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Selenium in the Treatment of Graves’
Hyperthyroidism and Eye Disease

Giulia Lanzolla, Michele Marino and Claudio Marcocci*

Department of Clinical and Experimental Medicine, Endocrinology Unit Il, University of Pisa and University Hospital of Pisa, Pisa, Italy

Based on the role of oxidative stress in the pathogenesis of Graves’ hyperthyroidism (GH)
and Graves’ Orbitopathy (GO), a therapy with the antioxidant agent selenium has been
proposed and a number of studies have been performed, both in vitro and in vivo. In GH,
reactive oxygen species (ROS) contribute to the thyroid and peripheral tissues damage. In
GO, tissue hypoxia, as well as ROS, are involved in the typical changes that occur in
fibroadipose orbital tissue and the perimysium of extraocular muscles. Antioxidants have
been proposed to improve the effects of antithyroid drugs in GH patients, as well as the
remodeling of orbital tissues in patients with GO. Here, we reviewed the literature on the
possible beneficial effects and clinical use of selenium in the management of patients with
GH and GO. A randomized clinical trial on the use of selenium in patients with mild GO
provided evidence for a beneficial effect; no data are available on more severe forms of
GO. Although the real effectiveness of selenium in patients with GH remains questionable,
its use in the management of mild GO is generally believed to be beneficial, and selenium
administration has been included in the clinical practice for the patients with mild
eye disease.

Keywords: Graves’ hyperthyroidism, Graves’ orbitopathy, oxidative stress, reactive oxygen species, selenium,
selenocysteine, selenoproteins

INTRODUCTION

Selenium has been proposed for the management of thyroid diseases, including Graves’ disease
(GD), Graves’ Orbitopathy (GO), and chronic autoimmune thyroiditis (1-7). The efficacy of
selenium in GD and GO is based on its anti-oxidant properties, being oxidative stress involved in
the pathogenesis of both conditions (8-12).

GD is an autoimmune disease with a prevalence of ~1% (13), which affects mainly the thyroid.
Extrathyroidal manifestations, including GO, pretibial myxedema, and acropachy, can be observed
to various extents (13-17). The major pathogenetic mechanism of GD is the stimulation of the
thyroid stimulating hormone receptor (TSH-R) by autoantibodies that bind to it and promote
thyrocyte proliferation and activity, resulting in thyroid hyperfunction (13). The symptoms of
thyrotoxicosis are often nonspecific, so patients with GD may present in various ways. Heat
intolerance, tachycardia, inappropriate feelings of anxiety and apprehension, hyperactivity and
weight loss are common. A diffuse goiter can be visible or palpable, with a systolic phase bruit found
over it. Systolic blood pressure may be elevated, and hepatomegaly or splenomegaly may be
observed (16). The complex pathogenetic interplay of GD includes, among others, oxidative stress
(16-18), because of which selenium and other antioxidant agents have been proposed for the
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management of Graves’ hyperthyroidism (GH). In this paper we
review the role of oxidative stress in GH, as well as the most
significant studies on the use of selenium in the management of
patients with GH and GO. The molecular mechanisms by which
the disruption of the cell redox state plays a role in the
pathogenesis of GO, as well as the potential beneficial effect of
other antioxidant agents in patients with GO, are largely
discussed in another review article in this issue of the journal.

CELL REDOX STATE AND EVALUATION
OF OXIDATIVE STRESS

The balancing of the cell redox state is a key point in cellular
homeostasis. Reactive oxygen species (ROS), including hydroxyl
radicals (OH"), hydrogen peroxide (H,0,), superoxide anions
(0%, and lipid peroxides, are molecules highly reactive because
of the presence of unpaired electrons (19, 20). The increase in
ROS production, as well as the decrease in their elimination, can
disrupt the balance of the cell redox state, resulting in oxidative
stress and breaking of cellular homeostasis (19, 20). As oxidizing
agents, ROS interfere with intracellular functions, being capable
of damaging various cellular elements, including cell membranes,
proteins, lipids and nucleic acids, and ultimately resulting in
mitochondrial dysfunction and loss of enzymatic activity (19,
20). Under physiological conditions, antioxidant agents, namely
glutathione (GSH), superoxide dismutase (SOD), glutathione
peroxidase (GPX) and catalase, act as ROS antagonists,
therefore contributing to the maintenance of the cell redox
state (21).

