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Mitochondrial trifunctional protein deficiency as a
polyneuropathy etiology in childhood
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ABSTRACT

Background. The mitochondrial trifunctional protein (MTP) is a multienzyme complex of the fatty acid beta-
oxidation cycle. Mitochondrial trifunctional protein deficiency (MTPD), a rare condition that leads to failure of
converting certain fats to energy is characterized by decreased activity of three enzymes in the enzyme complex.
Signs and symptoms of MTPD may present during infancy or later in life; those that begin after infancy include
hypotonia, muscle pain, thabdomyolysis, and peripheral neuropathy. We report a Turkish boy diagnosed with
MTPD after being investigated for polyneuropathy of unknown origin since infancy.

Case. A 5.5-year-old male patient was admitted to our clinic with complaints of weakness in the arms and legs,
physical inactivity compared to his peers, fatigue, weakness and, difficulty in climbing stairs since infancy.
Electroneuromyography (ENMG) analysis showed moderate symmetric distal sensorimotor and axonal
neuropathy. On the background of chronic polyneuropathy, the patient had acute relapsing episodes with
progressively worsening severity in the follow-up period until 12.5 years of age. Whole exome sequencing
(WES) was performed in the patient and, revealed that the patient had a homozygous c.1390G>A (p.Gly464Ser)
pathogenic variant of the HADHB gene. Although rhabdomyolysis is a well defined accompanying clinical
feature of MTPD, it was not present in our patient who only had worsening muscle weakness during attacks.

Conclusion. On the background of chronic polyneuropathy and acute relapsing episodes triggered by fasting

or illnesses and rhabdomyolysis physicians should suspect disorders of the fatty acid beta-oxidation cycle.

Key words: polyneuropathy, mitochondrial trifunctional protein deficiency, fatty acid oxidation disorder,
HADHB gene.

The mitochondrial trifunctional protein (MTP)
is a multienzyme complex of the fatty acid beta-
oxidation cycle. It is composed of four alpha and
four beta subunits as HADHA and HADHB. The
three functions are 2-enoyl coenzyme A (CoA)
hydratase (LCEH), long-chain 3-hydroxy acyl-
coenzyme A dehydrogenase (LCHAD), and
3-ketoacyl CoA thiolase (LCTH).! The HADHA
gene encodes the LCEH and LCHAD enzymes
and the HADHB gene encodes the LCTH
enzyme. The cytogenetic location of both genes
is at 2p23.3. Mitochondrial trifunctional protein
deficiency (MTPD) which is a rare condition
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that leads to failure of converting certain fats to
energy is characterized by decreased activity of
all three enzymes.

Signs and symptoms of MTPD may begin
during infancy or later in life. Clinically, classic
MTPD is classified into three main clinical
phenotypes including the neonatal onset of a
severe, lethal condition resulting in sudden
unexplained infant death, the infantile-onset
of a hepatic Reye-like syndrome, and the
late-adolescent onset of primarily a skeletal
myopathy.>® Symptoms that occur during
infancy are various and may include feeding
difficulties, hypotonia, and
liver problems, and these patients may present
with heart problems, respiratory insufficiency,
coma, and sudden death. Signs and symptoms

hypoglycemia,
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of MTPD that may begin after infancy include
hypotonia, muscle pain, thabdomyolysis, and
peripheral neuropathy. Symptoms can be
triggered by periods of fasting or by illnesses
such as viral infections.

Patients presenting with the prolonged,
progressive course of the disease, which has
been associated with myopathy, recurrent
rhabdomyolysis, and sensorimotor axonal
neuropathy tend to survive into adolescence
and adulthood.* Here, we report a Turkish
patient diagnosed with MTPD who had been
under investigation for polyneuropathy of
unknown origin since his infancy.

Case Report

A 5.5-year-old male patient was admitted to our
clinic with complaints of weakness in the arms
and legs, fatigue, physical inactivity compared
to peers and, difficulty in climbing stairs since
infancy. His prenatal follow-up was normal and
he was born at term with a birth weight of 3160
g with an uneventful delivery. He was the third
child of consanguineous Turkish parents, and
his siblings were healthy. He had walked when
he was one year old and started using words
at 1.5 years old. However, a waddling gate was
first noticed at three years of age.

On admission to our center, growth was
found to be normal for age. He had mild
kyphoscoliosis. ~ Neurological = examination
revealed absence of deep tendon reflexes and
mild waddling gait. Muscle strength was 4/5
in the proximal and distal assessment of all
four limbs. Routine investigations including
whole blood count, biochemical parameters,
Creatine Kinase (CK) level and vitamin B,
level were within normal ranges. An inherited
polyneuropathy was suggested in the patient.
Metabolic investigations including serum and
urine amino acids, serum ammonia level, lactic
acid, and pyruvic acid analysis, tandem mass
spectrometry, urine organic acid analysis, and
very-long-chain fatty acid analysis were normal.
Cranial magnetic resonance imaging (MRI) was
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normal and cardiology and ophthalmology
referrals also found no remarkable findings.

