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ABSTRACT

Several studies have demonstrated that lymphocytes from patients with Down syndrome (DS) exhibit an
increased frequency of chromosome aberrations when they are exposed to ionizing radiation or to chemicals
at the Go or G1 phases of the cell cycle, but not at G2, when compared to normal subjects. To determine the
susceptibility of DS lymphocytes at G2 phase, bleomycin, a radiomimetic agent, was used to induce DNA
breaks in blood cultures from 24 Down syndrome patients.

All the patients with DS showed free trisomy 21 (47,XX + 21 or 47, XY + 21). Individuals that showed an
average number of chromatid breaks per cell higher than 0.8 were considered sensitive to the drug. No
control child showed susceptibility to bleomycin, and among the 24 patients with DS, only one was sensitive
to the drug. '

No significant difference was observed between the two groups, regarding chromatid break frequencies in
treated G2 lymphocytes. The distribution of bleomycin-induced breaks in each group of chromosomes was
similar for DS and controls. No significant difference was found in the response to bleomycin between male
and female subjects. Probably, the main factor involved in chromosome sensitivity of lymphocytes from
patients with DS is the phase of the cell cycle in which the cell is treated.

INTRODUCTION

Lymphocytes from patients with Down
syndrome (DS) are more sensitive to ionizing radiation
and to chemicals than lymphocytes of normal
individuals (Lambert et al., 1976; Morimoto et al., 1984).

Frequencies of induced aberrations, especially *

dicentrics, in Gy and G; phases of the cell cycle are
substantially higher in patients with DS (Preston, 1981;
Morimoto et al., 1984). Few studies have been made on
G, phase of the cell cycle (Dekaban et al., 1966; Leonard
and Merz, 1983; Shafik et al., 1988), and no significant
increase of breaks in DS lymphocytes in relation to
lymphocytes of normal individuals has been found.
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Several suggestions have been made to explain
the high frequency of induced aberrations in DS cells
irradiated in Gy or G;. Countryman et al. (1977)
observed a more rapid repair of chromosome breaks in
DS lymphocytes X-irradiated in G; phase than in
normal ones. The authors proposed a mechanism by
which reduced rejoining times would increase aberra-
tion frequencies in competition between a (hypotheti-
cal) error-free repair system and the error-prone repair
system that generates chromosomal aberrations.

Preston (1981) also observed a more rapid
repair of DNA damage converted into chromosome
aberrations in DS lymphocytes X-irradiated in G than
in normal cells, what would increase the probability of
interaction (or misrepair) of two lesions present at the
same time and close together in space.
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Lambert ef al. (1976) suggested that the higher
frequency of dicentric chromosomes in DS lymphocytes
as compared to control cells after X-irradiation is the
result of a higher yield of X-ray-induced lesions, or of a
higher proportion of chromosome breaks joined by
ligase activity.

It is possible that an altered DNA repair
mechanism is related to the higher frequency of
leukemia in DS. Several types of leukemia are
associated with primary (specific) chromosome
changes (Sandberg, 1986), and for this reason an altered
DNA repair mechanism in DS lymphocytes could be

responsible for the occurrence of chromosome.

combinations that would favor cancer initiation.

Leukemia is the only cancer type that appears
at a higher frequency in DS (about 8-19 times greater
than expected), and the radiosensitivity of those
individuals seems to be restricted to lymphocytes
(Leonard and Merz, 1987).

Cytogenetic experiments with mutagens can
provide an estimation of the individuals’ DNA repair
capacity. According to Hsu (1987), the higher the
number of induced breaks not repaired, the more
deficient the repair mechanisms. ‘

Bleomycin (BLM) is a radiomimetic chemical
that has been used to induce breaks in DNA of cultured
lymphocytes, to verify the individual capacity of repair
mechanisms. Cultured lymphocytes from patients with
different types of cancer present high frequencies of
chromatid breaks induced by BLM in G, phase of the
cell cycle when compared to normal controls (Hsu et al.,
1989).

