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Abstract The aim of this research was to assess plasma
magnesium (Mg) concentration, the frequencies of activated
T CD4+ and T CD8+ lymphocytes and B lymphocytes in
adolescents with hyperthyroidism due to Graves’ disease
(GD), and to assess changes in the above-mentioned parame-
ters during methimazole (MMI) treatment. The frequencies of
activated T and B cells were measured by flow cytometry
method and plasma Mg concentration was determined by
spectrophotometry method in 60 adolescents at the time of
GD diagnosis and after receiving the normalisation of the
thyroid hormones levels. The control group consisted of 20
healthy volunteers. We observed lower plasma Mg concentra-
tion, and higher frequencies of activated T and B lymphocytes
in the study group before the treatment in comparison with
healthy controls, and with study group in MMI-induced
euthyreosis (p<0.01).Statistically significant negative correla-
tions between the percentages of activated T CD3+, T CD4+,
T CD8+ and B CD19+ lymphocytes, and plasma Mg concen-
tration before the treatment were found (»<—0.335, p<0.002).
After the treatment no vital differences in plasma Mg
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concentration, and in percentages of activated cells between
GD patients and controls were found, except CD8+CD25+
cells (p=0.03). The present study demonstrates that both acti-
vated T and B cells might play an important role in the
pathogenesis of GD, and activation is related to Mg plasma
level. The use of MMI in treatment of hyperthyroidism due to
GD leads to decrease the frequencies of activated lymphocytes
and normalisation of Mg levels.

Keywords Activation - Adolescents - Flow cytometry -
Graves’ disease - Lymphocytes - Magnesium

Introduction

Incidence of hyperthyroidism due to Graves' disease (GD) in
Poland is estimated at about one case per 25,000 persons per
year [1]. This disease occurs in all ages, but most often in
middle age, children get sick more than ten times less likely
than adults. In recent years, a trend towards an increase in the
incidence of autoimmune hyperthyroidism in younger age
groups is observed. Nowadays GD is the most common cause
of hyperthyroidism in the paediatric population [2, 3].

The immune dysfunction in GD involves the genera-
tion of thyroid-stimulating hormone receptor autoanti-
bodies that presumably arise consequent to interactions
among various subsets of T and B cells. However, the
immunological mechanisms of interactions between
them that lead to the induction and regulation of this
autoimmune disease are poorly defined [4]. Various
studies emphasised that within the thyroid gland in
GD are present clonally expanded T-cell populations
[5, 6]. The T-cell receptor complexes with an HLA
molecule on the surface of an antigen-presenting cell
when the appropriate antigenic peptide is present, such
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Table 1 Patient characteristics
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Patient characteristics

Number of patients—n
Body weight [kg]

Height [cm]

Left thyroid lobe volume [ml]

Right thyroid lobe volume [ml]

The volume of the thyroid gland [ml]

TSI

Dosage of methimazole [mg/kg/day]

Total daily dose of methimazole [mg/day]

Treatment duration of hyperthyroidism (from the diagnosis to

methimazole-induced euthyrosis) [days] [days]

Relapse of hyperthyreosis after the treatment

Elapsed time between achieving euthyreosis and relapse [months]

Symptoms of hyperthyroidism at the time of diagnosis n (%)

Hyperactivity

Nervousness

Emotional lability

Weight loss despite excellent appetite

Insomnia

Fatigue

Palpitations

Heat intolerance

Sweating

Menstrual irregularities

Muscle weakness

Eye symptoms—pain or diplopia
Signs of hyperthyroidism at the time of diagnosis n (%)

Enlargement of the thyroid gland

Goiter class I

Goiter class 11

Goiter class IIT

Mean + SD
Median
(Min—-max)
Mean + SD
Median
(Min—-max)
Mean + SD
Median
(Min—-max)
Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Yes—n (%)
No—n (%)
Mean + SD
Median

(Min—-max)

