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STATUS OF FACTORS OF INNATE IMMUNITY IN EXPOSED PEOPLE WHO SUBSEQUENTLY
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Currently, cancer is the major cause of mortality and disability among the working age population of the developed countries. Early diagnosis of tumors, that
involves monitoring the health of people exposed to radiation, is one of the most pressing challenges faced by radiation medicine. The study was aimed to perform
quantification and functional assessment of the system of neutrophil granulocytes, monocytes and natural killers (NK cells) in people who were diagnosed with
tumors after chronic radiation exposure. Certain factors of innate immunity were assessed in 104 people, chronically exposed to low-dose radiation over a wide dose
range. Of them 34 exposed individuals were later diagnosed with malignant tumors (MTs). We assessed the number of white blood cells, neutrophil granulocytes,
eosinophils, basophils, monocytes and NK cells (CD16/CD56+ lymphocytes) in peripheral blood, as well as phagocytic, lysosomal activity and intracellular oxygen-
dependent metabolism of neutrophils and monocytes. Individuals, chronically exposed a few years before the development of MTs, showed a significant increase in
the phagocytosis rate of monocytes (median 10.50 AU vs. 6 AU; p = 0.05) and lysosomal activity of neutrophils (median 482 AU vs. 435.5 AU; p = 0.03) compared
to patients with no MTs. Assessment of the the dose-response relationship in exposed people, who subsequently developed cancer, revealed a significant increase
in the phagocytosis rate of monocytes as a function of the accumulated dose to thymus and peripheral lymphoid organs (p = 0.45; p = 0.009), and the increase
in phagocytic activity of neutrophils with the increase in the accumulated dose to red bone marrow (p = 0.44; p = 0.01).
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COCTOAHUE ®AKTOPOB BPOXXAEHHOIO UMMYHUTETA Y OBJTYHEHHbIX J1ALI,
BMOCNEACTBUI SABOJIEBLLINX PAKOM

E. A. BrmHosa'2Bd A, . Kotnkosa'?, A. A. Aknees?, A. B. Aknees'?

T YpanbCkuii Hay4YHO-NPaKTUYECKNI LIEHTP pafyaLvioHHO MeauLmHbl PefepanbHOro Meamnko-61onornieckoro areHTeTea, HYenabuHek, Poccus
2 YenabUHCKUIA rocyaapCTBEHHbIN YHUBEpPCUTET, HYenabuHek, Poccus
3 KOXKHO-YpanbCKuin rocyaapCTBEHHbIN MeaVLMHCKINI yHUBEpCUTET, HYensibuHek, Poccust

