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OEIS complex (Omphalocele, Exstrophy of the cloaca,
Imperforate anus, and Spine abnormalities) is a rare defect with
estimated incidence of 1 in 200,000 live births. Most cases are
sporadic, with no obvious cause. However, it has been rarely
reported in patients with family members having similar mal-
formations or with chromosomal anomalies. In addition, OEIS
complex has been observed in association with environmental
exposures, twinning, and in vitro fertilization. Monosomy 1p36
is the most common terminal deletion syndrome, with a preva-
lence of 1 in 5,000 newborns. It is characterized by specific facial
features, developmental delay, and heart, skeletal, genitourinary,
and neurological defects. We describe an infant with OEIS
complex and 1p36 deletion who had features of both disorders,
including omphalocele, cloacal exstrophy, imperforate anus,
sacral multiple segmentation, renal malposition and malrota-
tion, genital anomalies, diastasis of the symphysis pubis, micro-
brachycephaly, large anterior fontanel, cardiac septal defects, rib
fusion, a limb deformity, developmental delay, and typical facial
features. Chromosomal microarray analysis detected a 2.4 Mb
terminal deletion of chromosome 1p. This is the first reported
case with OEIS complex in association with a chromosome 1p36
deletion. © 2010 Wiley-Liss, Inc.
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INTRODUCTION

OEIS complex (Omphalocele, Exstrophy of the cloaca,
Imperforate anus, and Spine abnormalities) is a rare congenital
defect that was initially described by Carey et al. [1978]. He and his
coworkers reported a series of cases with an abnormality of body
wall development and proposed the term OEIS complex. Subse-
quently, it was statistically demonstrated that OEIS complex is a
clinically recognized nonrandom association that, in addition to
the four classic malformations (omphalocele, exstrophy of the
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cloaca, imperforate anus, and spine abnormalities), is variably
associated with spina bifida, genital abnormalities, renal malfor-
mation, symphysis pubis diastasis, and limb abnormalities [Kallen
etal., 2000]. It has been suggested that OFIS complex and exstrophy
of the cloaca should be used synonymously [Carey, 2001; Bohring,
2002].

The frequency of OEIS complex has been estimated to be
1:200—400,000 live births [Hayden et al., 1973; Carey et al., 1978;
Hurwitz et al., 1987; Kallen et al., 2000; Martinez-Frias et al., 2001].
More recently, Keppler-Noreuil et al. [2007] reported a prevalence
0f1:100,000 live births. Martinez-Frias et al. [2001] reported a male
to female ratio of 1:2.

Most cases are sporadic with no obvious etiology. The few
reported patients with family members having similar malforma-
tions or with chromosomal anomalies suggest a genetic contribu-
tion. Other reports have linked cloacal exstrophy to certain
exposures, twinning, and in vitro fertilization.

Monosomy 1p36 is the most common terminal deletion
syndrome, and is characterized by microbrachycephaly, brachy/
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camptodactyly, heart defects, eye/visual abnormalities, sensorineu-
ral deafness, renal abnormalities, seizures, developmental delay,
hypotonia, behavior disorder, and a specific set of facial features,
including straight eyebrows, deep-set eyes, midface hypoplasia, a
broad nasal root/bridge, long philtrum, pointed chin, epicanthal
folds, large anterior fontanel, and posteriorly rotated, low-set ears
[Battaglia et al., 2008].

We describe a child with OEIS complex and a chromosome 1p36
deletion with features of both disorders. We also provide a literature
review of the cause, pathogenesis, and clinical features of OEIS
complex.

CLINICAL REPORT

A female infant was born vaginally at 36 weeks gestational age to a
nonconsanguineous couple. During pregnancy the maternal serum
screen showed border line elevated alpha-feto protein, with a sub-
sequent normal screen. Prenatal ultrasound detected enlarged labia
at 18 weeks and again at 32 weeks gestation, but was otherwise
unremarkable. The birth weight was 2,610 g, with length and head
circumference about 1 standard deviation (SD) below the mean.
Multiple anomalies were present at birth, including omphalocele,
cloacal exstrophy, imperforate anus, and ambiguous genitalia,
with prominent rugated labioscrotal folds and no apparent genital
tubercle (Fig. 1a). Abdominal sonography showed renal malposition
and malrotation, with both kidneys positioned more inferior and the
lower pools facing medially. Abdomen magnetic resonance imaging
(MRI) showed two hemi-uteri and two hemi-vagina widely separat-
ed and terminating blindly within the pelvis. An echocardiogram
revealed a ventricular septum defect (VSD), atrial septum defect
(ASD), patent ductus arteriosus (PDA), and right aortic arch. A head
sonogram showed germinal matrix cysts that were thought to
represent an in utero germinal matrix hemorrhage. Skeletal defor-
mities were present, including superior deviation of the left great toe
with a large cleft between the great toe and remaining toes, a
syndactyly between second and third left toes, fusion of right 9th
and 10th rib, multiple sacral segmentation defects, and diastasis of the
symphysis pubis (Figs. 1b and 2). Unusual craniofacial features were

