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Autoimmunity against eye-muscle antigens

may explain thyroid-associated ophthalmopathy

he ophthalmopathy associated

with Graves’ hyperthyroidism

and Hashimoto’s thyroiditis is
an autoimmune disorder of the extra-
ocular muscle and the surrounding or-
bital connective tissue (OCT) and fat
(Box 1). Its most appropriate name is
thyroid-associated ophthalmopathy
(TAO).

Several theories exist to explain the
disorder’s unusual association with
thyroid autoimmunity. Most of them
favour a role of autoimmunity against a
thyroid-stimulating hormone receptor
(TSH-r)-like protein in the orbital pre-
adipocyte and, possibly, extraocular
muscle fibre. This is still merely hypo-
thetical, for several reasons: TSH-r—
stimulating antibody levels do not cor-

relate with the severity and activity of
the eye signs; newborns with thyrotoxi-
cosis do not have the ophthalmopathy,
even when the mother has eye signs;
and ophthalmopathy has not been con-
vincingly produced in animals immu-
nized with the TSH-r protein. More-
over, a recent study* found that mRNA
for TSH-r was not upregulated in the
orbital fat of patients with Graves’ oph-
thalmopathy compared with that in
control subjects.

One observation in favour of the
theory of a primary role of autoimmu-
nity against TSH-r is the generalized
connective-tissue disorder in Graves’
disease: autoimmunity against TSH-r,
expressed in fat and connective tissue,
could explain the development of pre-

autoantibodies in TAO

dehydrogenase

in the blood of people with TAO

Box 1: Timeline of discoveries related to thyroid-associated ophthalmopathy (TAO)

1956 LATS is the cause of Graves’ hyperthyroidism (Adams and Purvis, New Zealand)
1956 60-LATS is an immunoglobulin G (IgG) antibody against TSH-r

1964 TSH-r antibody (measured as LATS) crosses the placenta and causes neonatal
hyperthyroidism, but ophthalmopathy not observed

1973 Graves’ ophthalmopathy is associated with higher LATS concentrations in blood
1986 Cytotoxic antibodies act against eye muscle cells in Graves’ ophthalmopathy

1988 “Thyroid-associated ophthalmopathy” suggested as the best name for the eye
disorder, which occasionally occurs in patients with Hashimoto’s thyroiditis

1988 55-, 64- and 95-kDa eye-muscle membrane proteins are recognized by serum

1993 TSH-r is expressed in retro-orbital tissue; corresponding serum autoantibodies
are postulated to be the cause of the ophthalmopathy

1998 The 64-kDa protein is the flavoprotein subunit of mitochondrial succinate

1999 Orbital tissue membrane antigens are recognized by sensitized T-lymphocytes

2000 Four subtypes of TAOare categorized: ocular myopathy, congestive
ophthalmopathy, mixed disease and chronic eyelid disease

2000

2005

2005

Note: LATS = long-acting thyroid stimulator, TSH-r = thyroid-stimulating hormone receptor.

G2s (a fragment of FOXP1 transcription factor), sarcalumenin and calsequestrin
are identified as eye-muscle antigens in TAO

Collagen type Xlll in cell membranes of orbital fibroblasts is a target antigen in
the congestive ophthalmopathy subtype of TAO

Anticalsequestrin antibodies are sensitive and specific markers of the ocular
myopathy subtype of TAO

CMAJ - AUGUST 1,2006 - 175(3) | 239
© 2006 CMA Media Inc. or its licensors

tibial myxedema, acropachy and the
OCT component of TAO. In addition,
all patients with Graves’ ophthalmopa-
thy test positive for serum TSH-r anti-
bodies, at least when they are hyperthy-
roid. Proponents of the so-called TSH-r
hypothesis point out that eye muscles
are 30% of OCT by volume, and pro-
pose that the eye-muscle damage is
secondary to antibody targeting of
TSH-r in OCT.

An alternative view is that the eye-
muscle and OCT—fat reactions are both
autoimmune disorders that can occur
alone or together in patients with thy-
roid autoimmunity, manifesting as 3
subtypes of TAO: ocular myopathy,
congestive ophthalmopathy or mixed
disease. In ocular myopathy, double vi-
sion, reduced eye movement and in-
creased volumes of eye muscle (seen
with orbital imaging techniques) result
from damage to the eye muscles. In
congestive ophthalmopathy, eye swel-
ling, redness, chemosis and increased
tearing are caused by inflammation in
the periorbital tissues. Mixed disease is
the most common manifestation of
TAO. Chronic eyelid lag, occurring
alone or with other features of TAO,
may be a fourth subtype (Table 1). The
notion of subtypes of Graves’ ophthal-
mopathy was first raised by Solovyeva®
and has been borne out by our exten-
sive clinical studies.

In support of the “eye-muscle hypo-
thesis,” we have identified several auto-
antigens in eye muscle; namely, the
flavoprotein (Fp) subunit of mitochon-
drial succinate dehydrogenase, Gzs,
sarcalumenin and the calcium-binding
protein calsequestrin (Fig. 1). The cor-
responding autoantibodies are associ-
ated with eye-muscle dysfunction in
patients with TAO. There have been
both criticism of the putative role of’
these eye-muscle antibodies in the pa-
thogenesis of the ophthalmopathy and
arguments in favour of such a role for
them.

