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Summary

Graves' disease, the most common form of hyperthyroidism in iodine-replete countries, is associated with the presence

of immunoglobulins G (IgGs) that are responsible for thyroid growth and hyperfunction. In this article, we report the
unusual case of a patient with acromegaly and a severe form of Graves’ disease. Here, we address the issue concerning
the role of growth hormone (GH) and insulin-like growth factor 1 (IGF1) in influencing thyroid function. Severity of
Graves' disease is exacerbated by coexistent acromegaly and both activity indexes and symptoms and signs of Graves’
disease improve after the surgical remission of acromegaly. We also discuss by which signaling pathways GH and IGF1 may
play an integrating role in regulating the function of the immune system in Graves’ disease and synergize the stimulatory

activity of Graves’ 1gGs.

Learning points:

with acromegaly.

independent of TSH/cCAMP/PKA cascade.

e Clinical observations have demonstrated an increased prevalence of euthyroid and hyperthyroid goiters in patients

e The coexistence of acromegaly and Graves’ disease is a very unusual event, the prevalence being <1%.
e Previous in vitro studies have showed that IGF1 synergizes the TSH-induced thyroid cell growth-activating pathways

e We report the first case of a severe form of Graves’ disease associated with acromegaly and show that surgical
remission of acromegaly leads to a better control of symptoms of Graves’ disease.

Background

It has been widely described that hormones can affect the
development, integrity and activity of the immune system
(1). In general, glucocorticoids and sex steroids depress
the immune response (2, 3, 4), whereas GH, prolactin and
IGF1 are considered growth and differentiation factors
for lymphoid cells and increase the immune response
(5, 6, 7, 8). The function of the immune system can
be influenced at several levels, such as the interaction
between antigen-presenting cells (APCs) and lymphocytes,
mobility, migration and homing of immune cells and
production of cytokines (1). Moreover, some hormones
such as glucocorticoids have been shown to affect the

expression of major histocompatibility complex (MHC)
molecules in APCs (9), the relationship between helper
and cytotoxic T lymphocytes (10), and the interaction
between idiotypes and anti-idiotypes (1).

Graves’ disease, the most common form of
thyrotoxicosis, has been associated with the presence of
immunoglobulins G (IgGs) that are able to bind the TSH
receptor (TSHR), compete with TSH and stimulate thyroid
hormone synthesis and thyroid growth by increasing the
cellular levels of cyclic AMP (cAMP) (11, 12, 13) as well
as other second messengers, such as arachidonic acid and
calcium (14, 15, 16). What is not yet known is whether
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endocrine factors, in particular GH, intervene in regulating
the production and synergizing the stimulatory activity of
IgGs responsible for the development and maintenance of
Graves’ disease.

In this article, we report the unusual case of a patient
suffering from Graves’ disease and coexisting acromegaly
and show that activity indexes of Graves’ disease are
substantially reduced in parallel to the surgical remission
of acromegaly. We also discuss by which signaling
pathways GH and IGF1 may play an integrating role
in regulating the function of the immune system in
Graves’ disease and synergize the stimulatory activity of
Graves’ 1gGs.

Case presentation

A 50-year-old woman was referred to us because
of palpitations, tremors, excessive sweating, acral
enlargement, backache and joint pains. Physical
examination revealed coarsening of facial features, mild
tachycardia, diffuse thyroid enlargement, accompanied
by a bruit and a firm, bilateral thickening over the
legs suggesting pretibial myxedema in the absence of
ophthalmopathy.

Investigation

Thyroid ultrasound showed an enlarged, diffusely
hypoechoic and hypervascular thyroid gland. Symptoms
and signs suggested the coexistence of Graves’ disease and
acromegaly. Both diagnoses were confirmed by elevated
free T3 (44.5pmol/L and normal: 4.6-9.2pmol/L),
free T4 (77.6pmol/L and normal: 9-24.5pmol/L), GH
(26.0ug/L and normal: 0.1-2.0pg/L), IGF1 (615pg/L and
normal: 90-260ug/L) levels, undetectable TSH serum
concentration and lack of suppression of GH to <1pug/L
following hyperglycemia during an oral glucose load.
TSH binding inhibiting IgGs (TBII) concentration was
measured by a commercially available radioreceptor
assay. Stimulating TSHR antibodies (TSHRSADb) were also
evaluated measuring cAMP generation induced by IgGs in
FRTLS thyroid cells as previously described (14). Both TBII
and TSHRSADb were found extremely elevated (1758 U/L,
normal: 0-10U/L, and 1120% of the basal, normal: 100-
140% of the basal, respectively). Due to TBII values above
the range of calibration curve, samples were opportunely
diluted in zero standard. Magnetic resonance imaging
(MRI) of the pituitary revealed the presence of a 0.8cm
diameter microadenoma in the right side of the gland
causing a moderate leftward shift of the pituitary stalk.
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Treatment

