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Abstract
The etiology of Graves’ orbitopathy (GO) remains enigmatic and thus controversy surrounds its
pathogenesis. The role of the TSH receptor (TSHR) and the activating antibodies directed against
it in the hyperthyroidism of Graves’ disease (GD) is firmly established. Less well elucidated is
what part the TSHR pathway might play in the development of GO. Also uncertain is the
participation of other cell surface receptors in the disease. Elevated levels of IGF-1 receptor
(IGF-1R) have been found in orbital fibroblasts as well as B and T cells from patients with GD.
These abnormal patterns of IGF-1R display are also found in rheumatoid arthritis and carry
functional consequences. In addition, activating IgGs capable of displacing IGF-1 from IGF-1R
have also been detected in patients with these diseases. IGF-1R forms a complex with TSHR
which is necessary for at least some of the non-canonical signaling observed following TSHR
activation. Functional TSHR and IGF-1R have also been found on fibrocytes, CD34+ bone
marrow-derived cells from the monocyte lineage. Levels of TSHR on fibrocytes greatly exceed
those found on orbital fibroblasts. When ligated by TSH or M22, a TSHR-activating monoclonal
antibody, fibrocytes produce extremely high levels of several cytokines and chemokines.
Moreover, fibrocytes infiltrate both the orbit and thyroid in GD. In sum, based on current
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evidence, IGF-1R and TSHR can be thought of as “partners in crime”. Involvement of the former
probably transcends disease boundaries, while TSHR may not.
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Introduction
The pathogenesis of Graves’ orbitopathy (GO), also known as thyroid associated
ophthalmopathy, remains clouded in uncertainty. It is unclear whether the same genetic
susceptibility factors implicated In Graves’ disease (GD), namely CD40, thyroglobulin,
HLA-DR, CTLA-4, and thyroid stimulating hormone receptor (TSHR) are identical to those
contributing to GO (1). Moreover, the environmental factors provoking either GD or GO
have yet to be identified. The contribution of tobacco use to disease severity has certainly
received substantial attention and smoking cessation remains one of the most important
behavior modifications we can suggest to our patients (2). Absence of complete preclinical
rodent models of GD has hampered efforts to identify the critical constellation of events
underlying GO (3). Encouraging news reporting on the successful generation of a mouse
model replete with many of the infiltrative manifestations that occur in human GD were
later found to be incorrect (4,5). Thus, most of the insights into the pathogenesis of GO
derive from measurements made of serum factors and observations from cell culture-based
studies. Unfortunately, the vast majority of opportunities to access orbital tissues occur very
late in the disease process when surgical rehabilitation is typically undertaken. Our inability
to distinguish primary disease events from secondary tissue reactivity in the orbit has too
frequently prevented progress toward specific and targeted therapies. This brief review
attempts to outline our current knowledge about the potential roles of IGF-1 receptor
(IGF-1R) and its spontaneously generated activating antibodies in the pathogenesis of GO.
These will be referred to as GD-IgG. More importantly perhaps is our goal in drawing
attention to what remains unknown about GO and to provide a realistic perspective on what
might provide answers as research continues.

Orbital fibroblasts exhibit a unique set of phenotypic attributes
The unique characteristics exhibited by orbital fibroblasts, including their particularly robust
responses to cytokines (6), may underlie clinically aggressive GO. These cells express high
levels of inflammatory mediators such as prostaglandins (7-10), lipoxygenase products (11),
and chemokines (12). They display surface receptors for cytokines and produce a diverse
array of both Th1 and Th2 cytokine types (13,14). Orbital fibroblasts express multiple
enzymes involved in the biosynthesis of the glycosaminoglycan, hyaluronan. These include
all three isozymes of hyaluronan synthase (18) and the upstream enzyme, UDP-glucose
dehydrogenase (19,20). Orbital fibroblasts, especially those from patients with GO,
represent a heterogeneous cell population that can be divided into subsets based on the
display of the glycoprotein, Thy-1 (15-17). Expression of this surface marker segregates
cells into those which can terminally differentiate into mature adipocytes (Thy-1-) and those
which can be provoked into forming myofibroblasts (Thy-1+). A central hallmark of GO,
expansion of the orbital connective tissue contents and its extensive fibrosis, can thus be
explained, at least in part, on the basis of the Thy-1 display. Yet, many of the studies
conducted in efforts to characterize orbital fibroblasts and their roles in disease pathogenesis
have ignored their phenotypic diversity, potentially obscuring functional nuance.
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A potentially important insight into the cellular makeup of the orbit in GO was provided
recently by Douglas and co-workers (21). They identified the increased abundance of a
subset of circulating CD34+ cells that infiltrate the orbit in GO and express high levels of
functional TSHR. Fibrocytes are CD34+ cells that derive from the bone marrow and appear
to partially replace the fibroblasts normally inhabiting orbital connective tissue which are
uniformly CD34-. Their potential for differentiation into either fat cells or myofibroblasts
might account for the peculiar patterns of tissue remodeling found in GO (21). It appears
that fibrocytes also infiltrate the thyroid in GD and may therefore represent an important
bridge between the orbit and the thyroid (22).

