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2.11 ABSTRACT 

Thyrotropinn (TSH) secretion from the anterior pituitary is mainly regulated by thyrotropin 

releasingg hormone and thyroid hormones. We hypothesised that in addition the pituitary itself 

couldd modulate TSH production by sensing its own TSH release, enabling fine-tuning of TSH 

secretion.. For such an ultra-short loop control the pituitary should contain a TSH-receptor 

(TSHR).. To find evidence for this we screened a human pituitary cDNA library with a DIG-

labelledd TSHR probe and found two positive clones out of 32,000 plaques. One clone was 

sequencedd and found to be completely identical to the thyroidal TSHR. Further proof was 

obtainedd by RT-PCR on a human anterior pituitary obtained at autopsy. In situ hybridisation 

andd immunohistochemistry confirmed the presence of TSHR in the anterior pituitary at the 

mRNAA level as well as the protein level. Moreover, double-labelling experiments revealed 

thatt TSHR mRNA as well as TSHR protein co-localises with MHC class II expression of 

folliculo-stellatee cells. 

Wee conclude that TSHR is expressed in a subpopulation of folliculo-stellate cells in 

thee human anterior pituitary. This finding suggests ultra-short loop regulation of thyrotropin 

secretion.. Putative recognition of the pituitary TSHR by TSHR antibodies might have clinical 

relevancee in Graves' disease. 
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2.22 INTRODUCTION 

Thyrotropinn (TSH) is the major regulator of thyroid hormone synthesis and secretion. The 

productionn of TSH in the anterior pituitary is modulated by thyroid hormones via a classical 

negativee feedback mechanism, and by thyrotropin releasing hormone (TRH) from the 

hypothalamuss by a positive feed forward mechanism. In concert with other circulating factors, 

suchh as dopamine, somatostatin and some steroids, TRH and thyroid hormones are seen as the 

mainn determinants to maintain normal TSH secretion. 

Wee hypothesised that, in addition, TSH secretion might also be fine-regulated in a short 

loopp feedback at the pituitary level through the TSH receptor (TSHR). This hypothesis was 

developedd on two grounds. First, because we were intrigued by the well known clinical 

observationn that many patients with Graves' hyperthyroidism continue to show suppressed 

plasmaa TSH levels despite adequate antithyroid treatment resulting in clinical euthyroidism, 

andd normal (or even low) plasma thyroxine and triiodothyronine levels (1,2). In our 

experiencee this is less often seen in patients with other forms of hyperthyroidism. We 

wonderedd whether TSHR stimulating antibodies (TSAb) might suppress TSH secretion by 

directt action on the pituitary. If so, the pituitary should contain a TSHR. Several reports have 

noww demonstrated that the TSHR is present at extrathyroidal sites. In the intestine, for 

example,, it appears to be involved in a local paracrine network of hormonal regulation of T 

celll  homeostasis in response to locally produced TSH (3). 

Secondly,, we hypothesised that it would be more efficient for the fine-tuning of TSH 

secretionn (i.e., to keep TSH plasma levels within a certain range) if the pituitary was able to 

measuree and regulate its own TSH production, in analogy to modern heating boilers, which 

regulatee their heat production through built-in temperature sensors in addition to the room 

thermostat. . 

AA pituitary TSHR might be involved in the TSH secretion at the pituitary level in an 

autocrinee fashion via a TSHR on the thyrotroph itself. Alternatively, it might be mediated in a 

paracrinee fashion through another cell type. A likely candidate for this is the folliculo-stellate 

celll  (4), which is known to produce various cytokines and other regulatory factors, mostly 

notablyy IL-6 (5, 6). 

Too test our hypothesis, we set out to study the presence and cellular localisation of the 

TSHRR in the human anterior pituitary using several, independent methods aimed at finding 

bothh TSHR mRNA and protein. 
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2.33 MATERIALS AND METHODS 

Libraryy screening and sequencing 

Wee used a human pituitary XDR2 cDNA library (Clontech; Palo Alto, CA) obtained from a 

pooll  of 12 Caucasian males and 6 Caucasian females (ages: 7-65 yrs) who died from trauma. 

Thee library contained 2 x 106 independent clones with an average insert size of 1.8 kb (range: 

0.6-4.77 kb). The titre was determined to be 8 x 109 pfu/ml. For screening, the library was plate 

amplifiedd using E. coli K802 and plated out on eight 150 mm plates (appr. 4,000 pfu/plate). 

