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Abstract

Theinduction of aneuploidy by physical and chemica agents
using different test systemswas evaluated. The effect of X-rays,
caffeine, acetaldehyde, ethanol, diethylstilbestrol, propional -
dehyde, and chloral hydrate was studied by chromosome count-
ingin Chinese hamster embryonic diploid cells. Aneugenic ability
of cadmium chloride, cadmium sulfate, potassium dichromate,
chromium chloride, nickel chloride, and nickel sulfate was as-
sessed by means of anaphase-tel ophase analysisin Chinese ham-
ster ovary cells. Chromosome counting in human fibrobl asts
(MRC-5cdll line) wasemployed to eval uate the effect of cacodilic
acid, cadmium chloride, cadmium sulfate, and potassium dichro-
mate. Finally, theinduction of kinetochore-positive and kineto-
chore negative micronucle by cadmium chloride, cadmium sul-
fate, potassium dichromate, chromium chloride, and nickel chlo-
ride was studied using CREST antibodies. When the effect of
different agents was determined by chromosome counting, an
increase of hypoploid but not of hyperploid cellswas observed.
Anaphase-tel ophase analysis showed that metal saltsincreased
the frequency of lagging chromosomes. Thisfinding has been
confirmed by theincrement of kinetochore-positive micronuclei
using CREST antibodies. Therefore, chromosomeloss could be
considered asthe main cause of induced aneupl oidy.

INTRODUCTION

Although aneuploidy isaserious health problem, the
experimental methodol ogy used to investigate the condi-
tion has not been completely validated. Development of a
comprehensive test battery is necessary for the evalua-
tion and detection of aneugenic chemicals. Thereliabil-
ity of any aneuploidy test isalways challenged by thefact
that the mechanismsinvolved in aneuploidy induction are
poorly understood due, in part, to the multiple factors
related with the occurrence of chromosome disjunction
and nondisjunction.

Varioustest systems have been used to study chemi-
cal-induced aneupl oidy. Chromosome counting in diploid
cell lines (Danford, 1984, 1985; Dulout and Natargjan,
1987) wasavalidated test although it istime consuming.

Fluorescence in situ hybridization with probes for en-
tire chromosomes was recently used (van Diemen et al.,
1995; Dulout et al., 1996; Natargjan et al., 1996). Stain-
ing kinetochoresin the cytokinesis-blocked micronucleus
assay (Eastmond and Tucker, 1989; Lynch and Parry, 1993;
Kirsch-Volderset al., 1997; Thompson and Perry, 1988)
or in situ hybridization with centromere specific DNA
probes, followed by immunofluorescent staining (East-
mond and Pinkel, 1990; Faroodi et al., 1993) are useful to
discriminate between clastogens and aneupl oidogens. Ana-
phase-telophase analysis, an ancilliary aternativetest sys-
tem (Nicholset al., 1972; Dulout and Olivero, 1984) has
been used to eval uate aneugeni c damage by counting lagging
chromosomes (Seoane and Dulout, 1994; Seoane, 1999).

In the present study, results obtained by chromosome
counting, anaphase-telophase analysis and cytokinesis-
blocked micronucleus assay were compared. Experiments
were carried out to test the suspected aneugenic ability of
different compounds or to validate the assay by studying
known aneugenic chemicals. Chromosome counting reli-
ability and usefulness was demostrated by Dulout and
Natargjan (1987). The aneugenic ability of the synthetic
estrogen diethylstilbestrol (DES), acetaldehyde, propio-
naldehyde, chloral hydrate, cadmium chloride, cadmium
sulfate, potassium dichromate and cacodilic acid hasbeen
evaluated by employing thisassay (Dulout and Natargjan,
1987; Dulout and Furnus, 1988; Furnuset al., 1990, Glerci
et al., 2000). Anaphase-tel ophase analysiswas employed
to test the aneugenic ability of propionaldehyde, cadmium
chloride, cadmium sulfate, potassium dichromate, chro-
mium chloride (111), nickel chloride and nickel sulfate
(Seoane and Dulout, 1994; Seoane, 1999). Cytokinesis-
blocked micronucleus assay using anti-kinetochore anti-
bodieswas employed to eva uate the above mentioned heavy
metal salts (Seoane, 1999).

MATERIAL AND METHODS

Chinese hamster embryo cells (CHED) and human
diploid fibraoblasts (MRC-5) were employed to carry out
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the chromosome counting assay. Chinese hamster ovary
cellswere employed in the anaphase-tel ophase test. MRC-
5 cellswere used in the cytokinesis-blocked micronucleus
assay. Experimental procedures, compound dilutionsand
doses assayed have been described in previous papers
(Dulout and Furnus, 1988; Furnuset al., 1990; Seoaneand
Dulout, 1994; Seoane and Dulout, 1999; Seoane, 1999;
Guerci et al., 2000)

RESULTS

Irradiation increased the frequency of aneuploid cells
with acorresponding decrease of diploid cells, except for
the dose of 100 rad (Figure 1). Pulse treatments with dif-
ferent doses of DES a so increased the frequency of aneu-
ploid cellsin relation with the dose empl oyed but not with
theduration of thetreatment.

