


INTRODUCTION

The study of radiation-induced damages in genetic structures enables to
evaluate the “genetic risk” of radiation exposure and, on the other hand, the
certain types of genetic damages induced by radiation reflect the level of radia-
tion exposure and can be considered as a biological dosimeter. As known, the
most utilized method to quantify human fédiation exposure is the score of
dicentric chromosomes in human metaphase lymphocytes. The chromosomal
analysis of cosmonauts' lymphocytes reveals the increase of dicentrics and
rings after long space flight. This fact undoubtedly indicates on the radiation
factor as an origin of these types of aberrations and reflects the important role
of galactic heavy charged particles. The number of chromosomal aberrations
decreases up to spontanéous !eVeI after spacé mission and it can be connected
with elimination of unstable chromosomal aberrations. ‘ '

The level of stable chromosomal aberrations can be used as an indicator
of radiation exposure. For the understanding of .the nature of chromosomal le-
sions it is important to know the frequency of stable a‘bérratipn's for radiation
with different linear energy transfer (LET). Recently, téchniqﬁes of molecular
biology, such as fluorescence in situ hybridization (FISH) with whole-
chromosome specific probes, made possible to detect the stable chromosomal
aberrations after different doses of radiation [1]. The study of the induction of
stable chromosomal aberrations in: human Iymphocytes lnduced by heavy ions

was the goal of this |nvest|gat|on
CHROMOSOMAL ABERRATIONS IN LYMPHOCYTES OF COSMONAUTS

The analysis of unstable chromosomal aberrations in lymphocytes of

cosmonauts before and after space flights has been done. The study was per-
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Fig. 1. Chromosomal aberrations in peripheral blood lymphocytes of cosmonauts.



formed for 23 cosmonauts. 16 cosmonauts from the group were examined be-
fore the first flight. This group was considered as a control. Air-dried prepara-
tions were made in a routine way. Slides to be scored for the presence of
chromosomal aberrations were stained with aqueous Giemsa solution.

The generalized results of the frequency of chromosomal aberrations in
lymphocytes of cosmonauts before the flight (1-2 months) and in a day after
the flight are presented in Fig. 1. The total duration of the flights was from
117 to 515 days. As can be seen the level of cytogenetic lesions in lympho-
cytes before the flight did not differ from the spontaneous level. The average
number of the cells with chromosomal aberrations was approximately 1.6—1.8%
(the fluctuations were from 0.8% to 3.5%). The total number of the chromoso-
mal aberrations was 1.7-1.9 per 100 cells. The number of dicentrics and rings
that usually are considered as an indicator of radiation action did not exceed
0.1 per 100 cells. It is not marked the essential distinctions on frequ‘ency of de-
letions and exchanges of chromosomes. The frequency of chromosomal le-
sions in cosmonauts' lymphocytes before the flight corresponds to accepted
norms for the healthy people of young age.

The analysis of chromosomal aberrations in lymphocytes of cosmonauts
reveals the tendency of their increase after the flight. The number of the cells
with chromosomal aberrations and their total number were increased up to
2.45% and 2.66%, respectively. The increase of the total chromosomal aberra-
tion number was determined by the frequency of exchange aberrations includ-
ing dicentrics and centric rings. The frequency of chromosomal deletions did
not change.

The absorbed doses of ionizing radiation for different groups of cosmo-
nauts were in the range of 1.0-30.9 cSv and did not depend from the flight du-
ration. The frequency of chromosomal lesions did not depend also from the ab-

sorbed dose. The following flights were not earfier than in a year after the previ-



ous one. In the period between flights the frequency of chromosomal aberra-
tions was decreased up to spontaneous level.

These results enable to conclude that low doses of ionizing radiation dur-
ing the long space flight cause the chromosomal aberration formation. This ef-
fect is not marked for the short space flights 2, 3]. The increased level of
-dicentrics and rings points out on the role of radiation factor in origin of these
chromosomal aberrations. Taking into account that the cells with unstable
chromosomal aberrations eliminate quickly with the time it is important to study
the peculiarities of formation of stable chromosomal aberrations that preserve in
cell population for a long time after irradiation with different LET. FIiSH-

technique allows to carry out this analysis.

