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Introduction. An increased risk of malignancy and cardiovascular diseases is revealed in exposed individuals from different cohorts. Monocyte and natural
killer (NK) cells modulate inflammation and carcinogenesis.

Objective. To evaluate absolute and relative cell counts in monocyte and natural killer cell subpopulations in the peripheral blood of individuals exposed to
chronic irradiation.

Materials and methods. Thirty-five persons from the Techa River cohort were examined, divided into three subgroups depending on the radiation absorbed
dose calculated to the red bone marrow (RBM) (70-249 mGy; 250-699 mGy; 700-1429 mGy, respectively). The mean age of patients was 74.9 years; the
mean value of the radiation absorbed dose to RBM was 542.0+65.3 mGy, while that of the radiation absorbed dose to thymus and peripheral lymphoid or-
gans was 99.7+14.4 mGy. The comparison group consisted of 10 persons without a history of anthropogenic irradiation of similar gender and ethnicity, mean
age — 71.8 years.

Results. In the second dose subgroup, the proportion of CD14-CD16* monocytes was statistically significantly higher (8.47%) than in the comparison group
(5.52%, p=0.014), and the absolute CD14-CD16* monocytes count (0.040x10%1) was also higher than in the third subgroup (0.018x10%I1, p=0.044) without
correlations with radiation and non-radiation factors. No statistically significant differences of other studied parameters between the groups were revealed.
Conclusion. In persons from the second subgroup the relative number of CD14-CD16* monocytes was statistically significantly higher than in the comparison
group; the absolute CD14-CD16* monocytes count was also higher than in the third subgroup without correlations with factors of a radiation and non-radiation
nature. The findings are preliminary.
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cysnonynaumm MOHOLUUTOB U HATYPAJIbHbIX KUTNEPOB NEPU®EPUYECKOIN KPOBU
YENNOBEKA B OTOAJIEHHOM NEPUOAE XPOHUYECKOIO OBJTYHEHUA

1.0. XomeHko™, E.A. KogrHuesa', A.A. Aknees?

1YpanbCkuii Hay4HO-NPaKTUYECKUI LIEHTP paavaumoHHOM MeauLmHbl PeaepanbHOro Meamnko-61Monornieckoro areHTcTea, YensbuHek, Poccus
2 HOXKHO-YpanbCKuii rocyfapCTBEHHbIN MeOVLMHCKUIA yHUBEpPCUTET, YensbuHek, Poccust

BBepeHume. [N0BbILLEHHbIN PUCK Pa3BUTUSA 310KA4ECTBEHHbIX HOBOOOPA30BaHMI 1 3a60NeBaHN CepaeHHO-COCYANCTON CUCTEMbI YCTAaHOBEH AIA Pa3HbIX
KOropT 06y4eHHbIX Mtofel. Mpy 3TOM M3BeCTHa BaXKHAS POSb MOHOLMTOB 1 HATYpasibHbIX KUEPOB B MOAYSALMIU BOCNANEHNS U KaHLeporeHesa.

Llenb. OueHka abCoMoTHOrO 1 OTHOCUTENBHOIO KOMYECTBA KNETOK B CyOMONyNALmMAX MOHOLMTOB M HaTypasibHbIX KUIepoB B Nepuepr4ecKoin Kposm
Y N1L, NOABEPILUMXCS XPOHUYECKOMY PaaMaLMOHHOMY BO3AENCTBIIO.

Matepuanbl u metogbl. O6cnenoBarbl 33 YenoBeka M3 KOropTbl pekn Teun, cpeaHnii Bo3pacT nauneHtTos — 74,9 ropa. MaumeHTbl Obinv pasgeneHsbi
Ha TpY NoArpynMbl B 3aBUCUMOCTI OT BEIMYMHbBI MOMOLLEHHOW 103bl 06/y4EHUst B KPACHOM KOCTHOM Mo3re (70-249 mlp, 250-699 Mlp, 700-1429 mlp co-
OTBETCTBEHHO), CPEAHSASA MOrMoLLeHHasA f03a 061yHeHNsA KDaCHOro KOCTHOro Modra — 542,1 + 65,3 MIp, cpeaHas noroLleHHas fosa o0bay4eHns Tumyca
1 nepucepmnyiecknx MMMbonaHbix opraHoB — 99,7 + 14,4 mIp. Tpynny cpaBHeHus cocTasmnm 10 Yenosek, cpeaHuin Bo3pacT — 71,8 rona, 6e3 TEXHOreHHOro
06MyHeHVs B aHaMHe3e, COMOCTaBUMbIX MO MOAY ¥ 3THUYECKON NPUHALANEXHOCTL.

