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Thyroid eye disease (TED) is an inflammatory condition of the orbit closely associated with Graves’ disease.
During the course of TED, fibrosis can develop around the extraocular muscles, and excess extracellular matrix
and fat accumulates in the periorbital space. This dramatic remodeling results in protrusion of the eye, also
known as exophthalmos. Current treatments are sometimes effective in alleviating the symptoms of the disease,
but there remains a demand for treatments that prevent or reverse the pathological alterations of orbital tissues.
Such treatments may become available as a result of research aimed at understanding the mechanism by which
Graves’ disease leads to specific remodeling of orbital tissues. Recent findings have uncovered the importance of
intercellular communication between autoreactive T cells and orbital fibroblasts. When orbital fibroblasts are
activated, possibly by Graves’ disease–related autoantibodies, they release T cell chemoattractants, initiating an
interaction in which these cells activate each other. These interactions ultimately result in fibroblasts expressing
extracellular matrix molecules, proliferating and differentiating into myofibroblasts or lipofibroblasts. Although
the mechanisms underlying these processes are not completely understood, several currently available thera-
peutic strategies might interrupt the signaling between B and T cells and fibroblasts, thereby treating the clinical
manifestations of TED.

Introduction

Graves’ disease is an autoimmune condition in which
the thyroid-stimulating hormone receptor (TSH-R) dis-

played on thyrocytes is targeted by autoantibodies, inducing
the production of excess thyroid hormone (1). Besides hy-
perthyroidism, up to 60% of patients with Graves’ disease
develop a manifestation localizing to the orbit called Graves’
ophthalmopathy or thyroid eye disease (TED) (2,3). TED oc-
curs more frequently in patients older than 50 years of age and
in males, smokers, and those with microvascular disease (2,4).
TED affects many eye functions, including wetting of the oc-
ular surface, eye motility, optic nerve function, and eyelid
anatomy (2,5). The most dramatic pathological findings in
end-stage TED include glycosaminoglycan (GAG) deposition
(accompanied by dramatic swelling resulting from the water-
binding capacity of these macromolecules) and fibrosis af-
fecting the extraocular muscles and fat accumulation in the
orbit (5–8). The increased volume of orbital connective tissue
leads to protrusion of the eye (exophthalmos) (2,9). To date,
there are no effective means of preventing the disease or re-
liably altering its course. Current therapeutic options include
corticosteroids, external beam radiation, and surgery. These

interventions are aimed at the consequences of the dis-
ease rather than targeting its cause, which remains poorly
understood (5,6,10,11). They do nothing to prevent or re-
verse pathological remodeling of orbital tissues (10). Under-
standing the pathogenetic mechanisms underlying TED
should yield the identification of predictive biomarkers of
progressive disease and effective and specific treatments.

The close association of TED with Graves’ disease of the
thyroid provides clues to its etiology. The hyperthyroid con-
dition itself does not impact directly on the accumulation
of connective tissue within the orbit (1,2). The risk for devel-
oping TED is similar for euthyroid and hyperthyroid Graves’
disease patients (2,12). Rather, the orbit constitutes a second
target of autoimmunity. Therefore, understanding the role of
the immune system in orbital inflammation is critical to de-
veloping treatment strategies for TED patients.

Cell Types Implicated in TED

From the little we know about TED, there are at least three
cell types involved in the development and progression of
the disease: B cells, T cells, and orbital fibroblasts. As in the
hyperthyroidism of Graves’ disease, B cells are important in
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the early stages of TED, producing antibodies against at least
one self-antigen (1,13). However, development of TED is
postulated to require a second initiating event that results in
recruitment of activated T cells to the orbit (1). These T cells
take on the role of amplifying the B cell response and are
thought to be major contributors to disease progression (14).
Cells (namely, orbital fibroblasts) that recruit the T cells into
the orbit are critical players in the establishment of inflam-
mation (15). Fibroblasts provoke T cell recruitment and then
engage them in a cycle of brief reciprocal activation ending in
tissue remodeling characteristic of TED (14). This review will
explore the interactions among these three cell types that
contribute to the disease phenotype and which may provide
targets for therapeutic strategies.

