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Abstract

Introduction. Graves’ orbitopathy (GO) is a complication in Graves’ disease (GD) that causes disfigurement and
sometimes blindness. The pathogenesis of GO remains unknown, while its symptoms demonstrate dependence
between the thyroid gland and the orbit. The ongoing inflammatory process in retrobulbar tissue results in its
remodeling characterized by increased volume of the orbital contents involving adipose tissue, with fibrosis and
adipogenesis as predominant features. This study was aimed at the immunohistochemical verification of potential
contribution and correlation between orbital expressions of IGF-1R, CD34, Foxp-3, PPAR-y and CD4, CD68,
TGF-3, FGF-f in severe and mild (long-lasting) GO.

Material and methods. Forty-one orbital tissue specimens — 22 patients with severe GO, 9 patients with mild GO
and 10 patients undergoing blepharoplasty as a control group — were processed by routine immunohistochemistry.
Results. Increased IGF-1R, CD34 and Foxp-3 expression was found in both severe and mild GO, yet a signifi-
cant correlation between CD34 and CD4, CD68, TGF-3, FGF-f expressions was observed in long-lasting GO.
Conclusions. CD34 expression is proposed to be the marker of orbital tissue remodeling in the course of mild
GO. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 1, 37-45)
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Introduction

The pathogenesis of Graves’ orbitopathy (GO)
remains enigmatic as does the connection between
the thyroid and orbit [1, 2]. GO is characterized by
a volume increase of the orbital adipose tissue and
orbital remodeling, but the cells and molecules that
drive orbital adipogenesis and remodeling remain
uncertain. Previously, CD34(+) fibrocytes, mono-
cyte-lineage bone marrow-derived cells, were found to
infiltrate the orbit in GO where they could transform
into CD34(+) orbital fibroblasts [3, 4]. Moreover, it
has been reported that CD34(+) fibrocytes express
functional TSH receptor, the central autoantigen in
Graves’ disease (GD) [5, 6]. In addition to the TSH
receptor, orbital fibrocytes (OF) express the insu-
lin-like growth factor 1 receptor (IGF-1R) and the
role of TSHR/IGF-1R crosstalk has been recently
emphasized in the pathogenesis of GO [7-9]. Previous
study had shown that IGF-1R levels were three-fold
higher on the orbital fibroblasts (OF) from GO pa-
tients compared with control fibroblasts [10]. Most
recently, Zhao et al. showed that IGF-1 significantly
promoted the cell proliferation and lipid accumula-
tion in stromal cells derived from GO-orbital adipose
tissue [11]. Furthermore, Zhao et al. have demon-
strated that the protein level of peroxisome prolifera-
tor-activated receptor-y (PPAR-y), involved in insulin
action, adipocyte differentiation, lipid metabolism
and inflammation, is up-regulated in adipose-derived
stromal cells when treated with IGF-1, which involved
activation of IGF-1R and subsequent PI3K signaling
[11]. These data illustrate that the IGF-1/IGF-1R axis
represents a pro-proliferative and pro-adipogenic
pathway in orbital tissue from GO [11].

Regulatory T cells (Tregs) are crucial in sup-
pressing aberrant pathological immune responses,
including auto-immune responses [12]. To maintain
homeostasis, Tregs use different mechanisms, includ-
ing the secretion of inhibitory cytokines, but also by
cell surface expression of molecules such as cytotoxic
T lymphocyte-associate protein 4 (CTLA-4) that is
a critical negative regulator of T cell immunity. De-
velopment and functioning of Tregs is controlled by
the transcription factor Forkhead box P3 (Foxp-3),
while the absence or dysfunction, reduced number
of CD4+CD25+Foxp-3+ Tregs associated with au-
to-immune disease, including GD [13, 14]. Previously,
we found enhanced Foxp-3 mRNA expression in GO
orbital tissue samples and the positive correlation
observed with CD3 infiltration along with diminished
CTLA-4 expression suggesting that inadequate Treg
function contributes to the pathogenesis of severe
GO [15].
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The limitations in our understanding of extrathy-
roidal Graves’ disease immunophenotype result in
unsatisfying treatment of severe GO. Therefore, we
performed a detailed immunohistochemical study
that aimed at comparing the expression pattern of
CD34, IGF-1R, Foxp-3, and PPAR-y in the orbital
fat/connective tissue of patients with mild/long-last-
ing and severe/active GO in relation to tissue infil-
trating cells and remodeling properties (CD4, CD68,
TGF-B, FGF-f) in these two subgroups of patients
with GO.

