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Pestome. Llenbio ncciaenoBaHusl IBUJIOCh M3YyYEHUE OCOOEHHOCTEN CyOnmomyJisiMOHHOIo coctaBa T- u
B-nmuMdonnToB M Mx B3aMMOCBS3€i B AMHAMMKE JI€UEHUSI PAAMOAKTUBHBIM MOJIOM OOJBbHBIX C 00JIE3HBIO
IpeiiBca (BIN). O6cnenoBaHo 36 KeHIIMH ¢ BepupULIUpPOBaHHBIM nuarHo3oM bI. OnpeneneHue comepkaHus
TUPEOUITHBIX TOPMOHOB OCYIICCTBIISIIIOCh METOIOM MMMYHOPAOIUOMETPUUECKOTO aHaInu3a. YPOBEHb ayToO-
aHTHUTEII K perenTopy TupeoTporrHoro ropmoHa (pTTI) olleHuBancss nMMmyHO(GepMeHTHBIM MeTomoM. Ha
OCHOBaHMH KOMILJIEKCHOTO ITpeITepareBTUUECKOro 00CIeIOBaHMSI BCeM MaleHTaM Ha3Hadajaach (pUKCH-
poBaHHas akTUBHOCTH *'1 o1 400 1o 700 M Bk nepopanbHo. B KauecTBe KOHTPOJIST 00CIENOBAHO 56 TTpaKkTH-
YeCKM 300POBBIX XKeHINH. MccnenoBanme heHoTHIa T- 11 B-1MMOIINTOB IIPOBOAMIN METOAOM IIPOTOYHOM
OUTOMETPUM C MCIOJIb30BAHUEM IIPSIMOM MMMYHOMIYOPECIICHIIMN 1IeJIbHOM KPOBH. YCTAaHOBJICHO, UTO OO0
MOMCHTA JICUCHUSI paaOaKTUBHBIM MOIOM y OOJBHBIX BBISIBISCTCS BBICOKMIT YPOBEHb (DYHKIIMOHAJIBHOMN
aKTUBHOCTHU KJIETOK, KOTOpPBIi ompeaersiercsa skcrnpeccueir CD25-anturena Ha T-muMdbormmrax u CD23-
aHTuUTeHa Ha B-mmMdonmrax. Beicokuii ypoBeHb (DYHKIIMOHATBHON aKTUBHOCTH KJIETOK aIallTUBHOTO M-
MyHUTeTa y 607bHBIX ¢ BI' mposBisgeTcs Ha (poHe moBbIIeHHOTO YpoBHS ayroaHnTuTell K pTTI. C momomipio
KOPPEISIIIMOHHOIO aHalln3a OOHapy:KeHO, 4To y O0ombHBIX ¢ BI' B TIepron mpenrepaneBTUYIECKOTO o0Ce-
JIOBaHMSI COCTOSTHME TUPECOMITHOTIO CTAaTyca OMpeaessieT CTUMYJISIINIO0 (DYHKIIMOHAITBHOW aKTUBHOCTU T- 1
B-muMmdonuToB 1, COOTBETCTBEHHO, MTOBHIIIACT YPOBEHb ayTOMMMYHHBIX ITpolieccoB. Uepes 1 mecsir mociie
npoBeneHus paguoitonreparmu (PUT) y 6ombabIx ¢ BI' Ha (hoHe TpaH3UTOPHOTO THUIEPTHPeo3a (IIPU coxXpa-
HEHMU TTOBBIIIICHHON KOHIIEHTpauu ayToaHTuTea K pTTT) KommyecTBO aKTMBUPOBAHHBIX T-TMMMOIIMTOB
(Bxmouass T-xemrepsl 1 MUTOTOKCUYECKME T-KJIETKM) CHUKACTCS IO KOHTPOJILHBIX 3HaueHW. OmMHaKO y
OOJIBHBIX COXPaHSIETCS HU3KUII YPOBECHD B KPOBU IIMTOTOKCUICCKUX T-TUMMOIIMTOB U 3HAYUTEIHHO TIOBBI-
maetcsa comepkanue Treg. I1pm ucciaenoBannu ¢peHotuna B-mumdbormuToB KpoBu y 60iabHBIX ¢ BI' yepes
1 Mecsix mocite PYT taxke oGHapYXeHO CHIDKEHUE KOIMYEeCTBAa B-KIETOK M aKTMBUPOBAHHBIX B-KileTok
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naMsTHU 10 YPOBHSI KOHTPOJIbHOTO Auamna3zoHa. IIpu 3TOM BBISIBIASETCS TOBBILIEHUE YPOBHEW HaMBHBIX
B-numdonuToB 1 B2-kieTok, a Takxke CHUXKEeHME KOJIMUecTBa aKTUBUpoBaHHbIX B1-nmuMmdonuuTtos. Bee us-
MEHEHUsI B cyOMmonyJIsSIHMOHHOM cocTaBe T- u B-KijleToK U B ux (heHOTUNE pa3BUBAIOTCS Ha (pOoHE TMOJHOM
MOTepPU B3aMMOCBSI3ell MeEXKIy UCCAEAyeMbIMU IMOKa3aTeJasIMU, UTO XapaKTepU3YyeT IMOTEPI0 TUPEOUIHOTO
KOHTPOJISI UMMYHHBIX TTPOLIECCOB U KOOMEPAaTUBHOIO B3aUMOAEHCTBUS KJIETOK TPU pa3BUTUU UMMYHHOTO
orBeTa. B 11enom, nsmeHenus ¢peHoruna T- u B-mumdouuntoB B KpoBu y 60JbHBIX ¢ BI' uepe3 1 Mecsi mo-
cJie JIeYeHMsI paaroaKTUBHBIM HOIOM OTpaxKaloT TeHASHIINIO K CHIDKCHUIO (PyHKIIMOHAIbHON aKTUBHOCTU
KJIETOK aJalITUBHOTO UMMYHUTETA, YTO MOXKET peaIn30BbIBATHCS I B MHTMOMPOBAHUM ayTOMMMYHHBIX ITPO-
1IECCOB.

