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Synapses undergo rapid activity-dependent plasticity to store information, which when
left uncompensated can lead to destabilization of neural function. It has been well
documented that homeostatic changes, which operate at a slower time scale, are
required to maintain stability of neural networks. While there are many mechanisms
that can endow homeostatic control, sliding threshold and synaptic scaling are unique
in that they operate by providing homeostatic control of synaptic strength. The former
mechanism operates by adjusting the threshold for synaptic plasticity, while the latter
mechanism directly alters the gain of synapses. Both modes of homeostatic synaptic
plasticity have been studied across various preparations from reduced in vitro systems,
such as neuronal cultures, to in vivo intact circuitry. While most of the cellular and
molecular mechanisms of homeostatic synaptic plasticity have been worked out
using reduced preparations, there are unique challenges present in intact circuitry
in vivo, which deserve further consideration. For example, in an intact circuit, neurons
receive distinct set of inputs across their dendritic tree which carry unique information.
Homeostatic synaptic plasticity in vivo needs to operate without compromising
processing of these distinct set of inputs to preserve information processing while
maintaining network stability. In this mini review, we will summarize unique features of
in vivo homeostatic synaptic plasticity, and discuss how sliding threshold and synaptic
scaling may act across different activity regimes to provide homeostasis.

Keywords: sliding threshold, metaplasticity, BCM theory, synaptic scaling, cortical plasticity, homeostasis,
hebbian plasticity

