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1 INTRODUCTION

This study has been focused on the investigation of
some biochemical and immunological markers associ�
ated with the problem of impaired process of pro�
grammed cell death, particularly apoptosis, as one of
the main factors in the development of autoimmune
diseases of the thyroid gland known as autoimmune
thyroiditis (AT). This is one of the most common dis�
eases of the thyroid gland, which has been used as a
model to study the features of programmed cell death
(apoptosis). This pathology is characterized by the
formation of several variants that differ in the func�
tional state of the thyroid gland (hypothyroidism,
euthyroidism, hyperthyroidism) and its structure
(atrophy, hypertrophy, nodulation). Studies per�
formed in recent decades indicate the multifactorial
nature of this disease [1], which is caused by complex
interactions of genetic predisposition, trigger factors
and endogenous mechanisms.

There is also evidence that in AT apoptosis of thy�
rocytes is induced by antibodies (Abs) [2] to the com�
ponents of thyroid tissue, and also to autoantigens of
apoptotic bodies [3]. T and B lymphocytes as well as
signals stimulating thyroid�stimulating hormone
receptors play a leading role in apoptosis of thyrocytes
[2]. 

1 To whom correspondence should be addressed. 

Some authors demonstrated that autoantibodies to
DNA (Abs�DNA) are the markers of impaired
immune function; they induce the development and
progression of autoimmune diseases, which probably
result in destruction of tissues and organs, by changing
the physiological level of apoptosis [4, 5]. Differences
in clinical and immunological picture of AT seem to
be related to the phenomenon of Abs heterogeneity
[4], demonstrating different levels of Abs specificity.
However, to date, no a common viewpoint on the
causes and nature of the immune changes that lead to
loss of control over the formation of antibodies and the
appearance of either abzymes with catalytic and cyto�
toxic effects or Abs�DNA devoid of these properties
has been elaborated yet. 

Interest in apoptosis is determined by the fact that
the mechanism of its dysregulation under conditions
of autoimmunity still need better understanding [6, 7].

The need of better understanding of the clinical
importance of the autoimmune process in AT in inte�
grated assessment of biochemical factors underlying
impairments of autoimmunity, especially in regions
with iodine deficiency, which include the Republic of
Tatarstan, determine the relevance of our study. 

In this context, it was important to characterize
levels of specific (annexin V, TRAIL and TNFα) and
non�specific (antibodies to native and denatured
DNA, determination of their DNA�hydrolyzing
activity) markers of apoptosis in AT patients with dif�
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ferent clinical and immunological picture (euthyroid�
ism, hypothyroidism, and hyperthyroidism) and clin�
ically healthy individuals. 

MATERIALS AND METHODS 

Serum samples of venous blood of 298 women aged
20 to 60 years were investigated in this study. A group
of patients with diagnosed AT included 161 women,
and a control group included 137 clinically healthy
women without autoimmune pathology. 

AT was diagnosed on the basis of results of ultra�
sound examination and evaluation of the functional
state of the thyroid gland, the content of thyroid�stim�
ulating hormone, free thyroxine and free triiodothyro�
nine and titration of antibodies to thyroid peroxidase
(Abs�TPO) and thyroglobulin (Abs�TG) in the blood
serum. The degree of activity of the autoimmune pro�
cess was assessed by the concentration of antibodies to
TPO in serum. 

An additional criterion for diagnosis included
results of lymphocyte immunophenotyping (deter�
mined by expression of differentiation markers (CD4+

CD8+) on the surface of venous lymphocytes) flow
cytometry on a flow FACSCalibur cytometer (Bec�
tonDickinson, USA) using the MultiSetTM software
and a commercial kit MultitestIMKKit (BectonDick�
inson).

AT patients as well as healthy individuals included
in the control group represented a mixed population of
the Republic of Tatarstan were not connected in kin�
ship. They all gave their informed consent to partici�
pate in the study. 

Serum levels of annexin V, TNFα, and TRAIL
were determined by the enzyme�linked immunosor�
bent assay (ELISA) using commercially available kits
according to manufacturer’s instructions (Bender�
MedSystem, Austria). Product registration was per�
formed using an Awareness technology INC stat fax�
2100 spectrophotometer (USA) at 450 nm and
expressed as optical density units (OD450). 

