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Letters to the Editor

Detection of 22q11.2 microduplication by cell-free
DNA screening and chromosomal microarray in
fetus with multiple anomalies

Prenatal cell-free DNA (cfDNA) testing, or non-invasive
prenatal testing, has been shown to be capable of detecting
certain microdeletion syndromes' and has recently been
extended to genome-wide detection of subchromosomal
abnormalities, including microduplications?. Here we
describe a fetus with multiple structural anomalies that
was diagnosed with double segmental duplications by
cfDNA testing at our laboratory (Department of Genomic
Medicine, Changhua Christian Hospital, Taiwan). We
confirmed the c¢fDNA test result by chromosomal
microarray (CMA) and karyotyping, and ascertained that
the fetus had an unbalanced translocation inherited from
a parental carrier of a balanced translocation involving
t(11;22)(q23;q11.2).

A 30-year-old woman, gravida 2 para 1, was referred
to our center at 35 weeks of gestation due to intrauter-
ine growth restriction (IUGR) and suspected cardiac
defects. During the visit, a detailed ultrasound exam-
ination confirmed TUGR (estimated fetal weight of
1953 g, corresponding to 32 weeks of gestation) and
showed oligohydramnios, an overriding aorta (Figure 1a)
with a ventricular septal defect and a small pul-
monary artery (Z-score=—2.11), and renal malforma-
tions (small kidneys with poor corticomedullary differ-
entiation; Figure 1b). Given the presence of conotruncal
heart defects, we conducted invasive tests including fluo-
rescence in-situ hybridization (FISH), array comparative
genomic hybridization (array CGH) and conventional
karyotyping of amniocytes to obtain a genetic diagno-
sis. Prior to the invasive diagnosis, maternal blood was
drawn for cfDNA testing for research purposes. cfDNA
testing was performed using next-generation sequencing
with two different algorithms for aneuploidy detection:
Z-score and genome-wide normalized score (GWNS)3.
The Z-score was based on Z statistics which quantified
the deviation of the read ratio of chromosomes/segments
of interest from the normal control, while GWNS nor-
malized the read counts with the effective proportions
of the corresponding chromosomes/segments based on a
hypothesis that the DNA read proportion of each chro-
mosome/segment constitutes a robust ratio among normal
controls3.

The cfDNA test used could detect aneuploidies
across 22 autosomes and 16 chromosomal regions
associated with 16 microdeletion diseases, including
22q11.21 (a region associated with 22q11.2 deletion
syndrome; located at chr22:19,009,792-21,452,445
[hg19]). The cfDNA test results provided the first line
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Figure 1 Prenatal ultrasound image in a 35-week fetus, showing an
overriding aorta (a) and a small kidney (length, 29.0 mm vs
reference length at 35 weeks of 33.1 mm (3" percentile) to

51.2 mm (97™ percentile)) with poor corticomedullary
differentiation (b). LV, left ventricle; RV, right ventricle.

of evidence for fetal aneuploidy involving chromosome
11q (Z-score =11.84; GWNS P < 0.0001) in addition to
22q11.2 (Z-score=3.18; GWNS P < 0.0001). The fetal
DNA concentration was estimated as 12.5% and the total
mapped sequencing reads was c. 20 million after trimming
3.7% which were polymerase chain reaction duplicates
and 13.1% which were unperfected reads. Interphase
FISH analysis of 50 amniocytes with commercially avail-
able DNA probes (DiGeorge/VCFS TUPLE1 22q13.2 and
DiGeorge TBX1/22q13.3 combinations, Cytocell, Inc.,
Cambridge, England) further revealed a TBX1 duplication
in 90% (45/50) of the cells (nuc ish 22q11.2(TBX1x3))
(Figure 2a). Finally, array CGH with CytoScan gene chip
(Agilent customer design ID 040427, Changhua Christian
Hospital, Changhua, Taiwan) identified two segmental
duplications involving 11g23.3q25 (18.14 megabases
(Mb)) and 22q11.1q11.21 (3.21Mb) (Figure 2b)
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Figure 2 Genetic analysis of 35-week fetus with multiple structural anomalies. (a) Interphase fluorescence in-situ hybridization using
DiGeorge TBX1/22q13.3 DNA probe (Cytocell, Inc., Cambridge, England) revealed TBX1 duplication in 90% (45/50) of amniocytes
examined (nuc ish 22q11.2 (TBX1x3)). (b) Array comparative genomic hybridization using CytoScan gene chip (Agilent customer design ID
040427, Changhua Christian Hospital, Changhua, Taiwan) demonstrated two segmental duplications involving 11q23.3q25 (18.14
megabases (Mb)) (arr[hg19] 11q23.3q25(116,723,438-134,868,407)x3) and 22q11.1q11.21 (3.21 Mb) (arr[hg19]
22q11.19q11.21(17,096,855-20,311,763)x 3). (c) Karyotype analysis of amniocytes revealed a suspect reciprocal translocation
(47,XX,t(11;22)(q23;q11.2),+der(22)t(11;22)(q23;11.2)) (arrows). (d) The appearance of the terminated fetus was grossly normal except

for a bulbous nose (arrowhead).

and, in addition, conventional karyotyping identified
47,XX,6(11;22)(q23;q11.2),+der(22)6(11;22)(q23;q11.2)
(Figure 2c). After non-directive genetic counseling, the
couple opted for late termination of pregnancy at
36 + 3 weeks of gestation following the recommendations
of the local government*. A dead 2120-g female fetus
was delivered and gross examination revealed a normal
appearance except for a bulbousnose (Figure 2d). The
family declined autopsy. Parental follow-up revealed that
this was a case of 22q11.2 duplication inherited from the
father who carried a reciprocal balanced translocation
£(11;22)(q23;q11.2).

The 22q11.2 duplication can display similar features to
those of 22q11.2 deletion syndrome®, in which TBX1 is
thought to be the critical region responsible for conotrun-
cal heart defects. FISH and CMA are the standard methods
for genetic diagnosis®. With the development of massively
parallel sequencing of c¢fDNA in maternal plasma,
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non-invasive testing has been applied successfully to detect
certain microdeletion syndromes!. However, it is still chal-
lenging to regularly detect microduplications as there is
only a 1.5-fold change in copy number (3:2) instead of
a 2-fold change (1:2) that occurs during microdeletions.
In our case, we identified successfully two microduplica-
tions involving chromosomes 11q and 22q11.2 using the
Z-score algorithm and our own GWNS algorithm?, and
the results were further confirmed by CMA. Based on the
results of parental and fetal karyotyping, we delineated a
causal interpretation of reciprocal translocation involving
11923 and 22q11.2. This case demonstrated that cfDNA
screening can detect not only microdeletions but also
microduplications on some occasions, and even those as
small as 3.21 Mb. Therefore, non-invasive testing is valu-
able because it can provide additional genetic information
which may be overlooked by targeted invasive tests,
such as FISH and multiplex ligation-dependent probe
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amplification. The expectant parents would therefore be
informed of their reproductive choices before the baby is
born. However, we believe invasive tests remain the gold
standard of genetic diagnosis as multiple factors such
as confined placental mosaicism, maternal mosaicism,
cotwin demise or maternal malignancy may affect the
accuracy of ¢fDNA screening. Consequently, for accurate
genetic diagnosis of a fetal anomaly, clinicians should
offer integrated genetic counseling after utilizing various
prenatal diagnostic modalities, as shown in this case.
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