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Metabotmpic glutamate receptors(mGluR)are 

densely expressed by striatal m0dium spiny neunms． 
Activation of mGluR in this brain region alters local 

transmitter release and behaviors of experimental 

animals． In particul~，mGluR regulate transcription 

factor and nearopeptide gene expression in sl~atal 

neurons through their connections wim multiple 

intracellular effectors． This prominentinvolvement of 

mGluR in overall cellular activity is pivotal for the 

development ofiletlronal plasticity underlyinglon g-term 

adaptive changes in cellular physiology related to a 

variety of neurologie disorders． Accumulating 

evidence dGTllonstra~sthat the subtypes ofmGluR have 

distinct effectson gene expression；group I subtypes 

facilitating，and group 1I／m subtypes inhibiting，gene 

expression． Thus ，the mGluR Call be conside red as 

promising targets in the development of novel 

therapeutic drugs that can relieve neurologic disorders 

resultingfrom dysfunction ofthe striattma． 

Mexalx)tmpic glut,~aate receptors(mGluR)&re 

relatively novel members of the ummate rect or 

family which are． through G-proteins． coupled t0 
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multipleintracelhtlar secondmessenger systemsL S0 

far，eight subtypes of mGluR(mGluR1-8)have been 

cloned． Like ionotmpic receptors， they are 

heterogeneous in their distribution，pharmaco logy and 

connections with inWacelhtlar effectors． According to 

the intracellu1 responses t0 activation  of the mGluR 

expressed in the Xenopus oocyte system，the eight 

su~,m．s am divided into three functional groups． 

Activation ofgroup工 (mGluRl and mGluR5)mGluR 

increases phosphoinositide (PI)hydrolysis，whereas 

ac va廿衄 of group 1I (mG】uR2 and mGlⅢ )and 

groupⅢ (mGluR4，mGluR6，mG1uR7 and mGluR8) 

mGluR inhibits cAMP formation in an adenylate 

cyclase-dependent fashion⋯ ． Linkages to divfal~ 

intracellula~ effectors allow mGluR to preferentiallY 

particil~te in the various slower effects， including 

nuclear DNA transcriptional activity (see below)， 

brought about by modifying intracellulax metabot~ c 

activity． as opposed t0 rapid synaptic transmission 

mediated byionotropicgIutam如 receptors． 

Abundant glut~aatergic projecfio~ from wide— 
sDr曲d areas of forebraln (cerebral cortex，thalalnus， 

amygdala，hippccanrpus and prefrontal colleA)to the 

s~gattma， a central sllal~3alre in the basal ganglia 

controlling movement．have been well doctmaented in 

numerous molphological studies ． A large proportion  

of ex~nsic glutamatergic tentlinals make asymrr~ cal 

(excitatory)synaptic COlltact with the mgdium．sized 

spiny projectionneurol"ls(striatohigral and suiatopaUidal 
ilelll~rlS1 L3， 

． Parallel with the rich#utamater#c 

afferents，mGluR which endogenous glutamate in~mcts 

with are densely disaibu~d in the saiatum． 

Quantitative receptor autoradiogmphy revealshigh levels 

ofmGluR binding ritesin the striatal region L Since 

alesion ofcorticostriatalproj~tions hadi1o significance 

effecton mGluR binding quanfityinthe s~atum．9O％ 
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of mGhiR a~e thought to be located on postsynaptic 

sWiatal neilpoils’ ． Studies with in situ 

hybridization~ —10I and immuⅡocvtI)ch口nigⅡvL“· J 

show the D1℃sence ofmGluR l一5 andmGluR 7in the 

rat striatllm．with high levels of mGluR3 and mGluR5 

and moderate levels of mGluR1 and mGluR4~9-‘3J 

Interestingly．mGluR2 was only ex~ ed in a small 

population of large polygonal Ileurouis， likely 

cholinergic intemeutonsL ． Given the anatomically 

enriched mGluR system in the stfiatum described 

above． it call be speculated that mGluR．mediated 

glutamatergic transmission might be intimately involved 

in the modulation of normal an d stimulated striatal 

ileilronal acfivity． 

BEHAⅥ 0R 

Demonstrating the physiological roles of mGluR in 

regulating striatal flmctions started with behavioral 

investigations ． Sucaan etal 14J first reportedthat acute 

in{ec~on of the mGluR agonist+ ACPD， into the 

unilateral striatllm of adult rats can sed rotation 

contralateral t0 the eetion side． Similar fiedings 

were generally repeated afim vards in other 

laboratories／15,l6J
．  Since these behavioral changes 

were blocked bythemGluR antagonist I[驴G．but not 

by ionotropic glutamate rect or antagonists，activation 

ofmGluR is conceived tomediate theACH)_sti／onlated 

behaviors． ’ 

