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   Introduction 

 Resistance to thyroid hormone (RTH) is a 
 syndrome characterized by variable tissue hypo-
responsiveness to thyroid hormone throughout 
the body. Classically, patients come to attention 
for a variety of reasons including goiter, abnor-

mal thyroid function tests (TFTs), or neonatal 
screening programs. Biochemically, the syndrome 
is characterized by elevated thyroid hormone val-
ues in the setting of non-suppressed thyrotropin 
(TSH) levels. In most patients, hyporesponsive-
ness occurs in both the hypothalamic and pituitary 
as well as peripheral tissues. Resistance in the 
hypothalamus and pituitary leads to elevated thy-
rotropin levels, which stimulate the thyroid gland 
to increase production of thyroid hormone; how-
ever, reduced action elsewhere results in (to a 
greater or lesser degree) compensated thyroid 
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  Abstract 

 Resistance to thyroid hormone (RTH) is a syndrome characterized by 
 variable tissue hyporesponsiveness to thyroid hormone throughout the 
body. Classically, patients come to attention for a variety of reasons includ-
ing goiter, abnormal thyroid function tests (TFTs), or neonatal screening 
programs. Biochemically, the syndrome is characterized by elevated thy-
roid hormone values in the setting of non-suppressed thyrotropin (TSH) 
levels. In most patients, hyporesponsiveness occurs in both the hypotha-
lamic and pituitary as well as peripheral tissues. Resistance in the hypo-
thalamus and pituitary leads to elevated thyrotropin levels, which stimulate 
the thyroid gland to increase production of thyroid hormone; however, 
reduced action elsewhere results in (to a greater or lesser degree) compen-
sated thyroid hormone hyporesponsiveness. In contrast, TSH resistance is 
caused by mutations in the TSH receptor, and is characterized by a range of 
symptoms, from euthyroid hyperthyrotropinemia to frank hypothyroidism.  
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hormone  hyporesponsiveness (Fig.  18.1 ). Thus, 
affected individuals do not show classic signs 
and symptoms of myxedema, but instead exhibit 
delayed growth, hearing defects, attention-
de fi cit hyperactivity disorder (ADHD), and 
other symptoms  [  1  ] . The majority of patients 
with RTH have autosomal dominant mutations 
of the thyroid hormone receptor- b  (TR b ) gene. 
Patients have been identi fi ed from a wide range 
of races and ethnic groups; the exact geographic 
distribution of the disorder is unknown but it 
has been estimated that RTH occurs in about 1 
case per 50,000 live births  [  2  ] . Therapeutic 
strategies for RTH are not well-de fi ned and 
treatment (if any) must be individualized. Most 
studies of patients with RTH have been per-
formed in adults, and approaches for the pediat-
ric population may need to be deduced in the 
absence of  fi rm data. In the past few years, 
additional syndromes of reduced sensitivity to 
thyroid hormone (but distinct from classic 
RTH) have been elucidated, and these will also 
be discussed below.   

   Mechanisms of Resistance to Thyroid 
Hormone 

 The thyroid hormone receptor (TR) is a member 
of the nuclear hormone receptor (NHR) family of 
transcription factors. These proteins directly bind 
DNA to modulate gene transcription  [  3,   4  ] . NHRs 
contain a number of important domains: an 
N-terminal activation or AF-1 domain (A/B 
domain); a central DNA-binding domain (DBD); 
and a C-terminal ligand-binding domain (LBD) 
with ligand-dependent activation (AF-2) func-
tion. In addition to binding ligand, the LBD is 
also involved in the recruitment of key nuclear 
cofactors such as corepressors and coactivators. 

 TRs and other NHRs bind sequences within 
regulatory regions of genes; for the TR, these 
regions are termed thyroid hormone response 
elements (TREs)  [  5,   6  ] . When TRs bind to “posi-
tive” TREs (pTREs) in the presence of thyroid 
hormone, gene transcription is increased; in con-
trast, “negative” TREs (nTREs) are involved in 
thyroid hormone-mediated repression of tran-
scription. Negative TREs have been identi fi ed in 
the promoters of TRH and TSH subunit genes 
 [  7–  9  ] . The molecular events leading to thyroid 
hormone-mediated transcriptional repression 
remain unclear. In contrast, TR action on pTREs 
has been better characterized. On these genes, 
TRs are recruited to pTREs whether or not thy-
roid hormone is present (Fig.  18.2 ). In the absence 
of the active ligand triiodothyronine (T3), the TR 
binds nuclear proteins termed corepressors, 
including the nuclear corepressor protein (NCoR) 
and the silencing mediator of retinoid and thyroid 
hormone receptors (SMRT)  [  10–  15  ] . These 
cofactors, in turn, recruit a protein complex with 
histone deacetylase function  [  16–  18  ] , leading to 
gene silencing. The binding of T3 leads to a con-
formational change in the TR, loss of corepressor 
binding, and subsequent recruitment of coactiva-
tors  [  19  ] . Coactivators stimulate gene expression 
by increasing the degree of histone acetylation, 
modulating interacts with general transcription 
factors, and other mechanisms  [  20–  28  ] . More 
recently, rapid non-genomic actions of thyroid 
hormone have been identi fi ed (independent of 
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  Fig. 18.1    The hypothalamic–pituitary–thyroid axis in 
RTH patients. TR b  mutations or other (as yet unde fi ned) 
defects in patients with RTH lead to reduced thyroid hor-
mone responsiveness in the hypothalamus and pituitary, 
resulting in increased production of thyroid hormone. 
Impaired thyroid action elsewhere in the body results in 
the clinical phenotype seen in patients with RTH. However, 
increased thyroid hormone action on TR a  receptors leads 
to selective tissue hyperthyroidism (e.g., in the heart con-
duction system)       
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transcription)  [  3  ] , though it is currently unclear 
how these effects relate to syndromes of RTH.  

