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TRACK syndrome, first described by Canpolat et al., 
is a rare disorder caused by splice-site mutations in 
TSEN2, characterized by craniofacial malformations, 
central nervous system (CNS) anomalies, progressive 
kidney disease. We present a 2.5-year-old boy, third 
child of consanguineous parents, admitted with fever 
and cough, diagnosed with atypical hemolytic uremic 
syndrome (aHUS). Whole exome sequencing revealed 
a homozygous intronic TSEN2 variant ( c.1100-5T>A), 
consistent with TRACK syndrome. Two deceased siblings 
had similar dysmorphic features and early-onset renal 
failure. The proband exhibited microcephaly, craniofacial 
dysmorphism, left atrial dilation, and laboratory 
findings consistent with thrombotic microangiopathy 
(TMA). Despite pathogenic TSEN2 variant, he’d normal 
intellectual and motor development. He’s currently 
6 years old, undergoing peritoneal dialysis, receiving 
biweekly eculizumab, and antiepileptic therapy. This 
report highlights a rare cause of aHUS and end-stage 
kidney disease (ESKD) due to a TSEN2 splice-site 
mutation, further expanding the phenotypic spectrum 
of TRACK syndrome. 
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Canpolat ve arkadaşları tarafından ilk kez tanımlanan TRACK 
sendromu, TSEN2 genindeki ekzon–intron birleşim bölgesi 
(splice-site) mutasyonlarının neden olduğu, kraniyofasiyal 
anomaliler, merkezi sinir sistemi (MSS) bozuklukları ve prog-
resif böbrek hastalığı ile karakterize nadir bir bozukluktur. 
Akraba evliliği olan ebeveynlerin üçüncü çocuğu olan 2,5 
yaşındaki erkek hasta, ateş ve öksürük yakınmalarıyla baş-
vurdu ve atipik hemolitik üremik sendrom (aHUS) tanısı 
aldı. Tüm ekzom dizileme analizinde, TRACK sendromu ile 
uyumlu homozigot intronik TSEN2 varyantı (c.1100-5T>A) 
saptandı. Daha önce ölen iki kardeşte de benzer dismorfik 
özellikler ve erken başlangıçlı böbrek yetmezliği öyküsü 
mevcuttu. Olguda mikrosefali, kraniyofasiyal dismorfizm, 
sol atriyal dilatasyon ve trombotik mikroanjiyopati (TMA) 
ile uyumlu laboratuvar bulguları gözlendi. Patolojik TSEN2 
varyantına rağmen hastanın entelektüel ve motor gelişimi 
normaldi. Hasta şu anda 6 yaşında olup periton diyalizi al-
makta, iki haftada bir eculizumab tedavisi uygulanmakta ve 
antiepileptik tedavi sürmektedir. Bu olgu, TSEN2 splice-site 
mutasyonuna bağlı gelişen aHUS ve son dönem böbrek 
yetmezliğinin nadir bir nedeni olarak TRACK sendromuna 
dikkat çekmekte ve sendromun fenotipik spektrumunu ge-
nişletmektedir.
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INTRODUCTION
TRACK syndrome is newly described genetic disorder 
caused by a founder splice-site variant in TSEN2, leading 
to microcephaly, multiple craniofacial malformations, CNS 
anomalies, intellectual disability, and progressive kidney 
failure (1). The syndrome represents a unique phenotype, 
distinct from previously described TSEN-related disorders 
such as pontocerebellar hypoplasia type 2B.

Here, we present a case of TSEN2 c.– c.1100-5T>A associated 
TRACK syndrome manifesting with atypical aHUS, early-
onset ESKD, having c.1100-5T>A intronic variant in the 
TSEN2 gene causes disruption in tRNA biogenesis and 
endothelial dysfunction, leading to aHUS (1).

CASE
A 2.5-year-old patient admitted to hospital with fever 
and cough, the third child of consanguineous Turkish 
parents (Figure 1). The patient had no living siblings, two 
siblings had died. One of them died suddenly at age 1, 
before genetic testing could be performed at the time of 
diagnosis. The other sibling was diagnosed with aHUS and 
chronic kidney disease at age 18 months, and died at age 
2. Both siblings had similar phenotypic findings including 
microcephaly, high forehead, large ears, sparse and 
broad eyebrows, prominent supraorbital ridge, deeply 
set eyes, gray sclera, high nasal bridge, long-narrow 
nose, long philtrum, thin upper lip. While the patient 
who died suddenly had no cranial imaging analysis, the 
other sibling's cranial MRI was normal. Echocardiography 
revealed a dilated left atrium in this patient.

