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Circulating mononuclear cells from euthyroid patients with
thyroid-associated ophthalmopathy exhibit characteristic phenotypes
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Summary

Thyroid-associated ophthalmopathy (TAO) is a common yet poorly under-
stood component of Graves’ disease involving inflammation, congestion and
soft tissue remodelling of the orbit. Unlike most autoimmune disorders, TAO
has variable severity but follows a predictable course and is usually self-
limited. The objective of this study was to investigate the phenotypic profile of
peripheral blood mononuclear cells in euthyroid patients with TAO. The
study was a prospective, consecutive analysis of the peripheral blood mono-
nuclear cell phenotype in patients with TAO and normal controls. We dem-
onstrate that the fraction of T cells expressing CD69, CD25 or CXCR4 is
significantly greater in patients with TAO compared to control donors. In
addition, the fraction of CD19* CD25* B cells is significantly greater. We did
not find differences between the two groups of subjects in monocytes express-
ing these markers. There is a phenotypic shift in peripheral blood lympho-
cytes associated with TAO that appears durable and persists beyond the
hyperthyroid phase of Graves’ disease. These changes may support the
immune reaction provoking orbital disease development.
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Introduction

Graves’ disease (GD) represents a common and poorly
understood autoimmune syndrome involving the thyroid,
orbital connective tissue and skin. The pathogenesis of this
disease has eluded our understanding, despite intense inter-
est. It is an organ-specific process, and its clinical presen-
tation is almost invariably dominated by the presence of
circulating antibodies against the TSH receptor (TSHR)
[1]. At the core of both thyroid and connective tissue mani-
festations of GD is the infiltration of T and B lymphocytes,
macrophages and mast cells. It is currently thought that
these recruited bone marrow-derived cells drive the exten-
sive tissue remodelling found in affected tissues [2,3].
Thyroid-associated ophthalmopathy (TAO) is characterized
by lymphocytic infiltration accompanied by exaggerated
accumulation of hyaluronan with extensive inflammatory
changes [4,5]. The orbital disease involves the biosynthesis
of proinflammatory molecules by fibroblasts. The unique
consequences of a complex interplay between these fibro-
blasts and immunocompetent cells appears to represent the
basis for the site-selective involvement of the orbit in TAO
[6-8].

Previous studies have surveyed peripheral mononuclear
cells (PBMCs) from patients with GD [9]. A number of
phenotypic markers have been examined. These earlier
studies have focused on patients with hyperthyroidism
whether or not they manifested TAO. They demonstrated
distinct differences in phenotypic profiles of lymphocytes
during the hyperthyroid phase of GD compared to control
subjects [9]. However, limited conclusions can be drawn
from these earlier studies with regard to the systemic aspects
of the immune disease that might underlie development and
progression of TAO, because any contributions from hyper-
thyroxinaemia per se were difficult to dissect out from those
related specifically to the orbital process.

CD69 expression by lymphocytes is associated with cellu-
lar activation [10]. Moreover, cross-linking this protein
promotes T cell proliferation [11,12]. Peripheral blood lym-
phocytes have little basal expression of CD69, but stimula-
tion of the TCR/CD3 complex by phorbol esters through a
protein kinase C (PKC)-mediated mechanism causes rapid
(2-3 h) induction of this marker on T, B and natural killer
(NK) cells [11,12]. Recent data indicate that the function of
CD69 may be more complicated than previously recognized.
CD69 is expressed by lymphocytes at sites of chronic
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inflammation, including affected joints of patients with
rheumatoid arthritis (RA) [13]. This molecule may regulate
immune responses negatively through production of trans-
forming growth factor (TGF)-3 [14].

