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Abstract: Interferony (IFN-y) is a pleiotropic cytokine with antiproliferativend immunomodulatory activities that are
crucial for the regulation of immune responses. a¥amined a group of military pilots. The examinegse divided into 3
subgroups: ground personnel (9 persons, contralmrd 7 pilots with <1000 h flight time, and 12qig with >1000 h flight
time. No differences in IFN-serum content after induction by NDV virus weréedéed. The quality of reparation is in many
respects genetically determined; therefore, we yssipheral blood lymphocytes from pilots for vitro detection of a
radioadaptive response (RAR), which was evaluatethb number of chromosome aberrations. The adapésponse was
observed in 7 individuals of the control group (8% 10 pilots who had <1000 flight hours (59%jdain 4 pilots
having >1000 flight hours (33%). The examined iidiinals were divided into 2 groups depending onpfesence of RAR,
and IFNy production after radiation was measured. It wasamshthat at doses 0.05 Gy or 0.5 Gy no differertnetsveen
groups were detected. Exposure with these dosesesgaglly in 48 h interval resulted to differentflirected changes:
lymphocytes of individuals with RAR produced moFdky than before while cells of persons without RAR m#dess. The
quality of adaptive mechanists evaluated by RAR rayuseful for estimation of individual sensitivity radiation during
radiotherapy in oncology and in prediction of pssi@nal risk.
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control value. Oxidative DNA damages were foun®in%
buccal epithelial cells and in 14.6% lymphocytes tire

Air crew is exposed to various potentially dangerou€*@mined group and were absent in the control.
factors during flights. The main problem in evaloat of Increased radiation level is related to solar dgtiand
biological risk of anthropogenic and other influescin depends on flight altitude. Under conditions of mzum

modern aviation is the necessity to analyze thecefif doses SPlar activity, equivalent foses at O%Ititudes 106, 69*000'
not surpassing or slightly surpassing the thresioises. In  @nd 12,000 m are 9.9x103.35x10°, and 7.29x10Sv/h,

this range the response to the studied factorsaisimally respectively. The integral doses for total fligme of 1OOQ h
individual. Biological consequences of these infliees can 2r€ 9.9x10, 3.35x10, 7.29x10°Sv, respectively [2]. Since
be revealed only in multilevel studies. these_ doses corresp_ond to I0\_/v _dose range, theldudlv
Complex examination of passenger aircraft credgaction of the organism to ra_\dlgtlon and_ 0thghl_i_|fact(_)rs
performed by Cavallo et al. has demonstrated thghtf cannot be predicted. High _radlatlon level in coralion with
factors induced changes in some cytogenetic paeasngt]. other stress factors can induce damage to celttames,

In particular, the study revealed higher frequencf cha_mggs in their functioning, which, in turn, _ca&ad to
chromatid exchanges (4.6 vs. 3.8) and increased1(By activation of defense systems. Long-term chronjmsxre to

times) frequency of chromosome aberrations in crepXtreme factors leads to exhaustion of the adapéiseurces
members in comparison with the control. AnalysisDMA and under these conditions hypersensitivity of drganism
damage in buccal epithelial cells by comet assayshown can develop even after subthreshold exposures.uheof

that this parameter in the examined group surpagsed irradiation as a tool for evaluation of individuedactions
enables strict control of the exposure. Moreoveadiation

1. Introduction
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is a nonspecific factor triggering nonspecific cdtfense
mechanisms, which makes possible to predict thgores to
a wide spectrum of influences.

Biological dosimetry is based on the fact that thetor
induces a certain power-, exposure-, and dose-dapgn
response in the majority of the sample; howevemeso
individuals evidently demonstrate extreme
Population studies aimed at the evaluation of spwuus
level of chromosome aberrations have demonstrated t
there always are some individuals in large samjlasdiffer
(without appreciable reasons) by enhanced or retioesl
of damages [3].

2. Materials and M ethods

The following methods were used in the study: eatidun

sodium bicarbonate (6.2 ml per flask), and PHA
(phytohemagglutinin-P  from Phaseolus vulgarios, niig
USA; 0.15 ml per flask). Whole heparinized blood swa
transferred to glass flasks for cell culturing (L per flask).
For evaluation of individual sensitivity to radati, an
irradiation scheme for detection of the adaptiwpomnse was

respanseapplied.

Irradiation was carried out on va-device using a beam
power of 25 rad/min (0.25 Gy/min) at a distanc&®ftm.

