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Influence of the detection of
parent-of-origin on the pregnancy
outcomes of fetuses with copy
number variation of unknown
significance

Lin Chen?, LiWang?, DaishuYin?, Yang Zeng'?, Feng Tang’? & Jing Wang'*

The widespread application of high-resolution chromosome detection technology in clinical practice
has identified many variants of unknown significance (VOUS) in prenatal diagnosis. The purpose of this
study was to prospectively analyze the chromosomal results of parents and the follow-up information
of pregnancy outcomes of prenatal samples with VOUS, so as to determine the influence of the
detection of parent-of-origin on the pregnancy outcomes of fetuses with VOUS. The present study
analyzed amniotic fluid samples obtained from women with different risk indications between February
2017 and December 2018. The samples were subjected to copy number variation sequencing, and
detection of parent-of-origin was suggested in cases of samples with VOUS. The pregnancy outcome
was followed up. In a total of 14073 amniotic fluid samples, 729 cases of VOUS were detected (5.2%,
729/14073) and 721 cases were followed up successfully. Among the 721 cases, 525 patients agreed to
detect the parent-of-origin (72.8%, 525/721). It was revealed that the VOUS in 460 of the fetuses were
hereditary (87.6%, 460/525). The percentages of abnormal pregnancy outcomes (included pregnancy
loss, fetal pathological abnormality, preterm delivery, neonatal death, birth defects) in the inherited, de
novo, and refusal to detect the parent-of-origin (i.e. unknown origin) groups were 4.3% (20/460), 6.2%
(4/65), and 6.6% (13/196), respectively. There was no significant difference among the three groups

(P > 0.05). The rate of voluntary termination of pregnancy (TOP) in the unknown origin group was
significantly higher than that in the group that had determined the parent-of-origin (14.3% vs 7.4%,

P =0.005). There is currently no evidence that suggests that the proportion of abnormal pregnancy
outcomes is higher in fetuses with VOUS than in other fetuses. However, the present study revealed
that determining the parent-of-origin affects the decision to undergo voluntary TOP, as the rate of
voluntary TOP in the group that refused detection was higher than that in the group that consented.

Since its introduction in 1970, amniocentesis remains the most commonly used invasive prenatal diagnostic tool;
it is primarily used for the prenatal diagnosis of fetal chromosomal diseases, single gene diseases, and congenital
metabolic diseases!?. The incidence of birth defects in China is ~5.6%?2, and chromosomal aberrations account for
>80% of the genetic causes of birth defects*. At present, >300 chromosomal microdeletions or microduplication
syndromes caused by pathogenic copy number variation (CNV)>® have been described, and the combined inci-
dence rate is nearly 1/600°, accounting for half of the birth defects caused by chromosomal aberrations®.
Chromosomal microarray analysis (CMA) is a classical method used to detect CN'Vs in the genome, particu-
larly abnormal submicrostructures. The advent of affordable and rapid next-generation sequencing has trans-
formed prenatal diagnosis. At present, high-resolution chromosome detection techniques such as CMA and copy
number variation sequencing (CNVseq) are widely used in fetal chromosome detection in China’"'2. The appli-
cation of CMA and CNVseq in the prenatal population provides additional and clinically significant cytogenetic
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Detection of parent-of-origin, n (%)
CNV The consent group The rejection group | Total samples
Deletion or duplication of CNV
Deletion 144 (27.4%) 59 (30.1%) 203 (28.2%)
Duplication 371(70.7%) 133 (67.9%) 504 (69.9%)
d"j;ifi‘;ﬁﬁ*h 10 (1.9%) 4(2.0%) 14 (1.9%)
Size of CNV
<1Mb 262 (49.9%) 104 (53.1%) 366 (50.8%)
1-2Mb 213 (40.6%) 68 (34.7%) 281 (39.0%)
>2Mb 50 (9.5%) 24 (12.2%) 74 (10.2%)
Total 525 (72.8%) 196 (27.2%) 721 (100%)