Thee plaques were transferred to nylon filters using standard techniques and screened with 

digoxigeninn (DIG) labelled cDNA probes corresponding to the intracellular (ICD) and 

extracellularextracellular (ECD) domains of the TSHR (see below). For sequencing the clone was purified 

til ll  monoclonality by repeated Southern hybridisation (i.e., membrane lifts of the plaques were 

probedd with the DIG-labelled cDNA probes). The A, phage was converted to a plasmid by in 

vivovivo excision according to the manufacturers manual (Clontech; Palo Alto, CA). We used a 

non-radioactivee dideoxy chain termination sequencing method on an automated sequencer 

(ABII  Prism 377 DNA Sequencer, Perkin Elmer; Foster City, CA). The plasmid insert was 

sequencedd using the pDR2 sequencing primers covering the insert/plasmid boundaries. 

Furtherr sequence information was obtained using forward primers based on the published 

TSHRR sequence (7-9), with an appr. 300 bp spacing creating abundant internal overlap 

betweenn sequences. 

Reversee transcription and polymerase chain reaction 

Pituitaryy tissue (75 yrs old male) was obtained from the Netherlands Brain Bank (coordinator 

Drr R. Ravid). The tissue was obtained at autopsy and snap-frozen in liquid nitrogen. Prior to 

usee the anterior pituitary was dissected out (appr. 50 mg) and homogenised. Polyadenylated 

RNAA was isolated using the QuickPrep Micro mRNA purification kit (Pharmacia Biotech; 

Uppsala,, Sweden) and reverse transcribed into single-stranded cDNA using the First Strand 

cDNAA synthesis kit with random primers (Roche Molecular Biochemicals; Mannheim, 

Germany).. PCR was done as described before (10), using the PCR Core kit (Roche Molecular 

Biochemicals;; Mannheim, Germany). In short, the reaction mixture was subjected to 35 
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cycless of 1 min at 92°C, 2 min at 55°C and 3 min at 72°C following an initial 2 min at 92°C 

inn a Personal Cycler (Biometra; Göttingen, Germany). 

InIn  situ  hybridisation 

Threee human anterior pituitaries (76, 82 and 83 yrs old males) were obtained after autopsy 

fromm the Netherlands Brain Bank (coordinator Dr R. Ravid), snap frozen in liquid nitrogen, 

andd stored at -70°C. Thyroid tissue of a 23 year old female diagnosed for Graves' disease and 

liverr tissue of an individual with no known history of thyroid pathology were obtained at 

surgery,, stored in liquid nitrogen and included as positive and negative control tissues, 

respectively.. 10 um frozen sections were mounted on silane-coated slides, air dried on a hot 

platee and kept at -70°C until use. Tissue pretreatment consisted of fixation in 4% 

paraformaldehydee in phosphate-buffered saline (PBS, pH 7.4), carbethoxylation in 0.1% 

activee diethyl pyrocarbonate in PBS and equilibration in 5x SSC. Sections were prehybridised 

forr 1 h at room temperature in hybridisation mixture (5x Denhardt's, 5x SSC, 50% deionized 

formamide,, 200 ng/mL salmon sperm DNA, 250 |ig/mL yeast tRNA) which was replaced by 

2000 ul hybridisation mixture containing 200 ng/ml antisense or sense TSHR RNA probe (see 

below).. Hybridisation took place in a humidified chamber at 55°C over night. The sections 

weree washed for 5 min in 5x SSC, 5 min in 2x SSC and lh in 0.2x SSC at 65°C and 

equilibratedd in Tris-buffered saline containing 0.5% Triton X-100 (Sigma Chemicals; St. 

Louis,, MO, USA; TBS/T, pH 7.4). After blocking for 30 min in 1% blocking reagent (Roche 

Molecularr Biochemicals; Mannheim, Germany) in TBS/T the sections were incubated with 

alkalinee phosphatase-coupled anti-DIG Fab fragments (Roche Molecular Biochemicals; 

Mannheim,, Germany; 1:5000 in TBS/T with 0.1% blocking reagent). The sections were 

washedd thoroughly in TBS/T, equilibrated in detection buffer (100 mM Tris-HCl, 100 mM 

NaCl,, and 50 mM MgCb, pH 9.5) and reacted over night to 0.38 mg/ml nitroblue tetrazolium 

andd 0.18 mg/ml 5-bromo-4-chloro-3-indolyl-phosphate (NBT/BCIP; Roche Molecular 

Biochemicals,, Mannheim, Germany) in detection buffer. In order to inhibit endogenous 

alkalinee phosphatase activity 0.24 mg/ml levamisole was added. Aspecific precipitate was 

removedd by washing in 100% methanol. Finally, the sections were cover-slipped in Kaiser's 

glycerinn for light-microscopical examination (Zeiss Axioskop). Sections incubated with 

prehybridisationn mix only were included as controls in the immunochemical detection of the 

DIG-labelledd RNA probes. 