Material and methods

Patients and controls. Human orbital tissue samples from
twenty seven patients with GO (26 females and 1 male)
classified according to the European Group on Graves’
Orbitopathy [16], who underwent orbital decompression
procedures, were obtained from the orbital tissue bank at
the Department of Ophthalmology, University of Essen,
Essen, Germany. The mean age of patients at the time of
surgery was 44.5 years (range 26—47).

Control, age-matched, fat/connective tissue was obtained
from 10 individuals (9 females and 1 male) undergoing or-
bital surgery for blepharoplasty and without history of GO
or any orbital inflammatory disease. Surgical specimens
were immediately snap-frozen in liquid nitrogen and stored
in —80°C until use.

The clinical activity score of GO (CAS) was estimated
according to Mourits et al. [17]. The severity of the eye
disease was estimated using NOSPECS classification (no
signs or symptoms; only signs, on symptoms; signs only;
proptosis; eye muscle involvement; corneal involvement;
and sight visual acuity reduction) [16].

Patients with severe GO (NOSPECS IV-VI), required
orbital bony decompression due to optic nerve compression
and limited extraocular muscle functions (22 specimens).
Mean duration of thyroid disease was 2.5 + 1.5 years (mean
+ SD) and 1.2 = 1 year for GO. Before the surgery all
patients received > 1 cycle of steroid treatment and orbital
irradiation. The mean clinical activity score was 8.5 * 2.5.

Patients with mild GO (n = 9) (NOSPECS III-1V)
underwent orbital bony decompression to reduce proptosis.
Mean duration of thyroid disease was 3.9 + 2 years and 3.3
+ 1.9 for GO. Steroid treatment and orbital irradiation
characteristics in this group were similar to the patients with
severe GO. The mean clinical activity score was 2.2 * (.8.

The study was approved by the Medical Ethics Com-
mittee of the University of Essen, Germany. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Hel-
sinki declaration and its later amendments or comparable
ethical standards.
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Table 1. Antibodies used in the study for immunohistochemical stainings. For negative control phosphate-buffered saline
(PBS) was used instead of primary antibody, no staining was detected when the primary antibody was omitted

Antibody

Type of antibody

Dilution Positive control

IGF-1Ra

Monoclonal mouse anti-human
Santa Cruz Biotechnology
Antibody (1H7): sc-461

1:100 Thyroid gland tissue

CD34

Monoclonal rabbit anti-human
Abcam
Antibody (EP373Y): ab81289

1:100 Normal kidney vessels tissue

Foxp-3

Monoclonal mouse anti-human
Santa Cruz Biotechnology
Antibody (2A11G9): sc-53876

1:150 Human lymph node tissue

Monoclonal mouse anti-human

PPAR-y
Santa Cruz Biotechnology
Antibody (E-8): sc-7273

1:50 Human placenta tissue

Immunohistochemistry. Formalin-fixed, paraffin-embedded
human orbital cryosections (4 um thick) were subjected
to heat-induced antigen retrieval in EnVision Flex Target
Retrieval Solution (DAKO, Glostrup, Denmark) in high pH
(Tris/EDTA buffer, pH = 9) for the evaluation of CD34
and Foxp-3, and in low pH (0.01M sodium citrate buffer,
pH = 6.0) for IGF-IR and PPAR-y expression. Following
the reduction of endogenous peroxidase activity by im-
mersion in 3% hydrogen peroxidase in methanol for 10
minutes and blockade of nonspecific antigens, slides were
incubated with primary antibodies, as indicated in Table 1,
overnight at refrigerator temperature (4°C). Visualization
reagent EnVision/HRP (DAKO Omnis) was applied for 20
minutes followed by DAB+ Chromogen (DAKO Omnis)
solution for 10 minutes. The slides were counterstained with
hematoxylin and evaluated under the light microscope. The
results of the immunostaining were evaluated in 15 random
fields under 20X magnification per each sample by two
independent pathologist blindly. The immunohistochemical
assessment of CD4, CD68, TGF-f and FGF-§ was evaluated
and described earlier in our previous study [18]. The results
were expressed as the percentage of IGF-1R*, CD34",
PPAR-y* orbital fibroblasts (OF) and Foxp-3* associated T
lymphocytes by the positive staining as follows: < 10% pos-
itive cells — negative (—), between 11% and 50% (+), and
>51% positive cells (++). Although both nuclear and cyto-
plasmic expressions were observed, it was necessary to use
a unified semi-quantitative rating system in order to deter-
mine possible dependencies in co-expression.

