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consists of a spectrum of disorders: Fukuyama congenital 
muscular dystrophy, Walker Warburg syndrome and Muscle 
Eye brain disease; Merosin deficient CMD 1C and 1D; limb 
girdle muscular dystrophy 2I.[11] Brain MRI shows cortical 
malformation, white matter signal intensity changes and posterior 
fossa malformations in patients with alpha dystroglycanopathies, 
yet there are no radiological abnormalities which can explain 
intellectual disability in patients with CHKB mutations. Muscle 
biopsy findings (the center of the muscle fibers are depleted 
of mithocondria and enlarged mitochondria at the periphery) 
and mildly elevated CK levels makes the difference between 
dystrophinopathies and the patients with CHKB mutation.[8]

cOnclusiOn

As we describe these two patients with megaconial muscular 
dystrophy due to different CHKB mutations; we would like 
to mark the significance of autism spectrum disorder in early 
diagnosis of congenital muscular dystrophies.
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Abstract

We report a 2.5-year-old Turkish boy who first presented with nystagmus, lack of eye contact, and hypotonia at 2 months of age and developed 
refractory seizures when 6 months old. Extensive metabolic tests and imaging being noncontributory, whole-exome sequencing was carried 
out which revealed a heterozygote NM_001134407.2:C.3299A>G (p.Glu1100Gly) novel mutation in GRIN2A gene. Topiramate was started 
and seizures were rapidly brought under control. GRIN2A mutations may result in altered GluN2A membrane trafficking and response to 
glutamate. This report illustrates the clinical variability of GRIN2A mutations according to the age of onset of symptoms and suggests considering 
mutations in this gene in cases of global developmental delay, refractory epilepsy, and nystagmus.
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intROductiOn

Genetic mutations causing epilepsy are numerous, including 
mutations of GRIN2A which encodes Glun2A, a transmembrane 
ligand-gated ion channel and a subunit of the N-methyl 
D-aspartate receptor (NMDAR).[1] NMDARs get activated 
by binding of glutamate to the GluN1 and GluN2 subunits, 
which results in calcium influx into the cell. Hence, epilepsy 
develops from altered GluN2A membrane trafficking and 
response to glutamate caused by GRIN2A mutations.[2] Glun2A 
has a critical role in normal neuronal development, synaptic 
plasticity, and memory.[3] Furthermore, genetic associations 
of the GRIN2A gene with autism,[4] schizophrenia,[4] 
Huntington (the polymorphism in GRIN2A and GRIN2B 
gene has been reported[5] as the factors that affect clinical 
polymorphism as well as the starting age of Huntington 
disease.) and Parkinson (where the risk of Parkinson disease 
was reported[6] to be lowered in association with caffeine 
intake as well as the interaction of this association with 
GRIN2A genotype) diseases have been reported.

We describe a patient with refractory seizure develop after 
neurodevelopmental delay and nystagmus who was found 
to carry a GRIN2A mutation and compare with the existing 
clinical reports in the literature.

case RepORt

This study reports the case of currently  2.5-year-old 
Turkish  boy first presented with nystagmus and global 
developmental delay at 2 months of age. Prenatal 
and perinatal histories were unremarkable. Parents 
were consanguineous (1st cousins) and healthy. On 
examination, the patient had normal weight, length and head 
circumference, no dysmorphic features, bilateral horizontal 
nystagmus (nystagmoid eye movements showing oscillations 
at equal speed in both directions in the horizontal plane), no eye 
contact with normal ophthalmological findings, hypotonia, 
brisk deep-tendon reflexes, and global developmental delay. 
At 6 months of age, seizures developed consisting of the 
sudden eye and head deviation followed by tonic–clonic 
movements of the extremities. Levetiracetam (50 mg/kg), 
clonazepam (1 mg/kg), and phenobarbital (5 mg/kg) were 
initiated consecutively with no complete control of seizures 
where phenobarbital level was measured as normal. His 
routine blood tests, metabolic tests (ammonia, lactate, 
blood gas, tandem-mass, urine organic acid, lysosomal 
tests, peroxisomal test), chromosomal analysis, and 
microarray results were normal. Electroencephalography 
obtained at that time had spike and slow wave discharges 
from the right parietooccipital region [Figure 1]. Magnetic 
resonance imaging showed a thin corpus callosum and 
mild brain atrophy [Figures 2 and 3]. Visual evoked 
potential study presented mildly prolonged P100 wave 
latency. Whole-exome sequencing (WES) demonstrated a 

heterozygote NM_001134407.2:C.3299A>G (p.Glu1100Gly) 
novel mutation in GRIN2A gene which has not been reported 
previously. Therefore, 5 mg/kg topiramate treatment was 
started. However, the patient responded at 9 mg/kg topiramate. 
Testing of the parents showed a heterozygote mutation in the 
father and none in the mother. In silico analysis was made 
with DANN, GERP, LRT, MutationAssessor, MutationTaster, 
and PROVEAN in silico analysis programs and variant was 
predicted as pathogenic. Population frequency is zero in 
all populations but 1/111,601 in European population in 
ExAC database. There is no report on its pathogenicity and 
the variant was not reported in any affected person. The 
patient is presently seizure-free with topiramate and home 
mechanical ventilation.