Table 1. The fetal CNV characteristics of consented to detection of parent-of-origin group and rejection group.
CNV: Copy number variation.

information compared with conventional karyotyping. CMA and CNVseq have an additional detection rate of
1-6% for clinically significant CNVs”!*"'” and may also identify variants of unknown significance (VOUS), with a
detection rate of 1.4-3.4%'*1%17. VOUS refers to the genomic variation that cannot be accurately explained based
on the current understanding of the human genome and available databases. Therefore, it may be necessary to
investigate the parents’ genome and perform a comprehensive analysis of the family, to aid the interpretation of
the fetal test results'®.

In this study, we prospectively analyzed the results of parent-of-origin detection and the follow-up data of
pregnancy outcome of fetuses with VOUS, as detected by CNVseq technology. The results may shed light on the
influence of the detection of parent-of-origin on the pregnancy outcomes of these fetuses and provide practical
suggestions for prenatal fetal chromosome detection schemes and genetic counseling.

Results

In total, 14073 amniotic fluid samples were analyzed between February 2017 and December 2018, and 729 cases
(5.2%) of VOUS were detected. Among these, 8 cases were lost to follow-up and 721 cases were included in this
study. The average age of the pregnant women was 31.1 years (range, 17-44 years), and the average gestational age
at amniocentesis was 22.4 weeks (range, 18.1-35 weeks).

The parents of 525 fetuses with VOUS agreed to detect the parent-of-origin (72.8%, 525/721). It was revealed
that 87.6% (460/525) of the fetuses inherited the CNV from the father or mother; in total, 51.0% were maternal,
34.9% were paternal, 1.7% were parental and 12.4% were de novo. The parents of 196 fetuses (27.2%) refused
to detect the parent-of-origin, mainly owing to too worried about the adverse risks of VOUS to the fetuses and
late pregnancy. After excluding the presence of VOUS in the sex chromosome (113 cases), 608 cases were iden-
tified in the autosomal chromosomes. Among the 608 cases of autosomal VOUS, 445 cases agreed to detect the
parent-of-origin, and maternal, paternal, parental, and de novo VOUS accounted for 49.0, 35.5, 1.6, and 13.9%,
respectively. In total, 163 cases (26.8%) refused to detect the parent-of-origin. The results showed that VOUS in
the sex chromosomes had no significant effect on the parents’ decision to detect the parent-of-origin. In addition,
the characteristics (including duplication or deletion, fragment size) of fetal CNV in the consented to detection
of parent-of-origin group and the rejection group were compared, there was no statistical difference between
the two groups (P >0.05), as shown in Table 1. We have made statistical analysis on the reasons for performing
amniocentesis in the consented to detection of parent-of-origin group and the rejection group, and there was no
statistical difference between the two groups (P >0.05).

In the present study, abnormal pregnancy outcomes included preterm delivery, developmental delay, heman-
gioma, hearing impairment, congenital heart disease, brain tumors, eversion of the umbilicus, polydactyly,
neonatal death, termination of pregnancy (TOP) due to fetal pathological factors (ultrasound-detected struc-
tural abnormalities and thalassemia), and pregnancy loss. The rate of abnormal pregnancy outcomes was 4.3%
(20/460) in the inherited group, 6.2% (4/65) in de novo group, and 6.6% (13/196) in the unknown origin group.
There was no significant difference among the groups (Yates’ continuity correction of the Chi-squared test and
Pearson’s Chi-squared test, P > 0.05). The rate of voluntary TOP was 7.4% (39/525) in the group that consented
to the detection of parent-of-origin (i.e. the sum of the inherited and de novo groups) and 14.3% (28/196) in the
rejection group (i.e. unknown origin group). The rate in the latter group was significantly higher than that of the
former (Pearson’s Chi-squared test, X>="7.961, P =0.005). The pregnancy outcomes of the 721 cases with VOUS
are presented in Table 2.