The strong case for involvement of TSH receptor and its activating
antibodies in GO

Glaring deficits in understanding GO have led to considerable debate concerning the
potential role of the thyrotropin receptor (TSHR) in this component of GD. While the role of
TSHR in the hyperthyroidism associated with GD is well established, whether the
stimulatory antibodies directed against TSHR, often referred to as thyroid-stimulating
antibodies (TSI or TSAb), play a role in initiating or sustaining orbital tissue remodeling in
GO has not been resolved. Many circumstantial pieces of evidence suggest that TSHR and
TSAb may be involved. General correlation appears to exist between levels of TSAb and the
severity and activity of GO (23-25). Higher cell surface levels of TSHR are found in orbital
tissues coming from active disease and are displayed by orbital fibroblasts from these
patients, especially following induction of adipogenesis (26). These findings generally
support the participation of TSHR. Detection of TSHR mRNA in orbital tissues was first
reported by Feliciello et al who found the transcript in healthy tissues and those coming
from GO (27). This study was followed shortly thereafter by Heufelder et al who could also
identify the mRNA in cultured fibroblasts (28). But these associations between levels of
anti-TSHR and disease activity/severity do not constitute proof of a causal relationship. We
conclude that the most productive discussions concern not only TSHR and substantiating a
role of TSAb in GO. Rather, they should include consideration of additional molecular
determinants such as IGF-1R as a participant in the disease process.

IGF-1R represents a multifaceted conduit to signaling involved in
mammalian cell regulation from early development

IGF-1, IGF-1R, and IGF-1 binding proteins play many roles in developing and maintaining
mammalian tissues (29). Although they are incompletely characterized, multiple aspects of
the IGF-I pathway appear to diverge from normal in individuals with autoimmune disease
(30). Increasing awareness of these alterations has provoked us to query whether modifying
IGF-1 signaling could alter disease course, severity, and activity. Such an impact on the
disease might constitute effective therapy. Biological agents continue to be developed
routinely for some autoimmune diseases, such as rheumatoid arthritis (31). Many of these
agents exhibit highly specific molecular and cellular targeting toward cell surface receptors,
cytokines, and growth factors. As a class, many show relatively low toxicity when compared
to small molecule drugs such as kinase inhibitors. The use of agents directed at multiple
targets has been advocated in rheumatoid arthritis and other allied diseases as a strategy for
overcoming potential drug resistance. They are utilized to exploit the potential efficacy of
drug combinations.

The notion that some human autoimmune diseases are associated with multiple autoantigens
is not novel. Mechanistically, emergence of additional antibodies as candidate participants in
GD is consistent with the phenomenon of antigen spread (32). Thus, the detection of
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multiple autoantibodies in GD, such as those directed at thyroglobulin and thyroid
peroxidase, should not be surprising. These well-appreciated examples are not thought to
play pathogenic roles in the disease. They are more commonly encountered in other forms of
thyroid autoimmunity such as Hashimoto's thyroiditis. A very recent study examined the
emerging detectability of antibodies to thyroglobulin, TPO and TSHR in patients prior to
and following diagnosis with Hashimoto's thyroiditis and GD (33). Hutfless and colleagues
found that the behavior of antibodies to all three exhibited distinct patterns of detectability
and that anti-TSHR remained the only one specific for GD.

With specific reference to IGF-1R, antibodies displaying abilities to interrupt IGF-1R
signaling were first described more than 20 years ago. The interest at that time was confined
to their potential utility in treating cancer. αIR3 is a monoclonal antibody that blocks the
activation of IGF-1R. It was first described by Yamashita et al (34) and characterized for
blocking the up-regulation by IGF-I of growth hormone synthesis. Later, Li et al (35)
described a second IGF-1R blocking antibody, designated 1H7. This monoclonal antibody
could block the binding activity of IGF-1 as well as attenuate the activation of IGF-IR. 1H7
could bind IGF-IRα, and inhibit IGF-I and IGF-II binding. 1H7 could inhibit basal and IGF-
I- and IGF-II-dependent DNA synthesis in NIH 3T3 cells. These antibodies represent
prototypes of those that might be utilized as therapy in GO and perhaps other autoimmune
diseases where IGF-1R plays a role in pathogenesis.

