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SUMMARY

Triggering of the Fas receptor induces T cell apoptosis and is involved in shutting-off the immune
response. Inherited defects impairing Fas function cause the autoimmune lymphoproliferative syn-
drome, and may play a role in other autoimmune diseases. The aim of this work was to analyse the Fas
function in paediatric patients with thyroid autoimmunities. We found that T cells from 24/28 patients
with Graves’ disease (GD) and 12/35 patients with Hashimoto’s thyroiditis (HT) displayed defective Fas
function. In HT, the defect was more frequent in patients requiring replacement therapy (11/20) than in
those not requiring (1/15); moreover, in untreated HT the highest defect was displayed by patients with
the highest levels of autoantibodies. Fas was always expressed at normal levels and no Fas mutations
were detected. Analysis of the healthy parents of seven Fas-resistant patients showed that several of
them were Fas-resistant, which suggests a genetic component. Fusion of Fas-resistant T cells with the
Fas-sensitive HUT78 T cell line generated Fas-resistant hybrid cells, which suggests the presence of mol-
ecules exerting a dominant negative effect on Fas function. Analysis of Fas-induced activation of
caspase-8 and -9 showed decreased activity of both caspases in HT, whereas activity of caspase-9 was
increased and that of caspase-8 was decreased in GD. These data suggest that heterogeneous inherited

defects impairing Fas function favour the development of thyroid autoimmunities.
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INTRODUCTION

Fas triggering by its ligand (FasL) induces programmed cell death
by activating a caspase cascade [1]. Connection with the caspase
pathway is mediated by the adaptor molecule FADD, which asso-
ciates with both the cytoplasmic portion of Fas and caspase-8.
Association with FADD activates caspase-8, which turns on a cas-
cade composed of caspase-10, -7 and -3, and activates the apop-
totic machinery. This extrinsic pathway also triggers a second
pathway in which caspase-8 cleaves cytosolic bid, which translo-
cates into mitochondria and induces release of cytocrome c, that
binds to APAF-1 and activates caspase-9. This mitochondrial
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pathway can also be recruited by ceramide produced by an acidic
sphingomyelinase activated upon Fas triggering [2]. The system is
under the control of several inhibitors belonging to the bcl-2,
FLIP and TAP families.

Fas plays a dual role in the immune response. Cytotoxic cells
express FasL, whose interaction with Fas expressed by target cells
is one of the mechanisms they use to exert their cytotoxic func-
tion. Moreover, lymphocytes can express Fas and be targets of
cells expressing FasL. This Fas/FasL interaction is involved in
shutting off the immune response and induction of peripheral
tolerance.

Both Fas functions may be involved in autoimmunity. On one
hand, the high levels of Fas and FasL found in autoimmune
lesions of several cell-mediated autoimmune diseases suggest that
Fas-mediated cytotoxicity plays a role in their tissue damage [3—
7]. On the other hand, in both mice and humans, inherited dele-
terious mutations impairing Fas function perturb lymphocyte
homeostasis and cause the autoimmune lymphoproliferative
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syndrome (ALPS), characterized by autoimmunities and poly-
clonal lymphocyte accumulation with lymphoadenopathy and/or
splenomegaly and expansion of CD4/CD8 double-negative
TCRof* T cells (DN T cells) [8-12]. Genetic defects causing
ALPS are heterogeneous and a classification has applied the
terms ALPS-Ia and -Ib to syndromes with mutations of Fas and
FasL, respectively, and ALPS-II to those without these mutations
and caused possibly by mutations hitting the Fas signalling path-
way downstream from Fas [10,13]. The observation that families
of ALPS patients display increased frequency of common autoim-
mune diseases suggests that the genetic alterations causing ALPS
may also lead to other autoimmune diseases [11]. This possibility
was confirmed by detection of defective Fas function in a propor-
tion of patients with the multiple autoimmune syndrome (i.e.
patients from families with more than one case of autoimmunity
within first- or second-degree relatives), or multiple sclerosis
(MS), or type 1 diabetes mellitus (TIDM) [14,15].

Defective Fas function may favour autoimmunity by two
mechanisms. On one hand, it may alter the switching-off system
and increase the risk of cross-reactions with self-antigens by
‘molecular mimicry’. On the other hand, it may slow down cell
apoptosis and/or induce exposure of abnormal amounts of apop-
tosis-related antigens that may act as autoantigens in several
autoimmune diseases [16-21].