Since the patient refused radioiodine therapy and
thyroidectomy, treatment with methimazole was initiated
with a 30mg daily dose gradually tapered according to the
degree of thyroid dysfunction. However, due to progressive
increase in TBII/TSHRSAb concentrations, both clinical
conditions and serum FT3 and FT4 levels did not allow
to reduce the dose of methimazole below 20mg per day
over the next several months (Fig. 1). Due to the severe
symptoms and signs of GH/IGF1 excess, treatment with
octreotide long-acting release (LAR) was initiated at the
monthly dose of 20mg. After a few months the patient
underwent transsphenoidal microsurgery (TSMS). The
presence of a somatotroph adenoma was pathologically
confirmed, and adenoma cells were positive for GH, not
for other pituitary hormones, at immunocytochemistry.
After surgical therapy, the acromegaly was considered ‘in
surgical remission’ on a clinical and biochemical basis, i.e.
remission of symptoms with a normal residual anterior
and posterior pituitary function, normal pattern of
pulsatile GH release (mean daily value: 1.5pg/L), normal
GH response to oral glucose (nadir: 0.2ng/L) and normal
IGF1 serum concentration (220 pg/L).

Outcome and follow-up

Postoperative MRI performed six months after surgery
showed normal residual adenohypophysis, a normal
neurohypophyseal bright spot and no residual or
recurrent tumor, findings correlating with the functional
preservation of the pituitary gland. Unexpectedly,
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Figure 1
Serum concentrations of IGF1 and TBIl and cAMP values over the course
of follow-up. MMI, methimazole; TSMS, transsphenoidal microsurgery.
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the patient also showed a significant improvement of
all indexes of Graves’ disease activity. In particular,
a sharp and significant reduction in TBII/TSHRSAb
concentrations was demonstrated in several controls and
was accompanied by a concurrent reduction in thyroid
volume (Figs 1 and 2) and a better control of the disease
symptoms. At that time only it was possible to reduce the
dose of methimazole to 5mg per day.

Due to the possible coexistence of TSHR-blocking
antibodies (TSHRBADb), blocking activity, defined as
percent inhibition of TSH-dependent cAMP accumulation,
was measured, calculated with the following formula:
{1-[cAMP accumulation in the presence of TSH
(1TU/mL) and patient IgG/cAMP accumulation in the
presence of TSH and normal IgGJ]}x100, and found
negative in all samples (data not shown).

Statistical analysis

Data were analyzed using GraphPad Prism 6 software
(GraphPad Software Inc., La Jolla, CA, USA). All data are
presented as the means+s.e.m. and were first checked for
normality using the D’Agostino-Pearson normality test.
A two-sample unpaired Student’s t-test was applied to
analyze the differences in thyroid volumes, TBII, cyclic
AMP and IGF1 before and after TSMS. A *P<0.05 was
considered significant.
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Figure 2

(A) IGF1, (B) TBII concentrations, (C) cAMP production and (D) thyroid
volumes before and after transsphenoidal microsurgery (TSMS).

Results are shown as means +s.e.m. of pre- (n1=44) and post-TSMS (n=40)
determinations, ****P<0.0001.
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Discussion

The regulation of thyroid function and growth has been
well characterized and appears to be related to stimuli
acting through the G protein-coupled receptor (GPCR)
TSHR, like TSH and Graves’ IgGs, and the tyrosine kinase
(TK) IGF1 receptor (IGF1R), like IGF1 (17).

