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Introduction

Tuberous sclerosis complex (TSC) is an autosomal dominant 
inherited disease that occurs in a total population prevalence of 
1:12 500 individuals.1 Eighty percent to 90% of people with 
TSC are affected by epilepsy.2 Epilepsy manifests in early child-
hood with epileptic spasms in up to 30% of the cases though 
later onset with manifestations of epileptic encephalopathy have 
also been reported.3 The structural hallmarks of central nervous 
system (CNS) involvement are cortical tubers resembling histo-
logically focal cortical dysplasia with balloon cells (type IIb 
dysplasia), subependymal nodules and giant cell astrocytoma.4 
The causative mutations for TSC are located in either TSC1 
(encoding hamartin), at 9p34, and TSC2 (encoding tuberin) at 
16p13.3, which are sufficient mammalian Targets of Rapamycin 
(mTOR)-inhibitors.5,6 In 80% of all individuals with TSC, caus-
ative mutations in these 2 genes can be detected.4 Sixty percent 
of these mutations occur spontaneously. Haploinsufficiency of 
mTOR is most likely responsible for uncontrolled cell prolifera-
tion leading to the majority of clinical symptoms in this 

syndrome. Of interest, mTOR inhibitors have shown to reduce 
seizure burden in some epileptic patients beside of reducing the 
size of subependymal giant cell astrocytoma (SEGA).7 Here, a 
novel mutation in the TSC1 gene was detected, associated with 
an isolated brain lesions most likely resembling FCD type IIb 
and childhood onset epileptic encephalopathy.
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Abstract
Tuberous sclerosis complex (TSC) is an autosomal-dominant inheritable neurocutaneous disease due to mutations within the 
TSC1 and TSC2 genes. Many patients present with West syndrome, a severe epilepsy syndrome characterized by the triad of 
infantile spasms, an interictal electroencephalogram (EEG) pattern termed hypsarrhythmia (continuous slow activity with an 
amplitude higher than 300 µV and multiregional spikes/polyspikes/sharp waves) and developmental regression. In this study, we 
report on a previously healthy patient with positive family history of epilepsy with new-onset epileptic encephalopathy at the age 
of 9 years. Clinical signs alone were not sufficient to establish the diagnosis of TSC but epilepsy panel screening revealed a novel 
frameshift mutation (c.90delA; p.Glu31Argfs*12) within the TSC1 gene. Segregation gene analysis detected the same mutation in 
the mother. Cranial magnetic resonance imaging (MRI) studies from the index patient and his mother revealed a similar pattern 
of isolated subcortical white matter lesions resembling most likely focal cortical dysplasia (FCD) type IIb. In summary, in these 2 
related patients, a novel TSC1 frameshift mutation was associated with an isolated FCD type IIb in the absence of further CNS 
abnormalities usually encountered in patients with TSC, fostering our understanding of the broad mutation spectra in the TSC1 
gene and the close relationship between cortical tubers and FCD type IIb.
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Patient and Methods

The index patient was admitted the hospital (Department of 
Pediatric Neurology of the University of Munich) because of 
recurrent seizures. Publication of patient data was authorized 
by the patient and its legal representative. Informed written 
consent was obtained from the parents prior to genetic analysis 
as required by German law.

EEG and MRI

Repeated 24-channel electroencephalography (EEG) record-
ings using Xltek hardware and software equipment (Natus 
DBA, Excel-Tech Corp, Oakville, Ontario, Canada) were per-
formed using standard adjustments (0.5 Hz low-frequency fil-
ter, 70 Hz high-frequency filter, resistance 5-10 kohm). MRI of 
the brain was obtained using a 3-T high-resolution scanner 
(1.0-1.5 mm slices, T1 with and without gadolinium contrast 
enhancement, T2, and fluid attenuated inversion recovery 
[FLAIR] techniques) in axial, sagittal, and coronal planes 
(Philips Ingenia, Amsterdam, Netherlands).

Genetic Analysis

Five milliliters of ethylenediaminetetraacetic acid (EDTA) 
blood was drawn from the index patient and an epilepsy gene 
panel screening, including 77 genes for epileptic encephalopa-
thy was performed as reported elsewhere.8 A segregation anal-
ysis was performed with 5 mL EDTA blood from his mother, in 
which the relevant area of the TSC1 gene (NM_000368.4) was 
amplified by polymerase chain reaction (PCR). By using flank-
ing and internal primers bidirectionally direct sequencing was 
performed (96 capillary sequencing tool 3730xl DNA Analyzer 
from Applied Biosystems, Carlsbad, CA, USA). Interpretation 
of genetic results was in accordance with the recently updated 
American College of Medical Genetics guidelines for the inter-
pretation of sequence variants.9

Results

Patient History and Clinical Findings

The index patient is a 9-year-old male, who received medical 
attention because of several epileptic seizures per day. The 
semiology of seizures changed over time, from initially solely 
dialeptic seizures to generalized tonic-clonic, automotor, 
astatic, and myoclonic seizures. On physical examination, den-
tal enamel pits, 2 hypomelanotic macules on his back and neck, 
and ubiquitous disseminated confetti skin lesions were present. 
Ultrasound sonography was unremarkable with no signs of car-
diac rhabdomyomas or renal angiomyolipomas. At that point 
he did not fulfill the clinical diagnostic criteria of TSC.10 The 
41-year-old mother was diagnosed with epilepsy of unknown 
etiology at the age of 23 years and has been treated successfully 
with oxcarbazepine (transient discontinuation of treatment was 
followed by recurrence of generalized tonic-clonic seizures). 