Pesynbratbl. Bo BTOpOn gososon nogrpynne gons CD14-CD16* MOHOUMTOB Obina CTaTUCTUHECKM 3HAYMMO Bbilwe (8,47%), 4em B rpynne CpaBHeHUst
(5,52%, p = 0,014), a abcontoTHoe konnyecTBo CD14-CD16* MoHoumToB (0,040x10%n) — 6onblue, Yem B TpeTbelt nogrpynne (0,018x10%n, p = 0,044). He
0BHapy>KeHO CTaTUCTU4ECKM 3HA4YNMbIX KOPPENALMIA YKa3aHHbIX nokasaTtenei ¢ hakTopamu paamaLoHHON U HepaavaLmMOHHOM NPUPOABI.

BbiBOAbIL. Y Nt0fEN N3 BTOPOW NOAPYNMbl OTHOCKUTENbHOE Konmn4ecTBO CD14-CD16* MOHOLMTOB ObINO CTAaTUCTUHECKIM 3HAYMMO BbILLIE, YEM B rpynne cpas-
HeHus, B TO BpeMs Kak abcontoTHoe uncno CD14-CD16* moHoumToB — 6osbLue, YeM B TPETber noarpynne, 6e3 cTaTUCTUYECKN 3Ha4YMMON B3anMOCBSI3N
¢ hakTopamun paamnaLmoHHO 1 HepaanauoHHON NpUPoAb!.

KniouyeBble cnoBa: XpOHMYECKOE paamaurioHHOEe BO3OENCTBIE; peka Teva; cybnonynaumm, MOHOLUUTLI Nepudeprnyeckon KpoBK; HaTypabHble KUnepbl;
oTAaneHHble CPOKM; MONEKYNSPHbIE MapKepsbl
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INTRODUCTION

The increased risk of malignant neoplasms (MN) among
inhabitants of settlements located along the Techa River
affected by ionizing radiation (IR) is a scientifically identified
fact confirmed by epidemiological studies [1, 2]. The works
of many authors have revealed a correlation between IR
dose and risk of hypertension, ischemic heart disease, and
cerebrovascular diseases in exposed people in long-term
periods following exposure [3]. However, the mechanism
of the influence of radiation exposure on the key immune
reactions mediating neoplastic processes and/or the de-
velopment of cardiovascular pathology in irradiated people
in long-term periods of exposure to radiation [4] is still insuf-
ficiently studied.

A number of authors emphasize that people exposed to
technogenic radioactive contamination affecting the Techa
River had lower intracellular oxygen-dependent metabolism
of monocytes, lower levels of interleukin-4 (IL-4), higher levels
of tumor necrosis factor alpha (TNF-o«) and interferon gam-
ma (IFN-y) in serum [5] as compared to unexposed persons.
At the same time, TNF-a is weakly correlated with the ab-
sorbed dose of red bone marrow irradiation (RBM) [6].

Monocyte—-macrophages are of special interest in
studying the pathogenesis of the long-term effects of
chronic irradiation. The poorly understood role of these
cells in the regulation of hematopoiesis and regeneration
of RBM represents a promising area of research [7] both
under physiological conditions and when RBM are affected
by osteotropic radionuclides. Monocyte—-macrophages
make a significant contribution to the development of both
innate and adaptive immune response reactions. As well
as participating in the formation of immunological memo-
ry, they recognize a wide range of antigenic substances,
participate in antigen presentation to T-lymphocytes and
regulation of immune responses depending on the type of
reaction, its intensity and duration [8].