INTRODUCTION

AbnajorithallengeMacedbybheuralircuits¥sMolnaintaindproperfheuraldprocessing¥vhilelnabling
effectivelinformation®toragelnediatedbyMctivity-dependent®ynaptichplasticity B hisMsbhotMrivial, X
becausebplasticitybbfBynapticdonnectionsdinnatelyMltersifheMlowbbffinformationtbetweenbheurons.X
Furthermore Mactivity-dependent¥synapticKplasticity,XnamelyXlong-termXpotentiation®X(LTP)XandX
long-termMepression¥LTD) XreateskpositiveleedbackMvhich®vhenMincompensatedfeadMobhetworkX
instability MinXthisninik-eview,Bvelvilltomparelwolnodelskbffhomeostatickynapticplasticity,¥
slidingihreshold¥ind®ynapticcaling{Figurel ) Mandbpresentdmerging¥deasksiothowlheselwol
differentdnodels¥nayMnteractMobprovidefhetworkitabilitydn vivo (Figure2).X
Earlierfstudies¥onXheuralXnetworksKencounteredXdifficultyXinXmaintainingXnetworkXfunctionX
whenBolely®ngagingfebbianBynaptichlasticityMorMlearningilgorithmsqdiscusseddnblooperdindX
Bear,}2012) K nbbneluccessfultheory®hattlloweddhetworkitabilityllevelopedibyLeonXCooper’sk
group,XthelthresholdXforKsynapticXplasticityXisKcontrolledXbyXintegrated¥pastXneuronalKactivityX
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(BienenstockXetlal.,X1982;XBearXetMal.,X1987;XCooperandXBear,X
2012) MThisKtheoryXtermedXtheX“slidingithreshold”MorX“BCMX
model”Mnoti onlyX explainedX developmentX of neuralX featureX
selectivityand¥in vivo visualX cortex plasticity,XbutMitKalso
madelspecificX predictionsX thati¥ wereXexperimentallyXverifiedX
subsequentlyX (BienenstocklX etld al. X 1982;X Bearld et al. X 1987;X
CooperlandXBear,X2012) XThelkeyXfeatureoflthisXmodelXisX
thatXtheXinductionXthresholdXforXLT PRandXLTDXisKdeterminedX
byXpastineural¥activityX(FiguresX1A,B) KSpecifically,XaXperiodX
oflhighMactivityMincreasesXthe}thresholdXforXLTPXinduction,X
whichK meantX mostX activityX¥ wouldX fallX below the synaptick
modification®hreshold®esulting®nXL.TD X nkheory,ketXLTDXnX
thelynaptickpopulationBhould¥educelheurallhctivitylevenivhenX
otherXfactors¥(e.g.,KinhibitionMandXexcitability)XareXunchanged X
ProlongedXlowX activityX decreases¥ theld synaptic¥ modificationX
thresholdMolpromotel.TPMcross¥ynapses ExperimentaldupportX
forithel8liding®hreshold¥nodellomeskprimarilydrombtudieskinX
sensoryReortices,Xwherelsensory®deprivationfalterskthelsynaptick
modificationXthresholdXtoXfavorXLTPR(KirkwoodXetKal.,X1996;X
Hardingham®t}1.,2008;M5uoktl.,X012).X
SynapticXscalingXisXanotherpopularkmodelXthatlprovidesX
homeostasisX byX adjustingl thel synapticX gain.X WhileX thelX
slidingX thresholdX modelX wasK initiallyX proposedX toX explainX
thellevelopmentfbfiheuralesponselbelectivityandXexperience-
dependentXcorticallplasticity,KtheXpremiseMoflsynapticKscaling®
wasHtoNexplainMstabilityMofXnetworkMactivityXpropagationKandX
firing¥rate homeostasisX (TurrigianoXandX Nelson,}2004).X InX
brief X prolongedXinactivityX leadsX toX upscalingXl ofi excitatoryX
synapses,BvhiledprolongedncreaselnMctivitydlownscalesithemX
to¥maintainKoverallXaverageXfiringKrate XInitialXexperimentalX
supportiforlsynaptickscalingkhascomefromMin vitro neuronalX
cultureMmodelsXwherefactivityMwasXmanipulatedXgloballyXusing®
pharmacological®nethods.XGlobalXnhibitionfbffheuralMiringkbyX
applicationfbfetrodotoxinM{TTX)McalesMipbexcitatorydynapses,X
whileMincreasingfheuralXactivity¥byKpharmacologically®lockingX
inhibitionbcalesklown®helbtrengthfynapsesd O’ Brienkethhl. X
1998 'urrigianolthal.,X 998).K
WhilelbothBlidinghresholdMnd®ynaptic¥calinganbprovideX
similarthomeostaticontrolbyMegulatinglynaptic¥trength,MheyX
differNinKonelkeyNelement.XSlidingMthreshold®¥modelXoperatesX
byNaltering¥theMinductionXthresholdXforXLTP/LTD,KhenceXbyX
naturelequiresdheuralfhctivity®oMnanifestheldynaptichanges.X
Therefore XevenXifX thelsynapticK modificationX thresholdXhasX
changedibaseddnMntegrateddastbhctivity,Mftheredsi¥nsufficientX
neuralXactivityXthroughXanyXofXtheXsynapses,XthereXwillXbeXnokX
changeMinMynaptickain Knktontrast,bynaptickcalingiankbecuri
withoutMheuralfhctivity. Mndeed,XblockingfallMhctivityXwithXI TXX
scalesMupXexcitatoryMsynapses®( O’ BrienXetial. X1 998X urrigianol
etial. [X1998) MinKaddition XslidingKthreshold¥modelXpositsXthat
homeostatidXcontrolXofXsynaptickstrengthXwillXbeXinput-specifick
evenXiftheithresholdXisKmodifiedXglobally¥acrossitheXcell KThisK
isMbecausesynapsesithatXreceivelactivityXthatifallskbelowXtheX
synaptic¥nodification®hreshold¥willundergoXL.TD,Bvhile®hoseX
receivingMactivityXsurpassingXtheMthresholdXwillKexpressXLTPX
(CoopertandiBear,2012) Rl hisHsMlifferentromMynaptickcalingX
whereXmostXsynapsesKwillXshowXtheXsameXpolarityMoflchangeX
inKsynapticKgain,MunlessXtheXscaleMofXoperationKisKlocalXasKhasX

beenXshownlinXsomeXexperimentalpreparationsX(reviewedXinX
Turrigiano,X008).X
InifheMollowingBections,XvelvilldiscussividenceMromMn vivo
preparationsXasXtoXhowKeachXhomeostatic¥synapticKplasticityX
modelXould¥bperate,fand¥providelevidencelsupportingdbhovelX
viewXthatXtheseltwoKformsXofhomeostaticXsynapticlplasticityX
modelslikelybbperatefinderMifferentMctivityegimes.X

