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A Patient With Graves’ Disease in Whom Presenting
Eye Signs Were Associated With Antibodies to the
Thyrotropin Receptor and Later Eye Muscle Damage
With Antibodies to G2s and Flavoprotein
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e report a 14-year-old female patient

with Graves’ hyperthyroidism and
mild eye signs in whom ophthalmo-
pathy worsened after several months

of treatment with Methimazole and thyroxin. Se-
rum antibodies against the eye muscle antigens
G2s, flavoprotein (Fp), succinate dehydrogenase
(SDH) and flavine adenine Dinucleotide (FAD),
and human TSH receptor, were measured retro-
spectively in serum taken from the patient over a
3 yr period. High levels of serum antibodies
against the TSH receptor [TSH receptor antibody
(TRAD)] were detected in the first sample, when
mild proptosis, chemosis and diplopia on ex-
treme gaze were noted. TRADb levels then de-
clined and became negative after 15 months.
Twelve months after the initial assessment she
developed eye grittiness and excess tearing and,
two wk later, antibodies against G2s became
positive. Six months later she complained of se-
vere upward- gaze double vision and increased
proptosis was noted. At that time antibodies
against Fp and SDH became positive. This is the
first report correlating a patient’s autoantibody
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levels with clinical symptoms and signs of oph-
thalmopathy. Autoimmunity against the TSH re-
ceptor may be the initial event in the develop-
ment of ophthalmopathy in patients with
Graves’ hyperthyroidism while antibodies
against G2s and Fp are produced later, in asso-
ciation with worsening inflammatory changes
and eye muscle damage. Despite the close rela-
tionship between eye muscle antibodies and
clinical eye signs in this patient the antibodies
are likely to be secondary to the eye muscle reac-
tion, rather than its cause.
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Introduction

Auto antibodies reactive against eye muscle
and orbital connective tissue antigens have
been identified in patients with thyroid-
associated ophthalmopathy (TAO), although
their significance is unclear."” Antibodies
against flavoprotein (Fp) and the novel eye
muscle and thyroid shared protein G2s corre-
late closely with eye muscle damage *°
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whereas, antibodies against a TSH receptor-
like protein expressed in orbital preadipocyte
may be the initial event leading to the devel-
opment of orbital inflammation in patients
with thyroid autoimmunity.”” The novel 55
kDa eye muscle membrane protein G2s,
which is strongly expressed in eye muscles,
thyroid and other skeletal muscle,® is the best
candidate of the several eye muscle antigens
that have been identified in our laboratory.
G2s is now identified as the terminal 141
amino acids of the FOX pl protein, a
winged-helix transcription factor that may be
expressed in the eye muscle fiber membrane
(human genome project). A shared autoanti-
gen in the orbit and thyroid gland such as
FOX p1 or the TSH receptor has been postu-
lated to be the target(s) of the immune reac-
tions in TAO.”"" This case report concerns a
patient in whom antibodies against both the
TSH receptor and eye muscle antigens have
been measured. We show that serum antibod-
ies against TSH receptor were associated
with early eye symptoms, whereas those
against G2s and Fp appeared later, when the
patient had worsening eye signs and severe
double vision.

Patients and Methods
Case report

A 14-year old girl with Graves’ hyperthy-
roidism was first seen in April 1992. She was
treated with Methimazole and thyroxine,
which she took for 18 months and was fol-
lowed for another 3 yr. Serum samples were
collected throughout the study and stored at —
20°C. A total of 25 serum samples were
available for the study. At first presentation
the patient had classical features of Graves’
hyperthyroidism including; diffuse goitre, in-
creased T4 and suppressed TSH and some
mild eye signs including, mild diplopia at the
far extreme of lateral gaze in both eyes, very
mild chemosis and mild to moderate prop-
tosis bilaterally (22, 20 mm). Following ces-
sation of medication after 18 months the pa-
tient became euthyroid and remained in re-
mission for the rest of the study. She devel-

oped gritty and watery eyes in April 1993
and, in November of 1993, increasing prop-
tosis (> 20 mm) and severe upward-gaze
double vision. Her attending endocrinologist
identified the eye changes using standard
clinical criteria and measurements. Proptosis
was determined, as mm protrusion, using a
Hertel exophthalmometer. The patient has
since remained euthyroid and now has stable
eye disease.

