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Aims: Resistance to thyroid hormone (RTH) and pituitary tumors are both rare

diseases, and the differential diagnosis of these two diseases is difficult in some

cases. There are also patients who have both conditions, making diagnosis more

difficult. To better understand this aspect, we analyzed the clinical characteristics

and gene mutations of RTH coexisting with pituitary tumors.

Methods: Database retrieval was conducted in the PubMed, Cochrane Library, and

SinoMed databases, and the search contents were case reports or case series of

patients with RTH coexisting with pituitary tumors. The demographic, clinical

manifestations, and imaging characteristics of pituitary tumors and gene

mutations were summarized.

Results: Thirteen articles involving 16 patients with RTH coexistent with pituitary

tumors, consisting of 13 female patients, one male patient, and two patients with

unknown sex, were included. The patients were 10 to 79 years old and most

patients were 41-55 years old (43.75%). The 16 patients were from seven different

countries and three continents (Asia, the Americas, and Europe). All the patients

showed an abnormal secretion of TSH, and five patients underwent

transsphenoidal surgery. Finally, four patients were pathologically confirmed to

have TSHoma. A total of 11 different mutations occurred at nine amino acid

sequence sites (251, 310, 344, 347, 383, 429, 435, 438, and 453). Two different

mutations occurred in both the no. 435 and no. 453 amino acid sequences.

Fourteen patients provided their treatment histories, and all had undergone

different treatment regimens.

Conclusions: Patients with both RTH and pituitary tumors had multiple clinical

manifestations and different thyroid functions, imaging characteristics of pituitary
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tumors, genetic mutations of THRb, and treatments. However, due to the limited

number of cases, the patients were mainly women. Further studies with more

cases that focus on the mechanism are still needed.
KEYWORDS

thyroid hormone resistance syndrome, pituitary tumors, THRb, clinical characteristics,
gene mutation
Introduction

Resistance to thyroid hormone (RTH) and thyroid-stimulating

hormone (TSH)-secreting adenoma (TSHoma) of the pituitary, as the

main causes of abnormal secretion of TSH, are clinically rare diseases

that are mainly characterized by unregulated thyroid hormone negative

feedback, manifested as elevated thyroid hormone with normal or

elevated TSH (1–3). RTH is usually caused by mutations in the thyroid

hormone receptor-b (THRb) gene and is characterized by a series of

clinical manifestations such as tissue insensitivity to the thyroid

hormone. Direct sequencing of the THRb gene confirms the

diagnosis of RTH in 85% of the cases (4). Since RTH is mainly

inherited by autosomal dominant inheritance (it can also be

autosomal recessive but is rare), it can be effectively diagnosed by

measuring thyroid function in first-degree relatives. An RTH patient

without mutations in the beta isoform of the thyroid hormone receptor

is also occasionally seen. The diagnosis of RTH is challenging, and it is

mainly differentiated from TSHoma. For pituitary tumors, TSHoma

cannot be definitively diagnosed without pathological examination.

Other clues to help with the diagnosis of TSHoma are visual symptoms

caused by pituitary enlargement that presses on the optic chiasma or

the abnormal secretion of prolactin or growth hormone from the

anterior pituitary. It is interesting that a limited number of reports show

that RTH can coexist with pituitary tumors (especially TSHoma) in the

same patient (5–17). Sometimes, RTH and TSHoma are difficult to

distinguish because some RTH patients may have signs and symptoms

of thyrotoxicosis, especially tachycardia, hyperactivity, and

hyperreflexes, and many patients have goiters. Conversely, a small

number of TSHoma patients have mild symptoms of thyroid toxicity or

even none. A correct diagnosis for RTH patients without THRb gene

mutations is also difficult, and they are often misdiagnosed. In addition,

sporadic pituitary lesions have been reported in up to 24% of patients

with RTH (18), thus increasing the complexity of differential diagnosis.

