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Abstract Thyroid hormone secretion suppresses the
expression of thyroid stimulating hormone (TSH), both of
which are strictly controlled by a negative feedback loop
between the hypothalamus-pituitary and thyroid. Pituitary
resistance to thyroid hormone (PRTH) is defined as resis-
tance to the action of thyroid hormone that is more severe
in the pituitary than at the peripheral tissue level. Although
the molecular basis of PRTH is not well understood, the
clinical issue mainly involves imbalance between the
hypothalamus-pituitary and peripheral thyroid hormone
responsivity, which may induce peripheral thyrotoxic
phenomena. Here, we review the pathogenesis and
molecular aspects of PRTH, present a single case with
inappropriate TSH secretion suffering from thyrotoxicosis
treated with PTU, and discuss the possible choice of ther-
apeutic options to correct the imbalance of thyroid hor-
mone responsivity in both the hypothalamus—pituitary and
peripheral tissues.

Keywords PRTH - GRH - SITSH - Deiodinase -
Propylthiouracil

Definition of PRTH

Nuclear thyroid hormone receptor f§ (TRf}) abnormalities
are associated with generalized resistance to thyroid hor-
mone (RTH) [1]. RTH leads to a lack of negative feedback
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on T3 synthesis in the pituitary—thyroid axis with con-
comitant loss of T3 response in the periphery. The clinical
manifestations of RTH mimic hypothyroidism despite the
presence of elevated TSH and T3 levels, while pituitary
resistance to thyroid hormone (PRTH) is defined as resis-
tance to the action of thyroid hormone that is more severe in
the pituitary than at the peripheral tissue level [2]. Patients
suffer from tachycardia, thyroid enlargement, weight loss,
and other signs or symptoms related to thyrotoxicosis due to
inappropriate TSH secretion, i.e., peripheral thyrotoxicosis.
At present, the term “PRTH” is used based on TRf
abnormalities in terms of nuclear thyroid hormone action.
Although the clinical appearance has been well character-
ized, genomic studies indicated that a diagnosis of PRTH is
questionable because either PRTH or RTH was demon-
strated in kindreds with the same mutations in the TR} gene
[3]. Multiple factors, including cofactors, transporters, de-
iodinases, and binding proteins as well as TR 5, which may
affect the actions of thyroid hormone, have been investi-
gated [4]. Moreover, acquired molecular mechanisms,
including epigenetic factors, may affect the clinical mani-
festations. Thus, the pathogenesis of PRTH may consist of
not only TRf abnormalities, but also other abnormal
molecular mechanisms or factors, although the TRp
abnormalities undoubtedly affect the PRTH phenotype.

Pathophysiological and genetic aspects

Thyroid hormone secretion suppresses TSH expression,
both of which are strictly controlled by a negative feedback
loop between the hypothalamus—pituitary and thyroid. Two
etiological factors are considered in cases with high serum
thyroid hormone concentration with inappropriate high
serum TSH concentration: the first is spontaneous secretion



Endocrine (2011) 40:366-371

367

of TSH, which stimulates the secretion of thyroid hormone,
and the other is an abnormal negative feedback loop due to
impairment of thyroid hormone function in the hypothal-
amus—pituitary—thyroid (HPT) axis. The former is observed
in TSH-producing tumors, while the latter is associated
with PRTH. Recent findings have suggested that some
cases of TSH-producing tumor may be associated with
somatic expression of splicing variant of TRJf, which
interferes with T3-mediated transcriptional activity [5].
Thus, in some aspects of the pathogenesis, TSH-producing
tumors may also have hormone-resistant features similar to
PRTH.