For many types of oncopathology, the development of
inflammatory process caused by active monocytes/mac-
rophages is understood to potentiate the transformation
of premalignant tissue into fully malignant tissue. It has
been noted earlier that immune cells play a dual role in the
pathogenesis of MN. On the one hand, they are able to
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efficiently and rapidly recognize damaged, transformed
and tumor cells in order to neutralize and eliminate them
from the body. On the other hand, immunocytes, which
typically provide inflammation and removal of genetically
foreign agents from the body, contribute to the formation
of a pro-tumor microenvironment by producing cytokines
and growth factors that stimulate tumor development. In
particular, the macrophage migration inhibitory factor (MIF)
produced by macrophages suppresses the expression of
the P53 gene, one of the key regulators of cell cycle and ap-
optosis, which leads to an insufficiently effective response
to DNA damage, increased cell life spans, and consequent
accumulation of mutations.

Monocyte—-macrophages produce a spectrum of
growth factors — in particular, vascular endothelial growth
factor (VEGF) — which promotes tumor vascularization
and metastasis. In turn, tumor signaling molecules pro-
vide chemotaxis of monocytes from peripheral blood to
the focus of malignant growth and their differentiation into
macrophages. The combination of hypoxia and mediators
released by tumor cells initiates reprogramming of de novo
recruited macrophages of the microenvironment into tumor
growth promoters — “tumor-associated macrophages” [9].
The presence of macrophages, mast cells, and neutrophils
in the tumor microenvironment is usually associated with
increased angiogenesis and poor prognosis. However,
some clusters of macrophages in the tumor microenviron-
ment may be associated with tumor regression [10].

The cytolytic activity of natural killer (NK) cells is de-
termined by the balance between activating and inhibi-
tory signals and is realized by perforation of the target cell
membrane. NK cells can express CD8 a-chain on the mem-
brane but at a lower density than cytotoxic T-cells. Human
NK subpopulations expressing aa-homodimer CD8 have
greater cytotoxicity than NK cells without a CD8 molecule
on the membrane. CD38+*CD8* NK-cells have been report-
ed to have high cytolytic activity [11].

Full activation of immunocytes in response to tumor an-
tigens can lead to tumor cell elimination, whereas ineffec-
tive immune responses against the background of chronic
age-associated inflammation [12] can lead to tumor pro-
gression. Chronically activated cells of innate immunity
(monocytes/macrophages, natural killer cells, neutrophils



OPUTMHAJIbHASA CTATbA | PAOVOBKONOI NS

and others) may contribute to the development of MN by
suppressing immune reactions, hyperproduction of reac-
tive oxygen species damaging biological membranes and
cell DNA, secretion of growth factors and in other ways.
Based on the abovementioned, the study of the peculiari-
ties of the quantitative composition of monocyte subpopu-
lations in irradiated people residing along the Techa River,
who have now reached the age of realization of oncogenic
effects associated with the impact of IR, is a priority direc-
tion of research.

In this work, we aim to evaluate absolute and relative
cell counts in the subpopulations of monocyte and NK cells
in the peripheral blood of persons affected by chronic ra-
diation exposure in the long-term.

MATERIALS AND METHODS

The study was carried out on the basis of the Ural Scientific
and Practical Center of Radiation Medicine of FMBA of
Russia. Forty-five chronically exposed rural residents per-
manently residing in areas along the Techa River, which was
subject to technogenic contamination during the 1950s due
to the activities of the Mayak Production Association, were
examined. For each patient, the individualized doses were
preliminarily calculated using the Techa River Dosimetry
System-2016 (TRDS-2016) [13].

The main group included 33 people, whose absorbed
dose calculated on the RBM at the time of examination
was 70 mGy or more. The minimum radiation dose cal-
culated on RBM in people from this group was 88.5 mGy,
while the maximum dose was 1429 mGy, and the range
of doses calculated on thymus and peripheral/second-
ary lymphoid organs (TSLO) was from 12 to 460 mGy. To
permit a detailed study of the dose-effect relationship, the
main group was divided into three subgroups depending
on the value of the cumulative radiation dose calculated on
the RBM: 1st subgroup — 11 people with doses from 70 to
249 mGy; 2nd subgroup — 10 people with doses from 250
to 699 mGy; 3rd subgroup — 12 people with doses from
700 to 1429 mGy.