The father and 2 sisters of the index patient are healthy. 
Ethosuximid, Clobazam, and Levetiracetam (LEV) in the index 
patient did not prove successful. Introduction of oxcarbazepine 
(in combination with LEV) stopped seizure recurrence. In 
addition, EEG abnormalities (both encephalopathic and epilep-
tic patterns) resolved completely (Figure 1b).

EEG and Neuroimaging

Repeated EEG recordings revealed lack of normal background 
activity, continuous generalized slowing, and epileptic dis-
charges mostly consisting of generalized slow spike wave com-
plexes (Figure 1a). In addition, paroxysmal fast activity was 
recorded. The cranial MRI of the index patient showed an iso-
lated subcortical FLAIR-hyperintense wedged-shaped lesion 
within the right inferior frontal gyrus (Figure 2a and b) without 
contrast enhancement suitable for fulfilling MRI criteria for 
both cortical tubers and focal cortical dysplasia (FCD) type IIb. 
A similar shaped isolated lesion was found in the mother 
located within the cingulate gyrus (Figure 2d and e). The right 
cingulate gyrus of the index patient as well as the right inferior 
frontal gyrus of the mother was not affected (Figure 2c and f).
There was no evidence for multiple cortical tubers, subependy-
mal nodules, or subependymal giant cell astrocytomas in both 
the index patient and his mother.

Mutation Analysis

Genetic testing of the index patient revealed a previously unde-
scribed heterozygous frameshift mutation (c.90delA; 
p.Glu31Argfs*12) within the TSC1 gene, which was also 
detected in the affected mother. There is no reported allele fre-
quency of this mutation within the Exom Aggregation 
Consortium (ExAC) database. Application of criteria of the 
American College of Medical Genetics was sufficient to clas-
sify the mutation as pathogenic.

Discussion

We report on 2 related patients with the same TSC1 mutation and 
isolated FCD type IIb in the absence of further brain abnormali-
ties usually encountered in TSC. Both the index patient and his 
mother are heterozygous for a mutation (c.90delA; 
p.Glu31Argfs*12) in the TSC1 gene. This frameshift mutation 
leads to an untimely stop codon causing either a truncated pro-
tein or a nonsense-mediated mRNA decay. Most likely these 
alterations cause dysregulation of mTOR resulting in uncon-
trolled cell growth. The mutation is not listed in the single nucle-
otide polymorphism database (dbSNP), the human gene mutation 
database and the ExAC database. Of interest, a frameshift muta-
tion (p.Ser30GlnfsTer21) in close vicinity to the mutation 
reported in this study was reported once in the ExAC database in 
an unaffected individual. One may speculate whether this indi-
vidual was unaffected or revealed similar mild clinical pictures 
and/or FCD IIb on MRI, which came not to medical attention 
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due to the absence of seizures. However, the mutation spectra of 
the TSC genes are very heterogeneous, making a conclusive 
genotype to phenotype correlation difficult.11

The MRI findings in our patients indicate FCD type IIb, 
which is a major cause of antiepileptic drug–resistant epilepsy.12 
Overactivation of mTOR has been shown to be pathologically 
relevant in both TSC and FCD type IIb, which suggests a mecha-
nistic link between these lesions. TSC1 gene mutations can be 
detected within surgical specimens of FCD type IIb patients col-
lected during resective epilepsy surgery.13,14 However, while the 
occurrence of somatic brain mosaics of TSC1 mutations are 
established in FCD IIb, this case study confirmed the association 
of a TSC1 germline mutation and isolated focal cortical dyspla-
sia. Typical clinical TSC criteria might be infrequent and not suf-
ficient to fulfill the criteria to make the diagnosis alone.15

In order to gather evidence of causality between cortical 
dysplasia and seizure-onset a long-term EEG video monitor-
ing study would have been desirable in our diagnostic work-
up of the index patient. Hence there is no definite proof for 
seizure onset to be caused by cortical dysplasia in this case. 
The patient revealed some electroclinical features compati-
ble with Lennox-Gastaut syndrome (LGS). LGS may be 
associated with TSC. In addition, diffuse epileptic encepha-
lopathy may be due to focal brain lesions. Alternatively, one 
could hypothesize the presence of brain areas with disturbed 
mTOR regulation that are not prominent enough to be 
detected by even high-resolution MRI but serve as an epi-
leptogenic zone. Another hint for the relevance of the focal 
brain lesion in this case is the clear response to oxcarbaze-
pine in both patients. However, presurgical evaluation is 

Figure 1. Sleep-EEG of the index patient at onset of seizures reveals lack of normal background activity and lack of normal sleep elements. 
Continuous generalized slowing and epileptic discharges mostly consisting of generalized slow spikes wave discharges are present (a). Sleep-
EEG after introduction of oxcarbazepine at 20 mg/kg reveals normal sleep elements (sleep spindle and k-complex); no epileptic discharges 
were recorded (b).
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warranted in this patient in case of further failure of antiepi-
leptic drug treatment.

In conclusion, we identified a novel germline mutation, 
c90delA; p.Glu31Argfs*12, in the TSC1 gene in 2 related patients 
with FCD IIb. The presence of TSC1 germline mutations should 
be considered in patients with FCD IIb and concomitant criteria 
for TSC especially in familiar epilepsy even if the clinical signs 
are mild and not sufficient to define the diagnosis of TSC alone.
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