The oxidant/antioxidant cell balance can by evaluated by
several plasma and/or erythrocyte markers (20, 21). In
healthy subjects, markers of oxidative stress, as well as of
the antioxidant system, are lowly represented. The induction
of an oxidative stress state promotes two different reactions
in the cells, depending on how long it lasts. Initially, an
increase in oxidative markers is accompanied by an increase in
antioxidant markers, the latter being a homeostatic response
aimed at avoiding cell damage. A long-lasting state of oxidative
stress is however characterized by low levels of antioxidant
markers, because of exhaustion of the antioxidant cell systems
(20, 21).

OXIDATIVE STRESS IN GH

Thyrotoxicosis is a hypermetabolic state characterized by high
consumption of intracellular ATP and oxygen, and by
dysfunction of the mitochondrial respiratory chain, which
leads to saturation of the physiological antioxidant systems,
resulting in an uncontrolled production of ROS in peripheral
tissues as well as in the thyroid (22-25). Studies in thyrotoxic
rats suggest that the oxidative stress may be involved in the
pathogenesis of thyrotoxic myopathy and cardiomyopathy
(26) and in vitro studies have shown that exposure of thyroid
cell to H,0,, particularly when made selenium-deficient,

induces DNA double strand breaks, apoptosis, necrosis and
mutagenesis (24). On this basis, we might speculate that
the oxidative stress might exert a dual action in patients with
GH. The ROS-induced damage of thyroid epithelial cells
could lead to an increased release of autoantigens and
production of TSH-R autoantibodies (TRAb), and the
peripheral tissue damage might contribute the clinical
manifestations of hyperthyroidism.

Animal Studies

Studies in animal models suggest that thyrotoxicosis, induced by
the administration of triiodothyronine (T3) or thyroxine (T4),
promotes oxidative stress as well as the response of the
physiological antioxidant machinery (22-25). It has been
demonstrated that MDA, is significantly higher in thyrotoxic
than in control and euthyroid rats (25, 26). Moreover, the
oxidative stress induced by thyrotoxicosis promotes an increase
in erythrocyte antioxidant parameters, namely SOD and GPX.
Interestingly, the administration of Vitamin E, which has
antioxidant properties, reduces MDA, SOD and GPX in
hyperthyroid rats (26), and it seems also to be protective
against a thyroxine-induced increase of lipid peroxidation in
cardiac and skeletal muscles (27).