35 35 



CHf¥T€flCHf¥T€fl 2 

Immunohistochemistry y 

Humann pituitary and thyroid tissue were subjected to immunohistochemistry to demonstrate 

TSHRR at the protein level. We used two different mouse monoclonal antibodies, both directed 

againstt the extracellular domain of the human TSHR. The first, T5-317 (gift of Dr M. 

Milgrom)) (11), was used on formalin-fixed paraffin-embedded tissue. The second, A10 (gift 

off  Dr J.P. Banga), directed against amino acids 21-35 (12) was used on frozen sections. 

TBS/TT was used as solvent for the antibodies and as rinsing buffer between incubations. In 

orderr to block aspecific antibody binding 0.5% non-fat powdered milk was added during the 

incubationss with the primary antibodies. In the case of formalin-fixed paraffin-embedded 

tissue,, deparaffinised sections were pre-treated in a microwave oven in citrate buffer pH 6.0 

forr 15 min in order to retrieve antigenicity. The sections were then incubated for 15 min with 

serumm free protein block (DAKO, Sta. Barbara, CA) and reacted with antibody T5-317 at a 

concentrationn of 2 ug/ml overnight at 4°C in a humidified chamber. The bound 

immunoglobulinss were revealed with a biotinylated anti-mouse antibody and streptavidin-

peroxidasee (LSAB 2 immunostaining kit, DAKO) used according to the manufacturer's 

instructions.. Antibody binding was visualised by reacting the sections to 0.5 mg/ml 3-amino-

9-ethylcarbazolee (AEC; Sigma Chemicals; St. Louis, MO, USA) and 3% H1O2 in 50 mM 

NaAcc buffer pH 5.0. Sections were mildly counterstained with haematoxylin. 

Alternatively,, frozen sections were fixed in 4% paraformaldehyde, blocked in 5% non-fat 

powderedd milk and incubated with A10 culture supernatant (1:10) for 1 h at room temperature 

followedd by an overnight incubation at4°C. Subsequently, the sections were incubated for 30 

minn with goat anti-mouse IgG conjugated to alkaline phosphatase (1:100; Dakopatts, 

Copenhagen,, Denmark), reacted to NBT/BCIP with levamisole and finally washed in 

methanol. . 

Controll  incubations were carried out by replacing the primary antibodies with non-

immunee mouse serum. 

Combinedd in  situ  hybridisation and immunohistochemistry 

Inn order to determine the phenotype of the TSHR mRNA expressing cell type(s), some 

sectionss that were initially processed for in situ hybridisation were subsequently subjected to 

immunohistochemistryy with two cell type specific antibodies: a monoclonal mouse anti-HLA-
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DRR (a determinant of MHC-class II; clone CR3/43, 1:200; Dakopatts, Copenhagen, Denmark) 

andd a polyclonal rabbit anti-TSH (1:3200; Dakopatts, Copenhagen, Denmark), specifically 

stainingg dendritic cells and thyrotrophs, respectively. After blocking for 30 min in 5% non-fat 

powderedd milk, the sections were incubated for 1 h with primary antibody and 0.5% non-fat 

powderedd milk. Primary antibody binding was detected using the ABC method (Vectastain; 

Vectorr Laboratories, Burlingame, CA) according to the manufacturer's instructions. Antibody 

bindingg was visualised by reacting the sections to AEC. Sections were mildly counterstained 

inn methyl green (Vector Laboratories; Burlingame, CA, USA). 

Doublee immunohistochemistry 

Too characterise the TSHR protein expressing cell type, sections immunolabelled with A10 

weree in part double-labelled with anti-HLA-DR and anti-TSH as described above for double-

labellingg of sections subjected to in situ hybridisation. In the case of anti-HLA-DR double 

labelling,, sections were First treated for 2 h with 0.1 M glycine/HCl pH 2.2 to elute the 

reagentss used for TSHR labelling which might otherwise interfere with the detection of the 

mousee monoclonal anti-HLA-DR antibody. 

