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Abstract: This case report describes the history of a 41 year-old woman with a solid pseudopapillary
neoplasm (SPN) of the pancreas and a metachronous abdominal desmoid tumor (DT) that occurred
two years after the SPN surgical resection. At next-generation sequencing of 174 cancer-related
genes, both neoplasms harbored a CTNNB1 somatic mutation which was different in each tumor.
Moreover, two BRCA2 pathogenic mutations were found in both tumors, confirmed as germline
by the sequencing of normal tissue. The BRCA2 mutations were ¢.631G>A, resulting in the amino-
acid change p.V211l, and c.7008-2A>T, causing a splice acceptor site loss. However, as the two
neoplasms showed neither loss of heterozygosity nor somatic mutation in the second BRCA? allele,
they cannot be considered as BRCA-dependent tumors. Nevertheless, this study highlights the
important opportunities opened by extensive tumor molecular profiling. In this particular case,
it permitted the detection of BRCA2-germline mutations, essential for addressing the necessary
BRCA-related genetic counseling, surveillance, and screening for the patient and her family.

Keywords: BRCA; molecular profile; pseudopapillary; pancreatic tumors; desmoid; molecular
tumor board

1. Introduction

Solid pseudopapillary neoplasms (SPNs) of the pancreas are rare low-grade malignant
neoplasms. In the last WHO classification of digestive system tumors, SPNs were reported
among malignant exocrine tumors of the pancreas [1]. Nevertheless, they have been
associated with local invasion or distant metastasization only in a small proportion of
patients (<5%) [1-3]. They almost invariably display somatic activating mutations of
the CTNNBI1 gene [4-6]. This gene encodes for (3-catenin, a crucial protein in biological
homeostasis, normally located on the cell membrane. It is involved in transcription and cell-
to-cell adhesion [7-9]. In different tumor types, including SPNs, Wnt-stimulated 3-catenin
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is translocated into the nucleus, where it acts as a transcriptional co-activator with DNA-
binding proteins, ultimately supporting tumor growth and progression [10].

Desmoid tumors (DTs) are considered to be of intermediate malignancy, with potential
local aggressiveness and unpredictable clinical course [11,12]. Sporadic DTs are also known
for mutations of CTNNBI1 [12]. While SPNs do not belong to any defined genetic syn-
drome, DTs have already been described in the context of familial adenomatous polyposis
(FAP) [12], and these are known to harbor germline mutations of APC [13].

Herein, we report the history of a woman with a surgically resected SPN and a
metachronous DT that occurred two years after the SPN resection. Targeted next-generation
sequencing was performed using formalin-fixed, paraffin-embedded material [14] of both
tumors to evaluate the molecular profile and possible association between these seemingly
distinct tumors. This study highlights the important role and the new opportunities for
personalized medicine provided by tumor molecular profiling.

2. Case Report and Discussion

A graphical summary of this case report is provided in Figure 1.

A 41 year-old female with an unremarkable medical history underwent a medical
examination fora vague abdominal discomfort and asthenia for three months. She had no
cancer-related familial history, except for the paternal grandmother who died of esophageal
carcinoma. No other cancer-related events were recorded in the family history. A computed-
tomography (CT) scan revealed the presence of a well-circumscribed mass of about 3 cm
in the pancreatic body, without evidence of distant metastasization. Based on this finding
and the histopathological diagnosis based on material from endoscopic ultrasound-guided
fine-needle aspiration (EUS-FNA), which supported a diagnosis of SPN vs. neuroendocrine
tumor, the patient underwent robot-assisted distal pancreatectomy with surgical resection
of the pancreatic mass. At the first intraoperative frozen section analysis, the pancreatic
margin was involved with few neoplastic cells, thus the resection was extended (1 cm). The
successive pancreatic margin, also examined on the frozen section, was considered negative.
Globally considered, the pancreatic mass was surgically resected with free margins. The
subsequent gross sampling revealed a brownish tumor with pushing borders, mainly
located in the central-posterior portion of the pancreatic body. Histologically, the tumor
showed a mixture of solid, pseudopapillary, and cystic-hemorrhagic areas. Solid areas
included poorly cohesive, monomorphic, and polygonal cells, intermingled with a rich
net of blood vessels. At the same time, in the pseudopapillary areas, neoplastic elements
showed focal detachment and the remaining cells were left to surround the blood vessels,
resembling papillary structures. Neoplastic cells presented an eosinophilic cytoplasm and
monomorphic roundish nuclei with granular chromatin, without an evident nucleolus.
Mitotic figures were absent. Although at grossing the tumor mass seemed very well-
demarcated, at microscopy, the periphery tumor cells showed a focal invasion of adjacent
pancreatic parenchyma and adipose tissue. Immunohistochemistry (IHC) showed that
neoplastic elements were positive for 3-catenin (nuclear positivity), CD10, progesterone
receptor, vimentin, and LEF1, and were negative for Bcl-10, trypsin, and chromogranin-A.
The histological examination, coupled with immunohistochemical analysis, was conclusive
for a diagnosis of solid pseudopapillary neoplasm (SPN) of the pancreas.
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Figure 1. Graphical summary of the presented case. In the genetic background of two different BRCA2
germline mutations, the patient first developed a solid pseudopapillary neoplasm of the pancreas. (A)
Gross appearance, scale bar = 1 cm; (B) Histology, hematoxylin-eosin staining, original magnification
10x; (C) Nuclear positivity for 3-catenin at immunohistochemistry, original magnification 10x and,
two years after its surgical resection, a desmoid tumor; (D) Gross appearance, scale bar =1 cm;
(E) histology, hematoxylin-eosin staining, original magnification 10x; (F) Nuclear positivity for
[-catenin at immunohistochemistry, original magnification 10X, each with a different CTNNB1
somatic mutation.

