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Familial pericentric inversion inv(8)(p23ql )
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Abstract
We describe two families in whom a
pericentric inversion, inv(8)(p23q11), is
segregating. No examples of unbalanced
karyotypes were encountered. The fami-
lies originated from neighbouring par-
ishes in western Finland. In one family a
mild form of mental retardation segre-
gated. However, this phenotype did not
cosegregate with the inversion karyotype.
There was no evidence of a higher than
average abortion rate in the inversion
carriers. Carrier matings produced 19
children with a balanced inversion and 14
children with a normal karyotype, con-
cordant with a 1:1 segregation ratio. Of 13
karyotyped men at risk, 10 were inversion
carriers. However, this difference was not
statistically different from the expected
1:1 ratio. In females, the inversion carrier
to normal ratio was 10:11.
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Pericentric inversions are among the most fre-
quent chromosomal rearrangements with an
estimated frequency of 1 to 2% in humans.'2
They are usually identified because of repro-
ductive failure, stillbirths, or congenital anom-
alies in liveborn infants. However, they are
also found relatively frequently when clinically
normal persons are karyotyped.

Pericentric inversions have been described
in every chromosome.23 Inversions of chromo-
some 8 account for approximately 8% of all
observed pericentric inversions in human
autosomes. Identical inversions that have been
observed in more than two independent pedi-
grees are referred to as inversion types. Two
inversion types have been reported in chromo-
some 8: type I with breakpoints at p23qll
(similar to the one described here), and type II
with breakpoints at p23q22.2

Several cases of type I inv(8)(p23q1 1) have
been reported from Scotland"9 and single
cases from France and Belgium.310 Although
the probands of the families have displayed
various clinical features, such as repeated
spontaneous abortions, primary amenorrhoea,
or congenital anomalies, no specific clinical
features have been associated with the inverted
chromosome 8 in any of the families studied.
All reported inversions of type I in chromo-
some 8 have been cytogenetically balanced.
The type II pericentric inversion of chromo-
some 8, on the other hand, may occur more

frequently than the type I inversion.2" 12 It
carries a high risk of producing chromosomal
imbalance in the offspring owing to partial
duplication of the long arm. This rearrange-

ment is associated with a characteristic syn-
drome manifesting as dysmorphic facial
features, congenital heart defect, and mental
retardation.21' 12
The segregation pattern of pericentric inver-

sions remains a controversial issue. 1-391013-15 In
some studies the segregation pattern has not
deviated significantly from the expected 1:1
ratio, 2 13-' whereas preferential transmission
of the balanced inversion karyotype has also
been reported.3910 Segregation analysis of
three pericentric inversions based on sperm
chromosomes has shown a 1:1 distribution of
normal to balanced inversion karyotypes.' '8
Moreover, no interchromosomal effects have
been encountered.'1'8
We present here clinical correlations and

segregation analysis of a familial pericentric
inversion of chromosome 8, inv(8)(p23ql 1)
(type I), segregating in two Finnish families.

Materials and methods
ASCERTAINMENT OF THE PROBANDS
The two probands of family A (III.9 and
III.23, fig 1) were independently referred for
chromosomal analysis because of slow speech
and psychomotor development. The proband
of family B (II.2, fig 1) was identified because
she had two consecutive spontaneous abor-
tions and no live births.

FAMILY STUDY
The probands belonged to two families (fig 1).
Pedigree data were collected from the official
population registries and church archives. The
genealogies were followed back seven genera-
tions to the end of the 18th century. A special
effort was made to find a common ancestor
between the two families.

CLINICAL STUDY
In family A medical histories were obtained
from the medical records of local hospitals and
by interviewing several members of the family.
Special attention was paid to psychomotor and
speech development, dysmorphic features or
malformations, stillbirths, and spontaneous
abortions. In addition, information about the
school performance, educational level, and
profession was collected. In family B a detailed
medical history with special attention to repro-
ductive history was obtained from all subjects
cytogenetically examined.

CYTOGENETIC STUDY
Chromosome analyses were performed on all
available family members at risk. Altogether
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Figure 1 Pedigrees of the families studied.

42 of 50 living subjects at risk were studied.
Mitoses were obtained from phytohaemagglu-
tinin stimulated peripheral blood lymphocytes
according to routine methods. The chromo-
somes were stained by the G banding
method.'9 All inversion carriers had an ident-
ical pericentric inversion 8 with breakpoints at
p23q 1 (fig 2). No permanent cell line of an
inversion carrier has been established.

