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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 



(Cajal, 1905)

Neurons come in many different shapes and functions……

The neuron is the basic functional unit of the nervous system



Some examples of CNS glia: Some examples of PNS glia:

(Allen and Barres, 2009) 

(Corfas et al., 2004) 

Yet, glia (can) outnumber neurons 10:1 in the human brain 



Ependymal cells /Tanycytes – lining of ventricular system

Endothelial cells - Blood Brain Barrier (BBB)

Choroid plexus cells – secretion of cerebrospinal fluid

Let’s start with cells that are mostly neglected in the 

the study of the CNS:



The ventricular system

Ependymal 
cells

Ependymal cells



Schematics of the cerebroventricular

system during early human brain 

development and in the mature adult 

brain

(a) Upon anterior neural tube closure, the three 

primary brain vesicles [telencephalic (T), 

mesencephalic (M), and rhombencephalic (R) 

vesicles] serve as the rudimentary

cerebroventricular system for the developing 

central nervous system (CNS).

(b) In the mature CNS, CSF generated primarily 

by the choroid plexus tissues located in each 

ventricle in the brain fills the ventricles, 

subarachnoid space, and spinal canal. CSF flows 

from the lateral ventricles via the foramen of 

Monro/intraventricular foramen into the 

mesencephalic/third ventricle, and then via the 

aqueduct of Sylvius/cerebral aqueduct into the 

hindbrain/fourth ventricle. The CSF then 

continues through the foramina of 

Magendie/median apertures and Luschka/lateral 

apertures into the spinal

canal and subarachnoid space, and is finally 

resorbed into the venous system via arachnoid 

villi. An adult human circulates approximately 150 

ml of CSF within the cerebroventricular system. 

The CSF is estimated to turn over approximately 

three to four times per day, so a healthy CNS 

produces close to 500 ml of CSF daily.

Development of the 

cerebral ventricles

Lehtinen & Walsh. Annu. Rev. Cell Dev. Biol. 2011. 27:653–79
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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
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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.

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. 
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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

Robins et al., 2013

Tanycytes



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



The organization of the blood-hypothalamus (Arcuate 

Nucleus, Median Eminence) interface

Blood-CSF 

barrier

Blood-Brain 

barrier

Langlet et al., 2014
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• How can we define the many different cell types present in the hypothalamus/median eminence?

• Can an ‘expression profile’ approach help in this task?

Campbell et al. 2017, 

Nature Neuroscience, 

doi:10.1038/nn.4495

The technique:

Drop-seq single-cell

expression profiling

Using expression patterns of cell type–specific marker genes, a single identity was assignedto to each cluster: neurons (Tubb3+), 

ependymocytes (Ccdc153+), tanycytes (Rax+), oligodendrocyte lineage cells (Mag+), oligodendrocyte precursor cells (also known

as NG2 cells), Cspg4+), macrophages (Aif1+), endothelial cells (Slco1c1+), mural cells (Mustn1+) and astrocytes (Gfap+ 



The technique:

Drop-seq single-cell

expression profiling

New!

Macosko et al, 2015 Cell 

http://dx.doi.org/10.1016/j.

cell.2015.05.002

http://dx.doi.org/10.1016/j.cell.2015.05.002


Campbell et al., 2017

Subclustering analysis of Drop-seq data revealed eight clusters of 

ependymal cells (either ependymocytes or tanycytes).

Previous studies in rodents have described four tanycyte subtypes (α1, 

α2, β1 and β2) occupying distinct regions along the third ventricle (a). 

To trace the anatomical origin of the ependymal cell clusters, the 

markers of each cluster were cross-referenced with in situ hybridization 

data (b) from the Allen Mouse Brain Atlas (http://mouse.brain-

map.org/). Drop-seq data nearly double the number of ependymal cell 

subtypes thought to exist and provide insight into each’s possible 

functions.

The gene Sprr1a was found only at the border between Arc and 

ME (c), where tanycytes are thought to form a diffusion barrier. Small 

proline-rich (SPRR) proteins, including SPRR1A, are crucial 

constituents of the cornified envelope, the diffusion barrier in the skin.   

(c)

http://mouse.brain-map.org/