One year after the surgical resection, the patient developed type II diabetes, which
was treated with oral hypoglycemic therapy. The standard follow-up, comprised of blood
tests and a physical examination, was performed every 12 months but did not reveal any
alteration. During an imaging-based follow-up two years after the pancreatic resection,
magnetic resonance imaging (MRI) revealed the presence of a roundish mass of about 4 cm
located in the epiploon retrocavity, strictly adjacent to the site of previous surgical resection.
A following CT-scan confirmed the presence of the mass, which showed a homogeneous
density and a maximum diameter of about 4.5 cm (Figure 2).
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Figure 2. CT scan showing the presence of a roundish mass (4.5 cm, yellow arrow) between the
stomach and the spleen.

With the suspicion of a relapse of the SPN vs. an inflammatory pseudotumor due to
the previous surgery and based on the histopathological diagnosis predicated on material
from EUS-FNA, which cannot rule out a relapse of SPN (cells positive for -catenin),
the patient underwent a second operation with the surgical resection of the abdominal
mass. The subsequent gross sampling revealed the presence of a roundish nodule; on
the cut surface, it was yellowish and showed homogeneous features without necrotic
or hemorrhagic areas. Histologically, the mass appeared as a well-circumscribed tumor,
arranged in intersecting fascicles. Neoplastic cells were spindle-shaped with elongated
nuclei and bipolar cytoplasm with blunt ends. Mitotic activity was virtually absent (less
than 1 out of 50 high-power fields). IHC showed tumor cells to be diffusely positive for
-catenin (nuclear positivity), CD10, and vimentin, focally positive for CD99 and LEF1,
and negative for S100, STAT6, MDM2, Bcl-2, CD34, CD117, DOG1, smooth-muscle actin,
desmin, and progesterone receptor. The histopathological and immunohistochemical
features were consistent with the diagnosis of desmoid tumor.

Given the peculiar association of SPN and DT in the same patient, these neoplasms, as
well as a normal tissue sample (spleen), were further examined by targeted next-generation
sequencing of 174 cancer-associated genes.

Both the SPN and DT were microsatellite stable and showed a low tumor-mutation bur-
den (SPN 5.6 mutations/Mb; DT 6.1 mutations/Mb). Somatic mutations were only found
in the CTNNBI gene, while a double germline mutation was detected in the BRCA2 gene.

Both SPN and DT harbored a somatic mutation of the CTNNB1 gene, but each neoplasm
carried a different mutation. SPN featured a heterozygous ¢.97T>C transition, which causes
a missense p.S33P mutation resulting in enhanced activity of the CTNNB1 gene product [15].
This variant falls within a known mutational hotspot of the CTNNB1 gene that has been
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reported in multiple solid tumors [16]. It is registered in dbSNP (rs105719886) and is
pathogenic according to ACMG/AMP criteria [17]. DT showed a somatic heterozygous
¢.121A>G transition, which leads to a missense p.T41A resulting in enhanced activity of
the CTNNBI1 gene product [18-21]. This variant is also located in a mutational hotspot of
the gene and has been reported in multiple solid tumors [22,23]. It is registered in dbSNP
(rs121913412) and is pathogenic according to the ACMG/AMP criteria [17].

Sequence analysis of tumors and normal tissue showed the presence of two heterozy-
gous germline variants in the BRCA2 gene. Both variants are classified as pathogenic
according to the ACMG/AMP criteria [17] and the ClinVar database (https://www.ncbi.
nlm.nih.gov/clinvar/, accessed on 18 October 2020). Notably, there was neither loss of
heterozygosity (LOH) nor any somatic mutation in the second BRCA?2 allele of both tumor
samples. The first variant of the BRCA2 gene was the c.631G>A transition of the last
nucleotide of exon 7. This causes both the p.V211I missense variant and the disruption of a
natural splice donor site, which results in abnormal splicing [24]. This variant is classified as
pathogenic in the ClinVar database (accession VCV000052058). The second BRCA2 variant
was the ¢.7008-2A>T transversion of the penultimate nucleotide of intron 13 that alters a nat-
ural splice acceptor site, resulting in abnormal splicing and non-functional transcripts [25].
This variant is classified as pathogenic in the ClinVar database (accession VCV000052246).

