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such adipocyte precursor cells. They
compose 5% to 10% of the cell popu-
lation and are capable of responding
to adipogenic stimuli in vitro.18

These cells may represent an orbital
cell subpopulation that can differen-

tiate in vivo into mature adipocytes,
given appropriate stimuli.

Our recent studies explored
the link between adipogenesis and
the expression of TSHr in orbital
preadipocyte fibroblasts.1® In
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Qil-red-0O staining of orbital fibroblasts from a patient with Graves’ ophthalmopathy.
Cells were grown to confluence, then cultured for 8 days in defined adipocyte-differentiation
medium. Positive staining, indicating the presence of mature adipocytes, was apparent in

a subpopulation of the cells.
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cAMP response to rhTSH (1.3 X 10-7 M) stimulation in GO orbital preadipocyte fibroblasts.
Late-passage cells from 4 GO patients were grown to confluence in medium 199 containing

20% FBS. Cultures were then split, and matched cells were grown either in defined adipocyte
differentiation medium (solid lines) or in control medium 199 (broken lines) for 8 to 10 days.
TSH-dependent cAMP production was significantly higher in differentiated cultures than in

matched undifferentiated control cultures.

these studies, confluent GO and
normal preadipocyte fibroblasts
were exposed for 7 to 10 days to
in vitro conditions shown to stimu-
late adipogenesis in these cells.
Mature adipose cells, staining pos-
itively with oil-red-O, were appar-
ent in the differentiated cultures
(Figure 3). The majority of cells

in undifferentiated cultures
appeared fibreblast-like in mor-
phology. A significant increase in
cAMP production (96- to 183-fold)
following human TSH stimulation
was demonstrated in the differen-
tiated cultures (Figure 4). In con-
trast, no significant rhTSH-
dependent cAMP production was
observed in the undifferentiated
cultures. We interpreted these
results to suggest that although
cultured orbital fibroblasts do not
express measurable functional
TSHr, a subpopulation of these
cells (termed preadipocyte fibro-
blasts) can be stimulated to dif-
ferentiate into TSHr-bearing
adipocytes. These findings suggest
that a stimulus for adipogenesis
with accompanying adipocyte
TSHr expression may be present
within the orbit in GO.

To implicate a particular cell
type or antigen as being an im-
mune target, it would seem neces-
sary to demonstrate reactivity of
autologous T cells directed against
this antigen. Two groups of investi-
gators have examined reactivity of
orbital T cells from GO patients
against various orbital tissue pre-
parations, although neither group
specifically addressed anti-TSHr
reactivity. In one report, T cell lines
recognized autologous cultures of
orbital fibroblasts, although they
did not proliferate in response to
crude eye muscle extract, autol-
ogous peripheral blood mononu-
clear cells, allogeneic fibroblasts,




or purified protein derivative of
mycobacterium tuberculosis.1!
The cells were predominantly
CD8+/CD45R0O+ lymphocytes,
revealed little target cell cytotoxity,
and secreted various cytokines on
activation. In another report,
investigators found proliferation
of both orbital and peripheral
T cell lines from GO patients in
response to autologous orbital
fibroblast-derived protein fractions
of low (6-10 kd) molecular weight.
These cells did not recognize low-
molecular-weight protein fractions
derived from autologous orbital
myoblasts or abdominal adipose
or muscle tissue.20

Studies of the pathogenesis of
Graves’ disease and GO have long
been hampered by the lack of a
useful animal model. Recently, a
novel animal model was developed
in which thyroiditis was trans-
ferred to naive BALB/c mice with
human splenocytes that were
primed either with TSHr fusion
protein or the ¢cDNA for the human
TSHr.21 Thyroiditis was induced in
60% to 100% of these animals and
was associated with the production
of the TSH lymphocytic and mast
cell infiltration, accumulation of
adipose tissue and edema with
periodic acid-Schiff-positive mater-
ial (putative GAG), dissociation of
muscle fibers, and the presence of
TSHr immunoreactivity. Whether
this particular animal model accu-
rately reflects the autoimmune
processes involved in the develop-
ment of Graves’ disease with oph-
thalmopathy is unclear. In any
case, these studies will lead to fur-
ther refinements of the model and
to new approaches to the study of
GO etiology.

