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Abstract Fas/FasL-mediated apoptosis results in the

destruction of thyrocytes in chronic autoimmune hypo-

thyroidism (CAIH). In this study, we examined the serum

levels of soluble Fas (sFas) and soluble sFas ligand (sFasL)

in euthyroid patients with chronic autoimmune hypothy-

roidism, who were taking levothyroxine (euthyroid, LT4-

CAIH), to investigate the possible role of thyroid hormone

therapy in down-regulation of apoptotic factors. Fifty

euthyroid patients with CAIH on levothyroxine (median of

duration 36 months, range 6–228 months) were compared

with 75 age- and sex-matched healthy individuals. Serum

levels of soluble Fas and soluble Fas Ligand, autoanti-

bodies to thyroid peroxide and thyroglobulin were mea-

sured using ELISA. Serum levels of sFas were significantly

higher in the euthyroid, LT4-CAIH group [median 9.12 ng/

ml, interquartile range (7.86–10.72 ng/ml)] than in the

controls [6.11 ng/ml (5.60–6.81 ng/ml)] (P \ 0.0001).

Compared with controls [80.33 pg/ml (68.22–103.70 pg/

ml)], the euthyroid, LT4-CAIH group [125.71 pg/ml

(106.11–149.48 pg/ml)] had significantly higher levels of

sFasL (P \ 0.0001). In a chronological study, there was no

significant correlation between sFas, sFasL, and the dura-

tion of levothyroxine therapy. In conclusion, normalization

of serum sFas and sFasL levels cannot be achieved during

levothyroxine treatment in patients with CAIH. It appears

that levothyroxine therapy has no important effect on

down-regulation of apoptotic factors in CAIH. Thus, like

thyroid autoantibodies, monitoring of serum levels of sFas/

sFasL is not indicated during thyroid hormone therapy.
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Introduction

The Fas receptor (Fas, CD95, and APO-1) belongs to the

subgroup of the tumor necrosis factor receptor (TNF-R)

family that triggers apoptosis via activation by its natural

ligand (FasL, CD95L) [1, 2]. The Fas/FasL system plays

critical roles in immune system and maintaining thyroid

tissue homeostasis, as well as in thyroid diseases [3, 4].

Increasing evidence supports that activation of the FasL-

mediated apoptotic pathway by proinflammatory cytokines

may be involved in the destruction of the thyroid follicular

cells, leading to Hashimoto’s thyroiditis (HT) [3, 5, 6].

Apart from its membrane-bound Fas receptor, Fas

molecule is also detectable in soluble forms (sFas). sFas is

an alternative spliced form of Fas lacking the transmem-

brane region [7]. It is thought that sFas protect target cells

from Fas-mediated apoptosis via inhibiting Fas, FasL

interaction [7, 8].

FasL is also detectable in a soluble form (sFasL)

resulting from conversion of the membrane-bound FasL

by a metalloproteinase [9]. sFasL is less cytotoxic than

membrane-bound FasL; however, soluble FasL retains its

capacity to interact with Fas, and restoration of its cyto-

toxic activity was achieved with the addition of cross-

linking antibodies [10]. Thus, it is likely that sFasL induces

apoptosis on Fas antigen-expressing thyrocytes.
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Accumulating evidence has emerged to support that

apoptosis results in the destruction of thyrocytes in HT. It

appears that the apoptotic pathway is initiated by Th1

cytokines, which overcome anti-apoptotic defense mecha-

nisms of the thyrocytes [11].