B and T Cells

The most important cells for adaptive immunity, and thus
for autoimmunity, are B and T cells. B cells, including two
major subsets (B1 and B2), migrate and proliferate extensively
and develop into antibody-secreting plasma cells when they
encounter foreign antigen in the proper costimulatory con-
text. Dual signals are required for B cell activation, differ-
entiation, and the production of antibodies. One signal is
provided by antigen binding to the B cell receptor. The second
signal can be provided through interaction between CD40
on the surface of the B cell and CD40 ligand (CD40L,
CD154) on the surface of a T cell (16–18). The interaction with
CD40L stimulates T cell secretion of cytokines such as IL-4
that are critical to B cell activation and immunoglobulin class
switching (19). Initially, differentiated B cells produce anti-
bodies in the form of IgM, and the CD40–CD40L interaction is
required for class switching to IgG or IgE. T cells, like B cells,
are migratory and highly proliferative in response to antigen.
However, T cells are more diverse than B cells, differentiating
into many different types of effector cells, including CD8þ
cytotoxic T cells and CD4þ helper T cells of the Th1, Th2,
Th17, and Treg subsets (20). The context in which T cells
recognize antigen is more constrained. Detection of antigen
occurs through surface T cell receptors (TCRs) that recognize
specific peptides presented in association with major histo-
compatibility complex (MHC) proteins on the surface of
antigen-presenting cells (APCs). These include macrophages,
dendritic cells, and B cells. T cells also require dual signals for
activation. The first signal is provided by antigen=MHC
binding to the TCR (1,21). The second signal is often a B7
molecule on the surface of an APC, possibly a B cell, which
binds to CD28 on the T cell surface (1,17,21,22). CD40L can
interact with CD40 on the surface of the APC, resulting in
increased B7 expression. This in turn can lead to increased
interaction with CD28 and further T cell activation (17,21,22).
T cell activation results in proliferation and differentiation to
an effector cell type. If one signal is present in the absence of
another, the T cell will fail to become activated and may be-
come refractory to future activation (1,23). This phenomenon,
known as ‘‘peripheral anergy,’’ is one of several tolerance
mechanisms preventing the development of autoimmunity
(23,24).

Tolerance mechanisms sometimes fail and autoimmunity
develops. Cells of the Th17 subset of T cells have been im-
plicated in the onset of many autoimmune and inflammatory
diseases, including arthritis, multiple sclerosis, psoriasis, and