The comparison group consisted of 10 people with no
history of anthropogenic IR exposure, whose absorbed ra-
diation dose was calculated at an RBM less than 70 mGy.
The radiation dose calculated on the RBM in the persons
included in the comparison group was in the range from 4
to 55 mGy, while the dose on TSLO was from 1 to 20 mGy.

Table 1. Characteristics of the study groups

Parameter, unit of measurement Comparison group | Main group
n=10 n=33
RBM dose, mGy 22.5+£5.9 542.1+65.3
Dose for TSLO, mGy 8.7£2.4 99.7+14.4
male 20.0 27.3
Gender composition, %
female 80.0 72.7
Slavic 50.0 21.2
Ethnic composition, %
Turkic 50.0 78.8

Table prepared by the authors using their own data

Note: The data are presented as average value (M + SE)

The mean age of the examined persons in the com-
parison group was equal to 71.8 + 1.2 years; in the main
group — 74.9 + 0.6 years. The studied groups of people
did not differ statistically significantly in ethnic and gender
composition but differed in age (p = 0.026). The data on the
value of the average radiation dose at RBM, TSLO, gender
and ethnic composition in the studied groups of people are
presented in Table 1.

Criteria for exclusion of subjects from the study were:
signs of acute inflammatory diseases; chronic diseases in
exacerbation; renal or hepatic insufficiency; symptoms of
acute cerebral circulatory failure or craniocerebral trauma
within three months before the study; confirmed oncologi-
cal and autoimmune diseases; courses of hormone, anti-
biotic, chemotherapy and (or) radiotherapy; medical pro-
cedures involving the use of ionizing radiation within six
months before the study.

Human peripheral blood served as a material for im-
munologic study. Peripheral blood samples (3 mL) were
obtained from the ulnar vein in the morning on an empty
stomach into a vacuum tube filled with K3-EDTA (tripo-
tassium ethylenediaminetetraacetic acid). The subpopu-
lation composition of monocytes and natural Killer cells
in peripheral blood was assessed on a LongCyte C3111
flow cytometer (Chenglang Biotechnology, PR China) af-
ter preliminary staining with monoclonal antibodies labeled
with fluorochromes: CD14-PE, CD16-PerCP, CD45-APC
(Elabscience, PRC) — panel for the analysis of monocytes,
CD3-FITC, CD56-PE, CD16-PerCP, CD8-PC7, CD45-APC
(Elabscience, PRC), CD38-PO (Exbio, Czech Republic), a
panel for NK analysis, followed by lysis of erythrocytes with
Versalyse solution (Beckman Coulter Inc., USA) accord-
ing to the reagent manufacturers’ instructions using stand-
ardized methods [14]. On the day of blood collection for
the study of immunologic parameters in the clinical diag-
nostic laboratory of Ural Scientific and Practical Center for
Radiation Medicine of FMBA of Russia, patients underwent
a general blood count with leukoform counting in accord-
ance with the established procedure [15].

Statistical processing of the data was performed
in the Statistica 12 software package (demo version).
The data were checked for normal distribution using the
Kolmogorov—Smirnov test of agreement. The arithmetic
mean (M), minimum and maximum values were used to
describe normally distributed data. For data that were sta-
tistically significantly different from the normal distribution,
median, 25th and 75th percentile values were given.

Student’s T-test was used to compare parametric data
sets; the Mann-Whitney U-test was used for nonparametric
data. Qualitative data were compared using the ¥? criterion.
Differences were considered statistically significant when the
confidence level (p) was less than 0.05. For correlation analy-
sis of abnormally distributed data, the Spearman rank correla-
tion coefficient was calculated with a confidence level of 5%.

RESULTS

When comparing the values of the studied parameters in
chronically irradiated people with different dose loads, a
statistically significant increase in the absolute monocyte
CD14-CD16* count was found in the peripheral blood of
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patients from the second subgroup in comparison with
those from the third subgroup (p* = 0.044), and non-ex-
posed patients (p = 0.014) (Table 2).

However, in the process of analyzing the results of
quantitative assessment of monocyte subpopulations in
the examined persons with different dose loads, no sta-

median values of the studied parameters in the main group
and the comparison group.

The results of quantitative analysis of subpopulations
of natural killer cells expressing CD8 and CD38 activation
molecules on cell membranes in the examined persons
with different absorbed dose of irradiation are presented

tistically significant differences were found between the

in Table 3.

