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Abstract: Introduction: Tuberous sclerosis complex (TSC) is a rare multisystemic genetic
disorder characterized by the formation of benign tumors in various organs, including the
central nervous system, skin, kidneys, and heart. The diagnosis is based on well-defined
clinical criteria, such as those from Schwartz (2007) updated in 2012 by the International
Tuberous Sclerosis Complex Consensus Group. The study aims to investigate the clinical,
imaging, and molecular characteristics of patients diagnosed with tuberous sclerosis and
to explore the correlation between specific genetic mutations (TSC1 and TSC2 genes) and
the severity of clinical manifestations. Material and Methods: This is a retrospective longi-
tudinal study of 13 patients diagnosed with tuberous sclerosis, identified in the records
of the Bihor Regional Center for Medical Genetics (BRCMG) within the Bihor County
Emergency Clinical Hospital from 1984 to 2024. Clinical, imaging, and molecular features
were assessed. Patients were evaluated by a multidisciplinary team, including a geneticist,
pediatrician, neurologist, psychiatrist, and psychologist. Clinical and imaging data were
retrospectively collected from the congenital malformations and genetic disease records of
BRCMG Bihor and statistically analyzed. Results: All patients showed clinical and imaging
signs consistent with the diagnosis of tuberous sclerosis. Neurological manifestations
were present in 83% of patients, including epilepsy and cognitive delays. Renal lesions
were detected in 46% of cases, and dermatological lesions, such as facial angiofibromas,
were observed in 69% of patients. Mutational variants identified in the TSC2 gene corre-
lated with a more severe clinical presentation, including severe intellectual disability and
treatment-resistant seizures, compared to variants in the TSC1 gene. Conclusions: Our
study, although involving a small number of patients, highlights the clinical heterogeneity
of tuberous sclerosis and the importance of a multidisciplinary approach in patient manage-
ment. Early diagnosis and ongoing monitoring are essential to improving the quality of life
for patients. Further studies are needed to assess the impact of therapeutic interventions
and genetic correlations within the studied population.
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1. Introduction
Tuberous sclerosis complex (TSC) is a rare genetic disorder inherited in an autosomal

dominant manner, with an estimated prevalence ranging from 1 in 6000 to 1 in 10,000 live
births [1]. It is a multisystem disease characterized by the development of hamartomas in
multiple organs, including the central nervous system, skin, kidneys, heart, and lungs [2].
The primary cause of TSC is mutations in the TSC1 (hamartin) or TSC2 (tuberin) genes,
leading to dysregulation of the mTOR signaling pathway and the formation of benign
tumors [3]. TSC represents a significant global healthcare challenge due to the complexity
of its clinical management and the need for continuous interdisciplinary monitoring.

The clinical presentation of tuberous sclerosis complex is highly variable, encompass-
ing a wide range of manifestations, including seizures, developmental delays, cognitive im-
pairment, autism, renal lesions (angiomyolipomas), cardiac tumors (rhabdomyomas), skin
lesions (facial angiofibromas), and pulmonary involvement (lymphangioleiomyomatosis).
Dysregulation of the mTOR pathway, caused by genetic mutations, leads to the hyperacti-
vation of cell growth processes, which in turn explains the development of hamartomas
in various organs. Early diagnosis and continuous monitoring are critical for preventing
severe complications and optimizing patients’ quality of life [4,5].

Recent therapeutic advancements, such as the use of mTOR inhibitors, have provided
new treatment options for controlling severe manifestations, including refractory seizures
and renal damage. However, managing TSC remains complex, requiring close collaboration
between geneticists, neurologists, nephrologists, and other specialists.

In Romania, care for individuals with TSC is supported through the National Program
for the Treatment of Rare Diseases, implemented by ten medical units located in main cities
of the country [6]. Additionally, since 2017, there are two centers of expertise specializing in
pediatric neurology, which offer multidisciplinary services for the diagnosis and treatment
of TSC. Despite these initiatives, there remains a data gap regarding the epidemiology and
clinical manifestations of TSC in the country. Barriers to accessing specialized care and
genetic testing persist, including limited access to specialized medical centers, financial
constraints, insufficient awareness or training among healthcare professionals, long waiting
times, and limited availability of genetic testing. These barriers underscore the need for
comprehensive national studies and the development of more centers of expertise for TSC
to ensure integrated medical care, research, and support services to improve the lives of
individuals living with a rare disease like TSC.

This paper aims to retrospectively analyze the clinical, imaging, molecular, and evo-
lutionary characteristics of patients diagnosed with tuberous sclerosis in the records of
the BRCMG over a period of 40 years (1984–2024). The results obtained will contribute
to a better understanding of the disease’s impact on patients and to the development of
management recommendations to improve their quality of life (Figure 1).
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psychologists, dentists, and orthopedists. Key indicators include the presence of 
hamartomas in several organs (brain, skin, heart, kidneys) as well as mutations in the 
TSC1 and TSC2 genes. 

A total of 13 patients (5 men and 8 women) were included, all diagnosed with 
tuberous sclerosis according to the Schwartz 2007 clinical criteria updated in 2012. 
Clinicopathological data, including demographic, clinical, imaging, and molecular 
information, were collected from the genetic diseases and congenital malformations 
records of the BRCMG and correlated for analysis. 

Written informed consent was obtained from the mother prior to participation in the 
study. DNA was extracted from peripheral blood lymphocytes of the patient using 
standard extraction procedures. The patient was tested using next-generation sequencing 
(NGS) with a multi-gene panel of 2 genes TSC1 and TSC2. The targeted regions were 
sequenced with ≥50× depth or were supplemented with additional analysis. After high-
throughput sequencing using Illumina technology, the output reads were aligned to a 
reference sequence (genome build GRCh37; custom derivative of the RefSeq 
transcriptome) to identify the locations of exon junctions through the detection of split 
reads. The relative usage of exon junctions in a test specimen was assessed quantitatively 
and compared to the usage seen in control specimens. Abnormal exon junction usage was 
evaluated as evidence in the Sherloc variant interpretation framework. If an abnormal 
splicing pattern was predicted based on a DNA variant outside the typical reportable 
range, the presence of the variant was confirmed by targeted DNA sequencing. 
Enrichment and analysis focus on the coding sequence of the indicated transcripts, 20 bp 

Figure 1. Flowchart. Clinical and diagnostic pathway of patients with tuberous sclerosis complex
(TSC)–a 40-year retrospective analysis.

2. Materials and Methods
This study is a retrospective longitudinal study conducted over a 40-year period

(1 January 1984–31 December 2024) at the Bihor Regional Center for Medical Genetics
within the Bihor County Emergency Clinical Hospital. It included patients diagnosed
with tuberous sclerosis, who were evaluated by a multidisciplinary team consisting of
geneticists, pediatricians, neurologists, psychiatrists, cardiologists, dermatologists, psychol-
ogists, dentists, and orthopedists. Key indicators include the presence of hamartomas in
several organs (brain, skin, heart, kidneys) as well as mutations in the TSC1 and TSC2 genes.

A total of 13 patients (5 men and 8 women) were included, all diagnosed with tuberous
sclerosis according to the Schwartz 2007 clinical criteria updated in 2012. Clinicopatho-
logical data, including demographic, clinical, imaging, and molecular information, were
collected from the genetic diseases and congenital malformations records of the BRCMG
and correlated for analysis.

Written informed consent was obtained from the mother prior to participation in
the study. DNA was extracted from peripheral blood lymphocytes of the patient using
standard extraction procedures. The patient was tested using next-generation sequencing
(NGS) with a multi-gene panel of 2 genes TSC1 and TSC2. The targeted regions were
sequenced with ≥50× depth or were supplemented with additional analysis. After high-
throughput sequencing using Illumina technology, the output reads were aligned to a
reference sequence (genome build GRCh37; custom derivative of the RefSeq transcriptome)
to identify the locations of exon junctions through the detection of split reads. The relative
usage of exon junctions in a test specimen was assessed quantitatively and compared to
the usage seen in control specimens. Abnormal exon junction usage was evaluated as
evidence in the Sherloc variant interpretation framework. If an abnormal splicing pattern
was predicted based on a DNA variant outside the typical reportable range, the presence of
the variant was confirmed by targeted DNA sequencing. Enrichment and analysis focus
on the coding sequence of the indicated transcripts, 20 bp of flanking intronic sequence,
and other specific genomic regions demonstrated to be causative of disease at the time
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of assay design. Promoters, untranslated regions, and other non-coding regions were
not otherwise interrogated. For some genes, only targeted loci were analyzed. Exonic
deletions and duplications were called using an in-house algorithm that determines copy
number at each target by comparing the read depth for each target in the proband sequence
with both mean read-depth and read-depth distribution, obtained from a set of clinical
samples. The classification of genetic variants (pathogenic, likely pathogenic, novel, or
previously known) was performed according to the ACMG guidelines for genetic variant
classification. Additionally, to determine the pathogenicity of these variants, the ClinVar
and HGMD databases were consulted, along with relevant scientific literature providing
further information on these mutations.