FIG. 1. a:Cloacal exstrophy and prominent labioscrotal folds. b: Left
foot deformities with the first digit deviated superiorly and a large
cleft between the great toe and remaining toes. [Color figure can

be viewed in the online issue, which is available at
www.interscience.wiley.com.]

FIG. 2. a,b: Foot XR showing the first digit deviated superiorly with
large cleft between the great toe and remaining toes. c: Pelvic XR
showing multiple segmentation anomalies involving the sacrum
(circled) and diastasis of the symphysis pubis. d: Chest XR
showing the fusion of the right 9th and 10th rib (circled).

[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

noted, including microbrachycephaly, a large anterior fontanel,
low set ears, deep set eyes, epicanthal folds, a flat nasal bridge,
midface hypoplasia, and a high arched palate. A hearing screen
and ophthalmologic exam were normal. The family history was
unremarkable, with one healthy female sibling and no other similarly
affected individuals. A chromosome study revealed a normal female
karyotype (46, XX). Chromosomal microarray analysis using a 44K
Agilent array showed an apparent terminal deletion of chromosome
1p36 and confirmed by FISH analysis (Fig. 3a—c). A genome-wide
single nucleotide polymorphism array (AFFY SNP array 6.0)
further refined the proximal breakpoint to 2,408,795 and showed
no evidence of uniparental disomy (data not shown).

Attheage of 4 days she had corrective surgery, with the ileum and
colon mobilized from the bladder plate and a primary closure of
exstrophic bladder performed. A colostomy was created, bilateral
pelvic osteotomy performed, and amputation of the ectopic
left great toe carried out. At the age of 2 months she developed renin
-mediated hypertension that was attributed to the renal malposi-
tion. She subsequently had a urinary tract infection, a prolapsed
bladder that was repaired, oromotor incoordination that required
nasogastric tube feeding, and she developed an enterocutaneous
fistula that was the source of multiple infections.

Despite recurrent hospitalizations her development progressed
such that by the age of 10 months she was able to sit without
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FIG. 3. a: Array CGH plot obtained with V6.3 OLIGO (Agilent 44K)
showing a loss of chromosome 1 material in the patient at band
1p36.33-p36.32 (red circle). b: An overview of oligonucleotides
covering the entire chromosome 1 indicating the loss at band
1p36.3 (inred circle). c: The deletion is confirmed by FISH analysis
using RP11-465B22 as target probe in red while control probe for
centromere is in green. d: The RefSeq genes in the terminal 2.4 Mb
of chromosome 1p (http://genome.ucsc.edu). [Color figure can be
viewed in the online issue, which is available at
www.interscience.wiley.com.]

support, hold a bottle, transfer objects, and babble, placing her
development at the level of 6~7 months. Her weight was between
10th and 25th centile, length at the 3rd centile, and head circum-
ference 2.5 SD below the mean. At 12 months of age the patient
developed bowel obstruction which progressed to septic shock and
multi-organ failure and she died.

