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sociated with a range of neurological manifestations, including mild develop-

Cobalamin, an essential nutrient, plays a crucial role in central nervous system
myelination.

Clinical Presentation: We present a family with an index patient who exhibited
progressive neurodevelopmental regression starting at 9 months of age, accom-
panied by myoclonic seizures, ataxia, and tremor. No significant hematological
abnormalities were observed. Exome sequencing analysis identified a novel ho-
mozygous mutation, c.3G>A — P(Metll), affecting the acceptor site of intron 4
of the TCN2 gene (chromosome 22: 31003321, NM_000355.4), leading to likely
pathogenic variant potentially affecting translation. Following treatment with
hydroxocobalamin, the patient demonstrated partial clinical improvement. He

has a sibling with overt hematological abnormalities and subtle neurological
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1 | INTRODUCTION

Cobalamin, also known as vitamin B12 (Cbl), plays a cru-
cial role in cell metabolism and DNA synthesis (Trakadis
et al., 2014). Transcobalamin deficiency can present with
complex diagnostic and therapeutic challenges due to its
varied clinical manifestations. Transcobalamin II (TCN2)
is a plasma protein that binds to cobalamin, facilitating
cellular uptake through receptor-mediated endocytosis.
Alongside intrinsic factor (IF) and haptocorrin (HC), TCN
plays a vital role in the absorption and transport of vitamin
B12 (Guéant et al., 2014; Huemer & Baumgartner, 2019;
Kapadia, 1995; Trakadis et al., 2014).

TCN2 mutations can lead to TCN2 deficiency or de-
fect, resulting in intracellular cobalamin depletion and
a rare autosomal recessive multisystem disorder. Clin-
ical presentations of TCN2-related disorders include
pancytopenia, megaloblastic anemia, failure to thrive,
diarrhea, psychomotor regression, and, in rare cases, ep-
ilepsy (Kapadia, 1995). The initial symptoms typically
manifest in infancy, with an average onset between 2
and 4 months of age (Guéant et al., 2014). Transcobala-
min deficiency, a rare autosomal recessive inborn error
of cobalamin transport, clinically manifests in early in-
fancy with a prevalence of 1 in 1,000,000 (Hall, 1992).
Cobalamin is essential for the initiation and mainte-
nance of myelination in the central nervous system, and
untreated TCN deficiency can result in delayed develop-
ment and regression in approximately 30% of affected
individuals (Hall, 1992).

In addition to intellectual delay, transcobalamin can
cause ataxia, pyramidal deficits in the limbs, micro-
cephaly, drug-resistant epilepsy, choreiform movements,
hypotonia, and drug-resistant epilepsy (Hall, 1992). In
adulthood, megaloblastic anemia and subacute com-
bined spinal cord degeneration may also occur (Thomas
et al., 1982).

Teplitsky et al. reported chronic clinical manifestations
of TCN2 deficiency, including learning difficulties, low

abnormalities who is homozygous to the same mutation. Both parents are het-
erozygous for the same mutation.

Conclusions: In infants presenting with unexplained non-specific neurological
symptoms, irrespective of classical signs of vitamin B12 deficiency, evaluation for
TCN2 defect should be considered. Early diagnosis and appropriate management
can lead to favorable outcomes.

ataxia, exome sequencing, myoclonic seizures, neurodevelopmental regression, TCN 2,
Transcobalamin II defect, tremor

intelligence, vertigo, clonus, and personality disorders.
Interestingly, affected children and young adults may
have normal or slightly lower serum vitamin B12 levels
despite not being anemic (Teplitsky et al., 2003). Infants
with TCN2 defect may present with megaloblastic anemia,
feeding difficulties, developmental delay, microcephaly,
failure to thrive, hypotonia, lethargy, irritability, involun-
tary movements, focal or multifocal seizures, and cerebral
atrophy (Benbir et al., 2007).

