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Myecotoxins are known to cause health hazard on human and farm animals due to contamination with
various crops. Because their extremely hazardous material profile, establishment of standards formulation to
control mycotoxin levels in foods and foodstuff is imperative, and broad range of toxicological information
in each mycotoxin is required. In the present study, to assess the risk of mycotoxin-induced developmental
neurotoxicity, maternal exposure effect of mycotoxins was examined. For this purpose, this study focused on
hippocampal neurogenesis which occurs in the dentate gyrus during postnatal life, and analyzed the target
cells in granule cell lineages and interneuron subpopulations after developmental exposure to mycotoxins in
rodents. The present study further examined the responsible mechanism, reversibility and no observed
adverse effect level (NOAEL) in each mycotoxin examined. The involvement of oxidative stress was also
examined in association the disruptive neurogenesis by mycotoxins from the viewpoint of the expression
changes of related markers.

In chapter 1, to investigate the developmental exposure effect of citreoviridin (CIT) on postnatal
hippocampal neurogenesis, pregnant ICR mice were dietary exposed to CIT at 0, 1, 3 and 10 ppm from
gestation day 6 to postnatal day (PND) 21 on weaning. Offspring were maintained through PND 77 without
CIT exposure. Male offspring were analyzed for hippocampal neurogenesis. At 10 ppm on PND 21, weak
changes suggestive of neural stem cell reduction and progenitor cell proliferation were observed in the
subgranular zone (SGZ) of the dentate gyrus. The number of hilar calbindin 1* interneurons reduced,
suggesting an influence on neurogenesis. In contrast, the number of hilar somatostatin® interneurons
increased and neurotrophic factor-related Bdnf and Ntrk2 transcripts upregulated in the dentate gyrus,
suggesting a facilitation of BDNF-TRKB signaling for progenitor cell proliferation. Transcript expression
changes of an outside regulatory system suggested suppressed function of GABAergic interneurons,
especially of parvalbumin (PVALB)" interneurons for compensation on neural stem cell reduction. At >
3 ppm, the number of synaptic plasticity-related ARC* mature granule cells increased, and at 10 ppm, the
number of hilar AMPA glutamate receptor GRIA1" cells increased and Gria2 and Gria3 upregulated,
suggesting an operation of AMPA receptor membrane trafficking on the increase of ARC-mediated synaptic
plasticity. On PND 77, all the transcript expression changes of the neurogenesis regulatory system except for
Grin2d were inverted, suggesting an operation of a homeostatic mechanism on CIT-induced disruptive
neurogenesis. Simultaneous downregulation of NMDA glutamate receptor genes, i.e., Grin2a and Grin2d,
suggests suppression of GABAergic interneuron function to adjust neurogenesis at the normal level. The
NOAEL of CIT for offspring neurogenesis was determined to be 1 ppm, translating to 0.13-0.51 mg/kg body
weight/day of maternal oral exposure.



In chapter 2, to investigate the developmental exposure effect of diacetoxyscirpenol (DAS) on postnatal
hippocampal neurogenesis, pregnant ICR mice were provided a diet containing DAS at 0, 0.6, 2.0, or 6.0
ppm from gestational day 6 to day 21 on weaning after delivery. Offspring were maintained through PND 77
without DAS exposure. On PND 21, neural stem cells (NSCs) and all subpopulations of proliferating
progenitor cells were suggested to decrease in number in the SGZ at > 2.0 ppm. At 6.0 ppm, increases of
SGZ cells showing TUNEL'", metallothionein (MT)-I/IT*, y-H2AX" or malondialdehyde®, and transcript
downregulation of Oggl, Parpl and Kit without changing the level of double-stranded DNA break-related
genes were observed in the dentate gyrus, suggesting an induction of oxidative DNA damage of NSCs and
early-stage progenitor cells leading to their apoptosis. Cdkn2a, RbI and Trp53 downregulated transcripts,
suggesting an increased vulnerability to the DNA damage. Hilar PVALB® GABAergic interneurons
decreased the number and Grin2a and Chrna7 downregulated, suggesting a suppression of type-2-progenitor
cell differentiation. On PND 77, hilar interneurons immunoreactive for RELN, a molecule related to
neuronal differentiation and migration, increased the numbers at > 2.0 ppm, and RELN-related [ltsnl
transcripts upregulated and ARC" granule cells decreased at 6.0 ppm. Increased RELN signals may be
ameliorating response to the decreases of NSCs and ARC-mediated synaptic plasticity. These results suggest
that DAS reversibly disrupts hippocampal neurogenesis by inducing oxidative cellular injury and suppressed
differentiation of granule cell lineages. The NOAEL of DAS for offspring neurogenesis was determined to
be 0.6 ppm, translating to 0.09-0.29 mg/kg body weight/day of maternal oral exposure.

Previous study reported that developmental exposure to T-2 toxin caused transient disruption of the
hippocampal neurogenesis targeting neural stem cells (NSCs) and early-stage progenitor cells involving
oxidative stress on weaning in mouse offspring. In chapter 3, to investigate the toxicological relevance of
MT-I/II, molecules function on removing oxidative stress and neuronal protection, in animals exposed
developmentally to T-2 toxin at 0, 1, 3 and 9 ppm in diet, male offspring were analyzed for
immunohistochemical expression changes and their cellular identity in brain regions. MT-I/IT* cells
increased in the SGZ of the dentate gyrus and cerebral cortex at > 3 ppm and in the hilus of the dentate gyrus,
corpus callosum, and cerebellum at 9 ppm on PND 21, suggestive of operation of cytoprotective function
against oxidative stress throughout the brain. Double immunohistochemistry analysis revealed MT-I/II" SGZ
cells to be NSCs and MT-I/II" cells in other brain regions to be astrocytes as toxicity targets of T-2 toxin.
Phosphorylated STAT3" cell numbers increased only in the cerebellum in parallel with the increase of
GFAP" astrocytes at 9 ppm, suggesting a STAT3-mediated transcriptional GFAP upregulation in cerebellar
astrocytes. In the dentate gyrus, ///a, Il1r], and M¢2 increased transcripts at 9 ppm, suggesting activation of
the IL-1 signaling cascade, possibly causing MT-II upregulation. These results suggest that an operation of
cytoprotective function against T-2 toxin-induced oxidative stress throughout the brain. MT-I/IT" SGZ cells
were revealed to be NSCs and MT-I/IT* cells in other brain regions were revealed to be astrocytes as toxicity
targets of T-2 toxin.

In conclusion, by means of the evaluation on the distribution changes of granule cell lineages in the SGZ
and GABAergic interneuron in the dentate hilus, this study revealed that two mycotoxins examined induced
reversible developmental neurotoxicity showing different pattern of affection. In addition, it was found
involvement of elevated oxidative stress in the SGZ, decreased signaling of neurotransmitters or
neurotrophins to granule cells or interneurons to contribute to disruption of neurogenesis by maternal
exposure to mycotoxins. Thus, it can be concluded that the hippocampal neurogenesis is a novel target
endpoint of developmental mycotoxin toxicity and toxicological data of this study is expected to provide

valuable information for risk assessment of these mycotoxins on infantile population.






