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ABSTRACT – Landau-Kleffner syndrome (LKS) has been demonstrated
in the past to respond to immunotherapy. Recently, some cases of LKS
have been shown to be secondary to glutamate receptor (GRIN2A) muta-
tions. Whether such cases respond to immunotherapy is not known.
Here, we present the case of a 3-year-old boy with LKS found to have a
GRIN2A heterozygous missense mutation, whose clinical symptoms and
EEG responded to a course of combination oral steroids and monthly
infusions of intravenous immunoglobulin. He then relapsed after discon-
tinuation of this therapy, and responded again after a second course of
intravenous immunoglobulin. We conclude that immunotherapy should

n in patients with LKS who are also

sion, electrical status epilepticus in

temporal lobes, which increase dur-
ing slow-wave sleep. Treatment
includes a number of antiepilep-
tic drugs, immunotherapy using
various corticosteroid medications
and regimens, and occasionally
intravenous immunoglobulin (IVIG)
(Mikati et al., 2002; Gallagher et al.,
2006; Geva-Dayan et al., 2012). In
orrespondence:

be considered as a therapeutic optio
found to harbour GRIN2A mutations.

Key words: epilepsy, speech regres
sleep (ESES), NMDA 2A receptor

The GRIN2A gene encodes for
the glutamate receptor, ionotropic,
N-methyl-D-aspartate (NMDA) 2A.
Dysfunction of this NMDA receptor
has recently been linked to various
forms of epilepsy, including Landau-
Kleffner syndrome (LKS), and atypi-
cal rolandic epilepsy (Carvill et al.,
2013; Lesca et al., 2013; DeVries and
pileptic Disord, Vol. 18, No. 1, March 2016 97
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Patel, 2013). LKS occurs in previously
normal children, and presents with
isolated regression of language,
auditory agnosia, and at times focal
seizures and behavioural problems.
The EEG pattern shows epilepti-
form discharges, usually over the

addition, there is a significant body
of evidence linking LKS to abnormal
autoimmunity (Nevsímalová et al.,
1992; Connolly et al., 1999; Boscolo
et al., 2005). However, whether cases
of LKS caused by GRIN2A mutations
respond to immunotherapy is not
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nown. Here, we report a case of LKS with a GRIN2A
ene missense mutation in which the patient was
esponsive to immunotherapy.

ase study

istory before immunotherapy

he patient was the product of full-term gestation with-
ut newborn complications. Parents reported normal
otor and speech development until 2 years of age.

amily history was positive for a brother with attention
eficit disorder, speech delay, and apraxia, as well as for
cousin with attention deficit disorder and seizures.
t 22 months of age, the patient was hospitalized

or a one-week history of progressive clumsiness
nd frequent falls following a flu-like illness. At that
resentation, he was ataxic on examination, and
orkup, consisting of brain MRI, basic CNS analysis,

nd urine drug screening, was unremarkable. He
as discharged home with the diagnosis of acute
ost-infectious cerebellitis and the ataxia resolved
ver the following month.
t 2 years of age, the patient was readmitted for
ait changes and seizures which consisted of clonic
ctivity in the right arm and leg. At that time, his
peech development was normal; he could form
wo- to three-word phrases. EEG revealed multifocal
arietal and centro-temporal sharps and right frontal
pileptiform discharges with marked increase in
ischarges when drowsy and asleep. Levetiracetam
as started and over the next few months, the patient
nderwent prolonged EEG monitoring to characterize

urther events possibly related to seizures. EEG was
bnormal, as noted earlier, but no events or subclinical
eizures were captured. Upon turning 3 years of age,
e appeared to have normal language development
ith the use of three- to four-word phrases.
t 3 years of age, the patient’s speech output regressed

o using only one- to two-word phrases and he became
nable to understand first complex and later simple
ommands. EEG at the time showed bi-hemispheric
pike-wave discharges with a 56% spike-wave index
n sleep and 42% during wakefulness. Diazepam was
tarted at a dose of 10 mg per day (0.7 mg/kg/day), after
hich his language and mood returned to baseline
ver several weeks with a corresponding resolution
f the EEG discharges. Five months later, the patient
as weaned off diazepam but his language regressed
8

gain. EEG showed recurrence of nocturnal spike and
ave discharges, so diazepam was re-initiated at prior
osing and resulted in an incomplete clinical improve-
ent with relapses during further attempts to taper

iazepam. Long-term EEG monitoring continued to be
bnormal with multifocal spikes and met criteria for
lectrical status epilepticus in sleep (ESES).

