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Background: Graves’ orbitopathy (GO) is considered an autoimmune condition in close relationship with Graves’ disease (GD) affecting the
thyroid. Several similarities exist between the two conditions, sharing the common antigen and the characteristics of the inflammation medi-
ated by a number of cytokines. The result of the immune reactions will lead to the expansion of adipose tissue, production of glycosamino-
glycans and soft tissue inflammation.

Material and methods: In our study we examined the serum level of interleukin-1 (IL-1), interleukin 2 (IL-2), interleukin-4 (IL-4), interleukin-6
(IL-6), interleukin-8 (IL-8), interleukin-10 (IL-10), monocyte chemoattractant protein-1 (MCP-1), tumor necrosis factor-alpha (TNF-a), and
interferon-gamma (IFN-y) in correlation with the activity of disease and smoking habits in 25 patients with GD and GO.

Results: \We found that smokers had higher serum IL-6 and lower serum MCP-1, IL-8 and TNF-a. level compared to non-smokers. Also,
we found a weak positive correlation between serum IL-10, IFN-y and disease activity (clinical activity score, CAS) and negative correlation
between serum IL-1 and activity.

Conclusion: Our findings support the fact that some cytokines (IL-10, IFN-y, IL-1) play a role in active disease, while others are influenced by
environmental factors, such as smoking (IL-6, IL-8, TNF-a). The discrepancy of cytokine profiles may reflect different patient characteristics,
such as disease stage and disease activity and determination of serum cytokines would be useful in selecting patients who need more ag-
gressive treatment protocols.
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Introduction
Graves’ orbitopathy (GO) is a condition frequently associat-
ed with Graves’ disease (GD) (autoimmune thyroid disease,
goiter and thyrotoxicosis). It can be clinically relevant in al-
most 70% of patients but with sensitive imaging techniques
it can be demonstrated in over 90% of patients with GD
[1]. The most common symptoms include lid retraction (al-
most invariably the upper lid being affected) [2], periorbital
swelling and redness, conjunctival redness, lagophtalmos
and proptosis [3]. The change in appearance can be very
disturbing for patient but the true danger is represented by
the most severe complications — corneal ulcerations and op-
tic nerve ischemia leading in severe cases to sight loss [4].
The onset of GO varies in association with thyroid dis-
ease, it may be present from the beginning of hyperthyroid-
ism, it can follow within months after the thyroid dysfunc-
tion, or, in some cases it can precede the thyrotoxicosis.
A small percentage of GO patients develop GO without
any evidence of thyroid disease, called euthyroid GO [5,6].
Clinical evaluation of GO is made upon signs and symp-
toms according to algorithms offered by the European
Group on Graves Orbitopathy (EUGOGO) [7,8,9,10].
This includes appreciation of severity by the NOSPECS
stages and activity by the Clinical Activity Score (CAS)
(Tables I and II).
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The pathogenesis of GO is based upon the concept of
the common antigen shared by the thyroid and orbit as
well, presumably the thyroid stimulating hormone (TSH)
receptor. Stimulating antibodies attached to the recep-
tor generate a cascade of immune reactions and cytokine
production leading to adipogenesis and expansion of the
adipose tissue within the connective sheets in the orbit,
inflammatory infiltration and production of glycosamino-
glycans [11,12].

The recruited inflammatory cells, T and B lymphocytes,
macrophages, mast cells, orbital fibroblasts interact and
promote local inflammation by signal molecules repre-
sented by cytokines: IL-1 (interleukin-1), IL-2, IL-4, IL-
6, IL-8, IL-10, IL-16, IL-18, IFN-y (interferon gamma),
TNF-a (tumor necrosis factor alpha), TGF-B (transform-
ing growth factor beta), RANTES (Regulated on Activa-
tion, Normal T Cell Expressed and Secreted) and MCP-1
(monocyte chemoattractact protein). In recent-onset GO
Th1 pattern dominates (IL-2, IFN-y, TNF-a), and in re-
mitted, inactive disease the Th2 pattern cytokines (IL-4,
IL-5, IL-10) represent the major cytokines [13,14]. The
result of cytokine stimulation on the orbital fibroblast is
the acceleration of acute immune reactions like expression
of heat shock protein 72, production of prostaglandin E2,
enhancement of glycosaminoglycan synthesis, adipocyte
differentiation and adipogenesis [15,16].

