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Abstract

Background: Cri-du-chat syndrome (CdCS; OMIM#123450) is a classic contiguous gene syndrome caused by
chromosome 5p terminal deletion (5p-), which characterized by a high-pitched cat-like cry, developmental delay, severe
psychomotor, mental retardation, and dysmorphic features in infancy. Prenatal diagnosis of CdCS is difficult due to the
non-specific ultrasound features. And reports using array analysis are rare. This study presented the first retrospective
analysis of prenatal series of CdCS fetuses diagnosed by single nucleotide polymorphism (SNP) array in China.

Case presentation: A total of 35,233 pregnant women were enrolled from Jan 2014 to April 2019 in our center, there
are twelve 5p- cases with abnormal sonographic signs revealed by SNP array, giving an incidence of 0.034% (12/35,233).
Clinical information and molecular basis included: maternal demographics, indications for invasive testing, sonographic
findings and SNP array results. Among all the 5p- cases revealed, nine cases were diagnosed by both karyotyping and
SNP array, three cases were detected only by SNP array. Half of our cases (6/12) had an isolated 5p terminal deletion,
which sizes ranged from 9.0 Mb to 30 Mb. The other half of cases (6/12) characterized by unbalanced translocation, with
sex ratio 7:5 (female: male), when combine the clinical features observed from this study and available literature, the
most frequent anomaly observed in prenatal ultrasound examination of CdCS was cerebral abnormalities, accounted for
44.4% (16/36) of the existing cases. Features that are less consistent included: choroid plexus cyst (13.8%, 5/36), single
umbilical artery (13.3%, 4/30), ventricular septal defect (11.1%, 4/36), hydrops fetalis (8.3%, 3/36), ascites (8.3%, 3/36),
increased NT/NF (8.3%, 3/36), absent/severely hypoplastic nasal bone (5.5%, 2/36), in order.

Conclusion: Prenatal findings such as cerebral abnormalities, absent/hypoplastic nasal bone, hydrops fetalis, ascites or
encephalocele may act as suggestive signs of CdCS or other microdeletion/duplication syndromes. Combining typical
karyotyping with chromosomal microarray analysis (CMA) is a definitive method for a precise diagnosis of CdCS and
provides more accurate results in order to offer genetic counseling to families which need to deal with cryptic

aberrations.
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Background

Cri-du-chat syndrome (CdCS; OMIM#123450) is a well-
known contiguous gene syndrome caused by chromo-
some 5p terminal deletion, first reported by Lejeune
et al. in 1963 [1]. The prevalence of CdCS in postnatal
was reported as 1 in 15,000 to 1 in 50,000 worldwide
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and the female to male ratio was estimated approxi-
mately 1.3:1 [2, 3]. Clinical features of CdCS patients in
postnatal were characterized a high-pitched cat-like cry,
developmental delay, severe psychomotor and mental re-
tardation, dysmorphic features including microcephaly,
hypertelorism, epicanthal folds, broad nasal bridge, short
neck and micrognathia, other structural anomaly may
include limbs abnormalities, scoliosis, brain hypoplasia
or agenesis, cardiovascular defect, renal abnormalities
and genitourinary anomalies [4, 5].
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Most of the CdCS cases were caused by a de novo 5p
interstitial or terminal deletion, which sizes ranged from
560 kb to 40 Mb [6, 7]. In fact, approximately 80-90% of
these cases were paternal in origin and 10-15% were re-
sulted from an unbalanced parental translocations [4].
Other rare complex conditions include 5p-mosaicism
(1.4%), inversions (0.5%), and ring chromosomes (0.5%)
[2, 8].

Several critical regions contributed the specific pheno-
type of CdCS had been proposed, however, no common
recurring breakpoint have been identified on the correl-
ation between deletion size and severity of clinical fea-
tures. In the terminal 5p region, a variety of genes have
been suspicious to be the cause of this disorder [2] .