As most thyroid hormone targets in plasma membranes

and cytosol are involved in anti-apoptotic signalling path-

ways [12], anti-apoptotic effects of thyroid hormones have

been under study. The function of thyroid hormones on the

regulation of apoptosis seems to be cell type and species

specific [13]. Multiple studies demonstrated anti-apoptotic

effects for thyroid hormones; it has been reported that T3

down-regulates Fas and FasL expression and suppresses

apoptosis in early placental extravillous trophoblasts in

vitro [13]. An increase in apoptosis in the optic lobe of the

chick embryo [14], inhibition of multilayer formation of the

osteoblastic cell line, MC3T3-E1, by promoting apoptosis

after T3 treatment [15] and thyroid hormone regulation of

apoptosis induced by retinoic acid in promyeloleukemic

HL-60 cells [16] were reported. The function of triiodo-

L-thyronine as an important anti-apoptotic factor in mouse

hepatocytes [12], inhibition of apoptotic potency by acti-

vating thyroid hormone receptors in mitochondria [17],

activation of anti-apoptotic myeloid cell leukemia 1 (an

anti-apoptotic member of the B-cell lymphoma-2 family)

by triiodothyronine [18] have been shown. Resveratrol-

induced gene expression and apoptosis were inhibited more

than 50% by physiological concentration of thyroid hor-

mone in papillary and follicular thyroid cancer cells [19]. It

is also an anti-apoptotic in glioma cells [20].

So far, the effects of thyroid hormones on sFas and

sFasL levels have not been studied in patients with chronic

autoimmune hypothyroidism (CAIH). In this study, we

examined the serum levels of sFas and sFasL in euthyroid

patients with chronic autoimmune hypothyroidism on lev-

othyroxine (euthyroid, LT4-CAIH) to investigate the pos-

sible role of thyroid hormone therapy in down-regulation

of apoptotic factors in these patients.

Materials and methods

Subjects

The subjects of our study were 67 consecutive patients

(mean age ± SE 31.03 ± 1.51 years, 59 women, 8 men)

with chronic autoimmune hypothyroidism on levothyrox-

ine therapy examined at the endocrine clinic of Bushehr

University of Medical Sciences. The diagnosis of chronic

autoimmune hypothyroidism (CAIH) was based on bio-

chemical evidence of primary hypothyroidism or present

treatment with levothyroxine in combination with the

presence of antibodies against thyroid peroxidase or

thyroglobulin [21], and consisted of those with hypothy-

roidism with (Hashimoto’s thyroiditis) or without (atrophic

thyroiditis) goiter.

Grading of goiter was based according to the modified

World Health Organization recommendation in 1994 [22]:

‘‘Grade 0: No palpable or visible goiter; Grade 1: A goiter

that is palpable, but not visible when the neck is in the normal

position; Grade 2: A swelling in the neck that is clearly

visible when the neck is in a normal position and is consistent

with an enlarged thyroid when the neck is palpated.’’

A total of 50 patients with CAIH were euthyroid, on

levothyroxine therapy (euthyroid, LT4-CAIH). Although,

the remaining 17 patients with CAIH were on levothyroxine

therapy, they had no steady-state T4 and TSH concentra-

tions (hypothyroid, LT4-CAIH). For comparison, 75 heal-

thy individuals (mean age ± SE 28.86 ± 1.02 years, 72

women, 3 men) with normal thyroid function, no goiter,

and negative history of autoimmune diseases were also

investigated.

The study was approved by the medical-ethical com-

mittee of Bushehr University of Medical Sciences.

Laboratory measurements

Venous blood was obtained from all the patients and

healthy controls. All the sera were kept frozen at -70�C

until used.

For the detection of sFas or sFasL in samples, a com-

mercially available ELISA (Quantikine, R&D Systems,

Minneapolis, USA) was used according to the manufac-

turer’s instructions. In brief, after rinsing, microplate wells

(coated with a murine monoclonal antibody against Fas or

FasL) were blocked with the assay diluents. Then, standard

(recombinant human Fas/Fc chimera in a buffered protein

base or recombinant human FasL in a buffer) or serum

sample was added to each well and incubated for 2 h at

room temperature. After washing, polyclonal antibodies

against Fas or FasL, conjugated to horseradish peroxidase,

was added to each well and incubated for 2 h at room

temperature. After washing, substrate solution containing

stabilized hydrogen peroxide and horseradish stabilized

chromogen was added to each well and incubated for

30 min at room temperature. The reaction was stopped

with stop solution (2 N sulfuric acid). The optical density

of each well was determined at 540–570 nm within

30 min. The minimum detectable dose of sFas was typi-

cally less than 20 pg/ml, with an intra-assay coefficient of

variation of 4.6% and inter-assay coefficient of variation of

2.9%. The minimum detectable dose of sFasL was 2.66 pg/

ml, with an intra-assay coefficient of variation of 5.4% and

inter-assay coefficient of variation of 6.4%.

