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Abstract

Tetrasomy 9p is a generic term describing the presence of a supernumerary chromosome incorporating
two copies of the 9p arm. Two varieties exist: isodicentric chromosome 9p (i(9p)), where the two 9p
arms are linked by a single centromeric region, and pseudodicentric 9p (idic(9p)), where one active
and one inactive centromere are linked together by a proximal segment of 9q that may incorporate
euchromatic material. In living patients, i(9p) and idic(9p) are usually present in a mosaic state. Fifty
four cases, including fetuses, have been reported, of which only two have been molecularly
characterized using array-CGH. Tetrasomy 9p leads to a variable phenotype ranging from multiple
congenital anomalies with severe intellectual disability and growth delay to subnormal mental and
physical developments. Hypertelorism, dysplastic ears, microretrognathia and bulbous nose are the
most common dysmorphic traits. Microcephaly, growth retardation, joint dislocation, scoliosis, cardiac
and renal anomalies were reported in several cases. Those physical anomalies are often, but not
universally, accompanied by intellectual deficiency. The most recurrent breakpoints, defined by
conventional cytogenetics, are 9p10, 9q12 and 9q13. We report on twelve new patients with tetrasomy
9p (31(9p), 8 idic(9p) and 1 structurally uncharacterized), including the first case of parental germline
mosaicism. All rearrangements have been characterized by DNA microarray. Based on our results and
a review of the literature, we further delineate the prenatal and postnatal clinical spectrum of this
imbalance. Our results show poor genotype-phenotype correlations and underline the need of precise

molecular characterization of the supernumerary marker.

Keywords: tetrasomy 9p, isochromosome, microarray, mosaicism
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INTRODUCTION

9p tetrasomy (T9p) is a rare chromosomal imbalance defined by the presence of a supernumerary
chromosome, either an isochromosome or an isodicentric chromosome derived from the short arm of
chromosome 9. Ghymers described the first patient in 1973 [Ghymers et al., 1973]. Schematically, the
two 9p arms can be separated by: a single centromeric region, leading to an isochromosome (i(9)), or
by two centromeres, forming either a dicentric (idic(9)) or a pseudodicentric (psu idic(9))
chromosome, when only one of the two centromeres is active. In idic(9), the two 9p arms are linked
together either by a segment of the pericentromeric heterochromatin from 9q or by a wider 9q-derived
segment that incorporates heterochromatic and proximal euchromatic material. In liveborns, T9p is
almost always observed in a mosaic state.

Fifty four cases have been reported in 40 years [Abe et al., 1977; Andou et al., 1994; Balestrazzi et al.,
1983; Calvieri et al., 1988; Cavalcanti et al., 1987; Cazorla Calleja et al., 2003; Chen et al., 2007,
Chen et al., 2012; Chen et al., 2014; Coman et al., 2008; Cuoco et al., 1982; de Azevedo Moreira et
al., 2003; Deurloo et al., 2004; Dhandha et al., 2002; di Vera et al., 2008; Dutly et al., 1998;
Eggermann et al., 1998; Garcia-Cruz et al., 1982; Ghymers et al., 1973; Grass et al.,, 1993;
Hengstschlager et al., 2004; Henriques-Coelho et al., 2005; Jalal et al., 1991; Leichtman et al., 1996;
Lloveras et al., 2004; McAuliffe et al., 2005; McDowall et al., 1989; Melaragno et al., 1992;
Moedjono et al., 1980; Nakamura-Pereira et al., 2009; Nakamura et al., 1990; Ogino et al., 2007; Orye
et al., 1975; Papenhausen et al., 1990; Papoulidis et al., 2012; Park et al., 1995; Peters et al., 1982;
Podolsky et al., 2011; Rutten et al., 1974; Schaefer et al., 1991; Shapiro et al., 1985; Shehab et al.,
2011; Stumm et al., 1999; Tan et al., 2007; Tang et al., 2004; Tonk 1997; Van Hove et al., 1994;
Wisniewski et al., 1978], among which 20 were prenatally diagnosed [Cazorla Calleja et al., 2003;
Chen et al., 2007; Chen et al., 2014; Coman et al., 2008; Deurloo et al., 2004; Dhandha et al., 2002; di
Vera et al., 2008; Dutly et al., 1998; Eggermann et al., 1998; Grass et al., 1993; Hengstschlager et al.,
2004; McDowall et al., 1989; Nakamura-Pereira et al., 2009; Park et al., 1995; Podolsky et al., 2011;
Tan et al., 2007; Tang et al., 2004; Van Hove et al., 1994]. T9p leads to a variable phenotype ranging
from multiple congenital anomalies with severe intellectual disability and growth delay to subnormal
mental and physical developments. Hypertelorism or telecanthus, dysplastic, low-set ears,
microretrognathia and bulbous nose are the most common dysmorphic traits. Microcephaly, growth
retardation, joint dislocation, scoliosis, cardiac defects and renal anomalies were reported in several
cases (Table 1). Those physical anomalies are often, but not universally accompanied by intellectual
deficiency. Only two previously reported patients have been studied by microarray technology [Chen
et al., 2014; Shehab et al., 2011]. We report here twelve new cases of T9p with different
rearrangements, all studied by DNA microarray.

