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Abstract

related neurodevelopmental disorders.

Variants of GRINT, which encodes GIuN1, are associated with developmental delay, epilepsy, and cortical malformation.
Here, we report a case of arthrogryposis multiplex congenita with polymicrogyria and infantile encephalopathy caused
by a heterozygous variant, c.1949A>C, p.(Asn650Thr) of GRINT, which could result in the disruption of the third
transmembrane domain (M3) of GIuNT1. This case expands our understanding of the known phenotypes of GRINT-

N-methyl-D-aspartate  receptors (NMDARs) are
glutamate-gated ion channels that are essential for
synaptic transmission and plasticity in the central nervous
system (CNS). They are composed of protein tetramers,
comprising two GluN1 subunits and two GluN2 subunits
or a mixture of GluN2 and GIuN3 subunits'. The
GluN1 subunit is encoded by GRINI, which maps to
chromosome 9q34.3. Variations in GRINI are associated
with  NMDAR functional loss or gain that leads to
impaired CNS function and results in neurodevelop-
mental disorders, including developmental delay, epilepsy,
muscle tone abnormalities, microcephaly, and cortical
malformation (Table 1)>*. For example, heterozygous
missense GRINI variants have been implicated in neu-
rodevelopmental disorders with hyperkinetic movements
and seizures (MIM 614254)>°. GRIN1I variants have also
been linked to infantile encephalopathy with CNS
abnormalities®, but they have rarely been associated with
arthrogryposis multiplex congenita (AMC). Overall, little
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is known about the clinical phenotypes associated with
GRINI variant-related disruption of neuronal develop-
ment, and expanding the list of known phenotypes is
essential for accurate diagnosis and selection of appro-
priate treatment/management options.

Here, we report the case of a newborn with AMC,
polymicrogyria, and infantile-onset epilepsy caused by a
novel GRINI variant. The proband was found to have
perinatal intrauterine growth restriction (IUGR) without
oligohydramnios and fetal akinesia upon fetal ultrasound.
She was born to healthy nonconsanguineous parents at
39 weeks of gestation, with a birth weight of 2,312¢g
(—1.8 standard deviation [SD]), a length of 40.4cm
(—4.0SD), and an occipitofrontal circumference of
29.5 cm (—2.7 SD). After birth, she was transferred to our
hospital due to AMC and involuntary movements. On
arrival, she exhibited a narrow chest, AMC (symmetrical
flexion contractures predominantly in the elbow and
knee), club foot, spasticity, and respiratory distress
requiring intubation. Brain magnetic resonance imaging
(MRI) showed bilateral polymicrogyria in the perisylvian
region (Fig. 1). After extubation, she developed epileptic
seizures with episodes of desaturation. Electro-
encephalography revealed focal epileptic activity in the left
temporal area. Treatment with diazepam, carbamazepine,
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Table 1 Clinical features of the proposita and other
patients with GRIN7-related neurodevelopmental disorders.

Clinical feature This study Previous reports® (N = 72)
Facial feature None Nonspecific
Microcephaly + 27%
Epilepsy + 65%
Muscular tone abnormality -+; Spasticity Muscular hypotonia in 66%
Spasticity in 40%
Movement disorder + 48%
Polymicrogyria + 15%
Arthrogryposis + Club foot and/or clenched hand in 3%
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and tizanidine was initiated and controlled her symptoms,
including seizures and spasticity.

Informed consent was obtained from the parents in
accordance with the Kanagawa Children’s Medical Center
Review Board and Ethics Committee. Genetic analysis was
performed using the TruSight One Sequencing Panel Kit
on the MiSeq platform (Illumina, Inc., San Diego, CA,
USA). Exome data alignment and variant calling were
performed, and variant annotations were examined’.
Targeted sequencing identified a de novo GRINI hetero-
zygous variant, NM_007327.3: c.1949A>C, p.(Asn650Thr)

\.

Fig. 1 Brain MRI findings. T2-weighted axial (a, b) and coronal (c, d) brain MRI showing bilateral polymicrogyria in the perisylvian and frontal regions.

