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Background
Atrx is a member of the SNF2 family of chromatin remo-
deling proteins that functions by remodeling or reposition-
ing nucleosomes at specific target genes using the energy
from ATP hydrolysis. Mutations in the gene encoding
Atrx cause the human ATR-X syndrome, an X-linked dis-
order that is associated with severe mental retardation.
We have shown that targeted deletion of this gene in
experimental mouse models results in the loss of neuronal
cell populations in the central nervous system (CNS).
Compromised neuronal survival in Atrx mutants may
underlie the intellectual impairment and cognitive deficits
observed in ATR-X syndrome. We have generated trans-
genic mice in which interneurons critical for modulation
and integration of synaptic activity in the retina are selec-
tively lost. We are using this model system to delineate
the cellular and molecular mechanisms of neuronal cell
loss in Atrx mutants.

Objective
To determine the neuronal circuitry and genetic regula-
tion underlying the loss of retinal interneurons in mice
lacking the chromatin remodeling protein Atrx.

Materials and methods
Conditional knockout approaches are used to selectively
remove Atrx from different retinal cell populations in
vivo, including the production of transgenic mice that
express Cre recombinase embryonically and the ocular
injection and electro-poration of Cre-expressing plasmids
targeted to specific cell types postnatally. The phenotype
of Atrx-deleted retinas is assessed by immunohistochem-
ical analysis using antibodies recognizing retinal ama-
crine and horizontal cell marker proteins, including Pax6,

syntaxin, choline acetyltransferase, and calbindin. Retinal
function is examined by electroretinography. Gene
expression changes are assessed with DNA microarrays
and quantitative RT-PCR.

Results
Retinal amacrine and horizontal cell disorganization and
loss occurs when Atrx is deleted in multipotent progenitor
cells early in retinal development using a Pax6alpha-Cre
transgenic mouse driver line, but not when the gene is
inactivated in lineage-restricted, post-mitotic amacrine
and horizontal precursor cells targeted with a Ptf1a-Cre
driver line. Electroretinograms show functional deficits in
interneuron communication within the inner retina of the
Pax6alpha-Cre-driven conditional knockout mice, suggest-
ing a role for bipolar neurons in the observed phenotype.
Deletion of Atrx postnatally through the injection and ret-
inal expression of Cre-encoding plasmids recapitulates
some features of the early knockout phenotype, further
suggestive of a causative role played by later born neurons
such as bipolar cells. In addition, genetic profiling of the
mutant mice reveals misexpression of bipolar cell marker
genes as well as genes encoding proteins that function in
retinal synaptic communication.

Conclusions
The loss of amacrine and horizontal cells from Atrx-
deleted retinas appears to occur through a cell non-
autonomous mechanism. Electrophysiological analysis,
cell type-selective gene inactivation in the retina and
gene expression profiling implicate a role for bipolar cells
in mediating Atrx-dependent retinal inhibitory inter-
neuron survival and function. Atrx may be involved in
the regulation of specific genes that play a role in retinal
neuron homeostasis, synaptic activity, and connectivity.
These functions may extend to Atrx-mediated survival of
neurons in other regions of the CNS.

1Regenerative Medicine, Ottawa Hospital Research Institute, Ottawa, Ontario,
Canada, K1H 8L6
Full list of author information is available at the end of the article

Lagali et al. Epigenetics & Chromatin 2013, 6(Suppl 1):P42
http://www.epigeneticsandchromatin.com/content/6/S1/P42

© 2013 Lagali et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

http://creativecommons.org/licenses/by/2.0


Author details
1Regenerative Medicine, Ottawa Hospital Research Institute, Ottawa, Ontario,
Canada, K1H 8L6. 2Vision Programs, Ottawa Hospital Research Institute,
Ottawa, Ontario, Canada, K1H8L6. 3Department of Biochemistry,
Microbiology, Immunology, Faculty of Medicine, University of Ottawa,
Ontario, Canada, K1H8M5. 4Department of Ophthalmology, Faculty of
Medicine, University of Ottawa, Ontario, Canada, K1H8M5. 5University of
Ottawa Eye Institute of The Ottawa Hospital, Ottawa, Ontario, Canada, K1H
8L6.

Published: 18 March 2013

doi:10.1186/1756-8935-6-S1-P42
Cite this article as: Lagali et al.: Cellular and molecular mechanisms of
neuronal loss in Atrx-knockout mice. Epigenetics & Chromatin 2013
6(Suppl 1):P42.

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

Lagali et al. Epigenetics & Chromatin 2013, 6(Suppl 1):P42
http://www.epigeneticsandchromatin.com/content/6/S1/P42

Page 2 of 2


	Background
	Objective
	Materials and methods
	Results
	Conclusions
	Author details


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