53 (88.33 %)
60 (100 %)
47 (78.33 %)
50 (83.33 %)
44 (7333 %)
46 (76.67 %)
45 (75 %)
40 (66.67 %)
38 (63.33 %)
16 (26.67 %)
20 (33.33 %)
17 (28.33 %)

54 (90 %)
24 (40 %)
25 (41.67 %)
5(8.33 %)

60
48.84411.06
48.92
(30-73)
157.29+8.96
158.9
(140-180)
11.31£3.29
11.75
(4.6-17.4)
10.64+3.19
10.73
(3.67-18)
24.14+6.08
24.87
(10.47-35.5)
7.63+£4.52
6.75
(1.8-22.4)
0.50+0.05
0.50
(0.42-0.65)
24.33+6.07
25

(10-40)
42.98+4.30
425

(36-50)

22 (36.67 %)
38 (63.33 %)
23.36+8.25
24.5

(6-35)
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Table 1 (continued)
Patient characteristics

Tachycardia
Smooth sweaty skin
Tremor or muscle fasciculations
Eye findings
Exophthalmos (proptosis)
Lid retraction
Conjunctival injection
Exaggerated deep-tendon reflexes
Wide pulse pressure
Hypertension

Antithyroid antibodies

TRAb-positive patients n (%) level of antibodies against TSH

receptor more than 1.1 U/L

AntiTPO-positive patients n (%) level of antibodies against TPO

more than 12 U/L

AntiTg-positive patients n (%) level of antibodies against Tg

more than 35 U/L

58 (96.67 %)
50 (83.33 %)
48 (30 %)

40 (66.67 %)
16 (26.67 %)
13 (21.67 %)
11 (18.33 %)
36 (60 %)

32(53.33 %)
12 (20 %)

57 (95 %)
42 (70 %)

14 (23.33 %)

as thyroid-related peptide [7]. Once this complex is
formed, the T cell requires an additional stimulus to prolif-
erate and secrete cytokines [8]. Thyroid cells express MHC
molecules in autoimmune thyroid diseases and may
express co-stimulatory molecules, aiding in intrathyroidal T
cell activation. On the other hand, modifying the B cell
repertoire is an effective treatment option for example in
Graves orbitopathy, indicating that B cells may play role in
GD development [9, 10].

Magnesium (Mg) is a very important electrolyte for cell
homeostasis [11]. Mg acts as a cofactor of many enzymes and
is involved in a variety of biological functions, including
structural and regulatory intracellular balance. Mg deficiency
is connected with the development of various autoimmune
diseases including GD. This electrolyte stabilises mitochon-
drial linkage and regulates oxidative and ATP synthesis pro-
cesses [12]. Hypomagnesaemia may deregulate lymphocyte
electrolyte balance [13]. It also plays an additional role in

modulating the immune response. Some works have implicat-
ed free Mg in T-cell activation [14]. Mg is an essential cofactor
for polyphosphate compounds, the phosphoryl transfer of
ATP-dependent enzymes, and the stability of membrane phos-
pholipids [15-18]. Free Mg can act as a second messenger in
rapid intracellular signalling and leads to lymphocyte activa-
tion [19-22].

Methimazole (MMI) has long been used to treat hyper-
thyroidism caused by GD. The typical MMI dose is 0.2—
0.5 mg/kg per day, with a range from 0.1 to 1.0 mg/kg per
day [23]. Although it lowers the levels of thyroid autoanti-
bodies, sometimes leading to long-term remission [24-27],
there is still little known about its influence on human cell-
mediated immune response. The impact of MMI treatment
on lymphocyte activation and Mg concentration has not
been investigated in adolescents with GD.

