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Abstract

Patients with DICER1 syndrome typically harbor a germline truncating variant in the coding region. Here, we report a case
of DICER1 syndrome caused by an intronic germline variant. The patient was diagnosed with pleuropulmonary blastoma at
the 3 years of age, and a somatic p.D1810Y, but not a germline variant in DICER1 was detected by whole-exome sequencing.
After 13 years, he developed urogenital embryonal rhabdomyosarcoma with a somatic p.E1813D in DICER1. Further analysis
using complementary DNA DICER1 confirmed that a germline p.I813Ffs*24 and ¢.2437-15T>G caused the alteration. This

report highlights the importance of a germline-dedicated analysis covering introns.

Introduction

DICER1 syndrome is a cancer predisposition disorder characterized by a germline loss-of-function variant in
DICER! and an increased risk of developing multiple tumors, including pleuropulmonary blastoma (PPB),
cystic nephroma, multiple thyroid nodules, and Sertoli-Leydig cell tumors!-?2. Additionally, extremely rare
tumors, including ciliary body medulloepithelioma, nasal chondromesenchymal hamartomas, and cervical
embryonal rhabdomyosarcoma (ERMS), are also associated with DICER1 . Since DICER1 was revealed as
a causative gene of familial PPB in 2009, the number of tumors recognized as DICER1 -associated has been
increasing®. In most cases, somatic hotspot mutations in the DICER1 RNaselIIb domain (p.E1705, p.D1709,
p.D1809, p.D1810, and p.E1813) are detected in tumor tissue as a second hit!. Patients with DICERI syn-
drome typically have truncated variants in the exonic regions of DICER1 *. DICER1 germline pathogenic
variants are detected in approximately 80% of PPB patients, with the remaining cases considered sporadic?.
However, DICER1 syndrome may be underdiagnosed because some cases of genomic alterations are missed
by conventional genomic analysis techniques.

Here, we present a case of DICERI- related urogenital ERMS that developed in a male 13 years after the
PPB diagnosis. The patient was initially diagnosed with sporadic PPB by whole-exome sequencing (WES);
however, DICER1 complementary DNA (¢cDNA) analysis conducted at 16 years of age revealed a germline
intronic variant, which led to the DICER1 syndrome diagnosis.

Results

A 16-year-old male presented with worsening of hematuria and urinary retention over two weeks. He was
initially treated with antibiotics for possible cystitis. He had a history of PPB type II without metastasis at
3 years of age and local recurrences at 4 and 6 years of age, which were treated with complete resection and
chemotherapy, including high-dose chemotherapy with hematopoietic cell rescue. During PPB diagnosis,
whole-exome sequencing (WES) was performed using tumor tissue and blood samples, which led to the



sporadic PPB diagnosis. A somatic p.D1810Y (c¢.5428G>T) hotspot mutation in DICER1 was detected in
the primary and recurrent PPB, whereas no pathogenic variant was identified in the germline.® Although
the patient’s mother had thyroid nodules, his other family members do not have any history of DICER1
-associated disorders (Fig. 1A). A computed tomography scan detected enhanced masses in the bladder
and prostate obstructing the urethra (Figs. 1B-C). Further imaging tests revealed multiple nodules in the
thyroid gland, which were considered incidentally found benign nodules. No local recurrence of PPB in
the lungs or other metastases was observed. The patient underwent a needle biopsy of the prostate lesion.
The pathological findings suggested a distant recurrence of PPB or ERMS (Figs. 1D-G). Chemotherapy
(topotecan 0.75 mg/m? for 5 days plus cyclophosphamide 250 mg/m? for 5 days) was started on the patient,
and he showed a partial response after four cycles.

DNA panel testing performed using the biopsied sample detected p.E1813D (c.5439G>T) instead of
p-D1810Y, which had been found in the first PPB. Although no additional pathogenic variant was detected
in the panel testing, the DICER1 hotspot mutation in the present lesion, the multinodular goiter, and the
history of PPB were highly suggestive of DICER1 syndrome. Therefore, complementary DNA (cDNA)
analysis was performed using blood samples, which detected a frameshift pathogenic p.I813Ff{s*24 with a
14-base insertion. Subsequent Sanger sequencing revealed an intronic ¢.2437-15T>G (Fig. 2). Accordingly,
the patient was diagnosed with DICER1 syndrome, and the tumor was diagnosed as ERMS, a second tu-
mor that developed in the context of DICER! syndrome. Through cascade testing, the same pathogenic
variant was detected in the patient’s mother. The patient’s other family members do not have any history
of DICER1 -associated disorders.

