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Thyroid autoimmunity, as reflected by the presence in serum
of autoantibodies directed against the thyroid autoantigens
thyroglobulin (Tg) and thyroid peroxidase (TPO), is present
in >10% of the US population over 12 years of age [1] and is
the most common cause of endocrine dysfunction in iodine-
sufficient populations [2]. The underlying mechanism is a
failure of T-cell tolerance leading to lymphocytic infiltration
of the thyroid gland [3] and to a complex sequence of
humoral and cellular immune responses to thyroid antigens,
presumably in response to an environmental trigger [4].
In chronic lymphocytic thyroiditis (CLT), the predomi-
nant immunologic mechanisms are T-cell- and cytokine-
mediated thyroid cell damage and apoptotic cell death
whereas in Graves’ disease (GD) generation of thyrotropin
(TSH) receptor autoantibodies leads to thyroid cell stimu-
lation [5], but significant overlap exists. Seven susceptibility
genes, in addition to the major histocompatibility gene
(HLA-DR3), have now been identified [6]. Some of these
genes affect the immune response in general (CD40, CTLA-4,
and PTPN22), while others are thyroid specific (thyroglobu-
lin, thyrotropin (TSH) receptor). Some are common to both
CLT and GD, while others are specific for GD.

In view of the importance of AITD as well as the diverse
array of new information, it is only fitting that this special
issue of the Journal of Thyroid Research is devoted entirely
to this complex subject. Four of the papers we have selected
are focused on clinical topics, including AITD in childhood,
during pregnancy, in the postpartum period, and in patients
with type 1 diabetes mellitus. The fifth paper addresses the
potential role of NKT cells in an animal model of thyroiditis.

We conclude this special edition with a discussion of
thyroid autoimmunity in patients with papillary thyroid

cancer (PTC). The association of AI and thyroid cancer
was first reported by Dailey et al. [7]. In general, patients
with AI appear more likely to have PTC than follicular
thyroid cancer (FTC), but a lower frequency of extrathyroidal
extension, nodal and distant metastases when compared with
patients without AI. In some but not all series, patients
with autoimmune thyroiditis (AT) and PTC have improved
survival when compared to those with PTC alone, suggesting
that thyroid autoimmunity might contribute to improved
survival [8–10]. In contrast, other data suggest that AI might
actually increase the risk to develop thyroid cancer [10–
12].

Several theories have been proposed to explain how AI
might increase the risk for thyroid malignancy. Thyrocyte
apoptosis and proliferation are increased in AI suggesting
that thyrocytes rapidly progressing through the cell cycle
might accumulate increased DNA damage resulting in
malignant transformation [13]. Russell et al. hypothesized
that thyroid cells predestined to become cancers might
secrete proinflammatory cytokines that affect immune cells
[14]. They showed that thyrocytes of ret/PTC3 transgenic
mice express increased levels of interleukins, tumor necrosis
factor-α, and cyclooxygenase-2 [14] that could attract and/or
activate cells of the immune system. Finally, the ret/PTC
recombinant genes have been detected in samples of AI [15–
17] suggesting that ret/PTC rearrangements might be present
in AI and could be precursors to PTC.

From these papers, it is clear that thyroid autoimmunity
is a frequent problem in the population and that thyroid
autoimmunity can lead to a variety of thyroid disorders
including alterations in thyroid hormone synthesis and
possibly even neoplasia. Focused research in this area is
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beginning to illuminate some of the molecular mechanisms
that help to explain these associations.

Rosalind Brown
Gary L. Francis
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The two major autoimmune thyroid diseases (ATDs) include Graves’ disease (GD) and autoimmune thyroiditis (AT); both of
which are characterized by infiltration of the thyroid by T and B cells reactive to thyroid antigens, by the production of thyroid
autoantibodies and by abnormal thyroid function (hyperthyroidism in GD and hypothyroidism in AT). While the exact etiology
of thyroid autoimmunity is not known, it is believed to develop when a combination of genetic susceptibility and environmental
encounters leads to breakdown of tolerance. It is important to recognize thyroid dysfunction at an early stage by maintaining an
appropriate index of suspicion.

1. Introduction

Autoimmune thyroid disease (ATD) is the most common
autoimmune condition, affecting approximately 2% of the
female population and 0.2% of the male population [1].
Its overall prevalence peaks in adulthood; it is also the
most common etiology of acquired thyroid dysfunction in
paediatrics. It is more common in females and usually occurs
in early to mid-puberty [2, 3]. Optimal quantities of thyroid
hormone are critical to neurodevelopment and growth. The
paediatrician can often recognize thyroid dysfunction in
its early stages, by maintaining an appropriate index of
suspicion.

This review will analyze current opinions and options
regarding the etiology, evaluation, diagnosis, treatment, and
prognosis of ATDs in children.

1.1. Etiology. ATD arises due to complex interactions
between environmental and genetic factors, that are yet to
be completely defined. ATD is multifactorial in that a genetic
predisposition combines with environmental risk factors to
promote disease.

Early evidence that ATD has a hereditary component
stems from studies of familial aggregation. Several studies
of young people with ATDs showed a definite genetic
propensity for thyroid autoimmunity to run in families [4].
Further evidence of the genetic control of ATDs comes from

the observation of twins. Monozygotic twins show a higher
concordance rate of disease than dizygotic twins. However,
even with identical twins the concordance rate is only about
50%, emphasizing that other important factors, such as the
environment, play a role in disease pathogenesis [5–7]. The
identified ATDs susceptibility genes can be divided into two
broad groups:

(1) immune modulating genes, and

(2) thyroid specific genes.

The immune modulating genes so far identified are:
HLA-DR, CTLA-4, CD40, and PTPN22. The cytotoxic T
lymphocyte-associated factor 4 (CTLA-4) gene is a major
negative regulator of T-cell activation [8]. CTLA-4 acti-
vation has been shown to suppress several experimental
autoimmune diseases. CD40 [9] is expressed primarily on
B cells and other antigen presenting cells (APCs) and
plays a fundamental role in B-cell activation inducing,
upon ligation, B-cell proliferation, immunoglobulin class
switching, antibody secretion, and generation of memory
cells. The lymphoid tyrosine phosphatase, encoded by the
protein tyrosine phosphatase-22 (PTPN22) gene, like CTLA-
4, is a powerful inhibitor of T-cell activation [10]. Recently,
linkage studies mapped ATDs susceptibility loci in two
thyroid specific genes, the thyroglobulin (TG) [11] and TSH
receptor (TSHr) genes [12], that represent the main targets
of the immune response in ATDs.
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Polymorphic variations of all the cited genes have been
identified and linked to ATDs susceptibility, but the existing
studies have often given inconsistent results, with some
showing associations and others not. One of the many
unexpected findings of these genetic studies is that most
of the identified genes have a very minor effects. Indeed,
with the exception of the DRb1-Arg74 HLA variant, which
gave an odd ratio for Graves’ disease (GD) of >5, all the
other ATDs genes gave very low odd ratios of <1.5 [13];
on the other hand, family history is positive in about 50%
of patients with ATDs. It is usually supposed that a strong
genetic effect on disease is related to the inheritance of many
genes with small effect. Two alternative mechanisms have
been proposed for the finding of very low odd ratios for most
ATDs genes [4]: subset effect and gene-gene interactions.
According to the “gene-gene interaction” model, two genes
with weak effects (i.e., associated with low odd ratios)
interact, biologically resulting in a combined odd ratio that
is significantly higher than the one expected with an additive
effect alone. For example, two genes with odd ratios for
disease of 1.2 when inherited together would give an odd
ratio of 1.44 (1.2 × 1.2), if there was only an additive effect.
If there is an interaction between these two genes, the odd
ratio for disease will be significantly higher. According to
the “subset effect” model (also called genetic heterogeneity),
each of the genetic variants identified has a large effect
resulting in a high odd ratio in a subset of the ATDs patients
studied. On the contrary, when these variants are tested in the
entire population of ATDs patients, their effects are diluted,
resulting in much smaller odd ratios.

A recent twin study estimated that 79% of the liability
to the development of GD is attributable to genetic factors
[14]. Therefore, about 20% of the liability to develop
GD is due to nongenetic factors. Among the nongenetic
factors postulated to precipitate ATDs are iodine [15, 16]
and medications such as amiodarone [17] and interferon
α [18], infections, smoking, and stress. Amiodarone is a
benzofuranic-derivative iodine-rich drug widely used for the
treatment of tachyarrhythmias. It often causes changes in
thyroid function tests (typically an increase in serum T4

and rT3 and a decrease in serum T3 concentrations), mainly
related to the inhibition of 5′-deiodinase activity. In 14–18%
of amiodarone-treated patients, there is overt thyroid dys-
function, either amiodarone-induced thyrotoxicosis (AIT) or
amiodarone-induced hypothyroidism (AIH). Both AIT and
AIH may develop either in apparently normal thyroid glands
or in glands with preexisting, clinically silent abnormalities.
Preexisting Hashimoto’s thyroiditis is a definite risk factor for
the occurrence of AIH. The pathogenesis of iodine-induced
AIH is related to a failure to escape from the acute Wolff-
Chaikoff effect due to defects in thyroid hormonogenesis
and, in patients with positive thyroid autoantibody tests,
to concomitant Hashimoto’s thyroiditis. AIT is primarily
related to excess iodine-induced thyroid hormone synthesis
in an abnormal thyroid gland (type I AIT) or to amiodarone-
related destructive thyroiditis (type II AIT), but mixed forms
frequently exist [17].

A few studies have shown seasonality [19, 20] and
geographic variation [21] in the incidence of GD, adding

evidence that infectious agents may trigger ATDs. Moreover,
several infectious agents have been implicated including
Yersinia enterocolitica [22, 23], Coxsackie B virus [24],
retroviruses [25, 26], and Helicobacter pylori [27].

By now, the strongest association of ATDs with an
infectious agent is with hepatitis C virus (HCV) [28]. In
most studies examining the frequency of thyroid disorders
in hepatitis C patients, approximately 10% of the patients
had positive autoantibodies prior to initiation of interferon
therapy [29, 30]. Pooling of data from all studies on
HCV infection and thyroid autoimmunity demonstrated a
significant increase in the risk of ATDs in HCV patients [31].

Two main theories have been proposed for the induction
of autoimmunity by infectious agents: (1) the “molecular
mimicry” theory suggests that sequence similarities between
viral or bacterial proteins and self proteins can induce a
cross-over immune response to self antigens [32]; (2) the
“bystander activation” theory proposes that viral infection of
a certain tissue can induce local inflammation and cytokine
release, resulting in activation of autoreactive T cells, that
were suppressed by peripheral regulatory mechanisms [33].

2. Autoimmune Thyroiditis (AT)

The childhood prevalence of chronic autoimmune thy-
roiditis (AT) peaks in early to mid-puberty, and a female
preponderance of 2 : 1 has been reported [34]. Presentation
is rare under the age of 3 years, but cases have been described
even in infancy [35].

2.1. Terminology and Definitions. In 1912, Hashimoto
described four women with goiter and the apparent trans-
formation of thyroid into lymphoid tissue (struma lym-
phomatosa). These patients comprise the first report of
Hashimoto’s disease, which we now recognize as a form
of AT. Improvements in the measurement of circulating
autoantibodies and ultrasonography have obviated the need
for biopsy in the diagnosis of AT. The term thyroiditis is
defined as evidence of “intrathyroidal lymphocytic infil-
tration” with or without follicular damage. Two types of
AT (also defined as chronic lymphocytic thyroiditis) are
causes of persistent hypothyroidism: Hashimoto’s disease
(goitrous form) and atrophic thyroiditis (nongoitrous form).
Both are characterized by circulating thyroid autoantibodies
and varying degrees of thyroid dysfunction, differing only
by the presence or absence of goiter. Transient thyroiditis
seems to be a variant presentation of AT. It is characterized
by an autoimmune-mediated lymphocytic inflammation of
the thyroid gland resulting in a destructive thyroiditis with
release of thyroid hormone and transient hyperthyroidism,
frequently followed by a hypothyroid phase and full recovery.
The condition is particularly common in the postpartum
period, but it has been observed also in children. The
term chronic AT does not include subacute (de Quervain’s)
thyroiditis.

2.2. Pathophysiology. The activation of CD4 (helper) T-
lymphocytes specific for thyroid antigens is believed to be the
first step in pathogenesis. Once activated, self-reactive CD4
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T cells recruit cytotoxic CD8 T cells as well as autoreactive B
cells into the thyroid. The three main targets of thyroid anti-
bodies are thyroglobulin (TG), thyroid peroxidase (TPO),
and the TSH receptor (TSHr). Anti-TPO antibodies have
been shown to inhibit the activity of the enzyme in vitro, but
direct cytotoxicity by CD8 T cells is believed to be the main
mechanism of hypothyroidism in vivo. Anti-TSHr antibodies
of the blocking type may contribute to hypothyroidism in a
minority of adult patients with the atrophic form of AT, but
this has not been proven in children. Histologically, goitrous
AT is characterized by diffuse lymphocytic infiltration with
occasional germinal centers. Thyroid follicles may be reduced
in size and contain sparse colloid. Individual thyroid cells
are often enlarged with oxyphilic cytoplasm (usually defined
Hurthle cells). In contrast, the gland of atrophic AT is small,
with lymphocytic infiltration and fibrous replacement of the
parenchyma [36].

2.3. Clinical Aspects. AT is usually suspected in the presence
of goiter, even in the absence of signs and symptoms of
thyroid dysfunction. It may also be diagnosed incidentally
during medical checkups, screening evaluation of children
with growth defects, or followup of children with associated
diseases, mainly Down syndrome, Turner syndrome, type 1
diabetes, and celiac disease [37–39]. Additionally, a recent
study [40] analyzed morpho-volumetric and functional
thyroid abnormalities in young patients with Williams
syndrome: 31.5% had subclinical hypothyroidism with TSH
above the upper normal limit and normal FT3 and FT4

concentrations, and 67.5% had morphological or volumetric
abnormalities of the thyroid gland at ultrasonography. Anti-
TPO antibodies and anti-TG antibodies were absent in all
patients, suggesting embrional defect of thyroid morpho-
genesis and/or a delayed maturation of the hypothalamic-
pituitary-thyroid axis, instead of an ATD, more common in
the other syndromes.

In all patients with associated diseases, AT is usually
detected in its initial phase when thyroid function is
preserved, with normal or only slightly elevated TSH levels.
At this stage, signs and symptoms of thyroid disease are
usually absent, but because worsening of thyroid function
is a possibility, early recognition of thyroid dysfunction is
necessary to prevent the negative effects of hypothyroidism
on growth and metabolic function. The enlarged thyroid
gland usually is diffuse and nontender; sometimes the gland
may be firm [36]. As the disease progresses, subclinical
and then clinical hypothyroidism appears. Symptoms of
hypothyroidism may be subtle, even with marked biochemi-
cal derangement (Table 1). The initial history should investi-
gate energy level, sleep pattern, menses, cold intolerance, and
school performance. In addition to palpation of the thyroid,
assessment of the extra ocular movements, fluid status,
and deep tendon reflexes are important components of the
physical examination. AT may be the initial presentation of
an autoimmune polyglandular syndrome, and the possibility
of coexisting autoimmune diseases such as type 1 diabetes,
celiac disease, Addison’s disease, and pernicious anemia
must be addressed by the past medical history. Screening
for other autoimmune diseases should be undertaken if

Table 1: Symptoms and signs of overt hypothyroidism.

Goiter

Poor linear growth with increased weight for height

Bone maturation delay

Pubertal disorders (pubertal delay or pseudoprecocious

puberty)

Irregular menstrual periods

Lethargy and/or impaired school performance

Fatigue

Bradycardia and decreased cardiac output

Constipation

Cold intolerance

Hypothermia

Fluid retention and weight gain (due to impaired renal

free water clearance)

Puffiness of the face

Dry skin

Increased body hair

Delayed relaxation phase of the deep tendon reflexes

clinically indicated. Growth and pubertal development may
be deranged. Similar to other endocrine causes of growth
failure, linear growth is compromised to a greater degree
than weight gain, and the bone age is delayed [41, 42].
Hypothyroidism typically causes pubertal delay but may also
induce pseudoprecocious puberty, manifested as testicular
enlargement in boys, breast development, and/or vaginal
bleeding in girls [43–45]. This syndrome clinically differs
from true precocity by the absence of accelerated bone
maturation and linear growth.

2.4. Diagnosis. The serum TSH concentration is elevated
in primary hypothyroidism and its determination is an
appropriate screening test for thyroid dysfunction. If the
differential diagnosis includes central hypothyroidism or
if the overall suspicion for overt hypothyroidism is high,
FT4 should be included. In mild hypothyroidism, serum
FT3 can remain in the normal range due to the increased
conversion of FT4 to FT3 by type 2 deiodinase and the
preferential secretion of FT3 by residual thyroid tissue under
the influence of high TSH levels [46]. For these reasons,
measurement of the serum T3 and FT3 concentration is
not a useful test in the diagnosis or monitoring of patients
with primary hypothyroidism. The presence of goiter or
high TSH levels should prompt the measurement of anti-
TPO antibodies. Anti-TPO antibodies are the most sensitive
screen for AT. Little further benefit is gained by the additional
measurement of anti-TG antibodies, although they may be
added if anti-TPO titers are negative [47]. Ultrasonography
of the gland shows characteristic structural abnormalities
such as generalized hypoechoicity and disomogeneity, due
to inflammation and diffuse lymphocytic infiltration with
occasional germinal centers (pseudonodules). A diffuse
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fibrosis of the gland can become evident at a later stage of
the disease [48].

We recommend thyroid ultrasound to confirm AT diag-
nosis and to investigate the appearance of thyroid nodules
during followup, although it is not considered as a standard
of care.

The typical patient with hypothyroidism secondary to
AT will have an elevated TSH (“typically” over 10 IU/mL),
a low FT4, and positive anti-TPO antibodies. In early
stages of the disease, TSH may be normal and anti-TPO
antibodies may be positive with or without goiter. Later, TSH
elevation becomes modest (5–10 IU/mL) with a normal FT4

(biochemical or subclinical hypothyroidism). Up to 90% of
patients with hypothyroidism secondary to AT are anti-TPO
antibody positive. It should be noted that 10–15% of the
general population are positive for anti-TPO antibodies and
that low titers (less than 1/100 by agglutination methods or
less than 100 IU/L by immunoassays) are less specific for
ATDs [1].

If anti-TPO antibodies are absent, less common eti-
ologies of primary hypothyroidism should be considered:
transient hypothyroidism due to postsubacute thyroiditis,
hypothyroidism related to external irradiation [49], and
consumptive hypothyroidism due to the inactivation of
thyroid hormone by the paraneoplastic expression of type
3 iodothyronine deiodinase, mostly in vascular tumors [50].
Subclinical hypothyroidism is defined as TSH elevation with
normal concentrations of circulating thyroid hormones (FT4

and FT3). The log-linear relationship between serum TSH
and FT4 explains how small reductions in serum FT4 lead to
large deviations in TSH. The majority of these patients are
asymptomatic, but studies in the adult population suggest
that individuals with the combined risk factors of TSH
level above the normal limit and positive thyroid antibodies
(anti-TG or anti-TPO) are at high risk for progression
to overt hypothyroidism. For this reason, we recommend
thyroid hormone replacement in all patients with TSH values
>10 IU/mL or with TSH values >5 IU/mL in combination
with goiter or thyroid autoantibodies [51].

2.5. Therapy and Management. Levothyroxine (L-T4) is the
replacement therapy of choice. There are virtually no adverse
reactions; its good intestinal absorption and its long half-
life of 5–7 days allow oral administration once a day.
Although very rare, the development of pseudotumor cerebri
associated with the initiation of L-T4 has been described in
a small number of school-age children [52]. Some authors
advocate a graded approach to the initiation of L-T4 [53].
Alternatively, a starting dose can be estimated based upon
the patient’s age and ideal body weight (Table 2) [34]. The
medication’s long half-life insures a gradual equilibration
over the course of 5–6 weeks, and dosing should be indi-
vidualized on the basis of biochemical monitoring [34]. TSH
normalization is the goal of replacement. In our practice, we
aim to reach values in the lower part of the normal range
(0.5–2 micro IU/mL). This will usually be associated with an
FT4 in the upper half of the normal range. Thyroid function
tests should be obtained about 6–8 weeks after the initiation
or subsequent adjustment of the L-T4 dosage. Very high

Table 2: Recommended levothyroxine (L-T4) treatment doses.

Age Dose (mcg/kg/day)

0–3 months 10–12

3–6 months 8–10

6–12 months 6–8

1–3 years 4–6

3–10 years 3–4

10–15 years 2–4

>15 years 2–3

Adult 1.6–1.8

TSH levels at diagnosis can be associated with thyrotroph
hypertrophy and gradual suppression over the first year of
treatment [54, 55]. Growth and sexual development should
be followed systematically as in any paediatric patient. Once
biochemical euthyroidism has been achieved, TSH can be
monitored every 4–6 months in the growing child and yearly
up to the attainment of final height. If poor compliance
is suspected as the cause of treatment failure, FT4 should
be measured. A serum TSH greater than twice normal,
with a concomitant normal FT4 level, suggests intermittent
omission of the medication. A variety of conditions or
drugs may alter L-T4 requirements (Table 3). L-T4 should
be administered at least 20 min before eating or ingestion
of any medication known to impair its absorption, such
as calcium and iron supplements, sucralfate, potassium-
binding resins, antacids containing aluminium, and bile-
acids binding resins. All other medications should be checked
for interactions, particularly with antidepressants and seizure
medications (Table 3). Parents of children with AT should be
advised that the hypothyroidism is likely to be permanent
and monitoring of thyroid function for all patients should
be lifelong. The prognosis for recovering lost linear growth
depends on the duration of the hypothyroidism as well as
the age at which treatment is started. If hypothyroidism
is longstanding, thyroid replacement will not recover all
lost stature. Similarly, if the diagnosis is made around
puberty, there may be limited time for recovering the
growth spurt before attaining final height. If the onset of
childhood hypothyroidism occurs after age 2 to 3 years,
no permanent intellectual damage or neurologic deficit is
probable. Children affected by type 1 diabetes, celiac disease,
and Down, Turner, and Williams syndrome should undergo
annual thyroid function tests to ensure that hypothyroidism
has not become evident.

