Obstetrics &

Short Communication

Obstet Gynecol Sci 2024;67(5):506-510 'I)
https://doi.org/10.5468/0gs.24062 -~
updates

elSSN 2287-8580

Gynecology
Science

Detection of trisomy 9 mosaicism in the second trimester

screening by abnormal level of biochemical markers
Zohre Salari, MD', Arman Moradi, Msc’, Mahdiyeh Moudi, PhD**, Zohre Mousavi, Msc'

'Department of Obstetrics and Gynecology, School of Medicine, Neyshabur University of Medical Sciences, Neyshabur, >Department of Molecular Ge-
netics, Faculty of Biological Sciences, Tarbiat Modares University, Tehran, *Healthy Ageing Research Center, “Department of Medical Biotechonology,
School of Medicine, Neyshabur University of Medical Sciences, Neyshabur, Iran

Trisomy 9 is a rare chromosomal abnormality that occurs in both mosaic and non-mosaic states. The present study re-
ports a case of mosaic trisomy 9 detected during pregnancy in a 41-year-old woman in the second trimester screening.
Maternal serum screening results were used to diagnose a chromosomal abnormality in utero. The results were vali-
dated by karyotyping. High levels of alpha-fetoprotein and low levels of unconjugated estriol (UE3), human chorionic
gonadotropin (hCG), and inhibin A indicate a high risk for chromosomal abnormalities, including trisomy 18. Amniotic
fluid karyotyping revealed 47, XX, +9 (30)/46, XX (20) in the fetus. Because a high level (60%) of mosaicism for trisomy
9 in the fetus can affect many parts of the body, the pregnancy was terminated. It seems that a significant reduction
in the levels of hCG and uE3 is an informative marker for the detection of chromosomal abnormalities such as trisomy 9.
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Introduction

Trisomy 9 is an uncommon chromosomal abnormality that
was first described by Feingold and Atkins in 1973 [1]. Triso-
my 9 is reported to be in a mosaic and complete state. There
are both differences and similarities between the manifesta-
tions of the two states [2]. The first patient reported to have
trisomy 9 was diagnosed with severe clinical manifestations,
including low-set malformed ears, microcephaly, low hairline,
enophthalmos, prominent nose, micrognathia, skeletal ab-
normalities, and a congenital heart defect. The patient sur-
vived for only 28 days [1]. Trisomy 9 is a lethal condition, and
only 25% of patients with complete trisomy 9 live for more
than 1 week [3]. There are different survival rates between
various forms of trisomy 9, and patients with the mosaic
form survive longer than those with the complete form [2].
Prenatal diagnosis of trisomy 9 is based on maternal serum
screening results and sonographic findings, with results sub-
sequently confirmed by karyotyping [4]. Here, we describe a
case of mosaic trisomy 9 that was recognized in the second
trimester of pregnancy based on abnormal maternal serum
screening results and confirmed by karyotyping.
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Materials and methods

A pregnant woman, 41 years old, was referred to Shams
Medical Center, Neyshabur, Razavi Khorasan, for the first
time at 15 weeks of gestation because of abnormal maternal
serum screening results in the second trimester. Non-invasive
prenatal testing (NIPT) and first-trimester screening, which
is a combination of ultrasound evaluation of the fetus and
maternal blood testing, had not been performed. Second-
trimester screening (STS), which considers maternal age and
serum markers including alpha-fetoprotein (AFP), unconju-
gated estriol (UE3), human chorionic gonadotropin (hCG),
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and inhibin A, and had been performed. For non-medical
reasons, first-trimester screening had not been done. There
was a history of four pregnancies, two healthy children, and
one spontaneous abortion. The woman had no consanguin-
eous marriage or history of chromosomal abnormalities in
her children or relatives. The aborted fetus was not exam-
ined for any chromosomal abnormalities. Her partner was
43 years old and had no family history of inherited diseases.
Chromosomal abnormalities were not screened during the
first trimester, and the screening results in the second tri-
mester revealed a high risk for trisomy 18 (50%) and Smith-
Lemli-Opitz syndrome (SLOS) (12.5%) based on biochemical
markers and maternal age at 15 weeks of gestation. The
clinical data of the patient in the STS are shown in Table 1.
To confirm these screening results, amniotic fluid karyotyping
was performed at 16 weeks of gestation. The study was ap-
proved by the Ethics Committee of the Department of Medi-

Table 1. Clinical data of patient in the second-trimester screening

cal Biotechnology, Neyshabour University of Medical Sciences
(IR.NUMS.MEDICINE.REC.1399.199).