The aim of this research was to describe the frequen-
cies of activated T lymphocytes, including T CD4+ and

Table 2 Hormone levels in
study and control group

Study group before
the treatment

Study group after
achieving euthyreosis

Control group

Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Mean = SD
Median

(Min—max)

TSH [mU/1]

FT3 [pmol/l]

FT4 [pmol/l]

0.01+0.01 0.09+0.25 2.71+0.91
0.005 0.01 278
(0.001-0.094) (0.002-1.33) (0.92-3.98)
11.9243.79 5.85+1.24 4.97+0.74
12.34 5.85 4.88
(6.23-35.79) (3.78-7.66) (3.6-6.4)
35.61+14.19 17.03+2.59 17.27+1.99
31.78 16.54 17.03
(18.36-87.22) (12.23-22.39) (14-21.47)
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Table 3 Frequencies of activat-
ed lymphocytes in study and
control group

Study group before
the treatment

Study group after

achieving euthyreosis

Control group

CD3+CD25+ [%]

CD19+CD25+ [%]

CD4+CD25+ [%]

CD8+CD25+ [%]

CD3+CD69+ [%]

CD19+CD69+ [%]

CD4+CD69+ [%]

CD8+CD69+ [%]

Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Mean + SD
Median
(Min—max)
Mean + SD
Median

(Min—max)

11.05+3.58
11.86
(2.31-32.59)
5.62+4.91
5.94
(2.23-14.59)
10.12+14.19
10.08
(1.36-32.22)
4.21+4.01
4.13
(0.32-14.15)
4.92+5.79
5.02
(0.61-13.86)
4.61+4.76
4.58
(0.95-13.52)
2.75+3.90
2.13
(0.23-7.11)
2.8443.68
2.76
(0.34-6.56)

9.72+3.29
9.79
(2.34-13.73)
3.35+2.24
3.85
(1.78-6.26)
7.53+5.59
7.44
(2.23-18.39)
2.1542.25
2.12
(0.12-5.43)
2.25+2.24
2.31
(0.19-5.63)
2.93+2.36
3.04
(0.43-5.03)
1.15+1.27
1.08
(0.08-2.41)
1.25+1.85
1.17
(0.09-2.91)

8.91+3.13
9.14
(2.12-11.21)
3.17+1.97
3.58
(1.16-5.14)
7.02+4.58
6.93
(1.05-11.47)
1.17+1.19
1.08
(0.11-3.76)
2.07+1.74
1.96
(0.18-3.02)
2.57+1.99
2.73
(0.27-4.00)
0.91+1.02
1.01
(0.09-1.49)
1.07+0.93
0.92
(0.08-1.52)

T CD8+, and B lymphocytes in adolescents with hyper-
thyroidism due to GD and to assess changes in the
amount of these cell subsets during MMI treatment.
Relations between activated lymphocytes, plasma Mg
concentration, and selected clinical parameters were also

assessed.

Fig. 1 Percentages of
CD3+CD25+ cells in the study
group before the treatment

and after achieving euthyreosis,
and in the control group

@ Springer

Material and Methods

Patients and Controls

Study group comprised of 60 previously untreated ado-
lescent patients with hyperthyroidism due to GD (mean

40
=0.001
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< p=0.002
__<— p=0.003 —><— NS —>

Fig. 2 Percentages of 16
CD19+CD25+ cells in the

study group before the 14
treatment and after achieving

euthyreosis, and in the control 12
group
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age, 14.07£1.94; median, 14; min—max, 11-17.4 years;
48 females, 12 males), hospitalised in the Department of
Paediatrics, Division of Paediatric Endocrinology and
Diabetology, Medical University of Lublin, Poland.
Twenty healthy donors (mean age, 14.47+2.21; median,
14.65; min—max, 11-17.5 years; 15 females, five males)
served as a control group. The patients were diagnosed
on the basis of clinical examination as well as morpho-
logical and immunological criteria. In the group of
examined children, each presented a wide variety of
clinical manifestations of hyperthyroidism at the time
of diagnosis. Before antithyroid treatment initiation,
blood samples from every child were collected and
lymphocyte subsets, plasma Mg concentration, thyroid-
stimulating hormone (TSH), free thyroxine (FT4) and
free triiodothyronine (FT3) hormone levels were
measured.