The aim of this work was to extend the analysis of Fas function
to thyroid autoimmune diseases, as a small proportion of patients
with autoimmune thyroiditis used as a control group in a previous
study displayed defective Fas function [15]. Therefore, we
assessed Fas function in activated T cells derived from patients
with Hashimoto’s thyroiditis (HT) or Graves’ disease (GD) and
we detected decreased function of Fas in both groups.

MATERIALS AND METHODS

Patients

We evaluated 63 children and young adults with thyroid-specific
autoimmune diseases: 35 with HT (30 females, five males; median
age in years: 14, range: 7-23; median age at onset in years: 11,
range: 3-20; median disease duration in years: 3) and 28 with GD
(23 females, 5 males; median age: 13, range: 5-22; median age at
onset: 10, range: 3—-17; median disease duration: 3).

All GD patients displayed serum antithyroid stimulating hor-
mone (TSH) receptor antibodies and goitre and were in therapy
with methimazole. Two of them displayed ophthalmopathy. All
patients with HT displayed serum antithyroglobulin (TG) or anti-
thyroperoxidase (TPO) antibodies, and ultrasonographic features
of thyroiditis (Sostre grading 2-3) [22]. Twenty of them were
treated with L-thyroxine because of low FT4 levels (free thyrox-
ine) (<0-80 ng/dl; normal range 0-80-1-90) or high TSH levels
(>8 UI/ml; normal range 0-4-4) (17 females, three males; median
age: 13, range: 7-18; median age at onset: 11, range: 3-18; median
disease duration: 3). Fifteen HT patients displayed normal FT4
and TSH levels and never received therapy (13 females, two
males; median age: 14, range: 8-23; median age at onset: 11,
range: 4-20; median disease duration: 3). Patients with multiple
autoimmune diseases were excluded.

Sixty-five age- and sex-matched controls without autoimmune
diseases were recruited from our out-patient clinic.

Informed consent was obtained from patients or their parents
and the study was planned according to the guidelines of the local
ethical committee.

Patient analysis

Immunophenotype analysis. Expression of surface molecules
was evaluated by direct immunofluorescence and flow cytofluo-
rimetry (FACScan, Becton Dickinson, San Jose, CA, USA) using
monoclonal antibodies (MoAb) to CD3, CD4, CDS8, TCRof
(Becton Dickinson) and Fas (Immunotech, Marseilles, France) on
fresh and activated peripheral blood lymphocytes. CD4/CD8 DN
T cells were detected using FITC-conjugated anti-TCRaf3 MoAb
and PE-conjugated anti-CD4 and -CD8 MoAbs.

Analysis of Fas-induced cell death. Fas-induced cell death
was evaluated as reported previously [11-15] on activated T cells
obtained by treating peripheral blood mononuclear cells (PBMC)
with PHA at days 0 (1 pug/ml) and 12 (0-1 ug/ml), followed by their
culture in RPMI-1640 + 10% FCS +rIL-2 (2 U/ml) (Biogen,
Geneva, Switzerland). Fas function was assessed 6 days after the
second stimulation (18-day cells) by incubating cells with control
medium or anti-Fas MoAb (CH11, IgM isotype) (1 ug/ml) (UBI,
Lake Placid, NY, USA) in the presence of rIL-2 (1 U/ml) to min-
imize spontaneous cell death. Cell survival was evaluated after 18
h by counting live cells in each well by the trypan blue exclusion
test. The same conditions were used to measure cell death
induced by methyl-prednisolone (100 um) (PDN) (Upjohn,
Puurs, Belgium) or C2-ceramide (50 uM) (N-acetyl-D-sphin-
gosine) (Sigma, St Louis, MO, USA). Assays were performed in
triplicate and analysed by a blind observer. Cells from two normal
donors were included in each experiment as a positive control.
Results were expressed as relative cell survival percentage, calcu-
lated as follows: (total live cell count in the well with the apoptotic
stimulus/total live cell count in the well without the apoptotic
stimulus) x 100. This protocol was chosen because it was found to
give the most reproducible results in previous studies [12]. It eval-
uates the overall cell survival at each time-point, and was found to
be more sensitive than other techniques (such as staining with
annexin V), detecting the instantaneous proportion of dying cells
at each time.