In an electroneuromyography (ENMG) analysis
performed before admission to our clinic, a
sensorimotor neuropathy had been suspected.
ENMG analysis was repeated in our center
and it showed moderate symmetric distal
sensorimotor and axonal neuropathy prominent
in the lower extremity. Muscle biopsy showed
prominent fiber type grouping which was
consistent with secondary neurogenic changes.
The patient was investigated for Charcot-Marie-
Tooth disease (CMT), however, the molecular
genetic analysis performed for peripheral
myelin protein 22 (PMP22) gene mutation
was found non-consistent with the diagnosis.
Therefore the possibility of mitochondrial
disease was suspected in the patient and
multivitamin supplements were initiated,
which yielded partial benefit.

At 6.5 years of age, he had complaints of walking
deterioration and gait disturbance concurrent
with an infection. On neurologic examination
ataxia was noted in addition to the absence
of deep tendon reflexes. Muscle enzymes
including CK and lactate dehydrogenase, liver
enzymes, renal functions, and electrolytes were
checked for rhabdomyolysis and they were
within normal ranges. He was investigated
for causes of ataxia. Serum alpha-fetoprotein,
vitamin A and vitamin E levels were normal.
Hearing assessment, ophthalmologic
evaluation, echocardiography, spinal MRI,
and molecular genetic analysis performed to
evaluate Friedreich ataxia were also normal.
In the follow-up period, the gait disturbance
complaint regressed spontaneously. Gait and
walking disturbance attacks repeated during
infectious illnesses at 9 and 11 years of age. In
these two attacks, the severity of symptoms had
progressed and he could not even stand and
walk, even though muscle enzymes continued
to be normal (CK levels were 123 and 140 U/L,
respectively). Repeated cranial and spinal MRI
studies were unremarkable. ENMG performed
at 12 years of age showed chronic severe
sensorimotor and axonal neuropathy. Although
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gate disturbance regressed after the course of
each attack, his walking became relatively worse
at 12.5 years of age and the family declined to
use any vitamin supplements.

Whole exome sequencing (WES) was performed
in the patient and, revealed that the patient
had a homozygous c.1390G>A (p.Gly464Ser)
pathogenic variant of the HADHB gene
compatible with MTPD. Parents were detected
as heterozygous for the variant. After definitive
diagnosis, all routine biochemical and metabolic
investigations including serum ammonia level,
lactic acid, and pyruvic acid analysis, tandem
mass spectrometry, urine organic acid analysis,
and ophthalmologic evaluation were performed
once again and found normal. Enzyme analysis
of the three enzymes forming the MTP could
not be performed in the patient due to the fact
that these tests can only be performed by very
few laboratories related to technical difficulties
and financial problems. A low-fat diet with
restriction of long-chain fatty acid intake and
substitution with medium-chain fatty acids
(MCT oil) was commenced. At the last visit,
he was 13.5 years old, and he had difficulty
standing on his heels. However, his walking
and balance were much better under diet and
MCT oil treatment.

Informed consent was received from the family.

Evaluation of the Variant:

The ¢.1390G>A mutation, which was detected
as homozygous in the HADHB gene in our
patient, is a rare variant that has not been
detected in healthy population scans previously
performed. In the analysis of this variant with
in-silico prediction programs, it was evaluated
as a disease-causing variant. This variant,
which has not been reported in the literature
and online databases, is classified as a “variant
of unknown significance” according to the
American College of Medical Genetics and
Genomics variant classification guidelines.’
However, since our patient’s clinical findings
and clinical progression were compatible
with MTPD, this variant was thought to be
responsible for the patient’s clinic.
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The variant corresponds to the first nucleotide
of the exon 16 in the genomic sequence. At the
translation level, this variant could create a new
possible splice site. The analyses according
to “Human Splicing Finder”, the c.1390G>A
variant at the beginning of the coding region
is estimated to create a new acceptor site (New
site: +58.9).¢ If a new acceptor site has occurred,
the structure of the protein may have changed.

The evaluation at the level of amino acid
exchange; glycine at the position 464, is the first
amino acid of the beta-strand of the protein.
The variant is replaced by the C terminal of the
Thiolase domain (Fig. 1a). The newly formed
Serin amino acid has an extra-OH group that
may cause the formation of a new hydrogen
bond (Fig. 1b, c).” A new hydrogen bond may
decrease the stability of the protein by changing
the interatomic interactions, atomic fluctuation,
and local flexibility (Fig. 1d,e,f).?