Using subtype-slx~ffic agonists／antagonists． r0c— 

ent studies show that behavioral stimulation by mGluR 

is mediated via activatloB of group l+but not group 

Ⅱ／Ⅲ mGluR Intraslxiatal infusion of the group I 

agouist DHPG at moderato to high doses induces 

hyperlocomotion an d characteristic stereotypical behavi— 

ors．which am sellsitive to the group l antagonist 

PHCCC， but not to the group 1I／lIl antagonist 

MSOPPE~17：
．

Inhibition of intracelhilar Ca2 release 

will1thwas~atalinjeetlon of dantrolene，an inhibitor of 

Ca2 mobiliz0tion， is also effective in blocking 

behaviors induced by DHPG：17J or ACPD{18一
． In 

COl~Wasttothe stimulating~ oral effecw,ofgroup I 

mGluR~ vation，inlrastriatal infusion ofthe group lI 

agohistD。G一Ⅳ o17the groupⅢ agohist AP4 hadIlo 

effect oil spontaneous behavioral activity ． Do— 

paminergic transmission seolls necessary for the ACPD— 

stimulated behaviors I叫 However， the DHPG— 

stimulated behaviors were found to be independent of 

dopamineD1 receptor stimulation／ 
． 

A particularly interesting role that mGluR play In 

overall nettronal function is the modulation of 

intraceHular activity， such as the DNA transcription 

(gene expression)． Through connections to multiple 

second messenger systems，the activity ofmGinR might 

be vigorously and preferentially linked to regulation of 

the transcription mte of certain DNA，a biochemical 

plw~SS called stimulus-transcription coupling． 耵 

聊  c responses to mGluR stimulation can serve as 

an important component of the mo lecular／cellular 

mechanisms underlying neuloilal plasticity． Thus ， 

hivestigation of the role of mGluR _n the regulation of 

gene expression might provide valuable insight into 
molecularformation of striatal neutonat plasticityrelated 

to a variety of neurologic disorders． 

Immediate early genes(ⅢG)are among prime 

markers used ．n exploring receptor-mediateA nuclear 

gene expression．because they readily inducible in 

response to various physiological and pharmacological 

s1]mnli． The first experiment investigating the effects 

ofmGluR on striatal gene expression was conducted ．n 

primary cultures from rat sma咖∞L 
． In this study． 

enhancement of mGluR ac廿vitv bv perfusion of the 

mGluR agunistACPD elevated basallevel of正B c—los 

mRNA in cultured neilions ， indicating a positive 

linkagebetween mG1uR activity and coilstinmve c-fos 

mRNA expression Recent studies performed ／n vf 

established an excellent simil~ ty． Striatal mGluR 

stimulation by local ACPlD injection elevated c—los as 

well as another正B zif／268 mRNA expression_n the 

rat striatum． aⅡ effect that was sensitive to an 

antagonist selective for mGluR (MCPG)．but not for 

ionotropic NMDA f cPP) or do0amine D1 receptors 

(Sch-23390)[21J． S confmns the exiStoilce of 

po sitive sfirnulus-tmn~ ptioil couplingfrom mGluR to 

nuclear正 expression _n snia协1 neiltoils vivo． 

One of the rnost noticeable funcfic~s that砸G 

might play ．n mature neurons is to sei've as third 

messengers in the stimulus-transcription coupling to 

induce so called late—response gene expression． In 

other words．正B once rapidly induced via their own 

stimulus-tramcriptiOll coupling mechanism can further 
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function as powerfultranscriptionfactorsto regulatethe 

expression of many other target genes． Such changes 

may last longer and may，therefore，be mole directly 

ml~ed to long-lasting adaptive alterations in cellular 

physiology． 

Indeed．acute i~eetion of ACPD into tbe rat 

s岫atL1m dose-dependently devated levels of mRNA of 

the neuropeptides preprodyaorphin and substance P 

contained by striatonigral neurons and pI enkeF 

contained by slriatopallidal neurons[ 
．  increases 

in opioid peptide(pr印mdyIl0rphin／pIqIH)eI11 pl jI1)， 
although not substance P， mRNA expression were 

