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Abstract: Background: Mild eye signs, especially itchiness and grittiness of the eyelids and upper eyelid retraction
(UER), are found in about 25% of patients with Hashimoto’s thyroiditis (HT) in whom antibodies against calsequestrin
and flavoprotein (Fp) are often detected. The role of T lymphocyte reactivity against eye muscle antigens in patients with
thyroiditis has not been investigated.

Methods: We studied peripheral blood T lymphocyte reactivity against calsequestrin, Flavoprotein (Fp) and G2s in pa-
tients with transient (sub acute and silent) thyroiditis (TT) and HT, determined in a standard proliferation assay. Reactivity
was expressed as stimulation index (SI) and correlated with signs of ophthalmopathy and upper eyelid disease, assessed
as; NOSPECS classes, clinical activity score (CAS) and upper eyelid retraction (UER).

Results: Positive lymphocyte proliferation to calsequestrin was demonstrated in 71% of TT patients all of whom had mild
ophthalmopathy and this was significantly increased compared to normal control subjects. The prevalences of positive T
cell reactivity to calsequestrin was also significantly increased in HT patients (38%) compared to the controls, all of
whom had upper eyelid disease. Three out of 7 patients with upper eyelid disease (6 of the patients with TT or HT and one
other patient with Graves’ disease) taken as a separate group, demonstrated significant T lymphocyte sensitisation to cal-
sequestrin. TSH-receptor antibodies were detected in only one TT patient and one patient with upper eyelid disease.

Interpretation: The development of ophthalmopathy and/or eyelid retraction (in the absence of TSH-r antibodies and
Graves’ hyperthyroidism) in TT patients is closely associated with an autoimmune reaction against calsequestrin. These
findings support the notion that ophthalmopathy and upper eyelid inflammation and dysfunction are independent autoim-

mune disorders not necessarily linked with thyroid autoimmunity and that T cell reactivity plays a role.
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INTRODUCTION

Periorbital oedema, exophthalmos, upper eyelid retrac-
tion and impaired vision occur in approximately 50% of pa-
tients with Graves’ hyperthyroidism [1-3]. Generally mild
eye changes, usually manifest as chronic upper eyelid retrac-
tion (UER), also occur in about 25% of patients with Hashi-
moto’s thyroiditis (HT) [4] and less often in patients with
transient (sub acute, silent) thyroiditis (TT) [5]. Hence, this
autoimmune disorder of the orbital tissue is best termed thy-
roid associated ophthalmopathy (TAO) or thyroid eye dis-
ease. The pathogenesis of the ophthalmopathy is not well
understood but one popular hypothesis is that autoimmunity
against antigens in the extraocular muscles, the levator
palpebrae superioris (LPS) muscle in the upper eyelids and
the orbital connective tissue and fat, is initiated by immune
cross reactivity against a thyroid and orbital shared antigen
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such as the TSH-receptor (TSH-r) [6, 7]. Over the last sev-
eral years our studies have focused on the role of autoimmu-
nity against the calcium binding skeletal muscle protein cal-
sequestrin; we have shown that calsequestrin antibodies are
closely associated with eye muscle damage in patients with
TAO and UER [5, 8, 9].

“Thyroiditis” comprises a group of inflammatory thyroid
disorders [10]. Namely; sub acute thyroiditis (SAT), silent
thyroiditis (ST) and Hashimoto’s thyroiditis (HT). The for-
mer two are forms of transient destructive thyroiditis while
HT is chronic and progressive [10, 11]. There is evidence
that the ophthalmopathy and upper eyelid disease associated
with destructive thyroiditis may occur independently of hy-
perthyroidism and TSH-r antibodies [12]. A recent case re-
port demonstrated euthyroid Graves’ ophthalmopathy 3
years after proven SAT in association with a positive ex-
traocular muscle antibody test in the absence of thyroid auto-
immunity, thyroid antibodies and TSH-r antibodies [13] sup-
ports this hypothesis. An earlier study performed by our
group showed high levels of antibodies against calsequestrin
and flavoprotein (Fp), and signs of ophthalmopathy or domi-
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nant chronic upper eyelid disease, in the absence of TSH-r
antibodies, in TT and HT patients [14], supporting the notion
that thyroid related orbital and eyelid autoimmunity may
occur independently of Graves’ disease and TSH-r antibod-
ies.