The study was approved by the Clinical Research Ethics 
Committee of the Mersin University Rectorate. Informed 
consent was obtained following a full explanation of the 
treatment provided.

discussiOn

Advances in molecular genetics allow for the identification 
of responsible genes in patients with refractory seizures and 
developmental delay. However, genotypic and phenotypic 
diversity can complicate the establishment of a definite 
genetic diagnosis. The genes that encode NMDAR subtypes 
were first described in 1993.[7] Endele et al.[8] reported 
cases with refractory seizures, learning disability, and 
neurodevelopmental disorder with heterozygous mutations in 
the region coding GRIN2A gene. Further studies on GRIN2A 
mutations often revealed refractory seizures and mental 
retardation. Our case differs from those above by the first 
manifestation being hypotonia, developmental delay, and 
nystagmus, seizures starting later. Venkateswaran et al.[1] 
reported a case who presented with refractory seizures at 
2-year-old whose global developmental delay and visual 
defect had been noticed at 14 months of age. Our case 
had earlier onset. Seizures uncontrolled by levetiracetam, 
clonazepam, and phenobarbital responded to topiramate 
started once GRIN2A gene mutation was identified. Seizures 
are expected to respond to topiramate because it blocks 
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NMDARs and activates gamma-aminobutyric acid receptors. 
On the other hand, a recent study presented four patients with 
GRIN2A mutations of whom only one had improved seizure 
control under topiramate treatment.[9] Our case highlights that 
clinical findings of NMDAR defects and GRIN2A mutations 
might have variable early and late clinical presentations.

This disorder was classified as an autosomal dominant disorder 
in OMIM database. There are incomplete penetrance and 
intrafamilial variability, even among family members who 

carry the same GRIN2A mutation.[10-12] As in other idiopathic 
epilepsies, mutations were occasionally identified in unaffected 
relatives, suggesting incomplete penetrance. This is the 
reason the mutation in our patient and his father could not 
be classified as a “benign variant” despite the father being 
healthy. Further functional analyses are needed to explore the 
genotype-phenotype relations.

This report exemplifies the clinical presentation of GRIN2A 
mutations and the role of WES in the diagnosis of refractory 
epilepsy. Furthermore, it highlights that patients with GRIN2A 
mutation can present a variable clinical spectrum with respect 
to age of onset, nature of symptoms, and response to treatment.

Declaration of patient consent
The authors certify that they have obtained all appropriate 
patient consent forms. In the form the patient(s) has/have 
given his/her/their consent for his/her/their images and other 
clinical information to be reported in the journal. The patients 
understand that their names and initials will not be published 
and due efforts will be made to conceal their identity, but 
anonymity cannot be guaranteed.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

RefeRences
1. Venkateswaran S, Myers KA, Smith AC, Beaulieu CL, 

Schwartzentruber JA; FORGE Canada Consortium, et al. Whole-exome 
sequencing in an individual with severe global developmental delay 
and intractable epilepsy identifies a novel, de novo GRIN2A mutation. 
Epilepsia 2014;55:e75-9.

2. Yuan H, Hansen KB, Zhang J, Pierson TM, Markello TC, Fajardo KV, 
et al. Functional analysis of a de novo GRIN2A missense mutation 
associated with early-onset epileptic encephalopathy. Nat Commun 
2014;5:3251.

3. Paoletti P, Bellone C, Zhou Q. NMDA receptor subunit diversity: Impact 
on receptor properties, synaptic plasticity and disease. Nat Rev Neurosci 
2013;14:383-400.

4. Yu Y, Lin Y, Takasaki Y, Wang C, Kimura H, Xing J, et al. Rare loss 
of function mutations in N-methyl-D-aspartate glutamate receptors and 
their contributions to schizophrenia susceptibility. Transl Psychiatry 
2018;8:12.

5. Saft C, Epplen JT, Wieczorek S, Landwehrmeyer GB, Roos RA, 
de Yebenes JG, et al. NMDA receptor gene variations as modifiers in 
Huntington disease: A replication study. PLoS Curr 2011;3:RRN1247.

6. Simon DK, Wu C, Tilley BC, Lohmann K, Klein C, Payami H, et al. 
Caffeine, creatine, GRIN2A and Parkinson’s disease progression. 
J Neurol Sci 2017;375:355-9.

7. Takano H, Onodera O, Tanaka H, Mori H, Sakimura K, Hori T, et al. 
Chromosomal localization of the epsilon 1, epsilon 3 and zeta 1 subunit 
genes of the human NMDA receptor channel. Biochem Biophys Res 
Commun 1993;197:922-6.

