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Summary

Background: Hashimoto’s thyroiditis (HT) is an autoimmu-
ne disorder affecting the thyroid gland and may present as
goiter or atrophic thyroiditis that may result in various
metabolic and inflammatory disorders. The aim of this
study is to determine the changes in serum levels of inter-
leukin-17 (IL-17), IL-23, neopterin, and nesfatin-1 para-
meters in HT patients and to evaluate the possible relati-
onship among these parameters.
Methods: 90 HT patients and 30 healthy individuals were
included in this study. Demographic data of the patients
included in the study were recorded and detailed physical
examinations were performed. IL-17, IL-23, neopterin, and
nesfatin-1 levels were measured in the serum samples of
the participants by the ELISA method.
Results: Serum IL-17, IL-23, neopterin, levels were signifi-
cantly higher and nesfatin-1 levels were significantly lower
in the HT group compared to the control group.
Statistically significant differences were observed between
all the groups except euthyroid HT versus HT treated with
levothyroxine for nesfatin-1 at the 0.05 level.
Conclusion: IL-17, IL-23, and neopterin were involved in
the etiopathogenesis of HT. Weight gain in HT may due to
low nesfatin-1 level rather than throid hormone deficiency.
These variables could be used as potential biomarkers in
the diagnosis, prognosis and fellow up of HT disease.

Keywords: Hashimoto’s thyroiditis, Interleukin-17,
Interleukin-23, Nesfatin-1, Neopetrin

Kratak sadr`aj

Uvod: Ha{imotov tiroiditis (HT) je autoimuni poreme}aj
koji uti~e na {titnu `lezdu i mo`e se manifestovati kao stru-
ma ili atrofi~ni tiroiditis koji mo`e dovesti do razli~itih meta -
boli~kih i inflamatornih poreme}aja. Cilj ovog istra`ivanja je
da se utvrde promene u serumskim vrednostima parame ta -
ra interleukina-17 (IL-17), IL-23, neopterina i nesfatina-1
kod pacijenata sa HT i da se proceni mogu}a povezanost
ovih parametara.
Metode: U ovu studiju je uklju~eno 90 pacijenata sa HT i
30 zdravih osoba. Snimani su demografski podaci pacije-
nata uklju~enih u studiju i obavljeni su detaljni fizi~ki pre-
gledi. Nivoi IL-17, IL-23, neopterina i nesfatina-1 mereni
su u uzorcima seruma u~esnika ELISA metodom.
Rezultati: Serumski IL-17, IL-23, neopterin, nivoi su bili
zna~ajno vi{i i nivoi nesfatina-1 su bili zna~ajno ni`i u HT
grupi u pore|enju sa kontrolnom grupom. Uo~ene su
statisti~ki zna~ajne razlike izme|u svih grupa osim
eutireoidnog HT u odnosu na HT le~enih levotiroksinom za
nesfatin-1 na nivou od 0,05.
Zaklju~ak: IL-17, IL-23 i neopterin su bili uklju~eni u
etiopatogenezu HT. Pove}anje telesne te`ine kod HT mo`e
biti posledica niskog nivoa nesfatina-1, a ne nedostatka
hormona {titne `lezde. Ove varijable se mogu koristiti kao
potencijalni biomarkeri u dijagnozi, prognozi i pra}enju HT
bolesti.

Klju~ne re~i: Hashimoto tireoiditis, interlekin-17, inter-
leukin-23, nesfatin-1, neopterin
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Introduction 

Hashimoto’s thyroiditis (HT) is one of the most
common and organ-specific autoimmune diseases
and it’s caused by the loss of immune tolerance of the
thyroid gland (1). It is characterized by the presence
of thyroid autoantibodies such as thyroid peroxidase
antibodies (TPO-Ab) and thyroglobulin antibodies
(TG-Ab), which cause destruction of thyroid tissues
leading to varying degrees of thyroid dysfunction (2,
3). The actual pathogenesis is still unclear although
genetic, hormonal and environmental factors are
involved in the pathology of HT (4). The most accept-
ed theory of HT disease progression is the impaired
immune response theory HT. The dysfunction of
Suppressor-T lymphocytes leads to the production of
thyroid tissue-specific autoantibodies from B cells
stimulated by T-helper lymphocytes, and ultimately
causes damage to thyroid cells (4, 5). Untreated HT
patients can lead to the development of papillary thy-
roid cancer and thyroid carcinoma (2, 6). HT is also
one of the factors leading to the development of
hypertension, cardiovascular diseases, dyslipidemia,
obesity, insulin resistance and depression (7–9). 

Identification of a new subtype of T helper cells
producing the IL-17 modified model of the Th1-Th2
paradigm and termed Th17 cells. The latter have high
ability to stimulate acute and chronic inflammation
making them an important role in the development of
autoimmune disorders (10). Numerous publications
based on animal and human models confirm their
important roles in the pathogenesis of human systemic
and organ-specific autoimmune diseases (11).

