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Apoptosis of thyrocytes may play an important role in the pathogenesis of autoimmune thyroiditis. Meanwhile, the Fas/Fas
ligand (FasL) apoptosis pathway has received much attention in physiological homeostasis and immune regulation in various
thyroid diseases, including Graves’ hyperthyroidism (GD). FasL is a type Il membrane protein of the tumor necrosis factor
family, and induces apoptosis when it binds to Fas. Soluble FasL (sFasL) may also exert cytotoxic activity against Fas-
expressing cells by producing trimerization of Fas molecule, but soluble Fas (sFas) is an apoptotic inhibitor. To determine the
role of circulating sFas/sFasL in modulating disease activity of GD, we examined the circulating levels of sFas/sFasL in GD
patients with various levels of anti-thyrotropin-stimulating hormone (TSH) receptor antibodies (TRAb). Serum samples were
obtained from 22 consecutive untreated hyperthyroid GD patients with higher TRAb level (63.8% =+ 12.5%, group l) and 22
treated euthyroid GD patients, who were in a state of disease remission, with lower TRAD level (7.9% *5.9%, group Il). The
levels of sFas were significantly higher in group | (1.56 = 0.26 ng/mL) than in group Il (0.76 + 0.26 ng/mL, P < .01). The levels
of sFasL were also significantly higher in group | patients (0.153 = 0.018 ng/mL) than in group Il patients (0.126 + 0.012 ng/mL,
P < .01). A significant correlation was found between sFasL levels and TRAb activity in all GD patients (r = 0.69, P < .01).
Because changes in sFasL levels and TRAb levels occur in parallel, increased serum sFasL in patients with GD may contribute
to homeostasis in the thyroid. Serum sFasL may be considered to be a candidate marker for evaluating disease aggression

or regression in GD.
Copyright 2002, Elsevier Science (USA). All rights reserved.

HE APOPTOSIS of thyroid follicular cells may play a
pivotal role in the pathogenesis of autoimmune thyroid-
itis.! The Fas/Fas ligand (FasL) apoptosis pathway has received
much attention in terms of a potential role in physiologic
homeostasis and immune regulation in various thyroid diseases,
including Hashimoto’s thyroiditis, Graves’ disease (GD), and
thyroid cancer.?* Giordano et al?> even suggested that the
constitutive expression of FasL on thyrocytes leads to apoptosis
in normal and Hashimoto’s thyrocytes, thereby resulting in
clinical hypothyroidism. However, the result was questioned
because they used nodular goiter thyrocytes as controls, and the
specificity of the polyclonal FasL-specific antibodies was also
criticized.> Recently, Hiromatsu et al® and Mitsiades et al*
found that Fas is present in normal thyroid, whereas FasL is
only expressed in diseased thyroid, including GD and thyroid
carcinomas. It is very important that the expression of FasL on
thyrocytes seemed to be associated with the immune-privileged
effect in GD. Hiromatsu’s study also showed that FasL on
Graves’ thyrocytes had functional activity in that it induced
apoptosis in target cells transfected with human Fas antigen,
whereas FasL on normal thyrocytes did not.3> The increased
expression of FasL in Graves’ thyrocytes may try to improve
homeostasis in the thyroid by eliminating infiltrating lympho-
cytes and hyperplastic thyrocytes via Fas-mediated apoptosis.?
This result raises the important question whether Graves’ thy-
rocytes use FasL expression to escape immune attack and
whether FasL. expression regulates disease activity of hyper-
plastic thyrocytes via apoptosis.©
FasL is a type II membrane protein of the tumor necrosis
factor family, and induces apoptosis when binds to Fas anti-
gen.” Membrane-bound FasL is converted to a soluble form
(sFasL) by a metalloproteinase, and sFasL also exerts cytotoxic
activity against Fas-expressing cells by causing trimerization of
Fas molecules.®-10 Thus, it is likely that sFasL acts as a cyto-
toxic agent in peripheral autoimmune response and induces
apoptosis in thyrocytes and lymphocytes.
GD, an autoimmune thyroid disorder, is characterized
by hyperplasia of thyrocytes that results from binding of
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anti—thyroid-stimulating hormone (TSH) receptor antibodies
(TRAD) to TSH receptors, and disease activity is clearly asso-
ciated with the level of TRAb.!! However, Kawakami et al'?
reported that TRAb in Graves’ patients may act in the same
way as TSH to inhibit Fas/FasL-mediated apoptosis, and Hiro-
matsu et al® reported increased expression of FasL in Graves’
thyrocytes and the downregulation of Fas expression by TSH or
TRAD. Since TRAb levels are highly correlated with disease
activity in GD, it would be valuable to investigate the role of
circulating sFas/sFasL in disease regulation in GD patients with
various levels of TRAD.

