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Abstract: Tetrasomy 9p is a chromosomal disorder characterized by the presence of a supernumerary
chromosome. This rare abnormality exhibits a broad phenotypic variability and is not clearly
distinguishable from other more frequent aneuploidies in the prenatal setting. We present two
prenatal cases with dissimilar phenotypes, one with solely increased fetal nuchal translucency and
one with multiple congenital anomalies, and discuss prior studies. These cases illustrate the difficulty
of prenatally diagnosing this condition based on phenotypic information alone. We conclude that
invasive prenatal diagnosis with (molecular) karyotyping is the best choice for the prenatal detection
of tetrasomy 9p.
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1. Introduction

Tetrasomy 9p is a chromosomal disorder characterized by the presence of a supernu-
merary chromosome, isochromosome 9p, originating from the short arm of chromosome
9 [1]. This rare imbalance was first described by Ghymers et al. in 1973 [2]. Since then,
107 cases have been reported, 22 of which were diagnosed prenatally [3,4].

It has been stated that tetrasomy 9p is a clinically recognizable syndrome with several
recurrent characteristics, including craniofacial dysmorphism, intra-uterine growth restric-
tion (IUGR), and Dandy–Walker malformation [5,6]. Yet, there is considerable phenotypic
variability among patients, which is assumed to correlate with the degree of mosaicism
and the tissue distribution of the partial tetrasomy; a correlation between disease severity
and the size of the isochromosome has been suggested but never proven [3,5,7]. Especially
in a prenatal context, it is challenging to distinguish this partial aneuploidy exclusively on
the basis of ultrasound findings [7].

In this work, we present two prenatal cases of tetrasomy 9p, with different clinical mani-
festations, thereby contributing to the existing knowledge on this rare chromosomal aberration.

2. Case Presentation
2.1. Case 1

A 34-year-old, G2P1A0, of Middle Eastern descent, was referred at 14+2 weeks amenor-
rhoea because of increased fetal nuchal translucency (NT). A prenatal ultrasound revealed
an increased nuchal fold of 7 mm (Figure 1A) and a single umbilical artery (Figure 1B).
The biometric findings were unremarkable. Amniocentesis was performed. The single
nucleotide polymorphism (SNP) microarray (cytoSNP12-v2.1, Illumina, San Diego, CA,
USA) demonstrated a 39Mb triplication of the 9p24.3p13.1 region in this female fetus:
arr[GRCh37] 9p24.3p13.1(206132_38771460) × 4. As the SNP array data were nearly iden-
tical for cases 1 and 2, we chose to show only those of Case 2 (see Figure 2). Additional
karyotyping on cultured amniocytes demonstrated that the extra material was present
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as an extra derivative chromosome 9, consisting of the short arm of chromosome 9, the
centromere, a part of the long arm (up to chromosome band 9q21), followed by most of
the short arm (Figure 3). The apparent difference between the SNP array result and the
karyotyping can be explained by the absence of SNPs in the heterochromatic region around
the centromere of chromosome 9 (9p11.2–9q13).
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Figure 3. Karyogram of Case 1, showing a 47,XX,+der(9)(pter→q21::p12→pter) karyotype. The
derivative chromosome 9 consists of the short arm of chromosome 9, the centromere, a part of the
long arm (up to chromosome band 9q21), followed by an additional copy of most of the short arm.

The couple received genetic counseling and, as a result of the variable phenotype with
the possibility of delayed psychomotor development and intellectual disability, the parents
chose, after approval by the ethics committee, to terminate the pregnancy at 18 weeks of
gestation. An autopsy was refused for religious reasons. Karyotyping of both parents
showed no structural abnormalities that could account for the tetrasomy 9p observed in
the fetus. The recurrence risk was thus estimated to be low. Amniocentesis in a subsequent
pregnancy showed no abnormalities on the SNP array.

2.2. Case 2

A healthy 36-year-old, G4P2A1, was referred at 13 weeks of gestation for prenatal
diagnostics because of hydrops fetalis (Figure 4A). An abdominal ultrasound revealed
cerebellar aplasia and an absent nasal bone, along with branchial cleft cysts and hypoplastic
left heart syndrome with ventricular septum defect, in addition to the known hydrops fetalis
(Figure 4B). An SNP microarray on DNA that was isolated from a chorion villus biopsy
revealed a 39 Mb triplication of the short arm of chromosome 9 (9p24.3p13.1) in this male
fetus, corresponding to a tetrasomy 9p: arr[GRCh37] 9p24.3p13.1(46587_38771460) × 4)
(Figure 2). No additional karyotyping was performed, thus precluding definite proof of the
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presence of a supernumerary marker chromosome, nor of its size, like in Case 1. Due to
the extent of the fetal malformations and the poor prognosis, the couple chose to terminate
the pregnancy at 15 weeks of gestation (Figure 4C) after approval by the ethics committee.
This couple also declined fetal autopsy for reasons of faith. There was no consanguinity,
and the karyotyping in the parents showed no structural anomalies.
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3. Discussion

In this paper, we describe two prenatal cases with a molecularly proven tetrasomy 9p.
The supernumerary chromosome in this rare abnormality can have one of three different
constitutions: the entire short arm, the entire short arm and part of the heterochromatic
region of the long arm, or the entire short arm and part of the long arm extending into the
euchromatic region [5,6].