2.1. Inclusion Criteria

• Confirmed diagnosis of tuberous sclerosis according to the Schwartz 2007 clinical
criteria.

• Age: Patients of all ages (children and adults) included in the BRCMG records between
1984 and 2024.

• Availability of complete clinical data: Comprehensive medical information, including
family history, clinical examination, and imaging investigations (CT/MRI), and at
least one follow-up evaluation after diagnosis to monitor the progression.

• Multidisciplinary evaluation: Performed by a geneticist, pediatrician, neurologist,
psychiatrist, and psychologist.

2.2. Exclusion Criteria

• Incomplete data: Patients without sufficient medical data or clinical investigations to
confirm the diagnosis of tuberous sclerosis.

• Incorrect diagnoses: Erroneous or insufficiently documented diagnoses based on the
Schwartz 2007 criteria.

• Patients who could not be contacted for re-evaluation or long-term follow-up.

2.3. Data Collection Methods

The data for this study were collected retrospectively from the patients’ congenital
malformations and genetic disease records of BRCMG. The information obtained includes:

• Detailed clinical history of each patient, including family and personal history.
• Imaging investigations: Imaging examinations (CT, MRI) to identify brain lesions and

other involved organs (kidneys, heart, lungs).
• Psychological and neuropsychiatric evaluation, as well as pediatric neuropsychiatry,

including information from psychological and psychiatric evaluations to determine
the degree of cognitive and neurological impairment.

• Genetic evaluation. In the case of patients for whom genetic testing could be per-
formed, the identified genetic mutational variants as well as deletions/duplications
were reported.

2.4. Evaluation Procedure

Each patient was evaluated by a multidisciplinary team, which included:

• Geneticist: Performed genetic evaluation to identify clinical signs consistent with TSC
and detect mutations in the TSC1 or TSC2 genes. Assessment included family history
and genetic counseling.

• Pediatrician: Conducted general health assessments and monitored growth and devel-
opment, identifying systemic manifestations of TSC.
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• Neurologist/Pediatric Neurologist: Evaluated for neurological manifestations such
as cortical tubers, subependymal nodules, subependymal giant cell astrocytomas
(SEGAs), and epilepsy/seizures.

• Psychiatrist/Pediatric Psychiatrist: Assessed for TAND (TSC-associated neuropsychi-
atric disorders), including autism spectrum disorder (ASD), attention-deficit/hyperactivity
disorder (ADHD), anxiety, depression, and aggressive behaviors.

• Dermatologist: Identified characteristic skin lesions associated with TSC, including
facial angiofibromas, hypomelanotic macules, shagreen patches, and ungual fibromas.

• Cardiologist/Pediatric Cardiologist: Screened for cardiac rhabdomyomas, which are
common in infants and may cause arrhythmias or obstructive symptoms.

• Ophthalmologist (preferably with expertise in pediatric or retinal disorders): Eval-
uated for retinal hamartomas and other ocular manifestations such as astrocytic
retinal lesions.

• Psychologist: Conducted cognitive and behavioral assessments to identify develop-
mental delays, learning difficulties, and intellectual disability, which are frequently
associated with TSC.

2.5. Data Analysis

The collected data were statistically analyzed using descriptive methods to present
the distribution of demographic, clinical, and imaging characteristics of the patients.

2.6. Ethical Considerations

This study was conducted in accordance with the ethics and patient confidentiality
guidelines, with approval from the Ethics Committee of the Bihor County Clinical Hospital.
All patients or their legal representatives provided informed consent for the use of medical
data for research purposes.

3. Results
3.1. Demographic Characteristics

During the period 1984–2024, within the BRCMG, a total of 13 patients were diagnosed
with tuberous sclerosis, representing approximately 0.19% of the total of 6700 patients with
genetic diseases registered.

Table 1 presents the main demographic changes in the studied group. The female
gender was the majority, with eight of the cases being women. The oldest patient was born
in 1948, and the youngest in 2021. Regarding the parents’ age at the birth of the child, most
parents are in the range of (21,31) years, and more precisely, nine mothers and nine fathers.
The minimum age for fathers is 22 years, and for mothers, it is 21 years; on the other hand,
the maximum age for fathers is 42, and the maximum for mothers is 46.

Familial cases were encountered in three patients, of whom the patients came from
families with a known history of tuberous sclerosis (for two patients, the mother of one
patient and the father of the other had TS, suggesting a hereditary component, while the
other 11 were sporadic cases).

The age at diagnosis ranges from 4 months to 18 years. Most patients, seven (54%),
had an age at diagnosis between 4 months and 8 years, five patients had an age at diagnosis
in the range of (8,16), and only one patient was diagnosed at the age of 18 years.

The initial symptoms in most patients (92.3%) were seizures. One patient received an
intrauterine diagnosis (or diagnosed prenatally) based on evidence of a cardiac rhabdomy-
oma and one patient presented with epileptic seizures.
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Table 1. Demographic data.

Patient
No. Sex Years of

Births

Parents’ Age
at Birth Familial = F

Sporadic = S
Age at

Diagnosis
(Months/Years)

Onset
Symptoms OBS

Father Mother

01 female 2010 29 22 S 3 y Seizures -

02 female 1989 40 32 S 18 y Seizures type II diabetes,
herniated disc

03 male 2021 36 25 S 4 m cardiac
rhabdomyoma -

04 female 2005 29 27 F 5 y Seizures -

05 male 2010 34 35 S 5 y Seizures Left iliac bone
cyst

06 female 1995 22 28 S 8 y Seizures -

07 male 2000 29 32 S 3 y Seizures Scoliosis,

08 female 2001 42 46 F 10 y Seizures -

09 male 1979 36 26 F 5 y Seizures -

10 female 1948 24 21 S 35 y Seizures -

11 female 1976 35 31 S 14 y Seizures

12 male 2007 31 28 S 11 y Seizures -

13 female 1997 27 22 S 9–10 y Seizures -

3.2. Clinical Features
3.2.1. Cardiac, Renal, Bone, and Ophthalmological Ultrasound Clinical Aspects

The clinical aspects and cardiac, renal, bone, and ophthalmological ultrasound changes
of each patient are described in detail in Tables 2 and 3. Figure 2 shows photographs of
some dermatological changes in some of the patients, and Figure 3 shows the evolutionary
changes of the cardiac rhabdomyoma of patient no#3.

Table 2. Clinical features.

Patient
No. Facial Angiofibromas Achromic

Spots
Shagreen

Patch
Gingival
Fibroma

Dental
Anomalies

Nail
Fibroids

01 + + - - - -

02 + + + + + +

03 - - - - - -

04 + + + + + -

05 + + + - - -

06 + + + + - +

07 + + - + + +

08 - + + - + -

09 + + - - - -

10 + + + - + -

11 + - + - - -

12 + + + + + +

13 + + + - + +
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Table 3. Cardiac, renal and ophthalmological abnormalities at ultrasound.