In cellstreated with acetal dehyde, ethanol and DES
the frequency of aneuploid cells increased significantly
compared to controls (Figures 2,3). In addition, the fre-
guency of aneuploid cellsobserved in thethree treatments
with acetaldehyde was higher than that detected in cells
treated with DES. The increase of aneuploid metaphases
was mainly due to the increment of hypoploid cells.
Whereasthe rel ation between hypoploid/hyperploid cells
was 0.81 inthe controls, in treated cellsthisrelation var-
ied from 2.72 to 3.82.

In the treatments with propional dehyde and chloral
hydrate asignificant increase of aneuploid cells compared
to untreated controls was observed (Figure 4). Although
thefrequenciesof hypoploid cellswere higher than thefre-
guencies of hyperploid cellsin all treatments, the differ-
enceswere not significant.

An increase of lagging chromosomes was found in
cellstreated with cadmium salts, although significant dif-
ferencesfrom untreated controlswere only found with the
highest dose of cadmium sulfate. Whereas potassium
dichromateincreased the frequencies of lagging chromo-
somesat al the dosesemployed, only thetwo highest doses
of chromium chloride gave positiveresults. Increments of
lagging chromosome frequenciesinduced by nickel salts
were lower than those induced by the other heavy metal
salts. However, significant differencesfrom controlswere
found only with the two highest doses (Figure 5).

Results of chromosome counting using MRC-5
cells (Figure 6) showed significant increments of aneu-
ploidy in cacodilic acid- and cadmium chloride-treated
cells. Cadmium sulfate induced significant increases at
the two highest doses. Potassium dichromateinduced sig-
nificant increments of aneuploidy at all doses tested al-
though at alower degree than the other compounds.

Cadmium saltsinduced significant increases of ki-
netochore-positive and kinetochore-negative micronuclei
when the cellswere treated with the two highest concen-
trations of each compound. Thelowest dosesinduced bor-
derline increases in the frequency of kinetochore-posi-

tive micronuclei but no differences with respect to con-
trol values were found in the frequency of kinetochore-
negative micronuclei. The highest increments of total
micronuclei frequency were induced by chromium chlo-
ride. Most of these micronuclei were kinetochore-posi-
tive. Potassium dichromate al so induced higher increases
of kinetochore-positive micronuclei than kinetochore-
negative ones. Nickel saltsinduced statistically signifi-
cant increases of kinetochore-positive micronuclei with
the three doses employed. On the other hand, increases
in kinetochore negative micronucleus frequency were
only slight (Figure 7).
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Figure1 - Frequenciesof hyperploid and hypoploid metaphasesin CHED
cellstreated with X-rays (100 and 200 rad) and caffeine (CAF) (200 pg/ml).
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Figure2 - Freguencies of hyperploid and hypoploid metaphasesin CHED
cells treated with acetaldehyde doses of 0.002% (AA1), 0.004% (AA2),
and 0.006% (AA3) and 1% ethanol (EA).
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Figure 3 - Percentages of hypoploid and hyperploid CHED cells after treatment with diethylstilbestrol (DES) doses of 5, 10, and 15 pg/ml

for different periods.
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Figure4 - Percentages of hypoploid and hyperploid CHED cells after treatment with propional dehyde doses of 5x 104% (PA1), 1 x 103%
(PA2) and 2 x 10°%% (PA3) for 3h and chloral hydrate doses of 1 x 10°% (CH1), 2 x 10°% (CH2) and 3x 10°% (CH3) for 1.5 h.

DISCUSSION

When anormal disjunction occursinamitotic divi-
sion, the chromatids of achromosome segregate to each
cellular pole. Chromosomal missegregation can be pro-
duced by: 1) multipolar mitoses arisen from centriole al -
terations, 2) nondisjunction, when the chromatids of a
chromosome do not separate correctly and the entire
chromosome migratesto one pole, 3) chromosome | 0ss,

when a chromosome (or achromatid) remainslagged at
the equator and does not migrate to the corresponding
pole.

If multipolar mitosis occurs, multinucleated cells
with hypoploid nuclei are formed. Nondisjunction origi-
natestwo aneuploid cells, one hypoploid and the other hy-
perploid. On the other hand, lagging chromosomes at mi-
tosisproduce two hypoploid daughter cells. Lagging chro-
matidsoriginateadiploid and ahypoploid cell. In both cases
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Figure5 - Frequencies of lagging chromosomes induced by different metal saltsin anaphase-telophase of CHO cells.

micronuclei containing either the lagged chromosome or
thelagged chromatid areformed.

