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Abstract: The phosphatase and tensin homolog (PTEN) gene is a tumor-suppressor gene located
on 10q22-23. Since the introduction of molecular genetics in prenatal diagnostics, various birth
defects associated with gene mutations have been diagnosed. However, no reports on fetal cases
related to PTEN mutation have been found, so far. We encountered a rare case of fetal PTEN
mutation. Fetal macrocephaly was noted at 16 weeks. At 18 and 20 weeks, neurosonography revealed
megalencephaly with an asymmetrical structure and multifocal polygyria. The head circumference
(HC) was +6.2 SD at 18 weeks and +8.1 SD at 20 weeks. The parents opted for pregnancy termination,
and the male fetus was delivered at 21 weeks, with HC +9.3 SD. Single-nucleotide polymorphism
(SNP) array for amniotic cells showed paternal uniparental disomy (UPD) 10q mosaicism, and
the mosaic ratio was calculated as 56% from B-allele frequency. Exome sequencing revealed the
pathogenic PTEN mutation with mosaicism. The heterozygous PTEN mutation may not cause early
manifestations from the fetal period, and an abnormal phenotype may appear after birth. This may
be the reason why fetal defects associated with PTEN mutation are not detected. Since this case had
homozygous and heterozygous mutations, survival was possible, exhibiting an incredibly huge head
with cortical dysplasia from early pregnancy.

Keywords: PTEN; uniparental disomy; SNP; microarray; BAF; mosaicism; megalencephaly; cortical
dysplasia; fetus

1. Introduction

The phosphatase and tensin homolog (PTEN) gene is a gene located on the long arm
(10q22-23) of chromosome 10. Since PTEN is frequently found to have DNA mutations
in various cancers, it has been called a tumor-suppressor gene. Germline mutation in
PTEN causes congenital diseases, such as Cowden syndrome, Bannayan-Riley-Ruvalcaba
syndrome, PTEN-related Proteus syndrome, and Proteus-like syndrome. These diseases
are often associated with hamartoma and various cancers at high rates. Since the intro-
duction of molecular genetics in prenatal diagnostics, various birth defects related to gene
mutations have been diagnosed. However, no reports on early fetal cases associated with
PTEN mutation have been found so far. We encountered a rare case, diagnosed using
fetal neurosonography, single-nucleotide polymorphism (SNP) microarray, and exome
sequencing.
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2. A Case and Genetic Test Method

A 37-year-old primipara was referred at 18 weeks due to macrocephaly noted at
16 gestational weeks. The pregnancy course was not eventful, and no particular family his-
tory existed. Fetal ultrasound demonstrated fetal macrocephaly with a 58.4 mm (+6.1 SD)
biparietal diameter (BPD) and 213.6 mm (+6.2 SD) head circumference (HC). Neurosonog-
raphy revealed megalencephaly with asymmetrical structure, broad ganglionic eminence,
abnormal sulcation on the cerebral cortex, and irregular ventricular wall, as shown in the
upper images of Figure 1. We conducted amniocentesis for genetic testing. We performed
neurosonography again at 20 weeks of gestation. BPD and HC became 68.0 mm (+6.9 SD)
and 254.9 mm (+8.1 SD), respectively. A remarkable cortical malformation with multifocal
polygyria appeared, as shown in lower images of Figure 2. The polygyria were not de-
picted at 18 weeks. Compared to the upper images, taken two weeks earlier, multifocal
cortical dysplasia due to rapid neuronal migration disorder may have occurred randomly
in various cerebral cortex regions. The parents opted for pregnancy termination due to the
high probability of an adverse postnatal neurological prognosis. The male fetus weighed
724 g (+3.9 SD) with a 280 mm HC (+9.3 SD) at 21 weeks and five days. No external
malformations were observed other than the huge head. Postmortem autopsy was not
performed because the parents did not permit it.
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Figure 1. Neurosonographic findings at 18 and 20 weeks of gestation. Upper three images are at 18 
weeks. From left, anterior coronal, posterior coronal, and parasagittal views. Megalencephaly with 
asymmetrical structure, broad ganglionic eminence (arrows on upper left image), abnormal sulca-
tion (arrow on upper-middle image) on cerebral cortex, and irregular ventricular wall (arrows on 
upper right image) were demonstrated. Lower three images are at 20 weeks. From left, anterior 
coronal, posterior coronal, and parasagittal views. A remarkable cortical malformation with multi-
focal polygyria (arrowheads) was visualized; polygyria were not seen at 18 weeks. Compared to 
upper images, taken two weeks before, focal cortical dysplasia due to rapid neuronal migration 
disorder may have occurred randomly in various cerebral cortex regions. 

