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In rodents, there is compelling evidence indicating that dynamic cell-to-cell communications
involving cross talk between astroglial cells (such as astrocytes and specialised ependymoglial
cells known as tanycytes) and neurones are important in regulating the secretion of gonadotro-
phin-releasing hormone (GnRH), the neurohormone that controls both sexual maturation and
adult reproductive function. However, whether such astroglial cell-GnRH neurone interactions
occur in the human brain is not known. In the present study, we used immunofluorescence to
examine the anatomical relationship between GnRH neurones and glial cells within the hypotha-
lamus of five women. Double-staining experiments demonstrated the ensheathment of GnRH
neurone perikarya by glial fibrillary acidic protein (GFAP)-immunoreactive astrocyte processes in
the periventricular zone of the tuberal region of the hypothalamus. GFAP immunoreactivity did
not overlap that of GnRH at the GnRH neurone's projection site (i.e. the median eminence of
the hypothalamus). Rather, human GnRH neuroendocrine fibres were found to be closely associ-
ated with vimentin or nestin-immunopositive radial gial processes likely belonging to tanycytes.
In line with these light microscopy data, ultrastructural examination of GnRH-immunoreactive
neurones showed numerous glial cells in direct apposition to pre-embedding-labelled GnRH cell
bodies and/or dendrites in the infundibular nucleus, whereas postembedding immunogold-
labelled GnRH nerve terminals were often seen to be enwrapped by glial cell processes in the
median eminence. GnRH nerve button were sometimes visualised in close proximity to fenes-
trated pituitary portal blood capillaries and/or evaginations of the basal lamina that delineate
the pericapillary space. In summary, these data demonstrate that GnRH neurones morphologi-
cally interact with astrocytes and tanycytes in the human brain and provide evidence that glial
cells may contribute physiologically to the process by which the neuroendocrine brain controls
the function of GnRH neurones in humans.
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Gonadotrophin-releasing hormone (GnRH) is the neurohormone
controlling sexual maturation and adult reproductive function (1-3).
In rodents, the cell bodies of GnRH neurones are diffusely distri-
buted in the preoptic region; in primates, including humans, they
are also present in the tuberal region of the hypothalamus. The
neuroendocrine fraction of GnRH neurones sends axons to the
median eminence of the hypothalamus, where they release their
neurohormone into the pituitary portal vasculature. On reaching

the anterior, pituitary GnRH elicits the secretion of the gonadotro-
phins luteinising hormone and follicle-stimulating hormone that
stimulate gametogenesis and gonadal steroids secretion, and thus
support reproductive physiology.

Because GnRH neurones are the final common pathway for the
central control of reproduction, their activity is regulated by a com-
plex array of excitatory and inhibitory transsynaptic inputs (4-9).
Noticeably, both GnRH neurones and the multiple neuronal
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networks involved in the control of GnRH secretion can be subjec-
ted to the direct modulatory influence of gonadal steroids (10, 11).
However, it is becoming increasingly clear from experiments con-
ducted in rodents that, in addition to these transsynaptic regulatory
mechanisms, cell-cell interactions involving non-neuronal cells,
such as astrocytes and specialised ependymoglial cells known as
tanycytes, might be of critical importance for the regulation of
GnRH secretion in females (12-16).

Glial cell processes abundantly appose the GnRH cell membrane
in both rodents and nonhuman primates and at both GnRH perik-
arya and GnRH axon terminals (17-23). Whether GnRH neurones
exhibit strong associations with astroglial cells in the human brain
is not known. To provide an anatomical basis for the potential
direct interaction of glial cells with GnRH neurones in the human
hypothalamus, morphological studies were conducted using post-
mortem human material.

In the present study, double-immunofluorescence was used to
examine whether astroglia processes from the tuberal region of the
hypothalamus make close appositions to GnRH perikarya, as well as
to its nerve terminals. In a second experiment, the glial ensheath-
ment of GnRH neurones was examined by electron microscopy.

