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Background: The correlation of ST00A8/S100A9 with
various inflammatory conditions, including autoim-
mune diseases have been reported. There is no study
investigating the levels of S100A8/S100A9 in autoim-
mune thyroid diseases (AITD)

Aims: We aimed to evaluate the level of serum S100A8/
S100A9 in AITD.

Study Design: Case control study.

Methods: Fifty patients with AITD (25 Hashimoto’s
thyroiditis (HT) and 25 Graves’ disease (GD)) were
included in the study. Twenty seven healthy subjects
participated as a control group. Blood samples were
obtained in the 3 months after the initiation of medi-
cal treatment. Serum levels of total antioxidant status
(TAS), total oxidative status (TOS), total free sulthy-

dryl (SH), lipid hydroperoxide (LOOH) and S100A8/
S100A9 were analyzed.

Results: The patients with AITD had significantly
higher S100A8/S100A9, OSI, LOOH and TOS levels
than the healthy control group. There was no signifi-
cant difference between GD and HT patients in terms
of S100A8/S100A9, TOS and OSI levels. S100A8/
S100A9 level was positively correlated with LOOH,
TOS and OSI levels but negatively correlated with —SH
level in the patients with AITD.

Conclusion: Serum S100A8/S100A9 levels were increased
in patients with AITD and positively correlated with LOOH,
TOS and OSI whereas negatively correlated with SH.
Keywords: Autoimmune thyroid disease, oxidative
status, SI00A8/S100A9

Graves’ disease (GD) and Hashimoto’s thyroiditis (HT),
considered two separate entities of the same disease, are the
most common T-cell mediated organ-specific autoimmune
thyroid diseases (AITD) (1).

Autoimmune thyroid diseases are characterized by a condi-
tion of increased oxidative stress. Increased oxidative stress is
known to break down the immunological tolerance, leading
to the proapoptotic effect and an inflammation of the thyroid
gland (1-4).

The S100A8/S100A9 heterodimer, also known as calpro-
tectin, is a member of the S100 protein family, which partici-
pates in inflammatory reactions. SI00A8 and S100A9, both

of which are separate proteins, form a heterocomplex to create
the structure of calprotectin. These proteins comprise 45% of
the total proteins in the cytosol of neutrophils, and they are
expressed in neutrophils, monocytes, and dendritic cells (5,6).
Additionally, these proteins are released by the granulocytes
and increase the release of proinflammatory cytokines by toll-
like receptor 4 (TLR) signals (7).

In autoimmune diseases, such as ankylosing spondylitis,
rheumatoid arthritis, inflammatory bowel diseases, systemic
lupus erythematosus and dermatomyositis, it has been shown
to increase serum levels of SI00A8/S100A9 (8-10). In rheu-
matoid arthritis, it increases during the acute phase of the
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disease, decreases after treatment, and is more sensitive than
the hepatic-originated classic acute phase proteins (11-12).
In AITD, which is also associated with inflammation, serum
S100A8/S100A9 levels have not yet been determined.

We aimed to investigate serum S100A8/S100A9 levels in
AITD in this study.

MATERIALS AND METHODS

An approval from local ethics committee was provided
prior to the study. The study was initiated upon obtaining an
informed consent from all subjects.

A total of 50 patients with AITD (25 patients with GD and
25 patients with HT) and 27 healthy controls were enrolled in
the study (Table 1).

Thyroid ultrasonography was performed regardless of labo-
ratory results in all patients (LOGIQ p6, GE Healthcare; Wau-
watosa, USA). Thyroid function tests (free triiodothyronine
(T3), free thyroxine (T4), high thyroid stimulating hormone
(TSH)), anti-thyroid peroxidase (anti-TPO) antibody, anti-
thyroid thyroglobulin (anti-TG) antibody were measured in all
patients with AITD. Besides, thyroid stimulating hormone re-
ceptor antibody level and thyroid scintigraphy were evaluated
in patients with GD. The medical history of the patients was
recorded. Methimazole therapy was started for patients with
GD and Levothyroxine therapy for patients with HT. Thyroid
hormone levels of the cases were followed monthly. Serum
samples were obtained during in euthyroid period in the third
month of treatment.

TABLE 1. Demographic, clinical and laboratory parameters of HT,

GD and HC groups
HC GD HT p
Age (year) 43.92+12.78 44.00£14.36  41.4449.53  0.811
Gender (F/M) 16/9 17/8 16/11 0.806
BMI (kg/m?) 25.78+2.01 25.59+3.06 26.64+2.16  0.375
FBG (mg/dL) 88.92+8.15 87.72+6.47 86.96+6.47  0.760
Total-C (mg/dL)  173.48+28.64  175.00+30.44 179.04+£30.53 0.889
HDL-C (mg/dL) 46.74+6.34 47.9246.71 47.68+6.59  0.558
LDL-C (mg/dL) 1052542530  112.44+22.64 116.04£29.26 0.354
TG (mg/dL) 137.85+46.26  130.00+29.32  129.80+26.94 0.624
Free T3(pg/mL) 2.69+0.48 2.54+0.38 2.82+0.52  0.075
Free T4 (ng/dL) 1.06+0.14 1.14+0.23 1.08+0.17  0.189
TSH (uIU/mL) 2.29+0.59 2.15+0.52 2.05+0.99  0.541

Data were expressed as mean+SD.

p<0.005 was regarded as statistically significant.