After discussion in the multidisciplinary molecular tumor board [26], given the pres-
ence of BRCA2 germline mutations, the patient was enrolled in screening surveillance and
genetic counseling following existing guidelines [27,28]. A discussion also focused on a
possible interconnection between BRCA2 and CTNNB1 mutations. However, on the one
hand, BRCA genes (tumor suppressors)/the encoded proteins belong to the homologous
recombination (HR) DNA repair machinery [14], and on the other hand, the CTNNB1 gene
(oncogene)/the encoded protein 3-catenin, belong to the Wnt pathway [7-9]. Currently,
there is no evidence of any interconnection of these two pathways/mechanisms, and
our report (CTNNBI activating mutation, mono-allelic BRCA2 mutation) is in line with
this knowledge.

3. Materials and Methods

This study was conducted in accordance with the Good Practice guidelines, the
Declaration of Helsinki, and current laws, ethics, and regulations, after registering the
informed consent signed by the patient.

3.1. Immunohistochemistry

SPN and desmoid tumors were extensively analyzed with immunohistochemical anal-
ysis, using standardized procedures as already described [29,30]. Briefly, 4 um formalin-
fixed paraffin-embedded sections were immunostained with selected antibodies. Heat-
induced antigen retrieval was performed using a heated plate and 0.01 mol/L of citrate
buffer, pH 8.9, for 15min. Light nuclear counterstaining was performed with hematoxylin.
All samples were processed using a sensitive peroxidase-based “Bond Polymer Refine”
detection system in an automated Bond instrument (Vision-Biosystem, Leica, Milan, Italy).
Sections incubated without the primary antibody served as negative controls. The fol-
lowing antibodies were used for SPN diagnosis (and for the differential diagnosis with
neuroendocrine tumors and acinar cell carcinoma): -catenin (clone: 15B8, dilution: 1:400,
Source: Sigma Aldrich, St. Louis, MO, USA), CD10 (56C6, 1:50, Novocastra, Newcas-
tle, UK), progesterone receptor (PgR 636, 1:150, Dako, Santa Clara, CA, USA), vimentin
(V9, 1:50, Novocastra), LEF1 (EPR2029Y, 1:200, Novus-Abcam, Cambridge, UK), Bcl-10
(331.3, 1:1000, Santa Cruz, Dallas, TX, USA), trypsin (polyclonal rabbit, 1:500, Tema Ricerca,
Bologna, Italy), and chromogranin-A (DAK-A3, 1:2500, Dako). In addition to these, other
antibodies were used for supporting the diagnosis of DT (vs. other spindle-cell prolifera-
tions/neoplasms) as follows: CD99 (013, 1:400, DBA Covance, Princeton, NJ, USA), S100
(polyclonal rabbit, 1:3000, Dako), STAT6 (two different clones: phospho Y641, 1:100, Novus-
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Abcam, and D1, 1:200, Santa Cruz), MDM2 (IF2, 1:400, Invitrogen, Carlsbad, CA, USA), Bcl-
2 (Ab692, 1:100, Novus-Abcam), CD34 (QBEND/10, 1:200, Novocastra), CD117 (polyclonal
rabbit, 1:100, Dako,), DOG1 (K9, 1:100, Novocastra), smooth-muscle actin (1A4, 1:250,
Dako), and desmin (D33, 1:1000, Dako).

3.2. Molecular Analysis

SPN and desmoid tumors, as well as a normal tissue specimen (spleen), were analyzed
with molecular analysis using next-generation sequencing.

3.2.1. DNA Extraction

Genomic DNA was extracted from formalin-fixed paraffin-embedded (FFPE) tissues
using the GeneRead DNA FFPE kit (Qiagen, Hilden, Germany) according to the manu-
facturer’s instructions. The kit procedure included the removal of deaminated cytosine
to prevent false results in DNA sequencing. Neoplastic cellularity was evaluated by two
pathologists (C.L., B.R.) on hematoxylin and eosin staining, and each tumor sample was
manually microdissected with a fine-needle hypodermic syringe to enrich for tumor cells.
Quantification of genomic DNA samples was performed with the Qubit dsDNA HS assay
kit on a Qubit fluorometer (ThermoFisher, Waltham, MA, USA) and qualification was done
as previously described [31].

