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Abstract

Background: We presented two cases of mosaic trisomy 2 with high risk of maternal serum screening and non-
invasive prenatal testing (NIPT). The invasive amniocentesis was performed and genetic tests including karyotype,
single nucleotide polymorphism array(SNP-array), interphase fluorescence in situ hybridization (FISH) were
employed to detect the chromosomal abnormality.

Results: Cytogentic analysis of the case 1 and 2 showed a mosaic karyotype consisting of two cell lines (mos 47,XY,
+2[81/46,XY[19] and mos 47 XX,+2[71/46,XX[28], respectively). SNP-array using DNA extracted from uncultured
amniotic fluid cells revealed a result of arr[GRCh38](2)x2~3, which indicated that chromosome 2 may be trisomy of
mosaicism in both two cases. The results of interphases FISH confirmation test showed that three red signals of the
CEP 2 specific probe in 149%(14/100) and 12%(12/100) of the two cases’ cells, respectively, which indicated a
mosaicism for trisomy 2 in the uncultured amniocytes. Fetal ultrasound of case 1 suggested that the long bone is
smaller than the gestational age, while the case 2 showed that the biparietal diameter (BPD), head circumference

(HO) and femur length (FL) were smaller than gestational age along with abnormal cardiac structure.

Conclusions: We presented two cases with mosaic trisomy 2 and performed confirmatory genetic testing using
cultured and uncultured amniocytes. When maternal serum screening and NIPT suggesting high risk, genetic
counselor should be alert for increasing possibility of chromosomal anomalies if combined with abnormal

ultrasound findings.

Keywords: Non-invasive prenatal testing, Trisomy 2, Mosaicism, Single nucleotide polymorphism array,
Fluorescence in situ hybridization, Chromosomal abnormality, Prenatal diagnosis

Background

Complete trisomy 2 is a lethal chromosomal abnor-
mality, accounting for 1% to 5-6% in early pregnancy
and 1.1% in all spontaneous abortions [1]. It is esti-
mated that the prevalence of trisomy 2 mosaicism in
chorionic villi sampling (CVS) is about 1/2000 ([2—4]
(Sifakis)), compared with about 1/58000 in amniocen-
tesis during the second trimester ([5] (Sago)). In
addition, the frequency of pseudomosaicism in
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trisomy 2 was the highest among all chromosomes in
the karyotype analysis of amniotic fluid cell culture
([6, 7] (Hsu)). However, case reports of true fetal mo-
saicism of trisomy 2 are extremely rare. Up to
present, only 21 cases of mosaic trisomy 2 have been
reported in the prenatal diagnosis via amniocentesis
or CVS. The prenatal manifestations of fetus with
true mosaic trisomy 2 are quite variable, mainly in-
cluding intrauterine growth restriction (IUGR),cerebral
ventriculomegaly, oligohydramnios, congenital dia-
phragmatic hernia, cleft palate, cardiac defects and
may also be associated with abnormal maternal serum
screening [8, 9].
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In recent years, non-invasive prenatal testing (NIPT)
has developed rapidly and been widely used in the
prenatal screening initially of the main autosomal non
mosaic trisomies and sex chromosogwme aneu-
ploidies. NIPT can evaluate chromosomes other than
13, 18, 21, X and Y. Rare autosomal trisomy (RAT)
can have sometimes adverse effects on pregnancy out-
comes [10, 11]. The most common RAT detected in
NIPT involved chromosome 7 and 16 [12]. However,
cases indicated high risk by NIPT for trisomy 2 are
rare, and cases that have been confirmed to be true
fetal mosaicism with chromosome 2 have not been
reported.

In this paper, we described two prenatal cases with
high risk of NIPT for trisomy 2 which were diagnosed
by single nucleotide polymorphism array(SNP-array) and
conventional karyotype analysis. The previously pub-
lished literatures about mosaic trisomy 2 were reviewed,
and the ultrasound findings and pregnancy outcomes
were discussed.

Methods

Subjects

Case 1: A 39-year-old Chinese woman, gravida 3,
para 1, abortion 1, was referred to our genetic center
for counseling due to the advanced maternal age.
Case 2: A 29-year-old Chinese woman, gravida 3,
para 2, was referred to our center for genetic coun-
seling because of the high risk of serum screening in
second trimester. The first trimester ultrasound
screening of case 1 was not available while the case
2’s showed unremarkable findings. The second tri-
mester NIPT results of the two pregnant women
both indicated that chromosome 2 were increased.
The two couples were nonconsanguineous and had
no personal or family history of congenital anomaly.
This study was approved by the Ethics Committee of
Guangdong Women and Children Hospital and the
informed consent was obtained from the two
couples.

