
Hereditary hemorrhagic telangiectasia (HHT) results from the presence of multiple 
arteriovenous malformations (AVMs) in which intervening capillaries between arteries 
and veins are absent, resulting in direct connections between them. Small AVMs or 
telangiectases near the skin surface and surface of oral and gastrointestinal (GI) 
mucosa membranes often rupture and bleed with minor trauma. Large AVMs often 
cause more severe symptoms when they occur in the brain, lungs, GI tract or more 
rarely the liver and spine. Complications from bleeding or shunting may be sudden and 
catastrophic. 

HEREDITARY HEMORRHAGIC TELANGIECTASIA 

1. Current molecular testing may
not detect all possible mutations 
in the ENG, ACVRL1 (ALK1) or 
SMAD4 genes.  A negative test 
does not rule out the diagnosis 
of HHT, nor eliminate the possi-
bility the individual is a carrier. 

2. 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. 

For More Information 

Online Mendelian Inheritance in 
Man http://www.ncbi.nlm.ni 
h.gov/omim/ Item # 187300 

GeneReviews online clinical    
information resource http://
www.ncbi.nlm.nih.gov/bookshel 
f/br.fcgi?book =gene&part=hht 

To locate a genetics centre near 
you, visit the Canadian      
Assoc ia t i on  o f  Genet i c  
Counse l lo rs  webs i te  a t 
www.cagc-accg.ca or the     
National Society of Genetic 
Counse l lo rs  webs i te  a t 
www.nsgc.org 

GENETICS 
HHT is an autosomal dominant disorder 
caused by mutations in the gene ENG,  
ACVRL1 (ALK1), and rarely SMAD4.       
Although penetrance is high (~100%),  
clinical expression is variable and             
age-dependent. There is a 50% chance that 
individuals with a mutation will pass it on and 
a 50% chance they will not pass the   
mutation to offspring. 

In approximately ~80% of cases, HHT is 
caused by mutations in the ENG (67%) or 
ACVRL1 (31%) gene. HHT1 is caused by 
defects in the endoglin protein encoded by 
the ENG gene on chromosome 9q34.1. 
HHT2 is caused by defects in the serine/
threonine receptor kinase R3 encoded by 
the ACVRL1 (ALK1) gene on chromosome 
12q11-q14.  Approximately 85%  of HHT1 or 
HHT2 are caused by point mutations or 
small insertions/deletions. Mutations in 
SMAD4 account for 1-3% of cases and are 
associated with juvenile   polyposis. In ~20% 
of HHT clinically diagnosed patients no 
mutated genes have been identified. 

TEST METHODS 
● Complete sequencing of the
coding region and flanking exon/
intron boundaries of the ENG, 
ACVRL1 or SMAD4 gene (upon 
request) to identify point mutations 
or small insertions/deletions. 

● Quantitative testing of the ENG or
ACVRL1 gene to detect larger 
deletions, using Multiplex Ligation 
dependent Probe Amplification 
(MLPA). 

It is often helpful to first identify the 
mutation(s) in an affected family 
member or parent of the affected 
family member. In families where an 
ENG, ACVRL1 or SMAD4 mutation 
has previously been identified, 
samples from relatives are analyzed 
only for the familial mutation. 

Potential Outcomes & Interpretation of Test Results 

● Individuals clinically suspected of
being affected with HHT 

● Individuals with a family history of
HHT, to determine carrier status 

ENG, ACVRL1 or SMAD 4 Gene Mutations Explanation 

None detected  
This result does not support a diagnosis of 

Hereditary hemorrhagic telangiectasia 

This result supports a diagnosis of 

Hereditary hemorrhagic telangiectasia 
Mutation detected 

WHO SHOULD BE TESTED? 

Approximately 80% of all ENG or ACVRL1 
(ALK1) mutations (SMAD4 frequency     
unknown) can be detected by 
molecular analysis in the Genome 
Diagnostics Laboratory. 

TEST SENSITIVITY 

OMG1620X/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=hht�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=hht�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=hht�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=hht�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=hht�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=hht�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=hht�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=hht�
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=hht�
http://www.cagc-accg.ca/�
http://www.nsgc.org/�

	Molecular Genetics Laboratory, Hospital for Sick Children
	Hereditary Hemorrhagic Telangiectasia
	Genetics
	Test Methods
	Who Should Be Tested?
	Test 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