Cobalamin deficiencies have been associated with
various neurological symptoms, including irritability
and neurodevelopmental regression. Pathophysiologi-
cal mechanisms may involve defects in myelination, de-
myelination, axonal degeneration, neurotoxic cytokine
imbalances, and neuronal lactate accumulation (Ben-
bir et al., 2007; Obeid et al., 2006). Initial magnetic res-
onance imaging (MRI) may reveal hypomyelination and
brain atrophy, but subsequent MRI scans show improve-
ment with B12 supplementation (Dror & Allen, 2008;
Nashabat et al., 2017). Severe truncal hypotonia, neuro-
logically significant developmental delay, and hypogam-
maglobulinemia have also been linked to TCN2 deficiency
(Black, 2008; Lehotsky et al., 2015). Rigaudiere et al. doc-
umented neuro-ophthalmological consequences of TCN2
mutations, including subclinical maculopathy and reti-
nopathy (Kose et al., 2020; Martino et al., 2021; Rigaudiere
et al., 2022).

Progressive myoclonic encephalopathy (PME) is a
group of rare, genetically heterogeneous diseases char-
acterized by progressive neurocognitive impairment, cor-
tical myoclonus, and various types of epileptic seizures.
Unlike epileptic encephalopathies that typically present
with polymorphic seizures in early infancy, PMEs usu-
ally manifest in late childhood or adolescence (Genton
etal., 2016).

In this report, we describe an infant with progressive
neurological features in whom next-generation sequenc-
ing facilitated the identification of a homozygous novel
mutation in the TCN2 gene. To the best of our knowledge,
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this is the first research describing this novel mutation in
the TCN2 gene.

2 | CLINICAL PRESENTATION

A 14-month-old male infant from the southern part of
Saudi Arabia was born at full term following an unevent-
ful 38-week pregnancy. His birth parameters were within
normal ranges, with a weight of 2970 grams and a head
circumference of 33.7cm. There was an absence of pre-
natal complications such as polyhydramnios, or reduced
fetal movements, as well as any immediate postnatal com-
plications. Newborn screening for common metabolic
disorders, including urea cycle defects, organic acidemias,
aminoacidopathies, and medium-chain acyl-CoA dehy-
drogenase (MCAD) deficiency, using tandem mass spec-
trometry, showed no abnormalities.

At 9months of age, the child's development took an
alarming turn. Previously progressing typically, he began
experiencing a gradual regression of motor skills and vo-
calization abilities. This regression was coupled with early
signs of oromotor dysfunction. Notably, the child never
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reached independent sitting or walking milestones. By
11 months, he displayed unsteadiness, intention tremors,
frequent head nodding episodes occurred throughout the
day and eventually becoming continuous, and myoclo-
nus primarily affecting the upper extremities which pro-
gressed, along with abnormal rhythmic eye movements.
These clinical features correlated with abnormal electro-
encephalogram (EEG) findings, solidifying the progres-
sive nature of his condition.

The patient was born to first cousins couples, he had
an older sister who succumbed to unexplained hepatic
failure at 7years old and an older brother with anemia
of unknown origin. Importantly, the family history also
indicated two generations with generalized childhood/
adolescent-onset epilepsies of unknown cause. The fam-
ily pedigree is shown in Figure 1. His vaccination history
remained up-to-date.

At 12months, clinical examination revealed a spec-
trum of symptoms including irritability, poor visual at-
tention, nystagmoid eye movements, startle response,
tongue fasciculations, bulbar dysfunction, myoclonus
affecting upper limbs, generalized hypotonia/ hypore-
flexia, truncal unsteadiness, polyminimyoclonus, and
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mild hepatomegaly (2cm in the right mid clavicular
line). While head circumference remained within normal
limits, and no signs of cyanosis, pallor, or neurocutane-
ous markers were noticed. Dilated fundal examination
yielded normal results. Partial alleviation of myoclonus
was achieved with the use of levetiracetam, clonazepam,
and multivitamins.

