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ABERRANT KARYOTYPES AND SPONTANEOUS ABORTION IN A FAMILY

—RE2ARICAS N EBEEY B RREE

INTRODUCTION

To date, it has generally been accepted that chromosome
aberrations involving trisomy, monosomy, and translo-
cations may be etiologically related to spontaneous abortion
in humans1% We have found three different chromosome
aberrations in a kindred; two of the abnormalities, trans-
locations, are apparently associated with repeated spontane-
ous abortions.

FAMILY STUDY

The proband was a female, aged 43 at the time of
examination. Family pedigree including her husband
{45 years old) is shown in Figure 1. All are physically
and mentally normal with the exception of one with
Turner’s syndrome (Figure 1, III-1). In 21 years of
married life, the proband has had three live births(Figure 1,
III-6, II1-8, and III-9) and three spontaneous abortions
(Figure 1, III-4, TII-5, and III-7) each at 3-months
gestation.

An elder brother of the proband (Figure 1, II-1) has two
children: a normal son, a Turner’s syndrome daughter,
and his wife had one miscarriage at 3-months gestation.

CYTOGENETIC FINDINGS

Chromosome studies were carried out on leucocyte cultures
according to a modification of the method of Moorhead
et al* For each individual, chromosomes in 60 to 100
cells were examined, and at least 10 metaphases were
karyotyped. In cases with chromosome abnormalities,
20 to 30 cells were karyotyped.

The proband (Figure 1, I1I-6) and her elder brother
(Figure 1, II-1) were found to have chromosome counts
of 46. Karyotype analyses showed that two chromosomes
were missing, one each from group B and group C;
further, two unusual extra chromosomes were present.
One was a large submetacentric element corresponding
in length to the A2 autosomes, while the other was a small
metacentric resembling E16 (Figure 2). It is likely that a
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distal part of the long arm of a C chromosome had been
translocated to a distal portion of the short arm of a B
chromosome. The abnormal chromosomes are tentatively
regarded as heteromorphic partners of the B5 and C11
chromosomes in Figure 2.

The husband of the proband (Figure 1, 1I-5) and one son
(Figure 1, III-6) consistently had 45 chromosomes. Karyo-
type analyses showed that two chromosomes were absent,
one from group D and the other from group G, and in
their place was one medium-sized submetacentric. The
long arm of the submetacentric was nearly the same
length as that of the D chromosomes, whereas its short
arm corresponded to the long arm of the G chromosomes.
It is thus probable that this abnormal autosome was formed
as a result of a translocation between a D and a G chromo-
some.

A niece of the proband (Figure 1, III-1) was diagnosed as
Turner’s syndrome on physical examination. Her karyotype
had 45 chromosomes with one element missing from
group C, which was consistent with the diagnosis of
X monosomy.

TH-o71(H2). 3F6<, CREMKOEROFELH
BirtafkiEHORMP~NEEL LD Bbhs. Zh
SOEFEREAKE, 212813 5B5 5 EWCIIRE K
LRAUEOHNELTEDE—BELZ NS,

EHEOR(HL, I-5)s&UtbdTzreyn (K1
M—6)DEAEMITHICHSTH- . BRIIFOER,
DHHIUGEH,LLSELEY2, Sr2@ofaiks ki
LTHD, 20{Kb N2 D submetacentric @ &
1 AR 5N, Z O submetacentric @O E iz
DGO EREFIERCESTHY, £/, SEWIEGE
BHRORMICHELTwA, LA ST, Z0HkEk
BRI LI DPLUGCGREAMHOMIZET - A EEIZ
frtmrELILNE,

RMEDDW (M1, M—1)3IREOHER, ¥—+—JE
EBLBIT SN, Z2OBBSITTIE, REEEHIIST
CHifak 1@AIFRMLTED, ZhIZFXE/VI—0
Wi E—F LT,



AUTORADIOGRAPHIC STUDY

The pattern of chromosome replication was investigated
autoradiographically in cultured leukocytes from the
proband with the B/C translocation (for procedure, see
Sofuni and Sandberg? ). In 38 out of 50 metaphase cells,
one chromosome of group C was especially heavily labeled.
Karyotype analyses of 12 labeled cells indicated that the
late-replicating X chromosome was probably not involved
in the translocated chromosomes (Figure 2).

In group B where one chromosome was missing, two out
of the remaining three chromosomes were relatively late-
replicating, and were identified as B4 chromosomes. The
remaining chromosome in this group showed the expected
labeling pattern of the normal B5 chromosome: generally
early-replicating with a late- replicating short arm. One
of the translocated chromosomes showed a labeling pattern
similar to that of the B5 chromosome, except for the
translocated segment which was early-replicating (Figure 2).
The identification of the missing element in group C was
difficult, since individual elements of the C chromosomes

are not readily identifiable on the basis of the labeling

pattern. The autoradiographic findings support the

interpretation derived from karyotype analysis that the
translocation probably occurred between a B5 and a C
chromosome.