Knrouesvie cnosa: T-aumepoyumot, B-rumgpoyumot, penomun, cyononyasyuu, paduoilodmepanus, aymoanmumena, 604e3Hb
Ipeiisca
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Abstract. The aim of the present study was to evaluate the subpopulation profile of T and B lymphocytes,
and their relationships during therapy of the patients with Graves’ disease (GD) treated by means of radioactive
iodine. We have examined 36 women with verified diagnosis of GD. The contents of thyroid hormones were
determined by immunoradiometric analysis. The levels of thyroid-stimulating hormone receptor autoantibodies
(rTSH) were evaluated by enzyme-linked immunosorbent assay. On the basis of comprehensive pre-therapeutic
examination, all patients were exposed to the fixed-activity therapy with radioactive iodine-131 at a dose of
400 to 700 MBq administered orally in isotonic aqueous solution of sodium iodide. 56 practically healthy
women were examined as a control group. The phenotype of T and B cells in whole blood was studied by flow
cytometry using direct immunofluorescence. It was shown that the patients, prior to treatment with radioactive
iodine, had high levels of cellular functional activity, as determined by expression of CD25 antigen on T cells
and CD23-antigen on B lymphocytes. Higher functional activity of the cells responsive for adaptive immunity
in the patients with GD manifests in the presence of increased levels of autoantibodies to rTSH. By means of
correlation analysis, we found that the patients with GD examined before the therapy had the thyroid status may
determine the functional stimulation of T and B cells, thus increasing the levels of autoimmune processes. One
month after radioiodine therapy (RIT), the GD patients, along with transient hyperthyroidism with increased
concentration of autoantibodies to rTSH, showed a reduction of activated T lymphocyte contents (including
T helpers and cytotoxic T cells) to control values. However, the level of cytotoxic T lymphocytes in the blood
remained low, and the content of Treg cells was significantly increased in the patients. Decreased contents of
B cells activated memory B cell to the control levels were found in patients with GD over 1 month after RIT
when studying the phenotype of blood B lymphocytes. In this case, increased levels of naive B lymphocytes
and B2 cells were detected, as well as decreased numbers of activated B1 lymphocytes. The observed changes
in the subpopulation composition of T and B cells, and in their phenotype developed against the background
of complete absence of relationships between the studied parameters, thus suggesting loss of thyroid control of
immune processes and cooperative cell interaction during the development of the immune response. Generally,
the phenotypic changes of T and B lymphocyte subsets in the blood of patients with GD through 1 month
after treatment with radioactive iodine may reflect a trend for decreased functional activity of adaptive cellular
immunity which may also account for inhibition of autoimmune processes.

