol redox buffer and is synthesized in the cytosol
from L-glutamate, L-cysteine, and glycine. GSH is involved in numerous detoxification reactions,
forming glutathione disulfide, which is then converted back to GSH by glutathione reductase, utilizing
NADPH in the process. NADPH is generated through the pentose phosphate pathway, where glucose-
6-phosphate dehydrogenase is the initial enzyme (Burton and Jauniaux 2011). This enzyme is subject
to common polymorphisms, and reduced activity may compromise GSH levels, potentially leading to

embryopathy (Nicol et al. 2000).

1.2.4.2 FB-induced oxidative stress

The accumulation of toxic products from sphingolipid metabolism disruption by FB; may further
contribute to oxidative stress. FB;-induced oxidative stress can be evaluated via lipid peroxidation and
antioxidant response assays. The influence of varied doses of FB; on lipid peroxidation has been
recognized in animal liver, kidney, glioblastoma and hypothalamic cells as well as in human glioma,
neuroblastoma and intestinal cells (Stockmann-Juvala and Savolainen 2008; Joosten and Houweling
2004). Increased lipid peroxidation was seen in rats fed FB; over 21 days (Abel and Gelderblom 1998).
In egg yolk phosphatidylcholine bilayers, increased oxidation promoted free radical production and
enhanced chain reactions linked to lipid peroxidation due to membrane exposure to FB; (Yin et al.
1998). The authors suggested that increased oxygen transport in membranes and the subsequent increase

in membrane permeability mediated the FBi-induced cell damage and oxidative stress. In primary
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hepatocytes, combined FB; and vitamin E treatment for 44 h prevented FB;-induced lipid peroxidation
(Domijan 2012). In C6 rat glioblastoma cells, increased lipid peroxidation due to FB; (10 umol/L™! to
20 umol/L! for 24 h) was efficiently reduced by 25 pmol/L™! vitamin E supplementation, while pre-
treatment with vitamin E prevented FBi-induced cell death and inhibited DNA and protein synthesis
(Mobio et al. 2000). The same observation was seen in p53 null mouse embryonic fibroblasts and rat
C6 glioblastoma, along with increased expression of the oxidative DNA damage marker, 8-hydroxy-2’-
deoxyguanosine (Mobio et al. 2003). Mouse GTI-7 hypothalamic cells and C6 glioblastoma displayed
increased ROS and lipid peroxidation but decreased glutathione levels after FB; exposure (Stockmann-
Juvala et al. 2004c). FB; in human U-118MG glioblastoma cells also increased ROS production and
lipid peroxidation but decreased glutathione levels after 24 — 144 h treatment (Stockmann-Juvala et al.
2004b). Increased ROS has been reported upon exposure to 10—100 uM FB; for 48 — 144 h in mouse
hypothalamic cells, rat and human glioblastoma cell lines (Stockmann-Juvala et al. 2004c, 2004b). In
human SH-SYS5Y neuroblastoma cells and primary rat astrocytes, FB; increased ROS, but not in a dose-
dependent manner (Domijan and Abramov 2011). Pig iliac endothelium cells treated with FB; displayed
increased MDA levels with decreased glutathione, SOD, CAT, GPx and thioredoxin reductase, which
led to reduced cell activity and cell membrane damage (Yuan et al. 2019). Increased ROS has also been
reported in HepG?2 cells exposed to FB; (Singh and Kang 2017). In human fibroblasts subjected to FB;
for 72 h (Galvano, Russo, et al. 2002b) and in primary cultures of rat astrocytes (Galvano, Campisi, et

al. 2002) subjected to 6 days of FBy, no effects on ROS production were observed.

1.2.4.3 The role of NRF-2 in oxidative stress response

As ROS/RNS are produced, the antioxidant detoxification system is activated to counteract the
increased levels of these species (Valko et al. 2006; Obrador et al. 2019). This endogenous antioxidant
detoxification system is quite complex and includes: i) enzymatic antioxidants like SODs, GPx, and
CAT; ii) non-enzymatic antioxidants such as vitamins E and C, carotenoids, flavonoids, selenium, and
thiol antioxidants and iii) various regulatory factors such as NRF-2 and NF-«kB, that interact with these
antioxidants (Valko et al. 2006; Obrador et al. 2019). SODs are effective at scavenging superoxide and
producing hydrogen peroxide (Li et al. 1995; Elchuri et al. 2005), while hydrogen peroxide can be
detoxified by CAT, GPx and peroxiredoxins (Kang et al. 2005).

The transcription factor NRF-2 plays a crucial role in the antioxidant response, acting as a sensor for
oxidative stress within redox homeostasis. Under normal conditions, NRF-2 is primarily located in the
cytoplasm (Li and Kong 2009; Furfaro et al. 2016). When the levels of ROS/RNS increase, leading to
oxidative stress, NRF-2 rapidly moves from the cytoplasm to the nucleus to trigger the antioxidant

response, thereby protecting cells against oxidative and nitrative damage (Dhakshinamoorthy and Porter
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2004; Pi et al. 2008). The NRF-2 signalling regulatory system consists of at least four components:
NRF-2, Kelch-like ECH-associated protein 1, small musculoaponeurotic fibrosarcoma, and the
antioxidant response element, all of which are essential for the antioxidant response (Furfaro et al. 2016;
Kwak and Kensler 2010). NRF-2 signalling pathways regulate several biological processes, including:
i) the expression of antioxidant genes, ii) the ubiquitin-proteasome system, iii) molecular chaperone
and stress-response systems, and iv) anti-inflammatory responses (Kwak and Kensler 2010; Furfaro et
al. 2016). A growing body of evidence indicates that NRF-2 signalling is implicated in the 12 hallmarks
of cancer, which include sustained angiogenesis and proliferative signalling, insensitivity to antigrowth
signals, resistance to apoptosis, limitless replicative potential, tissue invasion and metastasis, evasion
of immune destruction, metabolic reprogramming, altered redox homeostasis, tumour-promoting
inflammation, genome instability, and proteotoxic stress (Rojo de la Vega, Chapman, and Zhang 2018).
Consequently, any reduction in the antioxidant protective system's efficacy in maintaining redox
homeostasis may increase susceptibility to carcinogen toxicity, tumour-related inflammatory responses,

oxidative stress, and carcinogenesis (Yates and Kensler 2007).

1.2.4.4 Oxidative damage to DNA
Over 100 different oxidized lesions have been identified in DNA (Lindahl and Barnes 2000), with 8-

oxoguanine (8-0x0G) being the most prevalent. These lesions can form in critical regulatory regions of
the genome, such as promoters and telomeres, potentially affecting genomic stability and cellular
homeostasis (Ba and Boldogh 2018). The accumulation of 8-0x0G is recognized as a biomarker for
various diseases, including cancer (Toyokuni et al. 1995; Wang et al. 2021a), Parkinson’s disease (Alam
et al. 1997; Wang et al. 2021a), systemic lupus erythematosus (Lunec et al. 1994; Wang et al. 2021a),
and rheumatoid arthritis (Bashir et al. 1993; Wang et al. 2021a). 8-Oxoguanine glycosylase (OGG1)
plays a key role in the base excision repair pathway by effectively recognizing and removing 8-oxoG
(Boiteux and Radicella 1999; Zhao et al. 2022). OGG1 binds to the oxidized lesion and catalyses the
cleavage of the N-glycosidic bond, releasing the oxidized base and creating an abasic site (Bjoras et al.
1997; Wang et al. 2021a). Additionally, OGG1 can cleave the DNA backbone by forming a Schiff base
intermediate, resulting in a DNA nick with 5’ phosphate and 3’ a, B-polyunsaturated aldehyde (PUA)
ends. The resulting DNA intermediate is then processed by apurinic/apyrimidinic endonuclease 1
(APE1), which removes the PUA group, allowing polymerase beta to incorporate a nucleotide. Finally,
ligase III/XRCCI1 seals the nick (Kim and M Wilson III 2012). Beyond its DNA repair function, OGG1
is also involved in gene transcription (Ba and Boldogh 2018), telomere maintenance (Fouquerel et al.
2019), cell signalling (Boldogh et al. 2012), and the formation of DNA—RNA hybrids (Pan et al. 2019).
Specifically, OGG1 binds to 8-0x0G in G-rich promoter regions, influencing the expression of certain
oxidative stress response genes. The effects of OGG1 binding in these regions can vary based on

whether the interaction leads to enzymatic or non-enzymatic activities (Wang et al. 2021b). Following
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OGGT1’s binding and the formation of an abasic site, DNA is rearranged into a G-quadruplex structure
to expose the abasic site. APEl is then recruited but binds non-enzymatically, leading to the

transcriptional activation of genes (Wang et al. 2021b).

1.2.5 Mitochondrial dysfunction

Mitochondria serve as the cellular power plants, with their primary function being the synthesis of ATP
through oxidative phosphorylation. This process involves the oxidation of nutrients, such as free fatty
acids, to create an electrochemical gradient across the mitochondrial inner membrane, which is then
utilized as a potential energy source for ATP generation, substrate or ion transport, and heat production
(Wallace 2005; Zong et al. 2024). However, this process also generates ROS as toxic by-products, which
can damage mitochondrial and cellular components like DNA, proteins, and lipids, leading to oxidative
stress and mitochondrial dysfunction. In skeletal muscle, reduced mitochondrial respiration capacity,
lower ATP production rates, and elevated ROS levels have been associated with the development of
insulin resistance and type 2 diabetes (Kelley et al. 2002; Short et al. 2005), although it remains unclear
whether mitochondrial dysfunction is a cause or a consequence of insulin resistance (Dumas et al. 2009;
Pagel-Langenickel et al. 2010). Impaired mitochondrial f-oxidation has been observed in patients with
non-alcoholic fatty liver disease, potentially contributing to hepatic steatosis and liver damage
(Dabravolski, Bezsonov, and Orekhov 2021). Recent evidence suggests that mitochondrial dysfunction
in hepatocytes plays a significant role in the early stages of liver fibrosis. In adipose tissue, mitochondria
are essential for producing key intermediates for triglyceride synthesis and are critical for lipogenesis
(De Pauw et al. 2009; Pessayre and Fromenty 2005; Dabravolski, Bezsonov, and Orekhov 2021). They
also facilitate lipolysis through the B-oxidation of fatty acids, providing an important energy source for
ATP production to support normal cellular functions. Mitochondrial dysfunction is associated with
decreased fatty acid oxidation and increased levels of cytosolic free fatty acids, which can lead to insulin
resistance and conditions like obesity and diabetes (De Pauw et al. 2009; Lowell and Shulman 2005;

Sears and Perry 2015).

1.2.5.1 Mitochondrial-induced injury

Mitochondrial damage is primarily caused by ROS produced by the mitochondria themselves (Duchen
2004). It is suggested that most ROS originate from complexes I and III (Harper et al. 2004), due to the
electron release from NADH and FADH into the electron transport chain. Mitochondria account for
about 85% of the oxygen consumed by the cell during ATP production (Shigenaga, Hagen, and Ames
1994; Wilson, Harrison, and Vinogradov 2012). Under normal oxidative phosphorylation, 0.4—4.0% of

the oxygen consumed is converted into the superoxide radical within the mitochondria. However, if
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these enzymes fail to rapidly convert ROS, such as superoxide radicals, to water, oxidative damage can

occur and accumulate in the mitochondria (James and Murphy 2002; Kowalczyk et al. 2021).

Within the mitochondria, components particularly susceptible to free radicals include lipids, proteins,
oxidative phosphorylation enzymes, and mitochondrial DNA (mtDNA) (Shigenaga, Hagen, and Ames
1994; Bhatti, Bhatti, and Reddy 2017). Direct damage to mitochondrial proteins reduces their affinity
for substrates or coenzymes, subsequently impairing their function (Liu, Killilea, and Ames 2002).
Additionally, once a mitochondrion is compromised, its function may be further hindered by increased
cellular demands for energy-related repair processes (Aw and Jones 1989; Zong et al. 2024). This can

create a feedback loop where mitochondrial damage leads to even more damage.

Complex I is particularly vulnerable to damage from nitric oxide, and studies show that animals treated
with both natural and synthetic antagonists of complex I have experienced neuronal death (Dauer and
Przedborski 2003; Qi et al. 2003). Dysfunction of complex I has been linked to conditions such as Leber
hereditary optic neuropathy, Parkinson's disease, and other neurodegenerative disorders (Schon and
Manfredi 2003; Richardson et al. 2019). From a medical perspective, hyperglycaemia prompts
endothelial cells to produce mitochondrial superoxide, a key factor in diabetic complications, including
cardiovascular disease (Green, Brand, and Murphy 2004). This endothelial superoxide production also
plays a role in atherosclerosis, hypertension, heart failure, aging, sepsis, ischemia—reperfusion injury,

and hypercholesterolemia (Li and Shah 2004).

Inflammatory mediators such as TNF-a have been linked to mitochondrial dysfunction and increased
ROS production in vitro (Moe et al. 2004; Desai et al. 2022). In a congestive heart failure model, the
addition of TNF-a to cultured cardiac myocytes resulted in heightened ROS generation and myocyte
hypertrophy (Nakamura et al. 1998; Suematsu et al. 2003b). TNF-a induces mitochondrial dysfunction
by decreasing complex III activity in the electron transport chain, which in turn raises ROS production

and damages mtDNA (Suematsu et al. 2003a; Chen et al. 2008).

1.2.5.2 LonP1 maintains mitochondrial homeostasis

LonP1 serves multiple functions in regulating mitochondrial proteostasis, metabolism, and cellular
stress responses. As a protease responsible for protein quality control, it breaks down misfolded,
misassembled, and oxidatively damaged proteins (Gibellini et al. 2020). Additionally, LonP1 plays a
role in mitochondrial metabolism by degrading crucial rate-limiting proteins involved in processes such
as cholesterol metabolism, heme biosynthesis, and mitochondrial transcription. It also interacts with

mitochondrial transcription factor A (TFAM), which is essential for activating mitochondrial
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transcription and maintaining mtDNA (Lu et al. 2013b). TFAM binds to mtDNA both specifically and
non-specifically (Kang, Chu, and Kaufman 2018). Its sequence-specific binding to mtDNA promoter
regions is essential for initiating mitochondrial transcription, which may also act as the RNA primer for
replication initiation. Additionally, non-specific binding of TFAM to mtDNA aids in compacting the
genome. Both these types of mtDNA binding contribute to TFAM's effect on mtDNA copy number
(Kang, Chu, and Kaufman 2018).

Beyond its proteolytic functions, LonP1 acts as an ATP-dependent chaperone, facilitating protein
folding and assembly while preventing aggregation. This chaperone activity is important for
maintaining the solubility of newly synthesized polypeptides entering the mitochondrial matrix and
supporting their proper folding (Bezawork-Geleta et al. 2015). Furthermore, LonP1's chaperone role is
thought to aid in the assembly and regulation of oxidative phosphorylation complexes (Hori et al. 2002).
In response to oxidative stress, LonP1 degrades oxidatively damaged proteins and utilizes both its
protease and chaperone activities to counteract harmful processes that jeopardize cell survival. Research
involving neuroblastoma and HeLa cell lines has demonstrated that LonP1 works alongside ClpXP to
reduce ROS in mitochondria by degrading a portion of complex I of the electron transport chain, which
is responsible for ROS generation (Pryde, Taanman, and Schapira 2016). Another study with colon
cancer cells and mouse embryonic fibroblasts indicated that elevated ROS levels can trigger the
translocation of p53 from the cytosol to the mitochondrial matrix, leading to necrosis (Vaseva et al.

2012).

1.2.5.3 The sirtuin family

Metabolism ensures that essential molecules are available at the right time and place to fulfil the needs
of the organism and maintain physiological balance. Two primary processes, anabolism and catabolism,
work together to regulate this balance. The intricate interplay between these processes is tightly
controlled by various pathways, among which sirtuins, a family of proteins, play a significant role in
cellular regulation, including metabolic control and epigenetic modification (Bi et al. 2020; Diao et al.
2021). Importantly, sirtuins are also crucial for lifespan extension, highlighting their important link
between metabolism and aging (Giblin, Skinner, and Lombard 2014). The sirtuin family consists of
seven members, from SIRT1 to SIRT7, each localized to specific subcellular compartments and
influencing a wide range of cellular functions, such as metabolism and epigenetic changes (Figure 1.5).
SIRT1, SIRT6, and SIRT7 primarily reside in the nucleus and act as deacetylases that modify histones
and regulate gene expression, although SIRT1 and SIRT6 are also found in the cytosol. Besides
deacetylation, SIRT6 and SIRT7 exhibit ADP-ribosyl transferase activity (Liszt et al. 2005). SIRT2 is

mainly located in the cytoplasm but can also be found in the nucleus to help regulate the cell cycle.
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SIRT3, SIRT4, and SIRTS are predominantly associated with mitochondria and are commonly referred
to as mitochondrial sirtuins (Kumar and Lombard 2015). Notably, SIRT3 has also been identified in the
nucleus, where it stabilizes heterochromatin and helps counteract cellular senescence in human
mesenchymal stem cells (Diao et al. 2021), while a portion of SIRTS is present in both the cytosol and
the nucleus (Park et al. 2013; Matsushita et al. 2011).
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Figure 1.5: Localization and functions of mammalian sirtuins. SIRT3, SIRT4 and SIRTS are mainly

situated in the mitochondria, with a fraction of SIRT3 and SIRTS5 present in the nucleus. SIRT1, SIRT2
and SIRT6 are present in both the cytosol and nucleus, whereas SIRT3 is exclusively located in the

mitochondria (Ji, Liu, and Qu 2022). SIRT: Sirtuin.

1.2.5.4 Sirtuins and oxidative stress

Increasing evidence highlights the role of sirtuins in regulating cellular homeostasis, particularly in
relation to metabolism and inflammation (Haigis and Sinclair 2010). In conditions of metabolic stress,
such as obesity and metabolic syndrome, an environment of oxidative stress arises, primarily due to
chronic inflammation. Given the critical function of sirtuins in managing metabolic responses
(Houtkooper, Pirinen, and Auwerx 2012), it is important to explore how changes in the redox status of
cells influence sirtuin activity and the biological implications of these changes. Oxidative stress can
impact sirtuin activity in various ways such as: i) inducing or repressing the expression of SIRT genes,
ii) causing posttranslational oxidative modifications of sirtuins, iii) altering sirtuin-protein interactions,

and iv) modifying NAD levels.
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Mild oxidative stress conditions trigger the expression of SIRT1, which alters its activity and
subsequently affects its targets involved in the cellular response to changes in redox status (Prozorovski
et al. 2008). The first major substrate identified for SIRT1 was p53, a transcription factor that activates
antioxidant genes such as SOD2 and GPx (Sablina et al. 2005) Another redox-related transcription
factor modified by SIRT1, SIRT2 and SIRT3 is FOXO3a, which promotes an antioxidant response
through the expression of SOD2 and CAT (Brunet et al. 2004; Hasegawa et al. 2008). PGCla, another
known substrate of SIRT1, is reported to regulate the expression of mitochondrial antioxidants like
SOD2. Additionally, SIRT1 can deacetylate the p65 subunit of NF-«B, thereby reducing its activity and
the (Lu et al. 2010; St-Pierre et al. 2006; Tseng, Shieh, and Wang 2013) subsequent production of pro-
inflammatory cytokines (Lee et al. 2009). Increased ROS production in the mitochondria has also been
linked to the induction of SIRT3 (Chen et al. 2011), which deacetylates and activates SOD2, helping to
reduce oxidative stress within mitochondria (Qiu et al. 2010). Additionally, SIRT3 plays a critical role
in regulating the key TCA cycle enzyme isocitrate dehydrogenase 2 (IDH2). Its deacetylation of IDH2
helps maintain the mitochondrial pool of NADPH, an essential reducing agent that impacts glutathione
reductase, a vital component of the antioxidant defense system against cellular oxidative stress (Someya
et al. 2010). SIRT3 also protects cardiomyocytes and microglia from oxidative stress through its
interaction with the transcription factor FOXO3a, enhancing the transcription of important antioxidant
genes, including SOD2 and catalase (Sundaresan et al. 2008; Rangarajan et al. 2015). Further research
has demonstrated that hydrogen peroxide promotes the deacetylation of FOXO3a by SIRT3, facilitating
transcriptional responses that help safeguard mitochondria from additional oxidative stress (Tseng,
Shieh, and Wang 2013). In adult mouse hearts, SIRT1 expression was significantly upregulated by four-
fold in response to oxidative stress induced by paraquat injection, and a similar three-fold increase in
SIRT1 levels was noted in older monkey hearts compared to the younger hearts (Alcendor et al. 2007).
Furthermore, modest overexpression of SIRT1 was found to slow age-related changes in the hearts of
transgenic mice (Alcendor et al. 2007). Low levels of hydrogen peroxide were shown to promote the
deacetylation of the tumour suppressor protein promyelocytic leukaemia in HeLa cells via SIRT1 and

SIRTS (Guan et al. 2014).

In contrast, exposure to high levels of hydrogen peroxide or severe oxidative stress leads to increased
proteasomal degradation of SIRT1, resulting in deSUMOylation and enzyme inactivation that can
trigger apoptosis (Yang et al. 2007). Human monocytes treated with a high dose of hydrogen peroxide
(250 uM for 24 h) exhibited a significant reduction in SIRT1 activity as indicated by levels of acetylated
p53 and a decrease in both SIRT1 gene and protein expression (de Kreutzenberg et al. 2010). Similarly,
human lung epithelial cells exposed to various oxidants showed reduced levels of SIRT1 along with
diminished SIRT1 activity (Caito et al. 2010). A recent study on human endothelial cells found that

while low doses of hydrogen peroxide had no effect, exposure to 100 uM hydrogen peroxide for 30
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minutes resulted in a drastic 50% reduction in SIRT1 activity and a decrease in free thiol content of

SIRT1 (Jung et al. 2013).

1.2.6 DNA methylation

Historically, DNA methylation was first identified in mammals around the same time that DNA was
recognized as the genetic material (Avery, MacLeod, and McCarty 1995; Moore, Le, and Fan 2013). In
1948, using paper chromatography, Hotchkiss (1948) discovered modified cytosine in calf thymus. He
hypothesized that this modification was 5-methylcytosine due to its separation pattern, which resembled
that of thymine from uracil, and suggested that this modified cytosine naturally occurs in DNA. While
many researchers speculated that DNA methylation could regulate gene expression, it wasn’t until the
1980s that various studies confirmed its role in gene regulation and cell differentiation (Holliday and
Pugh 1975; Taryma-Lesniak, Sokolowska, and Wojdacz 2021). It is now widely accepted that DNA
methylation, along with other regulatory mechanisms, is a key epigenetic factor influencing gene

activity.

DNA methylation is catalysed by a family of enzymes known as DNMTs which transfer a methyl group
from S-adenosyl methionine (SAM) to the fifth carbon of a cytosine residue, resulting in the formation
of 5-methylcytosine (Figure 1.6a) (Moore, Le, and Fan 2013). DNMT3A and DNMT3B induce new
methylation patterns on unmodified DNA, earning them the designation of de novo DNMTs, while
DNMT1 operates during DNA replication to transfer the methylation pattern from the parental DNA
strand to the newly synthesized daughter strand (Moore, Le, and Fan 2013). DNA methylation
determines the expression of genes via hypomethylation, which results in the activation of gene
expression, and hypermethylation, which leads to silenced gene expression (Figure 1.6b) (Holmes et al.

2019).
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Figure 1.6: a) DNA methylation is facilitated by DNMTs which transfer a methyl group from the
universal methyl donor, S-adenosylmethionine (SAM), to the 5™ carbon of the cytosine residue to yield
5-methylcytosine. b) DNA methylation is characterized by hypomethylation which induces gene
expression, or by hypermethylation which promotes gene silencing (prepared by author) (Ghazi et al.

2020). DNA: Deoxyribonucleic acid; DNMTs: DNA methyltransferases; SAM: S-adenosylmethionine.

DNMTs play crucial roles in embryonic development, but their expression diminishes significantly by
the time cells reach terminal differentiation, suggesting that DNA methylation patterns in postmitotic
cells are stable. However, postmitotic neurons in the mature mammalian brain still express considerable
levels of DNMTs, indicating that these enzymes and DNA methylation might have novel functions in
the brain (Goto et al. 1994; Feng et al. 2005). Neurons respond to environmental stimuli through
depolarization patterns that transmit information and encode responses. Recently, it has become
increasingly clear that alterations in gene expression following depolarization are accompanied by
modifications to the epigenetic landscape, including shifts in DNA methylation patterns (Martinowich
et al. 2003; Guo et al. 2011a). Despite the brain having some of the highest levels of DNA methylation
among all tissues, 5S-methylcytosine represents only about 1% of the nucleic acids in the human genome
(Ehrlich et al. 1982; Jones 2002). Most DNA methylation occurs on cytosines that precede a guanine

nucleotide known as CpG sites. Overall, mammalian genomes show a depletion of CpG sites, likely
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due to the mutagenic potential of 5-methylcytosine, which can deaminate to form thymine (Bird 1980).
The remaining CpG sites are widely distributed throughout the genome, where they are heavily

methylated, except at CpG islands (Bird et al. 1985; Wu and Zhang 2014).

1.2.6.1 DNA methylation writers and erasers

The members of the DNMT family directly catalyse the addition of methyl groups to DNA. While these
enzymes share a similar structure, they have distinct functions and expression patterns (Xie et al. 1999;
Kim 2025). The most extensively studied DNMT, particularly in the nervous system, is DNMT1, which
is highly expressed in various mammalian tissues, including the brain (Goto et al. 1994; Larsen,
Kristensen, and Callesen 2018). DNMT 1 preferentially methylates hemi-methylated DNA (Ramsahoye
et al. 2000; Takeshita et al. 2011). During DNA replication, DNMT1 localizes to the replication fork,
where it acts on newly synthesized hemi-methylated DNA (Leonhardt et al. 1992; Al-Yozbaki et al.
2022). It binds to this newly synthesized DNA and methylates it, precisely replicating the original
methylation pattern before DNA replication (Hermann, Goyal, and Jeltsch 2004; Larsen, Kristensen,
and Callesen 2018). Additionally, DNMT1 can repair DNA methylation (Mortusewicz et al. 2005), and
is thus referred to as the maintenance DNMT, as it preserves the original pattern of DNA methylation
in a cell lineage. In contrast, both DNMT3A and DNMT3B methylate both native and synthetic DNA
without showing any preference for hemi-methylated DNA (Okano et al. 1999; Larsen, Kristensen, and
Callesen 2018). Therefore, they are known as de novo DNMTs as they introduce new methylation
patterns into unmethylated DNA. The primary distinction between DNMT3A and DNMT3B lies in
their gene expression patterns, where DNMT3A is expressed more broadly, while DNMT3B has low
expression in most differentiated tissues, except in the thyroid, testes, and bone marrow (Xie et al.

1999).

As DNMT1 actively maintains DNA methylation during cell replication, its inhibition or dysfunction
can result in newly incorporated cytosine remaining unmethylated, thereby decreasing the overall
methylation level with each cell division. Active DNA demethylation can occur in both dividing and
nondividing cells, but it requires enzymatic processes to convert 5S-methylcytosine back to unmethylated
cytosine (Mayer et al. 2000; Zhang et al. 2007). Currently, there is no known mechanism in mammalian
cells that can cleave the strong covalent bond between cytosine and its attached methyl group. Instead,
demethylation occurs through a series of chemical modifications, including deamination and/or
oxidation reactions, producing a form that is recognized by the base excision repair pathway, which

replaces the modified base with unmethylated cytosine (Moore, Le, and Fan 2013).
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DNA methylation is recognized by three distinct families of proteins: the MBD proteins, the UHRF
proteins, and the zinc-finger proteins. Among these, the MBD family was the first to be identified. MBD
proteins possess a conserved methyl-CpG-binding domain, which gives them a higher affinity for single
methylated CpG sites (Nan, Meehan, and Bird 1993; Leighton et al. 2022). MBDs are expressed at
higher levels in the brain than in any other tissue, and many are crucial for normal neuronal development
and function (Amir et al. 1999; Yushko et al. 2024). Repressor complexes attach to methylated DNA
through MBDs (Razin and Szyf 1984; Nicholson, Veland, and Chen 2015). MBD2 has been shown to
demethylate DNA both in vitro (Bhattacharya et al. 1999) and in vivo (Cervoni and Szyf 2001).
Demethylases promote gene activation by removing repressive methyl groups (Detich, Theberge, and
Szyf 2002). While methylation typically silences genes, it is anticipated that a demethylase would
enhance transcription. However, MBD2 binds to methylated CpG sites and inhibits transcription by
recruiting inactive chromatin complexes that contain histone deacetylase (Liu et al. 2011). Thus, MBD2

can activate the expression of certain genes while simultaneously silencing others (Liu et al. 2011).

1.2.6.2 Aberrant DNA methylation alters brain development

Common neurodegenerative disorders such as Alzheimer’s disease, Parkinson’s disease, and
Huntington’s disease result in a progressive decline in neuronal function and cognitive impairment.
Epigenetic mechanisms are crucial for brain function, as they regulate gene expression (Robertson
2005). Among these mechanisms, DNA methylation is a significant modification that influences
transcriptional activity by either promoting or inhibiting the binding of transcription factors to DNA.
Numerous brain disorders are characterized by altered gene expression, and growing evidence suggests
that dynamic DNA methylation is involved in these changes and related pathological processes
(MacArthur and Dawlaty 2021). Additionally, dysregulation of the epigenome has been observed in

both neurodevelopmental and neurodegenerative diseases (Younesian et al. 2022).

During early developmental stages, neural stem cells give rise to all cortical neurons. Alterations in 5-
methylcytosine at the promoters of genes which are crucial for brain development and neural
differentiation, can lead to transcriptional changes that affect neural differentiation (Santiago et al.
2020). There is a strong correlation between gene silencing and non-CpG methylation (Guo et al. 2014).
Notably, non-CpG methylation is a conserved DNA modification in the human neuronal genome,
playing a role in regulating genes associated with neuronal differentiation, synaptogenesis, and function
(Lister et al. 2013). In both humans and mice, non-CpG methylation is established after neurons mature.

In humans, 5-methylcytosine levels at specific loci responsible for CNS growth and development
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increase significantly after birth, contributing to neuronal differentiation which may persist throughout
life (Siegmund et al. 2007). Interestingly, mature neurons do not undergo mitosis, so while 5-
methylcytosine cannot be passively removed during cell division, it can still be actively eliminated by
TET (Ten-eleven translocation) enzymes (He et al. 2020). Thus, 5-methylcytosine is dynamic and
influences neurogenesis. Similarly, DNA methylation is involved in the differentiation and maturation
of astrocytes. Additionally, it has been suggested that 5-methylcytosine plays a role in sexual
differentiation in the developing mammalian brain, being necessary for the masculinization or

feminization of brain structures (Nugent et al. 2015).

DNMTT1 is a highly conserved DNA methyltransferase in both mice and humans, ensuring the faithful
preservation of DNA methylation patterns during cell division (Ye et al. 2018). In mice, DNMT3A is
highly expressed in neural stem and progenitor cells within the developing cerebral cortex, as well as
in neurons and oligodendrocytes, but is expressed at very low levels in astrocytes (Feng et al. 2005).
DNMTS3B is only expressed in the ventricular zone during early embryonic development (Wang, Tang,
et al. 2016). Mice lacking DNMT3A can survive for four weeks, while homozygous deletions of either
DNMT1 or DNMT3B result in embryonic or postnatal lethality (Okano et al. 1999). Conditional mutant
mice lacking DNMT1 or DNMT3A in forebrain excitatory neurons display impairments in learning and
memory, along with deregulated neuronal gene expression, highlighting the importance of these
DNMTs in DNA methylation maintenance and regulation of adult neuronal gene expression (Feng et
al. 2010). Additionally, DNMT3B is crucial for de novo methylation during development, as its absence

leads to abnormal development of the rostral neural tube (Okano et al. 1999).
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CHAPTER 2

Fumonisin B, induces global DNA hypermethylation in human glioblastoma U87MG cells

DNA methylation is the most widely studied epigenetic modification which regulates gene expressions.
Epigenetic modifications are essential for overall health and normal development; however,
environmental exposure to mycotoxins can disrupt the cells epigenome, often resulting in toxicity
(Huang et al. 2019). Aberrant DNA methylation has also been associated with neurological disorders.
Multiple reports have documented the harmful effects of FB; on neuronal tissue, highlighting its
potential for direct neurotoxicity. The health impacts and toxicity mechanisms of FB; have been widely
researched; however, the mechanisms of FB; non-genotoxicity remain unclear. FB; has been implicated
in the inhibition of cellular macromolecule syntheses which may result in damage to the cell and
membrane structure (Mobio et al. 2000). This paper determined the effect of FB; on cytotoxicity and
DNA methylation in human glioblastoma U87MG cells and suggested an alternative mechanism for

FB; toxicity.
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Abstract

Fumonisin B; (FB:) is a common maize contaminant known to induce toxicity and carcinogenesis in
humans and animals; however, its epigenetic mechanisms remain poorly understood. DNA methylation
is an epigenetic modification that controls gene expression through DNA methyltransferase and
demethylase activities. In this study, the effect of FB; on DNA methylation in brain glioblastoma
U87MG cells was evaluated. FB, cytotoxicity was determined by the MTT assay and an ICso value of
880 uM FB; was obtained. The ELISA-based global DNA methylation assay displayed an increase in
S5-methylcytosine levels. qPCR and western blot revealed a significant increase in DNA
methyltransferase expressions (DNMTI1, DNMT3A, and DNMT3B) and a significant decrease in
demethylase expression (MBD2). This data indicates that FB; induces global DNA hypermethylation,
through increased DNA methyltransferase expressions and DNA demethylase suppression in U§7MG

cells, thus suggesting an alternative mechanism of toxicity.

Keywords: Fumonisin B, Epigenetics, DNA methylation, 5-methylcytocine, DNMTs, MBD2

Introduction

Food and feed are susceptible to fungal and mycotoxin contamination, which pose major health hazards
to humans and animals. Synthesized by the Fusarium fungal species, Fumonisins frequently infect
maize and maize-based food products (Thiel et al. 1991; Liu, Fan, et al. 2019), with Fumonisin B; (FB,)
being the most abundant and toxic member (Shephard et al. 1990; Liu, Fan, et al. 2019). It is widely
understood that FB; causes a plethora of toxicities in animals, including hepatotoxicity, nephrotoxicity,
immunotoxicity, and neurotoxicity (Liu, Fan, et al. 2019), while in humans FB; has been classified as
a potential human carcinogen (2B) and was associated with high risks of oesophageal cancer (Sydenham
et al. 1990) and hepatocellular carcinoma (Chuturgoon, Phulukdaree, and Moodley 2014). It is broadly
recognized that the core mechanism of FB; toxicity is through the disruption of sphingolipid metabolism
(Voss and Riley 2013), which can be coupled to the epigenetic mechanisms of FB; (Voss, Smith, and
Haschek 2007b; Sugiyama et al. 2021).
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Epigenetics is classified as the heritable changes in gene activity independent of the DNA sequence
(Moore, Le, and Fan 2013). The most researched epigenetic mechanisms are DNA methylation, post-
transcriptional histone modifications and small non-coding RNAs. Of these, DNA methylation is the
most dysregulated epigenetic mechanism (Ghazi et al. 2020), hence it is the focus of this study. DNA
methylation is a chemical modification that functions in regulating gene expression (Issa et al. 1993).
DNA methylation occurs almost entirely at CpG dinucleotides and is catalysed by DNA
methyltransferases (DNMTs), namely DNMT1, DNMT3A, and DNMT3B (Ghazi et al. 2020). During
this process, DNMTs facilitate the transfer of a methyl group from the universal methyl donor, S-
adenosylmethionine to the 5™ carbon of cytosine residues to yield 5-methylcytosine (Moore, Le, and
Fan 2013). DNMTT is essential for DNA replication as it plays a role in maintenance by copying DNA
methylation patterns from the parent DNA strand to the next generation (Moore, Le, and Fan 2013).
The de novo methyltransferases, DNMT3A and DNMT3B target un-methylated cytosine bases to
initiate new DNA methylation patterns (Ghazi et al. 2020). Furthermore, DNA methylation patterns can
be influenced by the recruitment of methyl-CpG-binding domain 2 (MBD2) protein, which acts as a
methylation-dependent transcriptional repressor (Berger and Bird 2005b) and holds demethylation
characteristics (Detich, Theberge, and Szyf 2002). Alterations in DNA methylation patterns are
considered a significant toxicity regulator. While global DNA hypomethylation results in genomic
instability and increased genetic mutations, global DNA hypermethylation has been implicated in

transcriptional gene silencing and repression of chromatin structure (Ghazi et al. 2020).

The brain is an essential organ of the nervous system, which functions in controlling and coordinating
a variety of actions and reactions in the body (Xie et al. 2023b). FB, neurotoxicity has been substantially
reported (Gao et al. 2023), with the first report being leukoencephalomalacia in horses (Ross et al.
1992). In rats, FBi-contaminated diets have led to a significant loss of neuronal cell body (Sousa et al.
2014) and nerve conduction velocity (Banczerowski-Pelyhe et al. 2002). In adult pigs, FB, impaired
activities of the regional brain and hypophyseal acetylcholine hydrolase (Gbore 2010), while in beef
cattle FB; induced acute myelin oedema and optic nerve degeneration (Sandmeyer et al. 2015).
Furthermore, FB; was found to penetrate the blood-brain barrier and cause degeneration, brain oedema
and nerve cell necrosis in carps (Kovaci¢ et al. 2009). In humans, FB; triggers embryonic neural tube
defects, hindering neurodevelopment (Marasas et al. 2004). This FB; phenomenon was also monitored
in pregnant LM/BC mice, which showed a 79% probability of developing neural tube defects (Gelineau-
van Waes et al. 2005a).

Glioblastoma is the most frequent and destructive primary brain tumour in adults and children, with a

mean survival of approximately one year. These tumours have been extensively characterized at both
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the transcriptome and genome levels, and studies suggest that integrating these molecular insights could
aid in identifying robust signatures and clinically relevant molecular classifiers (de Tayrac et al. 2009).
A key factor in the development and persistence of treatment resistance in GBM cells is their epigenetic
profile (Aanya et al. 2025), making them a good model for this FB; toxicity study via DNA methylation.
GBM cells are also ideal for this study as they undergo metabolic reprogramming which enables them
to modify their metabolism to support rapid growth and enhance survival (Cortes Ballen et al. 2024).
This adaptability renders them vulnerable to toxins like FBi, which interfere with sphingolipid
metabolism. Given the limited data on FBi’s neurotoxicity in humans and its classification as a
carcinogen, studying the effects of FB; in GBM cells can offer valuable insights into its neurotoxic
mechanisms and its potential role in tumour progression. Emerging research highlights the contribution
of epigenetics in brain functions such as learning and memory, synaptic plasticity, circadian rhythm,
drug addiction and adult neurogenesis (Guo et al. 2011b). Moreover, DNMTs are significantly
expressed in postmitotic neurons of mature mammals, suggesting a role for DNA methylation in
neurodegeneration (Goto et al. 1994; Moore, Le, and Fan 2013). Neurons are stimulated by
depolarization which relays information and encodes response to the environment. Recent evidence
suggests that gene expression modifications, post depolarization, are accompanied by alterations in
DNA methylation patterns (Martinowich et al. 2003; Guo et al. 2011b). As reported by Ehrlich et al.
(1982), apart from the thymus, the brain has the greatest level of DNA methylation compared to any
other human tissue. Additionally, FB; may be considered an epigenetic carcinogen in risk assessment
processes, while researchers have also documented that FB; can alter DNA methylation via its
association with folate deficiency (Abdel Nour et al. 2007; Gelineau-van Waes et al. 2005a; Stevens
and Tang 1997b). This thus provides a rationale to explore the role of FB; toxicity as a mode of
epigenetic action (Demirel, Alpertunga, and Ozden 2015). While epigenetic mechanisms play a well-
established role in cancer development and tumour aggressiveness, their changes are potentially
reversible, thus offering promise as targets for epigenetic-based cancer treatments (Etcheverry et al.
2010). Furthermore, genome-wide DNA methylation analysis is essential to understand the epigenetic
changes that make glioblastomas so hostile and to develop better treatment strategies (Etcheverry et al.
2010). In this study, we investigated the effect of FB; on global DNA methylation via the expressions
of DNMTs and MBD?2 in human brain glioblastoma U87MG cells.

Methods and Materials
Reagents

The U87MG cell line was purchased from Separations Scientific (Johannesburg, SA). Reagents for cell
culture were purchased from Lonza Biotechnology (Basel, Switzerland). Western Blot reagents were

purchased from Bio-Rad (Hercules, CA, USA). Quantitative Polymerase Chain Reaction (qPCR)
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primers were obtained from Ingaba Biotech (Johannesburg, SA). All other reagents were purchased

from Merck (Darmstadt, Germany), unless otherwise stated.

Cell Culture and Treatment

U87MG cells were cultured in Dulbecco’s Minimum Essentials Medium (DMEM) supplemented with
2.5 mM HEPES buffer, 10% foetal bovine serum, 1% penicillin-streptomycin-fungizone, and 1% L-
glutamine at 37°C with 5% CO- in a humidified incubator. Cells were allowed to reach approximately
90% confluency before treatment with FB;. A stock of 5 mM FB; was prepared in 0.1 M phosphate
buffered saline (PBS). Following cell viability testing, for all subsequent assays conducted, cells were
treated with 880 uM FB; (ICso) in DMEM for 24 h. US7MG cells containing DMEM only were cultured
under the same conditions and used as the control. Additionally, a 50 mM stock solution of the DNA
methylation inhibitor, 5-aza-2’-deoxycytidine (5-aza-2-DC) was prepared in 100% dimethyl sulfoxide
(DMSO). Cells treated with 5-aza-2-DC (500 uM; 24 h) (Proto et al. 2022) were used as a negative
control for the DNA methylation assay.

Cell Viability Assay

The methyl thiazol tetrazolium (MTT) assay was used to determine the cytotoxicity of FB; on US7TMG
cells. US7MG cells were seeded in a 96-well plate and treated for 24 h with FB; (0 - 1000 uM in 100
UM increments) in triplicate. 5 mg MTT salt was made up in 1 ml PBS. Following the 24 h incubation,
the treatments were discarded, and cells were incubated (4 h, 37°C) with MTT salt solution (20 ul MTT
salt in 100 ul DMEM per well). Following incubation, the MTT salt solution was removed, 100 ul
DMSO was added to each well and incubated (1 h, 37°C). Optical density of the formazan produced
was measured using a spectrometer (SPECTROstar Nano, BMG LABTECH, Ortenburgh, Germany) at
a wavelength of 570 nm and a reference wavelength of 690 nm. The percentage cell viabilities were
calculated relative to the control and used to construct a dose-response curve from which the half

maximal inhibitory concentration (ICso) of FB; was determined.

DNA Isolation and DNA Methylation Assay

The DNA methylation assay was performed to determine the percentage of 5-methylcytosine in control,
FBi-treated and 5-aza-2-DC-treated US7MG cells. Genomic DNA was isolated from these cells. Briefly,
control, FB; and 5-aza-2-DC treated U87MG cells were incubated with 600 pl cell lysis solution (0.5
M EDTA, 1 M Tris-Cl, 0.1% SDS; 15 min, RT), scraped and transferred into fresh 1.5 ml
microcentrifuge tubes. 600 pl potassium acetate buffer (5 M potassium acetate, glacial acetic acid; 8

min, RT) was added to the cells followed by centrifugation (13,000 rpm, 5 min, 24°C). 600 pl
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isopropanol (100%) was added, DNA was precipitated by centrifugation (13,000 rpm, 5 min, 24°C) and
washed in 300 pl ethanol (100%). Following centrifugation (13,000 rpm, 5 min, 24°C), DNA pellets
were air dried (15 min, RT), resuspended in 40 pul hydration solution (10 mM EDTA (pH 8), 100 mM
Tris-Cl (pH 7.4) and heated (15 min, 65°C). All DNA samples were then quantified using the
Nanodrop2000 spectrophotometer (Thermo-Fisher Scientific) and standardized to 100 ng/ul. The
A260/A280 absorbance ratio was used to assess DNA purity. Standardized DNA was used to quantify
global DNA methylation using the Methylated DNA Quantification Kit (Abcam, ab117128), as per the
manufacturer’s instructions. The percentage 5-methylcytosine content was determined using the

supplied formula (below) and represented as a fold change relative to the control.

Quantification of DNA Methylation Formula:

Sample OD—Negative Control OD

Amount of 5SmC (ng) = Slope x 2

5mcC (ng)

————— x 100
input sample DNA

Percentage of SmC =

RNA Isolation and qPCR

qPCR was conducted to determine gene expression of DNA methylation markers. A cell scraper was
used to lyse cells from control and FB;-treated U87MG cells upon incubation (RT, Smin) with 500 pl
each of Qiazol Reagent (Qiagen, 79306) and PBS. Cell lysates were incubated overnight (-80°C) after
being transferred to fresh 1.5 ml micro-centrifuge tubes. Following the addition of 100 pul chloroform,
samples were centrifuged (4°C, 12 000xg, 15 min) and the aqueous phase was transferred to fresh 1.5
ml micro-centrifuge tubes. Thereafter, 100 ul isopropanol was added, incubated overnight (-80°C) and
centrifuged (4°C, 12000xg, 20 mins). Sample supernatant was removed, and RNA pellets were washed
with 500 pl ethanol (75%). RNA pellets were air dried (RT, 45 min) following centrifugation (4°C,
7400xg, 15 min), and resuspended in 15 pl nuclease-free water. Isolated RNA was quantified
(Nanodrop2000) and standardized to 500 ng/ul. cDNA was synthesized from standardized RNA using
the Maxima™ H Minus cDNA synthesis kit (Thermo-Fisher Scientific) with the following
Thermocycler conditions: 25°C for 5 min, 42°C for 30 min and 85°C for 5 min. DNMT1, DNMT3A,
DNMT3B and MBD2 gene expression was measured using the PowerUp™ SYBR™ Green Master
Mix (Thermo-Fisher Scientific). All mRNA expressions were normalized against the housekeeping
gene GAPDH. The CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA)
was used for qPCR, with the following thermal conditions: initial denaturation (8 min, 95°C) followed
by 40 cycles of denaturation (15 s, 95°C), annealing (40 s, see Table 2.1 for temperature) and extension
(30's, 72°C). Primer sequences and annealing temperatures for each gene are listed in Table 2.1. The

CFX manager software version 3.1 was used to analyse qPCR data following the comparative threshold
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(Ct) method (Livak and Schmittgen 2001). Results were represented as mean fold change relative to

the control.

Table 2.1: Primer sequences and annealing temperatures used for qPCR.

Forward Sequence Annealing
Gene Reverse Sequence
Temperature

5" — ACC GCT TCT ACT | 5-GTT GCA GTC CTCTGT
DNMT]I 60 °C
TCCTCGAGG CCT A-‘3 | GAACACTGT GG- ‘3

5’ —= GGG GAC GTC CGC | 5 — CAG GGT TGG ACT

DNMT34 58°C
AGC GTCACAC-"3 CGA GAAATCGC -3
5> — CCT GCT GAA TTA | 5 — TAA GCC AAA CAG
DNMT3B 58°C
CTCACGCCCC-"3 CAGGGTTCTT-3
5° — AGG TAG CAATGA | 5> -TAA GCC AAA CAG
MBD?2 56 °C

TGAGACCCTTTTA-3 | CAGGGTTCT T- ‘3

5’ - TCC ACC ACC CTG | -ACCACAGTC CAT GCC
GAPDH -—-
TTG CTGTA-3 ATCAC-3

Protein Isolation and Western Blot

DNMT1, DNMT3A and MBD?2 protein expression was determined by western blot. 200 ul cytobuster
supplemented with phosphatase and protease inhibitors was used to isolate crude protein from control
and FBi-treated U87MG cells. Cells were incubated on ice (30 min), scraped, and transferred to a fresh
1.5 ml microcentrifuge tube, followed by centrifugation (4°C, 12000xg, 10 min). Crude protein was
then quantified by the bicinchoninic acid (BCA) assay (Sheik Abdul, Nagiah, and Chuturgoon 2019b)
and standardized to 1 mg/ml. Prior to boiling (100°C, 5 min), standardized protein samples were diluted
in 1x Laemmli buffer [dH,O, 0.5M Tris-HCI (pH 6.8), glycerol, 10% SDS, 5% B-mercaptoethanol and
1% bromophenol blue]. Standardized proteins were loaded on a sodium dodecyl sulphate
polyacrylamide gel (10% resolving gel, 4% stacking gel) and separated by electrophoresis (150V, 1 h).
Separated proteins were transferred onto nitrocellulose membranes using the Bio-Rad Trans-Blot®
Turbo Transfer System (20 V, 30 min), followed by blocking in 5% BSA (RT, 1 h), made up in Tris-
buffer saline (TTBS) [0.05% Tween 20, dH,O, 3mM KCI, 25mM Tris, 150mM NaCl, pH 7.5].
Membranes were probed overnight (4°C) with primary antibody (Table 2.2), washed with TTBS (5
times, 10 min), probed with an HRP-conjugated secondary antibody (RT, 1 h) and washed again with
TTBS (5 times, 10 min). Clarity Western ECL Substrate (Bio-Rad) detection reagent was used to
visualize protein bands on the Thermo-Fisher Scientific iBright™ CL1500 Instrument. Following

detection, membranes were quenched in 5% hydrogen peroxide (37°C, 30 min), washed with TTBS,
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blocked, and probed with the housekeeping protein anti-p-actin (RT, 1 h). Protein bands were analysed

on the iBright™ analysis software (version 5.2.1) and results were expressed as relative band density.

Table 2.2: Western blot primary and secondary antibodies and their dilutions.

Antibody Dilution Company Catalogue number
DNMT1 (D63A6) Rabbit mAb 2:1000 Cell Signalling 5032 S

DNMT3A (D23G1) Rabbit mAb | 2:1000 Cell Signalling 3598 S
Anti-MBD2/3 (D-7) Mouse 1:1000 Santa Cruz Sc-271562
Anti-Rabbit [gG HRP 2:5000 Cell Signalling 7074S

Anti-mouse IgG HRP 2:5000 Cell Signalling 7076S
Anti-B-Actin 1:5000 Sigma-Aldrich A3854

Statistical Analysis

All experimental data was analysed on GraphPad Prism version 5.0 (GraphPad Software Inc.,
California). The one-way analysis of variance (ANOVA) with the Bonferroni multiple comparisons test
was used to determine the statistical significance between control, FB; and 5-aza-2-DC treatment
groups for the DNA methylation assay. The unpaired t-test was conducted to evaluate statistical
significance between control and FB; treatment groups for gPCR and western blot assays. Data with a
p-value <0.05 was considered statistically significant, while results were represented as mean + standard

deviation of 3 independent experiments.