DEMONSTRATION OF HOMEOSTATIC
SYNAPTIC PLASTICITY IN VIVO

Experience-dependentthomeostatickynapticdkplasticitykhaskbeenX
demonstratedXinXvariousXin vivo preparations(Whitt}etMal.,X
2014) M TheX first) experimentalX evidenceM camel fromX studiesX
onXmetaplasticity®showingXthatXprolongedXvisualXdeprivationX
altersitheXinductionXthresholdXforXLTP/LTDR(KirkwoodXetXal.,X
1995,41996).K Dark-rearing,X expectedX told reduce thel overallX
activityMinMvisualXortex,Xecreased®thefinduction®hresholdXforX
LTPXasXpredictedXfromXtheXmodelX(FigureX1A).XSubsequentX
studies®showedXthatXtheMreducedXLTPRthresholdXresultedXfromX
anNincreasedXproportionXofX¥GluN2B-containingNMDARsKatX
synapsesX(QuinlanXetXal.,X1999;XPhilpotietial.,X2001,82003).K
GluN2BMubunitskhavefi{ongerturrenturation®hanMGluN2 AKX
(RumbaughMand®Vicini,X1999),KhenceMideallyXsuitedXtoRreducel
theMinductionXthresholdXforLTP.XTheoppositelisXalsoXtheX
caseincreasingfsensoryexperienceMreducesXtheXproportionXofX
synapticXGluN2BXshiftingXthemodificationXthresholdXtoXfavorX
theMinductionXofXLTDX(QuinlanXetial.,X1999) KInKparallelXtoX
sliding®helnduction®hresholdorMynapticknodification,MNaterX
studyXdemonstrated®thatlmetaplasticity¥canKalsoXmanifestdbyX
alterationsXinhelexpressionXmechanisms¥ofXLTP/LTDX HuangX
etkal. X2012) MInKparticular,XHuangKetial X(2012)XdemonstratedX
that¥neuromodulatorsXcoupledXtoXGs-proteins¥arelcriticalXforX
LTPX andX willX shiftk thel synapticX modificationX functionX toX
producelanX.TP-onlyltate,BvhileM5q-coupleddheuromodulatorsX
producesl anX LTD-onlyX state.X ThisX modelX of} metaplasticityX
shiftsktheMsynapticmodificationMcurvesXverticallyX(FigureX1B),X
comparedX toN lateralX shiftsX producedX byX alterationsX inX theX
induction¥mechanismsXofXLTP/LTDX(FigureX1A).XAKuniqueX
aspect¥ofXthiskvertical¥shiftMinXsynaptickmodificationXfunctionX
byX neuromodulatorsX is¥ thati itk puts¥ synapsesX inX LTP-onlyX
orX LTD-onlyX model byX changesX inX neuromodulatoryX toneX
coupledXtoKinternalXstates.XMechanistically,Xsuch®verticalXshiftX
indynapticXmodificationXunctionXskbroughtthboutibyXhangesX
inXtheMexpressionXmechanismsXofXLTP/LTD,XwhichNXrelatesXtoX
thelphosphorylationXstateXofXAMPARsK(Seol¥etXal.,X2007).XInX
particular,XphosphorylationXserine-845X(S845)XresiduelonXtheX
GluA 1Bubunitdh XA MPARsNskhecessaryMorfboth®.TPKpromotedX
byKGs-coupled¥neuromodulatorsXandXLTDXpromotedXbyXGq-
coupled¥neuromodulators,¥while¥GluA 1Xserine-831X(S831)KisX
necessaryXonlyXforXGq-coupled¥neuromodulatorXinducedXLTDKX
(Seoll2thal.,x007).M
VisualXcortexXhasKalsoXbeenXaXmodelXusedXtoXdemonstrateX
synaptickcalinglin vivo MForkexample MvisualeprivationXniktheX
formsMfntraocularfinjectiontdetrodotoxinf{TTX)XDesaibéthil.,X
2002),MarkiexposureM Goell&tldl. 006,801 1;M50eldndA.ee,2007;X
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FIGURE 1 | Different models of homeostatic synaptic plasticity comparison of
sliding threshold model (A,B) and synaptic scaling (C). Sliding threshold
model posits that the synaptic modification threshold (6y) changes as a
function of past activity of a neuron. When integrated past activity is high 6y
slides up to a higher value (6,/) promoting LTD, while with lower overall
activity 0y, slides down to a lower value (0y~) to preferential induce LTP.
Expression of LTP or LTD as a consequence of sliding 6y, acts to provide
homeostasis of the average neural activity. 6, can slide via a horizontal shift
(A), which is implemented by altering the induction mechanisms of LTP/LTD
such as regulation of GIuN2B-containing NMDARSs. 6, can also slide by a
vertical shift (B), which is mediated by changes in the expression mechanisms
of LTP/LTD such as alteration in AMPAR phosphorylation state. Synaptic
scaling was initially reported to occur globally across all synapses. A key
feature that allows preservation of information stored at individual synapses
despite global adjustment of synaptic weights is via multiplicative scaling (C).
Individual synaptic weights (a1. . .ax) are multiplied by a same scaling factor (f),
which is greater than 1 for adapting to inactivity and less than 1 for adaptation
to increased activity.