Keywords: T lymphocytes, B lymphocytes, phenotype, subsets, radioiodine therapy, autoantibodies, Graves’ disease
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Introduction

Graves’ disease (GD) is an autoimmune disease
of the thyroid gland that develops as a result of
the production of autoantibodies to the thyroid-
stimulating hormone receptor (TSHR) [4, 21, 25].
The pathogenesis of GD is based on the appearance of
class G thyroid-stimulating immunoglobulins (LATS
factors: long-acting thyroid stimulator) in the body
which interact with TSHR on the thyrocyte membrane
and activate the hypersecretion of thyroxine (T,) and
trilodothyronine (T;) [9]. This immunopathogenetic
process leads to the onset of thyrotoxicosis syndrome.

The development of manifest hyperthyroidism in
GD is appropriately realized in a change in the state
of the immune system. Moreover, the relationships
between the parameters of the immune system and
the concentration of thyroid hormones in patients
with GD are determined not only by the intensity of
autoimmune processes but also by the direct influence
of thyroid-stimulating hormone (TSH) and thyroid
hormones. These thyroid influences on the functional
activity of the immune system cells are realized
through specific receptors that are expressed both
on the outer cytoplasmic membrane and inside the
cells [8, 12, 19]. We found earlier that the number of
regulatory T cells (Treg) was decreased in the blood
of patients with GD while the content of Bl cells was
increased [20]. The results of the study by Zhang D.
et al. (2019) showed that the blood of GD patients
contained a reduced number of Treg with a low level
of functional activity [26]. A decrease in the number
of B lymphocytes producing IL-10 was also found in
the blood of GD patients which in the framework of
immunopathogenesis associated with an increase in
the concentration of autoantibodies to TSHR [10].
It should be borne in mind that drug treatment with
thyreostatic drugs (is the first line of the therapy for
GD) can modulate the functional state of the immune
system cells. The consequence of this may be a change
in the direction of the autoimmune process both in
the direction of the development of remission of the
disease and relapse of GD.

Radioiodine therapy (RIT) for GD is based on
the ability to capture and accumulate radioactive
iodine by the cells of the thyroid gland. B-Particles
are formed during the decay of the isotope of iodine
causing the destruction of thyrocytes and subsequent
development of post-radiation hypothyroidism [2].
The compensatory increase in TSH level occurs
through a negative feedback mechanism. However,
some researchers noted the concentration of
autoantibodies to TSHR and/or thyroid peroxidase
in the blood serum of GD patients even increased in
the first month of RIT [15, 18]. It was assumed that
the RIT causes damage to the DNA of thyrocytes as
well as the release of new thyroid autoantigens which
further stimulate the reactivity of the immune system

including the activity of autoimmune process. So, it
was shown in the Du W. et al. study (2017) that GD
patients 1 week after RIT had a high concentration of
IL-6 and CXCL-10 in the blood, the levels of which
then decreased but even after 18 months remained
elevated relative to the control values [S]. Direct effects
of radioactive iodine on the immune system have also
been found. For example, it was found that the level
of apoptosis of blood leukocytes was increased during
RIT [14]. The Ct -Bigras S. et al. (2016) study was
showed that damage to Treg and invariant NKT cells
was observed in GD patients [3]. The authors believed
that these results characterized the mechanisms of
activation of autoimmune processes during RIT. There
is evidence that the ability of T and B lymphocytes to
cooperatively interact during the immune response
may be impaired when treated GD patients with
iodine-131 ("3'T) [18]. In this regard, the mechanisms
of the immune interaction of T and B cells in GD
patients during RIT should be determined.