IL-23 is an inflammatory cytokine and has been
found to be essential for disease development in var-
ious autoimmune disease models (12). It has been
reported that increased serum levels of IL-23 in HT
patients play a role in the development of HT by stim-
ulating Th17 cell differentiation and IL-17 secretion
(13). A study has found that thyroid follicular cells
from HT patients secrete high levels of IL-23, which
contributes to autophagy suppression and neopterin
accumulation (14).

Neopterin is produced by macrophages and
responsible for activation the cellular immune
response (15, 16). It is a well-known marker of
immune activation with high concentrations seen in
many inflammatory conditions, including infections,
autoimmune disorders and cancer (16–18). In
humans, neopterin is known as a sensitive marker for
infectious diseases associated with increased activity
of the cellular immune system (19). In one study it is
found that serum neopterin levels are associated with
COVID 19 disease activity and can be prognostic bio-
marker for its severity (20).

Nesfatin-1 is a  neuropeptide  produced in
the hypothalamus and suppresses hunger feeding
and increases insulin secretion from pancreatic beta

islet cells. Therefore, nesfatin-1 has attracted atten-
tion as a new therapeutic agent in the treatment of
obesity and diabetes mellitus, especially in thyroid dis-
eases (21–23). 

Since IL-17 and IL-23 are inflammatory cyto -
kines, high concentrations of these markers are
thought to be associated with the severity of HT and
the progression of the disease, based on the autoim-
mune association between thyroid hormones, TPO,
nesfatin-1 and neopterin. This study reveals whether
these biomarkers can be used in patients with HT.
Since HT remains a common disease with unknown
pathogenesis, we aimed to determine the levels of
these biomarkers in serum samples of patients with HT.

Materials and Methods

Patients and control subjects

A total of 120 people, 90 patients who were
diagnosed with HT by the Department of Internal
Medicine, Harran University Faculty of Medicine, and
30 healthy people were participated in our study.
Demographic data of the patients included in the
study were recorded and detailed physical examina-
tions were performed. The study was approved by the
scientific ethics research coordinatorship of Harran
University with the protocol number HRU/21.06.35
dated 15.03.2021.

The patients included in our study were divided
into three groups. The first group consisted of 30
newly diagnosed patients (20 men and 10 women)
who had never been treated for HT. The mean age of
these patients was 36.75±11.93 years. The second
group consisted of 30 patients (8 males and 22
females) diagnosed with euthyroid HT and not treat-
ed with thyroid hormones before. The mean age of
the patients was determined as 33.14±9.35 years. In
the third group, there were 30 HT patients (9 men
and 21 women) who were treated with levothyroxine,
their mean age was 35.48±11.64 years. In addition,
a healthy control group was formed with 30 individu-
als (12 men and 18 women) who did not have any
autoimmune and chronic diseases. The mean age of
these individuals was 39.00±8.46 years.

Biochemistry analyzes

Thyroid stimulating hormone (TSH), free T3
(FT3; tri-iodothyronine), free T4 (FT4; thyroxine), thy-
roid peroxidase antibody (anti-Tpo), thyroglobulin
antibody (anti-Tg), neopterin, nesfatin-1, IL-17 and
IL-23 levels were measured in the serum samples of
the participants.

Venous blood was drawn for laboratory tests
after 8-12 hours of fasting for each participant.
Measurements of the parameters from serum sam-
ples were determined by using Atellica (Elabscience
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Biotechnology, USA) instrument. Analyses were per-
formed according to the manufacturers’ instructions
for each ELISA kit. Optical density was read at 450
nm. The cutoff value of each assay was calculated
according to the manufacturer’s instructions.

Statistical Analysis

Statistical analyses were carried out using the
SPSS software 26.0 and Minitab 20.3. (IBM,
Armonk, NY, USA). Descriptive statistics were provid-
ed as min, max, and meanstandard deviation. The
Shapiro-Wilk test was preferred to check normality.
Levene’s test was used to determine if the samples
have equal variances. The Welch’s test for one-way
ANOVA combined with the Games-Howell multiple
comparison post-hoc test to perform pairwise compa -
risons across different groups was used. Cor relations
among variables were determined using Pearson cor-
relation. The values which are greater than 0.05 were
considered not statistically significant.

Results

The serum TSH, FT3, FT4, anti TPO, anti TG,
neopterin, nesfatin-1, IL-17 and IL-23 levels of 120
individuals participating in the study are shown in
Table I. The age and gender distributions between the
groups were similar (p=0.557) and (p=0.075) res -
pectively.

Cytokine quantification

Compared to the control group (30.73±4.63),
IL-17 levels were found to be higher (p<0.001) in the
hypothyroidism HT, euthyroid HT, and HT patients
treated with levothyroxine groups (187.53±46.60,
51.22±12.95, and 75.98±7.15, respectively). Like -
wise, IL-23 levels were found to be higher in hypothy-
roidism HT (44.46±8.40 pg/mL) than the control
group, euthyroid HT and HT patients treated with
levothyroxine groups (3.93±2.29 pg/mL, 30.12±
6.43 pg/mL, 17.62±5.75 pg/mL respectively)
(p<0.001) (Table I). 

Table I Clinical characteristics of HT patient and control groups*.

