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1. ABSTRACT

Graves’ disease (GD) is the most common 
cause for hyperthyroidism in iodine-replete areas. The 
disease is caused by the appearance of stimulating 
TSH receptor autoantibodies (TRAb) leading to 
hyperthyroidism. Blocking and neutral TRAb have, 
however, also been described. TRAb can be measured 
either by competition assays, assays using a bridge 
technology or bioassays (for discriminating stimulating 
vs. blocking antibodies). Therapy of GD with antithyroid 
drugs belonging to the group of thionamides is the first-
line treatment to be continued for 12 up to 18 months. 
In case of relapse, thyroid ablative therapy including 
radioiodine therapy or thyroidectomy, respectively, 
should be performed. Risk factors for relapse are a 
large thyroid volume, persistence of high TRAb serum 
titer, smoking, and others. Within this review, we will 
give insights into the pathogenesis of GD including 
the pathogenesis of Graves’ ophthalmopathy. We also 
describe recent developments of TRAb measurement, 
which is used for the diagnosis of GD as well as for 
outcome prediction. Finally, we discuss therapy aspects 
as well as the important issue of GD and pregnancy.

2. INTRODUCTION

Graves’ disease (GD) is the most common 
cause of hyperthyroidism in iodine-replete areas. 
It is characterized by the presence of antibodies 
directed against the TSH receptor (TRAb) (1). GD 
has an incidence of about 40/100.0.00 per year (2). 
GD is more common in women than in men and most 
frequently seen in patients between 30 to 50 years 
of age. In addition to hyperthyroidism, extrathyroidal 
manifestations may be present including Graves’ 
ophthalmopathy (GO), thyroid dermopathy, and 
acropachy (3). Genetic and environmental factors 
contribute to the occurrence of this autoimmune 
disorder. Medical treatment of GD relies on the use of 
antithyroid drugs (ATDs) (4, 5), but, owing to the large 
recurrence rate of hyperthyroidism, thyroid ablation 
by either radioiodine (RAI) treatment or thyroidectomy 
is required in about half of the cases. The aim of 
the present review article is to give an overview on 
the recent understanding of the pathogenesis of GD 
as well as clinical aspects for diagnosing, predicting 
prognosis, and treating GD patients.
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3. ETIOLOGY AND PATHOGENESIS OF 
GRAVES’ DISEASE

3.1. Role of genetic factors

It is generally accepted that GD has a strong 
hereditary component implementing a significant role 
of genetic factors. Many studies have confirmed human 
leukocyte antigen (HLA), CD40, CTLA-4, PTPN22, Tg, 
and TSHR being the main genes contributing to GD. 

The HLA complex is located on chromosome 
6 and contains sequences encoding genes involved 
in the regulation of the immune response (6). Three 
major classes of HLA genes exist: i) Class I, including 
histocompatibility genes expressed on the surface of 
most cells (HLA-A, -B, and -C); ii) Class II, including 
histocompatibility genes expressed exclusively on 
leukocytes and immune competent cells (HLA-DR); 
and iii) Class III, including a heterogeneous group of 
genes encoding molecules that are involved in the 
immune response and other non-immune proteins like 
histones and olfactory receptors (7, 8). The association 
between HLA and GD was first shown for the HLA class 
I allele HLA-B8 (7, 9, 10). Later, HLA class II alleles 
were described to have a stronger impact on GD risk: 
DRB1, DQA1*0501, DQB*03, and DQB1*02 (11-13). 
Further analyses identified DRB1*03 encoding an 
arginine at ß74 as the critical amino acid conferring 
a genetic susceptibility to GD (14). Interestingly, 
protective HLA phenotypes, e.g. DRB1*07, have also 
been described (12, 15). 

The surface molecule CD40 is a member 
of the tumor necrosis factor receptor (TNFR) 
superfamily. It is involved in diverse functions of the 
immune system, e.g. activation of B-cells and other 
antigen presenting cells, antibody secretion, affinity 
maturation, and generation of memory cells (16). 
The CD40 relationship with GD is postulated due to 
its coexpression with HLA-DR in GD thyroid epithelial 
cells (17) and due to a disease associated C/T single-
nucleotide polymorphism (SNP) at the 5’-untranslated 
region (18). Nevertheless, the impact of SNP remains 
controversial (reviewed in (19)). 

The cytotoxic T-lymphocyte-associated 
Protein 4 (CTLA-4, CD152) is a surface molecule 
responsible for the down-regulation of the immune 
response (20). It is expressed on cytotoxic T cells as 
well as regulatory T cells (21). The two SNPs A49G and 
C60T are well accepted as risk factors for GD (22-25). 
The functional relevance of the latter mentioned SNP 
is believed to be due to a reduced expression of the 
mRNA encoding the soluble form of the molecule (26). 

A further gene being associated with GD 
is protein tyrosine phosphatase, non-receptor type 
22 (PTPN22). PTPN22 is a strong inhibitor of T 

cell activation (27). A missense SNP in exon 14 
(Arg620Trp) was associated with GD (28) and other 
autoimmune diseases (29). 

TSHR is the primary autoantigen in GD. It 
has been for long a candidate susceptibility gene and 
the object of many genetic studies (19) representing 
intron 1 SNPs playing a role in GD development. 
Within a 40-kb region at least 5 major GD-associated 
SNPs have been identified (rs179247, rs2284720, 
rs12101255, rs12101261, and rs2268458) (reviewed 
in (19)). But how do these SNPs that are located in a 
noncoding region of TSHR could refer risk to GD? The 
following two mechanisms modifying the peripheral 
tolerance and the central tolerance have been 
proposed: (i) alternative splicing and generation of 
soluble TSHR and (ii) modulation of TSHR expression 
in the thymus: The human TSHR is a member of a 
family of cell surface hormone receptors which are 
characterized by an extra-membranous portion, 
seven transmembrane loops, and an intracellular 
domain (30, 31). After post-translational cleavage 
the TSHR comprise an extracellular A-subunit (394 
amino acids; encoded by exon 1-9) and a B-subunit 
(transmembrane and intracellular; 349 amino acids; 
encoded by exon 10) coupled by disulphide bridges. 
The A-subunit is supposed to be recognized by the 
immune system (32, 33). Of note, TSHR may undergo 
post-translational intra-molecular cleavage into 
distinct A and B-subunits at or nearby the cell surface. 
Reduced disulphide bridges result in the B-subunit 
being embedded in the plasma membrane (33, 34). 
Additionally, truncated TSHR transcripts have been 
described (35-37). If translated, two of them (ST4 and 
ST5), would encode most of the entire extracellular 
region, but not the transmembrane domain of the 
TSHR, potentially representing soluble receptors. 
Interestingly, it has been proposed that these soluble 
receptors may favour the generation of an autoimmune 
response (38). Furthermore, an association between 
the two TSHR SNPs rs179247 and rs12101255 and 
the expression of ST4 and ST5 and resulting the 
production of the soluble A-subunit have already been 
described (39). 

A further point in GD’s etiology and 
pathology is the role of the central tolerance, which 
is influenced by the expression of self-antigens (e.g. 
TSHR) within the thymus for negative selection of 
autoreactive T cell clones. The question is, whether 
polymorphisms of particular tissue-restricted genes 
encoding autoantigenes would influence their level 
of expression in the thymus, becoming thereby a risk 
source of autoimmunity. This phenomenon was already 
described for some SNPs, e.g. rs179247, rs2268458, 
and rs12101261 (38, 40). Here, individuals carrying 
the protective genotype, showed a higher intra-thymic 
TSHR mRNA level, compared to those carrying the 
predisposing genotype (38, 40). 
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3.2. Role of environmental factors

Besides the hereditary component, the 
impact of various non-genetic factors on the etiology 
of GD is also generally accepted (reviewed in (8)). 
Although the underlying mechanisms are not clarified, 
an association between various factors and the 
development of GD were described. GD is much more 
frequent in women than in men, with a female-to-male 
ratio ranging from 5 to 10. A major factor in determining 
the frequency of GD is dietary iodine supply, whereas 
it is still unclear if a genetic susceptibility is additional 
mandatory. After treatment with immune-modulating 
drugs the development of higher serum autoantibody 
levels can be observed. Epidemiologic studies with 
seasonal and geographic variation indicate a possible 
role of infections (e.g. superantigens from Yersinia 
enterocolitica) in the pathogenesis of GD. Thus a 
definitive identification of the etiologic organism and a 
reasonable explanation of its role in the pathogenesis 
are lacking (reviewed in (8)). 

4. DIAGNOSIS OF GRAVES’ DISEASE

4.1. Clinical aspects and thyroid hormones

A low basal serum TSH level has the highest 
sensitivity and specificity for diagnosing hyperthyroidism 
and should, therefore, be used as an initial screening 
parameter for diagnosing hyperthyroidism (41). If GD 
is, however, strongly suspected, diagnostic accuracy 
improves when serum TSH, free T4, and free T3 are 
also assessed. Due to hormone-binding proteins, 
measurement of free hormones is recommended 
rather than the measurement of total hormone level. 

