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Fig. 1 The Na, channel is co-localized with a glia-specific glutamate transporter GLAST in the SFO and OVLT.

Coronal tissue sections of the SFO (A-C) and OVLT (D-F) were double-stained with anti-Nay (A, D) and GLAST (B, E) antibodies. Right
panels (C, F) are merged images of the left (A, D) and middle (B, E) panels. Asterisks indicate the ventricles. A large number of round
GLAST- and Nay-negative black holes represent neuronal cell bodies. Scale bar: 10 pm.
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Fig. 2 The Na, channel is expressed in perineuronal processes of astrocytes and ependymal cells in the SFO.

A, Coronal tissue sections of the SFO stained with anti-Nay antibody. Immunopositive signals are observed throughout the SFO. An arrow
indicates the immunopositive ventricular cell-layer peeled off from the SFO during treatments and an asterisk indicates the choroid plexus. B,
A higher magnified photograph of the SFO stained with anti-Na, antibody. Intensive signals were concentrated around some neurons. C-F,
Immunoelectron microscopy using anti-Nay antibody. Ventricular surface region of the SFO is shown in C. A neuron is enveloped with
immunopositive thin processes of an ependymal cell. Arrows (filled and open) point at immunopositive signals, and arrowheads indicate short
microvilli of ependymal cells. A small neuronal process surrounded by immunopositive glial feet (open arrows in C) is magnified in D. In E
and F, core regions of the SFO were shown. Neurons and their processes including synapses are surrounded by immunopositive thin
processes of astrocytes. The asterisk in E indicates an artificial void region produced during fixation or staining. Capillary network shown in
the left half of F is free of signals. V, ventricle; N, neuron; S, synapse; E, ependymal cell; Ast, astrocyte; Np, neural process; Bm, basement
membrane; Cap, capillary. Scale bars: 50 um for A, 10 um for B, and 1 um for C, E, and F.
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Fig. 3 The Nax channel is localized to glial processes enveloping neurons in the OVLT.
A: a coronal tissue section of the OVLT stained with anti-Nax antibody. Fiber-like structures radiating out from the midline and ventricle
were immunopositive. B and C: immunoelectron microscopy using anti-Nax antibody. In B, the core region of the OVLT is shown. Neurons
and their processes are surrounded by immunopositive thin processes of astrocytes. In C, a ventricular region in the OVLT is shown. The
ventricular side is toward the upper side. Neurons are covered by extremely thin immunopositive processes of ependymal cells. Arrows in B
and C indicate immunopositive signals. Scale bars: 50 um for A, and 1 _m for B and C.
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Fig. 4 Glial cells isolated from the SFO express Na, channel and show sensitivity to the extracellular sodium level.

A, Immunostaining of the dissociated SFO cells with anti-Na, (red), anti-GLAST (purple), and anti-MAP2 (green) antibodies. The nuclei of
cells were visualized with a fluorescent dye, DAPI (blue). Note that any Nay-positive cells do not overlap with MAP2-positive neurons. B,
Sodium imaging study using the dissociated SFO cells. Pseudocolor images of the intracellular sodium concentration ([Na'];) of SFO cells in
the control solution (the extracellular sodium concentration = 145 mM, Ba , Bd and Bg) and in the high sodium solution (170 mM, Bb, Be and
Bh). Ba, Bd, Bg and Bb, Be, Bh are images 5 min before and 20 min after stimulation with the hypertonic 170 mM [Na'] solution, respectively.
After sodium-image recordings, cells were fixed and stained with anti-Nay (Bc), anti-GLAST (Bf) or anti-GFAP (Bi) antibodies. All the
sodium-sensitive cells are immunopositive for Nay, GLAST and GFAP. Arrows in Bc, Bf and Bi indicate small neurons bearing short neurites,
which are all insensitive to the extracellular sodium increase. Scale bar: 20 um. C, Quantified intracellular sodium-ion concentrations before
(open bars) and after (filled bars) the stimulation in Nay-positive (+) or Nay-negative (-) cells, in GLAST-positive (+) or GLAST-negative (-)
cells, and in GFAP-positive (+) or GFAP-negative (-) cells. Data represent mean and SE (n=20, each).
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Fig. 5 Nay-positive glial cells associate with multiple neurochemical circuitries.

SFO (A-C, G, and H); OVLT (D-F). GFP fluorescence of GAD (A, D), Texas-Red fluorescence of Nax (B, E), and merged images (C, F).
Tissue sections derived from GAD-GFP mice were stained with anti-Nax antibody and visualized with Texas-Red. Tissue sections 50- m
thick were penetrated with a detergent to enhance Nax signals. White arrows in C indicate GAD67-positive neurons enveloped with
Nax-positive glial cells. The area indicated by a white arrow with an asterisk is magnified in the inset of C. Dashed line in C indicates the
boundary between the fornix and SFO. Electron-photomicrographs in the SFO were derived from GAD-GFP mice (G, H), in which a
double-immunolabeling method for GFP and Nax was performed. GAD-positive neurons were identified by the immunoperoxidase method
for GFP, whereas Nax-positive glial processes were labeled by immunogold-silver methods. Arrowheads in G indicate dense reaction
products of peroxidase. Because the DAB reaction products break and condense fine cellular architectures, a large part of cytoplasmic area of
GAD-positive neuron become blank. Glial laminate processes (arrows) surrounding a GAD-positive neuron (GAD-N in G) or GAD-negative
neuron (N in H) are magnified in the insets of G and H, respectively. Arrows in the insets point to silver-enhanced gold particles. Scale bars:
50 _m for A-F, 1 _m for G and H.
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Summary

Na, is an atypical sodium channel that is assumed to be a descendant of the voltage-gated sodium
channel family. Our recent studies on the Na,-gene-targeting mouse revealed that Na, channel is
localized to the circumventricular organs (CVOs), the central loci for the salt and water homeostasis in
mammals, where the Na, channel serves as a sodium-level sensor of the body fluid. To understand the
cellular mechanism by which the information sensed by Na, channels is transferred to the activity of the
organs, we dissected the subcellular localization of Na, in the present study. Double-immunostaining
and immunoelectron microscopic analyses revealed that Na, is exclusively localized to perineuronal
lamellate processes extended from ependymal cells and astrocytes in the organs. In addition, glial cells
isolated from the subfornical organ, one of the CVOs, were sensitive to an increase in the extracellular
sodium level, as analyzed by an ion-imaging method. These results suggest that glial cells bearing the
Nay channel are the first to sense a physiological increase in the level of sodium in the body fluid, and
they regulate the neural activity of the CVOs by enveloping neurons. Close communication between
inexcitable glial cells and excitable neural cells thus appears to be the basis of the central control of the

salt homeostasis.
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