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Detection of new mutations in 3 cases
de novo tuberous sclerosis
Abstract
Introduction: The tuberous sclerosis complex is a multisystemic disease of autosomal dominant
etiology, not pretty common in Latin America. It is caused by the mutation of the TSC1 and TSC2 genes
which is characterized by uncontrolled production of Hamartomas in diverse organs and systems.
However, some patients could present asymptomatic characteristics whereas other could experience
fatal symptoms.
Objective: The scope of this work aims the process of reviewing inside the framework of 3 cases
of tuberous sclerosis, reported at the Unidad genetica policlinica metroplitana of Caracas, Venezuela
(Metropolitan polyclinic genetics unit in Caracas Venezuela).
Methodology: Diverse approaches were performed: A genetic medical report, a family genealogy,
physical examination, complementary paraclinical analyses and DNA sequencing studies by PCR.
Results: Three cases de novo mutations of tuberous sclerosis reported, that have not published
national neither Latin American. These cases were identified at the Metropolitan polyclinic genetics
unit in Caracas Venezuela. One of the cases was a prenatal diagnosis in the 30th week of pregnancy by
ultrasound control associated with the presence of cardiac rhabdomyomas.
Other two cases had postnatal diagnosis, related to different manifestations of tuberous sclerosis
confirmed by DNA sequencing identifying different mutations of the TSC1 and TSC2 genes (TSC2: variant
1, 4 bp deletion, with nucleotide in position 4544-4547, codon 1515-1516; TSC1, c.509-1G-> A, splice IVS 6;
TSC1 gene exon 15, c.1782_1786delGGGCT).

Introduction

sebaceous adenomas [2,5]. Subsequently, in 1862, Friedrich
Daniel Von Recklinghausen, presented at the Berlin Obstetrics

Tuberous sclerosis is an inherited autosomal dominant

Society a newborn who death few hours after the delivery.

disease, with high penetrance and very variable phenotypic

He found cardiac lesions and brain sclerotic injuries without

expression, as a result of defects in hamartin production (TSC1)

any association of these two pathologies [1,2]. Afterwards, in

in the locus of chromosome 9 and tuberin (TSC2) in the locus

1880, the first descriptions of cerebral tuberous sclerosis were

of chromosome 16, this one have an inhibitory effect on growth

reported by Desire Maloire Bourneville, who then determined

cells [1], multisystemic involvement and high phenotypic

the descriptions of cerebral pathology and neurological signs

variability. This condition has a global estimated incidence of

of tuberous sclerosis. At the beginnings of the 20th century,

1/10,000 to 1/50,000 and two out of three cases have a sporadic

additional clinical and radiological information about this

presentation, which can appear at early ages or adulthood [2,3].

disease was obtained; also the association between the brain,

Tuberous sclerosis established the prototype of malformation

kidney, cardiac and dermatological lesions were recognized in

related to differentiation and cell growth. Also, it presents

1905, forming the Vogt triad (epilepsy, mental retardation and

with variable phenotypes that have systemic implications

sebaceous adenoma) [1,2,4-6].

associated with dysplasia in diverse tissues, neoplasms, and
other morphogenic alterations [1,2,4-6].

Methodology

In 1835 the first description of skin lesions was published

A parent interviews were conducted to redact a prenatal,

by Pierre Fransois Olive, who reported a case of multiple facial

natal and postnatal report. Furthermore a genealogy, an

angiofibromas and erythematous papules. These were called

exhaustive physical exam, evaluations by neuropediatrics and
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ophthalmology with complementary paraclinical analyses
such as nuclear magnetic resonance imaging (MRI), fetal
echocardiogram and DNA sequencing.

Results
Case 1
Consisted of a patient who had a prenatal diagnosis at
gestational period of 30th weeks, ultrasound doppler findings
showed two radiopaque nodules suggestive of rhabdomyomas
at the level of the left ventricle. This was product of IIIG, IA,
the mother was 41 years old and father who was 47 years
old, healthy, non-consanguineous couple. Without history of
inherited genetic disease up to three generations (Figure 1),
genetic amniocentesis 46 XX.
After a vaginal delivery, the newborn cried and breathed
spontaneously,
without
cardiovascular
complications
during the natal and postnatal period. Afterward, a fetal
echocardiogram was performed with oval images adhered to
the left ventricular apical wall (Figure 2A) and free (Figure 2B),
rounded and multiple, refractory ovoid images with ultrasound
features of rhabdomyomas in the Apical right ventricle (Figure
2C). Those were without hemodynamic impact.
In the physical exam 21 days after being born evidenced
a normocephalic, linear erythematous lesion at interciliary
region, presence of cataract in the right eye, no dermal lesions