Statistical analysis. The results were analyzed using
Statistica 12.0 for Windows (StatSoft, Poland). Owing to
asymmetric data distribution, nonparametric tests were
used. Significance levels were calculated in accordance with
Kruskal-Wallis test (differences between the control and
examined group). The correlations between the examined
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parameters were assessed with Spearman’s rank correlation
test. A p-value < 0.05 was regarded as significant.

Results

In this study we assessed IGF-1R, CD34, Foxp-3 and
PPAR-y expression in the orbital tissue in severe and
mild GO compared between each other and with
control cases. Obtained results were correlated with
CAS of GO patients and with CD4, CD68, TGF-8
and FGF-$ expression.

CD34 expression

CD34 expression was found in OF in orbital connec-
tive tissue of GO patients (Fig. 1A-B). 80% of the
evaluated control samples were negative for CD34
expression, while all mild GO cases were evaluated
as + while in severe GO cases ~23% of the orbital
tissues were scored as + and ~ 77% were rated as
++ (Table 2 and 3).

Foxp-3 expression

Foxp-3 expression (Fig. 1C) was found in associated
T lymphocytes from orbital connective tissue of both
control and GO patients. From the orbital tissues
obtained from the control group, half of them re-
vealed a Foxp-3 staining scored as + while the other
half was scored as ++ (Table 2). Within the group of
mild GO all orbital tissues were evaluated as + while
in the severe GO group ~59% of the orbital tissues
were scored as ++, ~32% as + and ~9% as negative
(Table 2 and Table 3).

IGF-1R expression

IGF-1R was undetectable in the orbital tissue from all
control cases (Table 2). However, IGF-1R expression
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Figure 1A-B. The expression of CD34 in fibroblasts of orbit connective tissue in mild Graves’ orbitopathy (GO) (A) and
severe GO (B). The immunohistochemical (IHC) staining was performed as described in Methods. Arrowheads indicate

immunoreactivity.

Table 2. The descriptive statistics of evaluated score for immunohistochemical staining of the respective antigens in control
and Graves’ orbitopathy (GO) patients with mild and severe disease activity. The p-value presented in the Kruskal-Wallis
test column is a comparison of the given sub-group with the control group

Antigen and disease activity n Mean SD Medi- Min Max Q1 Q3 p (Kruskal-Wallis)
an

IGF-1R, severe GO 22 1.9 0.4 2.0 1.0 2.0 2.0 20. p = 0.0000
IGF-1R mild GO 9 0.9 0.6 1.0 0.0 2.0 1.0 1.0 p = 0.0000
IGF-1R control 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CD34 severe GO 22 1.8 0.4 2.0 1.0 2.0 2.0 2.0 p = 0.0000
CD34 mild GO 9 1.0 0.0 1.0 1.0 1.0 1.0 1.0 p = 0.0000
CD34 contr. 10 0.2 0.4 0.0 0.0 1.0 0.0 0.0

Foxp-3 severe GO 22 1.5 0.7 2.0 0.0 2.0 1.0 2.0 p = 0.0351
Foxp-3 mild GO 9 1.0 0.0 1.0 1.0 1.0 1.0 1.0 p = 0.0351
Foxp-3 contr. 10 1.5 0.5 1.5 1.0 2.0 1.0 2.0

PPAR-y severe GO 22 1.4 0.5 1.0 1.0 2.0 1.0 2.0 p = 0.3213
PPAR-y mild GO 9 12 0.4 1.0 1.0 2.0 1.0 1.0 p =0.3213
PPAR-y contr. 10 1.5 0.7 2.0 0.0 2.0 1.0 2.0

was found in OF in connective tissue and surrounding
the blood vessels in GO specimen (Fig. 1D-E). ~77%
of mild GO cases were evaluated as + while in case
of patients with severe GO ~77% of the orbital tissue
were scored as ++ (Table 2 and Table 3).

PPAR-y expression

PPAR-y expression was also found in OF in orbital con-
nective tissue of control and GO patients (Fig. 1IF-G).
60% of the orbital tissues from the control group
showed a positive staining estimated as ++, while
30% were scored as + and 10% as negative (Table 2).
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Within the mild GO subgroup ~78% of the orbital
tissues were scored as + and ~22% as + + (Table 2).
Orbital tissues from the severe GO group were scored
as + in ~64% of the cases and the remaining 36%
were scored as ++ (Table 2 and Table 3).