Patient No. Cardiac Renal Ophthalmology

01 Interventricular septal rhabdomyoma Bilateral renal angiomyolipomas
Tuberous lesions of the
right eye, optic nerve,

pale, atrophic

02 Mitral insufficiency - -

03 multiple fetal cardiac rhabdomyomas
of the ventricular septum - -

04 - Bilateral renal angiomyolipomas -

05
Hyperechoic SIV, Mitral valve with
myxomatous appearance, aberrant

chordae
- -

06

Mitral valve prolapse, mild mitral
regurgitation,

nodular formation in the RV wall
resembling rhabdomyoma

hypertrophic kidneys, polylobate
contour, disappearance of

corticomedullary differentiation
-

07 -
hypertrophic kidneys,

disappearance of
corticomedullary differentiation

-

08 - - -

09 - Bilateral renal angiomyolipomas -

10 - - -

11 - Both without cortical-medullary
demarcation -

12 -

Right kidney, the disappearance
of corticomedullary
differentiation and

intramedullary
microcalcifications

-

13 - - -
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Figure 3. Cardiac ultrasound (no#3): ((a), left) 2021: multiple rhabdomyomas at the level of the left
ventricular septum; ((b), middle) 2021: slightly reduced in volume; ((c), right) 2024: in regression.

The most representative dermatological changes are highlighted in the figure below
(Figure 2). The presence of facial angiofibromas, shagreen spots, acromas, intraoral and
periungual fibromas can be observed.

In patient # 3, suspicion of TSC was raised in intrauterine life when ultrasound
revealed the presence of tumor formations with the appearance of cardiac rhabdomyoma.
At 4 months, the diagnosis of TSC was established. Figure 3 highlights the evolution of
cardiac rhabdomyoma over time.

3.2.2. Neuropsychiatric Aspects

The most relevant neuropsychiatric aspects: epilepsy, ASD, neuromotor retardation,
language, and behavioral disorders, are described in Table 4. Patients no# 4, 7, and 12
presented with hetero- and auto-aggressiveness, and in addition to these, patient 4 had two
suicide attempts. Most patients (n = 7) had IQ scores between 51 and 102. Three patients
had IQs below 51, indicating significant intellectual disability. Only two patients had IQs
above 100—one with an IQ of 120 who completed higher education, and another with an
IQ of 110 who completed 12 grades and is currently employed.

Table 4. Neuropsychiatric changes.

Patient No. Seizures ADHD Language NM
Development TSA Behavior

Disorders

01 + - - - - -

02 + - - - - -

03 - - - - - -
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Table 4. Cont.

Patient No. Seizures ADHD Language NM
Development TSA Behavior

Disorders

04 + - - + - +

05 + - - - - -

06 + - + + + +

07 + - + + - +

08 + - - - - -

09 + - - - - -

10 - - - - - +

11 + + + - -

12 + + + + - +

13 + - - - - -

3.2.3. Imaging Characteristics

All 13 patients underwent neuroradiological brain scans, computed tomography
and CT, and magnetic resonance imaging (MRI), as described in detail in Table 5. It is
noteworthy that giant cell astrocytoma (SEGA) was present in only one patient (patient
no. 1).

Table 5. Imagistic results.

Patient No. CT Scan Brain MRI

01 -

2023: Inhomogeneous tumor formation in the third ventricle
and a calcified formation in the lateral wall of the right

lateral ventricle, frontoparietooccipital cortico-subcortical
tubers. Secondary hydrocephalus.

2023: cortico-subcortical tubers stabilized compared to the
previous examination, calcified subependymal nodules.

Parietal narrow tumor formation corresponding to a giant
cell astrocytoma (SEGA)

02 -

2022: four bilateral hamartomatous subependymal
nodules—the largest 3 mm in diameter, partially

calcified—associating cortical/subcortical tubers with
frontal, temporal and occipital distribution on the right and

frontal and parieto-occipital distribution on the left

03 -
2021–2022 Subependymal micronodules in the

lateral ventricles;
2024. subretentorial cortico-subcortical cortical tubers

04

Nodular calcifications of the cerebral
hemispheres and the left cerebellar

hemisphere, diffuse osteosclerosis of
the skull bones, diffuse aplasia of the

skull bones, aplasia of the frontal sinus

subcortical tubers; subependymal nodules
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Table 5. Cont.

Patient No. CT Scan Brain MRI

05 supratentorial subcortical tubers, subependymal nodules
with calcareous inclusions, swelling of the overlying gyrus

06

calcified subependymal tubers of the
lateral ventricles, left lenticular

angioma, cortico-subcortical
demyelinating lesions, disseminated
cerebral and cerebellar calcifications,

Nodular lesions in the walls of the lateral ventricles, areas of
supratentorial paraventricular and

supraventricular demyelination

07

Subependymal calcifications in the
lateral ventricles max 9 mm,

calcifications in the depth of the
Sylvian sulcus of 14 mm, calcifications
on the surface of the left cerebellum of

4 mm

Cortical and subcortical tubers, subependymal nodules,
lateral ventricles, right temporal arachnoid cyst

08
Mild asymmetry of the skull,

hypo/hyperdense intraparenchymal
cerebral infra/supratentorial areas

Bihemispheric cortical tubers cortico-subcortical
fronto-temporo-parietal

Calcified subependymal and ventrolateral micronodules

09 Subependymal calcifications of the
lateral ventricle -

10 Bilateral parietal and temporal
cortical tubers -

11 - Fronto-parieto-temporal cortical tubers, perinatal hypoxic
leukoencephalopathy with multiple areas of ischemic gliosis

12 -
Bihemispheric F-P-T cortical tubers

Periventricular leukomalacia, corpus callosum hypoplasia,
Bilateral occipital polymicrogyria

13 -

Subependymal calcareous nodules and subcortical tubers;
cortical tubers, photo-calcified nodular lesions, bilateral

subependymar and cortical tubers, calcified periventricular
and cortical tubers (Figure 3a,b)

The presence of cortical tubers and subependymal nodules is highlighted by MRI
images in Figure 4.
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clined testing. Next-generation sequencing (Invitae Laboratories) was conducted for 
seven patients, while MLPA was used for the other two. The results are summarized in 
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Figure 4. (a) Cortical tubers (patient no #13); (b) subependymal micronodules (patient no#3).
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3.2.4. Molecular Diagnosis

Genetic testing was successfully performed for nine patients, while it was not pos-
sible for the remaining four patients—three of whom had passed away and one who
declined testing. Next-generation sequencing (Invitae Laboratories) was conducted for
seven patients, while MLPA was used for the other two. The results are summarized in
Table 6.

Table 6. Genetic mutation profile.

No. Gene Technique NM Number Transcript Variant Zygosity Clasificaton

01 TSC2 MLPA Deletion of exon 41 structural
variant heterozygous likely

pathogenic

02 TSC1 NGS NM_000368.4:c.2 347C > T nonsense heterozygous pathogenic

03 TSC1 NGS NM_000368.4:c.1 c.1270A > T
(p. Arg424-) nonsense heterozygous pathogenic

04 TSC2 NGS NM_001318831.2 c.3466del frameshifts heterozygous pathogenic

05 TSC2 NGS Partial Deletion
(Exon 40)

structural
variant heterozygous likely

pathogenic

06 MLPA MLPA negative

07 TSC2 NM_000548.5 c.3559dup
(p. Val1187Glyfs-47) frameshift heterozygous pathogenic

08 TSC1 NGS NM_000368.4 c.5:26dup frameshift heterozygous pathogenic

13
TSC2 NGS NM_000548.5 c.4005 + 1G > T splicesite heterozygous pathogenic

DMD NGS NM_004006.3 c.960 + 2T > G splice site unknown likely
pathogenic

3.2.5. Social, Functional, and Integration Aspects of Patient Evolution

Our study tracked the longitudinal evolution of patients with tuberous sclerosis over a
40-year period in the records of CRGM Bihor, offering a detailed perspective on the medical,
social, and functional aspects of the disease (Table 7).

Table 7. Educational, professional evolution and survival of patients with tuberous sclerosis.

No. No
Education Kindergarten Special

Class
Primary
School

High
School Faculty Employee Age of Death

(Years)

01 FR - - - + - - - -

02 VA - - + - - - - -

03 BG - + - - - - - -

04 PO + - - - - - - -

05 BA - - - + - - - -

06 BI + - - - - - - -

07 HR + - - - - - - -

08 MC - - - - + - + -

09 BSt - - - + - - + 48

10 BO - - + - - - + 52
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Table 7. Cont.

No. No
Education Kindergarten Special

Class
Primary
School

High
School Faculty Employee Age of Death

(Years)

11 DN - - - + - - + 40

12 DR + - - - - - - 16

13 VL - - - - - + + -

4. Discussion
The clinical manifestations of TSC are multisystemic, affecting a wide range of organs

and systems, with some organs being more severely affected than others. There is no single
symptom that is characteristic of the disease; rather, it presents as a constellation of signs
and symptoms, which can be observed through both clinical examination and imaging [7].
The diagnosis of TSC was made based on the major and minor disease criteria [4], revised
by the Tuberous Sclerosis Complex Consensus Group in 2012 [8–10] (Table 8).