* The number of subjects in each group is 30

Variables Hypothyroidism Euthyroid HT

Min Max ⎯x±SD Min Max ⎯x±SD

Age (Year) 19.00 61.00 36.75±11.93 19.00 55.00 33.14±9.36

Neopterin (nmol/L) 18.43 24.65 21.49±1.76 7.53 12.74 10.49±1.36

Nesfatin-1 (nmol/L) 81.03 161.35 116.03±19.73 150.85 250.58 205.57±24.00

IL-17 (pg/mL) 10.,45 291.39 187.53±46.60 27.34 84.56 51.22±12.96

IL-23 (pg/mL) 30.04 64.41 44.46±8.40 21.23 42.15 30.12±6.43

TSH (mU/L) 5.46 19.00 11.37±2.88 0.97 4.10 2.42±0.90

FT3 (pmol/L) 1.49 3.03 2.15±0.40 4.11 4.93 4.58±0.18

FT4 (nmol/L) 0.05 3.22 0.75±0.60 1.08 2.93 1.68±0.50

Anti-Tpo (U/mL) 600.00 1450.00 775.59±176.75 154.67 565.00 301.62±87.18

Anti-Tg (U/mL) 290.00 490.00 356.58±39.51 200.00 388.00 298.14±33.76

Variables HT treated with levothyroxine Healthy control group 

Min Max ⎯x±SD Min Max ⎯x±SD

Age (Year) 19.00 61.00 35.48±11.64 21.00 54.00 39.00±8.46

Neopterin (nmol/L) 7.51 12.03 9.37±1.21 2.90 6.94 4.74±1.16

Nesfatin-1 (nmol/L) 161.07 228.08 201.42±17.51 280.63 953.08 548.46±143.03

IL-17 (pg/mL) 62.54 89.65 75.98±7.15 23.25 39.79 30.73±4.63

IL-23 (pg/mL) 11.23 32.43 17.62±5.75 1.54 11.36 3.93±2.29

TSH (mU/L) 0.67 3.70 2.33±0.77 0.97 3.56 2.38±0.65

FT3 (pmol/L) 4.44 4.77 4.57±0.09 4.45 5.28 4.94±0.21

FT4 (nmol/L) 1.13 2.28 1.88±0.34 1.36 2.16 1.74±0.23

Anti-Tpo (U/mL) 86.34 397.05 182.96±85.71 21.00 54.00 29.23±7.58

Anti-Tg (U/mL) 70.00 116.00 88.14±8.64 1.20 7.50 2.42±1.65



Neopterin and Nesfatin-1 levels

Similaly, serum neopterin levels were found to be
significantly high in hypothyroidism HT (p 0.001) but
its levels in controls, euthyroid HT and HT patients
treated with levothyroxine groups were as follows:
(21.491.76 nmol/L 4.741.16 nmol/L, 10.491.36
nmol/L, 9.371.21 nmol/L respectively) Significantly
lowest level of nesfatin-1 was found in HT whereas its
levels in controls, euthyroid HT and HT patients treat-
ed with levothyroxine and hypothyroidism HT, groups
were (548.46143.03 nmol/L, 205.5724.00 nmol/L,
201.4217.51 nmol/L 116.0319.73, nmol/L respec-
tively) (p<0.001, Table I).

Patients with high TSH levels were divided into
three groups according to their symptoms and free
T3 and free T4 levels. Newly diagnosed HT with
hypothyroidism; TSH levels were above normal >10
mIU/L, and TPO and TG antibodies were positive.

Patients with subclinical hypothyroidism (euthyroid)
HT and thyroid replacement therapy with levothyro -
xine, have normal TSH levels (<10 mIU/L), and TPO
and TG antibodies are negative in these two groups
of patients (Table I).

The Welch’s ANOVA test revealed statistically
significant differences between the four groups’
means for neopterin, nesfatin, IL-17, and IL-23.
(Neopterin - F (3, 64.16) = 650.9, p < 0.001; nes-
fatin - F (3, 62.55) = 195.55, p < 0.001, IL-17 - F
(3, 58.38) = 369.96, p < 0.001, IL-23- F (3, 56.42)
= 353.26, p < 0.001), indicating that the average
hormone values measured in groups were not equal. 

The Games-Howell Post-Hoc analysis results
were presented in Table II. The test yielded mean
decreases in neopterin values from hypothyroidism,
newly diagnosed HT to other groups, euthyroid HT,
HT treated with levothyroxine, and healthy control
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Table II The Games-Howell Post Hoc analysis results.

* The mean difference is significant at the 0.05 level.