Figure 1. Family pedigree

At the age of 2.5 years, The proband's height was 94 cm 
(75th–90th percentile), weight 12,9 kg (25th-50th percentile), 
head circumference 47.5 cm (<3rd percentile). He was 
born at term with a birth weight of 3480 g and was 
appropriate for gestational age (AGA). At presentation, 
blood pressure was 95/55 mmHg (50th–75th/75–90th 

percentile). Physical examination revealed microcephaly, 
high and broad forehead, sparse and broad eyebrows, 
prominent supraorbital ridge, deeply set eyes, gray sclera, 
high nasal bridge, long-narrow nose, long philtrum, thin 
upper lip, with deep and shrill voice (Figure 2). 

Figure 2. Facial features of the patient demonstrating microcephaly, 
high broad forehead, sparse eyebrows, deep-set eyes, long philtrum, 
and thin upper lip.

Laboratory findings at admission were consistent with 
microangiopathic hemolytic anemia, thrombocytopenia, 
and acute kidney injury (Table 1). Urinalysis revealed yellow, 
clear urine with a specific gravity of 1.013 and 3+ proteinuria. 
Peripheral blood smear demonstrated 24% lymphocytes, 
76% polymorphonuclear leukocytes, and schistocytes at a 
rate of 3%. The direct Coombs test was negative.

Table 1: Laboratory findings at admission

Parameter Result Reference Range 
(Age-adjusted)

Interpretation

Hemoglobin 7.1 g/Dl 11–13.5 g/dL Low
Platelet count 43,000/mm³ 150,000–450,000/mm³ Low
Serum creatinine 0.9 mg/dL 0.2–0.5 mg/dL High
Complement C3 102 mg/dL 90–180 mg/dL Normal
Complement C4 19 mg/dL 10–40 mg/dL Normal
ADAMTS13 
activity 43.9% 50–150% Mildly 

decreased
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The patient, whose intellectual and motor development 
were normal, showed left atrium and ventricular dilatation. 
During follow-up, the patient experienced recurrent 
seizures, epileptic foci found on electroencephalogram. 
Neurologist ruled out neurodegenerative diseases, 
acute disseminated encephalomyelitis, and vasculitis. 
Cranial MRI revealed thin adenohypophysis, symmetric 
minimal T2 signal increase in the anterior putamen, 
and prominent periventricular hyperintense lesions 
posteriorly. Karyotype was normal 46,XY.

The patient was diagnosed with aHUS. During 
hospitalization, he required repeated admissions to the 
intensive care unit due to respiratory distress. Eculizumab 
therapy was initiated on hospital day 25 following 
the diagnosis of aHUS. Serum creatinine levels were 
approximately 1.8 mg/dL prior to eculizumab treatment 
and remained persistently elevated at similar levels 
thereafter. Plasma exchange therapy was not performed. 
In the third month of hospitalization, peritoneal dialysis 
was initiated due to progression to chronic kidney 
disease.

The patient is currently 6 years old, undergoes peritoneal 
dialysis and receives eculizimab every 14 days and 
oxcarbamazepine for epileptic seizures.

Genetic Analysis
Peripheral blood samples were collected from the 
proband and his parents after obtaining the relevant 
written informed consents. Genomic DNAs were 
extracted from leukocytes using the QIAamp DNA mini 
kit (Qiagen, 51304, Dusseldorf, Germany), according 
to manufacturer’s instructions. Library preparation 
and Whole Exome Sequencing (WES) analysis were 
performed for the proband using Twist Custom Panel 
kit (Twist Bioscience, San Francisco, CA, USA) and 
sequenced on the MiniSeq platform (Illumina Inc., 
USA). Over 98.57% of the targeted regions (exonic 
regions of all nuclear genes along with +/-20 bp of 
-intron boundaries) were sequenced more than 50 
times, with an average coverage depth of ~100X. 
A software (Genomize SEQ; Genomize, Istanbul, 
Turkey) was used for the analysis of Next Generation 
Sequencing (NGS) data. 