Materials and methods

Tissue

Brains of five women were obtained from autopsies at 6-48 h postmortem
(Table 1). A review of medical records indicated that specimens were
obtained from individuals with no neurological or neuroendocrinological dis-
order (Table 1). The brain samples were taken from patients that donated
bodies to Science in compliance with the French laws on bioethics. Struc-
tures inside and outside the human brain were identified by reference to an
atlas of the human brain (24).

Fluorescent immunostaining

After whole brain removal, blocks of 20 mm per side encompassing the
hypothalamus were harvested with the optic chiasm as the anterior limit
and the mamillary bodies as the posterior limit. Hypothalami were immers-
ion fixed in 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) (PB)
for 1 week, cryoprotected in 20% sucrose in PB containing 0.9% sodium
chloride (PBS) for 48 h, embedded in Tissue Tek (Miles, Elkhart, IN, USA) and

Table 1. Clinicopathologic Data.

Age Postmortem

Number Sex (years) delay (h) Cause of death

Ha07 Female 67 24 Ano-rectal cancer with
hepatic metastases

Ha08 Female 76 36 Renal insufficiency on
peritonitis by duodenal
perforation

Ha011 Female 89 32 Cardio-respiratory failure

Ha012 Female 88 48 Coronary thrombosis

Ha150 Female 74 6 Cardio-respiratory failure

Table 2. Primary Antibodies Used in the Study.

Antigen Host  Code Dilution  References Specificity
GnRH Rabbit - 1:1000 (29) (29)
GFAP Mouse Clone G-A-5 1 :500 Sigma, France (71)
GFAP Rabbit Nr.Z 0334 1:500 DAKO Cytomation, (72)
Denmark
Vimentin Mouse Nr. M 0725 1:1000 DAKO Cytomation, (73)
Denmark
Nestin Mouse MAB1259 1:250 R&D Systems, R&D Systems,
Germany Germany

GnRH, gonadotrophin-releasing hormone; GFAP, glial fibrillary acidic protein.

frozen in liquid nitrogen. Coronal cryostat sections (14 um) were mounted
on chrome-alum-gelatin coated slides, air-dried, and subjected to immuno-
fluorescent stainings using a procedure described previously (25, 26). Briefly,
sections were incubated for 10 min in LKPBS (KPBS 0.02 m with 0.3% of tri-
ton 100X and 2% of normal goat serum) to block the nonspecific sites. Sec-
tions were then incubated for one night at 4 °C with 250 ul of primary
antibodies diluted in LKPBS. The characteristics of the primary antibodies
used are shown in Table 2. After rinsing, secondary antibodies (250 ul) were
deposited on sections and incubated at room temperature (RT) for 1 h. Goat
antirabbit Alexa Fluor 488 (1 :400) and goat antimouse Alexa Fluor 546
(1 : 400) were obtained from Molecular Probes (Eugene, OR, USA). Cell nuc-
lei were stained with 0.02% Hoechst 33258 bi-benzimidine (Molecular
Probes). Importantly, to avoid the strong autofluorescence caused by lipofu-
scin granules usually present in adult human brain tissue, sections were
immersed in a solution of 0.3% Sudan Black B (Sigma, St Quentin Fallavier,
France) in 70% ethanol for 10 min (27). This treatment completely blocked
autofluorescence. Sections were then coverslipped in PermaFluor medium
(Immunon, Pittsburg, PA, USA). Control sections were incubated in the
absence of primary antibody.

Immunofluorescent images were acquired using a DC300FX camera (Leica,
Nussloch, Germany) attached to a DMRB microscope (Leica) through
FW4000 software (Leica) with x 20 (numerical aperture 0.5) or x40, 0.7 Plan
Fluotar objectives Confocal images were captured using a TCS SP confocal
system (Leica). For illustration purposes, photomontages of the median
eminence were prepared with the help of Photoshop CS2 (Adobe
Systems, San Jose, CA, USA) using 30-60 digitised images acquired with a
% 20 objective.