The patients were treated with MMI at initial doses of
0.51+0.05 mg/kg body weight/day during approximately 4—
6 weeks, and after that time, when in euthyroidism, blood
samples were collected again to assess lymphocyte subsets,
Mg concentration and hormone levels. Later the patients
received maintenance doses of approximately 0.1-0.2 mg/kg
body weight/day MMI in combination with a low dose of L-
thyroxin. Median time of patients’ observation amounted to
36 months.

None of the patients and controls had signs of
infection at the time of investigation and for a month
before sampling, none had been taking drugs of known
influence on the immune system. None of the patients
or healthy donors had undergone blood transfusion.
Persons with a history of allergic diseases were ex-
cluded from the study. The research protocol was ap-
proved by the Ethics Committee of the Medical

Fig. 3 Percentages of 40
CD4+CD25+ cells in the study

p=0.002
<— p=0.002 —»<— NS —>

group before the treatment 35
and after achieving euthyreosis,
and in the control group 30
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Fig. 4 Percentages of 16 =
CD8+CD25+ cells in the study = PO =
<— p=0.0002 —<— p=0.03 —
group before the treatment 14
and after achieving euthyreosis,
and in the control group 12
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CD8+CD25+ [%]
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University of Lublin and all patients gave written informed
consent.

Assessment of Plasma Mg Concentration,
Thyroid-Stimulating hormone, Free Thyroxine, Free
Triiodothyronine, TSH Receptor Antibodies, Thyroid
Peroxidise Antibodies and Thyroglobulin Antibodies Levels

Using microparticle enzyme immunoassay (Abbott Kit), FT4
and FT3 hormones were assayed. The levels of TSH receptor
antibodies (TRADb) were measured by radioimmunoassay
(TRAK assay, BRAHMS Diagnostica GmbH, Berlin, Germa-
ny). Thyroid peroxidase (TPO) and thyroglobulin (Tg) anti-
bodies were assayed by luminescence immunoassay
(Lumitest, BRAHMS Diagnostica GmbH). The plasma Mg

NS Not

Study group  Study group  Control group R i ok

before after
the treatment  the treatment

concentrations were determined by spectrophotometric
methods. The following reference intervals were deter-
mined: TSH 0.27-4.2 mU/l, FT4 1.06-1.8 ng/dl, FT3
2.28-5 pg/ml and Mg 1.9-2.5 mg/dl. Levels of anti-
bodies against TSH receptor less than 1.1 U/l, Tg antibodies
less than 35 U/l and TPO antibodies less than 12 U/l were
considered normal.

Isolation of Peripheral Blood Cells and the Detection
of Activated T and B Lymphocytes

Venous blood samples were collected from the study patients
and controls by venipuncture using sterile, lithium heparin-
treated tubes (S-Monovette, SARSTEDT, Aktiengesellschaft
& Co., D-51588 Nubrecht, Germany).

p=0.0003

Fig. 5 Percentages of 16
CD3+CD69+ cells in the study
group before the treatment 14
and after achieving euthyreosis,
and in the control group 12
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- p=0.001 -
<— p=0.001 —><— NS —>

Fig. 6 Percentages of 16
CD19+CD69+ cells in the

study group before the 14
treatment and after achieving

euthyreosis, and in the control 12
group

10

CD19+CD69+ [%]
[}

6
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o | - | & Median
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0 - S [T I Min.-Max,

