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Paracentric inversions in man
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SUMMARY We have reviewed 50 cases of paracentric inversions. Of these 34 were familial with 62
phenotypically normal carrier relatives. Twenty of the 50 were discovered fortuitously. There
were two reports of children with easily recognised unbalanced karyotypes resulting from a
paracentric inversion in one of the parents. The vast majority of paracentric inversions are
harmless. The risk of abnormal children for paracentric inversion heterozygotes is low but
increases with the finding of recurrent abortions or abnormal children or both in other carriers in
the family. We emphasise the need for caution in interpreting the results of antenatal diagnosis
because of (1) the variety of unexpected unbalanced chromosome types that can result from a
paracentric inversion, and (2) the difficulty in recognising, with confidence, minute differences
(for the detection of which very high resolution banding is required) between apparently similar
parental and fetal inversions.

Paracentric inversions were undetectable in somatic
chromosomes before the advent of the chromosome
banding techniques. During the last few years
paracentric inversions have been reported with
increasing frequency. To date we have found 32
published reports. In this article we review these
reports together with 18 new cases of our own.

Case reports

CASE 1
A paracentric inversion of chromosome 1 and a
pericentric inversion of chromosome 7 were found
in a floppy baby with cerebral palsy, karyotype
46,XX,inv(l)(q25q42),inv(7)(pl2q31.2). Both in-
versions were found in the father and the sister who
was investigated antenatally and who was a normal
baby at term. Two brothers and a paternal aunt had
normal chromosomes.
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CASE 2
A karyotype 46,XY,inv(3)(pllp21) was found in a
fetus during antenatal diagnosis carried out because
of raised levels of serum alphafetoprotein in the
mother. The inversion was also found in the mother
and maternal grandfather.

CASE 3
A karyotype 46,XX,inv(5)(p13p15) was found in a
pregnant female referred to one of us (RHL)
because of the presence of this inversion in many of
her relatives. The initial ascertainment was through
a female relative who had had five miscarriages. The
paracentric inversion was present in nine members
in three generations of the family. Apart from the
abortions of the index patient there were no
abortions or abnormal children in the family (A
McDermott, 1983 personal communication).

CASE 4
A 10 year old male with undescended testes had a
karyotype 46,XY,inv(7)(ql1q22). The inversion was
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also found in the mother, a half brother, a half
sister, and maternal uncle of the patient. One half
brother and three children of the maternal uncle had
normal chromosomes. There were no known abnor-
malities in the family.

CASE 5
A karyotype 46,XY,inv(7)(q21q32) was found in a

fetus during antenatal diagnosis for maternal age (39
years). The inversion was also found in the mother.

CASE 6
A karyotype 47,XXY,inv(7)(q22q31) was found in a

male referred for Klinefelter's syndrome. The inver-
sion was also found in the father.

CASE 7

A karyotype 46,XX,inv(8)(q21-2q22) was found
during antenatal diagnosis carried out because of a

previous child with a neural tube defect. The father
was a carrier of the same inversion.

CASE 8
A karyotype 46,XX,inv(8)(q22q24) was found in a

female referred for infertility, oligomenorrhoea,
hirsutism, and scanty pubic hair. It was not possible
to investigate the family.

CASE 9
A karyotype 46,XY,inv(9)(q32q34) was found dur-
ing antenatal diagnosis carried out because of
Down's syndrome in the father's aunt. The inversion
was also found in the mother of the fetus.

CASE 10
A karyotype 47,XXY,inv(11)(q21q23) was found in
a patient referred for Klinefelter's syndrome. His
mother had a normal karyotype. His father was

dead and relatives of the father were not available
for investigation.

CASE 11
A karyotype 46,XX,inv(11)(q21q23) was found in a

female patient referred for habitual abortions after
artificial insemination. Both her parents were dead
and her only sib had a normal male karyotype.

CASE 12
A karyotype 46,XY,inv(11)(q21q23) was found in a

male referred for azoospermia and raised gonado-
trophins. The inversion was also found in the
mother.

CASE 13

A karyotype 46,XY,inv(12)(q15q24) was found in a

healthy voluntary donor for artificial insemination.

Chromosomes of the parents could not be investi-
gated. He was second of a sibship of five. Both
parents were from large sibships. There was no
record of miscarriages or abnormalities.

CASE 14
A karyotype 46,XY,inv(13)(ql4- 1q22) was found
during antenatal diagnosis carried out because of a
previous child with anencephaly. The paracentric
inversion appeared to have arisen de novo. The
pregnancy ended in the birth of a normal boy.

CASE 15
A karyotype 46,XY,inv(14)(q24-1q32-1) was found
during antenatal diagnosis performed because of
raised serum alphafetoprotein levels in the mother.
The same paracentric inversion was found in the
father. The mother was a carrier of a balanced
reciprocal translocation t(11 ;13)(q22 2;q22- 1).

