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1. Abstract

1.1. Aims: Over the last decade, molecular methods, such as chro-
mosomal microarray and Bacs-On-Beads assay, have been shown
to improve the detection rate of chromosomal abnormalities.
Nonetheless, conventional cytogenetics methods, such as FISH
and karyotyping, are still useful tools and should not be dismissed.

1.2. Methods: We report on two complex prenatal diagnoses in
which false-negative aneuploidy testing results were amended by
conventional techniques. Diagnostic procedures were performed
according to national guidelines and local protocols, using both
molecular methods (chromosomal microarrays and Bacs-On-
Beads assay) and conventional techniques (fluorescent in situ hy-
bridization and karyotyping).

1.3. Results: In the first case, we show how trisomy 21/monosomy
21 mosaicism could not be detected by molecular methods due to
quantitative compensation. In the second case, complex fetopla-
cental mosaicism, involving two trisomic (21 and 14) cell lines
with opposite tissue distributions, impaired molecular diagnosis
performance. In both cases, subsequent karyotyping and FISH
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analysis permitted the correct diagnosis.

1.4. Conclusions: Cell cultures and single-cell assessment allowed
by FISH and karyotyping were instrumental in characterizing the
chromosomal abnormalities. These two cases illustrate the contri-
bution of morphological cytogenetic analysis and cell cultures to
the prenatal diagnosis of chromosomal abnormalities.

2. Introduction

Molecular methods demonstrate superior performance over con-
ventional cytogenetics in the detection of chromosomal abnormal-
ities. Bacs-on-Beads technology (BOBs) [1] and chromosomal
micro arrays (CMA) [2] on native samples are progressively re-
placing conventional cytogenetic methods for invasive testing of
high-risk pregnancies. BOBs is a multiplex, bead-based assay that
uses a capture system of dye-tagged beads coated with bacterial ar-
tificial chromosomes targeting genomic regions of interests (e.g.,
chromosome 13, 18, 21 and microdeletion syndromes loci in the
case of Prenatal BOBSs and chromosome telomeres for Karyolyte
BOBs) and a flow-cytometry type detection system [3]. Molecular
methods are by nature quantitative; they assess the copy number
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of multiple loci (from a few dozens in BOBs assays to hundreds of
thousands in CMA) in DNA extracted from a sample, producing
results averaged over millions of cells. Conversely, conventional
cytogenetic methods qualitatively study chromosomal morpholo-
gy at the single cell level. The trade-offs are a lower resolution in
the case of karyotyping, a limited number of predetermined target-
ed loci in flouresecence in situ hybridization (FISH), and a rela-
tively low number of cells studied in both.

While false-negative and false-positive, non-invasive prenatal
testing results are the subject of intense interest [4-6], false-neg-
ative BOBs, CMA, or other quantitative molecular technologies
results are rarely reported in the literature. It is important to be
aware of the limitations of these assays to provide the most accu-
rate information and the best care to expecting parents. We report
on two cases illustrating the potential shortcomings of molecular
methods.

3. Results - Clinical Reports
3.1. Case 1

The expecting mother was referred to our prenatal care center after
abnormal second trimester ultrasonography results. At 26 weeks
of gestational age (WQ), ultrasonography showed evidence of a
complex heart defect (tetralogy of Fallot, atrioventricular septal
defect and two apical ventricular septal defects), absence of nasal
bones and hydrops fetalis. Amniocentesis was performed. The ob-
servation of hydrops fetalis prompted the harvesting of fetal blood
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(FB) for the purpose of metabolic screening.

Prenatal BOBs results on DNA extracted from uncultured am-
niotic fluid sample (AF) were normal (Figure 1, A). A few days
later, karyotyping and FISH on FB cultures produced discordant
results, with a dicentric chromosome 21 observed in all meta-
phases (Figure 1, B). Interphase FISH on the remaining volume
of native amniocytes unexpectedly revealed the existence of two
cellular populations, in equal proportions, displaying either one or
three fluorescent signals (Figure 1, D). The final cytogenetic diag-
nosis was a mosaicism of two cell lines, one carrying a dicentric
chromosome 21 and the other carrying a unique chromosome 21
(ISCN nomenclature: 46,XX,dic(21;21)(p11.2;p11.2)/45XX,-21),
i.e., monosomy 21/trisomy 21 mosaicism. Identical results were
obtained on a second, confirmatory amniocentesis. CMA (Agilent
8x60k) on uncultured AF returned normal results. Both parents’
karyotypes and CMA results were normal.