Human Studies

The most relevant clinical studies on the role of oxidative stress
in thyroid diseases have been performed in GH patients, either
with uncontrolled hyperthyroidism, or after restoration of
euthyroidism with antithyroid drugs (ATD) or radioiodine
(28-33). It has been reported that the levels of oxidative
stress markers, including hydrogen, lipid peroxides, MDA
and thiobarbituric acid-reacting substances (TBARS) in the
serum, plasma and erythrocytes of hyperthyroid patients were
higher than in euthyroid subjects (28-33). Moreover, a
correlation between serum thyroid hormones and lipid
peroxidation products was observed in hyperthyroid patients
(28-33). These findings do not seem to be specific for GH, but
rather for hyperthyroidism in general, having been observed
also in patients with subclinical hyperthyroidism due to
multinodular goiter (31). The evaluation of the antioxidant
defense system in thyrotoxic patients resulted in conflicting
findings (10, 28, 29, 33). Komosinska-Vassev et al. reported
higher levels of SOD, CAT and GPX in the erythrocytes of GH
patients than in age-matched controls. However, no differences
in serum glutathione reductase (an antioxidant enzyme
involved in GSH synthesis) and in the total antioxidant status
were found, likely suggesting rapid exhaustion of the
antioxidant system (10). Bednarek et al. reported an increase
in plasma SOD and catalase in patients with GH of short
duration (1-2 months) compared with healthy subjects, but
not of GPX and glutathione reductase, which were, conversely,
decreased (29). On the contrary, Aslan et al. reported a
significant reduction of the total antioxidant activity in 36
hyperthyroid patients with an average duration of
hyperthyroidism of 2.3 + 1.5 months compared with controls
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(33). Finally, a study involving 69 GD patients with
hyperthyroidism lasting more than 6 months showed
decreased levels of erythrocyte SOD and catalase activities
compared with controls, with no difference in erythrocyte
GPX and total antioxidant activities (28). The duration of the
hyperthyroid status at the time of the evaluation can explain, at
least in part, the conflicting data on antioxidant activity in
patients with GD. Probably, patients with hyperthyroidism of
longer duration have exhausted the antioxidant defense system,
which leads to the reduction of the antioxidant capacity (34,
35). It has been also reported that the monoclonal thyroid
stimulating antibody M22 as well as polyclonal serum thyroid
stimulating antibodies (TSAbs) from patients with GH,
promote ROS generation and lipid peroxidation in HEK cells
that stably overexpressed the human TSHR (HEK-293 TSHR)
(36). ATD reduce the levels of oxidative stress markers, thereby
improving the activity of the intra- and extracellular antioxidant
defense systems, due to restoration of euthyroidism and possibly
to their antioxidant properties (28-30, 32). As discussed in
another review on the same issue of this journal, oxidative
stress also plays a role in GO, and the beneficial effect of
antioxidant agents are supported by in vitro and human
studies (1-6, 11, 37-46).

SELENIUM

Selenium is a trace mineral which acts following incorporation
as selenocysteine into selenoproteins, among which
thioredoxin reductases (TRs), GPX, and iodothyronine
deiodinases (D1, D2 or D3) are the best known (3-5, 47). In
this regard, D1-3 are homologous proteins consisting of 250-
300 amino acids, with a single transmembrane domain located
at the N-terminus. They are involved in the reductive
deiodination of thyroid hormones. The most remarkable
feature of all three deiodinases is the presence of a
selenocysteine residue in the center of the amino acid
sequence. D1, encoded by DIO1 gene, is predominantly
expressed in the liver, kidney and thyroid. It catalyzes the
outer and inner ring deiodination of iodothyronine
derivatives, with a preference for reverse T3 (rT3) and
iodothyronine sulfates. D2, encoded by DIO2 gene, is
primarily expressed in the thyroid, brain, anterior pituitary
and brown adipose tissue, where contributes local conversion of
T4 in T3. Moreover, the pituitary enzyme is involved in the
negative feedback regulation of TSH and TRH secretion. The
DIO3 gene codes for D3, which is detected in brain, skin, liver,
intestine, placenta and pregnant uterus, where it catalyzes the
inactivation of T4 and T3. Since D1-3 are selenoproteins,
selenium deficiency would be expected to result in their
reduced activities in different tissues, although this effect is
observed only for D1 in the liver and kidney and not for D2 and
D3 in other tissues (48).

Selenoproteins have antioxidant and enzymatic capacity
(47) and, in the thyroid, where they are highly expressed,
influence the balance of the cell reduction-oxidation activities

(49). Furthermore, selenoproteins are essential for activated T-
cell function, being involved in the proliferation of T-cells in
response to T-cell receptor stimulation. It has been also reported
that selenium supplementation promotes differentiation of
CD4+ T cells into T-helper-1 (Thl) rather than T-helper-2
(Th2) effector. Among the immunomodulating functions,
selenoproteins increased cytotoxic lymphocyte-mediated
tumour cytotoxicity and natural killer activity (50). It has been
also reported that selenium may regulate the inflammatory
response by reducing the release of tumor necrosis factor o
(TNFa) and cyclooxygenase (COX2), as well as the activation of
nuclear factor kB (NF-xB) which is one of the transcriptional
factors involved in the immune and pro-inflammatory response.
Elevated selenium levels increase GPX, which inhibits IxB-o
phosphorylation and consequently the translocation of NEF-
KB (51).