Antibodies to native DNA (Abs�nDNA ) and dena�
tured DNA (Abs�dDNA) were determined by ELISA
using genomic DNA (Human Genomic DNA,
Promega, USA) [8]. Product registration was per�
formed using the same spectrophotometer Awareness
technology INC stat fax�2100 at 450 nm and
expressed as optical density units (OD450). 

DNase activity of Abs�DNA was determined in
vitro, using a commercial DNA preparation of
pBR322 plasmid DNA of the E. coli XL�1Blue strain
(SibEnzyme, Russia) as a substrate. The hydrolysis
reaction was carried out at 37°C and samples were
taken after certain time intervals. DNA�hydrolyzing
activity of antibody preparations was assayed by mon�
itoring the conversion of supercoiled plasmid DNA
(scDNA) in the relaxed circular or linear form; the
results were visualized using agarose gel electrophore�

sis followed by visualization with ethidium bromide
using the Gel ChemiDoctmXRS documenting system
(Bio�Rad Laboratories, USA). 

The statistical analysis included data analysis of
variance, using the Mann�Whitney and Kruskal�Wal�
lis test with Bonferroni correction. The relationship
between the parameters was assessed by the Spearman
correlation coefficient [9]. The statistical analysis was
performed using the Excel Office 2003 software pack�
age.

RESULTS 

One of the integrative criteria of thyroid gland
pathology, in particular, AT, is the detection of specific
antithyroid Abs such as antithyroglobulin Abs (Abs�
TG) and Abs�TPO [10]. In our study, high titers of
Abs�TG and Abs�TPO (462.2 Me (2.5P 1.45; 97.5P
3150) and 382.6 Me (2.5P 1; 97.5P 1050) IU/mL,
respectively) were found in all AT patients. An addi�
tional criterion in characterizing AT data included
immunophenotyping of lymphocytes (definition on
the surface of T�lymphocytes differentiation markers
(CD4+/CD8+)). Results of lymphocyte immunophe�
notyping (determination of the differentiation mark�
ers (CD4+/CD8+) on the surface of T�lymphocytes)
were also used as an addition characteristics of AT. 

The analysis showed a significant increase in the
proportion of subpopulations of CD4 + T�lymphpo�
cytes in AT patients and a significant decrease in the
proportion of subpopulation of T�suppressors com�
pared with healthy individuals (p < 0.05). The average
ratio of T�lymphpocytes CD4+ CD8+ in patients was
twofold higher (Me 2.05; CI 1.22–0.89) than in
healthy subjects (Me 0.99; CI 0.009–0.01) (Fig. 1). 

Some authors [4, 5] demonstrated the presence of
DNA�binding antibodies exhibiting DNAse activity in
serum of patients with autoimmune thyroid diseases.
In this context, we analyzed the levels of anti�DNA
antibodies (nDNA and dDNA) in AT patients and in
healthy subjects of the the control group (Table 1); we
also investigated Abs associated DNA�hydrolyzing
activity in dependence of the functional state of the
thyroid gland.

It was found, that in 97% of AT patients Abs�
dDNA was higher than in control (p = 0.001; 95% CI
0.34–0.41). These included hyperthyroidism (75%),
euthyroidism (84.7%), and hypothyroidism (85%).
Analysis of the whole set of AT patients revealed a
trend to the increase in Abs�nDNA, which, however,
did not reach the level of statistical significance. 

The study of DNA�hydrolyzing activity of antibod�
ies usually raises a reasonable question, whether the
catalytic properties may be actually attributed to the
antibodies [4]. It is known that the activity of serum
DNase is thermolabile and is inactivated by heating to
56°C [11]. Thus, to exclude the possible influence of
serum DNases on the hydrolysis of plasmid DNA,
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serum samples from healthy individuals and AT
patients were pre�heated at + 56°C for 40 min. After
heating the serum samples of healthy subjects lost their
ability to convert the substrate – scDNA pBR322
(form I) in a circular (form II) and linear (form III)
forms. 

Figure 2 shows existence of Abs characterized by
different specificity to the DNA substrate (pBR322)
and DNA�hydrolyzing activity in dependence of the
functional state of the thyroid gland. 