Results
FB, decreases US7MG cell viability

The MTT assay measures metabolic cellular activity as an indicator of cell viability. U87MG cells were
treated with a range of FB; concentrations (0 — 1000 pM) for 24 h, from which a dose-response curve
was obtained, showing decreased cell viability upon FB; treatment (Figure 2.1). An ICso of 880 uM FB;

in US7MG cells was determined and used for all subsequent experiments.
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Figure 2.1: The cytotoxic effect of FB; on US7MG cells. US7MG cell viability was reduced in a dose-
dependent manner following 24 h exposure to FB;. An ICso of 880 uM FB; was determined. FB;:

Fumonisin By

FB; increases DNA methylation levels in US7MG cells

The effect of FB; on global DNA methylation status in U87MG cells was measured via 5-
methylcytosine using the ELISA-based DNA methylation quantification kit. 5-Aza-2-DC was also
assessed as a negative control. FB; significantly increased 5-methylcytosine content in US7MG cells
compared to the control (p=0.0009; Figure 2.2). The DNA hypomethylation agent 5-aza-2-DC
significantly reduced 5-methylcytosine content compared to the control (p=0.0009; Figure 2.2). Thus,
FB; induced global DNA hypermethylation in U§7MG cells.
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Figure 2.2: FB; increased global DNA methylation in U87MG cells. The negative control, 5-aza-2-DC,
significantly decreased DNA methylation in US7MG cells. Results are expressed as mean fold change
+ SD (n=3) relative to the control. Statistical significance was determined by one way ANOVA with the

Bonferroni multiple comparisons test (*»<0.05). FB,: Fumonisin B;.

FB: upregulates DNA methyltransferases and downregulates DNA demethylase expressions in

US87MG cells

The expressions of DNA methyltransferases and DNA demethylase were determined in U87MG cells
after treatment with FB;. mRNA expressions of DNMT1, DNMT3A4, DNMT3B, and MBD2 in FB;-
treated US7MG cells were measured by qPCR. Post FB; exposure, DNMT1 (p=0.0053; Figure 2.3A),
DNMT3A4 (p=0.0016; Figure 2.3B) and DNMT3B (p=0.0194; Figure 2.3C) expressions were
significantly upregulated, while MBD2 (p=0.0058; Figure 3D) showed a significant downregulation in
US87MG cells compared to the control.

Protein expression of DNMT1, DNMT3A and MBD2 were measured by western blot. Consistent with
its gene expressions, DNMT1 (p=0.0258; Figure 2.4A) and DNMT3A (p=0.0061; Figure 2.4B) proteins
were upregulated while MBD2 protein was downregulated (p= 0.0048; Figure 2.4C) in FB,-treated
U87MG cells compared to the control. This data suggests that FB; induced global hypermethylation of
DNA in U87MG cells by upregulating DNMTs and downregulating MBD2 expression.
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Figure 2.3: FB; increased gene expression of DNMT1 (A), DNMT3A (B), DNMT3B (C) but decreased
MBD?2 (D) expression in US7MG cells. mRNA expression results are expressed as mean fold change +
SD (n=3). Statistical significance for Control vs FB; was determined by unpaired t test (¥*p<0.05,
*#p<0.01). FB;: Fumonisin B;; DNMT: DNA methyltransferase; MBD2: Methyl-CpG binding domain
2.
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Figure 2.4: FB, increased protein expressions of DNMT1 (A) and DNMT3A (B) but decreased MBD2
(C) expression in U87MG cells. Protein results are expressed as relative band density to the control +
SD (n=3). Statistical significance for Control vs FB; was determined by unpaired t test (¥*p<0.05,
*#p<0.01). FB;: Fumonisin B;; DNMT: DNA methyltransferase; MBD2: Methyl-CpG binding domain
2.

Discussion

Annually, global food security is threatened as nearly 25% of foodstuffs are contaminated by
mycotoxins (Omotayo et al. 2019). Mycotoxins are produced by fungi that target agricultural crops in
response to environmental factors including humidity, pest infestation, and inappropriate storage and
harvest operations (Omotayo et al. 2019). The ingestion of mycotoxin-contaminated food and feed
products proves detrimental to health as it may result in cancer initiation and progression (Ghazi et al.
2020). FB; has previously displayed tumour-aggravating characteristics (Gelderblom et al. 1988b),
which may be attributed to its ability to disrupt sphingolipid biosynthesis. FB; consumption has also
been linked to heightened primary liver and oesophageal cancer risks in residents of South Africa and
China (Rheeder et al. 1992). The present study was thus designed to investigate the toxic potential of
FB; in glioblastoma U887MG cells. We determined the cytotoxic effect of FB; in US7MG cells via the
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MTT assay. US7MG cells incubated with increasing FB; concentrations demonstrated high tolerance to
FB, exposure, yielding a high ICso of 880 uM (Figure 2.1). Our finding is parallel with a study on FB,
in HK-2 cells (225 to 1100 uM FB;) which revealed low cell death potential (Pinhdo et al. 2020).
Similarly, FB; toxicity was minimal in porcine kidney and swine jejunal epithelial cells (Wan, Turner,
and El-Nezami 2013), while HepG2, Caco-2 and Madine-Darby bovine kidney cells showed no FB;
cytotoxicity (Clarke et al. 2014; Sobral et al. 2018). While our study is the first to report an ICso for FB;
in US7MG cells, previous research has reported significantly lower FB; ICso values in various cell lines
including C6 glioma cells (Mobio et al. 2000), neuroblastoma SH-SYS5Y cells (Krupashree and
Rachitha 2022), mouse primary neuronal and astroglia cells (Szentgydrgyi et al. 2024), and HepG2 cells
(Chen et al. 2022). Interestingly, Chen et al. (2022) observed a relatively high ICso (589.7 +=23.4 ng/mL)
in Caco-2 cells upon 24 h exposure to FBi, suggesting that the differences in FB; cytotoxicity may be
influenced by the cell line. Additionally, GBM is the most aggressive brain tumour in adults, with
several molecular markers identified to aid in its diagnosis, prognosis, and treatment (Nie et al. 2015).
Glioblastomas are heterogeneous tumours consisting of several sub clonal driver mutations, rendering
them highly adaptable and resistant to treatment, while increasing their survival (Prager et al. 2020).
Notably, mutations in isocitrate dehydrogenase 1 (IDH1), particularly the IDH1R132H mutation, are a
common feature of a major subset of human gliomas and are commonly found in secondary GBM,
which develops from lower-grade gliomas (Hill et al. 2014). Interestingly, patients with IDHIR132H
mutations tend to have significantly better survival rates (Yan et al.). Therefore, it may be worth
exploring the role of IDH1 mutations in U87MG cells in relation to its high tolerance to FB;
cytotoxicity, yielding a high ICso. Also, FB;’s key mode of action is via sphingolipid metabolism
disruption by inhibiting ceramide synthase. However, sphingolipids help control glioma cell growth and
response to chemotherapy. Ceramide acts as a tumour suppressor by slowing cell growth and triggering
cell death in tumours like GBM (Bassi et al. 2023). Therefore, altered ceramide synthase metabolism

by FB1, may reduce U887MG cells susceptibility to the toxin’s effects.

Advancements in molecular pathology have revealed that abnormal epigenetic mechanisms, including
histone modifications, altered non-coding RNA expression, DNA methylation, and chromatin
remodelling, are well-documented contributors of glioma progression and development (Uddin et al.
2022; Jones and Baylin 2007). DNA methylation involves the addition of a methyl group to the 5’
cytosine of CpG sites. This modification leads to chromatin condensation, thereby restricting
transcription. Mechanistically, DNA methylation can repress transcription by recruiting methyl-CpG-
binding proteins like MECP2 to methylated CpG dinucleotides (Fuks et al. 2003). These proteins, in
turn, attract histone deacetylases (HDACs), which further reinforce a closed chromatin state (Roos-
Araujo et al. 2014). Additionally, this compact structure inhibits the transcriptome complex, including

DNA polymerase, from accessing promoter regions and ultimately suppresses gene expression.
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Through this coordinated regulation, DNA methylation plays a crucial role in controlling gene activity
(Roos-Araujo et al. 2014; Riggs 1975). Furthermore, DNA wraps around histones which undergo
various post-translational modifications, including acetylation, methylation, phosphorylation, and
ubiquitination (Bhaumik, Smith, and Shilatifard 2007; Kouzarides 2007). These modifications
influence DNA-histone interactions and chromatin structure. For instance, histone acetyltransferases
(HATs) add acetyl groups to lysine residues, generally leading to a more open chromatin state that
promotes transcription, while HDACs remove these groups, resulting in chromatin condensation and
transcriptional gene repression (Guil and Esteller 2009). Key histone modifications linked to DNA
methylation include the repressive marks trimethylation of lysine 27 in histone 3 (H3K27me3) and
lysine 36 in histone 3 (H3K36me3). H3K27me3 is enriched in methylated DNA regions with low
transcription and aids in DNMT recruitment (Schlesinger et al. 2007). It is also abundant in aberrantly
methylated cancer genes (Schlesinger et al. 2007), especially with DNMT3B overexpression (Zhang,
Charlton, et al. 2018). H3K36me3 methylation results in DNA methylation distribution (Wagner and
Carpenter 2012), while it also enhances DNMT3A activity and its DNA binding (Dhayalan et al. 2010).
Trimethylation of lysine 9 in histone 3 (H3K9me3), established by SUV39H, overlaps with
pericentromeric and heterochromatic regions, promoting DNA methylation via DNMT-3A and -3B
(Lehnertz et al. 2003). The SUV39H-HP1 complex is crucial for this process, while UHRF (ubiquitin-
like containing plant homeodomain and RING finger domain) binds H3K9me?2/3 for DNMT 1-mediated
maintenance methylation (Nishiyama et al. 2020). In contrast, trimethylation of lysine 4 in histone 3
(H3K4me3) is mutually exclusive with DNA methylation and is enriched in active promoters (Loaeza-
Loaeza, Beltran, and Hernandez-Sotelo 2020). Earlier studies have also shown that FB; alters global
DNA methylation, histone modifications, and chromatin-regulating enzymes in rat foetuses (Pellanda
et al. 2012) and HepG2 cells (Chuturgoon, Phulukdaree, and Moodley 2014). Thus, epigenetic changes

in histone modifications may play a key role in FB1's carcinogenic mechanism.

Alternatively, growing evidence has shown that many microRNA (miRNA) genes also undergo
epigenetic modifications. miRNA genes that are actively transcribed produce primary miRNA
transcripts, which undergo a two-step process to become mature, functional molecules about 21
nucleotides long. These miRNAs join the RNA-induced silencing complex to regulate target mRNAs
(Guil and Esteller 2009). This regulation can directly or indirectly affect DNA and histone-modifying
enzymes, as well as chromatin remodelling factors. When standard regulation is disrupted, whether
naturally or due to disease, various repressive epigenetic marks work together to silence specific
genomic regions. As a result, when miRNA genes are silenced, it can lead to altered expression of
multiple downstream target genes (Guil and Esteller 2009). The miR-29 family (miR-29a, miR-29b,
miR-29c), a key epigenetic regulator, modulates DNA methylation by targeting DNMTs. In lung cancer,
where DNMT3A and DNMT3B are often upregulated and linked to poor prognosis, miR-29 expression
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is inversely correlated with these DNMTs and directly suppresses them (Fabbri et al. 2007). Ectopic
miR-101 reduces DNMT3A expression and global DNA methylation in the lung, while its loss
accelerates tumorigenesis through DNMT3A-dependent methylation (Yan et al. 2014). In laryngeal
squamous cell carcinoma, miR-148a-3p targets DNMT1, reducing DNA methylation (Wu, Qu, et al.
2016). In colorectal cancer, miR-124 and miR-506 are downregulated, leading to increased DNMT3B
(directly) and DNMT]1 (indirectly) (Chen, Liu, et al. 2015). In astrocytoma cells, miR-101 directly
targets DNMT3A (Lei et al. 2015). DNMTT has been identified as a high-scoring target of miR-152. In
bladder cancer cells and tissue miR-152 expression was downregulated due to promoter DNA
hypermethylation (Zhang, Qi, et al. 2018). This study also revealed that miR-152 expression was
inversely proportional to DNMT1 expression, and confirmed that miR-152 directly targets the 3'
untranslated region (3’-UTR) of DNMT 1, suppressing its expression (Zhang, Qi, et al. 2018). Similarly,
in nickel sulphide (NiS)-transformed human bronchial epithelial (16HBE) cells, miR-152 was due to
promoter hypermethylation, while its ectopic expression significantly reduced DNMT1 levels by
directly targeting its 3'-UTR (Ji et al. 2013). Conversely, miR-152 inhibition in normal 16HBE cells
increases DNMT]1 expression and DNA methylation, establishing a double-negative feedback loop
between miR-152 and DNMT1 (Ji et al. 2013). These findings highlight miRNAs as key regulators of
DNA methylation in cancer by targeting DNMTs.

On the other hand, oxidative stress plays a crucial role in the onset and progression of various human
diseases, including neurodegenerative disorders. Growing evidence indicates that oxidative stress
broadly impacts chromatin structure, DNA methylation, and post-translational modifications of histones
and DNA-binding proteins (Kreuz and Fischle 2016). These alterations influence key cellular processes
such as gene expression, cell survival, apoptosis, and mutagenesis, all of which contribute to disease
development and progression (Kreuz and Fischle 2016). Oxidative stress disrupts redox signalling and
homeostasis, leading to molecular damage, with reactive oxygen species (ROS) being the primary
oxidants driving this process. Uncontrolled ROS has been implicated in altering DNA methylation
levels (Franco et al. 2008). For instance, hydrogen peroxide acts as a nucleophile, deprotonating
cytosine at the carbon 5 position, which enhances its reaction with the positively charged intermediate
S-adenosylmethionine during DNA methylation (Afanas’ev 2013). DNA methylation may also be
directly inhibited via the depletion of S-adenosylmethionine by oxidative stress, through various
mechanisms (Kreuz and Fischle 2016). Glutathione (GSH) is a key antioxidant involved in various
biological processes. Disruptions in GSH synthesis or depletion can lead to global DNA
hypomethylation, likely due to reduced levels of S-adenosylmethionine (Cyr and Domann 2010;
Garcia-Giménez et al. 2017). S-adenosylmethionine is synthesized from methionine by methionine-
adenosyl transferase (MAT) before being utilized (Garcia-Giménez et al. 2017). Both MAT and

methionine synthase are highly sensitive to oxidative stress and GSH balance, which can impair
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methyltransferase activity and lower global DNA methylation under conditions of redox imbalance
(Garcia-Giménez et al. 2017; Cyr and Domann 2010). ROS can also influence the expression of DNMTs
(Rang and Boonstra 2014). In vitro studies, in SH-SY5Y human neuroblastoma cells, showed that short-
term exposure (1 h) to hydrogen peroxide increased global DNA methylation levels, whereas prolonged
exposure (72 h) led to a reduction in DNA methylation, accompanied by decreased expression of
DNMTI1, DNMT3A, and DNMT3B (Gu et al. 2013). Additionally, peroxides can modify nucleobases,
producing 5-chlorocytosine, which mimics 5-methylcytosine and disrupts proper DNMT1 methylation
within CpG sequences, leading to gene silencing (Lao et al. 2009). High oxidative stress may hinder
the catalytic cycle of iron, leading to inhibition of the ten-eleven translocation (TET) family DNA
demethylases and resulting in increased DNA methylation levels (Kreuz and Fischle 2016). Reportedly,
oxidative stress-induced ROS production also enhances 8-hydroxydeoxyguanosine (8-OHdG) levels in
certain cancer types. 8-OHdG causes conformational changes that shift chromatin from an active to a
repressive state, potentially contributing to tumorigenesis by altering the methylation patterns of tumour
suppressor genes (Nishida et al. 2013). Furthermore, 8-OHdG restricts DNMTs' ability to bind DNA
thus leading to global genome hypomethylation (Udomsinprasert et al. 2016; Ziech et al. 2011). In CpG
dinucleotides, cytosine is the primary site for DNA methylation, while guanine is highly susceptible to
oxidative damage, with the guanine oxidation product, 8-oxoguanine, being a key marker of oxidative
DNA damage (Cheng et al. 1992; Donkena, Young, and Tindall 2010a). Additionally, the methyl group
on 5-methylcytosine is vulnerable to oxidation, producing 5-hydroxymethylcytosine (Masuda,
Shinohara, and Kondo 1975; Donkena, Young, and Tindall 2010a). This modification disrupts
sequence-specific DNA-protein interactions by altering the binding affinity of methyl-binding proteins,
potentially leading to heritable epigenetic changes (Valinluck et al. 2004b). Conversely, changes in
DNA methylation may regulate the expression of oxidative stress-related genes (Niu et al. 2015b).
Despite the biological plausibility, human population-based studies examining the relationship between
oxidative stress biomarker levels and DNA methylation of oxidative stress-related genes remain limited,
with even less research on how oxidative stress-driven DNA methylation changes may contribute to

cancer development (Schottker et al. 2015).

Research on epigenetic changes in GBM has primarily focused on DNA methylation, highlighting
genome-wide hypomethylation, gene-specific hypomethylation, and hypermethylation as significant
factors (Kloosterhof et al. 2013; Uddin et al. 2022). Although multiple epigenetic and non-epigenetic
pathways contribute to tumourigenesis, this paper specifically examines the impact of FB; on DNA

methylation to offer a preliminary understanding of the epigenetic characteristics of US7MG cells.
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Mounting research has identified DNA methylation as a key regulator of the human brain through
development, cell-type differentiation, and disease vulnerability (Jeong et al. 2021). Due to its inactivity
in genotoxicity assays (Norred et al. 1992) and mutagenicity (Gelderblom and Snyman 1991) and its
inability to bind to DNA, FB; is regarded as a non-genotoxic (epigenetic) carcinogen. Herein, we
provide evidence that FB; alters the epigenetic landscape of US7MG cells. In humans, alterations to
genomic 5-methylcytosine quantity and distribution play a key role in development and diseases, with
the bulk of 5-methylcytosine being present at CG dinucleotides (Ehrlich 2019). 5-methylcytosine has
been classified as the 5" base of the human genome as it functions in repressing transcriptional activities
(Wu and Morris 2001), while aberrant 5-methylcytosine patterns may result in developmental disorders
including growth abnormalities, global developmental delays, movement disorders and intellectual
disability (Lister et al. 2013). In this study, global DNA methylation status in US7MG cells was
determined by quantifying the 5-methylcytosine content post 24 h FB; exposure (Figure 2.2). We found
that FB; induced DNA hypermethylation by significantly increasing the 5-methylcytosine percentage
in FBi-treated cells as compared to the control and the negative control 5-aza-2-DC (Figure 2.2). DNA
hypermethylation functions in controlling DNA replication and gene expression in cell differentiation
and division processes (Doerfler 1983; Mobio et al. 2000). Our findings are similar to Mobio et al.
(2000) who obtained significant hypermethylation of DNA in C6 glioma cells following FB; treatment
(9 — 18 uM). Additionally, FB; exposure (100 uM) significantly increased 5-methylcytosine percentage
and global DNA methylation in genomic DNA of HEK293 cells (Sugiyama et al. 2021) while 5-
methylcytosine percentage increased by approximately 8% in the DNA of Caco-2 cells following FB;
treatment (Kouadio et al. 2007). Interestingly, in HepG2 cells FB; increased global m6A RNA
modifications (Arumugam, Ghazi, and Chuturgoon 2021) but induced global DNA hypomethylation
(Chuturgoon, Phulukdaree, and Moodley 2014). In epileptic rat hippocampus, global DNA methylation
was implicated as the disease phenotype (Williams-Karnesky et al. 2013), whereas Bradley-Whitman
and Lovell (2013) observed a significant increase in 5-methylcytosine levels in human hippocampus of
Alzheimer’s disease brain. Additionally, Semick et al. (2019) reported DNA methylation as an
underlying epigenetic mechanism for molecular pathological alterations linked to Alzheimer’s disease,
while Coppieters et al. (2014) observed global hypermethylation in Alzheimer’s disease brain with
increased 5-methylcytosine levels in neurons. In an Alzheimer’s disease and bipolar disorder brain
study, Rao et al. (2012) detected global hypermethylated DNA suggesting an epigenetic association of
these disorders with reduced transcriptional activity. Disease-specific hypermethylation was also
discovered in the promoter of CREB in the frontal cortex of Alzheimer’s brain (Rao et al. 2012).
Moreover, Hannon et al. (2016) revealed that CG sites with single nucleotide polymorphisms related to
DNA methylation contribute to the risk of schizophrenia in human foetal samples. DNA methylation
regulation is also known to influence vital neurobiological and cognitive functions such as memory
maintenance and formation (Day and Sweatt 2010), circadian processes (Azzi et al. 2014) and neuronal

plasticity (Borrelli et al. 2008). Gliomas, pose major challenges in neuro-oncology while its treatment
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outcomes and prognosis are heavily impacted by genetic and epigenetic factors (Chen et al. 2024).
Gliomas frequently display aberrant DNA methylation, which can silence tumour suppressor and other
key regulatory genes. The interaction between genetic mutations and epigenetic changes plays a vital
role in glioma pathogenesis. Glioma CpG island methylator phenotype is a distinctive hypermethylation
pattern that is linked to better prognosis and survival (Christensen et al. 2011). This phenotype arises
from IDH mutations, resulting in global DNA hypermethylation which impacts gene expression and
tumour behaviour (LeBlanc and Marra 2016). Studies have identified specific DNA methylation
patterns in gliomas, particularly in promoter regions of genes regulating the cell cycle, apoptosis, and
DNA repair (Weng and Salazar 2021). For example, aberrant O6-Methylguanine-DNA
methyltransferase (MGMT) promoter methylation is a well-known marker associated with better
responses to alkylating agents and increased survival (Aoki and Natsume 2019). DNA methylation
profiles are also beneficial for classifying gliomas into prognostic subgroups, with certain methylation
markers indicating poorer survival outcomes (Chen et al. 2019). Moreover, DNA methylation functions
not only as an epigenetic modification that influences chromatin structure and regulates gene
transcription but also increases the mutation rate of methylated DNA sequences by prompting the

transition of cytosine to thymine (J. Dabrowski and Wojtas 2019).

The expression of DNMTs is vital to DNA methylation patterns and is closely regulated during various
developmental stages (Sugiyama et al. 2021). DNMTs facilitate the addition of a methyl group to
carbon 5 of a cytosine residue. DNMT1 is highly expressed in mammalian tissues, including the brain,
and preferentially methylates hemi-methylated DNA (Moore, Le, and Fan 2013). During DNA
replication, DNMT1 positions at the replication fork, where it attaches to and methylates newly
synthesized DNA, reproducing the original methylation pattern that was present prior to replication
(Hermann, Goyal, and Jeltsch 2004). DNMT1 also holds DNA methylation repair properties and is thus
known as the maintenance DNMT (Moore, Le, and Fan 2013). DNMT3A and DNMT?3B share similar
structures and both function in methylating DNA with no preference for hemi-methylated DNA (Okano
et al. 1999). Known for their ability to introduce new methylation patterns into DNA, DNMT3A and
DNMT3B are distinguished by their gene expression patterns, where DNMT3A is ubiquitously
expressed while DNMT3B is poorly expressed in most differentiated tissues (Xie et al. 1999).
Moreover, the dynamic expression of DNMT3A and DNMT3B during prenatal brain development
endorses the significance of DNA methylation in neurodevelopment (Feng et al. 2005). Following the
global DNA hypermethylation pattern observed, we examined the expressions of DNMTs in FB;-treated
US7MG cells. qPCR analysis revealed that DNMTI (Figure 2.3A), DNMT3A (Figure 2.3B) and
DNMT3B (Figure 2.3C) gene expressions were upregulated by FB; in US7MG cells relative to the
control. Similarly, DNMTI1 and DNMT3A protein expressions were also elevated in FB exposed
US87MG cells (Figures 2.4A and 2.4B). The increase in DNMT activities (Figure 3A — C and Figure 4A
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— B) correlates to the hypermethylated state of DNA (Figure 2.2) in US7MG cells. In HEK293 cells,
Sugiyama et al. (2021) also showed that FB, activated DNMT activity, leading to increased global DNA
methylation. The overexpression of DNMTs has also been observed in cancer studies. Results from a
human hepatocellular carcinoma study suggested that hepatocarcinogenesis is associated with escalated
mRNA expression of DNMT1, DNMT3A and DNMT3B, along with a progressive increase in the number
of methylated genes (Park, Yu, and Shim 2006). Lin et al. (2007) concluded that increased expression
and binding of DNMTs ultimately results in lung tumourigenesis and poor prognosis, while Girault et
al. (2003) reported increased DNMTs in breast carcinoma, with DNMT3B showing the highest degree
of overexpression. Likewise, increased mRNA expression of DNMTI1 was linked to DNA
hypermethylation in gastric and colorectal cancer (Kanai et al. 2001). To validate the role of DNMTs in
schizophrenia, Zhubi et al. (2009) compared the DNMT expressions of nonpsychiatric subjects with
schizophrenia patients. They found that DNMT1 and DNMT3A4 were overexpressed and co-localized in
neuron populations, while DNMT3B was under expressed (Zhubi et al. 2009). Likewise, Zhu et al.
(2012) also observed an increase in DNMT1 and DNMT3A expressions in human temporal lobe
epilepsy compared to control patients, suggesting that DNMT expressions may promote epileptogenesis
by influencing synaptic plasticity. Additionally, a significant overexpression of DNMT1 and DNMT3B
was observed in glioma tumours and the glioblastoma cell lines U87MG and LN18, resulting in aberrant
genomic stability and impaired cell cycle progression (Rajendran et al. 2011). These authors suggested
that DNMT1 and DNMT3B overexpression in gliomas cause hypermethylation of several tumour
suppressor genes, contributing to poor prognosis, and serves as a cancer cell marker and potential target
for cancer therapies. Sun et al. (2017) evaluated the expression of DNMT] to assess its role in the
regulation of tumour suppressor gene neurofibromatosis type 2 (NF2) in gliomas. They observed
increased DNMTI mRNA expression in GBM cell lines (U251, U87, T98-G and A172) compared to
normal glial cells, suggesting that NF2 may play a role in GBM development, potentially via DNMT1
regulation (Sun et al. 2017).

In contrast to DNMTs, the DNA demethylase MBD2 regulates the removal of a methyl group from
cytosine residues to promote DNA hypomethylation. Following the rise in DNMT expressions
observed, we measured the expression of MBD2 and discovered that FB; significantly downregulated
MBD?2 gene (Figure 2.3D) and protein (Figure 2.4B) expressions in US7MG cells compared to the
control. This indicates that FB; prevents MBD2 from removing methyl groups from the DNA of
US7MG cells, thus initiating DNA hypermethylation. MBD proteins have a high affinity for single
methylated CG dinucleotides and are vital for neuronal growth and activity as it is highly expressed in
the brain (Moore, Le, and Fan 2013). Considering this, the FB;-induced MBD2 loss in U87MG cells
would lead to altered brain development. In human colorectal and stomach cancers, Kanai et al. (1999)

observed a decrease in MBD2 mRNA expression and suggested that reduced DNA demethylase
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expression may play a role in carcinogenesis. Reduced DNA demethylase expression may influence
DNA hypermethylation and promote its maintenance, thus attenuating tumour suppressor gene
expressions in human cancers (Kanai et al. 1999). In the hippocampal of rat pups, decreased MBD2
expression was associated with increased stress and repression of the glucocorticoid-receptor (Weaver
et al. 2014). In mice, Lax et al. (2023b) discovered that MBD2 deficiency increased methylation and
decreased neuronal-gene expression, suggesting that MBD?2 is linked to hippocampal genome functions
and Autism Spectrum Disorder. Loss of MBD2 in mice has also led to maternal behavioural
abnormalities, suggesting that MBD2 contributes to neural processing (Hendrich et al. 2001a).
Furthermore, MacDonald et al. (2010) revealed that MBD2 deficit led to dysregulated adult olfactory
epithelium progenitor-driven neurogenesis, and impaired survival and synaptic fields of olfactory
receptor neurons in mice. Taken together, the present data offers a role for FB, as a toxin through DNA

methylation modifications in U§7MG cells.

Conclusion

FB, induced epigenetic modifications by increasing global DNA methylation in the human glioblastoma
US7MQG cell line. The global DNA hypermethylation was mediated via a DNMT-dependent manner, as
FB, enhanced expressions of DNMT1, DNMT3A and DNMT3B, while suppressing demethylase
(MBD?2) transcript and protein expression levels (Figure 2.5). This finding suggests an alternative
mechanism for FB;-induced toxicity via DNA methylation in the human glioblastoma U87MG cell line;

however, future work is required to determine this in an in vivo model.
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Figure 2.5: FB; induces global DNA hypermethylation in U§7MG cells. FB; enhances 5-methylcytosine
content via increased expression of DNMTs and decreased MBD2 expression. DNA hypermethylation
is associated with the silencing of genes and transcriptional repression, ultimately resulting in aberrant
cellular function. FB: Fumonisin Bi; DNA: Deoxyribonucleic acid; DNMTs: DNA methyltransferases;
MDB2: Methyl-CpG binding domain 2.
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CHAPTER 3

Fumonisin B; ameliorates cellular oxidative stress by reducing antioxidant activity and maintains

mitochondrial stress markers but alters TFAM in human glioblastoma U87MG cells

Chapter 2 reports on FBi-induced global DNA hypermethylation, which is important in regulating DNA
replication and gene expression. Changes in DNA methylation patterns may be influenced by excessive
ROS levels. Hydrogen peroxide mimics a nucleophile to deprotonate the 5™ carbon of the cytosine
molecule which is involved in the reaction between DNA and S-adenosylmethionine during DNA
methylation (Afanas’ev 2014). Additionally, ROS may also influence the activity of DNA
methyltransferase enzymes (DNMTs) (Rang and Boonstra 2014), while DNA methylation can alter
oxidative stress-related genes (Niu et al. 2015a). Elevated ROS levels significantly contribute to
oxidative damage to DNA as well as altered mitochondrial functions. Therefore, this chapter explored

the effects of FB; on oxidative stress and mitochondrial stress.

This manuscript has been submitted to the Journal of Biochemical and Molecular Toxicology

(Manuscript ID: 7518412). The manuscript has been included below:
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Abstract

Fumonisin B; (FB1) is among the most toxic mycotoxins that commonly contaminate maize. FB; has
been implicated in cytotoxicity, hepatotoxicity, nephrotoxicity, and neurotoxicity, while it has also been
classified as a carcinogen in humans. Oxidative stress is a cellular mechanism by which FB; induces its
toxicity. The effect of FB; was investigated on oxidative and mitochondrial stress pathways in the
human glioblastoma U87MG cell line. The TBARS assay displayed a decrease in lipid peroxidation,
followed by decreased antioxidant responses (SOD2, CAT, GPx and NRF2), as assessed by qPCR and
western blot. FB; also inhibited oxidative DNA damage via OGGI gene regulation. Western blot
analysis further revealed that mitochondrial well-being was conserved by the FB,-induced upregulation
of SIRT3, LonP1 and HSP60; however, FB; altered mitochondrial DNA via TFAM downregulation.
Here we suggest a potential role of FB; as a selective neuroprotective marker through downregulation
of oxidative stress and mitochondrial stress responses and as a neurotoxic marker through mitochondrial

DNA dysregulation.

Keywords: Oxidative Stress, Mitochondrial Stress, Antioxidants, Reactive Oxidative Species, DNA

Damage, Fumonisin B,

Introduction

A typical African diet consists of maize which is highly susceptible to fungal contamination by toxic
secondary metabolites known as mycotoxins (Fandohan et al. 2003). Fumonisins are mycotoxins
produced by Fusarium verticillioides and are common fungal maize contaminants of which Fumonisin
B (FB)) is the most noxious and widespread, out of 28 analogues (Li, Zhao, et al. 2021). FB; shares
structural similarities with sphingoid bases and exhibits its toxicity through de novo sphingolipid
biosynthesis disruption. Consequently, FB; inhibits ceramide synthase by restricting sphingosine
acylation to ceramide while also inhibiting sphinganine conversion to dihydroceramide (Chen, Wei, et

al. 2021b; Wang et al. 1991). This disruption of sphingolipid metabolism results in an accumulation of
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free sphingoid bases and its metabolites, leading to cytotoxicity, carcinogenesis, cell proliferation and
apoptosis (Riley et al. 2001). Animal studies suggest that the liver and kidney are key FB; toxicity
targets, with additional effects reported in porcine pulmonary oedema, equine leukoencephalomalacia
and rodent carcinomas (Arumugam et al. 2019). In humans, dietary FB; exposure has been linked to
elevated occurrences of oesophageal cancer and primary liver cancer (Domijan and Abramov 2011),
while FBi-induced sphingolipid depletion, in mice and humans, is believed to reduce folate uptake, thus
inducing neural tube defects (Stevens and Tang 1997b; Stockmann-Juvala et al. 2004a). The FB;
neurotoxic potential is well established and extensively reviewed by Domijan (2012). Some researchers
have documented oxidative stress as a FB1 neurotoxicity mechanism (Stockmann-Juvala et al. 2004a),
while others suggest that oxidative stress is a resultant rather than a cause of FB; neurotoxicity

(Galvano, Campisi, et al. 2002).

Oxidative stress occurs when the antioxidant defense system is unable to overcome the rise in
production of reactive oxygen species (ROS) (Mary et al. 2012). Living organisms produce ROS in
response to cellular metabolism and environmental factors. At low to moderate levels, ROS functions
in physiological cell processes, while at elevated levels they induce adverse modifications to lipids,
proteins and DNA (Birben et al. 2012). To maintain homeostasis, cells recruit antioxidants to scavenge
ROS and overcome oxidative insult to macromolecules (Birben et al. 2012). Key enzymes of the
antioxidant defense system include superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx) (Atika and Naouel 2021). Furthermore, the transcription factor, nuclear factor
erythroid 2 p45-related factor 2 (NRF-2) plays a role in cellular resistance to oxidative stress and
regulation of the antioxidant defense (Ma 2013). Due to its high affinity towards DNA guanine bases,
ROS also induces damage to DNA, resulting in mutations and lesions (Nagiah, Phulukdaree, and
Chuturgoon 2015). 8-hydroxyguanine is the oxidized form of guanine and a major lesion generated by
ROS in DNA which is implicated in carcinogenesis (Boiteux and Radicella 2000). The base-excision
repair pathway defends against ROS-induced oxidative DNA damage, by catalysing the removal of 8-
hydroxyguanine from DNA (Bravard et al. 2006). This repair pathway is initiated by lesion-specific
DNA glycosylases, of which OGG1 is the principal glycosylase that identifies and erases 8-

hydroxyguanine lesions in nuclear and mitochondrial DNA (Jensen et al. 2003).

Mitochondria perform a key role in cellular redox homeostasis as electron leakage through the electron
transport chain (ETC) generates ROS (Valera-Alberni and Canto 2018). Studies have highlighted the
protective role of sirtuin 3 (SIRT3) against ROS production via activation of antioxidant enzymes
(Bause and Haigis 2013). Additionally, Lon protease 1 (LonP1) is a target of SIRT 3 deacetylation

(Gibellini et al. 2014), while LonP1 eradicates oxidative stress by eliminating oxidized proteins (Pinti
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et al. 2015). The molecular chaperone, heat shock protein 60 (HSP60), also plays a protective role by
maintaining protein homeostasis of the mitochondria (Caruso Bavisotto et al. 2020). Optimal cellular
functions also depend on mitochondrial DNA integrity. The mitochondrial transcription factor A
(TFAM) binds to DNA, thus stabilizing mitochondrial DNA via nucleoid formation (Kang, Kim, and
Hamasaki 2007).

It is well known that ROS production and mitochondrial metabolism alterations are implicated in
neurodegeneration (Domijan and Abramov 2011). Research has documented the brain as a target of FB;
toxicity (Domijan 2012), while numerous studies have also investigated the effect of FB; on oxidative
damage. Moreover, the brain is a major oxygen consumer, thus increasing its susceptibility to ROS-
mediated toxicities (Lushchak et al. 2021). Thus, this study further investigates the pathway of FB;
toxicity, via endogenous and mitochondrial oxidative insults in the human glioblastoma U87MG cell

line.

Methods and Materials
Materials

The US7MG cell line (HTB-14) was purchased from the American Type Culture Collection
(Johannesburg, SA). Cell culture reagents were purchased from Lonza Biotechnology (Basel,
Switzerland). Western Blot reagents were purchased from Bio-Rad (Hercules, CA, USA), while
antibodies were obtained from Cell Signalling Technologies (Danvers, MA, USA), unless otherwise
stated. qPCR primer sequences were obtained from Inqaba Biotechnical Industries (Johannesburg, SA).

All other reagents were purchased from Merck (Darmstadt, Germany), unless otherwise stated.

Cell Culture and Treatments

US87MG cells were cultured (37 °C, 5% CO3) in Dulbecco’s minimum essentials medium (DMEM)
supplemented with 25 mM HEPES, 10% foetal bovine serum, 1% pen-strep-fungizone and 1% L-
glutamine. The FB; stock of 5 mM was prepared with 0.1 M phosphate buffer saline (PBS). For all
subsequent experiments, cells were cultured to 80% confluency in 25 ¢m? flasks prior to treatment of
880 uM FB; (ICs as determined in Chapter 2) in DMEM for 24 h. A control, consisting only of DMEM

was also prepared for 24 h.
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Lipid peroxidation assessment

Oxidative damage was measured by the thiobarbituric acid reactive substances (TBARS) assay (Sheik
Abdul, Nagiah, and Chuturgoon 2016) where levels of the lipid peroxidation by-product
malondialdehyde (MDA) was quantified. 200 pl supernatant collected from FBi-treated and control
culture flasks were added to separate test tubes. Additionally, a positive control tube containing 1 pl
MDA and a negative control containing 400 pl of 3 mM HCI, were set up. 200 pl each of 2% H3;POs,
7% H3PO4 and 1M HCI were added to each tube, followed by 400 pl thiobarbituric acid butylated
hydroxytoluene (TBA/BHT) solution to the FBi-treated, control and positive control. All tubes were
then boiled for 15 min and allowed to cool to RT before 1500 pul butanol was added to each tube. All
tubes were vortexed and allowed to settle into 2 phases upon which 100 pul of the upper butanol phase
was pipetted in duplicate into a 96-well plate and read at an absorbance of 532 nm with a reference

wavelength of 600 nm.

RNA Isolation and quantitative polymerase chain reaction (qPCR)

Total RNA from control and FBi-treated US7MG cells were isolated using Qiazol Reagent (Qiagen,
79306). Briefly, control and treated U87MG cells were washed with 0.1M PBS. Cells were incubated
for 5 mins at RT with 500 pul each of PBS and Qiazol, after which cells were lysed with a cell scraper.
These cell lysates were transferred to 1.5 ml micro-centrifuge tubes and incubated at - 80°C overnight.
100 pl chloroform was added and samples were centrifuged (4°C, 12 000xg, 15 min). The clear aqueous
phase was transferred to a new 1.5 ml micro-centrifuge tube, to which 100 pl isopropanol was added
and tubes were incubated overnight at — 80°C. Following incubation, samples were centrifuged (4°C,
12000xg, 20 mins) and the supernatant was discarded. RNA pellets were washed in 500 pl 75% ethanol,
centrifuged (4°C, 7400xg, 15 min) and air dried (RT, 45 min). Finally, RNA pellets were resuspended
in 15 pl nuclease-free water. Isolated RNA was quantified (Nanodrop 2000) and standardized to 500
ng/pl. Standardized RNA was used to synthesize cDNA, using the Maxima™ H Minus cDNA synthesis
kit (Thermo-Fisher Scientific). Thermocycler conditions were 25°C for 5 min, 42°C for 30 min and
85°C for 5 min. Gene expression was assessed for NRF2, Catalase, SOD2, GPx, OGGI and SIRT3,
using the PowerUp™ SYBR™ Green Master Mix (Thermo-Fisher Scientific), while GAPDH was used
as a housekeeping gene for normalization of the mRNA expressions. gPCR was conducted in the CFX96
Touch™ Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA), with the following thermal
conditions: initial denaturation (8 min, 95°C) followed by 40 cycles of denaturation (15 s, 95°C),
annealing (40 s, see Table 3.1 for temperature) and extension (30 s, 72°C). Primer sequences and
annealing temperatures for each gene are listed in Table 3.1. qPCR data was analysed using the CFX
manager software version 3.1 followed by the comparative threshold (Ct) method (Livak and

Schmittgen 2001) and represented as a mean fold change relative to the control.
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Table 3.1: Primer sequences and annealing temperatures used to assess gene expression via qPCR.

Forward Sequence Annealing
Gene Reverse Sequence
Temperature
5> — GAG ATG TTA CAC | 5> — AAT CCC CAG CAG
SOD?2 59°C
GCC CAGATAGC -3 TGG AATAAG G- 3
5> — TCT CAC CAA GGT | 5> — GCG GTG AGT GTC
Catalase 57.7°C
TTG GCCTC -3 AGGATAGG -3
5> — GAC TAC ACC CAG | 57 — CCC ACC AGG AAC
GPx 57.4°C
ATGAAC GAGC-3 TTC TCAAAG -3
5> — AGT GGA TCT GCC | 5> — CAT CTA CAA ACG
NRF?2 52.6°C
ACCTACTC -3 GGAATGTCT G- ‘3
5> — GCA TCG TAC TCT | 5> — AGG ACT TTG CTC
0GGI 55°C
AGC CTC CAC -3 CCTCCAC-"3
5> — CAT TCG GCC TGA | 5 —ACC CAC ATG CAG
SIRT3 59.4°C
CGTGATG-"3 CAAGAACCT-"3
5 - TCC ACC ACC CTG |5 — ACC ACA GTC CAT
GAPDH -
TTG CTGTA- 3 GCCATCAC -3

Protein Isolation and Western Blot

The western blot assay was conducted to further investigate the protein expressions of NRF2, Catalase,
SOD2, SIRT3, LONP1, HSP 60 and TFAM. Crude protein was isolated from control and FB;-treated
US7MG cells using 200 pl Cytobuster reagent supplemented with phosphatase and protease inhibitors.
Following incubation on ice (30 min), cells were mechanically lysed, transferred to fresh 1.5 ml
microcentrifuge tubes and centrifuged (4°C, 12000xg, 10 min). The bicinchoninic acid (BCA) assay
was then conducted to quantify protein samples, which were standardized to 0.5 mg/ml, diluted in 1x
Laemmli buffer [dH»O, 0.5M Tris-HCI (pH 6.8), glycerol, 10% SDS, 5% B-mercaptoethanol and 1%
bromophenol blue] and boiled (100°C, 5 min). Thereafter, proteins were separated via electrophoresis
(150 V, 1 h) in a sodium dodecyl sulphate polyacrylamide gel (10% resolving gel, 4% stacking gel).
The separated proteins were transferred onto nitrocellulose membranes using the Bio-Rad Trans-Blot®
Turbo Transfer System (20 V, 30 min). The membranes were then blocked in 5% BSA (RT, 1 h), made
up in Tris-buffer saline (TTBS) [0.05% Tween 20, dH,O, 3mM KCI, 25mM Tris, 150mM NaCl, pH
7.5] and probed overnight (4°C) with primary antibody. Membranes were then washed with TTBS (5
times, 10 min) and probed with an HRP-conjugated secondary antibody (RT, 1 h). All antibody dilutions
used are presented in Table 3.2. Subsequently, membranes were washed with TTBS (5 times, 10 min)

and protein bands were visualized using Clarity Western ECL Substrate (Bio-Rad) detection reagent,
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while detection images were captured using the Thermo-Fisher Scientific iBright™ CL1500
Instrument. After detection, the membrane was quenched in 5% hydrogen peroxide (37°C, 30 min),
washed once in TTBS, incubated in blocking solution (RT, 1h), and probed with HRP-conjugated anti-
B-actin (RT, 1 h). B-actin was the housekeeping protein used to normalise protein expression. Results
were analysed using the iBright™ Analysis software (version 5.2.1) and expressed as relative band

density.

Table 3.2: Primary and secondary antibody dilutions used for the Western blot assay.

Antibody: Dilution: Company: Catalogue

Number:
SOD2 (D9V9C) Rabbit mAb 1:1000 Cell Signalling 13194 S
Catalase (D4P7B) XP® Rabbit mAb | 1:1000 Cell Signalling 12980 S
Anti-NRF2 (phospho S40) Rabbit 2:1000 Abcam ab76026
Anti-NRF2 Rabbit 2:1000 Abcam ab62352
Anti-SIRT 3 Rabbit 1:1000 Abcam ab264041
LONP1 (D8W1J) Rabbit mAb 1:1000 Cell Signalling 280208
Mouse Anti - HSP 60 2:1000 BD Biosciences BD 611563
TFAM (D5C8) Rabbit mAb 1:1000 Cell Signalling 8076S
Anti-Rabbit IgG HRP 2:5000 Cell Signalling 7074S
Anti-mouse IgG HRP 2:5000 Cell Signalling 7076S
Anti-B-Actin 1:5000 Sigma-Aldrich A3854

Statistical Analysis

Statistical analysis was performed using GraphPad Prism version 5.0 (GraphPad Prism Software Inc.).
All data were analysed using an unpaired t-test, with a p-value <0.05 considered as significant. All data

were represented as mean + standard deviation (SD) of 3 independent experiments (n=3).

Results

Lipid Peroxidation Assessment
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The TBARS assay measured oxidative damage due to ROS, where extracellular MDA was quantified
following 24 h FB, treatment. FB, significantly reduced MDA-TBA adduct concentrations in U§7MG
cells (p=0.0022; Figure 3.1) compared to the control.
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Figure 3.1: Extracellular MDA levels in US7MG cells after 24 h exposure to FB,. Lipid peroxidation
was decreased in FBi-treated cells (**p<0.01) relative to the control. MDA: Malondialdehyde.

Endogenous antioxidant response

Endogenous antioxidant enzymes are recruited to provide defense against oxidative stress. Thus,
enzymes of the antioxidant defense system were analysed to confirm the oxidative stress status in FB;-
treated US7MG cells. Oxidative DNA damage was also assessed through OGG1. Gene expressions of
SOD2, CAT, GPx, NRF-2 and OGGI were assessed via qPCR with GAPDH being used as the
housekeeping gene. FBi-treated U87MG cells showed significant decreases in SOD2 (p=0.0063; Figure
3.2A), CAT (p<0.0001; Figure 3.2B), GPx (p=0.0012; Figure 3.2C), NRF-2 (p=0.0036; Figure 3.2D)
and OGGI (p=0.0003; Figure 3.2E) in comparison to the control. Furthermore, the protein expressions
of SOD?2, catalase, NRF-2 and pNRF-2 were also assessed by Western blot and were normalised against
the housekeeping protein, B-Actin. Decreased protein expressions of SOD2 (p=0.0048; Figure 3.3A),
catalase (p=0.0420; Figure 3.3B), NRF-2 (p=0.0298; Figure 3.3C) and pNRF-2 (p=0.0106; Figure
3.3D) were also observed in FB;-treated U87MG cells as compared to the control.
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Figure 3.2: Effects of FB; on gene expression of selected antioxidants, the oxidative stress transcription
factor and DNA repair marker. factor in U87MG cells. FB; decreased SOD2 (A), CAT (B), GPx (C),
NRF-2 (D) and OGGI (E) expressions following 24 h treatment. mRNA expression results are
expressed as mean fold change + SD (n=3). Statistical significance for control vs FB; was determined
by unpaired t test (**p<0.01, ***p<0.001). SOD2: Superoxide dismutase 2 ; CAT; Catalase; GPx:
Glutathione peroxidase; NRF2: Nuclear factor erythroid 2-related factor 2; OGG1: 8-Oxoguanine
glycosylase 1.
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Figure 3.3: Effects of FB; on the protein expressions of antioxidants and oxidative stress transcription
factor. SOD2 (A), CAT (B), NRF-2 (C) and pNRF-2 (D) expression was decreased in US7MG cells,
following 24 h treatment. All protein expression results are expressed as band density relative to the
control = SD (n=3). Statistical significance for control vs FB; was determined by unpaired t test
(*p<0.05, **p<0.01). SOD2: Superoxide dismutase 2 ; CAT; Catalase; NRF2: Nuclear factor erythroid
2-related factor 2.

Mitochondrial stress response

Mitochondria are the main source of endogenous ROS as electron leakage during the electron transport
chain can cause damage to macromolecules and structures within the mitochondria. SIRT3 is primarily
located in the mitochondria and has been highlighted for its protective role against ROS production.
LonP1 maintains mitochondrial protein homeostasis by degrading misfolded proteins that accumulate
in the mitochondria during stress conditions. HSP60 also plays a role in mitochondrial stress alleviation.
Furthermore, the transcription factor TFAM is a marker of mitochondrial oxidative DNA damage. These

markers were assessed to determine the mitochondrial stress status in FBi-treated US7MG cells.
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Following FB; treatment, qPCR and western blot showed increased SIRT3 gene (p=0.0007; Figure
3.4A) and protein (p=0.0069; Figure 3.4B) expressions, respectively. Correspondingly, protein
expressions of LonP1 (p=0.0058; Figure 3.4C) and HSP60 (p=0.0013; Figure 3.4D) were also
increased, while TFAM protein expression (p=0.0044; Figure 3.4E) was decreased by western blot in
FBi-treated cells compared to the control. GAPDH was used as a housekeeping gene for qPCR while

B-Actin was used as a housekeeping protein for western blot.
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Figure 3.4: Mitochondrial stress response in FBi-treated US7MG cells. SIRT3 gene (A) and SIRT3
protein (B) expressions were elevated following FB; treatment. LonP1 (C) and HSP60 (D) proteins also
showed elevated protein expressions while TFAM (E) protein expression was suppressed by FB;
treatment. The mRNA expression result is expressed as mean fold change + SD (n=3), while protein
expression results are expressed as band density relative to the control £ SD (n=3). Statistical
significance for control vs FB; was determined by unpaired t test (**p<0.01, ***p<0.001). SIRT:
Sirtuin; LonP1: Lon protease 1; TFAM: Mitochondrial transcription factor A.

Discussion

FB; is one of the most abundant mycotoxins which poses a health risk to both animals and humans. FB;
toxicity is mainly attributed to its ability to alter sphingolipid metabolism via ceramide synthase
inhibition. In humans, FB; consumption has been linked to oesophageal cancer, kidney and liver
diseases, heart failure and high spinal cord or brain defects in children (Chen, Wen, et al. 2021). In
humans and animals, FB; has induced acute toxicity along with organ, reproductive and immune
toxicities, via mechanisms such as apoptosis, cellular autophagy, endoplasmic reticulum stress and
oxidative stress (Chen, Wen, et al. 2021). Recent studies have noted oxidative stress and related
mitochondrial dysfunction as key regulators in neurodegeneration (Olufunmilayo, Gerke-Duncan, and

Holsinger 2023).

