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A B S T R A C T   

Purpose: This study aimed to describe the phenotype of five new cases of NTRK2-related developmental and 
epileptic encephalopathy (DEE). 
Methods: The clinical features, EEG, neuroimaging and genetics were reviewed for cases with likely pathogenic 
and pathogenic NTRK2 variants and then summarized. 
Results: Five cases of NTRK2-related DEE were identified. Four had a previously described recurrent variant in 
NTRK2 and one had a novel variant. The phenotype was characterized by early- onset seizures (infantile spasms, 
later evolving to multifocal seizures), global developmental delay, variable movement disorders, microcephaly 
and optic nerve hypoplasia. 
Conclusions: This series further expands our knowledge of the phenotype and genotype of NTRK2-related DEE.   

Introduction 

The neurotrophic tyrosine receptor kinase (NTRK) genes (NTRK1, 
NTRK2, NTRK3) encode a family of neurotrophic tyrosine kinase re-
ceptors, which have an important role in cell growth, cell signaling and 
central nervous system development.[1] Reports describing the rela-
tionship between NTRK2 and developmental and epileptic encepha-
lopathy (DEE) are sparse.[2] We describe the epilepsy and 
developmental phenotype of five newly reported children (across 5 
centers in India and Canada) with pathogenic or likely pathogenic 
NTRK2 gene variants. The American College of Medical Genetics 
(ACMG) criteria were used to classify the variants in NTRK2. [3,4] The 
clinical and genetic features of the reported cases are summarized in 
tables 1 and 2. 

Case 1 

The index case is a 7-year-old boy, born to a non-consanguineous 

couple. At 1 month of age, he was noted to have infantile spasms (IS) 
with hypsarrhythmia on EEG. He had partial response to vigabatrin but 
had complete electro-clinical response to ACTH (Adrenocorticotrophic 
hormone). At 7 months, the mother reported paroxysmal eye move-
ments/flutter. Repeat EEG showed left frontotemporal epileptiform 
discharges. After 10 months, he started developing multiple daily epi-
sodes of epileptic spasms, brief tonic seizures, head drops and brief focal 
seizures (eye deviation to one side). These seizures were drug-resistant. 
He was tried on multiple anti-seizure medications (ASMs) including 
cannabidiol (CBD) oil. At 5 years of age, the classic ketogenic diet was 
started. He showed >50% improvement in his daily seizure frequency, 
though he continues to have daily daytime clusters of epileptic spasms 
and nocturnal tonic seizures. He has global developmental delay (GDD); 
cannot sit unassisted and is non-verbal. He also exhibited intermittent 
buccal dyskinesias and hemi-ballismus/choreoathetoid movements. 

His other co-morbidities included visual impairment, hypo-
phosphatemic rickets, and gastroesophageal reflux. Examination 
showed normal head circumference, no facial dysmorphism or 
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neurocutaneous features, and central hypotonia. 
His MRI brain at 2 years of age showed mild diffuse cerebral atrophy, 

thinning of the corpus callosum and hypoplasia of the bilateral optic 
nerves/optic chiasm. Serial EEGs showed multiple independent spike 
foci (MISF) and captured multiple spasms and tonic seizures with 
generalized ictal EEG findings. 

Case 2 

This is a 3-year-old boy born to non-consanguineous parents with no 
significant family or perinatal history. He presented at 6 months of age 
with IS and hypsarrhythmia with incomplete response to prednisolone 
and vigabatrin. Prior to the onset of spasms, he had head control, rolled 
over, had a social smile and reached for objects. There was regression of 
all milestones with the onset of IS. He evolved into other seizure types 
(focal tonic seizures, single spasms, head drops followed by right upper 
limb posturing). EEG also evolved into MISF. He failed multiple ASMs 
and continues to be drug-resistant. He also has autistic features and vi-
sual impairment (with optic disc pallor). MRI brain was unremarkable. 

Case 3 

This is a 3.5-year-old girl born to non-consanguineous parents with 
no significant family or perinatal history. She presented at 6 months of 
age with IS, single-spasm variant. Her seizures were subsequently 
controlled with valproate, clonazepam and pyridoxine. She also expe-
rienced episodic abnormal eye movements (oculogyric crisis) and 
choreoathetoid movements. She showed significant GDD with no head 
control, visual impairment and was non-verbal. Examination showed 
microcephaly, optic disc pallor, bipyramidal signs, choreoathetoid 
movements, and dystonia. MRI brain showed diffuse cerebral atrophy. 
Serial EEGs showed MISF. 