Clinicians distinguish the following two stages 
of hyperthyroidism: (i) overt hyperthyroidism: serum free 
T4, T3, or both are elevated, serum TSH is subnormal 
(usually <0.01 mU/L in a third-generation assay); and 
(ii) subclinical hyperthyroidism: serum T4 and serum 
T3 or free T3 are normal, serum TSH concentration is 
subnormal. The appearance of TSHR autoantibodies 
(TRAbs) is presumed to be highly specific for the 
diagnosis of GD. Therefore, the diagnosis GD is usually 
confirmed by demonstrating elevated TRAbs.

In ultrasound, GD is usually characterized 
by a hypoechoic and heterogeneous parenchyma, 
a diffusely enlargement as well as hypervascularity 
(42-44). In case of remission, thyroid parenchyma 
may return to a normal appearance. Technetium99 
(99m Tc) scanning of the thyroid has a limited role in 
the diagnosis of GD, due to the high sensitivity and 
specificity of TRAb measurement.

4.2. Detection of TSH receptor antibodies (TRAb)

The appearance of TRAbs is presumed to be 
highly specific for the diagnosis of GD. Therefore the 

diagnosis GD is confirmed by demonstrating elevated 
TRAbs. For quantification of TRAbs three different 
types of assay technology exist: competition assays, 
bioassays, and assays applying bridge technology. 
Competition assays, also named TSH Binding 
Inhibition Immunoglobulin (TBII) assays and TRAb 
assays are the most widely used assays. The first 
generation of these assays was based on the ability 
of TRAbs in test sera to inhibit binding of radiolabelled 
TSH to detergent solubilised TSHR preparations with 
the radiolabelled TSH-TSHR complexes precipitated 
with ethylene glycol (45, 46). These assays reached 
a sensitivity of 2 IU/l (47). The disadvantages of the 
first generation TRAb assays were the requirement 
of multiple centrifugation steps and the use of 
radioactive material leading to the development of the 
2nd generation assays. These assays used TSHRs 
attached to plastic surfaces for binding of labelled 
TSH (labelled with 125I, a chemiluminescence reagent, 
or biotin), high affinity monoclonal antibodies, and 
patients TRAb (45). TRAbs presented in the patients’ 
serum bind to the immobilised TSHR. Following, the 
tubes or plate wells, respectively, are washed prior to 
adding labelled TSH (45). Using this assay method, 
the sensitivity of TRAb testing improved to about 1 
IU/l (47). Of note, this assay system has also been 
used for outcome prediction (remission vs. relapse) 
of GD. The 3rd generation assays use the monoclonal 
TRAb M22 instead of TSH (45). Again, the sensitivity 
was improved reaching down to 0.4 IU/l (47). This 
improvement was based on using the monoclonal 
antibody M22, the binding of which to TSHR does not 
dissociate in contrast to labelled TSH (45). This assay 
also exists in an automated system (48). Sensitivity 
and specificity of 98 and 99% have been described 
(49). However, these assays are unable to distinguish 
the TRAb types (stimulating or blocking). 

In contrast to the competition assays, 
bioassays are able to distinguish the TRAb types 
by measuring increased production of cyclic AMP in 
cellular systems (50-53). These bioassays also exhibit 
high specificity but are delicate and laborious. A 
recently commercialized bioassay (Thyretain) detects 
the stimulatory activity of TRAb by a chimeric TSHR 
and a cyclic AMP response element (CRE)-reporter 
gene and luciferase signalling (53). It has been FDA-
approved for diagnostic use in the clinical laboratory 
setting. The standardization of the Thyretain bioassay 
(51) as well as a standardized rapid bioassay with 
detection of thyroid stimulation using cyclic AMP-
gated calcium channel and aequorin (50) have been 
published. 

Most recently, a new assay system has been 
established, which directly detects the concentration of 
stimulating TRAb in sera of patients by applying a bridging 
technology (54). Within this assay autoantibodies are 
detected by binding with one arm to a capture receptor 
on the solid phase and bridging with the other arm 
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to a detection receptor giving a signal. The assay 
uses chimeric TSHRs detecting thyroid stimulating 
immunoglobulines based on an understanding of the 
structure of the extra-cellular domain of the TSHR and 
its interactions with TRAbs (55, 56). This manual assay 
has been published to have a sensitivity of 99.8% and 
a specificity of 99.1%, respectively, with a diagnostic 
accuracy of 0.998 (54). Based on this principle, a new 
automated assay for the detection of stimulating TRAb 
has now been developed. At a cut-off level of 0.55 IU/L 
the highest sensitivity (100%) and specificity (99%) 
were seen for diagnosing GD and for discriminating 
from other thyroid diseases (57). However, full evidence 
that the bridge assay is specific for stimulating TRAb 
only, has not been provided.

5. THERAPY

5.1. Antithyroid drug therapy

ATD exert their effects by inhibition of thyroid 
peroxidase, the enzyme involved in thyroid hormone 
synthesis. In addition, ATD may also have some 
immuno-modulating effects. Long-term restoration 
of euthyroidism, which is observed in about 50% of 
patients after ATDs withdrawal, is thought to be due 
to spontaneous remission of the autoimmune process 
rather than by a specific or direct effect of ATDs. It is 
conceivable; however, that pharmacological control of 
hyperthyroidism may indirectly contribute to remission 
by reducing autoantigen exposure by the resting 
thyroid gland. The commonly observed decrease 
in serum TRAb concentration during ATD treatment 
might reflect either mechanism (58).

The aim of the therapy is to achieve 
euthyroidism (5). The following ATDs are used: 
methimazole (MMI; alternative name: thiamazol), 
carbimazole, and propylthiouracil (PTU). Of note, 
carbimazole is rapidly converted to MMI in the serum 
(59). The initial dose of ATD is dependent on the severity 
of hyperthyroidism, the thyroid volume, and iodine 
exposure. While carbimazole and MMI are effective 
as a single daily dose, PTU has to be administrated 
two or three times daily (due to a shorter duration 
of action). In order to achieve the normalization of 
thyroid function while preventing hypothyroidism and 
minimizing adverse drug effects, the dose of ATD 
should be titrated (mainly dependency to fT4 and the 
TSH levels) to a maintenance level. For this reason, 
periodic evaluation of thyroid status in patients taking 
ATD is necessary. The frequency of fT3 und fT4 has to 
be determined individually. At the start of ATD therapy, 
one or two determinations per month are usual. 

The most frequent, if even rare, severe adverse 
effects of ATD are hepatotoxicity and agranulocytosis, 
usually occurring within the first 2 months after therapy 
initiation (60, 61). Therefore, it is recommended that 

patients taking ATD should be subjected to a detailed 
white blood cell count as well as a stringent monitoring 
of liver function and hepatocellular integrity. Within the 
first 6 weeks of therapy a two-week interval for testing 
blood values is recommended (depending on the 
grade of hyperthyroidism). Subsequently, the interval 
may be prolonged to monthly testing (62). Further 
adverse effects are allergic skin reactions, pruritus, 
and vasculitis. 

If the patient is euthyroid (normal TSH level) 
the therapy should be stopped. Repeated thyroid 
hormone analyses are, however, still necessary 
during follow-up. According to the American Thyroid 
Association Guidelines, patients are considered to be 
in remission if they have had a normal serum TSH, fT4, 
and total T3 for at least one year after discontinuation 
of ATD therapy (59). Other authors consider a state 
of remission if euthyroidism is documented for several 
months. Of note, the major drawback of ATD therapy is 
the high relapse rate, which varies across studies from 
30 to 70% (63). 

The complications of overt hyperthyroidism, 
tachycardia in particular, can be relieved by beta-
blockers. Here, nonselective b-adrenergic receptor 
blockers (e.g. propanolol) are preferred. These 
blockers inhibit additionally the conversion of T4 
to the biological active T3. Of note, a recent study 
showed a higher mortality in patients suffering from 
thyrotoxicosis treated with nonselective beta-blockers 
in comparison to patients treated with beta-1-selective 
ones (64). Due to these observations, the currently 
common procedure should be reconsidered.

5.2. Ablative therapy

Ablative therapy (surgery, RAI) should be 
applied to GD patients who (i) do not develop remission 
12 – 18 months after ATD therapy or (ii) become 
hyperthyroid after completing a course of ATD therapy. 

It depends on the patients’ symptoms and 
clinical characteristics which of the ablative therapies 
should be chosen: in case of moderate enlargement 
of the thyroid gland (<40 ml) and absent endocrine 
orbitopathy, RAI therapy is preferred; in case of 
a thyroid volume of ≥40 ml, distinctive endocrine 
orbitopathy or the rare case of suspected malignancy, 
thyroidectomy is frequently chosen (62). The latter 
has a high cure rate reaching a nearly 0% risk of 
recurrence of hyperthyroidism once the whole thyroid 
gland is removed. 

