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Established Facts

o Chromosomal inversions lead to unbalanced gametes.

Novel Insights

sion of chromosome 18.

o This is the first report of a patient with dicentric chromosome 18 due to a parental paracentric inver-
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Abstract

Introduction: Chromosomal abnormalities are mostly found
in 0.5-0.8% of live-born infants with developmental and
morphological defects. Paracentric inversions are struc-
tural intrachromosomal rearrangements resulting in a risk
of chromosomally unbalanced gametes in carriers. Case

Presentation: Herein, we report a patient with dicentric
rearrangement of chromosome 18 due to maternal para-
centric inversion of chromosome 18. The patient was a girl,
aged 3 years and 11 months. She was referred due to multi-
ple congenital abnormalities, severe intellectual disability,
and motor retardation. She had microcephaly, prominent
metopic suture, synophrys, epicanthic folds, telecanthus,
wide-set alae nasi, wide columella, bilateral cleft lip and pal-
ate, pectus carinatum, umbilical hernia, pes planus, and an-
teriorly displaced anus. She had bilateral external auditory
canal stenosis and mild right-sided and moderate left-sided
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sensorineural hearing loss. Echocardiography showed se-
cundum-type atrial septal defect and mild tricuspid failure.
Brain magnetic resonance imaging showed only thinning of
posterior areas of the corpus callosum. Chromosome analysis
showed 46,XX,dic rec(18) by GTG and C banding. Dicentric
chromosome was confirmed by fluorescence in situ hybrid-
ization analysis. Paternal karyotype was normal 46,XY but
maternal chromosome analysis showed a paracentric inver-
sion in chromosome 18 with 46,XX,inv(18)(q11.2?921.3?)
karyotype. Array CGH was performed on a peripheral blood
sample from the patient and showed duplication at
18p11.32p11.21 and 18q11.1q11.2, and deletion at
18021.33g23. The patient’s final karyotype is arr 18p11.32
p11.21(64,847_15,102,598)%3,18911.1q11.2(18,542,074 _
22,666,470)x3,18021.33923(59,784,364_78,010,032)x1. Dis-
cussion: To the best of our knowledge, this is the first re-
port of a patient with dicentric chromosome 18 due to a pa-
rental paracentric inversion of chromosome 18. We present
the genotype-phenotype correlation with literature review.
© 2023 S. Karger AG, Basel

Introduction

Inversions are structural intrachromosomal rear-
rangements involving two breaks and the reinsertion of
the chromosome segment after a rotation through 180°.
If the inverted segment includes only one chromosome
arm, not including the centromere, it is known as a para-
centric inversion [Madan, 1995]. Inversion-loop forma-
tion is the mechanism which may lead to duplication or
deletion of the entirety or parts of the inverted segment
in the offspring. As a result of this, if the inverted loop
contains a centromere, the resulting recombinant chro-
mosome will be dicentric [Liehr, 2019]. Although para-
centric inversions are harmless to the carrier, there is a
risk for having an affected child due to recombination
events, such as mitotic instability of the expected acentric
and dicentric recombinants or duplicated and deleted
segments [Madan and Nieuwint, 2002; Courtens et al.,
1998]. Balanced paracentric inversions have also been re-
ported to lead to multiple miscarriages in carrier women
[Courtens, 1998].

Paracentric inversions are usually found incidental-
ly during routine karyotype analysis and can be diffi-
cult to identify using standard chromosome analysis
[Madan and Nieuwint, 2002; Rowe et al., 2009]. Advances
in molecular cytogenetic and molecular methods, fol-
lowing conventional cytogenetic methods, may result
in better understanding of the causes of complex chro-

2 Mol Syndromol
DOI: 10.1159/000527160

mosomal rearrangements. Herein, we report the clinical,
cytogenetic, and molecular cytogenetic findings of a
patient with an unbalanced rearrangement of chromo-
some 18 due to maternal paracentric inversion of chro-
mosome 18.

