Prenatal Diagnosis of Corpus Callosum Agenesis in Four Fetuses
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Abstract
Background: The corpus callosum is the main pathway connect the interhemispheric communication. Corpus callosum agenesis from asymptomatic to mild
or severe neurodevelopmental disorders. However, few cases have been previously reported in the literature on prenatal diagnosis between corpus callosum
agenesis and chromosomes abnormality. The study included prenatal diagnosis of 4 fetuses in whom prenatal ultrasound showed corpus callosum
abnormality, isolated or associated with other central nervous lesions.
Case presentation: Prenatal diagnoses of four children were summarized in our case. The routine prenatal ultrasound examination showed abnormal
morphology of corpus callosum in fetus 1, dysplasia of the corpus callosum in fetus 3, the corpus callosum absence in fetus 2 and fetus 4, and fetus 4 also
had cardiac abnormalities. Chromosomal microarray and G-band karyotype analysis were performed to provide genetic analysis of amniotic uid. The results
revealed 4.8M deletion at 1p36.33p36.31 in fetus 1, 3.1M deletion at Xq26.3q27.1 in fetus 2, 6.5M deletion at distal 1q43q44 and a duplication of 8.8M at
7q36.1q36.3 in fetus 3, fetus 4 had a deletion of 9.51M at 1p36.33p36.22 and 14.3M duplication at 6q25.3q27.
Conclusion: The genetic mechanism of corpus callosum agenesis is variably complex, and its clinical phenotype may occur either alone or in association with
other abnormalities. This study revealed the microabnormalities of multiple chromosomes are related to the corpus callosum abnormality. Combined with
ultrasound examination, the application of chromosome microarray analysis will effectively improve the diagnosis of congenital submicroscopic
chromosomal abnormalities in fetuses.

Introduction
Genesis of corpus callosum agenesis (CCA) is complicated, which is related to many factors of heredity, infection, poisoning and environment. Anomalies in
this structure of the brain have been associated with characteristics of certain neurodevelopmental disorders and impairments in child development[1]. About
20% of CCA are due to single or multiple genes mutations or chromosomal aberrations[2–4]. Numerous cases are apparently sporadic, and autosomal
dominant, autosomal recessive, X-linked causes and monogenic of CCA have been described[5, 6]. In recent years, the application of chromosome microarray
analysis (CMA), genetic variations associated with CCA has been detected progressively.
CCA occurs partially or totally either in isolation, or together with other cerebral malformations[7]. It has been reported that an insu cient haploinsu ciency of
ZNF462, a zinc nger protein, is associated with corpus callosum dysgenesis, who also have overlapping phenotypes that include ptosis, metopic ridging,
craniosynostosis, and developmental delay[8]. A deleterious homozygous mutation in CDK10 is associated with agenesis of corpus callosum, growth
retardation, global developmental delay with absent speech acquisition, sensorineural deafness, retinitis pigmentosa, vertebral anomalies, patent ductus
arteriole, and facial dysmorphism[9].It’s reported that de novo mutations in MAST1 cause MCC-CH-CM, a disease characterized by a striking enlargement of
the corpus callosum, cerebellar hypoplasia, and cortical malformations[10]. As far as agenesis of corpus callosum genetic etiology is concerned, more than
200 different congenital syndromes have been described so far, often associated with speci c chromosomal rearrangements[11–13].
To provide a better understanding of the chromosomal variation and the corpus callosum agenesis in prenatal diagnosis, we present our study on prenatal
diagnosis of four corpus callosum structural abnormal fetuses by CMA.