HUMAN LYMPHOCYTE CHROMOSOME-1-ABERRATIONS INDUCED BY
y—-RAYS AND HEAVY IONS

Cytological preparation
Human lymphocytes V\ie_re prepared from the whole heparinized biood of
healthy donors. Plasma confaining lymphocytes was obtained after 1.5 h of
blood settling at the room temperature. In experiment with y-rays it was divided ‘
into 3 ml fractions and irradiated by different doses of ¥Cs y-ray source with
“the dose rate of about 3.6 Gy/min. Irradiation with nitrogen ions was performed
on the accelerator of heavy ions U-400M, Joint Institute for Nuclear Research.
The energy of nitrogen ions was 50 MeV/nucleon. Lymphocytes were irradiated
in special plates 4 mm deep and 12 mm in diameter (Fig. 2). In this case 0.4 ml
of the plasma was placed into such plates. The plates were set-into a round
magazine, that was managed by remote control to the beam exit window. The
LET of nitrogen ions with energy 50 MeV/nucieon as a function of path length in

water is shown in Fig. 3. Control and irradiated samples were diluted (1:3) with
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RPMI-1640 meldium containing 0.1 ml of PHA (Murex, England) per 5 ml sus-

pension and incubated for 51 and 57 hours after y-ray and heavy ion radiation, 100 A LET,,= 102 keV/um
respectively. Colchicine was added 2 h before the end of incubation. After hy-
potonic treatment the lymphocytes were fixed in methanol/acetic acid (3:1) and g 90 -
metaphase spreads were prepared. The slides were stored at -20° C under ni- §
- 80
trogen atmosphere until fluorescence in situ hybridization. 5
- LET,, = 62 keV/um
' 70
Fluorescence in situ hybridization
) Lo Depth, mm
Biotinylated Cotasome 1 total-chromosome probe (Cambio, England) was 60 A
Code . T T
used to stain chromosome-1 by FISH technique in spreads fixed on micro- 0 1 2 3 4

scopic slides according to the method recommended by Cambio. After 16 h of
hybridization at 42°C, the slides were washed in 50% formamide, 2xSSC

(pH 7.0) for 15 min at 37°C followed by washes in 2xSSC with 0.1% Nonidet

Fig. 3. LET of nitrogen ions (50 MeV/A) as a function of path lengt
in water (average LET = 77 keV/um).

(Serva) for 5 min at 43°C. The slides were equilibrated in PBD for 5 min. The Id de
detection of biotinylated probe was achieved by incub‘atio,n of slides with 60 pl - - L= _d_x_‘_
of fluorescein-labelled extravidin (FITC-eXtravidin, Sigma) for 30 min at 37°C J’di
followed by three washes in 4xSSC with 0.1% Tween-20 for 5 min each at . 90
37°C: The slides were dehydrated and mounted in Vectasheld (Vector) contain- ‘q.)‘ 5 - “N-ions
ing 0.3 pg/ml of propidium iodid (Pl). Preparations were examined under Zeiss % L y-rays
microscope equipped with dual filter (AHF, Germany)‘::speciﬁc for')F,ITC and Pl. i é ,U:f . %01
The irhages were scanned by cﬁoled _cblor videdéaﬁera with high resolution E % 45 -
capacity (CCD camera C5310, Hamamatsu) and sto‘revd in the computer mem- g E. 30 -
- ory using the frame-grabber (MuTech, Co.). z ° 15 -
S 0
RESULTS o 1 2 3 4 5 & 7 8
The frequencies of different aberrations of chromosome-1 after irradiation : Dose, Gy

by y-rays and nitrogen ions are presented in the Table. Abberations of this chromo- Fig 4. The frequency of cells with aberrations of chromosome-1 in human

lymphocytes as a function of y- and nitrogen ion radiation doses.



some were not observed in control non-irradiated samples. The aberrations of
chromosome-1 after irradiation are very frequent. After y-irradiation there are
6.4% of cells with different types of chromosome-1 aberrations at the dose of 1
Gy and the number of such cells increases with growing of dose and reaches
74% at 7 Gy.