PATIENTS AND METHODS
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Patient 1

The patient, an eighteen year-old girl, was the only child of non-consanguineous healthy French
parents. Ultrasound scan (USS) during the second trimester detected intrauterine growth retardation
(IUGR). Delivery occurred at 39 weeks of gestation (WG) by caesarean section because of a fetal
distress. At birth, Apgar score was 10/10 at one and five minutes, birth weight (BW) was 1900 g (-3
SD), birth Length (BL) was 44 cm (-3 SD) and occipitofrontal circumference (OFC) was 31 cm (-3
SD). Psychomotor development was delayed. She sat unsupported at 12 months, walked unsupported
at 24 months and pronounced her first words at 3 years. She was referred to the genetic clinics at the
age of 20 months because of growth retardation and macrocephaly. Standard cytogenetic
investigations on peripheral blood demonstrated the presence of a de novo mosaic i(9p). She had
brachycephaly, prominent forehead, thin nose, short philtrum, low-set ears and microretrognathia (Fig.
1 a, b). In addition to transient strabismus, she had severe myopia (- 18 d), mild cataract onset at age
15, length asymmetry of lower limbs, knee hyperlaxity, Raynaud disease of four limbs with livedo
reticularis, and microdontia with abnormal enamel. Several benign pilomatricomas developed since
infancy. Some of them required surgical removal. Radiographic survey revealed delayed ossification
of pubic rami and multiple wormian bones. Brain MRI showed ventricular dilation and vermis
hypoplasia. She first menstruated at age 17. She was able to follow a mainstream vocational schooling,
with difficulties. At last examination, aged 18, she was 165 cm tall (+ 0.3 SD) and had an OFC of 57
cm (+1.5 SD).

Patient 2

The second patient, a five year-old boy, was the second child of non-consanguineous, healthy Algerian
parents. The proband was born by spontaneous vaginal delivery, at term. The pregnancy was
uneventful. BW was 4100 g (+1.6 SD), BL and OFC at 1 month were respectively 57 cm (+1.3 SD)
and 37 cm (+0.1 SD). Axial hypotonia was noted at 9 months. He sat alone at 12 months and walked
at age 2 !4 years. Speech was severely delayed. At 30 months, his weight was 9800 g (-1.5 SD), length
was 78 cm (-1.8 SD) and OFC was 46 cm (-1 SD). He had prominent forehead, short philtrum,
downslanting corners of the mouth, micrognathia, low-set ears (Fig. 1 ¢, d), strabismus and syndactyly
of the 2™ and 3™ toes. Cardiac USS showed mild aortic stenosis. During childhood, hypotonia
regressed and growth retardation worsened (weight and length between -2 and -3 SD).
Transfontanellar USS performed in infancy showed wide cisterna magna and possible cortical atrophy.
He had asymmetric myopia (- 0.5 d / - 5 d). Fundus oculi documented large, hypopigmented papillae.
Brain MRI or CT were not available. At age 7, his weight was 18.5 kg (-1.3 SD), his height 110 cm (-2
SD) and his OFC 52 cm (-0.2 SD). He presented with a mild intellectual disability. His expressive
level was estimated to be satisfactory for his age, but he was unable to write, read or follow

mainstream schooling.
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Patient 3

This 15 year-old boy was the first child of non-consanguineous, healthy parents. He had two healthy
brothers. Pregnancy, neonatal period and early developmental milestones were unremarkable. He was
referred to the pediatric clinics for post-natal short stature at -3 SD. Endocrine work-up revealed
growth hormone deficiency. He followed mainstream school but required speech therapy. He had long
and thin philtrum and thin upper lip. He was short-sighted. Cryptorchidism was surgically cured in late
infancy. At age 14 years 5 months, he was 136 cm tall (-2.7 SD), and weighted 35.9 kg (-1.1 SD). He
had no signs of puberty (Tanner stages: AIP1G1). GH replacement was not satisfactory, despite
normalized IGF1 levels, with a gain of only 2 cm in a 6-month period.