Peripheral blood mononuclear cells were aseptically sepa-
rated by a standard density gradient centrifugation (Gradisol L,
Aqua Medica, Poland). The percentage of cells expressing
surface markers were analysed. The cells were pheno-
typically characterised by incubation (20 min in the
dark at a room temperature) with combination of rele-
vant fluorescein isothiocyanate (FITC)—phycoerythrin
(PE)—and CyChrome-labelled monoclonal antibodies
(mAbs). Immunofluorescence studies were performed
using a combination of the following mAbs: CD3 PE,
CD19 PE, CD3 FITC/CD19 PE, CD4 PE, CDS8 PE,
CD8 FITC/CD4 PE, CD25 CyChrome and CD69
CyChrome, purchased from BD Biosciences (USA).
Three-colour immunofluorescence analyses were performed
using a FACS Calibur flow cytometer (Becton Dickinson)

NS Not
statistically significant

Study group  Study group  Control group
before after
the treatment  the treatment

equipped with 488 nm argon laser. A minimum of 10,000
events was acquired and analysed using CellQuest Software.
The results were presented as percentage of CD45+ cells
stained with antibody. The percentage of positive cells was
calculated by comparing with the control. Background fluo-
rescence was determined using isotype-matched directly con-
jugated mouse anti [gG1/IgG2x monoclonal antibodies. The
samples were gated on forward scatter vs. side scatter to
exclude debris and cell aggregates.

Statistical Analysis
Statistical analysis of the results was conducted using

Statistica 9.0. Deviation from normality was evaluated by
Kolmogorov—Smirnov test. Data were expressed as the mean

p=0.009
<— p=001 —<— NS —>

Fig. 7 Percentages of 8
CD4+CD69+ cells in the study
group before the treatment and 7
after achieving euthyreosis, and
in the control group 6
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p=0.0017
<«— p=0.002 —><— NS —>

Fig. 8 Percentages of 8
CD8+CD69+ cells in the study
group before the treatment 7
and after achieving euthyreosis,
and in the control group 6
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before after
the treatment  the treatment

value = SD, median, minimum and maximum. Differences
between groups were assessed using the Mann—Whitney U
test. Pearson or Spearman correlation analyses were used to
analyse the correlation. A value p less than 0.05 was consid-
ered statistically significant.

Results

Patient Characteristics. Differences in Basic Tested
Parameters Between Study and Control Group

Patient baseline characteristics are demonstrated in Table 1.
Table 2 presents differences in basic tested parameters be-
tween study and control group.

Serum levels of TSH, FT3 and FT4 before the treatment
were statistically significantly different from those observed in
the control group (p<0.00001, p<0.00001 and p<0.00001,
respectively). We also found relevant differences between
TSH, FT3 and FT4 levels in adolescents with GD after re-
ceiving euthyreosis, and in healthy individuals (»p<0.00001,
p=0.001 and p=0.012, respectively). Comparison between
patients before the treatment and in euthyreosis revealed sig-
nificant differences in serum TSH, FT3 and FT4 levels
(p=0.007, p<0.00001 and p=0.001, respectively).

Activated T and B Cells

Table 3 presents the frequencies of activated T lymphocytes
(CD3+CD25+, CD3+CD69+), T helper cells (CD4+CD25+,

Fig. 9 Plasma Mg 2.8
concentration in the study
group before the treatment 2.6

«——p=0.00002———>
«—p=0.00017—><«— NS —>

and after achieving euthyreosis,

i

and in the control group 24

2.2

Plasma Mg concentration [mg/dlI]
[\~ ]

1.8
L]
1.6
B Median
1.4
[0 2s%7s%
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1.2 I
’ NS Mot
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Fig. 10 A negative correlation 2.8
between the percentages of
CD3+CD25+ cells and plasma 2.6
Mg concentration before the 5
treatment in the study group E) 24
(r=—0.645, p<0.00001) = o

)

2 22

o L4 ° P

B \\.

g 2 S

s ° :\ o %9° g ° .

o 1.8 ° ®. N °

g " RN

© % e o ®

g 1. . \:.\,\\' o

E. L ° L]

1.4 ~ °
\ r=-0.645
1.2 p < 0.00001
] 3.4 6.8 10.2 136 17 204 238 27.2 306 34

CD4+CD69+), T cytotoxic cells (CD8+CD25+, CD8+
CD69+) and B cells (CD19+CD25+, CD19+CD69+). Statis-
tically significant differences in the percentages of the
analysed cells between study group before the treatment, and
in MMI-induced euthyreosis, and control group are presented
on the Figs. 1, 2, 3,4, 5, 6,7 and 8.