3.2.2. Massive Parallel Sequencing (Next-Generation Sequencing, NGS)

NGS was performed using the SureSelectXT HS CD Glasgow Cancer Core assay
(www.agilent.com, accessed on 20 October 2020), hereinafter referred to as CORE. The
panel spans 1.8 megabases of the genome and interrogates 174 genes for somatic mutations,
copy number alterations, and structural rearrangements; the detail of targeted genes is
reported in Supplementary Table S1. Sequencing libraries were prepared by targeted
capture using the SureSelect kit (Agilent Technologies, Santa Clara, CA, USA), with RNA
baits targeting a bespoke set of selected genomic features. Briefly, 10-100 ng of genomic
DNA extracted from FFPE tissue was enzymatically fragmented with the SureSelect Enzy-
matic Fragmentation Kit (Agilent Technologies, Santa Clara, CA, USA). Overhanging DNA
fragments were subsequently end-repaired, adenylated, ligated to indexing/sequencing
adapters, enriched by PCR, and purified following the manufacturer’s instructions. The
quality and quantity of purified pre-capture libraries were assessed using the Qubit BR
dsDNA assay (ThermoFisher, Waltham, MA, USA). Hybridization-capture and purification
of the libraries were performed according to the manufacturer’s instructions. Using 1.6 ug
of pooled DNA from 16 pre-capture libraries, 100 ng from each pre-capture library was
used to prepare 16-library pools. Captured library pools were enriched by PCR, purified,
and quantified using the Qubit dsSDNA HS assay. The quality of the library pools was
verified with the Agilent 4200 Tape Station and High Sensitivity D1000 ScreenTape (Agi-
lent Technologies, Santa Clara, CA, USA). Sequencing was performed on a NextSeq 500
(lumina, San Diego, CA, USA) loaded with 2 captured library pools, using a high-output
flow cell and 2 x 75 bp paired-end sequencing.

CORE panel analysis started with demultiplexing performed with FASTQ Generation
v1.0.0 on the BaseSpace Sequence Hub (https:/ /basespace.illumina.com, accessed on 23
August 2020). Forward and reverse reads from each demultiplexed sample were aligned to
the human reference genome (version hg38/GRCh38) using BWA and saved in the BAM file
format [32]. BAM files were sorted, subjected to PCR duplicate removal, and indexed using
biobambam?2 v2.0.146 (https:/ /gitlab.com/german.tischler /biobambam?2.git; accessed on
30 November 2020) [33]. Coverage statistics were produced using SAMtools [34]. Calling
of all variant types (small nucleotide variants, copy number variations, and structural
variants) was performed on the tumor samples using a set of 20 non-neoplastic samples
as a reference. These samples were retrieved at our institution, processed, and sequenced
with the same workflow to yield comparable BAM files.
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Single-nucleotide variants were called using Shearwater [35]. Small (<200 bp) inser-
tions and deletions were called using Pindel [36]. Small nucleotide variants were further
annotated using a custom pipeline based on vcflib (https:/ /github.com/ekg/vcflib; ac-
cessed on 30 November 2020), SnpSift [37], the Variant Effect Predictor (VEP) software [38],
and the NCBI RefSeq transcripts database (https://www.ncbi.nlm.nih.gov/refseq/; ac-
cessed on 30 November 2020). Annotated variants were filtered keeping only missense,
nonsense, frameshift, or splice site variants as annotated from the canonical transcripts.
In case of alternative exon usage between transcripts, the transcript where the variant
produced the worst effect was retained and used for annotation. All candidate mutations
were manually reviewed using Integrative Genomics Viewer (IGV), version 2.4 [39], to
exclude sequencing artefacts.

Tumor mutational burden for each sample was computed as follows: insertions,
deletions, complex variants, and variants with an allelic frequency below 5% were removed
from the variant list. Variants with more than 10 entries in the GnomAD database (https:
/ /gnomad.broadinstitute.org/; accessed on 30 November 2020) were removed as potential
germline variants. The remaining variants, including synonymous, non-synonymous,
intronic, and splice site variants, were counted and normalized for the footprint of the
panel (1.85 megabases) to obtain the number of mutations per megabase.

Microsatellite instability was computed following the method of Papke et al. [40].
Briefly, called variants were filtered to retain only insertions and deletions detected in
adenine and thymine mononucleotide repeats of length between 4 and 12 base pairs.
Variants were further filtered to remove those with more than 10 entries in the GhomAD
database as potential germline variants, counted, and normalized to obtain the number of
mutations per megabase.

Copy number alterations of targeted genes were detected using the geneCN software,
developed at Wolfson Wohl Cancer Research Centre (https://github.com/wwcrc/geneCN;
accessed on 31 October 2020), and the set of 20 non-neoplastic samples retrieved at our
institution as a reference baseline for diploid DNA. Whole-chromosome or chromosome-
arm alterations were assessed by measuring the ratio of normalized, GC-adjusted coverage
of tumor samples’ alignments to the mean, normalized, and GC-adjusted coverage of
20 non-neoplastic samples for all targeted regions of a chromosome arm. Targeted regions
included both targeted genes and a set of “backbone” regions, probing each chromosome
at 1 megabase intervals. Each large alteration was further confirmed by checking the copy
number status of targeted genes included in the large alteration itself, as reported by the
geneCN software.

Structural rearrangements were detected using the BRASS software [41], and visually
reviewed using Integrative Genomics Viewer (IGV), version 2.4 [39] to exclude sequenc-
ing artefacts.