Patient 4

This patient was the second child of a non-consanguineous couple from Sri Lanka. Gestational
diabetes required insulin treatment. He was born prematurely at 34 WG. BW was 2500 g (-1 SD), BL
47 cm (-1 SD), and OFC 32.5 cm (- 0.5 SD). Apgar score was 9/10. His psychomotor development
was moderately delayed: he sat alone at 10 months, walked at 18 months and said his first words at 30
months. At 3 years of age, he was referred to the pediatric clinics for speech delay and abnormal skin
pigmentation. His weight was 11.6 kg (- 2 SD), length 88 cm (-2 SD) and OFC 48 cm (-1.5 SD). He
was not dysmorphic but had occipital plagiocephaly and convergent strabismus (Fig. 1 e). He had a
few large hypopigmented skin lines following Blaschko lines on the trunk and limb roots (Fig. 1 f, g).
Ocular fundi, EEG, brain MRI, heart and kidney USS were normal.

Patient 5

This patient was the third child of healthy non consanguineous parents, born at 38 WG. Prenatal USS
showed small OFC and large anterior fontanel. BW was 2900 g (-0.8 SD), BL 48 cm (-0.8 SD) and
OFC 31.5 cm (-2.6 SD). She had failure to thrive and severe gastroesophageal reflux. She developed
chronic ENT infections and furunculosis. Later, she developed several pilomatricomas. She walked
unsupported at 18 months of age and had speech delay. She was raised in a normal school, but
required speech and physical therapies. She nevertheless achieved reading and writing at age 6 year-
old. She was first seen at 7.5 years of age. Growth was within the low normal range (weight on -2 SD,
length on -1 SD and OFC on -1.5 SD). She was not dysmorphic. She had hypopigmented Blaschko
lines, widely spaced nipples, clinodactyly of the 5™ fingers, and bilateral 2-3 toes syndactyly.

Patient 6

This girl was the sixth child born to a 37.4 year-old mother and a 42 year-old father. The pregnancy
was uneventful. BW was 3,730g (+0.9 SD), BL 50 cm (+0.3 SD) and OFC 35.5 (+1 SD). Apgar score
was 10/10. Growth and weight followed the +1 SD curve. Psychomotor development was moderately
delayed. She sat alone a 11 months and walked at 2 years. At age 3 years, her speech was extremely
poor, with behavioral problems related to autism spectrum disorder. No dysmorphic signs were noted.
Brain CT scan was normal, as well as kidney USS and X-ray skeletal survey.

Patient 7
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This eighteen year-old female was born to healthy unrelated 32 year-old mother and 34 year-old
father. Birth was at full term. BW was 2,690 g (-1.2 DS), BL 49 c¢cm (-0.8 DS) and OFC 31 cm (-3.1
DS). During the first two years, she had severe gastro-esophageal reflux and chronic ENT infections.
She walked at 18 months of age and speech was delayed. Her growth followed low normal curves
(weight on -2 DS and height on -1 DS curves). Puberty started at 11 years of age. She followed
mainstream school with the help of psychomotor and speech therapies. Her facial dysmorphism
consisted in square shaped face, flat forehead, right ptosis, prominent nose root, thin mouth,
micrognathia, overfolded helices, and crowded teeth. She had palmar erythrosis, dry skin and multiple
pilomatricomas. She also presented Raynaud disease. She had had attention deficit and weaknesses in
long term memory. No behavioral disorders were observed.

Patient 8

This 3 year-old girl is the unique child born to healthy non consanguineous 25 year-old mother and 28
year-old father after an uneventful pregnancy. Delivery was induced at 37 GW for weight stagnation.
BW was 2,700 g (<10™ centile), BL 45 cm (<3™ centile) and OFC 32 cm (10" centile). She sat
unsupported at 8§ months of age and presented tiptoe walking since 20 months of age. Physical
examination at 22 months revealed a pyramidal syndrome, microcephaly (-3 SD), bilateral single
palmar creases and particular facial traits: narrow palpebral fissures, large forehead, short philtrum and
nasal root hypoplasia (Fig. 1 h). Speech was delayed. At last examination (34 months), walking was
normalized after plastering and reeducation, language was still poor and head circumference was at -2
SD. Cerebral MRI was normal.