Discussion

In total, 14073 amniotic fluid samples were analyzed in the present study, and 729 samples (5.2%) with VOUS
were identified. The parents of the affected fetuses underwent CNVseg, and the pathogenicity of CNV was ana-
lyzed again. The VOUS ratio decreased to 1.9% (265/14073), which was similar to the VOUS ratio reported in the
literature'*1517. Of the 525 samples that agreed to detect the parent-of-origin, the vast majority (87.6%, 460/525)
of the fetuses inherited the CNV from the father or mother without abnormal phenotype, the pathogenicity of
CNVs in these samples should be changed to likely benign. Among the 721 cases with follow-up results, the
proportion of parents who refused to detect the parent-of-origin was 27.2%, mainly owing to too worried about
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Outcome of pregnancy, n (%)

Normal Abnormal | TOP (fetal Pregnancy | Voluntary
Origin infants infants pathological factors) | loss TOP Total
Total samples 617 (85.6%) | 19 (2.6%) 12 (1.7%) 6 (0.8%) 67 (9.3%) 721 (100%)
Inherited 432(93.9%) | 15(3.3%) 4(0.9%) 1(0.2%) 8(1.7%) 460 (63.8%)
Maternal 244 (91.0%) | 12 (4.5%) | 4 (1.5%) 1(0.4%) 7 (2.6%) 268 (58.3%)
Paternal 179 (97.8%) | 3 (1.6%) 0(0) 0(0) 1(0.6%) 183 (39.8%)
Parental 9(100%) | 0(0) 0(0) 0(0) 0(0) 9 (1.9%)
De novo 30 (46.2%) | 1(1.5%) 2(3.1%) 1(1.5%) 31(47.7%) | 65 (9.0%)
Unknown origin | 155 (79.1%) | 3 (1.5%) 6(3.1%) 4(2.0%) 28 (14.3%) | 196 (27.2%)

Table 2. The origin and pregnancy outcomes of the 721 cases with VOUS. TOP: Termination of pregnancy.

the adverse risks of VOUS to the fetuses and late pregnancy. In this study, amniocentesis was performed on some
samples when they were >25th gestational week, the reason for chromosome examination of these samples was
abnormal fetal ultrasound findings. At present, the ultrasound screening of fetal malformations in our country is
mostly performed at 22-24 gestational weeks, so most of the fetal ultrasound abnormalities are usually found at
this time. In addition, due to the large population of our country and few hospitals with amniocentesis qualifica-
tion in our province, pregnant women usually need to line up for amniocentesis, so they cannot receive surgery in
time. Therefore, we hypothesized that if the parent-of-origin was detected in all the samples, the actual proportion
of VOUS samples may be lower.

In this study, abnormal pregnancy outcomes included preterm delivery, developmental delay, hemangioma,
hearing impairment, congenital heart disease, brain tumors, eversion of the umbilicus, polydactyly, neonatal
death, TOP due to fetal pathological factors (ultrasound-detected structural abnormality and thalassemia), and
pregnancy loss. At present, a direct association between abnormal pregnancy outcomes and CNVs carried by the
fetus cannot be established. The incidence of birth defects in China is ~5.6%>. It has been estimated that 7.9 mil-
lion children are born with a serious birth defect of genetic or partially genetic origin annually, accounting for 6%
of the total number of births worldwide'®. The results obtained in the present study showed that the rate of abnor-
mal pregnancy outcome was 4.3% in the inherited group, 6.2% in the de novo group and 6.6% in the unknown
origin group. There was no significant difference among the groups, and there was no other evidence to suggest
that the risk of abnormal pregnancy outcomes in samples with VOUS were higher than those in other samples.
According to the follow-up results, the proportion of pregnancy loss or fetal death in the 721 samples was 0.8%
(6/721). A Danish randomized controlled trial showed that the rate of fetal loss was 1.7% in the amniocentesis
group and 0.7% in the control group, with a 1.0% procedure-related net risk?*. A meta-analysis revealed that the
weighted pooled procedure-related risk of miscarriage for amniocentesis was 0.11%?!. A previously published
study investigating 147987 invasive procedures in Denmark reported that the rate of miscarriage within 28 days
after amniocentesis was 0.56% and that the risk of stillbirth within 42 days was 0.09%%%. Compared with the afore-
mentioned studies, VOUS does not seem to increase the risk of pregnancy loss or fetal death after amniocentesis.
However, certain patients in the present study chose to undergo a TOP without detection of the parent-of-origin.
The proportion of pregnant women choosing to terminate pregnancy voluntarily in de novo group was very high
(31/65, 47.7%), so we were unable to investigate pregnancy outcomes in these cases. In addition, with the com-
pletion of the human genome map?, a large number of VOUS may be related to several clinical phenotypes.
Therefore, in fetuses with VOUS, it is recommended that clinicians increase patient monitoring, via examination
and ultrasounds, and perform timely interventions and intrauterine treatment if necessary. Additionally, more
intensive follow-up is required after birth.