The most important environmental factor in close as-
sociation with the progression of GO is smoking. Smok-
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Table I. Stages of severity - NOSPECS stages

Class Mnemonics Grade Change

0 N
1 O
2 S

No signs or symptoms

Only signs

Soft tissue involvement with symptoms and
signs

absent

minimal

moderate

O T ®» O

marked
Proptosis
<23 mm
23-24 mm
25-27 mm
>28 mm

O T » O

Extraocular muscle involvement

absent

Limitation of motion in extremes of gaze
Evident restriction of motion

Fixation of a globe or globes

Corneal involvement

absent

O T » O

Stippling of cornea

Ulceration

Clouding, necrosis, perforation
Sight loss (visual acuity)

>0.67

0.67-0.33

0.33-0.10

<0.10

O T » O

O T » O

ing, even passive smoking, represents a risk factor for more
severe orbital involvement and higher activity score by the
interaction with proinflammatory cytokines [17,18].
Treatment of GO is focused mainly on equilibration of
thyroid function and reduction of inflammation by local
and systemic anti-inflammatory drugs according to guide-

lines set by EUGOGO [19].

Subjects and methods
In this study participated 25 patients with Graves™ disease
and Graves' orbitopathy, followed-up in the Endocrinol-
ogy Clinic of Tirgu Mures. We investigated serum levels
of interleukin-1 (IL-1), interleukin-2 (IL-2), interleukin-4
(IL-4), interleukin 6 (IL-6), interleukin-8 (IL-8), inter-
leukin-10 (IL-10), monocyte chemoattractant protein-1
(MCP-1), tumor necrosis factor-alpha (TNF-a) and inter-
feron-gamma (IFN-y), in order to examine the contribu-
tion of these cytokines in the immune response of the dis-
ease. Diagnosis of Graves disease was made upon clinical
and biochemical-immunological criteria: goiter, signs of
thyrotoxicosis (suppressed TSH with elevated FT4 and/or
FT3) or treatment for the disease, antithyroid antibodies
(TSH Receptor Antibodies-TRADb, antithyroid peroxidase-
TPO), and ophthalmological exam for the presence of the
orbitopathy.

The onset of Graves' disease and orbitopathy were not-
ed, as the time elapsed between the thyroid symptoms and
ophthalmic symptoms. Smoking status was recorded as

Table Il. Clinical Activity Score. For each item present, 1 point is
given. The sum of these points is the CAS.

Pain 1 Painful, oppressive feeling on or behind the globe, during
the last 4 weeks
2 Pain on attempted up, side or down gaze, during the last

4 weeks
Redness 3 Redness of the eyelids

Diffuse redness of the conjunctiva, covering at least one
quadrant

Swelling of the eyelids
Chemosis
Swollen caruncle

I

Swelling

o N o o

Impaired Increase of proptosis of > 2 mm during a period of 1-3
function mm
9 Decrease of eye movements in any direction > 5° (de-
gree) during a period of 1-3 months
10  Decrease of visual acuity of > 1 line(s) on the Snellen
chart (using a pinhole) during a period of 1-3 months

smoker (even patients who quit in time) and non-smoker
(never smoked).

Serum cytokines (IL-1, IL-2, IL-4, IL-6, IL-8, IL-10,
IFN-y, TNF-a) were measured by biochip-cytokine array
(Randox Laboratories Ltd., UK) with patients’ informed
consent at the same time with routine blood tests on ad-
mission.

Statistical analysis was performed using JMP 7.0 (de-
scriptive statistics, t-test, Chi-test, Kruskall-Wallis test), p
<0.05 was considered statistically significant.

Results

Patient distribution: of the 25 patients 10 were male
(40%), 15 female (60%), mean age 43.08 years (+2.16),
the youngest patient was 24, the oldest 58. A number of 14
of patients were smokers (7 male and 7 female), 11 never
smoked (3 male, 8 female).