Dietary sources of selenium include meat, seafood, shellfish,
offal, eggs and cereals (47, 49). The bioavailability of selenium
varies depending on the type of food and content in the soil for
growing crops and fodder. Furthermore, additional factors, such
as selenium speciation, soil pH or the presence of ions complexed
with selenium, play a role in the bioavailability of the mineral
(47). Selenium dietary intake is followed by absorption in the
gastrointestinal tract and transport to the liver, where it is
incorporated into selenoglycoproteins containing up to 10
selenium residues per molecule. Selenoglycoproteins finally
reach peripheral tissues, where their concentration is
proportional to the degree of oxidative stress (47-50).

The measurement of total serum selenium concentration or
circulating selenoproteins, including GPX-3 and selenoprotein P,
can be used to evaluate the selenium status, which is variable
depending on the geographical area, being high in North
America and relatively low in most European countries, in
particular in the Eastern Europe (50-52). The Office of Dietary
Supplements has established that the recommended daily
allowance (RDA) is 55 pg in men and women. Selenium intake
in several European countries is lower than in the USA, because
of its lower content in the soil. Values range from around 30 ug
in UK, Germany, Sweden and Slovakia to around 70 in
Netherlands and Switzerland (47, 50). To properly interpret
these data, we need to have appropriate standards against
which to compare them. There is no consensus on this issue.
The UK reference nutrient intake of 75 pg per day in men and 60
in women has been determined as the amount needed to
maximize the activity of the GPX in plasma (which occurs at a
selenium concentration of about 95 pg/L). Current UK intake are
about half the value. On the other hand, selenium excess has been
suggested to increase the risk of type 2 diabetes and of
malignancies (50, 52). However, the issue is still matter of
debate and no adverse events for selenium doses not exceeding
200 pg/day were reported by a number of studies, including one
in which relatively high levels of selenium were reached with
supplementation (~190 pg/L after 90 days of treatment) (3, 50).
It is therefore possible that selenium might lead to subclinical
alterations, for example on glucose metabolism, in selected
patients, with no real clinical impact (1, 4, 53, 54).
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In this regard, several trials have shown a benefit of selenium
supplementation on the risk of cancer incidence and death, as
well as the risk of developing hyperglycemia. However, two
large trials performed in USA have shown that these benefits
are no longer seen in patients whose baseline serum selenium
concentration was above 122 ug/L, in whom, conversely, these
risks were increased. On this basis, Rayman proposed that 122
ug/L represents the concentration of baseline serum selenium
that “delineates a change in risk, from lower to higher, of
developing cancer and type 2 diabetes in patients treated with
selenium supplementation of 200 pg per day” (50). This
observation may be relevant for individuals living in
countries, like the USA, where a large proportion of people
has a serum selenium concentration above this cut-off.
Therefore, it has been proposed to measure serum selenium
concentrations before administering the supplement, in order
to avoid overdosage in subjects with baseline serum
concentrations higher than 122 pg/L (53). In our opinion, the
measurement of serum selenium before supplementation might
be useful in individual living in countries with high selenium
intake, like the USA, to avoid the risk of potential
disadvantages, but not individuals living in countries, like
most European countries, where dietary selenium intake is
low and high concentrations of serum selenium are very
unlikely to be achieved with supplementation.

Selenium supplements contain sodium selenite or
selenomethionine, and the main difference between them is
that, after saturation of selenoproteins, selenite is excreted
whereas selenomethionine can further increase serum
selenium through its incorporation into proteins (1, 4).
Consequently, the effect of selenite is strictly linked to the
individual state of selenium, whereas using selenomethionine as
a supplement, the concentration of plasma selenium increases
also in subjects with a sufficient selenium concentration to
begin with.

