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Mechanisms of 5-azacytidine-induced damage and repair
process in the fetal brain
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The fetal central nervous system (CNS) is sensitive to diverse environmental factors,
such as alcohol, heavy metals, irradiation, mycotoxins, neurotransmitters, and DNA
damage, because a large number of processes occur during an extended period of
development. Fetal neural damage is an important issue affecting the completion of
normal CNS development. As many concepts about the brain development have been
recently revealed, it is necessary to compare the mechanism of developmental
abnormalities induced by extrinsic factors with the normal brain development.

To clarify the mechanism of fetal CNS damage, we used one experimental model in
which 5-azacytidine (5AzC), a DNA damaging and demethylating agent, was injected to
the dams of rodents to damage the fetal brain. 5AzC induced cell death (apoptosis)
and cell cycle arrest in the fetal brain, and it lead to microencephaly in the neonatal
brain. We investigated the mechanism of apoptosis and cell cycle arrest in the neural
progenitor cells in detail, and demonstrated that various cell cycle regulators were
changed in response to DNA damage. p53, the guardian of genome, played a main role
in these processes. Further, using DNA microarray analysis, the signal cascades of cell
cycle regulation were clearly shown. Our results indicate that neural progenitor cells
have the potential to repair the DNA damages via cell cyclearrest and to exclude
highly affected cells through the apoptotic process. If the stimulus and subsequent DNA
damage are high, brain development proceeds abnormally and results in malformation
in the neonatal brain.

Although the mechanisms of fetal brain injury and features of brain malformation after
birth have been well studied, the process between those stages is largely unknown, We
hypothesized that the fetal CNS has the ability to repair itself post-injuring, and
investigated the repair process after 5AzC-induced damage. Wefound that the damages
were repaired by 60 h after the treatment and developmental processes continued.
During the repair process, amoeboid microglial cells infiltrated in the brain tissue, some

of which ingested apoptotic cells. The expressions of genes categorized to glial cells,
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inflammation, extracellular matrix, glycolysis, and neurogenesis were upregulated in the
DNA microarray analysis. We show here that the developing brain has a capacity to
repair the damage induced by the extrinsic stresses, including changing the expression

of numerous genes and the induction of microglia to aid the repair process.
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Microencephaly is induced by 5AzC-treatment
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