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THE EFFECTS OF 3-AMINOBENZAMIDE AND APHIDICOLIN
ON X-RAY-INDUCED CHROMOSOMAL ABERRATIONS IN
CYCLING AND NON-CYCLING DOWN LYMPHOCYTES

Awadhesh Nandan Jha'*, Tikaram Sharma' and Gokaran Prasad Katiyar®

ABSTRACT

Aphidicolin (APC) and 3-aminobenzamide (3AB) were used to elucidate the role of DNA repair
processes in the increased production of X-ray-induced chromosomal aberrations in lymphocyte cultures from
Down syndrome patients (Downs), compared to normal controls. In the phytohaemagglutinin (PHA)-stimulated
condition (G1 phase) the normal controls showed a significant increase in the yield of dicentrics, but not
acentrics. In the Down cultures, the stimulated (G1) compared to unstimulated (GO) cells showed a significant
increase of dicentrics as well as acentrics. 3AB potentiated the yield of aberrations only in stimulated
lymphocytes of the groups, more in normal controls than in Downs. The potentiating effect of APC, in contrast,
was more pronounced in the unstimulated compared to stimulated condition. In the stimulated condition, like
3AB, the potentiating effect of APC was greater in normal controls. The differential processing of
X-ray-induced genetic damage in peripheral lymphocytes from Downs is sensitive to the presence of APC and
3AB. It is likely that both DNA polymerase o and poly (ADP-ribose) polymerase have inherent differential
behaviour in PHA-responsibe Down lymphocytes.

INTRODUCTION

Peripheral blood lymphocytes from Down syndrome patients (Downs), when
exposed to ionizing radiations under in vitro conditions, show a higher incidence of

Cytogenetics Laboratory, Centre of Advanced Study in Zoology, Banaras Hindu University, Varanasi-221
005, India.

Department of Pediatrics, Institute of Medical Science, Banaras Hindu University, Varanasi-221 005, India.
3 Present address: Brixham Environmental Laboratory, ZENECA Limited, Brixham, Devon TQS5 8BA, UK.
Send correspondence to A.N.J.



1066 Jha et al.

chromosomal aberrations, especially asymmetrical exchanges, when compared to
normal, diploid controls (Sasaki et al., 1970; Preston, 1981; Leonard and Mertz, 1983;
Morimoto ez al., 1984). Studies on induction of chromosomal aberrations by ionizing
radiations in G1 and S phases of the cell cycle (after mitogen stimulation) have also shown
that lymphocytes from Downs are more sensitive when compared to normal controls
(Leonard and Mertz, 1983; Shafik et al., 1988).

The mechanisms for increased chromosomal radiosensitivity in Down
lymphocytes are not clearly defined. Various explanations have been given to explain
this phenomenon, such as an altered rate of DNA repair efficiency (Preston, 1981) or
competition between hypothetical ‘error-free’ and ‘error-prone’ repair systems that
generate chromosomal aberrations (Countryman et al., 1977), apart from being an
inherent defect for the repair of induced DNA damage per se (Shafik ez al., 1988).

Aphidicolin (APC) is a tetracyclic diterpenoid antibiotic isolated from
Cephalosporium aphidicola, and other fungi. It inhibits the growth of eukaryotic cells
by inhibition of DNA synthesis. This action involved specific inhibition of DNA
polymerase a complex (Ikegami et al., 1978; Huberman, 1981) which in addition to
normal DNA synthesis also plays role in DNA repair processes (Natarajan et al., 1982).
3-Aminobenzamide (3AB) is considered to be a potent inhibitor of poly (ADP-ribose)
synthesis in mammalian cells as it competes with nicotinamide adenine dinucleotide
(NAD) for reaction with poly (ADP-ribose) polymerase (Purnell and Whish, 1980). Poly
(ADP-ribose) polymerase is activated by induced DNA-strand breaks and thus the
synthesis of poly (ADP-ribose) usually increases during the cellular response to DNA
damage (Berger et al., 1979; Benjamine and Gill, 1980). The inhibitors of poly
(ADP-ribose) polymerase, such as 3AB, have been found to prevent DNA strand
rejoining and interfere with cell survival after DNA damage (Durkacz et al., 1980). The
use of APC and 3AB, as DNA repair inhibitors could provide additional information
pertaining to the different mechanisms of aberration formation in the irradiated
lymphocytes of Downs. We therefore examined the modifying effects of APC and 3AB
on the X-ray-induced chromosomal aberrations in peripheral blood lymphocytes of
Downs and compared them to normal controls. The studies were performed at two stages
(GO and G1) of the cell cycle, where presumably only repair synthesis takes' place after
primary lesions are induced in DNA.

