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 Investigators from Yokohama City University and 
other medical centers in Israel and Japan reported mutations 
on N-methyl-D-aspartate (NMDA) receptors subunit GRIN1 
(GluN1) identified in patients with nonsyndromic 
intellectual disability and early-onset epileptic 
encephalopathy. Next generation sequencing analysis of 88 
unsolved epileptic encephalopathies revealed 4 patients with 
4 de novo missense GRIN1 mutations. In these 4 patients, 
initial symptoms appeared within 3 months of birth, 
including hyperkinetic movements (2/4), and seizures (2/4). 
All developed different types of seizures during first year of 
life including spasms, myoclonic and focal. EEG showed 
nonspecific focal and diffuse epileptiform abnormality, and 
never showed suppression-burst or hypsarhythmia during 
infancy. Involuntary movements, severe developmental 
delay, and intellectual disability occurred in all four 
patients. Brain MRI images of all four patients showed 
cerebral cortex atrophy, and/or ventriculomegaly, and/or 
thin corpus callosum. Three mutations were located in the 
transmembrane domain, and 1 in the extracellular loop near 
transmembrane helix 1; all were predicted to impair the 
function of the NMDA receptor. [1] 
 
COMMENTARY. Dramatic advances in next-generation 
sequencing technologies have led to a rapid increase in the 
amount of exome sequencing data, which has advanced our 
understanding of the genetic basis of neurologic diseases, 
including epilepsy. In recent years, a surprising number of 
missense mutations and deletions/truncations (>140) have 
been identified in NMDA receptors through whole exome 
sequencing [2].  These mutations are scattered across all 
domains in NMDA receptor subunits, including the GRIN1 
gene, which encodes the GluN1 subunit.  Moreover, these 
mutations appear associated with multiple neuropathological 
conditions, for which epilepsy/seizures comprise the largest 
group [2]. GRIN2A/GluN2A subunit constitutes a locus for 
mutations in a subset of patients with early-onset epilepsy 
[2]. This report suggests that the GRIN1/GluN1 subunit may 
be another locus for early-onset seizures.  

Despite the identification of new NMDA receptor 
mutations, there are still only minimal functional data 
available for a handful of de novo mutations [2]. One 
noteworthy example is GluN2A(L812M), which was 
identified in a patient with intractable seizures and early-

onset epileptic encephalopathy [3]. Functional studies of 
this mutation suggested that a profound increase in receptor 
function likely contributes to the patient’s phenotype. 
Evaluation of the potency of FDA-approved drugs that can 
block mutant NMDA receptors raised the possibility of 
personalized therapies. When the NMDA receptor channel 
blocker memantine was introduced into the treatment 
regimen for this patient, it significantly reduced seizure 
frequency [4]. While this effect remains to be replicated in 
other patients and rigorously tested in clinical trials, the 
example emphasizes the need and potential promise of 
functional analysis of the rapidly expanding list of NMDA 
receptor mutations revealed by gene sequencing programs 
for patients. Locations of the reported GRIN1 mutants were 
in pre-M1 helix (D552E), M3 transmembrane domain 
(M641I and N650K), and M4 transmembrane domain 
(G815R), all which are considered as important 
elements/domains that are likely to influence NMDA 
receptor gating. We expect that future studies of the effects 
of these GRIN1 mutations on NMDA receptor functions will 
be useful not only for clarifying molecular mechanism 
underlying these patients’ phenotype, but also for exploring 
the potential targeted therapies. 
 
Disclosures 
The author(s) have declared that no competing interests exist. 
 
References 
1. Ohba C, Shiina M, Tohyama J, Haginoya K, Lerman-Sagie T, Okamoto 

N, et al. GRIN1 mutations cause encephalopathy with infantile-onset 
epilepsy, and hyperkinetic and stereotyped movement disorders. 
Epilepsia. 2015;56(6):841-8. http://dx.doi.org/10.1111/epi.12987. 
PubMed PMID: 25864721. 

2. Yuan H, Low CM, Moody OA, Jenkins A, Traynelis SF. Ionotropic 
GABA and Glutamate Receptor Mutations and Human Neurologic 
Diseases. Mol Pharmacol. 2015;88(1):203-17. http://dx.doi.org/ 
10.1124/mol.115.097998. PubMed PMID: 25904555. 

3. 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. http://dx.doi.org/10.1038/ncomms4251. PubMed PMID: 
24504326. 

4. Pierson TM, Yuan H, Marsh ED, Fuentes-Fajardo K, Adams DR, 
Markello T, et al. mutation and early-onset epileptic encephalopathy: 
personalized therapy with memantine. Ann Clin Transl Neurol. 
2014;1(3):190-8. http://dx.doi.org/10.1002/acn3.39. PubMed PMID: 
24839611. 

http://dx.doi.org/10.15844/pedneurbriefs-29-6-3
http://www.worldcat.org/oclc/19417722
http://www.worldcat.org/oclc/781441925
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1111/epi.12987
http://dx.doi.org/10.1124/mol.115.097998
http://dx.doi.org/10.1124/mol.115.097998
http://dx.doi.org/10.1038/ncomms4251
http://dx.doi.org/10.1002/acn3.39

