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Abstract

Monocarboxylate transporter 8 (MCT8) deficiency is an X-linked disorder resulting from an
impairment of the transcellular transportation of thyroid hormones. Within the central nervous
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system thyroid hormone transport is normally mediated by MCT8. Patients are described as
affected by a static or slowly progressive clinical picture which consists of variable degrees of
mental retardation, hypotonia, spasticity, ataxia and involuntary movements, occasionally
paroxysmal. The authors describe the clinical and neuroradiological picture of 3 males patients
with marked delayed brain myelination and in which the clinical picture was dominated by early
onset nonparoxismal extrapyramidal symptoms. In one subject a novel mutation is described.
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Monocarboxylate transporter 8 deficiency (also known as Allan-Hernon-Dudley syndrome
OMIM: #300523) is an X-linked disorder caused by an impairment of the transcellular
transportation of thyroid hormones. In the brain, transcellular transport of thyroid hormones
is mediated by MCT8, which is encoded by SLC16A2.1 The hallmark of the disease is a
thyroid profile characterized by an increased free T3, normal to low free T4, low reverse T3,
and normal to elevated TSH serum without any signs or symptoms of congenital
hypothyroidism.2 Affected patients are described having a static or slowly progressive
clinical picture, which consists of variable mental retardation, hypotonia, spasticity and
pyramidal signs, facial/neck weakness, ataxia, and involuntary movements that may be
paroxysmal.3= Since the first patient was published in 1944,5 a discrete number of patients
have been reported describing the clinical and endocrinological picture,3°-11 as well as the
appearance of abnormal white matter signal on magnetic resonance imaging (MRI) early in
the disease course.*12:13 Here, the authors report the clinical and neuroradiological picture
of 3 patients with markedly delayed brain myelination and in which the clinical picture was
dominated by early onset extrapyramidal symptoms evident since the first months of life.

Case Reports

Patient 1

This patient is the first child of nonconsanguineous healthy parents of Albanian origin. The
pregnancy and delivery were uneventful. At the age of 6 months, developmental delay
became evident, accompanied by progressive dystonic posturing of upper limbs. At the age
of 20 months, the first MRI demonstrated a delay of myelination (Figure 1A). At evaluation
at 3 years and 3 months of age, the clinical picture was dominated by extrapyramidal
symptoms (dystonic tetraparesis, fluctuation of muscle tone, startle reactions) associated
with severe hypotonia (only partial head control) and pyramidal signs (bilateral Babinski
reflexes, hypereflexia); concerning care, feeding, and motor independency, he needed
constant assistance. Magnetic resonance repeated at 3 years and again at 5 years and 6 moths
of age showed slow progression of myelination reaching almost a normal pattern (Figure
1B). Proton magnetic resonance spectroscopy (H-MRS) performed at 5 years of age showed
normal N-acetylaspartate and myoinositol peak values and a choline peak values at the
upper limits of normal. Computed tomography scans did not show calcifications. Brainstem
auditory evoked potentials, visual evoked potentials, electroretinogram, and fundus oculi
examination were all normal. An electroencephalogram did not show epileptic
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abnormalities. Laboratory and basic metabolic investigations performed (creatine kinase,
lactic and pyruvic acid, ammonemia levels, uric acid, urinary organic acid, plasmatic and
urinary amminoacid) were normal. Thyroid function tests demonstrated high free T3 level
(10.2 pmol/L, normal values 3.80-6.80 pmol/L), low free T4 level (9 pmol/L, normal values
12-16 pmol/L) and normal TSH level. Molecular genetic analysis of SLC16A2 revealed the

presence of an already described missense mutation (¢.1412T>C [p.Leu471Pro]) (Figure
2).1415

