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ABSTRACT
The involvement of specific chromosomes in
the formation of micronuclei (MN) is neither well
studied nor understood. We studied the involvement of chromosomes 7, 18 and X in mitomycin C
(MMC)-induced MN. A total of 1,202 female MN
were studied by three-color fluorescence in situ
hybridization (FISH) using centromere-specific
probes. After a second round of hybridization, using
whole chromosome painting probes, 916 MN were
evaluated. The frequency of MN containing whole
chromosome painting signals for chromosomes X
in 916 male MN was analyzed. Different frequency
of involvement of selected chromosomes in MN
formation was revealed. Chromosome interphase
position, size and inactive (heterochromatinized)
state of X chromosome in females was discussed as
possible reasons of their non random involvement
in MN formation. There was no clear relationship
between chromosome interphase position and size
and migration in MN. However, it was shown that
X-chromosomal material was over represented in
female- and under represented in male-derived MN.
We speculated about a preferred inclusion of the inactive female X-chromosome into MN.
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INTRODUCTION
In most eukaryotes including humans, chromosomes are visible and easy to analyze when spread
out during metaphase. However, by applying molecular cytogenetics, chromosomes can be visualized,
and are arranged so that they do not overlap [1], and
keep their shape and general organization in both
metaphase and interphase [2-4], but decondensation
occurs transversely to the chromosome axis [2,3].
The interphase architecture and possible epigenetic
consequences of the chromosomal arrangements
within human nuclei are a matter of research and
discussion [5,6]. It has been repeatedly demonstrated that some chromosomes (like #19) are centrally
localized and others are localized at the nuclear periphery (like #18) [7-11]. These findings have been
confirmed for human sperm [11,12].
Micronuclei (MN) are small, extra nuclear bodies that arise in dividing cells from acentric chromosome/chromatid fragments or from whole chromosome/chromatid that lag behind during anaphase
and are not included in the daughter nuclei in telophase [13]. The cytokinesis-block micronucleus assay (CBMN) is extensively used for measuring MN
in human lymphocytes, and can be considered as
a “cytome” assay that allows genotoxic, cytotoxic
and cytostatic events to be captured within one as-
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say [14]. Its key advantages are its ability to detect
both clastogenic (causing chromosome disruption
and breakage) and aneugenic (inducing aneuploidy)
events, and to identify cells that have divided once
in culture. Its use in combination with the fluorescence in situ hybridization (FISH) technique using
centromeric probes, has been developed to distinguish MN induced by chromosomal loss from those
originating from chromosome breakage [15]. How
MN are formed and which DNA is specifically excluded from the main nucleus is not well understood.
We have tested the hypothesis that the chromosomal
interphase position is directly related to the involvement of a specific chromosome in the formation
of MN. We focused on chromosomes 7, 18 and X
which are known to be located more peripherally in
the nucleus [12] and differed by their size and levels
of condensation (for active and inactive X chromosome).