Synthesiss of TSHR probes and primers 

Wee synthesised thyroidal cDNA that was used to produce a) two DIG-labelled TSHR cDNA 

probess to screen a human pituitary library, b) sense and antisense DIG-labelled TSHR RNA 

probess for in situ hybridisation and c) a positive control in PCR experiments. Thyroid tissue 

fromm a 43 yrs old male with Graves' hyperthyroidism was obtained at surgery and snap-frozen 

inn liquid nitrogen. Appr. 200 mg of tissue was homogenised and polyadenylated RNA was 

isolatedd and reverse transcribed as described above. The TSHR cDNA probes were then 

synthesisedd by PCR using DIG DNA labelling kit (Roche Molecular Biochemicals; 

Mannheim,, Germany) with two primer sets designed to amplify an ECD cDNA product (appr. 

1.22 kb) spanning exons 1-9, and an ICD cDNA product (appr. 1.4 kb) amplifying exon 10 of 

thee TSHR gene, as described previously (10). The RNA in situ hybridisation probes were in 

vitrovitro transcribed from a PCR-derived cDNA template obtained with a primer set designedd to 

amplifyy a unique 152 bp sequence (bases 1048-1199 of the human TSHR; forward primer, 5' 

GCCTTGAATAGCCCCCTCCACC 3' and reverse primer, 5' 
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CCAAAACCAATGATCTCATCC 3'). The T7 RNA polymerase promotor sequence was 

addedd to either the forward or reverse primer, producing cDNA templates for the in vitro 

transcriptionn of digoxigenin-labelled antisense and sense RNA probes, respectively (DIG 

RNAA labelling kit; Roche Molecular Biochemicals). 

2.44 RESULTS 

Humann pituitary XDR2 library screening and sequencing 

Wee first used purified X phage cDNA in a PCR, and detected thyrotropin receptor (TSHR) 

productss of the expected size. We then screened -32,000 pfu and two plaques hybridising 

withh the intracellular (ICD) TSHR probe were identified. One of these was purified and the X 

DR22 phage was converted into a pDR2 plasmid. The insert of this clone was estimated to be 

-3.00 kb long. The insert was fully sequenced, starting with the pDR2 sequencing primers, and 

foundd to be completely identical to the sequence of the thyroidal TSHR as published by 

Misrahii  etal. (7). Ourr sequence included the same polymorphism at codon 601: TAT coding 

forr Tyr, as opposed to CAT coding for His as described by Libert et al. (9), and Nagayama et 

al.al. (8). 

Reversee transcription and polymerase chain reaction 

Too obtain further evidence for the presence of a TSHR in the pituitary we used a human 

anteriorr pituitary gland obtained at autopsy. Purified mRNA was used in a RT-PCR 

experimentt with the same TSHR ICD and extracellular domain (ECD) primer sets as in our 

previouss experiments. ICD and ECD bands of the correct size (1.4 and 1.2 kb, resp.) could be 

detectedd in this anterior pituitary tissue (Figure 2.1). 
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mm 1 2 3 4 5 6 m 

Figuree 2.1. Ethidium bromide staining of TSH receptor PCR products amplified from cDNA obtained from 

normall  human anterior pituitary tissue (lanes 1 and 2), and from human thyroid tissue (lanes 4 and 5), with the 

correspondingg negative control using H20 (lanes 3 and 6). The intracellular domain products are shown in lanes 

11 and 4; the extracellular domain products in lanes 2 and 5 (1.4 kb, and 1.2 kb respectively). Molecular weight 

markerss are indicated (m). 

InIn  situ  hybridisation 

Next,, human pituitary sections were subjected to in situ hybridisation. The antisense TSHR 

probee hybridised specifically with cells scattered throughout the anterior pituitary. A clear 

cytoplasmicc staining pattern with a distinct negative nucleus was observed (Figure 2.2a). 

Hybridisationn with the antisense probe was also detected in thyroid (Figure 2.2b) but not in 

liverr tissue (Figure 2.2c), which were included as positive and negative control tissues, resp. 

Hybridisationn of pituitary sections with the complementary sense probe did not result in any 

stainingg (Figure 2.2d), confirming the specificity of our TSHR probe. 

Immunohistochemistry y 

Immunohistochemistryy with two different monoclonal antibodies against the TSHR (clone 

T5-3177 and clone A10) confirmed the presence of TSHR in the human anterior pituitary at the 

proteinn level. Both antibodies specifically stained thyrocytes in control thyroid tissue 
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Figuree 2.2. In situ hybridisation on frozen sections with a specific TSHR RNA probe. Specific hybridisation 

withh the antisense probe is observed in a subset of anterior pituitary cells (a) and in positive control thyroid tissue 

(b).. No staining occurred using the antisense probe on negative control liver tissue (c), or using the sense probe 

onn pituitary tissue (d). (a, c-d) x400: (b) x200. 