In Fas-resistant patients, Fas-resistance was confirmed by
staining apoptotic cells with annexin V (Annexin-V-Fluos Kit,
Boehringer Mannhein, GmBh, Germany). In the control wells
(i.e.in the absence of apoptotic stimuli), spontaneous cell loss was
always < 10% of the seeded cells and similar in cultures from the
patients and normal donors.

The upper limit of the normal range of T cell responses to Fas-
,ceramide- and PDN-induced T cell death was set at the 95th per-
centile and was 82%, 85%, and 78%, respectively (relative cell
survival percentage) (Table 1).

Analysis of the Fas gene. Mutation analysis of the Fas gene
(MIM 134637; TNFRSF6) was performed by denaturing high-
performance liquid chromatography (DHPLC) and DNA
genomic sequencing. DNA was extracted from PBMC with stan-
dard methods. All exons and intron-exon boundaries were
amplified by polymerase chain reaction (PCR). PCR was per-
formed in 50 pl final volume containing 25 pmol of each primer,
250 ng of genomic DNA, 0-2 mM dNTPs and 1-25 units of Ampl-
iTaq Gold (Applied Biosystems) in the buffer provided by the
manufacturer. Amplification was performed in a GeneAmp PCR
system 9700 (Applied Biosystems, Perkin-Elmer, Foster City,
CA, USA).

DHPLC analysis reveals the presence of a mutation by differ-
ential retention of homo- and heteroduplex DNA fragments on
the reverse-phase chromatography column under appropriate
conditions of partial denaturation. The optimal temperature for
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Table 1. Fas-, ceramide- and PDN-induced cell death in normal controls and different patient groups

Anti-Fas MoAb Ceramide PDN

Relative cell Resistant Relative cell Resistant Relative cell Resistant
Subject group® n° survival® n. (%) survival® n. (%)* survival® n. (%)*
Controls 65 60 (53-68) 3(5%) 61 (48-68) 3(5%) 50 (40-59) 3(5%)
GD 28 94 (89-100) 24 (86%)7 82 (66-94)7 12 (42%)t 54 (48-66) 1(4%)
HT 35 71 (60-85)*f 12 (34%)*+ 57 (41-65)* 4 (11%)* 59 (45-75) 2 (6%)
HT-u 15 63 (58-73)* 1 (7%)* 60 (48-75)* 2 (13%) 46 (38-39) 0
HT-t 20 81 (63-94)*1% 11 (55%)*t% 56 (39-79)* 2 (10%)* 60 (52-67) 2 (10%)

*GD: Graves’ disease; HT: Hashimoto’s thyroiditis; HT-u: untreated HT, HT-t: treated HT; "number of subjects in each group; ‘results are expressed
as median and interquartile ranges of the relative cell survival percentage detected after 18 h incubation with the indicated reagent in activated T cells

derived from each subject; ‘results are expressed as number (proportion in the brackets) of subjects resistant to the indicated cell-death stimulus in each
group. Resistance was set at the 95th percentile of the control range and was 82% (for anti-Fas), 85% for ceramide and 78% for PDN (relative cell survival
percentage). fSignificantly different from controls (P < 0-05, relative cell survivals were analysed by the Mann—Whitney test, number of resistant cases
with Fisher’s exact test); *significantly different from GD; #significantly different from HT-u.

DHPLC analysis for each fragment was determined by computa-
tion: this was accomplished by electronic submission to a com-
munity web site (http://hardy-weinberg.stanford.edu/dhplc/
melt.html). DHPLC analysis was performed using the WAVE
DNA fragment analysis system (Transgenomic Inc., Santa Clara,
CA, USA).

Sequencing of genomic DNA was performed with a dye
terminator DNA sequencing kit (Applied Biosystems, Perkin-
Elmer) on an ABI Model 3100 automated DNA sequencer
(Applied Biosystens, Perkin-Elmer). In particular, the frag-
ment encompassing exon 7 was sequenced in all the subjects
without performing DHPLC because of a common polymor-
phism in this exon, which could alter the interpretation of the
results.