We have studied the role of T lymphocyte sensitization to
eye muscle antigens in patients with Graves’ disease [15] but
not in patients with transient and progressive thyroiditis. The
T lymphocytes are thought to have a key role in the patho-
genesis of TAQ, particularly in the early stages, as far more
T cells infiltrating affected extraocular muscles are seen in
the earlier stages than the later, more chronic, stages of eye
disease [16, 17]. Here, we have studied the nature and sig-
nificance of cell mediated immunity to three eye muscle an-
tigens in well characterised patients with transient or chronic
thyroiditis, correlating with eye and eyelid signs.

METHODS
Clinical Subjects

The patients were recruited from the Thyroid Clinic at Ne-
pean Hospital, Australia. The demographics, history, thyroid
function, thyroid antibody titres at diagnosis and nature and
severity of the ophthalmopathy and eyelid disease are sum-
marised in Table 1. Briefly, we studied;

1)

2)

3)

4)

5)
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Four patients with ST and 3 patients with SAT, all fe-
males, aged 20 — 75 (mean age 43 yr) taken as the “tran-
sient thyroiditis (TT)” group. Six of these patients had
mild orbitopathy, 3 of whom had upper eyelid disease.
Only one patient with ST had active UER in the absence
of other signs of orbitopathy.

Eight patients with Hashimoto’s thyroiditis, one male
and 7 females aged 23 - 75 (mean age 53 yr) two of
whom had congestive ophthalmopathy and UER while
one patient had eye muscle dysfunction and congestive
changes, but no eyelid signs. Three HT patients had
UER in the absence of other signs of orbitopathy. The
remaining two patients did not have any eye or eyelid
signs.

Sixteen age and sex matched normal subjects, 4 males
and 12 females aged 28 — 54 (mean age 43 yr) as
healthy controls.

Six of the patients with TT or HT and one other patient,
a female aged 63 with Graves’ disease, as an “isolated
UER” group.

Twenty two patients with Graves’ ophthalmopathy, 4
males and 18 females aged 24 - 77 as historical positive
ophthalmopathy control group, tested at the same time
as the study groups.

Table 1. Demographical Data, Biochemical and Immunological Characteristics and Treatment of Patients with Transient
Thyroiditis, Chronic (Hashimoto’s) Thyroiditis, Isolated Upper Eyelid Disease and Graves’ Ophthalmopathy, and
Healthy Controls, Tested for Cell Mediated Immunity Against Three Eye Muscle Antigens
Positive Thyroid Anti- | Treatment at Time of
bodies (%) ? Testing (no.) °
4
GROUP CAS | UER gfleerir;qiflij MeantSDe
Age Sex Nunery (0-10) 4 | Serum TSH _
Range (FIM) [Type (no) (Normal (Normal TPO | Tg | TSH-r | L-T, | ATD Nil
(yr) ' Range; 9-19|Range; 0.3-3.5
pmol/L) mIU/L))
002
i iditi 01 1(1
Transient thyroiditis 2655 | 700 M W1y 12e18 | 20224 | 286 | 00 | 143 | - - 7
(n=7) 1(6) 2(2)
34(2)
| - O | e
;"isg)'momsmym'd't's 2378 M | 1 b 5 | 139430 | 19409 | 750 | 250 | NT 2 . 6
2(1)
i 0 (6 0(6
Isolate'd Ufpper eyelid 26-78 7/0 © ©) 7 127+24 14+10 714 | 429 NT - 1 6
retraction ' (n=7) 1(1) 2(1)
Healthy controls (n = 16) | 28-54 12/4 - - - NT? NT NT NT NT

TPO = thyroid peroxidase (normal range; 0-35 1U/m), TG = thyroglobulin (normal range; 0-40 1U/m), TSH-r = TSH-receptor (normal range; 0-2 IU/L)

® Number of patients who were treated with thyroxin (L-T4) supplementation, anti-thyroidal drugs (ATD) or who were receiving no treatment at the time of

testing (Nil)

®UER = upper eyelid retraction

4T,= Free thyroxin

® TSH = thyroid stimulating hormone

fOne patient with TT, 5 with HT and one with Graves’ disease
9NT = not tested
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The diagnoses of the various disorders were based on
standard clinical criteria and confirmed by thyroid function
testing, thyroid ultrasonography and immunological tests.
The grade, severity and activity of any ophthalmopathy were
classified as; 1) Nunery types 1 (without restrictive myopa-
thy) or 2 (with restrictive myopathy) [18] (2) as the clinical
activity score (CAS) (0-10) of Mourits et al. [19] which is a
measure of disease activity (but not severity) 3) Werner’s
NOSPECS class [20] and 4) the upper eyelid margin-reflex
distance (MRD) which is the distance between the centre of
the pupillary light reflex and the upper eyelid margin with
the eye in primary gaze, as a measure of upper eyelid retrac-
tion (UER). An MRD of > 5 mm, which correlates with a
score of >+ using our clinical assessment protocol, is taken
as significant UER. Isolated UER was not considered “oph-
thalmopathy” and was analysed separately. The degree of
exophthalmos (mm) was measured using a Hertel exoph-
thalmometer. Local Ethical Committee approval was re-
ceived for the study and informed consent of participating
subjects was obtained.