Case 4 

This is a 2.5-year-old girl born to non-consanguineous parents with 
no significant family or perinatal history. She presented at 7 months of 
age with IS and later also had myoclonic and generalized tonic-clonic 
seizures. She failed multiple ASMs (levetiracetam, clonazepam, oral 
steroids, vigabatrin, zonisamide, valproate). She also exhibited delayed 

milestones (can sit with support and babble at 2.5years) and autistic 
features. Microcephaly, strabismus and central hypotonia were noted on 
examination. MRI brain was unremarkable. EEG showed hypsar-
rhythmia and then MISF. 

Case 5 

This is a 11-year-old girl born to consanguineous parents (paternal 
grandparents were siblings). She presented at 5 months of age with 
microcephaly, delayed milestones, irritability and unprovoked episodic 
tonic posturing of limbs. A spot EEG was normal and MRI brain showed 
white matter paucity and hypomyelination. She continued to have 
episodic limb posturing, sometimes with perioral bluish discoloration; 
unsuccessfully treated with valproate and ayurvedic medications 
(irregular follow up). Currently, she has GDD (can sit unsupported, but is 
non-verbal). Examination showed microcephaly, subtle facial dys-
morphism (thick lips, abnormal ears), bilateral esotropia, chor-
eoathetoid movements, central hypotonia and ankle contractures. EEG 
showed background slowing with left central epileptiform 
abnormalities. 

Extensive metabolic testing, karyotype and microarray were unre-
markable for cases 1 to 5. Whole exome sequencing showed pathogenic 
(cases 1–4) or likely pathogenic (case 5) NTRK2 variants. These variants 
arose de novo in case 1 and 5; parental testing was not performed in the 
other cases. The variant in case 5 (p.Arg551Gln) was classified as “likely 
pathogenic” based on ACMG criteria, which included the following: 
arose de novo, located in a critical functional domain, absent from 
controls in gnomAD, low rate of benign missense variation in NTRK2 
and missense variant being a common mechanism of disease, arginine 
being highly conserved amongst mammals and at least two protein al-
gorithm software predicted it to be damaging (See Table 2). 

Discussion 

We report five novel cases of pathogenic or likely pathogenic vari-
ants in the NTRK2 gene with a DEE phenotype via WES. Four cases 
(cases 1 to 4) had a previously reported recurrent variant[2] and one 
case (case 5) had a novel NTRK2 variant. 

The NTRK2 gene, present on chromosome 9q21.33, encodes the TrkB 
protein, which is mainly expressed in the central nervous system. The 

Table 1 
Summary of salient features of the described cases of NTRK2-related developmental and epileptic encephalopathies.   

Current 
age (yrs) 
and sex 

NTRK2 Variant Age at 
seizure 
onset 

Seizure types EEG Pharmaco- 
responsiveness 

Movement Disorder Neurological co- 
morbidities 

MRI 

1 7/M c.1301A>G (p. 
TyrY434Cys) 
[recurrent] 

1 mo epileptic 
spasms, tonic, 
head drops, 
focal 

Hyps, MISF DRE buccal dyskinesias, 
hemi-ballismus, 
choreoathetoid 
movements 

Central hypotonia, 
visual impairment 

Cortical atrophy, 
corpus callosum 
thinning 

2 3/M c.1301A>G (p. 
TyrY434Cys) 
[recurrent] 

6 mo epileptic 
spasms, focal 
tonic, head 
drops 

Hyps, MISF DRE NR Visual impairment, 
autistic features 

Unremarkable 

3 3.5/F c.1301A>G (p. 
TyrY434Cys) 
[recurrent]) 

6 mo infantile 
spasms 
-single-spasm 
variant 

MISF Seizure free 
after 3 ASMs 

oculogyric crisis, 
choreoathetoid 
movements, 
dystonia 

Microcephaly, 
bipyramidal signs, 
visual impairment 

Cortical atrophy 

4 2.5/F c.1301A>G (p. 
TyrY434Cys) 
[recurrent] 

7 mo epileptic 
spasms, 
myoclonic, 
GTCS 

Hyps, MISF DRE NR Microcephaly, Central 
hypotonia, strabismus, 
autistic features 

Unremarkable 

5 11/F c.1652G>A (p. 
Arg551Gln) 
[novel] 

5 mo Tonic, 
myoclonic 

Left central 
epileptiform 
abnormalities 

DRE choreoathetoid 
movements 

Microcephaly, subtle 
facial dysmorphism, 
bilateral esotropia, 
central hypotonia, 
ankle contractures 