Production of hybrid cell lines. Fusions were performed by
centrifuging 5 x 10° activated T cells with an equal number of
Fas-sensitive HUT78 cells. Prewarmed 50% polyethylene glycol
(PEG) and then serum-free DMEM were added to the mixed-cell
pellet drop by drop. Then, cells were washed and cultured in
RPMI-1640 + 10% FCS + anti-Fas MoAb (1 ug/ml). Hybrid cells
survive if Fas-resistant lymphocytes carry a dominant negative
factor inhibiting Fas function, whereas unfused HUT7S cells die
following Fas triggering and unfused T cells do not grow in the
absence of appropriate stimuli. Control fusions between activated
T cells from normal donors and HUT78 cells were performed in
each experiment.

Caspase activity. Fas-induced activation of caspase-8, and -9
was evaluated on activated T cells obtained by treating PBMC
with PHA at days 0 (1 pg/ml) and 8 (0-1 pg/ml) and culturing cells
with 10 U/ml IL2. Four days after the second stimulation, T cells
were treated or not with the CH11 MoADb on ice for 30 min, then
moved to 37°C for 3 h, centrifuged, and caspase activity was eval-
uated on cell lysates using fluorimetric assays (MBL, Watertown,
MA, USA). At least two controls using T cells from normal
donors were always run in parallel. Results were expressed as rel-
ative caspase activity percentage, calculated as follows: (Fas-
induced caspase activity displayed by each subject/mean of the
Fas-induced caspase activities displayed by the healthy controls
run in the same experiment) x 100.

RESULTS

Fas-induced cell death was assessed in activated T cells derived
from 35 HT, 28 GD patients and 65 normal donors. We also eval-
uated the response to ceramide, whose pathway partially overlaps
that of Fas [2], and to PDN, which does not involve the Fas system.
An analysis at the single patient level showed that 24/28 GD
(86%) and 12/35 (34%) HT were resistant to Fas-induced cell
death, whereas 12/28 (42%) GD and 4/35 (11%) HT were resis-
tant to ceramide-induced cell death. All ceramide-resistant GD,
but only two ceramide-resistant HT were also resistant to Fas.
Resistance to PDN was displayed by one GD and two HT. These
three patients were resistant to Fas. Statistical analysis showed
that the responses to Fas triggering and ceramide were signifi-
cantly lower in GD than in HT and normal controls. The response
to Fas was also significantly lower in HT than in normal controls,
whereas the response to ceramide was similar in both groups. By
contrast, the response to PDN was not different in the three
groups (Table 1). In all Fas-resistant patients, Fas resistance was
confirmed by evaluating Fas-induced apoptosis by annexinV-
staining (data not shown).

These data show that most GD patients displayed decreased
function of Fas. By contrast, Fas function was highly heteroge-
neous in HT patients. In previous studies on T1IDM and MS, we
showed that Fas function was mainly decreased in patients dis-
playing signs of aggressive courses [14,15]. Therefore, we per-
formed two analyses to evaluate whether Fas resistance could
detect subsets of HT patients with aggressive autoimmunity. First,
we compared Fas function in patients that received replacement
therapy or did not, assuming that development of hypotyroidism
is a sign of aggressive immunological attack of the gland. Disease
duration, ages and sex distribution were similar in the two groups
(see Materials and methods). The treated group displayed signif-
icantly lower Fas function and higher frequency of Fas resistance
than the untreated group (Table 1). Secondly, we evaluated
whether Fas function correlated with serum levels of anti-TPO
autoantibodies. Anti-TPO autoantibody levels were correlated
directly with Fas-resistance in the untreated group: the higher the
Fas defect, the higher the autoantibody level (Fig. 1), whereas no

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 133:430-437


http://hardy-weinberg.stanford.edu/dhplc/

Fas function in thyroid autoimmunities

correlation was found in the treated group (data not shown). Cell
death induced by ceramide or PDN was similar in both groups
and no correlation was found with serum levels of autoantibodies.
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Fig. 1. Correlation between resistance to Fas-induced T cell death and
serum level of anti-TPO autoantibodies in HT patients not requiring
replacement therapy. Pearson correlation r = 0-79, p < 0-001.
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In GD patients, no correlation was found between the autoanti-
body level and Fas function.

Fas expression evaluated by direct immunofluorescence on
the day when the cell death assay was performed was always in
the normal range and was similar in all groups. Search for DN T
cells in fresh PBMC did not reveal their expansion in any patient
(i.e their count was < 1%) (data not shown).