Cytogenetic karyotype

The follow-up amniocentesis was performed in second
trimester (case 1 in 19 weeks and case 2 in 23 weeks).
20 ml of amniotic fluid were collected and cultured by
using in situ vessel. The preparations were conducted
according to standard procedures (GTG-banding).
Twenty metaphases from independent colonies were
counted, five of which were karyotyped. If mosaicism
was encountered, all the metaphases that can be
obtained from two independent culture vessels are ana-
lyzed. The International System for Human Cytoge-
nomic Nomenclature (ISCN 2016) was employed to
describe the karyotypes [13].
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SNP-array

10 ml of amniotic fluid were collected for SNP-array.
The DNA were extracted from uncultured amniocytes
using QIAamp DNA Blood Mini Kit (QIAGEN,
Germany) according the recommended procedure.
NANODROP 2000(Thermo, USA) was employed to
test the DNA concentration. SNP-array analysis was
performed using CytoScan 750K chip (Affymetrix,
USA). ChAS software was used to interpret the chip
data.

Fluorescence in situ hybridization (FISH)

Interphase FISH on uncultured amniocytes was
employed to confirm the diagnosis of the mosaic
trisomy 2 using chromosome 2 centromeric probe
(Abbott Vysis CEP Spectrum Red probe, USA) and
chromosome 22 BCR probe (Abbott Vysis CEP
Spectrum Green probe, USA) as control. The experi-
ment was performed according to the standard FISH
protocol.

Results

The maternal serum screening of case 1 were not
available while the results of case 2 revealed a Down
syndrome risk of 1/576 calculated from the levels of
1.67,3.11,0.83,0.98 and 0.63 multiples of the median
(MoM) for a-fetoprotein (AFP), f-human chorionic
gonadotropin(f-hCG), unconjugated estriol (uE3),
pregnancy-associated plasma protein-A (PAPP-A)
and nuchal translucency (NT), respectively. The
NIPT results of two cases both indicated high risk of
trisomy 2.

For case 1, cytogentic analysis showed a karyotype
of mos 47,XY,+2[8]/46,XY[19] as shown in Fig. 1.
Of 27 colonies cultured from amniotic fluid cells,8
colonies had the karyotype of 47,XY,+2 and the
other 19 colonies had the karyotype of 46,XY.The
abnormal cell line were obtained from two inde-
pendent in situ vessels and 3 metaphases from cul-
ture A,5 metaphases from culture B. For case 2,the
result revealed a karyotype of mos 47,XX,+2[7]/46,
XX[28] as shown in Fig. 1. Three of the abnormal
metaphases were from culture A and four were
from culture B. The mosaic percentage in cultured
amniocytes of two cases was 29.6%(8/27) and
20%(7/35), respectively. According to the guidelines
of prenatal mosaicism, these findings were inter-
preted as level III mosaicism [7]. SNP-array using
DNA extracted from uncultured amniotic fluid cells
revealed a result of arr[GRCh38](2)x2~3 as shown
in Fig. 2 which indicated that chromosome 2 may
be trisomy of mosaicism in both two cases. The
mosaic percentage of two cases deduced from the
chip analysis was about 25 and 22%, respectively.
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Fig. 1 Karyotypes of case 1, The arrow shows the extra chromosome 2
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The results of interphases FISH confirmation test
showed that three red signals of the CEP 2 specific
probe in 14%(14/100) and 12%(12/100) of the two
cases’ cells, respectively, which indicated a mosai-
cism for trisomy 2 in the uncultured amniocytes
(Fig. 3).

The subsequent detailed ultrasound was recom-
mended in second trimester for the screening of
malformations. Fetal ultrasound of case 1 in 24*2
weeks of gestations suggested that all the long bones
is smaller than the gestational age. For case 2, ultra-
sound in 27%° weeks of gestations showed that the
biparietal diameter (BPD), head circumference (HC)

and femur length (FL) were smaller than gestational
age along with abnormal cardiac structure, which
indicated the fetal was IUGR. The Z-scores and
centile of fetal growth parameters in two cases with
mosaic trisomy 2 were documented in Table 1 and
Fig. 4 according to International Standards for Fetal
Growth (v1.6.4) [14].