3.2.3. Variant Classification

Variants were classified following the five-tier classification system recommended by
the joint consensus of the American College of Medical Genetics and Genomics and the
Association for Molecular Pathology (ACMG/AMP) [17]. Variants were thus classified
as Benign (class 1), Likely Benign (class 2), Variant of Uncertain Significance (VUS—class
3), Likely Pathogenic (class 4), and Pathogenic (class 5). The variant classification was
retrieved from the ClinVar database when available (https://www.ncbi.nlm.nih.gov/
clinvar/; accessed on 16 November 2020) and accepted when the record complied with
the following requisites: reviewed by an expert panel according to the ACMG/AMP
guidelines and/or reported by multiple submitters with evaluation criteria according
to the ACMG/AMP guidelines with no conflicts. When a consistent classification was
unavailable or when the variant was not present in the ClinVar database, variants were
evaluated in-house, according to the ACMG/AMP guidelines while using the following
databases and software to gather and integrate all relevant information: My Cancer Genome
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(https:/ /www.mycancergenome.org; accessed on 20 April 2020), Intogen [42] (https:
/ /www.intogen.org/search; accessed on 23 November 2020), and QIAGEN Clinical Insight
(QCI) software (https://variants.qiagenbioinformatics.eu/qci/; accessed on 16 Novem-
ber 2020).

4. Conclusions

We report the case of a middle-aged woman carrying two BRCA2 germline mutations,
who developed a pancreatic SPN, followed by a DT arising 2 years after the pancreatic
resection. Both the SPN and DT harbored different CTNNB1 somatic mutations. Although
the SPN and DT showed neither LOH nor any somatic mutation in the second BRCA2
allele and thus cannot be considered as BRCA-dependent tumors, this study highlights
the important role and the new opportunities derived from tumor molecular profiling.
Indeed, it allowed the detection of two BRCA2-germline mutations, which was essential
for addressing the necessary screening, surveillance, and genetic counseling for the patient.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com /2073-442
5/12/4/481/s1, Supplementary Table S1. Details of targeted genes of CORE panel.

Author Contributions: Conceptualization and design, A.S.; data curation, AM., RT.L, C.G, AS,,
C.L.; tumor analysis, AM., RTL., C.G,D.A,, C.C, AS, CL, data interpretation, AM., RTL., C.G.,
D.A,CC,GP, AN, MLP,RS, MM, APD.T., ME, AS. and C.L.; supervision of the project, A.S.;
writing—original draft, AM., RT.L., A.S., C.L,; writing—review, all authors; editing and approval of
the submission in this present form, all authors. All authors have read and agreed to the published
version of the manuscript.

Funding: Associazione Italiana Ricerca sul Cancro (AIRC 5x1000 n. 12182); Fondazione Cariverona:
Oncology Biobank Project “Antonio Schiavi” (prot. 203885/2017); Fondazione Italiana Malattie
Pancreas (FIMP-Ministero Salute J38D19000690001); Italian Ministry of Health (RF CO-2019-12369662:
CUP: B39C21000370001).

Institutional Review Board Statement: This study was conducted in accordance with the Good
Practice guidelines, the Declaration of Helsinki, and current laws, ethics, and regulations, after
registering the informed consent signed by the patient.

Data Availability Statement: All data are available in the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

International Agency for Research on Cancer. WHO Classification of Tumours Editorial Board. Digestive System Tumors, 5th ed.; IARC
Press: Lyon, France, 2019.

Marchegiani, G.; Andrianello, S.; Massignani, M.; Malleo, G.; Maggino, L.; Paiella, S.; Ferrone, C.R.; Luchini, C.; Scarpa, A.; Capelli,
P; et al. Solid pseudopapillary tumors of the pancreas: Specific pathological features predict the likelihood of postoperative
recurrence. J. Surg. Oncol. 2016, 114, 597-601. [CrossRef]

Lee, G.; Sung, Y.N.; Kim, S.J.; Lee, ].H.; Song, K.B.; Hwang, D.W,; Kim, ].; Lee, S.S.; Kim, S.C.; Hong, S.M. Large tumor size,
lymphovascular invasion, and synchronous metastasis are associated with the recurrence of solid pseudopapillary neoplasms of
the pancreas. HPB 2021, 23, 220-230. [CrossRef]

Wu, J; Jiao, Y.; Dal Molin, M.; Maitra, A.; de Wilde, R.F.; Wood, L.D.; Eshleman, J.R.; Goggins, M.G.; Wolfgang, C.L.; Canto,
M.L; et al. Whole-exome sequencing of neoplastic cysts of the pancreas reveals recurrent mutations in components of ubiquitin-
dependent pathways. Proc. Natl. Acad. Sci. USA 2011, 108, 21188-21193. [CrossRef] [PubMed]

Park, M.; Kim, M.; Hwang, D.; Park, M.; Kim, WK.; Kim, S.K;; Shin, J.; Park, E.S.; Kang, C.M.; Paik, Y.K,; et al. Characterization of
gene expression and activated signaling pathways in solid-pseudopapillary neoplasm of pancreas. Mod. Pathol. 2014, 27, 580-593.
[CrossRef]

Amato, E.; Mafficini, A.; Hirabayashi, K.; Lawlor, R.T.; Fassan, M.; Vicentini, C.; Barbi, S.; Delfino, P; Sikora, K.; Rusev, B.; et al.
Molecular alterations associated with metastases of solid pseudopapillary neoplasms of the pancreas. . Pathol. 2019, 247, 123-134.
[CrossRef] [PubMed]

