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Congenital HYD: other causes 



LIS and HYD 

• Lissencephaly and HYD 
▫  HYD in 1-2% of children with classic LIS 
▫  HYD in 5% of Lis1 knockout mouse 
▫ LIS1+/– or Lis1–/– in mouse 

• This boy has classic LIS due to deletion 
17p13.3 including the LIS1 gene (aka 
PAFAH1B1). The small black “dot” in the 
RLV on the axial image is a shunt.  The 
parasagital image also shows the shunt.  

LP95-099 LP95-099 

RLV on the axial image is a shunt.  The 
parasagital
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Cobblestone malformation and HYD 

LR00-181 
Walker-Warburg syndrome 
Muscle-eye-brain disease 
Fukuyama congenital muscular dystrophy 
CMD with mental retardation ++ 

POMT1–/–, POMT2–/–, POMGnT1–/–, FKTN–/–, 
FKRP–/–, LARGE–/–, ISPD–/–, LAMC3–/– 

This girl has typical, very severe WWS.  Note the 
brainstem kink, very irregular COB cortex, thin 
beaded subcortical HET, very large LV, and shunt 
on the L. 2 
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MPPH criteria

•  Constant   
▫  Megalencephaly  
▫  Polymicrogyria 
▫  DD/MR 

•  Frequent 
▫  Postaxial polydactyly 
▫  Hydrocephalus 
▫  Seizures 
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MEG and HYD 

•  Megalencephaly 
▫  VMEG in 34/42 (81%) 
▫  HYD in 17/42 (40%) 

defined by shunt 
•  MCAP 
▫  VMEG 15/21 (71%) 
▫  HYD 10/21 (48%) 

•  MPPH  
▫  VMEG 19/21 (90%) 
▫  HYD 07/21 (33%) 



The subcommissural organ 

•  The posterior commissure (PC) forms in the dorsal 
midline of prosomere 1  

•  Beneath the PC, dorsal midline ependyma differentiates 
into a secretory region: the subcommissural organ 
▫  Ependyma consists of secretory cells 

▫  Hypendema consists of glial and parenchymal cells 

•  The SCO secretes high molecular weight glycoproteins 
into the 3V at early developmental stages 
▫  Mouse E14.5  and active for lifetime (most mammals) 

▫  Human E54 (post-ovulatory) and regresses at puberty 

•  SCO glycoproteins polymerize into a thick fiber  
▫  Reissner’s fiber 

▫  This fiber runs along the aqueduct, 4V and spinal 
central canal but its function in unknown 

▫  The fiber is never formed in humans 

•  One SCO secretory glycoprotein (SCO-spondin) has 
homology to axonal guidance molecules (F-spondin) 
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SCO in human fetus at 19 wkg 
SCO in human fetus at 20 wkg with HYD 

SCO in human fetus at 19 wkgwkg
SCO in human fetus at 20 



The SCO and hydrocephalus 

Human Mouse 

•  Human disorders with loss of 
SCO 
▫  Hydrocephalus, NOS 

•  Human disorders with loss of 
SCO 
▫  PAX6–/– possible 

•  Mouse mutants with loss of 
SCO and HYD 
▫  Msi1–/– 

▫  Msx1+/– and Msx1–/– 

▫  Rfx4+/– 

▫  Pax6–/– 

▫  Wnt1–/– 

•  Mouse models with HYD 
caused by teratogens 
▫  X irradiation 
▫  Kaolin injection into CM 
▫  Borna disease virus 
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Msx1 mouse mutants 

Msx1+/– Msx1–/– 

•  PC small 
•  SCO small 
▫  1/2 size of normal 

•  AQ closed 
•  HYD of 3V-LV in 1/3 
•  LV wall loss of ependyma seen 

at P40 

•  PC absent in 5/7 
•  SCO absent in 5/7 
▫  SCO disrupted in 2/7 

•  Pineal gland dysplastic 
•  AQ collapsed in rostral region 

(7/7) 
•  HYD of 3V-LV in all mutants 

•  Msx1 is necessary for development of dorsal midline structures 
in Prosomere 1 
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Rfx4 mouse mutants 

Rfx4–/– Rfx4+/– 

•  Condition 
▫  Perinatal P0 lethal; studied in 

E12.5 embryos 
▫  Small head with abnormal 

dome shape 
•  Forebrain midline structures 
▫  Rostral normal or subtle 
▫  Middle dysplasia with loss of 

mesial HEM wall, single 
central LV 

▫  Caudal severe dysplasia with 
loss of all dorsal midline 
structures 
  Pineal gland, PC, SCO 
  Hippocampus 

•  Condition 
▫  Most survive, large head 
▫  Severe HYD involving 3V-

LV in 75% by 47±3 days 
•  Forebrain midline structures 
▫  Pineal gland and PC present 

and normal 
▫  Mesial HEM wall intact with 

two lateral ventricles 
▫  Caudal mild dysplasia 

  Pineal and PC normal 
  SCO absent 
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The genetic basis of hydrocephalus 

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

•  Developmental disorders 
▫  NTD: myelomeningocele 
▫  PRO: HPE and ACC ++ 
▫  RHO: DWM, RES, PTCD ++ 
▫  MEG ++ 
▫  HET, LIS, COB, PMG ++ 

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

•  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 end? 



The genetic basis of hydrocephalus 

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

•  DEV disorders: Neural tube 
▫  NTD: myelomeningocele 

•  DEV disorders: Forebrain 
▫  Holoprosencephaly 

  SHH, ZIC2, ++ 
▫  Agenesis corpus callosum 

  L1CAM, NFIA, NFIB, ++ 
•  DEV disorders: Hindbrain 
▫  Dandy-Walker malformation 

  FOXC1, ZIC1/4, ++ 
▫  Rhombencephalosynapsis 

  Not identified 

•  DEV disorders: GROWTH 
▫  Megalencephaly 

  PTEN, PIK3CA, PIK3R2, 
AKT3 

•  DEV disorders: Cortex 
▫  Neuronal migration (HET) 

  several 
▫  Neuronal migration (LIS) 

  ARX, LIS1, TUBA1A ++ 
▫  Cortical development 

  POMT1, POMT2, FKTN, ++ 

•  Where do you end? 