Initial laboratory investigations, including blood
counts, liver and kidney function tests, electrolyte levels,
bone biochemistry (magnesium, phosphorus, and cal-
cium), ammonia, and lactate yielded normal results. How-
ever, at 10 months, an elevated mean corpuscular volume
was observed, accompanied by slightly elevated transam-
inases. Vitamin B12 metabolism abnormalities were sus-
pected due to the persistent elevation of mean corpuscular
volume despite normal hemoglobin level. Subsequent
analysis revealed normal serum vitamin B12 (351pg/
mL, range: 200-860). However, the serum homocysteine
level was elevated at 40 pmol/L (reference range: 5.5-17),
and the urinary methylmalonic acid level was elevated
5.6 umol/mmol crt (reference range: 0.4-2.5 picromoles/
mmol creatinine), indicating impaired B12 metabolism.

Interictal electroencephalography (EEG) demonstrated
polyspikes and slow waves at 4 to 6 Hz on multiple occa-
sions, coupled with photosensitivity. Addition of cloba-
zam led to improvements in background EEG activity and
epileptiform discharges.

His brain MRI performed at 9 months of age showed
no detectable abnormalities. However, due to frequent
worsening episodes of myoclonus, and progressive
weakness, the patient's condition prompted a repeat
MRI at 14months, revealing cerebral atrophy and poor
myelination.

2.1 | Genetic testing and definitive
diagnosis

With the progressive nature of the symptoms and the com-
plex clinical picture, molecular genetic testing via exome
sequencing was pursued.

2.1.1 | Molecular genetic testing:
Exome sequencing

Methods

Genomic DNA was fragmented, and the exons of known
genes in the human genome, along with the correspond-
ing exon-intron boundaries, were enriched using Roche
KAPA capture technology (KAPA HyperExome Library).
The enriched DNA was amplified and sequenced simul-
taneously using illumina technology (next-generation

sequencing, NGS) on an illumina system (novo gene). The
target regions were sequenced with an average coverage
of 125-fold, ensuring a 15-fold coverage for 100% of the re-
gions of interest and a 20-fold coverage for approximately
99.9% of the regions. According to ACMG recommenda-
tions, the pathogenic mutations were classified into five
classes: Class 1—Pathogenic, Class 2—Likely pathogenic,
Class 3—Variant of uncertain significance (VUS), Class
4—Likely benign, and Class 5—Benign.

NGS data were aligned to the hgl9 genome assembly.
Variant calling and annotation were performed using in-
house developed bioinformatics pipelines. Identified vari-
ants were filtered against external and internal databases,
focusing on rare variants with a minor allele frequency
(MAF) in gnomAD of 1% or less, and known artifacts and
variants in highly homologous regions were removed.
The classification of variants followed ACMG guidelines,
taking into account database entries (including HGMD),
bioinformatics prediction tools, and literature status. It
should be noted that changes in pathogenicity classifi-
cation over time cannot be excluded. Variants annotated
as common polymorphisms in databases or literature or
those classified as (likely) benign were not considered.

Putatively pathogenic differences between the patient's
sequence and the wild-type sequence (human reference
genome according to UCSC Genome Browser, hgl9,
GRCh37) mentioned and interpreted in this report were
evaluated using an established in-house quality score.
Variants that did not meet the quality threshold were
verified using polymerase chain reaction amplification
followed by conventional Sanger sequencing. Sample
identity was ensured through internal quality manage-
ment procedures.

Results

Exome sequencing analysis identified a homozygous
variant, ¢.3G>A - P(MetlI), affecting the acceptor site of
intron 4 of the TCN2 gene (chromosome 22: 31003321,
NM_000355.4), (OMIM: *613441), leading to likely path-
ogenic variant. This variant causes the loss of the start
codon, potentially affecting translation.

To the best of our knowledge, this variant has not been
previously described in the literature (HGMD 2022.1). Its
frequency in the general population has not been docu-
mented (gnomAD v2.1.1 controls). Based on these find-
ings, the variant is classified as likely pathogenic and is
causally related to the observed clinical phenotype.