Hence, this is the reason why the characteristics of patients with both

diseases need to be differentiated. Therefore, we conducted this study to

summarize the clinical characteristics and gene mutations of RTH

coexistent with pituitary tumors.
Materials and methods

We performed a search in PubMed, Cochrane Library, and SinoMed

for case reports or case series about patients with thyroid hormone

resistance syndrome coexisting with pituitary tumors. We also hand-

searched the reference lists of all eligible articles and related previous
02
review articles. The literature search was restricted to published results

from the earliest date to 9 December 2022 with the following search

terms: ((Thyroid Hormone Resistance Syndrome[MeSH Terms]) OR

(resistance to thyroid hormone) OR (RTH) OR (Thyroid hormone

resistance syndrome) OR (resistance to thyroid hormone syndrome)

OR (pituitary resistance to thyroid hormone) OR (PRTH)) AND

((Pituitary Neoplasms[MeSH Terms]) OR (hypophysoma) OR

(pituitary adenoma) OR (pituitary tumor)). Studies that met the

following criteria were included in this article: 1) published in English

or Chinese language, 2) case reports or case series, 3) subjects were

patients with RTH syndrome coexistent with a pituitary tumor, and 4)

clinical characteristics and genetic mutations were described. Otherwise,

a study was not included in the subsequent analysis. The flowchart shows

the literature review inclusion process (Figure 1).

The following information was extracted from the eligible articles:

country; number of patients; and characteristics of cases including

age, sex, size of pituitary tumor, symptoms or diseases, thyroid

function (FT3, FT4, and TSH), and molecular biology results

(including gene mutations and protein). The demographic, clinical,

and genetic mutation information of the cases above was described

utilizing simple summary statistics.
Results

General data

This study included 13 articles (Figure 1) that were first published

in 2001 and recently published in 2022. In total, the articles involved

16 patients with RTH syndrome coexisting with pituitary tumors,

consisting of 13 female patients, 1 male patient, and two patients with

unknown sex. The patients were 10 to 79 years old. The age group

with the largest number of patients was 41-55 years old, accounting

for 43.75% of the total number of patients, followed by the 26-40-

year-old group (18.75%). There was no significant difference in the

number of patients under 25 years old (four patients) and over 56

years old (two patients) (Figure 2). The 16 patients were from seven

different countries: five from China (one from Hong Kong, China);

three from America; six from Thailand, Brazil, and Italy, each with

two patients; and one each from Spain and Portugal (Figure 3A).

Patients were grouped according to the distribution of the continents,

and Asia accounted for the largest proportion of patients (43.75%),

followed by the Americas (18.75% in North America and 12.5% in

South America). No cases have been reported in Oceania or

Africa (Figure 3B).
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FIGURE 2

Patients’ age distribution.
FIGURE 1

Literature review inclusion process.
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Clinical manifestations

Clinical symptoms varied among the 16 patients included in the

analysis. Three patients did not provide any information about

symptoms (6, 17), and another three patients had no clinical

symptoms (11, 12). Palpitations were reported in six patients (5,

8–10, 14, 17), two patients had cervical swelling (7, 13), and one

patient was suspected to be diagnosed with hypothyroidism because

she had several typical symptoms, such as fatigue, weakness, weight

gain, memory loss, dry eyes, anxiety, and depression (7). Among

these 16 patients, four did not have a physical examination of the

thyroid (6, 16, 17). Eight patients had goiter (5, 8–10, 12–15), and

three had thyroid nodule(s) (12, 13, 15). Prior to a definitive

diagnosis of RTH, most of the patients (9/16) were diagnosed

with hyperthyroidism or thyrotoxicosis due to clinical symptoms

and elevated thyroid hormone levels (5, 6, 8, 9, 12, 14, 15, 17). All

sixteen patients showed abnormal TSH secretion, such as elevated

thyroid hormone, but normal or elevated TSH. The thyroid function

details (FT3, FT4, and TSH) of the 16 patients are summarized

in Table 1.
Frontiers in Endocrinology 04
Imaging characteristics of the
pituitary tumors

