
Ependymal cells /Tanycytes – lining of ventricular system

Endothelial cells - Blood Brain Barrier (BBB)

Choroid plexus cells – secretion of cerebrospinal fluid

Cells that are mostly neglected

in the study of the CNS:



The ventricular system

Ependymal 
cells

Ependymal cells



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

Evolutionary conservation of embryonic brain ventricle structure
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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.
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The ventricles of the brain and the central

canal of the spinal cord are lined with

ependymal cells. These cells are often

ciliated and form a simple cuboidal or low 

columnar epithelium. The lack of tight 

junctions between ependymal cells allows

a free exchange between cerebrospinal

fluid and nervous tissue.
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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. 
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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 βIV (tubβIV, 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.

Modified from Jiménez et al.,Tissue Barriers 2014, 2, DOI: 

10.4161/tisb.28426
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http://www.jove.com/video/52853/live-imaging-ependymal-cilia-lateral-ventricles-mouse

Live imaging of the ependymal cilia in the lateral

ventricles of the mouse brain

Ependymal cells

http://www.jove.com/video/52853/live-imaging-ependymal-cilia-lateral-ventricles-mouse


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.

TANYCYTES

Tanycytes



Different tanycyte

populations in the 

hypotalamus / 

median eminence

Prevot et al., 2018

doi: 10.1210/er.2017-00235
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The organization of the blood-hypothalamus

(Arcuate Nucleus, Median Eminence) interface

Blood-CSF 

barrier

Blood-Brain 

barrier

Tanycytes

Langlet et al., 2014

doi: 10.1111/jne.12191



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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Prevot et al., 2018

doi: 10.1210/er.2017-00235
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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.

Blood-Arcuate Nucleus interface plasticity

Prevot et al., 2018

doi: 10.1210/er.2017-00235
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Prevot et al., 2013
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Tanycytes

Langlet et al., 2014

doi: 10.1111/jne.12191
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Relationship between GnRH

secretory axons and tanycytes
(A) Confrontation in the mediobasal hypothalamus (mouse brain) of neuroendocrine 

axons secreting GnRH (blue), tanycytes [light gray, labeled for vimentin (VIM)], and 

the basal lamina [magenta, labeled for laminin (LAM)] of the outer surface of the 

brain and of hypothalamo-hypophysial capillary vessels. Note in B1–B2 that ramified 

GnRH axons travel along tanycytic shafts (asterisks) and terminate (arrows) engulfed 

by tanycytic endfeet before contact with the basal lamina. The orientation is given in 

(A) where labeling for VIM and LAM are shown in separate low-power views of 12-

mm-thick sections (insets). Scale bar, 10 mm.

(C) Electron micrographs illustrating the dynamic changes occurring in the external 

zone of the ME that control direct access of GnRH nerve terminals to the pericapillary

space during the reproductive cycle in the rat. Left: Electron micrograph of GnRH-

immunoreactive terminals (large arrowhead) in the external zone of the ME in close 

proximity of the fenestrated capillaries (Cap) of the portal vasculature. At most stages 

of the reproductive cycle, GnRH nerve terminals (labeled with 15-nm gold particles) 

are entirely embedded in tanycytic endfeet (Tan), which prevent them from 

contacting the pericapillary space (p.s.) delineated by the parenchymatous basal 

lamina (arrow). Arrowhead, endothelial basal lamina; short arrow fenestration of the 

endothelium. Scale bar: 0.5 mm. Right: On proestrus, the time of the occurrence of 

the preovulatory GnRH/luteinizing hormone surge, a significant fraction of GnRH

nerve endings (large arrowhead) directly contact the pericapillary space (p.s.) 

through filopodial extension of the nerve terminal (arrows). Scale bar: 0.5 mm.

(D) Schematic representation of coordinated glial-endothelial-neuronal interactions 

regulating the direct access of GnRH neurosecretory terminals to the pericapillary

space in the external zone of the ME. In diestrus, high progesterone levels in a 

context of low circulating estrogens promotes the secretion of Sema7A by ME 

tanycytes. Sema7A activates integrin b1 (Itgb1) expressed by tanycytes themselves 

via a paracrine/autocrine action to promote the growth of their endfeet (blue arrows), 

which engulf GnRH neuroendocrine terminals and thus form a diffusion barrier 

impeding GnRH release into the pericapillary space and fenestrated capillaries. In 

parallel, tanycytic Sema7A acts on the Plexin C1 receptor expressed by GnRH

neuroendocrine terminals to induce their retraction from the pericapillary space (red 

arrow). In proestrus, high circulating levels of estrogens promote both nitric oxide 

(NO) and Sema3A release from the fenestrated endothelial cells of the ME, 

promoting, respectively, the retraction of tanycytic endfeet from the parenchymatous

basal lamina (red arrows) and the neuropilin 1 (NRP1)–mediated outgrowth of GnRH

neuroendocrine axons guided by a scaffold of tanycytic processes toward the 

pericapillary space (blue arrow). Reproduced from Prevot et al. 1998.
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