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Overview 

• Genetic causes of bleeding disorders 
• The value of genetic testing  
• Advances in genetic testing 
• Genomics 
• Gene therapy 
• Genome editing  



Genetic Causes of Bleeding 

• Clotting factors 
• Platelet disorders 
• Blood vessel problems 





• Haemophilias – most common 
severe bleeding disorder 

• X-Linked recessive inheritance 
• mainly restricted to males 
• rarely can cause haemophilia 

in females 
• e.g. Turner syndrome, or 

symptomatic 
heterozygous females in 
skewed X-inactivation 

• Many rare clotting factor 
disorders 

Clotting factors 



• Haemophilia A – F8 gene 
• 1/5000 males 
• Intron 22 & 1 inversions 
• mutation 95-98% 
• mutation neg 
• Modifiers &  

immune factors 
• HLA class II, IL10,  
• TNFA, CTLA4, FCGR2A 

Haemophilia A 

Swystun et al, Blood Reviws 31 (2017) 47-56 



Haemophilia B 

• Haemophilia B - F9 genes 
• 1/30,000 males 
• No common inversions 
• 50% new mutations 
• Leyden subtype improves at puberty 
• Inhibitor development rare 

Swystun et al, Blood Reviws 31 (2017) 47-56 



Rare Clotting Factor Disorders 

Roberta Palla et al. Blood 2015;125:2052-2061 



Von Williebrand Disease 
• Von Willebrand Disease 

(VWD) – commonest 
clotting disorder overall 

• VWF gene 
• Blood factor but also 

interacts with platelets 
• Commonest variant 

Tyr1584Cys in 10% 
• Genetics are complex 

• AD or AR, modifiers and 
non-genetic factors  

Hernandez-Zamora et al Cir Cir 2015;83:255-64  



Platelet Disorders 

Lentaigne et al, Blood 2016, 127: 2814-2823 



Blood Vessel Problems 

• Hereditary Haemorrhagic Telangiectasia 
• Ehlers Danlos Syndrome 

M. E. Faughnan et al. Eur Respir J 2009;33:1186-1194 



Genetic Testing - history 

• F8, F9 & VWD genes discovered in the 80s 
• PCR  increased speed and availability of 

genetic testing 
• Modifiers and immune genes 
• Next generation sequencing and genomics 



Genetic testing 

• Victorian Reference Laboratory - Monash 
• Standard genetic testing (in haemophilia A) 

– Intron 22 inversion testing (45% of severe) 
– NGS screening 
– Sanger sequencing (PCR) confirmation 
– Deletion/Duplication testing (MLPA) 
– Intron 1 inversion testing 



Next Generation Sequencing 
• Benefits: 

• Rapid, parallel 
sequencing 

• Multiple genes cause 
same symptoms 

• CHEAP! 
• Allows gene panels, exome 

and genome tests 
• Rapidly becoming the test 

of choice for many labs 



Future of Genetic Testing  
• Genomic test will detect: 

• Inversions 
• Single nucleotide changes 
• Deletions and duplications 
• As well as: 

• Modifiers of severity 
• Indicators of immune resistance to factor replacement 
• Response to medications (pharmacogenomics) 



Non Invasive Prenatal Testing 

• Blood test in the mother can predict if the 
baby has a disorder 



Value of Genetic Testing 

• When diagnosis is unclear 
• Carrier detection 
• Reproductive planning 
• Prediction of inhibitor 

formation 
• Allergic reactions to blood 

products 
• Gene therapies 
• Genome editing 



Gene Therapy 

• Haemophilia A - Factor VIII 
levels: 
• <1% severe 
• 1-5% moderate 
• 6-49% mild 

• Only need a small increase in 
F8 for a big effect 

• Concept: insert extra copies 
of F8 gene 



Genome Editing 
• CRISPR-Cas9 (other 

endonucleases) 
• Allows easy and cheap editing 

of DNA 
• Process: 

• Target CRISPR-Cas to  
the mutation 

• Cut the DNA 
• Replace with the  

correct sequence 



Ethical Considerations 

• Justice 
• Beneficence 
• Non-Maleficence 
• Autonomy 
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