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PROCESS AND TIMING DURING DEVELOPMENT

INTRODUCTION TO MCD

Process Anomalies Time

1. Neuronal Glial Proliferation Micro/Macrocephaly 8-16 weeks gestation

2. Migration Lissencephaly/Heterotopia 12-20 weeks gestation

3. Organization Polymicrogyria >24 weeks gestation

Nadarajah & Parnavelas, Nature Reviews Neuroscience, 2002
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PROCESS AND TIMING DURING DEVELOPMENT

INTRODUCTION TO MCD

V. Fernandez, C. Llinares-Benadero, V. Borrell, Embo J, 35 (2016) 1021-1044
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1. Neuronal Glial Proliferation Micro/Macrocephaly 8-16 weeks gestation
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3. Organization Polymicrogyria >24 weeks gestation
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Based upon the earliest developmental step at which the developmental process was disturbed

1. Malformations secondary to abnormal neuronal and glial proliferation or apoptosis
Ø Severe congenital microcephaly (+/- CNS or extra-CNS abnormalities)
Ø Megalencephaly (+/- CNS abnormalities)
Ø Hemimegalencephaly / FCD type II / cortical tubers in TSC
Ø Ganglioglioma / DNET

2. Malformations due to abnormal neuronal migration
Ø Periventricular heterotopia
Ø Lissencephaly / subcortical band heterotopia
Ø Subcortical heterotopia
Ø Malformations due to abnormal terminal migration and defects in pial limiting membrane (cobblestone malf)

3. Malformations due to abnormal post-migrational development
Ø Polymicrogyria
Ø Cortical dysgenesis secondary to inborn errors of metabolism (mito, peroxysomal)
Ø FCD type 1
Ø Postmigrational developmental microcephaly (FOXG1, MECP2, UBE3A, CASK, …)

CLASSIFICATION OF MCD

Barkovich et al. 2012
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Pathway-based

1. Lissencephaly spectrum
Ø Centrosome-expressed microtubule-associated proteins (PAFAH1B1, NDE1, WDR62…)
Ø Microtubule motor proteins (DYNC1H1, KIF2A, KIF5C)
Ø Actins and actin associated MAPs (ACTB, ACTG1, DCX)
Ø Complex MAP (CDK5)
Ø Tubulinopathies (mainly TUBA1A) 
Ø Other

2. Polymicrogyria
Ø mTORopathies (AKT3, CCND2, mTOR, PI4KA, PIK3CA, PIK3R2, PTEN)
Ø RABopathies (RAB18, RAB3GAP1, RAB3GAP2)
Ø NMDARopathies (GRIN1, GRIN2B)
Ø Tubulinopathies (TUBA1A, TUBB, TUBB2A, TUBB2B, TUBB3) 
Ø Other (DDX3X, OCLN, RTTN, SCN3A, WDR62…)

3. Cobblestone malformation
Ø Alpha-dystroglycanopathies
Ø Laminopathies & other congenital disorders of glycosylation

CLASSIFICATION OF MCD



DEFINITIONS OF MCD
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Oegema et al Nat Rev Neurol. 2020 Nov;16(11):618-635. 



IMAGING OF MCD
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Oegema et al Nat Rev Neurol. 2020 Nov;16(11):618-635. 
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IMAGING GUIDELINES FOR MCD
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COST ACTION CA16118 NEURO-MIG

CLUES TO DIAGNOSIS
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Oegema et al 2020
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TWINNING

MCBA twin pregnancy

C-section at 32 4/7 WG because of twin anemia polycythemia 
sequence (TAPS) and fetal distress fetus 1

BW 2060g, H 40.5cm, HC 31cm

Good start, partial exchange transfusion for polycythemia

cCMV screening negative

Normal hearing

1. PATIENT HISTORY
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TWINNING

Brain MRI at age 6 weeks (2 weeks c.a.)

PRENATAL RISK FACTORS



Brain MRI at age 2.5years

PRENATAL RISK FACTORS
TWINNING
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TWINNING

Developmental assessment at calendar age 29 months, corrected age 21 months
BSID-III 

cognition 24 months

BSID-III
fine motor skills 28 months
gross motor skills 40 months

Communicative Development Inventory (N-CDI) 
receptive language 20-21 months
expressive language 20 – 21 months

PRENATAL RISK FACTORS
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2. SUSPICION OF A SINGLE GENE DISORDER
TEAMWORK



WHAT DID WE LEARN?