To compare Fas function in Fas-sensitive and Fas-resistant
individuals at different times of T cell culture, PBMC from 20 Fas-
resistant patients (10 GD and 10 HT) and 15 Fas-sensitive normal
donors were cultured with PHA + IL2 and Fas-induced cell death
was assessed at different times. Cultures were performed in the
presence of either 2 U/ml (i.e. the standard culture condition) or
10 U/ml of IL-2. Figure 2 shows that, with the low dose of IL-2, T
cells from the normal donors were initially resistant to Fas-
induced cell death, but became gradually sensitive during the cul-
ture. By contrast, T cell cultures from the patients were always
Fas-resistant. With the high dose of IL-2, sensitivity was increased
greatly and the differences between patients and normal controls
were lost in most cases. These results are in line with the notion
that Fas connection to the death signalling pathway is a late event
in T cell activation [1] and IL-2 sensitizes cells to Fas-induced cell
death [23,24].

To evaluate the familial component of the decreased function
of Fas, we assessed susceptibility to cell death in the father and
mother of seven Fas-resistant patients (four treated HT and three
GD) (Fig.3). Most of these parents were healthy; only the

HT

100 A
i
80

70

60

50

2 U/ml IL-2

40

30 L L L L L L

1 3 6 14 18 1
110

3

6 1418 1 3 6 14 18

100
90
80

Relative cell survival %

O\

70

A\
RN

60

AR
AR\
TG

10 U/ml IL-2

N,

50

40 \

30 1 1 1 1 1 1

\ '

1 3 6 1418 1

3 6

14 18 1 3 6 14 18

Days of culture

Fig. 2. T cell sensitivity to Fas-induced cell death at different culture times and conditions in HT and GD patients and normal controls.
Only Fas-resistant patients were recruited according to the results shown in Table 1. Peripheral blood T cells were activated with PHA and
cultured with either 2 U/ml IL2 (upper panels) or 10 U/ml IL2 (lower panels); in each group, each subject is marked with the same symbol
in the upper and lower panels. Fas-induced cell death was assessed at days 1, 3, 6, 14 and 18 of culture (cells were restimulated with PHA
at day 12). Results are expressed as the relative percentage of cell survival. The experiment was performed on 15 normal controls, 10 GD
and 10 HT patients; the figure shows representative data obtained from five subjects of each group.
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Fig. 3. Fas-induced T-cell death in the mother (circles) and father
(squares) of four HT and three GD patients (triangles). Black symbols
mark subjects with autoimmune thyroid diseases, white symbols mark
healthy subjects. Activated T cells were treated with anti-Fas MoAb and
survival was assessed after 18 h. Results are expressed as percentage of
specific cell survival. The horizontal lines indicate the upper limit of the
normal range calculated as the 95th percentile from 65 normal donors.

mothers of patient HT-1 and HT-3 and the father of patient GD-
1 displayed HT. We found that four mothers (three HT and one
GD) and two fathers (one HT and one GD) were resistant to Fas-
induced cell death. Moreover, two further fathers (one HT and
one GD) displayed a response that was near the upper limit of the
normal range. All parents with HT were Fas-resistant, but the
defect was displayed also by several healthy parents.

In ALPS-Ia, decreased function of Fas is due to mutations of
the Fas gene. Therefore, we searched for mutations of the Fas
gene in all Fas-resistant patients. DNA changes were found in
fragments encompassing exons 2, 3 and 7. All of them corre-
sponded to silent DNA variations or common polymorphisms. No
causal mutation was identified.

In ALPS-II, decreased Fas function is due probably to muta-
tions hitting the Fas pathway. Therefore, we analysed the Fas
pathway by evaluating Fas-induced activation of caspase-8 and -9
in 16 Fas-resistant patients (eight GD and eight HT) and 16 Fas-
sensitive normal controls (Fig.4). In HT patients, activation of
both caspase-8 and -9 was significantly lower than in normal con-
trols (P <0-001). By contrast in GD patients, activation of
caspase-9 was significantly higher (P <0-01) and activation of
caspase-8 was slightly, but significantly, lower (P <0-05) than in
normal controls.