Although the major locus of TSH and thyroid hormone
regulation is the pituitary gland, we should note that the
PRTH phenotype might be due to impairment in any of the
different components of the HPT axis [6]. Recent obser-
vations have suggested that many other loci may be
involved in dysregulation of the HPT axis, and these
alterations may eventually be responsible for the occur-
rence of PRTH. It has been demonstrated that resistance at
both the thyrotrophs and the hypothalamic TRH neurons is
required to elevate thyroid hormone levels in patients with
RTH [7]. Thus, PRTH may result from alterations in the
three major sites involved in the physiological mechanism
that regulates the HPT axis: the hypothalamic dorsomedial
nucleus, which acts as a metabolic sensor for hypophysi-
otropic TRH neurons, the TRH-producing neurons, and the
pituitary thyrotrophs [8].

Currently, three types of molecule, i.e., TRf2, thyroid
hormone transporters, and deiodinases, may be involved in
the molecular pathogenesis of PRTH.

TRJ2 is preferentially expressed in the TRH neurons of
the hypothalamic paraventricular nucleus and in the thy-
rotrophs of the pituitary gland as well as in the developing
ear and retina. Recent molecular findings have indicated
that TRf2 binds to coactivators through multiple contact
surfaces, while TRf1 recruits these coactivators through a
single contact surface [9]. The different contact mecha-
nisms may result in differences in T3 responsivity in the
hypothalamus—pituitary and peripheral tissues. The clinical
phenotype of PRTH may be explained by the disruption of
specific TRf2 contact mechanisms rather than by classical
mutant TRf1-induced dominant negative activity. How-
ever, the abnormal contact does not satisfactorily explain
the phenotypic abnormalities in RTH. It should be noted
that possible alterations in thyroid hormone coregulators,
either corepressors or coactivators, especially those that
interact specifically with the TRf2 isoform, may be
involved in the pathogenesis of PRTH.

Possible mutations in the two thyroid hormone trans-
porters, i.e., the organic anion transporting polypeptide
(OATP) 14 and monocarboxylate transporter (MCT) 8,
may be associated with PRTH. To date, there have been no

reports regarding individuals with mutations in the
OATP14 gene. Individuals with mutations in the MCTS8
gene dominantly develop neurological abnormalities, such
as central hypotonia, spastic quadriplegia, and global
development delay, with elevated levels of T3 and TSH.
However, apparent thyrotoxic manifestations are not clin-
ically observed [10]. Although the expression of MCTS is
detected in not only neurons but also peripheral organs,
including the liver, conventional studies in knockout mice
demonstrated elevated hepatic expression of deiodinase 1
and a-glycerol-3-phosphate dehydrogenase, both of which
are known as thyroid hormone responsive proteins, with
high serum T3 and inappropriately high levels of serum
TSH indicating that the clinical phenotype in the mice is
similar to that seen in patients with PRTH [11].

The deiodinase type 2 (Dio2) is preferentially expressed
in the placenta, brown adipose tissue, thyroid, pituitary,
and brain, especially in the hypothalamus and in a unique
glial cell type called tanycytes originating from the third
ventricle [12]. The restricted expression of impaired Dio2
function may cause regional resistance to thyroid hormone,
which may be similar to PRTH. Although polymorphisms
may affect regulation of the HPT axis, no critical mutations
in the Dio2 gene associated with apparent RTH have been
reported to date [13]. However, experimental studies
involving disruption of Dio2 demonstrated high serum T4
level with elevated TSH level in mice, suggesting that
impaired Dio2 function may be related to PRTH [14].

Although the molecular mechanisms of PRTH are not
well understood, the main clinical issue is imbalance
between hypothalamus—pituitary responsivity and periph-
eral responsivity to systemic thyroid hormone. This
imbalance induces thyrotoxicosis with inappropriate TSH
secretion. Although the main therapeutic approach should
be to address the molecular targets, which may be
responsible for development of PRTH, an optional
approach is to somehow correct the imbalance of thyroid
hormone responsivity. Here, we report a Japanese man
showing inappropriate TSH secretion without evidence of
either TSH-producing tumor or abnormal TRf, who was
treated successfully with propylthiouracil (PTU).

