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Abstract

Pericentric inversions of chromosome 9 are among the most frequent chromosomal rearrangement in human. A few cyto-
geneticists consider inversions of chromosome 9 as a normal variant. However, many reports in the recent literature link
pericentric inversions of chromosome 9 with infertility, recurrent abortions, and a number of other abnormal conditions. We
report a case of homozygosity pericentric inversions of chromosome 9 in a woman with 28- wk stillbirth. In this case, her
both parents were heterozygotes for the inversions of chromosome 9.
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Introduction

An inversion occurs when a single chromosome
undergoes two breaks and is reconstituted with
the segment between the inverted breaks. Inver-
sions are of two types: paracentric (not includ-
ing the centromere), in which both breaks occur
in one arm, and pericentric (including the cen-
tromere), in which there is a break in each arm
(1). An inversion does not usually cause an ab-
normal phenotype in carriers, because it is a
balanced rearrangement. Its medical signifi-
cance is for the progeny; a carrier of either type
of inversion is at risk of producing abnormal
gametes that may lead to unbalanced offspring.
When an inversion is present, during meiosis I,
a loop will be formed. Although recombination
is somewhat suppressed within inversion loops,
when it occurs it can lead to production of un-
balanced gametes. A pericentric inversion, on
the other hand, can lead to the production of
unbalanced gametes with both duplication and
deficiency of chromosome segments (2).

The most common inversion seen in human
chromosomes is a small pericentric inversion of
chromosome 9, which is present in 1-3 per cent
in the general population (3-6).

The human chromosome 9 displays the highest
degree of structural variability (7). The molecu-
lar studies of pericentric inversion breakpoints
in chromosomes 4, 9 and 12 in human and chim-
panzee showed similarity between them (8).
Review of literature showed that inversions of
chromosome 9 with different breakpoints could
be the cause of different disturbances in carri-
ers. Table 1 shows the associations between the
different disturbances and inversion 9 with dif-
ferent breakpoints.

Materials and Methods

A 25 yr-old woman, who had first cousins mar-
riage, was referred to our Genetic Department
due to one 28- wk stillbirth. Cytogenetic analy-
sis was performed with GTG-banding tech-
nique for her and her husband on their lympho-
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cytes and showed that the wife had pericentric
inversions on her both chromosomes 9 [46, XX,
inv [9] (pl1q13) x2] (Fig.1, 2).

Chromosomal study on her parents showed
both parents also had inversions of chromo-

somes 9, [father: 46, XY, inv [9] (pl1ql13) and
mother: 46, XX, inv [9] (p11q13)], but her hus-
band had a normal male karyotype [46, XY].

Table 1: Associations between the different disturbances and inversion 9 with different breakpoints

Karyotype Disturbance Reference

Inv [9] (p11q12) Recurrent abortion Sasiadek et al., 1997 (9)
inv[9](p24q13) Male infertility Davalos et al., 2000(10)
inv[9] Male infertility Sasagawa et al., 1998(11)
inv[9](p24q34.1) FTT and congenital anomalies in offspring Shapira et al., 1997(12)
inv(9) Acute leukemia Keung et al., 2003 (13)
inv[9](pl1g21) Familial bipolar disorder Mc Candless etal.,1998(14)
inv[9](p11q13) Asperger Syndrome Pia Verri and Cimbro, 2002(15)
inv[9](p11q13) Goldenhar Syndrome or oculo-auriculo-vertebral spectrum Stanojevic et al., 2000(16)
inv[9] Mental retardation Cora et al., 2000 (17)
inv[9] Familial schizophrenia Lee et al., 1998(18)
inv[9] Immotile/ultrastructural sperm defect Baccetti et al.,1997(19)
inv[9] Double aortic arch (CHD) Brzezinska-Kolarz et al., 1997(20)
inv[9] Hydronephrosis,encephalocele and prune belly syndrome Salihu et al.,2001(21)

inv[9](q31.2934.3)

Schizoaffective disorder, short stature, depressed nasal
bridge, hypertelorism and slender shoulders.

Inayama et al.,1997 (22)

inv[9](pl1ql3) Schizophrenia-like psychosis Miyaoka et al,.1999(23)

inv[9],9qh+ Schizophrenia Demirhan and Tastemir, 2003(24)

inv [9] Schizophrenia Kunugi et al., 1999 (25)

inv[9] Neurofibromatosis Flego et al.,2003(26)

inv[9](p21) Neuroblastoma Stage et al.,2003 (27)

inv[9] Ectodermal dysplasia Fuenmayor et al.,1981 (28)

inv[9] Blepharophimosis Syndrome Mhanni et al.,1998(29)

inv[9] Recurrent spontaneous first trimester abortions Parmar and Sira,2003(30)
Discussion mosome 9, which has no known deteriorated

It has been reported that various abnormalities
appeared in individuals who have pericentric
inversion 9. In 2.3% of the couples with the his-
tory of recurrent spontaneous miscarriages,
pericentric inversion of chromosome 9 was de-
tected (9). Nevertheless, most of the cytoge-
neticists believe that there are only one kind of
breakpoints (p11q12) on the inversions of chro-

effect on carriers and does not appear to be as-
sociated with a significant risk of miscarriage
or unbalanced offspring; it is, therefore, gener-
ally considered as a normal chromosome vari-
ant. It has been suggested that phenotypes of
inversion 9 may vary depending on the location
of breakpoints (18). We also showed that there
were several different forms of inversion 9 with
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differential breakpoints, which can cause differ-
ent abnormalities either in the proband or in his/
her children.

The finding of homozygosity for a pericentric
inversion of chromosome 9 is rare (3). A report
showed a case of homozygosity for inversion 9
in a normal infant which his both parents were
heterozygotes for the inv[9] (pl11ql3). In that
paper, there was also another case, which was
referred for severe intrauterine growth retarda-
tion (IUGR) and oligohydroamnios, and subse-
quently expired in utero. Chromosome study
revealed inv [9] (pl1ql3) x2 for this case and
both parents were heterozygotes for the inv [9]
(p11q13) (3). Another paper described homo-
zygous pericentric inversion 9 in a 2-month-old

female baby with eye and brain abnormalities.
Her clinical and neuroradiological features
were similar to the signs of Walker-Warburg
Syndrome. They showed both parents were het-
erozygotes (31). A newborn was presented with
a recto-cloacal fistula and a high confluence of
the urino-genital and intestinal systems. It was
interesting that although both parents had a
chromosome 9 inversion (pllql3), but the
child was chromosomally normal (32-33). It is
interesting to mention that our case with homo-
zygosity for pericentric inversion of chromo-
some 9 has not showed any phenotypic abnor-
mality, but the only problem was her stillbirth
which was not clear that it was related to her
inversion or not.
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Fig. 1: Pericentric inversions on the both chromosomes 9 in the present case
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Fig. 2: The karyotype of pericentric inversions on the both chromosomes 9 in the present case
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