Electron microscopy

A female brain with a 6-h postmortem delay was subjected to intracerebro-
ventricular injection of 10 ml of 2% paraformaldehyde, 0.2% picric acid and
0.1% glutaraldehyde in 0.1 m PB pH 7.4 to prior dissection. The median
eminence and the periventricular zone of the tuberal region were then har-
vested and immersed overnight in the same fixative solution.

Pre-embedding immunostaining

The periventricular zone of the tuberal region was sliced coronally (60 um)
with a vibratome in 0.1 m PBS. Floating sections were subsequently proc-
essed for diaminobenzidine immunohistochemistry, slightly modified from a
previously described method (28). Briefly, sections were blocked in PBS with
0.05% Triton X-100 (Sigma), 1% bovine serum albumin (BSA) and 10% nor-
mal goat serum (NGS) for 1 h at RT before incubation with rabbit anti-
GnRH (1 :500) (29) in PBS with 1% BSA and 10% NGS overnight at 4 °C
with gentle rocking. Sections were extensively washed in PBS and exposed
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to biotinylated goat lgGs antirabbit 1gGs (1 : 200, Jackson Immunoresearch
Laboratories, West Grove, PA, USA) in PBS with 19% BSA and 10% NGS for
2 h at RT and then with avidin-peroxidase (Vector laboratories, Burlingame,
CA, USA) for 1 h at RT. Finally, 5 mg/ml of 3,3’-diaminobenzidine tetrahy-
drochloride (Research Organics Inc., Cleveland, OH, USA) was added on sec-
tions in the presence of 0.01% H,0, in 0.1 m Tris buffer pH 7.6 for 10 min
at RT to create an electron-dense enzymatic reaction product. Slices were
then subjected to 1% 0sO,4 in phosphate buffer for 20 min at RT, dehydra-
ted and flat embedded in Araldite (Huntsman, Everberg, Belgium). Semithin-
sections (1-2 um thick) were used to progressively approach GnRH-immu-
noreactive neurones. Ultrathin sections (80-90 nm thick) were collected on
Parlodion 0.8% isoamylacetate-coated 100 mesh nickel grids (Electron
Microscopy Sciences, Fort Washington, PA, USA) and counterstained with
uranyl acetate and lead citrate before observation on a Zeiss transmission
electron microscope 902 (Leo, Rueil-Malmaison, France).

Postembedding immunostaining

Subsequent to the aforementioned prefixation, the piece of tissue containing
the median eminence was postfixed for 1 h at room temperature with 1%
0s0, in PB. After dehydration, pieces of tissue were embedded in Araldite.
Semithin sections (1-2 um thick) were used to progressively approach and
identify the portion of the median eminence where the ultrastructural studies
were performed. To detect GnRH immunoreactivity, ultrathin sections (80-
90 nm thick) collected onto nickel grids were treated using an immunogold
procedure described previously (21, 25). Briefly, after a treatment with H,0,
(10%; 8 min) and a blocking step in TBS (0.1 m Tris; pH 7.4, 0.15 m NaCl: TBS)
containing 1% normal goat serum and 1% bovine albumin serum (TBSB,
10 min at RT), the grids were floated on a drop of the following reagents and
washing solutions: (i) rabbit anti-GnRH (1 : 5000) in TBSB for 60 h at 4 °C ;
(ii) TBS to remove excess antibodies (3 x 10 min) ; (iii) colloidal gold (18 nm)-
labelled goat anti-rabbit immunoglobulins (Jackson Immunoresearch Laborat-
ories) 1 : 20 in TBS (0.1 m Tris; pH 7.4, 0. 5 m NaCl) for 90 min at RT ; (iv) TBS
(3 x 10 min); and (v) distilled water (3 x 10 min). The sections were also
counterstained with uranyl acetate and lead citrate before observation.

Photographs were taken at an original magnification of x7000; for illus-
tration purposes, negatives were digitised with a Epson Expression 1680 Pro
(Epson France S.A, Levallois Perret, France) and microphotograph montages
were made using Photoshop CS2.