The main pool of serum Abs of AT patients with
hyperthyroidism includes Abs�DNA with DNA�
hydrolyzing activity specific to a single DNA break in
the supercoiled pBR322 molecule. Accumulation of
the relaxed circular form of pBR322 DNA occurred
during 24 h of the substrate hydrolysis. Resultant
relaxed circular DNA molecules (form II) were more
resistant to Abs DNA hydrolyzing activity, because
adding of excess of serum Abs did not result in com�

plete transition of the relaxed circular form in the lin�
ear form (form III). 

In AT patients with hypothyroidism the pool of cir�
culating serum Abs includes Abs that possess higher
hydrolytic activity, because after 2 h 50% of scDNA
was hydrolyzed to the relaxed circular form, whereas
in AT patients with hyperthyroidism hydrolysis of 50%
scDNA occurred only after 7 h of incubation. 

After 12 h incubation we observed appearance of
hydrolysis products in the form of linear DNA (form
III) accompanied by reduction in the amount of
relaxed circular DNA. 

The pool of Abs circulating in blood of euthyroid
AT patients is the most interesting one. The densito�
gram of Fig. 2b demonstrates formation of three
groups of products of pBR322 hydrolysis: a relaxed
circular DNA (form II), a linear DNA (form III), and
discrete DNA fragments, exhibiting time�dependent
decrease during incubation (Fig. 2b, see 12 h and
24 h). This suggests that various Abs characterized by
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Fig.1. Characteristics of circulating T�lymphocytes in blood of healthy individuals and patients with autoimmune thyroiditis.
Immunophenotyping of T�lymphocytes was performed by the content of T�helpers (Th) (CD4+ –APC) and T�suppressors (Ts)
(CD8+ – PE) in the blood in healthy persons (A), and AT patients (B). APC and PE are types of monoclonal antibody dyes con�
jugated with a fluorescent label to identify and membrane and cytoplasmic antigens of the cell.

 
Table 1. Levels of circulating antibodies to nDNA (Abs�nDNA) and dDNA (Abs�dDNA) in patients with autoimmune
thyroiditis and in the control group

@Выборка (n)
Abs�nDNA, OD units Abs�dDNA, OD units

M ± SD 95% CI M ± SD 95% CI

Patients (161) 0.89 ± 0.25 0.2–0.5 0.94 ± 0.331 0.34–0.41

Healthy controls (137) 0.84 ± 0.18 0.16–0.48 0.79 ± 0.19 0.23–0.34

Here and in Table 2 data represent mean (M) ± standard deviation (SD). 1 – Statistical significance of differences (p < 0.05) in compar�
ison with the control group.
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different ability to hydrolyze various plasmid DNA in
certain sites do exist in the serum. It is reasonable to
suggest existence of two pools of Abs: one pool is spe�
cific to single�strand breaks at the site DNA superhe�
lical tension and the other one includes Abs with
DNA�hydrolyzing activity specifically cleaving dou�
ble�stranded scDNA. 

It should be noted that DNA hydrolyzing activity
of Abs specific to single strand DNA was lower in
serum of AT patients with euthyroidism than that in
serum of AT patients with hyperthyroidism or
hypothyroidism, because the rate of accumulation of
hydrolysis products of relaxed circular DNA was
lower. It is possible that Abs hydrolyzing DNA in AT
patients with euthyroidism do not act due to their low
activity compared with Abs in AT patients with
hypothyroidism [12, 13]. 

On the other hand, electrophoretically scDNA was
completely hydrolyzed after 8 h of the DNA hydrolyz�
ing reaction and this may account for appearance of
discrete liner DNA fragments. 

Thus, changes in the degree of the hydrolytic activ�
ity of Abs�DNA and their substrate specificity in AT
patients may reflect the dynamics and the severity of
the autoimmune process. 

Correlation analysis in the total group of AT
patients revealed a direct correlation between the level
of Abs�TG and Abs�nDNA (Rs = 0.38, p < 0.05), and
an inverse correlation between the level of Abs�TPO
and Aba�nDNA (Rs = 0.2, p < 0.05), whereas no cor�
relation was found between the levels of Abs�dDNA
and Aba�TG, as well as between Abs�nDNA and Abs�
TPO antibodies. 

