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To the Editor:
VRK1 encodes a serine/threonine kinase that is ubiqui

tously expressed in all human cells. VRK1 is involved in cellu
lar proliferation, DNA replication and damage response, 
chromatin remodeling, and Cajal body assembly and 
maintenance.1

Biallelic variants in VRK1 have been described in patients 
with heterogeneous phenotypes with childhood- or adult- 
onset progressive upper and lower motor neuron disease, 
including spinal muscular atrophy, amyotrophic lateral sclero
sis, and hereditary spastic paraplegia.1 Additionally, neurode
velopmental disorders, including rare cases of microcephaly, 
pontocerebellar hypoplasia, and simplified gyral pattern, have 
been reported.2–5

To date, only 2 fetal cases have been described. They pre
sented with prenatal onset of microcephaly and cortical dys
plasia, and diencephalic–mesencephalic junction dysplasia, 
microcephaly, and delayed gyration, respectively.3,4 Fetal post
mortem findings, including neuropathological features, have 
not been previously reported.

Here, we report the case of 2 sibling fetuses with a VRK1 
variant. The parents are first cousins of North African origin. 
The mother has short stature due to a pathogenic variant in 
PLAG1. She had 5 pregnancies: 1 boy with short stature, 
affected by the Silver-Russel-type 4 syndrome, like his mother, 
2 terminations of pregnancy (TOP) for prenatally detected 
microcephaly, and 2 spontaneous abortions.

For fetus 1, ultrasound and MRI were performed at 
22 weeks gestational age (WG). Both ultrasound and MRI 
found microcephaly with diffuse delayed gyration. The size of 
the hindbrain was also reduced but this was less pronounced 
than the forebrain. The ventricles were enlarged, and complete 
agenesis of the corpus callosum was observed. TOP was per
formed at 26 WG and 6 days, according to Belgian law. On 
postmortem examination, this female fetus showed normal 
growth parameters for weight, foot-, and crown-rump length. 
She had microcephaly with a head size compatible with 21 
WG. Facial dysmorphisms included downsloping forehead, 
hypertelorism, and a flat nasal bridge. The thighs appeared 
thick. On internal examination, no visceral malformation was 
noted. Brain weight was reduced (40 g, normal for 19- 
20 WG).6 On neuropathological macroscopic examination, 
gyration was completely absent. The lateral, third, and fourth 
ventricles were not enlarged. On microscopic examination, the 
cortex was paucicellular. Examination was incomplete due to 
autolysis.

The following pregnancy was also complicated by an abnor
mal second-trimester ultrasound scan, which showed recur
rence of microcephaly with delayed gyration. TOP was 
performed at 22 WG and 3 days. The male fetus had normal 
growth parameters, except for head circumference, which cor
responded to 20 WG. He had some dysmorphic features, 
including a square-shaped face, a down-sloping forehead, a 
long and smooth philtrum, anteverted nostrils, and thin lips. 
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He had an unusual morphological presentation with muscle 
hypertrophy, short neck, and joint retraction. No skeletal 
anomalies were observed on X-ray. Except for the brain, there 
were no discernible internal malformations at autopsy. Neuro
pathological examination of the brain of fetus 2 showed severe 
microencephaly (brain weight 21.5 g, normal for 17 WG) with 
completely absent gyration (Figure 1A). The size of the hind
brain was reduced (weight¼ 1.8 g; normal weight for 19 
WG), and transversal length of the cerebellum was 20 mm 
(normal for 19 WG). On sagittal section, the corpus callosum 
could not be discerned. Microscopically, agenesis of the cor
pus callosum was confirmed with the presence of Probst bun
dles. The hippocampus was dysplastic, with irregular 
convolutions (Figure 1B). The basal ganglia and thalami were 
dysmorphic and the ganglionic eminences were compressed 
(Figure 1C). In addition, the capsula interna was fragmented 