>

Input-specific adaptation

Input 1 Input 2

15

Synaptic modification
o

6y ﬁ Neuronal
activity
i : Major
= ] - input

After losing the

c
i)
8
% major input
o 0 !
g 0y <=3 6, Neuronal
b= activity
©
c
>
%
Proposed Model
5+ / //
®©
8
20 /=
= O/ B/ O Neuronal
= activity
©
c
>
%
E S -
Scaling Sliding threshold Scaling

FIGURE 2 | Input-specific homeostatic synaptic plasticity and distinct activity
regime. There are specific considerations needed when implementing
homeostatic regulation in intact circuits in vivo, such as a need to provide
homeostasis in an input-specific manner. Sliding threshold model can easily
accomplish input-specificity as depicted in panel (A). When overall activity of a
neuron is reduced, such as due to loss of its major input, 6y, slides down. This
causes previously weak Input 2 to cross the LTP threshold for synaptic
potentiation, but leaves the less active input (Input 1) in the LTD range. Such
input-specific adaptation allows the neuron to dynamically update its synaptic
weights to process the most active input(s) in the context of its overall activity.
We propose that sliding threshold and synaptic scaling operate across
different activity regimes in vivo as shown in panel (B). Based on the
advantage sliding threshold endows intact neural networks, such as always
adapting to the most relevant inputs as shown in panel (A), we surmise that
this is the dominant mode of homeostatic adaptation within most
physiological range of activity. However, sliding threshold is less likely
to be effect at providing homeostasis at extreme ranges of activity. For instance,
(Continued)

Frontiers in Cellular Neuroscience | www.frontiersin.org

December 2019 | Volume 13 | Article 520


https://www.frontiersin.org/journals/cellular-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-neuroscience#articles

Lee and Kirkwood

Homeostatic Synaptic Plasticity in vivo

FIGURE 2 | Continued

when activity levels are too low, even if the 6y slides, there will be insufficient
activity to activate NMDARSs to drive potentiation of synapses. We suggest
that NMDAR-independent synaptic scaling will be more effective at providing
homeostatic adaptation with inactivity. At the other extreme, synaptic scaling
will be much more effective at dampening overactive circuits, because it can
globally reduce the strength of synapses.

