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Summary of thesis contents

Oligodendrocytes are glial cells that myelinate neuronal axons in the central
nervous system (CNS). Myelin insulates axons to increase conduction velocity of
neuronal action potentials. Myelinating process induces a dynamic change in axonal
membrane protein localization, and segregates the axonal surface into four distinct
segments: the node of Ranvier, the paranode, the juxtaparanode, and the internode.
The paranodal region is unique in its ultrastructural characteristics and specific
axo-glial junction. These junctions are composed of three major paranodal proteins:
155-kD isoform of neurofascin (NF155) on the glial side, and Caspr and a
GPIl-anchored neural cell adhesion molecule contactin on the axonal side. Although
myelin internodes are thought to have crucial roles in cognition and motor functions,
the role of paranodal junction in neuronal responses remains unclear.

Previous magnetic resonance imaging (MRI) data showed that local and
restricted structural changes within the white matter were observed in schizophrenia
patient, suggesting that the focal abnormalities might influence brain function. |
hypothesized that the local disruption of paranodal junctions eventually influences
electrophysiological properties of entire system, such as motor system. Pyramidal
tract, a major motor pathway, has long-range connections through two synapses
towards the peripheral nervous system. Therefore, to determine whether site-directed
loss of paranodal junctions affect the electrophysiological property of motor system, |
injected adeno-associated virus type5 (AAV5) harboring EGFP-2A-Cre into the
internal capsule of NF155F'oFlox mjce  which led to disruption of paranodal junctions
in a focal region of pyramidal tract. | observed electromyogram and measured latency
in response to electric stimulation of the motor cortex. Electrophysiological analysis
showed that the latency was significantly delayed in NF155F'°¢FloX mice injected with
AAV5-EGFP-2A-Cre, compared to the control mice. These results demonstrate that
the motor system outputs were affected by focal ablation of the paranodal junctions.
This motor system contains two synaptic connections and thus my results suggest that
site-directed loss of paranodal junctions in other white matter area can affect the
electrophysiological properties of other systems as well.

The disruption of oligodendroglial paranodal junctions may also affect neurona
gene expression. To address this issue, | took advantage of conditional ablation of
NF155 in myelinating oligodendrocytes (Plp-CreERT;NF155F°XFlox mgyse). The
mouse displays a gradual loss of paranodal junctions and a concomitant
disorganization of axonal domains. To determine whether the expression of neuronal
genes is altered in response to the loss of paranodal junctions, | prepared total RNA
from Plp-CreERT;NF155F/°FloX mice and performed microarray analysis. | found that
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expression level of various neuronal genes changed in response to the ablation of
paranodal junctions. Among the identified genes, | focused on six genes that could
influence neuronal function and survival. Decorin and myosin heavy polypeptide 11
are survival factors for neurons, respectively. Pituitary tumor-transforming gene 1 and
dopachrome tautomerase are involved in tumor development, whereas TELO2
interacting protein 2 is a regulator of DNA damage response, and aquaporin 3 (Agp3)
functions to homeostatically maintain water molecule within the cell.

I next examined whether expression levels of the above-mentioned genes were
also changed in another mutant mouse line whose paranodes have never been formed.
A cerebroside sulfotransferase (CST) enzyme synthesizes sulfatide, a major lipid
component of the myelin sheath. CST mutant mice do not form paranodal junctions
throughout their development. Interestingly, expression of these identified genes were
significantly higher than that of control in Plp-CreERT;NF155F!9¥/Flox mijce, but not in
the CST-KO mice. These results suggest that some genes are sensitive to the paranodal
disruption only after the junction was formed.

Importantly, a previous study reported from our laboratory showed that the
disruption of paranodal junctions led to abnormal behavior in the mouse related to
schizophrenia. Copy number variant (CNV), a major source of genetic variation in the
human genome, contributes to the identification of the susceptibility genes for
schizophrenia. To further determine whether the genes identified by microarray
analysis were linked to schizophrenia, | examined whether some of the genes
identified in this study are present in the list of genes with CNV in the schizophrenic
patients. Intriguingly, | found that chromosomal duplications of the Agp3 locus were
frequently detected in schizophrenia patients. To analyze Agp3 expression in the CNS,
| examined the mRNA levels in the cerebral cortex. In the Plp-CreERT;NF155F!ox/Flox
mice, QgRT-PCR analysis showed significantly reduced expression of Aqp3.
Furthermore, | found that some Agp3* cells in the cerebral cortex were also positive
for neuron marker NeuN. These data may provide a new insight into the paranodal
physiological function as a therapeutic target for psychiatric disorders.
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Summary of the results of the doctoral thesis screening
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