The present study revealed that there was no statistical difference in the proportion of abnormal pregnancy
outcomes among the inherited, de novo and unknown origin groups. The rate of voluntary TOP was 7.4% among
patients who consented to detect the parent-of-origin, and 14.3% in patients who refused this approach. This
difference was statistically significant (P =0.005). The samples included in the “voluntary TOP” group refer to the
samples without any other pathogenic abnormality (including ultrasound abnormality) except the CNV before
pregnant women choose TOP. There was no significant difference in CNV characteristics and genetic counseling
among groups, and no other factors that might lead to different pregnancy outcomes were found. The proportion
of normal infants in the group of patients who consented to detect the parent-of-origin was 88.6% (462/525).
Theoretically, the fetal outcome of the rejection group should be similar to that of consent group. However, com-
pared with women who detected the parent-of-origin, a higher proportion of women who did not detect the
parent-of-origin chose to voluntarily terminate their pregnancy, resulting in a lower proportion (79.1%, 155/196)
of normal infants in the rejection group (462/525 vs 155/196, P =0.001), as healthy fetuses may have also been
terminated.

In conclusion, there is currently no evidence that suggests that the pregnancy outcomes of women with VOUS
samples are worse than those of general pregnant women. Instead, parents with VOUS samples should detect the
parent-of-origin in a timely manner to further establish the pathogenicity of VOUS. Economic resources permit-
ting, we can learn from the detection strategy of whole exome sequencing in the field of identifying pathogenic
genes of children’s rare diseases”=*’, women who perform fetal chromosomal detection in late pregnancy should
consider carrying out CNVseq of parent-child trios (trio-CNVseq). This approach may not only shorten the time
to obtain the test report but may also produce more clear amniotic fluid chromosomal results, which can help

SCIENTIFIC REPORTS |

(2020) 10:8864 | https://doi.org/10.1038/s41598-020-65904-2


https://doi.org/10.1038/s41598-020-65904-2

www.nature.com/scientificreports/

Pregnant women with high risk factors of fetal

chromosomal abnormalities or maternal request

¥

Pregnant women chose amniocentesis
and CNVseq of amniotic fluid samples

¥

Signed the informed consent

| Amniocentesis and CNVseq of amniotic fluid samples I

4

| Genetic consultation after obtaining the test report |

¥

‘When VOUS were identified in the amniotic fluid samples, we recommended that the biological

parents of the fetus underwent CNVseq to determine the origin of the CNV of the fetus.
< N
| The consent group | | The rejection group

¥

| CNVseq of parents' peripheral blood I
¥

N

| One year after amniocentesis, the pregnancy outcome was followed up by telephone.

Figure 1. The flowchart of the study.

relieve the anxiety of pregnant women and assist in the selection of an appropriate treatment plan. However, this
proposal requires further analysis to comprehensively evaluate the health benefits and economic feasibility.