2.6. Natural History and Prognosis. The natural history of AT
in children and adolescents is not fully known. Few studies
have examined the spontaneous evolution of the disease
[56, 57]. A recent Italian retrospective study described the
outcome of 160 children affected with AT followed for up
to 32.6 years in 20 paediatric endocrine clinics [58]. In
agreement with other reports [56, 57], TSH concentrations
showed large fluctuations over time. Analyzing all the data
together, a trend toward progressively deteriorating thyroid
function was evident. However, at the last observation 84
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Table 3: Conditions that increase L-T4 requirements.

Pregnancy

Mucosal diseases of the small bowel

Jejuno-ileal bypass and small bowel resection

Drugs which impair L-T4 absorption (cholestyramine,

sucralfate, aluminum hydroxide, calcium carbonate, and

ferrous sulphate)

Drugs which may enhance CYP3A4 and thereby accelerate

L-T4 clearance (carbamazepine, rifampin, phenytoin,

estrogen, and sertraline)

Drugs which impair T4 to T3 conversion (amiodarone)

Conditions which may block type 1 deiodinase (selenium

deficiency due to dietary deficiencies as in phenylketonuria and

cystic fibrosis)

Cirrhosis

patients (52.5%) still had a normal thyroid function or had
become euthyroid. The authors analyzed reliable prognostic
factors to predict disease evolution but found that clinical
measures, thyroid volume, and antibody concentrations
were similar in the group with normal TSH levels and the
group with elevated TSH levels. The number of patients
with type 1 diabetes was higher in the group with normal
TSH. This can be explained by the fact that patients with
autoimmune diseases are usually periodically assessed for
thyroid autoimmunity, and thus many patients with mild
asymptomatic forms of AT can be identified. Altogether,
the presence of associated diseases did not worsen the
prognosis, because at the end of the follow-up there was
no difference in the frequency of abnormally elevated TSH
between the groups with or without associated diseases. In
agreement with previous findings in children [59–61] and in
contrast with adults [62], the TSH level at baseline was not
a useful marker to predict disease evolution. Both thyroid
antibodies were significantly higher at the last visit in the
group with deteriorating thyroid function; however, whereas
anti-TG antibodies were already higher at baseline, anti-TPO
antibodies increased progressively with time. This finding
suggests that anti-TPO antibodies might represent a marker
of deteriorating thyroid function, in agreement with a pre-
vious report showing a good correlation between anti-TPO
antibodies levels and lymphocytic infiltration of the gland
[63]. The evaluation of patients, according to their final
outcome, revealed that subjects with deteriorating thyroid
function had significantly higher anti-TG antibodies, TSH
concentrations, and greater thyroid volume at presentation.
Nonetheless, these findings were not helpful in individual
patients. On the other hand, it should be remarked that at
5 years of followup, more than 50% of the patients remained
or became euthyroid.

We usually offer a trial off L-T4 therapy to adolescents,
after the completion of growth and puberty. Thyroid func-
tion is retested 6–8 weeks after the stop of medication, to
determine if hypothyroidism is permanent and potentially
restart therapy.

2.7. Thyroid Nodules and Cancer in Patients with AT.
Although unusual in children and adolescents, thyroid nod-
ules are more often malignant in children than in adults [64,
65]. The prevalence of thyroid cancer among patients with
AT is a matter of controversy. After Dailey et al. [66] reported
35 cases of AT among 288 patients with malignant thyroid
disease, postulating that the disorder could be considered
a precancerous lesion, other researchers seek an association
between AT and thyroid cancer. Subsequent studies [67–69]
reported a prevalence range of 1% to 30%. Data on the
occurrence of thyroid cancer in AT refer almost exclusively
to adults. The overall incidence of thyroid cancer among
childhood thyroid nodules was estimated to be 26.4% in
a review by Niedziela [69]. A recent study [64] analyzed
the relationship between AT, cancer, and thyroid nodules in
a large case series of paediatric patients. Thyroid nodules
were found in 115 of 365 patients with AT (31.5%): 69
subjects (60.0%) presented a solitary nodule, and 46 subjects
(40.0%) had multiple nodules. Thirty eight nodules (33%)
were palpable at clinical examination, and the presence
of all of them was confirmed by ultrasonography. Eleven
cases of papillary carcinoma were detected on histologic
examination after total thyroidectomy, with 5 exhibiting
lymph node metastasis. Eight patients had multifocal cancer,
and 3 patients had single focus cancer. The prevalence
of male sex among patients with cancer was greater than
that among patients with AT (odd ratio: 2.95). The find-
ing of lymphadenopathy and the progressive increase of
nodule diameter during L-T4 therapy represented the two
factors that were significantly more frequent in patients
with thyroid cancer than in patients with a benign lesion.
Thyroid ultrasonography provided further useful diagnostic
information. Among patients with thyroid cancer, hypoe-
chogenicity seemed to predominate over other ultrasound
patterns, although it was common also in benign nodules.
Multinodularity was more frequent than uninodularity in
patients with cancer.

2.8. The Link between GD and AT. The observation that the
autoimmune attack against the thyroid gland could result
in two opposing clinical phenotypes, AT and GD, has been
intriguing for decades.

In AT, the lymphocytic infiltration of the thyroid gland
leads to apoptosis of thyroid cells and hypothyroidism. In
contrast, in GD the lymphocytic infiltration of the thyroid
leads to activation of TSHr-reactive B cells that secrete
TSHr-stimulating antibodies causing hyperthyroidism. The
etiology of AT and GD involves common pathways in which
thyroid reactive T cells escape tolerance and infiltrate the
thyroid, and unique pathways in which these thyroid-reactive
T cells either cause thyroid cell death (in AT) or stimulation
(in GD). Although GD and AT have different clinical
phenotypes and the mechanisms leading to their dichotomy
are unknown, they are generally believed to share a number
of common etiological factors. There have been reports on
monozygotic twins in whom one twin had GD and the
other one had AT [70, 71]. Moreover, both conditions may
aggregate in the same family [72] or may even coexist in
the same thyroid gland [73], and some individuals may
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progress from one form to the other. It is more frequent
that GD may spontaneously culminate in hypothyroidism
due to AT [74], while the development of GD from AT as
only occasionally been reported [75, 76]. On the other hand,
whole-genome scanning studies in humans have revealed
differences between the specific loci linked to, or associated
with, these two ATDs [77]. A recent study, performed in 109
children with GD at clinical onset [78], demonstrated that
hyperthyroidism might be preceded by AT presenting either
hypothyroidism or euthyroidism in at least 4 cases (3.7%).
After AT diagnosis, 3 of these patients underwent L-T4

therapy, which was continued for at least 1 year. In all these
cases, a subsequent thyroid function evaluation, performed
1–3 months prior to the GD diagnosis, had evidenced normal
FT4 and TSH serum levels. The time interval between AT
diagnosis and GD presentation ranged from 1.5 to 2.8 years.
All of them exhibited both thyroid enlargement and other
clinical signs as well as symptoms of hyperthyroidism, while
exophthalmos and even mild eye signs were not evident in
any of them. Serum TSHr antibodies were higher in the
patients with no AT antecedents. The clinical course of GD
in patients with AT antecedents was not different from the
one observed in those with no AT antecedents.

3. Graves’ Disease (GD)

Robert Graves reported the clinical syndrome of goiter,
palpitations, and exophthalmos in 1835. In adults, GD
accounts for 60–80% of all patients with hyperthyroidism.
Hyperthyroidism is relatively rare in children (yearly inci-
dence of 8 per 1,000,000 children less than 15 years old and
1 per 1,000,000 children less than 4 years old), but GD is
by far the most common etiology. Girls are affected four to
five times more frequently than boys, although no gender
difference is noted under 4 years of age [79].

3.1. Pathophysiology. GD shares many characteristics with
AT, including anti-TG antibodies, anti-TPO antibodies, and
antibodies against the sodium-iodine symporter. Hyperthy-
roidism is caused by thyroid-stimulating antibodies that
bind and activate TSHr, leading to follicular cell hyperpla-
sia and hypersecretion of thyroid hormones. Lymphocytic
infiltration of the thyroid is present. Sometimes, germinal
centers appear and develop as major sources of intrathyroid
autoantibodies. The lymphocytic infiltration and the accu-
mulation of glycosaminoglycans in the orbital connective
tissue and skin cause the extrathyroidal manifestations of GD
ophthalmopathy and dermopathy, respectively.

3.2. Clinical Aspects. The presentation of GD in childhood
may be insidious and a careful history often reveals a several
month history of progressive symptoms. Children may have
the same signs and symptoms of hyperthyroidism as do
adults, but most often they present with behavioral dis-
turbances: decreased attention span, difficulty concentrating
(which may lead to deteriorating performance in school),
emotional lability, hyperactivity, difficulty sleeping, and ner-
vousness. Typical cardiovascular findings include tachycar-
dia, palpitations, widened pulse pressure, and an overactive

Table 4: Clinical signs and symptoms of hyperthyroidism in
children.

Goiter

Exophthalmos

Acceleration of linear growth

Irritability

Impaired concentration and school performance

Headache

Hyperactivity

Fatigue

Palpitations

Tachycardia

Systolic Hypertension

Polyphagia

Increased frequency of bowel movements with diarrhoea

Weight loss

Heat intolerance

Increased perspiration

Tremor

Polyuria and polydipsia

precordium. Any child who has persistent tachycardia should
be evaluated for hyperthyroidism. Tremors, a shortened deep
tendon reflex relaxation phase, fatigue, and proximal muscle
weakness are possible neuromuscular manifestations of thy-
rotoxicosis. Despite an increase in appetite, affected children
often lose weight and sometimes have diarrhoea, but usually
have frequent bowel movements associated with intestinal
motility (Table 4). Increased perspiration, warmth, and heat
intolerance tend to be late findings. Postpubertal girls often
have menstrual irregularities. A goiter is palpable in the
majority of cases, characterized by diffuse enlargement which
is smooth, firm, and nontender. The pretibial myxedema that
is a common feature of GD in adults is rare in children.

Extrathyroidal manifestations such as ophthalmopathy
and dermopathy are rarer in children than in adults and
tend to be less severe [80]. A 25–60% frequency of ocular
manifestations has been estimated in children, but usually
the ocular signs are mild such as lid retraction, a slight
proptosis that can be attributed to the inflammation and
muscle swelling rather than to infiltrative disease of the
orbital structures. As expected, these signs improve in most
patients after restoration of the euthyroid state [80]. Unique
to pediatric GD is the acceleration of linear growth and
bone maturation associated with prolonged hyperthyroidism
[81, 82].

3.3. Diagnosis. Even if there may be national differences
in terminology, for the purposes of this study the term
thyrotoxicosis refers to the manifestations of excessive quan-
tities of circulating thyroid hormones. On the contrary,
hyperthyroidism refers only to the group of diseases which
are due to the overproduction of hormones by the thyroid
gland. An accurate diagnosis of GD is critical as antithyroid
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drugs have no role in the treatment of thyrotoxicosis
without hyperthyroidism. Thyrotoxicosis is recognized by
an elevation of serum FT4 with a decreased serum TSH
(typically <0.1 micro IU/mL). A determination of the FT3

level should be added if TSH is suppressed and the serum
FT4 is normal. In patients with early disease or in iodine-
deficient patients, serum FT4 concentrations may be normal
or reduced despite elevated levels of FT3. Once biochemical
derangement has been documented, it is helpful to address
the duration of thyrotoxicosis to facilitate the differentiation
of GD from other causes of thyrotoxicosis. Onset may
be documented by prior laboratory studies or inferred
from the history. The differential diagnosis of thyrotoxicosis
includes transient thyroiditis, hyperfunctioning nodules, and
thyrotoxicosis factitia. In the majority of cases, the presence
of a symmetrically enlarged thyroid gland, coupled with the
chronicity of symptoms, will be adequate to allow a diagnosis
(Table 5). If thyrotoxicosis has been present for more than 8
weeks, GD is by far the most likely etiology. The constellation
of thyrotoxicosis, goiter, and orbitopathy is pathognomonic
of this condition, and no additional laboratory tests or imag-
ing studies should be necessary to confirm the diagnosis. If
thyromegaly is subtle and eye changes are absent, a thyroid
echography should be performed. The radioactive iodide
uptake (RAIU) should be reserved for patients in whom a
discrete nodule(s) is palpable or evident at ultrasonography.
In patients with a toxic nodule, iodide uptake will localize
to the nodule and the signal in the surrounding tissue
will be low, secondary to TSH suppression. Thyrotoxicosis
factitia can be recognized by a low RAIU and serum TG,
in the presence of thyrotoxicosis and suppressed TSH levels.
If thyrotoxicosis has been present for less than 8 weeks,
transient thyrotoxicosis secondary to subacute thyroiditis or
the thyrotoxic phase of AT should be considered. An elevated
sedimentation rate supports subacute thyroiditis whereas
increased TPO and TG without increased TSHr antibody
titers supports the latter. RAIU was used in the past decades
to distinguish thyrotoxicosis due to the different forms
of thyroiditis (increased release of thyroid hormone—low
RAIU), from the more common GD (increased production
of thyroid hormone—high RAIU), but the measurement of
TSHr antibodies may now offer an effective tool to make
the correct diagnosis, and RAIU is no more indicated for
differential diagnosis. Anti-TSHr antibodies are commonly
present in GD, whereas they are absent from AT and in
the other forms of thyrotoxicosis. The sensitivity of two
frequently used serum anti-TSHr antibody assays is cited
to be 75–96% for TBII (a competitive binding assay with
TSH) and 85–100% for TSAb measurements (a bioassay
of TSH receptor activation) in untreated GD patients. A
false negative rate of 10–20% has been documented for
serum anti-TSHr antibodies in GD, presumably due to
the inadequate sensitivity of the assays, or the exclusive
intrathyroidal production of autoantibodies.

In practice, the measurement of anti-TSHr antibod-
ies is routinely used in children to avoid RAIU, as the
combination of clinical signs, symptoms of thyrotoxicosis,
and positive autoantibodies, in the absence of a nodule
at ultrasonography, is virtually diagnostic of GD. There

Table 5: Differential diagnosis of thyrotoxicosis in children.

Thyrotoxicosis associated with sustained hormone overproduction
(hyperthyroidism). High RAIU

Graves’ disease

Toxic multinodular goiter

Toxic adenoma

Increased TSH secretion (TSH secreting adenomas)

Thyrotoxicosis without associated hyperthyroidism. Low RAIU

Thyrotoxicosis factitia

Subacute thyroiditis

Chronic autoimmune thyroiditis

Ectopic thyroid tissue (struma ovarii, functioning metastasis

of differentiated thyroid cancer)

is a subgroup of patients who have a subnormal but not
severely depressed TSH (usually 0.1–0.3 micro IU/mL)
and normal serum concentrations of thyroid hormones.
These patients are generally asymptomatic and the term
“subclinical hyperthyroidism” has been applied to their
condition. In elderly people, a low serum TSH concentra-
tion has been associated with an increased risk of atrial
fibrillation, but no similar risks have been identified in
the paediatric population [83]. Furthermore, several studies
indicate that approximately half of patients with subclinical
thyrotoxicosis will experience a spontaneous remission [84].
The initial detection of a suppressed TSH concentration,
without elevated levels of thyroid hormone or associated
symptoms, should be addressed simply by repeating thyroid
function tests in 4–8 weeks. Assuming there are no specific
risk factors such as a history of cardiac disease, asymptomatic
children with subclinical hyperthyroidism can be followed
with the expectation that TSH suppression due to transient
thyroiditis will resolve spontaneously and that due to GD or
autonomous secretion will declare itself clinically over time.

3.4. Antithyroid Medications. The treatment of hyperthy-
roidism due to GD may be divided into two categories,
antithyroid medications and definitive therapy. The thion-
amide derivatives, methimazole (MMI) and propylthiouracil
(PTU), are the most commonly used antithyroid drugs
[85]. Both thionamides block thyroid hormone biosynthesis
and PTU, when used at doses over 450–600 mg per day,
have the additional action of inhibiting the extrathyroidal
conversion of T4 to T3. The recommended starting dose is
0.5–1.0 mg/kg per day for MMI and 5–10 mg/kg per day
for PTU. Both drugs cross the placenta, although PTU does
so less and is preferred during pregnancy. Although both
are present in human milk, their concentrations are low,
and breastfeeding may be continued. Due to its longer half-
life, MMI can be administered once or twice a day, whereas
PTU should be administered three times a day. Over the 60
years that this medication has been used, reports of PTU-
related liver failure and death have been accumulated. The
risk of severe PTU-induced liver failure is estimated as 1
in 2000–4000 children. The number of children developing
reversible PTU-induced liver injury is estimated to be at



8 Journal of Thyroid Research

least 1 in 200 children. Routine biochemical surveillance of
liver function and hepatocellular integrity is not useful in
identifying children who will develop liver failure. Children
appear to be at higher risk for PTU-induced liver injury than
adults. PTU should not be used as first line therapy for the
treatment of GD in children. Current PTU use in children
should be stopped in favor of alternate therapies [86, 87].

For the specific situations of severe hyperthyroidism
or thyroid storm, PTU has been the preferred thionamide
because of its blockade of T4 to T3 conversion, through
the inhibition of type 1 iodothyronine deiodinase. In such
patients, a combination of high doses of PTU (up to 1200 mg
per day divided in 4 doses) and inorganic iodine (SSKI: three
drops orally twice a day, for 5–10 days) will speed the fall in
circulating thyroid hormones. Some authors have advocated
a “block and replace” strategy of high-dose antithyroid
medication (to suppress all endogenous thyroxine secre-
tion) combined with levothyroxine replacement. One report
described a lower frequency of recurrence with this approach
[88]. However, all subsequent studies have failed to duplicate
this finding [89]. For the purpose of simplifying therapy
and minimizing the risk of adverse effects, we usually prefer
monotherapy with a single antithyroid medication. After
FT4 level has fallen to the upper end of normal range, the
dose of antithyroid drug should be decreased by one half
or one third. Further dose adjustments are guided by serial
thyroid function tests, initially relying upon the FT4. After
pituitary TSH secretion recovers from suppression, the goal
of maintenance therapy is TSH normalization. The “block
and replace” approach is more complicated, but it can be
useful in small children when the titration and tapering of
the thionamide dose can be difficult: even very small doses
are able to cause hypothyroidism, but the therapy cannot be
stopped too early, due to the elevated risk of recurrence. The
first clinical response to medications is usually evident after
2–4 weeks. Weight loss stops or weight gain occurs. Beta-
adrenergic antagonists may be used as an adjunct during this
interval but, as the cardiovascular manifestations of hyper-
thyroidism are generally well tolerated in children, we reserve
this therapy for symptomatically significant palpitations.
Antithyroid drugs are usually well tolerated, but side effects
are seen more commonly in children than in adults. Thirty-
six serious complications and 2 deaths in children have
been reported to the FDA [90]. Agranulocytosis (defined
as a granulocyte count less than 500/microL) is a serious
idiosyncratic reaction that can occur with either MMI or
PTU. For this reason, a baseline white count should be
obtained prior to the initiation of antithyroid drugs, since
mild neutropenia may be present in the GD patients prior
to the initiation of treatment, and it will be repeated 7–10
days after the start of therapy. Families should be advised
that fever, sore throat, or other serious infections may
be manifestations of agranulocytosis and therefore should
prompt the immediate cessation of antithyroid drugs, the
notification of the physician, and a determination of white
blood cell count.

Reports of long-term remission rates in children are
variable, ranging anywhere from 30–60% [91]. Remission
rates are considerably less in prepubertal (17%) compared

to pubertal (30%) children, but a recent retrospective study
of 76 paediatric patients describes a 38% rate of long-
term remission achieved with more prolonged courses of
antithyroid medication (mean treatment duration of 3.3 yr)
[92]. If the dose of antithyroid medication required to
maintain euthyroidism is 5 mg per day of MMI (or less
for younger children) for 6 months to 1 year and the
serum TSH concentration is normal, a trial of medication
may be offered. Antithyroid drugs can be discontinued
and TSH concentrations monitored at monthly intervals.
If hyperthyroidism relapses, as indicated by suppressed
TSH levels with elevated FT4 levels, antithyroid medications
should be resumed or definitive therapy provided.

3.5. Definitive Therapy. The two options for the definitive
treatment of GD are I-131 and thyroidectomy. Both usually
result in life-long hypothyroidism, and there is no agreement
in the literature as to their indications. Some centers consider
these modalities as options for the initial treatment of
paediatric hyperthyroidism [93–95]. However, considering
that a remission of GD occurs in a significant percentage of
children, at the onset of the disease we recommend a long-
term trial with antithyroid medications (at least 2 years of
continuous therapy). If the disease relapses after stopping
therapy, one of the definitive therapeutical options should be
considered. If patient noncompliance prevents the successful
treatment, or both antithyroid medications must be discon-
tinued secondary to serious drug reactions, the choice of a
definitive therapy is appropriate. Thyroid ablation by I-131
is the first choice definitive treatment in adults, but concerns
over the potential long-term complications of paediatric
radiation exposure have made endocrinologists cautious in
applying this approach to children [96]. The literature about
GD in adults describes an increased relative risk for the
development of stomach cancer (1.3 fold) and breast cancer
(1.9 fold), but no large, long-term, follow-up studies of
patients treated under 16 years of age have appeared [97]. It
is estimated that more than 1000 children have received I-131
for the treatment of GD. To date, there are no reports of an
increase in the incidence of thyroid carcinoma or leukaemia
in this population [96, 97]. Despite the reassurances of
these reports, experience with X-rays and the Chernobyl
nuclear power plant accident indicate that the carcinogenic
effects of radiation to the thyroid are the highest in young
children [98, 99]. This argues for continued surveillance and,
for children who fail antithyroid medication, the provision
of an I-131 dose adequate to destroy all thyroid follicular
cells. Some institutions administer an empiric dose of 3–15
millicuries, or a dose based upon the estimated weight of the
gland (50–200 micro CI per gram of thyroid tissue) [95–97].
Efficacy is dependent upon both thyroid uptake and mass,
and it is more useful to prescribe a dose which will provide
approximately 200 micro Ci/g estimated weight in the gland
at 24 hours. Antithyroid drugs should be discontinued for 3
days prior to the administration of I-131. For children who
are unable to swallow a capsule, a liquid preparation of I-131
is available

Dose = 200 micro Ci/g× g(thy)× 100
% uptake in 24 h

. (1)
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The frequency of acute side-effects is low although vomiting
has been frequently described in paediatric patients [95].
One prospective study of 443 patients ranging from 15 to 85
years of age has raised the concern that I-131 may worsen or
precipitate the development of Graves’ ophthalmopathy in
approximately 15% of cases [100]. Severe ophthalmopathy
is less common in paediatric GD, but a study addressing
the risk of this presentation in children is not available.
The current paediatric literature suggests that the rate of
ophthalmologic exacerbation is similar amongst the various
treatment modalities: 3% after I-131, 2% with thionamide
derivatives, and 9% after subtotal thyroidectomy [88]. A
short course of glucocorticoids is appropriate if there is
rapid progression of ophthalmopathy or as prophylaxis
prior to radioiodine in children with pre-existing severe
ophthalmopathy. Baseline opthalmological assessment at the
onset of treatment is advisable.

