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RAPID COMMUNICATION

Induction of NMDA Receptor-Dependent Long-Term Depression |n
Visual Cortex Does Not Require Metabotropic Glutamate Receptor:

NATHANIEL B. SAWTELL,* KIMBERLY M. HUBER,* JOHN C. RODER, AND MARK F. BEAR?!

1Department of Neuroscience, Howard Hughes Medical Institute, Brown University, Providence, Rhode Island 02912;|andl
“Program in Developmental and Fetal Health, Samuel Lunenfeld Research Institute, Mount Sinai Hospital, Toronto, (ntafi
M5G 1X5 and Department of Molecular and Medical Genetics, University of Toronto, Toronto, Ontario M5S 1A8, Carfads

Sawtell, Nathaniel B., Kimberly M. Huber, John C. Roder, and  Stryker 1996; Huber et al. 1998). However, interpretation |of
Mark F. Bear. Induction of NMDA receptor-dependent long-termthese studies is complicated by the recent finding that MCPG
depression in visual cortex does not require metabotropic glutamgtegn extremely weak antagonist of glutamate-stimulated| P!

receptors.J. Neurophysiol82: 3594 -3597, 1999. We tested the rol
of group | mGIluRs in the induction of long-term depression (LTD) i
the visual cortex, using the novel mGIuR antagonist LY341495 a . . C
mice lacking mGIuR5, the predominant phosphoinositide (PI)-IinkéBdUCt'on of homosynaptic LTD in visual Corte).('

mGIUR in the visual cortex. We find that LY341495 is a potent Here we report new tests of the hypothesis that grou
blocker of glutamate-stimulated PI hydrolysis in visual cortical sydMGIURS play an essential role in the induction of LTD by LF

aptoneurosomes, and that it effectively antagonizes the actions of is8ng a novel and potent mGIuR antagonist LY341495 gnd

mGIuR agonist 1S,3R-aminocyclopentane-1,3-dicarboxylic acidice lacking the major group | mGIuR in visual cortex

(ACPD) on synaptic transmission in visual cortical slices. HowevefmGIuR5). The data show that mGIuRs are not necessary| for
LY341495 has no effect on the induction of LTD by low-frequencyhe induction of one prominent form of LTD in visual cortex.S
stimulation. Furthermore, mice lacking mGIuR5 show normal NMDA %
receptor-dependent LTD. These results indicate that group | mGIuR 8
activation is not required for the induction of NMDA receptor-deper‘l\-/I ETHODS o
dent LTD in the visual cortex. Phosphoinositide hydrolysis assays 3
Synaptoneurosomes were prepared from rat visual cortices, andﬁ3
INTRODUCTION hydrolysis was measured and analyzed as described previguslyf

(Dudek et al. 1989; Huber et al. 1998). lonotropic glutamate recep

Brief monocular deprivation during early postnatal lifeantagonists CNQX (4@.M) andp,L.-AP5 (200uM) were included in
causes a long-term depression (LTD) of synaptic transmissitie reactions to ensure that the glutamate-stimulated PI hydrolysis
that renders visual cortical neurons unresponsive to stimulatidue to activation of mGIuRs.
of the deprived eye. One mechanism for deprivation-induced
LTD in visual cortex is triggered by the residual activity arisingelectrophysiology
from the deprived eye (Rittenhouse et al. 1999). Brain slice
preparations have been established to understand how pres
aptic activity can cause synaptic depression in visual cortg
One reliable method for inducing homosynaptic LTD in V'"QACSF) containing (in mM) 124 NaCl, 5 KCI, 1.25 NgPO,, 26

is prolonged low-frequency synaptic stimulation (LFS) (KirknaHcO,, 1 MgCl, 2 CaCl, and 10 dextrose. ACSF was contind
wood et al. 1993). Although it is clear that activation obusly saturated in 95% £ 5% CO.. For recordings of synaptic

postsynaptic glutamate receptors is required for LFS-inducednsmission, visual cortical slices were placed in a submersion| re-
LTD in visual cortex, there are contradictory data on whicbording chamber, maintained at 30°C, and perfused with ACSF @t a

receptor subtypes are involved. rate of 2 mi/min. Extracellular electrodes (filled with ACSF, 1.0M
Metabotropic glutamate receptors coupled to phosphoino¥iere placed in layer II/lll to monitor field potentials (FPs) evoked

tide (PI) metabolism (group | mGIuRs) provide an attractivWith a stimulating electrode (concentric bipolar tungsten) placed atfthe

candidate mechanism for homosynaptic LTD (Bear and DudB"der of layer IV and upper layer V. The amplitude of the maximym
ative FP was used to quantify changes in synaptic resporjses

ble baseline responses were elicited at a rate of 1—-4 per mip, a
; . . . 60% of the maximal response. LFS consisted of 900 pulses jat 1
the visual cortex during the postnatal period when visual dfz. pata were averaged and analyzed as described previously (Hube
privation induces LTD (Dudek and Bear 1989). Tests aft al. 1998). All experiments using mice were performed biind [to