Of note, female patient breast-feeding 
or planning a pregnancy within the next 6 months 
should not undergo RAI therapy. Additional relative 
contraindications are given in the case of high-volume 
goitre, distinct trachea compression, or tracheomalacia.
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5.3. Follow-up

Relapse can occur even years after finishing 
therapy (65). Risk factors for relapse after a course 
of ATD therapy are amongst others a higher thyroidal 
volume as demonstrated in a study by Mohlin et al. 
(66). Following 219 GD patients, treated at least for 6 
months with ATD, for relapse goiter patients showed 
a significantly lower remission rate (~ 50% in contrast 
to non-goiter patients: ~ 60%) (66). Persistently 
elevated TRAb levels (≥ 10 IU/l 6 months after initial 
diagnosis) seem also to represent a further risk factor 
for relapse prediction as mentioned above (67). 
Further studies confirm the impact of persistently 
elevated TRAbs. Investigating 266 GD patients who 
completed a course of ATD therapy a high TRAb 
at diagnosis and/or positive TRAb at cessation of 
therapy were described to suggest a high likelihood 
of relapse, mostly within the first two years (68). 
Interestingly, Vos et al. also confirmed these risk 
factors by his prediction model (69). He aimed to 
calculate recurrence risk before a course of ATD, 
based on clinical and genetic parameters. Here, again 
a larger goiter size at diagnosis and higher serum 
TRAb levels but also PTPN22 C/T polymorphism and 
some HLA subtypes were described as independent 
predictors for recurrence (69). Additionally, a severe 
orbitopathy at initial diagnosis seems to be associated 
with a higher risk for relapse or could rather be an 
indication of increased TRAb levels. On the other 
hand, development of a mild hypothyroidism during 
the course of ATD therapy potentially indicates a 
better prognosis (63). 

6. GRAVES’ OPHTHALMOPATHY

Graves’ ophthalmopathy (GO; also known as 
Graves’ orbitopathy), is an inflammatory autoimmune 
disorder as part of GD (70). While the majority of 
patients with this condition experience only mild eye 
irritation and redness, some 3–5% suffer from severe 
disease. Disease manifestations variably include 
redness and swelling of the conjunctivae and lids, 
forward protrusion of the globes (proptosis), ocular 
pain, debilitating double vision, and even sight loss 
due to compressive optic neuropathy or breakdown of 
the cornea (71). From a mechanistic standpoint, these 
features derive largely from progressive enlargement 
of the orbital adipose tissues and extra-ocular muscles 
within the confines of the bony orbit (72). 

There are several risk factors for developing 
GO in GD. Patients with GO are more likely to be 
women by a 2:1 ratio while men with GD appear to be 
at higher risk for the development of severe GO (73). 
There are also racial differences in the prevalence of 
GO with Asians having a lower likelihood of developing 
the disease than Caucasians (74). In addition genetic 
factors apply as outlined above. Another important 

risk factor is smoking (75). It was the primary risk 
factor identified for GO outcome with an odds ratio 
among smokers vs. nonsmokers of 5.2 in a recent 
trial of patients with newly diagnosed Graves’ 
hyperthyroidism treated with either radioactive iodine 
or ATDs (76). Potential antigens within the context 
of GO is the TSH receptor and IGF 1 receptor. It is 
suggested that IGF 1 receptors in retro-bulbal tissue 
are targeted by stimulatory autoantibodies thereby 
causing the tissue to grow. Therefore, inhibition of 
the IGF 1 receptors represents a new therapeutic 
strategy showing a clear clinical benefit in GO 
patients (77). This indicates a strong pathological 
role of the IGF 1 receptor in GO. Within this review 
we will, however, only focus on the TSH receptor as 
potential antigen in GO.

6.1. The Role of TSH receptor in Graves’ 
ophtalmopathy

There is a close relationship between the 
onset of Graves’ hyperthyroidism and the onset 
of clinically apparent GO; regardless of which 
occurs first, the other develops in 80% of patients 
within 18 months (78). GO can be diagnosed in 
25–50% of patients with Graves’ hyperthyroidism. 
However, when sensitive imaging techniques are 
used, evidence of ocular involvement is detectable 
in the majority of patients (75). These clinical 
observations suggest that Graves’ hyperthyroidism 
and GO share etiologic factors. That said, it is 
notable that GO is seen on occasion in patients with 
no thyroid dysfunction. However, using adequately 
sensitive assays, autoantibodies directed against 
the thyrotropin receptor (TRAb) can be detected in 
essentially every patient with GO (79). Further, levels 
of TRAb correlate with the severity and clinical activity 
of the disease (53, 80) and high TRAb levels in early 
GO predict a poor prognosis (81). As autoantibodies 
directed against TSHR on thyroid follicular cells 
stimulate the production of thyroid hormone in 
Graves’ hyperthyroidism, it was postulated early on 
that immunoreactivity against TSHR in the orbit may 
play a role in GO pathogenesis.

 Insight into the link between the thyroid and 
the orbit was gained by the demonstration that orbital 
fibroblasts express TSHR (82, 83). Studies from 
several laboratories are in general agreement that 
TSHR mRNA and protein are present in both GO and 
normal orbital tissues and fibroblast cultures, and that 
significantly higher levels of the receptor are detectable 
in GO cells (84-86). Further, a positive correlation has 
been demonstrated between TSHR mRNA levels in 
individual GO orbital adipose tissue specimens and 
the activity of the patient’s disease, suggesting a role 
for TSHR in the development of the clinical disease 
(87). TSHR signaling pathways in orbital fibroblasts 
are similar to those found in thyrocytes (88), including 
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activation of both adenylyl cyclase/cAMP and 
phosphatidylinositol 3-kinase (PI3K)/pAkt cascades 
(89). In order to investigate whether TSHR activation 
plays a role in adipogenesis in GO orbital fibroblasts, 
Zhang and colleagues introduced an activating mutant 
TSHR into these cells and demonstrated an increase 
in adipocyte differentiation, as shown by 2 to 8-fold 
elevations in levels of early to intermediate adipocyte 
markers (90). In addition, Bahn and coworkers 
found increased expression of late adipocyte genes 
(adiponectin and leptin) and accumulation of lipid in 
GO orbital fibroblasts cultured in the presence of a 
stimulatory monoclonal TRAb (termed M22) or bovine 
TSH. This was inhibited by co-treatment with the PI3-
kinase inhibitor LY294002, suggesting that PI3K/pAkt 
signaling in part mediates TRAb and TSH-induced 
adipogenesis in these cells (91). 

Perhaps the strongest evidence to date 
that TSHR is the primary autoantigen in GO lies in 
a recently developed animal model. The protocol, 
developed by Moshkelgosha and colleagues, involves 
genetic immunization of inbred mice with human TSHR 
ectoderm plasmid using close field electroporation 
(92). The animals develop TSHR stimulating or 
blocking antibodies and either hyperthyroidism or 
hypothyroidism. In addition, following prolonged 
immunization, inflammatory cell infiltrates consisting 
of CD3+CD4+ T cells, macrophages and mast cells 
can be demonstrated in the extraocular muscles 
in the majority of animals. Outward signs of orbital 
involvement include inflammation of the eyelids and 
conjunctivae. Expansion of the orbital adipose tissues 
is evident in about 10% of animals and magnetic 
resonance imaging (MRI) reveals hypertrophy of 
extraocular muscles and proptosis in most. While 
useful animal models of Graves’ hyperthyroidism have 
long been available (93), this is the first demonstrating 
convincing eye changes similar to those seen in 
human GO. It is likely that the chronic stimulation 
of TSHR accomplished in this model, as well as the 
unique electroporation protocol, allowed for induction 
of GO in these animals.

7. GRAVES’ DISEASE AND PREGNANCY

GD is the most common cause of 
hyperthyroidism in women of childbearing age 
occurring in approximately 0.2% during pregnancy. It 
has to be distinguished from a gestational transient 
thyrotoxicosis which is also characterized by elevated 
fT4 und suppressed serum TSH (1-3% of pregnancies). 
For this, additionally to the determination of TRAb, the 
medical story, physical examination and maternal Total 
T3 may be useful (94).

Preconception counseling for women with 
GD should point out the urgent recommendation to 
postpone pregnancy until a stable, euthyroid state 

is reached. Previous studies described obstetric 
and medical complications (e.g. pregnancy loss, 
prematurity, intrauterine growth restriction, stillbirth, 
thyroid storm) related to maternal hyperthyroidism 
(94-99). Therefore, effective management of maternal 
hyperthyroidism during the pregnancy is mandatory. 
The women should also be informed about the 
potential teratogenic effects and increased risk of birth 
defects associated with both PTU and MMI use during 
the early pregnancy (94). 

A particular challenge in the treatment of 
pregnant women with GD is that TRAb, ATD	 , and 
most maternal thyroid hormones can cross the placenta 
barrier. Subsequently maternal hyperthyroxinemia 
leads to fetal exposition. In addition, the fetal 
thyroid reacts to maternal stimulating TRAb with 
hyperthyreoidism mostly at or after gestation week 
20. Of particular importance in the therapy of pregnant 
patients is the fact that all ATD tend to be more potent 
in the fetus than in the mother. From this follows the 
aim to use the lowest effective dose of ATD resulting in 
maternal serum free T4 / total T4 at the upper limit or 
moderately above the reference range (94). 