Pituitary MRI examination was abnormal in all 16 included

patients. One patient did not report the size of the pituitary tumor

(8), four patients were diagnosed with macroadenoma with diameters

greater than 10 mm (5, 6, 10, 17), and the remaining 11 patients were

diagnosed with microadenoma (7, 9, 11–16). Five patients underwent

transsphenoidal surgery (5, 6, 8, 9, 16), and four patients were

confirmed to have TSHoma by a pathological examination (5, 6, 9,

16). One patient was diagnosed with a pituitary cyst (16), another was

diagnosed with pituitary hyperplasia (17), and the remaining 10 were

all diagnosed with pituitary adenoma (7, 8, 10–15) either by a

pituitary MRI scan or pathological examination.
Gene mutations

All 16 patients underwent genetic testing, and 15 of them had

abnormalities in the THRb and were diagnosed with RTH. RTH
A

B

FIGURE 3

(A) Geographical country distribution ratio among the patients (%). (B) Continent distribution ratio among the patients (%).
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without mutations in the THRb gene (non-TR-RTH) was considered

when patients did not have mutations in the beta isoform of the THR

but had other characteristics of RTH according to laboratory

evaluations, such as the a-subunit, TRH stimulation test, T3

suppression test, and sexual hormone binding globulin. Finally, one

patient was diagnosed with non-TR-RTH (12). Ando S et al. (5)

reported aberrant alternative splicing of THRb2 (135 bp deletion) that
caused hormonal dysregulation and hormone resistance (Figure 4B).

The details of the gene mutations in the 16 patients are shown in

Table 2. A total of 11 different mutations occurred at nine amino acid

sequence sites (251, 310, 344, 347, 383, 429, 435, 438, and 453), and a

schematic representation of THRb1 is shown in Figure 4A. These

mutations involve the following gene loci: c.1030G>A, c.1037G>T,

c.1040G>A, c.1286G>A, c.1303C>A, c.1433G>A, c.1642C>A, and

c.1642C>G. Two different mutations occurred in both the no. 435

and no. 453 amino acid sequences. Three patients had the same point

mutation in the no. 429 amino acid sequence causing the replacement

of normal arginine with glutamine (8, 15, 16), and two patients had

the same point mutation in the THRb gene (c.1642C>A), leading to a

missense change of proline 453 to threonine (p.Pro453Thr) (9, 10).

No relationship was found between the site and types of genetic

mutations and the patients’ country, age, sex, thyroid function, and

pituitary tumor characteristics by further analysis.
Treatment

Fourteen patients provided their treatment histories, and all 14

patients had undergone different treatment regimens. Due to TSHoma

or suspected TSHoma (finally pathologically confirmed as a pituitary

adenoma), five patients underwent transsphenoidal surgery (5, 6, 8, 9,
Frontiers in Endocrinology 05
16). Two patients underwent a thyroidectomy for Graves’ disease or

nodular goiter and thyroid adenoma (6, 13). Three patients had received
131I therapy for hyperthyroidism or goiter accompanied by increased

heart rate and thyroid hormone levels (6, 10, 15). Antithyroid drugs, such

as thiamazole (methimazole), were taken by five patients for suspected

hyperthyroid (9, 12, 14, 15) or TSHoma (16). Levothyroxine was

administered to four patients who were suspected of having

hypothyroidism or secondary hypothyroidism after thyroidectomy and
131I therapy (7, 10, 13, 15). Only two patients received triiodothyroacetic

acid or T3 therapy for RTH (11, 12). Furthermore, most of the patients

had abnormal TSH during follow-up.
Discussion

Abnormal TSH secretion with high levels of FT3 and FT4 and

high or normal levels of TSH is due to either a TSHoma or RTH (1–

3). Although RTH and TSHoma are both syndromes of abnormal

secretion of TSH, their pathogenesis, treatment strategies, and

prognosis are completely different. TSHoma, a rare functional

pituitary tumor, accounts for less than 1% of all pituitary adenomas

(19). Due to the clonal expansion of abnormal cells, the secretion of

thyroid hormone is not affected by its negative feedback. Therefore,

currently, the first-line treatment is surgical resection. However, the

mechanism of TSHoma is still unclear. A hypothesis was proposed by

Beck-Peccoz P et al. (1) in 1996 that the downregulation of the thyroid

hormone may be one mechanism. In addition, mice with a mutation

in the b-isoform of the thyroid hormone receptor spontaneously

develop TSHoma (20). This suggests the role of thyroid hormone

receptors in pituitary tumors or even predisposes patients to

TSHoma (9).
TABLE 1 Summary of thyroid function.