In previous studies, we showed that Fas-resistant patients with
T1DM or MS produce molecules exerting a dominant negative
effect on Fas function [14,15]. To evaluate whether these mole-
cules are also detectable in GD and HT, we fused activated CD4*
T cells derived from eight Fas-resistant (five GD and three HT)
and 18 Fas-sensitive subjects (four HT and 14 normal controls)
with the Fas-sensitive HUT78 T cell line, and cultured hybrid cells
under the selective pressure of anti-Fas MoAb. Most fusions from
Fas-resistant patients (4/5 GD and 3/3 HT) gave rise to Fas-

resistant hybrid cell lines, whereas no fusion from Fas-sensitive
subjects did so (Fig. 5).

DISCUSSION

This work shows that a substantial proportion of paediatric
patients with HT or GD display decreased function of Fas and this
defect is significantly more frequent in GD than in HT. Fas func-
tion was not abolished in Fas-resistant patients as the defect was
overcome by sensitizing Fas function by culturing cells in high lev-
els of IL2, which decreases expression of inhibitory molecules
such as FLIP and bcl-2 [23,24]. The observation that fusion of Fas-
resistant T cells from these patients with a Fas-sensitive T cell line
generates Fas-resistant hybrid cells suggests that Fas-resistance is
due to molecules with a dominant negative effect on Fas function.

One possibility is that the defect is due to inherited genetic
alterations similar to those causing ALPS, which often display a
dominant negative effect [8-13]. The defect was different from
that displayed by ALPS-Ia or -Ib patients, as the Fas gene was not
mutated, Fas was normally expressed and FasL was not involved
because the test used (i.e. triggering of Fas by MoADb) is indepen-
dent of FasL. Therefore, the defect might be similar to that dis-
played by ALPS-II patients and involve the Fas signalling
pathway.

This cross-sectional study cannot rule out the possibility that
Fas-resistance may have been acquired during the course of dis-
ease by selection of constitutively Fas-resistant T cell subsets,
driven by the chronic immune activation, the hormone defect, or
the therapy. However, the genetic component is supported by the
observation that Fas function was decreased in several healthy
parents of Fas-resistant patients. It is noteworthy that our patients
were mainly children and their disease might have a stronger
genetic component than that developed by adults.

In contrast to ALPS patients, our Fas-resistant patients did
not display any sign of lymphoproliferation, i.e. no lymphoaden-
opathy, splenomegaly or expansion of DN T cells. However, this
feature was not surprising, because we did not detect signs of lym-
phoproliferation in Fas-resistant patients with other autoimmune
diseases or in the Fas-resistant parents of ALPS patients
[12,14,15]. The finding that Fas resistance was detected only in
cells cultured with low doses of IL-2 suggests that in these subjects
the defect may be subtle and not sufficient to induce massive lym-
phocyte accumulation after strong immune responses with high
IL-2 production. In contrast, the defect may inhibit the shutting-
off of weak chronic immune responses such as those involved in
autoimmune diseases. It is noteworthy that thyroid autoimmuni-
ties are known to favour development of Fas-resistant thyroid-
associated lymphomas [25], which calls to mind the observation
that ALPS patients display high risk of lymphoma development
[26].

The defect seemed to be partly different in GD and HT, as 12/
24 Fas-resistant GD, but only 2/12 Fas-resistant HT, were also
resistant to ceramide. Moreover, the caspase activation pattern
was different in the two groups. In most HT, activity of both
caspase-8 and -9 were decreased significantly, which suggests a
defect hitting both the extrinsic and the mitochondrial pathway of
Fas signalling. By contrast, in most GD caspase-9 activity was
increased significantly, whereas caspase-8 activity was decreased
slightly, which suggests a defect hitting the extrinsic pathway and
inducing a compensatory hyperactivation of the mitochondrial
pathway. It is noteworthy that this difference was not absolute, as
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Fig. 4. Fas-induced activation of caspase-8 (upper panels) and -9 (lower panels) in activated T cells from patients with GD, HT and normal
controls. Grey bars: GD patients (n = 8); striped bars: HT patients (n = 8); white bar: normal controls (n = 16). Activated T cells were treated
with anti-Fas MoAb and caspase activation was assessed after 3 h. Left panels: single patient analysis of the caspase activity evaluated in
GD and HT patients (results from two independent experiments are shown for each patient); results are expressed as relative caspase
activity percentage (see Materials and methods); the continuous horizontal lines indicate 100% of activity, which was the mean of the
activities displayed by the two to four healthy donors run in parallel with the patient samples in each experiment; the dotted horizontal
lines indicate the 95th and Sth percentile of the activity displayed by all normal controls (n=16). Right panels: bulk caspase activity
displayed by GD and HT patients and normal controls; results are expressed as median values and interquartile ranges; asterisks mark
data that are significantly different from normal controls (P < 0-05, Mann—-Whitney test).