Although Domijan (2012) has documented FB; as an inducer of ROS, studies have also suggested
otherwise. In this study, the TBARS assay was conducted to determine lipid peroxidation in FB;-treated
US87MG cells as an indicator of endogenous ROS production. FB; showed a significant decrease of
MDA-TBA adducts in U87MG cells (Figure 3.1), implying a reduced oxidative stress state. Stockmann-
Juvala et al. (2004a) observed varying effects of ROS in different brain cell lines where high FB; doses
elevated ROS levels in C6 rat glioblastoma and GT1-7 mouse hypothalamic cells but displayed no
significant ROS modifications in human neuroblastoma SH-SY5Y cells. In FB;-treated rat astrocytes,
Galvano, Campisi, et al. (2002) found no significant change in ROS production, while the same trend
was seen in FBj-treated fibroblasts (Galvano, Russo, et al. 2002a). These findings suggest that FB; in
the brain affects ROS production in a cell-specific manner. It is also noteworthy that although excess
ROS production proves detrimental, low levels of ROS are also important for normal physiological
functions. Considering this, the low ROS levels observed in FB;-treated US7MG cells (Figure 3.1) may
assist in the optimal functioning of U87MG cells. Additionally, studies have shown that tumour-
suppressor proteins play an antioxidant role by activating antioxidant gene expression in response to
oxidative stress. These genes regulate various cellular processes, including DNA repair, cell cycle

control, proliferation, differentiation, migration, and apoptosis (Asai et al. 2011). PTEN, a tumour-
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suppressor gene, has been shown to reduce ROS production in cells by modulating PI3K/AKT
signalling when upregulated (Xu et al. 2011). Furthermore, in human kidney tubular epithelial cells,
FB, treatment was found to upregulate PTEN expression while downregulating PI3K and AKT
expression (Song et al. 2021). Given this, the reduction in ROS level observed in FB,-treated U87MG
cells might be due to PTEN activation and regulation of the PI3K/AKT pathway; however, further

research is needed to confirm this.

ROS results as a by-product of oxygen metabolism and is classified as superoxide (O2"), hydroxyl free
radical (OH) and hydrogen peroxide (H.O,) (Zhou et al. 2016). Eukaryotes guard cells from
uncontrolled ROS via a built-in antioxidant defense strategy, primarily facilitated by SOD2, CAT and
GPx. SOD2 catalyse the conversion of O, to H»O; and O,, while CAT and GPx complete SOD
detoxification by breaking down H»O, into H>O and O, (Valera-Alberni and Canto 2018). Consequent
to the TBARS results, the present study showed a decrease in antioxidant responses (Figures 3.2 and
3.3). Analysis of the key antioxidants SOD2, CAT, GPx, and NRF-2 (Figure 3.2 A-D), showed decreased
expression in US7MG cells following FB; treatment. The decreased transcript levels of the key
antioxidants were mirrored by reduced SOD2, CAT, NRF-2 and pNRF?2 protein expressions in U87MG
cells (Figure 3.3 A-D). Antioxidants detoxify and neutralize the effects of excess ROS. Therefore, the
lowered oxidative stress level present in FBi-treated U887MG cells is likely to have relieved the
antioxidant defense system of its role to scavenge ROS, thus displaying low expressions of the
antioxidants (Figures 3.2 and 3.3). Additionally, excess ROS initiates phosphorylation of NRF-2, which
activates its translocation to the nucleus and promotes transcription of the antioxidants SOD2, CAT and
GPx (Chen, Lu, et al. 2015). As such, minimized ROS would halt NRF-2 phosphorylation and disable
its activation of antioxidant transcription, thus resulting in reduced SOD2, CAT, GPx and NRF-2 levels,
as observed in this study (Figures 3.2 and 3.3). In mice testes, Ouyang et al. (2022) discovered a
decrease in NRF-2 mRNA expression following 21 days of FB; treatment, while NRF-2 and SOD2
protein expressions were decreased after 42 days of FB; treatment. In bovine PBMCs, 2 and 7 days of
FB; treatments reduced SOD and GPx expressions (Bernabucci et al. 2011), while in male Wistar rats,
FB, treatment of 2 and 7 days inhibited catalytic activity of CAT (Domijan et al. 2007). Furthermore,
transcription levels of CAT, SOD2 and GPx were decreased in FB1-treated porcine oocytes (Li, Zhao,
etal. 2021).

Once produced, ROS also readily attacks DNA, establishing mutagenic lesions, such as oxidized DNA
bases. Base excision repair pathways are then prompted to limit ROS-induced DNA lesions (Cui, Kong,
and Zhang 2012). ROS-induced DNA damage poses a major hazard to the genetic integrity of the cell.
Upon damage, protein and lipids can be degraded and resynthesized, whereas DNA must be repaired
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prior to cell division and replication. Aberrant DNA bases are repaired by the DNA glycosylase OGG1,
by removing oxidised bases from the DNA backbone, via the base excision repair pathway (Klungland
and Bjelland 2007). Herein, the effect of FB; on oxidative DNA damage was assessed via OGGI
expression in U87MG cells. qPCR analysis revealed a reduction of OGGI expression in FBi-treated
US7MG cells (Figure 3.2E). A reduction in OGGI1 activity would prevent the activation of the base
excision repair pathway, with minimal detection of aberrant DNA bases in cells. Therefore, our results
suggest that FB; does not alter DNA in U87MG cells, via mechanisms of ROS production, as evidenced
by dampened OGG1 expression (Figure 3.2E). Interestingly, oesophageal cancer cells treated with FB,
displayed varied OGGI expressions, where OGGI was increased at 1.25 pM FB,, was unaltered at 10
uM FB; but was decreased at 20 uM FB; (Khan, Phulukdaree, and Chuturgoon 2017).

Optimal mitochondrial function is essential to the brain, due to its function in energy output and redox
status. Mitochondria are the main ROS producers, with the ETC producing majority of mitochondrial
ROS. Mitochondrial dysfunction is closely associated with ROS production owing to the incomplete
reduction of O, by the ETC (Sheik Abdul, Nagiah, and Chuturgoon 2019a). SIRT3 is a regulator of
mitochondrial function and is considered a mitochondrial fidelity protein, where the loss of SIRT3 can
lead to cellular damage (Sheik Abdul, Nagiah, and Chuturgoon 2016). In U87MG cells, FB; increased
both SIRT3 protein (Figure 3.3B) and gene (Figure 3.3A) expressions, suggesting that U87MG cells
were protected from mitochondrial stress. SIRT3 promotes homeostasis via mitochondrial regulatory
enzymes involved in the Krebs cycle and oxidative phosphorylation (Sheik Abdul, Nagiah, and
Chuturgoon 2016). SIRT3 is also a nicotinamide adenine dinucleotide (NAD™")-dependent deacetylase
(Onyango et al. 2002). NAD" is an important molecule that carries electrons during metabolism (Cortés-
Rojo et al. 2020). When surplus electrons are supplied, it increases the conversion of NAD" to NADH
(Cortés-Rojo et al. 2020). A high NAD*/NADH ratio typically suggests a cellular environment that
supports oxidative reactions, which are crucial for meeting increased energy demands (Cuenoud et al.
2020). Recently, Abdul and Marnewick (2023) demonstrated that FB, increases the NADH:NAD" ratio
in oxidatively poised HepG2 cells. Considering this, the effect of FB; on NADH:NAD" ratio could
suggest an energy deprived state in US7MG cells, where FB; reduced mitochondrial output and
metabolic processes rather than maintaining it. However, additional experiments are required to fully
evaluate this phenomenon in FB,-treated US7MG cells. SIRT3 sustains mitochondrial activity via the
ATP-dependent protease LonP1. LonP1 removes oxidatively damaged proteins from the mitochondrial
matrix via proteolytic degradation, as a defense mechanism (Sheik Abdul, Nagiah, and Chuturgoon
2016). LonP1 protein expression was upregulated in U87MG cells post FB; treatment (Figure 3.3C).
Upregulated LonP1 aids in the clearance of oxidized protein, thus LonP1 overexpression in FB-induced
U87MG cells (Figure 3.3C) suggests that the mitochondrion was protected from protein aggregation,

accumulation and cross-linking (Bota and Davies 2016). Previously, LonP1 upregulation was associated
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with mitochondrial protein quality maintenance in mice brain tissue (Docrat et al. 2020), while
downregulated LonP1 was linked to impaired respiration, loss of mass and cell death in human
fibroblast mitochondria (Bota, Ngo, and Davies 2005). Accordingly, elevated LonP1 diminishes

mitochondrial stress and sustains mitochondrial health (Ngo, Pomatto, and Davies 2013).

Protein homeostasis of the mitochondria is preserved by a protein chaperone family known as heat
shock proteins (HSP), which aid cell survival through hostility to stress (Nagiah, Phulukdaree, and
Chuturgoon 2016). HSP60 is a molecular chaperone that prevents mitochondrial dysfunction by
facilitating protein folding in the mitochondrial matrix (Cabiscol et al. 2002). Previous studies have
documented HSP60’s neuroprotective role, where the loss of HSP has been linked to protein oxidation
and neurodegeneration (Kleinridders et al. 2013). In this study, FB, increased HSP60 protein expression
(Figure 3.4D) in U87MG cells, which parallels with the amplified LonP1 expression (Figure 3.4C),
suggesting that mitochondria of US7MG cells induce specific mechanisms to minimize oxidative
damage to proteins and to maintain their function when exposed to FB;. This trend was also seen in
mice brain tissue where increased HSP60 was attributed to LonP1 overexpression, protecting the tissue
from oxidative damage (Docrat et al. 2020). Optimal protein folding is an ATP-dependent process, thus
the amplified expression of ATP-dependent protease LonP1 and subsequent rise in HSP60 supports the
protective role of FB; in mitochondria of U§7MG cells.

Increased mitochondrial ROS can impact mitochondrial DNA, which is vulnerable to oxidative stress,
due to its close proximity with ROS generation sites and lack of protective histones (Ott et al. 2007).
Mitochondrial DNA is therefore organized in a nucleoid structure to avoid its oxidation. Components
of the nucleoid are activated by transcription factor TFAM, potentiating it as a key regulator of
mitochondrial DNA maintenance (Kang, Kim, and Hamasaki 2007). Human TFAM binds to DNA, in
a sequence-independent manner, enhancing its capacity to shield mitochondrial DNA from oxidative
insults by directly binding to the whole genome (Kanki et al. 2004). Moreover, TFAM is degraded by
LonP1 to facilitate regulation of mitochondrial gene expression and control mitochondrial DNA copy
number (Lu et al. 2013a). Here, FB; decreased TFAM expression (Figure 3.4E) in U87MG cells which
may impair mitochondrial homeostasis and mitochondrial DNA. Furthermore, compromised TFAM
expression (Figure 3.4E) may alter DNA copy number, increasing the risk of cancer and/or
neurodegeneration (Hu, Yao, and Shen 2016). Together, SIRT3, LonP1, HSP60 and TFAM expressions
contribute to mitochondrial health under oxidative stress conditions. Although FB; did not induce
mitochondrial stress in US7MG cells, its probable interference with mitochondrial DNA provides an

alternate mechanism for FB; toxicity in U87MG cells.
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Conclusion

FB; reduced the expression of antioxidants SOD2, CAT, GPx and transcription factor NRF-2 to
maintain low oxidative stress levels in US7MG cells (Figure 3.5). Oxidative DNA damage was also
limited in US7MG cells via suppressed activity of its repair system (Figure 3.5). U87MG cells avoided
mitochondrial oxidative damage due to the increased expression of the mitochondrial maintenance
proteins SIRT3, LonP1 and HSP60 (Figure 3.5). However, mitochondrial DNA was vulnerable to FB;
toxicity (Figure 3.5). Therefore, this strongly suggests that FB; induces toxicity by targeting
mitochondrial DNA in US7MG cells.
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Figure 3.5: FB, suppresses antioxidant expressions and limits oxidative DNA damage in U87MG cells.

Enhanced
eurotoxicity

While FB; also preserves mitochondrial integrity through upregulated mitochondrial proteins, it induces
toxicity by altering TFAM expression in U§7MG cells, leading to mtDNA damage. FB;: Fumonisin By;
DNA: Deoxyribonucleic acid; TFAM: Mitochondrial transcription factor A; mtDNA: Mitochondrial
DNA.
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CHAPTER 4

The anti-inflammatory effect of Fumonisin B in human U87MG glioblastoma cells

Inflammation and oxidative stress are closely interconnected. ROS and its related damage to proteins
and DNA can trigger signalling pathways that regulate the onset of inflammatory disorders.
Inflammation serves to protect the host against pathogens which may increase ROS production. While
ROS generated during the inflammatory response helps eliminate invasive agents, prolonged production
can lead to oxidative stress and disorders linked to chronic inflammation (Chatterjee 2016).
Furthermore, superoxide and intracellular ROS are key signalling mechanisms in phagocytes and
regulate various pro-inflammatory functions of microglia (Hemmati et al. 2020). Generally, the higher
the level of intracellular ROS, the more intensified the inflammatory response, which persists until
apoptosis or necrosis occurs (Block, Zecca, and Hong 2007). Additionally, FB; has been reported as an
immunosuppressive. Inhibition of ceramide synthase and the subsequent disruption of sphingolipid
metabolism is considered the primary mechanism of FB; toxicity. Continued ceramide synthase
inhibition leads to detrimental outcomes that alter the functional and structural balances of neuronal
tissues. Furthermore, studies have linked cellular immunity with sphingolipid metabolism destructions
as the by-products of sphingolipid metabolism can influence the expression of immune-related
receptors. Considering the relationship between oxidative stress and inflammation, as well as the data

obtained in Chapter 3, we determined the inflammatory response of FB; in US7MG cells.
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Abstract

Fumonisin B; (FB)) is a toxic secondary metabolite that contaminates maize and induces a range of
toxicities including neurotoxicity and immunotoxicity. Upon entry of foreign particles, excess release
of pro-inflammatory cytokines in the brain hinders anti-inflammatory cytokines from combating
pathogens, thus leading to neuroinflammation and the onset of neurodegenerative diseases. Here, we
evaluated the effect of FB; on the inflammatory response in human glioblastoma US7MG cells
following a 24 h treatment. FB; significantly reduced pro-inflammatory cytokine expressions of IL-1,
IL-6, and TNF-a, as well as the transcription factor NF-kB in U87MG cells, while it enhanced IL-10
anti-inflammatory cytokine expression. Consequently, FB; reduced the pro-inflammatory marker COX-
2 expression and increased the anti-inflammatory marker BDNF expression in U87MG cells. This data

suggests a reduced inflammatory response to FB; in U§7MG cells.

Keywords: Neuroinflammation, Interleukins, NF-xB, BDNF, COX-2, Fumonisin B,

Introduction

Neuroinflammation is a physiological response that shields the brain from harmful extrinsic and
intrinsic factors, as excess secretion of inflammatory mediators is injurious to the central nervous
system (Rauf et al. 2022). Neuroinflammation is a consequence of over expressed pro-inflammatory
and under expressed anti-inflammatory molecules (Rauf et al. 2022), which lead to the initiation and
progression of neurodegenerative diseases such as Parkinson’s, Alzheimer’s, amyotrophic lateral
sclerosis, and multiple sclerosis (Schain and Kreisl 2017; Liu et al. 2020). Inflammation, triggered by
the invasion of pathogens or harmful substances, involves the activation of immune cells and the
subsequent release of various inflammatory cytokines to combat toxic substances or repair injured
tissues (Li et al. 2020). Pro-inflammatory cytokines are primarily produced by activated macrophages
and are associated with upregulated inflammatory reactions (Zhang and An 2007). Systemic

inflammatory responses produce pro-inflammatory cytokines including interleukin-1p (IL-1p), IL-6,
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and tumour necrosis factor-alpha (TNF-a), which circulate in the blood and interact with neurons (Perry

2004).

IL-1p is a host-defense cytokine released by macrophages, monocytes, and non-immune cells during
cell injury, invasion, infection, and inflammation (Zhang and An 2007). While IL-1 plays vital roles
in host defense and homeostasis, its overproduction can lead to detrimental effects during disease (Ren
and Torres 2009). Likewise, IL-6 has been reported to play a role in the activation of microglia and
astrocytes and the control of neuropeptide expressions (Klein et al. 1997). IL-6 functions in neuronal
differentiation, development, degeneration, and regeneration, with both favourable and harmful
potentials (Kummer et al. 2021). TNF-a is one of the best characterized cytokines known to boost
inflammation by inducing cell adhesion molecules, stimulating cytokines, and promoting
the proliferation of cells (Germolec et al. 2018). Nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-kB), a key transcription factor, is crucial for inflammation and is activated by inflammatory

cytokines, contributing to neuroinflammation and chronic diseases (Nennig and Schank 2017).

Contrastingly, anti-inflammatory cytokines are immunoregulatory molecules that control the response
of pro-inflammatory cytokines (Zhang and An 2007). Among the known anti-inflammatory cytokines,
IL-10 is the most studied repressive molecule. IL-10 is known to have suppressive properties against
TNF-a, IL-6, and IL-1p expressions, with roles described in neurodegenerative disorders, tumour
surveillance, and chronic infection (Dennis et al. 2013; Saraiva and O'Garra 2010a; Kwilasz et al. 2015).
Cyclooxygenase-2 (COX-2) is a key component in inflammatory responses in peripheral tissue (Hinz
and Brune 2002). In the brain, COX-2 expression has been linked to pro-inflammatory activities which
may contribute to neurodegeneration in acute and chronic diseases (Minghetti 2007). The role of COX-
2 in chronic inflammation and neural cell death has been highlighted by its overexpression in
progressive neurodegenerative disorders such as Down Syndrome, Huntington’s, Parkinson’s, and

Alzheimer’s diseases (Strauss 2008).

Neurotrophins and their receptor, produced by immune cells, regulate immunity by prompting cytokine
release (Scuri, Samsell, and Piedimonte 2010). Brain-derived neurotrophic factor (BDNF) is a well-
studied member of the neurotrophin family possessing effects on the immune system, central nervous
system, endocrine system, and neurosensory system (Papathanassoglou, Miltiadous, and Karanikola
2015). BDNF is well expressed in the brain and has vital roles in neuronal development, survival, and
differentiation (Huang and Reichardt 2001). Among various brain regions, lowered BDNF levels are

associated with psychiatric and neurodegenerative disorders (Balaratnasingam and Janca 2012).
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Produced by the fungus Fusarium verticillioides, Fumonisin B, (FB)) is a common worldwide maize
contaminant, and it is the most noxious and abundant among all Fumonisins. Its adverse effects are
well-documented in humans and animals, impacting immune function and antibody levels by reducing
macrophage numbers (Antonissen et al. 2014). Previous studies have documented that FB, alters
cytokine profiles in various cell types and organs, increasing IL-1p and TNF-a in primary hepatic
cultures (Stockmann-Juvala and Savolainen 2008) and mouse kidney and liver (Bhandari and Sharma
2002). FB; has enhanced TNF-a in mice peritoneal macrophages and J774A.1 cells (Dugyala et al.
1998) but decreased IL-1p and TNF-a in swine alveolar macrophages (Liu et al. 2002), indicating
variability across cell types and species. Additionally, FB; also attenuated IL-1B-induced suppression
of BDNF in primary cerebral cortical neurons (Tong et al. 2008) and increased COX-2 expression in
J774A.1 cells (Meli et al. 2000), though it had no significant effect in jejunal explants (da Silva et al.
2014). To further understand FB; neurotoxicity, we investigated the inflammatory effects of FB; in the
human glioblastoma U87MG cell line.

Methods and Materials
Materials

The U87MG cell line was purchased from Separations Scientific (Johannesburg, SA). Cell culture
reagents were purchased from Lonza Biotechnology (Basel, Switzerland). Western Blot reagents were
purchased from Bio-Rad (Hercules, CA, USA). Primer sequences for quantitative polymerase chain
reaction (QPCR) were obtained from Inqaba Biotechnical Industries (Johannesburg, SA). All other

reagents were purchased from Merck (Darmstadt, Germany) unless otherwise stated.

Cell Culture and Treatments

U87MG cells were cultured in Dulbecco’s Minimum Essentials Medium (DMEM) supplemented with
25 mM HEPES, 10% foetal bovine serum, 1% penicillin-streptomycin-fungizone, and 1% L-glutamine.
Cells were cultured in a humidified incubator (37°C, 5% CO3) to approximately 90% confluency in 25
cm? flasks prior to treatment with FB;. The FB, stock of 5 mM was prepared in 0.1 M phosphate-
buffered saline (PBS). For all assays conducted, cells were treated for 24 h with 880 uM FB; in DMEM.
Cells consisting only of DMEM was prepared for 24 h and used as the control.

RNA Isolation and Quantitative Polymerase Chain Reaction (qPCR)
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Total RNA was extracted from control and FBi-treated U87MG cells using Qiazol Reagent (Qiagen,
79306). Briefly, control and treated US7MG cells were washed with 0.1 M PBS. Following incubation
(room temperature (RT), 5 mins) with 500 pl each of 0.1 M PBS and Qiazol reagent, treated and control
cells were lysed with a cell scraper, transferred to 1.5 ml micro-centrifuge tubes, and incubated at -80°C
overnight. Samples were centrifuged (4°C, 12 000 xg, 15 min) upon addition of 100 pl chloroform.
Samples were incubated overnight at —80°C after transferring the clear aqueous phase to a new 1.5 ml
micro-centrifuge tube and adding 100 pl isopropanol to it. Following centrifugation (4°C, 12 000 xg,
20 mins) and removal of the supernatant, RNA pellets were washed in 500 pl 75% ethanol. Samples
were then centrifuged (4°C, 7400 xg, 15 min), allowed to air dry (RT, 45 min), and finally resuspended
in 15 pl nuclease-free water. Isolated RNA was quantified (Nanodrop 2000) and standardized to 500
ng/ul with nuclease-free water. The Maxima™ H Minus First Strand cDNA synthesis kit (Thermo-
Fisher Scientific, K1652) was used to synthesize cDNA from the standardized RNA samples with the
following thermocycler conditions: 25°C for 5 min, 42°C for 30 min, and 85°C for 5 min. The mRNA
expression of IL-15, IL-6, IL-10, NFkb (p65), and COX-2 was assessed using the PowerUp™ SYBR™
Green Master Mix (Thermo-Fisher Scientific, A25777). The housekeeping gene, GAPDH, was used to
normalize mRNA expressions. qPCR was conducted in the CFX96 Touch™ Real-Time PCR Detection
System (Bio-Rad, Hercules, CA, USA), with the following thermocycler conditions:
initial denaturation (8 min, 95°C) followed by 40 cycles of denaturation (15 s, 95°C), annealing (40 s,
see Table 4.1 for temperature) and extension (30 s, 72°C). Primer sequences for each gene are recorded
in Table 4.1. qPCR data analysis was conducted on the CFX manager software version 3.1 with the
comparative threshold (Ct) method (Livak and Schmittgen, 2001) and represented as a mean fold-

change relative to the control.

Table 4.1: Primer sequences and annealing temperatures used to assess gene expression via qPCR.

Forward Sequence Annealing

Gene Reverse Sequence
Temperature
6 5’>-AAA TTC GGT ACA | 5-GGA AGG TTC AGG TTG sgoC
) TCCTCGACG G-3’ TTT TCT GC-3°

5-GAC TTT AAG GGT | 5°-TCA CAT GCG CCT TGA
IL-10 58.6°C

TAC CTG GGT TG-3’ TGT CTG-3’
NF—«B 5-TGA ACC GAA ACT | 5°-CAT CAG CTT GCG AAA seoC
(p65) CTG GCA GCT G-3° AGG AGC C-3°

5-TCC ACC ACC CTG | 5-ACC ACA GTC CAT GCC
GAPDH -—-

TTG CTG TA-3’ ATCAC-3’
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Protein Isolation and Western Blot

The western blot assay was performed to determine the protein expressions of IL-1p, TNF-a, BDNF,
and COX-2. Crude protein was isolated from control and FB,-treated US87MG cells by incubating the
samples on ice (30 mins) with 200 ul Cytobuster reagent supplemented with phosphatase and protease
inhibitors. Thereafter, cells were mechanically lysed, transferred to fresh 1.5 ml microcentrifuge tubes,
and centrifuged (4°C, 12 000 xg, 10 min). These protein samples were then quantified by the
bicinchoninic acid (BCA) assay and standardized to 1 mg/ml. Standardized samples were boiled (100°C,
5 min) after being diluted in 1x Laemmli buffer [dH,O, 0.5M Tris-HCI (pH 6.8), glycerol, 10% SDS,
5% B-mercaptoethanol and 1% bromophenol blue]. Thereafter, proteins were separated in a sodium
dodecyl sulfate polyacrylamide gel (10% resolving gel, 4% stacking gel) by electrophoresis (150 V, 1
h) and transferred onto nitrocellulose membranes using the Bio-Rad Trans-Blot® Turbo Transfer
System (20 V, 30 min). These membranes were blocked in 5% BSA (RT, 1 h), made up in Tris-buffer
saline (TTBS) [0.05% Tween 20, dH,O, 3mM KCl, 25mM Tris, 150mM NaCl, pH 7.5], followed by an
overnight incubation (4°C) with primary antibody (1:1000 in 5% BSA). Upon washing with TTBS (5
times, 10 min), membranes were probed with horse-radish peroxidase (HRP)-conjugated secondary
antibody (RT, 1 h) and washed again with TTBS (5 times, 10 min), before protein bands were visualized
using the Clarity Western ECL Substrate detection reagent (Bio-Rad). Images were captured on the
Invitrogen iBright™ CL1500 instrument. Subsequently, membranes were quenched in 5% hydrogen
peroxide (37°C, 30 min) and incubated in blocking solution after one wash with TTBS. Membranes
were then probed with HRP-conjugated anti-f-actin (Sigma-Aldrich), which served as the
housekeeping protein used to normalise protein expression. The iBright™ analysis software (version
5.2.1) was used to analyse the results. Results were expressed as relative band density. The antibodies

and dilutions used are presented in Table 4.2.

Table 4.2: Primary and secondary antibody dilutions used for Western blot.

Antibody Dilution Company Catalogue
Number

IL-1p (D3U3E) Rabbit mAb 1:1000 Cell Signalling 12703S
TNF-a (D5G9) Rabbit mAb 1:1000 Cell Signalling 69458
BDNF Antibody Rabbit mAb 1:1000 Cell Signalling 47808S
Cox2 (D5H5) XP ® Rabbit mAb 1:1000 Cell Signalling 12282T
Anti-Rabbit I[gG HRP 1:5000 Cell Signalling 7074S
Anti-B-Actin 1:5000 Sigma-Aldrich A3854
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Statistical Analysis

Statistical analysis was performed using GraphPad Prism version 5.0 (GraphPad Prism Software Inc.).
All data were analysed using an unpaired t-test, with p<0.05 considered as significant. All data were

represented as mean =+ standard deviation (SD) of 3 independent experiments (n=3).

Results

FBi suppressed pro-inflammatory cytokines and NF-kB responses in US7MG cells at a high ICs,

concentration

Inflammation occurs when the body detects injury. We assessed the impact of FB; in US7MG cells
through key inflammatory markers. The mRNA expressions of /L-6 and NF-xB were determined by
qPCR while protein expressions of IL-1p and TNF-a were determined by western blot. FB; significantly
decreased the expressions of inflammatory cytokines IL-1p (p=0.0019; Figure 4.1A), IL-6 (p=0.0004;
Figure 4.1B), and TNF-a (p=0.0120; Figure 4.1C), while the expression of the transcription factor NF-
kB (p=0.0210; Figure 4.1D) was also decreased by FB, in comparison to the control.
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Figure 4.1: Exposure to FB; significantly reduced the expressions of pro-inflammatory markers IL-1f3
(A), IL-6 (B), TNF-a (C), and NF-kB (D) in U87MG cells. Protein expression of IL-1p (A) and TNF-a
(C) were determined by western blot and are expressed as band density relative to the control £ SD
(n=3). mRNA expression for /L-6 (B) and NF-xB (D) were determined by qPCR and are expressed as
mean fold change = SD (n=3). Statistical significance for control vs FB; was determined by unpaired t
test (*p<0.05, **p<0.01). IL: Interleukin; TNF-a: Tumor Necrosis Factor-a; NF-kB: Nuclear factor-
kappa B.

FB: enhanced IL-10 expression in U§7MG cells following a 24 h treatment

IL-10 is an anti-inflammatory cytokine that protects against inflammation and autoimmune pathologies.
Thus, following the decrease in pro-inflammatory markers observed, we assessed the expression of the
anti-inflammatory cytokine, 1L-10, in FB-treated U87MG cells. qPCR analysis revealed that /L-10
expression (p<0.0001; Figure 4.2) significantly increased in U87MG cells after FB; exposure compared

to the control. This data is concomitant with reduced pro-inflammatory cytokine expressions.
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Figure 4.2: Anti-inflammatory cytokine /L-10 expression increased in U87MG cells post FB; treatment.
1L-10 mRNA expression was determined by qPCR and is expressed as mean fold change + SD (n=3).
Statistical significance for control vs FB; was determined by unpaired t test (***p<0.0001). IL:

Interleukin.

FB suppressed COX-2 protein expression in U§7MG cells

COX-2 is expressed in response to inflammation and produces prostaglandins which support the
inflammatory process. To further understand the pro-inflammatory response, we assessed the effect of
FB; on COX-2 expression in US7MG cells by western blot. Protein expression of COX-2 was
significantly decreased (p=0.0367; Figure 4.3) by FB; compared to the control. COX-2 downregulation
further suggests an anti-inflammatory role of FB; in U87MG cells.
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Figure 4.3: FB reduces the protein expression of COX-2 following treatment in US7MG cells. COX-2
protein expression was determined by western blot and is expressed as band density relative to the
control = SD (n=3). Statistical significance for control vs FB; was determined by unpaired t test

(*p<0.05). COX-2: Cyclooxygenase-2

FBi enhanced BDNF protein expression in U§7MG cells

BDNF is important in neuronal health regulation and is known to convey neuroprotection in neurons
and microglia. The anti-inflammatory cytokine response observed led to the assessment of BDNF
expression in FBi-treated US7MG cells by western blot. Concomitantly, BDNF protein expression was
significantly enhanced (p=0.0162; Figure 4.4) by FB; compared to the control, suggesting a protective
role of FB; in U87MG cells.
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Figure 4.4: BDNF protein expression was increased in US7MG cells following FB; treatment. BDNF
protein expression was determined by western blot and is expressed as band density relative to the
control = SD (n=3). Statistical significance for control vs FB; was determined by unpaired t test

(*p<0.05). BDNF: Brain-derived neurotrophic factor

Discussion

Inflammation acts as the body’s defense mechanism, in which the immune system identifies and
eliminates harmful stimuli and initiates the healing process. Inflammatory responses may influence the
central nervous system via various mechanisms. The tight junctions of the brain create the blood-brain
barrier (BBB) to limit pathogen diffusion from the blood into the brain (Porter and O'Connor 2022).
Peripheral inflammation may obstruct this barrier causing an increase in BBB permeability, thus
allowing infiltration of cytokines and monocytes to the brain (Porter and O'Connor 2022). Peripheral

cytokines can influence brain homeostasis via vagus nerve signalling (Zanos et al. 2018) or through
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signalling of pattern recognition receptors on endothelial cells of the BBB (Engblom et al. 2002;
Capuron and Miller 2011). These inflammatory signalling responses initiate neuroinflammatory
reactions in the brain. Accumulating data indicates that a positive and negative cytokine feedback
system, along with a balanced pro-inflammatory and cytokine inhibitory system, is vital for optimal
brain cellular response modulation (Plata-Salaman 2002). Several researchers have drawn their
attention to cytokine function and expression in the brain, with the literature rapidly expanding.
Likewise, our interest in neuroinflammation led us to investigate the inflammatory response in the
human glioblastoma U87MG cell line after exposure to the common food-borne mycotoxin FB;.
Current knowledge suggests that FB; has marked immunological effects. Therefore, we first evaluated
the impact of FB; on U887MG cells through the expressions of transcription factor NF-kB and pro-
inflammatory cytokines IL-1p, IL-6, and TNF-a.

IL-1PB is a potent member of the IL-1 family, which is associated with various autoimmune and
inflammatory diseases (Tsai 2017). IL-1p is synthesized and released by astrocytes and microglia, thus
it is highly expressed in the brain, with key regulatory roles in mood and memory (Tsai 2017). The IL-
1 family contributes to neurodegeneration and induces IL-6 production (Rauf et al. 2022). IL-6 is
produced in response to tissue injury and infections thus providing defense to the host. IL-6 expression
is regulated by transcriptional and post-transcriptional mechanisms; however, its continued
dysregulated synthesis contributes to the pathological effects of chronic inflammation and
autoimmunity (Tanaka, Narazaki, and Kishimoto 2014b). TNF-a is also a vital inflammatory marker
that regulates acute phase inflammation and is responsible for various physiological functions
(Parameswaran and Patial 2010). Upon injury, TNF-a protects against infection, neuronal toxicity, and
neurodegeneration; however, its dysregulated expression may result in chronic inflammation (Rauf et
al. 2022). NF-kB is a key inflammatory response mediator as it controls various aspects of innate and
adaptive immunity (Liu, Zhang, et al. 2017). In response to inflammation, NF-kB induces pro-
inflammatory cytokines to maintain optimal immune responses and cell survival. Consequently, altered

NF-kB activation is linked to pathogenic processes of inflammatory diseases (Liu, Zhang, et al. 2017).

In US7MG cells, FB; significantly decreased the expressions of pro-inflammatory cytokines IL-1f
(Figure 4.1A), IL-6 (Figure 4.1B), and TNF-a (Figure 4.1C), along with NF-xB (Figure 4.1D) compared
to the control, suggesting that US7MG cells induced an appropriate response to counteract the toxicity
of FBy, during the exposure period of 24 hrs. In the healthy brain, IL-1 is expressed at low levels and is
only rapidly expressed in response to trauma. In ischemic mice, IL-1f deficiency reduced neuronal loss
and infarct volume (Boutin et al. 2001a). In rodents, increased IL-1 gene and protein expressions have

been observed in the brain following cerebral ischemia, excitotoxin infusion, or traumatic brain injury

126




(Patel, Boutin, and Allan 2003). In contrast, administration of IL-1f neutralizing antibody ameliorates
cerebral ischemic damage in rats (Relton and Rothwell 1992; Mulcahy et al. 2003). Animals lacking
the interleukin-1 converting enzyme, which is essential for IL-1p processing and activation, display
reduced IL-1p expressions and infarct volumes (Hara et al. 1997; Liu et al. 1999). Also, mice lacking
IL-1p show reduced brain injury after cerebral artery occlusion (Ohtaki et al. 2003; Boutin et al. 2001b).
Immunotoxicity assessment in swine alveolar macrophages revealed that FB; downregulated IL-1j,
suggesting that FB, partially exerts its toxicity in macrophages through cytokine production (Liu et al.
2002). Given these findings, it is evident that IL-1p is increased in detrimental states, while its decrease
proves favourable to the host. Thus, the decreased IL-1p protein expression observed in this study
implies that FB; is not fully toxic in U§7MG cells over 24 hrs. In human dendritic cells, a 6 h and 24 h
lipopolysaccharide treatment significantly increased /L-1f and IL-6 expressions; however, upon FB;
administration, the lipopolysaccharide-induced expressions of [L-/f and IL-6 were significantly
reduced (Stockmann-Juvala, Alenius, and Savolainen 2008). The study also showed that FB; alone or
in combination with lipopolysaccharide had no effect on 7TNF-a expression (Stockmann-Juvala,

Alenius, and Savolainen 2008).

In the central nervous system, IL-6 is normally expressed at low levels and increases in pathological
circumstances (Wei, Alberts, and Li 2013). Considering this notion, the FB;-induced decrease of /L-6
in US7MG cells (Figure 1B) would indicate a physiological state, in which an inflammatory response
was not stimulated. While enhanced IL-6 expression has been widely associated with autism
development (Wei, Alberts, and Li 2013), Smith et al. (2007) demonstrated that an anti-IL-6 antibody
improved autism-like behaviours and normalized the autism-induced gene expression changes by
inactivating IL-6 in mice brain tissues. In a preclinical model, genetic deletion of IL-6 and neutralizing
IL-6 antibody reduced disease signatures of multiple sclerosis (Gijbels et al. 1995; Okuda et al. 1998;
Kummer et al. 2021). In mice with traumatic brain injury, IL-6 upregulation promoted peripheral
inflammation; however, inflammation, brain injury, and motor impairment were alleviated by treatment
with an anti-IL-6 antibody (Yang et al. 2013; Rowe et al. 2016). In murine bone marrow-derived
dendritic cells the lipopolysaccharide-induced secretion of IL-6 was suppressed by FB; in a dose-

dependent manner (Li et al. 2017).

Like most cytokines in a healthy adult brain, TNF-a is expressed at low levels and is only highly
expressed in neurodegenerative brains (Cheng et al. 2010). TNF-a also facilitates the release of the pro-
inflammatory cytokines IL-1 and IL-6 through macrophage stimulation (Abbas, Lichtman, and Pober
1997). In US7MG cells, TNF-a protein expression was significantly suppressed by FB; exposure. This

decrease in TNF-a expression aligns with the observed decrease in IL-1B and /L-6 expressions seen in
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FB-treated U87MG cells. TNF-a is a key mediator of ischemic brain injury. Direct administration of
TNF-a into the cerebroventricular system elicits focal brain ischemia, while in TNF-a-treated rats,
ischemic injury led to increased infarct size and neurological damage (Feuerstein, Wang, and Barone
1998). However, a specific neutralizing TNF-a antibody completely eradicated the effects of TNF-a in
ischemic injury (Feuerstein, Wang, and Barone 1998). In mice subjected to radiotherapy, increased
astrogliosis, vessel permeability, and leukocyte adhesion were significantly ameliorated by anti-TNF-a
treatments (Wilson et al. 2009). In human dendritic cells, TNF-a gene and protein expressions were not
affected by FB: exposure (Stockmann-Juvala, Alenius, and Savolainen 2008); however, in pig lungs
exposed to 0.5mg FBi/kg body weight/day for 7 days (Halloy et al. 2005) and mouse peritoneal
macrophages injected with 0 to 6.75 mg/kg/day FB, for 5 days (Dugyala et al. 1998) TNF-a expression
was enhanced. On the contrary, FB; exposure (2 and 10 pg/ml for 24 h) in swine alveolar macrophages
reduced TNF-a expression (Liu et al. 2002), suggesting that FB; might affect TNF-a expression in a
dose-, time-, and cell type-dependent manner. Accumulating data highlights the importance of low-level
TNF-a expression in a healthy host, thus suggesting that the observed FBi-induced decrease in TNF-a

protein expression was favourable to US7MG cells.

NF-«kB is a transcription factor that also plays a role in brain function following injury and
neurodegeneration. Several studies have shown an increase in NF-kB due to brain injury. In an
ischaemia-reperfusion injury model, NF-xB was increased in the ischaemia cortex (Salminen, Liu, and
Hsu 1995) whereas in a traumatic brain cortical injury model, a persistent NF-kB increase was observed
(Yang, Mu, and Hayes 1995). These models suggest that upon injury, increased IL-1 and TNF
production activates NF-kB and a range of pro-inflammatory genes. In US87MG cells, NF-xB expression
(Figure 4.1D) was decreased by FB;, which is parallel with the decrease observed in IL-1f, /L-6, and
TNF-a expressions (Figure 4.1A — 4.1C). In rats, Yuan et al. (2020) suggested a neuroprotective effect
against ischaemia reperfusion injury via the downregulation of NF-kB along with reduced IL-18, IL-6,
and TNF-a levels. In astroglia, NF-xB inhibition was found to reduce inflammation and improve
recovery of spinal cord injury (Brambilla et al. 2005). In an optic neuritis study, transgenic mice with
selectively inactive NF-xB in astrocytes were significantly protected, averting axonal demyelination,
and attenuating retinal ganglion cell death, while also displaying a decrease in pro-inflammatory
cytokine expression (Brambilla et al. 2012). Similarly, in a mouse model, NF-kB inactivation resulted
in decreased pro-inflammatory cytokine expression, suggesting that NF-kB-dependent expression is
vital for inflammation and tissue injury in autoimmune demyelinating disease in the central nervous

system (van Loo et al. 2006).
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IL-10 is the most studied anti-inflammatory cytokine of the immune system. IL-10 limits inflammation
and autoimmune diseases by suppressing the immune response to pathogens (O'Garra and Vieira 2007).
IL-10 expression is regulated by cell-specific mechanisms including epigenetics, the activation of
transcription factors, signalling pathways, and post-transcriptional modifications (Saraiva and O'Garra
2010a). IL-10 production has been documented in the brain; however, its cellular and regulatory
mechanisms are less understood compared to those in the periphery. This lack of knowledge on the IL-
10 regulatory immune response in the brain hampers the development of immune modulatory strategies.
The decreased pro-inflammatory response in FBi-treated U87MG cells prompted us to determine the
expression of the anti-inflammatory cytokine IL-10. FB, significantly increased /L-/0 expression
(Figure 4.2), corresponding with the prevention of inflammation in US7MG cells. This increase in anti-
inflammatory response suggests a mechanism for the reduced inflammatory state observed in FB;-
treated US7MG cells. Several studies have implicated IL-10 deficits in patients and animals with
neurological diseases such as Alzheimer’s, Parkinsons, multiple sclerosis, and neuropathic pain.
Therefore, IL-10 production is considered a mechanism to hinder exaggerated neuroimmune responses.
In neurons, IL-10 receptor signalling has been linked to the enhancement of cellular survival (Zhou et
al. 2009) and adult neurogenesis regulation (Perez-Asensio et al. 2013). Prior to relapse, a decrease in
IL-10 secretion by peripheral blood mononuclear cells has been documented in multiple sclerosis
patients; however, during remission IL-10 is increased, signifying the importance of IL-10 for recovery
(Waubant et al. 2001; Rieckmann et al. 1994). IL-10-based therapies have been tested in animal models
which displayed decreases in inflammation, dopaminergic cell damage, and its related microglial
activation (Kwilasz et al. 2015). Pérez-de Puig et al. (2013) described the role of IL-10 in ameliorating
inflammatory responses in permanent ischemia, where IL-10 deficiency worsened the outcomes of
permanent middle cerebral artery occlusion and inflammation. Also, patients suffering from ischemic
stroke display low levels of IL-10, indicating the down-regulation of the anti-inflammatory response in
acute stroke patients (Perini et al. 2001). In a neurotoxicant model of Parkinsons disease, adenoviral-
mediated expression of human IL-10 reduced the neurodegenerative impact upon toxin administration
in the striatum of mice (Joniec-Maciejak et al. 2014). In BALB/c mice fed FB, for 2 weeks, IL-10
expression was increased with an associated decrease in TNF-a expression (Abbes et al. 2016).
Similarly, in murine bone marrow-derived dendritic cells, FB; suppressed IL-10 secretion but not TNF-

a in a dose-dependent manner following lipopolysaccharide exposure (Li et al. 2017).

COX-2 is stimulated by inflammatory cytokines such as TNF-a, IL-1, and IL-2 (Rauf et al. 2022),
therefore its expression in the brain has been linked to pro-inflammatory states. Transcriptional factor
NF-«B also influences the expression of COX-2 thus COX-2 inhibition can be achieved through factors
that alter NF-kB expression, such as IL-10 (Consilvio, Vincent, and Feldman 2004). Considering the

parallel expressions of pro-inflammatory cytokines with COX-2, herein, we also examined the effect of
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FB; on COX-2 expression. In US7MG cells, FB, significantly downregulated COX-2 protein
expression (Figure 4.3) compared to the control. COX-2 is induced in neurons under pathological
conditions. In the hippocampal and cortical neurons, COX-2 is promptly expressed upon a single
maximal electroconvulsive seizure (Consilvio, Vincent, and Feldman 2004). In mice neurons, COX-2
overexpression led to increased excitotoxicity while COX-2 knockout mice displayed lower neuronal
death when exposed to ischemia (Iadecola et al. 2001). COX-2 upregulation has been implicated in
Alzheimer’s disease therefore, many researchers have shown interest in synthesizing COX-2 inhibitors
to minimize inflammation and halt Alzheimer’s disease progression (Moussa and Dayoub 2023).
Studies also suggest that NF-xB activation may promote Alzheimer’s disease development by
increasing COX-2 in microglia and subsequently increasing pro-inflammatory molecules to aggravate
neuroinflammation (Amor et al. 2010; Shabab et al. 2017). It is also documented that IL-1, IL-6, IL-
18, and TNF-a overexpression weakens the learning capacity of mice by inducing COX-2 expression
(Wang et al. 2017; Ghosh et al. 2013). In our study, COX-2 expression was downregulated, along with
the pro-inflammatory cytokines, implying a positive role for FB; in U§7MG cells compared to other
findings.

BDNF is abundantly expressed in the brain, where it plays a role in a range of physiological processes
including inflammation. BDNF plays a key role in neuron growth and development, while it is also
known to improve neurons in a pathological state (Liang, Deng, and Huang 2019). Since the anti-
inflammatory cytokine response was increased in US7MG cells, we further investigated the anti-
inflammatory effect of FB; via the expression of BDNF in U87MG cells. We found a significant
increase in BDNF protein expression in US7MG cells exposed to FB; compared to the control (Figure
4.4). Mounting literature has described the anti-inflammatory properties of BDNF. BDNF pretreatment
in a pneumococcal meningitis study, reduced pathological and clinical disease severity, while also
improving hippocampal apoptosis and the inflammatory response (Xu et al. 2017). In this
pneumococcal meningitis study, BDNF treatment also led to decreased gene and protein expressions of
TNF-a, IL-1B, and IL-6 while increasing IL-10 gene and protein expression (Xu et al. 2017). NF-xB
nuclear translocation was also inhibited thus neutralizing the harmful impact of excessive inflammation
(Xu et al. 2017). In ischemic stroke rats, intranasal BDNF administration suppressed TNF-o but
increased IL-10 gene and protein expressions, suggesting that BDNF might protect against ischemic
insult by regulating cytokine expressions in rat brains (Jiang et al. 2011). Another ischemic stroke rat
model showed that exogenous BDNF upregulated IL-10 expression, downregulated TNF-o and NF-«xB
expressions, and improved vestibulomotor and sensorimotor functions (Jiang et al. 2010). In a
neuroinflammation and epileptogenesis rat model, intra-hippocampal administration of BDNF eased
recurrent seizures and the inflammatory marker IL-1p (Bovolenta et al. 2010). Our observation of the

inflammatory response in FBi-treated US7MG cells (Figure 4.1 — 4.4) is consistent with these previous
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findings, where enhanced BDNF and IL-10 expressions resulted in reduced IL-1pB, IL-6, TNF-a, and
NF-«kB expressions.

Conclusion

FB,; was found to significantly decrease the inflammatory response in US7MG cells by suppressing
the activity of the pro-inflammatory markers IL-1p, IL-6, TNF-a, and NF-kB (Figure 4.5). This reduced
inflammatory state was further supported by the increase in anti-inflammatory cytokine IL-10
expression (Figure 4.5). COX-2 is commonly expressed in response to inflammation; however, FB;
reduced COX-2 expression in U87MG cells, while enhancing the negative neuroinflammatory regulator
BDNF (Figure 4.5). These findings suggest an anti-inflammatory role for FB; in US7MG cells, albeit

over short exposure times.

ANTI-INFLAMMATORY PRO-INFLAMMATORY

RESPONSE:

? IL-10
BDNF

RESPONSE:

IL-1B, IL-6, TNF-a
NF-KB, COX-2

/

REDUCED
NEUROINFLAMMATORY
RESPONSE

Figure 4.5: FB; attenuates the inflammatory response in US87MG cells. FB; downregulated the
expression of IL-1B, IL-6, and TNF-a which are key pro-inflammatory cytokines that drive
inflammatory responses. FB; also reduced expression of the transcription factor NF-xB and COX-2,
which serve as crucial regulators of inflammation by activating cytokines and promoting the production
of inflammatory mediators. In contrast, the expression of the anti-inflammatory cytokine IL-10 and
BDNF was elevated, indicating a shift towards a protective, anti-inflammatory cellular environment.

FBi: Fumonisin By; IL-1p: Interleukin-1p; IL-6: Interleukin-6; TNF-a: Tumour necrosis factor-alpha;

131




NF-kB: Nuclear factor-kappa B; COX-2: Cyclooxygenase-2; IL-10: Interleukin-10; BDNF: Brain-

derived neurotrophic factor.
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CHAPTER 5

5.1 Synthesis/Discussion

Fusarium verticillioides, the producer of FBy, is a significant fungal contaminant in maize, particularly
in homegrown crops meant for human consumption (Marasas, Jaskiewicz, et al. 1988). The extent of
maize infection is largely influenced by environmental factors, such as average temperatures and
frequent rainfall. In certain regions of South Africa, maize forms part of the staple diet thus increasing
the risk of Fumonisin consumption among these populations. In rural areas of Africa, research has found
that certain processing methods deliver added risks of Fumonisin consumption (Shephard et al. 2005).
A significant factor contributing to this is the widespread cultivation of maize as a cereal in Sub-Saharan
Africa (Dutton 2009). Furthermore, maize is used to make locally brewed alcoholic and non-alcoholic
beers (Phoku et al. 2012a). These products are consumed daily, imposing major health hazards among

impoverished communities.

In the context of Fumonisin toxicity, oxidative stress and ROS are crucial in inducing damage to lipids,
DNA, and proteins. Oxidative damage to cell membrane lipids leads to increased lipid peroxidation,
which can be measured by TBARS. MDA is the most prevalent individual aldehyde produced from
lipid peroxidation, and its concentration serves as a marker for lipid oxidation (Klari¢ et al. 2007;
Pirinccioglu et al. 2010). In US7MG cells, MDA levels decreased upon FB; exposure, which led to
concomitant decreases in SOD2, CAT and GPx gene and protein expressions. Although FB; is known
to be a strong inducer of oxidative stress, studies show that its effect on ROS production and other
oxidative stress-related events varies in the brain depending on the cell line (Stockmann-Juvala et al.
2004a). The reason for this is unclear but could be due to differences in how cells recognize FB; or
variations in sphingolipid metabolism. Similar decreases in antioxidant enzymes due to FB; exposure
were previously observed in Balb/c mice spleen (Abbés et al. 2016) as well as female rat liver and
kidney (Hassan et al. 2015). The decreased activities of antioxidant enzymes during oxidative stress are
thought to play a role in FB; neurotoxicity (Domijan and Abramov 2011; Stockmann-Juvala et al.
2004a). The brain, being rich in mitochondria, is continuously exposed to oxidative stress and free

radicals, which may contribute to adverse health outcomes.

