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Presynaptic membrane
senses the ACh by 
both nAChR and mAChR

Postsynaptic ….

What about PSCs?







The tripartite synapse
at the central nervous system





The coverage domain
of a single astrocyte is between
20,000-140,000 synapses in rodent
hippocampus and 250,000-2 millions
in human!

* If we also include microglial 
processes and the 
extracellular matrix (ECM), 
the tripartite paradigm can be 
uploaded to tetra or 
pentapartite synapse.

Figure 3. Comparison of rodent and human protoplasmic astrocytes. (A) Typical mouse protoplasmic 
astrocyte. Glial fibrillary acidic protein (GFAP) staining is shown in white. Scale bar: 20 µm. (B) Typical human 
protoplasmic astrocyte in the same scale. Scale bar: 20 µm. (C,D) Human protoplasmic astrocytes are 2.55-
fold larger and have 10-fold more main GFAP processes than mouse astrocytes (human, n = 50 cells from 
seven patients; mouse, n = 65 cells from six mice; mean ± standard error mean (SEM); *p < 0.005, t-test). (E) 
Mouse protoplasmic astrocyte diolistically labelled with lypophilic dye DiI (white staining) and sytox (blue 
staining) revealing the full structure of the astrocyte, including its numerous fine processes. Scale bar: 20 µm. 
(F) Diolistically-labelled human astrocyte demonstrates the highly complicated network of fine process that 
defines the human protoplasmic astrocyte. Scale bar: 20 µm. Inset: Diolistically-labelled human protoplasmic 
astrocyte, also immunolabelled for GFAP (green staining), demonstrating colocalization. Scale bar: 20 µm. 
Reproduced with permission from [50].





Figure 3. Astrocyte Ca2+ signaling in brain slices and in vivo. (a) Cajal’s drawing of the mammalian
hippocampus (reproduced from an original drawing with permission of the Instituto Cajal) and
pseudocolor images from rat hippocampal slices representing fluorescence intensities indicative of
astrocyte Ca2+ levels before (5 s) and after (5 s, 20 s) electrical stimulation of Schaffer collaterals. Scale
bar, 10 mm. (b) Two-photon microscopy images of the in vivo astrocyte Ca2+ signal in the barrel cortex.
Pseudocolor images represent fluorescence intensities indicative of astrocyte Ca2+ levels before (0 s) and
after (9 s, 15 s) evoked by whisker stimulation. Scale bar, 20 mm. Reproduced, with permission, from Ref.
[33]. Note the astrocyte Ca2+ elevations evoked by electrical synaptic and sensory stimulation in
hippocampal slices (a) and in vivo barrel cortex b), respectively.



Astrocytes integrate synaptic information
Alveus: GLU & 
ACh

SC: GLU



Astrocytes regulate neuronal activity



Figure 1. VGLUT-positive small vesicular organelles in 
astrocytic processes that face neuronal structures in the 
hippocampus.
(a) cDNA gels from electrophysiologically identified 
astrocytes of the outer molecular layer of the hippocampal 
dentate gyrus show the coexpression of the astrocyte 
marker S100beta (175 bp) and VGLUT1 (165 bp, upper gel) 
or VGLUT2 (286 bp, lower gel). (b−f) Electron micrographs 
of (b−e) VGLUT1 and (f) VGLUT2 (small gold particles) in 
astrocyte processes in the molecular layers of the dentate 
gyrus. The astrocyte processes are identified by labeling for 
GLT/GLAST25 (large gold particles) and by the presence of 
filaments (filled arrowheads). In b, VGLUT1 is located in 
small groups over vesicular organelles in an astrocyte 
process (ast) close to the plasma membrane facing a 
VGLUT1-positive nerve terminal (ter). Insets: Higher 
magnifications highlighting the similar appearance of 
VGLUT1-positive vesicles in astrocytes and in nerve 
terminals (open arrowheads). m, mitochondria. Other 
examples of VGLUT1-positive vesicles are shown in c and 
d, just beneath the plasma membrane that opposes 
VGLUT1-positive nerve terminals (ter). Insets: Higher 
magnifications showing the astrocyte vesicles (open 
arrowheads) labeled for VGLUT1. In e, VGLUT1-positive 
vesicular organelles are close to a tubular structure 
resembling smooth endoplasmatic reticulum (ser). Inset: 
Higher magnification showing a VGLUT1 gold particle 
belonging to either of the vesicles (open arrowheads). den, 
dendrite. (f) VGLUT2 labeling in an astrocyte process. Inset: 
A vesicular organelle (open arrowhead) is positive for 
VGLUT2. den, dendrite. Scale bars, 100 nm in b−f and 50 
nm in insets.