blocked by MCPG． Thus． saiatal opioid peptide 

expression．1ike砸B induction．is also positively linked 

to mGluR activation However， compared with the 

rapid and transient induction of c-fos and jf／268 

expressionwhich usually peaked1 hand disaprea~ by 

3 h after mG1uR stimulation  ． the neuml~ptide  

induction showed adelayed and prolonged pattern ． It 

was evident at 2 or 3 h andlastedmore than10 h after 

ACPD faiectiont22j． n1e time course for dynamic 

in血ctioil oftheⅢG and opioids appearedto indicate a 

po ssibility that tbe early induced 正b transcription  

factors might con tribute to aigger，although might not 

contribute to remain，the following opioid induction． 

In support ofthis notion，intrasaiatalinjecfion of c-los 

antisense oligonuclentides，which specifically interfere 

with functional Foo protein synthesis atthetranslational 

leve1．reduces dynorphin．1ike immunootalning induced 

by a dopamine stimulant[22J
． 

D】dopamine re0印的r stimulation iswe llknownto 

stimulate striatal 正b and neuropeptide germ  

expression、∞’ These genomic responses arethought 

to conIribute to the development of neuronal plasticity 

important for long—teml changes in behaviors 

(sensitization， tolerance，addiction and withdrawal 

syndrome) induced by indirect dopamirm receptor 

agonists． such as cocaine or amphetamine( 一 

Since striatal glutamatergic tran~Jasion is， like 

dopanarmrgic transmission，imp~cated in the biological 

actions of these psychotropic drags(for reviews，see 

Ref 2，28)，it is intriguing to exai~ the profile of 

mG1uR—sensitive glutamate pathways in S~llllall[一 

induced gene expression． It was found that．in tbe 

presence ofthemG1uR antagonistMCPG，ampbetarnirm 

nolonger produced significant induction of either正b 

(c-fos and jf／268) or neuropeptides (pinto- 

dynorphin，substance P and prepmenkephalin)germ 
expressionin tbe striatum[29一

．
Mx2ffeovel"．Ulthke aD1 

dopamine receptor antagonist which blocks both 

behavior and germ expression[ · 】 the mGluR 

antagonist selectively blockedthe gene expression ，but 

spa~ng the behaviors， in respo nse to acute 

amphetaminein naive anilnals． isin strongfavor 

ofthe soeculation that mGluR function as a med ulator 

specificallyinvolved in the effects ofthe drag ontarget 

DNA Imns~ ptionin smatal neklror~ratherthantypical 

synaptic transmission． Through this modulatory 

effect， mGluR co ntribute to reset neuronal 

responsiveness to subserlrmnt stimulation which is 

manifested bv altered behavioral responsiveness to 

subsequent drag expo sure． 

SUBT唧 -DⅡ  IDE rr m  GIⅡ。ATI(1N OF 

GENE EX眦 SSlON 

Although themGluR agonistACPDis not sllbtype 
ec c，the germ expression stimulated bythis agentis 

mostlikelymediated by group I mG1uR． Activation 

of group I mGluRincreases PI hyda'olysiswhichgives 
rise to two products，diacylglycerol(DAG)and inositol 

1，4，5-a-iphoophate (B )． The former activates 

protein kinase C (PKC)whereas the latter l'el~lses 
Ca2 into the cytoplasm fix)m intraoellular Ca2 stores 

by interacting with receptors densely expressed in 

striatal neIⅡonsL ̈ ． ACPD has been confirmed to 

liberate Caz from non．mitochon drial intemal storesin 

cultured striatal neul~nsL30J
． Recent evidence 6锄 in 

vitro nelⅡonal∞lls indicates that Ca2 and its major 

protein kinase substrate， Ca2 ／calmedulin—dependent 

protein kinase lI(Ca Ⅱ)whichishighlyexpress一 

。d in striatal neuronsL ̈ ． can s~i've as an effective 

sigu aling pathwayto transmit extraoellular stimulitotbe 

cytoplasm，and then to the nuden s to stimulate germ 

expression[32,331
． This scenario，as illustrated in(Fig 

1)．star~ with enhancement of cytooolic free Caz 

through incmased Ca2 influx by pharmacologically 
manipulating voltage-operated Caz channels of ligand- 

gatedCa2 channels．such as NMDA receptors The 

elevated Caz activates CaMK 1I ．which in tm'n 

pbooPh0ryt~esthetranscriptionfactor，cAMP n~po11se 

element binding protein(CREB)．The phoophorylated 

CREB will eventually increase e-los transcription by 

intelucting山e specific site in the promoter region of 
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c-fos DNA 111 a sequence-specific rr1an呲T Hence- 