Three types of TSHR antibodies have been described
in patients with autoimmune thyroid disease: stimulating
(TSHRSAD), blocking (TSHRBADb) and cleavage antibodies.
The biological activity varies among the different
classes of these autoantibodies. The proportion of
these differing antibodies contributes to the different
phenotypes of Graves’ disease (18). These autoantibodies
activate distinct G proteins and signaling pathways.
Thus, TSHRSAb recognize epitopes in extracellular
domain of TSHR, activate Gas/AC/PKA/CREB-Erk,
Gaq/PLC/PL;K/Akt and Gaq/PKC/Erk/Elk pathways and
are responsible for thyroid cell proliferation and function
and survival (Fig. 3).

TSHR-blocking and cleavage antibodies bind to
separate TSHR epitopes and induce different signaling
cascades with a recognized weak agonist activity (19).

The relationship between thyroid function and
GH/IGF1 axis has been the subject of a number of reports.
However, previous studies on hyper- or hypothyroid
acromegalic patients have been almost exclusively
focused on the relation between thyroid status and GH
secretion. Thus, the release of GH has been shown to
be blunted in hypothyroidism (20), whereas a normal
(20, 21, 22), decreased (23, 24) or increased (25) GH
response to provocative stimuli have been reported in
hyperthyroidism. Conversely, elevated serum levels of GH
are known to be a cause of goiter development (26, 27,
28, 29). The stimulation of proliferation and differentiation
of thyroid cells occurs via the activation of IGF1R that
are expressed on the thyroid cell membrane (30, 31,
32, 33). The appearance of goiter and the coexistence of
frank hyperthyroidism have been reported in 18-50% and
5% of acromegalic patients, respectively (28, 34, 35), most
of these patients being suffering from non-autoimmune
forms of hyperthyroidism (36). Moreover, thyroid volume
and nodularity correlate with disease duration (37).

In this article, we show that GH and IGF1 play a
role in influencing the production of autoantibodies
directed against the TSHR, exacerbating TSHR-induced
Graves’ thyrotoxicosis.

By what mechanism GH and IGF1 may potentiate
the action of TSHRSAb and influence the severity of
Graves’ disease?
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GH is involved in immunoregulation acting upon
a cell by binding its receptor at the cell membrane. The
GH receptor (GHR), which is copiously expressed on
B lymphocytes, less in T lymphocytes (7, 38), belongs
to the cytokine receptor superfamily. GHR is not a
tyrosine Kkinase, but associates with the nonreceptor
ubiquitous Janus activating kinase (JAK) 2 that transduces
GH-mediated signals inducing phosphorylation of
transcription factor substrates, including members of the
signal transducer and activator of transcription (STAT)
family, mainly STATSb that is regarded as the major
effector of GH action (39, 40). Besides STATSb, JAK2 also
phosphorylates members of the (i) Shc/Grb2-SOS/Ras/Raf/
MAPK/Erk and (ii) IRS/PI,K/PDK1/Akt pathways (Fig. 4)
that cross-talk with STATSb to influence gene expression
and cell proliferation (39).

Evidence from previous studies has demonstrated
that GH enhances proliferation of T cells (41) and human
B cell immunoglobulin production and proliferation
in vitro (42). Moreover, the GH effect is not mediated by
IGF1 (43).Thus, GH might per se stimulate the TSHRSAb
production by B lymphocytes.

IGF1 affects the development and function of both
T and B lymphocytes and thyrocytes by binding the
tyrosine kinase IGF1R. A number of studies have clarified
the influence exerted by the activation of the IGF1/IGF1R
signaling pathway on many aspects of immune function
(44). Briefly, activation of IGF1R results in the recruitment
and phosphorylation of multiple adaptor proteins and
activation of multiple downstream pathways including
(i) IRS1/IRS2 activating PI,K/PDK1/Akt pathway; (ii) Shc
linked to the Ras/MAPK/fos-jun pathway by recruitment
of Grb2/SOS complex and (iii) the JAK/STAT pathway
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Figure 3

Diagrammatic representation of the TSH and IGF1
signaling pathways, which are demonstrated to
be involved in the regulation of function, growth
and survival of follicular cell. Note that PI;K/PDK1/
Akt/mTOR cascades are common to TSHR and
IGF1R signaling pathways.

(Fig. 3). Thus, IGF1 promotes maturation and proliferation,
stimulates glucose metabolism and inflammatory
cytokine production in T lymphocytes and maintains T
cell survival inhibiting apoptosis gene expression (44, 45).
Moreover, it plays a key role in B cell differentiation (46).

