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Role of cytokines, IL1-8 and IL-10,
in the development of endocrine ophthalmopathy in Graves’ disease
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Introduction

Background: Endocrine ophthalmopathy (EO) is a disease which is characterized by
progressive autoimmune inflammation of extraocular muscles and retrobulbar adipose
tissue, and is accompanied by infiltration, edema and proliferation of retrobulbar
adipose tissue, muscles and connective tissue, leading to worsened quality of life, limited
capacity for work and even ocular atrophy. It has been demonstrated that cytokines are
involved in the development of autoimmune ophthalmopathy in Graves’ disease (GD).
Thus, the secretion of IL-1B, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, and TNFa were increased
several dozenfold in active ophthalmopathy, but the specificity of cytokines in EO is still
a subject of discussion among researchers.

Purpose: To assess the levels of proinflammtory cytokines (IL-1) and anti-inflammatory
cytokines (IL-10) in Graves’disease complicated by endocrine ophthalmopathy.
Material and Methods: Forty-three patients with Graves’ disease (33 women and
10 men, age, 18 to 71 years) underwent an examination. They were divided into two
groups based on the presence or absence of EO: GD plus EO (24 patients) and GD
only (19 patients). Disease duration was 2.2+0.4 years for patients with GD plus EO
versus 3.98+0.74 years for patients with GD only (p<0.05). All patients were treated with
antithyroid drugs (mercazolil and thyrozol) and were classified as having compensated
thyroid disease at the time of the study. All patients with GD plus AO had a CAS score
exceeding 3 (the active stage of EO). Patients underwent an examination including
ultrasonic assessment of thyroid gland volume, hormonal examination (serum TSH, free
T4 (fT4), and free T3 (fT3)), assessment of serum antithyroid antibodies (anti-thyroid
peroxidase antibodies and TSHR-Ab) and serum IL-1f and IL-10 levels.

Results: Serum IL-1f levels were significantly increased in patients with Graves’
disease compared to healthy controls. Serum IL-1p levels for patients with GD plus EO
were significantly higher than for patients with GD only (45.48 + 16.19 pg/ml versus
10.44%5.17 pg/ml; p < 0.05), which may indicate the specificity of this cytokine as
a marker of inflammatory autoimmune activity in the orbit. Serum IL-10 levels were
significantly increased in all patients with Graves’ disease, with no significant difference
in this characteristic between patients with GD plus EO and patients with GD only
(23.76%7.72 pg/ml versus 22.2142.82 pg/ml; p > 0.05).

Endocrine ophthalmopathy (EO) is a disease which is
characterized by progressive autoimmune inflammation
of extraocular muscles and retrobulbar adipose tissue, and
is accompanied by infiltration, edema and proliferation of
retrobulbar adipose tissue, muscles and connective tissue,
leading to worsened quality of life, limited capacity for
work and even ocular atrophy. The role of cytokines in the
pathogenesis of autoimmune disease, particularly, EO, has
been extensively studied in the recent decade. Cytokines
are endogeneous peptides with a molecular mass of 5-30
kD and are produced by various immune cells, endothelial
cells, fibroblasts, etc. [1].

The effects of proinflammatory cytokines (e.g.,
interleukin (IL)-1B) are primarily associated with increased
synthesis of acute proteins, pyrogens, prostaglandins, and

collagen, and their capacity to affect vascular endothelium
[2, 3].

IL-1 is produced by numerous cells, including activated
macrophages and neutrophils, stimulated B-cells, and
fibroblasts. At present, the IL-1 family comprises a total
of 11 members. The most important, IL-1a and IL-1§,
are coded by different genes, but similar with regard to
structure, biological activity, and the receptors they connect
to. IL-1a activates mostly T-cells and acts in an autocrine
or paracrine manner, whereas IL-1B is a multifunctional
cytokine with a diverse range of intra- and extra-cellular
activities [2].
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IL-1B secretion is part of inflammatory response in
numerous types of immune and non-immune cells. IL-
1B is secreted as a precursor protein, whereas IL-1a is
constitutively expressed in numerous types of immune
cells, usually expressed as an intracellular precursor
protein or can function as a membrane-bound cytokine [4].