Thus, the aim of this study was to investigate the
features of the subset composition of T and B cells and
their relationships in the dynamics of treatment with
radioactive iodine in patients with GD.

Materials and methods

Study participants

36 women (average age was 42.13%15.35) with
a verified diagnosis of GD were included in this
study: of which 10 women (27.7%) were with overt
hyperthyroidism and 26 women (72.2%) were with
relapse of the disease. Median thyroid volume was
20.41 ml (15.70-27.55). All patients at the time of
inclusion in the study received drug treatment with
thiamazole according to the standard scheme (median
duration of treatment was 12 months, range: 9-14
months), the drug was canceled 14 days before RIT.
The diagnosis of hyperthyroidism and the selection
of patients for RIT was carried out according to the
federal clinical guidelines for the management of
patients with GD [24]. The RIT was carried out on
the basis of the department of radionuclide therapy of
the FMBA of Russia in Krasnoyarsk. All patients had
a fixed "3'I activity of 400 to 700 MBq orally in the
form of an isotonic aqueous solution of sodium iodide
on the basis of a comprehensive pre-therapeutic
examination. The examination of patients with GD
was repeated 1 month after RIT. A fifty-six apparently
healthy women of the same age were examined as a
control group. All women in the control group didn’t
have a history of thyroid diseases in themselves and
their blood relatives and also didn’t have structural
changes in the thyroid gland during ultrasound
examination. The exclusion criteria from the control
group were pregnancy and lactation. All studies were
carried out with the informed consent of the patients
and in accordance with the Declaration of Helsinki of
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the World Association “Ethical principles of scientific
medical research involving human” as amended in
2013 and “Rules of clinical practice in the Russian
Federation” approved by the Order of the Ministry of
Health of Russia of 19.06.2003 (No. 266).

Assessment of thyroid status and determination of
the concentration of autoantibodies to TSHR

The concentration of thyroid hormones in
the blood serum was determined by the method
of immunoradiometric analysis using standard
“Immunotech S.A.S.” (Czech Republic) test Kkits
in the hormonal laboratory of the endocrinological
center of the Krasnoyarsk Regional Clinical Hospital.
The reference values for TSH were 0.17-4.05
mU/L, for free T, (fT4) were 11.5-23.0 pmol/L,
for free T, (fT3) were 2.0-5.7 pmol/L. The level of
autoantibodies to TSHR (TSHR-AB) was assessed
by the enzyme immunoassay using the “Medizym
T.R.A.” (“Medipan GmbH”, Germany) test kit. The
recommended cut-off point for the TSHR-AB level
was 1.5 mU/L.

Flow cytometry

The study of the phenotype of T and B lymphocytes
was carried out by flow cytometry using direct
immunofluorescence of whole peripheral blood and
monoclonal antibodies labeled with FITC (fluorescein
isothiocyanate), PE (phycoerythrin), ECD (phyco-
erythrin-Texas Red-X), PC5 (phycoerythrin-cyanin
5), PC7 (phycoerythrin-cyanin 7), AA700 (alexa fluor
700) and AA750 (alexa fluor 750) in the following
panels: CDS8-FITC/CDI127-PE/CD25-PC5/CD4-
PC7/CD3-AA700/CD45-AA750 u CD5-FITC/
CD23-PE/CD19-ECD/CD45-PC5/CD27-PC7.
The distribution of antibodies along the fluorescence
channels was carried out in accordance with the
principles of forming panels for multicolor cytometric
studies [13]. Sample preparation was performed
according to the standard procedure [22]. The
analysis of stained cells was carried out on a Navios
flow cytometer (Beckman Coulter, USA) of the
Krasnoyarsk Regional Center of Research Equipment
of Federal Research Center “Krasnoyarsk Science
Center SB RAS”. The processing of the obtained
cytometric results was carried out using the Navios
Software v. 1.2 and Kaluza v. 2.1.1 (Beckman Coulter,
USA) programs. At least 50,000 lymphocytes were
analyzed in each sample.