Hur, J.; Jeong, S. Multitasking -catenin: From adhesion and transcription to RNA regulation. Anim. Cells Syst. 2013, 17, 299-305.
[CrossRef]

Kumar, R.; Bashyam, M.D. Multiple oncogenic roles of nuclear 3-catenin. J. Biosci. 2017, 42, 695-707. [CrossRef]

Valenta, T.; Hausmann, G.; Basler, K. The many faces and functions of 3-catenin. EMBO J. 2012, 31, 2714-2736. [CrossRef]


https://www.mycancergenome.org
https://www.intogen.org/search
https://www.intogen.org/search
https://variants.qiagenbioinformatics.eu/qci/
https://www.mdpi.com/2073-4425/12/4/481/s1
https://www.mdpi.com/2073-4425/12/4/481/s1
http://doi.org/10.1002/jso.24380
http://doi.org/10.1016/j.hpb.2020.05.015
http://doi.org/10.1073/pnas.1118046108
http://www.ncbi.nlm.nih.gov/pubmed/22158988
http://doi.org/10.1038/modpathol.2013.154
http://doi.org/10.1002/path.5180
http://www.ncbi.nlm.nih.gov/pubmed/30306561
http://doi.org/10.1080/19768354.2013.853694
http://doi.org/10.1007/s12038-017-9710-9
http://doi.org/10.1038/emboj.2012.150

Genes 2021, 12, 481 90of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Nusse, R.; Clevers, H. Wnt/p-Catenin Signaling, Disease, and Emerging Therapeutic Modalities. Cell 2017, 169, 985-999.
[CrossRef] [PubMed]

Kasper, B.; Raut, C.P,; Gronchi, A. Desmoid tumors: To treat or not to treat, that is the question. Cancer 2020, 126, 5213-5221.
[CrossRef]

Penel, N.; Chibon, F; Salas, S. Adult desmoid tumors: Biology, management and ongoing trials. Curr. Opin. Oncol. 2017, 29,
268-274. [CrossRef]

De Marchis, M.L.; Tonelli, E.; Quaresmini, D.; Lovero, D.; Della-Morte, D.; Silvestris, F.; Guadagni, F.; Palmirotta, R. Desmoid
Tumors in Familial Adenomatous Polyposis. Anticancer Res. 2017, 37, 3357-3366.

Mafficini, A.; Simbolo, M.; Parisi, A.; Rusev, B.; Luchini, C.; Cataldo, I.; Piazzola, E.; Sperandio, N.; Turri, G.; Franchi, M.; et al.
BRCA somatic and germline mutation detection in paraffin embedded ovarian cancers by next-generation sequencing. Oncotarget
2016, 7, 1076-1083. [CrossRef]

Rebouissou, S.; Franconi, A.; Calderaro, J.; Letouzé, E.; Imbeaud, S.; Pilati, C.; Nault, ].C.; Couchy, G.; Laurent, A.; Balabaud, C,;
et al. Genotype-phenotype correlation of CTNNB1 mutations reveals different 8-catenin activity associated with liver tumor
progression. Hepatology 2016, 64, 2047-2061. [CrossRef]

Mody, R.J.; Wu, Y.M.; Lonigro, R.J.; Cao, X.; Roychowdhury, S.; Vats, P.; Frank, K.M.; Prensner, ].R.; Asangani, I.; Palanisamy, N.;
et al. Integrative Clinical Sequencing in the Management of Refractory or Relapsed Cancer in Youth. JAMA 2015, 314, 913-925.
[CrossRef] [PubMed]

Richards, S.; Aziz, N.; Bale, S.; Bick, D.; Das, S.; Gastier-Foster, J.; Grody, W.W.; Hegde, M.; Lyon, E.; Spector, E.; et al. Standards
and guidelines for the interpretation of sequence variants: A joint consensus recommendation of the American College of Medical
Genetics and Genomics and the Association for Molecular Pathology. Genet. Med. 2015, 17, 405-424. [CrossRef] [PubMed]

Wei, Y.; Fabre, M.; Branchereau, S.; Gauthier, F; Perilongo, G.; Buendia, M.A. Activation of beta-catenin in epithelial and
mesenchymal hepatoblastomas. Oncogene 2000, 19, 498-504. [CrossRef]

Koch, A.; Denkhaus, D.; Albrecht, S.; Leuschner, I.; von Schweinitz, D.; Pietsch, T. Childhood hepatoblastomas frequently carry a
mutated degradation targeting box of the beta-catenin gene. Cancer Res. 1999, 59, 269-273. [PubMed]

Legoix, P.; Bluteau, O.; Bayer, ].; Perret, C.; Balabaud, C.; Belghiti, J.; Franco, D.; Thomas, G.; Laurent-Puig, P.; Zucman-Rossi,
J. Beta-catenin mutations in hepatocellular carcinoma correlate with a low rate of loss of heterozygosity. Oncogene 1999, 18,
4044-4046. [CrossRef] [PubMed]