In this study, NRF-2 protein and gene expressions were decreased, corresponding with the decreases in
lipid peroxidation and antioxidant enzyme levels in FB;-treated U87MG cells. The human OGG/ gene
encodes a DNA glycosylase that facilitates the removal of 8-hydroxyguanine from damaged DNA and
suppresses its mutagenic ability (Nash et al. 1996). Downregulated mRNA expression of OGGI was
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observed in US7MG cells following FB, treatment. This reduction in OGGI may indicate the absence
of base lesions by 8-hydroxyguanine, thus resulting in the deactivation of the repair mechanism for
oxidatively damaged DNA. Since 8-hydroxyguanine serves as a biomarker for DNA damage caused by
oxidative stress, assessing its levels with a DNA Damage ELISA Kit would be valuable for future
research. Our laboratory previously demonstrated that FB; treatment to HepG2 cells induces a
significant increase in oxidative DNA damage, as indicated by elevated levels of 8-hydroxy-2'-

deoxyguanosine (Arumugam, Ghazi, and Chuturgoon 2020)

Considering the reduced oxidative state of FB-treated U87MG cells, as observed by reduced levels of
lipid peroxidation and antioxidant enzymes including NRF-2 expressions, we explored whether
mitochondrial stress levels were also constrained in this study. Neurons have significant energy
requirements and are particularly susceptible to oxidative stress because of their high oxygen
consumption, elevated levels of membrane polyunsaturated fatty acids, and moderate antioxidant
defense (Cenini, Lloret, and Cascella 2019). Sirtuins are a group of nicotinamide adenine dinucleotide
(NAD")-dependent deacetylases that are evolutionarily conserved from bacteria to humans. SIRT3
interacts with its essential cofactor NAD" to deacetylate mitochondrial protein substrates, producing
by-products in the process. This activity allows SIRT3 to regulate metabolic adaptations by altering the
overall protein acetylation landscape in mitochondria (Hebert et al. 2013). By deacetylating substrates
involved in both ROS production and detoxification, SIRT3 is emerging as a key defender against
stressors, as its deficiency can lead to decreased efficiency of electron transfer, resulting in increased
ROS generation and reduced ATP production (Wu et al. 2019). Contrastingly, elevated SIRT3 helps
maintain low steady-state levels of ROS, thereby coordinating metabolic and genetic processes by
preventing excessively high ROS levels (Wu et al. 2023). Here, we observed significant increases in
gene and protein expressions of SIRT3 following FB; treatment, suggesting that SIRT3 maintained
mitochondrial integrity in US7MG cells. While FB; appears to preserve mitochondrial integrity in
U87MG cells, it may be worth considering an alternative explanation, particularly given that SIRT3 is
highly expressed in the brain (Sidorova-Darmos et al. 2014). The FB;-induced upregulation of SIRT3
expression could lead to NAD™ depletion, potentially impairing metabolic processes by reducing
available NAD" for mitochondrial function, rather than promoting mitochondrial maintenance. Further
investigation is needed to confirm this hypothesis and elucidate its underlying mechanisms.
Mitochondria possess a family of proteins that help address mitochondrial protein misfolding during
oxidative stress. Another important regulator of mitochondrial activity is LonP1, which was upregulated
in FBj-treated US7MG cells. LonP1 is a nuclear-encoded, mitochondrial ATP-dependent serine
peptidase that facilitates the breakdown of oxidatively modified proteins in the mitochondrial matrix
(Ngo and Davies 2007b), helping to maintain mitochondrial homeostasis. In U87MG cells, the

expression of molecular stress protein HSP60 was also enhanced following FB; exposure. HSPs are a
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group of highly conserved protective proteins that are expressed in all cells. HSP60 is responsible for
the folding and assembly of newly imported proteins in the mitochondrial matrix (Cheng, Hartl, and
Norwich 1990). Recent studies have revealed that HSP60 knockout reduces mitochondrial activity
while increasing cell proliferation (Teng et al. 2019). Knocking out HSP60 has also proven lethal to
mice (Christensen et al. 2010) and zebrafish (Pei et al. 2016). Additionally, patients with disease-related
variations in HSP60 are susceptible to neurodevelopmental disorders, with impaired myelination being
a common characteristic (Yamamoto et al. 2018; Magen et al. 2008). mtDNA is also vulnerable to
oxidative stress, as it lacks histone proteins and has inefficient DNA repair mechanisms (Santos et al.
2013). Physiologically, mtDNA is more prone to oxidative damage than nuclear DNA, as the
mitochondrial respiratory chain is a significant source of ROS and mtDNA is situated close to this ROS
generator (Kang and Hamasaki 2002). TFAM is a DNA-binding protein that plays a vital role in
maintaining the normal function of mtDNA (Aasumets et al. 2021). It stabilizes mtDNA and initiates
its replication, making it essential for mtDNA metabolism (Song et al. 2024). TFAM is known for its
role of protecting mtDNA from ROS, while mtDNA helps shield TFAM from degradation by Lon
protease (Lu et al. 2013b). Following exposure to FBi, TFAM expression was significantly
downregulated in US7MG cells suggesting altered mtDNA integrity due to impaired protection. The
expression of human TFAM suppresses TFAM promoter activity and enhances mitochondrial activity
or increases mtDNA copy number, which can be viewed as a negative feedback mechanism for TFAM
expression (Lee et al. 2014). Mitochondrial dysfunction frequently results in declined mtDNA copy
number or mutations, with research indicating that a reduction in mtDNA copy number is linked to
neurodegenerative diseases (Song et al. 2024). Thus, the FBi-induced downregulation in TFAM
expression could also lead to reduced mtDNA copy number in US7MG cells, proving detrimental to
neuronal health. A reduction in mtDNA copy number can also cause defects in the mitochondrial
respiratory chain, ultimately leading to mitochondrial dysfunction (Song et al. 2024). In a skeletal
muscle atrophy study on mitochondrial dysfunction, Theilen, Kunkel, and Tyagi (2017) found that
TFAM binds to and encircles mtDNA, providing protection against ROS-induced degradation while
also promoting mitochondrial function. These findings highlight the importance of TFAM regulating

optimal mitochondrial function.

Previous studies have revealed that oxidative stress and ROS generation are closely linked to the
immunotoxic potential of mycotoxins (Theumer et al. 2010; Mary et al. 2012). During oxidative stress,
cytokine production is often elevated (Jena et al. 2023), triggering a stronger inflammatory response.
Contrary, cytokines can also modulate the oxidative stress environment, such that certain cytokines can
promote ROS production by activating cellular pathways that involve enzymes like NADPH oxidase
and contribute to mitochondrial dysfunction (Jena et al. 2023). This bidirectional relationship indicates

that cytokines and oxidative stress are interconnected in a feedback loop, where each factor can amplify
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the effects of the other. If not properly regulated, this cycle can contribute to chronic inflammation and
tissue damage. Inflammation is a crucial biological response to injury, infection, and trauma affecting
cells or tissues. An effective inflammatory response removes invading pathogens and initiates wound
healing and angiogenesis (Carson, Thrash, and Walter 2006). However, in the brain, inflammation can
negatively influence both acute and chronic brain disorders (Harry and Kraft 2008). Therefore, to
counteract these adverse effects, neurons engage in neuroprotective activities by clearing cellular debris
and regulating the secretion of neurotrophic factors, cytokines, and proteases (Shabab et al. 2017).
Neuroinflammation is a response that engages all cell types in the CNS, including neurons, macroglia,
and microglia. Microglia are the brain's resident macrophages and play a vital role in the organism's
defense and tissue repair. In microglia, mitochondrial dysfunction results in increased production of
ROS, contributing to redox imbalance and triggering the transcription of pro-inflammatory genes, as
well as the release of cytokines like IL-1p, IL-6, and TNF-a, which in turn induces neuroinflammation
(Shabab et al. 2017). Additionally, microglia interact with various damage-associated molecular
patterns (DAMPs) with recent data suggesting that TFAM may function as a specific DAMP in
peripheral tissues (Little et al. 2014). Impaired mitochondrial function is also associated with both acute
and chronic inflammatory diseases (Naik and Dixit 2011). Mitochondria play a central role in regulating
the pro-inflammatory response, primarily by influencing innate immunity through redox-sensitive
inflammatory pathways or by directly activating the inflammasome. The inflammasome is a protein
complex whose activation triggers the immediate activation of caspase-1, which in turn cleaves and
activates the inactive precursors IL-1f and IL-18 (Strowig et al. 2012). Moreover, these pathways can
work in concert to stimulate the release of inflammatory cytokines, potentially leading to an excessive

and prolonged inflammatory response (Escames et al. 2012).

We investigated the inflammatory response of FB; in U87MG cells and found that the pro-inflammatory
markers IL-1B, IL-6, TNF-a, NF-kB and COX-2 were significantly downregulated, which led to the
upregulation of the anti-inflammatory markers IL-10 and BDNF, indicating a low inflammatory
response in this study. IL-1p plays a crucial role in triggering and amplifying the immune response to
infections. It contributes to immune cell recruitment and activation, stimulates the production of pro-
inflammatory cytokines, and influences adaptive immunity (Duque and Descoteaux 2014; Pyrillou,
Burzynski, and Clarke 2020). IL-6 is produced in response to infections and tissue damage, playing a
key role in host defense by triggering acute phase responses, thus supporting haematopoiesis, and
regulating immune reactions (Tanaka, Narazaki, and Kishimoto 2014a). While its expression is tightly
controlled at both transcriptional and posttranscriptional levels, persistent dysregulated IL-6 production
contributes to chronic inflammation and autoimmune diseases (Tanaka, Narazaki, and Kishimoto
2014a). TNF-a is an inflammatory cytokine produced by macrophages and monocytes during acute

inflammation (Idriss and Naismith 2000). TNF-a plays a crucial role in cellular signalling, promoting
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necrosis or apoptosis and is also essential for immune defense, contributing to resistance against
infections and cancer (Idriss and Naismith 2000). NF-«B plays a role in regulating both innate and
adaptive immune functions and acts as a central mediator of inflammatory responses. It drives the
expression of various pro-inflammatory genes, including cytokines and chemokines, and is also
involved in inflammasome regulation (Liu, Zhang, et al. 2017). Additionally, NF-kB is essential for
controlling the survival, activation, and differentiation of innate immune cells and inflammatory T cells
(Liu, Zhang, et al. 2017). COX-2 is a major enzyme of prostaglandins synthesis from arachidonic acid,
which plays a central role in inflammation (Abdel-Latif et al. 2009). Its increased expression has also
been observed in various other human cancers (Gandhi et al. 2017). IL-10 is a powerful anti-
inflammatory cytokine, vital for immune response regulation during infectious diseases. IL-10 helps
minimize immunopathology by reducing excessive inflammation, preventing tissue damage, and
limiting immune-related pathology to maintain homeostasis (Saraiva and O'garra 2010b). The role of
IL-10 is especially critical in chronic infections, where prolonged inflammation can negatively impact

the host.

Upon activation due to injury, microglia present antigens to T-cells and trigger the release of various
antioxidants, genes and proteins including cytokines IL-1B, TNF-a and COX-2, ROS and other
neurotoxins which may induce neuronal dysfunction and cell death (Park et al. 2011). Cytokines and
ROS are intricately linked and can impact each other in a variety of physiological and pathological
processes. Certain cytokines, such as TNF-a, IL-1f, and IL-6, can promote ROS production across
different cell types. In U§7MG cells, ROS production was limited along with the reduction in expression
of pro-inflammatory cytokines, reflecting the link between ROS and cytokine expression. In neonatal
cardiac myocytes, exposure to TNF-a resulted in increased oxidative stress (Suematsu et al. 2003b).
Additionally, TNF-a-exposed adult cardiac myocytes displayed elevated lipid peroxidation and ROS,
via 2',7'-Dichlorofluorescin Diacetate (Kaur et al. 2006). In THP-1 cells, recombinant human TFAM
triggered the expression of the pro-inflammatory cytokines IL-1B, IL-6, and IL-8. This effect was
further amplified when IFN-y was present. The increased secretion of IL-6 in response to recombinant
human TFAM and IFN-y was also confirmed in primary human microglia (Little et al. 2014). Here, we
observed decreased TFAM expression which could be linked to the decreased expression of the pro-

inflammatory cytokines.

IL-1B and TNF-a are key players in pathological inflammation and disease progression (Lyman et al.
2014a). They contribute to BBB breakdown, increased adhesion molecule expression, and the diffusion
of harmful substances like nitric oxide (Blamire et al. 2000). In the CNS, IL-1p is increased upon trauma

to peripheral nerves, astrocytes, and microglia (Yan et al. 1992), while its role is critical in chronic
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neurodegenerative diseases (e.g., Alzheimer's, Parkinson's) and acute conditions like stroke and brain
injury (Swaroop et al. 2016). IL-6 also disrupts BBB integrity, facilitating leukocyte infiltration and
influencing neuronal survival or death post-injury (Gadient and Otten 1997). High IL-6 levels have
been linked to cognitive decline, Alzheimer’s, bipolar disorder, and depression (Bradburn, Sarginson,
and Murgatroyd 2018; Howren, Lamkin, and Suls 2009; Del Giudice and Gangestad 2018). TNF-a, a
multifunctional cytokine, triggers apoptosis through death domain receptors (Shabab et al. 2017) and is
rapidly elevated in response to injury and neurodegenerative diseases (Figiel 2008). TNF-a also
regulates various cellular processes, including apoptosis and necrosis, and plays a role in immune

defense (Idriss and Naismith 2000).

NF-kB has multiple roles within the mammalian cell. Interestingly, ROS can also regulate the activation
of transcription factors such as NF-kB which is critical in mediating cytokine production and
inflammatory responses (Bhol et al. 2024). In Jurkat T cells, H,O, has been demonstrated to activate
NF-kB, highlighting the direct relationship between these inflammatory and oxidative stress markers
(Schreck, Rieber, and Baeuerle 1991). In US7MG cells, a similar pattern was noted, with reduced levels
of NF-«kB accompanying lower oxidative stress levels. Additionally, studies have indicated an increased
sensitivity to NF-kB activation in the context of mitochondrial dysfunction, suggesting that NF-xB
binding sites play a critical role in the expression of inflammatory genes (Ungvari et al. 2007;
Vaamonde-Garcia et al. 2012). NF-xB is stimulated by inflammatory cytokines such as ILs and TNF-a
(Nennig and Schank 2017), hence the decrease in pro-inflammatory cytokines in FB1-treated U§7MG
cells, would stimulate a decrease in NF-kB expression. Impairment of NF-«xB signalling contributes to
chronic inflammatory diseases, including neurodegenerative disorders and cancer (Lawrence 2009).
Increased NF-kB expression was observed in the ischemic cortex in a rat ischemia-reperfusion model
(Salminen, Liu, and Hsu 1995), whereas persistent NF-kB activation was noted in a rat model of
traumatic brain injury (Yang, Mu, and Hayes 1995). When activated, NF-kB triggers the production of
pro-inflammatory cytokines, chemokines, inducible nitric oxide synthase and COX-2, which all
contribute to neuroinflammation (Glass et al. 2010). COX-2 expression is primarily found in neurons,
where it is linked to synaptic function and memory formation. In U87MG cells, COX-2 expression was
decreased upon exposure to FB;. Research has shown that COX-2 inhibition or deletion improves
ischemia-related neurological deficits and reduces infarct volume in the early stages after ischemia
(Tadecola et al. 2001; Candelario-Jalil et al. 2003; Sasaki et al. 2004). Inhibition of mitochondrial
respiratory chain activity can upregulate COX-2 expression, leading to ROS production and NF-kB
activation (Biniecka et al. 2010; Cillero-Pastor et al. 2008). Limiting the pro-inflammatory response is

thus imperative for optimal brain function.
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In US7MG cells, IL-10 expression was upregulated by FB;. IL-10 plays a role in inhibiting
inflammation and autoimmune pathologies by downregulating pro-inflammatory cytokines to
counteract their production and function (Zhang and An 2007). Released by immune cells and glia as
part of a negative feedback mechanism during inflammation, IL-10 helps mitigate neuroimmune
disorders, including neurodegeneration, nerve injury, peripheral inflammation, and autoimmune
diseases, all of which often feature IL-10 deficiency and chronic inflammation (Ledeboer et al. 2002;
Moore et al. 2001; Kettenmann et al. 2011; Kwilasz et al. 2015), while advanced techniques to boost
IL-10 have shown sustained therapeutic effects with a single injection (Kwilasz et al. 2015). In animal
and patient models, IL-10 has been reported as an immune regulator of the brain as its deficit has been
implicated in diseases such as Parkinson’s (Arimoto et al. 2007), Alzheimer’s (Kiyota et al. 2012),
multiple sclerosis (Hesse et al. 2011) and neuropathic pain (George et al. 2004). Apart from its role in
inflammation, IL-10 has been demonstrated to reduce the production of ROS in isolated macrophages
(Dokka et al. 2001) and is thought to play a role in modulating TNF-a-mediated, oxidative stress-
induced acute lung injury (Mulligan et al. 1993; Shanley et al. 1995). In non-challenged cardiac
myocytes, IL-10 did not affect intracellular ROS levels or lipid peroxidation at any concentration.
However, IL-10 was effective in alleviating TNF-a-induced oxidative stress and cell injury (Kaur et al.
2006). Gunnett et al. (2000) revealed that IL-10 can mitigate the increase in ROS triggered by
inflammatory stimuli. In models of renal ischemia—reperfusion, IL-10 treatment decreased lipid
peroxidation, improved the redox ratio, and enhanced CAT and SOD activities (Kdken et al. 2004).
These findings suggest that IL-10 may exert an antioxidant-like effect in biological systems
experiencing elevated oxidative stress. BDNF expression was also elevated in FB;-treated US7MG
cells. BDNF levels are closely linked to brain function, with lower levels associated with reduced
synaptic plasticity and neuronal atrophy (Kuipers et al. 2003), whereas higher levels promote neuronal
survival and differentiation (Ventimiglia et al. 1995). Studies within the brain have displayed the effect
of inflammation on BDNF expression. Raetz and Whitfield (2002) reported that administration of
lipopolysaccharide or pro-inflammatory cytokines significantly lowered BDNF levels whereas in rat
models, IL-1P and lipopolysaccharide injections reduce BDNF in the hippocampus and cortical regions
(Lapchak, Araujo, and Hefti 1993; Guan and Fang 2006; Schnydrig et al. 2007). Additionally in
schizophrenia, increased MDA and decreased BDNF levels were correlated with BDNF showing a
negative relationship with SOD (Zhang et al. 2015). Similarly, in US7MG cells, BDNF expression
inversely correlates with MDA and SOD levels.

Various cancer models indicate that elevated ROS levels play a role in cancer development and
progression by influencing both genetic and epigenetic mechanisms. In terms of epigenetic changes,
ROS can trigger hypermethylation of tumour suppressor genes as well as global DNA hypomethylation
(Wu and Ni 2015). Notably, DNA methylation occurs primarily on CpG islands. Guanine is particularly
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susceptible to oxidation, which results in the formation of §-oxo-deoxyguanosine, while cytosine can
also undergo modifications, producing 5-hydroxymethylcytosine (Menezo et al. 1989). 5-
hydroxymethylcytosine is a physiological product of oxidation and plays a key role in DNA
demethylation. Oxidative changes in CpG sites can alter the interactions between these sites and
transcription factors (Dattilo et al. 2016). Consequently, DNA oxidative damage can lead to heritable
epigenetic modifications, affecting chromatin structure (Donkena, Young, and Tindall 2010b; Maltseva
et al. 2009), inducing aberrant hypermethylation of specific gene promoters, and contributing to global
hypomethylation. CpG islands are hotspots for mutations (Wachsman 1997), and ROS-induced
alterations in DNA methylation patterns have been implicated in the malignant transformation and
progression of various cancers (O'Hagan et al. 2011; Valinluck et al. 2004a). Research has also
demonstrated the role of DNA methylation in regulating inflammatory cytokine expression (Liu, Sun,
et al. 2019) while also serving as a key regulator of immune cell proliferation, differentiation, and

response (Zhang et al. 2023).

Epigenetic mechanisms are often overlooked as potential pathways of toxicity as much of the focus in
toxicology has traditionally been on more immediate and visible processes like inflammation, oxidative
stress, and apoptosis. DNA methylation is a crucial epigenetic modification (Baylin and Jones 2016)
that plays vital roles in regulating gene expression, genomic imprinting, X chromosome inactivation,
and tumorigenesis (Smith and Meissner 2013). In recent years, there has been growing interest in the
link between DNA methylation and human diseases. Looking at the reduced states of inflammation and
oxidative stress in U87MG cells and considering previous studies reporting FB; as a neurotoxin, we
investigated an alternative mechanism of toxicity via the effect of FB; on global DNA methylation
status. FB; significantly enhanced the expression of DNA maintenance and establishment
methyltransferases, DNMT1, DNMT3A and DNMT3B while it reduced the expression of the
demethylase MBD?2, thus inducing global DNA hypermethylation in US7MG cells. DNMTs are
extensively expressed in the brain, regulating gene transcription through epigenetic mechanisms. Their
expression varies by brain region and cell type, and appear to serve both partially redundant (Feng et
al. 2010) and distinct functions (Morris and Monteggia 2014; Morris et al. 2016). DNMT3A is crucial
for learning (Morris and Monteggia 2014), while DNMT1 is linked to anxiety (Morris et al. 2016),
though the mechanisms remain unclear. DNMT1 overexpression is linked to abnormal DNA
methylation in solid tumours, metastasis, and poor prognosis (Zhao et al. 2011; Peng et al. 2006; Saito
et al. 2003). Likewise, elevated levels of DNMT3A and DNMT3B have been observed in many patient
samples. Elevated DNMT3A is associated with hepatocellular carcinoma (Zhao et al. 2010), while high
DNMTS3B levels contribute to BRCA1 inactivation in breast cancer (Butcher and Rodenhiser 2007) and
are essential for colonic micro-adenoma growth (Lin et al. 2006; Linhart et al. 2007). Furthermore,

DNMTs are closely linked to the regulation of inflammatory cytokine expression. For instance, elevated
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levels of DNMT 1 have been shown to enhance the release of pro-inflammatory cytokines, such as TNF-
o and IL-6, in response to lipopolysaccharide stimulation in macrophages (Cheng et al. 2014).
Overexpression of DNMT3A can lead to increased DNA methylation at the [L-6 promoter in synovial
fibroblasts (Yang et al. 2017). Additionally, abnormal DNA methylation of the promoters of pro-
inflammatory cytokines like I1L.-6, TNF-a, [L-1a, and IL-11 can disrupt the normal expression of these
genes, thereby exacerbating the inflammatory response (Arroyo-Jousse et al. 2016; Notley et al. 2017).
MBD?2 regulates gene expression by binding to methylated CpGs in DNA (Berger and Bird 2005a).
MBD proteins generally repress gene expression by interacting with chromatin-modifying complexes
(Nan, Cross, and Bird 2007). BD2 is implicated in cancer, immunity, and potentially neurodevelopment,
though its exact role in brain function remains unclear. Loss of MBD?2 is associated with behavioral
deficits, including impaired maternal care, poor nest building, and mild memory issues (Wood et al.
2016; Hendrich et al. 2001b) as well as cognitive, social, and emotional challenges (Lax et al. 2023a).
An ever-growing number of studies are exploring the role of DNA methylation in the brain to gain a
deeper understanding of their involvement in disease-related pathophysiology, which is essential for

determining their potential as therapeutic targets.

Gliomas, pose major challenges in neuro-oncology while its treatment outcomes and prognosis are
heavily impacted by genetic and epigenetic factors (Chen et al. 2024). Gliomas frequently display
aberrant DNA methylation, which can silence tumour suppressor and other key regulatory genes. The
interaction between genetic mutations and epigenetic changes plays a vital role in glioma pathogenesis.
Glioma CpG island methylator phenotype is a distinctive hypermethylation pattern that is linked to
better prognosis and survival (Christensen et al. 2011). This phenotype arises from IDH mutations,
resulting in global DNA hypermethylation, which impacts gene expression and tumour behaviour
(LeBlanc and Marra 2016). Studies have identified specific DNA methylation patterns in gliomas,
particularly in promoter regions of genes regulating the cell cycle, apoptosis, and DNA repair (Weng
and Salazar 2021). For example, aberrant O6-Methylguanine-DNA methyltransferase (MGMT)
promoter methylation is a well-known marker associated with better responses to alkylating agents and
increased survival (Aoki and Natsume 2019). Moreover, DNA methylation profiles are beneficial for
classifying gliomas into prognostic subgroups, with certain methylation markers indicating poorer
survival outcomes (Chen et al. 2019). Moreover, DNA methylation functions not only as an epigenetic
modification that influences chromatin structure and regulates gene transcription but also increases the
mutation rate of methylated DNA sequences by prompting the transition of cytosine to thymine (J.
Dabrowski and Wojtas 2019). As a result, multiple cellular processes can be impacted. Additionally, a
significant overexpression of DNMT1 and DNMT3B was observed in glioma tumours and the
glioblastoma cell lines U87MG and LN18, resulting in aberrant genomic stability and impaired cell
cycle progression (Rajendran et al. 2011). These authors suggested that DNMT1 and DNMT3B
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overexpression in gliomas cause hypermethylation of several tumour suppressor genes, contributing to
poor prognosis, and serve as a cancer cell marker and potential target for cancer therapies. Sun et al.
(2017) evaluated the expression of DNMTT1 to assess its role in the regulation of tumour suppressor
gene neurofibromatosis type 2 (NF2) in gliomas. They observed increased DNMTI mRNA expression
in GBM cell lines (U251, U87, T98-G and A172) compared to normal glial cells, suggesting that NF2
may play a role in GBM development, potentially via DNMTT1 regulation (Sun et al. 2017).”

Given the persistent neurotoxic effects of FB, understanding its long-term effects on neuronal health
and function can be significant. Establishing a causal link between chronic exposure to these
mycotoxins and adverse effects in humans has been challenging. This difficulty arises due to the absence
of well-defined biomarkers for exposure and effects, the presence of multiple mycotoxins in the same
food sources, and the uncertainty associated with estimating dietary intake levels (van den Brand et al.
2022). Experimental animal models are employed to study general and developmental neurotoxicity as
well as the underlying mechanisms, since they closely replicate human biochemical and physiological
conditions (Obafemi et al. 2025). In vitro models are commonly used to complement animal studies, as
they help address ethical concerns associated with animal research. Additionally, they provide
consistent and reproducible results since they originate from a single ancestor cell, leading to
homogeneous cell populations (Obafemi et al. 2025). In vitro studies have demonstrated that FB;
exposure (10-100 pM) increases neuronal and network excitability in cultured neurons and
hippocampal slices from 18-day-old rats. Hippocampal cells exposed to 20—100 uM FB; exhibited c-
fos activation, altered neuronal excitability, reduced neuronal labelling in the hippocampus, and
increased cell death (Bddi et al. 2020). Further research using embryonic rat telencephalon-derived
brain cells exposed to 3—40 uM FB; for 10 days showed neurotoxicity, disrupted myelin formation, and
impaired oligodendrocyte maturation, though glial cells remained unaffected (Monnet-Tschudi et al.
1999). Studies on murine neuroblastoma (N2a) and microglial (BV-2) cells with both long-term (0.625—
50 uM for 4 days) and short-term (25 uM for 24 h) FB, exposure revealed necrotic cell death, disrupted
sphingolipid metabolism (increased sphinganine and decreased sphingosine), and differential cytokine
expression, with TNF-a and IL-1p downregulated in BV-2 cells but not in N2a cells (Osuchowski and
Sharma 2005b). Furthermore, FB, contributes to neuroinflammation by increasing pro-inflammatory
cytokines such as IL-1pB, IL-6 and TNF-a, resulting in chronic activation of microglia and astrocytes

which promote neurodegeneration and synaptic dysfunction (Wang et al. 2015).

Overall, FB; is a significant health concern due to its widespread contamination in staple food for both
humans and animals. While existing studies have extensively highlighted the toxic effects of FB,, there

remains limited information on effective strategies to mitigate its toxicity in humans compared to
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animals (Obafemi et al. 2025). Here, we briefly highlight some strategies in mitigating the toxic effects
of FB; in humans and animals. Extrusion cooking, a high-temperature and high-pressure process,
effectively reduces FB; levels in maize, lowering its concentration by 64% in grits and up to 99% when
combined with glucose (Voss et al. 2011). This method also prevents sphingolipid metabolism
disruption and kidney lesions in rats consuming FBj-contaminated maize (Voss et al. 2011).
Nixtamalization, an alkaline cooking process using calcium hydroxide, is another approach to reducing
FB, contamination. While it alters FB; by removing tricarboxylic groups, the exact impact on toxin
levels remains unclear (Voss et al. 2017). Interestingly, organic and inorganic compounds can bind or
adsorb FB; in the gastrointestinal tract, preventing its absorption. Calcium montmorillonite (NovaSil),
a smectite clay, has been shown to reduce urinary FB; levels in rats by 20% within 24 h and 50% after
48 h (Robinson et al. 2012). In a human trial, 3 g/day of NovasSil eliminated 90% of FB,. The binding
occurs due to the protonation of FB;’s amino group in acidic conditions, allowing interaction with the
clay’s negatively charged surface. Nanosilicate platelets from montmorillonite, with high surface area
and binding capacity, reduced FB; levels, restored sphingolipid balance, and prevented neural tube
defects in mice exposed to FBi-contaminated diets (Liao et al. 2014). Nanocellulose compounds have
also shown promise. Jebali et al. (2015) developed polylysine-modified nanocellulose (NMPL), which
binds to FB,’s carboxyl groups, while Zadeh and Shahdadi (2015) coated nanocellulose with free fatty
acids to target its hydrophobic tail. Both effectively adsorbed FB; and reduced liver toxicity in mouse
cells, but NMPL’s stability in varying pH needs further evaluation. Additionally, Adidetox™, a
mycotoxin inactivator (2-5 g/kg), moderately reduced FB; toxicity in rats, though it led to sphingolipid
accumulation (Denli et al. 2015). In silver juvenile catfish, diphenyl diselenide (PhSe), was found to
ameliorate FBi-induced neurotoxicity by attenuating brain lesions caused by FB; and inhibiting
oxidative damage as indicated by increased CAT, GPx, glutathione S-transferase (GST) and glutathione
reductase (GR) activities (Baldissera et al. 2020). Pre-treatment of a phenolic antioxidant, apocynin
protected Balb/c mice from FBi-induced neurotoxicity by restoring serotonin levels and reducing
oxidative stress markers including ROS, MDA, protein carbonylation, and caspase-3 and -8 activation
(Krishnaswamy et al. 2024). In another study on Balb/c mice, apocynin pre-treatment averted FB;-
induced oxidative brain damage via increased ROS and lipid peroxidation but decreased GSH along
with CAT, GPx, caspase-3 and caspase-8 mRNA levels (Krupashree and Rachitha 2022). Similarly,
astrocyte-like C6 cells treated with a plant-derived lignan called magnolol displayed low oxidative
stress by ameliorating SOD, CAT, GSH and MDA levels (Wang et al. 2024). Microorganisms are also
being explored as potential agents for FB; detoxification, as their inclusion in the diet may reduce FB;
absorption in the gastrointestinal tract. Twelve Lactobacillus strains and six Saccharomyces cerevisiae
strains were found to lower FB, levels by 62—77% and 67—74%, respectively, through weak noncovalent
binding to their cell walls (Chlebicz and Slizewska 2020). These microorganisms can also absorb FB;
and aflatoxin simultaneously without losing effectiveness (Pizzolitto, Salvano, and Dalcero 2012).

Probiotic strains such as Lactobacillus delbrueckii and Pediococcus acidilactici have been shown to

150




mitigate FBi-induced hepatorenal toxicity and genotoxicity in rats by restoring kidney function,
maintaining redox balance, and reducing DNA fragmentation (Khalil et al. 2015; Abdellatef and Khalil
2016). Additionally, Lactobacillus paracasei exhibited antioxidant properties by enhancing free radical
scavenging, inhibiting lipid peroxidation, and protecting against FB;-induced immunotoxicity (Abbes
et al. 2016). Furthermore, research has identified several enzymes that function as biological detoxifiers
of FB; by breaking it down into its less toxic hydrolyzed form (HFB), offering a strategy for
decontaminating agricultural products and animal feed. Among these, FumD, a carboxylesterase
derived from Sphingopyxis sp. MTA144, is the most extensively studied and is commercially available
as FUMzyme®. Another carboxylesterase, FumDSB, is obtained from Sphingomonas bacteria. Both
enzymes convert FB; into HFB,, reducing its toxicity. A study using piglets demonstrated that
FUMzyme® lowered the sphinganine/sphingosine ratio by 48.8%, while FumDSB achieved an 8.2%
reduction (Wang et al. 2023; Li, Wang, et al. 2021). The ability of these enzymes to degrade FB;
highlights their potential in preventing neurotoxicity associated with FB;-contaminated food and feed
(Obafemi et al. 2025). When evaluating the therapeutic potential of neuroprotective compounds for
mitigating FBi-induced neurotoxicity, it is crucial to assess their potential side effects and toxicity, as

the boundary between safe and toxic doses is often unclear (Cooper 2004).

5.2 Limitations of the study

This study provides insights into the effects of FB; on DNA methylation, oxidative stress and
inflammation, using an in vifro model in which US7MG cells were exposed to a 24 h treatment.

However, the following limitations should be considered when interpreting the results:

1. Short exposure time
The 24 h treatment period may only capture the immediate or acute cellular responses of FB;
exposure. Some biological process may only occur after prolonged periods, which could be
important for understanding chronic or cumulative cellular changes. Cells may also not fully
metabolize the toxin within 24 h, leading to an incomplete understanding of its biological
impact. The use of a single time point also reduces the generalizability of the findings. Longer

treatment durations (48 — 96 h) are recommended.

2. Invivo validation
The use of a cell culture system under a controlled in vitro environment, may not fully replicate
the complexity of in vivo environments. /n vitro models lack the complex tissue architecture
and cell-cell interactions that occur in vivo. The absence of extracellular matrices, diverse cell

types, and the structural organization of tissues can lead to a simplified representation of
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biological processes. Many compounds also undergo metabolic activation or detoxification in
vivo (e.g., by the liver), which cannot be fully replicated in cell cultures. Under in vitro
environments, cells are maintained in controlled conditions with optimal nutrients, CO, and
oxygen levels, which do not fully mimic the in vivo micro-environment. Therefore, the results
may not fully reflect how FB; affects global DNA methylation, oxidative stress and
inflammation in a living organism. Additionally, in vitro models do not fully replicate the body's
ability to metabolize and process compounds. FB; may be metabolized into active forms in vivo,
but this is not typically accounted for in cell culture systems, potentially underestimating or

misrepresenting the compound’s biological effects.

Cell line-specific results

The glioblastoma-derived US7MG cell line may not fully represent the behaviour of normal
glial cells or other cell types, which could limit the broader applicability of the findings to other
tissues or disease models. As immortalized cells, US7MG cells may exhibit different responses
compared to primary cells or those within a natural tissue environment. Additionally, these cell
lines can accumulate mutations or genetic drifts over time, potentially altering their reactions
to treatments and further reducing the reproducibility of the results to other cell types or

organisms.

FB, concentration

The concentration of FB; used may not precisely mirror the exposure levels typically
encountered by humans or other organisms. /n vitro studies often use higher concentrations of
a compound than what would be found in vivo to elicit measurable effects, thus high
concentrations of FB; may induce effects that do not necessarily correspond to environmental

or dietary exposure levels.

Global DNA methylation assay:

Global DNA methylation assesses the overall methylation levels across the genome but does
not provide insights into the methylation status of specific gene loci or regulatory regions.
Consequently, it may miss critical changes in the methylation of particular genes or regions that
are biologically important. Methylation changes at promoter regions or enhancers, which
influence gene expression, may be overlooked. Global methylation assays often cannot
differentiate between S-methylcytosine and 5-hydroxymethylcytosine, which have distinct
biological roles. Additionally, some assays measure only CpG methylation, missing potential
methylation at non-CpG sites, which can be relevant in certain tissues Future work should

incorporate gene-specific methylation analysis and sequencing techniques to gain deeper
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insights into the methylation patterns in these cells, as well as to better understand the role of

methylation in FBi-induced alterations in oxidative stress and inflammatory genes.

5.3 References

Aanya, Shahani, Slika Hasan, Elbeltagy Ahmad, Lee Alexandra, Peters Christopher, Dotson
Toriyn, Raj Divyaansh, and Tyler Betty. 2025. 'The epigenetic mechanisms involved in the
treatment resistance of glioblastoma', Cancer Drug Resistance, 8: 12.

Aasumets, Koit, Yuliya Basikhina, Jaakko L Pohjoismaki, Steffi Goffart, and Joachim Gerhold.
2021. 'TFAM knockdown-triggered mtDNA-nucleoid aggregation and a decrease in
mtDNA copy number induce the reorganization of nucleoid populations and
mitochondria-associated ER-membrane contacts', Biochemistry and Biophysics
Reports, 28: 101142.

Abbas, Abul K, AH Lichtman, and JS Pober. 1997. 'Cytokines in cellular and molecular
immunology', B Sounders Company. Philadelphia.

Abbés, Samir, Jalila Ben Salah-Abbes, Rania Jebali, Ridha Ben Younes, and Ridha Oueslati.
2016. 'Interaction of aflatoxin B1 and fumonisin B1 in mice causes immunotoxicity and
oxidative stress: Possible protective role using lactic acid bacteria', Journal of
immunotoxicology, 13: 46-54.

Abbott, N. J., L. Ronnback, and E. Hansson. 2006. 'Astrocyte-endothelial interactions at the
blood-brain barrier', Nat Rev Neurosci, 7: 41-53.

Abdel-Latif, Mohamed M. M., Shane Duggan, John V. Reynolds, and Dermot Kelleher. 2009.
'Inflammation and esophageal carcinogenesis', Current Opinion in Pharmacology, 9:
396-404.

Abdel Nour, Afif M., Diana Ringot, Jean-Louis Guéant, and Abalo Chango. 2007. 'Folate receptor
and human reduced folate carrier expression in HepG2 cell line exposed to fumonisin B
1 and folate deficiency', Carcinogenesis, 28: 2291-97.

Abdellatef, Amira A, and Ashraf A Khalil. 2016. 'Ameliorated effects of Lactobacillus delbrueckii
subsp. lactis DSM 20076 and Pediococcus acidilactici NNRL B-5627 on Fumonisin B1-
induced Hepatotoxicity and Nephrotoxicity in rats', asian journal of pharmaceutical
sciences, 11: 326-36.

Abdul, Naeem Sheik, and Jeanine L. Marnewick. 2023. 'Fumonisin B1 disrupts mitochondrial
function in oxidatively poised HepG2 liver cells by disrupting oxidative phosphorylation
complexes and potential participation of lincRNA-p21', Toxicon, 225: 107057.

Abdulkhaleq, L. A., M. A. Assi, R. Abdullah, M. Zamri-Saad, Y. H. Taufig-Yap, and M. N. M.
Hezmee. 2018. 'The crucial roles of inflammatory mediators in inflammation: A review/,
Vet World, 11: 627-35.

Abel, S., and W. C. Gelderblom. 1998. 'Oxidative damage and fumonisin B1-induced toxicity in
primary rat hepatocytes and rat liver in vivo', Toxicology, 131: 121-31.

Abnet, C. C., C. B. Borkowf, Y. L. Qiao, P. S. Albert, E. Wang, A. H. Merrill, Jr., S. D. Mark, Z. W.
Dong, P. R. Taylor, and S. M. Dawsey. 2001. 'Sphingolipids as biomarkers of fumonisin
exposure and risk of esophageal squamous cell carcinoma in china, Cancer Causes
Control, 12: 821-8.

Afanas’ev, Igor. 2013. 'New nucleophilic mechanisms of ros-dependent epigenetic

modifications: comparison of aging and cancer', Aging and disease, 5: 52.
.2014. 'New nucleophilic mechanisms of ros-dependent epigenetic modifications:
comparison of aging and cancer', Aging and disease, 5: 52.

Aid, S., R. Langenbach, and F. Bosetti. 2008. 'Neuroinflammatory response to
lipopolysaccharide is exacerbated in mice genetically deficient in cyclooxygenase-2/, J
Neuroinflammation, 5: 17.

153




Akhigbe, Roland, and Ayodeji Ajayi. 2021. 'The impact of reactive oxygen species in the
development of cardiometabolic disorders: a review!, Lipids in Health and Disease, 20.

Akinmusire, O. O., A. D. El-Yuguda, J. A. Musa, O. A. Oyedele, M. Sulyok, Y. M. Somorin, C. N.
Ezekiel, and R. Krska. 2019. 'Mycotoxins in poultry feed and feed ingredients in Nigeria',
Mycotoxin Res, 35: 149-55.

Al-Yozbaki, Minnatallah, Ibtissam Jabre, Naeem H. Syed, and Cornelia M. Wilson. 2022.
'Targeting DNA methyltransferases in non-small-cell lung cancer', Seminars in Cancer
Biology, 83: 77-87.

Alam, ZI, A Jenner, SE Daniel, AJ Lees, N_ Cairns, CD Marsden, P Jenner, and B Halliwell. 1997.
'Oxidative DNA damage in the parkinsonian brain: an apparent selective increase in 8-
hydroxyguanine levels in substantia nigra', Journal of neurochemistry, 69: 1196-203.

Alcendor, Ralph R., Shumin Gao, Peiyong Zhai, Daniela Zablocki, Eric Holle, Xianzhong Yu, Bin
Tian, Thomas Wagner, Stephen F. Vatner, and Junichi Sadoshima. 2007. 'Sirt1 Regulates
Aging and Resistance to Oxidative Stress in the Heart!, Circulation Research, 100: 1512-
21.

Alderson, R. F., A. L. Alterman, Y. A. Barde, and R. M. Lindsay. 1990. 'Brain-derived neurotrophic
factor increases survival and differentiated functions of rat septal cholinergic neurons in
culture', Neuron, 5: 297-306.

Alizadeh, A. M., G. Rohandel, S. Roudbarmohammadi, M. Roudbary, H. Sohanaki, S. A.
Ghiasian, A. Taherkhani, S. Semnani, and M. Aghasi. 2012. 'Fumonisin B1 contamination
of cereals and risk of esophageal cancer in a high risk area in northeastern Iran', Asian
Pac J Cancer Prev, 13: 2625-8.

Almeida, I., H. M. Martins, S. Santos, J. M. Costa, and F. Bernardo. 2011. 'Co-occurrence of
mycotoxins in swine feed produced in Portugal, Mycotoxin Res, 27:177-81.

Almeida, R. D., B. J. Manadas, C. V. Melo, J. R. Gomes, C. S. Mendes, M. M. Graos, R. F. Carvalho,
A. P. Carvalho, and C. B. Duarte. 2005. 'Neuroprotection by BDNF against glutamate-
induced apoptotic cell death is mediated by ERK and P13-kinase pathways', Cell Death
Differ, 12: 1329-43.

Altar, C. A., N. Cai, T. Bliven, M. Juhasz, J. M. Conner, A. L. Acheson, R. M. Lindsay, and S. J.
Wiegand. 1997. 'Anterograde transport of brain-derived neurotrophic factor and its role
in the brain', Nature, 389: 856-60.

Amir, R. E., I. B. Van den Veyver, M. Wan, C. Q. Tran, U. Francke, and H. Y. Zoghbi. 1999. 'Rett
syndrome is caused by mutations in X-linked MECP2, encoding methyl-CpG-binding
protein 2, Nat Genet, 23: 185-8.

Amor, Sandra, Fabiola Puentes, David Baker, and Paul Van Der Valk. 2010. 'Inflammation in
neurodegenerative diseases', Immunology, 129: 154-69.

Anderson, G. D., S. D. Hauser, K. L. McGarity, M. E. Bremer, P. C. Isakson, and S. A. Gregory.
1996. 'Selective inhibition of cyclooxygenase (COX)-2 reverses inflammation and
expression of COX-2 and interleukin 6 in rat adjuvant arthritis', J Clin Invest, 97: 2672-9.

Antonissen, Gunther, An Martel, Frank Pasmans, Richard Ducatelle, Elin Verbrugghe, Virginie
Vandenbroucke, Shaoji Li, Freddy Haesebrouck, Filip Van Immerseel, and Siska
Croubels. 2014. 'The impact of Fusarium mycotoxins on human and animal host
susceptibility to infectious diseases', Toxins, 6: 430-52.

Aoki, K., and A. Natsume. 2019. 'Overview of DNA methylation in adult diffuse gliomas', Brain
Tumor Pathol, 36: 84-91.

Arias-Negrete, S., K. Keller, and K. Chadee. 1995. 'Proinflammatory cytokines regulate
cyclooxygenase-2 mRNA expression in human macrophages', Biochem Biophys Res
Commun, 208: 582-9.

Arimoto, T., D. Y. Choi, X. Lu, M. Liu, X. V. Nguyen, N. Zheng, C. A. Stewart, H. C. Kim, and G.
Bing. 2007. 'Interleukin-10 protects against inflammation-mediated degeneration of
dopaminergic neurons in substantia nigra', Neurobiol Aging, 28: 894-906.

154




Arroyo-Jousse, V., D. F. Garcia-Diaz, E. Codner, and F. Pérez-Bravo. 2016. 'Epigenetics in type 1
diabetes: TNFa gene promoter methylation status in Chilean patients with type 1
diabetes mellitus', BrJ Nutr, 116: 1861-68.

Arroyo-Manzanares, N., V. Rodriguez-Estévez, P. Arenas-Fernandez, A. M. Garcia-Campafia, and
L. Gamiz-Gracia. 2019. 'Occurrence of Mycotoxins in Swine Feeding from Spain', Toxins
(Basel), 11.

Arumugam, Thilona, Terisha Ghazi, and Anil Chuturgoon. 2020. 'Fumonisin B1 Epigenetically
Regulates PTEN Expression and Modulates DNA Damage Checkpoint Regulation in
HepG2 Liver Cells', Toxins, 12: 625.

Arumugam, Thilona, Terisha Ghazi, and Anil A Chuturgoon. 2021. 'Fumonisin B 1 alters global
m6A RNA methylation and epigenetically regulates Keap1-Nrf2 signaling in human
hepatoma (HepG2) cells', Archives of toxicology, 95: 1367-78.

Arumugam, Thilona, Yashodani Pillay, Terisha Ghazi, Savania Nagiah, Naeem Sheik Abdul, and
Anil A. Chuturgoon. 2019. 'Fumonisin B1-induced oxidative stress triggers Nrf2-
mediated antioxidant response in human hepatocellular carcinoma (HepG2) cells',
Mycotoxin research, 35: 99-109.

Asai, Takashi, Yan Liu, Narae Bae, and Stephen D Nimer. 2011. 'The p53 tumor suppressor
protein regulates hematopoietic stem cell fate', Journal of cellular physiology, 226:
2215-21.

Atika, Eddaikra, and Eddaikra Naouel. 2021. 'Endogenous Enzymatic Antioxidant Defense and
Pathologies.' in Waisundara Viduranga (ed.), Antioxidants (IntechOpen: Rijeka).

Avery, Oswald T., Colin M. MacLeod, and Maclyn McCarty. 1995. 'Studies on the Chemical
Nature of the Substance Inducing Transformation of Pneumococcal Types', Molecular
Medicine, 1: 344-65.

Aw, T. Y., and D. P. Jones. 1989. 'Nutrient supply and mitochondrial function', Annu Rev Nutr, 9:
229-51.

Azzi, A., R. Dallmann, A. Casserly, H. Rehrauer, A. Patrignani, B. Maier, A. Kramer, and S. A.
Brown. 2014. 'Circadian behavior is light-reprogrammed by plastic DNA methylation’,
Nat Neurosci, 17: 377-82.

Ba, Xueqing, and Istvan Boldogh. 2018. '8-Oxoguanine DNA glycosylase 1: Beyond repair of the
oxidatively modified base lesions', Redox biology, 14: 669-78.

Bachis, A., A. M. Colangelo, S. Vicini, P. P. Doe, M. A. De Bernardi, G. Brooker, and |. Mocchetti.
2001. 'Interleukin-10 prevents glutamate-mediated cerebellar granule cell death by
blocking caspase-3-like activity', / Neurosci, 21: 3104-12.

Baeuerle, P. A., and V. R. Baichwal. 1997. 'NF-kappa B as a frequent target for
immunosuppressive and anti-inflammatory molecules', Adv Immunol, 65: 111-37.

Balaratnasingam, S., and A. Janca. 2012. 'Brain Derived Neurotrophic Factor: a novel
neurotrophin involved in psychiatric and neurological disorders', Pharmacol Ther, 134:
116-24.

Balasingam, V., and V. W. Yong. 1996. 'Attenuation of astroglial reactivity by interleukin-10', J
Neurosci, 16: 2945-55.

Baldissera, Matheus D, Carine F Souza, Hugo Napoledo P da Silva, Carla C Zeppenfeld, Juan L
Dornelles, Alessandra S Henn, Fabio Andrei Duarte, Silvio T da Costa, Aleksandro S Da
Silva, and Mauro A Cunha. 2020. 'Diphenyl diselenide dietary supplementation protects
against fumonisin B1-induced oxidative stress in brains of the silver catfish Rhamdia
quelen’, Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology,
231:108738.

Baltimore, David. 2009. 'Discovering NF-kB', Cold Spring Harbor perspectives in biology, 1:
a000026.

155




Banczerowski-Pelyhe, I., L. Détari, I. Vilagi, and T. Kukorelli. 2002. 'Nerve conduction velocity
and spinal reflexes may change in rats after fumonisin B1 exposure', Acta Biol Hung, 53:
413-22.

Barrett, G. L. 2000. 'The p75 neurotrophin receptor and neuronal apoptosis', Prog Neurobiol, 61:
205-29.

Bashir, Saber, Gilmour Harris, Michael ADenman, David R Blake, and Paul G Winyard. 1993.
'Oxidative DNA damage and cellular sensitivity to oxidative stress in human
autoimmune diseases', Annals of the rheumatic diseases, 52: 659-66.

Bassi, R., M. Dei Cas, C. Tringali, F. Compostella, R. Paroni, and P. Giussani. 2023. 'Ceramide Is
Involved in Temozolomide Resistance in Human Glioblastoma U87MG Overexpressing
EGFR)| Int J Mol Sci, 24.

Bathina, S., and U. N. Das. 2015. 'Brain-derived neurotrophic factor and its clinical implications',
Arch Med Sci, 11: 1164-78.

Bause, A. S., and M. C. Haigis. 2013. 'SIRT3 regulation of mitochondrial oxidative stress', Exp
Gerontol, 48: 634-9.

Baylin, S. B., and P. A. Jones. 2016. 'Epigenetic Determinants of Cancer', Cold Spring Harb
Perspect Biol, 8.

Beck, T., D. Lindholm, E. Castrén, and A. Wree. 1994. 'Brain-derived neurotrophic factor
protects againstischemic cell damage in rat hippocampus', J Cereb Blood Flow Metab,
14: 689-92.

Berger, J, and A Bird. 2005a. 'Role of MBD2 in gene regulation and tumorigenesis', Biochemical
Society Transactions, 33: 1537-40.

Berger, J., and A. Bird. 2005b. 'Role of MBD2 in gene regulation and tumorigenesis', Biochem Soc
Trans, 33: 1537-40.

Bernabucci, Umberto, Luciana Colavecchia, Pier Paolo Danieli, Loredana Basirico, Nicola
Lacetera, Alessandro Nardone, and Bruno Ronchi. 2011. 'Aflatoxin B1 and fumonisin B1
affect the oxidative status of bovine peripheral blood mononuclear cells', Toxicology in
Vitro, 25: 684-91.

Bezawork-Geleta, Ayenachew, Erica J Brodie, David A Dougan, and Kaye N Truscott. 2015. 'LON
is the master protease that protects against protein aggregation in human mitochondria
through direct degradation of misfolded proteins', Scientific reports, 5: 17397.

Bhandari, N., and R. P. Sharma. 2002. 'Fumonisin B(1)-induced alterations in cytokine
expression and apoptosis signaling genes in mouse liver and kidney after an acute
exposure', Toxicology, 172: 81-92.

