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[ Purpose]

In the developing visual cortex, long—term potentiation (LTP) and long-term depression (LTD) of
synaptic transmission are supposed to play a role in experience—dependent changes in function of
cortical neuronal circuits. Tetanic stimulation of one of two afferent pathways converging to
neurons in the visual cortex induces two types of changes, homosynaptic LTP (homo-LTP) in the
activated pathway and heterosynaptic LTD (hetero-LTD) in the non-activated pathway under a certain
condition. The latter form of synaptic plasticity was not systematically investigated in previous
studies, whereas homosynaptic LTD has been extensively studied. The purpose of this research is
to determine whether hetero—LTD is induced in visual cortical slices of mice and if so, what mechanism

underlies this form of LTD.

[ Methods]

1. Acute slices of the visual cortex from wild-type mice (C57BL/6), aged from 14 to 20 postnatal
days (P14-20) were used. In the experiments in which the age dependence of hetero-LTD was tested,

the same line of mice at P7-10 and P35-41 were also used.
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2. Two stimulating electrodes were placed at separate sites in layer IV of cortical slices.
Whole—cell recordings from pyramidal neurons in layer II/III of the visual cortex were carried out
under infrared differential interference contrast optics. Excitatory postsynaptic potentials

(EPSPs) evoked by test stimulation of layer IV at 0.05 Hz were recorded in the current—clamp mode.

3. To induce homo-LTP and hetero-LTD, theta-burst stimulation (TBS) paired with postsynaptic
depolarization at 0 mV for 40 s was applied to one site of layer IV. TBS consisted of 4 trains at
0.1 Hz, each train consisting of 10 bursts at 5 Hz, and each burst consisting of 4 pulses at 100

Hz. The intensity of each pulse was twice the test pulse intensity.

4. The drugs used in the present study included a Ca* chelator (BAPTA) and various antagonists and
agonists for glutamate receptors and the type 1 of endocannabinoid (eCB) receptors. These drugs
were applied either through the perfusion medium or the internal solution of recording pipettes.
When drugs were applied through the internal solution, control recordings using the internal solution

alone or the vehicle alone were carried out in slices from the same mice as used for test recordings.

[Results]
1. Hetero—LTD of excitatory synapses at layer I1I/I1I neurons of the mouse visual cortex was induced
at P14-20. At P7-10 the magnitude of hetero-LTD was maximal, and became less dominant with
development. Hetero—LTD was not induced at P35-41.

2. Based on the results of the paired-pulse ratio of responses and the analysis of the coefficient

of variation (CV) of EPSPs, the expression locus of this form of LTD was judged as presynaptic.

3. The Mmethyl-D-aspartate (NMDA) receptor antagonist and the Ca?" chelator had no effect on
hetero-LTD, but the application of the antagonist for the type 5 of metabotropic glutamate receptor
(mG1uR5) blocked hetero—LTD, suggesting that this form of LTD was not dependent on the activation

of NMDA receptors nor the increase in postsynaptic Ca®, but dependent on the activation of mGluR5.

4. The type 1 of eCB receptors, CB|R, was suggested to be involved in the induction of hetero-LTD,

because the application of a CB,R antagonist blocked hetero-LTD.

5. The application of brain-derived neurotrophic factor (BDNF) blocked the induction of hetero-LTD
and antagonized the suppressive action of the CBR agonist on excitatory synaptic responses. Because
BDNF is known to enhance transmitter release from presynaptic terminals, these results suggested
that activated presynaptic terminals may be protected from eCB-mediated depression by the activation

of presynaptic BDNF receptorsd and consequently activated synapses remain potentiated.

[ Conclusions)

In the developing visual cortex of young mice, tetanic synaptic inputs to cortical neurons induce

hetero-LTD at non-activated synapses simultaneously with homo-LTP at activated synapses. The
induction of hetero-LTD is dependent on the mGluR5—-endocannabinoid—-CBR signaling pathway, and BDNF
which is assumed to be released from activated presynaptic terminals may counteract the action of

endocannabinoids so as not to suppress these activated terminals.
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