In light of our studies and
reports from several other labora-
tories, we propose the following to

explain the pathogenesis of GO
(Figure 5): In the setting of Graves’
disease, orbital preadipocyte
fibroblasts may be stimulated by
unknown circulating or locally pro-
duced factors to differentiate into
mature adipocytes that express
increased levels of TSHr. These
orbital changes may result in
expanded orbital volume (including
the volumes of both the fatty con-
nective tissues and the extraocular
muscles) and infiltration of the
orbit with TSHr-reactive T cells.
The local release of particular
cytokines, TSHr-directed antibod-
ies, or other factors might further
stimulate adipogenesis, GAG
synthesis, or expression of
immunomodulatory proteins with-
in the orbit. Other factors, includ-
ing inflammatory cytokines, might
act as counterbalancing inhibitors
of these effects. If the net effect of
these changes is to increase the
volume of the fatty connective
tissues within the orbit, however,
then proptosis, extraocular muscle
dysfunction, and periorbital con-
gestion will ensue.

Current Therapy

At present there are no effective
preventive measures for GO. Avail-
able medical and surgical treat-
ment programs for GO offer only
palliation while waiting for disease
activity to subside.! Patients with
mildly symptomatic disease are
not often offered treatment because
of the significant risks inherent

in each therapeutic option and
because patients most likely to
progress to severe disease cannot
be identified. Active treatment
programs are reserved for patients
who have more severe disease. Cor-
ticosteroids are often beneficial for
the inflammatory symptoms and
signs of the disease, but this treat-
ment is not uniformly successful or
well tolerated. Other immunosup-
pressive therapies, including
cyclosporine and plasmapheresis,
have been shown to be useful in
select circumstances. Orbital radio-
therapy, the effectiveness of which
is in question (see next section),

is an expensive treatment that

=

Proposed pathogenesis of Graves’ ophthalmopathy. (1) Orbital preadipocyte fibrob-
lasts are exposed to unknown factors present in the setting of Graves’ disease. (2) Cells
undergo differentiation into TSH receptor-bearing adipocytes. (3) TSH receptor-directed T
cells infiltrate the orbit and release cytokines. (4) Cytokines effect changes in orbital tissues
that result in development of the clinical disease.
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carries a not-insignificant risk.
Transantral orbital decompression
is a complex surgical procedure
performed at only a few referral
centers. This therapeutic approach
is appropriate when symptoms are
particularly severe or when vision
is threatened acutely.

A carefully taken history can
direct the clinician to the elements
of eye involvement that are most
likely to need specific treatment.
Patients with severe orbital inflam-
mation generally suffer from eye
pain, especially with eye motion,
and describe prominent lacrima-
tion and photophobia. Less-severe
inflammation is commonly experi-
enced as a “sandy or gritty”
sensation in the eyes. Patients
with significant proptosis and lid
retraction often complain of dry
eyes and may note pain “behind
the eyes.” Close questioning of the
patient with diplopia will deter-
mine whether the visual distur-
bance is intermittent or constant.
In addition, the double vision may
occur in all directions of gaze or
may be present only when looking
in a particular direction.

Of particular concern is the
patient who reports “blurry vision.”
If the visual disturbance is inter-
mittent, clearing as the patient
blinks, it may represent excessive
lacrimation. If the blurring does
not clear with blinking, however,
or is associated with a dulling
(graying) of color vision, the pa-
tient may have a compressive
optic neuropathy that is in need
of urgent treatment. It should be
remembered that over half of
patients with optic neuropathy do
not report any of these symptoms.
The majority of patients with GO
exhibit ocular involvement that fits
primarly within one or two of the
following clinical categories: mild

inflammation, severe inflamma-
tion, proptosis, extraccular muscle
dysfunction, lid retraction, or optic
neuropathy. The appropriate treat-
ment for each is different, and an
individual patient may require
more than one form of therapy.
Currently available treatment
options are outlined in Table 1.
The decision of whether to in-
tervene with treatment at a partic-
ular time during the course of a
patient’s disease should be made
with knowledge of the natural his-
tory of the condition. In general,
the signs and symptoms of GO
progress rapidly from onset for
approximately 6 to 24 months.22
Symptoms in 10% of patients
progress for more than 5 years from
onset. Progression is followed by a
plateau phase of variable length,
commonly from 1 to 3 years. This
phase is followed by gradual and
generally incomplete resolution.
In a long-term follow-up study
(averaging 15 years) of patients
with GO, lid retraction resolved
completely in 60% whereas oph-
thalmoplegia improved in 38%
and worsened in 17%. Soft tissue

changes generally improved or com-
pletely resolved within 1 to 5 years.
Proptosis was the sign least likely
to improve or resolve; in only 8%

of patients did proptosis improve
without specific treatment. The
incidence of GO is highest in
women under the age of 50 years;
the disease tends to be more severe,
however, in men and in patients
older than 50 years. In addition,
smeking has been found by several
investigators to have an important
effect on the development and pro-
gression of GO.