MATERIALS AND METHODS
Cytogenetics. Cell suspensions of peripheral
blood lymphocytes of one healthy human female
and of one healthy male were used. Standard protocols using mitomycin C (MMC) for MN-induction
were applied [16,17]. In short, heparinized whole
blood was added to RPMI 1640 medium (1:10)
containing 10% fetal bovine serum, 1% penicillin/
streptomycin and 10 µg/mL phytohemagglutinin.
After 22 h of cultivation, MMC was added at a final concentration 0.1 µg/mL. Forty-four hours later,
the cultures were supplemented with cytochalasin
B (3 µg/ mL) to achieve cytokinesis block. Total
incubation time was 72 h at 37°C. Hypotonic treatment was performed for 3 min in cold 0.075 M KCl
at +4°C. This procedure preserves the cytoplasm,
which is required for recognition of cell borders
so that MN can be assigned to their corresponding
main nucleus. Fixation was done twice in methanol/
acetic acid (3:1).
Molecular Cytogenetics. Fluorescence in situ
hybridization was performed according to standard
procedures [18]. One thousand and two hundrend
and two female MN were hybridized and evaluated by a three-color-FISH probe set consisting of
centromeric probes (cep) for chromosomes 7 (SpectrumRed; Abbott/Vysis, Abbott GmbH & Co. KG,
Wiesbaden, Germany), 18 (SpectrumGreen; Ab-
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bott/Vysis) and X (SpectrumOrange; Abbott/Vysis).
The positions of MN on the slides were recorded for
their further analysis by whole chromosome probes
(wcp). In a second round of hybridization, the nuclei/MN were hybridized with the wcp for 7 (SpectrumGreen), 18 (Diethylaminocoumarine) and X
(SpectrumOrange); the three probes were prepared
as in [19]. Only 916 of the 1202 MN were evaluated with the wcp probes. The remaining cells could
not be relocated due to cell/MN loss on the slides
during the second hybridization, since repeated
treatment with pepsin and high temperature induces
slight destruction of cell material. Nine hundred and
sixteen male MN were evaluated only with the wcp
X probe.
RESULTS AND DISCUSSION
In situ hybridization with wcp and cep for chromosomes 7, 18 and X was used to analyze the presence of specific chromosomal material in MN induced in human lymphocytes by MMC. Mitomycin
C is often used as a positive control in studies with
MN tests [20] and is reported to induce breakage
mainly in the pericentromeric heterochromatin [21].
The results obtained are shown in Figure 1 and summarized in Table 1. We found that in the female cells
a total of 4.16% MN contain centromere-specific
signals and 8.41% MN contain wcp signals from the
three selected chromosomes. X-linked material with
wcp signals were detected twice as often (4.25%) in
a MN as that of chromosomes 7 and 18 (2.07% for
both). Also, the representation of centromeric signals for chromosome X in MN (2.16%) was higher
than for chromosomes 18 (1.24%) and 7 (0.77%).
While the frequency of wcp signals in MN is the
same for both chromosomes 7 and 18, the frequency
of MN containing centromere signals for chromosome 18 is 1.7-times higher than for chromosome 7.
We found that only nine of the male MN contained
wcp X-positive material, i.e., 0.99%.
Therefore, on the basis of the results obtained in
this study, different frequency of involvement of selected chromosomes in MMC-induced MN formation has been demonstrated. It was shown that chromosomes 7, 18 and X with the analogous peripheral
localization in the nucleus [12] were involved in the
formation of MN with different rates. To answer the
question if a correlation is to be suggested for MN
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Figure 1. Image of a binucleated cell with three MN after three-color FISH with cep (A) and wcp (B) for 7, 18 and X
chromosomes. In (A), both MN derived from “nucleus a” contain centromeric material from chromosome 7. In (B),
both MN derived from “nucleus a” also contain whole chromosome probe signals from chromosome 7. Micronuclei
derived from “nucleus b” did not provide centromeric material, but include wcp from chromosome 7.

Table 1. Frequencies of microneuclei with positive centromeric and whole chromosome painting signals
for chromosomes 7, 18 and X in human female and male lymphocytes treated with mitomycin-C

Female Cells

Male Cells

Chromosome
Number

Number of MN With Centromeric
Signals (%) in 1202 MN Scored

Number of MN With Whole Chromosome
Painting Signals (%) in 916 MN Scored

X
7
18
Total

26 (2.16)
9 (0.74)
15 (1.24)
50 (4.16)

39 (4.25)
19 (2.07)
19 (2.07)
77 (8.41)

X

n.d.

9 (0.99)

formation and the chromosomal position within the
interphase nucleus further studies are necessary.
In case of a direct correlation of chromosome size
and participation in MN formation a distribution,
as shown in Figure 2 (red bars), would have to be
expected. For chromosomes X (in females) and 18,
such a correlation could exist, although we did not
observe it for chromosomes 7 and X (in males).

Thus, chromosome size could be important but not
the single factor for chromosome-specific MN formation. The obvious difference between male- and
female-derived MN contained wcp X-positive material (0.99 versus 4.25%) has been established.
Even though the dosage of the X-chromosome
is only half in male, an additional effect seems to
drive a more preferred inclusion of (at least) one X-
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Figure 2. Comparison of the theoretically expected participation of chromosomes 7, 18 and X in MN
formation (red bars) with the actual observed values (blue bars). The theoretic values were calculated according to the chromosome size and the concept that, the bigger the chromosome the more they should be
involved in MN formation.

chromosome in female. Thus, an effect of increased
probability of damage of inactive X-chromosome in
female has here at least to be discussed (see Figure
2). Finally, MMC-induced MN could involve other
chromosomes and/or chromosomal parts than MN
induced by other chemicals. Better knowledge of
MN formation would enable the use of appropriate
FISH probes, and improve the efficiency and value
of this test [22].
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