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Abstract

Purpose: To compare soluble Fas, FasL and Bcl-2 in 
Graves’ disease (GD) and Hashimoto’s thyroiditis (HT) to the 
markers of humoral response: aTPO, aTG and aTSHR. 

Material and methods: 5 groups of subjects: 1) 14 patients 
with GD in euthyreosis on methimazol (euGD); 2) 20 patients 
with hyperthyroid GD (hrGD); 3) 15 patients with HT in euthy-
reosis on levothyroxine (euHT); 4) 16 patients with hypothyroid 
HT (hoHT); 5) 12 healthy volunteers age and sex-matched to 
group 1-4. Serum concentrations of Fas, FasL, Bcl-2, aTPO and 
aTG were determined by ELISA and aTSHR by RIA.

Results: Levels of sFas were the highest in hoHT: 8.7
(7.2-9.8) ng/ml as compared to the controls (p<0.01) and 
euHT (p<0.05). We found positive correlations between sFas 
and aTPO in all studied groups (r=0.25, p<0.05) and between 
sFas and TSH in HT (r=0.4, p<0.05). In GD there was a posi-
tive correlation between sFasL and aTG (r=0.5, p<0.01) and 
negative correlations between sFasL and Fas (r=-0.39, p<0.01) 
and between sFasL and period of methimazol administration 
(r=-0.32, p<0.05). Levels of sBcl-2 were significantly increased 
in euHT: 31.0 (13.5-44.1) ng/ml as compared to the controls 
(p<0.05) and euGD (p<0.05). 

Conclusions: Fas/FasL mediated apoptosis plays an impor-
tant role in the active stage of the autoimmune process of both 
Hashimoto’s thyroiditis and Graves’ disease, however, in Hashi-
moto’s thyroiditis they contribute to irreversible damage of thy-
reocytes. Early detection of Hashimoto’s and Graves’ diseases 
allows for the initiation of the proper treatment that probably 
leads to the reduction of the autoimmune process intensity. 
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Introduction

Autoimmune thyroid diseases (AITD) constitute a group 
of the most common illnesses caused by autoaggression of the 
immune system, comprising up to 1.5% of the human popula-
tion [1]. Pathogenesis of Hashimoto’s thyroiditis (HT) and 
Graves’ disease (GD) remains unclear in spite of considerable 
number of studies. Recently published papers support impor-
tance of apoptosis mediated by the interaction between Fas 
ligand (FasL) and Fas present on the follicular cells surface in 
cytotoxity, leading to thyrocytes destruction in Hashimoto’s thy-
roiditis [2,3]. There is also some data for thyroid-cell apoptosis 
in Graves’ disease [4,5]. Moreover, evidence from animal mod-
els of AITD suggests a role of FasL/Fas dependent cell death in 
selection of immunocompetent cells in the pathogenic process 
of HT and GD [6]. Fas (CD95, APO-1) as well as FasL (CD95L, 
CD178) are members of the Tumor Necrosis Factor (TNF) fam-
ily and are expressed both on activated T lymphocytes and on 
thyrocytes of patients with AITD [7]. In autoimmune process 
combination of inflammatory cytokines: TNF , interferon  
and interleukin 1  may activate expression of FasL on T cells 
and may sensitized thyroid follicular cells [8]. FasL/Fas pathway 
may be regulated at different levels including the expression 
of the Fas receptor and its cleavage, the inhibition of intracel-
lular death domains and the modulation of Bcl-2, an important 
anti-apoptotic agent [9]. Role of Bcl-2 in AITD is still being 
studied and needs to be clarified [10]. Markers of humoral 
immune response: antithyroperoxidase antibodies (aTPO), 
antithyroglobulin antibodies (aTG) and antithyroropin receptor 
antibodies (aTSHR) take important part in clinical assessment 
of patients with HT and GD as a consequence of well known 
role of their role in pathogenesis of AITD. 

Thus, the aim of the study was to compare soluble Fas, FasL 
and Bcl-2 in GD and HT in relation to aTPO, aTG and aTSHR 
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to assess a role of proapoptotic Fas/FasL system and antiapop-
totic protein Bcl-2 in pathogenesis of AITD.