 There are two major isoforms of the TR, 
termed TR a  and TR b , which are encoded on dif-
ferent chromosomes  [  29,   30  ] . The gene for TR a  
is located on chromosome 17; the gene for TR b  
gene is located on chromosome 3. Additional iso-
forms of TR a  and TR b  are generated by alterna-
tive splicing or differential promoter usage. 
Although TR a 1 is a true thyroid hormone recep-
tor, TR a 2 is an alternatively spliced isoform that 
does not bind thyroid hormone. In contrast, 
TR b 1, TR b 2, and the more recently described 
TR b 3 isoform  [  31  ]  all bind thyroid hormone and 
differ only in their proximal region. Additional 
truncated isoforms for both TR a   [  32  ]  and TR b  
 [  31  ]  have been identi fi ed, but their functions 
in vivo remain unknown. 

 Mutations in the TR b  gene have been identi fi ed 
in many patients with RTH, and in the vast major-
ity of cases, the syndrome is inherited in an auto-
somal dominant fashion. A subset of RTH 
patients, however, does not exhibit TR b  muta-
tions  [  33  ] . These patients may have defects in 
other proteins involved in thyroid hormone action 

 [  34  ] , but such mutations have not been identi fi ed 
 [  35  ] . This is an ongoing area of research, and 
novel mutations will likely be identi fi ed in the 
future. A recent search for mutations in the retin-
oid X receptor gamma (RXR g ) gene, though, was 
not successful  [  36  ] . It has been hypothesized that 
some RTH patients may exhibit mosaicism for 
TR b  mutations  [  37  ] . 

 Mutations of TR b  that cause RTH generally 
cluster in three “hot spot” regions of the gene  [  38, 
  39  ] . Most of these mutations interfere with the 
binding of T3 to the receptor. In these cases, the 
mutant receptor strongly binds corepressors such 
as NCoR or SMRT even in the presence of T3 
(Fig.  18.2 ). In a few patients, though, the defect is 
not with ligand binding per se, but with altered 
corepressor and/or coactivator recruitment  [  40, 
  41  ] . Interestingly, it has been shown that mutant 
TRs interfere with wild-type TR function, an 
effect has been termed “dominant-negative inhi-
bition”  [  42,   43  ] . Recently, mouse models have 
clari fi ed the role of the mutant TRs in the patho-
genesis of RTH. Although complete knockout of 
TR b  produced mice with thyroid function tests 
consistent with RTH  [  44  ] , “knock-in” of mutant 
TRs found in patients with RTH yielded mice 
with more severe resistance  [  45,   46  ] . Interestingly, 
knockout of TR a  causes a syndrome of hypothy-
roidism with low TSH and growth arrest  [  47,   48  ] . 
Thus, a patient with a dominant-negative TR a  
mutation would be expected to have a different 
phenotype entirely. 

 RTH can be subdivided into generalized 
resistance to thyroid hormone (GRTH) and pitu-
itary resistance to thyroid hormone (PRTH). In 
GRTH, the elevated thyroid hormone levels 
generated by resistance in the hypothalamus and 
pituitary have diminished activity in the periph-
ery; thus, there is a variable degree of general-
ized resistance. In contrast, in PRTH (also called 
central resistance to thyroid hormone, or CRTH), 
there is resistance solely (or at least primarily) 
at the level of the hypothalamus and pituitary. 
This resistance leads to elevated levels of thy-
roid hormone, but in  contrast to GRTH, sensitiv-
ity to thyroid hormone is maintained in 
peripheral tissues, causing thyrotoxicosis. 
Patients with GRTH frequently exhibit tachy-

