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Homozygous deletion of DIS3L2 exon 9 due to
non-allelic homologous recombination between
LINE-1s in a Japanese patient with Perlman syndrome

Ken Higashimot01’7, Toshiyuki Maedal”, Junichiro Okada?’, Yasufumi Ohtsuka!, Kensaku Sasaki’,
Akiko Hirose?, Makoto Nomiyama®, Toshimitsu Takayanagi®, Ryuji Fukuzawa®, Hitomi Yatsuki!,
Kayoko Koide!, Kenichi Nishioka', Keiichiro Joh!, Yoriko Watanabe?, Koh-ichiro Yoshiura® and

Hidenobu Soejima*!

Perlman syndrome is a rare, autosomal recessive overgrowth disorder. Recently, the deletion of exon 9 and other mutations of
the DIS3L2 gene have been reported in patients; however, the mechanism behind this deletion is still unknown. We report the
homozygous deletion of exon 9 of DIS3L2 in a Japanese patient with Periman syndrome. We identified the deletion junction,
and implicate a non-allelic homologous recombination (NAHR) between two LINE-1 (L1) elements as the causative mechanism.
Furthermore, the deletion junctions were different between the paternal and maternal mutant alleles, suggesting the occurrence
of two independent NAHR events in the ancestors of each parent. The data suggest that the region around exon 9 might be a

hot spot of L1-mediated NAHR.
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INTRODUCTION

Perlman syndrome (OMIM #267000) is a rare, autosomal recessive
overgrowth disorder characterized by polyhydramnios with neonatal
macrosomia, nephromegaly, distinctive facies, renal dysplasia, nephro-
blastomatosis and a predisposition to Wilms tumor. The clinical
features are reminiscent of Beckwith-Wiedemann syndrome; however,
genetic and epigenetic alterations at 11p15.5 have been excluded from
the etiology.! Recently, DIS3L2 at 2q37.1 was reported as a causative
gene, showing homozygous deletions of exon 6 or exon 9 (82.8 and
~22kb, respectively) and compound heterozygous mutations in such
patients.> However, the mechanisms behind these deletions are still
unknown. In this report, we explore a parentally transmitted
homozygous deletion of exon 9 in DIS3L2 responsible for Perlman
syndrome in a Japanese patient. We detected the sequence of the
deletion junction and found that a rare, non-allelic homologous
recombination (NAHR) between two collinear LINE-1 (L1) elements
was the causative mechanism of the deletion. To our knowledge, this
is the fourth NAHR event to be documented as causing a human
disease. Furthermore, the deletion junctions were different between
the paternal and maternal mutant alleles, suggesting the occurrence of
two independent NAHR events in the ancestors of each parent. Our
data suggest that the region around exon 9 of DIS3L2 is a hot spot of
L1-mediated NAHR.

MATERIALS AND METHODS

Patient

The male infant was the first child of non-consanguineous, healthy, Japanese
parents. Prenatal ultrasound examination showed polyhydramnios and bilat-
eral nephromegaly. He was delivered at 29 weeks and 4 days of gestation. He
weighed 2267 g (+ 6.4 SD) and measured 45.5cm ( + 4.3 SD) in length. Low-
set ears, large fontanels, micrognathia, a depressed nasal bridge, an everted
upper lip, prominent forehead, flexed digits, a micropenis and cryptorchidism
were observed. He suffered from cholestasis with coagulation disorder and
recurrent adrenal crisis, and died at 175 days of life due to a sepsis. Autopsy
revealed visceromegaly and nephroblastomatosis, and he was diagnosed with
Perlman syndrome. His karyotype was normal (46,XY). Causative alterations
of Beckwith—-Wiedemann syndrome, such as loss of methylation at K<vDMRI,
gain of methylation at HI9DMR, paternal uniparental disomy of chromosome
11 and CDKNIC mutations, were ruled out (data not shown). This study was
approved by the ethics committee for Human Genome and Gene Analyses of
the Faculty of Medicine, Saga University, Japan.

Polymerase chain reaction and sequencing

Genomic DNA was extracted from cord blood, placenta and amniotic fluid of
the patient and peripheral blood of his parents. All coding exons, from exon 2
to exon 21, of DIS3L2 were amplified by PCR using primer pairs described
previously.? The copy number of DIS3L2 exon 9 was analyzed by quantitative
real-time PCR (qPCR) based on SYBR-Green I. Normalization was performed
against GAPDH and TAT>*
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L1-A and L1-B, which were located collinearly upstream and downstream of
exon 9, were amplified with primer pairs 1a/2, and 3/4 and 5/6, respectively
(Figure 1d). The paternal and maternal mutant alleles containing the deletion
junctions were amplified with primer pair 1b/6. All PCR products were directly
sequenced.