USE OF SELENIUM IN GH

Based on the above described role of oxidative stress in GH
and the antioxidant activity of selenium, clinical studies
were performed to investigate its effect in GH patients.
The hypothesis is that selenium deficiency could enhance
oxidative stress in thyrotoxicosis, by worsening the
antioxidant machinery in response to ROS. To address this
issue, a number of studies have tested selenium, either alone or
within a mixture containing other antioxidant agents, in GH
patients treated with ATD (2, 3, 55-57) (Table 1). These
investigations did not provide clear-cut results. Vrca et al.
performed a study in Croatia, an area characterized by
moderate selenium deficiency, randomizing GH patients to
therapy with methimazole (MMI) plus an antioxidant
mixture containing P-carotene, Vitamin C and Vitamin E
and a relatively low dose of selenium (60 pg), or MMI alone
(55). The main difference between the two groups was that
euthyroidism was more rapidly reached in the former group,

likely reducing the period of exposure to oxidative
stress. Moreover, a better response to treatment in terms of
improvement of LDL-cholesterol levels was found in patients
treated with the antioxidant mixture compared with those
given MMI alone (55). Similar date on thyroid function were
reported by Guerra et al. in patients given a mixture containing
low doses of selenium (15 pg/day), compared to MMI
alone (57).

Three studies were performed using “pure” selenium rather
than a mixture of antioxidants (2, 3, 56) (Table 1). In one of
these studies (56), hyperthyroid, selenium-deficient patients
were randomized to receive a block-and-replace regimen
(MMI plus levothyroxine), plus 200 ug/day of selenium or
placebo. A slightly better control of hyperthyroidism was
observed in the selenium group (56). Two additional
randomized clinical trials performed in GH patients treated
with MMI alone did not show beneficial effects on thyroid
function and peripheral manifestations of hyperthyroidism in
patients given selenium compared with placebo (2, 3). The
conflicting results between the first study and the subsequent
two can be explained, at least in part, by the different levels of
baseline selenium, which was insufficient only in the first one.
These findings support the main hypothesis of a role of ROS in
GH, which might be relevant especially in patients with
selenium deficiency. Thus, a supplementation with selenium
can be considered in these cases, whereas, in our opinion,
there is no sufficient evidence to recommend the routine
addition of selenium to ATD in the management of all
patients with GH.

USE OF SELENIUM IN GO

Over the last few years, in addition to the most common
treatment for the management of moderate-to-severe
and active GO, namely high dose oral and intravenous
glucocorticoids (GC), orbital irradiation and surgical
procedures (58), other medications have been proven effective
to various extents, including rituximab (59), the recently FDA-
approved teprotumumab (60, 61), mycophenolate (62), and
tocilizumab (63). Until recently, the treatment of mild GO was
typically limited to local measures (19 but ~15% of patients GO
progress to an extent that requires specific treatments (13, 58).
In general, major treatments are not recommended for mild
GO, unless there is a sufficient impairment in the quality of life,
which justifies the risk of GC-related adverse events (58, 64—
66). In view of the role of oxidative stress in GO,
antioxidant supplements have been proposed as a possible
therapeutic approach, and basic and clinical studies have
investigated the effect of selenium, due to its antioxidant and
immunomodulating actions.

In Vitro Studies

A couple of in vitro studies have provided evidence for a
beneficial effect of selenium in primary cultures of orbital
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fibroblasts (OFs) (38, 65, 66) (Table 2). In a first study (38),
after induction of oxidative stress by treating OFs with H,O,,
GPX activity, glutathione disulfide (GSSG), cell proliferation,
HA and pro-inflammatory cytokines were measured, in the
presence or absence of selenium-(Methyl)-selenocysteine
(SeMCys). H,0, induced oxidative stress in OFs, reflected by
a dose-dependent increase in GSSG, a known measure of cell
response to ROS (Figure 1). SeMCys reduced the effects of
H,0,, providing evidence for an antioxidant action of selenium
in OFs. The effect of selenium was observed in OFs from both
GO patients and control subjects, which should not be seen as a
limitation for its clinical use. Thus, in the same study the
authors reported that proliferation of OFs, as well as the

production of HA, were significantly greater in GO than in
control fibroblasts. Moreover, SeMCys significantly reduced
cell proliferation and hyaluronic acid (HA) release in GO
OFs, whereas no effects were observed in control OFs (38).
These findings might suggest that fibroblasts from GO patients
are somehow different, leading to a different response to
oxidative stress and selenium activity.