Ca2 ．CAM／(1I．CR同B forms a complete ci~iBde to 

transmit the Ca2 signal into the gene expression
． 

However，this cascadewasidentifiedin responsetothe 

Ca2 sigr~ induced by Ca2 influx
．
It remainsto be 

proven experimentally whether the same cascade works 

in restxmse to Caz released from intracellular stores 

following mGluR activation TIlis is especially 

impertant since it was recently recognized that Cff-' 

signals increased by different mechanisms may have 

different effects on cellular function． including gene 

expressionL 一， In addition．all studies described above 

were performed in vitro Ris now necessaryt0thssect 

and characterize the roles ofthe Caz ／CaMK1I／CREB 

pathway in goneregulationinmore complicated ／n vivo 

conditions 

Group I mGluR may also stimulate gene 

expression through the DAG-dependent PKC pathway 

(Fig1)． PKC is amongthe protein eswhich are 

highly conoentrated in mediuiT1 spiny neurons，but not 

In glial J
． 
mG1uR stimulation in cultured striatal 

neL1mns causes a uanslocation of PKC from a 

cytoplasmic (soluble) form，prevalent in resting 

conditions． t0 a membmne-b~md form ． a mode of 

activated PKC[圳
．
and concomi tant ⅢG induction 

whichis sensitivet0 a PKC inhibitor肋J
． 

In contrast 【0 positive modulation of gene 

expression by group I receptors， group 1I／Ⅲ 

receptors affect gene expression in an inhibitory fashion 

【Fig 1)． nⅫ "the inhibition of adenylate cyclase 

activity，血e group Ⅱ／m receptors could confine 

excitatory responses of the 艘  A7C 量B pathway 

well known to reduce gene expression in strlatal 

neurons[ ·驯 after stimulation of G ．protein coupled 

receptors，such as the DI eopamine receptor Indeed， 

when selective stimulation ofgroupⅡmGluRwasmade 

by using a sub type-specific agonist DCG- ， 

dopamme-stimulated neuropeptide mRNA expression 

became much less in sinatal nellrOns (Wang et al， 

unpubfished observation)． 

mGluR might also regulate gene expression 

indirectly by affecting presynaptic transmitter release 

(Fig 1) Althongh mGluR appear【0 be anatomically 

organized to exert the major posts[y’naptic regnlation of 

striatal neuronal activity given that 90 ％ of mGluR 'n 

the striatum are localed on nPall~ns ． presynaptic 

modulation of transmi tter release by a sman proportion 

of mGluR can be significant if they are highly 

sensitive． Early in vitro studies demonstrated  a 

negative feedback mechanism conlrolling glutam~e 

outflow，probably via presynaptically locmed raGluR 

(inhibitory antoreceptors) mGluR stimulation by 

At~PD inhibited endogenous glutam~e release from rat 

slriatal synaptosornesl40,41 J
．
However． recerlt／n f 

studies uŝmg the microdialys~ technique produced 

opposite results． Infusionofthe mGluR ngonistACPD 

at hi曲 concentmtions facilitated sWiatal glutamate 
release in conscious or anesthetized ratsl ·43J The 

~ elLqlce between in vitro and in vivo studies ma y 

reflect an existence of dual modulatory effects of 

mGluR on glutamate release， depending upon the 

subtypes stimulated ． Through inhibition of cAMP 

formation．group II／Ⅲ receptors．which are expressed 

by corticosWiatal and thalam ostriatal neurons and 

possibly dislributed on their terminalsl 8l“
． suppress 

tonic and phasic glutamate release(~6,46 Z
．
In co ntrast， 

group I receptors facilitate glutamate release via 

activation of the PI／Caz pathway
．
Operation of this 

positive feedback can canse excessive glutamate release， 

which II1i曲t eventually result in excitotoxicity or 
pathophysiological gene expression． 