Case Presentation

A girl, aged 3 years and 11 months, was referred due to mul-
tiple congenital abnormalities (Fig. 1) and mental and severe
cognitive impairment. She was born at 39 weeks of gestation by
cesarean section after an uneventful pregnancy with a birth
weight of 3,200 g. Her parents were second cousins. Although
cleft lip and palate was noted at birth, there were no other prob-
lems. She had a history of operations because of diaphragmatic
hernia at 9 months old and for her cleft lip and palate at 18
months of age. She also had a history of recurrent urinary tract
infections (UTI). Her mental and motor developmental mile-
stones were delayed; she had head control at 12 months and sat
without support at 24 months.

On physical examination, her weight was 12 kg (3rd-10th cen-
tile), her length was 90 cm (3rd centile), and her head circumfer-
ence was 45.5 cm (<3rd centile). As shown in Figure 1, she had
microcephaly, a prominent metopic suture, biparietal narrow-
ing, synophrys, epicanthic folds, telecanthus, wide-set alae nasi,
wide columella, bilateral cleft lip and palate, low-set malformed
auricles, and hypoplasia of the tragus. In addition, she had pectus
carinatum, umbilical hernia, pes planus, a wide gap between first
and second toes, sacral dimple, and anteriorly displaced anus.
She had operation scars on the philtrum and abdomen, and she
still had partial cleft palate. Her speech was delayed, and she
could only say a few words, like “mom” and “food,” but could
express herself by simple hand signs. She had prominent spastic-
ity in the lower extremities, especially in the Achilles tendons, but
truncal hypotonia. She could stand on tip-toes with support and
take a few steps (Fig. 1). She had bilateral genu recurvatum. Brux-
ism was observed during the examination.

Her laboratory investigation showed normal whole blood
count, blood biochemistry, and thyroid function tests. Urinalysis
and urine culture showed current UTI, so renal ultrasonography
was performed. Ultrasonography showed normal kidneys but
bladder trabeculation and thickening. A voiding cystourethrogra-
phy investigation detected grade II vesicoureteral reflux. Normal
left kidney cortical function but hypoactive area and irregularity in
the right kidney were recorded by renal cortical scintigraphy using
Tc-99m DMSA. Echocardiography showed secundum-type atrial
septal defect and mild tricuspid failure; magnetic resonance imag-
ing of brain showed only thinning of posterior areas of the corpus
callosum. Electroencephalogram showed no epileptiform activity.
She had bilateral narrowing of the external auditory canal and mild
and moderate sensorineural hearing loss in the right and left ears,
respectively.

She was put on a special education and a physical rehabilita-
tion programme, both at home and at a private school. Due to the
history of recurrent UTI and her vesicoureteral reflux, antibiotic
prophylaxis was commenced by pediatric nephrology. On fol-
low-up visits, her progress in motor skills was evident. Her spas-
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Fig. 1. The patient.

ticity gradually decreased without muscle relaxant treatment.
She began to walk greater distances using the whole sole of her
foot and still needed support, but without genu recurvatum. Her
vocabulary did not increase, but her communication with family
members and strangers increased.

Chromosome analysis showed 46,XX,dic rec(18) by GTG-
and C-banding (Fig. 2a, b). Dicentric chromosome was con-
firmed by fluorescence in situ hybridization (FISH) analysis
with a chromosome 18-specific a-satellite probe (Fig. 2¢). Sub-
telomeric FISH analysis showed that there was a deletion in
the long arm and a duplication in the short arm of chromosome
18 (Fig. 2d). Paternal karyotype was a normal 46,XY but mater-
nal chromosome analysis showed a paracentric inversion on
chromosome 18 with 46,XX,inv(18)(q11.2?2q21.3?) karyotype.
Array CGH was performed on a SurePrint G3 CGH + SNP Mi-
croarray Platform (Agilent, Santa Clara, CA, USA), and analysis
was performed on DNA extracted from a peripheral blood sam-
ple. The array CGH showed duplication at p11.32p11.21 and
qll1.1q11.2, and deletion in the q21.33q23 regions of chromo-
some 18 (Fig. 3). The patient’s final karyotype was arr 18p11.32
pl1.21(64,847_15,102,598)x3,18q11.1q11.2(18,542,074_
22,666,470)%3,18q21.33q23(59,784,364_78,010,032)x1 [ISCN,
2020].

