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INTERCONNECTION OF SOME INDICATORS OF THE IMMUNE
SYSTEM AND THYROID STATUS OF INDIVIDUALS
FROM CONTAMINATED AREAS OF SUMY REGION
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INTRODUCTION

It’s acknowledged one of the blggest tragedies of 20™ century by its
consequences is the Chernoby! disaster®. Although from the moment of the
disaster has passed 33 years, this period of time exceeds the half-life period
of 137Cs. Its activity has been a framework for prowdlng the status of the
enhanced radioecological monitoring to an area’. The statistics of medical
institutions in Sumy region indicates the tendency to overall growth
incidence of residents in the region. According to the Annual Public Health
Report, the effect of radiological and non-radiological factors that appeared
as a result of Chernobyl disaster led to health deterioration of all the
categories of population: |rrad|ated people, adult population of radiologically
contaminated areas, children etc®.

According to the scientific research, Sumy region is the territory of
enhanced radioecological monitoring including Shostka and Yampil districts
(Iv- radlatlon zone; 50|I contamlnatlon density with cesium isotopes-137
3,7 x 10~ 18,5 x 10* Bq/m ), are distinguished by the incidence prevalence
for children on tumor®. Currently, Sumy region occupies the 21% place (out
of 25) based on the incidence of certain classes of diseases. This fact can be
explained by the remoteness of the territory of the region from the epicenter
of a nuclear explosion and the disfigurement of the soil activity of
radionuclides. The health condition issue of adult population who lives in
contaminated area is quite controversial.
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It is widely-known that ionizing radiation is an immunosuppressant
which has been implemented at the level of the genetic apparatus and
biological membranes of immune cells. According to modern opinions, the
radiation-induced destabilization of the human genome is potentially
oncogenic®. In addition, ionizing radiation is considered to be a powerful
stress factor that could potentially lead to a decrease of the immunological
status of irradiated individuals.

From scientific sources it is known that residents of the contaminated
areas experience prolonged low-intensity irradiation through the soil activity
of tfy—:-7 137Cs isotope, radionuclides get through the respiratory tract and
food™".

With additional exogenous effects of a stress character, the risk of
immune system impairment increases®. Its activity is integrative and any
disruption into links of immunity may affect the system as a whole¥*%%,
Low-intensity prolonged radiation exposure can have an immunosuppressive
effect on specific and non-specific factors and mechanisms of systemic
immunity that diregtly affect the maintenance of the human body

homeostasis 23141516,
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In particular, this relates to the psycho-emotional load, which is
considered to be one of the most common modern immune supgressants and
stimulating agents to trigger adaptive reactions in the body*’

Like the immune, thyroid system, one of the most vulnerable to the
consequences of the Chernobyl disaster, which is explained by its significant
exposure 131-1%°. Despite the long time that has passed since then, the risk of
developing the thyroid gland pathologles is recognized as quite high by both
scientists and medical professionals?.

Disorders of the lipid profile and neuroendocrine forms of obesity due to
peculiarities of endocrine regulation during puberty, are considered to be
significant causes of increased incidence of dlseases of different etiology in
residents of radiation contaminated territories™

Recent data indicate the possibility of remote thyroid pathologies as a
result of prolonged Iow dose irradiation in the absence of direct exposure to
radioactive iodine* Often they are comblned with a state of high
anxiety — typical signs of a stressful situation?®’

In researches of the Ukrainian scientists, typlcal signs of stress reactions
among individuals aged 18-24 years old who lived on the territory of
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enhanced radiation control were marked, in particular, raised the level of
cortisol, WhICh increased further in conditions of additional psycho-
emotional stress®. As a result, signs of immunosuppression were observed
in this group, WhICh were accompanled by an imbalance of thyroid status
and lipid metabolism, changes in oxidative and antioxidant activity*****%. In
our previous studies** the obtained results indicate the functional load of
the cellular and humoral parts of systemic immune system among the
population of radiation-polluted territories of the Sumy region. At the same
time, the formation of compensatory mechanisms in response to low-
intensity prolonged radiation irradiation is observed.

