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It’s a knockout: CCN3 suppresses neointimal thickening
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Abstract The role of CCN proteins in vivo is only just
becoming understood. A prototypical member of the CCN
family, CCN3 suppresses proliferation. In a study in press,
Shimoyama and colleagues show that mice lacking CCN3
have a hyperproliferative response to vascular injury. These
data, along with other recent observations, suggest that
CCN3 may represent a novel therapy for hyperproliferative
diseases.
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Proteins which are members of the CCN family of
multicellular signaling regulators consist of four common
domains, and regulate the activities of a variety of signaling
molecules including TGFβ, BMPs and integrins (Leask and
Abraham 2006). While CCN1 (cyr61) and CCN2 (CTGF)
promote cell proliferation, CCN3 (NOV) has a potent
antiproliferative effect in vitro (Perbal 2008). Although the
developmental roles of CCN1 and CCN2 have been
investigated using knockout models (Mo et al. 2002;
Ivkovic et al. 2003), the in vivo function of CCN3 is
unclear.

In spite of several attempts, the isolation of ccn3 null
mice has remained elusive until recently. A recent manu-
script by Heath et al. (2008) reported the generation of
Novdel3-/- mice which produce no full length NOV protein
and express at a barely detectable level a mutant NOV
protein lacking exon 3 of CCN3. By replacing exon 3 of
Nov with a TK-neomycin cassette, they generated mutant mice
which possessed abnormal skeletal and cardiac development,
cardiomyopathy, muscle atrophy and cataracts. However, as
discussed in previous Bits and Bytes, these are not true null
CCN3 mice (Leask 2007; Perbal 2007), and thus the
developmental functions for which CCN3 is required remain
unclear.

A study in press (Shimoyama et al. 2010) reports that
true CCN3 null mice have finally been generated. This
study confirmed the expression of CCN3 in the medial
layer of aortas. CCN3 suppressed vascular smooth muscle
cell proliferation and migration in vitro. When subjected to
vascular injury, CCN3 null mice possessed a 6-fold
enhancement of neointimal thickening compared with the
wild-type, coinciding with an enhanced cell proliferation.

Collectively, these results are consistent with the notion
that CCN3 suppresses angiogenesis and fibrosis, and that
this member of the CCN family has opposing effects to
CCN1 and CCN2 (Bleau et al. 2005; Kawaki et al. 2008;
Riser et al. 2009) which are considered to promote
angiogenesis and fibrosis (Leask 2009). These data raise
the exciting possibility that CCN3 is a critical negative
growth regulator could be used as a novel therapy to
combat a variety of pathologies in which CCN1 and CCN2
are overexpressed, namely cancer, fibrosis and cardiac
disease.

A. Leask (*)
CIHR Group in Skeletal Development and Remodeling,
Division of Oral Biology, Department of Dentistry, Schulich
School of Medicine and Dentistry, Dental Sciences Building,
University of Western Ontario,
London, ON, Canada N6A 5C1
e-mail: Andrew.leask@schulich.uwo.ca

J. Cell Commun. Signal. (2010) 4:109–110
DOI 10.1007/s12079-010-0086-y



References

Bleau AM, Planque N, Perbal B (2005) CCN proteins and cancer: two
to tango. Front Biosci 10:998–1009

Heath E, Tahri D, Andermarcher E, Schofield P, Fleming S,
Boulter CA (2008) Abnormal skeletal and cardiac develop-
ment, cardiomyopathy, muscle atrophy and cataracts in mice
with a targeted disruption of the Nov (Ccn3) gene. BMC Dev
Biol 8:18

Ivkovic S, Yoon BS, Popoff SN, Safadi FF, Libuda DE, Stephenson
RC, Daluiski A, Lyons KM (2003) Connective tissue growth
factor coordinates chondrogenesis and angiogenesis during
skeletal development. Development 130:2779–2791

Kawaki H, Kubota S, Suzuki A, Lazar N, Yamada T, Matsumura T,
Ohgawara T, Maeda T, Perbal B, Lyons KM, Takigawa M (2008)
Cooperative regulation of chondrocyte differentiation by CCN2
and CCN3 shown by a comprehensive analysis of the CCN
family proteins in cartilage. J Bone Miner Res 23:1751–1764

Leask A (2007) CCN3: a novel function in vivo. J Cell Commun
Signal 1:227–228

Leask A (2009) Yin and Yang: CCN3 inhibits the pro-fibrotic effects
of CCN2. J Cell Commun Signal 3:161–162

Leask A, Abraham DJ (2006) All in the CCN family. J Cell Science
119:4803–4810

Mo FE, Muntean AG, Chen CC, Stolz DB, Watkins SC, Lau LF
(2002) CYR61 (CCN1) is essential for placental development
and vascular integrity. Mol Cell Biol 22:8709–8720

Perbal B (2007) CCN3-mutant mice are distinct from CCN3-null
mice. J Cell Commun Signal 1:229–230

Perbal B (2008) CCN3: doctor Jekyll and mister Hyde. J Cell
Commun Signal 2:3–7

Riser BL, Najmabadi F, Perbal B, Peterson DR, Rambow JA, Riser
ML, Sukowski E, Yeger H, Riser SC (2009) CCN3 (NOV) is a
negative regulator of CCN2 (CTGF) and a novel endogenous
inhibitor of the fibrotic pathway in an in vitro model of renal
disease. Am J Pathol 174:1725–1734

Shimoyama S, Hiraoka S, Takemoto M, Koshizaka M, Tokuyama H,
Tokuyama T, Watanabe A, Fujimoto M, Kawamura H, Sato S,
Tsurutani Y, Saito Y, Perbal B, Koseki H, Yokote K (2010)
CCN3 inhibits neointimal hyperplasia through modulation of
smooth muscle cell growth and migration, in press

110 A. Leask


	It’s a knockout: CCN3 suppresses neointimal thickening
	Abstract
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