Lymphocyte Proliferation Assay

Peripheral blood mononuclear cells (PBMC) were iso-
lated from heparinised blood using a standard Ficoll-
Hypaque (Amersham Biosciences) gradient centrifugation
method, as described in an earlier publication from our labo-
ratory [15]. The cells were washed three times with RPMI-
1640 (Gibco, BRL, USA) supplemented with 5% heat inac-
tivated foetal bovine serum. PBMC were enumerated using a
standard haemocytometer before suspending in RPMI-1640,
supplemented with 2 nM L-glutamine, 200U/ml of penicillin,
100pg/ml of streptomycin (Pen-Strep) and 10% heat inacti-
vated FBS, RPMI-10%, at a concentration of 5.0 x 10° cells
per ml. The optimal concentration of PBMC response to the
T cell mitogen Concanavalin A (ConA) was determined in
preliminary assays using PBMC from a normal subject. We
tested a series of cell concentrations over the range 1.25 x
10" — 5 x 10° cells/ml. The optimal concentration that gave
the lowest background (non-stimulated) absorbance and
maximal response to ConA was 5x10° cells/ml, which was
used in all subsequent assays.

Lymphocyte proliferation response to Fp, calsequestrin and
G2s was measured by a conventional colorimetric bromode-
oxyuridine (BrdU) uptake (Roche Molecular Biochemicals).
BrdU, which is a thymidine analog, is a non-radioactive al-
ternative to tritiated thymidine. PBMC were cultured on 96
flat-bottomed culture plates. G2s fusion protein was purified
using a pFLAG ATS E. coli expression system as described
previously [20], human recombinant Fp was kindly donated
by Dr. Brian Ackrell (UCSF, CA) and highly purified rabbit
skeletal muscle calsequestrin, which has 97% homology with
human calsequestrin, was supplied by Dr Nicole Beard
(Canberra, Australia). The optimal antigen concentrations
that resulted in maximal antigen-induced proliferation were
determined in preliminary experiments. These were; 17.4
pg/ml for calsequestrin, 17.4 pg/ml for Fp and 15 pg/ml for
G2s, which were used in subsequent proliferation assays.

All cultures were performed in duplicate and incubation
time was 6 days. On day five of the assay, BrdU was added
to the cultures as recommended by the manufacturer and
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cells were then re-incubated for another 24 hours at 37°C.
The amount of newly synthesised BrdU-DNA was estimated
the following day using an ELISA reader (BioRad) at 450
nm, the absorbance values correlating directly to the amount
of DNA synthesis. Results were expressed as stimulation
index (SI), calculated; mean absorbance of test sample dupli-
cate (antigen added) — background (no cells)/mean absorb-
ance of negative control (no antigen) - background (no cells).
A Sl of > mean + 2 SD for normals, the “upper limit of nor-
mal” namely; 1.6 for calsequestrin, 2.0 for Fp, 3.2 for G2s
and 3.7 for Con A, was taken as a positive test. From Trypan
Blue exclusion tests, over 90% of the cultured mononuclear
cells were alive at the end of the culture.

Other Tests

Plasma free thyroxin (fT4), thyroid stimulating hormone
(TSH) and serum thyroid peroxidase (TPO) and thyroglobu-
lin (TG) antibodies were measured by Barratt & Smith Pa-
thology, Sydney, Australia using commercial kits (the Immu-
lite method) according to the manufacturers’ instructions.
The normal range was 0-40 1U/ml for thyroglobulin antibod-
ies and 0-35 1U/ml for thyroid peroxidase antibodies and the
cut-off points 40 IU/ml and 30 1U/ml, respectively. TSH-r
antibodies, determined as TSH binding inhibiting immu-
noglobulin (TBII), were measured at the Pathology Depart-
ment of Westmead Hospital, Sydney, Australia by one of us
(GM) using commercial kits according to the manufacturer’s
instructions. The normal range was 0-2 IU/L and the cut off
point 2 1U/L.

Statistical Analysis

Statistical analysis was carried out using SigmaStat (ver-
sion 2.0; Jandel Co., San Rafael, CA USA). The prevalences
of positive tests in patient groups were compared statistically
using * test or the Fishers exact test (for five or less ex-
pected observations in one or more cells). Mean Sl (+ SE)
for groups were compared using One Way Analysis of Vari-
ance (ANOVA) with a Bonferroni correction. In all tests, a
p-value of < 0.05 was taken as significant.