In current publications, no specific prenatal ultrasound
signs related with CdCS had been proposed since few re-
ports of prenatal diagnosis of CdCS had been published.
Presentations such as increased nuchal translucency
(NT), prominent glabella, micrognathia, short philtrum,
cleft lip/palate, cystic cerebral lesions, abnormal nasal
bone or renal hypoplasia and isolated ascites were previ-
ously reported in cases of CdCS [9-22]. As CMA is be-
ing widely utilized in both postnatal and prenatal
diagnosis, the specific prenatal ultrasound signs of CdCS
could probably be refined. Herein, we reported the first
retrospective analysis of prenatal series of CdCS fetuses
by presenting 12 prenatal 5p- cases detected by SNP-
microarray in China, we evaluated the deletion coordi-
nates through reviewing the literature and attempted to
define the fetal sonographic features for warranting diag-
nosis of CdCS.

Case presentation

Subjects

Between January 2014 and April 2019, A total of 35,233
pregnant women were referred to our center to perform
invasive prenatal diagnosis for abnormalities based on
fetal ultrasound anatomy scans or maternal serum
screening. Fetal ultrasound anatomy scans were rou-
tinely performed for pregnant women by senior sonogra-
phers using GE E8 ultrasound machines (General
Electric Healthcare, US). The indication included: fetus
with ultrasound abnormalities (intrauterine growth re-
striction, increased NT thickness, cleft lip/palate, cystic
cerebral lesions, abnormal nasal bone or renal hypopla-
sia, etc.), positive maternal serum screening test or NIPT
high risk for aneuploidy, etc. This was a retrospective
study and approved by the Medical Ethics Committee of
the Guangxi Maternal and Child Health Hospital and
written consent from the parents.

Molecular and cytogenetic detection
Chorionic villi sampling, amniocentesis or cordocentesis
was performed under ultrasound guidance after informed
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consent. Genomic DNA was extracted using QIAamp
DNA Blood Mini Kit (Qiagen, Germany) according to the
manufacturer’s protocol. Single-nucleotide polymorphism
(SNP) microarray testing was performed using Illumina
HumanCytoSNP-12 v2.1 BeadChip (Illumina, USA) and
the copy number variation positions were shown accord-
ing to the human Feb. 2009 (GRCh37/hgl9) assembly.
The laboratory policy at the time of testing was not to re-
port well established polymorphisms, CNVs that do not
contain genes and categorized as benign or likely benign
base on the ACMG guideline [23]. Karyotyping was per-
formed for the available samples according to the standard
procedure as described previously [24].

Results

In total, 12 prenatal cases with 5p terminal deletion were
detected in our cohort by SNP array, the median mater-
nal age was 29 (21-43) years and the median gestational
age at prenatal diagnosis was 20.5 (13-29) weeks. Full
descriptions of these cases were list in Table 1. Cases 1—
6 with pure 5p terminal deletion, case 7-12 with add-
itional pathogenic chromosome abnormalities, two cases
(case 7, 10) were referred to the hospital at the first tri-
mester because of an increased NT, the indication of
case 1 and case 12 were abnormal NIPT finding for high
risk of 5p- and trisomy 18, respectively. In total, 10 cases
were identified as 5p- syndrome due to abnormal ultra-
sound findings at second trimester. Karyotyping results
were available of nine cases (case 1-6, 10-12), all the
parents were determined to terminate the pregnancy by
considering the poor prognosis, only three cases (case 5,
6, 10) preformed parental chromosome analysis. Detailed
size and the coordinates of the pure 5p terminal dele-
tions were shown in Fig. 1. Table 2 summarized the
ultrasound signs of the prenatal CdCS cases with pure
5p terminal deletion from the literatures including the
twelve cases in our cohort.