CASE 16
A karyotype 46,XY,inv(15)(q13q24) was found
during antenatal diagnosis performed because of
advanced maternal age (38 years). The inversion
was also found in the mother, sister, and maternal
aunt of the fetus.

CASE 17
A karyotype 46,XY,inv(16)(qllql3) was found in a
boy referred because he was very small for his age.
The inversion appeared to have arisen de novo.

CASE 18
A karyotype 47,XX,inv(21)(q21q22),+21 was found
in a girl with Down's syndrome. The same inversion
was found in her mother and brother.
The inversion inv(11)(q21q23) found in cases 10,

11, and 12 was identical. All these three cases were
found in different parts of North Holland. However,
no relationship was found going back seven genera-
tions in the three families.
The findings from these 18 patients are summa-

rised in table 1.

Discussion

Since the first detection in Dropsophila by
Sturtevant' in 1921 from genetic linkage studies,
inversions have been found in a wide variety of
species. They are a frequent type of chromosomal
aberration in natural animal and plant
populations.2 3 In general, presence of a chromo-
some inversion does not of itself give rise to pheno-
typic abnormality, but meiotic crossing over in the
inverted segment may generate chromosomally
unbalanced gametes.
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TABLE 1 Findings in 18 patients with paracentric inversions.

Case Sex Paracentric Reason for referral Inversion carriers in familr
inversion

I F l(q25q42) Floppy babv, cerebral palsy Father, sister (2)
2 M 3(pIlp2l) AD for increased serum AFP Mother, grandfather (2)
3 F 5(pl3pl5) Relative with habitual abortion SF and 4M (9)
4 M 7(qIIq22) Undescended testis Mother, maternal uncle. half brother, half sister (4)
5 M 7(q21q32) AD for maternal age Mother (1)
6 M 7(q22q31) Klinefelter's syndrome (XXY) Father (1)
7 F 8(q21.2q22) AD for previous child with NTD Father (1)
8 F 8(q22q24) Infertility, oligomenorrhoea. hirsutism
9 M 9(q32q34) AD for Down's syndrome in family of father Mother (1)
10 M 11(q21q23) Klinefelter's syndrome (XXY)
11 F 11(q21q23) Habitual abortion after AID
12 M 11(q21q23) Azoospermia Mother (I)
13 M 12(q15q24) Healthy volunteer for AID
14 M 13(q14.1q22) AD for previous child with NTD De novo
15 M 14(q24.1q32) AD for raised serum AFP in mother Father (1)
16 M 15(q13q24) AD for increased maternal age Mother, sister, aunt (3)
17 M 16(qlIql3) Small for age De novo
18 F 21(q21q22) Down's syndrome (+21) Mother, brother (2)

AD=antenatal diagnosis.
NTD=neural tube defect.
AID=artificial insemination by donor.

TABLE 2 Findings in 32 published cases ofparacentric inversion.

Reference Sex Inversion Reason for referral Inversion carriers in familr

8 F 1(p22p36) MR Father (1)
9 M 1(p312p36-22) MR (product of brother-sister incest) Mother +5 relatives (6)
10 F l(p31l2p35-2) Child with unbalanced karyotype
11 M 3(pl3p25) MR Mother, maternal uncle, grandmother (3)
12 M 3(pl3p25) MR Mother (1)
12 M 3(pl3p25) AD for NTD in mother's family Father (1)
13 F 3(pl3p25) Growth retardation Mother (1)
14 M 3(pl4p22) Child with deletion 3p
15 3(q13q26) Trisomy lOq from mother Father (1)
16 M 3(q21q28) AD for maternal age Mother (1)
17 F 4(pl4pl6.3) AD for maternal age Mother (1)
18 M 5(pter p13) Child with unbalanced karyotype
12 M 5(ql3q34) Father of trisomy 21
19 M 5(q21q32) Klinefelter's syndrome (XXY) Mother (1)
20 F 7(pl5p22) Repeated abortions Mother (1)
19 F 7(qll.3q22-3) Turner's syndrome (XO) Father. half brother (2)
21 F 7(qIIq22) Child with unbalanced karyotype Mother (1)
22 F 7(qIIq22) AD for maternal age Father (1)
23 F 7(qllq22) Acute leukaemia Father (1)
24 M 7(q22q31) Survey bomb survivor
25 M 7(q22q34) Subfertility Father (1)
26 llq Repeated abortions Familial
17 M I1(q1Iq23) AD for maternal age Mother (1)
27 M 11(q13q21) AD for maternal age Mother (1)
23 M 11(q13q23) Hypoparathyroidism Mother. brother (2)
28 M 12(pl2.3pl3.1) AD Para (4) and pericentric (8) of No 12
12 F 12(q12q24) Repeated abortions
29 M 12(q15q24) Klinefelter's syndrome (XXY)
30 M 13(q 12q22) MR De novo
31 F 13(ql4q22) Child with unbalanced karyotype
32 M 14(q13q24) Microcephaly De novo
33 M 16(qIIq22) Hypotonic newborn Mother (1)

MR=mental retardation.
AD=antenatal diagnosis.
NTD=neural tube defect.