Enzyme-linked immunosorbent assay

This method has been described previ-
ously.'””"® Concentrations of antigens used
were; SDH 0.25 g/ml, Fp 1.25 g/ml, FAD
0.25 g/ml and G2s 0.25 g/ml. SDH was pre-
pared from beef heart mitochondria by
Ackrell et al., as described previously.'* G2s
was cloned into pFLAG-ATS and purified
according to the manufacturer’s procedure
(Sigma, St. Louis)'® and FAD was purchased
from Sigma Co. Serum dilution was 1: 25.
Results were expressed as optical density at
405 nm. A positive test was taken as an OD >
mean + 2 standard deviations for 6 normal
sera, the upper limit of normal.

TSH receptor antibody (TRAb) assay

TRAD in the serum samples were detected
using a TRAb ELISA kit (KRONUS, ID,
USA) according to the manufacturer’s in-
structions. Briefly, TSH receptor is coated
onto ELISA plate wells and bound TRAD are
detected by their ability to inhibit the binding
of TSH (in the form of TSH-biotin) to the re-
ceptor-coated wells. The bound TSH is then
quantified by addition of streptavidin peroxi-
dase and the peroxidase substrate tetramethyl
benzidine. TRADb levels are expressed as a
percentage inhibition of TSH binding index,
with a level >10% being taken as positive.

Results

Eye muscle antibodies and TRAb were
measured, in single assays, in the 25 serial
samples taken from this patient over a 3 yr
period. Levels of serum antibodies against
the TSH receptor are shown in Fig. 1 and of
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antiG2s , -Fp, -SDH and —-FAD, in Fig. 2.
The arrows indicate the times of appearance
of eye symptoms and signs. TRAb was
strongly positive in the first sample, when
she was hyperthyroid with mild eye signs.
Thereafter TRAb decreased, bearing no rela-
tionship to later eye signs. Indeed, by the
time she complained of severe binocular dip-
lopia and aggravated proptosis was noted,
TRADb levels were borderline positive or
negative.
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Fig.1. TSH receptor antibody (TRAD) levels in
25 serum samples from a patient with Graves’
hyperthyroidism and ophthalmopathy. Results
are expressed as percentage inhibition of TSH
binding, a value of > 10% being taken as posi-
tive. The arrows indicate the times of onset of
eye symptoms and signs namely, mild prop-
tosis, chemosis and diplopia on extreme gaze
dry eyes (Apr 1992 , grittiness and excess tear-
ing (Apr 93) and proptosis and worsening
double vision (Oct 93)

Levels of antibodies against Fp and SDH
were superimposable throughout the study
period. Antibodies against G2s, Fp and SDH
were not detected initially, when the patient
first complained of eye symptoms, but levels
were increasing when she began to complain
of gritty and watery eyes, in April 1993, be-
coming positive in June 1993 [antiG2s ] and
Sept. 1993 [anti Fp, anti-SDH], respectively.
Anti-G2s levels fluctuated, rising to a second
peak in Oct. 1993, just before the patient
complained of worsening double vision.
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Fig.2. A 14-year old girl with Graves’ hyper-
thyroidism and mild eye signs at diagnosis
(first arrow) developed gritty and watery eyes
in April 1993 (second arrow) then proptosis
and severe upward-gaze double vision in Oct
1993 (third arrow). A series of 25 consecutive
blood samples were collected over a three-year
follow-up period and frozen. Antibodies
against G2s (panel A), SDH (A---A) and Fp
(E---m) (panel B) and FAD (panel C) were
measured, in single assays, in enzyme-linked
immunosorbent assay at the end of the study.
Results are expressed as OD at 410 nm. A posi-
tive value is taken as an OD > the upper limit
of normal (ULN), defined as the mean plus two
standard deviations of values obtained from a
panel of six normal subjects. The broken hori-
zontal lines represent the upper limits of nor-
mal for each antibody

Peak levels of anti-Fp and anti-SDH anti-
bodies coincided with the onset of worsening
double vision and increased proptosis, then
fell slowly, becoming negative in Dec. 1993.
Levels of anti-FAD antibodies were generally
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lower, but showed a similar pattern, becom-
ing positive a few weeks before the patient
complained of severe double vision.