In the present study, we examined the levels of circulating
sFas/sFasL. in GD patients with various levels of TRAb to
investigate the possible role of circulating sFasL in modulating
disease activity.

MATERIALS AND METHODS
Patients

Between January 2000 and December 2000, serum samples were
obtained from 2 groups of GD patients and 1 group of controls. Group
I consisted of 22 consecutive untreated GD patients (6 men and 16
women; age range, 20 to 45 years; mean * SD, 37.2 = 10.9 years) with

From the Graduate Institute of Physiology, and the Division of
Endocrinology, Department of Internal Medicine, National Taiwan
University Hospital, College of Medicine, National Taiwan University
and Far-Eastern Memorial Hospital, Taipei, Taiwan.

Submitted August 31, 2001; accepted November 14, 2001.

Supported by National Science Council of the Republic of China
Grant No. NSC-89-2314-B002-517.

Address reprint requests to Tien-Chun Chang, MD, Division of
Endocrinology, Department of Internal Medicine, College of Medicine,
National Taiwan University Hospital, 7, Chung-Shan South Rd, Taipei,
Taiwan.

Copyright 2002, Elsevier Science (USA). All rights reserved.

0026-0495/02/5106-0028$35.00/0

doi:10.1053/meta.2002.32034

769



770

Table 1. Demographic Characteristics of Patients With
Graves' Disease

Characteristics Untreated GD Treated GD
High TRAb (n = 22) Low TRAb (n = 22)
(= 50%) (= 20%)

Age (yr) 37.2 +10.9 429 +14.3
Men/women 6/16 1/21
sFas (ng/mL)* 1.56 = 0.26 0.76 = 0.26
sFasL (ng/mL)* 0.152 = 0.018 0.126 = 0.012
TRAb(%)* 63.8 £ 12.5 7.9 +58

*Statistically significant (P < .01).

higher TRAb level (=50% inhibition of TSH binding; range, 50.0% to
87.4%; mean = SD, 63.8% =* 12.5%). Group II consisted of 22
consecutive GD patients (I man and 21 women; age range, 26 to 65
years; mean * SD, 42.9 *= 14.3 years), who were euthyroid after
antithyroid drug (methimazole or propylthiouracil) treatment for 1 year,
and had low TRAD levels (<25% inhibition of TSH binding; range,
0.7% to 21.7%; mean = SD, 7.9% = 5.9%; all patients in group II had
TRAD levels > 15% before treatment). The control group (group III)
consisted of 22 normal subjects (8 men and 14 women; age range, 22
to 45 years; mean * SD, 33.8 = 8.9 years). All patients gave their
informed consent before participation in this study.

Patients who had undergone radioiodine therapy or surgery were
excluded from the study. The diagnosis of GD was made on the basis
of clinical and laboratory criteria. GD patients had elevated concentra-
tions of free thyroid hormones and undetectable or clearly reduced TSH
levels in the serum, had TRAb (thyrotropin-binding inhibitory immu-
noglobulin [TBII]; normal range, <15% inhibition of TSH binding) in
the serum, and showed diffuse increased uptake of radionuclide on the
scintiscan.

Antibodies to the TSH Receptor

Anti-TSH receptor antibodies in patients’ sera were assayed using a
thyrotropin receptor autoantibody kit (RSR Ltd, Cardiff, UK) accord-
ing to the manufacturer’s instructions.