Adaptation dose of 0.05 Gy was applied during sepdt
GO stage of the mitotic cycle. Two flasks were drated
simultaneously: one flask was used for evaluatiérthe
effect of the adaptation dose and another was exptusthe
challenging dose after 48 h. In parallel, an inféask with
the blood was exposed to the challenging dose ®fGjy.
Control flask with the blood was not irradiated.eThells

of the incidence of radioadaptive response (RAR) imvere incubated in a thermostat at’G7after seeding until

peripheral blood lymphocytes for evaluation of adegp
capacities of the organism to flight factors irpgsl
Radioadaptive response is a biological phenomemon
which resistance to a challenging dose of radiatisn
established by one or several very small precediasgs.
We examined a group of military pilots. No diffecers in

IFN-0. serum content after induction by NDV virus were

detected. The quality of reparation is in manypeess
genetically determined; therefore, we used perglhielood
lymphocytes from pilots forin vitro detection of a
radioadaptive response (RAR), which was evaluatedhb
number of chromosome aberrations.

We examined a group of military pilots. The exarsime
were divided into 3 subgroups: ground personnglg&ons,
control group), 17 pilots with <1000 h flight timand 12
pilots with >1000 h flight time.

This group includes individuals subjected to strégtd
regular medical examinations, but at the same Bxpmosed
to a complex of flight factors, such as vibratiasceleration
forces, emotional stress, and ionizing radiatidn [1

Adverse effects of high concentrations of mutagens

cells in some cases can be attenuated by preligninai

exposure to the same mutagen in a low dose. lifgnation-

stimulated human peripheral blood lymphocytes itrovi
exposed to acute low-LET irradiation in a dose ¢éw Gy,

the real yield of DNA damages was below the expkteel

if the cells were preliminary irradiated in a daggens mGy.
This effect of low doses was called as induction tloé

adaptive response (AR). In the literature, thet filaw

(preliminary) dose is called conditioning or adagtidose
(AD) and the second main dose is called testingamnaging
dose (DD) [4]. AR is associated with cell capaciyrepair

DNA damages. It is closely related to cell metatrliand
changes in the cell that is considered as a respoms
genotoxic stress (stress response).

The study was performed on PHA-stimulated huma
peripheral blood lymphocytes. The following reagenere
used for cell culturing: cytotoxicity- and mycoptaa-tested
sterile fetal calf serum (Perbio-HyClone, USA; I per
flask), RPMI-1640 nutrient medium with 25 mM HEPE&&d

fixation (Fig.1).
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Figure 1. Scheme of the experiments

Fixation. The cells were fixed after 52 h. Two hours before
fixation, colcemid was added to each flask (0.1 perlflask)
for arresting cell division during metaphase andamiing
metaphase plates. After incubation the cells wergrifuged
at 1000 rpm for 15 min. The supernatant was remo@ezl
ml pellet was suspended in 10 ml hypotonic KCI 8ohy
thoroughly mixed, and incubated in a thermost8874€C for
a5 min. The cell suspension was centrifuged aghih080
rpm and the supernatant was removed. The pellestirasd
on a magnetic stirrer and a fixative (3:1 methagiatial
acetic acid mixture) was added dropwise. Severdlqns of
fixative are usually changed.
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Preparation processing. The preparations were made byincidence of spontaneous chromosome aberrationsa is

dropping 0.5 ml cell suspension in fixative ontotweeld
glasses followed by drying on air for several hourke
preparations for routine analysis were stainedr dtiemsa
and analyzed under a microscope in transmitted ligider
oil
aberrations were counted: chromatid fragmentshisooatid

conservative parameter; it does not depend on gebdé
depends on age. The number of aberrant cells itthgea
individuals varies from 0 to 5%, being ~1% at tige af 20-
40 years and increasing to 1.5% to 40-50 years. TBg

immersion at x1000. The following chromosomeexamined groups of pilots fall into the same agmugr hence,

the age does not play a role in elevation of thegage of

fragments, and symmetrical and asymmetrical chrimmataberrant cell.

exchanges (Fig. 1) The presence of the adaptiponss was
detected by the
aberrations at various irradiation
(RAR=(CON+CD)/(AD+CD)). RARHA.5 indicates
presence of the adaptive response [4].

In each donor, 100 metaphase plates were analyzsth
term of the experiment (Fig. 2).

the
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Figure 2. Examples of chromosome aberrations

Experimental protocol: according to Mortazavi,-6G2 is
the most suitable phase for irradiation, becaugsxe of
GO cells to the adaptive dose stimulates
mechanisms in the cell [5]. Over 48 h, the cellmpkzte the
mitotic cycle and the damaging dose is applied duG2
phase of the next cell cycle. This scheme allovedustion of
the response of adapted cells to the damaging apgked

after the cell passes the main checkpoints (pred an

postreplicative reparations).

