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Complementary cDNA clones encoding the TSH (thyroid stimulatory 
hormone) receptor were isolated from a human thyroid AgtlO library using 
low stringency hybridization with LH/hCG (luteinizing hormone-human 
choriogonadotropic hormone) receptor probes. Sequencing of the clones 
showed a 764 amino acid open reading frame. The first 21 amino acids 
probably correspond to a signal peptide, the mature protein thus contains 
743 amino acids (calculated molecular weight: 84,501 daltons). Its 
putative structure consists of a 394 amino acid extracellular domain, a 
266 amino acid membrane spanning domain with 7 putative transmembrane 
segments and a 83 amino acid intracellular domain. A high degree of 
homology is observed with LH/hCC receptor suggesting the definition of a 
new subfamily of G-protein coupled receptors. Computer search showed the 
presence in the putative third intracellular loop of a motif resembling 
that described in the non receptor type protein tyrosine kinases (c-src. 
c-yes, c-fgr, etc.. . 1. RNA blots showed that the receptor messenger RNA 
consists of two major species of 4300 and 3900 nucleotides. The cDNA was 
inserted into an expression vector and after transfection into COS 7 
cells it was shown to produce a functional TSH receptor. a 1990 Academic 

Press, Inc. 

The TSH (thyroid stimulatory hormone) receptor has been the subject of 

numerous studies (reviewed in 1) but its structure is still not 

understood: molecular weights varying between 30,000 and 200,000 have been 

reported. Several studies have suggested that the receptor is an 
hetero-oligomer containing different subunits of which only one binds the 

hormone. The interest in TSH receptor has also come from clinical 
considerations. Graves' disease is a very frequent ailment, especially in 

women (21, and is caused by the occurence of stimulatory anti-TSH receptor 

antibodies (review in 3). The reason for the appearance of these 

antibodies is not understood: genetic predisposition (predominance of 
certain HLA haplotypes at the B and D loci) and aberrantly regulated 
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idiotypic network have been implicated. Moreover, blocking antireceptor 

antibodies have been demonstrated in idiopathic myxoedema (4) and in 

endemic cretinism (5). Thus progress in the understanding of thyroid 

physiology and pathogenesis as well as improvement in diagnosis and 

management of thyroid disease requires the isolation and the 

characterization of human TSH receptor. 

