Lin et al. Mol Cytogenet (2021) 14:26

https://doi.org/10.1186/513039-021-00544-3 MOIECUlar Cytogenetlcs

-
Mosaic duplication of 8924.1g24.3 e

detected by chromosomal microarray
but not karyotyping in two unrelated fetuses
with cardiac defects

Shaobin Lin'"®, Shufang Huang?', Xueling Ou?, Heng Gu*, Yonghua Wang?, Ping Li and Yi Zhou"”

Abstract

Background: Discordance between traditional cytogenetic and molecular cytogenetic tests is rare but not uncom-
mon. The explanation of discordance between two genetic methods is difficult but especially important for genetic
counseling, particularly for prenatal genetic diagnosis.

Case presentation: Two unrelated fetuses were diagnosed with cardiac defects by prenatal ultrasound examina-
tion, and invasive cordocentesis was performed to obtain cord blood samples for prenatal genetic diagnosis. For both
fetuses, chromosomal microarray analysis (CMA) detected a novel approximately 27-Mb mosaic duplication with

a high copy number of approximately six to seven copies on chromosome 8g24.1g24.3 that was not identified by
karyotyping. To exclude artificial errors and validate laboratory detection results, multiple procedures including copy
number variation sequencing, fluorescence in situ hybridization, and short tandem repeat and single-nucleotide poly-
morphism genotype comparison were performed, confirming the discordant results between CMA and karyotyping.
The potential causes of discordance between CMA and karyotyping using fetal blood lymphocytes are discussed;

we suggest that extrachromosomal DNA or cell-free DNA fragmentation originating from certain tumor tissues with
8024.1g24.3 duplication might deserve further investigation.

Conclusions: This study may be helpful for prenatal evaluation and genetic counseling for subsequent patients with
similar mosaic 8924.1g24.3 duplications. Additionally, more cases and further research are needed to understand
whether mosaic 8924.1g24.3 duplication is associated with certain genetic disorders and to investigate the causes of
discordance between molecular and morphological methods.
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Background
Discordance between traditional cytogenetic and molec-
ular cytogenetic tests is rare but not uncommon. Such

*Correspondence: liping701@163.com; zhouyi6@mail.sysu.edu.cn differences are found mainly with regard to certain
*Shaobin Lin and Shufang Huang contributed equally to this work supernumerary chromosomes. such as isochromosomes
! Department of Obstetrics and Gynecology, The First Affiliated Hospital p . . Y ’
of Sun Yat-sen University, 58 Zhong Shan Er Road, Guangzhou 510080, and isodicentric chromosomes, or even some rare chro-
Guangdong Province, China mosomal trisomies. The most common types of chro-
2 Prenatal Diagnosis Center, Department of Obstetrics and Gynecology, s . .

o . mosomal abnormalities reported to date include i(8p),
Guangdong Provincial People' Hospital, Guangzhou 510080, Guangdong B . . L . -
Province, China i(9p), i(12p) and trisomy 9 mosaicism instead of partial
Full list of author information is available at the end of the article monosomy/trisomy not Containing a centromere [1]'

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0001-6272-3421
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13039-021-00544-3&domain=pdf

Lin et al. Mol Cytogenet (2021) 14:26

Although the mechanism remains largely unexplained,
it is largely attributed to the cell culture selection effect,
tissue-restricted mosaicism or technical sensitivity [1—
3]. The explanation of discordance between two genetic
methods is difficult but especially important for genetic
counseling, particularly for prenatal genetic diagnosis.
Here, we report two unrelated fetuses with congenital
heart defects (CHDs), in which an ~27-Mb mosaic dupli-
cation with a high copy number of approximately six to
seven copies on chromosome 8q24.1q24.3 was detected
by chromosomal microarray analysis (CMA) but not by
traditional karyotyping of prenatal cord blood.

Case presentation

Case 1

The mother in this case was 26 years old; gravida 2, para
0. The parents of the fetus were nonconsanguineous. The
woman had a history of selective pregnancy termination
of a fetus with tetralogy of Fallot. The current pregnancy
was conceived naturally in 2018. Both maternal serum
biochemical marker screening and noninvasive prena-
tal screening (NIPT) of fetal aneuploidy indicated low
risk. At 18 weeks of gestation, ultrasound examination
revealed a fetal echogenic bowel. Follow-up ultrasound
examination suggested right fetal cardiac enlargement
at 23 weeks of gestation. Further Doppler echocardiog-
raphy at 24 weeks of gestation identified asymmetry of
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ventricular size with an enlarged right ventricle and a
small left ventricle, ventricular septal defect of 4.6 mm,
atrial septal defect of 7.8 mm and thin aortic arch (Fig. 1).
The woman received genetic counseling and invasive
cordocentesis sampling for karyotyping and CMA at
25 weeks of gestation.