Statistical analysis

Statistical description was performed by counting
the median (Me) and the inter-quarterspan in the form
of 25 and 75 percentiles (Q,,5-Q, 75). The significance
of differences between the indices of independent
samples was assessed by the nonparametric Mann—
Whitney U test. The significance of the differences
in indicators of GD patients before and after RIT
was determined by the Wilcoxon matched pairs
test. The Spearman rank correlation coefficients

were calculated to characterize the strength of the
relationship between the studied indicators. Statistical
analysis was performed in an application package
Statistica 8.0 (StatSoft Inc., 2007).

Results

Study of thyroid status and the level of TSHR-AB

The functional state of the pituitary-thyroid
system of GD patients before RIT corresponded to
subclinical hyperthyroidism with a persistent high
level of TSHR-AB (Figure 1). The state of subclinical
thyrotoxicosis was confirmed by a low level of TSH
and normal fT4 concentration, respectively: in GD
Me = 0.01 mU/L (Q,,s = 0.005; Q,,s = 0.04) and
Me = 15.25 pmol/L (Q,,s = 11.97; Q,-s = 19.81),
in control group Me = 1.17 mU/L (Q,,s = 0.88;
Qo5 = 1.54), p < 0.001 ) and Me = 15.25 pmol/L
(Qpas = 11.97; Q55 = 19.81). The level of T3 before
RIT corresponded to the reference range of normal
values, but remained significantly increased relative
to the values established in control group: in GD
Me = 4.25 pmol/L (Q,,s = 3.05; Q,,s = 5.51), in
control group Me = 1.82 pmol/L (Q,,; = 1.49;
Qus5=2.18), p<0.001.

An increase in the concentration of TSH to control
values was observed in patients 1 month after RIT
while the content of TSHR-AB remained almost at
the initial level. Also, the concentration of fT3 in GD
patients increased 1 month after therapy (in patients —
Me = 6,27 pmol/L, Q,,s = 5,59, Qs = 6,42; in
persons of the control group — Me = 1,82 pmol/L,
Qo = 1,49, Q.5 = 2,18; p < 0,001), while the
level of fT4 during this period of the examination
corresponded to the reference range.

Features of the subpopulation composition of T and
B lymphocytes in GD patients before and after RIT

An increase in the percentage of CD3*CD25",
CD3*CD4", CD3*CD4*CD25" and
CD3*CD8*CD25" cells but with a decrease in the
amount of CD3*CD8* lymphocytes relative to the
control values was found in GD patients before
RIT (Table 1). The percentage of CD3*CD25%,
CD3*CD4*CD25" and CD3*CDS8*CD25" lym-
phocytes in patients 1 month after RIT decreased
to the control range. The relative number of
CD3*CD8" cells remained almost at the initial
level. At the same time, an increase in the number of
CD3*CD4*CD127%*CD25"i¢" cells in the peripheral
blood was found in GD patients 1 month after RIT.