METHODS cDNA cloning: Random primed cDNAs were prepared from human 
thyroid polyadenylated RNAs. Size selection of the cDNAs and cloning into 
AgtlO vector were as described (6). The cDNA library (1.5x1 06 clones) was 
screened with nick translated 32P labeled full length porcine LH/hCG 
receptor cDNA (6). Nitrocellulose filters were hybridized at 37’ for 36 
hours with 5.105 cpm/ml of probe in 6xSSc (IxSSC = 0.15 M Sodium chloride, 
0.015 M Sodium Citrate), buffer containing 30 $ formamide, 0.5 % 
polyvinylpyrrolidone, 0.5 $ Ficoll, 0.5 % bovine serum albumin, denatured 
Salmon sperm DNA (150 ug/ml) and 0.2 % sodium dodecyl sulfate. Filters 
were washed twice for 15 min at 50°C in 6xSSC and twice for 15 min at 25’C 
in 2xSSC and finally 10 minutes at 45°C in 2xSSC. One hundred positive 
clones were examined in further experiments for their capacity to 
hybridize with either the extracellular or the transmembrane encoding 
region of the porcine LH/hCG receptor cDNA. Eight clones were selected for 
sequence analysis. 
Sequencing was performed as described (7) after subcloning hTSHR clones 
into Blue Script vector (Stratagene). 
RNA blot analyses were performed using polyadenylated RNAs from human 
tisues. Hybridization was performed with a random primed 2.2 Kb cDNA 
insert of ATSHR? (6x106 cpm/ng, 5x105 cpm/ml). 
Expression of the cloned cDNA: A full length coding region for hTSHR was 
constructed using XhTSHR2 and hhTSHRb clones (it extends from nucleotide - 
44 to nucleotide + 2395: the numbering starting at the first codon). It 
was inserted into the pKSV10 vector (Pharmacia) and used to transfect 
Cos-7 cells as described (8). Cells were used 48 hours after transfection. 
1251-bTSH binding studies: Purified bovine TSH (40 i.u/mg), a gift from Dr 
John Pierce (University of California, Los Angeles), was iodinated by the 
lactoperoxydase method (9) and was purified by Ultrogel ACALl 
chromatography. Specific activity was 25 uCi/ug and maximal binding 
activity was 30% of total radioactivity (measured on porcine thyroid 
membranes). Binding assays were performed in triplicate with 105 cells in 
200 ~1 of PSA (20 mM phosphate pH 7.4, 0.2% bovine serum albumin) 0.25 M 
sucrose buffer containing 3~10~ cpm lz51-bTSH and various amounts of bTSH, 
(30 i.u./mg) (gift of the National Hormone and Pituitary program, NHPP, 
Baltimore). After 30 min incubation at 37’C the suspension was layered 
onto 400 ~1 of PSA 1 M sucrose buffer and centrifuged at 10,000 g for 10 
min. The supernatants were aspirated and the bottoms of the tubes were cut 
out and counted for radioactivity. Control experiments were performed with 
cells transfected with rabbit progesterone receptor cDNA expression vector 
(8). To test the specificity of the bTSH binding, competition experiments 
were also performed using unlabeled purified porcine LH (YC 1781, gift 
from Yves Combarnous, Nouzilly, France) and human FSH (150 i.u./mg, 
Metrodin Serono - Switzerland). 
Stimulation of adenylate cyclase activity by TSH: 6x105 COS 7 cells were 
plated in 60 nM dishes and transfected with 5 ug of pKSV-TSHR and 5 ug of 
carrier DNA. 42 hours later, each dish was washed three times with warm 
Eagle medium containing gelatine (I mg/ml). Each dish was then incubated 
with 4.5 ml of the same medium containing 0.5 nM 3-isobutyl-l-methyl 
xanthine during 15 minutes at 37' C. Various concentrations of bTSH were 
added and the incubation was continued for 5 minutes at 37’ C. The medium 
was removed and the cells were collected into 0.8 ml of 1 N perchloric 
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acid and centrifuged. The supernantants were neutralised and assayed for 
CAMP by radioimmunoassay (International CIS). 

RESULTS AND DISCUSSION Cloning of TSH receptor cDNA: Poly (A+) RNAs were 

isolated from human thyroids and used to prepare a cDNA library in XgtlO 

vector. The library was screened at low stringency, with a probe 

corresponding to porcine LH/hCC receptor (6). The rationale for this 

approach was based on the similarity in the structure of the ligands (LH 

and TSH) (lo), suggesting that their receptors could belong to a family of 

cross-hybridizing genes. Indeed screening 1.5~106 clones of the library 

led to the isolation of 180 positive signals. Eight clones were selected 

for sequence analysis (Fig 1C) using probes corresponding to 5’ and 3’ 

parts of the porcine LH/hCG receptor cDNA. 

A ~8o~ I 

-1.80 1 
I  

I I I I I I 

0 loo 200 300 400 500 600 700 

El E2 E3 E4ES 1112 
B I loa 269 385 403416 682 708 764 

1 105 285 326 346 361 627653 696 

Fig. 1. Schematic representation of the structure of human TSH receptor. 
A. Hydropathy plot (23). Hydrophobic regions correspond to negative 
values. I to VII correspond to the putative tranzmembrane segments. 
B. Comparison between hTSH and pLH/hCG receptors (6). Receptors are 
divided into regions according to the extent of homology (marked by the 
thickness of the figure representing the LH/hCG receptor). Dashed regions 
represent the putative signal peptide and the zeven membrane spans. El-5 
are the putative extracellular and I1,2 intracellular domains. Amino acids 
numbering is shown above and below the figure. C. Map of oDNA clones used 
for the sequencing. hhTSHR are the AgtlO clones. The open reading frame is 
boxed. Kbp=Kilobase pair. 
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Fig. 2. Sequence of the human TSH receptor (hTSHR) and of the deduced 
protein: Position + 1 is assigned to the first nucleotide of the putative 
initiator codon. Numbering of the nucleotides (above) and of the 
aminoacids (underneath) is shown. The potential N-linked glycosylation 
sites in the extracellular domain are underlined, a putative site for 
kinase C phosphorylation is indicated by a dotted line. Ponctual 
divergences from the main sequence were found in individual clones. They 
are indicated above the sequence. Changes in the encoded amino acids are 
Leu ---> Pro 13, Leu ---> Pro 260, Tyr ---> His 41 4, Phe ---> Leu 500, 
Phe ---> Leu 634, Clu ---> Asp 727, Lys ---> Asn 744. 
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Sequence analysis of TSH receptor: The nucleotide sequence shows an ATG 