This patient is the younger brother of patient 1. The pregnhancy and delivery were
uneventful. His development was delayed early on, and in view of his brother’s diagnosis,
he was evaluated at 11 months. The clinical picture was dominated by symptoms suggestive
of extrapyramidal system involvement (poor and slow movements, facial grimaces,
persistent neonatal reflexes, fluctuating tone, exaggerated startle reactions, abnormal
dystonic upper limb posture) associated with severe neuromotor delay (only partial head
control, no use of hands) and pyramidal signs (bilateral Babinski reflexes, hypereflexia).
Magnetic resonance showed a marked delay of myelination (Figure 3A-3B). H-MRS was
not performed. Assessment of visual evoked potentials showed evidence of a conduction
delay. Electroretinogram and fundus oculi examinations were unremarkable.
Electroencephalogram showed no epileptiform features. Laboratory and metabolic
investigations performed (creatine kinase, uric acid, lactic acid and ammonemia levels,
prolactin, serum copper levels, urinary organic acid, plasmatic and urinary amminoacid)
were normal. Thyroid function tests demonstrated high free T3 level (7.9 pmol/L, normal
values 3.80-6.80 pmol/L), low free T4 level (8.7 pmol/L, normal values 12-16 pmol/L), and
slight augmentation of TSH level (5.8 mU/L, normal values 0.27-4.20 mU/L). Molecular
genetic analysis revealed the same hemizygous missense mutation of SLC16A2 as his
brother (Figure 2).

In addition, the mother of these 2 siblings has been shown to be a heterozygous carrier of the
€.1412T>C [p.Leud71Pro] mutation.

This patient is the second of 4 healthy children born to noncon-sanguineous, healthy parents.
The pregnancy and delivery were uneventful. From the age of 3 months, increased tone,
abnormal upper limb posture (internal abducted rotation), and developmental delay were
noted. At the age of 4 months, the first MRI was performed and considered normal.
Progressively, he developed a clinical picture characterized by spastic-dystonic tetraplegia,
poor spontaneous movement, facial grimaces, persistent neonatal reflexes, and severe
cognitive delay. At 2.5 years, he was able to reach for and hold an object and be in a
quadruped position when placed, but these skills were later lost. After 4 years of age he
developed myoclonic seizures not clearly improved by levetiracetam 60 mg/kg/day. Because
of extrapyramidal symptoms, he was treated by L-dopa/carbidopa (max dose 50 mg/12.5 mg
twice a day) with a reported transient improvement (better head control and spontaneous
movements). Concerning care, feeding, and motor independency, he needed constant
assistance.
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MRIs were repeated at the ages of 2, 3, and 4, years showing a slow progression of
myelination that was still delayed at the last examination at 4 years of age (Figure 3C-3D).
No basal ganglia abnormalities were evident on MRI (Figure 3C-3D). H-MRS was also
performed at 3 years and showed markedly elevated levels of choline. Computed
tomography scans did not show calcifications.

Metabolic and genetic investigations performed (biotinididase, very long chain fatty acids,
phytanic acid, pristanic acid, urinary orgnic acids, urinary, free and esterified carnitine,
aminoacids in plasma and spinal fluid, lactate and pyruvate, urinary mucopolysaccharides
and oligosaccharides, succyniladenosine in spinal fluid, pyridoxal-5’ phosphate,
neurotransmitters, pterins and folate, seric and sialic acid in spinal fluid, chromosome
microarray, FMR1, PLP1, GJC2, LMNB1, AADC molecular analysis) were all normal.
Thyroid function tests demonstrated normal free T3 level, low free T4 level (3.4 pmol/L,
normal values 5.9-11.6 pmol/L), low rT3 (8 ng/dl, normal values 11-32 ng/dl) and normal
TSH levels. Molecular genetic analysis of SLC16A2 gene revealed the presence of one novel
nonsense mutation predicted to result in the replacement of the codon for the amino acid
tryptophan with a premature termination codon at codon 219 in the SLC16A2 protein (c.
656G>A [p.Trp219X]) (Figure 2). The mutation has never been reported, but is predicted to
be pathogenic. Pathogenicity of this change is inferred as nonsense mutations may result in a
truncated and usually nonfunctional protein product. In actuality, nonsense mutations are
likely to be subjected to the nonsense-mediated MRNA decay pathway, in which mRNAs
containing nonsense mutations are degraded before they are translated into a polypeptide.
The production of a nonfunctional protein, or the absence of the protein, is considered in
many cases to be causative of disease.