IL-1B is pleiotropic in biological activity and is
involved in the regulation of immune inflammatory
response and immune response. It stimulates the antigen-
presenting function of macrophages, activates a specific
subpopulation of immune cells (innate lymphoid
cells (ILC)3) and extracellular membrane proteins, is
involved in the formation of post-infection immunity,
inhibits proteoglycan and collagen synthesis, stimulates
differentiation of osteoclasts from the mononuclear
precursors leading to bone resorption. Like other
proinflammatory mediators, IL-1f is involved in the
formation of the general symptoms (like fever, loss of
appetite, social disadaptation, etc.) of inflammatory
disease [5, 6, 7, 8, 9].

The diseases with hyperproduction of IL-1B
(particularly, congenital autoimmune diseases, gout, Still's
disease, Schnitzler syndrome, Behcet's disease, neutrophil
dermatoses, rheumatoid arthritis, etc.) are characterized by
the development of severe inflammation [2].

IL-10 is a proinflammatory cytokine that inhibits
inflammation and cytokine cascade [10], and is produced
mostly by monocytes and to a less extent by lymphocytes,
including Th2 cells, mast and Treg cells, and some
subpopulations of activated T and B cells. It is a pleiotropic
cytokine that plays an important role in the regulation of
functions of lymphoid and myeloid cells. The IL-10 is a
potent inhibitor of cytokine synthesis and cell functions
of macrophages, and suppresses effector functions of
macrophages, T cells and NK cells. In addition, it is
involved in the proliferation and differentiation of B cells,
mast cells and thymocytes [11].

Moreover, it inhibits the proliferative response of T
cells to antigens and mitogens, and alters the capacity of
monocytes to present antigens to T-cells and to produce
cytokines (IL-1, IL-6, IL-8, IL-12, tumor necrosis factor
(TNF)a, GM-CSF, G-CSF) [13].

The activation of IL-10 production and a shift in the
Th1/Th2 balance towards Th2 cells may be due to the effect
exerted by endotoxin or the release of catecholamines and
glucocorticoids as inflammatory response to the stress
induced by bacterial or chemical factors. Therefore, IL-
10 is considered as a possible key factor leading to the
inhibition of inflammation and initiation of regenerative
processes.

It has been demonstrated that cytokines are involved
in the development of autoimmune ophthalmopathy in
Graves’ disease. Thus, the secretion of IL-1f, IL-2, IL-4,
IL-5, IL-6, IL-8, IL-10, and TNFa were increased several
dozenfold in active ophthalmopathy [12]. The specificity
of cytokines in EO is a subject of discussion among
researchers. Thus, many believe that any of the currently

known interleukins is not specific for EO [13]. It has been,
however, reported on the pathogenetic role of IL-6 which
increases the expression of thyroid-stimulating hormone
(TSH) receptor in orbital fibroblasts and specific antibody
synthesis by B cells, with CD8+CD28-lymphocytes in
peripheral blood and serum concentrations of soluble IL-6
receptor correlating with disease activity [14].

It has been demonstrated recently that, in the active
phase of EO, IL-17 was involved in the pathologic
activation of orbital fibroblasts (CD90), preadipocytes,
and, in this way, contributed to orbital adipogenesis [15].
In addition, IL-17 levels correlated directly with TSH-R
antibody levels, laboratory markers of autoimmune
activity in EO [15]. IL-4 causes fibroblast proliferation
and contributes to hyaluronic acid production in the late
stage of EO, contributing to the development of fibrosis
in retrobulbar adipose tissue [16]. Elevated levels of
proinflammatory cytokines, IL-4 and IL-10, have been
reported in the active stage of EO and in a more severe
course of the disease [12]. Therefore, further research on
the role of cytokines in the onset and progression of EO is
important and will have a practical value in the search for
laboratory markers of inflammation in this pathology.

Summing up the above data, studies on cytokine-
mediated pathway for the development of endocrine
ophthalmopathy in Graves’ disease will be important for
the development of novel therapeutic treatment strategies.

The purpose of the study was to assess the levels of
proinflammtory cytokines (IL-1B) and anti-inflammatory
cytokines (IL-10) in Graves’ disease complicated by
endocrine ophthalmopathy.