Results

Localisation of GnRH cell bodies and axon terminals
in the periventricular zone of the tuberal region
of the human hypothalamus

The localisation of GnRH expression was examined in the tuberal
region of the human hypothalamus (Fig. 1a) using immunohistoflu-
orescence. Neuronal perikarya immunoreactive for GnRH were not
confined to specific nuclei, but were dispersed in the periventricular
zone of the tuberal region, as previously described (30-34). Ten to
30 GnRH neurones were analysed per hypothalamus. GnRH-immu-
noreactive perikarya were often found within the infundibular nuc-
leus (inf) of the hypothalamus (Fig. 18-p). These neurones were
predominantly bipolar (Fig. 18,e) and both their soma and dendrites
were noticeably surrounded by numerous cells bearing small round
nuclei (Fig. 1f-6). Within the median eminence of the hypothala-
mus, GnRH-immunoreactive fibres abundantly innervated the exter-
nal zone where they densely outlined capillary loops (Fig. 18-0).

GnRH neurones are morphologically associated
with GFAP-immunoreactive astrocytes at their cell
body but not at their nerve terminals

Using double immunostaining, GnRH neurones and GFAP-immuno-
reactive astrocytes in the periventricular zone of the tuberal
region were examined for possible close appositions. As shown
in Fig. 2(a-c), GnRH cell bodies are enwrapped in GFAP-immunore-
active processes emanating from cells that exhibit small and round
nuclei. By contrast, the distribution of GFAP immunoreactivity
within the median eminence did not overlap that of GnRH neuro-
endocrine fibres and/or neurovascular terminals (Fig. 20-F).

GnRH neurones are morphologically associated
with vimentin-immunoreactive glial cells both at their cell
body and at their nerve terminals

To determine whether in the human median eminence, as in the
rodent brain, GnRH axon fibres are tightly associated with glial pro-
cesses belonging to specialised ependymoglial cells, known as tany-
cytes, we examined using a procedure similar to that described
above immunoreactivities for GnRH and vimentin, which is an
intermediate filament expressed by astrocytes in immature or
dynamic conditions (35-37) and tanycytes (38). Figure 3(p-f) shows
that GnRH fibres travel in close association with vimentin-immuno-
reactive tanycytic processes within the external layer of the median
eminence. Unexpectedly, GnRH perikarya were also found in close
apposition to vimentin-immunoreactive processes (Fig. 3a-c).

Vimentin colocalise with GFAP in some hypothalamic
astrocytes, but not in tanycytic endfeets

To determine whether GFAP-immunoreactive hypothalamic glial
cells also colocalise vimentin, we performed additional double im-
munofluorescent studies. As shown in Fig. 4(a-c), only a very few
hypothalamic astrocytes express both GFAP and vimentin in the
periventricular zone of the tuberal region. Within the median emin-
ence, superimposition of the GFAP and vimentin stainings revealed
that expression of these cytoskeletal proteins overlapped in the
internal layer (Fig. 4o-F). By contrast, the glial cell processes con-
tacting the pial surface in the external zone of the median emin-
ence were only immunoreactive for vimentin (Fig. 40-F).

GnRH axon terminals are in close association
with nestin-immunoreactive tanycytic processes