Plasma Mg Concentration in Control and Study Groups

Statistically significantly lower plasma Mg concentration
was noted in adolescents with GD (mean, 1.72+0.13 mg/dl;
median, 1.73 mg/dl; min, 1.43 mg/dl; max, 2.29 mg/dl) than in
control subjects (mean, 2.36+0.19 mg/dl; median, 2.32 mg/dl;
min, 1.98 mg/dl; max, 2.49 mg/dl; p=0.00002) and
study group after achieving euthyreosis (mean, 2.28+
0.21 mg/dl; median, 2.26 mg/dl; min, 1.91 mg/dl;

CD3+CD25+ cells [%] before the treatment

max, 2.43 mg/dl; p=0.00017). No difference in Mg
level was observed between children in euthyreosis and con-
trol group (p=0.1). Figure 9 presents Mg plasma levels in the
analysed groups.

Relations Between Mg Plasma Concentration
and the Frequencies of Peripheral Activated T and B Cells
in Hyperthyroid Adolescents

Statistically significant negative correlations between the
percentages of activated T CD3+, T CD4+, T CD8+ and B
CD19+ lymphocytes, and plasma Mg concentration be-
fore the treatment were found (Figs. 10, 11, 12, 13, 14,
15, 16, 17 and 18). In the study group in MMI-induced
euthyreosis, and in the control group no significant
correlations were found.

Fig. 11 A negative correlation 2.8
between the percentages of
CD19+CD25+ cells and plasma 26
Mg concentration before the =
treatment in the study group S 24
(r=—0.484, p=0.00001) E “
c °
2 22
o °
= o |® °
g [ ]
S 18—~ B ’
m .
2 \,Q‘. . d ° °
g \\‘ . oco“
£ 16 o v ek e v
© o %o
8 e® % {
o (J
1.4 P —
\ r=-0.484
1.2 p = 0.00001
o 2 4 6 8 10 12 14 16 18

CD19+CD25+ cells [%] before the treatment
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Fig. 12 A negative correlation 2.8
between the percentages of
CD4+CD25+ cells and plasma 2.6

Mg concentration before the

treatment in the study group 2.4

(r=—0.741, p<0.00001)
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Relations Between the Frequencies of Peripheral Activated
T and B Cells, and Selected Clinical Parameters Including
Hormone Levels in Hyperthyroid Adolescents

It was found that there were strong positive correlations be-
tween serum concentration of FT3 before the treatment and
the frequencies of CD19+CD25+ B lymphocytes (r=0.793,
»<0.00001, Fig. 18), CD3+CD69+ T lymphocytes (r=0.624,
2<0.00001, Fig. 19), CD4+CD69+ T lymphocytes (»=0.761,
p<0.00001, Fig. 20) and CD8+CD69+ T lymphocytes
(r=0.499, p<0.00001, Fig. 21).

Positive, although less prominent, correlations between
the serum concentration of FT4 and the percentages of
CD3+CD25+ cells, CD19+CD25+ cells, CD4+CD25+
cells, CD8+CD25+ cells, CD3+CD69+ cells and CD19+
CD69+ cells were observed (#=0.312, p=0.003; »=0.281,
p=0.01; »=0.279, p=0.01; »=0.273, p=0.01; »=0.276,
p=0.02 and r=0.241, p=0.03, respectively).