1991). These receptors are essential for LTD in the cerebe@@f
cortex (Linden and Connor 1993) and are highly expresseddy_

MGIuUR involvement in visual cortical LTD have been congenotype. Genotyping was done by Therion Corp.
ducted using the competitive antagonistnethyl-4-carboxy-
phenylglycine (MCPG) (Haruta et al. 1994; Hensch angdrug preparation

The costs of publication of this article were defrayed in part by the payment Glutamate and 1S,3R-aminocyclopentane-1,3-dicarboxylic gcid

of page charges. The article must therefore be hereby magdatttisement” (ACPD) were obtained from Tocris Cookson (St. Louis, MQ).
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. =~ LY341495 was a generous gift from Eli Lilly. Compounds welfe
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'fiydrolysis in visual cortex (Huber et al. 1998). Thus the
Lbéjestion remains whether mGIuR activation is required for

510z 3 Iy

Misual cortical slices were prepared as described previously (Hyber
al. 1998). Slices were allowed to recover for 1-2 h at rogm
mperature (rat) or 30°C (mouse) in artificial cerebrospinal flgid
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125+ previous findings that the mGIuR antagonist MCPG was pf-
= ) fective against ACPD, but not glutamate-stimulated Pl hydfo-
£ 100+ lysis (Huber et al. 1998), we felt that it was crucial to verify the
5 75 efficacy of the antagonist against the endogenous agonist} Ta
‘\;’ address this question we examined the effects of LY34149% on
T 50+ glutamate-stimulated Pl hydrolysis in synaptoneurosomes pre-
5 pared from the visual cortex of postnatal day (P) 21-28 ra}s.
b= 257 The rate of Pl hydrolysis is determined in this assay py
E 0- measuring the inositol monophosphate,fIfhat is generated
= in the continuous presence of agonist (Gusovsky and Daly
D 25—y 1988). IR, accumulation was measured after a 90 min inculpa-

0.001 0.01 041 1 10 100 1000 tion of synaptoneurosomes in 2Q0M glutamate, the Eg,
value in this preparation (Huber et al. 1998), increasing
[LY341495] (uM) concentrations of LY341495. The data confirm that LY3414P5
FIG. 1. LY341495 inhibits glutamate-stimulated phosphoinositide (PI) h)J-S ,an effectlve antagon_ISt of glutamate-stimulated PI hydrolysis
drolysis in visual cortical synaptoneurosomes. Effects of increasing LY3414§E|g'- '1, ICso < 1 uM; n = 4). LY34149_5 (:!-OOV«M) was
concentrations on PI hydrolysis stimulated by 200 glutamate (IG, < 1 sufficient to completely block Pl hydrolysis stimulated by 200
uM; n = 4). uM glutamate. Therefore 100M LY 341495 was used in the
dissolved in equimolar NaOH or J& aliquoted and stored at20°C subsequent e[ectrqphysmlog@al experiments in slices.
for no more than 1 wk. Electrophysiological experiments were conducted us|ng
slices prepared from P21-30 rats, an age when glutampte
RESULTS stimulated PI hydrolysis is significantly greater than in adufts
(Dudek et al. 1989) and within the critical period for expeli-
The first series of experiments was designed to determine thvece-dependent visual cortical plasticity (Fagiolini et al. 1994).
effectiveness of LY341495 as an antagonist of group | mGIuR® confirm that LY341495 is effective in visual cortical slicepg
in the visual cortex. LY341495 has micromolar potencwe investigated the ability of the drug to block the effects oF
against quisqualate-stimulated PI hydrolysis in cell lines ethe mGIuR agonist ACPD on synaptic transmission. As preVi
pressing mGIuR1 and mGIuR5 (Kingston et al. 1998), aralisly reported in hippocampal (Baskys and Malenka 1992,
against PI hydrolysis stimulated by the selective group | ag8elig et al. 1995) and visual cortex slices (Huber et al. 1998,
nist (R,S)-3,5-dihydroxyphenylglycine (DHPG) in rat hip-brief application of ACPD (5 min; 1@M) rapidly and revers-| 3
pocampal slices (Fitzjohn et al. 1998). However, in light ably attenuated amplitudes of synaptically evoked FPs (Fig. 22
=}
A 1 2 3 4 5 -5
L S
LY341495 o
o 15 1 ACPD ACPD
o
2 o R e 90 7@452 ________ FIG. 2. LY341495 antagonizes the synaptic depressipn
g 100 _O%‘émf ° 30&9 R LFS 5 caused by 1S,3R-aminocyclopentane-1,3-dicarboxylic agid
@ % & %%?%% (ACPD) but does not affect long-term depression (LTD) in
e n WW% © visual cortical slices from P21-P30 rat: application of
] <}> gﬁ ACPD (10uM; 5 min) reduced FP amplitudes (538% of
3 50 J#f = baseline values); subsequent application of ACPD in the
IS 2 ® presence of LY341495 (10QM) did not (102 = 2% of
2 254 T T T T : : ) baseline values), showing that mGluRs were antagonied
0 20 40 0 20 0 20 40 60 80 py the drug. Continued application of LY341495 (10p
M) = 20 min before and during the low-frequency syr}-
B 1 2 3 4 aptic stimulation (LFS) did not affect the magnitude df
P — LTD induced in the same sliceB: application of ACPD
ﬁ/\—\ V\/\ JV\/\ (10 pM; 5 min) reduced FP amplitudes (58 9% of
! baseline values) in control slices. The LTD induced subge-
195 ACPD quently by LFS (78 7% of pre-LFS baselingy = 6) did
3z g = 3 not differ from that evoked in the presence of LY34149%.
2 100 ROy — — — — s P — — — — — — — — — — Traces hgre and in subsequent'figurt_as are averages of four
g O# LFS 4 consecutive FPs taken at the times indicated by the nym-
- + 4 M&%& bers (1-5) on the graphs. Calibration: 1 mV, 5 ms.
£ b
@ $
2 2
0 20 40 0 20 40 60 80
Time (min)
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Preapplication of LY341495 (100M) completely blocked the
effects of ACPD on synaptic transmission (Figh)2