Because, unlike GFAP, vimentin cannot form intermediate filaments
on its own (39), we next investigated whether nestin, another inter-
mediate filament protein expressed in immature glial cells (40) was
expressed in the human hypothalamus. Within the periventricular
zone of the tuberal region, nestin-immunoreactivity was strikingly
confined to the median eminence. In particular, antinestin antibody
stained ependymal cells lining the floor of the third ventricle and
projecting to the ventral surface of the brain (Fig. 58) (i.e. tany-
cytes). Nestin-positive tanycytes had tapering processes that
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Fig. 1. Localisation of gonadotrophin-releasing hormone (GnRH) immunoreactivity by fluorescent microscopy in the tuberal region of the human hypothala-
mus. (A) Macroscopic coronal section of the female brain containing the infundibular nucleus (inf) and the median eminence (ME). 3V, Third ventricle; ac,
anterior commissure; BL, basolateral amygdaloid nucleus; Cdm, medial caudate nucleus; Cl, claustrum; EGP, external globus pallidus; fx, fornix; ic, internal cap-
sule; IG, insular gyrus; IGP, internal globus pallidus; iml, internal medullary lamina of thalamus; La, lateral amygdaloid nucleus; LV, lateral ventricle; mml, med-
ial medullary lamina of the globus pallidus; opt, optic tract; Pu, putamen; Rt, reticular thalamic nucleus; scal, subcallosal bundle. (8-b) Representative
micrograph montages of GnRH immunoreactivity (green) in the tuberal region of the hypothalamus. Note the presence of a GnRH cell body (arrowhead) within
the infundibular nucleus (doted lines) and of GnRH neuroendocrine axons (arrows) within the external zone of the median eminence. Cell nuclei are stained
with Hoechst (blue, ¢,). (-6) Higher magnification of the GnRH immunofluorescent neurone shown in (g, arrowhead). Note the presence of numerous small
nuclei-bearing cells (arrows) in close apposition to GnRH neurone's cell body and dendrite. Scale bars = 8 mm (a); 300 um (0), 20 um (g).

traversed the median eminence with an arching trajectory with end
feet terminating close to the portal capillaries, thereby linking the
third ventricle with the hypophysial vessels (Fig. 58). In addition,
the middle and the external parts of the median eminence (Fig. 5¢)

contained positive cell bodies with short processes (Fig. 5g), also
ending close to portal vessels (Fig. 5e). In accordance with the
results presented in Figs 3(p-f), double-label immunocytochemical
studies for GnRH and nestin revealed numerous GnRH axons in
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Fig. 2. Anatomical relationship between gonadotrophin-releasing hormone (GnRH)-immunoreactive neurones and glial fibrillary acidic protein (GFAP)-immuno-
reactive astrocytes in the tuberal region of the human hypothalamus. (a-c) Representative micrographs of GFAP-immunoreactive astrocytes (red, arrows)
enwrapping the cell body and the dendrites of a GnRH-immunofluorescent neurone (green, arrowheads). (0-€) Representative micrograph montages of the dis-
tribution of GFAP (red) and GnRH (green) immunoreactivities within the median eminence. (c,f) Merged images of GFAP and GnRH immunoreactivities. Cell
nuclei are stained with Hoechst (blue). Scale bars = 20 um (c), 100 um ().

close contact with tanycytic processes in the external layer of the
median eminence (Fig. 5). No cells in close association with GnRH
cell bodies were immunoreactive for nestin.

Ultrastructural analysis of the relationship between GnRH
immunoreactivity and glial elements in the human
hypothalamus

To refine our analysis of glia-GnRH neurone morphological interac-
tions, we undertook pre-embedding and postembedding immuno-
cytochemical studies to visualise GnRH perikarya and GnRH axon
terminals at the ultrastructural level, respectively. Although the tis-
sues were not perfectly preserved due to the postmortem delay, the
examination of 1 um-thick semithin sections with the light micro-
scope showed that GnRH-immunopositive cell bodies were in direct
contact with cells bearing small nuclei (Fig. 6a), which are seen to
enwrap GnRH processes or immunoreactive sections of perikarya at
the electron microscopic level (Fig. 68). By contrast, in many cases,
ultrastructural examination of the external zone of the median
eminence showed that glial cell processes contacted immunogold-
labelled GnRH fibres (Fig. 78,). Interestingly, GnRH nerve endings
were sometimes visualised near to fenestrated pituitary portal blood
capillaries (Fig. 7c,c””) and/or evaginations of the pericapillary space
(Fig. 7¢). Gold particles were exclusively found over nerve terminals
(Fig. 78-£). Within axon terminals, GnRH-immunogoldlabelling was
not restricted to large dense-core secretory granules, but was also

seen in axoplasm and mitochondria, as shown previously in the
monkey (17) and rat (41, 42).

