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PTEN hamartoma tumor syndrome (PHTS) encompasses a group of
related genetic disorders linked to inherited pathogenic variants
(PVs) in PTEN gene, which includes Cowden syndrome (CS),
Bannayan-Riley-Ruvalcaba syndrome (BRRS), Lhermitte—Duclos
Disease (LDD) in adults, autism disorders associated with
macrocephaly, PTEN-related Proteus syndrome (PS) and Proteus-
like syndrome [1, 2]. Accumulated evidence suggests that these
entities represent variable expression and age-related penetrance
of one single condition [2]. CS is a rare autosomal dominant
condition with an incidence of ~1:200,000 individuals [2],
characterized by a varied spectrum of clinical manifestations,
even among patients carrying the same variant. Some of the most
common phenotypic features include the development of
hamartomatous polyps in the gastrointestinal tract, reported in
35-85% of CS patients, macrocephaly and mucocutaneous lesions
as trichilemmomas. Besides, CS patients present increased risks for
breast, endometrial and thyroid tumors [1, 2]. The operational
diagnosis of CS is based upon the phenotypic manifestations [1] or
the identification of a PTEN PV, which may be inherited or arise de
novo in up to 44% of patients [2]. Interestingly, PTEN mosaicism
has been reported in 3 patients with a clinical diagnosis of CS, as
well as in 3 additional patients with PHTS-associated features z
(Table 1).

In June 2018, a 53-years-old white European male without
personal history of cancer, nor recurrent infection diseases or
immunological alterations was referred to our hospital to undergo
genetic testing. He was initially diagnosed with Peutz-Jeghers
syndrome (PJS) by gastroenterologists from a community hospital
at age 19 due to the presence of gastrointestinal polyposis.
Physical examination revealed macrocephaly (61 cm head circum-
ference), multinodular thyroid goiter with endothoracic compo-
nent, palmoplantar pits and macular pigmentation on the glans
penis. No macular pigmentation of oral mucosa or lips was
observed. The neuropsychological evaluation did not evidence
developmental delays. A thorough examination of the gastro-
intestinal tract was performed. The esophagogastroduodenoscopy
revealed more than 100 sessile polyps in major and minor
curvatures of the body and the fundus of the stomach, all of
them between 3 and 5mm and no degenerating appearance.
More than 50 polyps were revealed in the second part of the
duodenum, two of them semipedicular of a size of 10 and 12 mm
respectively. Polyps were observed to continue also in the third
part of the duodenum. Some of them were biopsied and were
classified as hyperplastic polyps after histological examination.

Two hamartomatous polyps were resected from the colon and the
duodenum, and an arteriovenous angioma was observed in the
sigmoid colon. The last colonoscopy showed 7 polyps in the colon
that were resected, 6 of which were hyperplastic polyps and one a
lipoma. An endoscopic capsule showed multiple polyps of 3-5 mm
along the duodenum and jejunum, 3 duodenal polyps up to 12
mm in diameter, and some other polyps in the distal sections of
the intestine. An abdominal ultrasound showed mild hepatic
steatosis and small gallbladder polyps, and an abdominal MRI
revealed myelolipomas in both adrenal glands.

A four-generation pedigree was elicited at the Genetic
Counseling Unit (Fig. 1A). The father of the proband was
diagnosed with a double neoplasm of the lung and the stomach
(unconfirmed), being deceased at age 70. His daughter is affected
of Williams syndrome, a rare genetic disorder with an incidence of
1:10,000 caused by a deletion at 7q11.23, region that includes the
elastin gene [3]. It is clinically characterized by cardiovascular and
endocrine abnormalities, connective tissue alterations, intellectual
disability, a specific cognitive and behavioral profile and growth
retardation [3]. A karyotype was performed in the proband, but it
didn’t show any relevant finding.

Based upon the consensus clinical diagnostic criteria [1], the
patient received an operational individual diagnosis of CS in
agreement with the following three major criteria: macrocephaly
(=97th percentile: 60 cm for males), macular pigmentation of the
glans penis and acral keratosis (=3 palmoplantar keratotic pits). He
additionally met two minor criteria: thyroid structural lesions and
vascular anomalies. The presence of gastrointestinal hamartomas
could not be considered a major criterion in this patient as we
only had histological confirmation for 2 of them (being 3 the
minimum required). Accordingly, he was referred for PTEN
germline genetic testing. Considering the previous diagnosis of
PJS, STK11 was also examined, in addition to opportunistic testing
of BRCA1, BRCA2, MLH1, MSH2, MSH6.