J

Official journal of the Japan Society of Human Genetics



Nishimura et al. Human Genome Variation (2020)7:29

(A

Patient _'A\ N

Present Case
p.(ASnB50Thr)

® 1
, e T 657 057 o
N l ‘ ‘Aminoterminal domain $1 |M' @| |M3| S2 |M4| | C
GRINT AA A A A

AA A
A

polymicogyta (Fry AE efal)*

Fig. 2 Genetic analysis and the GRIN1 domains. a Sanger
sequencing chromatograms of a de novo heterozygous GRINT variant,
€.1949A>C, p.(Asn650Thr). b The variant found in this study is shown
in the structural domains of GRINT1, including the ligand-binding site
domain (52) and the transmembrane domain (M3). The variation is
located in the M3 domain. Blue triangles indicate other reported
GRINT variants with polymicrogyria.

(Fig. 2a). The variant has not been previously reported in
the general population (The Genome Aggregation Data-
base (https://gnomad.broadinstitute.org/)). The CADD
score (27.7) indicated that the variant was deleterious, and
Provean (Deleterious), SIFT (Damaging), and PolyPhen-2
(Damaging) analyses predicted different types of patho-
genicity. According to the American College of Medical
Genetics and Genomics guidelines, the variant is patho-
genic (PS2_mod + PM1 + PM2 4 PM5 + PP2 + PP3)®,

The Asn650Thr variant results in a mutation in the
third transmembrane domain (M3) of GluN1. The M3
domain is a highly conserved region among NMDARs and
has a high impact on their functionality’. The M3 and the
adjacent second ligand-binding (S2) domains are hot
spots of GRINI variations associated with polymicrogyria
(Fig. 2b)*. In fact, the Asn650Thr variant caused a change
at the same amino acid position in the M3 domain that
has previously been reported in a variant causing poly-
microgyria (Asn6501le)*.

AMC can be caused by various conditions, mainly
genetic diseases. All causes have fetal akinesia in common.
The causes of fetal akinesia may be CNS, connective tis-
sue, or skeletal abnormalities'’. Malformations, such as
arthrogryposis, club foot, and micrognathia, have been
reported to occur in ~30% of patients with bilateral
perisylvian polymicrogyria'’. We hypothesize that the
AMC in our patient was likely caused by a complex
mechanism secondary to the neurodevelopmental deficit
caused by polymicrogyria, which is an abnormality of
cortical formation during early development'?. Thus, the
AMC in our patient may have been caused by a variety of
different pathways, including functional disruption of
NMDARSs.

GRINI encodes GluN1, which is expressed as a part of
the NMDA receptor complex on the neuronal surface
during embryonic brain development, critically influen-
cing NMDAR function after birth'®, Our findings indicate
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that alterations of GRINI, especially those impacting the
M3 and S2 domains, can have serious impacts on the early
development and function of the CNS. Further investi-
gation of the relationship between AMC and poly-
microgyria could clarify the neurodevelopmental
mechanism underlying this phenotype, especially during
fetal growth.

Puduri et al. suggested that polymicrogyria with AMC
may have an underlying genetic background based on a
large research database of polymicrogyria'®. They
showed that typical CNS involvement and lower motor
neuron defects were often observed in patients with
polymicrogyria and AMC. BICD2 and PI4KA are the
causative genes underlying the complex phenotype,
including AMC and polymicrogyria'>'®. These genes are
also responsible for other neurological features involved
in peripheral nervous pathology or cerebellar hypopla-
sia. Our patient could move her upper and lower limbs
without a decreased deep tendon reflex; however, a
nerve conduction study was not performed. The brain
MRI did not show cerebellar hypoplasia (Fig. 1). In line
with these results, polymicrogyria with AMC is likely to
be a heterogeneous disorder, and further genetic ana-
lyses are required to elucidate the complex underlying
mechanisms.

In conclusion, we identified a novel GRINI variant
responsible for AMC and cortical abnormalities in a
newborn. To our knowledge, this is the first report of
severe neurodevelopmental disorders associated with
AMC linked to a GRIN1I variant. Our findings expand the
known phenotypes in the spectrum of GRINI-related
neurodevelopmental disorders, which is essential for
accurate diagnosis and development of specific ther-
apeutic strategies.

HGV database
The relevant data from this Data Report are hosted at the Human Genome
Variation Database at https://doi.org/10.6084/m9.figshare.hgv.2900.
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