Table I summarizes the clinical manifestations of OEIS docu-
mented in four case series [Meglin et al., 1990; Keppler-Noreuil,
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2001; Martinez-Frias et al., 2001; Keppler-Noreuil et al., 2007].
Cloacal exstrophy is associated with the other three classical
malformations (omphalocele, imperforate anus, and spine
abnormalities) in 35—65% of the cases [Keppler-Noreuil, 2001;
Martinez-Frias et al., 2001]. It is variably associated with genital
abnormalities, symphysis pubis diastasis, limb abnormalities, and
spina bifida, which has been described aslumbar in 72% of the cases,
sacral in 14%, and thoracic in 14% [Howell et al., 1983]. Low birth
weight and prematurity have been observed more frequently
[Martinez-Frias et al., 2001]. However, Keppler-Noreuil [2001]
reported a mean gestational age of 37.5 weeks with appropriate
birth weights, lengths, and head circumferences in their series of
patients with OEIS complex. Prenatal diagnosis of OEIS complex
depends on sonographic criteria that include an infra-umbilical
abdominal wall defect with a protruding mass, absent bladder, and
spinal defects. Other findings include a more inferior umbilical cord
insertion site, omphalocele, absent or abnormal pubic rami, and
iliac wings that have an increased pelvic angle. Typically there is a
slightly elevated serum and amniotic fluid alpha-feto protein level
[Tiblad et al., 2008].

The patient described in this report had the classic malforma-
tions (omphalocele, cloacal exstrophy, imperforate anus, sacral
multiple segmentation), in addition to renal malposition and
malrotation, genital anomalies, diastasis of the symphysis pubis,
and limb deformities.

The cloaca is the primitive structure from which the rectum and
urogenital sinus develop. At the caudal end of the cloaca, ectoderm
lies directly over endoderm, forming the cloacal membrane, which
by the 4th week of development constitutes the ventral wall of the
urogenital sinus. During the 6th week of development mesoderm
grows toward the midline, forming the infra-umbilical abdominal
wall. Simultaneously, the urorectal septum extends caudally toward
the cloacal membrane, and lateral tissue folds extend from the
lateral aspects of the hindgut and meet in the midline. By the
7th week of gestation, the cloaca is divided into an anterior chamber
(the primitive urogenital sinus) and a posterior chamber (the
rectum). Normally the cloacal membrane ruptures at the end of
the 8th week of gestation [Maizels, 1998; Martinez-Frias et al.,
2001]. OEIS complex occurs if there is an early insult affecting the
mesenchyme that contributes to the infra-umbilical mesoderm, the
urorectal septum, and the lumbosacral somites. Infra-umbilical
mesoderm gives rise to the lower abdominal wall, genital tubercles,
and rami of the pubis. Therefore, abnormal mesodermal migration
leads to premature rupture of the cloacal membrane, causing
exstrophy of the cloaca and omphalocele, failure of fusion of the
genital tubercles leading to genital anomalies, and separation of the
rami of the pubis. The urorectal septum abnormalities lead to
failure of cloacal septation, a persistent cloaca, and a rudimentary
hindgut with an imperforate anus. The lumbosacral somite abnor-
malities lead to incomplete development of the lumbosacral verte-
brae [Keppler-Noreuil, 2001; Martinez-Frias et al., 2001; Siebert
etal., 2005]. The abnormal mesodermal migration can be due to an
abnormality in the cloacal membrane, which may develop more
extensively and serve as a wedge that prohibits the invasion of
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Keppler-Noreuil Martinez-Frias Keppler-Noreuil Meglin et al.
et al. [2007] (%) et al. [2001] (%) [2001] (%) [1990] (%)

Gastrointestinal

Omphalocele 100 65 36 23

Imperforate anus 58 100 64 83

Duplicated colon/intestine 8 21 8

Intestinal malrotation 33 21 46

Anal atresia 15

Anteriorly placed anus 31

Fistulas (bladder or vagina) 8 100

Intestinal atresia 17 I3 8
Urinary

Cloacal exstrophy 93 100 100 100

Renal agenesis/hypoplastic kidney 17 28 ’

Pelvic kidney / /

Duplicated collecting system ’ 15

Hydroureter/hydronephrosis 17 14 23
Genital

Ambiguous genitalia 18 50 54

Genital abnormalities 100 100
Genital anomalies in male 36 62

Small penis and Epispadias 80

Abnormal or absent scrotum 60

Cryptorchidism 60 /1
Genital abnormalities in female 64 38

Hypoplastic labia 44

Widely separated labioscrotal folds 8 56

Bifid uterus 8 22 80

Clitoris and labia minora splayed to one side 50

Bifid clitoris 11

Vaginal remnants (with duplication) 11 40

Absent uterus 33

Vesico-vaginal or recto-vaginal fistula 17 89

Hypoplastic fallopian tube 20
Skeletal
Spine abnormalities 100 78 92

Hemivertebrae 45 50

Sacral anomalies: hypogenesis or segmentation 82 92
Limb abnormalities 28 54

Arthrogryposis s

Syndactyly s

Thumb hypoplasia ’