m
w
c
o
p
E
c

n the subsequent months, his speech failed to
mprove despite speech therapy. At the age of 3 years
nd 11 months, he was only able to speak in one- to
wo-word sentences. His neurological examination at
he time was also remarkable for diffuse hypotonia, as
ell as lack of motor coordination.

mmunotherapy and response

he patient was started concurrently on a six-month
teroid course of prednisone at 30 mg/day (tapered
oward the end of the course) and on IVIG therapy,
ith an initial 2 g/kg dose, then 1 g/kg monthly, during

he same six months. He was also maintained on the
ame prior doses of levetiracetam and diazepam with-
ut change. His speech gradually improved over the
ix months of therapy. By the sixth month of therapy,
e was able to produce 10-word sentences and could
ecite all letters of the alphabet and answer questions
n clear and well-articulated sentences.
ollowing cessation of the above IVIG and pred-
isone therapies, his speech again regressed over
period of several weeks while still on levetirac-

tam and diazepam therapies. He was able to only
se three-word sentences and was unable to follow
ny commands. Continuous video-EEG monitoring
howed diffuse slowing, multifocal bilateral spikes,
nd near-continuous (>85%) ESES.
ased on his worsening clinical status and EEG results,

VIG therapy was re-initiated about eight weeks after
he cessation of the above therapy, using the same pro-
ocol as stated above but without steroids. Over the
ollowing three months, he regained his speech abil-
ties and was back to using seven-word sentences, as
ell as following simple and complex commands. A

epeat EEG showed only rare sharps during sleep.

orkup

n extensive diagnostic evaluation was initially unre-
arkable. It included brain MRI/MR spectroscopy,

esting for inborn errors of metabolism, extensive CSF
nalysis including neurotransmitters, as well as an
utoimmune workup that included CSF analysis and
utoantibody testing.
he patient ultimately underwent whole-exome
equencing which revealed a missense mutation in the
RIN2A gene: c.2146G>A, p.Ala716Thr (A716T). This
Epileptic Disord, Vol. 18, No. 1, March 2016

utation has been previously reported in a family
ith atypical rolandic epilepsy, verbal dyspraxia and

ognitive impairment (Lesca et al., 2013), and was not
bserved in approximately 6,500 individuals of Euro-
ean and African American ancestry in the NHLBI
xome Sequencing project. The change alters a highly
onserved position in the extracellular domain of the
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rotein and in-silico analysis predicts that it is likely
amaging to the protein structure and function. Both
is parents and brother were tested and did not have

his GRIN2A missense mutation.

iscussion

ur patient fulfilled the criteria for LKS (Berg et al.,
010) and had a GRIN2A missense mutation predicted
o be disease-causing based on the following:

the same c.2146G>A mutation was previously
eported in a family with atypical rolandic epilepsy, ver-
al dyspraxia, and cognitive impairment (Lesca et al.,
013);

this mutation was not observed in approximately
,500 individuals of European and African American
ncestry in the NHLBI Exome Sequencing project;
it is a non-conservative amino acid substitution that is
robably damaging to the protein structure and func-

ion based on in-silico analysis;
his parents and his brother did not have this change.
ur patient responded to immunotherapy. Response
as remarkable and occurred on two different occa-

ions with a relapse in between when immunotherapy
as stopped after the initial six months of therapy.
part from the aforementioned genetic cause of LKS,

here is reasonable evidence that at least some cases
f LKS may have an autoimmune aetiology. Autoan-

ibodies to myelin (Nevsímalová et al., 1992), to CNS
ndothelial cells (Connolly et al., 1999), and to rat brain
uditory cortex (Boscolo et al., 2005) have been found
n children with LKS. Moreover, LKS has been linked to
ther disorders of autoimmunity, including inflamma-

ory demyelinating disease (Perniola et al., 1993) and
erebral arteritis (Pascual-Castroviejo et al., 1992). LKS
as been found to respond to both steroids and IVIG

Mikati et al., 1998, 2000, 2002, 2010; Gallagher et al.,
006; Geva-Dayan et al., 2012). In our patient, an autoim-
une aetiology was suspected, not only due to his

esponse to immunotherapy, but also due to his history
f possible cerebellitis following a flu-like illness.
ince only a fraction of patients with LKS respond to

mmunotherapy, it is reasonable to suspect that some
KS patients may have an underlying autoimmune aeti-
logy, while patients with LKS secondary to a genetic
ause, such as a GRIN2A mutation, may not have an
nderlying autoimmune aetiology. In this article, we
resent evidence that at least in some cases this may
pileptic Disord, Vol. 18, No. 1, March 2016

ot be the case; our patient’s GRIN2A mutation likely
ontributed to his disorder, but he also responded to
mmunotherapy. We thus posit that the presence of a

utation predicted to be disease-causing should not
revent attempts to treat with immunotherapy, espe-
ially in patients with epilepsy and speech regression
hat has been refractory to other treatment modalities.