RESULTS
A homozygous c.1100-5T>A variant in TSEN2 gene 
(ENST00000284995.6) associated was detected in 
WES analysis. This variant was previously reported 
in Clinvar. Sanger sequencing in genomic DNA from 
the patient, his parents and siblings was performed 
using specific primers of intron 8 in the TSEN2 gene. 
This variant was found to be homozygous in the two 
deceased siblings and heterozygous in the mother 
and father (Figure 3).

Figure 3. Sequencing chromatogram of the proband, patient V-2 and 
parents. A,B: Chromatogram of the homozygous change, c.1100-5T>A, 
in the proband (A) and in the patient V-2 (B). C,D: Chromatogram of 
the heterozygous c.1100-5T>A variant in the father (C) and mother (D). 

DISCUSSION
Although mutations in the TSEN2 gene have historically 
been associated with pontocerebellar hypoplasia type 
2B, recent evidence has expanded this genotype–
phenotype relationship to include a broader spectrum 
of clinical manifestations, including dysmorphic 
features, CNS anomalies, and renal involvement (1,2). 
The initial description of TRACK syndrome by Canpolat 
et al. detailed a cohort of patients with craniofacial 
anomalies, developmental delay, and progressive renal 
disease, thereby establishing TSEN2 as a genetic cause 
for this complex syndrome (1). Subsequent reports have 
reinforced the multisystem nature of this condition and 
underscored the variability in neurodevelopmental 
outcomes (1,4).

Craniofacial findings constitute a consistent phenotypic 
hallmark in reported TRACK patients. These include 
microcephaly, high and broad forehead, sparse and 
broad eyebrows, prominent supraorbital ridge, deeply 
set eyes, gray sclera, high nasal bridge, long-narrow 
nose, and thin upper lip (1). Our proband exhibited all 
of these characteristic features, except dental anomalies, 
similar to previously published cohorts. Although 
dental abnormalities have been documented in some 
cases, their absence in our family highlights phenotypic 
variability even among individuals with the same 
homozygous splice-site variant (1,4).
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Neurological manifestations in TRACK syndrome are 
heterogeneous. In the original series, several patients 
demonstrated language and motor delays, with formal 
neurocognitive evaluations revealing low IQ scores in 
a subset (1). In contrast, our proband exhibited normal 
intellectual and motor development, with IQ within 
normal limits. This dissociation between structural CNS 
anomalies and functional outcome is notable and aligns 
with literature suggesting that neurodevelopmental 
profiles can vary widely, even within the same genetic 
disorder (1,2).

Cardiac involvement has also been reported in TRACK 
syndrome. In the cohort described by Canpolat et 
al., reduced left ventricular systolic function and 
hypertrophy were common findings (1). Dilated 
cardiomyopathy was less frequently documented but 
has been observed in at least one other patient (1). Our 
patient presented with left atrial and ventricular dilation, 
consistent with expanding evidence that TSEN2-related 
disease impacts not only neurodevelopment and renal 
function, but also cardiac structure, possibly reflecting 
global endothelial and myocardial stress due to 
defective tRNA biogenesis (1,2).

Renal involvement in TRACK syndrome ranges from 
progressive chronic kidney disease to early end-
stage renal disease (1). However, presentation with 
atypical hemolytic uremic syndrome (aHUS) has been 
described only sporadically. Durak et al. reported a 
4-year-old girl with TSEN2 mutation and aHUS who did 
not respond to plasma exchange, further implicating 
this gene in complement-mediated thrombotic 
microangiopathy (4). In our patient, laboratory findings 
were consistent with microangiopathic hemolytic 
anemia and thrombocytopenia, and ADAMTS13 activity 
was mildly reduced, excluding severe deficiency 
typical of thrombotic thrombocytopenic purpura. This 
clinical profile supports the interpretation that TSEN2 
dysfunction may predispose to aHUS through endothelial 
susceptibility and complement dysregulation, a 
mechanism increasingly recognized in rare genetic 
causes of aHUS (2,3,4).