Material and Methods

Forty-three patients with Graves’ disease (33 women
and 10 men; age, 18 to 71 years) underwent an examination.
They were divided into two groups based on the presence
or absence of autoimmune ophthalmopathy (AO): GD
plus AO (24 patients; 18 women and 6 men; age, 18 to
71 years; mean age, 46.6943.12 years) and GD only (19
patients; 18 women and 6 men; age, 27 to 67 years; mean
age, 46.89+2.67 years).

Patients underwent an examination including
ultrasonic assessment of thyroid gland structure, hormonal
examination (TSH, free T4 (fT4), and free T3 (fT3))
and assessment of antithyroid antibodies (anti-thyroid
peroxidase antibodies and TSHR-Ab). Measurements of
serum TSH, FT4, and FT3 were conducted at the laboratory
of the Komisarenko Institute using chemiluminescent
immunoassay kits (reference TSH range, 0.27-4.2 plU/
mL; reference FT4 range, 0.93-1.71 ng/div; reference
FT3 range, 2.02-4.43 pg/mL; reference anti-thyroid
peroxidase antibody range, < 34 Units/mL) on Cobas
e 411 analyzer (Roche Diagnostics GmbH, Mannheim,
Germany). Measurements of TSH-R-Ab were conducted
using chemiluminescent immunoassay kits on a Siemens
Immulite 2000 analyzer. Thyroid antibody titers were
considered positive for the anti-TSH receptor-Ab titers
above 0.55U/L. The enzyme immunoassays (Vector
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Best, Novosibirsk, Russia) were employed as per the
manufacturer’s instructions to determine the levels of
cytokines.

Stat Fax 303 Plus microstrip reader (Awareness
Technology) was used to determine the bound horse-
radish peroxidase activity.

Sensitivity for IL-1f and IL-10 were 1.0 pg/mL
(measurement range, 0-250 pg/mL) and 1.0 pg/mL
(measurement range, 0-500 pg/mL), respectively, and the
reference IL-1 range was 0-11 pg/ml (for 95% of donors).
The mean IL-1B value for our 20 female controls was
4.4340.62. The reference IL-10 range was 0-9 pg/ml, and
the mean IL-10 value for the control group (20 women)
was 5.32+1.23 pg/ml.

Ultrasonography of the thyroid gland was performed
using NEMIO SSA-580A system (Toshiba Medical
Systems Co, Ltd, Tokyo, Japan) and Ultima RA Gris
941217.01343, with the patient in supine position and the
head bent back. Thyroid gland volume was determined by
the method of Brunn, with the upper limit of the normal
range being 13 mm3.

Patients with Graves’ disease were compared with 20
healthy female controls (age, 36 to 42 years; mean age,
40.1£1.80 years) with regard to anti-thyroid peroxidase
Ab, TSHR-ADb, IL-1p and IL-10 levels.

The Student t test was used for statistical analyses.
The level of significance p < 0.05 was assumed. Data are
presented as mean + SEM.

Results

Forty-three patients with Graves’ disease were divided
into two groups based on the presence or absence of EO.
Disease duration was 2.2+0.4 years for patients with
GD plus EO versus 3.984+0.74 years for patients with
GD only (p<0.05). All patients have been treated with
antithyroid drugs (mercazolil and thyrozol) for long and
were classified as having compensated thyroid disease at
the time of the study. All patients with GD plus AO had
a CAS score exceeding 3 (the active stage of EO). Table
1 presents clinical characteristics and laboratory data for
patients of both groups.

There was no significant difference in TSH, fT4 or fT3
between patients of these groups (Table 1). Thyroid gland
dimensions in patients of both groups were significantly
higher than normal reference values, with no significant
difference between patients of both groups. Serum IL-
1B levels for patients of both groups were significantly
higher than for controls (p<0.05). Serum IL-1p levels for
patients with GD plus EO were significantly higher than
for patients with GD only (45.48 + 16.19 versus 10.44 +
5.17; p < 0.05). Table 2 presents serum IL-1p, IL-10, anti-
thyroid peroxidase Ab, and TSHR-AD for patients of both
groups.

Serum IL-10 levels for patients with GD plus EO
and those with GD only (23.76+£7.72 and 22.21£2.82,
respectively) were also significantly higher than for
controls (5.32+1.23). There was no significant difference

in serum IL-10 or anti-thyroid peroxidase Ab levels
between patients of these groups (Table 2).