Results
GENEALOGY
No common ancestor between the two families
was found. The genealogies were followed
back seven generations, but further investiga-
tion was impossible because the church
archives had been destroyed by fire. The fami-
lies had ancestors in neighbouring parishes 20
to 50 km apart on the west coast of Finland (fig
3). The ancestors of the grandmother (I.2) of

the probands in family A, and of the proband's
father (I.1) in family B originated from the
parishes shown on the map of Finland (fig 3).
In view of the rarity of the inversion it is highly
probable, but not proven, that the two families
share a common ancestor.

CLINICAL STUDY
In family A, several members had mild mental
retardation. A person was regarded as mildly
retarded if he/she fulfilled at least one of the
following criteria: low IQ (six persons), low
educational/professional level with learning
disabilities (16 persons), slow speech and psy-
chomotor development (seven persons). Six
persons fulfilled more than one of the criteria
so that a total of 23 persons were regarded as

mildly retarded. The occurrence or absence of
mild mental retardation is shown in the pedi-
gree (fig 1). The retardation did not cosegre-

Q Female, normal karyotype,
no mental retardation

E] Male, inv(8)

W Male, mental retardation

?ffl Male, karyotype unknown,
W mental status unknown
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Figure 2 (A) G banded chromosomes 8 from two carriers
of the inv (8) (p23ql 1). The inversion chromosomes are to
the right in each pair. (B) Schematic presentation of
inv(8) (p23qll). Arrows indicate the breakpoints in 8p23
and 8ql 1.

I
i
U
U
I

I

gate with the inversion karyotype (for ex-
ample, subjects IV.9 and III.18 in family A).
Two subjects had been studied extensively,
one because of mental retardation, slow speech
development, and hypoplasia and hydroneph-
rosis of the left kidney (IV.9, family A) and one
because of endocrinological abnormalities,
progressive calcification in the brain, epilepsy,
mild dysmorphic features, and mental retard-
ation (III.17, family A). Both patients had a
normal karyotype. Subjects II.12, III.19, and

q \
Figure 3 Map of Finland showing the parishes
involved. The blackened area consists offour parishes,
the distances between the parishes being 20 to 50 km.
The scale bar is 100 km.

IV.9 suffered from childhood onset grand mal
seizures. Inversion carrier couples did not
have more spontaneous abortions than the
couples with a normal karyotype in family A.
There was no evidence of unbalanced off-
spring.
Family B was ascertained because the pro-

band (II.2) had had two spontaneous abor-
tions. Subsequently the proband has given
birth to four healthy children. The other two
inversion carrier couples in family B did not
have any spontaneous abortions. There was no
evidence of mental retardation in the family,
nor was there any evidence of unbalanced
offspring.

SEGREGATION ANALYSIS
Segregation analysis (table 1) was performed
on 33 persons at risk. Subject I.1 in family A
was regarded as an inversion carrier in the
analysis because, based on the genealogy, she
is likely to be related to family B. For the
analysis the probands (III.9 and III.23, family
A, and II.2, family B) were excluded as off-
spring in order to avoid ascertainment bias.
Moreover, as "secondary" probands,20 the
fathers of the probands in family A (II.1 and
II.7) were not regarded as offspring in the
analysis. Nineteen subjects had the balanced
inversion and 14 had a normal karyotype. This
19:14 ratio did not deviate significantly from
the expected 1:1 ratio (X2 = 0-484, df= 1,
p = 0-49). In offspring of female carriers the
inversion to normal ratio was 1 1:8 and in
offspring of males it was 8:6. These ratios did
not differ from each other to a statistically
significant degree. We also tested the hypothe-
sis that the inversion carriers were more often
of one sex. The results are shown in table 2.
The probands and the fathers of the probands
in family A were excluded from the analysis.
Of 13 karyotyped men at risk, 10 were inver-
sion carriers. However, this was not a statistic-
ally significant deviation from the expected 1:1
ratio (X2 = 2-77, df= 1, p = 0 10). In females,
the inversion to normal ratio was 10:11.

Discussion
The two families had ancestors in neighbour-
ing parishes 20 to 50 km from each other, but,

Table I Segregation analysis in sibships with inv(8)
(p23qll)

No of children

Normal inv (8) Total
karyotype

Mother (n=7)* 8 11 19
Father (n= 5) 6 8 14
Total (n= 12) 14 19 33

* I.2 in family A was regarded as an inversion carrier in the
analysis (see text for details).