Patient 9

This 20 months old female is the second child born to healthy unrelated parents. The pregnancy was
uneventful. Birth was at full term. BW was 2780 g (-1.04 SD), BL 47 cm (-0.22 SD) and OFC 33 cm
(-1.27 SD). Motor milestones were delayed. At 20 months, she sat intermittently. At 20 months, she
could not stand unsupported and had no speech. She had low-set ears, epicanthal folds and
hypertelorism. Cerebral MRI showed ventricle enlargement and small, bilateral temporal arachnoid
cysts.

Patient 10

This male fetus was the product of the 2" pregnancy of healthy, unrelated parents. The mother was
33-year-old at birth. First trimester USS revealed an increased nuchal translucency (> 97" centile),
bilateral cleft lip and palate, mandibular hypoplasia, absence of the nasal bones and an abnormal
position of the hands. Fetal size was normal. The pregnancy was terminated at 13 WG after diagnosis
of non-mosaic T9p on chorionic villi. Further post mortem examination showed low-set ears,
hypospadias, single umbilical artery, and renal microcysts arising from the ducts (Fig. 1 1).

Patient 11

This male fetus was the product of the first pregnancy of healthy unrelated parents. The mother was 43

year-old at time of birth. Maternal serum screening indicated a high risk of trisomy 21 (1/141).
7
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Amniocentesis disclosed mosaic T9p. Ultrasound examination at 22 WG showed IUGR, abnormal
facial profile, dedifferentiated cortico-medullar junction in kidneys, agenesis of the corpus callosum,
mild ventriculomegaly and Dandy-Walker malformation. The pregnancy was terminated at 23 WG.
Pathological examination showed IUGR (452 g, vertex heel 28 cm, vertex coccyx 20 cm, HC 19 cm,
all < 3™ centile), cleft lip and palate, dysplastic, low-set ears, micrognathia, short neck, bilateral single
palmar creases, short and large thumbs, hypoplastic nails and rockerbottom feet (Fig. 1 j). Visceral
anomalies included abnormal pulmonary lobation, single umbilical artery, common mesentery,
asymmetry of the cardiac ventricles and large non lobated kidneys. Neuropathological examination
confirmed the cerebral malformation: corpus callosum agenesis, partial vermian agenesis and
enlargement of the 4" ventricle (Fig. 1k, 1).

Patient 12

This fetus was the sib of patient 11. He was found dead at the first ultrasound examination at 12 WG.
A 4.1 mm nuchal edema was observed. Craniocaudal length was 59.2 mm (5" centile). No

pathological examination was performed.

Methods

Conventional cytogenetics and FISH. GTG-, RHG-and/or CBG-banding were performed on blood
(patients 1-9), chorionic villi (patient 10), amniocytes (patients 10 and 11) and skin fibroblasts
(patients 1, 3, 4, 7 and 8) according to standard cytogenetic procedures. Confirmation was performed
by FISH using commercial probes. Interphase FISH using chromosome 9 centromeric probe were
performed on urine centrifugate for patients 1 and 4, and on buccal epithelial cells for patients 6, 7 and
9.

Microarray studies. DNA was extracted using Qiagen kit (Qiagen, Valencia, CA, USA), from
uncultured lymphocytes for patients 1-9, liver for patient 10, lung tissue for patient 11 and uncultured
amniotic fluid (AF) cells for patient 12.

For patients 1, 2 and 4, whole genome CGH array was undertaken with a dye-swap technique using a
5.2 K BAC microarray (Perkin-Elmer, Waltham, MA, USA) following the Perkin Elmer protocol. The
results were analyzed with SpectralWare Array Software. For patients 3, 5, 7-12, Agilent Human
Genome CGH microarray 44K (patients 3, 9-12) or 60K (patients 5, 7 and 8) was used following
standard manufacturer’s recommendations (Agilent Technologies, Santa Clara, CA, USA). For
reference DNA, an anonymous normal DNA was used for patients 3, 5 and 10, and a commercial
genomic DNA for patients 11 and 12 (Promega, Madison, WI, USA). For patients 1, 2, 4, 7-9, DNA
samples were labeled and hybridized in a dye-swap manner. Hybridization results were extracted with
the Feature Extraction software and analyzed with the DNA-Analytics software. For patient 6, a SNP
microarray analysis was performed using the Illumina HumanHap300 BeadChips platform (Illumina

Inc., San Diego, CA, USA). Data was analyzed with the Genome Studio software.
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Probes positions were established for all cases using the Genome Browser Assembly hgl9 (NCBI
Build 37) (http://genome.ucsc.edu/cgi-bin/hgGateway ).
RESULTS

Results of conventional and molecular karyotyping are presented in Table 2.

