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AbstrAct
Introduction: Hashimoto’s disease is an autoimmune disease in which the body produces antibodies 
against its own tissues, in this case against thyrocytes. Autoimmune diseases are associated with impaired 
immune tolerance. The aim of this study was to analyse selected pro-inflammatory markers in women 
with Hashimoto’s (HT) autoimmune thyroiditis compared to a group of healthy women.
Material and methods: In this research study 41 women with HT were compared with 30 healthy 
women. The content of immunological markers was assessed in blood serum by enzyme-linked ELISA 
methods. Cytokine IL-1ß, IL-6, and TNF-α were assessed.
Results: The concentration of IL-1β for women with HT was 3.1 (1.8-4.9) pg/ml, and for healthy women 
1.0 (0.1-1.9) pg/ml. The concentration of IL-6 for women with HT was 12.1 (6.7-19.4) pg/ml, and for 
healthy women 3.8 (2.5-6.7) pg/ml. TNF-α concentration was higher for people with HT, at 3.4 (2.0-
4.4) pg/ml, compared to healthy women, who had a level of 2.2 (1.2-3.4) pg/ml), but without significant 
statistical differences.
Conclusions: In HT we observe an increased immune response associated with an elevated concentra-
tion of pro-inflammatory cytokines.
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IntroductIon
Cytokines are glycoproteins that are released through 

the activation of cells of various tissues. They play a role 
in regulating many processes, such as differentiation, 
proliferation, or secretion of important biological sub-
stances. They modulate the immune response, balancing 
the body’s own tolerance and blocking self-aggression. 
In addition, cytokines participate in repair processes, 
tissue healing, reduce inflammation, have hormone-like 
properties, and are involved in the haematopoietic pro-
cess [1]. In 1956 Fromm et al. [2] pointed out that people 
with Hashimoto’s disease appear to have elevated serum 
gamma globulin titres, i.e. disorders in the modulation 
of immune processes. Roitt et al. [3] found that this dis-
ease is associated with elevated thyroglobulin antibodies. 

Immune response disorders, especially the high titre of 
anti-thyroid oxidase (aTPO) and thyroglobulin (aTG) 
antibodies, play a  significant role in the pathogenesis of 
the disease. Antibodies whose titre is elevated simultane-
ously become cytotoxic agents and activators of cytotoxic 
T lymphocytes, leading to the destruction (apoptosis) of 
thyroid follicular cells [1]. In addition to the mentioned 
activation, the number of plasma cells increases, and the 
result of abnormal lymphocyte activity is the increased 
excretion of inflammatory cytokines: interleukin (IL)-1, 
IL-2, IL-6, tumour necrosis factor (TNF)-α, and inter-
feron (IFN)-γ, while reducing the cytokines that shape 
immune tolerance: IL-4, IL-5, and IL-10. Increased apop-
tosis of thyroid epithelial cells is the result of increased 
proinflammatory cytokine activity [1].
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Cytokine production is carried out by lymphocytes, 
but also by thyroid follicular cells. In vitro studies con-
firm that as a result of IL-1β, IFN-γ, and TNF-α stim-
ulation, cytokine production by thyroid follicular cells 
occurs. This suggests an increase in pro-inflammatory 
activity and an increase in lymphatic infiltration in vivo. 
IL-1β, IFN-γ, and TNF-α have the ability to increase 
the expression of adhesion molecules on the surface of 
thyroid follicular cells, while also stimulating the pro-
duction of nitric oxide (NO) and prostaglandins (PG), 
enhancing the inflammatory response in autoimmune 
thyroid diseases. Cytokines, by presenting antigens to 
T lymphocytes in thyroid tissue, lead to the destruction 
of this gland (T-cell cytotoxicity). Based on thyroid tis-
sue tests, an increased amount of IL-1, IL-6, and TNF-α 
was found in thyroid follicular cells. And in cell cultures, 
IL-1 and IL-6 are responsible for the proliferation of 
thyroid follicular cells, as well as inhibiting thyrocytes, 
stimulated by TSH [4]. Depending on the type and target 
of action, cytokines have a very broad activity, they can 
perform both immunostimulatory and immunosuppres-
sive functions.