Table 2 Frequency of inversion and normal karyotypes
in males andfemales at risk

inv(8) Normal Unknown
karyotype karyotype

Males 10 3 2
Females 10 11 2

A
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unfortunately, owing to unavailability of
church archives we were unable to trace the
ancestors back more than seven generations.
Although a common ancestor could not be
found, we nevertheless hypothesise that the
inversion in both families originated from one
common ancestor on the west coast of Finland.
Inversion 8 with breakpoints at p23 and qI 1
has been described in three other countries:
United Kingdom, Belgium, and France.3-10 All
reports from the United Kingdom have been
from Scotland, where several families have
been reported."9 Jacobs et aP5 13 were not able
to find an ancestor common to three families,
although the possibility was not excluded. The
authors speculated that bands 8p23 and 8ql 1
might be particularly prone to breakage and
reunion, and this inversion could thus be fairly
widespread in the population. Another expla-
nation was a selective advantage that the inver-
sion might confer on its carriers. Interestingly,
with the exception of Scotland only four other
families with inv(8)(p23ql 1) have been
reported from three other countries (this
study).310 The occurrence of an identical
inversion in four different countries would
suggest several mutation events. On the other
hand, as all these countries are situated on the
shores of the North Sea and the Baltic Sea, and
as frequent contacts between these regions are
well documented in the past as well as the
present, the possibility of a single ancestral
origin of the mutation can not be excluded.
Although there were several subjects with

mild mental retardation as well as delayed
speech and psychomotor development in
family A, these symptoms did not cosegregate
with the inversion karyotype: there were per-
sons who did not have any mental retardation
or other phenotypic abnormalities, yet had the
inversion, and vice versa. In agreement with
previous reports,'0 all carriers had an ident-
ical, balanced form of the inversion. No unba-
lanced karyotypes were seen. Two subjects
(III.17 and IV.9, family A) had malformations
or dysmorphic features in addition to mental
retardation, which might have been explained
by an unbalanced form of the inversion, yet
both chromosomes 8, as well as other chromo-
somes, were structurally normal.
As a rule, recombinant offspring are rarely

seen in inversions where the inversion segment
is smaller than one third of the chromosome
length.2 On the other hand, the extent of the
genetic imbalance of these recombinants
depends on the relative size of the inversion
segment. The imbalance decreases with
increasing size. The inverted segment of
inv(8)(p23ql 1) accounts for about 33% of the
chromosome length.2 An inversion of this size
might lead to recombinants with extensive
imbalances which are incompatible with life,
or might lead to gametic or embryonic lethal
factors, thus explaining the lack of liveborn
recombinant offspring. By contrast, in type II
inversion 8 the inverted segment accounts for
74% of the chromosome length.2 Accordingly,
this inversion carries a high risk of producing
chromosomal imbalance in the offspring.21' 2
Although family B was ascertained because

of two consecutive spontaneous abortions in
the proband, we did not find any evidence of
an increased risk of spontaneous abortions in
family A. As information concerning abortions
was obtained from hospital records, and not by
personally interviewing the couples, some
cases might have been missed. However,
except for the proband of family B, no other
person has been examined in hospital for re-
productive failure, and the proband of family
B has now given birth to four healthy children.
We did not detect any significant deviation

from a 1:1 segregation ratio of inversion car-
riers to persons with a normal karyotype. This
is in agreement with previous studies of indi-
vidual inversions in pedigree series'215 as well
as with sperm chromosome studies of three
individual pericentric inversions.'18-8 On the
other hand, results of studies in which many
different inversions were combined in the ana-
lysis have been controversial. Some have
reported no distortion of the segregation
ratio,2314 whereas a preferential transmission
of the balanced inversion karyotype to the
offspring has also been reported.3910 Although
not statistically significant, an excess of inver-
sion carriers among males at risk aroused our
interest. Of the 13 karyotyped men at risk 10
were inversion carriers, whereas in females the
ratio was 10:11. An excess of males with the
inversion was seen in the offspring of males as
well as of females. Therefore the phenomenon
cannot be explained by any interchromosomal
effect between the Y chromosome and the
inverted chromosome 8 in the meioses. This is
in agreement with sperm chromosome ana-
lyses, in which no interchromosomal effects
have been encountered.16'8 One putative
explanation is some selective advantage that
the inverted chromosome 8 might confer on
male fetuses.

In genetic counselling of couples where one
spouse has a structural chromosome abnor-
mality, fetal karyotyping is usually recom-
mended. In inv(8)(p23ql 1), an unbalanced
form of the inversion has never been
reported,2-'0 and we found no evidence of
recombinant offspring. This is in agreement
with the finding that most pericentric inver-
sions ascertained through a chromosomally
balanced proband do not result in chromoso-
mally unbalanced offspring of carriers.2 It is
probable that an unbalanced form of inv
(8)(p23q1 1) either occurs extremely rarely or is
lethal early in embryogenesis. Therefore it
might be considered merely as a harmless
polymorphism, and we do not recommend
prenatal diagnosis to the carriers of this par-
ticular inversion.
We thank the families studied for their cooperation and Mrs
Diana Tuominen for her valuable assistance.
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