Evidence for IGF-1R playing roles in thyroid and orbital tissue function
The importance of TSHR to the pathogenesis of GD was established over the last several
decades (36). Yet, the processes that underlie the loss of peripheral immune tolerance to
TSHR have yet to be identified. Moreover, the repertoire of cellular proteins that might
collaborate with TSHR in thyroid epithelial cells and fibroblasts/fibrocytes expressing
TSHR is incompletely identified. In addition to TSH, other factors exert regulatory influence
on thyroid tissue growth and function. Among them is the IGF family (37). Importantly, the
full impact of TSH requires the addition of IGF-I or insulin to cultures of human and dog
thyroid cells. The rationale for examining IGF-1R in the thyroid emerged in large part from
early observations of Ingbar and his colleagues (38). They demonstrated the importance of
IGF-1 on TSHR signaling. Their important findings, conducted in the rat thyroid epithelial
cell line, FRTL-5, suggested that IGF-1 could enhance cell proliferation and promote the
impact of TSH on DNA synthesis (38). The same effects could be ascribed to insulin and
IGF-II, although the magnitude of these was considerably less than that of IGF-1 (38,39).
Moreover, the cell proliferative effects of TSAb were also increased by IGF-1 (36). This
same group of investigators found that the growth enhancing effects of both TSH and IGF-1
were mediated by adenosine 3′,5′-monophosphate (40-42). Takahashi and colleagues
(43,44) reported that IGF-I rapidly increased tyrosine phosphorylation of a 175-kDa protein
and that TSH potentiated this effect. More recently, Clément et al (45) performed a series of
studies in transgenic mice over-expressing IGF-1, IGF-1R, or the combination of both.
Using constructs driven by the thyroglobulin gene promoter, these mice exhibited thyroid-
specific over-expression of both genes. In these animals, thyroid gland weights were
increased as were follicular luminal areas, lower serum TSH and minimally elevated
thyroxin concentrations. The authors interpreted these results as suggesting that the
increased IGF-1/IGF-1R pathway activity might be enhancing thyroid function.

More recently, Tsui et al reported that IGF-1R and TSHR can form a functional complex
(26). Specifically, IGF-1Rβ and TSHR can be co-immunoprecipitated from orbital
fibroblasts and human thyroid epithelial cells. Moreover, blocking IGF-1R activation with
1H7 can block the signaling initiated by TSH and GD-IgG that results in the
phosphorylation of Erk 1/2 (26). Thus, it is possible that the IGF-1R/TSHR complex may
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account for some of the signaling thus far attributed to TSHR functioning alone. Moreover it
may represent the mechanism by which IGF-1 can enhance the impact of TSH on target
cells. With regard to GD, the close proximity of IGF-1R to TSHR might make the notion of
antigen spread particularly attractive.

Evidence supporting a role for IGF-1 and IgG inducing chemoattractants in
orbital fibroblasts

Initial studies, performed almost two decades ago, examined the ability of IgG from patients
with GO to displace radiolabeled IGF-1 from their binding sites on fibroblasts. Among the
first was the group headed by Kendall-Taylor. Weightman et al (46) found that IgGs from
patients with GD could displace 125I IGF-1 binding from the surface of orbital fibroblasts.
While the identity of the binding sites was not explored further, these studies suggested the
relationship between high affinity cell surface binding sites and antibodies associated with
GD.