Club feet 38 I3 46

Dysplastic/hypoplastic lower extremity ’ 8

Symphysis pubis diastasis 100 100

Congenital hip dislocation 14 67
Neurologic

Tethered cord 67 58

Spina bifida 55 27 92

Chiari malformation 8 I3 8

Hydrocephalus 17

Developmental delay 14 0

mesoderm. Alternatively, the primary abnormality may be a defect ~ that the breakdown of the cloacal membrane causes exstrophy and
of blastogenesis, where a localized defect in the caudal mesoderm  prolapse of the cloaca, which pulls the notochord away from the
leads to abnormal mesodermal migration [Keppler-Noreuil, 2001;  neural tube, interrupting the signal for differentiation and leading
Martinez-Friasetal.,2001; Siebert et al., 2005]. Ithas been suggested ~ to spina bifida [Cohen, 1991; Keppler-Noreuil, 2001].
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Most cases of OEIS complex are sporadic with no obvious etiology.
However, OEIS complex has been reported in siblings from separate
pregnancies [Smith etal., 1992] and in patients with a family history
of similar malformations, including bladder exstrophy, epispadias,
and imperforate anus [Keppler-Noreuil, 2001]. Moreover, cloacal
exstrophy has been reported in patients with chromosomal
anomalies, including a 9q34.1-qter deletion [Thauvin-Robinet
et al., 2004], a 3q12.2-3q13.2 deletion [Kosaki et al., 2005], and
trisomy 18 [Carey etal., 1978]. It has been suggested that single gene
defects may also lead to OEIS complex, although definitive evidence
is lacking. For example, Nye et al. [2000] reported a case of
myelocystocele-cloacal exstrophy associated with a mitochondrial
12SrRNA mutation previously reported to cause aminoglycoside-
induced deafness. It has been suggested that homeobox genes such
as HLXB9 and retinoic acid or its receptor may play a role in OEIS
complex [Keppler-Noreuil, 2001].

Cloacal exstrophy is observed in chicks following exposure to the
fungal toxin ochratoxin A [Wei and Sulik, 1996], the antiparasitic
drug suramin, and Trypan blue [Manner and Kluth, 2003]. In
humans, cloacal exstrophy has been reported in association with
maternal exposure to diphenylhydantoin [Carey et al., 1978],
diazepam [Lizcano-Gil et al., 1995], valproic acid, methamphet-
amine, and cigarette smoking [Keppler-Noreuil et al., 2007], and
maternal obesity, diabetes mellitus, and multiple uterine fibroids
[Keppler-Noreuil et al., 2007]. All these associations have been
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4 Nance [1981]
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25
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limited to one or two cases. Therefore, there are insufficient data to
link OEIS complex to specific teratogens.

It has been observed that 10-30% of cloacal exstrophy cases
occur in twin pregnancies [Schinzel et al., 1979; Martinez-Frias
et al., 2001]. To explain the notion that cloacal exstrophy occurs
more frequent with twinning, it was suggested that early malfor-
mations such as OEIS complex and monozygotic twinning are
manifestations of the same disturbance of early blastogenesis [Lee
et al., 1999]. Another hypothesis states that the mesodermal defect
that leads to cloacal exstrophy is initiated by conjoined twinning.
Conjoined twins occur when there are two organizing centers
(primitive streaks) on the surface of a single embryonic disc.
Asymmetric orientation of embryonic tissues approximates caudal
organizing centers, resulting in failure to populate each region with
sufficient mesoderm, leading to compromise the caudal eminence
mesoderm from which the infra-umbilical portion of the lower
abdominal is derived. Subsequently, spontaneous separation or
separation with disappearance of conjoined twins with lower
abdominal defects could occur [Siebert et al., 2005]. We reviewed
the literature and found 26 cases of OEIS complex in twin preg-
nancies (Table II) with a 50% concordance rate in monozygotic
twins (TableIIT). Three conjoined twins with cloacal exstrophy have
been reported [Ornoy et al., 1980; Kapur et al., 1994; Goldfischer
et al., 1997].