First author, year FT3 FT4 TSH

Ando S, 2001-1 NA 7.4 ng/dl (0.9-1.6) 10.5 mU/ml (0.43-4.60)

Ando S, 2001-2 NA 1.7 ng/dl (0.9-1.6) 121.6 mU/ml (0.43-4.60)

Safer JD, 2001 606 pg/dl (210-440) 2.6 ng/dl (0.8-2.7) 0.4 mIU/L (0.3-5.0)

Kong AP, 2005 9.65-12.3 pmol/L (3.28-8.2) 20.7 pmol/L (8.5-20.7) 16.7 mIU/L (0.3-4.0)

Teng X, 2015 14.25 pmol/L (2.63-5.7) 28.79 pmol/L (9.01-19.05) 21.11 mIU/L (0.35-4.94)

Ramos-Levı ́ AM, 2016 7.32 pg/ml (2.5-3.9) 2.2 ng/dl (0.8-1.7) 10.5 mU/ml (0.3-5.6)

Sriphrapradang C, 2016 NA 13.9 (6-11.5) 2.8 mU/L (0.4-3.6)

Ramos LS, 2018
NA 2.8 ng/dl (0.6-1.5) 1.5 mIU/L (0.3-4.0)

NA 2.9 ng/dl (0.6-1.5) 6.7 mIU/L (0.3-4.0)

Yu C, 2018 9.76 pg/ml (4.1-7.9) 26.78 pg/ml (12-22) 5.21 mIU/ml (0.27-4.2)

Carvalho Cunha N, 2019 NA 2.1 pg/dl (0.8-1.9) 9.6 mIU/ml (0.4-4.0)

Jiaqi L, 2019
NA 56.7-70.7 pmol/L (12.0-22.0) 4.85-10.93 mU/L (0.27-4.20)

NA 32.34-32.09 pmol/L (12.0-22.0) 10.73-26.34 mU/L (0.27-4.20)

Campi I, 2020
8.13 pmol/L (4.2-7.5) 35.3 pmol/L (10-20) 1.3 mIU/ml (0.3-5.1)

6.9 pmol/L (4.2-7.5) 26.8 pmol/L (10-20) 1.58 mIU/ml (0.3-5.1)

Suntornlohanakul O, 2022 3.14 pg/ml (2-4.4) 2.09 ng/dl (0.7-1.75) 7.27 mIU/L (0.25-4)
FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; NA, not available.
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RTH is a disease first reported by Refetoff et al. in 1967 (21), and

some of the main causes of RTH include 1) mutation of the thyroid

hormone receptor, 2) binding disorder of the thyroid hormone and its

receptor, and 3) abnormal post-binding action of the thyroid

hormone receptors, etc., leading to the insensitivity of the tissues to

the thyroid hormone, thus causing metabolic disorders, thyroid

dysfunction, etc. In addition to the brain, testis, and lymph, thyroid

hormone receptors are widely expressed in diverse tissues, organs,

and cells. The a- and b-isoforms are two subtypes of THR, and

mutation or dysfunction is an important cause of RTH. Currently,
Frontiers in Endocrinology 06
approximately 80% of RTH is caused by THRb mutations, and

approximately 10%–15% of cases are not caused by THRb
mutations (18, 22, 23). RTH, as it is often referred to, is mainly a

rare autosomal dominant disease characterized by mutation in the b-
isoform of the thyroid hormone receptor (2, 3). The THRb gene is

located at 3p24.2 and consists of 10 exons. RTH can be divided into

two main categories according to the site of RTH and clinical

manifestations, that is, generalized RTH and central or pituitary

RTH (24). Partial resistance is commonly seen in the clinic, while

true complete resistance is rare. However, various organs and tissues
A

B

FIGURE 4

(A) Schematic representation of THRb1 and its gene mutations. (B) Schematic representation of THRb2 and its deletion from amino acids 340 to 385.
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have different degrees of resistance to the thyroid hormone, and