Clinical presentation

A 53-year-old man showed palpitations and tachycardia at
the time of the initial outpatient visit. Diffuse large goiter,
atrial fibrillation, and thyrotoxemia were detected on rou-
tine examination. His initial thyroid function was FT3
7.98 pg/ml, FT4 2.55 ng/dl, and TSH 1.33 pIU/ml. The
patient’s past history was unremarkable, and family history
indicated no thyroid disorders in his parents. TRH provo-
cation test showed a normal response. Pituitary magnetic
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resonance imaging (MRI) with dynamic enhancement
showed no pituitary tumors in the sella turcica. The
physical manifestations strongly suggested thyrotoxicosis
due to inappropriate TSH secretion. Normal responses to
TRH are predominantly observed in cases of thyroid hor-
mone resistance rather than those of TSH-producing
tumors. These findings indicating the absence of TSH-
producing tumor on MRI suggested a diagnosis of thyroid
hormone resistance with peripheral thyrotoxic manifesta-
tions in this case.

Sequencing of the TR gene was performed with the
approval of the Ethical Committee of Shinshu University,
and the patient gave written informed consent. Sequence
analysis indicated a cytosine-to-thymine transition at
nucleotide 909 in the TRf gene, which results in no sub-
stitution of the isoleucine residue at position 208, suggesting
that the inappropriate secretion of TSH may not be associ-
ated with this silent mutation. However, it should be noted
that there are no known single nucleotide polymorphisms at
nucleotide 909 in Japanese or Caucasian populations [15,
16]. It remains possible that the nucleotide substitution may
affect the protein structure, and this abnormal protein may
result in resistance to thyroid hormone.

Administration of 15 mg of thiamazole per day was
started based on an initial clinical diagnosis of thyrotoxi-
cosis due to Graves’ disease, although anti-TSH receptor
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Fig. 1 Relationships between serum concentrations of free T3 and
TSH (left panel), or free T4 and TSH (right panel). The numbers
indicate the values obtained from the sample more than 2 weeks after
the treatment described in Table 1. Colored symbols represent the
values obtained during the period with no treatment (red), treatment
with thiamazole alone or plus levothyroxine (blue), treatment with
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antibody was always negative during the treatment period.
After administration, serum TSH increased to > 100 pIU/
ml (#2 in Fig. 1, Table 1). Although atrial fibrillation dis-
appeared, the patient’s thyromegaly deteriorated. Adding
levothyroxine reduced the serum TSH concentration.
Despite use of higher doses, TSH never decreased below
16 pIU/ml with gradual increases in FT3 and FT4 levels
(#3-6 in Fig. 1, Table 1). The goiter remained. Liothyro-
nine directly suppresses TSH production in thyrotrophic
cells although this agent does not have a long duration of
action. To suppress TSH and thyroid enlargement, lio-
thyronine was introduced at an initial dose of 25 pg per
day. TSH concentration showed a transient reduction to
2.2 plU/ml, but increased gradually even though the
loading doses were increased. Eventually, atrial fibrillation
redeveloped at a dose of 75 pg (#7-8 in Fig. 1, Table 1).
Liothyronine was carefully withdrawn and replaced with
levothyroxine. Atrial fibrillation disappeared. Due to the
expected suppressive effects of dopamine agonists on TSH
production, 7.5 mg of bromocriptine per day was added.
Serum TSH level decreased to 8.7 ulU/ml, although the
discomfort due to thyromegaly persisted (#9-10 in Fig. 1,
Table 1). The goiter remained with inappropriate TSH
secretion. Considering the pathological mechanisms of
inappropriate TSH secretion in the absence of peripheral
thyroid hormone resistance, PTU was introduced instead of
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thiamazole plus liothyronine (green), treatment with thiamazole,
levothyroxine and bromocriptine (orange), treatment with thiamazole,
PTU, levothyroxine plus bromocriptine, and treatment with PTU and
bromocriptine with or without levothyroxine (magenta). The gray
shaded areas indicate the normal ranges of free T3 and TSH (left
panel) or free T4 and TSH (right panel). PTU propylthiouracil
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Table 1 Thyroid functions and treatment in the present case