Table 2. Results of quantitative analysis of monocyte subpopulations in the examined persons

Indicator, unit of measure

Comparison group
n=10

Main group, n=33

Subgroups, radiation doses

70-249 mQGy,
n=11

250-699 mGy,
n=10

700-1429 mGy,
n=12

Median values
within the group

Leukocytes, x10%/L

6.14 (5.25-6.60)

5.96 (5.30-6.51)

5.74 (4.70-6.41)

6.23 (5.45-7.05)

5.96 (5.30-6.51)

Monocytes, %

8.2 (7.00-9.90)

8.20 (6.40-11.00)

7.95 (5.00-8.10)

6.00 (3.50-9.15)

8.00 (5.00-9.00)

Monocytes, x10%/L

0.452 (0.364-0.630)

0.467 (0.376-0.679)

0.417 (0.350-0.464)

0.381 (0.185-0.588)

0.420 (0.330-0.567)

CD14+*CD16~ monocytes, %

67.86 (62.45-74.00)

65.58 (54.96-75.66)

69.48 (62.73-73.63)

66.96 (57.50-75.57)

67.68 (568.36-74.80)

CD14+*CD16~ monocytes, x10%/L

0.336 (0.263-0.376)

0.281 (0.218-0.415)

0.305 (0.187-0.314)

0.267 (0.128-0.328)

0.287 (0.187-0.341)

CD14+CD16* monocytes, %

4.77 (2.92-6.13)

4.04 (2.85-8.66)

4.25 (2.26-7.30)

3.92 (2.57-5.81)

4.04 (2.48-7.05)

CD14+CD16* monocytes, x10%/L

0.024 (0.007-0.031)

0.032 (0.006-0.034)

0.015 (0.004-0.030)

0.095 (0.007-0.019)

0.014 (0.006-0.023)

CD14-CD16* monocytes, %

5.52 (3.30-7.50)

6.56 (3.64-8.93)

8.47 (7.98-11.27)
p=0.014

6.25 (2.76-9.01)

7.94 (4.67-9.47)

0.018 (0.012-0.034)

0.036 (0.023-0.042)

0.040 (0.033-0.051)

CD14-CD16* monocytes, x10°/L

p°=0.044

0.011 (0.007-0.029)

0.033 (0.009-0.042)

Table prepared by the authors using their own data

Notes:

1 — The data are presented as median (25th-75th percentiles).
2 — p — confidence probability of differences relative to the comparison group (Mann-Whitney U test).
3 — p* p*=0.044 — confidence probability of differences with respect to the subgroup of people with the highest doses (Mann-Whitney U test).

Table 3. Results of quantitative analysis of NK subpopulations in the examined persons

Parameter, unit of measure

Comparison

group,
n=10

Main group, n=33

Subgroups, radiation doses

70-249 mQGy,
n=11

250-699 mGy,
n=10

700-1429 mGy,
n=12

Median values in
the group

Lymphocytes, %

37.00 (32.40-45.00)

35.00 (30.00-40.90)

39.15 (29.60-46.00)

36.35 (33.55-38.50)

35.70 (30.20-41.00)

Lymphocyte, x10%/L

2.211 (1.701-2.619)

1.979 (1.700-2.600)

1.903 (1.680-2.381)

2.145 (1.863-2.946)

1.979 (1.739-2.600)

NK (CD3-CD16*CD56°), %

11.75 (9.00-15.63)

10.87 (6.65-13.93)

10.70 (9.56-14.72)

13.80 (12.00-16.37)

12.00 (7.49-15.63)

NK (CD3-CD16*CD56*), x10%/L

0.266 (0.163-0.350)

0.237 (0.117-0.353)

0.195 (0.161-0.349)

0.302 (0.223-0.417)

0.269 (0.160-0.353)

CD3-CD16*CD56*CD8-CD38", % of NK

52.39 (17.65-65.45)

42.95 (14.98-66.46)

12.36 (7.83-64.86)

2211 (4.94-53.73)

26.44 (10.13-64.94)

CD3-CD16*CD56+CD8-CD38-, x10%L

0.111 (0.040-0.224)

