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Renal Cell Carcinoma in a Girl With Tuberous Sclerosis
Due to a New Mutation
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Abstract

Tuberous sclerosis complex (TSC) is a neurocutaneous disorder in-
herited in autosomal dominant manner. It is characterized by multi-
system involvement due to the formation of hamartomas in differ-
ent organs. 7SC2 gene mutations are the most common cause of the
disease and are associated with more severe neurological symptoms
compared to 7SCI gene mutations. However, in our case, we are
reporting a rare mutation detected at the flanking splice site of exon
37 in the 7SC2 gene in a 2-year-5-month-old girl. She presented to
the emergency department at the age of 1 month with generalized
abnormal body movements. A review of genetic databases revealed
no prior reports of this gene in the literature. Her diagnosis was con-
firmed by gene panel for TCS. Later, she developed renal cell carci-
noma. Such cases are managed by a multidisciplinary team includ-
ing a pediatrician, a pediatric neurologist, a pediatric cardiologist, a
pediatric hematology-oncology specialist, and specialist in pediatric
surgery. The overall prognosis of children with TSC is variable and
dependent on the severity of symptoms, especially neurologic mani-
festations.
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Introduction

Tuberous sclerosis complex (TSC) is a rare genetic disease in-
volving multiple systems. It is caused by mutations of 7SC/ or
TSC2 genes with consequent dysregulation of the mechanistic
target of rapamycin (mTOR) [1, 2]. TSC is a part of a group
of conditions known as neurocutaneous syndromes. TSC is
characterized by hamartomas that develop in multiple organ
systems including the brain, skin, kidney, heart and Iungs [3,
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4]. Among the key contributors to morbidity are neurological
manifestations, including epilepsy and cognitive impairments,
hence the need for early diagnosis and interventions to im-
prove quality of life [5]. Management of this syndrome usu-
ally involves a multidisciplinary approach, and in TSC, mTOR
inhibitors have become one of the most promising treatment
modalities [6, 7].

The prevalence of TSC is estimated to be approximately
1 in 6,000 to 10,000 individuals in the general population.
Yet, no particular prevalence studies concerning TSC in Saudi
Arabia exist. Individuals of any race and ethnicity can be af-
fected by TSC. It occurs at equal frequency among males and
females [8]. The common clinical manifestations are episodes
of epilepsy, skin lesions and developmental delay, with epi-
lepsy showing the highest incidence, reported in 65.9-86.9%
of patients [8, 9]. These manifestations of TSC vary depending
on the specific organ system affected. In children, early mani-
festations typically include seizures, intellectual disabilities,
and hypopigmented macules, whereas adults are more likely to
present with renal angiomyolipomas or pulmonary lymphangi-
oleiomyomatosis [10, 11].

TSC, like some other neurocutaneous conditions (such as
neurofibromatosis type 1 (NF1)), possesses features that help
guide clinicians toward an accurate diagnosis [12, 13]. Both
diseases show autosomal dominant inheritance with a very
high rate of spontaneous mutations and thus require genetic
counseling and multidisciplinary care [14, 15]. Sporadic cases
of TSC occur in about 60-70% of TSC cases, through de novo
mutations [16, 17]. Mutations in 7SC2 are more prevalent and
correlate with a more severe phenotype than those in 7SC/
[18, 19].

After reviewing gene databases, we can say this is the
first reported case in which a novel heterozygous mutation
has been identified at the flanking splice site of exon 37 in
the 7SC2 gene. We found this mutation in a child diagnosed
with TSC. Such mutations are infrequent internationally and
had not previously been reported in the region. This find-
ing highlights the relevance of genetic testing for diagnostic
confirmation of TSC, particularly among populations with
minimal genetic information available. Identification of new
mutations has important implications for mechanistic un-
derstanding of disease, diagnosis precision and therapeutic
interventions [20, 21]. It is expected that advanced genetic
techniques such as next-generation sequencing will continue
to improve the mutations detection rates, allowing for bet-
ter early diagnosis and individualized management plans for
children with TSC.
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Figure 1. (a, b, c) Brain MRI reported multiple subependymal nodules, with a mild subtle increase in the enhancement of the
lesion on the left centrum semiovale. MRI: magnetic resonance imaging.

Case Report

A 2-year-5-month-old female came to the emergency depart-
ment with a 5-day history of generalized abnormal body move-
ments and up-rolling of both eyes. The frequency of attacks was
five to six times per day. Each attack lasted for approximately
10 s. The attacks were associated with decreased feeding and
activity with no history of fever. She experienced her first epi-
sode of seizure at the age of 1 month, and she was on pheno-
barbital as anti-epileptic medication. The patient has a positive
family history of tuberous sclerosis (TS) from her mother side.
Upon physical examination, multiple hypopigmented patches
(ash leaf) over her right leg, chest, abdomen, and left arm were
noted. There were no other significant findings.