For the determination of TSH and for the measurements

of autoantibodies to thyroid peroxide and thyroglobulin,
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commercially available TSH ELISA kits (Pishtaz Teb

Zaman, Tehran, Iran) and microplate enzyme immunoas-

says (Monobind, Inc., California, USA) were used. The

reference interval for TSH assay was 0.32–5.2 mIU/l. The

TgAb ELISA and TPOAb ELISA had a sensitivity of 5 IU/

ml and 1.5 IU/ml, respectively.

Statistical analysis

Normal distribution of the data was controlled with

Kolmogorov–Smirnov test. Probability values \5% were

considered statistically significant. The significance of the

difference in the results between the two groups was

determined by chi-square analysis using 2 9 2 contingency

tables. A two-tailed t test was used to compare the values

across groups in the presence of a normal distribution.

Significant differences were assessed with the Mann–

Whitney U test in the absence of a normal distribution.

Pearson’s correlation was used to assess the strength of

association between parameters analyzed. Spearman cor-

relation was used to make comparisons between the dif-

ferent parameters that were not normally distributed. All

the statistical analyses were performed using the PASW

Statistics GradPack 18 (SPSS Inc., Chicago, IL).

Results

Table 1 shows the demographic and basic characteristics of

patients with CAIH [(euthyroid, 50 subjects) ? (hypothy-

roid, 17 subjects)] and euthyroid patients with CAIH on

levothroxine (euthyroid, LT4-CAIH group, 50 subjects)

compared to the control group (75 subjects). There was no

difference in the mean age between euthyroid, LT4-CAIH,

and control groups. As expected, euthyroid patients with

LT4-CAIH had increased TPOAb, TgAb and T4 levels.

The results of serum sFas and sFasL levels are shown as

median and interquartile ranges in Figs. 1 and 2, respec-

tively. Serum levels of sFas were significantly higher in

euthyroid, LT4-CAIH [median 9.12 ng/ml, interquar-

tile range (7.86–10.72 ng/ml)] than in the control group

[6.11 ng/ml (5.60–6.81 ng/ml)]. Compared to the controls,

the euthyroid, LT4-CAIH group had significantly higher

levels of sFasL [125.71 pg/ml (106.11–149.48 pg/ml)]

Table 1 The basic characteristics of patients with chronic autoimmune hypothyroidism (CAIH) and euthyroid patients with CIAH on levo-

thyroxine (Euthyroid, LT4-CAIH group) compared to the control group

CAIHa (n = 67) Euthyroid, LT4-CAIH (n = 50) Control (n = 75)

Age (years) 31.03 (1.51)b 32.36 (1.75) 28.86 (1.02)

Sex (female) 88.1% 90.0% 96.0%

Goiterc

Grade 0 47.8% 46.0% 100.0%

Grade 1 22.4% 24.0% 0.0%

Grade 2 29.9% 30.0% 0.0%

T4 (lg/dl) 10.56 (0.35) 11.35 (0.31)* 10.00 (0.19)

TSH (mIU/l) 10.66 (2.90)€ 1.71 (0.18) 1.81 (0.11)

TPOAb (IU/ml) 356.20 (32.46)* 314.69 (36.10)* 26.37 (10.11)