Gaolethhl.,X2010;XHeXetMal. X2012;¥PetruskandXLee,X2014),Kdark-
rearingX Goellethhl. [2006),enucleation® Helethhl. K2012;8Barnes)
etial. [X2017) MorretinalKlesions¥(KeckXetXal.,[X2013)KscalesXupX
mEPSCs MInterestingly,KinXV 1Kupscalingofm EPSCsXhasXlayerX
specificsequentialXcritical¥periods,XwhereMayerXiX(L4)XendskbyX
postnatal¥dayX21(P21)X(Desailetal. 2002 )XwhileKinKlayersX2/3X
(L2/3)RttartsdbyXP2 16nd¥persistthroughfhdulthoodq GoelkandX
Lee,2007) Rlhelfatestb B calingipbndiownMrefhsymmetric. MY
takesthtieasttPMayskbarknessioXipscalemEPSCsK GoelkandX
Lee,X2007),BbutionlylhibMightkre-exposureitoiullyReverseXitX
(Gaoketal. )2010),BuggestingiifferentemporalXntegrationXorX
eachMprocess.XExperience-dependentXsynapticiscalingkhaskbeenX
reportedinbbtherBensoryiorticestbesides®/ 1:MnN.2/3MbMuditoryX
cortexthfter®sensorineuralXhearingMoss¥(KotakXetial. ,X2005)XorX
conductivelhearingloss¥( TeichertXetkhl. }2017),KMnXL4KobarrelX
cortexMafterfufferent®nerveX(i.e. XinfraorbitalXnerve)XtransectionX
(Yulethal.,)2012),BoutthotlinXL2/3Mb ffbarrelortexkafter®vhisker
plucking¥{Benderlethal.,K006;8eletthl. 201 2;Xibethal.,X014)Hbut
seelGlazewskiletkal. X2017) Kl hiskintriguingkhbsencefbfsynapticX
scaling®withKwhisker® pluckingXwillbeX discussedXinXsectionX
“SpecifiddChallengesfDffHomeostaticdynaptic®PlasticityMn vivo.”X
Mechanistically XscalingupXandXdownXareXnotMtheMreverseX
ofeachMother,Mbutirely®onKdistinctmolecularksignaling XInkV 1,X
upscalingfMmEPSCshhfterXDEXcorrelatesdvith®hosphorylationX
ofGluA 1KonKS845 KsynapticRappearancelofdCa?+ -permeableX
AMPARsK(GoelXetial.,X2006),KMandX¥mGluR1X(ChokshiXetXal.,X
2019),®whileXdownscalinglisKdependentMonXArc¥(Gaoletial.,X
2010),¥nGluR5,ndXomerla Chokshiktihl. (2019) KAlthoughX
GluA1-5845K0skecessarylorMipscaling,MtihloneMskhotiufticientX
tol recapitulateX multiplicativel scalingX¥ (GoelX etX al.,X 2011).K
Multiplicativel changelX isK all keyX featurel ofll synapticK scaling®
(Figurell C) MbecauseltbpreservesiinformationBtoredsilifferent
weightskhcrossisynapsesXinkalheuronX(Turrigianoletial.,X1998).K
However,X multiplicativel scalingi isK onlyX observedX earlyX inX
developmentX(P21Xto~P35)KinXV 1K GoelkandXLee,X2007) XW el
interpretedXthisXtoXsuggestXthatisynapticKscalinginKadultsXisX
notXglobal XbutXlimited¥toXaXsubsetMofXsynapses.XConsistentX
with®hisMnterpretation,Mvelteported®hatlDE-inducedMipscalingX
ofmEPSCsKreflects¥potentiationMoflateral¥intracorticalX(IC)X
synapses,X butX feedforwardX (FF)H synapsesX fromX L4X toX L2/3X
areMimmuneXtoXthisKtypeMof¥plasticityX(PetrusXetXal. X2015).K
Similarly,XdownscalingKofmEPSCsXwithXvisualXexperienceMisX
alsoMimited® oM Clsynapsesi( Chokshilethhl. }2019).BuchMnput-
specific¥ synaptic scalingX isK observedX in¥ L5X ofd V1K atlX theX
levelXofdendriticKspineMplasticity KItwasXreportedXthatdvisualX
deprivationXviaenucleationXleadsXtoXenlargementXofXdendriticX
spineskbniL5Mheurons,BvhichMvasipecificobtlendritickbranches}
withXrecentMspinellossX (Barneskt¥l.,82017) X Based¥ onX theseX

newlobservationsXshowing®that¥sensoryXexperience-dependentX
homeostatichplasticitylbfMn EPSCsHsEnput-specificdndilsobbtherX
recentlevidencelliscussedbelow,BvekproposelhatihelhpparentX
synapticlscaling)inducedXin vivo withMsensoryXmanipulationsX
isKactually®aXmanifestationMofisliding®thresholdXmetaplasticity®
seeMsection¥“DifferentMActivityldRegimelMayXRecruitlDistinctX
Homeostatid$ynaptic®lasticitydn vivo.”K