Radiotherapy

Radiotherapy has long been used to
treat patients with Graves’ ophthal-
mopathy. Despite the widespread
use, however, there is no rigorous
evidence that this treatment is ben-
eficial. Studies to determine the
effectiveness of any of the available
or experimental therapies for GO
are difficult to design and to inter-
pret. This is the case primarily
because improvement in the disease
is not easily measured, and most

Clinical Type

Current Treatment Options for Graves’ Ophthalmopathy

Treatment Options

Mild inflammation

Ocular lubrication, sunglasses,
mild diuretics, elevating head of bed

Severe inflammation

Corticosteroids, external beam orbital
radiation therapy (?), cyclosporine,
orbital decompression surgery

Proptosis

Orbital decompression surgery

Lid retraction

Levator muscle surgery

Optic neuropathy

Crbital decompression surgery,
high-dose corticosteroids, external
beam orbital radiation therapy




patients with GO have several
symptoms of the condition that may
each follow a different time course.
It is therefore important that stud-
ies be prospective, have appropriate
control groups, and use objective
methods to measure possible benefit
of treatment.

We recently concluded the
initial phase of a prospective, ran-
domized, double-blind, controlled,
clinical trial of radiotherapy for
Graves’ ophthalmopathy.23 The
broad objective of our study was to
determine if orbital radiotherapy is
effective for GO and, if so, to mea-
sure precisely the rate and degree of
improvement. This study used an
external beam technique that per-
mitted 20 Gy of external beam radi-
ation to be delivered to a single
orbit. The other orbit was sham
treated and used as a control prior
to its radiotherapy treatment
6 months later. A total of 42 euthy-
roid patients underwent precise and
objective measurement of proptosis,
orbital fat and muscle volume
(determined using volumetric com-
puterized tomographic scanning),
range of extraocular muscle motion,
eyelid fissures, and extent of diplo-
pia. Our results failed to document
any clinically significant beneficial
effects of the treatment. It is appar-
ent either that this modality is
without benefit in the disease or
that the measurement systems used
in our study were unable to capture
any positive effects.

Somatostatin Analogues

Somatostatin is a naturally occur-
ring polypeptide that inhibits
secretion of growth hormone and
also has physiologic roles in the
regulation of other endocrine and
exocrine hormones. Established

indications for the therapeutic
use of somatostatin analogues
(octreotide acetate) include gas-
troenteropancreatic tumors and
acromegaly. In addition, this
agent has more recently been
found to have clinical application
for treatment of esophageal
variceal bleeding, gastrointestinal
fistulae, and chemotherapy-induced
refractory diarrhea. A new area
of investigation concerns the
immunomodulatory effects of
somatostatin and the potential
use of the synthetic compound for
imaging and treatment of autoim-
mune diseases. Specific uptake of
[1111n-DTPA-D-Phe] octreotide is
relatively high in the orbits and
thyroids of thyrotoxic patients
with GO, whereas Graves’ pa-
tients without clinically evident
GO and normal individuals have
negative orbital octreoscans.24:25
Because lymphocytes have been
shown to express somatostatin
receptors, the presumption has
been that the octreoscan visual-
izes activated lymphocytes infil-
trating thyroid and orbital tissues
in Graves’ disease. Somatostatin
receptors have also been detected
on thyroid follicular epithelial
cells. It is possible that Graves’
disease, and perhaps thyroid
growth itself, is associated with
increased expression of socmasto-
tatin receptors on thyrocytes. If
true, the up-regulation of this
receptor may be responsible for
the clear octreoscan imaging of
the thyroid in active Graves’ dis-
ease. In this regard, it may also be
the case that orbital fibroblasts or
adipocytes contain somatostatin
receptors whose expression
increases in the setting of GO.
The wider implementation of
orbital and thyroid octreoscanning
has been limited by expense, by

its not-negligible radiation bur-
den, and by the lack of prospec-
tive, controlled studies completed
to determine the precise clinical
utility of such images. Further,
the scans obtained are not as use-
ful as are MRI or CT scans in
terms of imaging of orbital con-
tents (as needed for the evaluation
of apical crowding of the optic
nerve). Clearly, more study is war-
ranted before orbital octreoscan-
ning can be recommended as a
first-line method for evaluation of
patients with GO.