Variable (I) group (J) group Mean Difference 
(I-J) Std. Error p value

Neopterin

Healthy control
group

Euthyroid HT 11.00* 0.40 0.00

HT treated with levothyroxine 12.12* 0.38 0.00

Hypothyroidism, newly diagnosed HT 16.75* 0.38 0.00

Euthyroid HT
HT treated with levothyroxine 1.11* 0.34 0.01

Hypothyroidism, newly diagnosed HT 5.75* 0.33 0.00

HT treated with Hypothyroidism, newly diagnosed HT 4.63* 0.31 0.00

Nesfatin-1

Healthy control
group

Euthyroid HT 342.89* 25.67 0.00

HT treated with levothyroxine 347.04* 25.49 0.00

Hypothyroidism, newly diagnosed HT 432.44* 25.54 0.00

Euthyroid HT
HT treated with levothyroxine 4.15 5.52 0.88

Hypothyroidism, newly diagnosed HT 89.55* 5.73 0.00

HT treated with Hypothyroidism, newly diagnosed HT 85.40* 4.85 0.00

IL-17

Healthy control
group

Euthyroid HT 136.31* 8.58 0.00

HT treated with levothyroxine 111.54* 8.34 0.00

Hypothyroidism, newly diagnosed HT 156.79* 8.28 0.00

Euthyroid HT
HT treated with levothyroxine -24.77* 2.75 0.00

Hypothyroidism, newly diagnosed HT 20.48* 2.55 0.00

HT treated with Hypothyroidism, newly diagnosed HT 45.25* 1.57 0.00

IL-23

Healthy control
group

Euthyroid HT 14.34* 1.91 0.00

HT treated with levothyroxine 26.84* 1.83 0.00

Hypothyroidism, newly diagnosed HT 40.53* 1.54 0.00

Euthyroid HT
HT treated with levothyroxine 12.49* 1.60 0.00

Hypothyroidism, newly diagnosed HT 26.19* 1.26 0.00

HT treated with
levothyroxine Hypothyroidism, newly diagnosed HT 13.69* 1.15 0.00
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Table III Pearson correlation coefficients of parameters based on four groups.

Neopterin Nesfatin-1 IL-17 IL-23 TSH FT3 FT4 Anti-TPO Anti-TG Groups

N
eo

pt
er

in

-0.236
(0.193)

-0.049
(0.790)

-0.258
(0.155)

-0.175
(0.337)

0.215
(0.237)

0.181
(0.322)

-0.105
(0.566)

-0.174
(0.341) Healthy control 

-0.022
(0.911)

0.148
(0.445)

0.052
(0.788)

-0.283
(0.137)

0.032
(0.869)

-0.002
(0.991)

-0.035
(0.859)

-0.229
(0.232) Euthyroid HT

0.134
(0.488)

-0.060
(0.756)

-0.107
(0.582)

0.278
(0.145)

0.110
(0.571)

0.027
(0.888)

0.413*
(0.026)

-0.241
(0.207)

HT treated with
levothyroxine

0.427*
(0.019)

0.236
(0.209)

0.063
(0.743)

-0.294
(0.114)

0.134
(0.479)

0.214
(0.257)

0.081
(0.671)

-0.282
(0.131) Hypothyroidism

N
es

fa
tin

-1

0.332
(0.063)

0.236
(0.193)

0.100
(0.585)

0.293
(0.103)

-0.245
(0.177)

0.179
(0.327)

-0.195
(0.285) Healthy control 

0.311
(0.101)

0.031
(0.874)

-0.044
(0.822)

-0.229
(0.231)

-0.128
(0.507)

-0.028
(0.885)

-0.184
(0.340) Euthyroid HT

0.181
(0.348)

-0.180
(0.350)

-0.079
(0.684)

-0.287
(0.131)

-0.220
(0.253)

0.179
(0.354)

0.118
(0.541) 

HT treated with
levothyroxine

-0.022
(0.910)

-0.038
(0.842)

-0.291
(0.119)

0.092
(0.627)

0.203
(0.283)

0.146
(0.441)

-0.210
(0.266) Hypothyroidism

IL
-1

7

0.288
(0.111)

0.257
(0.155)

0.087
(0.635)

0.212
(0.243)

-0.211
(0.246)

-0.107
(0.559) Healthy control

-0.044
(0.822)

-0.426*
(0.021)

-0.301
(0.112)

-0.346
(0.066)

0.036
(0.853)

-0.275
(0.149) Euthyroid HT

0.209
(0.276)

-0.085
(0.661)

-0.099
(0.608)

0.116
(0.550)

-0.153
(0.428)

-0.075
(0.700)

HT treated with
levothyroxine

0.131
(0.492)

0.057
(0.766)

-0.284
(0.128)

0.253
(0.178)

0.193
(0.306)

0.040 
(0.834) Hypothyroidism

IL
 -

23

0.104
(0.570)

-0.024
(0.895)

-0.299
(0.097)

-0.183
(0.316)

-0.170
(0.353) Healthy control 

-0.031
(0.871)

-0.035
(0.857)

-0.035
(0.856)

-0.177
(0.357)

0.136 
(0.483) Euthyroid HT

-0.051
(0.794)

-0.043
(0.826)

-0.105
(0.588)

-0.361
(0.055)

0.015 
(0.937)

HT treated with
levothyroxine

0.192
(0.310)

0.007
(0.972)

-0.052
(0.784)

0.165
(0.383)

0.391*
(0.033) Hypothyroidism

TS
H

0.065
(0.722)

0.264
(0.144)

