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Protection of Telomere 1 (POT1) was deemed as a novel high-penetrance susceptibility gene to cutaneous melanoma

nearly 10 years ago. Thereafter, various cancers have been proposed as associated with germline POT1 variants in the

context of the so-called POT1 Predisposition Tumor Syndrome (POT1–TPD). While the key role, and related risks, of the

alterations in POT1 in melanoma are established, the correlation between germline POT1 variants and the susceptibility

to other cancers partially lacks evidence, due also to the rarity of POT1–TPD. 
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1. Introduction

Protection of Telomere 1 (POT1), encoded by a gene on chromosome 7q31.33, is a key subunit of the shelterin telomere

binding complex, which protects cells from inappropriate DNA damage response and plays a critical role in telomere

regulation. In particular, OB1 and OB2 domains at the N terminus of this essential subunit bind the terminal portions of

single-stranded telomeres (ssDNA, TTAGGG repeats) through the interaction with TPP1/ACD, another component of the

shelterin complex. The shortening of telomeres occurs at each cell cycle, and POT1 and the shelterin complex protect the

ends of chromosomes from instability and regulate their length . As an integral part of a complex capable of controlling

cellular senescence mechanisms, POT1 plays a key role in telomere homeostasis, while it also acts as a genomic

stabilizer . Studies showed that pathogenic variants in the POT1 gene are associated with the alteration of the telomere

length and a subsequent increased risk for cancer. Therefore, it is a gene of interest in studying cancer progression and

predisposition syndromes  (see Figure 1).

Figure 1. On the left, the main functions in which the protein Protection of Telomere 1 is involved. On the right, a summary

of the main cancers proposed as associated with POT1 Tumor Predisposition Syndrome. Cutaneous melanoma is at the

top of the pyramid for the consistency of the data supporting its association with the syndrome (created with

BioRender.com).

In 2014, POT1 was deemed as a novel high-penetrance susceptibility gene to cutaneous melanoma by two independent

studies . Functional and animal model studies thoroughly investigated the susceptibility variants found in cutaneous

melanoma families, but after that, the number of cancers proposed as associated with the clinical spectrum of the POT1
predisposition tumor syndrome (POT1–TPD) increased .

Since more than 50 variants in POT1 were identified either as germline predisposition alleles, or somatic mutations in

different cancers, evidence was collected to consider POT1 as a relevant gene in the tumorigenesis process . POT1 has

a positive Z-score for both missense and loss-of-function variants, indicating an intolerance to variation , hence the low

frequency of POT1 variants. Furthermore, their apparently incomplete penetrance, or evidence from mouse models that

they may contribute to tumorigenesis, but that other mechanisms, e.g., p53 deficiency, may be required , need to be

considered when evaluating the strength of proposed clinical associations.
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As aforementioned, germline POT1 variants were reported as associated with cancers other than melanoma, such as

glioma, lymphoid malignancies, colon and thyroid cancer, uveal melanoma, and sarcomas . Hence, a Li–Fraumeni-like

surveillance protocol for POT1 germline variant carriers was also proposed , although a standardization on this issue is

missing.

2. Glioma

In 2014, a study reported the finding of three variants in three out of 301 glioma families: p.G95C, p.E450X, and

p.D617Efs*9 (reported as p.D617Efs*8), the first two segregating in two affected relatives of these small families and with

a likely incomplete penetrance .

The binding between POT1 and telomeres or TPP1/ACD was predicted to be disrupted. As a functional study, Telomere

Length (TL) analysis was performed. As noted in a relative commentary, and its reply, it is not excluded that the finding of

the variants could be by chance, and the clinical association lacked further functional validation and reproducibility of the

data .

Interestingly, a study on a native mouse glioma model demonstrated that only p.G95C, a missense variant in the POT1
OB1 DNA-binding domain, can play a proliferative role in glioma initiation. The authors also suggest that, due to the

complexity of gliomagenesis and peculiar effects potentially dependent on POT1 variants, e.g., sexual dimorphism, further

mechanisms should be investigated .

On the sidelines, another study suggested a correlation between glioma risk and POT1, albeit as a risk factor locus, along

with others involved in telomere regulation .

3. Colon Cancer

One study reported that whole-exome (WES) and whole-genome sequencing (WGS) performed on a total amount of 6558

cases of ColoRectal Cancer (CRC) allowed to find in three different cases three POT1 variants: the aforementioned

p.D617Efs*9, p.Arg363Ter, and p.Asn75LysfsTer16 .