TgAb (IU/ml) 847.07 (117.61)* 856.68 (137.28)* 99.47 (9.08)

a This group includes all the patients with chronic autoimmune hypothyroidism on levothyroxine [(euthyroid, 50 subjects) ? (hypothyroid, 17

subjects)]
b Values are means (standard errors)
c Grading of goiter was based according to the modified World Health Organization recommendation in 1994
€ P = 0.002 in comparison to the control group

* P \ 0.0001 in comparison to the control group

Fig. 1 The median and interquartile ranges of the levels of serum

sFas in patients with chronic autoimmune hypothyroidism (CAIH,

n = 67), euthyroid patients with chronic autoimmune hypothyroidism

on levothroxine (LT4-CAIH group, n = 50) and age- and sex-

matched controls (n = 75). CAIH group includes all the patients with

chronic autoimmune hypothyroidism on levothyroxine [(euthyroid, 50

subjects) ? (hypothyroid, 17 subjects)]
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(Fig. 2). Significant differences for sFas and sFasL could be

seen when all CAIH (euthyroid and hypothyroid subjects)

were compared with controls (Figs. 1 and 2).

There were no significant differences in sFas or sFasL

concentrations between euthyroid patients with CAIH and

the total group of CAIH (P [ 0.05).

There were significant positive correlations between

TPOAb and sFas (r = 0.45, P \ 0.0001), TgAb and sFas

(r = 0.41, P \ 0.0001), TPOAb and sFasL (r = 0.49,

P \ 0.0001), TgAb and sFasL (r = 0.36, P \ 0.0001),

sFas and sFasL (r = 0.48, P \ 0.0001) in CAIH.

There was a positive correlation between age and sFas

(r = 0.29, P = 0.04) in the euthyroid, LT4-CAIH group;

however, there were no correlations between age, TgAb,

TPOAb, sFas, and sFasL.

The median duration of treatment with levothyroxine

was 36 months (range 6–228 months). In a chronological

study, there was no significant correlation between sFas,

sFasL, and the duration of levothyroxine therapy.

Discussion

In this study, we evaluated serum sFas, sFasL in euthyroid

patients with CAIH on levothyroxine (euthyroid, LT4-

CAIH group). We found that serum levels of sFas or sFasL

levels were higher in the euthyroid, LT4-CAIH group than

in the age- and sex-matched healthy controls.

The effects of treatment on sFas, sFasL, and apoptotic were

investigated in Graves’ disease (GD) [23, 24, 26, 27]. Com-

pared with normal subjects, serum sFas was decreased in

patients with GD in remission [23]. The levels of sFas/sFasL

were lower in euthyroid GD than in untreated hyperthyroid

GD patients [25]. A reduction in sFas levels was reported in

GD when they became euthyroid after anti-thyroid therapy

[24]. The concentration of sFas and sFasL increased to 50%

after 131I-therapy in GD [26]. Serum sFas levels were intro-

duced as an accurate index of the outcome of steroid pulse

treatment in thyroid-associated ophthalmopathy [28].

So far, the effects of treatment on sFas and sFasL levels

have not been studied in CAIH. In our study, sFas and sFasL

levels were not normalized in euthyroid patients with CAIH

on levothyroxine (euthyroid, LT4-CAIH group). Thus, we

may conclude that levothyroxine therapy has not a role in

down-regulation of apoptotic factor in patients with CAIH.

As a major limitation of our study, serum sFas and sFasl

levels had not been measured in a pre-treatment state;

therefore, a reduction of apoptotic factor is a possibility

after levothyroxine treatment. However, we did not find a

negative correlation between sFas or sFasL levels and

duration of levothyroxine therapy. There was also no

significant difference in sFas or sFasL levels between

levothyroxine-treated and non-treated patients with CAIH.

However, we acknowledge that the cross-sectional design

of our study could not determine if there is a mechanistic

direct relationship between the sFas/sFasL system and

levothyroxine therapy. Thus, a longitudinal study would be

far more informative.

When the results of Fas/FasL system in serum are ana-

lyzed, two limitations should be considered. First, we

measured soluble forms of Fas and FasL in serum, and it is

unclear to what extent this correlates to local these apop-

totic factors production or action within the thyroid tissue.