BMI: Body Mass Index; FBG: fasting blood glucose; HDL-C: high density lipoprotein
cholesterol; LDL-C: low density lipoprotein cholesterol; TG: triglyceride; T3: triiodothyro-
nine; T4: tetraiodothyronine; TSH: thyroid stimulating hormone; GD: Graves’ disease; HT:
Hashimoto’s thyroiditis; HC: healthy control
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The exclusion criteria were: patients with inflammatory dis-
eases, infectious diseases, cardiovascular diseases, liver dis-
eases, malignancies, neurological diseases, obesity, diabetes
mellitus, renal failure, and metabolic syndrome. Patients from
both study and control groups on antioxidant treatments and
smokers were excluded.

Measurements

All demographic data of the participants were recorded.
Blood samples were obtained from all subjects following at
least eight hour fasting period and serum samples were stored
at -80°C. The biochemical parameters were measured in all
subjects.

The electrochemiluminescence method was used to mea-
sure thyroid function tests, fasting plasma glucose (FPG), to-
tal cholesterol (Total-C), low density lipoprotein-cholesterol
(LDL-C), high density lipoprotein-cholesterol (HDL-C), tri-
glyceride (Cobas Integra 800 model auto-analyzer, Roche Di-
agnostics; Mannheim, Germany).

Serum S100A8/S100A9 level was determined using an en-
zyme-linked immunosorbent assay detection kit (Hycult biotec,
HK325, Human Calprotectin ELISA kit, North Brabant, NLD).

Serum total oxidative and antioxidant status (TAS) levels
were determined using a novel automated measurement meth-
od (13,14). Percent ratio of TOS to TAS level was accepted
as oxidative stress index [OSI (Arbitrary Unit) = TOS (mmol
H,0O, Equiv./1) / TAS (mmol Trolox Equiv./L) X100] (15,16).
Serum lipid hydroperoxide (LOOH) levels were measured
with the ferrous ion oxidation—xylenol orange assay (15). Se-
rum levels of free sulthydryl (-SH) were determined using the
method of Elman (17).

Statistical analysis

Power analysis was used to determine the sample (pow-
er=0.80, 0=0.05, G power 3.0; Dusseldorf, Germany). Con-
tinuous variables for normality were analyzed using the Sha-
piro-Wilk test. For normally distributed variables (SI00A8/
S100A9, TAS, TOS, OSI, LOOH, -SH), 3 groups (GD, HT,
and healthy control) were compared by using one-way analy-
sis of variance (ANOVA) test, and 2 independent groups were
compared using Student’s t-test. For non-normally distributed
variables (Total-C, BMI, HDL-C, triglyceride, LDL-C, free
T3, free T4, FPG, TSH), 3 groups (GD, HT, and healthy con-
trol) were compared by using Kruskall Wallis test, and the
comparison of 2 groups was performed by using Bonferroni
corrected-Mann-Whitney U test. The associations between
parameters were defined by Spearman correlation analysis.
The variables affecting the SI00A8/S100A9 was determined
by multiple linear regression analysis. SPSS 15.0 program
was used for the analysis data (SPSS Inc.; Chicago, IL, USA).
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FIG. 1. Serum S100A8/S100A9 levels of the groups
Data in which non-parametric tests were used. Graves’ disease, GD; Hashimoto’s
thyroiditis, HT; healthy control, HC. GD versus HC: p<0.001, HT versus HC: p<0.001

TABLE 2. Serum levels of SI00A8/S100A9 and oxidant and antioxidant
parameters in HT, GD and HC groups

HC GD HT P
TAS (mmol Trolox Equiv./L) 1254020  1.33£0.36  1.22+0.27° 0.628

TOS (umol H,0, Equiv/L)  14.34+6.92 24.82+8.60° 25.19+19.15" <0.001
OSI (arbitrary unit) 1124064  2.14+1.13°  2.24+151° <0.001
LOOH (umol/L) 5.9843.08  11.30+4.88" 13.1145.07¢ <0.001
-SH (mmol/L) 045012 0.16£0.05° 0.18+0.09° <0.001

Data in which non-parametric tests were used and expressed as mean+SD.

ap<0.001 GD versus HC, bp<0.001 HT versus HC, cp<0.01 GD versus HT.

TAS: total antioxidant status; TOS: total oxidant status; OSI: Oxidative Stress Index;
LOOH: lipid hydroperoxide; -SH: total free sulfhydryl; GD: Graves’ disease; HT: Hashi-
moto’s thyroiditis; HC: healthy control

RESULTS

The groups were similar in terms of age, gender, BMI, FPG,
LDL-C, HDL-C, free T3, free T4 and TSH levels (Table 1). The
patients with GD and HT had significantly lower SH levels and,
had significantly higher SI00A8/S100A9, OSI, LOOH and TOS
levels than the healthy control group. There was no significant
difference between GD and HT patients in terms of S100A8/
S100A9, SH, TOS and OSI levels. In the HT patients had signifi-
cantly higher LOOH levels than the GD patients. There was no
difference in terms of TAS levels (Figure 1, Table 2).