MATERIAL AND METHODS

Peripheral blood samples were drawn from 24
patients with Down syndrome (12 males and 12
females) and 24 healthy controls, matched by age and
sex. Since the risk of leukemia development is higher
among patients with DS below 10 years (Fong and
Brodeur, 1987), all the individuals recruited for thi$
study were between three months and 10 years and five
months old. :

Two simultaneous short-term cultures (72 h)
for each individual were set up in RPMI 1640 media
supplemented with 20% fetal bovine serum and
phytohemagglutinin (PHA). Five hours prior to
harvest, bleomycin (Blenoxane, Bristol Laboratories)
was added to a final concentration of 0.03 U/ml in one
of the cultures. Two hours prior to harvest, 0.05 ml of
colchicine (0.008%) was added. Conventional air-dried
preparations were stained with Giemsa without
application of any banding procedure.

Fifty cells from each type of culture (without
and with BLM) were scored for chromatid-type
aberrations, following the protocol of Cherry and Hsu
(1983). According to Hsu (1987), chromatid gaps
increase the total frequency of lesions, but the overall
picture (sensitivity to BLM) was not substantially
altered. Therefore, chromatid gaps or attenuated
regions were disregarded. The number of chromatid
breaks of each sample was converted into the number
of chromatid breaks per cell (ctb).

Hsu et al. (1985) suggested that a ctb value of
0.80 could be taken as an arbitrary cut-off line to
separate the BLM-sensitive from the less sensitive (or
resistant) classes. Individuals with a ctb value higher
than 1.00 were considered as hypersensitive to BLM
(Hsu et al., 1989). This classification was adopted in the
present study. Chromatid breaks per cell were scored in
ablind test.

Statistical analysis

The Mann-Whitney nonparametric test (Zar,
1984) for two independent samples was used to verify
a possible difference between males and females in DS
patients and in control subjects, in the frequency of
spontaneous and BLM-induced chromatid breaks.

The nonparametric two-way analysis (Zar,
1984) was used to determine the group and treatment
effects. The homogeneity test (Gattas, 1978) was used to
compare the distribution of BLM-induced chromatid
break frequencies in chromosome groups between DS
patients and normal controls and to verify if the
proximal, median and distal chromosome regions break
at similar frequencies in both experimental groups.

The adherence test (Gattds, 1978) was used to
verify if the proximal, median and distal chromosome
region breaks occurred at similar frequencies or if there
was a preferential occurrence of breaks in one of them.
The Lilliefors test (Campos, 1983) was used to
determine if the chromatid break frequencies per cell
had a normal distribution. Regression analyses were
used to verify if the distribution of BLM-induced breaks
is related to the relative length of each chromosomal
group, using the chromosome length measurement
established by the Paris Conference (1972).

RESULTS

Table I summarizes the age, sex and the
chromatid breaks per cell (ctb) values for spontaneous
and BLM-induced chromatid breakage from 24 patients
with DS and 24 normal controls. All the patients with
DS showed free trisomy 21.
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Table I - Sex, age and mean frequency of spontaneous and bleomycin-induced (BLM) chromatid breaks per cell (ctb) for Down syndrome (DS)
patients and normal controls. (F = Female; M = male; Y = years; Mo = months).

