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Abstract

Background: Placental mosaicism is one of the major reasons for noninvasive pre-
natal testing (NIPT) discrepancy. Herein, we discovered a rare case of placenta with
complex karyotypes that caused false-positive and false-negative results in noninva-
sive prenatal testing.

Methods: Next-generation sequencing (NGS) and Quantitative fluorescent polymer-
ase chain reaction (QF-PCR) were performed on the cord blood sample, fetal tissues,
and eight placental biopsies. Fluorescent In Situ Hybridization (FISH) and karyotyp-
ing were also carried to confirm the fetal genome status.

Results: The results suggested that the fetal chromosome was 47,XXX and the placenta
had three karyotypes of 48, XXX,+21, 47,XX,+21, and 47,XXX. QF-PCR indicated that
the extra chromosome 21 and chromosome X were all from the father. It is speculated
that the zygote may have 48,XXX,+21 karyotype and trisomy rescue could be the main
mechanism for the development of the homogeneous fetus and complex mosaic placenta.
Conclusion: Overall, the complicated nature of our case underlines the importance
of discussing with parents the possibility of both atypical and discordant results dur-

ing preconfirmatory amniocentesis counseling and consent.
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The pregnant woman is a 34-year-old mother who had
one previous pregnancy that resulted in the delivery of a
normal, healthy boy. Results of her second trimester com-
bined test (AFP: 0.80MoM and Free-hCGf: 2.52MoM) in-
dicated that the pregnancy (gravida 3, para 1) was at high
risk of Down syndrome (1/20). The noninvasive prenatal
testing (NIPT) was then performed at the 20 + 3 week
as the second screening test and the result also revealed
high risk of trisomy 21 with a Z-score of 18.51 for chro-
mosome 21. After consulting, the patient agreed to take
a further amniocentesis to confirm the screening results.
Fluorescence in situ hybridization (FISH), copy number
variation using next-generation sequencing (CNV-seq)
and G-banded karyotype were used to analyze the am-
niocytes cultivation. All of the results showed 47,XXX
in fetal chromosome, which implied that NIPT gave a
false positive result of T21 and a false negative result of
trisomy X. To further analyze the inconsistent results, a
second NIPT test was carried out at the 23 + 4 week of
gestation and an additional CNV-seq test for the preg-
nant woman was also performed. The result of the second
NIPT still showed high risk of trisomy 21 (Z-score 18.75)
and the CNV-seq analysis of maternal peripheral blood
was normal, which eliminated the possibility of maternal
T21 mosaicism or large chromosome fragment duplica-
tion on chromosome 21. Additionally, ultrasonography at
the 27 + 3 week did not show any structural abnormal-
ities nor intrauterine growth retardation (IUCR). To our
knowledge, this inconsistency may occur when the pla-
cental have a status of mosaic T21 and trisomy X. After
posttest consultation, the couple decided to terminate
pregnancy and agreed to carry out additional research.

2 | MATERIALS AND METHODS

2.1 | Karyotype

Amniotic cells were conducted on G-banded metaphase
chromosomes at a resolution of approximately 450 bands.
Twenty metaphases were analyzed for nonmosaic cells and
60 metaphases were analyzed for mosaic cells or suspected
mosaic cases. Nomenclatures were assigned for each karyo-
type according to the international system for human cytoge-
netic nomenclature (ISCN 2013).

2.2 | Fish

FISH was performed on cytogenetic preparations fixed in
3:1 (v:v) methanol/glacial acetic acid. Slide preparations

TABLE 1 The result of CNV-seq analysis in different samples
Sample ID Sample Karyotype
ED133-1 Maternal peripheral blood 46,XX
ED135-7 Centre of the placenta 47, XX,+21
(fetal side)

ED135-1 12 o'clock of the placenta 47, XX,+21
(fetal side)

ED135-2 4 o'clock of the placenta 47 XX, +21
(fetal side)

ED135-3 8 o'clock of the placenta 47, XX,+21
(fetal side)

ED135-8 Centre of the placenta 48, XXX, +21
(maternal side)

ED135-9 12 o'clock of the placenta 48 XXX, +21
(maternal side)

ED135-10 4 o'clock of the placenta 47 XXX
(maternal side)

EDI135-11 8 o'clock of the placenta 47 XX,+21
(maternal side)

ED135-12 Fetal skin 47, XXX

ED135-14 Fetal muscle 47 XXX

ED135-5 Umbilical cord 47, XXX

were hybridized with the locus-specific probe using co-
denaturation and 2 hr hybridization. FISH was performed
according to the manufacturers’ instructions. FISH probe
was used LSI PML/RARA dual color translocation
probe (FastProbe, Healthcare biotechnology Inc, Wuhan,
China).

23 | NIPT
NIPT screening was performed using the shallow-depth whole
genome sequencing-based noninvasive prenatal subchromo-
somal copy number variation detection (NIPSCCD) method
as previously reported (Yu et al., 2019). The first NIPT was
performed at the 20 + 3 week of gestation and the second
one was carried out at the 23 + 4 week, samples were se-
quenced on the NextseqSSOAR platform (Annoroad Gene
Technology, Beijing, China).