were found also a neurological examination with normal limits
according to age.
As a result, the clinical impressions of hamartosis
and tuberous sclerosis were under study. The Nuclear
magnetic resonance imaging in the skull such a MRI,
electroencephalogram (EEG), assessment by neuropediatrics,
abdominal, cerebral echocardiography, and molecular biology
studies for tuberous sclerosis were ordered.
Fifty days after birth, a right phacoemulsification was
performed with a 21.5 diopter lens. The patient showed a
convulsive episode after that event, a skull MRI was performed
75 days after born with images corresponding to multiple
subependymal nodules, hyperintense lesions in the white
substance of T1, EEG with an asymmetry of frequencies
and amplitude expense of the left temporal region, without
paroxysmal abnormalities. A decision to start treatment was
done with valproic acid. Other analyses, such as cerebral
and abdominal echocardiography were performed without
additional findings.
A new physical examination was performed 90 days
after born, which reveals the appearance of multiple
hypochromic maxims distributed throughout the body, with
right lateralization. Ophthalmology made a new assessment
that showed a cyclic membrane of the right eye after the
phacoemulsification meriting vitrectomy via pars plana.
DNA sequencing studies were done seeking for mutations
related to tuberous sclerosis. A TSC1 were found without
deletions or duplications detected and no abnormal DNA
sequences were identified, TSC2 with a disease-like DNA
variant associated with mutation, with the presence of variant
1, 4 bp deletion, with nucleotide at position 4544-4547 codon
location in 1515-1516, which confirms the patient diagnosis.

Case 2
Figure 1: Patient family tree 1: Performd in prenatal control, without a family
history of genetic disease in three generations (own elaboration).

A seven years old and seven months male patient
with routinely control during pregnancy, delivery without
complications full-term. The mother was 38 years IIG and
healthy. The father with a history of epidermal cyst and
infertility. They were neither a consanguineous couple nor
probable neither remote without a history of the inherited
genetic disease known up to three generations (Figure 3).
The Newborn obtained by cesarean, breathed and cried
spontaneously at birth: His weight 3385 grams, size 52cm
with a neonatal period without complications. No alterations
at psychomotor development. At the time of the assessment,
the patient was starting second grade of primary school, with
adequate school performance according to his age.

Figure 2: Patients hearth outline: A(A) Left ventricular free wall lesion; B(B) left
ventricular apex injury; C(C) Multiple lesions in right ventricular apex. RA(AD)
right atrium; LA(AI) left atrium; RV(VD) right ventricle; LV(VI) left ventricle; PT(TP)
pulmonary trunk; RPA(TPD) right pulmonary artery; LPA(TPI) left pulmonary
artery; CA (CA) aorta; RPV(VPD) right pulmonary veins: LPV(VPI) left pulmonary
veins; SCV(VCS) superior cava vein; ICV(VCI) inferior vena cava (own elaboration).

Figure 3: Patient family map 2 (own elaboration).
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Since birth, the patient showed hypochromic lesions with
a progressive increase of their size and number. Due to this
he has been evaluated by a dermatologist, who consider that
the patient presents a tuberous sclerosis illness. The physical
exam evidenced normocephalic phenotype with multiple
hypochromic macules disseminated throughout the body, with
neurological examination without alterations, according to his
age.
The PCR amplification, a DNA sequencing study was
performed, with evidence of IVS 6 alteration in the TSC1
gene, c.509-1G-> A, located at the IVS 6 junction site without
additional mutations. Findings are compatible with the
diagnosis of tuberous sclerosis complex.

Case 3
A 7 months old Male patient, who attended to the genetic
consultation in order to be evaluated. It was a routinely control
during the pregnancy with a full-term as a result of the
first gestation (G1A0). Pregnancy was considered under high
risk due to maternal hypothyroidism, on treatment over a 5
years prior to pregnancy. Healthy father. They were neither
consanguineous couple nor likely remote, with no history
of hereditary genetic disease known up to three generations
(Figure 4), fetal echocardiogram at 33 weeks of pregnancy
reported a structurally normal heart with evidence of
supraventricular extra systoles.

Figure 4: Patient family map 3, Hypothyroidism TSH, T4 and T3 normal, Eurothyroy
since five years ago (arrow) (own elaboration).