Total RNA was also extracted from placenta and amniotic fluid and cDNA
was synthesized with random primers. RT-PCR was performed with a forward
primer in exon 8 and a reverse primer in exon 11. The RT-PCR product was
sequenced directly. The novel primers used in this study are shown in Table 1.

RESULTS

We first examined whether all coding exons of DIS3L2 were amplified
by PCR for the patient. In all patient samples, exon 9 could not be
amplified whereas all exons were amplified in the patient’s parents
and normal control individuals (Figure la, data not shown). This
result indicated a homozygous deletion of exon 9 in the patient, one
that has been previously reported? qPCR showed that the copy
number of exon 9 in the parents was approximately half that of
controls, indicating heterozygosity for the deletion (Figure 1b). No
PCR amplification was observed in the patient’s samples, supporting

homozygosity for the deletion. Therefore, the parents were carriers of
the deletion and one deleted allele was transmitted to the patient by
each parent.

Next, the expression of the mutant allele was investigated by RT-
PCR using primers on exons 8 and 11 (Figure Ilc). In normal
placentas, RT-PCR products matched the estimated normal size and
contained the 174-bp exon 9 sequence. In contrast, the product size of
the patient’s placenta and amniotic fluid was smaller than normal.
Sequencing revealed a missing exon 9 sequence and the existence of a
junction at exons 8 and 10, indicating the expression of the mutant
allele (Figure 1c). The expressed mutant allele would be translated to a
mutant protein harboring an in-frame deletion of 58 amino acids,
resulting in an abolished RNA-binding domain. Wild-type DIS3L2
has ribonuclease activity, but the mutant lacking exon 9 loses it.
Accordingly, it has been speculated that alterations in mRNA turnover
might be responsible for the phenotypes of Perlman syndrome.?

Finally, we tried to identify the deletion junction to clarify the
deletion mechanism. Two L1 sequences, L1-A and L1-B, were located
directly upstream and downstream of exon 9. The directions of the
two L1 sequences were opposite to DIS3L2 (Figure 1d). L1-A and

d L1-A exon 9 L1-B
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Figure 1 Homozygous deletion of DIS3L2 exon 9.in a patient with Perlman syndrome. (a) Homozygous deletion of D/S3L2 exon 9. Duplex PCR of exons 6
and 9 showed no amplification of exon 9 in any patient sample, whereas both exons were amplified in the parents and normal controls. Mk1, 100-bp
ladders; N, negative control; C1, unrelated normal control #1; C2, unrelated normal control #2; Fa, father of the patient; Mo, mother of the patient; CB,
cord blood of the patient; Pla, placenta of the patient; AF, amniotic fluid of the patient. (b) Copy number analysis of exon 9. qPCR of D/S3L2 exon 9
normalized with GAPDH or TAT showed that the copy number of exon 9 in the parents was approximately half that of controls. No PCR product was
amplified in any patient sample. The y axis displays arbitrary units. (¢) RT-PCR of DIS3L2. RT-PCR was performed with a forward primer in exon 8 and a
reverse primer in exon 11. The exon 9 deleted products were seen in the patient samples. Sequencing of the PCR products showed a lack of the exon 9
sequence, which was supposed to be 174bp in length, in the patient’s placenta, whereas the exon 9 sequence existed in normal placentas. P1, normal
placenta #1; P2, normal placenta #2; P3, normal placenta #3. (d) Map of exon 9. Two L1 sequences, L1-A and L1-B, were located collinearly upstream
and downstream of exon 9. The L1s were in the opposite direction to the D/S3L2 gene. L1-A was full-length, corresponding to nucleotides 1 to 6036 of the
reference sequence of L1Hs from Repbase on the GIRI website.5 L1-B was a 5 truncated form, corresponding to nucleotides 1233 to 6042 of the
reference. Primers for PCR amplification are depicted as blue arrows. (e) PCR products containing the deletion junction. Approximately 5.5-kb products
were amplified by PCR with primer pair 1b/6 in the patient and the parents, whereas no product was seen in normal controls. Mk2, lambda DNA digested
with Styl. (f) The deletion junction. Comparing the sequences among L1-A, L1-B and the PCR products revealed that the deletion junctions of each
parental allele were different. Vertical biue or red bars showed the positions of nucleotide differences between L1-A and L1-B. As the patient had two
parental mutant alleles, a nucleotide at position 4955 was heterozygous (T/C) in the patient. The deletion junction is shown as a green box.
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