DISCUSSION
Prevalence of supernumerary isochromosomes and isodicentric chromosomes ranges from 0.14 to 0.72
per 1000 live births [Rothlisberger et al., 2000]. The most commonly described are i(8p), i(9p), i(12p)
or Pallister-Killian syndrome, i(18p) and i(22q) or cat-eye syndrome. Except for i(22q), phenotypic
expression of these autosomal tetrasomies is often severe. Isochromosomes usually show a tissue-
restricted mosaicism: i(8p) is found almost only in lymphocytes, i(12p) in fibroblasts, and i(9p) in
lymphocytes and at a lower level in fibroblasts (where it can be absent), as observed in our series.
Isochromosomes usually occur de novo, except for rare cases of tetrasomy 18p [Dutly et al., 1998].
Most markers are of maternal origin. A U-type exchange rearrangement has been suggested as the
mechanism of formation following either a meiotic or mitotic non-disjunction, leading to duplication
associated to deletion [Bugge et al., 1996; Dutly et al., 1998; Kotzot et al., 1996; Liehr et al., 2004].
Maternal age seems uncorrelated with the occurrence of this chromosomal aberration: mean maternal
age in reported patients is 32.3 (Table 1). Recurrence, as observed for patients 11 and 12, has never
been reported with i(9p). Gonadal mosaicism seems the more likely explanation for these sibs.
Most fetuses with T9p were detected because of the presence of MCA prompting for fetal karyotyping
except one, fortuitously diagnosed following an amniocentesis for advanced maternal age [Eggermann
et al., 1998]. In prenatally diagnosed cases, cerebral abnormalities, as ventriculomegaly and Dandy-
Walker malformation (60%) are the most frequent reported anomalies, followed by cleft lip/palate
(55%) and TUGR (45%) [Cazorla Calleja et al., 2003; Chen et al., 2007; Chen et al., 2014; Coman et
al., 2008; Deurloo et al., 2004; Dhandha et al., 2002; di Vera et al., 2008; Dutly et al., 1998;
Eggermann et al., 1998; Grass et al., 1993; Hengstschlager et al., 2004; McDowall et al., 1989;
Nakamura-Pereira et al., 2009; Park et al., 1995; Podolsky et al., 2011; Tan et al., 2007; Tang et al.,
2004; Van Hove et al., 1994]. In our series, Dandy-Walker malformation was observed for patient 11,
cleft lip/palate was noted in patients 10 and 11, and I[UGR was present in patients 1, 8 and 11. Patient
7 showed absent nasal bones at the first trimester USS. This anomaly was previously reported in only
one T9p fetus [Podolsky et al., 2011].
At birth, facial dysmorphism is too subtle to suggest the diagnosis. Rarely, patients may present
multiple congenital anomalies (MCA) syndrome. During childhood, growth and cognitive
development show a wide variability and may be normal [Nakamura et al., 1990; Papoulidis et al.,
2012]. Some patients showed unexpected phenotypes, such as isolated oligospermia [McAuliffe et al.,
2005], a phenotype mimicking Klinefelter syndrome [Ogino et al., 2007; Peters et al., 1982]
The variability of clinical expression of i(9p) is illustrated by Table 1. Interestingly, 3 patients of our

series have pilomatricomas. These benign skin tumors have not been previously described in T9p, but
9
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they are known in trisomy 9p [Blaya et al., 2009]. Additionally, patient 1 displays abnormal enamel,
which has not been reported before with i(9p).

The phenotypic variability of T9p is largely unexplained. It has been suggested that the severity of the
phenotype might be related to the degree of mosaicism [Grass et al., 1993; Schaefer et al., 1991; Van
Hove et al., 1994] but most reports studied only one tissue. Little is known about the impact of tissue-
limited mosaicism. Regardless to the level of mosaicism, phenotype of patients with i(9p) in
fibroblasts tends to be more severe than those whose i(9p) is limited to lymphocytes, especially in
terms of cardiac defects and viability (Table 3), although our patient 1 who has a mild phenotype
despite 90% of supernumerary marker in blood and 30% in skin, is a counter-example. Cleft lip/palate
was only reported when i(9p) was found elsewhere than in blood tissue.