The nature of this IgG binding to fibroblasts was further explored following the observation
by Pritchard and colleagues (47) that circulating antibodies from these patients could
activate the Akt/mTOR/FRAP/p70s6K pathway and through that cascade could induce the
chemoattractants, IL-16 and RANTES expression in orbital fibroblasts from patients with
GD but not those from healthy donors. Auto-antibodies directed against IGF-1R can be
detected in almost all patients with GD but in few individuals without the disease (48). Key
to these findings was the realization that rapamycin, an antibiotic that specifically targets
mTOR, could block the induction of these cytokines (47). This pathway is used extensively
by IGF-1R to signal downstream genes, thus this receptor was examined extensively for its
potential involvement in the IgG provoked induction of IL-16 and RANTES expression.
Initial studies determined that not only IGF-1 but the IGF-1R specific analogue Des1-3 could
mimic the action of the GD-IgGs. 1H7, an anti-IGF-1R blocking monoclonal antibody,
could block the induction as could transfecting fibroblasts with a dominant negative IGF-1R
mutant, designated 486STOP (48). This same pattern of IL-16 and RANTES induction by
IGF-I was subsequently described in cultured primary human thyroid epithelial cells (49).
Unlike control fibroblasts, thyrocytes from donors without GD or other autoimmune thyroid
processes also responded to IGF-I and GD-IgG. These results suggest that fundamental
differences might exist in orbital fibroblasts and thyrocytes with regard to IGF-1R signaling.
Subsequent work of Pritchard et al implicated IGF-1R and similar disease associated
activating antibodies in rheumatoid arthritis (50). Not only could the IgGs from patients with
rheumatoid arthritis induce IL-16 and RANTES in synovial fibroblasts, but GD-IgG's could
do the same. Thus, the paradigm of activating anti-IGF-1R antibodies provoking the
expression of chemoattractants does not appear to be specific to GD. Rather, it suggests a
disease mechanism spanning multiple autoimmune diseases. The equivalent effects of GD-
IgG and IgGs from patients with rheumatoid arthritis suggest that this mechanism for
upregulating chemoattractants might represent a common thread bridging these diseases and
could therefore represent a shared therapeutic target.

IGF-1R may mediate the induction of hyaluronan synthesis by GD-IgG in
orbital fibroblasts

A hallmark of the orbital tissue remodeling associated with GO is the accumulation of the
glycosaminoglycan, hyaluronan (51). Recognition of this component of the disease has
prompted examination of the mechanisms that might be involved in its increased synthesis.
Orbital fibroblasts in vitro produce remarkably large amounts of hyaluronan when activated
by inflammatory cytokines such as IL-1β, interferon γ, leukoregulin, and CD154
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(9,19,52,53). Moreover, they express all three hyaluronan synthase isozymes (HAS) (18) as
well as extremely high levels of the enzyme, UDP glucose dehydrogenease (19,20). All of
these enzymes are up-regulated by IL-1β, actions that are mediated at the pretranslational
level. At least some component of the over-determined hyaluronan production that
apparently occurs in orbital connective tissue might result from high levels of the gene
transcription factor Sp1 (20). In contrast, orbital fibroblasts fail to degrade hyaluronan in
vitro (54), findings that are consistent with the phenotype of human dermal fibroblasts (55).

IGF-1 can affect the rates of proteoglycans and hyaluronan synthesis in a wide variety of
cell types. For instance, observations made in cultured articular cartilage explants (56),
peritubular testicular cells (57), rabbit pericardium (58), and human skin fibroblasts (59)
suggest that IGF-1 can influence the rate of hyaluronan synthesis. In contrast, IGF-1 was
found to reduce hyaluronan synthesis in breast cancer cells (60) while having no effect in
human arterial smooth muscle (61). Many of these studies are rather preliminary in nature
and do not contain studies dissecting the molecular mechanisms involved. In aggregate, a
substantial body of evidence suggests that the IGF-1/IGF-1R pathway is involved, in at least
some tissues, in the regulation of glycosaminoglycan accumulation.

Imai and colleagues reported that both IGF-1 and platelet derived growth factor could
upregulate the synthesis of hyaluronan and chondroitin sulfate in orbital fibroblasts (62), a
pattern of cellular response that differed from that observed in dermal fibroblast cultures.
Subsequently, Smith and Hoa reported some time ago that IGF-1 and GD-IgG could
enhance the production of hyaluronan in an anatomic site selective manner (63). Moreover,
only those orbital fibroblasts from patients with GO would respond in this manner.

Other laboratory groups have taken different approaches with regard to examining the
potential impact of GD-IgG on hyaluronan accumulation by focusing on TSHR. For
instance, Zhang et al (64) reported that a gain of function mutant TSHR introduced into
orbital fibroblasts resulted in increased levels of cAMP and hyaluronan (65). The impact of
GD-IgG on glycosaminoglycan levels was rather modest. van Zeijl et al (66) were unable to
demonstrate any effects of GD-IgG or rhTSH on either hyaluronan synthesis or the
expression of any of the three hyaluronan synthase (HAS) isozymes. In contrast, they found
that the adenylate cyclase activator, forskolin could up-regulate hyaluronan accumulation
and the mRNAs encoding HAS1 and HAS3 (66). In a subsequent paper, van Zeijl et al (67)
found that if they subjected the orbital fibroblast cultures to a differentiation-provoking
medium, they could induce hyaluronan accumulation with GD-IgG and this effect did not
appear to be cAMP mediated. rhTSH had no apparent impact on production despite
increasing cAMP levels in many of the culture strains examined. Those studies apparently
did not include assessment of the potential impact of IGF-1 on hyaluronan production in the
differentiated fibroblast cultures. Importantly, the finding of an induction by GD-IgG on
hyaluronan production in the face of no response to TSH suggests the potential for GD-IgG
activating IGF-1R. In aggregate, the reports of van Zeijl et al (67) may share important
similarities with that of Smith and Hoa (63).

