
Cellular components of CNS

• Neurons

• Glial cells:
Astrocytes (including radial glia), 

oligodendrocytes, microglia, ependymal cells

• Endothelial cells of CNS capillaries

• Epithelial cells of choroid plexus 



Cellular components of CNS



Ependymal cells /Tanycytes – lining of ventricular system

Endothelial cells – Capillary walls, 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



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

A



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



The subarachnoid space 

contains blood vessels; small 

branches of these vessels 

penetrate the surface of the 

brain

Origin of cerebral 

capillaries



Multiple

Brain Barriers

1. Blood-Brain 

Barrier: capillary

endothelium (between

blood and brain 

interstitial fluid)

3.  Blood-CSF Barrier: 

choroid plexus

epithelium (between

blood and and

ventricular CSF)

2. CSF-Meninges:

arachnoid epithelium

(between subarachnoid

CSF and dura 

mater/blood)

Neuwelt et al. 2011

Nature Reviews Neuroscience, 

doi:10.1038/nrn2995



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).



Already in the 19th 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) 

CB

Discovery of the Blood

Brain Barrier (BBB)



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: 218S–226S



Pituitary gland

Median eminence

Area postrema

Preoptic recess

Paraphysis

Pineal gland

Endothelium of the choroid plexus

Neuropeptides secretion to 

blood, chemosensitivity to 

monitor blood composition  

Presence of TJ between 

specialized ependymal cells in 

CVOs and astrocytic 

processes that isolate the 

CVOs from brain parenchyma

AREAS OF BRAIN WITHOUT A 

BLOOD-BRAIN BARRIER



Circumventricular

organs have no BBB



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.

Ependymal cells



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.

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



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

Ependymal cells



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

Tanycytes

Hypothalamus



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

Tanycytes



Prevot et al., 2018

doi: 10.1210/er.2017-00235

Tanycytes



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

Tanycytes



Prevot et al., 2013

Tanycytes



Tanycytes

Langlet et al., 2014

doi: 10.1111/jne.12191

Blood-Arcuate Nucleus interface plasticity