RESULTS

We tested PBMC from 7 patients with TT and 8 patients
with HT, included as a chronic thyroiditis control group, for
lymphocyte proliferation to three eye muscle antigens. In
addition, we tested at 7 patients with isolated upper eyelid
disease (eyelid lag and/or retraction) in the absence of other
signs of orbitopathy, as a separate group namely; 6 of the
patients with TT or HT and one other patient, aged 63, with
Graves’ disease. The results are summarised in Table 2 and
Fig. (1). Mean (£SE) Sl responses to calsequestrin were sig-
nificantly greater in TT (3.5 + 1.2) and UER patient groups
(1.8 = 0.4) compared to normal controls (0.6 £ 0.1, p < 0.05,
Fig. 1). However, significant differences in lymphocyte pro-
liferation responses to Fp and G2s between patient and con-
trol groups were not demonstrated (p=NS). There were also
no significant differences in mean Sl (£SE) response to the 3
eye muscle antigens in patients with HT compared to normal
controls (p=NS, Fig. 1). Overall, positive lymphocyte prolif-
eration to calsequestrin, taken as an SI > 1.6, was found in
71% of patients with TT all of whom had mild orbitopathy
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and 2 of whom also had UER, which was significantly
greater than in normal controls (p < 0.01, Table 2). Signifi-
cant differences in prevalences of positive lymphocyte re-
sponse to calsequestrin were also observed between normal
controls and patients with HT (38%, p < 0.05), all of whom
had UER and 2 of whom had other signs of orbitopathy
(Table 2). Forty-three % of patients with isolated upper eye-
lid disease demonstrated positive T cell reactivity to calse-
questrin, which was significantly greater than in the control
group (p < 0.01). As a positive ophthalmopathy control
group we included 22 patients with Graves’ ophthalmopathy,
of whom 59% demonstrated positive T cell responses to
calsequestrin, 18% to G2s and 14% to Fp (from; Nguyen et
al. ref. 15). Significant differences in prevalences of patients
showing positive T cell reactivity to Fp and G2s compared to
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age and sex matched controls, were not observed (p=NS,
Table 2). Finally, prevalences of positive response to the T
cell mitogen Con A were increased compared to normals in
all 4 groups of patients, although the differences were not
significant (x* test p = NS) (Table 2).

DISCUSSION

Several eye muscle antigens have been identified in our stud-
ies over the past 20 years [21]. These include; the, D protein
G2s, a small fragment of the large protein FOXP1 (Human
Genome Project) [22], flavoprotein (Fp) [23] and calseques-
trin, a calcium binding protein expressed in the sarcolemmal
and other cell membranes in all skeletal muscle cells. Anti-
bodies against calsequestrin are closely associated with ac-

o
o
!
*

3.0 1

Mean Stimulation Index (SI)

.

UER T

HT Normal

B Calsequestrin B Fp O G2s

Fig. (1). Peripheral blood T lymphocyte reactivity to calsequestrin, Fp and G2s in patients with transient (sub acute and silent) thyroiditis
(TT), Hashimoto’s thyroiditis (HT), isolated upper eyelid retraction (UER) and normal controls. Results are expressed as mean (+ SE) Sl (Y-

axis). * P < 0.05 versus normal controls.
Table 2.

Prevalences of Positive T Lymphocyte Reactivity Against Three Eye Muscle Antigens in Patient Patients with Transient

Thyroiditis, Chronic (Hashimoto’s) Thyroiditis, Isolated Upper Eyelid Retraction and Healthy Control Subjects and

Normal Controls

Numbers (%) giving positive T-cell reactivity against;
Group Calsequestrin Fp® G2s ConA®
Transient thyroiditis (n=7) 5(71.4)° 1(14.3) 2 (28.6) 4 (57.1)
Hashimoto’s thyroiditis (n=8) 3(37.5)¢ 0(0.0) 0(0.0) 6 (75.0)
Isolated upper eyelid retraction (n=7) 3(42.9)¢ 0(0.0) 0(0.0) 5(71.4)
(Gnrj;/;se ophthalmopathy 13 (59.1) 4(18.2) 3(13.6) 17(73)
Normal controls (n=16) 0(0.0) 1(6.3) 0(0.0) 7(43.8)