SPECIFIC CHALLENGES OF
HOMEOSTATIC SYNAPTIC PLASTICITY
IN VIVO

Onefbffhelthallengestbffhomeostatickplasticitylbperatinglin vivo
isMhatMhotBlMnputsérefdentical MorticalheuronsieceiveliverseX
setfbfinputsiromXnultiplelsources Xrorkexample,XV 1EhotXonlyX
receivesinputsiromithelprimaryivisualthalamusXdLGN),KbutX
alsorombbtherlensorylareasd Lakatosiethal. 007K urilliketihl. X
2012;XY oshitakeXetial.,X2013;XbrahimXetal. ,}2016),KsubcorticalX
areasd(RothNetNal.,¥2016),Khigher}visual¥areas¥(CooganXandX
Burkhalter,X 993;@ongPetkal.,K004;Nibethl. 015 arquesietthl.,X
2018),Mndibtheriorticallreasl{ Wallbethdl. [2016) HnputhliversityX
isthotMdbparticulardpropertyld /1, ButMathertdifeneraldpropertyddX
highlyMnterconnected®orticallhetworks MtMs¥nconceivabledthenX
thatklllbRheMinputsirelequivalentthndBharelheldamelevelskbfX
inputMctivity. H'hereforeJhomeostatic¥ynapticplasticitybheedsMolX
occurfinfhBvayRolpreservelnformation®toragefnd¥rocessing
capacityRofXaRdiverseMset¥ofXnetworksXinKwhich¥aKparticulark
neuronbparticipates¥in. M tivasiproposedibasedibnilomputationalX
modelingMhatnput-specifiiomeostatichplasticitydsMnuchBetteri
suited@oimprovelinformation¥processingkthanXzloballsynapticX
scalingX(Barnesietial. [X2017)X(forXfurtherXdiscussionsXseeMK eckX
etkal. X2017) KinKthisKparticular®study KtheXunit¥ofXhomeostatick
controlM¥vasiproposeddolbeliMlendriticdbranch RlhereMhredeveralX
observationsXthat¥similarXinputsXtendXtoXclusterMonXtheXsameX
dendriticdbranch Wilsonbetbal. ) 016;Kacarusoletbal. 2017),Mhusk
branch-specifichomeostatickhdaptation¥vouldkallowXunctionalX
input-specificontrol®hatds¥ndependentromMachibther.X
AnotherMuniqueM challengeMtoXstudyMin vivo homeostaticX
plasticity¥isXthatXnotdallXsensoryXmanipulationsileadXtoX theX
samel changes. X As¥mentionedXabove,XinX thel caseX ofX visualX
deprivation,BnajoritylbfMhelparadigmsEangingMromBntraocularX
TTXNinjection,Mdark-rearing,Xdark-exposure,Xenucleation,XandX
retinaldesionsicalesipMn EPSCs¥niV 1M Desailetkal. [2002HM50elX
ethhl.,R006;MGoeldndM ee,R007;M el tbhl. 2012, eckbetthl. 2013;X
Barneshthal. X2017) Mowever,HidduturedypicallydoFhoti Mafteil
andXT'urrigiano,X2008;XHeXetXal. X201 2;XBridiXetXal.,X2018)X(butX
seefHengenlethal. [0013) MBimilarly,MnRhebbarrelkortexihfferentX
nervelransectionMipregulates¥n EPSCsX Yuletlhl. }2012;XChungi
ethlal. )X2017),Mutkhot@whisker®deprivationX Benderketial. K2006;X
Helethhl. X201 2;KLikke (. K2014)MbutlbeelGlazewskiketkhl.K2017).K
DifferencesXinKoutcomelmayistemXfromXtheXdegreeMoffactivityX
changesihssociatedXwithMvariousXsensory¥manipulations XInktheX
visualfleprivation®ases,Mark-rearinglbrilark-exposuredemovesX
vision,fbutleavesdpontaneoushctivity¥inMheletinalind®hroughiX
thel¥risuallpathway BRecently,BveleporteddhatMlark-exposuredor
afewllaysdead®oMincreasedn®pontaneousdiringfb iV 1kheuronsi
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(BridiXethal. X2018) Mntraocular®I TXKXnjectionkandXenucleationX
removeskvisionXandXspontaneousactivityXinXtheXretina,XbutiitX
haslbeenbhoted®hatllLGNMheuronsKindergobbscillatoryMhctivityX
(LindenKetXal.,X2009) KLidX¥sutureXisKaXmuchXmilder®formXofX
deprivationXwherelformivisionXsXargelyXost,KbutiisionXisXhotX
totallyXabolished XVisualKstimulationXseenXthrough®theMclosedX
eyelidstanklicitdmallbutdneasurableiisually®vokedipotentialsX
(VEPs)KinXV 1K(BlaisKetial. X2008) XAsKexemplified KtheXlevelXofX
sensoryMeprivationndXhelonsequent®@hangesMintheuraldctivity®
throughKtheMsensoryXpathwayXisXnotKidenticalXacrossKdifferentX
paradigms MT'hisKiskhotMikelyustMimited®oXthelyvisualdsystem,X
butXtextendsBobbtherdensorydortices.Forkxample,BheleasonX
thatMvhiskerMleprivation¥nMnostitasesdailsdoNnducelthanges®niX
mEPSCslntbarrelldortexf.2/3MBenderbtbal. [R006;M el tbal. [2012;K
Likethal. )2014)KmaydbebbecauseldtisiimilarkoliduturelvhereX
afferentctivityMskhotompletelyfhbolished MnkanyXease,MstudyX
offhomeostatickplasticityXin vivo willkheedXokbeXinterpretedXinX
theMrameworkbbffhelépecificdypelbfnanipulationfone,BvhichX
adds@omplicationMomparedfofpharmacologicalnanipulation{X
activityMhatianMbeMchieveddn vitro.X
Furtheromplications¥vhenBtudyingdntactiortical@ircuitslsX
thatdnebheedsMoonsiderhedpecifickell-typeldndlaminalfhatisX
beingMnvestigated MOneX-easonMsihatiifferentlaminaelexhibitX
distinctXcriticalkperiodXforXplasticity®withXL4Xtypically®showingX
earlyblasticity®ollowedlbylbpeningibfplasticity®nXL2/3X Desaill
etkal. X2002;¥GoelandXLee,X2007;Xiangietial. [X2007). KAlsoXthelX
meansXinXwhichKdifferentlaminar¥heuronsihdapt®toltheXsameX
typesKofsensoryXmanipulationsiarelquiteXdistinct{reviewedXinX
Whittkethhl. )20 14;Klsolbeel5Glazewskiletdl. f017) KEvenXvithinX
theBameMayer,&elldypeflsoMeemsBolnatter Fordexample,BAnH.5K
offbarrelortex,MheresMistinctdplasticityMriggeredByhangeslinX
sensorybexperiencefbasedfbnpecifickell-typesi Greenhil e thl. X
2015Mlazewskibetal. 2017) RUltimately,herelvillfbeldifferences)
inKinputMactivityMbasedXonXtheXdifferent®functionalXcircuitXinX
whichBMparticularkheuronMskparthbf. M ence XM tMskhotMurprisingX
thatiifferentkheurons®vouldiespondifferentlyloldliparticularX