Dicentric Recombinant Chromosome 18

Discussion

Numerical and structural abnormalities are frequently
observed in chromosome 18 because it has a high number
of specific repeat sequences which leads to an increase in
the tendency to rearrangements. We described a girl with
multiple congenital anomalies and severe cognitive im-
pairmentwhohada15-Mbduplicationat18p11.32p11.21,
a4.1-Mb duplication at 18q11.1q11.2, and a 19.1-Mb de-
letion at 18q21.33q23 due to maternal paracentric inver-
sion of chromosome 18. There are 64 genes in the deleted
segment and 106 genes in the duplicated segments.

Feenstra et al. [2007] reported genotype-phenotype
mapping of 18q deletions by high-resolution array CGH. In
their patients with 18q deletion syndrome, the most com-
mon clinical findings are short stature, microcephaly, mid-
face hypoplasia, hypertelorism, congenital aural atresia
(CAA), foot deformities, severe cognitive impairment, and
hypotonia. All of these findings were present in our patient.
Less common features are IgA deficiency, obesity, hyperlax-
ity, strabismus, eczema, and behavioral problems, all of

Mol Syndromol 3
DOI: 10.1159/000527160

Downloaded by:

Istanbul Universitesi

194.27.138.2 - 2/2/2023 6:41:14 AM



20ys d1usbolpied
woJy syuow ¢
Jo abe ayy 1e paip

eisejdodAy
Kieuownd jo asnedsq

uopew.ojew

SBIpJed JO 9sNedaq palp
‘sisouals ouold
‘epejewobuhiejoaydel |

- - 529U paqgaM yuiq Jaye Aep | paig - eisalle |euy JRY10
Xnyai
- - - - - - + + |eJ932IN0DISIA
wnsoj[ed sndiod
- V/N V/N V/N - V/N V/N + Jo Buruuiyy
- V/N V/N V/N V/N V/N V/N - Kuapysp ybi
+ _ _ - - - - (wnyeandal nuab) +  saljewoue quii]
uoneuwuojjew
asv ‘asa asy asv uoleydleod diioy (aunys ybu-ya)) + V/N V/N asy29s  ueay |eyuabuod
- - - - - - - (91ejed pue dij yo)d |esneiq) + o1ejed/dij YysD
+ + + + - + - +  sp|oj |eyiuedid]
- + + - + + - + Kjeydasonipy
- - - V/N - - - - eIsalle [einy
Juswitedwl
- (9AndNpUOd) + V/N V/N - V/N - (Jeanaupiosuss) + Bunesy
- + + V/N + + + + ejuojodAy
- V/N V/N V/N V/N V/N - + Kejop yooads
Juawredwi
+ V/N V/N V/N V/N + + + aAIuboD)
syuow €| ulogmaN ulogmaN ulogmaN ulogmaN syuow g| SEET S sieak aby
(suimy d1nobAzouow)
BT EIE EIE EIE dlew BT ETE 9lewa4 X35
UOISIDAUI UOISIDAUI UOISIDAUI UOISIDAUI UOISIDAUI UOISIDAUI
J1uddLRd [euIdIRd Jujuddeied [eulalepy BTN VERIIETe NT-IEMCITY] oujuddad jeussled  duluddLIRd [eusdlely oAou Qg oujuddeied euldley uibuo
QW L'y) [@LLbLLLb)(gL)dnp
(@11d)gL)ep (I'1gbzzib)gndnp (A vzl) (L' Lid)gL)dnp (11d)(g1)dnp (Lud)gudnp  (qQu z'g) (ze'LLd)gL)dnp  (Qu st) (Lz'LLdze LLd)(gL)dnp uoneuaqe
(1"1zb)(g1)dnp (eTZb)(@LIPP (AW £'L1) (€ LEb)(8L)IPP (1zZb)(gL)1eP (Lgb)gLep (AW Tel) (€TZb)(8LISP (AW L'6L) (€gbeeTLzb)(8L)Pp [ewosowoiyd
¢ 9sed | 9sed
[0861]3||ofeg [9s61]1°12 39

[9661] |e 19 s|oeis|

8661 “|2 19 SUINOD

[€l02][e 19 NH

pue JaIssAa

21uebio|p-euueip

[L10Z] e 19 s|]oueg

9SeD Juasald

suonessage jewosowolyd bgdnp/dg||ap pue dgLdnp/bg||ap yiim syusied jo sainyesy [ediuld L djqel