Genetic amniocentesis revealed trisomy 9 mosaicism, mos
47, XX, +9 (30)/46, XX (20) (Fig. 1). The level of trisomy 9
mosaicism was 60%, which can strongly affect fetal health.
After counseling, with the family, the pregnancy was termi-
nated at 16 weeks of gestation. A female fetus was delivered
with malformations, including a bulbous nose, low-set ears,
hypertelorism, short neck, and micrognathia.

Results

Trisomy 9 is a rare chromosomal abnormality that occurs in
a mosaic or complete state. Non-mosaic trisomy 9 is a lethal
condition with an incidence of 2.2-2.7% in first-trimester
spontaneous abortions [2]. Mosaic trisomy 9 is compatible

. Serum markers (MoM) Reference Results
Age (yr) Gestation age " -
AFP hCG uE3  Inhibin A (MoM) Trisomy 18 SLOS
41 15 weeks 0 day 1.3 0.1 0.32 0.7 0.5-1.5 172 1/8

MoM, multiples of the median; AFP, alpha-fetoprotein; hCG, human chorionic gonadotropin; uE3, unconjugated estriol; SLOS, Smith-Lemli-
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Fig. 1. Karyotype of amniotic fluid cells. Genetic amniocentesis analysis revealed the existence of trisomy 9 mosaicism, mos 47, XX, +9
(30)/46, XX (20). Amniocentesis showed that 20 cells (40%) were normal (46, XX) and 30 cells (60%) were 47, XX, +9 (red arrow).
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with life and characterized by micrognathia, skeletal mal-
formations, cardiac malformations, low-set ears, microph-
thalmia, microcephaly, kidney problems, and respiratory dif-
ficulties [5]. Since it was first reported, more than 100 cases
of mosaic trisomy 9 have been reported worldwide [2]. STS,
which considers maternal age and serum markers including
AFP, uE3, hCG, and inhibin A, is a routine part of screening
for chromosomal abnormalities [6].

Screening for serum markers in the first and second tri-
mesters of pregnancy improves the prenatal diagnosis of
chromosomal abnormalities. We describe a case of trisomy
9 mosaicism in which STS results indicated a high risk of tri-
somy 18 and SLOS. STS was done using biochemical markers
including AFP, uE3, hCG, and inhibin A. A mild increase and
decrease in the level of AFP and inhibin A (1.3 multiples of
the median [MoM] and 0.7 MoM, respectively), and a signifi-
cant decrease in the level of hCG and uE3 (0.1 MoM and 0.32
MoM, respectively) was measured.

Younesi et al. [7] showed that the rate of chromosomal
abnormalities increases with increasing maternal age. When
maternal age is more than 40 years, 1 in 28.8 pregnancies
will be diagnosed with a chromosomal abnormality. Addi-
tionally, 1 in 22.8 pregnancies will be identified with chro-
mosomal abnormalities of any sort when second-trimester
trisomy 18 findings are positive [7]. Lam et al. [8] described a
41-year-old Chinese woman with abnormalities observed on
ultrasonography. In this patient, hCG levels were significantly
reduced at 15 weeks of gestation (0.1 MoM), and trisomy 9
was detected in the fetus [8]. Chen et al. [4] detected a com-
plete trisomy 9 by a high level of AFP and a low level of free
beta-hCG at 16 weeks of gestation.

The pregnant woman in our study was 41 years old, and
maternal age over 40 years is significantly associated with
different types of chromosomal abnormalities [7]. Based on
studies of high-risk STS using biochemical markers, maternal
age can be helpful in the detection of chromosomal abnor-
malities [8].

The most effective and irreplaceable prenatal test for de-
tecting chromosomal abnormalities is amniocentesis, which
involves the collection of amniotic fluid from the uterus sur-
rounding the embryo. Despite the potential for abortion,
amniocentesis is highly recommended for expectant women
with genetic indications owing to its reliable results [9]. Am-
niotic fluid karyotyping in pregnant women with indications
for amniocentesis as a diagnostic method is the gold stan-
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dard for cytogenetic diagnosis [7]. To decrease the detection
time, techniques such as the BACs-on-Beads assay, fluores-
cence in situ hybridization (FISH), quantitative fluorescence
polymerase chain reaction, and chromosomal microarray
analysis (CMA) have been used [9,10].

In the prenatal setting, CMA is recommended as the best
rapid diagnostic test for cases with one or more fetal struc-
tural abnormalities by the American College of Obstetricians
and Gynecologists and Society for Maternal-Fetal Medicine.
In addition, CMA or karyotyping is recommended for preg-
nant women who want prenatal screening and whose fe-
tuses do not have any structural anomalies [11]. Both karyo-
typing and CMA have advantages and disadvantages in the
detection of chromosomal aneuploidy. Karyotyping has low
resolution and a lengthy diagnosis period, whereas CMA is
unable to detect balanced structural abnormalities. CMA can
detect cytogenetic alterations and offers certain advantages
over karyotyping, including the ability to detect microdele-
tions and duplications. Karyotyping in prenatal diagnosis
results in some fetuses with chromosomal abnormalities
remaining undiagnosed. Hence, to improve the diagnostic
rate of genetic diseases in prenatal diagnosis, the combined
application of CMA and karyotyping is recommended [11,12].