8. Endele S, Rosenberger G, Geider K, Popp B, Tamer C, Stefanova I, 
et al. Mutations in GRIN2A and GRIN2B encoding regulatory subunits 
of NMDA receptors cause variable neurodevelopmental phenotypes. 
Nat Genet 2010;42:1021-6.

9. von Stülpnagel C, Ensslen M, Møller RS, Pal DK, Masnada S, 
Veggiotti P, et al. Epilepsy in patients with GRIN2A alterations: 
Genetics, neurodevelopment, epileptic phenotype and response to 
anticonvulsive drugs. Eur J Paediatr Neurol 2017;21:530-41.

Figure 1: Spike and slow wave discharges from the right parietooccipital 
region

Figure 2: Sagittal view of T1‑weighted image showing thin corpus 
callosum

Figure 3: T2‑weighted sequence, axial view showing brain atrophy



Case Reports

 Annals of Indian Academy of Neurology ¦ Volume 23 ¦ Issue 5 ¦ September-October 2020 699

10. Lesca G, Rudolf G, Bruneau N, Lozovaya N, Labalme A, 
Boutry-Kryza N, et al. GRIN2A mutations in acquired epileptic aphasia 
and related childhood focal epilepsies and encephalopathies with speech 
and language dysfunction. Nat Genet 2013;45:1061-6.

11. Lemke JR, Lal D, Reinthaler EM, Steiner I, Nothnagel M, Alber M, 

et al. Mutations in GRIN2A cause idiopathic focal epilepsy with 
rolandic spikes. Nat Genet 2013;45:1067-72.

12. Carvill GL, Regan BM, Yendle SC, O’Roak BJ, Lozovaya N, Bruneau N, 
et al. GRIN2A mutations cause epilepsy-aphasia spectrum disorders. 
Nat Genet 2013;45:1073-6.

Abstract

Three prime repair exonuclease 1 (TREX1) degrades single- and double-stranded DNA with 3’-5’ exonuclease activity. TREX1 mutations 
are related to type 1 interferon-mediated autoinflammation owing to accumulated intracellular nucleic acids. Several cases of systemic lupus 
erythematosus, Aicardi–Goutieres syndrome (AGS), familial chilblain lupus (FCL), and retinal vasculopathy-cerebral leukodystrophy caused 
by TREX1 mutations have been reported, so far. In this report, we described five patients with TREX1 mutations from three families with three 
different disorders, which include AGS, FCL, and FCL with central nervous system vasculitis.
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intROductiOn

Encoding gene three prime repair exonuclease 1 (TREX1) is 
located on the chromosome 3p21.31 and its mutations are 
related to type 1 interferon (IFN)-mediated autoinflammation 
owing to accumulated intracellular nucleic acids.[1] TREX1 
degrades single-stranded DNA (ssDNA) and double-stranded 
DNA in mammalian cells with its 3’-5’ exonuclease activity. 
Mutations in the human TREX1 gene have been linked 
to a broad spectrum of autoimmune diseases including 
Aicardi–Goutieres syndrome (AGS), monogenic form of 
cutaneous lupus erythematosus named “familial chilblain 
lupus” (FCL), systemic lupus erythematosus (SLE), and retinal 
vasculopathy-cerebral leukodystrophy (RVLC).[2-4]

AGS is the prototype of type I interferonopathies which 
were characterized by systemic inflammatory disorder with 
onset in early infancy. In most cases, AGS presents as a 
leukoencephalopathy with basal ganglia calcifications and 
progressive cerebral atrophy and its clinical phenotype resembles 
congenital viral infection.[1] FCL is a monogenic form of 
cutaneous lupus erythematosus characterized by cold-induced, 
bluish-red skin lesions in acral locations such as fingertips, heels, 
nose, and auricles, with onset in early childhood.[1]

Central nervous system (CNS) vasculitis, which is a prominent 
cause of childhood strokes, occurs secondary to systemic 
vasculitis, metabolic diseases, malignancies, drugs, and 

radiotherapy exposures or might be limited to CNS vessels 
named primary CNS (pCNS) vasculitis. pCNS is classified into 
two groups: large-medium-vessel and small-vessel pCNS.[5]

Aforementioned diseases are now classified within type 1 
interferonopathies. Type 1 interferonopathies comprise a 
genetically and phenotypically heterogeneous group of 
autoinflammatory and autoimmune disorders which were 
characterized by constitutive activation of the antiviral type I 
IFN axis. The term type I interferonopathies was given due 
to the recognition of an abnormal upregulation of the type I 
IFN as a unifying phenotype of this novel group of diseases.[6]

Recently, our understanding of the molecular pathology 
underlying the type 1 interferonopathies was greatly influenced 
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