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SUMMARY Hypermodal chromosomal spreads occurred significantly more frequently in lympho-
cytes from couples with recurrent spontaneous abortion than from comparison populations.
Previously, we reported a similarly increased frequency in couples with aneuploid offspring.
Considering the frequency of aneuploidy among first trimester spontaneous abortions, we

suggest that there may be a sub-population of persons predisposed to non-disjunction among

couples with reproductive wastage.

Sporadic, non-modal chromosomal spreads may be
either hypomodal, in which the number of chromo-
somes is less than the modal number, or hyper-
modal, with more than the mode. Hypermodals
occur less frequently than hypomodals in routine
lymphocytic preparations. The hypomodal spread
has generally been considered to be a technical
artefact resulting from random loss during the
preparation of slides by the splash technique. In
contrast, the less frequently occurring hypermodal
spread may originate differently and be meaningful.
Previously, we called attention to the possibility of
their non-random occurrence among the subJects
studied in a clinical cytogenetic laboratory.'
We showed that the frequency of sporadic,

hypermodal spreads from the parents of aneuploid
offspring significantly exceeded that found in com-
parison populations. We suggested mitotic non-
disjunction as the origin of these spreads after
eliminating other possibilities. Predisposition to
lymphocytic mitotic non-disjunction in vitro might
reflect an inherent tendency towards non-
disjunction, including meiotic non-disjunction which
leads to an aneuploid conceptus. An aneuploid
conceptus will be either liveborn, with considerable
probability of physical and mental abnormalities, or
spontaneously aborted. The outcome is particularly
dependent on the type of aneuploidy.
Here we show that the frequency of sporadic,

hypermodal spreads observed in recurrent spon-
taneous aborters significantly exceeded the fre-
quency in suitable comparison groups. The fre-
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quency was, not surprisingly, comparable to that
among couples with aneuploid offspring.

Materials and methods

Chromosomal spreads were obtained from the
cultured lymphocytes of 717 subjects during 65
months in a diagnostic cytogenetic laboratory. The
patients included (1) those clinically suspected of
having a chromosomal abnormality; (2) those
phenotypically abnormal because of malformation,
mental retardation, learning disability, or some
combination of these; and (3) those phenotypically
normal who were studied for prognostic reasons
because of their relationship to a chromosomally
abnormal subject or because of their reproductive
record.
We established lymphocytic cultures either from

whole blood or leucocyte rich plasma, and we
harvested the cells by standard techniques or cell
synchronisation or both.3 We analysed chromo-
somal spreads according to G band quality4 and
chromosomal dispersion. Generally, to evaluate the
possibilit5y of mosaicism, we studied 20 to 32
spreads.
At the time of discovery of a non-modal spread,

there was no such study taking place in our
laboratory. Therefore, there was no reason for the
microscopists to make any association with the type
of subject undergoing clinical analysis. The designa-
tion of a hypermodal spread required concordance
by at least two experienced laboratory workers. The
microscopists generally had little knowledge of the
reason for the study of any patient at any time and,
thus, could not have had any bias in the selection of
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spreads. Consequently, there could not possibly
have been a prejudice to locate hypermodals or
hypomodals in any particular type of subject. Our
inquiry about the frequency of non-modal spreads
and about the type of subject in whom they occurred
used observations made before the review of records
which comprised this research.

For retrospective analysis of the relationship
between subjects and type of hypermodal spreads,
we separated three groups from the total of 717
subjects: (1) 42 parents of aneuploid offspring; (2)
31 subjects with a history of recurrent spontaneous
abortion; and (3) 72 adults, shown to be 46,XX or
46,XY, who had been studied cytogenetically in the
course of genetic counselling or investigation of
infertility, or for having a malformed child who was
not known to have either a chromosomal abnor-
mality or a diagnosis. The aneuploid offspring of the
first group were: 13 with +21, two with +18, two
with +13, two with XXY, one with XYY,+13, one
with XXX, and one with XXXXY. The mean
number of spontaneous abortions among the second
group was 2*87 for 16 females.
The comparison group of 72 adults included only

subjects physically and mentally capable of parent-
hood and excluded (1) anyone who had produced an
offspring known, or strongly suspected, to have
chromosomal abnormality, and (2) any person who
had a reproductive record that included fetal wast-
age. This comparison group of 72 adults excluded all
subjects with a chromosomal structural abnormality
(for example, a balanced translocation) but included
those with chromosomal variants, as did each of the
other groups. The mean age of the 72 adults
comprising the comparison group was quite similar
to that of each of the two study groups, happened to
be between them, and differed from neither signifi-
cantly.

Results

Approximately 6% of the spreads of all subjects

were hypomodal. We examined the general chromo-
somal distribution in a hypomodal spread and
identified the loss. The deficiencies involved all
chromosomes at frequencies nearly inversely pro-
portional to relative chromosomal length. We attri-
buted the deficiencies in the sporadic hypomodals to
loss during slide preparation.
At least two microscopists examined every hyper-

modal spread to evaluate the distribution, to iden-
tify the type of additional chromosome, and to
compare it, or them in the few instances of two
additional chromosomes, to all others in the spread.
We also compared homologues for their similarity of
staining, position within the spread, and contracted
state. Such microscopic and photomicroscopic com-
parisons provided the bases for discounting the
spurious hypermodal spread where the contraction
of one chromosome was strikingly different from its
homologues, or where the peripheral position of a
chromosome argued against its belonging in that
spread.
Table 1 shows that there were 44 hypermodals

among 717 subjects and their 21 841 spreads;
therefore, the frequency was 1 in 496. There was no
evident temporal, sequential, or personnel pattern
to the discovery of these spreads. Cultures from 34
of the 717 subjects had one hypermodal spread, five
had two, and none had more than two. These were

observed in 22 males and 17 females.
Table 2 shows the distribution of the hypermodal

spreads by the number of additional chromosomes
(1, 2, or 3), by the chromosomal number, and by the
sex. Hypermodality occurred among most of the
autosomes in both sexes; however, X, Y, and 21
were most frequently involved. The five subjects
with two hypermodals each were (1) a male with two
spreads with an extra Y; (2) two females with two
spreads with an additional X; (3) a female with one
+21 and one +i(llq); and (4) a male with one

spread with two additional chromosomes 19 and
another with an unidentified fragment.
Hypermodal spreads occurred at a frequency of

TABLE 1 Comparison of frequencies of hypermodal chromosomal spreads in different groups.