Table 8. Major and minor criteria for TSC.

Major Criteria (11) Observation

Depigmented macules with a 3–5 mm diameter
Facial angiofibromas (over 3)

Ungual fibromas (over 2)
Shagreen patch

Retinal hamartomas
Cortical dysplasia
Astrocytomas and

subependymal nodules
Cardiac rhabdomyomas

Lymphangioleiomyomatosis
renal angiomyolipomas

Genetic diagnosis: For a positive
diagnosis, it is sufficient to identify
a pathogenic variant in one of the

two genes

Minor criteria (7)

“Confetti” skin lesions
Intraoral fibromas

Changes in tooth enamel
White patches on the retina

Renal cysts
Other hamartomas

Sclerotic bone changes

The 13 patients with TSC were monitored over a 40-year period, with assessments of
clinical, imaging, and genetic parameters.

4.1. Dermatological Changes

Skin changes are crucial for the clinical diagnosis of TSC and are found in many of the
major disease criteria revised in 2012 [11]. Facial angiofibromas, achromic spots, and “bay
leaf” spots (named after the European Mountain Ash) are present in 90% of patients [12].

Facial angiofibromas are lesions with a normal density of active melanocytes, but
melanin in the epidermis is present in very low quantities. They may be present at birth or
appear over time. These lesions contain adipose and connective tissue, typically located in
the cheekbones, and affect 75% of patients with TSC over the age of 9 years [13].

Fibrous plaques may also appear on the forehead in 20–80% of cases. The main differ-
ences between facial angiofibromas and fibrous plaques include more pronounced vascular



J. Clin. Med. 2025, 14, 2974 13 of 22

dilation and more significant sclerosis of collagen in angiofibromas, with hyalinization
and concentric fibrosis around the follicles, leading to atrophy and compression of the
follicle. With advancing age, these lesions progressively increase in size, which raises
clinical concern [14].

Other skin changes include shagreen spots, found in 20% of patients, typically located
in the lumbosacral region. These spots resemble collagen hamartomas, where the dermis is
replaced by dense, mainly acellular hyaline collagen extending into the subcutaneous tissue.

Periungual fibromas (20–80%) have pathological characteristics similar to angiofibro-
mas but with more intense vascularization and more compact collagen. These fibromas can
penetrate the hypodermic layer, and stellate cells may also be observed. Gingival fibromas
and dental enamel depressions occur in 20–50% and 90% of cases, respectively [15,16].

In our study group, facial angiofibromas were present in 62% of patients, achromic
spots in 69%, shagreen patches in 46%, and nail fibromas in 38%. Two patients underwent
surgical intervention for removal of these lesions. Specifically, in our cases, Figure 2
illustrates the typical dermatological signs of TSC, including facial angiofibromas, shagreen
patches, hypomelanotic (achromic) macules, periungual fibromas, and intraoral fibromas.
These clinical features are recognized as critical for the early diagnosis of the disease and
were frequently observed in our cohort, as detailed in Table 2. For instance, patient #2
exhibited all of these features, which significantly contributed to the establishment of
the diagnosis.

4.2. Cardiac Changes

The most characteristic changes in the heart are cardiac rhabdomyoma (cardiac rhab-
domyoma). Data from the literature have demonstrated their presence in 50% of patients
with TSC [17]. They often represent the first indication of the disease, and they can be
diagnosed prenatally [18]. Cardiac rhabdomyomas are usually grouped in several lesions,
grow over a period of time, and can reach sizes of 3 to 25 mm, most frequently being located
at the level of the interventricular septum. Later, they stagnate in size and even regress by
the age of 3 years. Lou et al. have shown that cardiac rhabdomyoma is found in approx-
imately 20% of adults with TSC, but most of the time, they are asymptomatic [16,19,20].
Although benign, these tumor formations must be carefully monitored because they can
lead to the appearance of arrhythmias, valvular defects, or even heart failure [20,21]. In the
present study, four patients (31%) had cardiac changes; in four patients, the presence of
rhabdomyoma along the right ventricular wall was evident (patient#3 and patient#6); in
two patients, changes were found at the level of the mitral valve (patient#2 and patient#6).
What we consider important in our case series is patient #3, who was diagnosed with
TSC at the age of 4 months, after fetal ultrasound revealed cardiac rhabdomyomas. This
represents a clear example of early-onset TSC, which was closely monitored over time.
Figure 3 illustrates the evolution of these cardiac rhabdomyomas, which followed a typical
course for this type of lesion.

4.3. Renal Changes

Renal involvement in TSC is most seen as angiomyolipomas (AML), renal cysts, and
less commonly, oncocytomas [22]. Renal angiomyolipomas have a prevalence of 55–80%
and are usually multiple and bilateral; those larger than 3 cm have an increased risk
of bleeding [23]. Renal cysts are less common, occurring in approximately 14–35% of
patients [22,24]. Autosomal dominant polycystic kidney disease (ADPKD) accounts for less
than 2% of TSC cases [25]. The association between TSC and ADPKD phenotypes suggests
a functional interaction between the genes involved, which has recently been associated
with the mTOR signaling pathway [26]. Another association observed by Nair et al. is with
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von Hippel Lindau disease (VHL). Although TSC and VHL are caused by mutations in
distinct genes, these disorders share phenotypic features and possible pathophysiological
similarities. Both are autosomal dominant diseases characterized by solid and cystic renal
pathologies resulting from mutations in genes that regulate tumor suppression. In both
syndromes, tumors with intense vascularization occur, although RCCs are less common
in TSC than in VHL. The phenotypic manifestations of these disorders occur when an
inherited mutation that inactivates the TSC1/TSC2 genes in TSC or the VHL gene in VHL
syndrome is combined with an additional mutation acquired during life in the same region
of the affected gene [22,27]. Most patients with AML are asymptomatic, with surgery being
required only in cases of significant bleeding or suspicion of malignancy [28]. AML was
present in only three patients in our study (patients no. 1, 4, and 9), while five patients
exhibited an erased distinction between the cortical and medullary regions (patients #6, 7,
8, 11, and 12).

4.4. Other Manifestations

Bone changes in patients with TSC, especially bone cysts, were initially listed as
essential conditions for diagnosis. Later, due to their rarity, they were deleted from the
new clinical criteria [3]. In the oral cavity, the presence of gingival fibromas and dental
depressions are part of the diagnostic criteria for tuberous sclerosis complex. Sparling et al.
followed oral changes in 58 adult patients with TSC. In the studied group, gingival fibromas
were present in 67% of the patients [29]. Skeletal changes were present in two patients;
one presented a recurrent left knee dislocation, operated on at the age of 5 years, and the
second presented a left iliac bone cyst (patients no # 5 and 7). Dental anomalies (number,
size, enamel) were present in 54% of patients, and gingival fibromas in 38% of patients.

4.4.1. Neurological Manifestations
Seizures

It represents the most common neurological symptom, sometimes being the first sign
that draws attention to the diagnosis, being present in 85% of patients, underlining the
major impact of this condition on the quality of life of patients with TSC [23,30]. It is
the most common cause of morbidity and mortality in these patients [31,32]. Their onset
can be in the first months of life, and there are various types, that can be very discreet,
such as unilateral tonic, or they can be clonic, localized to the face. If sometimes, the
seizures are localized at the beginning, over time, they become generalized and intractable
to treatment [33]. The study by Diallo et al., carried out over a period of 12 years, included
a group of 518 patients hospitalized for recurrent epileptic seizures; of these, 12 had TS [34].
In our group, most patients had seizures as their initial symptom, these being noted in 11
of the 13 patients included in the study (84.6%). For example, patient #1 presented with
seizures at the age of 3 years, leading to further investigations and eventual diagnosis. In
patient #6, seizures began at age 8 and were resistant to conventional antiepileptic therapy,
suggesting a more severe neurological course. Interestingly, patient #7 presented both with
refractory epilepsy and atypical autism, a combination known to be associated with poorer
neurodevelopmental outcomes.