Newborn obtained by cesarean by maternal decision. A
patient who cried and breathed spontaneously at birth. Weight
3655 grams, size 52cm, without cardiovascular alterations
during the neonatal period.
After 16 days of being born, a control echocardiogram
was performed with evidence of multiple intracardiac
rhabdomyomas
without
hemodynamic
repercussions.
Therefore, tuberous sclerosis was suspected and control assess
performed by neuropediatrics who did not evidence neurological
deficit. However, a brain NMR showed the presence of small
nodules about the wall of the left lateral ventricle. In the other
hand, ophthalmology assessment was performed without any
compromise.
The patient’s phenotype at the evaluation time had
46.5cm of head circumference, dolichocephaly, wide forehead,
multiple hypochromic macules distributed throughout the
body, hyperchromic macula in the left thigh, with neurological
examination according to age. Consequently the diagnosis of
Hamartosis was considered under study: Tuberous sclerosis type

I. Subsequently, a study of DNA sequencing of the TSC1 gene and
deletion was carried out which showed in heterozygous patient
alteration in exon 15 of the TSC1 gene c.1782_1786delGGGCT,
without exon deletion, and the diagnosis of tuberous sclerosis
is confirmed.

Discussion
The Tuberous Sclerosis Complex is a disorder that results
from mutations in the TSC1 genes (chromosome 9q34),
consisting by 23 exons which encode proteins of 130 kDa and
TSC2 (chromosome 16p13.3), forming 41 exons, covering 45Kb
of DNA genomic and encodes 5.5Kb of mRNA [3,5,7-9]. The
mutation in the TSC1 gene inactivates the hamartin protein,
while the TSC2 gene disorder alters the function of the tuberin
protein, tumor suppressors, which is widely distributed in the
brain, kidney, heart among others [3,5-14].
Both proteins form a heterodimeric TSC complex which
integrates the ascending signal inputs such as growth factors,
cellular nutrients, energy levels, stress, oxygen, and cytokines,
which are altered [1,8].
As a consequence of this modification of the TSC1 and
TSC2 genes prevents the suppression of Rheb (Ras homologue
enriched in the brain) that in its active state (together with
guanosine triphosphate) stimulates mTORC1 (mammalian
target of the rapamycin 1 complex) [12] and its activation
conducts multi-faceted cascade events such as MARN
translation control, glycolysis, lipid synthesis, the pentose
phosphate pathway and de novo pyrimidine synthesis acting
as an important growth factor, that triggers the uncontrolled
production of hamartomas throughout the body [8].
The hamartomas growth in tuberous sclerosis requires the
inactivation of both alleles of TSC1 or TSC2 [7,8]. This loss of
heterozygosity is assumed to be caused by an independent
somatic mutation, according to the Knudson hypothesis
[7,8,11-14].
A study of 325 individuals diagnosed with tuberous sclerosis
identified that 50% of the patients presented a mutation in the
TSC2 gene, 17% of the mutations were found in the TSC1 gene,
4% in unclassified variants and 29% without the identified
mutation (INM) [15].
Patients affected by this pathology have a wide range of
secondary clinical manifestations into the range of organs and
systems affected by uncontrolled formation of hamartomas,
such as skin, retina, kidneys, heart, lung and central nervous
system [1-5,13]. The last one generates the highest morbidity
and mortality with infantile spasms, intractable epilepsy,
cognitive disability and autism being the most frequent,
considering the fact that the characteristic features of the
disease are not present from birth, and can manifest at different
stages of life [3,5-7,10,16].
Despite the above mentioned, some patients have been
found with the presence of lesions in a single organ or system,
which sometimes make difficult the diagnosis and it should be
done using molecular techniques [17].
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The classic Vogt triad consists of the presence of
angiofibromas, mental retardation and epilepsy. However, it is
found only in 29% of the total patients [18,19]. Our patients had
found lesions in the skin, brain, and heart, which, according to
the literature the first two are the most frequent [1-7,10,16]
and only in one of our cases, brain lesions are manifested and
required pharmacological treatment.
Lesions
that
affect
the
cardiovascular
system
symptomatology may vary depending on the location and
tumour size, being asymptomatic the majority of them
[1,3,5,20,21]. These are secondary to the production of
rhabdomyomas dependent on myocardial muscle fibers, and the
diagnosis is made by echocardiography [19,22]. These lesions
require invasive treatment for people with severe symptoms
in the neonatal period when the tumor size is extreme [22,23].
The main cause of adults mortality with tuberous sclerosis
are renal complications in 70 to 90% of adult patients which
have multiple bilateral angiomyolipomas. This tumor, consists
of abnormalities of the vessels, smooth muscle, and adipose
tissue. It has an average growth of 3cm to 4cm every two years
[4].
The clinical diagnostic criteria established in the consensus
conference of the tuberous sclerosis complex [24], are divided
into major and minor criteria (Table 1), the diagnosis is made
it with two major criteria or one major and two minor criteria.
The suspicion of a probable case with major and minor criteria
and a possible case with major criteria and two or more minor
criteria [10,18,23,25].