Bhat, A. H., K. B. Dar, S. Anees, M. A. Zargar, A. Masood, M. A. Sofi, and S. A. Ganie. 2015.
'Oxidative stress, mitochondrial dysfunction and neurodegenerative diseases; a
mechanistic insight’, Biomed Pharmacother, 74: 101-10.

Bhat, R. V., P. H. Shetty, R. P. Amruth, and R. V. Sudershan. 1997. 'A foodborne disease outbreak
due to the consumption of moldy sorghum and maize containing fumonisin mycotoxins,
J Toxicol Clin Toxicol, 35: 249-55.

Bhattacharya, S. K., S. Ramchandani, N. Cervoni, and M. Szyf. 1999. 'A mammalian protein with
specific demethylase activity for mCpG DNA|, Nature, 397: 579-83.

Bhatti, Jasvinder Singh, Gurjit Kaur Bhatti, and P. Hemachandra Reddy. 2017. 'Mitochondrial
dysfunction and oxidative stress in metabolic disorders — A step towards mitochondria
based therapeutic strategies', Biochimica et Biophysica Acta (BBA) - Molecular Basis of
Disease, 1863: 1066-77.

Bhaumik, S. R., E. Smith, and A. Shilatifard. 2007. 'Covalent modifications of histones during
development and disease pathogenesis', Nat Struct Mol Biol, 14: 1008-16.

Bhol, Nitish Kumar, Madhabi Madhusmita Bhanjadeo, Anup Kumar Singh, Umesh Chandra
Dash, Rakesh Ranjan Ojha, Sanatan Majhi, Asim K. Duttaroy, and Atala Bihari Jena.
2024. 'The interplay between cytokines, inflammation, and antioxidants: mechanistic

156




insights and therapeutic potentials of various antioxidants and anti-cytokine
compounds', Biomedicine & Pharmacotherapy, 178: 117177.

Bi, S., Z. Liu, Z. Wu, Z. Wang, X. Liu, S. Wang, J. Ren, Y. Yao, W. Zhang, M. Song, G. H. Liu, and J.
Qu. 2020. 'SIRT7 antagonizes human stem cell aging as a heterochromatin stabilizer’,
Protein Cell, 11: 483-504.

Biniecka, M., A. Kennedy, U. Fearon, C. T. Ng, D. J. Veale, and J. N. O'Sullivan. 2010. 'Oxidative
damage in synovial tissue is associated with in vivo hypoxic status in the arthritic joint),
Ann Rheum Dis, 69: 1172-8.

Birben, Esra, Umit Murat Sahiner, Cansin Sackesen, Serpil Erzurum, and Omer Kalayci. 2012.
'Oxidative Stress and Antioxidant Defense', World Allergy Organization Journal, 5: 9-19.

Bird, A. P. 1980. 'DNA methylation and the frequency of CpG in animal DNA| Nucleic acids
research, 8: 1499-504.

Bird, A., M. Taggart, M. Frommer, O. J. Miller, and D. Macleod. 1985. 'A fraction of the mouse
genome thatis derived from islands of nonmethylated, CpG-rich DNA, Cell, 40: 91-9.

Bjaras, Magnar, Luisa Luna, Barbro Johnsen, Elsebeth Hoff, Terje Haug, Torbjarn Rognes, and
Erling Seeberg. 1997. 'Opposite base-dependent reactions of a human base excision
repair enzyme on DNA containing 7, 8-dihydro-8-oxoguanine and abasic sites, The
EMBO journal.

Blamire, A. M., D. C. Anthony, B. Rajagopalan, N. R. Sibson, V. H. Perry, and P. Styles. 2000.
'Interleukin-1beta -induced changes in blood-brain barrier permeability, apparent
diffusion coefficient, and cerebral blood volume in the rat brain: a magnetic resonance
study', J Neurosci, 20: 8153-9.

Blank, Norbert, Martin Schiller, Christoph Gabler, Joachim R Kalden, and Hanns-Martin Lorenz.
2005. 'Inhibition of sphingolipid synthesis impairs cellular activation, cytokine
production and proliferation in human lymphocytes', Biochemical pharmacology, 71:
126-35.

Block, Michelle L, Luigi Zecca, and Jau-Shyong Hong. 2007. 'Microglia-mediated neurotoxicity:
uncovering the molecular mechanisms', Nature Reviews Neuroscience, 8: 57-69.

Blom, H. J., G. M. Shaw, M. den Heijer, and R. H. Finnell. 2006. 'Neural tube defects and folate:
case far from closed’, Nat Rev Neurosci, 7: 724-31.

Baodi, Veronika, Vivien Csikos, Erika Anikd Ratkai, Attila Sz(cs, Attila Téth, Katalin Szadeczky-
Kardoss, Arpéd Dobolyi, Katalin Schlett, Ildiké Vilagi, and Petra Varrd. 2020. 'Short-term
neuronal effects of fumonisin B1 on neuronal activity in rodents', Neurotoxicology, 80:
41-51.

Boiteux, S., and J. P. Radicella. 2000. 'The human OGG1 gene: structure, functions, and its
implication in the process of carcinogenesis', Arch Biochem Biophys, 377: 1-8.
Boiteux, Serge, and J Pablo Radicella. 1999. 'Base excision repair of 8-hydroxyguanine protects

DNA from endogenous oxidative stress', Biochimie, 81: 59-67.

Boldogh, Istvan, Gyorgy Hajas, Leopoldo Aguilera-Aguirre, Muralidhar L Hegde, Zsolt Radak,
Attila Bacsi, Sanjiv Sur, Tapas K Hazra, and Sankar Mitra. 2012. 'Activation of ras
signaling pathway by 8-oxoguanine DNA glycosylase bound to its excision product, 8-
oxoguanine', Journal of Biological Chemistry, 287: 20769-73.

Bondeson, J., B. Foxwell, F. Brennan, and M. Feldmann. 1999. 'Defining therapeutic targets by
using adenovirus: blocking NF-kappaB inhibits both inflammatory and destructive
mechanisms in rheumatoid synovium but spares anti-inflammatory mediators', Proc
Natl Acad Sci U S A, 96: 5668-73.

Borrelli, E., E. J. Nestler, C. D. Allis, and P. Sassone-Corsi. 2008. 'Decoding the epigenetic
language of neuronal plasticity', Neuron, 60: 961-74.

Bota, D. A., J. K. Ngo, and K. J. Davies. 2005. 'Downregulation of the human Lon protease impairs
mitochondrial structure and function and causes cell death', Free Radic Biol Med, 38:
665-77.

157




Bota, Daniela A, and Kelvin JA Davies. 2016. 'Mitochondrial Lon protease in human disease and
aging: Including an etiologic classification of Lon-related diseases and disorders', Free
Radical Biology and Medicine, 100: 188-98.

Bottalico, A., A. Logrieco, A. Ritieni, A. Moretti, G. Randazzo, and P. Corda. 1995. 'Beauvericin
and fumonisin B1 in preharvest Fusarium moniliforme maize ear rot in Sardinia', Food
Addit Contam, 12: 599-607.

Bouhet, S., E. Le Dorze, S. Peres, J. M. Fairbrother, and I. P. Oswald. 2006. 'Mycotoxin fumonisin
B1 selectively down-regulates the basal IL-8 expression in pig intestine: in vivo and in
vitro studies', Food Chem Toxicol, 44: 1768-73.

Boutin, H., R. A. LeFeuvre, R. Horai, M. Asano, Y. lwakura, and N. J. Rothwell. 2001a. 'Role of IL-
1alpha and IL-1beta in ischemic brain damage', / Neurosci, 21: 5528-34.

Boutin, Herve, RA LeFeuvre, R Horai, M Asano, Y lwakura, and NJ Rothwell. 2001b. '‘Role of IL-1a
and IL-1B in ischemic brain damage', Journal of Neuroscience, 21: 5528-34.

Bovolenta, R., S. Zucchini, B. Paradiso, D. Rodi, F. Merigo, G. Navarro Mora, F. Osculati, E. Berto,
P. Marconi, A. Marzola, P. F. Fabene, and M. Simonato. 2010. 'Hippocampal FGF-2 and
BDNF overexpression attenuates epileptogenesis-associated neuroinflammation and
reduces spontaneous recurrent seizures', J Neuroinflammation, 7: 81.

Boyd, Zachary S., Aleksie Kriatchko, Junjie Yang, Neeraj Agarwal, Martin B. Wax, and Rajkumar V.
Patil. 20083. 'Interleukin-10 Receptor Signaling through STAT-3 Regulates the Apoptosis of
Retinal Ganglion Cells in Response to Stress', Investigative Ophthalmology & Visual
Science, 44:5206-11.

Bradburn, Steven, Jane Sarginson, and Christopher A Murgatroyd. 2018. 'Association of
peripheral interleukin-6 with global cognitive decline in non-demented adults: a meta-
analysis of prospective studies', Frontiers in aging neuroscience, 9: 438.

Bradley-Whitman, MA, and MA Lovell. 2013. 'Epigenetic changes in the progression of
Alzheimer's disease', Mechanisms of Ageing and Development, 134: 486-95.

Brambilla, R., V. Bracchi-Ricard, W. H. Hu, B. Frydel, A. Bramwell, S. Karmally, E. J. Green, and J.
R. Bethea. 2005. 'Inhibition of astroglial nuclear factor kappaB reduces inflammation
and improves functional recovery after spinal cord injury’, J Exp Med, 202: 145-56.

Brambilla, Roberta, Galina Dvoriantchikova, David Barakat, Dmitry Ivanov, John R Bethea, and
Valery | Shestopalov. 2012. 'Transgenic inhibition of astroglial NF-kB protects from optic
nerve damage and retinal ganglion cell loss in experimental optic neuritis', Journal of
neuroinflammation, 9: 1-12.

Bravard, A., M. Vacher, B. Gouget, A. Coutant, F. H. de Boisferon, S. Marsin, S. Chevillard, and J.
P. Radicella. 2006. 'Redox regulation of human OGG1 activity in response to cellular
oxidative stress', Molecular and cellular biology, 26: 7430-6.

Briukhovetska, Daria, Janina Dorr, Stefan Endres, Peter Libby, Charles A Dinarello, and
Sebastian Kobold. 2021. 'Interleukins in cancer: from biology to therapy', Nature
Reviews Cancer, 21: 481-99.

Brunet, Anne, Lora B Sweeney, J Fitzhugh Sturgill, Katrin F Chua, Paul L Greer, Yingxi Lin, Hien
Tran, Sarah E Ross, Raul Mostoslavsky, and Haim Y Cohen. 2004. 'Stress-dependent
regulation of FOXO transcription factors by the SIRT1 deacetylase', Science, 303: 2011-
15.

Bryta, Marcin, Agnieszka Waskiewicz, Krystyna Szymczyk, and Renata Jedrzejczak. 2017.
"Effects of pH and Temperature on the Stability of Fumonisins in Maize Products." In
Toxins.

Bucci, T. J.,, D. K. Hansen, and J. B. LaBorde. 1996. 'Leukoencephalomalacia and hemorrhage in
the brain of rabbits gavaged with mycotoxin fumonisin B1', Nat Toxins, 4: 51-2.

Burton, G. J., and E. Jauniaux. 2011. 'Oxidative stress', Best Pract Res Clin Obstet Gynaecol, 25:
287-99.

158




Butcher, Darci T, and David | Rodenhiser. 2007. 'Epigenetic inactivation of BRCA1 is associated
with aberrant expression of CTCF and DNA methyltransferase (DNMT3B) in some
sporadic breast tumours', European journal of cancer, 43: 210-19.

Cabiscol, Elisa, Gemma Belli, Jordi Tamarit, Pedro Echave, Enrique Herrero, and Joaquim Ros.
2002. 'Mitochondrial Hsp60, resistance to oxidative stress, and the labile iron pool are
closely connected in Saccharomyces cerevisiae', Journal of Biological Chemistry, 277
44531-38.

Cadenas, Enrique, and Kelvin JA Davies. 2000. 'Mitochondrial free radical generation, oxidative
stress, and aging', Free Radical Biology and Medicine, 29: 222-30.

Cagnin, A., D. J. Brooks, A. M. Kennedy, R. N. Gunn, R. Myers, F. E. Turkheimer, T. Jones, and R. B.
Banati. 2001. 'In-vivo measurement of activated microglia in dementia’, Lancet, 358:
461-7.

Caito, S., S. Rajendrasozhan, S. Cook, S. Chung, H. Yao, A. E. Friedman, P. S. Brookes, and I.
Rahman. 2010. 'SIRT1 is a redox-sensitive deacetylase that is post-translationally
modified by oxidants and carbonyl stress', Faseb j, 24: 3145-59.

Calabrese, F., A. C. Rossetti, G. Racagni, P. Gass, M. A. Riva, and R. Molteni. 2014. 'Brain-derived
neurotrophic factor: a bridge between inflammation and neuroplasticity', Front Cell
Neurosci, 8: 430.

Candelario-Jalil, E., A. Gonzalez-Falcdén, M. Garcia-Cabrera, D. Alvarez, S. Al-Dalain, G.
Martinez, O. S. Ledn, and J. E. Springer. 2003. 'Assessment of the relative contribution of
COX-1 and COX-2 isoforms to ischemia-induced oxidative damage and
neurodegeneration following transient global cerebral ischemia’, J Neurochem, 86: 545-
55.

Capuron, L., and A. H. Miller. 2011. 'Immune system to brain signaling:
neuropsychopharmacological implications', Pharmacol Ther, 130: 226-38.

Carbas, Bruna, Daniela Simoes, Andreia Soares, Andreia Freitas, Bruno Ferreira, Alexandre R. F.
Carvalho, Ana S. Silva, Tiago Pinto, Eugénio Diogo, Eugénia Andrade, and Carla Brites.
2021. "Occurrence of Fusarium spp. in Maize Grain Harvested in Portugal and
Accumulation of Related Mycotoxins during Storage." In Foods.

Carson, M. J., J. C. Thrash, and B. Walter. 2006. 'The cellular response in neuroinflammation:
The role of leukocytes, microglia and astrocytes in neuronal death and survival', Clin
Neurosci Res, 6: 237-45.

Caruso Bavisotto, Celeste, Giusi Alberti, Alessandra Maria Vitale, Letizia Paladino, Claudia
Campanella, Francesca Rappa, Magdalena Gorska, Everly Conway de Macario,
Francesco Cappello, and Alberto JL Macario. 2020. 'Hsp60 post-translational
modifications: functional and pathological consequences', Frontiers in molecular
biosciences, 7: 95.

Cassiman, D., C. Denef, V. J. Desmet, and T. Roskams. 2001. 'Human and rat hepatic stellate
cells express neurotrophins and neurotrophin receptors', Hepatology, 33: 148-58.

Cenini, G, A Lloret, and R Cascella. 2019. "Oxidative stress in neurodegenerative diseases: from
a mitochondrial point of view. Oxid Med Cell Longev 2019: 2105607." In.

Cervoni, N., and M. Szyf. 2001. 'Demethylase activity is directed by histone acetylation', The
Journal of biological chemistry, 276: 40778-87.

Chatterjee, Shampa. 2016. 'Chapter Two - Oxidative Stress, Inflammation, and Disease.' in
Thomas Dziubla and D. Allan Butterfield (eds.), Oxidative Stress and Biomaterials
(Academic Press).

Chen, Ai, Li-Jing Xiong, Yu Tong, and Meng Mao. 2013. 'The neuroprotective roles of BDNF in
hypoxic ischemic brain injury (Review)', Biomed Rep, 1: 167-76.

Chen, B., Y. Ly, Y. Chen, and J. Cheng. 2015. 'The role of Nrf2 in oxidative stress-induced
endothelial injuries’, J Endocrinol, 225: R83-99.

159




Chen, J., Z. Wei, Y. Wang, M. Long, W. Wu, and K. Kuca. 2021a. 'Fumonisin B(1): Mechanisms of
toxicity and biological detoxification progress in animals', Food Chem Toxicol, 149:
111977.

Chen, J., S. Yang, S. Huang, R. Yan, M. Wang, S. Chen, J. Cai, M. Long, and P. Li. 2020.
'"Transcriptome study reveals apoptosis of porcine kidney cells induced by fumonisin B1
via TNF signalling pathway', Food Chem Toxicol, 139: 111274.

Chen, Jia, Zhen Wei, Yan Wang, Miao Long, Wenda Wu, and Kamil Kuca. 2021b. 'Fumonisin B1:
Mechanisms of toxicity and biological detoxification progress in animals', Food and
Chemical Toxicology, 149: 111977.

Chen, Jia, Jun Wen, Yating Tang, Jichao Shi, Guodong Mu, Rong Yan, Jing Cai, and Miao Long.
2021. "Research Progress on Fumonisin B1 Contamination and Toxicity: A Review." In
Molecules.

Chen, L., H. Deng, H. Cui, J. Fang, Z. Zuo, J. Deng, Y. Li, X. Wang, and L. Zhao. 2018.
'Inflammatory responses and inflammation-associated diseases in organs', Oncotarget,
9:7204-18.

Chen, Shiliang, Yi Jiang, Cong Wang, Shiyuan Tong, Yibo He, Wenqiang Lu, and Zhezhong Zhang.
2024. 'Epigenetic clocks and gliomas: unveiling the molecular interactions between
aging and tumor development’, Frontiers in Molecular Biosciences, 11.

Chen, X., M. F. Abdallah, C. Grootaert, and A. Rajkovic. 2022. 'Bioenergetic Status of the
Intestinal and Hepatic Cells after Short Term Exposure to Fumonisin B1 and Aflatoxin
B1', Int J Mol Sci, 23.

Chen, X., B. T. Andresen, M. Hill, J. Zhang, F. Booth, and C. Zhang. 2008. 'Role of Reactive
Oxygen Species in Tumor Necrosis Factor-alpha Induced Endothelial Dysfunction', Curr
Hypertens Rev, 4: 245-55.

Chen, X., F. Abdallah M, X. Chen, and A. Rajkovic. 2023. 'Current Knowledge of Individual and
Combined Toxicities of Aflatoxin B1 and Fumonisin B1 In Vitro!, Toxins (Basel), 15.

Chen, Xueran, Chenggang Zhao, Zhiyang Zhao, Hongzhi Wang, and Zhiyou Fang. 2019. 'Specific
Glioma Prognostic Subtype Distinctions Based on DNA Methylation Patterns', Frontiers
in Genetics, 10.

Chen, Yaohui, Jinye Zhang, Yan Lin, Qunying Lei, Kun-Liang Guan, Shimin Zhao, and Yue Xiong.
2011. "Tumour suppressor SIRT3 deacetylates and activates manganese superoxide
dismutase to scavenge ROS', EMBO reports, 12: 534-41.

Chen, Zhiheng, Shaojun Liu, Li Tian, Minghao Wu, Feiyan Ai, Wuliang Tang, Lian Zhao, Juan Ding,
Liyang Zhang, and Anliu Tang. 2015. 'miR-124 and miR-506 inhibit colorectal cancer
progression by targeting DNMT3B and DNMT1', Oncotarget, 6: 38139.

Cheng, Chang, Cheng Huang, Tao-Tao Ma, Er-Bao Bian, Yong He, Lei Zhang, and Jun Li. 2014.
'SOCS1 hypermethylation mediated by DNMT1 is associated with lipopolysaccharide-
induced inflammatory cytokines in macrophages', Toxicology Letters, 225: 488-97.

Cheng, Keith C, David S Cahill, Hiroshi Kasai, Susumu Nishimura, and Lawrence A Loeb. 1992.
'8-Hydroxyguanine, an abundant form of oxidative DNA damage, causes GT and AC
substitutions', Journal of Biological Chemistry, 267: 166-72.

Cheng, Ming ., F. Ulrich Hartl, and Arthur L. Norwich. 1990. 'The mitochondrial chaperonin
hsp60 is required for its own assembly’, Nature, 348: 455-58.

Cheng, X., L. Yang, P. He, R. Li, and Y. Shen. 2010. 'Differential activation of tumor necrosis
factor receptors distinguishes between brains from Alzheimer's disease and non-
demented patients', J Alzheimers Dis, 19: 621-30.

Cheng, Y. H., S. T. Ding, and M. H. Chang. 2006. 'Effect of fumonisins on macrophage immune
functions and gene expression of cytokines in broilers', Arch Anim Nutr, 60: 267-76.

Chlebicz, Agnieszka, and Katarzyna Slizewska. 2020. 'In vitro detoxification of aflatoxin B 1,
deoxynivalenol, fumonisins, T-2 toxin and zearalenone by probiotic bacteria from genus

160




Lactobacillus and Saccharomyces cerevisiae yeast', Probiotics and antimicrobial
proteins, 12: 289-301.

Christensen, Brock C., Ashley A. Smith, Shichun Zheng, Devin C. Koestler, E. Andres
Houseman, Carmen J. Marsit, Joseph L. Wiemels, Heather H. Nelson, Margaret R.
Karagas, Margaret R. Wrensch, Karl T. Kelsey, and John K. Wiencke. 2011. 'DNA
Methylation, Isocitrate Dehydrogenase Mutation, and Survivalin Glioma', JNCI: Journal
of the National Cancer Institute, 103: 143-53.

Christensen, Jane H., Marit N. Nielsen, Jakob Hansen, Annette Fuchtbauer, Ernst-Martin
Fuchtbauer, Mark West, Thomas J. Corydon, Niels Gregersen, and Peter Bross. 2010.
'Inactivation of the hereditary spastic paraplegia-associated Hspd1 gene encoding the
Hsp60 chaperone results in early embryonic lethality in mice', Cell Stress and
Chaperones, 15: 851-63.

Chuturgoon, A. A., A. Phulukdaree, and D. Moodley. 2015. 'Fumonisin B, inhibits apoptosis in
HepG2 cells by inducing Birc-8/ILP-2', Toxicol Lett, 235: 67-74.

Chuturgoon, Anil, Alisa Phulukdaree, and Devapregasan Moodley. 2014. 'Fumonisin B1 induces
global DNA hypomethylation in HepG2 cells — An alternative mechanism of action/,
Toxicology, 315: 65-69.

Cillero-Pastor, B., B. Caramés, M. Lires-Dean, C. Vaamonde-Garcia, F. J. Blanco, and M. J.
Lépez-Armada. 2008. 'Mitochondrial dysfunction activates cyclooxygenase 2 expression
in cultured normal human chondrocytes', Arthritis Rheum, 58: 2409-19.

Clarke, R., L. Connolly, C. Frizzell, and C. T. Elliott. 2014. 'Cytotoxic assessment of the regulated,
co-existing mycotoxins aflatoxin B1, fumonisin B1 and ochratoxin, in single, binary and
tertiary mixtures', Toxicon, 90: 70-81.

Consilvio, Christopher, Andrea M. Vincent, and Eva L. Feldman. 2004. 'Neuroinflammation,
COX-2, and ALS—a dual role?', Experimental Neurology, 187: 1-10.

Cooper, Edwin L. 2004. 'Complementary and alternative medicine, when rigorous, can be
science', Evidence-Based Complementary and Alternative Medicine, 1: 1.

Coppieters, Natacha, Birger V. Dieriks, Claire Lill, Richard L. M. Faull, Maurice A. Curtis, and
Mike Dragunow. 2014. 'Global changes in DNA methylation and hydroxymethylation in
Alzheimer's disease human brain', Neurobiology of Aging, 35: 1334-44.

Cortés-Rojo, Christian, Manuel Alejandro Vargas-Vargas, Berenice Eridani Olmos-Orizaba, Alain
Raimundo Rodriguez-Orozco, and Elizabeth Calderén-Cortés. 2020. 'Interplay between
NADH oxidation by complex |, glutathione redox state and sirtuin-3, and its role in the
development of insulin resistance, Biochimica et Biophysica Acta (BBA) - Molecular
Basis of Disease, 1866: 165801.

Cortes Ballen, A. I., M. Amosu, S. Ravinder, J. Chan, E. Derin, H. Slika, and B. Tyler. 2024.
'Metabolic Reprogramming in Glioblastoma Multiforme: A Review of Pathways and
Therapeutic Targets', Cells, 13.

Cowley, T. R., B. Fahey, and S. M. O'Mara. 2008. 'COX-2, but not COX-1, activity is necessary for
the induction of perforant path long-term potentiation and spatial learning in vivo', EurJ
Neurosci, 27: 2999-3008.

Cuenoud, B., O Ipek, M. Shevlyakova, M. Beaumont, S. C. Cunnane, R. Gruetter, and L. Xin.
2020. 'Brain NAD Is Associated With ATP Energy Production and Membrane
Phospholipid Turnover in Humans', Front Aging Neurosci, 12: 609517.

Cui, Hang, Yahui Kong, and Hong Zhang. 2012. 'Oxidative Stress, Mitochondrial Dysfunction,
and Aging', Journal of Signal Transduction, 2012: 646354.

Cyr, Anthony R., and Frederick E. Domann. 2010. 'The Redox Basis of Epigenetic Modifications:
From Mechanisms to Functional Consequences', Antioxidants & Redox Signaling, 15:
551-89.

161




da Silva, Elisangela Olegario, Juliana Rubira Gerez, Thalisie do Carmo Drape, and Ana Paula F. R.
L. Bracarense. 2014. 'Phytic acid decreases deoxynivalenol and fumonisin B1-induced
changes on swine jejunal explants', Toxicology reports, 1: 284-92.

Dabravolski, Siarhei A, Evgeny E Bezsonov, and Alexander N Orekhov. 2021. 'The role of
mitochondria dysfunction and hepatic senescence in NAFLD development and
progression', Biomedicine & Pharmacotherapy, 142: 112041.

Dai, WenJuan, G Kohler, and Frank Brombacher. 1997. 'Both innate and acquired immunity to
Listeria monocytogenes infection are increased in IL-10-deficient mice', Journal of
immunology (Baltimore, Md.: 1950), 158: 2259-67.

Dalton, D. K., S. Pitts-Meek, S. Keshay, I. S. Figari, A. Bradley, and T. A. Stewart. 1993. 'Multiple
defects of immune cell function in mice with disrupted interferon-gamma genes',
Science, 259: 1739-42.

Dattilo, Maurizio, D’Amato Giuseppe, Caroppo Ettore, and Yves Ménézo. 2016. 'Improvement of
gamete quality by stimulating and feeding the endogenous antioxidant system:
mechanismes, clinical results, insights on gene-environment interactions and the role of
diet, Journal of assisted reproduction and genetics, 33: 1633-48.

Dauer, W., and S. Przedborski. 2003. 'Parkinson's disease: mechanisms and models', Neuron,
39: 889-909.

Day, J. J., and J. D. Sweatt. 2010. 'DNA methylation and memory formation', Nat Neurosci, 13:
1319-23.

de Kreutzenberg, Saula Vigili, Giulio Ceolotto, Italia Papparella, Alessia Bortoluzzi, Andrea
Semplicini, Chiara Dalla Man, Claudio Cobelli, Gian Paolo Fadini, and Angelo Avogaro.
2010. 'Downregulation of the longevity-associated protein sirtuin 1 in insulin resistance
and metabolic syndrome: potential biochemical mechanisms', Diabetes, 59: 1006-15.

De Pauw, Aurélia, Silvia Tejerina, Martine Raes, Jaap Keijer, and Thierry Arnould. 2009.
'Mitochondrial (dys) function in adipocyte (de) differentiation and systemic metabolic
alterations', The American Journal of Pathology, 175: 927-39.

de Tayrac, M., A. Etcheverry, M. Aubry, S. Saikali, A. Hamlat, V. Quillien, A. Le Treut, M. D.
Galibert, and J. Mosser. 2009. 'Integrative genome-wide analysis reveals a robust
genomic glioblastoma signature associated with copy number driving changes in gene
expression', Genes Chromosomes Cancer, 48: 55-68.

De Vries, Helga E, Margret CM Blom-Roosemalen, Marijke Van Oosten, Albert G De Boer, Theo
JC Van Berkel, Douwe D Breimer, and Johan Kuiper. 1996. 'The influence of cytokines on
the integrity of the blood-brain barrier in vitro', Journal of neuroimmunology, 64: 37-43.

Del Giudice, Marco, and Steven W Gangestad. 2018. 'Rethinking IL-6 and CRP: Why they are
more than inflammatory biomarkers, and why it matters', Brain, Behavior, and Immunity,
70: 61-75.

Demirel, Goksun, Buket Alpertunga, and Sibel Ozden. 2015. 'Role of fumonisin B1 on DNA
methylation changes in rat kidney and liver cells', Pharmaceutical Biology, 53: 1302-10.

Denli, Muzaffer, Juan C Blandon, Silvia Salado, Maria E Guynot, Josefina Casas, and Jose F
Pérez. 2015. 'Efficacy of AdiDetox™ in reducing the toxicity of fumonisin B1 in rats', Food
and Chemical Toxicology, 78: 60-63.

Dennis, K. L., N. R. Blatner, F. Gounari, and K. Khazaie. 2013. 'Current status of interleukin-10
and regulatory T-cells in cancer’, Curr Opin Oncol, 25: 637-45.

Desai, M., L. Stiles, A. S. Torsoni, M. A. Torsoni, O. S. Shirihai, and M. G. Ross. 2022. 'TNFa-
Induced Oxidative Stress and Mitochondrial Dysfunction Alter Hypothalamic
Neurogenesis and Promote Appetite Versus Satiety Neuropeptide Expression in Mice',
Brain Sci, 12.

Desai, S. J., B. Prickril, and A. Rasooly. 2018. 'Mechanisms of Phytonutrient Modulation of
Cyclooxygenase-2 (COX-2) and Inflammation Related to Cancer’, Nutr Cancer, 70: 350-
75.

162




Detich, N., J. Theberge, and M. Szyf. 2002. 'Promoter-specific activation and demethylation by
MBD2/demethylase’, The Journal of biological chemistry, 277: 35791-4.

Dhakshinamoorthy, Saravanakumar, and Alan G. Porter. 2004. 'Nitric Oxide-induced
Transcriptional Up-regulation of Protective Genes by Nrf2 via the Antioxidant Response
Element Counteracts Apoptosis of Neuroblastoma Cells*', Journal of Biological
Chemistry, 279: 20096-107.

Dhayalan, Arunkumar, Arumugam Rajavelu, Philipp Rathert, Raluca Tamas, Renata Z.
Jurkowska, Sergey Ragozin, and Albert Jeltsch. 2010. 'The Dnmt3a PWWP Domain
Reads Histone 3 Lysine 36 Trimethylation and Guides DNA Methylation *<sup>

</sup>', Journal of Biological Chemistry, 285: 26114-20.

Diao, Z., Q. Ji, Z. Wu, W. Zhang, Y. Cai, Z. Wang, J. Hu, Z. Liu, Q. Wang, S. Bi, D. Huang, Z. Ji, G. H.
Liu, S. Wang, M. Song, and J. Qu. 2021. 'SIRT3 consolidates heterochromatin and
counteracts senescence’, Nucleic acids research, 49: 4203-19.

Dickensheets, H. L., S. L. Freeman, M. F. Smith, and R. P. Donnelly. 1997. 'Interleukin-10
upregulates tumor necrosis factor receptor type-Il (p75) gene expression in endotoxin-
stimulated human monocytes', Blood, 90: 4162-71.

Dinarello, C. A. 2011. 'Interleukin-1 in the pathogenesis and treatment of inflammatory
diseases', Blood, 117: 3720-32.

Dinarello, C. A., A. Simon, and J. W. van der Meer. 2012. 'Treating inflammation by blocking
interleukin-1 in a broad spectrum of diseases', Nat Rev Drug Discov, 11: 633-52.
Docrat, Taskeen Fathima, Savania Nagiah, Nikita Naicker, Sooraj Baijnath, Sanil Singh, and Anil
A. Chuturgoon. 2020. 'The protective effect of metformin on mitochondrial dysfunction

and endoplasmic reticulum stress in diabetic mice brain', European Journal of
Pharmacology, 875: 173059.

Doerfler, W. 1983. 'DNA methylation and gene activity', Annu Rev Biochem, 52: 93-124.

Dokka, Sujatha, Xianglin Shi, Stephen Leonard, Liying Wang, Vincent Castranova, and Yon
Rojanasakul. 2001. 'Interleukin-10-mediated inhibition of free radical generation in
macrophages', American Journal of Physiology-Lung Cellular and Molecular Physiology,
280: L1196-L202.

Domijan, A. M. 2012. 'Fumonisin B(1): a neurotoxic mycotoxin', Arh Hig Rada Toksikol, 63: 531-
44.

Domijan, A. M., and A. Y. Abramov. 2011. 'Fumonisin B1 inhibits mitochondrial respiration and
deregulates calcium homeostasis--implication to mechanism of cell toxicity', IntJ
Biochem Cell Biol, 43: 897-904.

Domijan, Ana-Marija, Davor 2eljeiic’:, Mirta Mili¢, and Maja Peraica. 2007. 'Fumonisin B1:
Oxidative status and DNA damage in rats', Toxicology, 232: 163-69.

Donkena, Krishna Vanaja, Charles Y. F. Young, and Donald J. Tindall. 2010a. 'Oxidative Stress
and DNA Methylation in Prostate Cancer’, Obstetrics and gynecology international,
2010: 302051.

Donkena, Krishna Vanaja, Charles YF Young, and Donald J Tindall. 2010b. 'Oxidative stress and
DNA methylation in prostate cancer', Obstetrics and gynecology international, 2010:
302051.

Dresden-Osborne, C., and G. P. Noblet. 2002. 'Fumonisin B1 affects viability and alters nitric
oxide production of a murine macrophage cell line', Int Immunopharmacol, 2: 1087-93.

Duan, W., Z. Guo, H. Jiang, M. Ware, X. J. Li, and M. P. Mattson. 2003. 'Dietary restriction
normalizes glucose metabolism and BDNF levels, slows disease progression, and
increases survival in huntingtin mutant mice', Proc Natl Acad Sci U S A, 100: 2911-6.

Duchen, M. R. 2004. 'Mitochondria in health and disease: perspectives on a new mitochondrial
biology', Molecular aspects of medicine, 25: 365-451.

Dugyala, R. R., R. P. Sharma, M. Tsunoda, and R. T. Riley. 1998. 'Tumor necrosis factor-alpha as
a contributor in fumonisin B1 toxicity', J Pharmacol Exp Ther, 285: 317-24.

163




Dumas, J-F, Gilles Simard, Mélissa Flamment, P-H Ducluzeau, and Patrick Ritz. 2009. 'ls skeletal
muscle mitochondrial dysfunction a cause or an indirect consequence of insulin
resistance in humans?', Diabetes & metabolism, 35: 159-67.

Duque, G Arango, and A Descoteaux. 2014. "Macrophage cytokines: involvement in immunity
and infectious diseases. Front Immunol 5: 491." In.

Dutton, M. F. 1996. 'Fumonisins, mycotoxins of increasing importance: their nature and their
effects', Pharmacol Ther, 70: 137-61.

Dutton, Michael F. 2009. 'The African fusarium/maize disease', Mycotoxin research, 25: 29-39.

Ehrlich, M., M. A. Gama-Sosa, L. H. Huang, R. M. Midgett, K. C. Kuo, R. A. McCune, and C.
Gehrke. 1982. 'Amount and distribution of 5-methylcytosine in human DNA from
different types of tissues of cells', Nucleic acids research, 10: 2709-21.

Ehrlich, Melanie. 2019. 'DNA hypermethylation in disease: mechanisms and clinical relevance/,
Epigenetics, 14: 1141-63.

Elchuri, S., T. D. Oberley, W. Qi, R. S. Eisenstein, L. Jackson Roberts, H. Van Remmen, C. J.
Epstein, and T. T. Huang. 2005. 'CuZnSOD deficiency leads to persistent and widespread
oxidative damage and hepatocarcinogenesis later in life', Oncogene, 24: 367-80.

Engblom, D., M. Ek, S. Saha, A. Ericsson-Dahlstrand, P. J. Jakobsson, and A. Blomqvist. 2002.
'Prostaglandins as inflammatory messengers across the blood-brain barrier', / Mol Med
(Berl), 80: 5-15.

Escames, G., L. C. Lépez, J. A. Garcia, L. Garcia-Corzo, F. Ortiz, and D. Acuha-Castroviejo. 2012.
'Mitochondrial DNA and inflammatory diseases', Hum Genet, 131: 161-73.

Etcheverry, Amandine, Marc Aubry, Marie de Tayrac, Elodie Vauleon, Rachel Boniface,
Frederique Guenot, Stephan Saikali, Abderrahmane Hamlat, Laurent Riffaud, Philippe
Menei, Veronique Quillien, and Jean Mosser. 2010. 'DNA methylation in glioblastoma:
impact on gene expression and clinical outcome', BMC Genomics, 11: 701.

Fabbri, Muller, Ramiro Garzon, Amelia Cimmino, Zhongfa Liu, Nicola Zanesi, Elisa Callegari,
Shujun Liu, Hansjuerg Alder, Stefan Costinean, and Cecilia Fernandez-Cymering. 2007.
'MicroRNA-29 family reverts aberrant methylation in lung cancer by targeting DNA
methyltransferases 3A and 3B', Proceedings of the National Academy of Sciences, 104:
15805-10.

Fandohan, P, K Hell, WFO Marasas, and MJ Wingfield. 2003. 'Infection of maize by Fusarium
species and contamination with fumonisin in Africa’, African Journal of biotechnology, 2:
570-79.

FAO/WHO. 2001. Safety evaluation of certain mycotoxins in food (WHO).

Fazekas, B., M. Kis, and E. T. Hajdu. 1996. 'Data on the contamination of maize with fumonisin
B1 and other fusariotoxins in Hungary', Acta Vet Hung, 44: 25-37.

Feng, J., H. Chang, E. Li, and G. Fan. 2005. 'Dynamic expression of de novo DNA
methyltransferases Dnmt3a and Dnmt3b in the central nervous system|, J Neurosci Res,
79: 734-46.

Feng, J., Y. Zhou, S. L. Campbell, T. Le, E. Li, J. D. Sweatt, A. J. Silva, and G. Fan. 2010. 'Dnmt1
and Dnmt3a maintain DNA methylation and regulate synaptic function in adult forebrain
neurons', Nat Neurosci, 13: 423-30.

Feuerstein, Giora, Xinkang Wang, and Frank C. Barone. 1998. 'Cytokines in Brain Ischemia—The
Role of TNFa!, Cellular and Molecular Neurobiology, 18: 695-701.

Figiel, Izabela. 2008. 'Pro-inflammatory cytokine TNF-alpha as a neuroprotective agent in the
brain', Acta neurobiologiae experimentalis, 68: 526-34.

Fiorentino, D. F., M. W. Bond, and T. R. Mosmann. 1989. 'Two types of mouse T helper cell. IV.
Th2 clones secrete a factor that inhibits cytokine production by Th1 clones/, J Exp Med,
170: 2081-95.

164




Fouquerel, Elise, Ryan P Barnes, Shikhar Uttam, Simon C Watkins, Marcel P Bruchez, and
Patricia L Opresko. 2019. 'Targeted and persistent 8-oxoguanine base damage at
telomeres promotes telomere loss and crisis', Molecular cell, 75: 117-30. e6.

Franco, Rodrigo, Onard Schoneveld, Alexandros G Georgakilas, and Mihalis | Panayiotidis. 2008.
'Oxidative stress, DNA methylation and carcinogenesis', Cancer letters, 266: 6-11.

Friedman, Wilma J. 2000. 'Neurotrophins Induce Death of Hippocampal Neurons via the p75
Receptor!, The Journal of Neuroscience, 20: 6340.

Fuks, F., P. J. Hurd, D. Wolf, X. Nan, A. P. Bird, and T. Kouzarides. 2003. 'The methyl-CpG-binding
protein MeCP2 links DNA methylation to histone methylation', J Biol Chem, 278: 4035-
40.

Furfaro, A. L., N. Traverso, C. Domenicotti, S. Piras, L. Moretta, U. M. Marinari, M. A. Pronzato,
and M. Nitti. 2016. 'The Nrf2/HO-1 Axis in Cancer Cell Growth and Chemoresistance’,
Oxidative Medicine and Cellular Longevity, 2016: 1958174.

Gabay, Cem. 2006. 'Interleukin-6 and chronic inflammation', Arthritis research & therapy, 8: 1-6.

Gadient, Reto A, and Uwe H Otten. 1997. 'Interleukin-6 (IL-6)—a molecule with both beneficial
and destructive potentials', Progress in neurobiology, 52: 379-90.

Galvano, F., A. Campisi, A. Russo, G. Galvano, M. Palumbo, M. Renis, M. L. Barcellona, J. R.
Perez-Polo, and A. Vanella. 2002. 'DNA damage in astrocytes exposed to fumonisin B1/,
Neurochem Res, 27: 345-51.

Galvano, F., A. Russo, V. Cardile, G. Galvano, A. Vanella, and M. Renis. 2002a. 'DNA damage in

human fibroblasts exposed to fumonisin B1', Food and Chemical Toxicology, 40: 25-31.

.2002b. 'DNA damage in human fibroblasts exposed to fumonisin B(1)', Food Chem

Toxicol, 40: 25-31.

Gandhi, Jaya, Lohit Khera, Nivedita Gaur, Catherine Paul, and Rajeev Kaul. 2017. 'Role of
modaulator of inflammation cyclooxygenase-2 in gammaherpesvirus mediated
tumorigenesis', Frontiers in microbiology, 8: 538.

Gao, Zhicheng, Kangxin Luo, Qiuxiang Zhu, Jinghui Peng, Chang Liu, Xiaoyue Wang, Shoujun Li,
and Haiyang Zhang. 2023. 'The natural occurrence, toxicity mechanisms and
management strategies of Fumonisin B1 : Areview', Environmental Pollution, 320:
121065.

Garcia-Giménez, José Luis, Carlos Roma-Mateo, Gisselle Pérez-Machado, Lorena Peir6-Chova,
and Federico V. Pallardd. 2017. 'Role of glutathione in the regulation of epigenetic
mechanisms in disease', Free Radical Biology and Medicine, 112: 36-48.

Gbore, F. A. 2010. 'Brain and hypophyseal acetylcholinesterase activity of pubertal boars fed
dietary fumonisin B1', JAnim Physiol Anim Nutr (Berl), 94: €123-9.

Gelderblom, W. C., K. Jaskiewicz, W. F. Marasas, P. G. Thiel, R. M. Horak, R. Vleggaar, and N. P.
Kriek. 1988a. 'Fumonisins--novel mycotoxins with cancer-promoting activity produced
by Fusarium moniliforme', App!l Environ Microbiol, 54: 1806-11.

Gelderblom, W. C., and S. D. Snyman. 1991. 'Mutagenicity of potentially carcinogenic
mycotoxins produced byFusarium moniliforme', Mycotoxin Res, 7: 46-52.

Gelderblom, WC, K Jaskiewicz, WF Marasas, PG Thiel, RM Horak, R Vleggaar, and NP202749
Kriek. 1988b. 'Fumonisins--novel mycotoxins with cancer-promoting activity produced
by Fusarium moniliforme', Applied and Environmental Microbiology, 54: 1806-11.

Gelineau-van Waes, J., L. Starr, J. Maddox, F. Aleman, K. A. Voss, J. Wilberding, and R. T. Riley.
2005a. 'Maternal fumonisin exposure and risk for neural tube defects: mechanisms in
an in vivo mouse model), Birth Defects Res A Clin Mol Teratol, 73: 487-97.

Gelineau-van Waes, Janee, Lois Starr, Joyce Maddox, Francisco Aleman, Kenneth A. Voss, Justin
Wilberding, and Ronald T. Riley. 2005b. 'Maternal fumonisin exposure and risk for neural
tube defects: Mechanisms in an in vivo mouse model), Birth Defects Research Part A:
Clinical and Molecular Teratology, 73: 487-97.

165




George, A., C. Kleinschnitz, M. Zelenka, J. Brinkhoff, G. Stoll, and C. Sommer. 2004. 'Wallerian
degeneration after crush or chronic constriction injury of rodent sciatic nerve is
associated with a depletion of endoneurial interleukin-10 protein', Exp Neurol, 188: 187-
91.

Germolec, Dori R, Kelly A Shipkowski, Rachel P Frawley, and Ellen Evans. 2018. 'Markers of
inflammation', Immunotoxicity testing: Methods and protocols: 57-79.

Ghazi, T., T. Arumugam, A. Foolchand, and A. A. Chuturgoon. 2020. 'The Impact of Natural
Dietary Compounds and Food-Borne Mycotoxins on DNA Methylation and Cancer),
Cells, 9.

Ghosh, Simantini, Michael D Wu, Solomon S Shaftel, Stephanos Kyrkanides, Frank M LaFerla,
John A Olschowka, and M Kerry O'Banion. 2013. 'Sustained interleukin-1
overexpression exacerbates tau pathology despite reduced amyloid burden in an
Alzheimer's mouse model, Journal of Neuroscience, 33: 5053-64.

Gibellini, Lara, Anna De Gaetano, Mauro Mandrioli, Elia Van Tongeren, Carlo Augusto Bortolotti,
Andrea Cossarizza, and Marcello Pinti. 2020. 'The biology of Lonp1: More than a
mitochondrial protease’, International review of cell and molecular biology, 354: 1-61.

Gibellini, Lara, Marcello Pinti, Francesca Beretti, Ciro Leonardo Pierri, Angelo Onofrio, Massimo
Riccio, Gianluca Carnevale, Sara De Biasi, Milena Nasi, Francesca Torelli, Federica
Boraldi, Anto De Pol, and Andrea Cossarizza. 2014. 'Sirtuin 3 interacts with Lon protease
and regulates its acetylation status', Mitochondrion, 18: 76-81.

Giblin, W., M. E. Skinner, and D. B. Lombard. 2014. 'Sirtuins: guardians of mammalian
healthspan', Trends Genet, 30: 271-86.

Gijbels, Koenraad, Stefan Brocke, John S Abrams, and Lawrence Steinman. 1995.
'Administration of neutralizing antibodies to interleukin-6 (IL-6) reduces experimental
autoimmune encephalomyelitis and is associated with elevated levels of IL-6 bioactivity
in central nervous system and circulation', Molecular Medicine, 1: 795-805.

Gilroy, D. W., P. R. Colville-Nash, D. Willis, J. Chivers, M. J. Paul-Clark, and D. A. Willoughby.
1999. 'Inducible cyclooxygenase may have anti-inflammatory properties', Nat Med, 5:
698-701.

Girault, I., S. Tozlu, R. Lidereau, and I. Bieche. 2003. 'Expression analysis of DNA
methyltransferases 1, 3A, and 3B in sporadic breast carcinomas', Clin Cancer Res, 9:
4415-22,

Glass, Christopher K, Kaoru Saijo, Beate Winner, Maria Carolina Marchetto, and Fred H Gage.
2010. 'Mechanisms underlying inflammation in neurodegeneration’, Cell, 140: 918-34.

Gong, H.Z.,R.Ji, Y. X. Li, H. Y. Zhang, B. Li, Y. Zhao, L. Sun, F. Yu, and J. Yang. 2009. 'Occurrence
of fumonisin B(1) in corn from the main corn-producing areas of China', Mycopathologia,
167: 31-6.

Goto, K., M. Numata, J. I. Komura, T. Ono, T. H. Bestor, and H. Kondo. 1994. 'Expression of DNA
methyltransferase gene in mature and immature neurons as well as proliferating cells in
mice', Differentiation, 56: 39-44.

Gray, J., G. S. Yeo, J. J. Cox, J. Morton, A. L. Adlam, J. M. Keogh, J. A. Yanovski, A. EL Gharbawy, J.
C. Han, Y. C. Tung, J. R. Hodges, F. L. Raymond, S. O'Rahilly, and I. S. Farooqi. 2006.
'Hyperphagia, severe obesity, impaired cognitive function, and hyperactivity associated
with functional loss of one copy of the brain-derived neurotrophic factor (BDNF) gene',
Diabetes, 55: 3366-71.

Green, K., M. D. Brand, and M. P. Murphy. 2004. 'Prevention of mitochondrial oxidative damage
as a therapeutic strategy in diabetes', Diabetes, 53 Suppl 1: S110-8.

Greenberger, M. J., R. M. Strieter, S. L. Kunkel, J. M. Danforth, R. E. Goodman, and T. J.
Standiford. 1995. 'Neutralization of IL-10 increases survival in a murine model of
Klebsiella pneumonia’, J Immunol, 155: 722-9.

166




Grenier, B., I. Dohnal, R. Shanmugasundaram, S. D. Eicher, R. K. Selvaraj, G. Schatzmayr, and T.
J. Applegate. 2016. 'Susceptibility of Broiler Chickens to Coccidiosis When Fed
Subclinical Doses of Deoxynivalenol and Fumonisins-Special Emphasis on the
Immunological Response and the Mycotoxin Interaction’, Toxins (Basel), 8.

Grothe, C., and K. Unsicker. 1987. 'Neuron-enriched cultures of adult rat dorsal root ganglia:
establishment, characterization, survival, and neuropeptide expression in response to
trophic factors', J Neurosci Res, 18: 539-50.

Gu, X., J. Sun, S. Li, X. Wu, and L. Li. 2013. 'Oxidative stress induces DNA demethylation and
histone acetylation in SH-SY5Y cells: potential epigenetic mechanisms in gene
transcription in AB production’, Neurobiol Aging, 34: 1069-79.

Guan, D., J. H. Lim, L. Peng, Y. Liu, M. Lam, E. Seto, and H. Y. Kao. 2014. 'Deacetylation of the
tumor suppressor protein PML regulates hydrogen peroxide-induced cell death', Cell
Death & Disease, 5: e1340-e40.

Guan, Zhiwei, and Jidong Fang. 2006. 'Peripheral immune activation by lipopolysaccharide
decreases neurotrophins in the cortex and hippocampus in rats', Brain, Behavior, and
Immunity, 20: 64-71.

Guil, Sonia, and Manel Esteller. 2009. 'DNA methylomes, histone codes and miRNAs: Tying it all
together!, The International Journal of Biochemistry & Cell Biology, 41: 87-95.

Gunnett, Carol A, Donald D Heistad, Daniel J Berg, and Frank M Faraci. 2000. 'IL-10 deficiency
increases superoxide and endothelial dysfunction during inflammation', American
Journal of Physiology-Heart and Circulatory Physiology, 279: H1555-H62.

Guo, J. U, D. K. Ma, H. Mo, M. P. Ball, M. H. Jang, M. A. Bonaguidi, J. A. Balazer, H. L. Eaves, B.
Xie, E. Ford, K. Zhang, G. L. Ming, Y. Gao, and H. Song. 2011a. 'Neuronal activity modifies
the DNA methylation landscape in the adult brain', Nat Neurosci, 14: 1345-51.

Guo, J. U,, Y. Su, J. H. Shin, J. Shin, H. Li, B. Xie, C. Zhong, S. Hu, T. Le, G. Fan, H. Zhu, Q. Chang,
Y. Gao, G. L. Ming, and H. Song. 2014. 'Distribution, recognition and regulation of non-
CpG methylation in the adult mammalian brain', Nat Neurosci, 17: 215-22.