R

B
a
r
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Immunotherapy in LKS with GRIN2A mutation

ndeed, prior observations in humans and in animal
odels have demonstrated that genetic and non-

enetic aetiologies may both contribute to an epileptic
yndrome (Choueiri et al., 2001; Leonard et al., 2013;
iamond et al., 2014). This, and our observations, can

hus serve as a reminder to the epileptology com-
unity that determining one aetiology, such as a

isease-causing mutation, is not necessarily the end
f the quest to delineate the cause of an epilepsy.
ur observations have two potential implications that
arrant investigation in future studies. First, patients
ith GRIN2A mutations should be considered for

mmunotherapy in future studies of therapy for this
isorder. Second, in LKS associated with GRIN2A
utations, an autoimmune mechanism may be a com-

onent of the underlying disease process. A possible
ypothesis is that the mutation itself may increase the
ntigenicity of the extracellular component of this par-
icular NMDA receptor. This may especially be the case
n patients with prior evidence of a possible autoim-

une process (e.g. acute post-infectious cerebellitis)
nd subsequent epilepsy. Furthermore, the epileptic
rocess itself may contribute to and enhance the auto-
ntigenicity of the NMDA receptor, which may already
e dysfunctional as a result of the GRIN2A mutation.
his notion is consistent with the prior incisive formu-

ation postulated by Hirsch et al. (2006), many years
efore the discovery of the association with GRIN2A
utations, that genetic predisposition to LKS could

e related to hyper-excitability and synchronization
f inter-neurons within the perisylvian cortices, which
ould in turn provoke an autoimmune reaction. These
ypotheses would need to be investigated in future
tudies.

e conclude that, given the guarded prognosis
or patients with LKS and our experience with this
hild, patients with LKS and GRIN2A mutation may
e candidates for immunotherapy. Thus, the pres-
nce of GRIN2A mutations should not preclude the
onsideration of steroids and/or IVIG as potential
herapies. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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EDUCATION

(1) What are the cardinal features of Landau-Kleffner syndrome?

Leonard AS, Hyder SN, Kolls BJ, et al. Seizure predispo-
sition after perinatal hypoxia: effects of subsequent age
and of an epilepsy predisposing gene mutation. Epilepsia
2013; 54(10): 1789-800.

Lesca G, Rudolf G, Bruneau 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(9): 1061-6.

Mikati MA, Saab R. Successful use of intravenous
immunoglobulin as initial monotherapy in Landau-Kleffner
syndrome. Epilepsia 2000; 41(7): 880-6.

Mikati M, Fayad M, Choueiri R. IVIG in Landau-Kleffner syn-
drome. Pediatr Neurol 1998; 19(5): 399-400.

Mikati MA, Saab R, Fayad MN, Choueiri RN. Efficacy of
intravenous immunoglobulin in Landau-Kleffner syndrome.
Pediatr Neurol 2002; 26(4): 298-300.

Mikati MA, Kurdi R, El-Khoury Z, Rahi A, Raad W. Intravenous
immunoglobulin therapy in intractable childhood epilepsy:
open-label study and review of the literature. Epilepsy Behav
2010; 17(1): 90-4.

Nevsímalová S, Tauberová A, Doutlík S, Kucera V, Dlouhá O.
A role of autoimmunity in the etiopathogenesis of Landau-
Kleffner syndrome? Brain Dev 1992; 14(5): 342-5.

Pascual-Castroviejo I, López Martín V, Martínez Bermejo
A, Pérez Higueras A. Is cerebral arteritis the cause of the
Landau-Kleffner syndrome? Four cases in childhood with
angiographic study. Can J Neurol Sci 1992; 19(1): 46-52.

Perniola T, Margari L, Buttiglione M, Andreula C, Simone
IL, Santostasi R. A case of Landau-Kleffner syndrome sec-
ondary to inflammatory demyelinating disease. Epilepsia
1993; 34(3): 551-6.
00

(2) What treatments are used in Landau-Kleffner syndrom

(3) What is the function of the GRIN2A gene and what ep

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
Epileptic Disord, Vol. 18, No. 1, March 2016

e?

ileptic disorders are associated with it?

uestions. Correct answers may be accessed on the
“The EpiCentre”.
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