Changes in the phenotypic composition of blood
B lymphocytes were also detected in GD patients
before treatment with radioactive iodine: a decrease in
the percentage of CD19" cells and an increase in the
relative number of CD19*CD27*CD23* lymphocytes
(Table 2). CD19* and CD19"CD27*CD23" cell levels
were normalized 1 month after therapy. However,
additional changes in the phenotypic composition
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Figure 1. Concentration of TSH (A) and autoantibodies to TSH receptor (B) in the blood serum before and after radioiodine
therapy of patients with Graves’ disease

TABLE 1. PHENOTYPE OF T LYMPHOCYTES IN THE BLOOD OF PATIENTS WITH GRAVES’ DISEASE BEFORE AND AFTER
1 MONTH OF RADIOIODINE THERAPY, Me (Qq ,:-Q, 75)

Patients with Graves’ disease
Control n =36
n =56 -
Parameters Before radioiodine 1 month after
therapy radioiodine therapy
1 2 3
Me Qy25-Qo.75 Me Qy25Qo.75 Me Qy25-Qo.75
1.51 1.19-1.65 1.71 1.24-2.26 1.14 0.78-1.49
T lymphocytes, 10°/L
p, = 0.029
CD3*, % 72.0 68.3-76.0 74.6 71.0-77.1 66.3 63.6-76.7
0.21 0.03-1.20 1.42 1.21-1.94 0.19 0.09-0.70
CD3*CD25*, %
p; < 0.001 p, < 0.001
41.4 37.8-46.1 47.2 39.9-54.1 43.4 38.9-51.1
CD3*CD4*, %
p; = 0.045
30.0 26.2-35.0 245 18.3-28.5 19.3 12.8-29.9
CD3*CD8*, %
p, = 0.024 p,=0.017
0.12 0.03-0.48 0.84 0.64-0.94 0.32 0.08-0.57
CD3*CD4*CD25*, %
p, = 0.005 p, = 0.002
0.06 0.03-0.17 0.31 0.29-0.45 0.05 0.03-0.08
CD3*CD8*CD25*, %
p, =0.036 p, =0.034
CD3*CD4*'CD8*, % 0.38 0.30-0.85 0.51 0.38-0.98 0.55 0.38-1.08
1.8 0.9-2.8 23 1.8-3.5 4.7 2.7-5.9
CD3*CD4*CD127*°*C-
D25"ish %, p, = 0.004
p, =0.048

Note. p,, statistical significant differences with the control group; p,, -//- with parameters of the patients before radioiodine therapy.

1011



Casuenko A.A. u dp.
Savchenko A.A. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

TABLE 2. PHENOTYPE OF B LYMPHOCYTES IN THE BLOOD OF PATIENTS WITH GRAVES’ DISEASE BEFORE AND AFTER

1 MONTH OF RADIOIODINE THERAPY, Me (Q, ,5-Q; 75)

Patients with Graves’ disease
Control n=236
n =56 Before radioiodine 1 month after
Parameters therapy radioiodine therapy
1 2 3
Me Q,.25-Qo 75 Me Q;.25-Qo 75 Me Q;.25-Qo 75
B lymphocytes, 10°/L 0.24 0.18-0.33 0.26 0.19-0.35 0.24 0.12-0.35
11.4 10.7-16.0 9.7 9.1-12.3 13.9 11.8-15.2
CD19*, %
p; =0.043 p, =0.048
8.8 6.6-15.8 7.4 6.0-11.8 12.1 8.7-14.9
CD19*CD27-, %
p, = 0.044
CD19*CD27*, % 2.3 1.2-2.5 2.2 1.4-3.2 2.6 1.6-2.9
CD19*CD5*, % 2.0 0.8-5.4 2.8 2.0-3.6 3.1 1.9-4.0
9.0 7.0-14.1 7.6 7.3-10.5 111 9.9-12.2
CD19*CD5", %
p, =0.039
CD19*CD23*, % 5.5 2.1-8.5 5.6 3.8-6.2 4.3 3.7-5.9
CD19*CD27-CD23*, % 1.29 0.63-3.72 1.86 1.28-2.19 1.41 1.18-4.00
0.17 0.06-0.53 0.44 0.29-0.84 0.24 0.10-0.37
CD19*CD27*CD23*, %
p, = 0.027 p, =0.040
1.91 0.94-3.59 1.60 0.84-1.91 1.20 0.61-1.41
CD19*CD5*CD23*, %
p, =0.035
CD19*CD5CD23*, % 2.99 1.83-5.34 3.85 2.99-4.60 3.19 2.35-4.90

Note. As for Table 1.

of B lymphocytes were found in GD patients during
this period of the examination: an increase relative
to the initial values of the levels of CD19"CD27-
and CD19*CD5- cells, a decrease in the percentage
of CDI9"CD5*CD23* lymphocytes relative to the
control values.