In newly pregnant women suffering from GD, 
who are euthyroid under a low dose of MMI (5–10 
mg/d) or PTU (100– 200 mg/d), discontinuation of ATD 
medication during pregnancy should be considered. In 
case of cessation of medication, clinical examination 
and measurement of TSH, free T4 / total T4 should 
be performed every 1-2 weeks. Of course, clinical 
factors e.g. TRAb level, goiter size, results of recent 
thyroid function tests should be taken into account. If 
pregnant women remain clinically and biochemically 
euthyroid under these conditions test intervals may be 
extended to 2–4 weeks during the second and third 
trimester (94). If therapy is required, ATD are generally 
used. Birth defects associated with ATD have similar 
incidence but the risk of severe birth defects is lower 
for PTU than MMI. Therefore PTU is preferred during 
the first trimester of pregnancy. Of note, due to PTU’s 
hepatotoxicity, its use should be limited to the first 
trimester of pregnancy (100). The given dose should 
be adapted to severity of symptoms and the degree of 
hyperthyroxinemia. In general, the American Thyroid 
Association recommends the following initial dose: 
MMI, 5–30 mg/d (typical dose in average patient 10–
20 mg); carbimazole, 10–40 mg/d; and PTU, 100–600 
mg/d (typical PTU dose in average patient 200–400 
mg/d) (59). The equivalent potency of MMI to PTU is 
approximately 1:20 (e.g. 5 mg MMI = 100 mg of PTU) 
(100-103).

Additionally, beta-adrenergic blocking agents, 
such as propranolol 10–40 mg every 6–8 hours or 
cardiac-specific beta-blocker nebivolol may be used 
for controlling hypermetabolic symptoms until patients 
have become euthyroid on ATD therapy (94). 



Graves’ disease

41 © 1996-2019

8. REFERENCES

1.	 L. Bartalena, L. Chiovato and P. Vitti: 
Management of hyperthyroidism due to 
Graves’ disease: frequently asked questions 
and answers (if any). J Endocrinol Invest 
39, 1105-14 (2016) 

	 DOI: 10.1007/s40618-016-0505-x

2.	 A. P. Weetman: Grave’s disease 1835-
2002. Horm Res 59 Suppl 1, 114-8 (2003) 

	 DOI: 10.1159/000067837

3.	 L. Bartalena and V. Fatourechi: 
Extrathyroidal manifestations of Graves’ 
disease: a 2014 update. J Endocrinol Invest 
37, 691-700 (2014) 

	 DOI: 10.1007/s40618-014-0097-2

4.	 H. B. Burch and D. S. Cooper: Management 
of Graves Disease: A Review. JAMA 314, 
2544-54 (2015) 

	 DOI: 10.1001/jama.2015.16535

5.	 M. Marino, F. Latrofa, F. Menconi, L. Chiovato 
and P. Vitti: An update on the medical 
treatment of Graves’ hyperthyroidism. J 
Endocrinol Invest 37, 1041-8 (2014) 

	 DOI: 10.1007/s40618-014-0136-z

6.	 E. M. Jacobson, A. Huber and Y. Tomer: The 
HLA gene complex in thyroid autoimmunity: 
from epidemiology to etiology. J Autoimmun 
30, 58-62 (2008) 

7.	 S. C. Gough and M. J. Simmonds: The 
HLA Region and Autoimmune Disease: 
Associations and Mechanisms of Action. 
Curr Genomics 8, 453-65 (2007) 

	 DOI: 10.2174/138920207783591690

8.	 M. Marino, F. Latrofa, F. Menconi, L. 
Chiovato and P. Vitti: Role of genetic and 
non-genetic factors in the etiology of 
Graves’ disease. J Endocrinol Invest 38, 
283-94 (2015) 

	 DOI: 10.1007/s40618-014-0214-2

9.	 H. Uno, T. Sasazuki, H. Tamai and H. 
Matsumoto: Two major genes, linked to HLA 
and Gm, control susceptibility to Graves’ 
disease. Nature 292, 768-70 (1981) 

	 DOI: 10.1038/292768a0
 
10.	 W. J. Irvine, R. S. Gray, P. J. Morris 

and A. Ting: Correlation of HLA and 
thyroid antibodies with clinical course 
of thyrotoxicosis treated with antithyroid 
drugs. Lancet 2, 898-900 (1977) 

	 DOI: 10.1016/S0140-6736(77)90833-9

11.	 H. Allannic, R. Fauchet, Y. Lorcy, J. Heim, M. 
Gueguen, A. M. Leguerrier and B. Genetet: 
HLA and Graves’ disease: an association 
with HLA-DRw3. J Clin Endocrinol Metab 
51, 863-7 (1980) 

	 DOI: 10.1210/jcem-51-4-863

12.	 Q. Y. Chen, W. Huang, J. X. She, F. Baxter, 
R. Volpe and N. K. Maclaren: HLA-DRB1*08, 
DRB1*03/DRB3*0101, and DRB3*0202 are 
susceptibility genes for Graves’ disease 
in North American Caucasians, whereas 
DRB1*07 is protective. J Clin Endocrinol 
Metab 84, 3182-6 (1999) 

13.	 T. Yanagawa, A. Mangklabruks, Y. B. Chang, 
Y. Okamoto, M. E. Fisfalen, P. G. Curran and 
L. J. DeGroot: Human histocompatibility 
leukocyte antigen-DQA1*0501 allele 
associated with genetic susceptibility to 
Graves’ disease in a Caucasian population. 
J Clin Endocrinol Metab 76, 1569-74 (1993) 

14.	 Y. Ban, T. F. Davies, D. A. Greenberg, E. 
S. Concepcion, R. Osman, T. Oashi and Y. 
Tomer: Arginine at position 74 of the HLA-
DR beta1 chain is associated with Graves’ 
disease. Genes Immun 5, 203-8 (2004) 

	 DOI: 10.1038/sj.gene.6364059

15.	 C. Bernecker, M. Ostapczuk, S. 
Vordenbaumen, M. Ehlers, A. Thiel, S. 
Schinner, H. Willenberg, W. A. Scherbaum 
and M. Schott: HLA-A2 phenotype may 
be protective against Graves’ disease 
but not against Hashimoto’s thyroiditis in 
Caucasians. Horm Metab Res 45, 74-7 
(2013) 

16.	 A. Chatzigeorgiou, M. Lyberi, G. 
Chatzilymperis, A. Nezos and E. Kamper: 
CD40/CD40L signaling and its implication 
in health and disease. Biofactors 35, 474-
83 (2009) 

	 DOI: 10.1002/biof.62

17.	 G. C. Faure, D. Bensoussan-Lejzerowicz, 
M. C. Bene, V. Aubert and J. Leclere: 
Coexpression of CD40 and class II antigen 
HLA-DR in Graves’ disease thyroid 
epithelial cells. Clin Immunol Immunopathol 
84, 212-5 (1997) 

	 DOI: 10.1006/clin.1997.4391
 
18.	 Y. Tomer, E. Concepcion and D. A. 

Greenberg: A C/T single-nucleotide 
polymorphism in the region of the CD40 
gene is associated with Graves’ disease. 
Thyroid 12, 1129-35 (2002) 

	 DOI: 10.1089/105072502321085234

https://doi.org/10.1007/s40618-016-0505-x
https://doi.org/10.1159/000067837
https://doi.org/10.1007/s40618-014-0097-2
https://doi.org/10.1001/jama.2015.16535
https://doi.org/10.1007/s40618-014-0136-z
https://doi.org/10.2174/138920207783591690
https://doi.org/10.1007/s40618-014-0214-2
https://doi.org/10.1038/292768a0
https://doi.org/10.1016/S0140-6736(77)90833-9
https://doi.org/10.1210/jcem-51-4-863
https://doi.org/10.1038/sj.gene.6364059
https://doi.org/10.1002/biof.62
https://doi.org/10.1006/clin.1997.4391
https://doi.org/10.1089/105072502321085234


Graves’ disease

42 © 1996-2019

19.	 R. Pujol-Borrell, M. Gimenez-Barcons, A. 
Marin-Sanchez and R. Colobran: Genetics 
of Graves’ Disease: Special Focus on the 
Role of TSHR Gene. Horm Metab Res 47, 
753-66 (2015) 

	 DOI: 10.1055/s-0035-1559646

20.	 K. D. McCoy and G. Le Gros: The role of 
CTLA-4 in the regulation of T cell immune 
responses. Immunol Cell Biol 77, 1-10 
(1999) 

	 DOI: 10.1046/j.1440-1711.1999.00795.x

21.	 D. M. Sansom: CD28, CTLA-4 and their 
ligands: who does what and to whom? 
Immunology 101, 169-77 (2000) 

	 DOI: 10.1046/j.1365-2567.2000.00121.x

22.	 J. Ni, L. J. Qiu, M. Zhang, P. F. Wen, X. R. 
Ye, Y. Liang, H. F. Pan and D. Q. Ye: CTLA-
4 CT60 (rs3087243) polymorphism and 
autoimmune thyroid diseases susceptibility: 
a comprehensive meta-analysis. Endocr 
Res 39, 180-8 (2014) 

	 DOI: 10.3109/07435800.2013.879167

23.	 Y. Tomer: Unraveling the genetic 
susceptibility to autoimmune thyroid 
diseases: CTLA-4 takes the stage. Thyroid 
11, 167-9 (2001) 