Second, Fas and FasL are not thyroid-specific and are

produced by various nonthyroidal tissues [29].

Autoimmunity may be present many years before the

diagnosis of autoimmune diseases. Thus, as a limitation, a

negative history of autoimmunity in the control group may

not be completely reliable to exclude an on-going asymp-

tomatic autoimmune process.

Scant data are available in the medical literature on the

serum levels of sFas and sFasL in hypothyroidism [23, 30,

31]. However, serum levels of sFas were investigated in

patients with autoimmune thyroid diseases (AITD) [23, 30,

32]. It was suggested that serum sFas plays a role in the

pathogenesis of GD [24]. Increased sFas was detected in

hyperthyroidism independent of underlying thyroid dis-

eases [33]. It was introduced as a useful marker for eval-

uation of immunological processes [34], inflammatory

process activity [35], or useful index to gauge the status of

convalescence [28] in Graves’ ophthalmopathy. Recently,

increased sFas in patients with multinodular goiter was

reported [36].

Serum sFasL levels were also investigated in AITD as a

candidate marker for evaluating disease aggression or

regression in GD [25]. A high sFasL plasma concentration

in patients with benign and malignant thyroid tumors was

found [37].

Fig. 2 The median and interquartile ranges of the levels of serum

sFas Ligand in patients with chronic autoimmune hypothyroidism

(CAIH, n = 67), euthyroid patients with chronic autoimmune hypo-

thyroidism on levothroxine (LT4-CAIH group, n = 50) and age- and

sex-matched controls (n = 75). CAIH group includes all the patients

with chronic autoimmune hypothyroidism on levothyroxine [(euthy-

roid, 50 subjects) ? (hypothyroid, 17 subjects)]
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Overall, we found higher circulating levels of sFas and

sfasL in patients with CAIH than controls. There are a few

contradictory studies [23, 30, 31] about soluble forms of Fas

and FasL in apoptosis of thyroid cells. Shimaoka et al. [23]

reported that sFas was decreased in euthyroid patients with

HT, but was normal in hypothyroid patients with HT. No

significant changes were reported in patients with subclinical

HT or clinical HT, when compared with control subjects

[30]. However, consistent with our findings, Myśliwiec et al.

[31] showed levels of sFas were higher in patients with

euthyroid and hypothyroid HT compared to the controls.

Like the study of Myśliwiec et al. [31], high levels of sFas

in our study reflect the intensity of Fas and FasL-mediated

apoptosis and enhanced release of Fas mRNA variant. Based

on this hypothesis, we also found high levels of FasL in the

CAIH group compared to the controls. However, in the only

two existing reports regarding serum sFasL in HT, Myśli-

wiec et al. [31] found no significant differences in sFaL

concentrations and Fountoulakis et al. [30] reported that the

measurements of sFasL were below the sensitivity level of

the assay in both controls and patients.

Another point of interest that emerged from our study is

that sFas and sFasL levels were positively correlated with

TPOAb and TgAb. Alternatively, this finding highlights

close apoptotic pathways’ immune interactions. These

interactions need further research to examine the interre-

lationship between apoptotic pathways and immune system

in thyroid diseases.

One of the major hallmarks of AITD is production of

antibodies to thyroid peroxide and thyroglobin [38]. These

serum thyroid antibodies concentrations do not decrease with

levothyroxine therapy, even 24 months after initiation of

treatment [39]. According to our findings, like autoantibodies,

normalization of sFas and sFasL levels cannot be achieved

during levothyroxine treatment in patients with CAIH.

Although the cross-sectional design of the current study

obscures the real alteration of sFas and sFasL from pre-

treatment with levothyroxine therapy, it appears that

treatment with this drug cannot normalize sFas or sFasL

concentrations and, like thyroid autoantibodies, monitoring

of serum levels of sFas and sFasL is not indicated during

thyroid hormone therapy.
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