Correlation analysis in groups of AT patients subdi�
vided by their functional state of the thyroid gland
(hypothyroidism, euthyroidism, and hyperthyroid�
ism) revealed different correlations between specific
and non�specific Abs. In hyperthyroidism a direct
high correlation was observed between the levels Abs�
DNA (both Abs�nDNA and Abs�dDNA), and the
level of Abs�TG and Abs�TPO. In hypothyroidism a
moderate direct correlation was observed between the
Abs�nDNA and Abs�TG, and the inverse correlation
between antibodies to Abs�dDNA and Abs�TG, while
in euthyroidism inverse correlations between Abs�
nDNA and Abs�dDNA as well as between Abs�nDNA
and Abs�TPO increased. 

The physiological state of the thyroid gland is asso�
ciated with the process of apoptosis. Biochemical
changes during apoptosis include phosphatidylserine
(PS) translocation from the inner side to the outer side
of the plasma membrane. Binding to PS on the cell
surface, annexin V, conjugated with a fluorochrome
also serves as a marker of apoptosis [14]. We did not
find significant differences in the content of annexin V
in serum of AT patients with different functional state
of the thyroid gland and the control group (Table 2). 

We also found a significant increase in the serum
level of TRAIL in AT patients with hyperthyroidism as
compared to healthy people. There was a trend to the
decrease of the serum TRAIL in AT, depending on
the functional state of the thyroid gland: hyperthy�
roidism > hypothyroidism > euthyroidism, and indi�
vidual variations of the TRAIL level in AT patients
with hypothyroidism and euthyroidism. 

Correlation analysis between the levels of TRAIL
and annexin V in the total set of AT patients revealed a
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Fig. 2. Characteristics of DNA�hydrolyzing ability of circulating antibodies in serum of patients with autoimmune thyroiditis in
dependence of the physiological state of the thyroid gland (A – electrophoretogram, B – densitogram).
A – : 1 – control (substrate pBR322 + hydrolyzing TE buffer (0.025 M Tris�HCl buffer, pH = 7.5)), 2–10 – substrate pBR322 +
serum of AT patients (a – with hyperthyroidism, b – with euthyroidism, c – with hypothyroidism) (I�, II�, III� forms of pBR322
DNA, respectively), the parameters of electrophoresis – 0.8% agarose gel, working voltage of 80V; B –Densitogram demonstrat�
ing degree of hydrolysis of pBR322 DNA by circulating antibodies in serum of a AT patient (� – supercoiled, � – circular, � –
linear, � – short oligonucleotides). The results of a typical experiment are shown.
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direct weak correlation (Rs = 0.07; (p < 0.05) between
these parameters. We found a tendency to increase of
the serum TNFα content in AT patients (which, how�
ever, did not reach the level of statistical significance,
p > 0.05). The maximum increase in the serum TNFα
level was observed in AT patients with hyperthyroid�
ism. In addition, high individual variations of the
TNFα levels were observed in patients with hypothy�
roidism (95% CI 0.99–5.61) and euthyroidism (95%
CI: 2.59–5.9). 

DISCUSSION 

According to modern concepts, AT is considered as
a disease determined by a genetic defect in T�suppres�
sors that results in the T�suppressor interaction with
B�lymphocytes, which induce the synthesis of autoan�
tibodies (Abs�TG and Abs�TPO) [15]. According
Weetman et al., a deficit of suppressor T�lymphpo�
cytes (CD8+) and activation of T�helpers (CD4+) [16]
are the the central pathogenic link in the development
of autoimmune endocrine diseases. 

According to our data, AT patients have an imbal�
ance in CD4+/CD8+ lymphocytes; this suggests that
impairments in T�cell immunity play an important
role in the pathogenesis of this disease. This can be
expressed as hyperactivation of the immune system, in
particular through changes in the level of specific and
non�specific Abs (found in serum of AT patients), this
is supported by the evidence that apoptosis of thyro�
cytes may be induced by Abs to thyroid tissue compo�
nents, and also by Abs to apoptotic cell components.
Thus, Abs�DNA are used as a sensitive but nonspecific
test for AT screening [17, 18]. 

Functional impairments of the thyroid gland in AT
may include hyperthyroidism, euthyroidism, and
hypothyroidism. Hyperthyroidism is determined by
thyrocyte destruction followed by release of excessive
amounts of peripheral thyroid hormones. Subse�
quently, hyperthyroidism is replaced by a period of
euthyroidism, and then hypothyroidism gradually
develops [19]. 