Figure 1. Neurosonographic findings at 18 and 20 weeks of gestation. Upper three images are at
18 weeks. From left, anterior coronal, posterior coronal, and parasagittal views. Megalencephaly with
asymmetrical structure, broad ganglionic eminence (arrows on upper left image), abnormal sulcation
(arrow on upper-middle image) on cerebral cortex, and irregular ventricular wall (arrows on upper
right image) were demonstrated. Lower three images are at 20 weeks. From left, anterior coronal,
posterior coronal, and parasagittal views. A remarkable cortical malformation with multifocal
polygyria (arrowheads) was visualized; polygyria were not seen at 18 weeks. Compared to upper
images, taken two weeks before, focal cortical dysplasia due to rapid neuronal migration disorder
may have occurred randomly in various cerebral cortex regions.
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Figure 2. B-allele frequency (BAF) data and histogram from BAF data. For investigation of mosaic
ratio, histogram was created from BAF data of single-nucleotide polymorphism (SNP) microarray
(lower graph). Medians of two peaks in histogram were calculated, with BAF values of 0.21526, and
0.78463, respectively. Difference between peak median BAF value and BAF value of heterozygous
SNPs of 0.5 was ±0.280.

2.1. DNA Extraction and Routine Protocol of Genetic Tests

Amniotic fluid cells obtained at 18 gestational weeks were immediately divided into
2 groups, one for long-term culture and the other for DNA extraction. Genomic DNA
(gDNA) was directly extracted using DNeasy® Blood and Tissue Kit (Qiagen, Hilden,
Germany) from 20 mL of amniotic fluid and 10 mL of parental blood samples. The gDNA
was divided into a portion for QF-PCR and a portion for subsequent tests. QF-PCR was
performed first to detect 3 significant trisomies (13, 18, and 21) and sex chromosome
aneuploidy using an AnueFastTM QF-PCR Kit (Genomed Ltd., Kent, UK), following the
manufacturer’s protocol, and SNP microarray. The remaining gDNA was preserved for
further genetic tests. The sample that remained after extracting the DNA was long-term
cultured and subjected to G-banding for karyotyping.

2.2. SNP Microarray

The trio-based SNP microarray was performed with CytoScanTM HD Array (Affymetrix,
Santa Clara, CA, USA) following the manufacturer’s instructions. Subsequent data analysis
was performed with Chromosome Analysis Suite (ChAS; Affymetrix, Santa Clara, CA, USA),
and the output data were compared with the Database of Genomic Variants (DGV; http:
//dgv.tcag.ca/dgv/app/home (accessed on 1 February 2019)) and DECIPHER (https://
decipher.sanger.ac.uk (accessed on 1 February 2019)).

In relation to the mosaic ratio, we created a histogram from the B-allele frequency
(BAF) data of the SNP microarray and calculated the cell proportion with mosaicism from
the difference between B deviation and an expected BAF value of 0.5 for heterozygous
SNPs.

http://dgv.tcag.ca/dgv/app/home
http://dgv.tcag.ca/dgv/app/home
https://decipher.sanger.ac.uk
https://decipher.sanger.ac.uk
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2.3. Exome Sequencing

Trio-based targeted next-generation sequencing (NGS) with the TruSight One Sequenc-
ing Panel (4813 genes) was conducted following the manufacturer’s instructions (Illumina
Inc., San Diego, CA, USA). Prepared libraries were run on the Illumina MiSeq platform
(Illumina Inc., San Diego, CA, USA) for 151 bp paired-end reads. After variant calling
with HaplotypeCaller, putative diagnostic variants were extracted through an automated
variant filtering pipeline. Then functional prediction of remained variants was performed
by multiple algorithms with dbNSFP v4.0–4.1. Subsequently, flagged variants were manu-
ally reviewed and validated based on the American College of Medical Genetics (ACMG)
guideline for interpreting sequencing variants. The putative variant was confirmed by
Sanger sequencing. Finally, the flagged variant was comprehensively evaluated by com-
paring the patient’s clinical manifestations and family history with previously reported
phenotypes and clinical records regarding putative variants.