# FT3 FT4 TSH Anti-thyroid drugs Thyroid hormone Bromocriptine
(pg/ml) (ng/dl) (WU/ml) (mg/day) (ng/day) (mg/day)

1 7.98 2.55 1.33

2 2.76 0.41 107.7 Thiamazole 15

3 3.91 1.15 47.13 Thiamazole 15 Levothyroxine 50

4 4.19 1.27 41.4 Thiamazole 15 Levothyroxine 100

5 4.32 1.65 28.46 Thiamazole 15 Levothyroxine 150

6 4.5 2.12 16.94 Thiamazole 15 Levothyroxine 175

7 5.08 0.31 38.79 Thiamazole 15 Liothyronine 50

8 6.51 0.42 11.8 Thiamazole 15 Liothyronine 75

9 3.71 0.93 16.79 Thiamazolel5 Levothyroxine 100 7.5

10 3.64 1.34 8.7 Thiamazole 15 Levothyroxine 150 7.5

11 3.82 1.16 7.22 Thiamazole 104+ PTU 100 Levothyroxine 125 7.5

12 3.75 1.42 2.66 PTU 200 Levothyroxine 50 7.5

13 3.71 1.41 1.23 PTU 150 7.5

Thyroid function was evaluated after more than 2 weeks of the indicated treatment. The numbers correspond to those in Fig. 1

PTU propylthiouracil

thiamazole. A dose of 150 mg of PTU improved thyroid
enlargement, and thyroid function was normalized with
additional administration of 7.5 mg of bromocriptine
(#11-13 in Fig. 1 and Table 1).

Therapeutic approach and options

Some patients with PRTH suffer from thyrotoxic phe-
nomena, such as weight loss, tachycardia, and atrial
fibrillation with thyromegaly due to measurable levels of
TSH [17]. The therapeutic approach to TSH-producing
tumors essentially involves removal of the tumors. In
contrast, as noted in the above case, adequate treatment
strategies have not been established for cases with inap-
propriate TSH secretion without visible TSH-producing
tumors. Some thyroid hormone analogs have been reported
as therapeutic drugs for generalized RTH.

Clinically, 3,5,3'-triiodothyroacetic acid (TRIAC) was
reported to be available for the management of thyrotoxi-
cosis due to PRTH [18-20]. The molecular aspects revealed
that TRIAC has a higher affinity for TR 51 than T3, whereas
the two compounds show equivalent affinities for TRal [21,
22]. The different binding features may be useful for the
treatment of TRA1 abnormalities in cases of RTH [22].
Recent studies indicated the beneficial effects of TRIAC in
children with thyroid hormone resistance [23, 24].

As bromocriptine, a dopamine agonist, blocks TSH
secretion as well as prolactin secretion, this agent either
alone or in combination with TRIAC was also reported to
suppress inappropriate TSH secretion in RTH [25-27]. As
stereospecific  transport of thyroid hormone was

demonstrated in vitro, several studies demonstrated that the
D-stereoisomer of thyroxine, dextrothyroxine, is available
as a TSH suppressor in PRTH patients [28-31]. Long-term
studies of the effects of TRIAC or dextrothyroxine have
been reported [32, 33].

As the action of thyroid hormone is mediated by several
factors, including nuclear receptors, T3 transporters, deio-
dinases, etc., genetic abnormalities in these factors affect
the clinical phenotype, i.e., thyroid hormone resistance
syndrome [34, 35]. From the viewpoint of the therapeutic
approach, these molecular factors related to thyroid hor-
mone action may become targets for treatment or to
improve thyroid hormone resistance syndrome, including
thyrotoxic phenomena with inappropriate TSH secretion.