two GD patients (GD-4 and GD-5 in Fig. 4) displayed an ‘HT-
like’ pattern of caspase activation, whereas one HT patient (HT-
1) displayed a ‘GD-like’ pattern. Moreover, one HT patient
(HT-8) displayed a further pattern with increased activity of
caspase-8 and decreased activity of caspase-9. These data suggest
that the defect can be heterogeneous in different patients.

HT and GD are driven by different pathogenetic mechanisms.
In HT, thyroid-specific autoantibodies and Tpry induce heavy
inflammatory infiltration of the gland and tissue damage. Fas and
FasL are up-regulated in HT thyrocytes, due probably to cytok-
ines produced by inflammatory cells, which suggests that tissue
damage may be due in part to Fas/FasL interaction triggering thy-
rocyte fratricide or suicide [3,26-28]; further damage has been

ascribed to FasL + inflammatory cells [3,27-31]. This assumption
is apparently contradicted by our suggestion that genetically
based deficiencies of Fas may favour HT development. However,
our data do not imply that the Fas defect is a general cause of HT,
because we detected it only in about 30% of patients. Moreover,
tissue damage may be ascribed to residual Fas function in a cytok-
ine-rich microenvironment and to other proapoptotic systems,
such as tumour necrosis factor (TNF), TNF-related-apoptosis-
inducing ligand (TRAIL) and granzymes [1,32]. It is noteworthy
that Fas-resistance seems to identify HT patients with aggressive
forms of autoimmunity (i.e. those requiring replacement therapy
and those not requiring therapy but displaying high levels of auto-
antibodies), which is in line with our previous reports on MS and
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Fig. 5. Cell death response to Fas triggering of control HUT78 cells and hybrid cell lines obtained by fusing HUT78 cells with Fas-resistant
T cells from four Fas-resistant GD and three Fas-resistant HT patients. Hybrid cells are resistant to Fas-induced cell death, whereas control
HUT?78 cells are not. Cells were treated with the anti-Fas MoAb and cell death was evaluated after 12 h by staining cells with annexin V
and propidium iodide. The FACS profiles show staining with annexin V of propidium iodide-negative cells from the untreated (grey lines)
and anti-Fas MoAb treated (black lines) cells. The numbers indicate the proportion of annexin V* cells in the anti-Fas MoAb-treated sample
less the proportion of annexin V* cells in the untreated sample. Similar results were obtained when propidium iodide-positive cells were
also included to detect both early and late apoptotic cells. Fas-sensitive hybridomas could not be raised, as they were killed by the selection
media (containing anti-Fas MoAb) during the early phases of hybridoma production.

T1DM [14,15]. The lack of correlation between the defect and the
autoantibody level in the treated patients might be due to the
effect that extensive damage of the thyroid tissue may exert on
the autoimmune response.

GD is due mainly to anti-TSH receptor autoantibodies caus-
ing thyroid hyperplasia. Therefore, it is not surprising that Fas
resistance may favour GD development, because ALPS patients
also develop mainly antibody-mediated autoimmune diseases
such as haematological cytopenias and glomerulonephritis. A dif-
ferent point is that the defect may also result in thyroid hyperpla-
sia by altering interactions between Fas* and FasL* thyrocytes,
which may play a role in thyroid homeostasis [28,29,33-36]. It is
noteworthy that GD patients have been reported to display high
levels of soluble Fas in serum, which may further inhibit the func-
tion of membrane Fas [8,9,37,38].

In conclusion, this work shows that Fas function is decreased
in a substantial proportion of patients developing GD or HT at
the paediatric stage. In HT, the defect correlates with aggressive
forms of autoimmunity. We suggest that it may be due to genetic
alterations affecting the immune response shutting-off system
similar to those causing ALPS. Accumulation of several of them
in the same subject may cause the rare ALPS, whereas less severe
defects may favour development of common autoimmune dis-
eases such as thyroid disease, TIDM [15] or MS [14].
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