  Fig. 18.2    Role of abnormal TR—corepressor interac-
tions in the pathogenesis of RTH. The thyroid hormone 
receptor (TR) binds DNA as a TR-retinoid X receptor 
(RXR) heterodimer (or potentially as a TR-TR homodi-
mer). The presence of ligand (T3) results in a conforma-
tional change in the TR, leading to dissociation of 
corepressors (CoR) and subsequent recruitment of coacti-
vators. Mutations of the TR that abolish T3 binding result 
in constitutive CoR recruitment and loss of T3-mediated 
stimulation of gene transcription       
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cardia due to the high levels of thyroid hormone 
stimulating intact TR a 1 receptors in the heart; 
thus, tachycardia should not be used to differen-
tiate GRTH and PRTH. Certain groups do not 
recognize the existence of PRTH as a distinct 
clinical entity  [  49  ] , arguing that the same muta-
tions have been reported to cause both GRTH 
and PRTH  [  50  ] . However, a careful evaluation 
of clinical and biochemical indices in a patient 
with RTH suggested that PRTH may very well 
exist  [  51  ] . In addition, experiments have revealed 
that mutant TRs of patients with PRTH behave 
differently than TRs of patients with GRTH, 
particularly with respect to the TR b 2 isoform 
 [  52,   53  ] . A mouse model of the R429Q mutation 
(which has been reported to cause PRTH) 
showed that the mutant TR selectively interferes 
with negative regulation by thyroid hormone 
 [  54  ] . Another study identi fi ed differential 
recruitment of nuclear cofactors by a different 
TR b  mutation associated with PRTH  [  55  ] .  

   Clinical Presentation 

 The clinical presentation of RTH is variable 
(Table  18.1 ). The initial family described by 
Refetoff et al.  [  56  ]  included an 8 1/2-year-old 
girl and a 12 1/2-year-old boy, both of whom 
were overall clinically euthyroid but exhibited 
goiter, deaf-mutism, stippled epiphyses on 
radiological skeletal survey, and elevated pro-
tein-bound iodine (PBI) levels. In contrast to 
most cases of RTH, this family was shown to 
have an autosomal recessive pattern of inheri-
tance, and affected family members were later 
found to have a complete deletion of the TR b  
allele  [  57  ] . The heterozygous parents were phe-
notypically normal, suggesting that a single 
wild-type TR (in the absence of a mutant TR) 
may be suf fi cient for thyroid hormone action. In 
contrast, most cases of RTH are inherited in an 
autosomal dominant fashion because mutant 
TRs exhibit dominant-negative inhibition over 
wild-type alleles.  

 Patients with RTH come to medical attention 
of a variety of reasons. Goiter is the presenting 
sign in about 38% of cases; less common reasons 

include learning disabilities, developmental 
delay, tachycardia, suspected thyrotoxicosis, and 
elevated thyroxine levels at birth  [  2  ] . Thyroid 
function tests are drawn, which reveal elevated 
thyroid hormone levels in the setting of a non-
suppressed TSH (see “Diagnostic Guidelines” 
below). Infants with RTH may have congenital 
deafness, congenital nystagmus, neonatal jaun-
dice, and hypotonia  [  1  ] . Patients with RTH may 
have an increased risk of developing autoimmune 
thyroid disease  [  58  ] . Individuals with RTH who 
have inappropriately underwent thyroidectomy 
or radioactive iodine treatment will exhibit signs 
and symptoms of hypothyroidism. 

 A National Institutes of Health study  [  59  ]  
evaluated a cohort of 42 RTH kindreds prospec-
tively. There was autosomal dominant transmis-
sion in 22 kindreds, sporadic transmission in 14, 
and an unknown transmission in 6. A palpable 
goiter was identi fi ed in 74% of females and 53% 
of males. Attention-de fi cit hyperactivity disorder 
(ADHD) was present in 72% of the males and 
43% of females. IQ was about 13 points lower in 
the patients with RTH compared to controls, and 
one-third of the patients had an IQ < 85. In con-
trast, only a few patients had actual mental retar-
dation. Patients with RTH had a higher incidence 
of speech delay (24%), stuttering (18%), and 
hearing loss than controls. Although resting pulse 
was higher in patients with RTH, in this particu-
lar study, the correlation did not persist after 
adjustment for age (though it has been noted by 
other groups). Children with RTH exhibited 
delayed bone maturation. Bone age was delayed 
in 29% of patients, and 18% had short stature, 
though another study suggested that RTH is not 
associated with decreased  fi nal adult height  [  60  ] . 

 As noted above, certain tissues demonstrate 
increased thyroid hormone-mediated effects in 
patients with RTH. This is presumably caused by 
thyroid hormone stimulation of TR a 1 in these 
(TR a 1-predominant) tissues. The classic exam-
ple of this phenomenon is tachycardia, which has 
been reported in many patients with GRTH. More 
recently, Mitchell et al. reported that patients with 
RTH also exhibit increased energy expenditure, 
muscle mitochondrial uncoupling, and hyper-
phagia  [  61  ] . 
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 Findings of abnormal IQ and ADHD in patients 
with RTH suggest the importance of thyroid hor-
mone in CNS development and function. Matochik 
et al. used positron emission tomography (PET) 
scans to study CNS activity in patients with RTH 
 [  62  ] . This study showed that RTH patients have 
higher cerebral metabolism in certain key areas of 
the central nervous system (CNS) during a con-
tinuous auditory discrimination task, including the 
anterior cingulate gyrus and the parietal lobe. 
While PET scanning techniques remain a research 
tool for RTH, these results suggest an important 
role for thyroid hormone in these CNS regions. A 
study of children with ADHD with and without 
coexisting RTH examined the role of thyroid hor-
mone therapy (in this case, L-T3) in ADHD  [  63  ] . 
The majority of patients with RTH and ADHD 
improved when placed on T3 therapy, whereas 
patients with ADHD (in the absence of RTH) dete-
riorated or remained stable. Thus, ADHD in 
patients with RTH appears to be distinct from 
ADHD in patients without RTH  [  64  ] . 