Cytokines such as IL-1β, IL-6, and TNF-α stimulate 
inflammation and autoimmunity [5]. Their role is to 
increase the inflammatory response due to stimulation 
of T and B lymphocytes, causing the production of anti-
bodies and damage to thyroid tissue through cell death, 
especially in Hashimoto’s disease [6].

The aim of this study was to assess if there is a differ-
ence in the concentration of selected proinflammatory 
cytokines between people with Hashimoto’s disease and 
healthy people.

MAterIAl And Methods
The study involved 41 women with Hashimoto’s dis-

ease (based on a medical diagnosis) and 30 healthy wom-
en as a control group. The control group was selected for 
the test in terms of sex, weight, and height. Patients were 
excluded if they had at least one of the following: no obe-
sity, being on a vegetarian or any other alternative diet, 
active or post-cancerous disease (ongoing radiation/che-
motherapy treatment), liver diseases (ALT > 3× border 
line) except for patients with fatty liver disease, chronic 
kidney disease eGFR < 30 ml/1.73 m2/min, acute inflam-
mation CRP > 5 mg/dl, unstable ischaemic heart dis-
ease, having an ischemic or haemorrhagic stroke in the 
past (< 6 months), having STEMI with a  drug-eluting  
stent implantation, nSTEMI (< 12 months), inherited 
metabolic disorders: phenylketonuria, galactosaemia, 
autoimmune diseases (an acute thyroiditis, celiac dis-
ease, systemic connective tissue disease, haemolytic 
anaemia, vitiligo, Addison’s disease, hyperbilirubinae-
mia), non-specific enteritis (Crohn’s disease, ulcerative 
colitis), pregnancy, psychological disorders, eating dis-
orders such as anorexia and bulimia, antibiotic therapy, 
steroid therapy (ongoing), and drug or alcohol addic-

tion (a daily consumption of more than one portion of 
alcohol). Participants were qualified to the study group 
based on a medical diagnosis, which assumed the pres-
ence of Hashimoto’s disease based on elevated thyroid 
antibody titres. The team did not re-examine the anti-
body titre because their elevated titre at one time point 
implies disease. Patients’ declarations showed that their 
thyroid hormone test results were normal (fT4, fT3) as 
well as their hormone regulating thyroid function (TSH) 
by taking levothyroxine substitution. The control group 
had excluded the occurrence of thyroid diseases on the 
basis of laboratory tests. Their level of hormones respon-
sible for the proper functioning of the thyroid gland 
were normal. Women belonging to the control group 
did not suffer from any autoimmune disease or chronic 
inflammation. 

The respondents agreed to participate in the study 
and were informed about the voluntary nature, aims, 
benefits, and course of the study. The study was con-
ducted according to the Declaration of Helsinki and 
the National Statement and Human Research Ethics 
Guidelines, and was approved by the IRB (Institute for 
Research in Biomedicine) at the Poznan University of 
Medical Sciences (2013-05-10; Ethics Approval Number: 
302/13).

preparatiOn Of blOOd samples  
fOr analysis
The participants were asked to stop supplementa-

tion that could potentially affect the result. They were 
asked not to do physical activity during the day before 
the examination. Blood samples were taken from the 
ulnar vein using an S-Monovette syringe (SARSTEDT, 
Nümbrecht, Germany) then placed in tubes containing 
a clot activator and centrifuged (1500 g, 4°C, 4 minutes) 
to separate the serum. (Universal 320R; Hettich Lab 
Technology, Tuttlingen, Germany). Samples were fro-
zen and stored at –80°C until analysis (U410, Ultra Low 
Temperature Freezer, New Brunswick Scientific, USA).