IGF1 as well as other members of IGF family
cooperate with TSH in regulating thyroid function and
growth. The relationship between IGF1R and TSHR has
been demonstrated in pioneering reports by Tramontano
and coworkers showing a synergistic and dose-dependent
effect of IGF1, TSH and Graves’ immunoglobulins on
DNA synthesis and thyroid cell proliferation (47, 48).
Moreover, other groups have showed that GPCR/cAMP/
PKA signaling activates PI;K/Akt pathway, confirming
that Ras, Akt and PI,K, downstream effectors of the IGF1R
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Figure 4
The growth hormone signaling pathways in B cells.
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signaling, are also involved in TSH/cAMP-induced thyroid
cell proliferation (49, 50, 51).

Together, all the above-mentioned data show that
thyroid cell function and proliferation is regulated by the
activation of the G protein-coupled TSHR as well as the
tyrosine kinase IGF1R and may represent the molecular
basis that substantiates our assumption that elevated
concentrations of GH and IGF1 play a role in determining
the severity of hyperthyroidism in this patient. GH and
IGF1 may act by multiple mechanisms: (i) by stimulating
T cell proliferation and inflammatory cytokine production
by T cells infiltrating the thyroid; (ii) by stimulating B
cell immunoglobulin production and proliferation and
(iii) by promoting post receptor pathways directly in
thyroid cells, how it more frequently occurs in non-
thyroid growth. Nevertheless, some
questions may arise. First, the alternate circumstance that
TSH simultaneously secreted by the pituitary adenoma
could have occurred. However, the negativity for TSH at
immunocytochemistry, the undetectable levels of TSH and
the positivity of TBII and TSHRSAD exclude the possibility
that this patient was suffering from a non-autoimmune
form of hyperthyroidism due to the production of TSH
by the pituitary adenoma. Second, theoretically, the
concurrent presence of TSHRBAb might have played a role
in reducing the severity of Graves’ disease neutralizing
the activity of TSHRSAb. Actually, this possibility has
been excluded based on the negativity of TSHRBAb assay
throughout the entire follow-up.

Similar to patients with other autoimmune diseases,
Graves’ patients may enter remission spontaneously
or after a course of medical therapy. Thionamide
drugs (methimazole or its pro-drug carbimazole and
propylthiouracil), which are commonly used in the
treatment of Graves’ disease, have been suggested to
have important direct immunosuppressive effects such as
inhibition of thyroid autoantibody production (52, 53),
increase of activated and total circulating CD8+ cells
(54) and reduced numbers of intrathyroidal and thymic
lymphocytes (55). However, over the years, clinical
studies of Graves’ disease patients have questioned
the immunosuppressive hypothesis on the basis of the
following findings: (i) the fall in TSHR antibodies is
seen independently of the type of drug (methimazole
or perchlorate) (56); (ii) the fall in TSHR antibodies is
similar during therapy with a thionamide drug and after
surgical therapy (57); (iii) the fall in TSHR antibodies
as well as the risk of relapse of Graves’ disease is seen
independently of neither the dose of thionamide nor the
levothyroxine replacement (58). Thus, it could be argued

autoimmune
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that a simultaneous and coincidental improvement of
acromegaly and Graves’ disease might be occurred in
this patient. Indeed, regardless of the debate about the
possible immunosuppressive effect of thionamide drug,
our data clearly show that the decrease of autoantibody
titers and the amelioration of clinical condition of our
patient seem clearly to be related to surgical remission of
acromegaly (Fig. 1).

In conclusion, the present case illustrates the
uncommon occurrence of Graves’ disease and acromegaly.
Biochemical data clearly showed that hyperthyroidism in
this patient was due to a severe form of Graves’ disease.
The activity of Graves’ disease, as evaluated by the ability
of patient’s IgG to block TSH binding and induce the
production of cyclic AMP, goes parallel to the activity of
acromegaly, based on abnormal concentration of IGF1 (as
shown in Fig. 1), confirming the assumption that GH/
IGF1 axis may play an important role in maintaining the
activity and exacerbating the clinical course of Graves’
disease. Thus, this patient might be considered an in vivo
model for studying the action of GH/IGF1 axis on immune
system in Graves’ disease patients.
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