Analyzing levels of nonspecific Abs in dependence
of the functional state of the thyroid gland in AT
patients, we found a tendency to the increase of the
DNA�binding antibodies specific for nDNA (p > 0.05)

and a significant increase in Abs�dDNA compared
with the control group (p < 0.05). The prevalence of
Abs�dDNA was found in groups of patients with
euthyroidism and hypothyroidism (84.7% and 85%,
respectively) and in 75% of patients with hyperthy�
roidism. 

There are limited data on the mutual influence of
organ specific (Abs�TG, Abs�TPO) and non�specific
(Abs�DNA) antibodies and their complex diagnostic
significance, especially at different clinical variants of
AT. Analysis in the total group of patients with AT
revealed a direct correlation between the level of Abs�
TG and Abs�nDNA, and the inverse correlation
between the level of Abs�TPO and Abs�nDNA; no
correlation dependence was found between the levels
of Abs�dDNA and specific antithyroid antibodies.

Thus, the data on the correlation between the levels
of Abs specific to thyroid tissue and non�specific Abs�
DNA, are very interesting, as they both are not only
parameters of activity, but also the generalization of
autoimmune diseases. 

Previously, Pedro et al., studied the Abs�DNA in
Graves’ disease (GD) and AT in the stage of euthy�
roidism; they found Abs�DNA in 50% of euthyroid AT
patients with and in 82% of GD patients. The fre�
quency of Abs�dDNA was 90% of the total set (AT and
GD), in which AT patients represented 75% [20]. The
results of our studies of serum of AT patients also dem�
onstrated the prevalence of Abs�dDNA. 

It is suggested that during autoimmunization to the
genomic DNA, Abs�dDNA appear first in the serum
pool of Abs; later accumulation of somatic mutations
in Ab�producing B�lymphocyte results in maturation
of Ab specificity from anti�dDNA to anti�nDNA [21,
22]. Consequently, using determination of Abs�dDNA
it is possible to reveal appearance of the disease at ear�
lier stages [22]. It is believed that Abs�DNA, exhibit�
ing catalytic hydrolyzing properties can act as a pow�
erful regulator of apoptosis, which rate is multiplied in
AT [4, 5]. 

Screening of serum samples for the presence of Abs
with DNA hydrolyzing activity in AT patients (Fig. 2)
revealed heterogeneity of substrate specificity of circu�
lating Abs�DNA, in dependence of the physiological
condition of the thyroid activity and the level circulat�

Table 2. Levels of apoptosis markers in the serum of patients with autoimmune thyroiditis, depending on the functional
status of the thyroid gland

AT
M ± SD

Annexin V, pg/mL TNFα, pg/mL TRAIL, ng/mL

Hyperthyroidism 0.258 ± 0.0012 6.8 ± 1.02 60.2 ± 20.071

hypothyroidism 0.257 ± 0.0014 2 ± 13.18 45.5 ± 19.3

Euthyroidism 0.257 ± 0.0014 3.05± 18.44 41.6 ± 14.7

Control 0.258 ± 0.001 1.89 ± 16.48 39.38 ± 11.6
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ing Abs. In other words, the hydrolytic activity can
affect the functional state of the thyroid gland in the
course of the disease and also apoptosis of thyrocytes. 

Biologically active substances, primarily cytokines
(Fas, TRAIL, TNFα) attract much interest in the
context of regulation of apoptosis [6]. TRAIL medi�
ates apoptosis of both thyrocytes and autoreactive
cytotoxic lymphocytes [23]. TNFα is a homologue of
FasL, and this suggests its high apoptotic activity [24].
In this regard, we have evaluated the process of apop�
tosis on the basis of the quantitative analysis of three
specific markers: annexin V, TNFα, and TRAIL.
Annexin V as well as other annexins is not released
from normal cells; destructed cells are the source of
extracellular annexin V. One of the early signs of apo�
ptosis is the exposure of PS on the cell membrane.
This process is an integral part of apoptosis regardless
of the type of cells and the trigger of the activation of
the cell death program. The literature data on the
induction of apoptosis are controversial. Previously no
differences were found in the induction of apoptosis in
lymphocytes of euthyroid AT patients and healthy
individuals, whereas a significant decrease in the
induction of apoptosis was found in hypothyroid and
hyperthyroid AT patients (4 times and 2 times, respec�
tively) [25]. 