Anlag/Olmez/Karaman/Diizcan/Yiiksel/

Tiimkaya/Bagci/Semerci Giindiiz

Mol Syndromol

DOI: 10.1159/000527160

WV VT:T¥'9 €202/2/C - T'8ET LT V6T

quels|
Aq papeojumoq



'3|qe|IeAR JOU 1\f/N 12343p |e3das JeINdLIUA ‘ASA 10949p [eydas |elie ‘asy

wsiydiowsAp

wisiydiowssAp

Joineyaq yndiyip

eidoAw apeib
-ybiy pue Joireyasq

elyleuboniw
pue ‘asou pauinidn

S10SIDUl [e43UdD JudulWwoId pue
‘di Jaddn uiyy yum wnayiyd
buoj ‘siea dnse|dsAp ‘sjuisou

pauaAdue ‘saunssiy edgadied

|eey |eldej pue wsipemg pue Alunjeww [e1d0S |enos sl U0Ys ‘sa4a 19s-daaQ Bunue|s-dn ‘smoigaka uiyy 1BY10

Xnyai

V/N V/N - - V/N - |B43124N0DISIA

wnsojjed sndiod

V/N V/N - - - + Jo bunuury

V/N V/N - - V/N - fouapiyep vb|

s9ljewoue

- - - - - + quin

uofjewsojew

ueay

- - - - - - |eyuabuod

- - - - - - @lejed/diiyad

V/N V/N - - + - spjoJ eyiuedidy

+ + Ajeydasoniw annejay - - + Kjeydasonipy

_ _ _ - - - eisaJle jeiny

Juswiiedwt

(Jeanauniosuas) + (Jeanauriosuss) + - - - - Bunesy

V/N V/N - - + - elu0lodAH

V/N V/N + - V/N + Ke[ap yoaads

Juswledw

+ + + - + + aAubo)

sieak g sieak /| sieak g sieakg| syuow g sieak z| aby

ETE Slew Slewa4 dlewsa4 ETE ETE X35
(Le'L1dzeLLd) UolsIaAul

UoISI9AUL LU [eulaley (g1)dnp Jeusaled  dUdLAd [eUIAIRd onou 3Q onou 3@ ulbuo

(zzLLdimd)(gl)dnp A z'9 uoneuaqe

(cz'L1dzerLid)(gl)dnp pue (ezbezzb)(gl)iap  (Le'LLdze L Ld)(gL)dnp pue (ezb)(g1L)19p (ze'L1dzLid)(glL)dnp (z€'1Tbz LZb)(8L)I9p Jewosowoyd

z ased | ased

[oL07] |03 [sooz]

[6L07] "[e32 4yan]

uelueweliqgnsejeg

‘|2 39 Us|nNawlIs\

[866111239 11

[8007] '|e 38 Xxnaupuy

(Ponunuod) | 3jqeL

WV VT:T¥'9 €202/2/C - T'8ET LT V6T
ISaNSIBAILN [NqUE)S|
Aq papeojumoq

10.1159/000527160

Mol Syndromol

DOI

Dicentric Recombinant Chromosome 18



b} {

The patient’s
chromosome 18

Maternal
chromosome 18

b g 2 c

- o
g A 2 5
‘ %‘ g
Idiogram of maternal chromosome 18
paracentric inversion

d

Fig. 2. Cytogenetic and FISH analysis. a Chromosome 18 of the
patient (left) and of the mother (middle). The idiogram shows the
break points of the maternal chromosome 18 (right). b C banding
of the patient. Red arrow shows the dicentric chromosome 18 due
to maternal paracentric inversion. ¢ FISH analysis with chromo-
some 18-specific a-satellite probe, which marks centromere with
red, shows the dicentric chromosome 18 (white arrow shows that