sFas/sFasL Enzyme-Linked Immunosorbent Assay

Detection of sFas/sFasL was performed using sandwich enzyme-
linked immunosorbent assay (ELISA) (Medical & Biological Labora-
tories, Nagoya, Japan) on serum samples kept frozen at -20°C.'3-!4 The
sFas assay uses Fas antibodies against 2 different epitopes. One of the
antibodies was a polyclonal antibody and recognized the intracellular
domain (No. 305-319 amino acid), while the other was a monoclonal
antibody and recognized the extracellular domain (No. 110-120 amino
acid). All reactions were at room temperature. In wells coated with
anti-Fas polyclonal antibody, 1:4 diluted serum samples or standards
were incubated for 1 hour. After washing, a peroxidase-conjugated
anti-Fas monoclonal antibody was added to the microwell and incu-
bated for 1 hour. After another washing, a chromogenic substrate was
added and allowed to incubate for 30 minutes. The reaction was
stopped and absorbance at 450 nm was measured. A standard curve was
prepared from sFas calibrators, and the concentration of sFas in serum
samples was determined by interpolation. All samples were assayed in
duplicate. The intra-assay coefficient of variation was less than 8% and
the interassay coefficient of variation was less than 9%.

The sFasL assay was identical to the above assay. In wells coated
with anti-FasL. monoclonal antibody, 4H9, 1:2 diluted serum samples
or standards were incubated for 1 hour. After washing, a peroxidase-
conjugated anti-FasL. monoclonal antibody, 4AS5, was added to the
microwell and incubated for 1 hour. After another washing, a chromo-
genic substrate was added and allowed to incubate for 30 minutes. The
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reaction was stopped and absorbance at 450 nm was measured. A
standard curve was prepared from sFasL calibrators, and the concen-
tration of sFas in serum samples was determined by interpolation. All
samples were assayed in duplicate. The intra-assay coefficient of vari-
ation was less than 4.2% and the interassay coefficient of variation was
less than 7.3%.

Statistics

Results were analyzed by paired Student’s 7 test. P values less than
.05 were considered statistically significant. Linear regression test was
used to examine the correlation between sFasL levels and other param-
eters.

RESULTS
sFas and sFasL Serum Level

The demographic characteristics of patients with GD are
shown in Table 1.

As shown in Fig 1, serum levels of sFas were significantly
higher in the untreated GD patients with higher TRAb level
(group I; mean * SD, 1.56 = 0.26 ng/mL) than in the GD
patients with low levels of TRAD (group II; 0.76 £ 0.26 ng/mL,
P < .01) or in control subjects (group III; 0.79 = 0.24 ng/mL,
P < .01).

As shown in Fig 2, serum levels of sFasL. were also signif-
icantly higher in group I patients (mean = SD, 0.153 = 0.018
pg/mL) than in group II patients (0.126 = 0.112 pg/mL, P <
.01). Serum concentrations of sFasL in control subjects (group
III) were all below the level of 0.1 ng/mL (mean *= SD,
0.076 = 0.010 pg/mL).

Correlation Between sFas, sFasL, and TRAb

A significant correlation was seen between serum levels of
sFas, sFasL, and TRAD. There was also a significant correlation
between sFasL levels and TRAb activity in group I patients
(n =22, r = 043, P < .05). When group II patients were
included in this analysis, a prominent correlation was found
(n = 44, r = 0.69, P < .01; Fig 3).
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Fig 1. Serum levels of sFas in untreated GD patients (group I) with
higher TRAB level, treated GD patients with low levels of TRAb
(group 1), and control subjects (group Il).
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Fig 2. Serum levels of sFasL in untreated GD patients (group 1)
with higher TRAD level, treated GD patients with low levels of TRAb
(group 1l), and control subjects (group lll).

Figure 4 shows that there was also a significant correlation
between sFas levels and TRAD activity in GD patients (n = 44,
r=091, P < .0l).

Since sFas is an apoptosis inhibitor while sFasL induces
apoptosis, it is interesting that a significant correlation was
observed between serum levels of sFas and sFasL in GD
patients (n = 44, r = 0.71, P < .01; Fig 5).

DISCUSSION

FasL, a member of the tumor necrosis factor family that can
induce apoptosis of Fas-bearing cells, was first reported to be
expressed in activated T cells and natural killer cells.!> Al-
though membrane-associated FasL is more efficient than sFasL.
in aggregating Fas, sFasL also has cytotoxic activity against
Fas-expressing cells, as it causes trimerization of Fas mole-
cules, thus inducing apoptosis.®-!¢
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Fig 3. Correlation between serum sFasL levels and serum TRAb
activity in all patients with GD (r = 0.69, P < .01).
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Fig 4. Correlation between serum sFas and serum TRADb activity
in all patients with GD (r = 0.91, P < .01).

