





Developmental defects
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Figure 1  The structure of major lamin isoforms and locations of variants of LMNB2 associated with human pathologies and clinical characteristics

of the newborns. (A) The $-helical rod comprises coiledeoil domains 1A, 1B and 2, indicated by yellow, orange and green boxes, respectively. NLS

(nuclear localisation signal) is indicated by a purple box and 1G-like (immunoglobulin-like domain) by a red box. Locations of LMNB2 variants associated
with microcephaly (red), progressive myoclonus epilepsy (orange) and partial lipodystrophy (green). Het, heterozygous; hom, homozygous. The newly
reported LMNB2 variant is underlined. (B) Upper panel: first newborn with (1) facial dysmorphism, flattened nose, microcephaly, (2) clenching hands, (3)
hyperextension of the lower limbs and (4) cerebellar hypoplasia; lower panel: second newborn with (5) facial dysmorphism, flattened nose, (6) microcephaly,
retromicrognathia, (7) histological examination of the cortex (H&E stain) showing poorly developed brain parenchyma, absence of gyration, thin cortex made
up of numerous neuronal progenitors, (8) hypoplastic posterior fossa and brain stem structures and (9) cerebral hemisphere.
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Figure 2 Functional studies. (A) Lamin B2 deficiency and lamin B1 overexpression (immunostaining). Left panel: lamin B2 and A/C immunostaining in
control and patient fibroblasts at magnification 63x. Right panel: scatter dot plot of lamin B1 mean intensity performed at least in triplicate. A statistical
analysis was performed on GraphPad Prism V.8.0.2. A t-test showed a significant difference between control and patient’s cells (p=0.0001). (B) Lamin B2
deficiency and lamin B1 overexpression (western blot). Left panel: images of the western blot membranes were taken on a Chemidoc MP Biorad and signals
were quantified on the Image Lab software. Western blots performed in quadruple confirmed the absence of lamin B2 in the patient’s fibroblasts and an
increase of lamins A/C and B1. Right panel: relative expression of the different lamins were calculated with GAPDH used as internal control. A statistical
analysis was performed on GraphPad Prism V.8.0.2. A Mann-Whitney test showed significant differences in the lamins’ expression between patients’ and
controls’ fibroblasts (p=0.0286). (C) Microtubule network anomalies. Left panel: fibroblasts at magnification 63x showing abnormal alpha-tubulin (green)
and actin (red) networks for the patient compared with the control. Alpha-tubulin seems to accumulate in the cell cortex and form ‘pellets’ (white arrows).
Right panel: quantification of abnormal structures in control and patient fibroblasts. (D) Vimentin anomalies. Left panel: fibroblasts at magnification 20x
showing perinuclear vimentin intermediate filaments forming cage. Right panel: perinuclear vimentin intermediate filaments forming cage alteration
quantification in control and patient fibroblasts.
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significant lamin B1 overexpression was observed in the patient
fibroblasts.

Disorders of neuronal migration led to abnormal cortical
layering, absence of normal folding (lissencephaly), agenesis
of the corpus callosum and hypo/dysgenesis of the cerebellum,
and are associated with a global developmental delay. These
disorders are genetically heterogeneous with numerous genes
described to date as possible molecular cause but most of them
encode tubulins or microtubule-associated proteins.'? It is well
established that the microtubule network is linked to the lamina
through the LINC complex primarily composed of nesprin and
SUN proteins. Recent studies have reported the contribution of
the microtubule network to lamin A-related laminopathy patho-
physiology, notably in Hutchinson-Gilford Progeria syndrome,
in lipodystrophies and in dilated cardiomyopathies.”*™ This
effect is mediated by an increase in alpha-tubulin acetylation,
when compared with control cells, inducing an increased micro-
tubule network stability.'*8 In this context, it has been suggested
that the cytoplasmic molecules underlying nuclear movement
and neuronal migration need to be linked to an intact nuclear
lamina to lead to proper cell cortical structure. In our study, an
abnormal microtubule network was evidenced in patient cells
with an accumulation of abnormal alpha tubulin fibres in the cell
cortex and an alteration of the perinuclear vimentin intermediate
filament forming cage, a structure involved in the protection
of the nucleus during migration." 2° This finding supports the
essential link between microtubules and intermediate filaments
of the nuclear envelope, not only for nucleus integrity but also
for intact migration capacity. Notably, this defect of neuronal
migration is observed in a context of lamin B2 total depletion,
while the nuclear envelope appears to remain normal.

In summary, our study unveils a novel condition associated
with biallelic LMNB2 loss of function variants and underscores
the increasingly emerging role of B-type lamins in neurodevel-
opmental disorders. Moreover, it expands the genetic spectrum
of abnormal cortical development by describing a cause for
neuronal migration disorders not linked to tubulins.
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