2.2 | Treatment and follow-up

The therapeutic regimen was initiated with a commence-
ment dose of 1mg of intramuscular hydroxocobalamin
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TABLE 1 Effect of treatment on patient's clinical and biochemical manifestations.

Assessment Pre-treatment Post-treatment for 18 months

Clinical manifestation

Cognitive dysfunction Present
Myoclonic epilepsy Present
Movement disorder (ataxia & tremors) Present

Laboratory investigations

Pancytopenia Absent
Serum vitamin B12 level Normal
Serum homocysteine level Elevated
Urinary methylmalonic acid level Elevated

Note: N/A indicates not applicable, as the patient did not exhibit pancytopenia.

Improved (can respond to commands)

Partial improvement (decreased to
2-3 episodes/day)

Partial improvement with the
ability ==to sit without support

N/A
Normal
Normalized

Normalized

Myoclonus episodes decreased to two to three episodes, he can sit without support, and responds to commands.

daily over a week, subsequently transitioning to a twice-
weekly schedule. The clinical and biochemical response
was diligently tracked through the surveillance of com-
plete blood picture, serum lactate dehydrogenase, and
plasma homocysteine levels. Clinical neurological ex-
amination and serial electroencephalography were used
as additional monitoring measures for epileptic encepha-
lopathy (Table 1).

The patient demonstrated a positive but partial
response to cobalamin therapy, marked by height-
ened energy levels, improved oral feeding, and grad-
ual achievement of motor milestones. Swift decline in
plasma homocysteine levels was noted, paralleled by en-
hanced decrease and normalization of mean corpuscu-
lar volume values evident in successive complete blood
count analyses.

Presently, at 17months of age, the patient continues
to grapple with moderate to severe speech delay and poor
social interaction. However, there has been slow improve-
ment in motor development and the frequency of myoclo-
nus has decreased (Table 1).

2.3 | Family screening and genetic
counseling

Following the identification of the index case, a meticu-
lous familial screening strategy was executed. Molecular
genetic testing, tailored to the identified variant, was ex-
tended to encompass both parents and the two surviving
siblings. The assessment unveiled that both parents car-
ried the identical mutation in a heterozygous state. The
sibling afflicted with anemia was disclosed to harbor the
same mutation in a homozygous pattern, warranting the

initiation of high-dose vitamin B12 supplementation.
Conversely, the remaining sibling demonstrated genetic
normalcy (Figure 1). It is of note that testing of previously
affected family members is not possible and you cannot
conclude if the conditions are related.

Incorporating a comprehensive approach, the family
was subjected to informed genetic counseling sessions
elucidating the nuances of the disease and its hered-
itary implications. Parents were equipped with the
essential knowledge to comprehend the inheritance
pattern and the potential risks for future offspring. An
ongoing dialogue was established to facilitate informed
decision-making, supported by a collaborative engage-
ment with a geneticist for sustained guidance and
surveillance.

3 | DISCUSSION

We present an extended family with a novel TCN2 muta-
tion causing complex neurological manifestations, includ-
ing progressive cognitive dysfunction, myoclonic epilepsy,
and movement disorder - ataxia and tremor. As far as we
are aware, this is the first research reporting this TCN2
mutation with usual neurological manifestations without
significant hematological consequences.

Comparisons with previous studies reveal variations
in clinical findings. Trakadis et al. reported that 87.5%
of TCN2 patients have hematological findings, including
pancytopenia, along with delayed milestones, hypotonia,
dyslexia, decreased IQ, vertigo, plantar clonus, and per-
sonality disorder. However, our index case predominantly
exhibited neurological manifestations, and seizures were
not reported (Genton et al., 2016). Schiff et al. (2010)
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found that gastrointestinal and hematological compli-
cations occur at an earlier age in TCN2 patients, while
neurological complications appear later. Their identified
mutation affected the interaction between transcobalamin
and transcobalamin receptors, which differs from the mu-
tation found in our patient. Our patient exhibited a dif-
ferent mutation site and mechanism resulting in a loss of
the start codon, potentially affecting protein formation by
mRNA. These differences in clinical manifestations may
be related to the types of variants and sites, as well as epi-
genetic factors.

