
 

Distinct wiring mode found in chandelier
cells
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Researchers at the Max Planck Florida Institute for Neuroscience identify the
wiring process of a unique type of inhibitory cells implicated in several diseases.
Credit: (c) Max Planck Florida Institute for Neuroscience
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A basic tenet of neural development is that young neurons make far
more connections than they will actually use, with very little specificity.
They selectively maintain only the ones that they end up needing. Once
many of these connections are made, the brain employs a use-it or lose-it
strategy; if the organism's subsequent experiences stimulate the synapse,
it will strengthen and survive. If not, the synapse will weaken and
eventually disappear.

Researchers from Hiroki Taniguchi's lab at the Max Planck Florida
Institute for Neuroscience (MPFI) published a study in eNeuro in May
2017 showing for the first time that a unique type of inhibitory
interneuron called chandelier cells - which are implicated in several
diseases affecting the brain such as schizophrenia and epilepsy - seem to
develop their connections differently than other types of neurons.

Neurons have several dendrites - thin protrusions through which they
receive input from many other cells, but only one axon, where all the
information the cell receives is integrated and sent as a single outgoing
signal. Most cells' axons reach out and form synapses on other cells'
dendrites or cell bodies, but chandelier cells exclusively inhibitory
synapse on other cells' axon initial segments (AIS), right where the cell
begins to send its own signal down the axon. At this location, the
chandelier cells have a greater impact on other cell's behavior.
"Chandelier cells are the final gatekeeper of the action potential," said
Dr. Taniguchi. "We believe this role makes them an especially important
factor in controlling epilepsy, where over-excitement spreads throughout
the brain unchecked".

Using their own recently-developed genetic labeling techniques for
tracking these cells in early development in mice, Taniguchi and his
team observed that, like most neurons, the cells remodeled their axonal
organization through development. They also found excessive axonal
varicosities that have been considered morphologically synaptic
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Diverse types of cortical interneurons (INs) mediate various kinds of inhibitory
control mechanisms to balance and shape network activity. Distinct IN subtypes
develop uniquely organized axonal arbors that innervate different subcellular
compartments of excitatory principal neurons (PNs), which critically contribute
to determining their output properties. However, it remains poorly understood
how they establish this peculiar axonal organization and synaptic connectivity
during development. Here, taking advantage of genetic labeling of IN
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progenitors, we examined developmental processes of axonal arbors and synaptic
connections formed by murine chandelier cells (ChCs), which innervate axon
initial segments (AISs) of PNs and thus powerfully regulate their spike
generation. Our quantitative analysis by light microscopy revealed that ChCs
overgrow and subsequently refine axonal branches as well as varicosities.
Interestingly, we found that although a significant number of axonal varicosities
are formed off AISs in addition to on AISs, presynaptic markers are
predominantly colocalized with those on AISs throughout development.
Immunoelectron microscopic (IEM) analysis also demonstrated that only
varicosities apposed to AISs contain presynaptic profiles. These results suggest
that subcellular synapse specificity of ChCs is genetically predetermined while
axonal geometry is shaped through remodeling. Molecular cues localized at AISs
may regulate target recognition and synapse formation by ChCs. Credit: (c) Max
Planck Florida Institute for Neuroscience

To investigate whether these varicosities actually contained synaptic
molecules, the team expressed synaptic markers in the chandelier cells
using transplantation techniques.

What they found was surprising. Only those varicosities that were
associated with the AIS contained synapses - the rest appeared to be
empty throughout development. This was also corroborated by their
ultrastructures obtained with electron microscopy.

These findings provide a big clue to understanding how this important
cell type properly wires a unique circuit.

Now the researchers must ask: what purpose do these empty varicosities
service and what molecules help direct chandelier cells to recognize the
AIS?

The team plans to use live cell imaging to explore the function of the
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empty varicosities in axonal wiring. "There must be some genes that are
necessary and possibly also sufficient to guide the chandelier cell axons
to this subcellular target," said Andre Steineke, Ph.D., Postdoctoral
Researcher and lead author on the study. He explained that it's likely that
these genes do not function properly during development in patients
suffering from schizophrenia, epilepsy, or other diseases. Once
identified, they may be valuable targets for drug development. Future
studies on the molecular and cellular mechanisms of chandelier cell
wiring will uncover important insights into how inhibitory circuits are
assembled during development.

  More information: André Steinecke et al, Neocortical Chandelier
Cells Developmentally Shape Axonal Arbors through Reorganization but
Establish Subcellular Synapse Specificity without Refinement, eneuro
(2017). DOI: 10.1523/ENEURO.0057-17.2017
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