3. Result of Genetic Tests

We obtained normal QF-PCR and G-banding results. The karyotype was 46, XY
normal male. SNP microarray resulted in partial UPD mosaicism. However, it was difficult
to explain the fetal brain abnormalities due to UPD mosaicism. Then, we proceeded with
exome sequencing.

3.1. SNP Microarray and BAF Analysis for Mosaic Ratio

SNP array resulted in arr[hg19] 10q11.21q26.3(43,861,923–135,426,536) hmz(mosaic),
indicating paternal UPD 10q mosaicism. We created a histogram from the BAF data of SNP
microarray to investigate the mosaic ratio, as shown in Figure 2. We calculated the medians
of two peaks in the histogram; their BAF values were 0.21526, and 0.78463, respectively.
The difference between the peak median BAF value and the BAF value of heterozygous
SNPs of 0.5 was ±0.280 (Figure 2).

From the BAF analysis result, the value obtained by doubling 0.28 became the mosaic
cell ratio. Thus, the mosaic cell proportion of loss of heterozygosity (LOH) containing
homozygous PTEN mutation was 56%. The remaining 44% of cells were estimated to
be non-LOH with heterozygous PTEN mutation. Figure 3 illustrates each chromosome’s
origin, the ratio of LOH (homozygous mutation)/non-LOH (heterozygous mutation) cells,
and the rate of PTEN mutated/wild-type alleles. A PTEN mutated allele ratio of 78% was
calculated by the following formula: (56 × 2 + 44)/200 = 78.
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3.2. Exome Sequencing

A pathogenic missense mutation was found in exon6 of the PTEN gene (NM_000314.6),
with mosaic rate of approximately 70%. This result was confirmed by Sanger sequencing
(Figure 4). This mutation was not present in either the father or the mother. The detected
gene mutation was not registered in the polymorphism database (dbSNP138, 1000Genome,
iJGVD), while in the mutation database (HGMD, ClinVar), Pro204Ser is suspected to be a
pathogenic mutation at the same codon. Developmental delays, autism, and macrocephaly
have been reported for point mutations in adjacent amino acids [1]. In functional prediction,
the point mutation causes highly conserved amino acid substitutions or splice abnormalities
that become disease-causing or deleterious. In the heterozygous case, it is a germline
PTEN mutation that shows a broad phenotypic spectrum, but in this case, homozygous
dysfunction may have led to the prominent phenotype. Overall, the NGS result was
pathogenic according to the American College of Medical Genetics (ACMG) guideline [2]
for interpreting sequence variants.
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Table 1 shows the PTEN mutation and wild-type allele ratio calculated from the BAF
data of SNP microarray and next-generation sequencing (NGS) data. These were calculated
from a completely different approach, but roughly similar ratios were found.

Table 1. Ratio of PTEN mutation and wild-type alleles from SNP array and NGS data.

Data Origin PTEN Mutation PTEN Wild-Type

BAF data (SNP array) 78% 22%
NGS data 70% 30%

4. Discussion

The PTEN gene is a tumor-suppressor gene on the long arm of chromosome 10. PTEN
inhibits PI3K-dependent signaling and regulates cell growth and survival. PTEN also
inhibits Akt by suppressing the activity of PI3K-mediated signal transduction [3–7]. That
is, PTEN negatively regulates invasion, migration, and cell survival. Germline mutations
in the PTEN gene are responsible for several syndromes that result in multiple hamartoma
lesions derived from the three germ layers. A disorder called PTEN hamartoma tumor
syndrome (PHTS) [8–13] has been proposed.

The PTEN gene plays an essential role in neurodevelopment. In the first trimester of
normal pregnancy, PTEN immunoreactivity in the developing human neocortex expresses
strongly, then gradually decreases during the fetal period. On the contrary, Akt level
increases during pregnancy [14]. The most common clinical manifestation with mutated
PTEN is macrocephaly [15]. Volume increase due to overgrowth of intracranial structure
causes the head circumference to increase. It has been described that PTEN loss in neu-
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roglial progenitor cells of the central nervous system at mid-gestation causes increased
progenitor cell numbers due to increased proliferation and decreased apoptosis [16]. An
experimental report with knockout mouse models showed that cortical weight significantly
increased in the homozygous mutated PTEN model [17]. In another report, cortex thickness
did not change among control, heterozygous PTEN mutation, and homozygous PTEN
mutation groups [18]. White matter abnormalities [9,19], and vascular abnormalities [20],
are common.