Thyroid dysfunction causes a number of health problems, including the
development of atherosclerosis; autoimmune and allergic diseases, severe
changes aII without exception organs and systems, including the mental
sphere®?®
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However, most of the data on the involvement of cellular and humoral
factors of the immune system, the occurrence and formation of autoimmune
and allergic conditions are contradictory and incomplete.

So, we think, all the above-mentioned evidences determined the
timeliness of our research and defined its goal — to ascertain the
interconnection of some indicators of the immune system and thyroid status
of individuals from contaminated areas of Sumy region.

1. Materials and methods of the research

In 2018 there were examined 30 individuals including the ones from
contaminated areas (control group, 20 individuals) and residents from the
enhanced radiological monitoring areas (IV-radiation zone; soil
contamination density with cesium isotopes-137 3,7 x 10* — 18,5 x 10*
Bg/m?). All the examined individuals were students or staff members of
Sumy State Teachers™ Training University at the age from 18 to 35 and
during the examination they had no acute diseases. Statistically, there were
no significant difference between sexes of the examined individuals (women
were examined during the follicular phase of menstrual period) that is why
they were examined as a unitary group.

The total number of leukocytes was calculated with hemocytometer,
absolute and relative quantities of their populations were calculated with
help of Romanowski-Giemsa staining. Cell-surface antigene expression with
Peripheral Blood Leukocytes was determined by means of
immunofluorescence using monoclonal antibody to LT 3 (for testing the
expression of Pan-T-cells CD3), LT 4 (for testing the activity expression of
T-helper-cells CD4), LT 8 (for testing the expression of CD8), LNK 16 (for
testing the expression of CD16). The level of immunoglobulins in serum was
determined with the help of radial immunodiffusion technique (Mancini)
using monotypic serum against 1gG (H), IgM (H), IgA (H). The
immunoregulatory index was calculated®.

Thyrotropic hormone (TTH) content was determined using a RIA-TTH
test kit (Immunotech, Czech Republic). The content of thyroxine (T4) in the
serum was examined using a test kit of rio-t4-iPr, triiodothyronine (T3) —
rio-t3-iPr (Institute of Bioorganic Chemistry of the National Academy of
Sciences of the Republic of Belarus).

The examinations of the volunteers and their blood sampling were held
by the medical staff of the Laboratory and Diagnostic Center “Diagnostyka
Zdorov’ya” (Sumy, Ukraine). The blood sampling took place in the
morning; all the individuals were in the fasted state. Status data about the
radiation contamination was received at sanitary-epidemiological agency
(Sumy, Ukraine).

® Menpbwukos B. JlaGoparopHble MeTOnbl WCCIEIOBaHMS B KIMHHKE. MOCKBa :
Menuiuna, 1987.
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The statistical process was performed with help of Microsoft Excel with
variuos statistics methods. The authenticity of significance between samples
was determined with the Student’s T-test. The average values are given as
M + m, where M is arithmetic average and m is a standard error of the mean.
Deviation with P < 0,05 was considered as a significant one. Correlation
analysis was performed using the Pearson correlation coefficient.

The research was done in compliance Wlth bioethical standards and
according to the current legislation of Ukraine®. All the volunteers gave the
written permission for participation in the examination.

2. Immune status of individuals from the territories
of the intensified radioecological control of Sumy region

Extreme factors of wvarious kinds affecting the body trigger
compensatory-adaptive mechanisms, which accordingly change metabolism
and functional state organs and tissues. A single or short-term exposure to
these factors, as a rule, does not lead to a stable restructuring of the
mechanisms of regulation of homeostasis, where as prolonged and repeated
stress can become the basis of stress-induced development of pathology,
including the immune system**2,

Systemic immunity indlcators of residents from contaminated and
conditionally ecologically balanced environment areas of Sumy region that
are given in the table, show that over-researched period there is the absolute
amount of leukocytes of residents from contaminated areas and has a
tendency to decrease.

