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Homeostatic Synaptic Plasticity: Balanced by
COX2-PGE-: System to a New Setpointm
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THE SETPOINT OF neural activity plays a critical role in maintain-

ing the complex neural circuits into stable activities. Homeostatic

synaptic plasticity is a major component of the setpoint theory

that dynamically adjusts synaptic strengths. Cyclooxy-genase 2

(COX 2) is rapidly upregulated in inflammatory episodes after

nervous injury and its product prostaglandin E, (PGE;) exerts con-

trast functions in the nervous system by working on the homeo-

static plasticity. New data revealed that COX2-PGE, system takes

an essential part in balancing excitation and inhibition of the

synaptic activities at a new setpoint that finally is maintained by

the homeostatic synaptic plasticity.
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EURONS are functionally
connected with each other to
transmit excitatory or inhibi-

tory information produced
by internal or external stimulation,
which is a crucial property endowed
with the neural synaptic transmission.
Activity-dependent enhancement or
depression in the efficacy of synaptic
communication has been proposed to
play a critical role in the ability of
modifying neural circuitry. Although
such activity-associated refinement on
synaptic connectivity initially defined
as Hebbian assembly is of fundamen-
tal importance throughout the brain
development, this plasticity tends to
destabilize the activity of neural cir-
cuits through neuron-to-neuron activa-

tion in sequences. In fact, activity-
dependent synaptic plasticity occurs
physiologically where specific types
of neural activity result in changes in
neural excitability and synaptic effica-
cy. However, the so-called “setpoint”
of neural activity kept through self-
regulating by neurons plays an im-
portant role in maintaining the com-
plex circuits into stable activity states
in facing the destabilizing stimuli.
Homeostatic synaptic plasticity is a
major component of the setpoint theo-
ry that dynamically adjusts synaptic
strengths in the correct direction to
promote stability (1). Consistent with
homeostatic  regulation, excitatory
synaptic transmission can be increased
after neural activity deprivation in the

cultured hippocampal slices, and even
leading the hippocampus to generate
seizure-like activity (2). While such a
consequence of epileptogenesis from
homeostatic plasticity is unwanted, it
somehow suggests that injury-induced
epilepsy may be a state maintained by
the homeostatic synaptic plasticity at a
new setpoint.

Previous work has long recog-
nized the function of inflammatory
mediators in plasticity stability, and
suggested they should be treated as
neuromodulators in normal or/and
injured brain. Cyclooxygenase 2
(COX 2), the inducible isoform of
cyclooxygenase is rapidly upregulated
in inflammatory episodes after nerv-
ous injury, of which consequently
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leads to downstream prostaglandins
(PGs) production functioning patho-
logically in promoting further nervous
injury. Among the four PGs, PGE,

exerts contrast
functions in the
nervous  system

because divergent

results obtained in

different types of

context of nerve

injury, during

which either neu- gl
rotoxic or neuro-

protective  role

was observed de-

pending on distinct downstream PG
receptor signalings. These seem to be
associated with an elevated regulation
at a higher-than-normal level by the
homeostatic plasticity. This link be-
tween PGE, and homeostatic synaptic
plasticity was investigated by Koch et
al. (3) using organotypic slices, in
which a series of in vitro experiments
indicated that PGE, reduces excitatory
synaptic transmission and depresses
network activity when applied acutely
in neocortical slices, but long-term
exposure to PGE, results in a
hyperexcitable network state display-
ing paroxysmal depolarization shifts
(PDSs), a result of a homeostatic re-
sponse that may lead to epilepto-
genesis.

Organotypic  slice preparations
have been increasingly used for the
study of synaptic plasticity, where the
hippocampus is removed after 5 days
of postnatal experience and subse-
quently develops in the total absence
of sensory input. Nonetheless, acute
slices are prepared from animals with
over 2-week postnatal experience
mainly because in which development
occurred in vivo (4). When analyzing
spontaneous synaptic activity, tetro-
dotoxin (TTX), a blocker of the sodi-
um action potentials, is used to inhibit
the occurrence of spontaneous action
potentials, and thus generating data
for all miniature currents, whether
carried by glutamate (excitatory
postsynaptic currents, mEPSCs) or
GABA (inhibitory postsynaptic cur-
rents, mIPSCs). In some cases,
bicuculline, a blocker of GABA, re-
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ceptors, is added to the TTX solution
to block GABAergic activity, which
finally allows a study of mEPSCs in
isolation. Theoretically, changes in the
amplitude of mMEPSCs display a
postsynaptic mechanism, but presyn-
aptic effect can be explained with the
changes in the frequency of mEPSCs.

Using acute and organotypic slices,
Koch et al. (3) performed three parts
of experiment to approve their hy-
pothesis that traumatic brain injury
leads to a homeostatic response that
constitutes the first step in a process
that will eventually result in seizures
and epilepsy, during which COX2-
PGE, system may be involved in the
activity-dependent regulation on the
homeostatic plasticity to excitable or
inhibitable responses. First of all,
acute effects of PGE, on synaptic
electrophysiological patterns  were
tested when TTX was added 48 h to
produce activity deprivation leading to
increase in peak and mean amplitudes
of PDSs and mEPSCs in organotypic
preparations [Koch et al. (3), their Fig.
2 and 3], and then the effect of PGE,
on extra potassium-induced network
bursting activity was observed in
acute and organotypic slices [Koch et
al. (3), their Fig. 4 and 5]; subsequent-
ly, the authors found that PGE, de-
creased the amplitudes of excitatory
postsynaptic potentials (EPSPs) and/or
MEPSCs in both kinds of cultures
[Koch et al. (3), their Fig. 6], leading
the authors to suggest that PGE,
postsynaptically inhibits excitatory
synaptic transmission in acute and
organotypic slices.