Case 2
The mother in this case was 33 years old; gravida 1, para
0. The couple was nonconsanguineous, and family his-
tory was unremarkable. The current pregnancy was
conceived by intrauterine insemination in 2020. First-
trimester maternal serum biochemical marker screening
of fetal aneuploidy was missed, and the parents refused
NIPT. Second-trimester serum screening of fetal ane-
uploidy showed a risk ratio of 1:905. At 24 weeks of
gestation, ultrasound examination revealed a complete
atrioventricular septal defect and severe tricuspid regur-
gitation in the fetus. At 27 weeks, follow-up ultrasound
findings were complete atrioventricular septal defects,
severe tricuspid regurgitation, pulmonary stenosis and
ascites (Fig. 1). The woman received genetic counseling
and invasive cordocentesis sampling for karyotyping and
CMA at 27 weeks of gestation.

According to the decision of the parents, termination
of pregnancy was performed in the two cases at 28 weeks
and 29 weeks. The parents did not agree to further
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Fig. 1 Ultrasound images of the fetuses. a An ultrasound image showed asymmetry of ventricular size with an enlarged right ventricle and a small
left ventricle and ventricular septal defect in fetus 1 at 24 weeks of gestation. b An ultrasound image showed a complete atrioventricular septal
defect in fetus 2 at 24 weeks of gestation
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investigation using fetal tissues. The patients provided
written informed consent for invasive prenatal examina-
tions and for this study and publication of the data.

Methods and results

G-banded karyotyping was performed on peripheral
blood and cord blood using standard procedures. Karyo-
typing of cord blood lymphocytes from the two fetuses
showed normal karyotypes 46,XX and 46,XY (Fig. 2). The
karyotypes of the parents were also normal.

However, CMA using CytoScan HD arrays with a
single-nucleotide polymorphism (SNP) array platform
(Thermo Fisher Scientific, Inc., Waltham, Massachusetts)
performed using fetal blood lymphocytes detected mosaic
duplications with a high copy number of approximately
six to seven copies on chromosome 8q24.1q24.3. The
8q24 duplication segments in the two cases were almost
unique, with a size of approximately 27 Mb: arr[GRCh37]
8q24.12q24.3(119328435_146295771) x 6 ~ 7
in case 1 and arr[GRCh37] 8q24.
12q24.3(119261902_146295771) x 6 ~7 in case 2 (Fig. 2).
The duplicated region ranged from 8q21.12 to 8q termi-
nal (8qter), encompassing approximately 162 protein-
coding genes, including the well-known oncogene MYC.
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CMA performed on the parents of two fetuses did
not reveal 8q24 duplications, indicating that the altera-
tions were de novo duplications. According to SNP-
based Mendelian inheritance error (MIE) analysis for the
fetus-parent trios, the percentage of MIE on chromo-
some 8 was 2.16% for the mother in case 1 (MIE-mother
markers/total markers: 838/38796) and 2.73% for the
mother in case 2 (MIE-mother markers/total markers:
1058/38796), indicating that the 8q24 duplication origi-
nated from the father (Fig. 3). We further performed an
SNP MIE analysis to investigate the relationship between
the parental samples and fetal samples for the CMA test,
which demonstrated the two samples to be related.

Then, next-generation sequencing for copy number
variation detection using the NextSeq 500 platform (Illu-
mina, San Diego, CA, USA) was performed on the two
samples, as previously described [4], confirming the
mosaic duplications in accordance with CMA (data are
available upon request). Fluorescence in situ hybridiza-
tion (FISH) using an MYC probe (red fluorescence; green
fluorescence CENS8 probe for the alpha satellite cen-
tromeric region of chromosome 8 as a control) located
at 8q24 was performed on a cell suspension of cultured
fetal blood from case 2 (cell suspension not obtained in
case 1). The MYC gene copy number was normal in both
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Fig. 2 Karyotypes and CMA results. a, b Karyotyping of cord blood lymphocytes showed 46,XX and 46,XY in fetus 1 and fetus 2, respectively. ¢, d
CMA performed on cord blood lymphocytes revealed approximately 27-Mb mosaic duplications with high copy numbers of approximately six to
seven copies on chromosome 8q24.1g24.3 in fetus 1 and fetus 2, respectively
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Fig. 3 SNP-based Mendelian inheritance error (MIE) analysis for the fetus-parent trios and FISH image. a, b SNP genotype comparison showed that
some SNP genotype calls in fetus 1 (a) and fetus 2 (b) did not match their mothers, indicating that they originated from the fathers. ¢ FISH using
a probe for the MYC (red fluorescence; green fluorescence CEN8 probe for the alpha satellite centromeric region of chromosome 8 as a control)
located at 824 was performed on a cell suspension from cultured cord blood from fetus 2. The analysis showed a normal MYC gene copy number
in both metaphase and interphase cells, indicating a nonduplicated 824 region