B HacTosLLee BpeMst OHKONMOMMYECKMEe 3a00NeBaHNS ABNAIOTCA OOHOW 13 BEAYLLMX MPUYMH CMEPTHOCTU U UHBAMAN3ALMN CPEAM 3PENOro TPYAOCNOCOOHOMO
HaceneHvs B pa3BuTbix cTpaHax. OQHOM 13 akTyanbHbIX 3afay pagvalumoHHON MEAVLVMHBI SIBASIETCS PaHHSAS AMAarHoCTUKa OrnyxoneBbix 3abonesaHnii Ha
OCHOBE MOHUTOPWHIa COCTOSIHMS 3A0POBbS NOAEN, MOABEPTLLMXCS paanaLmoHHoMy BosgencTeuio. Liensto nccneposarns 6b110 OLEeHUTb KOMMHYECTBEHHbIE 1
(DyHKUMOHANbHbIE MOKa3aTenu CUCTEMbl HENTPOMUIBbHBIX rPaHyNOUMTOB, MOHOLMTOB U HaTypasbHbIX KUINEPOB Y MWL, NOABEPTLUMXCA XPOHUHYECKOMY
pafmaLyoHHOMy BO3LENCTBUIO 1 BNOCNEACTBUN 3a00NEBLLMX ONyXonesbiM1 3abonesaHmsimun. [poBeaeHo ccnefoBaHne OTAemNbHbIX (DaKTOPOB BPOXAEHHOO
nMmyHuTeTa y 104 4enoBek, NOABEPILUNXCS XPOHNYECKOMY HU3KOWHTEHCUBHOMY pamaLyvoHHOMY BO3AENCTBUIO B LUMPOKOM AnanasoHe [03. VI3 Hux y
34 005yHeHHbIX MWL, NMO3AHee Obl AMarHOCTUPOBaHbI 310KaYeCTBEHHbIE HOBOOOpasosaHms (3HO). MposeneHa oLeHKa KoMHecTBa IENKOLMTOB, HEMTPOMUIIbHBIX
rpaHynoumToB, 303nHoGMNoB, 6asodunos, MoHoumToB 1 HK-knetok (CD16*/CD56"-numdounTsl) B nepudepryeckoin KpoBu, a Takke daroumtapHas,
JIM30COMasIbHast aKTVBHOCTb M MHTEHCUBHOCTb BHYTPUKIIETOYHOIO KVCNIOPOA03aBUCUMOro MeTabonmama HenTpodunoB 1 MOHOLMTOB. Y NvL, NOABEPTLUMXCS
XPOHN4ECKOMY PaAMaLMOHHOMY BO3AEACTBIIO 38 HECKOMBKO 16T A0 Pas3snTna 3HO, Habmoaanoc 3Ha4MMOE NOBbILLEHNE MHTEHCMBHOCTY (haroLTo3a MOHOLIMTOB
(Meomana — 10,50 ycn. eq,. npoTvie 6 yen. ed.; p = 0,05) 1 nM3ocoManbHOM akTUBHOCTU HEMTPOMNIOB (MegmaHa — 482 ycn. eq,. npotve 435,5 yen. eq.; p = 0,03)
no cpaBHeHto ¢ nauveHTamy 6e3 3HO. Mpun aHanM3e [030BbIX 3aBUCUMOCTEN Y 06/TyHeHHbIX NKILL, BNOCNEACTBIM 3aB0NEBLUMX OHKOMOMMYECKMI 3a601eBaHSMN,
OBHapPY>KeHbl YBEIMHYEHNE UHTEHCMBHOCTU (haroLmTo3a MOHOLMTOB B 3aBUCUMOCTW OT J03bl 0OMIyHeHNs TUMyca 1 NepueprHecKX IMMAonaHbIX OpraHoB
(p = 0,45; p = 0,009), a Takxke NOBbILLEHNE aKTUBHOCTY haroLmMTo3a HENTPOMUIOB C YBENMHYEHMEM HaKOMNEHHON A03bl 0OYHEHNs KPacHOrO KOCTHOMO Mo3ra
(p =0,44; p =0,01).

KntoueBble CioBa: XpOHNYECKOEe panaLyiOHHOE BO3AENICTBIE, KaHUEePOoreHes, HeTpoguibl, MOHOLMTBI, HATypasibHble Kepb!
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It is believed that genetic and epigenetic alterations induced by
exposure to ionizing radiation may contribute to the development
of malignant tumors (MTs). There is no doubt that the functional
state of the body's defense systems, such as DNA repair, cell
cycle arrest, antioxidant system and anti-tumor immunity, plays a
vital part in malignant transformation of cells. When the defense
mechanisms are effective, radiation exposure may result in
no pathological changes, however, inefficiency of a particular
defense system results in the risk of cancer.

Systemic immunity plays an important role in body's defense
against cancer [1]. In particular, neutrophils, monocytes and
natural killers (NK cells) are able not only to recognize, lyse,
and eliminate tumor cells and mutant cells from the body,
but also to regulate the function of other immunocompetent
cells (macrophages, T and B cells, eosinophils, basophils)
due to production of chemokines, pro- and anti-inflammatory
cytokines, prostaglandins, leukotrienes [2, 3]. Furthermore,
activated macrophages can exhibit antitumor activity due to
lysing enzymes and free radicals that damage tumor cells, and
produce TNFa, the antitumor cytokine [4].

In the residents of coastal villages located along the
Techa River (South Ural), who had been exposed to low-dose
radiation due to the discharge of liquid radioactive waste in
the Techa River by the Mayak Production Association for a
long time, the changes in their immune system were detected
in the form of reduced white blood cell count (mainly due to
neutrophils and lymphocytes), increased neutrophil lysosomal
activity, certain suppression of monocyte intracellular oxygen-
dependent metabolism, and the shift in cytokine balance
towards pro-inflammatory response [5, 6]. Furthermore,
exposed individuals with obligate precancerous conditions
showed the increased absolute and relative natural killer
blood cell counts (CD16+/CD56* cells) compared to exposed
patients with no precancerous conditions [7]. Epidemiological
studies of the cohort of people exposed on the Techa River
revealed the increased risk of morbidity and mortality from
malignant neoplasms and leukemia [8, 9].

