Cellular components of CNS

 Neurons

Astrocytes (including radial glia),

* Glial cells: oligodendrocytes, microglia, ependymal cells

* Epithelial cells of choroid plexus

« Endothelial cells of CNS capillaries




Cellular components of CNS
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Cells that are mostly neglected
In the study of the CNS:

Ependymal cells /Tanycytes — lining of ventricular system

Choroid plexus cells — secretion of cerebrospinal fluid

Endothelial cells — Capillary walls, Blood Brain Barrier (BBB)



The ventricular system
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Evolutionary conservation of embryonic brain ventricle structure

A Human Chick Zebrafish

ﬁac @MHBC %\AHBC %BC

B Early Embryonic vs  Adult Brain Ventricles
Brain Ventricles

cerebral
aqueduct

A: Conservation of embryonic brain ventricle structure. Tracings of embryonic brain ventricles at similar
corresponding stages in development, all lateral views.

B: Comparison of early embryonic and adult brain ventricles. Colors correspond to the same ventricle
regions in the embryo and adult. Not to scale. F, forebrain (telencephalon plus diencephalon); M, midbrain
(mesencephalon); H, hindbrain (rhombencephalon); MHBC, midbrain hindbrain boundary constriction

Lowery & Sive, BioEssays 31:446-458, 2009



The ventricular spaces associated with each
of the major subdivisions of the brain




The CSF circulating in the ventricles is mainly secreted by
choroid plexus epithelial cells
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Figure B-6 Distribution of CSF. (Adapted from Carpenter noid villi. The presence of arachnoid villi adjacent to the spinal
1978 and Fishman 1992.) roots supplements the absorption into the intracranial venous
A. Sites of formation, circulation, and absorption of CSF. All sinuses. (Adapted from Fishman 1992.)
spaces containing CSF communicate with each other, B. The subarachnoid space is bounded externally by the arach-
Choroidal and extrachoroidal sources of the fluid exist within noid membrane and internally by the pia mater, which extends
the ventricular system. CSF circulates to the subarachnoid along blood vessels that penetrate the surface of the brain.

space and is absorbed into the venous system via the arach- {(Adapted from Carpenter 1978.)
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Multiple
Brain Barriers

1. Blood-Brain
Barrier: capillary
endothelium (between
blood and brain
interstitial fluid)

2. CSF-Meninges:
arachnoid epithelium
(between subarachnoid
CSF and dura
mater/blood)

3. Blood-CSF Barrier:
choroid plexus
epithelium (between
blood and and
ventricular CSF)

Neuwelt et al. 2011
Nature Reviews Neuroscience,
do0i:10.1038/nrn2995

a Neurovascular unit
{blocd-brain barrier)

Ependymal
cells, — W

¢ Meninges
{arachnoid barrier)

b Choroid plexus
(blood—CSF barrier)

Figure 3| Barrier interfaces. a| Endothelial cells (Endo) in the neurovascular
unit have luminal tight junctions (shown by the arrow) that form the physical
barrier ofthe interendothelial cleft. Outside the endothelial cellis a basement
membrane (bm) which also surrounds the pericytes (Peri). Around all of these
structures are the astrocyctic endfeet processes from nearby astrocytes. b |
The endothelial cells of choroid plexus blood vessels are fenestrated and form
anon-restrictive barrier (shown by dashed arrows) betweenthe cerebrospinal
fluid (CSF) and blood vessel (bv). The epithelial cells (Ep) have apical tight junc-
tions (shown by arrows) that restrict intercellular passage of molecules. ¢| In
the meninges, the blood vessels of the dura are fenestrated and provide little
barrier function (not shown). However,the outer cells of the arachnoid mem-
brane (Arach) have tight junctions (shown by arrows) and this cell layer forms

d Neurcependyma
(fetal CSF-brain barrier)

e Adult ependyma
(free exchange)