patients have different compensatory abilities, so there are different

clinical manifestations and laboratory characteristics. Clinical

manifestations can include hyperthyroidism, normal thyroid

function, or hypothyroidism. To date, no efficient therapy has been

found to correct the defect in THR function especially that caused by

gene mutation. Therefore, symptomatic treatment to relieve the

symptoms of hypo- or hyperthyroidism is the main therapy for

RTH. For patients with hyperthyroidism, antihyperthyroidism

drugs can be used, and thyroid hormone supplementation should

be considered. Although the diagnosis was the same, the clinical

symptoms, thyroid function, and treatment regimen were all different

in the 16 patients in this study. It is important to stress that invasive

treatments such as thyroidectomy or radioactive iodine ablation are

not needed. Unfortunately, in the few cases we included, some

patients underwent unnecessary invasive treatment.

The symptoms and signs of RTH and TSHoma have similar

characteristics, such as palpitations, goiter, and similar thyroid

function in both diseases. For RTH patients with coexisting

pituitary tumors, the signs and symptoms might be worse and

diverse, and the abnormalities caused by the high level of prolactin

or growth hormone from the anterior pituitary and the visual

symptoms caused by pituitary enlargement pressing on the optic

chiasma might occur at the same time. Prior to the correct diagnosis

of these different diseases, some aggressive treatments may result in

serious adverse outcomes, such as inappropriate thyroid ablation in

patients with TSHoma or unnecessary pituitary surgery in patients

with RTH. These problems lead to the need for further testing,

including laboratory tests, dynamic tests, genetic tests, and pituitary

imaging. To evaluate patients with abnormal TSH secretion and

pituitary imaging abnormalities, combined examination is usually
Frontiers in Endocrinology 07
required to distinguish TSHoma from RTH. There have been several

previous reports of RTH with non-functional or functional pituitary

adenomas (5–17). Both RTH and pituitary tumors are rare diseases,

but it is still possible for a patient to have both, although it is highly

unlikely. Is there a connection between the two diseases? It is known

that up to 15% of people without any diseases may have a small and

non-functional pituitary adenoma, and patients with RTH may

occasionally have abnormal imaging findings (25). As we

mentioned above, thyroid hormone receptors may play a role in the

development of pituitary tumors (or TSHoma). In addition, a somatic

mutation of THRb was found in a TSH-secreting pituitary adenoma

in one of the patients included in our study (5). However, the

relationship between RTH and pituitary tumors (especially

TSHoma) and whether RTH can promote the occurrence of

TSHoma are still unknown due to the limitations of current studies.

Although genetic testing could assist in the diagnosis of RTH,

there are still up to 10%–15% of RTH patients without THRb
mutations (which we called non-TR-RTH), which may affect the

diagnosis of such patients, especially for patients with pituitary

tumors, leading to the wrong choice of surgical treatment (4, 26). It

has also been described in the literature that 15% of RTH families may

have non-TR-RTH patients (27). In this study, we reported a non-TR-

RTH patient with pituitary microadenoma, but whether the pituitary

microadenoma was a TSHoma was unknown because pituitary

pathological examination was not performed.

In this paper, a total of 11 different mutations occurred at nine

amino acid sequence sites, but no regular mutations or mutations

associated with any particular phenomenon were found. THRb1
(widely expressed), THRb2 (mainly expressed in the brain, retina,

and inner ear), and THRb3 (expressed in the kidney, liver, and lung)

are the three main T3-binding splicing products of THRb (28, 29).
TABLE 2 Summary of the THRb mutations of RTH patients coexistent with pituitary tumor.