Microsatellite markers analysis was performed on DNA extracted
from uncultured FB and uncultured AF to rule out sample misla-
belling. Semiquantitative analysis of fluorescence signals suggest-
ed a higher copy number of the chromosome 21 markers in fetal
blood DNA but not in amniotic fluid DNA (Figure 1, E), in line
with BOBs and CMA results on uncultured AF detailed above.

Following genetic counselling, the couple elected to carry the
pregnancy to term. The child displayed a typical Down syndrome
phenotype at birth. Post-natal genetic testing was forgone by pa-
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Figure 1: Molecular and conventional cytogenetics results in case 1. (A) ¥*BOBs assay (top) and CMA (bottom) results over chromosome 21 for native

AF sample. Fluorescence ratios show no elevation indicative of trisomy 21. (B) Partial G banded karyotype demonstrating the presence of a dicentric

chromosome 21. (C) Metaphase FISH on FB cultures using LSI-21 (red) and LSI-13 (green) probes. Chromosomes 21 are indicated by red arrows

showing one with two LS1-21 signals (right). (D) Interphase FISH on native AF sample using the same probes. Nuclei show either one (top, bottom

left) or three (bottom right) chromosome 21 signals. (E) Two of the microsatellites analysed on native AF (left) and FB cultures (right). Semiquantitative

analysis of signal intensity indicates a higher copy number of chromosome 21 microsatellites (penta D) in FB sample, suggesting trisomy 21.
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rental decision.
3.2.Case 2

The patient was referred to our prenatal care center at 13 WG be-
cause of increased fetal* nuchal translucency (6.7 mm). Ultraso-
nography performed at 16 WG showed evidence of diaphragmatic
hernia, walled hygroma, and bilateral jugular lymphatic sacs.

BOBs on DNA extracted from a native chorionic villi sample
(CVS) showed a normal female profile, and notably no evidence
of trisomy 21. CMA (Agilent CGH 8x60k) showed an elevated
fluorescence log-ratio over chromosome 14, indicative of trisomy
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14 (Figure 2, A). A few days later karyotyping on cultured CVS
produced discordant results: trisomy 21/trisomy 14 mosaicism
(47,XX,+21[19]/47,XX,+14[1]). Previous CMA results obtained
on native CVS were carefully reviewed, and a homogenous, albeit
minute, elevation of the fluorescence log-ratio over chromosome
21 could have indeed been suggestive of a low degree of trisomy
21 mosaicism—found among a majority trisomy 14 cells (Figure
2, A). Cytogenetic investigations results are summarized in Table
1. SNP-array (Infinium OmniExpress 24, [llumina) on native and
cultured CVS confirmed trisomy 14 with a minor trisomy 21 frac-
tion in native CVS, and trisomy 21 with a minor trisomy 14 frac-
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Figure 2: Molecular and FISH results in case 2. (A) CMA results on native CVS indicating trisomy 14, while chromosome 21 fluorescence log-ratio
deviation from baseline is barely visible. (B) interphase FISH on CVS cultures using LSI-21 (red) and 14q telomeric (green) probes. The three red
signals in the nuclei on the top left demonstrate the existence of a trisomy 21 cell line, while the three green signals on the nuclei on the bottom right
are indicative of the presence of a trisomy 14 cell line. (C) SNP-array results over chromosome 14 (top) and 21 (bottom) on native CVS (left) and CVS
cultures (right). B allele frequency and fluorescence log-ratio profiles are indicative of tissue-specific mosaicism: trisomy 14 with low fraction of tri-
somic 21 cells in native CVS and trisomy 21 with low fraction of trisomic 14 cells in CVS cultures. (D) *BOBs assay results on placenta (left) and fetal
skin (right). Results are concordant with SNP-array profiles shown in (B), with native CVS and placenta, and CVS cultures and fetal tissues showing
the same chromosomal aneuploidy, respectively trisomy 14 and trisomy 21. Of note, the low degree of mosaicism can was detected by SNP-array but
not by *BOBs assay.

tion in cultured CVS (Figure 2, C). After receiving genetic coun-
selling, the couple elected to terminate the pregnancy.