-0.062
(0.736)

0.065
(0.725) Healthy control 

-0.031
(0.872)

0.257
(0.179)

0.215
(0.263)

0.183
(0.341) Euthyroid HT

0.246
(0.198)

0.053
(0.783)

0.519**
(0.004)

0.069
(0.724)

HT treated with
levothyroxine

0.154
(0.416)

-0.127
(0.504)

-0.064
(0.737)

0.484**
(0.007) Hypothyroidism

FT
3

-0.093
(0.613)

0.153
(0.404)

-0.132
(0.471) Healthy control 

0.302
(0.111)

-0.141
(0.465)

0.124
(0.521) Euthyroid HT

0.273
(0.151)

0.201
(0.296)

-0.070
(0.716)

HT treated with
levothyroxine

-0.300
(0.108)

0.220
(0.242)

0.236
(0.209) Hypothyroidism

FT
4

-0.241
(0.184)

-0.045
(0.805) Healthy control 

0.361
(0.054)

0.345
(0.067) Euthyroid HT

-0.119
(0.538)

-0.095
(0.625)

HT treated with
levothyroxine

0.028
(0.881)

0.088
(0.643) Hypothyroidism

A
nt

i-T
PO

0.154
(0.399) Healthy control 

0.106
(0.584) Euthyroid HT

-0.070
(0.720)

HT treated with
levothyroxine

0.098
(0.608) Hypothyroidism
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group those were statistically significant (=0.00,
=0.00, and =0.00), respectively. The test also pro-
vided mean decreases in terms of neopterin from
euthyroid HT to other two groups, HT treated with
levothyroxine, and healthy control group those were
statistically significant (=0.00, and =0.00), respec-
tively. An analysis of the means in HT treated with
levothyroxine group and healthy control group were
also significantly different as well (=0.00). The
decrease in neopterin values between groups is also
valid for other variables nesfatin-1, IL-17 and IL-23.
Although the values of nesfatin-1 continued to
decrease from euthyroid HT group to HT treated with
levothyroxine group, they were not found statistically
different (=0.88). 

Our study showed that both serum levels of IL-
23 and IL-17 were significantly increased in HT
patients with newly diagnosed HT hypothyroid
patients, euthyroid HT patients, and HT treated with
levothyroxine patients respectively compared to the
healthy control group.

The correlations between parameters

Variables including neopterin, nesfatin-1, IL-17,
IL-23, TSH, FT3, FT4, Anti-TPO, and Anti-TG were
recruited into correlation analysis based on each
group. Correlations of all variables were determined
using Pearson correlation. No statistically significant
correlation was found between any of these variables
in the hypothyroidism group. The correlation coeffi-
cient between interleukin-17 and TSH was about r=-

0.426 (p=0.021) indicating that there was a moder-
ate negative correlation in the euthyroid HT group.
The correlation coefficient between neopterin and
anti-TPO was about r=0.413 (p=0.026) indicating
that there was a moderate positive correlation in the
HT treated with levothyroxine group. In the same
group, correlation coefficient between TSH and anti-
TPO was also found significant r=0.519 (p=0.004).
In the healthy control group, three statistically sig ni -
ficant correlations were found. First correlation was
between neopterin and nesfatin-1, r=0.427 (p=0.019)
indicating that there was a moderate positive, as
neopterin increases nesfatin-1 increases. Second cor-
relation was between interleukin-23 and anti-TG,
r=0.391 (p=0.033). Third correlation was between
TSH and anti-TG, r=0.484 (p=0.007), Table III.

The relationship between neopterin and nes-
fatin-1 in the healthy control group shown in Figure 1. 

Discussion

HT is a chronic autoimmune disease with a
complex and heterogeneous course that primarily
causes destruction and dysfunction of the thyroid
gland (5). Our study shows that both serum levels of
IL-23 and IL-17 are significantly increased in HT
patients with newly diagnosed HT hypothyroid
patients, euthyroid HT patients, and HT treated with
levothyroxine patients respectively compared to the
healthy control group.

In HT, accumulation of lymphocytes in the thy-
roid gland eventually leads to thyroid fibrosis and
gradual tissue destruction (5, 7, 24). While the dis-
ease affects 2% of the general population, with a
trend of increasing prevalence, women are five to ten
times more likely to be affected (5, 24).

Recently, it has been suggested that Th3 and
Th17 cells play an important role in the pathogenesis
of chronic inflammatory diseases, including HT,
chronic obstructive pulmonary disease (COPD), dia-
betes, and rheumatoid disease (10, 11, 25–27). IL-
23 is pro-inflammatory cytokine produced by
macrophages and dendritic cells and responsible for
many of the inflammatory autoimmune diseases
(24, 28, 29). Lymphoid cells secrete IL-17 cytokines
upon IL-23 stimulation on them leading to enhanced
expansion of T helper type 17 cells (30, 31).
Increased levels of IL-23 in HT lead to prolonged and
high differentiation and proliferation of Th17 cells
and increased inflammation (29). These results sug-
gest that IL-17 and IL-23 expression is increased
under HT conditions and may play a role in the in its
pathogenesis.