0.045 (0.031-0.102)

0.020 (0.014-0.046)

0.061 (0.015-0.166)

0.043 (0.015-0.114)

CD3-CD16*CD56*CD8*CD38", % of NK

7.13 (2.75-20.00)

2.99 (0-18.92)

10.84 (2.60-30.50)

12.15 (2.03-32.86)

710 (1.16-21.90)

CD3-CD16*CD56*CD8+*CD38*, x10%/L

0.011 (0.005-0.036)

0.006 (0-0.045)

0.021 (0.001-0.049)

0.036 (0.009-0.049)

0.021 (0.001-0.049)

CD3-CD16*CD56*CD8-CD38*, % of NK

22.00 (9.27-44.51)

18.07 (4.83-50.64)

8.44 (0.78-29.03)

21.28 (2.85-47.14)

18.82 (4.83-47.14)

CD3-CD16*CD56+CD8-CD38*, x10°%/L

0.077 (0.015-0.085)

0.046 (0.014-0.154)

0.010 (0.002-0.085)

0.066 (0.011-0.099)

0.063 (0.008-0.101)

CD3-CD16*CD56*CD8*CD38", % of NK

9.14 (4.58-18.15)

4.19 (2.48-34.05)

18.94 (2.41-38.74)

5.21 (1.23-22.67)

5.44 (2.41-34.05)

CD3-CD16*CD56+*CD8+*CD38", x10%L

0.015 (0.008-0.042)

0.010 (0.006-0.024)

0.010 (0.005-0.056)

0.012 (0.003-0.070)

0.010 (0.005-0.056)

Table prepared by the authors using their own data

Notes:

1 — The data are presented as median (25th—75th percentiles).
2 — p — confidence probability of differences relative to the comparison group (Mann-Whitney U test).
3 — p* — confidence probability of differences with respect to the subgroup of people with the highest doses (Mann-Whitney U test).
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Despite a decrease in the median number of natural
killer cells not expressing CD38 and CD8 molecules and
in the absolute CD38* NK count in chronically exposed
people from the main group relative to the comparison
group, no statistical significance of differences was es-
tablished due to the significant scatter of individual val-
ues in people from the main group with relatively small
sample sizes, confidence intervals of median values
overlap.

At the same time, no statistically significant differences
were found between the relative and absolute natural kill-
er cells count expressing in various combinations of CD8
and CD38 molecules on the cell membrane in chronically
irradiated people from different dose subgroups and in
persons from the comparison group.

When examining the dose-effect relationship, weak
inverse correlations were found between the dose calcu-
lated on RBM and the relative, absolute monocyte count,
absolute CD14+*CD16- and CD14+*CD16* monocyte count,
and relative CD3-CD16*CD56+*CD8-CD38~ cell count. A
direct weak correlation was found between the relative
NKs and the dose calculated per RBM. The correlations
between the studied indices of innate immunity and doses
of RBM and TSLO irradiation were not statistically signifi-
cant. In order to clarify the results of the analysis of the de-
pendence of the studied indicators of innate immunity on
radiation doses, the sample of the examined persons will
be expanded in future research. In chronically exposed
people in the long-term period following the beginning of
radiation exposure, no statistically significant correlations
were established by the Spearman criterion between the
quantitative characteristics of leukocytes, lymphocytes
or monocytes, as well as the analyzed subpopulations
of monocytes and natural killer cells and such factors of
non-radiation nature as age, sex and ethnos, or between
the studied indicators of innate immunity and the doses of
radiation exposure.

The data presented in Table 4 show a statistically sig-
nificant positive correlation between age at the time of ex-
amination and the proportion of inactivated NKs, as well
as a negative correlation between the ethnicity of the sub-
jects and the proportion of CD14-CD16* monocyte in the
peripheral blood. At the same time, a reliable correlation
was established between the gender of the subjects and
the relative or absolute cell count in the subpopulation of
inactivated NKs and the proportion of NKs simultaneously

expressing CD8 and CD38 molecules on the cell mem-
brane. No such correlations were found in people from
the comparison group.

The results are preliminary. In future research, the
study groups will be enlarged.