Shitoh, K.; Konishi, E; lijima, T.; Ohdaira, T.; Sakai, K.; Kanazawa, K.; Miyaki, M. A novel case of a sporadic desmoid tumour
with mutation of the beta catenin gene. J. Clin. Pathol 1999, 52, 695-696. [CrossRef]

Mucaki, E.J.; Ainsworth, P.; Rogan, PK. Comprehensive prediction of mRNA splicing effects of BRCA1 and BRCA2 variants.
Hum. Mutat. 2011, 32, 735-742. [CrossRef] [PubMed]

Colombo, M.; De Vecchi, G.; Caleca, L.; Foglia, C.; Ripamonti, C.B.; Ficarazzi, F,; Barile, M.; Varesco, L.; Peissel, B.; Manoukian, S.;
et al. Comparative in vitro and in silico analyses of variants in splicing regions of BRCA1 and BRCA2 genes and characterization
of novel pathogenic mutations. PLoS ONE 2013, 8, e57173. [CrossRef] [PubMed]

Chang, M.T.; Asthana, S.; Gao, S.P; Lee, B.H.; Chapman, J.S.; Kandoth, C.; Gao, J.; Socci, N.D.; Solit, D.B.; Olshen, A.B.; et al.
Identifying recurrent mutations in cancer reveals widespread lineage diversity and mutational specificity. Nat. Biotechnol. 2016,
34,155-163. [CrossRef] [PubMed]

Dubbink, H.J.; Hollink, LH.I.M.; Avenca Valente, C.; Wang, W.; Liu, P.; Doukas, M.; van Noesel, M.M.; Dinjens, W.N.M.; Wagner,
A.; Smits, R. A novel tissue-based $3-catenin gene and immunohistochemical analysis to exclude familial adenomatous polyposis
among children with hepatoblastoma tumors. Pediatr. Blood Cancer 2018, 65, €26991. [CrossRef] [PubMed]

Luchini, C.; Lawlor, R.T.; Milella, M.; Scarpa, A. Molecular Tumor Boards in Clinical Practice. Trends Cancer 2020, 6, 738-744.
[CrossRef]

Nelson, H.D.; Pappas, M.; Cantor, A.; Haney, E.; Holmes, R. Risk Assessment, Genetic Counseling, and Genetic Testing for
BRCA-Related Cancer in Women: Updated Evidence Report and Systematic Review for the US Preventive Services Task Force.
JAMA 2019, 322, 666-685. [CrossRef]

Sabiani, L.; Barrou, J.; Mathis, J.; Eisinger, F.; Bannier, M.; Lambaudie, E.; Houvenaeghel, G. How to manage BRCA mutation
carriers? Horm Mol. Biol. Clin. Investig. 2020, 41. [CrossRef]

Luchini, C.; Parcesepe, P.; Nottegar, A.; Parolini, C.; Mafficini, A.; Remo, A.; Chilosi, M.; Manfrin, E. CD71 in Gestational
Pathology: A Versatile Inmunohistochemical Marker With New Possible Applications. Appl. Immunohistochem. Mol. Morphol.
2016, 24, 215-220. [CrossRef]

Lawlor, R.T.; Dapra, V.; Girolami, I.; Pea, A.; Pilati, C.; Nottegar, A.; Piccoli, P.; Parolini, C.; Sperandio, N.; Capelli, P; et al. CD200
expression is a feature of solid pseudopapillary neoplasms of the pancreas. Virchows Arch. 2019, 474, 105-109. [CrossRef]
Simbolo, M.; Gottardi, M.; Corbo, V.; Fassan, M.; Mafficini, A.; Malpeli, G.; Lawlor, R.T.; Scarpa, A. DNA qualification workflow
for next generation sequencing of histopathological samples. PLoS ONE 2013, 8, e62692. [CrossRef]

Li, H.; Durbin, R. Fast and accurate short read alignment with Burrows-Wheeler transform. Bioinformatics 2009, 25, 1754-1760.
[CrossRef] [PubMed]

Tischler, G.; Leonard, S. biobambam: Tools for read pair collation based algorithms on BAM files. Source Code Biol. Med. 2014,
9, 13. [CrossRef]