Thyroidectomy is rarely used electively for the definitive
therapy of GD, except with massive thyromegaly (over eight
times normal size or thyroid weight >80 g) or for patients
in whom coexisting nodules are suspicious for carcinoma by
fine needle aspiration. A meta-analysis of the paediatric lit-
erature provided the following analysis of surgical treatment:
subtotal thyroidectomy relieved hyperthyroidism in 80% of
patients, with 60% becoming hypothyroid. Total thyroidec-
tomy cured hyperthyroidism in over 97% of patients with
nearly universal hypothyroidism. The overall complication
rate in children included a 2% incidence of permanent
hypoparathyroidism, a 2% incidence of vocal cord paralysis,
and a 0.08% mortality [90]. One large institution has
published a series of 82 children treated surgically over 14 yr
with much better results. Bilateral subtotal resection was
the most frequently performed operation (86%) and, with
a median followup of 8.3 yr. A recurrence rate of 6% is
reported, while no cases of permanent recurrent laryngeal
nerve palsy, permanent parathyroid disease, or death were
observed [101]. The difference between the average compli-
cation rate and those in a single institution emphasizes the
importance of skill and experience in the performance of this
procedure [102]. Postoperative hypothyroidism is expected
and it is easily treated, and all GD patients require life-long
monitoring. We suggest to consider thyroidectomy only for
patients who have persistently failed medical management
or those whose parents or physicians do not wish to proceed
with radioiodine therapy. Based on the results to date, I-131
therapy is an acceptable alternative if the surgical options
are undesirable. I-131 is recommended for all patients who
recur following surgery, due to the high complication rate of
secondary thyroidectomy [103].

3.6. Neonatal GD. Thyroid hormones are necessary for
optimal foetal and neonatal development, and the risk of
malformations may be increased in the newborns to hyper-
thyroid mothers [104, 105]. Lack of thyroid hormones for
more than a few weeks, during vulnerable periods of devel-
opment, involves a risk of permanent cerebral impairment
[106]. Conversely, excess amounts of thyroid hormone are
associated with increased risk of foetal death and may lead
to accelerated bone maturation leading to early epiphyseal

fusion and growth cessation. Also long-term exposure may
lead to ostepenia in adolescence and adulthood [107]. Only
0.6% of infants born to mothers with a history of GD will
develop neonatal hyperthyroidism, due to the transplacental
passage of thyroid-stimulating immunoglobulins. Even after
definitive treatment by I-131 or thyroidectomy, women
with a history of ATDs are at risk for foetal and neonatal
thyroid dysfunction secondary to the persistence of maternal
autoantibodies. The pregnancy of such women should be
considered high risk, and the care should be coordinated
between an experienced obstetrician and an endocrinologist.
Foetal heart rate and growth should be monitored by
regular prenatal ultrasounds. The measurement of anti-
TSHr antibodies during at-risk pregnancies has been recom-
mended as a predictor for the development of foetal/neonatal
GD [108]. Highly experienced ultrasonographers can often
visualize the foetal thyroid. The presence of foetal goiter,
tachycardia, and intrauterine growth retardation suggests
foetal hyperthyroidism. In these rare patients, antithyroid
drugs are administered to the mother to control foetal
hyperthyroidism, this will keep the foetus euthyroid until
birth. After birth, the antithyroid drugs from the mother
will disappear from the foetal circulation within the first
days of life. After some delay, neonatal hyperthyroidism may
develop and remain until the maternal antibodies are cleared.
Paediatricians should be aware that the use of maternal
antithyroid medications near the time of delivery or the co-
transfer of maternal anti-TSHr blocking immunoglobulins
may delay the appearance of neonatal GD [107]. For high-
risk infants, such as those born to mothers with high levels of
anti-TSHr stimulating antibodies or those with a history of
an affected sibling, clinical monitoring and thyroid function
tests at birth and at 1 and 2 months of age are recommended
[109]. An additional set of laboratory tests at 1 week of age
is indicated for infants who have been exposed to maternal
antithyroid drugs in the third trimester. Affected infants
are often flushed, diaphoretic, and hyperkinetic. Goiter is
common and, when severe, can endanger the infant’s airway.
Diarrhoea, vomiting, poor weight gain, and a transient
exophthalmos may be seen. Arrhythmias and/or congestive
heart failure can develop and require treatment with digoxin.
Serum for confirmatory thyroid function tests (TSH, FT4)
should be obtained and treatment initiated immediately.
PTU (5–10 mg/kg per day) or MMI (0.5–1.0 mg/kg per day)
may be administered, orally or by gastric tube, in divided
doses every 8 hours. MMI is preferred following reports of
serious PTU toxicity. Inorganic iodine will speed the fall
in circulating thyroid hormone, using saturated solution of
potassium iodide (SSKI) (48 mg iodide/drop) at the dose of
one drop per day. Iopanoic acid or sodium ipoiodate have
also been used for their iodine content and their capacity
to inhibit the activation of T4 to T3. As in older patients,
adjunctive therapy with beta-blockers (propranolol: 2 mg/kg
per day—in 4 doses) and glucocorticoids (prednisone:
2 mg/kg per day—in 2 doses) may be helpful in severe
cases. Cardiac failure may occur in some cases and require
treatment with digoxin. During the period of foetal and
neonatal hyperthyroidism, the pituitary TSH secretion has
been suppressed and the phase of neonatal hyperthyroidism
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may be followed by a phase of secondary hypothyroidism,
until pituitary TSH secretion is restored.

The cumulative morbidity of neonatal Graves was esti-
mated to be as high as 25% in the past, although it appears to
be considerably lower today [108, 109]. Potential long-term
morbidity includes growth retardation, craniosynostosis,
impaired intellectual function, and central hypothyroidism.
The half-life of maternal immunoglobulin is approximately
14 days, so most cases of neonatal Graves will resolve
after 3–12 weeks (depending upon the initial levels of anti-
TSHr antibodies). The history of maternal illness is critical.
Adolescent women who have GD should know that, even if
they are “cured,” when they become pregnant, their babies
eventually will be at risk.

The differential diagnosis of neonatal thyrotoxicosis
includes the McCune-Albright syndrome, activating muta-
tions of the TSH receptor and thyroid hormone resistance
syndrome [109, 110]. These non-autoimmune etiologies
are rare but should be considered if thyrotoxicosis persists
beyond 3 months of age.
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“Too early to dismiss Yersinia enterocolitica infection in
the aetiology of Graves’ disease: evidence from a twin case-
control study,” Clinical Endocrinology, vol. 69, no. 3, pp. 491–
496, 2008.

[23] S. Chatzipanagiotou, J. N. Legakis, F. Boufidou, V.
Petroyianni, and C. Nicolaou, “Prevalence of Yersinia
plasmid-encoded outer protein (Yop) class-specific
antibodies in patients with Hashimoto’s thyroiditis,”
Clinical Microbiology and Infection, vol. 7, no. 3, pp. 138–143,
2001.

[24] M. H. S. Kraemer, E. A. Donadi, M. A. Tambascia, L.
A. Magna, and L. S. Prigenzi, “Relationship between HLA
antigens and infectious agents in contributing towards the
development of Graves’ disease,” Immunological Investiga-
tions, vol. 27, no. 1-2, pp. 17–29, 1998.

[25] A. Nagasaka, A. Nakai, N. Oda, M. Kotake, K. Iwase, and
S. Yoshida, “Reverse transcriptase is elevated in the thyroid
tissue from Graves’ disease patients,” Clinical Endocrinology,
vol. 53, no. 2, pp. 155–159, 2000.

[26] K. Yokoi, H. Kawai, M. Akaike, H. Mine, and S. Saito,
“Presence of human T-lymphotropic virus type II-related



Journal of Thyroid Research 11

genes in DNA of peripheral leukocytes from patients with
autoimmune thyroid diseases,” Journal of Medical Virology,
vol. 45, no. 4, pp. 392–398, 1995.

[27] N. Figura, G. Di Cairano, F. Lorè et al., “The infection
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To study the role of invariant Natural Killer T cell ( iNKT) cells in autoimmune thyroiditis, we derived two iNKT cell lines from the
spleens of NOD·H2h4 mice, a strain that develops spontaneous autoimmune thyroiditis exacerbated by excess dietary iodine. The
two lines were CD1d-restricted and expressed CD4+, DX5+, and the Vα4Jα281 gene segment, of the T-cell receptor α locus. Upon
stimulation with α-galactosyl-ceramide (α-GalCer), both lines rapidly produced IL-2, IL-4, IFN-γ, IL-10, and TNF-α. Strikingly,
a similar cytokine response was also induced by thyroglobulin, one of the most abundant protein in the thyroid gland and a
major autoantigen in human autoimmune thyroiditis. Transfer of the iNKT cell lines to syngeneic hosts enhanced autoimmune
thyroiditis. Intraperitoneal injections of α-GalCer in iodine primed mice also induced thyroid disease. This paper reports for the
first time that iNKT cells respond to thyroglobulin and enhance autoimmune thyroiditis in iodine fed NOD·H2h4 mice.

1. Introduction

Autoimmune thyroiditis, also known as Hashimoto’s thy-
roiditis, ranks third in prevalence among the autoimmune
disorders in the United States [1], and is determined both
by genetic and environmental factors [2]. Some aspects
of Hashimoto’s thyroiditis can be duplicated using the
NOD·H2h4 mouse, a strain that spontaneously develops
thyroiditis at a low incidence. The incidence and severity
of thyroiditis can be exacerbated by supplementation of
sodium iodine (NaI) in the drinking water; almost 100%
of NOD·H2h4 mice drinking NaI-enriched water for 6 to
8 weeks develop moderate to severe thyroiditis [3, 4]. The
immunopathology of NOD·H2h4 thyroiditis is similar to
that of Hashimoto’s thyroiditis and is characterized by the
development of autoantibodies to thyroglobulin and chronic
infiltration of the thyroid gland by mononuclear cells such as
CD4+ T cells, CD8+ T cells, B cells, and macrophages [4–6].

Little is known about the role of regulatory immune cells
in the pathogenesis of autoimmune thyroiditis. Recent stud-
ies have shown that the iNKT cells are a unique population
of lymphocytes that downregulate several autoimmune dis-
eases, such as type 1 diabetes and experimental autoimmune
encephalomyelitis [7, 8]. Other contrasting studies, however,
have shown that iNKT cells may be pathogenic as shown in
CD8 T cell-induced NOD diabetes [9] and Con A-induced
hepatitis [10, 11]. Thus, since both disease improvement and
exacerbation have been shown, even within the same disease
model (NOD type I diabetes), the decisive role of iNKT cells
in autoimmune pathogenesis remains unclear.

Characteristically iNKT cells share receptors of both T
cells and NK cells (NK1.1 and/or DX5) [9, 12] and have an
alpha chain of their T-cell receptor encoded by invariant gene
segments, Vα14 Jα18 in mice, and Vα24-JQ in humans [13–
15]. Two novel antigenic targets for iNKT cells, an exoge-
nous microbial cell antigen and an endogenous lysosomal
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glycosphingolipid isoglobotrihexosylceramide (iGb3), have
been discovered [16, 17]. Most iNKT cells promptly respond
to a synthetic ligand α-galactosyl-ceramide (α-GalCer) and
secrete a variety of cytokines characteristic of both Th1 (IFN-
γ) and Th2 type (IL-4 and IL-13) responses [18, 19]. iNKT
cells interact with target hydrophobic antigens in the context
of CD1d, a nonpolymorphic, MHC class I-like molecule
usually expressed on conventional antigen presenting cells
(APC) [13, 20]. Several studies have documented extensive
heterogeneity and diversity in iNKT cell populations that
has led to their classification into several subsets [18, 19].
A unique subset of iNKT cells has also been documented
that bears CD1d on their surface, lack NK1.1, and auto-
present α-GalCer in the absence of conventional APC
[21].

Previous studies have shown that adoptive transfer of
thyroglobulin-stimulated splenocytes induced autoimmune
thyroiditis in mice [22, 23]. However, the precise nature
of the specific immune cells that are responsible for trans-
ferring disease has not been well delineated. In this paper,
we describe two lines of iNKT cells that express surface
phenotype of CD4+DX5+, are CD1d-restricted, autopresent
thyroglobulin, and produce both Th1 and Th2 cytokines. We
report that these lines of iNKT cells are nonprotective and
enhance thyroid autoimmunity in iodine-fed NOD·H2h4

mice.

2. Materials and Methods

2.1. Mice. NOD·H2h4 mice were bred and maintained in the
Johns Hopkins University conventional animal facility. Both
male and female mice aged 10 to 12 weeks were used in the
studies. Test mice were fed 0.15% of NaI in their drinking
water and control mice received regular tap water.

2.2. Purification of Mouse Thyroglobulin. Thyroglobulin was
purified as previously described [24]. Briefly, mouse thyroid
glands were dissected and homogenized in protease inhibitor
buffer. Debris was removed by centrifugation and the super-
natant was applied to a 1.6 × 88 cm Sephacryl S300 column
(Sigma-Aldrich chemicals, St. Louis, MO) equilibrated with
PBS at 4◦C. The protein content of each column fraction was
determined by spectrophotometry (OD280) and finally by
BCA protein assay kit (OD560) (PIERCE, Rockford, IL, USA).
Small aliquots of thyroglobulin were collected and frozen at
−20◦C until used.

2.3. Endotoxin Test. During the thyroglobulin purification
process, precautions were taken to avoid any microbial or
endotoxin contamination. All thyroglobulin preparations
were analyzed using quantitative chromogenic QCL-1000
LAL-test kit bought from Bio-Whittaker, Walkersville, MD,
USA. Assay was performed according to the manufacturer’s
protocol. Briefly, a series of twofold dilutions of endotoxin
standards (0.5 EU/mL to 0.008 EU/mL) was prepared. Py-
rogen-free, endotoxin-tested water (EU < 0.03, Invitrogen
Corporation, Carlsbad California) was used to prepare
samples and as a negative control. Serial dilutions of 50 μL of

either test or standard samples were prepared and incubated
for 10 minutes at 37◦C with 100 μL of Limulus amoebolysate,
and then with 100 μL of chromogenic substrate for 6 min-
utes. The reaction was stopped using 100 μL of Stop solution.
The absorbance was read spectrophotometrically at 405 nm
on ELISA plate reader (Dynatech Laboratories, USA). Thy-
roglobulin preparations with <0.125 EU were considered en-
dotoxin-free and were used in all assays.

2.4. Thyroglobulin Antibody-Specific ELISA. Purified thyro-
globulin was coated onto 96 well Immunolon II plates
(Dynatech, USA) at a concentration of 2 μg/mL in carbon-
ate/bicarbonate buffer (pH 9.6) and incubated overnight at
4◦C. The plates were washed 4 times with PBS-Tween 20
(0.05%) and blocked for 2 hrs with 1% BSA-PBS. Plates
were then washed 3 times and incubated overnight with
mouse sera diluted 1 : 100 in PBS. Mouse thyroglobulin-
specific IgG subclasses were detected using appropriate
dilutions of secondary antibodies against IgG1 and IgG2b
(ICN Inc., Aurora, OH). Color was developed with p-
nitrophenylphosphate substrate (Sigma, St. Louis, MO).
Optical density (OD405) was read on MRX plate reader
(Dynatech Laboratories, USA).

2.5. Cell Preparation and Development of Cell Lines.
NOD·H2h4 mice were fed a low dose of sodium iodide
(0.05%) in drinking water for 12 weeks. Spleen mononuclear
cells (MNCs) were isolated by density gradient centrifuga-
tion on Ficoll Paque (Pharmacia, Biotech, Sweden). Cells
were washed and cultured in 24 well plates at a density
of 106 cells/mL with complete RPMI 1640 supplemented
with 10% FBS, 20 IU/mL penicillin, 20 μg/mL streptomycin,
20 mM/L L-glutamine, and 100 μM nonessential amino acids
(all from GIBCO BRL, MD, USA). Bone marrow derived
dendritic cells were used as feeders. IL-2 (10 ng/mL), IL-
4 (100 U/mL), and GM-CSF (50 ng/mL) (PharMingen, San
Diego, CA) were added to the cells every 3-4 days, and the
cells were stimulated with thyroglobulin every 14–18 days.
The cells proliferating in response to thyroglobulin were
selected for emergent cell lines and were then developed
in 96 well plates at a density of 3 × 10−2 cells/mL. Two
lines 1F1 and 2D11 were selected; line 1F1 was derived
twice and named as 1F1.1. Bone marrow derived dendritic
cells from the same mouse strain were used as feeder
layers. Control cell line was derived from an MHC II
matched OVA transgenic mouse. CD4+ cells were isolated
by magnetic separation using CD4 (L3T4) microbeads
(Miltenyi Biotech Inc. Auburn, California USA). Cells were
cultured in 6 well plates in supplemented complete medium
RPMI 1640 and pulsed with 5 μM chicken OVA323–339peptide
(ISQAVHAAHAEINEAGR) (Fort Collins, CO USA) using
adherent APCs for 24 and 48 hours before adoptive
transfer.

2.6. Antibodies and Flow Cytometry. Surface expression of
iNKT cells was analyzed using fluorescein isothiocyanate
(FITC)/peridinin chlorophyll protein (PerCP) conjugated
anti-CD4 (L3T4) and phycoerythrin-(PE-) coupled pan
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NK anti-DX5 monoclonal antibodies (mAb). PE-coupled
mCD1d mAb (clone 1B1) (BD PharMingen, San Diego, CA,
USA) was used to analyze CD1d expression. Intracellu-
lar cytokine expression was measured using monoclonal
antibodies to mouse IL-2, IL-4, IFN-γ, IL-10, and TNF-α
coupled to PE (PharMingen, San Diego, CA). Three-color
staining was used to analyze cell surface markers, and in-
tracellular cytokines using standard protocol provided by
the manufacturer (BD PharMingen, San Diego, CA, USA).
Briefly, developed iNKT cells were stimulated for 4 hours
with 45 μg/mL of thyroglobulin in complete RPMI-1640 and
incubated for last 2 hours with Golgi stop (BD PharMingen,
San Diego, CA, USA). The cells were washed and stained for
30 minutes with cell surface markers followed by cell fixation
and staining with intracellular cytokine markers. Flow cyto-
metric analysis was done on a FACSCalibur with Cellquest
software (Becton Dickinson, Heidelberg, Germany).

2.7. Expression of Vα14Jα281 in iNKT Cells. Mouse iNKT
cells express a TCRαβ that utilizes invariantly the Vα14
and Jα281 gene segments [15, 25]. Total RNA was ex-
tracted from each cell line (RNA easy Mini kit, QIA-
GEN, Valencia, CA) and reverse transcribed using the
primer 5

′
-TGGCGTTGGTCTCTTT-GAAG-3

′
, which binds

to the constant α region of the TCR. PCR amplifica-
tion was then performed using the upstream primers 5

′
-

TCCTGGTTGACCAAAAAGAC-3
′
, which binds to the V

α14 region. The 443 bp amplicon was separated on a 2%
agarose gel.

2.8. Proliferation Assay. A three-day proliferation assay was
performed to test the response of the iNKT cell lines
to thyroglobulin. Cells (2 × 104 cells/well) were cultured
for 72 hours in complete RPMI-1640 along with adher-
ent peritoneal macrophages as APCs and were stimulated
with 45 μg/mL of thyroglobulin. To assess whether the
thyroglobulin-specific proliferation of iNKT cells depends
on CD1d engagement, proliferation assays were performed
with different concentrations of purified mouse anti-CD1d
mAb for blocking (3.0–0.19μg/well, 0 representing no mAb).
Cells were pulsed with 1 μCi of [methyl-3H] thymidine
(Amersham, Pharmacia, NJ, USA) for the last 18 hours.
Proliferation was measured as incorporated [methyl-3H]
thymidine on a matrix 96 direct β-scintillation counter (Wal-
lace, Germany). Data represents mean values of triplicate
wells after 4 minutes of counts on the beta-counter.

2.9. CD1d Tetramer Staining. Recombinant soluble CD1d
protein (gift from Dr. A. Bendelac) was incubated with
thyroglobulin (100 ng) or with a 2 μM solution of αGalCer
in 0.005% Tween 20; unbound protein was removed by
centrifugation dialysis in a Microcon YM-30 tube (Millipore,
Bedford, MA). Tetramers were formed by mixing thyroglob-
ulin or αGalCer-loaded monomers with PE-conjugated
streptavidin (at 5 : 1). Staining was done by incubating cells
on ice for 3 h with tetramers at a concentration equivalent to
3–5 μg/mL of CD1d1. For the IL-2 assay NKT hybridoma was

similarly incubated with loaded CD1d and secretory IL-2 was
measured in the supernatant.

2.10. Adoptive Transfer. iNKT cell lines were incubated
with thyroglobulin for 4 hrs at 37◦C in a humidified, 5%
CO2 incubator prior to transfer into 10-to-12 week-old
NOD·H2h4 mice. The cells were washed twice and resus-
pended in sterile PBS and injected intravenously (i.v.)
on days 0 and 2 at a concentration of 5 × 106 cells/
mouse. All mice were fed 0.15% NaI in their drinking
water 2 weeks prior to cell transfer. Mice were sacrificed
14 days postinjection; thyroids were dissected, and sera
collected for detection of autoantibodies to thyroglobulin.
Control groups received iodine water and injections of
sterile PBS i.v. at same time as test mice instead of cell
transfers. As a control cell line, OVA-specific CD4+ cells
were similarly transferred to iodine fed and age-matched
mice after stimulation with 5 μM chicken OVA323–339 pep-
tide (ISQAVHAAHAEINEAGR) (Fort Collins, CO USA)
using adherent APCs for 24 or 48 hours before adoptive
transfer.

2.11. Tracking of Transferred Cells. In order to track these
cells, iNKT cell lines which were derived from Thy1.2
NOD·H2h4 mice were adoptively transferred to iodine fed
Thy1.1 NOD·H2h4 mice at concentrations described above.
Cells were isolated from the thyroids after 14 days posttrans-
fers and were analyzed after enzymatic digestion by flow
cytometry as previously described [26].

