Hippocampus- synthesized estrogen and androgen rapidly modulate dendritic spines and LTP In non-genomic manner
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Abstract

Rapid non-genomic modulation by neurosteroids of synapses has advantages in
regulation of learning and memory. Non-genomic rapid modulation of synapses can
well be performed in combination with locally synthesized neurosteroids, not with
circulating steroids whose concentration is changed slowly. [Local Synthesis in
Hippocampal Neurons] We showed expression as well as neuronal/synaptic
localization of essential enzymes (MRNA and protein) in the adult male rat
hippocampus. Mass-spectrometric analysis demonstrated that hippocampal levels of
estradiol (E2), testosterone (T), dihydrotestosterone (DHT) were 8 nM, 17 nM and 7
NnM, respectively, which are significantly higher than their levels in plasma.

E2 synthesis is rapid (within 30 min) as observed by suppression of E2-LTP by
application of letrozole, P450arom inhibitor, due to rapid decrease in E2 level.
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[Rapid Dendritic Spine Modulation] E2 and androgen-induced rapid non-genomic Control DHT | |
modulations (within 2 h) are observed in spine increase and LTP-induction in adult (:g"'ff') (1"Ml (IOnM) ﬂOnM) (10nM) Q
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determined by 3-D mathematical analysis. E2 at 1 -10 nM rapidly (within 2 h) and Further analysis of head diameter 0.2-0.4um 0.4-0.5um 0.5-1.0um — ortactin
selectively increased the density of small-head spines, in CA1 pyramidal neurons. T distribution S-actn !
I Actin polymerization

and DHT at 10 nM increased the density of small-head spines and large-head spines,
respectively. [Rapid LTP Modulation] E2-induced rapid modulation (within 1 h) of
L TP was demonstrated with adult male rat hippocampal slices. Upon weak theta-
burst stimulation, 10 nM E2 perfusion (within 1 h) induced full-LTP (E2-assisted
LTP), although without E2 this sub-threshold stimulation did not induce full-LTP.
DHT weakens this E2-assisted LTP. [Synaptic Membrane Receptors] Contribution of

Large-head spines have more AMPA receptors and memory capacity
v than small-head spines.
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E2 and T mainly increases small-head spines (0.2 —0.4 um) 11 Electrophysiology: E2 enhances LTP, DHT suppresses E2-LTP

whereas DHT mainly increases large-head spines (0.5 —1.0 um
classic ERalpha and AR to rapid modulations of spines and LTP was confirmed. Y 8 P ( M )

1. Estrogen (E2) acutely induces long-term potentiation (E2-LTP).
Classic ERalpha and AR were expressed at postsynapses, as observed by
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immunoelectron microscopic analysis. ERalpha agonist PPT induced rapid spine . 0.6 : : o T *k EE;(T;;,;) Kinases are involved in S|gnaI|ng of E2-LTP. (Hasegawa et al., 2015 Brain Res.)
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[Mechanisms of Rapid Modulation] Signaling pathways are summarized as follows: 0 — <mall middle large ® 0 20 40 60 - _
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