In terms of her investigations, a hematological workup
was done, and test results indicated hemoglobin of 141g/L, he-
matocrit of 40%, and low mean platelet volume (MPV) of 7.3
fL. She also had leukocytosis with lymphocyte predominance.
Electroencephalography (EEG) showed active discharges with
polyspike waves on a suppression background along with bi-
lateral sharp waves. There were no abnormalities detected on
the echocardiogram.

A gene panel for TS was conducted and revealed a het-
erozygous mutation in the flanking splice site of exon 37 of
TSC2, (RefSeq: GRCh37 (hgl9)). According to the result, the
diagnosis was confirmed to be TS.

Brain magnetic resonance imaging (MRI) reported multi-
ple subependymal nodules, with a mild subtle increase in the
enhancement of the lesion on the left centrum semiovale (Fig.
la-c).

Kidney MRI showed multiple innumerable renal cysts, the
largest measured 0.8 cm. There is a well-defined round cortical
lesion that is noted at the interpolar region of the right kidney.
It appears as isointense in comparison to the renal cortex at
T1- and T2-weighted images. Radiology suggested that the de-
scribed right interpolar lesion is worrisome for renal cell car-

cinoma. Other possibilities of the nature of this lesion may in-
clude lipid-poor angiomyolipoma or oncocytoma (Fig. 2a, b).

Computed tomography (CT) chest scan with intravenous
(IV) contrast revealed a small irregular area of ground-glass
density within the left lower lobe. As well, the visualized part
of the upper abdomen demonstrated a partial clear view of a
hypodense right renal lesion.

The patient was referred to oncology due to suspicion of
renal cell carcinoma. The tumor board discussed her condition,
and a partial nephrectomy was decided. She underwent wedge
resection of the right kidney on January 6, 2025. The histo-
pathological examination of the biopsied specimen reported a
grade II renal cell carcinoma. There are no sarcomatoid, rhab-
doid features, nor tumor necrosis, and no lymphatic or vas-
cular invasion. On gross examination, the specimen consisted
of multiple fragments of brown-tan renal tissue (4 x 2.1 x 1.3
cm) aggregates and a separate white-tan nodule (1.7 x 1.5 x
1.3 cm). Sectioning of the renal tissue reveals homogenous
brown-tan cut surface with foci of hemorrhage. Sectioning of
the nodule reveals a homogenous white-tan cut surface.

The oncology team met and discussed the case. Since the
tumor resection margins were negative and there was no me-
tastasis, and based on the most recent evidence, it was decided
that no chemotherapy was needed. However, further manage-
ment included follow-up with ultrasound every 3 months for
the first 2 years, then every 6 months for 3 years.

The patient has a history of recurrent emergency room
(ER) visits with fevers, upper respiratory tract infection (URTT)
symptoms, and seizure attacks, especially when non-compliance
to anti-convulsant medications. She is now regularly following
up with neurology, ophthalmology, and nephrology. She is on
topiramate and valproate as anti-convulsant medications.

Discussion

TS is a rare genetic disease inherited in an autosomal dominant
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Figure 2. (a, b) Kidney MRI shows multiple innumerable renal cysts, the largest measuring 0.8 cm. A well-defined round cortical
lesion is noted in the interpolar region of the right kidney, which is concerning for renal cell carcinoma. MRI: magnetic resonance

imaging.

pattern that affects multiple organs in the body. TSC results
from mutations in the 7SCI or TSC2 genes. These mutations
lead to the overactivation of the rapamycin pathway, which
regulates cellular growth and proliferation [22, 23].

The incidence of the disease is estimated to be approxi-
mately 1 in 6,000 to 10,000 in the general population, with no
sex or ethnicity predominance. About two-thirds of the cases
are sporadic and show no family history [8]. 7SC2 gene muta-
tions are more common than 7SC/ mutations. Studies show
that individuals with 7SC2 mutations experience more severe
symptoms than those with 7SC/. Additionally, patients with
TSC2 mutations are more susceptible to neuropsychiatric fea-
tures, including autism, intellectual impairment, and lower in-
telligence quotients [8, 24]. This study presents a case of TS
with 7SC2 gene mutation.