2.12. In Vivo α-GalCer Treatment and Iodine Priming of Mice.
NOD·H2h4 mice were used: experimental group n = 9 and
control groups of Vehicle alone n = 5 and iodine alone group

n = 7. Both males and females were included in the study.
Iodine was supplemented in their drinking water for two
weeks prior to α-GalCer injections. Two α-GalCer i.p. injec-
tions of 100 μg/mouse on days 0 & 7 were given. Mice were
sacrificed on day 14.

2.13. Tissue and Serum Collection. Sera were collected prior
to iodine water treatment (day-14), on the day of adoptive
transfer of cells (day-0), and at day 14 posttransfer. Thyroids
were fixed in 10% buffered formalin for 2 days, and submit-

ted for histological staining. Blood samples were incubated
at room temperature for 30 minutes; sera were collected after
centrifugation and stored at −80◦C until used.

2.14. Histology. Paraffin embedded sections of thyroids were
stained with hematoxylin and eosin and graded from 0 to 4
score based on the extent of mononuclear cell infiltration. A

grade of 0 was assigned for no lesions, 1 for <20% infiltra-
tion, 2 for 20–30%, 3 for >30–50%, 4 for >50% infiltration
of the thyroid.

2.15. Statistics. All comparisons of normally distributed data
were made using Student’s t-test; otherwise, Mann-Whitney
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U test was used. Test values were considered to be statistically
significant from control values at P < .05.

3. Results

3.1. Adoptive Transfer of Cell Lines Resulted in Autoimmune
Thyroiditis. Two iNKT cell lines were derived from the
spleen cells of NOD·H2h4 mice stimulated with thyroglob-
ulin as described in methods. The possible role of these cell
lines in autoimmune thyroiditis was first determined. Adop-
tive transfers were performed with both iNKT cell lines along
with appropriate control cells such as OVA-specific CD4+
cells. Adoptive transfer experiments with both cell lines were
performed in iodine pretreated NOD·H2h4 mice. Mice were
sacrificed at day 14 following adoptive transfer, and results
were analyzed by (i) scoring thyroid histopathology, and (ii)
assessing thyroglobulin antibody by ELISA.

3.1.1. Thyroid Histology Showed Increased Cellular Infil-
tration. Histological analysis of the cellular infiltrates of
mice receiving either cell line 1F1.1 or 2D11 cells revealed
moderate to dense cellular infiltration scoring from 2-3 (30–
50%) as well as intense follicular destruction as compared to
controls (Figures 1(a) and 1(b)). Table 1 shows a summary of
results of disease frequency and severity of lesions developed
postadoptive transfer. Two control groups were used; one
group received iodine but no cell transfer and other did
not receive iodine but did receive equivalent number of
cells as the experimental groups. The control group that
received NaI in their drinking water for same time period
as the experimental group did not develop lesions in the
thyroid except for one mouse that developed a low level of
thyroiditis, probably due to the spontaneous phenotype of
the mouse model. The adoptive transfer of line 1F1.1 resulted
in development of lesion scores from 1–3 in 8 of 12 mice.
Similarly line 2D11 resulted in lesion score of 1-2 in all 4 of
4 mice (Table 1). Adoptive transfer of control OVA-specific
CD4+ cells showed no infiltration of the thyroid glands in
any of the mice (Table 1).

3.1.2. Thyroglobulin Antibody Levels Increased after Adoptive
Transfer of NKT Cells. Thyroglobulin-specific IgG1 and
IgG2b autoantibody subclasses were detected in the serum
of iNKT cell transfer recipients. Figure 2 shows results from
a representative adoptive transfer experiment from line
1F1.1. Significantly increased levels of IgG1 (Figures 2(a)
and 2(b)) (P < .005) and IgG2b antibodies (Figures 2(c) and
2(d)) (P = .02) to thyroglobulin were seen in almost all of
the mice receiving transfers in comparison to control mice
that received NaI alone (Figure 2). Since the production
of autoantibodies to thyroglobulin is indicative of thyroid
autoimmunity, these results suggested that all of the mice
receiving 1F1.1 cells in this particular experiment (n = 9)
developed enhanced response to thyroid autoantigens
culminating in thyroiditis. None of the mice that received
control OVA-specific CD4+ cells developed antibody to
thyroglobulin (data not shown). Since we now knew that
our cell lines could induce autoimmune thyroiditis in

NaI-treated NOD·H2h4 mice, we proceeded to characterize
these cells in detail.

3.2. Proliferative Response of Cell Lines to Mouse Thyroglobu-
lin. To show that the cell lines respond to thyroglobulin, we
performed an in vitro proliferation assay. The two cell lines,
1F1.1 and 2D11, were cultured for 72 hours at a cell con-
centration of 2 × 104/well on irradiated adherent peritoneal
macrophages with 45 μg/mL of thyroglobulin. The same cell
lines were cultured with either ovalbumin or medium alone
as controls. Both cell lines showed a significantly higher
proliferation in response to thyroglobulin (P = 7.9499E −
05); however, both lines also showed a weak response to
ovalbumin (Figure 3). Thus, we hypothesized that iNKT cells
that are strongly responsive to our thyroglobulin preparation
enhance thyroid autoimmunity and contribute to disease.

3.3. Intracellular Cytokine Profiles of Cell Lines. iNKT cells
promptly produce various cytokines in response to α-GalCer.
To determine the intracytoplasmic cytokine expression, the
two lines were stimulated with thyroglobulin or α-GalCer.
Intracellular immunofluorescent staining was performed at
various time points (2, 4, 8, 18, 24, and 48 hours), to deter-
mine the optimal time-point for the intracellular expression
of cytokines from the two lines (data not shown). After
performing the kinetics, we found that both lines expressed
intracellular cytokines within 4 hours of stimulation. The
expression of most cytokines disappeared after 10 hours.
Therefore, the 4-hour time point was used for further assays
and analyses. Interestingly, both cell lines displayed different
patterns of intracellular cytokine production (Figures 4(a)
and 4(b)). Although both cell lines had high numbers of
IL-2-producing cells initially, but upon long-term culture
they lost this ability of IL-2 secretion. Line 1F1.1 showed a
polarization towards Th1 response. High number of IFN-γ
producing cells (approximately 72–82% with thyroglobulin
or α-GalCer resp.) and few IL-4 secreting cells (∼2%)
were recorded as shown in Figure 4(a). Line 2D11 showed
moderate numbers of both, IFN-γ (approximately 50–54%
with thyroglobulin or α-GalCer resp.) and IL-4 (approxi-
mately 28–44% with thyroglobulin or α-GalCer respectively)
producing cells (Figure 4(b)). Thus, line 2D11 showed a
different cytokine profile as compared to line 1F1.1. IL-10
was found in significant proportions of cells in both the
lines with 25–70% in 1F1.1 (with thyroglobulin or α-GalCer
resp.) and 38–42% in line 2D11 (with thyroglobulin or α-
GalCer, resp.). TNF-α was found in almost all the cells of line
1F1.1 but only 30–35% cells of line 2D11. Thus, although the
variation in the numbers of cytokines secreting cells existed
among the two lines, the pattern of cytokines within the lines
in response to either thyroglobulin or α-GalCer was similar.
Furthermore, upon repeated stimulation, the percentages
of cytokine producing cells of a particular line remained
constant (Figure 4 represents data from one representative
experiment).

3.4. Characterization of the Phenotype of Cell Lines. iNKT
cell lines that proliferated in response to thyroglobulin and
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(a) (b)

Figure 1: A representative figure of thyroid gland histology from a control mouse and a adaptively transferred with NKT cell line 1F1.1 is
shown after hematoxylin and eosin (H & E) staining. (a) Normal thyroid histology showing follicles surrounded with thyrocytes. (b) Section
from thyroid gland after 14 days after adoptive transfer of iNKT cells line 1F1.1. Cellular infiltration and disruption of normal thyroid
histology was observed. The thyroid histology was assessed as a 5-point score as described in Table 1.

Table 1: Incidence and severity of thyroiditis after transfer of iNKT cell clones to NOD·H2h4 mice.

2-week administration of NaI Transferred iNKT cell clone Thyroiditis incidence
Thyroiditis severity∗

0 1 2 3 4

Yes — 1/12 11 1 0 0 0

No 1F1.1 0/4 4 0 0 0 0

Yes 1F1.1 8/12 4 3 4 1 0

Yes 2D11 4/4 0 1 3 0 0

Yes CD4+ (OVA specific) 0/4 4 0 0 0 0

Yes α-GalCer 5/9 4 1 3 0 1

Yes Vehicle 1/7 6 1 0 0 0
∗

Thyroiditis severity was scored as follows: 0 for no lesions, 1 for <20% infiltration, 2 for 20–30%, 3 for >30–50%, and 4 for >50% infiltration of the thyroid.

produced both Th1 and Th2 type cytokines were character-
ized for the expression of various cell phenotypic markers.
The cells were stained for the characteristic surface markers
associated with T cells (TCRαβ, CD4, and CD3) and NK
cells (DX5, a pan-NK cell marker). Unstimulated cell lines
were also stained to determine the constitutive expression of
various surface markers. Both the cell lines in resting as well
as stimulated states expressed surface markers for TCRαβ+,
CD4+, CD3+, DX5+, and CD69+ as shown in Table 2. In
addition to common iNKT cell markers, our iNKT cells
also expressed CD1d on their surface. In order to detect
whether macrophages could be present in the cell cultures,
accounting for CD1d expression, macrophage/dendritic cell
markers (Mac1, CD80, and CD86) were also tested. None of
the cell lines showed detectable levels of such markers for
macrophages, dendritic cells, or other populations such as
CD8+ or B220+. However, coexpression of CD4+ and DX5+

was detected on 95–99% cells of both cell lines (Table 2,
Figure 5). It is not surprising that NK1.1, a common marker
for NK cells, was not observed on the cell lines since NK cells
from parental NOD mice do not display this allelic marker
[12].

Although these results suggested that the lines are in-
deed a subset of iNKT cells, further confirmation was re-
quired. A classical characteristic of most iNKT cells is their
restricted usage of the invariant chain TCRαβ encoded
by Vα14Jα281 gene rearrangement [14, 15]. Importantly,
both cell lines expressed Vα14Jα281 as shown by RT-PCR
(Figure 6). In contrast, a CD4+ NK1.1−/DX5− T cell clone,
used as a negative control, did not show any such expression
(Figure 6). These results confirm that the cell lines produced
and stimulated by our thyroglobulin preparation derived
from NOD·H2h4 mice are a subset of iNKT cells. Hence,
the mixed Th1/Th2 cytokine profile from these cells as
shown above is not surprising, since autoimmune thyroiditis
shows both Th1 and Th2 cytokines with disease pathology
[5, 27], and iNKT cells are also known to release large
amounts of both types of cytokines following four hours of
stimulation.

3.5. CD1d-Restriction of iNKT Cell Lines. Most iNKT cell
subsets recognize lipids or hydrophobic peptide antigens in
the context of CD1d, that is usually expressed on antigen
presenting cells [28]. We found that our iNKT cell lines
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Figure 2: Adoptive transfer of iNKT line 1F1.1 in 8–10-week-old syngeneic mice induced antibodies to thyroglobulin. Mice in panels (a)
and (c) received pretreatment of iodine and received iNKT cells. Both, IgG1 and IgG2b (a and c) antibody titers in the treatment groups
(posttransfer day 14) were significantly higher as compared to the control group of mice (b and d). Shown IgG1 with P < .005 and IgG2b
with P = .02. Control group mice on panels (b) and (d) received iodine pretreatment but no cells. No significant increase in the antibody
titer to thyroglobulin was seen in control groups.

expressed CD1d and proliferated in response to thyroglob-
ulin in the absence of conventional APCs (Figure 7). The
proliferation assay results suggested that CD1d bearing iNKT
cells are capable of auto-presenting antigen in absence of
conventional APCs as described earlier by Hameg et al. [21].

To test the dependence of the cell lines on CD1d for stim-
ulation by thyroglobulin, we blocked CD1d using a CD1d
monoclonal antibody (mAb). We found that thyroglobulin-
specific proliferation was completely abrogated in a dose-
dependent fashion with CD1d mAb treatment, whereas
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Figure 3: In vitro response of iNKT cells to thyroglobulin. A 72-hour proliferation assay was performed in response to 45 μg/mL of
thyroglobulin. [3H]-thymidine incorporation was used as an indicator of stimulation response. Both cell lines showed a significantly higher
proliferation in response to thyroglobulin. A few cells also proliferated in response to Ovalbumin (Ova). Results are expressed as mean
counts/4 minutes of [3H]-thyrmidine uptake. (Representative of 3 independent experiments).
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(b) Line 2D11

Figure 4: Cytokine response of two iNKT cell lines. Cells were stimulated with thyroglobulin or α-GalCer four hours prior to staining.
Intracellular cytokine expressions were then detected by flow cytometry as described in methods. Both lines showed a burst of cytokines
after 4 hours of stimulation. (a) Line 1F1.1 showing high levels IFN-γ, but low levels of IL-4. (b) Line 2D11 showing elevated levels of both
IFN-γ and IL-4. Data represents percent of total iNKT cells expressing intracellular cytokines.

unblocked cells efficiently proliferated in response to thy-
roglobulin stimulation (Figure 7).

To confirm the CD1d specificity of iNKT cell lines, we
used tetramers for CD1d. FACS staining using α-GalCer-
CD1d-specific tetramers confirmed that the lines are iNKT
cells. Clones cells gated on CD4+DX5+ were found to be
>88% positive for CD1d tetramer staining (Figures 8(a) and
8(b)). These results verify that our cell lines are functionally
CD1d-restricted and recognized α-GalCer like typical iNKT
cell clones.

3.6. In Vivo Treatment of α-GalCer Enhanced Thyroiditis in
NOD·H2h4 Mice. Mice were given two α-GalCer injections

i.p. after a short period (two weeks) of iodine treatment. As
shown in Table 1, 55% of mice that received α-GalCer in-
jections developed infiltration of the thyroid gland after 14
days. Approximately 22% of mice (2 of 9) also developed
autoantibody to thyroglobulin (data not shown). From
the control group, only 14% of mice (1 of 7) developed
low-grade thyroid histology, but none of them developed
detectable levels of thyroid autoantibody (Table 1).

3.7. Tracking iNKT Cells in the Thyroids. Since iNKT cells
contribute to autoimmune thyroid autoimmunity in trans-
fer experiments, it is important to determine the site of
action of their adoptive transfer. To address this question
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Figure 5: Surface phenotypic expression of two iNKT cell lines by two-color flow cytometry. Cells stained with mouse monoclonal antibody
CD4-PE and DX5-FITC were analyzed after a side scatter versus forward scatter gate on live lymphocytes. Both iNKT clones showed a
double-positive expression CD4+DX5+ on their surface. Line 1F1.1 showed a pure population of >98% and line 2D11 >95%.

2D
11

1F
1

1F
1.

1

C
D

4+

H
2
O

400 kDa

Figure 6: Expression of Vα14 Jα281 on iNKT cells. Mouse iNKT
cells express a TCRαβ that utilizes invariant Vα14 and Jα281 gene
segments. RT-PCR using specific primers showed that lines 1F1,
1F1.1 subderived line of 1F1 and 2D11, all expressed Vα14Jα281
region, whereas a standard CD4+ T cell clone was negative for this
expression. The 443 bp amplicon was separated on a 2% agarose gel.

we performed adoptive transfer experiments using iNKT
cell lines from NOD·H2h4 mice with Thy1.2 expression
into NOD·H2h4 mice expressing Thy1.1. The cells were
transferred in a similar manner as described earlier. Thyroids
were collected for disease assessment 14 days following cell
transfers. Single-cell suspensions were prepared and analyzed
for detection of Thy1.2 iNKT cells. No infiltrating Thy1.2
expressing iNKT cells were detected by flow cytometry
analysis (data not shown). However, we could detect CD45+

infiltrating lymphocytes on day 14, indicating disease pro-
gression. We interpret these results to show that (i) these cells
were short lived and/or (ii) influenced disease development
indirectly through their cytokines most probably in the local
lymph nodes but not intrusive in the thyroid gland itself.

4. Discussion

In this paper, we report that adoptive transfer of iNKT
cell lines enhanced spontaneous thyroiditis in susceptible
recipient mice. The characterization of the cell lines was
established initially by detecting the surface phenotype of
both CD4+ and DX5+ (a pan-NK cell marker), and then by
the expression of invariant TCR α-chain: Vα14Jα281. Both
cell lines were found to coexpress CD4+ and DX5+ on their
surface. NK1.1, a marker commonly used to identify NK
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Figure 7: Demonstration of CD1d dependence of iNKT cells.
Proliferation of line 1F1.1 in response to thyroglobulin was assessed
after blocking CD1d. Different concentrations of mouse CD1d
mAb were used starting from 0.0–3.0 μg/well. Concentration 0
represents no blocking. Proliferation in response to thyroglobulin
was abrogated after CD1d blocking showing that iNKT cells
recognized thyroglobulin in a CD1d-dependent manner. [3H]
thymidine incorporation was measured as an indicator of prolifer-
ative response. Data represents mean CPM of triplicate wells from
each concentration.

cells, was not detected on either of cell lines. This is not
surprising since NOD mice, along with many other mouse
strains do not express the NK1.1 antigen [12]. The expression
of DX5 protein has been shown to be positive for all mouse
strains studied and hence has been widely used as a marker
to identify NK cells [9, 13]. The overall phenotypic analysis
of the cell lines indicated that the vast majority of cells within
the culture, at least 95–99% of the cells, expressed the iNKT
cell phenotype.

In order to gain a better understanding of the functional
characteristics of the iNKT cell lines, we examined their
response to thyroglobulin or ovalbumin stimulation. In
addition to proliferation in response to thyroglobulin, both
lines responded weakly to ovalbumin. CD1d is known
to have a much deeper groove than the classical MHC
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molecules, which binds with a high affinity to glycolipids and
hydrophobic peptides [28]. It is known that the hydrophobic
end of ovalbumin also binds to the CD1d groove with high
affinity. Perhaps thyroglobulin, having many hydrophobic
areas, is similarly presented by CD1d to iNKT cells [29]. Even
though subsets of iNKT cells recognize antigens presented
by CD1d, little is known about the role of exogenous
hydrophobic peptide antigens, such as thyroglobulin or other
natural ligands, in the processing, presentation, selection,
and development of iNKT cells. Our proliferation data
suggest that thyroglobulin, or a derived peptide, may be a
candidate ligand for CD1d-dependent iNKT cell stimulation
in iodine-fed NOD·H2h4 mice. Iodine modification may still
further contribute to the hydrophobic nature and stability of
the thyroid autoantigen [30, 31].

The presence of CD1d on the surface of the iNKT
cell lines suggests that these cells may be able to present
thyroglobulin in an autocrine or paracrine manner. Because
CD1d blocking inhibited the stimulation of these cells, it
confirmed their CD1d restriction. However, it is not yet
clear how thyroglobulin is processed. A study on char-
acterization and sequence of human thyroglobulin (hTg)
recognized the disease-inducing effect of a 40-amino acid
(F40D) peptide from hTg. The pathogenic F40D peptide of
human thyroglobulin was found to be highly hydrophobic
in nature and located at the end of the second third of
the thyroglobulin molecule. Injection of this peptide into
thyroiditis-susceptible CBA/J mice strain induced severe
autoimmune thyroiditis [32]. It is a possibility that iNKT
cells may recognize hydrophobic peptide F40D or a similar
hydrophobic peptide, leading to pathogenicity in NOD·H2h4

similar to CBA/J. Alternatively iNKT cells may autopresent
antigen by a mechanism similar to a subset of CD8+

T cells that autopresents α-GalCer [21]. Recent studies
demonstrate that human CD1d restricted T cells via αβTCR,
under certain inflammatory and autoimmune conditions,
are capable of recognizing molecular structures of nonlipid
small peptide molecules [33]. It appears that processing
of antigen may take place by more than one way in vivo

depending on the nature of antigen resulting in generation
of pathogenic immune responses against more than one
epitope of thyroglobulin. A recent study has shown that a
plasminogen-like protein that is present in the apical region
of thyroid epithelial cells naturally degrades thyroglobulin
in order to maintain the concentration of thyroglobulin
in the lumen of thyrocytes [34]. We speculate that during
this process of degradation small hydrophobic antigenic
fragments are formed that could be presented to iNKT
cells in context of CD1d. Therefore, studying the factors
promoting pathogenic epitopes during the processing and
presentation of thyroglobulin by CD1d-bearing APCs should
help to learn more about the recognition of thyroglobulin by
iNKT cells and their role in disease pathogenesis.

The unique capacity of iNKT cells to promptly release
cytokines upon antigenic stimulation is thought to be
the basis of their regulatory functions during the effector
phase of the immune response, especially in regulation of
autoimmune disorders [8, 35]. iNKT cells may downregulate
disease either by secreting cytokines that are protective [7] or
by recruiting tolerogenic dendritic cells [36]. FACS analysis
of the intracellular cytokine profiles of our iNKT cell lines
revealed a diverse cytokine profile representing both Th1
and Th2 types after 4 hours of thyroglobulin stimulation
(Figure 4) as supported by previous studies from iNKT cells
stimulated in vitro [37, 38] or in vivo [39]. The diverse
cytokine profiles of iNKT cells are known to be related to
the nature of the antigen that stimulates them [38, 40]. For
example, α-GalCer has been used to determine the functional
significance of iNKT cell populations in the protection
or prevention of autoimmune diseases such as type 1
diabetes and experimental autoimmune encephalomyelitis
where protection of mice was associated with biased Th2
response [35, 40].

Stimulation of our iNKT cell lines with thyroglobulin
or α-GalCer revealed only slightly different cytokine profiles
between the two lines. After stimulation with either thy-
roglobulin or α-GalCer, both cell lines rapidly produced
certain key cytokines such as IL-2, IL-4, IFN-γ, IL-10, and
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Table 2: Surface phenotype of two lines of iNKT cells. Both lines expressed markers for T and NK cells.

Surface markers 1F1.1 2D11 CD4 (control)

T-cell markers

TCRαβ + + +

CD3 + + +

CD4 + + +

CD8 − − −
CD69 + + +

NK cell markers

DX5 + + −
NK1.1 − − −
Ly6 + + −

APC markers

CD1d + + −
Mac1 − − −
CD80 − − −
CD86 − − −

TNF-α. Although the iNKT cell lines produced slightly
different cytokine levels, both were capable of enhancing
disease in genetically susceptible mice. Since iNKT cells
were stimulated only with the thyroglobulin preparation,
as presented by CD1d molecules, different epitopes of
thyroglobulin could possibly be a ligand of iNKT cells.
We thus suspect that in NOD·H2h4 mice and possibly in
susceptible humans, autoimmune thyroiditis is enhanced
indirectly by the cytokine products of iNKT cells in response
to thyroglobulin stimulation.