Case Presentation
Case 1 was a 33-year-old gravida 2 para 1 abortion 0 (G2P1A0) pregnant woman, denied history of adverse pregnancy, adverse contact, family history of
genetic history and inbreeding. At 22+5 week of this pregnancy, Obstetric sonography showed the posterior horn of the left lateral cerebral ventricle was 8mm
wide, the anterior horn was 6mm, and the morphologically abnormal septum width was 7mm. The shape of the corpus callosum was abnormal slender. After
genetic counseling, amniocentesis was performed at 23 weeks of gestation.
Case 2 was a 31 years old gravida 2 para 1 abortion 1 (G2P1A1) woman had an adverse history of induced labor in a fetus with a missing corpus callosum. B
ultrasound at 24+2 weeks of this pregnancy showed the fetal lateral ventricle was 11mm wider, no transparent septum was detected, loss of corpus callosum
and strong echo of the left ventricle were considered. Subsequently, MR examination showed absence of corpus callosum and bilateral lateral posterior
ventricle horn widened to 15mm. After genetic counseling, amniotic uid sample was obtained at 31 weeks of gestation.
Case 3 was a 30 years old gravida 2 para 1 abortion 0 (G2P1A0) pregnant woman with a history of adverse pregnancy had given birth to a boy with a corpus
callosum dysplasia and the genetic analysis revealed a microdeletion of chromosome 1q43q44 and microduplication of chromosome 7q36. B ultrasound
results showed that most of the corpus callosum was not shown, only the knee of the corpus callosum seemed to see arc-shaped signal shadow, lateral
ventricle morphological changes, considering the dysplasia of the corpus callosum at this pregnancy. Amniocentesis was performed in our hospital at the 31st
week of pregnancy.
Case 4 was a 40 years old G6P1A4 pregnant woman, who has a healthy child with her ex-husband, got pregnant 5 times after remarriage. Three embryos were
aborted, and another fetus induced labor due to tetralogy of fallot. No family history, no history of adverse exposure, bleeding in the early stages of this
pregnancy, progesterone to protect the fetus. At the 23rd week of this pregnancy, B-ultrasonography showed the absence of corpus callosum and bilateral
lateral ventricles widened like "horns", with 10.5mm on the left and 12.4mm on the right. Hydramnios; Cardiac ultrasound during pregnancy of 27w+6d
showed abnormal venous catheter spectrum: a wave was low and reached baseline; Congenital heart disease: severe tricuspid insu ciency with mild
stenosis. During pregnancy of 30+1w, cephalic nuclear magnetic resonance showed irregular morphology of bilateral lateral ventricles, and high signal image
of left lateral ventricle small cyst, then an amniocentesis was performed.
Clinical data of four fetuses are listed in Table 1.
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Materials And Methods
G-banding karyotype was performed on cultured amniotic uid cells samples after informed consent. Karyotype analysis using GTG-banding was performed
following standard procedures and nomenclature was used according to the ISCN 2016[14].
Genomic DNA from amniotic uid (10 ml) was extracted using a QIAamp DNA Blood Mini Kit (Qiagen, Venlo, The Netherlands). Analysis of the concentration
and quality of genomic DNA was performed using a Nanodrop 2000 (Thermo Fisher Scienti c, Waltham, MA, USA). An Affymetrix Cytoscan 750 k array
(Affymetrix, Santa Clara, CA, USA) was utilized according to the manufacturer’s protocol. Data analysis was carried out using Chromosome Analysis Suite
(ChAS) software (v3.1, r8004). To analyze the data and interpret the results, the following public databases were utilized: UCSC, DECIPHER, DGV, OMIM, ISCA,
and PubMed[15, 16].