Discussion and conclusion

In the current study, we provided a largest series in pre-
natal CdCS cases detected by SNP array in China. The
incidence of CdCS in our cohort was around 0.034%
(12/35,233), much higher than the previously reported
incidence of 1/50,000—1/15,000 in live births [25]. Ac-
cording to our retrospective analysis, 6/12(50%) of our
cases had an isolated 5p terminal deletion, the propor-
tion (54.5%) was lower than that (62.5%) reported by
Han et al. in eight prenatal cases [20] and greater than
that (20%) reported by L. Mark et al. [22]. 6/12(50%) of
cases characterized by unbalanced translocation, the sex
ratio of our CdCS cases was 7/5 (female/male), consist-
ent with the rate of postnatal series by Nguyen, J.
M.et al. [2].
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Table 1 Detailed clinical information of our twelve cases with 5p- syndrome

Index Maternal  Gestation G-band Snp array results Ultrasound finding Inheritance
age (years) (w+d)

1 26 23+1 46,XX,del(5)(p13) arr [hg19] 5p15.33p13.3 (NIPT at 13 weeks: high risk for 5p-),
(38,139-30,536,972)x 1 Cerebellar hypoplasia

2 27 24+ 2 46,XY,del(5)(p14) arr [hg19] 5p15.33p14.3 Dysgenesis of the cerebellar vermis
(464,153-23,132,422)X1

3 43 16+6 46,XY,del(5)(p15) arr [hg19] 5p15.33p15.1 Choroid plexus cyst
(38,139-17,981,307)% 1

4 26 22 46,XX,del(5)(p15) arr [hg19] 5p15.33p15.31 Abnormal maternal serum
(38,139-9,782,775)x 1 screening (increased 3-HCG)

5 30 22+6 46,XX,del(5)(p14) arr [hg19] 5p15.33p14.3 Cystic adenomatoid de novo
(38,139-19,508,190)x 1 malformation of the lung

6 31 21+1 46,XX,del(5)(p14) arr [hg19] 5p14.3p15.33 NF:6.8 mm De novo
(1,151,161-20,687,905)x 1

7 35 13+2 NA arr [hg19] 5p15.33p14.3 Hydrops fetalis, NT:8.7 mm
(38,139-22,612,407)x1,13g31.2g34
(89,736,965-115,106,996)x3

8 27 2940 NA arr [hg19] 5p15.33p15.1 VSD, NF:9 mm, abnormality
(354,051-17,484,038)%x1,5034935.3 of lateral ventricle
(165,731,079-180,705,539)X3

9 37 23+5 NA arr [hg19] 5p15.33p15.1 Cerebellar hypoplasia
(560,476-17,910453) 1, 8¢24.12924.3
(119,864,143-146,293,086)% 3

10 21 14+5 46,XX, der(5)t(5; arr [hg19] 5p15.33p15.2 NT:5.5 mm, abnormal heart valve paternal 46,XY,

18)(p15.2,911.2) (38,139-10,702,034)x 1,18911.2g23 morphology, absent of the nasal bone t(5,18)(p15.1,g11.2)

(19,178,726-78,014,582)x 3

1 27 18 46,XY,der(5)t(5; arr [hg19] 5p15.33p15.2 SUA, DLV, talipes equinovarus,

7)(p15;021) (38,139-12,392,815)x 1, 7921.11936.3  abnormality of the cerebral ventricles

(83,599,335-159,119,486)x 3.

12 26 2142 46,XX . der(5)t(5, arr [hg19] 5p15.33p15.2 CLP, VSD, NF:6.5 mm,

18)(p152,12.3)

(560,476-14,855,659)1, 18q12.3923

(NIPT: high risk for T18)

(43,354,452-78,014,582)x3.

w Weeks, d Days, NA Not analysis, NT/NF Nuchal translucency/nuchal fold thickness, VSD Ventricular septal defect, SUA Single umbilical artery, DLV Dilation of
lateral ventricles, CLP Cleft lip and palate, 8-HCG Beta-human chorionic gonadotropin.