which is preceeded by an upstream inframe stop codon thus defining an open 

reading frame of 764 amino acids (Fig 2). The N-terminal end encodes a 21 

amino acid sequence characteristic of a signal peptide with a cleavage 

site as defined by Von Hejne (11). Thus the mature protein probably 

consists of 743 amino acids with a calculated molecular weight of 84,501 

daltons. Comparison with other G-protein linked receptors (12,13,14,15) 

including the LH/hCG receptor (6,161 and the hydropathy profile of TSH 

receptor (Fig 1A) suggest the following probable structural organization 

of the protein: a large putative extracellular domain extends over 394 

amino acids of the N-terminal part. It contains 6 putative N-linked 

glycosylation sites. Comparison with the LH/hCG receptor suggests that 

this region is divided into five segments (Fig 1B) of which one (E5) 

exhibits a high homology (85 %) and three others a somewhat lower 

homology. A fifth domain (E3) is highly acidic (pKi=4.14) and diverges by 

sequence and length from the corresponding and equally acidic shorter 

region of the LH receptor. Pituitary glycoproteins (LH, TSH, FSH) share a 

commun 0: subunit and have related but specific fi subunits. Since it has 

been proposed that the extracellular domain of LH receptor is involved in 

ligand binding (6,16) it is tempting to speculate that the most conserved 

regions interact with the a subunit and the most divergent regions with 

the 3 subunit. Two clusters of cysteins are found on both extremities of 

the putative extracellular domain. They are completely conserved between 

LH and TSH receptors (Fig 3). 

The putative membrane spanning domain is 266 amino acids long and 

contains the characteristic pattern of seven probable transmembrane 

segments. It exhibits a high overall homology (72 $) with the LH/hCG 

receptor and a lower but significant homology with the corresponding 

regions of other G-protein linked receptors (Fig 3). The homology with the 

LH/hCG receptor is especially focused on the II, 111, VI and VII putative 

Fig. 3. Detailed comparison between the TSH and LH/hCG receptors: Only non 
identical amino acids of porcine (6) and rat (16) LH/hCG receptors are 
shown, identical residues are represented by a dot. Alignment of 
homologous regions has necessitated introduction of gaps represented by 
dashes. The numbering of the amino acids is indicated on the right. The 
limits of the domains described in Figure 1 are indicated. The putative 
transmembrane segments I to VII are shown by a thick line above the 
sequence . el to3 are the putative extracellular and i 1 to3 intracellular 
loops. The group of cysteins characteristic of transmembrane domains IV 
and V are shown by stars. The amino acids conserved in more than half of 
the various G-protein coupled receptors (bovine Rhodopsin (121, human 81 
(13), 62 (14), 63 (15) hamster al (24) and human ~2 (25) adrenergic, human 
Ml-i-14 (26) and rat M5 muscarinic (27), rat dopaminergic (281, human 5HTlA 
(29) rat 5HTIC (30) and 5HT2 (31) and bovine substance K (32) receptors) 
are indicated by a an open circle (K and R, D and E, I and L are 
considered equivalent). The amino acids which are conserved in all 
receptors are indicated by a full circle. 
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transmembrane segments (Fig 3). This pattern is similar to that observed 

when comparing subtypes of 5 adrenergic receptors (15). The put at ive 

extracellular loops are well conserved between LH/hCG and TSH receptors 

specially in their central parts. The first putative intracellular loop is 

highly conserved. On the contrary the amino terminal part of the third 

intracellular loop is specific to the TSH receptor. Remarkably a computer 

search showed this region of the TSH receptor to share 8 amino acids with 

the carboxy-terminal twelve aminoacid motif found in all the protein 

tyrosine kinases of the non-receptor type (c-src (171, c-yes, (18) c-fgr 

(19) etc...). A tyrosine within this motif has been shown to be 

phosphorylated in c-src and to play a role in regulating pp6O c-src 

kinase activity (Fig.4). This short sequence is absent in the 

corresponding oncogenic retroviruses. This alteration has been suggested 

to enhance src transforming activity (20). In adrenergic receptors the 

third loop together with transmembrane domains V and VI have been 

implicated in specific interactions with G-proteins (review in 21). 