 While a number of unusual coexisting  conditions 
in patients with RTH have been reported, some of 
these may have occurred by chance. These include 
a birdlike appearance of the face, various vertebral 
and other skeletal anomalies, short fourth metacar-

pals, patent ductus arteriosus, and noncommunicating 
hydrocephalus  [  1  ] .  

   Diagnostic Considerations 

   Diagnosis in Children and Adults 

 The initial testing of a patient suspected to have 
RTH should include routine thyroid function tests. 
Patients with RTH have elevated free thyroid hor-
mone levels in the setting of non- suppressed 
 (normal or elevated) TSH levels. Other causes of 
“euthyroid hyperthyroxinemia” should be 
excluded (Table  18.2 ), including methodological 
laboratory artifacts due to the presence of hetero-
phile antibodies  [  65  ] . Such patients may actually 
be hyperthyroid, with elevated thyroid hormone 
levels and (appropriately) suppressed TSH levels 
when measured accurately. This problem has been 
decreased, but not eliminated, with improvements 
in the TSH assay. Reevaluation of TSH levels 
after serial dilutions can be of help. Similarly, 
patients with autoimmune hypothyroidism occa-
sionally exhibit falsely elevated thyroid hormone 
levels due to the presence of antibodies interfering 
with the measurement of T4 and/or T3.  

 Patients with defects in thyroid  hormone-binding 
proteins, such as TBG, transthyretin, and albumin, 
can also exhibit abnormal levels of total T4 and T3. 
Euthyroid patients with TBG excess, which can be 
congenital or acquired (e.g., in pregnancy  [  66  ]  and 
liver disease  [  67  ] ), have elevated total T4 levels in 
the setting of a non-suppressed TSH. These 
patients, though, have normal free T4 levels, when 
measured directly or estimated based on THBR or 
T3RU. Familial dysalbuminemic hyperthyroxine-
mia (FDH) is a syndrome caused by the production 
of albumin variants with Arg-His or Arg-Pro muta-
tions at codon 218  [  68,   69  ] . These albumin variants 
have increased af fi nity for T4. Therefore, measure-
ment of total serum T4 is elevated; correction of T4 
based on T3RU or THBR may also yield abnor-
mally high results. Free T4 levels are falsely ele-
vated when measured by certain analog 
measurements, but a free T4 level measured by 
dialysis will be normal. Serum T3 levels are nor-
mal in FDH and exclude the diagnosis of RTH. 

   Table 18.1    Clinical characteristics of RTH in children   

  A. Physical exam  
  1. Goiter 

 2. Tachycardia 
 3. Short stature 
 4. Low body weight 

  B. Associated symptoms  
 1. Neurological 
  (a) Developmental delay 
  (b)  Attention De fi cit Hyperactivity Disorder 

(ADHD) 
  (c) Low IQ 
 2. ENT 
  (a) Deafness 
  (b) Speech impediment 
  (c) Recurrent ear, nose, and throat infections 

  C. Radiological  fi ndings  
 1. Delayed bone age 
 2. Increased thyroid  123 I uptake 

  Clinical  fi ndings found in patients with resistance to 
 thyroid hormone. Derived from data in Refs.  [  1,   59  ]   
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 Certain medications such as amiodarone  [  70  ]  
and propranolol (at high doses) inhibit T4 to T3 
conversion. Euthyroid patients with T4 to T3 
conversion defects may have elevated T4 levels 
and inappropriately normal TSH levels; however, 
these patients have normal TSH and T3 levels, 
excluding the diagnosis of RTH. Finally, a few 
other conditions such as acute psychiatric illness 
 [  71  ]  can also cause abnormal thyroid function 
tests that can occasionally be confused with RTH 
(Table  18.2 ). 

 Once these various conditions are excluded, the 
diagnosis is generally one of RTH vs. thyrotroph 

adenoma  [  72  ] . Differentiation between these two 
disorders can be dif fi cult, but the following 
 guidelines can be used to distinguish them:
    1.    Symptoms of hyperthyroidism 

 Thyrotroph adenomas secrete abnormal lev-
els of TSH leading to hyperthyroidism. In 
contrast, GRTH patients generally have a 
variable degree of compensated thyroid 
 hormone hyporesponsiveness. However, 
patients with PRTH are thyrotoxic, so the 
presence of thyrotoxicosis does not fully 
exclude RTH. Tachycardia is a common 
 fi nding in patients with RTH (even GRTH), 
and it cannot be used as a screen for 
hyperthyroidism.  

    2.    Alpha subunit measurement 
 TSH is composed of alpha and beta subunits. 
The alpha subunit is common to other glyco-
protein hormones such as luteinizing hor-
mone (LH), follicle-stimulating hormone 
(FSH), and chorionic gonadotropin (CG). 
Patients with thyrotroph adenomas generally 
have higher alpha subunit levels than patients 
with RTH  [  72  ] , though there is signi fi cant 
overlap.  