4.4.2. Cortical and Subcortical Tubers

Cortical and subcortical tubers are the characteristic brain malformations of TSC, being
present in 80–90% of cases [35]. Subependymal nodules appear along the walls of the lateral
ventricles and the third ventricle, being present in a high percentage (80%) [6]. Cortical
and subcortical tubers in our group were present in 77% of patients, cortical calcifications
in 62%, and nodular lesions were present in 31%, this being consistent with data in the
literature. In several cases, these tubers were associated with early-onset epilepsy and
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developmental delays, such as in patient #4, who had multiple cortical tubers and severe
epilepsy with neurodevelopmental regression.

4.4.3. Tuberous Sclerosis-Associated Neuropsychiatric Disorders (TANDs)

The term “TAND” and associated terminology were introduced in 2013 and are ac-
cepted as umbrella terms that encompass interrelated neuropsychiatric manifestations
common in Tuberous Sclerosis Complex. These manifestations include behavioral, psy-
chiatric, intellectual, academic, neuropsychological, and psychosocial difficulties and dis-
orders [5,36]. Autism spectrum disorders occupy a special place, being present in ap-
proximately 25–50% of patients [37]. Van Eeghen et al. observed that ATS patients with
TSC present severe, intractable epileptic seizures with worsening cognitive prognosis [38].
Behavioral disorders, such as mood swings, self-injury, obsessions, aggression, impulsivity,
eating, and sleeping difficulties, may also be present. In our group, autism was present
in two patients; patient #7 has an atypical form of autism associated with severe epilepsy
that is difficult to control therapeutically. Behavioral disorders were identified in four
patients, manifesting themselves through phenomena of self- and hetero-aggressiveness
in one case, and two suicide attempts were noted. These findings, especially the presence
of suicidal ideation and attempts in a pediatric TSC population, are rarely documented in
similar cohorts and underline the necessity of routine neuropsychiatric screening. Severe
intellectual disability was also present in four patients, all of whom carried pathogenic
TSC2 mutations, reinforcing existing data about genotype–phenotype correlations. The
inclusion of these neuropsychiatric extremes emphasizes the heterogeneity of TAND and
the need for individualized, multidisciplinary psychosocial intervention.

4.5. Molecular Changes

TSC is caused by mutations in the TSC1 and TSC2 genes. The TSC1 gene is located on
chromosome 9 (9q34.3) and contains 23 exons. The encode region is included between exons
3–23, exon 2 being alternatively spliced [39,40]. The gene encodes a protein called hamartin
which has a molecular weight of 130 kD. The TSC2 gene is located on chromosome 6p13.3
and contains 41 exons. The encoded protein is called tuberin and has a molecular weight of
200 kD. Alternative splice sites are located at exons 25 and 31 to create isoforms 4, 5.

Molecular diagnosis of the disease is accomplished by sequencing the two genes
using new-generation techniques, the most commonly used being gene panels. Multiplex
ligation-dependent Probe Amplification (MLPA) is also used for CNV analysis, although
new protocols also include CNV analysis in sequencing techniques (NGS) [41,42]. However,
whole exome analysis is becoming increasingly accessible [43].

In the patients studied, mutational variants were identified in both TSC genes; three
patients had mutational variants in the TSC1 gene, and five patients in the TSC2 gene, some
of which are currently not registered in international studies (Table 6).

Despite the negative MLPA result, patient#6 was included in the study due to a
clinical phenotype strongly consistent with tuberous sclerosis, meeting the 2012 Consensus
Criteria [44] based on characteristic clinical and imaging findings, and acknowledging the
possibility of mosaicism, which may limit the detection of pathogenic variants through
standard molecular testing. Further NGS testing was recommended; however, the test was
not affordable for the patient and her family.

4.5.1. Comparation Between Mutations in TSC1, TSC2 Gene and Exon Deletions

The mutational variants in the TSC1 gene identified in the patients in the study,
c.2347C>T and c.1270A>T, generate a premature stop codon, which interrupts the synthesis
process of the hamartin protein. This leads to the complete loss of protein function. The
clinical effect is like that of the frameshift mutation found in patient no. 4 (c.526dup),
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resulting in severe forms of TSC, with manifestations such as epilepsy, mental retardation,
and benign tumors.

Mutational variants in the TSC2 gene were identified in the patients in the study. The
frameshift mutation in TSC2 c.3559dup has a similar effect to nonsense and frameshift
mutations in TSC1, leading to a complete loss of protein function. These are associated
with severe forms of TSC, which include serious symptoms such as epilepsy and the
development of benign tumors. The TSC2 gene currently has 2213 pathogenic loss-of-
function variants reported. Splice site mutations affect the splicing process of messenger
RNA, which can lead to the production of a partially functional protein. In this case, the
symptoms are milder compared to frameshift or nonsense mutations but can still include
seizures and other neurological manifestations [9,39,40]. We specify that, to our knowledge,
the variants identified in patients no 4, 5, and 7 have not been described in the specialized
literature. Given that these variants are previously unreported and likely pathogenic,
additional experimental or bioinformatic evidence is required to confirm their impact on
protein function. Further studies are necessary to evaluate how these mutations affect TSC2
protein function and contribute to the clinical presentation of patients. Georgieva et al., in
a study involving 42 patients/families with TSC in Bulgaria, identified mutations in the
TSC1 and TSC2 genes in 38 families. “Hotspot” mutations were found in exon 9, 15, 17,
and 18 of the TSC1 gene (73% of patients) and in exons 13 and 34 of the TSC2 gene (22% of
patients) [45]. In contrast, our study did not detect mutations at these loci, likely due to the
smaller patient sample size. Mutations in the TSC2 gene in the patients of the study were
associated with more severe forms of the disease compared to mutations in TSC1. This
aligns with existing literature, which suggests that TSC2 mutations are more frequently
responsible for the severe forms of the disease (51–81%) compared to TSC1 mutations
(24%) [46]. This clinical variability is important to consider for proper monitoring and
personalized management of each patient.

4.5.2. Exon Deletions

Exon deletions in TSC1 and TSC2 result in the loss of important parts of the gene,
resulting in truncated and nonfunctional proteins. This results in complete loss of protein
function and severe forms of TSC, similar to frameshift and nonsense mutations. Clinical
manifestations associated with exon deletions typically include epilepsy, mental retardation,
and benign tumors, similar to those seen in complete loss-of-function mutations.

4.5.3. Genotype–Phenotype Correlation

Genotype–phenotype correlations in tuberous sclerosis complex are not yet well
established, although some trends have been observed in the literature. Mutational variants
in the TSC1 and TSC2 genes result in phenotypes that may overlap. Although some
phenotypes have been associated with specific mutational variants, the assessment of
neurological and cognitive phenotypes is not based solely on the mutations present in the
two genes. For example, mutations in the TSC2 gene have been associated with earlier onset
of epilepsy and epilepsy accompanied by intellectual deficits [47–50]. Interestingly, patients
with a TSC phenotype but without an identifiable germline pathogenic variant usually
present with milder systemic and neurological manifestations. In general, alterations
that lead to decreased function of the tuberin protein are associated with more severe
symptoms [47–49].

Furthermore, variants located in the flanking regions of the TSC2 gene, as opposed to
those in its central portion (exons 22–33), have been correlated with an increased risk of in-
fantile spasms [31,51]. In contrast, patients with mutations in the TSC1 gene tend to present
symptoms associated with anxiety disorders and milder forms of autism [52]. Regarding
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renal manifestations, extensive deletions affecting both the TSC2 gene and the adjacent
PKD1 gene are closely linked to the occurrence of polycystic kidney disease [53–55].

Although it seems that patients with mutational variants in the TSC2 gene have a
more severe clinical picture (early onset of seizures, severe intellectual disability, renal
abnormalities, retinal depigmentation), molecular studies have not clearly established a
correlation between the various genotypes, phenotypic aspects or with the severity of the
disease [23,56]. Patients with mutations that inactivate the tuberin GAP domain of the TSC2
gene have a more severe phenotype [56]. A clear genotype–phenotype link was established
only in patients with the TSC2 c.3106T>C and TSC2 c.2714G>A mutational variants; these
patients presented a moderate form of the disease and seizures [57].