the physical barrier between the CSF-filled subarachnoid space (SAS) and
overlying structures. The blood vessels between the arachnoid membrane
and the pial surface (PIA) have tight junctions (not shown).d | In early develop-
ment the neuroependymal cells are connected to each other by strap junc-
tions (shown by arrows) that are believed to form the physical barrier
restricting the passage of larger molecules, such as proteins, but not smaller
molecules, such as sucrose. e | The mature adult ventricular ependyma does
not restrict the exchange of molecules (shown by dotted arrows). The neuro-
vascular unit (a), blood—CSF barrier (b) and arachnoid barrier (c) are common
between developing and adult brain, whereas fetal neuroependyma (d) differs
from adult ependyma (e). Figure is reproduced, with permission, from REF. 162
@ (2008) Cell Press.




Blood-CSF barrier: choroid plexus epithelium

The choroid plexuses, found in the lateral, third and fourth ventricles of the brain, are epithelial
tissue masses highly vascularized with fenestrated blood vessels. These structures constitute
a transfer interface between blood and CSF in the ventricles of the brain. Approximately two
thirds of this CSF is produced and secreted by the choroid plexus.

The choroid plexus provides:

a) a physical barrier to impede entrance of toxic metabolites to the brain

b) a “biochemical” barrier that facilitates removal of moieties that circumvent this physical
barrier

c) buoyant physical protection by CSF itself

Mechanisms involved combine structural diffusion restraint between plexus epithelial cells
(tight junctions physical barrier) and specific exchange mechanisms across the interface
(enzymatic barrier).

CORONAL BRAIN SECTION CHOROID PLEXUS BLOOD-CSF BARRIER ADULT - STAGE IV

f

Shane A. Liddelow?*

Frontiers in Neuroscience | Neurogenomics March 2015 | Volume 9 | Article 32 | 2



Discovery of the Blood
Brain Barrier (BBB)

Already in the 19t century it
was observed that molecules
injected in the peripheral
circulation do not enter the
brain parenchima..... leading
to the concept of the Blood
Brain Barrier (BBB)

spinal cord

periphery periphery
(body) (body)

Figure 6 |llustration of early brain barrier experiments by Ehrlich and Goldmann. These early experiments elegantly demonstrated the
compartmentalisation between the central nervous system {brain and spinal cord) and the peripheral organs. A. Trypan blue is delivered
peripherally [86,88]. The dye does not penetrate any organs of the central nervous system, which both researchers suggested was due to the
central nenous system having a lower affinity than other tissues. B. Trypan blue is injected into the brain [12). The brain and spinal cord were
stained, while the peripheral organs were not

Liddelow Fluids and Barriers of the CNS 2011, 8:2
http://www fluidsbarrierscns.com/content/8/1/2

(B) Demonstration in the mouse that the enzyme
microperoxidase diffuses freely from cerebro-
spinal fluid into the intercellular spaces of the
brain, which are filled with the dark reaction prod-
uct. No enzyme is seen in the capillary (CAP). (C)
When injected into the circulation, the enzyme
fills the capillary but is prevented by the capillary
endothelium from escaping into the intercellular
spaces. (B and C from Brightman, Reese, and
Feder, 1970.)




The Blood-Brain Barrier

capillary endothelium |

- increased mitocondrial content
- lack of fenestrations

- minimal pinocytotic activity

- presence of Tight Junctions (TJ)

 no paracellular transport

« controlled transcellular transport

Hawkins et al., 2006
J. Nutr. 136: 218S5-226S

FIGURE 2 (A) The BBB exists at the level of the endothelial cells of
cerebral capillaries. The endothelial cells are joined together by an
extensive network of tight junctions and surrounded by a basement
membrane, within which pericytes reside. Astrocytic processes (so-called
end-feet) surround cerebral capillaries (previously published in IUBMB
Life). (B) Right, an electron micrograph of a cerebral capillary shows the
basic elements. The electron micrograph was provided through the
courtesy of Robert Page, MD; Professor, Neurosurgery and Anatomy,
Pennsylvania State University College of Medicine.