When cellswere analyzed by chromosome counting,
higher frequencies of hypoploid than hyperploid cellswere
found. Theseresults seem to bein conflict with the belief
that aneuploidy isaresult of the induction of equal num-
bers of these two kinds of cells. Nevertheless, other evi-
denceindicated that theincrease of hypoploid cellsisnot
aresult of chromosome loss caused by technical factors:
a) the chromosome countswere only made in metaphases
surrounded by cytoplasm, asan indication of theintegrity
of the plasmamembrane; b) the average chromosome num-
ber per cell in the different treatments was constant (data
not shown); c) asthefrequency of aneuploid cellsincreased,
acorrelativeincrement of multinucleated interphase cells
was observed in the cultures treated with the chemicals.
When the frequencies of hypoploid cells were compared
with the frequency of hyperploidy plus the frequency of

multinucleated cells a positive correlation and a good fit
with theregression linewerefound.

The kinetochore-stained micronucleustest is based
upon the assumption that a micronucleus containing aki-
netochore presumably contains the centromere and the
entire chromosome. Thismicronucleuswill segregatewith
only one of the daughter cells but both have ahigh prob-
ability of being aneuploid (Thompson and Perry, 1988;
Eastmond and Tucker, 1989). It must be considered that
only mal segregation events (when achromosomeor achro-
matid fails to migrate correctly and remains at the meta-
phase plate) could be detected in the cytokinesis-blocked
micronucleusassay by usng CREST antibodies. When non-
digunction occurs, two aneupl oid daughter cellsareformed
(one hypoploid and one hyperploid), but neither lagging
chromosomes nor micronuclei are induced if the entire
chromosome migrates correctly to one pole. Positive-ki-
netochore micronuclei are formed only when a chromo-
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Figure 7 - Frequencies of kinetochore-negative and kinetochore-positive micronuclei in MRC-5 cells detected by using CREST antibodies.
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Figure6 - Percentages of hypoploid and hyperploid MRC-5 cells after treatment with cacodilic acid dosesof 1.25x 102 mM (CA1), 2.5x 102mM (CA2) and
5.0x 102 mM (CA3); cadmium chloride doses of 1.0 x 10° mM (CC1), 2.0x 10° mM (CC2) and 4.0 x 10°* mM (CC3); cadmium sulfate doses of 3.3x 10°mM
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some (or chromatid) remainslagged as a consequence of
segregation errors (Ford and Correl, 1991; Van Humme-
lenetal., 1992). Neither lagging chromosomes nor posi-
tivekinetochoremicronuclei areindicative of nondigunc-
tion (Lynch and Parry, 1993). These considerationsarein
agreement with findings obtai ned by chromosome count-
ing and anaphase-tel ophase analysis. Recently, Natargjan
and coworkers (1993) found that hypopl oidy wasinduced
more frequently than hyperploidy in cadmium chloride-
treated CHED cells. Similar resultswere reported by Warr
and coworkers (1993) in LUC2 cells treated with other
aneupl oidy-inducing agents. Taking into account thesefacts,
it appearsthat nondisjunction is not the main mechanism
inthe generation of aneuploidy and it can be proposed that
malsegregationisat least partialy involved.

RESUMO

A inducéo de aneupl oidia por agentesfisicos e quimicos
usando diferentessistemas detestefoi avaliada. O efeito deraios-
X, cafeina, acetaldeido, etanol, dietilestilbestrol, propionaldeido
ehidrato decloral foi estudado por contagem cromossdmicaem
células dipl 6ides embridnicas de hamster chinés. A habilidade
aneugénicade cloreto de cddmio, sulfato de cadmio, dicromato
de potéassio, cloreto de crdmio, cloreto de niquel e sulfato de
niquel foi avaliada por meio de andlise de anaf ase-tel 6fase em
célulasdeovério de hamster chinés. A contagem cromossdmica
em fibroblastos humanos (linhagem celular MRC-5) foi
empregadaparaavaliar o efeito de &cido cacodilico, cloreto de
cadmio, sulfato de cadmio edicromato de potéssio. Finalmente,
ainducéo de micronlcl eos positivos e negativos paracinetocoro
por cloreto de cadmio, sulfato de cadmio, dicromato de potéssio,
cloreto de crdmio e cloreto de niquel foi estudada usando an-
ticorpos CREST. Quando o efeito de agentes diferentesfoi deter-
minado por contagem cromossdmica, observou-se um aumento
de células hipopl 6ides mas ndo de hiperpl6ides. A andlise ana-
fase-tel 6fase mostrou que saismetdicosaumentaram afreqiiéncia
decromossomos*“lagging”. Este achado foi confirmado pelo au-
mento de microntcleos positivos para cinetocoro usando anti-
corpos CREST. Portanto, a perda cromossdmica poderia ser
consideradaaprincipal causade aneuploidiainduzida.
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