First, because the antigens are not
specific to eye muscle, the rarity of sys-
temic myopathy among patients with
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Table 1: The most common eye signs and symptoms of the main subtypes* of thyroid-
associated ophthalmopathy (TAO) and the serum autoantibodies detected most often

TAO subtype Main signs and symptoms Autoantigens

Ocular myopathy « Diplopia « Calsequestrin
» Eye muscle dysfunction * G2s
« Exophthalmos « Flavoprotein
Congestive ophthalmopathy < Watery, gritty eyes e TSH-r
« Periorbital edema « Collagen XIII

» Conjunctival injection, chemosis
« Exophthalmos

Chronic eyelid lag « Eyelid lag and retraction
« Inability to completely appose eyelids

« Corneal ulceration

« Flavoprotein
« Calsequestrin

Note: TSH-r = thyroid-stimulating hormone receptor.
*Mixed disease, the subtype most commonly seen, is not listed separately from its components.

Extraocular fibre

Antibodies )\

1' Calsequestrin *

Flavoprotein

B o A A
Sarcolemmal [ Mitochondrion
membrane

Endoplasmic
reticulum

<——T-cell receptor Q G2s (FOXP1)
and MHC protein X ’

(@)
Nuclei
o ©

Putative
cell-membrane
antigen

T-lymphocyte

Orbital fibroblast
*Antibodies

AA

Type Il collagen

| [<——TSH-r-like protein
> A
=

Fig. 1: Eye-muscle and orbital fibroblast proteins recognized by T-lymphocytes or anti-
bodies in thyroid-associated ophthalmopathy (TAO). Our working hypothesis is that the
ocular myopathy subtype of TAO results from T-lymphocyte—mediated targeting of eye-
muscle fibre; serum antibodies against G2s protein, calsequestrin, flavoprotein and
sarcalumenin are secondary to their release after fibre necrosis; and the congestive
ophthalmopathy subtype of TAO results from reaction against TSH-r or collagen XIII in
fibroblast cell membranes, which leads to fibroblast stimulation and excess production
of collagen and glycosaminoglycans. MHC = major histocompatibility complex, TSH-r =
thyroid-stimulating hormone receptor.
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Graves’ disease is difficult to explain.
This is true, except that we have shown
that the antibodies that target calse-
questrin, which is expressed 4.8 times
more in eye muscle than in other skel-
etal muscle,® are sensitive markers of
recent-onset ophthalmopathy, detected
in 86% of patients with active eye signs
and symptoms (Table 2) and in the
great majority of patients with recent-
onset ocular myopathy who have been
tested so far (1= 30).

Second, since the candidate anti-
gens are all located inside muscle fi-
bres, they would not encounter anti-
bodies or T-lymphocytes until the cell
walls are breached by some other reac-
tion. Although Fp and G2s are indeed
intracellular proteins, mRNA for cal-
squestrin is distributed throughout the
cell (including the cell membrane) in
the myotube stage of differentiation,
where in some situations it could be
targeted.

Third, because the antibodies are
detected in 5%-10% of healthy subjects
and patients who do not have ophthal-
mopathy, the clinical utility of the tests
is limited to serial studies of patients
with Graves’ hyperthyroidism. Just the
same, anticalsequestrin antibodies are
detected neither among patients with
Hashimoto’s thyroiditis or multinodu-
lar goitre, nor among people without
thyroid problems, and therefore may be
specific markers of the ocular myopa-
thy subtype of TAO.

Taking into account all the evi-
dence, the development of the eye-
muscle component of TAO may be
best explained by cytotoxic T-lympho-
cyte targeting of a cell-membrane anti-
gen; the eye-muscle antibodies that we
identify may be secondary. On the
other hand, antibodies targeting the
TSH-r in OCT and fat cells may trigger
periorbital inflammation. Recent stud-
ies suggest that type XIII collagen,
which is expressed in the cell mem-
branes of fibroblasts, may also be a
target in the fat and OCT of patients
with active congestive ophthalmopathy
(Fig. 1).*

The development of the eye-mus-
cle component of TAO can be best ex-
plained by T-cell targeting of an eye-
muscle membrane antigen, whereas
reactivity against TSH-r in the orbital



fibroblast may be the key abnormality
that leads to the congestive ophthal-
mopathy subtype, as well as other
features of connective-tissue disorder
in Graves’ disease. The most specific
antigen marker for the eye-muscle
component of TAO appears to be cal-
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sequestrin. The availability of testing
for antibodies to anticalsequestrin as
a clinical aid for TAO may lead to a
better understanding of the reaction
of eye muscle and its relation to reac-
tions in orbital connective and thy-
roid tissue.

Table 2: Prevalences of serum anticalsequestrin antibodies* among patients with TAO

Positivet test p
Group n results (%) valuet
Ophthalmopathy, recent onset, active disease 22 19 (86) < 0.001
Hashimoto’s thyroiditis 11 0 1.0
Multinodular goitre 26 0 1.0
Age- and sex-matched control subjects 11 0 —

Note: TAO = thyroid-associated ophthalmopathy.

*Measured by enzyme-linked immunosorbent assay incorporating highly purified rabbit skeletal-muscle

calsequestrin as the antigen.

fTaken as an optical density above the upper limit of normal for healthy men < 30 years of age.
FPrevalences in patient groups were compared with those among healthy age- and sex-matched control

subjects by use of the y? test.
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