	 DOI: 10.1089/105072501300042884

24.	 H. Ueda, J. M. Howson, L. Esposito, J. 
Heward, H. Snook, G. Chamberlain, D. B. 
Rainbow, K. M. Hunter, A. N. Smith, G. Di 
Genova, M. H. Herr, I. Dahlman, F. Payne, D. 
Smyth, C. Lowe, R. C. Twells, S. Howlett, B. 
Healy, S. Nutland, H. E. Rance, V. Everett, L. J. 
Smink, A. C. Lam, H. J. Cordell, N. M. Walker, 
C. Bordin, J. Hulme, C. Motzo, F. Cucca, J. F. 
Hess, M. L. Metzker, J. Rogers, S. Gregory, 
A. Allahabadia, R. Nithiyananthan, E. 
Tuomilehto-Wolf, J. Tuomilehto, P. Bingley, K. 
M. Gillespie, D. E. Undlien, K. S. Ronningen, 
C. Guja, C. Ionescu-Tirgoviste, D. A. Savage, 
A. P. Maxwell, D. J. Carson, C. C. Patterson, 
J. A. Franklyn, D. G. Clayton, L. B. Peterson, 
L. S. Wicker, J. A. Todd and S. C. Gough: 
Association of the T-cell regulatory gene 
CTLA4 with susceptibility to autoimmune 
disease. Nature 423, 506-11 (2003) 

	 DOI: 10.1038/nature01621

25.	 T. Yanagawa, Y. Hidaka, V. Guimaraes, M. 
Soliman and L. J. DeGroot: CTLA-4 gene 
polymorphism associated with Graves’ 
disease in a Caucasian population. J Clin 
Endocrinol Metab 80, 41-5 (1995) 

26.	 M. K. Oaks and K. M. Hallett: Cutting edge: 
a soluble form of CTLA-4 in patients with 
autoimmune thyroid disease. J Immunol 
164, 5015-8 (2000) 

	 DOI: 10.4049/jimmunol.164.10.5015

27.	 I. Rhee and A. Veillette: Protein tyrosine 
phosphatases in lymphocyte activation 
and autoimmunity. Nat Immunol 13, 439-47 
(2012) 

	 DOI: 10.1038/ni.2246

28.	 M. R. Velaga, V. Wilson, C. E. Jennings, C. 
J. Owen, S. Herington, P. T. Donaldson, S. 
G. Ball, R. A. James, R. Quinton, P. Perros 
and S. H. Pearce: The codon 620 tryptophan 
allele of the lymphoid tyrosine phosphatase 
(LYP) gene is a major determinant of 
Graves’ disease. J Clin Endocrinol Metab 
89, 5862-5 (2004) 

	 DOI: 10.1210/jc.2004-1108

29.	 L. A. Criswell, K. A. Pfeiffer, R. F. Lum, 
B. Gonzales, J. Novitzke, M. Kern, K. L. 
Moser, A. B. Begovich, V. E. Carlton, W. 
Li, A. T. Lee, W. Ortmann, T. W. Behrens 
and P. K. Gregersen: Analysis of families 
in the multiple autoimmune disease 
genetics consortium (MADGC) collection: 
the PTPN22 620W allele associates with 
multiple autoimmune phenotypes. Am J 
Hum Genet 76, 561-71 (2005) 

	 DOI: 10.1086/429096

30.	 F. Libert, A. Lefort, C. Gerard, M. Parmentier, 
J. Perret, M. Ludgate, J. E. Dumont and 
G. Vassart: Cloning, sequencing and 
expression of the human thyrotropin 
(TSH) receptor: evidence for binding of 
autoantibodies. Biochem Biophys Res 
Commun 165, 1250-5 (1989)

	 DOI: 10.1016/0006-291X(89)92736-8

31.	 Y. Nagayama, K. D. Kaufman, P. Seto and 
B. Rapoport: Molecular cloning, sequence 
and functional expression of the cDNA for 
the human thyrotropin receptor. Biochem 
Biophys Res Commun 165, 1184-90 (1989) 

	 DOI: 10.1016/0006-291X(89)92727-7

32.	 A. P. Weetman: Graves’ disease. N Engl J 
Med 343, 1236-48 (2000) 

	 DOI: 10.1056/NEJM200010263431707

33.	 O. J. Brand and S. C. Gough: Genetics of 
thyroid autoimmunity and the role of the 
TSHR. Mol Cell Endocrinol 322, 135-43 
(2010) 

https://doi.org/10.1055/s-0035-1559646
https://doi.org/10.1046/j.1440-1711.1999.00795.x
https://doi.org/10.1046/j.1365-2567.2000.00121.x
https://doi.org/10.3109/07435800.2013.879167
https://doi.org/10.1089/105072501300042884
https://doi.org/10.1038/nature01621
https://doi.org/10.4049/jimmunol.164.10.5015
https://doi.org/10.1038/ni.2246
https://doi.org/10.1210/jc.2004-1108
https://doi.org/10.1086/429096
https://doi.org/10.1016/0006-291X(89)92736-8
https://doi.org/10.1016/0006-291X(89)92727-7
https://doi.org/10.1056/NEJM200010263431707


Graves’ disease

43 © 1996-2019

34.	 B. Rapoport and S. M. McLachlan: The 
thyrotropin receptor in Graves’ disease. 
Thyroid 17, 911-22 (2007) 

	 DOI: 10.1089/thy.2007.0170

35.	 P. N. Graves, Y. Tomer and T. F. Davies: 
Cloning and sequencing of a 1.3. KB 
variant of human thyrotropin receptor 
mRNA lacking the transmembrane domain. 
Biochem Biophys Res Commun 187, 1135-
43 (1992) 

	 DOI: 10.1016/0006-291X(92)91315-H

36.	 N. Hunt, K. P. Willey, N. Abend, M. Balvers, 
D. Jahner, W. Northemann and R. Ivell: 
Novel splicing variants of the human 
thyrotropin receptor encode truncated 
polypeptides without a membrane-spanning 
domain. Endocrine, 3(3), 233-40 (1995) 

	 DOI: 10.1007/BF02994449

37.	 A. Takeshita, Y. Nagayama, K. Fujiyama, 
N. Yokoyama, H. Namba, S. Yamashita, M. 
Izumi and S. Nagataki: Molecular cloning 
and sequencing of an alternatively spliced 
form of the human thyrotropin receptor 
transcript. Biochem Biophys Res Commun 
188, 1214-9 (1992) 

	 DOI: 10.1016/0006-291X(92)91360-3

38.	 R. Colobran, P. Armengol Mdel, R. Faner, M. 
Gartner, L. O. Tykocinski, A. Lucas, M. Ruiz, 
M. Juan, B. Kyewski and R. Pujol-Borrell: 
Association of an SNP with intrathymic 
transcription of TSHR and Graves’ disease: 
a role for defective thymic tolerance. Hum 
Mol Genet 20, 3415-23 (2011) 

	 DOI: 10.1093/hmg/ddr247

39.	 O. J. Brand, J. C. Barrett, M. J. Simmonds, 
P. R. Newby, C. J. McCabe, C. K. Bruce, B. 
Kysela, J. D. Carr-Smith, T. Brix, P. J. Hunt, 
W. M. Wiersinga, L. Hegedus, J. Connell, J. 
A. Wass, J. A. Franklyn, A. P. Weetman, J. 
M. Heward and S. C. Gough: Association 
of the thyroid stimulating hormone receptor 
gene (TSHR) with Graves’ disease. Hum 
Mol Gene, 18, 1704-13 (2009) 

	 DOI: 10.1093/hmg/ddp087

40.	 M. Stefan, C. Wei, A. Lombardi, C. W. Li, 
E. S. Concepcion, W. B. Inabnet, 3rd, R. 
Owen, W. Zhang and Y. Tomer: Genetic-
epigenetic dysregulation of thymic TSH 
receptor gene expression triggers thyroid 
autoimmunity. Proc Natl Acad Sci U S A 
111, 12562-7 (2014) 

	 DOI: 10.1073/pnas.1408821111

41.	 E. T. de los Santos, G. H. Starich and E. L. 
Mazzaferri: Sensitivity, specificity, and cost-
effectiveness of the sensitive thyrotropin 
assay in the diagnosis of thyroid disease in 
ambulatory patients. Arch Intern Med 149, 
526-32 (1989) 

	 DOI: 10.1001/archinte.1989.0039003003 
2006

42.	 P. W. Ralls, D. S. Mayekawa, K. P. Lee, P. 
M. Colletti, D. R. Radin, W. D. Boswell and 
J. M. Halls: Color-flow Doppler sonography 
in Graves disease: “thyroid inferno”. AJR 
Am J Roentgenol 150, 781-4 (1988) 

	 DOI: 10.2214/ajr.150.4.781

43.	 M. Ruchala and E. Szczepanek: Thyroid 
ultrasound - a piece of cake? Endokrynol 
Pol 61, 330-44 (2010) 

44.	 F. Bogazzi and P. Vitti: Could improved 
ultrasound and power Doppler replace 
thyroidal radioiodine uptake to assess 
thyroid disease? Nat Clin Pract Endocrinol 
Metab 4, 70-1 (2008) 