Historically, although several different mechanisms have been hypothesized to cause
supernumerary chromosomes, all recent studies agree with the theory of maternal meiosis
II nondisjunction, followed by a rearrangement or centromeric misdivision, resulting
in the duplication of the short arm and loss of the long arm of the chromosome [3,6].
This phenomenon arises predominantly de novo; hence, the recurrence risk for future
pregnancies is low [1]. In 2015 however, El Khattabi et al. described the first case of possible
parental germline mosaicism, reporting two siblings with tetrasomy 9p [1].

It is generally accepted that the risk for aneuploidies caused by errors in meiosis I
and II (e.g., trisomy 13, 16, 18, and 21) increases with maternal age [8–10]. This effect was
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confirmed by an in vitro chromosomal study on 1397 oocytes, which detected a significant
increase in aneuploidies at maternal ages above 36 years [8]. The contribution of maternal
age to the occurrence of tetrasomy 9p nevertheless remains a matter of debate; some authors
assume that advanced maternal age contributes to meiotic nondisjunction, while others
state that the low mean maternal age for all known tetrasomy 9p cases (32.3 years) demon-
strates that maternal age does not seem to influence the occurrence of this syndrome [1,11].

According to prior studies, tetrasomy 9p is emerging as an easily recognizable syn-
drome with many recurring aberrations [1,6,12]. On ultrasound, IUGR (45%), central
nervous system abnormalities (55%), such as ventriculomegaly and Dandy–Walker malfor-
mation, cleft lip and/or palate (45%), and skeletal defects, such as wide sutures and limb
defects (55%) are frequently observed [3]. At birth, facial dysmorphias can be observed,
including hypertelorism, ear and ocular abnormalities, micrognathia, a broad nasal root
or bulbous/beaked nose, congenital heart defects, urogenital defects, and gastrointestinal
malformations [1,13]. In Table 1, we summarized the prenatal abnormalities described in
previous cases and related them to the two new cases presented here.

Table 1. Prenatally detected ultrasound abnormalities in our cases, compared to those in the
22 published prenatal tetrasomy 9p cases.

Abnormalities (Occurrence in Published Cases) Case 1 Case 2 References

CNS anomalies (n = 12; 55%) − + [1,5,7,12,14–21]

Skeletal/limb anomalies (n = 12; 55%) − − [2,3,5,7,12,13,16,19–23]

Cleft lip/palate (n = 10; 45%) − + [1,3,5,12,16,19,21,23]

IUGR (n = 10; 45%) − − [1,7,12,15,17,21–24]

Facial dysmorphism (n = 8; 36%) − + [1,3,5,7,20,21,23]

Genito-urinary or renal anomalies (n = 7; 32%) − − [1,3,5,15,16,18,21]

Amniotic fluid volume anomalies (n = 6; 27%) − − [7,15,20–22]

Cardiac anomalies (n = 5; 23%) − + [12,16,20,21,25]

Increased nuchal translucency (n = 4; 18%) + − [1,3,5,21,23]

Absent nasal bone (n = 2; 9%) − + [1,13]

Hydrops fetalis (n = 1; 5%) − + [6]

CNS = central nervous system, IUGR = intra-uterine growth retardation, + = feature present, − = feature absent.

For Case 1, the elevated fetal NT early in the second trimester was the reason for
referral and amniocentesis, as fetuses with increased NT are at risk of aneuploidy or other
chromosomal anomalies [3]. Sporadic case studies have reported the association between
increased NT and tetrasomy 9p. This finding is not imperative to the diagnosis, however,
as it is present in only 18% of all cases. On the other hand, this marker is found in many
fetuses with chromosomal defects [5,7]. For Case 2, although multiple abnormalities were
suspected on the first-trimester ultrasound, the main reason for further investigation was
the presence of hydrops fetalis. Of the 22 prenatally diagnosed cases of tetrasomy 9p
described by previous studies, only one other case mentions hydrops fetalis as the primary
phenotype [6].

