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ABSTRACT The frequency and pattern of satellite
association was studied in lymphocyte culture of couples
with recurrent spontaneous abortions and control popu-
lation. A statistically highly significant increase of the
satellite association frequency among the aborter couples
has been observed in comparison to the control group
(P < 0.001). The role of satellite association in non-
disiunction is discussed.

INTRODUCTION

The phenomena of satellite association (SA)
involving aspecific position of the satellite chro-
mosomeswith their satellite directed towardseach
other wasfirst observed in mitotic human chro-
mosomes. (Ferguson Smith and Handmaker 1961,
Ohno et al. 1961) and wasfound also in meiotic
chromosomes (Ferguson-Smith 1964). The for-
mation of SA’s has often been attributed to the
involvement of satellite chromosomesin nucle-
olar formation. The sticky nucleolar material
would have a tendency to hold the associated
chromosomes together through mitosis (Hsu et
a. 1965).

The fusion of two or more nucleoli would
tend to stretch mechanically the nucleolar form-
ing chromosome segment with obvious risk of
breakage. If breaksoccur in morethan one of the
chromosomesinvolved the closeness of the bro-
ken endswould predisposeto transl ocations and
the SA would thus be active also in the origin of
transl ocation between satellite chromosomes. A
high incidence of SA has often been considered
as predisposing to aincreased tendency of non-
digunction in satellite chromosomes and thusto
theinduction of D and G trisomies.

MATERIALSAND METHODS

Seventy couples who were referred for
chromosomal studies because of recurrent
spontaneous abortions were studied after all
other possible etiological factors causing
abortions were ruled out.

Chromosome studies were carried out on G-
banded lymphocyte cultures. The criteria for
evaluating acrocentric association was as

described by Hansson (1970). The tendency of
the individual satellite chromosomes to be
involved in satellite association (SA) are
indicated in the association Index (Al = the
number of associated chromosomes of aspecific
type divided by the total number of the type).
Thirty metaphases were scored to note the SA
frequency.

Thefollowing formulawas used to know the
differences in the samples for each acrocentric
chromosome.

[xi-x4
t =
n1012+n20% % i+i
m+ny;-2 o np

Where

X, = mean associating index of sample 1
X, = mean associating index of sample 2
n, = number of individuals in sample 1

n, = number of individuals in sample 2

0, = Standard deviation of sample 1

0, = standard deviation of sample 2.

RESULTS

A dtatistically highly significant increase of
the satellite association frequency among the
aborter couples was observed in comparison to
thecontrol group. (P<0.001).

Themean Al's (association indices) and the
standard errors of female subjects and controls
and also of male subjects and control are given
intable 1. The mean Al’s were subjected to t-
test. Significant wasfound for chromosome 21,
13 and 15. Metaphase plate with SA is repre-
sented infigure 1.

Analysisof Satellite Association Complexes

In general there are fifteen types of associa
tions possible involving al the five different
acrocentrics. A high frequency of al types of
associations has been recorded in the subjects
when compared to the controls. The most fre-
guent association pair was 13-14 of DD type 13-
21 followed by 14-21 of DG typeand 21-22 of GG
type. Among these acrocentric 21 and 13 were
most frequently involved in association.
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Table 1: The mean association Index (Al’s) of the acrocentrics in study group and controls

Study group Controls
Chromosome
number mean + SE 95% CL mean + SE 95% CL
Female
13 0.109 + 0.006 0.115 - 0.103 0.060 + 0.006 0.066 - 0.054 4.2%*
14 0.083 £ 0.008 0.091 - 0.075 0.061 £+ 0.007 0.068 - 0.054 1.61
15 0.057 £ 0.005 0.062 - 0.052 0.032 + 0.003 0.035 - 0.029 2.89*
21 0.127 + 0.008 0.135 - 0.119 0.075 £ 0.01 0.085 - 0.065 3.52%*
22 0.071 £ 0.006 0.077 - 0.065 0.054 + 0.005 0.059 - 0.049 1.71
Male
13 0.100 = 0.007 0.107 - 0.093 0.046 + 0.005 0.051 - 0.041 4.5%*
14 0.081 + 0.008 0.089 - 0.073 0.067 + 0.007 0.074 - 0.06 1.05
15 0.063 £ 0.005 0.068 - 0.058 0.028 + 0.016 0.044 - 0.012 4.3%*
21 0.109 + 0.006 0.115 - 0.103 0.075 = 0.008 0.083 - 0.067 2.9%
22 0.063 £ 0.004 0.067 - 0.059 0.052 + 0.005 0.057 - 0.047 1.46
* P<0.01 ** P < 0.001 CL — Confidence limit SE — Standard Error

DISCUSSION

Satellite association and non-disjunction:-
Onethird of trisomies observed in spontaneous
abortionsand live bornsinvolve acrocentric chro-
mosomes (Hassold and Jacobs 1984), it hasbeen
proposed that the presence of NORs on the short
armsof al fiveacrocentric chromosomespredis-
posethemto non-digunction. (Polani et al. 1960;
Mirreetal. 1980; Schmickel et al. 1985; Garciaet
al. 1989).