    3.    Family history 
 Thyroid function tests from relatives should 
be tested because RTH is an inherited condi-
tion. In contrast, thyrotroph adenomas are 
generally sporadic in nature. However, patients 
with RTH can harbor de novo mutations. 
Therefore, a lack of family history does not 
exclude a diagnosis of RTH.  

    4.    MRI abnormalities 
 Most patients with thyrotroph adenomas have 
macroadenomas that can be visualized by 
MRI at the time of diagnosis. However, with 
improved diagnostic accuracy, it may be pos-
sible to diagnose thyrotroph adenomas earlier 
in their clinical course. Furthermore, patients 
with RTH may have incidental pituitary ade-
nomas, mimicking a thyrotroph adenoma  [  73  ] . 
However, the presence of a pituitary adenoma 
does make the diagnosis of thyrotroph ade-
noma more likely. In addition, pituitary ade-
nomas may co-secrete multiple hormones; 
thus, other anterior pituitary hyperfunction 

   Table 18.2    Causes of euthyroid hyperthyroxinemia   

  1. Methodological artifacts  
  (a) Antibodies to thyrotropin (TSH) 
  (b) Antibodies to thyroid hormones (T4, T3) 
  2. Binding protein abnormalities  
  (a) Acquired forms of increased TBG 
    – Estrogen use/pregnancy 
    – Liver disease 
    – Acute intermittent porphyria 
    – Other drugs (methadone, perphenazine, 5-FU) 
 (b) Inherited 
   – TBG excess 
   –  Familial dysalbuminemic hyperthyroxinemia 

(FDH) 
   – Mutant transthyretin variants 
  3. T4 to T3 conversion defects  
  (a) Acquired 
    – Amiodarone 
    – Propranolol (high doses) 
    – Oral cholecystographic contrast agents 
  (b)  Inherited (SBP2 mutations, possibly deidonase 

defects) 
  4. Miscellaneous causes  
  (a) Acute psychiatric illness 
  (b) High altitude 
  (c) Amphetamine use 
  (d) Thyroxine therapy 
  (e)  Non-steady state conditions of thyroid hormone 

testing 
  5. Resistance to thyroid hormone (RTH)  

  Causes of euthyroid hyperthyroxinemia in the differential 
diagnosis of resistance to thyroid hormone. Thyrotropin-
secreting pituitary adenomas are not included, as they are 
generally associated with hyperthyroidism  
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points to a more likely diagnosis of thyrotroph 
adenoma.  

    5.    Thyroid ultrasonography 
 A recent study used Doppler ultrasonography 
to determine whether thyroid blood  fl ow dis-
tinguishes between RTH and thyrotroph ade-
nomas  [  74  ] . These investigators showed that 
parameters of thyroid blood  fl ow normalized 
in T3-treated RTH patients, but not in those 
with TSH-secreting adenomas.  

    6.    TRH stimulation testing 
 Patients with thyrotroph adenomas usually 
have a  fl at response of TSH in response to 
exogenous TRH, because TSH secretion is 
autonomous. In contrast, TSH levels generally 
rise after a TRH infusion in patients with 
RTH. Currently, TRH testing may not be fea-
sible outside of research protocols due to the 
lack of availability of  commercial TRH.  

    7.    Reduced responsiveness to exogenous T3 
 An effective method to con fi rm a diagnosis 
of RTH (at least GRTH) is to administer 
graded doses of T3 and measure a battery of 
thyroid hormone-responsive tests. Although 
patients with thyrotroph adenomas have 
impaired TSH responses to T3, they retain 
intact peripheral responses to T3. In contrast, 
patients with GRTH have impaired TSH and 
peripheral responses to exogenous T3. 
Unfortunately, patients with PRTH will also 
have reasonably intact peripheral responses 
to T3. Patients are generally admitted to a 
clinical research center for the duration of the 
protocol. A few protocols have been 
described, including one by Refetoff et al., 
where exogenous T3 is given in an escalating 
regimen  [  1  ] :
   (a)    T3 25  m g po BID × 3 days.  
   (b)    T3 50  m g po BID × 3 days.  
   (c)    T3 100  m g po BID × 3 days.     
 In pediatric patients, the middle 100- m g 

daily dose may be converted to 25  m g, for ages 
1–3 (8–15 kg BW); 50  m g, for ages 4–9 
(16–25 kg BW); and 75  m g, for ages 10–14 
(26–45 kg BW), with the other doses altered 
accordingly. This type of approach has been 
successful, even in patients who have  previously 

been inappropriately treated with radioiodine 
 [  75  ] . A variety of clinical parameters are mea-
sured, including weight, food intake, pulse, 
BMR, thyroid function tests, prolactin, thyro-
globulin, cholesterol, triglycerides,    creatine 
phosphokinase, ferritin, and SHBG. 
Alternatively, Safer et al.  [  51  ]  used a mildly 
different protocol to evaluate a patient with 
PRTH. Adults were given T3 25  m g BID × 4 days, 
50  m g BID × 4 days, and 100  m g BID × 4 days. 
Biochemical indices including TSH, ferritin, 
SHBG, ALT, AST, creatine phosphokinase, 
lactic dehydrogenase, total cholesterol, and 
fasting triglycerides were measured. 
Echocardiograms, sleeping heart rate measure-
ments, ankle jerk relaxation time, and neurop-
sychiatric testing were also performed.  
    8.    Thyroid hormone receptor mutations 

