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The brain contains an enormous number of neurons, which are assembled into functional neural networks and
also retain individuality. Clustered protocadherin (cPcdh) molecules are candidates for the molecular codes that
provide neuronal individuality and specific neural network formation. In this study, we investigate the molecular
mechanisms responsible for generating local neural networks and functional cell assembly in the brain by using
molecular tools and manipulations to control the expression and function of cPcdh molecules.

Yagi group revealed random and combinatorial gene expression of 53 cPcdh members in each individual neuron.
Each neuron expresses 2 Pcdh-a, 4 Pcdh-g and 4 Pcdh-y members. CTCF (CCCTC-binding factor) regulates their
random expression in individual neurons accompanied by configuration of DNA-looping of chromatin structure. And
Dnmt3b, that specifically modifies DNA methylation in the promoters of cPcdh genes during early embryonic stage,
controls the DNA methylation and the expression patterns of cPcdh genes in individual neurons. In addition, we
analyzed distinct and cooperative functions of the Pcdh clusters by generating six cluster-deletion mutants (4o, 45,
Ay, Aaf, APy, and Aafy). Although neurodegeneration was most severe in 4y among Ao, A4S and Ay, it was further
enhanced in 4oy mutants, indicating that Pcdh-a and Pcdh-# function for neuronal survival cooperatively with Pcdh-
y. In order to approach the postnatal function and characteristics of the clustered-Pcdh-null (4afy) neural circuits, we
generated the chimeric mice that transplant oSy iPS cells into mouse embryos. The surviving chimeric mice with a
high contribution of Aapy cells exhibited paralysis accompanied by their autonomous apoptosis of neurons in the
reticular formation of the brainstem, and died in the postnatal period. In cultured hippocampal neurons, the
spontaneous network activity of 4afy neurons appeared more synchronized and lost the variability in the number of
simultaneously active neurons found in the control. Thus cPcdh molecules are required for building normal functional
circuits.

Hirabayashi group showed that cortical excitatory neurons generated from the same neural stem cell establish
reciprocal synaptic connections in the same layer of the mouse barrel cortex. Furthermore, Dnmt3b and/or cPcdh
deficiencies in clonal neuron pairs impaired the formation and stabilization of connections to establish lineage-
specific connection reciprocity. Thus random expression and function of cPcdh molecules regulate network topology
among individual neurons.

Shibuki group found that visual map shifts in the primary visual cortex are induced by depression with spatial
eccentricity between each eye and whisker. Interestingly Pcdh-a null mice disrupt the visual map shifts based on
whisker-guided cues. Thus Pcdh-a molecules are required for building the neural networks for higher sensory
integration in the cortex.

In addition, we propose a novel neural network model (named as Gene-Matched Network), which reveals that
cPcdh molecules are candidates for the molecular codes for specific neural network formation. The gene-matched
network provides a small-world network with short path length and high clustering coefficient. These results indicated
that mechanism of generating neuronal individuality by cPcdh genes display significant roles for building functional
complex neural networks in the brain. Epigenetic modification and genetic polymorphism of cPcdh genes are related
to several neurological dysfunction and psychiatric diseases, suggesting that proceeding of our results will provide
understanding and developing therapeutic approaches against these diseases.
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We have investigated cPcdhal,12 mice, in which the number of variable isoforms of clustered
protocadherin o is reduced from twelve to two. In cPcdhal,12 mice, we found abnormalities in two types of
visual short-term memory and two types of higher functions that depend on sensory integration. Therefore, it is
expected that the molecular diversity of cPcdhs may be required for higher cognitive function including short-
term memory and sensory integration that depend on sparse circuit formation.

Regarding the impairment in short-term memory, the underlying mechanisms may be as followings:
Synaptic short-term potentiation is one of mechanisms for short-term memory. In order to convert synapse
potentiation to short-term memory, read-out circuits converting synaptic information to neuronal activity are
necessary. The read-out circuits need to be sparse circuits in which information do not diverge. Therefore, the
molecular diversity of clustered protocadherin a is required in the formation of such sparse read-out circuits.

Regarding the impairment in sensory integration, the underlying mechanisms may be as followings: Neural
mechanisms underlying sensory integration are largely unknown. One possible mechanism is formation of a
dynamic cell assembly, proposed by D. O. Hebb in 1949. In order to form a dynamic cell assembly, neurons
representing each piece of information need to form a functionally closed circuit. But it is unlikely that such a
closed circuit stably exists in the brain. Instead, we can assume the formation of a dynamic memory assembly in
which neurons representing each piece of information are substituted with short-term memory circuits storing
each piece of information. A dynamic memory assembly may stably be present in the brain as long as the short-
term memory components are stable. Since short-term memory depends on the molecular diversity of cluster type

protocadherin a, sensory integration must also depend on the molecular diversity of clustered protocadherin a.
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