4. Discussion

We report on two cases of discrepancies between cytogenetic test
results across different sample types and analytic methods, illus-
trating the complexity of results interpretation in prenatal diag-
nosis, especially in cases of mosaicism. These cases demonstrate
how conventional cytogenetics is still a valuable tool for detecting
and resolving unusually complex presentations.

Case 1 illustrates the inherent limitations of molecular methods
quantitative nature, in that monosomic and trisomic cell lines bal-
ance each other out and produce a misleadingly normal profile.
Only single-cell assessment by FISH and karyotyping provided a
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correct cytogenetic diagnosis. Dicentric chromosomes are unsta-
ble, and either undergo centromere inactivation by alpha-satellite
partial deletion to maintain themselves as functionally monocen-
tric, or are lost during mitosis [7,8], explaining the presence of the
monosomic cell line. A similar three cell line chromosome 21 an-
euploidy has been described in the past [9], but, to our knowledge,
this is the first report of the subsequent false-negative molecular
results. A similar example of quantitative compensation involv-
ing submicroscopic abnormalities has been described by Malan e¢
al. [10], in which a 2p25.3 duplication/2p25.3 deletion mosaicism
could not be detected by CMA. Chromosomal mosaicism involv-
ing an autosomal structural abnormality is rare (a study found a
frequency of 0.03% in a total of 179,663 amniocenteses (11)) and
very few CMA false negative results are reported in the literature,
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likely because it is indeed a reliable and accurate diagnostic tool
[2]. Nonetheless, the diagnosis of copy-neutral chromosomal re-
arrangements and qualitative characterization of mosaicism at the
single cell level elude BOBs and CMA, even though it can be clin-
ically meaningful in prenatal diagnosis, as illustrated by our report.

Case 2 is a rare example of mosaicism involving two autosomal
trisomies, and demonstrates the added value of maintaining cell
cultures. Native and cultured CVS showed opposing degrees of
trisomy 21/trisomy 14 mosaicism (5/95% vs. 70/30% respective-
ly) over all analytic methods. Several scenarios could explain the
presence of two distinct trisomic cell lines [12]. The most likely
hypothesis, supported by FISH and karyotyping in the absence
of parental origin analysis, is the occurrence of two independent
mitotic errors and the selective proliferation of trisomic cell lines
over the non-viable monosomic ones. Cytotrophoblast cells make
up the bulk of the genetic material present in native CVS and are
a closer reflection of placental tissues and conversely mesenchy-
mal cells proliferate more readily in vitro, making cultured CVS a
better reflection of embryonic tissues [13]. Results obtained from
cell cultures were thus more informative regarding fetal status than
molecular results on native samples.

Mosaicism is detected in approximately 1-2% of CVS and a ma-
jority of those cases (70-85%) are confined placental mosaicism
(CPM). CPM is defined as a tissue specific mosaicism in which
a chromosomal abnormality is present only in the placenta and
absent in the fetus; conversely, in true *fetal mosaicism the fetus
carries the abnormal cell line [14]. Our case does not lend itself
easily to simple classification; each trisomic cell line had a differ-
ent tissue distribution, and it is difficult to distinguish between an
actual low degree of mosaicism in a given tissue from a potential
cross-tissue contamination. Prognosis (and thus genetic counsel-
ling) is heavily influenced by mosaicism type [15]. By leveraging
the differential growth patterns of embryonic and extra-embryonic
tissues to elucidate cell line distribution, cell culture is an invalu-
able tool in prenatal diagnosis.

5. Conclusion

Molecular tools have made the reliable diagnosis of homogeneous
chromosomal abnormalities on native DNA routine. In the future,
broader accessibility of next generation sequencing-based analysis
for invasive and non-invasive testing, combining point mutations,
aneuploidy, and CNV analysis will probably make CMA obsolete
[16, 17]. But karyotyping and FISH on native and cultured cells is
still a useful diagnostic complement, particularly in cases of com-
plex mosaicisms that could be under-diagnosed by an exclusively
molecular work-flow.
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