 Most cases of RTH are associated with muta-
tions in the TR b  gene. Ultimately, the most 
secure way to make a diagnosis of RTH is to 
demonstrate (a) elevated thyroid hormone lev-
els in the setting of a non-suppressed TSH, 
(b) thyroid hormone hyporesponsiveness, and 
(c) a TR b  gene mutation.      

   Neonatal Considerations 

 If a child is born to a parent with RTH with a 
known TR mutation, the most straightforward 
way to con fi rm or exclude the diagnosis in the 
infant is to sequence the known mutation. There 
are two other ways infants with RTH frequently 
come to medical attention: (a) symptoms con-
sistent with RTH and (b) abnormal thyroid 
screening tests. Infants with RTH may have 
congenital deafness, congenital nystagmus, 
neonatal jaundice, and hypotonia. In addition, 
screening programs that are in place to identify 
infants with congenital hypothyroidism occa-
sionally identify RTH instead. A fetus with sus-
pected RTH can be tested for TR mutations by 
chorionic villus sampling and DNA analysis 
 [  76  ] , though the bene fi ts of making the diagno-
sis at this stage of development have not been 
clearly established.   
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   Therapy 

 No speci fi c therapy is available to correct the 
underlying defect in RTH. Frequently, patients 
with RTH are in a clinical state of compensated 
thyroid hormone hyporesponsiveness. In these 
patients, no speci fi c therapy is indicated. In those 
few patients who have greater peripheral hypore-
sponsiveness and thus clinical hypothyroidism, 
treatment with thyroid hormone (e.g., levothy-
roxine) may be considered. If used, the speci fi c 
dosage must be individualized based on markers 
of thyroid hormone action (such as SHBG, cho-
lesterol, ferritin, BMR, and bone density)  [  50  ] . 
The use of TRIAC (3,5,3 ¢ -triiodothyroacetic 
acid), a thyroid hormone analog with relative 
speci fi city toward the TR b  receptor  [  77,   78  ] , has 
been advocated for use in patients with RTH, but 
its speci fi c role has not been clearly de fi ned. 
 d -Thyroxine has also been used  [  79  ] , though one 
study suggested it was less effective than TRIAC 
 [  80  ] . Novel TR analogs hopefully will be devel-
oped that activate mutant receptors  [  81  ] . In sum, 
therapy (or lack thereof) must be individualized 
for each patient. Of course, for patients who have 
had their thyroid glands inappropriately ablated 
for misdiagnosed hyperthyroidism, treatment 
with thyroid hormone will be necessary. 

 In patients with PRTH, beta blockers have 
been used to control symptoms; the use of anti-
thyroid drugs in this situation is controversial, 
and these medications are not indicated in patients 
with GRTH. Agents that have been used to 
decrease TSH levels include somatostatin ana-
logs and bromocriptine, but these have had only 
limited success. 

 The care of RTH patients during pregnancy 
needs to be individualized as well and depends on 
the genotype of both the fetus and mother  [  82  ] . 
High miscarriage rates of wild-type fetuses of 
pregnant RTH mothers has been suggested to be 
due to high circulating levels of thyroid hormone 
 [  83  ] . A prenatal diagnosis of RTH was made  [  76  ]  
in a 29-year-old pregnant woman with at 17 weeks 
gestation. The fetus and mother were both found 
to harbor the identical TR b  mutation (T337A), and 
the pregnant woman was treated with TRIAC with 

bene fi cial effects on maternal symptoms and fetal 
goiter size. Cordocentesis was performed to evalu-
ate effects of the medication on fetal thyroid func-
tion tests. However, an accompanying editorial to 
the report  [  50  ]  points out some potential dangers 
of this approach, since cordocentesis led to the 
need for emergency C-section. 

 In children with RTH, special care should be 
directed toward issues of growth and mental 
development. Patients with delayed bone age 
may be candidates for therapy. One approach is 
to consider treatment in children with the follow-
ing signs and symptoms: (a) elevated serum TSH 
levels, (b) unexplained failure to thrive, (c) unex-
plained seizures, (d) developmental delay, and (e) 
history of growth or mental retardation in other 
affected members of the family  [  50  ] . As noted 
above, patients with RTH and coexisting ADHD 
may improve when treated with thyroid hormone 
 [  63  ] . In any case, patients who require treatment 
should be followed closely, with careful evalua-
tion of growth, bone age, and thyroid-responsive 
biochemical indices.  

   Additional Thyroid Hormone 
Insensitivity Syndromes 

 In recent years, additional genetic syndromes 
have been identi fi ed that are associated with 
decreased thyroid hormone sensitivity in one 
form or another (but distinct from RTH). Such 
syndromes generally involve defects in thyroid 
hormone metabolism or transport. 