Propylthiouracil shows a unique feature that is not
shared with thiamazole. As PTU inhibits type 1 deiodinase
activity, but not that of type 2, which is preferentially
expressed in the hypothalamus and thyrotrophic cells, PTU
is expected to reduce the intracellular content of T3 in
peripheral tissues, but not in pituitary thyrotrophic cells
[36]. PTU may correct the imbalance between peripheral
and pituitary resistance to thyroid hormone in patients with
inappropriate secretion of TSH, including PRTH.

Conclusions

Here, we reviewed the mechanisms of PRTH development
and discussed the optional choices of treatment in terms of
imbalance between thyroid hormone responsivity in the
pituitary and peripheral tissues. We presented a case of
inappropriate TSH secretion in which thyrotoxicosis was
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controlled by PTU. In addition to therapeutic agents, such

as

TRIAC, p-thyroxine, and bromocriptine for RTH, we

recommend PTU rather than thiamazole as an optional
agent in cases with inappropriate TSH secretion showing
apparent peripheral thyrotoxicity.

Conflict of interest The authors declare that there are no conflicts

of

interest that could be perceived as prejudicing the impartiality of

the research reported.

Di

sclosure The authors have nothing to disclose.

References

10.

11.

12.

13.

2

. S. Refetoff, The syndrome of resistance to thyroid hormone.
Endocr. Rev. 14, 348-399 (1993)

. M.C. Gershengorn, B.D. Weintraub, Thyrotropin-induced
hyperthyroidism caused by selective pituitary resistance to thy-
roid hormone. A new syndrome of “inappropriate secretion of
TSH”. J. Clin. Invest. 56, 633-642 (1975)

. R.EE. Weiss, S. Refetoff, Resistance to thyroid hormone. Rev.
Endocr. Metab. Disord. 1, 97-108 (2000)

. S.Y. Cheng, J.L. Leonard, P.J. Davis, Molecular aspects of thy-
roid hormone actions. Endocr. Rev. 31, 139-170 (2010)

. T. Tagami, T. Usui, A. Shimatsu, M. Beniko, H. Yamamoto, K.
Moriyama, M. Naruse, Aberrant expression of thyroid hormone
receptor 5 isoform may cause inappropriate secretion of TSH in a
TSH-secreting pituitary adenoma. J. Clin. Endocrinol. Metab. 96,
948-952 (2011)

. M.I. Chiamolera, F.E. Wondisford, Minireview: thyrotropin-
releasing hormone and the thyroid hormone feedback mecha-
nism. Endocrinology 150, 1091-1096 (2009)

. E.D. Abel, H.C. Kaulbach, A. Campos-Barros, R.S. Ahima, M.E.
Boers, K. Hashimoto, D. Forrest, F.E. Wondisford, Novel insight
from transgenic mice into thyroid hormone resistance and the
regulation of thyrotorphin. J. Clin. Invest. 103, 271-279 (1999)

. E. Mihaly, C. Fekete, G. Légradi, R.M. Lechan, Hypothalamic
dorsomedial nucleus neurons innervate thyrotorpin-releasing
hormone-synthesizing neurons in the paraventricular nucleus.
Brain Res. 891, 20-31 (2001)

. S. Lee, B.M. Young, W. Wan, LH. Chan, M.L. Privalsky, A

mechanism for pituitary-resistance to thyroid hormone (PRTH)

syndrome: a loss in cooperative coactivator contacts by thyroid

hormone receptor (TR)f2. J. Mol. Endocrinol. 25, 1111-1125

(2011)

AM. Dumitrescu, X.H. Liao, T.B. Best, K. Brockmann, S. Re-

fetoff, A novel syndrome combing thyroid and neurological

abnormalities is associated with mutations in a monocarboxylate

transporter gene. Am. J. Human Genet. 74, 168-175 (2004)

M. Trajkovitc, T.J. Visser, J. Mittag, S. Horn, J. Lukas, V.M.

Darras, G. Raivich, K. Bauer, H. Heuer, Abnormal thyroid hor-

mone metabolism in mice lacking the monocarboxylate trans-

porter 8. J. Clin. Invest. 117, 627-635 (2007)

H.M. Tu, S.W. Kim, D. Salvatore, T. Bartha, G. Legradi, P.R.