IGF-1R plays an important role in defining T and B lymphocyte phenotypes
and function

IGF-1 and IGF-1R play important roles in hematopoietic cell growth, differentiation, and
normal immune function (68). Peripheral blood T and B cells and monocytes from healthy
human donors express low levels of IGF-1R in vivo (69,70). Administration of IGF-1
increases the circulating pool of CD4+ T cells and splenic B cells in mice (71,72),
suggesting a role for this growth factor in myelopoietic cell expansion (73). It promotes T
cell proliferation during early activation (74) and inhibits apoptosis of both immature and
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mature T cells through at least three distinct mechanisms (75,76). IGF-1 stimulates
inflammatory cytokine production in T cells and monocytes, including IL-2 (77), TNF-α
(78) and IL-8 (79). It can bias lymphocyte development toward a Th2 phenotype by
enhancing TNF-IL-10 (80), IL-4, and IL-13 synthesis (81) while inhibiting IFN-γ function
(82).

Functional display of the IGF-1R also appears critical to B cell expansion from bone
marrow CD34+ cells and immunoglobulin production (83,84). IGF-1 selectively increases
expression of CD23 (type II IgE receptor, FcεRII) by both primary and established B cells
(85). Its administration also enhances IgG production by peripheral B cells and those
inhabiting human tonsils and increases circulating Ig levels in mice (72,86-89).
Reconstitution of immunodeficient mice with fetal liver cells from IGF-1R-/- mice
substantially diminishes humoral responses and immunoglobulin production (90). Thus, a
role for IGF-1 and its pathway has been established in both normal and abnormal
lymphocyte function.

Potential involvement of IGF-1R in the aberrant behavior of lymphocytes in
Graves’ disease

Memory T cells expand in GD (91). Moreover, immune cell infiltration of the thyroid and
connective tissue of the orbit represent prominent features of the disease (92). Cytokines
synthesized by T and B lymphocytes, monocytes, and mast cells, appear to drive tissue
remodeling, including the expansion of extra-ocular muscles and fat (93). It remains unclear
why immunocompetent cells are recruited to the orbit (3,5-9). One possibility concerns the
finding that fibroblasts from individuals with GO display higher levels of IGF-1R and when
treated with IGF-1 or with GD-IgG, synthesize T cell chemoattractants (47,48). Like these
orbital fibroblasts, a disproportionately large fraction of peripheral blood T cells also express
IGF-1R in patients with GD (94). Subset analysis reveals that these patients demonstrate a
relative expansion of IGF-1R+CD4+ and IGF-1R+CD8+ memory (CD45RO+) T cell
populations (94). T cells harvested from TAO orbital tissues reflect similar increased
proportion of IGF-1R+ T cells as those found in the peripheral circulation. Addition of
exogenous IGF-1 enhanced T cell proliferation and inhibited Fas-mediated apoptosis.
Memory T cell (CD4 and CD8) populations in the peripheral blood expand in GD (91,94).
Identification of increased IGF-1R expression by these cells suggests that IGF-1 and GD-
IgG may directly promote survival and/or expansion of antigen specific T cells in GD. These
observations may couple with those of exaggerated IGF-1R expression by fibroblasts and
the potential consequences of cellular interactions with GD-IgG.

Increased frequency of IGF-1R+ T cells has been confirmed in identical twin pairs
discordant for GD. The affected twin exhibited an increased frequency of naïve and memory
IGF-1R+ T cells compared to the healthy twin (96). In aggregate over-representation of the
IGF-1R+ T cell phenotype in individuals with GD appears durable and cannot be attributed
to the genetic determinants of GD. Rather, the phenotypic skew toward IGF-1R+

lymphocytes appears to be acquired. These findings underscore the potentially critical role
of non-genetic, environmental factors as immunological triggers in genetically susceptible
individuals.