(Figuree 2.3a and 2.3c). A10 was applied to frozen sections and stained cells with a stellate-

shapedd morphology, evenly distributed over the anterior pituitary (Figure 2.3b). 

T5-3177 was used on formalin-fixed paraffin-embedded tissue. After microwave treatment 

immune-reactivityy was observed in elongated cell types with long processes that were evenly 

distributedd over the anterior pituitary (Figure 2.3d). 

Combinedd in  situ  hybridisation and immunohistochemistry 

Subsequentt double-labelling on sections with anti-TSH revealed that TSHR mRNA 

expressionn did not colocalise with TSH immune-reactivity (Figure 2.4a). However, when we 

double-labelledd the hybridised sections with anti-HLA-DR serum, immune reactivity was 
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Figuree 2.3. Immunohistochemical detection of TSHR protein with two monoclonal antibodies. AIO was applied 

too frozen tissue, and specifically stains thyrocytes in positive control thyroid tissue (a) and a subset of anterior 

pituitaryy cells (b). Note the strong hyperplasia in the Graves' thyroid. T5-317 was used on formalin-fixed 

paraffinisedd thyroid tissue (c) and anterior pituitary (d). TSHR-positive stellate-shaped cells with long slender 

processess are scattered over the anterior pituitary, (a, b) x400; (c, d) x200. 

detectedd in dendritic-shaped cells with long slender processes and it appeared that TSHR 

mRNAA was expressed by a subpopulation of HLA-DR positive cells (Figure 2.4b). 

Doublee immunohistochemistry 

Double-labellingg with A10 and anti-HLA-DR on paraformaldehyde-fixed frozen pituitary 

sectionss demonstrated that TSHR immune-reactivity also colocalised with a subset of cells 

positivee for HLA-DR (Figure 2.4d). Again, no colocalisation was observed when the sections 

weree double-labelled with anti-TSH as the second primary antibody (Figure 2.4c). 
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Figuree 2.3. Combined in situ hybridisation and immunohistochemistry (a, b) and double immunohistochemistry 

(c.. d). TSHR mRNA (blue) colocalises with HLA-DR (red) in stellate-shaped cells (b) but not with TSH (red) 

(a).. Likewise, TSHR protein (blue) colocalises with HLA-DR (red) (d), but not with TSH (red) (c). x400. For a 

full-colourr representation, see back cover. 

2.55 DISCUSSION 

Inn this report we demonstrate that the thyrotropin receptor (TSHR) is expressed by MHC-

classs II expressing folliculo-stellate (FS) cells in the human anterior pituitary. Because it is a 

neww concept we used different and independent methods to obtain evidence for this 

extrathyroidall  localisation of the TSHR. 

Firstt we screened a human pituitary cDNA library. Among 32,000 pfu, two clones 

crosshybridisedd with the TSHR cDNA. One clone was sequenced and was completely 

homologouss to the published thyroidal TSHR (7-9). Second, we detected TSHR mRNA by 

RT-PCRR using primers located on different exons of the gene designed by Paschke et al., who 

wass unable to detect full length receptor mRNA in retrobulbar tissue (10) (Figure 2.1). Third, 
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inin situ hybridisation was performed using a RNA probe complementary to a unique sequence 

withinn the human TSHR not present in the luteinizing hormone (LH) receptor or the follicle 

stimulatingg hormone receptor, which otherwise show a high degree of homology (8). We 

observedd specific staining of cells scattered throughout the anterior pituitary (Figure 2.2). We 

confirmedd these findings at the protein level by immunohistochemistry using two well-

characterisedd monoclonal anti-TSHR antibodies (11, 12) (Figure 2.3). Double labelling 

experimentss further revealed that TSHR mRNA as well as protein colocalised with MHC-

classs II expression (Figure 2.4). No coexpression was observed in thyrotrophs. The expression 

off  TSHR on cells with an elongated, stellate-shaped appearance with prominent MHC-class II 

expression,, indicates that these cells correspond to dendritic cells (13, 14). These cells have 

mainlyy been studied for their function in the immune response, e.g., in the presentation of 

antigenss to lymphocytes and in the phagocytosis/degradation of unwanted material. However, 

theyy are also important producers of a variety of signalling molecules and hormones and are 

thuss involved in other physiological functions such as the regulation of the function and 