The putative intracellular part of the TSR receptor is 83 amino acids 

long and very basic (pKi= 9.6). A first segment is highly conserved 

between LH/hCG and TSH receptors (Fig. lB,3). A second segment is 

divergent. However, its N-terminal part is highly conserved when comparing 

LH/hCG receptors from pig and rat, this suggests the presence of a hormone 

specific function (Fig.3). On the contrary its C terminal part is variable 

in all receptors. A high proportion of serines and threonines are found in 

the putative intracellular domain with a consens us site for 

phosphorylation by protein kinase C (Fig.2). Phosphorylation by specific 

kinases plays a role in the agonist specific decoupling of adrenergic 

receptors from G-proteins (22). 

Some clones diverged from the main sequence. Further analysis will be 

necessary to establish if they correspond to variant forms of receptor as 

observed for the porcine LH/hCG receptor (6) or to cloning artefacts. The 

cloning strategy which involved hybridization with LH/hCG receptor probes 

may have prevented the isolation of putative clones lacking the most 

conserved transmembrane domain. 

v-SIT A C V L E V A E - COW 519-526 

Fig. 4. Similarity between a domain of human TSH receptor and the 
C-terminal part of non-receptor tyrosine protein kinases. Conserved 
aminoacids are boxed. 
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Fig. 5. RNA blot analysis of TSH receptor messenger RNA. Polyadenylated 
RNAs (20 ug) from human thyroid (lane l), testes (lane 2), ovaries (lane 
3), liver (lane 4) and spleen (lane 5) were analyzed. Size of DNA markers 
are indicated (Kb=kilobase). 

Pig. 6. Expression of TSH receptor cDNA in COS 7 cells. COS 7 cells were 
transfected with a vector encoding TSH receptor. Binding of 1251-bTSH was 
studied as described in Methods in presence of increasing concentrations 
of competing unlabeled bTSH (0 ), pLH (0) and hFSH ( A 1. Results are 
shown as percent of 1251-bTSH bound in the absence of competing unlabeled 
hormone (means of triplicate experiments). Inset: Stimulation of adenylate 
cyclase (see Methods). 

Northern blot analysis of poly (A+) RNAs (Fig 5) and total RNAs (not 

shown) from several organs showed the presence in the thyroid of a major 

messenger species of 4300 nucleotides and of a less abundant band of 3900 

nucleotides. Smaller and minor species of 1700 and 1100 nucleotides could 

also be seen. As expected no messenger was observed in the testes, 

ovaries, spleen and liver. 

Expression of the cloned cDNA: A full length coding region was 

reconstructed from hhTSHR2 and hhTSHR3 (Fig lC), inserted into the pKSVl0 

expression vector and transfected into COS 7 cells. This led to the 

appearance on the membranes of cells of a protein which bound 1251-bTSH. 

This binding was saturable (displacement by unlabeled TSH) and specific 

( 1251-bTSH could not be displaced by unlabeled pLH or hFSH) (Fig.6). 

Moreover no saturable binding of 1251-bTSH could be observed when cells 

were transfected with a control pKSVl0 expression vector encoding rabbit 

progesterone receptor (data not shown). Incubation with TSH of the cells 

transfected with the pKSV-TSHR vector led to increased accumulation of 
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CAMP (Fig.6 Inset). Such stimulation of adenylate cyclase was not observed 

in cells transfected with the control expression vector. 

The isolation of the cDNA encoding TSH receptor should now lead to the 

preparation of monoclonal antibodies against the protein thus allowing its 

detailed characterization and purification. Understanding of the pathogeny 
of Graves' disease and of other thyroid dysfunctions should ensue and 

progress should be made in methods of diagnosis and management. Moreover 

LH/hCG and TSH receptors define a new family among G-protein linked 

receptors to which probably also belongs the FSH receptor. 
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