Correlation analysis results

Features of the relationship between indicators of
thyroid statusand the phenotypic composition of T and
B cellsinthe blood as well asbetween individual subsets
of lymphocytes were investigated using correlation
analysis. Examination of the control group showed
that the relative amount of CD3*CD25" lymphocytes
was negatively correlated with the percentage of
CD19*CD5" cells (r = -0.68, p = 0.008) and the
concentration of TSH also negatively correlates with
the percentage of CD3*CD4"CD127vCD251ieh cells
(r=-0.75, p <0.001). It was revealed in GD patients
before the start of RIT that the relative content of
CD3*and CD3*CD8*CD25* lymphocytes negatively
correlated with the percentage of CDI19"CD23*

(r =-0.82, p = 0.009 and r = -0.89, p < 0.001,
respectively) and CD197"CD5-CD23* cells (r = -0.83,
p = 0.008 and r = -0.91, p < 0.001, respectively).
The concentration of TSH in GD before the
start of treatment was positively correlated with
CD3*CD4"CD127%vCD25%eh (r = 0.94, p < 0.001)
and CD19"CD5* cells (r = 0.76, p = 0.014) while the
level of TSHR-AB in the blood serum was positively
correlated with the percentage of CD3*CD25" cells
(r=0.65,p=0.012). Correlations between the studied
parameters were completely absent in GD patients
after 1 month of RIT.

Discussion

The character of the GD course before the start
of ROT in patients is determined by the state of
subclinical hyperthyroidism of autoimmune genesis
which is manifested by a high concentration of TSHR-
AB, alow TSH level and increased content of fT3. An
increase in the percentage of T lymphocytes expressing
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the CD25 marker (CD3"CD25", CD3*CD4*CD25*
and CD3*CD8*CD25%) is observed in GD patients in
the peripheral blood against this background. CD25
was defined as the a-subunit of the IL-2 receptor (IL-
R2a) which in complex with the § (CD122, IL-2Rp)
and y (CD132, IL-2Ry) subunits formed the high-
affinity IL-2 receptor expressed on activated cells [17,
27]. Accordingly, it can be stated that the GD patients
before the start of RIT had an increase in the number
of activated T lymphocytes (including helper T cells
and cytotoxic T cells) but with a decrease in the level
of cytotoxic T cells non-expressing CD?25.

When studying the phenotype of B lymphocytes,
it was found that GD patients at the stage of pre-
RIT examination had a low content of total B
lymphocytes against the background of an increase
in the relative number of memory B cells expressing
the CD23 receptor. It is known that CD23 is a
low-affinity IgE receptor whose expression level is
increased on activated B lymphocytes [1, 6, 23]. The
immunopathogenesis of GD is based on the exit to the
periphery of the “forbidden” clone of B cells, which
can form a cell clone producing of LATS-factor [4,
21, 25]. It can be assumed that an increase in the
number of activated memory B cells with a decrease
in the level of total B lymphocytes characterizes these
processes of GD immunopathogenesis.

We characterized the dependence of the subset
composition of T and B lymphocytes on the state of
thyroid status in GD using the methods of correlation
analysis. The only relationship between the studied
parameters was found in the control group — a negative
relationship between the concentration of TSH in
serum and the percentage of Treg. Patients with GD
at the stage of pre-therapeutic examination had an
inversion of this relationship, that is the relationship
between the concentration of TSH and the amount
of Treg became positive. It can be concluded that the
regulatory effect of the thyroid status in GD is focused
on the stimulation of immune and, accordingly,
autoimmune reactions since patients had a positive
relationship between the TSH concentration and the
number of activated B lymphocytes as well as between
the level of TSHR-AB and activated T cells at this
stage of the examination.