While most cases are observed with no family history, this
case presents with a positive family history. A 2011 Boston
cohort study of 278 patients found that 7SC/ mutations were
more often linked to a family history of TSC or hypopigment-
ed macules than 7SC2 mutations [25]. Contrary to our study,
the case we present involves a patient with a 7SC2 mutation
who also has a positive family history and exhibits hypopig-
mented macules.

TS can affect multiple organs, including brain, skin, heart,
kidneys, and lungs. The clinical manifestations are categorized
into neurological and non-neurological features. Neurological
impairment is the primary source of mortality and morbidity
[24]. Neurological features in TSC include epilepsy, cortical
tubers, subependymal nodules, giant cell astrocytoma, intel-
lectual disabilities, and autism. Non-neurological features can
be cutaneous skin lesions such as facial angiofibroma or sha-
green patches. Additional characteristics include renal angio-
myolipoma, intracardiac rhabdomyoma, and retinal astrocytic
hamartomas [22]. The most common manifestations of TSC
include cutaneous skin lesions in more than 95% of cases,
seizures in approximately 85%, and intellectual disability in
about 50% of cases [26]. Our case began exhibiting symptoms
at 1 month of age, presenting with a generalized seizure. Ex-

amination revealed multiple hypopigmented patches, known
as ash leaf spots, on her right leg, trunk, and left arm. Fur-
ther investigations showed active discharges with polyspike
waves on a suppression background and bilateral sharp waves
on EEG. Brain MRI reported multiple subependymal nodules.
Kidney MRI revealed several renal cysts that were diagnosed
as renal carcinoma upon histopathological examination.

Diagnosis of TSC can be challenging. There are no single
or specific pathognomonic characteristics found in all patients
[25]. According to a Saudi study, the mean age at diagnosis
was 4.9 years. In contrast, Staley et al noticed that the mean
age at diagnosis was 7.5 years. [8, 25]. The second Interna-
tional Tuberous Sclerosis Complex Conference reviewed the
diagnostic criteria of TSC to implement updates from the pre-
vious criteria established in 1998. The most notable change is
the inclusion of genetic testing, which facilitates the ability to
confirm a TSC diagnosis. Identifying a 7SCI or TSC2 genetic
mutation is sufficient to establish the diagnosis. Although ge-
netic testing may not be accessible in resource-limited coun-
tries, clinical criteria remain the primary method to make the
diagnosis [27]. The clinical criteria are categorized into major
and minor features (Table 1). The diagnosis is made when two
major criteria are present, or one major criterion and two minor
criteria are met [28]. To confirm the diagnosis in our presented
case, a genetic analysis was performed. The gene panel identi-
fied a heterozygous mutation in the flanking splice site of exon
37 of TSC2 (RefSeq: GRCh37 (hgl9)). We think this is a new
de novo mutation that has never been reported in the literature
before.

Treatment for TS requires a multidisciplinary approach
with regular follow-up [29]. Management primarily focuses on
treating epilepsy by anti-epileptic drugs (AEDs). Non-pharma-
cological treatment like surgical interventions, ketogenic diet,
and vagus nerve stimulation can also be considered. Howev-
er, approximately one-third of patients develop resistance to
therapy. According to the International TSC Consensus Guide-
lines, vigabatrin is the first-line treatment for TSC-associated
epilepsy [29, 30]. For patients with therapy-resistant epilepsy,

Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™ | https:/jmc.elmerpub.com 347



A Girl With TS Due to a New Mutation

J Med Cases. 2025;16(9):345-351

Table 1. The Clinical Criteria for the Diagnosis of Tuberous Sclerosis

Minor criteria Major criteria

Genetic diagnosis

1. “Confetti” skin lesions

1. Hypomelanotic macules (> 3, > 5 mm in diameter)

The definite loss of function mutation in ZACI and/or
TSC2 genes

2. Dental enamel pits (> 3) 2. Facial angiofibromas (> 3) or frontal fibrous plaque

3. Intraoral fibroma (> 2) Ungual fibromas (> 2)
4. Retinal achromic patch
5. Multiple renal cysts Multiple retinal hamartomas

Subependymal nodules

Subependymal giant cell astrocytoma

3.
4.
5.
6. Non-renal hamartomas 6. Cortical dysplasia
7.
8.
9.

Cardiac rhabdomyoma

10. Pulmonary lymphangioleiomyomatosis

11. Renal angiomyolipomas (> 2)

Shagreen patch or multiple collagenoma

mTOR inhibitors can be used and may also help reduce other
TSC-related lesions, such as renal angiomyolipomas and fa-
cial angiofibromas [29]. Given the limited response to AEDs,
patients may benefit from non-pharmacological therapies. The
ketogenic diet is the most commonly used effective non-phar-
macological treatment, although its mechanism remains un-
clear. Additionally, data suggest that neurostimulation may be
beneficial for certain adults. [31] Surgery and selective arterial
embolization can also be considered for TSC-related lesions.
[29].