The influence of breakpoints position (p10, q12, q13, q21 or q22) on the severity of phenotype is
controversial [Dhandha et al., 2002; Grass et al., 1993; Stumm et al., 1999]. Based on 49 previous
reports and our patients, involvement of 9q region appears to be more often associated with cardiac
malformations, intellectual deficiency and death (Table 4). Surprisingly, this is true even when only 9q
pericentromeric heterochromatin is present. This could be due to the poor resolution of conventional
cytogenetic techniques on which breakpoints mapping was based in previous reports, or to the small
number of cases in each group making precise analysis hazardous. In the present series where the i(9p)
or idic(9p) of all patients were characterized by microarray analysis, only one patient had an idic(9p)
including 9921 region, making impossible to study the correlation between clinical phenotype and 9q
euchromatine region involvement.

Based on published reports, the prognosis of T9p is poor: 18/43 patients born alive died during the
first year of life, among which 15 died before 3 months. All deceased patients had homogenous T9p in
lymphocytes [Calvieri et al., 1988; Cavalcanti et al., 1987; de Azevedo Moreira et al., 2003; Dhandha
et al., 2002; Ghymers et al., 1973; Henriques-Coelho et al., 2005; Jalal et al., 1991; Leichtman et al.,
1996; Melaragno et al., 1992; Moedjono et al., 1980; Schaefer et al., 1991; Shapiro et al., 1985; Tang
et al., 2004; Wisniewski et al., 1978] and/or amniotic fluid when T9p was diagnosed prenatally and
pregnancy leads to birth [Dhandha et al., 2002; Nakamura-Pereira et al., 2009; Park et al., 1995; Tang
et al., 2004]. Eight patients were tested for a distinct tissue and the marker was present in all cells for
five of them [Calvieri et al., 1988; Ghymers et al., 1973; Jalal et al., 1991; Melaragno et al., 1992;
Park et al., 1995; Schaefer et al., 1991; Tang et al., 2004]. Moreover, among alive patients for which
the 1(9p) was present homogeneously in lymphocytes [Cuoco et al., 1982; Dutly et al., 1998; Garcia-
Cruz et al., 1982; Papoulidis et al., 2012; Peters et al., 1982; Shehab et al., 2011; Tonk 1997], only
four patients have been investigated for a second tissue (skin or buccal smear): the marker was absent
in two of them [Cuoco et al., 1982; Peters et al., 1982] and present in 65% of buccal mucosa cells in
one of them [Papoulidis et al., 2012] and in 85% saliva cells in another one [Shehab et al., 2011]. Our
liveborn patients are aged 3 to 19 years. The supernumerary marker is present in a mosaic state either

in peripheral blood (patients 1, 2, 4-6 and 9) or in fibroblasts (patients 3, 8 and 9). These data support
10
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the poor prognosis of T9p when the supernumerary marker is found homogeneously in two distinct
tissues.
In this study, we show that the phenotype of T9p is highly variable. Patients with a low mosaicism
level or a tissue limited mosaicism are likely to be misdiagnosed. For those ones, clinical examination
could give diagnosis clues. Phenotypic variability could not be simply extrapolated from the position
of the breakpoints because of lack of precise data in previous reports. Nevertheless, a trend to
increased severity appears when 9q region is present and when at least two tissues are affected. In the
light of this review, it would be interesting, for a better comprehension of this syndrome, to
characterize precisely the breakpoints and to study at least two types of tissue.
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Titles and Legends to figures

Figure 1. Patients clinical features

Patient 1: (a) Facial appearance showing in particular a thin nose, short philtrum and low-set ears, (b)
Pilomatricoma (benin subcutaneous tumor) in the neck. — Patient 2: (c) Face and (d) Profile views.
Note the presence of a prominent forehead, short philtrum, downslanting corners of the mouth,
micrognathia and low-set ears — Patient 4: (e) Facial appearance showing no particular dysmorphic
features except occipital plagiocephaly and convergent strabismus, (f & g) Blaschko lines on the trunk
and limb roots — Patient 8: (h) Face view showing large forehead, short philtrum and nasal root
hypoplasia — Patient 9: (i) Face view. Note low-set ears, epicanthal folds and hypertelorism — Patient
10 (13 WG fetus): (j) facial appearance: bilateral cleft lip and palate, mandibular hypoplasia and low-
set ears — Patient 11 (23 WG fetus): (k) General appearance at necropsy showing cleft lip and palate,
dysplastic and low-set ears, micrognathia, short neck, and rockerbottom feet, (1) Brain showing corpus
callosum agenesis, (m) Cerebellum showing a partial vermian agenesis and enlargement of the 4™

ventricle.
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Table 2: Results of cytogenetic investigations.