determinatiOn Of il-1ss, il-6, and tnf-α  
in blOOd serum
The concentrations of IL-1β, IL-6, and TNF-α were 

measured with the use of the ELISA immunoenzymatic 
method (DRG International, Inc., USA). The sensitivity 
of the ELISA kits was as follows: 0.35 pg/ml, 0.2 pg/ml, 
and 0.7 pg/ml. The intra- and inter-assay coefficients of 
variation (CVs) were less than 10%. The samples were 
read using a Synergy 2 SIAFRT multi-detection micro-
plate reader from BioTek (USA) at the manufacturer’s 
recommended wavelength.

statistical analysis
All data are presented as means and standard devi-

ations (SD). The normality of the distribution was test-
ed by the Shapiro-Wilk test. Differences between vari-
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ables (for variables with non-normal distribution) were 
examined using the Mann-Whitney U  test. Spearman 
rank analysis was used to calculate the correlation coef-
ficients. The level of statistical significance was set at  
p < 0.05. Dell Inc. software was used for statistical analy- 
sis (2016) Dell Statistica 13 (Tulsa, Oklahoma, USA).

results
The results of anthropometric measurements of par-

ticipants can be found in Table 1. The examined groups 
did not differ significantly in terms of weight, body 
height, and BMI. Women with Hashimoto’s thyroiditis 
(HT) were characterised by a  significantly higher con-
centration of IL-1β and IL-6 in the blood and an insig-
nificantly higher concentration of TNF-α (Table 1), 
compared to the control group. Correlation analysis of 
blood biochemical results obtained from both groups 
showed a significant relationship between IL-1β and IL-6  
(r = 0.4696, p < 0.0001), IL-1β and TNF-α (r = 0.2969, 
p < 0.05), and IL-6 and TNF-α (r = 0.3126, p < 0.01). 
A  significant relationship between IL-6 and TNF-α at 
the level r = 0.4844, p < 0.01 was demonstrated only in 
the group of healthy women, and in the group of wom-
en with Hashimoto’s disease a  significant relationship 
between age and IL-6 blood concentration (r = –0.3191, 
p < 0.05) was shown.

dIscussIon
HT is a  very common organ-specific autoimmune 

disease, characterised by the presence of circulating thy-
roid antibodies and infiltration by autoreactive lympho-
cytes of the thyroid gland. It is still not completely clear 
how HT is formed. It seems to be the result of interaction 
between environmental factors and genetic susceptibility, 
which both lead to the breakdown of natural self-antigen 
tolerance and to an increased activity of autoreactive lym-
phocytes and immunoglobulins. This study focuses on 
comparing the concentration of selected proinflammato-
ry cytokines (IL-1β, IL-6, and TNF-α) in people with HT 
compared to healthy people. The introduction mentions 

that cytokines such as IL-1β, IL-6, and TNF-α stimulate 
inflammation and autoimmunity, due to stimulation of 
T and B lymphocytes, causing the production of antibod-
ies and damage to thyroid tissue through cell death [6] .

In autoimmune thyroid diseases both Th1 and Th2 
cells play an important role in the immune response of 
the system. The Th1 cells produce pro-inflammatory 
cytokines: IL-1β, IL-2, TNF-α, and IFN-γ. However, the 
Th2 response with IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13 
production also occurs. Cytokines produced by both Th1 
and Th2 cells have an inhibitory effect on each other. Th1 
is involved in the inflammation and cellular immune 
response, while Th2 is a stimulator of antibody produc-
tion, participates in the humoral immune response, and 
also promotes allergic and immune responses [1].