Polyphen-2 score: 1

PROVEAN: -5.403 (cutoff:-2,5)-deleterious

Discussion

Inborn errors of metabolism (IEMs) can present
at any age from childhood to adulthood and
may affect the peripheral nervous system,
usually as part of a diffuse neurological
or systemic clinical picture. Inherited
metabolic neuropathies comprise a clinically,
biochemically, and genetically heterogeneous
group of diseases. Rarely, neuropathy can be
the unique initial sign of an IEM.? Rare causes
of metabolic neuropathy include fatty acid beta-
oxidation disorders, mitochondrial disorders,
porphyria, disorders of the lipid or glycolipid
metabolism (eg. Refsum disease, Fabry disease,
abetalipoproteinemia, Tangier disease). MTPD
is a fatty acid beta-oxidation cycle disorder,
and is characterized by a wide clinical spectrum
ranging from severe neonatal manifestations
including cardiomyopathy, hypoglycemia,
metabolic acidosis, skeletal myopathy and
neuropathy, liver disease, and death to a mild
phenotype with peripheral polyneuropathy,
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that the mutated protein has an extra H bond d. Blue bars indicate possible new interatomic interactions, e. H
bonds may provide change in the amplitude of absolute atomic action by decreasing atomic fluctuation, f. and
local flexibility.

episodic rhabdomyolysis
retinopathy.

and pigmentary

The most common motor symptom of
peripheral neuropathy is weakness. It may
present as clumsiness, difficulty in climbing
stairs, or impaired fine motor skills. These
motor symptoms were present in our patient
since infancy. Ataxia is another motor symptom
associated with neuropathy. Ataxia was a
prominent symptom in our patient only
during the course of deteriorating attacks that
developed in association with an infection.
Sensory symptoms, of which none were seen in
our patient may include numbness, paresthesia,
pain, or burning sensations.

Fu et al." reported an 8-year-old girl with lower
limb weakness since birth who was ultimately
diagnosed with MTPD. Blood acylcarnitine
analysis revealed slightly increased long-chain
3-OH-acylcarnitine levels; EMG suggested
peripheral nerve injury; muscle biopsy
confirmed a neurogenic lesion in muscle fibers,
as shown by EMG. Analysis of the HADHB gene
identified a homozygous missense mutation
c.739C>T (p.R247C). They stated that neonatal-
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onset, as seen in their patient, has not been
reported for the neuromyopathic phenotype of
mitochondrial trifunctional protein deficiency.’
Clinical findings of our patient were similar to
their patient, but repeated acylcarnitine analysis
including in deterioration attacks were normal
in our patient.

Naiki et al>  reported  peripheral
polyneuropathy, rhabdomyolysis, and infantile-
onset hypoparathyroidism in two siblings with
HADHB gene mutations. Recently, van Vliet
et al.® reported a 20-year-old woman who
had axonal motor-sensory polyneuropathy of
unknown origin since childhood. She presented
with progressive dyspnea, and increased
muscle weakness which had been preceded
by an infectious disease. Laboratory testing
showed rhabdomyolysis and hypocalcemia
with low parathyroid levels. Sequence analysis
of the HADHB gene showed two heterozygous
emphasized the
importance of performing metabolic screening
when patients are most symptomatic, since
normal results could be inconclusive in the
absence of metabolic stress."! Serum calcium,

variants. The authors
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phosphorus, and magnesium levels were
normal in our patient, and rhabdomyolysis was
not seen, however, he experienced deterioration
attacks concurrent with infectious illnesses.

Yamamoto et al.'"* reported a 45-year-old man
presenting with slowly progressive muscle
weakness and sensory disturbances in his
lower limbs and multiple episodes of exercise-
induced severe muscle fatigue and brown urine
during his childhood, which had disappeared
by age 20. A nerve conduction study showed
peripheral axonal neuropathy. Similar to
our patient, they considered CMT disease,
however, exome sequencing failed to identify
a mutation in the known genes associated with
CMT. Then, he recurrently developed severe
rhabdomyolysis that required hospitalization.
They re-examined exome sequencing and
found a mutation in HADHB. This case of adult-
diagnosed MTP deficiency was characterized
by slowly progressive peripheral neuropathy
masquerading CMT in addition to muscular
symptoms.™

No pathogenic variant has been identified in
exon 16 of the HADHB gene so far, which may
be pathologic for the disease. However, it has
been reported that mutations detected in the
last exons of the gene may be presented with
late-onset and milder clinical findings."

The lack of enzyme level measurement is
a limitation of this report. However using
online modeling and prediction programs, we
have been able to predict that the mutation
identified herein can destabilize the structure
of the protein. Although acylcarnitine levels
were repeatedly normal in our patient, clinical
findings may be the result of conformational
changes in the protein by the Gly464Ser
homozygous variant that may lead to a less
functional protein. Nevertheless, functional
studies are required to clearly understand the
effect of the variants that have not any clinical
significance yet.

In conclusion, it is evident that the differential
diagnosis of isolated polyneuropathy in
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childhood may be challenging. Most peripheral
nerve disorders in children are hereditary.
Characterization of a peripheral nerve disorder
involves a careful neurologic examination,
family history, electrodiagnostic studies.
Although rhabdomyolysis is a well-defined
accompanying clinical feature of MTPD, muscle
weakness that is getting worse in attacks in the
absence of rhabdomyolysis was an interesting
aspect of our patient. On the background
of chronic polyneuropathy, acute relapsing
episodes triggered by fasting or illnesses and
rhabdomyolysis should suggest the fatty acid
beta-oxidation cycle.
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