REMARKS

Recent cytogenetic studies have shown that translocations
such as those represented by G/G, D/G, D/D, C/E, C/D,
and B/C can be transmitted through several generations
and also are often seen in women who have repeated
abortions$§-11

Evidence presented in this report shows that several
members of a kindred have chromosome abnormalities of
different types. The female proband has a B/C trans-
location and her husband a D/G translocation. Among
their offspring are one son with the same D/G translocation
as the father; two other sons have normal chromosome
complements. The proband has had three spontaneous
abortions all occurring at 3 months gestation. A brother
of the proband has the same B/C translocation. He has
an X0 daughter with Turner’s syndrome, and a normal
son; his wife, whose chromosome complement.is normal,
has had a spontaneous abortion, also at three months
gestation.

Many individuals with balanced translocations apparently
are phenotypically normal.%!® In gametogenesis (without
nondisjunction) in these carriers, theoretically four types
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of gametes are possible: normal, balanced, unbalanced
with excess genetic material, or unbalanced with a de-
ficient amount of genetic material. These four types of
gametes from the proband with the B/C translocation and
her spouse with the D/G translocation are shown in
Figure 3, along with the zygotes that would be formed by
fusion of the various gametic types from each parent.
Fusion of gametes I and II from the B/C parent with V
and VI from the D/G parent would produce zygotes with a
normal karyotype (A), one balanced translocation (B,C)
and two balanced translocations (D). A, B, and C are
viable, but whether D would be compatible with life is
open to question, since presumably the double translocation
would impair the genetic apparatus of the cell, perhaps
eventually producing a nonviable fetus that would be lost
by spontaneous abortion. The zygotes produced by a
trisomic gamete from one parent and a normal gamete
from the other (I and VII or III and V) would be partially
trisomic for either the G chromosome (G) or the C
chromosome (E). The former, with excess G material,
might be a translocation Down’s syndrome. In view of
the large amount of reduplicated C material, it is highly
questionable whether the trisomic gamete from the B/C
translocation parent is viable, and if so, able to produce &
viable fetus. Finally, the remaining combinations of
balanced and unbalanced gametes (if indeed the more
bizarre gametic types are viable at all) would produce
zygotes with varying degrees of chromosomal imbalances,
including 7 with partial monosomy, none of which would
seem to be compatible with life (F, H-P).

Further, nondisjunction between the translocation chromo-
somes and their homologous partners would theoretically
result in other types of unbalanced gametes (10 in all from
each parent) which could in turn, on fertilization, produce
zygotes with various mono, di, or trisomic combinations,
depending on the original nondisjunctional error, and
most, if not all, of these would be lethal 5.13

It thus seems likely that the parental translocations are
causally related to the frequent spontaneous abortions in
this kindred. Moreover, the fact that all the abortions
occurred in the first trimester may be interpreted as an
indication that the abortuses were probably chromosomally
abnormal, although we do not have karyotypes to support
this view directly. From other chromosome studies of
spontaneous abortuses, it has been shown that the average
length of gestation for those with abnormal chromosomes
is significantly shorter than the length of gestation of
chromosomally normal abortuses. The former usually
abort in the first trimester and the latter generally
somewhat later.14-16
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It has recently been reported that the frequency of spon-
taneous abortions in 63 families with Robertsonian trans-
locations (D/D, D/G, G/G) did not differ significantly from
that in a general population!? Further, it is reported
that some translocation carriers give birth to normal
children and never experience abortion, and that even
abortuses in families with translocations may be karyo-
typically normal.!® Therefore, it is possible that abortions
in families with translocations may be due to some factor
other than this chromosome aberration. In all reports to
date, only one parent had the translocation. In the family
reported here, however, both parents have different
translocations, and it seems likely that the abortions were
due to these translocations.

1t is also possible that the B/C translocation in the brother
of the proband may be related to the occurrence of X
monosomy (Turner’s syndrome) in one of his daughters.
In this case, the presence of the translocation might
somehow predispose to nondisjunction of other normal
chromosomes, in this case the sex-determinants, resulting
in either trisomy or monosomy. Such an effect has been
suggested by others where a D/D translocation was
associated with G-trisomy Down's syndrome.l9.20

SUMMARY

Different and interesting cytogenetic abnormalities were
found in a family with repeated spontaneous abortions.
The proband had a B/C translocation, while her husband
carried a D/G translocation. This couple had a son with a
D/G translocation, two sons with normal karyotypes and in
addition there were three spontaneous abortions. A brother
of the proband had the same B/C translocation. Among
his offspring were a daughter with Turner’s syndrome, a
normal son, and his wife had one spontaneous abortion.
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