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Abstract

Wilms tumor (WT), a pediatric renal cancer, is the most common childhood kidney cancer. The 

etiology of WT is heterogeneous with multiple genes known to result in WT tumorigenesis. 

However, these genes are rarely associated with familial Wilms tumor (FWT). To identify 

mutations predisposing to FWT, we performed whole genome sequencing using genomic DNA 

from three affected/obligate carriers in a large WT family, followed by Sanger sequencing of 

candidate gene mutations in 47 additional WT families to determine their frequency in FWT. As a 

result, we identified two novel germline DICER1 mutations (G803R and R800Xfs5) co-

segregating in two families, thus expanding the number of reported WT families with unique 

germline DICER1 mutations. The one large family was found to include individuals with multiple 

DICER1 Syndrome phenotypes, including 4 WT cases. Interestingly, carriers of the DICER1 

mutation displayed a greatly increased frequency of WT development compared to the penetrance 

observed in previously published pedigrees. Also uniquely, in one tumor this DICER1 mutant 
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allele (G803R) was reduced to homozygosity, in contrast to the somatic hotspot mutations 

typically observed in tumors in DICER1 families.
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INTRODUCTION

Wilms tumor (WT) is a pediatric kidney cancer arising from undifferentiated embryonal 

mesenchyme. WT is diagnosed in 1 in 10,000 live births in the United States. Although the 

majority of these cases are sporadic, roughly 2% occur in patients who have an affected 

relative.[1] In these familial cases, WT predisposition displays an autosomal dominant 

inheritance pattern with incomplete penetrance estimated at 30%.[2–4] The age of onset for 

sporadic cases is 42–47 months compared to 30–33 months for familial WT cases, although 

this varies between families.[5] Familial predisposition genes have been localized by genetic 

linkage analysis to 17q12-21 and 19q13.3, although neither has been identified. The lack of 

linkage of some WT families to these regions indicates additional familial WT genes exist.

[6–7] The development of WT is observed in several syndromes, including Beckwith-

Wiedeman, Denys-Drash, WAGR, Perlman syndrome, and rarely, in DICER1 syndrome.[8–

9] DICER1 syndrome is a pleiotropic cancer syndrome comprising a range of phenotypes, 

including but not limited to pleuropulmonary blastoma (PPB), cystic nephroma (CN), 

embryonal rhabdomyosarcoma (ERMS), ovarian sex cord-stromal tumors, multinodular 

goiter (MNG) and WT.[9–14] While PPB, CN, ERMS and MNG are common in DICER1 

syndrome, the incidence of WT within reported families is low.[11] To date, few DICER1 

families have been reported that each contain one WT case. Here we describe a family in 

which whole genome sequencing was used to identify the gene mutation contributing to the 

development of WT. As a result, we identified a novel germline DICER1 mutation that 

segregates with the affected or obligate carrier status within the family and shows loss of 

heterozygosity (LOH) in a tumor sample. In total, we identified novel germline DICER1 
mutations in 2/48 (4.2%) WT families.

PATIENTS AND METHODS

Patients

Following informed consent, blood was drawn and DNA isolated from affected individuals 

and/or obligate carriers from 48 WT families. Of these, four families carried germline 

mutations in WT1, one of the most frequently mutated genes in WTs. The two families 

reported here did not carry WT1 mutations.

Family 1 consisted of four individuals diagnosed with unilateral WT, with the age of 

diagnosis ranging from 38–57 months. Additionally, thyroid colloid cysts, MNG, and kidney 

multi colloid cysts, and/or pulmonary cysts were noted upon further review of family 

medical records. Fresh-frozen Wilms tumor was available from one individual.
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In the second family (Family 2) two individuals were diagnosed with WT, one at 3.5 years of 

age and the other at 13 years of age. The latter, the proband, relapsed after two years and 

was found by CT scan to have two small pulmonary nodules which, however, were too small 

to biopsy. Additionally the father of the proband had one kidney removed at 3 years of age 

due to a suspected, but poorly documented, premalignant condition.

Whole genome sequencing

Whole genome sequencing of peripheral blood DNA was carried out on two affected 

individuals and one obligate carrier individual in Family 1. Libraries were generated and 

sequenced using the Illumina HiSeq2000 platform, producing 100bp paired-end reads. 