AREAS OF BRAIN WITHOUT A
BLOOD-BRAIN BARRIER

Pituitary gland Neuropeptides secretion to
blood, chemosensitivity to

Median eminence ) Y
monitor blood composition

Area postrema
Presence of TJ between

Preoptic recess specialized ependymal cells in
CVOs and astrocytic
processes that isolate the
Pineal gland CVOs from brain parenchyma

Endothelium of the choroid plexus

Paraphysis




Circumventricular
organs have no BBB
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FIGURE 3 Location ofthe six circurmventricular argans (shown in red) in the rat brain
imidsagaital section). Three regions that have an intimate functional association with
the hypothalamus are alsaillustrated in transverse section in the lower figures. AR,
area postrema; ARH, arcuate nucleus; oo, corpus callosum; CU, cuneate nucleus; df,
dargal fornix; DHa, anterior partion ofthe dorsomedial nucleus; OhHp, posteriar
portion of dorsomedial nucleus; DHyY, ventral porion of dorsomedial nucleus; D,
daorsal motor vagal nucleus; GR, gracile nucleus; ME, median eminence; mif, medial
lonagitudinal fasiculus; co, commissural potdion of the nuclews ofthe solitany tract;
TSI, lateral portion of the nucleus of the solitary tract, NTSm, medial portion of the
nucleus of the salitary tract; OWLT, vascular argan af the lamina terminalis; PH,
posterior hypothalamus; P, pineal gland; PFMR, paramedian reticular nucleus; P,
intermediate part of periventricular nucleus; SCO, subcommissural organ; SF,
septofimbrial nucleus; SFO, subfornical argan; ts, tractus salitarius; Y-, third ventricle;
WhiHC, central part ofventromedial nucleus; WiiHyl, ventrolateral part of ventromedial
nucleus; ¥, hypoglossal nucleus.




Ependymal cells

Relations between
ependymal cells and
brain parenchyma

Ciliated ependymal cells line the ventricular space
(V) and are in close contact with subependymal
astrocytes. Note how the astrocytes also invest
blood vessels (BV), neurons and cell processes.
The pia-astroglia (glia limitans) is located between
the exterior (dura and blood vessels) and the CNS
parenchyma. The ventricles (V) and the
subarachnoid space of the meninges (M) contain
cerebrospinal fluid.

Neurons and
neurites

. Oligodendroglia
1] Endothelia
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Ependymal cells

g o L OEG R eV K it & The ventricles of the brain and the central

Gt SR SR ':5*“:‘:‘ canal of the spinal cord are lined with

Caaa P05 ETeet 0| ependymal cells. These cells are often

ok 7_"?" i~ v ,w“”:\ ciliated and form a simple cuboidal or low
lv““.'* 2 ’;.:J-:‘»‘ f:olurr_mar epithelium. The lack of tight

it ’._;.'-.,v.- ?'.;.* M junctions between ependymal ceIIs_aIIows
il m.;.-" A VL a free exchange between cerebrospinal

‘;.‘a,,. fluid and nervous tissue.

£- AN 3

£a . AN
’ ‘ - Fig.VIIl.3 Ependymal cells. The luminal free surface
Fig. VII.1 Ependymal cells. The ependymal cells in of the ependyma is shown in this scanning electron
this light micrograph are columnar with oval nuclei and micrograph. A tuft of cilia projects from the surface of
contain cilia emanating from basal bodies. Above the each ependymal cell, which is otherwise covered with
nuclei, there are numerous mitochondria. v blood ves- microvilli. Note, however, that circumscribed areas
sel. Central canal of the rabbit spinal cord, 1-pm section (arrows) are denuded of microvilli. Lateral recess of

the rat fourth cerebral ventricle, x5.200 (Courtesy of
J.E. Bruni)

stained with toluidine blue, x1,400



Ependymal cells

Top panel: The surface of an
ependymal cell. Surface contains
basal bodies (arrows) connected
to the microtubules of cilia, seen
here in longitudinal section.
Several microvilli are also present.
Inset: Ependymal cilia in
transverse section possess a
central doublet of microtubules
surrounded by nine pairs, one of
each pair having a characteristic
hook-like appendage (arrows).