Discussion

Astroglial cells morphologically interact with GnRH
neurones in the human hypothalamus

The present study represents the first detailed morphological char-
acterisation of neuro-glial interactions for GnRH neurones in the
human brain. In keeping with previous observations demonstrating
the ensheathment of both perikarya and neuroendocrine terminals
of GnRH neurones by astroglia processes in rodents and nonhuman
primates (17-23), our findings show that astrocytes and tanycytes
are morphologically associated with GnRH neurones within the
human hypothalamus. Previous work has established patterns of
neuronal afferents to GnRH neurones (5) and documented action
sites of oestrogen (43-45) within the human hypothalamus. How-
ever, we know remarkably little about how astroglia, which are key
signalling components with the potential to modulate the way
information is generated and disseminated within the brain (46),
interact with GnRH neurones in the human hypothalamus. By using
antibodies to intermediate filament proteins such as GFAP, we suc-
ceeded in visualising the anatomical relationship between GnRH
neurones and astrocytes in the human hypothalamus. Our fluores-
cent microscopy results indicate that each individual GnRH cell
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Fig. 3. Anatomical relationship between gonadotrophin-releasing hormone (GnRH)-immunoreactive neurones and vimentin-immunoreactive astrocytes and
tanycytes in the tuberal region of the human hypothalamus. (A-c) Representative micrographs of a vimentin-immunoreactive astrocyte (red) engulfing the cell
body of a GnRH-immunofluorescent neurone (green, arrowheads). (b-£) Representative micrographs of the distribution of vimentin and GnRH (arrowheads) im-
munoreactivities in the external part of the median eminence. (c,f) Merged images of vimentin and GnRH immunoreactivities. Scale bars = 20 um (a), 5 um (o).

body is surrounded by several astrocytes that wrap themselves
around their soma and dendrites. The existence of close contacts
between GnRH perikarya and astrocytes was substantiated both by
structural and ultrastructural analyses on semithin and ultrathin
sections, respectively, in the human hypothalamus. At the GnRH
neurone's projection site, astrocytes did not appear to interact with
GnRH neuroendocrine terminals. Rather, our results show a spatial
segregation of GnRH axons to GFAP-immunonegative territories in
the median eminence that corresponds to its external part. By con-
trast, the external region of the median eminence was found to be
strongly immunoreactive for vimentin, which is another intermedi-
ate filament protein only expressed in certain astroglial cells of the
postnatal brain and, among them, modified ependymoglial cells
known as tanycytes (38). Within the median eminence of the hypo-
thalamus, tanycytes line the ventral portion of the wall of the third
ventricle and send radial cell processes reaching the external part
of the median eminence, where they establish contact with
the endothelial wall of the portal vessels, via 'end-feet' specialisa-
tions (47). Our data show that, as found in rodents (48, 49), vimen-
tin-immunoreactive tanycytic processes closely appose GnRH nerve
terminals travelling down to the external layer of the median
eminence in the human hypothalamus. Because, in contrast to

GFAP, vimentin cannot self-assemble into intermediate filament in
vivo (39), we aimed to identify the expression of nestin, which is
an additional intermediate filament associated protein expressed in
immature astroglial cells (40) that requires heteropolymerisation
with either GFAP or vimentin to form intermediate filament bundles
in vivo (39), and which has recently been shown to be expressed in
tanycytes of the median eminence in rodents (50, 51). Qur immu-
nofluorescent data show that heavy glial cell processes are inten-
sely labelled for nestin within the human median eminence. These
results thus suggest that vimentin and nestin are coassembled in
the intermediate filaments expressed in tanycytes of the median
eminence. As visualised with antibodies to vimentin, nestin immu-
noreactive radial fibres are tightly associated with GnRH neuroen-
docrine axons. The intimate relationship between GnRH axon
terminals and glia processes was coroborated at the electron
microscopy level using a postembedding immunogold labelling
procedure in the human median eminence. Altogether, these results
provide the exciting possibility that radial tanycyte processes
constitute glial elements which, in addition to serving as the scaf-
folding for GnRH neuroendocrine axons, may provide a regulatory
role for those neuroendocrine nerve endings in the adult human
median eminence.
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Fig. 4. Distribution of glial fibrillary acidic protein (GFAP) and vimentin immunoreactivities in the tuberal region of the human hypothalamus. (a-c) Represen-
tative micrographs of GFAP (green) and vimentin (red) fluorescent stainings in the periventricular zone. Note that among a wide GFAP-immunoreactive field
only one astrocyte is immunoreactive for vimentin (arrow, inset). (o-f) Representative micrograph montages of GFAP and vimentin fluorescent stainings within
the median eminence. (c,/) Merged images of vimentin and GFAP immunoreactivities. Cell nuclei are stained with Hoechst (blue). 3V, Third ventricle. Scale
bars = 100 um (a), 300 um (p).