Although Th1-type CD4+ T cells are considered to be
the predominant contributors to the initiation and persist-
ence of autoimmune thyroiditis [5, 41], our study using
thyroglobulin-stimulated iNKT cell lines that express IL-
2, IFN-γ, IL-10, and TNF-α implicate a role for iNKT
cells in the enhancement of autoimmune thyroiditis. A
significant increase in serum levels of IgG1 and IgG2b
antibodies to thyroglobulin 14 days after adoptive transfer
of iNKT cell lines further suggests a key role of iNKT cells
in the enhancement of thyroidal autoimmunity. The precise
mechanisms involved in the enhancement of autoimmune
thyroiditis by these iNKT cell lines are still unclear. Work
by other investigators has clearly demonstrated that NKT
cells promote autoimmune disease under certain conditions
[10, 11, 42, 43]. It has been suggested that the stage of disease
in which NKT cells are introduced into the experimental
system play a major role in the outcome of disease. For
example, if given early, prior to the start of disease the
result is protection, but if given after initiation of disease,
the result is disease enhancement [44]. In our experimental
model of iodine-induced thyroiditis in the NOD·H2h4

mouse, transfer of the 1F1.1 iNKT cell line promoted disease
only in iodine-primed mice, further suggesting that the
role of these cells is enhancement rather than initiation of
disease.

In summary, iNKT cell lines were derived from spleens
of NOD·H2h4 mice by repeated stimulation with a mouse

thyroglobulin preparation. These cell lines have all the
molecular and functional earmarks of iNK T cells. When
these lines were transferred into iodine-primed NOD·H2h4

recipients, thyroid autoimmunity was enhanced. In this
model system of iodine-induced thyroiditis, these iNKT cells
may be producing large quantities of Th1 cytokines, such
as IFNg or TNFα, that dominate a more protective role of
the Th2 cytokine response. These experiments lend further
caution about NKT cell therapy for autoimmune diseases,
as what may be protective in one could lead to disease
enhancement in another.
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Physiological changes during gestation are important to be aware of in measurement and interpretation of thyroid function
tests in women with autoimmune thyroid diseases. Thyroid autoimmune activity is decreasing in pregnancy. Measurement of
serum TSH is the first-line screening variable for thyroid dysfunction also in pregnancy. However, using serum TSH for control
of treatment of maternal thyroid autoimmunity infers a risk for compromised foetal development. Peripheral thyroid hormone
values are highly different among laboratories, and there is a need for laboratory-specific gestational age-related reference ranges.
Equally important, the intraindividual variability of the thyroid hormone measurements is much narrower than the interindividual
variation (reflecting the reference interval). The best laboratory assessment of thyroid function is a free thyroid hormone estimate
combined with TSH. Measurement of antithyroperoxidase and/or TSH receptor antibodies adds to the differential diagnosis of
autoimmune and nonautoimmune thyroid diseases.

1. Introduction

Diagnosing maternal thyroid dysfunction during all stages
of pregnancy is very important for the outcome for both
mother and foetus [1, 2]. Women with hypothyroidism
treated insufficiently with levothyroxine (high serum con-
centration of thyrotropin (TSH) or serum free thyroxine
(T4) in the low normal range) deliver babies with signifi-
cantly lower IQ and/or other inhibited neuropsychological
development [3, 4]. Such offspring outcome has even been
demonstrated in women with a serum concentration of T4
in the low normal range during pregnancy [5].

Prevalence of autoimmune thyroid disease (AITD) is
high in women of reproductive age, whether or not they
are pregnant [6]. AITD not only affects fertility [6], but
may also lead to a decreased thyroid reserve with decreased
availability of thyroxine. This is particularly important in
the first half of pregnancy, in which the foetal development
depends on the delivery of thyroxine from the mother [7, 8].

Although autoimmune thyrotoxicosis, Graves’ disease, is rare
in pregnant women, transfer of TSH receptor antibodies,
which can be either stimulating or blocking, may give rise
to foetal and neonatal thyrotoxicosis or hypothyroidism,
respectively [9, 10].

As a natural consequence of the importance of thyroid
hormones for foetal brain development much focus has been
given to diagnosing both overt and subclinical (or mild)
thyroid dysfunction as early as possible in pregnant women,
recently resulting in international consensus guidelines
[10]. Although the guidelines do not recommend universal
screening of all pregnant women, most specialised clinical
caretakers would attempt at including as many women
as possible in a case finding programme. Women with
autoimmune thyroid diseases or a family history of such
belong to the risk groups [10].

Apart from general global problems in accomplish-
ing this type of care due to financial and/or infrastructure
restrictions, there are also many other reasons why these
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efforts have limited success. One of them is associated
with the biochemical measurements of thyroid function
undergoing many complicated changes during pregnancy,
and the corresponding issue of educating these important
matters to the physicians who are caretakers of pregnant
women. The question of whether precise detection and
adequate treatment of thyroid insufficiency in pregnancy
are feasible is still unanswered but recent progress and
better insights into physiological changes, trimester-specific
reference ranges, and intra- versus interindividual variability
on the assessment of thyroid function in the single pregnant
woman should give a better background for the future
[11–13]. The present paper will focus on the choice of
tests for assessment of biochemical thyroid function in
pregnant women with AITD, together with their strengths
and limitations. Information from two recent guidelines have
been used in part as reference [10, 14] as well as the web-
based textbook: www.thyroidmanager.org/ [15].

2. Physiological Changes during
Pregnancy and Consequences for Thyroid
Function Assessment

Normal pregnancy entails complicated and substantial chan-
ges in thyroid function [15]. The circulating thyroid hor-
mone binding globulin (TBG) increases due to an oestrogen-
induced increase in its production and at the same time the
serum iodine decreases, the synthesis of thyroid hormones
is increased, there are changes in the deiodinase activity,
and, toward the end of the first trimester, when chorionic
gonadotropin (HCG) levels are the highest, a significant
fraction of the thyroid-stimulating activity is from HCG.
Furthermore, thyroid autoimmune activity—reflected by
thyroid autoantibody concentrations in serum—is usually
decreasing due to a general immune suppressive action
from the pregnancy, and finally plasma volume expands
by approximately 50%, resulting in, for example, a lower
serum albumin concentration. Serum concentrations of total
T4 and T3 increase due to the increase of TBG. Serum
concentrations of free thyroid hormones and TSH should
physiologically be within normal limits, except in the short
period of time when TSH may become suppressed due to
the HCG effect (gestational hyperthyroidism). But it must
be emphasised that normal reference ranges from a non-
pregnant population are not to be considered “normal” in
pregnancy. All the above-mentioned physiological changes,
including the high TBG concentration, influence the lab-
oratory measurements even of the free thyroid hormones.
There is therefore a huge risk of false interpretation of thyroid
function tests in pregnancy [16].

3. Biochemical Diagnosis of
Thyroid Dysfunction in Pregnancy

3.1. Measurement of Serum TSH. The most sensitive method
for screening for thyroid dysfunction in a healthy, non-
pregnant population is the measurement of TSH serum
concentration due to the log-linear relationship between

TSH and free T4: even small changes in T4 concentrations
will provoke very large changes in serum TSH. However,
in pregnant women thyroid and pituitary functions are
not stable, and, therefore, measuring TSH is not sufficient
and often inappropriate for the assessment of thyroid
function during gestation. If serum TSH measurement is
used alone, the mother is likely to be insufficiently treated
with levothyroxine for hypothyroidism or overtreated with
antithyroid drugs for thyrotoxicosis, both of which resulting
in maternal hypothyroidism, which in turn seriously affects
the foetal brain development.

A typical example of such biochemical misdiagnosis
during followup of antithyroid drug-treated Graves’ disease
is demonstrated in one of the cases from our tertiary referral
department [17]. A 32-year-old 24-weeks pregnant woman
was referred from a local hospital due to the finding of a large
foetal goitre by routine scan. It was her second pregnancy,
and she had been treated with antithyroid drugs for Graves’
disease for 9 years. This included treatment during a previous
pregnancy 5 years before, which resulted in a male baby
with severely reduced cerebral capacity. Upon referral she
was treated with 20 mg thiamazole daily. She had at the
local hospital been considered sufficiently euthyroid based
on a normal TSH of 2.9 mU/L (population-based reference
range 0.4–4.0 mU/L), total T4 97 nmol/L (60–140 nmol/L),
and free T4 7.8 pmol/L (7–20 pmol/L). She had a high level
of TSH receptor antibodies at 24 U/L (<1.5 U/L). A more
elaborate foetal ultrasound showed a male foetus with poly-
hydramnios and an enlarged thyroid gland with measures of
1.4 × 3.5 × 3.5 cm, which was predominantly intrathoracic.
Cord blood TSH was highly elevated at 34.5 mU/L, and free
T4 was reduced to 13.8 pmol/L. The misdiagnosis of the
thyroid function had been based primarily on the normal
maternal levels particularly of TSH, which were, however,
reflecting a delayed pituitary reaction to the slightly lowered
free thyroid hormone levels. It is mandatory for doctors
taking care of pregnant women with thyroid diseases to have
a thorough knowledge of the evolution of the normal thyroid
function during pregnancy as well as during treatment of
thyroid dysfunction in order to avoid such unfortunate and
unnecessary cases [17].

3.2. Measurement of Total or Free Thyroid Hormones. Mea-
surement of the peripheral thyroid hormones themselves is
complicated by a number of problems, the most important of
which is the relationship to the gestation-induced elevation
of the serum concentration of TBG. Since mostly immunoas-
says are used, biased values can derive from thyroid hormone
antibodies in a woman with autoimmune thyroid disease,
or heterophilic antibodies interfering in either the assays for
TSH or thyroid hormones [18]. The elevated total hormone
concentrations during gestation can display diverse reactions
in the free thyroid hormone assays, either performing by
giving a correct value or in most situations resulting in
either over- or undercorrection. Consequently, results of
free thyroid hormone measurements may very likely be
either over- or underestimated leading to wrong diagnosis. A
more reliable free thyroid hormone estimate is provided by
measurement of total hormone concentrations (T3 and T4)
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and correction for the increased binding proteins by either
direct measurement of TBG (to provide T4/TBG or T3/TBG
ratios) or a T3 or T4 uptake test. The latter can be calculated
into free thyroid hormone indices, but as discussed in a very
recent paper [19] these indices may also be incorrect during
late pregnancy, probably due to insufficient correction of
such extreme elevation of binding proteins, for which the
methods are not designed. A qualitative or semiquantitative
assessment of the total hormone concentrations and binding
protein measurement separately may, however, be useful, and
more so than the single free thyroid hormone results. It is
important to note that the availability of these measurements
depends on the local clinical biochemical laboratory.

From a clinical biochemical point of view total hormone
measurements and creation of free thyroid hormone mea-
surements are strictly the most reliable tests with the highest
precision and accuracy. Very recently free thyroid hormones
have been measured by equilibrium dialysis isotope dilution
tandem mass spectrometry, which provides accurate, precise,
fast, and simple measurements [20–24]. Such methods are,
however, not generally available yet, and most laboratories
still use immunoassays. In a recent paper, 3 immunoassays
were compared with tandem mass spectrometry, and 2 of the
3 assays performed similarly to tandem mass spectrometry
in late pregnancy, even when all 3 assays were dependant on
binding proteins [19]. Thus, overall, the results of thyroid
function testing during pregnancy are still puzzling and
difficult and often even impossible to interpret.

4. Do Trimester-Dependent Reference
Ranges Solve the Problem of Assessing
Thyroid Dysfunction in Pregnancy?

Another problem in thyroid function tests is the population-
based reference ranges, because they depend not only on the
composition of the population and the iodine intake but also
highly on the laboratory methods used. Therefore, there is
a strong need of laboratory-dependent reference ranges, in
order not to rely only on the reference range provided by the
assay manufacturer. Because the progression of pregnancy
and foetal, neonatal, and child health are dependent on
adequate thyroid hormone supplementation throughout
pregnancy, trimester-specific reference intervals for thyroid
functions can be crucial for both maternal and foetal health.
The physiologic changes associated with pregnancy require
an increased availability of thyroid hormones by 40% to
100% to meet the needs of mother and foetus. Trimester-
specific population-based reference ranges in order to correct
for the physiological changes with increasing total hormone
concentration and de- or increasing free hormones and
suppressed TSH have been published from many sources in
recent years [13, 24–37]. This approach will reduce the global
variability of thyroid hormone assessment by approximately
6–18% [27], but it is important to emphasize that, for
this to occur, the use of laboratory and population-specific
ranges is crucial, since measurements by different methods
in different populations do provide very different ranges
(examples shown in Table 1). The table is not extensive but

just examples of the most recent publications are shown.
When producing trimester-specific reference ranges it is
important that seemingly normal women with thyroperox-
idase antibodies should not be included in the population
[36].

5. The Problem of Population-Based
Reference Ranges

Another, probably even more important, problem compli-
cating the use of population-based reference ranges also in
pregnant women is that each individual has its own genetic
setpoint, as it has been shown by Feldt-Rasmussen et al.
[12] and recently by Andersen et al. [38] in a nonpregnant
population. In the initial studies when the methods for
measurement of thyroid function had a lower sensitivity and
higher imprecision the intraindividual coefficient of varia-
tion (CV%) was between 6 and 17% [12], also confirmed in
a recent publication using more modern methods [39], while
the interindividual CV% was 11 to 25%. A more relevant
way of evaluating this is through an individuality assessment
which was in these studies below 0.5, indicating that the
thyroid function cannot be meaningfully assessed by the
populations-based reference ranges [12, 13, 38–40]. Boas
et al. [13] found a similar magnitude of variability in healthy
pregnant women with an interindividual variability of 13–
20% for both total and free T3 and T4, independent of
gestational week, and an intraindividual variability of the
same variables of 8–10%.

It is therefore very possible that also during pregnancy
changes within the same woman are more important than
the specific single measurement in relation to a specific
reference range [13, 41]. In this case it applies also when
using gestation-specific reference ranges, although the latter
have to be considered also. This will result in a reduction of
the total variability of the thyroid hormone function tests.
The mentioned gestation-specific reference ranges should,
however, be assessed in a given population with the given
assays used in the laboratory and should not solely be
based on information from the kit manufacturer, from the
literature, or from another neighbouring laboratory, even if
this laboratory uses the same assay.

6. Thyroid Autoantibodies

The measurement of thyroid autoantibodies in pregnant
women is mainly useful to substantiate the probability of
thyroid dysfunction in biochemically unclear cases, to ensure
a correct differential diagnosis in case of maternal dysfunc-
tion, to predict the risk for development or deterioration
of maternal thyroid dysfunction, and in few situations to
predict for intrauterine and/or neonatal dysfunction [10,
14, 15]. Affection of the foetus and neonate is probably
exclusively related to the presence and placental transfer of
TSH receptor antibodies, which can also predict maternal
hyperthyroidism in 60–70% of cases. When it comes to
hypothyroidism the NHANES III study found almost similar
prevalences of antithyroperoxidase and antithyroglobulin
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Table 2: What to do in clinical practice concerning thyroid function
tests in pregnancy, when diagnosing hypo- or hyperthyroidism,
respectively?

(i) Hypothyroidism:

(a) Serum TSH, evaluation respecting the gestation-induced
suppression

(b) Measurement of antithyroperoxidase antibodies

(c) Sometimes measurement of TSH receptor antibodies and/or
thyroglobulin antibodies

(d) Free T4 estimate

(1) “Direct measurement” with difficulty of interpretation

(2) Measurement of total T4 and T3 uptake test—more reliable

(3) Measurement of total T4 and correcting by 50% increase
for pregnancy/TBG effect

(ii) Hyperthyroidism:

(a) Serum TSH, evaluation respecting the gestation-induced
suppression

(b) Measurement of TSH receptor antibodies

(c) Free T4 estimate/free T3 estimate

(1) “Direct measurement” with difficulty of interpretation

(2) Measurement of total T4/T3 and T3 uptake test—more
reliable

(3) Measurement of total T4/T3 and correcting the nonpreg-
nant reference range by 50% increase for pregnancy/TBG
effect

Adapted from: [10].

autoantibodies in this normal population. However, only
antithyroperoxidase antibodies were significantly associated
with hypothyroidism (as well as with hyperthyroidism),
whereas antithyroglobulin antibodies were not [42].

7. Conclusions

In conclusion, in clinical practice doctors should use all
available thyroid function tests relevant for the diagnosis
of the AITD in question (see Table 2) to avoid the risk of
false interpretations and the resulting potential irreversible
damage to the foetal brain. Both total and free thyroid
hormones are liable to false results during pregnancy, and the
biochemical panel of measurements performed when there is
a suspicion of hypo- and hyperthyroidism should therefore
be supplemented with antithyroperoxidase antibodies, in
case of suspected hypothyroidism [42], and TSH receptor
antibodies, in case of suspected hypo- or hyperthyroidism,
respectively [43]. TSH is insufficient as sole and first-line
diagnostic variable due to the thyroid-pituitary instability
during pregnancy and to suppression during the high peak of
HCG at the end of the first trimester. Only women without
thyroperoxidase antibodies should be included when pro-
ducing trimester specific reference ranges. The finding of
low intraindividual variation of the thyroid hormones in
serum would speak in favour of using the woman’s own
evolution of the thyroid hormones when diagnosing hypo-
or hyperfunction. Since this is for obvious reasons not always

possible, the use of trimester-specific references may at least
serve to reduce the variability and improve diagnostics.

Access to a broad spectrum of thyroid function tests
must be considered a prerequisite for taking proper care
of pregnant women with AITD. Due to the high TBG
concentration, the best laboratory assessment of thyroid
function also in AITD is a free thyroid hormone estimate—
in hypothyroidism a free T4 estimate combined with TSH
and in hyperthyroidism free T4 and T3 estimates combined
with TSH. These free thyroid hormone measurements do
not always correct completely for the binding protein abnor-
malities. Thus, if in doubt, samples should be measured in
another laboratory with different platforms for free thyroid
hormone measurements or combined with total hormone
measurement and a T3 uptake test. Measurement of antithy-
roperoxidase, antithyroglobulin, and/or TSH receptor anti-
bodies will add to the differential diagnosis between AITD
and nonautoimmune thyroid disease. Thus, presence of TPO
antibodies very often predicts the risk of hypothyroidism,
and, in pregnant women with low TSH, hyperthyroidism will
be predicted by TSH receptor antibodies in 60–70%.
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A 36-year-old woman with postpartum hypopituitarism (Sheehan’s syndrome: SS) developed postpartum autoimmune thyroiditis
(PPAT). She delivered a baby by Caesarean section (620 mL blood loss). At 1 month post partum, she developed thyrotoxicosis
due to painless thyroiditis (autoimmune destructive thyroiditis). She was positive for antithyroid antibodies. Postpartum and
hypoadrenalism-induced exacerbation of autoimmune thyroiditis caused the thyrotoxicosis due to autoimmune destructive
thyroiditis. ACTH was undetectable. She had ACTH deficiency and secondary hypoadrenalism. Hydrocortisone was started. At
6 months post partum, she was referred to us with hypothyroidism. Thyroxine was administered. She had thyrotoxicosis at 1-
2 months post partum and then hypothyroidism. She was diagnosed with PPAT. She had hypopituitarism, ACTH deficiency
(secondary hypoadrenalism), low prolactin with agalactia, and low LH with failure to resume regular menses. She had empty
sella on MRI. She was diagnosed with SS. Three cases with SS have been reported to develop PPAT. Postpartum immunological
rebounds and hypoadrenalism-induced immunological alterations (or a combination of the two) might have been responsible for
the PPAT.

1. Introduction

Sheehan’s syndrome (SS), first described by Sheehan in
1937 [1], is postpartum hypopituitarism caused by intra-
partum or postpartum hemorrhage. SS may cause partial
or complete hypopituitarism. It may also cause secondary
hypoadrenalism. Pregnancy and delivery have a profound
effect on autoimmune thyroid diseases during gestation
and the postpartum period [2]. Postpartum transient thy-
rotoxicosis and hypothyroidism have been reported [3,
4]. They are postpartum exacerbation or development of
autoimmune thyroiditis and have been called postpartum
autoimmune thyroiditis (PPAT), postpartum thyroiditis, or
postpartum painless thyroiditis [3–8]. PPAT, postpartum
thyroiditis, or postpartum painless thyroiditis is a mem-
ber of autoimmune thyroiditis (Hashimoto’s thyroiditis)

[9]. The exacerbation and development of autoimmune
thyroiditis have also been reported after adrenalectomy in
patients with Cushing’s syndrome [10, 11]. The decrease
in cortisol after adrenalectomy exacerbates autoimmune
thyroiditis. Exacerbation of autoimmune thyroiditis has been
also reported after cessation of steroid therapy in a patient
with autoimmune thyroiditis and rheumatoid arthritis [12].
Three cases with SS have been reported to develop PPAT [5,
13, 14]. A case with transient thyrotoxicosis due to painless
thyroiditis (autoimmune destructive thyroiditis) following
pituitary apoplexy was also reported [15]. Pituitary apoplexy
and SS may cause secondary hypoadrenalism or a serum
cortisol decrease. This decrease in cortisol may exacerbate
autoimmune thyroid diseases. Steroid hormones decrease
after delivery. Postpartum steroid hormone decrease may
exacerbate autoimmune thyroid diseases.
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We encountered a patient with postpartum hypopitu-
itarism (Sheehan’s syndrome: SS), who developed post-
partum autoimmune thyroiditis (PPAT) (transient thyro-
toxicosis and hypothyroidism). Postpartum immunologi-
cal rebounds and hypoadrenalism-induced immunological
alterations (or a combination of the two) might have been
responsible for the development of PPAT in this patient.