inflammatory bowel disease (20). It may be hypothesized that
autoreactive Th17 cells infiltrate the orbit, where they activate
B cells to secrete autoantibodies. Th17 cells are defined by
their expression of IL-23R (20), and variants in the IL-23R gene
have been shown to be strongly associated with the occur-
rence of TED (25). Further work is required to firmly identify
the role of the Th17 subset in TED initiation. However, by an
unknown mechanism, production of autoantibodies by au-
toreactive B cells does occur in TED patients (1,13). The TSH-R
has been implicated as an autoantigen targeted in TED, lar-
gely based on the close association of this condition with the
hyperthyroidism of Graves’ disease (26). TSH-R is expressed
on the surface of orbital fibroblasts, and TSH-R immunore-
activity has been demonstrated specifically in TED orbits.
Insulin-like growth factor-1 receptor (IGF-1R) represents an-
other self-antigen with a pathogenic role in TED (8,27). This
receptor is displayed by orbital fibroblasts from patients with
TED at a higher level than those from normal orbits (28).
Further, antibody directed against the IGF-1R (a) provokes
the synthesis of hyaluronan in orbital fibroblasts from TED,
but not in those from normal orbits, and (b) induces orbital
fibroblasts from patients with TED to produce the T cell
chemoattractants IL-16 and RANTES (8,28). Patients with
Graves’ disease exhibiting anti-TSH-R antibody production
may also develop antibodies against the IGF-1R and other
orbital antigens. This may occur as a result of extraocular
muscle inflammation and damage, as is the case with anti-
bodies to extraocular muscle proteins, which are present in
TED patients, but do not contribute to disease progression
(29,30). Alternatively, production of autoantibodies against
additional self-antigens may result from a process known as
determinant spreading (31). Immunoglobulin synthesized by
autoreactive B cells can bind an epitope of a macromolecular
complex. Then, acting as an APC, the B cell processes peptides
from this complex for presentation to specific T cells. Because
it processed a macromolecular complex, the B cell may pres-
ent specific peptides that do not replicate the antigen to which
it originally bound, or the antigen against which its antibodies
will be directed. However, T cells specific for the antigen will
be able to activate the B cell. In this way, T cells can activate
multiple B cell clones and produce several autoantibodies.
This phenomenon may underlie the large variety of auto-
antibodies detected in patients with autoimmune disease.
Since TED is an autoimmune condition, therapeutic strategies
designed to block the loss of immune tolerance and the in-
appropriate activation of B and T cells may constitute treat-
ments for the condition in its earliest stages. For example,
there are agents currently available that disrupt the B7–CD28
and CD40–CD40L interactions, as well as antibody therapies
that deplete B and T cells (13,32–34). Rituximab (RTX), a
monoclonal antibody directed against the B cell surface anti-
gen CD20, is one such B cell–depleting agent (13). Case reports
and one open pilot study demonstrate a marked amelioration
of eye symptoms in TED patients treated with RTX (35–37),
supporting a role for B cells in the pathogenesis of TED.

Orbital fibroblasts

TED occurs with the hyperthyroidism of Graves’ disease,
but the correlation is not perfect (2). Many patients never
develop clinically important orbital disease. Some patients
with TED fail to develop hyperthyroidism. These variations
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in clinical presentation suggest that development of TED
requires multiple ‘‘hits.’’ The initial hit could be the generation
of an autoantibody within the orbit (26). However, this may
be inadequate for triggering disease in some patients. Another
autoantibody may represent a second hit. Additional factors
might include the genetic predisposition of the individual,
environmental factors such as tobacco smoke or infection
(1,2,4,8). Once sufficient hits occur, orbital fibroblasts can
be activated to initiate inflammation characteristic of TED.
Greater understanding of these provocative factors should
enhance our development of effective treatment strategies.

Fibroblasts were once viewed as mere structural elements
of the microenvironment. They were thought only to produce
extracellular matrix components, but otherwise to play no
role in tissue homeostasis. Now, it has become apparent that
fibroblasts are highly interactive ‘‘sentinel cells,’’ capable of
detecting danger signals and communicating these to cells of
the ‘‘professional’’ immune system. Fibroblasts respond di-
rectly to these signals by proliferating and differentiating into
effector cells (1,38,39). They respond to immune stimulation
and actively participate in inflammation pathways through
their synthesis of chemokines, cytokines, and lipid mediators.
Orbital fibroblasts are not only responsible for generating
GAGs and other macromolecules, but they also differentiate
to either myofibroblasts (i.e., scar-forming cells) or to lipofi-