Based on the ERMS diagnosis, the treatment was switched to VAC (4 cycles of vincristine 2 mg, actinomycin
D 0.045 mg/kg, and cyclophosphamide 2200 mg/m?), radiotherapy, and tumor resection, based on standard
therapy for intermediate ERMS. At the time of writing, 15 months after treatment completion, the patient
remains alive without evidence of ERMS. The thyroid nodules showed no remarkable changes in size since
diagnosis.

Discussion

Here, we present a case of urogenital ERMS that developed in a teenager with a history of PPB and
a germline intronic pathogenic variant inDICERI . During the PPB diagnosis, the tumor was considered
sporadic based on WES findings. However, further analysis performed after the patient developed subsequent
cancer revealed a genetic susceptibility to DICER1 -related tumors.

The majority of pathogenic variants in DICER1 syndrome patients is detected by Sanger sequencing, multi-
gene panel testing, or WES, with all of these focused on coding regions. However, some patients reportedly
develop DICER1 syndrome due to intronic or mosaic pathogenic variants that cannot be detected by con-
ventional sequencing methods or analysis pipelines®*%12. Along with these findings, our case emphasizes
the importance of germline-specific analysis, including cDNA analysis. In our case, the analysis of DICER 1
in tumor samples was also critical for confirming the diagnosis. The detection of the hotspot mutation of
p.D1810Y in the initial and recurrent PPB tissues and that of p.E1813D in the subsequent tumor demon-
strated that different second hits contributed to the patient’s tumor pathogenesis. That is, the second tumor
was considered a new primary tumor, not a recurrence of PPB.

Although ERMS, particularly female cervical ERMS, is recognized as a manifestation of DICER1 syndrome,
it is infrequently observed in the male urogenital system!'3. At least four bladder ERMS cases have been
reported in pediatric patients with DICER1syndrome, including three males'415. Additionally, an autopsy
case of adult prostatic ERMS with a DICER1 hotspot mutation with lung and bone metastases and a female
case of a bladder tumor with DICER! mutations (a hotspot mutation and a truncating mutation) were also
reported, although the germline status was not confirmed in these cases'®!7. Regarding the surveillance
protocols for DICER1 syndrome, regular imaging tests for the early detection of male genitourinary tumors
would not be recommended due to their low expected frequency'®'?. Nevertheless, it is important to consider
the possibility of tumors when patients with DICERI syndrome show atypical or unexplained symptoms?°.



In summary, the present case highlights the importance of performing germline-specific testing, includ-
ing ¢cDNA, for the diagnosis of cancer predisposition disorders, Moreover, our report provides evidence
that DICER1 -related ERMS is not exclusively cervical and can develop in men. Transcriptome analysis
may be useful in understanding the etiology by supplementing WES and whole-genome sequencing with
which cancer predisposition may be underdiagnosed.
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LEGENDS
FIGURE 1. The patient’s clinical features

A: Family pedigree. The black symbols represent patients withDICERI syndrome. Our patient is repre-
sented by the red arrow. PPB, pleuropulmonary blastoma; ERMS, embryonal rhabdomyosarcoma; MNG,
multinodular goiter. B—C: Pelvic magnetic resonance image of the prostate tumor indicated by arrowheads.
T1-weighted images with gadolinium enhancement show a solid mass in the prostate gland that constricts
the urethra (B ) and a tumor at the trigone protruding into the intraluminal space of the bladder (C ).D—E:
Histology of the prostate tumor unveils two distinct patterns: The first one is characterized by hypocellular
proliferation of polygonal cells with eccentric nuclei and eosinophilic cytoplasm with an edematous stroma
(D ), whereas the other exhibits a solid proliferation of short spindle cells with nuclear enlargement and
hyperchromasia (E ). F -G : Histology of the primary pleuropulmonary blastoma (F ) and the first relapse
(G ) similar to that of the prostate tumor.

FIGURE 2. Results of the genomic analysis of DICER1

A: Genomic localization and sequence of the intronic mutation of ¢.2437-15T>G located in intron 15. The
intronic sequence is depicted in lowercase letters, whereas the succeeding sequence of exon 16 is in uppercase
letters. B: Sanger sequencing of DICER1 complementary DNA synthesized from mRNA obtained from the
peripheral blood samples of the case with (upper) or without puromycin (lower). The splicing variant is
more prominent in the sample that received puromycin treatment, denoting a truncating effect. C:Sanger
sequencing of DICER1 DNA in an exon—intron boundary extracted from peripheral blood samples.
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