DISCUSSION

The results of the study agree with and complement
previously obtained results of immunological examina-
tions of chronically exposed people from the Techa River
cohort. The main dose-forming radionuclide was osteo-
tropic strontium-90 (°°Sr), whose characteristic feature
is a long half-life (about 30 years), accumulation in bone
tissue, and prolonged impact of IR on the central organ
of the immune system and hematopoiesis (RBM). The
unique nature of radiation exposure — in particular, the
combination of external and internal y-radiation, mainly
B-radiation due to °°Sr — apparently underlies the long-
term changes in the immune system in the residents of
the Techa River cohort. No changes in the absolute leu-
kocyte count or relative and absolute monocyte content
in blood were detected between exposed and unex-
posed study participants.

The subpopulation composition of monocytes and
expression of activation molecules on NK cells in the pe-
ripheral blood of people from the Techa River cohort in
long-term periods following chronic radiation exposure
was investigated for the first time.

Monocyte—-macrophages represent a heterogene-
ous cluster of cells having great plasticity and multiple
functions determined by the type of activating signal.
They are radioresistant cells whose functions can be
modulated by exposure (Al); depending on the radia-
tion dose and fractionation, such cells exert both pro- or
anti-inflammatory, as well as pro- or antitumor activity.
At present, it is not possible to systematize information
on specific radiation-induced modulations of monocyte—
macrophages [16].

CD14 molecule, a type of Toll-like receptor (TLR), ap-
pears at the early stages of monocyte maturation and
is its specific marker [16]. Differentiation of classical
CD14++CD16- monocytes occurs from a medullary my-
eloid precursor. Outside the BCC they mature into inter-
mediate CD14++CD16* monocytes, differentiate into non-
classical CD14+*CD16** monocytes and further as tissue

Table 4. The results of the correlation analysis between some non-radiation factors and the studied indicators of immunity

Comparison group, n= 10 Main group, n=33
Pairs of parameters, units

SR P SR P
CD14-CD16* monocytes, x10%L & Ethnicity -0.59 0.072 -0.41 0.019
CD3-CD16*CD56*CD8-CD38-, % of NK & Age at the time of examination 0.42 0.228 0.39 0.036
CD3-CD16*CD56*CD8-CD38-, % of NK & Gender 0.09 0.811 0.50 0.005
CD3-CD16*CD56+*CD8-CD38-, x10%L & Gender -0.17 0.631 0.46 0.010
CD3-CD16+CD56+*CD8+*CD38*, % of NK & Gender 0.17 0.631 0.36 0.050

Table prepared by the authors using their own data

Notes: SR — Spearman correlation coefficient, p — Confidence probability
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macrophages and dendrocytes perform remodeling and
repair of damaged tissues [17, 18]. Late maturation of pe-
ripheral monocytes is accompanied by the expression of
FcyRIll (CD16) on the cell membrane with a simultaneous
decrease in the number of CD14 molecules. At the same
time, CD16 expression is associated with an increased
ability of monocytes to present antigen, which increases
with the loss of CD14 expression on the cell membrane
[7]. The relatively low phagocytic activity and enhanced
ability to produce cytokines and antigen presentation in
such cells is due to higher expression of major histocom-
patibility complex class Il (MHC Il) molecules [19].

Monocyte subpopulations perform different functions,
which are determined either by the state of their microen-
vironment representing a complex cytokine-cell system,
or by their linear differentiation [18]. Functionally, all mono-
cytes/macrophages are conventionally classified into two
types: proinflammatory (M1), which mainly produce IL-18,
IL-12, 1L-26 and thus stimulate Th1 and Th17 responses,
and anti-inflammatory (M2), which mainly produce IL-10
and transforming growth factor beta (TGF-p) and par-
ticipate in immunoregulation and tissue repair. There are
many intermediate and transitional forms between these
two clusters of cells, and a dynamic balance of cytokines
is maintained depending on the current needs of the mac-
roorganism [7].

