
This Week in The Journal
Transient mGluR5-Dependent LTP
Occurs in Visual Cortex
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Synapses in primary visual cortex undergo
activity-dependent changes in glutamate re-
ceptor expression during development. Ini-
tially, synapses are dominated by NMDA
receptors (NMDARs) that contain the
NR2B subunit. Because these receptors
have relatively slow kinetics, they facilitate
production of long-term potentiation
(LTP). This is especially important when
synapses are weak. Over time, NR2B-
containing NMDARs are replaced by re-
ceptors containing NR2A—which have
more rapid kinetics—and they are supple-
mented by the addition of AMPA recep-
tors. These synapses are stronger, but
undergo less potentiation. The switch in
NMDA receptor composition is delayed
by dark rearing, and consequently, dark-
reared rodents show enhanced LTP in vi-
sual cortex. The proportion of NR2A-
containing NMDA receptors and the
ability to evoke LTP increase soon after
dark-reared rats are exposed to light
(Quinlan et al. 1999 Nat Neurosci 2:352),
suggesting that the ability to evoke synap-
tic plasticity is inversely correlated with
overall activity levels.

Li, Wang, et al. have discovered an
additional form of synaptic plasticity that
emerges after dark-reared mice are exposed
to light. Consistent with previous work,
pairing stimulation of layer 4 with depo-
larization of layer 2/3 neurons induced
NMDAR-dependent LTP in mice reared
under normal light-dark cycles, and it in-
duced stronger LTP in dark-reared mice.
After dark-reared mice were exposed to
light for 10 –12 h, however, the same stim-
ulation protocol produced long-term de-
pression (LTD). Surprisingly, blocking
NMDARs converted this LTD to LTP,
which in turn was blocked by an antago-
nist of the metabotropic glutamate recep-
tor mGluR5. Furthermore, an mGluR5
agonist potentiated synapses in brain
slices from light-exposed, dark-reared
mice, but not in slices from mice kept in

darkness. The ability to evoke mGluR5-
dependent LTP was transient, appearing
6 h after initial light exposure, and disap-
pearing after 10 more hours.

These results suggest that brief expo-
sure to light after dark rearing leads to a
transient ability to induce LTP via mGluR5
receptors. With the stimulation protocol
used here, this form of LTP was masked
by NMDAR-dependent LTD. Therefore, it
might occur in vivo only when stimulation is
too weak to activate NMDARs. This
might allow rapid strengthening of imma-
ture synapses. Whether a similar form of
mGluR5-dependent plasticity occurs dur-
ing normal development should be inves-
tigated in future work.
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Parkinson’s disease (PD) is a common
neurodegenerative disease characterized
by resting tremor, slow initiation of vol-
untary movements, and abnormal gait
and postural control. These symptoms re-
sult from degeneration of dopaminergic
neurons in the substantia nigra (SN) and
the consequent dysregulation of basal
ganglia circuits. Most cases of PD are
thought to result from a combination of
genetic and environmental factors, but
how these factors cause neurodegenera-

tion is unclear. One hypothesis is that
aggregation of misfolded �-synuclein within
cells—a hallmark of PD—leads to neurode-
generation by disrupting axon transport or
overtaxing protein degradation machinery.
Oxidative stress, mitochondrial dysfunction,
and neuroinflammation have also been pro-
posed to contribute to degeneration.

Profiling of genes that are up- or
down-regulated in PD has suggested that
proteins involved in axon growth and
guidance might contribute to pathogene-
sis. One of these proteins is repulsive guid-
ance molecule a (RGMa), which ensures
proper innervation of various brain re-
gions during development and continues
to be expressed in the mature brain. No-
tably, RGMa is upregulated not only in
the brain of PD patients, but also in people
with multiple sclerosis, where it promotes
adhesion of T-cells, as well as inhibiting
axon regeneration (Siebold et al. 2017
Trends Cell Biol 27:365).

Korecka et al. confirm that RGMa is
expressed in and around dopaminergic
neurons in the SN of PD patients. More-
over, they show that virally mediated ex-
pression of RGMa in mouse SN resulted
in selective loss of SN dopaminergic neu-
rons, decreased levels of tyrosine hydrox-
ylase (involved in dopamine synthesis) in
the striatum, and development of motor
impairment and tremors. RGMa expres-
sion also increased the expression of as-
trocyte and microglia markers in the SN.
Whether the latter effect was attributable
specifically to RGMa expression was un-
clear, however.

These results suggest that upregulation
of RGMa can cause degeneration of SN
dopamine neurons. Future work should
determine how common RGMa upregu-
lation is in PD, as well as determining
what causes the upregulation and how it
leads to degeneration. If RGMa upregula-
tion is typical in PD, anti-RGMa antibod-
ies should be tested in animal models, to
determine whether they improve func-
tional outcome as they do in mouse mod-
els of multiple sclerosis and nerve injury
(Demicheva et al. 2015 Cell Rep 10:1887).
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Stimulation that induces LTP in dark-reared mice (blue)
induces LTD after those mice are exposed to light (red). See
Li, Wang, et al. for details.
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