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Summary of thesis contents

Sleep is an essential phenomenon which occurs in the brain. It is important to
maintain our lives since sleep deprivation for a few weeks leads mice to death.
However, we are not still able to answer the question “why do we need to sleep?”.
Recently, sleep disorders such as insomnia, sleep apnea syndrome and circadian
rhythm syndrome became national diseases. Thus, to reveal the mechanism of
sleep/wakefulness regulation and also sleep disorders has profound significance. |
focused on the orexin neurons which have a critical role in the regulation of
sleep/wakefulness. | studied following three topics using mouse models; local orexin
neural network (Chapter 1), the negative feedback circuit between orexin neurons and
serotonergic neurons (Chapter Il) and the mechanism of one of sleep disorders called
“narcolepsy” (Chapter I11).

Chapter I: Orexin directly excites orexin neurons through orexin 2 receptor

Orexin neurons have an important role in the regulation of sleep/wakefulness, and
especially in the maintenance of arousal. It has been reported that orexin neurons are
activated by orexin not directly but indirectly. However, here | revealed that orexin
neurons are directly and indirectly activated by orexin via orexin 2 receptor (OX2R).
Both orexin A (1 uM) and orexin B (1 uM) induced depolarization in orexin neurons,
which was still observed when neural networks were inhibited by tetrodotoxin (1 uM).
Orexin B application induced depolarization in orexin neurons of OX1R knockout
mice at comparable levels to wild-type mice. Whereas orexin B failed to depolarize
orexin neurons in the OX2R knockout mice. These results suggested that OX2R was a
primary receptor for this response. Moreover, immunoelectron microscopic analyses
revealed direct contacts among orexin neurons, which exhibited structural similarities
to the glutamatergic synapses. Taken together, these results suggest that orexin
neurons form a positive feedback circuit through indirect and direct pathways, which
results in the maintenance of the orexin neuron network at a high activity level and/or
for a longer period. Therefore, the activation of orexin neurons through OX2R might
have an important role in the maintenance of arousal.

Chapter I1: Influence of inhibitory serotonergic inputs to orexin neurons on the diurnal
rhythm of sleep and wakefulness

Serotonergic (5HT) neurons of the dorsal raphe nuclei receive excitatory input
from orexin neurons and are activated by orexin through both OX1R and OX2R. On
the other hand, orexin neurons are inhibited by 5HT through the 5SHT1A receptor.
Thus the existence of the negative feedback circuit between orexin neurons and 5HT
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neurons has been speculated. However, the physiological significance of this circuit
for sleep/wakefulness regulation is little understood. To reveal this role, SHT1A
receptor expression level was specifically and reversibly controlled in the orexin
neurons using the Tet-off system. Under the 5HT1A receptor overexpression condition,
orexin-tTA; TetO Htrla mice exhibited severe fragmentation of sleep/wakefulness
during the first half of the dark period, the time of maximal activity in nocturnal
rodents. On the other hand, sleep/wakefulness during the light period was unchanged.
However, when the 5SHT1A receptor in orexin neurons was reduced to basal expression
levels, sleep/wakefulness patterns in orexin-tTA; TetO Htrla mice were
indistinguishable from those of littermate TetO Htrla mice. These results strongly
suggest that inhibitory serotonergic input functions as negative feedback to orexin
neurons in the early dark period and to help stabilize wakefulness bouts, thereby
contributing to the diurnal rhythm of sleep and wakefulness.

Chapter Ill: Conditional ablation of orexin neurons: A new mouse model for the study
of narcolepsy and orexin system function

It is reported that one in six hundred people develops narcolepsy in Japan.
There are four main symptoms; excessive daytime sleepiness, fragmentation of sleep/
wakefulness, sleep paralysis and cataplexy. The pathoetiology of narcolepsy is a loss
of orexin neurons in human. For the narcolepsy study, prepro-orexin knockout mice,
orexin receptor knockout mice and orexin/ataxin-3 mice were used as narcolepsy
model mice. However, these mice were not perfect mouse models for narcolepsy since
they lose orexin functions before or soon after birth not in adolescence or early
adulthood. I introduced a novel narcolepsy mouse model “orexin-tTA; TetO diphtheria
toxin A fragment (DTA) mice” to address this problem. In this mouse, we can control
the DTA expression with or without doxycycline (DOX). About 86% and 95% of
orexin neurons were ablated at 1 and 2 weeks of DOX removal, respectively. 86% loss
of orexin neurons induced fragmentation of wakefulness during the dark period which
is an active period for mice. 95% loss of orexin neurons induced much severe
fragmentation of wakefulness and cataplexy. As further death of orexin neurons, each
symptom became severer. These results suggest that the progress of symptoms is
highly related with the number of orexin neurons.
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