ctb ctb
Patient Sex Age Control Sex Age

with DS Without With Without With
BLM BLM BLM BLM
1 F 4Mo 0.00 0.36 1 F 1Mo 0.00 0.36
2 F 1Y 2Mo 0.04 0.44 2 F 1Y 2Mo 0.00 0.22
3 F 3Mo 0.00 0.28 3 F 1Mo 0.00 0.18
4 F 5Mo 0.02 0.70 4 F 1Y 4Mo 0.00 0.20
5 F 1Y 6Mo 0.00 0.68 5 F 1Y 11Mo 0.02 0.62
6 F 2Y 2Mo 0.00 0.68 6 F 3Y 8Mo 0.02 0.20
7 F 2Y 5Mo 0.00 0.64 7 F 4Y 1Mo 0.00 0.26
8 F 6Y 4Mo 0.00 0.20 8 F 7Y 11Mo 0.00 0.62
9 F 10Y 2Mo 0.06 0.42 9 F 10Y 3Mo 0.00 0.46
10 F 3Mo 0.02 048 10 F 1Y 0.00 0.34
11 F 10Y 1Mo 0.00 0.22 11 F 8Y 6Mo 0.04 0.22
12 F 3Y 0.04 0.30 12 F 3Y8Mo 0.00 0.42
13 M 3YA 0.00 0.44 13 M 1Y9Mo 0.00 0.12
14 M 8Y 7Mo 0.00 0.24 14 M 7Y 8Mo 0.00 0.58
15 M 2Y 7Mo 0.00 0.52 15 M 1Y 6Mo 0.02 0.28
16 M 8Y 9Mo 0.00 0.26 16 M 6Y 10Mo 0.04 0.52
17 M 10Y 5Mo 0.02 0.94 17 M 10Y 7Mo 0.00 0.36
18 M 6Y 7Mo 0.00 0.36. 18 M 6Y 8Mo 0.02 0.28
19 M 5Y 8Mo 0.00 0.38 19 M 3Y 9Mo 0.00 0.54
20 M 10Y 0.00 0.28 20 M 10Y 2Mo 0.00 0.50
21 M 7Mo 0.00 0.22 21 M 5Mo 0.02 0.20
22 M 9Y 0.00 0.18 22 M ‘7Y 10Mo 0.00 0.18
23 M 9Y 0.00 0.28 23 M 8Y 9Mo 0.00 0.34
24 M 3Mo 0.00 0.14 24 M 7Mo 0.00 0.34

Spontaneous ctb values ranged from 0.00 to
0.06 in patients with DS and from 0.00 to 0.04 in the
control group. No control child showed BLM-induced
ctb values higher than 0.80, and only one patient with
DS was sensitive to the drug.

Using the Mann-Whitney nonparametric
statistic, no significant difference was found between
males and females, for cultures without and with BLM
in patients with DS and control subjects (DS patients,

cultures without BLM: U = 46.5, P > 0.10; DS patients,-

cultures with BLM: U = 46.5, P > 0.10; control
individuals, cultures without BLM: U = 66.5, P > 0.10;
control individuals, cultures with BLM: U =69, P > 0.10).
The treatment effect was similar in patients and controls
(H = 0.150, P > 0.50) and also, no group effect (in the
whole group without and with BLM) was found (H =
0.084, P > 0.50). The number of BLM-induced breaks
was significantly higher than the number of
spontaneous breaks (H = 74.969, P < 0.001) in patients
and controls.

No significant difference was found in the
distribution of BLM-induced breaks in chromosome

groups between males and females for patients with DS
(x2=5.37,P >0.10) or controls (x2 = 2.46, P > 0.10) (Table
1I).

Induced and expected break frequencies in
each chromosome group, estimated on the basis of
chromosome length (Paris Conference, 1972), for
patients with DS and controls, are shown in Table III. In
both populations the distribution of induced breaks
was related to the lengths of each chromosomal group.
Regression analysis of the number of breaks and
chromosome lengths for the two groups are shown in
Figures 1 and 2. Among males, both populations had a
positive regression coefficient: DS = 0.979 and control =
0.927 and the same was found among females: DS =
0.920 and control = 0.946.

There was no difference in the distribution of
induced breaks at proximal, median and distal
chromosome regions for male DS patients and controls
(x% = 1.63, P > 0.10). However, for females, there was a
significant difference between DS patients and controls
(x? =32.71, P < 0.01), with a higher number of breaks in
proximal and distal regions for controls and in the
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Table II - Observed and expected bleomycin-induced chromatid break frequencies for chromosomes 1, 2, 3, B, C, D, E, F, and G for male (M)
and female (F) patients with Down syndrome (DS) and controls.