Table 1: Clinical diagnostic criteria for sclerosis [24].
Major Criteria
Angiofibromas or plaque on the forehead
Nontraumatic periungual fibromas
Hypopigmented macules (3 or more)
Chagrin plate (connective tissue nevus)
Multiple Retinal Hamartomas
Cortical tuberosities
Subependymal nodules
Subependymal astrocytoma
Cardiac rhabdomyoma, single or multiple
Lymphangioleiomatosis
Renal angiomyolipoma

are detected in the TSC1 gene in 15% and 30% of sporadic
and familial cases. Other techniques such as MLP (MultiLayer Protocol), FISH (Fluorescence in Situ Hybridization),
or Southern blot are used when the analysis by sequencing is
negative, which allows identifying mutations in 0.5% to 5% of
the cases (two).
The goals of treatment for people with tuberous sclerosis
are the same as for all people with a chronic multisystemic
disease, to provide the best possible quality of life with the
least number of complications of the underlying disease, the
least number of adverse effects of the treatment and the least
amount of medications [26] and that is why the treatment is
started in all patients with a family history of 3 generations and
looking for relatives who are in a possible risk [25].
Subsequently, the management should be focused
according to the affected organs that each patient presents,
however, cerebral, thoracoabdominal and EEG MRI must be
performed. Moreover dermatologic, dentist and ophthalmology
assess which should be performed periodically, to identify
prematurely lesions and give the appropriate medical and
surgical management [2,5,25].
If the patient has seizures, treatment should be initiated
faster and aggressively, avoiding complications, vigabatrin
has being the medication of choice, but it should be used with
caution since it has demonstrated retinal toxicity, resulting
in visual field defects or loss of visual acuity potentially
irreversible in 30% to 40% of patients who use it. Therefore,
systemic corticosteroids can be used as a second line of
management, besides, lamotrigine or felbamate that may also
be useful depending on the type of seizure and the treatment
response [26].
However, the rate of epilepsy refractory to medical
treatment in patients with tuberous sclerosis is 50%-80%
[26,27]. For these patients, a ketogenic diet or carbohydrate
restriction alone and vagus nerve stimulation could be an
option [26-28].
Resection surgery for epileptogenic lesion (s) is another
treatment option that should be considered for refractory
epilepsy, due to it offers significant benefits minimizing or
ending the seizures [26].

Minor Criteria
Multiple dental depressions
Polypoid Rectal Hamartoma
Bone cysts
Alterations in white substance migration
Gingival fibroids
Non-renal hamartomas
Achromic stains on the retina
Patch Hypopigmentation
Multiple renal cysts

The final diagnosis is made it with the identification of
genetic mutations in TSC1 and/or TSC2 [1,2,5,22-24], are
different techniques for identifying them. The sequencing of
the TSC2 gene allows mutations to be detected in 60%-70%
of sporadic cases and in 50% of relatives, while mutations

Dermatological lesions are not associated with a significant
risk of malignant transformation, but treatment can be
considered if it is considered necessary or desirable by patients
for cosmetic reasons [26].
Facial angiofibromas can be treated with laser therapy,
dermal abrasion, or surgical excision. Fibrous plaques, nail
fibroids and Shagreen patches can be treated with laser or
surgical therapy [26].
On the other hand, patients who have a systemic and
progressive disease could have some benefits with other
therapies such mTOR inhibitors; however the decision of taken
these therapeutic options must be selected in some individual
cases taken in consideration benefits and risks [11,29].
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The prognosis of patients is variable, and it depends on the
clinical manifestations, progression, and hamartomas location.
Patients who have not developed cerebral anatomical lesions
and any neurological symptom by five years have a favorable
intellectual prognostic [3] and cases with the presence of
cardiac

rhabdomyomas

without

significant

neurological

lesions [22,30,31]. However, a worse neurological prognosis
of the mutations in TSC2 has been documented, with a higher
percentage of drug-resistant epilepsy, more severe cognitive
retardation, a higher frequency of behavioral disturbances and
a greater load of NMR lesions, as well as other neuropsychiatric
disorders [1,31] and in cases with association with Systemic
Lupus Erythematosus [32,33].
Finally, it is concluded that the tuberous sclerosis complex
is a rare entity in Latin America, multisystemic, of autosomal
dominant etiology, whose initial diagnosis is clinical and the
relevant studies must be carried out for diagnosis confirmation,
and thus define the management guidelines therapeutic and
preventive through a multidisciplinary team and be able to
conclude genetic counseling and perform the calculation of
recurrence risk in affected individuals.
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