MATERIAL AND METHODS

Peripheral blood samples were collected in heparinized syringes from Downs
and normal control individuals (three from each group). For irradiation in the GO stage
of the cell cycle, blood samples were X-irradiated with 2 Gy using a 110 kV Picker’s
therapeutic unit (dose rate 1 Gy/min) within 2 h of collectjon whereas G 1 stage irradiation
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was performed 10 h after the cultures were grown in phytohaemagglutinin (PHA)
supplemented complete medium. Immediately after irradiation, the samples were treated
with 3AB (3 mM) or APC (5 pg/ml) and incubated 2 h at 37°C. After incubation, the
blood samples (GO stage) or the cultures (G1 stage) were washed thrice with fresh culture
medium and then allowed to grow in complete medium. The cultures were established
using 0.30 ml of whole blood to 5 ml of RPMI 1640 medium, supplemented with 20%
heat-inactivated human AB’ serum. Antibiotics (1000 IU penicillin and 500 pg
streptomycin/L), L-glutamine (2 mM) and Bromodeoxyuridine (BrdU, 5 pg/ml) were
also added to the medium. All treatments were simultaneously given in blood samples of
Downs as well as normal controls. The cultures were fixed 56 h after the addition of PHA,
irrespective of the time of the treatment, following a 3 h colcemid block. Standard
methods, as described earlier (Jha and Sharma, 1991) were followed for fixation of the
cells and preparation of slides. The prepared slides were processed for fluorescente plus
Giemsa (FPG) staining by the method of Goto et al. (1975), with some modifications. A
minimum number of 100 first division cells were analysed for each treatment/individual.
The frequencies of dicentrics, acentrics (excess) and aberrant metaphases were recorded.
For statistical comparison of a particular aberration type between individuals or groups
the ‘Z-test’ (test of equality of two proportions) was performed.

RESULTS

Individuals of a particular group did not differ significantly for a specific
aberration type. The data were therefore pooled for comparisons. In spontaneous yield
(O-dose or untreated controls) chromosomal aberrations are mostly fragments. This when
compared between the two groups of individuals did not differ significantly. In GO stage,
the Downs compared to normal controls showed a significant increase for the yield of
dicentrics (1.5x) and aberrant cells (1.4x) but not for acentrics (Figure 1a). In G1, the
Downs showed a significant increase for aberrant cells (1.6x), dicentrics (1.4x) and
acentrics (1.8x), as illustrated in Figure 1b. When the yield of aberrations were compared
between the two cell cycle stages for a particular group, it was found that in Gl, the
normal controls showed a significant increase for dicentrics (1.5x) and aberrant
metaphases) (1.2x) but not for acentrics. In contrast, the G1 compared to GO cells of
Downs showed a significant increase for dicentrics (1.4x), aberrant cells (1.4x) and
acentrics (1.6x).

Post-irradiation incubation with 3AB showed no significant effect for the yield
of any type of aberrations in the GO stage in either group. The effect was profound for
all types of aberrations in Gl stage of both the groups (Figure la and 1b). For normal
controls, almost similar-fold of increase for dicentrics and acentrics was observed
(compared to only X-ray treatment) whereas in Downs the yield of dicentrics was slightly
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Figure 1 - The effects of 3AB or APC incubation (2 h) on the frequency of chromosome aberrations induced by X-rays (2 Gy) in unstimulated (GO) lymphocytes (A)

and stimulated (G1) lymphocytes (B) of normal control and Down syndrome individuals.
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higher than acentrics (Figure 1b). The overall potentiating effect of 3AB was greater in
normal controls than in Downs (Figure 1a and 1b).

Post-irradiation incubation with APC in contrast to 3AB showed a significant
potentiating effect for all types of aberrations in both the groups and the various stages
of the cell cycle. In unstimulated lymphocytes (GO stage) the potentiating effect of APC
showed an almost similar-fold increase for dicentrics and acentrics in both groups (Figure
1a). It showed higher yield of all types of aberrations in unstimulated lymphocytes of
Downs when compared to normal controls. In stimulated condition (G1 stage), although
the yield was higher for both dicentrics and acentrics, the latter showed a much greater
increase compared to the former, especially in normal controls. When compared with the
X-ray treatment given in the stimulated condition, the APC showed less potentiating
effects in Downs compared to normal controls (Figure 1b). The yield of all types of
aberrations after APC treatment increased in normal controls compared to Downs after
stimulation. Both the repair inhibitors were not found to be clastogenic when treated alone
in either of the cell cycle stages studied.