In our study, the increase in serum IL-23 levels
in all three HT patient groups reflects that this IL-23
has a role not only in the initiation of pathogenic
processes but also in the maintenance of autoim-
mune inflammation. The correlation established

Figure 1 Scatterplot of Nesfatin-1 vs Neopterin for four
groups.
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between IL-17 and IL-23 for euthyroid patients con-
firms the positive association between these two
cytokines and their involvement in disease onset. Our
results showed significant differences in serum levels
of IL-17 between healthy control and all HT patients.
It decreased in patients with hypothyroid HT, which
increased during treatment with levothyroxine, sug-
gesting that IL-17 levels may be affected by hypothy-
roidism. Decreased IL-17 levels in hypothyroidism
may be associated with depression of humoral and
cell-mediated immunity in this functional state. These
changes in serum levels of IL-17 were developed on
the basis of general immune disorders found in the
Th17 pathway in HT (25, 27, 30). Taking into
account other groups of HT patients, a significant
increase in IL-17 and IL-23 levels was found in these
patients (Table II). IL-17 significantly intensifies the
local inflammatory process by inducing T cell prolifer-
ation and B-lymphocyte differentiation (30, 31). High
IL-17 levels in hyperthyroidism affect the immune sys-
tem and increase IL-23 levels. On the other hand, the
use of levothyroxine in hyperthyroidism reduces IL-17
levels (32). It has been shown that thyroxine suppres-
sion therapy used in hypothyroid patients affects the
cellular immune reaction by increasing the levels of
IL-17, soluble IL-23, and natural killer cells (14). The
results of above studies were found to be compatible
with the results of ours.

It is well known that neopterin is proinflamma -
tory marker synthesized by macrophages upon stimu-
lation with gamma interferon-gamma and is indica-
tive of cellular immune system activation. Levels of
neopterin are elevated in conditions which has an
immunological component such as autoimmune dis-
ease, viral and bacterial infections and malignancy
(16, 33). Neopterin levels in our study; It was found
to be 21.491.76 nmol/L in HT patients, 10.491.36
nmol/L in euthyroid patients, 9.371.21 nmol/L in
patients after treatment, and 4.741.16 nmol/L in the
control group. Serum neopterin, was produced in
greater amounts in HT and it seems to be a valid bio-
logical marker supporting the presence of HT. This
situation has been attributed to the cellular immune
system activation (17). Recent study on Subacute thy-
roiditis although there is an inflammatory disorder
and here is an increase in cytotoxic T cells in the thy-
roid gland but neopterin level was decreased (34). In
our study, serum neopterin levels in HT patients were
significantly increased when compared to controls.
However, our findings are in agreement with other
studies in which increased serum neopterin level was
observed in HT (18, 35).

Nesfatin-1 is satiety molecule produced in hypo-
thalamus. It participates in the regulation of appetite
and hunger (36). It is involved in thyroid dysfunction
body mass is reduced in hyperthyroidism whereas it is
increased in hypothyroidism (23, 37). It was found
that dysfunction of thyroid hormones may effect food
intake and weight (38). In a study by Sawicka and

Bossowski (22) showed that nesfatin-1 level was lower
in subclinical hypothyroidism in HT and increased
after l-thyroxine treatment. In our study, nesfatin-1
levels were variable in HT patients, the greatest value
in clinically apparent ones and lower in subclinical
hypothyroidism HT patients. In both groups the val-
ues were even lower. It has been suggested that thy-
roid hormones play significant role in the regulation
the amount of nesfatin-1 secretion which in turn reg-
ulate the food intake and appetite. In our study, the
levels of nesfatin-1 were found to be higher in
hypothyroidism HT patients compared to the control
group, while its levels were decreased in the HT treat-
ed with levothyroxine HT group. It was observed that
nesfatin-1 decreased in patients with euthyroid HT.
These results show that nesfatin-1 plays an important
role in the body’s metabolic control mechanisms and
can be used as a potential therapeutic agent in meta-
bolic disorders, especially in HT patients having over-
weight (21–23). We also think that the typical
immune system disorder in such patients may have a
role. A considerable number of people have positive
TPO but with undiagnosed thyroid dysfunction (39).
Thus the measurement of the studied parameters
may be helpful from diagnostic and prognostic point
of view. It was reported that a monoclonal antibody
directed against IL-23 have potential therapeutic
effect on autoimmune disease by blocking IL-23 and
indirectly affecting the production of IL-17 (27, 33).
Further studies are needed to determine antagonistic
effect of such antibodies in treatment of HT. 

Conclusion

Our results suggest that the role of IL-23, IL-17
axis may play a role in the etiopathogenesis and
development of HT in all stages of the disease as
cause or effect. Moreover, our data show that the
importance of IL-23 is more pronounced than IL 17
in the development and severity of HT. Increased
neopterin production is also associated with HT and
its levels correlate with the extent and the activity of
the disease. Nesfatin-1 causes satiety. People with
underactive thyroid gland would gain weight, and we
always attribute this to slowing down of metabolism.
Weight gain in this period may be related to increased
appetite and may be due to low nesfatin-1 levels in
these patients. This shows us that patients with
Hashimoto’s thyroiditis are prone to obesity even if
thyroid hormones do not decrease. Second, even if
we correct the patient’s hormones, nesfatin-1
remains low compared to the health for these purpos-
es. Further studies with better design are needed to
be done on this subject.