Hypothalamic neuroglial plasticity may modulate GnRH
secretion

Hatton et al (52) first demonstrated the importance of glial cells
in the control of hypothalamic neurosecretion by documenting the
plastic relationship that exists between astrocytes and vasopressin
neurones. An increasing body of evidence suggests that astroglia
are also functionally linked to GnRH neurones. In rodents, the
direct access of GnRH neuroendocrine terminals to the vascular
wall of the pituitary portal vessels in the external part of the
median eminence is highly regulated by tanycytic processes that
enwrap GnRH axon terminals (18, 19, 21). At times of increased
GnRH secretion (e.g. during the preovulatory surge of gonadotro-
phins), the terminals reach the endothelial wall due to, at least in
part, retraction of the tanycytic end feet and/or evagination of
the pericapillary space into the parenchyma (21). Interestingly, the
ultrastructural examination of the external zone of the human
median eminence undertaken in the present study showed that
evaginations of the basal lamina that delineates the pericapillary
space occasionally appear in the nervous tissue in the immediate
proximity of GnRH nerve terminals. Notwithstanding that these
data were obtained from an aged female hypothalamus, our
results raise the possibility that the aforementioned morphofunc-
tional plasticity could take place within the human median emin-
ence during the menstrual cycle.

At GnRH perikarya, neuronal-glial interactions may also play a
critical role in determining specific patterns of synapse formation

during postnatal female sexual maturation, as well as participating
in adult synaptic plasticity, as suggested by several nonhuman
studies (22, 23, 53, 54). Intriguingly, our results show that, among
those astrocytes ensheathing GnRH cell bodies, some of them are
immunoreactive for vimentin. Because double-fluorescent staining
experiments showed that vimentin-immunoreactive astrocytes
within the tuberal region of the hypothalamus are only lithely
labelled for GFAP, it appears unlikely that they correspond to react-
ive astrocytes which, in addition to a transient re-expression of
vimentin, are known to dramatically increase their GFAP synthesis
(55). Rather, the vimentin immunoreactive astrocytes could possibly
serve a 'plastic’ role by allowing changes in the apposition of astro-
glia processes to GnRH cell bodies, thus allowing synapses to form
or to brake depending on environmental cues, as demonstrated for
other neuroendocrine systems (56, 57). Intermediate filaments are
highly polymorphic structures. This polymorphism allows for the
constant modification of intermediate filaments structure in
response to changes in cellular conditions triggered by extracellular
signals (58). These unique physical properties bestow a critical func-
tion on intermediate filaments in the dynamic organisation of cyto-
architecture. It is then conceivable that expression of an increased
array of intermediate filaments in a given cell may confer on it dis-
tinct cytodynamic properties.

A restriction on our findings holds for the possible influence of
the endocrine status together with the postmortem period on the
immunodetection of GnRH neurones and glial cells. However, previ-
ous studies by others have shown that the distribution and the
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Fig. 5. Anatomical relationship between gonadotrophin-releasing hormone (GnRH)-immunoreactive neurones and nestin-immunoreactive tanycytes in the
median eminence of the human hypothalamus. (a-c) Representative micrograph montages of nestin (red) and GnRH green (green) immunofluorescent label-
lings within the median eminence. (o-¢) Higher magnification (x 40) of the distribution of nestin and GnRH (arrow) immunoreactivities in the external region
of the median eminence. (c,F/) Merged images of nestin and GnRH immunoreactivities. 3V, Third ventricle. Cell nuclei are stained with Hoechst (blue). Scale
bars = 120 pum (a), 30 um (p).