El Khattabi et al., 17

Karyotype for
abnormal cells Proportion of aneusomic ISCN description of array
Pt . . . Remark
following conventional cells results (tissue assayed)
cyogenetics

1 47, XX+ psu Cultured lymphocytes: 90% arr[hgl19] 9p24.3q21.12 (1- | Parents:
idic(9)(pter—q21::q21 Cultured fibroblasts: 30% 73,100,000)x2~4 (blood) normal
—pter) Urine sediment: 30% karyotype

2 47,XY ,+psu Cultured lymphocytes: 60% arr[hg19] 9p24.3q12 (1- Parents not
idic(9)(pter—q12::q12 60,300,000)x2~4 (blood) tested
—pter)

3 47.XY,+(9)(p10) Cultured lymphocytes: 100% arr[hgl19] Parents not

Skin fibroblasts: 30% 9p24.3q11(214,367- tested
39,816,368)x4 (blood)

4 47, XY ,+psu Cultured lymphocytes: 60% arr[hgl19] 9p24.3q12 (1- Parents:
idic(9)(pter—ql2 or Skin (colored) culture : 6% 60,300,000)x2~4 (blood) normal
13::q13 or 12—pter) Skin (pale) culture: 10% karyotype

Urine sediment: 40%

5 47, XY ,+psu Cultured lymphocytes: 90% arr[hgl19] 9p24.3q11 Parents:
idic(9)(pter—q12 or (271,197-39,157,014)x2~4 | normal
13::q13 or 12—pter) (blood) karyotype

6 47.XY,+(9)(p10) Cultured lymphocytes: 90% arr[hgl9] 9p24.3q11 Parents:

Buccal smear: 66% (36,587-42,364,007)x2~4 | normal
(blood) karyotype

7 47,XY ,+psu Cultured lymphocytes: 75% arr[hg19] 9p24.3q11 Parents:
idic(9)(pter—ql2 or Skin fibroblasts: 0% (271,197-39,157,014)x2~4 | normal
13::q13 or 12—pter) Buccal smear: 40% (blood) karyotype

8 47,XY ,+psu Cultured lymphocytes: 50% arr[hg19] 9p24.3q11 Parents:
idic(9)(pter—ql3::q13 Skin fibroblasts: 2/50 (204,193 a normal
—pter) 45,469,390)x2~4 (blood) karyotype

9 47 XX, +psu Cultured lymphocytes: 80% arr[hg19] Parents:
idic(9)(pter—q12 or Buccal smear: 5% 9p24.3q11(214,367- normal
13::13 or q12—pter) 39,816,368)x2~4 (blood) karyotype

10 | 47,XY,+psu CVS: 100% arr[hg19] Parents:
idic(9)(pter—q12 or Amniotic fluid: 100% 9p24.3q11(214,367- normal
13::13 or q12—pter) 39,816,368)x4 (fetal liver) | karyotype

11 | 47,.XY,+1(9)(p10) Amniotic fluid: 72% arr[hg19] Parents:

9p24.3q11(214,367- normal
39,816,368)x2~4 (fetal karyotype
lung)

12 | Failed Likely homogeneous, as the arr[hgl9] Sib of

array log2 ratio mean of the 9p24.3q11(214,367- patient 11

duplicated region was 0.96

39,816,368) x4 (fresh
amniotic fluid)
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1

2

3 Table 3: Comparative clinical data between patients with detectable i(9p) in fibroblasts and those with

4

5 1(9p) limited to lymphocytes

6

7

8

9 i(9p) presentin a | i(9p) not found in

10 2" tissue (n=19)" | a 2™ tissue (n=8)

11 Facial features:

12 - cleft lip/palate 6 (32%) 0

13 - abnormal ears’ 12 (63%) 5 (63%)

14 - bulbous nose 8 (42%) 4 (50%)

15 - Hypertelorism 9 (47%) 1 (13%)

16 - Micro-retrognathia 7 (37%) 5(63%)

17 - Epicanthus 5 (26%) 1 (13%)

18 - downslanting lips 3 (16%) 1 (13%)

19 ID/DD* 5/10 4/6

20 IUGR 8 (42%) 2 (25%)

21 Growth retardation’ 4/13 (31%) 2/8 (25%)

22 Microcephaly 4 (21%) 1 (13%)

23 Clino-camptodactyly 3 (16%) 3 (38%)

24 Skeletal anomalies 11 (58%) 5 (63%)

25 Cardiac defects 6 (32%) 1 (13%)

3673 Genito-}lrinary or renal 9 (47%) 3 (38%)
anomalies

;g Ophtalmological anomalies 6 8/18 (44%) 3 (38%)