Material and methods

The study was carried out in 5 groups of subjects: 1) 14 
patients with GD in euthyreosis treated with methimazol 
(euGD): 11 females and 3 males in mean age 41±15 years 
with a duration of the disease from 7-25 months; 2) 20 patients 
with hyperthyroid GD (hrGD): 12 females and 8 males aged 
42±23 years with a duration of the disease from 3-12 months; 
3) 15 patients with HT in euthyreosis treated with levothyroxine 
(euHT): 15 females in mean age 45±21 years with a duration of 
the disease from 12-134 months; 4) 16 patients with hypothyroid 
Ht (hoHT): 14 females and 2 males in mean aged 53±22 years 
with an diagnosis of the disease 1-12 months prior to the study: 
and 5) 12 healthy volunteers age and sex-matched to group 1-4 
(ctrl): 8 females and 4 males aged 42±18 years who had either 
no family history of Graves’ disease nor other autoimmune 
diseases. Clinical euthyreosis in groups of 1 and 3 was confirmed 
by thyrotropin and free thyroxine estimation. Among 77 studied 
individuals 60 of them (78%) were women to reflect the preva-
lence relation of AITD in females to males that accounts for 4 
-10:1. No acute infections were observed in the studied subjects 
3 weeks prior to the study.

All the sera were kept frozen at -70°C until used. The serum 
levels of Fas, FasL, Bcl-2, aTPO and aTG were determined 
by the ELISA commercial kits: Fas (Quantikine kit, R&D, 
Mineapolis, USA; sensitivity 20 pg/ml; intra-assay precision 
(CV) 3.8%) and FasL (Quantikine kit, R&D, Mineapolis, USA; 
sensitivity 2.66 pg/ml; CV 4.7%), Bcl-2 (Bender Medsystems, 
Viena, Austria; sensitivity 0.5 ng/ml; CV 8.6%), aTPO and aTG 
(DIAMED, Warsaw, Poland; sensitivity respectively 40 IU/ml 
and 60 IU/ml). The serum levels of aTSHR were determined 
by the RIA method (TRAK kit, BRAHMS, Berlin, Germany; 
sensitivity 0.9 IU/L; CV 7.0%). The statistical significance was 
estimated by Mann-Whitney U-test and to evaluate relation-

ships between variables Spearman’s test was performed using 
Statistica 6.0 for Windows XP (StaSoft, Tulsa, USA).

Results

The results of serum Fas, FasL and Bcl-2 levels in the exam-
ined groups are shown in ng/ml as medians and interquartile 
ranges. Levels of sFas were higher in all the studied groups as 
compared to the controls, however, the highest values were 
found in hoHT individuals: 8.7 (7.2-9.8) as compared to the 
controls: 6.6 (4.4-8.0) (p<0.01) and euHT patients: 7.7 (5.2-8.7) 
(p<0.05). There was also a significant difference between hrGD 
group: 7.6 (6.6-8.5) in comparison with the controls (p<0.05) 
and hoHT patients (p<0.05). Relations in sFas values between 
studied groups are shown in Fig. 1.

We found a significant positive correlation between sFas 
and aTPO in all studied patients (r=0.25, p<0.05) (Fig. 2). 
There was also a positive correlation between sFas and TSH in 
HT patients (r=0.4, p<0.05) (not shown).

There were no significant differences in sFasL concentra-
tions between studied groups: euGD 9.5 (8.5-11.3), hrGD 
10.1 (8.4-11.4), euHT 9.7 (8.4-10.3), hoHT 10.7 (7.0-11.3) and 
the controls 9.7 (8.8-10.9). However, in GD patients we found
a positive correlation between sFasL and aTG (r=0.5, p<0.01) 
(Fig. 3) and negative correlations between sFasL and Fas
(r=-0.39, p<0.01) (Fig. 4) and between sFasL and period of 
methimazol administration (r=-0.32, p<0.05) (not shown).

