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CRANIOSYNOSTOSIS

Craniosynostosis occurs when the bones of a baby’s skull fuse together before the brain has
stopped growing. This can happen during pregnancy or the first few months of life. Fusion at one or
more locations and excessive growth at others leads to distortion of the skull. This distortion may
cause increased pressure and impaired blood flow in the brain, airway obstruction, impaired vision
and hearing, learning difficulties and adverse psychological effects. Deformations in the skull may
also be accompanied by abnormalities in the skeletal system, often in the hands and feet.

GENETICS

Both genetic and environmental factors
contribute to craniosynostosis. Most cases that
are genetic in origin arise from new mutations.
Genetic craniosynostosis syndromes show
autosomal dominant inheritance. Affected
individuals have a 50% chance of transmitting
the disorder to each child.

Common craniosynostosis disorders may be
caused by mutations in the fibroblast growth
factor receptor 1, 2 or 3 (FGFR1, FGFR2,
FGFR3) genes or a transcription factor gene
called TWIST. DNA-based testing of these
genes may be helpful in establishing a
diagnosis of non-syndromic craniosynostosis,
Apert, Crouzon, Pfeiffer and Saethre-Chotzen
syndromes.

WHO SHOULD BE TESTED?

e Individuals clinically suspected of being
affected with craniosynostosis

e Pregnancies at risk due to abnormal
ultrasound findings or a family history of
craniosynostosis

TEST METHODS & SENSITIVITY

Apert Syndrome: Samples are analyzed by
direct DNA sequencing for the presence of the
two most common mutations in the FGFR2
gene: p.Ser252Trp and p.Pro253Arg. This test
detects ~98% of patients with Apert Syndrome.

Non-syndromic Craniosynostosis: Samples
are analyzed for the presence of the defining
mutation in the FGFR3 gene: c.749C>G
(p.Pro250Arg).

Crouzon Syndrome: Samples are analyzed by
direct sequencing to detect mutations in exons
7 and 8 of FGFR2. This test will detect ~50% of
patients clinically suspected to have Crouzon
Syndrome. If no mutation is found in FGFR2,
samples are tested for the presence of the
non-syndromic craniosynostosis mutation in the
FGFR3 gene.

Pfeiffer Syndrome: Samples are analyzed by
direct sequencing to detect mutations in exons
7 and 8 of FGFR2. This test will detect 60-70%
of patients clinically suspected to have Pfeiffer
Syndrome. If no mutation is found in FGFR2,
samples are tested for the presence of the
non-syndromic craniosynostosis mutation in the
FGFR3 gene.

For cases of familial Pfeiffer Syndrome,
sequencing is used to detect the c.755C>G
(p.Pro252Arg) mutation in FGFR1.

Saethre-Chotzen Syndrome: Samples are
analyzed by direct sequencing to detect
mutations in TWIST. This test will detect
~60% of patients clinically suspected to
have Saethre-Chotzen Syndrome. If no
mutation is found in TWIST, samples are
tested for the presence of the non-syndromic

craniosynostosis mutation in the FGFR3 gene.

Dosage analysis and reflex testing:
Quantitative testing for the TWIST, FGFR2
(exons 7&8 only) and FGFR3 (exons 6 & 7
only) genes are available upon request. Full
sequencing of the FGFR2 and FGFR3 genes
are also available—please consult with the
Genome Diagnostics Laboratory before
ordering this reflex testing.

POTENTIAL OUTCOMES & INTERPRETATION OF TEST RESULTS

Clinical Diagnosis Gene Tested

Explanation

Apert Syndrome FGFR2 (exon 7)

Crouzon &
Pfeiffer Syndromes

1. FGFR2 (exon 7 & 8)
2. FGFR3 (p.Pro250Arg)

e The detection of a mutation in the gene(s)
indicated supports the associated clinical diag-

Familial Pfeiffer
Syndrome

FGFR1 (p.Pro252Arg)

nosis.

Saethre-Chotzen 1. TWIST

Syndrome

2. FGFR3 (p.Pro250Arg)

e When no mutation is detected in the gene(s)
indicated, the associated clinical diagnosis is not
supported by genetic testing. The  absence of

Non-syndromic
Craniosynostosis

FGFR3 (p.Pro250Arg)

a mutation does not rule out the diagnosis.

For More Information

Online Mendelian Inheritance in
Man (OMIM) http://www.ncbi.nl

m.nih.gov/omim/
eApert # 101200

eCrouzon # 123500

e Pfeiffer # 101600
eSaethre-Chotzen # 101400
eNon-syndromic # 602849

GeneReviews online clinical
information resource http://ww
w.ncbi.nlm.nih.gov/bookshelf/
br.fcgi?book=gene&part=cranio

synostosis

To locate a genetics center
near you, please visit the
Canadian Association of
Genetic Counsellors website at
www.cagc-accg.ca or the
National Society of Genetic
Counsellors website at

Www.Nnsgc.org

Nids

1. Molecular testing may not
detect all possible mutations for
this disease.

2. Test results should be
interpreted in the context of
clinical findings, family history,
ethnic background and other
laboratory data.

3. Chromosome analysis
may identify patients with
a translocation involving
chromosome 7 or a
microdeletion of band 7p21-22.
These studies should be
performed on all patients
clinically suspected of being
affected with Saethre-Chotzen
Syndrome prior to molecular
analysis.

4. This test was developed and
its performance
characteristics validated by
the Genome Diagnostics
Laboratory at the Hospital
for Sick Children. It has not
been cleared or approved by
the U.S. Food and Drug
Administration. The FDA
has determined that such
clearance or approval is not
necessary. This test is used

for clinical purposes.
OMG16200/03



http://www.ncbi.nlm.nih.gov/omim/�
http://www.ncbi.nlm.nih.gov/omim/�
http://www.ncbi.nlm.nih.gov/omim/�
http://www.ncbi.nlm.nih.gov/omim/�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=craniosynostosis�
http://www.cagc-accg.ca/�
http://www.nsgc.org/�

	Molecular Genetics Laboratory, Hospital for Sick Children

	Craniosynostosis

	Genetics

	Who Should be Tested?

	Test Methods & Sensitivity



<<

  /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