Author contributions

All authors contributed to the writing of the ini-
tial draft. NB contributed to the discussion and



J Med Biochem 2023; 42 (3) 467

References

1. Antonelli A, Ferrari SM, Corrado A, Di Domenicantonio
A, and Fallahi P. Autoimmune thyroid disorders.
Autoimmun Rev 2015; 14:174–80. 

2. Hu X, Wang X, Liang Y, Chen X, Zhou S, Fei W, et al.
Cancer Risk in Hashimoto’s Thyroiditis: a Systematic
Review and Meta-Analysis. Front Endocrinol (Lausanne)
2022; 13: 1453. 

3. Zheng L, Dou X, Song H, Wang P, Qu W, and Zheng X.
Bioinformatics analysis of key genes and pathways in
Hashimoto thyroiditis tissues. Biosci Rep 2020; 40. 

4. Ralli M, Angeletti D, Fiore M, D’Aguanno V, Lambiase A,
Artico M, et al. Hashimoto’s thyroiditis: An update on
pathogenic mechanisms, diagnostic protocols, therapeu-
tic strategies, and potential malignant transformation.
Autoimmun Rev 2020; 19: 102649. 

5. Weetman AP. An update on the pathogenesis of
Hashimoto’s thyroiditis. J Endocrinol Invest 2021; 44:
883–90. 

6. Stojkovi} M, Nedeljkovi}-Beleslin N, Te{i} M, Bukumiri}
Z, ]iri} J, Stojanovi} M, Mileti} M, \or|evi}-Diki} A,
Giga V, Beleslin B, @arkovi} M. Specific impact of cardio-
vascular risk factors on coronary microcirculation in
patients with subclinical hypothyroidism. J Med Biochem
2022; 41 (3): 299–305.

7. Repplinger D, Bargren A, Zhang YW, Adler JT, Haymart
M, and Chen H. Is Hashimoto’s thyroiditis a risk factor for
papillary thyroid cancer? J Surg Res 2008; 150: 49–52. 

8. Emamifar A and Hansen IMJ. The influence of thyroid
diseases, diabetes mellitus, primary hyperparathyroidism,
vitamin B12 deficiency and other comorbid autoimmune
diseases on treatment outcome in patients with rheuma-
toid arthritis: An exploratory cohort study. Medicine
(Baltimore) 2018; 97. 

9. Groenewegen KL, Mooij CF, and van Trotsenburg ASP.
Persisting symptoms in patients with Hashimoto’s disease
despite normal thyroid hormone levels: Does thyroid

autoimmunity play a role? A systematic review. J Transl
Autoimmun 2021; 4. 

10. Tabarkiewicz J, Pogoda K, Karczmarczyk A, Pozarowski P,
and Giannopoulos K. The Role of IL-17 and Th17
Lymphocytes in Autoimmune Diseases. Arch Immunol
Ther Exp (Warsz) 2015; 63: 435–49. 

11. Konca Degertekin C, Aktas Yilmaz B, Balos Toruner F,
Kalkanci A, Turhan Iyidir O, Fidan I, et al. Circulating
Th17 cytokine levels are altered in Hashimoto’s thyroidi-
tis. Cytokine 2016; 80: 13–7. 

12. Ruggeri RM, Saitta S, Cristani M, Giovinazzo S, Tigano V,
Trimarchi F, et al. Serum interleukin-23 (IL-23) is
increased in Hashimoto’s thyroiditis. Endocr J 2014; 61:
359–63. 

13. Lyakh L, Trinchieri G, Provezza L, Carra G, and Gerosa F.
Regulation of interleukin-12/interleukin-23 production
and the T-helper 17 response in humans. Immunol Rev
2008; 226: 112–31. 

14. Zheng T, Xu C, Mao C, Mou X, Wu F, Wang X, et al.
Increased Interleukin-23 in Hashimoto’s Thyroiditis
Disease Induces Autophagy Suppression and Reactive
Oxygen Species Accumulation. Front Immunol 2018; 9. 

15. Wagner R, Hayatghebi S, Rosenkranz M, and Reinwein
D. Increased serum neopterin levels in patients with
Graves’ disease. Exp Clin Endocrinol 1993; 101: 249–
54. 

16. Berdowska A and Zwirska-Korczala K. Neopterin meas-
urement in clinical diagnosis. J Clin Pharm Ther 2001;
26: 319–29. 

17. Murr C, Widner B, Wirleitner B, and Fuchs D. Neopterin
as a marker for immune system activation. Curr Drug
Metab 2002; 3: 175–87. 