The ability of macrophages to respond to various en-
dogenous and exogenous pro- and anti-inflammatory
stimuli ensures a high heterogeneity of their phenotype.
IFN-y activates pro-inflammatory macrophages (M1),
which participate in the Th1-dependent immune response
to oncotransformed target cells. Anti-inflammatory mac-
rophages (M2) are involved in Th2-dependent immune re-
sponses, repair processes, and the pathogenesis of some
tumors. The spectrum of cytokines produced by M2 cells
includes IL-1, IL-6, IL-10, vascular endothelial growth fac-
tor (VEGF), and TGF-B, which under certain conditions
provide proliferation and metastasis of tumor cells. The
subpopulation of monocytes with the CD14vCD1gbriant
phenotype “non-classical monocytes” corresponds to
anti-inflammatory cells [7].

Normal monocytes/macrophages play an important
role in antitumor immune surveillance by antigen-mediat-
ed activation of T-cytotoxic cells or direct lysis of tumor
cells in the activated state. Activated macrophages exhibit
antitumor activity due to lysing enzymes, TNF-a synthe-
sis and free radical production. Intermediate monocytes
in comparison with monocytes of other subpopulations
are the main producers of IL-1f, IL-6 and TNF-a, have the
greatest ability to perform transendothelial migration and
formation of reactive oxygen species [20, 21].

Oncotransformed cells are characterized by reduced
expression of major histocompatibility complex class |
molecules, which modifies inhibitory signals from oth-
er NK receptors. Activating NK receptors interact with
stress-inducible proteins that are expressed by tumor
cells. The secretory process is triggered in NK cells rep-
resenting cytoplasmic vesicles containing serine ester-
ases (granzymes A and B) are released by local exocy-
tosis into the space between the effector cell and the
target. In NK, a specialized mechanism of transformed
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cell killing is associated with perforin contained within
the granules, which has lytic activity against target cells.
Immediately after lymphocyte binding to the target cell,
pores are formed in its membrane, NK granules are exo-
cytosed and their contents — granzymes and perfor-
in — are released. Further, a cascade of lytic processes
is triggered in the target cell, which leads to deoxyri-
bonucleic acid (DNA) degradation and subsequent cell
death. The ability of NK to synthesize cytokines — pri-
marily IFN-y — determines their participation in the regu-
lation of other parts of antitumor immunity [11].

The scientific literature discusses the hypothesis
that in the long-term period following exposure of the
organism to IR, senescent cells (primarily leukocytes
and macrophages, as well as fibroblasts and others)
are one of the main and constant sources of reactive
oxygen species and reactive nitrogen species in tis-
sues. These contribute to the maintenance of a high
level of free radicals therein and can lead to damage of
cells and subcellular structures up to fibrosis and neo-
plastic transformation [22, 23].

It should be emphasized that the revealed features of
immune status, which are more pronounced in chronically
exposed people with maximum absorbed doses calcu-
lated per RBM, were registered during the period of reali-
zation of carcinogenic effects of irradiation and may play a
certain role in their development. The results of correlation
analysis of the influence of factors of non-radiation nature
in people from the studied groups require considerable
caution in interpretation due to the relatively small sample
size, a factor that introduces significant uncertainty in the
assessment of pairwise correlations.

CONCLUSION

The study revealed statistically significant changes in
monocyte subpopulations in people exposed to chronic
radiation. In particular, in persons irradiated in the dose
range of 250 and up to 699 mQGy, the relative CD14-
CD16* monocyte count was significantly higher than in
the comparison group; their absolute count exceeded
the similar index in persons from the third subgroup with
a maximal radiation burden. The preliminary results ob-
tained in practically healthy exposed people from the
Techa River cohort may indicate some latent tension
of regulatory mechanisms in the immune system — in
particular, the monocyte-macrophage systems and NK,
which act according to the feedback principle and are
aimed at compensating proinflammatory immune shifts
[23] — that are to a lesser extent expressed in non-ex-
posed people.

In all examined people from the main group and the
comparison group, the absolute leukocyte count, rela-
tive and absolute monocyte count, as well as the relative
and absolute monocyte with phenotypes CD14*CD16-,
CD14+CD16*, CD14-CD16* count, did not differ statisti-
cally significantly. Relative and absolute amounts of NK
cells expressing in various combinations of CD8 and
CD38 molecules on the cell membrane did not differ sta-
tistically significantly between chronically exposed people
and those from the comparison group.
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No statistically significant Spearman correlations

were found between the studied indices of innate im-
munity and factors of radiation nature in chronically ir-
radiated people.
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