Levels of sBcl-2 values were increased in all the AITD 
groups however significantly higher sBcl-2 values were found 
only in euHT: 31.0 (13.5-44.1) as compared to the controls: 8.0 
(5.0-18.9) (p<0.05) and euGD patients: 9.1 (6.6-19.0) (p<0.05) 
(Fig. 5).

We found a negative correlation between sBcl-2 and aTPO 
(r=-0.38, p<0.05) (Fig. 6).

We found no correlation between soluble Fas, FasL and 
Bcl-2 and thyrotropin and free thyroxine concentration and 
goiter size.

Figure 2. Positive correlation between serum Fas and aTPO in 
all the studied individuals (r=0.25, p<0.05)
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Figure 1. The median and interquartile ranges of the serum 
Fas levels in patients with euthyroid Graves’ disease (n=14), 
hyperthyroid Graves’ disease (n=20), euthyroid Hashimoto’s 
thyroiditis (n=15), hypothyroid Hashimoto’s thyroiditis (n=16) 
and healthy controls (n=12)
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Discussion

Our data have shown increased sFas levels in all the AITD 
patients, however, the highest concentrations were found in 
hoHT group. Fas expressed in cell membranes and predisposing 
to FasL mediated apoptosis may be present both on thyrocytes 
of patients with AITD and infiltrating lymphocytes. Thus, Fas/
/FasL interaction considerably influences destruction of thyroid 
tissue on one side and takes important part in the elimination 
of autoreactive lymphocytes on the other side [10]. Circulating 
forms of Fas origin both due to the proteolytic cleavage from 
transmembrane domains and direct mRNA transcription [11]. 
The results of the recently published studies on the role of solu-
ble Fas and FasL in pathogenesis of AITD remain unequivocal 
[12,13]. Circulating Fas is commonly considered as a factor that 
inhibits membrane Fas mediated apoptosis [11]. Our data show-
ing an increase in sFas concentration especially in patients with 
hypothyroid HT may be a consequence of the enhanced releas-
ing of circulating forms of Fas that seem to reflect the intensity 
of Fas/FasL mediated apoptosis. As shown by Salmaso et al. in 

HT apoptosis in a higher degree involves thyrocytes than infil-
trating lymphocytes that is connected with a more intense Fas 
expression on follicular cells [10]. We have found in HT patients 
positive correlations between TSH and sFas as well as between 
TSH and aTPO. These findings suggest a relationship between 
the autoimmune process activity and a degree of hypothyreosis. 
Moreover, taking into account cytotoxic capacity of aTPO, 
positve correlation between sFas and aTPO in HT patients sug-
gest that increased sFas may reflect an intensity of the immune 
involved destruction of the thyroid follicular cells. 

Our data on elevated sFas in GD patients is in line with 
results of Hara et al. which show higher values of circulating 
Fas in hyperthyroid patients and a positive correlation between 
sFas and free thyroxine as well as aTSHR [14]. Hiromatsu et 
al. found a decrease in sFas level in hyperthyroid GD treated 
with antithyroid drug and a correlation only between sFas and 
aTSHR, but no correlation between soluble Fas and free tri-
iodothyronine, free thyroxine, thyroid iodine uptake, TSH and 
aTPO [11]. Antibodies aTSHR are considered an important 
antiapoptotic factor that may protect thyreocytes of patients 
with GD from Fas/FasL mediated apoptosis [15]. However, 

Figure 4. Negative correlation between serum FasL and Fas in 
GD patients (r=-0.39, p<0.01)

Figure 3. Positive correlation between serum FasL and aTG in 
GD patients (r=0.52, p<0.01)

Figure 5. The median and interquartile ranges of the serum 
Bcl-2 levels in patients with euthyroid Graves’ disease (n=14), 
hyperthyroid Graves’ disease (n=20), euthyroid Hashimoto’s 
thyroiditis (n=15), hypothyroid Hashimoto’s thyroiditis (n=16) 
and healthy controls (n=12)

Figure 6. Correlation between serum Bcl-2 and aTPO in HT 
patients (r=-0.38, p<0.05) 
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we did not find any correlation between sFas and aTSHR or 
thyreometabolic parameters. Our results are in line with data 
of Takeda et al. [12]. Feldkamp et al. suggest that elevated sFas 
concentration is a consequence of hyperthyreosis independently 
on the causes of thyreotoxicosis [16]. 