Several groups have sought to
determine whether somatostatin
analogues might have utility in the
treatment of GO.26-28 Although not
proven, it is possible that somato-
statin may inhibit the secretion of
cytokines by activated lymphocytes
within the orbit or may have some
beneficial effect on orbital fibroblast
somatostatin receptors. In general,
these investigations have not been
conclusive because the measures of
disease improvement used are not
adequately objective and precise.
Our group at the Mayo Clinic is
currently investigating the efficacy
of a long-acting somatostatin
analogue, octreotide acetate
(Sandostatin LAR®), for treatment
of GO. We are a tertiary referral
center for GO and see approxi-
mately 600 to 1000 patients with
moderate to severe GO annually.
We are therefore in a position to
perform well-controlled, prospec-
tive studies using this large patient
population. Patients will be treated
monthly for 4 months either with
the drug or with a saline control
injection. We will perform clinical
assessment, ocular examinations,
color facial photography, and volu-
metric orbital CT scanning and will
assign a clinical activity score prior
to treatment and following the
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fourth month of therapy. We expect
results of this study to be available
in early 2001.

Anticytokine Therapy

The most direct, and likely most
effective, approach to the use of
biologic therapies in GO would be
to target the antigen or specific T
cell receptors involved. Until par-
ticular antigenic peptides of T cell
clones are causally implicated in
GO, however, other approaches
must be considered. Treatments
aimed at interfering with antigen
presentation or recognition in gen-
eral or with leukocyte adhesion
might be considered. In addition,
because a fair amount of informa-
tion exists concerning the role of
cytokines in effecting the histo-
pathologic changes within the
orbit in GO, anticytokine thera-
pies offer an attractive potential
approach.

Because cytokines function as
part of a network with highly inte-
grated cellular and humoral inter-
actions, the inhibition or addition
of any single factor involved in this
network would be expected to have
repercussions throughout the sys-
tem. Further complexities involved
in anticytokine therapy relate to
the interaction of these mediators
with various cell-surface receptor
subunits, as well as to the presence
of naturally occurring soluble
cytokine receptors that may affect
half-life or neutralize actions.
Additional problems arise in deliv-
ering potentially toxic therapeutic
agents into the appropriate disease
compartments in high enocugh con-
centrations to be effective. The lat-
ter may be solved in the future by
gene-therapy approaches that
would allow the local production of

therapeutic cytokine antagonists.

The only trial to date of anticy-
tokine treatment in GO was a
pilot study using pentoxifylline,
an agent with potent anticytokine
activity shown to inhibit IL-1—,
TNF-o—, and IFN-y-induced HLA-
DR expression and GAG synthesis
in cultured orbital fibroblasts.?? A
group of 10 patients with moder-
ately severe GO were given intra-
venous pentoxifylline for 10 days,
followed by oral therapy for an
additional 10 weeks. Among these
patients, 8 of the 10 treated
showed improvement in soft tissue
swelling, but not in proptosis or
extraocular muscle involvement.
Serum GAG and TNF-a levels fell
only in the responders. Unfortu-
nately, the lack of a control group
in a this study makes the findings
very difficult to interpret. Future
controlled studies, perhaps assess-
ing the efficacy of anticytokine
agents shown to be beneficial in
the treatment of rheumatoid
arthritis (including a human mon-
oclonal antibody directed against
TNF-o and a soluble type 2 IL-1
receptor) will determine the
potential role of this approach in
GO treatment.

Relationship of GO to
Mode of Treatment for
Hyperthyroidism

In recent years, renewed interest
has surfaced concerning whether
the choice of therapy for Graves’
hyperthyroidism (1311 ablation,
surgery, or antithyroid drugs)
has an effect on the development
or progression of GO. Several
large prospective trials have been
interpreted to suggest a direct
relationship between 1311 ablation
treatment and ophthalmopathy.

Perhaps the best of these exam-
ined hyperthyroid patients with
mild or no GO who were initially
treated with a 3- to 4-month
course of methimazole.30 Patients
were then randomly assigned to
receive radioiodine therapy,
radioiodine plus prednisone, or
continued methimazole therapy.
Among the 150 patients treated
with radioiodine, between 2 and 6
months following treatment, oph-
thalmopathy developed or wors-
ened in 23 (15%) and improved in
none. The worsened eye disease
was transient and very mild in 15
of these patients and persistent in
8, 7 of whom had ophthalmopathy
at baseline. Among the 145
patients treated with radioiodine
and prednisone, 67% had improve-
ment and none worsened. Of the
148 patients treated with methi-
mazole, 4 patients (3%) had wors-
ening of their ophthalmopathy,
while 3 patients experienced
improvement. The frequency of
development or worsening of
ophthalmopathy was significantly
higher at 6 months following
treatment in the radioiodine
group than in either of the 2 other
groups (P < .001). However, this
effect was very mild and was not
found at 1 year. The authors con-
cluded that worsening of GO after
radioiodine therapy is often tran-
sient (and mild) and can be
prevented by the concurrent
administration of predniscne to
select patients.
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