(Figure 1D). The cortex was paucicellular and thin compared 
to an age-matched control (0.6-0.9 cm compared to 0.9-1.3 cm 
in the control, Figure 2A and D). No clear overmigration of 
neuroblasts into the leptomeninges was observed. Focally, the 
cortical surface was irregular, resembling polymicrogyria but 
without a clear undulating band of neurons or entrapment of 
pial vessels. At the infratentorial level, the pons was hypoplas
tic, but beginning myelination was present. Longitudinal and 
transverse fibers were reduced, and the pyramids were hypo
plastic. Examination of the cerebellum was inconclusive due to 
severe artifacts. Immunohistochemical studies showed a low 
number of Calretinin (clone SP65)-positive interneurons in 
the cortex, and a reduced number of SATB2-positive neurons 
mainly located in layers 2 and 5/6 (Figure 2B and E). The 
radial glial network in the white matter was severely disrupted 
(Figure 2C and F). No abnormalities were seen at routine 

Figure 1. (A) Macroscopic examination of the brain of the second fetus at 22 GW shows severe microencephaly with a completely smooth 
cortical surface. (B) The hippocampus was dysmorphic (H&E, 2×). (C) The basal ganglia are globular (asterisk), compressing the 
ganglionic eminences (thin arrow). There was a complete agenesis of the corpus callosum with the presence of Probst bundles (thick arrow, 
H&E). (D) Neurofilament immunostaining (neurofilament 68K, clone 2F11) highlights the altered architecture of the tracts; and 
fragmentation of the internal capsule (arrow); compared to an age-matched control (inset).
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histological examination of the eyes and spinal cord. Examina
tion of fetal muscle from both fetuses was complicated by 
severe artifacts but was suspicious for mild fiber diameter 
variability.

Both fetuses had normal molecular karyotypes. Quatuor 
whole exome sequencing identified a homozygous likely 
pathogenic (class IV) variant in VRK1 (NM_003384.3, 
GRCh38):c.238C>G p.(Leu80Val) in both fetuses. Parents 
and older siblings were heterozygous carriers of this variant. 
Sequence alignment to the human reference genome, variant 
calling, and annotation were performed using an in-house bio
informatic pipeline. This variant is absent from control data
bases (gnomAD 4.1), involves a moderately conserved 
residue, and is predicted to be deleterious by most in silico 
tools (CADD score 24.6). The variant is located in a kinase 
domain. No other pathogenic variants were identified.

While the phenotype of our fetal cases corresponds to find
ings in previous reports, including microcephaly, delayed gyra
tion, and pontocerebellar hypoplasia, we provide the first data 
on the histopathological features of these brain malformations. 
The pathophysiological mechanisms of how pathogenic var
iants in VRK1 alter normal cortical and pontocerebellar devel
opment remain elusive. Neuronal progenitor proliferation has 
been reported to be impaired in a VRK1 knock-out zebrafish 
model, resulting in microcephaly and impaired motor func
tion.7 Prior to this, neuronal migration and neurite outgrowth 
had been shown to be dependent on VRK1.8 Neuropathologi
cal examination in our cases supports these hypotheses 
derived from animal models and gives new insights into the 
underlying pathophysiological processes in humans. First, a 
reduced number of neurons, evocative of impaired neuronal 

proliferation, and second, completely absent gyration, sugges
tive of a neuronal migration deficit, are present in both fetal 
cases. Moreover, reduction of corticospinal tracts, disrupted 
internal capsule, and agenesis of the corpus callosum indicate 
abnormal axon guidance. In line with this, biallelic variants in 
VRK1 have been shown to cause defective assembly of Cajal 
bodies in the nucleus, leading to alterations in axonal mRNA 
regulation and transport, possibly causing deficiencies in neu
rite outgrowth.8–10 In addition, variants in VRK1 have also 
been suggested to disrupt downstream pathways implicated in 
longitudinal patterning of the brain axis.3 Although abnormal 
white matter tract development has been suggested to cause 
mildly delayed sulcation, our cases in this report showed a 
severe delay, unlikely to be exclusively secondary to abnormal 
cortical pinning.11

Both lissencephaly and simplified gyral pattern are charac
terized by a reduced number of gyri and sulci on imaging. Lis
sencephaly typically shows a thickened cortical ribbon due to 
abnormal neuronal migration. In the 2 fetal cases presented 
here, the cortical ribbon was rather thin and more evocative of 
a simplified gyral pattern.