A subset-based meta-analyses of 204,993 SNPs, among 61,851 cancer cases, reported 13 SNPs as associated with

cancer risk. Only the rs116895242 near POT1 was evaluated as inversely associated with colorectal, ovarian, and lung

cancers .

An association among seven SNPs in POT1 and susceptibility to CRC was reported. Still, only one SNP (rs7794637) was

previously associated with a cancer predisposition, i.e., to breast cancer, and no further evaluations were performed .

4. Thyroid Cancer

In 2017, the p.K90E variant was identified via WES in a family of eight members affected by cutaneous melanoma. Seven

of the eight patients with melanoma carried the variant .

The variant segregates with individuals who developed cutaneous melanoma, with a positive family history of endocrine

diseases, not only thyroid-related, and is currently classified as likely pathogenic. Two of the relatives were diagnosed with

thyroid cancer, one along with cutaneous melanoma, and one along with renal cell cancer, but not cutaneous melanoma,

yet their carrier status was not assessed.

In 2020, a WGS study on five families with a history of Non-Medullary Thyroid Cancer (NMTC), multinodular goiter, and

thyroid benign nodules found the variant p.V29L in one family .

Four family members, who presented papillary thyroid carcinoma, carried the variant, while one out of three family

members, with only benign nodules, carried it.

In silico studies predicted a weak binding of the OB1 domain to telomeric ssDNA, also demonstrated by a Chip assay. The

binding to TPP1/ACD was not tested.

No significant differences were observed regarding protein expression in HEK293T transfected cells or TL between V29L

carriers and not carriers (only in transfected cells).

To date this is the only study reporting the p.V29L variant.
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Targeted testing of seven NMTC families found no variant nor in POT1 or other genes allegedly associated with NMTC

susceptibility .

In the same year, a study proposed an association between the SNP rs58722976, corresponding to a POT1 intronic

variant, and found in three out of 110 childhood cancer patients, and the risk for subsequent thyroid malignant neoplasm.

The SNP was also found in 14 out of 4596 patients who did not develop thyroid cancer. An increased TL was also

associated with this variant. However, its low frequency did not allow further studies consolidating the clinical association,

e.g., focused on possible ancestry differences and biases regarding the predisposition to thyroid diseases .

The variant p.I49Mfs*7 was found in a 65-year-old patient with papillary thyroid carcinoma, cutaneous melanoma, and

splenic marginal zone lymphoma. The variant was assessed as germline by next-generation sequencing on skin

fibroblasts and once reported in a patient with glioma as a putative predisposition variant . Further personal and family

history information was unavailable, and no functional studies were performed .

5. Uveal Melanoma

A few genes, e.g., BAP1 and MDB4, are the only established genes correlated to hereditary and syndromic forms of Uveal

Melanoma (UM) .

A study reported two deleterious variants in two out of 20 UM patients . Both patients also developed cutaneous

melanoma. However, the patients were from Australia, the country with the highest melanoma incidence, and melanoma

was diagnosed after 65 years of age. Segregation and TL measurement, as functional analysis, were evaluated for both

cases. While the first variant, p.Q94Rfs*13 (reported as p.Q94Rfs*12), is predicted as likely pathogenic, the second one,

written as c.1851_1852del, is the same discussed above in association with glioma risk, or reported in a CRC cohort

(p.D617Efs*9).

6. Sarcoma

A peculiar scenario of variant-specific phenotype is the one described for the risk of sarcomas, e.g., cardiac

angiosarcoma, in correlation with the founder variant p.R117C, identified in four TP53-negative Li–Fraumeni-Like (LFL)

Spanish families .

In a subsequent study, the authors identified four additional variants predicted to be damaging in two out of 10 LFL

families probands with angiosarcoma (p.Gln301*, p.T497K, being reported as T497L) and in two out of 30 sporadic

cardiac angiosarcoma cases (p.R116C, c.547-1G>A). In contrast, one sporadic case carried the p.R117C variant. Of note,

no POT1 variant was found in 24 LFL families without angiosarcoma cases .

Above all, data from in vitro studies confirmed in silico prediction about p.R117C, in terms of reduced telomeres,

TPP1/ACD binding of POT1, and abnormal TL.

In 2022, a further convincing study observed the same effect on TL for this variant and the development of angiosarcomas

in the knock-in mice model .