(A) ®) morphology of the GnRH neurones do not vary by the gender, age

O o and postmortem delay (< 48 h) of the individuals (59). In addition,
Rance et al. (60) showed that glial cell density, GFAP staining and
GnRH neurone morphology were comparable before and after
menopause in the human hypothalamus.

L] ; '; 2N Glia-to-neurone signalling and the neuroendocrine control
of GnRH secretion in the mammalian brain

. ——— £ e

2 b : There is now evidence that astroglial cells and GnRH neurones

Fig. 6. Representative photomicrographs of a gonadotrophin-releasing hor- c.ommunicate via specific signalling pathways. These c.omm.unica—
mone (GnRH) neurone from the periventricular zone of the tuberal region of tion pathways operate by release of growth factors acting via ser-

the hypothalamus of a female in a semithin (a) or ultrathin (g) section by ine-threonine kinase receptors, such as transforming growth factor
light (+) or electron (g) microscopy, respectively. Expression of the GnRH (TGF)-B, (61-65), and growth factors signalling through receptors
peptide within the neurone is indicated by the presence of osmificated di- with tyrosine kinase activity including, among others, the epider-

aminobenzidine (black arrowheads). Astrocyte nuclei are present at the
immediate proximity of perikarya and/or dendrites (ag, arrows). Astroglial
processes (8, arrow) are present around dendrites or sections of the perik-
arya. Scale bars = 10 um (a); 2.5 um (g).

mal growth factor (EGF)-related peptides, TGF-oc and neuregulins
(26, 66-68). Signalling through members of both TGF-B and EGF
families may account for part of the plastic remodelling that

Fig. 7. Representative micrographs of the structure and the ultrastructure of the median eminence of a woman by light () and electron microscopy (8-€),
respectively. (a) Toluidin blue-stained semithin section of the median eminence illustrating the anatomical level at which ultrathin sections were collected to
perform the electron microscopic analysis. (8) Representative electron micrograph montage of immunogold-labelled axon terminals (black arrowheads) embed-
ded within an astroglia process. (c) Electron micrograph montage of a gonadotrophin-releasing hormone (GnRH) immunoreactive terminal (black arrowhead) in
the external zone of the median eminence in close proximity of a fenestrated (white arrow) capillary (Cap). A high magnification of the nerve terminal (black
arrowhead) and of the fenestrated endothelium (end.) are shown in (') and (c”), respectively. (o) Illustration of a GnRH nerve terminal (arrowhead) surrounded
by tanycytic processes (tan.). (E) Representative microphotograph showing an evagination of the basal lamina delineating the pericapillary space (asterisk)
towards a GnRH nerve terminal (arrowhead). Scale bars = 250 um (4), T um (8¢".c”.0,8), 1.5 um (c).
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regulates the direct access of GnRH nerve terminals to the vascu-
lar wall and presumably modulates the release of GnRH into the
portal vasculature during the reproductive cycle (65). In addition,
TGF-o0 and neurequlin signalling pathways were recently shown to
be critical for glial cells to engage neuro-glia interactions able to
facilitate GnRH secretion both at the time of puberty and during
adulthood (26, 68). Interestingly, in keeping with this concept,
some human hypothalamic hamartomas associated with sexual
precocity were shown to be rich in astroglial cells containing
TG-Fo (69). Supporting the notion that astroglial erbB signalling
may also contribute physiologically to the process by which the
neuroendocrine brain controls the function of GnRH neurones in
humans are our recent in vitro studies showing that human
hypothalamic astrocytes express all the functional erbB receptor
signalling machinery (70).

Conclusion

Taken together, the present results show that GnRH neurones mor-
phologically interact with astrocytes and tanycytes in the human
brain and thus raise the exiting possibility that glial cells play an
important role in the neuroendocrine control of GnRH secretion in
humans.
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