S100A8/S100A9 level was positively correlated with
LOOH, TOS and OSI levels whereas negatively correlated
with —SH level in AITD patients (Table 3). Multivariate re-
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TABLE 3. Correlations between prolidase and oxidant and antioxidant parameters

TOS OSI LOOH -SH TAS

S100A8/S100A9

R 0.429 0.423 0.392 -0.360 -0.020

P <0.001  <0.001 <0.001 0.001 0.861
TOS

R 0.948 0.724 -0.693 -0.061

P <0.001 <0.001 <0.001 0.596
OSI

R 0.664 -0.587 -0.339

P <0.001 <0.001 0.002
LOOH

R -0.616 -0.072

P <0.001 0.532
-SH

R 0.201

P 0.080

TAS: total antioxidant status; TOS: total oxidant status; OSI: Oxidative Stress Index;
LOOH: lipid hydroperoxide; -SH: total free sulfhydryl

TABLE 4. Multiple linear regression analysis between SI00A8/S100A9 and

LOOH and OSI
B coefficients P
OSI (arbitrary unit) 0.262 0.045
LOOH (umol/L) 0.290 0.027

OSI: Oxidative Stress Index; LOOH: lipid hydroperoxide

gression analysis revealed that the levels of OSI and LOOH
were independent variables predicting the SI00A8/S100A9
levels (R: 0.495, R%: 0.245; Table 4). There was no correlation
between SI00A8/S100A9 and TAS, anti-TPO, anti-TG levels
(r=0.201, p=0.165; r=0.039, p=0.789 and r=0.129, p=0.379).

DISCUSSION

The results of this study revealed an elevated serum S100A8/
S100A9 levels in the AITD, and a positive correlation with
OSI, LOOH and TOS which are described as oxidative stress
markers. Our study accounts for the first in the literature in-
vestigating the SI00A8/S100A9 serum levels in the AITD,
which is associated with increased inflammation.

Hydrogen peroxide (H,0,), a variety of reactive oxygen spe-
cies (ROS), is used for the thyroid hormone synthesis. H,O, is
scavenged by antioxidant mechanisms and/or thyroid hormone
synthesis. However, the T lymphocytes infiltrating the thyroid
gland result in the overexpression of ROS, leading to increased
oxidative stress in AITD (2). Free radicals increase, and antioxi-
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dant activity decreases, in cases of hypo- and hyperthyroidism
in AITD (18). However, in other studies, different results have
been obtained. Erdamar et al. (19) have shown that free radicals
and antioxidants return to normal levels in GD patients after they
become euthyroid with one month of anti-thyroid treatment.
Komosinska-Vassev et al. (20) have detected antioxidant mecha-
nism recovery after the treatment of GD patients. However, Baser
et al. have reported TAS levels were lower and TOS levels were
higher in euthyroid AITD cases, compared to those in healthy
subjects. In addition, they found that there was a negative correla-
tion between serum TAS levels and anti-tpo and anti-tg, a nega-
tive correlation between TOS levels and anti-tg (21). The oxi-
dant markers evaluated in this study included TOS, OSI, LOOH,
and the antioxidant markers included —SH and TAS. The TOS,
LOOH, and OSI levels were found higher and the —SH levels
were found lower in GD and HT groups, compared to the healthy
control group (Table 2). We found no correlation between oxida-
tive stress markers and anti-tpo and anti-tg levels.

Oxidative stress is known to increase the inflammation in
AITD. However, the mechanism of this process remains un-
known. The S100A8/A9 heterodimer participates in inflam-
matory processes. SI00A8/S100A9 serum levels are reported
to increase in various inflammatory autoimmune diseases
(10,22-25). In this study, SI00A8/S100A9 serum levels were
evaluated, since AITD is an inflammatory autoimmune dis-
ease. The results of the present study (Table 3) suggest that the
increased oxidative stress in AITD may increase the S100A8/
S100A9-mediated inflammatory processes.

Some level of oxidative load is needed for thyroid func-
tion and proliferation. In AITD, however, increased oxidative
stress caused by TH1-induced ROS production results in cel-
lular and tissue damage. The SI00A8/S100A9 heterodimer is
highly sensitive to oxidation and has a major role in the scav-
enging of the oxidants and the preservation of tissue compo-
nents and proteins (6,26). Our data indicated that the increase
in the SI00A8/S100A9 serum levels act as protective mecha-
nism in parallel with the increase in oxidative stress. However,
it is reported that the release of S100A9 from the oxidation
in the S100A8/S100A9 heterodimer increase the secretion
of nuclear factor kappa B and inflammatory cytokines upon
TLR4 stimulation. Other authors maintain that SI00AS is the
main active component of the SI00A8/S100A9 heterodimer.
Nevertheless, this issue remains debatable (6,27,28).

In conclusion, the increased levels of SI00A8/S100A9 sug-
gest that these inflammatory markers may have a role in the
pathogenesis of AITD.
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