We are reviewing 12 cases of TSC, ranging in age from
1 month old to 31-year (Table 2, [23, 32-37]). The patients
presented with different clinical features of TSC, with the
most common being seizure in early childhood. Sarjan et al
reported a case of a 17-month-old girl, who arrived at a ter-
tiary care center with complaints of unusual body movements,
characterized by stiffening of her left arm, upward eye rolling,
and frothing at the mouth [32]. Similarly, Alshoabi et al [33]

reported a case of a 19-year-old male at University Medical
Center, who suffered from recurrent, intractable seizures, ex-
periencing three to seven episodes daily since he was 6 months
old. Also, they noted a 2.5-year-old girl who had been having
seizures since she was 3 months old. Now she presented with
a marked increase in frequency and severity, experiencing five
to 12 seizures per day [33]. Helmy et al reported two sibling
cases, including a 3-month-old girl with tonic-clonic seizures
and delayed speech, cognition, and social development. The
other sibling was a 6-year-old boy, who also developed con-
vulsions at the age of 4 months, controlled on anti-epileptic
medications. [23]. These cases share similarities with our own,
as all initial symptoms involved seizure attacks occurring at a
young age in early childhood.

Seizure is not always the first presenting complaint in
some patients. Aboud et al reported a unique presentation of
a 32-year-old patient with multiple unilateral asymptomatic
skin-colored papules on the back of the neck, associated with

Table 2. Summary of 12 Cases of Tuberous Sclerosis Complex (TSC)

Study :i‘;::l tation Presenting features

[32] 17 months Seizure

[33] 6 months Seizure

[33] 3 months Seizure

[23] 3 months Seizure, delays in speech, cognitive abilities, and social development

[23] 4 months Seizure

[34] 32 years Unilateral angiofibroma and hypopigmented patch

[35] 9 years Unilateral facial angiofibroma

[36] 1 month Erythema and nodules in the face, neck, and oral cavity, several grain-sized hypopigmentation spots on her back
[37] 7 years Facial angiofibroma, hypomelanotic macule on trunk, shagreen patch, and tonic clonic convulsion
[37] 3 years Facial angiofibroma, poliosis (hypomelanosis of hair), and hypomelanotic patches

[37] 7 years Hypomelanotic patches in face, trunk and limbs

[37] 11 months Hypomelanotic patch in trunk multiple and focal seizure
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a hypopigmented patch with no other features [34]. A similar
case was reported by Supekar et al [35] involving a 24-year-
old male who presented with lesions that first appeared at 9
years of age and progressively increased in number and size.
There was no history of seizures, headache, visual or auditory
disturbances, or mental retardation [35]. Another case was re-
ported by Zhang et al about a 31-year-old woman who present-
ed with erythema and nodules in the face, neck, and oral cav-
ity, which had appeared shortly after she was born. She found
several grain-sized hypopigmentation spots on her back too.
The patient had no history of epilepsy or intellectual disability
[36]. Case series was reported by Chatterjee et al about three
females and one male ranging in age between 11 months to 7
years. All four cases presentations included multiple cutaneous
manifestations such as hypomelanotic macules and patches in
the face, limbs, and trunk [37]. Similarly, our case also ex-
hibited cutaneous features that were found upon examination.
There were hypopigmented patches on her right leg, chest, ab-
domen, and left arm.

Conclusions

Herein, the first case of a new heterozygous mutation located
at the flanking splice site of exon 37 of the 7SC2 gene in a
child with TSC is described. This finding confirms the impor-
tance of genetic testing in the diagnosis of TSC, especially
in underrepresented populations. Detection of rare mutations
improves understanding of the molecular mechanisms of the
disease. This report further underlines the need for public and
institutional awareness for early screening, along with the po-
tential that early management may improve the outcome of the
disease.

Learning points

This study highlights several important aspects of the clinical
presentation and diagnosis of TSC. It describes a de novo mu-
tation in the 7SC2 gene that has not been previously reported
in the literature, underscoring the importance of genetic test-
ing in confirming the diagnosis. Moreover, the co-occurrence
of renal cell carcinoma at a young age is particularly rare, as
renal manifestations are more commonly seen in adults rather
than in the pediatric population. Lastly, this study reinforces
that early recognition of cutaneous signs can facilitate prompt
diagnosis, thereby enabling earlier intervention and potentially
improving patient outcomes.
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