Severl papers have reported evidence of an
increased SA tendency in mothers of Downs
syndrome children (Hansson and Mikkelsen 1974;
Mattei 1974). The idea that high satellite asso-

ciation (SA) tendency may influencetherisk of
non-disjunction was strongly supported by the
fact that the SA tendency of chromosome 21 of
the parents with non-disjunction was signifi-
cantly increased when compared with a control
group as studied by Hansson and Mikkelson
(1976, 1978).

Galperinetal. (1980) studied acrocentric as-
sociations in male and female cells and found
that acrocentric 21 and 13 were most frequently
involved in associations. They concluded that
these tendenciesto associate might be related to
the reported frequencies of non-disjunction.

In a study conducted by Hansson (1979) a
strongly significant increase of the association

Fig.1. Metaphase plate with satellite association
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index (Al) of chromosome21in mothersof Down
syndromeindicated that SA tendency will influ-
ence the risk of non digunction. The ideawas
further supported by the results in the families
with two DS patientsin whom the SA tendency
of chromosome 21 washighly increased I1n addi-
tionthehigh Al of chromosome 21 asoincreased
the indices of the other acrocentric involved in
the same association compl ex.

It was also found that in the present study
chromosome 21 and 13 had the highest val ues of
number association in couples with recurrent
abortionswhen compared to the controlswhich
may increased the risk of non-digunction.

Thefrequency and pattern of acrocentric chro-
MOosome associations in reproductive outcomes
has been studied by Anitha and Coworkers
(1997) who have reported a higher incidence of
acrocentric chromosome associations in both
partners experiencing two or morerecurrent mis-
carriages. They suggested that acrocentric
chromosme associations are highly relevant be-
cause most aneuploidic conceptuses resultsfrom
meotic non-disjunction during gametogenesis.

Most likely, SA’s and fusions of nucleoli are
different manifestations of the same phenomenon
and acrocentrics belonging to one association
complex will organized a common nucleolus.
Consequently, two frequently associated
aerocentrics are more likely to be involved in
translocations with each other. Mikkelson etal.
(1975) thusfound asignificant increase of 13-21
(and 13-15) associations in amother (with a
normal congtitution) of at(13q21q) carrier. Stud-
iesof fluorescent variantsindicate that the trans-
location originated from the mother.

It has been reported by several investigators
that most translocations in DS families are be-
tween chromosome No.14 and 21. Hansson and
Mikkelson (1975) found that in the case of bal-
anced D/G translocation carriers at |east one of
the parents (with anormal chromosome consti-
tution) had an increased tendency to SA's be-
tween the types of chromosomesinvolvedinthe
translocation in the next generation.

Chromosomes frequently involved in the as-
sociation complex should have a tendency to
form Robertsonian trandocation with each other
than with chromosomes which are rarely found
in the same S.A complex. Jacobs et a. (1974)
analysed the distribution of acrocentrics in-
volved in Robertsonian translocations in non-
disjunction and demonstrated an excess of t (Dq
Dq) and adeficiency of t (DgDq) andt (Gg Gq).
Further more, theinvolvement of acrocentricsin

each group was non-random. Thus, thereis an
excessof t1(13q 14q) as compared with their trans-
locations among D group chromosomes,. Simi-
lar investigations have shown that t(14q 21q) is
the most frequent translocation involving D and
G group chromosomes. Inall typesof individu-
asstudiesthe most frequent DD association was
between chromosomes 13-14 and the most fre-
gquency DG Association was between chromo-
somes 14 and 21. Theseresultsarein agreement
with the non-random involvement of acrocen-
trics in Robertsonian translocations. The same
trend of significantly increased associations of
13-14 and 14-21 aso been documented in the
present study in a high proportion when com-
pared to the control population.

In the present study there was significant
increase of satellite associations in the aborter
couples. Chromosomes 13, 21 and 15 showed a
significant frequency of number associations.
Thusthe high frequency of satellite associations
in these couples could predispose them to non-
disunction and the results seem, consistent with
the hypothesis that acrocentric associations are
related with non-random distribution of acrocen-
tric non-disunction and translocations.
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