Correlation of IGF-1R and CD34 with CAS

Using the Spearman’s rank correlation we found that
IGF-1R expression was positively and strongly corre-
lated with CAS (R= 0.6521, p = 0.00007) in the whole
group of GO patients. CD34 expression also correlated
positively with CAS in the total GO (p = 0.03). However,
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Table 3. Number of patients and the percentage of IGF-1R,
CD34, Foxp-3 and PPAR-y expression within scores 0 (-), 1
(+), and 2 (++) in the examined groups of control subjects
and Graves’ orbitopathy patients

IGF-1R expression | Control | Mild GO |Severe GO| Sum
0 10 (100%)| 1 (11.1%) 0 11
1 0 7 (77.8%) | 5(22.7%) 12
2 0 1(11.1%) |17 (77.3%)| 18
CD34 expression Control | Mild GO |Severe GO | Sum
0 8 (80.0%) 0 0 8
1 2(20.0%) | 9 (100%) | 5(22.7%) 16
2 0 0 17 (773%)| 17
Foxp-3 expression Control | Mild GO |Severe GO | Sum
0 0 0 2(9.1%) 2
1 5(50%) | 9(100%) | 7 (31.8%) | 21
2 5(50%) 0 13 (59.1%)| 18
PPAR-y expression | Control | Mild GO |Severe GO | Sum
0 1(10%) 0 0 1
1 3(30%) | 7(77.8%) (14 (63.7%)| 24
2 6 (60%) | 2(22.2%) | 8 (36.4%) 16

Immunohistochemistry score: 0 — less than 10% positive in 15 represen-
tative high power fields (HPF); 1 — 10%-50% positive cells in 15 HPF;
2 — more than 50% positive cells in 15 HPF.
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Figure 1C. The expression of FoxP3 on lymphocytes surround-
ing blood vessels within orbital connective tissue in Graves’
orbitopathy (arrows). The IHC staining was performed as
described in Methods.

neither Foxp-3 nor PPAR-y expression showed any cor-
relation with CAS of GO patients (Table 4).

Correlation with CD4, CD68, FGF-3 and TGF-3
In addition, using the Spearman’s rank correlation we
examined the relationship between the expression of
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Figure 1D-E. IGF-IR immunoreactivity (arrows) in fibro-
blasts of orbital connective tissue obtained from patients
with mild GO (D) and severe GO (E). The IHC staining was
performed as described in Methods.

IGF-1R or CD34 with immunohistochemical staining
analysis for CD4, CD68, FGF-3 and TGF-S which had
been conducted on the same orbital tissues in one of
our previous studies [13]. A positive correlation was
found between IGF-1R or CD34 and all parameters,
when GO cases were considered without further
subdivision into mild and severe subgroups (Table 5).
In mild GO a statistical significant correlation was
observed between the expression of CD34 and CD4,
CD68, TGF-f or FGF-g. Further, a clear trend to-
wards a positive correlation was observed between
the expression of CD34 and TGF-f in severe GO
(p = 0.07613). IGF-1R expression only revealed pos-
itive and significant correlations with FGF-£ in mild
GO and with CD4 in severe GO (Table 5).

Discussion

In GO the ongoing inflammatory process in the retro-
bulbar tissue results in adipogenesis, volume increase
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Figure 1F-G. PPAR-y immunoreactivity expression in fibro-
blasts of orbital connective tissue in mild GO (F) and severe
GO (G). The THC staining was performed as described in

Methods.

Table 4. Spearman’s correlation of clinical activity score
(CAS) values with examined parameters in patients with
Grave’s orbitopathy

CAS
R value P value
IGF-1R expression 0.6521 0.00007
CD34 expression 0.3872 0.03127
Foxp-3 expression 0.2948 0.10738
PPAR-y expression 0.1384 0.45664

of the orbital adipose-connective tissue and, in the
end, remodeling characterized by fibrosis. These
processes encompass both changes in cellular compo-
sition and extracellular matrix within the orbital tissue,
which are controlled by stimulatory factors such as
growth factors and cytokines released by infiltrating
immune cells [2, 18, 19].
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Table 5. Spearman’s rank correlations of CD4, CD68, FGF-3
and TGF-g with IGF-1R or CD34 expression without dividing

into groups and within mild and severe Grave’s orbitopathy
(GO)

Without dividing into groups
(m =31)