Sequence reads were aligned to the hg19 reference genome and variants were identified 

using the Genome Analysis Toolkit (GATK). Variants were compared between family 

members to identify shared heterozygous alterations and filtered using dbSNP and 1000 

Genomes databases to remove variants with a minor allele frequency greater than 1% in 

those databases. Novel variants in exonic regions which could potentially affect protein 

structure (nonsynonymous and frameshift variants) were identified and annotated using 

ANNOVAR. dbNSFP was used to predict whether or not the amino acid changes were 

damaging, and PhyloP was used to assess conservation at the variant site.

Sanger sequencing

Sanger sequencing was performed to confirm the DICER1 variant detected by WGS and to 

assess 47 additional families for mutations in the same DICER1 exon (exon 15) or seven 

other DICER1 exons (exons 8, 9, 13, 14, and 24–26) at which mutations have been reported 

in WT.

RESULTS

The mean coverage across all genes for the three individuals sequenced from Family 1 

ranged from 32–45X, with 97% coverage of genes at >10X depth. Shared variants were 

identified and filtered based on their allele frequency reported in the general population 

(<1%), with novel variants occurring in protein coding regions assigned a higher priority for 

investigation. Of the 113 variants left after filtering, a novel missense mutation in DICER1 
was of greatest interest because mutations in this gene had recently been found in DICER1 

syndrome families which include a member with WT[14], and, upon closer examination of 

family history and medical records, it was noted that other phenotypes of DICER1 syndrome 

were present in some family members (Figure 1A). The identified mutation (c.2407G>A, 

p.G803R, chr14:95574690, hg19) occurred in exon 15 of DICER1 (Figure 1B). The variant 

was not present in the Single Nucleotide Polymorphism database (dbSNP), NHLBI Exome 

Variant Server, nor 1000 Genomes database. This alteration is predicted to be deleterious by 

dbNSFP. The mutation occurred at an evolutionary conserved amino acid residue (PhyloP – 

0.999) within the platform domain of DICER1, which is involved in the recognition of the 5’ 

phosphate group of pre-miRNAs, and between residues that interact with the 5' phosphate of 

miRNAs.[15] We confirmed the alteration by Sanger sequencing and extended our analysis 

to additional family members to estimate the penetrance of the variant in the family. In total, 

we detected the G803R mutation in eleven family members, some of whom displayed one or 
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more of the phenotypes associated with familial DICER1 syndrome, including lung cysts, 

thyroid cysts, MNG, kidney cysts, and WT. The one tumor available for study was found to 

be homozygous for this mutation. Such homozygosity for a germline DICER1 mutation has 

not previously been reported for Wilms tumors, although this has been observed in cases of 

DICER1-associated pineoblastoma and pituitary blastoma [16].

Sanger sequence analysis of one member from 47 additional WT families revealed that one 

carried a novel frameshift mutation (c.2399delG, p.R800fsX5) in the same exon (exon 15) as 

that in Family 1 (Figure 1B). This mutation also occurs in the evolutionarily conserved 

platform domain and segregates with the affected status in the family. It is predicted to 

encode a truncated protein lacking an intact platform domain and the remaining half of the 

protein, including the PAZ domain and the RNase IIIa and IIIb domains. Tumor samples 

were not available for this family; LOH could not be assessed.

No germline variants were observed in the other 46 families in our analysis of exon 15 and 

seven other exons in which DICER1 mutations have been previously identified in WT cases 

(exons 8, 9, 13, 14, 24, 25, 26).

DISCUSSION

Germline mutations in DICER1, an endoribonuclease critical for the generation of mature 

microRNAs, are associated with a pleiotropic tumor predisposition syndrome called 

DICER1 syndrome. In this syndrome, inherited truncating mutations and somatically 

acquired missense mutations occurring at metal-ion binding residues within the RNaseIIIb 

domain are typically found in families. The result of these biallelic mutations is impaired 5p 

miRNA biogenesis, including major miRNA families such as let-7, while 3p miRNA levels 

are unaltered.[17] This reduction of 5p miRNAs is thought to contribute to the development 

of DICER1-associated phenotypes through the deregulation of target genes.