In addition to CD69, several other molecules are
expressed on the T cell surface following activation in vitro.
The CD25 antigen, considered a hallmark of cellular activa-
tion, is induced by direct stimulation of the TCR/CD3
complex or by treatment with phorbol ester [15]. CD25 is
also displayed constitutively by a subset of lymphocytes
having unique regulatory properties [16]. Human leucocyte
antigen D-related (HLA-DR), a human class II major histo-
compatibility complex (MHC) antigen, is expressed on B
lymphocytes, monocytes, macrophages and particularly
during the later stages of activation on T and NK lympho-
cytes [17]. While CXCR4 is not considered an activation-
associated molecule, its expression is elevated in patients
with RA and may be functionally related to cell trafficking to
sites of inflammation [18,19].

In this study, we examine for the first time the phenotype
of PBMC:s in euthyroid patients with clinically significant
TAO. These individuals were treated previously for hyper-
thyroidism and were uniformly euthyroid at the time of their
participation in the study. Our findings suggest that these
peripheral immune cells display a distinctly activated phe-
notype different from those derived from control donors.
The sustained activation of bone marrow-derived cells fol-
lowing successful treatment of hyperthyroidism may
promote orbital inflammation and the subsequent tissue
activation and remodelling in late-stage TAO.

Materials and methods

Materials

Ficoll Hypaque was purchased from Sigma Aldrich (St Louis,
MO, USA). FacLyse buffer, Cytofix, anti-CD3 CyChrome,
anti-CD14 fluorescein isothiocyanate (FITC), anti-CD4-
FITC, anti-CD19 CyChrome, anti CD25 allophycocyanin
(APC), isotype mouse IgGl FITC, phycoerythrin (PE) and
CyChrome were purchased from BD Biosciences (San Jose,
CA, USA). Anti-forkhead box P3 (Foxp3) CyChrome and
proprietary permeabilization buffers were obtained from
eBioscience (San Diego, CA, USA). Staining buffer (SB) was
prepared from phosphate-buffered saline, 4% fetal bovine
serum with 0-1% sodium azide (Sigma Aldrich). Fetal bovine
serum was purchased from Life Technologies (Grand Island,
NY, USA).

Patients

Subjects, aged 20-65 years, were recruited from the patient
population of Jules Stein Eye Institute. Informed consent was
obtained as specified by the Institutional Review Boards of
the Center for Health Sciences at University of California Los
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Table 1. Clinical profile of patients with thyroid-associated ophthalm-
opathy (TAO) and those from the control population.

Patient number

Graves’ 22
Control 12
Sex M/F

Graves’ 3/19

Control 2/10
Age (mean)

Graves’ 46

Control 42
Interval since diagnosis

Mean (months) 27

Range (months) 3-112
Smoking history

Graves’ 0/22

Control 0/12

Graves’ CAS >3 522

Angeles (UCLA) and Harbor—-UCLA Medical Center. The
study population comprised patients evaluated for TAO with
either active orbital inflammation or disease without evi-
dence of inflammation. These patients were euthyroid as
determined by standard laboratory testing. Control subjects
were healthy volunteers without known GD or other
autoimmune disease who presented for aesthetic or func-
tional eyelid surgery. Individuals excluded from the study
included those with non-thyroid autoimmune disease,
asthma, granulomatous disease, sinusitis or HIV infection.

Clinical data including age, sex, medications, smoking
history, orbital physical examination and laboratory values
are summarized in Table 1. Complete ophthalmic and
orbital examination, including measurement of proptosis,
eyelid motility, assessment of orbital and periorbital inflam-
mation, was performed. In addition, digital photos docu-
mented orbital and periorbital disease involvement.
Ophthalmic examination was quantified according to the
Clinical Activity Score (CAS). Careful examination of the
skin failed to detect evidence of thyroid-related dermopathy
in any of the participants.