metaphase and interphase cells, indicating a nondupli- dysmorphism and feeding difficulties. Although a few
cated 8q24 region (Fig. 3). similar features were observed among these cases, the

Furthermore, we extracted genomic DNA from cells exact critical region(s) or gene(s) has not yet been delin-
suspended in Carnoy’s fixative fluid after karyotyping eated. Moreover, CHDs were not consistently observed
for case 2 (cell suspension not obtained in case 1) using in these cases. Nevertheless, Digilio et al. [6] considered
the Chelex-100 method (Promega, Madison, WI, USA).  that CHDs, especially conotruncal heart anomalies,
Because the extracted DNA did not meet the quality including tetralogy of Fallot, double-outlet right ventri-
requirement of CMA, we then performed short tandem cle and malformation of the aortic arch, are a frequent
repeat (STR) genotype analysis using it and DNA from finding in cases with 8q22-qter duplication. It should be
the CMA test to determine concordance between the noted that the case of 8q22-qter duplication in Concolino
two samples. The result demonstrated that the samples et al. [11] involved atrial and ventricular septal defects, in
indeed were from the same individual (STR markers and accordance with the cardiac anomalies observed in the

results shown in Fig. 4). present cases. The duplicated segments in the present
cases ranging from 8q24.12 to 8qter suggest a narrow
Discussion and conclusions region associated with CHD. Regardless, more cases of

In most cases, 8q duplication derives from chromosome discrepant duplicated segments of 8q would be valuable
8 recombination or parental balanced translocations. In  to further refine the critical region(s) or gene(s) associ-
general, the characteristic features of cases with pure 8q  ated with CHD.

duplications are not well defined because they often have Interestingly, the present two cases carried mosaic
various duplicated segments of 8q, carry other concomi-  duplication of 8q with approximately six to seven cop-
tant chromosomal rearrangements instead of pure 8q ies, which has not been reported thus far. Surprisingly,
duplications, and show inconsistent phenotypic profile mosaic duplications were detected by CMA but missed
[5-7]. Pure terminal duplication of chromosome 8q24 is by karyotyping using fetal blood. To investigate artifi-
rare. To our knowledge, four cases with pure 8q duplica-  cial errors in the experimental procedure, we performed
tion have been finely determined in previous studies [8—  STR genotyping between the samples used for the CMA
11]. These cases were reported to involve developmental  test and for karyotyping to confirm that the two sources
disability, intellectual disability, epilepsy, CHDs and of samples were from the same individual; we then per-
urinary defects, limb anomalies, cleft lip/palate, facial formed SNP-based MIE analysis to verify that the fetal
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Fig. 4 STR genotype results. A set of 21 polymorphic STR markers, including D351358, THO1, D21511, D18S51, Penta E, D55818, D135317, D75820,
D165539, CSF1PO, Penta D, VWA, D851179, TPOX, FGA, D195433, D125391, D651043, D251338, D151656 and Amelogenin, was used. STR genotype
analysis using DNA from cells suspended in Carnoy’s fixative fluid after karyotyping (a) and DNA from the CMA test (b) verified the concordance
between the two samples in case 2 (five markers are shown in this image) and demonstrated that the samples indeed were from the same
individual

sample and parental samples had biological relation-
ships. These verification tests excluded potential labora-
tory errors. The phenomenon of discordance between
molecular techniques and traditional karyotyping is
often observed in cases with Pallister-Killian syndrome,
a tissue-limited mosaicism for the extra i(12p) chromo-
some [12]. Overall, i(12p) cells are more stable and show
higher levels of fibroblasts, amniocytes and chorionic
villus cells than found among rapidly growing blood
lymphocytes, and they are difficult to detect in blood
lymphocytes over time [3]. It is probable that i(12p) cells
would be lost in the bone marrow and that they would
also be replaced by rapidly growing normal cells stimu-
lated by phytohemagglutinin in traditional karyotyping
preparations [3, 12]. Nonetheless, these explanations do
not appear to account for the causes of the mosaic 8q
duplication detected by CMA and not karyotyping using
fetal blood. Although both CMA and CNV-seq suggested
mosaic 8q24.12q24.3 duplications in the two fetuses, we
could not define the level of mosaicism because how the
duplicated 8q24.12q24.3 segments were presented is still
unknown without morphological evidence. Assuming
that the duplicated 8q24.12q24.3 segments were present
in a small supernumerary marker chromosome (sSMC)