R value P value

CD4 expression

IGF-1R expression 0.6277 0.00001
CD34 expression 0.5334 0.00033
CD68 expression
IGF-1R expression 0.5445 0.00016
CD34 expression 0.4442 0.00361
FGF-$ expression
IGF-1R expression 0.6455 0.00000
CD34 expression 0.5330 0.00033
TGF-{ expression
IGF-1R expression 0.7989 0.00000
CD34 expression 0.6369 0.00001
MildGO (n=9) Severe GO (n = 22)
Rvalue | Pvalue | Rvalue | P value
CD4 expression
IGF-1R expression | 0.6754 0.2237 0.5587 | 0.00846
CD34 expression 0.5334 | 0.00033 | 0.0925 0.1476
CD68 expression
IGF-1R expression | 0.3487 0.1876 0.0654 0.3256
CD34 expression 0.4442 | 0.00361 | 0.2421 0.5421
FGF-$ expression
IGF-1R expression | -0.7043 | 0.02298 | 0.6054 0.2877
CD34 expression 0.5330 | 0.02298 | 0.4334 0.1233
TGF-{ expression
IGF-1R expression | 0.7155 0.0928 0.1054 0.2227
CD34 expression 0.6369 | 0.00001 | -0.3953 | 0.07613

Tsui et al. suggested that cross-talk between the
TSH and IGF-1 receptors plays a role in GO patho-
genesis [10], which has been further supported by
findings of numerous other scientific groups [7, 9,
20]. Interestingly, IGF-1 promotes cell prolifera-
tion and lipid accumulation within orbital adipose
tissue-derived stromal cells from patients with GO
[11]. Recently we revealed that IGF-1 stimulation of
peripheral blood mononuclear cells (PBMC) derived
from GO patients resulted in significant increase of
Treg frequency, thus demonstrating Treg-enhancing
effects of IGF-1 [21]. This effect of IGF-1 may also
impact Treg numbers locally within the orbital tissue
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from GO and therefore we compared the expression
pattern of the IGF-1R with that of Foxp-3 in this
current study. We demonstrated the medium Foxp-3
expression (11% to 50% positive cells) in all orbital
tissues from patients with mild GO, whereas in severe
GO majority of patients (~59% of cases revealed
a staining pattern of > 50% positive cells). It could
suggest that orbital accumulation of Foxp-3 could
suppress CD4+ mediated inflammatory process in
mild GO more than in severe GO and it might be not
sufficient in overcoming severe GO.

In accordance, Kahaly et al. observed that peripheral
blood T-cells from GO patients more strongly upregu-
lated Foxp-3 and CD25 upon stimulation with rabbit
anti-T-lymphocyte globulin (rATG) than T-cells from
patients with Graves’ disease without orbital involve-
ment as well as healthy controls [22]. In addition, recently
Bilbao ez al. found that human IGF-1 stimulates prolifer-
ation of Tregs [23]. Thus, Tregs as immunosuppressive
cells, generally suppress or downregulate induction and
proliferation of effector T cells, maintaining tolerance
to self-antigens and preventing autoimmune reactions
[24]. Therefore, within GO orbital tissue Tregs might
be upregulated by IGF-1R stimulation.

Recent research has found that the cytokine
TGF-f is essential for Tregs to differentiate from
naive CD4+ cells and is important in maintaining
Treg homeostasis [25]. The overexpression of this
protein induces the differentiation and expansion of
Tregs [11]. The relationship between the disease dura-
tion, as in patients with mild GO, and TGF-{ secretion
was demonstrated in our previous studies[18]. More-
over, previously we found enhanced Foxp-3 mRNA
expression in GO orbital tissue which correlated with
CD3 expression and serum CRP levels suggesting
its involvement in the pathogenesis of severe GO
[15]. In accordance, Chen et al. showed that IGF-1R
inhibition diminished trafficking of CD4+ T cells as
well as IGF-1 actions in fibroblasts [26]. Moreover,
Frostad et al. found that IGF-1 has a costimulatory
effect on proliferation of progenitors derived from
human umbilical cord CD34 + cells [27]. In the context
of these studies we have demonstrated the significant
correlation between IGF-1R and CD4 expression in
patients with severe GO confirming the assumption
about the positive relationship between them.