Both pregnant women of case 1 and case 2 decided to
terminate their pregnancies due to the abnormal ultra-
sound findings and molecular cytogenetic results. The
term for the termination of pregnancy was in 29 and 32
weeks, respectively. Both couples declined to further
pathological fetal examination.
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Fig. 2 Single nucleotide polymorphism array of case 1 using DNA extracted from uncultured amniotic fluid cells. The arrow shows the whole
genome view of chromosome 2 slightly deviated from baseline and it indicates that chromosome 2 may be trisomy of mosaicism
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Fig. 3 Interphase FISH on uncultured amniocytes of case 1 using Vysis chromosome 2 centromere probe (spectrum red) and chromosome 22
BCR probe (spectrum green) as control. a: Three red signals and two green signals indicated a cell with trisomy 2. b: Two red and green signals
indicated a cell with disomy 2. The result confirmed that both cases were mosaic aneuploidies

b

Discussion
True fetal mosaicism (TEM) of trisomy 2 is extremely
rare in the prenatal diagnosis. The present cases of our
study provide evidence for the use of multiple genetic
detections on uncultured amniocytes to rapidly con-
firm the existence of low level mosaic trisomy 2 in
amniocentesis. Previous published literatures sug-
gest that follow-up amniocentesis should be per-
formed for confirmation in case mosaic trisomy 2
was encountered in cytogenetic analysis of chori-
onic villi in prenatal diagnosis [5, 15]. Our ap-
proach of level III mosaicism is to combine the
results of molecular cytogenetic detection and ultra-
sound findings for comprehensive evaluation of
pregnancy outcome, and to confirm by uncultured
amniocytes FISH. We consider that if a sample is
independently tested by three different methods and
the same result is obtained, the result should be re-
liable. For the two cases, trisomy 2 was found in
both uncultured and cultured amniotic fluid cells.
This means that the two fetuses may be true mosai-
cism of trisomy 2.

The clinical phenotypes of fetuses with mosaic tri-
somy 2 are diverse, including more frequently but not
limited to microcephaly, IUGR, cleft lip, scoliosis,

Table 1 Z-scores and centile of two fetuses with mosaic

trisomy 2
Z-scores centile
GA  HC BPD  AC FL HC BPD AC FL
Case 1 242 —027 —-160 —086 —236 395 543 196 09
Case2 27%° —423 —433 —021 =315 000 000 416 008

GA gestational age, BPD biparietal diameter, HC head circumference, AC
abdominal circumference, FL femur length

congenital diaphragmatic hernia, cardiac defects,
growth and motor delay, caudal dysgenesis. The sum-
mary of trisomy 2 mosaicism in previous published
literature and present cases was shown in Table 2. So
far, at least 23 cases of mosaic trisomy 2 have been
detected by amniocentesis in addition to our cases.
Chen CP et al. [23] reported a male preponderance in
fetus with mosaic trisomy 2 and a natural selection
against female conceptuses based on the sex ratio
(1.8,11 males/6 females). However, it can be seen
from Table 2 that the sex ratio of fetal mosaic trisomy 2
is 1.3 (12 males and 9 females), which indicates that the
quantitative gap between the genders is narrowing,
meaning there may be no difference between the
genders in fetuses with mosaic trisomy 2. Harrison et al.
[8] presented a pregnant woman with an elevated ma-
ternal serum human chorionic gonadotrophin (MShCGQG)
level of 3.67 MoM, which gave birth a fetus with mosaic
trisomy 2 and maternal uniparental disomy 2. High level
of MShCG was also found in the present case 2, indicat-
ing a association between mosaic trisomy 2 and
abnormal maternal serum screening [1, 5, 8, 9, 15, 17,
19, 20, 23].

American College of Medical Genetics and Gen-
omics (ACMG) issued guidelines in 2016 that rec-
ommended NIPT screening for all pregnant women,
mainly including aneuploidy on chromosome 21, 18
and 13, but not for other chromosomal abnormal-
ities [26]. However, other chromosomal abnormal-
ities are usually detected concurrently due to the
high throughput of NIPT. Benn et al. demonstrated
that the relative frequency of trisomy 2 was 3.4% in
a total of 499 RATs identified by cfDNA analysis
[27]. Wan et al. identified 2 cases of trisomy 2 in 59
cases with high risk of RAT detected by NIPT and
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(See figure on previous page.)

Fig. 4 Fetal biometry charts of fetal growth based on INTERGROWTH -21st International Standards for Fetal Growth (v1.6.4). Biparietal diameter,
head circumference and femur length measurements of case 2(right dots) were smaller than gestational ages which indicated the fetal was IUGR.
The femur length measurements of case 1(left dots) was smaller than gestational ages. a: Z-scores and centile of head circumference. b: Z-scores
and centile of biparietal diameter. c: Z-scores and centile of abdominal circumference. d: Z-scores and centile of femur length

one of the positive case turned out to be a homozy-
gosity of chromosome 2 by vertification of CMA
[11]. To our knowledge, our study is the first pres-
entation of decribing two cases of high risk for
chromosome 2 in the NIPT detection and to make
confirmatory genetic testing for mosaic trisomy 2.

