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Developmental changes of lateral configuration of 
brain, germinal matrix, and ventricular system 

Yoshimasa Kinoshita et al. AJNR Am J Neuroradiol 2001;22:382-388



GM neurogenesis highly active from weeks 7-26. 
From week 26-32, GM gliogenesis takes over
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The germinal matrix is a thin layer of gray matter located beneath the
ependyma, full of matrix cells and immature vasculature

Adapted from: Cellular and Molecular Neurobiology (2019) 39:1–10



Factors contributing to the labile structure of the
Blood Brain Barrier in the germinal matrix

Germinal Matrix-Intraventricular Hemorrhage: Current Concepts and Future Direction, in Cerebrospinal Fluid, B. 2021, 
IntechOpen: Rijeka. p. Ch. 7



Highly rapid endothelial proliferation in the hypoxic
germinal matrix

Ballabh P, et al. Pediatr Res. 2010; 67(1): 1–8. 



GM-IVH: Current Concepts and Future Direction, in Cerebrospinal Fluid, B. 2021, IntechOpen: Rijeka. p. Ch. 7

Classification of GM-IVH grades





Neuroimaging abnormalities found in the siblings
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Whole-exome sequencing identified a bi-allelic
nonsense mutation at ESAM gene in both siblings



Whole-exome sequencing identified a bi-allelic
nonsense mutation at ESAM gene in both siblings



ESAM encodes an Endothelial Adhesion Molecule
involved in cell-cell interaction



Both siblings share a 1.8Mb homozygosity region in 
chromosome 11
Sibling1 Sibling2A

B

Hernández J et al. 2024. Unpublished data. 



Siblings progenitors shared a common ancestor
between 560-700 years ago

2 cM (~2 Mb)
1,8 Mb ~ 28 generations (56 meiosis)
20-25 years/generation ~ 560-700 years

Browning SR & Browning BL. (2012). Identity by descent between distant relatives: Detection and 
applications. Annual Review of Genetics, 46, 617–633

Hernández J et al. 2024. Unpublished data. 





Bi-allelic variants in the ESAM tight-junction gene cause a neurodevelopmental
disorder associated with fetal intracranial hemorrhage

Lecca M, et al. Am J Hum Genet. 2023;110(4):681-690.



Neuroimaging abnormalities in individuals with
homozygous ESAM variants

Lecca M, et al. Am J Hum Genet. 2023;110(4):681-690.



Family pedigrees and genetic findings

Lecca M, et al. Am J Hum Genet. 2023;110(4):681-690.



ESAM-deficient ECFC loose tubulogenesis capacity. 
Periventricular leukomalacia-multiple areas of calcification

Lecca M, et al. Am J Hum Genet. 2023;110(4):681-690.
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Genetic findings found in perinatal hemorrhagic 
stroke patients

Heine-Suñer, D.et al. 2024. Unpublished data. 



Genetic findings found in perinatal ischemic
 stroke patients

Heine-Suñer, D.et al. 2024. Unpublished data. 



Currently working on: GM Blood-Brain Barrier in 
vitro microvascular network model

Biomaterials. 2018; 180: 117–129.
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