Cloacal exstrophy has also been reported in infants who were
conceived by in vitro fertilization (IVF), and it was suggested that
ex vivo manipulation of the embryo or the altered biochemical

Lygozity Concordance
Monozygotic Discordant
Monozygotic Discordant
Monozygotic Discordant
Monozygotic Discordant
Monozygotic Concordant
Not reported Concordant
Monozygotic Concordant
Not reported Discordant
Monozygotic Discordant
Monozygotic Concordant
Monozygotic Concordant
Monozygotic Discordant
Monozygotic Discordant
Dizygotic Discordant
Not reported Discordant
Monozygotic Concordant
Monozygotic Concordant
Monozygotic Concordant
Monozygotic Concordant
Dizygotic Concordant
Dizygotic Discordant
Monozygotic Concordant
Monozygotic Discordant
Not reported Discordant
Not reported Discordant
Monozygotic Discordant
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Twins Monozygotic
Concordance
Concordant 9
Discordant 9
Total 18

milieu of IVF pregnancies affects embryogenesis and leads to such
anomalies [Shanske et al., 2003; Wood et al., 2003]. Finally,
uteroplacental vascular insufficiency has been suggested to play
role in pathogenesis of cloacal exstrophy [Shanske et al., 2003;
Keppler-Noreuil et al., 2007].

Patients with OEIS complex require the care of a multidisciplinary
team of neonatologists, pediatric surgeons, pediatric urologists,
pediatric neurosurgeons and pediatric orthopedic surgeons. Most
of the patients will need multiple surgeries, with many potential
complications, including renal impairment, sexual dysfunction and
impaired reproduction, impaired ambulation in the presence of
damage to the spinal cord or malformations of the pelvis and
extremities, and psychosocial consequences of the diagnosis. In
the absence of open neural tube defects, the brain is structurally
and functionally normal, and normal cognitive development can
be expected [Tiblad et al., 2008].

Monosomy 1p36 is the most common terminal deletion syndrome
with prevalence of 1 in 5,000 newborns. It accounts for 0.5—1.2% of
idiopathic mental retardation [Heilstedt et al., 2003; Battaglia et al.,
2008]. The patient described in this report had a 2.4 Mb terminal
deletion of chromosome 1p36 and clinical features of 1p36 deletion
syndrome, including microbrachycephaly, large anterior fontanel,
cardiac anomalies (VSD, ASD, PDA), developmental delay, skeletal
anomalies (fusion of right 9th and 10th rib and fifth finger
clinodactyly), and characteristic facial features, including deep set
eyes, epicanthus, flat nasal bridge, mid-face hypoplasia, low set ears,
and high arches palate.

This is the first reported case of OEIS in association with
chromosome 1p36 deletion. The deleted region harbors approxi-
mately 70 genes (http://genome.ucsc.edu/) (Fig. 1d), and we
speculate that three may have possible contributing roles to OEIS
complex. The NOC2L gene encodes an inhibitor of histone acetyl-
transferase and, therefore, can play a role in transcriptional regula-
tion [Hublitz et al.,, 2005]. DVLI, the human homolog of the
Drosophila dishevelled gene (dsh), encodes a cytoplasmic phos-
phoprotein that functions as a mediator of the WNT signaling
pathway [Rosso et al., 2005; Bilic et al., 2007; Dollar et al., 2007].
Both may affect early embryonic development. MMP23B gene
encodes a member of the matrix metalloproteinase family proteins
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Dizygotic Not reported Total
1 1 11
2 4 15
3 5 26

that are involved in the breakdown of extracellular matrix in several
processes such as embryonic development and tissue remodeling
[Gururajanetal., 1988]. A defectin such a gene may playarolein the
cloacal membrane abnormality. Since OEIS complex has not
previously been observed with 1p36 deletion, haplo-insufficiency
for a gene in this region would not account for the condition,
however, it is possible that OEIS complex is caused by a recessive
mutation of a gene located in the 1p36 region and the deletion
uncovered a mutation located on the intact homologue. Large
deletions uncover autosomal recessive disorders have been
described in pseudoxanthoma elasticum [Miksch et al., 2005],
cystinuria [Bisceglia et al., 2009], and cystic fibrosis [Hantash
et al., 2009]. However, no obvious candidate gene has been
annotated within the deletion interval, hence it also remains
possible that this case reflects a chance occurrence of two indepen-
dent conditions.

We would like to thank the parents, who were very cooperative and
helpful in providing information about their child.
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