Chromosome or chromosome group

Group Total
1 2 3 B C D E F G

DS (M)
Observed 20 24 9 25 74 19 5 2 1 179
Expected 24.03 21.09 9.32 29.92 67.68 15.69 7.85 2.45 0.98

Control (M)
Observed 29 19 10 36 64 13 11 3 1 186
Expected 2497 2191 9.68 31.08 70.32 16.31 8.15 2.55 1.02

Total 49 43 19 61 138 32 16 5 2 365

DS (F)
Observed 33 22 13 41 78 27 .5 1 1 221
Expected 33.77 22.51 12.44 39.70 79.99 2370 - 711 1.18 0.59

Control (F)
Observed 24 16 8 26 57 13 7 1 0 152
Expected 23.23 15.49 8.56 27.30 55.01 16.30 4.89 0.82 041

Total 57 38 21 67 135 40 12 2 1 373

Table III - Observed and expected bleomycin-induced chromatid break frequencies for chromosome groups estimated on the basis of
chromosome length of male (M) and female (F) patients with Down syndrome (DS) and controls. ’

Chromosome or chromosome group

Frequency Total
1 2 3 B C D E F G
DS (M)
Observed 20 24 9 25 74 19 5 2 1 179
Expected 14.45 13.73 11.69 21.19 64.03 18.42 16.33 8.95 10.21 179
Relative length to
the lot 2n* 16.88 16.04 13.66 24.76 74.82 21.52 19.08 10.46 11.93 209.15
DS (F)
Observed 33 22 13 41 78 27 5 1 1 221
Expected 17.59 16.71 14.23 25.80 83.29 22.42 19.88 10.89 10.19 221
Relative length to
the lot 2n* 16.88 16.04 13.66 24.76 79.94 21.52 19.08 10.46 9.78 212.12
Control (M) . ,
Observed 29 19 10 36 64 13 11 3 1 186
Expected 15.15 14.40 12.26 2222 67.15 19.31 17.12 9.39 9.00 186
Relative length to
the lot 2n* 16.88 16.04 13.66 24.76 74.82 21.52 19.08 1046 10.03 207.25
Control (F)
Observed 24 16 8 26 57 13 7 1 0 152
Expected 15.15 14.40 12.26 2222 67.15 19.31 17.12 9.39 9.00 152
Relative length to
the lot 2n* 16.88 16.04 13.66 24.76 79.94 21.52 19.08 10.46 7.88 210.22

*Based on Paris Conference (1972).
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Figure 1 - Sample regression of bleomycin-induced breaks on relative
lengths of chromosomal group in the male patients with Down
syndrome (DS) and controls. A, B, C, D, E, F, G, Chromosome group.

median region for DS patients. In all cases, the median
chromosome region presented the highest break
frequencies (Table IV).

The Lilliefors test showed that the frequencies
of BLM-induced chromatid breaks per cell are
distributed in a normal curve for male DS patients and
controls (P > 0.10).

Table IV - Observed (O) and expected (E) bleomycin-induced break
frequencies in proximal (p), median (m) and distal (d) chromosome
regions for male (M) and female (F) patients with Down syndrome
(DS) and controls.

Chromosome region

Group Total
P m d
O (E) O () O(B)
DS (M) 24 (2844)  89(86.80) 66 (63.75) 179
Control (M)  34(29.56)  88(90.20) 64 (66.25) 186
Total 58 177 130 365
DS (F) 12(2548)  152(12679) 57 (68.73) 221
Control (F)  31(17.52)  62(87.21) 59 (47.27) 152
Total 43 214 116 373

Females / DS

DS:Y=1.17X-3.87;, r = 0.92; P < 0.01
Control: Y = 0.85X-3.93; r = 0.946; P < 0.01
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Figure 2 - Sample regression of bleomycin-induced breaks on relative
lengths of chromosomal group in the female patients with Down
syndrome (DS) and controls. A, B, C, D, E, F, G, Chromosome group.

