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Case Report
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INTRODUCTION

Thyroid hormone resistance syndrome (THRS) is a rare genetic disorder that is characterized 
by an alteration in sensitivity to thyroid hormones (THs) in peripheral tissues. This is 
generally caused by defects in nuclear TH receptors THRα and THRβ, which are located 
in different tissues of the body. Consequently, the phenotype of this syndrome can be 
very varied.[1] Other uncommon hereditary disorders affect the secretion, transport, and 
metabolism of TH.

The only known alteration in the transport of TH across the cell membrane, named Allan–
Herndon–Dudley syndrome (AHDS), is caused by a mutation in the monocarboxylate 
transporter 8 (MCT8 gene), a specific transporter for TH that is linked to the X-chromosome 
with 100% penetrance in males and an estimated prevalence of 1:70,000.[2] This syndrome alters 
the function of the MCT8 transporter, reducing the availability of TH in the brain and, therefore, 
leading to hypothyroidism in the central nervous system. This deficit is not compensated by 
other TH transporters. As a result, a severe psychomotor deficit with manifest hypotonia from 
the 1st days of life occurs. This syndrome is characterized by low levels of thyroxine (T4) with 
normal or increased thyroid-stimulating hormone (TSH), elevated triiodothyronine (T3), and 
decreased levels of reverse T3 (rT3).[3]
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CASE REPORT

A 3-month-old male child was born healthy at 38 weeks of 
gestation with a normal vaginal delivery. He presented a 
normal APGAR score, normal birth anthropometry, and a 
negative screening test for congenital hypothyroidism with 
no known family history of thyroid disorders.

He was hospitalized for further evaluation of his generalized 
hypotonia during the 1st  month of life. The TH profile 
showed normal TSH 1.76 mU/L (0.350–4.940 mU/L), 
low T4  0.58  ng/dL (0.7–1.48  ng/dL), and a negative test 
for thyroid autoimmunity. He was initially diagnosed as a 
child with central hypothyroidism. The rest of the pituitary 
hormones were within the normal range. The MRI of the 
brain did not show any apparent structural abnormalities of 
the hypothalamic-pituitary axis, but there was a delay in the 
brain myelination process. A  thyroid ultrasound revealed a 
small thyroid gland without any focal abnormalities.

The child was initially started on treatment with levothyroxine 
at a low dose, which was slowly escalated under clinical and 
biochemical monitoring to 150 µg/day (18.75 µg/kg/day) at 
1 year of age. With this, free T4 was normalized to 0.88 ng/
dL (0.7–1.48  ng/dL) with a persistently suppressed TSH 
<0.00 mU/L (0.350–4.940 mU/L) [Figure 1].

On the follow-up, the patient progressed to severe 
psychomotor deficit with central hypotonia, especially in the 
neck, and inability to sit or walk with spastic quadriplegia, 
dystonia, and dyskinesia. He also showed speech alteration 
and severe dysphagia, requiring feeding gastrostomy when he 
was 2 years old. His condition worsened as he started getting 
episodes of nocturnal apneas and seizures, requiring follow-up 
by neurology colleagues to initiate anticonvulsant treatment.

In view of the poor response to treatment and worsening 
clinical profile, the thyroid axis was reevaluated, and T4 
therapy was discontinued. A genetic test using massive DNA 
sequencing techniques and including 538 genes related 
to neurodevelopmental disorders was performed. The 
results revealed a mutation in the MCT8 gene (SCL16A2, 
p.Pro215Leu change on the X-chromosome), suggesting the 
diagnosis of AHDS. This mutation had not been previously 
described. However, prediction algorithms indicated a 
pathogenic effect. Moreover, the clinical manifestations 
presented by the patient were highly consistent with those 
described in AHDS, including the neurological condition 
and the alteration of the initial thyroid profile, as well as the 
poor response to treatment with levothyroxine.

After the diagnosis, TH levels were re-evaluated: elevated 
T3  4.76  pg/mL (1.70–3.70  pg/mL), low rT3  40  pg/mL 
(90–330  pg/mL), low T4  0.5  ng/dL (0.7–1.48  ng/dL), 
and elevated TSH 6.377 mU/L (0.350–4.940 mU/L). The 
high levels of sex-hormone-binding-globulin 152 nmol/L 
(16–86 nmol/L) and the decrease in total cholesterol 

120  mg/dL (<200  mg/dL) were attributed to the effect of 
high concentrations of T3 in peripheral tissues. The TRH 
stimulation test results were normal, with adequate pituitary 
TSH stimulation [Figure 1].

The patient was proposed to start treatment with 
3,3’,5-triiodothyroacetic acid (TRIAC), a TH analog that 
penetrates cell membranes without requiring the MCT8 
transporter. TRIAC was started at the age of 5  years of 
age with increasing doses up to 330  µg every 8  h orally 
(52.8  µg/kg/24  h). The tolerance of the treatment was 
good and resulted in a reduction of spasticity and night 
apneas. However, treatment was suspended after 1  year in 
the absence of neurological improvement. TSH persisted 
in range at 0.6 mU/L (0.350–4.940 mU/L), T4 was low 
<0.4  ng/dL (0.7–1.48  ng/dL), and T3 presented elevated 
levels 4.73 pg/mL (1.70–1.48 ng/dL) [Figure 1].