Guo, Junjie U., Dengke K. Ma, Huan Mo, Madeleine P. Ball, Mi-Hyeon Jang, Michael A. Bonaguidi,
Jacob A. Balazer, Hugh L. Eaves, Bin Xie, Eric Ford, Kun Zhang, Guo-li Ming, Yuan Gao,
and Hongjun Song. 2011b. 'Neuronal activity modifies the DNA methylation landscape
in the adult brain', Nature neuroscience, 14: 1345-51.

Gutierrez, E. G., W. A. Banks, and A. J. Kastin. 1993. 'Murine tumor necrosis factor alpha is
transported from blood to brain in the mouse', J Neuroimmunol, 47: 169-76.

Gutleb, A. C., F. Caloni, F. Giraud, C. Cortinovis, F. Pizzo, L. Hoffmann, T. Bohn, and M. Pasquali.
2015. 'Detection of multiple mycotoxin occurrences in soy animal feed by traditional
mycological identification combined with molecular species identification’, Toxicol Rep,
2:275-79.

Haigis, Marcia C., and David A. Sinclair. 2010. '"Mammalian Sirtuins: Biological Insights and
Disease Relevance', Annual Review of Pathology: Mechanisms of Disease, 5: 253-95.

Halloy, D. J., P. G. Gustin, S. Bouhet, and I. P. Oswald. 2005. 'Oral exposure to culture material
extract containing fumonisins predisposes swine to the development of pneumonitis
caused by Pasteurellamultocida’, Toxicology, 213: 34-44.

Hamberg, M., and B. Samuelsson. 1973. 'Detection and isolation of an endoperoxide
intermediate in prostaglandin biosynthesis', Proc Natl Acad Sci U S A, 70: 899-903.

Handy, D. E., R. Castro, and J. Loscalzo. 2011. 'Epigenetic modifications: basic mechanisms
and role in cardiovascular disease', Circulation, 123: 2145-56.

Hannon, E., H. Spiers, J. Viana, R. Pidsley, J. Burrage, T. M. Murphy, C. Troakes, G. Turecki, M. C.
O'Donovan, L. C. Schalkwyk, N. J. Bray, and J. Mill. 2016. 'Methylation QTLs in the
developing brain and their enrichment in schizophrenia risk loci', Nat Neurosci, 19: 48-
54.

167




Hara, Hideaki, Klaus Fink, Matthias Endres, Robert M Friedlander, Valeria Gagliardini, Junying
Yuan, and Michael A Moskowitz. 1997. 'Attenuation of transient focal cerebral ischemic
injury in transgenic mice expressing a mutant ICE inhibitory protein', Journal of Cerebral
Blood Flow & Metabolism, 17: 370-75.

Harel, R., and A. H. Futerman. 1993. 'Inhibition of sphingolipid synthesis affects axonal
outgrowth in cultured hippocampal neurons', The Journal of biological chemistry, 268:
14476-81.

Harper, M. E., L. Bevilacqua, K. Hagopian, R. Weindruch, and J. J. Ramsey. 2004. 'Ageing,
oxidative stress, and mitochondrial uncoupling', Acta Physiol Scand, 182: 321-31.

Harry, G. J., and A. D. Kraft. 2008. 'Neuroinflammation and microglia: considerations and
approaches for neurotoxicity assessment’, Expert Opin Drug Metab Toxicol, 4: 1265-77.

Hart, P. H., G. F. Vitti, D. R. Burgess, G. A. Whitty, D. S. Piccoli, and J. A. Hamilton. 1989.
'Potential antiinflammatory effects of interleukin 4: suppression of human monocyte
tumor necrosis factor alpha, interleukin 1, and prostaglandin E2', Proc Natl Acad Sci U S
A, 86: 3803-7.

Hasegawa, Kazuhiro, Shu Wakino, Kyoko Yoshioka, Satoru Tatematsu, Yoshikazu Hara, Hitoshi
Minakuchi, Naoki Washida, Hirobumi Tokuyama, Koichi Hayashi, and Hiroshi Itoh. 2008.
'Sirt1 protects against oxidative stress-induced renal tubular cell apoptosis by the
bidirectional regulation of catalase expression', Biochemical and Biophysical Research
Communications, 372: 51-56.

Hassan, Aziza M, Sekena H Abdel-Aziem, Aziza A El-Nekeety, and Mosaad A Abdel-Wahhab.
2015. 'Panax ginseng extract modulates oxidative stress, DNA fragmentation and up-
regulate gene expression in rats sub chronically treated with aflatoxin B 1 and fumonisin
B 1', Cytotechnology, 67: 861-71.

He, Fei, Hao Wu, Ligiang Zhou, Quan Lin, Yin Cheng, and Yi E. Sun. 2020. 'Tet2-mediated
epigenetic drive for astrocyte differentiation from embryonic neural stem cells', Cell
Death Discovery, 6: 30.

Hebert, Alexander S, Kristin E Dittenhafer-Reed, Wei Yu, Derek J Bailey, Ebru Selin Selen,
Melissa D Boersma, Joshua J Carson, Marco Tonelli, Allison J Balloon, and Alan J Higbee.
2013. 'Calorie restriction and SIRT3 trigger global reprogramming of the mitochondrial
protein acetylome', Molecular cell, 49: 186-99.

Hemmati, Sara, Mohammad Amin Sadeghi, Hasan Yousefi-Manesh, Mostafa Eslamiyeh, Ali
Vafaei, Laleh Foroutani, Ghazaleh Donyadideh, AhmadReza Dehpour, and Nima Rezaei.
2020. 'Protective effects of leukadherin1 in a rat model of targeted experimental
autoimmune encephalomyelitis (EAE): possible role of P47phox and MDA
downregulation, Journal of inflammation research: 411-20.

Hendrich, B., J. Guy, B. Ramsahoye, V. A. Wilson, and A. Bird. 2001a. 'Closely related proteins
MBD2 and MBD3 play distinctive but interacting roles in mouse development', Genes
Dev, 15: 710-23.

Hendrich, Brian, Jacqueline Guy, Bernard Ramsahoye, Valerie A Wilson, and Adrian Bird. 2001b.
'Closely related proteins MBD2 and MBD3 play distinctive but interacting roles in mouse
development', Genes & development, 15: 710-23.

Hermann, A., R. Goyal, and A. Jeltsch. 2004. 'The Dnmt1 DNA-(cytosine-C5)-methyltransferase
methylates DNA processively with high preference for hemimethylated target sites', The
Journal of biological chemistry, 279: 48350-9.

Hesse, D., M. Krakauer, H. Lund, H. B. Sgndergaard, S. J. W. Limborg, P. Soelberg Sgrensen, and
F. Sellebjerg. 2011. 'Disease protection and interleukin-10 induction by endogenous
interferon-B in multiple sclerosis?’, Eur J Neurol, 18: 266-72.

Hill, Victoria K, Thoraia Shinawi, Christopher J Ricketts, Dietmar Krex, Gabriele Schackert, Julien
Bauer, Wenbin Wei, Garth Cruickshank, Eamonn R Maher, and Farida Latif. 2014.

168




'Stability of the CpG island methylator phenotype during glioma progression and
identification of methylated loci in secondary glioblastomas', BMC cancer, 14: 1-12.

Hinz, B., and K. Brune. 2002. 'Cyclooxygenase-2--10 years later', J Pharmacol Exp Ther, 300: 367-
75.

Hirano, T. 1992. 'Interleukin-6 and its relation to inflammation and disease’, Clin Immunol
Immunopathol, 62: S60-5.

Hirano, T., T. Taga, T. Matsuda, M. Hibi, S. Suematsu, B. Tang, M. Murakami, and T. Kishimoto.
1990. 'Interleukin 6 and its receptor in the immune response and hematopoiesis', Int J
Cell Cloning, 8 Suppl 1: 155-66; discussion 66-7.

Hock, C. H., K. Heese, G. Olivieri, C. H. Hulette, C. Rosenberg, R. M. Nitsch, and U. Otten. 2000.
'Alterations in neurotrophins and neurotrophin receptors in Alzheimer's disease/, J
Neural Transm Suppl, 59: 171-4.

Holliday, R., and J. E. Pugh. 1975. 'DNA modification mechanisms and gene activity during
development!, Science, 187: 226-32.

Holmes, L., Jr., A. Lim, C. R. Comeaux, K. W. Dabney, and O. Okundaye. 2019. 'DNA Methylation
of Candidate Genes (ACE Il, IFN-y, AGTR 1, CKG, ADD1, SCNN1B and TLR2) in Essential
Hypertension: A Systematic Review and Quantitative Evidence Synthesis', Int J Environ
Res Public Health, 16.

Hoozemans, J. J., A. J. Rozemuller, |. Janssen, C. J. De Groot, R. Veerhuis, and P. Eikelenboom.
2001. 'Cyclooxygenase expression in microglia and neurons in Alzheimer's disease and
control brain', Acta Neuropathol, 101: 2-8.

Hori, Osamu, Fusae Ichinoda, Takashi Tamatani, Atsushi Yamaguchi, Naoya Sato, Kentaro
Ozawa, Yasuko Kitao, Mayuki Miyazaki, Heather P Harding, and David Ron. 2002.
"Transmission of cell stress from endoplasmic reticulum to mitochondria: enhanced
expression of Lon protease', The Journal of cell biology, 157: 1151-60.

Hotchkiss, R. D. 1948. 'The quantitative separation of purines, pyrimidines, and nucleosides by
paper chromatography', The Journal of biological chemistry, 175: 315-32.

Houtkooper, R. H., E. Pirinen, and J. Auwerx. 2012. 'Sirtuins as regulators of metabolism and
healthspan', Nat Rev Mol Cell Biol, 13: 225-38.

Howren, M Bryant, Donald M Lamkin, and Jerry Suls. 2009. 'Associations of depression with C-
reactive protein, IL-1, and IL-6: a meta-analysis', Psychosomatic medicine, 71: 171-86.

Hu, Liwen, Xinyue Yao, and Yi Shen. 2016. 'Altered mitochondrial DNA copy number contributes
to human cancer risk: evidence from an updated meta-analysis', Scientific reports, 6:
35859.

Huang, D., L. Cui, A. Sajid, F. Zainab, Q. Wu, X. Wang, and Z. Yuan. 2019. 'The epigenetic
mechanisms in Fusarium mycotoxins induced toxicities', Food Chem Toxicol, 123: 595-
601.

Huang, E. J., and L. F. Reichardt. 2001. 'Neurotrophins: roles in neuronal development and
function', Annu Rev Neurosci, 24: 677-736.

Hussein, Hussein S, and Jeffrey M Brasel. 2001. 'Toxicity, metabolism, and impact of mycotoxins
on humans and animals/, Toxicology, 167: 101-34.

ladecola, Costantino, Kiyoshi Niwa, Shigeru Nogawa, Xueren Zhao, Masao Nagayama, Eiichi
Araki, Scott Morham, and M Elizabeth Ross. 2001. 'Reduced susceptibility to ischemic
brain injury and N-methyl-D-aspartate-mediated neurotoxicity in cyclooxygenase-2-
deficient mice', Proceedings of the National Academy of Sciences, 98: 1294-99.

Idriss, H. T., and J. H. Naismith. 2000. 'TNF alpha and the TNF receptor superfamily: structure-
function relationship(s), Microsc Res Tech, 50: 184-95.

Islam, M. T. 2017. 'Oxidative stress and mitochondrial dysfunction-linked neurodegenerative
disorders', Neurol Res, 39: 73-82.

169




Issa, J. P, P. M. Vertino, J. Wu, S. Sazawal, P. Celano, B. D. Nelkin, S. R. Hamilton, and S. B.
Baylin. 1993. 'Increased cytosine DNA-methyltransferase activity during colon cancer
progression’, J Natl Cancer Inst, 85: 1235-40.

lyer, S. S., and G. Cheng. 2012a. 'Role of interleukin 10 transcriptional regulation in
inflammation and autoimmune disease’, Crit RevImmunol, 32: 23-63.

lyer, Shankar Subramanian, and Gehong Cheng. 2012b. 'Role of interleukin 10 transcriptional
regulation in inflammation and autoimmune disease/, Critical Reviews™ in Immunology,
32.

J. Dabrowski, Michal, and Bartosz Wojtas. 2019. "Global DNA Methylation Patterns in Human
Gliomas and Their Interplay with Other Epigenetic Modifications." In International
journal of molecular sciences.

Jain-Vora, S., A. M. LeVine, Z. Chroneos, G. F. Ross, W. M. Hull, and J. A. Whitsett. 1998.
'Interleukin-4 enhances pulmonary clearance of Pseudomonas aeruginosa’, Infect
Immun, 66: 4229-36.

James, A. M., and M. P. Murphy. 2002. 'How mitochondrial damage affects cell function', J
Biomed Sci, 9: 475-87.

Jebali, Ali, Seyed Ali Yasini Ardakani, Hossein Shahdadi, Mohammad Hossein Balal Zadeh, and
Seyedhossein Hekmatimoghaddam. 2015. 'Modification of hanocellulose by poly-lysine
can inhibit the effect of fumonisin B1 on mouse liver cells', Colloids and Surfaces B:
Biointerfaces, 126: 437-43.

Jena, Atala Bihari, Rashmi Rekha Samal, Nitish Kumar Bhol, and Asim K Duttaroy. 2023.
'Cellular Red-Ox system in health and disease: The latest update’, Biomedicine &
Pharmacotherapy, 162: 114606.

Jensen, A., G. Calvayrac, B. Karahalil, V. A. Bohr, and T. Stevnsner. 2003. 'Mammalian 8-
oxoguanine DNA glycosylase 1 incises 8-oxoadenine opposite cytosine in nuclei and
mitochondria, while a different glycosylase incises 8-oxoadenine opposite guanine in
nuclei', The Journal of biological chemistry, 278: 19541-8.

Jeong, H., |. Mendizabal, S. Berto, P. Chatterjee, T. Layman, N. Usui, K. Toriumi, C. Douglas, D.
Singh, I. Huh, T. M. Preuss, G. Konopka, and S. V. Yi. 2021. 'Evolution of DNA methylation
in the human brain', Nat Commun, 12: 2021.

Ji, Weidong, Lei Yang, Jianhui Yuan, Linging Yang, Mei Zhang, Defeng Qi, Xiaolu Duan, Aiguo
Xuan, Wenjuan Zhang, Jiachun Lu, Zhixiong Zhuang, and Guohua Zeng. 2013.
'MicroRNA-152 targets DNA methyltransferase 1 in NiS-transformed cells via a feedback
mechanism’, Carcinogenesis, 34: 446-53.

Ji, Z., G. H. Liu, and J. Qu. 2022. 'Mitochondrial sirtuins, metabolism, and aging', J Genet
Genomics, 49: 287-98.

Jiang, Y., N. Wei, T. Lu, J. Zhu, G. Xu, and X. Liu. 2011. 'Intranasal brain-derived neurotrophic
factor protects brain from ischemic insult via modulating local inflammation in rats,
Neuroscience, 172: 398-405.

Jiang, Y., N. Wei, J. Zhu, T. Lu, Z. Chen, G. Xu, and X. Liu. 2010. 'Effects of brain-derived
neurotrophic factor on local inflammation in experimental stroke of rat, Mediators
Inflamm, 2010: 372423.

Jiménez-Dalmaroni, M. J., M. E. Gerswhin, and |. E. Adamopoulos. 2016. 'The critical role of toll-
like receptors--From microbial recognition to autoimmunity: A comprehensive review',
Autoimmun Rev, 15: 1-8.

Johnson, V. J., and R. P. Sharma. 2001. 'Gender-dependent immunosuppression following
subacute exposure to fumonisin B1', Int Immunopharmacol, 1: 2023-34.

Jones, P. A., and S. B. Baylin. 2007. 'The epigenomics of cancer!, Cell, 128: 683-92.

Jones, Peter A. 2002. 'DNA Methylation and Cancer.' in Joseph R. Bertino (ed.), Encyclopedia of
Cancer (Second Edition) (Academic Press: New York).

170




Joniec-Maciejak, I., A. Ciesielska, A. Wawer, A. Sznejder-Pachotek, J. Schwenkgrub, A. Cudna, P.
Hadaczek, K. S. Bankiewicz, A. Cztonkowska, and A. Cztonkowski. 2014. 'The influence
of AAV2-mediated gene transfer of human IL-10 on neurodegeneration and immune
response in a murine model of Parkinson's disease', Pharmacol Rep, 66: 660-9.

Joosten, E. A., and D. A. Houweling. 2004. 'Local acute application of BDNF in the lesioned
spinal cord anti-inflammatory and anti-oxidant effects', Neuroreport, 15: 1163-6.

Joyce, D. A., D. P. Gibbons, P. Green, J. H. Steer, M. Feldmann, and F. M. Brennan. 1994. 'Two
inhibitors of pro-inflammatory cytokine release, interleukin-10 and interleukin-4, have
contrasting effects on release of soluble p75 tumor necrosis factor receptor by cultured
monocytes', EurJImmunol, 24: 2699-705.

Jung, Saet-Byel, Cuk-Seong Kim, Young-Rae Kim, Asma Naqvi, Tohru Yamamori, Santosh Kumar,
Ajay Kumar, and Kaikobad Irani. 2013. 'Redox factor-1 activates endothelial SIRTUIN1
through reduction of conserved cysteine sulfhydryls in its deacetylase domain’, PloS
one, 8:e65415.

Kachlek, M., J. Szab6-Fodor, Z. Blochné Bodnar, K. Horvatovich, and M. Kovacs. 2017.
'Preliminary results on the interactive effects of deoxynivalenol, zearalenone and
fumonisin B(1) on porcine lymphocytes', Acta Vet Hung, 65: 340-53.

Kanai, Yae, Saori Ushijima, Yutaka Kondo, Yukihiro Nakanishi, and Setsuo Hirohashi. 2001. 'DNA
methyltransferase expression and DNA methylation of CPG islands and peri-
centromeric satellite regions in human colorectal and stomach cancers/, International
journal of cancer, 91: 205-12.

Kanai, Yae, Saori Ushijima, Yukihiro Nakanishi, and Setsuo Hirohashi. 1999. 'Reduced mRNA
Expression of the DNA Demethylase, MBD2, in Human Colorectal and Stomach
Cancers', Biochemical and Biophysical Research Communications, 264: 962-66.

Kang, Dongchon, and Naotaka Hamasaki. 2002. 'Maintenance of mitochondrial DNA integrity:
repair and degradation', Current Genetics, 41: 311-22.

Kang, Dongchon, Sang Ho Kim, and Naotaka Hamasaki. 2007. 'Mitochondrial transcription
factor A (TFAM): Roles in maintenance of mtDNA and cellular functions', Mitochondrion,
7:39-44.

Kang, I., C. T. Chu, and B. A. Kaufman. 2018. 'The mitochondrial transcription factor TFAM in
neurodegeneration: emerging evidence and mechanisms', FEBS Lett, 592: 793-811.

Kang, S.W., S. G. Rhee, T. S. Chang, W. Jeong, and M. H. Choi. 2005. '2-Cys peroxiredoxin
function in intracellular signal transduction: therapeutic implications', Trends Mol Med,
11:571-8.

Kanki, T., K. Ohgaki, M. Gaspari, C. M. Gustafsson, A. Fukuoh, N. Sasaki, N. Hamasaki, and D.
Kang. 2004. 'Architectural role of mitochondrial transcription factor A in maintenance of
human mitochondrial DNA, Molecular and cellular biology, 24: 9823-34.

Kaur, Kuljeet, Anita K. Sharma, Sanjiv Dhingra, and Pawan K. Singal. 2006. 'Interplay of TNF-a
and IL-10 in regulating oxidative stress in isolated adult cardiac myocytes', Journal of
Molecular and Cellular Cardiology, 41: 1023-30.

Keck, B. B., and A. B. Bodine. 2006. 'The Effects of Fumonisin B1 on viability and mitogenic
response of avian immune cells!, Poultry science, 85: 1020-24.

Keller, J. N., F. A. Schmitt, S. W. Scheff, Q. Ding, Q. Chen, D. A. Butterfield, and W. R.
Markesbery. 2005. 'Evidence of increased oxidative damage in subjects with mild
cognitive impairment’, Neurology, 64: 1152-6.

Kellerman, T. S., W. F. Marasas, P. G. Thiel, W. C. Gelderblom, M. Cawood, and J. A. Coetzer.
1990. 'Leukoencephalomalacia in two horses induced by oral dosing of fumonisin B1/,
Onderstepoort J Vet Res, 57: 269-75.

Kelley, David E, Jing He, Elizabeth V Menshikova, and Vladimir B Ritov. 2002. 'Dysfunction of
mitochondria in human skeletal muscle in type 2 diabetes', Diabetes, 51: 2944-50.

171




Kettenmann, H., U. K. Hanisch, M. Noda, and A. Verkhratsky. 2011. 'Physiology of microglia’,
Physiol Rev, 91: 461-553.

Khalil, Ashraf A, Ashgan E Abou-Gabal, Amira A Abdellatef, and Ahmed E Khalid. 2015.
'Protective role of probiotic lactic acid bacteria against dietary fumonisin B1-induced
toxicity and DNA-fragmentation in sprague-dawley rats', Preparative Biochemistry and
Biotechnology, 45: 530-50.

Khan, R. B., A. Phulukdaree, and A. A. Chuturgoon. 2017. 'Concentration-dependent effect of
fumonisin B1 on apoptosis in oesophageal cancer cells, Human & Experimental
Toxicology, 37: 762-71.

Kim, D. H., . H. Lee, W. H. Do, W. S. Nam, H. Li, H. S. Jang, and C. Lee. 2013. 'Incidence and
levels of deoxynivalenol, fumonisins and zearalenone contaminants in animal feeds
used in Korea in 2012, Toxins (Basel), 6: 20-32.

Kim, D. J. 2025. 'The Role of the DNA Methyltransferase Family and the Therapeutic Potential of
DNMT Inhibitors in Tumor Treatment', Curr Oncol, 32.

Kim, Keetae, Seok-Geun Lee, Timothy P Kegelman, Zhao-Zhong Su, Swadesh K Das, Rupesh
Dash, Santanu Dasgupta, Paola M Barral, Michael Hedvat, and Paul Diaz. 2011. 'Role of
excitatory amino acid transporter-2 (EAAT2) and glutamate in neurodegeneration:
opportunities for developing novel therapeutics', Journal of cellular physiology, 226:
2484-93.

Kim, Yun-Jeong, and David M Wilson Ill. 2012. 'Overview of base excision repair biochemistry',
Current molecular pharmacology, 5: 3-13.

Kipp, Markus, Akvile Norkute, Sonja Johann, Leila Lorenz, Alena Braun, Andrea Hieble, Stefan
Gingele, Friederike Pott, Janek Richter, and Cordian Beyer. 2008. 'Brain-region-specific
astroglial responses in vitro after LPS exposure', Journal of Molecular Neuroscience, 35:
235-43.

Kiyota, Tomomi, Kaitlin L Ingraham, Russell ) Swan, Michael T Jacobsen, Scott J Andrews, and
TAAV lkezu. 2012. 'AAV serotype 2/1-mediated gene delivery of anti-inflammatory
interleukin-10 enhances neurogenesis and cognitive function in APP+ PS1 mice', Gene
Therapy, 19: 724-33.

Klarié, Maja éegvié, Stjepan Pepeljnjak, Ana-Marija Domijan, and Jézsef Petrik. 2007. 'Lipid
peroxidation and glutathione levels in porcine kidney PK15 cells after individual and
combined treatment with fumonisin B1, beauvericin and ochratoxin A, Basic & clinical
pharmacology & toxicology, 100: 157-64.

Klein, M. A, J. C. Méller, L. L. Jones, H. Bluethmann, G. W. Kreutzberg, and G. Raivich. 1997.
'Impaired neuroglial activation in interleukin-6 deficient mice', Glia, 19: 227-33.

Klein, R., V. Nanduri, S. A. Jing, F. Lamballe, P. Tapley, S. Bryant, C. Cordon-Cardo, K. R. Jones, L.
F. Reichardt, and M. Barbacid. 1991. 'The trkB tyrosine protein kinase is a receptor for
brain-derived neurotrophic factor and neurotrophin-3', Cell, 66: 395-403.

Kleinridders, André, Hans PMM Lauritzen, Siegfried Ussar, Jane H Christensen, Marcelo A Mori,
Peter Bross, and C Ronald Kahn. 2013. 'Leptin regulation of Hsp60 impacts
hypothalamic insulin signaling', The Journal of clinical investigation, 123: 4667-80.

Kloosterhof, N. K., J. J. de Rooi, M. Kros, P. H. Eilers, P. A. Sillevis Smitt, M. J. van den Bent, and P.
J. French. 2013. 'Molecular subtypes of glioma identified by genome-wide methylation
profiling', Genes Chromosomes Cancer, 52: 665-74.

Klungland, Arne, and Svein Bjelland. 2007. 'Oxidative damage to purines in DNA: Role of
mammalian Ogg1', DNA Repair, 6: 481-88.

Knusel, B., and F. Hefti. 1991. 'K-252b is a selective and nontoxic inhibitor of nerve growth factor
action on cultured brain neurons', / Neurochem, 57: 955-62.

Kohjima, M., Y. Sun, and L. Chan. 2010. 'Increased food intake leads to obesity and insulin
resistance in the tg2576 Alzheimer's disease mouse model, Endocrinology, 151: 1532-
40.

172




Koken, Tllay, Mustafa Serteser, Ahmet Kahraman, Gokhan Akbulut, and Osman Nuri Dilek.
2004. 'Which is more effective in the prevention of renal ischemia-reperfusion-induced
oxidative injury in the early period in mice: interleukin (IL)-10 or anti-IL-127?', Clinical
biochemistry, 37: 50-55.

Korte, M., P. Carroll, E. Wolf, G. Brem, H. Thoenen, and T. Bonhoeffer. 1995. 'Hippocampal long-
term potentiation is impaired in mice lacking brain-derived neurotrophic factor', Proc
Natl Acad Sci U S A, 92: 8856-60.

Kouadio, J. H., S. D. Dano, S. Moukha, T. A. Mobio, and E. E. Creppy. 2007. 'Effects of
combinations of Fusarium mycotoxins on the inhibition of macromolecular synthesis,
malondialdehyde levels, DNA methylation and fragmentation, and viability in Caco-2
cells', Toxicon, 49: 306-17.

Kouzarides, T. 2007. 'Chromatin modifications and their function', Cell, 128: 693-705.

Kovacic, P., R. S. Pozos, R. Somanathan, N. Shangari, and P. J. O'Brien. 2005. 'Mechanism of
mitochondrial uncouplers, inhibitors, and toxins: focus on electron transfer, free
radicals, and structure-activity relationships', Curr Med Chem, 12: 2601-23.

Kovacié, S., S. Pepeljnjak, Z. Petrinec, and M. S. Klari¢. 2009. 'Fumonisin B1 neurotoxicity in
young carp (Cyprinus carpio L.)', Arh Hig Rada Toksikol, 60: 419-26.

Kowalczyk, P., D. Sulejczak, P. Kleczkowska, I. Bukowska-0sko, M. Kucia, M. Popiel, E. Wietrak,
K. Kramkowski, K. Wrzosek, and K. Kaczynska. 2021. 'Mitochondrial Oxidative Stress-A
Causative Factor and Therapeutic Target in Many Diseases', Int J Mol Sci, 22.

Kreuz, S., and W. Fischle. 2016. 'Oxidative stress signaling to chromatin in health and disease),
Epigenomics, 8: 843-62.

Krishnaswamy, Krupashree, Vallamkondu Manasa, Mohammed Touseef Khan, and Muthukumar
Serva Peddha. 2024. 'Apocynin exerts neuroprotective effects in fumonisin b1-induced
neurotoxicity via attenuation of oxidative stress and apoptosis in an animal model,,
Journal of Food Science, 89: 1280-93.

Krupashree, K, and P Rachitha. 2022. 'Apocynin exerts neuroprotective effects in fumonisin b1
induced neurotoxicity via attenuation of oxidative stress and apoptosis'

Kuipers, Sjoukje D, Andrea Trentani, JA Den Boer, and GJ Ter Horst. 2003. 'Molecular correlates
of impaired prefrontal plasticity in response to chronic stress', Journal of
neurochemistry, 85: 1312-23.

Kumar, S., and D. B. Lombard. 2015. 'Mitochondrial sirtuins and their relationships with
metabolic disease and cancer’, Antioxid Redox Signal, 22: 1060-77.

Kummer, Kai K., Maximilian Zeidler, Theodora Kalpachidou, and Michaela Kress. 2021. 'Role of
IL-6 in the regulation of neuronal development, survival and function’, Cytokine, 144:
155582.

Kwak, Mi-Kyoung, and Thomas W. Kensler. 2010. 'Targeting NRF2 signaling for cancer
chemoprevention', Toxicology and Applied Pharmacology, 244: 66-76.

Kwilasz, A. J., P. M. Grace, P. Serbedzija, S. F. Maier, and L. R. Watkins. 2015. 'The therapeutic
potential of interleukin-10 in neuroimmune diseases', Neuropharmacology, 96: 55-69.

Kwon, O. S., J. A. Sandberg, and W. Slikker, Jr. 1997. 'Effects of fumonisin B1 treatment on blood-
brain barrier transfer in developing rats', Neurotoxicol Teratol, 19: 151-5.

Kwon, O. S., L. C. Schmued, and W. Slikker, Jr. 1997. 'Fumonisin B1 in developing rats alters
brain sphinganine levels and myelination', Neurotoxicology, 18: 571-79.

Kwon, O. S., W. Slikker, Jr., and D. L. Davies. 2000. 'Biochemical and morphological effects of
fumonisin B(1) on primary cultures of rat cerebrum’, Neurotoxicol Teratol, 22: 565-72.

Lacroix, S., and S. Rivest. 1998. 'Effect of acute systemic inflammatory response and cytokines
on the transcription of the genes encoding cyclooxygenase enzymes (COX-1 and COX-2)
in the rat brain', / Neurochem, 70: 452-66.

Ladd-Acosta, Christine, Jonathan Pevsner, Sarven Sabunciyan, Robert H. Yolken, Maree J.
Webster, Tiffany Dinkins, Pauline A. Callinan, Jian-Bing Fan, James B. Potash, and

173




Andrew P. Feinberg. 2007. 'DNA Methylation Signatures within the Human Brain', The
American Journal of Human Genetics, 81: 1304-15.

Laflamme, N., S. Lacroix, and S. Rivest. 1999. 'An essential role of interleukin-1beta in mediating
NF-kappaB activity and COX-2 transcription in cells of the blood-brain barrierin
response to a systemic and localized inflammation but not during endotoxemia’, J
Neurosci, 19: 10923-30.

Lao, V. V,, J. L. Herring, C. H. Kim, A. Darwanto, U. Soto, and L. C. Sowers. 2009. 'Incorporation of
5-chlorocytosine into mammalian DNA results in heritable gene silencing and altered
cytosine methylation patterns', Carcinogenesis, 30: 886-93.

Lapchak, P. A., and F. Hefti. 1992. 'BDNF and NGF treatment in lesioned rats: effects on
cholinergic function and weight gain', Neuroreport, 3: 405-8.

Lapchak, PA, DM Araujo, and F Hefti. 1993. 'Systemic interleukin-1 beta decreases brain-
derived neurotrophic factor messenger RNA expression in the rat hippocampal
formation', Neuroscience, 53: 297-301.

Larsen, Knud, Kaja Kjeer Kristensen, and Henrik Callesen. 2018. 'DNA methyltransferases and
tRNA methyltransferase DNMT2 in developing pig brain - expression and promoter
methylation', Gene Reports, 11: 42-51.

Lawrence, T. 2009. 'The nuclear factor NF-kappaB pathway in inflammation', Cold Spring Harb
Perspect Biol, 1: a001651.

Lax, E., S. Do Carmo, Y. Enuka, D. M. Sapozhnikov, L. A. Welikovitch, N. Mahmood, S. A.
Rabbani, L. Wang, J. P. Britt, W. W. Hancock, Y. Yarden, and M. Szyf. 2023a. 'Methyl-CpG
binding domain 2 (Mbd2) is an epigenetic regulator of autism-risk genes and cognition’,
Transl Psychiatry, 13: 259.

Lax, Elad, Sonia Do Carmo, Yehoshua Enuka, Daniel M. Sapozhnikov, Lindsay A. Welikovitch,
Niaz Mahmood, Shafaat A. Rabbani, Liging Wang, Jonathan P. Britt, Wayne W. Hancock,
Yosef Yarden, and Moshe Szyf. 2023b. 'Methyl-CpG binding domain 2 (Mbd2) is an
epigenetic regulator of autism-risk genes and cognition', Translational Psychiatry, 13:
259.

LeBlanc, V. G., and M. A. Marra. 2016. 'DNA methylation in adult diffuse gliomas', Brief Funct
Genomics, 15: 491-500.

Ledeboer, A., J. J. Brevé, A. Wierinckx, S. van der Jagt, A. F. Bristow, J. E. Leysen, F. J. Tilders, and
A. M. Van Dam. 2002. 'Expression and regulation of interleukin-10 and interleukin-10
receptor in rat astroglial and microglial cells', Eur J Neurosci, 16: 1175-85.

Lee, Eun Jin, Young Cheol Kang, Wook-Ha Park, Jae Hoon Jeong, and Youngmi Kim Pak. 2014.
'Negative transcriptional regulation of mitochondrial transcription factor A (TFAM) by
nuclear TFAM', Biochemical and Biophysical Research Communications, 450: 166-71.

Lee, J., K. B. Seroogy, and M. P. Mattson. 2002. 'Dietary restriction enhances neurotrophin
expression and neurogenesis in the hippocampus of adult mice', J Neurochem, 80: 539-
47.

Lee, Ji-Hyun, Mi-Young Song, Eun-Kyung Song, Eun-Kyung Kim, Woo Sung Moon, Myung-Kwan
Han, Jin-Woo Park, Kang-Beom Kwon, and Byung-Hyun Park. 2009. 'Overexpression of
SIRT1 protects pancreatic B-cells against cytokine toxicity by suppressing the nuclear
factor-kB signaling pathway', Diabetes, 58: 344-51.

Lehmann, A. K., A. Halstensen, S. Sgrnes, O. Rgkke, and A. Waage. 1995. 'High levels of
interleukin 10 in serum are associated with fatality in meningococcal disease/, Infect
Immun, 63: 2109-12.

Lehnertz, Bernhard, Yoshihide Ueda, Alwin A. H. A. Derijck, Ulrich Braunschweig, Laura Perez-
Burgos, Stefan Kubicek, Taiping Chen, En Li, Thomas Jenuwein, and Antoine H. F. M.
Peters. 2003. '<em>Suv39h</em>-Mediated Histone H3 Lysine 9 Methylation Directs
DNA Methylation to Major Satellite Repeats at Pericentric Heterochromatin', Current
Biology, 13: 1192-200.

174




Lei, Qiangian, Xiaoping Liu, Haijuan Fu, Yingnan Sun, Liping Wang, Gang Xu, Wei Wang, Zhibin
Yu, Changhong Liu, and Peiyao Li. 2015. 'miR-101 reverses hypomethylation of the
PRDM16 promoter to disrupt mitochondrial function in astrocytoma cells', Oncotarget,
7:5007.

Leighton, Gage O., Elizabeth Marie Irvin, Parminder Kaur, Ming Liu, Changjiang You, Dhruv
Bhattaram, Jacob Piehler, Robert Riehn, Hong Wang, Hai Pan, and David C. Williams.
2022. 'Densely methylated DNA traps Methyl-CpG-binding domain protein 2 but permits
free diffusion by Methyl-CpG-binding domain protein 3, Journal of Biological Chemistry,
298:102428.

Leonhardt, H., A. W. Page, H. U. Weier, and T. H. Bestor. 1992. 'A targeting sequence directs DNA
methyltransferase to sites of DNA replication in mammalian nuclei', Cell, 71: 865-73.

Li, J. M., and A. M. Shah. 2004. 'Endothelial cell superoxide generation: regulation and relevance
for cardiovascular pathophysiology', Am J Physiol Regul Integr Comp Physiol, 287:
R1014-30.

Li, Q., and I. M. Verma. 2002. 'NF-kappaB regulation in the immune system', Nat RevImmunol,
2:725-34.

Li, Wenge, and Ah-Ng Kong. 2009. 'Molecular mechanisms of Nrf2-mediated antioxidant
response’, Molecular Carcinogenesis: Published in cooperation with the University of
Texas MD Anderson Cancer Center, 48: 91-104.

Li, Wenhui, Hongyu Zhao, Ruixue Zhuang, Yang Wang, Wei Cao, Yijing He, Yao Jiang, Rong Rui,
and Shigiang Ju. 2021. 'Fumonisin B1 exposure adversely affects porcine oocyte
maturation in vitro by inducing mitochondrial dysfunction and oxidative stress',
Theriogenology, 164: 1-11.

Li, Xinran, Changyu Cao, Xingyi Zhu, Xiaowen Li, and Kai Wang. 2020. 'Fumonisins B1 exposure
triggers intestinal tract injury via activating nuclear xenobiotic receptors and attracting
inflammation response’, Environmental Pollution, 267: 115461.

Li, Y. C., D. R. Ledoux, A. J. Bermudez, K. L. Fritsche, and G. E. Rottinghaus. 1999. 'Effects of
fumonisin B1 on selected immune responses in broiler chicks', Poultry science, 78:
1275-82.

Li, Y., T. T. Huang, E. J. Carlson, S. Melov, P. C. Ursell, J. L. Olson, L. J. Noble, M. P. Yoshimura, C.
Berger, P. H. Chan, D. C. Wallace, and C. J. Epstein. 1995. 'Dilated cardiomyopathy and
neonatal lethality in mutant mice lacking manganese superoxide dismutase', Nat Genet,
11: 376-81.

Li, Yinhuan, Yanhong Fan, Bingbing Xia, Qiuping Xiao, Qingging Wang, Weidong Sun, Haibin
Zhang, and Chenghua He. 2017. 'The immunosuppressive characteristics of FB1 by
inhibition of maturation and function of BMDCs/, International Immunopharmacology,
47:206-11.

Li, Zhongyuan, Yan Wang, Zhongqi Liu, Shanzheng Jin, Kungang Pan, Huihui Liu, Tianhui Liu,
Xiumei Li, Chaozheng Zhang, and Xuegang Luo. 2021. 'Biological detoxification of
fumonisin by a novel carboxylesterase from Sphingomonadales bacterium and its
biochemical characterization', International Journal of Biological Macromolecules, 169:
18-27.

Liang, J., G. Deng, and H. Huang. 2019. 'The activation of BDNF reduced inflammation in a
spinal cord injury model by TrkB/p38 MAPK signaling', Exp Ther Med, 17: 1688-96.

Liao, Yu-Jing, Jenn-Rong Yang, Shuen-Ei Chen, Sing-Jhou Wu, San-Yuan Huang, Jiang-Jen Lin,
Lih-Ren Chen, and Pin-Chi Tang. 2014. 'Inhibition of fumonisin B1 cytotoxicity by
nanosilicate platelets during mouse embryo development', PLOS ONE, 9: €112290.

Libby, Peter. 2007. 'Inflammatory mechanisms: the molecular basis of inflammation and
disease', Nutrition reviews, 65: S140-S46.

Lin, Haijiang, Yasuhiro Yamada, Suzanne Nguyen, Heinz Linhart, Laurie Jackson-Grusby,
Alexander Meissner, Konstantinos Meletis, Grace Lo, and Rudolf Jaenisch. 2006.

175




'Suppression of intestinal neoplasia by deletion of Dnmt3b', Molecular and cellular
biology, 26: 2976-83.

Lin, R. K., H. S. Hsu, J. W. Chang, C. Y. Chen, J. T. Chen, and Y. C. Wang. 2007. 'Alteration of DNA
methyltransferases contributes to 5'CpG methylation and poor prognosis in lung
cancer', Lung Cancer, 55: 205-13.

Lindahl, Tomas, and DE Barnes. 2000. "Repair of endogenous DNA damage." In Cold Spring
Harbor symposia on quantitative biology, 127-34. Cold Spring Harbor Laboratory Press.

Lingappan, K. 2018. 'NF-kB in Oxidative Stress', Curr Opin Toxicol, 7: 81-86.

Linhart, Heinz G, Haijiang Lin, Yasuhiro Yamada, Eva Moran, Eveline J Steine, Sumita Gokhale,
Grace Lo, Erika Cantu, Mathias Ehrich, and Timothy He. 2007. 'Dnmt3b promotes
tumorigenesis in vivo by gene-specific de novo methylation and transcriptional
silencing', Genes & development, 21: 3110-22.

Lister, Ryan, Eran A. Mukamel, Joseph R. Nery, Mark Urich, Clare A. Puddifoot, Nicholas D.
Johnson, Jacinta Lucero, Yun Huang, Andrew J. Dwork, Matthew D. Schultz, Miao Yu,
Julian Tonti-Filippini, Holger Heyn, Shijun Hu, Joseph C. Wu, Anjana Rao, Manel Esteller,
Chuan He, Fatemeh G. Haghighi, Terrence J. Sejnowski, M. Margarita Behrens, and
Joseph R. Ecker. 2013. 'Global Epigenomic Reconfiguration During Mammalian Brain
Development!, Science, 341: 1237905.

Liszt, G., E. Ford, M. Kurtev, and L. Guarente. 2005. 'Mouse Sir2 homolog SIRT6 is a nuclear ADP-
ribosyltransferase', The Journal of biological chemistry, 280: 21313-20.

Little, J. P., S. Simtchouk, S. M. Schindler, E. B. Villanueva, N. E. Gill, D. G. Walker, K. R. Wolthers,
and A. Klegeris. 2014. 'Mitochondrial transcription factor A (Tfam) is a pro-inflammatory
extracellular signaling molecule recognized by brain microglia', Mol Cell Neurosci, 60:
88-96.

Liu, Aimei, Yaqgi Sun, Xiaojing Wang, Awais lhsan, Yanfei Tao, Dongmei Chen, Dapeng Peng,
Qinghua Wu, Xu Wang, and Zonghui Yuan. 2019. 'DNA methylation is involved in pro-
inflammatory cytokines expression in T-2 toxin-induced liver injury', Food and Chemical
Toxicology, 132: 110661.

Liu, Biing-Hui, Feng-Yih Yu, Ming-Huan Chan, and Yi-Ling Yang. 2002. 'The Effects of Mycotoxins,
Fumonisin B1 and Aflatoxin B1, on Primary Swine Alveolar Macrophages', Toxicology and
Applied Pharmacology, 180: 197-204.

Liu, BIN, and Jau-Shyong Hong. 2003. 'Role of microglia in inflammation-mediated
neurodegenerative diseases: mechanisms and strategies for therapeutic intervention’,
Journal of Pharmacology and Experimental Therapeutics, 304: 1-7.

Liu, Ching-Ching, Tzu-Jung Fang, Tsan-Teng Ou, Cheng-Chin Wu, Ruei-Nian Li, Yuan-Chao Lin,
Chia-Hui Lin, Wen-Chan Tsai, Hong-Wen Liu, and Jeng-Hsien Yen. 2011. 'Global DNA
methylation, DNMT1, and MBD2 in patients with rheumatoid arthritis', Immunology
letters, 135: 96-99.

Liu, J., D. W. Killilea, and B. N. Ames. 2002. 'Age-associated mitochondrial oxidative decay:
improvement of carnitine acetyltransferase substrate-binding affinity and activity in
brain by feeding old rats acetyl-L- carnitine and/or R-alpha -lipoic acid', Proc Nat! Acad
SciUSA, 99: 1876-81.

Liu, Ting, Lingyun Zhang, Donghyun Joo, and Shao-Cong Sun. 2017. 'NF-kB signaling in
inflammation’, Signal Transduction and Targeted Therapy, 2: 17023.

Liu, X., Z. Wu, Y. Hayashi, and H. Nakanishi. 2012. 'Age-dependent neuroinflammatory
responses and deficits in long-term potentiation in the hippocampus during systemic
inflammation’, Neuroscience, 216: 133-42.

Liu, Xiao-Hong, Deborah Kwon, Gerald P Schielke, Guo-Yuan Yang, Faye S Silverstein, and John
DE Barks. 1999. 'Mice deficient in interleukin-1 converting enzyme are resistant to
neonatal hypoxic-ischemic brain damage', Journal of Cerebral Blood Flow &
Metabolism, 19: 1099-108.

176




Liu, Xiaoyi, Lihong Fan, Shutao Yin, Hui Chen, and Hongbo Hu. 2019. 'Molecular mechanisms of
fumonisin B1-induced toxicities and its applications in the mechanism-based
interventions', Toxicon, 167: 1-5.

Liu, Y., Y. Jiang, R. Li, M. Pang, Y. Liu, and J. Dong. 2017. 'Natural occurrence of fumonisins B1
and B2 in maize from eight provinces of China in 2014', Food Addit Contam Part B
Surveill, 10: 113-17.

Liu, Z., X. Cheng, S. Zhong, X. Zhang, C. Liu, F. Liu, and C. Zhao. 2020. 'Peripheral and Central
Nervous System Immune Response Crosstalk in Amyotrophic Lateral Sclerosis', Front
Neurosci, 14: 575.

Livak, K. J., and T. D. Schmittgen. 2001. 'Analysis of relative gene expression data using real-time
quantitative PCR and the 2(-Delta Delta C(T)) Method', Methods, 25: 402-8.

Loaeza-Loaeza, Jaqueline, Adriana S. Beltran, and Daniel Hernandez-Sotelo. 2020. "DNMTs and
Impact of CpG Content, Transcription Factors, Consensus Motifs, IncRNAs, and Histone
Marks on DNA Methylation." In Genes.

Lowell, B. B., and G. I. Shulman. 2005. 'Mitochondrial dysfunction and type 2 diabetes', Science,
307:384-7.

Lu, B., J. Lee, X. Nie, M. Li, Y. |. Morozoy, S. Venkatesh, D. F. Bogenhagen, D. Temiakov, and C. K.
Suzuki. 2013a. 'Phosphorylation of human TFAM in mitochondria impairs DNA binding
and promotes degradation by the AAA+ Lon protease', Mol Cell, 49: 121-32.

Lu, Bin, Jae Lee, Xiaobo Nie, Min Li, Yaroslav | Morozov, Sundararajan Venkatesh, Daniel F
Bogenhagen, Dmitry Temiakov, and Carolyn K Suzuki. 2013b. 'Phosphorylation of human
TFAM in mitochondria impairs DNA binding and promotes degradation by the AAA+ Lon
protease', Molecular cell, 49: 121-32.

Lu, Zhongbing, Xin Xu, Xinli Hu, John Fassett, Guangshuo Zhu, Yi Tao, Jingxin Li, Yimin Huang,
Ping Zhang, and Baolu Zhao. 2010. 'PGC-1a regulates expression of myocardial
mitochondrial antioxidants and myocardial oxidative stress after chronic systolic
overload', Antioxidants & redox signaling, 13: 1011-22.

Lunec, Joseph, Karl Herbert, Susan Blount, Helen R Griffiths, and Paul Emery. 1994. '8-
Hydroxydeoxyguanosine: A marker of oxidative DNA damage in systemic lupus
erythematosus', FEBS Letters, 348: 131-38.

Lushchak, Volodymyr I., Michael Duszenko, Dmytro V. Gospodaryov, and Olga Garaschuk. 2021.
"Oxidative Stress and Energy Metabolism in the Brain: Midlife as a Turning Point." In
Antioxidants.

Lyman, M., D. G. Lloyd, X. Ji, M. P. Vizcaychipi, and D. Ma. 2014a. 'Neuroinflammation: the role
and consequences', Neurosci Res, 79: 1-12.

Lyman, Monty, Dafydd G Lloyd, Xunming Ji, Marcela P Vizcaychipi, and Daqging Ma. 2014b.
'Neuroinflammation: the role and consequences', Neuroscience research, 79: 1-12.

Ma, Q. 2013. 'Role of nrf2 in oxidative stress and toxicity, Annu Rev Pharmacol Toxicol, 53: 401-
26.

MacArthur, I. C., and M. M. Dawlaty. 2021. 'TET Enzymes and 5-Hydroxymethylcytosine in Neural
Progenitor Cell Biology and Neurodevelopment', Front Cell Dev Biol, 9: 645335.

MacDonald, Jessica L., Adrian Verster, Anthony Berndt, and A. Jane Roskams. 2010. 'MBD2 and
MeCP2 regulate distinct transitions in the stage-specific differentiation of olfactory
receptor neurons', Molecular and Cellular Neuroscience, 44: 55-67.

Magen, D., C. Georgopoulos, P. Bross, D. Ang, Y. Segev, D. Goldsher, A. Nemirovski, E. Shahar, S.
Ravid, A. Luder, B. Heno, R. Gershoni-Baruch, K. Skorecki, and H. Mandel. 2008.
'Mitochondrial hsp60 chaperonopathy causes an autosomal-recessive
neurodegenerative disorder linked to brain hypomyelination and leukodystrophy', Am J
Hum Genet, 83: 30-42.

177




Mahdjoubi, C. K., N. Arroyo-Manzanares, N. Hamini-Kadar, A. M. Garcia-Campana, K. Mebrouk,
and L. Gamiz-Gracia. 2020. 'Multi-Mycotoxin Occurrence and Exposure Assessment
Approach in Foodstuffs from Algeria', Toxins (Basel), 12.

Mahmoodi, M., A. M. Alizadeh, H. Sohanaki, N. Rezaei, F. Amini-Najafi, A. R. Khosravi, S. K.
Hosseini, Z. Safari, D. Hydarnasab, and V. Khori. 2012. 'Impact of fumonisin B1 on the
production of inflammatory cytokines by gastric and colon cell lines', Iran J Allergy
Asthma Immunol, 11: 165-73.

Malter, J. S. 2001. 'Regulation of mRNA stability in the nervous system and beyond', J Neurosci
Res, 66: 311-6.

Maltseva, Diana V., Alexander A. Baykov, Albert Jeltsch, and Elizaveta S. Gromova. 2009. 'Impact
of 7,8-Dihydro-8-oxoguanine on Methylation of the CpG Site by Dnmt3a’, Biochemistry,
48:1361-68.

Marasas, W. F. 2001. 'Discovery and occurrence of the fumonisins: a historical perspective),
Environ Health Perspect, 109 Suppl 2: 239-43.

Marasas, W. F., K. Jaskiewicz, F. S. Venter, and D. J. Van Schalkwyk. 1988. 'Fusarium moniliforme
contamination of maize in oesophageal cancer areas in Transkei', S Afr Med J, 74: 110-4.

Marasas, W. F,, T. S. Kellerman, W. C. Gelderblom, J. A. Coetzer, P. G. Thiel, and J. J. van der Lugt.
1988. 'Leukoencephalomalacia in a horse induced by fumonisin B1 isolated from
Fusarium moniliforme', Onderstepoort J Vet Res, 55: 197-203.

Marasas, W. F., R. T. Riley, K. A. Hendricks, V. L. Stevens, T. W. Sadler, J. Gelineau-van Waes, S. A.
Missmer, J. Cabrera, O. Torres, W. C. Gelderblom, J. Allegood, C. Martinez, J. Maddox, J.
D. Miller, L. Starr, M. C. Sullards, A. V. Roman, K. A. Voss, E. Wang, and A. H. Merrill, Jr.
2004. 'Fumonisins disrupt sphingolipid metabolism, folate transport, and neural tube
development in embryo culture and in vivo: a potential risk factor for human neural tube
defects among populations consuming fumonisin-contaminated maize', J Nutr, 134:
711-6.

