Cell type-specific cholinergic neuromodulation in the
hippocampus: roles in normal and disease states
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Interneuron Diversity in the CA1 Hippocampus
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Distinct contributions of interneuron subtypes to theta oscillations

“Chronocircuits”
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adapted from Moser, 2003

Klausberger et al., 2003



Pacing of the hippocampus by the medial septum

medial septum hippocampus

) GABAergic

adapted from Borhegyi et al., 2004



Cholinergic control of excitation/inhibition balance
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Cell type-specific responses of carbachol/
muscarine in frontal cortex
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Interneuron Diversity in the CA1 Hippocampus
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MAChR-Induced ADPs are hallmark features of O-LM interneurons
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MAChR activation increases firing reliability
in O-LM interneurons
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Simulation of Im inhibition and augmentation in O-LM interneuron model
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Interneuron Diversity in the CA1 Hippocampus
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PV BCs and CCK BCs exhibit distinct cholinergic phenotypes
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The presence of M3 mMAChRs distinguishes CCK-BCs from PV-BCs
B
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PV BC - CA1 pyramidal cell unitary transmission
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Muscarine inhibits unitary PV-GFP-pyramidal cell transmission
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Frequency dependence of mMAChR-induced effects on GABA release
from PV+ basket cells
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A Low Variance Synapse - Yippie!

50 Hz
B

cont
musc L_ﬁz;j w -
3 o2 = (1 + C\/Z)q| - 12/N
<‘§' 02 = variance
g [ = mean
U "
5 g = quantal amplitude
3 N = # of release sites
g p, = I/Nq

CV = intrasite CV

Mean (pA)



Variance-mean analysis on unitary PV-pyramidal cell transmission
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Mathematical model of MAChR modulation of PV BC transmission
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Cell-type specificity of cholinergic modulation

Remaining questions:

A CA1 hippocampus B e receptor localization
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Cobb and Lawrence 2010



Evidence for direct postsynaptic targets of
cholinergic terminals in the hippocampus

Frotscher and Leranth 1985



Contrasting modes of cholinergic transmission

Volumetric Transmission

a
number of ACh terminals

distance from surface (um)

Do different interneuron subtypes utilize different modes of cholinergic
transmission?

Need to know physiological effect + spatial localization of cholinergic
afferents
Ben Holloway



ChR2-YFP injection into the medial septum
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Genetic deletion of M1 mAChRs from PV+ cells using the
CRE/loxP system

floxed M1

Ben Holloway and Kurt Stoll
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Cell-type specificity of cholinergic modulation
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