broblasts (i.e., adipocytes) (40–43). These attributes implicate
fibroblasts as effectors in the progression of TED. The earliest
stage of TED involves infiltration of the orbit by T cells
(5,6,10,11,44,45). Evidence supports the concept that infil-
trating T lymphocytes activate fibroblasts. In doing so, they
promote the synthesis of extracellular matrix, differentiation
to adipocytes, and myofibroblast proliferation (14). T cell–
fibroblast interactions are mediated through costimulatory
molecules, adhesion molecules, and cytokines, including
IFNg, IL-1b, and TNFa (14,46). GAG and prostaglandin syn-
thesis in orbital fibroblasts is upregulated by CD40 engage-
ment (39,47,48). However, fibroblasts might also play a role in
initiating the early stage T cell infiltration of the orbit. Sti-
mulated fibroblasts secrete multiple cytokines, including IL-6,
which stimulates B cell differentiation. IL-16 and RANTES are
chemoattractants that initiate T cell migration (15,48–50). Fi-
broblasts can also function as APCs, providing a second signal
for lymphocyte activation. Those fibroblasts from patients
with TED constitutively express MHC II and CD40 (39,51),
both of which are upregulated by IFNg (46,48). They can also
drive proliferation of autologous T cells (52). T cell respon-
siveness to fibroblasts may mediate T cell infiltration in early
disease and amplify inflammation.

Fibroblasts differ from one tissue to another (39,41,47,48,
53). Those present in a particular tissue, such as the orbit,

FIG. 1. Fibroblasts can be stimulated to differentiate into myofibroblasts or lipofibroblasts. This potential may depend on
expression of Thy-1 (CD90). TGF-b triggers the differentiation of Thy-1–positive fibroblasts into myofibroblasts, while PPARg
activation induces adipocyte differentiation of mainly Thy-1–negative cells.
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might derive from one of several sources. They could trans-
differentiate from epithelial cells, muscle cells, or even endo-
thelium (54). Alternatively, they could be recruited from the
bone marrow as circulating ‘‘fibrocytes’’ (55,56). The origin of
activated fibroblasts involved in the pathogenesis of TED re-
mains uncertain. Orbital fibroblasts exist as multiple subsets
(53,57). Each can differ in morphology, proliferation, biosyn-
thetic capacity, and cell surface marker expression. Two major
subsets of orbital fibroblast exist (41,49,53) based on their
expression of the surface protein Thy-1 (CD90). The balance
between Thy-1–negative and Thy-1–positive fibroblasts in the
orbit is essential for normal regulation of inflammation since
these subsets have distinct biosynthetic capabilities, differing
in cytokine, collagen, and prostaglandin E2 (PGE2) production
(49). However, this balance may also underlie the develop-
ment and progression of TED. As shown in Figure 1, de-
pending on their pericellular environment and phenotype,
fibroblasts can differentiate into myofibroblasts or lipofibro-
blasts (40,41). Myofibroblasts participate in normal wound
healing and in the pathogenesis of fibrosis, such as that oc-
curring in orbital connective tissue in TED (42). The presence
of lipofibroblasts is usually indicative of pathology. In TED,
they result in excess orbital fat deposition (58). The potential

for terminal differentiation in fibroblasts depends on the ex-
pression of Thy-1. TGF-b triggers the differentiation of Thy-
1–positive fibroblasts into myofibroblasts, identified by their
relatively high level of alpha-smooth muscle actin (a-SMA)
expression (40). Thy-1–negative fibroblasts preferentially dif-
ferentiate into adipocytes, as evidenced by staining with oil
red O (40,41). Lipid accumulation is driven by the ligation of
peroxisome proliferator activated receptor g (PPARg) with an
agonist.

T Cell–Fibroblast Interactions

PPARg is a nuclear receptor that functions as a transcription
factor. It binds lipid ligands, dimerizes with retinoid-X re-
ceptor alpha (RXRa), translocates to the nucleus, and alters
the transcription of genes containing peroxisome proliferator
responsive elements (59). These genes include those that
dampen inflammation by decreasing TNFa, IL-6, and IL-8
production (60). Other PPARg genes are also important to
adipogenesis. PPARg ligands trigger the differentiation of fi-
broblasts to lipofibroblasts (61–65). These agonists promote
glucose uptake; thus, they have a therapeutic value in Type 2
diabetes. Insulin-sensitizing drugs, such as ciglitazone,