Marchant, A., J. Deviere, B. Byl, D. De Groote, J. L. Vincent, and M. Goldman. 1994. 'Interleukin-
10 production during septicaemia', Lancet, 343: 707-8.

Martinowich, K., D. Hattori, H. Wu, S. Fouse, F. He, Y. Hu, G. Fan, and Y. E. Sun. 2003. 'DNA
methylation-related chromatin remodeling in activity-dependent BDNF gene regulation’,
Science, 302: 890-3.

Mary, Verdnica S, Martin G Theumer, Silvina L Arias, and Héctor R Rubinstein. 2012. 'Reactive
oxygen species sources and biomolecular oxidative damage induced by aflatoxin B1 and
fumonisin B1 in rat spleen mononuclear cells', Toxicology, 302: 299-307.

Masuda, Takahiro, Hiroyuki Shinohara, and Masaharu Kondo. 1975. 'Reactions of hydroxyl
radicals with nucleic acid bases and the related compounds in gamma-irradiated
aqueous solution', Journal of radiation research, 16: 153-61.

Matousek, S. B., A. M. Hein, S. S. Shaftel, J. A. Olschowka, S. Kyrkanides, and M. K. O'Banion.
2010. 'Cyclooxygenase-1 mediates prostaglandin E(2) elevation and contextual memory
impairment in a model of sustained hippocampal interleukin-1beta expression', J
Neurochem, 114: 247-58.

Matsushita, N., R. Yonashiro, Y. Ogata, A. Sugiura, S. Nagashima, T. Fukuda, R. Inatome, and S.
Yanagi. 2011. 'Distinct regulation of mitochondrial localization and stability of two
human Sirt5 isoforms', Genes Cells, 16: 190-202.

Mattson, Mark P, Mark A Lovell, Katsutoshi Furukawa, and William R Markesbery. 1995.
'Neurotrophic factors attenuate glutamate-induced accumulation of peroxides,
elevation of intracellular Ca2+ concentration, and neurotoxicity and increase
antioxidant enzyme activities in hippocampal neurons', Journal of neurochemistry, 65:
1740-51.

Mayer, W., A. Niveleau, J. Walter, R. Fundele, and T. Haaf. 2000. 'Demethylation of the zygotic
paternal genome', Nature, 403: 501-2.

178




Meli, R., M. C. Ferrante, G. Mattace Raso, M. Cavaliere, R. Di Carlo, and A. Lucisano. 2000.
'Effect of fumonisin B1 on inducible nitric oxide synthase and cyclooxygenase-2 in LPS-
stimulated J774A.1 cells, Life Sciences, 67: 2845-53.

Mendiola, A. S., and A. E. Cardona. 2018. 'The IL-1B phenomena in neuroinflammatory
diseases', J Neural Transm (Vienna), 125: 781-95.

Menezo, Y., Ch Khatchadourian, A. Gharib, J. Hamidi, T. Greenland, and N. Sarda. 1989.
'Regulation of S-adenosyl methionine synthesis in the mouse embryo', Life Sciences, 44:
1601-09.

Miagkov, A. V., D. V. Kovalenko, C. E. Brown, J. R. Didsbury, J. P. Cogswell, S. A. Stimpson, A. S.
Baldwin, and S. S. Makarov. 1998. 'NF-kappaB activation provides the potential link
between inflammation and hyperplasia in the arthritic joint, Proc Natl Acad Sci U S A,
95: 13859-64.

Minghetti, L. 2007. 'Role of COX-2 in inflammatory and degenerative brain diseases', Subcell
Biochem, 42:127-41.

Missmer, S. A., L. Suarez, M. Felkner, E. Wang, A. H. Merrill, Jr., K. J. Rothman, and K. A.
Hendricks. 2006. 'Exposure to fumonisins and the occurrence of neural tube defects
along the Texas-Mexico border', Environ Health Perspect, 114: 237-41.

Mizui, Toshiyuki, Yuichiro Tanima, Hiroko Komatsu, Haruko Kumanogoh, and Masami Kojima.
2014. 'The biological actions and mechanisms of brain-derived neurotrophic factor in
healthy and disordered brains', Neuroscience and Medicine, 5: 183-95.

Mobio, T. A., E. Tavan, |. Baudrimont, R. Anane, M. R. Carratd, A. Sanni, M. F. Gbeassor, T. W.
Shier, J. F. Narbonne, and E. E. Creppy. 2003. 'Comparative study of the toxic effects of
fumonisin B1 in rat C6 glioma cells and p53-null mouse embryo fibroblasts', Toxicology,
183: 65-75.

Mobio, Théophile A, Rachid Anane, Isabelle Baudrimont, Maria-Rosaria Carratd, Thomas W
Shier, Sébastien D Dano, Yoshio Ueno, and Edmond E Creppy. 2000. 'Epigenetic
properties of fumonisin B1: cell cycle arrest and DNA base modification in C6 glioma
cells!, Toxicology and Applied Pharmacology, 164: 91-96.

Moe, G. W., J. Marin-Garcia, A. Konig, M. Goldenthal, X. Lu, and Q. Feng. 2004. 'In vivo TNF-alpha
inhibition ameliorates cardiac mitochondrial dysfunction, oxidative stress, and
apoptosis in experimental heart failure', Am J Physiol Heart Circ Physiol, 287: H1813-20.

Molteni, R., R. J. Barnard, Z. Ying, C. K. Roberts, and F. Gomez-Pinilla. 2002. 'A high-fat, refined
sugar diet reduces hippocampal brain-derived neurotrophic factor, neuronal plasticity,
and learning', Neuroscience, 112: 803-14.

Monnet-Tschudi, F, MG Zurich, OLIVIER Sorg, JEAN-MARIE Matthieu, PAUL Honegger, and
BENOIT Schilter. 1999. 'The naturally occurring food mycotoxin fumonisin B 1 impairs
myelin formation in aggregating brain cell culture', Neurotoxicology, 20: 41-48.

Moore, K. W., R. de Waal Malefyt, R. L. Coffman, and A. O'Garra. 2001. 'Interleukin-10 and the
interleukin-10 receptor', Annu RevIimmunol, 19: 683-765.

Moore, Lisa D., Thuc Le, and Guoping Fan. 2013. 'DNA Methylation and Its Basic Function),
Neuropsychopharmacology, 38: 23-38.

Morris, M. J., and L. M. Monteggia. 2014. 'Role of DNA methylation and the DNA
methyltransferases in learning and memory', Dialogues Clin Neurosci, 16: 359-71.

Morris, M. J., E. S. Na, A. E. Autry, and L. M. Monteggia. 2016. 'Impact of DNMT1 and DNMT3a
forebrain knockout on depressive- and anxiety like behavior in mice', Neurobiol Learn
Mem, 135: 139-45.

Mortusewicz, O., L. Schermelleh, J. Walter, M. C. Cardoso, and H. Leonhardt. 2005.
'Recruitment of DNA methyltransferase | to DNA repair sites', Proc Natl Acad Sci US A,
102: 8905-9.

Mousavi, K., and B. J. Jasmin. 2006. 'BDNF is expressed in skeletal muscle satellite cells and
inhibits myogenic differentiation’, J Neurosci, 26: 5739-49.

179




Moussa, N., and N. Dayoub. 2023. 'Exploring the role of COX-2 in Alzheimer's disease: Potential
therapeutic implications of COX-2 inhibitors', Saudi Pharm J, 31: 101729.

Mulcahy, Nicholas J, Jerard Ross, Nancy J Rothwell, and Sarah A Loddick. 2003. 'Delayed
administration of interleukin-1 receptor antagonist protects against transient cerebral
ischaemia in the rat', British Journal of Pharmacology, 140: 471-76.

Mulligan, MS, ML Jones, AA Vaporciyan, MC Howard, and PA Ward. 1993. 'Protective effects of
IL-4 and IL-10 against immune complex-induced lung injury', Journal of immunology
(Baltimore, Md.: 1950), 151: 5666-74.

Murakami, S., Y. Kusano, K. Okazaki, T. Akaike, and H. Motohashi. 2023. 'NRF2 signalling in
cytoprotection and metabolism', BrJ Pharmacol.

Mwanza, M., L. Kametler, A. Bonai, V. Rajli, M. Kovacs, and M. F. Dutton. 2009. 'The cytotoxic
effect of fumonisin B1 and ochratoxin A on human and pig lymphocytes using the Methyl
Thiazol Tetrazolium (MTT) assay', Mycotoxin Res, 25: 233-8.

Naert, G., G. Ixart, L. Tapia-Arancibia, and L. Givalois. 2006. 'Continuous i.c.v. infusion of brain-
derived neurotrophic factor modifies hypothalamic-pituitary-adrenal axis activity,
locomotor activity and body temperature rhythms in adult male rats, Neuroscience,
139: 779-89.

Nagiah, S., A. Phulukdaree, and A. Chuturgoon. 2015. 'Mitochondrial and Oxidative Stress
Response in HepG2 Cells Following Acute and Prolonged Exposure to Antiretroviral
Drugs', J Cell Biochem, 116: 1939-46.

Nagiah, Savania, Alisa Phulukdaree, and Anil A. Chuturgoon. 2016. 'Lon protease and eiF2a are
involved in acute, but not prolonged, antiretroviral induced stress response in HepG2
cells', Chemico-Biological Interactions, 252: 82-86.

Naik, E., and V. M. Dixit. 2011. 'Mitochondrial reactive oxygen species drive proinflammatory
cytokine production’, J Exp Med, 208: 417-20.

Nakagawa, T., A. Tsuchida, Y. ltakura, T. Nonomura, M. Ono, F. Hirota, T. Inoue, C. Nakayama, M.
Taiji, and H. Noguchi. 2000. 'Brain-derived neurotrophic factor regulates glucose
metabolism by modulating energy balance in diabetic mice', Diabetes, 49: 436-44.

Nakamura, K., K. Fushimi, H. Kouchi, K. Mihara, M. Miyazaki, T. Ohe, and M. Namba. 1998.
'Inhibitory effects of antioxidants on neonatal rat cardiac myocyte hypertrophy induced
by tumor necrosis factor-alpha and angiotensin II', Circulation, 98: 794-9.

Nan, X., R. R. Meehan, and A. Bird. 1993. 'Dissection of the methyl-CpG binding domain from
the chromosomal protein MeCP2', Nucleic acids research, 21: 4886-92.

Nan, Xinsheng, Sally Cross, and Adrian Bird. 2007. "Gene silencing by methyl-CpG-binding
proteins." In Novartis Foundation Symposium 214 -Epigenetics: Epigenetics: Novartis
Foundation Symposium 214, 6-21. Wiley Online Library.

Nash, H. M., S. D. Bruner, O. D. Scharer, T. Kawate, T. A. Addona, E. Spooner, W. S. Lane, and G.
L. Verdine. 1996. 'Cloning of a yeast 8-oxoguanine DNA glycosylase reveals the
existence of a base-excision DNA-repair protein superfamily', Curr Biol, 6: 968-80.

Nennig, S. E., and J. R. Schank. 2017. 'The Role of NFkB in Drug Addiction: Beyond
Inflammation’, Alcohol and Alcoholism, 52: 172-79.

Ngo, J. K., L. C. Pomatto, and K. J. Davies. 2013. 'Upregulation of the mitochondrial Lon Protease
allows adaptation to acute oxidative stress but dysregulation is associated with chronic
stress, disease, and aging', Redox Biol, 1: 258-64.

Ngo, Jenny K, and Kelvin JA Davies. 2007a. 'Importance of the lon protease in mitochondrial
maintenance and the significance of declining lon in aging', Annals of the New York
Academy of Sciences, 1119: 78-87.

Ngo, Jenny K., and Kelvin J. A. Davies. 2007b. 'Importance of the Lon Protease in Mitochondrial
Maintenance and the Significance of Declining Lon in Aging', Annals of the New York
Academy of Sciences, 1119: 78-87.

180




Nicholson, Thomas B., Nicolas Veland, and Taiping Chen. 2015. 'Chapter 3 - Writers, Readers,
and Erasers of Epigenetic Marks.' in Steven G. Gray (ed.), Epigenetic Cancer Therapy
(Academic Press: Boston).

Nicol, C. J., J. Zielenski, L. C. Tsui, and P. G. Wells. 2000. 'An embryoprotective role for glucose-
6-phosphate dehydrogenase in developmental oxidative stress and chemical
teratogenesis', Fasebj, 14: 111-27.

Nie, Quan-Min, Ying-Ying Lin, Xi Yang, Lin Shen, Lie-Mei Guo, Shuang-Lin Que, Xiao-Xiong Li,
Jian-Wei Ge, Gui-Song Wang, Wen-Hao Xiong, Pin Guo, and Yong-Ming Qiu. 2015.
'IDH1R132H decreases the proliferation of U87 glioma cells through upregulation of
microRNA-128a', Mol Med Rep, 12: 6695-701.

Nishida, Naoshi, Tadaaki Arizumi, Masahiro Takita, Satoshi Kitai, Norihisa Yada, Satoru
Hagiwara, Tatsuo Inoue, Yasunori Minami, Kazuomi Ueshima, Toshiharu Sakurai, and
Masatoshi Kudo. 2013. 'Reactive Oxygen Species Induce Epigenetic Instability through
the Formation of 8-Hydroxydeoxyguanosine in Human Hepatocarcinogenesis', Digestive
Diseases, 31: 459-66.

Nishiyama, Atsuya, Christopher B. Mulholland, Sebastian Bultmann, Satomi Kori, Akinori Endo,
Yasushi Saeki, Weihua Qin, Carina Trummer, Yoshie Chiba, Haruka Yokoyama, Soichiro
Kumamoto, Toru Kawakami, Hironobu Hojo, Genta Nagae, Hiroyuki Aburatani, Keiji
Tanaka, Kyohei Arita, Heinrich Leonhardt, and Makoto Nakanishi. 2020. 'Two distinct
modes of DNMT1 recruitment ensure stable maintenance DNA methylation’, Nature
Communications, 11: 1222.

Niu, Y., T. L. DesMarais, Z. Tong, Y. Yao, and M. Costa. 2015a. 'Oxidative stress alters global
histone modification and DNA methylation', Free Radic Biol Med, 82: 22-8.

Niu, Yingmei, Thomas L DesMarais, Zhaohui Tong, Yixin Yao, and Max Costa. 2015b. 'Oxidative
stress alters global histone modification and DNA methylation', Free Radical Biology and
Medicine, 82: 22-28.

Norred, W. P., R. D. Plattner, R. F. Vesonder, C. W. Bacon, and K. A. Voss. 1992. 'Effects of
selected secondary metabolites of Fusarium moniliforme on unscheduled synthesis of
DNA by rat primary hepatocytes', Food Chem Toxicol, 30: 233-7.

Notley, Clare A, Christine K Jordan, Jenny L McGovern, Mark A Brown, and Michael R Ehrenstein.
2017. 'DNA methylation governs the dynamic regulation of inflammation by apoptotic
cells during efferocytosis', Scientific Reports, 7: 42204.

Nouél, A., Q. Simon, C. Jamin, J. O. Pers, and S. Hillion. 2014. 'Regulatory B cells: an exciting
target for future therapeutics in transplantation’, Front Immunol, 5: 11.

Nugent, B. M., C. L. Wright, A. C. Shetty, G. E. Hodes, K. M. Lenz, A. Mahurkar, S. J. Russo, S. E.
Devine, and M. M. McCarthy. 2015. 'Brain feminization requires active repression of
masculinization via DNA methylation', Nat Neurosci, 18: 690-7.

O'Garra, A., and P. Vieira. 2007. 'T(H)1 cells control themselves by producing interleukin-10', Nat
RevIimmunol, 7: 425-8.

O'Hagan, Heather M, Wei Wang, Subhojit Sen, Christina DeStefano Shields, Stella S Lee, Yang W
Zhang, Eriko G Clements, Yi Cai, Leander Van Neste, Hariharan Easwaran, Robert A
Casero, Cynthia L Sears, and Stephen B Baylin. 2011. 'Oxidative Damage Targets
Complexes Containing DNA Methyltransferases, SIRT1, and Polycomb Members to
Promoter CpG Islands', Cancer Cell, 20: 606-19.

Obafemi, Blessing A., Isaac A. Adedara, Cassia Pereira Delgado, Olabisi T. Obafemi, Michael
Aschner, and Joao B. T. Rocha. 2025. 'Fumonisin B1 neurotoxicity: Preclinical evidence,
biochemical mechanisms and therapeutic strategies', Toxicology Reports, 14: 101931.

Obrador, E., F. Liu-Smith, R. W. Dellinger, R. Salvador, F. L. Meyskens, and J. M. Estrela. 2019.
'Oxidative stress and antioxidants in the pathophysiology of malignant melanoma’, Biol
Chem, 400: 589-612.

181




Ohtaki, Hirokazu, Hisayuki Funahashi, Kenji Dohi, Takiko Oguro, Reiko Horai, Masahide Asano,
Yoichiro Iwakura, Li Yin, Masaji Matsunaga, and Noboru Goto. 2003. 'Suppression of
oxidative neuronal damage after transient middle cerebral artery occlusion in mice
lacking interleukin-1', Neuroscience research, 45: 313-24.

Okano, M., D. W. Bell, D. A. Haber, and E. Li. 1999. 'DNA methyltransferases Dnmt3a and
Dnmt3b are essential for de novo methylation and mammalian development!, Cell, 99:
247-57.

Okuda, Yoshinobu, Saburo Sakoda, CC Bernard, Harutoshi Fujimura, Yukihiko Saeki, Tadamitsu
Kishimoto, and Takehiko Yanagihara. 1998. 'IL-6-deficient mice are resistant to the
induction of experimental autoimmune encephalomyelitis provoked by myelin
oligodendrocyte glycoprotein', International immunology, 10: 703-08.

Olson, A. K., B. D. Eadie, C. Ernst, and B. R. Christie. 2006. 'Environmental enrichment and
voluntary exercise massively increase neurogenesis in the adult hippocampus via
dissociable pathways', Hippocampus, 16: 250-60.

Olufunmilayo, Edward O., Michelle B. Gerke-Duncan, and R. M. Damian Holsinger. 2023.
"Oxidative Stress and Antioxidants in Neurodegenerative Disorders." In Antioxidants.

Omotayo, O. P,, A. O. Omotayo, M. Mwanza, and O. O. Babalola. 2019. 'Prevalence of
Mycotoxins and Their Consequences on Human Health', Toxicol Res, 35: 1-7.

Onyango, Patrick, lvana Celic, J Michael McCaffery, Jef D Boeke, and Andrew P Feinberg. 2002.
'SIRT3, a human SIR2 homologue, is an NAD-dependent deacetylase localized to
mitochondria’, Proceedings of the National Academy of Sciences, 99: 13653-58.

Osuchowski, M. F.,, and R. P. Sharma. 2005a. 'Fumonisin B1 induces necrotic cell death in BV-2
cells and murine cultured astrocytes and is antiproliferative in BV-2 cells while N2A cells
and primary cortical neurons are resistant’, Neurotoxicology, 26: 981-92.

Osuchowski, Marcin F, and Raghubir P Sharma. 2005b. 'Fumonisin B1 induces necrotic cell
death in BV-2 cells and murine cultured astrocytes and is antiproliferative in BV-2 cells
while N2A cells and primary cortical neurons are resistant', Neurotoxicology, 26: 981-92.

Ott, Martin, Vladimir Gogvadze, Sten Orrenius, and Boris Zhivotovsky. 2007. 'Mitochondria,
oxidative stress and cell death', Apoptosis, 12: 913-22.

Ouyang, Huimin, Huquan Zhu, Jinhong Li, Lina Chen, Ruofan Zhang, Qiang Fu, Xinran Li, and
Changyu Cao. 2022. 'Fumonisin B1 promotes germ cells apoptosis associated with
oxidative stress-related Nrf2 signaling in mice testes', Chemico-Biological Interactions,
363: 110009.

Pagel-Langenickel, Ines, Jianjun Bao, Liyan Pang, and Michael N Sack. 2010. 'The role of
mitochondria in the pathophysiology of skeletal muscle insulin resistance', Endocrine
reviews, 31: 25-51.

Pajkrt, D., L. Camoglio, M. C. Tiel-van Buul, K. de Bruin, D. L. Cutler, M. B. Affrime, G. Rikken, T.
van der Poll, J. W. ten Cate, and S. J. van Deventer. 1997. 'Attenuation of proinflammatory
response by recombinant human IL-10 in human endotoxemia: effect of timing of
recombinant human IL-10 administration’, J Immunol, 158: 3971-7.

Pan, Lang, Hui Wang, Jinhua Luo, Ji Zeng, Jiao Pi, Huijun Liu, Chi Liu, Xueqing Ba, Xiangping Qu,
and Yang Xiang. 2019. 'Epigenetic regulation of TIMP1 expression by 8-oxoguanine DNA
glycosylase-1 binding to DNA: RNA hybrid', The FASEB Journal, 33: 14159.

Papathanassoglou, E. D., P. Miltiadous, and M. N. Karanikola. 2015. 'May BDNF Be Implicated in
the Exercise-Mediated Regulation of Inflammation? Critical Review and Synthesis of
Evidence', Biol Res Nurs, 17: 521-39.

Parameswaran, N., and S. Patial. 2010. 'Tumor necrosis factor-a signaling in macrophages', Crit
Rev Eukaryot Gene Expr, 20: 87-1083.

Park, H. R., M. Park, J. Choi, K. Y. Park, H. Y. Chung, and J. Lee. 2010. 'A high-fat diet impairs
neurogenesis: involvement of lipid peroxidation and brain-derived neurotrophic factor’,
Neurosci Lett, 482: 235-9.

182




Park, Hye-Jung, Eunsil Yu, and Yhong-Hee Shim. 2006. 'DNA methyltransferase expression and
DNA hypermethylation in human hepatocellular carcinoma’, Cancer letters, 233: 271-
78.

Park, J., Y. Chen, D. X. Tishkoff, C. Peng, M. Tan, L. Dai, Z. Xie, Y. Zhang, B. M. Zwaans, M. E.
Skinner, D. B. Lombard, and Y. Zhao. 2013. 'SIRT5-mediated lysine desuccinylation
impacts diverse metabolic pathways', Mol Cell, 50: 919-30.

Park, S. E., K. Sapkota, S. Kim, H. Kim, and S. J. Kim. 2011. 'Kaempferol acts through mitogen-
activated protein kinases and protein kinase B/AKT to elicit protection in a model of
neuroinflammation in BV2 microglial cells', BrJ Pharmacol, 164: 1008-25.

Patel, H. C., H. Boutin, and S. M. Allan. 20083. 'Interleukin-1 in the Brain', Annals of the New York
Academy of Sciences, 992: 39-47.

Pei, Wuhong, Katsuya Tanaka, Sunny C. Huang, Lisha Xu, Baoying Liu, Jason Sinclair, Jennifer
Idol, Gaurav K. Varshney, Haigen Huang, Shuo Lin, Robert B. Nussenblatt, Ryoichi Mori,
and Shawn M. Burgess. 2016. 'Extracellular HSP60 triggers tissue regeneration and
wound healing by regulating inflammation and cell proliferation', npj Regenerative
Medicine, 1: 16013.

Pellanda, Hélene, Thierry Forges, Aude Bressenot, Abalo Chango, Jean-Pierre Bronowicki, Jean-
Louis Guéant, and Fares Namour. 2012. 'Fumonisin FB1 treatment acts synergistically
with methyl donor deficiency during rat pregnancy to produce alterations of H3- and H4-
histone methylation patterns in fetuses', Molecular Nutrition & Food Research, 56: 976-
85.

Pelleymounter, M. A., M. J. Cullen, and C. L. Wellman. 1995. 'Characteristics of BDNF-induced
weight loss', Exp Neurol, 131: 229-38.

Peng, Dun-Fa, Yae Kanai, Morio Sawada, Saori Ushijima, Nobuyoshi Hiraoka, Sohei Kitazawa,
and Setsuo Hirohashi. 2006. 'DNA methylation of multiple tumor-related genes in
association with overexpression of DNA methyltransferase 1 (DNMT1) during multistage
carcinogenesis of the pancreas', Carcinogenesis, 27: 1160-68.

Pepeljnjak, S., J. Petrik, and M. S. Klari¢. 2005. 'Toxic effects of Ustilago maydis and fumonisin
B1 in rats', Acta Pharm, 55: 339-48.

Peraica, Maja, and Ana-Marija Domijan. 2001. 'Contamination of food with mycotoxins and
human health', Arhiv za higijenu rada i toksikologiju, 52: 23-35.

Perez-Asensio, Fernando, Unai Perpind, Anna Planas, and Esther Pozas. 2013. 'Interleukin-10
regulates progenitor differentiation and modulates neurogenesis in adult brain’,
Development, 140: e2007-e07.

Pérez-de Puig, I., F. Mir6, A. Salas-Perdomo, E. Bonfill-Teixidor, M. Ferrer-Ferrer, L. Marquez-
Kisinousky, and A. M. Planas. 2013. 'IL-10 deficiency exacerbates the brain inflammatory
response to permanent ischemia without preventing resolution of the lesion', J Cereb
Blood Flow Metab, 33: 1955-66.

Perini, F., M. Morra, M. Alecci, E. Galloni, M. Marchi, and V. Toso. 2001. 'Temporal profile of
serum anti-inflammatory and pro-inflammatory interleukins in acute ischemic stroke
patients', Neurol Sci, 22: 289-96.

Perry, V. Hugh. 2004. 'The influence of systemic inflammation on inflammation in the brain:
implications for chronic neurodegenerative disease’, Brain, Behavior, and Immunity, 18:
407-13.

Pessayre, Dominique, and Bernard Fromenty. 2005. 'NASH: a mitochondrial disease', Journal of
hepatology, 42: 928-40.

Peters, J., R. van Dam, R. van Doorn, D. Katerere, F. Berthiller, W. Haasnoot, and M. W. F. Nielen.
2017. 'Mycotoxin profiling of 1000 beer samples with a special focus on craft beer', PloS
one, 12: e0185887.

Phoku, J. Z., M. F. Dutton, P. B. Njobeh, M. Mwanza, M. A. Egbuta, and C. A. Chilaka. 2012a.
'Fusarium infection of maize and maize-based products and exposure of a rural

183




population to fumonisin B1 in Limpopo Province, South Africa’, Food Additives &
Contaminants: Part A, 29: 1743-51.

—. 2012b. 'Fusarium infection of maize and maize-based products and exposure of a rural
population to fumonisin B, in Limpopo Province, South Africa’, Food Addit Contam Part A
Chem Anal Control Expo Risk Assess, 29: 1743-51.

Pi, J., Q. Zhang, C. G. Woods, V. Wong, S. Collins, and M. E. Andersen. 2008. 'Activation of Nrf2-
mediated oxidative stress response in macrophages by hypochlorous acid’, Toxicol App!
Pharmacol, 226: 236-43.

Pietsch, C. 2020. 'Risk assessment for mycotoxin contamination in fish feeds in Europe’,
Mycotoxin Res, 36: 41-62.

Pinhao, M., A. M. Tavares, S. Loureiro, H. Louro, P. Alvito, and M. J. Silva. 2020. 'Combined
cytotoxic and genotoxic effects of ochratoxin A and fumonisin B1 in human kidney and
liver cell models', Toxicology in Vitro, 68: 104949.

Pinti, Marcello, Lara Gibellini, Yongzhang Liu, Shan Xu, Bin Lu, and Andrea Cossarizza. 2015.
'Mitochondrial Lon protease at the crossroads of oxidative stress, ageing and cancer),
Cellular and Molecular Life Sciences, 72: 4807-24.

Pirinccioglu, Ayfer Gozu, Deniz Gokalp, Mihdiye Pirinccioglu, Goksel Kizil, and Murat Kizil. 2010.
'Malondialdehyde (MDA) and protein carbonyl (PCO) levels as biomarkers of oxidative
stress in subjects with familial hypercholesterolemia', Clinical biochemistry, 43: 1220-
24.

Pizzolitto, Romina P, Mario A Salvano, and Ana M Dalcero. 2012. 'Analysis of fumonisin B1
removal by microorganisms in co-occurrence with aflatoxin B1 and the nature of the
binding process', International journal of food microbiology, 156: 214-21.

Plata-Salaman, C. R. 2002. 'Brain cytokines and disease', Acta Neuropsychiatr, 14: 262-78.

Porter, G. A., and J. C. O'Connor. 2022. 'Brain-derived neurotrophic factor and inflammation in
depression: Pathogenic partners in crime?', World J Psychiatry, 12: 77-97.

Pdésa, R., T. Magyar, S. D. Stoey, R. Glavits, T. Donko, I. Repa, and M. Kovacs. 2013. 'Use of
computed tomography and histopathologic review for lung lesions produced by the
interaction between Mycoplasma hyopneumoniae and fumonisin mycotoxins in pigs’,
Vet Pathol, 50: 971-9.

Prager, B. C., S. Bhargava, V. Mahadey, C. G. Hubert, and J. N. Rich. 2020. 'Glioblastoma Stem
Cells: Driving Resilience through Chaos', Trends Cancer, 6: 223-35.

Proto, M. C., D. Fiore, C. Piscopo, C. Laezza, M. Bifulco, and P. Gazzerro. 2022. 'Modified
Adenosines Sensitize Glioblastoma Cells to Temozolomide by Affecting DNA
Methyltransferases', Frontiers in pharmacology, 13: 815646.

Prozorovski, Timour, Ulf Schulze-Topphoff, Robert Glumm, Jan Baumgart, Friederike Schroter,
Olaf Ninnemann, Elise Siegert, Ivo Bendix, Oliver Bristle, and Robert Nitsch. 2008. 'Sirt1
contributes critically to the redox-dependent fate of neural progenitors', Nature cell
biology, 10: 385-94.

Pryde, Kenneth Robert, Jan Willem Taanman, and Anthony Henry Schapira. 2016. 'A LON-ClpP
proteolytic axis degrades complex | to extinguish ROS production in depolarized
mitochondria’, Cell reports, 17: 2522-31.

Pyrillou, Katerina, Laura C Burzynski, and Murray CH Clarke. 2020. 'Alternative pathways of IL-1
activation, and its role in health and disease', Frontiers in immunology, 11: 613170.

Qi, Xiaoping, Alfred S. Lewin, William W. Hauswirth, and John Guy. 2003. 'Suppression of
complex | gene expression induces optic neuropathy', Annals of Neurology, 53: 198-205.

Qiu, Xiaolei, Katharine Brown, Matthew D Hirschey, Eric Verdin, and Danica Chen. 2010. 'Calorie
restriction reduces oxidative stress by SIRT3-mediated SOD2 activation’, Cell
metabolism, 12: 662-67.

184




Quan, N., E. L. Stern, M. B. Whiteside, and M. Herkenham. 1999. 'Induction of pro-inflammatory
cytokine mRNAs in the brain after peripheral injection of subseptic doses of
lipopolysaccharide in the rat', J Neuroimmunol, 93: 72-80.

Raetz, Christian RH, and Chris Whitfield. 2002. 'Lipopolysaccharide endotoxins', Annual review
of biochemistry, 71: 635-700.

Rajendran, Ganeshkumar, Karthik Shanmuganandam, Ameya Bendre, Dattatreya Mujumdar,
Abhay Goel, and Anjali Shiras. 2011. 'Epigenetic regulation of DNA methyltransferases:
DNMT1 and DNMT3B in gliomas', Journal of Neuro-Oncology, 104: 483-94.

Ramsahoye, B. H., D. Biniszkiewicz, F. Lyko, V. Clark, A. P. Bird, and R. Jaenisch. 2000. 'Non-CpG
methylation is prevalent in embryonic stem cells and may be mediated by DNA
methyltransferase 3a', Proc Natl Acad Sci U S A, 97: 5237-42.

Rang, Franka J, and Johannes Boonstra. 2014. 'Causes and consequences of age-related
changes in DNA methylation: a role for ROS?', Biology, 3: 403-25.

Rangarajan, P., A. Karthikeyan, J. Lu, E. A. Ling, and S. T. Dheen. 2015. 'Sirtuin 3 regulates
Foxo3a-mediated antioxidant pathway in microglia', Neuroscience, 311: 398-414.

Ransohoff, Richard M. 2016. 'How neuroinflammation contributes to neurodegeneration’,
Science, 353: 777-83.

Rao, J. S., V. L. Keleshian, S. Klein, and S. |. Rapoport. 2012. 'Epigenetic modifications in frontal
cortex from Alzheimer's disease and bipolar disorder patients', Translational Psychiatry,
2:e132-e32.

Rauf, A., H. Badoni, T. Abu-lzneid, A. Olatunde, M. M. Rahman, S. Painuli, P. Semwal, P.
Wilairatana, and M. S. Mubarak. 2022. 'Neuroinflammatory Markers: Key Indicators in
the Pathology of Neurodegenerative Diseases', Molecules, 27.

Razin, A., and M. Szyf. 1984. 'DNA methylation patterns. Formation and function', Biochim
Biophys Acta, 782: 331-42.

Reddy, Bhumi Narsimha, and Chinnam Raghu Raghavender. 2007. 'Outbreaks of aflatoxicoses
in India', African journal of food, agriculture, nutrition and development, 7.

Reddy, K. R. N., B. Salleh, B. Saad, H. K. Abbas, C. A. Abel, and W. T. Shier. 2010. 'An overview of
mycotoxin contamination in foods and its implications for human health', Toxin Reviews,
29: 3-26.

Régnier, Marion, Pascal Gourbeyre, Philippe Pinton, Scott Napper, Joélle Laffite, Anne-Marie
Cossalter, Jean-Denis Bailly, Yannick Lippi, Justine Bertrand-Michel, and Ana Paula FRL
Bracarense. 2017. 'ldentification of signaling pathways targeted by the food
contaminant FB1: transcriptome and kinome analysis of samples from pig liver and
intestine', Molecular nutrition & food research, 61: 1700433.

Relton, Jane K, and Nancy J Rothwell. 1992. 'Interleukin-1 receptor antagonist inhibits
ischaemic and excitotoxic neuronal damage in the rat', Brain research bulletin, 29: 243-

46.
Ren, K., and R. Torres. 2009. 'Role of interleukin-1beta during pain and inflammation', Brain Res
Rev, 60: 57-64.

Rheeder, John Paul, Walter FO Marasas, Pieter G Thiel, Eric W Sydenham, Gordon Seymour
Shephard, and Dirk J Van Schalkwyk. 1992. 'Fusarium moniliforme and fumonisins in
corn in relation to human esophageal cancer in Transkei'.

Richardson, J. R., V. Fitsanakis, R. H. S. Westerink, and A. G. Kanthasamy. 2019. 'Neurotoxicity
of pesticides', Acta Neuropathol, 138: 343-62.

Rieckmann, P, M Albrecht, B Kitze, T Weber, H Tumani, A Broocks, W Luer, and S Poser. 1994.
'Cytokine mRNA levels in mononuclear blood cells from patients with multiple
sclerosis', Neurology, 44: 1523-23.

Riggs, A. D. 1975. 'Xinactivation, differentiation, and DNA methylation', Cytogenet Cell Genet,
14:9-25.

185




Riley, R. T., E. Enongene, K. A. Voss, W. P. Norred, F. |. Meredith, R. P. Sharma, J. Spitsbergen, D.
E. Williams, D. B. Carlson, and A. H. Merrill. 2001. 'Sphingolipid perturbations as
mechanisms for fumonisin carcinogenesis', Environmental Health Perspectives, 109:
301-08.

Rios, M., G. Fan, C. Fekete, J. Kelly, B. Bates, R. Kuehn, R. M. Lechan, and R. Jaenisch. 2001.
'Conditional deletion of brain-derived neurotrophic factor in the postnatal brain leads to
obesity and hyperactivity', Mol Endocrinol, 15: 1748-57.

Robertson, K. D. 2005. 'DNA methylation and human disease’, Nat Rev Genet, 6: 597-610.

Robinson, Abraham, Natalie M Johnson, A Strey, John F Taylor, Alicia Marroquin-Cardona, NJ
Mitchell, Evans Afriyie-Gyawu, Nii-Ayi Ankrah, Jonathan H Williams, and Jia-Sheng
Wang. 2012. 'Calcium montmorillonite clay reduces urinary biomarkers of fumonisin B1
exposure in rats and humans', Food Additives & Contaminants: Part A, 29: 809-18.

Rojo de la Vega, M., E. Chapman, and D. D. Zhang. 2018. 'NRF2 and the Hallmarks of Cancer/,
Cancer Cell, 34: 21-43.

Roos-Araujo, Deidré, Shani Stuart, Rod A. Lea, Larisa M. Haupt, and Lyn R. Griffiths. 2014.
'Epigenetics and migraine; complex mitochondrial interactions contributing to disease
susceptibility, Gene, 543: 1-7.

Ross, P. F.,, A. E. Ledet, D. L. Owens, L. G. Rice, H. A. Nelson, G. D. Osweiler, and T. M. Wilson.
1993. 'Experimental equine leukoencephalomalacia, toxic hepatosis, and
encephalopathy caused by corn naturally contaminated with fumonisins', J Vet Diagn
Invest, 5: 69-74.

Ross, P. F,, L. G. Rice, G. D. Osweiler, P. E. Nelson, J. L. Richard, and T. M. Wilson. 1992. 'A review
and update of animal toxicoses associated with fumonisin-contaminated feeds and
production of fumonisins by Fusarium isolates', Mycopathologia, 117: 109-14.

Ross, PF, LG Rice, JC Reagor, GD Osweiler, TM Wilson, HA Nelson, DL Owens, RD Plattner, KA
Harlin, and JL Richard. 1991. 'Fumonisin B1 concentrations in feeds from 45 confirmed
equine leukoencephalomalacia cases', Journal of Veterinary Diagnostic Investigation, 3:
238-41.

Rowe, Rachel K, Gavin | Ellis, Jordan L Harrison, Adam D Bachstetter, Gregory F Corder, LindaJ
Van Eldik, Bradley K Taylor, Francesc Marti, and Jonathan Lifshitz. 2016. 'Diffuse
traumatic brain injury induces prolonged immune dysregulation and potentiates
hyperalgesia following a peripheral immune challenge', Molecular pain, 12:
1744806916647055.

Sabat, R., G. Grutz, K. Warszawska, S. Kirsch, E. Witte, K. Wolk, and J. Geginat. 2010. 'Biology of
interleukin-10', Cytokine Growth Factor Rev, 21: 331-44.

Sablina, A. A., A. V. Budanoy, G. V. llyinskaya, L. S. Agapova, J. E. Kravchenko, and P. M.
Chumakov. 2005. 'The antioxidant function of the p53 tumor suppressor', Nat Med, 11:
1306-13.

Sadler, T. W., Alfred H. Merrill, Victoria L. Stevens, M. Cameron Sullards, Elaine Wang, and Ping
Wang. 2002. 'Prevention of fumonisin B1-induced neural tube defects by folic acid’,
Teratology, 66: 169-76.

Saito, Yoshimasa, Yae Kanai, Tohru Nakagawa, Michiie Sakamoto, Hidetsugu Saito, Hiromasa
Ishii, and Setsuo Hirohashi. 2003. 'Increased protein expression of DNA
methyltransferase (DNMT) 1 is significantly correlated with the malignant potential and
poor prognosis of human hepatocellular carcinomas', International journal of cancer,
105: 527-32.

Salminen, Antero, Philip K Liu, and Chung Y Hsu. 1995. 'Alteration of transcription factor binding
activities in the ischemic rat-brain', Biochemical and Biophysical Research
Communications, 212: 939-44.

186




Sandmeyer, L. S., V. Vujanovic, L. Petrie, J. R. Campbell, B. S. Bauer, A. L. Allen, and B. H. Grahn.
2015. 'Optic neuropathy in a herd of beef cattle in Alberta associated with consumption
of moldy corn’, Can Vet J, 56: 249-56.

Santiago, M., C. Antunes, M. Guedes, M. lacovino, M. Kyba, W. Reik, N. Sousa, L. Pinto, M. R.
Branco, and C. J. Marques. 2020. 'Tet3 regulates cellular identity and DNA methylation in
neural progenitor cells', Cell Mol Life Sci, 77: 2871-83.

Santos, R. X., S. C. Correia, X. Zhu, M. A. Smith, P. l. Moreira, R. J. Castellani, A. Nunomura, and
G. Perry. 2013. 'Mitochondrial DNA oxidative damage and repair in aging and Alzheimer's
disease', Antioxid Redox Signal, 18: 2444-57.

Saraiva, M., and A. O'Garra. 2010a. 'The regulation of IL-10 production by immune cells', Nat Rev
Immunol, 10: 170-81.

Saraiva, Margarida, and Anne O'garra. 2010b. 'The regulation of IL-10 production by immune
cells', Nature reviews immunology, 10: 170-81.

Sasaki, Tsutomu, Kazuo Kitagawa, Kanato Yamagata, Takako Takemiya, Shigeru Tanaka, Emi
Omura-Matsuoka, Shiro Sugiura, Masayasu Matsumoto, and Masatsugu Hori. 2004.
'Amelioration of hippocampal neuronal damage after transient forebrain ischemia in
cyclooxygenase-2—deficient mice', Journal of Cerebral Blood Flow & Metabolism, 24:
107-13.

Schain, M., and W. C. Kreisl. 2017. 'Neuroinflammation in Neurodegenerative Disorders-a
Review', Curr Neurol Neurosci Rep, 17: 25.

Schlesinger, Yeshayahu, Ravid Straussman, Ilana Keshet, Shlomit Farkash, Merav Hecht,
Joseph Zimmerman, Eran Eden, Zohar Yakhini, Etti Ben-Shushan, Benjamin E.
Reubinoff, Yehudit Bergman, I[tamar Simon, and Howard Cedar. 2007. 'Polycomb-
mediated methylation on Lys27 of histone H3 pre-marks genes for de novo methylation
in cancer', Nature Genetics, 39: 232-36.

Schnydrig, Sabine, Lukas Korner, Svenja Landweer, Beat Ernst, Gaby Walker, Uwe Otten, and
Dieter Kunz. 2007. 'Peripheral lipopolysaccharide administration transiently affects
expression of brain-derived neurotrophic factor, corticotropin and proopiomelanocortin
in mouse brain', Neuroscience letters, 429: 69-73.

Schon, E. A., and G. Manfredi. 2003. 'Neuronal degeneration and mitochondrial dysfunction’, J
Clin Invest, 111: 303-12.

Schottker, Ben, Yan Zhang, Jonathan A Heiss, Katja Butterbach, Eugene HJM Jansen, Melanie
Bewerunge-Hudler, Kai-Uwe Saum, Bernd Holleczek, and Hermann Brenner. 2015.
'Discovery of a novel epigenetic cancer marker related to the oxidative status of human
blood', Genes, Chromosomes and Cancer, 54: 583-94.

Schreck, R., P. Rieber, and P. A. Baeuerle. 1991. 'Reactive oxygen intermediates as apparently
widely used messengers in the activation of the NF-kappa B transcription factor and
HIV-1', The EMBO Journal, 10: 2247-58-58.

Schwab, J. M., R. Beschorner, R. Meyermann, F. Gézalan, and H. J. Schluesener. 2002.
'Persistent accumulation of cyclooxygenase-1-expressing microglial cells and
macrophages and transient upregulation by endothelium in human brain injury’, J
Neurosurg, 96: 892-9.

Schwarz, Andreas, Elizabeth Rapaport, Koret Hirschberg, and Anthony H. Futerman. 1995. ‘A
Regulatory Role for Sphingolipids in Neuronal Growth: INHIBITION OF SPHINGOLIPID
SYNTHESIS AND DEGRADATION HAVE OPPOSITE EFFECTS ON AXONAL BRANCHING *,
Journal of Biological Chemistry, 270: 10990-98.

Scuri, M., L. Samsell, and G. Piedimonte. 2010. 'The role of neurotrophins in inflammation and
allergy', Inflamm Allergy Drug Targets, 9: 173-80.

Sears, B., and M. Perry. 2015. 'The role of fatty acids in insulin resistance/, Lipids Health Dis, 14:
121.

187




Semick, S. A., R. A. Bharadwaj, L. Collado-Torres, R. Tao, J. H. Shin, A. Deep-Soboslay, J. R.
Weiss, D. R. Weinberger, T. M. Hyde, J. E. Kleinman, A. E. Jaffe, and V. S. Mattay. 2019.
'Integrated DNA methylation and gene expression profiling across multiple brain regions
implicate novel genes in Alzheimer's disease', Acta Neuropathol, 137: 557-69.

Sena, L. A., and N. S. Chandel. 2012. 'Physiological roles of mitochondrial reactive oxygen
species', Mol Cell, 48: 158-67.

Shabab, Tara, Ramin Khanabdali, Soheil Zorofchian Moghadamtousi, Habsah Abdul Kadir, and
Gokula Mohan. 2017. 'Neuroinflammation pathways: a general review!, International
Journal of Neuroscience, 127: 624-33.

Shaftel, S. S., W. S. Griffin, and M. K. O'Banion. 2008. 'The role of interleukin-1 in
neuroinflammation and Alzheimer disease: an evolving perspective’, J
Neuroinflammation, 5: 7.

Shaikh, P Zuber. 2011. 'Cytokines & their physiologic and pharmacologic functions in
inflammation: Areview!, International Journal of Pharmacy & Life Sciences, 2.

Shanley, Thomas P, Hagen Schmal, Hans Peter Friedl, Michael L Jones, and Peter A Ward. 1995.
'Regulatory effects of intrinsic IL-10 in IgG immune complex-induced lung injury', Journal
ofimmunology (Baltimore, Md.: 1950), 154: 3454-60.

Sharma, S., B. Yang, X. Xi, J. C. Grotta, J. Aronowski, and S. I. Savitz. 2011.'IL-10 directly protects
cortical neurons by activating PI-3 kinase and STAT-3 pathways', Brain Res, 1373: 189-
94.

Sheik Abdul, N., S. Nagiah, and A. A. Chuturgoon. 2019a. 'Fusaric acid induces NRF2 as a
cytoprotective response to prevent NLRP3 activation in the liver derived HepG2 cell line,
Toxicol In Vitro, 55: 151-59.

Sheik Abdul, Naeem, Savania Nagiah, and Anil A. Chuturgoon. 2016. 'Fusaric acid induces
mitochondrial stress in human hepatocellular carcinoma (HepG2) cells!, Toxicon, 119:
336-44.

—. 2019b. 'Fusaric acid induces NRF2 as a cytoprotective response to prevent NLRP3
activation in the liver derived HepG2 cell line', Toxicology in Vitro, 55: 151-59.

Shephard, G. S. 2008. 'Determination of mycotoxins in human foods', Chem Soc Rev, 37: 2468-
77.

Shephard, Gordon S, Liana Van Der Westhuizen, Pumza M Gatyeni, David R Katerere, and Walter
FO Marasas. 2005. 'Do fumonisin mycotoxins occur in wheat?', Journal of agricultural
and food chemistry, 53: 9293-96.

Shephard, Gordon, E. Sydenham, P. Thiel, and Wentzel Gelderblom. 1990. 'Quantitative
Determination of Fumonisins B1 and B2 by High-Performance Liquid Chromatography
with Fluorescence Detection', Journal of Liquid Chromatography & Related Technologies
-JLIQ CHROMATOGR RELAT TECHNO, 13: 2077-87.

Shigenaga, M. K., T. M. Hagen, and B. N. Ames. 1994. 'Oxidative damage and mitochondrial
decay in aging', Proc Natl Acad SciUS A, 91: 10771-8.

Shih, R. H., C. Y. Wang, and C. M. Yang. 2015. 'NF-kappaB Signaling Pathways in Neurological
Inflammation: A Mini Review', Front Mol Neurosci, 8: 77.

Shirima, C. P.,, M. E. Kimanya, J. L. Kinabo, M. N. Routledge, C. Srey, C. P. Wild, and Y. Y. Gong.
2013. 'Dietary exposure to aflatoxin and fumonisin among Tanzanian children as
determined using biomarkers of exposure', Mol Nutr Food Res, 57: 1874-81.

Short, Kevin R, Maureen L Bigelow, Jane Kahl, Ravinder Singh, Jill Coenen-Schimke, Sreekumar
Raghavakaimal, and K Sreekumaran Nair. 2005. 'Decline in skeletal muscle
mitochondrial function with aging in humans', Proceedings of the National Academy of
Sciences, 102: 5618-23.

Sidorova-Darmos, Elena, Robert G Wither, Natalya Shulyakova, Carl Fisher, Melanie Ratham,
Michelle Aarts, Lothar Lilge, Philippe P Monnier, and James H Eubanks. 2014.

188




'Differential expression of sirtuin family members in the developing, adult, and aged rat
brain', Frontiers in aging neuroscience, 6: 333.

Siegmund, Kimberly D., Caroline M. Connor, Mihaela Campan, Tiffany I. Long, Daniel J.
Weisenberger, Detlev Biniszkiewicz, Rudolf Jaenisch, Peter W. Laird, and Schahram
Akbarian. 2007. 'DNA Methylation in the Human Cerebral Cortex Is Dynamically
Regulated throughout the Life Span and Involves Differentiated Neurons', PLOS ONE, 2:
e895.

Singh, M. P, and S. C. Kang. 2017. 'Endoplasmic reticulum stress-mediated autophagy
activation attenuates fumonisin B1 induced hepatotoxicity in vitro and in vivo', Food
Chem Toxicol, 110: 371-82.

Smith, Stephen EP, Jennifer Li, Krassimira Garbett, Karoly Mirnics, and Paul H Patterson. 2007.
'Maternal immune activation alters fetal brain development through interleukin-6',
Journal of Neuroscience, 27: 10695-702.

Smith, Zachary D, and Alexander Meissner. 2013. 'DNA methylation: roles in mammalian
development', Nature Reviews Genetics, 14: 204-20.

Sobral, M. M. C., M. A. Faria, S. C. Cunha, and Implvo Ferreira. 2018. 'Toxicological interactions
between mycotoxins from ubiquitous fungi: Impact on hepatic and intestinal human
epithelial cells', Chemosphere, 202: 538-48.

Someya, S., W. Yu, W. C. Hallows, J. Xu, J. M. Vann, C. Leeuwenburgh, M. Tanokura, J. M. Denu,
andT. A. Prolla. 2010. 'Sirt3 mediates reduction of oxidative damage and prevention of
age-related hearing loss under caloric restriction’, Cell, 143: 802-12.

Song, Yanyan, Wei Liu, Yao Zhao, Junting Zang, and Hang Gao. 2021. 'Fumonisin B1 exposure
induces apoptosis of human kidney tubular epithelial cells through regulating
PTEN/PI3K/AKT signaling pathway via disrupting lipid raft formation', Toxicon, 204: 31-36.

Song, Ying, Wenjun Wang, Beibei Wang, and Qiwen Shi. 2024. 'The Protective Mechanism of
TFAM on Mitochondrial DNA and its Role in Neurodegenerative Diseases', Molecular
Neurobiology, 61: 4381-90.