In this study, it was shown that women with HT, 
compared to the control group, had significantly higher 
levels of IL-1β and IL-6 in the blood, and insignificantly 
higher levels of TNF-α. IL-6 can have pro-inflammato-
ry and anti-inflammatory effects. Its anti-inflammatory 
effect is due to its ability to inhibit the inflammatory 
response by reducing the synthesis of TNF-α and IL-1β 
and affecting chemokine expression. On the other hand, 
TNF-α and IL-1β are markers that cause a  significant 
increase in the expression of IL-6, as well as other cyto-
kines from its family [7]. In acute inflammation, the role 
of IL-6 is to reduce the inflammatory response; however, 
in chronic inflammation, it mainly has pro-inflammatory 
properties. This may explain its higher rate in our study 
because HT is associated with chronic thyroid inflam-
mation. Other authors also confirm that in autoimmune 
thyroid diseases there is an increased concentration of 
IL-6, which is produced by thyroid follicular cells [8-10]. 
Studies of the Indian, Chinese, and Japanese populations 
have shown that some polymorphisms within cytokine 
genes such as IFN-γ, IL-6, or TNF have a positive cor-
relation with the development of HT [11-13]. We did not 
assess polymorphisms, but the higher concentrations of 
selected cytokines may indicate that the genetic factors 
responsible for their production are of great importance 

table 1. Anthropometric characteristics of the studied women and the average concentration of pro-inflammatory blood 
indicators tested

characteristics Hashimoto’s thyroiditis women
(n = 41)

control group 
(n = 30)

p-value

Age (years) 40.0 (32.0-49.0) 41.0 (34.0-55.0) NS

Body weight (kg) 61.0 (55.0-70.0) 64.5 (58.0-72.0) NS

Body height (cm) 169.0 (164.0-172.0) 168.0 (163.0-170.0) NS

BMI (kg/m2) 23.2 (19.3-24.7) 22.1 (20.4-26.3) NS

IL-1β (pg/ml) 3.1 (1.8-4.9) 1.0 (0.1- 1.9) < 0.001

IL-6 (pg/ml) 12.1 (6.7-19.4) 3.8 (2.5-6.7) < 0.001

TNF-α (pg/ml) 3.4 (2.0-4.4) 2.2 (1.2-3.4) NS
Results are expressed as median (interquartile range). The significance tests used are the Mann-Whitney U test for non-normally distributed 
variables. NS – not statistically significant
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in Hashimoto’s disease. This has also been suggested by 
other Polish researchers [14].

IL-1β is released by peripheral blood monocytes, stim-
ulates T lymphocytes to synthesize other proinflammatory 
cytokines, and affects the proliferation and differentiation 
of B lymphocytes. In addition, it stimulates the release of 
growth and chemotactic factors, inducing the migration of 
phage cells and promoting local inflammation. By increas-
ing body temperature, it works systemically and increases 
the production of acute-phase proteins [15].

TNF-α is an acute phase protein that initiates a cyto-
kine cascade, increasing vascular permeability, and it plays 
a role in inflammatory and immune responses. As a result 
of stimulation by other cytokines, e.g. IL-1β, TNF-α is 
also directly released [16]. Lei et al. assessed the level of 
selected proinflammatory factors in people with thyroid 
autoimmune diseases, euthyreosis, and hypofunction, 
compared to healthy people. They proved that TNF-α 
levels were higher for people with hypothyroidism com-
pared to people with levelled thyroid hormones. Interest-
ingly, this concentration showed a decreasing relationship 
for hypothyroidism and euthyreosis in the group of sick 
people and among healthy people [17]. Results from as 
early as the 1990s suggested that TNF-α is present in the 
thyroid tissue of its various diseases. Also, thyroid-derived 
lymphocytes are potential producers of TNF-α, which can 
locally affect thyroid function [18].

Cytokines such as IL-1β, TNF-α, and IL-6 play a key 
role in modulating the immune response in an autoim-
mune disorder and are therefore considered as markers 
of hypothyroidism [19].

conclusIons
A  statistically significantly higher concentration 

of proinflammatory cytokines IL-1β and IL-6, and 
a  non-statistically significantly higher concentration of 
TNF-α was found among participants with HT com-
pared to healthy controls.
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