Ophthalmopathy onset in relation to Graves disease
evolution: in 12 patients ophthalmological signs appeared
simultaneously (within 1-2 months) with thyroid disease,
in 13 (52%) patients there was a known history of thy-
roid disease, before the orbitopathy appeared. In these, 5
patients developed ophthalmic disease within 12 months,
another 6 within 12 to 36 months, and 2 after 3 years after
the beginning of hyperthyroidism (Figure 1).

48

24
20

<36 mo 12-36 mo <12 mo sim
Fig. 1. Onset of Graves’ orbithopathy in relation to onset of
thyroid disease (numbers showing percentage of patients, mo=

months, sim= simultaneously)
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Table lll. Cytokine measurements in patients with Graves’ orbitopathy according to smoking habit
Cytokine Mean + SD (pg/ml) Cl (95%) Mean + SD (pg/ml) Cl (95%) Mean + SD (pg/ml) Cl (95%) P value
All patients Smokers Nonsmokers
n=25 n=14 n=11
IL-1 0.95 + 0.08 0.78-1.11 0.86 + 0.10 0.64-1.08 1.05 £ 0.12 0.80-1.30 NS
IL-2 6.71 + 0.61 5.43-7.98 6.44 +0.83 4.70-8.17 7.05+0.94 5.09-9.01 NS
IL-4 3.98 +0.29 3.36-4.59 4.15+0.40 3.31-4.98 3.76 + 0.45 2.82-4.70 NS
IL-6 4.0176 + 1.35 1.21-6.82 6.42 +1.98 2.32-10.52 212 +1.75 -1.50-5.76 0.047
IL-8 15.67 + 3.00 9.47-21.87 10.92 + 3.81 3.02-18.82 21.73 +4.30 12.81-30.64 0.051
IL-10 2.10 +0.20 1.67-2.52 2.23 +0.27 1.66-2.80 1.92 + 0.31 1.28-2.57 NS
MCP-1 321.00 + 33.77 251.30-390.70 287.62 + 44.89 194.76-380.49 363.48 + 50.64 258.71-468.24 0.046
TNFo 3.65+0.35 2.91-4.38 3.22 + 0.46 2.25-4.18 4.20 + 0.52 3.11-5.28 0.036
IFNy 2.76 £ 0.27 2.19-3.32 2.60 +0.370 1.84-3.37 2.95 + 0.41 2.08-3.81 NS

Staging the disease severity and activity according to ity score (CAS) exceeded 4 points, so 12 patients had inac-
guidelines of EUGOGO, available at http://eugogo.cu/  tive disease, and 13 patients had active GO ( six patients
clinical_evaluation.php, our patients presented as follows:  with CAS = 4, five patients with CAS = 5, and two patients
17 patients were considered as having mild or moderate ~ with CAS = 6).

GO with NOSPECS < stage IIIb, of these 12 were stage Mean cytokine level measurements are listed in Table ITI.
I1, and 5 patients had stage III ophthalmopathy; 8 patients ~ We wanted to see if there’s a difference in serum cytokine
had severe GO, defined as stages Illc-V, only one patient  levels in smokers vs. non-smokers. After statistical analysis
having optic neuropathy, therefore recorded as stage V. we found that smokers have higher IL-6 levels (6.42 + 1.98
Clinically active disease was considered when clinical activ-  pmol/l vs. 2.12 + 1.75 pmol/l, p < 0.05), and lower MCP1
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Fig. 2. Serum interleukin levels and Clinical Activity Score
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levels (287.62 + 44.89 pmol/l vs. 363.48 + 50.64 pmol/,
p < 0.05), lower IL-8 levels (10.92 + 3.81 pmol/l vs. 21.73
+ 4.30 pmol/l, p < 0.05) and TNF-a (3.22 + 0.46 pmol/l
vs. 4.20 + 0.52 pmol/l, p < 0.05) levels compared to non-
smokers. No statistically relevant differences were found in
IL-1, IL-2, IL-4, IL-10, IFN-y serum levels.