Sousa, F. C., C. R. Schamber, S. S. Amorin, and M. R. Natali. 2014. 'Effect of fumonisin-
containing diet on the myenteric plexus of the jejunum in rats, Auton Neurosci, 185: 93-
9.

St-Pierre, Julie, Stavit Drori, Marc Uldry, Jessica M Silvaggi, James Rhee, Sibylle Jager, Christoph
Handschin, Kangni Zheng, Jiandie Lin, and Wenli Yang. 2006. 'Suppression of reactive
oxygen species and neurodegeneration by the PGC-1 transcriptional coactivators', Cell,
127:397-408.

Sterniczuk, M., and D. M. Bartels. 2016. 'Source of Molecular Hydrogen in High-Temperature
Water Radiolysis', / Phys Chem A, 120: 200-9.

Stevens, V. L., and J. Tang. 1997a. 'Fumonisin B1-induced sphingolipid depletion inhibits vitamin
uptake via the glycosylphosphatidylinositol-anchored folate receptor’, The Journal of
biological chemistry, 272: 18020-5.

Stevens, Victoria L., and Jianhua Tang. 1997b. 'Fumonisin B1-induced Sphingolipid Depletion
Inhibits Vitamin Uptake via the Glycosylphosphatidylinositol-anchored Folate
Receptor*', Journal of Biological Chemistry, 272: 18020-25.

Stockmann-Juvala, H., H. Alenius, and K. Savolainen. 2008. 'Effects of fumonisin B(1) on the
expression of cytokines and chemokines in human dendritic cells', Food Chem Toxicol,
46:1444-51.

Stockmann-Juvala, H., J. Mikkola, J. Naarala, J. Loikkanen, E. Elovaara, and K. Savolainen.
2004a. 'Oxidative stress induced by fumonisin B1 in continuous human and rodent
neural cell cultures', Free Radic Res, 38: 933-42.

Stockmann-Juvala, H., and K. Savolainen. 2008. 'A review of the toxic effects and mechanisms
of action of fumonisin B1', Human &amp; experimental toxicology, 27: 799-809.

189




Stockmann-Juvala, Helene, Jouni Mikkola, Jonne Naarala, Jarkko Loikkanen, Eivor Elovaara, and
Kai Savolainen. 2004b. 'Fumonisin B1-induced toxicity and oxidative damage in U-
118MG glioblastoma cells!, Toxicology, 202: 173-83.

—. 2004c. 'Oxidative stress induced by fumonisin B1 in continuous human and rodent neural
cell cultures', Free radical research, 38: 933-42.

Stoey, S. D. 2013. 'Food safety and increasing hazard of mycotoxin occurrence in foods and
feeds', Crit Rev Food Sci Nutr, 53: 887-901.

Stoey, S. D., S. Deney, M. F. Dutton, P. B. Njobeh, J. S. Mosonik, P. A. Steenkamp, and |. Petkov.
2010. 'Complex etiology and pathology of mycotoxic nephropathy in South African pigs',
Mycotoxin Res, 26: 31-46.

Stoey, S. D., M. F. Dutton, P. B. Njobeh, J. S. Mosonik, and P. A. Steenkamp. 2010. 'Mycotoxic
nephropathy in Bulgarian pigs and chickens: complex aetiology and similarity to Balkan
endemic nephropathy’, Food Addit Contam Part A Chem Anal Control Expo Risk Assess,
27:72-88.

Stoey, S. D., D. Gundasheva, |. Zarkov, T. Mircheva, D. Zapryanova, S. Deney, Y. Mitey, H.
Daskalov, M. Dutton, M. Mwanza, and Y. J. Schneider. 2012. 'Experimental mycotoxic
nephropathy in pigs provoked by a mouldy diet containing ochratoxin A and fumonisin
B1', Exp Toxicol Pathol, 64: 733-41.

Storz, Gisela, and James A. Imlayt. 1999. 'Oxidative stress', Current opinion in microbiology, 2:
188-94.

Strauss, Kenneth I. 2008. 'Antiinflammatory and neuroprotective actions of COX2 inhibitors in
the injured brain', Brain, Behavior, and Immunity, 22: 285-98.

Strowig, T., J. Henao-Mejia, E. Elinav, and R. Flavell. 2012. 'Inflammasomes in health and
disease', Nature, 481: 278-86.

Suematsu, N., H. Tsutsui, J. Wen, D. Kang, M. lkeuchi, T. Ide, S. Hayashidani, T. Shiomi, T.
Kubota, N. Hamasaki, and A. Takeshita. 2003a. 'Oxidative stress mediates tumor
necrosis factor-alpha-induced mitochondrial DNA damage and dysfunction in cardiac
myocytes, Circulation, 107: 1418-23.

Suematsu, Nobuhiro, Hiroyuki Tsutsui, Jing Wen, Dongchon Kang, Masaki Ikeuchi, Tomomi Ide,
Shunji Hayashidani, Tetsuya Shiomi, Toru Kubota, Naotaka Hamasaki, and Akira
Takeshita. 2003b. 'Oxidative Stress Mediates Tumor Necrosis Factor-a-Induced
Mitochondrial DNA Damage and Dysfunction in Cardiac Myocytes', Circulation, 107:
1418-23.

Sugiyama, K. I., M. Kinoshita, H. Furusawa, K. Sato, and M. Honma. 2021. 'Epigenetic effect of
the mycotoxin fumonisin B1 on DNA methylation', Mutagenesis, 36: 295-301.

Sun, Jin, Xinhua Tian, Junqing Zhang, Yanlin Huang, Xiaoning Lin, Luyue Chen, and Shizhong
Zhang. 2017. 'Regulation of human glioma cell apoptosis and invasion by miR-152-3p
through targeting DNMT1 and regulating NF2', Journal of Experimental & Clinical Cancer
Research, 36: 100.

Sun, Y., K. Huang, M. Long, S. Yang, and Y. Zhang. 2022. 'An update on immunotoxicity and
mechanisms of action of six environmental mycotoxins', Food Chem Toxicol, 163:
112895.

Sundaresan, N. R., S. A. Samant, V. B. Pillai, S. B. Rajamohan, and M. P. Gupta. 2008. 'SIRT3 is a
stress-responsive deacetylase in cardiomyocytes that protects cells from stress-
mediated cell death by deacetylation of Ku70', Molecular and cellular biology, 28: 6384-
401.

Sung, Syaun, Hengxuan Yang, Kunihiro Uryu, Edward B Lee, Lei Zhao, Diana Shineman, John Q
Trojanowski, Virginia M-Y Lee, and Domenico Praticd. 2004. 'Modulation of nuclear
factor-kB activity by indomethacin influences AP levels but not AB precursor protein
metabolism in a model of Alzheimer's disease', The American Journal of Pathology, 165:
2197-206.

190




Swaroop, S., N. Sengupta, A. R. Suryawanshi, Y. K. Adlakha, and A. Basu. 2016. 'HSP60 plays a
regulatory role in IL-1B-induced microglial inflammation via TLR4-p38 MAPK axis', J
Neuroinflammation, 13: 27.

Sydenham, Eric, Pieter Thiel, Walter Marasas, Gordon Shephard, Dirk Schalkwyk, and Klaus
Koch. 1990. 'Natural occurrence of some Fusarium mycotoxins in corn from low and
high esophageal cancer prevalence areas of the Transkei, Southern Africa’, Journal of
Agricultural and Food Chemistry - JAGR FOOD CHEM, 38.

Szentgyorgyi, Viktoéria, Norbert Bencsik, Brigitta Micska, Aniké Ratkai, Katalin Schlett, and
Krisztian Tarnok. 2024. 'Cell-type specific effects of Fusarium mycotoxins on primary
neuronal and astroglial cells', bioRxiv: 2024.02. 29.582764.

Tak, P. P.,, and G. S. Firestein. 2001. 'NF-kappaB: a key role in inflammatory diseases’, J Clin
Invest, 107:7-11.

Takeshita, Kohei, Isao Suetake, Eiki Yamashita, Michihiro Suga, Hirotaka Narita, Atsushi
Nakagawa, and Shoji Tajima. 2011. 'Structural insight into maintenance methylation by
mouse DNA methyltransferase 1 (Dnmt1)', Proceedings of the National Academy of
Sciences, 108: 9055-59.

Tan, P. L., S. Farmiloe, S. Yeoman, and J. D. Watson. 1990. 'Expression of the interleukin 6 gene
in rheumatoid synovial fibroblasts', / Rheumatol, 17: 1608-12.

Tanaka, T., M. Narazaki, and T. Kishimoto. 2014a. 'IL-6 in inflammation, immunity, and disease),
Cold Spring Harb Perspect Biol, 6: a016295.

Tanaka, Toshio, Masashi Narazaki, and Tadamitsu Kishimoto. 2014b. 'IL-6 in inflammation,
immunity, and disease', Cold Spring Harbor perspectives in biology, 6: a016295.
Tansakul, N., P. Jala, S. Laopiem, P. Tangmunkhong, and S. Limsuwan. 2013. 'Co-occurrence of
five Fusarium toxins in corn-Dried Distiller's Grains with Solubles in Thailand and

comparison of ELISA and LC-MS/MS for fumonisin analysis', Mycotoxin Res, 29: 255-60.

Taranu, lonelia, Daniela E. Marin, Sandrine Bouhet, Florentina Pascale, Jean-Denis Bailly, J.
David Miller, Philippe Pinton, and Isabelle P. Oswald. 2005. 'Mycotoxin Fumonisin B1
Alters the Cytokine Profile and Decreases the Vaccinal Antibody Titer in Pigs,
Toxicological Sciences, 84: 301-07.

Taryma-Lesniak, Olga, Katarzyna Ewa Sokolowska, and Tomasz Kazimierz Wojdacz. 2021. 'Short
history of 5-methylcytosine: from discovery to clinical applications', Journal of Clinical
Pathology, 74: 692.

Teng, Ruifang, Zongyuan Liu, Haiping Tang, Wenhao Zhang, Yuling Chen, Renhua Xu, Liang
Chen, Jiangping Song, Xiaohui Liu, and Haiteng Deng. 2019. '"HSP60 silencing promotes
Warburg-like phenotypes and switches the mitochondrial function from ATP production
to biosynthesis in ccRCC cells!, Redox biology, 24: 101218.

Terrando, N, L. I. Eriksson, J. K. Ryu, T. Yang, C. Monaco, M. Feldmann, M. Jonsson Fagerlund, I.
F. Charo, K. Akassoglou, and M. Maze. 2011. 'Resolving postoperative
neuroinflammation and cognitive decline', Ann Neurol, 70: 986-95.

Theilen, Nicholas T, George H Kunkel, and Suresh C Tyagi. 2017. 'The role of exercise and TFAM
in preventing skeletal muscle atrophy!, Journal of cellular physiology, 232: 2348-58.

Theumer, M. G., A. G. Lopez, D. T. Masih, S. N. Chulze, and H. R. Rubinstein. 2002.
'Immunobiological effects of fumonisin B1 in experimental subchronic mycotoxicoses in
rats', Clin Diagn Lab Immunol, 9: 149-55.

Theumer, Martin Gustavo, Mariana Clara Canepa, AG Lépez, Verdénica Sofia Mary, Jose
Sebastian Dambolena, and HR Rubinstein. 2010. 'Subchronic mycotoxicoses in Wistar
rats: assessment of the in vivo and in vitro genotoxicity induced by fumonisins and
aflatoxin B1, and oxidative stress biomarkers status’, Toxicology, 268: 104-10.

Thiel, PG, WF Marasas, EW Sydenham, GS Shephard, WC Gelderblom, and JJ Nieuwenhuis.
1991. 'Survey of fumonisin production by Fusarium species', Applied and Environmental
Microbiology, 57: 1089-93.

191




Toi, M., A. L. Harris, and R. Bicknell. 1991. 'Interleukin-4 is a potent mitogen for capillary
endothelium’, Biochem Biophys Res Commun, 174: 1287-93.

Tong, Liqgi, Robert Balazs, Rungtip Soiampornkul, Wipawan Thangnipon, and Carl W. Cotman.
2008. 'Interleukin-1B impairs brain derived neurotrophic factor-induced signal
transduction', Neurobiology of Aging, 29: 1380-93.

Toyokuni, Shinya, Keisei Okamoto, Junji Yodoi, and Hiroshi Hiai. 1995. 'Persistent oxidative
stress in cancer', FEBS Letters, 358: 1-3.

Tsai, S. J. 2017. 'Effects of interleukin-1beta polymorphisms on brain function and behavior in
healthy and psychiatric disease conditions', Cytokine Growth Factor Rev, 37: 89-97.

Tseng, A. H., S. S. Shieh, and D. L. Wang. 2013. 'SIRT3 deacetylates FOXO3 to protect
mitochondria against oxidative damage', Free Radic Biol Med, 63: 222-34.

Tukhovskaya, Elena A, Egor A Turovsky, Maria V Turovskaya, Sergei G Levin, Arkady N Murashey,
Valery P Zinchenko, and Oleg V Godukhin. 2014. 'Anti-inflammatory cytokine interleukin-
10 increases resistance to brain ischemia through modulation of ischemia-induced
intracellular Ca2+ response', Neuroscience letters, 571: 55-60.

Turrens, J. F. 2003. 'Mitochondrial formation of reactive oxygen species', J Physiol, 552: 335-44.

Uciechowski, Peter, and Wolfram Dempke. 2020. 'Interleukin-6: a masterplayer in the cytokine
network’, Oncology, 98: 131-37.

Uddin, M. S., A. A. Mamun, B. S. Alghamdi, D. Tewari, P. Jeandet, M. S. Sarwar, and G. M. Ashraf.
2022. 'Epigenetics of glioblastoma multiforme: From molecular mechanisms to
therapeutic approaches', Semin Cancer Biol, 83: 100-20.

Udomsinprasert, Wanvisa, Nakarin Kitkumthorn, Apiwat Mutirangura, Voranush Chongsrisawat,
Yong Poovorawan, and Sittisak Honsawek. 2016. 'Global methylation, oxidative stress
and relative telomere length in biliary atresia patients', Scientific Reports, 6: 26969.

Ukropec, J., B. Ukropcova, T. Kurdiova, D. Gasperikova, and |. Klimes. 2008. 'Adipose tissue and
skeletal muscle plasticity modulates metabolic health', Arch Physiol Biochem, 114: 357-
68.

Ungvari, Z., Z. Orosz, N. Labinskyy, A. Rivera, Z. Xiangmin, K. Smith, and A. Csiszar. 2007.
'Increased mitochondrial H202 production promotes endothelial NF-kappaB activation
in aged rat arteries', Am J Physiol Heart Circ Physiol, 293: H37-47.

Vaamonde-Garcia, C., R. R. Riveiro-Naveira, M. N. Valcarcel-Ares, L. Hermida-Carballo, F. J.
Blanco, and M. J. Lépez-Armada. 2012. 'Mitochondrial dysfunction increases
inflammatory responsiveness to cytokines in normal human chondrocytes', Arthritis
Rheum, 64: 2927-36.

Valera-Alberni, M., and C. Canto. 2018. 'Mitochondrial stress management: a dynamic journey',
Cell Stress, 2: 253-74.

Valinluck, V., H. H. Tsai, D. K. Rogstad, A. Burdzy, A. Bird, and L. C. Sowers. 2004a. 'Oxidative
damage to methyl-CpG sequences inhibits the binding of the methyl-CpG binding
domain (MBD) of methyl-CpG binding protein 2 (MeCP2)', Nucleic Acids Res, 32: 4100-8.

Valinluck, Victoria, Hsin-Hao Tsai, Daniel K Rogstad, Artur Burdzy, Adrian Bird, and Lawrence C
Sowers. 2004b. 'Oxidative damage to methyl-CpG sequences inhibits the binding of the
methyl-CpG binding domain (MBD) of methyl-CpG binding protein 2 (MeCP2),, Nucleic
acids research, 32: 4100-08.

Valko, M., M. Izakovic, M. Mazur, C. J. Rhodes, and J. Telser. 2004. 'Role of oxygen radicals in DNA
damage and cancer incidence’, Mol Cell Biochem, 266: 37-56.

Valko, M., C. J. Rhodes, J. Moncol, M. lIzakovic, and M. Mazur. 2006. 'Free radicals, metals and
antioxidants in oxidative stress-induced cancer', Chem Biol Interact, 160: 1-40.

van den Brand, Annick D., Lola Bajard, Inger-Lise Steffensen, Anne Lise Brantsaster, Hubert A. A.
M. Dirven, Jochem Louisse, Ad Peijnenburg, Sophie Ndaw, Alberto Mantovani, Barbara
De Santis, and Marcel J. B. Mengelers. 2022. 'Providing Biological Plausibility for

192




Exposure-Health Relationships for the Mycotoxins Deoxynivalenol (DON) and
Fumonisin B1 (FB1) in Humans Using the AOP Framework!, Toxins, 14: 279.

van Der Poll, Tom, René de Waal Malefyt, Susette M Coyle, and Stephen F Lowry. 1997.
'‘Antiinflammatory cytokine responses during clinical sepsis and experimental
endotoxemia: sequential measurements of plasma soluble interleukin (IL)-1 receptor
type ll, IL-10, and IL-13/, Journal of Infectious Diseases, 175: 118-22.

van Dissel, J. T., P. van Langevelde, R. G. Westendorp, K. Kwappenberg, and M. Frolich. 1998.
'‘Anti-inflammatory cytokine profile and mortality in febrile patients', Lancet, 351: 950-3.

Van Egmond, Hans P, Ronald C Schothorst, and Marco A Jonker. 2007. 'Regulations relating to
mycotoxins in food: perspectives in a global and European context', Analytical and
bioanalytical chemistry, 389: 147-57.

van Loo, G., R. De Lorenzi, H. Schmidt, M. Huth, A. Mildner, M. Schmidt-Supprian, H. Lassmann,
M. R. Prinz, and M. Pasparakis. 2006. 'Inhibition of transcription factor NF-kappaB in the
central nervous system ameliorates autoimmune encephalomyelitis in mice', Nat
Immunol, 7: 954-61.

Vargas, E. A., R. A. Preis, L. Castro, and C. M. Silva. 2001. 'Co-occurrence of aflatoxins B1, B2,
G1, G2, zearalenone and fumonisin B1 in Brazilian corn’, Food Addit Contam, 18: 981-6.

Vaseva, Angelina V, Natalie D Marchenko, Kyungmin Ji, Stella E Tsirka, Sonja Holzmann, and Ute
M Moll. 2012. 'p53 opens the mitochondrial permeability transition pore to trigger
necrosis', Cell, 149: 1536-48.

Velazquez-Brizuela, Irma E, Fermin P Pacheco-Moisés, Rolando Romero-Davalos, Luis A
Romero-Tirado, José J Hernandez-Andalon, L Javier Flores-Alvarado, Oscar K Bitzer-
Quintero, Erika D Gonzalez-Renovato, Moisés A Alatorre-Jiménez, and Angélica L
Sanchez-Lopez. 2014. 'Effect of Nutrisim®© and the interactive response of
proinflammatory and anti-inflammatory cytokines in a model of septic shock induced by
E coli serotype 0111: B4, Am J of Biochem, 4: 6-13.

Ventimiglia, Roseann, Pamela E Mather, Bruce Edward Jones, and Ronald M Lindsay. 1995. 'The
NeurotroDhins BDNF, NT-3 and NT-4/5 Promote Survival and Morphological and
Biochemical Differentiation of Striatal Neurons In Vitro', European journal of
Neuroscience, 7: 213-22.

Voss, K. A., G. W. Smith, and W. M. Haschek. 2007a. 'Fumonisins: Toxicokinetics, mechanism of
action and toxicity', Animal Feed Science and Technology, 137: 299-325.

Voss, K., Geof Smith, and Wanda Haschek. 2007b. 'Fumonisins: Toxicokinetics, mechanism of
action and toxicity', Animal Feed Sci. Technol., 137.

Voss, Kenneth A, Ronald T Riley, Lauren S Jackson, Joseph E Jablonski, Andreia Bianchini, Lloyd
B Bullerman, Milford A Hanna, and Dojin Ryu. 2011. 'Extrusion cooking with glucose
supplementation of fumonisin-contaminated corn grits protects against nephrotoxicity
and disrupted sphingolipid metabolism in rats', Molecular Nutrition & Food Research,
55: S312-520.

Voss, Kenneth A., and Ronald T. Riley. 2013. 'Fumonisin Toxicity and Mechanism of Action:
Overview and Current Perspectives', Food Safety, 1: 2013006-06.

Voss, Kenneth, Dojin Ryu, Lauren Jackson, Ronald Riley, and Janee Gelineau-van Waes. 2017.
'Reduction of fumonisin toxicity by extrusion and nixtamalization (alkaline cooking)',
Journal of Agricultural and Food Chemistry, 65: 7088-96.

Wachsman, Joseph T. 1997. 'DNA methylation and the association between genetic and
epigenetic changes: relation to carcinogenesis', Mutation Research/Fundamental and
Molecular Mechanisms of Mutagenesis, 375: 1-8.

Waghner, Eric J., and Phillip B. Carpenter. 2012. 'Understanding the language of Lys36
methylation at histone H3', Nature Reviews Molecular Cell Biology, 13: 115-26.
Wallace, Douglas C. 2005. 'A mitochondrial paradigm of metabolic and degenerative diseases,

aging, and cancer: a dawn for evolutionary medicine', Annu. Rev. Genet., 39: 359-407.

193




Wan, L. Y., P. C. Turner, and H. El-Nezami. 2013. 'Individual and combined cytotoxic effects of
Fusarium toxins (deoxynivalenol, nivalenol, zearalenone and fumonisins B1) on swine
jejunal epithelial cells', Food Chem Toxicol, 57: 276-83.

Wang, Chih-Hao, and Yau-Huei Wei. 2020. "Roles of Mitochondrial Sirtuins in Mitochondrial
Function, Redox Homeostasis, Insulin Resistance and Type 2 Diabetes." In International
journal of molecular sciences.

Wang, E., W. P. Norred, C. W. Bacon, R. T. Riley, and A. H. Merrill. 1991. 'Inhibition of sphingolipid
biosynthesis by fumonisins. Implications for diseases associated with Fusarium
moniliforme!, Journal of Biological Chemistry, 266: 14486-90.

Wang, H., |. M. Hitron, C. ladecola, and V. M. Pickel. 2005. 'Synaptic and vascular associations
of neurons containing cyclooxygenase-2 and nitric oxide synthase in rat somatosensory
cortex’, Cereb Cortex, 15: 1250-60.

Wang, K., M. Maayah, J. B. Sweasy, and K. S. Alnajjar. 2021a. 'The role of cysteines in the
structure and function of OGG1', J Biol Chem, 296: 100093.

Wang, Katarina, Marah Maayah, Joann B. Sweasy, and Khadijeh S. Alnajjar. 2021b. 'The role of
cysteines in the structure and function of OGG1', Journal of Biological Chemistry, 296.

Wang, W. Y., M. S. Tan, J. T. Yu, and L. Tan. 2015. 'Role of pro-inflammatory cytokines released
from microglia in Alzheimer's disease', Ann Transl Med, 3: 136.

Wang, X., Q. Wu, D. Wan, Q. Liu, D. Chen, Z. Liu, M. R. Martinez-Larrafiaga, M. A. Martinez, A.
Anadédn, and Z. Yuan. 2016. 'Fumonisins: oxidative stress-mediated toxicity and
metabolism in vivo and in vitro', Arch Toxicol, 90: 81-101.

Wang, Xinlu, Dai Cheng, Lin Liu, Haiqgi Yu, and Meng Wang. 2024. 'Magnolol ameliorates
fumonisin B1-induced oxidative damage and lipid metabolism dysfunction in astrocyte-
like C6 cells', Chemosphere, 359: 142300.

Wang, Y., S. Liu, H. Zheng, C. He, and H. Zhang. 2013. 'T-2 toxin, zearalenone and fumonisin B, in
feedstuffs from China', Food Addit Contam Part B Surveill, 6: 116-22.

Wang, Yue, Pei-Pei Guan, Xin Yu, Yan-Su Guo, Ying-Jie Zhang, Zhan-You Wang, and Pu Wang.
2017.'COX-2 metabolic products, the prostaglandin |2 and F2a, mediate the effects of
TNF-a and Zn2+ in stimulating the phosphorylation of Tau', Oncotarget, 8: 99296.

Wang, Z., B. Tang, Y. He, and P. Jin. 2016. 'DNA methylation dynamics in neurogenesis/,
Epigenomics, 8: 401-14.

Wang, Zhenlong, Zonghao Lv, Tibor Czabany, Veronika Nagl, Rudolf Krska, Xiumin Wang, Bing
Han, Hui Tao, Jie Liu, and Jinquan Wang. 2023. 'Comparison study of two fumonisin-
degrading enzymes for detoxification in piglets', Toxins, 16: 3.

Waubant, E, L Gee, P Bacchetti, R Sloan, A Cotleur, R Rudick, and D Goodkin. 2001.
'Relationship between serum levels of IL-10, MRI activity and interferon beta-1a therapy
in patients with relapsing remitting MS/, Journal of neuroimmunology, 112: 139-45.

Weaver, I. C., I. C. Hellstrom, S. E. Brown, S. D. Andrews, S. Dymoy, J. Diorio, T. Y. Zhang, M. Szyf,
and M. J. Meaney. 2014. 'The methylated-DNA binding protein MBD2 enhances NGFI-A
(egr-1)-mediated transcriptional activation of the glucocorticoid receptor’, Philos Trans R
Soc Lond B Biol Sci, 369.

Wei, H., I. Alberts, and X. Li. 2013. 'Brain IL-6 and autism', Neuroscience, 252: 320-25.

Wei, T., W. Zhu, M. Pang, Y. Liu, and J. Dong. 2013. 'Natural occurrence of fumonisins B1 and B2
in corn in four provinces of China', Food Addit Contam Part B Surveill, 6: 270-4.

Weng, Jingyin, and Nicole Salazar. 2021. 'DNA methylation analysis identifies patternsin
progressive glioma grades to predict patient survival, International journal of molecular
sciences, 22:1020.

Werler, M. M., C. Louik, and A. A. Mitchell. 1999. 'Achieving a public health recommendation for
preventing neural tube defects with folic acid', Am J Public Health, 89: 1637-40.

194




Westendorp, R. G., J. A. Langermans, T. W. Huizinga, A. H. Elouali, C. L. Verweij, D. |. Boomsma,
and J. P. Vandenbroucke. 1997. 'Genetic influence on cytokine production and fatal
meningococcal disease’, Lancet, 349: 170-3.

Williams-Karnesky, R. L., U. S. Sandau, T. A. Lusardi, N. K. Lytle, J. M. Farrell, E. M. Pritchard, D.
L. Kaplan, and D. Boison. 2013. 'Epigenetic changes induced by adenosine
augmentation therapy prevent epileptogenesis', J Clin Invest, 123: 3552-63.

Wilson, B. J., and R. R. Maronpot. 1971. 'Causative fungus agent of leucoencephalomalacia in
equine animals', Vet Rec, 88: 484-6.

Wilson, Christy M., M. Waleed Gaber, Omaima M. Sabek, Janice A. Zawaski, and Thomas E.
Merchant. 2009. 'Radiation-Induced Astrogliosis and Blood-Brain Barrier Damage Can
Be Abrogated Using Anti-TNF Treatment, International Journal of Radiation
Oncology*Biology*Physics, 74: 934-41.

Wilson, David F., David K. Harrison, and Sergei A. Vinogradov. 2012. 'Oxygen, pH, and
mitochondrial oxidative phosphorylation', Journal of Applied Physiology, 113: 1838-45.

Wilson, T. M., P. F. Ross, L. G. Rice, G. D. Osweiler, H. A. Nelson, D. L. Owens, R. D. Plattner, C.
Reggiardo, T. H. Noon, and J. W. Pickrell. 1990. 'Fumonisin B1 levels associated with an
epizootic of equine leukoencephalomalacia', J Vet Diagn Invest, 2: 213-6.

Witaszak, N., A. Waskiewicz, J. Bocianowski, and £ Stepien. 2020. 'Contamination of Pet Food
with Mycobiota and Fusarium Mycotoxins-Focus on Dogs and Cats', Toxins (Basel), 12.

Wong, D., K. Dorovini-Zis, and S. R. Vincent. 2004. 'Cytokines, nitric oxide, and cGMP modulate
the permeability of an in vitro model of the human blood-brain barrier', Exp Neurol, 190:
446-55.

Woo, N. H., H. K. Teng, C. J. Siao, C. Chiaruttini, P. T. Pang, T. A. Milner, B. L. Hempstead, and B.
Lu. 2005. 'Activation of p75NTR by proBDNF facilitates hippocampal long-term
depression', Nat Neurosci, 8: 1069-77.

Wood, Kathleen H, Brian S Johnson, Sarah A Welsh, Jun Y Lee, Yue Cui, Elizabeth Krizman,
Edward S Brodkin, Julie A Blendy, Michael B Robinson, and Marisa S Bartolomei. 2016.
'"Tagging methyl-CpG-binding domain proteins reveals different spatiotemporal
expression and supports distinct functions', Epigenomics, 8: 455-73.

Wu, A., Z.Ying, and F. Gomez-Pinilla. 2004. 'The interplay between oxidative stress and brain-
derived neurotrophic factor modulates the outcome of a saturated fat diet on synaptic
plasticity and cognition', Eur J Neurosci, 19: 1699-707.

Wu, C-T, and James R Morris. 2001. 'Genes, genetics, and epigenetics: a correspondence’,
Science, 293: 1103-05.

Wu, H., and Y. Zhang. 2014. 'Reversing DNA methylation: mechanisms, genomics, and
biological functions', Cell, 156: 45-68.

Wou, Jie, Zhenhua Zeng, Weijin Zhang, Zhiya Deng, Yahui Wan, Yaoyuan Zhang, Sheng An,
Qiaobing Huang, and Zhongqing Chen. 2019. 'Emerging role of SIRT3 in mitochondrial
dysfunction and cardiovascular diseases', Free radical research, 53: 139-49.

Wou, Liyi, Xinyi Yan, Ruibo Sun, Ye Ma, Wanyu Yao, Baogui Gao, Qingyuan Zhang, Junxiong You,
Hao Wang, Qinrui Han, and Xuegang Sun. 2023. 'Sirt3 restricts tumor initiation via
promoting LONP1 deacetylation and K63 ubiquitination', Journal of Translational
Medicine, 21: 81.

Wu, Qihan, and Xiaohua Ni. 2015. 'ROS-mediated DNA methylation pattern alterations in
carcinogenesis', Current drug targets, 16: 13-19.

Wou, Tianyi, Lingmei Qu, Guoqing He, Linli Tian, Liang Li, Han Zhou, Qian Jin, Jingyuan Ren, Yu
Wang, and Jingting Wang. 2016. 'Regulation of laryngeal squamous cell cancer
progression by the IncRNA H19/miR-148a-3p/DNMT1 axis', Oncotarget, 7: 11553.

Wu, X., S. J. Cobbina, G. Mao, H. Xu, Z. Zhang, and L. Yang. 2016. 'A review of toxicity and
mechanisms of individual and mixtures of heavy metals in the environment', Environ Sci
Pollut Res Int, 23: 8244-59.

195




Wyllie, A. H., J. F. Kerr, and A. R. Currie. 1980. 'Cell death: the significance of apoptosis', Int Rev
Cytol, 68: 251-306.

Xie, J., L. Xie, H. Wei, X. J. Li, and L. Lin. 2023a. 'Dynamic Regulation of DNA Methylation and
Brain Functions', Biology (Basel), 12.

Xie, Jiaxiang, Leijie Xie, Huixian Wei, Xiao-Jiang Li, and Li Lin. 2023b. "Dynamic Regulation of
DNA Methylation and Brain Functions." In Biology.

Xie, S., Z. Wang, M. Okano, M. Nogami, Y. Li, W. W. He, K. Okumura, and E. Li. 1999. 'Cloning,
expression and chromosome locations of the human DNMT3 gene family', Gene, 236:
87-95.

Xing, B., A. D. Bachstetter, and L. J. Van Eldik. 2011. 'Microglial p38a MAPK is critical for LPS-
induced neuron degeneration, through a mechanism involving TNFa', Mol
Neurodegener, 6: 84.

Xu, D., D. Lian, J. Wu, Y. Liu, M. Zhu, J. Sun, D. He, and L. Li. 2017. 'Brain-derived neurotrophic
factor reduces inflammation and hippocampal apoptosis in experimental
Streptococcus pneumoniae meningitis', J Neuroinflammation, 14: 156.

Xu, Jingman, Wei Tian, Xiaolong Ma, Jing Guo, Qiuyan Shi, Yulan Jin, Jinkun Xi, and Zhelong Xu.
2011. 'The molecular mechanism underlying morphine-induced Akt activation: roles of
protein phosphatases and reactive oxygen species', Cell Biochemistry and Biophysics,
61:303-11.

Yamamoto, T., K. Yamamoto-Shimojima, Y. Ueda, K. Imai, Y. Takahashi, E. Imagawa, N. Miyake,
and N. Matsumoto. 2018. 'Independent occurrence of de novo HSPD1 and HIP1 variants
in brothers with different neurological disorders - leukodystrophy and autism', Hum
Genome Var, 5: 18.

Yamanaka, M., Y. Itakura, M. Ono-Kishino, A. Tsuchida, T. Nakagawa, and M. Taiji. 2008.
'Intermittent administration of brain-derived neurotrophic factor (BDNF) ameliorates
glucose metabolism and prevents pancreatic exhaustion in diabetic mice/, J Biosci
Bioeng, 105: 395-402.

Yamanaka, M., Y. Itakura, A. Tsuchida, T. Nakagawa, H. Noguchi, and M. Taiji. 2007. 'Comparison
of the antidiabetic effects of brain-derived neurotrophic factor and thiazolidinediones in
obese diabetic mice', Diabetes Obes Metab, 9: 879-88.

Yan, F, N Shen, J Pang, D Xie, B Deng, JR Molina, P Yang, and S Liu. 2014. 'Restoration of miR-101
suppresses lung tumorigenesis through inhibition of DNMT3a-dependent DNA
methylation, Cell death & disease, 5: €e1413-e13.

Yan, H. Q., M. A. Banos, P. Herregodts, R. Hooghe, and E. L. Hooghe-Peters. 1992. 'Expression of
interleukin (IL)-1 beta, IL-6 and their respective receptors in the normal rat brain and
after injury', Eur JImmunol, 22: 2963-71.

Yan, Hai, D. Williams Parsons, Genglin Jin, Roger McLendon, B. Ahmed Rasheed, Weishi Yuan,
Ivan Kos, Ines Batinic-Haberle, Sian Jones, J. Riggins Gregory, Henry Friedman, Allan
Friedman, David Reardon, James Herndon, W. Kinzler Kenneth, E. Velculescu Victor,
Bert Vogelstein, and D. Bigner Darell. 'IDH1 and IDH2 Mutations in Gliomas', New
England Journal of Medicine, 360: 765-73.

Yang, Fei, Song Zhou, Chuandong Wang, Yan Huang, Huiwu Li, You Wang, Zhenan Zhu, Jian
Tang, and Mengning Yan. 2017. 'Epigenetic modifications of interleukin-6 in synovial
fibroblasts from osteoarthritis patients', Scientific Reports, 7: 43592.

Yang, K., X. S. Mu, and R. L. Hayes. 1995. 'Increased cortical nuclear factor-kappa B (NF-kappa
B) DNA binding activity after traumatic brain injury in rats', Neurosci Lett, 197: 101-4.

Yang, Sung H, Matt Gangidine, Timothy A Pritts, Michael D Goodman, and Alex B Lentsch. 2013.
'Interleukin 6 mediates neuroinflammation and motor coordination deficits after mild
traumatic brain injury and brief hypoxia in mice', Shock, 40: 471-75.

196




Yang, Y., W. Fu, J. Chen, N. Olashaw, X. Zhang, S. V. Nicosia, K. Bhalla, and W. Bai. 2007. 'SIRT1
sumoylation regulates its deacetylase activity and cellular response to genotoxic stress),
Nat Cell Biol, 9: 1253-62.

Yates, Melinda S., and Thomas W. Kensler. 2007. 'Chemopreventive promise of targeting the
Nrf2 pathway', Drug news &amp; perspectives, 20: 109-17.

Yazdi, Amir S, and Kamran Ghoreschi. 2016. 'The interleukin-1 family', Regulation of cytokine
gene expression in immunity and diseases: 21-29.

Ye, F., X. Kong, H. Zhang, Y. Liu, Z. Shao, J. Jin, Y. Cai, R. Zhang, L. Li, Y. W. Zhang, Y. C. Liu, C.
Zhang, W. Xie, K. Yu, H. Ding, K. Zhao, S. Chen, H. Jiang, S. B. Baylin, and C. Luo. 2018.
'Biochemical Studies and Molecular Dynamic Simulations Reveal the Molecular Basis of
Conformational Changes in DNA Methyltransferase-1', ACS Chem Biol, 13: 772-81.

Yin, J. J., M. J. Smith, R. M. Eppley, S. W. Page, and J. A. Sphon. 1998. 'Effects of fumonisin B1 on
lipid peroxidation in membranes', Biochim Biophys Acta, 1371: 134-42.

Younesian, S., A. M. Yousefi, M. Momeny, S. H. Ghaffari, and D. Bashash. 2022. 'The DNA
Methylation in Neurological Diseases', Cells, 11.

Yuan, Q., Y. Jiang, Y. Fan, Y. Ma, H. Lei, and J. Su. 2019. 'Fumonisin B(1) Induces Oxidative Stress
and Breaks Barrier Functions in Pig Iliac Endothelium Cells', Toxins (Basel), 11.

Yuan, Yu, Weidong Men, Xiaosong Shan, Hexin Zhai, Xiaoxia Qiao, Lianting Geng, and Chunhui
Li. 2020. 'Baicalein exerts neuroprotective effect against ischaemic/reperfusion injury
via alteration of NF-kB and LOX and AMPK/Nrf2 pathway', Inflammopharmacology, 28:
1327-41.

Yushko, L. V., A. D. Shevlyakov, M. A. Romazeva, K. V. Apukhtin, A. D. Volgin, D. A. Abramov, M.
M. Kotova, and A. V. Kalueff. 2024. 'The Role of DNA Methylation in Zebrafish Models of
CNS Diseases', Journal of Evolutionary Biochemistry and Physiology, 60: 973-87.

Zadeh, Mohammad Hossein Balal, and Hossein Shahdadi. 2015. 'Nanocellulose coated with
various free fatty acids can adsorb fumonisin B1, and decrease its toxicity', Colloids and
Surfaces B: Biointerfaces, 134: 26-30.

Zain, Mohamed E. 2011. 'Impact of mycotoxins on humans and animals', Journal of Saudi
Chemical Society, 15: 129-44.

Zanos, T. P,, H. A. Silverman, T. Levy, T. Tsaava, E. Battinelli, P. W. Lorraine, J. M. Ashe, S. S.
Chavan, K. J. Tracey, and C. E. Bouton. 2018. 'ldentification of cytokine-specific sensory
neural signals by decoding murine vagus nerve activity, Proc Natl Acad Sci U S A, 115:
E4843-e52.

Zhang, F., J. H. Pomerantz, G. Sen, A. T. Palermo, and H. M. Blau. 2007. 'Active tissue-specific
DNA demethylation conferred by somatic cell nuclei in stable heterokaryons', Proc Natl
Acad SciUS A, 104: 4395-400.

Zhang, Haiqing, Defeng Qi, Jinhui Li, Tao Peng, Linging Yang, Jianhui Yuan, Yuying Zhang, Yuan
Hu, Jialin Su, Biao Que, Mengxi Li, Guoren Zhou, Yuxin Chen, Wenjuan Zhang, and
Weidong Ji. 2018. 'A novel regulatory circuit of miR-152 and DNMT1 in human bladder
cancer’, Oncol Rep, 40: 1803-12.

Zhang, J. M., and J. An. 2007. 'Cytokines, inflammation, and pain', Int Anesthesiol Clin, 45: 27-
37.

Zhang, N., X. Tian, T. Yan, H. Wang, D. Zhang, C. Lin, Q. Liu, and S. Jiang. 2023. 'Insights into the
role of nucleotide methylation in metabolic-associated fatty liver disease’, Front
Immunol, 14: 1148722.

Zhang, Xiang Yang, Da-Chun Chen, Yun-Long Tan, Shu-ping Tan, Zhi-Ren Wang, Fu-De Yang,
Olaoluwa O. Okusaga, Giovana B. Zunta-Soares, and Jair C. Soares. 2015. 'The interplay
between BDNF and oxidative stress in chronic schizophrenia’,
Psychoneuroendocrinology, 51: 201-08.

Zhang, Yingying, Jocelyn Charlton, Rahul Karnik, Isabel Beerman, Zachary D. Smith, Hongcang
Gu, Patrick Boyle, Xiaoli Mi, Kendell Clement, Ramona Pop, Andreas Gnirke, Derrick J.

197




Rossi, and Alexander Meissner. 2018. 'Targets and genomic constraints of ectopic
Dnmt3b expression', eLife, 7: e40757.

Zhao, F., J. Zhu, L. Shi, and X. Wu. 2022. 'OGG1 in the Kidney: Beyond Base Excision Repair', Oxid
Med Cell Longev, 2022: 5774641.

Zhao, Shu-Lei, Sheng-Tao Zhu, Xiaowen Hao, Peng Li, and Shu-Tian Zhang. 2011. 'Effects of DNA
methyltransferase 1 inhibition on esophageal squamous cell carcinoma’, Diseases of
the Esophagus, 24: 601-10.

Zhao, Zhujiang, Qingxiang Wu, Jian Cheng, Xuemei Qiu, Jiangiong Zhang, and Hong Fan. 2010.
'Depletion of DNMT3A suppressed cell proliferation and restored PTEN in hepatocellular
carcinoma cell', BioMed Research International, 2010: 737535.

Zhou, Xiaolong, Ziheng Zhuang, Wentao Wang, Lingfeng He, Huan Wu, Yan Cao, Feiyan Pan, Jing
Zhao, Zhigang Hu, Chandra Sekhar, and Zhigang Guo. 2016. 'OGG1 is essential in
oxidative stress induced DNA demethylation', Cellular Signalling, 28: 1163-71.

Zhou, Z., X. Peng, R. Insolera, D. J. Fink, and M. Mata. 2009. 'Interleukin-10 provides direct
trophic support to neurons', J Neurochem, 110: 1617-27.

Zhu, F., and Y. Wang. 2022. 'Fumonisin B(1) Induces Immunotoxicity and Apoptosis of Chicken
Splenic Lymphocytes', Front Vet Sci, 9: 898121.

Zhu, Qiong, Liang Wang, Ying Zhang, Feng-hua Zhao, Jing Luo, Zheng Xiao, Guo-jun Chen, and
Xue-feng Wang. 2012. 'Increased Expression of DNA methyltransferase 1 and 3a in
Human Temporal Lobe Epilepsy', Journal of Molecular Neuroscience, 46: 420-26.

Zhubi, A., M. Veldic, N. V. Puri, B. Kadriu, H. Caruncho, |. Loza, H. Sershen, A. Lajtha, R. C.
Smith, A. Guidotti, J. M. Davis, and E. Costa. 2009. 'An upregulation of DNA-
methyltransferase 1 and 3a expressed in telencephalic GABAergic neurons of
schizophrenia patients is also detected in peripheral blood lymphocytes', Schizophrenia
Research, 111: 115-22.

Ziech, Dominique, Rodrigo Franco, Aglaia Pappa, and Mihalis |. Panayiotidis. 2011. 'Reactive
Oxygen Species (ROS)—Induced genetic and epigenetic alterations in human
carcinogenesis', Mutation Research/Fundamental and Molecular Mechanisms of
Mutagenesis, 711: 167-73.

Zong, Yao, Hao Li, Peng Liao, Long Chen, Yao Pan, Yonggiang Zheng, Changging Zhang, Delin
Liu, Minghao Zheng, and Junjie Gao. 2024. 'Mitochondrial dysfunction: mechanisms and
advances in therapy!, Signal Transduction and Targeted Therapy, 9: 124.

198




APPENDIX

6.1 UKZN examination rules

The UKZN College of Health Science (CHS) Handbook outlines the requirements for a PhD thesis,
specifying that it should be presented in the standard format along with one published paper or an
unpublished manuscript that has been submitted to an accredited journal, based on the doctoral research.
According to CHS16 (Thesis by Publications), the thesis may consist of at least three published papers
or papers in press in accredited journals, with the student listed as the primary author. CHS16 also
allows for a thesis by manuscript, where the thesis may include at least three manuscripts, with the
student as the primary author, that have not yet been published but are in preparation. At least two of
these manuscripts must represent original research. In both cases (thesis by publications or by

manuscript), the thesis must include introductory and concluding sections that integrate the work.

6.2 DNA methylation assay
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Figure 6.1: DNA methylation standard curve used to determine the 5-methylcytosine content in FB;-

treated US7MG cells.
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6.3 BCA assay
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Figure 6.2: The BCA assay standard curve with known bovine serum albumin (BSA) concentrations (0,

0.2, 0.4, 0.6, 0.8, 1 mg/ml) was used to determine the protein concentration of each sample (n=3).

6.4 Ethics statement

This study was carried out using a commercially available cell line in an in vitro laboratory setting, with
strict adherence to ethical guidelines. As the study was conducted using in vitro cell cultures, it was

exempt from ethical considerations.

6.5 TBARS assay equation

Sample Optical Density
MDA-TBA = x 1000
156 mM~1

Note: 156 mM ! is the absorption co-efficient for measuring malondialdehyde (MDA).

6.6 RNA concentrations

Table 6.1: RNA concentrations and absorbances values obtained for control and FB; samples

RNA Sample | Nucleic Acid A260 A280 A260/280
ID Conc Absorbance | Absorbance ration
Control 539.8 ng/ul 13,496 6,633 2,03
FB: 880 686 ng/ul 17,151 8,726 1,97
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6.7 Example of qPCR melt curves obtained for this study

A) Melt Curve B) Melt Curve
T T T T T T T T T T T T T T
E 2800 z - .
2800 + -
2800 F ¢ 2800
2700 1 2700
2600 ] - 2500
2500 é 2600
2400 2400
2300 &
2300
2200 ]
2200
Temperature, Celsius
Temperature, Celsius
C) Melt Curve D) Melt Curve
T T T T T T T T T T T T T T
3000 L.~ - : : 5
2800
2900
2500 1 2700
2700 J 2800
= 2
T 2600 & 2500
2500
2400
2400
2300 L. =5 2300
2200 1 2200
E Temperature, Celsiug Temperature, Celsius
) Melt Curve Melt C
urve
3000 4 F) T T T T T T T
2000 ] 3000 L. : : : : : :
2800 | 2800 £
2800 4
2700
2700 4§
g 2600 ] 2
& 2500 ]
2500
2500 4
2400 3 2400 4
2300 & 2300 L.
2200 3 2200 §
Temperature, Celsius H Temperature, Celsius
G Melt Curve ) Melt Curve
T T T T T T T 2800 T T T T T T
2100 L. : : : . . : : : : : : :
2800 F--
3000
2900 3 2700 1
2800 F. . = 2500 ..
g 2700 ; 2500 F. .
2800 4 2400 1
2500
2300 7
2400
2300 4 2200 1
2200 2100 1
Temperature, Celgius Temperature, Celsius

Figure 6.3: Melt curves of DNMT1(A), DNMT3A (B), DNMT3B (B), MBD2 (C), CAT (D), GPx (E),
NRF-2 (F), COX-2 (G), NF-kf (G) and I/L-10 (H) genes from the qPCR analysis of this study. DNMT:
DNA methyltransferase; MBD2: Methyl-CpG binding domain 2; CAT: Catalase; GPx: Glutathione
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w21 v fx
A B c D E F G H
1 |Gapdh Ave
2 Control 15,59 17.13 15.84 " 16,19
3 880 16,12 1506 14,87 " 15,35
4
5
]
7 ACT
s |CAT
g Control 2549 26,75 27,31 " 930" 1056~
10 880 27,20 2748 27,12 " 11,85 " 1213

peroxidase; NRF-2: Nuclear factor erythroid 2-related factor 2; COX-2: Cyclooxygenase-2; NF-kf3:
Nuclear factor kappa B; IL-10: interleukin-10

6.8 Ct Method explanation

ACT calculation as colour coded:
2549-16,19
26,75- 16,19
27.31-16,19
27,20-15,35
2748-1535
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AACT calculation as colour coded Fold Change equations as colour coded
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12,13 -10,33

Figure 6.4: Example of fold change calculation using the Ct method for Catalase gene expression.

6.9 Cytobuster recipe

Cytobuster was obtained from Novagen (catalogue no. 71009) while the protease and phosphatase

inhibitors were obtained from Roche (catalogue nos. 05892791001 and 04906837001, respectively).

6.10  Full blot images for all proteins and their corresponding p-actin expressions assessed in

this study
A)

B) - o)

£8,

.

Figure 6.5: DNMT1 (A), DNMT3A (B) and MBD2 (C) full blot images. The MBD2 membrane (C)
has 2 bands as the antibody used probes for both MBD2 and MBD3. DNMT: DNA methyltransferase;
MBD2: Methyl-CpG binding domain 2.
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Figure 6.6: Full B-actin blot images used to normalize the protein expressions of DNMT1 (A), DNMT
3A (B) and MBD2 (C). DNMT: DNA methyltransferase; MBD2: Methyl-CpG binding domain 2.

B) 0 D)

Figure 6.7: SOD2 (A), CAT (B), tNRF-2 (C) and pNRF-2 full blot images used to determine protein
expressions. SOD2: Superoxide dismutase 2; CAT: Catalase; NRF-2: Nuclear factor erythroid 2-
related factor 2.
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Figure 6.8: Full B-actin blot images used to normalize the protein expressions of SOD2 (A), CAT (B),
tNRF-2 (C) and pNRF-2 (C). SOD2: Superoxide dismutase 2; CAT: Catalase; NRF-2: Nuclear factor
erythroid 2-related factor 2.

D)

Figure 6.9: SIRT3 (A), LONP1 (B), HSP 60 (C) and TFAM full blot images used to determine protein
expressions. SIRT: Sirtuin; LONP1: Lon protease 1; HSP: Heat shock protein; TFAM: Mitochondrial
transcription factor A.
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Figure 6.10: Full -actin blot images used to normalize the protein expressions of SIRT3 (A), LONP1
(B), HSP60 (C) and TFAM (D). SIRT: Sirtuin; LONP1: Lon protease 1; HSP: Heat shock protein;
TFAM: Mitochondrial transcription factor A.
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Figure 6.11: IL-1B (A), TNF-a (B), COX-2 (C) and BDNF (D) full blot images used to determine
protein expressions. IL-10: Interleukin 1 beta; TNF-a: Tumour necrosis factor-alpha; COX-2:

Cyclooxygenase-2; BDNF: Brain-derived neurotrophic factor.
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Figure 6.12: Full B-actin blot images used to normalize the protein expressions of IL-1 (A), TNF-a
(B), COX-2 (C) and BDNF (D). IL-1p: Interleukin 1 beta; TNF-a: Tumour necrosis factor-alpha;
COX-2: Cyclooxygenase-2; BDNF: Brain-derived neurotrophic factor.
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