Discussion

We observed a close temporal relationship
between the detection of serum antibodies
and eye symptoms in a patient with Graves’
hyperthyroidism treated with MMI who had
mild eye signs at diagnosis, then worsening
signs and symptoms 12-18 months later. Be-
cause all serum samples were tested and
compared in the same assay, changes in the
levels of antibodies reflect true variations in
antibody production in the context of the
autoimmune reactions in the orbit. TRAD
were first detected at the initial visit when
she had hyperthyroidism and mild eye signs.
It thereafter decreased, showing no correla-
tion with later, more severe, eye changes.
Antibodies against G2s were first detected
soon after the patient complained of grittiness
and excess tearing, peaking just before the
onset of worsening double vision while anti-
Fp and anti-SDH antibodies both became
positive a few weeks later. Antibodies against
FAD were generally lower, and did not corre-
late closely with those against Fp or SDH.

Whilst proptosis may reflect both eye mus-
cle swelling and orbital connective tissue in-
flammation, double vision is a characteristic
symptom of eye muscle dysfunction. Previ-
ously, we showed that antibodies against Fp
were present in patients with the ocular
myopathy subtype of TAO, but not in those
with mainly congestive changes.” The prepa-
ration of SDH that we used was isolated from
beef heart mitochondria and comprises the Fp
subunit, FAD cofactor, and iron/sulfur clus-
ters, whereas the Fp preparation that we used
was human recombinant, separated from
iron/sulfur and FAD. We presume that reac-
tivity against SDH in this patient reflected
targeting of Fp, as the values were almost
identical throughout the study. In other stud-
ies from our laboratory we have found some
discrepancies in reactivity, suggesting that
there may be an additional epitope in the

SDH preparation, which is different from Fp
and FAD (Wall, Li et al. unpublished data).
One other possible cause of increased anti-Fp
and anti-G2s antibodies in this patient is a re-
bound following cessation of MMI, which
has immunosuppressive activity,” although
this would not explain the subsequent fall in
antibody levels. If anti thyroid drugs can be
shown to have such an effect on anti-Fp and -
G2s antibodies, these drugs could be recom-
mended in order to prevent eye muscle dam-
age in patients with Graves’ hyperthyroidism

This is the first observation of a close tem-
poral relationship between eye muscle anti-
bodies and eye signs in a patient with
Graves’ hyperthyroidism. The study also
shows that anti-G2s antibodies, which are
closely associated with parameters of eye
muscle damage,'®'” are produced before
those against Fp We have found the same re-
lationship in an experimental model for
TAO." Antibody targeting of the FOX pl
protein, which has at least one putative
transmembrane domain’ may be the cause of
eye muscle damage in patients with thyroid
autoimmunity, "> although it is more
likely that the antibodies are secondary to
some other reaction. Fp is localized to the in-
ner mitochondrial membrane and antibodies
to these proteins are unlikely to be able to
penetrate the intact cell wall and mitochon-
drial membrane. Anti-Fp antibodies are thus
also likely to be secondary to eye muscle
damage and release of intracellular proteins
in the context of an autoimmune reaction in
the orbit.

The role of autoimmunity against the TSH
receptor has been implicated in TAO.® In our
patient high levels of TRAb correlated with
her presenting eye symptoms, suggesting that
the antibodies may initiate the orbital reac-
tion in patients with thyroid autoimmunity.
Thereafter, levels did not correlate at all with
worsening eye signs and eye muscle damage.
In a recent study, Noh et al.*' showed a corre-
lation between TSH receptor stimulating an-
tibodies, but not TSH-binding inhibition an-
tibodies, and ophthalmopathy. The measure-
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ment of antibodies against G2s (or the full
length FOX pl protein) could be used as a
screening test in patients with Graves’ hyper-
thyroidism to identify the progressive stage
of ophthalmopathy. If positive, patients could
be treated with immunosuppressive drugs or
prednisone to prevent eye muscle damage,
which occurs later, as indicated by antibodies
against Fp. In conclusion, in this report we
document a close relationship between serum
TSH receptor and eye muscle antibodies and
clinical features of ophthalmopathy in a pa-
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