Discussion And Conclusions
In this study, we report four prenatal cases of chromosomal with corpus callosum agenesis. The results of CMA revealed two deletions of 4.8M at
1p36.33p36.31 and 3.1M at Xq26.3q27.1 in Fetus 1 and Fetus 2, a inherited deletions of 6.5M at 1q43q44 and duplication of 8.8M at 7q36.1q36.3 in Fetus 3,
a paternal 9.52M deletions at 1p36.33p36.22 and 14.3M duplication at 6q25.3q27 in Fetus 4. To our knowledge, Fetus 3 and Fetus 4 results are both due to
the unbalanced translocation of parental inheritance resulting in the formation of derived karyotypes 46, XX, der(1) t(1;7) (q43;q36.1) and 46, XY, der(1) t(1;6)
(p36.22;q25.3) (Fig. 1;Fig. 2).
Deletion of about 4.8 M in chromosome 1 1p36.33p36.31 region in Fetus 1, which contains 44 OMIM genes such as PRKCZ, SKI, GNB1, and Clinvar, Decipher,
OMIM and other databases have been reports cases of disease in this region. The clinical manifestations of patients with missing regions are not completely
consistent, and may have clinical manifestations such as brain dysplasia, stunting, hypotonia, epilepsy, congenital heart disease, and hearing disorders[17,
18]. The X chromosome Xq26.3q27.1 region of fetus 2 has a deletion of about 3.1 M, the deletion region contains ve OMIM genes: ZIC3, FGF13, F9, MCF2,
and ATP11C. The mutation of ZIC3 gene is related to the visceral inversion, the FGF13 gene is in the nerve, which plays a critical role in the phylogenetic
process, and the F9 gene mutations are associated with hemophilia. However, the absence of this region is rarely reported, and its clinical signi cance is not
completely clear[19]. The CMA results of Fetus 3 showed there were 8.8M duplication in the 7q36.1q36.3, which contains 51 OMIM genes including SHH,
LMBR1, RBM33, etc. The patients with duplication in this area can be pathogenic, including intellectual disability, growth retardation, dysplasia of corpus
callosum, special facial features, congenital heart disease and other clinical manifestations[20]. It also have about 6.5M deletions of chromosome 1q43q44
region contains 21 OMIM genes including AKT3, HNRNPU, ZBTB18, etc in Fetus, which is pathogenic, there may be intellectual disability, microcephaly,
epilepsy, craniofacial abnormalities and other clinical manifestations[21]. In Fetus 4, who has a 1p36 deletion syndrome that has a 9.52 Mb deletion at the
1p36.33p36.22. Patients with loss of this region may have clinical manifestations such as abnormal brain development, developmental delay, hypotonia,
epilepsy, congenital heart disease, and abnormal hearing[17, 18], and there is also about 14.3 Mb duplication in region 6q25.3q27, and patients with
duplication in this region may have clinical manifestations such as stunted growth, low intelligence and intellectual disability[22–24].
Numerous studies have described hypoplasia of the corpus callosum patients. Notably, the reported case did not completely reveal genes and chromosomes
based corpus callosum abnormalities. Agenesis of the corpus callosum is frequently associated with other hereditary syndrome, at the same time, it is often
accompanied by other abnormal phenotypes. It reported that genomic aberration at chromosome 16p13.11 involves in the formation polydactyly, bilateral
ventriculomegaly and corpus callosum agenesis[25]. Ratna Tripathy et al.(2018) reported that de novo mutations in MAST1 cause mega-corpus-callosum
syndrome with cerebellar hypoplasia and cortical malformations, a disease characterized by a striking enlargement of the corpus callosum, cerebellar
hypoplasia, and cortical malformations[10]. Suresh Chandran et al described two cases of agenesis of the corpus callosum with interhemispheric cyst[7]. In
our study, in addition to the corpus callosum agenesis, the fetal 4 had also venous catheter spectrum abnormalities, cardiac abnormalities with severe
tricuspid insu ciency and mild stenosis, compared with dysplasia of white matter.
In this report, after comprehensive genetic counseling, the couples of Fetus 2, Fetus 3 and Fetus 4 ultimately chose to put an end to the pregnancies. Fetus 1
was given by cesarean section due to polyhydramnios in late pregnancy and hypoxia at birth. Postnatal MRI showed patchy long T long T2 signal shadows in
bilateral parietal ventricles, and FLAIR sequence lesions with low signal on the left, considering softening lesions or vascular space enlargement;
Echocardiography suggested patent ductus arteriosis and patent foramen ovale. The child was born with developmental delay, epilepsy, low muscle tone, poor
hearing, poor health, susceptible to colds and fever, and died after several hospitalizations.
Most patients with corpus callosum agenesis have intellectual disability, epilepsy, Asperger's syndrome, learning problems, depression, schizophrenia,
delusional disorder, conduct disorder, conversion symptoms and other clinical symptoms from asymptomatic forms to mild or severe neurodevelopment
disorders, and also syndronic agenesis of corpus callosum plus patients showed the most severe clinical features while isolated complete agenesis of corpus
callosum patients had the mildest symptoms[13, 26]. Although corpus callosum dysplasia is a relatively rare brain malformation, due to its high nonspeci city, the corpus callosum dysplasia is the result of multiple factors and genes interacting. And on the other hand, its clinical manifestations are equally
unpredictable and very complicated. This makes prenatal genetic counselling more challenging. Therefore, pregnant women should be provided with detailed
information on the range of possible phenotypic outcomes of the syndrome during prenatal genetic counseling.
In summary, we reported the prenatal diagnosis of chromosomal microdeletion and microduplication syndrome by CMA testing in four fetuses with agenesis
of corpus callosum. CMA should be an active participant in prenatal diagnostic testing after a positive nding of fetal ultrasound anomaly. The results of this
study can provide a clinical basis for prenatal diagnostic and genetic counseling of corpus callosum dysplasia.
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Tables
TABLE 1. Summary of clinical data and genomic information on four fetuse.
Fetus 1