2. Materials and Methods

2.1. Hormone Assays. Serum TSH, free T3, free T4, total
T3, total T4, thyroglobulin, antithyroid peroxidase anti-
body (TPOAb), antithyroglobulin antibody (TGAb), proges-
terone, estradiol, serum prolactin, and plasma ACTH were
determined by electrochemiluminescence immunoassays
(ECLIA) (Roche Diagnostics, Tokyo, Japan). The intraassay
coefficient of variation (CV) was 2.1%, 3.5%, 5.2%, 4.3%,
3.2%, 5.1%, 5.1%, 6.5%, 4.5%, 3.3%, 3.1%, and 3.6%,
respectively, and interassay CV was 3.5%, 8.4%, 9.4%, 9.4%,
8.2%, 7.8%, 9.4%, 10.6%, 9.2%, 6.4%, 6.5%, and 7.2%,
respectively. Serum TSH receptor antibody (TRAb) (TRAb
(human)) was determined by a radioreceptor assay (RRA)
(Yamasa Co., Tokyo, Japan). The intraassay CV was 7.6%,
and interassay CV was 12.4%. Serum cortisol, GH, IGF-1,
and urinary cortisol were measured by radioimmunoassay
(RIA) (TFB, Inc., Tokyo, Japan). The intraassay CV was
5.8%, 3.3%, 3.0%, and 6.8%, respectively, and interassay CV
was 8.9%, 6.5%, 6.2%, and 10.2%, respectively. LH and FSH
were measured by chemiluminescence immunoassay (CLIA)
(Abbott Lab., Tokyo, Japan). The intraassay CV was 3.5% and
3.3%, respectively, and interassay CV was 6.5% and 7.2%,
respectively. Plasma ADH was measured by RIA (Mitsubishi
Chemical Medicine Corp., Tokyo, Japan). The intraassay CV
was 6.1%, and interassay CV was 9.5%. Hormone assays
were performed at the SRL Institute (Tokyo, Japan). Normal
reference ranges for hormone concentrations are described
in the tables, legends for figures, or elsewhere as cited.

2.2. Endocrine and Other Studies. A thyrotropin-releasing
hormone (TRH) test, using 500 µg TRH, was performed to
estimate TSH and prolactin secretion. The test was done in
the morning after an overnight fast. Samples for TSH and
prolactin were drawn at 0, 30, 60, 90, and 120 minutes after
intravenous TRH administration. Peak TSH and prolactin
levels occur at 30 minutes in normal subjects.

A corticotrophin-releasing hormone (CRH) test, using
100 µg CRH (human CRH: Corticorelin), was performed to
estimate ACTH secretion. The test was done in the morning
after an overnight fast. The patient was on bed rest for at least
40 minutes before the first blood sample was drawn. Plasma
ACTH and serum cortisol levels were measured at 0, 30, 60,
90, and 120 minutes after the intravenous CRH injection.
Peak ACTH levels occur at 30–60 minutes in healthy subjects,
while a lack of ACTH secretion is seen in patients with
pituitary ACTH insufficiency.

A gonadotropin-releasing hormone (GnRH) test, using
100 µg GnRH (LH-RH), was performed to estimate LH and
FSH secretion. The test was done in the morning after

an overnight fast. Samples for LH and FSH were drawn
at 0, 30, 60, 90, and 120 minutes after the intravenous
GnRH injection. Gonadotropin deficiency was diagnosed by
subnormal LH and FSH responses to GnRH. TRH, CRH, and
GnRH tests were performed separately.

An insulin tolerance test (ITT) was used to test growth
hormone (GH) secretion. The test was performed in the
morning after an overnight fast. Five-unit insulin was given
intravenously, and glucose and GH concentrations were
measured at −30, 0, 30, 60, 90, and 120 minutes. GH
deficiency was defined by a peak GH response of less than
3 µg/L with low concentrations of IGF-I [16].

Written informed consent was obtained from the patient
prior to publication of this paper.

3. Case Report

A 36-year-old Japanese woman was referred to us at 6 months
post partum with easy fatigability and agalactia (Figure 1
and Table 1, 6 months). She had delivered a full-term baby
by Caesarean section (Figure 1, Delivery). Her blood-loss
was estimated to be 620 mL. During the delivery, she did
not have hypotension and remained normotensive. She was
discharged without any apparent complications. However,
she began to complain of easy fatigability, lassitude, agalactia,
and loss of appetite after the delivery.

She visited a doctor at 1 month post partum (Figure 1
and Table 1, 1 month). A physical examination at that
time revealed a supine blood pressure of 90/48 mmHg. Her
pulse rate was 122/min and temperature was 37.2◦C. An
examination showed moist skin and finger tremors with
clear lungs and a soft abdomen. Exophthalmoses were not
observed. She had thyrotoxicosis clinically. A thyroid func-
tion study demonstrated that she had thyrotoxicosis; serum
free T3 and free T4 levels were elevated, and serum TSH
levels were undetectable (Figure 1 and Table 1, 1-2 months).
She was negative for TRAb. However, she was positive for
TPOAb and TGAb. At 1 month ante partum, her TPOAb
was 3.4 kIU/L and her TGAb was 52.0 kIU/L (Table 1). At 2
months post partum, her TPOAb had increased to 42.2 kIU/L
and her TGAb had increased to 138.4 kIU/L. Her serum
thyroglobulin was 72 µg/L (normal < 32 µg/L), radioactive
iodine uptake was 0.5%/24 hr (normal 10–40%), and thyroid
scanning with radioiodine showed no detectable uptake.
She had thyrotoxicosis due to autoimmune destructive
thyroiditis. Her plasma ACTH was less than 0.4 pmol/L, and
her serum cortsol was less than 5.5 nmol/L. She therefore
had ACTH deficiency and secondary hypoadrenalism; 20 mg
hydrocortisone (HC) was started (Figure 1, 1 month post
partum). The thyrotoxicosis, due to autoimmune destructive
thyroiditis, subsided spontaneously. She became euthyroid.
At 4 months post partum, she had hypothyroidism with a
serum TSH of 6.6 mIU/L (Figure 1 and Table 1, 4 months).

At 6 months post partum, she was referred to us with easy
fatigability and agalactia (Figure 1 and Table 1, 6 months).
On admission, she was well oriented and fully conscious.
Her height was 163 cm, and her weight was 52.7 kg. She was
afebrile with a temperature of 36.5◦C. Her blood pressure
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Figure 1: The clinical course of a patient with postpartum hypopituitarism (Sheehan’s syndrome: SS), who developed postpartum
autoimmune thyroiditis (PPAT) (transient thyrotoxicosis and hypothyroidism). A 36-year-old woman delivered a full-term baby by
Caesarean section (Delivery). At 1 month post partum, she visited a doctor with thyrotoxicosis (Toxico). She was negative for TRAb.
However, she was positive for TPOAb and TGAb. TPOAb- and TGAb-titers increased after delivery. Her serum thyroglobulin was 72 µg/L
(normal< 32 µg/L). Radioactive iodine uptake was 0.5%/24 hr (normal 10–40%). She had thyrotoxicosis (Toxico) due to painless thyroiditis
(autoimmune destructive thyroiditis). Her ACTH was less than 0.4 pmol/L, and her cortisol was less than 5.5 nmol/L. She had ACTH
deficiency and secondary hypoadrenalism; 20 mg hydrocortisone (HC) was started. The thyrotoxicosis subsided spontaneously. At 4 months
post partum, she developed hypothyroidism (hypothyroidism) with TSH 6.6 mIU/L. At 6 months post partum, she was referred to us with
easy fatigability and agalactia. She had hypothyroidism with TSH 16.8 mIU/L. She had thyrotoxicosis (Toxico) at 1-2 months post partum
and then hypothyroidism (hypothyroidism) (PPAT). At 7 months, thyroxine (T4) was started. She had hypopituitarism and empty sella on
MRI (SS). She is now taking 75 µg T4 and 20 mg HC daily. Normal reference ranges: TSH 0.4–4.20 mIU/L, free T3 (free triiodothyronine)
3.5–6.6 nmol/L, and free T4 (free thyroxine) 11.6–21.9 pmol/L.

Table 1: Results of thyroid and adrenal function tests and TPOAb and TGAb at 1 month before delivery (−1 m) (1 month ante partum) and
1–10 months after delivery (1–10 m) (1–10 months post partum).

Months (m)∗ −1 m 1 m 2 m 4 m 6 m 7 m 8 m 9 m 10 m

Free T3 pmol/L 4.9 26.2 28.5 2.5 1.5 1.2 2.3 2.5 3.9

Free T4 pmol/L 15.4 70.8 75.9 4.3 1.4 0.9 8.7 10.9 15.4

TSH mIU/L 2.2 <0.005 <0.005 6.6 16.8 24.8 20.8 17.4 2.8

ACTH pmol/L 11.5 <0.4 <0.4∗∗ <0.4∗∗

Cortisol nmol/L 690 <5.5 <5.5∗∗ <5.5∗∗

TPOAb kIU/L 3.4 42.2 34.1 26.8

TGAb kIU/L 52.0 138.4 126.7 102.3

TRAb IU/L 0.3 0.4 0.5 0.4

Months (m)∗: −1 m: 1 month before delivery (1 month ante partum) and 1–10 m: 1–10 months after delivery (1–10 months post partum). ∗∗Oral
hydrocortisone (HC) had been discontinued for 1 week before the study. Free T3: free triiodothyronine, free T4: free thyroxine, TPOAb: antithyroid peroxidase
antibody, TGAb: antithyroglobulin antibody, and TRAb: TSH receptor antibody. Normal reference ranges: free T3 3.5–6.6 nmol/L, free T4 11.6–21.9 pmol/L,
TSH 0.4–4.20 mIU/L, ACTH 1.70–12.27 pmol/L, cortisol 110–505 nmol/L, TPOAb < 0.3 kIU/L, TGAb < 0.3 kIU/L, and TRAb (TRAb (human)) < 1.0 IU/L.
A patient with postpartum hypopituitarism (SS) developed postpartum autoimmune thyroiditis (PPAT). At 1 month post partum, she had thyrotoxicosis.
She was negative for TRAb. She was positive for TPOAb and TGAb. TPOAb- and TGAb-titers increased after delivery. Serum thyroglobulin was 72 µg/L
(normal < 32 µg/L). She had painless thyroiditis (autoimmune destructive thyroiditis). She had thyrotoxicosis due to destructive thyroiditis. ACTH was less
than 0.4 pmol/L and cortisol was less than 5.5 nmol/L. She had ACTH deficiency and secondary hypoadrenalism; HC was started. At 4 months, she had
hypothyroidism with TSH 6.6 mIU/L. At 6 months, TSH was 16.8 mIU/L. At 7 months, thyroxine (T4) was started. She had thyrotoxicosis at 1-2 months post
partum and then hypothyroidism (PPAT). She had hypopituitarism (SS). She is now taking T4 and HC.

was 100/64 mmHg. Her pulse rate was 72/min. Her skin was
not moist. She had a goiter and delayed deep tendon reflexes.
She had sparse axillary and pubic hairs. She had atrophy
of the breasts and agalactia. She had also failed to resume
regular menses after delivery. Systemic examination did not

indicate any other abnormalities. She had hypothyroidism
with a serum TSH of 16.8 mIU/L (Figure 1 and Table 1, 6
months). Figure 1 shows her clinical course. Since she had
thyrotoxicosis at 1-2 months post partum and then devel-
oped hypothyroidism, she was diagnosed to have postpartum
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Figure 2: Sequential magnetic resonance imaging (MRI) (T1 weighted image: T1WI) demonstrated changes of the pituitary gland. At 2
months post partum, MRI revealed a normal pituitary gland ((a1) T1WI sagittal, (a2) T1WI coronal). At 6 months post partum, MRI
revealed atrophy of the pituitary gland and empty sella ((b1) T1WI sagittal, (b2) T1WI coronal). At 6 months post partum, she had empty
sella on MRI. The arrows indicate the pituitary gland.

autoimmune thyroiditis (PPAT). At 7 months post partum,
thyroxine (T4) was started. She is now taking 75 µg T4 and
20 mg HC daily.

The patient had adrenal insufficiency. The laboratory
evaluation at 6 months post partum had revealed that
she had low plasma ACTH, low serum cortisol (Table 1,
6 months, Table 2), and low urinary cortisol (Table 3(a)).
Table 3(b) demonstrates that she had no ACTH response
to CRH. She therefore had ACTH deficiency and secondary
hypoadrenalism.

She had agalactia. She had low serum prolactin (Tables 2
and 3(b)) and a low prolactin response to TRH (Table 3(b)).
She had failed to resume regular menses after delivery. She
had low LH (Tables 2 and 3(b)) and delayed LH and FSH
responses to GnRH (Table 3(b)).

At 6 months, she had hypothyroidism with a serum TSH
of 16.8 mIU/L (Figure 1 and Table 1, 6 months, Table 2).
The elevated TSH levels indicated that she had primary
hypothyroidism. She was positive for TPOAb and TGAb. She
therefore had primary hypothyroidism due to autoimmune
thyroiditis. Her TSH levels were high, her TSH response to

TRH was delayed, and the magnitude of the TSH response to
TRH was low (Table 3(b)), indicating that the pituitary TSH
response to TRH might be impaired. It is possible that she
had pituitary TSH secretion failure due to SS, in addition
to primary hypothyroidism due to autoimmune thyroiditis
[17].

The GH response to ITT was blunted (Table 3(c)) and
the IGF-1 level was in the lower normal range (Table 2). The
patient therefore had partial GH deficiency. She did not have
diabetes insipidus (Table 3(d)).

The patient was determined to have hypopituitarism,
ACTH deficiency (secondary hypoadrenalism), low prolactin
with agalactia, and low LH with failure to resume regular
menses. Sequential magnetic resonance imaging (MRI)
demonstrated changes in the pituitary gland. At 2 months
post partum, MRI had revealed a normal pituitary gland
(Figure 2(a)), while, at 6 months, MRI revealed atrophy of
the pituitary gland and empty sella (Figure 2(b)).

In summary, a patient with postpartum hypopituitarism
(Sheehan’s syndrome: SS) developed postpartum autoim-
mune thyroiditis (PPAT). She had hypopituitarism (ACTH
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deficiency, low prolactin, and low LH) and empty sella on
MRI (SS). She developed transient thyrotoxicosis at 1-2
months post partum and then subsequent hypothyroidism
(PPAT).

4. Discussion

A patient with postpartum hypopituitarism (Sheehan’s syn-
drome: SS) developed postpartum autoimmune thyroiditis
(PPAT). After delivery, she had agalactia and failure to
resume regular menses and was found to have hypopitu-
itarism and empty sella on MRI (SS). She had transient
thyrotoxicosis at 1-2 months post partum and then devel-
oped hypothyroidism (PPAT). Postpartum immunologi-
cal rebounds and hypoadrenalism-induced immunological
alterations (or a combination of the two) may have been
responsible for the development of PPAT.

SS may cause secondary hypoadrenalism. SS is charac-
terized by a wide spectrum of clinical features. In the past,
hypothyroidism in the postpartum period was considered
in the context of hypopituitarism due to SS. However,
studies over the past several decades have altered this
concept. Exacerbation or development of autoimmune thy-
roid diseases has been reported to occur among women
after uneventful delivery and has been called postpartum
autoimmune thyroiditis (PPAT), postpartum thyroiditis, or
postpartum painless thyroiditis (postpartum autoimmune
destructive thyroiditis) [3–8]. PPAT, postpartum thyroiditis,
or postpartum painless thyroiditis is a member of a group of
autoimmune thyroiditis (Hashimoto’s thyroiditis) [9].

PPAT may involve thyrotoxicosis or hypothyroidism.
The first phase is typically thyrotoxicosis due to autoim-
mune destructive thyroiditis (painless thyroiditis). Then,
the thyroid function returns to normal. Some patients
may subsequently develop hypothyroidism. Three cases with
postpartum hypopituitarism (SS) have been reported to
develop postpartum autoimmune thyroiditis (PPAT) [5, 13,
14].

The criteria for the diagnosis of SS are as follows:
(1) typical obstetric history of intrapartum or postpartum
bleeding, (2) hypotension or shock, (3) agalactia, (4) failure
to resume regular menses after delivery, (5) hypopituitarism,
and (6) empty sella on CT or MRI [18]. Our patient had
(3), (4), (5), and (6). Kaplun et al. [19] reported that
sequential MRI demonstrates evidence of ischemic infarct in
the pituitary gland with enlargement, followed by gradual
shrinkage to pituitary atrophy. In our case, MRI revealed
atrophy of the pituitary gland and empty sella at 6 months
post partum.

SS is described as postpartum hypopituitarism due to
pituitary necrosis caused by hypotension or shock secondary
to massive bleeding during or just after delivery. The exact
pathogenesis and natural history are not understood [18].
The role of autoimmunity, including pituitary autoimmu-
nity, in the development of SS has been also suggested,
since pituitary autoantibody positivity is significantly higher
in SS patients than controls [20, 21]. In SS, pituitary CT
or MRI reveals an empty sella, similar to our patient.

Table 2: Fasting blood hormone levels at 9:00 (6 months post
partum)∗.

Fasting hormone levels at 9:00(normal
references)

ACTH pmol/L <0.4 (1.7–12.3)

Cortisol nmol/L <5.5 (110.4–504.9)

TSH mIU/L 16.8 (0.4–4.20)

fT3 pmol/L [tT3
nmol/L]

1.54 (3.54–6.62) [0.97 (1.23–2.46)]

fT4 pmol/L [tT4
nmol/L]

1.42 (11.58–21.88) [12.9 (78.5–159.6)]

Prolactin pmol/L 104 (266–1328)

GH µg/L 1.0 (0.28–1.64)

IGF-1 µg/L 112 (73–311)

LH IU/L 0.7 (1.13–14.22)

FSH IU/L 2.9 (1.47–8.49)

Progesterone
nmol/L

98.5 (4.07–98.8)

Estradiol pmol/L 607.6 (165.2–1101.3)
∗

Oral hydrocortisone (HC) had been discontinued for 1 week before
the study. fT3: free triiodothyronine, tT3: total triiodothyronine, fT4: free
thyroxine, and tT4: total thyroxine.

Komatsu et al. [22] reported that serum antipituitary
antibodies were positive in 70% of patients with empty sella
and suggested that antipituitary antibodies might be related
to the development of pituitary atrophy and the consequent
empty sella. Our patient had positive tests for TPOAb and
TGAb, indicating that she had had autoimmune thyroiditis.
Both obstetric hemorrhage and autoimmune processes may
affect postpartum hypopituitarism. Immune process might
also be involved in the development of SS [20, 21].

Postpartum autoimmune thyroiditis (PPAT) is believed
to result from the modifications of the immune system dur-
ing pregnancy and delivery. PPAT may involve thyrotoxicosis
and/or hypothyroidism. The first phase is typically thyro-
toxicosis due to autoimmune destructive thyroiditis. Patients
with PPAT have positive TPOAb and/or TGAb. They may
have recurrences after each pregnancy and may eventually
develop hypothyroidism. Any woman who develops PPAT
should be carefully followed up, as she has an increased risk
of developing hypothyroidism.

Three cases with postpartum hypopituitarism (SS) have
been reported to develop postpartum autoimmune thy-
roiditis (PPAT) [5, 13, 14] (Table 4). We herein reported
another case of SS, who developed PPAT. All four cases
had positive TPOAb and/or TGAb. They initially presented
with transient thyrotoxicosis due to autoimmune destructive
thyroiditis. Three of the four patients were Japanese. The
postpartum changes of autoimmune system may be respon-
sible for the development of PPAT. SS also causes secondary
hypoadrenalism, which causes a decrease in cortisol. The
cortisol decrease can then induce immunological alterations.
Postpartum immunological rebounds and hypoadrenalism-
induced immunological alterations (or a combination of
the two) might therefore be the underlying pathogenesis



6 Journal of Thyroid Research

Table 3: Endocrine studies at 6 months post partum.

(a) Urinary cortisol (studied one week after discontinuation of hydrocortisone)

(Normal references)

Urinary cortisol nmol/day <18 (30–230)

(b) CRH, TRH, and GnRH tests (CRH, TRH, and GnRH tests were done separately)

0 min 30 min 60 min 90 min 120 min Response

CRH test (studied one week after discontinuation of hydrocortisone)

ACTH pmol/L <0.4 <0.4 <0.4 <0.4 <0.4 No

Cortisol nmol/L <5.5 <5.5 <5.5 <5.5 <5.5 No

TRH test

TSH mIU/L 17.4 38.1 52.9 57.1 57.7 Delayed

Prolactin pmol/L 43.5 178.3 160.9 165.2 139.1 Low

GnRH test

LH IU/L 0.5 6.6 11.1 13.1 13.7 Delayed

FSH IU/L 2.2 2.6 3.3 3.9 4.3 Delayed

Normal references for basal ACTH, cortisol, TSH, prolactin, LH, and FSH appear in Table 2.

(c) Insulin tolerance test (ITT) for GH releases

−30 min 0 min 30 min 60 min 90 min 120 min

GH µg/L 1.0 1.1 0.8 4.1 3.8 2.5

BG nmol/L 4.6 4.3 2.2 3.1 3.7 4.3

BG: blood glucose. Normal references for basal GH appear in Table 2.

(d) ADH (antidiuretic hormone), plasma osmolality, and urine osmolality at 9:00

(Normal references)

Plasma ADH pmol/L 0.92 (0.28–3.23)

Plasma osmolality mmol/kg 287 (285–293)

Urine osmolality mmol/kg 767 (300–900)

Table 4: Postpartum hypopituitarism (Sheehan’s syndrome: SS) and postpartum autoimmune thyroiditis (PPAT): a review of the literature.

Case Age, yr Nationality ATA∗ Thyroid state∗∗ Publication year Reference

Case 1 38 Japanese Positive Thyrotoxicosis 1992 [12]

“Simultaneous occurrence of postpartum hypopituitarism (Sheehan’s syndrome) and transient resolving thyrotoxicosis due to postpartum
painless thyroiditis”∗∗∗

Case 2 29 Japanese Positive Thyrotoxicosis 1997 [13]

“Painless thyroiditis developed in a patient with Sheehan’s syndrome”∗∗∗

Case 3 30 French Positive Thyrotoxicosis 2002 [4]

“Postpartum autoimmune thyroiditis in a patient presenting with Sheehan’s syndrome”∗∗∗

Case 4 36 Japanese Positive Thyrotoxicosis

“A Patient with postpartum hypopituitarism (Sheehan’s Syndrome) developed postpartum autoimmune thyroiditis (PPAT) (transient
thyrotoxicosis and hypothyroidism)”∗∗∗

ATA∗: antithyroid antibodies (antithyroid peroxidase antibody (TPOAb) and/or antithyroglobulin antibody (TGAb)). Thyroid state∗∗: the patient initially
presented with thyrotoxicosis. ∗∗∗: title of the report. Cases 1, 2, and 3 have been reported previously [4, 12, 13], respectively. Case 4 is presented in this paper.

for the development of PPAT. A case of SS with Graves’
hyperthyroidism has been also reported [23].