The absolute amount number of eosinophiles has grown up by 2,67 times
and the relative number of eosinophiles has grown up by 2,75 times relative
to the values of the control group of which is within the homeostatic norm.
Indicators of both groups are within normal.

The absolute and therelative number of basophils level decrease were
committed by 2,0 and 1,8 times in the study group and doesn’t exceed a
clinical standard. Absolute neutrophil level decrease was committed by 12%.
At the same time, the decrease of relative number of monocytes by
1,26 times, respectively, reaches reliable values.

During the research process, the total number of lymphocytes in the
control and experimental group are within the clinical norm.

40 Jonarkouii npoTtokoi 10 KoHBeH1ii mpo npasa JIIOAMHU Ta 610MEIULUHY B raiy3i
oiomennunnx pocimxenb (ETS Ne 195) / Bepxosna Paga Ykpainu.
¥ Larzelere M., Jones G. Stress and health. Primary Care. Clinics in Office Practice.
2008 Ne 35 (4). P. 839-856. DOI: 10. 1016/j.pop.2008.07.011.
Ky6aCOB P. I'opMoHanbHBIE W3MEHEHHS B OTBET Ha SKCTpeMasbHbBIC (DaKTOPBI
BHEWIHeH cpenbl. Becmuux Poccuiickoii  akademuu meouyunckux Hayk. 2014,
Ne 69 (9-10). C. 102-109.
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Table 1
Indicators of systemic immunity of individuals from contaminated and
conditionally ecologically balanced environment territories of Sumy region

. Clinical Control grou Experimental grou
Indicator norm M+ m),?\l = zpo (R/[ +m), N =930 P
Leukocytes, 1079/1 4-12 6,13 +0,15 5,99 +0,17
Eosinophils, 1079/ 0,02-0,3 0,06 +0,01 0,16 +0,01
Eosinophils, % 0,5-5 1,00 +0,03 2,75+ 0,05*
Basophils, 10°9/I 0,0-0,065 0,03+0,01 0,015+ 0,01
Basophils, % 0-1 0,45+0,08 0,25 + 0,06*
Neutrophils, 10°9/I 2,0-5,8 3,71+0,07 3,27 +£0,04*
Neutrophils, % 48-78 60,52 + 0,54 54,58 + 0,47
Monocytes, 1079/1 0,09-0,6 0,45+ 0,08 0,35+ 0,06
Monocytes, % 3-11 7,34+0,13 5,83+0,11*
Lymphocytes, 10"9/I 1-5 1,88 +£0,15 2,19+0,19
Lymphocytes, % 20-40 30,67 +0,24 36,50 +0,27*
CD3, 10M/I 0,4-3,8 0,96 + 0,03 1,15+0,05
CD3, % 50,0-80,0 50,90 + 0,26 52,50 + 0,34
CD4, 10M9/I 0,2-2,2 0,45+ 0,07 0,52 +0,09
CD4, % 33,0-46,0 46,87 +£0,13 45,08 + 0,17
CD8, 1079/ 0,1-1,4 0,27 + 0,06 0,34 + 0,06
CD8, % 17,0-30,0 28,10+ 0,14 29,92 + 0,20
'm"(‘ggzr‘jgé’l';‘g%'u”.dex 1,4-20 1,67+ 0,08 1,53£0,10
CD16, 10M/I 0,08-1,1 0,24 +0,02 0,29 +0,03
CD16, % 12-23 20,08 + 0,23 25,00 +0,33*
CD22, 10"/ 0,12-1,48 0,58 +0,16 0,49+0,18
CD22, % 17-31 29,02 + 0,23 22,50 + 0,25*
Ig G, g/l 9-20 10,35+ 0,27 10,27 £ 0,24
IgM, g/l 0,7-3,7 1,24+0,19 1,03+0,12*
Ig A, g/l 0,9-5,0 1,77+0,13 1,96 +0,16

* — P < 0,05 - the significance of the difference between the control and experimental groups.

