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A homozygote for pericentric
inversion of chromosome 4
SUMMARY A child with developmental and
language delay was found to be homozygous for
a pericentric inversion of chromosome 4 (inv(4)
(pl5- 2q12)). Her normal mother and aunt are
inversion heterozygotes. It is suggested that the
phenotypic abnormalities may have resulted
from damage at chromosomal breakpoints or

from a position effect which is expressed only in
homozygous form.

The incidence of pericentric inversions in the general
population is quite low (0.01 % in surveys of
unselected newborns),' although higher frequencies
of 1 0% to 2.8% have been reported in selected
populations.2-4

Inversions are often ascertained as a result of their
occurrence in abnormal subjects but may be coinci-
dental findings. Although inversion heterozygosity
has been associated with infertility5 or reduced
fertility, and high neonatal mortality,6 as well as
increased risk of offspring with chromosome
aberrations or mental retardation,7-9 it is the general
impression that pericentric inversions are usually
harmless in a single dose. The effect of homozygosity
of pericentric inversions on the phenotype has not
been firmly established since only a few cases have
been reported.2 10-13
We present a developmentally and mentally

retarded child who is homozygous for a pericentric
inversion of chromosome 4. Her mother and
maternal aunt, who are phenotypically normal, are
heterozygotes. We suggest that the abnormalities
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seen in this child are the result of damage at the
chromosomal breakpoints or of a position effect
which is expressed only in homozygous form.

Case report

A black female was first seen at 4 years 8 months of
age because of developmental and severe language
delay. She was the only child of a 20-year-old nmother
and a 21-year-old father. Consanguinity in this
relationship was denied. The pregnancy was com-
plicated by prolonged nausea and vomiting and the
delivery was by caesarean section. Her birth weight
was 1930 g.

Physical examination on admission to this
hospital showed a small child with a prominent
forehead, mild dolichocephaly, pointed chin, and a
broad nasal bridge. The eyes were deep set and the
ears were large with accentuated lobes. Both height
and weight (97.8 cm and 14.3 kg) corresponded to
the 3rd centile although the head circumference
(48.6 cm) was in the normal range. The extremities
were slender with long hands and feet. Muscle mass
was poorly developed. Her movements were jerky
and her gait was flat footed.
The patient's early development was delayed. She

stood at 12 months and walked at 3 years of age.
She was shown to be functioning with gross motor
skills at the 2i year level and with fine motor skills at
the 18 to 24 month level. She achieved a cognitive
developmental index of 71 and a motor develop-
mental index ol 74 on the Bailey Mental Scale and
Bailey Motor Scale, respectively. Her receptive and
expressive language skills were both at the 1 year
level on the Receptive-Expressive Emergent
Language Scale. She had a moderate bilateral
sensorineural hearing loss, more severe on the right
side.
The results of routine laboratory studies, including

full blood count, urine analysis, blood and urine
amino-acids, T4 and TSH, x-rays and hand pattern
profile analysis were normal. An electroencephalo-
gram was normal and a CT brain scan showed no
abnormalities. Dermatoglyphic analysis showed
normal palmar creases, an atd angle of 980, a total
finger ridge count of 115, and seven ulnar loops, two
arches, and one whorl on the fingertips.
Chromosome analysis of peripheral blood

lymphocytes and skin fibroblasts showed a homo-
zygous pericentric inversion of chromosome 4, using
GTG and RBA banding. Her karyotype was
46,XX,inv(4)(pter-*pl 5.2: :ql2-*pl5. 2: :ql 2-qter),
inv(4)(pter-*pl 5*2: :ql2-*pl 5*2: :ql2-*qter). The
inversion appeared to be the same in both chromo-
somes and was present in all cells examined
(figs la, 2).
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HiG 1 GTG banded chromosome 4 from (a) the patient,
a homozygote, and (b) her maternal aunt, a heterozygote.
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FIG 2 Diagram of the pericentric inversion indicating the
inverted chromosome and breakpoints (arrows) on the
right.