Materials and Methods

Biological samples. This study investigated amniotic fluid samples obtained from women with different
risk indications in the West China Second University Hospital of Sichuan University between February 2017 and
December 2018. Risks included advanced maternal age, increased risk of a screening test, abnormal ultrasound
findings, obstetric history (previous fetus or child affected by chromosomal diseases), family history (parental
carrier of chromosomal balanced translocation or inversion, parental chromosomal diseases or mosaicism for
chromosomal diseases) or maternal request. The study was approved by the Medical Ethics Committee of West
China Second University Hospital of Sichuan University, and all experiments were performed in accordance
with relevant guidelines and regulations. All pregnant women received genetic counseling and signed informed
consent.

Amniotic fluid sample collection and DNA extraction. According to routine operation specifications,
20 ml amniotic fluid was extracted and placed into four sterile centrifuge tubes. CNVseq and quantitative fluores-
cence PCR (QF-PCR) were performed on two tubes, and the remaining two tubes were stored at 4°C. DNA was
extracted from the amniotic fluid using a DNeasy Blood and Tissue Kit (QIAGEN, Germany), according to the
manufacturer’s instructions. QF-PCR detection was performed using 21 trisomy/sex chromosome/polyploid and
18 trisomy/13 trisomy/polyploid detection kits (DAAN Gene, China), according to the manufacturer’s instruc-
tions. If the results of QF-PCR indicated that there were maternal cells in the samples, CNVseq and QF-PCR were
performed on the spare samples after cell culture.

CNVseq. The DNA library was obtained using the Chromosome CNV Detection kit (Berry Genomics, China)
and was subsequently sequenced on the Illumina Nextseq 500 sequencing platform (Illumina, United States)
using the Nextseq 500 High Output kit (Illumina, United States). Finally, we compared the reads obtained by
sequencing with the human reference genome and performed bioinformatics analysis to obtain the genomic copy
number information of the samples as previously described'. In this study, the pathogenicity of CNVs >100kb
was analyzed. The clinical significance of the CNVs was interpreted according to the standards and guidelines
for the interpretation of sequence variants recommended by the American College of Medical Genetics and
Genomics and the Association for Molecular Pathology®. By searching the DGV (http://dgv.tcag.ca/), Decipher
(https://decipher.sanger.ac.uk/), Clingen (https://www.ncbi.nlm.nih.gov/projects/dbvar/clingen/), and OMIM
(http://omim.org/) databases and combining these data with fetal ultrasound results, we preliminarily classified
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the pathogenicity of CNVs into five categories: benign CNVs, likely benign CNVs, VOUS, likely pathogenic
CNVs, and pathogenic CNVs.

Detection of parent-of-origin. When VOUS were identified in the amniotic fluid samples, we recom-
mended that the biological parents of the fetus underwent CNVseq (using peripheral blood samples) to deter-
mine the origin of the CNV of the fetus. The DNA extraction and CNVseq methods were performed as described
for the amniotic fluid samples. Some samples had multiple CNVs at different genomic locations, if some of the
CNVs in a sample were from the father and other CNVs were from the mother, the origin of the CNVs in the
sample was “parental”. If the fetal CN'V was inherited from the father or mother without abnormal phenotype,
the pathogenicity of the CNV was likely benign. If the fetal CN'V was De novo, the pathogenicity of the CNV was
still VOUS.

Follow-up of pregnancy outcome. One year after amniocentesis, the mother or father of the fetus was
contacted by telephone. The contents of the inquiry include: fetal ultrasound results during pregnancy, pregnancy
complications of pregnant women, whether pregnancy loss, whether TOP and the causes, date of delivery, mode
of delivery, weight and length of the newborn, the Apgar score, whether the appearance of the newborn was
abnormal, feeding conditions after birth, examination results of pediatric outpatient service. The flowchart of the
study is shown in Fig. 1.

Statement. We confirm that informed consent was obtained from all participants and/or their legal
guardians.
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