Flow cytometry

Peripheral blood (approx. 5 ml) was obtained and stored in
tubes containing heparin. Staining for flow cytometry was
performed within 24 h of collection, according to the manu-
facturer’s instructions (BD Biosciences). Briefly, 100 ul
whole blood was placed in 12 X 75 mm polypropylene tubes
and fluorochrome-conjugated monoclonal antibodies were
added (1 pg/10° cells). These were then incubated in the dark
for 20 min at room temperature. Fluorescence activated cell
sorter (FACS) lyse solution (2 ml) was added for 10 min at
room temperature to disrupt red blood cells (RBCs). Cells
were washed twice with SB, resuspended in Cytofix (BD
Biosciences) and kept in the dark at 4°C until cytometric
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analysis (within 72 h). Analysis was performed using a live
cell gate on a FACSCalibur flow cytometer (BD Biosciences).
Staining of regulatory T cells was performed according to the
manufacturer’s guidelines (eBioscience). Briefly, human
PBMCs were isolated by density gradient centrifugation and
washed three times. Surface staining of CD4-FITC, CD3-PE
and CD25-APC was performed as described above. After
30-min incubations, cell pellets were washed and resus-
pended in 1 ml fixation/permeabilization solution (eBio-
sciences) and incubated for another 30 min. Cells were
washed once with the addition of permeabilization buffer
and anti-Foxp3 Cychrome was added and incubated for
30 min. After washings, cells were analysed as described
above. In all experiments, non-specific isotype-matched
control antibodies were used to define the gating strategy for
each individual experiment. Fluorescence intensity greater
than isotype control was considered positive for specific
expression.

Statistics

Statistical analysis was performed using a two-sample Stu-
dent’s t-test with a confidence level of > 95%.

Results

The fraction of T cells expressing CD69 is increased in
patients with TAO

Using multi-parameter flow cytometry, we examined the
surface expression of CD69 by peripheral blood T cells and
monocytes. Because CD69 is expressed soon after antigen
activation and in chronic inflammatory states, we quantified
levels of this protein in TAO patients [11,13,20]. T cells, B
cells and monocytes were identified by the expression of
CD3, CD19 and CD14, respectively. An example of CD69
expression on T cells is shown in Fig. 1. As the data indicate,
41% of T cells from patients with TAO display CD69. In
contrast, the protein is detectable in 7% of T cells from the
control donor. Figure 2 demonstrates that the fraction of
CD3 T cells from patients with TAO expressing CD69 was
30 = 7% (mean = SE, n=20) and was significantly greater
than that of control CD3 T cells (14 * 3%, n =10, P <0-02).
The percentage of T cells expressing CD69 varied among
donors. The range for TAO patients was 9-98% while that
for controls was 3—35%. There was no correlation between
disease activity and expression of CD69 on T cells. The per-
centage of cells expressing CD69 from patients with CAS > 3
was 30 = 15% (n=5) compared to 29 * 7% from patients
with CAS <3 (n=15). In addition, the relative mean fluo-
rescence intensity of CD69 expressing cells [mean fluores-
cence intensity (MFI) positive expression/isotype] was
similar in control and TAO lymphocytes, indicating that no
differences in CD69 antigen-density were detected on
positive cells. In contrast to T cells, the fraction of CD14
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Fig. 1. A larger fraction of T cells from patients with
thyroid-associated ophthalmopathy (TAO) display CD69 than do
those from control donors. Representative dot plots demonstrate
expression of CD69 using multi-parameter flow cytometry. Peripheral
blood mononuclear cells (PBMCs) were isolated and stained with
fluorochrome-labelled antibodies against CD3, CD19, CD14 and
CD69. Analysis of CD3 positive cells is demonstrated using a live cell
gate. Isotype matched control antibodies were used to establish gating
parameters such that positive cells constituted less than 0-5% of the
quadrant gate for the isotype. The fraction of T cells expressing CD69
is smaller in control donors (7%) compared to TAO (41%).

monocytes expressing CD69 was similar in control and TAO
samples (TAO, 81 * 5%, range 48-100%, n =22 versus
control, 69 * 5%, n =12, range 30-100%).