Bottom panel: A typical
desmosome (d) and gap
junction (g) between two
ependymal cells. Microvilli and
coated pits (arrows) are seen
along the cell surface.




Ependymal cells

Ncadharin+
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« /

Molecular features of the multiciliated ependyma in the

ventricle of the mouse.

Ependymal cells (C) express N-cadherin-containing junctions (in green, arrows) in
their lateral plasma membrane domains. Tubulin BIV (tubBlV, in red) labels cilia in
C and D. (D and E). Multiciliated ependymal cells are joined with connexin43-
containing (Cnx43) gap junctions (in green, arrow). Gap junctions in ependymal
cells are involved in electrical and metabolic couplings integrating the functioning
of the cell layer. Gap junctions play a role in the synchronization of cilia beating
and in CSF circulation.

(F) Multiciliated ependymal cells lack tight junctions, as shown with lanthanum
nitrate applied to the ventricle and observed under transmission electron
microscopy. The tracer (with black electrodensity, white arrows) is passing through
the lateral winding extracellular spaces (white arrowheads), proving the absence of
functional tight junctions. Motile cilia (blue arrow) and microvilli (yellow arrow) are
appreciated in the luminal pole of ependymocytes. (G) Aquaporin 4 (AQP4) is
present in the laterobasal domain of multiciliated ependyma.
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Modified from Jiménez et al., Tissue Barriers 2014, 2, DOI:
10.4161/tish.28426



Ependymal cells

Live imaging of the ependymal cilia in the lateral
ventricles of the mouse brain

Step1: Craniotomy and brain isolation

Step2: Brain Slicing

Ependymal Cilia

Step3: Specimen preparatio Sy ¥ Ependymal Cells

Figure 2: Ependymal cilia localization in the brain ventricles. Shown here are ependymal celis from the lateral ventricle of a mouse brain
(a) DIC images of individual ependymal cells (bottom arrows) and cilia (top arrows) are shown. (b) An overlay image of a brain section is stained
with antibody against a ciliary marker, acetylated a-tubulin, shown in green (top arrows), and counterstained with a nuclear/DNA marker, DAPI,
shown in blue (bottom aows). Please note that panels a and b represent different brain sections.
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Il Control [l Ethanol
70 -
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10 -

Ciliary beating frequency (Hz)

Figure 1: Ep: y cilia i ing protocol t. Ependymal cilia imaging protocol illustrates steps to complete an experiment starting 0 -

from mouse brainextraction, sectioning and tissue preparation to image acquisition and analysis. An approximate one hour timeline is presented Typel Type ll Type lll

with step-by-step procedure. Figure 3: Alcohol and differences in cilia beating frequencies among types of ependymal cells of the mouse brain lateral ventricle. The
ex vivo brain slice was incubated without {Control) or with (Ethanol) 0.25 % alcohol for 5 min. Compared to control, alcohol treatment significantly

d d cilia beating fi indicated b terisk. At least 5-10 inds dent ti d e h ! | cell

Copyright © 2015 Journal of Visualized Experiments June 2015 | 100 | e52853 | Page 4 of 8 aﬁ;rtergznlsm:;agme:p\ng requency, as indicated by an asteris! eas! independent preparations were used for each ependymal cell type



http://www.jove.com/video/52853/live-imaging-ependymal-cilia-lateral-ventricles-mouse
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Ependymal cilia protrude into the central canal of the brain ventricles and spinal cord to circulate the
cerebral spinal fluid (CSF). Ependymal cilia dysfunction can hinder the movement of CSF leading to

an abnormal accumulation of CSF within the brain known as hydrocephalus. Although the etiology of
hydrocephalus was studied before, the effects of ethanol ingestion on ependymal cilia function have
not been investigated in vivo. Here, we report three distinct types of ependymal cilia, type-I, type-Il and