The absolute and relative number of basophils level decrease were
committed by 2,0 and 1,8 times in the study group and doesn’t exceed a
clinical standard. Absolute neutrophil level decrease was committed by 12%.
At the same time, the decrease of relative number of monocytes by
1,26 times, respectively, reaches reliable values.

During the research process, the total number of lymphocytes in the
control and experimental group are within the clinical norm.

The absolute number of lymphocytes among residents of contaminated
areas of Sumy region shows a measure of growth. The relative number of
lymphocytes in the experimental group has grown up by 1,19 times relative
to the values of the control group over the research period.

Also the absolute number of CD4-lymphocytes (by 13,5%), absolute and
relative level of CD3-lymphocytes (by 16,5 and 3,05%), and
CD8-lymphocytes (by 20,6 and 6,08%) show a measure of growth in the
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study group and doesn’t exceed a clinical standard. But the relative number
of CD4-lymphocytes shows a measure of decline by 13,5% (in comparison
with the values of this indicator of residents from conditionally ecologically
balanced environment areas of Sumy region) and exceeds the clinical norm.

During the research period the immunoregulatory index of residents from
enhanced radioecological monitoring areas shows a slight tendency to
decrease. The NK indicators test shows the rise of natural killers (by 17 and
19,7%) in peripheral blood against reduction of mononuclear forms.

Absolute and relative number of B-lymphocytes with CD 22 phenotype
decrease by 17 and 23,7% in the researched time period. It was found a
decrease of 1gG among the residents of enhanced radiological monitoring
areas; it was also found that the lowering of IgM related to the control value
by 1,2 times. During the research contents of IgA growth by 9,7%.

3. Interconnection of some indicators of the immune system and thyroid
status of individuals from contaminated areas of Sumy region

In the formation of the regulation of the compensation mechanism for
various extreme factors affecting the body, the endocrine system is assigned
one of the leading roles. The adequacy and nature of adaptive changes in the
body, which ensure the restoration and maintenance of the constancy of the
internal environment of the organism as a whole, depend on changes in
hormonal secretion®.

Indicators of the thyroid system of residents from contaminated and
conditionally ecologically balanced environment areas of Sumy region are
given in Table 2.

According to the results of medical history among the surveyed no
persons with clinical manifestations of thyroid pathology bets.

According to the results of the survey it was established that in the
territories of the enhanced radio-ecological control of Sumy region (4th
radiation zone; density of soil contamination with isotopes of cesium-137
from 1 to 5 Ki / km?) all analyzed parameters are within the clinical norm.

The level of thyrotropic hormone of individuals from contaminated
territories shows the rise by 1,19 times. The number of triiodothyronine
shows a measure of decrease and the level of thyroxin of residents from
enhanced radioecological monitoring areas shows a measure of growth by
1,05 times (for both indicators).

The content of antibodiesto thyroperoxidase also has grown up by 8,6%.

* Charmandari E., Tsigos C., Chrousos G. Endocrinology of the stress response.
Annual  Review of  Physiology. 2005. Ne 67. P. 259-284. DOI:
10.1146/annurev.physiol.67.040403.120816.
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Table 2
Indicators of thyroid status of individuals from contaminated and
conditionally ecologically balanced environment territories of Sumy region

- Clinical Control group Experimental group
Indicator norm | (M+m),N=20 (M £ m), N = 30

Thyrotropic hormone (TTH),

me units / ml 0,3-4,2 2,51+0,34 2,99+0,23

Triiodothyronine general (Ts), 31-68 506+ 046 4824035

pmol / I il il il il il ]

Thyroxin general (T.), pmol /1 | 250" 13,84+0,23 14,52+ 0,29
Antibodies to thyroperoxidase

(ATPO), mc units / ml 0-30 15,96 + 0,71 17,46 + 0,66

In healthy individuals, it is difficult to analyze the interrelated changes in
endocrine regulation and metabolism, the immune system, since fluctuations
within the normal levels of hormones, metabolites, and indicators of
systemic immunity are quite significant. However, studies of hormonal-
metabolic, hormonal-immunological relationships in individuals who have
been exposed to prolonged exposure to factors requiring the mobilization of
regulatory systems (including prolonged low-intensity exposure) may
indicate the features of their regulation.