Study Gender Gene mutations Protein

Ando S, 2001-1 F THRb2spl has a deletion from amino acids 340 to 385

Ando S, 2001-2 F c.1303C>T p.His435Tyr

Safer JD,2001 F c.1313G>A p.Arg438His

Kong AP, 2005 M c.1286G>A p.Arg429Gln

Teng X, 2015 F c.1642C>A p.Pro453Thr

Ramos-Levı ́ AM, 2016 F c.1642C>G p.Pro453Arg

Sriphrapradang C, 2016 F c.1037G>T p.Gly251Val

Ramos LS, 2018
F c.1642C>A p.Pro453Thr

F Without mutations

Yu C, 2018 F c.1303C>A p.His435Ala

Carvalho Cunha N, 2019 F c.1030G>A p.Gly344Arg

Jiaqi L, 2019
F c.1040G>A p.Gly347Glu

F c.1286G>A p.Arg429Gln

Campi I, 2020
NA c.1286G>A p.Arg429Gln

NA NA p.Met310Val

Suntornlohanakul O, 2022 F c.1433G>A p.Arg383His
F, female; M, male; NA, not available.
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The mutation of THRb has both dominant and negative effects. Point

mutations often manifest as autosomal dominant, and a deletion is

often autosomal recessive. It was reported that exons 7-10 of THRb
mainly encode the T3-ligand-binding region (30), and the mutations

reported in patients in this study were mainly concentrated in exons

7-10 encoding the T3-ligand-binding region.

Thyroid disease is more common in women than in men. As an

autosomal disorder, the prevalence of RTH is approximately 1/

40,000-19,000, and the frequency among the sexes is equal (18, 31).

Daly AF et al. (32) reviewed the prevalence studies of clinically

relevant pituitary adenomas in the general population that had

been published before 2020 and reported that the prevalence of

pituitary adenomas differed from 1/865 to 1/1,322. At the same

time, it is higher in women than in men (differing from 62.2% to

77.3%). However, it is still unknown whether a sex difference exists in

THRb mutation patients. Santos Mata MA et al. (33) summarized a

multicentrical case series (a total of 22 RTH patients) and showed that

of the 12 patients who underwent THR genetic testing, eight men and

three women had THRb mutations and one woman had normal

THRb and THRa. Interestingly, in our study, except for two patients

who did not provide gender information, only one of the other 14

patients was a male patient and the rest (92.86%) were all female

patients, which means that the dataset is mostly made of female

individuals. In other words, in this dataset, the proportion of female

patients with RTH complicated with pituitary tumors was

significantly higher than that of male patients. Due to the

limitations of the dataset compared to the general incidence of the

diseases, the results still need to be supported and verified with more

data. At the same time, the mechanism by which sex and RTH coexist

with pituitary tumors needs further study.
Summary

Both RTH and pituitary tumors are rare diseases, and patients

diagnosed with both are even rarer. This study shows that patients

with both RTH and pituitary tumors have multiple clinical

manifestations and different thyroid functions, imaging
Frontiers in Endocrinology 08
characteristics of pituitary tumors, genetic mutations of THRb, and
treatments. However, due to the limited number of cases, patients

were mainly women. Further studies with more cases that focus on

the mechanism are still needed.
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Coexistence of thyroid hormone resistance syndrome, pituitary adenoma and graves'
disease. Endocrinol Nutr (2016) 63(3):139–41. doi: 10.1016/j.endonu.2015.12.003

11. Sriphrapradang C, Srichomkwun P, Refetoff S, Mamanasiri S. A novel thyroid
hormone receptor beta gene mutation (G251V) in a Thai patient with resistance to
thyroid hormone coexisting with pituitary incidentaloma. Thyroid (2016) 26(12):1804–6.
doi: 10.1089/thy.2016.0450

12. Ramos LS, Kizys MML, Kunii IS, Spinola-Castro AM, Nesi-França S, Guerra RA,
et al. Assessing the clinical and molecular diagnosis of inherited forms of impaired
frontiersin.org

https://doi.org/10.1210/edrv-17-6-610
https://doi.org/10.1210/edrv-17-6-610
https://doi.org/10.1210/edrv-14-3-348
https://doi.org/10.1210/jc.2013-3393
https://doi.org/10.1016/j.bbagen.2012.08.005
https://doi.org/10.1016/j.bbagen.2012.08.005
https://doi.org/10.1210/mend.15.9.0687
https://doi.org/10.1210/mend.15.9.0687
https://doi.org/10.1210/jcem.86.11.7984
https://doi.org/10.1089/105072501750159750
https://doi.org/10.1210/jc.2014-3994
https://doi.org/10.1016/j.endonu.2015.12.003
https://doi.org/10.1089/thy.2016.0450
https://doi.org/10.3389/fendo.2023.1131044
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhao et al. 10.3389/fendo.2023.1131044
sensitivity to thyroid hormone from a single tertiary center. Endocrine (2018) 62(3):628–
38. doi: 10.1007/s12020-018-1673-6