Fetus 2

Fetus3

Fetus4

Gestational
week

23+

26+

31+

30+

Age of
mother

33

31

30

40

Gravida

G2P1

G2P0

G2P1

G6P1

Ultrasound
manifestation

Widened transparent
septum; slender corpus
callosum; ependymal cyst

agenesis of the corpus callosum; widened
lateral ventricle

agenesis of corpus callosum;
Morphological changes of lateral ventricle

Congenital heart d
corpus callosum

Karyotype

46 XX del(1)( p36)

46,XX

46 XX der(1)t(1;7)(q43;q36.1)

46,XY,der(1)t(1;6)(

Results of
CMA

arr[hg19]
1p36.33p36.31(1,028,5535,851,366)x1

arr[GRCh37]
Xq26.3q27.1(136,388,326_139,518,268)x1

arr[GRCh37]
7q36.1q36.3(150,301,319_159,119,707)x3

arr[GRCh37]
1p36.33p36.22(84

arr[GRCh37]
1q43q44(242,702,622_249,224,684)x1;

arr[GRCh37]
6q25.3q27(156,60

Size(M)

4.8 Mb

3.1 Mb

6.5 Mb, 8.8 Mb

14.3 Mb, 9.51 Mb

Pregnancy
outcome

Born, Die

odinopoeia

odinopoeia

odinopoeia

and para

Figures
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Figure 1
Results of CMA in four fetuses with dysgenesis of the corpus callosum. (A)The result in fetus 1 showed the 1p36.33p36.31 region was deleted. (B)Fetus 2 has
a deletion at Xq26.3q27.1 region. (C)The results indicated that there were a deletion at 1q43q44 and duplication at 7q36.1q36.3 in fetus 3. (D)The results in
fetus 4 suggest a deletion at 1p36.33p36.22 and a duplication at 6q25.3q27.

Page 6/7

Figure 2
Fetal G-banded karyotypes. The arrows indicate the abnormal chromosome. (A)Karyotype of 46, XX, del(1)( p36) in Fetus 1. (B)The fetus 2 have a normal
karyotype 46,XX. (C)The karyotype of fetus 3 is 46 XX der(1)t(1;7)(q43;q36.1). (D)The karyotype of fetus 3 is 46, XY, der(1)t(1;6)(p36.22;q25.3).
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