 Fp = Flavoprotein

°ConA = Concanavalin A

¢ p < 0.01 vs normal controls
% p < 0.05 vs normal controls
¢ From Nguyen et al., ref 15
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tive ophthalmopathy and eye muscle inflammation in pa-
tients with Graves’ hyperthyroidism and less often Hashi-
moto’s thyroiditis [4] and transient thyroiditis [14], but usu-
ally negative in patients with other thyroid disorders and
other autoimmune disorders [5, 8, 9]. In 2001 Porter et al.
[24] demonstrated by micro-array technology that calseques-
trin was expressed 4.7 times more in eye muscle than other
skeletal muscle, providing a possible explanation for the
localisation of a skeletal muscle reaction in the orbit. Cardiac
calsequestrin (CASQ?2) is encoded by a different gene but the
two proteins share 60% homology; antibodies targeting
CASQ2 do not cross react with calsequestrin [25]. Another
orbital antigen of interest is the fibroblast cell membrane
protein collagen XIII. Antibodies targeting collagen XIII are
linked to the congestive ophthalmopathy subtype of TED
[14, 26].

In a recent study [14] we reported that mild ophthalmo-
pathy was often found in patients with SAT or ST, in the
absence of TSH-r antibodies or Graves’ hyperthyroidism, but
associated with one or more eye muscle antibodies. To fur-
ther explore the relationship between the development of
eye/eyelid signs in thyroiditis patients and immune responses
to eye muscle antigens, we tested PBMC from patients with
transient and chronic thyroiditis for lymphocyte proliferation
to calsequestrin, Fp and G2s. To summarise the main find-
ings, positive lymphocyte proliferation to one or more eye
muscle antigens was detected in 71% of patients with TT,
38% with HT and in 43% of patients with isolated UER.
Overall, the prevalences of positive reactivity to the 3 anti-
gens were similar to those in patients with thyroiditis or iso-
lated UER. Significant differences in mean Sl responses to
calsequestrin only were found in both transient thyroiditis
and UER patient groups compared to normal controls. The
eye signs were, in all but one case, mild but definite and
symptoms tended to be more severe than signs and severe
progressive ophthalmopathy was not seen in any patient.
Overall there was a fairly close relationship between eye and
eyelid signs and T cell reactivity to calsequestrin, but not
G2s or Fp. The increased T lymphocyte responses to Con A
in all 4 patient groups may reflect a general T cell activation
in the context of transient thyroiditis and chronic thyroid
autoimmunity.

In our recent studies we have shown that calsequestrin
antibodies are sensitive and specific markers of extra ocular
muscle inflammation and damage, not only in patients with
Graves’ disease [8, 9] but also in those with Hashimoto’s
thyroiditis [4] and transient (sub acute, silent) thyroiditis
[14]. In addition, we have recently shown that calsequestrin
may be a target of T lymphocyte-mediated immune re-
sponses in patients with Graves’” ophthalmopathy [25]. While
antibodies against the eye muscle antigens flavoprotein (Fp)
and G2s are also linked to ophthalmopathy they are less spe-
cific and sensitive markers of eye muscle damage [3, 9, 20].

The role of the TSH-r in the pathogenesis of ophthalmo-
pathy and eyelid disease needs to be questioned as TSH-r
antibodies are not generally detected in patients with thyroid-
itis [14] and levels of TSH-r antibodies do not always corre-
late with clinical features of eye disease, including signs of
eye muscle damage in patients with Graves’ disease [12].
This suggests that the ophthalmopathy and UER associated
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with thyroid disorders, in particular thyroiditis, may be more
closely related to a cellular and humoral immune response to
calsequestrin than to the TSH-r antigen. Hence, the relation-
ship between thyroid autoimmunity and ophthalmopathy
needs to be re-assessed by measuring, calsequestrin, collagen
X1l and TSH-r antibodies in a large cohort of patients with
Hashimoto’s thyroiditis in a long term prospective study,
correlating with risk factors for ophthalmopathy such as
smoking, severity of the thyroid autoimmune process, iodine
availability and stress. While the logical way to further study
a role of cell mediated immunity against eye muscle antigens
and collagen XIlII in thyroid autoimmunity would be to test T
lymphocytes from the orbits of patients with eye signs, cor-
relating T lymphocyte response with clinical eye signs and
eye muscle and collagen XII1 antibodies, such T cells are not
readily available. We would carry out additional studies us-
ing purified T subsets from thyroidal infiltrates from patients
with Graves’ disease and Hashimoto’s thyroiditis and meas-
ure response in another way such as cytokine production or
as numbers (%) of CD154 positive cells which are induced
following stimulation by specific antigen [27]. These meth-
ods are currently being set up in out laboratory.
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