Pericentric inversions, that is, inversions in which
the centromere is included in the inverted segment,
have been widely reported and discussed in man.
In contrast, paracentric inversions, that is, inver-
sions involving only one arm of the chromosome,

were not reported in man before the advent of
banding techniques. Since 1974 they have appeared
with steadily increasing frequency in published
reports. Details of 32 cases reported so far are
presented in table 2.
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TABLE 3 Chromosomes involved in 50 cases ofparacentric
inversions.

Chromosome No of cases

1 4
3 8
4 1
5 4
7 10
8 2
9 1
11 7
12 4
13 3
14 2
15 1
16 2
21 1

Fourteen different chromosomes are involved in
the 50 different cases of paracentric inversions, with
chromosomes 3, 7, and 11 being the most frequently
represented (table 3). The most frequent break-
points are in bands 3pl3 (4), 3p25 (4), 7qll (5),
7q22 (8), 11q21 (4), and 11q23 (5). Four cases of
inv(3)(pl3p25) in table 2 were found in Belgium and
South Holland."l3 However, no relationship could
be found between the Belgian families.'1 12 Similar-
ly no relationship was found between our three cases
10, 11, and 12 of inv(ll)(q21q23) presented in table
1. It is possible that chromosomes 3, 7, and 11 are
particularly prone to paracentric inversions. Howev-
er, the bands in these chromosomes, particularly in
7 and 11, are very distinct. Any shift in the position
of the bands, therefore, would be easily recognised
and could lead to over-representation of these cases
in published reports.
The mechanism by which chromosome imbalance

is generated at meiosis in carriers of paracentric
inversions has been well described both in plants
and animals.3 3 3 The risk of chromosome imba-
lance, as in the case of pericentric inversions,
depends on the chance of pairing and of cross over

occurring within the inverted segment, which in turn
is proportional to the length of the inverted
segment.36 37 Unlike pericentric inversions, how-
ever, a cross over within the inverted loop of a

paracentric inversion would lead to the formation of
an acentric fragment and a dicentric bridge at
anaphase I. An additional cross over in the intersti-
tial segment (that is, the segment between the
centromere and the inversion) does not affect the
bridge if two different chromatids are involved in
the interstitial and in the loop chiasma, or if the
same two chromatids are involved. If, however, one

of the two chromatids in the interstitial chiasma is
also involved in the loop chiasma, there is a loop
instead of a bridge at anaphase I and a bridge at

anaphase II. Depending on the number of cross
overs and the chromatids involved there may be
single or double bridges and fragments. This would
lead to the formation of chromosomally unbalanced
gametes because (a) the acentric fragments, which
have no capacity for movement at anaphase, are
excluded from the gamete, (b) the dicentric bridge
may break, leading to varying degrees of deficiency
or duplication, depending on where the dicentric
breaks, and (c) occasionally the dicentric may be
suspended between the two polar groups of chromo-
somes and be excluded from both telophase nuclei
or be included in one of them. If the dicentric is
included in one of the gametes it could begin a
breakage-fusion-bridge cycle38 after fertilisation.
Alternatively, there is the theoretical possibility
that, following inactivation or deletion of one of its
centromeres, it could form a stable structure, a
pseudodicentric.
The cases in tables 1 and 2 were referred for

widely varying reasons. The four major groups of
subjects with paracentric inversions are as follows.

NORMAL SUBJECTS
Out of the 50 cases, 34 were familial with one or
more phenotypically normal carriers of the paracen-
tric inversion in the family. Twenty of these came to
light fortuitously during antenatal diagnosis for
advanced maternal age or neural tube defects or
during a survey or other investigation unrelated to
the presence of the paracentric inversion. This is as
expected. Most paracentric inversions, particularly
those involving a relatively short chromosome seg-
ment, are likely to be harmless. The risk of
production of unbalanced gametes by a carrier is
expected to be small. Most of the zygotes resulting
from the unbalanced gametes would be so grossly
abnormal that they would be lost early, even before
implantation.