in vivo manipulation.X

DIFFERENT ACTIVITY REGIME MAY
RECRUIT DISTINCT HOMEOSTATIC
SYNAPTIC PLASTICITY IN VIVO

TherelisX emergingX evidencel thati different¥ activityX regimesX
mayXrecruitfdistinct¥modesKofXhomeostaticKadaptation¥in vivo

(Figurel2B) KBridiXetkhl KreportedXthat®visualkdeprivationXeadsX
tometaplasticityXmodelofhomeostaticKadaptationXinXV 1,XbutiX
silencing®orticalfactivity¥noreblbydpharmacologically¥increasing®
tonicKnhibitionbproducesBynaptic¥caling-likebhdaptationdBridiX
et¥al. [¥2018).XOf¥interestXisX thatXvisualXdeprivation-inducedX
metaplasticityMsMikelyMiriventbyMncreased¥pontaneouskctivityX
actingMonXGluN2B-containing NMDARs.X ThisX counters¥ theX
conventionalX notionX that}sensoryMdeprivationXleadsX toXlossX
ofl activityX inX thel correspondingM sensoryX cortex,X andX thatX
inactivityNsMirivingthomeostatickhdaptation Rl his¥vorkiuggestsX
thatensoryMleprivation-inducedthomeostatic¥lasticitylequiresX
activity,Xforinstance,XinXtheXformXoflelevatedXspontaneous

