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Abstract

Themicronucleus assay isfrequently used for purposes of bio-
logica dosimetry. Dueto highinterindividua varigbility inthespon-
taneous frequency of micronuclei, itssensitivity inthelow dose
region is poor. It has been suggested that this problem can be
mitigated by selectively analyzing thefrequency of those micro-
nuclei which contain only acentric fragments. Using a pan-cen-
tromeric FISH probe we have studied the dose dependence of
micronuclel with centromeresin peripheral lymphocytes of hu-
man donors. In contrast to previous publications, our approach
isbased on determining therel ative frequency of micronuclei with
and without centromeric signals. Our results confirm previous
observationsthat inthelow doserange of ionizing radiation, the
mi cronucleus-centromere assay ismore sensitive than the con-
ventional micronucleustest.

INTRODUCTION

Biological dosimetry isamethod by which thelevel
of radiation exposure is estimated on the basis of radia-
tion-induced changes in the human body. The most fre-
quently applied method relies on measuring the frequency
of dicentric chromosomesin lymphocytes of the periph-
eral blood (Bender et al., 1988). A disadvantage of thedi-
centric assay is the relatively high skill and the time re-
quired for aprecise analysis. An aternative method isthe
micronucleus (MN) test (MUller and Streffer, 1994), which
islesstimeconsuming. However, itsdisadvantageisaweak
sensitivity at thelow dose range of ionizing radiation, re-
sulting predominantly from ahigh individual variability of
the spontaneous micronucleus frequency (Gantenberg et
al., 1991; Thierensetal., 1991).

Norppaet al. (1993) werethefirst to suggest that the
sengitivity of the MN assay could be enhanced by discrimi-
nating between spontaneous and clastogen-induced micro-
nuclei. The discrimination was based on the observation
that spontaneous micronuclei contain predominantly whole
chromosomes, whereas clastogen-induced micronuclei
contain acentric fragments. Vral et al. (1997) used in situ

hybridization with apancentromeric DNA probetoinves-
tigateif anincreased sensitivity for detection of low radia-
tion doses could be achieved by selectively scoring those
micronuclel which did not contain centromeres. The re-
sults obtained indicated that the sensitivity of the MN as-
say could indeed beincreased by analyzing the frequency
of centromere-negative micronuclei.

The aim of the present study was to investigate
whether and to what extent an enhanced sensitivity toion-
izing radiation could be achieved in our laboratory by com-
bining the mi cronucl eus assay with centromere detection.
Although our resultswere not as clear-cut asthose of Vra
et al. (1997), they confirm that the micronucleus-cen-
tromere assay is more sensitive at the low dose range of
ionizing radiation than the conventional micronucleustest.

MATERIAL AND METHODS
Lymphocyte cultureand irradiation

Samples of heparinized blood were drawn by veni-
puncturefrom healthy donorsaged between 24 and 55 years,
aliquoted into 1-ml Eppendorf tubesand irradiated at room
temperaturein a60-Co facility with doses of 0, 0.1, 0.25,
0.5and 1 Gy, at adoserate of 0.25 Gy/min. Thereafter, the
blood was kept at 37°C for at least 1 h. Subsequently 0.5
ml of each samplewasadded to 4.5 ml of pre-warmed com-
plete medium consisting of 80% RPMI 1640 (Sigmawith
HEPES), 20% fetal calf serum, 15 pl/ml phytohemaggluti-
nin (PHA; Gibco, M-form), and 5 ul/ml antibiotic/antimy-
cotic solution (Gibco). All cultures were set up in dupli-
cate. Cytochalasin B (Sigma, final concentration: 5.6 pg/
ml) was added after 44 h of culture. After atotal culture
time of 72 h, the cells were centrifuged and resuspended
in0.14 M KClI. Following a1l5-minincubationtimeat room
temperature, the cellswere centrifuged again and fixed first
in fixative 1 (methanol:0.9% NaCl:acetic acid, 12:13:3)
and subsequently infixative 2 (methanol:acetic acid, 4:1).
The cells were washed in fixative 2 until the supernatant
was clear, and were dropped onto clean, dry slides.
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Slidesfor the estimation of micronucleusfrequency
were stained with Giemsa. Slidesfor centromere analysis
were stored at -20°C and subsequently processed as de-
scribed below.

Insituhybridization

Prior to denaturation, slidesweretreated with RNase
(100 pg/ml 2x SSC at 37°C for 60 min), pepsin (50 pg/ml
0.01 HCl at 37°C for 10 min) and a 1% sol ution of formal-
dehyde (in PBS with 50 mM MgCl,, 10 min at room tem-
perature). Following dehydrationin an a cohol series, dides
were denatured for 30 min at 70°C in 90% formamide 2x
SSC and dehydrated in anice-cold a cohol series. Per dide,
15 pl centromeric DNA probe (all human centromeres,
ONCOR, digoxigenin labelled) were denatured for 10 min
at 70°C and applied on each dide. Cover dlipswere sealed
with rubber cement and the dideskept at 37°Cinahumidi-
fied chamber overnight. Next day the dideswerewashed at
37°C with 50% formamide (3 x 5min) and 2x SSC (3x 5
min). Thesigna detection wasperformed by incubation with
1) mouse anti-digoxigenin (Sigma), 2) sheep anti-mouse,
digoxigenin-labelled (Boehringer), and 3) FITC-labelled
sheep anti-digoxigenin (Boehringer). Between theincuba:
tionsthe dideswerewashed with adx SSC/0.05% Tween 20
buffer. Following the final wash, dides were mounted in
DABCO (Sigma) antifade containing 1.5 pl/ml propidium
iodide counterstain. Slides were analyzed under afluores-
cencemicroscopeequipped withfiltersfor FITCand TRITC.