	 DOI: 10.1.038/ncpendmet0692

45.	 J. Furmaniak, J. Sanders, R. Nunez Miguel 
and B. Rees Smith: Mechanisms of Action 
of TSHR Autoantibodies. Horm Metab Res 
47, 735-52 (2015) 

	 DOI: 10.1055/s-0035-1559648

46.	 K. Southgate, F. Creagh, M. Teece, C. 
Kingswood and B. Rees Smith: A receptor 
assay for the measurement of TSH receptor 
antibodies in unextracted serum. Clin 
Endocrinol (Oxf) 20, 539-48 (1984) 

	 DOI: 10.1111/j.1365-2265.1984.tb00102.x

47.	 B. R. Smith, J. Bolton, S. Young, A. Collyer, 
A. Weeden, J. Bradbury, D. Weightman, 
P. Perros, J. Sanders and J. Furmaniak: 
A new assay for thyrotropin receptor 
autoantibodies. Thyroid 14, 830-5 (2004) 

	 DOI: 10.1089/1050725042451248

48.	 M. Schott, D. Hermsen, M. Broecker-
Preuss, M. Casati, J. C. Mas, A. Eckstein, 
D. Gassner, R. Golla, C. Graeber, J. 
van Helden, K. Inomata, J. Jarausch, J. 
Kratzsch, N. Miyazaki, M. A. Moreno, T. 
Murakami, H. J. Roth, W. Stock, J. Y. Noh, 
W. A. Scherbaum and K. Mann: Clinical 
value of the first automated TSH receptor 
autoantibody assay for the diagnosis of 
Graves’ disease (GD): an international 

https://doi.org/10.1089/thy.2007.0170
https://doi.org/10.1016/0006-291X(92)91315-H
https://doi.org/10.1007/BF02994449
https://doi.org/10.1016/0006-291X(92)91360-3
https://doi.org/10.1093/hmg/ddr247
https://doi.org/10.1093/hmg/ddp087
https://doi.org/10.1073/pnas.1408821111
https://doi.org/10.1001/archinte.1989.00390030032006
https://doi.org/10.1001/archinte.1989.00390030032006
https://doi.org/10.2214/ajr.150.4.781
https://doi.org/10.1.038/ncpendmet0692
https://doi.org/10.1055/s-0035-1559648
https://doi.org/10.1111/j.1365-2265.1984.tb00102.x
https://doi.org/10.1089/1050725042451248


Graves’ disease

44 © 1996-2019

multicentre trial. Clin Endocrinol (Oxf) 71, 
566-73 (2009) 

	 DOI: 10.1111/j.1365-2265.2008.03512.x

49.	 M. Schott, J. Feldkamp, C. Bathan, R. 
Fritzen, W. A. Scherbaum and J. Seissler: 
Detecting TSH-receptor antibodies with 
the recombinant TBII assay: technical and 
clinical evaluation. Horm Metab Res 32, 
429-35 (2000) 

	 DOI: 10.1055/s-2007-978666

50.	 N. Araki, M. Iida, N. Amino, S. Morita, A. Ide, 
E. Nishihara, M. Ito, J. Saito, T. Nishikawa, 
K. Katsuragi and A. Miyauchi: Rapid 
bioassay for detection of thyroid-stimulating 
antibodies using cyclic adenosine 
monophosphate-gated calcium channel 
and aequorin. Eur Thyroid J 4, 14-9 (2015) 

	 DOI: 10.1159/000371740

51.	 T. Diana, M. Kanitz, M. Lehmann, Y. Li, P. 
D. Olivo and G. J. Kahaly: Standardization 
of a bioassay for thyrotropin receptor 
stimulating autoantibodies. Thyroid 25, 
169-75 (2015) 

	 DOI: 10.1089/thy.2014.0346

52.	 C. Giuliani, D. Cerrone, N. Harii, M. 
Thornton, L. D. Kohn, N. M. Dagia, I. Bucci, 
M. Carpentieri, B. Di Nenno, A. Di Blasio, P. 
Vitti, F. Monaco and G. Napolitano: A TSHR-
LH/CGR chimera that measures functional 
thyroid-stimulating autoantibodies (TSAb) 
can predict remission or recurrence in 
Graves’ patients undergoing antithyroid 
drug (ATD) treatment. J Clin Endocrinol 
Metab 97, E1080-7 (2012) 

	 DOI: 10.1210/jc.2011-2897

53.	 S. D. Lytton, K. A. Ponto, M. Kanitz, N. 
Matheis, L. D. Kohn and G. J. Kahaly: A 
novel thyroid stimulating immunoglobulin 
bioassay is a functional indicator of activity 
and severity of Graves’ orbitopathy. J Clin 
Endocrinol Metab 95, 2123-31 (2010) 

	 DOI: 10.1210/jc.2009-2470

54.	 C. U. Frank, S. Braeth, J. W. Dietrich, D. 
Wanjura and U. Loos: Bridge Technology 
with TSH Receptor Chimera for Sensitive 
Direct Detection of TSH Receptor Antibodies 
Causing Graves’ Disease: Analytical and 
Clinical Evaluation. Horm Metab Res 47, 
880-8 (2015) 

	 DOI: 10.1055/s-0035-1554662

55.	 B. Rapoport, G. D. Chazenbalk, J. C. Jaume 
and S. M. McLachlan: The thyrotropin 

(TSH) receptor: interaction with TSH and 
autoantibodies. Endocr Rev 19, 673-716 
(1998) 

	 DOI: 10.1210/edrv.19.6.0.3.52

56.	 K. Tahara, N. Ishikawa, K. Yamamoto, A. Hirai, 
K. Ito, Y. Tamura, S. Yoshida, Y. Saito and L. 
D. Kohn: Epitopes for thyroid stimulating and 
blocking autoantibodies on the extracellular 
domain of the human thyrotropin receptor. 
Thyroid 7, 867-77 (1997) 

	 DOI: 10.1089/thy.1997.7.867

57.	 S. Allelein, M. Ehlers, S. Goretzki, D. 
Hermsen, J. Feldkamp, M. Haase, T. 
Dringenberg, C. Schmid, H. Hautzel and 
M. Schott: Clinical Evaluation of the First 
Automated Assay for the Detection of 
Stimulating TSH Receptor Autoantibodies. 
Horm Metab Res 48, 795-801 (2016) 

	 DOI: 10.1055/s-0042-121012

58.	 P. Laurberg, G. Wallin, L. Tallstedt, M. 
Abraham-Nordling, G. Lundell and O. 
Torring: TSH-receptor autoimmunity in 
Graves’ disease after therapy with anti-
thyroid drugs, surgery, or radioiodine: a 
5-year prospective randomized study. Eur J 
Endocrinol 158, 69-75 (2008) 

	 DOI: 10.1530/EJE-07-0450

59.	 D. S. Ross, H. B. Burch, D. S. Cooper, M. 
C. Greenlee, P. Laurberg, A. L. Maia, S. A. 
Rivkees, M. Samuels, J. A. Sosa, M. N. Stan 
and M. A. Walter: 2016 American Thyroid 
Association Guidelines for Diagnosis and 
Management of Hyperthyroidism and Other 
Causes of Thyrotoxicosis. Thyroid 26, 
1343-1421 (2016) 

	 DOI: 10.1089/thy.2016.0.229

60.	 F. Andersohn, C. Konzen and E. Garbe: 
Systematic review: agranulocytosis induced 
by nonchemotherapy drugs. Ann Intern 
Med 146, 657-65 (2007) 

	 DOI: 10.7326/0003-4819-146-9-200705010- 
00009

 
61.	 M. T. Wang, W. J. Lee, T. Y. Huang, C. L. 

Chu and C. H. Hsieh: Antithyroid drug-
related hepatotoxicity in hyperthyroidism 
patients: a population-based cohort study. 
Br J Clin Pharmacol 78, 619-29 (2014) 

	 DOI: 10.1111/bcp.12336

62.	 S. Allelein, J. Feldkamp and M. Schott: 
(Autoimmune diseases of the thyroid 
gland). Internist (Berl) 58, 47-58 (2017) 

	 DOI: 10.1007/s00108-016-0171-2

https://doi.org/10.1111/j.1365-2265.2008.03512.x
https://doi.org/10.1055/s-2007-978666
https://doi.org/10.1159/000371740
https://doi.org/10.1089/thy.2014.0346
https://doi.org/10.1210/jc.2011-2897
https://doi.org/10.1210/jc.2009-2470
https://doi.org/10.1055/s-0035-1554662
https://doi.org/10.1210/edrv.19.6.0.3.52
https://doi.org/10.1089/thy.1997.7.867
https://doi.org/10.1055/s-0042-121012
https://doi.org/10.1530/EJE-07-0450
https://doi.org/10.1.089/thy.2016.0.229
https://doi.org/10.7326/0003-4819-146-9-200705010-00009
https://doi.org/10.7326/0003-4819-146-9-200705010-00009
https://doi.org/10.1111/bcp.12336
https://doi.org/10.1007/s00108-016-0171-2