DISCUSSION

In the present study, the frequencies of sponta-
neous chromosome breaks found in DS and in controls
did not differ significantly and they were in agreement
with the expected frequencies for the normal popula-
tion (0.00 to 0.07), according to Hopwood et al. (1989).
Other studies also relate absence of spontaneous fragil-
ity in DS (Preston, 1981; Vijayalaxmi and Evans, 1982).

No significant difference was found in the
BLM-induced break frequencies between males and
females for patients with DS and controls. These results

- are in agreement with those of Pelz et al. (1988), who

found no sex difference between methotrexate
sensitivity for DS vs. controls. However, Shubber et al.
(1991) observed an increased frequency of sister
chromatid exchanges (SCE) in male in relation to female
DS children.

Among the 24 patients with DS, only one male
presented sensitivity to BLM. No control presented ctb
values higher than 0.80. No significant difference was
found between the two groups.

Some individuals presented very low
responses to BLM (DS 8, DS 22, DS 24, controls 3, 4, 6,
13, 21 and 22). In human population, resistant to this
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drug have been found (Hsu et al., 1989). Studies with
individuals with a long smoking history but no
symptoms of cancer indicate that this group belongs to
this population, because they presented very low
responses to BLM (Hsu et al., 1989).

Hsu et al. (1989) analyzed 335 normal subjects
and they found 22.69% to be BLM-sensitive. In the
present study, if we consider only patients with DS, the
percentage of BLM-sensitive individuals was 4.2%.
Taking into account all the 48 individuals analyzed, this
percentage is 2.1%. The difference between these results
could be related to the small number of individuals in
the present work or to genetic differences in the
population studied.

Leonard and Merz (1987) suggested that
trisomy of chromosome 21 does not necessarily confer
increased chromosomal radiosensitivity, because
several studies that associated chromosomal
radiosensitivity with DS were realized with cultured
lymphocytes irradiated in the Gy or G, phases of the cell
cycle and so, these data should not be generalized to
other tissues or agents, nor even to lymphocytes in other
phases of the cell cycle.

Studies of chromosomal sensitivity to BLM in
lymphocytes of patients with DS incubated with the
drug for 72 h (Vijayalaxmi and Evans, 1982) or treated
in G (lijima et al., 1984; Morimoto et al., 1984) showed
significant differences between DS and normal cells.
Possibly, the disagreement between those studies and
the present results is related to the phase of the cell cycle
in which the cells were treated.

Our results are in agreement with those of
Dekaban et al. (1966) and Leonard and Merz (1983), who
did not observe chromosomal radiosensitivity in the G,
phase of the cell cycle in trisomy 21 lymphocytes.
Different proliferation kinetics may explain this. The DS
lymphocytes start the cell cycle before normal ones after
PHA stimulation, and the result is loss of the initial
period of minor sensitivity observed in normal
lymphocytes, and for this reason, the G, phase would
not be affected (Leonard and Merz, 1983). .

Pelz et al. (1988) and Shubber et al. (1991) found
higher chromosomal sensitivity to several agents in
lymphocytes of patients with DS and of their parents,
when compared to lymphocytes of normal controls and
their parents, which suggested that this sensitivity is
genetically inherited. There is evidence that genetic
factors are involved in chromosomal sensitivity to BLM
(Hopwood et al., 1989; Bartholomei-Santos and Lucca,
1995) and the type of inheritance may be autosomal
dominant (Sales, 1991).

The distribution of BLM-induced breaks in
each chromosome group was similar for DS patients

and controls, for both males and females. Similar results
were found by Voreschovsky and Juraskova (1990) for
BLM-induced breaks in lymphocytes of patients with
tuberous sclerosis, and normal controls, and also by
Yanagisawa (1978) for SCE in male DS cells and male
controls with mental retardation.