Scoring and statistical analysis

For each treatment group the micronucleusfrequency
wasestimated in at least 1000 Giemsa stained, binucleated
cells. Results obtained by different scorers were pooled.
The frequency of micronuclei with/without centromeric
signalswasestimated in 50-100 micronuclei per treatment
group. Theanalysiswasrestricted to micronuclel located
inthevicinity of two mainnuclei. The Student two-tailed t-
test was used for the statistical analysis.

RESULTS AND DISCUSSION

The dose response curve for micronuclel in binu-
cleated cellsis shown in Figure 1. Due to the high inter-
individua variability, astatistically significant increasein
the micronucleus frequency is seen only after a dose of
0.5 Gy. Thehighest frequency of micronuclel was observed
in lymphocytes of the oldest donor (top curve of Figure
1), the lowest frequency was seen in lymphocytes of the
youngest donor (bottom curve). Thisresult correlateswell
with the observations of others, that the frequency of mi-
cronuclei increases with age (Thierenset al., 1991). A
high degree of variability among different donors with
respect to the dose response curves has a so been reported
(Gantenberg et al., 1991; Thierenset al., 1991).

In accordance with the assumption that ionizing ra-
diation-induced micronuclel contain predominantly acen-
tric fragments, the relative frequency of micronuclei con-
taining centromeres decreased with radiation dose (Figure
2). Similar results were observed by others, not only in
human lymphocytes (Huber et al., 1996; Darroudi et al.,
1996; Vral et al., 1997) but also in other cell lines
(Darroudi et al., 1996; Salassidiset al., 1992; Weissenborn
and Streffer, 1991). Due to a relatively low degree of
interindividual variability, astatistically significant differ-
encein thefrequency of MNC+ was observed between 0
and 0.25 Gy. It isthusevident that the micronucleus-cen-
tromere assay ismore sensitive for the detection of expo-
sure to ionizing radiation than the conventional micro-

nucleus assay.
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Figure 1 - Individual and average (thick line) dose response curves of
micronuclel (MN) in binucleated cells (BNC). Number of donors: 8.

Percent MNC+

Dose(Gy)

Figure2 - Individual and average (thick line) dose response curvesfor the
percent of centromere-containing micronuclei (MNC+) in lymphocytes of
5 donors.
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Thefreguency of MNC+ in unexposed micronuclei
is a matter of controversy. While Vral et al. (1997) ob-
served on average 71.2% of MNC+ in control lymphocytes
of seven donors, Darroudi et al. (1996) and Huber et al.
(1996) reported values of between 50 and 60%. The rea-
son for the differenceisnot clear, sinceall authorsusedin
situ hybridization probes to detect the centromeres. It is
obviousthat the sengitivity of the micronucleus-centromere
assay toionizing radiation will be greatest withamaximally
high percentage of MNC+ in the control cells. We have
observed on average 61.2% MNC+.

Vra et al. (1997) analyzed the frequency of MNC+
in agiven number of binucleated cells. We choseto ana-
lyze the percentage of MNC+ in a given number of mi-
cronuclei. Our approach arose from the fact that due to
the RNAsetreatment, the cytoplasmisno longer visible
on hybridized slides. Thus, the identification of binu-
cleated cellsisdifficult, especialy if they contain no mi-
cronuclei. Therefore, we decided to score acertain num-
ber of micronuclei and to expresstheresultsastherela-
tive frequency of MNC+. Our results show that this ap-
proach isequally well suited for the purpose of biologi-
cal dosimetry.

In conclusion, our resultsindicate that, at least under
invitro conditions, the micronucleus-centromereassay is
more sensitive for the detection of an exposuretoionizing
radiation than the conventional scoring of micronuclei in
binucleated cells.
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RESUMO

O teste de microndcleo é frequientemente usado em do-
simetriabiolégica. Devido aaltavariabilidade interindividual na
freqiiéncia esponténea de microndcleos, sua sensibilidade em
pequenas doses é baixa. Tem sido sugerido que este problema
pode ser atenuado analisando-se seletivamente a frequiéncia
daquel es mi cronticleos que contém apenas fragmentos acéntri cos.
Usando uma sondade FISH pan-centromérica, nds estudamos

adependénciade microntcleos com centrdmeros em linfécitos
periféricos de doadores humanos, com relacéo adose. Ao con-
trério de publicacfes anteriores, nossa abordagem se baseiana
determinagdo dafreqiiénciarel ativade micronicleoscom esem
sinais centroméricos. Nossos resultados confirmam observagdes
anterioresde que, nafaixade baixas doses de radiagdo ionizante,
o teste de microntcleo-centromero é mais sensivel do queoteste
demicrontcleo convencional.
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