In the study group, the five patients with mutations in the TSC2 gene had a more severe
clinical picture, the onset being with seizures in all five patients. In the evolution, patients
no # 1, 4, 6, and 7 continue to present epileptic seizures despite all the anticonvulsant
treatment instituted and associated intellectual disability. Patient no. 1 developed an
intracranial tumor in the third ventricle with extension into the right lateral ventricle,
for which surgery was performed in 2023. Postoperatively, she presented temporary left
paresis (remitted after 3 weeks) and blindness in the right eye, being the only patient in
our study series with associated tuberous lesions in the optic nerve of the right eye, and
she is also the only one who presents SEGA. It is worth noting that patient no. 13 has an
attenuated clinical picture, without intellectual disability, but the surprise at molecular
testing was that she is the carrier of a mutational variant likely pathogenic for progressive
muscular dystrophy. The mutational variant identified in this patient, c.960+2T>G, has
been previously reported in the literature [58].

Our study was conducted over a long period of time—40 years—during which genetic
testing has been increasingly integrated into both the private and public healthcare systems.
In Romania, access to molecular testing within the public healthcare system was not
available until 2014, when the Ministry of Health established, by Order, the Regional
Genetics Centers. These centers, as part of a National Health Program, provide access to
genetic investigations. However, not all genetic tests are covered by the National Health
Insurance Fund, which prevents many families from affording the high costs of testing,
leading to refusals. In 2021, through collaboration with Invitae, the opportunity for genetic
testing became available, prompting a recall for reevaluation of TSC patients under follow-
up who had not yet undergone genetic testing. Some patients agreed to pay for the test,
while others, facing socioeconomic hardships, declined. It is merely a coincidence that the
time interval between symptom onset and genetic diagnosis was shorter in patients with
TSC1 mutations.

4.6. Treatment

Although mTOR pathway inhibitors have been used for over 10 years, treatment
criteria were established at the 2012 International Consensus Conference on TSC, with
refractory epilepsy being included later [59]. In our case series, mTOR inhibitors were
recommended for two patients whose seizures persisted despite treatment with conven-
tional anticonvulsants, but their parents refused the treatment. The other two patients with
seizures refractory to anticonvulsants unfortunately passed away before mTOR inhibitors
were approved for use. Currently, except for patients #1, 6, and 7, all other patients are no
longer experiencing seizures, and those who still have seizures (e.g., patient #2) have them
well controlled with anticonvulsants.
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4.7. Social and Functional Evolution of Patients with Tuberous Sclerosis: Monitoring, Survival,
and Transition to Adulthood

The evolution of patients with tuberous sclerosis in this study revealed significant
variability depending on the severity of the disease manifestations. Regarding education,
four patients (31%) were not educated due to a severe degree of intellectual disability;
six patients (46%) are enrolled in primary education, currently two of whom are at a special
school, patient#1 being permanently accompanied by his mother, and two patients (15%)
have pursued higher education, completing college or university.

Occupationally, five patients (38%) managed to get a job, demonstrating a functional
level sufficient for integration into the workforce. Most patients, however, were severely
affected by the neurological and cognitive manifestations of the disease, which significantly
restricted their possibilities of participating in social and professional life. During the
follow-up period, four patients (31%) died, one of whom died at the age of 16, and three
patients died in adulthood, reflecting the severity of the disease in some cases.

These data highlight the profound impact of the disease on patients’ lives, both in
terms of educational and professional development and survival prognosis. Although
some patients were able to achieve moderate functional levels, most experienced severe
difficulties, highlighting the need for continuous monitoring and multidisciplinary care to
improve quality of life.

The transition from pediatric to adult care is a significant challenge for patients with
tuberous sclerosis, due to the complexity of the condition and the need for an integrative,
lifelong approach. Adolescence and early adulthood are periods marked by significant
changes in caregiving responsibilities and needs. The time spent in this period is often
marked by worsening neurological and cognitive manifestations, as well as difficulties
with social, educational, and occupational integration [60,61].

At this stage, patients require a continuous care network, which includes not only
periodic monitoring of neurological and renal conditions but also support for psychosocial
aspects. Integration into adult life, especially in the workplace, is a challenge, with most
patients experiencing difficulties in finding or maintaining a job due to cognitive and
behavioral disabilities. In this regard, adapted education and vocational training programs
can facilitate their transition and integration. There are many studies in the specialized
literature that emphasize the importance of this stage. Bar C et al. emphasize the persistent
difficulties in coordinating and regularity of monitoring patients with TSC, even in the
context of existing international guidelines. Although, in their study group of 78 patients
with TSC, the majority had a positive transition, the authors noted that improvement
in transition programs is needed to ensure continuity of care between the pediatric and
adult health systems, especially for those with TSC, epilepsy, and significant cognitive and
psychiatric impairments [62].

A holistic approach to care is essential for adults with tuberous sclerosis. This should
include effective assessment and management of seizures and other associated symptoms,
ongoing monitoring of physical and mental status, and psychosocial support. Early in-
terventions, educational and vocational support, and ongoing monitoring are essential
to facilitate social integration and ensure a smooth and successful transition into adult-
hood. Jansen et al., in a study that included 143 patients with TSC (TOSCA), aimed to
analyze the impact of TSC on the health status, quality of life (QoL), and psychosocial
well-being of affected individuals and their families. The authors highlighted the signifi-
cant impact of TSC on education, career, and social life for both patients and their families.
This effect is reflected in the quality of life, with frequent episodes of pain, discomfort,
anxiety, or depression. Although families frequently access health services, the lack of
well-structured care and adequate social support, along with poor transition between pedi-
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atric and adult care, exacerbates the difficulties encountered. Better coordination between
educational, psychosocial, and medical support could significantly improve the lives of
those affected [60,63].

The main limitation of our study is the small number of cases. However, its significance
lies in the exceptionally long follow-up period of 40 years, providing a rare perspective on
the evolution of tuberous sclerosis. This extended timeframe has allowed us to thoroughly
analyze the variability of clinical manifestations, disease progression, and the impact of
different therapeutic approaches implemented over the decades.

As most current studies focus on shorter monitoring periods, this longitudinal analysis
offers valuable insights into the long-term understanding of the disease and the optimiza-
tion of multidisciplinary patient care.

It is important to consider that the population of Bihor County was 551,297 at the
last census (2021); the 13 cases included in our study represent all known and registered
cases in the county. Consequently, the disease prevalence is 0.0024%, or approximately 1 in
42,000 births, which is significantly lower than the global prevalence.

5. Conclusions
The study highlights the importance of multidisciplinary management and continuous

monitoring to prevent complications and improve the quality of life of patients with
tuberous sclerosis. Although the small number of patients is a limitation, the extended
follow-up of 40 years provides valuable information about the evolution of the disease. The
results emphasize the need for future studies and the development of a national registry
to optimize the care of this rare condition. Furthermore, the development of Centers of
Expertise for TSC, along with collaboration with European Reference Networks like ERN
Ithaca, epiCare ERN, ERN NMD, and ERN ERKNet—particularly in conditions that overlap
with the clinical manifestations of tuberous sclerosis—will contribute to improving patient
care, advancing research, and enhancing outcomes for individuals living with TSC.
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18. Joźwiak S Kotulska K Kasprzyk-Obara, J.; Domanska-Pakiela, D. Drabik M Clinical and Genotype Studies of Cardiac Tumors in
154 Patients with Tuberous Sclerosis Complex. Pediatrics 2006, 118, e1146–e1151. [CrossRef]

19. Staley, B.A.; Vail, E.A.; Thiele, E.A. Tuberous Sclerosis Complex: Diagnostic Challenges, Presenting Symptoms, and Commonly
Missed Signs. Pediatrics 2011, 127, e117–e125. [CrossRef]

20. Rout, P.; Zamora, E.A.; Aeddula, N.R. Tuberous Sclerosis. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2025.
21. Smythe, J.F.; Dyck, J.D.; Smallhorn, J.F.; Freedom, R.M. Natural History of Cardiac Rhabdomyoma in Infancy and Childhood. Am.

J. Cardiol. 1990, 66, 1247–1249. [CrossRef]
22. Nair, N.; Chakraborty, R.; Mahajan, Z.; Sharma, A.; Sethi, S.K.; Raina, R. Renal Manifestations of Tuberous Sclerosis Complex.