TSAbs directed at TSHR are responsible for the metabolic consequences of GD (1). Actions
of these immunoglubulins mimic those of TSH resulting in excessive thyroid hormone
production. GD-IgG directed at IGF-1R (47,48) also appears to play a pathogenic role in
GD. Given the prominent role for B cell function in the pathogenesis of GD, IGF-1R
expression was examined in peripheral blood B cells of GD patients and a cohort of control
donors. Analogous to their T cells, IGF-1R+ B cells are over-represented in the peripheral
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blood and orbital tissues in patients with GD relative to controls (95). Increased receptor
display has several functional consequences including enhanced B cell expansion and
exaggerated Ab production including those directed against the TSHR. Moreover,
assessment of B cells from discordant identical twin pairs revealed increased abundance of
IGF-1R+ B cells in the affected twin (96).

Where do we stand regarding IGF-1R-targeting antibodies in GD?
Debate has arisen concerning the existence and importance of antibodies targeting IGF-1R
in the pathogenesis of GO. Confirmatory reports have yet to appear demonstrating the
effects of GD-IgG on T cell chemoattractant synthesis and hyaluronan production. The
findings of van Zeijl et al (67) utilizing fibroblasts exposed to an adipocyte differentiation
medium may be in agreement with those of Smith and Hoa (63), but further studies to
reconcile these studies will be necessary.

Efforts have been made to detect the anti-IGF-1R antibodies using alternate methods. A
recent, preliminary report appearing in abstract form described development of an assay
based on “luminescent immunoprecipitation” stated that no differences could be detected
between serum concentrations of anti-IGF-1R antibodies in control individuals and those
with GD (97). Since the apparent design of the assay would not allow discrimination
between active and non-active antibodies, the report is probably difficult to interpret and to
compare with that of Weightman et al (46) or Pritchard et al (47,48). Additional information
about this assay and the results obtained from its implementation should clarify its
significance. In another recent study, Zhao and colleagues (98) found that immunization by
electroporation of mice with TSHR-encoding plasmids resulted in the generation of anti-
IGF-1R. That study failed to identify any phenotypic attributes that could be linked
specifically to these antibodies and thus their pathogenic significance remains uncertain.

Concluding comments: A potential way forward-testing the hypothesis
Evidence has been advanced that IGF-1R might play a role in autoimmunity (37). This
possibility appears consonant with the established impact that both IGF-1 and IGF-1R exert
on multiple components of the mammalian immune system. We have suggested that
antibodies generated in GD can bind to the receptor and can initiate signaling that
culminates in the production of chemoattractants and hyaluronan. These effects are disease-
selective in that only fibroblasts from individuals with GD respond. But the jury has yet to
render a verdict with regard to the constellation of molecular participants in the pathogenesis
of GO. Moreover, the importance of IGF-1R and the antibodies generated against it might
play in GO has yet to be established. Ultimately, personal opinion will neither support nor
detract from the necessary empirical evidence that must emerge from thoughtfully conceived
and conducted future studies. A multi-center therapeutic trial specifically directed at
examining the impact of a fully humanized blocking anti-IGF-1R antibody on the activity
and progression of moderate to severe GO is being organized in North America. This
therapeutic approach may prove useful in other autoimmune diseases besides GD where the
common threads of IGF-I dysfunction might occur. Considering the numerous hurdles that
have already been overcome in the development of these IGF-1R-blocking agents for use in
cancer, their repurposed application to autoimmunity might represent an attractive prospect
for the pharmaceutical industry.
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Abbreviations

GD Graves’ disease

GO Graves’ ophthalmopathy or orbitopathy

TRAb TSH-receptor antibodies

TSAb thyroid stimulating immunoglobulins
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Research agenda

• More detailed examination of TSHR/IGF-1R molecular interactions.

• Better understanding of the cellular composition of the human orbit and how
this changes in GO.

• Characterization of the cell signaling induced through TSHR activation in
orbital fibroblasts and fibrocytes.

• Development of potential therapeutic agents targeting TSHR and IGF-1R

• Identifying the molecular and cellular signatures that distinguish individuals
with aggressive versus mild GO

• Longitudinal studies following anti-TSHR antibody levels in individuals with
GO and assessing how these might respond to therapy.

• Potential repurposing of agents initially developed for treating other disease
processes

• Application of more stringency to research going forward.

• Developing consensus about meaningful response metrics in GO as we move
into treatment trials
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Figure 1.
Schematic diagram of the proposed model in which IGF-1R might participate in concert
with TSHR in the pathogenesis of GO.
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