After irradiation with nitrogen ions the rapid increase of the frequency of
the cells with chromosome-1 aberrations (up to 35—40%) has been noted at the
doses 0.5-0.75 Gy. The level of such cells reaches 74% at 3 Gy. As it follows
from Fig. 4  the dose-response dependence for aberrant cells reaches the
plateau at the level of 75-80%. This fact reflects, obviously, the inﬂuencé of cell
division delay, especially for the cells with multiple chromosomal aberra-
tions [4, 5].

it would follow from the data of Table that the action of both types of ra-
diation leads to the high frequency of stable chromosome-1 aberrations. As can
be seen translocations prevail amongst other types of aberrations after
y-irradiation. Approximately 1/2 of all aberrations were translocations. The fre-
quency of translocations was characterized by linear-quadratic dose depend-
ence (Fig: 5): After heavy ion irradiation the level of translocations was more
higher in comparison with y-rays. The linear dose-responce dependence was
observed. At the same time the data show the high frequency of chromosome-1
fragments induced by heavy ions (up to 40% of the total number of aberra-
tions): they predominate after irradiation with heavy ions. So the fraction of
translocations was 25% of all aberrations only.

The total number of chromosome-1 aberrations detected by FISH tech-
nique are shown in Fig. 6. The linear dependence as a function of dose was
revealed after nitrogen ion irradiation. After irradiation by y-rays the linear-

guadratic dose-response dependence was found.



Table. Chromosome-1 aberrations of human lymphocytes aftery-rays and nitrogen irradiation

Total Aberrations, per 100 cells
Dose, | Cells | Cells with ab- aberrations, T lo- Inserti Di : Ri F
Gy |scored | errations, % | per 100 cells C‘;E‘nz nsertions lcentrics ngs ragments
y-rays
o | 150 0 0 - . ; ) ;
1 206 6.4+1.8 6.4+1.8 2.5+1.1 1.5+0.9 0.5+0.5 0 1.9+1.0
3 279 19.442.6 19.4+2.6 10.5+1.9 | 2.5+0.95 | 2.0+.08 0 4.4+1.3
5 169 42.245.0 46.315.2 21.0435 | 2.5+1.2 7.0£2.0 1.3x0.9 14.5+2.9
7 100 74.0+8.6 83.0+9.1 40.0+6.3 | 4.0820 | 10.0+3.2 2014 | 270452
Accelerated heavy ions ("'N)
0 200 0 0 - - - - -
0.5 | 200 40.0+4.5 52.5+5.1 7.5+1.9 0.540.5 2.5+1.1 15.0+¢2.7 | 27.0+3.7
0.75 | 100 35.045.9 43.016.6 13.043.6 | 4.082.0 40$20 | 11.0£33 | 11033
1.5 104 52.9+47.1 73.1+8.4 19.244.3 1.0+1.0 10.5+3.2 125435 | 29.745.3
101 53.0£7.2 90.0+9.4 22.0+4.7 | 1.0£1.0 9.043.0 | 22.0+4.7 | 36.0¢6.0
86 74.449.3 40.7:6.9 | 105:35 | 58+26 | 11.6:3.7 | 86.0£10.0

153.5£13.4




- 50 The dose-response dependencies for the cells with chromosomal aberra-

g s tions and for the translocations and aberrations of chromosome-1 after y-ray

§ 40 ~ N-ions y-rays and heavy ion irradiation, represented in Figs. 4-6, show the high biological ef-
S % 30 fectiveness of nitrogen ions. The coefficients of RBE for the number of cells

f-‘ b= ' with aberrations and on the frequency of chromosome-1 translocations were

2 E 20 ~ 3. More higher RBE was found on the criteria of the total number of aberra-

"% e 10 tions (~ 4). The similar dependencies on the induction of unstable chromosomal