24 | CNV-seq

CNV-seq was carried out by following the protocol men-
tioned in Qi et al.(2018) using the Nextseq550AR platform
(Annoroad Gene Technology, Beijing, China). Genomic
DNA extracted from peripheral blood leukocytes of the preg-
nant woman and tissues of the fetus and placenta was used.
The resolution of chromosome structure variation detection
is 100 kb.
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TABLE 2  The result of QF-PCR analysis in different samples
Markers of chromosome 21 Markers of chromosome X
Sample ID  Sample types 21B 21C 21D 211 21H X1 X3
ED133-1 Maternal 239,265 304,308 464,466 120,131 380,396 143,155 294,294
peripheral blood
ED135-7 Centre of the 257,257,265 300,300,304 464,470,470 120,131,131 392,392,396 143,147 285,294
placenta
(fetal side)
ED135-1 12 o'clock of the 257,257,265 300,300,304 464,470,470 120,131,131 392,392,396 143,147 285,294
placenta
(fetal side)
ED135-2 4 o'clock of the 257,257,265 300,300,304 464,470,470 120,131,131 392,392,396 143,147 285,294
placenta
(fetal side)
ED135-3 8 o'clock of the 257,257,265 300,300,304 464,470,470 120,131,131 392,392,396 143,147 285,294
placenta
(fetal side)
ED135-8 Centre of the 257,257,265 300,300,304 464,470,470 120,131,131 392,392,396 143,147,147 285,285,294
placenta
(maternal side)
ED135-9 12 o'clock of the 257,257,265 300,300,304 464,470,470 120,131,131 392,392,396 143,147,147 285,285,294
placenta
(maternal side)
ED135-10 4 o'clock of the 257,265 300,304 464,470 120,131 392,396 143,147,147 285,285,294
placenta
(maternal side)
ED135-11 8 o'clock of the 257,257,265 300,300,304 464,470,470 120,131,131 392,392,396 143,147 285,294
placenta
(maternal side)
ED135-12 Fetal skin 257,265 300,304 464,470 120,131 392,396 143,147,147 285,285,294
ED135-14 Fetal muscle 257,265 300,304 464,470 120,131 392,396 143,147,147 285,285,294
ED135-5 Umbilical cord 257,265 300,304 464,470 120,132 392,396 143,147,147 285,285,294
25 | QF-PCR Informed consent was obtained from the participant in this

Multiplex quantitative fluorescent polymerase chain reac-
tion (QF-PCR) was using a Devyser compact v3 kit (Devyser
AB, Sweden). Selected polymorphic STR markers were used
to analyze chromosomes 13, 18, 21, X, and Y. Each STR
marker was labeled with either 5’-6-carboxy fluorescein
(FAM) or 5’-hexachloro fluorescein (HEX). Labeled PCR
products were resolved on a 3,130 Genetic Analyzer (Applied
Biosystems) and allelic profiles plotted by GeneScan soft-
ware. Data analysis was performed by following the ACC
QF-PCR for diagnosis of aneuploidy best practice guidelines
(2012) v3.01 (Association for Clinical Cytogenetics, 2012).

2.6 | Ethical compliance

The study was approved by the Office of Research
Ethics, Zhongnan Hospital (approval number (2019111)).

study.

3 | RESULTS

A cord blood sample, three fetal tissues (skin, muscle, and
umbilical cord), and eight placental biopsies (four from
the fetal side and four from the maternal side) were taken
for the CNV-seq analysis. QF-PCR was also performed to
evaluate maternal DNA pollution and identify the origin
of the extra chromosome 21 and chromosome X. Most
samples were successfully analyzed, except the cord blood
sample was polluted by the maternal DNA as indicated by
the QF-PCR.

Overall, CNV-seq analysis revealed the existence of
heterogeneity between fetal and placental tissues (Table 1).
Results of the eight placental biopsies showed complex
combinations. Among the placental samples, trisomy 21
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was observed in 5 of 8 positions, trisomy X was observed
only once (Sample ID: ED135-10), and double trisomy
of 21 and X was observed in two positions (Sample ID:
ED135-8, and ED135-9). However, because the tropho-
blast of the placenta was not investigated separately, the
karyotype of possible cell lines existed in the layer could
not be determined.

In comparison, all fetal tissues (skin, muscle, and umbil-
ical cord) demonstrated a homogeneous trisomy X (Sample
ID: ED135-12, ED135-14 and ED135-5 respectively), indi-
cating that the fetal tissues were different from the placen-
tal tissues. FISH analysis confirmed the result of 47, XXX in
three fetal tissues. The extra CNVs detected in the placenta
was also presented in the fetus and showed a normal inheri-
tance pattern. Moreover, QF-PCR analysis revealed that the
extra chromosome X in fetal tissues and the extra chromo-
some 21 and X in placenta tissues were all from the father
(Table 2).