The study was aimed to perform quantification and
functional assessment of the system of neutrophil granulocytes,
monocytes and natural killers in people who were diagnosed
with cancer after chronic radiation exposure.

METHODS

The system of neutrophil granulocytes, monocytes and natural
killers was assessed in 104 people, chronically exposed to

Table 1. Characteristics of studied groups
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low-dose radiation due to the discharge of radioactive waste
in the Techa River by the Mayak Production Association in the
50-60-ies of the XX century. The exposure pattern is detailed
in the book [10].

The inclusion criteria for the studied groups were as follows:
permanent residence in one of 41 villages located along the
Techa River between 1 January 1950 and 31 December 1960;
availability of individual absorbed doses to red bone marrow
(RBM), thymus and peripheral lymphoid organs calculated
using the Techa River Dosimetry System-2016 (TRDS-2016)
[11]. Exclusion criteria: no information about the residence on
the territory of radioactive contamination; autoimmune, acute
or chronic (period of exacerbation) inflammatory disorders,
hematologic cancers, kidney or liver failure diagnosed at the
time of examination, acute cerebrovascular accident in the
last three months, cancer (for comparison group); taking
drugs capable of affecting the studied parameters (antibiotics,
glucocorticoids, cytostatics).

All the examined individuals were divided into two groups:
the index group included 34 exposed people who were later
diagnosed with neoplasms (immunology tests were performed
once, 1-7 years before the onset of the disease in 2007-2014),
the comparison group included exposed individuals with no
oncology disorders (70 people). In the index group consisting
of exposed people, small intestine and colorectal cancer (five
cases), gastric cancer (two cases), bladder cancer (three cases),
skin cancer (seven cases), cancer of the orbital connective
tissue and retro-ocular space (one case), lip cancer (one case),
breast cancer (two cases), cancer of female reproductive
organs, including cervical cancer (three cases), cancer of male
reproductive organs (three cases), bronchial and lung cancer
(four cases), osteosarcoma of the skull (one case), and MTs
of unspecified site (two cases) were diagnosed in 2009-2017.

The studied groups were comparable in gender, ethnicity, age
at the time of examination, and radiation dose. Characteristics
of the studied groups are provided in Table 1.

Venous blood of the individuals in the studied group (10 mL)
was collected from the cubital vein into a syringe with heparin. The
white blood cell, neutrophil granulocyte, basophil, and monocyte
counts in peripheral blood were defined with the Pentra 120 DX
automatic hematology analyzer (HORIBA ABX S.A.S.; France).
NK cells (CD16+*/CD56* lymphocytes) were counted using the
fluorochrome-labeled monoclonal antibodies to appropriate CD
receptors (conjugated antibody CD3-FITC/CD16*CD56-PE,
Beckman Coulter; USA). Cell number was assessed using the
Navios flow cytometer (Beckman Coulter; USA).

Index group Comparison group
Parameters of the groups P
n=234 n=70

Age at the time of examination, years: 69.09 + 0.78 68.96 + 0.53 0.89
M + SE (min-max) (60-78) (58-79) ’
Gender, n (%) Male 14 (41.2) 24 (34.2) 0.49

Female 20 (58.8) 46 (66.8) ’
Ethnicity, n (%) Slavs 14 (41.2) 30 (42.9) 0.87

Turks 20 (58.8) 40 (57.1) '

i ) 852 + 116 826 + 72.40

Accumulated dose to RBM, mGy: M + SE (min-max) (5.37-3507) (6.03-3394) 0.92
Accumulated dose to thymus and peripheral lymphoid organs, mGy: 140 + 20.7 127 £+ 18.70 0.58
M = SE (min—-max) (2.45-466) (0.55-460) ’

Note: n — number of surveyed people; M + SE — mean + standard error of the mean; p — significance levels for intergroup differences.
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Table 2. Quantity of innate immune cells in blood of examined individuals