In a subsequent study, the same authors reported a dual
effect of H,O, on cell proliferation, depending on dose used
(67). At low concentrations, H,O, promoted cell proliferation,
whereas at high concentration progressively decreased cell
vitality and cell proliferation. The effects of both high and
low dose H,0O, were inhibited by SeMCys which, interestingly,

TABLE 1 | Selenium in Graves’ Hyperthyroidism (GH).

Reference Journal and years Type of study Methods

Dosage of compounds used Results

Vrca VB. et al. (58) Acta Pharm. 2012 Prospective,
placebo-
controlled,

clinical trial

Fifty-five patients with
newly diagnosed GH
were randomized to
receive methimazole
alone or methimazole
plus a fixed
combination of
antioxidant agents

Calissendorff J.
etal (2)

Prospective,
placebo-
controlled,
clinical trial

Eur Thyroid J 2015 Thirty-eight
consecutive patients
with newly diagnosed
and untreated GH
were randomized to
receive “block and
replace” treatment
with methimazole
and levothyroxine,
plus Selenium

or alone

for 9 months

Thirty consecutive
patients with
untreated GH were
randomized to
receive Methimazole
plus

Selenium vs
methimazole alone
for 3 months

Leo M. et al. (3) J Endocrinol Invest

2017

Prospective,
placebo-
controlled,
clinical trial

J Clin Endocrinol
Metab. 2017

Kahaly GJ.
et al. (54)

Prospective,
placebo-
controlled,
clinical trial

Sixty-one
consecutive patients
with untreated GH
were randomized to
receive Methimazole
plus

Selenium or
methimazole alone
for 6 months

The mixture of antioxidants
contained:

B-carotene (6 mg), selenium
(60 ng), vitamins C (200 mg)
and E (36 mg)

Selenium

(200 pg daily orally)

L-seleno-methionine (166 ng
daily orally)

Sodium
selenite (300 pg daily orally)

Beneficial effect on GH

Better and faster normalization of thyroid
function was observed in patients with GH
treated with methimazole plus the mixture of
antioxidant agents compared with control
group. In addition, a better response to
treatment, in terms of improvement of LDL-
cholesterol levels, was found in patients
treated with the antioxidant mixture compared
with those given methimazole alone
Beneficial effect on GH

Patients treated with selenium had a better
control of hyperthyroidism: at 18 weeks, the
serum levels of FT4 were lower in the selenium
group compared to the placebo (14 vs. 17
pmol/l group, p = 0.01). Similar results were
observed also at 36 weeks (15 vs. 18 pmol/l,
p = 0.01). In accordance, the TSH levels
increased more in the selenium group at 18
weeks (0.05 vs. 0.02 miU/l, p = 0.04)

No beneficial effect on GH.

Administration of Methimazole leads to the
normalization of FT3 and FT4, with no
difference between groups. Serum levels of
malondialdehyde, a marker of oxidative stress,
was similarly high in the two groups and
decreased significantly after therapy, with no
difference between groups. The results
suggested that selenium had not significant
effect on short-term control of hyperthyroidism
No beneficial effect on GH.

The response to treatment, in terms of thyroid
function normalization of thyroid hormones,
was very similar in the two groups at week 24.
During a 12-week follow-up, GH relapsed in
48% of patients included in the selenium
group and in 44% of patients of the placebo
group. Serum concentrations of Selenium and
selenoprotein P were unrelated to response or
recurrence rates. At week 36, 12 of 29
patients (41%) and 15 of 33 patients (45%)
were responders and still in remission in the
selenium and placebo groups, respectively.
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TABLE 2 | Selenium in Graves’ Orbitopathy (GO).

Reference Journal and years Type of study

Rotondo Dottore G. Thyroid 2016 In vitro

et al. (65) study

Rotondo Dottore G.  Endocrine. 2017

et al. (66)

Marcocci C. et al. (4) N Engl J Med Prospective,

2011 multicenter,

placebo-
controlled
clinical trial

Methods

Primary cultures of orbital
fibroblasts from 6 GO
patients and 6 control
subjects were obtained.
To induce oxidative stress,
cells were incubated for
24 h with medium
containing HoO, at various
concentrations.