Electromyography and muscle biopsies in patients with 
pathogenic variants in VRK1 have been reported with features 
of neurogenic myopathy/atrophy2,12,13 or spinal muscular 
atrophy.5 Muscle biopsies in both cases did not show signs of 
severe neurogenic atrophy but were limited to mild muscle 
fiber diameter variation. This finding might be due to the early 
gestational age as well as the poor quality of the frozen muscle 
biopsy tissue. Nevertheless, we did not observe severe group 
atrophy, consistent with spinal muscular atrophy or amyotro
phic lateral sclerosis as observed clinically in other patients. 

Figure 2. Histopathological findings in fetus 2 (A-C) and control (D-F). The cortical ribbon was thin with markedly reduced neuronal 
density (A) compared to the age-matched control (D), compatible with a simplified gyral pattern (H&E, 5×). There was a reduced number 
of SATB2 (Roche, clone EP281, 10×)-positive neurons (B), compared to a healthy age-matched control (E). The radial glial scaffold in the 
subcortical white matter was severely disrupted (C) compared to the regular linear pattern in an age-matched control (F, Vimentin, clone 
v9, 10×).
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However, fetus 2 showed a very unusual macroscopic appear
ance of muscle hypertrophy that could underlie neuromuscu
lar disease without histological anomalies at this stage. As this 
disease was progressive in the previously reported patients, 
some of its features could also be missing at an early stage.

Morphogenesis of the face is a complex and highly coordi
nated process that occurs between the third and eighth WG. 
Corpus callosum anomalies are frequently associated with 
hypertelorism, as in Greig syndrome (#175700) or Opitz 
GBBB syndrome (#300000). In fact, orbital telorism in the 
general population appears to be influenced by genes associ
ated with midline anomalies.14 Disruption of primary cilia 
function in cranial neural crest cells, giving rise to most of the 
craniofacial skeleton and connective tissue, results in inappro
priate cell proliferation.15 How VRK1 may influence facial 
embryology is still unclear. An indirect effect through regional 
modification secondary to brain malformation could also influ
ence neural crest cell development.

VRK1 is ubiquitously expressed in all cells and has a poten
tial impact on DNA replication, cell cycle progression, and 
DNA damage repair.10 Nevertheless, all phenotypes linked to 
VRK1 pathogenic variants have been associated with neuro
logical impairment, and the pathophysiological mechanism of 
this restriction to the nervous system remains poorly 
understood.

The variant identified here is localized in a previously 
described cluster near the ATP-binding site. There is no clear 
phenotype-genotype correlation within the different described 
clusters, and genetic background has been discussed as being 
involved in phenotypic heterogeneity. In the family described 
herein, no additional pathogenic variant has been identified in 
another gene that may be involved in the phenotype of the 
fetuses. The specific effect of the variant may also play a major 
role in phenotypic variability, as the effects on protein stability 
or histone phosphorylation are very different between amino 
acid changes, even for nearby modifications.1 Furthermore, 
the phenotype seems to be quite homogenous in this family.

In conclusion, we describe the first fetal cases and the first 
report of a complete neuropathological examination associated 
with a VRK1 homozygous pathogenic variant thereby extend
ing and increasing the precision of the phenotype. Accurate 
descriptions of the phenotypes of rare diseases may lead to a 
better understanding of underlying pathological mechanisms.
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