Some authors found increased number of thyro�
cytes undergoing apoptosis in the thyroid gland of AT
patients [26]. We did not find any significant differ�
ences in the content of annexin V in the serum of AT
patients with different functional state of the thyroid
gland and the control group of healthy individuals.
This suggests normal (from a physiological viewpoint)
duration of apoptosis in AT. 

Death receptors (DR) are the key molecules
involved in signal transduction of death ligands inside
cells. According to the model of receptor�mediated
apoptotic thyroid gland cell death in AT, TRAIL
(TNF�related apoptosis�inducing ligand) induces
apoptosis through DR�4, DR�5. Mature T cells
acquire sensitivity to TRAIL�dependent apoptosis
after exposure to IL�2; this indicates that TRAIL plays
a certain role in the control of immune responses. Fur�
thermore, it was shown that in patients with some
autoimmune pathologies cells demonstrate increased
sensitivity to this type of apoptosis [27]. 

Results of our study demonstrate a significant
increase in the level of TRAIL in the serum of AT
patients with hyperthyroidism compared with healthy
individuals. We found a tendency of reduction of the
serum TRAIL in AT patients in dependence of the
functional state of the thyroid gland: hyperthyroidism
> hypothyroidism > euthyroidism. 

Several authors reported about increased concen�
trations of serum TRAIL and TNFα as a marker
necrobiotic states [28, 29]. Necrosis is always caused
by rough pathology. Cell death during necrosis is asso�
ciated with impairments in the cell membrane or cyto�

plasm and it does not affect significantly the cell
nucleus. The reason is the attack of the cell by Abs and
complement; death of target cells induced by the
mature CD8+ T�cells. 

The above shown data on the deficit of suppressor
T�lymphocytes (CD8+) are consistent with indica�
tions by Weetman [30] that this deficit is the central
pathogenetic link in the development of autoimmune
endocrine diseases during activation of T�helper cells
(CD4+) observed in the total set of AT patients. This
suggests that the ratio of apoptosis/necrosis deter�
mines the functional state of the thyroid gland in AT
(hyperthyroidism > hypothyroidism > euthyroidism).
The highest levels of TRAIL, found in AT patients
with hyperthyroidism may reflect predominance of
necrotic processes over apoptotic mechanisms in this
group of patients. On the other hand, a lower level
TRAIL in serum in patients with hypothyroidism and
euthyroidism may reflect intensity of DR�5 forma�
tion, which actively binds TRAIL and therefore
reduces its serum concentrations. This results in
induction of TRAIL�mediated apoptosis and death of
thyrocytes. 

TNFα may regulate both apoptosis [6] and necro�
sis, by triggering specific intracellular signaling path�
ways [31]. 

We found a tendency to the increase of the serum
TNFα content in AT patients with hyperthyroidism
(Table 1). Increased concentrations of TNFα, along
with increased serum TRAIL content are considered
by many investigators as a marker necrobiotic states.
Our data are consistent with the work by Kotovich
[28]. Thus, the level of this cytokine reflects the
dependence of the functional state of the thyroid gland
on the nature of the pathological process (apoptosis or
necrosis) in the thyroid tissue. 

CONCLUSIONS 

Our study has shown that AT is accompanied by
TRAIL induced apoptosis. Detection of the maximal
increase of TRAIL in AT patients with hyperthyroid�
ism may reflect the predominance of necrotic pro�
cesses over apoptotic mechanisms. These results are
consistent with the data obtained by many researchers
that indicate the destructive nature of hyperthyroidism
during AT [15, 32]. 

It is possible that the simultaneous increase of the
specific and nonspecific Abs seen in hyperthyroidism
demonstrates high activity of the autoimmune process
with predominance of necrotic processes over apop�
totic, which in turn may cause damage to thyroid cells
and amplify the autoimmune responses. The lack of
correlation between all Ab parameters observed in two
other clinical manifestations of AT suggests transition
of remission and normalization of programmed cell
death processes towards apoptosis of various intensi�
ties (e.g., lack of correlation between Abs�TG and
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Abs�DNA in euthyroidism). Pedro et al. [20] also
demonstrated the lack of correlation between Abs�
nDNA and Abs�TG in euthyroid patients. The hydro�
lyzing activity of Abs demonstrated correlation with
the severity of the clinical manifestation of AT, as well
as with symptoms of dysfunction and destruction of
the thyroid gland [33], which was also detected in our
study. 

However, this issue requires further detailed study.
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