Another finding that has recently been associated with tetrasomy 9p is an absent
nasal bone in the first trimester [13]. The absence of the nasal bone can be a marker of
different chromosomal abnormalities, including trisomy 13, trisomy 18, and, most notably,
trisomy 21 or Down syndrome. The association with tetrasomy 9p is a relatively new
finding, however, having first been described by Podolsky et al. in 2011 [13]. To date,
only one additional case of a fetus with an absent nasal bone has been reported [1]. Here,
we present another case (Case 2) of a fetus with an absent nasal bone on ultrasound,
underscoring that this finding makes inclusion of tetrasomy 9p in the differential diagnosis
necessarywhen noted.
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The cases presented in this report—one presenting solely with increased fetal NT, the
other presenting with multiple anomalies—underscore the large phenotypic variability of
the tetrasomy 9p syndrome.

Currently, very little is known about the contribution of individual genes in the trip-
licated region to the different symptoms. The minimal region that is triplicated in our
patients contains 264 genes, among which are several genes associated with neurodevel-
opment (GLDC, KANK1, DOCK8, FOXD4, CBWD1, and PTPRD), but none of these have
definitively been shown to be triplosensitive (see https://www.clinicalgenome.org/, ac-
cessed on 12 February 2022), meaning that the additional copy is not expected to cause a
phenotype. It has been suggested that the severity of the tetrasomy 9p phenotype increases
with the involvement of (genes on) the q arm since this region’s involvement is more often
associated with cardiac malformations, intellectual disability, and death, however, this
statement is controversial, as it is mostly based on karyotype results with a poor resolu-
tion [1,3]. Most authors state that no clear correlation can be found between the length
or type of isochromosome and the phenotypic outcome [12]. So far, none of the genes
located in the maximally triplicated region (up to chromosome band 9q21.11) have received
a high triplosensitivity score. In this study, Case 1, to whom the triplication extends up
to 9q21, shows a relatively mild phenotype, implying that factors other than the size of
the aberration contribute to the severity of the phenotype. With the increased use of SNP
array/array CGH instead of classic karyotyping, one would assume that the boundaries of
the triplication could be defined more precisely. However, depending on the array platform
used, very little to no SNPs are present in the heterochromatic region surrounding the
centromere, hampering a direct comparison between cases analyzed by an array. In a large
series of patients investigated by El Khattabi et al., the smallest region involved was 39 Mb,
similar to the region triplicated in our patients, however, the duplicated region was as large
as 73 Mb in some patients. Notably, the diagnosis in the 12 described cases was made on
four different array platforms [1]. In general, dosage sensitivity and genes that are known
to be triplosensitive, thus, duplication intolerant can be found through the genome and
cross-disorder dosage sensitivity maps of the genome begin to emerge [26].

The effect of the degree of mosaicism on the phenotypic outcome seems more solid;
prognosis in non-mosaic individuals is poor, with a high mortality rate in the neonatal
period—two-thirds of the infants die within the first two months [12]. In cases with
mosaicism for tetrasomy 9p on the other hand, no early deaths have been reported and
8.4% of the detected tetrasomy 9p cases are not associated with major adverse health
outcomes [4,12]. Both cases described here appear to be non-mosaic, although these results
are based on the analysis of one sample type (amniocentesis and chorion villus biopsy,
respectively), yet presented with a different phenotype. At present, we have no explanation
for this difference in outcome.

Prenatal genetic testing is crucial to reach a definite diagnosis so that parents can be
informed in a timely manner on the aspects of the disorder and make a well-informed
decision concerning whether or not to carry the pregnancy to term. Prenatal testing can be
either non-invasive (NIPT) or invasive (amniocentesis or chorion villus biopsy). Despite the
fact that, given its size and nature (~40 Mb triplication), tetrasomy 9p should be detectable
with a genome-wide NIPT, and that with the wide implementation of NIPT, the first-
trimester ultrasound is frequently limited to a dating scan, we advocate the preservation
of the first-trimester fetal anomaly scan, prior to the venipuncture for the NIPT, so that it
can be replaced with an invasive test in case of anomalies. First, since the material tested
by NIPT is placental in origin, a confirmatory invasive test is nonetheless required after
a positive NIPT to confirm the presence of the aberration in the fetus and to determine
the grade of mosaicism and the exact size of the aberration [27]. Second, a (molecular)
karyotype on an invasively obtained sample can detect all sub-chromosomal aberrations at
a much higher resolution than NIPT. Thirdly, in case the karyotype is normal, the invasively
obtained DNA can be used for whole exome analysis to look for genetic defects at the
single base-pair level. In case of ultrasound abnormalities (as in Case 2), the diagnosis of

https://www.clinicalgenome.org/
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non-mosaic tetrasomy 9p in chorionic villi can be considered conclusive. In the absence of
ultrasound anomalies, a mosaic tetrasomy 9p in chorionic villus sampling (CVS) can be
indicative of confined placental mosaicism, warranting confirmation with amniocentesis.

In both cases described here, the parents opted for termination of the pregnancy
after extensive multidisciplinary counseling and approval by the ethical committee of
the hospital.
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