The patient is now 13  years old, and he is being followed 
up by specialists in the digestive and nutrition unit 
(gastrostomy control and malnutrition), pulmonology (sleep 
apnea), neurology (seizures and nocturnal agitation), and 
endocrinology (thyroid disorder). He is currently under 
symptomatic treatment [Figure 2].

DISCUSSION

THRS includes many genetic defects with multiple phenotypic 
expressions, both clinical and biochemical. In the case of 
AHDS, the mutation in the X-linked MCT8 gene that expresses 
the TH transporter across the cell membrane (especially at 
the level of the central nervous system) explains the most 
characteristic symptoms appearing from the 1st month of life.[3]

MCT8 is a specific transporter of iodothyronines. To date, 
no other substrate for this transporter has been found. The 
transport rate of T3 and T4 (with preference of T3) is very 
high compared to other TH transporters, such as those of 
the NTCP and OATP families. MCT8 is expressed in the 
brain, heart, lungs, kidneys, thyroid, placenta, skeletal 
muscle, pituitary, and liver. In the brain, it can be detected, 
specially in neuronal pattern, choroid plexus, and blood-
brain barrier.[4]

It should be noted that only the THRβ nuclear receptor is 
important in the regulation of the negative feedback system 
of the hypothalamic-pituitary-thyroid axis, maintaining 
TH concentration within the normal range. Therefore, the 
analytical pattern of AHDS differs from the pattern of THRS 
(THRβ mutation) with normal or elevated TSH and elevated 
T4 and T3. Hence, the diagnosis of AHDS may be deferred.[5]

In this case, the elevation in serum T3 is due to several 
reasons. Mutations in MCT8 may induce higher secretion 
of T3 and a lower of T4 for reasons not yet well known.[3] 
The elevated T3 levels increase deiodinase-1 in the liver and 
kidneys, which allows the conversion of T4 into T3 to further 
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increase circulating T3 levels. Furthermore, the decrease in 
the entry of T3 into the brain and other tissues that express 
deiodinase-3 causes less degradation, which contributes to 
an increase in blood levels. In addition, a greater excretion 
of T4 by the kidney provokes a sustained decrease in T4. 
Finally, the low levels of rT3 are caused by an increment in 
its degradation by deiodinase-1 in the liver and kidneys and a 
lower production of rT3 in tissues such as the brain.[4]

The most common approaches to treat this condition are 
limited to symptomatic measures such as feeding gastrostomy 

to avoid severe weight loss and aspiration; use of orthopedic 
support; carbamazepine, levodopa, or anticholinergics to treat 
dystonia; anticonvulsants to treat seizures; and scopolamine 
or glycopyrrolate for drooling.

Treatment with levothyroxine is ineffective because it can 
increase T3 and peripheral thyrotoxicosis.[2] However, treatment 
with propylthiouracil (which inhibits deiodinase-1 and reduces 
T4 to T3 conversion) with levothyroxine at high doses has been 
described in the literature. It has been shown to be effective in 
improving thyroid biochemical profile and nutritional status.[6]

Figure 1: Thyroid hormones and clinical evolution with the years. TRIAC: Triiodothyroacetic acid, 
TSH: Thyroid stimulating hormone, T4: Free thyroxine, T3: Free triiodothyronine. 
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Other studies focus on TH analogs that use alternative transporters 
to substitute this genetic deficit.[7] 3,5-diiodoothyropropionic 
acid was tested in a pilot study with four children, 
improving biochemical abnormalities.[8] TRIAC also 
showed improvement in the clinical manifestations of 
thyrotoxicosis.[9] The main biochemical effect was the 
reduction of T3 with TSH suppression and, therefore, a 
decrease in the synthesis and secretion of TH. This improves 
hypermetabolism and its consequences. However, only slight 
improvement in terms of intellectual disability was observed 
in children under 3  years. In older children, there was no 
improvement.[2,7,9] Treatment with intrathecal TRIAC was 
also tested in mice. Although brain T3 availability increased, 
the results were not satisfactory.[10]

At present, an ongoing trial (NCT02396459) is investigating 
the effect of TRIAC treatment in children below 30 months 
of age. Patients are treated for 96  weeks, and the effect 
of treatment on neurodevelopmental impairment and 
peripheral thyrotoxicosis is evaluated.[9]

CONCLUSION

A thorough understanding of AHDS turned out to be 
essential to properly diagnose this boy with a delay in 
neurodevelopment and TH alteration. Genetic testing 
coupled with a thyrotropin releasing hormone (TRH) 
stimulation test and serial biochemical thyroid function 
helped in the proper diagnosis of the index case. An early 
diagnostic approach, ideally before birth and an appropriate 
treatment with new molecules such as TRIAC are the most 
important aspects to improve the neurological problems 
caused by this condition. The development of new, more 
effective, and efficient molecules with a better capacity to 
penetrate through the blood-brain barrier is still necessary 
for a better neurodevelopmental outcome.
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