Circulating FasL is considered to maintain the capacity 
to stimulate apoptosis [17]. Taking into account the increased 
“antiapototic” sFas level in active GD patients, a negative cor-
relation between sFasL and sFas seem to be compliant with 
findings of a few apoptotic thyrocytes in patients with GD [11]. 
We have found also a positive correlation between FasL and 
aTG concentration in GD patints. This data may suggest a role 
of Fas/FasL dependent apoptosis in autoreactive lymphocyte B 
selection. Moreover, there was a negative correlation between 
sFasL and a period of methimazol administration in GD. 
Antithyroid drugs were shown to manifest immunomodulatory 
actions. Mitsiades et al. demonstrated the enhanced expression 
of FasL on thyrocytes in GD patients treated with methimazol 
[18]. These findings suggest that antithyroid drugs may “arm” 
thyroid follicular cells with FasL to overcome immunocompe-
tent cells and in consequence to extinguish autoimmune process 
with accompanied Fas/FasL mediated apoptosis. 

Bcl-2 suprafamily proteins were documented to play 
a crucial role in regulation of apoptosis [18]. Antiapoptotic 
Bcl-2 expression was shown to be increased in thyrocytes of GD 
patients in comparison to HT patients and inverse relationship 
between expression of Bcl-2 on membranes of infiltrating B 
lymphocytes in GD and HT [11,19]. Moreover, Mitsiades et al. 
have found thyrocytes in HT to express Bcl-2 less intensively 
than normal thyroid follicular cells [20]. In spite of numerous 
studies on membrane Bcl-2 in AITD, data on its circulating 
form is lacking. We found elevated level of sBcl-2 in HT patients 
in which euthyreoid state was maintained by levothyroxine. 
Moreover there was a negative correlation between sBcl-2 
and aTPO in HT, suggesting inhibitory influence of Bcl-2 on 
humoral immune response and thyrocyte destruction, as far 
as aTPO demonstrates cytotoxic capacity [9]. It may be also 
speculated that increased sBcl-2 accompanied with decreased 
sFas level in HT patients in euthyroid state due to levothyrox-
ine may be connected with “protective” influence of exogenes 
thyroid hormone administration in HT. Slowering of thyrocyte 
metabolism caused by exogenes levothyroxine may decrease its 
antigenicity and autoimmune cytotoxic response as it was shown 
for low-dose insulin in first-degree relatives of type 1 diabetes 
patients in protection of pancreatic  cells [21].

 In summary our results suggest that mechanisms of apopto-
sis mediated by interaction of Fas and its ligand play an impor-
tant role in the active stage of the autoimmune process both in 
pathogenesis of Hashimoto’s thyroiditis and Graves’ disease, 
however in Hashimoto’s disease it seems to cause irreversible 
damage of thyreocytes. Early detection of both Hashimoto’s thy-
roiditis and Graves’ enables initiation of the proper treatment 
that probably contributes to the reduction of the autoimmune 
process intensity. 

Acknowledgments

This work was supported by the grant No  4-50819L of 
Medical University of Białystok.