Recently, sFasL. was reported to induce epithelial cell apo-
ptosis in acute lung injury,!” and other reports indicated that
serum sFasL levels increase with the severity of heart failure in
patients with myocarditis'® and in patients with advanced con-
gestive heart failure.'” However, although FasL expression in
GD thyrocytes has been shown to have functional activity in
inducing apoptosis of Fas-bearing target cells,? the cytotoxic
effect of circulating sFasL requires further investigation. On the
other hand, sFas had been reported to be a pathologic factor in
GD.'* In the present study, we analyzed circulating sFasL
levels in GD patients with different disease activity and found
that serum sFasL. may be a marker for evaluating disease
activity in GD.

The pathogenesis of GD is associated with serum TRAb, and
the disease activity is closely correlated with the level of
TRAD.!"" We found that the levels of circulating sFas and sFasL
correlated closely with to TRAb levels, especially in GD pa-
tients with higher TRAb levels (>50%). Although Hiromatsu
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Fig 5. Correlation between serum levels of sFas and sFasL in all
patients with GD (r = 0.71, P < .01).
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et al'4 have reported a significant correlation between sFas and
TRAD levels, our study is the first report of a correlation
between sFasL. and TRAD levels in GD. In addition, a signif-
icant correlation was seen between serum levels of sFas and
sFasL, suggesting that sFas/sFasL is related to disease activity
of GD patients.

Conventionally, Fas, FasL, and sFasL are thought to induce
apoptosis, while sFas is an apoptotic inhibitor. In Hiromatsu’s
study,!'# and our own, circulating sFas levels and TRAb were
simultaneously increased. Thus, sFas may play a role, together
with TRAb in preventing the Fas/FasL-mediated apoptosis of
thyrocytes, thus leading to thyroid hyperplasia and the in-
creased disease activity. However, although Fas is expressed in
both normal and diseased thyroid, FasL is only expressed in
diseased thyroid. Generally, FasL is expressed in immune-
privileged sites, such as retina and testis, where it affords
protection against specifically activated lymphocytes.?%-2! Re-
cent reports even indicated the greater the expression of FasL,
the more downregulation of disease activity was seen in auto-
immune thyroiditis??; in addition, FasL. expression on thyro-
cytes may have curative effect on ongoing experimental auto-
immune thyroiditis by inducing apoptosis of autoreactive
infiltrating T lymphocytes in an animal model.?3

Production of FasL can be used to induce specific tolerance
by apoptosis and clonal deletion of antigen-reactive T cells,?#-2¢
but FasL can also cause local damage. In our study, sFasL was
only detected in GD patients; in addition, sFasL levels were
significantly correlated with TRAb and sFas levels. This sug-
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gests that sFasL. may have a dual effect in modulating disease
activity in GD, acting at immune-privileged sites to destroy
infiltrating activated lymphocytes and also inducing apoptosis
of hyperplastic thyrocytes. The explanation provided by Hiro-
matsu et al,? that increased expression of FasL in GD thyro-
cytes may help in maintaining thyroid homeostasis, appears to
be more important. Generally, higher levels of TRAD are in-
dicative of more aggressive disease activity in GD. Since we
noted higher sFasL levels in those GD patients with higher
TRADb (>50%), it was expected that thyrocytes of these pa-
tients would show higher expression of apoptosis. However,
the immune-privileged effect on activated infiltrating lympho-
cytes may be more important, as the conventional Fas/FasL-
mediated apoptosis of thyrocytes is usually prevented by
TRAD,'? or blocked by a protein inhibitor in thyrocytes.?’

On the other hand, in our study and in other reports,!3.14.28
although circulating sFas can be readily detected in both GD
patients and normal subjects, serum levels of sFasL in normal
subjects are lower than 0.1 ng/mL. These results are compatible
with the finding that FasL is only expressed in diseased thyroid,
as in GD and thyroid carcinoma. Therefore, circulating level of
sFasL. may be a potential marker for evaluating disease activity
in GD, since changes in sFasL levels and TRADb levels occur in
parallel. In conclusion, increased serum sFasL in patients with
GD may contribute to homeostasis in the thyroid. Serum sFasL.
may be useful as a marker for evaluating disease aggression or
regression in GD.
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