A novel c.623G>A, p.(Arg208Gln) variant in NEDD4L, which encodes an E3 ubiquitin ligase

This variant affects the WW domain whereas all previously reported variants affected the HECT domain

Familial occurrence of a variant in NEDD4L

The same variant occurred de novo in an unrelated individual with similar phenotype, suggesting a potential mutational hotspot

The combination of PNH and PMG should prompt for careful evaluation for syndactyly, clefts and/or hypospadias since these findings
are suggestive of NEDD4L-involvement

When lab reports come back negative, think again!
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TUBA1A mutations: From isolated lissencephaly to familial polymicrogyria.
Jansen AC, et al. Neurology. 2011 Mar 15;76(11):988-92

c.629A G (p.Tyr210Cys) 

VARIANTS IN TUBA1A



VARIANTS IN TUBA1A
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c.13A>C (p.Ile5Leu) 

TUBA1A mutations: From isolated lissencephaly to familial polymicrogyria.
Jansen AC, et al. Neurology. 2011 Mar 15;76(11):988-92
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TUBB3 c.292G>A, p.Gly98Ser (de novo)



TUBULINS

Mutations in genes belonging to the tubulin superfamily result in a wide spectrum 
of cortical malformations

TUBA1A, TUBB2A, TUBB2B, TUBB3, TUBB5, TUBA8 and TUBG1

MRI characteristics

▶ ‘tubulin related dysgyria’
▶ thin corpus callosum, (partial) agenesis of the corpus callosum
▶ dysplastic basal ganglia
▶ hypoplasia of brainstem and cerebellum
▶ dysgenesis of the cerebellar vermis



Multiple roles of microtubules in development. 

C.A. Mutch et al. AJNR Am J Neuroradiol 2016;37:528-535

©2016 by American Society of Neuroradiology
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PMG – MICROCEPHALY – CALCIFICATIONS – WHITE MATTER ABNL

F - Born at 41 weeks gestation after an uneventful 
pregnancy and delivery with a birth weight of 2.660kg, 
height of 45,5cm and head circumference of 33cm

Presented at age 2 months with poor visual contact and 
axial hypotonia

Transcranial ultrasound showed calcifications in the 
basal ganglia and white matter

CMV detection on Guthrie card used for metabolic 
screening on day 3 of life confirmed the presence of a 
congenital CMV infection

Fundoscopy was compatible with retinitis

3. SUSPICION OF TORCH?
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THINGS ARE NOT ALWAYS WHAT THEY SEEM

F - second child of healthy non-consanguineous 
parents after an uneventful pregnancy and delivery

Presented with hypotonia, bilateral cataracts and 
head circumference of 32 cm (-1.5SD)

Transcranial ultrasound showed calcifications

Extensive TORCH-screening remained negative

@18 months focal seizures refractory to multiple AED

@30 months developmental age of 24 months

3. SUSPICION OF TORCH?

de novo c.3548G>T missense variant in COL4A1 ManaMa Genetics
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MCD - WHITE MATTER CHANGES - CALCIFICATIONS

PSEUDO-TORCH SYNDROMES

Variants in USP18, JAM3
Variants in ADAR, IFIH1, TREX1, RNASEH2A, RNASEH2B, RNASEH2C and SAMHD1 (AGS)
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SNP-array 

4. MICRODELETION OR DUPLICATION?
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Ø 620 MCD samples tested

Ø Diagnostic yield ~ 19,5% (120/620)

Ø Higher in subgroups (lissencephaly)

5. MCD PANEL
UZ Brussel - Prof Katrien Stouffs
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SKIN BIOPSY OR SALIVA SAMPLE

Presented with clonic movements of the left arm and foot on day 3 of 
life, increasing in frequency. Admitted on day 7. 
EEG burst suppression pattern
NE severe axial hypotonia, HC +2SD
Phenobarbital, carbamazepine, valproic acid, vigabatrin and ACTH, 
epilepsy surgery