J. Kidney Cancer VHL 2020, 7, 5–19. [CrossRef]
23. Curatolo, P.; Maria, B.L. Tuberous Sclerosis. Handb. Clin. Neurol. 2013, 111, 323–331. [CrossRef]
24. O’Callaghan, F.J.; Noakes, M.J.; Martyn, C.N.; Osborne, J.P. An Epidemiological Study of Renal Pathology in Tuberous Sclerosis

Complex. BJU Int. 2004, 94, 853–857. [CrossRef] [PubMed]
25. Cox, R.L.; Calderon de Anda, F.; Mangoubi, T.; Yoshii, A. Multiple Critical Periods for Rapamycin Treatment to Correct Structural

Defects in Tsc-1-Suppressed Brain. Front. Mol. Neurosci. 2018, 11, 409. [CrossRef]
26. Dhakal, M.; Dhakal, O.P.; Bhandari, D. Polycystic Kidney Disease and Chronic Renal Failure in Tuberous Sclerosis. BMJ Case Rep.

2013, 2013, bcr2013200711. [CrossRef] [PubMed]
27. Kingswood, J.C.; Belousova, E.; Benedik, M.P.; Carter, T.; Cottin, V.; Curatolo, P.; Dahlin, M.; D’Amato, L.; Beaure d’Augères, G.;

de Vries, P.J.; et al. Renal Manifestations of TuberOus SClerosis Complex: Key Findings from the Final Analysis of the TOSCA
Study Focussing Mainly on Renal Angiomyolipomas. Front. Neurol. 2020, 11, 972. [CrossRef]

28. Yates, J.R.W. Tuberous Sclerosis. Eur. J. Hum. Genet. 2006, 14, 1065–1073. [CrossRef] [PubMed]
29. Sparling, J.D.; Hong, C.-H.; Brahim, J.S.; Moss, J.; Darling, T.N. Oral Findings in 58 Adults with Tuberous Sclerosis Complex.

J. Am. Acad. Dermatol. 2007, 56, 786–790. [CrossRef]

https://doi.org/10.1016/j.pediatrneurol.2013.08.001
https://doi.org/10.3390/genes14020433
https://www.ncbi.nlm.nih.gov/pubmed/36833359
https://cnas.ro/wp-content/uploads/2022/04/Programul-national-de-tratament-pentru-boli-rare.pdf
https://cnas.ro/wp-content/uploads/2022/04/Programul-national-de-tratament-pentru-boli-rare.pdf
https://doi.org/10.1016/j.pediatrneurol.2012.02.015
https://doi.org/10.1093/hmg/6.12.2155
https://doi.org/10.1016/j.jaad.2007.05.004
https://doi.org/10.1001/jamadermatol.2014.938
https://doi.org/10.1046/j.1365-4362.1998.00495.x
https://doi.org/10.1046/j.1365-2133.1996.d01-923.x
https://www.ncbi.nlm.nih.gov/pubmed/8776349
https://doi.org/10.1016/bs.adgen.2018.11.003
https://www.ncbi.nlm.nih.gov/pubmed/30904097
https://doi.org/10.1016/j.pediatrneurol.2016.07.003
https://doi.org/10.1186/s13023-022-02266-0
https://www.ncbi.nlm.nih.gov/pubmed/35246210
https://doi.org/10.1161/JAHA.114.001493
https://doi.org/10.1542/peds.2006-0504
https://doi.org/10.1542/peds.2010-0192
https://doi.org/10.1016/0002-9149(90)91109-J
https://doi.org/10.15586/jkcvhl.2020.131
https://doi.org/10.1016/B978-0-444-52891-9.00038-5
https://doi.org/10.1111/j.1464-410X.2004.05046.x
https://www.ncbi.nlm.nih.gov/pubmed/15476522
https://doi.org/10.3389/fnmol.2018.00409
https://doi.org/10.1136/bcr-2013-200711
https://www.ncbi.nlm.nih.gov/pubmed/24092520
https://doi.org/10.3389/fneur.2020.00972
https://doi.org/10.1038/sj.ejhg.5201625
https://www.ncbi.nlm.nih.gov/pubmed/16868562
https://doi.org/10.1016/j.jaad.2006.11.019


J. Clin. Med. 2025, 14, 2974 21 of 22

30. Nabbout, R.; Belousova, E.; Benedik, M.P.; Carter, T.; Cottin, V.; Curatolo, P.; Dahlin, M.; D Amato, L.; d’Augères, G.B.; de Vries,
P.J.; et al. Epilepsy in Tuberous Sclerosis Complex: Findings from the TOSCA Study. Epilepsia Open 2019, 4, 73–84. [CrossRef]

31. Jansen, A.C.; TOSCA consortium and TOSCA investigators. TuberOus SClerosis Registry to Increase Disease Awareness
(TOSCA)—Baseline Data on 2093 Patients. Orphanet J. Rare Dis. 2017, 12, 2. [CrossRef]

32. Jeong, A.; Wong, M. Systemic Disease Manifestations Associated with Epilepsy in Tuberous Sclerosis Complex. Epilepsia 2016, 57,
1443–1449. [CrossRef]

33. Seri, S.; Cerquiglini, A.; Pisani, F.; Michel, C.M.; Pascual Marqui, R.D.; Curatolo, P. Frontal Lobe Epilepsy Associated with
Tuberous Sclerosis: Electroencephalographic-Magnetic Resonance Image Fusioning. J. Child. Neurol. 1998, 13, 33–38. [CrossRef]
[PubMed]

34. Diallo, S.M.; Diallo, M.; Barry, I.S.; Touré, M.L.; Barry, M.C.; Diallo, M.T.; Barry, S.D.; Aminou, S.Y.; Othon, G.C.; Diallo, B.; et al.
Epileptic Seizures Revealing Tuberous Sclerosis in a Tropical Environment: A Study of 12 Case Series. eNeurologicalSc 2024,
36, 100516. [CrossRef]

35. Ehninger, D.; Sano, Y.; de Vries, P.J.; Dies, K.; Franz, D.; Geschwind, D.H.; Kaur, M.; Lee, Y.-S.; Li, W.; Lowe, J.K.; et al. Gestational
Immune Activation and Tsc2 Haploinsufficiency Cooperate to Disrupt Fetal Survival and May Perturb Social Behavior in Adult
Mice. Mol. Psychiatr. 2010, 17, 62–70. [CrossRef] [PubMed]

36. Vries, P.J.; Whittemore, V.H.; Leclezio, L.; Byars, A.W.; Dunn, D. Tuberous Sclerosis Associated Neuropsychiatric Disorders
(TAND) and the TAND Checklist. Pediatr. Neurol. 2015, 52, 25–35. [CrossRef]

37. Jeste, S.S.; Sahin, M.; Bolton, P.; Ploubidis, G.B.; Humphrey, A. Characterization of Autism in Young Children with Tuberous
Sclerosis Complex. J. Child. Neurol. 2008, 23, 520–525. [CrossRef]

38. van Eeghen, A.M.; Black, M.E.; Pulsifer, M.B.; Kwiatkowski, D.J.; Thiele, E.A. Genotype and Cognitive Phenotype of Patients
with Tuberous Sclerosis Complex. Eur. J. Hum. Genet. 2012, 20, 510–515. [CrossRef]

39. van Slegtenhorst, M.; Nellist, M.; Nagelkerken, B.; Cheadle, J.; Snell, R.; van den Ouweland, A.; Reuser, A.; Sampson, J.; Halley,
D.; van der Sluijs, P. Interaction between Hamartin and Tuberin, the TSC1 and TSC2 Gene Products. Hum. Mol. Genet. 1998, 7,
1053–1057. [CrossRef] [PubMed]

40. Au, K.S.; Williams, A.T.; Roach, E.S.; Batchelor, L.; Sparagana, S.P.; Delgado, M.R.; Wheless, J.W.; Baumgartner, J.E.; Roa, B.B.;
Wilson, C.M.; et al. Genotype/Phenotype Correlation in 325 Individuals Referred for a Diagnosis of Tuberous Sclerosis Complex
in the United States. Genet. Med. 2007, 9, 88–100. [CrossRef]