Chromosome studies of lymphocytes from her
mother and two maternal aunts showed her mother
and one aunt to be inversion heterozygotes. Their
karyotypes were 46,XX,inv(4)(pter--pl5*2: :ql2-*
plS.2::ql2--qter) (fig lb). The karyotype of the
other aunt was normal, 46,XX. The father was not
available for study.

Discussion

Homozygotes for chromosome inversions have
rarely been reported. In three such families in which
pericentric inversions of chromosome 9 were
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studied, any clinical significance of the homo-
zygosity can be excluded. One homozygous female
and her heterozygous parents were phenotypically
normal while her heterozygous sister had primary
amenorrhoea.10 In the second family, a homozygote
who had hyperglycinaemia was developmentally and
mentally retarded.2 In the third family, the proband,
a homozygote with genital anomalies, had a brother
with the same phenotype although he was a
heterozygote.'2 The father, a homozygote, and the
sister, a heterozygote, were both phenotypically
normal. A somewhat similar conclusion can be
drawn from one case involving a homozygous
inversion ofchromosome 3 in which the homozygote
who was mentally retarded had a retarded sister who
was a heterozygote."

In the present report, the pericentric inversion of
chromosome 4 resulted in no apparent effect in the
heterozygotes. Both the mother and maternal aunt
were phenotypically normal and there was no
history of infertility or miscarriages in this family.
The finding of developmental delay and mental
retardation in the offspring may of course be
coincidental. On the other hand. it is possible that
danmage from a small deletion or gene alteration may
have taken place at the breakpoints on the chromo-
some and is expressed only in the homozygote. A
position effect on the genes rearranged because of the
inversion and expressed only in homozygous form
may also be considered. Finally, it is possible that
the inversion in the child and her mother (and
presumably her father) may not be identical. A small
deletion or duplication resulting from unequal
crossing over involving points of non-homologous
pairing during meiosis in one ofthe parents may have
occurred. Although consanguinity was denied, the
possibility that two unrelated parents are carriers of
the same rare pericentric inversion is very remote.
If we conclude that the parents are related, then, of
course, the possibility that the abnormal phenotype
of this child may have resulted from mutant recessive
alleles other than those at the chromosomal break-
poinlts cannot be ruled out with certainty.
Comparisons with other cases involving pericentric

inversions of chromosome 4 are difficult to make
because none has been reported with the same
cytogenetic rearrangement. In previously reported
cases of pericentric inversions of chromosome 4, the
breakpoints reported have been different from those
in our case.14-'8 All cases have been heterozygotes
who were phenotypically normal, discovered because
their offspring were malformed as a result of
'aneusomie de recombinaison', or who were pheno-
typically abnormal with additional chromosome
abnormalities such as deletions or translocations.
Many patients who have visible deletions of either
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the proximal or the distal portion of the short arm of
chromosome 4 have been described but they have
distinctly different and much more severe mal-
formations than our patient.'9 20 In all of the cases

reported with intersitital or terminal deletions of the
long arm of chromosome 4, the breakpoints have
been distal to that observed in our patient and the
phenotypic expressions have been, for the most part,
much more severe.2' 22

We suggest that a pericentric inversion, which in
heterozygous form has no adverse phenotypic
expression, may have such an effect in homozygous
form. The developmental and language delays seen

in our patient may have resulted from damage of
critical genetic material at the breakpoints or from
a position effect caused by gene rearrangement
resulting from the inversion which is expressed only
in the homozygous form. However, the possibility
that other recessive alleles may be involved cannot
be ruled out.

We thank Mrs Tamara Sanchez for performing the
chromosome analysis and Mr Hoyt Smith for the
diagram.
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The phenotype of ring
chromosome 3
SUMMARY A male child with mental retardation
and poor growth was found to have a4 6,XY,r3
(p26-*q29) karyotype in 920% of his periiheral
lymphocytes and 90% of his cultured fibroblasts.
Comparison of this patient's dysmorphic fea-
tures with previously reported cases of ring 3 or
deletion 3p suggests a clinical syndrome derived
mainly from deletion of 3p26-*pter. The
syndrome consists of mental retardation, pre-
Received for publication 18 March 1982.