The relationship between the subpopulation
composition of T and B lymphocytes was also
investigated using correlation analysis. The only
relationship revealed in the control group was
characterized by the presence of a negative relationship
between the number of activated T lymphocytes and
the level of B1 cellsin the blood. Negative relationships
between the percentage of T Iymphocytes and
activated (expressing the CD25 antigen) cytotoxic
T cells with activated (expressing the CD23 antigen)
B lymphocytes and B2 cells have been found in GD.
These relationships characterize the presence of

competitive processes in the cooperative interaction
of T and B lymphocytes against the background
of impaired thyroid status and the development of
autoimmune processes in GD.

The serum TSH concentration in GD patients
increased significantly and reached the control range
in one month after RIT. However, the high level of
TSHR-AB and the concentration of fT3 remained in
the patients examined at this stage. A similar condition
in the early post-radiation period with GD can be
associated with both transient hyperthyroidism and
relapse of the disease (due to the destructive effect of 1*'1
on thyroid gland) as well as the ingress of intrathyroid
autoantigens into the peripheral bloodstream [18, 24].
However, the number of activated total T lymphocytes
in GD patients with transient hyperthyroidism was
normalized due to a decrease in the levels of activated
T helpers and cytotoxic T cells to control values.
At the same time, the reduced content of cytotoxic
T cells in the examined patients remained but the
amount of Treg increased (more than 2 times). Similar
changes in the phenotypic composition of blood
T lymphocytes in GD patients characterize a decrease
in functional activity (due to a decrease in the number
of CD25 expressing T cells) as well as, accordingly, in
autoreactivity (due to an increase in the number of
Treg).

The number of B lymphocytes and activated
memory B cells returned to normal in GD patients one
month after RIT. But at the same time, an increase in
the content of naive B lymphocytes and B2 cells relative
to the initial level as well as a decrease in the number of
activated B1 cells were found in GD patients relative
to the control range. It is known that the development
and maintenance of certain autoimmune processes
in the body is associated with B1 cells [7, 11, 16].
Therefore, the changes in the subset composition of
B lymphocytes in patients with GD one month after
RIT also determine the trend towards normalization
of the functional activity of B cells including from the
standpoint of the implementation of autoimmune
aggression.

The complete absence of correlations between the
studied indicators of thyroid status and the immune
system as well as between different subsets of T and
B cells was revealed in GD patients a month after
therapy against the background of characterized
changes in the phenotypic composition of T and
B lymphocytes. This condition is determined by
an imbalance in the thyroid regulation of immune
processes which develops against the background of
the breakdown of thyrocytes due to the action of *'I.
It can also be assumed that in this case, the different
sensitivity of T and B lymphocytesto 1311inlong-term
period after RIT in GD take revenge and ultimately
may realized as disorders of cooperative interaction
during the development of the immune response.
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Conclusion

Thus, it was found that the GD patients before
the treatment with radioactive iodine had a high level
of functional activity of the immune system cells
which was determined by the expression of the CD25
antigen on T lymphocytes and the CD23 antigen on
B lymphocytes. A high level of functional activity of
the adaptive immunity cells in patients with GD was
manifested against the background of an increased
level of TSHR-AB. It was found with the help of
correlation analysis that the state of the thyroid statusin
GD patients during the pre-therapeutic examination
determined the stimulation of the functional activity
of T and B lymphocytes and accordingly increased
the level of autoimmune processes. At the same time,
based on the analysis of the features of the relationships
between the subset composition of cells, it can be
assumed that there are competitive relationships in
the cooperative interaction of T and B lymphocytes in
GD patients. The number of activated T lymphocytes
(including T helpers and cytotoxic T cells) decreased
to control values in GD patients 1 month after RIT
against the background of transient hyperthyroidism
(while maintaining an increased concentration
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