 For many years, it was thought that thyroid 
hormone diffused passively through cell mem-
branes. We now know that thyroid hormone is 
taken up into cells by a variety of transporter pro-
teins  [  84  ] . One of these transporters is MCT8 and 
its gene is located on the X chromosome. Multiple 
patients with MCT8 mutations have now been 
identi fi ed that exhibit X-linked mental retarda-
tion and hypotonia presenting in infancy or child-
hood  [  85,   86  ] . In these patients, serum T3 levels 
are elevated, free T4 levels are low, and TSH is 
normal or mildly increased. The severe CNS 
symptoms are due at least in part to impaired 
transport of thyroid hormone in the brain. 
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Although brain T3 levels have been documented 
to be low, liver T3 levels are high  [  87  ] , so that 
patients have a complex mix of hypothyroid and 
hyperthyroid symptoms. While current therapeu-
tic options are limited to supportive measures, a 
recent study identi fi ed a thyroid hormone analog 
that did not require MCT8 for transport and may 
represent a novel modality for patients suffering 
from this syndrome  [  88  ] . 

 While mutations in deiodinase genes have not 
been identi fi ed, a recently described syndrome 
identi fi ed mutations in selenocysteine insertion 
sequence-binding protein 2 (SECISBP2 or 
SBP2). SBP is involved in the incorporation of 
the unusual amino acid selenocysteine to gener-
ate selenoproteins. Since deiodinase enzymes are 
selenoproteins, these recessive mutations result 
in abnormalities in thyroid hormone metabolism. 
Affected patients exhibit low T3 levels, high T4 
levels, and normal or slightly elevated TSH levels 
 [  89,   90  ] . Recently, other kindreds with SBP2 
mutations were found to have coexisting azoo-
spermia, axial muscular dystrophy, photosensi-
tivity, abnormal immune function, and insulin 
sensitivity  [  91  ] , suggesting that SBP2 mutations 
produce a complex, systemic selenoprotein 
de fi ciency syndrome.  

   TSH Receptor Mutations 

   Introduction 

 Thyrotropin (TSH) is a member of the glycopro-
tein family of hormone secreted by the anterior 
pituitary, along with luteinizing hormone (LH) 
and follicle-stimulating hormone (FSH)  [  92  ] . 
These hormones along with chorionic gonadotro-
pin consist of noncovalently linked  a  and  b  sub-
units, with linked carbohydrate chains. While the 
 b  subunit of each hormone is unique, all share a 
common  a  subunit. TSH stimulates the growth 
and function of thyroid follicular cells, leading to 
the production of thyroid hormone. Thus, resis-
tance to TSH ranges from a compensated state of 
euthyroid hyperthyrotropinemia to frank hypo-
thyroidism. The  fi rst report of a patient with 
resistance to the biological properties of TSH 

was in 1968  [  93  ] , but it was not until 1995 that 
the  fi rst patient with a TSH receptor mutation 
was  fi rmly documented  [  94  ] .  

   Mechanisms of Disease and Clinical 
Presentation of TSH Resistance 

 In 1995, Sunthornthepvarakul et al. documented 
the  fi rst case of a TSH receptor mutation leading 
to TSH resistance  [  94  ] . The index case was an 
infant born to unrelated parents found to have an 
elevated TSH level on routine neonatal screen-
ing. Two siblings were also found to have high 
TSH levels and normal thyroid hormone levels. 
All were clinically euthyroid and found to be 
compound heterozygotes for mutations in exon 6 
of the TSH receptor corresponding to a region in 
the TSH extracellular domain  [  94  ] . In vitro data 
con fi rmed the mutant receptors exhibited 
decreased biological activity. Since that time, a 
number of other patients have been identi fi ed 
with TSH receptor mutations and TSH resistance, 
though additional patients have been identi fi ed 
without identi fi able mutations. Most patients 
with TSH receptor mutations are either homozy-
gotes or compound heterozygotes. 

 The TSH receptor is a transmembrane 
G-coupled receptor (Fig.  18.3 ). It contains a large 
extracellular domain with three regions—the 
middle of these regions (approximately amino 
acids 58–288) contains the most signi fi cant 
homology to FSH and LH receptors  [  95  ] . The 
extracellular domain may inhibit constitutive 
activity of the receptor  [  96  ] . The carboxy-termi-
nal portion of the TSH receptor includes the 
transmembrane domain, which spans the plasma 
membrane seven times, and an 82 amino acid 
cytoplasmic tail  [  96  ] . The gene encoding the TSH 
receptor has been localized to chromosome 14q31 
 [  97,   98  ] .  