The gliotransmitter 
release

Li et al. J Neurosci. 2013 6;33(10):4434-55. 



The Schwann cells

Ensheath axons, forming 
myelin, and allowing fast 
propagation of action 
potential.



Terminal Schwann 
Cells (TSC), also 
known as 
Perisynaptic 
Schwann Cells 
(PSC) are located 
in PNS
Definition: any Nonmyelinating
Schwann Cell associated with an axon 
terminal, regardless of end-organ 
structure (e.g. somatosensory and 
somatic motor systems). 
They are involved in:
synaptic development, facilitating and 
maintaining neural transmission 
repairing damage following injury 
They sense neurotransmission, 
releasing cytokines, influencing 
synaptic competition, and removing 
supernumerary axons. They are also 
involved in diseases and aging.



The Tripartite Synapse
At the peripheral nervous systemAt the central nervous system



The TSCs
sense the synaptic
activity 

TSC

TSC



The PSCs cells are important for:

1. Synaptic transmission

2. NMJ development

3. Synaptic maintenance

4. Synaptic regeneration



Fig. 1. The presynaptic, glial, and postsynaptic elements of the neuromuscular junction (NMJ). a-d, An adult frog neuromuscular junction
labeled with antineurofilament and antisynapsin I antibodies (a) to visualize nerves, including preterminal axons (arrow in a) and nerve 
terminals (arrowhead in a); with a monoclonal antibody, mAb 2A12 (b), which selectively binds the surface membrane of perisynaptic 
Schwann cells (PSCs) in vivo (asterisks in b mark PSC cell bodies); and with α-bungarotoxin (α-BTX) (c) to visualize acetylcholine receptors 
(AChRs) on the postsynaptic muscle fiber. As seen in the merged image (d), the three components of the NMJ— nerve terminals, PSCs, and 
AChRs—are closely aligned with one another. e, Electron micrograph of an adult NMJ in cross section. The PSC (S), in this case with a 
densely stained nucleus, tightly covers the nerve terminal (N), which is apposed to postjunctional folds on the muscle fiber (M). (Fig. 1e 
adapted from Reddy and others 2003.)

The number of PSC 
is correlated
with the endplate size



small clear vesicles:
- ACh
- ATP (Ado)
dense-core vesicles:
- substance P (SP) 
- calcitonin gene-related peptide (CGRP)





The PSC receptors:

• muscarinic ACh receptors (mAChRs) 

they are activated by the release of neurotransmitter from the nerve 
terminal

• P2X and P2Y receptors (P2XRs, P2YRs)

they are activated by the release of ATP from the nerve terminal

• A1 adenosine receptors (ARs)

• NK1 receptor (ligand: substance P)

• nAChR (ACh spillover)

Moreover they have butyrylcholinesterase (BChE)



• Video tripartite NMJ

https://app.jove.com/v/58347/ex-vivo-imaging-cell-specific-calcium-signaling-at-tripartite-synapse