or a structural chromosomal rearrangement in cells, if
the proportion of the cells was 1%, these cells would be
expected to have approximately 600-700 x amplifica-
tions of the 8q24.12q24.3 segment, and if the propor-
tion of the cells was 50%, these cells would be expected
to have approximately 12-14 x amplifications of the
8q24.12q24.3 segment. In addition, the 8q24.12q24.3
region did not contain a centromere to constitute a sta-
ble sSSMC, and the region was not found to have inserted
or translocated to another chromosomal region to con-
stitute a derivative chromosome. Therefore, an sSMC or
a structural chromosomal rearrangement is not possible
to detect in these cases, as it cannot be expected. Thus,
we considered whether the duplicated segment had bro-
ken into numerous, undetected small fragments, a pro-
cess called chromothripsis [13], which might insert into
different genomic regions or be present in the form of
extrachromosomal DNA (ecDNA) and recently proven to
have an impact on tumor evolution and genetic hetero-
geneity. Accordingly, we used a probe for the MYC gene
located at 8q24 to perform FISH on a cell suspension of
cultured fetal blood lymphocytes after karyotyping in
case 2 (cell suspension of case 1 could not be obtained),
but the results showed a normal MYC gene copy number.
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This result appeared to exclude the possibility of inser-
tion into different genomic regions due to chromothrip-
sis, but it did not exclude the possibility of ecDNA. In
fact, MYC or 8q24 amplification has been reported to be
associated with an increased risk of some types of tumors
in previous studies [14, 15]. Of note, several oncogenes
encoded on ecDNA, including MYC, were the primary
genes expressed in the cancer genomes [16]. Alterna-
tively, another explanation for cytogenetically undetected
8q duplications is that they may be present as cell-free
DNA (cfDNA) fragmentation originating from certain
tumor tissues [17]. Therefore, the present mosaic 8q
duplication might have consisted of numerous fragments
of cfDNA released from specific tumor tissues. However,
we did not uncover any potential clinical indication of a
tumor in the fetuses or their parents based on prenatal
examinations and parental medical records; and we also
noted that fetal tumors with ¢-MYC or 8q24 amplifica-
tion have not been reported in the literature. Whether
8q24 or ¢-MYC (or other genes located at 8q24) amplifi-
cation was related to certain fetal tumors might deserve
further investigation.

Notably, no specimens from either tumor patients or
tumor cell lines were referred to our laboratory, in which
prenatal cytogenetic and molecular genetic detections of
rare human diseases in specimens from fetuses and their
parents were mainly performed. Additionally, the time
interval (one case in 2018 and another in 2020) between
the present two fetuses referred to our laboratory was
long; thus, it seems impossible that the duplicated
genomic segments derived from a cell line contamina-
tion. Furthermore, SNP MIE analysis between the fetuses
and parents also excluded the possibility of exogenous
contamination.

The current study has certain limitations. For exam-
ple, other types of cell lines, such as amniocytes, chori-
onic villi or skin fibroblasts, were not obtained from the
two cases, and uncultured fetal blood lymphocytes were
not reserved for further research. Furthermore, the FISH
performed on cultured fetal blood lymphocytes could not
exclude the potential artificial effects of cultured cells,
which might induce a selective growth advantage or dis-
advantage for certain cell lines [18]. These unresolved
issues may be important for further determining whether
the mosaic 8q duplications were present in a tissue-lim-
ited manner and whether the duplications were lost dur-
ing karyotyping preparations.

In brief, we present a novel mosaic 8q duplication with
a copy number ranging from six to seven detected by
CMA but not by karyotyping in two unrelated fetuses with
CHDs. Through multiple procedures to exclude artificial
errors and validate laboratory detection results, we were
able to confirm the discordant results between CMA and
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karyotyping. This study may be helpful for prenatal evalu-
ation and genetic counseling for subsequent cases with
similar mosaic 8q duplications. In addition, more cases and
further research are needed to understand whether mosaic
8q duplication is associated with certain chromosomal dis-
orders and to investigate the causes of discordance between
molecular and morphological methods.
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