13. Yu C, Zhao J, Yao J, Wang H, Shang H, Zhang R, et al. Pituitary resistance to thyroid
hormone caused by a novel mutation (H435A) in the thyroid hormone receptor beta: A case
report. Med (Baltimore) (2018) 97(21):e10544. doi: 10.1097/MD.0000000000010544

14. Carvalho Cunha N, Gomes L, Bastos M. Challenging diagnosis of resistance to
thyroid hormone in a patient with pituitary adenoma. BMJ Case Rep (2019) 12(7):
e229430. doi: 10.1136/bcr-2019-229430

15. Li J, Liu B, Wei Y, Huang H, An Z, Yu Y, et al. Thyroid hormone resistance
complicated with nonfunctional pituitary microadenoma: A report of 2 cases. J Sichuan
Univ (Med Sci Edi) (2019) 50(3):456.

16. Campi I, Covelli D, Moran C, Fugazzola L, Cacciatore C, Orlandi F, et al. The
differential diagnosis of discrepant thyroid function tests: Insistent pitfalls and updated
flow-chart based on a long-standing experience. Front Endocrinol (Lausanne) (2020)
11:432. doi: 10.3389/fendo.2020.00432

17. Suntornlohanakul O, Sriphrapradang C. Pituitary hyperplasia mimicking thyrotropin-
producing pituitary adenoma in the patient with resistance to thyroid hormone: A case report.
Int J Neurosci (2022) 132(2):207–11. doi: 10.1080/00207454.2020.1803304

18. Pappa T, Refetoff S. Resistance to thyroid hormone beta: A focused review. Front
Endocrinol (Lausanne) (2021) 12:656551. doi: 10.3389/fendo.2021.656551

19. Beck-Peccoz P, Persani L, Lania A. Thyrotropin-secreting pituitary adenomas.
Feingold KR, Anawalt B, Boyce A, Chrousos G, de Herder WW, Dhatariya K, Dungan K,
Hershman JM, Hofland J, Kalra S, Kaltsas G, Koch C, Kopp P, Korbonits M, Kovacs CS,
KuohungW, Laferrère B, Levy M, McGee EA, McLachlan R, Morley JE, NewM, Purnell J,
Sahay R, Singer F, Sperling MA, Stratakis CA, Trence DL, Wilson DP, editors. South
Dartmouth (MA: Endotext (2022).

20. Furumoto H, Ying H, Chandramouli GV, Zhao L, Walker RL, Meltzer PS, et al. An
unliganded thyroid hormone beta receptor activates the cyclin D1/cyclin-dependent
kinase/retinoblastoma/E2F pathway and induces pituitary tumorigenesis. Mol Cell Biol
(2005) 25(1):124–35. doi: 10.1128/MCB.25.1.124-135.2005

21. Refetoff S, DeWind LT, DeGroot LJ. Familial syndrome combining deaf-mutism,
stuppled epiphyses, goiter and abnormally high PBI: Possible target organ refractoriness to
thyroid hormone. J Clin Endocrinol Metab (1967) 27(2):279–94. doi: 10.1210/jcem-27-2-279
Frontiers in Endocrinology 09
22. Mamanasiri S, Yesil S, Dumitrescu AM, Liao XH, Demir T, Weiss RE, et al.
Mosaicism of a thyroid hormone receptor-beta gene mutation in resistance to thyroid
hormone. J Clin Endocrinol Metab (2006) 91(9):3471–7. doi: 10.1210/jc.2006-0727

23. Hamon B, Hamon P, Bovier-Lapierre M, Pugeat M, Savagner F, Rodien P, et al. A
child with resistance to thyroid hormone without thyroid hormone receptor gene
mutation: A 20-year follow-up. Thyroid. (2008) 18(1):35–44. doi: 10.1089/thy.2007.0079

24. Gurnell M, Visser TJ, Beck-Peccoz P, Chatterjee VKK. Resistance to thyroid
hormone. In: Jameson LJ, DeGroot LJ, editors. Endocrinology, adult and pediatric. ed 6. II.
Philadelphia: Saunders Elsevier (2010). p. 1745–59.