The fraction of T cells and B cells expressing CD25 is
increased in patients with TAO

Surface expression of CD25 is up-regulated following T
lymphocyte activation and confers responsiveness to inter-
leukin (IL)-2 [10]. It is also a phenotypic marker for
regulatory T cells [16]. We therefore investigated the expres-
sion of this antigen in patients with TAO. A representative

66 © 2007 British Society for Immunology, Clinical and Experimental Immunology, 148: 64-71



100
90 + CD69

% positive cells

TAO Control
T cells Monocytes

TAO Control

Fig. 2. Increased fraction of T cells from patients with
thyroid-associated ophthalmopathy (TAO) express CD69. Display of
CD69 by CD3* T cells and CD14" monocytes was examined by
multi-parameter flow cytometry. 30 £ 7% CD3* T cells from patients
with TAO (n = 20, dark bar) express CD69 compared to 14 * 3%
from control donors (n = 10, shaded bar: P < 0-02). A similar fraction
of monocytes from TAO patients (81 % 5%, n=22) and from control
donors (69 = 5%, n=12) express CD69.

histogram analysing CD3 T cells and CD19 B cells demon-
strates a larger fraction of disease-derived lymphocytes from
both lineages constitutively express CD25 (Fig. 3). We then
examined PBMCs from several different patients and their
control donors (Fig. 4a). With regard to TAO T cells,
38 4% (n=19) express CD25 compared to control
(19 = 4%, n=10, P<0-001). The increased fraction of T
cells expressing CD25 was not accounted for by increased
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Fig. 3. A larger fraction of T cells from patients @« 20 ¢
with thyroid-associated ophthalmopathy (TAO)  Control % 15 |
display CD25 expression. Representative o 10 b
histograms demonstrate expression of CD25
using multiparameter flow cytometry. 5§
Peripheral blood mononuclear cells
(PBMCs) were isolated and stained with 100
fluorochrome-labelled anti-CD3, CD19, CD14
and CD69 antibodies. A live cell gate was 50
performed and analysis of CD3" cells is 40
demonstrated. Isotype matched labelled control
is shown as an open tracing while CD25 TAO

expression is represented by the solid

Counts

histogram. The fraction of T cells expressing
CD25 in TAO T cells (39%) is greater than that
from control donors (12%). The fraction of
control B cells expressing CD25 is smaller (8%),
compared to those from patients with TAO
(38%).

10°
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regulatory T cells. Figure 4b demonstrates that a relatively
large fraction of TAO CD3* CD4" T cells express CD25, but
relatively few (< 5%) of these T cells express Foxp3 and thus
are not regulatory T cells; 31 £ 6% (n=11) B cells from
patients express CD25 compared to controls (11 * 4%,
n=238, P <0-02) (Fig. 4a). Expression of CD25 was greater on
T cells than on B cells from both control donors and
patients. As was the case for CD69, T and B cell expression of
CD25 was heterogeneous among patients with TAO (T cells,
range 13-95%; B cells, range 10-70%). No correlation could
be established between antigen levels in active versus stable
orbital disease. The percentage of T cells expressing CD25
from patients with CAS>3 was 40 £ 12% (n=5) com-
pared to 38 = 3% from patients with CAS<3 (n=14).
Similar expression of CD25 on monocytes was found in
TAO and control populations (Fig. 4a, TAO, 10 * 1% versus
control, 9 = 2%, n.s.).

The fraction of T cells expressing CXCR4 is greater in
patients with TAO

CXCR4 and its ligand CXCL12 (sdf-1) are important factors
in B cell development and have been implicated in autoim-
mune diseases including RA and thyroid autoimmunity
[21,22]. CXCLI12 is over-expressed in thyroid autoimmune
disease. Moreover, CXCR4 overexpression in RA may con-
tribute to local T cell recruitment [23,24]. The fraction of
TAO-derived T cells expressing CXCR4 was significantly
greater than that from controls, as shown in Figs 5 and 6
(TAO, 86 * 6% (n=15) versus control, 55 = 10% (n=9,
p < 0-02). The fraction of monocytes expressing CXCR4 was
similar by TAO and control samples (TAO, 97 * 3% versus
control 96 = 3%).
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Fig. 4. (a) Increased fraction of T cells from
patients with thyroid-associated
ophthalmopathy (TAO) express CD25.
Expression of CD25 by CD3* T cells, CD19" B 5
cells and CD14" monocytes from control
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donors and those with TAO was examined by 0
multi-parameter flow cytometry. With regard to