Correlation analysis showed that the inhabitants of the territories,
contaminated with radionuclides, regardless of thyroid status, there is a
positive relationship between:

— the content of TTH and level of CD3-lymphocytes (r = 0,38);

— the level of Tsand relative number of neutrophils (r = —0,48), absolute
number of CD3-lymphocytes (r = 0,64); content of IgM (r = 0,93);

— the level of T4and absolute and relative number of CD8-lymphocytes
(r =0,50; r = 0,48), content of IgM (r = 0,51);

— the content of ATPO (Fig. 1.) and level of natural killers (r = 0,49).

There is a negative relationship between the level of T; (Fig. 2.) and
relative number of basophils (r = —0,85), CD3-lymphocytes (r = —0,9); level
of natural killers (r = —0,38); content of Ig A (r =—0,87).

Also there is a negative correlation ofthe level of T, (Fig. 3.) and relative
number of: basophils (r = —0,40); CD3-lymphocytes (r = -0,57); CD4-
lymphocytes (r = —0,39); contents of IgG (r = —0,58) and Ig A (r = -0,45).

Scientific sources testify in recent years, the perception of stress as an
extensive systemic response of the organism, which, under certain
conditions, can cause impaired function of many physiological systems as
expanded considerably™.

* Interconnection of the immune system and the intensity of the oxidative processes
under conditions of prolonged exposure to small doses of radiation / V. Sokolenko et al.
Regulatory Mechanisms in Biosystems. 2018. Ne 9 (2). P. 167-176. DOL:
10.15421/021825.
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Relationship between the level of ATPO and some indicators
of the immune system
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Fig. 1. Interconnection of indicators of the immune system
and antibodies to thyroperoxidase of individuals from the territory
of enhanced radioecological monitoring of Sumy region

Relationship between the level of T3 and some
indicators of the immune system
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triiodothyronine of individuals from contaminated areas of Sumy region
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Relationship between the level of T4 and
some indicators of the immune system
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Fig. 3. Interconnection of indicators of the immune system and thyroxin
of individuals from radiation-polluted territories of Sumy region

During critical life-threatening illnesses, the increase in cortisol levels
was accompanied by a decrease in T; concentration and an increase in TTH
and T, levels®.

In the mechanisms of regulation of homeostasis of the body to provide
adaptation in response to stress effects of changes in hormonal secretion,
immune regulation is a kind of cascade of closely interrelated reactions.*®

As is known from scientific sources, autoimmune diseases of the thyroid
gland are characterized by a loss of immunological tolerance to their own
antigens in genetically predisposed individuals. As a result, the body’s own
proteins become antigens, for the removal of which the humoral and cellular
parts of the immune system are involved. Thus, the chain of events
of developing autoimmune inflammation, tissue destruction, stimulation
of metabolism, increased growth, or suppression of the mitotic activity

** \Vermes |., Beishuizen A. The neuroendocrinology and immunology of critical
illness. Neuroimmune Biology. 2007. Ne 7. P. 291-317. DOI: 10.1016/S1567-
7443507)00216—5.

*" VIsamosa T., Topoberr JI. TICHXOMMMYHHOSHIOKDHHHEIA CTAaTyC OGOIBHBIX
AQYTOMUMMYHHBIM ~ THPCOHIHUTOM  (KJIHMHHKO-TEPAIEBTUYECKHE aCIeEKTHl). Cubupckuii
secmuux ncuxuampuu u napkonozuu. 2010. Ne 2 (59). C. 57-62.
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of thyrocytes is possible. Certain combinations of these immune reactions
lead to the development of various AIG (DTG or AIT)*" %,

CONCLUSIONS

Thus, by investigating the indicators of systemic immunity of individuals
in the contaminated territories of the Sumy region (IV-radiation zone),
results have been obtained indicating the functional load of cellular link (due
to the tendency to increase the number of T-lymphocytes of all
subpopulations (CD3, CD4, CD8), as well as the decrease of IRI by 8,4% in
the experimental group.