DISCUSSION

Increased yield of dicentrics and aberrant metaphases, and not of acentrics
following X-ray irradiation in PHA-stimulated compared to unstimulated lymphocytes
of normal individuals observed in the present study is consistent with earlier reports
(Holmberg and Jonasson, 1974; Beek and Obe, 1977; Gundy and Bender, 1984), though
the increase in the yield of dicentrics as well as acentrics found by Leonard and Mertz
(1983) and no difference in the yield of either of the aberrations found by Carrano (1975)
and Shafik et al. (1988), do not conform to our observations. The reasons for increased
chromosomal radiosensitivity in stimulated compared to unstimulated lymphocytes are
not known, though. Compaction of chromatin has been shown to modify many
radiobiological end points including DNA damage induction (Warters and Childers,
1982; Oleinick et al., 1984), DNA damage and repair (Wheeler and Wierowski, 1983)
and cell clonogenicity (Dewey et al., 1972). Each of these end points are closely related
with the induction of chromosomal aberrations.

The observed potentiating effect of 3AB is in accordance with studies showing
increased yield of aberrations only in stimulated lymphocytes (Pantelias et al., 1986;
Wiencke and Morgan, 1987). This indicates a possible influence of poly (ADP-ribose)
on X-ray-induced genetic damage in stimulated or transcriptionally active phase of the
lymphocytes. In human lymphocytes, poly (ADP-ribose) polymerase activity increases
after mitogen stimulation and fluctuates as the cells progress through the cell cycle
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(Berger et al., 1982; Johnstone and Williams, 1982; Carson et al., 1986). It is therefore
possible that the inhibition of ADP-ribosylation after radiation-induced damage could
differ in stimulated and unstimulated lymphocytes. This may account for the difference
in the potentiating effects of 3AB in our study.

In case of Downs, the potentiating effect was less than for normal controls. This
implies that either 3AB has a limited effect on stimulated Down lymphocytes, possibly
due to changes in poly (ADP-ribose) polymerase level or the level of aberrations are
undetectable due to cell cycle delay or cell death caused by extensive genetic damage.
Such a saturation level of aberration after 3AB treatment has also been found in two
X-ray-sensitive cell lines, xrs 5 and xrs 6 derived from Chinese hamster ovary (CHO-K 1)
cells (Darroudi and Natarajan, 1987). MacLaren et al. (1989) have reported an increased
frequency of chromosomal aberrations in unstimulated lymphocytes from Downs as a
result of treatment with X-rays in presence of 3AB. They have suggested that
lymphocytes from Downs are more sensitive to the inhibition of poly (ADP-ribose)
polymerase than the normal lymphocytes. It is difficult to provide an explanation for
these contrasting results. Increased aberrations in stimulated lymphocytes of normal
controls compared to Downs at least indicates that they behave differently following
incubation with poly (ADP-ribose) polymerase inhibitor.

Increased levels of dicentrics and acentrics with APC post-treatment in both
unstimulated and stimulated conditions were also found by Bender and Preston (1982),
Natarajan et al. (1982) and Moore and Bender (1987). There was, however, no clastogenic
effect of APC as reported in some studies (Bender and Preston, 1982; Bender and Moore,
1988). In stimulated lymphocytes of Downs, like 3AB, the potentiating effect of APC
was less effective than in normal controls. The stage specific effects of APC (Moore and
Bender, 1987) or enzymes associated with the production of chromosome aberrations
might have some role. Increased DNA polymerase activity in PHA-stimulated
lymphocytes of Downs has been reported to be higher than in normal controls (Agarwal
etal., 1970).

In conclusion, lymphocytes from Downs, when compared to normal controls,
behave differently in the processing of X-ray-induced genetic damage, both in the
presence or absence of 3AB and APC. This appears to be an inherent characteristic as
histophysiological abnormalities of the thymus gland in these patients lead to qualitative
changes in the thymic dependent cells (Levin, 1987).
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RESUMO

Amphidicolin (APC) e 3-aminobenzamide (3AB) foram utilizados para elucidar o papel de
processos de reparo de DNA no aumento de aberragdes induzidas por Raio-X em culturas de linfécitos de
pacientes com Sindrome de Down, comparadas com controles normais. Estimulados por Fitohemaglutinina
(PHA) (Fase G1), os controles normais mostraram um aumento significativo na produgao de dicéntricos, mas
nio de acéntricos. Em culturas de Downs as células estimuladas mostraram um aumento significativo na
produgao de dicéntricos e acéntricos. O efeito de APC, em contraste, foi menos pronunciado sem estimulagao.
Na condigéo estimulado, como para 3AB, o efeito de APC foi maior em controles normais. O processamento
diferencial de dados genéticos induzidos por Raio-X em linfécitos periferais de Downs, ¢ sensivel a presenga
de APL ¢ 3AB. E provivel que ambos, DNA polymerase o ¢ poly (ADP-ribose) polimerase tem comportamento

diferenciado intrinseco nos linfécitos de Downs sensiveis a PHA.
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