The level ofy-interferon was measured by ELISA using

commercial Bender MedSystems kits (Austria) aceaydo
manufacturer's instruction.

3. Results

The radioadaptive response was observed in 7 thels
of the control group (78%); the mean age in tharobgroup
is 23 years. In the group with total flight timeGaD h (mean
age 33 years), the adaptive response was notedOin
individuals (59%). In the group with total flightrte >1000 h
(mean age 39 years), the adaptive response wad mo#
individuals (33%). The examined individuals wereidiéd
into 2 groups depending on the presence of RAR,IBNdy
production after radiation was measured. It waswshihat at
doses 0.05 Gy or 0.5 Gy no differences betweenpyraere
detected. Exposure with these doses sequentiall§8irh
interval resulted to differently directed changgsaphocytes
of individuals with RAR produced more IFNthan before
while cells of persons without RAR made it less.

As is seen, the groups differed by age. It is kndhat the

reparative

Similar analysis of the incidence of persons withRRin

ratio of chromosome and chromatigroups with different flight time showed that thergent of
dosesndividuals with RAR decreases with increasing flight

time (Fig.3).

The ratio of aberration observed after exposureth®
damaging dose to the same parameter after expdsure
AD+CD is usually considered as a qualitative sigut
analysis showed that the most part of the sampl&kRAR
coefficient fell into the 2 range. Only one person in the
group with flight time <1000 h and one person ia group
with flight time >1000 h fell beyond this intervdRAR
coefficients 2.4 and 2.5, respectively). This ptipauggests
that these individuals are characterized by ina@aadiation
resistance.

750
flight

hours 1200
]‘:igh‘ 2500
ours flight
hours
n=7 n=10 n=7 n=>

RAFR-5 RAR-5 FAR-2 FAR-1

individuals individuals individuals mdividual
Figure 3. Incidence of individuals with RAR depending on flight time

A correlation was revealed between the total flighte
and RAR coefficients (r=-0.37, p=0.02): RAR cogd#iuts
decreased with increasing the total flight time.

On the whole, the data presented here suggestthbat
quality of nonspecific adaptive mechanisms in tlmeugs
decreases with increasing the total flight time.rdBic
exposure to genotoxic factors in doses surpassheg t
background level impairs reparative processes
determines the absence of AR.

The immune and humoral systems play an importaet ro
in AR formation at the organism level [7]. The migde of
AR can be related to the relative content of bleetls, in
particular, lymphocytes.

Since we examined healthy individuals, no pronodnce
differences in blood parameters were expected. Mewve
certain differences in the lymphocyte and monowgants
were revealed. Comparison of these values with ighudud
data on normal content of these cells in the blobbdealthy
individuals revealed a slight increase in thesepaters in
the studied cohort. It is also worthy of note thahphocyte

and



46 Elena Arkhipovat al.: Flight Factors Influence on Human Lymphocyte Radaptive Response and Gamma-Interferon Production

count was higher in individuals with AR than in fadis action of the studied factors or transfected gemel a
without it. The total number of lymphocyte decrahsdth  radiation-stimulated free-radical processes in thawvn-
increasing the flight time. Opposite changes wdrseoved regulation of the expression of anti-apoptotic eiotBCL-
for monocyte count: it increased with increasing flight X_ and activation of BAX protein expression resultiimg

time and in the absence of AR (Fig. 4). increased radiosensitivity in vitro has been derratexd.
Enhanced expression of anti-apoptotic protein BGL-X
- protected RT2 rat glioma cells from growth inhibiti and
impairment of survival caused by combined effedtenda-7
e ;:;;'D and ionizing radiation [13].
000 £.00 It is known that interferons can produce a clastage
32.00 o effect. In particular, experiments performed by B&
36.00 5.00 Makedonov et al. have shown that human lymphocytes
3400 - treated with lymphoblast interferon were less demsito
200 200 subsequent-irradiation in a dose of 2 Gy [14]. The authors
L.00 attributed this effect to stimulation of excisionnda

