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Summary of thesis contents

Dendritic spines are post-synaptic structures that play a central role in excitatory synaptic
transmission. Morphological characteristics of spines form the basis of synapse function and that
of cognitive ability in the mammalian brain. To date, it remains largely unknown how the
morphological features of spines and cognitive ability in adulthood are determined during
development.

a-chimaerin is a Rac-specific GTPase-activating protein (RacGAP), which inactivates
Rac-GTPase; Rac-GTPase is a positive regulator of actin polymerization. a-chimaerin is
composed of al- and a2-isoforms (al1-chimaerin and a2-chimaerin) generated as alternatively
spliced products. Some in vivo functions of a-chimaerin are known by studies in
a-chimaerin-deficient (aChnKO) mouse lines: For example, a-chimaerin regulates midline axon
guidance of the corticospinal tract and central pattern generator as a key mediator of
ephrinB3/EphA4 forward-signaling, and its loss-of-function results in hopping gaits in the
animal. These reports reveal important roles for a-chimaerin in regulation of actin dynamics in
axonal growth cones during axon guidance. On the other hand, at present, there is little in vivo
evidence for the involvement of a-chimaerin in dendritic spine morphogenesis, which also
largely relies on regulation of actin dynamics. Furthermore, the contributions of a-chimaerin to
higher brain functions remain totally unexplored. The present study reveals that a2-chimaerin
during development is involved in spine morphogenesis and plays a role in adjustment of
cognitive ability in adulthood.

First, to investigate roles of a-chimaerin and its isoforms in neuronal circuit and animal
behavior, I performed behavioral tests on a series of global and conditional KO mice of
a-chimaerin and its isoforms. Intriguingly, global aChnKO mice exhibited a variety of
phenotypes, including increased contextual fear learning, increased locomotor activity, and
decreased anxiety-like behavior, in addition to their hopping gait. Dorsal telencephalon
(DT)-specific a-chimaerin KO (DT-aChnKO) mice also showed increased contextual fear
learning, although they showed normal phenotypes in other behavioral paradigms examined. The
increased contextual fear learning was observed in a2-chimaerin-specific KO (a¢2KO) mice and
DT-specific a2KO (DT-02KO) mice, too, but not in al-chimaerin-specific KO (a1KO) mice or
adult-specific a2KO (Ad-02KO) mice. These results suggest that a2-chimaerin acts in the DT
during development to establish normal contextual fear learning in adulthood.

Next, I analyzed morphological changes that may be responsible for increased contextual
fear learning ability of the DT-a2KO mice. I have focused on hippocampus (particularly
hippocampus CA1) because I found that a2-chimaeirn expression is highest in the hippocampal
CA1 ant that DT-a2KO mice showed increases not only in the contextual fear learning but also in
another hippocampus-dependent learning paradigm. I found no alterations in gross axonal

projection patterns and dendrite morphology of hippocampal neurons of DT-a2KO mice.
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However, the DT-0a2KO mice exhibited increased spine size and density of hippocampal CAl
pyramidal neurons; I did not observe similar phenotypes in either Ad-a2KO or DT-a1KO mice.
Similar spine enlargement was observed in young DT-a2KO mice. These results suggest that
a2-chimaerin during development contributes to dendritic spine morphology (e.g. size and
density) in adulthood. Consistent with the increment of spine size and density, basal synaptic
transmission was increased in DT-a2KO mouse hippocampal slices. To obtain further insight into
the mechanisms by which a2-chimaerin regulates spine morphogenesis, [ performed single-cell
overexpression experiments. The overexpression of a2-chimaerin in the hippocampal pyramidal
neurons of young wild-type mice decreased spine size. On the other hand, overexpression of the
RacGAP-inactive form of a2-chimaerin failed to alter spine size. These results suggest that
RacGAP activity of a2-chimaerin regulates spine size through cell-autonomous mechanism.

Finally, I determined an upstream signaling mechanism involved in
a2-chimaerin-dependent spine morphogenesis. I hypothesized that ephrinA3/EphA4
forward-signaling may contribute to a2-chimaerin-dependent spine morphogenesis, because it is
reported that at the CA1, EphA4 is enriched in dendritic spines and ephrinA3 is located on the
astrocytic processes near the spines; EphA4KO mice show increased spine size and density in
hippocampal CA1 pyramidal neurons, which are similar to my observation of the DT-a2KO mice.
To test this hypothesis, I performed a spine retraction assay using slice cultures of the
developing hippocampus. Consistent with previous reports, ephrinA-stimulation induced a
reduction of spine numbers. By contrast, this ephrinA-induced spine retraction was suppressed in
02K O neurons. These results support my hypothesis that a2-chimaerin acts as a downstream
effector of ephrinA/EphA4 forward-signaling in spine morphogenesis in the developing
hippocampus.

Taken together, my findings suggest that developmental RacGAP a2-chimaerin adjusts the
hippocampal spine morphology in adulthood by mediating ephrinA/EphA4 forward-signaling,
and establishes normal cognitive ability. These findings reveal a new mechanism operating in the
developing brain to establish normal morphological features of dendritic spines and cognitive
ability in adulthood, and provide insights into a therapeutic approach to treating
neurodevelopmental psychiatric disorders, including autism spectrum disorders and

schizophrenia.
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