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Need for homeostasis in electrical activity may
account for cortical network rewiring
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Current thinking about how the brain learns from
experience and encodes memories is focused on changes
in the strengths of connections between neurons,
whereby the pattern of connections is considered fixed.
However, the adult brain is not as hard-wired as tradi-
tionally thought. Neurons establish new connections
and break existing ones (structural plasticity). Although
structural plasticity associated with brain lesions (stroke)
and degeneration is known since the late 1960s, its rele-
vance for cognitive functions such as learning and mem-
ory [4,8] and its contribution to network repair after
lesions [5,7,9] still remain unclear. Current computa-
tional models are insufficient to address this issue since
network structure is considered as fixed with plasticity
merely arising from changes in connection strengths of
existing synapses. The present work aims to elucidate
the underlying organizing principles that drive structural
plasticity and brain repair induced by lesions. We
hypothesize that the need of neurons to maintain their
average electrical activity at a particular level (homeo-
static regulation) drives lesion-induced restructuring of
cortical circuits, and can predict changes in connectivity
and spine/bouton/synapse numbers experimentally
observed following cortical deafferentations such as a
focal retinal lesion [5,9]. In this view, loss of input due
to lesions disturbs the homeostasis of neuronal activity,
which, through activity-dependent neurite outgrowth
and synapse formation, triggers compensatory structural
changes that attempt to regain homeostasis [2].
To explore whether the experimentally observed struc-

tural changes can be accounted for by the neurons’ need
for homeostasis in electrical activity, we constructed a
neuronal network model in which each neuron receives

a vertical input stream (from the eye via the thalamus)
and a horizontal input stream (from other neurons
within the cortical network). The focal retinal lesion is
modeled as a circumscribed removal of the vertical
input stream. To model structural changes of the neu-
ron, we created a novel model formalism in which each
neuron has a number of axonal elements (representing
boutons) and dendritic elements (representing spines)
[1,3]. Synapses are formed by merging axonal and den-
dritic elements. In line with the experimental data, the
number of these elements can change depending on the
neuron’s own level of electrical activity, which may
cause existing synaptic connections to break or new
ones to form. A neuron will change the number of its
elements so as to try to maintain its average activity at a
particular set-point. So, when its activity is above the
set-point, it will eliminate (dendritic) elements, and
when activity is below the set-point it will generate new
elements. However, when activity is too low, neurons
will also lose axonal and dendritic elements. Electrical
activity is generated by a conductance-based spiking
neuron model with intracellular calcium as a measure of
the average electrical activity of the single neuron [6].
By this approach we could show that the neuronal

need for homeostasis in electrical activity can account
for the structural changes observed in the visual cortex
after focal retinal lesions [5,9]. We hypothesize that the
precise interplay between axons and dendrites as well as
the topology of the network matter for the experimental
results. In this study, we investigated different scenarios
depending on the calcium-dependency of axonal growth,
which may give insight into potential approaches for
promoting network repair in experimental deafferenta-
tion studies. In addition to making testable predictions,
our network model is the first to describe the reciprocal
dynamics of activity-dependent network rewiring. Our
findings on topological changes are in line with recent
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data from stroke patients [7] and may imply a more
general principle of the mechanisms involved in brain
repair. A better understanding of neuronal network
repair following lesions is urgently needed for a better
treatment of neurological diseases such as stroke.

Published: 18 July 2011

References
1. Butz , Teuchert-Noodt G, Grafen K, van Ooyen A: Inverse relationship

between adult hippocampal cell proliferation and synaptic rewiring in
the dentate gyrus. Hippocampus 2008, 18(9):879-98.

2. Butz M, Wörgötter F, van Ooyen A: Activity-dependent structural
plasticity. Brain Res Rev 2009, 60(2):287-305.

3. Butz M, van Ooyen A, Wörgötter F: A model for cortical rewiring. Front
Comput Neurosci 2009, 3:10.

4. Hofer SB, Mrsic-Flogel TD, Bonhoeffer T, Hübener M: Experience circuits.
Nature 2009, 457(7227):313-7.

5. Keck T, Mrsic-Flogel TD, Vaz Afonso M, Eysel UT, Bonhoeffer T, Hübner M:
Massive restructuring of neuronal circuits during functional
reorganization of adult visual cortex. Nat. Neurosci 2008, 11:1162-1167.

6. Lohmann C, Wong RO: Regulation of dendritic growth and plasticity. Cell
Calcium 2005, 37(5):403-9.

7. Wang L, Yu C, Chen H, Qin W, He Y, Fan F, Zhang Y, Wang M, Li K, Zang Y,
Woodward TS, Zhu C: Dynamic functional reorganization of the motor
execution network after stroke. Brain 2010, 133(4):1224-38.

8. Xu T, Yu X, Perlik AJ, Tobin WF, Zweig JA, Tennat K, Jones T, Zuo Y: Rapid
formation and selective stabilization of synapses for enduring motor
memories. Nature 2009, 462:915-919.

9. Yamahachi H, Marik SA, McManus JNJ, Denk W, Gilbert CD: Rapid axonal
sprouting and pruning accompany functional reorganization in primary
visual cortex. Neuron 2009, 64:719-729.

doi:10.1186/1471-2202-12-S1-F1
Cite this article as: Butz and van Ooyen: Need for homeostasis in
electrical activity may account for cortical network rewiring. BMC
Neuroscience 2011 12(Suppl 1):F1.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Butz and van Ooyen BMC Neuroscience 2011, 12(Suppl 1):F1
http://www.biomedcentral.com/1471-2202/12/S1/F1

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/18481284?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18481284?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18481284?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19162072?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19162072?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19680468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19005470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18758460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18758460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15820387?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20354002?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20354002?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19946267?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19946267?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19946267?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20005827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20005827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20005827?dopt=Abstract

	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