The distribution of BLM-induced breaks in
proximal, median and distal chromosomal regions was
similar in male patients with DS and controls, but it was
discordant in females. Yanagisawa (1978) found similar
results in male patients with DS and controls, in relation
to the distribution of SCE, however females were not
studied.

The mean frequencies of BLM-induced breaks
per cell presented a normal distribution in both the DS
and control group. Cherry and Hsu (1983) also observed
a normal distribution of BLM-induced breaks in
lymphocytes of medullary thyroid carcinoma patients
and their family members.
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RESUMO

Intimeros trabalhos tém demonstrado que linfécitos
de pacientes com sindrome de Down apresentam uma maior
frequiéncia de aberragbes cromossdmicas quando expostos a
radiagdo ionizante ou agentes quimicos nas fases Go ou G1 do
ciclo celular, mas ndo em G2, quando comparados com
controles normais.

Para determinar a sensibilidade de linfécitos de
pacientes com sindrome de Down, na fase G2, usou-se o
radiomimético bleomicina em culturas de linfécitos de 24
pacientes.

Todos os pacientes mostraram trissomia livre do

cromossomo 21 (47,XX + 21 ou 47, XY + 21). Individuos que

apresentaram freqiiéncia média de quebras cromatidicas por
célula superior a 0,8 foram considerados sensiveis a droga.
Nenhum controle apresentou suscetibilidade a bleomicina e
entre os 24 pacientes com sindrome de Down somente um foi
sensivel a droga.

Nao se observou qualquer diferenga significativa
entre os dois grupos em relagio as freqiiéncias de quebras
cromatidicas em linfécitos em G2, o que estd de acordo com
outros trabalhos. A distribuigdo das quebras induzidas pela
bleomicina, em cada grupo cromossdmico, foi igual para
pacientes e controles. Nenhuma diferenga significativa foi
observada na resposta a bleomicina entre homens e mulheres,
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nos dois grupos. Provavelmente, o principal fator envolvido
na sensibilidade cromossémica de linfécitos de pacientes com
sindrome de Down seja a fase do ciclo celular na qual a célula
é tratada.

REFERENCES

Bartholomei-Santos, M.L. and Lucca, E.J. (1995). Genetic
susceptibility to bleomycin: a twin study. Rev. Ciénc.
Bioméd. 16: 47-53.

Campos, H. (1983). Estatistica Experimental Ndo-Paramétrica.
ESALQ, Piracicaba, pp. 349.

Cherry, L.M. and Hsu, T.C. (1983). Bleomycin-induced chro-
mosome damage in lymphocytes of medullary thyroid
carcinoma patients and their family members. Anticancer
Res. 3: 367-372.

Countryman, P.I., Heddle, J.A. and Crawford, E. (1977). The
repair of X-ray-induced chromosomal damage in trisomy
21 and normal diploid lymphocytes. Cancer Res. 37: 52-58.

Dekaban, A.S., Thron, R. and Steusing, J.K. (1966).
Chromosomal aberrations in irradiated blood and blood
cultures of normal subjects and of selected patients with
chromosomal abnormality. Radiat. Res. 27: 50-63.

Fong, C. and Brodeur, G.M. (1987). Down’s syndrome and
leukemia: epidemiology, genetics, cytogenetics and
mechanisms of leukemogenesis. Cancer Genet. Cytogenet.
28: 55-76.

Gattas, R.R. (1978). Elementos de Probabilidade e Inferéncia. Atlas
Sao Paulo, Sao Paulo, pp. 267.

Hopwood, V., Hsu, T.C., Pathak, S., Ramkissoon, D.,
Newell, G.R. and Martin, J.D. (1989). Cytogenetic
characteristics in a family: fragile 16q22, giant satellite,
aneuploidy, and bleomycin sensitivity of three
generations. Rev. Bras. Genet. 12: 379-390.

Hsu, T.C. (1987). Genetic predisposition to cancer with special
reference to mutagen sensitivity. In Vitro 23: 591-603.