Both CMA and karyotyping can identify chromosomal an-
euploid mosaicism, but the differences between these meth-
ods lead to different results in the detection of mosaicism.
In a study conducted by Hao et al. [13], CMA calculated a
higher level of mosaicism than karyotyping in cases of triso-
mic mosaicism. Moreover, three of seven mosaic trisomies
were not detected by karyotyping. Conversely, CMA dem-
onstrated monosomic mosaicism in two cases that exhibited
a combination of monosomic and trisomic mosaicism. This
may result in the reporting of normal results in the event of
equivalent numbers of monosomic and trisomic cells [13].

Trisomy 9 is a rare chromosomal abnormality that can be
identified in both mosaic and non-mosaic states. As shown
in Table 2, the mosaic form of trisomy 9 is diagnosed in dif-
ferent medical centers worldwide using several tests, such
as karyotyping, CMA, and FISH. Because each method has
advantages and disadvantages, using a combination of these
tests can boost diagnostic yield.

Trisomy 9 mosaicism is diagnosed in the first trimester
based on a nuchal translucency of >3 mm and abnormal
reverse ductus venosus wave. In the second and third trimes-
ters, detection is based on abnormalities in serum markers
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Table 2. Prenatal detection of mosaic trisomy 9 by different methods

Study Mate(r;ril age Ges;a;;onal e e Moi;:?sm
Ma et al. [2] (2023)
Case 1 26 22 weeks Karyotype  Amniotic fluid cells 50
27 weeks FISH Umbilical blood 224
27 weeks CMA Umbilical blood 34
Case 2 31 18 weeks Karyotype  Amniotic fluid cells 42
Takahashi et al. [15] (2010)
Case 1 36 29 weeks Karyotype  Amniotic fluid cells 10
Case 2 36 31 weeks Karyotype Amniotic fluid cells 29
Stipoljev et al. [14] (2003) 25 25 weeks Karyotype  Chorionic villus sampling 31
Chen et al. [16] (2010) 35 17 weeks Karyotype Amniotic fluid cells 333
19 weeks Karyotype  Amniotic fluid cells 24
22 weeks FISH Amniotic fluid cells 18
Chenetal . [17](2011) 42 18 weeks Karyotype  Amniotic fluid cells 40
20 weeks Karyotype  Amniotic fluid cells 25
20 weeks FISH Amniotic fluid cells 48
Merino et al. [18] (1993)
Case 1 20 23 weeks Karyotype ~ Amniotic fluid cells 65
Case 2 39 23 weeks Karyotype  Amniotic fluid cells 12
Zhang et al. [19] (2023)
Case 1 32 22 weeks Karyotype  Amniotic fluid cells 10 (9p duplication)
22 weeks CMA Amniotic fluid cells 21.5 (9p duplication)
22 weeks FISH Amniotic fluid cells 25 (9p duplication)
Case 2 22+4 weeks Karyotype  Amniotic fluid cells 82 (trisomy 9)/14 (trisomy 9p)
22+4 weeks CMA Amniotic fluid cells 50 (trisomy 9)/50 (trisomy 9p)

FISH, fluorescence in situ hybridization; CMA, chromosomal microarray analysis.

and in the central nervous system, heart, and skeletal and
craniofacial regions on ultrasonography. NIPT has been used
to identify trisomy 9 mosaicism in the first and second tri-
mesters [2,14]. Partial trisomy 9 may occur in children when
their parents have reciprocal balanced translocations. Accu-
rate diagnosis and genetic counseling are essential in cases
of partial trisomy 9 because of the increased likelihood of
recurrence in subsequent pregnancies. In most cases of tri-
somy 9, both parents have a normal karyotype and the likeli-
hood of recurrence is very unlikely. Although there is a minor
chance that mosaic and non-mosaic trisomy 9 may recur,
women with a history of pregnancy with trisomy 9 would
benefit from diagnostic tests such as karyotyping and CMA
in addition to screening for chromosomal aneuploidy using
serum markers, nuchal translucency, and NIPT.

www.ogscience.org

Discussion

Our findings support the idea that second-trimester screen-
ing using maternal serum markers and maternal age is infor-
mative for detecting chromosomal abnormalities, especially
in women who did not undergo first-trimester screening.
Based on our findings and those of other studies, a signifi-
cant reduction in hCG and UE3 levels, as well as a high AFP
level, are potential markers for the diagnosis of chromosomal
abnormalities.
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