Prenatal CdCS cases were difficult to be found in first
trimester screening (FTS). Less than 50 isolate 5p dele-
tion prenatal cases had been reported since Lejeune
et al. described the first 5p- syndrome cases in 1963 [1].
Though abnormal level of serum human chorionic go-
nadotrophin (B-HCG) as well as PAPP-A presented in
some of CdCS cases (22.2%, 8/36) similar to our case 4
[10], the association between the abnormal FTS markers
and CdCS were yet to be established. NIPT has rapidly
become a part of the standard prenatal care for aneu-
ploidy screening for high-risk pregnancies in our region.
Case 1 was screening with CdCS using NIPT with high
risk for a large chromosome 5p deletion at 13 weeks. At
23 weeks, the fetus presented cerebellar hypoplasia and
amniocentesis SNP array revealed a 29.8 Mb deletion of
5p15.33p13.3. Case 12 indicated a high risk for trisomy
18 by NIPT, fetus ultrasound feature included cleft lip
and palate, ventricular septal defect, and increased NF
were found at 21 weeks, consistent with the features of
trisomy 18. SNP array revealed a 35Mb duplication at
18q12.3q23 and a 9.8 Mb deletion at 5p15.33p15.2. We

believe that NIPT method would be one very promising
screening tool for CdCS in FTS [26], however, due to
the low prevalence of CdCS in the population, clinical
application of NIPT on CdCS was limited by a low posi-
tive predictive values [26-28] .

Abnormal prenatal findings associated with pure 5p-
syndrome were summarized in Table 2. Collectively, 13
cases (16/36, 44.4%) were described involving the cere-
bral abnormalities. Other recurrent phenotypes included:
Choroid plexus cyst in 5 patients (13.8%), Single umbil-
ical artery in 4 patients (11.1%), ventricular septal defect
in 3 cases (8.3%), hydrops fetalis in 3 cases (8.3%), ascites
in 3 cases (8.3%), increased NT/NF in 3 cases (8.3%), ab-
sent/severely hypoplastic nasal bone in 2 cases (5.5%),
abnormal serum markers (hCG, PAPP-A) in 6 cases
(22.2%). Three cases carried out chromosomal analysis
for advanced maternal age with 5p- without abnormal
US finding, one case with IUGR and one case with ence-
phalocele. Simmons et al. proposed that deletion of
5p15.2 was responsible for abnormal cerebral develop-
ment [29], in our series, 41.6% (5/12) of cases involving
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Fig. 1 The schematic presentation of the ultrasound findings of isolated 5p deletion cases in prenatal diagnosis, detailed size and location with
known coordinates of the deletion in the literature and our cases. Black bars: Critical regions proposed for specific phenotypic features of 5p-.
Gray bars: The deletion of previously reported 5p- cases with detailed breakpoint. Red bars: our six pure 5p- cases. EF: epicanthal folds, GD:
growth deficiency, FD: facial dysmorphology, SD: speech delay, ID: intellectual disability, CHD: congenital heart disease, RA: renal anomalies, BM:
brain malformations, VM: ventriculomegaly, ISS: increased subarachnoid space, VH: vermis hypoplasia, SUA: single umbilical artery, CSPD: cavum
septum pellucidum dilation, CH: cerebellar hypoplasia, DCV: dysgenesis of the cerebellar vermis, CPC: Choroid plexus cyst, I3-HCG: increased f-
HCG, CML: cystic adenomatoid malformation of the lung, INF: increased NF

J
Table 2 Summary of the CdCS cases with pure terminal 5p deletion from the literature compared to the 6 cases in our cohort®
Prenatal ultrasound signs Previously reported(n = 30) Our group(n = 6)) Total
Increased NT/NF 2/30 1/6 3/36
IUGR 1/30 0/6 1/36
Aplasia/Hypoplasia of the cerebellum 7/30 2/6 9/36
Abnormality of the cerebral ventricles 7/30 0/6 7/36
Absent/severely hypoplastic nasal bone 2/30 0/6 2/36
Choroid plexus cyst 4/30 1/6 5/36
Single umbilical artery 4/30 0/6 4/36
VSD 3/30 0/6 3/36
Hydrops fetalis 3/30 0/6 3/36
Ascites 3/30 0/6 3/36
Encephalocele 1/30 0/6 1/36
Others
Abnormal serum markers (3-hCG, PAPP-A) 7/30 1/6 8/36
AMA without abnormal US finding 3/30 0/6 3/36