FIG. 2. One current model focuses on TED being triggered by activation of orbital fibroblasts by autoantibodies. These
autoantibodies could be specific for antigens such as TSH-R and=or IGF-1R. Activated orbital fibroblasts release chemokines,
including IL-16 and RANTES, which traffic T cells into the orbit. These lymphocytes then interact with fibroblasts, potentially
activating each other, further promoting cytokine production (IFNg, PGD2, and 15d-PGJ2) and secretion of T cell-activating
factors by the fibroblasts (IL-1a, IL-8, and products of Cox-2 activity). Fibroblasts are also stimulated to secrete IL-6, which
stimulates B cell differentiation. The interactions of fibroblasts with T cells result in the deposition of extracellular matrix
molecules, fibroblast proliferation, and differentiation.
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pioglitazone, and rosiglitazone, bind to and activate PPARg
(61–64,66). Naturally occurring PPARg ligands include lyso-
phosphatidic acid, some fatty acids, prostaglandin D2 (PGD2),
and 15-deoxy-prostaglandin J2 (15d-PGJ2) (60,62,66,67). PGD2

and 15d-PGJ2 are derived from arachidonic acid (68). Their
synthesis is dependent on the activity of cyclooxygenase-2
(Cox-2) and PGD synthase enzymes (68,69). Activated T cells
express both Cox-2 and PGD synthase; they also produce 15d-
PGJ2 (58,70,71).

The response of orbital fibroblasts to PPARg agonists
provides a potentially important link between these cells
and T cell activation. 15d-PGJ2 treatment of Thy-1–negative
orbital fibroblasts from patients with TED initiates adi-
pocytic differentiation (40). T cells from these patients
constitutively express Cox-2 and secrete high levels of 15d-
PGJ2 (58). It is thus possible to envision a mechanism through
which T cell infiltration of the orbit could result in adipo-
cytic differentiation of fibroblasts. In fact, coculture of these
fibroblasts with activated T cells results in accumulation of
cytoplasmic lipid droplets in the fibroblasts. Understanding
these complex interactions may lead to the development of
new therapeutic strategies for TED. Blockade of PPARg-
dependent adipogenesis may alleviate fat expansion in this
disease (72).

Conclusions

A summary of our current model for the pathogenesis of
TED is depicted in Figure 2. The key elements involve binding
and activation of orbital fibroblasts by autoantibodies, pro-
duced by autoreactive B cell–derived plasma cells (13). Traf-
ficking of T cells to the orbit ultimately leads to complex
interactions of fibroblasts with these T cells and the deposition
of extracellular matrix molecules. Proliferation and differen-
tiation of fibroblast subsets into either fat-laden adipocytes
(14) or scar-forming myofibroblasts culminates in the in-
creased orbital connective tissue volume and remodeling that
underlie the clinical manifestations of TED (9). Although the
disease mechanisms through which TED develops are not
fully elucidated, several potential therapeutic strategies might
interrupt fibroblast, T cell, and B cell activation in the orbit.
General suppression of immune function, such as occurs with
corticosteroids, has produced inconsistent results and is as-
sociated with undesirable side effects (5,6,10). To avoid these
side effects, it is important to target more selective aspects of
the disease. The development of autoantibodies against IGF-
1R may be prevented through the use of agents that deplete B
cell and T cell numbers (13,34) or that disrupt the B7–CD28
and CD40–CD40L interactions that are essential to T and B cell
activation (32,33,48). Once orbital fibroblasts have been acti-
vated and the amplification of the disease process has begun,
antagonists to cytokine and chemokine receptors may be used
to interrupt communications between fibroblasts and lym-
phocytes that drive morphological changes (73). Finally,
PPARg signaling may be blocked to prevent fibroblast adi-
pogenesis and fat accumulation, either by inhibiting Cox-2
activity in the T cells (58,71,74), thus eliminating release of
natural PPARg agonists, or through the use of direct PPARg
antagonists (72). Targeting more specific aspects of the disease
based on expanded understanding of its pathophysiology
should provide many opportunities to prevent or alleviate
progression of TED.
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