: type-lll classified based upon their beating frequency, their beating angle, and their distinct localization
: within the mouse brain-lateral ventricle. Our studies show for the first time that oral gavage of ethanol

: decreased the beating frequency of all three types of ependymal cilia in both the third and the lateral rat
¢ brain ventricles in vivo. Furthermore, we show for the first time that hydin, a hydrocephalus-inducing
gene product whose mutation impairs ciliary motility, and polycystin-2, whose ablation is associated

¢ with hydrocephalus are colocalized to the ependymal cilia. Thus, our studies reinforce the presence of

: three types of ependymal cilia in the brain ventricles and demonstrate the involvement of ethanol as a

¢ risk factor for the impairment of ependymal cilia motility in the brain.

Types of ependymal cilia

Type 1

Type IT

Type 111

Dorsal
Dorsal

Lateral venteie Ventral

Type I
Type 111 Type 11 Type 111

Total independent experiments

Figure 2. Each type of ependymal cilia has specific localization within the brain lateral ventricle. This figure
shows a sagittal section view of the lateral ventricle (left). Each type of the ependymal cilia (shown on the
enlarged area) is localized within specific area in the lateral ventricle based on the beating frequencies and angle
of movement.



Tanycytes

TANYCYTES

Ependymal cells can specialize
into tanycytes, which are rarely
ciliated and have long basal
processes. Tanycytes form the
ventricular lining over the few CNS
regions in which the blood-brain
barrier is incomplete. They do
form tight junctions and control
the exchange of substances
between these regions and
surrounding nervous tissue or
cerebrospinal fluid.

Prevot et al. 2010
Journal of Neuroendocrinology 22, 639-649

3V

Tanycytes

Astrocyte

Tight junctions

Y , Y T
— — s — ) T,
/ h

Fenestrated endothelium

Fig. 1. Schematic representation of the cell types (tanycytes, astrocytes and
endothelial cells) and neuronal elements (neuroendocrine terminals) that
reside within the median eminence of the hypothalamus. The median emi-
nence of the hypothalamus is the brain structure forming the floor of the
third ventricle (3V). The median eminence, which is one of the circumven-
tricular organs of the brain, is capable of conveying information from the
brain to the periphery via the release of neurohormones into the circulation
and, conversely, sensing information reaching the brain via the bloodstream.



Tanycytes
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doi: 10.1210/er.2017-00235

tanycytes

Figure 2. Localization of tanycytes and ependymocytes with beating cilia in the tuberal region of the hypothalamus. (A) Low-
magnification photomontage of glu-tubulin (green) and vimentin (red) immunofiuorescence. (B-D) High-magnification images
showing glu-tubulin immunoreactive cilia (green, arrows) on the ventricular surface at the level of the (B, C) dorsomedial nucleus of the
hypothalamus (DMH) and (D) ventromedial nucleus of the hypothalamus (VMH). Note that glu-tubulin immunoreactivity is absent in
vimentin-labeled tanycytes of the (E) ARH and (A) ME. Sections are counterstained using Hoechst (blue) to visualize cell nuclei and
identify the morphological limits of each hypothalamic structure. Scale bars: (A) 100 pm; (B-E) 20 pm. (F) Representative drawing
summarizing the distribution of tight junction proteins in the tuberal region of the hypothalamus (40). 3V, third ventricle; dm,
dorsomedial; vm, ventromedial. Adapted with permission from Mullier et al. (40).
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Tanycytes

The organization of the blood-hypothalamus
(Arcuate Nucleus, Median Eminence) interface