Besides, the obtained results indicate the functional load of a humoral
link of systemic immunity (due to the tendency to decrease absolute and
relative number of B-lymphocytes (CD22)). At the same time, there is a
certain dynamics of the absolute and relative number of major classes of
immune cells, as well as changes in the levels of serum immunoglobulins of
classes A and M (may indicate the presence of compensatory mechanisms in
response to stress effects).

According to the results of the hormonal examination of individuals from
contaminated territories (that coinciding with the scientific data sources)
there are the increase in cortisol levels was accompanied by a decrease in T
concentration and an increase in TTH and T, levels.

As a result of our study, a certain cohort of the population who
underwent an immunological and hormonal examination and received a cut-
off value of some of the parameters analyzed was asked to seek qualified
medical care by an endocrinologist. As a result, in one male (18 years old) of
the experimental group according to ultrasound examination and according
to the opinion of a specialist, a case of autoimmune thyroidit is was
registered.

In our opinion, the obtained results can be explained by the remoteness
of the study area from the epicenter of the nuclear explosion, the
insignificant half-life period of cesium isotopes-137 and decay period of
iodine-131, as well as the stochasticity of the effects of prolonged effects of
low doses of ionizing radiation on the human body.

The obtained results point to the necessity of studying the compensatory
mechanisms of the immune system and their potential in providing an
effective integrative activity of the human body. At the same time, they
indicate the need for immunological surveys for the population in the
territories of the intensified radioecological control of our state (and in

47
CocrositHue MeTaboau3Ma .HI/IM(bOI_II/ITOB KpOBH JKCHIIMH C aYTOMMMYHHBIM

THPEOUUTOM C Pa3INYHBIM COCTOSIHUEM (YHKINH MIUTOBUIHOM xkene3sl / C. Illaraposa u
Ip. Meduuul—tcxa}z ummyHonoeus. 2009. Ne 11 (4-5). C. 366-367.

# OcoGennocTn MeraGonusama IMM(OLMTOB KPOBH Y KEHIWMH ¢ Au(y3HBIM
TOKCHYECKUM 3000M B npouecce neuyenus / B. Maupianna u ap. Cubupckoe meduyunckoe
o6ospenue. 2012. Ne 4. C. 16-20.
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particular, in Sumy region) with the aim of developing and applying
immunorehabilitation measures for this category of population, since their
organisms are under the prolonged exposure of the influence of the low-
intensity ionizing emission. We believe, this research may serve as
followings: basis for the formation of risk groups after the monitoring of the
health status of the habitants of contaminated areas.

SUMMARY

The interconnection of some indicators of the immune system and
thyroid status of individuals from the territories of the intensified
radioecological control of Sumy region (IV-radiation zone; the density
of soil contamination with isotopes of cesium-137 3,7 x 10* — 185 x
104 Bg/m2) is under investigation.

We observed 50 persons aged between 18-35 and divided them into a
control group of volunteers who were from areas unaffected by radiation
(20 people) and the main experimental group of people from territories of
increased radio-ecological load (1V radiation zone, 30 people).

General methods of studying parameters of immunity and thyroid status
were used. Statistical data has been processed. The research was carried out
with the written consent of the volunteers in accordance with the bioethical
norms and in compliance with the current legislation of Ukraine.

According to the results of the survey it was established that in the
territories of the enhanced radio-ecological control of Sumy region (all
analyzed parameters are within the clinical norm.

Nevertheless, the obtained results indicate the functional load of the
cellular and humoral parts of systemic immune system among the population
of radiation-polluted territories of the Sumy region. At the same time, the
formation of compensatory mechanisms in response to low-intensity
prolonged radiation irradiation is observed.

The individuals tested from territories polluted by radionuclides, has
changed dependant on thyroid status, which can become a precondition for
the development of stress-induced (including its radiation nature) pathology.
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