Glucocorticoids are the main endogenous anti-inflam-
matory agents in vivo, interfering with every step of immune
and inflammatory responses [24], and are commonly used
in the treatment of autoimmune diseases. The development
of autoimmune thyroid diseases has been reported after

unilateral adrenalectomy for Cushing’s syndrome [10],
after bilateral adrenalectomy in a patient with Carney’s
complex [11] and after removal of ACTH-producing
pituitary adenoma in patients with Cushing’s disease [11].
The importance of endogenous glucocorticoids in the
control of immune conditions is also exemplified by the
increased mortality associated with adrenalectomy in rats
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with experimental allergic encephalomyelitis [25]. Transient
thyrotoxicosis was also reported to occur after cessation of
steroid therapy in a patient with autoimmune thyroiditis
and rheumatoid arthritis [12]. Another patient with hypopi-
tuitarism, following pituitary apoplexy, developed transient
thyrotoxicosis due to painless thyroiditis (autoimmune
destructive thyroiditis) [15]. Pituitary apoplexy and SS cause
ACTH deficiency and secondary adrenocortical insufficiency
(a cortisol decrease). This cortisol decrease may exacerbate
autoimmune thyroid diseases. Hypoadrenalism induces
immunological alterations, which may be associated with
the development of PPAT.

In summary, we experienced a patient with SS who
developed PPAT. Postpartum immunological rebounds and
hypoadrenalism-induced immunological alterations (or a
combination of the two) may have been responsible for the
development of PPAT.
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Glutamic acid decarboxylase antibodies (GADAs) are one of the markers of islet cell autoimmunity and are sometimes present
before the onset of type 1 diabetes (T1D). GADA can be present in Graves’ patients without diabetes; however, the outcome of
GADA-positive Graves’ patients is not fully understood, and the predictive value of GADA for the development of T1D in Graves’
patients remains to be clarified. We investigated the prevalence of GADA in 158 patients with Graves’ disease and detected GADA
in 10 patients. They were followed up to discover whether or not T1D developed. In the course of eight years, 2 patients with high
titers of GADA developed T1D, both had long-standing antithyroid drug-resistant Graves’ disease. Thus, Graves’ disease with high
GADA titer seems to be at high risk for T1D.

1. Introduction

Autoimmune type 1 diabetes (type 1A diabetes) is an organ-
specific autoimmune endocrine disease, which is caused by
immune destruction of pancreatic β cells [1]. Antibodies to
islet-related antigens including glutamic acid decarboxylase
antibodies (GADAs) and insulinoma-associated antigen 2
(IA-2) antibodies are markers for autoimmunity to islet cells
[2, 3]. When these antibodies are positive, the patient’s dia-
betes is usually considered to be type 1 even if they are not
insulin dependent [4–6]. Antibodies to islet-related antigens
are present before the onset of type 1 diabetes (T1D) [7], and
their predictive value for the development of T1D has been
repeatedly investigated in close relatives of T1D patients and
the general population [7–12].

Graves’ disease, which is also an organ-specific autoim-
mune endocrine disease, is frequently associated with T1D
[13]. In these patients, titers of GADA tend to be high [14],

which may indicate powerful ability of producing autoim-
mune process to islet antigens. On the other hand, GADA
is sometimes positive in Graves’ patients without diabetes
[15–17]. In these patients, GADA may exist independently
from β-cell destruction. However, the fate of Graves’ patients
who are positive for GADA is obscure, and the predictive
value of GADA for the development of T1D in Graves’
patients remains to be clarified. We examined GADA in
patients with Graves’ disease and followed up patients who
were positive for GADA for 8 years.

2. Patients and Methods

GADA was measured by a highly sensitive ligand-binding
assay in 158 patients with Graves’ disease (50 untreated, 108
treated) who had not been diagnosed to have diabetes. The
patients were randomly collected by one physician at Ito
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Thyroid Clinic. Most patients other than new patients
were under the treatment with antithyroid drugs. In the
patients who were positive for GADA by ligand-binding
assay (positive when detected), GADA was again measured
by radioimmunoassay (Cosmic Corporation, standard value
was <1.5 U/ml), and antibodies to Islet Cell Antibodies
(ICAs) 512/IA-2 were measured by a ligand-binding assay
(positive when detected). Details of the ligand-binding
assay for GADA and antibodies to ICA512/IA-2 have
been described elsewhere [18, 19]. Glucose intolerance was
assessed by either oral glucose tolerance test or HbA1c (ref-
erence range: 4.3–5.8%) within a half year after the detection
of GADA. Diabetes was diagnosed by criteria of American
Diabetes Association. In the cases in which only HbA1c
was measured for the detection of glucose intolerance, less
than 5.8% was considered to be normal glucose tolerance.
Patients positive for GADA by ligand-binding assay were
followed up whether or not type 1 diabetes developed. In
seven patients whose GADA titers by ligand-binding assay
were relatively high and GADA by RIA were positive, HbA1c
and occasional plasma glucose were measured at least every
two years for eight years. GADA was occasionally measured
by radioimmunoassay. In other three patients who were
negative for GADA by RIA, physicians inquired whether or
not diabetes developed at every visiting to the outpatient
clinic. One patient was dropped out three years after the
initial workup. The patients who were negative for GADA at
the start of the study were not followed up.

3. Results

Ten patients out of 158 (6.3%) were positive for GADA
by the ligand-binding assay. Eight of these patients were
treated with antithyroid drugs (ATDs) and 2 were untreated
(treatment naive). The overall prevalence of positivity for
GADA among treated and untreated patients was 7.4% and
4.0%, respectively (Table 1). GADA was again investigated by
standard radioimmunoassay (RIA) in 9 of the 10 patients,
and 6 were positive (Table 2). In 4 patients, titers by RIA were
over 20 U/ml. ICA512/IA-2 antibodies were weakly positive
in 2 patients. An oral glucose tolerance test was performed
in 5 of the 10 GADA-positive patients. Of these, one patient
showed a diabetic pattern and another had impaired glucose
tolerance (this patient dropped out from study 3 years after
the initial workup). BMI of these patients was 19.9 and 21.0,
respectively. The other 3 patients had normal GTT. HbA1c
levels of the other 5 patients were within the normal range.
During the 8-year followup period, T1D developed with
marked hyperglycemia and ketosis in two patients whose
Graves’ disease was long standing and uncontrollable by
antithyroid drug. One of them showed diabetic pattern in
GTT at the initial work up, but HbA1c was within a normal
range (Section 3.1 and Table 2).

3.1. Case Reports. Patient 1 was a 44-year-old man (at the
diagnosis of T1D), in whom Graves’ disease developed at
age 21. He took an antithyroid drug (ATD), but 10–20 mg
of methimazole was needed to maintain euthyroid. At age

Table 1: Prevalence of GAD antibodies in Graves’ patients who had
not been diagnosed with diabetes at the study start.

Patient number GADA(+) (%)

Graves’ disease 158 10 6.3

untreated 50 2 4.0

treated 108 8 7.4

Difference of prevalence is not statistically significant.

42, GADA was detected. His oral glucose tolerance test
the next year showed a diabetic pattern (FPG 7.8 mmol/L
(141 mg/dL), 2 hours 14.3 mmol/L (257 mg/dL)). HbA1c
was 5.7%. His insulin response to oral glucose was very
low (insulinogenic index, 0.08). GADA by RIA was as
high as 6090 U/ml. Calorie restriction was recommended,
but symptoms of severe hyperglycemia including thirst and
polyuria developed the following year. Plasma glucose was
29.6 mmol/L (534 mg/dL), and urine ketone bodies were
2+. Blood gas analysis did not demonstrate acidosis (pH
7.385). Insulin therapy was started, and the requirement of
insulin was reduced to 2 units/day but increased to 34 to
40 units thereafter. Postprandial C-peptide reactivity (CPR)
was 0.23 nmol/L at 3 years after the onset of diabetic ketosis.
Finally, the patient received semitotal thyroidectomy after the
exacerbation of thyrotoxicosis.

Patient 2 is a 34-year-old woman (at the diagnosis of
T1D). Her grandmother had type 2 diabetes. Graves’ disease
developed at age 14. After ATD therapy, she had remission
at age 19, but Graves’ disease relapsed at age 21. At age
26, Graves’ disease was exacerbated 9 months after delivery.
GADA was detected next year. Postprandial glucose was
5.3 mmol/L (95 mg/dL), and HbA1c was 5.0%. GADA by
RIA was 855 U/ml. Three years later, Graves’ disease was
exacerbated again after her second delivery. She needed
60 mg methimazole to maintain euthyroid and she took
radioisotope therapy, but an antithyroid drug was continued
as she was still thyrotoxic. One year after RI therapy, her
postprandial plasma glucose was 123 mg/dL and HbA1c was
5.6%. GADA by RIA was increased to 1440 U/ml. Next year
T1D developed with the manifestations of hyperglycemia
such as thirst, polydipsia, polyuria, and weight loss. On the
laboratory examinations, plasma glucose was 34.6 mmol/L
(623 mg/dL), HbA1c was 14.1%, urine ketone bodies were
positive, and arterial blood pH was 7.41. After initial therapy
for hyperglycemia, she took 24 units of insulin daily, and her
CPR before lunch was 0.18 nmol/L.

4. Discussion

Type 1 diabetes (T1D) and Graves’ disease, both endocrine
organ-specific autoimmune diseases, frequently coexist and
in combination are classified as autoimmune polyglandular
syndrome type III [13]. There are common genetic back-
grounds for both diseases [20] such as the CTLA-4 gene
[21–23] and PTPN-22 gene [24–27]. In Japanese adults, the
two diseases often develop simultaneously or Graves’ disease
proceeds to T1D [28]. Thus, Graves’ disease is a risk factor
for T1D, as seen in the present study in which two out
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Table 2: Baseline characteristics of the patients with positive GAD antibodies including their antibody titers.

Case
Age at
entry

Sex
duration

(yr)

GADA
(LBA)

0

GADA
(RIA)
u/ml
<1.5

IA-2Ab
0

TRAb
(%)
<10.0

TGHA
(X)
<400

MCHA
(X)
<400

HbA1c
(%)

4.3–5.8
GTT

1 ∗ 42 M 21 >1.300 6090 0.024 63.5 400000 5.7 DM

2 21 F 0 >1.128 >256 neg 400 normal

3 ∗ 27 F 13 0.928 855 neg 21.5 400000 5.0

4 50 F 11 0.790 21.4 neg 7.2 400 100000 IGT

5 26 F 0 0.192 2.6 neg 6.7 1600 25600 normal

6 23 F 5 0.076 neg 24.2 100000

7 25 F 4 0.073 3.3 neg 29.5 400000 4.4 normal

8 42 F 2 0.062 0.5 neg 21.1 4.9

9 25 M 6 0.047 <0.4 0.083 7.0 6400 3.9

10 42 F 12 0.027 <0.4 neg 12.5 4.8

Figures at the bottom of the items are reference values.
∗Cases 1 and 3 developed T1D.
neg: negative.
Age: age at examination of GAD antibodies.
TRAb: TSH receptor antibodies, TGHA: thyroglobulin hemagglutination, MCHA: microsome hemoagglutination.

of 158 patients with Graves’ disease developed T1D during
the course of 8 years.

In this study, the prevalence of GADA in Graves’ patients
without previously diagnosed diabetes was high, similar to
those in previous reports [15–17]. Furthermore, the preva-
lence was high in the treated patients but the difference of
the prevalence between treated patients and treatment-naı̈ve
patients was not statistically significant. Among the patients
positive for GADA, T1D developed in two patients with
long-standing Graves’ disease who were not easily controlled
by antithyroid drug (ATD) therapy. One needed a 10 to
20 mg methimazole for control of the disease and finally
had a thyroidectomy after exacerbation. The other frequently
relapsed and finally had radioiodine therapy. Their titers of
GADA both by ligand-binding assay and radioimmunoassay
were very high. It is conceivable that autoimmune reaction to
islet antigens is strong in the Graves’ patients with high titer
of GADA, and that those patients are susceptible to T1D.

Antibodies to islet antigens are present before the onset
of type 1 diabetes [7]. On the other hand, many individuals
positive for antibodies to islet antigens do not develop T1D.
In Finland, where the incidence of T1D is very high, it
was reported that T1D developed only in 26% of GADA-
positive young subjects from general population over 25
years [29]. In the same study, only 0.26% of GADA-negative
subjects developed T1D. Previous studies have revealed
that positivity for more than 2 kinds of islet-associated
antibodies, especially the combination of GADA and IA-2
antibodies, has predictive value [2]. Of the patients in the
present study who developed T1D, one had IA-2 antibodies
and the other did not. On the contrary, one patient who had
both antibodies in low titers did not develop T1D during
the followup period. The number of patients was small and
we could not obtain conclusive results, but the presence of
both GADA and IA-2 antibodies seems to indicate a high

risk also in Graves’ patients. Screening of GADA followed by
examination of IA-2 antibodies may allow detecting those
patients at greater risk for development of T1D, and careful
followup may provide earlier detection of the onset of T1D
in these patients.

5. Conclusions

We show preliminarily that Graves’ patients with long dura-
tion and high titers of GADA are at high risk for developing
T1D. To clarify what factors are involved in the susceptibility
to T1D in Graves’ disease, greater numbers of patients need
to be followed up intensively over a long period of time.

Abbreviations

GADA: Glutamic acid decarboxylase antibodies
T1D: Type 1 diabetes
IA-2: Insulinoma-associated antigen 2
CPR: C-peptide reactivity
ICA: Islet cell antibodies
ATD: Antithyroid drug
RIA: Radioimmunoassay.
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Cooccurrences of chronic lymphocytic thyroiditis (CLT) and thyroid cancer (DTC) have been repeatedly reported. Both CLT and
DTC, mainly papillary thyroid carcinoma (PTC), share some epidemiological and molecular features. In fact, thyroid lymphocytic
inflammatory reaction has been observed in association with PTC at variable frequency, although the precise relationship between
the two diseases is still debated. It also remains a matter of debate whether the association with a CLT or even an autoimmune
disorder could influence the prognosis of PTC. A better understanding about clinical implications of autoimmunity in concurrent
thyroid cancer could raise new insights of thyroid cancer immunotherapy. In addition, elucidating the molecular mechanisms
involved in autoimmune disease and concurrent cancer allowed us to identify new therapeutic strategies against thyroid cancer.
The objective of this article was to review recent literature on the association of these disorders and its potential significance.

1. Introduction

Thyroid cancer is the most common endocrine malignancy
and was considered responsible for 1600 deaths amongst
300,000 patients diagnosed with the disease in the USA
in 2009 [1]. The incidence of differentiated thyroid cancer
(DTC) in the United States and worldwide continues to
increase, having more than doubled over the past three
decades [2, 3]. A similar trend has been observed in other
countries across Europe, Asia, Oceania, and South America
[4]. In fact, only a few countries have reported a decline in
thyroid cancer incidence: Sweden (18% reduction for both
men and women), Norway (5.8% reduction for women),
and Spain (25.9% reduction for women) [4]. The disease
incidence is increasing in other European countries, such
as Switzerland (5.3%) and France (155.6%) [4]. A common
aspect in all epidemiological reports is that the highest
rate of increase is for small and localized thyroid cancers,
which probably contributes to the stable and relatively

low mortality observed. However, there are several lines of
evidence indicating that the increased incidence of DTC
is also related to other factors, including the increasing
amount of large tumors that would certainly be detected
without the need for more sophisticated or sensitive imaging
methods and a parallel increase of exposure to a series
of environmental factors associated with cancer, such as
exposure to radiation [5, 6]; living in volcanic areas [7];
iodine intake [8, 9]; female gender [10], which might be
related to estrogen, a subject that is being studied for our
group; obesity [11]; and genetic factors that might be related
to susceptibility to DTC [12–17].

A parallel increase has been observed in the incidence of
autoimmune thyroid diseases, such as thyroiditis. Chronic
lymphocytic thyroiditis (CLT) and DTC, mainly PTC, share
some epidemiological features, such as the relationship with
ionizing radiation exposure [6, 18] and dietary iodine [19,
20]; both also share some molecular features [21–28] and are
more likely to occur in women than in men [29–31].
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Although most tumors originate from follicular cells,
they present remarkably different features. In addition,
likewise breast, prostate, and other human neoplasias, micro-
scopic thyroid tumors are frequently found at autopsies
and in surgical specimens [32]. However, the impact of
the immune system, the presence of autoimmune thyroid
diseases, and their relationship with cancer development is a
matter of controversy [4]. Also, literature repeatedly reports
association between CLT and thyroid cancer. Geographically
widespread association and incidence of CLT with thyroid
cancers are shown on Table 1.

2. Concurrent Chronic Lymphocytic Thyroiditis
(CLT), Thyroid Autoimmune Diseases, and
Differentiated Thyroid Carcinomas (DTC)

Hashimoto’s disease and Graves’ disease are the two most
common forms of autoimmune thyroiditis (AT), the archety-
pal organ-specific autoimmune disease in humans. Both are
characterized by lymphocytic infiltrate and autoreactivity
against thyroid autoantigens [43–45].

Chronic lymphocytic thyroiditis (CLT) is an autoim-
mune disease characterized by widespread lymphocyte infil-
tration, fibrosis, and parenchymal atrophy of thyroid tissue.
Hashimoto’s thyroiditis (HT) is characterized by infiltration
of the thyroid gland by inflammatory cells, often followed
by hypothyroidism due to destruction and eventual fibrous
replacement of the parenchymal tissue. In HT, the body
also produces autoantibodies to thyroid-specific antigens
(Figure 1), considering that thyroglobulin (Tg) and thy-
roperoxidase (TPO) are the two primary antigens in AT
[46–48]. HT is characterized by a gradual loss of thyroid
function, goiter, and T-cell infiltration in histology, affecting
women more often than men, with a sex ratio of 7 : 1,
and occurring in genetically susceptible populations, but
lacking a strong association with HLA. The overriding
feature of HT is the progressive depletion of thyroid epithelial
cells, which are gradually replaced by mononuclear cell
infiltration and fibrosis [47, 49, 50]. In thyroiditis, especially
HT, parenchyma of thyroid gland is progressively lost
and replaced by cells of the inflammatory infiltrate that
produce chemokines, cytokines, and growth factors, most of
which are under NF-β transcriptional control. The persistent
stimulation of residual thyrocytes with such molecules could
induce the activation of NF-β in follicular cells, thereby
creating a functional network between thyroid epithelial cells
and inflammatory cells [49].

In a number of human malignancies, the presence of
lymphocytic infiltration in or around a tumor is commonly
viewed as representing a host immune response [52].
Although the presence of tumor-associated lymphocytic
infiltration is widely regarded as representing a host immune
response, the impact of this inflammatory response on
tumor behavior may be variable [28, 53–55]. In addition
to the common occurrence of CLT and papillary thyroid
carcinomas (PTC), it has been suggested that the relatively
high prevalence of apparently indolent PTC in an autopsy
series may represent host immune control [56].

The relationship between CLT and PTC was first pro-
posed by Dailey et al. in 1955 [21]. Since this initial
description, the association between the diseases has been
repeatedly reported and highly debated in the literature,
remaining controversial.

A thyroid lymphocytic inflammatory reaction has been
observed in association with PTC at variable frequency,
ranging from 0.5% to 58% [21–28, 34, 37, 39, 40, 57, 58].
This wide distribution of coexisting CLT and PTC reported
in a number of studies may be due, at least in part, to
differences in the level of histological examination and
criteria of autoimmunity characterization, patient selection
or indications for thyroidectomy, environmental factors
(history of radiation exposure) [59], genetic or population
background [57], and geographic factors (e.g., the amount
of iodine intake) [59–61].

Thyroid autoimmunity is a broad spectrum disease also
manifested as the presence of antithyroid antibody (ATA).
A series of reports indicate a close association between ATA
and malignancy [50, 62], while others are not able to confirm
this association [63–66]. Boi et al. assessed ultrasound- (US-)
guided fine-needle aspiration cytology obtained from 590
unselected consecutive patients with single thyroid nodules
and positive or negative serum antithyroid antibody. Cyto-
logical results were divided into three classes of increased risk
of malignancy: low risk or benign, indeterminate risk, and
suspect or malignant. They suggested that the presence of
antithyroid antibodies confers an increased risk of suspicious
or malignant cytology in unselected thyroid nodules [62];
even this result is not confirmed in other reports [67, 68].

There are reports in the literature on the relationship
between other thyroid autoimmune diseases, such as Graves’s
disease and thyroid cancer. Some studies have suggested
a high incidence of malignant thyroid nodules in patients
with Graves’ disease and hyperthyroidism, and that thyroid
cancer behaves more aggressively when associated with
Graves’ disease, although still controversial [69–72]. As
TSH stimulates growth of metastatic differentiated thyroid
cancer expressing the TSH receptor (TSHR), it is possible
to hypothesize that high levels of anti-TSHR antibodies
of Graves’ patients might stimulate thyroid cancer growth
and early metastatic spread, thus negatively affecting patient
outcome, as reviewed by Belfiore et al. [73]. However, other
studies do not support the suggestions that thyroid cancer
in patients with Graves’ disease is more aggressive than
in either patients with toxic nodular goiter or euthyroid
subjects, suggesting that concurrent Graves disease is not a
good prognosticator [74, 75].

Even in reduced frequency, CLT is also presented in
association with follicular thyroid carcinoma (FTC). Loh
et al. [37] studied subjects with lymphocytic thyroiditis
(LT), including Hashimoto’s thyroiditis and cell lympho-
cytic infiltrates around thyroid neoplasms. Lymphocytic
thyroiditis (LT) was recorded in 125 of 564 patients (22%)
with PTC histology, when comparing with three of 67
patients (4.5%) with follicular or Hürthle cell histology.
They found that patients with LT almost uniformly had
PTC, consistent with the observation by other investigators
[33, 34, 76, 77]. In fact, Souza et al. [38] reported that TPO
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Figure 1: Activation of a self-specific T-cell initiates a cascade of events that amplifies the immune response and involves both CD4 and CD8
T cells, inducing an antibody-mediated response. B: B cells; IFN-γ: interferon-γ; IL-2: interleukin-2; MHCII: major histocompatibility class
II; T: T cells; Tc: cytotoxic T-cell; Th: T helper cell (adapted from [51]).

antibody was present in 14 of 123 patients (11.3%) with PTC
histology, when comparing with one of 50 patients (2%) with
follicular or Hürthle cell histology. In addition, thyroglobulin
antibody (TgAb) was present in 12 of 123 patients (9.76%)
with PTC, while none of FTC patients presented TgAb at
diagnosis, confirming the correlation between concurrent
autoimmunity and PTC histology.