CD4+CD25+ cells [%] before the treatment

Frequencies of activated B CD19+CD25+ lymphocytes
positively correlated with the thyroid gland volume (r=
0.282, p=0.029) as well as with the volume of its left lobe
(#=0.306, p=0.017).

The percentages of activated T CD4+CD25+, and T CD8+
CD25+ cells before the treatment negatively correlated with
the elapsed time from achieving euthyreosis to the relapse of
hyperthyroidism (r=—0.269, p=0.03, and »=—0.291, p=0.02,
respectively). The lower values of activated T cells were noted
before the treatment, the longer GD remission was observed.

Relations Between Plasma Mg Concentration and Selected
Clinical Parameters, Including Hormone Levels
in Hyperthyroid Adolescents

Plasma Mg concentration before the treatment was nega-
tively correlated with FT3 and FT4 serum levels (»=0.301,
p=0.01 and =0.294, p=0.02, respectively).
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Mg levels before the treatment negatively correlated with
the parameters describing the thyroid gland size: its total
volume (r=-0.313, p=0.015,), left lobe volume (r=—0.326,
p=0.011) as well as right lobe volume (r=—0.262,
p=0.043). There was also a positive correlation between
Mg plasma concentration before the treatment, and elapsed
time from achieving euthyreosis to the relapse of hyperthy-
roidism (#=0.361, p=0.03). Long remission was connected
with higher Mg levels.

Discussion

Mg participates in a variety of metabolic functions [28-32].
The influence of thyroid hormones on Mg homeostasis is
well known [33, 34], but not enough attention is paid to Mg
impact on lymphocyte activation in hyperthyroidism. Various,

CD3+CD69+ cells [%] before the treatment

often conflicting results have been reported about the plasma
Mg concentration in hyperthyroidism. Some investigators
found that plasma Mg was unchanged in hyperthyroidism,
but others found it to be reduced [35]. In our study statistically
significantly lower plasma Mg concentration was noted in
adolescents with GD than in control subjects and in the study
group after achieving euthyreosis. No difference in Mg level
was observed between children in euthyreosis and control
group. Plasma Mg concentration before the treatment was
negatively correlated with FT3 and FT4 serum levels. Clinical
relevance of Mg deficiency in hyperthyroidism is not yet
known. Our study indicated that there are statistically signif-
icant negative correlations between the percentages of activat-
ed T CD3+, T CD4+, T CD8+ and B CD19+ lymphocytes,
and plasma Mg concentration before the treatment. In the
study group in MMI-induced euthyreosis and in the control
group no significant correlations were found. Moreover,

Fig. 15 A negative correlation 2.8
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Fig. 16 A negative correlation 2.8
between the percentages of
CD4+CD69+ cells and plasma
Mg concentration before the
treatment in the study group
(r=-0.453, p=0.0006)
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Mg levels before the treatment negatively correlated
also with the parameters describing the thyroid gland
volume. Long remission was connected with higher Mg
levels at the time of GD diagnosis.

The activation of lymphocytes contributes to the in-
flammatory processes of autoimmune diseases [36-38].
We noticed higher frequencies of activated T lympho-
cytes (CD3+CD25+, CD3+CD69+), T helper cells
(CD4+CD25+, CD4+CD69+), T cytotoxic cells (CD8+
CD25+, CD8+CD69+) and B cells (CD19+CD25+,
CD19+CD69+) in adolescents with GD before the treat-