 There are two general modes of presentation 
for patients with loss-of-function germline TSH 
receptor mutations. The  fi rst is similar to the fam-
ily identi fi ed by Sunthornthepvarakul et al.  [  94  ] . 
In these patients, high TSH levels are necessary to 
overcome partial TSH resistance, and patients 
remain euthyroid (compensated euthyroid 
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 hyperthyrotropinemia). Four additional families 
with these clinical characteristics were identi fi ed 
by de Roux et al.  [  99  ] . One patient had a homozy-
gous mutation in codon 162 of the TSH receptor; 
the other three were compound heterozygotes. 
Interestingly, one of the mutations (C390W) 
caused loss of TSH binding, whereas another 
(D410N) resulted in normal TSH binding but an 
inability to activate the second messenger adeny-
late cyclase. Mutations affecting signal transduc-
tion were also found in extracellular (D410N) and 
intracellular (F525L) domains  [  99  ] . Additional 
mutations have been identi fi ed from patients with 
euthyroid hyperthyrotropinemia  [  100,   101  ] . 

 In contrast, other TSH receptor mutations 
cause more extreme hormone resistance. Patients 
with these mutations present with hypothyroid-
ism and may be identi fi ed by neonatal screening. 
Abramowicz et al. reported two such patients, a 
brother and sister, who were diagnosed with 
 congenital hypothyroidism  [  102  ] . Ultrasound 
 evaluation revealed hypoplastic thyroid glands. 

A homozygous mutation of the TSH receptor in 
the fourth transmembrane domain (A553T) was 
identi fi ed; the parents and unaffected siblings 
were heterozygous for the same mutation. In 
vitro analysis suggested that there was decreased 
expression of the mutant receptor at the cell sur-
face  [  102  ] . Severely affected patients have been 
identi fi ed by other groups as well  [  103–  105  ] . 

 Not all patients with resistance to TSH have 
mutations in the TSH receptor  [  106  ] . Patients 
with pseudohypoparathyroidism caused by muta-
tions in GNAS may exhibit resistance to a variety 
of hormones including TSH  [  107  ] . Mutations in 
transcription factors involved in thyroid gland 
development such as Pax8  [  108  ]  and TITF1 
(Nkx2.1)  [  109  ]  have been reported to cause 
 resistance to TSH. Finally, Grasberger et al. 
identi fi ed multiple kindreds with resistance to 
TSH inherited in an autosomal dominant fashion 
without identi fi able mutations  [  110  ] .   

   Diagnostic Considerations 
and Therapy 

 Mild TSH resistance (euthyroid hyperthyrotro-
pinemia) is easily confused with subclinical hypo-
thyroidism, since both present with elevated TSH 
levels in the setting of normal free thyroid hor-
mone levels. Most cases of subclinical hypothy-
roidism are due to underlying autoimmune thyroid 
disease, which is generally absent in resistance to 
TSH. Patients with more severe TSH resistance 
present with thyroid function tests consistent with 
primary hypothyroidism. Patients with resistance 
to TSH, however, do not have a goiter and the dis-
order is usually (but not always) inherited in an 
autosomal recessive pattern. 

 TSH resistance may be detected by neonatal 
screening programs. Since congenital hypothyroid-
ism is not generally inherited, a signi fi cant family 
history of congenital hypothyroidism is suggestive 
for TSH resistance. A recent study in Japan of con-
genital hypothyroid infants found that 4.3% had 
biallelic TSH receptor mutations; the authors esti-
mated that the frequency of TSH receptor 
 heterozygous carriers to be 1 in 172 in that 
 population  [  111  ] . Thus, the prevalence of TSH resis-
tance may be higher than previously appreciated. 
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  Fig. 18.3    Schematic diagram of the TSH receptor. The 
TSH receptor is composed of an N-terminal extracellular 
domain, a transmembrane region (which spans the plasma 
membrane seven times), and a cytoplasmic tail. Stimulation 
of the TSH receptor leads to G-protein dissociation and 
activation       
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 Patients with mild TSH resistance and mild 
hyperthyrotropinemia are clinically euthyroid 
and do not require treatment, although they 
should receive genetic counseling. Patients with 
more severe TSH resistance and frank hypothy-
roidism are treated with levothyroxine.  

   Conclusion 

 Hormone resistance leading to thyroid dysfunc-
tion occurs at multiple levels of the hypotha-
lamic–pituitary–thyroid axis. Care of patients 
with RTH must be individualized, and the endo-
crine status of the patient must be determined rig-
orously. In children, special attention must be 
paid to growth, bone development, and mental 
development. Further studies in children should 
be performed so that medical care can be opti-
mized in these patients. RTH is usually caused by 
autosomal dominant mutations of the TR b  gene. 
In contrast, resistance to TSH is usually caused 
by autosomal recessive mutations in the TSH 
receptor gene. However, patients with both disor-
ders have been identi fi ed without mutations. 
These patients probably harbor mutations in other 
important endocrine genes. Further evaluation of 
these patients will be important not only to opti-
mize their medical care but also to gain funda-
mental insights into the mechanisms of action of 
thyroid hormone, TSH, and other hormones.  

   Note Added in Proof 

 Recently, patients with mutations in TR alpha 
have also been described  [  112  ] . This new syndrome 
is characterized by cognitive de fi cits, constipa-
tion, and short stature. The index patient exhib-
ited normal levels of TSH, mildly low free T4, 
and highnormal T3.      
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