Aggressive treatment, such as parenteral or intra-
muscular high-dose (1 mg) injection on a weekly basis,
is highly recommended (Thomas & Hoffbrand, 1997).
Hydroxycobalamin treatment has shown better clinical
results compared to cyanocobalamin. Successful clin-
ical outcomes were also reported in two patients with
1mg i.m. weekly methylcobalamin). Folic acid and be-
taine administrations have also been reported in TC
deficiency. In our index patient, partial clinical improve-
ment was observed after intensive treatment, and neu-
rological examination findings were slowly improved
during the short follow-up period. More reports and pro-
spective clinical trials will be helpful in determining the
most appropriate treatment approach for TC deficiency
(Schiff et al., 2010).

A case reported by Thomas et al. demonstrated
similarities to our index patient, with early-onset fre-
quent seizures, microcephaly, hypotonia, severely
retarded intellectual development, ataxia, and pyra-
midal deficits in the limbs. This emphasizes the im-
portance of early diagnosis and treatment (Thomas &
Hoffbrand, 1997).

No genotype-phenotype correlation has been reported
in TC deficiency. Previously, insertions, deletions, splice-
site, and non-sense mutations have been reported. In our
patient, we identified a homozygous variant resulting in
the loss of the start codon, which could have an effect on
translation. More reports of novel variations may help
evaluate the genotype-phenotype relationship better
(Yildirim et al., 2017). The neurological complications of
TC2 include a wide range of clinical features, such as hy-
potonia, psychomotor retardation or regression, seizures,
movement disorders, and failure to thrive in infants. This
highlights the need for a high level of suspicion in cases
where neurological features are non-specific (Yildirim
et al., 2017).

Vitamin B12 deficiency can result in various neu-
rological manifestations, including peripheral neu-
ropathy, subacute combined spinal cord degeneration,
dementia, optic atrophy, psychosis, and mood distur-
bances. Additionally, cerebellar ataxia, cranial nerve

abnormalities, Parkinsonian syndrome, and movement
disorders have been described. In our index patient,
the prominent features were ataxia, truncal hypo-
tonia, and progressive myoclonic seizures (Yildirim
et al., 2017).

The first case of B12 deficiency and developmental
and epileptic encephalopathy, consistent with West syn-
drome, was reported by Chong et al. The cases improved
with B12 therapy, including the cessation of spasms and
resolution of hypsarrhythmia (Chong et al., 2019). Ad-
ditionally, it is important to consider the possibility of
other non-related mutations in the family history. In our
index patient, there was a significant family history of
generalized tonic-clonic seizure and myoclonic child-
hood/late adolescent onset, which may contribute to
variable expression and non-related mutations (Chong
etal., 2019).

Early initiation of treatment is crucial for achieving
optimal outcomes. Neurological and hematological de-
terioration have been reported in patients who discon-
tinued treatment; thus, lifelong treatment is required
for the prevention of these complications (Honzik
et al., 2010). There is no clear consensus about the dos-
age, dose intervals, route of administration (i.m., oral),
and the form of cobalamin for the management of TC
deficiency.

4 | CONCLUSION

This research highlights the challenges in diagnosing and
managing complex developmental disorders within con-
sanguineous families. The evolving clinical symptoms,
abnormal EEG findings, and puzzling homocysteine-
methylmalonic acid dynamics exemplify the intricacies of
the described index case.

Effective management demands a multifaceted ap-
proach and vigilant monitoring. The positive clinical
response to hydroxocobalamin therapy, combined with
genetic insights from family screening, underscores the
importance of personalized care and genetic counseling
for optimal outcomes.

Moving forward, addressing TC2-related neurological
complications calls for additional clinical data and inter-
ventional studies. It is important to note that retrospective
analysis is hindered by the unavailability of tests for previ-
ously affected family members.
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