activity XwWebhlsoXrecentlydeportedihatiiark-exposurednducedX
upscalingXofXmEPSCsXinXV 1XL2/3KisXdependentonXNMDARX
activity¥(RodriguezNetial.,¥2019),KwhichXfurtherMcorroboratesX
thellinvolvementXofilslidingXthresholdXthat¥actsMonXNMDAR-
dependentXLTP/LTDNprocesses.Ourlcurrentdworking®modelX
is¥ thatX sensoryX deprivation-inducedX reductionX ini synapticX
modification¥ thresholdX coupledXwithXincreasedXspontaneousX
activitylpotentiatesiynapsesdoMdnediatedhomeostatic¥ncreaseXnX
excitatory®ynapticiain Mncreased8pontaneousictivitythastbeenX
reportediini 1RvithBuditoryMeprivationqKotakétXl.,2005),ndX
infraorbitallhervedransection®hatlpotentiatesiynapses¥nibarrelX
cortexMlsolincreasesfGluN2B-containingNMDARs{Chungtil.,X
2017) M TheseXfindingsKsuggest¥thatlsimilark mechanismXmayX
operateMcrossiensoryMortices.X

SlidingX thresholdX mediated¥ homeostaticX adaptationX hasX
anNadvantageMthatXit}canXeasilyXimplement¥input-specificity®
(Figurel2A) Mnputs¥hatiexhibithctivitydboveltheMhresholdXvillX
producelpotentiation,BhoseMfallingtbelowRvilldlepress,BndinputsX
withMninimalMctivitylbrMctivitylt¥heMhreshold¥villfhotthange.X
SuchMnput-specifichomeostaticdaptationthasdnef dvantagelnX
thatXit}willXallowktheXcircuitktokpreferentially®processKeurrentlyX
activeinputsXdespiteMoverallKactivityXchanges XTherefore,XtheX
corticalthetworksianbeMynamicallyeconfiguredordprocessing
theMnostielevantinformationnMhelontexttbbveralllctivitydnX
theltircuit MtHlskbMnterestobhotelhatinput-specifidhomeostatick
plasticityXisKmoreXprevalentXinkmatureMcortex¥(GoellandXLee,X
2007 ansonlethhl. 012;Metruskethhl. K2015;MBarnesketkl. X017;X
Chokshilet}l.,x019).X

WhilelslidingKthreshold®¥providesdhomeostasisXwith®sensoryX
manipulationparadigms,Xsynapticiscaling¥seemsXtoXalsoXbeX
presentMin vivo butNatextremeMactivity¥rangesX(FigureX2B).X
ForMexample XreducingMcortical¥activity®byXpharmacologically®
increasing®onic¥nhibitiondeads®oMipscalingfbfmEPSCs,MvhichX
iskhotilependentfbnNMDARSX Bridilethal. 20 18) BW efburmisel
thatlsynaptickscalingfmaybhlsoXoperateMwhenXneuralfactivityXisX
increaseddolin®xtremelevel Rl'helfationaleMs®hatMinderieitherX
extremeMctivity®egimesklidinghresholddnaythothbeleffective X
Forlexample,KinderiextremelyMowbhctivitydevenXifithelsynapticX
modification®hreshold¥lideskown BherelmnaylhottbelsufticientX
levelbfhctivity®okiriveXL TP KI'herefore, NMDAR-independentX
plasticity,XsuchMasXsynaptic¥scaling XmayXbeMbetterXsuitedXforX
synapticdjustmentsMinderdhis®ondition Bimilarly,¥vhenMhereX
isMextremelyXhighXneural}activityMacross¥allXinputs,KaskwouldX
occurlluring®eizures,thavinglinput-independentiglobaldynapticX
scalingfislikelydMnoreffhicientvayMollampenictivity.X

CONCLUSION

WelbummarizedhelpecifickchallengesMmetlvhenkhomeostatick
plasticityMoperatesKinXintactMcircuitskin vivo withXdiverseMsetsX
ofinputs XWeproposelthatXslidingKthresholdXoperatesXacrossX
activityX rangesi thatll canX recruitt NMDAR-dependent} input-
specific¥synaptickplasticity¥toXmaintainKoptimalXprocessingXofX
mostXrelevantXinformationXdespiteoverall¥changesKinXactivity,X
whilelynaptid¥caling¥naybbperatelatiextremefctivity®angesiol
actMsMMailsafe.X
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