A European WES and targeted sequencing study on 1244 patients with osteosarcoma led to the identification of likely

pathogenic (c.124G>T, p.Gln376Arg, c.205C>T, D224N) and pathogenic variants (c.1851_1852delTA) in POT1, among a

few unexpected genes (CDKN2A, MEN1, VHL, APC, MSH2, ATRX), other than in TP53. However, functional analysis for

the specific variants was not performed, and the authors also declared some limitations, such as the lack of family history

assessment and methodological biases .

On a side note, a WES study identified the p.P35L variant in one out of 13 probands of LFL families. The variant is not

reported in any database, and its pathogenicity is predicted by in silico structural analysis .

7. Lymphoid Malignancies

In 2013, a GWAS, integrated with metanalyses, mapped new susceptibility loci for Chronic Lymphocytic Leukemia (CLL)

to 7q31.33 and proposed an association between the POT1 3′UTR SNP rs17246404 and a small CLL increased risk .

In 2016, a WES study from the same authors identified four deleterious POT1 variants, each segregating in four out of 66

CLL families . p.Tyr36Cys, previously reported at somatic level in CLL cases , was predicted by a structural

prediction tool to impact POT1 and telomeric DNA affinity, whereas c.1164-1G>A, p.Gln358SerFTer13, and p.Gln376Arg
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were predicted to impair POT1-TPP1/ACD interaction. For the latter variant, an analysis of 1083 cases vs. 5854 controls

showed a higher risk of CLL (3.61-fold). Nonetheless, while being in an evolutionarily conserved residue, it was predicted

to not affect the protein stability and was not in linkage disequilibrium with SNP rs17246404. No significant difference in

TL was observed for all the variants.

In 2018, a WES study identified two POT1 variants in two out of 41 Hodgkin lymphoma families, D224N and Y36H, the

second one seemingly with incomplete penetrance (one carrier was unaffected). For both variants, an increased TL was

observed in human cells . A variant similar to Y36H, Y36N, was previously studied, and the binding to the telomeric

overhang was not compromised , in contrast to another study that identified the same variant as somatic in CLL cases,

and demonstrated an impact on telomeric binding . Of note, the susceptibility hypothetically underlying a familial

clustering of Hodgkin lymphoma is still far to be uncovered, and other rare variants segregated in the two families. Hence,

while a contribution of deleterious POT1 variants may not be ruled out, other genes may be equally worth investigating.

The D224N was aforementioned among the variants found through a WES performed on osteosarcoma cases and

reported as segregating in a family with a variety of lymphoid malignancies (Hodgkin lymphoma, Myeloid Chronic

Leukemia, Follicular lymphoma) and with a proband who also developed cutaneous melanoma, renal cell carcinoma,

colon cancer, and prostate cancer. The father developed a similar cluster of cutaneous melanoma and lymphoid

malignancies, although from 62 to 76 years of age. Neoplastic tissues for further studies were not available, and other

possible risk factors, e.g., lifestyle, sun exposure, environment, and the median age of diagnosis in the general

population, were not reported or highlighted .

In 2021, the p.Q199* germline variant was identified in only one child with Acute Myeloid Leukemia for which evidence of

pathogenicity was found at cell, protein expression, and mRNA levels .

An exome analysis found three POT1 variants in as many multiple myeloma patients out of 128 patients: c.458T>A,

c.1594G>C, and c.547-1G>A .

The first one was found in a patient also diagnosed with thyroid cancer at 36 years and whose father, affected by multiple

myeloma, was not a carrier of the variant. The second one was found in a proband just diagnosed with osteosarcoma at

20 years, multiple myeloma at 66, and acute myeloid leukemia at 70 and previously identified in a cutaneous melanoma

family . The third variant, also found in the proband’s mother with a diagnosis of multiple myeloma, is the same

described in a family with angiosarcoma . Multiple myeloma was not reported in both of the cutaneous melanoma or

sarcoma families. The same study reported the variant c.1A>G (p.Met1Val) in a patient diagnosed with essential

thrombocythemia and Monoclonal Gammopathy of Undetermined Significance at 77 and papillary thyroid carcinoma at 78

years of age.

A recent study on a case series of 3323 patients with different diagnoses of myeloproliferative neoplasm identified several

somatic, germline, and putative germline POT1 variants. Thirteen variants were established as germline, and for four

patients, a history of cancers, allegedly associated with POT1 variants, is reported (cutaneous melanoma, glioma, thyroid

cancer).
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