In these same slices, we examined the consequences of|LF$
given in the presence of LY341495 (FigAR The magnitude
of LTD was unaffected by the drug treatment (Zz84% of
pre-LFS baseline amplitude values;= 7), compared with
control experiments in which LFS was delivered after testing
the effects of ACPD, but in the absence of LY341395 (78
7%; n = 6; P > 0.5; Fig. B). These results indicate th

P1 hydrolysis and ACPD-induced synaptic depression, but
it has no effect on LTD induced with LFS in visual cort
slices under our experimental conditions.

In visual cortex and hippocampus, glutamate stimulateg Pl
hydrolysis in postsynaptic neurons via the activation |of
MGIURS5 (Abe et al. 1992; Romano et al. 1995; Testa et|al.
1994). Therefore to further test the hypothesis that postsynaptic
group | mGIuR activation is required for induction of homg-
synaptic LTD, we investigated the effects of LFS in visugl
cortex of mice (P21-33) with a null mutation of mGIuR5 (L
et al. 1997).

FP latency, FP half-maximal amplitude, and the stimulus
intensity required to elicit half-maximal responses did ot
differ between wild-type (WT) mice and mGIuR5 mutanfs
(data not shown). Similarly, mutant and WT mice displayed
differences in LTD magnitude following LFS (—/—, 88 4%,
n = 14 slices, 7 animals;-/—, 81 £ 4%, n = 16 slices, 5
animals; WT, 84= 9%, n = 15 slices, 7 animals; Fig. 3A).

In the rat visual cortex, LTD induction with LFS requir
activation of postsynaptic NMDA receptors under our expdr
mental conditions (Kirkwood and Bear 1994). Therefore
tested the effects of the NMDA-receptor antagonisR-amino-
5-phophonovaleric acid (AP5) on LTD induction in the visu
cortex of wild-type and mutant mice (FigBR In the presence of
100 M AP5, no significant LTD was induced by LFS regardle
of genotype (WT, 93t 7%,n = 9,P > 0.1; —/—, 96 5%,n =
13,P > 0.5). After washout of the AP5, stable LTD was induc
in the same slices by a second LFS (WT,84.%,n = 5,P <
0.005; —/—, 89+ 4%,n = 9, P < 0.05).

Together the results confirm that LFS triggers LTD in visyal
cortex via activation of NMDA receptors and demonstrate that
group | mGIuR activation is not required for induction of th{s
form of homosynaptic LTD.
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DISCUSSION

Our data show that neither pharmacological blockade| of
MGIuRs nor genetic ablation of MGIuR5 disrupts LTD induced
by LFS in slices of visual cortex. Although contrary to some
earlier reports using MCPG in visual cortex (Haruta et fl.
1994; Hensch and Stryker 1996), these results are consigten
with a recent study in which LY341495 did not affect NMDA
receptor-dependent LTD in the CA1 region of the hippocam-
pus (Fitzjohn et al. 1998). LTD in CA1 hippocampus is al$o