Larsen, R.M. Lechan, Regional distribution of type 2 thyroxine

deiodinase messenger ribonucleic acid in rat hypothalamus and

pituitary and its regulation by thyroid hormone. Endocrinology

138, 3359-3368 (1997)

R.P. Peeters, A.W. van den Beld, H. Attalki, H. Toor, Y.B. de

Rijke, G.G. Kuiper, S.W. Lamberts, J.A. Janssen, A.G. Uitter-

linden, T.J. Visser, A new polymorphism in the type II deiodinase

Springer

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

gene is associated with circulating thyroid hormone parameters.
AM. J. Physiol. Endocrinol. Metab. 289, E75-E81 (2005)

M.J. Schneider, S.N. Fiering, S.E. Pallud, A.F. Parlow, D.L.
Germain, V.A. Galton, Targeted disruption of the type 2 selen-
odeiodinase gene (DIO2) results in a phenotype of pituitary
resistance to T4. Mol. Endocrinol. 5, 2137-2148 (2001)

JSNP database http://snp.ims.u-tokyo.ac.jp

H.G. Sorensen, W.M. van der Deure, P.S. Hansen, R.P. Peeters,
M.M. Breteler, K.O. Kyvik, T.I. Sorensen, L. Hegedus, T.J.
Visser, Identification and consequences of polymorphisms in the
thyroid hormone receptor alpha and beta genes. Thyroid 18,
1087-1094 (2008)

P. Beck-Peccoz, L. Persani, D. Calebiro, M. Bonomi, D.
Mannavola, I. Campi, Syndromes of hormone resistance in the
hypothalamic-pituitary-thyroid axis. Best. Pract. Res. Clin.
Endocrinol. Metab. 20, 529-546 (2006)

P. Beck-Peccoz, G. Piscatelli, M.G. Cattaneo, G. Faglia, Suc-
cessful treatment of hyperthyroidism due to non-neoplastic
pituitary TSH hyperthyroidism with 3, 5, 37-triiodothyroacetic
acid (TRIAC). J. Endocrinol. Invest. 6, 217-223 (1983)

J.M. Kunitake, N. Hartman, L.C. Henson, J. Lieberman, D.E.
Williams, M. Wong, J.M. Hershman, 3, 5, 3’-triiodothyroacetic
acid therapy for thyroid hormone resistance. J. Clin. Endocrinol.
Metab. 69, 461-466 (1989)

M. Aquilar Diosdado, L. Escobar-Jimenez, M.L. Fermenez Soto,
A. Garcia Curie, F. Escobar-Jimenez, Hyperthyroidism due to
familial pituitary resistance to thyroid hormone: successful con-
trol with 3, 5, 3’triiodothyroacetic associated to propranolol.
J. Endocrinol. Invest. 14, 663-668 (1991)

P.A. Schueler, H.L. Schwartz, K.A. Strait, C.N. Mariash, J.H.
Oppenheimer, Binding of 3, 5, 3’-triiodothyronine (T3) and its
analogs to the in vitro translational products of c-erbA pro-
tooncogenes: differences in the affinity of the o- and f-forms for
the acetic acid analog and failure of the human testis and kidney
o-2 products to bind T3. Mol. Endocrinol. 4, 227-234 (1990)
T. Takeda, S. Suzuki, R.T. Liu, L.J. DeGroot, Triiodothyroacetic
acid has unique potential for therapy of resistance to thyroid
hormone. J. Clin. Endocrinol. Metab. 80, 2033-2040 (1995)

F. Darendeliler, F. Bas, Successful therapy with 3, 5, 3’-triiodo-
thyroacetic acid (TRIAC) in pituitary resistance to thyroid hor-
mone. J. Pediatr. Endocrinol. Metab. 10, 535-538 (1997)