White matter 
paucity, 
hypomyelination 

DRE-drug-resistant epilepsy; F-female; GTCS-generalized tonic-clonic seizures; hyps-hypsarrhythmia; M-male; MISF-multiple independent spike foci; mo-months; NR- 
not reported 
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protein has an extracellular ligand-binding domain, a transmembrane 
domain and an intracellular tyrosine kinase domain. It preferentially 
binds Brain-derived neurotrophic factor (BDNF) and Neurotrophin-4 
(NT4). It acts through key downstream intracellular pathways like the 
Ras-ERK, PIK3, and phospholipase Cγ1 (PLC γ1) pathways, which are 
critical for neuron survival, proliferation, migration, differentiation, and 
synapse formation and plasticity. 

NTRK2 activation, possibly, can have distinct biological conse-
quences, depending on the involvement of downstream pathways. On 
one hand, NTRK2 confers neuroprotection, possibly through Shc-Akt 
downstream signaling pathway. [5] In contrast, BDNF and NTRK2-en-
coded TrkB are thought to promote epileptogenesis, mediated by the 
PLC γ1 downstream pathway. Consequently, TrkB kinase inhibition may 
exert antiseizure effects. [6] NTRK2 gene polymorphisms have also been 
shown to influence age at seizure onset and pharmaco-responsiveness in 
patients with temporal lobe epilepsy. [7] Further, NTRK2 was reported 
to be a susceptibility gene for DRE in another study. [8] 

Hamdan et al [2] reported five cases of NTRK2-related DEEs. Four de 
novo cases with the p.TyrY434Cys (c.1301A>G) variant (in the trans-
membrane domain) were reported; a gain-of-function or dominant 
negative mechanism was proposed. The phenotype comprised of GDD, 
drug-resistant seizures (3/4 had IS), microcephaly, optic nerve hypo-
plasia and hypotonia. Subtle choreo-athetosis was described in one pa-
tient. This phenotype is similar to our cases (1-4). We also noted other 
movement disorders including buccal dyskinesias (1), ballismus (1), 
dystonia (1) and oculogyric crisis (1). Observation of movement disor-
der is not surprising as BDNF and NT-4 (preferred ligands for TrkB) are 
known to play critical role in modulating cortico-striatal synaptic 
transmission. [9] NTRK2 adds to a long list of existing genes associated 
with DEE and movement disorders. [10] 

The observed epilepsy phenotype in our cases was similar. Most of 
them had early onset seizures; infantile spasms seen in four cases. Later 
other seizures types were noted (tonic, spasms, myoclonic, GTCS, focal). 
Most (4/5) of our cases had drug-resistant seizures. EEG commonly 
showed MISF. 

Visual impairment/optic disc pallor was also a common feature. It 
was seen in three of our cases and 4/5 cases in previously reported se-
ries.[2] This may be explained by possible neuroprotective role of 
BDNF/TrkB pathways for retinal ganglionic cells. [11] However, this is 
in contrast to the pure “gain-of-function” mechanism proposed for p. 
TyrY434Cys variant. It is unclear how a given variant effects TrkB 
mediated “epileptogenesis-promoting” or “neuroprotection-promoting” 
downstream pathways. 

Case 5 had a novel variant [p. Arg551Gln (c.1652G>A)] in the 
intracellular tyrosine kinase domain of NTRK2 protein. The functional 
consequence of this variant is unknown. It may impair downstream 
signaling as reported with another variant (p.Tyr722Cys) in the same 
region. [12] Her phenotype was similar to our other cases with regard to 
significant developmental delay, microcephaly, drug-resistant epilepsy 
and movement disorders. However, EEG was more focal at the last 
follow up. Early onset obesity and hyperphagia described with previous 
variants in this region [2,12], were not noted. 

Activating Trk fusions have been described in a variety of solid tu-
mors and CNS malignancies. Gain-of-function point-mutations have also 
been described with hematological malignancies. None of our patients 
had any malignancies currently but may require surveillance for the 
same. Despite the role of NTRK2 in neuronal proliferation and migra-
tion, we did not observe any cortical malformations in our cohort. 

Conclusion 

NTRK2-associated DEE was characterized by early onset seizures 
(frequently IS), GDD, variable movement disorders, microcephaly and 
visual impairment in our cohort. EEG frequently showed hypsar-
rhythmia initially and MISF later. Multi-center collaborations are war-
ranted to describe the complete phenotype of ever-increasing list of new Ta
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genetic DEEs, including NTKR2. 
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