growthh of endocrine cells (15, 16). Proinflammatory cytokines, such as IL-6 and IL-16 appear 

too be important mediators in this regulation (15). In the anterior pituitary, IL-6 enhances LH 

productionn (17) and GH secretion (18) whereas TSH secretion is inhibited (19). TSH release 

iss also inhibited by IL-113 and TNF-oc as shown in anterior pituitary cells cultured as 

monolayerss (20). Allaerts et al. (14) showed that part of these MHC-class II expressing 

dendriticc cells coincide with folliculo-stellate (FS) cells, which constitute 5-10% of the 

pituitaryy cells and were first identified in the anterior pituitary by Rinehart and Farquhar (4). 

Theyy are characterised as agranular cells in the anterior pituitary, with a stellate-shaped 

morphologyy and long cytoplasmic processes between the endocrine cells (21). Roughly 10-

20%% of the FS cells express MHC-class II, and these have been shown to modulate anterior 

pituitaryy hormone secretion (22, 23). Allaerts et al. (24) showed in anterior pituitary cells 

culturedd as three-dimensional cell aggregates that FS cells are involved in establishing a 

biphasicc LH release at the pituitary level following GnRH administration. 

Thesee results may be surprising because the TSHR was thought to be expressed only 

inn the thyroid gland. However, it has now become clear that the TSHR is also functionally 

expressedd in other extrathyroidal tissues. For example, the TSHR was also found to be 

expressedd on intestinal T cells, where it is involved in local, paracrine regulation of T cell 

homeostasiss by sensing locally produced TSH (3). Our findings are further supported by a 

recentt paper by Bagriacik and Klein (25). These authors found that a proportion of murine 
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dendriticc cells express a functional TSHR on their surface. In our study, we found the TSHR 

expressedd by FS cells, which are known to be of dendritic cell lineage. Both studies fit 

remarkablyy well with our hypothesis that a pituitary TSHR on FS cells may be involved in 

locall  fine-tuning of TSH secretion. It should be made clear, however, that this hypothesis is 

restrictedd to the fine-tuning only. The classical feed-forward (TRH) and -backward (T4) will 

prevaill  in hyper- and hypothyroidism. In this model, TSH is secreted by the thyrotrophs and 

releasedd in the extracellular space, where it binds to its receptor on FS cells. Stimulation of 

thiss receptor might induce the release of paracrine factors by the FS cells, which in turn 

modulatee thyrotroph TSH secretion. This possible feedback mechanism might not be limited 

too TSH secretion, since it was recently shown that the human anterior pituitary also contains 

growthh hormone (GH) receptors, which suggested that GH might have autocrine and/or 

paracrinee actions (26). Recently, Asa et al. (27) confirmed this hypothesis in transgenic mice 

devoidd of the GH receptor, which showed a reduced GH feedback inhibition on pituitary GH 

production. . 

Apartt from this physiological concept, a TSHR at the pituitary level may have an 

importantt pathophysiological significance. Under normal circumstances there is an excellent 

negativee correlation between plasma free thyroxine (fT4) and TSH levels, and it is generally 

acceptedd to use TSH determinations to monitor thyroid status. There are, however, some 

notablenotable exceptions. 

Duringg treatment of Graves' hyperthyroidism it is frequently observed in clinical 

practicee that these patients continue to show suppressed TSH levels, while they are clinically 

euthyroidd and have normal (or even low) 1T4 and triiodothyronine levels (1, 2). To date, this 

hass been attributed to delayed recovery of the pituitary-thyroid axis from the hyperthyroid 

statee (28). However, our finding of a pituitary TSHR offers another, and more plausible 

explanationn in that TSHR autoantibodies act as ligand for the pituitary receptor and cause 

suppressionn of TSH secretion (just like TSH itself; Figure 1.4). Because TSHR autoantibodies 

cann remain present for a long time during adequate antithyroid treatment, they might very 

welll  be the cause of the long-term TSH suppression seen in these patients. 

Inn conclusion, we have found strong evidence for the presence of a TSHR on FS cells 

inn the human anterior pituitary gland. The presence of a TSHR on FS cells near the TSH 

productionn site offers the possibility of short loop control of TSH production and might have 

clinicall  consequences in the interpretation of TSH values in several thyroidal diseases. 

Whetherr this pituitary TSHR is also involved in the frequently observed phenomenon of long-
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termm TSH suppression during adequate antithyroid treatment in Graves' disease patients is 

currentlyy being tested in a prospective study. 
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