The primary objective was
to assess the effects of
selenium in GO
fibroblasts.

Primary cultures of orbital
fibroblasts from 6 patients
with long lasting inactive
GO and 6 control subjects
were obtained.

To induce oxidative stress,
cells were incubated for
90 min at 37°C with
medium containing H>O2
50 uM.

The aim of the study was
to evaluate the effects of
selenium in GO
fibroblasts.

One hundred fifty-nine
patients with mild GO
were randomized to
receive sodium selenite

or compared with placebo
for 6 months

Dosage of compounds used

Cells were pre-incubated for 2
days with medium without
compounds or containing Se-
methyl-selenocysteine
hydrochloride (SeMCys) or, as
control, methyl-cysteine at
various concentrations.

Cell proliferation, hyaluronic acid
(HA) and pro-inflammatory
cytokines production were
measured

Cells were preincubated for 2
days at 37°C with medium
without compounds containing
SeMCys or, as control, methyl-
cysteine (MCys) at a 10 uM
concentration. Cell vitality, lactate
dehydrogenase production (as a
measure of cell necrosis) and
apoptosis were measured

Sodium selenite

(100 pg twice daily orally), or
pentoxifylline

(600 mg twice daily orally)

Results

Selenium reduced proliferation and
release of HA and cytokines in GO
fibroblasts.

H>O. promoted an increased release of
glutathione disulfide (GSSG), a marker of
oxidative stress, and of fibroblast
proliferation, which were reduced by
selenium. H,O, promoted the production
of cytokines involved in GO
pathogenesis, namely TNF-a., IL1-B and
IFN-y. The increase in TNF-o. and IFN-y
was rescued by selenium. Whereas the
effects of selenium were similar in GO
and control fibroblasts concerning
oxidative stress and cytokines, they were
exclusive to GO fibroblasts concerning
proliferation and HA production.
Selenium reduced cell damage in GO
fibroblasts

SeMCys rescued from H,O,-dependent
cytotoxicity, by reducing necrosis and
apoptosis, with no difference between
GO and control fibroblasts. MCys had no
effect. To determine whether the findings
reflected the antioxidant actions of
selenium, the assessment of GSSG was
performed. H,O, promoted the increased
production of GSSG, which was
counteracted by SeMCys, but not by
MCys, with no differences between GO
and control fibroblasts.

Beneficial effect of selenium in mild
GO.

Compared with placebo, Selenium, but
not pentoxifylline, leads to the
improvement of quality of life (P < 0.001),
eye overall outcome (P = 0.01) and
slowed the progression of GO (P = 0.01),
at the 6 months evaluation.

inhibited HA synthesis in GO, but not in control fibroblasts,
even though H,0, did not affect HA release (67). This
observation suggests that selenium may influence HA release,
at least in part, regardless of the oxidative stress induced by
H,0,, through mechanisms that are still to be clarified.
Furthermore, a reduction in the release of pro-inflammatory
cytokines induced by low dose H,0,, namely interferon-y
(IFNY) and TNFa, was found in both GO and control OFs
treated with SeMCys (67, 68), contributing the beneficial effects
of selenium in GO OFs.

Clinical Studies

The first clinical, pilot study on antioxidants, showed an
improvement of GO soft tissue involvement in patients
treated with an antioxidant mixture containing allopurinol
plus nicotinamide, compared with those given placebo (54).
After these promising results, the European Group on Graves’
Orbitopathy (EUGOGO) performed a randomized, placebo-