T cells, 38 = 4% from donors with TAO (dark

bar, n=19) express CD25 compared to

19 * 4% of those from controls (shaded bar,

n=10: P<0-001). In the case of B cells, (b)
31 £ 6% from TAO (dark bar, n=11) express

CD25 compared to 11 = 4% of those from
controls (shaded bar, n = 8: P < 0-02). Similar
fractions of monocytes from patients with TAO
(10 % 1%) and from controls (9 = 2%) express
CD25. (b) An increased fraction of CD3* CD4"
T cells from patients with TAO express the
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antigen, but this population does not express
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histogram, < 5%).

HLA-DR expression is similar in T cells from donors
with TAO and controls

HLA-DR is expressed relatively late in T cell activation and
may be critical to sustained antigen presentation [10]. This
molecule is displayed abundantly by B cells and monocytes
from both TAO and control donors (data not shown). We
determined the fraction of T cells expressing HLA-DR to be
heterogeneous among donors with TAO. However, the frac-
tion of T cells expressing HLA-DR is similar in control versus
those from patients with TAO (TAO, 29 * 6%, n = 13 versus
control, 21 + 6%, n=9).

Discussion

Our studies focusing on euthyroid patients with TAO
include individuals with active inflammation and others
with relatively stable disease. We demonstrate an increased
fraction of T cells expressing CD69 in patients with TAO

> S
A\ < &
B cells Monocytes
_> M1
-

102 10 10* 10 10" 102 10%®  10*
Foxp3 expression

compared to control subjects, regardless of CAS or duration
of disease (Fig.2). CD69 is among the earliest proteins
up-regulated following mononuclear cell activation. Its
mRNA is detectable within 30 min and protein can be dem-
onstrated on the membrane within 1 h [11]. CD69 is also
rapidly down-regulated, and thus is an ideal marker for very
early lymphocyte activation in vitro [10]. Contradictory
results have emerged from studies conducted in vitro and in
vivo regarding the role of CD69 in cell activation. CD69 is
not expressed typically by lymphocytes until they become
activated through the CD3/TCR complex in vitro. However,
absence of CD69 in vivo does not reduce T cell responsive-
ness [14]. Data from animals with chronic autoimmune con-
ditions including collagen-induced arthritis (CIA) have
revealed CD69 mediated inhibitory activity associated with
the regulated production of TGF-f in inflammatory lesions
[14]. CD69-deficient mice develop more severe CIA than do
wild-type mice and the production of TGE- B in the joints of
these mutant mice is lower than mice with wild-type CD69
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Fig. 5. A greater fraction of T cells from patients with
thyroid-associated ophthalmopathy (TAO) display CXCR4 expression.
A live cell gate was performed and analysis of CD3™ cells is
demonstrated. Isotype-matched labelled control is shown as an open
histogram while CXCR4 expression is represented by the solid
histogram. CXCR4 is greater in TAO (86%) versus controls (25%).

expression [14]. Consistent with functions described else-
where, TGF-3 appears to inhibit inflammation and promote
scar formation [25]. CD69 expression and the production of
TGF-P appear causally related, as cross-linking CD69 on T
cells, NK and macrophages leads to production of that
cytokine [26].

The role of CD69 in vivo is as yet undefined, but it may be
a marker for T cell subsets which inhibit inflammation
through the expression of TGF-3 [14]. CD69 is expressed at
sites of chronic inflammation, including on T cells isolated
from the joints of patients with RA [13]. Previous studies
have demonstrated increased CD69 display on T cells in
patients with GD but without clinical TAO [20,27]. Those
studies included individuals soon after the diagnosis of GD
and during treatment with methimazole [27]. The results
were compared with age- and sex-matched controls and
another group of patients with GD in long-term remission.
In those reports, CD69 expression in T cells was increased in
hyperthyroid patients and was found to be reduced by
methimazole. The level of CD69 expression in patients with
long-term remission from hyperthyroidism was similar to
that in controls [27]. In a subsequent study, CD69 and
HLA-DR display were examined in CD45RA" (naive) and