Discussion

The authors described the clinical and neuroradiological picture of 3 male patients affected
by MCTS8 deficiency. The clinical picture of these patients was dominated by an early onset
predominantly dystonic tetraplegia with symptoms evident since the first months of life.
Symptoms included extrapyramidal manifestations typically seen in young infants,16
including hypokinesia, facial grimaces, persistence of neonatal reflexes, abnormal upper
limb postures, fluctuation of muscle tone, and exaggerated startle responses. In the second
year of life, more classic patterns of a movement disorder, potentially exacerbated by
stressful conditions or sensitive stimuli, were evident in these children.16 The presence
extrapyramidal signs, even if almost always reported among symptoms, has not been
underlined except in 2 recently described cases,® and in 7 patients where the movement
disorder was described as paroxysmal.3>:78 |t has not been stressed that in some cases
extrapyramidal symptoms can dominate the clinical picture from the beginning. The age at
onset of symptoms of extrapyramidal involvement is not always clear in the literature,
maybe because these symptoms are not always easy to recognize. Semeiological aspects of
extrapyramidal symptoms change in relation to age, as they are, indeed, age specific.18
These cases prompt us to emphasizes the possibility of an early onset, predominant, and
nonparoxismal extrapyramidal picture. In patients, extrapyramidal symptoms were evident
since the first months of life and were so predominant that the differential diagnosis initially
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included early onset X-linked extrapyramidal neurodegenerative syndromes such as Lesch-
Nyhan disease.

In 2 cases with paroxysmal movement disorders,37:8 abnormal signal of the putamina on
MRI has been observed.”8 Conversely, in these cases, the MRIs did not show any
abnormalities of basal ganglia.

White matter abnormalities on MRI in MCT8 deficiency have been described variably as
delayed myelination!3 or “hypomyelination.” According to the definition of
hypomyelination, an unchanged pattern of deficient myelination on 2 MRIs at least 6
months a part in a child older than 1 year,1” van der Knaap and Wolf pointed out that white
matter abnormalities observed in MCT8 deficiency should not be considered as true
hypomyelination because of the progression of myelination, even if slow.12 The MRI
follow-up in the first case (Figure 1) reinforces and confirms the idea of a marked delay in
myelination and not hypomyelination as the prominent neuroradiological feature of the
disease. This is also supported by the normality of H-MRS in this patient, performed when
the slow myelination processes were almost finished. H-MRS in affected patients may show
increased choline and myoinositol levels and decreased N-acetylaspartate® when the
myelination process is still delayed, as in earlier scans in patient 3.

In conclusion, even if a simple delay of myelination is itself a nonspecific feature,12 the
authors think that the association of a marked delay of myelination on MRI together with an
early onset clinical picture dominated by extrapyramidal symptoms in a male without
history of perinatal asphyxia is very suggestive of MCT8 disorders. This association should
prompt thyroid hormone testing, including reverse T3, which could be very helpful in
achieving the final diagnosis when presented with the classical profile associated with
MCTS8 deficiency.
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Figure 1.
MR T2-weighted axial scan of patient 1. The first MRI (A) was performed when the patient

was 20 months of age; the second one (B) was performed at 5 years and 6 months of age.
The neuroradiological follow-up clearly shows the progression of the initially marked
delayed myelination.
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SLC16A2 mutational analysis—chromatograms of the 2 different mutations identified in the

reported patients.
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Figure 3.
MR T1-weighted axial scan (A, C with gadolinium) and MR T2-weighted axial scan (B, D)

images of patient 2 at 11 months (A, B) and patient 3 at 4 years (C, D) show delayed
myelination and no basal ganglia abnormalities.
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