18. Sahin TT, Yuksel O, Girgin G, Sipahi H, Dikmen K, Azili
C, et al. Is neopterin level a predictive and differential bio-
marker in patients with thyroid disorders? J Endocrinol
Invest 2009; 32: 147–9. 

edited the manuscript. NB and AÖ reviewed the
manuscript. NB did the practical work in the lab. All
authors have read and agreed to the published ver-
sion of the article.

Patient consent

Written consent has been obtained from each
patient or subject after full explanation of the purpose
and nature of all procedures used.

Funding

This research was supported by the scientific
research coordinatorship of Harran University, Turkey
(Project no 21179).

Ethical approval

The study was approved by the scientific ethics
research coordinatorship of Harran University with
the protocol number HRU/21.06.35 dated
15.03.2021.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.



468 Bayraktar et al.: The diagnosis of Hashimoto’s thyroiditis

19. Eisenhut M. Neopterin in Diagnosis and Monitoring of
Infectious Diseases. J Biomarkers 2013; 2013: 1–10. 

20. Robertson J, Gostner JM, Nilsson S, Andersson LM,
Fuchs D, and Gisslen M. Serum neopterin levels in rela-
tion to mild and severe COVID-19. BMC Infect Dis
2020; 20. 

21. Ayada C, Toru, and Korkut Y. Nesfatin-1 and its effects
on different systems. Hippokratia 2015; 19: 4. 

22. Beata Sawicka AB. Analysis of serum levels of nesfatin-1
in children and adolescents with autoimmune thyroid dis-
eases. Pediatr Endocrinol Diabetes Metab 2013; 19: 5–
10. 

23. Atici E, Mogulkoc R, Baltaci AK, and Menevse E. The
effect of thyroid dysfunction on nesfatin-1 and adipo -
nectin levels in rats. Horm Mol Biol Clin Investig 2017;
32. 

24. Ajjan RA and Weetman AP. The Pathogenesis of
Hashimoto’s Thyroiditis: Further Developments in our
Understanding. Horm Metab Res 2015; 47: 702–10. 

25. Pappu R, Ramirez-Carrozzi V, and Sambandam A. The
interleukin-17 cytokine family: critical players in host
defence and inflammatory diseases. Immunology 2011;
134: 8–16. 

26. Robert M, Miossec P, and Hot A. The Th17 Pathway in
Vascular Inflammation: Culprit or Consort? Front
Immunol 2022; 13. 

27. Gerenova J, Manolova I, and Stanilova S. Serum levels of
interleukin - 23 and interleukin - 17 in hashimoto’s thy-
roiditis. Acta Endocrinol (Copenh) 2019; 15: 74–9. 

28. Tang C, Chen S, Qian H, and Huang W. Interleukin-23:
as a drug target for autoimmune inflammatory diseases.
Immunology 2012; 135: 112–24. 

29. Zeng B, Shi S, Ashworth G, Dong C, Liu J, and Xing F.
ILC3 function as a double-edged sword in inflammatory
bowel diseases. Cell Death Dis 2019; 10.

30. Kuwabara T, Ishikawa F, Kondo M, and Kakiuchi T. The
Role of IL-17 and Related Cytokines in Inflammatory
Autoimmune Diseases. Mediators Inflamm 2017; 2017. 

31. McGeachy MJ, Cua DJ, and Gaffen SL. The IL-17 Family
of Cytokines in Health and Disease. Immunity 2019; 50:
892–906. 

32. Li D, Cai W, Gu R, Zhang Y, Zhang H, Tang K, et al.
Th17 cell plays a role in the pathogenesis of Hashimoto’s
thyroiditis in patients. Clin Immunol 2013; 149: 411–20. 

33. Dogheim GM, Amralla MT, and Werida RH. Role of
neopterin as an inflammatory biomarker in congestive
heart failure with insights on effect of drug therapies on
its level. Inflammopharmacology 2022. 

34. Sahin Tekin M, Kocaturk E, Gurcu S, Kayadibi H,
Dibeklioglu B, and Yorulmaz G. Cellular immunity in sub-
acute thyroiditis: a new perspective through neopterin.
Clin Exp Immunol 2022; 209: 109–14. 

35. Balázs C, Türke B, and Vámos Á. Determination of
serum neopterin levels in patients with autoimmune thy-
roid diseases. Orv Hetil 2012; 153: 1127–31. 

36. Stengel A and Taché Y. Nesfatin-1–role as possible new
potent regulator of food intake. Regul Pept 2010; 163:
18–23. 

37. Ríos-Prego M, Anibarro L, Sánchez-Sobrino P. Relation -
ship between thyroid dysfunction and body weight: a not
so evident paradigm. Int J Gen Med 2019; 12: 299–
304. 

38. Amin A, Dhillo WS, and Murphy KG. The central effects
of thyroid hormones on appetite. J Thyroid Res 2011;
2011. 

39. Siriwardhane T, Krishna K, Ranganathan V, Jayaraman V,
Wang T, Bei K, et al. Significance of Anti-TPO as an Early
Predictive Marker in Thyroid Disease. Autoimmune Dis
2019; 2019.

   

     Received: September 11, 2022
     Accepted: December 27, 2022



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /SRL ()
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


