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Mutations in the protein MKS1 cause severe develop-
mental disorders such as Meckel-Gruber syndrome
(MKS). Dysfunctional MKS1 caused a panel of cellular
defects ranging from abortive centriolar migration to cili-
ary instability and defective ciliary signaling [1-3]. Most
analyses converge to the conclusion that in vertebrates,
the depletion of MKS1 leads to impairment of Hh and
Wnt signaling pathways [4-9]. Accordingly, MKS1 has
been shown to be localized at the transition zone and as
such, involved in the ciliary membrane composition [6].
By combining two complementary cell models -a mam-

malian epithelial cell line and the unicellular Paramecium,
we identified a new function of MKS1 in cell polarity.
We show that MKS1 displays a typical pattern of mem-

brane-associated protein, being localised to exocytotic
vesicles, the plasma and the ciliary membrane and to cell
junctions during epithelial differentiation. Based on RNAi
experiments of MKS1 which leads to impairment of ciliary
sensory functions, defective vesicle transport and plasma
membrane distension, we propose that MKS1 knockdown
impairs interactions between actin and membranes.
We finally show how MKS1 depletion interferes with

epithelial differentiation and cell organogenesis in 3D
cultures.

Authors’ details
1Genopole, ATIGE, Evry, France. 2UMR 8587, CNRS, Evry, France. 3UMR-S 757,
INSERM, Orsay Cedex, France. 4ESPCI, Paris, France.

Published: 13 July 2015

References
1. Dawe HR, Smith UM, Cullinane AR, Gerrelli D, Cox P, Badano JL, et al: The

Meckel-Gruber Syndrome proteins MKS1 and meckelin interact and are
required for primary cilium formation. Hum Mol Genet 2007,
16(2):173-186.

2. Bialas NJ, Inglis PN, Li C, Robinson JF, Parker JD, Healey MP, et al:
Functional interactions between the ciliopathy-associated Meckel
syndrome 1(MKS1) protein and two novel MKS1-related (MKSR) proteins.
J Cell Sci 2009, 122(Pt 5):611-624.

3. Tammachote R, Hommerding CJ, Sinders RM, Miller CA, Czarnecki PG,
Leightner AC, et al: Ciliary and centrosomal defects associated with
mutation and depletion of the Meckel syndrome genes MKS1 and
MKS3. Hum Mol Genet 2009, 18(17):3311-3323.

4. Breunig JJ, Sarkisian MR, Arellano JI, Morozov YM, Ayoub AE, Sojitra S, et al:
Primary cilia regulate hippocampal neurogenesis by mediating sonic
hedgehog signaling. Proc Natl Acad Sci U S A 2008, 105(35):13127-13132.

5. Weatherbee SD, Niswander LA, Anderson KV: A mouse model for Meckel
syndrome reveals Mks1 is required for ciliogenesis and Hedgehog
signaling. Hum Mol Genet 2009, 18(23):4565-4575.

6. Cui C, Chatterjee B, Francis D, Yu Q, SanAgustin JT, Francis R, et al:
Disruption of Mks1 localization to the mother centriole causes cilia
defects and developmental malformations in Meckel-Gruber syndrome.
Dis Model Mech 2011, 4(1):43-56.

7. Dowdle WE, Robinson JF, Kneist A, Sirerol-Piquer MS, Frints SG, Corbit KC,
et al: Disruption of a ciliary B9 protein complex causes Meckel
syndrome. Am J Hum Genet 2011, 89(1):94-110.

8. Zhao C, Malicki J: Nephrocystins and MKS proteins interact with IFT
particle and facilitate transport of selected ciliary cargos. EMBO J 2011,
30(13):2532-2544.

9. Wheway G, Abdelhamed Z, Natarajan S, Toomes C, Inglehearn C, Johnson CA:
Aberrant Wnt signalling and cellular over-proliferation in a novel mouse
model of Meckel-Gruber syndrome. Dev Biol 2013, 377(1):55-66.

doi:10.1186/2046-2530-4-S1-P42
Cite this article as: Collado-Hilly et al.: Evidence for a role of the
ciliopathy protein MKS1 in cell polarity. Cilia 2015 4(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/submit1Genopole, ATIGE, Evry, France

Full list of author information is available at the end of the article

Collado-Hilly et al. Cilia 2015, 4(Suppl 1):P42
http://www.ciliajournal.com/content/4/S1/P42

© 2015 Collado-Hilly et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

	Authors’ details
	References


<<
  /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