While complement inhibition with eculizumab has 
transformed the management of typical complement-
mediated aHUS, responses in cases associated 
with underlying structural or developmental renal 
vulnerability may be limited. Our patient’s serum 
creatinine remained elevated despite initiation of 
eculizumab on hospital day 25, and he ultimately 
required peritoneal dialysis within three months—
suggesting that early irreversible renal injury may be 
a feature of TSEN2-associated microangiopathy (4). 
Similar limited renal recovery has been noted in the case 
reported by Durak et al., underscoring the possibility of 
a treatment-refractory course in this genetic subgroup 
of aHUS (4).

Taken together, the clinical features of our proband 
and previously reported cases indicate that TSEN2 
variants, particularly splice-site mutations, contribute 
to a spectrum of multisystem pathology that extends 
beyond traditional classifications of pontocerebellar 
hypoplasia. The presence of aHUS in our patient and 
others suggests that TSEN2-related TRACK syndrome 
should be considered in the differential diagnosis of 
pediatric thrombotic microangiopathy, especially when 
accompanied by characteristic craniofacial dysmorphism 
and multisystem involvement.

Mutation in gene encoding TSEN2 protein, a member 
of tRNA splicing endonuclease complex, causes 
Pontocerebellar hypoplasia type 2B. TRACK Syndrome 
was first described in 2022, associated with this gene. 
To date, only seven patients have been reported. 
Craniofacial findings include microcephaly, right frontal 
upsweep of hair, high and broad forehead, sparse and 
broad eyebrows, prominent supraorbital ridge, deeply 
set eyes, gray sclera, high nasal bridge, long-narrow 
nose, long philtrum, thin upper lip and cone-shaped and 
sparse teeth. We had all these clinical findings expecpt 
dental, in all 3 siblings. 

Two of six patients reported in 2022, had language and 
motor skill delays, while four not(1). Intellectual disability 
(IQ score) had low scores on 4 patients. Our patients 
had normal language and motor skills. IQ assessments 
were performed only on the proband, found within 
normal limits. Individuals affected by this mutation 
have structural abnormalities and functional problems 
in brain and spinal cord. In our study, intracranial 
evaluation was performed in only two patients. While the 
proband had thin appearance and hyperintense lesions 
in adenohypophysis, other had no intracranial findings.

The most common cardiac findings were reduced LV 
systolic function (5/6 patients) and LV hypertrophy (4/6 
patients). Dilated cardiomyopathy, observed in our 
two patients, has also been reported in one patient in 
literature (1).

Table 2: Tsen Gene Mutations and Clinical Correlations

Gene Mutation Clinical Findings Association 
with aHUS

TSEN2  c.1100-5T>A
Microcephaly, craniofacial 
malformations, cognitive 

delay, ESRD
Yes

TSEN54 Various 
mutations

Pontocerebellar hypoplasia 
type 2 (PCH2) No

TSEN15 Various 
mutations

Pontocerebellar hypoplasia 
type 2 (PCH2) No

TSEN34 Various 
mutations

Pontocerebellar hypoplasia 
type 2 (PCH2) No

Table 2 summarizes clinical effects of some mutations in 
TSEN gene family and their relationship with aHUS (1-3).



5

Pediatr Pract Res. 2026;14(1):1833482 Kantar et al.

Durak et al. reported the case of a 4-year-old girl with 
aHUS and cardiac involvement due to TSEN2 mutation. 
Patient presented with fever, abdominal pain, nausea, 
fatigue, and diarrhea, didn’t respond to plasma 
exchange. Diagnosis of TRACK syndrome was made with 
craniofacial anomalies and corpus callosum agenesis. 
Genetic analysis revealed a homozygous mutation in 
TSEN2 gene (4).

CONCLUSION
The TSEN2 gene is a catalytic subunit of tRNA splicing 
endonuclease complex and plays a critical role in 
conversion of pre-tRNAs to mature tRNAs. Dysfunction 
of this complex leads to disruptions in protein synthesis 
and cellular homeostasis. TRACK syndrome represents 
a clinical entity resulting from a disruption in the link 
between tRNA biogenesis and vascular endothelial 
homeostasis. In this syndrome, a splice site variant in 
TSEN2 gene prevents proper RNA processing, leading 
to impaired intracellular functions, causes significant 
damage, particularly in renal and CNS. Patients have 
exhibited facial anomalies, muffled speech, dental 
abnormalities, and CNS abnormalities. Furthermore, 
these individuals developed progressive renal failure, 
which progressed to ESRD.
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