Fig. 17 A negative correlation 2.8

CD4+CD69+ cells [%] before the treatment

ment in comparison to healthy controls, and to the
tested children after the treatment with MMI. The pres-
ent study demonstrates that both T and B CD25+ and
CD69+ cells might play an important role in the path-
ogenesis of GD. Associations between IL2RA (CD25)
expression and various autoimmune diseases have been
reported in Caucasians [39]. Alpha-subunit of the IL-2
receptor (IL-2Rx) encoded by the IL2RA/CD25 gene
binds IL-2 that plays a pivotal role in the regulation
of T cell function. Levels of a soluble form of IL-2R«x
(sIL-2Rx) lacking the transmembrane and cytoplasmic
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Fig. 18 A positive correlation 36 .
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domains were shown to be increased in several autoim-
mune diseases including GD. Recent studies showed
association between the IL2RA/CD25 gene variants
and several autoimmune diseases including GD [40,
41]. However, the mechanisms by which CD25 can
predispose to autoimmunity are unclear [42, 43]. Auto-
immune diseases are also connected with increased
CD69 expression. The early activation antigen CD69 is
a type Il integral membrane glycoprotein included in
the natural killer cell gene complex family of signal
transducing receptors [44-46]. CD69 represents one of
the earliest activation markers of T lymphocytes
appearing within 1-2 h after stimulation [47, 48]. Con-
sequently, CD69 expression has been used as a marker
of T cell activation both in vivo and in vitro [49-51].
Over-expression of both CD25 and CD69 antigens in
the outer membrane are observed in lymphocytes from
patients with autoimmune diseases, probably as a mirror

CD19+CD25+ cells [%] before the treatment

image of the immune system activation. Moreover, some
of these changes are related to the disease activity [52,
53]. In the present study we found that there were
strong positive correlations between serum concentration
of FT3 before the treatment and the frequencies of
CD19+CD25+ B lymphocytes, CD3+CD69+ T lympho-
cytes, CD4+CD69+ T lymphocytes and CD8+CD69+ T
lymphocytes. Positive, although less prominent, correla-
tions between the serum concentration of FT4 and the
percentages of CD3+CD25+ cells, CD19+CD25+ cells,
CD4+CD25+ cells, CD8+CD25+ cells, CD3+CD69+
cells and CD19+CD69+ cells were observed. Brand et
al. [41] who first found association between
IL2RA/CD25 and GD provided evidence for association
of this locus in overall using selection of 20 tag single
nucleotide polymorphisms and multilocus test for anal-
ysis. Christiakov et al. [40] found that markers rs11594656
and rs41295061 located at the ILZRA/CD25 locus significant-
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Fig. 20 A positive correlation 36
between the percentages of
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ly associated with the development of GD. Our study thereby
confirms results of those authors. What is more, lymphocyte
activation markers may serve as prognostic factors since the
lower values of activated T cells were noted before the treat-
ment, the longer GD remission was observed. We found also
that frequencies of activated B CD19+CD25+ lymphocytes
positively correlated with the thyroid gland volume as well as
with the volume of its left lobe.

Immunosuppressive properties of antithyroid drugs
have been observed [54, 55]. Thus, therapeutic MMI
action in GD is associated with decreased TSH receptor
antibodies and circulating markers of immune activation
[56]. However, due to the absence of any immune markers a
direct immunosuppressive effect is considered unlikely by
some authors [56]. Our observations clearly indicated that
treatment with MMI normalise expression of lymphocyte
activation markers and plasma Mg concentration.

Our results suggest also that severe immune system de-
regulation in the form of high numbers of activated T and B

CD4+CD69+ cells [%] before the treatment

lymphocytes, and low plasma Mg concentration may lead to
rapid GD relapse after the treatment. This requires further
investigations.

Conclusions

The present study demonstrates that both activated T
and B cells might play an important role in the patho-
genesis of GD. The reduced Mg plasma concentration in
GD could be responsible for the loss of immune toler-
ance, activation of the immune system and development
of autoimmune process in this thyroid disorder. The use
of MMI in treatment of hyperthyroidism due to GD
leads to an increase of plasma Mg concentration, so it
seems to be one of the indicators of proper GD treat-
ment. Treatment with MMI caused also a relevant de-
crease of the percentages of analysed activated
lymphocyte subsets. Obtained results suggest also that
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severe immune system deregulation in the form of high
numbers of activated cells and low Mg concentration
may lead to rapid GD relapse after the treatment.
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