Subject group No f Age Total Total Subjects Frequencv
(y) spreads hvpermodalst with

hypermodals

A All subjects 717 12-2 21 841 44 39 1/496
B Parents of aneuploids* 42 29-4 1391 11 9 1/127§ *
C Parents with abortions* 31 30-1 925 8 7 1/116 §
D All except B and C 644 10t3 19 525 25 23 1/781 111] H
E Comparison parents*t 72 29-6 1897 1 1 1/1897

* All parents were 46,XX or XY.
t Adults lacking aneuploid progeny or multiple abortions.
t Addition of X or Y occurred in 0-64 of the hypermodals in B. 0-37 in C. 017 in D, and 0 in E.
§ p<001, x2 with 1 df.
11 Not significant.
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V ABLE 2 Distributiont of hypermodal spreads by number
of additional chromosomes, by chromosome number,
and by sex.

Chromosome No No of hyperrnodal spreads

Males Females

I additionawl chromnosome
+3 ...

+4 1
+5 1
+6 1
+7 2 ...

+8 3
+11 1 2'
+12 2
+X 7
+13
+14 .T
+16 1
+17 1.
+18
+19 1
+20 ..

+21 3
+22 I
+Y 5 ...

+fragmentT 3

2 additionial chroniosomes
+(3.6) 1
+(12,13)
+(X.X) ... 1
+(19,19) 1

3 additional chromosomes
+(Y.Y,Y)

Total 24 20

* Both +i(lIq).
t A D group not further identified.
f Not further identified.

1 in 127 among the parents of aneuploid offspring. By
comparison, hypermodals appeared at a frequency
of 1 in 781 among all subjects after removal of the
parents of aneuploids and persons with recurrent
spontaneous abortion (table 1, line D). The differ-
ence was highly significant (p<0-001, x2 with 1 df).
Table 1 also shows that the frequency of hypermodal
spreads among the comparison parents, 1 in 1897,
was only about 1/15 that of the parents of the
aneuploid offspring. This difference was highly
significant (p<0-001, x2 with 1 df).
Hypermodal spreads occurred with a frequency of

1 in 116 among the persons with tecurrent spon-
taneous abortion, which was significantly different
both from the remainder of subjects (p<0O001, x2
with 1 df) and from the group of comparison parents
(p<0_001, x2 with 1 df).

Discussion

The cause of meiotic non-disjunction, which results

in aneuploid conceptions, remains unknown despite
extensive investigation during the past 20 years.
Possible causes have been considered: (1) recessive
genes; (2) the infectious hepatitis virus; (3) the
autoimmune effect of Hashimoto thyroiditis; (4)
ionising radiation; (5) a1-antitrypsin variants; (6)
medications and chemicals; (7) the pH at the site of
fertilisation; (8) chromosomal variants; and (9)
aging of two forms, that is, in years of life and in
hours of the ovum before fertilisation.6 The problem
of autosomal or sex chromosomal aneuploidy
weighs heavily on families and on society consider-
ing that it occurs with a frequency of about 5-6 in
1000 live births7 and over 50 in 100 first and second
trimester spontaneous abortions.8
Advancing parental age is recognised as increas-

ing the risk of producing an aneuploid livebirth.
Womnen older than 35 years have more than a 0-5%
chance of producing a child with a clinically signifi-
cant chromosomal abnormality.9 However, fewer
than 5% of births occur to women over 35 years"'
and, similarly, fewer than 50% of trisomy 21 births
come from such woien." Moreover, apart from the
uncommon carrier of relevant types of transloca-
tions and possibly certain chromosomal variants, no
female or male under 35 years can now be recog-
nised as being at increased risk for primary meiotic
non-disjunction.

In addition to the parents of a liveborn aneuploid
child, couples experiencing spontaneous abortion
constitute another group with meiotic non-
disjunction. In an earlier report based on fewer
studies,2 we showed that the frequency of hyper-
modal spreads among couples having recurrent
spontaneous abortion exceeded that of comparison
groups, and the present data enlarge and confirm
that finding. Allen et al'2 have observed a similarly
increased frequency of sporadic hypermodals among
persons referred for spontaneous abortions. How-
ever, in their report a small group of parents of
aneuploids did not show hypermodals.
We believe that couples who have recurrent

spontaneous abortion and whose lymphocytic cul-
tures reveal a sporadic hypermodal may constitute a
sub-population among all couples with reproductive
wastage who may be at increased risk of meiotic
non-disj;unction. Perhaps they have an inherent
tendency to non-disj unction. Consequently, we
believe that they should be considered for antenatal
investigation and appropriately counselled, regard-
less of age.

We thank Dr Richard Stallard for helpful com-
ments, Patricia Beltz, Nancy R Haney, and Patti A
Frank for technical assistance, and Merilace Huff
and Patty Styron for processing data.
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