FIG. 3. NMDA receptor-dependent LTD is induced by LFS in mutant mige
lacking mGIuR5A: LTD magnitudes 30 min after LFS were indistinguishab
in WT and mutant miceB,: LTD fails to occur in WT and mutant visual cortex
when LFS is delivered in the presence of 1aM AP5. B,: LTD can be
induced in the same slices following washout1( h) of AP5. Data are
expressed as percentage of the baseline prior to the second LFS. Calibrgtion|
1mV, 5 ms.
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normal in mGIuR5 knock out mice (Huber and Bear 1998). Weupek, S. M. anb BEAR, M. F. A biochemical correlate of the critical periog
believe that the controversy Surrounding the role of mGIluRs infor synaptic modification in the visual corteScience246: 673-675, 1989.
synaptic plasticity has been largely attributed to the questidii2=<: S: M., Bowen, W. D., avp BEar, M. F. Postnatal changes in glutamat
able_ efficacy of MCPG (Huber_ et al. 1998) and the fact th_atDev. Brain Resd7: 123-128, 1989.

multiple forms of LTD can coexist at the same synapses (Oligisiouni, M., Pzzorussqg T., BEraRDI, N., DoMENICI, L., AND MAFFE], L.

1

et al. 1997). The results presented here, using effective phalrunctional postnatal development of the rat primary visual cortex and [the

macological blockade and gene knock out technology, areole of visual experience: dark rearing and monocular deprivaiiision
conclusive evidence that mGIuR activation is not required forRes.34: 709-720, 1994.

induction of at least one form of LTD in the visual cortex. W&'T2°HN. S. M., BOoRTOLOTTO, Z. A., PALMER, M. J., DOHERTY, A. J., QRN-
TEIN, P. L., SHoOEPR D. D., KingsTon, A. E., Lobcg, D., anp CoL-

cannot rule out the pOSSIbIlIty that a second, mGIUR_dependerﬁNGRlDGE, G. L. The potent mGlu receptor antagonist LY341495 identifip

form of LTD also exists in visual cortex, which might be |gjes for both cloned and novel mGlu receptors in hippocampal synaptic

revealed under different experimental conditions. However, ifplasticity. Neuropharmacolog@7: 1445-1458, 1998.
such a form of LTD does exist in visual cortex, it is mechasusovsky, F. anp DALY, J. W. Formation of inositol phosphates in synapt

nistically distinct from the NMDA receptor-dependent form. neurosomes of guinea pig brain: stimulatory effects of receptor agonjsts,

In a recent study, the contributions to visual cortical p|as_sodium channel agents and sodium and calcium ionophdesgopharma-
cology27: 95-105, 1988.

ticity of group | mGIURS and the meCha.mS.mS of homosynaptll-F RUTA, H., KAMISHITA, T., Hicks, T. P., TakAHASHI, M. P.,AND TsumorTo, T.
LTD were questioned on the basis of findings that infusion Ol nduction of LTD but not LTP through metabotropic glutamate receptors
MCPG failed to prevent the LTD caused by monocular depri-visual cortexNeuroreports: 1829-1832, 1994

vation in visual cortex in vivo but did block the synapticHensch T. K. anp STrRYKER, M. P. Ocular dominance plasticity under metab
depression caused by LFS in slices (Hensch and Stryker 1996iopic glutamate receptor blockadgcience272: 554-557, 1996.
However, the conclusions of that study must be reevaluatedfPEr K. M. anp BEar, M. F. Activation of group | metabotropic glutamatg
light of the evidence that) MCPG has little effect on gluta- of rat hippocampusSoc. Neurosci, Absted: 512, 1998,

mate-stimulated Pl turnover mediated by group | mGIuR—ﬁJBER, K. M., SawTteLL, N. B., AND BEAR, M. F. Effects of the metabotropic

(Brabet et al. 1995; Huber et al. 1998), azjdneither MCPG  gjytamate receptor antagonist MCPG on phosphoinositide turnover fan

(Huber et al. 1998) nor blockade of mGIuRs (present resultSkynaptic plasticity in visual cortexl. Neurosci18: 1-9, 1998.
inhibit induction of the NMDA receptor-dependent form oKinesTon, A. E., ORNSTEN, P. L., WRIGHT, R. A., JHNSON B. G., MAYNE,

LTD. In future studies it will be important to use this knowl- N.G., BURNETT, J. P., BELAGAJE, R., WU, S.,AND SCHOEPR D. D. LY341495
is a nanomolar potent and selective antagonist of group Il metabotr

edge to dissect the individual and combined roles of homosyné"utama1te receptordleuropharmacolog@T: 112, 1998 o
! L . . 1 1-12, . 2
aptic LTD and mGIuRs in visual cortical plast|C|ty. KirRkwoop, A. AND BEAR, M. F. Homosynaptic long-term depression in the®
visual cortex.J. Neurosci.14: 3404-3412, 1994. =
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