(©

1. Blood-brain barrier
Y
\\ :

Blood-Brain

2. Arcuate blood-brain barrier
barrier

3. Tanycyte barrier

'\ Blood-CSF

— ‘
\ o<
Fig. 1. Organisation of the blood-arcuate nucleus (ARC) interface in the mediobasal hypothalamus. (a) Vimentin (white), zonula occludens-1 (Z0-1; green) and
MECA-32 (red) immunoreactivity in coronal sections of the hypothalamic tuberal region in fed animals. Tanycytes exhibit a diffuse pattern of tight junction
complexes (arrowheads; inset 1) when interacting with ZO-1-positive blood-brain barrier vessels (arrows; inset 1), whereas they display a honeycomb pattern
(empty arrowheads; inset 2) when interacting with MECA-32-positive fenestrated vessels (empty arrows; inset 3). (8) Schematic representation of the hypotha-
lamic tuberal region. (c) Schematic representation of different blood-brain interfaces present in the hypothalamic tuberal region including the blood-brain bar-
rier (1), the blood-ARC barrier (2) and the tanycyte barrier (3). Barrier properties are carried by either endothelial cells (1, 2) or tanycytes (3) to maintain brain
homeostasis. Paracellular diffusion cannot take place across these barriers, in contrast to fenestrated vessels (pink arrows); consequently, metabolic signals can

only enter the brain by specific transcellular transport (blue arrows). Reprinted with permission from Langlet et al. (4). 3V, third ventricle; ME, median emi- ~ Langlet et al., 2014
nence; TJ, tight junction; VMH, ventromedial hypothalamus; Vs, vessels. doi: 10_1111/jne_12191

barrier




Tanycytes

Tanycytes: A Gateway to the Metabolic Hypothalamus

F. Langlet*ti

Journal of Neuroendocrinology, 2014, 26, 753-760

The central regulation of energy balance relies on the ability of the brain to promptly and effi-
ciently sense variations of metabolic state. To achieve this, circulating hormonal and metabolic
signals have to cross the blood-brain interface, where unusual glial cells named tanycytes have
been described to play a key role in this process. Tanycytes are specialised polarised ependymog-
lial cells that line the floor of the third ventricle and send a single process to contact hypotha-
lamic neurones and blood vessels. Although their role in the regulation of energy balance via
the modulation of neurconal activity or their chemosensitivity has been alreacy described, recent
studies ascribe a new function to tanycytes in the regulation of energy homeostasis as a result
of their capacity to regulate the access of metabolic signals to the hypothalamus. This review
discusses the peculiar place of tanycytes within the blood-hypothalamus interface, as well as a
striking capacity to remoedel their own interface to ensure an adaptive metabolic respense to
energy imbalances.

Central regulation of food intake
and energy expenditure. Multiple
peripheral factors have been shown to
modify food intake and energy
expenditure through direct effects on
the CNS
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Tanycytes

Prevot et al., 2018

Figure 5. Leptin transported
from the periphery into the CSF
via the ME reaches target areas
both in the hypothalamus and
in nonhypothalamic areas
bordering the ventricles
[adapted with permission
from Balland et al. (97)]. (A)
Left: Representative
photomicrograph showing
tanycytic processes (arrows)
and cell bodies (arrowheads)
labeled by fluorescent leptin
(25 nmoles per animal; white
labeling). Fluorescent bioactive
leptin was injected intravenously
in wild-type mice. (Asterisks
show the BBB vessels of the
ARH.) Right: Schematic
illustrating the passage of leptin
from fenestrated pituitary
portal blood vessels to the CSF
of the third ventricle (3V) and
LepR expressing hypothalamic
neurons. (B) Ten minutes later,
fluorescent leptin (white
labeling) was found not only in
downstream hypothalamic
neurons (arrows in a and b), but
also in other leptin target
regions contacting the CSF, such
as the (c) hippocampus, (d)
cerebral cortex, and (e) medial
nucleus of the amygdala (MEA),
suggesting that leptin release by
tanycytes [arrowheads in (a)]
mediates its access to both
metabolic and cognitive brain
circuits. Similar results were
obtained when fluorescent
leptin was injected directly into
the CSF (data not shown).
Dotted lines in the low-
magnification view delineate
the ventricles. In all panels, cell
nuclei are counterstained with
Hoechst. Scale bar in (e)
indicates the scale for (a) to (e).
3V, third ventricle; CP, caudate-
putamen; DG, dentate gyrus; VL,
lateral ventricle. Reproduced
from Balland et al. (97).

