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The genetic basis of hydrocephalus 

•  Simple inheritance 
▫  AD, AR and XL disorders 
▫  Chromosome disorders 

•  Developmental disorders 
▫  Neural tube disorders 
▫  Forebrain DEV disorders 
▫  Mid-hindbrain DEV disorders 
▫  Brain growth disorders 
▫  Cortical malformations 

•  The CSF system 
▫  Choroid plexus, ependyma 
▫  Aqueduct and SCO 
▫  Ventricles and foramina 
▫  Extra-axial space and “AG” 

•  Genes and pathways 
▫  Early pattern formation 

  SHH, ZIC2, other HPE genes 
  FOXC1, ZIC1/4, DWM genes 
  Pax6, Wnt1 
  Msi1, Msx1, Rfx4 

▫  Neuronal pathfinding 
  L1CAM 

▫  Cortical development 
  POMT1 and many COB gene 

▫  Growth regulation 
  PIK3CA, PIK3R2, AKT3 

•  Where do you start? 



The scope of the problem for HYD 

•  Prenatal HYD 
▫  N = 286 fetuses 
  30% (82/286) die 
  29% (80/286) have 

intellectual disability 
  41% (114/286) are 

normal 
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The scope of the problem for HYD 

• Congenital HYD 
▫  N = 48 children 
  33% (16/48) die 
  19% (09/48) have 

intellectual disability 
  48% (23/48) are 

normal or have mild 
LD 
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Inheritance of HYD 

•  Single gene disorders 
▫  AD 

  No human genes 
▫  AR 

  No human genes 
▫   XL 

  L1CAM 
•  Chromosome disorders 
▫  6p25.3 
▫  6q25.3-qter 
▫  8q12.2-q21.2 
▫  Others 
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XL-HYD and L1CAM 

•  XL HYD with AQ stenosis 
▫  25% of males with isolated HYD 
▫  Severe HYD, prenatal onset 
▫  Adducted thumbs, defect of 

extensor pollicus (>50%) 
▫  Spasticity 
▫  Severe ID 

•  MASA syndrome 
•  SPG1 (spastic paraplegia) 
•  XL complicated ACC 

•  Loss of cell adhesion and 
intracellular signalling 
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XL-HYD and L1CAM 

•  L1CAM (L1 cell adhesion molecule) 
▫  Immunoglobulin-like family of cell-

adhesion glycoproteins 
▫  Highly conserved 
▫  Expressed in neurons throughout 

the brain during development 
▫  Controls many processes 

  Neurite outgrowth 
  Axonal guidance 
  Synaptogenesis 
  Myelination 
  Fasciculation 

▫  Regulated by MAPK pathway, which 
phosphorylate the protein and 
modulates its interaction with 
ankyrin B 
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Genetics of HYD 

Genetic testing (clinical labs) 

Recurrence risk data 

•  Most patients with HYD 
▫  Chromosome microarray 
▫  L1CAM sequencing and dup/

del analysis 
•  Syndromes 
▫  Testing selected for the specific 

syndrome suspected 

•  Male proband 
▫  12 - 15% 

•  Female proband 
▫  05 - 06% 1 



HYD in developmental brain disorders 

•  Neural tube disorders 
▫  Myelomeningocele 
▫  Cephaloceles 

•  Forebrain DEV disorders 
▫  Holoprosencephaly 
▫  Corpus callosum agenesis 

•  Mid-hindbrain DEV disorders 
▫  Dandy-Walker spectrum 
▫  Rhombencephalosynapsis 
▫  Pontine tegmental cap 

dysplasia 
▫  Others 

•  MCD: brain growth 
▫  Microcephaly (rare) 
▫  Megalencephaly 

•  MCD: neuronal migration 
▫  Heterotopia 
▫  Lissencephaly 
▫  Cobblestone malformation 

•  MCD: post-migrational 
▫  Polymicrogyria 
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HPE and HYD 

2 SHH, SIX3, ZIC2 , ~15 others 



ACC/cysts and HYD 

•  Type I cysts communicates with LV 
▫  Ia with frequent HYD  
▫  Ib with frequent HYD 

•  Type 2 no communication with LV 
▫  IIa with frequent HYD (M>F) 
▫  IIb with frequent HYD (Aicardi) 

LR05-233 
LR05-233 

LR05-233 

Aicardi syndrome 
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•  Phenotype 
▫  Intellectual disability, ACC, HYD or VMEG 
▫  Chiari 1, tethered cord 
▫  Urinary tract anomalies 

•  Gene 
▫  Nuclear Factor I (NFI) family of transcription factors 



FOXC1, ZIC1 and ZIC4 



RES, AQ and HYD 
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•  Rhombencephalosynapsis: review of brain 
imaging 42 patients 
▫  HYD in 45% (19/42) 
▫  Links to VACTERL-H and maternal DM 

•  Congenital obstructive HYD 
▫  RES in 9% 