3. Molecular Link between Thyroid Cancer and
Chronic Lymphocytic Thyroiditis

A functional relationship between chronic inflammation and
cancer was first proposed by Virchow, in 1863, and has been
sustained by clinical [41, 78] and epidemiological evidence
[79–82]. Both a causal association and a noncausal associ-
ation have been proposed, and the molecular mechanism
that links inflammation and cancer is not completely clear
so far. A link between thyroid cancer, in particular the PTC
histotype, and AT has long been recognized, although the
precise relationship between the two diseases remains subject
of debate.

Hashimoto’s thyroiditis is characterized by proliferating
nodules as well as by cytological alterations and nuclear
modifications similar to those of papillary carcinomas,
suggesting that both neoplastic and autoimmune diseases
could share the same molecular pathogenesis [83].

The mitogen-activated protein kinase (MAPK) signaling
pathway is a foremost event in the carcinogenesis of the
most common endocrine malignancy, the papillary thyroid
carcinoma (PTC). Affected elements include RET/PTC rear-
rangements and point mutations of the RAS and BRAF

genes. Mutations in these genes are found in over 70% of
PTC, as previously reviewed [84]. Chromosomal RET rear-
rangements, called RET/PTC, result in constitutive ligand-
independent activation of RET kinase, which was the first
genetic anomaly detected in PTC and is found in 5–70%
of tumor samples. Although less frequently, the activation
of other tyrosine kinase receptors, including NTRK1, c-Met,
or EGFR, has also been reported in PTC [85]. The BRAF
mutation represents the most common genetic alteration
found in PTC [86]. More than 90% of BRAF mutations
lead to a change of valine to glutamic acid at position 600
(V600E) [85]. Finally, RAS is the least affected molecule
in the pathway [85]. All of these multisteps of thyroid
carcinogenesis are shown in Figure 2.

Several authors have found RET/PTC rearrangements
in non-neoplastic thyroid lesions, such as CLT [88–90].
In addition, Muzza et al. found RET/PTC1 being more
represented in PTCs associated with autoimmunity than in
PTC without autoimmunity, suggesting that the association
between RET/PTC1 and thyroiditis points to a critical role
of this oncoprotein in the modulation of the autoimmune
response [41]. Rhoden et al. showed that low-level RET/PTC
recombination occurs in nonneoplastic follicular cells of HT
and in a subset of papillary thyroid carcinomas, indicating
that overlapping molecular mechanisms may govern early
stages of tumor development and inflammation in the
thyroid [91]. Kang et al. studied the RET/PTC-RAS-BRAF in
oxyphil cells in the vicinity of large lymphoid HT infiltrates
and in malignant PTC cells. The expression of RET, nuclear
RAS, and ERK proteins is greatly enhanced in PTC cells and
HT oxyphil cells. Thus, the RET/PTC-RAS-BRAF cascade
may be involved in the development of PTC and oxyphil
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Figure 2: Multistep carcinogenesis model of thyroid cancer formation. Formation of benign thyroid tumors occurs as a result of alteration
of various growth factors. Follicular neoplasms are formed from thyrocytes by mutations of RAS and other factors, as shown in the figure.
Papillary cancers are formed by alterations in RET/PTC and other oncogenes. Undifferentiated tumors are formed from differentiated tumors
by mutations of tumor suppressor genes (adapted from [87]).

cell metaplasia in HT. These results show the possibility of
a molecular link between oxyphil cell metaplasia in HT and
the progression of PTC [92].

However, different mechanisms could also explain the
association between CLT and RET/PTC rearrangement
(Figure 3). Chronic inflammation might facilitate the rear-
rangement or, conversely, RET/PTC rearrangement might
promote chronic inflammation. The production of free
radicals, cytokine secretion, cellular proliferation, and other
phenomena correlated with inflammation might predispose
to the rearrangement in follicular cells [93]. It is well known
that leukocytes recruited under an inflammation context
physiologically secrete reactive oxygen species and reactive
nitrogen species. However, these highly reactive metabolites
induce the production of peroxynitrite and other mutagenic
agents, leading to “DNA damage”, for example, mutations in
proliferating cells [94]. Thus, in the case of persistent tissue
damage, O2 and N highly reactive metabolites secreted by
inflammatory cells induce point-mutations, DNA rearrange-
ments, and double-strand breaks [93, 95].

Guarino et al. proposed that cytokines and chemokines
released by inflammatory tumor stroma could sustain the
survival of thyroid cells in which RET/PTC rearrangements
randomly occur, thereby allowing the selection of clones
that acquire additional genetic lesions and thus become
resistant to oncogene-induced apoptosis [93]. In fact, some
reports indicate that RET/PTC might induce apoptosis
[96, 97]. This hypothesis of interaction between RET/PTC
rearrangement and thyroid inflammation is reinforced by
some studies that suggest that thyroid cancer cells, like other
epithelial cancer cells, can produce inflammatory factors
that may facilitate cell survival, preventing apoptosis. Stassi
et al. found that autocrine production of IL-4 and IL-10
promotes thyroid tumor cell progression and resistance to

chemotherapy by the upregulation of antiapoptotic proteins,
such as Bcl-2 and Bcl-xL [98]. Conticello et al. found that
IL-4 protects tumor cells (primary prostate, breast, and
bladder cancer) from CD95- and chemotherapy-induced
apoptosis by the upregulation of antiapoptotic proteins,
such as cFLIP/FLAME-1 and Bcl-x(L) [99]. Todaro et al.
identified that primary epithelial cancer cells from colon,
breast, and lung carcinomas produced interleukin-4 (IL-4),
which amplified the expression levels of these antiapoptotic
proteins and prevented cell death induced upon exposure
to drug agents via downregulation of the antiapoptotic
factors PED, cFLIP, Bcl-xL, and Bcl-2, providing evidence
that exogenous IL-4 was able to upregulate the expression
levels of these antiapoptotic proteins and potently stabilized
the growth of normal epithelial cells making them apoptosis
resistant [100].

On the contrary, RET/PTC rearrangement might induce
chronic inflammation. Russell et al. found that RET/PTC3
alone increases nuclear NF-kappaB activity and secretion
of MCP-1 and GM-CSF. Finally, transfer of RP3-expressing
thyrocytes into mice in vivo attracted dense macrophage
infiltrates, leading to rapid thyroid cell death [101]. In
addition, the same group found that IL1-alpha, IL1-beta,
IL6, TNF-alpha, and the Cox2 enzyme are produced by
RET/PTC3-transgenic thyroid tissue, but absent from non-
transgenic thyroids, providing support for the notion that
oncogene-induced cytokine secretion is important for the
development and progression of thyroid carcinomas in
genetically permissive hosts [102]. Prostaglandin E2, micro-
somal prostaglandin E2, cyclooxygenase 2 (Cox2), IL24, and
other genes coding for proteins involved in the immune
response and in intracellular signal transduction pathways
activated by cytokines and chemokines have been suggested
to be induced by RET/PTC, indicating that the expression
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Figure 3: Putative links between RET/PTC rearrangement and concurrent thyroid inflammation. (a) RET/PTC could drive expression of
several proinflammatory molecules that may elicit concurrent inflammation. Another possibility (b) is inflammation propitiating RET/PTC
rearrangement. Inflammation produces reactive oxygen species and free radicals that may facilitate DNA damage and chromosomal
abnormities, like RET/PTC rearrangement. (c) Molecules released by inflammation could sustain the survival of thyroid cells in which
RET/PTC rearrangements randomly occur, thereby allowing the selection of clones that acquire additional genetic lesions and thus become
resistant to oncogene-induced apoptosis.

of the oncogenic fusion protein RET/PTC is critical not only
to thyroid cancer pathogenesis but also in the elicitation of
inflammatory response [103–105].

BRAFV600E mutation is another common genetic alter-
ation in PTC. Muzza et al. found BRAFV600E being more
represented in PTC without concurrent autoimmunity [41].
Furthermore, Kim et al. found that, in Korean patients
with PTC, BRAFV600E mutation is associated with a lower
frequency of background HT [39]. Studies on melanoma
cells have given clues about mechanisms linking BRAF
mutation and immune response. Molecules like interleukin
(IL)-10, VEGF, IL-6, and IL-8 are thought to be induced by
BRAFV600E mutation [106, 107].

The association between solid cell nest (SCN) of the
thyroid and both neoplastic and autoimmune thyroid dis-
eases is the most recent and debated issue. It is currently
accepted that solid cell nests and the so-called mixed
follicles are branchial body remnants [108–116], whose
biological significance remains disputable [108, 109, 117–
119]. Previous studies have described the histological and
immunohistochemical features of SCN [108, 109, 114, 117,
120–124]. Cameselle-Teijeiro et al. suggested that main
cells of solid cell nests (SCNs) might be multipotential
cells that could contribute to histogenesis of C cells and
follicular cells, as well as to some thyroid tumors [119].
Recently, Preto et al. and Reis-Filho et al. reported that
such main cells harbor the minimal properties of a stem
cell phenotype (capacity for both self-renewal, conferred
by telomerase activity, and differentiation to one or more
types of specialized cells, given by the high expression of
p63 and bcl-2) and may thus represent a pool of stem cells
of the adult thyroid [123, 125]. Burstein et al. hypothesized
that SCN p63-positive cells are pluripotent and may stay

undifferentiated or undergo benign squamoid or glandu-
lar maturation, thyroid follicular epithelial differentiation,
and oncogenic change leading to papillary carcinoma or
may trigger an immune reaction, resulting in lymphoid
infiltration and Hashimoto’s thyroiditis. Hence, Hashimoto’s
thyroiditis and papillary carcinoma would be etiologically
linked because both disorders might be initiated by the
same population of pluripotent p63-positive embryonal
stem cell remnants [122]. SCN could represent incompletely
developed thyroid tissue predisposed to autoimmune thyroid
diseases, such as Hashimoto’s thyroiditis, since the epithelia
from the third and the fourth pouches have the ability
to attract lymphocytes [126, 127]. Cameselle-Teijeiro et al.
described an unusual case of SCN hyperplasia coexisting
with two papillary microcarcinomas, a follicular adenoma,
hyperplastic nodules, and a few lymphoid aggregates [128].
A morphologic continuity between SCN and one papillary
thyroid microcarcinoma was reported and the authors found
the same BRAFV600E mutation in both the SCN and the
contiguous papillary thyroid microcarcinoma, suggesting a
histogenetic link between the main cells of SCN and PTC,
raising the possibility that SCN hyperplasia could be a
precursor lesion of PTC [128]. These findings suggest that
SCN may be a key point in the pathogenesis of both CLT and
PTC.

Pathways of immune activation could exert a role in
thyroid cancer and CLT link. Toll-like receptor (TLR)
comprises a family of cell surface receptors involved in the
recognition of pathogen-associated signature molecules that
signal the activation of innate and adaptive immunity [129–
133]. Although the TLR family consists of more than ten
members [133], in humans, TLR3 had been reported to be
restricted primarily to dendritic cells of the immune system



Journal of Thyroid Research 7

[134]. Harii et al. showed that TLR3 can be functionally
overexpressed in cultured human thyrocytes by stimuli.
Immunohistochemical showed that TLR3 protein is overex-
pressed in human thyrocytes surrounded by immune cells in
100% of patients diagnosed with Hashimoto’s thyroiditis, but
not in normal or Graves’ thyrocytes, suggesting that TLR3
overexpression can induce an innate immune response in
thyrocytes, which may be important in the pathogenesis of
Hashimoto’s thyroiditis and in immune cell infiltrates [129].
McCall et al. showed that PTC cells basally express TLR3
RNA and that TLR3 signal systems are functional in these
cells. High basal TLR3 levels and TLR3 signals capable of
increasing cytokines and chemokines in PTC cells in vitro
are consistent with the existence of immune cell infiltrates
in vivo, based on related studies suggesting that elevated
TLR3/TLR3 signals in HT are associated with immune cell
infiltrates [129, 135].

Studies on DNA damage and repair have recently yielded
several intriguing connections between tumor biology and
immune response. There is some evidence that ATM may
exert a special role in the activation of the immune response.
ATM is an essential component of cell cycle restriction
point control. Its scope of interaction includes phospho-
rylation and activation of E2F1, p53, and Cdc25 family
members, which inhibit cell cycle progression and activate
DNA repair systems [136, 137]. Gomez et al. showed that
ATM protein expression was significantly downregulated in
immunoresistant human glioma cell clones [138], indicating
a possible immunogenic role of ATM gene. DNA damage
signaling can directly engage the immune system in a
non-cell-type-specific manner. ATM activation by genotoxic
agents or stalled DNA replication induces ligands of the
NKG2D receptor. These are expressed by natural killer cells
and activated CD8+ T cells of the innate immune system
[139]. In addition, authors indicated that polymorphisms
of DNA damage response genes, such as ATM, XRCC1,
TP53, XRCC3, and MTF1, may be potential risk modifiers
of ionizing radiation-induced or sporadic PTCs [140, 141].
Royer et al. reported that hOGG1, encoding human 8-
oxoguanine DNA glycosylase (hOGG1), a key enzyme for
repairing DNA damaged by reactive oxygen species and
loss of heterozygosity, is strongly associated with PTC and
HT but not with benign thyroid, suggesting that thyroid
follicular epithelia accumulate aberrant genetic changes in
long-standing HT, which may represent a precursor lesion of
PTC [142]. In fact, data from our group showed a significant
correlation between ATM expression and concurrent CLT in
DTC (not published data).

4. Prognostic Implication of the Association
between CLT and PTC

It remains a matter of debate whether the association with
a CLT or even an autoimmune disorder could affect the
prognosis of PTC. In fact, a worse prognosis was reported
in a few series [72, 143], whereas most of the studies showed
either a protective effect of thyroid autoimmunity [34, 37, 40,
144] or a similar behavior between cancer with and without
associated thyroiditis [41, 74], as shown in Table 1.

Our group reported a worse outcome in DTC patients
with no evidence of autoimmune activity when compared
with patients who reported an autoimmune thyroid disease
and/or presented positive circulating thyroid autoantibodies,
suggesting that autoimmune activity against the gland may
exert a protective effect on the outcome of differentiated
thyroid carcinoma patients [38].

However, it is unclear whether coexistent CLT represents
a host immune response to DTC [33, 60, 145] or just a
chance occurrence [40, 146, 147]. The favorable clinical
outcome in PTC patients with concurrent autoimmunity
strongly suggests that a thyroid autoimmune response may
enhance or even provide an antitumor attack. CLT is an
autoimmune reaction to thyroid specific antigen, and this
immune response may lead to destruction of thyroid tissue.
Kim et al. [40] postulated that, as PTC cells originating from
follicular cells expressed specific antigen of normal follicular
cells, although in a less degree, coexistent CLT might be
involved in destruction of tumor cells in much the same way
as in advanced CLT. This immune reaction against tumor
might be associated with a better prognosis for PTC patients
with CLT. Studying the glands of autopsies performed in
individuals from two different Brazilian regions (Rio Grande
do Norte versus São Paulo), we found a high incidence of
nonencapsulated nonsclerosing papillary thyroid microcar-
cinomas (PTM) in Rio Grande do Norte, an area of markedly
high incidence of PTC, in sharp contrast with the prevalence
of small sclerosing lesions in São Paulo, where clinical thyroid
cancers are much more infrequent [148]. PTMs could elicit
an inflammatory lymphocytic response, fibrosis, and the
formation of a capsule impeding its further growth [148].
We could speculate that these lesions may never evolve to
clinical cancers, in contrast with the nonencapsulated non-
sclerosing lesions that could represent early stages of clinical
PTC.

Conversely, antithyroid antibodies may be able to recog-
nize these malignant cells and destroy them in the same way
as they destroy normal follicular cells, contributing to the low
rate of clinical progression of these lesions [32, 62, 149].

Muzza et al. [41] found no significant differences regard-
ing either clinical and pathological features or outcomes
between two matched groups of PTC patients with and
without associated autoimmunity. The cases of PTC asso-
ciated with lymphocytic thyroiditis (LT) are much more
often multicentric than the nonassociated form of PTC [35].
Interestingly, those with multifocal tumors had a relatively
high incidence of lymphocytic thyroiditis (62%) in the
remaining thyroid parenchyma during the definitive histo-
logical examination [150, 151]. Kim et al. [42] found that in
metastatic papillary thyroid microcarcinomas, multifocality
and bilaterality were more frequent in PTC with LT than
without LT. Kim et al. [39] found that a background of
Hashimoto’s thyroiditis is more frequent in young patients,
who trend to be patients with good prognosis. However, they
found that the BRAFV600E mutation in PTC is associated
with a low frequency of background Hashimoto’s thyroiditis
and high frequency of lymph-node metastasis, suggesting
a paradoxical role of concurrent autoimmunity of PTC
outcome.
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Some investigators have reported that the presence
of CLT in PTC is associated with better prognosis, low
recurrence rate, and less aggressive disease at presentation
[33, 34, 36, 37, 40, 152, 153]. Despite some controversies,
there is an emerging literature on the protective effect of
CLT in patients with PTC. In a large retrospective study,
Kashima et al. reported a 5% cancer-specific mortality and
a 85% relapse-free 10-year survival rate in patients without
CLT compared with 0–7% mortality and 95% relapse-
free 10-year survival rate with CLT [34]; this finding was
very similar to Loh’s results [37]. It is, however, not clear
whether treatment modality, including extent of surgery, was
comparable between those with and without CLT. Kebebew
et al. reported that the presence of CLT was associated with
an improved prognosis by univariate analysis, but it was
not an independent factor [28], and this result was due
to the fact that most patients with CLT had other good
prognostic factors, such as young age and female gender.
Kim et al. found a greater female preponderance in the
patients with CLT when comparing with those without CLT.
Mean tumor size in the patients with CLT was smaller
than that in patients without CLT. One hundred and fifty-
one (12.3%) patients without CLT had recurrence, whereas
14 (7.1%) patients with CLT had recurrence during the
follow-up period [40]. Singh et al. [30] reported that the
prognostic variables at the time of a diagnosis of papillary
cancer and the approach to management are not altered
by the presence of coexistent Hashimoto’s thyroiditis. In
addition, the rate of surgical complications was not higher in
patients with coexistent Hashimoto’s disease, suggesting that
the presence of coexistent Hashimoto’s thyroiditis does not
affect the diagnostic evaluation or management of papillary
thyroid cancers. However, meta-analysis suggested a positive
correlation between Hashimoto’s disease and disease-free
survival and overall survival [30].

5. Future Perspectives and Conclusion

Cooccurrences of CLT and thyroid gland cancer have
been repeatedly reported [21–28]. A better understanding
about clinical implications of concurrent autoimmunity
to thyroid cancer could lead to new insights of thyroid
cancer immunotherapy. In addition, elucidation of the
molecular mechanisms involved in autoimmune disease
and concurrent cancer could help identify new therapeutic
strategies against thyroid cancer. In fact, within the last
decade, a multitude of different studies and clinical trials
have been performed using immune cell therapies for
different cancers. Cancer immunotherapy using dendritic
cells (DC) or adoptive cytotoxic T-lymphocytes (CTLs) is
very promising because malignant cells can be affected by
the immune system without damaging healthy tissue and
without dangerous side effects. In any case, the identification
of tumor cell-specific antigens is crucial for establishing
clinically effective tumor immunotherapy and monitoring
the induced immune response. Up to now, however, no single
tumor-associated antigen has been proven useful for primary
follicular thyroid carcinomas, although a couple of candi-
dates might have this potential [154]. Only antibody-based

therapies were performed on nonmedullary thyroid cancer,
and there is a broad spectrum to be explored on cellular
therapy against DTC, mainly for those cases with aggressive
manifestation [155–157].

Medullary thyroid cancer (MTC) can give us an example
for immunotherapy against thyroid cancer. The polypeptide
hormone calcitonin has been proposed as tumor antigen
for immunotherapy in MTC. Since then, several vaccination
trials have been performed in murine models and also in
men. In humans, several studies used full-length calcitonin
for priming DCs [158, 159]. Thereafter, a new protocol with
interferon-α generated DCs with direct tumor lysis activity
was performed [160]. After a long-term follow-up of more
than 48 months, two of five MTC patients showed stable
disease with changes in tumor size and tumor marker of
less than 25% [161]. More studies are warranted to apply all
these concepts to poorly differentiated and anaplastic thyroid
cancer.
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“BRAF mutation in solid cell nest hyperplasia associated with
papillary thyroid carcinoma. A precursor lesion?” Human
Pathology, vol. 40, no. 7, pp. 1029–1035, 2009.

[129] N. Harii, C. J. Lewis, V. Vasko et al., “Thyrocytes express
a functional Toll-like receptor 3: overexpression can be
induced by viral infection and reversed by phenylmethi-
mazole and is associated with Hashimoto’s autoimmune
thyroiditis,” Molecular Endocrinology, vol. 19, no. 5, pp. 1231–
1250, 2005.

[130] K. Takeda and S. Akira, “Microbial recognition by Toll-like
receptors,” Journal of Dermatological Science, vol. 34, no. 2,
pp. 73–82, 2004.

[131] D. M. Underhill, “Toll-like receptors: networking for suc-
cess,” European Journal of Immunology, vol. 33, no. 7, pp.
1767–1775, 2003.

[132] G. M. Barton and R. Medzhitov, “Toll-like receptor signaling
pathways,” Science, vol. 300, no. 5625, pp. 1524–1525, 2003.

[133] K. Takeda, T. Kaisho, and S. Akira, “Toll-like receptors,”
Annual Review of Immunology, vol. 21, pp. 335–376, 2003.

[134] M. Muzio, D. Bosisio, N. Polentarutti et al., “Differential
expression and regulation of toll-like receptors (TLR) in
human leukocytes: selective expression of TLR3 in dendritic
cells,” Journal of Immunology, vol. 164, no. 11, pp. 5998–6004,
2000.

[135] K. D. McCall, N. Harii, C. J. Lewis et al., “High basal levels
of functional Toll-Like Receptor 3 (TLR3) and noncanonical
Wnt5a are expressed in papillary thyroid cancer and are
coordinately decreased by phenylmethimazole together with
cell proliferation and migration,” Endocrinology, vol. 148, no.
9, pp. 4226–4237, 2007.

[136] A. Sancar, L. A. Lindsey-Boltz, K. Ünsal-Kaçmaz, and S. Linn,
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