References
 1. Broadley SA, Deans J, Sawcer J, Clayton D, Conpston DAS. 
Autoimmune disease in first-degree relatives of patients with multiple 
sclerosis. Brain, 2000; 123: 1102-11.
 2. Hammond LJ, Palazzo FF, Shattoc M, Good AW, Mirakin R. 
Thyrocyte targets and effectors of autoimmunity: a role for death recep-
tor?. Thyroid, 2001; 11: 919-27. 
 3. Stassi G, Zeuner A, Di Liberto D, Todaro M, Ricci-Vitiani L, De 
Maria R. Fas – FasL in Hashimoto’s thyroiditis. J Clin Immunol, 2001; 21:
19-23.
 4. Hiromatsu Y, Hoshino T, Yagita H. Functional Fas ligand expres-
sion in thyrocytes from patients with Graves’ disease. J Clin Endocrinol 
Metab, 1999; 84: 2896-9.
 5. Salmaso C, Bagnasco M, Pesce G, Montagna P, Brizzolara R, 
Altrinetti V. Regulation of apoptosis in endocrine autoimmunity: insight 
from Hashimoto’s thyroiditis and Graves’ disease. Ann N Y Acad Sci, 
2002; 966: 496-501.
 6. De Maria R, Testi R. Fas-FasL interactions: a common pathoge-
netic mechanism in organ-specific autoimmunity. Immunol Today, 1998; 
19: 121-5. 
 7. Mezosi E, Wang SH, Utsugi S, Bajnok L, Bretz JD, Gauger PG, 
Thompson NW, Baker JR. Induction and regulation of Fas-mediated 
apoptosis in human thyroid epithelial cells. Mol Endocrinol, 2005; 19: 
804-11.
 8. Wang SH, Bretz JD, Phelps E, Mezosi E, Arscott PT, Utsugi S. 
A unique combination of inflammatory cytokines enhances apoptosis of 
thyroid follicular cells and transforms nondestructive to destructive thy-
roiditis in experimental autoimmune thyroiditis. J Immunol, 2002; 168: 
2470-4.
 9. Weetman AP. Autoimmune thyroid disease: propagation and 
progresion. Eur J Endocrinol. 2003; 148: 1-9.
 10. Hiromatsu Y, Kakau H, Mukai T, Miyake I, Fukutani T, Koga 
M. Immunohistochemical analysis of Bcl-2, Bax and Bak expression in 
thyroid glands from patients with Graves’ disease. Endocrinol J, 2004; 51: 
399-405.
 11. Hiromatsu Y, Bednarczuk T, Soyejima E, Miyake I, Yang D, 
Fukazawa H. Increased serum Fas in patients with Graves’ disease. 
Thyroid, 1999; 9: 341-5.
 12. Takeda K, Ohara E, Kenda T, Hashimoto K, Sasaki M. Increased 
serum soluble Fas Ligand in hyperthyroid Graves’ disease. Rinsho Byori, 
1999; 47: 961-5.
 13. Wang CY, Zhong WB, Chang TC, Tsai YF. Circulating soluble 
Fas Ligand correlates with activity in Graves’ hyperthyroidism. Metabo-
lism, 2002; 51: 769-73.
 14. Hara H, Morita Y, Sato R, Ban Y. Circulating nuclear matrix 
protein in Graves’ disease. J Endocrinol, 2002; 49: 343-7.
 15. Goodnow CC. Pathways for self-tolerance and treatment of 
autoimmune dosease. Lancet, 2001; 357: 2115-21.
 16. Feldkamp J, Pascher E, Schott M, Goretzki P, Seissler J, 
Scherbaum WA. Soluble Fas is increased in hyperthyroidism independ-
ent of the underlying thyroid disease. J Clin Endocrinol Metabol, 2001; 
86: 4250-3.
 17. Weetman AP. Cellular immune response in autoimmune thyroid 
disease. Clin Endocrinol. 2004; 61: 405-13.
 18. Mitsiades N, Poulaki V, Tseleni-Balafouta GP, Koutras DA. Fas 
ligand expression in thyroid follicular cells from patients with thiona-
mide-treated Graves’ disease. Thyroid, 2000; 10: 527-32.
 19. Giordano C, Richiusa P, Bagnasco M, Pizzolanti G, Di Blasi F, 
Sbriglia M. Regulation of Fas-mediated apoptosis in both thyrocyte and 
lymphocyte cellular compartments correlates with opposite phenotypic 
manifestations of autoimmune thyroid disease. Thyroid, 2001; 11: 233-
44.
 20. Mitsiades N, Poulaki V, Kotoula V, Mastorakos G, Tseleni-Bala-
fouta S. Fas/Fas ligand up-regulation and Bcl-2 down-regulation may be 
significant in the pathogenesis of Hashimoto’s thyroiditis. J Clin Endocri-
nol Metab, 1998; 83: 2199-203.
 21. Leslie RD. Preventing type 1 diabetes mellitus: hype and hope. 
Clin Med, 2004; 5: 441-6.