http://doi.org/10.1016/j.cell.2017.05.016
http://www.ncbi.nlm.nih.gov/pubmed/28575679
http://doi.org/10.1002/cncr.33233
http://doi.org/10.1097/CCO.0000000000000374
http://doi.org/10.18632/oncotarget.6834
http://doi.org/10.1002/hep.28638
http://doi.org/10.1001/jama.2015.10080
http://www.ncbi.nlm.nih.gov/pubmed/26325560
http://doi.org/10.1038/gim.2015.30
http://www.ncbi.nlm.nih.gov/pubmed/25741868
http://doi.org/10.1038/sj.onc.1203356
http://www.ncbi.nlm.nih.gov/pubmed/9927029
http://doi.org/10.1038/sj.onc.1202800
http://www.ncbi.nlm.nih.gov/pubmed/10435629
http://doi.org/10.1136/jcp.52.9.695
http://doi.org/10.1002/humu.21513
http://www.ncbi.nlm.nih.gov/pubmed/21523855
http://doi.org/10.1371/journal.pone.0057173
http://www.ncbi.nlm.nih.gov/pubmed/23451180
http://doi.org/10.1038/nbt.3391
http://www.ncbi.nlm.nih.gov/pubmed/26619011
http://doi.org/10.1002/pbc.26991
http://www.ncbi.nlm.nih.gov/pubmed/29446530
http://doi.org/10.1016/j.trecan.2020.05.008
http://doi.org/10.1001/jama.2019.8430
http://doi.org/10.1515/hmbci-2019-0065
http://doi.org/10.1097/PAI.0000000000000175
http://doi.org/10.1007/s00428-018-2437-7
http://doi.org/10.1371/journal.pone.0062692
http://doi.org/10.1093/bioinformatics/btp324
http://www.ncbi.nlm.nih.gov/pubmed/19451168
http://doi.org/10.1186/1751-0473-9-13

Genes 2021, 12, 481 10 of 10

34.

35.

36.

37.

38.

39.

40.

41.

42.

Li, H.; Handsaker, B.; Wysoker, A.; Fennell, T.; Ruan, J.; Homer, N.; Marth, G.; Abecasis, G.; Durbin, R. 1000 Genome Project
Data Processing Subgroup. The Sequence Alignment/Map format and SAMtools. Bioinformatics 2009, 25, 2078-2079. [CrossRef]
[PubMed]

Gerstung, M.; Papaemmanuil, E.; Campbell, PJ. Subclonal variant calling with multiple samples and prior knowledge. Bioinfor-
matics 2014, 30, 1198-1204. [CrossRef] [PubMed]

Ye, K.; Schulz, M.H.; Long, Q.; Apweiler, R.; Ning, Z. Pindel: A pattern growth approach to detect break points of large deletions
and medium sized insertions from paired-end short reads. Bioinformatics 2009, 25, 2865-2871. [CrossRef] [PubMed]

Cingolani, P; Patel, V.M.; Coon, M.; Nguyen, T.; Land, S.J.; Ruden, D.M.; Lu, X. Using Drosophila melanogaster as a Model for
Genotoxic Chemical Mutational Studies with a New Program, SnpSift. Front. Genet. 2012, 3, 35. [CrossRef]

McLaren, W.; Pritchard, B.; Rios, D.; Chen, Y.; Flicek, P.; Cunningham, F. Deriving the consequences of genomic variants with the
Ensembl API and SNP Effect Predictor. Bioinformatics 2010, 26, 2069-2070. [CrossRef]

Robinson, J.T.; Thorvaldsdéttir, H.; Winckler, W.; Guttman, M.; Lander, E.S.; Getz, G.; Mesirov, ]J.P. Integrative genomics viewer.
Nat. Biotechnol. 2011, 29, 24-26. [CrossRef]

Papke, D.J.; Nowak, J.A.; Yurgelun, M.B.; Frieden, A.; Srivastava, A.; Lindeman, N.I.; Sholl, L.M.; MacConaill, L.E.; Dong, F.
Validation of a targeted next-generation sequencing approach to detect mismatch repair deficiency in colorectal adenocarcinoma.
Mod. Pathol. 2018, 31, 1882-1890. [CrossRef]

Ahdesmiki, M.].; Chapman, B.A.; Cingolani, P; Hofmann, O.; Sidoruk, A.; Lai, Z.; Zakharov, G.; Rodichenko, M.; Alperovich, M.;
Jenkins, D.; et al. Prioritisation of structural variant calls in cancer genomes. Peer] 2017, 5, €3166. [CrossRef]

Gundem, G.; Perez-Llamas, C.; Jene-Sanz, A.; Kedzierska, A.; Islam, A.; Deu-Pons, J.; Furney, S.J.; Lopez-Bigas, N. IntOGen:
Integration and data mining of multidimensional oncogenomic data. Nat. Methods 2010, 7, 92-93. [CrossRef] [PubMed]


http://doi.org/10.1093/bioinformatics/btp352
http://www.ncbi.nlm.nih.gov/pubmed/19505943
http://doi.org/10.1093/bioinformatics/btt750
http://www.ncbi.nlm.nih.gov/pubmed/24443148
http://doi.org/10.1093/bioinformatics/btp394
http://www.ncbi.nlm.nih.gov/pubmed/19561018
http://doi.org/10.3389/fgene.2012.00035
http://doi.org/10.1093/bioinformatics/btq330
http://doi.org/10.1038/nbt.1754
http://doi.org/10.1038/s41379-018-0091-x
http://doi.org/10.7717/peerj.3166
http://doi.org/10.1038/nmeth0210-92
http://www.ncbi.nlm.nih.gov/pubmed/20111033

	Introduction 
	Case Report and Discussion 
	Materials and Methods 
	Immunohistochemistry 
	Molecular Analysis 
	DNA Extraction 
	Massive Parallel Sequencing (Next-Generation Sequencing, NGS) 
	Variant Classification 


	Conclusions 
	References