According to disease activity defined by CAS and cy-
tokine profile, we found that there is a weak positive cor-
relation between IL-10 (r = 0.26, p < 0.05) and clinical
activity score, IFN-y and clinical activity score (r = 0.23,
p < 0.05), and a weak negative correlation between IL-1
and CAS (r = —-0.24, p < 0.05) (Figure 2). For the rest of
the studied parameters, we found no statistical correlation
regarding disease activity and serum cytokine levels.

Discussions

In the present study we demonstrated differences in serum
interleukin levels in patients with Graves” orbitopathy. Sev-
eral studies tried to define the exact serum interleukin pro-
file in attempt to predict progression and response to med-
ical treatment. Some of these cytokines are involved in Th1
cell mediated immune reactions (IL-2, TNF-a and IFN-y),
while others are related to Th2 humoral responses (IL-4,
IL-5, IL-10). Other cytokines are secreted by activated fi-
broblasts or macrophages (IL-1, IL-6, IL-8,IL-16, TGF-$,
RANTES, PGE2) and they sustain chronic inflammation
(8,20]. IL-1, TNF-a and IFN-y are pro-inflammatory cy-
tokines that increase adhesion molecule (ICAM-1), heat
shock protein 72, HLA class II molecules’ expression on
orbital fibroblasts and stimulate adipocyte differentiation.
The stimulated fibroblasts secrete small cytokines as MCP-
1 and IL-8, which participate in recruitment of monocytes,
lymphocytes and neutrophils to the site of inflammation.
In addition, studies have shown that IL-1 is responsible for
the production of glycosaminoglycans. Blocking TNF-a
or IL-1 production by specific monoclonal antibodies rep-
resents a promising therapeutic possibility for a subset of
patients. Some studies show that there is an increased level
of IL-10 in GO patients that respond to steroid treatment,
and that the proportion of IL-10 vs. IL-4 (mainly an anti-
inflammatory cytokin) could be used for selecting patients
before therapy. IL-6 has been shown to stimulate the ex-
pression of TSH-receptor gene and is a negative predictive
factor for response to treatment [15,16,24]. These results
are controversial, mainly due to the small number of pa-
tients included in studies. In our study IL-6 levels proved
to be more elevated in smoker patients when compared to
non-smokers suggesting the proinflammatory potential of
smoking on orbital fibroblasts by increasing HLA II mol-
ecule expression. This finding is important because smok-
ers are at higher risk in developing GO, the response to
medical treatment is poorer and progression is more severe
in active smokers [18,21,22,23]. Therefore it is important
for patients to understand that quitting can improve cur-
ing chances, and smoking being a modifiable risk factor
they should be encouraged and helped to cease smoking.

The lower IL-8, MCP-1 and TNFE-a levels found in smok-
ers suggest that the inflammation is exacerbated in smokers
and cytokines responsible for fibroblast activation and adi-
pocyte differentiation could be slightly reduced. Consider-
ing that almost half of patients presented had recent-onset
GO, we would have expected to have more evident Thl
pattern in cytokine profile, namely elevated IL-2, IFN-y
and TNF-a, described in other studies [13,14]. The small
number of patients may be the cause of this bias.

Several studies suggested also that serum interleukin
levels, and more evident retroorbital cytokine levels are
strongly correlated with disease activity [20,24,25]. We
found that only for IL-10 and IFN-y there is a slight in-
crease with clinical activity score, and that IL-1 levels
decreased with higher scores of disease activity. The dis-
crepancy of cytokine profiles may reflect different patient
characteristics, such as disease stage and disease activity.

Conclusion

Our work shows that there is a difference in serum IL-6 in
smoking and non-smoking GO patients. We recommend
stopping smoking for all patients with Graves disease and/
or Graves orbitopathy.

The activity of the disease characterized by the extension
of inflammation and impairment of function correlated
with increasing serum IL-10, IFN-y and lower IL-1 levels.
The importance of these findings need to be assessed in
larger patient populations.

As a conclusion, our study suggests that cytokines play
a major role in sustaining and promoting inflammation
in the retro orbital tissue of GO patients, and serologic
profiling could help in choosing more aggressive treatment
protocols in patients with active disease.
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