-?Data collected from the 30 prenatal cases with pure distal 5p deletion from 24 studies (Additional file 1: Table S1). JUGR Intrauterine growth retardation, VSD
Ventricular septal defect, AMA Advanced maternal age, US Ultrasound.
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5p15.2 include two pure 5p- cases (case 1, 2) and three
unbalanced translocation (case 8, 9, 11) were found with
cerebellar abnormalities, these data presented here indi-
cated that cerebral abnormalities could probably become
the most frequent prenatal feature of CdCS.

In previous prenatal studies, most of CdCS cases were
diagnosed by routine G-banding karyotyping, which are
observable only when the deletion size was larger than 5
Mb at the resolution approximately 400 bands. Eleven
pure 5p- cases reported here with detail breakpoint
without consistent features were observed (Fig.1). Mul-
tiple critical regions for the clinical feature were pro-
posed, a 640kb region at 5p13 and a 1.7 Mb localized
the 5p15.31p15.32 region were characteristic for cat-like
cry [30, 31]. Regions related with speech delay, mental
retardation had been proposed as 3.2Mb in 5p15.32—
15.33, 5p15.2p15.1 with a 5.4 Mb~5.5Mb [7, 32] and a
24Mb in 5p15.2-15.31 [31], respectively. Other facial
dysmorphology features such as microcephaly, micro-
gnathia, hypertelorism were reported in the 5.5 Mb re-
gion by Kondoh et al. [32]. These critical region sizes
were too small and beyond the G-band’s resolution. Fur-
thermore, some of 5p- syndrome cases might also be
missed by conventional cytogenetic analysis alone [22].
Thus, combined CMA with karyotyping could be a de-
finitive method for diagnosis of 5p- syndrome, and it
can be expected that more cases of CdCS would be de-
tected since routine clinical use of CMA in prenatal.

Determining the mechanism leading to the 5p- is es-
sential for counseling and the recurrence risk estimation.
Most of 5p deletions were commonly de novo occur-
rences, about 80-90% of CdCS cases were results from
terminal deletions, approximately 15% of CdCS had an
unbalanced translocation, de novo or inherited. Other
mechanisms include interstitial deletions (3—5%), mosai-
cism (1.4%), inversions (0.5%), or ring chromosomes
(0.5%) [5, 8]. The molecular and cytogenetic tests of pre-
natal diagnosis in our state remains entirely patients-
funded, most of pregnant women with the 5p deletion
decided to termination of pregnancy directly without
perform any further molecular tests based on consider-
ation of the poor prognosis, we had no further informa-
tion to evaluate the inheritance in these cases. This
highlights the importance of genetic counseling for the
families with high risk of translocation involving 5p dele-
tion, for the risk of producing a CdCS off-spring was es-
timated approximately 8.7 to 18.8% [4].

In summary, we presented the first largest prenatal
series of CdCS diagnosed by SNP array in China.
Though cerebellar abnormalities could be the most fre-
quent features in prenatal CdCS cases, the prenatal
ultrasound features of CdCS remain non-specific. When
cases with ultrasound findings such as cerebellar abnor-
malities, absent/severely hypoplastic nasal bone, choroid
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plexus cyst, single umbilical artery, ventricular septal de-
fect, hydrops fetalis, ascites, encephalocele are observed,
a clinical suspicion of CdCS or other microdeletion/du-
plication syndromes should be considered. Combining
typical karyotyping with CMA is a definitive method for
a precise diagnosis of CdCS. Our findings expand the
prenatal phenotypes of CdCS and highlight the import-
ance of prenatal ultrasonography for the detection of
chromosomal aberrations.

Additional file

Additional file 1: Table S1. Thirty-six prenatal cases with pure 5p ter-
minal deletions were reviewed from 24 published articles included our
cases.
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