Graves’ disease

45 © 1996-2019

63.	 E. Piantanida, A. Lai, L. Sassi, D. Gallo, E. 
Spreafico, M. L. Tanda and L. Bartalena: 
Outcome Prediction of Treatment of Graves’ 
Hyperthyroidism with Antithyroid Drugs. 
Horm Metab Res 47, 767-72 (2015) 

	 DOI: 10.1055/s-0035-1555759

64.	 O. Isozaki, T. Satoh, S. Wakino, A. Suzuki, 
T. Iburi, K. Tsuboi, N. Kanamoto, H. Otani, 
Y. Furukawa, S. Teramukai and T. Akamizu: 
Treatment and management of thyroid 
storm: analysis of the nationwide surveys: 
The taskforce committee of the Japan 
Thyroid Association and Japan Endocrine 
Society for the establishment of diagnostic 
criteria and nationwide surveys for thyroid 
storm. Clin Endocrinol (Oxf) 84, 912-8 
(2016) 

	 DOI: 10.1111/cen.12949

65.	 C. Carella, G. Mazziotti, F. Sorvillo, M. 
Piscopo, M. Cioffi, P. Pilla, R. Nersita, S. 
Iorio, G. Amato, L. E. Braverman and E. 
Roti: Serum thyrotropin receptor antibodies 
concentrations in patients with Graves’ 
disease before, at the end of methimazole 
treatment, and after drug withdrawal: 
evidence that the activity of thyrotropin 
receptor antibody and/or thyroid response 
modify during the observation period. 
Thyroid 16, 295-302 (2006) 

	 DOI: 10.1089/thy.2006.16.295

66.	 E. Mohlin, H. Filipsson Nystrom and 
M. Eliasson: Long-term prognosis after 
medical treatment of Graves’ disease in a 
northern Swedish population 2000-2010. 
Eur J Endocrinol 170 419-27 (2014) 

	 DOI: 10.1530/EJE-13-0811

67.	 M. Schott, N. G. Morgenthaler, R. Fritzen, 
J. Feldkamp, H. S. Willenberg, W. A. 
Scherbaum and J. Seissler: Levels of 
autoantibodies against human TSH 
receptor predict relapse of hyperthyroidism 
in Graves’ disease. Horm Metab Res, 36(2), 
92-6 (2004) 

	 DOI: 10.1055/s-2004-814217

68.	 N. N. Tun, G. Beckett, N. N. Zammitt, M. 
W. Strachan, J. R. Seckl and F. W. Gibb: 
Thyrotropin Receptor Antibody Levels at 
Diagnosis and After Thionamide Course 
Predict Graves’ Disease Relapse. Thyroid 
26, 1004-9 (2016) 

	 DOI: 10.1089/thy.2016.0017

69.	 X. G. Vos, E. Endert, A. H. Zwinderman, J. 
G. Tijssen and W. M. Wiersinga: Predicting 

the Risk of Recurrence Before the Start of 
Antithyroid Drug Therapy in Patients With 
Graves’ Hyperthyroidism. J Clin Endocrinol 
Metab 101, 1381-9 (2016) 

	 DOI: 10.1210/jc.2015-3644

70.	 R. S. Bahn: Graves’ ophthalmopathy. N 
Engl J Med 362, 726-38 (2010) 

	 DOI: 10.1056/NEJMra0905750

71.	 W. M. Wiersinga: Management of Graves’ 
ophthalmopathy. Nat Clin Pract Endocrinol 
Metab 3, 396-404 (2007) 

	 DOI: 10.1038/ncpendmet0497

72.	 R. S. Bahn: Current Insights into the 
Pathogenesis of Graves’ Ophthalmopathy. 
Horm Metab Res 47, 773-8 (2015) 

	 DOI: 10.1055/s-0035-1555762

73.	 H. B. Burch and L. Wartofsky: Graves’ 
ophthalmopathy: current concepts 
regarding pathogenesis and management. 
Endocr Rev 14, 747-93 (1993) 

	 DOI: 10.1210/edrv-14-6-747

74.	 M. Tellez, J. Cooper and C. Edmonds: 
Graves’ ophthalmopathy in relation to 
cigarette smoking and ethnic origin. Clin 
Endocrinol (Oxf) 36, 291-4 (1992) 

	 DOI: 10.1111/j.1365-2265.1992.tb01445.x

75.	 W. M. Wiersinga and L. Bartalena: 
Epidemiology and prevention of Graves’ 
ophthalmopathy. Thyroid 12, 855-60 (2002) 

	 DOI: 10.1089/105072502761016476

76.	 F. Traisk, L. Tallstedt, M. Abraham-Nordling, 
T. Andersson, G. Berg, J. Calissendorff, 
B. Hallengren, P. Hedner, M. Lantz, E. 
Nystrom, V. Ponjavic, A. Taube, O. Torring, 
G. Wallin, P. Asman, G. Lundell and T. T. 
Thyroid Study Group of: Thyroid-associated 
ophthalmopathy after treatment for Graves’ 
hyperthyroidism with antithyroid drugs or 
iodine-131. J Clin Endocrinol Metab 94, 
3700-7 (2009) 

	 DOI: 10.1210/jc.2009-0747

77.	 T. J. Smith, G. J. Kahaly, D. G. Ezra, J. 
C. Fleming, R. A. Dailey, R. A. Tang, G. J. 
Harris, A. Antonelli, M. Salvi, R. A. Goldberg, 
J. W. Gigantelli, S. M. Couch, E. M. Shriver, 
B. R. Hayek, E. M. Hink, R. M. Woodward, 
K. Gabriel, G. Magni and R. S. Douglas: 
Teprotumumab for Thyroid-Associated 
Ophthalmopathy. N Engl J Med 376, 1748-
1761 (2017) 

	 DOI: 10.1056/NEJMoa1614949

https://doi.org/10.1055/s-0035-1555759
https://doi.org/10.1111/cen.12949
https://doi.org/10.1089/thy.2006.16.295
https://doi.org/10.1530/EJE-13-0811
https://doi.org/10.1055/s-2004-814217
https://doi.org/10.1089/thy.2016.0017
https://doi.org/10.1210/jc.2015-3644
https://doi.org/10.1056/NEJMra0905750
https://doi.org/10.1038/ncpendmet0497
https://doi.org/10.1055/s-0035-1555762
https://doi.org/10.1210/edrv-14-6-747
https://doi.org/10.1111/j.1365-2265.1992.tb01445.x
https://doi.org/10.1089/105072502761016476
https://doi.org/10.1210/jc.2009-0747
https://doi.org/10.1056/NEJMoa1614949


Graves’ disease

46 © 1996-2019

78.	 W. M. Wiersinga, T. Smit, R. van der Gaag 
and L. Koornneef: Temporal relationship 
between onset of Graves’ ophthalmopathy 
and onset of thyroidal Graves’ disease. J 
Endocrinol Invest 11, 615-9 (1988) 

	 DOI: 10.1007/BF03350193

79.	 D. H. Khoo, P. H. Eng, S. C. Ho, E. S. Tai, N. 
G. Morgenthaler, L. L. Seah, K. S. Fong, S. 
P. Chee, C. T. Choo and S. E. Aw: Graves’ 
ophthalmopathy in the absence of elevated 
free thyroxine and triiodothyronine levels: 
prevalence, natural history, and thyrotropin 
receptor antibody levels. Thyroid 10, 1093-
100 (2000) 

	 DOI: 10.1089/thy.2000.10.1093

80.	 M. N. Gerding, J. W. van der Meer, M. 
Broenink, O. Bakker, W. M. Wiersinga and 
M. F. Prummel: Association of thyrotrophin 
receptor antibodies with the clinical features 
of Graves’ ophthalmopathy. Clin Endocrinol 
(Oxf) 52, 267-71 (2000) 

	 DOI: 10.1046/j.1365-2265.2000.00959.x

81.	 A. K. Eckstein, M. Plicht, H. Lax, M. 
Neuhauser, K. Mann, S. Lederbogen, 
C. Heckmann, J. Esser and N. G. 
Morgenthaler: Thyrotropin receptor 
autoantibodies are independent risk factors 
for Graves’ ophthalmopathy and help to 
predict severity and outcome of the disease. 
J Clin Endocrinol Metab 91, 3464-70 (2006) 

	 DOI: 10.1210/jc.2005-2813

82.	 A. Feliciello, A. Porcellini, I. Ciullo, G. 
Bonavolonta, E. V. Avvedimento and G. 
Fenzi: Expression of thyrotropin-receptor 
mRNA in healthy and Graves’ disease retro-
orbital tissue. Lancet 342, 337-8 (1993) 

	 DOI: 10.1016/0140-6736(93)91475-2

83.	 A. E. Heufelder and R. S. Bahn: Evidence 
for the presence of a functional TSH-
receptor in retroocular fibroblasts from 
patients with Graves’ ophthalmopathy. Exp 
Clin Endocrinol 100, 62-7 (1992) 

84.	 R. S. Bahn, C. M. Dutton, N. Natt, W. 
Joba, C. Spitzweg and A. E. Heufelder: 
Thyrotropin receptor expression in Graves’ 
orbital adipose/connective tissues: potential 
autoantigen in Graves’ ophthalmopathy. J 
Clin Endocrinol Metab 83, 998-1002 (1998) 