Chromosome View: chr18 (AMP: 0, GAIN: 2, LOSS: 1, DEL: 0, LOH: 1)

there are two centromeres of chromosome 18). d Subtelomeric
FISH analysis, using CytoCell subtelomere-specific probe, which
marks p arm with green and q arm with red, shows a deletion in
the long arm (q arm) of chromosome 18 and a duplication in the
short arm (p arm) of chromosome 18 (two green signals show the
duplication of p arm of chromosome 18 and lack of one red signal
shows the deletion of the q arm of chromosome 18).
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Fig. 3. Array CGH analysis indicates duplication at p11.32p11.21 and q11.1q11.2 and deletion at the q21.33q23
region of chromosome 18. (Agilent’s SurePrint G3 CGH + SNP Microarray Platform).

which were absent in the present case, with the exceptions
of strabismus and behavioral problems. Starke et al. [2001]
reported a healthy woman who has identical derivative
chromosomes ins(18)(pterp11.32::q12.2q11.2::p11.32q11.2
::q12.3qter). She had three fetuses, from three different preg-
nancies, which had different derivative chromosomes due to

6 Mol Syndromol
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her complex derivative chromosome structure [Starke et al.,
2001]. As we summarized in Table 1, clinical findings of du-
plication and deletion of both the short and long arms of
chromosome 18 have been previously described. Table 1
also shows that most cases are due to a parental pericentric
inversion, an indication that paracentric inversions of chro-
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mosome 18 are rare. As is evident from these publications
and also from our patient, deletions appear to cause a more
severe phenotype than duplications [Brewer et al., 1998].

Congenital aural atresia is a common feature that is
observed in 52% of the patients. Dostal et al. [2006] re-
searched the genes in the 18q region which, through
haploinsufficiency, may cause CAA. They suggested
that haploinsufficiency of ZNF407, ZADH2, SDCCAG33,
ZNF516, FL]44313, FL]44881, ZNF236, MBP,and GALRI
genes in the 18q22.3-18q23 region are candidate genes for
the CAA. All of these genes were deleted in our patient,
except for FLJ44313 and FLJ44881. Congenital aural atresia
is a clue for clinicians to consider 18q deletion syndrome.
Perry and Cody [2014] also investigated the association
between hearing impairment and 18q deletion. Conduc-
tive hearing impairment was identified in 49.5%, sensori-
neural hearing loss was identified in 28%, and eustachian
tube dysfunction was found in 78% of 18q deletion syn-
drome patients. Our patient had bilateral narrowing of the
external auditory canal and mild and moderate sensori-
neural hearing loss in the right and left ears, respectively,
which is consistent with these earlier reports.

Kline et al. [1993] suggested that haploinsufficiency of
the BCL2, FVT1, and VPS4B genes was the potential rea-
son for microcephaly in 18q deletion syndrome. These
genes were deleted in our patient, who had microcephaly.

Orofacial cleft is a common clinical feature in 18q de-
letion syndrome. Dostal et al. [2009] reported that dele-
tion of FBXO1, C1I80RF55, CYB5A, FAUPI, C180RF51,
CNDP2, CNDP1, ZNF407, ZADH2, ZNF516, FLJ44313,
FLJ44881, ZNF236, MBP, GALRI, and SALL3 in the
18q22.3 region was the potential reason for orofacial cleft
in this syndrome. Our patient had bilateral cleft lip and
palate, and these genes were also deleted, again with the
exception of FAUPI, FLJ44313, and FLJ44881.

In conclusion, we described a girl with multiple con-
genital anomalies and severe cognitive impairment who
had duplication of the 18p11.32p11.21 and 18q11.1q11.2
regions and deletion of 18q21.33q23 region due to mater-
nal paracentric inversion of chromosome 18. This is the
third report [Chia et al., 1992; Courtens et al., 1998] of
offspring with an unbalanced inversion due to a parental
paracentric inversion of chromosome 18 and also the first
report of dicentric chromosome 18 due to a parental
paracentric inversion of chromosome 18. Conventional
cytogenetic analysis is still an important and first-step ge-
netic test to diagnose balanced chromosomal aberrations
such as inversions and translocations. Although paracen-
tric inversions are usually harmless to the carrier, there is
a risk to their offspring, as in the case presented. Consid-

Dicentric Recombinant Chromosome 18

ering all this, prenatal diagnosis is important for an inver-
sion involving a chromosome, such as 18, for which large
structural abnormalities are compatible with live birth
[Pettenati et al., 1995].
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