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Astrocytes have been recently iden-
tified as important components of 

the tripartite synaptic complex. There 
is growing evidence that astrocytes 
regulate synaptic functions, in part, 
through the release of gliotransmitters. 
In a recent study, we have demonstrated 
that ephrinB3 could stimulate astrocytic 
release of D-serine through activation of 
EphB3 and EphA4 receptors. Eph recep-
tors regulate this response by inducing 
the dephosphorylation of PKCα and 
activation of serine racemase to convert 
L-serine to D-serine. We now investigated 
whether ephrinB3 would increase the 
release of glutamine, which is also syn-
thesized from serine and play important 
roles in regulating synaptic responses. 
Using HPLC, we observed an enhanced 
release of L/D-serine and glutamine 
from cultured astrocytes following eph-
rinB1 and/or ephrinB3 stimulation. In 
the absence of EphB3 and EphA4, eph-
rinB3-enhanced release of L/D-serine 
and glutamine was not observed. These 
studies provide evidence that Eph recep-
tors may play broader roles in regulating 
gliotransmitter release from astrocytes, 
which could have important implications 
on synaptic transmission, and learning 
and memory processes.

There is a close association between astro-
cytes and neurons in both spatial location 
and biological functions, although our 
understanding of the relevance of these 
interactions in learning and memory are 
largely unknown. Astrocytic membranes 
are often separated by as little as 20 nm 
from neuronal membranes,1 and in syn-
aptic regions, astrocytic processes wrap 
and ensheathe neuronal synapses.1 Both 
neuronal- and glial-derived transmitters 

Eph signaling regulates gliotransmitter release

Zhiye Zhuang, Jian Huang, Maria L. Cepero and Daniel J. Liebl*
The Miami Project to Cure Paralysis and Department of Neurosurgery; University of Miami School of Medicine; Miami, FL USA

are believed to play important roles in a 
variety of responses; such as increasing 
excitability, modulation of neuronal trans-
mission and synchronization of synaptic 
events.2 However, the mechanisms that 
regulate the cross-talk between neurons 
and astrocytes are less clear. Recently, we 
have implicated ephrinB3 and Eph recep-
tors in modulating astrocytic-neuronal 
communication by regulating the release 
of D-serine.3 EphrinB3 and EphB3/
EphA4 receptors are membrane-bound 
proteins that are found on both neurons 
and astrocytes, and ligand-receptor inter-
actions can lead to bidirectional signaling.4 
Furthermore, gene-targeted knockout 
mice for ephrinB3 show deficits in long-
term potentiation (LTP).5 Unfortunately, 
these knockout studies are not cell type 
specific, and cannot differentiate between 
neuronal and astrocytic functions for eph-
rins and Eph receptors.

Previously, we have identified that eph-
rinB3 can activate EphB3 and/or EphA4 
to increase D-serine release from astro-
cytes, which could have important impli-
cations in synaptic transmission (Fig. 1). 
In particular, post-synaptic ephrinB3 
could interact with astrocytic EphB3 and 
EphA4 receptors to activate serine race-
mase (SR) and the conversion of L-serine 
to D-serine. We showed that activation 
of Eph receptors regulates D-serine levels 
by enhancing PICK1-SR interactions and 
reducing PKCα activity. It is less clear how 
PKCα acts in the reduction of D-serine 
levels but it is clear that activation of Eph 
receptors blocks its phosphorylation and 
activity. These findings are supported 
in gene-targeted knockout mice, where 
reduced D-serine release, PICK1-SR asso-
ciation and LTP were associated with the 
absence of EphB3 and EphA4.3 However, 
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and shown to be released by astrocytes 
to enhance glutamate synthesis through 
phosphate-activated glutaminase (PAG) 
in neurons,6-8 showed that ephrinB3, but 
not ephrinB1, can stimulate glutamine 
release (Fig. 2C). Like D/L-serine, eph-
rinB3 did not enhance glutamine release 
in the absence of EphB3 and EphA4 
(Fig. 2D). These findings suggest that 
ephrinB3 may have a more pronounced 
role in activating gliotransmitter release 
through activation of EphB3 and EphA4 
than other ephrins.

following ephrinB3 stimulation. Figure 2 
shows that similar to our previous study,3 
D/L-serine levels were increased in the 
presence of either ephrinB1 or ephrinB3 
in wild type astrocytes but only ephrinB1 
enhanced D/L-serine release in astro-
cytes derived from EphB3/EphA4 knock-
out mice (Fig. 2A and B). The absence 
of ephrinB3 stimulation of D/L-serine 
release supports the specificity of EphB3 
and/or EphA4 for that particular ligand. 
Examination of glutamine, an important 
precursor of the transmitter glutamate 

cell-specific knockouts studies are required 
to identify whether astrocyte-derived 
Ephs are critical in mediating these bio-
logical responses.

We might predict that these findings 
may not be unique to D-serine, and that 
amino acids, such as glutamine, may be 
also regulated by the interaction of eph-
rinB3 with EphB3 and/or EphA4. For 
that reason, we used high-performance 
liquid chromatography (HPLC) to mea-
sure the levels of glutamine as compared 
to D/L-serine in cultured astrocytes 

Figure 1. ephrins and eph receptors function in tripartite communication between astrocytes and neurons in the CA1 hippocampus. Post-synaptic 
ephrinB3 can activate ephB3 and/or ephA4 in astrocytes to inhibit phosphorylation of PKC and enhance the association of Sr with PICK1, which in turn 
enhances d-serine synthesis and release. d-serine release can regulate synaptic transmission and plasticity through activation of nMdA receptors on 
postsynaptic membranes. L-serine and d-serine can be converted to pyruvate through α,β-elimination of water to produce glutamine. Glutamine is 
taken up by neurons following astrocytic release, which can be converted to glutamate and GABA. Astrocytes also express ephrins that could poten-
tially interact with pre- and/or post-synaptic ephs to modulate synaptic functions. not depicted on this schematic are studies that describe pre-synap-
tic ephrins interacting with post-synaptic ephB2 to modulate nMdAr functions,13,14 and astrocytic ephrinA3 interacting with post-synaptic ephA4.15
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regulating gliotransmitter levels through 
pre- and post-synaptic interactions with 
astrocytes.
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The mechanism by which ephrinB3 
enhances the release of glutamine is cur-
rently unknown. However, SR has been 
shown to play a role in the synthesis of 
these molecules. Specifically, SR is a 
bifunctional enzyme that can both con-
vert L-serine to D-serine9,10 and produce 
pyruvate through α,β-elimination of 
water from L- and D-serine.11 In the mito-
chondria, pyruvate decarboxylation leads 
to the production of ATP and diverse 
amino acids such as glutamine or gluta-
mate.11,12 Additional studies are needed 
to determine whether ephrinB3 increases 
glutamine synthesis, and whether eph-
rinB3 enhances glutamate and ATP syn-
thesis and release. Together, these findings 
provide further support for a more global 
role for ephrins and Eph receptors in 

Figure 2. ephrinBs/eph receptors signaling mediates d/L-serine and glutamine release from astrocytes. ephrinB1 stimulation increased L/d-serine 
and ephrinB3 stimulation increased d/L-serine and glutamine release from cultured astrocytes derived from wild-type mice 15 min after ephrinBs 
application (A and C). In the absence of ephB3 and ephA4 (ephB3KO/ephA4KO), ephrinB3 did not stimulate d/L-serine or glutamine release from cultured 
astrocytes. Amino acid levels were normalized against control amino acid level. experiments performed in triplicate (n = 8–10). *p < 0.05; **p < 0.01; 
***p < 0.001.
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