Evolution
• Refractory focal epilepsy – controlled after surgery
• Severe developmental delay
• Left hemiparesis

6. NEXT STEPS

Genetic work-up
• MCD panel with special attention for mTOR pathway genes: 

negative
• MCD panel fibroblasts from hyperpigmented lesion (arrow): 

c.1624G>A,  p.(Glu542Lys) substitution in PIK3CA in 30% of 
cells (somatic mosaicism)



PIK3CA IN MEGALENCEPHALY AND FCD
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PIK3CA IN CLOVES SYNDROME

34
ManaMa Genetics
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7-year-old girl 

▶Global developmental delay, walks without support, uses a few words
▶HC >90th centile
▶Spasms °5 years

3-year-old boy

▶Global developmental delay, sits with support, no words
▶HC >97th centile
▶Spasms °26 months

6. NEXT STEPS
SEARCH FOR ADDITIONAL PATIENTS
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MRI at age 34 months

MRI at age 6 months
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PNAS | August 2, 2011 | vol. 108 | no. 31 | 12925–12930
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Homozygous c.479dupT (p.Lys161Glnfs*45; exon 6) mutation in COL3A1

Compound heterozygous c.1786C>T (p.Arg596*; exon 26)  and c.3851G>A (p.Gly1284Glu; exon 50) mutation in COL3A1



• Two sisters (46,XX)

• Non-consanguinous parents

• Primary microcephaly (-4.5 SD)

• Short stature (-2 SD)

• Severe intellectual disability

• Mild facial dysmorphism

Compound heterozygous  (c.2594A>G/c.4186del)

variant in RTTN

5. NEXT STEPS
FUNCTIONAL STUDIES







RTTN – expression in centrosomes
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Prophase Prometaphase Metaphase Anaphase Telophase Cytokinesis

RTTN pa'ents

Wildtype

1µm                                                             1µm 1µm                         1µm                                                            2µm                                                            2µm

Prophase Prometaphase Metaphase Anaphase Telophase Cytokinesis

y-tubulin : centrosome
AC-tubulin: spindle
DAPI: nucleus

Vandervore et al, Brain 2019

RTTN – abnormal centrosome amplification in patient fibroblasts



RTTN interacts with MYH10 => 

involved in nucleokinesis

MYH9

MYH10

RTTN – pivotal role in neuronal migration
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18-year-old male 

Fetal US at 21WG: interhemispheric cysts, agenesis of the corpus callosum, vermis hypoplasia

Five siblings in good health. Paternal cousin with epilepsy.

Postnatal brain MRI: interhemispheric cysts type 2C, extensive subcortical heterotopia, polymicrogyric
cortex, complete ACC, malrotation of the hippocampus, hypoplasia of the brainstem and cerebellum 

Age 7 months: cysto-peritoneal derivation 

Age 20 months: a single prolonged febrile convulsion 

Age 12 years: operated for strabismus

Age 18 years: macrocephalic, has retrognathia and a cleft in the left earlobe, can express himself, 
counts to 50 and reads simple phrases. There are no behavioral challenges. He has a dystonic 
quadriplegia, which is more pronounced on the left, but he can walk independently.

6. NEXT STEPS
FUNCTIONAL STUDIES
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Free oligosaccharides (fOSs) are soluble oligosaccharide species generated during N-glycosylation of proteins. 

The catabolism of fOSs has been linked to the activity of a specific cytosolic mannosidase, MAN2C1, which 
cleaves α1,2-, α1,3-, and α1,6-mannose residues.

Clinical, biochemical, and molecular features of six individuals from 4 different families, including two fetuses, 
with bi-allelic pathogenic variants in MAN2C1 were collected. 

Complementation experiments with isogenic MAN2C1-KO HAP1 cells confirm the pathogenicity of three of the 
identified MAN2C1 variants. 

MAN2C1 variants lead to accumulation and delay in the processing of fOSs in proband-derived cells

5. NEXT STEPS
FUNCTIONAL STUDIES

Maia et al Am J Hum Genet. 2022 Feb 3;109(2):345-360
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THANK YOU