Case 1 and 2 showed 29.6 and 20% mosaic ratio
of trisomy 2 in karyotype analysis, while 14 and
12% in uncultured amniocytes FISH, respectively.
Different mosaic ratio between cultured amniocytes
(karyotype) and uncultured amniocytes (FISH) may
be due to the selective growth of the different cell
lineages in the culture process [28]. A bias of the
selection to a particular cell type was presented
during the culture whereas FISH and SNP-array
performed with uncultured samples from different
cell lineages do not have such potential bias [29].
As can be seen from Table 2, majority of the mo-
saic trisomy 2 cases performed with molecular test
have discordant mosaic ratio of cytogenetics and
molecular detection. FISH on uncultured amnio-
cytes is a practical approach to detect low level of
mosaicism, which can also distinguish true fetal
mosaicism from pseudomosaicism [23]. Some au-
thors [28, 29] considered that CMA is superior to
standard cytogenetics in detecting mosaicism. In
our opinion, FISH should be recommended as the
preferred detection method for low level mosaicism,
rather than CMA due to the limitations in detecting
low level mosaicism trisomy [30].

Genetic counseling about fetal mosaicism is a chal-
lenge also including mosaic trisomy 2 on account of
the unpredictable outcome. Even with the most ac-
curate prenatal testing, true fetal mosaicism does not
necessarily mean that individuals will have any pheno-
typic consequences, as the source or proportion of
cells carrying abnormalities cannot be predicted [31].
When it comes to addressing the risk of mosaicism
recurrence in a family, a detailed family history and
all molecular tests must be considered, just as in a
non-mosaic genetic disease [32]. If mosaicism is
found in more than one generation and in the off-
spring of more than one generation, the most likely
explanation for the recurrence of the disease is that
the family is affected by chromosomal instability dis-
order, which needs to be confirmed by genetic testing
[32]. When the results of prenatal samples (amniotic

fluid, chorionic villi, cord blood) were discordant, the
results of amniotic fluid are more reliable, because
the cells in amniotic fluid come from multiple germ
layers and are more representative of the true condi-
tion of the fetus. Mosaic trisomy 2 is a rare chromo-
somal anomaly with wide phenotypic spectrum, and
its severity may be related to the rates of mosaicism.
Detailed ultrasound examination is helpful to deter-
mine the prognosis of mosaic trisomy 2.

The formation of mosaicism may involve two cell
division error, including non-disjunction during mitosis
and postzygotic correction of aneuploidy during meiosis
[7]. The first situation is the major mechanism that
causes mosaicism [33]. The rescue mechanism of the
second situation would lead to UPD which was defined
by the presence of a chromosome pair from only parent
[34]. Chromosome 6,7,14,11,15 were confirmed to con-
tain imprinted gene associated with clinical phenotypes
while the phenotypic effects of imprinted regions on
chromosome 2,16,20 were unclear [35].

The fetal cell-free DNA was derived from the cyto-
trophoblasts of placenta. Therefore, a positive NIPT
result may indicate that the placenta contains abnor-
mal cell line. Confined placenta moscaisim (CPM)
was defined as the presence of abnormal cells only in
placenta. In this study, the positive NIPT result and
amniocentesis for mosaic trisomy 2 indicated that the
two fetuses may be TFM.

In a recent review, the ontogenetic and pathogenetic
views on somatic chromosomal mosaicism were demon-
strated [36]. The author believed that chromosomal mo-
saicism may mediate genomic/ chromosomal instability
and intercellular diversity in a bottleneck fashion, as
chromosomal mosaicism has the ability of dynamic
changes during ontogeny. However, the existence of small
cell populations with abnormal karyotypes led to difficul-
ties in interpretation and detection. In the post-genomic
era, it is possible to identify molecular and cellular path-
ways of chromosomal mosaicism using advanced genome-
wide scanning techniques and bioinformatics tools.

In summary, we presented two cases with mosaic tri-
somy 2 and performed confirmatory genetic testing
using cultured and uncultured amniocytes. When mater-
nal serum screening and NIPT suggesting high risk, gen-
etic counselor should be alert for increasing possibility
of chromosomal anomalies if combined with abnormal
ultrasound findings.
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