41. Garcia, A.B.; Viola, G.D.; Corrêa, B.D.; Fischer, T.D.; Pinho, M.C.; Rodrigues, G.M.; Ashton-Prolla, P.; Rosset, C. An Overview
of Actionable and Potentially Actionable TSC1 and TSC2 Germline Variants in an Online Database. Genet. Mol. Biol. 2023, 46
(Suppl. S1), e20230132. [CrossRef]

42. Rosset, C.; Vairo, F.; Bandeira, I.C.; Correia, R.L.; de Goes, F.V.; da Silva, R.T.B.; Bueno, L.S.M.; de Miranda Gomes, M.C.S.;
de Campos Reis Galvão, H.; Neri, J.I.C.F.; et al. Molecular Analysis of TSC1 and TSC2 Genes and Phenotypic Correlations in
Brazilian Families with Tuberous Sclerosis. PLoS ONE 2017, 12, e0185713. [CrossRef]

43. Singh, A.K.; Olsen, M.F.; Lavik, L.A.S.; Vold, T.; Drabløs, F.; Sjursen, W. Detecting Copy Number Variation in next Generation
Sequencing Data from Diagnostic Gene Panels. BMC Med. Genom. 2021, 14, 214. [CrossRef] [PubMed]

44. 2012 International TSC Clinical Consensus Conference Recommendations. Available online: https://www.tscinternational.org/
wp-content/uploads/2019/01/TSCi-Consensus-Guidelines.pdf (accessed on 10 January 2025).

45. Georgieva, B.; Koleva, M.; Todorov, T.; Bojinova, V.; Deneva, D.; Glushkova, M.; Aleksandrova, I.; Rodopska, E.; Miteva, A.; Mitev,
V.; et al. Molecular-Genetic Characteristics and Genotype-Phenotype Correlations in Bulgarian Patients with Tuberous Sclerosis
Complex. Acta Medica Bulg. 2021, 48, 29–36. [CrossRef]

46. Rosengren, T.; Nanhoe, S.; de Almeida, L.G.D.; Schönewolf-Greulich, B.; Larsen, L.J.; Hey, C.A.B.; Dunø, M.; Ek, J.; Risom, L.;
Nellist, M.; et al. Mutational Analysis of TSC1 and TSC2 in Danish Patients with Tuberous Sclerosis Complex. Sci. Rep. 2020,
10, 9909. [CrossRef] [PubMed]

47. Alsowat, D.; Whitney, R.; Hewson, S.; Jain, P.; Chan, V.; Kabir, N.; Amburgey, K.; Noone, D.; Lemaire, M.; McCoy, B.; et al. The
Phenotypic Spectrum of Tuberous Sclerosis Complex: A Canadian Cohort. Child. Neurol. Open 2021, 8, 2329048X211012817.
[CrossRef]

48. Dabora, S.L.; Jozwiak, S.; Franz, D.N.; Roberts, P.S.; Nieto, A.; Chung, J.; Choy, Y.S.; Reeve, M.P.; Thiele, E.; Egelhoff, J.C.; et al.
Mutational Analysis in a Cohort of 224 Tuberous Sclerosis Patients Indicates Increased Severity of TSC2, Compared with TSC1,
Disease in Multiple Organs. Am. J. Hum. Genet. 2001, 68, 64–80. [CrossRef]

49. Sancak, O.; Nellist, M.; Goedbloed, M. Mutational Analysis of the TSC1 and TSC2 Genes in a Diagnostic Setting: Genotype-
Phenotype Correlations and Comparison of Diagnostic DNA Techniques in Tuberous Sclerosis Complex. Eur. J. Hum. Genet. 2005,
13, 731–741. [CrossRef]

50. Farach, L.S.; Pearson, D.A.; Woodhouse, J.P.; Schraw, J.M.; Sahin, M.; Krueger, D.A.; Wu, J.Y.; Bebin, E.M.; Lupo, P.J.; Au, K.S.;
et al. Tuberous Sclerosis Complex genotypes and developmental phenotype. Pediatr. Neurol. 2019, 96, 58–63. [CrossRef]

https://doi.org/10.1002/epi4.12286
https://doi.org/10.1186/s13023-016-0553-5
https://doi.org/10.1111/epi.13467
https://doi.org/10.1177/088307389801300106
https://www.ncbi.nlm.nih.gov/pubmed/9477246
https://doi.org/10.1016/j.ensci.2024.100516
https://doi.org/10.1038/mp.2010.115
https://www.ncbi.nlm.nih.gov/pubmed/21079609
https://doi.org/10.1016/j.pediatrneurol.2014.10.004
https://doi.org/10.1177/0883073807309788
https://doi.org/10.1038/ejhg.2011.241
https://doi.org/10.1093/hmg/7.6.1053
https://www.ncbi.nlm.nih.gov/pubmed/9580671
https://doi.org/10.1097/GIM.0b013e31803068c7
https://doi.org/10.1590/1678-4685-gmb-2023-0132
https://doi.org/10.1371/journal.pone.0185713
https://doi.org/10.1186/s12920-021-01059-x
https://www.ncbi.nlm.nih.gov/pubmed/34465341
https://www.tscinternational.org/wp-content/uploads/2019/01/TSCi-Consensus-Guidelines.pdf
https://www.tscinternational.org/wp-content/uploads/2019/01/TSCi-Consensus-Guidelines.pdf
https://doi.org/10.2478/amb-2021-0020
https://doi.org/10.1038/s41598-020-66588-4
https://www.ncbi.nlm.nih.gov/pubmed/32555378
https://doi.org/10.1177/2329048X211012817
https://doi.org/10.1086/316951
https://doi.org/10.1038/sj.ejhg.5201402
https://doi.org/10.1016/j.pediatrneurol.2019.03.003


J. Clin. Med. 2025, 14, 2974 22 of 22

51. Van Eeghen, A.M.; Nellist, M.; Van Eeghen, E.E.; Thiele, E.A. Central TSC2 missense mutations are associated with a reduced risk
of infantile spasms. Epilepsy Res. 2013, 103, 83–87. [CrossRef]

52. Muzykewicz, D.A.; Newberry, P.; Danforth, N.; Halpern, E.F.; Thiele, E.A. Psychiatric comorbid conditions in a clinic population
of 241 patients with Tuberous Sclerosis Complex. Epilepsy Behav. 2007, 11, 506–513. [CrossRef]

53. Oyazato, Y.; Iijima, K.; Emi, M.; Sekine, T.; Kamei, K.; Takanashi, J.; Nakao, H.; Namai, Y.; Nozu, K.; Matsuo, M. Molecular
analysis of TSC2/PKD1 contiguous gene deletion syndrome. Kobe J. Med. Sci. 2011, 57, E1–E10.

54. Boronat, S.; Barber, I.; Pargaonkar, V.; Chang, J.; Thiele, E.A. Sclerotic Bone Lesions at Abdominal Magnetic Resonance Imaging in
Children with Tuberous Sclerosis Complex. Pediatr. Radiol. 2016, 46, 689–694. [CrossRef] [PubMed]

55. Jones, A.C.; Shyamsundar, M.M.; Thomas, M.W.; Maynard, J.; Idziaszczyk, S.; Tomkins, S.; Sampson, J.R.; Cheadle, J.P. Compre-
hensive Mutation Analysis of TSC1 and TSC2-and Phenotypic Correlations in 150 Families with Tuberous Sclerosis. Am. J. Hum.
Genet. 1999, 64, 1305–1315. [CrossRef] [PubMed]

56. Papadopoulou, A.; Dinopoulos, A.; Koutsodontis, G.; Pons, R.; Vorgia, P.; Koute, V.; Vratimos, A.; Zafeiriou, D. Screening for
TSC1 and TSC2 Mutations Using NGS in Greek Children with Tuberous Sclerosis Syndrome. Eur. J. Paediatr. Neurol. 2018, 22,
419–426. [CrossRef]

57. O’Connor, S.E.; Kwiatkowski, D.J.; Roberts, P.S.; Wollmann, R.L.; Huttenlocher, P.R. A family with seizures and minor features of
Tuberous Sclerosis and a novel TSC2 mutation. Neurology 2003, 61, 409–412. [CrossRef] [PubMed]

58. Stehlíková, K.; Skálová, D.; Zídková, J.; Haberlová, J.; Voháňka, S.; Mazanec, R.; Mrázová, L.; Vondráček, P.; Ošlejšková, H.;
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