Previous papers suggested, that IGF-1R signaling
may accelerate severity of GO which may be related
to its enhanced expression by orbital fibroblasts and
T-lymphocytes from GO patients. The production of
T-cell chemoattractants, hyaluronan and adipogenesis
by orbital fibroblasts/stromal cells upon IGF-1R acti-
vation and the role of circulating stimulatory IGF-1R
autoantibodies (IGF1R-Abs), however controversial
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[28]), were also detected [11, 29, 30]. Notwithstanding,
Bilbao et al. demonstrated that IGF-1 directly targets
human and mouse Tregs thereby stimulating their
proliferation. In addition, they demonstrated that
systemically delivered IGF-1 suppressed autoimmune
symptoms in mouse models of multiple sclerosis and
type-1 diabetes, which involved local Treg recruit-
ment and modulation of Treg transcriptome [23].
Moreover, Zhao et al. claimed that the IGF-1/IGF-1R
axis represents a pro-proliferative and pro-adipogenic
pathway in orbital tissue from GO [11]. Indeed, our
results indicate that elevated IGF-1R expression may
exert an important role in the pathogenesis of severe
GO, as orbital tissue from most severe GO patients
(~77% of cases) revealed robust staining for IGF-
1R (= 50% positive cells) whereas in mild GO the
expression of IGF-1R was far less pronounced (78%
revealed a staining pattern of between 11% and 50%
positive cells). Moreover the negative correlation be-
tween IGF-1R and FGF-18 in mild GO could suggest
that the pro-proliferative and pro-fibroblastic (pro-
adipogenic) properties of IGF-1R stimulation may be
milder or altered in this GO group. Yet, to elucidate
the exact contribution of orbital IGF-1R expression
in GO further studies are required.

The signaling pathways of adipogenesis have been
shown to involve both TSH-R and IGF-1R and it
appears both TSH-R and IGF-1R share the same in-
tracellular AKT/PI3K signaling to affect adipogenesis
probably by co-localization of these two receptors on
orbital fibroblasts [8]. In addition, PPAR-y involved
in adipocyte differentiation, lipid metabolism and
inflammation is a potent stimulator for adipogenesis
in GO as well. Recently, Alevizaki et al. observed that
the distribution of the Pro(12)Ala PPAR-y gene poly-
morphism is equally present in patients with GD with
or without GO [31]. However, among patients with
GO this polymorphism is associated with less-severe
and less-active disease. Alevizaki et al. concluded
that the PPAR-y gene does not seem to be involved
in the predisposition for GO. Interestingly, Zhao et
al. demonstrated that activation of IGF-1R and PI3K
signaling pathways resulted in PPAR-y up-regulation
in adipose tissue-derived stromal cells [11]. Yet, in our
experiments we did not find any significant relation
between PPAR-y and the other molecules studied.
However, the steroid treatment our patients received
may have hampered PPAR-y expression in both
groups of GO analyzed. Nevertheless, comparison
of PPAR-y staining in patients with mild GO versus
severe GO revealed that more mild long lasting cases
had ascore 1 (~78% of cases) than severe active cases
(~63% of cases), suggestive of its role in a long term
tissue remodeling and less-active disease.
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Recently, CD34+ fibrocytes were found to express
functional TSH receptor, the central antigen in GD
[4, 6, 32]. Kozdon ef al. observed that CD34 protein
was expressed by 45% up to 70% of the GO orbital
fibroblasts [33]. Furthermore, CD4+ T cells secrete
cytokines that stimulate the production of mucopol-
ysaccharides by orbital fibroblasts, which contributes
to edema in the extraocular muscles [33]. In orbital
tissue from mild GO we found a positive correlation
between CD34 expressing cells and CD4+ T-cell and
macrophage (CD68+) infiltration. Furthermore, the
positive relationship of CD34+ cells with TGF-£ and
FGF-f expression in longer-lasting GO, suggest that
T cells and macrophages may mediate an immune
response stimulating orbital fibroblasts, consequently
CD34+ cells may thus exhibit a key role in orbital
tissue remodeling in these patients [18]. Despite the
increased expression of IGF-1R, CD34 and Foxp-3 in
both mild and severe GO we observed a positive cor-
relation between IGF-1R, CD34 and CAS coefficient,
which may indicate that these molecules are expressed
at higher level in patients with acute disease.

In conclusion, our observations support involve-
ment of the IGF-1 receptor, Foxp-3 expressing Tregs,
and CD34+ expressing cells (fibroblasts/fibrocytes) in
the development of both mild and severe GO. Fibro-
sis in mild GO is associated with TGF-38 and FGF-3
expression, which is mediated by helper T cells and
macrophages and correlates with CD34 expression.
Thus, due to the multidirectional relationship with oth-
er molecules and factors, CD34 expression rather than
IGF-1R or Foxp-3 is proposed to represent a marker
of orbital tissue remodeling in the course of GO.
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