controlled, multicenter, clinical trial in European countries
known to have marginal selenium-deficiency, to investigate
the effect of selenium and pentoxifylline in mild GO (4). One
hundred and fifty-nine patients with mild GO were randomized
to receive sodium selenite (100 mcg twice/day, equivalent to
91.3 ug of selenium), pentoxifylline (600 mg twice/day), or
placebo (twice/day) for 6 months, followed by a follow-up
period of 6 months. The overall eye outcome—assessed at the
end of treatment by a change in a composite score including
exophthalmometry, clinical activity score (CAS), measurement
of eyelid aperture, diplopia and visual acuity—as well as the
quality of life were significantly better in the selenium group.
GO improved in 61% of patients treated with selenium and in
36% of patients receiving placebo, whereas the eye disease
worsened in 7 and 26% of patients in the selenium and
placebo group, respectively (Figure 2). The effect of
pentoxifylline was not relevant compared to placebo.
Similarly, at 6 months, the scores of the quality of life of GO
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FIGURE 1 | (A) Effect of selenium (10 uMol) or of the negative control methylcysteine (MCys) (10 uMol) on Glutathione disulfide (GSSG), released after
treatment with H>O, (5 uMol), in fibroblasts from patients with Graves’ orbitopathy (GO fibroblasts) or from control patients. P* and **P = 0.02 vs H,05;

F and 1 P = NS vs H,O,; P = NS between GO and control fibroblasts; (B) Effect of selenium (10 uMol) or methylcysteine (MCys) (10 uMol) on cell
proliferation, induced by H>O, treatment (5 uMol), in GO and control fibroblasts. *P = 0.02 vs untreated cells; **P = 0.02 vs H,O,; P = 0.003 between GO
and control fibroblasts; (C) Effect of selenium (10 uMol) or methylcysteine (MCys) (10 uMol) on hyaluronic acid (HA) release in GO and control fibroblasts.
*P =0.02 vs H,O,; P = 0.02 between Graves’ Orbitopathy and control fibroblasts. Reprinted with permission by Thyroid 2017, Volume 27, pp. 271-278,

(GO-QOL) increased from baseline by 6 or more points for
visual functioning in 33 patients (62%) and for appearance in 40
patients (75%). Interestingly, the majority of selenium-treated
patients who had a positive change in eyelid aperture, soft tissue
involvement, or both, also had an improvement of 6 points or
more on the appearance subscale of GO-QOL [84%; 95%
confidence interval (CI), 67 to 95] and on visual functioning
subscale (72%; 95% CI, 53 to 86), as well as in the overall score
(81%; 95% CI 63 to 93). The GO improvement following
treatment with selenium was maintained also at 12 months,
suggesting that the beneficial effect of selenium is persistent
after treatment withdrawal. A limit of this study is that neither
baseline not end of treatment selenium concentrations were not
measured. Therefore, it remains unclear whether correction of

selenium deficiency accounted for the beneficial effects of
selenium administration.

CONCLUSIONS

The redox state is a key point in cellular homeostasis and its
unbalance leads to the disruption of intracellular reactions,
thereby damaging cell structures. Oxidative stress plays an
important role in both GH and GO but the question of whether
the use of selenium in the management of patients with GH and
GO can be truly effective is still to be clarified. Studies performed
so far regarding the use of antioxidant agents, especially as
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FIGURE 2 | (A) Clinical Activity Score (CAS) evaluation at baseline and 6 months in patients with mild Graves’ Orbitopathy treated with selenium or placebo;

(B) Graves’ orbitopathy-specific quality-of-life questionnaire (GO-QOL) at baseline and 6 months in patients with mild Graves’ Orbitopathy treated with selenium,
placebo or Pentoxifylline; (C) Eyelid aperture at baseline and 6 months in patients with mild Graves’ Orbitopathy treated with selenium, placebo or Pentoxifylline;
(D) Soft tissue signs at baseline and 6 months in patients with mild Graves’ Orbitopathy treated with selenium, placebo or Pentoxifylline. Redrawn from the Engl J

Med 2011; 364: 1920-1931.

selenium, provided conflicting results on the possibility of a new
therapeutic approach. The real effectiveness of selenium in
patients with GH is very dubious and at this moment there is
not enough evidence to use it. Current evidence on selenium
supplementation in patients with mild GO provided promising
results, suggesting that selenium may improve the quality of life
and the course of GO and opening to the possibility of its clinical
use. It is also possible that selenium may have beneficial effects in
moderate-to-severe GO, especially when patients are selenium-
deficient. The action of selenium for the long-term outcome
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