Serum TSHR-Ab for patients were higher than
reference values, and serum TSHR-AD levels for patients
with GD plus EO were significantly higher than for those
with GD only (7.32+1.68 unit/mL versus 3.76+0.2 unit/
mL; p=0.04). These findings are in agreement with the
literature, since serum TSHR-AD is a diagnostic marker of
autoimmune activity in EO.

Discussion

Therefore, we found significantly increased serum
pro-inflammatory cytokine IL-1p and TSHR-AD levels in
patients with GD plus EO compared to those with GD only
(45.48+16.19 pg/ml versus 10.44+5.17 pg/ml; p<0.05).
This may indicate the specificity of this characteristic as a
diagnostic marker of orbital autoimmune activity.

Our findings are in agreement with others who
reported on the activation of orbital fibroblasts in EO, with
these fibroblasts being able to secrete proinflammatory
cytokines IL-1B, IL-1a, IL-6, and IL-8 to contribute to
orbital inflammation [17].

IL-10 is a cytokine which not only suppresses cellular
immunity but also stimulates the humoral response. The
current study found significantly increased serum IL-10
levels in patients with GD plus EO and those with GD
only, which was as expected accompanied by high serum
TSHR-Ab levels. There was, however, no significant
difference in serum IL-10 levels between patients with GD
plus EO and those with GD only (23.76+7.72 pg/ml versus
22.21+2.82 pg/ml).

Therefore, there was no expected response (no increase
in serum anti-inflammatory cytokine IL-10 levels with
an increase in serum pro-inflammatory IL-1f levels) in
patients with GD plus EO.

Others have reported similar findings, concluding that
mRNA IL-10 expression can be increased in autoimmune
thyroid diseases, GD and Hashimoto thyroiditis, and the
role of IL-10 might be directed to the stimulation of B cell
proliferation and antibody production rather than to the
suppression of proinflammatory cytokine release [18].

Conclusion

First, serum levels of pro-inflammatory cytokine IL-
1B in patients with Graves’ disease were significantly
increased compared to healthy controls (p < 0.05). Second,
serum levels of IL-1p in patients with the active stage of
EO in the presence of Graves’ disease were significantly
increased compared to patients without EO (45.48 £ 16.19
pg/ml versus 10.44 £ 5.17 pg/ml; p < 0.05), which may
indicate the specificity of this cytokine as a marker of
inflammatory autoimmune activity in the orbit. Finally,
serum levels of pro-inflammatory cytokine IL-10 in
patients with Graves’ disease were significantly increased
compared to healthy controls, but there was no significant
difference in IL-10 between patients with EO and patients
without EO (23.76 + 7.72 pg/ml versus 22.21 + 2.82 pg/
ml; p > 0.05).
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Table 1. Clinical and laboratory characteristics of patients with Graves’ disease plus EO versus Graves’ disease only

Characteristic

GD plus EO (n=24)

GD only (n=19)

Women/men 18/6 15/4

Age, years 46.69+3.12 46.89+2.67
Disease duration, years 2.2+0.4 3.98+0.74*
TTI, ml/unit 2.74+1.51 0.76+0.39
fT4, pg/mL 17.314£3.96 22.12+3.37
T3, pg/mL 4.48+1.01 6.53+1.93
Thyroid gland volume, mm3 31.3314.85 29.04+0.39

Note: *, significant difference between groups based on Student t-test (P < 0.05)

Table 2. Serum IL-18, IL-10, anti-thyroid peroxidase antibodies and TSHR-Ab for patients with Graves’ disease plus EO

versus Graves’ disease only

IL-1B, IL-10, Anti-thyroid TSHR-ADb,
Group of patients peroxidase Ab,

pg/ml pg/ml unit/ml unit/ml
GD plus EO 45.48+16.19 23.76+7.72 289+32.82 7.32 +1.68
GD only 10.4445.17 22.21+2.82 319+41.98 3.76 0.2
Controls 4.43+0.62 5.32+1.23 15.81+£3.11 0.46+0.01
P1 <0.05 <0.05 <0.05 <0.05
P2 <0.05 >0.05 >0.05 <0.05

Note: P1, difference between patients and controls based on Student t-test;
P2, difference between patients with Graves’ disease plus EO and patients with Graves’ disease only
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