G. Radetti, L. Persani, G. Molinaro, D. Mannavola, D. Corteiazzi,
V. K. Chaterjee, P. Beck-Peccoz, Clinical and hormonal outcome
after two years of triiodothyroacetic acid treatment in a child with
thyroid hormone resistance. Thyroid 7, 775-778 (1997)

D.R. Bajorunas, W. Rosner, I.A. Kourides, Use of bromocriptine
in a patient with generalized resistance to thyroid hormone.
J. Clin. Endocrinol. Metab. 58, 731-735 (1984)

P.I. Salmela, L. Wilde, H. Juustila, A. Ruokonén, Effects of
thyroid hormones (T4, T3), bromocriptine, and TRIAC on inap-
propriate TSH hypersecretion. Clin. Endocrinol. 28, 497-507
(1988)

A.J. Dulgeroff, M.E. Geffner, S.N. Koyal, M. Wong, J.M.
Hershman, Bromocriptine and Triac therapy for hyperthyroidism
due to pituitary resistance to thyroid hormone. J. Clin. Endocri-
nol. Metab. 75, 1071-1075 (1992)

P. Hamon, M. Bovier-Lapierre, M. Robert, D. Peynaud, M.
Pugeat, J. Orgiazzi, Hyperthyroidism due to selective pituitary
resistance to thyroid hormones in a 15-month-old boy: efficacy of
D-thyroxine therapy. J. Clin. Endocrinol. Metab. 67, 1089-1093
(1988)

F. Dorey, G. Strauch, J.P. Gayno, Thyrotoxicosis due to pituitary
resistance to thyroid hormones. Successful control with D thy-
roxine: a study in three patients. Clin. Endocrinol. 32, 221-228
(1990)


http://snp.ims.u-tokyo.ac.jp

Endocrine (2011) 40:366-371

371

30.

31.

32.

33.

LD. Schwartz, B.B. Bercu, Dextrothyroxine in the treatment of
generalized thyroid hormone resistance in a boy homozygous for
a defect in the T3 receptor. Thyroid 2, 15-19 (1992)

J. Pohlenz, D. Knobl, Treatment of pituitary resistance to thyroid
hormone (PRTH) in an 8-year-old boy. Acta Paediatr. 85,
387-390 (1996)

B. Hamon, P. Hamon, M. Bovier-Lapierre, M. Pugeat, F. Sav-
agner, P. Rodien, J. Orgiazzi, A child with resistance to thyroid
hormone without thyroid hormone receptor gene mutation: a
20-year follow-up. Thyroid 18, 35-44 (2008)

T. Guran, S. Turan, R. Bircan, A. Bereket, 9 years follow-up of a
patient with pituitary resistance to thyroid hormones (PRTH):

34.

35.

36.

comparison of two treatment periods of D-thyroxine and triiod-
othyroacetic acid (TRIAC). J. Pediatr. Endocrinol. Metab. 22,
971-978 (2009)

S. Refetoff, Resistance to thyroid hormone: one of several defects
causing reduced sensitivity to thyroid hormone. Nat. Clin. Pract.
Endocrinol. Metab. 93, 605-610 (2008)

J. Bernal, Thyroid hormone resistance syndrome. Endocrinol.
Nutr. 58, 185-196 (2011)

T.J. Visser, M.M. Kaplan, J.L. Leonard, P.R. Larsen, Evidence
for two pathways of iodothyronine 5’-deiodination in rat pituitary
that differ in kinetics, propylthiouracil sensitivity, and response to
hypothyroidism. J. Clin. Invest. 71, 992-1002 (1983)

@ Springer



	Pituitary resistance to thyroid hormones: pathophysiology and therapeutic options
	Abstract
	Definition of PRTH
	Pathophysiological and genetic aspects
	Clinical presentation
	Therapeutic approach and options
	Conclusions
	Conflict of interest
	References