Although it had been described that cortical dysplasia with PTEN mutation was
a rare finding, some cases were recently reported [21–23]. Hemimegaloencephaly with
pachygyria [22] and focal cortical dysplasia with abnormal sulcation [23] were observed
in patients with PTEN mutations. The incidence of cortical dysplasia in humans suggests
that the PTEN gene is involved in neuronal migration [24]. Prominent multifocal cortical
dysplasia was present in our case at 18–20 weeks of gestation. In our case, the apparent
megalencephaly already existed at 18 weeks and was overgrowing. Head circumference
increased from +6.2 SD at 18 weeks to +8.1 SD at 20 weeks and +9.2 SD at 21 weeks of
gestation. At 18 weeks, the brain structure was asymmetrical, and there were findings
such as residual basal ganglia and irregular ventricular surface (Figure 1), predicting the
future cortical maldevelopment. Twenty weeks is the fetal age when cerebral gyration
is not yet formed in normal cases, but multifocal polygyria were visualized randomly in
various cerebral cortex regions. Those findings indicate that PTEN mutation may be deeply
involved in neuronal migration disorder as well as cell proliferation.

We calculated the mosaic ratio from BAF data obtained from the SNP microarray
result, as in oncogene diagnosis [25–27]. As shown in Table 1, both BAF and NGS data
revealed that 70–78% of mutated and 22–30% of wild-type alleles were present. Based on
the data, we speculated on how the PTEN mutation would occur in this case. Since it was
confirmed that the wild-type came from the father, from the trio-based NGS result, it is
difficult to assume that wild-type zygotes were fertilized, LOH occurred during mitosis,
and then some cells selectively developed PTEN mutation. If the father-derived zygote
already had a PTEN mutation before fertilization, it could be explained that the fetus
formed with PTEN mutation at the ratio shown in Figure 3 and Table 1. Therefore, we
concluded that the PTEN mutation, in this case, occurred in the sperm, and a sperm with
the mutation happened to fertilize successfully, as shown in Figure 5.

Some reports suggest that the phenotype due to PTEN abnormality may have already
occurred in the fetal period [28], but this is probably the first report that reveals the
phenotype due to mutated PTEN in the first half of pregnancy. There has been no fetal case
report because the heterozygous PTEN mutation does not exhibit a prominent phenotype
during the fetal period. Our case was accompanied by extremely abnormal megalencephaly
and cerebral cortex dysplasia in the first half of pregnancy, probably because homozygous
cells with PTEN mutation accounted for 56% due to the existence of paternal 10q UPD
mosaicism. In other words, a fetus with completely heterozygous cells theoretically has
50% of mutated PTEN allele, but in this case, it was as high as 70–78%. This indicates that
heterozygous PTEN mutation may not cause the early manifestation from the fetal period,
and abnormal phenotype may appear after birth. On the contrary, if we assume that all
cells are homozygous, early fetal demise may occur in early pregnancy. It was reported
that mice with homozygous PTEN loss died before embryonic day 7.5, since the tissue
could not appropriately differentiate into three germ layers of endoderm, mesoderm, and
ectoderm, while mice with the heterozygous mutated PTEN allele were viable and showed
neuronal proliferation during brain development [24,29].

Since this case was a mosaic mutant mixed with both homozygous and heterozygous
alleles, survival was possible, exhibiting an incredibly huge head with cortical dysplasia
from early pregnancy.
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 Figure 5. Schematic illustration of genetic events of fetus with PTEN mutation on paternal UPD 10q mosaicism. First, de
novo PTEN mutation occurred in a sperm (i), and it fertilized an egg (ii). After first division (iii), diploid cell was created
with PTEN mutated paternal and wild-type maternal chromosomes (iv). After that, somatic cells proliferated by mitosis,
but UPD mosaicism cells were not yet produced at this stage (v). During mitosis, two possible genetic events cause the
appearance of paternal UPD cells. One theory is 10q breakage and self-repair (vi). Another theory is somatic recombination
and subsequent chromosome selection or cell selection (vii). Therefore, a fetus with paternal UPD 10q mosaicism with
PTEN mutation was created, manifesting megalencephaly and cortical maldevelopment (viii).

5. Conclusions

PTEN plays a vital role in regulating embryonic/fetal development from early preg-
nancy, thereby, controlling neuronal cell proliferation and cell fate. This case report may
help determine the relationship between the timing of phenotype expression and the
mutated PTEN ratio.
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