Parameter I&deez(ngicg:[):) Com’\;):r(ig?_nci ;OUP Significance level
Basophils, % 0.85 (0-1) 0.60 (0-1) 0.9
Eosinophils, % 2.00 (1-4) 2.25 (1-3.75) 0.78
Band neutrophils, % 5 (2.50-6.50) 3 (2-5.50) 0.08
Segmented neutrophils, % 53 (43.25-61) 52 (43.20-57) 0.95
Leukocytes, 10%/L 6.36 (5.26-7.38) 6.58 (5.29-7.76) 0.66
Lymphocytes, % 31 (26.65-39.25) 34 (29.10-40.75) 0.71
Lymphocytes, 10°/L 1.83 (1.60-2.57) 2.14 (1.83-2.74) 0.22
Neutrophils, % 57.50 (52-63.50) 54 (48.25-59.95) 0.29
Neutrophils, 10%/L 3.62 (2.81-4.76) 3.53 (2.76-4.37) 0.64
Monocytes, % 6 (3-7.25) 6.9 (4-9.15) 0.21
Monocytes, 10%/L 0.35 (0.20-0.51) 0.38 (0.27-0.61) 0.35
I';‘/i:;fg:;'t'zs ((()st*/ CDs6* 16.25 (12.08-23.90) 14.40 (9.20-19.70) 0.09
I’;‘/f‘;;fg:;::g ($0[9)/1|_6+/ CDs6* 0.30 (0.23-0.53) 0.31 (0.17-0.46) 0.24

Note: Me (Q,-Q,) — median (25"-75" percentile range).

Phagocytic, lysosomal activity, as well as neutrophil and
monocyte intracellular oxygen-dependent metabolism
were determined by standard methods [12, 13]. The
following parameters were assessed: phagocytic activity of
neutrophils and monocytes (PAN, PAM), phagocytosis rate of
neutrophils and monocytes (PRN, PRM), phagocytic numbers
for neutrophils and monocytes (PNN, PNM), the levels of
neutrophil and monocyte intracellular oxygen-dependent
metabolism in both spontaneous and induced variants (NBT-
test of neutrophils, NBT-test of monocytes), lysosomal activity
and total lysosomal activity of neutrophils and monocytes (LAN,
LAM, TLAN, TLAM). The details of the methods are provided in
previously published articles [7]. In all cases the Axio Imager A2
light microscope (Carl Zeiss; Germany) was used for recording
of reactions.

Statistical processing of primary data, that involved the
use of Mann-Whitney U test to compare two data sets, was
performed with the SigmaPlot software, ver. 12.5 (SYSTAT
Software; USA). Pearson and Spearman correlation analysis,

as well as linear regression analysis were performed. The
results with the significance levels below 0.05 were considered
significant.

RESULTS

Peripheral blood cell counts and parameters of neutrophil
and monocyte functional activity in the studied groups were
compared. The results are presented as median values (Me)
and 25™-75" percentile ranges (Q,—-Q,) (Tables 2, 3).

The study revealed no significant differences in the
indicators of cellular immunity between exposed people, who
subsequently developed cancer, and exposed people with no
cancer.

Assessment of the neutrophil granulocyte and monocyte
system functional characteristics revealed the significantly
increased phagocytosis rate of neutrophils and lysosomal
activity of monocytes in individuals who subsequently
developed cancer compared to the group of people with no MTs.

Table 3. Functional characteristics of innate immune cells in the examined individuals

Parameter I&dee&?igi? Com’\ﬁ:r(igc‘)_nggi)roup Significance level
PAM, % 4.50 (2.25-10) 4 (2-5.50) 0.27
PRM, AU 10.50 (3.25-21.75) 6 (3-12) 0.05**
PNM, AU 1.88 (1.04-2.95) 1.50 (1-2) 0.11
NBT-test of monocytes, spontaneous, % 53 (39.25-60.75) 52 (42-58.50) 0.66
NBT-test of monocytes, induced, % 55.50 (42.25-63.75) 52 (42.50-58) 0.53
LAM, AU 292 (214.50-373) 306.50 (254.50-370.25) 0.45
TLAM, AU 1.06 (0.44-1.53) 1.19 (0.62-1.94) 0.11
PAN, % 5 (3-7) 4 (2-6.50) 0.42
PRN, AU 9 (5.25-18) 8 (4-11) 0.14
PNN, AU 1.78 (1.34-2.65) 1.80 (1.16-2.26) 0.48
NBT-test of neutropils, spontaneous, % 56 (40.25-62) 50 (40.50-55) 0.61
NBT-test of neutropils, induced, % 56 (40.25-62) 50 (40.50-55) 0.61
LAN, AU 482 (408.50-613.50) 435.50 (362-491) 0.03**
TLAN, AU 15.96 (11.27-25.28) 15.88 (11.19-19.51) 0.45