Characteristic mononuclear phenotype in TAO

CD45RA™ (memory) CD4* T cells as a well as in CD8* T cells
from untreated, hyperthyroid patients [20]. Methimazole
therapy was found to decrease CD69 display while enhanc-
ing HLA-DR expression in CD4" and CD8* T cells [20]. In
other studies, immunophenotype failed to predict clinical
course [28]. None of our patients received either methima-
zole or propylthiouracil at the time of their participation in
the current study. Moreover, their hyperthyroidism had
already been treated definitively with either radioactive
iodine or surgical thyroidectomy. They had been euthyroid
for many months prior to entry into the study. Thus contin-
ued CD69 expression in chronic disease states may define a
regulatory cell subset, inhibit chronic inflammation, and
promote orbital tissue remodelling. These findings may be
especially relevant in TAO that is marked by immune infil-
tration and subsequent scar formation.

Another molecule associated with cell activation is CD25.
Following CD69 expression, the low affinity IL-2 receptor
becomes displayed and levels remain elevated for many
hours [10]. We also report that the fraction of CD25 B cells
and T cells from TAO patients is increased relative to control
donors. IL-2 is a potent co-stimulator of T cell activation,
proliferation and cytokine production. Previous studies have
suggested that IL-2 and IL-6 may play significant roles in the
development of GD and TAO [29,30]. Hyperthyroid patients
have significantly greater numbers of T and B cells express-
ing CD25 compared to euthyroid patients with GD [31]. In
addition, all GD patients displayed greater numbers of B cells
bound to IL-2 [29]. These studies did not examine patients
with TAO, but suggest a central role for IL-2-mediated func-
tions in GD. In addition to the growth promoting effects of
IL-2 receptor expression, a unique subset of CD25" T cells
have been identified which actively regulate immune medi-
ated events and display TCR skewed toward autoreactivity
[16,32]. Our finding that a greater fraction of CD25" T cells

CXCR4

% positive cells

TAO Control
T cells

TAO Control
Monocytes

Fig. 6. Increased fraction of T cells from patients with TAO express
CXCRA4. Expression of CXCR4 by CD3* T cells was determined by
multi-parameter flow cytometry. TAO, 86 *+ 6% (dark bar, n = 15)
versus control, 55 *+ 10% (shaded bar, n=9: P < 0-02).
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are present in TAO compared to control donors may reflect
an expansion of this regulatory cell population. Future
studies will address their functional role in TAO.

CXCR4 is a chemokine receptor expressed by naive T cells
[33]. Antigenic stimulation or T cell differentiation to a
memory phenotype might result in the down-regulation of
its expression [34,35]. CXCR4 up-regulation has been dem-
onstrated in synovial lymphocytes from joints affected with
RA, implying its functional role in lymphocyte recruitment
[18,19]. Patients with autoimmune thyroid disease express
elevated levels of CXCL12, the ligand for CXCR4 [22]. Liga-
tion of this cognate pair results in the generation of robust
chemoattractant activity and CXCL12 has been implicated
in B cell and germinal centre development [36]. We report
ubiquitous expression of CXCR4 by T cells from patients
with TAO, raising the possibility that interplay between the
receptor and its ligand may sustain an activated immune
state in late stage disease.

Our current results demonstrate a unique profile of
peripheral blood T and B cell phenotypes in euthyroid
patients with TAO. We postulate that these lymphocytes may
reflect site-specific immune interactions in the orbit. GD
orbital fibroblasts display characteristic responses to proin-
flammatory cytokines and biosynthetic attributes including
increased expression of lymphocyte co-stimulatory mol-
ecules such as CD40 [37-39]. The interaction of the T and B
cells with GD orbital fibroblasts may form the basis for site-
specific disease. Thus, characterizing lymphocyte popula-
tions in TAO should represent an important step toward
identifying molecular interactions driving orbital disease.
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