30.00

e postreplicative reparation and induction of DNA Hteu

break repair under the effect of interferon.
v-Interferon, in turn, produces an irreversible ¢ykic
effect on transformed cells. Thus, the amount-fterferon
Figure 4. The number of mononuclear cellsin the blood of pilots. allows evaluation of cell death. The conteny-afiterferon in
the culture medium was measured by ELISA (“Bender
These changes in blood cells can result from ataptto  MedSystems”, Austria). PHA used in the experimésta
flight factors, which at the molecular level is tt@use of AR potent inductor ofy-interferon; this fact that can explain
presence or absence. insignificant changes after exposure to adaptived an
One of the cytokines produced in response to CpGxBN damaging radiation doses. At the same time, theutative
interferon. It produces a direct inhibitory effect replication dose (0.05+0.5 Gy) induced opposite changes in the
in viral infection and demonstrates pleiotropicproduction ofy-interferon in individuals demonstrating (-
immunomodulatory activity; in particular, it poteates 7.92+5.42%) or not demonstrating (14.82+16.67%) the
cytotoxicity of natural killers and macrophagedj\ates and adaptive response (Fig. 5).
maintains T cells, induces production ¢finterferon by
human CDZ4 T cells [8], and increases cytotoxicity of T cells
via production of TNF triggering apoptosis. It act® a
receptor complex consisting of a ligand-bindingiohend a OnoRAR HRAR
regulatory site. Binding ofy-interferon is followed by 10.00
receptor dimerization. Then, receptor-associataddés Jakl
and Jak2 transphosphorylate each other, which leatseir
activation. Phosphorylation of the cytoplasmic domef the 5.00
receptor mobilizes STAT1 protein transcription eator that
passes through the nuclear pores in the form afmerdand 0.00 ’_.
activates genes responsible for the productiopriaferferon
via binding with the corresponding sequence [9].effh AD CD
STAT1 is dephosphorylated and released into theptasm. -3.00
The process of interferon production is influendey
various factors, e.g. UV radiation inhibits phospftation of
STAT1, thus attenuating the biological effectsyéfiterferon
[10]. Figure 5. The ratio of interferon concentrations in samples of fluid
The list of cytokines mediating the effect of rdiia on  supernatant after culturing cells in RAR. On the ordinate axis - the
cells is constantly increased. Recent studies hayrgrcentage of excess compared to the control
demonstrated that interleukin-24 exhibits antituractivity
realized by the bystander mechanism [11]. Introdacbf
mda-7 gene into lung carcinoma cells improves the
radioresistance through intensification of apoptolsowever,
this effect was not observed in normal fibroblagt2].
Authors have demonstrated that radiation activatgch N- ) - :
terminal MAP kinase (JNK); at the same time, usual Small sample size does nqt allow definitive COT“"“S
elements p53 and Fas were not involved into thgbout the dependence of the immune response oviduodl

improvement of radioresistance of tumor cells. 3gistic sensitivity to radiation exposure; however, revalesnds

comtrol FAF. noFAF noFAR

<1000 h >1000h

-10.00

Since repair mechanisms are not sufficiently attidain
gonors without adaptive response, the increase him t
mterferon level can be a humoral regulation at ¢eéular
level, which is stimulated by the remaining levef o
chromosome aberrations at 0.5 Gy.
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seem to be very promising for further research. (4]

The monotonic decrease in the frequency of adaptive
response in pilots and a correlation between ARficomts
with the number of flight hours suggest that fligattors
cause gradual exhaustion of the adaptive resourcthe
majority of examined individuals. At the same tinseme
individuals with long flight hours demonstrated poonced
AR. The overrange in these individuals (AR beyows)l @an
be a manifestation of increased individual resistato flight
factors.

The role of cytokines in the development of various
processes is often deduced from their plasma anséavels.
This approach has many advantages, for instance, th
possibility of rapid isolation and processing of large [7]
number of samples. However, measurement of the
concentration reflects systemic effects of cytokjriecluding
their interaction with each other and with hormoaed other
substances as well as production by immune and noll
immune cells (epithelial cells and fibroblastslpugh these
aspects are not often taken into account. Thus,approach
has some limitations. The serum level of cytokiries
influenced by receptor binding, thermal degradatiand
urinary excretion. Since the cytokines are secrdtgdhe
paracrine mechanism and their main function is atésh of
cell-cell interaction, measurement of cytokine aamtcation
in blood serum can only indirectly reflect realipat of this

(5]

(6]

9]

function [15]. [10]
High prognostic value of measuring the concentratib

cytokines and products of their activity (neoptery-

microglobulin, specific soluble receptors) in some 11l

pathologies is beyond doubts. However, the absolute
concentrations of cytokines and other markers ahime
system activation measured in different laborator@n
differ by two orders of magnitude [16]. It shoulé Inoted
that these differences were detected when proggbsith the
sera and supernatants; hence, they were deterrhiyndte
quality of the used Kits. [13]
In our experiments, supernatants were used and the
changes were oppositely directed, which, togethi¢h the
medium absolute values (according to published)daliaws

[12]

concluding the correctness of the obtained data. [14]
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