Note: Me (Q,-Q,) — median (25"-75" percentile range); ** — significant differences between the studied groups.
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Fig. 1. Linear regression analysis of the dose-response relationships in the group of exposed people who subsequently developed cancer for the following indicators:
A — relative eosinophil counts, B — phagocytosis rate of monocytes, C — phagocytic activity of neutrophils

When assessing the dose-response relationship in exposed
people who subsequently developed cancer, a significant
increase in the percentage of eosinophils in blood as a function
of the dose to thymus and peripheral lymphoid organs was
revealed (Spearman correlation analysis: p = 0.38, p = 0.03).
However, linear regression analysis showed no reliable results
(Fig. 1A). The dose-dependent increase in the phagocytosis
rate of monocytes with the increase in the accumulated dose
to thymus and peripheral lymphoid organs was also noted
(Spearman correlation analysis: p = 0.45, p = 0.009; Pearson
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correlation analysis: r = 0.36, p = 0.04), along with the increase
in phagocytic activity of neutrophils with the increase in the
accumulated dose to RBM (Spearman correlation analysis:
p = 0.44, p = 0.01; Pearson correlation analysis: r = 0.38,
p = 0.03). The results of linear regression analysis for these
indicators are provided in Fig. 1B, C.

Different relationships were found in the comparison group:
there was a significant decrease in relative basophil counts
with the increase in the accumulated dose to RBM (Spearman
correlation analysis: p = —0.26, p = 0.03; Pearson correlation
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Fig. 2. Linear regression analysis of the dose-dependent decrease in basophil counts for: A — accumulated dose to RBM, B — accumulated dose to thymus and

peripheral lymphoid organs
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analysis: r = -0.27, p = 0.08) and the accumulated dose to
thymus and peripheral lymphoid organs (Spearman correlation
analysis: p = -0.42, p = 0.0005; Pearson correlation analysis:
r=-0.32, p = 0.009). The results of linear regression analysis
for these indicators are provided in Fig. 2.

There was also a significant increase in the phagocytic
activity of monocytes with the increase in the accumulated
dose to thymus and peripheral lymphoid organs (Spearman
correlation analysis: p = 0.27, p = 0.03). However, linear
regression analysis showed no reliable results (Fig. 3).

DISCUSSION

The study has shown that more than 60 years after the
beginning of chronic radiation exposure, years before the
diagnosis of cancer, the significantly increased phagocytosis
rate of neutrophils and lysosomal activity of monocytes are
observed in exposed individuals compared to patients who
have not developed MTs. Furthermore, the dose-dependent
increase in the phagocytosis rate of monocytes as a function
of the accumulated dose to thymus and peripheral lymphoid
organs was revealed, along with the increase in phagocytic
activity of neutrophils as a function of the accumulated dose
to RBM.

Several studies provide evidence of the important role of
neutrophils in antitumor immune response. Thus, experiments
with SR/CR mice have shown that neutrophil granulocytes are
the first immune cells to migrate into tumor tissue, and that
these cells are involved in realization of the phenomenon of
spontaneous regression of tumors of different histological types
[14]. The mechanism underlying the neutrophil cytolytic effect
on tumor cells is associated with the production of the reactive
oxygen and nitrogen species by these cells, although necrosis
plays a key part in the tumor cell death [14].

On the other hand, neutrophils and monocytes may
promote invasive tumor growth, vascularization and metastasis
[15, 16], while the selectin-mediated adhesion of atypical cells
to the membrane of neutrophil granulocytes may result in their
hematogenous dissemination [17]. Furthermore, the abundance
of infiltrating innate immune cells, such as macrophages, mast
cells and neutrophils, in the tumor stroma is related to both
increased tumor angiogenesis and adverse outcome [18].

It is important to note that the previously conducted
retrospective dynamic studies of the peripheral blood cellular
composition in individuals exposed on the Techa River, who
later developed chronic myeloid leukemia or acute leukemia,
showed that neutrophil counts and composition were
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