30 Death 6/18 (33%) 2 (25%)

31 TPatients 1, 3, 4, 6, 8 and 9 and reported ones [Calvieri et al., 1988; Chen et al., 2014; Dhandha et al., 2002; Jalal

32 et al., 1991; Lloveras et al., 2004; Ogino et al., 2007; Orye et al., 1975; Papenhausen et al., 1990; Papoulidis et
al., 2012; Park et al., 1995; Schaefer et al., 1991; Shehab et al., 2011; Tang et al., 2004].

33 % Patient 7 and reported ones [Coman et al., 2008; Cuoco et al., 1982; Ghymers et al., 1973; Grass et al., 1993;

34 Lloveras et al., 2004; Melaragno et al., 1992; Peters et al., 1982].

35 * Mainly low-set ears, * Intellectual disability/developmental delay. Only for patients aged of more than 1 year-

36 old, +/-: moderate, +: severe. > only for patients aged of more than 3 months. ® include strabismus, astigmatism

37 or myopia in liveborn patients

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59 18
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Table 4: Malformations and risk of early death in relation with breakpoints.

Breakpoint p10 (n=21)" alz or qzl : a1t or q322
(n=29) (n=10)
Cardiac defects 7 (33%) 12 (41%) 4 (40%)
Cerebral defects 10 (48%) 14 (48%) 3 (30%)
ID/DD* 4/9 12/13 3/3
Death 7/19 (37%) 9/24 (38%) 4/8 (50%) !

" Patient 3, 6 and 11, and previously reported ones [de Azevedo Moreira et al., 2003; Eggermann et al., 1998;
Garcia-Cruz et al., 1982; Henriques-Coelho et al., 2005; Leichtman et al., 1996; Lloveras et al., 2004; McAuliffe
et al., 2005; McDowall et al., 1989; Moedjono et al., 1980; Nakamura-Pereira et al., 2009; Ogino et al., 2007;
Orye et al., 1975; Papoulidis et al., 2012; Rutten et al., 1974; Schaefer et al., 1991; Shehab et al., 2011; Tang et
al., 2004].

% Patients 2, 4, 5, 7, 8, 9 and 10, and reported ones [Balestrazzi et al., 1983; Cavalcanti et al., 1987; Cazorla
Calleja et al., 2003; Chen et al., 2007; Chen et al., 2012; Deurloo et al., 2004; Dhandha et al., 2002; di Vera et
al., 2008; Dutly et al., 1998; Ghymers et al., 1973; Grass et al., 1993; Hengstschlager et al., 2004; Jalal et al.,
1991; Lloveras et al., 2004; Melaragno et al., 1992; Papenhausen et al., 1990; Park et al., 1995; Peters et al.,
1982; Stumm et al., 1999; Tonk 1997; Van Hove et al., 1994].

? Patient 1 and previous reports [Abe et al., 1977; Andou et al., 1994; Calvieri et al., 1988; Chen et al., 2014;
Dhandha et al., 2002; Nakamura et al., 1990; Shapiro et al., 1985; Tan et al., 2007; Wisniewski et al., 1978].

* Intellectual disability/developmental delay
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Patients clinical features
Patient 1: (a) Facial appearance showing in particular a thin nose, short philtrum and low-set ears, (b)
Pilomatricoma (benin subcutaneous tumor) in the neck. — Patient 2: (c) Face and (d) Profile views. Note the
presence of a prominent forehead, short philtrum, downslanting corners of the mouth, micrognathia and
low-set ears — Patient 4: (e) Facial appearance showing no particular dysmorphic features except occipital
plagiocephaly and convergent strabismus, (f & g) Blaschko lines on the trunk and limb roots — Patient 8: (h)
Face view showing large forehead, short philtrum and nasal root hypoplasia — Patient 9: (i) Face view. Note
low-set ears, epicanthal folds and hypertelorism - Patient 10 (13 WG fetus): (j) facial appearance: bilateral
cleft lip and palate, mandibular hypoplasia and low-set ears — Patient 11 (23 WG fetus): (k) General
appearance at necropsy showing cleft lip and palate, dysplastic and low-set ears, micrognathia, short neck,
and rockerbottom feet, (I) Brain showing corpus callosum agenesis, (m) Cerebellum showing a partial
vermian agenesis and enlargement of the 4th ventricle.
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