4 | DISCUSSION

In this case, we reported discordant results between NIPT
and fetal karyotyping. The placenta has the mosaicism of
48, XXX,+21, 47, XXX, and 47,XX,+21, but we could not
find any evidence showing the fetus contained trisomy 21
nor double trisomy 21 and X. Therefore, according to the
results of CNV-seq and FISH on the fetal skin and mus-
cle tissues, the karyotype of the fetus was homogeneous
47,XXX. We believe this confined placental mosaicism
(CPM) lead to the false 47,XX,+21 NIPT result (Choi
et al., 2013). However, since the trophoblast and mesen-
chymal core were not separately examined and the exact
karyotype of cells in the trophoblast could not be identi-
fied, we therefore can only speculate that the missing tri-
somy X in fetal cfDNA might also be caused by the mosaic
placenta due to the insufficient concentration for NIPT de-
tection as demonstrated in the previous report (Mao et al.,
2014; Wang et al., 2019).

Human embryonic development begins in the early
postfertilization stages. The fetus itself is likely to be de-
rived from only a small subset (3 out of 64) of the blas-
tocyst progenitor cells (Bianchi, Wilkins-Haug, Enders,
& Hay, 1993). The remaining cells are believed to give
rise to extraembryonic structures. In our case, the results
of QF-PCR analysis revealed that the abnormal chromo-
some of the oosperm came from the father. Therefore, we
speculate that the karyotype for the paternal sperm was an
unusual diploid gamete (25,XX,421) and zygote is likely
to be a double trisomy, 48,XXX,+21. There have been
a number of cases reported for fetuses with this type of
double trisomy and some of which were born and grew
up (Balwan, Kumar, Raina, & Gupta, 2008; Shen, Zou,

Shang, & Jiang, 2012; Vergara-Mendez, Talero-Gutiérrez,
& Velez-Van-Meerbeke, 2018). Nevertheless, the inter-
esting question in our case is how the double trisomic zy-
gote developed into a homogeneous fetus (47,XXX) and
a placenta with three distinct karyotypes (48, XXX,+21,
47,XXX, and 47,XX,+21) rather than a double-aneuploid
abnormal fetus and placenta (48,XXX,+21).

In literature, the formation of chromosomal mosaicism
was thought to have two principal mechanisms, trisomy
rescue and mitotic nondisjunction. The trisomy rescue
could restore a disomic cell line through the loss of one su-
pernumerary chromosome in the cell (Grati et al., 2017).
According to the distribution of the different cell lines in
our research, we speculate that the trisomy rescue was the
main mechanism for the double trisomy zygote to finally
differentiate into a homogeneous fetal (47,XXX), and two
independent rescue events may exist during the embryonic
and placenta development. The first event was thought to be

Abnormal sperm with
unusual diploid gamete
(25, XX, +21)

fertilization ¢

@ +7.xxx

48, XXX, +21 or
47,+21

: After the fifth cleavage

| 1
inner cell mass of blastocyst trophoblast cell

a0
l'\?

The homogeneous
fetal
(47,XXX)

The mosaic placenta
(47,XXX/
47,+21 or 48,XXX,+21)

FIGURE 1
development process of the fetus. The karyotype for the paternal sperm

An illustration of speculated embryo and placenta

may be an unusual diploid gamete (25,XX,421) and zygote is likely

to be a double-trisomy (48,XXX,+21). After the fifth cleavage, the
zygote grows into a morula and then into a blastocyst. The blastocyst
contains two major part of compositions. One is the inner cell mass
(yellow), which develops into the embryo (the homogeneous 47, XXX).
The other is trophoblast cells (blue), which develops with some inner
cell mass into the placenta (the mosaic 47, XXX, 47,XX,+21, or
48,XXX,+21)
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at the beginning of the postfertilization stages, the trisomy
rescue precisely progressed on the timing and embryo—fetal
localization and diminished the extra chromosome 21 to gen-
erate a homogeneous fetal (47,XXX) who was derived from
only three ancestral cells at the blastocyst stage (Figure 1).
The second event was surmised to exist during the early pla-
centa development, where placenta cells with a karyotype of
47,XX,+21 was generated after rescuing from the extra copy
of chromosome X. Since cells with 46,XX in the placenta
were not discovered, the two rescues were unlikely to happen
in the same cell line, therefore, it was considered to be two
independent events.

Because the paternal markers for chromosome X and 21,
indicated by the QF-PCR, were all of the same length, the
48,XXX,+21 cell line could also be caused by mitotic non-
disjunction when the karyotype of the sperm was normal. If
this is the case, the origin of the extra chromosome X and 21
should have several possibilities such as all from the father,
all from the mother, or one from each parent, and the chance
of becoming our case was small.

In summary, we report a discordant result between fetal
karyotyping (47,XXX) and NIPT (47,XX,+21) and subse-
quently found a rare case of mosaic placenta with trisomy
21, trisomy X, and double trisomy X/+21, as well as a
fetus with homogeneous trisomy X examined after preg-
nancy termination. The complicated nature of our case un-
derlines the importance of discussing with the parents the
possibility of both atypical and discordant results during
preconfirmatory amniocentesis counseling and consent. In
contrast, because NIPT relies on the content of trophoblast
cells, it is important to follow-up the normal or abnormal
results. In brief, considering the effect from placenta, the
NIPT results should be interpreted as a screening method
and combining other clinical tests under comprehensive
background information.
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