Hsu, T.C., Cherry, L.M. and Samaan, N.A. (1985). Differential
mutagen susceptibility in cultured lymphocytes of
normal individuals and cancer patients. Cancer Genet.
Cytogenet. 17: 307-313.

Hsu, T.C., Johnston, D.A., Cherry, L.M., Ramkissoon, D.,
Schantz, S.P., Jessup, J.M., Winn, R.]., Shirley, L. and

Furlong, C. (1989). Sensitivity to genotoxic effects of °

bleomycin in humans: possible relationship to
environmental carcinogenesis. Int. ]. Cancer 43: 403-409.

Iijima, K., Morimoto, K., Koizumi, A., Higurashi, M. and
Hirayama, M. (1984). Bleomycin-induced chromosomal
aberrations and sister chromatid exchanges in Down
lymphocyte cultures. Hum. Genet. 66: 57-61.

Lambert, B., Hansson, K., Bui, T.H., Funes-Cravioto, F.,
Lindstein, J., Holmberg, M. and Strausmanis, R. (1976).

DNA repair and frequency of X-ray and U.V.-light
induced chromosome aberrations in leukocytes from
patients with Down’s syndrome. Ann. Hum. Genet. 39:
293-303.

Leonard, J.C. and Merz, T. (1983). The influence of cell cycle
kinetics on the radiosensitivity of Down syndrome
lymphocytes. Mutat. Res. 109: 111-121.

Leonard, J.C. and Merz, T. (1987). Chromosomal aberrations
in irradiated Down’s syndrome fibroblasts. Mutat. Res.
180: 223-230.

Morimoto, K., Kaneko, T., Iijima, K. and Koizumi, A. (1984).
Proliferative kinetics and chromosome damage in
trisomy 21 lymphocyte cultures exposed to y-rays and
bleomycin. Cancer Res. 44: 1499-1504.

Paris Conference (1972). Standardization in human cyto-
genetics. Chromosome measurements. Cytogenetics 11:
313-362.

Pelz, L., Gotz, J., Kriiger, G. and Witt, G. (1988). Increased
methotrexate-induced chromosome breakage in patients
with free trisomy 21 and their parents. Hum. Genet. 81:
38-40.

Preston, R.J. (1981). X-ray-induced chromosome aberrations
in Down lymphocytes: an explanation of their increased
sensitivity. Environ. Mutagen. 3: 85-89.

Sales, M.M. (1991). Suscetibilidade genética a bleomicina:
estudo em familias de pares de gémeos suscetiveis.
Monografia de Licenciatura em Ciéncias Biolégicas,
Instituto de Biociéncias, Universidade Estadual Paulista,
Botucatu, SP. '

Sandberg, A.A. (1986). The chromosomes in human
leukemia. Semin. Hematol. 23: 201-217.

Shafik, H.M., Au, W.W. and Legator, M.S. (1988).
Chromosomal radiosensitivity of Down syndrome
lymphocytes at different stages of the cell cycle. Hum.
Genet. 78: 71-75.

Shubber, E.K., Hamami, H.A., Allak, B.M.A. and Khaleel,
A.H. (1991). Sister chromatid exchange in lymphocytes
from infants with Down syndrome. Mutat. Res. 248:
61-72.

Vijayalaxmi, A. and Evans, H.]. (1982). Bleomycin-induced
chromosomal aberrations in Down’s syndrome
lymphocytes. Mutat. Res. 105: 107-113.

Voreschovsky, I. and Juraskova, V. (1990). Bleomycin-
induced chromosomal damage in tuberous sclerosis. Jpn.
J. Hum. Genet. 35: 207-213.

Yanagisawa, S. (1978). Sister chromatid exchanges and the
cell cycle in peripheral blood lymphocytes of Down
syndrome. Proc. Japan Acad. 54 (ser. B): 173-178.

Zar, J.H. (1984). Bioestatistical Analysis. Prentice Hall
International Editions, Englewood Cliffs, pp. 718.

(Received April 3,1996)