1. Low frequency stimulation (< 0.2 Hz) does not simulate Schwann cells

2. High frequency stimulation (40 Hz) increases the intracellular calcim 
concentration of Schwann cells

PSCs are involved in synaptic activity

Fig. 1. Perisynaptic Schwann cells at the frog neuromuscular junction and theirCa2+response to synaptic activity. (A) PSCs, non-myelinating glial cells 
located at the NMJ, are closely apposed to nerve terminals and extend intermittent finger-likeintrusions into the synaptic cleft. These intrusions are located 
near nerve terminal active zones, where synaptic vesicles are concentrated. Thus, PSCs are well placed anatomically to interact with neurotransmission. 
(B) A typical PSC Ca2+ response to high-frequency motor nerve stimulation at the frog NMJ. Intracellular fluorescence changes were monitored using the 
Ca2+ indicator Fluo3-AM. Nerve stimulation at 0.2 Hz did not elicit a PSC Ca2+ increase, whereas stimulation at 40 Hz for 30 sec elicited a robust 
increase. Insert a. shows a false color confocal image of a PSC at rest. Insert b. shows the same PSC at the peak of the Ca2+ response accompanying 40 
Hz stimulation. Blue represents low levels of fluorescence. and red high levels. Insert a. and b. depict the same cell as in the graph.



PSCs detect synaptic transmission. (A) Diagram
depicting the receptors and their actions by
which PSCs detect synaptic transmission at
mature NMJ and the main regulatory
mechanisms. (B) (Top) Changes in fluorescence
of a Ca2+ indicator in PSCs of a mature mouse
NMJ before, during, and after motor nerve
stimulation. (Bottom) False color confocal
images of the PSCs loaded with a Ca2+ indicator
and from which the traces have been measured.
(C) Images of an amphibian neuromuscular
preparation showing the changes in fluorescence
observed in the axonal compartment (1), the
soma of a PSC (2), and the presynaptic terminal
area (3) before, during, and after motor nerve
stimulation (bar). (D) Diagram depicting the
receptors and their actions by which PSCs
detect synaptic transmission at developing NMJ.
(E) (Top) Changes in fluorescence of a Ca2+
indicator in a PSC of an immature (P7) mouse
NMJ before, during, and after motor nerve
stimulation. (Bottom) False color confocal
images of the PSCs loaded with a Ca2+ indicator
and from which the traces have been measured.
(Panel C from Reist and Smith 1992; reprinted,
with permission, from the National Academy of
Sciences.)

PSCs detect synaptic transmission



PSCs decode synaptic information. (A)
Diagram depicting the Ca2+ responses in
PSCs and the mechanisms involved when
motor nerve activity is induced using two
different patterns of stimulation
(continuous or bursting activity) at mouse
mature NMJs. (B) The bursting pattern
consisting of 30 repetitions of 20 pulses at
20 Hz repeated every 2 sec and a
continuous pattern of stimulation at 20 Hz
for 90 sec. (C) Typical Ca2+ responses
elicited by the bursting and the continuous
motor nerve stimulation illustrated in B.
Note the difference in the kinetics of the
Ca2+ responses revealing the ability of
PSCs to decode the pattern of synaptic
activity. (D) Diagram depicting the Ca2+
responses in PSCs elicited by
independent activity of competing nerve
terminals (weak and strong) at NMJs
during synapse formation. (E) Quantal
analysis based on the failure rates of two
competing inputs at an immature NMJ.
Note the larger percentage of failures of
the weak nerve terminal. (F) Independent
Ca2+ responses in the PSC that covers
the same two terminals (weak and strong)
in E. Note the difference in the amplitude
of the two responses, the stronger
terminal eliciting a larger Ca2+ response.
(G) A PSC activation index as a function
of the synaptic strength index showing a
continuum in the amplitude of Ca2+
responses as a function of the relative
strength of competing nerve terminals.
These results indicate that a single PSC
can decipher the strength of nerve
terminals competing for the territory at a
same NMJ. (Panels B and C from data in
Todd et al. 2010; and panels E–G from
data in Darabid et al. 2013.)

PSCs decode synaptic information



PSCs in short-term plasticity

depression



PSCs in short-term plasticity

depression and potentation







balance between Muscarinic vs Purinergic receptors

PSCs: stability, efficacy, plasticity and repair of the NMJ 