ACPD also increases extracellular dopamme levels 

inthe rat slriamm[48— l Mechanisms underlyingthis 

incrense may involve presynaptic mGluR 【hetero- 

receptors)if their presence on dopaminergic terminals 

c．皿 be definitively proven． Alternatively．the altered 

dopami~ release may be an event seco n,lary t0 the 

altered release of glutamate or any other local 

~ tters，and vice vers~． Similar【0 glutamate，a 

subtype-driven dual regulation mechanism may also 

apply t0 mGluR-sensitive dopamine release． The 

group I raGluR agonistDHPG reportedly has either no 

orfacilitates dopaminerelease，whereas group 11 and 

lli agonists(DCG-IVand L-AP4，respectively)inhibit 

striatal dopfllt~ erelease ． 

BecauseraGluR antagonists had no orlittle effect 

on basal levels of lEG and peptide gene 

expression[2 ， -驯
． the mGluR．sensitive regulation of 

lEG andpeptide expressionma y notbe activein normal 

physiological conditions ． This is in sharp contrast t0 

the driving forces from ionolropic glutamate receptors 

and otherreceptors neededfor constitutive expression of 

these mRNAs in this brain area[~一 It is reported 

that ionolropic receptors occupy the ‘core’ of the 
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Target DNA transcription 

Fig1． Schematicillustration ofrite roles ofmembou'opicOutvote recept~ (mGluR)subtypesinthe regulafi~ 

of gene expression related to neuron~d plasticity． At tile postsynaptic level， group I receptors enhance 

intracellul~ Caz concenUafion by releasing ’ intracellul~ stores
， opposedto Ca2 in日 ttl呻  

voluble-operated channels cvocc1 w ic~owopic glummate receptors c iGluR)l~hat are permeable．in 

particularNMDA receptors． Signal Ca2 is power~ stimtdator of gene expression likely through 8c'~vation of 

／c~modulln-dependent protein kinaseⅡ cca Ⅱ)． Alternatively，group I r比e呻 幅 would posi廿ve】y 

regulate gene expressi~mviathe~ cylglycerol{DAGl／proteinkinaseC cPKC)pathway． Group I／I receptors． 

in conh*ast，suppress gene expression byU~hibiUngfile cAMr／protein kinaseA cPKA】pathway，filewel1．known 

pathwayindm~ g gene eXln~ssion in t~spome 切 dopan~ e t~ceptor stilllulation． Attile p~ ym pUc level， 

group I recepl_0l augment glutmnate cGlu)releasewhereas孽唧 Ⅱ／I receptors inhibit0utamate release． 

n唧 this presynap~c modulati~m mGluR can indirectly regulate靴 expression in postsynaptic strlatal 

netu~n$． Other abbreviations：AC，ade~ ate cydase；CREB，cAMP respong~dement binding protein；G，G 

protein；Ⅱ ，in~itol1，4，5-triphosphate；PI．phosphoinositide；PLC，phospholipaseC． 

synapse as opposed to mGluR which locali at the 

periphery of the postsynaptic membrane Es6,57)
．
As a 

result，full activation ofmGluR may Occur only when 

n'hq&sive endogenous glutamate is released or a high dose 

of all exogenous agomst is百ven "Ibis use·dependent 
engagement of the mGluR may give this type of 

glutamate receptor a great advantage over other 

receptors as a better target for therapeutic drug 
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development． 

In Slalnmat-y． as an important element of 。 

glummatergic trans~fission enriched in the sa-iatum， 

mG1uR acfivity is linked to most aspects of slriatal 

function． Initial studies reveal that raG1uR．mediated 

glummatergic siganJing controls movement and local 

t：ransrmtter release． Recent experiments demonstrate 

mGluR-sensitive stimulus：transcfiption coupling in the 

regulation of lEG and neumpeptide gene expression in 

normal and stimulated  conditions． Tl1is makes 

particular SellSe for this type of glutamate receptor in 

light of their unique relationship with multiple 

inwacellular sigmding systems． This also pmvides 8 

solid evidence for previously-proposed speculation that 

mG1uR ale preferentially involved in intracellular 

metabotropic activity，such as gene expression， in 

respollse to exlracellular stimulation，which conwibules 

【0 the formation of neuronal plasticity important for 

long-term adaptive changes in cellular physiology 10 

related to a variety of neurologic disord~rs． Since 

nuclear gene expression lies at the heart of sigr~ 

transduction． development of small molecules that 

affect gene expression by influencing the activity of 

mGluR and／or their associated signal pathways ‘ 

represents a novel genetherapy approachto a variety of 

swiatum．based ncurologic disorders 58,59j
．  
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