Following the-
se  observations,
the authors then . \\
investigated  the \J\
long-term  effect

of PGE, on PDSs’
up state activity
and mEPSCs in
organotypic slices,

and found PGE,

exposure 48 h increased the amplitude
of PDSs and the frequency of
MEPSCs [Koch et al. (3), their Fig. 7
and 8]. This appears diverse compared
with the acute effect of PGE, in that a
mainly presynaptic effect was pro-
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duced when the organotypic slices
were exposed to PGE, in a relatively
long-term duration. Then the authors
examined the possibility that similar
homeostatic mechanisms are involved
in the PGE,-induced synaptic plastici-
ty through occlusion experiments by
exposing  organotypic  slices to
PGE,+TTX up to 48 h. The combined
exposure showed distinct forms of
homeostatic plasticity expressed as the
increase in amplitude and frequency
of both the PDSs up state activity and
MEPSCs [Koch et al. (3), their Fig. 9
and 10]. Finally, the authors deter-
mined the role of TTX or/and PGE; in
apoptosis using immunofluorescence
staining for active caspase-3, and
found that chronic exposure of
organotypic cultures to TTX or PGE,
induced increased apoptosis [Koch et
al. (3), their Fig. 11]. Together, these
key findings led the authors to come
to the conclusion that the
hyperexcitable state together with the
permanent changes associated with
cell apoptosis may contribute to a
change in the balance between inhibi-
tion and excitation that could eventu-
ally become permanently manifested
in epileptic patients.

In the light of above interesting
findings, Koch et al. (3) provided fun-
damental data through which a link
between homeostatic synaptic plastici-
ty and PGE, was established, while
several concerns on experimental
methodology should be acknowledged.
Firstly, Koch et al. (3) used isoflurane
as anesthetic to their animals. The rea-
sons for putting this forward are as

follows: 1) isoflurane

possesses anti-
epilepsy property; 2)
isoflurane inhibits

neuronal degeneration;
3) isoflurane inhibits
R-type
calcium channel re-
sulting in inhibition of
synaptic transmission;
4) isoflurane enhances GABA, recep-
tor-dependent excitability, and sup-
presses glutamate-mediated excitatory
currents (for review, see reference 5).
Thus deep anesthesia with isoflurane
before decapitation is similar to pre-
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conditioning that might produce un- .
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great interest. As Koch et al. (3) pre-
sented that acute exposure of PGE,
reduced electrophysiological activity
postsynaptically, but long-term stimu-
lation with PGE; increased presynap-
tic plasticity. However, the homeostat-
ic plasticity of the nervous system is
such complex that the whole molecu-
lar or cellular events involved in this
process cannot be figured out totally.
Synaptic connectivity is a complex
network forming through neuron-to-
neuron, astrocyte-to-neuron, micro-
glia-to-neuron and neuron-to-effector
organs, and the homeostatic plasticity
occurs among these patterns of syn-
apse. Although Koch et al. (3) provid-
ed evidence of pre- or/and postsynap-
tic plasticity after PGE, exposure, they
did not present any clue that which
kind of synapses were involved in this
process. Additionally, the effect of
PGE, on synaptic plasticity, in fact, is
an integrative result detected with ex-
perimental means, of which may re-
sult from the combined influence of
afferent neurons, astrocytes, microglia
and inhibitory interneurons (Figure 1).
Of the four subtypes of PGE; receptor,
EP; was found to be involved in the
regulation of PGE,-associated synap-
tic plasticity in acute slices (3). None-
theless, what about the downstream
signaling pathways related with EP;-
Gi activation is not defined by Koch et
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Arachidonic acid (AA) is converted to prostaglandin E; (PGE;) by cyclooxygenase 2
(COX2) physiologically, and pathologically increased after nervous injury evoked by
following inflammatory responses, and the secreted PGE; involves in the regulation
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of synaptic plasticity at sites of neuron-to-neuron (1), astrocyte-to-neuron (2), and
microglia-to-neuron (3) connections. On micrographic display at neuron-to-neuron
synapse, PGE; exerts function through binding to its subtype receptor EP3, one
type of G protein coupled receptor, lying within the membrane of afferent terminal,
inhibitory interneuron, transmission neuron, astrocyte and microglial cell, which
results in activation of unknown downstream signaling pathways and, finally dis-
plays with synaptic plasticity including changes in paroxysmal depolarization shift
(PDS), miniature excitatory postsynaptic current (MEPSC) and/or excitatory
postsynaptic potential (EPSP). In the light of role for PGE; in synaptic plasticity, the
upstream enzyme COX2 possesses therapeutic potential by using corresponding
inhibitors. Question mark (?) refers to untested or uncertained effects as indicated.

al. (3) and needs to be guaranteed by
further studies (Figure 1).

Although the study from Koch et
al. (3) suggests a therapeutic potential
for PGE; in epileptic patients, dissatis-
factory results reported when the
PGE, upstream enzyme COX2 was
focused on as therapeutic target (7).
Therefore, the data from Koch et al.
(3), on another side, may reveal a role
for COX2-PGE, system in balancing
excitation and inhibition of the synap-
tic activities at a new setpoint that fi-
nally is maintained by the homeostatic
synaptic plasticity.m
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By Frei Cristovao de Lisboa in the 17th Century (1625-1631), Brazil. He draws birds,
mammals and plants while he was in Brazil as a missionary. The original drawings, in
pencil and covered in ink, are part of a manuscript "Historia dos animais e arvores de
Maranhao" that is kept in an archive in Portugal. This is a Yellow-rumpled Cacique,
Cacicus Cela (a passerine bird) and a Crimson-crested Woodpecker (Campephilus

Melanoleucos).
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