doi: 10.1210/er.2017-00235
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Tanycytes

Blood-Arcuate Nucleus interface plasticity

Fasting-induced fenestration of ME microvessel
loops reaching the ventromedial ARH (vmARH),
and tight junction complex reorganization in
ARH tanycytes. Representative drawing
summarizing the functional consequences of
the structural changes in the tanycytic barrier on
the direct access of bloodborne molecules to
the vmARH. Tanycytic VEGF-A acts on
VEGFR2 in endothelial cells to promote the
fenestration of their endothelium (bottom right
panel). TJ, tight junction; V3, third ventricle;
VEGF-A, vascular endothelial growth factor A;
VEGFR, VEGF receptor 2; Vs, vessels.
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Prevot et al., 2018
doi: 10.1210/er.2017-00235
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Tanycytes

Fed Fasting

- Disassembled tanycytic tight junctions
1) Assembled tanycyte tight junctions
ol _caky fenestrated microvessels

Diffusion of blood-borne molecules
VM H 4 L into the brain
PPl |

Prevot et al., 2013
AGING, May 2013, Vol.5 No.5

Leptin Ghrelin
Glucose Fatty acids
Ghrelin Leptin
Fatty acids Glucose

Figure 1. Schematic diagram illustrating structural differences between the median eminence and
ARH of mice fed ad libitum and fasting mice, and their effects on the diffusion of blood-borne signals
into the brain. The arcuate nucleus of the hypothalamus (ARH) lies lateral to the third ventricle (3V) and
immediately dorsolateral to the median eminence (ME). In mice fed normally {left half of the figure), the
fenestrated blood vessels of the ME permit the local diffusion of macromolecules from the circulation, while vessels
in the ARH proper exhibit blood-brain barrier properties that block this diffusion (not shown). Hence, circulating
metabolic signals whose levels are high in the fed state (e.g., leptin and glucose) require BBB transport to access
ARH neurons. Under these conditions, tight junctions (green) between tanycytes line the ventricular wall of the ME,
preventing the diffusion of circulating factors into the 3V and CSF. During fasting or energy restriction (right half of
the figure), the levels of hormones such as ghrelin rise, along with products of lipolysis (e.g., fatty acids), while
leptin and glucose levels fall. Concomitantly, some ME vessels extending into the ARH become fenestrated, while
the tight junction barrier along the 3V extends dorsally. These changes allow the freer diffusion of circulating signals
that indicate energy restriction to ARH cells, including AgRP/NPY neurons that lie in the ventromedial ARH, while
preventing the access of these substances to the rest of the brain through the CSF. The focal plasticity of this dual-
faceted blood-hypothalamus barrier thus enhances the orexigenic/anabolic response to energy deficits.
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Fig. 3. Blood-arcuate nucleus (ARC) interface plasticity is based on cell-cell communication. (a) Isolation of tdTomato-positive tanycytes by fluorescence acti-
vated cell sorting following i.c.v. Tat:Cre injection, and real-time polymerase chain reaction analysis of vascular endothelial growth factor (VEGF)-A mRNA in
tdTomato-positive (pos; tanycytes) and -negative cells (neg) in fed and fasting mice. Fasting induces the increase of VEGF expression in tanycytes. (8) Sche-
matic representation of blood-ARC interface reorganisation in fed and fasting mice according to glycaemia, and its effects on the diffusion of bloodborne sig-
nals into the brain. (c) Alternative hypotheses concerning cell-cell communications implicated in the organisation of the blood-ARC interface. VEGF secreted
by tanycytes induces the fenestration of microvessels contacted by them, although other factors (such as transforming growth factor ) and/or cells (such as
astrocytes) could influence the blood-ARC interface plasticity. Reprinted with permission from Langlet et al. (4). 3V, third ventricle; CSF, cerebrospinal fluid;
FACS, fluorescence activated cell sorting; ME, median eminence; Neg, negative; Pos, positive; TGF, transforming growth factor; VEGF, vascular endothelial
growth factor.
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