_é ‘ aberrations by heavy ions in human lymphocytes and mammalian cells were

E 0 T T T T T T T ] shown also by using the usual microscopic technique [4, 6].
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Fig 5. The frequency of translocations of chromosome-1 in human lym-

phocytes as a function of y-ray and nitrogen ion radiation doses. There is a great interest to elaborate a simple and efficient method for

measurement of stable chromosomal aberrations induced by radiation with dif-

ferent physical characteristics. The development of FISH technique for chromo-

180 - : some staining has significantly solved this problem. Obviously, the detailed
160 - . study of dependence of an induction of stable chromosomal damages from the
140~ ; Nions dose of ionizing radiation, energy of particles, their LET is the important task for
:22 ; Y'fays the decision of questions connected with forecasting of radiation vsafety of long’

space flights.

per 100 cells

( The frequencies of different types of aberrations as a function of

y-radiation dose found in our experiments are in good agreement with results

Total aberrations of chromosome-1

obtained by others [7-8]. The observed translocation frequency in our work'is

8 higher than the dicentric frequency at all doses of y-rays and accelerated nitro-
Dose, Gy gen ions. It is in accordance with data.of other authors [7; 9, 10]. Because of
Fig. 6. The number of total aberrations of chromosome-1 in human lym- the danger of dicentrics underestimation at evaluation of chromosome aberra-

phocytes as a function of y-ray and nitrogen ion radiation doses. tions in irradiated cells and rapid elimination of cells containing this kind of

damage with increasing time after exposure [11-13] it would be better to use

10 11.




the translocations as a biological dosimeter instead of dicentrics used at pres-
ent time. The frequencies of radiation-induced translocations are higher than
dicentrics’ and therefore it is possible to detect lower doses of ionising radiation.
In experiments with heavy ions it has been shown that effectiveness of
heavy charged particles on the induction of stable chromosomal abberrations is
more higher than y-rays’. The linear dose-response dependence on the induc-
tion of translocations was found after heavy ion irradiation. These circum-
stances can be important for using the FISH method as a way for detection of
low doses of galactic space radiation for long space flights..In the last years
some authors also consider the detection of the stable aberrations as a per-

spective way for biological dosimetry [8, 9, 14, 15].

(The study of lymphocytes in cosmonauts was supported in part by contract
NAS-15-10110). i
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i ?One of “the rmportam ‘fasks“in space rad:oblology 'x the eva luation- of the genenc risk of ga]act1c~
8 eavy charged pamcles Cytogenetlc analy:ls of the cosmonauts’ lymphocytee after space flight mlssmns-r
(the “duration of ‘missions wa ll7—-515 “days) rev}eals the increase of the: frequency of different type@
‘of unstable chromosomal aberratlons Thrs effect can reflect the’ acuon ofispace. radlatxon .and foremost
-the’ galacnc space radiation_on' ‘the genetic . struclures ln thxs connectlon it+is 1mponant ‘to- study
ecuhantles of the mductlon of slable chromosomal aberrauon in’human lymphocytes by different
: types of i 10mzmg radxatibn The techmque of ﬂuorcscence in'stu hybnd:zatlon (FISH) w1th.chromosome-
‘1= SpCClﬂC DNA probe was used to analyse the, chromosomal damages after 1rrad|auon by nltrogen ions

(50 MeV/nucleon) and, y—rays (l 7Cs) It .qhown that the number of cells with . aben'atxons
of chromosome-l increases and reaches 75 %° Bter mtrogen ion and y‘ray 1rrad1at|on at 3 Gy'and 7 Gy,
respectlvely “The toral number of aben'anons and the frequency of ’chromoxome 1 translocatlons 1ncreaxe
nonlmearly with _the dosc of : Y-rays’ and lmearly after heavy' iop. irradiat 'on The ‘high” frequency
-of: chromosome~l deleuons was. revealed in . experiment . with’ ‘heavy 1ons/Th alues of- the relative’
blologrcal effectlvenesq (RBE) ofmtrogen lons were ~3 on the frequency ofchromosome‘ 1 Translocatlons' "