PTEN c.331T>C, p.(Trp111Arg) variant was identified in 719 out
of a total of 3196 sequencing reads, representing a variant allele
frequency (VAF) of 22.5% in peripheral blood DNA (Fig. 1B). The
presence of the variant was orthogonally validated by conven-
tional Sanger sequencing (Fig. 1C). While this substitution was
previously reported in an individual diagnosed with PS [4], it is
absent in a large-scale general population reference sequencing
datasets [5]. Functional assays have demonstrated that this variant
significantly compromises the phosphatase activity of PTEN [6, 71.
Accordingly, it is classified as likely pathogenic in ClinVar database
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Fig. 1

Cowden syndrome patient and mutational analysis of PTEN c.331T>C pathogenic variant. A Pedigree of the Cowden syndrome (CS)

patient presented here harboring the mosaic PTEN ¢.331 T > C; p.(Trp111Arg) variant. The black arrowhead is used to indicate the proband. A
quarter of an individual symbol shadowed represents an individual diagnosed with cancer. Cancer type is displayed below the individual
symbol. B Close-up of next-generation sequencing (NGS) data from peripheral blood lymphocyte DNA, visualized in the Integrative Genomics
Viewer (IGV). C Validation of NGS results by Sanger sequencing. D Tissues tested and variant allele frequencies (VAFs) detected by single-

nucleotide primer extension (SNuUPE) assay.

by ClinGen PTEN Variant Curation Expert Panel following PTEN-
specific ACMG recommendations [8].

Representative samples derived from the three embryonic
layers were collected in order to evaluate the extension of
mosaicism to other tissues by single-nucleotide primer extension
(SNUPE). Since peripheral blood cells originate from the meso-
derm, a buccal swab and a skin biopsy were acquired for
ectoderm representation, and a urine sample was collected to
obtain uroepithelial cells detached from the bladder for endoderm
representation. VAFs in ectodermal derivatives ranged between 29
and 34%, suggesting that the variant was only present in a
proportion of the cells of these tissues (Fig. 1D). Unfortunately, the
presence of the variant in uroepithelial cells could not be
evaluated due to a failure in the DNA extraction process.
Furthermore, we also aimed at investigating the extension of
mosaicism to the germline. In DNA extracted from sperm cells the
variant was detected at a frequency of 5.7% (Fig. 1D). Despite
confirming germline affectation, both the son and the daughter of
the proband refused to undergo carrier testing. Therefore, the
transmission of the variant to the offspring could not be assessed.
A detailed explanation of the methodology is provided in
the Supplementary Methods file. Following the same experimental
approach, blood DNA was also tested. The VAF was estimated in
29.6% by SNUPE assay, slightly different to the one obtained
by NGS.

The multisystem affectation observed in the patient reported here
points out to an early post-zygotic mutational event [9], supported
by the patient's phenotype, as he presented macrocephaly,
gastrointestinal and vascular alterations and mucocutaneous lesions.
At embryonic level, this alteration was possibly acquired before the

European Journal of Human Genetics (2022) 30:641 - 644

differentiation of the 3 germ layers (day 8 of the development),
considering that mesodermal and ectodermal derivatives appeared
affected (blood and epidermal cells, respectively). Unfortunately,
endodermal affectation could not be assessed.

One of the most relevant findings of the case presented here is
that we were able to confirm the presence of PTEN ¢.331T>C
variant in the proband’s reproductive cells, although at a
significantly low VAF (5.7%). The affectation of the germline has
a direct impact in the management of the family, considering that
the offspring could be non-mosaic carriers of the same variant.
However, we were not able to test the transmission of the variant,
as both descendants refused to undergo carrier testing. Since they
also refused clinical examination, we could not either evaluate the
presence of clinical signs of CS in any of them.

Mosaicism is usually linked to mild phenotypic alterations or
later onsets. Interestingly, the proband of this family fulfilled CS
clinical diagnostic criteria (3 major and 2 minor criteria) to undergo
PTEN germline testing, being his phenotype comparable to that of
a heterozygous carrier. To our knowledge, only 3 previous cases of
PTEN mosaicism in CS patients have been reported. Two
individuals presented a full penetrance with severe clinical
manifestations, despite the low frequency of the variants they
harbored. Contrarily, the remaining case had been primarily
overlooked, as he did not manifest any CS feature (Table 1).
Therefore, it is plausible that nowadays patients harboring mosaic
PTEN variants remain undetected as they do not meet PTEN clinical
testing criteria [1]. Besides, 3 additional individuals diagnosed with
PHTS-related disorders carrying mosaic PTEN variants have also
been identified, 2 diagnosed with BRRS and 1 with Asperger
(Table 1). This series of patients highlights that PTEN mosaicism
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does not necessarily correlate with milder phenotypes, and that
VAFs cannot predict the severity of the clinical features of carriers.

To date, PTEN is included in most hereditary cancer multigene
panels, as it is the only clinically actionable gene in the PHTS
spectrum. Considering that PTEN variant carriers may present
increased cancer risks [1, 2], adults should undergo surveillance
following the current recommendations, regardless the frequency
of the variants detected. Besides, germline PTEN variants have been
reported in individuals without clinical features of PHTS, indicating
that this syndrome likely remains underdiagnosed [2]. In this
context, mosaicism could be playing a role, as more cases are being
identified than initially suspected. The use of high-throughput
sequencing methods, as well as testing affected tissues rather than
blood, may help increase sensitivity and effectiveness of conven-
tional genetic testing to overcome this limitation.
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