25. Khandwala H, Lee C. Inappropriate secretion of thyroid-stimulating hormone.
CMAJ (2006) 175(4):351. doi: 10.1503/cmaj.060266

26. Brent GA, In Melmed S, Polonsky KS, Larsen PR, et al. Hypothyroidism and
thyroiditis. In: Williams textbook of endocrinology. Philadelphia: Elsevier (2016).

27. Refetoff S, Dumitrescu AM. Syndromes of reduced sensitivity to thyroid hormone:
Genetic defects in hormone receptors, cell transporters and deiodination. Best Pract Res
Clin Endocrinol Metab (2007) 21(2):277–305. doi: 10.1016/j.beem.2007.03.005

28. Williams GR. Cloning and characterization of two novel thyroid hormone receptor
beta isoforms. Mol Cell Biol (2000) 20(22):8329–42. doi: 10.1128/MCB.20.22.8329-
8342.2000

29. Cheng SY, Leonard JL, Davis PJ. Molecular aspects of thyroid hormone actions.
Endocr Rev (2010) 31(2):139–70. doi: 10.1210/er.2009-0007

30. Pappa T, Refetoff S. Human genetics of thyroid hormone receptor beta: Resistance
to thyroid hormone beta (RTHb). Methods Mol Biol (2018) 1801:225–40. doi: 10.1007/
978-1-4939-7902-8_18

31. Lafranchi SH, Snyder DB, Sesser DE, Skeels MR, Singh N, Brent GA, et al. Follow-
up of newborns with elevated screening T4 concentrations. J Pediatr (2003) 143(3):296–
301. doi: 10.1067/S0022-3476(03)00184-7

32. Daly AF, Beckers A. The epidemiology of pituitary adenomas. Endocrinol Metab
Clin North Am (2020) 49(3):347–55. doi: 10.1016/j.ecl.2020.04.002

33. Santos Mata MA, Ariza Jimenez AB, Macias Lopez F, de la Camara Moraño C.
Thyroid hormone resistance: Multicentrical case series study. Horm Metab Res (2022) 54
(2):67–75. doi: 10.1055/a-1725-8533
frontiersin.org

https://doi.org/10.1007/s12020-018-1673-6
https://doi.org/10.1097/MD.0000000000010544
https://doi.org/10.1136/bcr-2019-229430
https://doi.org/10.3389/fendo.2020.00432
https://doi.org/10.1080/00207454.2020.1803304
https://doi.org/10.3389/fendo.2021.656551
https://doi.org/10.1128/MCB.25.1.124-135.2005
https://doi.org/10.1210/jcem-27-2-279
https://doi.org/10.1210/jc.2006-0727
https://doi.org/10.1089/thy.2007.0079
https://doi.org/10.1503/cmaj.060266
https://doi.org/10.1016/j.beem.2007.03.005
https://doi.org/10.1128/MCB.20.22.8329-8342.2000
https://doi.org/10.1128/MCB.20.22.8329-8342.2000
https://doi.org/10.1210/er.2009-0007
https://doi.org/10.1007/978-1-4939-7902-8_18
https://doi.org/10.1007/978-1-4939-7902-8_18
https://doi.org/10.1067/S0022-3476(03)00184-7
https://doi.org/10.1016/j.ecl.2020.04.002
https://doi.org/10.1055/a-1725-8533
https://doi.org/10.3389/fendo.2023.1131044
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The clinical characteristics and gene mutations associated with thyroid hormone resistance syndrome coexisting with pituitary tumors
	Introduction
	Materials and methods
	Results
	General data
	Clinical manifestations
	Imaging characteristics of the pituitary tumors
	Gene mutations
	Treatment

	Discussion
	Summary
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