To date, few DICER1 families with a member diagnosed with WT have been reported in the 

literature and each of these has only one WT case. In these rare families, similar to non-WT 

DICER1 families, germline DICER1 nonsense mutations were observed, along with an 

additional somatic missense mutation occurring in trans in the tumor.[14] In our study, we 

identified two WT families with novel germline DICER1 mutations. Both germline 

mutations occurred in the platform domain, which has a role in recognizing the terminal 

phosphate group of the 5p strand of pre-miRNAs for correct positioning over the RNase III 

domains for cleavage (Figure 2). Previous studies have shown mutations in this domain 

result in reduced processing efficiency of mature miRNAs.[17] Consistent with what has 

been observed in other DICER1 families, the novel mutation (R800Xfs5) we identified in 

Family 2 is predicted to result in the premature truncation of the protein. Family 2 is a small 

WT family, and, while it is not known whether individuals in this family displayed 

phenotypes associated with DICER1 syndrome, pulmonary nodules were detected in the 

proband by CT scan. These nodules, however, were too small for biopsy and it is unknown if 

they were WT metastases or were similar to the cystic pulmonary phenotype that is observed 

in DICER1 Syndrome. Uniquely, multiple family members were diagnosed with WT in this 

small family; DICER1 families reported to date have only a single WT case.
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The diagnosis, not only of WT, but also of MNG, lung cysts, thyroid and kidney cysts in 

Family 1 is consistent with this being a “DICER1 syndrome family”. In total, 11 individuals 

were found to carry the germline mutation, with 2/11 diagnosed with WT and lung cysts, 

2/11 with thyroid cysts, 1/11 with MNG and 1/11 with kidney cysts. There are 2 other WT 

cases in the family, but DNA was not available from these individuals. In addition to the 

presence of multiple WT cases, Family 1 is unique on several counts. First, it carries a 

germline DICER1 missense mutation rather than a frameshift or nonsense mutation. Only 

one other family (in which only MNG was observed) is reported to have sustained a 

germline missense mutation. Interestingly, this mutation (Ser839Phe) also occurred in the 

platform domain. The G803R mutation we identified in Family 1 is predicted to be 

deleterious by a number of functional prediction algorithms and occurs at an evolutionarily 

conserved amino acid residue, suggesting this mutation is functionally significant.

Secondly, the germline G803R mutation in Family 1 was reduced to homozygosity in a 

tumor from a family member. In contrast, almost all the second, somatic mutations observed 

in tumors from individuals with germline DICER1 mutations are missense mutations that 

occur in the Rnase IIIb domain of DICER1. To date, LOH with retention of the germline 

mutation has only been reported in two DICER1-associated phenotypes – pineoblastoma and 

pituitary blastoma. LOH has not previously been reported in Wilms tumors with DICER1 
mutations.

Thirdly, like Family 2, Family 1 represents a DICER1 Syndrome family with multiple 

individuals with WT. The penetrance of the G803R allele with respect to Wilms tumor is 

notably much higher than other germline DICER1 mutations (which, as noted above, are 

almost invariably truncating mutations). The basis for this increased penetrance is not 

known. Obviously, ascertainment bias is a factor as the families being studied were 

originally selected due to the occurrence of two or more WT cases. However, is it still 

curious that families ascertained for PPB and other, DICER1-associated phenotypes only 

rarely have a member with WT (much less two or more), while in both families reported 

here, the DICER1 mutations were relatively highly penetrant with respect to WT. One factor 

impacting penetrance could be the type of germline mutation present in the family. 

Published data indicate that biallelic mutation of DICER1 is necessary for WT development. 

Therefore the nature of the second, somatic alterations may affect penetrance.

Interestingly, while the penetrance of the two novel DICER1 mutations we identified in 

these two families was unusually high, the ages at which individuals in these families were 

diagnosed with WT was notably older than average. The median age of diagnosis for 

unilateral WT overall is ~39 months of age while that of unilateral cases in familial context 

is 35 months.[18–19] WT families, however, greatly vary with respect to age at WT 

diagnosis, with some families exhibiting typically younger ages, while other families consist 

of cases with later than average ages of onset.[20] The observation that both WT families 

carrying DICER1 mutation reported here have members diagnosed at late ages suggests that 

this may be a common feature of DICER1-related WT.

In conclusion, we identified two novel DICER1 germline mutations in 2/48 WT families, 

observed LOH in a WT sample with a germline DICER1 mutation, and presented a 
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‘DICER1 family’ with a higher incidence of WT than previously reported in the literature. 

Thus, we have further expanded the number of reported familial WT cases with unique 

germline DICER1 mutations.
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Figure 1. 
A. Included in the table are the phenotypes found in each family, as well as the number of 

affected individuals and mutation carriers. B. DICER1 exon 15 Sanger sequences indicating 

the presence of a heterozygous G803R mutation (Family 1) and R800fsX5 (Family 2) in 

affected family members, as well as loss of the wildtype allele in a tumor sample in Family 

1.
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Figure 2. 
The germline mutations identified in Family 1 and 2 (red triangles) are located within the 

platform domain of DICER1. DICER1 mutations previously reported in Wilms tumor cases 

are shown (blue triangles).
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