	 DOI: 10.1210/jc.83.3.998

85.	 M. S. Crisp, C. Lane, M. Halliwell, D. 
Wynford-Thomas and M. Ludgate: 
Thyrotropin receptor transcripts in human 

adipose tissue. J Clin Endocrinol Metab 82, 
2003-5 (1997) 

86.	 M. Ludgate, M. Crisp, C. Lane, S. 
Costagliola, G. Vassart, A. Weetman, C. 
Daunerie and M. C. Many: The thyrotropin 
receptor in thyroid eye disease. Thyroid 8, 
411-3 (1998) 

	 DOI: 10.1089/thy.1998.8.411

87.	 I. M. Wakelkamp, O. Bakker, L. Baldeschi, 
W. M. Wiersinga and M. F. Prummel: 
TSH-R expression and cytokine profile in 
orbital tissue of active vs. inactive Graves’ 
ophthalmopathy patients. Clin Endocrinol 
(Oxf) 58, 280-7 (2003) 

	 DOI: 10.1046/j.1365-2265.2003.01708.x

88.	 S. A. Morshed, R. Latif and T. F. Davies: 
Characterization of thyrotropin receptor 
antibody-induced signaling cascades. 
Endocrinology 150, 519-29 (2009) 

	 DOI: 10.1210/en.2008-0878

89.	 A. F. Turcu, S. Kumar, S. Neumann, 
M. Coenen, S. Iyer, P. Chiriboga, M. C. 
Gershengorn and R. S. Bahn: A small 
molecule antagonist inhibits thyrotropin 
receptor antibody-induced orbital fibroblast 
functions involved in the pathogenesis of 
Graves ophthalmopathy. J Clin Endocrinol 
Metab 98, 2153-9 (2013) 

	 DOI: 10.1210/jc.2013-1149

90.	 L. Zhang, T. Bowen, F. Grennan-Jones, C. 
Paddon, P. Giles, J. Webber, R. Steadman 
and M. Ludgate: Thyrotropin receptor 
activation increases hyaluronan production 
in preadipocyte fibroblasts: contributory 
role in hyaluronan accumulation in thyroid 
dysfunction. J Biol Chem 284, 26447-55 
(2009) 

	 DOI: 10.1074/jbc.M109.003616

91.	 S. Kumar, S. Nadeem, M. N. Stan, M. 
Coenen and R. S. Bahn: A stimulatory TSH 
receptor antibody enhances adipogenesis 
via phosphoinositide 3-kinase activation 
in orbital preadipocytes from patients with 
Graves’ ophthalmopathy. J Mol Endocrinol 
46, 155-63 (2011) 

	 DOI: 10.1530/JME-11-0006

92.	 S. Moshkelgosha, P. W. So, N. Deasy, S. 
Diaz-Cano and J. P. Banga: Cutting edge: 
retrobulbar inflammation, adipogenesis, 
and acute orbital congestion in a preclinical 
female mouse model of Graves’ orbitopathy 
induced by thyrotropin receptor plasmid-in 

https://doi.org/10.1007/BF03350193
https://doi.org/10.1089/thy.2000.10.1093
https://doi.org/10.1046/j.1365-2265.2000.00959.x
https://doi.org/10.1210/jc.2005-2813
https://doi.org/10.1016/0140-6736(93)91475-2
https://doi.org/10.1210/jc.83.3.998
https://doi.org/10.1089/thy.1998.8.411
https://doi.org/10.1046/j.1365-2265.2003.01708.x
https://doi.org/10.1210/en.2008-0878
https://doi.org/10.1210/jc.2013-1149
https://doi.org/10.1074/jbc.M109.003616
https://doi.org/10.1530/JME-11-0006


Graves’ disease

47 © 1996-2019

vivo electroporation. Endocrinology 154, 
3008-15 (2013) 

	 DOI: 10.1210/en.2013-1576

93.	 Y. Nagayama, M. Kita-Furuyama, T. Ando, 
K. Nakao, H. Mizuguchi, T. Hayakawa, K. 
Eguchi and M. Niwa: A novel murine model of 
Graves’ hyperthyroidism with intramuscular 
injection of adenovirus expressing the 
thyrotropin receptor. J Immunol 168, 2789-
94 (2002) 

	 DOI: 10.4049/jimmunol.168.6.2789

94.	 E. K. Alexander, E. N. Pearce, G. A. Brent, 
R. S. Brown, H. Chen, C. Dosiou, W. A. 
Grobman, P. Laurberg, J. H. Lazarus, S. 
J. Mandel, R. P. Peeters and S. Sullivan: 
2017 Guidelines of the American Thyroid 
Association for the Diagnosis and 
Management of Thyroid Disease During 
Pregnancy and the Postpartum. Thyroid 27, 
315-389 (2017) 

	 DOI: 10.1089/thy.2016.0457

95.	 R. Bouillon, M. Naesens, F. A. Van Assche, 
L. De Keyser, P. De Moor, M. Renaer, P. 
De Vos and M. De Roo: Thyroid function in 
patients with hyperemesis gravidarum. Am 
J Obstet Gynecol 143, 922-6 (1982) 

	 DOI: 10.1016/0002-9378(82)90475-6

96.	 L. E. Davis, M. J. Lucas, G. D. Hankins, 
M. L. Roark and F. G. Cunningham: 
Thyrotoxicosis complicating pregnancy. Am 
J Obstet Gynecol 160, 63-70 (1989) 

	 DOI: 10.1016/0002-9378(89)90088-4

97.	 D. Glinoer and C. A. Spencer: Serum TSH 
determinations in pregnancy: how, when 
and why? Nat Rev Endocrinol 6, 526-9 
(2010) 

98.	 P. Laurberg, C. Bournaud, J. Karmisholt 
and J. Orgiazzi: Management of Graves’ 
hyperthyroidism in pregnancy: focus on 
both maternal and foetal thyroid function, 
and caution against surgical thyroidectomy 
in pregnancy. Eur J Endocrinol 160, 1-8 
(2009)

	 DOI: 10.1530/EJE-08-0663

99.	 L. K. Millar, D. A. Wing, A. S. Leung, 
P. P. Koonings, M. N. Montoro and 
J. H. Mestman: Low birth weight and 
preeclampsia in pregnancies complicated 
by hyperthyroidism. Obstet Gynecol 84, 
946-9 (1994) 

 

100.	 R. S. Bahn, H. S. Burch, D. S. Cooper, J. 
R. Garber, C. M. Greenlee, I. L. Klein, P. 
Laurberg, I. R. McDougall, S. A. Rivkees, 
D. Ross, J. A. Sosa and M. N. Stan: The 
Role of Propylthiouracil in the Management 
of Graves’ Disease in Adults: report of a 
meeting jointly sponsored by the American 
Thyroid Association and the Food and Drug 
Administration. Thyroid 19, 673-4 (2009) 

	 DOI: 10.1089/thy.2009.0169

101.	 G. Kallner, S. Vitols and J. G. Ljunggren: 
Comparison of standardized initial doses 
of two antithyroid drugs in the treatment of 
Graves’ disease. J Intern Med 239, 525-9 
(1996) 

	 DOI: 10.1046/j.1365-2796.1996.489827000.x

102.	 H. Nakamura, J. Y. Noh, K. Itoh, S. Fukata, 
A. Miyauchi and N. Hamada: Comparison 
of methimazole and propylthiouracil in 
patients with hyperthyroidism caused by 
Graves’ disease. J Clin Endocrinol Metab 
92, 2157-62 (2007) 

	 DOI: 10.1210/jc.2006-2135

103.	 W. C. Nicholas, R. G. Fischer, R. A. 
Stevenson and J. D. Bass: Single daily 
dose of methimazole compared to every 
8 hours propylthiouracil in the treatment of 
hyperthyroidism. South Med J 88, 973-6 
(1995) 

	 DOI: 10.1097/00007611-199509000-00018

Key Words: Thyroid, Graves’disease, 
Autoimmune Thyroiditis, TSH, Receptor, 
Autoantibodies, Relapse, Ophthalmopathy, 
Review

Send correspondence to: Margret 
Ehlers, Division for Specific Endocrinology, 
Medical Faculty, University of Duesseldorf, 
Moorenstr. 5, 40225 Duesseldorf, Germany, 
Tel: 492118104860, Fax: 492118117082,  
E-mail: margret.ehlers@med.uni-duesseldorf.de

https://doi.org/10.1210/en.2013-1576
https://doi.org/10.4049/jimmunol.168.6.2789
https://doi.org/10.1089/thy.2016.0457
https://doi.org/10.1016/0002-9378(82)90475-6
https://doi.org/10.1016/0002-9378(89)90088-4
https://doi.org/10.1530/EJE-08-0663
https://doi.org/10.1089/thy.2009.0169
https://doi.org/10.1046/j.1365-2796.1996.489827000.x
https://doi.org/10.1210/jc.2006-2135
https://doi.org/10.1097/00007611-199509000-00018
mailto:margret.ehlers@med.uni-duesseldorf.de
mailto:margret.ehlers@med.uni-duesseldorf.de