PATIENTS WITH INFERTILITY
Six males and two females were referred because of
infertility. Four of the males had Klinefelter's
syndrome with a karyotype 47,XXY (cases 6 and 10
in table 1 and references 19 and 29) and one female
had Turner's syndrome and a 45,X karyotype.19 The
finding of a paracentric inversion in six patients with
aneuploidy (five involving the X just mentioned and
one trisomy 21, case 18 in table 1) raises the
question of whether the presence of a paracentric
inversion increases the risk of non-disjunction.
However, the finding of six out of 50 cases of
aneuploidy is not significantly different from the
proportion of Klinefelter's, Turner's, or Down's
syndrome patients referred to a cytogenetics
laboratory.
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The infertility in two males (case 12 in table 1 and
reference 25) and one female (case 8 in table 1) may
or may not be causally related to the presence of the
paracentric inversion. It should be noted that the
paracentric inversion in case 12 was inherited from
the mother.

In some species, such as Drosophila,39 there is no
serious reduction in fertility. This is because crossing
over is absent in the male. In the female the
dicentric bridge passes into the polar body and is
excluded from the egg nucleus. A similar mechan-
ism is known in Zea mays3 3 and Sciara impatiens,4"
in which the dicentric bridge is excluded from the
megaspore and the egg nucleus respectively. How-
ever, fertility in certain male and female mouse
inversion heterozygotes is significantly reduced.4' It
is possible that fertility in human heterozygotes for
certain paracentric inversions may be similarly
affected. One possible mechanism may be that
regular crossing over within the loop and the failure
of the bridge to break leads to the formation of
restitution nuclei and diploid spermatids. These
spermatids may fail to differentiate further into
functional sperm, as is the case in Chironomus.42

COUPLES WITH RECURRENT ABORTIONS
Five cases were referred for repeated abortions. Of
these, one had had artificial insemination by donor
(case 11 in table 1). Although paracentric inversion
in case 3 in table 1 had been initially identified in a
female with repeated abortions, there was no history
of abortions or abnormal children in eight other
carriers in the family.
On rare occasions, chromosomally unbalanced

gametes from certain paracentric inversion hetero-
zygotes may result in zygotes which lead to a
recognised pregnancy but which end in a spon-
taneous abortion or in the birth of an abnormal
child. We can, therefore, expect to find paracentric
inversion carriers among couples with repeated
abortions or abnormal children.

PARENTS OF ABNORMAL CHILDREN
There are five reports of a child with an unbalanced
karyotype resulting from a paracentric inversion in
one of the parents.10 14 lX 21 31 In one family, 8 there
are six normal carriers of the inversion in three
generations. One female carrier has had three
abortions, two children with a duplication, and one
child with a deletion resulting from the breakage of
the dicentric bridge in different places. The paracen-
tric inversion, the chromosome with the duplication,
and the chromosome with the deletion could be
easily distinguished in this family.

Kelly et al'4 presented a child with an interstitial
deletion 3pl4p22. The father had an inversion

inv(3)(pl4p22). The deletion in the child could be
caused by an excision of the inversion loop in the
inverted chromosome followed by joining of the
broken ends. A similar explanation offered for a
deletion of 13ql4q22 in the child of a mother with
inv(13)(q12q22) by Sparkes et aP3' is less convincing
because the deleted segment is longer than the
inverted segment. An alternative hypothesis for this
case of an inverted insertion in the mother offered
by Hoegerman43 is more convincing.
Two cases1) 21 required high resolution banding to

demonstrate the difference between apparently
similar inversions (using G banding) in the abnormal
child and phenotypically normal parent. In both
cases the child had an extra minute band (using a
850 band high resolution karyotype44) which was
attributed to an unequal crossing over at the base of
the loop.

Six cases of apparently balanced paracentric
inversions were found in children with mental
retardation' 9 II 12 3(1 and microcephaly.32 Two of
these 3" 32 had arisen de novo and it cannot be
excluded that they may be chromosomally unba-
lanced. In one case9 the proband with mental
retardation was a product of a brother-sister inces-
tuous relationship and the inversion was found in six
phenotypically normal relatives. In the other three
cases of children with mental retardation and an
inherited paracentric inversion, there may be mi-
nute karyotypic differences between the inversion in
the parent and the child. Alternatively, the mental
retardation may be coincidental to the inversion.

Conclusion

The vast majority of paracentric inversions are likely
to be harmless. The risk of having an abnormal child
for carriers of paracentric inversions is expected to
be low. This risk would be increased with the finding
of repeated abortions or abnormal children or both
in carrier members of the family. Although patients
with an increased risk should be offered antenatal
diagnosis, the difficulty in interpreting the results
should be recognised. This is because of the variety
of unpredictable unbalanced chromosome products
that can result from a paracentric inversion. Also,
while deletions and duplications involving whole
bands in a 400 band karyotype44 can be easily
recognised, it is very difficult, if not impossible, to
detect with any confidence minute differences re-
quiring a 850 band karyotype4 between apparently
similar parental and fetal inversions.

We are grateful to Mr B Kuyt for investigation of
pedigrees of the inv(11) families and to Ms Y Heins
and Ms G Koppe-Favie for their assistance.
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